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Nestin-positive Cells Become Osterix-expressing Osteoblast Precursors in the
Perichondrium during Early Endochondral Bone Development. Noriaki
Ono*', Wanida Ono?, Paul Frenette®, Henry Kronenberg?.
"Massachusetts General Hospital & Harvard Medical School, USA,
*Massachusetts General Hospital, USA, 3Ruth L. & David S. Gottesman
Institute for Stem Cell & Regenerative Medicine, USA

Nestin-positive cells that support hematopoietic stem cells are putative mesench-
ymal stem cells in adult bone marrow. The relationship of these cells to osteoblast
precursors in fetal life is unknown. Previous studies have shown that, during early
endochondral bone development, osterix-expressing osteoblast precursors in the
perichondrium translocate to the marrow space in a pericyte-like manner. To
determine the possible involvement of nestin-positive cells in this process, we studied
triple-mutant mice carrying a green fluorescent protein under the nestin promoter
(Nes+ or Nes-GFP) and an inducible cre recombinase under the osterix promoter
(Osx-CreER) that activates a Rosa26 tomato reporter upon tamoxifen injection. At
embryonic day 10.5 (E10.5), Nes+ cells were distributed throughout the limb bud in a
reticular manner, and most of these cells coexpressed the endothelial marker, CD31.
When the distinct growth cartilage started to elongate at E12.5, Nes+ cells were found
in the innermost portions of the perichondrium (PC), but not within the cartilage
itself. At E13.5, Osx+ cells began to appear in the PC adjacent to the incipient
hypertrophic cartilage (HC). In this part of the PC, most of the Nes+ cells were also
positive for either Osx or CD31. We thereafter chased the descendents of these Osx+
cells (Osx-E13.5 cells) by a pulse-chase protocol. Osx-E13.5 cells translocated into the
future marrow space, proliferated and differentiated into osteoblasts of the spongiosa.
After E15.5, Nes+ cells were found in the innermost portions of the PC and the
primary spongiosa, while Osx+ cells were found in the PC adjacent to the HC and in
trabecular/cortical bone. Many Osx-E13.5 cells also expressed Nes-GFP in the
primary spongiosa and contributed extensively to bone formation after 3 days of
chase at E16.5. However, Osx-E13.5 cells did not express Nes-GFP in the
perichondrium at E16.5. Furthermore, when chased further for 7 days until the time
of birth (P0), Osx-E13.5 cells seldom expressed Nes-GFP in the primary spongiosa,
and no Nes+ Osx-E13.5 cells were found in the perichondrium. Interestingly, Osx-
E13.5 cells disappeared almost completely by postnatal day 21, with only a few
osteocytes and bone lining cells remaining in the diaphysis. These findings indicate
that Nes+ cells are heterogeneous in the embryonic perichondrium, and that a subset
of Nes+ cells becomes Osx+ cells during bone development. Osx-expressing cells do
not indefinitely renew themselves.

Disclosures: Noriaki Ono, None.
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¢-Cbl Silencing in Mesenchymal Cells Promotes Osteoblast Differentiation
by Decreasing STAT5-Runx2 Interaction. Francois-Xavier Dieudonné*!,
Nicolas Sévére', Jing-Jie Weng?, Yeu Suz, Pierre J. Marie'. 'Inserm UMR-
606 & University Paris Diderot, France, Institute of Biopharmaceutical
Sciences, National Yang-Ming University, Taiwan

Ubiquitin ligase-dependent degradation of proteins is an important process
governing bone cell proliferation, differentiation and apoptosis. The E3 ubiquitin
ligase c-Cbl is responsible for the downregulation of multiple proteins including
receptor tyrosine kinases (RTKs). We previously showed that selective inhibition of c-
Cbl interaction with RTKSs results in increased mesenchymal cell differentiation into
osteoblasts. In this study, we investigated whether overall silencing c-Cbl in
mesenchymal cells might promote osteoblast differentiation, and we determined the
mechanisms involved in this effect. Using two shRNA targeting distinct c-Cbl
domains that interact with either RTK or ubiquitin, we found that c-Cbl silencing
increased cell proliferation in murine C2C12 and C3H10T1/2 multipotent mesench-
ymal cells, and human clonal multipotent bone marrow-derived F/Stro-1A+ stromal
cells. Additionally, c-Cbl silencing increased alkaline phosphatase (ALP) staining and
activity and promoted the expression of osteoblast markers (Runx2, ALP, type 1
collagen) in these mesenchymal cell lines. This positive effect on osteoblast
differentiation translated into increased matrix mineralization in vitro, showing that
overall c-Cbl silencing increases osteogenic differentiation in murine and human
mesenchymal cells. Analysis of the molecular mechanisms revealed that c-Cbl
silencing increased the expression of platelet-derived growth factor receptor alpha and
insulin like growth factor receptor, suggesting that these receptors may mediate part
of the effect of c-Cbl silencing on osteoblast differentiation. We performed
immunoprecipitation (IP) analyses with the goal of identifying other target proteins
that may mediate the effect of c-Cbl in mesenchymal cells. IP analyses revealed that c-
Cbl physically interacts with STATS5, and that STATS interacts with Runx2 in
mesenchymal cells. Silencing c-Cbl using shRNA increased STATS protein level which
resulted from decreased c-Cbl-mediated ubiquitination of STATS. Pharmacological
inhibition of STATS activity abrogated the positive effect of c-Cbl shRNA on
osteoblast gene expression and in vitro osteogenesis. The data reveal that overall
inhibition c-Cbl promotes the osteogenic differentiation program in murine and
human mesenchymal cells, and indicate that this effect involves decreased c-Cbl-
mediated STATS ubiquitination resulting in increased STATS5-Runx2 interaction.
This uncovers a novel mechanism by which ¢-Cbl controls the osteogenic capacity of
mesenchymal cells.

Disclosures: Frangois-Xavier Dieudonné, None.
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Fate Mapping with Osterix Cre Mice Reveals the Origin and Contribution of
Bone Marrow Mesenchymal Stem Cells. Peter Maye*, Yaling Liu, Sara
Strecker, Liping Wang, Mark Kronenberg, David Rowe. University of
Connecticut Health Center, USA

The developmental origin of adult bone marrow mesenchymal stem cells and their
in vivo differentiation into more mature cell types has remained speculative. Here we
carry out fate mapping studies utilizing Osterix-EGFPCre and Osterix-CreERt mice
by intercrossing these lines with a floxed-stop tdTomato Cre reporter line (Ai9). Bone
marrow stromal cultures derived from Osterix-EGFPCre;Ai9 mice result in the
fluorescent marking of an adherent, mesenchymal population that is present at the
carliest stages of culture and retains BMSC-like multipotent properties. Assessment of
Ai9 Cre reporter expression in the bone marrow identifies several connective tissue
related cell types in addition to cells of the osteoblast lineage, including reticular,
vascular smooth muscle, adipocytic, and perineurial cells. Interestingly, adipose tissue
and smooth muscle lined blood vessels lying outside the bone do not retain Cre
reporter expression, suggesting a distinct origin and novel compartmentalization
within the bone marrow. Temporal activation of Osterix-CreERt at E14.5
substantiates our constitutive Osterix-EGFPCre fate mapping studies and provides
evidence that the embryonic perichondrium is a multipotent progenitor cell
population that gives rise to much more than the osteoblast lineage and is the likely
source of adult BMSCs. Furthermore, transplantation of adult BMSCs derived from
Osterix-EGFP;Ai9 day 5 stromal cultures into a long bone defect resulted in the
differentiation of Ai9 marked BMSCs into many of the same cell types defined by our
fate mapping studies, including reticular cells, marrow adipocytes, and osteoblasts.
Collectively, our studies indicate that BMSCs originate from an osterix-expressing
perichondrial precursor cell population and they contribute to an array of connective
tissue related cell types present within the bone marrow.

Disclosures: Peter Maye, None.
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Nocturnin, a Marrow Stromal Cell Deadenylase, Regulates Lineage
Allocation Through Changes in Mitochondrial Bioenergetics. Anyonya
Guntur*!, Phuong Le', Sheila Bornstein?, Sutada Lotinun®, Roland
Baron®, Carla Greens, Clifford Rosen®. 'Maine medical center research
institute, USA, >Maine Medical Center, USA, *Harvard School of Dental
Medicine, USA, *Harvard School of Medicine & of Dental Medicine, USA,
SDepartment of Neuroscience,University of Texas Southwestern Medical
Center, USA

Nocturnin (Noc), a circadian deadenylase regulated by PPARG, is highly
expressed in bone marrow stromal cells (MSCs). Noc-/- mice are lean, resistant to
high fat diet induced obesity and have high bone mass. Rosiglitazone (Rosi) an agent
that activates PPARG, markedly enhances the expression of Noc, causes significant
trabecular bone loss and increases marrow adipogenesis in mice. Thus we
hypothesized that Noc is important in regulating stromal cell fate either towards the
adipogenic or osteogenic lineage in response to Rosi. To test this further, we treated
12 wk Noc-/- mice and their age-and gender matched WT controls(+/+) with 20 mg/
kg/day Rosi for 8 wks. Unlike +/+ mice, Rosi treated Noc-/- mice had a two fold
increase in trabecular BV/TV and a nearly 2 fold rise in BER/TV (p<<0.05) despite no
change in total osteoblast number. We next studied the amino acid sequence of NOC
and identified a mitochondrial target sequence in the N-terminus with a very high
probability (0.98%) of localization to the mitochondria. Utilizing an epitope tagged
NOC expression plasmid, we showed that NOC co-localizes with a resident
mitochondrial protein, suggesting a potentially novel role for this deadenylase, either
directly or indirectly by regulating mitochondrial metabolism. To study if Noc
determines cell fate by influencing cellular bioenergetics and function, we tested the
metabolic profile of MC3T3E]1 cells over expressing Noc and compared them to GFP
control cells. Previously, we showed that over-expression of Noc in pre-osteoblastic
cells inhibited osteogenesis and conversely in 3T3L1 cells enhanced adipogenesis, two
distinct cell types with different energy needs. To define the role of mitochondrial
bioenergetics in cell fate, we utilized the XF24 extracellular flux analyzer and studied
the oxygen consumption rate (OCR) and extracellular acidification rate (ECAR) of
MC3T3EI cells in response to mitochondrial stress during a pre differentiation state.
Noc over expressing cells had lower basal OCR as well as reduced ECAR (i.e. a
measure of glycolysis) compared to GFP expressing control cells. Taken together
these data suggest that Noc, by targeting the mitochondria, affects bioenergetics
thereby regulating cellular work and lineage allocation. Importantly, we hypothesize
that the intracellular machinery controlling glucose and oxygen uptake in the
mitochondria is a powerful influence on ultimate MSC fate.

NIH Grant AR45433

Disclosures: Anyonya Guntur, None.
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Osteoblastic Differentiation of Bone Marrow Stromal Cells is Sexually
Dimorphic. Stefano Zanotti*, Ernesto Canalis. St. Francis Hospital &
Medical Center, USA

Skeletal integrity is preserved by the coordinated activity of osteoblasts and
osteoclasts, and a decline in the number and function of osteoblasts may reduce bone
mass. Osteoblastogenesis, the commitment of bone marrow stromal cell precursors to
the osteoblastic lineage, determines osteoblast number. Although sex determines bone
mass in humans and rodents, the mechanisms involved are understood poorly.
Therefore, we tested whether primary bone marrow stromal cells harvested from male
or female littermate mice, either from a tropism for Friend leukemia virus-B (FVB) or
C57BL/6 genetic background, display a different potential for osteoblastic differ-
entiation. Cells from FVB and C57BL/6 female mice exhibited suppressed formation
of mineralized nodules when compared to cells from male littermates. Accordingly,
alkaline phosphatase activity, and alkaline phosphatase and osteocalcin transcript
levels, were reduced by 80% in cells from female mice in relation to cells from males,
indicating that osteoblastogenesis in vitro is sexually dimorphic. These findings
acquire further relevance in the study of osteoblastogenesis in genetically modified
mouse models, which often display a sexually dimorphic skeletal phenotype. This was
tested in a model of conditional inactivation of hairy and enhancer of split (Hes)!, a
Notch target which is a determinant of osteoblastogenesis. Conditional inactivation of
Hesl in osteoblasts increased bone mass by enhancing bone formation exclusively in
male mice, and Hesl inactivation in bone marrow stromal cells had a sexually
dimorphic effect on osteoblastogenesis. HesInull cells from male mice exhibited
enhanced formation of mineralized nodules and alkaline phosphatase activity,
whereas in Hes! null cells from females both parameters of osteoblastogenesis were
suppressed. In conclusion, bone marrow stromal cells from female mice exhibit
reduced potential for osteoblastic differentiation than cells from males, a difference
that is accentuated in the context of HesI inactivation. Therefore, cells from donors of
different sexes should retain their individual identity for the study of osteoblastogen-
esis.

Disclosures: Stefano Zanotti, None.
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Wnt7b Promotes Bone Formation in vivo. Jianquan Chen*', Xiaolin Tu?,
Kyusang Joeng!, Liang Ma', Fanxin Long’. 'Washington University,
USA, ZIndiana University School of Medicine, USA, *Washington
University School of Medicine, USA

Whnt signaling has emerged as an important mechanism for regulating both
embryonic skeleton development and postnatal bone formation. However, the
endogenous Wnt ligands involved in these processes and their specific downstream
mechanisms are not well understood. We have previously shown that Wnt7b is
expressed in the osteogenic perichondrium during embryonic limb development, and
mouse embryos lacking Wnt7b in osteoprogenitor cells exhibit a delay in ossification.
To investigate further the role of Wnt7b in both embryonic and postnatal bone
formation, we generated a knockin mouse line (termed as R26-Wnt7b) by targeting
Wnt7b ¢cDNA into the ubiquitously active Rosa26 locus so that Wnt7b can be
overexpressed in a Cre-dependent manner. Constitutive activation of Wnt7b
expression with either Sp7-Cre or 2.3ColI-Cre led to a generalized increase in bone
mass, a phenotype that began in the late-stage embryo and intensified in postnatal life.
The increase of bone mass was caused by a combination of increased osteoblast
number and enhanced osteoblast activity, without an overall change in bone
resorption activity. To test whether Wnt7b can stimulate bone formation specifically
in the postnatal animal, we generated a BAC transgenic mouse line (referred as
Runx2-rtTA) by inserting the cDNA for reverse tetracycline transactivator (rtTA)
into the Runx2 locus so that the expression of rtTA is driven by the Runx2 regulatory
elements. Induction of Wnt7b expression by doxcyline in 1-month-old mice with the
genotype of Runx2-rtTA; TetO-Cre; R26-Wnt7b stimulated bone formation, without
overtly affecting bone resorption. In summary, these findings identify Wnt7b as a
potent bone anabolic signal that can function both in the embryo and in the postnatal
skeleton.

Disclosures: Jianquan Chen, None.
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PTH Signaling in Osteoblasts Necessary for Vascular Invasion of Cartilage.
Tao Qiu*', Janet Crane®, Chunyi Wen?, Lingling Xian', William Lu®*, Xu
Cao®. 'Johns Hopkins University School of Medicine, USA, 2Johns
Hopkins University, USA, *Li Ka Shing Faculty of Medicine, Unversity
of Hong Kong, Hong Kong, “The University of Hong Kong, Hong Kong

Longitudinal growth of postnatal bone requires precise control on growth plate
cartilage from chondrocytes through autocrine, paracrine, and endocrine hormone
signaling. However, it is not clear how the cartilage is regulated by the endocrine
signals. Parathyroid hormone (PTH) regulates both bone remodeling and cartilage
development. To examine its effect on the longitudinal growth of bone, knockout mice
were generated with deletion of the PTH receptor (PTHIR) in mature osteoblasts
using the osteocalcin-promoter (OC-cre:PTHIR™" ) where PTH signaling is well
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documented to occur. The mice exhibited postnatal growth retardation with profound
defects in growth plate cartilage, ascribable predominantly to a reduction in
hypertrophic differentiation of chondrocytes, expansion of pre-hypertrophic zone,
and decreased bone formation at trabecular bone and metaphyseal periosteum,
resulting in premature closure of the growth plates and shortened long bones. This
cartilage phenotype is distinct to those seen in the mice with the chondrocyte-specific
deletion of PTHIR, in which the chondrocyte differentiation is accelerated. Therefore,
PTH signaling in osteoblasts may signal to chondrocyte hypertrophy as loss of this
signaling pathway impairs chondrocyte differentiation in growth plate cartilage.

Mechanistic analysis revealed that endochondrial angiogenesis and vascular
invasion of cartilage were impaired in OC-cre: PTHIR™" mice, suggesting that the
disrupted supply of blood vessels attenuated the chondrocyte hypertrophy. To test
whether the loss of the vasculature was sufficient to restrain chondrocyte
differentiation and rule out the effect of mosaic-expression of osteocalcin-Cre in
cartilage, we studied a mouse model with deficiency of PECAM-1, a primary
constituent of vascular endothelial cell-cell junctions, reasoning that the disruption of
the vasculature alone would then mimic the effect of OC-cre:PTHIR™" mice on
chondrocytes. Indeed, PECAM-1 knockout mice exhibit a similar bone phenotype to
that seen in OC-cre: PTHIR™" mice. Importantly, PECAM-1 knockout mice showed
a dramatic decrease in the number of hypertrophic chondrocytes, as demonstrated by
significantly decreased expression of ColX. These studies identify PTH as an external
organizer of cartilaginous growth plate in longitudinal growth of bone and reveal a
previously unrecognized function for bone and osteoblasts in maintaining chondro-
cyte hypertrophy in postnatal life.

Disclosures: Tao Qiu, None.
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Parathyroid Hormone-related Peptide (PTHrP) Inhibits Chondrocyte
Hypertrophy by Promoting Nuclear Translocation of Histone Deacetylase
(HDAC) 4. Shigeki Nishimori*!, Forest Lai', Elena Kozhemyakina®, Eric
Olson®, Andrew Lassar’, Henry Kronenberg!. 'Massachusetts General
Hospital, USA, 2Department of Biological Chemistry & Molecular
Pharmacology, Harvard Medical School, USA, SUT Southwestern
Medical Center At Dallas Department of Molecular Biology, USA

Both PTHrP and HDAC4 delay chondrocyte hypertrophy but the molecular
mechanisms of these processes have not been clarified. Lassar’s group used primary
chick chondrocytes and a chondrogenic cell line to show that PTHrP uses HDAC4
nuclear translocation to accomplish this delay in differentiation (MCB 2009). Here we
report in vivo genetic and molecular evidence that supports this hypothesis.

Three genetic tests support the hypothesis that PTHrP and HDAC4 work in a
common pathway: (1) The HDAC4 knockout (KO) mouse shows a phenotype similar
to that of the PTHrP KO mouse; (2) Even though PTHrP heterozygotes (HET) and
HDAC4 HET have normal growth plates at birth, the PTHrP and HDAC4 double
HET mouse exhibits accelerated chondrocyte hypertrophy; and (3) The effects of
transgenic (Tg) expression of PTHrP driven by the collagen 2 (Col2) promoter to
suppress chondrocyte hypertrophy (Col2-PTHrP-Tg; Wier et al, PNAS 1996) is
blocked by knocking out the HDAC4 gene (HDAC4-KO; Col2-PTHrP-Tg).

Class Ila HDACs (HDAC4, 5, 7, 9) have large N-terminal extension with
conserved binding sites for the chaperon protein 14-3-3 and the transcription factor
myocyte enhancer factor 2 (MEF2). Class Ila HDACs shuttle between nucleus and
cytoplasm through regulated phosphorylation and dephosphorylation at the 14-3-3
binding sites. Lassar’s group used their in vitro model to show that PTHrP signaling
leads to dephosphorylation of HDAC4 phospho-S246, through activation of protein
phosphatase 2A. Freed of binding to cytoplasmic 14-3-3 proteins, HDAC4 then
translocates to the nucleus and represses the action of MEF2C, the master
transcriptional regulator of chondrocyte hypertrophy.

To assess HDAC4 nuclear translocation downstream of PTHrP signaling in vivo,
we examined HDAC4 cellular localization by immunohistochemistry using confocal
fluorescent microscopy. Nuclei of the proliferating chondrocytes in the newborn Col2-
PTHrP-Tg mouse show intense and dense HDAC4 signals. In contrast, in the
newborn PTHrP KO mouse, HDAC4 signals are sparse in the nuclei, but high in the
cytoplasm. We also assessed phosphorylation of S246 of HDAC4 in both mice using
an HDAC4 phospho-S246 specific antibody. HDAC4 phospho-S246 was detected in
the PTHrP KO mouse but not in the Col2-PTHrP-Tg mouse by immunohistochem-
istry and Western blot. These results are consistent with the idea that PTHrP inhibits
chondrocyte hypertrophy by inducing HDAC4 dephosphorylation and subsequent
HDAC4 nuclear translocation.

Disclosures: Shigeki Nishimori, None.
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Nmp4/CIZ Closes The Parathyroid Hormone Anabolic Window By
Suppressing The Osteoprogenitor Pool. Paul Childress*', Yongzheng He?,
Mark Hood, Jr’, Marta Alvarez!, Melissa Kacena', Michael Hanlon*,
Bryce McKee3, Feng-Chun Yang’, Joseph Bidwell!. 'Indiana University
School of Medicine, USA, 2Department of Pediatrics, Indiana University
School of Medicine, USA, *Department of Anatomy & Cell Biology,
Indiana University School of Medicine, USA, “lowa State University
College of Veterinary Medicine, USA, °Indiana University, USA

Parathyroid hormone (PTH) anabolic potency or its anabolic window for treating
osteoporosis is intrinsically limited by unknown mechanisms. We have previously
reported that disabling the transcription factor Nmp4/CIZ in mice expands this
anabolic window while modestly elevating bone resorption. This previous study
showed that wild type (WT) and Nmp4-knockout (KO) mice exhibited equivalent
PTH-induced increases in bone after 2wks of treatment but by 7wks the null mice
showed significantly more new bone. Interestingly, at 3wks of treatment serum
osteocalcin, a marker for bone formation and osteoblast number peaked in WT mice
but continued to increase in the null mice. To determine if this is when bone formation
diverges between the genotypes and to investigate its cellular basis here we treated 10-
wk-old null and WT animals with human PTH (1-34) [30 ug/kg/day] or vehicle for
3wks. At the end of treatment femoral trabecular architecture was evaluated using
microCT analysis and bone marrow (BM) and peripheral blood (PBL) phenotypic cell
profiles were assessed with clonogenic assays, flow cytometry, and hematology profile
analyses. To analyze the data we employed a two-way ANOVA using genotype and
treatment as the independent variables. If a genotype x treatment interaction was
indicated, the data were analyzed by a Tukey HSD post hoc test to determine
significant differences between the experimental groups. Statistical significance was set
at p<<0.01. Hormone-treated Nmp4-KO mice gained over 2-fold more femoral
trabecular bone (BV/TV) than did WT animals during the 3wk treatment period.
There was no difference between genotypes in BM cellularity or the profiles of several
blood elements. However, there was a 4-fold increase in Nmp4-KO CFU-F-ALK
PHOS+ colonies (osteoprogenitors), a 1.6-fold increase in KO CFU-GM colonies
(osteoclast progenitors), and a 2-fold increase in null BM CD8+ T-cells (which
support osteoprogenitor differentiation). PTH had no effect on the size of any cell
population. We propose that the extended and augmented anabolic activity in the
Nmp4-KO mice first appears at 3wks of treatment and derives from an expanded
osteoprogenitor pool, bolstered by the increase in BM CD8+T cells, thus sustaining
bone formation after the WT osteoprogenitors are depleted. Additionally, this
enhanced KO bone formation activity eclipses the elevated null osteoclastogenesis
from the modestly enlarged CFU-GM pool.

Disclosures: Paul Childress, None.
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G-protein Stimulatory Subunit Alpha and q/11 Family Together Maintain
Stem-like Chondrocytes in the Quiescent Stage. Andrei Chagin*!, Tatsuya
Kobayashi?, Jun Guoz, Takao Hirai3, Karuna Vuppalapati4, Min Chen®,
Stefan Offermanns®, Susan Mackem®, Lee Weinstein’, Henry Kronenberg?.
'Karolinska Institutet, Sweden, *Massachusetts General Hospital, USA,
3Kyoto Prefectural University of Medicine, Japan, *Karolinska Institute,
Sweden, *National Institutes of Health, USA, “Max-Planck-Institute for
Heart & Lung Research, Germany, "National Institute of Diabetes &
Digestive & Kidney Diseases, USA

Parathyroid hormone (PTH)-related protein (PTHrP), regulated by Indian
hedgehog and acting through the PTH/PTHrP receptor (PPR), is crucial for normal
cartilage development. Recently we have shown that ablation of the PPR in postnatal
chondrocytes leads to disappearance of the epiphyseal growth plate. We have also
observed ectopic apoptosis in the resting zone of the growth plate where stem-like
chondrocytes are located. To explore the mechanism whereby PPR signaling controls
the fate of these resting zone chondrocytes, we have examined in vivo the roles of the
G proteins activated by the PPR in chondrocytes in preventing disappearance of the
growth plate.

First, we generated mice with tamoxifen-inducible and cartilage-specific ablation
of the heterotrimeric G-protein stimulatory subunit alpha (Gsa). We found that
inactivation of Gga in postnatal chondrocytes causes dramatically impaired bone
growth associated with accelerated chondrocyte hypertrophy and growth plate
disorganization. In contrast to mice lacking the PPR in cartilage, a disorganized
remnant of growth cartilage persists in mice lacking Gga in cartilage. Slowly
proliferating, stem-like chondrocytes were labeled with BrdU followed by a “chase”
period; the recruitment of these chondrocytes into the proliferative pool was
accelerated upon Gga ablation. In contrast, these cells underwent apoptosis upon
ablation of the PPR. These contrasting fates of stem-like chondrocytes might
contribute to remnant formation when only Gga is ablated in the growth plate.
Matings to generate mice with defects in signaling by other G-proteins activated by
the PPR showed that Gga synergizes with the Gg/11 family of heterotrimeric G-
proteins in causing malformation of the growth plate, that inactivation of both
pathways leads to apoptosis of stem-like chondrocytes and disappearance of the
growth plate, and that neither G12/13 nor XLas do not contribute to the PPR
phenotype. We conclude that Gga is the major mediator of the anti-differentiation
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action of the PPR on postnatal chondrocytes, while activation of both Ga and Gq/11
signaling is required to maintain stem-like chondrocytes in the quiescent phase.

Disclosures: Andrei Chagin, None.
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Hesl is a Notch Target Gene that can Regulate Mesenchymal Progenitor
Cell Proliferation and Differentiation during Skeletal Development. Timothy
Rutkowski*!, Anat Kohn'!, Anthony Mirando? Ryoichiro Kageyama?,
Matthew Hilton?. ]University of Rochester, USA, 2University of Rochester
Medical Center, USA, *Kyoto University, Japan

We previously demonstrated that RBPjk—dependent Notch signaling suppresses
mesenchymal progenitor cell (MPC) differentiation and induces proliferation during
skeletogenesis. Several Hes/Hey factors are direct targets of RBPjk-dependent Notch
signaling and critical Notch pathway components in progenitor cells. We also showed
that knockdown of Hesl in MPCs resulted in accelerated differentiation during in
vitro chondrogenesis, suggesting the importance of HESI in this process. To
determine whether HES1 is sufficient and/or required for MPC proliferation and
differentiation during skeletal development in vivo, or whether HESI is the sole
regulator of the Notch-mediated suppression of MPC differentiation, we analyzed
HES| gain-of-function (GOF) (PrxI Cre; Rosa-Hes”” ), HES] loss-of-function (LOF)
(PrxICre;Hest"” ), and HESI deficient Notch GOF (PrxICre; Rosa-NICD V" Hesl”
/) mice. Embryos were analyzed at E11.5, E12.5, E14.5, and E18.5 via whole-mount
skeletal staining, ISH, and THC of limb sections, and real-time RT-PCR of RNA
isolated from limb-buds. Analyses demonstrated that HES1 GOF mutants exhibited
reduced size of condensations and delayed chondrocyte gene expression via real-time
RT-PCR and ISH. Proliferation analyses also indicated that HES1 GOF mutants had
elevated MPC proliferation. These data demonstrate that sustained HESI signaling is
sufficient to induce MPC proliferation and delay differentiation but cannot block
MPC differentiation and arrest chondrogenesis identical to sustained NOTCHI1
signaling (PrxICre; Rosa-NICD ™). Interestingly, HES1 LOF embryos were ana-
lyzed using similar methods to determine whether MPC differentiation was
accelerated as previously observed in RBPjk LOF mutants, although no striking
chondrogenic changes were observed. Similar to other HES1 LOF models, we
observed elevated HesS gene expression in limb-bud MPCs following removal of
Hesl, suggesting compensation from other Hes genes. Lastly, to determine whether
Hesl is the sole Notch target required during Notch-mediated suppression of MPC
differentiation, we analyzed HES1 deficient Notch GOF mice. Analyses demonstrated
that sustained NOTCHI signaling continued to suppress MPC differentiation in the
absence of Hesl. Collectively, these data indicate that HESI signaling is sufficient to
delay MPC differentiation and induce proliferation, although additional HES/HEY
factors or other Notch targets may be important in Notch-mediated regulation of
MPCs during skeletogenesis.

Disclosures: Timothy Rutkowski, None.
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Postnatal Growth Plate Integrity and Function Require Extl Expression and
Heparan Sulfate Production. Federica Sgariglia*l, Eiki Koyama', Julianne
Huegel?, Maurizio Pacifici>, Motomi Enomoto-Iwamoto'. 'Children’s
Hospital of Philadelphia, USA, *Thomas Jefferson University, USA

The growth plate is the key engine for skeletal development during embryogenesis
and continues to function in skeletal growth until the end of puberty when skeletal
maturity is reached. The prenatal and postnatal integrity and function of the growth
plate are regulated by a complex array of local and systemic factors. Many of these
factors, including hedgehog proteins and bone morphogenetic proteins, interact with
heparan sulfate that in turn influences their distribution, availability and signaling
activity. To determine whether the growth plate requires heparan sulfate continu-
ously, we conditionally inactivated Extl, the major Golgi-associated enzyme for HS
synthesis, in cartilage at postnatal stages by mating Ext/ floxed mice with Col2-CreER
mice. Given that Cre effectiveness is usually not complete, we compared mice with the
genotypes Extlf]f;Col2CreER and Extlfl-; Col2CreER, expecting the latter to display
more effective ablation. Mice and appropriate controls were injected with tamoxifen
at postnatal day 5 (P5) and examined at various time points over the following 8
weeks. Limb and axial skeletal specimens were analyzed by soft x-ray, pCT, histology
and gene expression. Anatomically, the mutant mice displayed growth retardation,
scoliosis and limb deformities, especially bowing of the forearm, by 2 to 4 weeks post
injection. Histologically, the mutant growth plates in long bones and ribs were
disorganized. A major and consistent feature was a lateral expansion of the growth
plates such that the extra cartilaginous tissue draped and surrounded the underlying
trabecular bone. The organization of the ectopic cartilaginous tissue resembled that of
a growth plate but oriented perpendicularly to the main growth plate axis, with small
immature chondrocytes facing the adjacent periosteum and hypertrophic chondro-
cytes facing native growth plate and bone. Analyses of gene expression and protein
signaling patterns indicated significant changes in growth plate regulatory circuits.
Some of the injected ExtIfl-;Col2CreER mice died prematurely, possibly reflecting
complete Extl ablation. The data indicate that heparan sulfate is in fact required for
postnatal growth plate function and progression of normal skeletal growth. The
aberrant ectopic cartilage in mutants is reminiscent of that forming in patients with
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Hereditary Multiple Exostoses, a pediatric pathology caused by Ext/ mutations,
providing further clues as to the pathogenesis of exostosis formation.

Disclosures: Federica Sgariglia, None.
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Sclerostin Antibody Improves Bone Mass and Mechanical Properties in Brtl/
+ Model of Osteogenesis Imperfecta When Administered During Growth.
Benjamin Sinder*', Logan White!, Michael Ominskyz, Michelle Caird’,
Joan Marini®, Kenneth Kozloff*. 'University of Michigan, USA, >Amgen
Inc., USA, *National Institute of Child Health & Human Development,
USA, *University of Michigan Department of Orthopaedic Surgery, USA

Osteogenesis imperfecta (OI) is a genetic collagen disorder characterized by brittle
bones and presents most severely in children. Anti-resorptive bisphosphonates have
their major effect on trabecular bone and have been used with mixed success to treat
pediatric OI during growth. Enhanced cortical bone would be valuable for OI
amelioration, however no anabolic therapy has demonstrated consistent effectiveness.
Sclerostin is a negative regulator of the Wnt pathway, and a neutralizing sclerostin
antibody (Scl-Ab) has demonstrated potential anabolic efficacy in other models of
bone fragility. Previously, we have shown that Scl-Ab stimulates new bone formation
in osteoblasts harboring a type I collagen mutation' and improves bone mass and
mechanical properties in an adult mouse model of OI>. No studies to date have
investigated Scl-Ab in the rapidly growing OI skeleton. Therefore the purpose of this
study was to evaluate Scl-Ab during growth in the Brtl/+ mouse model of dominant
OI with G349C substitution on one collal allele. Three week old male WT and Brtl/+
were treated with Scl-Ab or Vehicle twice per week, for five weeks, at 25mg/kg. All
changes are p<<0.05 unless otherwise noted, n=7-8/group. Body weight was not
affected by Scl-Ab. MicroCT of the distal metaphyseal femur revealed that in WT,
Scl-Ab increased Tb.BMD (66%) and BV/TV (56%) by increasing both Tb.Th (31%)
and Tb.N (18%). In Brtl/+, Scl-Ab treatment increased Tb.Th (12%) with a trend
towards increased Tb.BMD (30%, p=0.10). However, neither BV/TV (p=0.26) nor
Tb.N (p=0.54) were significantly altered, suggesting a reduced response to Scl-Ab in
Brtl/+ femoral trabecular bone. At femoral mid-diaphysis, microCT analysis showed
Scl-Ab significantly increased cortical thickness (WT 23%; Brtl/+ 24%), cross sectional
area (WT 28%; Brtl/+ 27%), and the medial-lateral moment of inertia (WT 41%; Brtl/
+ 35%) by similar amounts in both genotypes. Functionally, Scl-Ab increased femoral
diaphyseal Ultimate Force (WT 66%; Brtl/+ 47%) and Stiffness (WT 49%; Brtl/+ 67%)
as measured by four-point bending. Post yield displacement was not affected by Scl-
Ab in Brtl/+, suggesting that treatment did not change material brittleness. In
summary, Scl-Ab increased bone mass and improved whole bone mechanical
properties in young Brtl/+ mice. These initial data support that Scl-Ab may be
beneficial for the treatment of OI patients by reducing fracture risk.

References: 1) Sinder et al ORS 2011; 2) Sinder et al ASBMR 2011

Table: MicroCT and mechanical four-point bending data.

Disclosures: Benjamin Sinder, None.
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Treatment with Sclerostin Antibody Improves Bone Mass and Whole Bone
Strength in the Crtap-/- Model of Recessive Osteogenesis Imperfecta. Ingo
Grafe*!, Tao Yang?, Erica Homan?, Elda Munivez’, Caressa Lietman?,
Brian Dawsonz, Gautam Sule’, Terry Bertin?, Franklin Asunci0n3, Hua
Zhu Ke®, Michael Ominsky®, Brendan Lee®. 1Department of Molecular &
Human Genetics, Baylor College of Medicine, USA, *Baylor College of
Medicine, USA, 3Amgen Inc., USA, 4Baylor College of Medicine &
Howard Hughes Medical Institute, USA

Standard treatment for patients with Osteogenesis Imperfecta (OI) is limited to
antiresorptive bisphosphonates, which do not completely correct the bone fragility
and seem to be less effective in adults. Sclerostin antibody (Scl-Ab) has been shown to
have beneficial osteoanabolic effects in models of osteoporosis and forms of OI
resulting from mutations in the genes encoding type I collagen. However, Scl-Ab
treatment has not been studied in models of OI caused by defects in posttranslational
collagen modifications, where the pathomechanism may differ. Cartilage associated
protein (CRTAP) plays a role in posttranslational type I collagen modification and its
loss of function results in recessive OI in a mouse model and in patients. In this study
we investigate the effects of Scl-Ab treatment in Crtap-/- mice.

Six week old female Crtap-/- mice were treated with Sclerostin antibody (Scl-Ab)
for 6 weeks (25 mg/kg, s.c. injection, twice per week), PBS treated Crtap-/- and
wildtype (WT) mice served as controls. After treatment, spines and femurs were
analyzed by microCT, biomechanical properties were assessed by 3-point bending of
femurs.

Compared to PBS treated Crtap-/- mice, microCT analysis of vertebral body L4
showed significant increases in bone volume (BV/TV, +104%), trabecular number
(Tb.N, +45%), trabecular thickness (Tb.Th, +41%) and BMD (+10%) in Scl-Ab
treated Crtap-/- mice. Compared to WT mice, Scl-Ab fully reversed the reduction in
Tb.Th and BMD in Crtap-/- mice, while BV/TV and Tb.N remained reduced. Femurs
of Scl-Ab treated Crtap-/- mice demonstrated significant increases in cortical thickness
(+37%), CSMI (+41%) and BMD (+23%) compared to PBS treated Crtap-/- mice and
were no longer lower than in WT mice. Biomechanical testing of the femur midshaft
showed that Crtap-/- mice had significantly reduced whole bone strength parameters,
and Scl-Ab significantly increased maximum load (+41%) and stiffness (+48%) to WT
levels. At the material level, Crtap-/- mice had reduced post-yield displacement and
toughness, reflecting the increased tissue brittleness expected with OI..Scl-Ab did not
significantly affect these material properties.

Scl-Ab treatment improves bone mass and microarchitecture in Crtap-/- mice,
resulting in increased whole femoral bone strength without an effect on material
properties. The findings of this study suggest that Scl-Ab treatment may have
beneficial effect in the treatment of patients with recessive OI.

Disclosures: Ingo Grafe, None.
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PbxI Is a Likely Candidate Gene for the Development of Fibro-osseous
Lesions in Mice. Cheryl Ackert-Bicknell*!, Annerose Berndt?, Clinton
Cario?, Beth Sundberg', John Sundberg'. 'The Jackson Laboratory, USA,
2University of Pittsburgh School of Medicine, USA

Fibro-osseous lesions are benign changes wherein normal bone is replaced with
fibrovascular stroma. In humans, these lesions are found primarily in the jaw and
tubular bones. They are more common in African American women, suggesting both
a hormonal and a genetic etiology. In mice, there is also a higher incidence in females,
however, these lesions occur primarily in the sternebrae, long bones, and vertebrae. In
this study, we first determined the frequency and severity of fibro-osseous bone lesions
in 12 and 20 month old female mice from 28 inbred strains. We then used these data to
perform genome wide association (GWA) mapping to identify genetic loci associated
with the development and severity of these lesions. Specifically, bones (calvaria,
shoulder and elbow with associated long bones, hip and knee with associated long
bones, ribs, and vertebrae from the thoracic, lumbar, and coccygeal regions) were
examined histologically for the presence of fibro-osseous lesions. At 12 months of age,
these lesions were rare; occurring in 3% of the 370 mice examined. At 20 months of
age, these lesions affected 20% of the 280 mice examined, and were observed in 15 of
the 28 strains. GWA scans for data collected from the 20 month old mice were
performed using the efficient mixed-model association (EMMAX) algorithm using a 4
million SNP panel. Genetic loci associated with lesion development were mapped to
Chromosome (Chr) 1 at 170.2 Mb, Chr 5 at 138.8 Mb, and Chr 15 at 68.7 Mb. The
loci on Chrs 1 and 15 were also associated with lesion severity. Pbxl, is located at the
peak for the locus on Chr 1. Phx/ binds to many transcription factors, is involved in
organ development and is a suppressor of osteoblastogenesis. Furthermore, this gene
is an oncogene and studies have shown that Pbhx/ guides Estrogen receptor alpha
(Ersl) to target genes in aggressive breast cancer. In summary, we have shown that the
mouse is an ideal model for the study of the pathological progression and genetic
etiology of bone fibro-osseous lesions. Given the known functions of the Pbx/ gene
and the results of our genetic mapping study, we suggest that polymorphisms in Pbx/
are associated with the development of this condition.

Disclosures: Cheryl Ackert-Bicknell, None.
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The Glucocerebrosidase (Gaucher Disease) Gene Functions in Immune
Regulation and Skeletal Homeostasis. Pramod Mistryl, Tony Yuen*z,
Ling-Ling Zhu?, Jun Liu', Stephanie Halene', Mei Yang', Jameel Igbal®,
Ruhua Yangl, Wajahat Meha13, Wei-Lien Chuang®, Dhanpat Jainl,
Jianhua Li* Harry Blair’, Li Sun’?, Mone Zaidi®. 'Yale School of
Medicine, USA, >Mount Sinai School of Medicine, USA, >Genzyme
Corporation, USA, “Tount Sinai School of Medicine, USA, 5University of
Pittsburgh, USA, *Mount Sinai Medical Center, USA

The heterogeneous clinical presentation of patients with Gaucher Disease (GD1)
cannot simply be explained by the lysosomal accumulation in macrophages of lipid
substrates of the mutated enzyme glucocerebrosidase (GBA1). This macrophage-
centric view also does not endorse emerging aspects of the disease, such as
malignancies, gammopathies, autoimmune diathesis, Parkinson’s disease, and
osteoporosis, all of which are resistant to macrophage-directed enzyme replacement
therapy. To understand the pathophysiology of the multi-system involvement in GDI,
and to unravel new functions of the GBAl gene in normal physiology, we
conditionally deleted the gene using an MxI promoter in the hematopoietic and
mesenchymal cell lineages in mice, hitherto termed GD1 mice. We fully recapitulated
the visceral manifestations of human GD1. GD1 mice were also severely osteoporotic,
with a marked reduction in bone formation rates in vivo and osteoblastogenesis ex
vivo. Cytokine measurements, microarray analysis, and flow cytometry revealed
widespread dysfunction of unexpected immune cell populations. Notably, the thymus
exhibited the earliest and most striking alterations reminiscent of impaired T-cell
maturation, aberrant B-cell recruitment, and enhanced antigen presentation. In
contrast to the profound defects in the thymus, there were only limited cellular defects
in peripheral lymphoid organs, namely the spleen, lymph nodes and bone marrow;
these changes were restricted to mice with severe disease. The cellular changes were
accompanied by elevated Thl and Th2 cytokines that tracked with disease severity.
Furthermore, as disease severity correlated with accumulating GBA1 substrates,
namely glucosylceramide (GL1) and glucosylsphingosine (Lyso-GL1), we studied the
effects of each lipid on the proliferation of bone marrow hematopoietic stem cell
precursors (HSCs). The proliferation of multipotent precursors (MPP), short-term
HSCs, and long-term HSCs was inhibited significantly by both GL1 and Lyso-GL1 in
vitro. This suggests a direct role for lipid substrates in causing the extensive immune
dysfunction in GDI1. The results not only demonstrate that GBAI has a role in
immune regulation, but also provide the first direct evidence for the involvement of
cell lineages other than mononuclear phagocytes, most notably, T-cells, B-cells,
dendritic cells, and osteoblasts, in the pathophysiology of GDI. Important
therapeutic implications may eventually follow from these studies.

Disclosures: Tony Yuen, None.
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A Mouse Model of Cushing’s Syndrome due to a Corticotrophin Releasing
Hormone (Crh) Promoter Mutation develops Steroid Induced Osteoporosis.
Liz Bentley*', Christopher Esapa®, M. Andrew Nesbit?, Rosie A Head?,
Holly Evans®, Darren Lath’, Tertius A Hough'! Christine Podrini®,
William Fraser®, Martin D Fray', Peter Croucher®, Matthew Brown’,
Steve D. M. Brown', Roger D. Cox', Rajesh Thakker®. "MRC Harwell,
United Kingdom, 2University of Oxford, United Kingdom, >University of
Sheffield, United Kingdom, *“Wellcome Trust Sanger Institute, United
Kingdom, *University of East Anglia, United Kingdom, °Garvan Institute
of Medical Research, Australia, 'Diamantina Institute of Cancer,
Immunology & Metabolic Medicine, Australia, *Nuffield Department of
Clinical Medicine, University of Oxford, United Kingdom

Glucocorticoid-induced osteoporosis (GIOP) is a common condition for which
effective and satisfactory treatments are not available. The availability of a mouse
model for GIOP would facilitate investigations and in vivo assessment of treatments.
In the course of our phenotype-driven screens of mouse mutants induced by
the chemical mutagen N-ethyl-N-nitrosourea (ENU), we observed a mutant mouse
with obesity, hyperglycaemia and low bone mineral density, features that are
consistent with Cushing’s syndrome. This phenotype was inherited as an autosomal
dominant trait and the disease locus was mapped to chromosome 3 and to a 6.2Mbp
interval that contained the gene encoding corticotrophin releasing hormone (Crh).
DNA sequence analysis of the Cri gene did not identify any coding region mutations,
in affected mice, but instead a T to C transition at -120bp, within the Cr/ promoter,
was identified. Luciferase reporter assays demonstrated that this T to C transition
resulted in a >2 fold increase in transcription activity in Neuro2a cells (p<<0.001).
In vivo assessment of Crh’?”* mice revealed them to have, when compared
to wild-type (Cri*mice), elevated plasma concentrations of corticosterone
(mean +SEM: Cri?%*=721.8 4+ 88.8ng/ml; Crh*"*=414.3+59.5ng/ml, p=0.01), glu-
cose (Crir’?*=24.12 +4.23mmol/L; Crh*"*=11.43+1.11mmol/L, p=0.01) and insulin
(Crh°%=3.9940.55ng/ml; Crh**=1.01+0.09ng/ml, p<0.0001). An analysis of
cortico-endosteal bone structure using dynamic histomorphometric studies
revealed that both male and female Cri”?”* mice, when compared to Cri*'*
mice, had reductions in mineralisin% surface area (males: Crir?"=14.6+2.8:
Crh*'*=56.8+3.4, females: Cri’?%*=30+2.9; Crh*’"*=63.8+5.4, p<0.01),
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mineral apposition rate (males: Cri?”*=12+0.2; Crh**=1.740.2, females:
Criv?%=1.440.2; Crh*"*=2.2+40.2, p<0.05) and bone formation rate (males:
Crir’?%=0.440.04; Crh*™*=1.1£0.1, females: Cri"?”"=0.540.1; Cri*"*=1.6+0.1,
p<0.01). Further analysis of osteoblasts and adipocytes in bone, using static
histomorphometry, showed a reduction in osteoblast number (p<<0.05) and the
percentage of cortico-endosteal bone covered by osteoblasts (p<<0.05) in both male
and female Cri™”"* mice which was accompanied by an increase in adipocytes in the
bone marrow (p<<0.01).Thus, our studies have established a mouse model for
Cushing’s syndrome that develops osteoporosis.

Disclosures: Liz Bentley, None.
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A Key Pathological Role for the Wnt/b-catenin Signaling Pathway in
Hypophosphatemic Rickets/Osteomalacia. Shuxian Lin*!, Yong Jiang?
Zhaowen Zong”, Min Liu®, Ying Liu?, Baozhi Yuan*, Marc Drezner®, Hua
Zhu Ke®, J.Q. Feng?®. 'Baylor College of Dentistry, USA, *Baylor College
of Dentistry, Texas A&M, USA, *Amgen Inc., USA, “University of
Wisconsin, USA

Deletion or mutation of Dmpl or Phex leads to a hypophosphatemic rachitic/
osteomalacic disorder, in which increased FGF23 plays a key pathological role,
although neither DMP1 nor Phex directly regulates FGF23 homeostasis. In this study,
we initially showed that immunohistochemical evaluation of osteoblast/osteocytes
from Dmpl knockout mice reveals elevated b-catenin expression levels. Subsequently,
we crossed 3.2 kb-Col IER and Cre/ Catnb*'*X®3 mice to generate offspring with
constitutively activated b-catenin at postnatal day 3. Unexpectedly, these mice
manifested a rachitic phenotype, resembling that in Dmpl KO and Hyp mice, which
included greatly expanded growth plates, short limbs and tail, malformed epiphysis,
and defected metaphyses. To determine whether blocking Wnt/b-cat signaling will
rescue the phenotype in Dmpl knockout mice, we crossed Dmpl knockout and 2.3 Col
1-Dkkl transgenic mice, generating offspring that overexpressed DKKI1 (a potent
inhibitor of Wnt/b-catenin signaling pathway) in osteoblasts. By 3-weeks, the targeted
expression of DKK1 and consequent blockade of Wnt/b-catenin signaling signifi-
cantly improved the following elements of the rachitic/osteomalacic phenotype: 1)
FGF23, PTH, and Pi levels; 2) skeleton length (long bone and vertebrae); 3) growth
plate thickness; 4) epiphysis and metaphysis phenotype; 5) cell proliferation (BrdU); 6)
molecular bone markers (FGF23, b-catenin, Col I, BSP, OPN, OSX, El1 and SOST),
and 7) bone mineralization and formation rates. By 8 weeks, the Dmpl knockout
phenotype was further improved. Taken together, we demonstrate for the first time
that an abnormal high level of Wnt/b-catenin expression in Dmpl knockout mice is a
key pathologically local factor responsible for defects in osteoblast maturation into
osteocytes and high FGF23 expression, leading to hypophosphatemic rickets. This
study has clinical relevance, as a high Pi diet alone fails to fully restore the
osteomalacic status in patients, and normalizing the Wnt/b-catenin signaling may
benefit these patients. (This research was supported by DE018486).

Fig 1. Longbone Morphology
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Fig 2. Epiphysis, Metaphysis and Growth Plate Phenotye

Fig 3. Serum FGF23 and PTH Level of 3w and 8w Groups

Fig 4. Cell Proliferation (BrdU) and Osteoclast Number (TRAP) Analysis of 3w Mouse
Tibia
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Fig 5. Beta-catenin, OSX, El1 Staining of 3w Mouse Longbone

Disclosures: Shuxian Lin, None.
This study received funding from: NIH
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Lack of Value of Serum Sex Steroid Measures in the Prediction of
Osteoporosis and Fracture Risk in Community-dwelling, Ambulatory Older
Men. Eric Orwoll*!, Jodi Lapidusl, Ying Wang!, Carrie Nielson!, Andrew
Hoffman?, Howard Fink®, Gail Laughlin®, Sundeep Khosla’. lOregon
Health & Science University, USA, *Stanford University, USA, *GRECC,
Minneapolis VA Medical Center, USA, 4University of California, San
Diego, USA, 5College of Medicine, Mayo Clinic, USA

Serum estradiol (E), sex hormone binding globulin (SHBG) and testosterone (T)
have all been associated with BMD and fracture risk in populations of older men.
Measures of T are commonly used in clinical evaluations of osteoporosis in men, but
the value of these measures for risk assessment in individuals has not been formally
assessed.

In the MrOS Study, 1563 community-dwelling, ambulatory men>65 yrs had
baseline assays of E and T by mass spec, and SHBG by RIA. We assessed baseline
BMD and subsequent BMD change by DXA, and ascertained incident fractures over
10 yrs. The value of T, E and SHBG levels for predicting the rate of BMD change was
assessed via fit statistics from linear regression models. The ability of T, E and SHBG
to predict BMD status (T score <-2.5 vs >-2.5) and fracture risk was assessed via
logistic regression models. We initially considered models that were unadjusted, thus
simulating the clinical situation, but also considered models with age and BMI
adjustments. Finally, we examined clinical thresholds of E, T and SHBG to assess
predictive utility. For each model we computed the area under the receiver operating
characteristic curve (AUROC) to evaluate discriminative ability, and used net
reclassification improvement (NRI) and integrated discrimination improvement (IDI)
to assess improvement in risk prediction over a baseline model containing age, BMI
and BMD.

Results: T, E and SHBG provided virtually no benefit for the prediction of BMD
status, BMD loss or fracture risk. For instance, the AUROCs for hip fracture
prediction using continuous T, E or SHBG alone were between 0.54-0.59 whereas the
AUROC using baseline agetBMI+ BMD was 0.82. Moreover, when added to
age+tBMI+BMD, measures of sex steroids and SHBG (examined as continuous
variables) did not improve the predictive value for any endpoint (p values for NRI and
IDI insignificant for all). When conventional cutpoints for low sex steroids were
examined there was no improvement. Results were unchanged when bioavailable T
and E were examined. When only men with low BMD (T score -1.0 to -2.5) were
analyzed the results were essentially the same.

Summary: In individual older men there appears to be low predictive value for sex
steroid and SHBG measurements in assessing BMD status, rate of BMD change or
fracture risk. There is little indication for including T, E or SHBG measures for
estimating the risk of developing osteoporosis or fracture in community-dwelling
older men.

Disclosures: Eric Orwoll, None.
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Serum DKK-1 Levels and the Risk of in Relation to the Occurrence of
Osteoporosis-related Fractures : The CEOR Study. Mohammed-Salleh
Ardawi*!, Abdulraheem Rouzi’, Sharifa Al-Sibiani®, Nawal Al-Senani®*.
!Center of Excellence for Osteoporosis Research & Faculty of Medicine,
Saudi Arabia, ?Center of Excellence for Osteoporosis Research &
Department of Obstetrics & Gynecology, Faculty of Medicine & KAU
Hospital, King Abdulaziz University, Saudi Arabia, *Center of Excellence
for Osteoporosis Research, & Department of Obstetrics & Gynecology,
Faculty of Medicine & KAU Hospital, King Abdulaziz University, Saudi
Arabia, *Center of Excellence for Osteoporosis Research & Department of
Obstetrics & Gynecology, Faculty of Medicine, & KAU Hospital, King
Abdulaziz University, Saudi Arabia

Background: Dickkopf-1 (DKK-1) is involved in the regulation of bone formation
through the inhibition of the Wnt/B-catenin signaling pathway. DKK-1 over-
expression in osteoblasts results in osteopenia and inhibits fracture repair, whereas
DKK-1 activation in osteoblasts contributes to the pathogenesis of glucocorticoid-
and/or estrogen deficiency-mediated osteoporosis. We therefore hypothesized that
postmenopausal women with increased circulating DKK-1 levels have a greater risk
for osteoporosis-related fractures (ORFs).

Subjects and Methods: We examined the association between circulating DKK-1
[measured by ELISA method, (Biomedica Gruppe, Biomedica Medizinproduke
GmbH & Co KG, Austria)] levels and the risk of ORFs in 707 postmenopausal
women, 50 years of age or older in a population-based study with a mean follow-up
period of 5.2 + 1.3 years. Multivariate Cox proportional-hazards regression models
were used for analysis of the risk of fracture with adjustment for age, body-mass index
and other potential risk factors that may be associated with the risk of fracture or with
higher circulating levels of serum DKK-1.

Results: High serum DKK-1 levels were associated with an increased risk of ORFs
(Table 1). Following adjustment for age and other confounders, the relative risk of
ORFs for each increment of 1 SD in DKK-1 level was about 2-fold among
postmenopausal women. [RR = 1.98 (95% CI: 0.98-4.20)]. Further, women in the
highest quartile of DKK-1 levels had an increase in the risk of ORFs so that the risk
was 3.4-fold for DKK-1. The risk of ORFs that was attributable to DKK-1 levels (in
the highest quartile) was estimated at 31.7%. The association between DKK-1 levels
and the risk of fracture seems to be independent of bone mineral density and other
confounding risk factors for fracture.

Conclusions: Higher serum DKK-1 levels are associated with a greater risk of
ORFs independent of several other risk factors among postmenopausal women.
Serum DKK-1 measurement holds promise as a risk factor for ORFs in
postmenopausal women.

Table.1

Disclosures: Mohammed-Salleh Avdawi, None.
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Association between Hypovitaminosis D, Secondary Hyperparathyroidism,
Bone Loss and Hip Fractures in the Prospective Population-based OPRA
Study of Elderly Women. David Buchebner*', Fiona McGuigan®, Karl
Obrant’, Paul Gerdhem®, Kristina Akesson’. 'Halmstad Hospital, Sweden,
*University of Lund, Malmd, Skane University Hospital, Malmo, Sweden,
3University Hospital, Sweden, “Karolinska Institutet, Sweden, Skéne
University Hospital, Malmo, Sweden

Background: Deficiency in vitamin D can cause secondary hyperparathyroidism,
high bone turnover, bone loss and mineralization defects and is suggested to play a
role in the development of osteoporosis and fragility fractures. In this study we
investigated long term assessment of serum vitamin D and PTH to determine if
hypovitaminosis D and elevated PTH lead to higher bone loss and increased hip
fracture incidence in elderly women.

Methods: Study participants were Swedish women from the population based
Malmé OPRA cohort. 1044 women, all 75y old, attended at baseline (BL), 715
attended at 5y. Bone mineral density (BMD) was assessed using a Lunar DPX-L DXA
scanner. Serum 25-hydroxy vitamin D (250HD) was available for 987 (BL), and 640
(5y) women, classified as: >75 nmol/l; 50-75 nmol/l; <50 nmol/l. Serum PTH
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measurements were available for 999 (BL), and 694 (Sy) women, classified as: normal
(<6.8pmol/l) or high (>6.8pmol/l). Fracture data was ascertained from X-rays at the
Dept. Radiology, Skane University Hospital, Malmo for mean follow-up of 9.0 years
(range 7.4-10.9).

Results: Bone loss at 5 years was higher at the hip in women who, at both BL and
Sy, had the lowest 25SOHD(<50 nmol/l)compared to the other 2 groups (=50 nmol/l):
FN (16.7% v 6.9% v 7.8%): Troch (16.5% v 7.7% v 7%) and TH (10.7% v 6.2% v 6.5%)
(p<<0.). Similarly for PTH, there was higher loss in the high compared to the normal
PTH group: FN (11.6% v 7.5%); Troch (9.8% v 7%); TH (8.7% v 6.3%). Women with
low 250HD (<50 nmol/l) and high PTH lost significantly more bone, with the highest
loss at the trochanter.

The proportion of women who had 250HD <50nmol/l at baseline was 4%,
increasing to 17% at Sy. Of those who were low at baseline, 17% sustained at least one
hip fracture during follow-up compared to 11% who had a hip fracture and had >50
nmol/l values (p=ns). Of the women who were low at Sy, 16% sustained at least one
hip fracture during follow-up compared to 7% who had a hip fracture and values >50
nmol/l (p<<0.05). S-PTH was not associated with more fracture, irrespective of
250HD.

Conclusions: In this population sample of elderly women, vitamin D and PTH
played a role in long term bone loss. Vitamin D status was associated with increased
hip fracture incidence, whereas we could not confirm the hypothesis of elevated PTH
increasing the risk of hip-fractures.

Disclosures: David Buchebner, None.
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Bone Turnover Marker Balance and Turnover: Association with Fracture
Risk in the OPUS Study. Fatma Gossiel*!, Richard Jacques’, Judith
Finigan®, David Reid*, Christian Roux’, Dieter Felsenberg®, Claus-C
Glueer’, Richard Eastell®. 'The University of Sheffield, United Kingdom,
2School of Health & Related Research, University of Sheffield, United
Kingdom, 3University of Sheffield, United Kingdom, 4University of
Aberdeen, United Kingdom, 5Hospital Cochin, France, ®Charité -
Campus Benjamin Franklin, Germany, ’Christian Albrechts Universitaet
zu Kiel, Germany

Postmenopausal osteoporosis is characterised by an increase in bone turnover and
an imbalance between bone resorption and bone formation. An approach has been
described “The Bone Marker Plot” that allows calculation of the rate of bone turnover
and balance between bone formation and bone resorption from measurement of bone
turnover markers. The aim of this study was to apply this approach to the prediction
of fractures in older women. We studied 745 older women (55 to 80 years) and 213
younger women (20 to 39 years) from the Osteoporosis and Ultrasound Study
(OPUS). We included women with bone turnover marker measurements who had no
disease known to affect bone turnover, no anti-resorptive treatments close to baseline
or during the study, and, if in the older group, were postmenopausal. We measured
serum procollagen type I N-propeptide (PINP) and C-telopeptide of type I collagen
(CTX) by automated immunoassay analyser (iSYS, IDS) on the samples taken at
baseline. We calculated the multiple of the median for bone formation (PINP) and
bone resorption (CTX) and the rate of bone turnover was calculated as the square
root of the sums of the squared multiples of medians and the balance was calculated
from the ratio of the formation multiple of median to the resorption multiple of
median. The data were log transformed. We collected information about non-
vertebral fractures by questionnaire and vertebral fractures by spinal radiographs
after an interval of 6 years. There were 115 women with incident fractures over 6 years
(23 vertebral, 92 non-vertebral). The older women had higher rates of bone turnover
and more negative balance than the younger women (Mahalanobis distance 0.83,
p<0.001). The women with vertebral fractures had more negative balance than those
without fractures (odds ratio 0.61, 95% CI 0.40 to 0.93, p=0.020) but not significantly
different turnover. The women with non-vertebral fractures had more negative
balance that those without fractures (odds ratio 0.65, 95% CI 0.45 to 0.94, p=0.021)
but not significantly different turnover. This suggests that balance rather than
turnover may be an important determinant of fracture risk in older women.

Disclosures: Fatma Gossiel, None.
This study received funding from: IDS
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Can Functional Muscle Testing Improve Fracture Risk Assessment in an
Ageing Female Population. Nicola Crabtree*', Natalie Bebbington?, Katie
Stant’, Helen Duffy3, Jim Parle®, Neil Gittoes®. 1Birmingham Children’s
Hospital, United Kingdom, *Queen Elizabeth Hospital Birmingham,
United Kingdom, *University of Birmingham, United Kingdom, “Queen
Elizabeth Hospital, Edgbaston, United Kingdom

Osteoporotic fracture risk increases with age and decreasing bone density.
Additionally, ageing causes muscle mass to decline and the risk of falling to increase.
However, falls risk is currently not included in the frequently used fracture risk
calculator (FRAX™). The aim of this study was to investigate the relationship
between bone strength, muscle function and previous fracture in a sub group of the
SCOOP study cohort.
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The SCOOP study is a RCT which aims to demonstrate whether community-based
screening for osteoporosis reduces the incidence of fractures and is cost effective in
older women. It is a 7-year prospective study which has recruited 12,495 women
between 70 and 85 years. As part of the study DXA scanning was offered to women
considered to be at high risk of fracture estimated from clinical risk factors. At our
centre, 1692 subjects were recruited of whom 390 attended for DXA scanning. Of
these, 290 had muscle function assessed using the chair rising test (CRT) on the
Leonardo™ ground force reaction plate. Hip strength index (HSI) was estimated
using the advanced hip analysis tools on the GE Lunar iDXA™.,

A significant decrease with age was observed for femoral neck BMD, yet HSI
remained constant (1.42[0.37]). A significant decrease was noted in muscle power
(p<<0.0001) and this correlated with a small but significant increase in chair rise time
(p=0.015). Women with HSI= 1were significantly slower (3.0 vs. 2.4s per chair rise,
p=0.005) and had less muscle power (4.4 vs.5.8 Watts/kg, p<<0.0001) than those with
HSI >1. Previous fracture incidence was greatest (73.9%) in those women where
FSI=1 and CRT>2.5secs and lowest (34.6%) in those where FSI>1 and
CRT=2.5secs, suggesting that those with the lowest bone strength and highest risk
of falling had the greatest risk of fracture.

Identifying those persons who have both reduced bone strength and reduced
muscle strength may better predict future fracture in an ageing female cohort and
timed chair rises may prove to be a simple but useful addition to FRAX™ when
considering future fracture risk.

Disclosures: Nicola Crabtree, None.
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Osteoporosis Screening in Women 50-64 years-old: Comparison of U.S.
Preventive Services Task Force 2011 Screening Strategy and Two Traditional
Screening Strategies in Women’s Health Initiative participants. Carolyn
Crandall*', Joseph Larson®, Meghan Donaldson®, Andrea LaCroix? Jane
Cauley*, Jean Wactawski-Wende>, Margery L.S. Gass®, John Robbins’,
Nelson Watts®, Kristine Ensrud®. 1University of California, Los Angeles,
USA, *Fred Hutchinson Cancer Research Center, USA, *University of
British Colombia/Vancouver Coastal Health Research Institute, Canada,
“University of Pittsburgh Graduate School of Public Health, USA,
5University at Buffalo, USA, °The North American Menopause Society,
USA, 7University of California, Davis Medical Center, USA, 8Mercy
Health Osteoporosis & Bone Health Services, USA, *Minneapolis VA
Medical Center / University of Minnesota, USA

Purpose. For women age 50-64, the U.S. Preventive Services Task Force
(USPSTF) recommends bone mineral density (BMD) testing if the 10-year major
fracture risk is = 9.3% using Fracture Risk Assessment Tool (FRAX without BMD).
The impact of this strategy compared with others (the Simple Calculated Osteoporosis
Risk Estimation [SCORE] and the Osteoporosis Self-Assessment Tool [OST]) on the
number of younger postmenopausal women identified for BMD testing and
proportion of those with osteoporosis correctly identified are uncertain. In addition,
it is uncertain how the USPSTF strategy compares with other strategies to
discriminate between those with and without osteoporosis.

Methods. We examined baseline questionnaire and BMD data from participants
aged 50-64 years at the 3 clinical sites of the WHI that measured BMD (dual energy-x-
ray absorptiometry). We included data from all participants aged 50-64 years who
were not using bisphosphonates, raloxifene, calcitonin, or parathyroid hormone (N =
5165). We assessed the proportion of women who would be recommended for BMD
screening using the USPSTF approach, OST (OST score<2) and SCORE (score >7)
strategies. We calculated the percentage of women in specific T-score categories (T-
score >-1, -1=T-score < 2.5, and T-score =-2.5) who would be recommended for
BMD testing and assessed the sensitivity, specificity, and area under the receiver
operating curve (AUC) to discriminate those with and without osteoporosis as defined
by T-score =-2.5.

Results. The proportions of women who would be selected for BMD testing were:
15.2% for the USPSTF (FRAX), 31.5% for SCORE, and 36.0% for OST strategies.
Under the USPSTF (FRAX) strategy, only 34.1% of women with T-score =-2.5
would be recommended for BMD testing, compared with 74.0% with SCORE and
79.8% with OST. The sensitivity, specificity, and AUC for identifying T-score =-2.5
were 34.1%, 85.8%, and 0.60 for the USPSTF (FRAX), 74.0%, 70.8%, and 0.72 for
SCORE, and 79.8%, 66.3%, and 0.73 for OST screening strategies. Stratifying for
baseline hormone therapy use did not substantially alter these results.

Conclusions. Among women aged 50-64, the proportion with T-scores =-2.5
identified was 1/3™ using USPTF strategy, % using SCORE strategy, and 4/5 using
OST strategy. The USPSTF strategy was modestly better than chance alone and
inferior to conventional SCORE and OST strategies in discriminating between women
with and without osteoporosis.
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Disclosures: Carolyn Crandall, None.
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Inhibition of Sclerostin With AMG 785 in Postmenopausal Women With Low
Bone Mineral Density: Phase 2 Trial Results. Michael R. McClung*',
Andreas Grauer?, Steven Boonen®, Jacques P. Brown®*, Adolfo Diez-Perez’,
Bente Langdahl®, Jean-Yves Reginster’, Jose R. Zanchetta®, Leonid Katz?,
Judy Maddoxz, Yu-Ching Yangz, Cesar Libanatiz, Henry G. Bone’.
]Oregon Osteoporosis Center, USA, 2Amgen Inc., USA, 3*Leuven
University, Belgium, *Laval University & CHUQ Research Centre,
Canada, >Autonomous University of Spain, Spain, ®Aarhus University
Hospital, Denmark, “University of Liége, Belgium, SInstituto de
Investigaciones Metabolicas, Argentina, °Michigan Bone & Mineral
Clinic, USA

Purpose: In preclinical studies, administration of antibodies that neutralize
sclerostin result in increased bone mass and strength. We report the primary and
key secondary endpoints of a phase 2 trial, evaluating the efficacy and safety of the
human sclerostin antibody AMG 785/CDP7851 in postmenopausal women with low
bone mineral density (BMD).

Methods: This international, randomized, placebo-controlled, phase 2 study
enrolled postmenopausal women aged 55 to 85 years with a lumbar spine, total hip, or
femoral neck T-score =-2.0 and =-3.5. During the first 12 months, women were
randomized to one of 5 regimens of subcutaneous AMG 785 (70 mg QM, 140 mg QM,
210 mg QM, 140 mg Q3M, 210 mg Q3M) or placebo, and one of 2 open-label active
comparators: 70 mg weekly oral alendronate (ALN) or 20 pg daily subcutaneous
teriparatide (TPTD). The primary endpoint was percentage change from baseline in
lumbar spine BMD at month 12 (AMG 785 compared with placebo).

Results: The women enrolled in the study (N=419) had a mean age of 67 years, and
mean lumbar spine, total hip, and femoral neck T-scores of -2.3, 1.5, and —1.9,
respectively. All AMG 785 doses significantly increased BMD compared with placebo
at each of the 3 sites at month 12 (p<<0.005). The largest gains were observed with
AMG 785 210 mg QM which resulted in rapid increases in BMD reaching 11.3% at
the lumbar spine and 4.1% at the total hip (Figure). These increases were significantly
greater than those achieved with ALN and TPTD (p<<0.0001). All doses of AMG 785
increased serum PINP and reduced serum CTX from baseline by week 1. Bone
turnover marker changes with ALN and TPTD showed expected profiles (ie,
decreases in both markers with ALN, and increases in both markers with TPTD). In
general, adverse events were balanced between the placebo and total AMG 785 groups
with the exception of generally mild injection site reactions (4% placebo; 12% AMG
785).

Conclusion: AMG 785 led to rapid and marked increases in lumbar spine and hip
BMD which were superior to those observed with ALN and TPTD. These gains are a
testimony to the mechanism of action evidenced by a simultaneous stimulation of
bone formation and decrease in bone resorption. AMG 785 was generally well
tolerated. These data support the continued clinical investigation of AMG 785 as a
potential therapeutic agent for the treatment of women with postmenopausal
osteoporosis.
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Figure

Disclosures: Michael R. McClung, Amgen, Lilly, Merck, Novartis, 2; Amgen, Lilly,
Novartis, Warner-Chilcott, 1; Amgen, Merck, 6
This study received funding from: Amgen Inc. and UCB Pharma
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Blosozumab, a Humanized Monoclonal Antibody against Sclerostin, Demon-
strated Anabolic Effects on Bone in Postmenopausal Women. Juliet
McColm*!, Theresa Womack? Leijun Hu?, Cheng Cai Tang’, Alan
Chiang?. 'Eli Lilly & Company, Erl Wood, United Kingdom, *Eli Lilly &
Company, USA, >Eli Lilly & Company, Singapore

Objective: Two clinical studies were conducted to assess the safety, tolerability,
pharmacokinetics (PK), pharmacodynamics (PD), and potential immunogenicity of
single and multiple escalating doses (IV and SC) of blosozumab in postmenopausal
women, including prior/current alendronate users.

Research Design and Methods: These phase 1 studies were subject- and
investigator-blind, placebo-controlled, randomized studies evaluating escalating doses
of blosozumab: single IV doses up to 750 mg, single SC dose of 150mg, multiple IV
doses up to 750mg every 2 weeks (Q2W) and multiple SC doses up to 270mg Q2W. Up
to 8 subjects were randomized to each dose in the single dose study and up to 12
subjects to each dose in the multiple dose study. Safety parameters, including adverse
events, and pharmacodynamic effects, including bone mineral density (BMD) and
immunogenicity, were assessed for up to 12 weeks after the final dose of blosozumab.

Results: Blosozumab was well tolerated with no safety concerns identified
following single or multiple administrations up to 750mg. Clinically and statistically
significant bone biomarker responses were observed in sclerostin, procollagen-1 N-
terminal peptide (PINP), bone specific alkaline phosphatase (BSAP), osteocalcin
(OC), and carboxyterminal cross-linking telopeptide of collagen type 1 (CTx). A
clinically and statistically significant anabolic response on bone was demonstrated
through BMD following single and multiple (up to 5) administrations of blosozumab.
There was up to a 3.41% (1.35,5.47) and up to a 7.71% (5.74, 9.67) [least-squares mean
(90% confidence interval)] change from baseline in lumbar spine BMD at Day 85
following a single or multiple administration of blosozumab, respectively. The effects
generally showed dose-related effects over the dose range tested and prior alendronate
use did not appear to have a major impact. Antibodies to blosozumab were detected
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but there was no pattern with regards to dose or route of administration and no
suggestion of a neutralizing effect in terms of PK or PD parameters.

Conclusions:Blosozumab was well tolerated and exhibited anabolic effects on bone
in these studies. These data support further investigation of blosozumab as a potential
anabolic therapy for osteoporosis.

Disclosures: Juliet McColm, Eli Lilly and Company, 3
This study received funding from: Eli Lilly and Company
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Effects of Odanacatib on BMD and Overall Safety in the Treatment of
Osteoporosis in Postmenopausal Women Previously Treated with Alendro-
nate. Tobias De Villiers*l, Sydney Bonnickz, Alberto Odio®, Santiago
Palacios*®, Roland Chapurlat®, Boyd Scott®, Celine Le Bailly De
Tilleghem7, Carolyn DaSilvaS, Albert Leung®, Deborah Gurner'’.
"Mediclinic Panorama, South Africa, >Clinical Research Center of North
Texas, USA, *Alta California Medical Group, USA, “Instituto Palacios,
Salud y Medicina de la Mujer C/Antonio Acuna, Spain, SE. Herriot
Hospital, France, “Merck & Co., Inc., USA, "Merck Sharp & Dohme
Corp., USA, ®Merck, USA, Merck Research Laboratories, USA, '°MSD,
USA

Odanacatib (ODN) is a potent, orally-active cathepsin K inhibitor being developed
for the treatment of postmenopausal osteoporosis. This study evaluated the effects of
ODN 50mg once weekly (OW) on BMD and biochemical markers of bone turnover in
patients previously treated with alendronate (ALN) (dosed daily or weekly) for
=3years as well as the safety and tolerability of ODN. This study was not designed
nor had the power to evaluate the effect of ODN on fractures.

This was a randomized, double-blind, placebo-controlled, 24-month study. The
primary endpoint was % change from baseline at Month 24 of femoral neck (FN)
BMD. 243 postmenopausal women =60 years of age with low BMD T-score (T-score
range =-2.5 but >-3.5) at the total hip, FN or trochanter but no history of hip
fracture and who had been treated with ALN for =3years were randomized in a 1:1
ratio to receive ODN 50mg OW or placebo OW for 24 months. All patients received
vitamin D3 5600 IU/wk and calcium supplementation (to 1200 mg/day). BMD was
assessed by DXA at baseline, 6, 12 and 24 months. Biochemical markers of bone
turnover (s-CTx, u-NTx, s-BSAP and s-P1NP) were measured at baseline and 3, 6, 12,
18 and 24 months.

In the placebo group, BMD at the FN and trochanter were not significantly
different from baseline levels for the first 12 months, but declined significantly from
baseline by Month 24 (-0.94% and -1.35%, respectively). Total hip BMD declined in a
linear manner from baseline to month 24 (-1.87% at 24 months). At the lumbar spine
(LS), BMD was not significantly different from baseline for the entire 24 months of
the study. In the ODN group, BMD changes from baseline at 24 months were
significant vs placebo at all 3 hip sites and the LS. The changes from baseline were
1.73%, 1.83%, 0.83% and 2.28%, respectively, for the FN, trochanter, total hip and
LS. ODN 50mg OW significantly decreased the biomarker of bone resorption, u-NTx/
Cr, and significantly increased biomarkers of bone formation, s-PINP and s-BSAP,
compared to placebo. The increase observed for the bone resorption marker s-CTx
with ODN treatment was unexpected. AEs were comparable between the 2 treatment
arms. The overall safety profile appeared similar between ODN 50mg OW and
placebo.

In this study ODN provided incremental BMD gains in osteoporotic women
following ALN treatment. Biomarker results suggest that ODN decreases bone
resorption while preserving bone formation.
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Disclosures: Tobias De Villiers, Merck Sharp & Dohme Corp., 1; Merck Sharp &
Dohme Corp., 9
This study received funding from: Merck Sharp & Dohme Corp.
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Effects of Odanacatib on the Distal Radius and Tibia in Postmenopausal
Women: Improvements in cortical geometry and estimated bone strength.
Anne De Papp', Angela Cheung*?, Sharmila Majumdar®, Kim Brixen®,
Roland Chapurlat®, Bernie Dardzinski', Antonio Cabal!, Nadia
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Bone Material Strength in Bisphosphonate-related Atypical Femoral
Fractures Measured by ‘in vivo’ Microindentation. Robert Guerri
Fernandez*!, Jose Manuel Quesada Gomez?, Xavier Nogues®, Leonardo
Mellibovsky4, Lluis Puig’, Guy Yoskovitzﬁ, Natalia Garcia Giralt®, Elisa

Verbruggen®, Shabana Ather’, Elizabeth Rosenberg'. '"Merck & Co.,
Inc., USA, 2University Health Network, Canada, >University of California,
San Francisco, USA, “Institute for Clinical Research, Denmark, °E.
Herriot Hospital, France, “Merck Sharpe & Dohme, Belgium, "Merck &
Co, Inc., USA

The cathepsin K inhibitor odanacatib (ODN), a novel antiresorptive that preserves
bone formation, is currently in phase 3 development for postmenopausal osteoporo-
sis. In a phase 2 study, 5 years of ODN 50 mg once weekly progressively increased
areal BMD at the lumbar spine and total hip (11.9 % and 8.5% from baseline,
respectively). ODN reduced bone resorption markers while preserving bone formation
markers. In an OVX primate model, ODN has been shown to increase cortical
thickness and periosteal bone formation at the central femur and femoral neck. In
order to determine the effect of ODN on cortical geometry and to estimate bone
strength, we conducted a randomized, double-blind placebo-controlled trial, using
high resolution quantitative computerized tomography (HR-pQCT) of the distal
radius and distal tibia. A total of 214 postmenopausal women, of mean age 64.0 +6.8
years and baseline lumbar spine T-score -1.81 +0.83, were randomized to oral ODN
50 mg or PBO weekly for 2 years. Lumbar spine areal BMD % change from baseline
at 1 year (primary endpoint) was statistically significantly greater for ODN than PBO
(3.49% treatment difference, p<<0.001). After 2 years, there were significantly greater
improvements with ODN than PBO in total, trabecular, and cortical volumetric
BMD; cortical thickness; and estimated strength (failure load) of the distal radius
using HR-pQCT-based finite element analysis (exploratory endpoints, FIGURE). At
the radius, odanacatib attenuated the increase in cortical porosity that was seen in the
placebo group (treatment difference in least squares mean % change from baseline
-7.68, p=0.066). At the distal tibia, changes in volumetric BMD and cortical thickness
were similar to changes at the radius. Safety and tolerability were similar between
treatment groups. In conclusion, odanacatib increased cortical and trabecular density
and improved cortical thickness of the distal radius and distal tibia, and improved the
estimated bone strength in the distal radius compared to placebo.

Figure. Distal Radius HR-pQCT Endpoints in
Postmenopausal Women at Month 24
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Torres del Pliego’, Paul Hansma®, Adolfo Diez-Perez’. Fundacio IMIM,
Spain, 2Quesper R&D, Spain, >Institut Municipal D’Investigacié Meédica,
Spain, “Hospital del Mar. IMIM. URFOA., Spain, *Hospital del Mar.
IMIM. URFOA, Spain, IMIM, Spain, 7Hospital del Mar.
IMIM.URFOA, Spain, ®University of California, Santa Barbara, USA,
Parc De Salut Mar, Spain

Atypical femoral fractures (AFFx) associated with long-term bisphosphonates
(LTB) treatment are a growing safety concern. Their aetiology is not known but a
deep alteration in bone material strength is likely given their clinical characteristics. In
an AFFx series, we analyzed the strength of bone material by microindentation.

Patients and methods

Four groups of patients were included: 6 AFFXx, 38 typical osteoporotic fractures,
6 LTB and 20 controls without fracture. A general laboratory work-up, bone
densitometry by dual-energy X-ray absorptiometry, and bone microindentation
testing at the tibia was done in all patients. Total indentation distance (Total ID),
Indentation distance increase (IDI) and Creep indentation distance (Creep ID) were
measured (microns). Age-adjusted ANCOVA analysis was used for comparisons
between groups.

Results: Control individuals were significantly younger than the fracture groups.
Bisphosphonate exposure was on average 5.5 years (range 5-12) for the AFFx group and
5.4 years (range 5-8) for the LTB group. Total ID (microns) was 36 (+6) for controls,
38(+4) for LTB, 46(+4) for AFFx and 47 (+13) for typical femoral fractures
(mean + SD), and IDI values were 13 (£2), 16 (+6), 19 (£3) and 18 (£ 5), respectively.

After adjusting by age, statistically significant differences were seen between
controls and typical (P<<0.001) and atypical fractures (P=0.03) for Total ID as well as
for IDI (P<<0.001 and P<0.05 respectively. There were no differences in Creep 1D
between groups.

Conclusions: Our data suggest that patients with AFFx have a deep deterioration
in bone material strength at a tissue level not seen in LTB-treated cases. Since patients
on bisphosphonates at risk of AFFx are not detected by bone mineral density tests,
this finding strongly suggests an underlying bone condition in this subset of patients.

Disclosures: Robert Guerri Fernandez, None.

1030

Quantitative Bone Histomorphometry in Patients with Bisphosphonate-
Associated Atypical Subtrochanteric Femur Fractures Before and after 12
months of Teriparatide. Paul Miller*', Ed McCarthy?. 'Colorado Center for
Bone Research, USA, 2John Hopkins Medical School, USA

Purpose: Atypical subtrochanteric femur fractures (ASFF) have been associated
with long-term bisphosphonate (BP) administration. The mechanism whereby BP’s
may be linked to the greater risk of ASFF is unknown, but may be associated with a
reduction in bone remodeling. Recombinant human 1-34 parathyroid hormone (rh-1-
34 PTH) increases bone remodeling. It is unknown what effect administration of rh 1-
34 PTH may have on remodeling in these patients. We report the results of paired
bone biopsies done before and 12 months after treatment with rh 1-34 PTH in 15
patients with bisphosphonate associated ASFF.

Methods: Fifteen post-menopausal women on long-term alendronate who
presented with ASFF underwent double tetracycline labeled transiliac bone biopsies
between 6 weeks to 7 months following their ASFF. All patients already had
intramedullary rods placed. The patients then received teriparatide (rh 1-34 PTH),
20ug/day for 12 months at which time a second biopsy was obtained from the opposite
iliac crest. Quantitative histomorphmetric analysis was performed and parameters
were compared to published normative reference standards as well as to each patient’s
baseline biopsy.

Results: The baseline mineral apposition rate (MAR) in the group averaged 0.278
um/day (normal: 0.66-0.83 um/day) and was zero in 7 patients. After teriparatide
administration the average MAR increased to 0.647 um/day. All 7 patients who had
immeasurable MAR at baseline increased their MAR following teriparatide (average:
0.673 um/day). Likewise the bone formation rate (BFR) at baseline averaged 1.692 %/
yr (normal: 8.6-21.8 %fyr) and was also zero in the same 7 patients that had
immeasurable MAR. Following teriparatide the BFR increased in all patients,
including the 7 with immeasurable MAR to an average of 4.03 %/yr.

Conclusions: Bone remodeling in patients with bisphosphonate associated ASFF
is, on average, lower than published normal reference values but increase after
discontinuation of bisphosphonates and 12 months of teriparatide administration.
The baseline biopsies were heterogeneous in their quantitative parameters, though 7/
15 patients had immeasurable MAR and BFR. The observations in this uncontrolled
analysis do not confirm any pathophysiological link between bisphosphonate
exposure and the development of ASFF but do suggest that (along with BP
discontinuation) teriparatide may increase MAR and BFR in these patients who
present with these ASFF. It remains unknown if teriparatide would prevent early
fractures from progressing.

Disclosures: Paul Miller, None.
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Mechanoregulation of Cortical and Trabecular Bone Adaptation Measured
by Examining Dynamic Bone Morphometry and the Mechanical Environ-
ment. Annette Birkhold*!, Hajar Razi', Richard Weinkamer?, Georg
Dudal, Sara Checa', Bettina Willie'. 'Julius Wolff Institute, Charité
Universitatsmedizin Berlin, Germany, *Max Planck Institute of Colloids &
Interfaces, Germany

Bone can adapt to mechanical stimuli to attain its structure. However, the exact
mechanisms of adaptation remain unclear. We hypothesize that both trabecular and
cortical bone adapt to a similar amount to changes in the global loading by reduced
resorption and increased formation.

We performed in vivo loading on the left tibia of ten female adult (26wk old)
C57BI/6 mice (right limb as internal control). In vivo microCT was performed at day
0, 5, 10, and 15. Images were registered with an algorithm overlaying data of the same
limb at different time points. Resulting volumes were separated into trabecular and
cortical bone. Constant, formed and resorbed bone volumes (BV), as well as
corresponding parameters normalized to the total bone volume (BV/TBV), formation
and resorption surface areas (SA) and normalized parameters (SA/TSA), bone
formation (BFR) and resorption rates (BRR), mineral apposition (MAR) and
resorption rates (MRR) were determined and validated with histomorphometry data.
The local mechanical strains were determined with finite element method using a
submodelling technique. Regional elasticity was in accord with the average BMD of
the fibula, distal and proximal tibia. FEMs were validated with strain gauge data.

Mechanical loading significantly increased surface area of trabecular bone
formation, but not MAR. The effect of loading on formed surface area was more
prominent in cortical than in trabecular bone (cortical 6.6, trabecular 2.0 fold
increase). Resorption area was reduced in cortical and trabecular bone (cortical 1.9,
trabecular 1.5 fold decrease), but MRR was not altered. Higher strain levels were
predicted in the cortical region (tensile 533-1627 microstrain, compressive 378-3012
microstrain) than in the trabecular region (tensile 393-707 microstrain, compressive
388-1442 microstrain).

Bone adapts to the loading by an increased formation and a reduced resorption,
but in cortical bone the increase in bone apposition was much greater (figure). These
data suggest adaptation is likely caused by a higher amount of osteoblast being
recruited (or lining cells turning into osteoblasts), rather than by increasing the
velocity of bone formation. The relationship between increased area of formation in
cortical bone and higher tissue strain indicates that a threshold for increasing the
number of osteoblasts may exist. Further investigations will determine local
differences in the mechano-responsiveness of cortical and trabecular bone, as well
as age related alterations.

Fig: Areas of formation and resorption a: Cortical b: Trabecular ¢: Formation and
resorption rates

Disclosures: Annette Birkhold, None.
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Force Induced Cytoskeletal Reorganization in MSC Requires mTORC2
Signaling at Focal Adhesions. Buer Sen*!, Zhihui Xie?, Natasha Case?,
William Thompson4, Maya Styner3, Janet Rubin®. lUniversity of North
Carolina At Chapel Hill, USA, 2University of North Carolina, USA,
3University of North Carolina, Chapel Hill, School of Medicine, USA,
#University of Delaware, USA

The ability of cells to sense and transduce mechanical input involves focal
adhesions (FA), which transmit outside-in information via integrins to signaling
molecules co-localized within the FA. We published that mTORC2 (the rapamycin-
insensitive rictor-associated mTOR) is a novel target of mechanical force: mTORC2
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activates Akt, which through GSK3f inhibition leads to increased B-catenin and
inhibition of adipogenesis of mesenchymal stem cells (MSC). Interestingly, mTORC2
has been shown to have a role in generating baseline cytoskeletal structure. As we
have previously shown that MSC respond to mechanical input by generating more
cytoskeletal structure, i.e., increased FAs connected by F-actin stress fibers, we wished
to ascertain if mechanically activated mTORC2 was involved in this cytoskeletal
reorganization. To activate mTORC?2 signaling we applied cyclical strain (100 cycles x
2% strain) to marrow derived MSCs. RNA silencing of rictor (partner of mTOR)
prevented strain, but not insulin, induced Akt serine 473 phosphorylation, confirming
the role of mMTORC?2 signaling in Akt activation by strain. We next immunopreci-
pitated with vinculin to capture FA associated proteins: acute strain application
induced both rictor and Akt association with FAs. Immunofluorescence staining for
vinculin and rictor confirmed that mechanical loading induced rictor co-localization
at FAs. Inhibition of mTOR activity blocked strain induced association of rictor/Akt
with vinculin. The initial recruitment of mTORC?2 to vinculin was shown to rely on
tension development from disordered actomyosin as inhibition of myosin II kinase
eliminated mechanical Akt activation and prevented the association of rictor/Akt with
FAs. mTORC2 was next shown to be critical for the cytoskeletal reorganization
induced by strain; FA assembly and their interconnection by radial stress fibers was
completely prevented by both rictor silencing and by inhibition of mTOR. We further
ascertained that the mTORC?2 effector, Akt, was required for FA assembly, as
inhibition of Akt activity phenocopied mTORC?2’s role in cytoskeletal reorganization.
Our data shows that mechanically-induced rictor/Akt association with FA-vinculin is
critical for strain-induced radial stress fiber association at the focal adhesion complex.
As such, strain activation of mTORC2 prevents adipogenesis of MSC both through
initiating B-catenin signaling and by increasing focal adhesion assembly.

Disclosures: Buer Sen, None.
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Cumulative Effects of Strontium Ranelate and Free-fall Impact Exercise in a
Female Ovariectomized Rat Model. Priscilla C. Aveline*', Jérome Touvier',
Eric Lespessaillesl, Claude-Laurent Benhamou', Gael Y. Rochefort?.
'EA4708 I3MTO, Orléans Hospital, France, 2EA4708 I3MTO, Orléans
Hospital, France, France

Physical exercise is known to exert beneficial effects on bone status. Strontium
Ranelate (SrRan) was shown to have anti-osteoporotic properties in clinical studies
and animal models. The combination SrRan + physical exercise has not yet been
tested. We have mounted a study testing impact activity (EXE), or SrRan, or both in
female rats either ovariectomized (OVX) or not (SHAM).

We have studied 8 groups of 12 female Wistar rats, 5 weeks old at baseline: SHAM
(Sh), SHAM/SrRan (ShSr), SHAM/EXE (ShE), SHAM/EXE/SrRan (ShESr), OVX
(0), OVX/SrRan (OSr), OVX/EXE (OE) and OVX/EXE/SrRan (OESr). Animals in
the EXE groups were subjected to 10 impacts per day from 45 cm high, 5 days a week
during 8 weeks. SrRan group animals were treated orally with 625 mg/kg of SrRan in
0.5 % carboxymethylcellulose (vehicle) per day during 8 weeks. Bone mineral density
(BMD) and content (BMC) (whole body and left femur) were measured by DXA
(Hologic Discovery) at weeks 0, 4 and 8. Morphological properties of trabecular and
cortical bone from femur, tibia and L2 to L4 vertebrae were analyzed by pCT
(Skyscan, 1072). A technique of image analysis assessing bone cortical geometry was
settled. Osteocyte apoptosis was studied by cleaved caspase-3 immunostaining and
expressed as a percent of total cells.

MicroCT analysis (femur, tibia and L2-L4 vertebrae) showed a deleterious effect
of OVX, and a beneficial effect of SrRan and of EXE on BV/TV, Tb.N, Tb.Th, Tb.Pf,
Tb.Sp and SMI. A significant additive effect of SrRan and EXE on these parameters
was found. Cortical thickness was increased in SrRan groups; Ct.Po and Po.N were
improved at femur and tibia levels in the SrRan groups, and significantly more in the
EXE + SrRan groups.

OVX groups had a significantly higher osteocyte apoptosis versus SHAM animals.
EXE did not significantly reduce osteocyte apoptosis in SHAM and OVX groups
while SrRan significantly reduced osteocyte apoptosis in all groups. There was no
significantly cumulative effect of EXE and SrRan on this parameter.

These data suggest that physical activity and SrRan may have a cumulative effect
both on trabecular bone mass and microarchitecture as well as on cortical geometry
and porosity. SrRan significantly reduced osteocyte apoptosis in cortical bone without
significant cumulative effect with EXE. These data constitute the first description of
an additive effect of SrRan plus EXE on bone status, and of a beneficial effect of
SrRan on osteocyte apoptosis.
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Figure 1 (Aveline et al.)

Disclosures: Priscilla C. Aveline, SERVIER, 6
This study received funding from: Servier
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Exercise during Recovery between Two Bouts of Disuse Mitigates Bone Loss
on Second Exposure. Yasaman Shirazi-Fard*, Estela Gonzalez, Joshua
Davis, Ramon Boudreaux, Derrick Morgan, Kevin Shimkus, Susan
Bloomfield, Harry Hogan. Texas A&M University, USA

The bone response to repeat exposures of disuse remains a concern for astronaut
health and for clinical patients experiencing periods of bed rest or non-weightbearing.
Previously, we reported that, regardless of age, bone loss during a subsequent period
of disuse is milder than the initial exposure. This experiment assessed effects of
resistance exercise during recovery between two bouts of disuse in distal femur
metaphysis (DFM) and femur diaphysis (FD) bone. We hypothesized that exercise
would not only enhance recovery but would also mitigate impact of the 2™ disuse.

Adult male Sprague-Dawley rats (6mo.) were assigned to age-matched cage
controls (CC) and hindlimb unloaded (HU) groups by body weight and total
(integral) vVBMD. HU animals were exposed to 28d of hindlimb suspension (1HU),
followed by 56d of recovery (IHU+R), and then a 2°¢ HU exposure (2HU). HU
animals also performed squat jumping resistance exercise during recovery for 7 weeks
(3d/wk) with exercise intensity increasing weekly. Groups (n=15) were euthanized at
baseline, the end of the exercise protocol (IHU+EX, CC9), and after the 2 HU
(2HU+EX, CC10). Excised femora were scanned by pQCT at DFM and FD and
tested to failure by 3-pt bending at FD and reduced platen compression at DFM.

DFM total BMC and vBMD for IHU+EX recovered more completely (+23.1%,
+14.3%) compared to 1HU+R (+3.6%, +3.9%). During the 2" HU, tot BMC in
2HU+EX increased (+2.9%) while 2HU decreased (-1.9%). Tot vBMD decreased
during the 2™ HU in both 2HU+EX (-2.0%) and 2HU (-6.9%). FD cortical BMC and
vBMD recovered more in IHU+EX (+10.7%, +2.4%) than IHU+R (+7.4%, +0.16%).
Cortical vBMD in 2HU+EX increased 3.8% vs. a decrease of 1.8% in 2HU. Exercise
did not improve FD ultimate strength during recovery or during the 2" HU. DFM
ultimate stress from RPC testing increased +217% for IHU+EX compared to 114%
for IHU+R and was significantly higher in 2HU+EX compared to 2HU by 342% or
CC10 by 183%.
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Exercise during recovery from HU proved beneficial to most densitometric and
biomechanical properties of bone as measured at the end of recovery and after a
subsequent period of disuse (2" HU). Cancellous bone strength exhibits the most
dramatic increases with exercise during recovery and is well preserved after the 2"
HU. Thus, incorporating resistance exercise during recovery from disuse not only
provides benefits during reloading but also for subsequent unloading even with
cessation of exercise.

Disclosures: Yasaman Shirazi-Fard, None.
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Site- and Compartment-specific Effects of Microgravity on the Skeleton in
Mice Flown on the STS-135 Shuttle Mission. Rachel Ellman*!, Virginia
Ferguson?, Eric Livingston®, Michael Lemus®, Leeann Louis', Jordan
Spatz*, Kelly Warmington®, Hong Lin Tans, Dave Hills, Marina Stolina®,
Denise Dwyer’, Sutada Lotinun®, Roland Baron’, Chris Paszty®, Louis
Stodieck?, Mary Bouxsein', Ted Bateman®. 'Beth Isracl Deaconess Medical
Center, USA, 2University of Colorado, USA, 3University of North
Carolina, Chapel Hill, USA, *“Harvard-MIT Division of Health Sciences
& Technology (HST), USA, 5Amgen Inc., USA, *Harvard School of Dental
Medicine, USA, "Harvard School of Medicine & of Dental Medicine, USA,
8Amgen, Inc., USA, 9Univesity of North Carolina, USA

Astronauts have high rates of bone loss following exposure to microgravity. Yet,
the mechanisms that contribute to this profound bone loss are incompletely
understood. Animal models are commonly used to study interactions between
reduced loading and bone loss, but there are few data describing bone responses to
microgravity in mice. Thus, the aim of this study was to assess site-specific changes in
bone and muscle in mice exposed to microgravity via a 13 day flight on the space
shuttle Atlantis. Female C57BI/6N mice (9 wks old) were assigned to flight (FL, n=15)
or ground-controls (GR, n=14) according to total body (TB) BMD and body mass.
Mice were acclimated to cages and food for 2 weeks prior to start of the study.
Outcomes included: in vivo BMD (total body, spine, leg and arm), ex vivo normalized
muscle mass, and microarchitecture (tibia, femur, humerus), as well as serum markers
of bone metabolism at end of study. Results: While both groups lost body weight (-8
and -6% in GR and FL), total lean/fat mass ratio did not differ between groups. There
was significant muscle atrophy in hindlimbs (-3 to -18% in GR vs. FL, p <0.05), but
not in the forelimbs, where biceps mass was 18% higher in FL vs. GR (p<<0.05). Bone
changes followed similar pattern as muscle, with greater effects in the hindlimb than
forelimb. TB and leg BMD increased in GR, but acquisition was diminished with
spaceflight (TBBMD: 6.6% vs. 2.2% in GR vs. FL; Leg BMD: 9.0 vs. 1.3% in GR vs.
FL, p<0.01 for both), whereas arm BMD did not differ between groups. Tb.BV/TV
was approx. 35% lower in FL vs. GR at the proximal tibia and distal femur (p<<0.01),
but was only 22% lower in FL vs. GR at the proximal humerus (p<<0.05). TbTh was
lower in FL than GR (-14 to -22%. p<<0.05), but TbN was unaffected. Cortical BA/TA
was 4-8% lower in FL vs. GR at mid-tibia and femur, but was unchanged at the
humerus. Serum measures were consistent with both lower bone formation (decr.
osteocalcin and PINP) and higher bone resorption (decr. OPG, incr CTX1) in FL vs.
GR. Serum sclerostin levels did not differ between groups at study end. In summary,
short exposure to microgravity (13 days) induced significant deterioration of bone
that was more pronounced in the hindlimb than forelimb, consistent with changes in
muscle mass. Increased use of the forelimbs in the cages with wire floors and walls
may have provided some protection from effects of microgravity in the forelimb.

Disclosures: Rachel Ellman, None.
This study received funding from: Amgen Inc.
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Connexin 43 Deficiency Protects Against Skeletal Changes Associated with
Mechanical Unloading. Shane Llovd*l, Gregory Lewis’, Yue Zhangl,
Emmanuel Paul’, Henry Donahue'. 'The Pennsylvania State University
College of Medicine, USA, Penn State College of Medicine, USA

Gap junctions (GJs) are small protein channels that allow for direct cell-to-cell
communication. Connexin 43 (Cx43) is the predominant GJ in bone and has been
shown to have an integral role in the skeletal response to mechanical loading both in
vitro and in vivo. However, little work has focused on the role of Cx43 in the response
to unloading. Practical unloading scenarios include extended bed rest due to
neurological injury, reduced physical activity associated with aging, or the
microgravity environment.

We utilized skeletally mature mice with an osteoblast and osteocyte specific,
osteocalcin-driven deficiency of Cx43 (cKO) or their wild-type (WT) littermates. Mice
were subjected to three weeks of normal loading conditions (Control) or unloading via
hindlimb suspension (Suspended) (4 groups, n=10-15/group). Mice were subjected to
baseline and endpoint MicroCT scans. Dual-label quantitative dynamic histomor-
phometry was conducted.

At baseline, cKO mice demonstrated a cortical osteopenic phenotype, with
reduced cortical thickness and bone mineral density and increased porosity. There was
no trabecular phenotype. Loss of trabecular bone following three weeks of unloading
was significantly attenuated in cKO mice (Figure 1AB). In cKO, there was reduced
loss of trabecular BV/TV (-53% vs. -67%, p<0.01), trabecular thickness (-21% vs.
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-35%, p<0.001), and connectivity density (-50% vs. -64%, p<<0.05). There was no
difference in loss of cortical bone between genotypes. Bone formation was
dramatically suppressed during unloading of WT mice at both the endocortical
(-100% Ec.BFR, -70% Ec.MS/BS) and periosteal surfaces (-60% Ps.BFR, -38 Ps.BFR
(p<<0.05 for all). This was not observed in ¢cKO mice, where bone formation and
mineralizing surface were maintained at control levels (Figure 2).

Taken together, these results indicate that defective Cx43 expression and/or gap
junctional intercellular communication desensitizes bone to the effects of mechanical
unloading, and that this may be due to an inability of mechanosensing osteocytes to
effectively communicate the unloading state to osteoblasts to suppress bone
formation. Combined with published reports from our laboratory demonstrating
that Cx43 ¢KO mice have increased sensitivity to mechanical loading, these findings
suggest that Cx43 may be a potential therapeutic target for investigation as a
countermeasure to unloading and age-related bone loss.
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Figure 1. Attenuated loss of trabecular bone volume fraction and trabecular thickness.
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Osteocytes in the Homeostasis of Remote Organs. Mari Sato*', Noboru
Asada', Kentaro Minagawal, Yuko Kawano', Hiroki Kawano', Kanako
Wakahashi', Akiko Sada', Kyoiji Ikeda’, Toshimitsu Matsui', Yoshio
Katayama'. 'Hematology, Dept. Med., Kobe Univ., Japan, *National
Center for Geriatrics & Gerontology, Japan

Reduced mechanical stress to bone in bedridden patients and astronauts leads to
osteoporosis and immune suppression, and osteocytes are known as mechanosensory
cells in bone. Here we show amazing functions of osteocytes to regulate an immune
organ, thymus, and a metabolic organ, liver, both remote from bone. We utilized
transgenic (TG) mice in which inducible and selective ablation of osteocytes is
achieved in vivo through targeted expression of diphtheria toxin (DT) receptor. A
single injection of DT in TG mice at 15 weeks of age generates osteocyte-less (OL)
mice. Three weeks after DT injection, OL mice displayed severe lymphopenia and
thymic atrophy (90% reduction in cellularity, n=8, p<<0.0001), but these phenotypes
were restored as osteocytes were replenished 3 months after DT injection. B cell
precursors in the bone marrow (BM) were also drastically decreased (pre-B cells by
89%, n=3, p<<0.05; pro B cells by 79%, n=3, p<0.01), however, common lymphoid
progenitors were only minimally affected (34%, n=10, p<<0.01). Hematopoietic stem
cell activity, as assessed by competitive repopulation, and colony-forming myeloid
precursors were not impaired. Analysis of B-lymphoid long-term BM cultures
revealed that OL BM failed to produce B cells because of depletion of lymphoid-
supporting CD45-VCAM-1+ stromal cells. Moreover, immunohistochemical analysis
of the thymus showed that K8+ cortical thymic stromal cells were greatly reduced and
their mesh network became sparse. Neither in vivo supply of T cell progenitors nor
humoral factors by sharing the circulation with a normal partner in parabiosis rescued
the thymic atrophy in OL mice. These results suggest that thymic atrophy in the
absence of osteocytes was due to impaired thymic microenvironment. Since they also
suggest that osteocytes control thymic stroma via a non-humoral signal, we speculated
the involvement of the nervous system. To test this, we ablated osteocytes following
destruction of ventromedial hypothalamic nucleus (VMH) or arcuate nucleus (ARC)
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which controls food intake as well as bone mass. Although thymic atrophy was not
restored, VMH or ARC destruction in OL mice unexpectedly caused massive fatty
liver, which implies that some signal from osteocytes may normally suppresses fat
accumulation in the liver caused by excessive food intake. Collectively, these results
uncover surprising functions of osteocytes in the homeostasis of multiple remote
organs.

Disclosures: Mari Sato, None.
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PTH/PTHrP Receptor Signaling in Osteocytes Regulates Anabolic and
Catabolic Bone Responses to PTH by Modulating Bone Remodeling via
Sclerostin and RANKL Expression. Vaibhav Saini*l, Keertik Fulzele?,
Kevin Barry®, Dean Marengi®, Sutada Lotinun*, Roland Baron®, Paola
Pajevic Divieti®. '"MGH, Harvard Medical School, USA, *Massachusetts
General Hospital; Harvard Medical School, USA, *MGH, USA, *Harvard
School of Dental Medicine, USA, *Harvard School of Medicine & of
Dental Medicine, USA, °"MGH- Harvard Medical School, USA

PTH is the only available anabolic agent to treat osteoporosis. Osteocytes may
partially mediate the anabolic effects of PTH by suppressing Sclerostin, a Wnt
signaling inhibitor. To investigate the role of PPR signaling in osteocytes, we
generated mice lacking PPR in osteocytes (OcyPPRKO). Littermates carrying the
floxed PPR alleles were used as controls. qPCR showed significantly decreased PPR
transcripts in the osteocyte-enriched long bones of OcyPPRKO compared with
control, demonstrating successful PPR ablation. Next, the role of PPR signaling in
osteocytes in anabolic and catabolic bone responses was evaluated. For anabolic
regimen, 8-week-old females were injected with 80pg/kg/day hPTH(1-34) for 4 weeks
whereas for catabolic treatment, 13-week-old males were infused for 2 weeks with
100pg/kg/day. MicroCT analysis of femurs showed significantly higher cortical
thickness (p<<0.05, N>4) and bone area (p<<0.05, N>4) in control animals treated
with intermittent PTH as compared with vehicle whereas, as expected, continuous
PTH induced a significant decrease in bone volume (p<<0.05, N=6) and trabecular
number (p<<0.05, N=6) and increase in trabecular spacing (p<<0.05, N=6) in control
mice. In contrast, these parameters remained unchanged in OcyPPRKO mice treated
with intermittent or continuous PTH. Histomophometric analysis of anabolic or
catabolic response to PTH in OcyPPRKO showed significantly reduced osteoblast
numbers (p<<0.05, N>4), and reduced, though not significant, osteoclast numbers
were observed in OcyPPRKO than control. TRAP staining showed a lack of
multinucleated TRAP+ osteoclasts in OcyPPRKO trabecular and cortical bone as
compared with control. Immunohistochemistry of tibiae showed increased Sclerostin
and decreased RANKL expression in osteocytes of OcyPPRKO than control. Lastly,
to determine osteoclastogenic potency, osteoclast precursors from wild type spleens
were co-cultured with osteocyte-enriched long bones from OcyPPRKO and control.
Upon PTH treatment, a significantly reduced number of multinucleated osteoclasts
were detected in OcyPPRKO co-culture compared to control (p<<0.05, N=3).
Osteoprotegrin treatment completely abrogated osteoclast formation in both groups,
indicating that PPR signaling in osteocytes regulates osteoclastogenesis via a
RANKL-mediated pathway. In summary PPR on osteocytes regulatess RANKL
expression, which in turn regulates osteoclast formation, and thus bone remodeling.

Disclosures: Vaibhav Saini, None.
This study received funding from: NIH
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Inhibition of Wntl Class Induced Lrp6 Signaling Normalizes Bone Mass in
Sost; Lrp5 Double Knockout Mice. Ming-Kang Chang*', David Jenkins?,
Ina Kramer', Seth Ettenberg’, Marcel Merdes', Christine Henninger!,
Feng Cong®, Michaela Kneissel!. 'Novartis Institutes for Biomedical

Research, Switzerland, >Novartis Institutes for BioMedical Research, USA

Sclerostin, encoded for by Sost, is an osteocyte secreted negative regulator of bone
formation. Sclerostin is thought to exert its action by binding to the Wnt co-receptor
Lrp5 and possibly Lrp6 thus blocking Wnt/beta-catenin signaling in cells of the
osteoblastic lineage. We have shown previously that Sost;Lrp5 double knockout
(dKO) mice present with reduced bone overgrowth compared to Sost single knockout
(KO) mice. To test whether the remaining bone overgrowth could be abolished by
blockage of Lrp6 mediated Wnt signaling, we utilized three Lrp6 targeting antibodies
that recognize different epitopes on Lrp6 and have distinct modes of action as
previously described (1). First we injected 12-week-old Sost KO and control females
(n=5-8/group) for one month either with antibody A - blocking Wntl class mediated
signaling, but potentiating Wnt3a class mediated signaling, or antibody B - displaying
the reverse pattern, or antibody C -blocking both types of signaling, or vehicle.
Computed tomography analysis revealed that blocking Wntl class mediated signaling
reduced the abnormal bone gain in Sost KO mice and to a lesser extent also reduced
growth related bone gain in control mice. This effect was irrespective of enhancement
(antibody A) or blockage (antibody C) of Wnt3a class mediated signaling. Reversely
and consistently, promotion of Wntl class mediated signaling in the absence of Wnt3a
class mediated signaling (antibody B) further enhanced the abnormal bone gain of
Sost KO mice and induced bone gain also in control mice. These data indicate that
sclerostin mediates its action in vivo in part by interfering with signaling induced upon



ASBMR 2012 Annual Meeting

Whtl class ligands binding to Lrp6, but not by Wnt3a class ligands. Hence, we next
administered antibody A for one month to 12-week-old Sost;Lrp5 dKO females in
addition to Sost KO and control mice (n=8-10/group). The antibody reduced as
expected again abnormal bone gain in Sost KO mice, while impacting bone density
also in wildtype mice, though to a smaller extent. Importantly, the partial bone
overgrowth still present in Sostz; Lrp5S dKO was completely abolished upon antibody
treatment. Together, we conclude that sclerostin indeed exerts its action in vivo by
targeting both Lrp5 and Lrp6 to block Wnt/beta-catenin signaling. Moreover the data
suggest that Wntl type ligand mediated signaling has a dominant role in adult bone
mass regulation over Wnt3a type ligand mediated signaling.
1 Ettenberg et al. PNAS 107(35)

Disclosures: Ming-Kang Chang, Novartis, 3
This study received funding from: Novartis
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Expression of Notch in Osteocytes Prevents Disuse Osteoporosis. Ernesto
Canalis*', Kristen Parker?, Jian Feng®, Stefano Zanotti'. 'St. Francis
Hospital & Medical Center, USA, 2Saint Francis Hospital & Medical
Center, USA, 3Texas A&M Health Science Center, USA

Notch are transmembrane receptors that play a role in cell fate decisions, and
regulate skeletal development and osteoblast differentiation. In osteoblasts, Notch
inhibits cell differentiation and function, and causes osteopenia. However, in
osteocytes the function of Notch is unknown. Since osteocytes are mechanosensing
cells, we first determined whether Notch is responsive to mechanical signals in these
cells. Fluid flow shear stress (2-16 dynes/cm?/2h) induced the expression of the Notch
target genes hairy enhancer of split (Hes)1 and Hes related with YRPW motif (Hey)1
and 2 in MLOY4 osteocytes, confirming activation of Notch signaling by mechanical
stress. To establish the function of Notch in osteocytes, Rosa™**" mice, where the
Notch intracellular domain (NICD) is expressed under the control of the Rosa
promoter following the excision of an intervening loxP-flanked STOP cassette, were
crossed with transgenics expressing Cre under the control of the Dentin matrix protein
1 (Dmpl) promoter. Dmpl-Cre; Rosa™" mice exhibited a marked increase in
cancellous bone volume, and suppressed bone resorption due to the induction of
osteoprotegerin without an inhibition of receptor activator of nuclear factor kB ligand
(RANK-L). Since the unloading of the skeleton is characterized by decreased bone
formation and increased resorption leading to bone loss, we postulated that Notch
expression in mechanosensing osteocytes may preserve bone mass during unloading.
To test this hypothesis, the quadriceps and triceps surae muscles of Dmpl-
Cre; Rosa™**" and control mice were paralyzed with botulinum toxin A and sacrificed
after 3 weeks. Microarchitectural analysis revealed a decrease in trabecular bone
volume/tissue volume from (means + SEM; n, 5-6) 5.6 + 0.4% in control limbs to 1.6
+ 0.2% in botulinum paralyzed limbs of control mice. In contrast, the bone volume of
Dmpl-Cre; Rosa™”"" mice was increased to 15.7 + 2.6% in control limbs and did not
change in paralyzed limbs, where it was 15.7 + 2.7%. Histomorphometry revealed
that osteoclast surface was increased in paralyzed limbs of control mice, but not of
Dmpl-Cre; Rosa™**". The results indicate that Notch is activated in osteocytes by
mechanical stress and can prevent bone loss in an experimental model of disuse
osteoporosis, and as a consequence protect the skeleton during unloading.
Modulation of Notch in osteocytes may serve as a therapeutic approach in disuse
osteoporosis.

Disclosures: Ernesto Canalis, None.
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RANKL Produced by Osteocytes Contributes to the Bone Loss Induced by
Hyperparathyroidism. Jinhu Xiong*, Melda Onal, Stavros Manolagas,
Charles O’Brien. Central Arkansas VA Healthcare System, Univ of
Arkansas for Medical Sciences, USA

Parathyroid hormone (PTH) regulates calcium homeostasis in part by stimulating
the rate of bone remodeling; and it stimulates bone resorption in part by stimulating
production of RANKL. Recently, osteocytes were shown to be a major source of
RANKL for osteoclastogenesis in remodeling bone under normal conditions or for
the loss of bone induced by unloading. However, it remains unclear whether
osteocytes supply the RANKL responsible for the increase bone resorption during
hyperparathyroidism. To address this question, mice lacking the RANKL gene
specifically in osteocytes were placed on a calcium deficient diet which induces
secondary hyperparathyroidism. Mice lacking RANKL in osteocytes, hereafter
referred to as conditional knockout (KO) mice, were generated by crossing mice
harboring a RANKL conditional allele with DMP1-Cre transgenic mice, which
express the Cre recombinase in osteocytes. Five-month-old conditional KO mice and
their control littermates were fed a calcium-deficient diet or a control diet for 4 weeks.
Dietary calcium deficiency induced an increase in circulating PTH in both control and
conditional KO mice; however, the increase in PTH was significantly greater in the
conditional KO mice. As expected, dietary calcium deficiency induced bone loss in
control mice as measured by DEXA. This bone loss was significantly attenuated in
mice lacking RANKL in osteocytes. Micro-CT analysis revealed that there was a
decrease in femoral cortical thickness and an increase in cortical porosity in control
mice fed the calcium deficient diet compared with mice fed the normal diet, but both
of these changes were completely abrogated in the conditional KO mice. Consistent
with these findings, dietary calcium deficiency induced a significant increase in
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RANKL expression in the bones of control mice but not in conditional KO mice.
Moreover, osteoclast-specific gene expression was significantly elevated in the bone of
control mice fed the calcium-deficient diet but this did not occur in the conditional
KO mice, suggesting that dietary calcium deficiency induced a significant increase of
bone resorption in control mice but not in the conditional KO mice. Taken together,
these results demonstrate that RANKL produced by osteocytes is essential for the
increase in bone resorption and the bone loss caused by hyperparathyroidism, thereby
demonstrating that osteocytes are an important target cell for hormonal control of
mineral homeostasis.

Disclosures: Jinhu Xiong, None.
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Direct Regulation of the RANKL Gene by PTH in Osteocytes Is Required to
Stimulate Bone Resorption in the Adult Skeleton. Abdullah Ben-Awadh*,
Naomie Olivos, Nicoletta Bivi, Matthew Allen, Lilian Plotkin, Xiaolin Tu,
Teresita Bellido. Indiana University School of Medicine, USA

PTH increases osteoclasts by upregulating RANKL in osteoblastic cells, but the
precise differentiation stage of the PTH target cell remains undefined. Recent findings
demonstrate that PTH regulates gene expression in osteocytes and that these cells are
an important source of RANKL. We therefore investigated whether direct regulation
of the RANKL gene by PTH in osteocytes is required to stimulate bone resorption.
To address this question, we examined resorption and RANKL expression in
transgenic mice in which PTH receptor signaling is activated only in osteocytes
(DMP1-caPTHR1) crossed with mice lacking the distal control region regulated by
PTH in the RANKL gene (DCR™). Longitudinal analysis of circulating CTX in male
mice showed elevated resorption in growing mice of all genotypes that progressively
decreased to plateau at 3-5 month of age. Resorption was significantly higher (~100%)
in DMP1-caPTHR 1 mice and non-significantly lower (15-30%) in DCR”" mice, versus
wild type littermates (wt) across all ages. CTX in compound DMP1-caPTHR 1;DCR™
mice was similar to DMP1-caPTHR1 mice at 1 and 2 months of age, but deletion of
the DCR gradually corrected the increased resorption exhibited by DMP1-caPTHR1
mice. By 3 months of age, CTX in compound mice was significantly lower compared
to DMP1-caPTHR1 mice (50% higher than wt), and by 5 months, it was
undistinguishable from wt mice. Micro-CT analysis revealed lower material density
in the distal femur of DMP1-caPTHR1 mice, indicative of high remodeling, and this
effect was partially corrected in compound mice. Consistent with previous results, the
increased resorption exhibited by DMPIl-caPTHR1 mice was accompanied by
elevated RANKL mRNA in bone at 1 and 5 months of age. RANKL closely
matched resorption in DMP1-caPTHR1;DCR™ compound mice. Thus, RANKL
levels were similar to DMP1-caPTHR1 mice at 1 month and reduced to wt levels at 5
month of age. The same pattern of expression was observed for M-CSF, a survival
factor for osteoclast progenitors and mature osteoclasts previously shown to be
upregulated by RANKL in vitro. We conclude that resorption induced by PTH
receptor signaling requires direct regulation of the RANKL gene in osteocytes.
Moreover, whereas DCR-independent mechanisms operate in the growing skeleton,
DCR-dependent, cAMP/PKA/CREB-activated mechanisms mediate resorption in-
duced by PTH receptor signaling in the adult skeleton.

Disclosures: Abdullah Ben-Awadh, None.
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Gnal3 as a Novel Negative Regulator of Osteoclast Differentiation and
Activation Inhibits RANKL/AKT/NFATcl Signaling. Mengrui Wu*!, Wei
Chen?, Yi-Ping Li%. 'The University of Alabama at Birmingham, USA,
2University of Alabama at Birmingham, USA

Osteoclasts are the principle bone-resorbing cells, with its activity delicately
modulated to maintain bone homeostasis. Osteoclast aberration results in diseases like
osteoporosis and rheumatoid arthritis. Positive regulation of osteoclast by RANKL-
axis signaling has been extensively studied during past decades, while negative
regulation remains unclear. To explore the potential negative regulators of osteoclast
differentiation and activation, we used microarray assay, RNAi knockdown and in
vitro function analysis approaches, and identified Gnal3 as the candidate molecule.
To confirm the in vitro results, we generated mice specifically lacking Gnal3 in the
monocyte and osteoclast (CKO) by crossing Gnal3f/f mice with Lyzs-cre mice and
Cathepsin K-Cre mice. The femur from a 2-month old CKO and wildtype (WT) mice
were analyzed by X-ray, u-CT, and histology (n=4 per group). CKO mice
demonstrated severe osteoporosis phenotype. TRAP staining of the femur sections
showed that the osteoclast number in the CKO mice was increased two folds
compared to those found in the WT mice. To study the bone resorption difference,
CKO RANKL induced bone marrow cells were cultured on bone slides. CKO cells
displayed increased osteoclast formation, larger cell size, larger actin ring on bone
slides, and increased Cathepsin K secretion, compared with those of the WT cells.
Bone resorption pit assay and medium CTX-I Elisa showed that bone resorption by
CKO osteoclasts was increased (3-fold, p=0.05) when compared with that of the WT
osteoclasts. To study the regulatory mechanism of Gnal3, the activity of BTK, ERK,
p-38, INK and AKT in response to RANKL was examined in the CKO and WT
osteoclasts. AKT phosphorylation was largely increased in both pre-osteoclasts and
osteoclasts in the absence of Gnal3. Both mRNA and protein levels of NFATcl were
increased in CKO osteoclasts (2.5-fold, p=0.05). Meanwhile, much more NFATcl
was observed in the nuclei of CKO osteoclasts. Interestingly, Src (upstream of PI3K/
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AKT) inhibitor, pp2, rescued the CKO osteoclast aberration, indicating that Src may
be involved in the Gnal3 regulation pathway. In conclusion, our study demonstrated
that Gnal3, as a novel regulator of bone resorption, negatively regulates osteoclast
differentiation and activation by inhibiting RANKL/AKT/NFATcI signaling. Our
results indicate that Gnal3 may serve as a novel therapeutic approach for
osteoporosis and other Osteoclast aberration related diseases.

Disclosures: Mengrui Wu, None.
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VPS35 Haploinsufficiency Results in an Osteoporotic Pathology Due to an
Impaired RANK Trafficking and Increased RANKL-induced Hyper-resorp-
tive Osteoclast Formation. Wen-Cheng Xiong*l, Wen-Fang Xiaz, Fulei
Tang®, Xu Feng®, Lin Mei®. "Medical College of Georgia, USA, *Georgia
Health Sciences University, USA, *University of Alabama at Birmingham,
USA

Bone remodeling, a dynamic process coordinated by osteoblastic bone formation
and osteoclastic bone resorption, is essential for maintenance of healthy bone mass
and normal bone structure. It is regulated by multiple factors, including PTH
(parathyroid hormone) or PTHrp (PTH related peptide), Wnt, and RANKL (receptor
activator of nuclear factor-kB ligand). Retromer, a complex consisting of a VPS35-
VPS29-VPS26 trimer and a sortin nexin (SNX) dimmer, mediates selective endosome-
to-Golgi retrieval of numerous membrane receptors, including wntless (a “receptor”
for Wnt secretion) and PTHIR (type 1 receptor for PTH/PTHrP). Whereas these
retromer cargos are important modulators of bone remodeling, retromer’s function in
this event remains largely unknown. Here we provide evidence for VPS35, a major
component of retromer, in regulating osteoclastogenesis and bone remodeling.
Hemizygous deletion of Vps35 in mouse led to osteoporotic-like phenotype, including
decreased trabecular and cortical bone volumes, reduced trabecular thickness and
density, and enlarged bone marrow cavity in long bones. These deficits appeared to be
largely due to the increase of hyper-resorptive osteoclastogenesis in the mutant mice.
Further mechanistic studies demonstrate that VPS35 is highly expressed in osteoclasts
and its progenitor cells, in addition to osteoblasts. VPS35 expression in osteoclastic
progenitor cells (e.g., macrophages) is necessary for RANKL induced retrograde
trafficking of RANK and RANK inactivation. Loss of VPS35 function in
macrophages results in an enhanced RANKL sensitivity and sustained RANKL-
driven signaling. These results thus reveal an unrecognized function of VPS35/
retromer in controlling RANK receptor trafficking and signaling in time and space
anddemonstrate an important role for VPS35/retromer in preventing hyper-resorptive
osteoclast formation and osteoporotic pathology.

Disclosures: Wen-Cheng Xiong, None.

1045

The SH3BP2 Cherubism Mutation Promotes TNF Induction of Osteoclas-
togenesis Independent of RANKL. Tomoyuki Mukai*', Shu Ishida?,
Teruhito Yoshitaka®, Yasuyoshi Ueki*. lUniversity of Missouri - Kansas
City, USA, *University Missouri-Kansas City School of Dentistry, USA,
3University Missouri-Kansas CitySchool of Dentistry, USA, *University of
Missouri-Kansas CitySchool of Dentistry, USA

TNF is an inflammatory cytokine known to play a key role in osteoclastogenesis.
The precise mechanisms for TNF-induced osteoclast differentiation are not fully
understood. While TNF has been reported to directly induce osteoclast differentia-
tion, this is controversial as RANKL has been proposed to be responsible for all
osteoclast formation. Gain-of-function mutations in SH3BP2, an adapter protein, are
responsible for the craniofacial disorder, cherubism. In the mouse model of
cherubism, elevated levels of systemic TNF and RANKL-induced osteoclastogenesis
were observed compared to wild type. Since depletion of TNF in homozygous
cherubism mice (KI/KI) corrects bone loss to control levels, we hypothesized that
SH3BP2 plays a role in TNF direct induction of osteoclastogenesis. To test this
hypothesis, primary bone marrow macrophages (BMMs) isolated from wild-type and
SH3BP2 heterozygous mutant cherubism mice (KI/+) were cultured with M-CSF
(25ng/ml) and TNF (100ng/ml) in the absence of RANKL for 4 days. We discovered
that KI/+ BMMs form greater numbers of TRAP-positive multinucleated cells
compared to wild-type BMMs (1143 + 58 vs 42 420 cells/well) and these TNF-induced
osteoclasts resorb mineralized matrix. OPG-Fc failed to inhibit osteoclastogenesis,
suggesting that TNF induces osteoclastogenesis independently of RANKL in KI/+
BMMs. Both type I and IT TNF receptors (TNFRs) were required, as neutralizing
antibodies against either receptor suppressed TNF-induced osteoclastogenesis.
Specific inhibitors for Syk and Src also suppressed the osteoclastogenesis. Next we
cultured NFATcl-deficient KI/+ BMMs with TNF and found that the NFATcl-
deficient cells failed to differentiate into osteoclasts. Finally, to confirm the in vivo
effect of the SH3BP2 mutation on TNF-induced osteoclastogenesis, recombinant
TNF (1.5mg/mouse) was subcutaneously injected onto calvarial bones for 5 days in
KI/+ mice, which unlike KI/KI mice, do not develop elevated systemic TNF.
Histomorphometric analysis showed that osteoclast numbers per bone perimeter and
eroded surface per bone surface are increased in TNF-treated KI/+ mice compared to
TNF-treated wild-type mice (17.6+11.2 vs 6.5+4.6, 21.6+12.0 vs 9.2+9.4 %,
respectively). In conclusion, the gain-of-function mutation in SH3BP2 enhanced
TNF-induced osteoclastogenesis by mechanisms dependent on Syk, Src, and
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NFATcl, and independent of RANKL. These data suggest that SH3BP2 is a novel
regulator of inflammatory osteoclastogenesis.

Disclosures: Tomoyuki Mukai, None.
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Canonical and Non-Canonical BMP signaling Pathways Regulate Osteo-
clastogenesis. Aaron Broege*, Lan Pham, Ann Emery, Mellissa Stemig,
Michael O’Connor, Anna Petryk, Eric Jensen, Kim Mansky, Raj
Gopalakrishnan. University of Minnesota, USA

We have previously shown that BMP2 acts directly on osteoclastic cells to enhance
their differentiation. In the current study we further tested the requirement of BMP
signaling for osteoclastogenesis by (a) characterizing the skeletal phenotype of mice
carrying targeted deletion of BMPRII in osteoclasts using LysM-Cre (BMPRII;-
LysM-Cre) and (b) investigating the role of canonical and non-canonical BMP
pathways during osteoclast differentiation. WCT analysis of BMPRII; LysM-Cre
showed increased trabecular bone volume fraction at 3 and 6 months compared to
WT. Osteoclasts from BMPRII; LysM-Cre bone marrow monocyte (BMM) cultures
were smaller than controls, and showed reduced expression of key genes involved in
osteoclastogenesis including NFATcl, cathepsin K, OC-STAMP and Acp5.
Investigation of the status of BMP signaling showed that phospho-Smadl1/5/8 (P-
SMADI1/5/8) levels were similar in osteoclasts from knockouts and WT controls. On
the other hand, phospho-p38 (P-p38) levels were reduced in knockout osteoclasts
compared to WT controls. These results suggest that reduced osteoclastogenesis and
increased bone phenotypes in BMPRII; LysM-Cre are due to a reduced signaling
through non-canonical BMP pathways. To further understand the mechanism of
BMPs’ regulation of osteoclastogenesis, we investigated both canonical and non-
canonical BMP pathways at various time points in BMM cultures. In control cultures
stimulated with RANKL, we detected P-p38 on day 1 and day 2 with a gradual
decrease to undetectable levels at later time points, while P-SMAD 1/5/8 was not
detected until osteoclasts began to fuse (day 3) and remained at detectable levels
through day 5. Exposure of WT BMMs to Noggin on day 1 of the differentiation was
sufficient to completely block osteoclast differentiation, indicating an early require-
ment for BMP signaling. At these early timepoints, treatment with exogenous BMP2
increased P-p38, whereas at late times P-SMADI1/5/8 was stimulated. Treatment with
dorsomorphin or LDN193189, which preferentially inhibit the canonical pathway,
inhibited osteoclast formation only when present on day 3 and later, suggesting that
canonical BMP signaling is required for osteoclast fusion. Together, these results
show that BMPs are required for osteoclastogenesis in vivo and that BMPs regulate
osteoclast formation through distinct pathways at different phases of the differentia-
tion process.

Disclosures: Aaron Broege, None.
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Deletion of Wnt Receptors LrpS and Lrp6 or B-catenin in Late Osteoclast
Precursors Differentially Suppress Osteoclast Differentiation and Bone
Metabolism. Ming Ruan', Larry Pederson', Christine Hachfeld!, Michael
Thomson?, Y.S. Prakash®, Alan Howe*, Bart Williams®, Rachel Davey®,
Sundeep Khosla’, Jennifer Westendorf®, Merry Jo Oursler*®. 'Endocrine
Research Unit, Mayo Clinic, USA, *Anesthesiology, Mayo Clinic, USA,
3Anesthesiology & Physiology, Mayo Clinic, USA, “Department of
Pharmacology, University of Vermont College of Medicine, USA, *Van
Andel Research Institute, USA, 6University of Melbourne, Australia,
"College of Medicine, Mayo Clinic, USA, *Mayo Clinic, USA

The positive effects of canonical Wnt signaling on osteoblasts and bone formation
are well known and have produced promising new anabolic therapies. However, little
consideration has been given to other possible Wnt responding cells in the bone
environment. It was recently shown that B-catenin suppression in osteoclasts causes
osteopenia and increases osteoclast differentiation. Because B-catenin is involved in
many Wnt-independent cellular processes this suggests but does not confirm a direct
role for Wnts in osteoclast differentiation. In this study, we examined the bone
microarchitecture of mice lacking the Wnt receptors, Lrp5 and Lrp6 (Lrp5/6“ mice)
or B-catenin (B-cat? mice) in cathepsin K-positive osteoclast precursors using Cre/
Lox approaches. Trabecular bone density was reduced and osteoclast numbers were
elevated in both models. One striking difference was the presence of large areas of
cortical bone loss at the metaphyses of the B-cat® bones, but not the Lrp5/6”’ bones
(see figure below). Histomorphometric analyses revealed a high turnover phenotype
including increased bone formation in the B-cat™ bones, whereas the Lrp5/6%’ bones
exhibited a more muted phenotype and no increased bone formation compared to the
B-cat® bones. Deletion of either Lrp5 and Lrp6, or p-catenin increased osteoclast
differentiation in vitro whereas Wnt3a suppressed differentiation in wildtype marrow
cultures in vitro. Investigation of the mechanisms revealed that Wnt3a suppresses
osteoclast differentiation by inducing the phosphorylation and inactivation of the
crucial transcription factor NFATcl. Wnt3a also suppressed RANKL and M-CSF
induced NFATcl nuclear accumulation. Wnt3a rapidly activated Ca2+ influx
through L type channels and activation of the AC/cCAMP/PKA pathway in wildtype
del precursors, but not in the Lrp5/6?’ cells. Gene expression studies revealed
that Lrp5/6%! precursors express high levels of the Wnt signaling inhibitors Dkk1,
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Dkk2, and Sost compared to either control or B-cat® precursors. Wnt3a also

suppressed expression of these genes in wildtype osteoclast precursors. These data
indicate that both canonical and non-canonical Wnt signaling suppress osteoclast
differentiation whereas noncanonical signaling enhances coupling between bone
resorption and bone formation.

Disclosures: Merry Jo Oursler, None.
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The Calcium-activated Potassium Channel SK4 (KCNN4/ IKCal/KCa3.1)
Modulates Bone Homeostasis via Osteoclasts. Heeseog Kang*l, Xiaoqing
Xu', Qing Zhang', Michael Kim', Jodi Carlson Scholz', Aruna Behera?,
Donald Souza?, Jie Zheng?, James E Melvin®, Gerald Nabozny?, Jun Li%
Agnes Vigneryl. yale University, USA, 2Boehringer Ingelheim, USA,
3University of Rochester, USA

The formation of multinucleate osteoclasts requires the fusion of macrophages,
which is an essential step for efficient resorption of bone as fusion failure leads to
accumulation of brittle bone such as in osteopetrosis. Since macrophage fusion is a
rare event, our hypothesis has been that the fusion machinery is transiently induced at
the onset of fusion. To identify the molecular players of the macrophage fusion
machinery, we previously subjected fusing macrophages from rat lungs and human
monocytes to genome-wide oligonucleotide microarray analysis. We discovered the
induced expression of the calcium-activated potassium channel SK4 (KCNN4/
IKCal/KCa3.1). The role of SK4 is to set the cell membrane potential at negative
values so as to aid in the electrochemical transport of other ions such as Cl and Ca**.
By mediating the efflux of K*, SK4 helps maintain the cell membrane potential to
allow sustained Ca™™ influx into cells. We observed that the SK4 inhibitors TRAM-34
and ICAGEN-17043 inhibit the fusion of human monocyte- and mouse bone marrow-
derived macrophages in a dose-dependent manner. Using mice null in SK4, we found
that SK4-deficient bone marrow-derived macrophages show a delay in fusion that is
RANKL dose-, and time-dependent. To ask whether calcium plays a role in signaling
downstream of SK4, we subjected fusing bone marrow macrophages to real time
PCR, western blot analysis and immunofluorescence. We observed a decrease in
NFAT?2 protein expression and translocation to the nucleus in SK4 null osteoclasts.
Using fura-2 to image intracellular calcium, osteoclasts deficient in SK4 demonstrated
a decrease in the amplitude of calcium oscillations. SK4-null macrophages also
showed a decrease in Akt (ser473) phosphorylation in response to activation by
RANKL, and by LPS. We then compared the bones from SK4 null mice, male and
female, to wild types. Mice deficient in SK4 had a high bone density (pQCT,
microCT) when compared with wild type littermates, which was associated with a
decrease in osteoclast number (histomorphometry). Finally, we observed that SK4
null mice were partially protected from LPS-induced calvarial bone resorption, and
from inflammation in response to antibody-induced arthritis. Together, our data
strongly suggest that the calcium-activated K channel SK4 plays a central role in the
formation and activation of osteoclasts and participates in the physiological and
inflammation-induced regulation of bone mass.

Disclosures: Heeseog Kang, None.
This study received funding from: Boehringer Ingelheim Pharmaceutical, Inc.
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The Role of Osteal Macrophages in Anabolic Actions of PTH in Bone. Sun
Wook Cho*!, Fabiana Soki’, Amy Koh?, Matt Eber®, Payam Entezam?,
Laurie McCauley®. 'Seoul National University Hospital, South Korea,
*University of Michigan School of dentistry, USA, >University of
Michigan, USA

Bone marrow contains a population of resident macrophages termed osteomacs,
which play a role in bone modeling, repair and hematopoietic stem cell niche
maintenance. The purpose of this study was to determine the role of osteomacs in
anabolic actions of PTH in bone. The macrophage fas-induced apoptosis (MAFIA)
mouse model was utilized where the c-fms promoter activated by the synthetic
dimerizer (AP20187) leads to Fas-mediated apoptosis of myeloid cells. AP20187 (AP)
(10mg/kg) or vehicle was administered for 3d for initial macrophage depletion then
every third day (Img/kg) for 6wks to 16~22wk MAFIA mice, and intermittent PTH
(50 mg/kg/d) was administrated daily starting 4d after the initial AP dose until
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euthanasia. AP-treated mice had ~80% depletion of macrophages (c-fms*F4/
80"CD11b*Grl™ or CD68" via flow cytometric analysis) compared to vehicle treated
mice. In bone, both trabecular and cortical bone volume and thickness were
significantly reduced in AP-treated versus vehicle treated mice. PTH increased
trabecular bone volume, number and thickness in vehicle-treated mice which was
significantly attenuated in AP-treated mice. Consistently, PTH increased serum PINP
and TRAPSD in vehicle but not AP-treated mice. To further investigate the function
of late differentiated macrophages in PTH anabolism, clodronate-liposomes which
induce apoptosis of phagocytic macrophages were utilized. Sixteen week old male
wild-type C57Bl16 mice were treated with clodronate or PBS-loaded liposomes for 6
weeks, and intermittent PTH or vehicle control was administered from d4 until
euthanasia resulting in 4 treatment groups. F4/80"CD11b"Grl" cells were significantly
reduced (~50%) but CD68" cells were increased (~15%) in the clodronate liposome
groups. Increased trabecular bone volume and trabecular numbers were found in
clodronate liposome-treated mice vs. PBS liposome mice. Intermittent PTH treatment
to clodronate-treated mice resulted in prominent increases in trabecular bone mass,
surpassing the PTH anabolic action observed in vehicle-treated mice. Taken together,
depletion of c-fms* myeloid-linage cells resulted in osteopenic phenotypes with
reduced effects of PTH anabolic actions in bone, whereas depletion of late-
differentiated macrophages resulted in increased bone mass and anabolic PTH
actions. These data suggest anabolic actions of PTH are associated with specific
macrophage populations in bone.

Disclosures: Sun Wook Cho, None.
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Impaired Anabolic Action of PTH on Bone Formation in Fgf2 Knockout
Mice is mediated by Attenuated Wnt Signaling. Yurong Fei*l, Liping Xiao?,
Marja Marie Hurley®. "New York University College of Dentistry, USA,
2University of Connecticut Health Center, USA, 3University of
Connecticut Health Center School of Medicine, USA

Parathyroid hormone (PTH) is currently the only anabolic agent for treatment of
osteoporosis in the U.S. However, the detailed mechanisms of its action are not fully
defined. We previously showed that the anabolic bone effects of PTH require
fibroblast growth factor 2 (FGF2). PTH treatment increases serum FGF2 in
osteoporotic patients and PTH induces FGF2 and FGF receptor mRNA expression
in osteoblasts. However, the anabolic effect of PTH on bone is impaired in Fgf2”
mice. Intermittent FGF2 treatment promotes osteoblast differentiation and bone
formation in vitro and in vivo. However, bone formation is significantly reduced in
Fgf2"" mice. PTH anabolic response also requires Wnt signaling and we recently
reported that FGF2 modulates Wnt signaling in osteoblasts. We hypothesize that the
impaired bone response to PTH in Fgf2”" mice is partially due to attenuated Wnt
signaling. Three month-old Fgf2*'* and Fgf2™" littermate male mice were treated with
human rPTH (1-34) 20ug/kg body weight for 8 hours (n=3). Total RNA was extracted
from tibia and protein was from femur. The data presented are pooled from two
independent experiments. Ligand Wntl10b has been demonstrated to promote bone
formation. We observed that PTH treatment markedly increased expression of
Wntl10b mRNA and protein in Fgf2** mice but not in Fgf2” mice. Wnt antagonist
SOST mRNA expression was significantly higher in Fgf2”" group, which may
contribute to reduced bone formation. However, PTH treatment decreased SOST
expression in Fgf2”" mice significantly. DKK2 is critical for osteoblast mineralization.
PTH treatment significantly increased DKK2 mRNA in Fgf2*"* mice but reduced
DKK2 expression significantly in Fgf2”" mice. For Wnt receptor, we observed that
PTH treatment significantly increased Lrp6 expression in Fgf2*'* but not in Fgf2”"
mice. B-catenin, an essential factor in Wnt signaling, is a positive regulator of bone
formation. PTH treatment increased P-catenin mRNA expression significantly in
Fgf2""* but not in Fgf2”"" mice. Therefore, PTH treatment increased Wnt signaling in
Fng”* mice, which is important for bone formation. However, attenuated Wnt
signaling was observed in Fgf2”" mice, which may contribute to the impaired bone
response of PTH. These data suggest that the impaired bone anabolic response to
PTH in Fgf2"" mice is partially mediated by attenuated Wnt signaling.

Disclosures: Yurong Fei, None.
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The Sclerostin-Independent Bone Anabolic Activity of Intermittent PTH
Treatment is Mediated by T Cell Produced Wnt10b. Jau-Yi Li*!, Jonathan
Adams?, Ming-Kang Chang®, M. Neale Weitzmann?, Michaela Kneissel®,
Roberto Pacifici®. 'Emory University, USA, 2Emory University School of
Medicine, USA, *Novartis Institutes for Biomedical Research, Switzerland

Blunted production of the Wnt inhibitor sclerostin (Scl) accounts for part of the
bone anabolic activity of intermittent PTH (iPTH) treatment. However Scl-
independent mechanisms of action of iPTH remain to be determined. iPTH promotes
bone anabolism by increasing T cell production of the Wnt ligand Wnt10b. We thus
investigated the contribution of T cell produced Wnt10b to the Scl-independent effects
of iPTH. To avoid the confounding effect of the altered basal bone mass of Scl null
mice have, we used an anti Scl mAb to neutralize Scl in vivo. 6 wk old WT mice, T cell
deficient TCRb-/- mice, TCRb-/- mice previously reconstituted with WT T cells, and
TCRDb-/- mice reconstituted with Wntl0b-/- T cells were injected for 4 weeks with
iPTH alone (hPTH1-34 at 80 pg/kg/day SC), Scl-Ab alone (50 mg/kg once weekly IV),
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or iPTH + Scl-Ab. PTH, vehicle and an isotype matched irrelevant Ab (Irr.Ig) were
used as controls. Spine mCT measurements in WT mice revealed that bone volume
(BV/TV) was increased 23.6 % by iPTH alone, 59.3 % by Scl-Ab alone, and 77.5 % by
treatment with iPTH plus Scl-Ab. Combined treatment was more efficacious than Scl-
Ab alone (A= 18.2 %, p<<0.05), confirming that part of the anabolic activity of iPTH is
Scl-independent. Identical results were obtained in TCRb-/- mice reconstituted with
WT T cells. By contrast, iPTH did not increase BV/TV nor potentiated the effect of
Scl-Ab in TCRb-/- mice and TCRb-/- mice with Wnt10bKO T cells. Scl Ab alone had
equal activity in all groups of mice. These findings indicate that T cell production of
Wntl0 accounts for the Scl-independent anabolic effects of iPTH. iPTH alone
increased serum levels of the bone formation marker PINP, and potentiated the
increase in PINP induced by Scl Ab in T cell replete mice. By contrast, iPTH had no
effects on serum bone formation markers in TCRb-/- mice and TCRb-/- mice with
Wntl10bKO T cells. Moreover, iPTH and iPTH +Scl Ab increased ex vivo osteoblast
(OB) differentiation and life span in T cell replete mice, but not in mice lacking T cells
or T cell production of Wbnt10b. By contrast, in vivo Scl-Ab treatment alone had no
effects on OBs ex vivo, thus suggesting that iPTH regulates some aspects of OB
differentiation and life span through a Wntl10b-dependent, Scl-independent mechan-
ism. In summary, we show here that the Scl-independent activity of iPTH is
completely accounted for by T cell produced Wnt10b.

Disclosures: Jau-Yi Li, None.
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PTH Induces Differentiation of Mesenchymal Stem Cells by Enhancing BMP
Signaling. Bing Yu*!, Xiaoli Zhao? Chaozhe Yang?®, Janet Crane®, William
QS , Mei Wan®, Xu Cao*. 'Johns Hopkins School of Medicine, USA, >The
University of Hongkong, Hong Kong, *The University of Alabama At
Birmingham, USA, “Johns Hopkins University, USA, >The University of
Hong Kong, Hong Kong, *Johns Hopkins University School of Medicine,
USA

Parathyroid hormone (PTH) stimulates bone remodeling and induces differentia-
tion of bone marrow mesenchymal stem cells (MSCs) by orchestrating activities of
local factors such as bone morphogenetic proteins (BMPs). The activity and specificity
of different BMP ligands are controlled by various extracellular antagonists that
prevent the binding of BMPs to their receptors. Low-density lipoprotein receptor-
related protein 6 (LRP6) has been shown to interact with the extracellular signaling
pathways of both PTH and BMP by forming a complex with PTHIR or sharing
common antagonists with BMPs. Here we show that PTH induces the differentiation
of MSCs into osteoblastic lineage through enhancement of BMP signaling by
modifying the extracellular antagonist network assembled by LRP6. We found that
single PTH injection increased the level of phosphorylated Smadl (p-Smadl) in
osteoblastic-like cells on the bone surface of 8-wk old mice, and the p-Smadl+ MSCs
were elevated from 12.1% to 81.2% at 30 min after PTH injection. Importantly, PTH
increased Smadl phosphorylation and MSCs differentiation, antagonizing inhibitory
effect of noggin, an BMP extracellular antagonist. Further, PTH enhanced pSmad1
was abolished in PTHIR-/- OC59 cells, indicating that this effect is PTHIR-
dependent. The results suggest that PTH enhances BMP signaling through regulation
of extracellular antagonists.

We then examined whether PTH-induced PTHIR endocytosis plays a role in its
effect on enhancing BMP signaling in MSCs. PTH-elevated phosphorylation of
Smadl was inhibited by blocking PTHIR endocytosis with B-arrestin knockdown or
endocytosis inhibitor treatment. We also found that PTH enhances the phosphoryla-
tion of Smadl through stimulating the endocytosis of the LRP6/PTHIR complex.
Deletion of LRP6 with Ade-Cre in Irp6 flox/flox MSCs elevated Smad1 phosphoryla-
tion to the level seen with PTH treatment in the presence of LRP6. However, in the
LRP6-deficient cells, PTH did not further enhance the phosphorylation of Smadl,
indicating that the PTH effect is LRP6-dependent. In addition, PTH stimulated 1251-
BMP2 cell surface binding in a dose- and time-dependent manner by inducing the
internalization of LRP6/PTHIR complex. Taken together, our results suggest that
PTH enhances BMP signaling by inducing the endocytosis of LRP6-organized
extracellular network of BMP antagonists and subsequent enhanced binding of BMPs
to their receptors, leading to enhanced osteoblast differentiation of MSCs.

Disclosures: Bing Yu, None.
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The p27 Pathway Modulates The Regulation of Skeletal Growth and
Osteoblastic Bone Formation by Parathyroid Hormone-Related Peptide. Jing
Zhang*!, Min Zhu?, David Goltzman®, Andrew Karaplis®, Dengshun
Miao®. "Nanjing Medical University, China, *Najing Medical University,
China, *McGill University, Canada, *Nunjing Medical University, Peoples
Republic of China

We previously demonstrated that parathyroid hormone-related peptide (PTHrP)
1-84 knockin (Pthrp KI) mice, in which the nuclear localization sequence and the C-
terminal region of PTHrP are deleted, displayed skeletal growth retardation and
defective osteoblastic bone formation, however, the mechanism is unclear. Microarray
analyses of differential gene expression profiles were performed in long bone extracts
from Pthrp KI mice and their WT littermates. Results revealed that the expression
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levels of p27, p57 and p53 were up-regulated 8.3, 6.5 and 5.4 fold, respectively,
whereas the expression levels of cyclin E, cyclin D1, CDK2, Runx2, Osterix and ALP
were down-regulated 5.4, 5.4, 5.3, 5.1, 5.8 and 5.2 fold, respectively, in Pthrp KI mice
relative to WT littermates. To determine whether the cell cycle inhibitor p27%P! was
involved in the regulation by PTHrP of skeletal growth and development in vivo, we
generated compound mutant mice which are homozygous for both p27 deletion and
the Prhrp KI mutation (p277 Pthrp K1), and compared p27” Pthrp K1 mice with p277-,
Pthrp KI, and WT littermates. Phenotypes were analyzed by histopathological,
immunohistochemical, cellular and molecular approaches. Deletion of p27%iP! in
Pthrp KI mice resulted in a longer lifespan, increased body weight and improvement
in skeletal growth, although Priirp KI mice were not normalized. At 2 weeks of age,
skeletal growth parameters, including length of long bones, size of epiphyses and
PCNA positive chondrocytes, BMD and BMC, trabecular bone volume, osteoblast
numbers, and ALP, type I collagen and osteocalcin positive bone areas were increased
in p27" mice, and reduced in both Pthrp K1 and p27” Pthrp KI mice compared to WT
mice; however these parameters were increased in p27” Pthrp KI mice compared to
Pthrp KI mice. As well, the mRNA expression levels of Runx2, ALP, and type I
collagen and protein expression levels of osteocalcin and PTHR, IGF1 and Bmi-1,
and the numbers of total CFU-f and ALP positive CFU-f generated from bone
marrow cell cultures, were similarly increased in p27'/'Pthrp_ KI mice compared to
Pthrp KI mice. Our results demonstrate that deletion of p27"' in PtArp KI mice can
partially rescue defects in skeletal growth and osteoblastic bone formation by
enhancing endochondral bone formation and osteogenesis. These studies therefore
indicate that the p27 pathway may function downstream in the action of PTHrP to
regulate skeletal growth and development.

Disclosures: Jing Zhang, None.
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Bone Loss in Lactating Mice Requires RANKL Signaling. Laleh
Ardeshirpour*!, Pamela Dann® Cristina Dumitru?>, Marina Stolina,
Paul Kostenuik3, John Wysolmerski*. 'Yale University, USA, 2Yale
School of Medicine, USA, 3Amgen Inc., USA, *Yale University School
of Medicine, USA

Lactation is associated with rapid bone loss suggesting that the maternal skeleton
is an important source of calcium for milk production. Previous studies have
suggested that bone resorption during lactation is mediated by increased RANKL
signaling. To test this concept, we treated 15-week-old, lactating CD-1 mice with
saline or recombinant OPG (OPG-Fc; 10mg/kg) every 4th day for the first 12 days
post-partum. As expected, OPG-Fc effectively reduced TRACP 5b, osteocalcin and
type 1 procollagen levels. OPG-Fc also completely eliminated bone loss during
lactation. In controls, serial DEXA scans revealed a decline in BMD of 20% =+ 0.9 at
the spine, 13% =+ 1.4 at the femur and 13% + 0.8 for the total body. In contrast,
OPG-Fc treatment led to increases in BMD of 10% + 1.9 at the spine, 3% + 2.4 at
the femur and 5% + 1.7for the total body. Similarly, in OPG-Fc-treated mice, micro-
CT revealed higher trabecular BV/TV, thickness, number and density, and increased
cortical thickness and decreased porosity. Histomorphometry confirmed the higher
bone volumes, trabecular thickness and trabecular numbers in OPG-Fc-treated
lactating animals compared to controls. Consistent with the turnover markers, OPG-
Fc significantly lowered osteoblast numbers and surfaces as well as bone formation
rates. However, in contrast to the TRACP 5b data, there were many osteoclasts still
present in the OPG-Fc treated bone. These cells appeared larger than normal and
were often near but not on bone surfaces. Finally, despite the complete abrogation of
bone loss, OPG-Fc-treated mice exhibited no obvious impairment of lactation.
Circulating calcium levels were within the normal range although circulating PTH
levels were slightly elevated. There was no increase in the levels of circulating
1,25(0OH)2 Vit D in OPG-Fc-treated mice. OPG-Fc also had no effect on litter size or
pup growth, demonstrating normal milk production. In contrast, preliminary studies
show that the combination of a low calcium (0.01%) diet and OPG-Fc results in a 60%
maternal mortality. In conclusion, osteoclastic bone resorption but not osteoclast
survival depends on RANKL signaling during lactation. In addition, in the presence
of adequate dietary calcium, skeletal calcium mobilization is not essential for normal
lactation. Inhibiting RANKL signaling will allow us to better understand the normal
interplay between skeletal and dietary sources of calcium during milk production.

Disclosures: Laleh Ardeshirpour, None.
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The Risk of Hip Fracture after Initiating Antihypertensive Drugs in the
Elderly. Debra Butt*', Muhammad Mamdani?, Peter Austin®, Karen Tu?,
Tara Gomes’, Richard Glazier®. 1University of Toronto, Canada, >Li Ka
Shing Knowledge Institute, St. Michael’s Hospital, Canada, nstitute for
Clinical Evaluative Sciences, Canada

Evidence indicates that initiating antihypertensive drugs in the elderly has been
associated with an immediate increased risk of falls. However, it is unknown if
initiation of antihypertensive drugs (thiazide diuretics, angiotensin II converting-
enzyme inhibitors, angiotensin II receptor blockers, calcium channel blockers or beta-
adrenergic blockers) is associated with an immediate increased risk of hip fractures.
Our study examined the association between the initiation of monotherapy with any
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of the five antihypertensive drug classes commonly used for the treatment of
hypertension in the elderly and immediate increased risk of hip fracture.

A population-based, self-controlled case series design using healthcare adminis-
trative databases was conducted to identify patients initiating an antihypertensive
drug from the over 1.6 million elderly residents in Ontario, Canada. A cohort of newly
treated hypertensive elderly patients was linked to the occurrence of hip fractures from
April 1, 2000 to March 31, 2009 to create exposed cases. The risk period was the first
45 days following antihypertensive therapy initiation with control periods before and
after treatment in a 450-day observation period. The outcome measure was the first
occurrence for a proximal femoral fracture during the risk period. The analysis
determined the relative incidence (incidence rate ratio, IRR), defined as the hip
fracture rate in the risk period compared to control periods.

Of the 301 591 newly treated hypertensive community-dwelling elderly, 1 463 hip
fractures were identified during the observation period. Hypertensive elderly initiated
on an antihypertensive drug had a 43% increased risk of having a hip fracture during
the first 45 days following treatment initiation relative to the control periods, IRR
1.43 (95% confidence interval, CI 1.19 to 1.72). The IRR estimates were generally
consistent amongst the five different classes of antihypertensive drugs, but only the
angiotensin II converting-enzyme inhibitors (IRR 1.53, 95% CI 1.12 to 2.10) and beta-
adrenergic blockers (IRR 1.58, 95% CI 1.01 to 2.48) demonstrated statistical
significance.

Antihypertensive drugs were associated with an immediate increased hip fracture
risk during the initiation of treatment in hypertensive community-dwelling elderly.
Precautions should be undertaken to minimize the risk of hip fractures when initiating
antihypertensive drugs in the elderly.

Disclosures: Debra Butt, None.
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Risk of Hip Fracture Associated with Non-Benzodiazepine Hypnotics in
Subgroups of Nursing Home Residents. Sarah Berry*!, Yoojin Lee?,
Shubing Cai’, Vincent Mor?, David Dore’>. 'Hebrew SeniorLife/Beth
Israel Deaconess Medical Center, USA, *Warren Alpert Medical School of
Brown, USA

Purpose: It is important to identify subgroups of nursing home residents that are
particularly vulnerable to injurious falls when using hypnotic drugs. We conducted a
case-crossover study to estimate the association between non-benzodiazepine
hypnotic drugs and risk of hip fracture among a nationwide sample of long-stay
nursing home residents, overall and stratified by functional characteristics.

Methods: Participants included 26,618 long stay U.S. nursing home residents aged
= 50 years with a hip fracture (7/1/2007-12/31/2008) from a sample of over one million
patients in fee-for-service Medicare Parts A & D. Hip fractures were defined using
ICD-9 primary diagnostic and procedural codes. Dispensings of non-benzodiazepine
hypnotic drugs (zolpidem, eszopiclone, zaleplon) were ascertained using Medicare
Part D claims. Stratifying characteristics were ascertained using the Minimum Data
Set. The odds ratios of hip fracture were estimated using conditional logistic
regression models by comparing the prevalence of non-benzodiazepine hypnotic
dispensings during the 0-15 days before the hip fracture (hazard period) with the
prevalence of dispensings during the 30-45 and 60-75 days before the hip fracture
(control periods). Analyses were stratified by cognition, bladder function, and ability
to transfer.

Results: Among participants, 1,737 were dispensed a non-benzodiazepine hypnotic
before the hip fracture, and 599 participants with exposure-discordant pairs were
included in analyses. Mean age was 82 yrs (+ 10 yrs), and 78% were female. The risk
of hip fracture was elevated during the 0-15 days following dispensing of a non-
benzodiazepine hypnotic (OR 1.49; 95% CI 1.26, 1.76). The association between non-
benzodiazepine hypnotics and hip fracture was somewhat greater in residents with
moderate or severe cognitive impairment, intermittent urinary incontinence, and
among residents that were independent or severely impaired with transfers (Table 1);
however, these differences remain consistent with chance.

Conclusions: In nursing home residents, risk of hip fracture was elevated following
dispensing of a non-benzodiazepine hypnotic. There were no clear differences in risk
by cognition, bladder function, and ability to transfer. Caution should be used when
prescribing a non-benzodiazepine hypnotic to nursing home residents.

Tahlal Effact of non-bansodi s sgene disperding on thes rid of hip fiadturs, s Sratfied by oo gritson,
biadder fundhon, and abelity to trancler
Fesident char»® angic Catagories Ddds rabe 5% conflide e intenials
Cognition Intadct o0 mibd impairment L35 fNERNS
Moderat e o severe impasiment L&% LT, 206
Blndder funaian Al 5 CORTINENT & By 5 Laz LI5S LTS
incantinent
Inbes mRTent by inco ibinant Lé2 L, 1%
A biliEy B0 Eransfer Ineihe s it L63 113,237
IR il sl e 134 105 171
Modersie of Severs Impament L& 121, 218

Table 1

Disclosures: Sarah Berry, None.
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Implications of Expanding Indications for Initiation of Drug Treatment to
Prevent Fracture in Older Men. Kristine Ensrud*', Kathy Wilt Peters’,
Brent Taylor®, Margaret Gourlay®, Meghan Donaldson?, William Leslie’,
Terri Blackwell®, Howard Fink’, Eric Orwoll®, John Schousboe’.
1Minneapolis VA Medical Center / University of Minnesota, USA, 2San
Francisco Coordinating Center, USA, 3University of Minnesota, USA,
4University of North Carolina, USA, 5University of Manitoba, Canada,
SCPMC RESEARCH INSTITUTE, USA, 'GRECC, Minneapolis VA
Medical Center, USA, 8Oregon Health & Science University, USA, “Park
Nicollet ClinicUniversity of Minnesota, USA

Incremental effects of broadening the definition of osteoporosis (OP) and use of
FRAX treatment thresholds on the proportion of older men identified as appropriate
for initiation of drug treatment are uncertain. The extent to which observed-to-
predicted fracture probability ratios differ across groups of untreated men identified
using distinct criteria is also unknown. To address these questions, we sequentially
applied the WHO OP definition, NOF OP definition, and FRAX treatment
thresholds to 5882 men =65 years not taking bisphosphonates at the MrOS baseline
exam. We then calculated observed 10-year probabilities for confirmed incident hip
and major osteoporotic fracture events over time using cumulative incidence
estimation, accounting for the competing risk of mortality. Predicted probabilities
of hip and major osteoporotic fracture were calculated using FRAX with femoral
neck BMD. Among the 5882 men, 130 (2.2%) were identified with OP using the WHO
definition and an additional 422 were identified with OP using the NOF definition
(total OP prevalence 9.4%). Applying FRAX treatment thresholds, 936 additional
men were identified as eligible for treatment (i.e. high fracture risk) raising the total
prevalence of men meeting indications for drug treatment to 25.3%. Observed fracture
probabilities incrementally decreased across groups identified using different criteria
(p<<0.001), with highest probabilities among men identified with OP by the WHO
definition (Table). Ratios of observed-to-predicted fracture probabilities were
markedly greater than 1.0 among men with OP, especially those identified by WHO
criteria, but were close to 1.0 among men without OP, including those at both high
and low fracture risk. In conclusion, choice of definition of OP and use of FRAX
treatment thresholds have major impacts on the proportion of men identified as
warranting drug therapy to prevent fracture. Observed 10-year probabilities of hip
and major osteoporotic fracture are highest among men identified with OP by the
WHO definition, a group for which FRAX models with BMD underestimate actual
risk. In the context of these findings and evidence suggesting lack of benefit of drug
treatment in reducing nonvertebral fracture risk in the absence of OP, randomized
trials are needed to evaluate efficacy of treatment in older men identified using criteria
other than BMD-defined osteoporosis prior to expanding indications for initiation of
drug treatment to prevent fracture.

Table: Observed and Predicted 10-Year Fracture According to Defink of O ts and Fi Risk Category®

by by Mo is by by  petrend

WHO* erlteria NOF# [but ot WHO or NOF criterla  WHO or NOF criseria
WHO) eriteria High Fracture Risk§ Low Fracture Risk§
{n=130) [n=d23) [n=838] (r=4394)

Hip Fracture
Observed 10-year probability, (95% C1) 206(140, 381 6.8(46,95 64150, 8.1) 1511 19} <0001
Predicted 10-year probability, mean (95% CIj 95(8.2,107) 433847 58(56,61) 12(11,12) <0001
Major Ostecparctic Fracture
Dbserved 1-year probabiliy, (35% 1) 30.0{22.3, 381y 175(140 213} 120 (10.6, 14.3) 48142 54) <0001
Predicted 10-year probabily, mean (95% C) 174 (16.0, 188)  10.8(10.3 11.3) 125(12.2, 12.7) 5.9(5.9.6.0) <0.001

*Obstrved probabilities calculated using cumulative v ting for
ealculared using FRAX models with femaral neck BMD (version 3.3)

+WHO definition of osteoporasts based on use of fomals spacific T seore of -2.5 or belaw at fomonal neck

THOF definition of csreapareais based on use of rmale specific T-score of - 1.5 ar below at femaral neck, toeal hip, o lumbar spine

§High fracture risk as defined by FRAX [with BMOD] 10-year probabllicies of hip fracture 23% or major osteoporotic fracture 220%; Low fractune
itk a5 defined by FRAX [with BMD) 10-year probabilities of hip fracture <I% and major osteoporatic fracture <200

ting risk of mortality; Prodicted probabifities

Table

Disclosures: Kristine Ensrud, None.
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Association of Stressful Life Events with Accelerated Bone Loss in Older
Men: the Osteoporotic Fractures in Men (MrOS) Study. Howard Fink*!,
Michael Kuskowski', Jane Cauley®, Brent Taylor®, John Schousboe®,
Peggy Cawthon®, Kristine Ensrud®. 1GRECC, Minneapolis VA Medical
Center, USA, 2University of Pittsburgh Graduate School of Public Health,
USA, 3University of Minnesota, USA, *Park Nicollet ClinicUniversity of
Minnesota, USA, >California Pacific Medical Center Research Institute,
USA, 6Minneapolis VA Medical Center / University of Minnesota, USA

According to the allostatic load hypothesis, stressful life events (LE) may lead to
various adverse health outcomes. In prior prospective analyses, we found that LE
were independently associated with an increased risk of falls and that an age-adjusted
association of LE with an increased risk of clinical fractures was in part due to lower
BMD among those with LE. The current analyses explore whether LE are associated
with higher rates of bone loss.

We used data from MrOS, a longitudinal cohort study in community-dwelling men
aged >=65 yrs. Total hip (TH) BMD was collected at baseline (V1) and at a second
clinic visit (V2), approximately 4.6 years later. Information on several types of LE
(e.g. wife/partner serious illness, loss of/separation from other close relative or friend)
during the past 12 months was collected in a mailed interim questionnaire (IQ)
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mid-way between V1 and V2 and in another questionnaire at V2. We used age and
multivariate (MV) linear regression to model the association of LE with annualized
percent TH BMD loss between V1 and V2, and logistic regression to model the risk of
accelerated TH BMD loss (>1 SD more loss than the mean annualized percent
change, i.e. loss exceeding -1.24%/yr) between V1 and V2.

Of 5229 men with V2 data, 76% reported >1 type of LE at either IQ or V2,
including 24% with 2 types of LE and 21% with 3 or more types of LE. Among 4388
men with TH BMD measurement at both V1 and V2, mean annualized TH BMD loss
was -0.36% (SD 0.88) and 13.9% of men were defined as having accelerated TH BMD
loss. After age-adjustment, any LE (vs. none) was not associated with a higher rate of
TH BMD loss (p=.10), but the number of types of LE was associated with a higher
rate of TH BMD loss (p<<0.001). Odds of accelerated TH BMD loss were higher
among men with any type of LE (age-adjusted OR for any event vs. none, 1.4 [95% CI,
1.1-1.7]), and increased in a graded fashion, corresponding with an increased number
of types of LE (vs. none) (Table). Associations were attenuated but remained
significant after MV adjustment, including for percent weight change between V1 and
V2 and mood symptoms.

In this older male cohort, stressful life events were associated with a dose-related,
but modest increase in odds of concurrent accelerated TH bone loss independent of
other explanatory factors. Future studies are needed to confirm these findings and to
investigate the mechanism that may underlie this association.

Table: Stressful life events (LE) and odds of accelerated V1 to V2 TH EMD loss, OR (95% CI)

Sum of 2 types of
Model Any type of LE _typesof LE _ 1type of LE LE 3+types of LE
Age only 14{1.14.7) 1.2(1.1-1.3) 1208516 1.3 (1.04-1.7) 1.7(1.3-2.2)
Base MV model* 1.3 (1.00-1.6) 1.1(1.031.2) 110815 13(097-1.7) 1.4(1.1-1.9)
MV* +wt change 1.2 (0.86-1.5) 1.4(1.011.2) 11(0815 12(0816 1.3(1.00-1.8)
MV* + wt change
¢t oo & 1.2(0.96-1.5) 11(1.011.2) 1.1(081.5 120816  1.3(1.00-1.8)

*Base MV model adjusted for the following V1 measures: age, weight, education, history of fracture
before age 50 yrs, diabetes, stroke, MI, F i Vs di low mood self-reported health
status, 1ADL impairment, gait speed, and chair stand completion time,

Table

ymp
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Lower Fracture Risk in Older Men with Higher Sclerostin Concentration — A
Prospective Analysis from the MINOS Study. Pawel Szulc*', Cindy
Betholon?, Olivier Borel®, Roland Chapurlat*. 'INSERM UMR 1033,
University of Lyon, Hopital E. Herriot, Pavillon F, France, ’INSERM
UMR 1033, France, *Inserm, France, “E. Herriot Hospital, France

Sclerostin is a glycoprotein synthesized by osteocytes and it inhibits bone
formation. Its relationship with fracture in older men has been rarely explored so
far. We measured serum concentration of sclerostin (Quidel-TECOmedical,San
Diego,CA) in 711 men aged 50 and older. Bone mineral density (BMD) was measured
at the lumbar spine, hip and distal forearm (HOLOGIC 1000W). Serum sclerostin
increased with age (r= 0.30, p<<0.001). After adjustment for age, weight, height,
current smoking, bioavailable estradiol and parathyroid hormone, BMD of all the
skeletal sites correlated positively with serum sclerostin (r= 0.25 to 0.30, p<0.001) and
increased by 0.27 to 0.51 SD /SD increase in sclerostin. In similar multivariable
models, serum concentrations of osteocalcin, bone alkaline phosphatase, N-terminal
propeptide of type I procollagen and C-terminal telopeptide of type I collegan (CTX-
I) as well as urinary excretion of total and free deoxypyridinoline and CTX-I
correlated negatively with serum sclerostin (r= -0.09 to -0.24, p<<0.05 to 0.001) and
decreased by 0.10 to 0.25 SD per SD increase in sclerostin.

During 10 years of follow-up, 76 men sustained at least one fragility fracture. The
distribution of fracture incidence per quintiles of sclerostin was as follows: 12.9%
(lowest quintile), 15.2%, 13.1%, 6.7%, 5.3% (highest quintile) (p<<0.005). We
compared fracture risk in the two highest quintiles combined vs three lower quintiles
combined using logistic regression adjusted for age, BMI, age and BMI interaction,
BMD, bone width (for femoral neck and distal radius), prevalent fracture, prevalent
falls, and severe abdominal aortic calcification. Men with higher sclerostin
concentration had lower risk of fragility fracture (e.g., after adjustment for
hipBMD,OR= 0.53, 95%CI: 0.29, 0.97, p<0.05). Similar results were obtained in
the models adjusted for BMD and width of tubular bones (e.g., femoral neck, OR=
0.49, 95%CTI: 0.27, 0.89; p<<0.05). When the analysis was limited to 47 men who
sustained major fragility fractures (vertebra, hip, femur, tibia, pelvis, proximal
humerus, multiple ribs), the results were similar (e.g., lumbar spine: OR= 0.44, 95%CTI:
0.19, 0.99, p<0.05).

In conclusion, in older men, higher serum levels of sclerostin are associated with
lower risk of fracture, higher BMD and lower levels of biochemical bone turnover
markers.

Disclosures: Pawel Szulc, None.
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Bone Mineral Density and Mortality in Two Large Prospective Population-
based Cohort Studies: Strongest Relation with Death due to Chronic Lung
Disease. Natalia Campos-Obando*', Martha Castano-Betancourt?, Ling
@3 , Oscar Franco®, Albert Hofman®, Bruno H. Ch. Stricker®, Fernando
Rivadeneira’, Andre G. Uitterlinden®, M. Carola Zillikens>. ]Deparment of
Internal Medicine, Erasmus University Medical Center, Netherlands,
’Department of Internal Medicine, Department of Epidemiology,
Erasmus University Medical Center, Netherlands, *Department of
Internal Medicine, Erasmus University Medical Center, Netherlands,
4Cardiovascular Epidemiology Group, Erasmus University Medical
Center, Netherlands, *Department of Epidemiology, Erasmus University
Medical Center, Netherlands, *Deparment of Epidemiology, Department
of Internal Medicine, Erasmus University Medical Medical Center,
Netherlands, "Department of Epidemiology, Deparment of Internal
Medicine, Erasmus University Medical Center, Netherlands, 8Department
of Epidemiology, Department of Internal Medicine, Erasmus University
Medical Center, Netherlands

Osteoporosis has been associated in some studies with cardiovascular disease
(CVD) and all-cause and CVD mortality. Using two cohorts from the Rotterdam
Study (RS-I and -II) we assessed the relation between femoral neck bone mineral
density (FN BMD) and all-cause and cause-specific mortality divided into 7 groups
based on ICD-10 codes: CVD, Cancer, Trauma, Infectious diseases, Dementia, Lung
Diseases, and other causes. In 5,779 elderly participants from RS-I and 2,055 from
RS-II BMD was measured at baseline and survival analyses were done using Cox
proportional hazards models, adjusted for age, BMI and smoking, followed by meta-
analysis. Hazard Ratios (HR; [95%CI]) are expressed for each standard deviation
(SD) decrease in BMD. After mean follow-up of 14.5 (RS-I) and 9.0 (RS-II) years
there were 2,832 and 220 deaths, respectively. An inverse relationship was found
between BMD and all-cause mortality in males only: HR for RS-I: 1.09 [1.03-1.16]
P=0.004; for RS-II: 1.30 [1.08-1.57] P=0.005; joint meta-analysis: 1.11[1.05-1.17]
P=0.0003. Adjustment for incident fractures did not essentially change these results.
The strongest relation between BMD and cause-specific mortality was an inverse
relation with mortality due to lung diseases (chronic obstructive pulmonary diseases
(COPD)). This result was consistent in both cohorts and across genders (meta-analysis
HR 1.90 [1.51-2.39], P=4x10-8) and persisted after adjusting for steroid use and
excluding prevalent COPD. There was an inverse association of BMD with trauma-
related mortality in females only (HR: 1.71 [1.17-2.50], P=0.006). Also in females,
there was a borderline significant trend for increased cancer-related mortality with
increasing BMD. In both genders a decreased BMD was associated with increased
dementia-related mortality only when prevalent cases were also included (meta-
analysis HR: 1.23[1.04-1.47], P=0.018). In RS-I but not in RS-II, there was a
significant inverse relation between BMD and other causes of mortality in both
genders (unattended-, unspecified- and sudden-death (HR 1.19 [1.08-1.31],
P=0.0003)). We did not find a relation between BMD and mortality due to CVD
or infections in either sex. In conclusion, FN BMD was inversely associated with all-
cause mortality in elderly males but not females and strongly related to COPD
mortality in both genders within two prospective population-based studies. No
association was found between BMD and CVD mortality in either males or females.

Disclosures: Natalia Campos-Obando, None.
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Sclerostin Inhibition Improves Bone Mass, Bone Strength, and Bone Defect
Regeneration in Rats with Type 2 Diabetes Mellitus. Christine Hamann*',
Martina Rauner?, Yvonne Hoehna®, Ricardo Bernhardt*, Jan
Mettelsiefen®, Claudia Goettsch®, Klaus-Peter Guenther?, Franklin
Asuncion®, Michael Ominsky®, Lorenz Hofbauer®. 'Dresden Technical
University Medical Center, Germany, *Medical Faculty of the TU Dresden,
Germany, *Dresden University Medical Center, Germany, “Technische
Universitat Dresden, Germany, °Brigham & Women’s
HospitalCardiovascular Division, USA, 6Amgen Inc., USA

Type 2 diabetes mellitus results in increased risk of fracture and delays in healing
after a fracture has occurred. Better therapies are needed to prevent fractures and
improve healing in these diabetic patients. ZDF fa/fa rats are an established model of
type 2 diabetes mellitus and exhibit low bone mass and delayed bone defect healing.
We tested whether antibodies against sclerostin (Scl-AbVI), an inhibitor of Wnt
signaling, reverse the skeletal deficits of diabetic ZDF rats.

Gap defects of 3 mm were created at the femur of 11-week old diabetic ZDF fa/fa
and non-diabetic ZDF +/+ rats and stabilized by an internal plate. Saline or 25 mg/kg
Scl-Ab was administered s.c. twice weekly for 12 weeks in diabetic and non-diabetic
rats (n=10/group). Bone mineral density (BMD), bone mass and strength were
assessed using pQCT, uCT, and biomechanical testing. Dynamic bone histomorpho-
metry was used to assess bone formation, and the filling of the femur gap defect was
analyzed by uCT.

Diabetic rats displayed lower spinal and femoral bone mass compared to non-
diabetic rats, and Scl-Ab treatment markedly enhanced bone mass of the femur and
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the spine of diabetic rats. Scl-Ab also reversed the deficit in bone strength in the
diabetic rats, with 65% and 89% increases in maximum load at the femoral shaft and
neck, respectively. ZDF fa/fa rats had a 23% decrease in the material properties
ultimate strength and modulus compared to +/+ rats, suggesting that bone quality was
impaired by diabetes in this model. Scl-Ab modestly improved these parameters in
diabetic rats, though its primary effect on whole bone strength was due to increased
bone mass. The lower bone mass in diabetic rats was associated with a 65% decrease in
vertebral bone formation rate, which Scl-Ab was able to increase by 6-fold, consistent
with an anabolic effect. While non-diabetic rats filled 57% of the femoral defect,
diabetic rats filled only 21%. Scl-Ab treatment significantly increased defect
regeneration in both groups by 47% and 74%, respectively.

Sclerostin inhibition reverses the adverse effects of type 2 diabetes mellitus on bone
mass and strength, and improves bone defect regeneration in rats.

Disclosures: Christine Hamann, None.
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Blosozumab, a Humanized Monoclonal Antibody, and A Chimeric Rodent
Monoclonal Antibody Against Sclerostin Robustly Increase Bone Formation
Activity in Intact Monkeys and Ovariectomized Rats. Yanfei Ma*' Todd
&ggl, Qiangiang Zengl, Mary D Adrianl, David Halladavl, Xuhao
Yang', Masahiko Sato?, Henry Bryant!, Venkatesh Krishnan', David
Waters', Rohn Millican', Jude Onyia', Stuart Kuhstoss'. 'Eli Lilly &
Company, USA, °Lilly Research Labs, USA

Loss-of-function mutations in the sclerostin gene result in a high bone mass
phenotype in humans and knock-out mice. We examined the skeletal effects of a
humanized anti-sclerostin antibody (blosozumab) in monkeys and a separate mouse/
rat chimeric monoclonal anti-sclerostin antibody (sclerostin Ab) in rats. Rats were
ovariectomized (OVX) at 6 months of age and permitted to lose bone for 1 month to
establish osteopenia before initiation of treatment. A chimeric antibody was
administered at doses up to 14 mg/kg once weekly (q7) or up to 28 mg/kg once
every 2 weeks (q14) subcutaneously for 8 weeks (n=7/group). Compared to OVX IgG
controls, bone mineral density (BMD) was increased with sclerostin Ab treatments in
lumbar vertebrae (LV), and mid femur (MF) or distal femur at 14mg/kg q7 and at the
14 and 28 mg/kg q14 doses. Biomechanical load-to-failure analyses showed that LV,
MF and femoral neck sites were strengthened to a similar extent with normalized time
exposure between the q7 and ql4 dosing regimens. Bone parameters increased in a
dose dependent manner and compared favorably to PTH 1-38 (10pg/kg daily). Bone
histomorphometry confirmed that sclerostin Ab increased trabecular area and
thickness to sham- ovariectomy (Sham) levels in the proximal tibia metaphyses.
Cortical area and thickness above Sham levels were observed in high dose groups in
the mid shaft. The mineralizing surface and bone formation rate were higher in
sclerostin Ab treated rats than those of IgG controls on trabecular, endocortical and
periosteal surfaces. In the cynomolgus monkeys, blosozumab was administered up to
100 mg/kg weekly by intravenous injection to 3 year old males and females (n=4-6/
dose/sex) for 9 months. The bone formation biomarker procollagen-1 N-terminal
peptide (PINP) was increased at all dose levels and peaked at day 85. QCT analyses
showed higher cortical bone mineral content (BMC), cortical area, thickness in tibial
shaft, and trabecular BMC and BMD at the tibial metaphysis compared to vehicle
controls in both genders at study termination. These results confirm the bone anabolic
profile of sclerostin inhibition with selective monoclonal antibodies. The robustly
enhanced bone microstructure and strength suggest therapeutic potential for
blosozumab.

Disclosures: Yanfei Ma, Eli Lilly Company, 3
This study received funding from: Eli Lilly Company
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Sclerostin Antibody Treatment Improves Bone Mass, Microarchitecture and
Mechanical Properties in Mice Exposed to Microgravity: Results from the
STS-135 Shuttle Mission. Mary Bouxsein*!, Ted Bateman’®, Andrea
Hanson®, Travis Pruitt*, Eric Livingston®, Michael Lemur®, Leeann
Louis®, Rachel Ellman', Jordan Spatz’, Kelly Warmington®, Hong Lin
Eg, Dave Hillg, Denise Dwvers, Alicia Ortega’, Schweta Maurvam,
Marina Stolina'!, Sutada Lotinun'?>, Roland Baron'?, Chris Paszty'?,
Virginia Fergusong. 'Beth Israel Deaconess Medical Center, USA,
2Univesity of North Carolina, USA, 3University of Washington, USA,
4Clemson University, USA, 5 University of North Carolina, USA, °Center
for Advanced Orthopedic Studies, Beth Israel Deaconess Medical Center,
USA, "Harvard-MIT Division of Health Sciences & Technology (HST),
USA, RAmgen Inc, USA, 9University of Colorado, USA, 10University of
Colorado, USA, 11Amgen Inc., USA, "*Harvard School of Dental
Medicine, USA, "“Harvard School of Medicine & of Dental Medicine,
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Despite rigorous nutritional and exercise countermeasures, astronauts lose bone
mass at 10 times the rate of postmenopausal women. Sclerostin is a potent inhibitor of
bone formation and expression levels of SOST, the gene producing sclerostin, increase
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with unloading and may mediate disuse-induced bone loss. We tested the ability of a
sclerostin antibody (SclAb) to improve bone mass, microarchitecture and strength in
mice exposed to 13 days of microgravity on the space shuttle Atlantis (STS-135).
Female C57BI/6N mice (n=14-15/gr, 9 wks old) were assigned to flight vehicle (FL-
VEH), flight SclAb (FL-SclAb), ground vehicle (GR-VEH), or ground SclAb (GR-
SclAb), and injected with SclAb (100 mg/kg, SC, Amgen) or vehicle 1 day prior to
launch. Ground-controls housed identically as the flight mice. Results: Spaceflight
negatively influenced BMD, microarchitecture and strength. SclAb treatment
markedly improved BMD, bone microarchitecture and mechanical properties in both
GR and FL mice at multiple skeletal sites, such that bone properties in FL-SclAb were
equal to or greater than GR-VEH (Table). Specifically, microgravity inhibited gains in
total body BMD seen in these young mice (p<<0.05 vs FL); whereas SclAb led to
greater increases in total body BMD in both environments (p<<0.01 vs VEH). Tibial
and femoral Tb.BV/TV by uCT were 35% lower in FL-VEH than GR-VEH, and 2-3
fold higher in Scl-Ab treated mice, regardless of loading. Midshaft Ct.Th was 5-9%
lower in FL-VEH vs GR-VEH, and increased by SclAb treatment, such that values in
FL-SclAb were similar to ground controls. Three-point bending of the femoral
diaphysis showed decreased stiffness (-16%, p<0.05) and failure load (-11%, p<<0.05)
in FL-V vs GR-V, while SclAb preserved these properties in FL-SclAb mice at GR-
VEH levels. Bone formation, assessed by quantitative histomorphometry, was
significantly reduced by spaceflight, and was 3-fold higher in SclAb treated mice.
Consistent with this, serum PINP and osteocalcin were lower, and CTX1 higher in
FL-VEH vs GR-VEH, while serum osteocalcin and PINP were significantly higher in
SclAb-treated mice regardless of loading condition. In conclusion, a single injection of
SclAb not only inhibits bone loss in mice exposed to microgravity, but improves bone
mass and microarchitecture to levels similar to ground controls, demonstrating that
the anabolic effect of sclerostin inhibition occurs even in the absence of normal
mechanical loading.

Table

Disclosures: Mary Bouxsein, Amgen Inc, 6
This study received funding from: Amgen Inc
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Increased Bone Mass and Bone Strength by Sclerostin Antibody Is
Maintained by a RANKL Inhibitor in Ovariectomized Rats with Established
Osteopenia. Xiaodong Li*', Kelly S. Warmington?, Qing-Tian Niu?, Frank
J. Asuncion?, Denise Dwyer?, Mario Grisanti’, Chun-Ya Han?, Paul J.
Kostenuik?, Marina Stolina?, Michael S. Ominsky?, Hua Zhu Ke>.
lAmgen, Inc., USA, 2Amgen Inc., USA

Our previous study demonstrated that some of the bone mass gained during
sclerostin antibody (Scl-Ab) treatment is gradually lost after discontinuation of
treatment. In the current study, we examined whether follow-up treatment with a
RANKL inhibitor,OPG, would maintain the bone mass gains induced by Scl-Ab in
ovariectomized (OVX) rats.

Six-month-old OVX rats (2 months post-ovariectomy) were treated with Scl-Ab
(Scl-AbVI, 25 mg/kg, SC,1x/week) for 6 weeks and then transitioned to vehicle or
OPG-Fc (10 mg/kg, SC, 2x/week) for an additional 6 or 20 weeks (n=12-14/group).
Vehicle-treated sham and OVX control rats were euthanized at weeks 0, 6, 12, and 26,
and a group of Scl-Ab-treated OVX rats were euthanized at week 6 (n=10-12/group).

In vivo DXA analysis demonstrated that 6 weeks of Scl-Ab treatment in OVX rats
increased lumbar spine and femur-tibia BMD to levels significantly above OVX and
sham controls (Figure). Transition to vehicle resulted in gradual declines in BMD at
both sites, to levels of sham controls, whereas transition to OPG-Fc¢ maintained the
increases in BMD at both sites. Histomorphometry revealed significant increases in
vertebral trabecular bone volume (BV/TV) and tibial cortical thickness after 6 weeks
of Scl-Ab treatment. Transition to vehicle led to gradual declines in these parameters,
to levels that remained above OVX controls at week 26, whereas transition from Scl-
Ab to OPG-Fc¢ maintained BV/TV and cortical thickness at the peak levels achieved
during Scl-Ab treatment. Six weeks of Scl-Ab treatment was associated with
significant increases in trabecular, endocortical, and periosteal bone formation rates
and significant decreases in trabecular and endocortical eroded surfaces. These
changes were reversed upon transition to vehicle. Transition to OPG-Fc led to
reductions in each of these bone resorption and formation parameters. At week 26,
maximum load of lumbar vertebral bodies was significantly greater in the group
transitioned to OPG-Fc than the group transitioned to vehicle.

In summary, after discontinuation of Scl-Ab treatment, bone formation returned
to control levels and bone resorption increased, resulting in gradual bone loss.
Transitioning to the RANKL inhibitor OPG-Fc effectively inhibited bone resorption
and maintained bone mass and bone strength gains previously induced by Scl-Ab.
These results support the strategy of using a RANKL inhibitor to maintain the bone
mass and strength increases induced by sclerostin antibody.
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Figure
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LLP2A-Alendronate, a Novel Anabolic Treatment to Reverse Bone Loss. Wei
w*l, Min Guan?, Junjing Jia®, Yu-An Evan Lay*, Ruiwu Liu’, Kit
La_ms, Diana Olvera®, Robert Ritchie®, Jan Nolta’, Nancy Lane'.
lUniversity of California, Davis Medical Center, USA, *Johns Hopkins,
USA, 3University of California, Davis, USA, *“Musculoskeletal Research
Unit, Department of Medicine, University of California Davis Medical
Center, USA, 5Department of Biochemistry & Molecular Medicine,
University of California Davis Medical Center, USA, “Materials Sciences
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Bone formation is reduced with aging due to fewer bone marrow MSC s and
changes in the bone marrow microenvironment. Our research group has developed a
synthetic peptidomimetic ligand (LLP2A) that has high affinity for activated o4l
integrin on the MSC surface, and linked it to a bisphosphonate (alendronate) that has
high affinity for bone. We have previously shown that this hybrid compound, LLP2A-
Alendronate (LLP2A-Ale), in vitro increased MSC migration and commitment of
MSCs to osteoblast differentiation; in vivo it increased bone formation and bone mass
in young immune-competent mice. In this study, we continued to evaluate the effects
of LLP2A-Ale, with or without the MSC transplantation, in mice with established
bone loss induced by ovariectomy or with advanced aging. Methods.C57BL/6 female
mice were used in three efficacy studies. The first study used 10-week-old
ovariectomized mice with established bone loss. The second study used 24-week-old
adult mice and the third study used 24-month-old aged mice. LLP2A-Ale was given
two monthly dose (0.9nmol IV)or in combination of mouse MSC (IV 5 x 10°). Results.
We found LLP2A-Ale partially prevented trabecular bone loss induced by estrogen
deficiency by increasing the number of osteoblasts on the trabecular surface and the
bone formation rate. MSC + LLP2A-Alerestored lost bone induced by estrogen
deficiency by further increasing osteoblast surface and mineral apposition rate. The
effects of LLP2A-Ale + transplanted MSCs was superior to LLP2A-Ale alone,
especially at the cortical bone, where the combination treatment significantly
increased cortical bone strength in all the three animal models we studied.
Importantly, PTH or MSC alone failed to increase bone formation rate in 24-
month-old mice. By contrast, BFR/BS was increased by 35% in LLP2A-Ale group, by
192% in MSC + LLP2A-Ale group in relative to the PBS-treated group. Only MSC +
LLP2A-Ale treatment increased cortical bone maximum stress by 8% as compared to
the PBS-treated group. In conclusion, LLP2A-Ale treatment increased bone mass and
strength as measured by multiple outcomes in models of young adult mice, aged mice
,and estrogen-deficient mice. The beneficial effects on bone formation resulted from
the combination of increased homing of the transplanted MSCs to bone as well as the
endogenous number of osteoblasts at the bone surface that together significantly
increases the rate of bone formation. These results strongly support LLP2A-Ale as a
novel therapeutic option for the treatment of bone loss related to age and hormone
deficiency.

Disclosures: Wei Yao, None.
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An Estrogen Dendrimer Conjugate Incapable of Stimulating the Nuclear-
initiated Actions of Estrogen Receptors Prevents the Loss of Cortical Bone
Mass in Estrogen Deficient Mice. Shoshana Bartell*!, Aaron Warren', Li
@1, Srividhya lyerl, Sung Kimz, Benita Katzenellenbogen?, Ken
Chambliss®, Philip Shaul®, John Katzenellenbogen®, Paula Roberson',
Robert Weinstein', Charles O’Brien!, Robert Jilka', Maria Jose Almeida',
Stavros Manolagas'. 'Central Arkansas VA Healthcare System, Univ of
Arkansas for Medical Sciences, USA, 2University of Illinois, USA,
*University of Texas Southwestern Medical Center at Dallas, USA

Loss of bone mass following estrogen deficiency is caused by increased resorption
of the cancellous compartment and of the endosteal surface of the cortex, but the
cellular and molecular mechanisms of the effects of estrogens in these two
compartments are apparently distinct. Indeed, published genetic evidence and work
reported elsewhere in this meeting have revealed that the osteoclast ERo mediates the
protective effects of estrogens in the cancellous, but not the cortical, compartment. On
the other hand, the ERa of osteoblast progenitors is required for normal periosteal
bone accrual as well as the maintenance of cortical bone mass, but plays no
discernable role in the maintenance of cancellous bone. Based on this and additional
evidence that some of the effects of estrogens on bone may be mediated via non-
nuclear ERoa signaling, we investigated the efficacy of an estrogen dendrimer
conjugate (EDC) that is not capable of stimulating the nuclear-initiated actions of ER,
in preventing the effects of estrogen loss in the two bone compartments. 17-week-old
C57BL/6 mice were ovariectomized (OVX) or sham-operated and implanted with
mini-pumps delivering vehicle, dendrimer control (DC), or equimolar concentrations
of 17p-estradiol (E2) or the EDC for 6 weeks. In two separate experiments, the EDC
was as potent as E2 in preventing loss of DEXA BMD at the spine. By p-CT, this
effect was due to the preservation of cortical but not cancellous bone. In contrast, E2
was effective in both compartments. EDC also attenuated the loss of cortical bone, the
enlargement of the endosteal perimeter, and the increased cortical porosity in femurs.
In addition, the EDC prevented the OVX-induced oxidative stress (as determined by
ROS and glutathione levels and p66™ phosphorylation) to the same extent as E2.
Most importantly, the OVX-induced decrease in uterine weight was unaltered by the
EDC, but restored by E2. These results demonstrate that several effects of estrogens
on bone, including their protective effect on cortical bone mass maintenance and their
anti-oxidant properties, are mediated by a mechanism distinct from their classical
genotropic action on reproductive organs. Nonetheless, attenuation of oxidative stress
by EDC, unlike the use of E2 or anti-oxidants, is not sufficient to prevent loss of
cancellous bone, suggesting that nuclear actions of the estrogen-activated osteoclast
ERua are also involved in the protection of this compartment.

Disclosures: Shoshana Bartell, None.
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A Six Year Exercise Intervention Program in 7-9 Year Old Children
Improves Bone Mass and Bone Structure without Increasing the Fracture
Risk — A Population-Based Prospective Controlled Study in 2395 Children.
Fredrik Detter*!, Bjorn Rosengrenz, Jan-Ake Nilsson3, Magnus Dencker4,
Magnus Karlsson®. 'Clinical & Molecular Osteoporosis Research
UnitLund University, Sweden, Sweden, Skdne University Hospital
Malmo, Lund University, Sweden, 3Depeurtment of Orthopedics, Sweden,
“Department o f Physeology, Sweden

Purpose: Pediatric exercise intervention studies that evaluate if physical activity
can decrease facture risk span at most 36 months and use bone traits as a surrogate
endpoint for fractures. It is however essential to include also fractures as reports infer
that a high level of physical activity is associated with higher fracture risk. We have
therefore during 6 years conducted a population based controlled exercise
intervention study using both bone traits and fractures as endpoint variables.

Method: During 6 years children in the intervention group received 40 minutes of
daily physical education (PE) in school while those in the control group continued
with the Swedish standard 60 minutes PE per week. Incident fractures were
continuously registered in the total sample size of 2395 children aged 7-9 years at
baseline. There were 362 girls and 446 boys in the intervention group (3515 person-
years) and 780 girls and 807 boys in the control group (7628 person-years). In 78 girls
and 113 boys in the intervention group and 53 girls and 54 boys in the control group,
skeletal development was followed annually by dual energy X-ray absorptiometry
(DXA). As to evaluate bone area (mm?), peripheral computed tomography (pQCT)
measurements were done in the forearm and tibia after 5 years. Slopes and annual
changes were calculated for bone mineral density (BMD; g/cm?) and femoral neck
(FN) area (mm?). Data are reported as mean group difference with 95% CI within
brackets.

Results: There were 20.5 fractures/1000 person-years in the intervention group and
18.8 fractures/1000 person-years in the control group, resulting in a Rate Ratio (RR)
of 1.09 (0.81, 1.45) (mean (95% CI)).

The annual gain in spine BMD was higher in both girls (0.007 (0.001, 0.013)) and
boys (0.004 (0.001, 0.008)) in the intervention group compared to the control group.
Girls with daily PE also had higher gain in in femoral neck BMD (0.006 (0.001,
0.012)) and femoral neck area (0.04 (0.01, 0.07)) and after 5 years also a larger mid
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radial cross sectional area (11 (0.6, 21)) and mid tibial cortical area (17 (2, 31)) than
the control girls.

Conclusions: Increased physical activity for 6 years in in a population based cohort
of 7-9 year old children improve the gain in bone mass, and in girls also the bone
structure, without increasing the fracture risk

Disclosures: Fredrik Detter, None.
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Effect of Whole-Body Vibration Therapy (WBYV) for Low Bone Mass in
Adolescent Idiopathic Scoliosis Girls with Osteopenia: A Randomized,
Controlled Trial. Tsz Ping Lam*', Bobby Kin Wah Ng? Louis Wing Hoi
Cheung?, Kwong Man Lee?, Ling Qin’®, Jack Chun Yiu Cheng?.
"Department of Orthopaedics & Traumatology, The Chinese University
of Hong Kong, Peoples Republic of China, *Department of Orthopaedics
& Traumatology, The Chinese University of Hong Kong, China, *Chinese
University of Hong Kong, Hong Kong

Introduction: Adolescent idiopathic scoliosis (AIS) was associated with osteopenia
which, apart from being an important health issue, was found to be a significant
prognostic factor for curve progression in AIS. Although whole-body vibration
(WBYV) was shown to have anabolic effects on bone metabolism in animal studies, its
effect on AIS subjects has not been studied before. The objective of this study was to
determine whether WBV could improve low bone mineral density (BMD) and bone
quality for AIS subjects with osteopenia.

Methods: This was a randomized, controlled trial with 2 parallel groups. 149 AIS
girls of age 15 to 25 years old, with Cobb angle between 10 to 50 degrees and with
BMD Z-scores < -1 were recruited. They were randomly assigned to either the
Treatment or Control group under strict allocation concealment. In the Treatment
group, subjects were treated with standing on a low-magnitude high-frequency WBV
platform 20 mins a day, 5 days a week. Subjects in the Control group received
observation alone. The study period was one year. Bone measurement was done at
baseline and at 12-month: (1) areal BMD and BMC at bilateral femoral necks and
lumbar spine using Dual-Energy X-ray Absorptiometry and (2) bone quality in terms
of bone morphometry, volumetric BMD and trabecular bone micro-architecture using
high-resolution peripheral quantitative computed tomography (HR-pQCT) for the
non-dominant distal radius and bilateral distal tibiae according to standard protocols.

Results: The most significant findings were greater absolute and percentage
increases in femoral neck areal BMD at the dominant leg (0.015 (SD=0.031)g/cm?,
2.15 (SD=4.32)%) and greater absolute increase in lumbar spine BMC (1.17
(SD=2.05)g) in the Treatment group as compared with the Control group (0.00084
(SD=0.026)g/cm?, 0.13 (SD=3.62)% and 0.47 (SD=1.88)g respectively, all with p <
0.05). No statistically significant difference was noted for other DXA parameters and
bone quality parameters of the non-dominant distal radius and bilateral distal tibiae.

Discussion and Conclusions: WBV was effective for improving aBMD at the
femoral neck of the dominant side and lumbar spine BMC in AIS subjects which
might be of clinical significance in affecting curve progression in AIS. Further studies
for defining the determinants that moderate the effect of WBV and its effect on curve
progression in AIS subjects are warranted.

Disclosures: Tsz Ping Lam, None.
This study received funding from. General Research Fund, Research Grants Council of
Hong Kong (Project no: 467808 and 468809)
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Effects of Aerobic Exercise on Carboxylated and Undercarboxylated Forms
of Osteocalcin and their Relationship to Exercise-induced Changes in Insulin
Sensitivity and Visceral and Total Body Fat in Overweight Children. Norman
Pollock*!, Barbara Gower?, Karl Wenger', Jerry Allison!, Catherine
Davis'. 'Georgia Health Sciences University, USA, *University of Alabama
at Birmingham, USA

Although animal studies suggest that it is the undercarboxylated rather than
carboxylated form of osteocalcin that affects glucose and fat metabolism, it is unclear
which of the forms of osteocalcin is associated with better insulin sensitivity and fat
loss in humans. This study investigated the effects of aerobic exercise on carboxylated
and undercarboxylated forms of osteocalcin and their relationship to exercise-induced
changes in insulin sensitivity and visceral and total body fat in children at risk for
diabetes. Overweight children (n=222, aged 7-11 years, 56% female, 47% black, 86%
obese) were randomly assigned to three experimental conditions: no-exercise control
condition (n=78), low dose (20 min/d, n=71), or high-dose (40 min/d, n=73) aerobic
exercise program for 12-weeks (5 d/wk). At baseline and posttest, an oral glucose
tolerance test was used for assessment of insulin sensitivity (Matsuda index) and
circulating forms of OC [total (OC,), carboxylated (cOC), and undercarboxylated
(ucOC)]. Given that the assay’s capacity to identify ucOC depends on the
concentration of OCy,;, we also report ucOC as a percentage of OC g (%oucOC).
Percentage body fat (%ofat) and visceral adipose tissue (VAT) were measured by DXA
and MRI, respectively, at baseline and posttest. Absolute concentrations of all
measures of OC showed a dose-response increase with exercise, whereas %ucOC
showed a decrease (Figure). A dose-response benefit of exercise was also observed for
insulin sensitivity, as indicated by a significant upward trend, and for %fat and VAT,
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as indicated by significant downward trends (all P<<0.04). Multiple linear regression
adjusting for age, sex, and race revealed that changes in both OC,, and cOC were
positively associated with changes in insulin sensitivity but negatively associated with
changes in VAT (all p<<0.05). Changes in ucOC and %ucOC were not associated with
changes in insulin sensitivity, %fat, or VAT. In overweight children, circulating forms
of osteocalcin are regulated by aerobic exercise in a dose-response manner. In
addition, the exercise-induced changes in insulin sensitivity and visceral fat are
associated with the carboxylated, rather than undercarboxylated, form of osteocalcin.

A Total OC B Carboxylated OC
18 71 spetrend = 04 sp-trend = .03
15 4 15
F 127 F 12
= g 4 2 8
g g
£ 61 E 6
[+ . oo,
04 o
-3 1 -3
p -5 4
Control 20-min 40-min Control 20-min 40-min
c Uncarboxylated OC D % Uncarboxylated OC
8 apetrend = .07 18 1 ap-trend = .04
15 4
z z 12 1
€ £
g o 91
< g
£ 5 61
o o
3 4
'R
-5 4
ry
Control 20-min 40-min Control 20-min 40-min

Figure. Change from baseline: total osteocalcin (A), carboxylated osteocalcin (B).
undercarboxylated osteocalcin (C), and % undercarboxylated osteocalcin (D) in response to 12
weeks (5 day/wk) of either no exercise (n=78). 20 miniday of aerobic exercise (n=71), or 40 min/
day of aerobic exercise (n=73). *Significant linear contrast indicates dose-response.

Disclosures: Norman Pollock, None.

1070

Effects of a Specialized School Physical Education Program on Bone
Structure and Strength: A 4-year Cluster Randomised Controlled Trial.
Robin Daly*!, Gaele Ducher', Ross Cunninghamz, Briony Hill'!, Rohan
Telford?, Prisca Eser?, Geraldine Naughton®, Markus Seibel®, Ahmad
Javaid’, Richard Telford®. 'Centre for Physical Activity & Nutrition
Research, Deakin University, Australia, 2Fenner School of Environment &
Society, Australian National University, Australia, 3Centre for Research &
Action in Public Health, Department of Health, University of Canberra,
Australia, *Swiss Cardiovascular Centre Bern, University Hospital
(Inselspital), Switzerland, >Centre of Physical Activity Across the
Lifespan, Australian Catholic University, Australia, %Bone Research
Program, ANZAC Research Institute, University of Sydney, Australia,
"The Canberra Hospital, Australia, 3Clinical Trials Unit, The Canberra
Hospital & Medical School, Australian National University, Australia

Physical activity programs incorporating specific weight-bearing exercises have
proven effective for enhancing bone mineral accrual during growth, but the effects of
more generalized school-based physical education (PE) on bone health remains
unclear. In addition, few long-term studies have used pQCT to characterize changes in
bone strength and its determinants (bone structure and volumetric BMD) in response
to exercise during growth. This study investigated the effects of a specialist taught
school PE program on bone mass, structure and strength and muscle mass and size in
primary school aged children. This was a 4-year cluster RCT involving 365 boys and
362 girls in grade 2 aged 8 (SD 0.3) years from 29 primary schools in Canberra,
Australia. All children received 150 min/week PE from classroom teachers but in 13
schools 100 min/week was replaced by two specialized PE classes that emphasized
more vigorous exercise and games combined with static and dynamic postural
activities involving muscle strength and function. Measurements in grades 2, 4, and 6
included DXA total body BMC and lean mass (LM), pQCT volumetric BMD,
structure and strength at the radius and tibia (4% and 66% sites) and muscle CSA and
pubertal development (Tanner stage). In girls, the 4-year gains in cortical area at the
mid-radius and mid-tibia were on average, 9.6% (P<0.05) and 5.0% (P=0.08) greater
in those who received the specialized compared to common-practice PE, with the
relative increase being most apparent in the last 2 yrs. These results were independent
of bone length, weight, pubertal status and the random effect of school. In boys, the
only positive effect of the specialized PE was on cortical vBMD at the mid-tibia (2.4%
vs 1.3%, P<0.05). However, neither of these benefits translated into significant
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improvements in bone strength in the specialized PE group. There was also no
evidence of any beneficial effects of specialized PE on trabecular vVBMD at the distal
radius or tibia or whole body LM or regional muscle CSA after 4-yrs. In conclusion,
this study showed that generalized PE conducted twice weekly by specialist physical
educators through grades 3-6 (age 8-12) of primary school can have some positive
effects on cortical area and density, but these benefits did not translate into significant
improvements in bone strength. This suggests that more specific bone loading
activities may need to be incorporated into PE classes to maximize skeletal benefits
during growth.

Disclosures: Robin Daly, None.
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Sustained Effects of Physical Activity on Bone Health: Iowa Bone
Development Study. Shelby Francis*, Elena Letuchy, Steven Levy,
Kathleen Janz. University of lowa, USA

Purpose: Previous studies of young athletes and children engaged in targeted
interventions have shown some maintenance of bone mineral content (BMC; g) years
after cessation of training, but less is known about the sustained effects in the average
child population. Using a prospective cohort, this study examined the potential effect
of early childhood physical activity (PA) on BMC in adolescence.

Methods: Participants (N=156 boys, 170 girls) in the lowa Bone Development
Study had clinical exams at ages 5, 8, 11, 13, and 15 yr. Body size and somatic
maturity were measured using anthropometry. Moderate to vigorous physical activity
(MVPA) and vigorous PA were measured using the Actigraph accelerometer. Due to
the higher fitness level in children and adolescents compared to adults, cut points were
set at = 4 METs for MVPA and = 7 METs for vigorous PA. BMC of the lumbar
spine and hip was measured using dual-energy x-ray absorptiometry. Mixed
regression models were used to test whether activity level at age 5 had an effect on
BMC at ages 13 and 15 after adjustment for age 13 and 15 age (yr), height (cm),
weight (kg), maturity (O=pre-peak height velocity/1=post), and activity level (mineday-
1). The analysis was repeated to control for BMC at age 5.

Results: On average, boys participated in 59 min, 52 min, and 38 min of MVPA at
ages 5, 13, and 15, respectively. They participated in 13 min, 17 min, and 11 min of
vigorous PA at ages 5, 13, and 15, respectively. MVPA and vigorous PA at age 5
predicted spine BMC at ages 13 and 15 (p < 0.05). MVPA at age 5 predicted hip
BMC. Girls participated in 47 min, 33 min, and 26 min of MVPA at ages 5, 13, and
15, respectively. They participated in 10 min, 9 min, and 7 min of vigorous PA at ages
5, 13, and 15, respectively. Neither MVPA nor vigorous PA predicted spine BMC at
ages 13 and 15. MVPA at age 5 did predict hip BMC. When the analysis was repeated
to control for BMC at age 5 as well as the other covariates, the effect of MVPA and
vigorous PA at age 5 remained significant for boys at the spine. For girls, neither
MVPA nor vigorous PA at age 5 predicted spine or hip BMC.

Conclusions: Everyday childhood activity provides bone benefits that can be
sustained into adolescence. These results, especially in boys, suggest that bone
strengthening physical activity programming should begin early in childhood.

Disclosures: Shelby Francis, None.
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Does Stage of Sexual Maturation Determine the Relationship of Calcium
Intake and Physical Activity to Bone Mass Accrual. Joan Lappe*l, Babette
Zemel?, Patrice Watson®, Xiang Fang®, Vicente Gilsanz*, Heidi Kalkwarf>,
Sharon Oberfield®, John Shepherd’, Karen Winer®. 'Creighton University
Osteoporosis Research Center, USA, 2Children’s Hospital of Philadelphia,
USA, 3Creighton University, USA, “Children’s Hospital Los Angeles,
USA, >Cincinnati Children’s Hospital Medical Center, USA, SColumbia
University Medical Center, USA, 7University of California, San Francisco,
USA, ®National Institutes of Health, NICHD, USA

Background: Although it is accepted that dietary calcium (Ca) and physical
activity (PA) increase bone mass accrual, evidence is lacking about whether Ca and/or
PA might be more important for accrual during specific stages of sexual maturation.

Aim: To describe the relationship between Ca and PA and total body bone mineral
content (TBBMC) accrual by Tanner stage (TS) in a large, multi-racial cohort of
children followed prospectively from early childhood until sexual maturity.

Methods: Five U.S. centers recruited 2014 healthy children (ages 5 to 19 yr) and
measured them annually for up to 7 yrs. Subjects with at least 2 visits are included in
this analysis (915 males, 835 females). TBBMC was assessed by dual energy x-ray
absorptiometry, height (ht) with a stadiometer, and TS by endocrinologist exam. PA
and Ca were assessed by self-report using the modified Slemenda questionnaire and a
food frequency questionnaire, respectively.

Analyses: The relationship between PA (hrs/wk) and Ca (mg/d) and TBBMC was
assessed using linear regression in a mixed model. Specifically, annualized TBBMC
change (from the prior visit) was modeled as a function of prior visit TBBMC,
annualized ht change, TS, and PA/Ca. Separate regressions evaluated the significance
of TS by PA/Ca interactions performed on gender and racial (black, B/nonblack, NB)
subgroups.

Results: Males have significantly greater average PA and Ca than females, while B
have greater PA and lower Ca than NB. PA was a significant predictor of TBBMC
accrual in all subgroups except B males, but no differences were seen among TS. Ca
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significantly predicted accrual in NB , but not in B. When analyzing by TS, Ca was a
significantly better predictor of accrual in TS 3 and 4 in NB males, in TS4 in B males,
and in TS4 and 5 in NB females. When controlling for Ca, PA was associated with
TBBMC accrual in all subgroups except for B males (p<<0.08). When controlling for
PA, Ca was significantly associated with accrual only for NB.

Conclusion: PA contributes significantly to bone mass accrual in this large cohort,
but has no significant association with any specific stage of sexual maturation.
Overall, Ca is significantly associated with accrual in NB only, both males and
females. Within subgroups, Ca appears to be more important for accrual during
specific stages of sexual maturation, ie, B males, TS4; NB males, TS3 and 4, and NB
females, later stages of sexual maturation.

Disclosures: Joan Lappe, None.

1073

Deletion of FoxO1, 3, and 4 from Osteoprogenitor Cells Increases Bone Mass
throughout Life and Attenuates Adiposity in Aged Bone. Srividhya Iyer*!,
Elena Ambrogini', Li Han', Shoshana Bartell!, Aaraon Warren>, Julie
Crawford?, Paula Roberson?, Robert Weinstein', Charles O’Brien', Maria
Jose Almeidal, Stavros Manolagas'. 'Central Arkansas VA Healthcare
System, Univ of Arkansas for Medical Sciences, USA, *Central Arkansas
Veterans Healthcare System, University of Arkansas for Medical Sciences,
USA

An important role of FoxO transcription factors in skeletal homeostasis has been
established recently with studies of the loss or gain of FoxO function globally or
selectively in osteoblasts and osteoclasts. In addition, it has been shown in many cell
types, including osteoblasts, that FoxOs defend against oxidative stress or growth
factor depletion and in the process divert B-catenin from Wnt/Tcf- to FoxO mediated
transcription. Based on this and evidence that Wnt/B-catenin signaling increases bone
mass by promoting the progression of Osterix (Osx)-expressing cells to matrix
synthesizing osteoblasts, we have deleted FoxO1,3.4 conditional alleles in committed
osteoblast precursors expressing Osx1 (FoxO1,3,4flox;Osx1-Cre). At 3 months these
mice exhibited a 20% increase in BMD at the spine and femur, an increase in
cancellous bone volume, and increased periosteal apposition as compared to
littermate controls. When the deletion was postponed until 3 months of age (by
activating a Tet-off system incorporated into the Osx-Cre transgene), a very similar
increase occurred in both femoral and spinal BMD, demonstrating that the phenotype
was not due to developmental changes. The high bone mass was associated with
increased BrdU incorporation, osteoblast number, and bone formation rate. Cultured
Osx-GFP positive calvaria cells or periosteal cells from the femurs of FoxOl,3,4-
flox;Osx-Cre mice exhibited higher proliferation and increased expression of the B-
catenin/Tcf target genes cyclinD1, connexin43, coll6al, and Mmpl6. Consistent with
the evidence that FoxOs antagonize Wnt/Tcf signaling, deletion of FoxOs by
transfection of adeno-Cre in calvaria cells, increased cyclinD1 expression and
proliferation, similar to treatment with Wnt3. Bone-marrow derived cells from
FoxO01,3,4-flox;O0sx-Cre mice also formed fewer adipocytes in response to rosiglita-
zone. Importantly, the high bone mass phenotype of the FoxOl,3,4-Flox;Osx-Cre
mice was maintained up to 24 months of age. And at this age, FoxO1,3,4-Flox;Osx-
Cre mice exhibited fewer marrow adipocytes in the femur as compared to controls. We
conclude that throughout life activation of FoxOs restrains Wnt signaling by diverting
B-catenin from Wnt/Tcf- to FoxO mediated transcription in osteoprogenitor cells.
Thus, FoxO activation may contribute to the decreased bone mass and the increased
bone marrow adiposity of the aging skeleton, perhaps while defending against
oxidative stress.

Disclosures: Srividhya Iyer, None.
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Reciprocal Control of Osteogenic and Adipogenic Lineages by ERK/IMAP
Kinase Signaling and Transcription Factor Phosphorylation. Chunxi Ge*!,
William Cawthorn®, Yan Li’, Guisheng Zhao®, Jennifer Westendorf*,
Ormond MacDougald®, Renny Franceschi’. 'Pom Univ of Michigan
School of Dentistry, USA, *Department of Molecular & Integrative
Physiology University of Michigan, USA, *University of Michigan, USA,
“Mayo Clinic, USA, *Department of Molecular & Integrative Physiology
University of Michigan School of Medicine, USA

Osteoblasts and adipocytes are thought to arise from a common mesenchymal
stem cell. The ratio of marrow-derived osteoblasts to adipocytes decreases in
osteoporosis and during skeletal unloading. Osteoblast differentiation is stimulated by
ECM deposition and mechanical loading, events known to be accompanied by MAP
kinase activation. Also, the osteoblast/adipocyte determination factors, RUNX2 and
PPARg, exert reciprocal control over these 2 differentiation outcomes with RUNX2
suppressing adipogenesis and PPARg suppressing osteoblastogenesis. In this project,
we test the hypothesis that the ERK/MAPK pathway is a major determinant of MSC
lineage commitment to osteoblasts and an inhibitor of adipogenesis and that control
of cell fate is achieved by phosphorylation of RUNX2 and PPARg transcription
factors. ST2 murine MSC cells were grown in osteogenic or adipogenic medium and
differentiation was measured by Alizarin Red or Oil Red O staining and expression of
osteoblast and adipocyte markers. During osteoblast differentiation, ERK and
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RUNX2-S319 phosphorylation increased. Interesting, PPARg-S112-P also increased
and this was associated with decreased expression of adipocyte markers. During
adipocyte differentiation, ERK activity and phosphorylation of both transcription
factors decreased. Using RUNX2 and PPARg reporter constructs, MAPK
phosphorylation was shown to directly stimulate RUNX2 transcriptional activity
while inhibiting PPARg and this regulation was mediated by phosphorylation at
S301,319 (RUNX2) and S112 (PPARg). Also, direct activation of MAPK signaling
using an adenovirus encoding constitutively active MEKI1 stimulated osteoblast
differentiation and inhibited adipogenesis while DN MEK1 inhibited osteoblastogen-
esis and stimulated adipocyte formation. MAPK-dependent phosphorylation of
RUNX2 was also shown to indirectly regulate Wnt signaling via down-regulation of
the Wnt inhibitor, Axin2, leading to increased b-catenin during osteoblast
differentiation. As previously reported, wild type RUNX2 is a potent stimulator of
osteoblast differentiation when transfected into MSC-like cells while RUNX2
containing S301A, S319A mutations is inactive. Similarly, WT RUNX2 inhibits
adipocyte differentiation while the S/A mutant is less active. Taken together, these
studies show that levels of ERK/MAPK and RUNX2/PPARg phosphorylation are
key determinants of osteoblast or adipocyte differentiation from MSCs.

Disclosures: Chunxi Ge, None.
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Stem Cell Antigen-1 Positive (Sca-1+) Cell-based Gene Therapy with
Fibroblast Growth Factor-2 (FGF2) Promotes Robust Recruitment of
Osteoprogenitors in the Bone Marrow of Recipient Mice. Susan Hall*!,
Shin Tai Chen?, Kristy Howard'!, Daila Gridley?, Subburaman Mohan',
Kin-Hing William Lau'. 'Jerry L. Pettis Memorial VA Medical Center,
USA, 2Jerry L. Pettis VA Medical Center, USA, *Loma Linda University,
USA

FGF2 is a potent mitogenic and angiogenic protein that when administered to
rodents results in large increases in osteoblast and osteoid surface at bone sites. We
have shown that transplantation of Scal+ cells expressing a modified FGF2 gene
(with improved secretion and stability) provides sustained, high dose FGF2
expression, and yields rapid and robust endosteal bone formation (BF) in recipient
mice. In this study, to identify the mechanism for the increased BF, we evaluated the
hypothesis that the FGF2 produced by engrafted Scal+ cells in the bone marrow
(BM) acts to promote recruitment and expansion of osteoprogenitors. We employed
our ex vivo gene therapy model to determine the effect of transplanting FGF2
overexpressing cells on the mRNA levels of putative osteoprogenitor marker genes.
Sublethally irradiated stem cell-deficient mice were injected IV with Scal+ cells
transduced with MLV-based vectors expressing FGF2 or B-gal (control). At 2 and 6
weeks post transplantation, RNA was isolated from BM cells of femurs of recipient
mice and evaluated for transgene expression. Aliquots of individual samples were
pooled according to level of FGF2 expression (high, medium, low or control) and the
mRNA levels of candidate markers of osteoprogenitors (CD29, CD44, CD90,
CXCR4, nestin, PDGFR-o, PDGFR-f, Scal, SMA-o) were assessed by qRT-PCR.
At 2 weeks post transplantation, compared to controls, dramatic dose-dependent
increases were observed in PDGFR- (12-, 19- and 35-fold), SMA-a (10-, 15- and 25-
fold) and nestin (7-, 9- and 11-fold) mRNA levels in the low, medium and high FGF2
pooled samples, respectively. This dose-dependent trend was also seen at 6 weeks for
all three genes. Other putative osteoprogenitor markers showed small changes and/or
no dose-dependent pattern. mRNA level assessment of PDGFR-B, SMA-o and nestin
was repeated on individual BM samples. Linear regression analysis confirmed strong
positive correlations between FGF2 mRNA levels and PDGRF- (R=0.77,
p<0.0001), SMA-a (R=0.74, p<<0.0002) and nestin (R=0.83, p<<0.0001). To test if
the increased recruitment of osteoprogenitors is caused by increased angiogenesis, we
measured mRNA levels of angiogenic marker genes (Angl, vVWF, CD31) and failed to
detect consistent changes in the expression of any of gene tested. In conclusion, our
findings are consistent with a model in which engrafted FGF2 expressing Scal+ cells
leads to rapid recruitment of osteoprogenitors in the BM to induce robust endosteal
BF.

Disclosures: Susan Hall, None.
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Loss of Osteoblastic Connexin 43 Results in Delayed Bone Formation,
Increased Sclerostin Expression and Attenuated Wnt Signaling During
Fracture Repair. Alayna Loiselle*!, Emmanuel Paul', Gregory Lewis!,
Henry Donahue®. 'Penn State Hershey, USA, The Pennsylvania State

University College of Medicine, USA

Connexin 43 (Cx43) is the predominant gap junction protein in bone, and is
required for osteoblast differentiation, and bone homeostasis. We have generated
mice with targeted deletion of Cx43 in osteoblasts using Coll-Cre (2.3Kb) to test the
hypothesis that loss of Cx43 in osteoblasts results in decreased bone formation and
mechanical properties as a result of increased Sclerostin expression, and diminished
Whnt/B-Catenin signaling. Cx43 conditional knockout mice (Cx43cKO) had signifi-
cantly decreased Cx43 expression, as assessed by qPCR in the fracture callus, relative
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to WT at all time-points post-fracture. Peak Cx43 expression occurred at 28 days in
WT fractures (117-fold vs. WT day 3 expression, p=.001). Deletion of Cx43 in
osteoblasts delayed expression of osteoblastic markers (Collal, Osteocalcin, Bmp2),
suggesting a delay in the transition from cartilage to bony callus. Peak Coll expression
occurred at 10 days (3.5-fold vs. day 3 WT, p=.02) in WT fractures, while peak Coll
expression was delayed until 14 days in Cx43cKO fractures (3.7-fold, p=.04).
Sclerostin (encoded by Sost), an inhibitor of bone formation and an antagonist of
Wnt/B-Catenin signaling, was significantly increased in Cx43cKO fractures at 21 days
relative to WT (WT:129+13.5; Cx43cKO: 254 +26.8, p=.002). Increased expression
of Wnt3a, and Frizzled receptors were also observed, indicative of possible
compensation for increased Sost expression. However, f(-Catenin expression was
significantly decreased in Cx43cKO fractures. This attenuation of f-Catenin signaling
resulted in decreased BV/TV (WT:0.3 +0.03 Cx43cK0:0.24+0.06 p=.03) and
ultimate torque at failure (WT:21.66 +4.9 N*mm, Cx43cKO0:12.77+ 1.5, p=.009) of
Cx43cKO fractures at 28 days post-repair. Loss of Cx43 during fracture healing also
alters the remodeling phase of healing, with decreased RankL and increased Opg
expression in Cx43cKO fractures, compared to WT at 21 days. This work identifies a
novel mechanism of fracture callus mineralization via Cx43 regulation of Sclerostin
and the Wnt/p-Catenin pathway. These data suggest that targeted overexpression of
Cx43 could decrease Sost expression, and enhance Wnt/B-Catenin signaling to
improve healing of fracture non-unions. This concept is a shift from the recognized
paradigm of Cx43 as a down-stream functional target of Wnt signaling, to a role for
Cx43 mediated regulation of Wnt/B-Catenin and mineralization.

Disclosures: Alayna Loiselle, None.
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Bone as a Site of Insulin Resistance in Type 2 Diabetes. Jianwen Wei*,
Gerard Karsenty. Columbia University, USA

Type 2 diabetes is characterized by insulin resistance in insulin target cells, the
classical ones being the hepatocytes, myoblasts and adipocytes. The recent realization
that the osteoblast is an insulin target cell involved in the control of whole-body
glucose homeostasis suggests the possibility that impaired insulin signaling in
osteoblasts might contribute to the development of type 2 diabetes. Consistent with
this hypothesis, we first showed that insulin resistance occurred in osteoblasts in wild
type mice rendered diabetic through a high-fat-diet (HFD). Molecular evidence of
insulin resistance include reduced phosphorylation of AKT at Th308 and Ser347 in
bones, a decrease of bone resorption due to an increase of Opg expression and a
decrease of the active form of osteocalcin. Next, to test If insulin resistance in
osteoblasts contributes to whole-body insulin resistance, we used loss-of (InsR,g /-
mice) and gain-of function (o (1)-InsR transgenic mice) models of insulin signaling in
osteoblasts. Glucose tolerance tests and insulin tolerance tests showed that InsR,g,+/-
mice were more severely glucose intolerant and insulin resistant than control mice fed
the same HFD, in contrast «/(1)-InsR mice were protected from insulin resistance.
Accordingly, ex vivo cell culture experiments and in vivo hyperinsulinemic euglycemic
clamp experiments showed that osteoblasts uptake glucose in an insulin-regulated
manner and that glucose uptake in osteoblasts is decreased in mice fed a HFD. Lastly,
gene profiling analysis identified G/utl as the main glucose transporter in osteoblasts
mediating both basal and insulin-dependent glucose uptake. Accordingly, gain and
loss of function experiments in the mouse showed that Glutl is necessary for whole-
body glucose homeostasis. Taken together, this study provides evidence that insulin
resistance takes place in osteoblasts in diet-induced type 2 diabetes and identifies a
molecular mechanism whereby insulin favors glucose uptake in osteoblasts.

Disclosures: Jianwen Wei, None.
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Completing the Bone/Brain Circuit: Osteocalcin Signals within the Hypotha-
lamus to Inhibit Bone Formation. Shu Lin', Ronaldo Enriquez', Herbert
Herzog', John Eisman®, Paul Baldock*?. '"Neuroscience Program, Garvan
Institute of Medical Research, Australia, Garvan Institute of Medical
Research, Australia

Osteocalcin (Ocn) is increasingly recognized for its endocrine actions to regulate
energy homeostasis. However, despite its relatively osteoblast-specific expression, a
major role for Ocn in bone has yet to be identified. Previous studies have reported a
mild increase in bone mass in Ocn null mice, with elevated bone turnover and greater
cortical bone formation. Thus the fundamental role of Ocn in bone is unclear.

We have examined the role of Neuropeptide Y family (NPY), which acts in the
arcuate nucleus (Arc) of the hypothalamus to coordinate bone and energy
homeostasis. The NPY pathway to bone is stimulated by circulating factors, such
as leptin; which itself feeds back to the brain to regulate fat mass. We hypothesised
that Ocn may also form a feedback loop within the brain, to regulate bone mass.
Moreover, this loop may involve NPY action within the Arc of the hypothalamus.

We examined Ocn activation of hypothalamic neurons by determining c-fos
expression. A lug i.p. bolus of Ocn induced c-fos in neurons of the Arc, indicating
that serum Ocn activates hypothalamic neurons. Injection of Ocn directly into the
CSF circulation also activated neurons in the arcuate, as well as a number of other
hypothalamic regions, indicating direct Ocn signalling in the brain.
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To examine chronic Ocn supply to the hypothalamus, we injected a viral vector
expressing Ocn (AAV-Ocn) into the Arc of 10 week old mice and examined bone 12
weeks later. This model mimics increased circulatory supply to the brain, as the Arc
has a semi-permeable blood brain barrier. Consistent with increases in Ocn KO mice,
AAV-Ocn injection significantly reduced cancellous bone volume of the distal femur
(40%), compared to AAV-empty injected controls. This was associated with a
significant reduction in mineral apposition rate (33%). These changes occur despite a
fall in serum Ocn (AAV-empty 1374+7 ng/ml vs AAV-Ocn 115+6 p<0.05),
highlighting the importance of central signalling to the anti-anabolic effect.

This anti-anabolic Ocn effect requires intact NPY signalling, as AAV-Ocn
injection did not alter bone in NPY KO or Y2 Receptor KO mice, both of which act
through signalling in the Arc.

In conclusion, Ocn signals directly in neurons of the arcuate nucleus to control
bone homeostasis. Chronic over supply of Ocn to these neurons inhibits bone
formation and bone mass. This study defines, for the first time, a central feedback
mechanism for bone mass, completing the bone-brain circuit.

Disclosures: Paul Baldock, None.
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No Additive Effects of In Vivo Loading and Sclerostin Antibody Treatment
on Bone Anabolism in Elderly Mice. David Pflanz*', Etienne Berthetz,
Annette Birkhold?, Tobias Thiele?, Chaoyang Li*, Hua Zhu Ke*, Georg
Duda? Bettina Willie®. 'Charité Universitidtsmedizin Berlin, Germany,
2Julius Wolff Institute, Charité - Universititsmedizin Berlin, Germany,
3Julius Wolff Institute, Charité Universititsmedizin Berlin, Germany,
4Amgen Inc., USA, >Charité- Universititsmedizin Berlin, Germany

Bone adapts to mechanical stimuli to gain an optimized structure, although the
exact mechanisms regulating this process remain unclear. The protein sclerostin,
secreted by osteocytes, is thought to reduce bone formation by inhibiting Wnt
signaling and decreasing osteoblast function. Recent data suggests SOST/sclerostin
suppression may be at least partially responsible for the anabolic action of mechanical
loading. We tested the effect of inhibition of sclerostin by sclerostin antibody (Scl-Ab)
on elderly mice with or without in vivo loading.

We performed in vivo cyclic compressive loading to the left tibia of 78 week old
female C57B1/6] mice, half of which were treated with 25 mg/kg of Scl-Ab, twice a
week (n=10/group). The right limb was an internal control. A peak load of -9N was
applied at 4Hz for 432 cycles/day, Sdays/week for 2 weeks engendering peak strains of
1200pe on the medial midshaft, measured by strain gauging. Longitudinal microCT at
10.5um resolutionwas performed at day 0, 5, 10, and 15. Trabecular bone volume
fraction (BV/TV), tissue mineral density (Tb vIMD, mg HA/cm3), thickness (TbTh,
um) and separation (TbSp, um) were assessed in the proximal tibia. Principal
moments of inertia (Iyax, Inin), cortical bone area (CtAr, mm?), total cross-sectional
area (TtAr, mm?), area fraction (CtAr/Tt.Ar), thickness (CtTh, um) and tissue
mineral density (Ct vTMD, mg HA/ecm®) were assessed at midshaft. An ANOVA was
used to assess within-subject and between-subject effects and interactions.

By day 15, BV/TV increased significantly in Scl-Ab treated mice with (+89%) and
without (+150%) loading compared to non-treated mice. Similarly, CtAr increased
significantly in Scl-Ab treated mice with (+21%) and without (+27%) loading (Table
1). While Scl-Ab treated mice exhibited significant gains in bone mass, non-treated
mice lost bone mass. Loading attenuated bone loss in non-treated mice; significantly
greater BV/TV, TbTh, CtAr, and CtTh was measured at day 15 (loaded vs. control).
No significant effect of loading was measured inScl-Abtreated mice at day 15. In
summary, loading had a mild effect in maintaining bone mass in elderly mice, which
was not observed when Scl-Ab was administrated since Scl-Ab not only maintained
but also increased bone mass from baseline controls. No additive effect of loading and
Scl-Ab treatment on bone anabolism was observed, suggesting sclerostin may
contribute to loading-induced bone gain in vivo.
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T8 wkold 78 wk old + Scl-Ab

Outcome Loaded Control Loaded Contral
Day 0 (n=10) in=10) {n=10} (=107
Th.BV/TY {mm/mm’) 0025 £ 0.010 002040012 00224000 00222 0.009
Th.Th (pm) YEY] 55+ 11 30+ 10 5111
Th.N {1/mm} 212+0.74 2071021 213024 216025
Th.Sp (pm) 436+ 79 506+ 55 491 £72 490 £ 65
ThaTMD {mg HA/em®) 967 + 46 974 £ 65 977 £ 37 42+ 34
Day 5 (=10} (=10} (=10} (n=10)
ThBVTY (mm’/mm’) 0020 0.006 018 + 0,009 00230013 0021 = 0.009
Th.Th (prm) 5510 55401 54+ 00 LIESE]
Th.N { /mm) 230+0,352 2064022 221024 2.16+0.24
Th.Sp (um} 462 £ 85 505+53 476 £ 65 4BE £ 62
ThaTMD (mg HAem') 970 £ 37 977+ 49 984 £ 33 W6 = 16
Day 10 (n=10) =10y {n=10) {n=10)
ThBVITV (mm’/mm”y T D018 £ 0,005 00016 + 0,006 0025 20,013 00242 0,010
Th.Th (pm) 5T+8 53+ 08 911 55219
Th.N {1/mm} 224033 2044019 2084022 2132029
Th.Sp (pm) 476 £ 50 506 = 60 485 £ 47 475+ 83
ThoaTMD (mg | 1A/em’) 989+ 49 476+ 36 s = 29 975+ 33
Day 15 {n=10) {n=10) {n=10} (=10}
ThBVTY (mm’/mm 1T 0,018 = 0,006 001240006 00340020 003020013
Th.Th ()T 57410 4T+ 14 67411 66217
ThN (1imm) Z16+0.28 1272047 2204029 215030
ThSp (pm) 484+ 52 4602 87 480 = 53 470+ 70
ThoaTMD {mg HA/em") 985 £ 36 9354 103 1016+ 36 987 £ 52

Table 1: Trabecular (Tb) parameters (Mean +SD); ftreatment effect, *loading effect,
p<0.05

Disclosures: David Pflanz, None.
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Effects of Sclerostin Antibody on Tissue Level Strength in oim Mice. Jean-
Pierre _Devogelaer*!, Patrick Ammann®, Mike Ominsky>, Catherine
Behets*, Daniel Manicourt’. 'St. Luc University Hospital, Belgium,
’Division of Bone Diseases, Switzerland, 3Amgen, USA, “Université
Catholique de Louvain, Belgium, Université Catholique De Louvain,
Belgium, Belgium

Available treatments fail to prevent the high rate of limb fractures in children with
osteogenesis imperfecta (OI) type III, a severe genetic condition with poor bone
quality. A sclerostin neutralizing monoclonal antibody (Scl-Ab) markedly reduced
long bone fractures in oim/oim mice, a model of OI type III; therefore, tibiae of OI
mice were analyzed to test the effects of Scl-Ab on bone strength at the level of the
whole bone and for the bone matrix by nanoindentation.

Wildtype (WT) and OI mice (6-week-old) were treated with either Scl-Ab at 25 mg/
kg or vehicle (PBS) twice per week for 10 weeks. Bone mechanical properties of tibia
midshaft were assessed using a three-point bending test as well as by nanoindentation.
Statistical analysis included parametric analysis of variance (ANOVA) followed by
post hoc tests. Data are provided as mean + SEM.

As reported previously, Scl-Ab reduced the number of fractures in upper and lower
limbs in OI mice by 60% (5.2+0.3 versus 2.14+0.2 per mouse; p<<0.001). This effect
corresponded to significant improvements in tibia midshaft cortical thickness (+50%),
ultimate load (+53%), and stiffness (+112%) in Scl-Ab treated OI mice compared to
PBS controls (Table). Similar effects of Scl-Ab were observed in WT mice. Plastic
energy, which reflects tissue brittleness, was lower in the OI mice compared to WT
mice, and significantly affected by Scl-Ab treatment. At the tissue level by
nanoindentation, Scl-Ab increased slightly (+4%) the elastic modulus in both OI
and WT bone whereas Scl-Ab increased modestly tissue hardness (+13% versus PBS)
in WT bone, but not in OI bone.

Although it was unable to change the material properties of the bone matrix in OI
mice, Scl-Ab was able to reduce the rate of long bone fractures by improving bone
mass and whole bone strength. These results suggest that Scl-Ab may have the
potential to reduce fractures in patients with OI.
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Table Effects of Sclerostin Antibody on Tissue Level Strength in oim Mice

Disclosures: Jean-Pierre Devogelaer, None.
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Mechanical Loading and Intermittent Parathyroid Hormone Promote
Osteoblastogenesis, Inhibit Adipogenesis, and have Opposing Effects on
Osteoclast Activity In Periprosthetic Bone. Matthew Grosso*!, Hayden-
William Courtland!, Xu Yang', James Sutherland', Anna Fahlgren',
Eduardo Suero', F. Patrick Ross', Marjolein Van Der Meulen?, Mathias
Bostrom'. "Hospital For Special Surgery, USA, *Cornell University, USA

Mechanical loading and parathyroid hormone (PTH) administration indepen-
dently stimulate bone formation, and are strong candidates for enhancing
osseointegration at the bone-implant surface. An understanding of the effects of
these treatments on periprosthetic bone at the cellular level is crucial to developing
targeted treatment strategies for implant stability. We hypothesized that the effects of
loading and PTH on periprosthetic cancellous bone are anabolic and synergistic when
combined, and that these effects are mediated by enhanced osteoblast differentiation
and proliferation, control of bone turnover, and inhibition of adipogenesis.

Adult rabbits (n=96) underwent surgery to insert a porous titanium implant
directly on the cancellous bone beneath a mechanical loading device on the right and
left distal lateral femur. The right femur was loaded daily, and the left femur received
a sham loading device. Half of the rabbits received daily PTH, and half received
saline. Periprosthetic cancellous bone was processed at 3, 7, 14, and 28 days for gene
expression and histology.

Runx2 mRNA, a transcription factor that promotes osteoblastogenesis, increased
with loading (1.5 fold, p=0.007). PTH treatment decreased SOSTmRNA, an inhibitor
of Wnt signaling, (-2 fold, p=0.01), and increased B-catenin levels (1.5 fold, p=0.009).
SOSTmRNA decreased and B-catenin levels increased with loading (SOST: -1.5 fold,
p=0.10, B-catenin: 1.5 fold, p=0.10) but did not reach significance. PPARy, a
transcription factor that promotes adipogenesis, decreased with PTH treatment (-2.5
fold, p=0.021) and loading (-2 fold, p=0.023), but the effect was not additive or
synergistic (Fig. 1). With loading, osteoclast number decreased (-1.5 fold, p=0.007),
and was supported by increased OPG levels (2 fold, p=0.02). Conversely, PTH
increased RANKL levels (1.5 fold, p=0.23), and osteoclast number (2.5 fold, p=0.03)
(Fig. 2).

Mechanical loading and PTH exhibit similar effects in periprosthetic bone; they
promote osteoblast activity and inhibit adipogenesis, acting at least in part through
the Wnt signaling pathway. Although these pathways were similar, no synergistic
effect between PTH and loading was seen at the molecular or cellular level. However,
we found that mechanical loading reduces osteoclast number, in contrast to the pro-
resorptive PTH effects, which may allow for a net additive effect on bone formation at
the tissue level in this model of implant osseointegration.
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Figure 1

Figure 2

Disclosures: Matthew Grosso, None.
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Spatial Patterns of Src Activity Differ in Response to Mechanical Loading or
EGF in Osteocytes. Julia Hum* !, Suzanne Youngz, Richard Day', Fredrick
Pavalko'. 'Indiana University School of Medicine, USA, ’Indiana
University, USA

Mechanotransduction is the process by which a mechanical load is detected by
osteocytes and osteoblasts at the cellular membrane and results in changes of gene
transcription. However, the exact mechanism(s) of transmitting a physical stimulus to
the nucleus is unknown. Src, a tyrosine kinase, is activated in response to mechanical
loading and epidermal growth factor (EGF) treatment. We suggest that Src is an
important mediator of mechanotransduction in osteocytes. To further investigate the
role of Src during mechanical loading, we compared Src’s pattern of activity in
response to both oscillatory fluid shear stress (OFSS) and EGF treatment in live
osteocytes using Forster Resonance Energy Transfer (FRET). A novel Src biosensor
labeled with fluorescent probes (FP) at both C- and N-terminus was used. The activity
of the Src biosensor was monitored via fluorescent lifetime imaging microscopy
(FLIM). FLIM images dynamic real-time protein interactions and is capable of
displaying sub-cellular locations of Src activity in live osteocytes. Src activity was
assessed by measuring the FP’s lifetime (nanoseconds). An inactivate Src mutant
biosensor displayed no change in Src activity in response to OFSS or EGF treatment.
However, in response to 5 minutes of OFSS, the Src biosensor displayed a distinct
pattern of Src activity at 10, 15 and 20 minutes post OFSS. Src activity was
significantly greater at the membrane after 10 minutes post OFSS as compared to
static controls (p<<.001). At 15 minutes post OFSS, Src activity was significantly
greater in the cytoplasm (p<<.001) and at 20 minutes post OFSS Src activity was
significantly greater in the nuclear/perinuclear region (p<<.001). In contrast, after 10
minutes of EGF treatment, Src activity significantly increased at the membrane
(p<<.001), but otherwise was uniformly increased throughout the osteocytes compared
to static controls. Our data reveals, for the first time in live osteocytes, that OFSS and
EGF treatment initially induces Src activity near the cell membrane, but with time
OFSS increased Src activity in the cytoplasm and nuclear/perinuclear regions of the
cell.
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Spatial patterns of Src activity in osteocytes in response to mechanical loading or
EGF

Disclosures: Julia Hum, None.
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Deletion of Sirtuin 1 in Mature Osteoblasts Increases the Anabolic Response
to Mechanical Loading in vivo, but Inhibits Wnt Signaling in vitro. Nicole
Fleming', Jonathan Gali!, Kellen Sakala', Katherine Matthews', Jeffry
Nyman?, Daniel Perrien*?. 'Vanderbilt University, USA, 2Vanderbilt
University Medical Center, USA

Sirtuin 1 (Sirtl) is a Class III histone deacetylase that we and others have
previously shown to regulate bone homeostasis via direct actions in both osteoblasts
(Ob) and osteoclasts. Sirtl is also expressed in osteocytes (Ot) in murine bone, but its
role there is unknown. Inhibition of Sirt]l has been shown to inhibit B-catenin
mediated Wnt signaling, a critical mediator of mechanical adaptation in bone, via
decreased expression of multiple disheveled proteins. Hence, we sought to understand
the role of Sirtl in the in vivo adaption of bone to increased mechanical load. Sirt1©®"
and Sirt1°" mice were created by crossing 2.3kb-Collol-cre mice or 10kb-DMP-cre
mice, respectively, with Sirt1" mice and inbreeding. As previously described,
Sirt19°” mice have mild but significant low bone volume phenotype. However,
neither the trabecular nor cortical phenotypes were significantly altered in Sirt1°"
mice. Dynamic axial loading was performed on the left tibia of 3-month old male
Sirt19°7, Sirt1°%", or respective Sirt1°* littermates 3 days per week for 3 weeks.
Mechanical loading significantly increased periosteal BFR and MS/BS in the tibial
diaphysis compared to the non-loaded tibia in all genotypes. Surprisingly though, the
load-induced increase in bone BFR and MS/BS was significantly greater Sirt1©®”
mice compared to both Sirt11°* and Sirt1°* mice (p<0.05). The anabolic response in
Sirt1"°* and Sirt1°*" mice was not significantly different. To determine the effect of
Sirtl deletion on Wnt signaling in Ob, wild type (WT) and Sirtl” primary calvarial
Ob were treated with vehicle, Wnt3a, or LiCl for 24 hours and the expression of sFrp2
was determined by RT-qPCR as an indicator of canonical Wnt signaling. As expected,
both Wnt3a and LiCl significantly decreased the expression of sFrp2 in WT Ob
(p<<0.01). However, the ability of both factors to suppress sFrp2 expression was
significantly reduced in the absence of Sirtl (p<<0.05). While Wnt signaling is largely
associated with increased osteogenesis, others have shown that Wnts inhibit late stage
differentiation of and mineralization by osteoblasts. These results suggest that
deletion of Sirtl in Collal-expressing, mature osteoblasts increases the anabolic
response to mechanical loading by preventing the inhibitory effects of increased Wnt
signaling in mature osteoblasts.

Disclosures: Daniel Perrien, None.
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Lipocalin2 Is a New Osteoblast Mechano-Responding Gene That Regulates
Osteoblast Differentiation and Osteoblast-Induced Osteoclastogenesis.
Mattia Capulli*', Nadia Rucci’?, Anna Teti’. 'Department of
experimental Medicine, University of L’Aquila, Italy, 2University of
L’Aquila, Italy

In a global transcriptome analysis of mouse calvarial osteoblasts subjected to
simulated microgravity (0.008g), Lipocalin-2 (LCN2) was the most upregulated gene
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(>8-fold) vs control (1g), suggesting a role in the response of osteoblasts to reduced
mechanical loading. The enhanced expression of LCN2 correlated with an impaired
osteoblast differentiation, as demonstrated by a decreased mRNA expression of
Runx2, Sfrp2, Wisp2 and genes encoding for bone matrix proteins. Since the
physiologic functions of LNC2 remain poorly understood and its role in bone is
unknown, we transduced primary mouse osteoblasts with LCN2-expression-vector
(Len20BS) and investigated their phenotypic alterations. We observed that Runx2
and its downstream genes Osterix and Alp were downregulated in Len2OBS vs empty-
vector transduced osteoblasts (emptyOBS) (-72%,-80% and -83%, respectively).
Moreover, ALP activity was less prominent (-46%), thus indicating a less
differentiated osteoblast phenotype. Len20OBS also exhibited an increase in Rankl/
Opg ratio and IL-6 mRNA expression (8- and 5.3-fold increase, respectively),
suggesting that LCN2 up-regulation could link poor osteoblast differentiation with
enhanced osteoclastogenesis. Consistently, incubation of purified mouse bone marrow
macrophages with conditioned media from Lcn20OBS, or their co-culture with
Lcn20BS, enhanced osteoclast formation compared to emptyOBS (5- and 2-fold
increase, respectively). LCN2 could have an autocrine-paracrine effect given that
osteoblasts expressed the LCN2 receptors, megalin and 24p3r, both at transcriptional
and protein level. The mechano-responding properties of LCN2 were confirmed in
three animal models of reduced mechanical loading-induced bone loss: tail
suspension, treatment with the muscle paralysis inducer botox, and dystrophic
MDX mice. Len2 mRNA was upregulated in the bones of all three models relative to
controls (147-, 96- and 5.8-fold increase, respectively), with increased protein level
confirmed in the botox-treated mice. Moreover, increase of mechanical loading in
MDX mice, obtained by treadmill physical exercise, returned the LCN2 expression
levels to those observed in WT mice. Our in vivo and in vitro data indicate that LCN2
could be a novel osteoblast mechano-responding gene and that its regulation appears
to be central to the response of the bone tissue to low mechanical forces, inducing
both poor osteoblast differentiation and increased osteoblast-mediated osteoclasto-
genesis.

Disclosures: Mattia Capulli, None.
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Breast Cancer-induced Osteolytic Bone Lesions are Inhibited by TGF-p
Signaling in Osteoclasts, but not Inhibited when Targeted to Osteoblasts.
Xiaohong Li*l, Jeffry Nyman®, Alyssa Merkell, Kang-Hsien Fan', Neil
Bhowmick®, Lynn Matrisian®, Julie Sterling®. 'Vanderbilt University, USA,
2Vanderbilt University Medical Center, USA, 3Cedars-Sinai Medical
Center, USA, “The pancreatic cancer action network, USA, *Department
of Veterans Affairs (TVHS)/Vanderbilt University Medical Center, USA

TGF-B is abundant in the bone environment and plays a critical role in the
“vicious cycle” of osteolytic bone metastasis; TGF-f stimulates the cancer cells to
activate osteoclasts, causing bone degradation and the release of more TGF-f from
the bone matrix. Systemic delivery of TGF-f inhibitors or neutralizing antibodies has
been shown to reduce tumor burden and lytic bone lesions caused by breast cancer
(BCa) and melanoma cells. However, TGF-f also directly effects the proliferation and
differentiation of osteoblasts and osteoclasts, and we hypothesized that cell specific
TGF-p signaling in the bone microenvironment has distinct and complex roles in BCa
bone metastasis.

Through both gain-of-function and loss-of-function approaches, genetically
engineered mouse (GEM) models were used to delineate the role of mesenchymal
cell (Mes) or myeloid cell (Mye) specific TGF-f signaling on BCa-induced osteolytic
bone lesion development. Lysozyme M promoter-driven Cre was used to induce the
ablation of the TGF-p type II receptor (Tgfbr2) or constitutively active TGF-p type I
receptor (T%fbrl) in mature macrophages, granulocytes and osteoclasts [LysM/
Tgfbr21oxEMxEL/R o5a26/Rag2” (Tgfb_off_Mye) and LysM/Tgfbr1 %P/ Rosa26/
Rag2”" (Tgfb_on_Mye).]. Using the ER-regulated collagen promoter, the adminis-
tration of tamoxifen activates Cre in fibroblasts, osteoblasts and chondrocytes
[ColTER T2 MoxEX/MoxE2 R o5a26/Rag2”" (Tgfb_off_Mes) and Col™ER/
Tefbr1 ™%P/Rosa26/Rag2” (Tgfb_on_Mes)]. MDA-MB-231 BCa cells were injected
into the tibiae of the GEMs and their respective Cre- controlled, immunodeficient
mice. Host mice tibiae were imaged by Faxitron weekly up to 4 weeks post injection
and bone lesion number and area was analyzed using Metamorph.

We found that lytic bone lesion development was significantly reduced in
Tgfb_on_Mye mice compared to control mice (p=0.007); and correspondingly a
significant increase in lytic bone lesions was observed in the Tgfb_off Mye mice
compared to control mice (p=0.009). In contrast, MDA-MB-231 cells induced more
Iytic lesions in Tgfb_on_Mes mice compared to control mice, while fewer lesion
number and lesion area were observed in Tgfb_off Mes mice. All statistics were
applied by mixed effect model analysis. The results suggest that TGF-f signaling
activation in osteoblasts is pro-osteolytic, but TGF-f signaling in osteoclasts is anti-
osteolytic in this model of breast-to-bone metastasis.

Disclosures: Xiaohong Li, None.
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SOST Inhibits Prostate Cancer Invasion. Bryan Hudson*!, Gabriela Loots>,
Nick Hum', Cindy Thomas'. 'Lawrence Livermore National Laboratory,
USA, Lawrence Livermore National Laboratory, UC Merced, USA

In addition to its role in bone development, metabolism, and repair, the WNT
signaling pathway is also implicated in cancer oncogenesis. Several inhibitors of WNT
signaling, including dickkopf homolog 1 (DKKI1), Wnt inhibitory factor 1 (WIF1),
and secreted frizzled protein (sFRP), have been shown to be involved in prostate
cancer (PC) metastasis; however the role of sclerostin (SOST) has not yet been
explored. We examined human PC cells (PC3 and C4-2Bm) and healthy human
prostate epithelial cells (HPrEC) to investigate the role of SOST in PC proliferation
and invasion through the addition of recombinant proteins (rhSOST and rhDKK1)
and in co-cultures with primary osteoblasts (OBs) isolated from mice lacking either
the WNT co-receptor Lrp5 (Lrp5 KO) or the WNT inhibitor Sost (Sost KO). We also
conducted a whole-genome survey in PC3 to identify molecular changes as a function
of PC3-OB co-culture. Here we report that rhSOST dramatically inhibits the invasive
properties of both PC3 and C4-2Bm cells, without effecting cell proliferation or
viability. In contrast, we found that thDKKI significantly increases invasion. Our
data also shows that PC3 and C4-2Bm cells co-cultured with OBs derived from Sost
KO mice exhibit increased invasion; an effect reversed in co-cultures with Lrp5 KO
derived OBs. Gene expression analysis showed that major factors known to be
involved in invasion, such as MMP2, are up-regulated in PC3 cells co-cultured with
Sost KO OBs and down-regulated in Lrp5 KO, further implicating the direct
involvement of WNT signaling in matrix degradation and cancer invasion. In support
of this hypothesis, inhibition of MMP2 was sufficient to block the increased invasion
of PC3 in PC3-OB/Sost KO co-cultures. These results were further examined in vivo,
following intrafemoral injections of PC3 cells in 8-week old control (WT), Lrp5 KO,
and Sost KO mice, to determine if the host genotype alters the process of bone tumor
formation. Consistent with the in vitrro data, we found Sost KO mice to be more
susceptible to tumor formation and growth while the Lrp5 KO mice showed a reduced
susceptibility relative to WT. These findings support the hypothesis that the WNT
signaling pathway is a critical component of prostate cancer metastasis to bone. In
addition, we show that PC invasion is strongly reliant on SOST availability, where
loss of SOST and hyperactive WNT activity in osteoblasts and bone tissue increases
the ability of PC to invade and form tumors.

Disclosures: Bryan Hudson, None.

1087

Metformin Targets Tumor Cells and the Microenvironment to Prevent
Prostate Cancer Initiation and Growth in Bone. Tunde Akinyeke*', Tunde
Akinyeke', Xinying Wang', Satoko Matsumura', Himaly _Shinglot',
Rupak Bhatt!, Anjana Saxena’, Wenbo Yan3, Xin Li'. 'New York
University, USA, 2CUNY-Brooklyn College, USA, *Nyack College, USA

Prostate cancer is the second leading cause of cancer-related death in American
men and many prostate cancer patients develop bone metastasis. Current treatment
modalities for metastatic prostate cancer are mostly palliative with poor prognosis.
Epidemiological studies indicated that patients receiving diabetic drug metformin
have lower prostate cancer risks and better prognosis, suggesting that the metformin
may have anti-neoplastic effects. However, the mechanism by which metformin
impedes prostate cancer initiation and progression is unknown. The amplification of
MYC oncogene plays a key role in early prostate epithelia cell transformation and
prostate cancer growth. The objective of this study is to investigate the effect of
metformin on MYC expression and prostate cancer progression. Our results
demonstrated that: (1) Metformin selectively inhibited the growth of prostate cancer
cells by stimulating cell cycle arrest and apoptosis without affecting the normal
prostatic epithelial cells (RWPE-1) growth. (2) In Myc-CaP mouse prostate cancer
cells, metformin decreased MYC protein levels by 50% through protein degradation
and inhibition of de novo protein synthesis. (3) In human prostate cancer cells that
either develops osteoblastic lesion (C4-2b) or osteolytic lesion (PC-3), metformin
significantly decreased MYC at mRNA and protein levels. (4) In Hi-Myc mice which
display murine prostate neoplasia and cancer highly resembling the progression of
human prostate tumors, metformin (250mg/kg/d, 4wks) reduced MYC protein levels
in prostate glands and attenuated prostate intraepithelial neoplasia (PIN, the pre-
cancerous lesion of prostate). (5) In athymic mice with tumors from intra-tibia
injection of C4-2b cells, metformin treated group showed a significant reduction of
tumor burden in the tibia with decreased levels of serum IGF-1 (a growth factor
stimulates tumor growth) and TRAP5b (a bone resorption marker). Consistently,
metformin suppressed RANKL expression in primary osteoblasts indicating inhibited
osteoclasteogenesis. In conclusion, our novel findings demonstrate that metformin
inhibits prostate cancer growth associated with down-regulation of MYC. Im-
portantly metformin also alters bone microenvironment to suppress bone resorption
and IGF-1 levels. Taken together, our data strongly suggest that metformin may act
as a chemopreventive agent to restrict prostate cancer initiation as well as a
chemotherapy agent to inhibit its growth in bone.

Disclosures: Tunde Akinyeke, None.
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PLCy2/B-catenin Pathway Controls Myeloid-Derived Suppressor Cells to
Promote Bone Metastasis Independent of the Osteoclasts. Aude-Helene
CAPIETTO*', SEOKHO KIM?®, Deborah Novack®, Roberta Faccio’.
"Washington University School of Medicine, USA, >Washington
University in St Louis School of Medicine, USA, *Washington University
in St. Louis School of Medicine, USA

Osteolytic bone metastases remain a clinical challenge even with anti-resorptive
therapies. We have recently shown that PLCy2” mice have increased bone tumor
burden despite defective osteoclasts. These findings suggest that skeletal metastases
are modulated by other cells in addition to osteoclasts. Gr-1"CD11b* Myeloid-
Derived-Suppressor Cells (MDSC) promote tumor dissemination mainly by suppres-
sing anti-tumor T-cell responses. We found aberrant expansion of MDSC and reduced
T-cell activation in Bl6-melanoma-bearing PLCy2”" mice. To determine whether
MDSC promote tumorigenesis in PLCy2”" mice, we adoptively transferred MDSC
isolated from PLCy2”" or WT mice into tumor-bearing WT mice. Animals receiving
PLCy2”-MDSC displayed greater expansion of MDSC in the spleen and increased
tumor burden compared to mice receiving WT-MDSC. Importantly, PLCy2"-MDSC
were more efficient than WT cells to suppress CD8" T-cell proliferation, via increased
ROS and NO production. Thus, increased activation of MDSC promotes tumor
growth in bone even in the absence of functional osteoclasts. Further confirming that
MDSC expansion involves PLCy2 pathway, phosphorylation of PKC, a downstream
target of PLCy2, was decreased in MDSC isolated from tumor-bearing WT mice
compared to non-tumor controls. PKC phosphorylation was further reduced in
PLCy2"" MDSC isolated from tumor-bearing mice. Since PKC has been shown to
modulate B-catenin (B-cat) stabilization, we analyzed B-cat expression in WT and
PLCy2”" MDSC following tumor inoculation. PLCy2”- MDSC displayed reduced f-
catenin levels in vivo and in vitro compared to WT cells. Consistent with a functional
role for this protein, deletion of B-catenin in myeloid cells (LysMCre/B-cat.cKO) led
to a 2-fold increase in MDSC numbers and enhanced tumor burden. By contrast, mice
expressing constitutive active B-catenin in myeloid cells (LysMCre/p-cat.CA) have
reduced tumor growth compared to control mice.

In conclusion, our data indicate that PLCy2/B-catenin pathway is critical for
MDSC-mediated tumor escape from immune control. Because bone metastases are
often refractory to current cancer therapies, including anti-resorptive agents, targeting
MDSC and PLCy2/B-catenin pathway may represent a new therapeutic avenue for
bone metastases.

Disclosures: Aude-Helene CAPIETTO, None.
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miR-192 Impairs Osteolysis and Metastatic Angiogenesis by Novel Micro-
vesicular Transfer Mechanisms. Karmele Valencia*!, Diego Luis-Ravelo?,
Nicolas Bovy®, Susana Martinez-Canarias®>, Carolina Zandueta®, Iker
Anton', Ingrid Struman®, Sebastien Tabruyn®, Eva Bandrés®, Fernando
Lecanda'. 'Foundation for Applied Medical Research, Spain, “Center for
Applied Medical Research, Spain, *GIGA Research, Molecular Biology &
Genetic Engineering Unit, University of Liége, Belgium, *Fima University
of Navarra, Spain

Emerging evidence suggests that miRNAs (miR) can modulate a complex gene
network in cell-intrinsic and extrinsic manner through their secretion into
microvesicles (MV) and cargo transfer to target tissues. We previously identified
miR192 as heavily downregulated in different highly metastatic subpopulations
(HMS) isolated from bone metastases, but its mechanistic contribution remains
unknown.

Overexpression of miR192 in HMS led to stunted decrease invasiveness and
metalloproteolytic activity as compared to mock transduced cells whereas cell growth
kinetics was unaltered. To delineate the pleiotropic functions of miR192 in metastatic
activity, after intracardiac inoculation in nude mice, bioluminescence imaging (BLI)
showed a dramatic decrease in skeletal tumor burden in mice injected with miR192
and a marked reduction in osteolytic lesions assessed by X-rays and pCT scans. To
explore its role in bone colonization, we intratibially injected (i.t.) miR192 cells.
Significant decrease in BLI was associated with a decrease in osseous tumor burden in
mice injected with miR192 cells. Growth kinetics and apoptosis of tumor cells were
unaffected in vivo. Interestingly, the number TRAP™ cells were impaired in mice
injected with miR192 cells. Transcriptomic analysis identified prosteoclastogenic
factors repressed in miR192 derived tumors. Incubation with conditioned medium
derived from miR 192 tumor cells, but not with MV, showed a decrease TRAP™ cells in
vitro. Furthermore, metastasis-induced angiogenesis was also severely deranged in
mice i.t. with miR192 cells. To assess the contribution of miR192 released in MV, we
isolated MV from mock and miR-192 overexpressing cells. Interestingly, miR192 was
detected by qPCR in CD63-rich MV of _100 nm in size by electron microscopy. MV
transfer to endothelial cells (HUVEC) was demonstrated after MV-fluorescent
labelled incubation. Cargo transfer to HUVEC was demonstrated by incubation with
MV-derived from cells overexpressing a non-human miR. Incubation of HUVEC with
miR192-derived MV led to decreased endothelial proliferation, migration and
tubulogenesis. Moreover, miR192 in HUVEC repressed key proangiogenic ILS,
CXCL1 and ICAMI factors leading to impaired angiogenesis.

Thus, bone metastatic colonization is achieved by novel multimodal mechanisms
mediated by miR192 governing tumor cell dependent functions, and non-cell
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autonomously regulated tumor—induced osteolysis and angiogenesis by microvesicular
transfer.

Disclosures: Karmele Valencia, None.
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Measles Virus Nucleocapsid Protein (MVNP) Induction of TANK Binding
Kinase 1 (TBK1) Activity Contributes to the Development of Pagetic
Osteoclasts. Quanhong Sun*!, Feng-Ming Wang®, Benedicte Sammut?,
Jolene Windle*, G. David Roodman?, Deborah Galson'. ]University of
Pittsburgh, USA, ’Indiana University, USA, 3University of
PittsburghHillman Cancer Center, USA, 4Virginia Commonwealth
University, USA

Paget’s disease (PD) is characterized by abnormal osteoclasts (OCL) with a pagetic
phenotype that includes: increased sensitivity of OCL progenitors to 1,25(OH),Ds,
RANKL and TNFu, increased OCL and nuclei/OCL, enhanced resorption capacity,
increased expression of IL-6 and the transcription factors TAF12 and ATF7. We have
recently reported that MVNP plays a key role in the development of abnormal OCL
in PD patients expressing p627>*>F, the key mutation linked to PD. Further, we have
also shown that MVNP can induce the pagetic OCL phenotype in vitro and in vivo in
TRAP-MVNP transgenic mice. However, the molecular mechanisms by which
MVNP induces a pagetic OCL phenotype have not been determined. TBK1 and 1kB
kinase-epsilon (IKKeg) are IKK-related family members which physically interact with
MVNP and can activate both the IRF3 and NF«B pathways. We found that both
TBK1 and IKKeg were increased early in OCL differentiation, suggesting a possible
role in normal osteoclastogenesis. However, only TBK1 is further increased in OCL
precursors from TRAP-MVNP mice compared to wildtype (WT) mice. TBK1
overexpression induced IL-6 reporter expression in both HEK293 and NIH3T3 cells,
and even elevated endogenous IL-6 mRNA in both NIH3T3 and the pre-
osteoclastogenic cell line RAW264.7. Knockdown of TBK1 with shRNA lentivirus
impaired MVNP-induced IL-6 secretion as well as decreased TAF12 and ATF7 levels
in NIH3T3 cells. The pharmacological TBK1/IKKe catalytic activity inhibitor BX795
dose-dependently inhibited IL-6 RNA production in MVNP-NIH3T3 much more
than in EV-NIH3T3. Further, BX795 administered after 1 day of RANKL treatment
of bone marrow monocytes (BMM) also blocked the MVNP-induced increased IL-6
expression in cells from TRAP-MVNP mice compared with cells from WT mice when
assayed 24 hr later. Importantly, knockdown of TBK1 in BMM from TRAP-MVNP
and WT mice prior to RANKL addition impaired development of the MVNP-
induced OCL pagetic phenotype, including altered IL-6 expression, TRAP-positive
OCL numbers, and expression of OCL differentiation markers. Further, our study
also indicated that MVNP modulates TBK1 expression by affecting the stability of
both TBK1 mRNA and protein, which is dependent on IL-6, indicating a positive
feedback loop. These results demonstrate that TBK1 plays a critical role in mediating
the effects of MVNP on the expression of TAF12, ATF7, and IL-6, key contributors
to the pagetic OCL phenotype.

Disclosures: Quanhong Sun, None.
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Ten-Year Cumulative Incidence of Second Hip fracture in Women and Men.
The Norwegian Epidemiologic Osteoporosis Studies (NOREPOS). Tone
Omsland*', Nina Emaus®, Grethe S. Tell 3, Luai Ahmed®, Jacqueline
Center’, Clara Gijesdal®, Siri Forsmo’, Berit Schei’, Anne Johanne
Sogaaard®, Haakon Meyer®. lUnversity of Oslo, Norway, 2University of
Tromsoe, 9037 Tromso, Norway, >University of Bergen, Norway, *Faculty
of Health Sciences, University of Tromse, Norway, SGarvan Institute of
Medical Research, Australia, “Haukeland University Hospital, Norway,
"Norwegian University of Science & Technology, Norway, *Norwegian
Institute of Public Health, Norway

Purpose: The purpose of the present population study was to examine the 10-year
risk of second hip fracture by gender and investigate the impact of mortality in
relation to second hip fracture risk.

Methods: All hip fractures (cervical, trochanteric or sub-trochanteric) treated in
Norwegian hospitals between 1994 and 2008 were retrieved through patient
administrative systems. Hip fractures sustained between 1994 and 1998 were excluded
to minimize misclassifications of the second hip fractures. Thus, all subjects with a
first hip fracture between 1999 and 2008 were included (n=81,867). Data were
analyzed with standard Cox proportional hazard regression and re-analyzed with
competing risks regression with death as the competing event of second hip fracture.
Mortality following first hip fracture was analyzed by Cox regression adjusted for age.
Time in the survival analyses was calculated as date of first fracture to date of event
(second hip fracture or death) or censoring (emigration, end of study, (death)).
Cumulative incidences were obtained from competing risks analyzes adjusted for age.

Results: A total of 6,161 women and 1,782 men, sustained a second hip fracture
during the 10 years after the first hip fracture. Median time between first and second
hip fracture, was 1.5 years in women and 1.2 years in men. The crude incidence rate
per 10,000 person years of second hip fracture was 379 (95% Confidence Interval (CI):
370-389) in women and 333 (95% CI: 318-349) in men.The overall age-adjusted hazard
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ratio (HR) of sustaining a second hip fracture in women versus men was not
significant (HR = 1.03 (95% CI: 0.98-1.09)). The age-adjusted overall mortality after a
first hip fracture was 77% (95% CI1:73-80) higher in men compared to women. When
accounting for competing risk of death, the age-adjusted HR of a second hip fracture
was 1.40 (95% CI: 1.33-1.48) in women versus men. The 10-year cumulative incidence
of second hip fracture was 15% in women and 11% in men.

Conclusions: Although incidence rates of second hip fractures were almost similar
in women and men, the 10-year risk of a second hip fracture was 40% higher in women
compared to men when competing risk of death was taken into account. The gender
difference was explained by a higher mortality in men.

Disclosures: Tone Omsland, None.
This study received funding from: The Research Council of Norway
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Contribution of Refracture to Early Fracture-Associated Mortality. Dana
Bliuc*, Nguyen Nguyen, Tuan Nguyen, John Eisman, Jacqueline Center.
Garvan Institute of Medical Research, Australia

Background: Following an initial fracture, there is a 2-fold increased risk of re-
fracture and an increased risk of premature mortality not just restricted to hip and
vertebral fractures. However, the extent to which the re-fracture contributes to, and
timing of, excess mortality is unknown. This study examined the additional premature
mortality associated with re-fracture following all osteoporotic fractures.

Methods: 1295 subjects aged 60+ from the Dubbo Osteoporosis Epidemiology
Study with initial fractures were followed for re-fracture and mortality (1989-2010).
Competing risk analysis was used to examine re-fracture, mortality and mortality
following re-fracture for hip, vertebral and non hip non vertebral fractures.

Results: There were 358 re-fractures and 487 deaths in women and 90 re-fractures
and 206 deaths in men over 5779 p-yrs in women and 1886 p-yrs in men. Following a
non-hip non-vertebral fracture in women, 52% of all subsequent fractures were either
hip or vertebral. In men this fraction was 49%. Most of the re-fractures and premature
mortality occurred in the first 5 years post initial fracture. Excess mortality in the first
5 yrs (above that expected for age and sex) was highest for hip fractures (8.1/100 p-yrs
in women and 16.7/100 p-yrs for men). Of all the excess deaths, 25% in women and
20% in men occurred after a re-fracture. Following a vertebral fracture, excess deaths
were 2.8/100p-yrs for women and 8.4/100 p-yrs for men. However, over 30% of all
deaths for both women and men followed a re-fracture. For non-hip non-vertebral
fractures, excess deaths were 1.8/100 p-yrs in women and 3.7/100 p-yrs in men with
30% of these deaths in women and 25% in men following a re-fracture. Population
attributable risk of mortality was similar for all fracture types due to the larger
number of non-hip non-vertebral fractures (13-18% in women and 25-29% in men).

Conclusion: There is a high premature mortality associated with all osteoporotic
fractures occurring predominantly in the first 5 years post initial fracture. However,
up to 20-30% of this early premature mortality occurs after a re-fracture with higher
percentages following re-fractures after initial non hip fractures. This highlights the
vital importance of re-fracture in overall fracture-associated mortality particularly in
the immediate post fracture period and thus underscores the urgency for early
intervention for all fracture types.

Disclosures: Dana Bliuc, None.
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Clinical Characteristics Among Patients with Different Femur Fracture
Subtypes. Suzanne Morin*', Claudie Berger', Jacques Brown?, William
Leslie3, Michelle Wa114, Lisa Langsetmo’, Stephanie Kaiser®, Jerilynn
mz Robert Josse®, David Hanley®, Alexandra Papaioannou'’, Jonathan
Adachi'', Christopher Kovacs'?, K. Shawn Davison'?, W.P. Olszynski'*,
Tanveer Toweed'’, David Goltzman'. 'McGill University, Canada,
2CHUQ Research CentreLaval University, Canada, >University of
Manitoba, Canada, *McGill University Health Center Research Institute,
Canada, *Canandian Multicenter Osteoporosis Study, Canada, *Dalhousie
University, Canada, 7University of British Columbia, Canada, ®St.
Michael’s Hospital, University of Toronto, Canada, °University of
Calgary, Canada, 1Hamilton Health Sciences, Canada, ''St. Joseph’s
Hospital, Canada, 2Memorial University of Newfoundland, Canada,
3L aval University, Canada, "“Midtown Professional Center (#103),
Canada, "*Queen’s University, Canada

Background: Variations in risk factors associated with femoral neck (FN) and
intertrochanteric (IT) fractures have been well described. Similar characterization has
not been carried out in individuals who sustain subtrochanteric (ST), diaphyseal (D)
or periprosthetic (PP) femur fractures.

Objectives

We compared clinical and densitometric predictors associated with subtypes of
femur fractures in the prospective population-based Canadian Multicentre Osteo-
porosis Study (CaMos).

Method: We identified all CaMos participants age 50 years and older, who
sustained an incident femur fracture, as confirmed by a radiologist’s report. We
assessed differences in clinical variables and in bone mineral density (BMD) between
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groups (FN- IT vs ST- D fractures, and PP vs non-periprosthetic ((NPP]) recurrent
femur fractures after initial repair. We used logistic regression analyses to determine
predictors for ST-D compared to FN-IT fractures and for PP compared to NPP
recurrent femur fractures.

Results: We identified 270 femur fractures in 246 participants (women: 79%; low
trauma: 85%) during 14 years of follow-up. Initial fractures of the ST and D regions
were infrequent (8%). There were 16 PP fractures (17%), 6 of which were D. Age, body
mass index (BMI), BMD and FRAX scores at baseline were similar between groups.
However, when compared to participants with FN-IT fractures, those with ST-D
fractures tended to be less sedentary (1.2 hours/day less; 95% Confidence Interval [CI]:
-0.1; 2.4), have lower intakes of supplemental calcium (113 mg/day less; 95% CI: -24;
249) and vitamin D (260 1U/day less; 95% CI: 35; 486) and more frequent use of
bisphosphonates (Table). Among the 24 subjects with recurrent femur fractures
(women: 79%, low trauma: 100%), 9 were PP (5 D) with 5 re-fractures occurring
within 12 months of the index fracture. In logistic regression analyses, bisphosphonate
use at the time of fracture and bisphosphonate use between cohort entry and index
fracture were associated with a higher risk of ST-D fractures (Odds Ratio [OR] 3.8;
95% CI: 1.4; 10.4 and OR 3.1; 95% CI: 1.1; 9.0, respectively) compared to FN-IT
fractures. Higher BMD at the femoral neck was associated with higher risk PP
fracture vs NPP recurrent fractures.

Conclusion: ST-D femur fractures are infrequent but are associated with different
predictors than FN-IT fractures. PP fractures, particularly of the diaphyseal region,
frequently follow a recent hip fracture repair.

Table Characteristic in participants with a first fermur FN- [T, D-ST fractures

(Isolated fractures of greater trochanter, lesser trochanter, distal femur not
included: N=19)

Femoral Neck- Subtrochanteric-

Intertr

phy
Nuld

N= 208

Women, N (%) 162 (78) 15(79)
Age (SD), years 73.0 (8.6) G9.8(10.2)
BMD L14 (SD), gfcm? 0.873(0.177) 0863 (0.547)
BMD Femoral Neck (SD), gfem? 0.620(0.108) 0,639 (0,138)
BMD Total Hip (SD), g/em? 0758 (0141) 0,772 (0,147)
Sedentary hours/day, (SD) 141 (3.1) 129 (2.6)
Vitamin D, (SI) 1U/day 387 [1472) 126 (233)
Calcium, (SD0) mg/day 242 (364) 129 (283)
FRAX, major fracture 16(11) 16(13)
FRAX, hip fracture (8] 7(10)
Low Traums (%) 177 (87) 15(79)
Bisphosphonate use at time of 76 (& 3 (68)
fracture (%) see e
Cumulative bisphosphonate use
at time of fracture (%)
None
11’:.3&.\:5 110(53) 5 (26)
=4 years sae 380

years 47 (23) 7(37)

Disclosures: Suzanne Movin, None.
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Change in Bone Mineral Density (BMD) Does Not Improve Fracture
Prediction Beyond Baseline BMD. Sarah Berry*', Elizabeth Samelson?,
Robert McLean®, Kerry Broe*, L. Adrienne Cupples®, Douglas Kiel®.
"Hebrew SeniorLife/Beth Israel Deaconess Medical Center, USA, *Hebrew
SeniorLife, Harvard Medical School, USA, *Hebrew SeniorLife Institute
for Aging Research & Harvard Medical School, USA, “Institute for Aging
ResearchHebrew SeniorLife, USA, *Boston University School of Medicine,
USA, ®Hebrew SeniorLife, USA

Purpose: Recent studies question whether a repeat BMD screening test is beneficial
in older women. The purpose of our study was to examine whether change in BMD,
independent of baseline BMD, predicts fracture in a population based cohort of older
men and women. We further examined whether certain subgroups are more
vulnerable to fracture in the setting of bone loss.

Methods: Participants included 492 women and 310 men in the Framingham
Study with baseline and 4-yr follow-up BMD at the femoral neck (1987-1999) and no
prior hip fracture. Hip fractures were confirmed with medical records, and non-hip
fractures were self-reported. Follow-up time was calculated from time of the second
BMD assessment until fracture, death, or 10 yrs. Cox regression models were used to
calculate hazard ratios (HR) for the association between annual percent BMD loss
and risk of fracture adjusting for baseline BMD and other covariates. We used logistic
regression to calculate areas under the curve (AUCs) to determine whether a model
with baseline BMD was improved by including BMD change. In secondary analyses,
models were stratified by baseline age, sex, BMI, T-score, weight loss, and FRAX hip
fracture risk.

Results: Mean age was 75 yrs (4 4 yrs). Twenty-one percent had a T-score >-1.0,
and 54% had a T-score between -1.0 and -2.4. Mean BMD loss was 0.7% annually
(+ 1.8%). During follow-up, 64 hip and 121 non-hip fractures occurred. After
adjusting for baseline BMD, one SD loss of BMD was associated with a 50%
increased risk of hip fracture (95% CI, 1.2, 1.9; Table 1), but did not increase the risk
of non-hip fracture (HR 1.0, 95% CI 0.8, 1.2). Models including baseline BMD were
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not improved by including BMD change (Table 1; AUC 0.72 versus 0.73). Stratified
results were similar to the overall results.

Conclusion: In community dwelling older men and women without a hip fracture,
BMD loss over four years increases the risk of hip fracture, but not non-hip fracture.
BMD loss did not substantially contribute to the 10 yr prediction of hip or non-hip
fracture beyond baseline BMD. The contribution of BMD change to risk of fracture
was similar regardless of age, sex, BMI, T-score, weight loss, or FRAX risk. Our
results confirm and extend previous findings demonstrating that repeating a bone
density test every two years to improve risk stratification may not be necessary in
older adults provided they have a baseline assessment.

Table L Associatesn and AUC for basskne BMD and BRD change Bnd tisk of hp frectur e o er 10 ews,
Framingham Study
Bazaline BM D EMI changs
anruAesd pereent dhange)
Rlgfbarkie 5% AUC" KuEhariste 5% AlpcE
sdjunad HRE® confidenis sdpiadHEr | confidanss
intwrvak intwrvak
Al parbicipants 16 1.2 2% [%F] i5 12,14 [N E]
Ape<TSyrs 13 1228 0.7 15 111% 0T
Ape =75ys 14 9.8, 24 L) 15 11,21 ar
Men 1l 0523 .65 1% 9.8 29 BEs
WWoman 1B 132,26 .69 1% 14.L9 om
E-I'.!I-'zékg.-m'l 2 132 30 (1) 15 11.1% 01
Bkl = Dékg/m” 12 0.7.22 [ [] 15 0.9, 25 [} ]
Wianght stable or
e ighi g = 1k 1B 19,33 (R 13 13 26 [nX-]
Waight logs = Lbs L5 19,23 &, 3% 14 14, 1L% ar
T-scorg = =20 17 14, 27 [ 1% 11.1% Qard
Tegiore » =10 L6 0.8, 36 0.65 14 09,23 OLE8
FRAX Bipfx g« 3% | L& 0.7, 3.7 052 13 0.8.24 070
FRAK hipfxrisk m3% | 16 14 .16 0.7 15 1119 072
" Madalsinchide Bpa, oas, vk gha, Ssvaar waght change. 3hd praf histary &1 nonhip Trecoors
* Modalsinchide s pa, sas, vie gt dvasr salght change prbss Bansry of nan-bip framure. snd basabng BLID

Table 1

Disclosures: Sarah Berry, None.
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Trajectories of change in physical function: Effects on Fractures and
Mortality. Kamil Barbour*!, Li-Yung Lui’, Deborah Barnes®, Kristine
Ensrud®, Ann Newman®, Kristine Yaffe®, Steven Cummingss, Jane
Cauley’. 'CDC, USA, ’California Pacific Medical Center Research
Institute, USA, 3University of California San Francisco, USA,
4Minneapolis VA Medical Center / University of Minnesota, USA,
*Department of Epidemiology, University of Pittsburgh, Pittsburgh, PA,
USA, ®San Francisco Coordinating Center, USA, "University of Pittsburgh
Graduate School of Public Health, USA

Prior studies have identified poor physical function as a risk factor for fractures
and mortality. However, these studies did not consider change in physical function
over time. We hypothesized that women who maintain their physical function would
have a lower risk of non-traumatic fracture (hip and any non-vertebral) and death.
We followed 9704 women enrolled into the Study of Osteoporotic Fractures at four
U.S. clinical centers. Physical function was measured a maximum of 8 times over 19
years. The median (range) number of measurements for walking (m/s) and chair stand
speed (time/s) were 6 (1-8) and 5 (1-8), respectively. Random slope and intercept
models were used to determine a walking and chair stand speed slope for each woman,
and for the entire population. Three groups were formed for walking speed:
“maintainers” (slope = -1 SD from 0, n=773, 8%); “average decliners” (1 SD below
mean = slope <-1 SD from 0, n=7676, 79%); “accelerated decliners” (slope >1 SD
below mean, n=1255, 13%). Cox proportional hazards models were used to estimate
hazard ratios (HRs; 95% CI) of fracture and mortality and control for age, BMI,
physical activity, falls, fracture after age 50, diabetes, stroke, hypertension, calcium
intake, health status, weight change, smoking, estrogen use, and hip BMD. The HR of
hip and any non-vertebral fracture was 0.64 (0.50, 0.81) and 0.76 (0.67, 0.86) for
maintainers of walking speed and 1.52 (1.31, 1.76) and 1.24 (1.13, 1.36) among
accelerated decliners of walking speed when compared with the average decliner
group. Similar results were shown for chair stand speed. The HR of mortality was 0.49
(0.43, 0.56) for maintainers of walking speed and 0.56 (0.50, 0.64) for maintainers of
chair stand speed compared with average decliner group. The HR of mortality was
null for accelerated decliners of walking speed, but surprisingly 0.75 (0.70, 0.81) for
accelerated decliners for chair stand speed compared with average decliners. In
conclusion, women who maintained physical function up to 19 years experienced a
lower risk of fractures and mortality than average decliners of physical function,
suggesting that maintaining physical function may be a marker for healthy aging.
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Fracture rate per 1000 women-year

Disclosures: Kamil Barbour, None.
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Direct Healthcare Costs for 5 Years Post Fracture in Canada: A Population-
Based Assessment. William Leslie*!, Lisa Lix%, Greg Finlayson', Colleen
Metge!, Suzanne Morin®, Sumit Majumdar®. 'University of Manitoba,
Canada, 2Unin:‘:rsity of Saskatchewan, Canada, *McGill University,
Canada, *University of Alberta, Canada

Background:High healthcare costs in the 1st year post fracture are well known, but
long term costs are less well studied. We estimated direct incremental healthcare costs
of fracture (post- minus pre-fracture costs) inManitoba,Canada, up to 5 years after
incident fractures.

Methods: We used the comprehensive Population Health Research Data
Repository for the 1.2 million residents ofManitoba,Canada, to identify incident
fractures in 1997-2002 and direct healthcare costs in the year pre-fracture and 5 years
post-fracture. Non-traumatic fractures (hip n=2814, spine n=1030, wrist n=3145,
humerus n=1652, other n=7557) and high-trauma fractures (n=444) were identified in
continuously-insured residents aged>50 years. Healthcare costs (physician visits,
hospitalizations, drugs, homecare and nursing home) were converted to 2009
Canadian dollars. Data were analyzed using median values, which are less sensitive
to outliers and extreme costs.

Results: Healthcare costs for all incident fractures combined showed a large
increase over pre-fracture costs in the Ist year ($120M women, $57M men), but fell
below pre-fracture costs in years 2-5 (Figure). This was attributed to higher short term
mortality among higher users of healthcare. Incremental median costs (adjusted for
age-related cost increases using age- and sex-matched fracture-free controls) for a hip
fracture were highest in the Ist year ($24757 women, $20927 men), lower in the 2nd
year (82167 women, $844 men) and declined below pre-fracture costs by 5 years
consistent with healthy survivor effect. In those who survived 5 years following a hip
fracture, incremental median costs were again highest in the Ist year ($26102 women,
$20735 men) but remained above pre-fracture costs at 5 years (85091 women, $3269
men). A similar pattern was seen in 5 year survivors after non-hip fracture with the
highest median incremental costs in the Ist year and costs remaining above baseline at
5 years (for women/men: spine $2802/$524, wrist $259/$382, humerus $595/$684, other
$206/$529, high trauma $667/$805).

Conclusions: Direct healthcare costs attributable to fracture peak in the Ist year,
but total costs fall below pre-fracture levels for the next 4 years. Our findings suggest
that, from a societal perspective, many previous economic analyses have system-
atically over-estimated the economic burden of fracture. Among those who survive
S years, however, costs remain above pre-fracture levels, especially for hip fractures.
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Figure: Incremental healthcare costs over pre-fracture costs for all fracture cases
(million $CDN).

Disclosures: William Leslie, Amgen, 6

This study received funding from: Amgen
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The Effects of Combined Denosumab and Teriparatide Administration on
Bone Mineral Density in Postmenopausal Women: The DATA (Denosumab
And Teriparatide Administration) Study. Benjamin Leder*', Alexander
Uihlein?, Robert Neer®, Ruchit Kumbhani*, Erica Siwila-Sackman®,
Sherri-Ann_Burnett-Bowie®. "Massachusetts General Hospital Harvard
Medical School, USA, >Massachuseets General Hospital, USA,
3Massachusetts General Hospital, USA, “Massachusetts General
Hopsital, USA, *Massachusettts General Hospital, USA

Background: Currently approved osteoporosis medications increase BMD
modestly and reduce, but do not eliminate, fractures. Combining the most commonly
prescribed class of antiresorptive agents, bisphosphonates (BPs), and the anabolic
agent, teriparatide (TPTD), does not increase BMD more than the respective
individual therapies. Animal models suggest that the combination of the newly
approved antiresorptive denosumab (DMAB) and TPTD might increase BMD more
than either drug alone.

Methods: We enrolled 92 postmenopausal women at high risk of fracture (age 51-
91) in a 12-month open-label RCT comparing the effects of TPTD (20 mcg SC daily,
n=31), DMAB (60 mg SC Q6 mo, n=33), or both medications (n=30) on hip, spine
and 1/3 radius DXA BMD. Subjects were excluded if they had used oral BPs in the
past 6 months or had any prior use of strontium or IV BPs. Subjects were stratified by
age and prior BP use. Between-group changes in BMD were compared by mixed-
model ANCOVA.

Results: No significant between-group differences were observed at baseline
(table). As shown in the figure, at 12-months, total hip BMD (mean + SD) increased
more in the combo group (4.9% + 2.9%) than in either the TPTD (0.7% + 2.7%),
P<0.0001) or DMAB (2.5% + 2.6%, P=0.0001) groups. Femoral Neck BMD also
increased more in the combo group (4.7% + 4.3%) than in the TPTD (0.8% + 4.1%,
P<0.001) and DMAB (2.1% + 3.8%, P=0.013) groups. Similarly, spine BMD
increased more in the combo group (9.1% + 3.9%) than in either the TPTD (6.2% +
4.6%, P=0.0005) or DMAB (5.5% + 3.3%, P<<0.0001) groups whereas BMD at the 1/
3 radius increased similarly in the DMAB (1.7% + 3.2%) and combo groups (2.5% +
2.8%). These increases in radius BMD were significantly different than the decrease
observed in the TPTD group (-1.8% + 3.6%, P <0.001). DMAB alone increased
BMD more than TPTD alone at the total hip (p=0.003) but TPTD and DMAB
produced similar gains in the spine (P=0.7) and femoral neck (p=0.09).

Summary: Unlike the combination of TPTD and BPs, the combination of TPTD
and DMAB increased BMD at the hip and spine more than either drug alone.
Moreover, as DMAB-TPTD co-administration resulted in greater increases in femoral
neck, total hip and spine BMD than any currently available alternatives, combined
therapy with these agents may prove to be an important treatment option in patients
at high risk of fracture.

table
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Disclosures: Benjamin Leder, Amgen, 2; Merck, 2
This study received funding from: Amgen, Lilly
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Effects of Denosumab on Fracture Risk in Japanese Patients with
Osteoporosis - Results of 2-year Data from the Denosumab fracture
Intervention RandomizEd placebo Controlled Trial (DIRECT). Toshitaka
Nakamura*', Toshio Matsumoto?, Toshitsugu Sugimoto?®, Takayuki
Hosoi*, Takami Miki®, Itsuo Gorai®, Hideki Yoshikawa’, Yoshiya
Tanaka®, Sakae Tanaka’, Tetsuo Nakano'®, Masako Ito!', Teruki
Sone'?, Toshiyuki Yoneda'?, Shigeyuki Matsui'®, Hideo Takami'®,
Masao Fukunaga'?. 'University of Occupational & Environmental
Health, Japan, *University of Tokushima Graduate School of Medical
Sciences, Japan, *Shimane University School of Medicine, Japan, *National
Center for Geriatrics & Gerontology, Japan, *Osaka City University
Medical School, Japan, ®Hori Hospital, Japan, ’Osaka University
Graduate School of Medicine, Japan, 8University of Occupational &
Environmental Health, Japan, Japan, *The University of Tokyo, Japan,
"Tamana Central Hospital, Japan, ''Nagasaki University Hospital, Japan,
2K awasaki Medical School, Japan, *Osaka University Graduate School
of Dentistry, Japan, '“The Institute of Statistical Mathematics, Japan,
Daiichi Sankyo Co., LTD., Japan

Introduction: Denosumab increases bone mineral density (BMD) in both Japanese
and Caucasian postmenopausal women with osteoporosis and was shown to reduce
fracture risk in a large international study. However, the effect of denosumab on
fracture risk in Japanese patients has not been evaluated.

Methods: To examine the anti-fracture efficacy and safety of denosumab (60 mg
subcutaneous injection every 6 months [Q6M]) in Japanese patients with primary
osteoporosis, a randomized, double-blind, placebo-controlled trial with an open-label
referential comparator arm was conducted. The main eligibility criteria were age = 50
years, 1-4 prevalent vertebral fractures, and low BMD (L1-L4 or total hip BMD <
80% of young adult mean [T-score <-1.7 (L1-L4) or <-1.6 (total hip)]). A total of
1262 patients were randomly assigned in a 2:2:1 ratio to the following treatment
groups, respectively: double-blind denosumab injection (N=500; 25 men), double-
blind placebo (N=511; 26 men), or open-label oral alendronate 35 mg weekly (N=251;
12 men) for 2 years. All patients received daily supplements of at least 600 mg calcium
and 400 IU vitamin D.

Results: Denosumab significantly reduced the risk of new or worsening vertebral
fractures, with incidences of 3.6% in the denosumab group and 10.3% in the placebo
group at 2 years (HR, 0.343; 95%CI 0.194-0.606, P=0.0001). The alendronate group
showed an incidence of 7.2% at 2 years. Denosumab also significantly reduced the risk
of new vertebral fracture and multiple new vertebral fractures, compared to placebo,
by 74% (P<0.0001) and 90% (P=0.0113), respectively. Denosumab significantly
increased BMD compared to placebo at L1-L4, total hip, femoral neck and distal 1/3
radius by 9.04%, 5.72%, 5.11%, and 2.32%, respectively, at 2 years (all P< 0.0001).
Serum CTX-1 and bone ALP levels decreased significantly in the denosumab group at
month | and these suppression sustained throughout the study period. The incidences
of hypocalcemia, cancer, infection, cardiovascular disease and hypersensitivity in the
denosumab group were well balanced compared to those of the placebo group. No
cases of delayed fracture healing, atypical femoral fracture or osteonecrosis of the jaw
(ONJ) were observed. No patients developed a neutralizing antibody to denosumab.

Conclusion: Denosumab 60 mg Q6M for 2 years is safe and effective in reducing
vertebral fracture risk in Japanese patients with primary osteoporosis.
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Disclosures: Toshitaka Nakamura, Teijin Pharma, 2; Daiichi-Sankyo Co., 2; Chugai
Pharmaceutical Co., 2; Asahi-Kasei Pharma Co., 2; Amgen Inc., 2
This study received funding from: Daiichi Sankyo Co., LTD.
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Relationship Between Changes in Bone Mineral Density and Incidence of
Fracture With 6 Years of Denosumab Treatment. Paul D. Miller*', Steven
Cummings®, Jean-Yves Reginster’, Nathalie Franchimont*, Gerolamo
Bianchi®, Michael A. Bolognese®, Roland Chapurlat’, Federico
Hawkins®, David L. Kendler’, Beatriz Oliveri'®, Jose R. Zanchetta'!,
Nadia Daizadeh*, Andrea Wang® Rachel B. Wagman®, Socrates
Papapoulos'?. 'University of Colorado Health Sciences Center &
Colorado Center for Bone Research, USA, 2San Francisco Coordinating
Center, USA, *University of Liége, Belgium, “Amgen Inc., USA, *Azienda
Sanitaria Genovese, Italy, ®Bethesda Health Research Center, USA,
7H(”)pital Edouard Herriot, France, 8Hospital Universitario, Spain,
9University of British Columbia, Canada, '°Secciéon Osteopatias Médicas,
Hospital de Clinicas, Universidad de Buenos Aires, Argentina, !Instituto
de Investigaciones Metabolicas & University of Salvador, Argentina,
2L eiden University Medical Center, Netherlands

Purpose: During the first 3 years of denosumab (DMADb) treatment in
FREEDOM, there were continued increases in bone mineral density (BMD) and a
robust reduction in fracture risk (Cummings et al., NEJM 2009). The changes in total
hip BMD explained a considerable proportion of the reduction in new or worsening
vertebral and nonvertebral fracture risk (Austin et al., JBMR 2011). Here, we
conducted a BMD responder analysis and explored if the progressive BMD gains with
6 years of DMAD therapy continued to relate to the observed fracture incidence.

Methods: The long-term efficacy and safety of DMAD for up to 10 years is being
investigated in the open-label extension of the 3-year FREEDOM trial. During the
extension, all participants receive 60 mg DMAD every 6 months. For the analyses
presented here, women from the FREEDOM DMADb group received 3 more years of
DMAD for a total of 6 years. The percentages of women treated with DMAb who
achieved BMD increases from FREEDOM baseline at the lumbar spine, total hip,
and femoral neck were determined. A logistic regression model was used to examine
the relationship between change in total hip BMD and new or worsening vertebral
fracture. A comparable approach was employed for nonvertebral fracture using the
Cox proportional hazards model.

Results: For women who received 3 additional years of DMAD treatment (N=2343
enrolled), further significant increases in BMD occurred for cumulative 6-year mean
gains of 15.2% (lumbar spine), 7.5% (total hip), and 6.7% (femoral neck). At year 6,
almost all women treated with DMADb had gains in BMD at the lumbar spine (98%),
total hip (96%), and femoral neck (91%). Additionally, 99% of women had gains in
BMD at any of these sites, and of these, the gains were >3% in 98% of women and
>6% in 95% of women. Fracture incidence remained low during the extension. The
relationships between total hip BMD gains and new or worsening vertebral and
nonvertebral fractures with 6 years of DMADb treatment are shown in Figures 1 and 2,
respectively.

Conclusion: Almost all women who received 6 years of DMAD treatment had
gains in BMD at the lumbar spine, total hip, or femoral neck; and those gains were
>6% in 95% of them. While on denosumab treatment, the risk of new or worsening
vertebral fracture and nonvertebral fracture decreased with increasing percentage
change in total hip BMD over 6 years. This association provides clinical relevance to
the progressive and continued BMD gains reported with DMAb over time.
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Disclosures: Paul D. Miller, Procter & Gamble, SanofilAventis, Roche, Eli Lilly,
Merck, Novartis, Amgen, Takeda, Radius, GE, 6; Warner Chilcott, Merck, Eli Lilly,
Amgen, Novartis, Roche, GlaxoSmithKline, Baxter, Wright, 2; Warner Chilcott,
Amgen, Novartis, Roche, 1

This study received funding from: Amgen Inc.
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Hip and Spine Strength Effects of Adding Versus Switching to Teriparatide in
Postmenopausal Women with Osteoporosis Treated with Prior Alendronate
or Raloxifene. Felicia Cosman*', Tony Keaveny?, David Kopperdahl®,
Robert Wermers®*, Xiaohai Wan®, Kelly Krohn®, John Krege’. 'Helen
Hayes Hospital, USA, 2University of California, Berkeley, USA, S0.N.
Diagnostics, USA, *Mayo Clinic, USA, °Eli Lilly & Company, USA, ®Lilly
USA, LLC, USA

Background: Many women treated with teriparatide for osteoporosis have
previously received antiresorptive therapies. For postmenopausal women with
osteoporosis previously treated with alendronate (ALN) or raloxifene (RLX), Adding
versus Switching to teriparatide caused different responses in areal BMD and
biochemistry (JCEM 94: 3772-3780, 2009). The effects of these approaches on bone
strength are unknown.
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Aims: To determine if strength of the spine and hip is increased from baseline by
Adding and Switching to teriparatide in women on ALN and RLX and to compare
the magnitude of the strength effects with these 2 approaches.

Methods: Postmenopausal women with osteoporosis pretreated for at least 18
months with ALN 70 mg/week or RLX 60 mg/day were randomized to Add or Switch
to teriparatide 20 mcg administered once daily by sc injection. Quantitative computed
tomography scans at baseline, 6 and 18 months were used to assess changes in
volumetric BMD and estimated strength by nonlinear finite element analysis (FEA) in
a blinded fashion. A plan approved prior to the completion of the assessments
specified the analyses.

Results: At the spine, strength and volumetric BMD increased in all groups, and
there were no significant differences between Adding and Switching (Table). In the
ALN stratum, at the hip, Adding teriparatide significantly increased volumetric BMD
relative to Switching at month 6 (0.9% vs -0.5%, P=0.004) and month 18 (2.2% vs
0.0%, P=0.002). Furthermore, at 18 months in the hip, significant increases in strength
were only observed in the Add group (2.7%, P<<0.001 vs baseline; between-group
comparison P=0.076). In the RLX stratum, at the hip, both volumetric BMD and
strength increased significantly at 6 and 18 months in the Add group, but only at 18
months in the Switch group.

Summary/conclusion: In postmenopausal women with osteoporosis previously
treated with ALN or RLX, Adding and Switching to teriparatide conferred similar
effects on the spine. In the ALN stratum at 18 months, hip strength increased
significantly in the Add but not the Switch group, although the between-group
difference was not significant. At 18 months, hip strength increased similarly in both
RLX groups. As limitations, the study duration was 18 rather than 24 months, the
study lacked power to compare fracture outcomes, and the treatment effects of prior
antiresorptives on the bone tissue material properties affecting the estimation of FEA-
based strength are unknown.

Median change (%) from baseline (25th, 75th 1Q range) for volumetric BMD (vBMD) and
strength (hip for a sideways fall; spine for uniform compression) in postmenopausal
women with osteoporesis previously treated with alendronate (ALN) or raloxifene (RLX)

then randomized to Add or Switch to teriparatide (TPTD).
ALN + ALN—> RLX + RLX—>
Outcome TPTD TPTD P TPTD TPTD P
(Add) (Switeh) | value® (Add) (Switch) | value
Spine vBMD
4.3% 3.0% 7.0% 57
Month & (2.1,6.8) (0.8,5.7) [0.182 | (3.8,9.7) (1.3.7.8) | 0.053
n=43 n=46 n=38 n=39
7.5% 7.9¢ 10.1* 10.0*
Month 18 | (37,12.7) | (53.10.7) | 0912 | (6.7,16.0) | (6.3,13.0) | 0.585
n=40 n=40 n=29 n=25
Spine Strength
6.1* 7.1 11.4% 9.7¢
Month6 | (1.7.12.4) | (1.8.12.6) | 0.953 | (6.4,17.4) | (2.3,13.6) | 0.082
n=45 n=46 n=38 n=39
13.2% 15.6* 17.5% 15.7*
Month 18 | (7.2,21.4) | (10.1,20.7) | 0.334 | (11.8.27.2) | (10.5.25.6) | 0.521
n=4() n=40 n=29 n=25
Hip vBMD
0.9° -0.5 1.3° 04
Month & (0.0, 1.7) | (2.1,0.9) [ 0.004 | (-0.5,3.0) | (-1.0,1.9) | 0.160
n=42 n=46 n=40 n=36
2.2¢ 0.0 3.2+ 24%
Month 18 | (0.7.4.7) | (-1.7.2.6) | 0.002 | (-0.5.5.7) | (1.0.40) | 0.645
n=36 n=39 n=30 n=24
Hip Strength
0.8 -1.6 1.7 -1.1
Month 6 (2.4, 1.8) | (-3.9,1.9) | 0.101 | (-0.5.3.1) | (-2.9.3.4) | 0.048
n=42 n=46 n=40 n=36
2.7t 0.0 P 3.4
Month 18 | (-0.5,6.1) | (-34.4.7) | 0.076 | (-1.1.6.2) | (-1.5.5.8) | 0.951
n=36 n=39 n=30 n=24

Wilcoxon signed-rank test percentage change from baseline: *P<0.0001; +P<0.001;
1P<0.01; §P<0.05.
*Between group comparison, Wilcoxon rank-sum test.

Table
Disclosures: Felicia Cosman, Lilly, Amgen, Novartis, 1; Lilly, Amgen, Merck, 2; Lilly,
9; Lilly, Novartis, 6

This study received funding from: Sponsored by Eli Lilly and Company or Lilly USA,
LLC
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A Phase 2 Randomized Trial of Orally Administered PTH(1-31)NH,, Tablets
in Postmenopausal Women with Osteoporosis. Nozer Mehta', Morten
Karsdal*z, Roxanne Tavakkol3, William Stern®, Amy Sturmer', Sheela
Mitta®, Kim Henriksen?, Jeppe Andersen®, Bente Riis*, Peter
Alexandersen®, Ivo Valter®, Bettina Nedergaard’, Christence Teglbjaerg’,
Antonio Nino®, Lorraine Fitzpatrick®, Claus Christiansen®, Felicia
Cosman’. 1Unigene Laboratories, USA, Nordic Bioscience A/S,
Denmark, 3Unigene Laboratories, Inc., USA, *Nordic Bioscience,
Denmark, >Center for Clinical & Basic Research A/S, Denmark, °Center
for Clinical & Basic Research, Estonia, 'Center for Clinical & Basic
Research, Denmark, *GlaxosmithKline Pharmaceuticals, USA, °Helen
Hayes Hospital, USA

Purpose: A phase 2 study was designed to test an oral tablet formulation of
PTH(1-31)NH; as a bone anabolic agent. Background: A solid dosage enteric-coated
formulation has been developed that enables oral delivery by a unique mechanism that
includes an organic acid as a protease inhibitor and an acylcarnitine as a permeation
enhancer. Based on results from phase 1 studies, we tested a 5 mg oral tablet dose of a
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differentiated PTH(1-31)NH, analog in a phase 2 proof-of-concept study. Methods:
The study was a 24-week double blind, randomized, repeat dose parallel group study
of rhPTH(1-31)NH,, or placebo tablets, compared to open label Forsteo®
(teriparatide) in 97 postmenopausal women with osteoporosis. The primary endpoint
was to characterize percent change from baseline in BMD at lumbar spine (LS) after
24 weeks of once daily oral treatment of PTH(1-31)NH,. Secondary endpoints
included the measurement of bone markers, and measuring the exposure of oral
PTH(1-31)NH, and teriparatide at the first and last dose. Results and Conclusions:
The trial met the primary endpoint with an increase of 2.2% in LS BMD with PTH(1-
31)NH, compared to baseline (p=0.004). Placebo had a -0.17% decrease (p=NS) and
teriparatide increased LS BMD by 5.1% (p<<0.001). After an initial lag, the rate of
increase in BMD for oral PTH between week 12 and week 24 was comparable to
teriparatide. There were statistically significant increases from baseline in the total hip
BMD for PTH(1-31)NH, and teriparatide, with no significant differences between
these two groups. In the PTH(1-31)NH, group, there was a minimal increase of 12.7%
(p=NS) in CTx-1, a marker of bone resorption compared to a significant increase of
124.6 % in the teriparatide group at week 24. Increase in the bone formation marker
PINP was fairly modest in the PTH(1-31)NH, group, however, osteocalcin was
increased 23.3% (p=0.015) compared to baseline. This is in contrast to 4.9% (p=0.87)
in placebo and 172% (p<<0.0001) in the teriparatide group at week 24. No clinically
significant hypercalcemic events or elevated urine calcium were seen in the oral
PTH(1-31)NH, arm. The most common adverse event in the oral PTH and placebo
arms was GI pain or distress, and these events were mostly mild or moderate. The
efficacy data and safety profile seen in this study demonstrate that this orally delivered
PTH(1-31)NH, analog warrants evaluation in further late stage clinical studies.

Disclosures: Morten Karsdal, Unigene Laboratories, Inc., 3
This study received funding from: Unigene Laboratories, Inc.
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Absence of the Anabolic Window Characterizes Premenopausal Women with
Idiopathic Osteoporosis Who Do Not Respond to Teriparatide. Adi Cohen*!,
Polly Young?, Emily Stein®, David Dempster’, Hua Zhou®* Robert
Recker®, Joan Lappe’, Chiyuan Zhang®, Donald McMahon?, Serge
Cremers”, Alexander Zwahlen®, Ralph Miiller®, Elizabeth Shane®.
IColumbia University Medical Center, USA, 2Columbia University,
USA, *Columbia University College of Physicians & Surgeons, USA,
“Helen Hayes Hospital, USA, >Creighton University Osteoporosis
Research Center, USA, °ETH Zurich, Switzerland

Idiopathic osteoporosis (IOP) in premenopausal women is characterized by
cortical and trabecular microarchitectural deterioration and heterogeneous remodel-
ing. We hypothesized that the osteoanabolic agent, teriparatide (TPTD), would
improve BMD in IOP. We enrolled 21 premenopausal women with IOP (17 with
fractures, age 39+6 yrs) in an open-label, 24-month pilot study of TPTD 20 mcg
daily. We measured areal BMD by DXA, bone turnover markers (BTMs), and
transiliac biopsy parameters. On average, there were substantial and significant (all
p<0.05) 24M increases in areal BMD (£ SD) at the spine (LS; 12.2 +8.3%), total hip
(6.445.6%) and femoral neck (FN; 7.8+3.4%). However, four women did not
respond to TPTD (Fig 1; NonRES) defined as 12M change in BMD below least
significant change at all sites). At baseline, NonRES and Responders (RES) were
similar in terms of age, BMI, BMD, calciotropic and gonadal hormones, and iliac
crest bone volume fraction (BV/TV). However, bone remodeling activity was lower in
NonRES than RES, as evidenced by lower serum C-telopeptide (CTX; 201+ 160 vs
431+ 170 pg/mL;p=0.001), osteocalcin (OC; 12.0+ 1.5 vs 19.5+8.5 ng/mL;p=0.003),
N-terminal propeptides of procollagen type 1 (PINP; 32+ 13 vs 46+ 17;p=0.1) and
iliac crest bone formation rate (BFR/BS; 0.002+0.001 vs 0.01140.006 mm2/mm/
yr;p<0.0001). After TPTD initiation, PINP increased in RES (Fig 2A) by 1M, peaked
at 180% above baseline by 6M and returned to baseline by 24M. In NonRES (Fig 2B),
the PINP peak was blunted (108% above baseline) and delayed (12M). CTX rose
comparably in RES (Fig 2A) and NonRES (Fig 2B) but peaked earlier in RES (6M vs
12M). In all subjects, 1M change in BTMs significantly predicted percent change in
LS BMD at 12M (OC: r=0.55,p=0.02; PINP: r=0.50,p=0.04; CTX: r=0.46,p=0.046)
and 24M (OC: 0.58,p=0.02; PINP: r=0.52,p=0.046) but not changes in hip BMD or
BV/TV.

In summary, most premenopausal women with IOP responded to TPTD with
marked increases in BMD. Those with attenuated and delayed responses to TPTD
had low bone turnover at baseline and no evidence of an anabolic window, the early
rise in formation markers that usually characterizes TPTD therapy. Early changes in
bone formation markers predict response to TPTD in premenopausal women with
IOP and may detect premenopausal women with IOP who will not experience
substantial improvements in BMD in response to TPTD.
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Vitamin D Activation of Functionally Distinct Regulatory MicroRNAs in
Primary Human Osteoblasts. Thomas Lisse*!, Rene Chun?, Sandra
Rieger®, John Adams*, Martin Hewison*. 'Massachusetts General
Hospital, USA, 2UCLA/Orthopedic Hospital Research Center, USA,
3Mount Desert Island Biological Laboratory, Institute for Regenerative
Medicine, USA, “University of California, Los Angeles, USA

When bound to the nuclear vitamin D receptor (VDR), the active form of vitamin
D, 1,25-dihydroxyvitamin D (1,25(0OH),D ) is a potent regulator of transcription in
bone-forming osteoblasts. Less clear is the impact of 1,25(OH),D on post-
transcriptional events in osteoblasts, such as the generation and action of microRNAs
(miRNAs). Microarray analysis using replicate (n = 3) primary cultures of human
osteoblasts (HOB) identified 5 human miRNAs (either registered [www.sanger.ac.uk/
Software/Rfam/mirna] or proprietary) that were differentially regulated following
treatment with 1,25(OH),D (10 nM, 6 hrs). Of these two non-proprietary miRNAs,
miR-637 and miR-1228, were significantly increased following treatment with
1,25(0OH),D. RT-PCR analyses showed that the host gene for miR-1228, low density
lipoprotein receptor-related protein 1 (LRPI), was co-induced with miR-1228 in a
dose-dependent fashion following treatment with 1,25(OH),D (0.1 — 10 nM, 6hrs). By
contrast, the endogenous host gene for miR-637, death-associated protein kinase 3
(DAPK3), was transcriptionally repressed following treatment with 1,25(OH),D,
indicating host-gene-independent regulation of miR-637. Analysis of two potential
targets for miR-637 and miR-1228 in HOB, type 4 collagen (COL4Al) and bone
matrix protein-2-inducible kinase (BMP2K), respectively, showed that 1,25(OH),D
mediates suppression of these targets via distinct mechanisms. In the case of miR-637,
suppression of COL4A1 appears to occur via decreased levels of COL4A1 mRNA. By
contrast, miR-1228 showed no significant effect on BMP2K mRNA expression but
appears to act instead by inhibition of BMP2K protein translation. In mature HOBs,
siRNA inactivation of miR-1228 alone was sufficient to abrogate 1,25(OH),D-
mediated down regulation of BMP2K protein expression. This event was associated
with suppression of pro-differentiation responses to 1,25(OH),D in HOB, as
represented by simultaneous decreases in osteocalcin and alkaline phosphatase
expression. These data show for the first time that the effects of 1,25(OH),D on
human bone cells are not restricted to classical VDR-mediated transcriptional
responses but also involve miRNA-directed post-transcriptional mechanisms for
regulation of gene expression.

Disclosures: Thomas Lisse, None.
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Transgenic Expression of the Vitamin D Receptor (VDR) Restricted to the
Ileum, Cecum and Colon of VDR Knockout Mice Rescues VDR Dependent
Rickets. Puneet Dhawan*', Connie Hasio!, Ghassan Yehia', Liesbet
Lieben®, Geert Carmeliet’, Sylvia Christakos*. "UMDNIJ-New Jersey
Medical School, USA, KU Leuven, Belgium, *Katholieke Universiteit
Leuven, Belgium, “University of Medicine & Dentistry & New Jersey - New
Jersey Medical School, USA

The intestine plays the major role in 1,25(OH),Dj5 action on calcium homeostasis.
Yet the mechanisms involved remain incompletely understood. The established model
of 1,25(0H),D; regulated intestinal calcium absorption postulates a critical role for
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the duodenum. However it is the distal intestine where 70 -80% of the ingested calcium
is absorbed. In order to test directly the role of 1,25(0OH),D; and VDR in the distal
intestine, we generated mice expressing VDR exclusively in the ileum, cecum and
colon by breeding VDR knockout (KO) mice with transgenic (TG) mice expressing
hVDR under the control of the 9.5kb cdx2 promoter. In adult mice from 3
independent KO/TG lines, expression of VDR was restricted to ileum, cecum and
colon (highest expression was in cecum and colon). Mice from one TG line (TG [3])
showed low VDR expression in distal intestine (<30% of the levels observed in TG [1]
and TG [2]). In the KO/TG mice hVDR was not expressed in duodenum, jejunum,
kidney or other tissues. KO/TG mice from all 3 TG lines and VDR KO mice had
alopecia. Growth arrest and hypocalcemia of the VDR KO mice were prevented in
mice from KO/TG lines 1 and 2. 1,25(0OH),D; treatment significantly increased serum
calcium in mice from all 3 TG lines and in wild type (WT) mice (p <0.05 compared to
vehicle) but not in VDR KO mice. Renal calbindin-Dgy was similarly reduced 5 - 6
fold in VDR KO mice and in all 3 KO/TG lines (compared to WT). 1,25(0OH),D3
treatment had no effect on renal calbindin-Dyg expression in the KO or KO/TG mice.
Although calbindin-Dg, was undetectable in the distal intestine of the VDR KO mice,
calbindin-Dgy was expressed in the KO/TG [1] and [2] mice at levels equivalent to WT
(in ileum and colon) or was 1.5 fold upregulated compared to WT (in cecum). In
addition, uCT analysis revealed that the expression of high levels of hVDR in the
distal intestine (KO/TG mice [1] and [2]) rescued the bone defects associated with
systemic VDR deficiency, including the rachitic growth plate abnormalities and the
abnormal increase of bone mass in the primary spongiosa. Also, the decreased cortical
thickness and increased cortical porosity were completely prevented. TG line 3
showed rickets, yet less severely compared to VDR KO mice. These findings provide
evidence for the first time using VDR transgenic mice for the importance of the distal
intestinal segments in vitamin D mediated calcium and bone homeostasis.

Disclosures: Puneet Dhawan, None.
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Blocking Osteogenic Differentiation and Mineralization: a Struggle between
VDR and RUNX2 in the Mouse Mesenchymal Stem Cells. Mark Meyer*l,
Chang-Hun Lee?, Nancy Benkusky', Buer Sen®, Janet Rubin®, J. Pike'.
"University of Wisconsin-Madison, USA, 2University of Wisconsin at
Madison, USA, 3University of North Carolina At Chapel Hill, USA,
“#University of North Carolina, Chapel Hill, School of Medicine, USA

Osteogenic differentiation is believed to be primarily controlled by a master
regulating transcription factor, RUNX2, and mice deficient of RUNX2 have severe
skeletal defects. In the mouse, 1,25(0OH),D; activates the VDR to reduce levels of
RUNX2 and this in turn reduces the levels of several important osteogenic genes,
blocking differentiation as well as mineralization in osteoblasts and their precursors,
the multi-potential mesenchymal stem cells (MSCs). We studied this mechanism
through ChIP-seq and RNA-seq of MSC cells (and MC3T3 cells) over 2 weeks of
differentiation. Overlap of epigenetic markers implicated in activated enhancers,
promoters and elongation (H4KS5ac, H3K9ac, H3K4mel, H3K4me3, H3K36me3)
revealed a modest shift in chromatin occupancy between the activated genes in the
differentiation states, which may indicate a certain level of plasticity in cells with
osteogenic potential. Therefore, we sought to understand the coordinated genome-
wide efforts of VDR/RXR and RUNX2 (and C/EBP) during this transition. VDR/
RXR and RUNX2 overlapped significantly at 36% of sites, many of which are located
within loci harboring osteogenic gene markers. Interestingly, C/EBPf, which may
facilitate lineage determination, was found to be overlapped with VDR/RXR and
RUNX2 binding, 52% and 45%, respectively. 1,25(0OH),D; severely inhibited this
differentiation and down-regulated key genes such as Runx2 and Osterix (Sp7). We
found VDR/RXR, RUNX2 and C/EBP enhancer regions at +104kb in Runx2 and -
11kb in Sp7 and a RUNX2 specific enhancer at +6kb within Sp7. siRNA knockdown
of VDR reversed the 1,25(OH),Ds-mediated repression of these cloned enhancers and
the Runx2 mRNA. We found 1,25(0OH),D; regulation of genes that modulate
mineralization through the balance of pyrophosphate such as Enppl, Enpp3 and Ank.
These genes contained intronic or intergenic distal VDR/RXR, RUNX2 and C/EBPf
binding that demonstrated transcriptional response to 1,25(0OH),D; after subsequent
cloning and mutagenesis. Most interestingly, the regions responsive to 1,25(0OH),D5 in
Enppl/3 and Ank were not conserved or present in our human osteoblast model lines
(hOB and MG63) which may contribute to the inability of 1,25(OH),Djs to inhibit in
vitro mineralization in these cells. Overall, our studies help to define the complex
arrangement of RUNX2 and VDR/RXR during the process of osteogenic
differentiation and help clarify part of the mechanism by which mineralization can
be blocked.

Disclosures: Mark Meyer, None.
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Glucocorticoid-Induced Leucine Zipper (GILZ): An Anabolic Effect Med-
iator of Glucocorticoids. Guodong Pan*l, Kehong Ding', Nianlan yangl,
Mark Hamrick', Carlos Isales®, Xing-Ming Shi'. lGeorgia Health Sciences
University, USA, >Medical College of Georgia, USA

Glucocorticoids (GCs) have both anabolic and catabolic effects on bone.
However, the clinical outcome of GC therapy is a net loss of bone. Recent studies
in mice have shown that the GC receptor (GR) mediates the catabolic effect and is
responsible for GC-induced bone loss. However, no anabolic GC effect mediator has
been identified to date. We showed previously that overexpression of glucocorticoid-
induced leucine zipper (GILZ), a GC-inducible anti-inflammatory mediator,
significantly enhances bone marrow mesenchymal stem cell (MSC) osteogenic
differentiation in vitro. But the in vivo function of GILZ in bone is unknown. In
this study we aimed to test the hypothesis that GILZ is an endogenous GC anabolic
effect mediator and that bone-specific overexpression of GILZ increases bone
formation in mice. We generated GILZ transgenic mice (GILZ'®) in which the
expression of GILZ is under the control of a 3.6Kb type I collagen promoter. Bone-
specific GILZ transgene expression was confirmed at the mRNA and protein
expression levels by RT-PCR and Western blot, respectively. Bone analyses were
performed using femurs of 3-month-old mice with standard bone parameter
measurements. Results show that compared with their wild-type (Wt.) littermate
controls, both DXA and uCT results showed a significant bone mineral density
(BMD) increase in GILZ™ mice (Tg vs. Wt: 9%, p<0.05). Histology and
histomorphology analyses show that the bone volume (BV/TV) and trabecular
thickness (Tb.Th.) were increased significantly in GILZ"'® mice (Tg vs. Wt: BV/TV
20% and Tb.Th 39% increase, respectively, p<<0.05). Most strikingly, the bone mineral
apposition rate (MAR) was doubled in GILZ"® mice compared with the control mice
(p<0.01). In conclusion, our data have shown that bone-specific overexpression of
GILZ can significantly increase bone formation in vivo, demonstrating that GILZ is
an endogenous GC anabolic effect mediator and a very prominent bone anabolic drug
candidate.

Disclosures: Guodong Pan, None.
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Osteoblast-specific Estrogen Receptor Alpha Knockout Mice Have Compro-
mised Bone Mass and Architecture. Katherine Melville*', Timothy Bruhn',
Sohaib Khan®, John Schimenti!, F. Patrick Ross’, Russell Main®,
Marjolein Van Der Meulen'. 'Cornell University, USA, 2University of
Cincinnati, USA, *Hospital for Special Surgery, USA, *Purdue University,
USA

Estrogen signaling through estrogen receptor alpha (ERa) is critical to
maintenance of bone mass and normal bone growth. Lack of ERa in global ERuKO
female mice increases cortical and cancellous BMD in the tibia, but is accompanied by
systemic increases in body mass and serum estrogen (E2) levels and decreases in
uterine mass and IGF-I levels. We hypothesized that the phenotype of an osteoblast-
specific ERa knockout mouse would differ from the global ERaKO mouse due to
lack of systemic effects. Therefore, we generated an osteoblast-specific ERa knockout
mouse (cKO) to investigate the role of ERo in osteoblasts and osteocytes in
determining body and bone phenotype, while limiting the confounding hormonal
systemic effects present in the global ERaKO.

Mice with a floxed ERa gene (fl/fl; +/+) and mice with an osteocalcin-promoter cre
recombinase (+/+; oc-cre/+) were bred to generate female osteoblast-specific ERo
conditional knockout mice (cKO, fl/fl; oc-cre/+) and littermate controls (LC, fl/+;
+/+). Skeletal phenotype was characterized at 12 weeks (n=7 cKO, n=6 LC) and
18 weeks (n=10/genotype). Body, ovary, and uterus mass were measured. Serum was
assayed for E2, testosterone (T), IGF-I, TRACP5b, and osteocalcin (OC) levels.
Cancellous and cortical regions in the tibiae and L5 vertebrae were analyzed by
microcomputed tomography. Tibiae were stained for ERa immunohistochemistry.
Vertebral stiffness and strength were measured in compression to failure.

ERa staining was absent from osteoblasts in ¢cKO. In the proximal tibia,
cancellous bone mass was decreased (-36%) and tissue mineral density (+5%) and
trabecular separation (+54%) increased in cKO compared to LC at 12w and 18w. LS
cancellous bone volume fraction (-43%) was decreased due to decreased trabecular
thickness (-11%) and increased trabecular separation (+32%) in cKO vs LC at 12w.
Tibial cortical area (-7%) and tissue mineral density (-2%) were decreased in cKO vs
LC at both ages. L5 strength was reduced in cKO vs LC at 12w (-11%). Body, ovary,
and uterus mass, and serum E2, T, IGF-1, and OC serum levels were similar between
genotypes. In contrast to the global ERaKO, cancellous and cortical mass were
decreased in cKO vs LC, which likely reflects the lack of altered hormone levels in the
cKO that are present in the global ERaKO.
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Endocrine Actions of Parathyroid Cyp27bl in The Ca’*' and Skeletal
Homeostasis: Studies of Parathyroid-Specific Knockout Mice. Zhigiang
Cheng, Chia-Ling Tu, Alfred Li, Christian Santa-Maria, Hanson Ho,
Michael You, Nathan Liang, Tsui-Hua Chen, Rachel Roston, Dolores
Shoback, Daniel Bikle, Wenhan Chang*. Endocrine Unit, VA Medical
Center, University of California, San Francisco, USA

The renal 25-hydroxyvitamin Ds l-alpha-hydroxylase (Cyp27bl) is thought to be
the major enzyme producing 1,25 (OH), vitamin D5 (1,25D), which critically
modulates mineral and skeletal homeostasis. The role of extra-renal Cyp27bl is,
however, unclear. We demonstrated previously that Cyp27bl and vitamin D receptor
(VDR) constitute an autocrine/paracrine pathway to suppress PTH secretion by
studying parathyroid glands from mice with homozygous Cyp27bl (PT-Cyp27bl-
KO) or VDR (PT-VDR-KO) gene KO targeted to their parathyroid cells (PTCs). In
the current study, we used those mice to determine whether parathyroid Cyp27bl
contributes to circulating 1,25D levels and modulates mineral and skeletal home-
ostasis. Serum 1,25D (s1,25D), Ca®* (sCa), phosphate (sPi), and PTH (sPTH) levels in
the PT-Cyp27b1-KO and PT-VDR-KO mice and control littermates (Cont), which
carry floxed alleles but no Cre, were compared as were their bone mass and structural
parameters by micro-computed tomography (UCT). The specificity of excision of
VDR and Cyp27bl gene in PTCs was confirmed by PCR analyses of genomic DNA
and RNA extracted from different tissues. SPTH levels increased modestly by =80%
in PT-VDR-KO mice and profoundly by =250% in the PT-Cyp27b1-KO mice,
compared to Cont mice. While sCa and sPi levels were unchanged in the PT-VDR-KO
mice, PT-Cyp27b1-KO mice developed hypocalcemia and hyperphosphatemia,
despite markedly elevated sPTH levels. We further found that s1,25D levels in PT-
Cyp27b1-KO mice were reduced to =<30% of the level in Cont mice, even though renal
Cyp27bl RNA levels were increased by 2-3 fold (likely due to the elevated sPTH
levels) along with a decrease (by =<50%) in renal Cyp24 RNA expression. These
results suggest that Cyp27bl activity in PTCs is a source of s1,25D. We examined the
skeletal effects of PTC-specific gene KO on trabecular bone (Tb) parameters in the
distal femurs of PT-VDR-KO and PT-Cyp27bl-KO mice. VDR KO in PTCs
produced an increased Tb bone volume (BV) over total tissue volume (TV) ratio
(Tb.BV/TV) and Tb number (Tb.N). These anabolic effects were, however, not
evident in the Cyp27bl KO mice, suggesting that different calcemic and phoshatemic
states affect skeletal actions of PTH. Our data suggest that PTC Cyp27bl not only
exerts autocrine/paracrine actions to modulate PTH secretion but also provides an
important source of s1,25D essential either directly or indirectly for maintaining
mineral and skeletal homeostasis.

Disclosures: Wenhan Chang, None.
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Bivariate Genome-wide Association Analysis Identifies Novel Candidate
Genes for Cross-sectional Bone Geometry and Appendicular Lean Mass: The
GEFOS and CHARGE Consortia. Yi-Hsiang Hsu', Xing Chen?, Karol
Estrada®, Serkalem Demissie*, Tamara Harris’, Thomas Beck®, Alireza
Moayyeri’, Candace Kammerer®, Carolina Medina-Gomez’, Vilmundur
Gudnason'®, Tim Spector’, Maria Zillikens“, L. Adrienne Cupples®,
Andre Uitterlinden'?, Fernando Rivadeneira®, Douglas Kiel'’, David
Karasik*'. "Hebrew SeniorLife Institute for Aging Research & Harvard
Medical School, USA, *Harvard University, USA, 3Erasmus University
Medical Center, The Netherlands, “Boston Uni Sch Pub Health, USA,
SIntramural Research Program, National Institute on Aging, USA,
®Quantum Medical Metrics, LLC, USA, 7King’s College London, United
Kingdom, ®University of Pittsburgh Graduate School of Public Health,
USA, °Erasmus Medical Center, The Netherlands, '’Icelandic Heart
Association Research Institute, Iceland, 'Erasmus Mc, The Netherlands,
2Rm Ee 575, Genetic Laboratory, The Netherlands, Hebrew SeniorLife,
USA

Hip geometry and lean (muscle) mass have significant genetic correlation,
indicating that genetic determinants may be shared by both bone and muscle. To
identify genes with pleiotropic effects on bone and muscle traits, we performed a
bivariate genome-wide association analysis (GWAS) using data from two consortia.

The Hip Structural Analysis program was used to measure the femoral neck length
(FNL), neck-shaft angle (NSA), narrowest width of the femoral neck (NNW) and
calculate its section modulus (NNZ), from DXA scans of GEFOS consortium
participants (17,528 men and women from 10 mostly Caucasian studies). Appendi-
cular lean mass (aLM), combining upper and lower extremities, was measured in
participants of the CHARGE Musculoskeletal Consortium (22,360 Caucasian men
and women from 15 cohorts).

Univariate GWAS meta-analyses of ~2.5 million autosomal SNPs (imputed based
on CEU HapMap phase II panel) were first performed for hip geometry and aLM,
separately. An additive genetic effect model was applied with adjustment for age, sex,
height, ancestral genetic background, as well as age” and fat mass (for aLM only). We
then used the univariate GWAS results to perform a bivariate analysis for each pair of
HSA-aLM traits. We used the linear combination of test statistics approach with
estimated variance-covariance structure, to take into account the phenotypical
correlation between HSA and aLM. We considered SNPs as potentially pleiotropic if
(a) they achieved genome-wide significance threshold (bivariate p-value = 5x10°%) and
(b) the bivariate p-value was an order of magnitude lower than both univariate p-
values.

For a combination NSA-aLM, there were no SNPs with genome-wide significant
bivariate signal; for other pairs of phenotypes, potentially pleiotropic SNPs were
mapped to regions in/near SORCSI (on 10q23-q25) and C6orf223 (6p21.2) for FNL-
aLM; PPP6R3/LRPS (11q13) for NNZ-aLM, and ADAMTSL3 (15q25.2) for NNW-
aLM pair. The potential pleiotropic genetic variants had associations in the same
directions for both HSA and aLM. Notably, the same variant in PPP6R3/LRP5 is
associated at genome significant level in a bivariate GWAS of total body lean mass
and BMD in children (ASBMR 2012). LRP5, a member of the Wnt signaling
pathway, is an established locus associated with BMD and fracture risk; in contrast
the role in musculoskeletal biology is less clear for PPP6R3 (ubiquitously expressed in
bone and muscle), SORCS], belonging to a neuropeptide signaling pathway, and for
ADAMTSL3, previously associated with adult height but whose in-vivo function is
unknown.

In conclusion, using the bivariate GWAS approach, we discovered loci potentially
regulating the hip geometry and muscle mass. Additional replication in independent
cohorts and functional follow-up in relevant musculoskeletal tissues is needed to
confirm the pleiotropic effects of these gene variants.

Disclosures: David Karasik, None.
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PTHrP Regulates the Modeling of Entheses During Linear Growth. Meina
Wang*l, Joshua VanHoutenz, Randy Johnson®, Arthur Broadus®. 'Yale
University, USA, 2Yale University School of Medicine, USA, M.D.
Anderson Cancer Center, USA

PTHrP is widely expressed in the fibrous periosteum (PO) and in tendon and
ligament insertion sites (entheses, ENTSs). In most such sites, PTHrP is mechanically-
induced and is temporally associated with subjacent osteoclast (OC) and/or osteoblast
(OB) populations. We tested the working hypothesis that PTHrP might regulate the
modeling of cortical bone and/or ENTs using Scx-Cre-driven ENT-specific PTHrP
cKO mice. Scleraxis(Scx) is a transcription factor that is widely expressed in the
connective tissue of bone.

The PTHrP cKO mice display a dozen or so surface abnormalities that reflect
failed development and/or modeling of ENT or PO sites. Here, we will focus on three
ENTs that represent variations on a theme of load-driven PTHrP induction of ENT
OCs. First, the medial collateral ligament (MCL) insertion into the proximal tibial
metaphysis must migrate to accommodate linear growth, a process that is driven by
OCs at the migrating edge. This process fails in the cKO mouse and is replaced by a
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massive traction tuberosity comprising mostly mineralizing fibrochondrocytes (FCs).
Second, the teres major (TM) inserts into the proximomedial humerus via a major
cord-like tendon at a near-90° angle; this is anchored into a deep OC-driven cortical
cave, the strength of this ENT being in the depth of its root system. Here too, OCs fail
entirely in the cKO mouse, and a major FC-associated traction tuberosity forms that
distorts the entire proximal humerus. Third, the latissimus dorsi (LD) inserts over a
lengthy portion of the anteromedial humerus at a gentle (about 10°) angle, and its OC-
driven root system resembles a saw-tooth pattern of minimal depth; here strength
depends upon breadth and surface rather than depth. This ENT also fails in the cKO
mouse but without a traction deformity.

The traction tuberosities are pathological structures that form because of the
continued load in the absence of the normal OC modeling that the load should induce.
The FCs here originate from both the tendon and cambial ENT layers as an apparent
consequence of heavy loading.

These data provide the initial genetic evidence that PTHrP regulates the formation
and function of membranous bone cell populations at the surface of long bones. These
functions reflect the use of PTHrP as a modeling tool, in this case at three so-called
fibrous insertion sites that represent formes frusts of a common strategy, presumably
differing from each other as a consequence of differences in biomechanical inputs.

Disclosures: Meina Wang, None.
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Interactions between Periosteal Cells and Muscle-Derived Blood Vessels are
Essential for Bone Autograft Healing. Nick Van Gastel*', Maarten
Depypere?, Karen Moermans', Ingrid Stockmans', Jan Schrooten®,
Frederik Maes®, Frank Luyten®, Geert Carmeliet’. lLaboratory of
Clinical & Experimental Endocrinology, KU Leuven, Belgium,
’Department of Electrical Engineering (ESAT/PSI), KU Leuven,
Belgium, *Department of Metallurgy & Materials Engineering, KU
Leuven & Prometheus, Division of Skeletal Tissue Engineering, KU
Leuven, Belgium, “University Hospitals KU Leuven, Belgium, “Katholieke
Universiteit Leuven, Belgium

Despite major drawbacks, autologous bone transplantation remains the therapy of
choice to treat large bone defects. Cell-based bone tissue engineering seems a
promising alternative, but one of the key challenges is the timely formation of blood
vessels to promote survival of the cells in the implant. To gain more insight in this
critical process, we examined how periosteal cells orchestrate blood vessel formation
during bone autograft healing.

Using a murine segmental bone defect model, we confirmed the importance of
periosteal cells in bone healing by showing that removal of the periosteum reduced the
healing of autografts to the level of devitalized allografts. Implantation of autografts
derived from GFP-mice further revealed that the donor periosteal cells were the main
source of chondrocytes and osteoblasts in the callus. In vitro analysis of murine
periosteum-derived cells (mPDC) indicated that they may contribute to healing not
only by differentiating to osteoblasts and chondrocytes, but also by promoting
endothelial cell (EC) proliferation and survival through the production of angiogenic
factors such as VEGF. Ectopic co-implantation of mPDC and EC in mice proved that
periosteal cells can enhance both angiogenesis and vasculogenesis in vivo.

The role of periosteal cells in blood vessel formation during bone repair was
further shown by the observation that autografts were surrounded by a significantly
higher number of blood vessels compared to allografts. In contrast to the bone-
forming cells, the blood vessel network in the autograft callus was derived almost
entirely from the host and was at numerous sites connected to the vessels of the
adjacent muscle. The importance of the muscle vascular bed was confirmed by
insertion of a membrane in between the graft and the muscle, which completely
abrogated the periosteal reaction. While an angiogenic response from the host was still
observed, the blood vessels could not reach the periosteum, preventing cell
proliferation and callus formation.

In conclusion, our results demonstrate that periosteal cells may provide an ideal
cell source for bone regeneration, not only because of their strong osteogenic and
chondrogenic potential, but also by their pro-angiogenic features. In addition, we
show that during bone healing the survival and function of periosteal cells drastically
relies on timely interactions with blood vessels from the nearby muscle, which
emphasizes the importance of the local environment.

Disclosures: Nick Van Gastel, None.

1112

Muscle Atrophy Enhances Bone Anabolism. Ted Gross*!, Brandon Ausk!,
Steven Bain!, Leah Downey', Edith Gardner', Ronald Kwon', Leah
Worton®, Sundar Srinivasan'. 'University of Washington, USA, >The
University of Washington, USA

Simultaneous atrophy or hypertrophy of muscle and bone is observed throughout
life. In direct contrast to this relation, we recently observed that superimposing
transient muscle paralysis upon external tibia loading elevated periosteal bone
formation 2-fold compared to what the loading regimen induced without muscle
paralysis. Following on this unexpected result, we designed an in vivo experiment to
test the hypothesis that the enhanced bone anabolism associated with combined
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muscle paralysis and mechanical loading requires spatial proximity between the
atrophied muscle and mechanically stimulated bone. Adult female C57 mice (16 wk)
each underwent a 3d/wk, 3wk external cantilever bending regimen of the right tibia
(1600 pe normal strain, 100 cycles/loading bout). Mice randomly received a d 0 saline
injection in the right calf (R. Calf S, n=6), or BTxA (2U/100g) in the right calf (R. Calf
B, n=6), left calf (L. Calf B, n=5), or the right triceps (R. Triceps B, n=5). All mice
received calcein labels (d 10, 19) with p.MS, p.MAR, and p.BFR determined for the
periosteal surface of left and right tibiae. No differences were noted in the
contralateral left tibiae across groups. The R. Calf S tibiae demonstrated significant
increases in p.MS (p<<0.05), p.MAR (p<0.01), and p.BFR (<0.01) vs contralateral
tibiae. Likewise, each BTXA group demonstrated significant increases in p.MS, p.MAR,
and p.BFR vs contralateral tibiae (all p<<0.01). p.BFR in each of the BTXA groups was
significantly elevated vs the Saline group (p<<0.05) but did not differ with the site of
muscle paralysis. The enhanced anabolism was achieved almost entirely via enhanced
p-MAR, as p.MS did not differ across groups. The lack of response in the contralateral
tibiae indicate that muscle paralysis alone is not sufficient to activate a quiescent
periosteum. The surprisingly equivalent anabolic benefit of L. Calf and R. Triceps
muscle paralysis vs R. Calf paralysis (directly adjacent to the externally loaded tibia)
demonstrates that spatial adjacency is not required as hypothesized and that reduced
mechanical loading of the right tibia (which did not occur in L. Calf and R. Triceps
paralysis) is not a primary underlying influence for the enhanced response. In summary,
these data suggest that transient muscle paralysis results in activation of signaling
pathways that, via systemic distribution, are capable of enhancing osteoblast function.

Disclosures: Ted Gross, None.
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Trabecular Mineralization and Muscle Fiber Growth in Response to Dynamic
Fluid Flow Stimulation. Minyi Hu* 1, Robbin Yehl, Morgan
Teeratananon', Yi-Xian Qin®. 'Stony Brook University, USA, ’State
University of New York at Stony Brook, USA

Intramedullary pressure (ImP)-driven bone fluid flow acts as a mediator between
an external load and bone cells, which then regulate bone remodeling. It is
hypothesized that muscle compressions may increase vessel pressure gradient that
can directly increase ImP. To establish the translational potential of ImP-induced
fluid flow stimuli in bone, a dynamic hydraulic stimulation (DHS) approach has been
developed to evaluate trabecular mineralization and muscle fiber growth in response
to non-invasive, direct muscle compressions in a disuse osteopenia rat model.
Sprague-Dawley virgin rats were randomly assigned to 5 groups: baseline control
(n=15), age-matched control (n=12), hindlimb suspended (HLS, n=10), HLS+static
pressure (n=10), HLS+DHS (n=14). Stimulations were given to right tibia by an
inflatable cuff with 2Hz, 30mmHg static+30mmHg dynamic pressures, for 10min on-5
min off-10min on, 5d/wk for 4 wks. Two injections of calcein (10mg/kg) were given to
the animals in two weeks apart during the study. The right tibiae, soleus and
gastrocnemius were obtained at the animal sacrifice. The proximal tibiae were
embedded with PMMA. Longitudinal sections were made to Sum. Histomorpho-
metric measurements were done by tracing calcein labels in the trabecular bone in the
metaphyseal region using the Osteomeasure software. Muscle samples were snap-
frozen, and cross-sections were made to 8um followed by H&E staining. Muscle fiber
areas were determined by the Image J software. The histomorphometry data indicated
that HLS significantly reduced BV/TV, MS/BS, MAR, BFR/BS and BFR/BV
compared to age-matched controls (Table 1). HLS+static pressure alone did not show
a significant difference compared to HLS, except for MS/BS. However, HLS+DHS
rats showed significant increases in BV/TV and all other bone formation indices,
except for MAR. HLS+DHS had increases compared to the HLS group by 34% in
BV/TV, 121% in MS/BS, 190% in BFR/BS, and 146% in BFR/BV. On the other hand,
stimulation-induced improvements on muscle fiber growth were not shown (Figure 1).
DHS did not seem to rescue muscle atrophy due to HLS. While dynamic fluid flow
stimulation by DHS significantly mitigate bone loss in disuse, the current effective DHS
stimuli may be suitable for bone cell responses but not for muscle fiber alterations.

Table 1 and Figure 1

Disclosures: Minyi Hu, None.
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Ryanodine receptor 1 Remodeling in Cancer Associated Muscle Dysfunction.
David Waning*l, Khalid Mohammad?, Daniel Andersson®, Sutha John4,
Patricia Juarez-Camacho®, Steven Reiken®, Andrew Marks®, Theresa
Guise?. 'Indiana University School of Medicine, USA, ’Indiana
University, USA, *Department of Physiology & Cellular Biophysics,
College of Physicians & Surgeons of Columbia University, USA,
“Indiana University Simon Cancer Center & Indiana University School
of Medicine, USA, SColumbia University, USA

Muscle weakness is common in advanced cancers and is a cause of significant
cancer-related morbidity and mortality. The mechanisms of cancer-associated muscle
dysfunction are unknown and no effective treatment exists. Ryanodine receptor 1
(RyR1) is the skeletal muscle sarcoplasmic reticulum calcium release channel required
for excitation-contraction coupling. The RyR1 channel is a macromolecular complex
that is comprised of 4 RyR1 monomers and regulatory proteins that modulate
channel function. RyR1 undergoes remodeling in disease states, such as muscular
dystrophy and ageing, characterized by oxidation and nitrosylation of the channel and
loss of the stabilizing subunit, calstabinl resulting in leaky channels. We hypothesized
that muscle weakness in cancer could be due to remodeling of RyR1 resulting in
intracellular calcium leak that causes impaired muscle function.

We used a mouse model of breast cancer metastases to bone during which mice
develop significant cachexia. Five-week-old female nude mice were inoculated with
MDA-MB-231 breast cancer cells via intra-cardiac inoculation and compared to non-
tumor bearing controls. Mice developed osteolytic lesions 12 days after inoculation.
Tumor bearing mice lost significant weight by 4 weeks compared to controls
(20.540.6 vs. 23.2+0.4; p<0.0002). This was associated with a significant reduction
in total body tissue, lean mass and fat in tumor bearing mice, as assessed by DXA
(P<0.01), with no difference in total body %lean mass or %fat. Muscle specific force
production of the extensor digitorum longus (EDL) muscle was significantly
decreased in tumor bearing mice compared to controls (p<<0.001). The reduction in
muscle force correlated with larger osteolytic lesions (p<<0.05). Immunoprecipitation
and immunoblotting of RyR1 from EDL of tumor bearing mice showed that RyR1
were oxidized, nitrosylated and depleted of calstabinl, consistent with leaky channels.
Transmission electron microscopy showed dysmorphic mitochondria in tumor
bearing mice.

Our data show that MDA-MB-231 bone metastases are accompanied by loss
of muscle function and remodeling of RyR1 channel complex resulting in leaky
channels. Similar remodeling of RyR1 has been shown to cause muscle weakness in
muscular dystrophies and sarcopenia. Targeted therapy against leaky RyR1 channels
improves muscle function and exercise capacity in murine models of muscular
dystrophy and sarcopenia and may be an effective therapy for cancer-associated
muscle weakness.

Disclosures: David Waning, None.
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Injury-Activated TGFp Controls Mobilization of MSCs for Tissue Remodel-
ing. CHANGJUN LI*!, GEHUA ZHEN', WENYING HE', KAI JIAO,
YIU-FAI CHEN?, XIAOFENG JIA', Bing Yu®, Xu Cao*, Mei Wan'.
Johns Hopkins University School of Medicine, USA, 2University of
Alabama at Birmingham, USA, 3Johns Hopkins School of Medicine, USA,
“Johns Hopkins University, USA

Upon secretion, TGF is maintained in a sequestered state in extracellular matrix
as a latent form, which is considered as a molecular sensor that releases active TGFf3
in response to mechanical stress, wound repair and tissue injury. The biological
implication of the temporal discontinuity of TGFp storage in the matrix and its
activation is obscure. Here, using rat and mouse models in which latent TGFR is
activated in vascular matrix in response to injury of arteries, we show that active
TGFBI1 controls the mobilization and recruitment of MSCs for tissue remodeling.
Active TGFB1 was elevated in both vasculature and peripheral blood at 8 hrs after
injury in both models, and the elevation sustained for 2 wks. At the same time points,
Scal *CD29*CD11b°CD45 MSCs, in which 91% are nestin® cells, were mobilized to
peripheral blood and recruited to the remodeling arteries. Inhibitor of TGFp type I
receptor (TPRI) blocked the mobilization and recruitment of MSCs to the remodeling
arteries. Notably, intravenously injection of rhTGFpI in uninjured mice rapidly
mobilized MSCs into circulating blood. To confirm the MSCs feature of the mobilized
cells, biotinylated rhTGF1 was injected i.v. and its binding to bone marrow cells was
analyzed. Biotinylated rhTGFp1 bounds to bone marrow nestin“Scal *CD29*CD11b"
cells, which have multilineage differentiation capacity and can differentiate into
myofibroblast-like cells. To further investigate how injury-induced activation of
TGFBI in vascular matrix stimulates migration of MSCs, we developed an injured
aorta-conditioned medium (Aorta-CM)-based cell migration assay, in which MSCs
were placed in the upper chamber and the Aorta-CM was placed in the lower chamber
of a transwell. Aorta-CM prepared from ex vivo injured aorta significantly enhanced
cell migration, and the neutralizing antibody of TGFB1 blocked the migration.
Consistently, active TGF1 level was significantly elevated in the injured Aorta-CM,
and addition of inhibitors of either TBRI or MCP-1 in the CM blocked the migration,
indicating that active TGFp1 released from the injured vessels is a primary factor in
induction of the migration of MSCs, and cascade expression of MCP1 stimulated by
TGFp amplifies the signal for migration. Collectively, the results suggest that TGFB1
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is an injury-activated messenger essential for the recruitment of MSCs to participate in
vascular remodeling.

Disclosures: CHANGJUN LI, None.

1116

Hyperactive Transforming Growth Factor-betal Signaling Potentiates
Fracture Non-union in Neurofibromatosis Type 1. Steven Rhodes*!,
Yongzheng He'!, Xiaohua Wu?, Ping Zhang3, Shi Chen', Chang Jiang',
Hiroki Yokota4, Xianlin Yang', Xianghong Peng', Sreemala Murthy],
Khalid Mohammad', Theresa Guise!, Feng-Chun Yang'. 'Indiana
University, USA, %Indiana University School of Medicine, USA, *Indiana
University — PurdueUniversity Indianapolis, USA, “Indiana University
Purdue University Indianapolis, USA

Tibial pseudarthrosis, in up to 90% of cases, is associated with Neurofibromatosis
type 1 (NF1). Tibial pseudarthrosis is a rare yet debilitating pediatric orthopedic
condition, progressing to spontaneous fracture and subsequent fibrous nonunion.
Treatment of tibial pseudarthrosis has been notoriously difficult, ultimately requiring
amputation of the affected limb in many cases. Still, the molecular etiology of these
pathological defects remains unclear.

Transforming growth factor-betal (TGF-f1) is known to be a critical factor
regulating the spatiotemporal coupling of bone resorption and bone formation.
Intriguingly, haploinsufficiency of NfI in myeloid cells has been shown to result in
hypersecretion of TGF-B1 in vitro. Given the fact that disruption of TGF-f signaling
gradients is associated with a spectrum of osseous defects in both patients and mouse
models, we sought to investigate the impact of TGF-B1 signaling in NF1 associated
skeletal manifestations.

Here, we show that compared to WT mice, TGF-B1 serum levels are 5.7 fold
higher in NfI**";Col2.3Cre mice, a murine model that closely recapitulates multiple
NF1 skeletal defects including, short stature, osteoporosis, and mechanically induced
nonunion fracture. We further found that Nf7 deficient osteoblasts, the principal
source of TGF-B1 in bone, overexpressed TGF-f1 in a gene dosage dependent fashion
at both the mRNA and protein levels. Moreover, NfI deficient osteoclasts and
osteoblasts were hyperresponsive to TGF-B1 in tissue culture, preferentially
augmenting NfI*" osteoclast bone resorptive activity, while inhibiting NfI7"
osteoblast differentiation. These cellular phenotypes were accompanied with
biochemical hyperactivation of the TGF-B1-Smad pathway. As an in vivo proof of
concept, we found that administration of the pharmacologic TGF- type I receptor
inhibitor, SD-208, can rescue both osteoporotic and non-union fracture phenotypes in
NfV"~":Col2.3Cre mice, restoring bone mass and callus bone volume to WT levels.
This study provides direct preclinical evidence for the critical role of NfI dependent
TGF-B1 signaling in the pathogenesis of NF1 associated osteoporosis and
pseudarthrosis, thus implicating the TGF-B signaling pathway as a potential
therapeutic target in the treatment for NF1 osseous defects.

Disclosures: Steven Rhodes, None.
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Metabolically Active Brown Adipose Tissue (BAT) Has Anabolic Effects on
Bone Through Endocrine/Paracrine Activity Including Production of
IGFBP2. Sima Rahman*', Yalin Lu® Sven Enerback®, Clifford Rosen®,
Beata Lecka-Czernik®. 'University of Toledo Health Sciences Campus,
USA, *University of Toledo Medical Center, USA, >University of
Goteborg, Sweden, “Maine Medical Center, USA, 5University of Toledo
College of Medicine, USA

Energy metabolism is tied to bone acquisition; however the role of adipose tissue in
this process has not been well defined. Recently, it has been reported that in young
women the volume of preformed brown adipose tissue (pBAT) directly correlated with
BMD. In a mouse model, Misty, pBAT dysfunction was associated with very low
bone mass. Forkhead protein FoxC2 represents a transcription factor which regulates
mitochondrial function and increases energy production in adipose tissue. Ectopic
expression of FoxC2 in adipose tissue leads to increased energy expenditure,
protection from high fat-diet induced obesity and insulin resistance, and a high bone
mass phenotype. At 5 mo of age, trabecular BV/TV in aP2-FoxC2"® mice is 3-fold
higher vs. WT mice and correlates with increased osteoblast number (4-fold),
increased MAR and high BFR (2- and 3- fold, respectively). The high bone mass in
aP2-FoxC2"8 mice is accompanied by increased marrow adipose tissue (MAT) which
is juxtaposed in the tibia and femur. Ectopically expressed FoxC2 increases expression
of UCPI, Dio2, and Prdm16 in both peripheral and marrow adipocytes suggesting
acquisition of a brown-like (iBAT) phenotype. To investigate the hypothesis that
iBAT has endocrine/paracrine function in the regulation of bone remodeling, the
effects of conditioned media (CM) derived from iBAT represented by either
epidydimal fat of aP2-FoxC2"™® mice or marrow adipocytes expressing FoxC2 on
markers of osteoblast phenotype were tested. CM from iBAT significantly increased
alkaline phosphatase (ALP) activity, expression of osteoblast-specific gene markers
(DIxS5, osteocalcin and cyclin D), and levels of pAkt. Proteomic analysis of the
secretome of FoxC2-3T3-L1 adipocytes revealed increased IGFBP2, a protein known
for its insulin sensitizing properties as well as its IGF-1-independent effects on
osteoblast differentiation. Serum levels of IGFBP2 protein are elevated and the
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expression of IGFBP2 transcripts in WAT and MAT are also increased in aP2-
FoxC2"® mice. Furthermore, depletion of IGFBP2 from CM using an IGFBP2-
specific antibody abrogated FoxC2-mediated increases in ALP activity in the recipient
osteoblastic cells. These data suggest a role for IGFBP2 in mediating BAT’s
endocrine/paracrine regulation of bone mass. The role of pBAT and iBAT in the
pathogenesis of osteoporosis requires further studies.

Disclosures: Sima Rahman, None.
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Overexpression of Bmi-1 in Mouse Lymphocytes Stimulates Osteogenesis by
Improving the Osteogenic Microenvironment . Xichao Zhou*', Wen Sun?,
David Goltzman®, Andrew Karaplis®, Xiang-Jiao Yang3, Dengshun
Miao*. 'Nanjing Medical University, China, *Nanjing Medical
UniversityThe Research Center for Bone & Stem Cells, Peoples Republic
of China, *McGill University, Canada, 4Nunjing Medical University,
Peoples Republic of China

Overexpression of Bmil in mouse lymphocytes has been shown to be important for
the specification of the identity of the vertebral column, but it is unclear whether such
overexpression also improves the osteogenic microenvironment and thereby stimulates
osteogenesis. To investigate this, we examined the skeletal phenotype of Em-Bmil
transgenic mice in which Bmil is highly expressed in lymphocytes. Western blotting
confirmed a high expression level of Bmil protein in the thymus, spleen and bone
marrow of the transgenic mice. Compared to wild-type mice, skeletal size, BMD,
trabecular bone volume, osteoblast number, akaline phosphatase (ALP)- and type I
collagen-positive areas, and mRNA levels of Runx2, ALP, type I collagen and
osteocalcin were all significantly increased in the Em-Bmil transgenic mice. Total
numbers of CFU-f and ALP positive CFU-f generated by bone marrow cell cultures
also increased significantly in the transgenic mice and a similar increase was observed in
wild-type bone marrow cells cultured with the conditioned medium from lymphocyte
cultures of the transgenic mice. In the PTHrP(1-84) knockin (Pthrp KI) mice that lack
the nuclear localization sequence and the C-terminal region of PTHrP, Bmil expression
is reduced and premature osteoporosis occurs. We therefore crossed Em-Bmil
transgenic mice with Prirp KI mice to generate Pthrp KI mice with Bmil
overexpression in lymphocytes for comparison with the Pthrp KI and wild-type
littermates. Lymphocytic expression of Bmil in the Pthrp KI background resulted in a
longer lifespan, increased body weight, and improvement in skeletal growth and
osteoblastic bone formation in the Pthrp KI mice, although the defects were not
completely rescued. Furthermore, real-time RT-PCR revealed that levels of anti-
oxidative enzymes including SODI, 2 and 3, glutathione reductase and glutathione
peroxidase 1 were up-regulated in bony tissues of the Em-Bmil transgenic mice, but
down-regulated in the Ptirp KI mice; importantly, Bmil ectopic expression in the Pthrp
KI mice rescued this down-regulation. Taken together, these results demonstrate that
overexpression of Bmil in mouse lymphocytes stimulates osteogenesis and partially
rescues the defects in skeletal growth and osteogenesis in the Prirp KI mice by
inhibiting oxidative stress and improving the osteogenic microenvironment.

Disclosures: Xichao Zhou, None.
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Thrombopoietin: A Novel Regulator Of Bone Healing. Monique Bethel*!,
Patrick Millikan', Alexander Wessel', Yinghua Cheng', Jonathan Wilhite',
David Burr', Robyn Fuchs?, Tien-Min Chu®, Melissa Kacena'. 'Indiana
University School of Medicine, USA, ’Indiana University, USA, *Indiana
University School of Dentistry, USA

Despite advances in surgical techniques and implants, orthopaedic surgeons are
still challenged to obtain fracture union, spine fusion, or bridging of segmental
defects. Critical-size defects in bones do not heal spontaneously and usually require
the use of grafts. Unfortunately, the use of grafts poses several limitations including
harvest site morbidity with autografts and concerns about disease transmission with
allografts. To improve bone formation, many clinicians now use bone morphogenetic
proteins (BMP), particularly in spinal fusion, fracture healing, and in critical-size
defect regeneration. However, multiple side effects of BMP treatment have been
uncovered including increased incidence of cancer, greater risks of radiculitis, ectopic
bone formation, and osteolysis. With the high cost of BMP and concerns for side
effects, there is great interest in investigating other alternatives that allow for safe and
effective bone regeneration. Here we present data showing the ability of
thrombopoietin (TPO), the main megakaryocyte growth factor, to heal critical-size
femoral defects in both rat and mouse models. Smm or 4mm segmental defects were
created in the femur of Long Evans rats or C57BL/6 mice, respectively. The defects
were filled with a novel bioabsorbable scaffold which was loaded with recombinant
human TPO, BMP-2, or saline, and held stable by a retrograde 1.6mm intramedullary
Kirschner wire (rats) or 23G needle (mice). Xrays were taken every 3 weeks in rats and
weekly in mice. Animal were sacrificed at 15 weeks, at which time micro-computed
tomography (LCT) and histological analyses were performed. The results observed in
mice and rats were similar. The saline control group did not show bridging callus at
any time. Both the BMP-2 and TPO groups healed the defect, although bridging callus
was evident at earlier times in the BMP-2 groups. However, the TPO groups showed a
much more remodeled and physiologic contour on both Xray and pCT. pCT and
histological analysis confirms that compared to BMP-2, TPO-treated specimens have
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a thicker cortex but smaller diameter and smoother contour. TPO appears to restore
the original bone contour by stimulating osteoblastogenesis, allowing for periosteal
bridging and stabilization to occur, while simultaneously stimulating osteoclast
formation. The therapeutic potential of TPO is high as it has already been tested in
humans and could be moved into phase 2 studies quickly.

Bone healing in untreated, BMP-2-treated, and TPO-treated mice and rats 15 weeks
post-surgery.

Disclosures: Monique Bethel, None.
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PTH Induce Short-Term Hemopoietic Stem Cell Expansion through T Cells.
Jau-Yi Li*', Jonathan Adams', Laura Calvi>, M. Neale Weitzmann',
Roberto Pacifici!. "Emory University School of Medicine, USA,

2University of Rochester School of Medicine, USA

Intermittent parathyroid hormone (iPTH) stimulates hemopoietic stem cells
(HSCs) expansion in bone marrow (BM), but neither the involved mechanism nor the
affected HSPC populations are known. Since T cells contribute the action of iPTH in
bone, we investigated the role of T cells in the effects of iPTH on HSCs. iPTH (PTH 1-
34, 80 pg/kg SQ daily for 4 weeks) increased the number of HSCs (Lin-Sca-1+c-Kit+
cells) by ~2 fold and host survival after BM transplantation by ~4 fold in WT mice
and T cell reconstituted-T cell deficient mice. By contrast iPTH had no effects on
HSCs expansion and survival after BM transplantation in T cells deficient mice, or
PPRT /- mice, a strain lacking PTH receptor 1 (PPR) signaling in T cells. Thus,
direct PPR signaling in T cells is required for iPTH to expand HSCs and improve
post-transplantation survival. Analysis of SLAM receptor expression on HSCs and
competitive repopulation assays demonstrated that iPTH specifically expands short-
term HSCs (ST-HSCs) without exhausting long-term HSCs (LT-HSCs) in mice with
intact PPR signaling in T cells. By contrast iPTH did not expand ST-HSCs in mice
lacking T cells or PPR signaling in T cells. Since it is known that activation of Wnt
and Notch signaling in HSCs is required for their expansion, we investigated the role
of T cells in the iPTH-induced activation of these pathways. We found that PPR
signaling in T cells increases the T cell production of Wnt ligand Wntl0b, and that
Wntl0b is required for activating Wnt signaling in HSPCs and stromal cells (SCs) in
response to iPTH treatment. T cell produced WntlOb was also essential for
upregulating the SC expression of Jaggedl, a Notch ligand critical for HSC
expansion. Accordingly, iPTH failed to expand ST-HSCs in mice with a specific
deletion of T cell produced Wnt10b. Further attesting to the relevance of Wnt10b for
HSCs expansion, we found that iPTH failed to promote HSCs engraftment and host
survival after BM transplantation in Wnt10b null mice. In summary, these findings
demonstrate that activation of PPR signaling in T cells by iPTH stimulates T cells to
release Wntl0Ob, a factor required for activating Wnt signaling in HSCs and SCs as
well as for increasing Jaggedl expression in SCs. Activation of Wnt and Notch
signaling in HSCs allows iPTH to selectively expand ST-HSCs and improve host
survival after BM transplantation. Thus, T cells may provide pharmacological targets
for HSPC expansion.

Disclosures: Jau-Yi Li, None.



ASBMR 2012 Annual Meeting

1121

Osterix Expressed in Chondrocytes Is Required for Skeletal Development.
Shaohong Cheng*l, Weirong Xing?, Catrina Alarcon3, Xin Zh0u4,
Subburaman Mohan®. 'VA Loma Linda Health Care Systems, USA,
“Musculoskeletal Disease Center, Jerry L. Pettis Memorial Veteran’s
Admin., USA, 3Jerry L Pettis VA Med Ctr, USA, “MD Anderson
Cancer Center, USA, Jerry L. Pettis Memorial VA Medical Center, USA

Osterix (Osx) is essential for osteoblast differentiation and bone formation as mice
with targeted disruption of the Osx gene failed to form either intramembranous or
endochondral bone. Previous studies have shown that Osx, a downstream target gene
of Runx2, is specifically expressed in osteoblasts (Obs) and at low levels in
prehypertrophic chondrocytes (CCs). Accordingly, Ob-specific ablation of Osx using
Collal-Cre mice resulted in osteopenia, due to impaired Ob differentiation in adult
mice. We found that CCs (ATDCS5, RCS and primary mouse CCs) in culture
expressed Osx at levels comparable to that of Obs, thus suggesting Osx expressed in
CCs may also play a role in skeletal development. To evaluate the role of Osx
expressed in CCs, we crossed floxed osterix with CC-specific Col2a1-Cre mice to
conditionally disrupt the Osx gene in CCs. Surprisingly, Cre positive mice that are
homozygous for Osx floxed alleles failed to survive after birth. Alician blue and
alizarin red staining of newborn Cre positive; flox/flox and corresponding wild type
(WT) littermates revealed that the lengths of the total body, femur and rib were
reduced by 20, 25 and 32% (all P<0.001), respectively, in the knockout (KO)
compared to WT mice. Besides demonstrating severely impaired mineralization of
bones formed via endochondral but not intramembranous route, several bones
including long bones, vertebral column and ribs were bent. In order to determine if
haploid insufficiency of Osx in CCs influences skeletal development, we compared
skeletal phenotypes of Cre positive; loxp heterozygous mice with gender-matched, Cre
negative heterozygous littermates. Body length was reduced by 6% (P=0.002) in mice
with conditional disruption of one allele of the Osx gene in CCs. PIXImus
measurements revealed that BMC of total body, femur, tibia and vertebra was
reduced by 17, 14, 21 and 15% (all P<0.01, n=15-20/group), respectively, in Cre
positive mice compared to littermate Cre negative mice at 3 wks of age. BMD of total
body, femur, tibia and vertebra was reduced by 4.5, 6.6, 6.0 and 9.5% (all P<0.05),
respectively, in the Cre positive; loxp heterozygous mice. We found that expression
levels of Col X, TRAP and Cathepsin K as measured by real time RT-PCR were
significantly reduced (30-70%) in the femurs of loxp heterozygous Cre negative mice.
Conclusions: 1) Osx expressed in CCs is essential for survival of mice after birth. 2)
Haploid insufficiency of Osx expressed in CCs results in reduced longitudinal growth,
bone size and BMD. 3) Osx expressed in CCs regulates skeletal development in part
by regulating CC maturation and cartilage resorption.

Disclosures: Shaohong Cheng, None.
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Jabl is Required for Chondrogenesis in Embryonic Limb Development.
Lindsay Bashur*', Dongxing Chen', Bojian Liang', Ruggero Pardi’,
Brendan Lee®, Shunichi Murakami', Guang Zhou!. 'Case Western Reserve
University, USA, *Scientific Institute San Raffaele, Italy, *Baylor College
of Medicine & Howard Hughes Medical Institute, USA

The transcriptional cofactor Jabl controls cell proliferation, apoptosis, and
differentiation in many developmental processes by regulating the activity of
numerous transcription factors. However, the physiological role of Jabl in skeletal
development is still poorly understood. In this study, we utilized the loxP/Cre system
to delineate the specific role of Jabl in limb development. First, to determine the
specific role of Jabl in differentiating chondrocytes, we generated a chondrocyte-
specific Jabl conditional knockout Jab "~ Col20.1-Cre mouse model. Jab/"¥/~;
Col2a1-Cre mutants exhibited neonatal lethal chondrodysplasia with severe dwarfism.
In E18.5 mutants, all skeletal elements developed via endochondral ossification,
including the limbs, were extremely small with severely disorganized chondrocyte
columns. Jabl mutant chondrocytes exhibited increased apoptosis and accelerated
chondrocyte hypertrophy. Notably, there was a heightened expression of BMP
signaling components and targets in Jabl mutant chondrocytes, suggesting that Jabl
is a novel inhibitor of BMP signaling in differentiating chondrocytes in vivo. Second,
to determine the function of Jabl in early osteochondro progenitor cells, we bred
Jab "% mice with PrxI-Cre transgenes to delete Jabl specifically in limb buds.
Jab "X prx ] -Cre mutant mice displayed drastically shortened limbs starting at
E14.5, mirroring the human skeletal disorder phocomelia. The E18.5 mutant limbs
exhibited drastically reduced numbers of hypertrophic chondrocytes, disorganized
chondrocyte columns, and increased apoptosis. To determine the underlying
mechanism for the severe short-limb defect in Jab /" Prx]-Cre mutants, we used
a micromass culture of E11.5 Jab! mutant and wild-type limb mesenchyme cells to study
chondrogenesis ex vivo. Alcian blue staining showed significantly decreased chondrogen-
esis in Jabl mutant cultures. Real time RT-PCR confirmed that the expression of
chondrocyte differentiation markers, including Sox9 and Col2uol, were significantly
decreased in Jabl mutants. Furthermore, Western blot analysis revealed that the
expression of BMP signaling downstream effector phospho-Smad1/5 was increased in
Jabl mutants, suggesting that Jabl also negatively regulates BMP signaling during early
limb development. In conclusion, our study demonstrates that Jabl is essential for
successive steps of limb development in vivo, likely in part by inhibiting BMP signaling.

Disclosures: Lindsay Bashur, None.
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Inducible Conditional Inactivation of TGF-beta Type II Receptor in Prx-1
Expressing Cells in Utero and Post-natal Life Leads to Prenatal and
Postnatal Growth Failure and Joint Defects. Tieshi Li*!, Lara Longobardi',
Timothy Myersz, Joseph Temple3, Michael Kuijer®, Ying Li4, Anna
Spagnoli'. 'University of North Carolina at Chapel Hill, USA, *University
of North Carolina, USA, *Department of Pediatrics of UNC at Chapel
Hill, USA, *UNC School of Medicine, USA

The role of TGF-beta type II receptor (Tgfbr2) signaling in skeletogenesis has been
primarily studied by targeting its genetic manipulation to early embryonic mouse
development. Here, to determine the need of Tgfbr2 signaling in late embryonic and
postnatal skeletal growth as well as in maintaining joint integrity we have generated
the Prx1CreERT2;Tgfbr2'°'°% mice to obtain temporal and limb-specific control of
expression using a tamoxifen(Tam)-inducible-Cre system (Prx1CreERT2). To
determine the Prx1-Cre inducible recombination at different prenatal and postnatal
ages and to establish the optimal regimen for Tam administrations we generated the
Prx1CreERT2-LacZ-R26R as a LacZ-Cre activity reporter mouse. Tam administra-
tions ranged from E13.5 to P3, single and multiple doses were tested; mice were
sacrificed 3 days after Tam. In knee and interphalangeal joints at both prenatal and
postnatal stages, we found Tam-induced beta-gal activity in the perichondrium , the
superficial layers of articular cartilage, tendons, ligaments and menisci. Prx1-cre Tam-
induced activity in these regions overlapped with but was not limited to the regions of
Tgfbr2 expression that we characterized by generating BAC-Tgfbr2-LacZ reporter
mice. The lack of beta-gal activity in the Prx1CreERT2-LacZ-R26R not exposed to
Tam confirmed the absence of Cre-activity leakage. We then exposed
PrxlCreERT2;Tgfbr2“°"/“°" mice to Tam at P3 to generate Prx1CreERT2;
Tgfbr2'°°% mice that were sacrificed at different ages. At P31, we found that
compared to control (Tgfbr21°¥1°%) " Prx1CreERT2; Tgfbr2'o'°% had 32.4+2.6%
decrease of body weight and 20.5+1.1% decrease of body length. Furthermore,
histological analyses of P31 Prx1CreERT2;Tgfbr2'°°* mice showed a large number
of hypertrophic chondrocytes within the knee articular cartilage as an early si%n of
osteoarthritis. Tam was also administered at E14.5 and Prx1CreERT2;Tgfbr2 ox/lox
mice analyzed at E18.5 showed growth failure (17.1+2.2% decrease) as a result of a
shorter growth plate with disorganized hypertrophic chondrocytes and perichon-
drium. In Prx1CreERT2;Tgfbr2'°°* | BrdU incorporation assay showed reduced
proliferative activity within the superficial layer of the articular cartilage and
proliferative layer of the growth plate. Our findings indicate that Tgfbr2 signaling
regulates postnatal growth and is needed to maintain postnatal joint integrity by
regulating chondrocyte proliferation and repressing hypertrophy.

Disclosures: Tieshi Li, None.
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The Skeletal Effects of Notch are Cell-Context Dependent. Stefano
Zanotti*', Kristen Parker?, Jian Feng’, Ernesto Canalis'. 'St. Francis
Hospital & Medical Center, USA, 2Saint Francis Hospital & Medical
Center, USA, *Texas A&M Health Science Center, USA

Transgenic expression of Notch under the control of the Type I collagen promoter
causes osteopenia, and the conditional deletion of Notchl and 2 in the skeleton
increases bone volume and osteoblastogenesis, indicating that Notch downregulates
osteoblastic differentiation/function. However, the biology of Notch is cell-context
dependent. To address whether Notch has distinct effects in cells of the osteoblastic
lineage at various stages of differentiation, we used the Rosa™"" mouse model, where
the Notch intracellular domain (NICD) is expressed under the control of the Rosa
promoter following the excision of a loxP flanked STOP cassette between the Rosa26
promoter and NICD. Rosa™**" mice were crossed with transgenics expressing the Cre
recombinase under the control of the Osterix (Osx), Osteocalcin (Oc), 2.3 kb fragment
of Type 1 collagen (Col2.3) or Dentin matrix protein 1 (Dmpl) promoter to express
Notch in osteoblast precursors, mature osteoblasts and osteocytes, respectively.
Microcomputed tomography (ULCT) and histomorphometry revealed that expression
of Notch in undifferentiated (Osx-Cre; Rosa™") or mature osteoblasts (Oc-
Cre; Rosa™**") caused marked femoral and vertebral osteopenia due to decreased
bone formation; cortical bone was porous or not present. In contrast to this
osteopenic phenotype, expression of Notch in osteocytes (Dmpl-Cre; Rosa™'")
caused a marked 3-6 fold increase in femoral and vertebral bone volume, and a
pronounced increase in connectivity. The mechanism involved suppressed bone
resorption due to enhanced expression of osteoprotegerin. Sclerostin mRNA was
suppressed leading to enhanced Wnt signaling in osteocytes. Cortical bone thickness
was increased, but the cortex was not compact and had the appearance of cancellous
bone. Notch expression in osteoblasts and osteocytes (Col2.3-Cre; Rosa™*'") caused a
similar but less pronounced phenotype than that observed in Dmpl-Cre; Rosa™""
mice. There was no sexual dimorphism in the skeletal phenotypes described. In
conclusion, the skeletal effects of Notch are cell-context dependent. When expressed in
osteoblasts, Notch causes osteopenia due to impaired osteoblastic differentiation/
function, and when expressed in osteocytes Notch causes increased bone mass due to
suppressed bone resorption. Compact cortical bone is absent in the presence of Notch
suggesting that downregulation of Notch is necessary for the transition of trabecular
to cortical bone.

Disclosures: Stefano Zanotti, None.
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Rbpj-Dependent Notch Signaling in Chondrocytes Modulates Endochondral
Ossification during Osteoarthritis Development through Transcriptional
Induction by Hesl. Shurei Sugita*!, Yoko Hosaka®, Taku Saito?,
Haruhiko Akiyama3, Ung-I1 Chung“, Hiroshi Kawaguchi®. l, Japan,
*University of Tokyo, Graduate School of Medicine, Japan, *Kyoto
University, Japan, *University of Tokyo Schools of Engineering &
Medicine, Japan, *University of Tokyo, Faculty of Medicine, Japan

The Notch signaling constituted of the Notch receptors, the transcriptional
effector Rbpj, and the transcription target Hes/Hey family members is a potent
modulator of cell differentiation in many organs. Here we examined the involvement
of the Notch signaling in the endochondral ossification process which is crucial for
osteoarthritis (OA) development. Intracellular domains (ICDs) of Notchl and 2 were
translocated into the nucleus of chondrocytes with their differentiation in mouse limb
cartilage and in mouse and human OA articular cartilage. The tissue-specific
knockout mice of Rbpj in chondroprogenitor cells (Sox9-Cre; Rbpj™) died shortly
after birth, but the embryos exhibited an impaired endochondral ossification with
decreases of Mmp13 expression in the limb cartilage. We then generated the inducible
conditional knockout mice (Col2al-Cre™®7: Rbp/™), inactivated Rbpj in the adult
articular cartilage by tamoxifen injection to the 7-week-old mice after normal skeletal
growth and joint formation, and created the surgical OA model. The Col2al-
Cre®RT: Rbp/™" mice showed resistance to the knee OA development as compared to
the control Rbp/™" littermates. As for the underlying mechanism, Hesl was most
strongly expressed among Hes/Hey family members during differentiation of cultured
mouse chondrogenic ATDCS5 cells and primary chondrocytes, with Notch 1, Notch2,
Rbpj, and Mmpl3 expressions. Overexpression of Notchl ICD in ATDCS cells
induced Mmpl3 expression, and this induction was suppressed by the Hesl
knockdown through the siRNA transfection. Luciferase analyses revealed that the
promoter activity of MMPI13 was not affected by Notchl ICD transfection, but was
enhanced by Hesl. In the MMPI3 gene between —1,000 and +1,227 bp relative to the
transcriptional start site, there were six E-box motifs but no N-box motif. Deletion
and mutagenesis analyses identified the core responsive region of Hesl as an E-box at
+934/+939 bp. However, the Sox9-Cre; Hes’" mouse embryos did not show skeletal
abnormality. Contrarily, the inducible conditional knockout of Hesl (Col2al-
Cre"RT: Hes /") in adult articular cartilage by tamoxifen injection caused resistance
to the knee OA development. In conclusion, Hesl, which mediates the Rbpj-
dependent Notch signaling in chondrocytes, is a transcriptional inducer of
endochondral ossification during OA development, representing a promising
therapeutic target of OA without physiological side effects.

Disclosures: Shurei Sugita, None.
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An Appropriate Balance of Notch Signaling is Required for Articular
Cartilage and Joint Maintenance. Zhaoyang Liu*l, Anthony Mirandol,
Tyler Moore!, Alexandra Lang', Anat Kohn? Alana Jesse’, Regis
O’Keefe?, Robert Moonevl, Michael Zuscik3, Matthew Hilton!.
"University of Rochester Medical Center, USA, *UNIVERSITY OF
ROCHESTER, USA, 3University of Rochester School of Medicine &
Dentistry, USA

Osteoarthritis (OA) is a degenerative disease resulting in severe joint cartilage
destruction and disability. While the mechanisms underlying the development and
progression of OA are poorly understood, gene mutations have been identified within
cartilage-related signaling molecules implicating impaired cell signaling in the
pathogenesis of OA. To investigate a novel role for Notch signaling in joint cartilage
development, maintenance, and the pathogenesis of OA, we first generated a
PrxICre;Rbpj”’ (cKO RBPjk) mutant mice deleting RBPjk in mesenchymal
progenitors giving rise to all synovial joint tissue. Embryonic cKO RBPjk mutants
exhibit normal joint cavitation and morphogenesis, while two-week-old cKO RBPjk
mutants revealed a delayed formation of the secondary ossification center. Joint
integrity analysis in 2, 4, 6, and 8-month old cKO RBPjk mutants via microCT,
histology, IHC, ISH, and histomorphometry showed an early onset and progressive
postnatal OA-like pathology characterized by fibrosis and degeneration of the
articular cartilage and meniscus, subchondral bone sclerosis, osteophyte formation,
and progressive loss of extracellular matrix components. Additionally, we generated a
cartilage-specific Notch gain-of-function model, Col2Cre"*"?; Rosa-NICDF"* (cGOF
NICDI1), to determine whether sustained NOTCHI1 signaling in postnatal chondro-
cytes following tamoxifen induction could promote articular cartilage maintenance.
Histology, histomorphometry, IHC, and real-time RT-PCR analyses were performed
on the knee joints or articular cartilage isolated from several types of cGOF NICDI
mice including mice with 3-months, 4-weeks, and 5-days of sustained NOTCHI1
signaling. Interestingly, “long-term” (3-months) induction resulted in severe joint
cartilage fibrosis and its own OA-like pathology, while “shorter-term” (4-weeks)
induction simultaneously promoted both cartilage anabolism and catabolism,
although early signs of fibrosis were also evident in this model. Finally, a brief
exposure of articular chondrocytes to sustained NOTCHI1 signaling (5-day induction)
in vivo also demonstrated enhancement in both cartilage anabolic and catabolic
factors without the induction of early fibrosis. Therefore, a delicate balance of Notch
signaling is required for appropriate cartilage anabolism and catabolism during
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postnatal joint homeostasis. Collectively, these data have implicated the Notch
pathway as a novel and important therapeutic target for OA.

Disclosures: Zhaoyang Liu, None.
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Cortical Porosity as a Distinct Pathomorphology in Postmenopausal,
Diabetic Women with Fragility Fractures. Janina Patsch*!, Andrew
Burghardt!, Paran Yap', Thomas Baum? Ann Schwartz!, Thomas
Link'. lUniversity of California, San Francisco, USA, 2Klinikum rechts
der Isar, Technische Universitaet Muenchen, Deu

Cortical porosity (Ct.Po) is increasingly recognized as a skeletal pathomorphology
of potential clinical relevance. Type 2 diabetic bone disease is a metabolic bone disease
with paradoxically increased fracture rates in spite of relatively high bone mineral
density (BMD). The purpose of this study was to assess if Ct.Po was increased in
postmenopausal diabetics with fractures when compared with non-fractured diabetics,
non-diabetic controls with prevalent fragility fractures, and non-diabetic controls
without fractures. All subjects (controls [Co] n=20; controls with fractures [Fx] n=20;
diabetics without fracture [DM] n=20; diabetics with fracture [DMFx] n=15)
underwent high resolution peripheral quantitative computed tomography (HR-
pQCT; distal radius and tibia), DXA (spine, hip, radius), and a blood draw for fasting
glucose, HbAlc, and c-peptide. From HR-pQCT scans, volumetric BMD, morpho-
metric standard parameters, and extended measures of cortical bone (including Ct.Po
and endocortical bone surface En.BS) [1,2] were obtained. In a 2-way ANCOVA
adjusted for age, BMI, and race/ethnicity, Ct.Po was associated with fracture in DM
but not controls at the ultradistal tibia (p for interaction=0.038) but not the radius.
DMFx displayed the highest cortical porosity of all groups (age-, race & BMI-
adjusted means +52.2% vs DM; + 36.0% vs Fx; +34.2% vs Co). Coherently, DMFx
also had a greater En.BS than DM (+11.12%; p=0.035). However, there were no
correlations between En.BS or Ct.Po with fasting glucose, HbAlc or c-peptide. In
diabetics, En.BS was significantly correlated with tibial Ct.Po (r=0.533). Compart-
ment-specific volumetric BMD and morphometric indices by HR-pQCT (both sites)
remained non-significant among the 4 groups. Patients with prevalent fractures had
significantly reduced aBMD measured with DXA, but mean aBMD values remained
normal to osteopenic in all patients and were particularly high in diabetics stressing
the limitations of DXA. In conclusion, we found tibial Ct.Po and En.BS measured by
HR-pQCT to be non-invasive surrogate biomarkers to identify type 2 diabetes
mellitus postmenopausal women with prevalent fragility fractures.

References:

[1] Burghardt AJ et al. 2010; Bone 47(3):519-528. [2] Burghardt AJ et al. 2010; J
Bone Miner Res 25(5):983-993.

Representative HR-pQCT scans of diabetic women with and without fragility
fractures (DMFx vs. DM)

Disclosures: Janina Patsch, None.
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TBS (Trabecular Bone Score) is More Sensitive Than BMD to Diabetes-
Related Fracture Risk. William Leslie*', Berengére Aubry-Rozier?, Olivier
Lamy>, Didier Hans’. 1University of Manitoba, Canada, 2Lausanne
University Hospital, Switzerland

Background:Type 2 diabetes (T2D) is associated with increased fracture risk but
paradoxically greater BMD. TBS (trabecular bone score), a novel grey-level texture
measurement extracted from DXA images, correlates with 3D parameters of bone
micro-architecture. We evaluated the ability of lumbar spine (LS) TBS to account for
the increased fracture risk in diabetes.

Methods:29,407 women =50 years at the time of baseline hip and spine DXA were
identified from a database containing all clinical BMD results for the Province of
Manitoba, Canada. 2,356 of the women satisfied a well-validated definition for
diabetes, the vast majority of whom (>90%) would have T2D. LS L14 TBS was
derived for each spine DXA examination blinded to clinical parameters and
outcomes. Health service records were assessed for incident non-traumatic major
osteoporotic fracture codes (mean follow-up 4.7 years).

Results:In linear regression adjusted for FRAX risk factors (age,BMI, glucocorti-
coids, prior major fracture, rheumatoid arthritis, COPD as a smoking proxy, alcohol
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abuse) and osteoporosis therapy, diabetes was associated with higher BMD for LS,
femoral neck and total hip but lower LS TBS (all p<<0.001). Similar results were seen
after excluding obese subjects withBMI>30. In logistic regression (Figure), the
adjusted odds ratio (OR) for a skeletal measurement in the lowest vs highest tertile
was less than 1 for all BMD measurements but increased for LS TBS (adjusted OR
2.61, 95%CI 2.30-2.97). Major osteoporotic fractures were identified in 175 (7.4%)
with and 1,493 (5.5%) without diabetes (p < 0.001). LS TBS predicted fractures in
those with diabetes (adjusted HR 1.27, 95%CI 1.10-1.46) and without diabetes (HR
1.31, 95%CI 1.24-1.38). LS TBS was an independent predictor of fracture (p<<0.05)
when further adjusted for BMD (LS, femoral neck or total hip). The explanatory
effect of diabetes in the fracture prediction model was greatly reduced when LS TBS
was added to the model (indicating that TBS captured a large portion of the diabetes-
associated risk), but was paradoxically increased from adding any of the BMD
measurements.

Conclusions:Lumbar spine TBS is sensitive to skeletal deterioration in post-
menopausal women with diabetes, whereas BMD is paradoxically greater. LS TBS
predicts osteoporotic fractures in those with diabetes, and captures a large portion of
the diabetes-associated fracture risk. Combining LS TBS with BMD incrementally
improves fracture prediction.
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Figure: OR (95%CI) for BMD or TBS in the lowest vs highest tertile according to
diabetes status.

Disclosures: William Leslie, None.
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Osteoporosis is Not Enough: Cortical Porosity Identifies Women with Distal
Forearm Fractures. Yohann Bala*', Roger Zebaze?, Ali Ghasem-Zadeh?,
James Peterson’, Shreyasee Amin®, L. Joseph Melton®, Sundeep Khosla®,
Ego Seeman’. lUniversity of Melbourne, Dept. of Medicine, Australia,
2Austin Health, University of Melbourne, Australia, 3Mayo Clinic, USA,
“College of Medicine, Mayo Clinic, USA

Introduction: Trabecular bone loss and vertebral fractures are held to be flagships
of ‘osteoporosis’. However, 80% of bone is cortical, 80% of fractures are non-
vertebral, 70% of all bone loss is cortical and due to intracortical resorplion.] The
resulting porosity is a quantifiable footprint of structural decay and so may predict
fracture risk as resistance to bending is proportion to the 7" power cortical apparent
density. We hypothesized that porosity discriminates women with distal forearm
fractures better than areal BMD.

Methods: One hundred postmenopausal women with a distal forearm fracture and
105 age matched community controls from Olmsted County, Minnesota had 3D
cortical imaging and aBMD (g/cm?) assessed at the ultradistal radius by HR-pQCT
and DXA.? Cross-sectional area (CSA), cortical porosity, trabecular and cortical
vBMD (Ct. & Tb.vBMD, g/cm®) were processed from HR-pQCT images using a non-
threshold based image analysis, StrAx1.0, which automatically segments cortical bone
into compact cortex (CC) and transitional zone (TZ). The proportion of void
(porosity) was quantified as the average of void spaces in each voxel. Images were
colour coded according their mineralized matrix content. Results were expressed as a
frequency or a void-bone matrix distribution curve. Due to motion artefacts, only 68
cases (6349 year-old) and 70 controls (66 +9 year-old, N.S.) were analysed.

Results: Among cases, 4/5 did not have osteoporosis (t-score =-2.5 SD). aBMD
was significantly lower in cases than in controls (0.42+0.07 vs. 0.37+0.08 g/cm?,
p<0.001). Ct. & Tb. vBMD were -4% and -24% lower in cases (p<<0.018). Porosity
was higher in cases than controls (CC +11%, p=0.03, TZ +3%, p=0.0001). TZ
porosity predicted fracture risk; each SD increase was associated with an odds ratio of
2.09 (95% CI, 1.40-3.11; p=0.0001). The void-bone matrix curve in cases was shifted
left in CC and TZ indicative of higher porosity.

Inference: Intracortical remodeling fragments the cortex producing porosity which
allow better discriminates and so targets women with distal forearm fractures than
aBMD and vBMD alone. /) Zebaze et al. Lancet 2010 2) Melton III ez al. Osteoporos
Int 2010.
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Figure
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Postmenopausal Women with Osteopenia and Fractures Have Thin Cortices
and Trabecular Plate Loss. Emily Stein', Xiaowei Liu?, Thomas Nickolas®,
Adi Cohen®, Anna Kepley*, X Guo*, Elizabeth Shane*'. 'Columbia
University College of Physicians & Surgeons, USA, >University of
Pennsylvania, USA, 3Columbia University Medical Center, USA,
4Columbia University, USA

The majority of fragility fractures occur in women with osteopenia rather than
osteoporosis by DXA. However, it is difficult to identify which women with
osteopenia are at greatest risk. Abnormal microarchitecture is an important
determinant of bone strength and fracture susceptibility, independent of areal BMD
(aBMD) by DXA. We hypothesized that osteopenic women with fragility fractures
would have abnormal microarchitecture compared to controls. We enrolled 117
women with osteopenia by DXA (age 66 + 6yrs, 76% Caucasian), 58 with a history of
low trauma fracture after menopause (FX) and 59 non-fractured postmenopausal
controls (C). All had aBMD of lumbar spine (LS), total hip (TH), femoral neck (FN),
1/3 (1/3R) and ultradistal radius (UDR) by DXA. Trabecular (Tb) and cortical (Ct)
volumetric BMD (vBMD) and Tb microarchitecture were measured by high
resolution peripheral computed tomography (HRpQCT, voxel size ~82 um) of the
distal radius and tibia. HRpQCT scans were subjected to finite element analysis
(FEA) to estimate whole bone stiffness and individual trabecula segmentation (ITS) to
assess plate and rod structure of Tb bone. Groups were similar with respect to age,
race, BMI and years since menopause. Fracture of the forearm, spine and ankle were
most common. Mean T-scores in FX (LS -1.2,TH -1.0, FN -1.6, 1/3R -0.7, UDR -1.1)
did not significantly differ from those in C at any site, though they tended to be lower
at the LS (0.09) and higher at the 1/3R (0.07). In contrast, there were substantial
microarchitectural differences between FX and C (Table). At the radius, FX had
lower Ct and Tb vBMD, thinner cortices, thinner more widely separated trabeculae
and lower stiffness. By ITS, FX had fewer Tb plates, less axially aligned trabeculae
and less Tb connectivity. At the tibia, differences between FX and C were limited to
Ct bone. Whole bone stiffness and ITS tended to be lower. In summary,
postmenopausal women with osteopenia and fractures had lower Ct and Tb vBMD,
thinner, more widely separated and rod-like Tb structure, and less Tb connectivity by
HRpQCT compared to controls, despite similar aBMD by DXA. At the radius, both
cortical and trabecular abnormalities were associated with fractures and lower
stiffness, while at the tibia, cortical abnormalities predominated. Our results suggest
that trabecular and cortical bone loss as well as changes in plate and rod structure may
be important mechanisms of fracture in postmenopausal women with osteopenia.
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Microarchitecture in FX compared to C (% difference)

RADIUS | pvalue | TIBIA | p-value
Ct Area (mm2) 8 <0.03 -10 <0.03
Th Area (mm?) +9 <0.02 + 0.06
Total Density (mgHA/m?) -12 <0003 |-9 <0.01
Ct Density (mgHA/cm?) -3 <0.03 -3 0.09
Ct Thickness (mm) -11 <0.007 | -13 <0.02
Tb Density (mgHA/cm*) -12 <0.02 -6 0.14
Tb Number {1/mm) -5 0.10 -1 0.76
Th Thickness (mm) 6 <0.05 -5 0.16
Th Separation {mm) +j 0.07 +2 0.74
Plate Tb Number -8 <0.03 -3 0.08
Axially aligned Th -14 <0.03 -10 0.06
Thb Plate connectivity -22 <0.02 -8 0.07
Whole bone stiffness (kN/mm) | -10 <0008 | -6 0.07

Disclosures: Elizabeth Shane, None.

1131

Geometry, Density Distribution and Internal Structure of the Proximal
Femur in Relation to Age and Hip Fracture Risk in Women. Julio
Carballido-Gamio*', Roy Harnish!, Isra Saeed', Timothy Streeper’,
Sigurdur Sigurdsson®, Shreyasee Amin>, Elizabeth Atkinson®, Terry
Therneau®, Kristin Siggeirsdottirz, Xiaoguang Cheng4, L. Joseph
Melton?, Joyce Keyak®, Vilmundur Gudnason’, Sundeep Khosla®,
Tamara Harris”, Thomas Lang'. 1University of California, San
Francisco, USA, Icelandic Heart Association Research Institute, Iceland,
3Mayo Clinic, USA, *Beijing Ji Shui Tan Hospital, China, *University of
California, USA, 6College of Medicine, Mayo Clinic, USA, ntramural
Research Program, National Institute on Aging, USA

Age-related changes in hip structure are non-homogeneous. The least mechani-
cally-stimulated regions are thought to experience the greatest bone loss, and are
implicated in hip fracture because they are thought to bear the bulk of impact from
lateral falls. Here we examine how the geometry, distribution of BMD, and internal
structure of the hip vary with age and fracture status using inter-subject image
registration, voxel-based morphometry (VBM; Ashburner 2000), and tensor-based
morphometry (TBM; Ashburner 1998). A subset of 349 women representing an age-
stratified, random community sample (Riggs 2004) was subdivided into young (<45
yrs; n=94), middle-age (45-59 yrs; n=98), and older(=60 yrs; n=157) groups. A second
subset of 222 age-matched (mean=79.3 yrs) women of the Age, Gene/Environment
SusceptibilityReykjavik cohort (Sigurdsson 2006) was subdivided into control (no hip
fracture; n=148) and fracture (incident hip fracture; n=74) groups. Using QCT scans
and spatial normalization to minimum deformation templates (MDTs), global
differences in bone size, and local differences in BMD (VBM) and volume (TBM)
between middle-age and young, older and young, and control and fracture women
were identified. Local differences were computed with voxel-wise general linear
models yielding Student’s t-test statistical maps (T-maps; Figure 1). Bones of older
and fracture women were significantly larger than those of young and control women,
respectively. In middle-age and older women, BMD was preserved in the load-bearing
inferomedial and inferolateral cortices, but there were BMD deficits superiorly in the
femoral neck. Fracture women had lower BMD in expected areas such as the superior
cortex and trochanteric region, but differences were also seen in the inferomedial and
inferolateral cortices. TBM showed volume loss in the principal compressive bands
and cortices, and enlargement of the trabecular neck area in middle-age and older
women compared to young women, and in fracture women compared to age-matched
controls. A focal region of cortical volume loss in the superior neck of fracture women
was in agreement with a study indicating cortical thinning in this area (Johannesdottir
2011). This study shows that women who sustain incident hip fracture have structural
differences from age-matched controls, and a structural phenotype that is
fundamentally distinct from that of normal aging, with BMD deficits in hip regions
that are usually preserved with age.
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Figure-1
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Osteoporotic Vertebral Fracture Prevalences Vary Widely Between Radi-
ological Scoring Methods: The Rotterdam Study. Ling Oei*!, Edwin Oei?,
Stephan J Breda®, Felisia Ly Evelien van Meel?, Emma J Dogterom?,
Laura GC de Kok, Joyce BJ van Meurs®, Albert Hofman?, Huibert Pols',
Andre Uitterlinden®, Maria Zillikensz, Gabriel P Krestin®, Fernando
Rivadeneira'. 'Erasmus University Medical Center, The Netherlands,
2Erasmus MC, The Netherlands, *Erasmus MC, Netherlands, “Rm Ee 575,
Genetic Laboratory, The Netherlands

Global trends in ageing of populations implicate increasing numbers of
osteoporotic fractures. VFx are associated with considerable morbidity and mortality.
VFx are the most common fractures. Several methods for radiological assessment of
VFx exist, but a gold standard is lacking. The aim of our study is to analyze
differences in prevalences between methods. We applied two methods for scoring
osteoporotic VFx in the population-based Rotterdam Study, an ongoing prospective
cohort study (age =45 years). The algorithm based qualitative (ABQ) method mainly
asseses endplate integrity, while quantitative morphometry (QM) based methods
evaluate vertebral height loss. Trained research assistants scored lateral spine
radiographs (T4-L4), using either ABQ or software-assisted QM (SpineAnalyzer,
which applies Genant’s classification). With ABQ, radiographs were triaged as
normal, uncertain or definite fracture. Definite and uncertain VFx were re-assessed by
a musculoskeletal radiologist. We compared fracture prevalences between QM and
ABQ methods. Radiographs were scored for 2,475 participants (43% men) aged 46-89
years (mean 57). With QM, a prevalence of 20.8% (95% CI: 19.2%-22.4%) was found,
compared to 3.2% (95% CI: 2.6%-4.1%) with ABQ. Of all individuals, 77.9% were
identified as having no fractures, while 1.9% were scored fractured according to both
methods. 18.9% were scored as having fractures according to QM but not ABQ; 1.3%
were judged fractured according to ABQ but not QM. With ABQ, most fractures were
found at the thoraco-lumbar junction, lumbar (T11-L3) and mid-thoracic (T7-T9)
regions. With QM, most fractures were at the middle (T7,T8) and lower thoracic
regions (T11,T12). The distribution of fracture severity was 70.8% mild, 27.1%
moderate, 2.1% severe. Shape of deformity was 95.6% wedge, 2.6% biconcave and
1.8% crush. Most ABQ fractures concerned the superior endplate. The superior
endplate was more frequently affected at the thoraco-lumbar junction and lumbar
regions (T11-L3), while more inferior endplate fractures were seen at the mid-thoracic
spine (T7-T8). In conclusion, osteoporotic VFx prevalence rates are significantly
different when applying either QM or ABQ. Both QM and ABQ identify a
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considerable number of deformities that were scored as normal by the other. VFx are
often a first presentation of osteoporosis. Accurate VFx diagnosis is needed to identify
patients with high risk for future fractures to optimize patient management.

Genant QM and ABQ fracture prevalences per vertebral level

Disclosures: Ling Oei, None.
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Denosumab Treatment Is Associated With Progressive Improvements in
Cortical Mass and Thickness Throughout the Hip. Ken Poole', Graham M.
Treece*', Andrew Geel, Jacques P. Brown?, Michael R. McClung3, Andrea
Wang*, Cesar Libanati*. 'University of Cambridge, United Kingdom,
2CHUQ-CHUL Research Centre, Canada, *Oregon Osteoporosis Center,
USA, 4Amgen Inc., USA

Purpose:Denosumab (a RANK ligand antibody) reduces remodeling, increases
bone mineral density, and reduces cortical porosity in postmenopausal women with
osteoporosis. In FREEDOM, denosumab treatment reduced the relative risk of hip
fracture by 62% in those = 75 years (Boonen JCEM 2011). Bone strength at the hip,
estimated by FEA from QCT scans, was significantly improved from baseline and
compared with placebo (Keaveny ASBMR 2010). To better characterize the changes,
we used a novel cortical bone mapping technique on those same serial QCT scans, to
determine the extent and distribution of mass and thickness changes at the proximal
femur, a key skeletal site for fracture risk.

Methods: Eighty women age 74+5 years who participated in a FREEDOM
substudy underwent hip QCT scanning at baseline, and months 12, 24, and 36 during
denosumab (60 mg SC Q6M) or placebo treatment; all subjects received calcium and
vitamin D supplementation. For each femur, in addition to overall cortical density,
the distributions of cortical mass (in mg per unit cm” of periosteal surface) and
thickness were measured in a blinded-to-treatment manner. Distributed measures
were transferred to an average femur by first registering each individual femur to this
surface. Statistical parametric mapping was used to calculate significance of
denosumab or placebo effects at each time point in relation to baseline, and between
treatments. Distributed results were visualised as a color map over the average femur.

Results:In denosumab-treated women, there was a progressive increase in cortical
mass over time, reaching a difference vs placebo of ~6% at 3 years (p<<0.0001) (Fig. 1).
Approximately one-third of this increase was attributed to an increase in cortical
density of 7.6+ 1.8 mg/em®/year (p<<0.0001), which in turn remained unchanged in
placebo-treated subjects (p=0.62). With denosumab, cortical thickness was also
significantly increased, which may represent in-filling of the cortical compartment. In
contrast, average cortical mass and thickness decreased in subjects who received
calcium and vitamin D alone. Mass color maps (Fig. 2) reveal the distribution of
increases in cortical mass with denosumab, which were significant over an increasingly
large area of the proximal femur.

Conclusion: In postmenopausal women with osteoporosis, administration of
denosumab significantly and progressively increased cortical mass and thickness in
regions of the proximal femur associated with hip fracture.
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Fig. 1

Fig. 2
Disclosures: Graham M. Treece, Amgen Inc., 6, Amgen Inc., Servier, 2; Amgen Inc.,

Lilly, 1
This study received funding from: Amgen Inc.
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Effects of 5 Years of Denosumab on Bone Histology and Histomorphometry:
the FREEDOM Study Extension. Jacques Brown*!, Rachel Wagman?,
David Dempster®, David Kendler*, Paul Miller’, Michael Bolognese®, Ivo
Valter’, Jens-erik Beck Jensen®, Cristiano Zerbini’, Jose Ruben
Zanchettalo, Nadia Daizadeh'', Ian Reid'>. lCHUQ Research
CentreLaval University, Canada, Amgen, Incorporated, USA,
3Columbia University, USA, *Associate Professor University of British
Columbia, Canada, *Colorado Center for Bone Research, USA, *Bethesda
Health Research, USA, "Center for Clinical Research, Estonia, *Hvidovre
Hospital, Denmark, 9Hospital Heliopolis, Brazil, Vlnstituto de
Investigaciones Metabolicas (IDIM), Argentina, ''Amgen Inc, USA,
2University of Auckland, New Zealand

Purpose:Denosumab (DMAD), a fully human monoclonal antibody to RANKL,
reduces bone resorption, increases bone mineral density, and decreases risk for
vertebral, nonvertebral, and hip fractures in postmenopausal women with osteo-
porosis.! Consistent with DMAb’s mechanism of action, transiliac crest bone biopsies
from subjects treated with DMAD for 1 to 3 years demonstrated reduced bone
turnover, which was reversible with treatment cessation.>> Since long-term treatment
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with DMAD has shown sustained reduction in bone turnover and low incidence of
vertebral and non-vertebral fractures through 6 years,* we evaluated the effects of
DMAD on remodeling at the tissue level.

Methods:Transiliac crest bone biopsy assessment was conducted as a substudy of
the phase 3 pivotal fracture trial (FREEDOM') extension

Results:A total of 41 subjects participated in the bone biopsy substudy at month
24, which corresponded to year 5 of study participation (13 cross-over and 28 long-
term subjects). Demographics for this subset were comparable with that of the overall
FREEDOM study extension population. Mean (SD) number of months from the last
dose of DMAD to the first dose of tetracycline was 5.7 (0.5) months. Qualitative bone
histology, assessed in all samples was unremarkable, showing normally mineralized
lamellar bone. Five subjects in the long-term group did not have osteoid that could be
visualized; samples in 4 of 5 were intact and were reported to show normal
mineralization. Structural indices, including cancellous bone volume, trabecular
number and surface were similar between the cross-over and long-term groups.
Consistent with DMAb’s mechanism of action, resorption was decreased as reflected
by eroded surface in both cross-over and long-term subjects compared with placebo-
treated subjects in FREEDOM (Table). A total of 10/13 (77%) cross-over subjects and
14/28 (50%) long-term subjects had specimens with double-tetracycline label in
trabecular and/or cortical compartments; 5 cross-over subjects and 10 long-term
subjects were evaluable for dynamic trabecular bone parameters at month 24.
Dynamic remodeling indices were low for the cross-over and long-term groups, and
consistent with reduced bone turnover with DMADb therapy (Table).

Conclusions:DMAD treatment through 5 years results in normal bone quality with
reduced bone turnover, consistent with its mechanism of action.

1. Cummings, NEJM 2009

2. Reid, JBMR 2010

3. Brown, JBMR 2011

4. Papapoulos, JBMR 2012
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Disclosures: Jacques Brown, Amgen, Eli Lilly, Novartis,; Abbott, Amgen, Bristol-MYyers
Squibb, Eli Lilly, Merck, Novartis, Pfzer, Roche, sanofi-aventis, Servier, Warner
Chilcott, 6; Amgen, Eli Lilly, Merck, Novartis, sanofi-aventis, Warner Chilcott, 2
This study received funding from: Amgen Inc
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A Prospective Study of Calcium Supplement Intake and Risk of Cardiovas-
cular Disease in Women. Julie Paik*', Gary Curhan', Kathryn Rexrode',
JoAnn Manson', Rimm Eric!, Eric Taylor’. 1Brigham & Women’s
Hospital, Harvard Medical School, USA, 2Brigham & Women’s
Hospital, Maine Medical Center, USA

Purpose: Previous studies on the association between calcium supplements and
cardiovascular disease (CVD) in women have reported conflicting results and the
relation remains unclear. A recent post-hoc meta-analysis of secondary CVD
endpoints in randomized controlled trials suggested that calcium supplements
increase risk of CVD, especially myocardial infarction (MI). The two observational
prospective studies to date of calcium supplements and coronary heart disease (CHD)
risk in women had limited follow-up (7 and 8 years, respectively); one of the two
studies suggested that calcium supplements increase M1 risk. No study to date has had
long-term follow-up or prospectively studied cumulative average calcium supplement
intake and CVD risk in women.

Methods: We conducted a prospective analysis of the relation between calcium
supplement intake and the risk of CVD in a cohort of 74,272 women participating in
the Nurses’ Health Study (1984-2006) who were free of CVD and cancer at baseline.
Calcium supplement intake was assessed every four years by semiquantitative food-
frequency questionnaires. CVD outcomes were defined as CHD (nonfatal MI or fatal
CHD) and stroke (nonfatal or fatal).

Results: During 22 years of follow-up, 4,857 cardiovascular events occurred (2,634
CHD and 2,223 stroke events). The age-adjusted relative risk of CVD was 0.67 (95%
CI 0.62, 0.72) for women taking >500mg/day of calcium supplements (8.5% at
baseline) compared to no calcium supplements. After multivariable adjustment for
age, vitamin D intake, and other CVD risk factors, the relative risk of CVD for
women taking >500mg/day of calcium supplements compared to no calcium
supplements was 0.88 (95% CI 0.81, 0.95; p for trend <0.001). For cumulative
average calcium supplement intake and CVD risk, the relative risk of CVD was 0.92
(95% CI 0.84, 1.02) for women taking >500mg/day compared to no calcium
supplements. For calcium supplement use and CHD risk, the multivariable-adjusted
relative risk of CHD in women taking >500mg/day compared to no calcium
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supplements was 0.83 (95% CI1 0.74, 0.93; p for trend <0.001). For cumulative average
calcium supplement intake and CHD risk, the relative risk of CHD was 0.88 (95% CI
0.76, 1.01) for women taking >500mg/day compared to no calcium supplements.

Conclusions: In our study, calcium supplements were not associated with increased
cardiovascular risk, including MI, in women.

Disclosures: Julie Paik, None.
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The Women’s Health Initiative (WHI) Calcium plus Vitamin D Supplemen-
tation Trial: Health Outcomes 5 years after Trial Completion. Jane
Cauley*', Jean Wactawski-Wende?, John Robbins®, Rebecca
Rodabough®, Zhao Chen®, Karen Johnson®, Mary Jo _O’Sullivan’,
JoAnn Manson®. "University of Pittsburgh Graduate School of Public
Health, USA, 2University at Buffalo, USA, 3University of California,
Davis Medical Center, USA, *Fred Hutchinson Cancer Research Center,
USA, 5University of Arizona, USA, 6Univcrsity of Tennessee Health
Science Center, USA, University of Miami, USA, ®Harvard Medical
School, USA

The WHI Calcium plus Vitamin D supplementation trial assessed whether 1000
mg of elemental calcium with 400 IU of vitamin D5 (CaD) versus placebo reduced the
risk of hip fracture and colon cancer in 36,282 women who were age 50 to 79 yrs at
study entry. After an average of 7 yrs of follow-up, modest, albeit non-significant,
reductions were observed for hip, clinical vertebral and total fracture. Coronary heart
disease (CHD) and cancer incidence was similar in the 2 groups. Total mortality was
slightly lower in the CaD group. The objective of the current analysis was to
determine the effects of CaD on outcomes over 7 yrs (trial) and 5 additional yrs of
follow-up through September 2010. Follow-up continued after the planned trial
completion among 86% of surviving participants, CaD, n=15025 and placebo,
n=14837. Primary outcomes were identified from annual mailed questionnaires and
adjudicated centrally. Hip fracture was the only fracture adjudicated in the overall
period; all other fractures were self-reported. All analyses were intent-to-treat. All
participants were included in the analysis according to their randomized group
assignment until last contact. The post-intervention risk (annualized rate) of hip
fracture among women randomized to CaD was 0.28% compared with 0.30% in the
placebo group, hazard ratio (HR)=0.95; 95% confidence interval (CI) ( 0.78, 1.15);
0.36% vs 0.43%, respectively for clinical vertebral fractures, HR=0.83; 95% CI (0.71,
0.98); 3.31% vs 3.30%, respectively, for total fractures HR=1.00; 95% CI (0.94, 1.06),
(see Table). The risk of invasive colorectal cancer was non-significantly lower among
women randomized to CaD in the post-intervention period, HR=0.80; 95% CTI (0.61,
1.07), while the risk of breast cancer was slightly elevated, HR=1.17; 95% CI (0.99,
1.38), p=0.06. Total cancers did not differ between the CaD and placebo groups.
There was no difference in CHD and total and cardiovascular disease mortality by
randomized group in the post-intervention period. In the overall period, no significant
differences between treatment groups were observed except that vertebral fractures
were 13% lower among women randomized to CaD vs placebo, HR=0.87; 95% CI
(0.76, 0.98). In conclusion, among postmenopausal women followed for up to 12 yrs,
CaD was associated with a decreased risk of vertebral fractures, but, had little effect
on the other skeletal and non-skeletal outcomes.
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Table: Effects of CaD compared with placebo on clinical outcomes during the intenvention,
post-intenvention and combined phases in WHI CaD trial
CaD Placebo

# events (annual %) # events (annual %) HR (95% Cl)

Hip fractures

Intervention 175 (0.13) 201 (0.15) 0.87 (0.71, 1.07)

Post-intenention 204 (0.28) 212 (0.30) 0.95 (0.78, 1.15)

Owerall 379 (0.19) 413 (0.21) 0.91 (0.79, 1.05)
Vertebral fractures

Intervention 182 (0.14) 187 (0.15) 0.90 (0.74, 1.10)

Post-intenention 263 (0.36) 311 (0.43) 0.83 (0.71, 0.98)

Overall 446 (0.22) 508 (0.26) 0.87 (0.76, 0.98)
Total fractures

Intervention 2103 (1.69) 2159 (1.75) 0.97 (0.91, 1.03)

Post-intenention 2272 (3.31) 2242 (3.30) 1.00 (0.94, 1.06)

Owerall 4013 (2.20) 4018 (2.23) 0.99 (0.94, 1.03)
Invasive colorectal cancer

Intervention 169 (0.13) 160 (0.12) 1.05 (0.85, 1.31)

Post-intenention 87 (0.12) 107 (0.15) 0.80 (0.61, 1.07)

Overall 256 (0.13) 267 (0.13) 0.95 (0.80, 1.13)
Imasive breast cancer

Intervention 539 (0.41) 553 (0.43) 0.98 (0.87, 1.00)

Post-intervention 312 (0.44) 263 (0.38) 1.17 (0.99, 1.38)

Ovwerall 851 {0.43) 816 (0.42) 1.04 (0.94, 1.14)
Total cancer

Intenention 1623 (1.28) 1658 (1.32) 0.97 (0.91, 1.04)

Post-intenention 998 (1.39) 1017 (1.44) 0.97 (0.89, 1.06)

Overall 2554 (1.34) 2617 (1.39) 0.97 (0.92, 1.02)
Coronary heart disease

Intervention 518 (0.40) 488 (0.37) 1.06 (0.94, 1.20)

Post-intenention 374 (0.51) 372 (0.52) 0.99 (0.86, 1.14)

Overall 877 (0.44) 845 (0.43) 1.03 (0.94, 1.13)
Total mortality

Intervention 763 (0.59) 823 (0.64) 0.92 (0.83, 1.00)

Post-intervention 1012 (1.37) 1000 (1.37) 1.01 (0.92, 1.10)

Owerall 1775 (0.88) 1823 (0.91) 0.96 (0.90, 1.03)
Cardiovascular death

Intervention 240 (0.18) 255 (0.19) 0.94 (0.78, 1.12)

Post-intenention 309 (0.42) 270 (0.37) 1.14 (0.97, 1.34)

Overall 548 (0.27) 525 (0.26) 1.03 (0.92, 1.17)

table

Disclosures: Jane Cauley, None.
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Dose Response to Vitamin D Supplementation: Substantial Underestimate by
Endocrine Society Clinical Practice Guidelines (CPG) Compared to the
Institute of Medicine (IOM) Report.. Malachi McKenna*, Barbara Murray.
St. Michael’s Hospital, Ireland

Background: In 2011, IOM updated their Dietary Reference Intake (DRI) for
vitamin D; they specify that 600 IU/d meets the needs of 97.5% of the population
assuming minimal sunlight exposure. Shortly afterwards, the CPG for the Evaluation,
Treatment and Prevention of Vitamin D Deficiency was published that recommends
intakes up to 2000 IU/d without reference to sunlight exposure. There are at least
three major differences between IOM and CPG: (1) target 250HD (IOM noted a
plateau effect at 30-to-40 nmol/L with little or no benefit above 50 nmol/L; CPG set a
target of 75 nmol/L with a level below this target being labelled as “insufficiency”); (2)
definition of vitamin D deficiency (IOM adopts a probabilistic approach based on
250HD level within a range of 30-to-50 nmol/L; CPG designates vitamin D deficiency
as a 250HD <50 nmol/L); and (3) at-risk individuals (IOM specifies particular at-risk
members of the general population that are addressed by their DRIs, but the same
groups are considered by CPG as needing higher intakes).! Differences in the
estimation of vitamin D dose-response may also account for the discrepancies between
the two reports. The CPG states that the rate of rise of 250OHD is approximately 2.5
nmol/L/100 IU/d. The IOM dose-response is a logarithmic function that includes all
oral vitamin D intake: serum 250HD=In(vitamin D intake IU/d). We sought to test
the validity of these dose-responses by analyzing responses to vitamin D
supplementation from different studies.

Methods: Studies analyzed in three reports (IOM, AHRQ-Ottawa, and AHRQ-
Tufts) were selected. The ratio of observed:expected 250HD for both IOM and CPG
was calculated.

Results: Sixty studies were selected with duration ranging from 3-months to 60-
months, and with daily doses ranging from 230 IU/d to 2000 IU/d, or intermittent
high doses ranging from 15,000 TU/wk to 600,000 IU/6-month. The mean ratio (CI)
for CPG at 1.86 (1.53-2.19) was significantly higher than for IOM at 1.13 (1.03-1.24).

Conclusion: The CPG “rule of thumb™ underestimates by nearly twofold the dose
response to oral vitamin D supplementation. That CPG inflates the problem of
vitamin D deficiency coupled with the underestimation of the dose response means
that individuals are apt to be put in harm’s way if clinicians adhere to the CPG.

1. Rosen CJ, Abrams SA, Aloia JF, et al. IOM Committee Members Respond to
Endocrine Society Vitamin D Guideline. J Clin Endocrinol Metabol 2012;97:1146-52.

Disclosures: Malachi McKenna, None.
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HRpQCT Reveals That Four Years of Estrogen Therapy in Early
Postmenopausal Women Prevents Cortical, but Not Trabecular, Bone Loss.
Joshua Farr*', Sundeep Khosla®, Virginia Miller’, Ann Kearns'. 1Mayo
Clinic, USA, 2College of Medicine, Mayo Clinic, USA, 3Department of
Surgery, Mayo Clinic, USA

Cross-sectional and longitudinal studies in women have shown that cortical bone
mass remains relatively stable until the menopause and then decreases significantly.
By contrast, trabecular bone loss begins early in life (in the third decade) and
continues throughout life, albeit with an acceleration following menopause. These
observational data suggest the hypothesis that loss of cortical bone is closely tied to
estrogen (E) deficiency, whereas trabecular bone loss is largely due to intrinsic age-
related processes independent of E. Although a number of clinical trials of E therapy
have been conducted, none could directly address this hypothesis as virtually all
previous studies used DXA, which cannot separate trabecular from cortical bone or
assess bone microstructure. Thus, we used HRpQCT to assess cortical and trabecular
microstructure at the distal radius at baseline and at 4 years in a subset of early
postmenopausal women (mean age, 53 yrs) enrolled in the Kronos Early Estrogen
Prevention Study (KEEPS) in which the women were randomized to placebo, oral
(0.45 mg/d conjugated equine estrogens) or transdermal (50 pg/d 17B-estradiol) E
(both in combination with progesterone, 200 mg/d for 12 d each month). For this
mechanistic analysis, we included women who had completed 4 years of treatment.
Since the changes in bone microstructure were similar in the oral and transdermal E
groups, they were combined and we report data on 31 placebo (PL) and 45 E-treated
(ET) subjects. As shown in the Figure (Panel A), ET prevented the decreases in
cortical vBMD and increases in cortical porosity observed in the PL group. By
contrast, ET was unable to prevent decreases in trabecular bone volume fraction or
trabecular thickness (Panel B). Despite these differences in cortical versus trabecular
bone responses to ET observed using HRpQCT, ET consistently prevented decreases
in hip, spine, and distal radius areal BMD assessed by DXA, suggesting that changes
in cortical bone at these sites may have masked ongoing trabecular bone loss.

These direct interventional data thus support the observational findings showing
fundamentally different regulation of cortical versus trabecular bone by E. Further
animal and human studies are needed to define the mechanisms for the differential
responses of trabecular and cortical bone to E as well as the underlying, E-
independent processes leading to trabecular bone loss even early in life.
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Disclosures: Joshua Farr, None.
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What’s “Normal?” Considerations in Establishing the Appendicular Lean
Mass DXA Reference Population. Bjoern Buehring*, Ellen Fidler, Jessie
Libber, Jennifer Sanfilippo, Bryan Heiderscheit, Diane Krueger, Neil
Binkley. University of Wisconsin, Madison, USA

Sarcopenia definitions include appendicular lean mass (ALM) measurement with
“low” defined as 2 SD below the young adult mean. However, population body
composition continues to change over time, thereby complicating the reference
standard to which DXA measurements are compared. Given this variation in
“normal”, a potential alternative approach is comparison with people similar to
ancestral hunter-gathers in activity as a physiologic “normal.” Young athletes may
represent such a population. This work compares athletes’ body composition
parameters with NHANES young adults and explores sarcopenia prevalence using
cutpoints derived from differing reference populations.
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Methods: Total body DXA measurements (Lunar iDXA) were obtained in college
athletes. NHANES (1999-2004) DXA body composition data (Hologic) were
downloaded from the NHANES website; 20-29 year olds were used for comparison.
ALM was calculated based on lean mass excluding bone values. Athlete and
NHANES BMI, ALM/ht?, peripheral % fat and leg fat/lean ratio were compared by t-
test using JMP (SAS, Cary, NC).

Results: The mean (range) age and BMI of 313 athletes (163M/150F) and 2116
NHANES (1117M/999F) participants was 20.0 (18-24) vs. 24.3 (20-29) years and 24.5
(18.1-38) vs. 26.9 (14.4-65.0) kg/m? respectively. Athletes had lower BMI, higher
ALM/height? ratios (8.58 vs. 7.85 kg/m?), lower % peripheral fat (20.5 vs. 32.4%) and
leg fat/lean mass ratios (0.30 vs. 0.58, all p=0.0001). This was also true when
separated by gender (all p=0.0001). “Low” ALM/ht> cutpoints (2 SD below young
mean) differed using the athletes, NHANES and commonly utilized values (Table).
Applying these cutpoints to 70-85 year old individuals in NHANES 1999-2004,
sarcopenia prevalence ranged from 4% (NHANES as reference) to 32% (athletes as
reference).

In conclusion, there is great variation in potential “normal” body composition
data depending on the reference population used. Applying ALM/ht2 cutpoints using
different reference datasets results in large differences in sarcopenia prevalence;
similarly, measures of body fat vary dramatically. Simplistic use of a “normal”
population, (e.g., NHANES) as a reference dataset, as has been done for BMD, may
not be appropriate. An alternative approach using “optimal” or “ancestral” body
composition might better predict outcomes such as falls, mobility and/or fracture.

Values to define low ALM/ht? (kg/m?) using different reference data:

Reference population Male Female
Athlete 7.51 5.83
NHANES 5.76 4.24
Baumgartner 7.26 545

Disclosures: Bjoern Buehring, None.
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Muscle, Fat and Bone Connections: Genetic Risk Factors of Sarcopenic-
Obesity and Dynapenic-Obesity and Their Consequent Risks of Osteoporotic
Fractures. Yi-Hsiang Hsu*!, Robert McLean?, Elizabeth Newton®, Marian
Hannan®, L Adrienne Cupples®, Douglas Kiel®. '"Hebrew SeniorLife
Institute for Aging Research & Harvard Medical School, USA, *Hebrew
SeniorLife Institute for Aging Research & Harvard Medical School, USA,
*Hebrew SeniorLife Institute for Aging Research, USA, “HSL Institute for
Aging Research & Harvard Medical School, USA, *Dept Biostatistics, Sch
of Public Health, Boston University, USA, SHebrew SeniorLife, USA

Sarcopenic-obesity (SO) and Dynapenic-obesity (DO) is characterized by excess
body fat and decreased muscle mass and strength, respectively. It is common and
affecting > 12% of U.S. adults aged = 60 years. As a growing number of US seniors
are living longer and an epidemic of obesity, SO has become a major public health
burden. Although obesity is a known risk factor for major adverse health outcomes,
emerging evidence shows that older adults with SO have an even greater risk on
fractures, cardiovascular diseases, mobility impairment and disability compared to
those with obesity or sarcopenia alone. Identifying genetic risk factors for SO and DO
and their association with fracture may help to understand the underlying biology and
identify new molecular targets for treatments. We performed a GWAS in 3,763
Framingham men and women participants > 50 years with 2.6 million SNPs under an
additive model adjusted for potential confounders. To identify unique genetic
determinants associated with SO only, we applied a mixed-effect multinomial-logit
model, which accounts for the relations among obesity alone, sarcopenia alone and
SO when estimating the association between SNPs and SO. We defined SO using fat
and muscle mass (DXA appendicular lean mass divided by height?); and DO using fat
mass and muscle strength (lowest sex-specific tertile of grip strength). Obesity was
defined as total body fat % (DXA) >30 in men and >40 in women. We classified 11%,
48% and 10% of participants with SO, obesity alone and sarcopenia alone,
respectively. We classified 10%, 47% and 7% of participants with DO, obesity alone
and sarcopenia alone, respectively. We found SNPs significantly associated with SO
only, but not obesity or sarcopenia alone, i.e, SNPs located in or near MANBA,
CENPE, PGK2 (associated with SO) and FN/ (associated with DO) gene. Of note, a
few of these SNPs were also reported to be associated with diabetes, restless leg
syndrome or subclinical atherosclerosis from other GWAS. We found SNPs
significantly associated with obesity alone were not found to be associated with SO
(or DO). Several of the top SNPs were also found associated with osteoporotic
fractures by mendelian randomization analyses. The top findings (p < 5x10-5) are
further replicating in independent samples. In conclusion, our results reveal novel
candidate genes associated with SO and fracture, but not with obesity or sarcopenia
alone, which suggests that underlying pathophysiology of SO may be different from
fatness alone and/or muscle weakness alone.

Disclosures: Yi-Hsiang Hsu, None.
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Hip Fracture and Sarcopenia: A Model of Osteoporosis-related Muscle
Atrophy. Umberto Tarantino*', Monica Celi%, Jacopo Baldi’, Fabio Luigi
Perrone®, Federico Maria Liuni®, Elena Gasbarra®. 'Azienda Ospedaliera
PTV, Italy, >University of Rome Tor Vergata, Italy, 3orthopaedic
Department University of Rome Tor Vergata, Italy

Osteoporosis and sarcopenia are considered two of the hallmarks of the aging
process; the reduction of muscle mass and power may affect bone strength and Bone
Mineral Density (BMD) by modifying loads to the skeleton. This could lead to an
increased risk of fragility fracture, functional limitations and motor dependency. Aim
of the study was to evaluate the degree of muscular atrophy in patients with
osteoporosis and osteoarthrosis and to determine the role of IGF-1/PI(3)/Axt
signaling pathway in the genesis of a specific type II osteoporosis-related muscle
atrophy. For this study we performed vastus lateralis biopsy in 60 women (mean age
71,53 4+ 9,74) underwent orthopaedic surgery; 30 women with osteoporosis
undergoing primary Total Hip Arthroplasty (THA) for hip fracture (Group A); 30
women underwent surgery for hip osteoarthritis with no significant functional
limitations (Group B). Muscle fibers were measured and classified by ATPase
reaction. To evaluate whether Akt and pAkt are involved in osteoporosis-related
muscle atrophy, muscle homogenates of twelve patients from Group A presenting
higher percentage of type II fiber atrophy and twelve age-matched control biopsies
from Group B were immunoblotted. In Group A atrophic type-II fibers were 3-fold
more frequent than atrophic type I fibers (36,86%; p<<0.01); in Group B the same
fibers atrophy were 1.5-fold more frequent than type I atrophy (12,50%; p<<0.001).
Muscular atrophy significantly correlates with osteoporosis degree (p<<0.05) in Group
A; in Group B it significantly correlates disease duration, degree of pain and
functional impairment of hip joint. Furthermore patients with higher percentage of
type II fiber atrophy from Group A shown values of intramuscular Akt two and a half
times (60%; p<<0,01) lower than the same values from Group B. Immunoblotting
didn’t verify the activation status of intracellular pAkt probably due to its low
expression in atrophic fibers. Osteoporotic patients shown a preferential and diffuse
type II fiber atrophy, that seems to be related to disease severity. On the opposite, in
osteoarthritic patients, atrophy involves seems to be caused by disuse and pain. The
reduction of Akt observed in the muscle of individuals from the osteoporotic group,
may be one of the possible moments of compromise in intracellular IGF-1/PI(3)/Akt
signaling pathway that is likely to stimulate protein synthesis and cell survival as a
result of activation of the complex mTOR/p70S6K22.

Muscle histomorphometry

Rate of atrophy of Type I and Type II muscle fibers in Group A and Group B

Disclosures: Umberto Tarantino, None.
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Poor Peripheral Nerve Function Is Associated with Higher Bone Marrow Fat
and Skeletal Muscle Adiposity: The Osteoporotic Fractures in Men (MrOS)
Study. Elsa S. Strotmeyer*!, Jane Cauley', Yahtyng Sheu!, Kimberly A.
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Changes in Thigh Muscle Volume Predict Changes in Femoral BMD in
Sarcopenic Elderly Obese Adults Undergoing Lifestyle Therapy. Reina
Armamento-Villareal!, Nicola Napoli?>, Krupa Shah®, Lina Aguirre**,

Faulknerz, Tanushree Prasadl, Rachel E. Wardl, Sasa Zivkovic®, Peggy

Tiffany Hilton®, David Sinacoreé, Dennis Villareal'. 1University of New

Cawthon*, Iva Miljkovic'. 'University of Pittsburgh Graduate School of
Public Health, USA, *National Institute for Occupational Safety & Health,
USA, 3University of Pittsburgh School of Medicine, USA, 4California
Pacific Medical Center Research Institute, USA

Poor peripheral nerve function has been related to lower muscle strength and lower
bone mineral density, independent of diabetes, in older populations. To expand these
previous findings, we investigated if peripheral nerve function was related to higher
bone marrow fat or skeletal muscle adiposity. Poor sensory nerve function was
assessed by lower sural nerve conduction amplitude (SNAP=amplitude in uV) from a
neurodiagnostic instrument (NC-stat®, NeuroMetrix, Inc.) and lack of detection from
a light touch 1.4-g and standard 10-g monofilament. Poor motor nerve function was
assessed by lower peroneal nerve conduction amplitude (CMAP=amplitude in mV),
using the same neurodiagnostic instrument. Poor nerve function (worse tertile vs.
middle/best tertile or lack of monofilament detection) was related to outcomes from
pQCT of calf intermuscular fat (IMAT) and muscle density, which reflects
intramuscular fat content, in regression analyses adjusting stepwise (p<<0.10 for
inclusion) for age, race, diabetes, total calf fat and muscle area, height, smoking,
drinking frequency, physical activity, physical function, medications/supplements and
diabetes-related conditions. Participants were 613 men (77.5+5.2 years; 99% white;
21% diabetes) from MrOS in Pittsburgh, PA. Lack of monofilament detection (1.4-g
for IMAT; 10-g for density) and the worst tertile of CMAP vs. middle/best tertiles
were associated with higher IMAT and lower density (Table). Worst SNAP tertile vs.
middle/best tertiles related to higher IMAT but not density. In a subset of 144 men,
only lack of 1.4g monofilament detection was related with higher % bone marrow fat
(BMF; 57.8+1.3 vs. 53.8+1.3%; p<0.05), adjusted for above but total fat and lean
mass from DXA rather than pQCT body composition variables. Results indicated
poor sensorimotor nerve function is associated with muscle fat infiltration
independent of muscle area and poor monofilament detection is related to higher
BMF in older men.

Table: Adjnsted means of skeletal muscle adiposity by pocg
penpheral nerve funciion from regression analyses,

fo-value < 0.05 Adjusted mean £ 5E
Peroneal motor nerve Warst tertile Mliddle/Best tertile
funetion (CMAP) 21,63 mV =163 mV
IMAT (mm) 438 15£2417" 34301 + 16.40
Muscle densily (e’ 7293+ 0.25F Tiel 016
Seral senvory nerve Worst tertile Middle/ Best tertile
fitnetion (SNAP) =322 uV »3. 23 UV
IMAT (mm') 441,06 = 26,707 358 32 + 1741
Muscle density (mglom’y 73162027 T350+017
e Nodetection | Detection
IMAT (') 420 53 £ |B.67Y 36167+ 16.78
Muscle density (mee/cm’) TAON2+018 73354017
Standyrd 1-g Ne detection Detection
manofilanrenr
IMAT (:]mﬂ 422 58431 B2 385 TE 4 13,42
Musele density (mag'em’) 72,56 £0.32¢ 7332+0.13
Table

Disclosures: Elsa S. Strotmeyer, None.
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Mexico School of Medicine, USA, *University Campus Biomedico, Italy,
3Urliversity of Rochester School of Medicine, USA, “New Mexico VA
Health Care System, USA, °Ithaca College, USA, *“Washington University
School of Medicine, USA

Purpose: Loss of femoral BMD and lean body mass are major complications of
weight loss (WL) from lifestyle therapy in frail sarcopenic elderly obese (EO); but
these adverse effects can be attenuated by exercise (EX). We reported that WL-
induced bone loss is mediated by increase in sclerostin; however, the contribution of
mechanical strain loss from muscle loss, particularly at the thigh, is poorly defined.
We hypothesize that the negative effects of WL and the protective effect of exercise
(EX) on femoral bone is modulated by changes in thigh muscle volume (TMV)leading
to differences in mechanical strain and sclerostin production. The objective of this
study is to examine changes in TMV and muscle strain and their effects on femoral
BMD in EO subjects undergoing WL, EX and WL+EX.

Methods: 107 obese (BMI>30), older (age = 65) subjects were randomized for 1 yr
to control (CTRL) (n=27), WL (n=26), EX (n=26) and WL+EX (n=28) groups. WL
was by dietary/behavioral intervention designed to induce and maintain WL of 10% of
body weight; EX was by 3 supervised resistance/aerobic exercise sessions/wk and
CTRL was to continue usual dietary and activity habits. TMV was measured using
magnetic resonance imaging of both thighs at 0 and 12 mos; while BMD by DXA,
sclerostin by Elisa, strength (knee extension and flexion by BIODEX) and physical
function by Physical Performance Testing (PPT), were measured at 0, 6 and 12 mos.

Results: Data on BMD, physical function and sclerostin were reported elsewhere.
Significant reduction in TMV relative to CTRL and EX w as observed in the WL
group while reduction in TMV in the WL+EX (Fig. 1) was not different from the
CTRL. These changes followed the same pattern as the changes in total hip BMD.
Both knee extension and flexion increased in the EX and WL+EX and were
unchanged in the CTRL and WL (Fig. 2). TMV changes correlated with: total hip
BMD changes (r=0.55, p=0.000), changes in sclerostin (r=-0.26, p=0.03) and with a
borderline correlation with changes in knee flexion (r=0.23, p=0.06). Multivariate
analysis showed TMV and PPT changes as predictors for hip BMD changes.

Conclusion: Changes in TMV modulate femoral BMD changes in frail EO patients
undergoing lifestyle therapy. WL-induced thigh muscle loss is attenuated by EX
resulting in similar improvement in strength in WL and WL+EX groups. This positive
effect of EX when added to WL may in part account for the relative reduction in WL-
associated bone loss in the WL+EX patients.

8 WL v CTIRL sl L% -
LK v WL, e
[ - R
5 o R i

. -]

o Py Bty gl i v e o |
[T}

]

Changes in thigh muscle volume during lifestyle intervention in sarcopenic obese older
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older adults

Disclosures: Lina Aguirre, None.
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Physical Performance and Risk of Vertebral Fractrues in Older Men. Peggy
Cawthon*', Terri Blackwell?, John Schousboe®, Lynn Marshall*, Howard
Fink®, Deborah Kado®, Kristine Ensrud’, Jane Cauley®, Dennis Black®,
Eric Orwoll®, Steven Cummingsw. !California Pacific Medical Center
Research Institute, USA, 2CPMC RESEARCH INSTITUTE, USA, *Park
Nicollet ClinicUniversity of Minnesota, USA, “Oregon Health & Science
University, USA, >GRECC, Minneapolis VA Medical Center, USA,
SUniversity of California, Los Angeles, USA, "Minneapolis VA Medical
Center / University of Minnesota, USA, SUniversity of Pittsburgh
Graduate School of Public Health, USA, 9University of California, San
Francisco, USA, '°San Francisco Coordinating Center, USA

Poor physical function has been associated with higher risk of hip and other non-
spine fractures in older men, but the relation to vertebral fractures is unclear.

MrOS is a prospective cohort study of ambulatory men aged =65 yrs at baseline.
At baseline and again 4.6 years later, lateral spine films were reviewed using semi-
quantitative (SQ) grading for new or worsening radiographic vertebral fractures
(defined at follow-up as a change in SQ grade =1). Physical function was assessed by
walking speed (usual pace, m/s over 6 m); narrow walk (walking speed in m/s over a 6
m by 20 cm course); repeated chair stands ability (time to complete 5 stands); grip
strength; and leg power (by Nottingham Power Rig). Physical function measures were
analyzed as quartiles with those unable to complete the test included in a separate
category (when data were available). A summary physical function score (range: 0-5)
was calculated; for each of the 5 tests with poor performance (defined as in the worst
performance quartile or unable to complete the measure), one point was added to the
summary score; higher scores indicate worse function. Likelihood of new or

S49

worsening fracture was estimated by logistic regression models adjusted for age,
race, clinic, alcohol, smoking, BMI, diabetes, lumbar spine BMD and self-reported
physical activity. Complete fracture, physical function and covariate data were
available for 3,964 men (mean age: 72.8 years), of whom 444 (11.2%) had a vertebral
fracture (SQ=1) at baseline.

During 4.6 years of follow-up, 171 (4.3%) men had a new or worsening vertebral
fracture. Weak grip strength; longer time/inability to complete the repeat chair stands;
poor balance (inability to complete the narrow walk); and lower leg power were each
associated with increased likelihood of new or worsening radiographic vertebral
fracture (Table). Slow walking speed was not associated with vertebral fracture.
Analysis of the summary physical function score indicated that each additional test
with poor performance increased the likelihood of fracture by about 20% [OR: 1.2
(95% CI: 1.1, 1.4) per one unit increase in summary score]. Similar results were seen
when analyses were limited to new radiographic vertebral fractures only and when
results were adjusted for total hip BMD rather than lumbar spine BMD.

In summary, men with poor physical function, in particular decreased lower leg
power, were more likely to develop a radiographic vertebral fracture than men with
better function.

Likelihood (Odds ratio, 85% confidence interval) of new or
worsening vertebral fracture, by baseline physical function

Function Grip Leg Chair Narrow  Walking
category _ strength®  Power” stands* walk speed
18 27 2.4
Unable | w563 | NA 10975 034 VA

19 37 2.0 0.9 16
Worst | 1232 | (2068 | (1232 | 0514 (1.0 26
oor 15 24 11 1.0 14
(1.025) | (13,44 | (07,19 | (06,16 | 0.9,22)

Sood 12 2.4 15 11 15
0.7,1.9 | (1.4,4.3) | (1.0,25) | (0.7,1.8) [ (1.0, 2.4)

B 10 1.0 1.0 1.0 1.0
(ref) ref) (ref) (ref) (ref)

* p for trend across categories <0.05

Table

Disclosures: Peggy Cawthon, None.
This study received funding from: NIH
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Genome-wide Profiling of DNase-Hypersensitivity during Osteoblastogen-
esis. Phillip Tai*, Hai Wu, Troy W. Whitfield, Jonathan Gordon, Jane
Lian, Andre Van Wijnen, Gary Stein, Janet L. Stein. University of
Massachusetts Medical School, USA

Gene expression during the process of osteoblastogenesis has been well-described,
and multiple studies have focused on characterization of the regulatory mechanisms
that define many selected bone-related genes. However, the relationship between
chromatin state, bone-related gene regulation, and the cell-type specific partitioning of
the genome into promoters, enhancers, silencers, insulators, and locus control regions,
has yet to be fully characterized. Traditionally, DNasel-hypersensitivity assays have
been used to discover regions of chromatin that are bound by nuclear-factor
complexes in vivo without the prior identification of the binding factor(s). The de novo
identification of regulatory regions is possible because DNasel preferentially digests
chromatin depleted of nucleosomes - presumably due to transcription factor
occupancy. We have produced unbiased genome-wide maps of regulatory regions
during defined phases of osteoblastogenesis by identifying open regions of chromatin
using DNasel-hypersensitivity coupled with high-throughput sequencing (DNase-
seq). Specifically, we have generated DNase-seq libraries of growth-phase MC3T3-E1,
a model cell-culture system for studying osteoblastogenesis, as well as libraries of
cultures subjected to differentiation conditions. We demonstrate the presence of
regions exhibiting dynamic DNase-hypersensitivity at gene promoters that are known
to be differentially expressed during osteoblastogenesis, as well as regions that are in
close proximity to these genes. Furthermore, the comparison of DNasel-hypersensi-
tivity regions with the global binding of RUNX2, a master regulator of osteogenesis,
as assayed by chromatin immunoprecipitation followed by high-throughput sequen-
cing (ChIP-seq), shows interesting correlations among bone-related genes throughout
differentiation. The diversity of RUNX2 enrichment that overlaps DNase-hypersen-
sitivity regions throughout the genome implicates RUNX2 in a variety of roles: 1) its
binding at far-distal regions demonstrates its role as a genome organizer, 2)
enrichment of RUNX2 at exonic and intronic sequences suggests its role as a
modifier of chromatin state and gene transcription, and 3) its occupancy at promoters
suggests its function as an activator or repressor of gene expression. This on-going
work illustrates the dynamic properties of chromatin architecture and has great
potential for revealing novel regulatory regions critical for bone-related gene
expression.

Disclosures: Phillip Tai, None.
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miR-17~92 Cluster Critically Regulates Osteoblast Differentiation.
Mingliang Zhou*l, Junrong Maz, Xiang Chenz, Meng Gong?, Xijie Yu?.
'West China Hospital, Sichuan University, Peoples Republic of China,
2Laboratory of Endocrinology & Metabolism, West China Hospital,
Sichuan University, China

The miR-17~92 cluster encodes six miRNAs (miR-17, miR-18a, miR-19a, miR-
20a, miR-19b-1, and miR-92-1), which are highly conserved in all vertebrates. loss-of-
function of the miR-17-92 cluster resulted in smaller embryos and immediate
postnatal death of all animals due to severely hypoplastic lungs and ventricular septal
defects in the hearts. Germline hemizygous deletions of MTRI7HG were accounted for
microcephaly, short stature and digital abnormalities in a few cases of Feingold
syndrome. These reports indicate that miR-17~92 may play important function in
growth and skeletal development. However the precise roles of the miR-17~92 cluster
in skeletal development and growth are largely unknown. To determine the functional
roles of miR-17~92 in osteoblast differentiation, embryonic stem cells (ES cells) and
bone marrow stromal cells (BMSCs) were induced to different into osteoblasts under
osteogenic medium; the expression of miR-17~92 was assayed by quantitative real-
time RT-PCR. The expression of miR-17~92 was down-regulated along with
osteoblast differentiation, the lowest level was found in mature osteoblast. To
determine the systemic function of miR-17~92 in skeleton, the bone mineral density
(BMD) and bone volume were assayed in miR-17~92+/- mice by DXA and micro-
computed tomography (ULCT) respectively. Compared to wildtype controls, miR-
17~92+/- mice showed significantly lower trabecular and cortical BMD, bone volume
and trabecular number at 10 weeks old. To determine the possibly direct function of
miR-17~92 in bone cells, osteoblasts from miR-17~92+/- mice were investigated by ex
vivo cell culture, miR-17~92 was further conditionally deleted in osteoblasts by 2.3-kb
Collal-Cre (miR-17~9229B/A0B)  Osteoblasts from miR-17~92+/- mice showed lower
ALP activity and less calcification. miR-17~924°BA08 nyjce demonstrated lower
BMD, bone volume and trabecular number. Taken together, our results suggest that
the miR-17~92 cluster critically regulates skeletal development, and this regulation is
mostly through its function in osteoblasts.

Disclosures: Mingliang Zhou, None.

1147

miRNA-34c Regulates Notch Signaling during Bone Development. Yangjin
@*1, Tao Yangl, Huan-Chang Zengl, Philippe Campeauz, Yuging
Chen?, Terry Bertin’, Brian Dawson’, Elda Munivez?, Jianning Tao',
Brendan Lee’. 'Baylor College of Medicine, USA, *Baylor College od
Medicine, USA, *Baylor College of Medicine & Howard Hughes Medical
Institute, USA

MicroRNAs (miRNAs) are small non-coding RNAs, which mediate post-
transcriptional silencing of target genes by either mRNA degradation or translational
inhibition. Growing evidence indicates that miRNAs play critical roles during
development, cellular differentiation, and homeostasis by regulating hundreds of
targets. To date, the important roles of miRNAs in bone development and
homeostasis have been suggested by excision of Dicer in mice using osteoblast
specific Cre transgene. However, there are few mouse models that demonstrated either
the physiological or pathological role of individual miRNAs in bone. During bone
homeostasis, osteoblast and osteoclast differentiation are coupled and regulated by
multiple signaling pathways and their downstream transcription factors. Here, we
show thatmiRNA-34c (miR-34c) is significantly up-regulated in BMP2 mediated
osteoblast differentiation of C2C12 cells. In vivo, osteoblast-specific gain of miR-34c
in mice (Collal-miR34c) leads to an age-related osteoporosis due to the defective
mineralization and reduced proliferation of osteoblasts, and increased bone resorption
due to increased osteoclastogenesis. This hyper-resorptive phenotype of Collal-
miR34¢ mice phenocopies our earlier study of the loss of Notch in osteoblasts. A
transcriptome profile analysis confirmed that miR-34c indeed targets multiple
components of the Notch signaling pathway including Notchl, Notch2, and Jagl in
a direct fashion, and influences osteoclast differentiation in a non-cell-autonomous
fashion. Furthermore, we showed that the defect in the osteoblast differentiation of
Collal-miR34c mice was due to the cell autonomous effect by the predicted targeting
of Satb2 and Runx2 rather than Notch signaling. Taken together, our study
demonstrates a critical role of miR-34c in bone homeostasis by affecting both
osteoblasts and osteoclasts in vivo via the regulation of multiple targets in osteoblasts.
Furthermore, miR-34c-mediated post-transcriptional regulation of Notch signaling in
osteoblasts may be targeted to antagonize the proliferative effect of Notch in the
pathogenesis of osteosarcomas. Therefore, understanding the functional interaction of
miR-34 and Notch signaling in normal bone development and in bone cancer could
potentially lead to therapies.

Disclosures: Yangjin Bae, None.
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Progranulin Accelerates Bone Regeneration through Stimulating Osteoblas-
togenesis and Repressing Osteoclastogenesis. Chuanju Liu, Yunpeng Zhao*,
Qingyun Tian, Brendon Richbourgh, Shuai Zhao. New York University,
USA

We have previously reported that progranulin (PGRN) growth factor was
expressed in the growth plate of long bone and played a critical role in endochondral
ossification (Feng JQ, et al, FASEB J. 2010;24(6):1879-92, Bai XH, et al, Mol Cell
Biol. 2009; 29(15):4201-19). Additionally, we recently reported that PGRN directly
bound to TNF receptors, antagonized TNF-alpha activity, and protected against
bone erosion in inflammatory arthritis (Tang W, Science. 2011; 332(6028):478-84).
This study is to determine the potential role of PGRN in bone regeneration and the
molecular events involved. To do so, we first established several bone defect models,
including a drill-hole, a femoral segmental nonunion, and a radial non-union model,
and compared the effects of the deletion of the PGRN gene and/or administration of
recombinant PGRN growth factor on bone regeneration. Immunohistolochemistry
revealed that PGRN was clearly expressed in the newly-formed bone in vivo. Micro-
CT and histological assays demonstrated that the deficiency of PGRN led to a
significant defect in bone regeneration, whereas the administration of recombinant
PGRN protein stimulated this process. PGRN acted as an important downstream
mediator of BMP-2 in the course of osteogenesis since the deletion of PGRN
significantly blocked BMP-2-induced ostoblast differentiation in vitro and ectopic
bone formation in vivo. Importantly, the application of recombinant PGRN into
PGRN knockout mice could rescue the impairment in BMP-2-triggered bone
formation. Molecular studies revealed that the knockdown of PGRN using a siRNA
approach in C2C12 mesenchymal precursor cells inhibited, while recombinant PGRN
stimulated, the luciferace activity of Cbfa-specific reporter genes and the expressions
of marker genes for osteogenesis, including osteocalcin and alkaline phosphatase
(ALP). In addition to stimulating the osteoblast differentiation, PGRN was also
found to function as an antagonist of TNFo and to inhibit TNF-induced
osteoclastogenesis in vitro and in TNF transgenic mice. Furthermore, elevated
osteoclast activity detected with TRAP staining was observed in the collagen-induced
arthritis model of PGRN-null mice when compared with those of wild type mice.
Taken together, PGRN is a novel regulator of bone remodeling and mediates this
process via a dual mechanism, i.e. the stimulation of osteoblastogenesis and the
suppression of osteoclastogenesis. These findings may not only provide novel insights
into the role of PGRN in regulating bone regeneration and remolding, but also
present a potential therapeutic target for treating bone defects clinically.

Disclosures: Yunpeng Zhao, None.
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Semaphorin 3A Inhibits Osteoclastogenesis and Promotes Osteoblastogenesis
Synchronously. Mikihito Hayashi*l, Tomoki Nakashima', Hiroshi
Takayanagi®’. 'Tokyo Medical & Dental University, Japan, “The

University of TokyoDepartment of Immunology, Japan

Bone homeostasis is maintained by the crosstalk between bone-forming
osteoblasts and bone-resorbing osteoclasts. Osteoblasts contribute to the regulation
of osteoclasts by producing anti-osteoclastogenic factors. However, an inhibitory
factor of osteoclast differentiation derived from osteoblasts was not identified except
for Opg, a decoy receptor for RANKL. Here we show that a conditioned medium of
Opg-deficient calvarial cells contains factors that inhibit osteoclast formation. By
means of functional screening and mass spectrometric analysis, we identified that one
of these factors is the axon guidance molecule Semaphorin 3A (Sema3A).

Sema3a” mice exhibited a severe low bone mass phenotype accompanied by
enhanced osteoclast differentiation. Sema3A-induced inhibition is mediated by the
modulation of DAP12-induced ITAM signalling. Neuropilin-1 (Nrpl), a receptor for
Sema3A, competes with TREM2 for Plexin-Al, thereby functioning as a suppressor
of the Plexin-A1-TREM2-DAPI12-induced costimulatory signal. The inhibition of
RhoA activation is also involved in the inhibitory effect of Sema3A on the migration
of osteoclast precursor cells.

In addition to an osteoclastic phenotype, Sema3a”’ mice also showed a severe
defect in osteoblast differentiation and an increase in adipocyte differentiation in bone
marrow. These findings suggest that Sema3A promotes mesenchymal cell differentia-
tion toward osteoblasts, but not adipocytes. Sema3A stimulates the canonical Wnt/f-
catenin signalling pathway, at least in part, through FARP2-mediated activation of
Racl during osteoblast differentiation. The osteopenic phenotype in Sema3a™ mice
was recapitulated by mice in which the Sema3A-binding site of Nrpl had been
genetically disrupted.

We further investigated the therapeutic potential of Sema3A in a bone
regeneration model of cortical bone defects induced by drill hole injury. The local
administration of Sema3A into the injured site accelerates bone regeneration. Sema3A
treatment reduced bone loss after ovariectomy by both inhibiting osteoclastic bone
resorption and promoting osteoblastic bone formation synchronously. Thus, Sema3A
is a promising new therapeutic agent in bone and joint diseases. This study
demonstrates that Sema3A expressed by osteoblast lineage cells functions as an
osteoprotective factor with the capacity to bring both osteoblasts and osteoclasts into
a condition which favors bone mineral increase.

Disclosures: Mikihito Hayashi, None.
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Histone Deacetylase 3 Depletion in Mature Osteoblasts Promotes Apoptosis
and Progressive Bone Loss With Age. Meghan McGee-Lawrence®,
Elizabeth Bradley, Samuel Carlson, Qingshan Chen, Kai-Nan An,
Jennifer Westendorf. Mayo Clinic, USA

Histone deacetylase 3 (Hdac3) is a nuclear enzyme that removes acetyl groups
from lysine residues in histones and other proteins to epigenetically regulate gene
expression. Hdac3 interacts with bone-related transcription factors and co-factors
(e.g., Runx2, Zfp521), and thus is poised to play a key role in skeletal development
and maintenance. We previously reported that conditional deletion of Hdac3 in
osteochondral progenitor cells, using Osterix-Cre recombinase, caused severe
osteopenia and increased marrow adiposity with developmental defects in both
cartilage and bone. To better understand the effects of Hdac3 in bone, independent of
changes in cartilage, we developed a new model where Hdac3 insufficiency was
targeted to osteoblast- and osteocyte-enriched populations by driving Cre expression
with the Osteocalcin promoter.

Mice deficient in Hdac3 in osteocalcin expressing cells (Ocn-Hdac3 CKO) had low
cortical and trabecular bone mass compared to age-matched wildtype (WT) mice.
Bone length, body size, and chondrocyte development were unaffected, confirming the
bone specificity of this model. Unlike our previous Osterix-Cre Hdac3 insufficient
model, changes in marrow adiposity were not observed in Ocn-Hdac3 CKO mice and
primary bone marrow stromal cells (BMSC) did not differentiate into adipocytes
during osteogenic culture. Bone fractures were common in the Ocn-Hdac3 CKO mice
due to reduced cortical bone mineralization and material properties. Hdac3
insufficiency caused a global decrease in both bone formation and resorption.
Although osteoblast activity (measured via dynamic histomorphometry) was
unaffected, osteoblasts in Ocn-Hdac3 CKO mice had a flattened morphology. BMSC
cultures from Ocn-Hdac3 CKO mice expressed lower levels of characteristic
osteoblast genes and failed to produce WT levels of mineralized matrix. Cortical
bone explants from Hdac3-insufficient mice had decreased expression of osteoblastic
genes, pointing to an overall decrease in osteoblast number. Mechanistically, Hdac3
insufficiency in Ocn-expressing cells increased apoptosis both in vivo and in vitro.
These data are consistent with the effects of pharmacological Hdac inhibitors on
BMSC, which experience DNA damage, cell cycle arrest, and apoptosis in response to
pan-Hdac inhibition during osteoblastic differentiation. Thus, Hdac3 expression in
mature osteoblasts is essential for osteoblast survival and proper bone formation.

Disclosures: Meghan McGee-Lawrence, None.
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Regulation of Energy Metabolism by Bone Sialoprotein, a Novel Endocrine
Mechanism. Jake Jinkun Chen*', Yuwei Wu?, Liming Yu', Shu Meng',
Qisheng Tu'. 'Tufts University School of Dental Medicine, USA, >Tufts
University, USA

Bone sialoprotein (BSP) is a major non-collagenous matrix protein in bone and
other mineralized tissues that belongs to the small integrin-binding ligand, N-linked
glycoprotein (SIBLING) family, whose members play multiple and distinct roles in
the development, turnover, and mineralization of bone and dentin, and endocrine
regulation of energy metabolism, but their functional specificities are unknown. To
determine the effect of BSP in maintaining bone homeostasis through regulating bone
remodeling and in regulating energy metabolism, we have first generated conditional
BSP knockout mice (BSP KO) by crossing the floxed BSP mice (homozygosity) with
osterix-Cre mice that specifically express Cre in osteoblasts. Although BSP KO mice
were viable and bred normally, bone morphological abnormalities were clearly
exhibited. When compared with wild type littermates, BSP KO mice displayed that the
cartilage cells were pathologically flat and arranged disorderly in the growth plate
where the number of cartilage cells decreased and no obvious hypotrophic cartilage
cells were present. Histological analyses also showed that at 8 months approximately
3-4 times more megakaryocytes formed in BSP KO mice compared with wild type
mice in bone marrow space. Moreover, conditional BSP knockout reduced the
expression of Runx2, RANKL, NFATcl and cathepsin K in bone tissues.
Furthermore, BSP deficiency in bones decreased the expression of adiponectin in
bone and fat tissues as serum BSP level decreases concomitantly. To further determine
the effects of BSP on the secretion of adiponectin by adipocytes we treated 3T3-L1
preadipocyte cells with BSP (50ng/mL), which increased lipid accumulation and the
expression of adiponectin, adipocyte fatty acid-binding protein (aP2), and PPARYy
messenger RNA by 3.09, 2.46 and 1.4 fold above basal values, respectively. While
overexpression of BSP leads to an uncoupling of bone formation and bone resorption
in mice, as shown in our previous gain-of-function study, it is interesting to find that
the lack of BSP affects both osteoblast and osteoclast formation and function. For the
first time, our results suggest that BSP regulates energy metabolism by modulating
adipocytokine and the enzymes of lipid metabolism, aP2 and PPARY in an endocrine/
paracrine manner and systemic pathway. Continued research and data collection will
further develop our understanding of the mechanisms by which BSP contributes to
bone development and energy metabolism.

Disclosures: Jake Jinkun Chen, None.
This study received funding from: NIH grants DEI6710 and DE21464 to JC
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Hdac3 Regulates Chondrocyte Hypertrophy and Matrix Secretion by
Repressing Phlppl Expression and Facilitating Akt Signaling. Elizabeth
Bradley*', Lomeli Carpio', Meghan McGee-Lawrence!, Alexandra
Newton?, Jennifer Westendorf. 1Mayo Clinic, USA, 2University of
California, USA

Hdacs epigenetically regulate cellular processes by modifying chromatin and
influencing gene expression. Conditional deletion of Hdac3 in osterix-expressing
osteo-chondroprogenitor cells causes severe osteopenia and runting because
osteoblast numbers are reduced and growth plate chondrocyte maturation is
disrupted. Hdac3-deficient chondrocytes enter hypertrophy sooner, but are smaller
and secrete less extracellular matrix due to underphosphorylation and decreased
activation of the central intracellular kinase, Akt, a crucial factor governing
chondrocyte commitment, proliferation and maturation to hypertrophy. Hdac
inhibitors also attenuate Akt activation by both Tgfff and Igfl, two modulators of
chondrocyte differentiation. In this study we explored the mechanisms by which
Hdac3 alters Akt activity in chondrocytes. Using a candidate approach, we surveyed
phosphatases that were modulated by both Hdac inhibitors and Hdac3 insufficiency.
The Akt phosphatase Phlppl, but not Phlpp2 or Ppl, was expressed at higher levels
both ex vivo and in vivo in Hdac-inhibited cells. Moreover, Phlppl expression was
elevated in pre-hypertrophic chondrocytes within growth plates of Hdac3 CKO mice.
Tgfp induced expression of Phlppl, but not Phlpp2. In chromatin immunoprecipita-
tion assays, Hdac3 associated with the Phlppl promoter near Smad binding elements
and was released upon Tgfp exposure. Thus, Hdac3 epigenetically regulates
chondrocyte hypertrophy and matrix content by directly repressing Phlppl levels
and facilitating Akt activation. To determine the function of Phlppl in controlling
Hdac3-mediated Akt activation, we utilized a truncated Phlppl protein unable to bind
Akt. Truncated Phlppl expression rescued the effects of Hdac inhibition on Akt
activation in chondrocytes. Phlppl” mice have shorter snout-to-tail body lengths as
well as decreased femur and tibia lengths. Both the articular surface and the growth
plate of Phlppl” mice are hypercellular. Furthermore, bone mineral density and
trabecular number are decreased in Phlppl™ mice. Together these data identify
Phlppl as a crucial factor in skeletal development and demonstrate that Hdac3
regulates chondrocyte maturation by epigenetically repressing Phlppl expression.

Disclosures: Elizabeth Bradley, None.
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Epidermal Growth Factor Receptor Regulates Cartilage Matrix Remodeling
during Endochondral Ossification through p-catenin-dependent and -indep
dent Pathways. Xianrong Zhang', Ji Zhu', Valerie A Siclari’, Motomi
Enomoto-Iwamoto®, Frank Beier?, Ling Qin*7. 1University of
Pennsylvania, School of Medicine, USA, 2University of Pennsylvania,
USA, *Children Hospital of Philadelphia, USA, *University of Western
Ontario, Canada

Loss of epidermal growth factor receptor (EGFR) activity in mice alters growth
plate development, impairs endochondral ossification, and retards growth. However,
the detailed mechanism by which EGFR regulates endochondral bone formation is
unknown. We constructed a pharmacological rat model and a transgenic mouse
model to study such mechanisms. Administration of an EGFR inhibitor, gefitinib,
into 1-month-old rats for 7 days produced profound defects in long bone growth plate
characterized by thickning of epiphyseal growth plate (2.0-fold), massive accumula-
tion of hypertrophic chondrocytes (2.3-fold), and decreased in mineralization of
hypertrophic cartilage matrix. We observed similar growth plate phenotypes along
with a delayed formation of secondary ossfication center (SOC) in 1-week old mice
with chondrocyte-specific inactivation of EGFR (collagen2al promoter driven-Cre
Egfr™*1°%)  Immunostaining for Sox9, p57 and Ki67, BrdU labeling and mRNA
expression profile of chondrocyte differentiation markers revealed that EGFR
inactivation did not alter growth plate chondrocyte proliferation, and differentiation,
and matrix synthesis. Vascular invasion into growth plate cartilage was not impaired.
However, we observed a 50% decrease in the number of TRAP-positive osteoclasts at
the chondro-osseous junction, owing to decreased RANKL expression in the growth
plate. Moreover, EGFR inactivation strongly inhibited the expression of matrix
metalloproteinases (MMP9 and 13), increased the amount of collagen fibrils, and
decreased degraded extracellular matrix products in the growth plate. At the SOC of
Col-CreEgfr™*¥1°* mijce, we observed similar decreases in the chondrogenic
expression of MMPs and RANKL, the number of TRAP-positive cells, and matrix
mineralization, suggesting that cartilage matrix degradation was also suppressed in
this region. In vitro, the EGFR ligand transforming growth factor o (TGF-a) strongly
stimulated MMP9 and RANKL expression in primary chondrocytes, which was
partially abolished by Wnt/B-catenin signaling inhibitors, DKK1 and IWR-1-endo.
Further study showed that EGFR signaling phosphorylated LRP6 and activated
nuclear translocation of B-catenin. Since Wnt/fB-catenin signaling itself elevates these
gene expression, we conclude that EGFR signaling cross-talks with Wnt/B-catenin
pathway in regulation of MMP9 and RANKL. In contrast, EGFR-induced MMP13
expression is independent of Wnt/B-catenin pathway. Together, we demonstrated that
EGFR signaling regulates matrix degradation directly by stimulating chondrocytes to
express MMPs and indirectly by activating chondrogenic RANKL expression to
support osteoclastogenesis. EGFR signaling plays an essential role in the remodeling



ASBMR 2012 Annual Meeting

of cartilage extracellular matrix into bone through Wnt/p-catenin-dependent and -
independent pathways during endochondral ossification.

Disclosures: Ling Qin, None.
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Sprouty2 Regulates Skeletogenesis. Adriane Joo* 1, Roger Longz, Zhigiang
Cheng', Wenhan Chang®, Ophir Klein'. 1University of California, San
Francisco, USA, 2University of California, Davis, USA, *Endocrine Unit,
VA Medical Center, University of California, San Francisco, USA

Skeletal development is regulated by the cooperative activity of signaling
molecules produced locally by cartilage and bone cells as well as by systemic factors.
Receptor tyrosine kinase (RTK) superfamily members, including Fibroblast Growth
Factor and Insulin-like Growth Factor, play critical roles in the proliferation,
survival, and differentiation of chondrocytes, osteoblasts, osteoclasts, and other cells
in the bone during embryonic development and postnatal bone remodeling. Recently,
several molecules that inhibit RTK signaling pathways have been identified, including
members of the Sprouty (Spry) family (Spryl, Spry2, Spry3, and Spry4). Spry proteins
function intracellularly to antagonize RTK signaling through diverse mechanisms. By
in situ hybridization and quantitative PCR, we found that Spryl, Spry2, and Spry4,
but not Spry3, are expressed by proliferating chondrocytes, pre- and hypertrophic
chondrocytes, osteoblasts, and osteocytes in adult long bones. To determine the role
of Sprouty genes in skeletal development in vivo, we analyzed the skeletal phenotypes
of Sprouty knockout (KO) mice by micro-computed tomography (WCT). unCT analysis
showed that both the trabecular and cortical bones of Spry2 KO mice are smaller and
thinner than those of their wild-type (WT) littermates at 4 weeks, 6 weeks, and 12
weeks of age, while Spryl and Spry4 KO mice showed minor to no change. In
addition, static and dynamic histomorphometric analysis of global Spry2 KO showed
that both osteoblast and osteoclast activities are reduced in Spry2 KO mice. To
further investigate the function of Spry2 in skeletogenesis, we generated (1) cartilage-
or (2) bone-specific KOs of Spry2 by crossing floxed Spry2 mice with transgenic mice
expressing Cre under (1) type II collagen-alphal or (2) 2.3 kb fragment of the collagen
l-alphal promoters, respectively. nCT data showed that both cartilage- and bone-
specific Spry2 KO mice had smaller and thinner trabecular bone, although their
skeletal abnormalities were milder than those of the global Spry2 KO mice.
Furthermore, histological and immunohistochemical analysis of E16.5 and E18.5
limbs showed that Spry2 mutant have smaller pre- and hypertrophic zones and
increased chondrocyte proliferation compared to that of WT littermates. In both
embryonic and adult bones, we detected altered expression of several molecular
markers. Thus, Spry2 regulates bone development by modulating both chondrogen-
esis and osteoblastogenesis.

Disclosures: Adriane Joo, None.
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Mice Lacking Pten in Osteoblasts Have Improved Intramembranous and
Late Endochondral Fracture Healing. Travis Burgers*!, Martin Hoffmann?,
Michael Morris®, Martin Alvarado®, Debra Sietsema®, Jim Mason',
Clifford Jones®, Bart Williams’. 'Van Andel Institute, USA, >Grand
Rapids Medical Education Partners, USA, *Michigan State University,
USA, *Creston High School, USA, 5Orthopaedic Associates of Michigan;
Michigan State University, USA, ®Orthopedic Associates of Michigan,
USA, "Van Andel Research Institute, USA

The failure of an osseous fracture to heal (development of a non-union) is a
common and debilitating clinical problem. It is estimated that 10-20% of fractures do
not heal in a timely manner and progress towards non-union (Court-Brown and
McQueen, 2008, and Parker et al. 2007). Mice lacking Pten in osteoblasts (0C-cre™
*: Pten/™!°X) have dramatic and progressive increases in bone volume and density
throughout life (Figure 1; Liu et al. 2007). Since fracture healing is a recapitulation of
bone development, we hypothesized that Pten mutants (OC-cre’®'"; Pten//"°~) would
have improved fracture healing.

Mid-diaphyseal femoral fractures induced in wild-type mice and in mice lacking
Pten in osteoblasts (Pten mutants) using an established technique (Bonnarens and
Einhorn, 1984). They were studied via radiographs, micro-computed tomography
(LCT) scans, biomechanical testing, Western blotting and histological analysis.

Pten mutant mice had significantly stiffer and stronger intact bones relative to
controls in all cohorts (Figure 2A). They also had significantly stiffer healing bones at
day 28 post-fracture (PF) and significantly stronger healing bones at days 14, 21, and
28 PF (Figure 2B). Radiographs and uCT scans showed more mineralization in the
Pten mutants at the proximal and distal ends of the callus (Figure 3). Pten mutants
also had larger and more mineralized calluses. The cellular composition of the callus
did not differ between groups during healing, but there was less Pten and more p-Akt,
indicating activated Akt signaling, in the fracture callus from the mutants late in
healing (Figure 2C). Pten mutants had improved intramembranous bone formation
during healing originating from the periosteum. They also had improved endochon-
dral bone formation later in the healing process, after mature osteoblasts are present
in the callus.

Our results indicate that the inhibition of Pten can improve fracture healing and
that the local or short-term use of commercially available Pten-inhibiting agents may
have clinical application for enhancing fracture healing.
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Potential Role of Periosteal Macrophages in Mediating Cathepsin K
inhibition-Induced Cortical Bone Formation. Weizhong Changl, Shuo
Liu', Hui Xie*', Maureen Pickarski’, Le Thi Duong?, Xu Cao'. 'Johns
Hopkins University, USA, Merck & Co., Inc., USA, *Merck Research
Laboratories, USA

Bone is composed of cortical and trabecular bone and cortical bones
predominantly support the mechanical functions of bones. During growth, periosteal
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cortical bone formation coordinated with endocortical bone resorption results in
expansion in diameters of the long bones. Because cortical geometry is a major
determining factor of bone strength, stimulation of periosteal cortical bone formation
in the mature skeleton would be an effective strategy to prevent bone fracture due to
bone loss disorders. Current antiresorptives, including bisphosphonates and anti-
RANKL antibody have been focused on trabecular bone remodeling. Cathepsin K
(CatK) inhibitor was found to stimulate cortical bone formation in various animal
models and the current study is focused on the molecular mechanism of the inhibition
of CatK in stimulating cortical bone formation. CatK is a major enzyme expressed by
osteoclasts responsible for degradation of bone matrix during bone resorption
process. In CatK KO mice or WT mice treated with a CatK inhibitor, L-006235, the
number of TRAP-positive macrophages on the surface of the periosteum was
increased. Nestin-positive mesenchymal stem cells (MSCs) and osteoblastic lineage
cells were also increased in the periosteum of these mice. We also demonstrated that
these TRAP-positive macrophages are in proximity to the Nestin-positive MSCs in
the periosteal bone modeling area. Next, we prepared conditioned media with
macrophages treated with a CatK inhibitor vs. vehicle. The conditioned media were
then used to examine the effect on the migration of MSCs. Our results demonstrated
that conditioned media from macrophages treated with L-006235 induced migration
of MSCs more effectively relative to control conditioned media. The migration of
MSCs was only partially inhibited by a TGF-betal neutralization antibody, indicating
that other factor(s) are involved in the recruitment of MSCs in the periosteum in
addition to TGF-betal. Taken together, our results suggest that periosteal
macrophages act as signaling cells to recruit MSCs and enhance bone formation in
the periosteum.

Disclosures: Hui Xie, None.
This study received funding from: Merck & Co., Inc.
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Contribution of Bone Resorption to the Control of Glucose Metabolism.
Mathieu Ferron*, Gerard Karsenty. Columbia University, USA

Osteocalcin is a hormone produced by osteoblasts that regulates energy
metabolism by enhancing insulin secretion, insulin sensitivity and energy expenditure.
While osteocalcin can exist in two forms, y-carboxylated (GLA) and under-
carboxylated (GLU), only the undercarboxylated form of this molecule appears to
function as a hormone. Recent studies proposed that the osteoclast, the bone-
resorbing cell, is responsible of decarboxylating and activating the osteocalcin trapped
in the extracellular matrix (ECM) through the low pH generated during bone
resorption. Yet direct evidence implicating osteoclasts in the maintenance of energy
metabolism is still lacking. To address this question we analyzed mutant mouse strains
harboring either an increase or a decrease in osteoclasts number. Osteoprotegerin
(Opg) deficient mice are charaterized by an increase in the number of functional
osteoclasts. Opg -/- mice were hypoglycemic at 1 and 3 month of age and significantly
more glucose tolerant than wild type animals. Moreover, Opg-deficient mice were
more sensitive to insulin as determined by insulin tolerance test (ITT) and had reduced
fat mass. Analysis of osteocalcin carboxylation status in serum using specific ELISA
assays revealed that the levels of undercarboxylated GLU13 osteocalcin was increased
more than ten time in Opg -/- mice compared to wild type. Next, to analyze the
consequences on energy metabolism of a lack of osteoclasts we generated a model of
conditional osteoclast-ablation through the use of the diphteria toxin (DTA).
Specifically we crossed mice that harbor a flox-stop-flox-DTA gene cassette under
the control of the Rosa26 promoter (floxDTA) with Ctsk-Cre mice, in which the Cre
recombinase is expressed in mature osteoclasts only to generate osteoclast-poor
(40sc). As expected 40sc mice were severely osteopetrotic due to a decrease in
osteoclasts number. These mutant mice were also characterized by a decrease in
glucose tolerance, a decline in serum insulin levels and a ~50% reduction in B-cell
mass. Finally, the serum levels of undercarboxylated GLUI3 osteocalcin were
decreased more then two fold in 40sc compared to control mice. Taken together,
these results support the notion that osteoclasts play an important role in the control
of glucose metabolism. This function occurs, at least in part, through the regulation of
osteocalcin carboxylation status.

Disclosures: Mathieu Ferron, None.
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Targeted Expression of Catalase to Mitochondria in Cells of the Macro-
phage/Osteoclast Lineage Inhibits Osteoclastogenesis and Increases Bone
Mass. Shoshana Bartell*', Li Han', Aaron Warren', Julie Crawford', Peter
Rabinovitch?, Stavros Manolagas', Maria Jose Almeida'. 'Central
Arkansas VA Healthcare System, Univ of Arkansas for Medical Sciences,
USA, 2University of Washington, USA

Mitochondrial biogenesis and reactive oxygen species generation are critical for
RANKL-induced osteoclast formation, activation, and survival. Moreover, an
increase in the generation of ROS has been causally linked with increased resorption
in estrogen deficiency and inflammatory arthritis. Catalase is a critical enzyme for the
detoxification of H,O; - the most abundant of the reactive oxygen species. Based on
this evidence, we have examined the role of catalase in osteoclasts. To do this, we first
measured catalase levels and activity in bone marrow-derived macrophage cultures. In
preparations from three different mouse strains, catalase gene expression and
enzymatic activity were dramatically and consistently down-regulated during the
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transition of macrophages to mature osteoclasts in the presence of M-CSF and
RANKL. Encouraged by this finding, we next generated transgenic mice expressing
catalase targeted to the mitochondria in cells of the monocyte/macrophage lineage, by
crossing MitoCat-flox stop mice (provided by P. Rabinovitch, University of
Washington) with LysM-Cre mice (MitoCat;LysM-Cre). Osteoclast cultures gener-
ated from the bone marrow of MitoCat;LysM-Cre mice exhibited 4-fold higher
catalase activity than osteoclasts from control LysM-Cre mice. Bone marrow cultures
from MitoCat;LysM-Cre mice exhibited a significant decrease in the number of
osteoclast progenitors and in mature osteoclast formation. Moreover, the stimulation
of RANKL-induced osteoclastogenesis by H>O», seen in cells from control mice, was
completely abrogated in cells from MitoCat;LysM-Cre mice. More important,
MitoCat;LysM-Cre mice exhibited an increase in cancellous bone volume at 3 months
of age as determined by micro-CT, in both the vertebrae and the femurs. These
changes were associated with increased trabecular number and decreased trabecular
separation. In addition, MitoCat;LysM-Cre mice had increased femoral cortical
thickness. These results demonstrate that up-regulation of H,O, production
contributes to osteoclast generation and bone resorption. Thus, H,O, production
represents a rationale and appealing drug target for diseases associated with increased
bone resorption, especially because targeted expression of catalase to mitochondria in
mice also prevents the age-associated energy imbalance, muscle insulin resistance, and
hypertensive cardiomyopathy (Cell Metab. 12, 668, 2010; Circ Res 108, 837, 2011).

Disclosures: Shoshana Bartell, None.
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Deletion of the Cell-adhesion Mediator PODXL in Early Osteoclast
Precursors Impairs Bone Resorption and Causes a High Bone Mass
Phenotype through Reduced Activation of Racl. Megan Weivoda*',
Muzaffer Cicek!, Ashok Kumar?, Larry Pederson®, Ming Ruan?,
Michael Hughes4, Christine Hachfeld3, Rachel Davey’, Kelly McNagny®,
Merry Jo Oursler!. "Mayo Clinic, USA, Mayo Clinic College of Medicine,
USA, *Endocrine Research Unit, Mayo Clinic, USA, 4University of British
Columbia, Canada, °University of Melbourne, Australia, ®Biomedical
Research Centre, University of British Columbia, Canada

Podocalyxin (PODXL) is a mediator of cell adhesion that is expressed by
hematopoietic stem cells. We have observed that PODXL expression decreases during
osteoclast differentiation in vitro. Because PODXL functions as an anti-adhesive in
tumor progression, we hypothesized that targeted deletion of PODXL in mice would
lead to increased osteoclast fusion and osteopenia. Floxed PODXL mice were crossed
with Vav-Cre or Cathepsin K (Ctsk)-Cre mice to obtain mice with PODXL deleted in
early hematopoietic cells (Vav/PODXL!) or late osteoclast precursors (Ctsk/
PODXL)). Femurs were assessed by pQCT, uCT, and histomorphometry. Bone
marrow cells were examined for signaling responses, differentiation, and resorptive
activity. Vav/PODXL! bones displayed increased osteoclast numbers. Surprisingly,
bone mineral density, bone volume, and bone formation indices were all increased.
Vav/PODXL! bone marrow cultured with RANKL and M-CSF produced increased
osteoclast numbers in vitro. Although these osteoclasts adhered to bone surfaces, they
did not form resorption pits. Unlike Vav/PODXL®! mice, Ctsk/PODXL?! bones did
not exhibit significant changes in bone density. Ctsk/PODXL! bone marrow cultures
formed more and larger osteoclasts than Cre control cells, consistent with an anti-
adhesive PODXL function. In contrast to Vav/PODXL®' osteoclasts, mature
osteoclasts formed from Ctsk/PODXL®!' marrow resorbed bone normally. These
data show that late osteoclast lineage deletion of PODXL does not interfere with
osteoclast function. M-CSF signaling was assessed in Vav/PODXLY!, Ctsk/
PODXL®!, and control precursors. M-CSF induced ERK1/2 phosphorylation was
markedly reduced in the Vav/PODXL®! precursors. There was also decreased Racl
activity in Vav/PODXL! osteoclasts. Constitutively active Racl overexpression
restored bone resorption of Vav/PODXL! osteoclasts in vitro. We conclude that
PODXL is necessary for early osteoclast precursor M-CSF/ERK and Racl signaling
and lack of PODXL in early osteoclast precursors prevents the development of
functional osteoclasts due to reduced Racl activation. We therefore have found that
mature osteoclasts that lack PODXL throughout differentiation, although able to
bind to bone, cannot resorb bone whereas mature osteoclasts that lose PODXL just
prior to maturity are fully functional. Resolution of these differences may provide
avenues to pursue to suppress bone resorption while preserving the anabolic
influences of osteoclasts.

Disclosures: Megan Weivoda, None.
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Ablation of Connexin 43 in Osteoclasts Leads to Decreased in vivo
osteoclastogenesis. Mitchell Sternlieb, Emmanuel Paul, Henry Donahue,
Yue Zhang*. The Pennsylvania State University College of Medicine, USA

Previous in vitro studies suggest that gap junction (GJ) deficiency affects
osteoclastic cell formation and activity. Here, we examined the hypothesis that
decreasing levels of osteoclastic connexin 43 (Cx43) the predominate Cx in bone in
vivo, results in decreased osteoclastic bone resorption.

Mice expressing Cre recombinase under the control of the human cathepsin K
promoter (ctsk-Cre; Cx43*"*) were bred with mice in which the Cx43 gene is flanked
by two loxP sites (Cx43™™) to generate OC-Cre; Cx43™™ (conditional Cx43
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deficient) and Cx43™™ (wild type) littermate mice. Our data showed that deletion of
Cx43 occurs during the pre-osteoclastic period. Furthermore, osteoclasts derived from
osteoclast-specific Cx43 deficient mouse nonadhesive marrow cells (NAMCs)
displayed dramatically reduced gap junctional intercellular communication (GJIC)
relative to cells derived from wild type mouse NAMCs, suggesting that we had indeed
reduced Cx43 expression in osteoclastic cells. Distal femurs from 8-week-old
osteoclast specific Cx43 deficient mice showed a nearly significant increase in
trabecular number (14.8%, p=0.05) and bone volume/total volume (9.2%, p=0.05) and
a significantly reduced trabecular bone spacing (22.1%, p<0.05) relative to wild type
mice. Femoral mid-diaphyses from osteoclast-specific Cx43 deficient mice displayed
increased cortical bone thickness (9.1%, p<<0.05) and reduced endosteal volume (7.9%,
p<0.05) (Figure 1). TRAP staining revealed that the number of osteoclastic cells
induced from Cx43 deficient NAMCs was decreased relative to those induced from
wild type NAMCs. Histological examination also revealed that distal femurs form
osteoclast specific Cx43 deficient mice had fewer osteoclasts than did femurs from
wild type mice. Additionally, NFATcl protein levels in osteoclasts from Cx43
deficient mice were significantly decreased, suggesting that Cx43 and GJIC regulate
osteoclastogenesis via NFATcI.

Our data, derived using a genetic approach, reveal for the first time that Cx43
contributes to osteoclastogenesis both in vitro and in vivo. These results, combined
with our previous studies with osteoblast/osteocyte specific Cx43 deficient mice,
suggest that Cx43 mediated GJIC is critical for regulation of both bone formation and
resorption in vivo. Furthermore, Cx43-mediated GJIC in osteoclastic cells may be a
novel therapeutic target for bone disease.

Figurel. MicroCT reveals that osteoclast specific distal femurs from Cx43 deficient
mice (KO) have i
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The Role of Osteoclasts in Neurofibromatosis Type 1 Pseudarthrosis. Steven
Rhodes*, Keshav Menon, Yongzheng He, Karl Staser, Shi Chen, Khalid
Mohammad, Theresa Guise, Feng-Chun Yang. Indiana University, USA

Skeletal manifestations cumulatively affect ~70% of neurofibromatosis type 1
(NF1) patients. Tibial pseudarthrosis, the chronic non-union of a spontaneous tibial
fracture, is a debilitating skeletal malady affecting children with NF1 early in life.
These non-healing fractures typically respond poorly to surgical intervention and
often require amputation.

Previous studies have implicated NfI deficient osteoblasts (OBLs) in the
recalcitrant bone repair process. Although osteoclast (OCL) bioactivity increases
during fracture repair, the role of OCLs in the pathogenesis of NF1 pseudarthrosis
remains unknown. Studies have confirmed that OCLs from NF1 patients and mice
exhibit multiple gain-in-functions. We recently established that transplantation of
NfI™" bone marrow (BM) cells to NfI”:Col2.3Cre mice [carrying NfI”~ OBLs and
wild-type (WT) background] can induce osteoporosis and severe non-union fracture
healing as compared to transplantation of WT BM cells, suggesting that in concert
with NfI”- OBLs, NfI*" BM cells play a critical role in pathogenesis of these osseous
defects.

Based on these data, we hypothesized that Nf/* OCLs are the key hematopoietic
cell lineage contributing to the osteoporosis and impaired fracture healing in mice
harboring NfI”~ OBLs and NfI*"" BM cells. To test this hypothesis, we generated NfF’
*:LysMCre mice permitting conditional inactivation of a single N/7 allele in OCLs
and their progenitors. Here we report that NfI”"*:LysMCre mice exhibit increased
frequency of OCL progenitors (CFU-M), enhanced osteoclastogenesis, and acceler-
ated bone resorption following ovariectomy induced resorptive stress. To examine the
role of NfI*" OCLs on fracture healing in vivo, lethally irradiated Nf#”:Col2.3Cre
mice were transplanted with BM cells from WT or NfI""*;LysMCre mice. A fixed
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tibial fracture was subsequently induced after stable reconstitution. Compared to WT
BM cells, NfI"*:LysMCre BM cell reconstituted NfF”:Col2.3Cre mice exhibited
significantly reduced callus bone volume fraction (BV/TV) as determined by
microcomputed tomography, revealing a substantial deficit in fracture repair.
Collectively, these results suggest that in the context of NfI deficient OBLs, NfI*"
OCLs are the culprit hematopoietic cell lineage responsible for the pathogenesis of
NF1 non-union fracture. As such, therapy targeting both the osteoclast and osteoblast
lineages may be necessary to maximally augment bone healing in NF1 pseudarthrosis.

Disclosures: Steven Rhodes, None.
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Talinl and Rapl are Critical for Osteoclast Function. Wei Zou*', Tingting
Z_huz, Takashi Izawa3, Jean Chappel®, Susan Monkley®, David Critchley”,
Brian G Petrich®, Alexei Morozov’, Mark H Ginsberg®, Steven
Teitelbaum'. '"Washington University in St. Louis School of Medicine,
USA, 2Washington University in St. Louis-School of Medicine, USA,
3Washington University in St. Louis, USA, “Department of pathology,
Washington University School of Medicine, USA, °Department of
Biochemistry, University of Leicester, United Kingdom, ®Department of
Medicine, University of California, USA, "Behavioral Genetics Unit,
NIMH, USA

The interaction of talinl with B-subunit cytoplasmic domains is an essential step in
integrin activation. To determine talinl’s role in osteoclasts, we mated TLN/"" mice
with those expressing cathepsin K-Cre (CtsK-TLNI) to delete the gene specifically in
mature osteoclasts, or with lysozyme M-Cre (LysM-TLNI) mice to delete TLNI in all
osteoclast lineage cells. Absence of TLNI impairs macrophage colony-stimulating
factor (M-CSF) inside-out integrin activation and consequent cytoskeleton organiza-
tion in mature osteoclasts. Talinl-deficient precursors normally express osteoclast
differentiation markers when exposed to M-CSF and receptor activator of nuclear
factor kB ligand (RANKL) but attach to substrate and migrate poorly, arresting their
development into mature resorptive cells. In keeping with inhibited resorptive
function, CtsK-TLNI mice exhibit an ~5 fold increase in bone mass. Osteoclast-
specific deletion of Rapl, which in conjunction with RIAM promotes talin/f integrin
recognition, similarly yields osteopetrotic mice, which mirror CtsK-7LN/ animals. In
keeping with osteoclast dysfunction, mice in whom talin is deleted late in the course of
osteoclastogenesis are substantially protected from ovariectomy-induced bone loss
and the periarticular osteolysis attending inflammatory arthritis. Thus, talinl and
Rapl are critical for osteoclast function and their inhibition, in mature osteoclasts,
may retard pathological bone loss.

Disclosures: Wei Zou, None.
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Lean Body Mass Mediates Associations between Physical Activity,
Sendentary Behavior, and Bone Microstructure in Post-menarcheal Girls.
Leigh Gabel*', Heather McKay', Lindsay Nettlefold?, Douglas Race?,
Heather Macdonald®. 1University of British Columbia, Canada,
2Univeristy of British Columbia, Canada

Purpose:Physical activity (PA) enhances bone accrual during growth; however, we
know little about how PA and sedentary behavior (SED) influence bone
microstructure during adolescence. We aimed to: 1) determine the independent
contributions of moderate-to-vigorous PA (MVPA) and SED to bone microstructure
and strength in pre- and post-menarcheal girls and, 2) to evaluate the role of lean mass
in mediating these associations.

Methods:We used high-resolution pQCT (HR-pQCT, Scanco Medical) to measure
bone microstructure and estimate bone strength at the distal tibia (8% site) in 55 pre-
menarcheal (10.5 y + 0.6) and 56 post-menarcheal (17.7 y + 2.5) girls who were
participants in the UBC Healthy Bones III study. Bone outcomes included total bone
mineral density (Tt.BMD), total area (Tt.Ar), trabecular bone volume ratio (BV/TV),
trabecular thickness (Tb.Th) and number (Tb.N), and cortical density (Ct.BMD),
porosity (Ct.Po) and thickness (Ct.Th). We applied finite element (FE) analysis to
HR-pQCT scans to estimate bone strength (ultimate stress). We used Actigraph
GTIM accelerometers to measure MVPA and SED using 15-sec epochs and age-
specific cutpoints. We included data for participants who wore the accelerometer for 3
days and at least 10 hr/day. We fit separate multivariable regression models for pre-
menarcheal and post-menarcheal girls, and adjusted for age (post-menarcheal only),
maturity (pre-menarcheal only), tibia length, and lean body mass.

Results: Pre-menarcheal girls accumulated significantly more MVPA and less SED
than post-menarcheal girls (p<<0.001). In pre-menarcheal girls, MVPA tended to be a
positive predictor of Ct.Po and Ct.Th, accounting for 4-5% of the variance (p=0.10
and 0.07, respectively). In post-menarcheal girls, SED was a negative predictor of
Tb.N and explained 8% of the variance (p=0.013). When lean mass was replaced by
weight in the model, MVPA was a positive predictor of Tb.N, accounting for 5% of
the variance (p=0.048), and SED was a negative predictor of Tb.N, accounting for
10% of the variance (p=0.005).

Discussion:Our findings illustrate how the skeleton responds negatively to
sedentary behaviours, especially during the key period of childhood and adolescent
growth. Lean body mass mediates the relation between bone microstructure and SED
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and MVPA in post-menarcheal girls. The apparent maturity-specific influence of
sedentary behaviour on bone microstructure is important and warrants further
investigation.
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Disclosures: Leigh Gabel, None.
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Femoral Neck Cortical Thickness Declines in the Elderly Three-fold Faster
Superiorly than Inferiorly: The AGES-REYKJAVIK Longitudinal Study.
Fjola Johannesdottir*', Thor Aspelund? Jonathan Reeve®, Kenneth
Poole®, Sigurdur Sigurdsson®, Tamara Harris*, Vilmundur Gudnason®,
Gunnar Sigurdsson®. 'Faculty of Engineering, University of Iceland,
Iceland, 2Icelandic Heart Association, Iceland, 3University of Cambridge,
United Kingdom, *Intramural Research Program, National Institute on
Aging, USA, Slcelandic Heart Association Research Institute, Iceland,
®Landspitali, Iceland

Background:Marked thinning of the mid-femoral neck cortex with advancing age
has been described in cross-sectional studies, both ex-vivo and in-vivo. We previously
found that superior cortical thinning of the mid-femoral neck was important in
determining resistance to femoral neck fracture. Therefore, we aimed to study changes
in regional cortical thickness with increasing age, by using serial QCT measurements
in older men and women.

Design, Setting and Participants: This is a longitudinal study of 100 men and 300
women from the Age Gene/Environment Susceptibility-Reykjavik Study (AGES-
REYKJAVIK), a large prospective population-based cohort of Icelandic individuals
aged 66 years and older. Segmental QCT (slice thickness 1mm) analysis of the mid-
femoral neck was applied to estimate cortical thickness (CtTh) in the superior and
inferior surfaces of the mid neck, using QCTPro-BIT2 (Mindways software).
Participants had two measurements of cortical thickness over a median follow-up
of 5.1 yr. Femoral neck (FN) areal bone density (aBMD) (DXA-like) was also
measured. Relative change in cortical thickness and FN aBMD during follow-up was
estimated from mixed effects regression models.

Results: The relative loss in CtTh was substantial and significantly greater in the
superior surface compared to the inferior surface in both genders (see Table). Women
lost relatively more cortex than men in both surfaces. The difference in FN aBMD
loss was not significantly different between genders.

Conclusion: The relative age-related changes were about threefold greater in the
superior surface than in the inferior surface of the mid femoral neck. Older women
lost cortical thickness more rapidly than men, especially in the superior femoral neck
and this is only weakly reflected in the DXA-like results. Since fractures may initiate
superiorly, this increased rate of loss may contribute materially to the greater risk of
femoral neck fracture in women than men.

This study was funded by NIH contract NOI1-AG-1-2100.

Age at follow-up Superior CtTh Inferior GITh FN aBMD

Mean (SD) Mean % (95%CI) Mean % (95%C1)  Mean % (95%CI)
Women 79.5(5.2) -156(-13.510-17.6) -45(38t0-52) -62(-49t0-75)
Men T89(44) -7.9(-5.710-10.1} -25(-1410-35) -4.1(-2.3t0-6.0)

Table: Longitudinal percentage mean changes in CtTh and FN aBMD during follow-
up (5.1 yrs)

Disclosures: Fjola Johannesdottir, None.
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Similar Effects on Cancellous Bone Matrix Mineralization by Alendronate
and Two Different Doses of Odanacatib in Rhesus Monkeys. Paul
Roschger*!, Phaedra Messmer', Nadja Fratzl-Zelman', Barbara M.
Misof l, Klaus Klaushofer', Maureen Pickarskiz, Le T. Duong”. 1Ludwig
Boltzmann Institute of Osteology at the Hanusch Hospital of WGKK &
AUVA Trauma Centre Meidling, Ist Medical Department, Hanusch
Hospital, Vienna, Austria, ’Bone Biology, Merck Research Laboratories,
West Point, USA

Odanacatib (ODN) is a potent and selective inhibitor of cathepsin K and is
currently in clinical development for the treatment of postmenopausal osteoporosis.
In the present study we aimed to explore the effect of ODN treatment on the bone
mineralization density distribution (BMDD) in rhesus monkeys. Ovariectomized
animals treated with either vehicle (VEH, n=8), Odanacatib @ 2 mg/kg/day (ODN-L,
n=8), Odanacatib @ 8 to 4 mg/kg/day (ODN-H, n=8), or alendronate @ 30mg/kg/
week (ALN, n=8) for 20-months were compared. Vertebrae and diaphyseal cortex of
tibiae were harvested for BMDD analyses using quantitative backscattered electron
imaging (qBEI). Group comparison of BMDD variables was based on ANOVA or
Kruskal-Wallis tests (Tukey’s or Dunn’s post-hoc analysis, respectively). In vertebral
cancellous bone, average calcium concentration (CaMean +6.5%, p<<0.001) was
increased in ODN-L while the heterogeneity of mineralization (CaWidth -22%,
p<0.001) and the percentage of low mineralized areas (CaLow -36%, p<0.01) were
decreased vs. VEH. Similar BMDD differences versus vehicle were also found for
ODN-H and ALN. Among the treatment groups (ODN-L, ODN-H, ALN), no
significant differences could be detected. In tibial osteonal bone, CaMean was higher
in the ALN group (+3.4%, p<0.01), and CaLow was decreased in the ALN (-29%,
p<0.01) group all compared to VEH. No other treatment effect on osteonal bone was
observed. Our BMDD findings after ODN or ALN treatment in rhesus monkeys are
consistent with the previously observed antiresorptive action of ALN and other agents
in postmenopausal osteoporosis. The higher CaMean is in line with an increased
average tissue age due to a longer period of secondary mineralization for the bone
packets. Simultaneously, CaLow, is decreased as a lesser amount of new bone is
formed. Further, CaWidth is reduced, which is a typical, transient response to the
bone remodeling rate reduction. Our BMDD results also indicate that vertebral bone
was more responsive to treatment effects than tibial cortical bone, likely due to its
higher bone turnover rates at the cancellous sites before treatment. The similarity of
the vertebral cancellous BMDD for both dosages of ODN indicates that the effect on
matrix mineralization had leveled off. Moreover, the overall effects of ODN and ALN
was similar, though their underlying mechanisms of bone turnover rate reduction are
different.

Disclosures: Paul Roschger, None.
This study received funding from: Merck & Co., Inc.
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Alterations in Intrinsic Bone Material Properties of Sclerosteosis Patients.
Eleftherios Paschalis', Paul Roschger?, Antoon Van Lierop®, Rutger Van
Bezooijen®, Sonja Gamsjaeger®, Birgit Hofstetter!, Klaus Klaushofer,
Socrates Papapoulos*>. 1Ludwig Boltzmann Institute for Osteology,
Austria, °L. Boltzmann Institute of Osteology, Austria, 3Leiden
University Medical Center, The Netherlands, “Ludwig Boltzmann
Institute of Osteologie, Austria, SHanusch Hospital, Austria

Sclerosteosis (SC) is a rare, autosomal recessive, bone sclerosing dysplasia
characterized by generalized osteosclerosis, caused by loss-of-function mutations in
the SOST gene encoding for sclerostin, a protein produced in bone by osteocytes that
decreases bone formation by inhibiting the Wnt signaling pathway in osteoblasts,
resulting in unrestrained bone formation. SC patients do not sustain fractures
suggesting that their bone is of good quality. To test this hypothesis we examined
intrinsic material properties in bone from such patients.

Chips of compact bone obtained during surgery from 4 children (SCc; age 4-16 yrs)
and 2 adults (SCa; age 24 & 43) diagnosed with SC, and 4 control subjects (CTRL; age
37-71 years), were analyzed by quantitative Backscattered Electron Imaging (qBEI)
and Raman spectroscopy (RS). The former technique provides information on the
bone mineral density distribution (BMDD), while the latter on the mineral/matrix
ratio, proteoglycan (modulators of mineralization) content, and mineral crystallinity.
Data were also compared against a historical control cohort of normal children (NC;
N = 54, age 2-20 years).

qBEI analysis indicated no significant differences between the CTRL and SCa
subjects in any of the outcomes. On the other hand, SCc subjects had a significantly
lower CaMean (weighted mean of BMDD), CaPeak (peak position of BMDD), and
CaHigh (fraction of highly mineralized bone) values compared to CTRL. CaWidth
(indicative of heterogeneity of mineral distribution) in SCc was significantly higher
compared to CTRL subjects. SCc had lower mineral content, and higher CaWidth
and CaLow compared to NC.

RS analysis indicated that SCc subjects had lower mineral/matrix ratio compared
to either CTRL or SCa while there was no difference between the CTRL and SCa
values. The proteoglycan content was higher in SCc compared to either SCa or
CTRL. Mineral crystallinity was lower in the SCc compared to either SCa or CTRL,
while the SCa itself had lower values compared to CTRL. All outcomes were similar
between SCc and NC except mineral crystallinity (significantly lower in SCc).
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The results of the present study suggest that human bone formed in the absence of
sclerostin has decreased mineral crystallinity, and BMDD slightly shifted to lower
mineralization with higher heterogeneity. These favorable bone properties in the
presence of highly increased bone mass may be responsible for the increased bone
strength of patients with sclerosteosis.

Disclosures: Socrates Papapoulos, None.
This study received funding from: EC FP7 program; TALOS: Health-F2-2008-201099.
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Lower Cortical Porosity and Higher Cortical Tissue Mineral Density Help to
Explain Stronger Bones in Chinese versus Caucasian Women. Stephanie
Boutroy*!, Marcella Walker?, Julia Udesky', Donald McMahon?, George
Liu*, John Bilezikian®. 'Columbia University Medical Center, USA,
2Columbia University, USA, *Columbia University College of Physicians
& Surgeons, USA, “New York Downtown Hospital, USA

Asian women have lower rates of hip and forearm fractures compared to other
racial groups despite lower areal BMD (aBMD). We have demonstrated micro-
architectural differences, including greater cortical thickness (Ct.Th) and Ct
volumetric BMD (Ct.vBMD), in Chinese-American (CH) versus Caucasian (CA)
women. It is not known whether greater Ct.vBMD in CH women is due to greater
tissue mineral density (TMD) or reduced cortical porosity (Ct.Po), both of which are
being increasingly recognized as important determinants of bone strength. Using high-
resolution peripheral QCT (HRpQCT, Scanco Medical AG, Switzerland), we tested
the hypothesis that CH women have better cortical skeletal integrity due to lower
cortical porosity and higher cortical mineral density compared with CA women.

80 CH women (46 premenopausal 36+7 yrs and 34 postmenopausal 62+2 yrs)
and 82 CA women (53 premenopausal 35+4 yrs and 29 postmenopausal 63 +3 yrs)
were studied. Data were adjusted for height, weight and serum 250H vitamin D.

Premenopausal CH vs. CA women had greater Ct.Th, Ct.vBMD, Ct. TMD and
decreased Ct.Po at both the radius and tibia (Table). Results remained significant
after adjustment except for tibial Ct.Po. A similar pattern was observed among
postmenopausal women, but only Ct.Th at the radius remained significant after
adjustment. As expected, postmenopausal vs. premenopausal women had lower
Ct.vBMD and Ct.Th at the radius and tibia in both races. At the radius, Ct.Po more
than doubled between pre- and post-menopausal women in both races (CH:
3.5+ 1.1% vs. 7.242.7%, p<0.001; CA: 4.5+1.3% vs. 9.2+4.5%, p<0.001), while
Ct.TMD decreased by 3% (p<<0.001) in both races. At the tibia, Ct.Po also more than
doubled (CH: 6.34+1.6% vs. 13.743.8%, p<0.001; CA: 7.14+1.7% vs. 16.1+5.8%,
p<0.001) between pre- and post-menopausal women in both races, while Ct. TMD
decreased by 6-7% respectively in CA and CH women (p<<0.001 for both). Age-related
differences in Ct.Po and Ct. TMD did not differ by race.

In summary, both reduced Ct.Po and greater Ct. TMD explain higher Ct.vBMD in
CH vs. CA premenopausal women. Thicker and preserved cortical bone structure in
CH women is likely to confer greater resistance to fracture compared to CA women.

Percentage difference in Chinese vs. Caucasian women

Radius Tibia
Premenop. Postmenop. Premenop. Postmenop.
Ct.Th 18.0* 111 11.3*1 87t 8.0
Ct.wvBMD 26 11t 3&- 2.3t 48"
Ct.Po =213 111 -22.3- -10.6- -15.3
Ct.TMD 2.2 11t 1.7 1.8 11 1.0

*p<0.05, ** p<0.01, " p<0.001 - non adjusted
1 p<0.05, t1 p<0.01, 111 pS0.001 - adjusted for height, weight and serum 250H vitamin D

Percentage difference in Chinese vs. Caucasian women

Disclosures: Stephanie Boutroy, None.
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Bone Microstructure, Serum PINP, and Plasma Osteopontin Levels are
Correlated With Sympathetic Activity Measured by Microneurography in
Human. Joshua Farr*', Nisha Charkoudian?, Jill Barnes®, David Monroe®,
Louise McCreadvl, Elizabeth Atkinson®, Shreyasee Aminl, L. Joseph
Melton', Michael Joyner?, Sundeep Khosla®. 1Mayo Clinic, USA, 2U.S.
Army Research Institute of Environmental Medicine, USA, *Department
of Anesthesiology, Mayo Clinic, USA, 4Mayo Foundation, USA, 5College
of Medicine, Mayo Clinic, USA

There is increasing evidence from animal studies that the sympathetic nervous
system regulates bone turnover and mass. Specifically, increased B-adrenergic activity
leads to increased bone resorption, decreased formation, and decreased bone mass. In
addition, osteopontin is required for B-adrenergic signaling in bone, since f-
adrenergic stimulation has no effect on bone mass in osteopontin knock-out mice.
There are, however, currently no data on the relationship of sympathetic activity to
bone turnover or mass in humans. Thus, we used microneurography of the peroneal

S56

nerve to directly measure sympathetic activity in 23 women aged 20 to 72 yrs (10
premenopausal [preM] and 13 postmenopausal [postM]) and correlated sympathetic
activity to bone microstructure at the distal radius using HRpQCT as well as to
circulating levels of bone turnover markers and osteopontin. Sympathetic activity
(bursts/100 heart beats) was 2.5-fold higher in postM compared to preM women
[mean (SD), 61.8 (13.4) in postM vs 24.7 (14.0) in preM, P < 0.001). After adjusting
for age, sympathetic activity was inversely correlated with trabecular bone volume
fraction (Spearman r = -0.55, P < 0.01) and trabecular thickness (r = -0.59, P < 0.01),
whereas positive correlations were observed for trabecular separation (r = 0.45, P <
0.05) and structure model index (r = 0.46, P < 0.05). Sympathetic activity was also
negatively correlated with plasma osteopontin levels (r = -0.43, P = 0.045), driven
mainly by the correlation in postM women (r = -0.76, P = 0.002). Sympathetic activity
was negatively correlated with serum PINP in postM women (R = -0.65, P = 0.02),
with a similar trend in preM women (r = -0.58, P = 0.08).

These findings represent the first demonstration in humans, using direct
measurements of sympathetic activity, of a relationship between sympathetic activity,
bone microstructure, and circulating levels of PINP and osteopontin. Given the
critical role of osteopontin in mediating effects of B-adrenergic signaling in bone cells,
the inverse association between sympathetic outflow and plasma osteopontin levels
may reflect a negative feedback loop to limit the deleterious effects of sympathetic
activity on bone metabolism. Our findings point to the need for additional human and
animal studies to test this hypothesis and to further define the utility of p-adrenergic
blockers (selectivity and dosage) in preventing age-related bone loss.

Disclosures: Joshua Farr, None.
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Structural and Mechanical Implications of Antiresorptive and Anabolic
Treatment of Osteoporosis by In Vivo Micro-MRI Based Techniques. Yusuf
Bhagat*!, Maite Aznarez-Sanado!, Jeremy Magland', Theresa
Scattergood!, Peter Snyderl, Felix Werner Wehrli®. lUniversity of
Pennsylvania, USA, *University of Pennsylvania Medical Center, USA

Antiresorptive and anabolic drugs hold the potential to arrest or reverse bone loss.
High-resolution micro-MRI-based virtual bone biopsy (VBB) methods allow
quantification of trabecular bone (TB) microarchitectural changes at peripheral
skeletal locations. Here we present data from an ongoing serial translational patient
study at 3 Tesla designed to evaluate the efficacy of anabolic and antiresorptive
treatments in postmenopausal women (ages, 58-84) with osteoporosis. High-
resolution 3D micro-MR images from the left distal tibia were acquired at baseline,
12 months (n=26) and 24 months (n=15) following randomization to either
teriparatide (Forteo, Eli Lilly, 20mg daily,s.c.) or zoledronic acid (Reclast acid,
Novartis, Smg annually,i.v.), and resulted after processing in a 3D grayscale image of
137x137x410 p_m? voxel size. Follow-up images were co-registered to the baseline grid
by rigid body registration. Data were subjected to VBB processing yielding parameters
of scale (bone volume fraction (BVF)) and topology (surface-to-curve (S/C) ratio and
erosion index (EI)). Finite element analysis was performed on the full tibial cross
section with image voxels converted to hexahedral finite elements. Axial stiffness (E,,)
was computed as the stress/strain ratio. Serially registered images and VBB cores
(23x23x68p_m>) from a 61-year subject are shown in Fig. 1. Most structural features
are replicated in repeat VBBs and some remodeling changes upon Forteo treatment
are clearly detectable as plate perforations (green arrows) observed at baseline
diminishing and filing in over the duration of treatment. In both treatment arms,
significant increases in spinal bone mineral density (BMD) were observed (Fig. 2).
Furthermore, increases of 2.6% to 14% (p<<0.001) were seen in BVF, S/C and E,, over
24 months of treatment, with topology and mechanics being stronger determinants of
the therapeutic efficacy in TB microarchitecture relative to BVF. The relative change
in topological parameters of subjects randomized to Reclast (n=14) was similar to
those in the Forteo treatment arm (n=12) over 24 months (13-14% increase in S/C and
11-12% decrease in EI, p<0.001). Axial stiffness increased by 5% (p<<0.001) and 4%
(p=0.07), in the Reclast and Forteo groups, respectively, with the Reclast group only
eliciting a statistically significant response. Data in this ongoing treatment study
demonstrated an improvement in TB microstructural parameters over a 24-month
period.

Fig. 1: Co-registered tibia TB images with VBB cores of a 61y.0. woman randomized
to Forteo.
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Fig. 2: Changes from baseline in the various parameters upon treatment with Reclast
and Forteo

Disclosures: Yusuf Bhagat, None.
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Differential Effects of Teriparatide and Zoledronic Acid on the Outer and
Inner Surfaces of Cortical Bone in Postmenopausal Women with Osteoporo-
sis: Results from the SHOTZ Trial. David Dempster*', Hua Zhou?, Robert
Recker®, Jacques Brown®, Michael Bolognese®, Christopher Recknor®,
David Kendler’, E. Michael Lewieckig, David Hanleyg, D. Sudhaker
Rao'®, Paul Miller!', Grattan Woodson'?, Robert Lindsay®, Neil
Binkley'?, Xiaohai Wan'¥, Valerie Ruff'*, Boris Janos'’, Kathleen
Taylor'. 'Columbia University, USA, *Helen Hayes Hospital, USA,
3Creighton University Osteoporosis Research Center, USA, *“CHUQ
Research CentreLaval University, Canada, SBethesda Health Research,
USA, ®United Osteoporosis Center, USA, 7Associate Professor University
of British Columbia, Canada, %University of New Mexico School of
Medicine, USA, *University of Calgary, Canada, °Henry Ford Hospital,
USA, "'Colorado Center for Bone Research, USA, 12, USA, *University of
Wisconsin, Madison, USA, Eli Lilly & Company, USA, "Eli Lilly
Canada, Inc., Canada

Purpose: Previously, we contrasted the mechanisms of action (MOA) of
teriparatide (TPTD) and zoledronic acid (ZOL) using a complete set of histomorpho-
metric indices in the cancellous envelope of bone biopsies from postmenopausal
women with osteoporosis. Recognizing the contribution of cortical bone to fracture
resistance, we now extend our observations to the endocortical and periosteal
envelopes.

Methods: In this randomized, double-blind, active comparator-controlled study,
transiliac bone biopsies were obtained after double tetracycline labeling from 58
subjects receiving TPTD (20 pg/day, sc injection) or ZOL (5 mg/y, IV infusion). We
measured a panel of dynamic and static histomorphometric indices in the cancellous,
endocortical, and periosteal bone envelopes after 6 months of treatment.

Results: The proportion of samples with tetracycline labels was significantly higher
in all 3 envelopes in the TPTD group compared to the ZOL group (p<<0.001) (Table).
On the endocortical surface, 100% of samples from the TPTD group displayed labels,
all of which included double labels. In contrast, 52% of samples from the ZOL group
had labels, 21% of which included double labels. On the periosteal surface, 70% of
samples in the TPTD group displayed labels (26% with double labels) compared to
17% of samples in the ZOL group (7% with double labels). Mineralizing surface/bone
surface (MS/BS), bone formation rate (BFR/BS), osteoid surface (OS/BS), osteoid
thickness (O.Th), wall thickness (W.Th), and mineral apposition rate (MAR) were all
significantly higher in the TPTD than the ZOL group in both cancellous and
endocortical envelopes. Conversely, in both envelopes, eroded surface (ES/BS) was
lower in the ZOL than the TPTD group. Periosteal MS/BS and BFR/BS were higher
with TPTD than with ZOL.

Conclusions: The contrasting effects of ZOL and TPTD on bone remodeling are
evident on all 3 bone envelopes with MS/BS and BFR/BS providing the most striking
differentiation of the MOA of the 2 drugs. While the effect of TPTD was smaller on
the periosteal than the endocortical surface, the higher values of MS/BS and BFR/BS
relative to the ZOL group suggests the possibility of periosteal expansion and,
therefore, an increase in bone size with TPTD. Further, in TPTD samples, MS/BS and
BREF/BS were higher in the endocortical than the cancellous envelope which, coupled
with an increase in wall thickness, provides a mechanism for cortical thickening with
TPTD treatment.
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Number sam ples (%) | Cancellons Endocortical Periostcal
with the following:  |“ypTD ZOL TPTD ZOL TFTD 0L
Dauble and/ar a8t 18 23" 15 16" 5
Single Labels (100%) (60%) (100%) (52%) (70%) (17%)
Double Lalbel
With 28 13 23 6 5 2
Stk Labl | (100%) (43%) (100%) (21%) (22%) %) |
Without 0 3 0 0 1 0 |
StiheLabel | (0%) (10%) (0%) (0%) (4%) (0%)
Single Label 0 2 0 9 10 3
Ouly (0%) (7%) (0%) (31%) (44%) (10%)
No Label ] 12 0 14 7 24 |
| (0%) (40%) (0%%) (48%) (30%) (83%) |
Indices Evaloated: |
MS/BS, | S.60* 016 18.64* 0.30 071" 0,00 |
Yo (300, 11.75) | (0,00, 0.58) | (9.25,21.96) | (0.00, 0,84} (000, 1.89) (0,00, 0,00y
=28 n=30 3 n=29 n=23 n=29
BFR/BS,” 0.0116° 0,0002 0,0307% 0.0003 0.0008% 0.0000
m’mmty (0081, 0.0268) | (00000, 0.0010) | (DOIEZ, 0.0411) | (00000, 0.0014) | (00000, D.0021) | (00000, 0.0000)
n=28 n=30 n=23 n=2g 23 n=29
MARS 0.56%% 0.49 0.50% 0.30 030 0.30 |
pm/d {048, 0L62) (0.37, 0.51) (D43, 0.56) (0,30, 0.44) (0,30, 0.50% (0,30, 0,30)
=28 n=1% n=23 n=135 n=16 n=5 |
O.Th, 377 4940 3.70
pm (3.51,4.22) (441, 587y (2,99, 4.82) parameter
n=30 n=23 n=19 ol mensured
W.Th, 2863 36.30%**
pm {27.16, 30.43) | (34.27. 37.62) | (29.43 parameter
n=30 n=23 =28 nol measured
OS/BS, 11.34° 251 16.33% 1.87
% (6,58, 16.52) | (1.27,4.58) | (13.57.24.34) | (1.08,3.99) parameter
n=23 n=30 n=23 =28 not mensured
ES/BS, 4.59* 27 4,068 1.87
Yo (3,14, 6.01) (173, 3.21) (1.92,6.32) (1.54, 3.33) parameter
=28 n=30 n=23 n= ol measured

Sp<0.001; **p=0.01; ***p<0.05, Values shown ane medians (01, O3,

Statistical analyses were conducted ot a 2-sided alpha level of 0,05 using Wilcoxon rank-sum test,

*Number of evaluable samples in the cancellous envebope was 28 for TPTD and 30 for ZOL. For the periosteal and
endocortical envelopes, the number of evaluable samples was 23 for TPTD and 29 for ZOL in each envelope.

"When Inbel was absent, MS/TS was mensured as zero and these values were used in the caleulation of BER/TS.

“MAR was measured on double labels or assigned a value of 0.3 pmdd if only single labels were present: if no label wos
present, MAR was treated as missing.
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Disclosures: David Dempster, Amgen, Eli Lilly, Merck, Novartis, P&G, 1; Amgen,
Merck, Novartis, P&G, 2; Eli Lilly, 6
This study received funding from: Lilly USA, LLC
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Overlapping and Follow-up of Alendronate to Teriparatide Treatment Results
in Maintenance of Excess BMD Gain. Christian Muschitz*', Roland
Kocijan?, Astrid Fahrleitner-Pammer’, Heinrich Resch*. 'St. Vincent’s
Hospital, Austria, 2St. Vincent Hospital Vienna, Austria, 3Medical
University Graz, Austria, “Medical University Vienna, Austria

Purpose: After 9 months of teriparatide (TPTD) treatment the combination of
alendronate (ALN) and TPTD for consecutive 9 months results in enhanced BMD
gain, mostly at cortical sites, compared with 18 months of TPTD monotherapy.
Administration of raloxifene (RAL) instead of ALN was less advantageous. Both
antiresorptive combination therapies maintain TPTD induced bone formation to
some extent, while bone resorption declines more on ALN than RAL. Our aim was to
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investigate the BMD changes for the 12 months after cessation of TPTD treatment
but with continuation of the respective antiresorptive treatment.

Methods: 125 postmenopausal women (mean age 71.7 + 8.5 ys, 91.5% prevalent
fractures, 95.7% prior antiresorptive treatment) were prospectively randomized after
9 months of TPTD treatment into three open-label groups for another 9 months:
ALN (70 mg/week, 41 pts) or RAL (60 mg/day, 37 pts) added to TPTD treatment or
no additional medication (TPTD monotherapy, 47 pts). After TPTD termination,
patients were treated with the respective antiresorptive agent for another 12 months
(extension phase). All subjects received 1000mg calcium and 800 IU vitamin D daily.
Serum levels of intact amino terminal propeptide of type I procollagen (PINP) and
type 1 collagen cross-linked C-telopeptide (CTX) as well as BMD measured by DXA
at lumbar spine, total hip and femoral neck were evaluated at randomization, end of
TPTD treatment, and at 6 and 12 months in the extension phase.

Summary: Lumbar spine BMD increased in all groups during the extension phase.
Compared with values at the time of randomization, at the end of the extension phase,
the increase in lumbar spine BMD was significantly higher in the ALN (10.1 +.7.3%,
p=0.002) and RAL (8.4+5.4%, p=0.019) groups than in the TPTD monotherapy
group (4.5+10.3%). At total hip addition of RAL (0.5+ 3.8%) did not alter the effects
of TPTD monotherapy on BMD (0.5 +5.5%). Addition of ALN resulted in a superior
increase in both total hip BMD (8.2+5.8%) and femoral neck BMD (9.1 +10.1%,
p<0.001 for both) compared with RAL or TPTD alone. PINP and CTX significantly
declined in all groups in the extension phase reaching the lowest concentrations in the
ALN combination group.

Conclusions: Our data suggest that continuation of ALN after its addition to the
second 9 months of an 18-month TPTD treatment cycle resulted in a robust and
enhanced BMD increase especially in the hip region.

Disclosures: Christian Muschitz, None.
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Genetic Variants in the Promoter of LRP5 May Be Associated with
Teriparatide Response, in the Treatment of Osteoporosis. Lee O’Brien*!,
Haojun Ouyang 2, Jared Kohler?. lLilly, USA, 2Eli Lilly & Company,
USA, 3Biostat Solutions, Inc, USA

The goal of this study was to identify genetic markers associated with teriparatide
response in patients with osteoporosis. Variants in eleven candidate genes in the Wnt
(bone formation) or RANK (bone resorption) pathways were investigated in a
Caucasian genetic cohort collected from a teriparatide clinical trial (NCT00035256, n
= 118). Changes in bone mineral density (BMD) from baseline to 12 months was
assessed in teriparatide -treated patients using ANCOVA: the model included
covariate adjustments for baseline BMD, BMI, age and genotype. Results from the
genetic analysis indicate that 6 genetic variants in LRP5 (total of 62 variants
genotyped) were associated with a change in femoral neck BMD at 12 months
(unadjusted p = 0.01-0.03). Average percent change in femoral neck BMD for the
LRP5 genetic variant, rs312009, was 0.24, 2.54 and 3.02 for the CC, CT and TT
genotypes (unadjusted p = 0.0261). The C allele at rs312009 disrupts a RUNX2
transcription factor binding site. In reporter-gene experiments, the C allele had poorer
transcription efficacy, which may translate into less LRPS5 protein and decreased Wnt
pathway activation (1), resulting in decreased bone formation. Although not
significant, similar directional trends were observed for teriparatide-induced changes
in lumbar spine BMD (7.64, 8.29 and 10.93 for CC, CT and TT, respectively, p =
0.4431). Additional variants in LRPS that were associated with teriparatide efficacy
were also located in the 5° UTR, and several of these are predicted to disrupt TF
binding sites including a site for a Ccaat/Enhancer Binding Protein (rs312024). These
data suggest a genetic association may exist between SNPs in LRP5 and response to
teriparatide treatment. Further clinical trials are needed to establish replication of
these results, and to determine if these markers are associated with efficacy for other
bone anabolic agents.

1) J Bone Miner Res. 2011 May;26(5):1133-44

Disclosures: Lee O’Brien, Eli Lilly and Company, 3
This study received funding from: Eli Lilly and Company
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Femur QCT Analysis using MIAF in Postmenopausal Women Treated with
Odanacatib - Results of a 2-year Placebo-controlled Trial. Klaus Engelke*',
Thomas Fuerst?, Bernard Dardzinski®, John Kornak® Shabana Ather?,
Harry Genant®, Anne De Papp’. IUniversity of Erlangen, Germany,
2Synarc Inc, USA, *Merck Sharp & Dohme Corp., USA, *UCSF, Dep. of
Epidemiology & Biostatistics, USA, SMerck & Co, Inc., USA, *UCSF/
Synarc, USA, "Merck & Co., Inc., USA

Background: Odanacatib, a selective cathepsin K inhibitor, increases areal BMD
at the spine and hip of postmenopausal women. To gain additional insight into the
clinical effects in trabecular and cortical bone of odanacatib, we assessed femoral
BMD by QCT in postmenopausal women treated with odanacatib.

Methods: This international, randomized, double-blind, placebo-controlled, 2-
year, phase 3 trial enrolled 214 postmenopausal women with a mean age of 64 years
and mean BMD T-scores of -1.8 at the lumbar spine and femoral neck. Subjects were
randomized to odanacatib 50 mg weekly (ODN) or placebo (PBO); all participants
received calcium and vitamin D. Hip QCT scans at 2 years were available for a subset
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of these women (n=158, ODN (78), PBO (80)). BMD, BMC and volume of the
integral, cortical and trabecular compartments were measured in the QCT images
using MIAF (Erlangen, Germany). Subregions included the neck, trochanter and
intertrochanter . Results are presented as percent change from baseline after 2 years of
treatment.

Results: There were consistent and significant differential treatment effects (ODN-
PBO) for integral, trabecular and cortical BMD at 24 months (see table). With no
significant differential treatment effect on total femur volume, the results for BMC
closely matched those of BMD for integral and trabecular compartments,
respectively. However, with small but mostly significant differential increases in
cortical volume (1.0-1.3%) and thickness (1.4-1.9%), the percent cortical BMC
increases were numerically larger than those of BMD.

With a total femur BMC differential treatment effect (ODN-PBO) of nearly
1000mg, the proportion of BMC attributed to cortical gain was 45%, 44% 52%, 40%
for the total, neck, trochanter and intertrochanter subregions, respectively.

Conclusions: In postmenopausal women treated for 2 years, odanacatib improved
integral, trabecular and cortical BMD as well as BMC at all regions of the femur
relative to placebo. Cortical volume and thickness significantly increased in all regions
except the neck, where it was marginally non-significant. The increase in cortical
volume and BMC paralleled the increase in cortical BMD, demonstrating a consistent
effect of ODN on cortical bone. Approximately one-half of the absolute BMC gain
occurred in cortical bone.

Differences between weekly ods atib 20 mg and placebo in QCT measurements at the Tolal Femur,
Femoral Neck (FN) Trochanter Intertrochanter (IT) and Proximal Shaft after 24 monihs of treatment
Diffin o
Exploratory Endpaint Change rom BL Fvalue
(ODN-PBOY
L |
Total Femur Tnt BRTY (=2.2,-0.9) =4 <001
Toial Femur Trab BAD (-54.-2.7) 12.2 001
Total Femur Cort BhV I {-1.1,0.2) 25 <001
FN Int BMIY (-2.0,-0.8) 4.5 0,041
FN Trab BAMD {-6.0,-2.4) 9.9 <001
FN Cort BMD (L8, 0.9y 2.0 0002
Trochanter Int BM D {-2.3,-0.5) 7.3 0,011
Trochanter Tral BAID {-4.8.-1.2) 17.2 <0.001
Trochanter Cort BMD {-1.7,-0.4) 4.3 0,001
IT Int BAMID {-1.3,-0.9} 4.6 <001
IT Tral BAMD (-6.1,-2.6) 11.8 0,001
IT Cort BAIDY {-0.8, (L5} 1.4 <00E
Table

Disclosures: Klaus Engelke, Synarc, 7; Synarc, 3
This study received funding from: Merck
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Denosumab Significantly Improved Trabecular Bone Score (TBS), an Index
of Trabecular Microarchitecture, in Postmenopausal Women With Osteo-
porosis. Michael R. McClung*!, Kurt Lippuner?, Maria Luisa Brandi’,
Jean-Marc Kaufman®, Jose R. Zanchettas, Marc-Antoine Kriegé, Henry G.
mz Roland Chapurlat®, Didier Hans®, Andrea Wang’, Jang Yun’,
Carol Zapalowski’, Cesar Libanati’. lOregon Osteoporosis Center, USA,
2Osteoporosis Policlinic, University of Bern, Switzerland, *University of
Florence, Italy, 4University Hospital of Ghent, Belgium, ’Instituto de
Investigaciones Metabolicas, Argentina, ®Lausanne University Hospital,
Center of Bone Diseases, Switzerland, 7Michigan Bone & Mineral Clinic,
USA, 8Hc")pital Edouard Herriot, France, qugen Inc., USA

Purpose: The trabecular bone score (TBS), a novel gray-level texture index
determined from lumbar spine DXA scans, correlates with 3D parameters of
trabecular bone microarchitecture known to predict fracture. TBS may enhance the
identification of patients at increased risk for vertebral fracture independently of bone
mineral density (BMD) (Hans JBMR 2011; Boutroy JBMR 2010). Denosumab
(DMADb) decreased bone turnover, increased BMD, and reduced new vertebral
fractures in postmenopausal women with osteoporosis. We explored the effect of
DMAD on TBS over 36 months and evaluated the association between TBS and
lumbar spine BMD in women who had DXA scans obtained from eligible scanners for
TBS evaluation in FREEDOM.

Methods: FREEDOM was a 3-year, randomized, double-blind trial that enrolled
postmenopausal women with a lumbar spine or total hip DXA T-score <-2.5, but not
<-4.0 at both sites. Women received placebo or 60 mg DMAD every 6 months. A
subset of women in FREEDOM participated in a DXA substudy where lumbar spine
DXA scans were obtained at baseline and months 1, 6, 12, 24, and 36. We
retrospectively applied, in a blinded-to-treatment manner, a novel software program
(TBS iNsight® v1.9, Med-Imaps, Pessac, France) to the standard lumbar spine DXA
scans obtained in these women to determine their TBS indices at baseline and months
12, 24, and 36. From previous studies, a TBS >1.35 is considered as normal
microarchitecture, a TBS between 1.35 and >1.20 as partially deteriorated, and =1.20
reflects degraded microarchitecture.

Results: There were 285 women (128 placebo, 157 DMAb) with a TBS value at
baseline and =1 post-baseline visit. Their mean age was 73, their mean lumbar spine
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BMD T-score was -2.79, and their mean lumbar spine TBS was 1.20. In addition to
the robust gains in DXA lumbar spine BMD observed with DMAD (9.8% at month
36), there were consistent, progressive, and significant increases in TBS compared with
placebo and baseline (Table & Figure). BMD explained a very small fraction of the
variance in TBS at baseline (r><0.07). In addition, the variance in the TBS change was
largely unrelated to BMD change, whether expressed in absolute or percentage
changes, regardless of treatment, throughout the study (all r><0.06); indicating that
TBS provides distinct information, independently of BMD.

Conclusion: In postmenopausal women with osteoporosis, DMAD significantly
improved TBS, an index of lumbar spine trabecular microarchitecture, independently
of BMD.

Table

Figure

Disclosures: Michael R. McClung, Amgen, Merck, 6; Amgen, Lilly, Merck, Novartis, 2;
Amgen, Lilly, Novartis, Warner-Chilcott, 1
This study received funding from: Amgen Inc.
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Longitudinal Tracking of DXA Bone Measures in Children and Adolescents
Over a 6-Year Period. Tishya Wren*!, Heidi Kalkwarf?, Babette Zemel®,
Joan Lappe®, John Shepherd®, Sharon Oberfield®, Karen Winer’, Vicente
Gilsanz'. 'Children’s Hospital Los Angeles, USA, *Cincinnati Children’s
Hospital Medical Center, USA, *Children’s Hospital of Philadelphia, USA,
“Creighton University Osteoporosis Research Center, USA, >University of
California, San Francisco, USA, °Columbia University Medical Center,
USA, "National Institutes of Health, NICHD, USA

Measuring bone mass during childhood and adolescence may allow for early
identification of individuals at risk for future development of osteoporosis. However,
early assessment is only useful if bone measurements “track™ during growth, with
children who have low bone mass continuing to have low bone mass as they mature.
The purpose of this prospective longitudinal multi-center study was to examine
tracking of dual-energy x-ray absorptiometry (DXA) bone measures in children and
adolescents over a 6-year period. The study subjects were 974 healthy boys and girls,
ages 6 to 16 years, who completed 6 years of longitudinal follow-up in the multi-center
Bone Mineral Density in Childhood Study (BMDCS). DXA measures of the whole
body, lumbar spine, hip, and forearm were obtained annually. The correlation
between baseline DXA measures and measures 6 years later was examined.

S59

The tracking of DXA Z-scores (r = .66 to .81) was similar in magnitude to the
tracking of height (Table 1). In general, tracking was better for BMD vs. BMC and for
height-adjusted DXA Z-scores vs. unadjusted scores. Tracking was also slightly better
for girls compared with boys. When examined as a function of sexual maturity at
baseline, tracking remained strong for girls of all Tanner stages (r = .61 to .89). The
weakest tracking was for Tanner stage 3, where height adjustment improved the
tracking (r = .57 to .76 for unadjusted vs. r = .69 to .85 for height adjusted). Boys had
poor tracking of unadjusted DXA Z-scores in Tanner stage 3 (r = -.05 to .74). Height
adjustment greatly improved tracking in this group (r > .6 except for hip neck BMC
which improved from r = -.05 to r = .34; Table 2).

In conclusion, DXA bone measures demonstrate good tracking in children and
adolescents. During puberty, however, it is important to adjust DXA measures for
height, particularly for boys. These results suggest that bone mass measurements
during childhood may be useful for early identification of children at risk for
osteoporosis later in life. This information may assist in counseling patients and
initiating early interventions.

Table 1: Correlation of Z-scores between baseline and 6 years later

BMC BMD Height  Height
adjusted adjusted
BMC BMD
Height .75 - ---
Weight 68 -
BMI .69 - - - -
DXA whole body - .66 71 .66 77
DXA spine - g1 73 78 78
DXA hip total - .69 .76 74 .81
DXA hip neck === .69 74 72 76
DXA forearm - 74 72 .78 5
Table 1
Table 2: Correlation of Z-scores between baseline and 6 years later
for boys in Tanner 3
Variable BMC BMD Height Height
adjusted adjusted
BMC BMD
Height .56 - - -
Weight .60 - - - -—-
BMI 74
DXA whole body - .33 .30 65 67
DXA spine - .27 .56 74 .79
DXA hip total - .24 .63 .63 .78
DXA hip neck - -.05 .51 .34 .67
DXA forearm = .52 62 2 76
Table 2

Disclosures: Tishya Wren, None.
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HRpQCT Reveals Cortical Thinning and Deficits in Bone Microstructure in
Children and Adolescents With a Distal Forearm Fracture Due to Mild but
Not Moderate Trauma. Joshua Farr*', Shreyasee Amin', Salman Kirmani',
Louise McCready', Sara Achenbachl, L. Joseph Meltonl, Sundeep
Khosla>. 1Mayo Clinic, USA, 2College of Medicine, Mayo Clinic, USA

Distal forearm fracture (DFF) incidence peaks during growth and has increased
significantly in recent years. There is mounting evidence that fractures during growth
are related to skeletal fragility and some studies have shown that this relationship is
independent of trauma severity. However, previous studies have been confounded by
reliance on techniques (e.g., DXA) that have limitations in assessing bone mass/
structure during growth, have relied on self-reported fractures, and have included
subjects with miscellaneous fractures. Thus, in order to better characterize the
underlying skeletal phenotype associated with DFF during growth, we used HRpQCT
to determine whether a recent fracture (due to mild vs moderate trauma) is related to
deficits in bone geometry and microstructure as compared to non-fracture controls.
Cortical and trabecular bone parameters were assessed at the distal radius and tibia in
boys (n = 112) and girls (n = 96) aged 8-15 yrs. The Landin classification (Acta
Orthop Scand 202:1, 1983) was used to assign trauma levels based on medical record
review and an interview. As shown in the Figure, boys (Panel A) and girls (Panel B)
with a mild trauma (e.g., simple fall) DFF had significantly lower cortical area (CtA)
at the radius (by 26% for both), but both boys and girls with a moderate trauma (e.g.,
fall from a bicycle) DFF had virtually identical CtA values as compared to controls.
Cortical thickness (CtTh) at the radius was also reduced in boys and girls with a mild
trauma DFF (by 14% and 13%, respectively; P < 0.05), with no differences in the
moderate trauma DFF cases versus controls. Similar findings were noted for CtA and
CtTh at the tibia. Furthermore, at the radius and tibia, boys and girls with a mild (but
not moderate) trauma fracture had deficits in trabecular bone volume fraction (6-9%),
although this was statistically significant only in the boys at the tibia.

Thus, a mild, but not moderate, trauma DFF during growth is associated with
cortical thinning and deficits in bone microstructure not only at the distal radius, but
also at the tibia. Our data suggest that DFFs during growth have two distinct
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etiologies: those due to underlying skeletal deficits leading to fractures with mild
trauma versus those due to more significant trauma in the setting of normal bone
mass/structure. Identification of children with mild trauma fractures may be
particularly important so as to target them for lifestyle and nutritional interventions.

Figure

Disclosures: Joshua Farr, None.
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Fractures During Growth in Healthy Females: Relation with Bone Structural
Alterations and Importance of Pubertal Timing. Thierry Chevalley*!, Jean-
Philippe Bonjour?, Bert van Rietbergen®, Rene Rizzoli*, Serge Ferrari’.
lUniversity Hospitals of Geneva Division of Bone Diseases, Switzerland,
2University Hospital of Geneva, Switzerland, *Department of Biomedical
Engineering, Eindhoven University of Technology, Netherlands,
#University Hospital, Switzerland, *Geneva University Hospital &
Faculty of Medicine, Switzerland

In this study in healthy young adult women, we have assessed which bone variables
are significantly associated with an increased risk of fractures during growth. Taking
into account the major importance of pubertal timing in bone development, we also
quantified the fracture risk related to later vs. earlier menarchal age. We prospectively
recorded fracture occurrence in healthy girls during childhood and adolescence.
Healthy girls (n=124) were followed-up from the age of 7.9 +0.5 to 20.4+0.6 (+SD).
During the 12.5 y follow-up period, fractures, pubertal stages, menarcheal age,
anthropometric variables and radius aBMD were recorded at regular intervals. At the
age of 20.4 y, microstructural and strength variables of the distal radius were
determined by HR-pQCT and Finite Element Analysis (WFEA). Sixty one fractures
occurred in 42 subjects. Most fractures (41%) were localized in forearm and wrist. At
the age of 20.4 y mean aBMD was lower in the fracture (FX) as compared to the non-
fracture (No-FX) group at both radial diaphysis (P=0.005) and metaphysis (P=0.008).
Distal radius trabecular volumetric density (P=0.010) and thickness (P=0.014) were
lower in the FX group. UFEA indicated reduction in stiffness (P=0.013), failure load
(P=0.013) and apparent modulus (P=0.046). As illustrated on the figure, calculation
of Odd ratios (OR, 95% CI) revealed an increased risk of fracture for 1 SD reduction
in radial aBMD diaphysis: 1.97 (1.22-3.19, P=0.006) and metaphysis: 1.97 (1.19-3.24,
P=0.008), trabecular volumetric density: 1.89 (1.16-3.10, P=0.011) and thickness: 1.97
(1.13-3.43, P=0.017), stiffness: 2.02 (1.15-3.53, P=0.014), failure load: 2.00 (1.15-3.50,
P=0.014) and apparent modulus: 1.79 (1.02-3.14, P=0.043). Menarcheal age occurred
at a later age in the FX than in the No-FX group (13.5+1.1 vs. 12.8 +1.2'y, P=0.003).
For 1 SD (1.2 y) later menarcheal age, the risk of fracture increased twofold (OR: 2.1,
95% CI, 1.31-3.33, P=0.002). In conclusion,this longitudinal study with 12.5 y follow-
up shows that low trabecular volumetric density and thickness in the distal radius are
associated with reduced bone strength and increased risk of fractures during growth.
It also documents the importance of menarcheal age on bone fragility in healthy
women by demonstrating that the negative effects of later pubertal timing on bone
strength is associated with increased incidence of fracture during childhood and
adolescence.
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Disclosures: Thierry Chevalley, None.
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Pre-Pubertal Bone Mass Predicts Peak Bone Mass — A 28 Year Prospective
Observational Study of 214 Children. Christian Buttazzoni*, Bjorn
Rosengren, Magnus Tveit, Lennart Landin, Jan-Ake Nilsson, Magnus
Karlsson. Skane University Hospital Malmo, Lund University, Sweden

Purpose: There is an ongoing debate if bone mass “tracks” from growth to
adulthood. We therefore undertook this prospective long-term observational study as
to answer if low bone mineral content (BMC) in the pre-pubertal children is a risk
factor for low BMC in young adulthood.

Methods: Distal forearm cortical BMC (g) was measured with single photon
absorbtiometry (SPA) in 214 children (74 recruited after a fracture, 56 with premature
birth and 84 as part of a control cohort). There were 120 boys with a mean age of 9.9
years (range 3-17) and 94 girls with a mean age of 10.7 years (range 4-17). BMC was
then re-measured with the same SPA apparatus in the same region mean 28 years
(range 26-29) later when the boys had become mean 36.6 years (range 28-44) and the
girls mean 37.4 years (range 28-44). For each individuals we calculated BMC Z-scores
at childhood and adulthood, respectively, based on BMC data in the 84 controls. We
used Pearssons correlation coefficient to compared baseline and follow-up Z-scores
values. The proportions of children within the lower quartile of BMC, with osteopenia
(BMC <-1.0 SD) and with osteoporosis (BMC <-2.5 SD) were also registered at each
occasion.

Results: BMC Z-score at childhood correlated with BMC Z-score BMC in
adulthood in both boys (r=0.48) and girls (r=0.64) (both p<<0.0001). The same was
found if including only children who were 10 years or older at baseline (boys r=0.52
and girls r=0.73, both p<0.0001) and if including only children who were below age
10 years (boys r=0.44 and girls r=0.52, both p<<0.0001). 55% of the children in the
lowest quartile of BMC were still in the lowest quartile in adulthood (57% boys and
52% girls) and 66% of the children with osteopenia still had osteopenia in adulthood
(56% boys and 79% girls). The single child with osteoporosis had osteopenia in
adulthood.

Conclusions: Bone mass seems to partially “track” from childhood to adulthood,
so that 23% of the variance in young adult men and 41% of the variance in young
adult women could be explained by the level of bone mass in childhood. Furthermore,
19% of the variance in young adult men and 27% of the variance in young adult
women could be attributed to the level of bone mass before age 10 years. We infer that
low bone mass in children ought to be regarded as a risk factor for low peak bone
mass.

Disclosures: Christian Buttazzoni, None.
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Genome-wide Association Analysis of Skull BMD in Children: A Powerful
Strategy to Identify Genetic Determinants of Osteoporosis-related Traits.
John Kemp*', Carolina Medina-Gomez 2, Karol Estrada®, Denise Heppe?,
Maria Zillikens?, Nicholas Timpson®, Beate St Pourcain 4, Albert
Hofman?, Vincent Jaddoe?, George Davey Smith >, André Uitterlinden?,
David Evans®, Fernando Rivadeneira®, Jonathan Tobias’. '"MRC Centre
for Causal Analyses in Translational Epidemiology, United Kingdom,
2Erasmus Medical Center, Netherlands, *MRC Centre for Causal Analyses
in Translational Epidemiology, University of Bristol, United Kingdom,
“School of Social & Community Medicine, University of Bristol, United
Kingdom, *School of Social & Community Medicine, University of Bristol,
United Kingdom, *MRC Centre for Causal Analyses in Translational
Epidemiology, University of Bristol, United Kingdom, ’School of Clinical
Science at North Bristol, University of Bristol, United Kingdom

Aim: The skull is a skeletal site minimally influenced by loading, muscular activity
and is less masked by environmental influences. This is reflected in the high
heritability of skull BMD (h?=80%) making it a suitable trait for genetic investigations
which can provide further insight into the molecular regulation of skeletal function.
Yet, the relevance for osteoporosis has not been determined. We performed a genome-
wide association study on skull BMD in children seeking the identification of genetic
loci relevant to osteoporosis.

Methods: GWAS was performed using 9395 subjects, combining the Avon
Longitudinal Study of Parents and their Children (ALSPAC, n=5299, mean age=9.9,
SD=0.32 years) and the Generation R study (GENR, n=4096, mean age=6.2, SD=0.5
years), using skull aBMD from total body DXA scans, and imputed genotype data.
For each cohort, association analysis was performed with MACH2QTL, using linear
regression models based on an expected allelic dosage model for SNPs, adjusting for
sex, age, height and population stratification. SNPs with MAF <1% and poor
imputation quality (2<0.3) were excluded. After controlling for genomic inflation, we
combined association data for ~2.5 million imputed autosomal SNPs into an inverse
variance fixed-effects additive model meta-analysis, using METAL.

Results: SNPs in seven known BMD loci reached genome wide significance
including: WNT4 (P=1.6x10"2), RSPO3 (P=3.3x10"''), WNTI6 (P=2.6x102*),
TNFRSFIIB (P=2.1x10"""), LIN7C (P=1.6x10"""), LRP5 (P=1.3x10""") and
TNFRSFIIA (P=1.8x10"®%). In addition, a common SNP mapping to 6q23.2
(ALSPAC: MAF=0.35; B=-0.125; P=7.x10""") and (GENR: MAF=0.31; B=-0.129;
3x10°%) upstream of the Eyes Absent 4 (EYA4) gene achieved genome-wide
significance after meta-analysis (MAF=0.35; B=-0.1267; P=8.3x10"'"), explaining
0.72% of the variation in Skull-BMD.

Conclusion: This study demonstrates that skull BMD assessed in children is a
suitable trait for genetic investigations of osteoporosis, allowing for the dissection
between bone attainment and bone loss in a setting less prone to environmental
influences. Furthermore, we identified a novel locus containing a signal mapping
upstream of EYA4. Loss of function mutations in EYA4 are associated with
sensorineural hearing loss. A link between sensorineural hearing loss and BMD has
previously been identified in sclerosteosis, where skull base overgrowth occurs in the
context of high bone mass, leading to cranial nerve compression.

Disclosures: John Kemp, None.
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Effects of Glucocorticoid Therapy on Changes in Volumetric Bone Mineral
Density (vBMD) and Cortical Structure in Childhood Nephrotic Syndrome
(NS). Anne Tsampalieros*', Pooja Gupta®, Babette Zemel', Rachel
Wetzsteon!, Mary Leonard'. 'Children’s Hospital of Philadelphia, USA,
“Emory University School of Medicine, USA

Our prior cross-sectional study in childhood nephrotic syndrome (NS) demon-
strated significantly lower trabecular vBMD and greater cortical vBMD, compared
with controls. However, the impact of glucocorticoids (GC) on changes in vBMD and
cortical structure during growth has not been addressed.

Objectives: To examine changes in vVBMD and cortical structure over one year in
children and adolescents with NS and normal renal function, and to determine the
longitudinal relations between GC exposure, bone outcomes, and growth.

Methods: Tibia peripheral computed tomography (pQCT) scans were obtained at
enrollment, 6 and 12 months in 56 NS participants, ages 5-21 yr. Sex-, race and age-
specific Z-scores were generated for trabecular BMD (TrabBMD), cortical BMD
(CortBMD), and cortical dimensions based on reference data in > 650 controls.
Cortical dimension Z-scores were further adjusted for tibia length. Multivariable
regression models examined determinants of interval changes in Z-scores, adjusted for
baseline values.

Results: 56 NS participants with a median (range) of 4 (0-16) years since diagnosis
were enrolled. Mean (SD) GC doses over the first and second 6 month intervals were
0.56 (0.71) and 0.48 (0.63) mg/kg/day, respectively. Changes in TrabBMD Z-scores
were not associated with GC dose. Increases in CortBMD Z-scores were
independently associated with greater GC dose (p<<0.001) and smaller increases in
tibia growth (p<<0.01). Cortical area, section modulus, and periosteal and endosteal
circumference Z-scores decreased significantly over 12 months (Table). Greater
increases in tibia length were associated with greater decreases in cortical dimension
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Z-scores (all p<<0.01); this association was absent in reference participants (interaction
p<0.02). Greater GC dose was associated with decreases in height Z-score (p<<0.001)
but was not associated with changes in cortical dimension Z-scores.

Conclusions: GC therapy was associated with increases in CortBMD, potentially
related to suppression of bone formation and greater secondary mineralization.
Conversely, greater growth (i.e. new bone formation) was associated with declines in
CortBMD. The failure to identify correlates of changes in TrabBMD may relate to the
limitations of pQCT measures of trabecular compartment vBMD. The growing
skeleton may be especially vulnerable to GC effects on increases in cortical
dimensions. Future studies are needed to determine the fracture implications of these
findings.

Change 012
Z-Secores Enrollment 12 Months month 012 p walue
TrabBMD 0.54 £ 1.32° .60 + 140 £0.01 046 0.76
CortBMD 0.76 « 1.15° 0.53 = 140 £0.20 : 1.1 0.73
Cortical Dimensions
Cortical Area 0.25 £ 0.91" 0.07 £ 0.92 0,16 £0.35 0.003
Section Modulus 0.20 = 1.01 0.03 £ 0.97 0.19 £0.35 <0.001
Periosteal .
Cliciifnierande 0.21£1.01 0.05: 1.01 0,18 £0.30 <0.001
Chdosted 007101 | 0.002:095 | 0.11:028 0.016
ircumference
Height .16 +0.85° £0.22 +0.90 0,05 £0.32 0.25
‘p<0.05 compared with reference participants

Z-scores at Enrollment and 12 Months

Disclosures: Anne Tsampalieros, None.
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Familial Hypocalciuric Hypercalcemia Type 3 (FHH3) is Caused by
Mutation in Adaptor Protein 2 Sigma 1 (4P2S1). M. Andrew Nesbit*!,
Fadil Hannan', Sarah A. Howles', Anita A.C. Reed', Treena Cranston?,
Clare E. Thakker', Lorna Gregory®, Andrew J. Rimmer>, Nigel Rust*, Una
Graham®, Patrick J. Morrison®, Steven J. Hunter®, Michael Whyte’, Gil
McVean®, David Buck®, Rajesh Thakker'. 'Nuffield Department of
Clinical Medicine, University of Oxford, United Kingdom, 2Oxford
Medical Genetics Laboratories, Oxford University Hospitals NHS Trust,
United Kingdom, *Wellcome Trust Centre for Human Genetics, University
of Oxford, United Kingdom, *Sir William Dunn School of Pathology,
University of Oxford, United Kingdom, *Regional Centre for
Endocrinology & Diabetes, Royal Victoria Hospital, United Kingdom,
SDepartment of Medical Genetics, Queen’s University Belfast, Belfast City
Hospital, United Kingdom, "Shriners Hospital for Children-Saint Louis,
USA

Familial hypocalciuric hypercalcemia (FHH) is an autosomal dominant disorder
characterized by lifelong elevation of serum calcium concentrations with inappropri-
ately low urinary calcium excretion. It is genetically heterogeneous with defined types
referred to as FHH1, FHH2 and FHH3 whose chromosomal locations are 3q21.1,
19p and 19q13.3, respectively. FHHI, caused by mutations of the calcium-sensing
receptor (CaSR), occurs in >65% of FHH patients, whilst the etiologies of FHH2 and
FHH3 are not known. To identify the genetic defect in FHH3, we performed exome
capture and high-throughput sequencing in FHH3 patients from two unrelated
kindreds. Over 2,500 previously unreported non-synonymous single nucleotide
polymorphisms (SNPs) were found in the whole exome of each patient, and 5 of
these were non-synonymous SNPs in 5 genes from 19q13.3. Amongst these SNPs, one
that involved a C to T transition that predicted occurrence of a missense mutation,
Argl5Cys, in adaptor protein 2 sigma 1 (AP2S1), was present in the patients from
both kindreds. This mutation, which altered an evolutionary conserved arginine
residue, was confirmed by independent dideoxynucleotide sequencing and Hhal
restriction endonuclease analysis which demonstrated co-segregation of the mutation
with FHH3 in 32 affected members from 5 generations of the two kindreds. Wild-type
(Argl5) and mutant (Cysl5) AP2S1 proteins were transiently expressed in HEK293
cells stably transfected with CaSR, and an assessment of their effect on intracellular
calcium in response to changes in extracellular calcium demonstrated that the mutant
Cysl5 AP2S1 protein shifted the dose-response curve rightward with a significantly
higher ECsy = 2.77mM (95% confidence interval (CI) 2.64-2.90mM) when compared
to the wild-type AP2S1 ECsy = 2.29mM (95% CI 2.22-2.37mM) (P<0.0001),
consistent with a loss-of-function mutation. AP2S1 forms part of the AP2 complex
that has a role in G protein-coupled receptor recycling, and the Argl5 residue of
AP2S1 has been implicated in cargo protein acidic dileucine motif recognition. Indeed,
an examination of the crystal structure of AP2 revealed that replacement of the basic,
polar Argl5 residue of AP2S1 with the neutral, slightly polar Cysl5 residue
compromises a key contact with a polar residue found within acidic dileucine motifs.
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Thus, our studies have identified the genetic defect underlying FHH3 and give
important insights into calcium homeostasis.

Disclosures: M. Andrew Nesbit, None.
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Inactivation of SKI-1 in Osteocytes Leads to Obesity in Adult Mice and
Suggests a New Bone to Brain Endocrine Pathway Regulating Body Mass.
Jeffrey Gorski*!', Nichole T. Huffman 2, Anne C. Breggia®, Clifford
Rosen®, Sridar Chittur®, Amber Stern', Mark Dallas %, Nabil G. Seidah®,
Lynda Bonewald!. !'University of Missouri - Kansas City, USA,
2University of Missouri-Kansas City, USA, *Maine Medical Center,
USA, “Center for Functional Genomics, Univ. at Albany, USA, Institut
de Recherches Cliniques de Montreal, Canada

Obesity is a major health problem and mechanisms controlling weight gain are
incompletely understood. Osteocytes are endocrine cells embedded in bone secreting
sclerostin, MEPE, and FGF-23 in response to load induced strain in bone. The
hypothalamus regulates body mass and bone formation via similar leptin-serotonin
pathways. Inactivation of the serine protease SKI-1 in osteocytes (0scKO) by breeding
[SKI-1 (fi/-) DMPI Cre (+/-)] males with [SKI-1 (fl/fl)] females leads to a rapid
increase in body mass only upon reaching skeletal maturity (Fig. 1, representative of
one of three litters). Similar findings were obtained in two separate breeding
programs. SKI-1 is required for activation of transmembrane bound transcription
factors including ATF-6, SREBP-1, SREBP-2 and CREB-like factors. Interestingly,
maturity-dependent onset of obesity is not seen in leptin-deficient ob/ob mice. At 9-11
months of age, male oscKO are significantly heavier, 44.4 +/- 6.12 gm (n=8), than
control littermates, 37.9 +/- 5.17 gm (n=12) (p<<0.02, t-test). Female 0scKO mice
(n=2) trended in the same way but did not reach significance compared with same sex
littermate controls. Although heavier, male 0scKO mice exhibited the same or slightly
smaller femoral cortical and trabecular bone volume by microCT, and ash weight
mineral content as littermate controls. Similar to ob/ob, the oscKO mouse was
hyperinsulinemic yet displayed elevated blood glucose. Nesfatinl, an appetite
suppressant synthesized by osteocytes and released from nucleobindin-2, was almost
20-fold higher in serum from the leanest littermate (Fig. 1). Whole genome array
studies on osteocyte mRNA showed 29 genes were reduced >2-fold in scKO
compared with three control littermates, while 53 genes were increased by >2-fold in
the 0scKO compared to the controls. In summary, inactivation of floxed SKI-1 in
osteocytes using DMP1 Cre leads to a dramatic increase in body mass only after
reaching skeletal maturity, a phenotype distinct from leptin deficient ob/ob mice. We
hypothesize that osteocytes, cellular endocrine sensors of load induced strain in bone,
suppress appetite by release of a systemic anorexigenic factor like nucleobindin-2/
nesfatinl which is able to cross the blood brain barrier and act on the hypothalamic
appetite control center. The known increase in bone stiffness occurring with skeletal
maturity suggests that bone biomaterial properties also play a role in this proposed
bone to brain signaling pathway.
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Fig 1. DMP1 Cre SKI-1 ¢cKO mice gain weight rapidly after skeletal maturity
Disclosures: Jeffiey Gorski, None.
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Reverse Regulation of Ca*>* Signaling and NFATcl Activity by TRPM4
Stimulates Osteoblast but Suppresses Osteoclast Differentiation and
Increases Bone Mass. Liesbet Lieben*', Barbara Colsoul?, Sophie
Torrekens®, Grzegorz Owsianikz, Rudi Vennekensz, Geert Carmeliet®.
'KU Leuven, Belgium, 2Laboratory of Ton Channel Research, KU Leuven,
Belgium, *Clinical & Experimental Endocrinology, KU Leuven, Belgium,
“Katholieke Universiteit Leuven, Belgium

Differentiation of osteoblasts and osteoclasts requires Ca>"-dependent NFATcl
activation. Regulation of [Ca®*]; levels is thus crucial, but the mechanism is poorly
characterized. The Ca®*-activated cation channel, TRPM4, controls Ca>" influx in
several cell types by inducing cell depolarization. TRPM4 is highly expressed in
osteoblasts and osteoclasts and is therefore a likely candidate to fine-tune [Ca*'];
signaling. By analyzing Trpm4” mice, we show that TRPM4 regulates [Ca’'];
signaling and differentiation of osteoblasts and osteoclasts in reverse direction.

First, we demonstrate that in osteoblasts, TRPM4-mediated depolarization
stimulates Ca>" influx via voltage-gated Ca>* channels (VGCC’s) which enhances
NFATcl-mediated differentiation. Indeed, pharmacological activation of TRPM4
elicited a profound Ca”* influx, which was suppressed by VGCC antagonists and by
genetic Trpm4 inactivation. Accordingly, Trpm4” osteoblasts exhibited reduced basal
[Ca®*]; and Nfatcl mRNA levels resulting in impaired in vitro differentiation (mRNA
differentiation markers) and mineralization.

Second, we show that osteoclasts lack VGCC activity, and as a result, the TRPM4-
mediated depolarization reduces the driving force for Ca?* influx and hereby
smoothens the Ca>* oscillations and limits NFATcl-mediated differentiation. In fact,
RANK L-induced osteoclastogenesis was increased in Trpm4”~ hematopoietic cells and
was associated with an increase in the frequency and amplitude of Ca®" oscillations
and with enhanced NFATcl activity. Consistent herewith, osteoclast formation was
more profoundly stimulated when Trpm4*'* osteoblasts were cultured with Trpmd4™
vs. Trpm4*"* hematopoietic cells. However, fewer osteoclasts were formed when
Trpm4™" osteoblasts were used, indicating that Trpm4™ osteoblasts have less capacity
to induce osteoclastogenesis.

These cellular effects explained the significantly reduced bone mass in Trpm4™
mice characterized by a manifest decrease in bone formation (serum osteocalcin,
dynamic bone formation) and osteoblast differentiation (mMRNA markers), with
unaltered osteoclast number (TRAP, mRNA markers).

In conclusion, TRPM4-regulated [Ca’"]; signaling differentially affects NFATcl
activity in bone cells, leading to stimulation of osteoblast yet suppression of osteoclast
differentiation and the combined effects promote bone mass accrual.

Disclosures: Liesbet Lieben, None.
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Hypophosphatemic Rickets in Dentin Matrix Protein 4 (Dmp4) Knockout
Mice. Robert Brommage*l, Jeff Liu', Sabrina Jeter-Jones', David Powell',
Andrea Thompson', Thomas Wronski®, Peter Vogel'. 'Lexicon
Pharmaceuticals, USA, 2University of Florida, USA

Raine syndrome (Simpson, Am J Hum Genet 81:906; 2007) in humans results from
mutations in the FAM20C gene. Affected individuals usually die at birth from
respiratory failure, with autopsy findings of generalized osteosclerosis.

Dmp4 is the mouse ortholog of FAM20C, with 86.5% sequence identity (Hao, J
Biol Chem 282:15357; 2007) and expression in chondrocytes, osteoblasts, osteocytes,
ameloblasts, odontoblasts and cementoblasts. (Wang, J Histochem Cytochem 58:957;
2010). Dmp4 knockout (KO) mice were generated by disruption of exons 1 and 2
employing homologous recombination. For all data provided below, P < 0.001 for the
differences between KO and wild-type littermate mice.

Serum parameters measured in Dmp4 KO mice through weaning at 18, 22, 26 and
30 days of age (males and females combined, with Ns = 6 to 17) show modest (11%)
hypocalemia, severe (55%) hypophosphatemia and a 2.1-fold elevation of alkaline
phosphatase independent of age. Newborn KO mice are normophosphatemic.

Extramedullary hematopoiesis occurs in liver and spleen. Incisors and molars are
small and deformed, with degeneration and disorganization of ameloblasts and lack of
mineralized enamel. The odontoblast layer is mildly disrupted with regions of dentin
that contain round basophilic bodies. At 30 days of age KO mice have reduced body
weight (30%), femur/tibia lengths (24%), and midshaft tibia bone diameter (22%),
marrow diameter (15%) and cortical thickness (34%).

Examination of decalcified bone sections at 4 and 14 week of age shows that
growth plate cartilage is thickened and disorganized in long bones, with almost total
absence of cartilage cores in newly formed trabeculae. With age there is a progressive
osteosclerosis affecting metaphyses of the long bones. Ribs, nasal turbinates and other
bones of the skull are thicker than normal, but cortical bone in the shafts of long
bones is reduced. Both nasal turbinate bones and trabeculae in the sternum are
irregularly shaped.

Examination of undecalcified sections of vertebrae and femur shows extensive
unmineralized osteoid, consistent with hypophosphatemic rickets and osteomalacia.
Material BMD of tibial cortical bone by microCT is reduced 18%, consistent with
osteomalacia.
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With severe hypophosphatemia in KO mice and expression in osteocytes,
FAM20C/Dmp4 is likely involved in the FGF23/DMP1/PHEX/MEPE system of
phosphate homeostasis (Sapir-Koren, IBMS BoneKEy 8:286; 2011).

Disclosures: Robert Brommage, Lexicon Pharmaceuticals, 3
This study received funding from: Lexicon Pharmaceuticals
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Pharmacological Inhibition of FGFR Signaling Ameliorates FGF23-mediated
Hypophosphatemic Rickets. Simon Woehrle*!, Christine Henninger!,
Olivier Bonny?, Anne Thuery', Noemie Beluch!, Nancy Hynes?, Vito
Guagnanol, William Sellers*, Francesco Hofmann', Michaela Kneissel',
Diana Graus Porta'. 'Novartis Institutes for BioMedical Research,
Switzerland, *University of Lausanne, Department of Pharmacology &
Toxicology, Switzerland, 3Friedrich Miescher Institute for Biomedical
Research, Switzerland, *Novartis Institutes for BioMedical Research, USA

Fibroblast growth factor 23 (FGF23) is a circulating factor secreted by osteocytes,
which is essential for phosphate homeostasis. In kidney proximal tubular cells FGF23
inhibits phosphate reabsorption and vitamin D biosynthesis. Excess levels of FGF23
cause renal phosphate wasting and suppression of circulating vitamin D levels and are
associated with several hereditary hypophosphatemia disorders with skeletal
abnormalities, including X-linked hypophosphatemic rickets (XLH) and autosomal
recessive hypophosphatemic rickets (ARHR). Currently, therapeutic approaches to
these diseases are mainly limited to dietary vitamin D and phosphate supplementa-
tion, often merely resulting in partial correction of the skeletal aberrations. Here, we
evaluate the use of FGFR inhibitors for the treatment of FGF23-mediated
hypophosphatemia disorders using NVP-BGJ398, a novel selective, pan-specific
FGFR inhibitor currently in Phase I clinical trials for cancer therapy. In two different
hypophosphatemic mouse models, Hyp and DmpI-null mice, resembling the human
diseases XLH and ARHR, we find that pharmacological inhibition of FGFRs
efficiently abrogates aberrant FGF23 signaling and normalizes the hypophosphatemic
and hypocalcemic conditions of these mice. Correspondingly, long-term FGFR
inhibition in Hyp mice leads to enhanced bone growth, increased mineralization and
reorganization of the disturbed growth plate structure. We therefore propose NVP-
BGJ398 treatment as a novel approach for the therapy of FGF23-mediated
hypophosphatemia diseases.

Disclosures: Simon Woehrle, Novartis Institutes for BioMedical Research, 3
This study received funding from: Novartis Institutes for BioMedical Research
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Systems Genetics Identifies Lhfp as a Bone Mineral Density Candidate Gene
and Regulator of Osteoblastogenesis. Cheryl Ackert-Bicknell', Daniel
Gatti', Rachel Madcn]’ianz, John Sundberg!, Gary Churchill!, Charles
Farber*?. 'The Jackson Laboratory, USA, 2University of Virginia, USA

It is well understood that peak bone mass is a heritable phenotype. Thus, there has
been considerable effort focused on identifying and functionally characterizing the
genes underlying this phenotype. Genome-wide association (GWA) and network
analysis are two powerful approaches used to accomplish these goals. When used in
concert, they not only identify the genes underlying a phenotype, but also aid in
determining their functional role. In this study, we performed GWA for bone mineral
density (BMD) using data obtained from 27 classical inbred strains of mice (i.e not
wild derived). Specifically, BMD data was collected on female and male mice at 6, 12,
and 20 months of age and GWA was performed using the Efficient Mixed-Model
Association algorithm. This analysis identified high-confidence BMD associations on
Chromosomes (Chrs) 2, 3, and 17. To minimize false positives a seccond BMD GWA
was performed in a partially overlapping set of 31 classical inbred strains. This
replicated the association on Chr. 3. In both sets of mice the Chr. 3 association
spanned a 500 Kbp genomic interval containing two annotated genes, lipoma
HMGIC fusion partner (Lifp) and component of oligomeric golgi complex 6 (Cog6).
Causality modeling in a separate F2 cross was used to generate additional evidence
supporting a causal role for one or both genes. These results suggested that Lifp, and
not Cog6, was a regulator of BMD. A co-expression network analysis revealed that
Lhfp was a member of a co-expression module enriched for genes involved in
osteoblast function and gene expression studies confirmed that this gene is indeed
highly expressed in mouse primary calvarial osteoblasts (mOBs). Within this module,
Lhfp was most strongly connected to genes encoding bone extracellular matrix
proteins. Together, these data suggested that LhAfp was a regulator of osteoblast
function. To test this hypothesis, we determined the effect of Lifp knockdown on the
differentiation of mOBs. At 10 days post-differentiation, we observed significant
(P<0.05) dose-dependent reductions in mineralized nodule production by cells treated
with two independent Lifp targeting siRNAs, substantiating our hypothesis that this
gene is indeed involved in osteoblast function. In conclusion, we have used a multi-
faceted systems genetics approach in mice to identify Lifp as a regulator of
osteoblastogenesis and a promising candidate gene for BMD.

Disclosures: Charles Farber, None.
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Targeted Disruption of Heparan Sulfate in Osteoblasts Leads to Severe
Osteoporotic Phenotype in Mice. Satoshi Nozawa*!, Fumitoshi Irie?, Shinji
lizuka®, Thomas Clemens®, Kazu Matsumoto®, Yu Yamaguchi’. !, USA,
2Sanford-Burnham Medical Research Institute, USA, 3Johns Hopkins
University, USA, 1Gifu University, School of Medicine, Japan

Background: Although accumulating in vitro data suggest important roles for
heparan sulfate (HS) in osteoblast differentiation, there is little information about
whether and how HS is involved in bone formation in vivo. This study aims is to
determine the role of HS in the osteoblast lineage and to dissect the mechanism by
which HS influences the function of these cells.

Methods: We eliminated heparan sulfate from mature osteoblasts by conditionally
inactivating Extl, the gene encoding an enzyme essential for heparan sulfate synthesis.
Analysis of bone mass was performed by osteocalcin-Cre (Oc-Cre)-driven conditional
Extl mutant mice, Oc-Cre; Extl*"*_ Standard histomorphometric variables were
calculated. This was followed by initial in vitro investigations into the mechanism of
osteogenesis and osteoclastgenesis.

Result: Oc-Cre; ExtF"°* mice show severe osteoporotic phenotype. The
reduction in bone volume observed in mutant mice was progressively more evident
with increasing animal age compared with wild type. BV/TV in mutant lumbar
vertebrae decreased by 52%(p<<0.01) at 5 weeks of age and by 22%(p<<0.001) at 3
months (Figure). The bone formation rates of mutants were equivalent to normal
littermates. On contrast, osteoclast number (N.Oc/T.Ar, N.Oc.N/B.Pm) in mutant
bones were significantly increased in the mutant mice (p<<0.01). Moreover, urinary
deoxypyridinoline was increased in mutant mice (p<<0.05). As for the cause, we
focused Osteoprotegerin (Opg) which contains a highly basic heparin-binding domain,
suggesting that direct interaction with HS could be involved in osteoclastgenesis
through the intermediary of RANK-RANKL-OPG triad. We measured cell surface-
associated and soluble Opg in the NaCl extracts. We detected smaller volume of Opg
on mutant osteoblast (p<<0.05). To elucidate the interaction with Opg and heparan
sulfate, we produced recombinant Opg lacking heparin binding domain by site
directed mutagenesis. The results show Opg lacking heparin binding domain could not
inhibit osteoclastgenesis in vitro assays than the wild type Opg, which suggests
heparan sulfate is required to Op; mediated osteoclastgenesis inhibition.

In summary, Oc-Cre; Ext/®*% mice show severe osteoporotic phenotype. We
suggest that HS is required for cell surface association of Opg and HS suppresses
osteoclastgenesis by increasing cell surface-associated Opg, which could interfere
RANK-RANKL interaction.

M

BVITV(%) 17.9£0.5 “p<0.001

Oc-Cre; Extlflox/flox mice show severe osteoporotic phenotype.

Disclosures: Satoshi Nozawa, None.
This study received funding from: UEHARA Memorial Foundation Scholarship
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EphrinB2 Signaling in Osteoblasts and Chondrocytes is Required for their
Differentiation and Support of Osteoclast Formation. Stephen Tonna*!,
Farzin Takyar?, Ingrid Poulton®, Patricia Ho>, Narelle McGregor?, Carl
Walkley®, Brian Liddicoat >, Liliana Tatarczuch®, Eleanor Mackie®, T.
John Martin °, Natalie Sims’. 'St Vincent’s Institute, Australia, St.
Vincent’s Institute of Medical Research, Australia, St Vincent’s Institute
of Medical Research, Australia, *Veterinary Science University of
Melbourne, Australia, 5University of Melbourne, Australia, °St Vincent’s
Institute of Medicine, Australia, ’'St. Vincent’s Institute for Medical
Research, Australia

Osteoblasts express both EphB4 and its cognate ligand, ephrinB2, and treatment
with PTH rapidly induces their expression of ephrinB2. Simultaneous blockade of
both ephrinB2 and EphB4 signaling impedes both osteoblast differentiation and
mineralization in vitro, while stimulation of ephrinB2 in the hematopoietic lineage
inhibits osteoclast differentiation. To investigate ephrinB2 signaling within osteoblasts
and chondrocytes we generated mice with conditional deletion of the ephrinB2
cytoplasmic domain in osteoblasts and sporadic hypertrophic chondrocytes
(Osx1:GFP: Cre. Efub2™).

EphrinB2 cytoplasmic domain expression was reduced ~95% in FACS-isolated
Osx1. Efnb2" primary calvarial osteoblasts compared with OsxI. Efnb2""* and ~80%
in OsxI.Efmb2" primary chondrocytes. In FACS-sorted OsxI.Efnb2" osteoblasts
both early (Runx2, Osx, ALP) and late differentiation markers (OCN, PTHRI,
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MEPE, SOST) were reduced by 80-90%. Similar findings were obtained when
exogenous viral Cre was introduced to Efnb2" osteoblasts. Consistent with these
changes, bone formation rate was reduced by ~50% in adult 0sx1.Eﬁ1b2/” mice, and
late osteoblast differentiation markers were impaired by ephrinB2:ephB4 receptor
antagonists (SEphB4 and TNYL). OsxI.Efnb2" osteoblasts also demonstrated
reduced RANKL expression (50%) and impaired support of osteoclast formation in
co-culture with wild-type bone marrow precursors. This indicates that ephrinB2
signaling within the osteoblast lineage is required for appropriate differentiation and
mineralization by osteoblasts and to support osteoclast formation.

Reduced support of osteoclast formation was also observed in OsxI. Efub2"
neonates, which demonstrated high trabecular bone volume, prominent cartilage
remnants, and a 75% reduction in osteoclast numbers at the growth plate: a mild
osteopetrosis that resolved by 12 weeks of age. Electron microscopy revealed that the
osteoclasts near the growth plate showed reduced contact with cartilage and bone, did
not form ruffled borders or sealing zones and exhibited convoluted nuclei. In addition
contact between osteoblasts and between osteoblasts and the bone surface was
reduced and chondrocytes at all stages of maturation contained more condensed
chromatin. In conclusion, these results indicate that osteoblastic ephrinB2 signaling
regulates osteoblast and chondrocyte differentiation and the support of osteoclast
formation by both chondrocytes and osteoblasts.

Disclosures: Stephen Tonna, None.
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Hypoxia-inducible Factor-lo Restricts PTH-induced Anabolic Signals by
Sequestration of -catenin. Julie Leslie*!, Thomas Clemens', Ryan Riddle’.
Johns Hopkins University, USA, “Johns Hopkins University School of
Medicine, USA

The hypoxia inducible factors (Hifs) are evolutionarily conserved transcriptional
factors that control homeostatic responses to low oxygen. In developing bone, Hif-1
generated signals are required for angiogenesis, which appears to be necessary for
initial specification of bone-forming osteoblasts. In mature mouse bone, loss of Hif-1a
in osteoblasts resulted in a more rapid accumulation of trabecular and cortical bone.
Moreover, removal of Hif-1o from osteoblasts sensitized mature bone to load-induced
bone formation by enhancing the response of osteoblasts to mechanical stimuli
(Riddle, 2011 J Biol Chem 286:44449-44456). These findings suggested that Hif-1
exerts distinct developmental functions and acts in the mature skeleton as a negative
regulator of bone formation. In this study, we investigated the function of Hif-1a in
osteoanabolic signaling by assessing the effect of Hif-1a loss-of-function on bone
formation in response to parathyroid hormone (PTH). Exposure of primary mouse
osteoblasts to PTH resulted in the rapid induction of Hif-1a protein levels via a post-
transcriptional mechanism, but had no effect on Hif-20.. In vivo, PTH treatment
(40pg/kg BW/day for 6 weeks) increased trabecular bone volume to a significantly
greater extent in AHiflo mice than in control littermates. To clarify the mechanism
underlying increased sensitivity to PTH, we examined the activation of signaling
events downstream of the PTH receptor in osteoblasts lacking Hif-1a. The activation
of cAMP and MAP kinase signaling by PTH was not significantly affected by the loss
of Hif-1a function. However, PTH induced B-catenin activity was enhanced, as
evidenced by prolonged elevations in Axin2 mRNA levels in Hif-1o-deficient cells.
Further, PTH-induced occupancy of the Axin2 promoter by B-catenin (ChIP) was
greater in osteoblasts lacking Hif-1o. compared to controls. Taken together, these data
indicate that Hif-loo functions in the mature skeleton to restrict osteoanabolic
signaling. The availability of pharmacological agents that reduce Hif-lo function
suggests the value in further exploration of this pathway to optimize the therapeutic
benefits of PTH.

Disclosures: Julie Leslie, None.
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Serotonin Receptor 5-HT,g Controls Osteoblast Cell-cell Adhesion and
Mineralization by Multiple Pathways. Yasmine Chabbi Achengli*!, Jean
Marie Launay?, Luc Maroteaux®, Marie-Christine De Vernejoul*, Corinne
Collet'. 'INSERM U606, France, “Laboratoire de biochimie Hopital
Lariboisiére, France, JINSERM UMR S-839 Institut du Fer a Moulin,
France, *Fédération De Rhumatologie Et INSERM U606, France

The serotonergic 5-HT2B receptor is implicated in various physiological and
pathological functions. Our previous in vivo results showed that in the absence of 5-
HT2B receptor (5-HT2BR-/- mice) there was a decreased bone formation due to
reduced mineralizing surfaces (Collet et al.,2008). In order to decipher the
mechanism(s) responsible(s) for the osteoblast defect, we studied primary calvaria
osteoblast cultures. Firstly, we observed that both osteoblast proliferation and
mineralization were markedly impaired in 5-HT2BR-/- cells, associated with a reduced
alkaline phosphatase gene expression (-34%). Moreover, cell-cell adhesion of 5-
HT2BR-/- osteoblasts was also lower (-62%) with N-cadherin intra-cytoplasmic
localization. Wnt 3a treatment induced an increase proliferation of the WT but not of
the 5S-HT2BR-/- osteoblast. As multiple signaling pathways could be responsible for
this phenotype we first investigated the phospholipase A2 (PLA2) pathway that has
been shown to be linked to 5-HT2BR in a osteoprogenitor cell line. Treatment with
mepacrine, a specific inhibitor of PLA2, induced a decreased cell aggregation and
induced N-cadherin mislocalization. Furthermore the protein expression of COX2
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was strongly decreased in 5S-HT2BR-/- culture as compared to WT. We therefore
measured the level of prostaglandin E2 (PGE2) and the expression of PGE2 synthase
(PGES), and we observed no differences. By contrast, the level of prostacyclin (PGI2
prostaglandin 12) was 10 fold higher and PGI synthase activity was markedly
increased (WT: 11+5.2 vs 5-HT2BR-/-: 42+6.3 p<<0.0001) in absence of 5-HT2B
receptors. As prostacyclin is the endogenous ligand of peroxisome proliferator
activated receptor /6 (PPAR-B/0) we hypothesized that PPAR B/ activation could be
responsible in part of the 5-HT2BR-/- osteoblast phenotype. One of the target of
PPAR /o is the protein convertase (PC) that is involved in N-cadherin maturation
and migration to cell membrane. We showed a decrease in PC activity in 5-HT2BR-/-
osteoblasts, that was restored by treatment with GSK0660 a specific PPAR B/
inhibitor. Treatment with GSK0660 improved 5-HT2BR-/- osteoblast aggregation
and N-cadherin localization to the membrane, and completely restored the
mineralization defect of the 5-HT2BR-/- osteoblast. In conclusion we show that
osteoblast 5-HT2B receptor signal mainly by the PGI2 pathway and could involve
PPAR p/d.

Disclosures: Yasmine Chabbi Achengli, None.
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Glil Participates in the Indian Hedgehog-mediated Osteogenesis during
Endochondral Ossification. Hironori Hojo*', Shinsuke Ohba®, Fumiko
Yan03, Taku Saito*, Toshiyuki Ikeda®, Keiji Nakajima®, Yuske
Komiyama®, Naomi Nakagata’, Kentaro Suzuki’, Tsuyoshi Takato®,
Hiroshi Kawaguchi9, Ung-I1 Chung'®. 'The Center for Disease Biology &
Integrative Medicine, Japan, ’Division of Biotechnology, Center for
Disease Biology & Integrative Medicine, Japan, *University of Tokyo,
Japan, “University of Tokyo, Graduate School of Medicine, Japan,
*Information Technology Services, Inc., Japan, °The University of
Tokyo, Japan, "Kumamoto University, Japan, 8Graduate School of
Medicine The University of Tokyo, Japan, *University of Tokyo, Faculty
of Medicine, Japan, '“University of Tokyo Schools of Engineering &
Medicine, Japan

With regard to hedgehog (Hh) signaling in mammalian skeletal development, most
research has focused on Gli2 and Gli3 rather than Glil. This is because G/il”" mice do
not show any gross abnormalities in adulthood, and no detailed analyses of fetal
Glil”" mice are available. Therefore, we aimed to determine physiological roles of Glil
in osteogenesis. We initially examined the contribution of Glil to Hh signaling-
mediated osteogenesis compared with Gli2 and Gli3 in vitro and in vivo. In primary
perichondrial cell (PPC) cultures, wild-type (WT) cells acquired phenotypes of early
osteoblasts upon Hh signaling activation by SAG, a Smoothened agonist. The SAG-
mediated osteoblast differentiation was impaired in GliI™ as well as Gli2”" cells
relative to that in WT cells, whereas it was enhanced in Gli3™" cells. Histological
analyses on G/il”" mice revealed that the bone collar was absent in metatarsals of the
mice at embryonic day 17.5. The Glil”" perichondrium showed a decreased region of
alkaline phosphatase (Alp)-expressing cells compared with that in the WT
perichondrium, and it lacked expression of bone sialoprotein (Bsp). Expression of
runt-related transcription factor (Runx2) or osterix was not detected in the Glir'"
perichondrum at this stage. In addition, Glil”";Gli2”" mice showed more severely-
impaired osteogenesis than either GliI”~ or Gli2”" mice, and osteoblast differentiation
was impaired in Glil"";Gli3"" perichondrial cells compared with Gli3™ cells in vitro.
We next attempted to elucidate how Glil regulated osteogenesis. Glil overexpression
upregulated the early osteoblast markers A/p and Bsp, but not the late osteoblast
marker osteocalcin, in PPCs and C3H10T1/2 cells. Glil knockdown with shRNA
inhibited the SAG-induced expressions of Alp and Bsp in C3HI0T1/2 cells. Glil
overexpression not only rescued impaired expressions of Alp and Bsp in Indian
hedgehog (Ihh)" PPCs, but also upregulated their expressions in Runx2™ PPCs.
Luciferase assay, EMSA and ChIP revealed that Glil transactivated Alp and Bsp via
its binding to 5’ regulatory regions of these genes, possibly underlying the activity of
Glil in osteogenesis. Thus, Glil, acting downstream of Ihh, contributes to early
osteoblast differentiation, at least to some extent, in a Runx2-independent manner; it
plays redundant roles with Gli2 and is involved in the repressor function of Gli3. We
propose that Glil functions collectively with Gli2 and Gli3 in osteogenesis.

Disclosures: Hironovi Hojo, None.
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Conditional Disruption of the Prolyl Hydroxylase 2 (PHD2) Gene Defines its
Key Role in Skeletal Development. Shaohong Cheng*', Weirong Xing?,
Sheila Pourteymoor3, Subburaman Mohan®. 'VA Loma Linda Health Care
Systems, USA, >Musculoskeletal Disease Center, Jerry L. Pettis Memorial
Veteran’s Admin., USA, 3Jerry L Pettis VA Memorial Med Ctr, USA,
“Jerry L. Pettis Memorial VA Medical Center, USA

Disruption of gulonolactone oxidase, a key enzyme involved in ascorbic acid (AA)
biosynthesis, results in spontaneous fractures (Sfx) in mice caused by deficient
osteoblast (OB) functions. Studies on the molecular mechanism for AA regulation of
OBs revealed that the increase in osterix (Osx) expression during OB maturation is
dependent on AA and that AA effects on Osx mRNA expression is mediated via a
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novel mechanism that involves PHD2-dependent proteosomal degradation of a yet to
be indentified transcriptional repressor of Osx gene expression. Because PHD?2 is
strongly expressed in OBs and that inhibition of PHD2 expression using shRNA
reduces AA-induced Osx expression and OB differentiation, we predict that PHD?2 is
important in the OB differentiation pathway. In order to determine if lack of PHD2 in
bone cells influences the skeletal phenotype, we first generated conditional knockout
(KO) of PHD2 by crossing PHD2 floxed mice with transgenic Osx-Cre mice.
Surprisingly, none of the surviving 65 mice were Cre positive and homozygous for
floxed PHD?2 alleles. However, Cre positive embryos that were homozygous for floxed
PHD?2 alleles were detected at embryonic day 14. Since Osx is known to be expressed
in chondrocytes besides OBs, we next crossed PHD2 floxed mice with Colla2-Cre
mice in which expression of Cre recombinase is placed under the control of the
procollagen type la2 promoter. Of the homozygous PHD2 floxed mice, the Cre
positive genotype was identified in 60% fewer mice as compared to the Cre negative
genotype. The surviving mice exhibited a 27% and a 12% reduction in body weight
and femur length at 3 wks of age (<0.01). At 5 and 8 wks of age, femur and tibia
BMD, measured by DXA, were reduced by >15% (P<0.01) in the conditional
mutants. To determine the mechanism for BMD reduction in PHD2 conditional KO
mice, we measured expression levels of transcription factors, bone formation and
differentiation markers using RNA extracted from femurs of conditional KO and
littermate control mice. We found that mRNA levels of Osx, osteocalcin and ALP
were reduced by 50%, 58% and 30%, respectively, in the femurs of conditional KO
mice (all P<0.05). In contrast, expression levels of TRAP, Runx2 and DIx5 were
unaffected. Based on our published data and current findings, we conclude that PHD2
is critically involved in regulating OB functions and thereby bone formation in part
via regulating Osx expression.

Disclosures: Shaohong Cheng, None.
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Loss of the Wnt Inhibitor Tiki2 Results in a High Bone Mass Phenotype.
Bryan MacDonald*', Alexander Robling?, Xi He'. 'Children’s Hospital
Harvard Medical School, USA, %Indiana University, USA

Activation of the Wnt/B-catenin pathway in osteoblasts and osteocytes results in
increased bone mass. Therefore therapies that target antagonists of the Wnt pathway
represent promising anabolic treatments. Here we report the characterization of new
antagonist of the Wnt signaling pathway and the high bone mass phenotype of the
Tiki2 knockout mouse.

The TIKI gene family was identified in screen for Wnt pathway regulators in
Xenopus embryos'. Named after the large headed humanoid carving in Polynesian
mythology; expression of TIKI resulted in embryos with enlarged heads consistent the
inhibition of the Wnt/B-catenin pathway. TIKI proteins contain an amino terminal
signal sequence, a conserved TIKI domain of 330 amino acids and a carboxyl terminal
transmembrane region with almost no intracellular domain. Heterologous expression
shows that TIKI proteins are localized within the secretory pathway and present at the
plasma membrane. Our current data indicate that TIKI acts as a protease to cleave the
amino tlerminal residues of Wnt ligands, thereby inactivating Wnt to prevent receptor
binding'.

To analyze the role of Tiki2 in mammals we generated a Tiki2 knockout mouse.
Homozygous Tiki2-/- null mice are viable and fertile, and are found at the expected
Mendelian frequencies on a mixed genetic background. Mouse Tiki2 is expressed in
osteoblasts suggesting a role for Tiki2 in regulating bone mass. Offspring from a
Tiki2+/- intercross were analyzed by pCT, and a greater amount of trabecular bone
was found in Tiki2-/- mice. Quantification of the trabecular bone properties revealed a
significant increase in bone volume fraction (KO 0.183 +0.063 BV/TV vs WT 0.099
+0.038 BV/TV), trabecular number (KO 4.34 +0.81 #/mm? vs WT 3.12 +0.47 #/
mm?) and trabecular thickness (KO 0.0659 +0.0052 mm vs WT 0.0590 +0.0057 mm)
in male 16 week old Tiki2-/- mice (n=6) compared with +/+ littermates (n=7). Our
results demonstrate that genetic inhibition of the Wnt antagonist Tiki2 increases
trabecular bone and suggest that inhibition of TIKI proteins may be a therapeutic
option for treating low bone mass disorders.

Zhang X; Abreu JG, Yokota Y, MacDonald BT, Singh S, Coburn KL, Cheong
SM, Zhang MM, Ye Q, Hang HC, Steen H, He X. Tikil is required for head
formation via Wnt cleavage-oxidation and inactivation. Cell 2012 (in press)

Disclosures: Bryan MacDonald, None.
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Selective Deletion of the Soluble Colony Stimulating Factor 1 Isoform in vivo
Eliminates Estrogen-deficiency Bone Loss in Mice. Gang-Qing Yao*!,
Benhua Sun!, Jian Jun Wu®, Karl Insogna'. 'Yale University School of
Medicine, USA, *Yale University, USA

It has been reported that a neutralizing antibody to CSF1 completely prevents
ovariectomy(OVX)-induced bone loss in mice. There are two isoforms of CSFI,
soluble (sCSF1) and membrane-bound (mCSF1), but their individual biological
functions are unclear. Estrogen-withdrawal increases levels of IL-1 and TNF in bone
marrow, which induce the formation of a stromal cell population producing high
levels of sCSF1. However, others have found that estrogen-withdrawal selectively up-
regulates expression of mCSF1 and down-regulates sCSF1 expression in rat bone
marrow cultures. We recently reported that one month after surgery, five month-old
mCSF1 knockout (k/o) and wild type (wt) female mice experienced the same degree of
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bone loss following ovariectomy (OVX). OVX induced a significant 4-fold increase in
the expression of sCSF1 in the bones of wt mice while expression of mCSF1 was
unchanged. These findings indicate that mCSF1 does not appear to be required for
estrogen-deficiency bone loss but sCSF1 could play a key role in this pathologic
process. To test this hypothesis we engineered sCSF1 k/o mice. Isoform-specific RT-
PCR confirmed the absence of transcripts for sSCSF1 in bone tissue isolated from these
animals and no circulating CSF1 was detected in these animals when assayed with a
sensitive ELISA. Surprisingly, there were no significant differences in BMD as
assessed by DXA, between sCSF1 k/o mice and wt controls. To examine the effect of
estrogen withdrawal in these animals 5 month-old sCSF1 k/o and wt female mice
underwent ovariectomy (OVX) or sham-OVX. One month after surgery, femoral,
spinal and total BMD (determined byDXA)were reduced by 7.6% and 4.9% and 6.6%
respectively in OVX-wt animals as compared to sham-OVX wt mice. OVX sCSF-1 k/o
mice showed 3.8% and 6.1% and 0.89% reductions in femoral, spinal and total BMD
respectively compared to sham-OVX sCSF-1 k/o animals. MicroCT analyses
demonstrated an 18% reduction of femoral trabecular bone density in OVX-wt
animals compared to sham-OVX wt mice. In striking contrast, OVX sCSF-1 k/o mice
showed no reduction in femoral BV/TV. Our findings indicate important non-
redundant functions for the two isoforms of CSF1. In particular, our data indicate
that sCSF1 but mCSF1 plays a key role in estrogen-deficiency bone loss. However,
mCSF1 is essential for normal bone remodeling.

Disclosures: Gang-Qing Yao, None.

1195

Conditional Deletion of gp130 in Osteoblasts and Osteocytes has Divergent
Effects on Trabecular and Cortical Bone. Rachelle Johnson*', Holly
Brennan', Ingrid Poulton', Narelle McGregor!, Tzen Kohl, Muhammad
Zainuddin', Emma Walker', T John Martin', Natalie Sims”. 'St. Vincent’s
Institute of Medical Research, Australia, >St. Vincent’s Institute for
Medical Research, Australia

Glycoprotein 130 (gpl130) is a cytokine co-receptor that transduces intracellular
signals in response to IL-6, IL-11, leukemia inhibitory factor (LIF) and oncostatin M
(OSM). These cytokines stimulate osteoblastic RANKL expression, osteoclast
formation and bone formation, but surprisingly, global deletion of gp130 resulted
in enhanced osteoclast formation, while the effect of gpl130 deletion on bone
formation was complicated by neonatal lethality and systemic defects. To determine
the role of gp130 in the osteoblast lineage, gp130 was deleted conditionally from early
stages of osteoblast differentiation (Osx1-Cre) to late stage osteoblasts/osteocytes
(DMP1-Cre) in C57BL/6 mice. Efficient gp130 recombination was verified by real-
time PCR.

MicroCT and histomorphometry on 12-week old male mice revealed a significant
reduction in trabecular bone volume (~50%) in tibiae, femora and vertebrae of Osx1
gp130™ and DMP1 gp130” mice compared with appropriate Cre+ wt/wt controls.
Both low bone mass phenotypes were accompanied by significant reductions (between
22-51%) in trabecular number, mineralizing surface and bone formation rate,
indicating that late-stage osteoblast/osteocytic gp130 signaling is essential for normal
bone formation. Although gp130-binding cytokines stimulate osteoclast formation,
osteoclast number, surface and size were not changed in either KO, suggesting that
while osteoblastic gp130 is critical for bone formation, it is not required for normal
osteoclast formation. Even in 3-day old Osx1 and DMP1 gp130 KOs, no differences in
osteoclast numbers were detected, indicating compensation for the lack of gp130 to
support osteoclast formation in the context of normal development and remodeling.

In contrast to trabecular bone, cortical analysis by microCT revealed a significant
increase in cortical thickness (4 & 12%), marrow volume (18 & 29%) and periosteal
surface area (10 & 17%) in Osx1 and DMP1 gp130 KOs, respectively, with no change
in bone length, indicating that osteoblastic gpl30 may function in dramatically
different ways in trabecular and cortical bone.

In conclusion, while osteoblastic gp130 is not required for osteoclast formation, its
deletion may allow for osteoblast and osteocyte compensatory signaling to support
osteoclast development. Furthermore, the similarity between Osx1 and DMP1 gp130
KO phenotypes indicates that gp130 signaling in late osteoblasts and osteocytes, but
not early osteoblasts, is critical for normal bone formation.

Disclosures: Rachelle Johnson, None.
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Macrophage Migration Inhibitory Factor (MIF) Promotes Osteoclastogen-
esis, RANKL Signaling and Arthritic Bone Erosion. Ran Gu*', Julian
Quinn?, Leilani Santos®, Eric Morand4, Devi Ng04, Huapeng Fan4, Jiake
&5 , Richard Bucala®. "Monash Medical Cenre, Australia, “Prince Henry’s
Institute of Medical Research, Australia, *Monash University, Australia,
“Monash Medical Centre, Australia, *University of Western Australia,
Australia, °Yale School of Medicine, USA

In rheumatoid arthritis (RA), MIF promotes the recruitment and activation of
leukocytes, but its role in bone erosion is unclear. We sought to investigate the effect
of MIF on bone erosion in an in vivo model and in vitro osteoclastogenesis assays.

K/BxN serum transfer arthritis was induced in MIF” and WT mice and
characterised by scoring clinically, histologically, by TRAP staining (to identify
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osteoclasts) and real time RT-PCR analysis. Osteoclastogenesis assays were
performed using bone marrow (BM) cells or RAW 264.7 cells cultured with CSF-1
and RANKL. RAW264.7 cells stably transfected with NFkB-luciferase and NFAT-
luciferase reporters, and phosphorylation of ERK1/2 and p38 in bone marrow derived
macrophages (BMM), were used to assess MIF effects on osteoclast signaling.
RANK- induced actin rings in bone marrow cells were stained with rhodamine-
phalloidin.

Compared to WT mice, MIF”" mice with K/BxN serum induced arthritis, had
significantly lower clinical scores, histological synovitis and bone damage. Signifi-
cantly reduced TRAP" osteoclast numbers, and OC-STAMP and DC-STAMP
mRNA expression, was found in MIF” joints. RANKL induction of osteoclastogen-
esis in BMM was accompanied by significant dose-dependent increases in MIF
protein and mRNA expression. These findings were paralleled by the observation of
significantly fewer TRAP" osteoclasts, and significantly fewer large osteoclasts (>10
nuclei), in RANKL/CSF-1 stimulated cultures of MIF”~ BM compared to WT. In
addition, actin ring formation in response to RANKL was significantly less in MIF"
BMM. In RAW264.7 cells, RANKL-induced osteoclastogenesis, and NFkB and
NFATcl reporter luciferase activity, was significantly abrogated by anti-MIF
monoclonal antibody. In addition, reduced phosphorylation of ERK1/2, but not
p38, was observed in MIF”* BMM. This was accompanied by higher expression of
multiple dual specificity phosphatases (DUSP), including DUSP1,5,6,8,9,10,16 and
19, in MIF”- BMM.

In summary, MIF facilitates osteoclastogenesis in vivo and in vitro, and supports
NFkB, NFATcl and ERK1/2 activation. These findings suggest therapeutic MIF
neutralization as a potential strategy for both RA bone erosion as well as joint
inflammation. The potential role of MIF in other forms of pathological bone loss is
also suggested, and requires investigation.

Disclosures: Ran Gu, None.
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Osteoclast Specific Deletion of NEMO/IKKy in Mice Leads to Osteope-
trosis. Kyuhwan Shim*l, Manolis Pasparakisz, Yousef Abu-Amer>.
'Washington University school of medicine, USA, “Institute of Genetics,
University of Cologne, Germany, *Washington University in St. Louis
School of Medicine, USA

The transcription factor NF-«kB family is central to numerous processes including
bone development. Activation of this pathway depends on degradation of IxB upon
phosphorylation by IxB kinases. This process is tightly regulated by IKKYy (also called
NEMO, NF-kB essential modulator), the regulatory subunit of IxB kinase.
Expression and function of NEMO itself is tightly regulated by poly-ubiquitination
events. Nemo is X-linked, and defects in this gene result in Incontinentia Pigmenti in
human hemizygous female, yet global deficiency in mouse causes embryonic lethality.
Certain clinical cases manifested skeletal defects suggesting that NEMO regulates
bone metabolism. To investigate such role, we used conditional deletions of nemo
floxed mice with cre expression driven by osteoclast specific promoters cathepsin K
and lysozyme M. Micro CT analysis reveals severe osteopetrotic phenotype in
trabecular region in both Cat K and Lys M cre-mediated NEMO deficient male. This
phenotype is more severe in females, probably reflecting lack of dosage compensation
in male. Histological analysis shows that less osteoclasts (OCs) were detected in
trabeculae in KO mice consistent with defective osteoclastogenesis in vitro.
Consistently, we show that NEMO deficiency hampered activation of IKK and
phosphorylation of IkB in OC precursors (OCPs), causing arrest of osteoclastogenesis
and subsequent osteopetrosis. To further explore the underlying mechanism of this
phenomenon, we examined the potential role of various NEMO ubiquitinations. To
this end, several viral constructs representing strategic point mutations at key residues
in coiled-coil-2 and leucine zipper domains, known to be involved in oligomerization
and subsequent K63 mediated or linear ubiquitination, were utilized to examine their
osteoclastogenic potential in NEMO deficient OCPs. Of these mutants, K270A-
NEMO (unable to undergo SUMOylation on K270) was expressed at high levels
indicating increased protein stability. Introduction of this mutant protein into
NEMO-deficient cells resulted with elevated osteoclastogenesis comparable to wild
type levels. In contrast, expression of the mutant K319A NEMO into NEMO-
deficient cells was lower and failed to restore osteoclastogenesis, indicating that K319-
modification is essential for NEMO stability and function. In summary, we provide
evidence that NEMO is essential for osteoclastogenesis and bone homeostasis, and
that residues K270 and K319 are crucial for these functions

Disclosures: Kyuhwan Shim, None.
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Ubiquitous and Osteo-chondroprogenitor Specific Activation of FGFR3
Affect Endochondral and Membranous Ossification during Craniofacial
Formation. Martin Biosse Duplan*', Federico Di Rocco?, Catherine
Benoist-Lasselin?, Nabil Kaci®, Nadhir Litim?>, EMILIE MUGNIERY?,
Klaus von der Mark® Arnold Munnich?, Laurence Legeai-Mallet.
'Faculté de Chirurgie DentaireUniversité Paris DescartesAP-HP, France,
2INSERM U781, Université Paris Descartes - Sorbonne Paris Cité, Institut
Imagine, Hopital Necker-Enfants Malades, France, SINSERM U781,
France, *University of Erlangen-Niirnberg, Germany, INSERM U781 -
Paris Descartes university, Necker hospital, Fra

Activating FGFR3 mutations in humans result in short-limbed dwarfism and
craniosynostosis, implicating FGFR3 in both endochondral and membranous
ossification during skeletal development. It is not well understood how FGFR3
affects the formation of the flat bone of the skull and suture homeostasis. To address
this question, we generated mice expressing an activating FGFR3 mutation
(Fgfr3¥3°7C"*) ubiquitously (using the CM V-cre transgene), in osteo-chondroprogeni-
tors (Col2al-cre), in mature osteoblasts (2.3kb Collal-cre) or in mature chondrocytes
(Coll0al-cre). The skull of the four mouse models were studied at 3 weeks of age using
macroscopic examination of the skull after alcian blue and alizarin red staining,
radiology, microCT and MRI analyses and histology of the cranial base and coronal
sutures. Ubiquitous expression of the Fgfi3Y7%7€ resulted in dramatic morphological
changes. In addition to a severe dwarfism, all mice had an impressive dome-shaped
skull (33% length reduction, p<<0.001), a severe malocclusion and a large midline
defect. The size of nasal, frontal, interparietal and occipital bones was significantly
altered. The size of the foramen magnum was reduced (38%, p<<0.0001). MRI
revealed significant abnormalities in the craniovertebral junction including neural
compression. Most importantly both spheno occipital synchondrosis and coronal
sutures were prematurely fused. Targeted expression of Fgfir3¥*7“"* in osteo-
chondroprogenitors also induced dwarfism and morphological alterations of the
skull. A brachycephalic shape (30% length reduction, p<<0.0001), with a reduction of
the size of the foramen (29%, p<<0.0001) were observed. Neural compression was
present. Fusion of the spheno occipital synchodrosis and coronal suture was also
present as well as defects in calvaria bones. The skull bone anomalies were less severe
in these mutants. Conversely, expression of the Fgfi-377°7€ allele in mature osteoblasts
or mature chondrocytes resulted in mild morphological changes. No malocclusion or
anomalies of the calvarial sutures were observed. The comparative analysis of the four
mouse models confirms the importance of endochondral ossification in the growth of
the skull base and craniovertebral junction. These results also suggests that FGFR3
role in membranous ossification is likely mediated by early expression in a population
of progenitors giving rise to osteoblast in the skull and thus affects cranial bone
formation and suture homeostasis.

Disclosures: Martin Biosse Duplan, None.
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Hypogonadism with Estrogen Removal (HER): Differential Effects of
Androgens and Estrogens on Bone Microarchitecture in Adult Men. Elaine
Yu* ! Alex Taylor', Kendra Wulcyzn', Matthew Webb', Nicholas Perros!,
Mary Bouxsein?, Joel Finkelstein'. 'Massachusetts General Hospital, USA,
?Beth Israel Deaconess Medical Center, USA

Background: Both androgens and estrogens are thought to influence bone mineral
density, but the effects of testosterone (T) and estrogen (E) on bone microarchitecture
are unknown.

Methods: We recruited 202 healthy men age 20-50. All men received goserelin
acetate (Zoladex®, AstraZeneca LP) 3.6 mg at weeks 0, 4, 8, and 12 to suppress
endogenous T and E production; anastrozole (Arimidex®, AstraZeneca LP) 1 mg
daily for 16 wks to block conversion of T to E; and were randomized to treatment
with 1 of 5 doses of a T gel (AndroGel®, Abbott) daily for 16 wks (Groups 1-5:
placebo, 1.25g, 2.5g, 5g, 10g). Volumetric BMD (vBMD) and microarchitecture of the
distal radius and tibia were assessed using high-resolution peripheral quantitative
computed tomography (HR-pQCT, Scanco) in a subset of men (n=99) at wks 0 and
16. T and E levels were measured by RIA and mass spectroscopy, respectively, every 4
wks. HR-pQCT parameters were compared between groups to determine if changes
occurred when T levels range from pre-pubertal to supraphysiologic while E levels are
markedly suppressed in all groups. Because no important differences were seen
between groups, data from all groups were then pooled to evaluate the impact of acute
E suppression from wk 0 to 16. Each medication was used outside of its indications
with approval.

Results: At baseline, serum levels of T and E were similar between groups (mean +
SD for the entire cohort: T 513 + 158 ng/dL, E 30 + 10 pg/mL). Mean T levels from
wk 4-16 were 43, 234, 378, 497, and 985 ng/dL in Groups 1-5, respectively and mean E
levels ranged from 1.1-3.6 pg/mL. Changes in volumetric BMD and bone
microarchitecture parameters were similar across groups, indicating lack of T effect
on these parameters over 16 wks. In contrast, when groups were pooled to assess E
effect, total, cortical, and trabecular vBMD at the radius and tibia declined from week
0 to 16 (Table). Cortical area and cortical thickness also declined while trabecular area
of the radius and tibia increased.

Conclusions: In the setting of low E, short-term manipulation of T does not
significantly affect vVBMD or bone microarchitecture in men. Conversely, suppression
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of estrogen reduces cortical and trabecular vVBMD and alters cortical and trabecular
architecture in a pattern consistent with “trabecularization” of the cortex. These
results suggest that estrogen deficiency is the primary mediator of bone loss in
hypogonadal men.

Radius Tibia

Mean = SD p-value Mean = SD p-value
Total density 1.1 £1.9% p=0.0001 0.9+ 1.4% p<0.0001
Cortical density -0.7+1.3%  p<0.0001 0.6 +1.1%  p<0.0001
Trabecular density -0.7 + 1.6% p<0.0001 0.5 + 1.5% p=0.0009
Cortical area 221+ 3.7% p<0.0001 1.5+ 2.2% p<0.0001
Cortical thickness -2.1+4.2%  p<0.0001 “1.6+2.3%  p<0.0001
Cortical perimeter 0.1+£1.3% ns 0.1 £0.4% ns
Trabecular area 0.3+0.7% p<0.0001 0.2 £ 0.4% p<0.0001
Trabecular number 0.4 £ 10.5% ns 1.5+ 8.2% ns
Trabecular thickness 0.9 + 10.8% ns 1.6+ 8.2% ns
Trabecular spacing 1.7+ 11.3% ns 2.3+ 8.5% ns

Percent change in HR-pQCT parameters after E suppression and variable T

replacement

Disclosures: Elaine Yu, None.
This study received funding from: Abbott Laboratories,
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Cortical Porosity and Bone Loss Predate Menopause. Ashild Bjornerem*!,
Ali Ghasem-Zadeh?, Roger Zebaze?, Minh Bui®, Xiaofang Wang®, John L
Hopper®, Ego Seeman?. 1University of Tromse, Norway, 2Austin Health,
University of Melbourne, Australia, *Centre for MEGA Epidemiology,
University of Melbourne, Australia, “Endocrine Centre, Austin Health,
University of Melbourne, Australia

In young adulthood, bone remodeling is balanced; equal volumes of bone are
resorbed and replaced so no bone loss or structural decay occurs. Remodeling
imbalance appears before menopause; less bone is replaced than was resorbed
producing trabecular bone loss but cortical bone loss is held to begin after menopause
even though the imbalance is global. An alternative explanation is that cortical bone
loss occurs by intracortical remodeling creating small pores requiring sensitive
methods of detection.

Images of the distal tibia were obtained using high-resolution peripheral
quantitative computed tomography (HR-pQCT; Scanco Medical) in 200 premeno-
pausal and 83 postmenopausal women participating in a cross-sectional study in
Melbourne, Australia. Cortical porosity and volumetric bone mineral density (VBMD)
were quantified using the manufacturers’ software and StrAx1.0.

In premenopausal women aged 40 to 55 years (mean 45.7), tibia cortical porosity
correlated positively with age while cortical vBMD correlated inversely; each standard
deviation (SD) greater age (3.3 years) was associated with 0.20 SD higher porosity (p
=0.004) and 0.17 SD lower vBMD in the cortical transitional zone (p = 0.01) adjusted
for BMI and height. These deficits were not detected using DXA as hip and spine
aBMD were independent of age. In postmenopausal women aged 45 to 61 years (mean
55.0), each SD greater age (3.5 years) was associated with 0.38 SD higher porosity
now in compact appearing cortex and 0.40 SD higher porosity in the transitional zone,
and 0.42 SD lower cortical vVBMD in the compact appearing cortex and 0.40 SD lower
cortical vBMD in the transitional zone; twice that in premenopausal women (all p <
0.001, adjusted for BMI and height). Higher porosity was associated with high levels
of remodeling markers in pre- and post-menopausal women.

We infer that cortical bone loss producing porosity starts before menopause in the
transitional zone between compact appearing cortex and the trabecular compartment
‘trabecularizing’ the cortex. This finding has implications regarding the timing of
treatment as the slow loss of the four-fold larger cortical bone volume than trabecular
bone volume accounts for 70 percent of all bone loss and this loss, producing cortical
porosity reduces cortical stiffness to the 7th power.

Disclosures: Ashild Bjornerem, None.
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FSH Suppression in Eugonadal Men Does Not Change Bone Turnover
Markers. Alexander Uihlein*', Ruchit Kumbhani', Erica _Siwila-
Sackman', Joel Finkelstein', Hang Lee', Benjamin Leder?.
"Massachusetts General Hospital, USA, *Massachusetts General Hospital
Harvard Medical School, USA

Background: In-vitro and animal studies have reported conflicting results
regarding an independent role for FSH in the regulation of bone turnover.
Furthermore, while some epidemiologic studies have reported associations between
FSH and markers of bone turnover, experimental models in postmenopausal women
have not confirmed a clinically relevant, gonadal-steroid-independent role for FSH.
Studies in men have not been published.

Objective: To test the hypothesis that in the setting of stable gonadal steroid levels,
the suppression of FSH will alter biochemical markers of bone metabolism in
eugonadal men.
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Design: 62 eugonadal healthy men were assigned to the following treatment groups
as part of a larger trial assessing dose-response relationships between gonadal steroids
and multiple outcomes:

1) Goserelin acetate (Zoladex®; AstraZeneca Pharmaceuticals LP) 3.6mg SC
monthly and a testosterone gel (AndroGel®; Abbott Laboratories) 5 or 10 grams daily

2) Placebo goserelin acetate and placebo testosterone gel

In group 1, estradiol (E2) and testosterone (T) levels are maintained in the
eugonadal range whereas FSH levels are suppressed. In group 2, levels of E2, T, and
FSH are unaltered.

Subjects in Group 1 were individually matched with subjects in Group 2 to ensure
that the mean testosterone and estradiol levels (measured every 4 weeks during the 16
week study period) for the 2 groups were equivalent. FSH, serum CTX, and
osteocalcin were measured at baseline and after 16 weeks of therapy and between
group changes were compared by paired t-test. Approval was obtained to use each
medication outside of its indications.

Results: As shown in the table 1, subjects were well-matched at baseline. After 16
weeks of the assigned intervention, FSH was stable in the placebo group but declined
by 61% in the intervention group (P < 0.0001 for the between group comparison).
Despite this change in FSH, CTX and osteocalcin did not change in the intervention
group nor were any between-group differences observed (table 2).

Conclusion: In the setting of equivalent levels of T and E2, significant suppression
of FSH for 16 weeks does not affect bone turnover in men. These findings suggest that
FSH is not a key independent regulator of male bone metabolism.

Table 2 Group |- Intervention Group 2- Placebo P-value
(n=33) (n=33)
Mean Testosterone wk 605 + 168 603 + 176 NS
4-16 (ng/dL)
Mean Estradiol wk 4-16 | 27+ 8 2849 NS
(pg/mL)
FSH (%6 Change) -61.3 +32.0 % -2.3 + 17.0% < 0.0001
CTX (% Change) 9.5+ 58.7% 9.8 + TR.8% NS
Osteocalcin (% Change) | -3.8 + 27.3% 28 +22.3% NS
Table 2
Table 1 Group 1= Intervention Group 2- Placebo P-value
(n=33) (n=33)
Age (years) 3517 304 6 0.0013
Baseline Testosterone 501 £ 149 583 £ 198 NS
(ng/dL)
Baseline Estradiol EESS 0£10 NS
| (pemL)
FSH (U/L) 52445 49£2.1 NS
CTX (pg/mL) 0.68 £0.37 0.73 £ 0.29 NS
Osteocalcin 14.5£4.9 14.8 +4.1 NS
Table 1

Disclosures: Alexander Uihlein, None.
This study received funding from: Abbott Laboratories and AstraZeneca Pharmaceu-
ticals
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Sclerostin/SOST, a Novel Serum and Genetic Biomarker Strongly Correlated
to BMD and Fracture in Postmenopausal Women. Sjur Reppe*!, Agate
Noer?, Runa M. Grimholt®, Bjarni V. Halldorsson®, Vigdis T. Gautvik?,
Ole K. Olstad?, Jens P. Berg®, Philippe Collas®, Kaare M. Gautvik®. 'Oslo
University Hospital, Ullevaal, Norway, *University of Oslo, Norway, *Oslo
University Hospital, Norway, “Reykjavik University, Iceland, *University
of Oslo, Oslo University Hospital, Lovisenberg Deacon Hospital, Norway

Sclerostin, encoded by the SOST gene, is an osteocyte secreted glycoprotein that
has been identified as a pivotal regulator of bone remodeling through inhibition of the
anabolic Wnt signaling pathway. Mice lacking the Sost gene become osteopetrotic and
antibodies against sclerostin (AMG 785) promote bone formation in healthy men and
women.

We have analyzed SOST mRNA levels in iliac bone biopsies and sclerostin in
serum of postmenopausal women (n=84 and 108, respectively). Furthermore, SNP
analyses were performed and the genotype correlated to SOST mRNA/sclerostin
levels. Four different areas within the SOST 5* upstream region were examined by
bisulfite sequencing for differential CpG methylation in bone biopsies between
osteoporotic (n=4) and healthy women (n=4).

Serum sclerostin and bone SOST mRNA correlated positively to femoral neck
adjusted BMD (p<<0.0001 and p=0.0003, respectively), and inversely to bone
biomarker concentrations such as: bone specific ALP, BGLAP (osteocalcin), serum-
ICTP and urine deoxypyrimidinium. Also, serum sclerostin levels were reduced in
osteoporotic as compared to healthy women (p=0.004) corresponding to bone SOST
mRNA changes (p<< 0.0001). MicroRNA-378, has SOST mRNA as a putative target
and was highly correlated to femoral neck BMI adjusted Z-score (r = -0.46, p=8.6E-
06) as well as negatively correlated to SOST mRNA levels (r = -0.27, p=1.3E-02).
Generally, methylation of CpG in promoter/enhancer regions leads to reduced gene
expression. Analysis of CpG methylation in 4 different areas in the SOST upstream
region showed increased methylation in one of these, closest to the SOST
transcription start site in women with osteoporosis, concordant with their reduced
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SOST mRNA levels and sclerostin serum concentrations. We also identified four
different genotype markers correlating to serum sclerostin (p: 0.0016 - 0.0079) with
calculated effects 0.32 to -0.42.

Serum sclerostin and SOST mRNA show a strong, positive correlation to age and
BMI adjusted BMD. Gene heterogeneities, differential methylation patterns and miR-
378 have been identified as putative regulators of SOST bone mRNA and sclerostin
serum levels. Contrary to the current view that increased levels of sclerostin leads to
osteoporosis, we propose that in humans compensatory mechanisms involving the
SOST gene, e.g. methylation, may reduce serum sclerostin levels in situations of low
BMD attempting to increase Wnt signaling and thereby promote bone formation.

Disclosures: Sjur Reppe, None.
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RANKL Derived from Mesenchymal but not Hematopoietic Cellular Sources
Is Relevant for Bone Turnover in Mice. Carmen Streicher*!, Alexandra
Heynyz, Paul Kostenuik®, Reinhold Erben®. lUniversity of Veterinary
Medicine Vienna, Austria, Zinst. of Physiology, Pathophysiology &
Biophysics, Austria, *Amgen Inc., USA, “*University of Veterinary
Medicine, Austria

Receptor activator of NFkB ligand (RANKL) is an essential cytokine for
osteoclast differentiation and activity. RANKL can be produced by a variety of
hematopoietic (e.g. T and B-cell) and mesenchymal (osteoblast lineage, chondrocyte)
cell types. However, it is still controversial to what extent RANKL derived from
hematopoietic vs. mesenchymal cells contributes to the physiological regulation of
bone turnover. Human RANKL knock-in (huRANKL-KI) mice were used to address
this question. HURANKL-KI mice carry the human instead of the murine exon 5 in
their RANKL gene, and express a chimeric RANKL protein wherein most of the
RANK binding domain is human. The anti-huRANKL antibody AMG161 blocks
chimeric but not murine RANKL. To establish a model for selective blockade of
hematopoietic or mesenchymal cell-derived RANKL, we lethally irradiated 16-week-
old female wild-type (WT) and huRANKL-KI mice on C57BL/6 genetic background,
and reconstituted them with sex-matched bone marrow from hRANKL-KI or WT
mice, respectively. In irradiated WT mice reconstituted with huRANKL mouse bone
marrow, mesenchymal cell-derived RANKL is exclusively murine, whereas hemato-
poietic cell-derived RANKL is exclusively chimeric and inhibited by AMG 161.
Conversely, in irradiated huRANKL mice reconstituted with WT bone marrow,
hematopoietic cell-derived RANKL is exclusively murine, while mesenchymal cell-
derived RANKL is exclusively chimeric and inhibited by AMG 161. To control for
the effects of irradiation on ovarian function, all mice were ovariectomized (OVX) 4
weeks after irradiation, and subcutaneously received either physiological saline or
AMGI161 (10 mg/kg) twice weekly. Non-irradiated OVX WT and huRANKL-KI
mice treated with saline or AMG161 served as controls. All mice were killed 4 weeks
post-OVX. Similar to OVX huRANKL-KI mice treated with AMGI161, marked
increases in bone mass were observed with AMG161 treatment of OVX huRANKL-
KI mice reconstituted with WT bone marrow as evidenced by pQCT and micro-CT
analysis. In contrast, AMGI161 failed to increase bone mass in OVX WT mice
reconstituted with huRANKL-KI mouse bone marrow. Our data indicate that
RANKL derived from mesenchymal, but not from hematopoietic cells, is relevant for
the physiological regulation of bone metabolism in OVX mice.

Disclosures: Carmen Streicher, None.
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The ERa of Osteoblast Progenitors is Required for Normal Accrual of
Cortical Bone Mass Independently of Estrogens. Srividhya Iyer*!, Aaraon
Warren?, Martha Martin-Millan?, Li Han', Shoshana Bartell!, Elena
Ambrogini', Jinhu Xiong', Julie Crawford®, Robert Weinstein', Robert
Ml, Charles O’Brien!, Maria Jose Almeida', Stavros Manolagas'.
!Central Arkansas VA Healthcare System, Univ of Arkansas for Medical
Sciences, USA, 2Central Arkansas Veterans Healthcare System, University
of Arkansas for Medical Sciences, USA

The osteoclast ERa mediates the beneficial effects of estrogens in trabecular, but
not cortical bone, suggesting that other cell types mediate the effects of estrogens on
the latter compartment. We tested the hypothesis that the effect of estrogens on
cortical bone result from cell autonomous actions on cells of the osteoblast lineage by
deleting an ERa conditional allele in pluripotent mesenchymal cells expressing Prx1
(ERa-flox;Prx1-Cre), in committed osteoblast precursors expressing Osxl (ERa-
flox;Osx1-Cre) , or in mature osteoblasts and osteocytes expressing collagen 1 (ERa-
flox;Coll-Cre). ERa-flox;Prx1-Cre mice exhibited a decrease in the cortical thickness
of the femur after puberty in both sexes; whereas trabecular bone volume was
unaffected. The cortical bone decrement was maintained with advancing age in
females, but not in males, and was associated with decreased bone formation rate in
the periosteum, but not the endosteum. Furthermore, ERa-flox;Prx1-Cre mice did not
lose cortical bone following ovariectomy. ERa-flox;Osx1-Cre mice also had decreased
cortical thickness associated with decreased periosteal perimeter and no change in
cancellous bone. Periosteal cells isolated from both ERa-flox;Prx1-Cre and ERa-
flox;Osx1-Cre mice exhibited decreased rate of proliferation under basal conditions.
More strikingly, periosteal cells deficient in ERa failed to exhibit a Wnt3-induced
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increase in proliferation and differentiation that was readily seen in cells from control
mice. Importantly, estradiol had no effect on untreated or Wnt3-stimulated control
cells. Cortical or cancellous bone mass or their loss following ovariectomy were
unaffected in the ERa-flox;Coll-Cre mice. Elucidation of decreased periosteal bone
accrual in mice lacking the ERa in osteoblast progenitors- an effect that is
diametrically opposite to the effects of estrogen loss on this compartment- along
with an essential role of the unliganded ERa in the potentiation of Wnt signaling
demonstrate that the ERa of osteoblast progenitors is required for normal accrual of
cortical bone mass, independently of estrogens. In addition, our findings establish that
the ERa expressed in distinct bone cell types, periosteal osteoblast progenitors
involved in modeling versus osteoclasts driving remodeling, functions to increase bone
mass in cortical and trabecular bone, respectively.

Disclosures: Srividhya Iyer, None.
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Blood Circulated Catabolic and Anabolic Biomarkers Associated with
Skeletal Muscle Mass in Hispanic and Non-Hispanic Postmenopausal
women—an Ancillary Study of the Women’s Health Initiative. Zhao
Chen*', Nicole Wright?, Jennifer Bea®, Walter Klimecki®, Chengcheng
@3, Andriene Grant’, Kamal Masaki®, Lihong Qi°, Jean Wactawski-
Wende®, Matthew Allison’, Patricia Thompson®. 'University of Arizona
College of Public Health, USA, *University of Alabama at Birmingham,
USA, 3University of Arizona, USA, 4University of Hawaii at Manoa, USA,
SUniversity of California at Davis, USA, ®State University of New York at
Buffalo, USA, "University of California at San Diego, USA

Sarcopenia (low relative skeletal muscle mass and function) is common in the
elderly and it may cause poor physical function and other adverse health-related
outcomes, including osteoporosis in older age. Mechanisms for sarcopenia with aging
are still under investigation. The objective of this study is to examine the cross-
sectional relationship between skeletal muscle mass and selected catabolic and
anabolic biomarkers, which may potentially contribute to the development of
sarcopenia. Participants included 318 Hispanic and 683 non-Hispanic white
postmenopausal women who were between 50 and 79 years at baseline from the
Women’s Health Initiative Observational Study. Baseline serum samples were
measured to assess inflammatory cytokines and hormones, such as interleukin (IL)-
6 and tumor necrosis factor (TNF)-a, as well as insulin-like growth factor (IGF)-1 and
growth hormone (GH) using the Illuminex™ multiplex platform (Rules-based
Medicine). DXA-derived-lean mass measurements were used to assess total body and
appendicular (arms and legs) skeletal muscle mass. Quality control on biomarkers was
done using a standard protocol and biomarkers with poor quality were excluded from
the final analysis. For consistency, all biomarkers were log-transformed for linear
regression analysis. Linear regression models and random forest statistical techniques
were used for assessing the direction and strength of the association between
biomarkers and lean mass. After adjusting for multiple comparisons, a number of
biomarkers were significantly associated with lean mass in either the single-biomarker
or multi-biomarker models. When age, weight, height, ethnicity and percent body fat
were included in linear regression models, associations between some biomarkers and
lean mass were substantially attenuated. In the random forest model we identified a
number of biomarkers including leptin, insulin, IL-16 and C-reactive protein as the
top biomarkers associated with lean mass in addition to weight, height, age, ethnicity
and percent body fat (table). In summary, a number of circulating inflammatory- and
obesity-associated factors were significantly associated with lean mass after adjusting
for age, height, weight, ethnicity and percent body fat. These findings have suggested a
number of directions for future study to longitudinally examine these relationships
and to investigate possible mechanisms underlying these associations.

Table 1

Disclosures: Zhao Chen, None.



ASBMR 2012 Annual Meeting

1206

Sarcopenia Diagnosis: Consideration of a “FRAX-like” Approach. Bjoern
Buehring*, Ellen Fidler, Jessie Libber, Jennifer Sanfilippo, Bryan
Heiderscheit, Diane Krueger, Neil Binkley. University of Wisconsin,
Madison, USA

Sarcopenia increases falls and fracture risk. However, sarcopenia is rarely
diagnosed clinically, in part because no single consensus definition exists. Current
definitions are based on muscle mass alone or in combination with muscle function.
However, existing definitions are imperfect in that they may not identify the same
individuals as sarcopenic and do not consider fat mass. We hypothesized that an
approach to sarcopenia diagnosis by combining clinically intiuitive risk factors might
better identify those at risk for falls and fractures. To begin evaluating this concept,
this study compared sarcopenia prevalence using current definitions with that
obtained using a potential alternative (“FRAX-like”’) scoring system based on muscle,
fat and bone mass, muscle function and falls history.

Community dwelling adults age 70+ underwent DXA body composition
measurement and performed a battery of muscle function tests. DXA results were
used to calculate appendicular lean mass (ALM)/ht” and a potential measure of total
body and muscle fat, the leg fat mass/lean mass ratio. The latter ratio is an attempt to
include the effect of obesity on function (i.e. sarcopenic obesity). A fat/lean ratio = 2.5
SD above the mean of 329 young athletes (178M/151F) was defined as high.
Sarcopenia prevalence was determined using low ALM/ht? the European consensus
approach, (low gait speed or grip strength + low ALM/ht?) and the International
consensus approach (low gait speed+low ALM/ht>) An alternative (“FRAX-like”)
combined score with 1 point each for low ALM/ht?, low grip strength or gait speed,
high leg fat/lean ratio, low BMD and history falling in the last year was explored.

97 older adults (49 F/48M; mean age 81 yrs) were studied. Sarcopenia prevalence
was 24%, 20% and 10% based on ALM/ht?, the European and International approach
respectively. Sarcopenia prevalence was 40% using a “FRAX-like”” score of = 3.
Percentages were significantly different (p=0.0001).

Current approaches do not identify the same proportion of older adults as
sarcopenic. A risk score combining several measures important for adverse outcomes
related to sarcopenia identifies a larger proportion as potentially being at risk. As
~50% of adults over age 75 fall annually, it is possible that this “FRAX-like”
approach may be a more sensitive predictor of adverse outcomes. Future research is
necessary to validate proposed sarcopenia definitions.

Disclosures: Bjoern Buehring, None.
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Radiographic Knee Osteoarthritis is Associated with Genetic Loci Previously
Associated with Bone Mineral Density. Rebecca J ackson*', Laura Yerges-
Armstrong®, Changwan Lu? Joanne Jordan®, Youfang Liu®, David
Duggan®, Braxton Mitchell®, Marc Hochberg®. 'The Ohio State University,
USA, 2University of Maryland, USA, 3 University of North Carolina, USA,
“Tranlsational Genomics, USA, *University of Maryland, Baltimore, USA,
®University of Maryland School of Medicine, USA

Risk for osteoarthritis (OA) is widely recognized to be heritable but few loci have
been identified. Recently, longitudinal studies have shown that high bone mineral
density (BMD) measured at the hip and/or spine is associated with the development of
hip and knee OA. As 50-85% of the variance in BMD is genetically determined and
GWAS have identified loci which influence BMD, we performed joint analyses across
two cohorts with well-characterized measures of knee osteoarthritis: the Osteoarthritis
Initiative (OAI) and the Johnston County Osteoarthritis Project (JoCo) to determine
if single nucleotide polymorphisms (SNPs) previously reported to be associated with
BMD at genome-wide significance are associated with radiographic knee OA.

Methods: Cases were required to have at least one knee with definite radiographic
OA which was defined as the presence of definite osteophytes regardless of the
presence of joint space narrowing. Controls were required to be free of radiographic
evidence of disease (i.e. no evidence of osteophytes or joint space narrowing in either
knee). There were 2014 and 658 Caucasian cases, respectively, in the OAI and JoCo
studies, and 610 and 318 controls. The 81 SNPs selected for replication were identified
through a review of the literature. Genotyping was carried out on the Illumina 2.5M
and 1M arrays in GeCKO and JoCo, respectively. Association analyses for imputed
SNPs (HapMap II CEU panel) were carried out separately in each cohort with
adjustments for age and sex and then parameter estimates combined across the two
cohorts in meta-analysis using a fixed effects model.

Results:We identified 4 SNPs significantly associated with prevalent radiographic
knee OA. The strongest signal (p <0.01, odds ratio = 1.17, 95% CI:[1.04-1.32]) maps
to 12g3 which contains a gene coding for SP7. Additional loci map to 7pl4.1
(TXNDC3), 7q31.31 (C70rf58) and 6q25 (C60rf97). For all but the SNP near C60rf97,
the allele associated with higher BMD was associated with the higher odds of OA.

Conclusion:This large joint analysis demonstrates that several GWAS-identified
BMD SNPs are associated with prevalent radiographic knee OA. These data further
support the hypothesis that BMD may be a risk factor contributing to radiographic
OA.

Disclosures: Rebecca Jackson, None.
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Vitamin D Status and Knee Pain Severity in Functionally Intact Older
Adults: The Health ABC Study. Laura Tosi*!, Robert Boudreau?, Kent
Kwoh®, Tanushree Prasad®, Hilsa Ayonayon®, Tamara Harris®, Denise
Houston®, Stephen Kritchevsky6, Kushang Patel’, Eleanor Simonsick®,
Jane Caulef. !Children’s National Medical Center, USA, 2University of
Pittsburgh - Dept of Epidemiology, USA, *University of Pittsburgh, USA,
4University of California - San Francisco, USA, °National Institute of
Aging, USA, *Wake Forest University, USA, ’National Institutes of
Health, USA, ®National Institutes of Aging, USA, °University of
Pittsburgh Graduate School of Public Health, USA

Background: Clinical evidence suggests that 25-hydroxyvitamin D (25(OH)D) may
be important in multiple biologic processes including pain reporting, yet there exists
no convincing evidence that levels of 25(OH)D are lower in individuals with chronic
pain vs those pain free. The study examines the association between 25(OH)D status
and reported joint pain severity in functionally intact persons aged 70-79.

Methods: Of 3,075 participants in the Health, Aging and Body Composition study,
2,793 (mean age 74.7+2.9 yrs, 51.2% women, 39.7% black) had serum 25(OH)D
measures at year 2 and concurrent responses on the number of painful joints and the
Modified WOMAC scale for knee pain. Quartiles of 25(OH)D were calculated based
on the combined sample. Number of painful joints (0-20), joint groups (0-8: hand/
wrist, hip, knee, foot/toe; left+right) and WOMAC knee pain were compared across
quartiles using ANOVA and ANCOVA to adjust for covariates. The worst knee was
used in the WOMAC analyses.

Results: The 25(OH)D quartile cutoffs were 18.0 ng/ml, 24.7 ng/ml and 32.3 ng/ml
(min=5.0, max=186.9). The most frequently reported painful joint groups were hand/
wrists (50.2%) and knees (36.2%). For both sexes, higher physical activity and dietary
Vitamin-D intake were associated with higher 25(OH)D. In men, 25(OH)D status was
not associated with any of the three pain measures in unadjusted or adjusted models
(p > 0.261). For women, the highest quartile of 25(OH)D was associated with lower
numbers of painful joint groups adjusted for age, race, field site, and season of serum
draw (p=0.030), but became no longer significant (p=0.347) when further adjusted for
education level, BMI and depressive symptoms. For WOMAC knee pain, the highest
25(0OH)D quartile was strongly associated with lower knee pain in unadjusted
(p<<0.001) and all adjusted models (p<<0.041).The lower three quartiles had similar
WOMAC knee pain (p=0.980), with adjusted WOMAC knee pain of 4.05 for the
lower quartiles combined vs 3.19 for the highest quartile (p=0.004). Dietary vitamin D
attenuated this difference by 8.1%.

Conclusions: The association of 25(OH)D status with joint pain reporting is
sexually dimorphic and joint specific. 25(OH)D status does not predict joint pain in
men. In women, however, 25(OH)D status and WOMAC knee pain are strongly
associated across all adjusted models. Clinical trials using 25(OH)D therapy to
prevent/treat knee pain in women should be considered.
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Table 1: Mean WOMAC aeross 25-hydroxyvitamin ) status and sex

25-hydroxyvitamin D
01 0z 03 04 Overall F
Men (@=271) | (n=369) | (n=371) | (n=353 | pvale | Firemd
Unadjusted 1.90 2,11 1.91 2.17 0.7393 (15658
Model | 1.85 213 1.94 216 0.7250 0.5300
Masdel 2 286 320 30T 343 .3625 (1.1 544
Madel Ja 2.75 315 2.91 3.35 0.2604 01,1748
Womcn (n=41T) | (n=329) | (n=2328) | (n=345)
Unadjusted 1.77 3.49 317 210 <0,0001% | <0.0001"
Meodel 1 3.58 151 323 2.20 0.0007* 10,0003
Model 2b 4.03 4,04 4.03 3.19 0.0406° 0.0324
Model 3b 4.03 4,10 4.01 3.25 0.0843 00564 |

* 25-hydroceyvitamin [} quartiles: 1 (< 18.02 ng/ml), Q2 (= 18,02 - < 24,71 ng/ml),
Q3 (= 24,71 - < 323 ng/ml), Q4 (= 32.30 ng/ml)

Model 1: adjusted for age, race, field site, senson of HABC visit

Men:

Model 2a: adjusted for age, race, ficld site, season of HABC visit, education level, BMI,
depressive symploms
Model 3a: Model 2a +
Waomen;

Madel 2h: adjusted for age, mee, field site, scason of HABC visit, BMI, depressive symptoms
Madel 3b: Model 2b + vitamin-D containing supplement use, vitamin [ iniake

vitamin-I3 containing supplement use, vitamin [ intake

pvalue for overall F-test < 0,05
p-value for irend < 0,05

Table 2: Menn WOMAC across 25-hydroxyvitamin D status - WOMEN only

Waimnen 0123 04
in=1084) | (n=345 | "
Unadjusted 3.50 210 < 0.00017
Madel 1 345 22 < 00001
Model 2 4.05 3.19 000417
Model 3 4.04 3.23 00108 |

* 25-hydrosyvitamin [ quartiles: QF (< 1802 ng/ml), Q2 (= 1202 - < 24.71 ng'ml),
Q3 (= 24.71 - < 32.3 ngml), Q4 (= 3230 ngimly

Model I: adjusted for mge, race, ficld site, season of HABC visit

Model 2: udjusted for age, Face, field site, season of HABC visit, BMI, depressive symploms
Madel 3: Model 2b + vitamin-D containing supplement use and vitamin DY intake

" p-value < 0.05

Tables 1 and 2

Disclosures: Laura Tosi, Society For Women's Health Research , 9
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Progranulin Growth Factor is Protective against Osteoarthritis through
Interplay with TNFo and B-Catenin Signaling. Chuanju Liu, Yunpeng
Zhao*, Qingyun Tian, Shuai Zhap, Brendon Richbourgh. New York
University, USA

We have previously reported that Progranulin (PGRN) regulates chondrocyte
metabolism and cartilage degradation in vitro and its level is elevated in the cartilage
and body fluids of patients with arthritis (Guo FJ, et al, Arthritis Rheum. 2010;
62(7):2023-36; Feng JQ, et al, FASEB J. 2010; 24(6):1879-92). Additionally, our recent
findings revealed that PGRN antagonizes TNF and protects cartilage loss and bone
erosion in inflammatory arthritis (Tang W, et al, Science. 2011; 332(6028):478-84).
Furthermore, our genome-wide screen for novel, differentially expressed genes in
osteoarthritis (OA) led to the isolation of PGRN as an OA-associated growth factor.
This study is, thus, to determine the potential role of PGRN in the pathogenesis of
OA as well as the molecular events involved. The deletion of the PGRN gene led to the
spontaneous development of an OA-like phenotype in “aged” mice (Note that the
phenotype could be observed in as early as a 6-month old). A Micro-CT of the hind
knees showed osteophyte formation in aged knockout mice. Safranin O staining
demonstrated a remarkable loss of proteoglycan staining and meniscus ossification.
High power photography revealed clear chondrocyte clustering and migration of the
irregular tide mark to the superficial zone. Surgically-induced OA models, including
both DMM (destabilization of medial meniscus) and ACL (anterior cruciate ligament)
transection models, demonstrated that the deficiency of PGRN accelerated the
degradation of cartilage matrix molecules (e.g. Aggrecan and COMP) and OA
progression, while the intra-articular injection of recombinant PGRN delayed these
processes. Molecular mechanistic studies revealed that PGRN activated Akt and
Erk1/2 signaling and that PGRN-induced expressions of its target genes primarily
depended on TNFR in chondrocytes. In addition, PGRN inhibited TNFo-induced
ADAMTS cleavage of COMP. Furthermore, the deletion of the PGRN gene
exacerbated, whereas recombinant PGRN prevented, the loss of cartilage in TNF
transgenic mice. Activation of B-catenin signaling in articular chondrocytes was
reported to induce OA-like phenotype in mice (Zhu, M, et al, JBMR. 2009, 23; 12-21),
and progranulin was recently found to inhibit Wnt/B-catenin signaling in the central
nervous system (Rosen EY, et al, Neuron. 2011; 71(6):1030-42). We also found the
mutual inhibition of PGRN and Wnt/B-catenin signaling in chondrocytes and OA.
Collectively, PGRN is a novel chondroprotective growth factor that inhibits OA
development, probably through interacting with TNFo/TNFR and Wnt/p-catenin
signaling pathways. These findings not only provide novel insights into the role of
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PGRN in cartilage homeostasis and arthritis in vivo, but may also lead to the
development of novel therapeutic intervention strategies for osteoarthritis.

Disclosures: Yunpeng Zhao, None.
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Sclerostin Plays a Key Role in Abnormal Wnt/B-catenin Signalling in Human
Osteoarthritic Subchondral Osteoblasts Leading to Reduced Mineralization.
Elie Abed*!, Denis Couchourel?, Aline Delalandre 3, Daniel Lajeunesse”.
!Crchum-hépital Notre-dame, Canada, *Danone, , *CRCHUM, Canada,
4CHUM, Hopital Notre-Dame, Canada

Objectives: Clinical and in vitro studies suggest that subchondral bone sclerosis due
to abnormal osteoblast (Ob) function, is involved in the progression and/or onset of
osteoarthritis (OA). Moreover, human OA subchondral Ob show a phenotype of very
differentiated cells, however they fail to mineralize normally in vitro as in vivo. Wnt
signaling plays a key role in osteogenesis by promoting the differentiation and
mineralization ofOb mainly via the canonical Wnt/B-catenin (cWnt) signaling
pathway. Sclerostin (SOST) has been shown to alter cWnt signaling, however the
regulation of SOST in OA Ob remains unknown. Here we investigated the role of
SOST in OA Ob.

Material and Methods: We prepared primary human subchondralObusing the
sclerotic medial portion of the tibial plateaus of OA patients undergoing knee
arthroplasty, or from tibial plateaus of normal individuals at autopsy. SOST
expression and production were evaluated by qRT-PCR and WB analysis. The
regulation of SOST expression was determined in response to transforming growth
factor-B1 (TGF-B81) and as a function of the growth of OA Ob. SOST inhibition was
performed using siRNA techniques. cWnt signaling was evaluated by measuring the
activity of the TOPflash Tcf/lef luciferase reporter assay and intracellular B-catenin
levels by WB. Mineralization was evaluated by Alizarin red staining. TGF-B1 levels
were determined by ELISA.

Results: SOST expression and production were elevated in OA Ob compared to
normal Ob. SOST expression increased in post-confluent OA Ob and normal Ob,
however its increase was more pronounced in OA Ob. SOST levels also remained
always higher in OA ODb than in normal Ob. TGF-B1 expression was high in OA Ob,
and TGF-B1 stimulated SOST expression in both normal and OA Ob whereas siRNA
for TGF-B1 reduced SOST expression about 5-fold in OA Ob. cWnt signaling and
mineralization were reduced in OA Ob compared to normal Ob. SOST inhibition
increased cWnt signalling, B-catenin levels and also corrected the abnormal
mineralization in OA Ob.

Conclusions: This is the first demonstration of elevated SOST levels in OA Ob.
High SOST levels in OA Ob are responsible, at least in part, for the reduced cWnt
signaling of these cells and abnormal mineralization. As SOST is a secreted protein,
this could lead to potential new avenues of treatment of OA to correct their abnormal
bone phenotype and thereof contribute to reduce the burden of OA

Disclosures: Elie Abed, None.
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Prevention of Bone Loss during Spaceflight by Bisphosphonate. Toshio
Matsumoto*', Adrian LeBlanc?, Jeffrey Jones?, Jay Shapiro’, Thomas
Lang® Linda Shackelford®, Scott Smith® Harlan Evans’, Elisabeth
Spector’, Robert Ploutz-Snyder?, Jean Sibonga®, Toshitaka Nakamura®,
Kenjiro Kohri'®, Hiroshi Ohshima'®. 'University of Tokushima Graduate
School of Medical Sciences, Japan, 2Baylor College of Medicine, USA,
3Kennedy Krieger Institute, Johns Hopkins, USA, “University of
California, San Francisco, USA, NASA JSC, USA, 6Wyle/nasa Jsc,
USA, 7Wyel, USA, *NASA Johnson Space Center, USA, 9University of
Occupational & Environmental Health, Japan, '°Nagoya City Univ, Japan,
"JAXASpace Biomedical Research Office, Japan

The Mir and ISS long-duration missions documented losses in bone mineral
density (BMD) from critical skeletal regions, including the most clinically important
BMD losses from the hip. These studies demonstrated the wide range in individual
BMD loss from -0.5% to -5.1% per a month, averaging about -1.6% per a month. A
secondary consequence to uncoupled bone remodeling is hypercalciuria and the
associated increase in the risk of renal stone formation.

The present study was undertaken to determine if the combination of bispho-
sphonate administration and an in-flight exercise regimen would have a measurable
effect on preventing space flight-induced changes in bone remodeling and loss of bone
mass, and reducing renal stone risk. There were a total of 10 astronauts who signed
NASA consent forms to participate. One of these ultimately decided not to participate
and 2 experienced stomach discomfort or dyspepsia before or during flight and did
not participate or discontinued the drug. Seven crewmembers completed the protocol
taking a 70-mg alendronate tablet once/week before and during flight, starting 17 days
before launch. Controls are 14 previous ISS crewmembers with DXA and QCT
measurements. Change in pre and post flight DXA and QCT were analyzed by
random-intercept mixed-model regression analyses that included a continuously
scaled covariate to accommodate flight duration (days), a group indicator for
comparing the bisphosphonate cohort to controls and an interaction term to compare
relative change.
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The significant loss in QCT-determined bone strength and trabecular BMD in the
untreated group was almost completely prevented in the treated group. Similarly, the
reduction in DXA hip BMD was also prevented and lumbar BMD was significantly
increased from pre-flight in the treated group (Table). Bone resorption marker, NTX,
was decreased compared to preflight, in contrast to typical increases of 50% to 100%
above preflight in previous crewmembers. Urinary calcium showed no increase
compared to baseline levels, also distinct from the elevated levels of 50% or greater
above preflight in previous crewmembers. These results are consistent with the notion
that bisphosphonate administration during spaceflight will be beneficial in preventing
bone loss and maintaining bone strength.

tablel

Table 1

Disclosures: Toshio Matsumoto, MSD, 6, Astellas Pharma, 2; Ono Pharmaceuticals, 2;
Teijin Pharma, 2
This study received funding from: NASA JAXA
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Cortical Porosity and Estimated Bone Strength in Healthy Postmenopausal
Women Treated with Exemestane for the Primary Prevention of Breast
Cancer: Analyses from the nested bone strength substudy of the MAP.3 trial
(MAP3BSS). Angela Cheung*l, John Robbinsz, Sandhya Pruthi®, Paul E.
Goss®, Savannah Cardew’, Sharmila Majumdar®, Sundeep Khosla’, Steven
Boyd®, Andrew Burghardt®, Louise Bordeleau’, James Ingle'’, Eva Szabo',
Marta Erlandson®, Hanxian Hu', Judite Scher'', Harriet Richardson'?,
Karen Gelmon'’, LIANNE TILE®, George Tomlinson'. 1University
Health Network, Canada, *University of California, Davis Medical
Center, USA, 3Mayo Clinic College of Medicine, USA, “Massachusetts
General Hospital, USA, 5University of Toronto, Canada, 6University of
California, San Francisco, USA, 7College of Medicine, Mayo Clinic, USA,
8University of Calgary, Canada, °McMaster University, Canada, '°Mayo
Clinic Rochester, USA, “University Health Network, Canada, Canada,
2Queens University, Canada, ">BC Cancer Agency, Canada

Background and Purpose: The MAP.3 trial, an international double-blind
placebo-controlled trial of exemestane involving 4560 healthy postmenopausal
women at risk of breast cancer demonstrated a 65% reduction in invasive breast
cancer after a median follow-up of 35 months. Exemestane lowers circulating estrogen
levels. In a nested non-inferiority bone strength substudy of the MAP.3 trial
(MAP3BSS), we recently showed that exemestane reduced total volumetric BMD and
decreased cortical thickness at the distal radius and distal tibia by high resolution
peripheral quantitative computed tomography (HRpQCT), and areal BMD at the
lumbar spine and total hip by DXA over two years. To gain further insights, we
assessed the effect of exemestane on cortical porosity and estimated bone strength
using finite element analysis (FEA).

Methods: We included postmenopausal women eligible for MAP.3 from 5 centres
(2 US and 3 Canadian), who were not osteoporotic, not on bone medications, with
baseline lumbar spine, total hip and femoral neck T-scores above -2+0. For cortical
porosity, we used an automated segmentation technique to identify the periosteal and
endosteal margins of the distal radius and distal tibia, and determined the intracortical
pore space morphologically. For estimation of bone strength, uniaxial compression
testing was performed using FEA (FAIM, Numerics88 Solutions Ltd). We performed
2 sample t-tests on the change over time. Results are presented as absolute and percent
changes from baseline to one and two years.
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Results: Three hundred and fifty one women participated in the MAP3BSS. At
baseline, median age was 61.3 years, median areal BMD T-scores at the lumbar spine
and total hip by DXA were -0-23 and 0-14, respectively, and median WHO FRAX 10-
year risk for major osteoporotic fractures and hip fractures were 6.0% and 03%,
respectively. 108 women on exemestane and 105 women on placebo had evaluable
scans at 2 years. Exemestane significantly increased cortical porosity at both the distal
radius and distal tibia at 1 and 2 years (Table). There is considerable heterogeneity
among women. Our estimated bone strength results using FEA are pending.

Conclusions: Two years of exemestane increased cortical porosity. Taken together
with the decrease in cortical thickness and the decrease in total volumetric bone
density, we can conclude that exemestane has a negative effect on bone
microarchitecture at the distal radius and distal tibia over the first 2 years of therapy.

Table. Changes of cortical porosity from baseline to 1 and 2 years

Cortical Porosity From baseline to 1 year From baseline to 2 years
Exemestane | Placebo | Pvalue |Exemestane |Placebo| Pvalue
Distal Rodius
Mean Absolute Change 0.0021 0.0011 0.09 0.0034 0.0011 | 0.007
Mean Percent Change 16.6% 7.5% 0.004 27.6% 8.7% |<0.0001
Distal Tibia
Mean Absolule(hange 0.0073 0.0024 | <0,0001 0.0129 0.0059 | <0,0001
Mean Percent Change 13.7% 4.3% <0.0001 24.7% 10.0% | =0.0001

Changes of cortical porosity from baseline to 1 and 2 years

Disclosures: Angela Cheung, None.
This study received funding from: Canadian Breast Cancer Research Alliance, Pfizer
(MAP3 study), Canadian Cancer Society ( MAP3 study), NCIC-Clinical Trial Group
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Determinants of Low Bone Mineral Density (BMD) in Young Women with
Severe Anorexia Nervosa. Karine Briot*!, Marie-Raphaele Thiebaud?,
Simon Paternotte®, Sami _Kolta® Nicole Barthe*, Alain Daragon®, Yves
Maugars®, Thierry Thomas’, Nathalie Godart?, Christian Roux®>. 'Paris
Descartes University, Cochin hospital, Rheumatology Hospital, France,
’Inserm U669, Universités Paris 5 ; Psychiatry Unit, Institut Mutualiste
Montsouris, France, >Cochin hospital, France, *Médecine Nucléaire,
Centre Hospitalier de Bordeaux & Université de Bordeaux 2-Victor
Segalen, France, SINSERM U 905, France, 6H(”)pital Dieu Et Hme,
France, 'INSERM U1059, Service de Rhumatologie, CHU de St Etienne,
France

Background: Low bone mineral density (BMD) is a known consequence of
anorexia nervosa but there are few data concerning the prevalence of low BMD in
young patients (adolescents and young adults) with severe disease, who require a
hospitalization.

Objectives:to assess bone mineral density (BMD) at lumbar spine and hip in a large
cohort of young patients with severe anorexia nervosa (AN), and to assess
determinants of low BMD.

Patients and methods:the main inclusion criteria were as follows: women with
severe anorexia nervosa (AN) admitted to inpatient treatment units recruited from 11
centers in France (cohort EVHAN (EValuation of Hospitalisation for AN). Current
AN diagnosis was based on the DSM-IV criteria obtained by the Eating Disorder
Examination and the CIDI 3.0 with the following BMI (Body Mass Index) criteria of:
BMI <10"™ percentile up to 17 years of age, and BMI<17.5 for 17 years of age and
above. Clinical variables were assessed during the first 2 weeks after hospitalization.
Lumbar spine and femoral bone mineral density (BMD), body composition (lean and
fat masses) were performed during the hospitalization using dual-energy x-ray
absorptiometry (DXA). Low BMD was defined by Z=-2 (at least one site).
Determinants associated with low BMD were tested using univariate and multivariate
analysis.

Results: 150 women were the basis of this study: mean age 20.5 years, mean disease
duration of 48.4 months, 90.5% were amenorrheic and mean BMI of 14.3kg/m2. 34
(24.1%) reported a previous fracture. Mean Z score was -1.82 at lumbar spine and -
1.34 at femoral neck; 72 (49%) had low BMD. None of them received anti-
osteoporotic treatment. Univariate analysis showed that parameters significantly
associated with low BMD were lifetime lowest BMI (p<<.0001), BMI measured at the
admission (p=0.004), low appendicular lean mass (p= p=0.034) and low appendicular
fat mass (p=0.07). When using multivariate analysis, the lifetime lowest BMI
remained the only determinant of low BMD (OR=1.83, CI 95% 1.40-2.50, p=0.001)
while age, disease duration, amenorrhea, BMI measured at the time of admission and
body composition were no longer significantly associated.

Conclusion:this study showed that 1 out of 4 patients with severe anorexia nervosa
had a previous fracture, low BMD is frequent, and that among all potential risk
factors tested, the lifetime lowest BMI was the only determinant.

Disclosures: Karine Briot, None.
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Bone Loss After Bariatric Surgery: Not Just Skeletal Unloading. Emily
m*l, Angela Carrelliz, Polly Young3, Mariana Bucovskv3, Donald
McMahon', Chiyuan Zhang®, Bin Zhou?, Ji Wang®, X Guo?, Elizabeth
Shane', Shonni Silverberg®. 'Columbia University College of Physicians &
Surgeons, USA, 2Columbia University Medical Center, USA, 3Columbia
University, USA

The mechanism of bone loss after bariatric surgery and whether it is associated
with increased skeletal fragility is unknown. We studied 22 women (age 45+10)
undergoing Roux-en-Y gastric bypass (RYGB; n=14) and restrictive procedures
(n=8). We measured calciotropic hormones, bone turnover markers, areal BMD
(aBMD) by DXA at the lumbar spine (LS), total hip (TH), femoral neck (FN) and 1/3
radius (1/3R), and trabecular (Tb) and cortical (Ct) volumetric BMD (vBMD) and
microstructure at the distal radius and tibia by high resolution peripheral quantitative
CT (HRpQCT) before and 12 months after surgery. Subjects were 23% Caucasian and
59% Latina with a mean BMI of 44+ 5 kg/m” and normal baseline T-scores (LS:-
0.14+0.2, TH:0.6+0.2, FN:0.1+0.2: 1/3R:0.1+0.2). Before surgery, average daily
intake of calcium was 873 mg and vitamin D 5188 IU. Mean weight loss was 28 + 3 kg
(Table; p<<0.0001). Serum calcium fell and PTH rose despite a 50% increase in calcium
(p<<0.02) and stable vitamin D intake, and no change in serum 250HD. Serum CTX
increased by 136%. aBMD declined at the TH (5.4%) and FN (4.5%), but not the LS
or 1/3R. By HRpQCT, Tb parameters were stable while Ct Area (CtAr), Ct thickness
(CtTh) and Ct density deteriorated, particularly at the tibia. By multivariate
regression, weight loss predicted 52% of variance in hip bone loss (p<<0.001), while
PTH increase was not a significant predictor. In contrast, PTH increase predicted the
decline in Ct parameters at both radius (CtAr 26% p<0.04; CtTh 27% p<0.03) and
tibia (CtAr 23% p<0.02; CtTh 16% p<0.04; Ct density 32% p<0.01), while the
contribution of weight loss was less (18%, 17% and 9%, p= 0.10-0.18). RYGB patients
lost more weight and had more bone loss by DXA and HRpQCT than those with
restrictive procedures, which was associated with a decline cortical load share
estimated by finite element analysis. In summary, our results suggest at least 2
mechanisms for bone loss after bariatric surgery. Weight loss is a more important
cause of hip than tibial bone loss, likely because the load carried the hip (2-3 x body
weight) is greater than that carried by the tibia (1x body weight). In contrast, cortical
losses at the tibia reflect secondary hyperparathyroidism (SHPT). In conclusion, hip
bone loss after bariatric surgery reflects skeletal unloading, while deterioration of
cortical microstructure is due to SHPT. The decline in cortical load share after RYGB
raises concern for future increases in skeletal fragility.

Disclosures: Emily Stein, None.
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Evaluation of Bone Turnover During Lactation in African-Americans: A
Comparison to Caucasian Lactation. Mara Horwitz', Raquel Carneiro*?,
Linda Prebehala’, Mary Beth Tedesco®, Susan Sereika®, Caren Gundberg®,
Andrew Stewart®. 'University of PittsburghDiv of Endocrinology - EMRC,
USA, *The University of Fortaleza, School of Medicine, Brazil, 3University
of Pittsburgh, USA, “Yale University School of Medicine, USA,
SUniversity of Pittsburgh School of Medicine, USA

Background. Lactational bone turnover, which is mediated by PTHrP in the
setting of low estrogen, has not been studied in African-American (AA) women. The
AA skeleton is known to be resistant to PTH; whether it is also resistant to PTHrP
and the hormonal changes of lactation are unknown. We hypothesized that AA
women may be resistant to PTHrP and therefore display lower levels of bone turnover
markers during lactation than Caucasians (C).

Objectives. To assess AA bone turnover during lactation and to compare this to C.

Design and Participants. This was a prospective cohort study with repeated
measures of bone metabolism in 60 healthy AA women age 21-45 (three groups of 20:
lactating, bottle feeding, and healthy controls) studied at 6 and 12 weeks postpartum.
AA subjects were compared with a previously published identical study in C women.
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Outcome Measures. Biochemical markers of bone turnover and calcium
metabolism.

Results. All three AA groups displayed 30-50% lower 250HD and two-fold higher
PTH values compared to C (p<<0.001, p<0.002) but similar 1,25(OH),D values.
Formation markers (PINP and BSAP) were comparable in AA and C controls, but
resorption (CTX and NTX) was lower in the AA vs. C controls (p=0.003, p<<0.01).
PINP and BSAP increased significantly (2-3 fold) in lactating and bottle-feeding AA
women (PINP, p<<0.001; BSAP, p<<0.001) as did both CTX and NTX (both p<<0.01).
AA lactating mothers displayed quantitatively similar bone formation, but slightly
lower bone resorption, compared to C women (p= 0.036).

Conclusions. Bone turnover, measured using current sensitive and specific
markers, is uncoupled in favor of formation in young adult AA women when
compared to C. Despite resistance of the AA skeleton to PTH, the AA skeleton
appears to respond to the hormonal milieu of lactation with a robust three-fold
increase in bone turnover. This is quantitatively similar to that observed in C.
Whether this is associated with similar losses of bone in AA vs C during lactation has
not been studied and requires further investigation.

Disclosures: Raquel Carneiro, None.
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The Skeletal Effects of Reducing Inflammation in Type 2 Diabetes Mellitus.
Daniel Donovan', Serge Cremers', Donald McMahon?, Elzbieta
Dworakowski', Allison Goldfine®, Steven Shoelson’, Mishaela Rubin*'.
!Columbia University, USA, 2Columbia University College of Physicians &
Surgeons, USA, 3Joslin Diabetes Center, USA

The skeleton is now recognized, epidemiologically, to be adversely affected in Type
2 Diabetes Mellitus (T2D), with an increased risk of fractures. Previous studies have
identified reduced bone formation as a contributing factor, but the mechanisms
remain speculative. One possible explanation is chronic inflammation, which
negatively influences bone remodeling by reducing bone formation and increasing
bone resorption. The Targeting INflammation using SALsalate in Type 2 Diabetes
(TINSAL-T2D) trial found that a salicylate, which reduces inflammation by
decreasing NF-kB, improved glycemic control in patients with T2D. We hypothesized
that reducing inflammation in T2D would additionally lead to a rebalancing of the
bone remodeling process. In TINSAL-T2D patients were randomized to placebo
(PLB) or salsalate, at doses of 3.0, 3.5 or 4.0 g/d tid for 14 weeks. We measured
markers of bone turnover (PINP, BAP, osteocalcin, s-CTx and TRAP-5b) in samples
from TINSAL-T2D at 0 and 14 weeks.

76 subjects with T2D (56 + lyr, 51 men, BMI 33+ 1 kg/mz, 43Y%, Caucasian, HbAlc
7.6+1%; none on TZDs or insulin) were analyzed. At baseline, corrected serum
calcium was 9.2 +1 mg/dl; PTH 35+ 1 pg/ml; 250HD 21 +2 ng/dl. Baseline PINP
was 36.8 +2 ng/ml (nl: 16-83), BAP 28.3+1 IU/L (nl:11.6-29.6), osteocalcin 10.7 +1
ng/ml (nl: 8.4-33.9), s-CTx 0.29 +0.1 ng/ml (nl: 0.11 — 0.74) and TRAP-5b 3.2 +0.1 U/
L (nl:1.03-4.15). With salsalate treatment, PINP, BAP and TRAP-5b did not change,
but osteocalcin increased from 0 to 14 wks at the highest dose as compared with PLB
(PLB: -3% +9% vs. 4 mg dose: 34% =+ 8%, p=0.003). Moreover, s-CTx levels increased
from 0 to 14 wks at the 3.5 mg dose (PLB: 7+ 3 vs 3.5 mg dose: 95 +19%, p=0.003),
tending also to increase at the 4 mg dose (31 +22%; p=0.16 vs PLB).

These data suggest that along with reductions in inflammation and glycemic
burden in TINSAL-T2D, there is an increase in bone remodeling, as reflected by
increases in osteocalcin and s-CTx. Although one would not expect that bone
resorption would increase with a concomitant reduction in NF-kB, there may be a
coupled rise in bone remodeling in T2D as inflammation is reduced. This study
provides proof of concept for a relationship between the inflammatory process and
skeletal dynamics in T2D. Further studies would shed light on mechanistic
approaches to the skeletal complications of T2D.

Disclosures: Mishaela Rubin, None.
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A FoxO1/ATF4 Synergism in Osteoblasts Adversely Affects Glucose
Metabolism by Promoting Osteocalcin Carboxylation. Aruna Kode*,
lIoanna Mosialou, Stavroula Kousteni. Columbia University Medical
Center, USA

Osteoblasts beneficially regulate energy metabolism through secretion of the
undercarboxylated form of osteocalcin. At the transcriptional level, FoxOI cooperates
with A#f4 in osteoblasts to suppress glucose metabolism, insulin production and
insulin sensitivity. To understand the molecular mechanism of the insulin sensitizing
properties of these two transcription factors, we examined an array of insulin
regulated genes in compound mice lacking one allele of A#f4 and FoxOI in osteoblasts
(FoxOl ,gt1-; Atf4+/- mice). Expression of the insulin-sensitizing hormone adiponectin
was upregulated in gonadal fat of FoxOlI,g+/-; Atf4+/- mice. In contrast, expression
of Resistin, associated with insulin resistance, or Leptin were not affected. Consistent
with increased adiponectin, expression of the adiponectin targets Acyl-CoA Oxidase,
peroxisome proliferator-activated receptor-alpha (Pparo) and Uncoupling Protein 2
(Ucp2) was increased in the muscle of FoxOl,g,+/-; Atf4+/- mice. Also in the muscle,
expression of the insulin target Pgclo and its transcriptional effectors Nrfl and Mcad
was upregulated. In the liver, expression of FoxA2 was increased whereas expression
of G6Pase and Pepckl was decreased in FoxOl ,g+/-; Atf4+/- mice. The expression
profiling of the metabolic phenotype of FoxOl,g+/-; Atf4+/- mice pointed towards
Osteocalcin as a potential mediator of the combined function of the 2 transcription
factors. Indeed, serum levels of undercarboxylated osteocalcin were increased in
FoxOl ,g+/-; Atf4+/- mice. Expression of Esp, the tyrosine phosphatase promoting
osteocalcin carboxylation, was reduced in the bone of these animals. FoxO/I and Atf4
each stimulated Esp transcriptional activity in osteoblast cultures. Combination of
both transcription factors resulted in synergistic, highly induced transcriptional
activation of Esp. Mutation of either an ATF4 or a FoxOlI binding site in the Esp
promoter abolished binding of the respective transcription factor to Esp. It also
ablated Esp activation by each transcription factor. Combination of FoxOI and ATF4
also failed to induce activation of Esp when either the ATF4 or FoxOI binding site
was mutated. Thus, synergistic activation of Esp by ATF4 and FoxOlI requires both
factors to be bound simultaneously to DNA. Collectively, these observations indicate
that FoxOI and ATF4 interact in osteoblasts to control glucose homeostasis by
promoting Esp expression and subsequent carboxylation and inactivation of
osteocalcin.

Disclosures: Aruna Kode, None.
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Age-Related Impairment of the Mechanostat is Sex Specific and Associated
with Impaired Cell-Cycle Progression and Decreased Mechanosensitivity. Lee
Meakin*l, Gabriel Galeal, Toshihiro Sugiyamaz, Lance Lany0n3, Joanna
Price!. 'University of Bristol, United Kingdom, *Yamaguchi University
School of Medicine, Japan, *Royal Veterinary College, United Kingdom

One hypothesis for the cause of age-related bone loss is decreased effectiveness of
“the mechanostat”. The higher prevalence of bone fragility fractures in women
suggests a gender-related influence. In the present study we used the axial tibial in vivo
loading model' to compare bones’ adaptive responses in young and aged, male and
female mice and compared the proliferative response to strain of osteoblast-like cells
derived from the long bones of these mice in vitro.

Minimum Effective Strain (MES; x-intercept in Figure) was determined by pCT in
cortical bone and, in females, was similar in young adults (17-week) and aged mice
(19-month; p=0.54). In contrast, in males the MES was significantly higher in aged
than young mice (p=0.04). The slope of the strain-response curves (bone response per
unit strain) was similar in young and aged males (p=0.64) but lower in aged than
young females (p<<0.01).

Proliferation of long bone-osteoblasts (LObs) derived from these mice was
investigated in vitro by Ki-67 in situ cell cycle analysis and showed that young male
and female LObs were recruited to the cell cycle within 1h of exposure to a single short
period of dynamic strain change (peak 3400me, 600 cycles, 0.6Hz) in their substrate?.
Aged female LObs were also recruited within 1h, but showed delayed progression
through G2-phase with a consequential reduced increase in cell number after 48hrs.
Aged male LObs were not recruited to the cell cycle by strain. Expression of EGR2, an
carly marker of osteoblasts’ strain responsiveness®, measured by quantitative PCR,
was up-regulated 1h following strain in LObs from all groups except aged males.

In conclusion, this study demonstrates, for the first time, that ageing is associated
with impaired cell cycle progression in osteoblast-like cells; in this case in response to
strain. This impaired proliferative response is gender specific. In vivo, bones’ adaptive
responsiveness was less in aged than young females whereas it was similar between
young and old males, although their sensitivity (MES) was different. These data
implicate both age- and sex-related differences in mechano-responsiveness and
sensitivity, as well as cell cycle progression. These age-related impairments of the
mechanostat may be recapitulated in humans.

! Sugiyama et al. Bone 2011; 49; 133-9. 2Zaman et al. J Biol Chem 2012; 287: 3946-
62.
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Differential Expression of MicroRNAs in Human Mesenchymal Stem Cells
with Age May Be Related to Musculoskeletal Disorders. Sudharsan
Perivasamy-Thandavan*l, Sergi Masz, Sadanand Fulzele?, Mark
Hamrick®, Xingming Shi’, Carlos Isales®, Norman Chutkan®, Randy
Ruark3, John Hinson®, Monte Hunter3, Raymond Corpe3, Hongyan Xu 3,
William Hill®>. 'Georgia Health Sciences University & Charlie Norwood
VAMC, USA, *Universitat de Barcelona, Spain, 3Georgia Health Sciences
University, USA, “Medical College of Georgia, USA, 5Georgia Health
Sciences University & Charlie Norwood VAMC, USA

Age-associated osteoporosis is one of the most common and debilitating types of
bone disease. Although the mechanisms involved remain poorly defined, recent
studies suggest that age-associated osteoporosis is a stem cell disease. Human
mesenchymal stromal/stem cells (hMSCs) are multipotent stem cells that can
differentiate into osteoblasts. MicroRNAs (miRNAs), a class of short single-stranded
noncoding RNAs are post-transcriptional regulators that can modulate the home-
ostasis of multiple genes and associated pathways simultaneously. Changes in miRNA
expression have been linked to the development of numerous disorders, including
musculoskeletal disorders. While miRNAs are emerging as critical modulators of cell
function and phenotype development little work has been done to determine their role
in hMSC differentiation or in the regulation of bone metabolism with aging. Here, we
directly isolated hMSC CD271" cells by using a kit (CD271 (APC) MicroBead Kit,
Miltenyi Biotec Inc. CA.) from surgical bone marrow specimens of three young (under
40 yrs old) and three old (over 75 yrs old) patients, without plastic adhesion or
culturing that might alter miRNA and gene expression. Total RNA was isolated from
the hMSC CD271" cells and microarrays were performed using an Affymetrix
GeneChip® miRNA 2.0 Array, normalized using robust multichip average (RMA),
and assessed by 2-way ANOVA analysis of young vs old hMSCs (with sex and age as
the variables) using the Partek Genomics Suite. This genome-wide assessment of
miRNA expression revealed multiple miRNAs whose expressions were altered with
age. We identified six miRNAs (miR-579,-1244.-374ab,-671-5p,-370,-29abcd) that
were significantly up-regulated in aged hMSCs. Predicted bone homeostasis targets of
these miRNAs include SDF-1, BMP2, B arrestin, SOX4, Leptin, IGF-1, VEGF,
Collagen type 1 ol and o2. Similarly, we identified 11 miRNAs including miR-1231,-
517-ac,-3180-5p that were significantly reduced in aged hMSCs. Predicted targets of
these miRNAs included adipogenic genes such as PPAR-gamma or-alpha, AP2-o,
and CD36. These results suggest that the differential miRNA expression in hMSCs
with age may regulate age-associated changes that reduce osteogenic capacity and
increase the adipogenic fate of these stem cells, and may help drive the development of
osteoporosis. Targeting these miRNAs may be a potential therapeutic strategy to treat
age-related musculoskeletal disorders.

Disclosures: Sudharsan Periyasamy-Thandavan, None.
This study received funding from: POI1-AG036675-01 NIH
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FR0005

Levels of Serum Sclerostin Are Related with Atherosclerotic Disease in Type
2 Diabetes. Rebeca Reyes-Garcia*l, Pedro Rozas-Moreno?, Antonia

FR0008

The Role of Ramp3 in Development of an Aging Phenotype. Fiona
McGuigan*!, Kristina Akesson®, Peter Grabowski®, Gareth Richards?,

Garcia-Martin!, Sonia Morales-Santana®, Beatriz Garcia-Fontana',
Manuel Mufoz-Torres'. 'Bone Metabolic Unit (RETICEF),
Endocrinology Division, Hospital Universitario San Cecilio, Spain,
2Endocrinology Division. Hospital General de Ciudad Real. Ciudad
Real, Spain., Spain, *Bone Metabolic Unit (RETICEF), Endocrinology
Division, Hospital Universitario San Cecilio; Proteomic Research Service,
Fundacion para la Investigacion Biosanitaria de Andalucia Oriental -
Alejandro Otero- (FIBAO), Spain

In vitro studies have shown that calcification induces vascular smooth muscle cells
(VSMCs) to undergo an osteocytic phenotype transition and in vivo studies in diabetic
murine models have demonstrated that sclerostin, an osteocyte-derived negative
regulator of bone formation, is up-regulated during calcification of VSMCs. Our aim
was to explore the hypothesis that increased circulating sclerostin levels are associated
with atherosclerotic disease in patients with type 2 diabetes mellitus (T2DM). We
performed a cross-sectional study of 75 patients with T2DM (female: 45.3%, mean age
59 +5.7 years and male: 54.7%, mean age 57.4+6.7 years) and we evaluated intima—
media thickness, and the prevalence of ischemic heart disease atherosclerotic plaques
and aortic calcifications. Serum sclerostin levels were determined by ELISA
immunoassay.

Overall 58.6% of T2DM patients had atherosclerotic disease (AD), 37.3% had
ischemic heart disease, 54.6% had abnormal intima-media thickness, 28.1% had
carotid plaques and 34.7% had aortic calcifications. SMean serum sclerostin was
significantly higher (P=0.006) in patients with AD (59.0+26.2 pmol/L) compared
with those without AD (44.8+16.5 pmol/L). Sclerostin serum levels remained
significantly higher in male patients with vs without AD (68.4 +25.0 pmol/L vs 51.6
+21.6 pmol/L; P=0.042). Also, higher concentrations of sclerostin were found in male
patients with abnormal intima-media thickness (68.9+26.7 pmol/L vs 47.1+16.0
pmol/L; P=0.004), carotid plaques (79.0 +23.7 pmol/L vs 49.0+20.5 pmol/L;
P<0.001) and aortic calcifications (70.2 +28.9 pmol/L ws 50.7+21.2 pmol/L;
P=0.034). Serum sclerostin levels were significantly higher in female patients with vs
without abnormal intima-media thickness (44.5+12.2 pmol/L vs 36.1+8.05 pmol/L;
P=0.029) and aortic calcifications (48.7+13.9 pmol/L vs 36.3+7.74 pmol/L;
P=0.004). In summary, serum sclerostin levels were positively related with parameters
of atherosclerosis, suggesting that sclerostin is up-regulated during the progress of
atherosclerotic disease in T2DM patients

Disclosures: Rebeca Reyes-Garcia, None.

FR0006

The Adipokine Leptin Enhances the Proliferation and Differentiation of Aged
Primary Myoblasts in vitro. Matthew Bowser*', Sadanand Fulzele?,
William Hill®, Xingming Shi?, Carlos Isales*, Mark Hamrick?. lGeorgia
Health Science University, USA, 2Georgia Health Sciences University,
USA, 3Georgia Health Sciences University & Charlie Norwood VAMC,
USA, *Medical College of Georgia, USA

The long form of the leptin receptor is abundant in human skeletal muscle, and we
have previously shown that recombinant leptin therapy increases skeletal muscle mass
and fiber size in aged mice. Here we sought to determine whether or not leptin may
have direct effects on either the proliferation or differentiation of primary myoblasts
isolated from the hindlimb muscles of young (12 mo) and aged (24 mo) mice. Primary
cells were isolated and cultured and then serum-starved prior to leptin treatment (0 ng/
ml, 100 ng/ml, 1000 ng/ml). MTS assays showed that leptin treatment significantly
(P<.01) increased proliferation of myoblasts from both young and aged mice. Leptin
did not significantly alter the expression of myogenic markers MyoD and myogenin in
young myoblasts, but leptin significantly (P<.01) increased the expression of both
MyoD and myogenin in myoblasts from aged mice. In addition, primary myoblasts
from POUND (Lepr®'®) mice, which lack both the short and long form of the leptin
receptor, showed decreased proliferation and decreased expression of both MyoD and
myogenin compared to myoblasts from normal mice. Together, these data provide
further evidence that leptin is important for the regulation of both muscle and bone
mass, and that leptin can act directly on its receptors in peripheral tissues to regulate
cell proliferation and differentiation.

Disclosures: Matthew Bowser, None.

S74

Timothy Skerry*. 'University of Lund, Malmé, Skane University Hospital,
Malmé, Sweden, >Skane University Hospital, Malmo, Sweden, 3University
of Sheffield, United Kingdom, 4University of Sheffield Medical School,
United Kingdom

The Receptor activity modifying proteins (RAMPs) are a group of 3 accessory
proteins which interact with a number of G-protein coupled receptors (GPCR). These
interactions of a RAMP with a GPCR have several roles in regulation of endocrine
signalling. They alter the selectivity of a receptor for different ligands, so a calcitonin
receptor (CTR) becomes a receptor for amylin when associated with a RAMP.
Secondly, they are required for trafficking of the calcium sensing receptor (CaSR) and
calcitonin-like receptors (CLR) to the cell surface. We have also shown that they alter
the G-protein activation response of a single receptor to a single ligand. For example,
a PTHI receptor associated with a RAMP activates a different spectrum of G-
proteins and second messengers from a PTHI receptor alone stimulated by the same
ligand. It is known that RAMPs associate with CTR, CLR, PTH1&2Rs, CaSR, and
the glucagon, secretin and VPACI receptors, so effects of altered signaling in vivo are
complex. Studies in RAMP3 KO mice reveal an age related phenotype with altered
metabolic regulation and high bone mass. To translate these findings into a clinically
relevant perspective, we investigated the relationship between RAMP3 gene variants,
body composition, BMD, serum biomarkers and hormone levels in two population-
based cohorts of Swedish women. Five single nucleotide polymorphisms (SNP) in the
vicinity of the RAMP3 gene (rs1294935; rs11982639; rs3757575; rs12702121 and
1rs2074654) were genotyped in two populations; the PEAK25 cohort consisting of 1061
25 year old women and OPRA consisting of 1044 75 year-old women. BMD, fat mass
and lean mass (total body; regional) were measured by DXA. Genotype distributions
were the same in both cohorts (p>0.05). BMD was not significantly different between
genotypes. rs2074654 showed association with body composition in older but not
younger women: fat and lean mass was not significantly different in PEAK25, but
3-10% higher in OPRA women carrying the variant allele (p<<0.05). In the older
women this was reflected in a trend towards a lower lean/fat ratio (less-lean
phenotype). After correction for covariates contributing to body composition (weight,
height, smoking) the results suggest that the effect of the polymorphism is through an
effect on body size. These results provide the first link between the biology of RAMPs
in vitro and in mice and effects in humans.

Disclosures: Fiona McGuigan, None.

FR0013

Inter and Intramuscular Adiposity Explains Only a Proportion of the
Association between Muscle Density and Fractures. Andy Kin On Wong*',
Karen Beattie!, Aakash Bhargava', Sami Shaker', Colin Webber?,
Christopher Gordon', Laura Pickard!, Alexandra Papaioannou?,
Jonathan Adachi®, The CaMos Research Group®. 'McMaster University,
Canada, “Hamilton Health Sciences, Canada, >St. Joseph’s Hospital,
Canada, *McGill University, Canada

Objectives:1) To determine the association between MRI-derived inter- and intra-
muscular fat (IMF) in the calf and fragility fractures, 2) to determine whether IMF
explains part of the association between volumetric muscle density (vMD) and
fractures.

Methods:A cohort of women = 50 years old from the CaMos Hamilton site
underwent a 1T peripheral (p) MRI (T1-weighted fast spin echo) and pQCT (20 mm/s,
38 kVp) scan of the 66% site of their calf muscle as measured proximally from the
medial malleolus to the medial tibial plateau. IMF was segmented semi-automatically
from muscle on single slice MR images (1.0 mm thick, 195 um resolution) using a
region-growing algorithm. Total and percent IMF area (A), as a function of muscle
area, were determined. Muscles on pQCT image slices (2.3 + 0.5mm thick, 500 um
resolution) were manually segmented from subcutaneous fat and bone using a water-
shed algorithm to yield a measure of vMD computed using a fixed density calibration.
Number of prevalent fragility fractures (excluding skull, toes, fingers) over the last 15
years was acquired from the CaMos database. Pearson correlations determined the
percentage variance of vMD and total hip aBMD explained by IMF.A. A binary
logistic regression analysis measured the association between IMF.A and odds for
fragility fractures. A similar model quantifying the association between vMD and
prevalent fractures further adjusted for IMF.A. All models were examined with and
without age, BMI and total hip aBMD as covariates. Missing values were imputed 10
times and saturated by the regression method.

Results:IMF.A explained 53.9% of the variance in vMD, with adjustment for BMI
(p<<0.001), and 6.7% of variance in total hip aBMD (p=0.036). Odds for fragility
fractures were significantly increased with vMD alone but only marginally with
IMF.A. The association with fractures remained significant for vMD after adjusting
for absolute or percent IMF.A but was decreased when total hip aBMD was included
in the model (Table II).

Conclusion: Visible muscle adiposity on MRI represents only a portion of muscle
density. Associations of muscle density and fractures independent of inter and
intramuscular fat could be explained by the quality of muscle fibres or intra/extra



ASBMR 2012 Annual Meeting

myocellular lipids which cannot be quantified using the technique employed here.
Variability in IMF.A could arise from partial volume effects and subjectivity in
histogram-based threshold selection.

ics between those with

Table I. Comparison of participant characteris

and without at least one fragility fracture. P-value indicates significant difference
between groups from analysis of variance tests adjusted for multiple comparisons.
Percent (perc) inter and intra-muscular fat (IMF) area (A) represent all visible muscle
adiposity on T1-weighted MR images.

VELET No Fracture (N=23 Fractured (N=47) P-value
Age (years) 67.0415.24 75.55 £8.27 <0.001
BMI (kg/m?) 26.31+4.57 28.36 £ 6.26 0.163
IMF.A (mim?) 601.16 + 264.36 779.08 £ 410.57 0.063
Perc IMF.A (%) 0.163 +0.094 0.155 + 0.076 0715
vMD (mg/cm?) 71.85£1.72 68.76 £ 4.7 0.003
Table I

Table I1. Odds for fragility fractures based on vMD and IMF information.
Models were adjusted by covariates (covars): age, BMI, total hip aBMD where
indicated. All odds ratios (OR) were expressed per standard deviation (SD)
increase (+) or decrease (-) in the primary variable.
Lower
95% CI

Per S
+/-

Upper
95% ClI

pMRI/pQCT Variable

Model1A IMF.A (mm?) 1.84 0.95 3.57 +
Model1B Perc IMF.A (%) 091 0.56 149 -
| Model1C vMD (mglcm?) | 716 | 219 | 2342 E
Model2A IMF.A + Covars 163 0.60 444 | +
_Mo_deIgB Perc IMFA +Covars | 1.08 0.59 195 | +
Model2C vMD + Covars | 4.69 0.86 2570 =
Model3A | Model1C + Perc IMF.A | 9.83 261 26.76 -
_'l_\'n_!é&éi':zﬁ ‘Model2C + Perc IMF.A | 545 093 | 3204 | -
Model3C Model1C + IMF.A | 1127 | 246 51.61 -
Model3D | Model2C+IMFA | 516 | o078 | 3412 | -
Table 11

Disclosures: Andy Kin On Wong, None.

FR0014

Prevalent Fractures are Associated with Frailty: Baseline Data from the
Canadian Multicentre Osteoporosis Study. Courtney Kennedy*', George
loannidis', Jonathan Adachi’, Kenneth Rockwood®, Lehana Thabane',
Laura Pickard', Alexandra Papaioannou*. 'McMaster University, Canada,
2St. J oseph’s Hospital, Canada, ’Dalhousie University, Canada, “Hamilton
Health Sciences, Canada

Background: A Frailty Index is a composite measure of impairments, reflecting the
concept that the more things people have wrong the more frail they are. We created a
“cumulative deficits” Frailty Index utilizing baseline data from the prospective,
population-based Canadian Multicentre Osteoporosis Study (CaMos) and examined
the relationship with prevalent fractures, falls, and BMD. Methods: A clinical panel
identified candidate Index variables (i.e., related to health status; biological
plausibility) which were assessed for inclusion according to pre-defined criteria:
prevalence = 1% and <80%, accumulates with age, does not saturate too early, and
=5% missing data. The final Frailty Index consisted of 31 variables. For dichotomous
variables, a deficit value of “1” (present) or “0” (absent) was assigned; multi-level
variables were assigned deficit values in equal cut-points. Frailty scores were
computed as the sum of deficit values/total number of deficits. Osteoporosis (OP)
was considered a BMD t-score = -2.5. Falls (past month) and prevalent fractures were
self-reported, or detected via x-ray for vertebral fractures (>3 SD below the mean
normal ratio). Associations were examined with ANOVA, Dunnett’s C post-hoc tests,
and age-adjusted ANCOVA. Mean frailty scores (95% confidence intervals [CI])
according to prevalent fracture and falls status were graphed by 5-year age categories.
Results:In CaMos men (n=2884) and women (n=6539) aged 25-103 years (mean 62.6,
SD 13.4), frailty scores increased significantly with age (3.4% increase per year of age
on a logarithmic scale) and were significantly higher for women than men across the
life-span. In men and women = 65 years: 1) Participants with a prevalent fracture had
greater frailty than those without (only significant <75 years; Figure la); 2)
Participants with a recent fall (versus non-fallers) had significantly greater frailty
(Figure 1b); 3) Men with OP at the femoral neck were significantly frailer then men
without. A relationship with OP was not observed for women. Conclusion: In every
age decade, women had greater frailty than men. Participants with a prevalent
fracture were more likely to be frail than those without, particularly at younger ages.
A relationship between OP and frailty was only observed for men, which could
indicate that OP has more serious consequences for men and/or is often due to
secondary causes.

S75

Figure la: Mean Frailty Score (95% CI) by Age Category, Prevalent fracture/No
Fracture

Figure 1b: Mean Frailty Score (95% CI) by Age Category, Fallers/Non-fallers

Disclosures: Courtney Kennedy, None.

FR0020

Effect of a Multifactorial Fall-and-Fracture Risk Assessment and Manage-
ment Program on Gait and Balance and Disability in Hospitalized Older
Adults: a Controlled Study. Andrea Trombetti*, Mélany Hars, Francois
Herrmann, René Rizzoli, Serge Ferrari. Division of Bone Diseases,
University Hospitals & Faculty of Medicine of Geneva, Switzerland

Purpose: Falls and fragility fractures among older adults are common, devastating
and costly. Hospitalization affords a major opportunity for identifying high-risk
individuals and for interdisciplinary cooperation to manage fall and fracture risk
factors. We assessed the effects on physical performances and the level of
independence in activities of daily living (ADL), of a multifactorial fall-and-fracture
risk assessment and management program including targeted exercise applied in a
specific geriatric hospital setting.

Methods: We conducted a controlled study among 122 geriatric in-patients
(mean+SD age, 84+7 years) admitted with a fall-related diagnosis to an acute
rehabilitation ward. Among them, 92 were admitted to a dedicated unit and enrolled
into a multidisciplinary, multifactorial program addressing risk factors for fall and
fracture, including intensive targeted exercise, who constituted the intervention group.
Thirty age-matched patients who received standard usual care in a general geriatric
unit formed the control group. Primary outcomes included gait and balance
performances, as assessed by instrumental gait analysis and functional tests, and the
level of independence in ADL, measured on two separate occasions during stay
(11.6+ 6 days apart). Secondary outcomes included length of hospital stay, incidence
of in-hospital falls, hospital readmission and mortality rates.

Results: Compared to the usual care group, the intervention group improved their
Timed Up & Go (P=0.017), Tinetti (P<<0.001), and Functional Independence Measure
(P=0.027) tests performances, as well as several gait parameters (comfortable gait
velocity: adjusted mean difference, 8.6 cm/s; 95% CI, 3.0-14.1; P=0.003). Furthermore,
this program favourably impacted three-month hospital readmission rate (HR, 0.30;
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95% CI, 0.1-0.9; P=0.02). Three patients in both groups (10% and 3% of control and
intervention patients, respectively) were readmitted for fall-related causes (P=0.14),
two control patients (7%) with a fall-related fracture.

Conclusions: A multidisciplinary, multifactorial fall-and-fracture risk-based
intervention program incorporating targeted exercise, delivered during hospitalization
in a dedicated unit, was effective and more beneficial than usual care in improving
physical parameters related to the risk of fall and reducing disability among high-risk
oldest old patients.

Disclosures: Andrea Trombetti, None.

FR0021

Effects of High-Impact Training on Femoral Neck Structure in Postmeno-
pausal Women with mild osteoarthritis: 12-Month Randomized Controlled
Exercise Intervention (ISRCTN58314639). Ari Heinonen*', Eija
Janhunen', Juhani Multanen® Timo Jamsa®, Urho Kujala', Miika
Nieminen®, Ilkka Kiviranta®, Arja Hikkinen'. ]Department of Health
Sciences, University of Jyviskyld, Finland, 2University of Jyviskyld,
Finland, 3University of Oulu, Finland, 4Department of Medical
Technology, Institute of Biomedicine, University of Oulu, Finland,
Department of Orthopaedics & Traumatology, University of Helsinki,
Finland

Exercise seems to be a promising action to promote bone health also in adulthood.
Total bone strength is known to be a combination of material and structural
properties. However, most of the exercise studies have focused on measuring only
bone mineral mass as an outcome of the exercise intervention. This study evaluated
the training effects of a 12-month exercise intervention on femoral neck structure in
postmenopausal women who had mild knee osteoarthritis (OA).

Women with Kellgren-Lawrence (K/L) radiographic grading of knee OA 1-2 were
included into the study. Eighty eligible women (mean age: 58 (SD 4) yrs, height: 165
(6) cm, weight: 72 (11) kg) were randomly assigned to undergo a supervised
progressive high-impact exercise 3 times a week for 12-months (n=40) or to a non-
intervention control group (n=40). At baseline and12 months, dual-emission X-ray
absorptiometry (DXA) data on 36 trainees and 40 control participants were available
for hip structural analysis. The section modulus (Z), cross-sectional area (CSA), and
subperiosteal width (W) at the femoral neck were analyzed from the higher K/L grade
knee side. Besides the DXA scans, the dynamic balance was measured with a figure-
of-eight running test, maximal isometric knee extension force was measured with a
dynamometer, and cardiorespiratory fitness (VO, max) was evaluated by a
standardized 2-kilometer walking test at baseline and 12 months. In addition,
subscores for self-perceived knee pain, stiffness, and self-rated physical functioning-
were assessed with the Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC). The univariate general linear model (GLM) was used to calculate
the between-group differences at 12 months.

The baseline adjusted between-group differences were observed after the 12-month
intervention in favour of trainees in Z (4.4%, p = 0.003) and CSA (1.2%, p = 0.078),
while there were no change in W. The exercise group improved 7% more their
isometric leg extension force (p=0.009), 3% dynamic balance (p = 0.022) and 4%
estimated VOyp.x (p=0.027) than in the control group. There were no between-group
differences in WOMAC subscores.

The results of this study indicate that high-impact type of exercise can increase the
femoral neck strength by improving the structural properties of bone in postmeno-
pausal women.

Disclosures: Ari Heinonen, None.

FR0022

The Effects of Whole-Body Vibration and High Impact Aerobic Training on
Bone Metabolism and Fall Risk in Postmenopausal Women. EKIN ILKE
SEN*!  Sina Esmaeilzadeh!, NURTEN ESKIYURTZ? 'ISTANBUL
UNIVERSITY, ISTANBUL FACULTY OF MEDICINE, Turkey,
Ystanbul University, Turkey

Purpose:The aim of this study was to determine the effects of six months of
supervised whole-body vibration (WBYV) and high-impact aerobic (HIA) exercises on
bone mineral density (BMD), serum bone turnover markers, fall risk and health-
related quality of life (QoL) in postmenopausal women.

Methods:Fifty-eight eligible postmenopausal women were assigned to a WBV
training group (n=19), a HIA training group (n=19), or a control group (n=20). All
participants received calcium and vitamin D supplementation. The patients in both
training groups participated in a supervised training program, which consisted of the
one-hour exercise session three times a week for six months. The WBV groups
received vibration (30-35 Hz, 2-2.8g) in five different static positions. The HIA group
jumped rope (10-50 jumps/day). In all participants, baseline and six month BMD at
the lumbar spine (L2-L4) and femoral neck was measured.. Serum osteocalcin (OC)
and C-terminal telopeptide of type I collagen (CTX) were measured at baseline, three,
and six month intervals. Fall risk and health-related QoL were assessed using the
Timed Up and Go (TUG) test and Quality of Life Questionnaire of the European
Foundation for Osteoporosis (QUALEFFO) at baseline and sixth month of the study,
respectively.
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Results:At baseline, there was no significant difference between the three groups in
respect to demographic and clinical characteristics of the participants (p>0.05). The
BMD at the L2-L4 and femoral neck increased significantly in the WBV group
(p<<0.01) compared to the HIA and the control groups (p<<0.05). Over six months, the
serum OC significantly decreased in the WBV group and significantly increased in
both HIA and control groups (p=0.001). There was no statistically significant change
in serum CTx levels in the three groups (p<<0.05). Finally, the TUG and QUALEFFO
scores decreased in both training groups (p<<0.001) compared to the controls.

Conclusions:Our data suggest that the six month supervised WBYV training can be
effective in the prevention of bone loss in postmenopausal women. These findings also
indicate that supervised WBV and HIA training programs reduce fall risk and
fractures related to osteoporosis, while at the same time improving health-related QoL
in postmenopausal women.

Disclosures: EKIN ILKE SEN, None.
This study received funding from: Istanbul University Scientific Research Projects Unit
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Is the Relationship Between Spine Bone Mineral Density (BMD) and
Prevalent Vertebral Fractures In Children Impacted by the Choice of BMD
Reference Data? Leanne M. Ward*', Nathalie Alos?, Stephanie Atkinson®,
David Cabral®, Robert Couch”, Elizabeth A. Cummings6, Ronald Grant’,
Paivi M. Miettunen®, Helen Nadel®, Celia Rodd’, Robert Stein'®, David
Stephure®, Shayne Taback!!, Mary Ann Matzinger', Nazih Shenouda !,
Brian Lentle*, Frank Rauch’, Kerry Siminoski’, , and the Canadian
STOPP Consortium'?. 1University of Ottawa, Canada, 2Université de
Montréal, Canada, *McMaster University, Canada, 4University of British
Columbia, Canada, 5University of Alberta, Canada, *Dalhousie University,
Canada, "University of Toronto, Canada, *University of Calgary, Canada,
"McGill University, Canada, lOUniversity of Western Ontario, Canada,
11University of Manitoba, Canada, '>Canadian Pediatric Bone Health
Working Group, Canada

Background: Several reference databases are available to generate Z-scores for
pediatric lumbar spine bone mineral density (LSBMD). When raw spine density for an
individual is normalized on the various databases, different Z-scores are produced.

Aim: To evaluate whether the relationship between LSBMD Z-scores and
vertebral fractures (VF) differs depending on the LSBMD reference database that is
implemented.

Methods: VF were diagnosed by the Genant semi-quantitative method on lateral
spine radiographs. LSBMD was measured by dual-energy x-ray absorptiometry with
machines cross-calibrated using a spine phantom. Subjects’ raw LSBMD values were
converted to age-, gender-, and race-specific Z-scores for 13 sets of reference data.
Various age groups were defined according to the age ranges specified by the reference
databases. BMD Z-scores and the odds for VF associated with reductions in BMD Z-
scores (expressed as increased odds of VF per 1 SD reduction in BMD) were
compared across databases within each of the age groups.

Results: We studied 186 children through a national research program with
recently diagnosed acute lymphoblastic leukemia (median age 5.3 years, range 1.3 to
17.0 years; 59% boys). Of these, 29 children (16%; 95% CI, 11% to 22%) had prevalent
VF using a consensus paradigm for three experienced pediatric radiologists. The
medians and ranges of the LSBMD Z-scores generated from each of the databases for
the different age groups are presented in the Table. There were statistically significant
differences among LSBMD Z-scores produced by the different databases within each
age group. There were, however, no significant differences among the databases in the
odds of VF associated with reductions in LSBMD Z-scores.

Conclusions: Although LSBMD Z-scores varied substantially among reference
databases within a given age subset, the odds of VF associated with reductions in
LSBMD Z-scores were similar regardless the database used to generate the Z-scores.
These results highlight that the use of a LSBMD Z-score threshold as part of the
pediatric osteoporosis definition is challenging, given varying results for different
reference databases. On the other hand, the more consistent odds of VF in
relationship to LSBMD Z-scores demonstrates that spine BMD as a risk factor for
VF in children is not dependent on the choice of BMD reference database.

Humber of

LSBMD Z-score  Odds of VF for every 1 50 reduction in
Age Group (yrs) 3:::;?;2; Median (range)* LSEMD Z-Score, :#sdlan {range)**
dto18 2 «1.6 (2.0, -1.2) 22(21.23)
Tto s 2 ST -2.0.-1.4) 5.5(5.1,6.0
Jto 18 5 -0.6(-2.1,-0.3) 21(1.8.21)
Sta 18 8 -1.00-2.0,-0.1) 1.6{15 1.8
8to 16 1 -04(-1.90.2) 1.9(16.23)
Sto14 13 0.7 {-2.0, 0.03) 2.7 (1.7.41)

STOPP BMD Table

Ward, None.

Disclosures: Leanne M.
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FR0031

Maternal Vitamin D Levels in Pregnancy and Offspring Bone Mass at Age 9:
Findings from a UK Prospective Birth Cohort Study. Andrew Wills, Adrian
Sayers*, Jon Tobias, Debbie Lawlor. University of Bristol, United
Kingdom

Introduction: There is a suggestion that higher levels of maternal vitamin D (as
measured by dietary intake or circulating 25(OH)D) during pregnancy are related to
higher offspring bone mineral density (BMD) in later childhood, and that the 3rd
trimester may be the important period of exposure. To address this question we
examined whether, in the Avon Longitudinal Study of Parents and Children
(ALSPAC), maternal 25(OH)D is associated with skeletal phenotypes measured by
total body less head (TBLH) DXA at age 9.9 years.

Methods: Data are from 2840 mother-offspring pairs from the ALSPAC study.
25(0H)D2 and 25(0OH)D3 were measured by HPLC on serum obtained from blood
samples routinely collected during clinic attendances throughout pregnancy. Total
25(0OH)D was adjusted to the respective trimester midpoint (6, 20 & 34 weeks). Whole
body DXA scans were carried out in the offspring (mean age: 9.9y). The association
between total 25(OH)D and TBLH bone mineral density, content, area and bone area
adjusted bone mineral content was assessed using multivariable linear regression.

Results: There was no evidence for an association between maternal 25(OH)D and
any of the offspring childhood DXA outcomes in minimally adjusted models
(offspring age at DXA, sex, and maternal age at pregnancy) or a series of adjusted
models (p>0.3 for all tests). There was no evidence of non-linearity (p>0.05) in these
associations, or any evidence that deficient compared to replete 25(OH)D mothers
had off spring with different bone outcomes. In addition we could find no evidence for
an association after restricting analyses to those mothers with measures in the 3rd
trimester (p for trimester 25(OH)D interactions>0.05), or after accounting for
seasonal variation in 25(OH)D in an attempt to measure habitual vitamin D levels.

Conclusion: Our study does not support the hypothesis that later childhood bone
mass might be directly affected by prenatal exposure to varying levels of vitamin D.

Disclosures: Adrian Sayers, None.

FR0032

The Response of Cortical Bone to High Impact Activity is Attenuated in
Girls: Findings from a Cross-sectional PQCT Study in Adolescents. Kevin
Deere!, Adrian Sayers*?, Joern Rittweger®, J.H. Tobias*. 'Bristol
University, United Kingdom, *University of Bristol, United Kingdom,
$)Division of Space Physiology, Institute of Aerospace Medicine, Germany,
4Avon Orthopaedic Centre, United Kingdom

Abstract: Background: The factors which govern skeletal responses to physical
activity remain poorly understood, conceivably because accelerometers measuring
physical activity are calibrated against energy expenditure rather than mechanical
strain. We investigated whether a more precise understanding of these factors,
including gender and fat mass, can be gained based on measurement of exposure to
defined levels of impact using a Newtest device (Newtest Oy, Finland).

Methods: Participants attending the ALSPAC research clinic underwent total
body DXA and pQCT of the mid-tibia, and were subsequently invited to wear a
Newtest accelerometer for seven days. Accelerometer results were partitioned into low
(0.5-2.1g), medium (2.1-4.1g) and high (>4.1g) impact activity.

Results: 675 participants (272 boys) had valid accelerometer recordings and
information on pQCT data and other covariates (mean age=17.7 years). In our fully
adjusted model (for age, height, fat mass and lean mass), moderate impact activity was
positively related to periosteal circumference (PC) in boys but negatively related in
girls [0.039 (95%CI -0.013, 0.090.p=0.14) and -0.023 (-0.023, 0.017.p=0.26)
respectively. p=0.03 for gender interaction, coefficient= SD change per doubling in
activity]. High impact activity showed a stronger positive association with PC in boys
but no association was seen in girls [0.054 (0.007, 0.100. p=0.024) and 0.007(-0.028,
0.041. p=0.707) respectively]. In further analyses additionally stratified by fat mass, an
independent interaction was observed, such that the positive relationship between
high impact activity and PC was greatest in those with highest fat mass [high impact
versus PC in boys: 0.01 (-0.064, 0.085. p=0.783), 0.045 (-0.040, 0.131 .p=0.298), 0.098
(0.012, 0.185. p=0.027); high impact versus PC in girls: -0.041 (-0.101, 0.020, p=0.187),
-0.028 (-0.077, 0.022.p=0.271), 0.082 (0.015, 0.148. p=0.017) (p=0.01 for fat mass
interaction); lower, middle and upper fat-tertiles respectively].

Conclusions: Female gender and low body fat are associated with reduced
periosteal expansion in response to high impact activity, via independent pathways.
Our results suggest that skeletal response to high impacts is particularly impaired in
girls with low body weight, which may partly explain the excess of stress fractures
observed in this group after undergoing strenuous exercise.

Disclosures: Adrian Sayers, None.
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FR0034

The Greater Fracture Risk in Adolescent Males Extends Through Mid-
Adulthood in the United Kingdom. Kevin Haynesl, Michelle Denburg*z,
Justine Shults®, Mary Leonard®. 1University of Pennsylvania, USA, ’The
Children’s Hospital of Philadelphia, USA, 3Children’s Hospital &
Philadelphia, USA, “Children’s Hospital of Philadelphia, USA

Background:The gender differences in fracture risk in adolescent and elderly
populations are well known. The greater fracture risk in adolescent males, compared
with females, has been attributed to rapid growth with transitory low cortical
thickness and bone density in boys but not girls. However, sex differences in fracture
rates have not been evaluated in late adolescence through mid-adulthood. The
objective of this study was to examine gender differences in fracture risk across the
life-span in the United Kingdom.

Methods:We used The Health Improvement Network (THIN) database, which is
an electronic medical record database in the United Kingdom comprising 495 General
Practices. We identified 3,870,062 patients who were registered with a practice in 2007
and the 46,059 patients with a fracture code in 2007. We excluded 27,563 patients over
the age of 90. We limited the study to the first fracture in 2007 in order to avoid
counting follow-up visits for the same fracture as a new onset fracture. We examined
incidence rates per 10,000 and determined the 95% confidence interval across all ages.

Results: The median age of the cohort in 2007 was 39 years (IQR 21-57). The
Figure summarizes fracture incidence rates according to age and gender for any
fracture. In patients 20 years of age, the fracture rate was 206 per 10,000 (95% CI 188,
225) for men and 61 per 10,000 (95% CI 51, 72) for women. For patients 50 years old,
the fracture rate was 84 per 10,000 (95% CI 73, 95) for men and 79 per 10,000 (95% CI
68, 90) for women. For patients 80 years old, the fracture rate was 87 per 10,000 (95%
CI 68, 109) for men and 290 per 10,000 (95% CI 261, 322) for women. When analyzing
hip fracture separately risk began to rise after age 65 and was higher in women. In an
analysis of forearm fracture both boys and girls had a similar peak childhood
incidence, 71 per 10,000 (95% CI 60, 83) for girls at age 10 and 77 per 10,000 (95% CI
67, 89) for boys at age 13.

Conclusions:These data demonstrate that the greater fracture risk previously
reported in the UK in adolescent boys extends into young and mid-adulthood,
followed by a steady increased fracture risk in women after age 65. The results have
implications to target public health interventions to both of these high risk groups.
Future studies are needed to examine gender difference in bone quality, as well as
behaviors that may contribute to these fracture rates across different fracture sites.

Any Fracture Risk

Disclosures: Michelle Denburg, None.
This study received funding from: The study was sponsored by an internal grant.

FR0037

Sclerostin has Differential Effects on Bone Mineral Density and Strength
Parameters in Adolescent Athletes Compared with Non-Athletes. Pouneh
Fazeli*!, Kathryn Ackerman? Lisa Pierce’, Gabriela Guereca’, Mary
Bouxsein®, Anne Klibanski®, Madhusmita Misra®. 'Massachusetts General
Hospital & Harvard Medical School, USA, 2Brigham & Women’s Hospital,
USA, *Massachusetts General Hospital, USA, “Beth Israel Deaconess
Medical Center, USA, Massachusetts General HospitalHarvard Medical
School, USA

Sclerostin is a potent inhibitor of bone formation via WNT signaling inhibition
and increases in hypogonadal states. In obese adults, sclerostin levels increase with
diet-induced weight loss; however, this increase is not observed when weight loss is
mediated by both diet and exercise. Therefore a mechanism whereby exercise may
preserve bone mineral density (BMD) is by lowering sclerostin levels. Exercise is
common in adolescents and we have previously shown that excessive athletic activity
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causing amenorrhea leads to lower bone density and impaired microarchitecture
parameters in amenorrheic athletes (AA) compared to eumenorrhic athletes (EA) and
non-athletes (NA). Sclerostin has not been investigated in adolescent athletes, and its
relationship to BMD, amenorrhea and exercise in this group is unknown. We
hypothesized that AA would have higher sclerostin levels than EA and NA, and that
higher sclerostin levels would be associated with lower BMD and strength parameters.
We studied 49 adolescents 14-21 years old: 16 AA, 17 EA and 16 NA. We measured
spine and hip BMD by DXA, failure load and stiffness at the radius using microfinite
element analysis and measured fasting sclerostin levels (ELISA, TECO/Quidel). AA,
EA and NA did not differ in bone age (AA: 17.74+0.7, EA: 17.54+0.9, NA: 17.7+0.9
yrs; p=0.25), BMI (AA: 20.8+2.2, EA: 22.1+2.2, NA: 21.5+2.4 kg/m?; p=0.16) or
height (AA: 166.3+5.6, EA: 164.84+6.7, NA: 163.24+6.2 cm, p=0.34). Sclerostin was
higher in AA and EA compared with NA (AA: 0.42+40.15, EA: 0.4440.09, NA:
0.334+0.14 ng/ml; p=0.047). In NA, sclerostin was inversely associated with LBMD
and its Z-score (R=-0.61, p=0.01), LBMAD (R=-0.60, p=0.01), hip BMD and its Z-
score (R=-0.55, p=0.03) and stiffness and failure load (R=-0.65 and -0.65, p=0.001 for
both). However, in EA, sclerostin was positively associated with LBMD and its Z-
score (R=0.52 and 0.55, p=0.03 and 0.02) and LBMAD (R=0.71; p=0.001). The
associations in EA remained significant after controlling for estradiol. Therefore
sclerostin may have different effects in adolescent athletes compared to NA. In NA,
sclerostin is inversely associated with BMD and strength parameters whereas in EA,
sclerostin is positively associated with BMD. Sclerostin was also higher in both groups
of athletes (not just AA) vs NA. Additional studies are needed to further delineate the
role of sclerostin in mediating BMD and microarchitecture with exercise.

Disclosures: Pouneh Fazeli, None.

FR0040

Osteoimmunology in Adolescent Obesity: Delay of Trabecular Bone
Development is Paralleled by Shift of Bone Marrow Immune Cells to
Adipose Tissue. M. Ete Chan*', Danielle Green', Benjamin Adler!, Gabriel
Pagnotti', Denis Nguyen', Clinton Rubin?. lStony Brook University, USA,
2State University of New York at Stony Brook, USA

Obesity, which increases lifetime susceptibility to osteoporosis and fracture, may
also confound skeletal development during adolescence, which depends on the
viability of both the MSC and HSC progenitors. To determine the impact of obesity
on bone development and bone marrow stem cells, this study tested the hypothesis
that obesity compromises trabecular bone quantity and quality, paralleled by a
disturbance in the neighboring bone marrow niche. Twenty 5 week old male C57BL/
6] mice were weight matched into two groups (n=10). High fat diet (HF) and regular
diet (RD) mice were fed with 45 and 10 kcal% fat diet, respectively, for a total of 8
weeks. At 2, 5 and 8w, proximal tibial metaphyses were scanned in vivo with pCT at
17um resolution (970um thick region 480um distal to the growth plate). At sacrifice
(8w), cellular composition of bone marrow and gonadal adipose tissue were evaluated
by flow cytometry. The obese phenotype was evident in HF by 2w with +7% higher
body mass and +29% larger abdominal adipose tissue relative to RD (p=0.01).
Longitudinal pCT indicated that HF delayed trabecular bone development compared
to RD (Fig. 1). Although the overall change of trabecular bone volume fraction (BV/
TV) over the 8w experiment appeared similar between groups, HF showed a trend of
-8% lower BV/TV at 2 weeks relative to RD (p=0.09), which dropped to -13% by 5w
(p<<0.05). Perhaps reflecting a compensatory mechanism, cortical volume in HF was
+4% larger than RD at 5w (p<<0.05), with consistent, but not significant, higher
cortical volume at other time points. In parallel with a +152% higher adipose tissue
mass (p<<0.001) in HF at 8 w, flow cytometry analysis indicated that HF enabled
infiltration of immune B-cell (+199%) and T-cells (+207%) into adipose tissue of HF
relative to RD (p<0.05), but -15% and -31% (p<0.01) reductions of these immune
cells in the bone marrow. In summary, these results suggest that obesity rapidly and
profoundly disturbs the bone marrow niche, a consequence, perhaps, of the
recruitment of immune cells into the enlarging adipose tissue from the bone marrow.
Whether this shift in B- and T-cells is responsible for the delay of trabecular bone
development has not yet been determined, but it does indicate that the metabolic or
developmental demands of obesity put numerous systems at risk.
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Disclosures: M. Ete Chan, None.

FR0043

Pharmacological Evaluation of a CNP Analogue for the Treatment of
Achondroplasia. Florence Lorget*!, Nabil Kaci?, Jeff Peng', Catherine
Benoist-Lasselin?, Emilie Mugniery?, Todd Oppeneer!, Dan Wendt',
Sherry Bullensl, Stuart Bumingl, Laurie Tsurudal, Charles O’Neill',
Federico Di Rocco?, Arnold Munnich?, Laurence legeai-Mallet’.
'BioMarin Pharmaceutical Inc, USA, 2INSERM, U781 - Hopital
Necker-enfants malades, France

Achondroplasia (ACH), the most common form of dwarfism, is caused by a gain
of function mutation in the fibroblast growth factor receptor 3 gene (FGFR3). The C-
type natriuretic peptide (CNP) antagonizes FGFR3 downstream signaling by
inhibiting the mitogen-activated protein kinase (MAPK) pathway. The use of CNP
as a therapeutic agent for ACH is impracticable due to its short half-life. Here, we are
presenting an update on the pharmacological activity of BMN 111, a novel CNP
analogue with an extended plasma half-life allowing once daily subcutaneous (SC)
administration. In ACH growth plate chondrocytes, we demonstrated that BMN 111
decreased MAPK pathway activation but did not affect STAT pathway activation. In
Fgfr3¥3%7<"* mice mimicking ACH, daily SC administration of BMN 111 led to the
attenuation of the dwarfism phenotype. With 20 days of daily SC dosing of BMN 111
(800 pg/kg) beginning at seven days of age, we observed a significant increase in the
axial and appendicular skeleton length with improvements in ACH related clinical
features including flattening of the skull, reduced prognathism and straightening of
the tibias and femurs. The growth plate defect (reduced height of the pre-
hypertrophic/hypertrophic zones and lack of columnar arrangement) was corrected
along with the normalization of the size and shape of the proliferative and
hypertrophic chondrocytes. A rescue of the height and architecture of the different
zones of the growth plate was observed. The height of the proliferative zone was
increased; the replicating chondrocytes were organized into columns parallel to the
long axis of the bone. In the hypertrophic zone, the terminally differentiated
chondrocytes recovered a columnar alignment. These data support further develop-
ment of BMN 111 for the treatment for ACH and hypochondroplasia (HCH).

Disclosures: Florence Lorget, BioMarin, 3
This study received funding from: BioMarin Pharmaceutical Inc.

FR0045

Alendronate and PTH Dose-Dependent Improvements in Microarchitecture
Lead to Improved Bone Strength despite Reductions in Tissue Material
Properties. Andrea Trinward*l, Steven TommasiniZ, Sarah Manske!, Alvin
Acerbo®, Lisa Miller*, Stefan Judex'. ]Stony Brook University, USA, *Yale
University School of Medicine, USA, *Brookhaven National Laboratody,
USA, “Brookhaven National Laboratory, USA

Osteoporosis is associated with bone loss and deterioration in tissue quality. Drugs
such as alendronate (ALN) and parathyroid hormone (PTH) differentially counteract
bone loss, leading to drug-specific changes in measures of bone quality including bone
strength. To determine how drug-induced changes in bone quality relate to
mechanical strength, we subjected OVX rats to 6mo of varying doses of ALN and
PTH. Morphologic (WCT), chemical (FTIR), and mechanical properties (nanoinden-
tation and finite element modeling) of cortical and trabecular bone in the femoral
metaphysis were determined. Six mo old SD rats (n=10/gp) were assigned to age-
matched controls (AM), OVX controls, OVX treated with high(H), medium(M) or
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low(L) doses of hPTH (75, 15, 0.3ug/kg/d), or ALN (100, 10 or lug/kg/2xwk). At
12mo, OVX rats had 81% less trabecular bone than AM (p<<0.001). There were dose-
dependent improvements to architecture: L-PTH had similar BV/TV as OVX, while
M- and H-PTH had 2x, and 7x more BV/TV and L-, M- and H-ALN had 1x, 2x and
4x more BV/TV than OVX. Compared to AM, H-PTH and H-ALN maintained or
improved both trabecular and cortical architecture, but decreased cortical tissue
mineral density by 6% and 3% (p<<0.01). There were no differences in cortical bone
crystallinity, collagen cross-linking, mineralization or carbonate substitution across
groups. Nanoindentation of the cortical bone showed that H-PTH and H-ALN had a
9% and 14% smaller elastic modulus and a 10% and 11% lower tissue hardness than
AM (p<0.01). Incorporation of tissue morphology and measured elastic moduli into
the finite element model demonstrated differences in structural mechanical properties.
‘When the femoral metaphysis was subjected to a given compressive load, compared to
AM, OVX had 12% lower stiffness while H-PTH and H-ALN were 46% and 18%
stiffer (p<<0.05). When combined via multiple linear regressions, CtTh, TbBV/TV and
TbTh explained 91% of the variability in stiffness (p<<0.001) while chemical or tissue
mechanical properties did not enhance this association. These data show that despite
deteriorated tissue properties in ALN and PTH treated rats, the improved bone
architecture resulted in a structure that was able to withstand a greater mechanical
load. While these results emphasize the importance of preserving bone structure
during osteoporosis, the reductions in tissue material properties with ALN and PTH
treatment may cause complications with long term use.

Disclosures: Andrea Trinward, None.

FR0049

Cortical Porosity and Bone Strength Assessment in Postmenopausal Women
with Atypical Fractures of the Femur and Long Term Bisphosphonate
Therapy. Maria Belen Zanchetta*', Vanesa Longobardi’, Fernando
Silveira®, Maria Dielh?, Mirena Buttazzoni’, ANA GALICH?, Cesar
Bogado® Jose Ruben Zanchetta'. 'Instituto de Investigaciones
Metabolicas (IDIM), Argentina, ZMD, Argentina, 3Instituto De
Investigaciones Metabolicas, Argentina, “Idim, Argentina

In recent years, concern has been raised about atypical femoral fractures of the
femur (AFF) as a possible complication of long-term bisphosphonate therapy. The
pathophisiology of these events remains unknown. Previously, we had assessed bone
volumetric density and architectural parameters measured by HR-pQCT in 14
postmenopausal women with atypical fractures during long term bisphosphonate
treatment. The purpose of the present study was to describe cortical porosity and bone
strength in these patients. All major features defined by the ASBMR Task Force -
subtrochanteric or femoral shaft location, transverse or oblique orientation, no
trauma or comminution, a medial spike in complete fractures - were present to
designate a femoral fracture as atypical. We recorded, whenever possible, all minor
features.

Methods: Cortical porosity and LFE analysis were based on HR-pQCT images of
distal radius and tibia (XtremeCT; Scanco Medical).HR-pQCT scans were analyzed
using an automated segmentation technique developed to identify the periosteal and
endosteal margins and detect intracortical pore space morphologically consistent with
Haversian canals. uFE analysis assessed quantitatively the biomechanical properties
that result from bone microarchitecture. We analyzed the following parameters:
Cortical thickness (Ct.Th (mm)), cortical pore volume (Ct.Po.V (mm3)), intracortical
porosity (Co.Po %), cortical pore diameter (Ct.Po.Dm (um)), estimated failure load
and stiffness. We compared the results with a group of 19 postmenopausal women
with similar age, BMD and BMI who had never received treatment selected from our
database.

Results: Minor features are described in table 1.There were no statistically
significant differences in any of the parameters measured (table 2).

In this cross-sectional study, using a noninvasive and high-resolution bone imaging
device, we could not find any distinctive microarchitecture deterioration in the radius
and tibia of women who had suffered an atypical fracture of the femur. Our results
suggest that, if there is an alteration in bone microarchitecture or strength in these
atypically fractured patients, it is not generalized through the skeleton. The
compromise may be specific and limited to the femoral shaft, a site of maximum
tensile stress.
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Clinical Features Table 1
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Results Table 2

Disclosures: Maria Belen Zanchetta, None.
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FR0051

Evidence of Narrower Tibiae with Increased vBMD in Stress Fractured Royal
Marine Recruits Compared with Matched Controls: An Investigation of
Radius and Tibia Bone Mass using pQCT. Trish Davey*', Susan A.
Lanham-Newz, Adrian J. Allsoppl, Pat Taylor3, Cyrus Cooper®, Joanne L.
Fallowfield'. 'Institute of Naval Medicine, United Kingdom, *Nutrition &
Metabolism Department, University of Surrey, United Kingdom,
3University Hospital Southampton, United Kingdom, *University of
Southampton, United Kingdom

Royal Marine (RM) recruits (aged 16-32 y) undertake a strenuous 32-week
military training programme. The prevalence of stress fracture (SF) is of the order of
5%. Peripheral Quantitative Computed Tomography (pQCT) provides a method of
investigating structural bone parameters that may be important in the pathogenesis of
SF. We have previously shown that lumbar spine and femoral neck BMD is lower in
SF recruits [1]. The aim of this case-control study was to identify differences in bone
structure and strength using pQCT in relation to SF during RM training as part of the
UK Surgeon General’s Bone Health Project. Fifty-eight SF Royal Marine (RM)
recruits and 58 well-matched, un-injured RM recruits underwent pQCT scanning of
the non-dominant radius and tibia. Cases and controls were matched for body weight,
BMI, age and aerobic fitness. Differences between cases and controls were assessed
using T-tests. At the 4% radius, SF recruits had lower total bone mineral content
(BMC), trabecular BMC and trabecular volumetric bone mineral density (vBMD)
than matched controls (P<<0.05). Differences between SF recruits and controls were
apparent at all slices of the tibia (4%, 16%, 38% and 66%) (P<0.05). SF recruits had
lower: total cross-sectional area (CSA) and total BMC; cortical (cort) CSA and cort
BMC; periosteal and endosteal circumferences; and polar strength-strain index (SSI)
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at the 38% tibial segment than their matched controls (P<0.05). Total (but not
cortical) vBMD was higher in SF recruits than matched controls (38% tibia) (P<<0.05).
There was no difference in tibial muscle area between SF recruits and controls
(assessed at the 66% tibial slice). To the authors’ knowledge this is the first case-
control study on stress fractures within the UK military to have utilised pQCT with
the close matching of injured and non-injured recruits allowing for robust
comparisons to be made. Thus, narrower tibiae appear to be a risk factor for SF
during military training, independent of body size; this agrees with a cohort study in
military recruits using different technologies [2]. The theory of increased mineralisa-
tion as a compensatory mechanism for narrower tibiae [3] is supported by the findings
from the present study, where vVBMD was higher in SF recruits than matched controls.

1 Davey, T. et al. Osteoporosis Int 2012 (in press) [Abstract]

2 Beck, T.J. et al. J Bone Miner Res 1996.11 p645-53

3 Evans, R.K. et al. Med Sci Sports Exerc 2008.40 pS645-53

Bone variables assessed via pQCT of the tibia in stress-fractured RM recruits and
controls

Disclosures: Trish Davey, None.

FR0056

Losing Trabecular Plates and Axial BV/TV in Hip Fractures. Bin Zhou*', Ji
Wang', lan Parkinson?, Xiaowei Liu®, C. David L. Thomas®*, John G.
Clement®, Nick Fazzalari®, X Guo'. 'Columbia University, USA, 2SA
Pathology & Hanson Institute, Australia, University of Pennsylvania,
USA, “Melbourne Dental School, Australia, “Institute of Medical &
Veterinary Science, Australia

Decreased bone mineral density is an important risk factor of hip fractures.
However, it remains controversial regarding the relative contributions of trabecular
vs. cortical components in fracture risks. Alterations in microstructures and
mechanical properties of trabecular bone in the hip fracture are not well documented.
We hypothesized that patients with hip fracture have distinctly weaker trabecular
bone microstructure and severely compromised mechanical properties at the hip
fracture site. To address this hypothesis, we applied individual trabecula segmentation
(ITS) morphological analysis and micro finite element (WFE) analysis to micro
computed tomography (uCT) images of inter-trochanteric trabecular bone biopsies
from hip fracture patients.

Ten-mm diameter inter-trochanteric trabecular bone cores were obtained from 23
patients (age 73+ 13, 9 male/14 female) who underwent hip replacement surgery for
inter-trochanteric hip fracture. Twenty-two bone cores from cadavers (age 80+ 11, 13
male/9 female) served as controls. Bone cores were scanned at 15 pm resolution using
a pCT system (Skyscan 1174, Belgium). A cube of 4.44x4.44x4.44 mm°,
corresponding to 296 x 296 x 296 voxels, was extracted from the middle of the
cylinder for morphological and mechanical analysis. ITS analysis revealed interesting
and distinct microstructural differences between groups (Fig. 1). The fracture group
had a 33% lower plate bone volume fraction (pBV/TV) and 31% lower axial bone
volume fraction (aBV/TV) than the non-fracture group (Fig. 2). The fracture group
had a lower plate trabecular surface (pTb.S) and longer trabecular rods (rTb.l) than
the control group. No differences were found in rod bone volume fraction (rBV/TV),
plate and rod trabecular number and thickness (pTb.N, rTb.N, pTb.Th, rTb.Th).
From standard uCT morphological analysis, the fracture group had 27% lower BV/
TV compared with the non-fracture group. Similar results were found for Tb.N and
Tb.Th, with values for the fracture group lower than the non-fracture group by 21%
and 9%, respectively. Consequently, the fracture group had drastically lower Young’s
moduli than the control group (up to 53%) by UFE analysis.

These results suggest that there is a drastic and distinct conversion from plate-like
to rod-like microstructure and a significant loss of axial trabecular bone in hip
fracture patients. These microstructural changes result in a significant decrease in
trabecular bone mechanical properties.
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FRO0057

Major Gender-related Differences in Bone Mass and Strength in Aged Sost
Knockout Mice. Behzad Javaheri', Amber Stern*?, Nuria Lara®, Mark
Dallas®, Alexander Robling4, Mark Johnson®. 'School of Dentistry The
University of Missouri-Kansas City, USA, 2University of Missouri -
Kansas City, USA, SUMKC School of Dentistry, USA, “Indiana
University, USA, SUniversity of Missouri, Kansas City Dental School,
USA

Previous studies have shown that canonical Wnt signaling regulates bone mass.
Sclerostin (Sost) is a negative regulator of Wnt signaling and consequently bone
formation and is produced mainly in osteocytes. Mice with homozygous deletion of
Sost (Sost KO or KO) have high bone mass compared with WT mice at 4-6 months of
age. We recently showed greater bone mass loss in female vs. male mice with a deletion
of one allele of the B-catenin gene targeted to osteocytes and that these differences
increase with aging. We now address the question of whether deletion of the Sosz gene,
which causes the opposite effect of increased bone mass and strength, also displays age
and gender dependence. We assessed whole body bone mineral content (WBMC) and
areal bone mineral density (WBMD) using PIXImus mouse densitometry; BV/TV and
other cortical and trabelcular parameters by microCT, and bone biomechanical
properties by 3 point bending in male and female KO and WT mice at 70-90 weeks of
age. We observed no differences in body weight between male and female KO mice.
wBMD and wBMC were 25% and 60% higher, respectively, in female KO compared
to male KO mice (p<<0.001). MicroCT analysis of the femur showed that midshaft
cortical thickness was 34% higher in female KO vs. male KO mice (p<<0.001) and both
were higher compared to WT mice of either gender. Interestingly, no gender
differences in cortical bone density or BV/TV were observed in KO mice. However, in
female KO mice the proximal trabecular compartment had significantly higher BV/TV
(5-fold) and trabecular thickness (70%) (p<<0.001) and lower trabecular spacing
compared to male KO mice. Mechanical testing of the femur showed significantly
stronger bones in female KO vs. male KO mice. Both genders of KO mice were
stronger than their WT counterparts. Female KO mice had significantly higher total
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bone volume and cross sectional area compared to male KO, but Young’s Modulus
was the same between the sexes and significantly lower compared to WT. These data
clearly demonstrate that the regulation of the Wnt/B-catenin signaling pathway and its
role in bone are strongly influenced by gender and aging. The mechanism(s)
underlying this phenomenon are currently unknown. Importantly, these findings in
Sost KO mice support an important role of sclerostin on bone mass that is age and sex
dependent and point to the need for further studies that explore the role of sex
hormones as possible mediators/regulators of sclerostin function.

Disclosures: Amber Stern, None.

FR0060

Muscle Strength Predicts Radial Bone Structure and Strength in Adolescent
Boys and Girls. Vina Tan*l, Heather Macdonaldz, SoJung Kim?, Christine
m{ Joan Wharf Higgins®, Patti-Jean Naylor*, Heather McKay>.
'Robert HN Ho Research Centre, Canada, 2University of British
Columbia, Canada, >Center for Hip Health & Mobility, Canada,
“University of Victoria, Canada

Muscle contractions exert the largest physiological loads on the skeleton; however,
we know little about the influence of muscle on bone structure and strength in
adolescent boys and girls. Thus, we aimed to determine the independent contribution
of muscle strength to bone strength and structure of the radius in adolescent boys and
girls. Participants in this cross-sectional study were 148 (87 boys) healthy Grade 10
students, aged 15.3+0.3 yrs who volunteered for the Health Promoting Secondary
Schools (HPSS) study. We obtained peripheral quantitative computed tomography
(pQCT) scans at the distal (7%) and shaft (30%) sites of the non-dominant radius.
Primary outcomes were: 1) bone strength index (BSI, mg*mm®) at the distal radius
and 2) polar strength-strain index (SSI,,, mm?®) at the radial shaft. Secondary outcomes
were total bone area (Tt.Ar, mmz), and density (Tt.BMD, m; Cm3) at the distal radius,
and cortical area (Ct.Ar, mm?), density (Ct.BMD, mg/cm®), and thickness (Ct.Th,
mm) at the radial shaft. We measured forearm muscle strength using a maximal
isometric hand-grip strength test. We assessed stretch stature, body mass and forearm
length using standard anthropometric techniques. We also determined ethnicity and
maturity status (boys: Tanner stage; girls: age at menarche) using self-report
questionnaires. We developed sex-specific multivariable regression models to
determine the independent contribution of muscle strength to each bone outcome
after adjusting for forearm length, body mass, ethnicity and maturity status. In
adolescent boys and girls, muscle strength was a significant predictor of BSI and SSI,,,
and explained 10-19% and 18-19% of the variance (p<<0.01), respectively (Figure 1 &
2). At the distal radius, muscle strength predicted 9-20% of the variance in boys’ and
girls’ Tt.Ar (p<<0.001). In contrast, muscle strength did not predict Tt.BMD in girls,
but explained 8% (p=0.007) of the variance in boys. Similarly, at the radial shaft,
muscle strength explained 17-20% of the variance in Ct.Th and Ct.Ar (p<<0.001) in
boys and girls, but did not predict Ct.BMD in either sex. Our findings are consistent
with a functional model of bone development in which bone primarily adapts its
cross-sectional geometry, rather than its mineral density, to withstand loads from
muscle forces. The specific adaptation of bone strength to increased muscle strength
achieved through an exercise-training program warrants further investigation.

Figure 1
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Figure 2

Disclosures: Vina Tan, None.

FR0068

Lower Osteocyte Lacunar Density in Osteons of Alendronate Treated
Canine. Joseph Geissler*!, Devendra Bajaj’, Shahir Monsuruddin®,
Matthew Allen*, David Burr®, J. Fritton®. 'New Jersey Institute of
TechnologyNew Jersey Medical School, USA, *NJ Medical School
Orthopaedics, USA, *NJ Institute of Technology Biomedical Engineering,
USA, “Indiana University School of Medicine, USA, *New Jersey Medical
School, USA

Bisphosphonates (BPs) are effective drugs that decrease fragility fracture risk
through actions on decreasing individual osteoclast tunneling, and increasing and
decreasing apoptosis of osteoclasts and osteocytes, respectively. The emergence of
very rare, atypical fractures with their defining characteristics (long-term anti-
resorptive use, low-energy cortical shaft fracture, bilaterality) has renewed interest in
the effects of drugs on tissue-level mechanical properties and the mechanisms behind
bone tissue damage. In canine rib bone we found that long-term alendronate (ALN)
treatment reduces both stiffness (20% lower) and resistance to failure (3x fewer cycles
to failure) under cyclic fatigue loading of cortical tissue beams (1.5 x 0.5 x 10 mm) at a
dose associated with the treatment of Paget’s. This adds to data that long-term BP
treatment results in reduced toughness. This study investigated possible microstruc-
tural differences behind these mechanical differences in 3-year ALN-treated cortical
tissue. Skeletally mature (1-2 yrs), female beagles (n=12/group) were treated daily with
ALN (1.0 mg/kg BW) or vehicle control. After 4-point bending to determine stiffness
and fatigue life, beams were stained with basic fuchsin and plastic embedded. Three
cross-sections from each beam were cut and polished to constant thickness, and
imaged by light microscopy. Histomorphometry revealed that the average cross-
sectional area of cortical osteons and their osteocyte lacunar density were lower in
ALN beams by 17% and 20%, respectively (p<<0.05). Most interestingly, within both
groups linear correlations existed between osteonal lacunar density and initial beam
stiffness such that the regression equations were similar (r=0.54 for combined data).
This relationship might offer a means of predicting mechanical properties of osteonal
bone. Reductions in osteon size are likely due to decreased individual osteoclast
tunneling as recently described by Hazelwood et al. Reduced osteon size and
associated lower cement line surface area may allow for larger microcracks to
accumulate in interstitial spaces accounting for the reductions in mechanical
properties observed. Reduced osteonal osteocyte lacunar density likely has a more
purely biological origin not directly associated with the effects of BPs on osteocyte
apoptosis. Since the rate of remodeling is reduced with BPs fewer osteoblasts are
required to refill tunnels and available to become matrix-bound osteocytes.

Disclosures: Joseph Geissler, None.
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FR0072

Mechanical Strain Downregulates C/EBP in MSC and Decreases En-
doplasmic Reticulum Stress. Maya Styner*!, Mark Meyerz, Kornelia
Galior®, Natasha Case', Buer Sen*, Zhihui Xie®, William Thompson®, J.
Pike?, Janet Rubin'. 'University of North Carolina, Chapel Hill, School of
Medicine, USA, 2University of Wisconsin-Madison, USA, *UNC-CH
School of Medicine, USA, *University of North Carolina At Chapel Hill,
USA, 5University of North Carolina, Department of Medicine, USA,
SUniversity of Delaware, USA

Exercise prevents marrow mesenchymal stem cell (MSC) adipogenesis, reversing
trends that accompany aging and osteoporosis. Mechanical input, analogous to
exercise, limits MSC adipogenesis through activation of B-catenin, preserving MSC
potential for osteogenic differentiation. C/EBPp, a transcription factor upstream of
PPARY, is critical for adipogenesis and interestingly, has also been shown to
upregulate ER stress. We thus hypothesized strain would target C/EBPf and that the
targeting of this transcription factor would benefit the skeleton, not only from a
lineage- perspective, but also by decreasing ER stress. Both C3H10T1/2 pluripotent
stem cells as well as mouse marrow derived MSC were cultured in adipogenic medium
in the presence or absence of mechanical strain applied via Flexcell device. We
demonstrate herein that mechanical strain represses C/EBPf expression and activity in
MSC. SiRNA silencing of fB-catenin prevented mechanical repression of C/EBP.
ChIP-seq demonstrated no significant association of B-catenin and its target TCF4
with the Cebpb gene, suggesting that mechanical repression of C/EBPp via B-catenin is
indirect. Furthermore, C/EBPf overexpression did not override strain’s inhibition of
adipogenesis, indicating that mechanical induction of B-catenin blocks adipogenesis at
multiple loci. Overexpression of C/EBPf in MSC induced a dose-dependent increase
in the pro-apoptotic CHOP as well as a dose-dependent reduction in the chaperone
BiP, changes consistent with increased ER stress. Application of a daily strain
regimen, in addition to decreasing C/EBP, increased ER capacity as measured by a
significant increase in BiP. ChIP-seq demonstrated a significant association between
C/EBPp and the CHOP and BiP genes. In conclusion, mechanical downregulation of
C/EBPp not only accompanies a reduction in adipogenesis, but also limits ER stress,
adding a novel mechanism whereby exercise improves MSC/skeletal health.

Disclosures: Maya Styner, None.

FR0073

Planar Cell Polarity Signaling directs Osteoblast Proliferation and Wolff’s
Law for Dynamic Strain. Gabriel Galea*', Lee Meakin!, Hanna
Taipaleenmaki®, Noureddine Zebda', Toshihiro Sugiyama®, Gary Stein?,
Lance Lanyon*, Andre Van Wijnen?, Joanna Price'. lUniversity of Bristol,
United Kingdom, *University of Massachusetts Medical School, USA,
3Yamaguchi University School of Medicine, Japan, *Royal Veterinary
College, United Kingdom

Bone is a mechanically-responsive tissue with a structural hierarchy of cytoskeletal
proteins, extracellular matrix proteins and minerals. The macroscopic organization of
these components into a skeletal architecture occurs along the direction of load-
engendered dynamic strain (Wolff’s Law). Here, we investigated the cellular and
molecular basis of Wolff’s Law.

We first examined the direction of cell division in mouse primary osteoblasts, NIH-
3T3 fibroblasts, as well as human osteoblastic SaOs-2 or chondrocytic 2812 cells that
were briefly exposed to dynamic strain by four-point substrate bending. Within 24 hrs
following strain, a significantly greater proportion of osteoblastic and fibroblastic but
not chondrocytic cells, divided in parallel to the strain direction, but mitotic division
in unstrained cells was random. Initiating proliferation with 1 uM estradiol before
strain did not alter strain-dependent polarization of SaOS-2 division. Thus, strain
orients mitotic division independently of initiating cell cycle progression.

We then addressed whether the direction of cell division is controlled by the planar
cell polarity (PCP) pathway through Rho-associated coiled-coil kinase (ROCK),
which mediates centriole positioning'. ROCK-dependent centriole realignment
towards the principal strain direction relative to the center of G1/S-phase nuclei
was observed within 1 hr following strain as visualized by immunofluorescence
microscopy for the centriole component PCM-1. ROCK blockade 1 hr before strain
with the ROCK inhibitor GSK269962 prevented reorientation of division, but
blockade 1 hr after strain had no effect.

Mutation of the PCP component Vangl2 (Vangl2*"), which generates loop-tail
mice, alters femoral architecture (e.g., lower eccentricity, greater trabecular structure
model index). The Vangl2*”" mutation also compromises the polarization of long
bone-derived osteoblast division in response to strain ex vivo.

Thus, limited acute dynamic strain influences the cell-type dependent orientation
of mitotic division in osteoblasts and fibroblasts by rapid ROCK-mediated centriole
realignment. These data suggest that Wolff’s Law includes PCP dependent
polarization of cell division as a strain-adaptive response in bone and connective
tissue.'Chevrier V et al, J Cell Biol, 2007 ;157(5):807-17

Disclosures: Gabriel Galea, None.
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FR0076

Bone Density and Strength Differences Among Elite Female Athletes in
Weight-Bearing Versus Non Weight-Bearing Sports. Brett Bruininks',
Lesley Scibora*?. 'Concordia College (Moorhead), USA, *University of
Minnesota, USA

High-impact weight-bearing sports, generating large ground reaction forces, are
positively associated with bone density and strength. Since muscle-generated forces
exert the greatest physiological load on bone, sports that involve muscle contraction
with little or no ground reaction forces should also be associated with enhanced
strength of the loaded bone. Differences in areal and volumetric bone mineral density
and parameters of bone geometry and strength were explored in elite female athletes.
Fifty-three female (age 18-25 years) soccer (n=15), ice hockey (n=21), and swimming
(n=17) athletes and 19 non-active controls were measured. Total body bone mineral
content (BMC) and total body, lumbar spine and femoral neck areal bone mineral
density (aBMD) was assessed using dual energy X-ray absorptiometry. Peripheral
quantitative computed tomography was used to examine bone volumetric density
(vBMD), total (ToA) and cortical bone area (CoA), and estimates of bone
compressive (BSI) and bending strength (Z, SSIp) at tibia (4, 66%) and radius (4,
50%) sites. Upon adjustment for age, height/bone length and body weight, soccer and
ice hockey groups exhibited significantly greater lumbar spine aBMD (both +9.6%
and +8%, respectively) compared to swimmers and non-active controls. There were no
significant differences among groups at the femoral neck. At the distal (4%) tibia, only
soccer athletes showed 15-26% higher BSI (p<<0.05) compared to all other groups and
exhibited 13-15% greater bending strength (Z, SSIp, p<<0.05) compared to swimmers
and controls at the proximal (66%) tibia; with greater bending strength due to more
robust bone geometry (CoA, +10-13%, p<<0.05). At the distal (4%) radius only ice
hockey athletes showed 24-25% greater BSI (p<<0.05) compared to swimmers and
controls. Results are consistent with previous research suggesting weight-bearing
sports are associated with greater bone density and strength than non weight-bearing
sports. Both elite ice hockey and soccer female athletes exhibited greater aBMD and
bone strength parameters at weight-bearing sites compared to swimmers and controls.
Thus, both may be bone-strength enhancing activities in females. Unexpectedly,
muscle-generated forces in elite female swimmers did not appear to exert bone density
or strength benefits beyond that of non-active females. Future research is needed to
further investigate the role of non weight-bearing sports on bone structure and
strength in females.

Disclosures: Lesley Scibora, None.

FRO0077

Diffuse Microdamage Induced in Cortical Bone in vivo Repairs without Bone
Remodeling. Zeynep Seref-Ferlengez*!, Oran Kennedy?, Mitchell
Schaffler!. 'City College of New York, USA, >The City College of New
York, USA

Physiological loading produces two types of microdamage in bone: linear
microcracks (LCr, ~ 50-100mm) and diffuse damage (DDx, cluster of cracks
<Imm). LCr induce local osteocyte apoptosis that evokes remodeling of damaged
bone. However DDx foci neither induce apoptosis nor activate resorption. The
biological response of bone to DDx is unknown. Therefore we examined time-
dependent changes in DDx content and bone mechanical properties after inducing
DDx in vivo.

Methods: Under anesthesia, ulnae from 3 groups of adult (4-5 mo, n=24) female
SD rats underwent creep loading to a predetermined displacement that induces only
DDx. In Group 1, right ulnae were loaded on Day 0 after which rats resumed normal
cage activity for 14d (Survival). On Day 14, left ulnae (Acute) were loaded identically
after which rats were killed and both ulnae were harvested for histology. In Groups 2
& 3, mechanical properties of creep-loaded damaged ulnae were tested by loading to
failure, either immediately after loading or after 14d (Survival) and compared to non-
damaged ulnae of the same rat. DDx area fraction in Acute Loaded and Survival
ulnae was measured from basic fuchsin-stained diaphyseal sections using fluorescence
microscopy. DDx area fraction in Survival vs. Acute-Loaded ulnae and stiffness of
creep-loaded vs. intact control ulnae were compared using paired t-tests.

Results: DDx in Survival bones was reduced ~30% compared to Acute-Loaded
ulnae (Fig. 1 & 2, p<<0.02). Moreover, no resorption or woven bone formation was
seen. The stiffness of Acute-Loaded ulnae was 14% less than intact control bones
(p<<0.02) but was restored to normal levels in Survival ulnae (p>0.6 Fig 3).

Conclusion: These findings reveal for the first time that small crack damage in
bone (DDx) undergoes some form of repair, resulting in both microscopically and
mechanically demonstrable recoveries evident by two weeks after induction of DDx in
living bone. This damage reduction and mechanical recovery occurred without
remodeling or changes in bone architecture. These findings suggest that alternative
repair mechanisms exist in bone to deal with small crack damage. The nature of such
mechanisms is currently unknown, but it seems reasonable to postulate that a
combination of physicochemical remineralization and/or osteocyte-mediated pro-
cesses involving local production of structural or adhesive proteins play roles in such
repair.
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Fig.1 Flouresence photomicrographs showing DDx of Survival and Acute-Loaded
ulnae of the same rat

Fig. 2 Changes in DDx area fraction (%) between Acute-Loaded and Survival ulnae
for each rat

Fig. 3 %Stiffness change in Acute-Loaded and Survival ulnae relative to their non-
damaged controls

Disclosures: Zeynep Seref-Ferlengez, None.

FR0079

Muscle Volume does not Affect the Osteogenic Response to Compressive
Loading in the Distal Radius of Young Women. Karen Troy*, Varun Bhatia,
William Edwards. University of Illinois at Chicago, USA

Bone is typically well suited for its habitual loading environment because of its
ability to adapt. Although animal studies have been valuable tools for studying this
process, prospective human bone adaptation data are lacking. In addition to
externally applied mechanical forces, muscle forces may play an important role in
bone adaptation. Greater muscle volume suggests larger habitual muscle forces

S83

applied to the bone. Given that bone adaptation is understood to be “error signal”
driven, muscle volume may be inversely related to osteogenic response magnitude.
Our purpose was to use a human in vivo loading model to determine whether
voluntary compression of the radius is osteogenic, and whether baseline muscle
volume affects the response.

Eight women (20+1 years) participated in an institutionally approved 28-week
mechanical loading regime that targeted the distal radius. Seven women (22 + 2 years)
served as controls. Subjects applied a 300 N force by leaning onto the palm of the
hand 50 cycles per day, three days per week, with each cycle being separated by two
seconds. All subjects gave written informed consent prior to their participation and
received QCT scans of their forearm at weeks 0, 14, and 28. Cortical, trabecular, and
integral BMC, BMD, and BV in the 45 mm region proximal to the subchondral plate
were computed. Muscle volume was quantified in the distal-most 10 cm region of the
radius. Repeated measures ANOVAs were used to compare main effects of group and
time. Pearson correlations were used to relate baseline muscle volume to 28-week
changes in bone.

Loading increased the integral BMC by 54 + 35 mg at 28 weeks. This 1.3% relative
increase from baseline was significantly different from zero (p=0.005) and from the
control group (change: -45+23 mg, p<0.001). At 28 weeks trabecular and cortical
compartments contributed 19432 and 35+41 mg to the net increase, respectively.
Muscle volume was not significantly correlated with changes in bone.

Compression of the radius is osteogenic in young women and can be used to
prospectively study bone adaptation. In our small sample, osteogenic response was
not related to muscle volume. This task can be used to determine the degree to which
animal data may be translated to humans, thereby providing a validated theoretical
framework within which exercise interventions to increase bone mass and prevent
osteoporosis may be systematically designed and evaluated.

Disclosures: Karen Troy, None.

FRO0085

Directed Differentiation of Embryonic Stem Cells to Chondrocyte and
Osteoblast lineages: The Role of RhoA/ROCK Signaling. Dalea Bukhary*',
Fraser McDonald?, Agamemnon E Grigoriadis®. 'King’s College London/
UKKing Abdulaziz University/Saudi Arabia, United Kingdom, 2King’s
College London Dental Institute, United Kingdom, *Dept Craniofacial
Dev & Stem Cell Biology, King’s College London, United Kingdom

Treatment of bone and cartilage tissue defects caused by disease, trauma or aging
is therapeutically challenging. Pluripotent stem cell-based approaches to regenerative
therapies have been strengthened by a better understanding of embryonic skeletal
development and how bone and cartilage lineage specification and differentiation
occur. It is now well-established that in vitro differentiation of Embryonic Stem Cells
(ESCs) and induced Pluripotent Stem Cells (iPSCs) can recapitulate embryonic
development through germ layer induction followed by enrichment and expansion of
specific lineages. We have developed a novel, step-wise mESC differentiation system
using specific recombinant factors in the absence of serum to investigate (a) the
mechanisms of pluripotent stem cell commitment to somitic mesoderm and bone/
cartilage cell lineages, and (b) the role of Rho GTPase signaling in ESC-derived
osteoblast/chondrocyte differentiation. Activation of the Nodal/Activin and canonical
Whnt pathways together with inhibition of BMP signaling (Noggin) directed ESCs to
form a primitive streak-like population expressing Brachyury, and further to somitic
mesodermal subpopulations expressing PDGFRo with reduced hematopoietic/
osteoclastic and cardiac potential, that subsequently differentiated efficiently in
monolayer culture to osteoblast and chondroblast lineages. Inhibition of Rho/ROCK
signaling using the ROCK inhibitor, Y-27632, at different developmental stages of
ESC differentiation showed up to a 2 to 3-fold increase in chondrogenesis and
osteogenesis, suggesting that Rho/ROCK signaling regulates the fate of bipotential
chondro-osteoprogenitor cells. This was confirmed by qPCR analysis of osteoblast
(Runx2, ALP, BSP) and chondrocyte (Sox9, Coll2)-specific genes, as well as by Alcian
blue staining and Coll2 antibody staining of differentiated chondrocyte monolayers.
Preliminary data also suggest that exposure to BMP4 together with stage-specific
inhibition of ROCK signaling may play a role in maturation of hypertrophic
chondrocytes. Finally, renal capsule grafting studies showed that the ESC-generated
cells have endochondral ossification potential in vivo. Thus, the ESC model system
provides defined, manipulatable and expandable chondro-osteoprogenitor popula-
tions that will provide insights into the molecular basis of bone/cartilage development
and disease, as well as for generating specific populations for bone and cartilage tissue
repair and replacement.

Disclosures: Dalea Bukhary, None.

FR0086

Ethanol Modulates Canonical Wnt Signaling And FoxO Activation In Acute
and Chronic Binge Models of Ethanol-Induced Deficient Fracture Repair.
Philip Roper*l, Rachel Nauer!, Kristen Lauing!, John Callaci’. 1Loyola
University Medical Center, USA, *Loyola University of Chicago, USA

Alcohol abuse is a risk factor for impaired bone fracture healing, and binge
drinking is the predominant alcohol abuse pattern associated with traumatic
orthopedic injury. The mechanism behind this effect is unknown. The canonical
Wht signaling pathway is important in fracture healing because it drives mesenchymal
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stem cell (MSC) differentiation towards osteoblasts and chondrocytes that are
required for callus formation. Wnt signaling relies on activation of B-catenin to
upregulate specific target genes necessary for differentiation. However, in times of
increased oxidative stress, as with alcohol exposure, another family of transcription
factors, the FoxO transcription factors, becomes active. Once active, FoxOs require -
catenin as a cofactor for proper function. We hypothesize that alcohol exposure may
be able to activate FoxOs within the fracture callus, thereby suppressing Wnt
signaling through P-catenin competition. To test this hypothesis, we devised two
clinically relevant models of alcohol administration in which 7 week old male C57BL/
6 mice received intraperitoneal injections of ethanol (2g/kg) or saline for three
consecutive days per week for two weeks prior to injury. One hour after the last
alcohol exposure, the left tibia was stabilized with an intramedullar pin and surgically
fractured. Animals in the acute binge group ceased further injections, while animals in
the chronic binge group continued once daily i.p. ethanol injections until the animals
were euthanized. Callus tissue was examined for the effects of alcohol on tissue
composition, FoxO oxidative stress signaling, and Wnt signaling. Both actue and
chronic binge alcohol administration led to deficient fracture repair, however
administration of alcohol during healing produced greater defects in repair as
measured by decreased callus size and perturbed callus tissue composition, namely a
reduction in the cartilaginous callus and the presence of mature, hypertrophic
chondrocytes. FoxOl activation was significantly increased in the fracture callus of
alcohol animals as compared to saline (p<<0.01), with a concomitant decrease in active
B-catenin (p<<0.05). The callus tissue of chronic binge animals also exhibited increases
in total FoxO1 protein levels (p<<0.05). Alcohol-induced activation of FoxO signaling
with the concurrent decrease in canonical Wnt signaling provides a plausible
mechanistic explanation for the observed effects of alcohol on fracture healing.

Disclosures: Philip Roper, None.

FR0089

Runx2 Control Chondrocyte Proliferation through Direct Regulation of Cell
Cycle Genes. Haiyan Chen*!, Farah Ghori-Javed', Rosa Serra!, Soraya
Gutierrez®, Amjad Javed'. lUniversity of Alabama at Birmingham, USA,
*Universidad De Concepcion, Chile

Runt related protein-2 (Runx2) is essential for skeletogenesis. Coordinated activity
of multiple cell types including chondrocyte and osteoblast are required for
skeletogenesis. To elucidate Runx2 regulatory control distinctive to chondrocyte cell
population, we generated mice with a conditional ablation of Runx2 in chondrocyte.
Selective deletion of Runx2 in chondrocyte by Col2a-Cre was confirmed with Rosa26-
tdTomato mice. Homozygeous mice exhibited developmentally failed endochondral
ossification and dies shortly after birth. Chondroprogenitors in the hyaline cartilage of
wild type mice showed uni-directional differentiation to hypertrophic chondrocytes.
Runx2 deficiency resulted in disruption of chondrocyte differentiation as determined
by absence of pre/hypertrophy and Collagen type X expression. To our surprise,
chondrocyte proliferation which is an integral component of endochondral ossifica-
tion was severely impaired. We observed a dramatic decrease (50%) in the total cell
number in both proliferative and pre-hypertrophic zones of homozygous mutant
compared to wild type. Similar reduction in chondrocyte cell number was noted in
hyaline cartilage of trachea. Furthermore, in vivo BrdU labeling confirmed this
reduction results from a decreased mitotic activity of chondrocyte. This unique role of
Runx2 to enhance chondrocyte proliferation is consistent with the growth failure and
primordial dwarfism in mutant mice. To mechanistically understand alteration in
chondrocyte proliferation rate, we determined genes associated with cell cycle cascade
in the Runx2 null growth plate. Our gene microarray identified 5 genes with
reproducible differences in expression levels ranging from 3-50 folds. In Runx2 null
chondrocytes Sfn mRNA was upregulated, while expression of Gprl32, c-Myb, cyclin
Al, A2 were strongly inhibited. Interestingly, the differentially expressed gene set
encompass functional grouping across cell cycle from G1/S phase to cell cycle check
points and arrest. To assess if Runx2 directly regulate their transcription, we cloned
2kb promoter of all five genes. Multiple high affinity Runx recognition motifs were
noted in these promoters. Chromatin immunoprecipitation revealed that in
chondrocytes Runx2 is bound to these sites. Consistent with in vivo promoter
occupancy, promoter activity of these genes was enhanced by Runx2. Our results
establish for the first time that Runx2 is obligatory for chondrocyte proliferation and
regulate cell cycle genes.

Disclosures: Haiyan Chen, None.

FR0090

Smad2/3 Mediated TGFbeta Signaling Regulates Chondrocyte Proliferation
and Differentiation in Postnatal Growth Plate and Maintains Articular
Cartilage Integrity. Weiguang Wang*, Karen Lyons, Buer Song. University
of California, Los Angeles, USA

Previous findings on mouse models with TGF-B type II receptor or ligand
knockout revealed that TGF-B signaling plays important roles in axial skeleton
formation, joint development, and long bone growth. However, it is unknown
whether it is the Smad2/3 or noncanonical pathway that mediates the functions of
TGF-p signaling. To study the role of Smads 2 and 3 in the process of cartilage
formation and maintenance, we generated mice with conditional deletion of Smad2 in
chondrocytes using Col2cre, mice with Smad3 globally deleted, and the cross of these
two strains to obtain mice with both Smad2 and 3 deleted in chondrocytes (the double
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mutant mice). In prenatal stages, when compared with WT littermates, none of these
single and double mutant mice showed defects in axial skeleton and joint formation,
but differences were observed in long bones. By P0, both Smad2?*’and Smad3™ mice
exhibited defects in the growth plate, including an increase in proliferation of resting
chondrocytes and an expansion of the hypertrophic zone. These defects were much
more severe in Smad2/3 double mutant. By 2-weeks, the double mutant mice
developed a severe postnatal dwarfism, associated with a delay of secondary
ossification in the resting zone, decreased proliferation in the proliferative zone, and
an increase in apoptosis in the growth plate and articular chondrocytes. In addition,
the double mutant mice showed a much earlier onset of an osteoarthritis-like
phenotype (1 month) than previously reported for Smad3™” mice (Ref). Meanwhile,
Smad2"° mice showed minor but reproducible differences in growth plate
morphology, demonstrating a role for Smad2 in growth plate cartilage. Analfysis of
articular cartilage in Smad2*° mice is ongoing. By 4 months, the Smad3” mice
developed postnatal dwarfism as well as an osteoarthritis-like phenotype, as reported
previously (Ref). These observations suggest that both Smad2 and Smad3 mediated
TGF-B signaling is important for the regulation of postnatal growth plate
chondrocyte differentiation and for maintenance of articular cartilage, and that
Smads 2 and 3 have overlapping function. Smad?2/3 mediated signaling is not critical
at prenatal stages, yet is indispensable postnatally for chondrocyte proliferation,
differentiation and maintenance of cartilage in adult.
Reference: Yang et al., J Cell Biol. 2001 Apr 2;153(1):35-46

Smad2/3 double mutant mice have an earlier onset and more severe OA-like
phenotype than do Smad3-/-

Disclosures: Weiguang Wang, None.

FR0091

The FOP R206H Alk2 Mutation Enhances BMP-Induced Chondrogenic
Differentiation. Andria Culbert*, Salin Chakkalakal, Robert Caron, Eileen
Shore. University of Pennsylvania, USA

Fibrodysplasia ossificans progressiva (FOP) is a rare genetic disease characterized
by heterotopic endochondral ossification within soft connective tissues and is caused
by mutations in ALK2/ACVR1, a BMP type I receptor. The most common mutation,
R206H, causes dysregulation of canonical BMP signaling, a key regulator of
chondrocyte commitment, proliferation, and maturation. Primary mouse embryonic
fibroblasts (MEFs) were harvested from wild-type and heterozygous knock-in
Al2R2H* embryos to examine the effects of the mutation on chondrogenic
differentiation. Consistent with previous results, AlK2R2°H* MEFs have increased
canonical BMP signaling in both the presence and absence of BMP ligand, as detected
by phosphorylation of Smads1/5/8. Chondrogenic media containing BMP ligand was
used to induce differentiation as TGFp alone did not induce chondrogenesis of wild-
type or mutant MEFs. In the absence of BMP, Alk2R®2H* MEFs did not
spontaneously differentiate, despite increased BMP signaling; however, in the
presence of BMP show increased sensitivity toward chondrogenesis. Alk2 mRNA is
most abundant in undifferentiated MEFs and decreases upon differentiation,
suggesting a role in early differentiation events. Consistent with our results,
AlK2R20°H* MEFs have accelerated onset and increased abundance of early
chondrogenic transcripts during differentiation corresponding to the earlier appear-
ance of chondrocyte morphology. Proliferation was quantified but showed no
differences between wild-type and AIk2R?°°"* MEFs either prior to or during early
chondrogenesis. Implants of MEFs into hind limbs of wild-type mice demonstrate
that robust in vivo heterotopic endochondral ossification is induced by the
combination of BMP ligand with Alk2%2°"* but not wild-type, MEFs. Our data
demonstrate that heterozygous expression of R206H Alk2 enhances chondrogenic
differentiation of progenitor cells and suggests Alk2 plays an important role early
during chondrogenic differentiation. The requirement for BMP ligand to activate
differentiation of Alk2R2°°H* MEFs both in vitro and in vivo suggests that an
increased sensitivity to BMP signals during early stages of chondrogenesis is a critical
mechanism to promote heterotopic endochondral ossification in the presence of the
R206H Alk2 FOP mutation.

Disclosures: Andria Culbert, None.
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The Transcription Factor FoxC1 Regulates Chondrogenesis Together with
Gli2 through Induction of PTHrP. Michiko Yoshida*', Kenji Hata',
Rikako Takashima®, Sachiko Iseki®, Teruko Takano-Yamamoto®, Riko
Nishimural, Toshiyuki Yoneda!. 'Osaka University Graduate School of
Dentistry, Japan, “Osaka University, Japan, Section of Molecular
Craniofacial Embryology, Graduate School, Tokyo Medical & Dental
University, Japan, “Tohoku University, Japan

Endochondral bone formation, which is an essential event for mammalian skeletal
development, is regulated by various transcription factors through harmonious
organization of transcriptional networks. Identification of transcription factors involved
in the development of these networks would facilitate to uncover the molecular basis of
endochondral ossification. Here we attempted to identify a novel transcription factor that
takes a part in chondrogenesis via transcription network development. To approach this,
we generated transgenic mice carrying Venus driven by Col2al promoter, thereby GFP is
selectively expressed in chondrogenic cells. Venus-positive chondrogenic cells dissociated
from E12.5 limb buds were sorted using the FACS Aria without expansion in culture.
Subsequent differential microarray between Venus-positive and -negative cells led us to
identify FoxCl (Forkhead Box Cl) as a candidate transcription factor. Of note, the
mutation of FOXCI is shown to cause Axenfeld-Rieger syndrome (ARS) in human that is
characterized by the anterior segment dysgenesis and diverse skeletal abnormalities.
Whole mount in situ hybridization demonstrated evident co-expression of FoxCI mRNA
and Col2al in the developing limbs. Overexpression of FoxCl induced alcian blue-
positive chondrogenesis in limb bud cells in microculture. These results collectively
suggest that FoxCl plays a role in chondrogenesis.

To further verify the functional role of FoxCl1 in chondrogenesis, we searched for
transcriptional target of FoxC1. FoxCl had no effects on Col2al and Sox9 mRNA
expression. On the other hand, FoxCl increased PTHrP mRNA expression in
conjunction with promoted chondrogenesis. Moreover, FoxCl together with Gli2
further up-regulated PTHrP expression. IP-Western analysis revealed a physical
interaction between FoxCl and Gli2. DNA pull-down assay and ChIP experiments
showed direct binding of FoxCl1 to the FoxC1 binding element (CTAAATAAC) in
the PTHrP gene promoter. Finally, pathogenic missense mutation (Ilel26Met) of
FOXCI, which is responsible for ARS, suppressed PTHrP expression induced by
IHH. In conclusion, we identified a novel transcription factor FoxCl that promotes
chondrogenesis through directly up-regulating PTHrP expression in collaboration
with Gli2. Further determination of FoxCl function in transcription network and
chondrogenesis should lead us to obtain deeper insights into the molecular mechanism
of endochondral ossification.

Disclosures: Michiko Yoshida, None.

FR0095

Knockdown of Tribbles Homolog 3 (TRIB 3) Results in Cell and Context
Specific Effects on Bone, Fat and the Hematopoietic System. Rakesh
Verma*', Anne Breggia’, Phuong Le', Sheila Bornstein?, Donald
Woichowskil, Clifford Rosen’®. 'Maine Medical Center Research
Institute, USA, *Maine Medical Center, USA

TRIB 3 (Tribbles homologue 3 Drosophila) is a pseudokinase which regulates
diverse cellular functions including insulin signaling, adipogenesis and bone formation
via cell survival and stress signaling pathways. Importantly, TRIB 3 suppresses
adipocyte differentiation by negative regulation of peroxisome proliferator-activated
receptor gamma (PPARy). Bone marrow irradiation prior to transplantation induces
trabecular and cortical bone loss. Interestingly, following bone marrow irradiation there
is a transient period of marrow adipogenesis (days 5-10) prior to hematopoietic
reconstitution and recovery of bone mass. However, the role of adipogenesis during
bone marrow recovery remains unclear. In this study, we hypothesized that a reduction
in TRIB 3 might promote marrow adipogenesis and alter hematopoiesis and skeletal
mass. As such, we first phenotyped TRIB 3-/- mice on a B6 background and B6 WT
mice at 12 weeks of age by DXA and found increased % body fat, lower total body
weight, decreased areal BMD, but no hematopoietic phenotype . Next we sought to
investigate the role of TRIB 3 in bone marrow recovery following lethal irradiation and
bone marrow transplantation. LYS5.1+ WT recipient mice were lethally irradiated
(10Gy) and transplanted with either LY5.2+ TRIB 3 KO or LY5.2+ WT donor cells. At
8 weeks post transplant, >90% of peripheral blood (PB) cells of all recipient mice were
LYS5.2+ indicating successful engraftment. Surprisingly, mice engrafted with TRIB 3-/-
donor cells had increases in total body weight (36%), % body fat (26%), total bone
mineral density (BMD, 2%), total bone mineral content (BMC, 6%), and femoral
(BMD, 7%) compared to WT receiving WT donor cells. Importantly, as compared to
LYS5.1 WT mice transplanted with WT donor cells, LY5.1 WT mice transplanted with
TRIB 3-/- donor cells exhibited marked increases in red blood cells and reticulocyte
production. Interestingly, the CD11b+ myeloid population, a precursor to the osteoclast
lineage, was also markedly increased in the recipient mice. Thus transplantation of
donor cells without TRIB 3 led to an increase in hematopoietic elements as well as
enhancement of bone mass suggesting that the target of this pseudokinase within the
bone marrow includes all three major cell types. These data also highlight the cell and
context specific nature of Tribbles Homolog 3 in the bone marrow and its potential role
in regulating body composition and bone mass. NIH-1R24 DK092759-01

Disclosures: Rakesh Verma, None.
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FR0098

HIF-1o0. is Essential for the Development of the Nucleus Pulposus. Laura
Mangiavini*l, Tremika LeShan Wilson?, Alexander Robling?, Irving
Shapiro*, Makarand Risbud®, Ernestina Schipani'. 'Indiana University
School of Medicine, USA, 2Department of Medicine, Indiana University
School of Medicine, USA, *Indiana University, USA, “Thomas Jefferson
University, USA, *Department of Orthopedics Surgery, Thomas Jefferson
University, USA

The intervertebral disc consists of an outer ring of fibrous cartilage called the
annulus fibrosus, and an inner gelatinous structure known as the nucleus pulposus.
The annulus fibrosus derives from the sclerotome, whereas it has been recently shown
that the nucleus pulposus cells originate from the notochord. Notably, however, the
molecular mechanisms that control differentiation of notochordal cells into cells of
the nucleus pulposus are still largely unknown.

The nucleus pulposus is hypoxic and express the transcription factor Hypoxia
Inducible Factor -la (HIF-1o), which is a major mediator of cellular adaptation to
hypoxia. In this study, we analyzed the role of HIF-1a in the development of the nucleus
pulposus by conditionally ablating HIF-1a in the notochord. For this purpose, FOXA2-
Cre transgenic mice were bred with mice homoz{ygous for a floxed HIF-1a allele (HIF-1a"
") in order to generate FOXA2-Cre; HIF-1a" mutant mice and control littermates.
Mutant mice were viable with no macroscopic abnormalities. Development of the nucleus
pulposus was studied from E15.5 up to 4 months. E15.5 mutant nucleus pulposus was
considerably smaller than control. This phenotypic feature was not due to decreased cell
proliferation or to cell death, but was, at least in part, a consequence of the reduced size of
the cells forming the nucleus pulposus, which did not display the classical hypertrophic
appearance shown by control cells. Our finding thus suggests that HIF-1a deficiency had
altered the differentiation of notochord cells into cells of the nucleus pulposus.
Conversely, at birth, Tunel assay revealed massive cell death in the mutant nucleus
pulposus. The nucleus pulposus eventually disappeared completely in postnatal mutant
mice, and was replaced by cells of the annulus fibrosus. Interestingly, morphology of the
vertebral bodies was normal at all time points examined, which further supported the high
degree of specificity of expression of Cre recombinase in cells of the nucleus pulposus.
Taken together, our findings indicate that deficiency of HIF-1a in the notochord alters
the differentiation process of notochord cells into cells of the nucleus pulposus, which
then eventually die. Moreover, our study supports the notion that the nucleus pulposus
originates from the notochord.

In conclusion, HIF-1a is a differentiation and survival factors for cells of the
nucleus pulposus and has an essential role in the development of the nucleus pulposus.

Disclosures: Laura Mangiavini, None.

FR0099

Manipulating the Notch Pathway to Accelerate Fracture Repair. Cuicui
Wang*!, Jie Shen', Kiminori Yukata®, Michael Zuscik®, Regis O’Keefe',
Hani Awad®, Matthew Hilton*. 1University of Rochester, USA,
*University of Tokushima Graduate School, Japan, *University of
Rochester School of Medicine & Dentistry, USA, “University of
Rochester Medical Center, USA

Bone fractures are one of the most common problems observed in clinical
orthopaedics. During fracture repair, mesenchymal stem cells (MSCs) are recruited to
the fracture site and undergo differentiation to form chondrocytes and osteoblasts
that aid in repairing and strengthening the bone. The process of MSC differentiation
during fracture repair is reminiscent of events that occur during skeletal development.
Recently, several breakthrough discoveries in our lab have identified the Notch
pathway as a critical regulator of MSC differentiation during skeletal development.
Specifically, our genetic data demonstrated that loss of Notch signaling accelerates
cartilage and bone formation from the common mesenchymal progenitor during limb
development. In our current study, we investigated whether Notch inhibition (via
DAPT treatment) would accelerate and enhance fracture repair by inducing more
cartilage and bone formation from MSCs recruited to the fracture site. Following the
generation of an open tibial fracture in mice, DAPT (50mg/kg/day) or DMSO
(vehicle) was delivered via I.P. injection for one or 4 consecutive days. Treatments
began two days following fracture to ensure normal initiation of MSC recruitment
and proliferation. Radiographs collected from 14 days post-fracture (14dpf) suggested
greater volume of bony callus in DAPT treated mice, particularly in the 4 consecutive
day treatment group. MicroCT quantification established a significant increase in
mineralized callus volume in DAPT treated mice at 14dpf. Additionally, the strength
of the newly formed fracture callus in DAPT treated mice, as measured by
biomechanical torsion testing, was dramatically enhanced compared to controls.
Histological analyses further revealed that Notch inhibition enhanced the size of the
cartilage and bony callus at early time-points (4dpf and 7dpf) during fracture repair. To
verify these results at the molecular level, real-time RT-PCR analyses were performed to
assess changes in chondrogenic and osteogenic gene expression of callus tissue (4dpf).
Consistent with our histological findings, cartilage (Col2al, Coll0al) and bone markers
(Collal, Bsp, Oc) were significantly up-regulated. Taken together, our findings revealed
that Notch inhibition accelerated fracture repair by enhancing MSC differentiation to
generate a more robust cartilaginous and bony callus, therefore, the Notch pathway
may serve as an important therapeutic target in the context of fracture repair.

Disclosures: Cuicui Wang, None.
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Periosteal PTHrP Regulates Cortical Bone Modeling During Linear Growth.
Meina Wang*l, Joshua VanHouten?, Randy Johnson3, Arthur Broadus>.
'Yale University, USA, 2Yale University School of Medicine, USA, M.D.
Anderson Cancer Center, USA

PTHrP is highly expressed in the periosteum (PO) and fibrous ligament and tendon
insertion sites during linear growth. Here, we tested the hypothesis that PTHrP in the
fibrous layer at the PO might regulate the modeling of cortical bone surfaces during
growth. We studied this question in mice in which PTHrP was conditionally deleted
via scleraxis (Scx )-Cre; Scx is a bHLH transcription factor that is highly expressed in
the connective tissues of bone. Concordance of Scx and PTHrP expression was
determined in Scx-Cre/R26R and PTHrP-lacZ reporter mice.

We focused on two regions: 1) the proximal posterolateral tibia (PL tibia), a well-
known site of metaphyseal modeling or cut-back and 2) the neck and diaphysis of the
fibula, chosen because it has a profoundly abnormal structure by pCT in the PTHrP
c¢KO mouse. Findings in the PL tibia included: a) abundant PTHrP expression in the
fibrous PO overlying a dense population of osteoclasts (OCs) resorbing the subjacent
metaphyseal cortex, b) a 75% reduction in these OCs in the PTHrp ¢cKO mouse,
together with a much thickened cortex in a site with concordant R26R and PTHrP-
lacZ expression, and c) a striking increase in endosteal osteoblasts (OBs) at this site
together with a 3-fold increase in double-label BFR by histomorphometry at 7 weeks.
This thickening distorted the PL tibia on 3D uCT in 10/10 cKO mice at 12 weeks. In
the control fibular neck, we found an extraordinary rate of modeling of a curious
“trabecularized cortex” that lacked a true cortical surface. Here, OCs and OBs were at
work on opposing trabecular surfaces, and the entire region lit up by double label at 7
weeks. In the cKO mouse, we saw a decrease in OC bone resorption, an inside-out or
endosteal pattern of double-labeling, and at 12 weeks total volumes and cross-
sectional areas that were twice those seen in the control mice (TV=0.27 + 0.03 vs 0.55
+ 0.06 mm3 and TA =0.17 + 0.02 vs 0.33 + 0.03 mm2, M + SEM, control vs cKO/
n = 5 pairs, t test <0.003). The result of this abnormal modeling was a fibular
diaphysis that was markedly thickened and misshapen throughout. Clearly, the
remarkable increase in the cKO fibular bone mass was the result of the uncoupling of
OC and OB activities during modeling.

We conclude that PTHrP in the PO regulates cortical modeling during linear
growth. Since the PO is anchored proximally in the bone collar, we propose that PO
PTHTrP expression may be driven in the fibrous PO by growth-induced loading.

Disclosures: Meina Wang, None.

FR0103

SULF1/SULF2 Expression in Osteochondral Cells and Their Role in Bone
Development and Fracture Repair. Gul Zaman*', Mittal Shah', Jajesh
Dudhia', Chantal Chenu?, Andrew Pitsillides', Gurtej Dhoot'. 'The Royal
veterinary College, United Kingdom, *Royal Veterinary College, United
Kingdom

Heparan sulfate 6-O-endo-sulfatases(SULF1 and SULF2) are a relatively novel
family of extracellular sulfatases that selectively remove 6-O-sulfate groups from
HSPGs, co-receptors for many growth factors and cytokinesthereby altering their
binding characteristics crucial for cell signaling. Cartilage and bone homeostasis are
regulated by specific growth factors and cytokines and skeletal abnormalities have
been reported in SULF1/2 double knockout mice. The role of resident osteochondral
cells through SULF1/2-mediated cell signaling has not, however, been examined and
the aim of this study was to examine the expression patterns of Sulf1/2 at mRNA and
protein level in cartilage and bone cells during normal development and fracture
repair in rat limbs using RT-PCR, immunohistochemistry and in vitro assays designed
to determine their functional significance.

SULF1/2 expression using immunohistochemistry was observed in chondrocytes
undergoing endochondral bone development in both primary and secondary
ossification centres in fetal day 17 and postnatal days 5-11 rat femurs. Examination
of epiphyseal growth plates revealed that compared to quiescent or hypertrophic
chondrocytes, the columns of proliferating chondrocytes expressed higher levels of
SULF1/2. Markedly higher levels of both SULFs, however, were expressed in
osteoblasts actively forming bone when compared with proliferating pre-osteoblasts in
the periosteum or the entombed osteocytes expressing the lowest levels.

A fracture model that comprised a mid-diaphyseal transverse osteotomy in the rat
femur showed elevated levels of SULF1/2 in the periosteal layer adjacent to the
fracture site during the early inflammatory phase. Chondrocytes, identified by Alcian
blue positive staining of their extracellular matrix, were more prevalent one week after
fracture and, as in growth plates, those undergoing active proliferation expressed
higher SULF1/2 levels than chondrocytes exhibiting overt differentiation or
hypertrophy. Active osteoblasts involved in bone accrual and osteoclasts in closely
allied resorbing sites also expressed elevated levels of SULF1/2 during the fracture
repair process.

Sulfl and Sulf2 mRNA was also expressed in the osteoblast-like cell line SAOS2
and RNA extracted from calvaria, long bones and cartilage samples. In preliminary
gain or loss of function analyses, the addition of SULFI neutralizing antibodies to
SAOS2 cells in vitro resulted in a small (15%) but significant (p<<0.05) increase in
osteoblast-like cell (SAOS2) proliferation.

This study shows that cartilage and bone cells have distinct SULF1/2 expression
profiles during development, which are recapitulated during fracture repair. Our
ongoing dissection of the signaling pathways active in cells expressing these elevated
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levels of SULF1/2 will provide important insight into the regulation of growth and
development in osteochondral tissues.

Disclosures: Gul Zaman, None.

FR0105

Computational Simulation of Osteopontin ASARM Peptide Binding to
Crystal Faces of Hydroxyapatite. Ahmad Mansouri!, David L. Masica®,
Jeffrey J. Gray?, Marc McKee*!. 'McGill University, Canada, 2Johns
Hopkins University, USA

Matrix extracellular phosphoglycoprotein (MEPE) and osteopontin (OPN)
contain an acidic, serine- and aspartate-rich motif (ASARM) which, when
phosphorylated, potently inhibits mineralization of osteoblast cultures. ASARM
peptides accumulate in hypophosphatemia patients whose distinguishing clinical
feature is soft bones (osteomalacia). To investigate the mechanism by which ASARM
peptides inhibit mineralization, we have modeled using energy-minimization
computational simulations human OPN-ASARM peptide (DDSHQSDESHHSDES-
DEL) binding to hydroxyapatite mineral at the atomic scale. To examine peptide
binding to different hydroxyapatite atomic planes having different chemical
terminations, we used RosettaSurface, a computational structure-prediction algo-
rithm for peptide-solid surface interactions. We have determined the binding affinities,
specificities and structure for ASARM-Sp0 (without phosphoserine) and two
phosphorylated forms of ASARM (ASARM-Sp3 and ASARM-SpS5, with 3 and 5
phosphoserines, respectively). Peptides were constructed using PyMOL software.
{100}, {001} and {010} monoclinic hydroxyapatite planar surfaces having different
calcium-to-phosphate ratios were constructed using CrystalMaker software. Each
surface was generated by “cutting” along a specific Miller indices (hkl) plane, and
each mineral construct had a thickness of at least 8 angstroms. P-O and O-H bonds
are strong and their breaking is energetically unfavorable, so we tailored the
terminations to leave intact interfacial phosphate and hydroxyl ions. Different mixed-
charge surfaces were constructed to reflect surfaces likely sampled during crystal
growth. The RosettaSurface protocol predicted low-energy conformations for these
peptides in solution and bound to mineral (adsorbed). Adsorption data revealed
highly significant differences in binding energies between the 3 peptides for all crystal
surfaces examined, with increased binding correlating with increased phosphorylation.
All peptides were generally unstructured both in solution and upon adsorption, and
phosphate and carboxylate groups coordinated with surface calcium with some degree
of lattice matching. The highest binding energies were for the phosphorylated peptides
on (100) and (010) terminations. In conclusion, these computational simulations
provide mechanistic data on how OPN and its phosphorylated peptides act as potent
biomineralization inhibitors. Support from the CIHR and the Arnold and Mabel
Beckman Foundation.

Disclosures: Marc McKee, None.

FRO116

Critical Role of PTH Receptor Phosphorylation in Regulating Acute Effects
of PTH on Renal Hemodynamics. Akira Maeda*!, Makoto Okazaki’,
Hiroko Segawa', Abdul Abou-Samra3, Harald Jueppnerl, John Pottsl,
Thomas Gardella'. 'Massachusetts General Hospital, USA, >Chugai
Pharmaceutical. Co., Ltd., Japan, *Wayne State University, School of
Medicine, USA

Phosphorylation of seven serine residues on the PTHR1 C-terminal tail is thought
to play a key role in controlling signaling responses induced by PTH ligands. Cells
expressing a phosphorylation-deficient mutant PTHR1 (PD), having the seven serines
replaced by alanine, exhibit prolonged cAMP signaling responses to PTH ligand
treatment. Knock-in mice expressing this PD-PTHRI1 in place of the normal PTHR1
exhibit prolonged increases in blood cAMP levels after single acute PTH(1-34)
injection (Bounoutas et al., Endocrinology 2006). Last year we reported that the
expected responses of decreased blood phosphate levels and increased blood
1,25(0OH),D; levels following acute PTH(1-34) injection were unexpectedly blunted
in the PD mice. Furthermore, whereas levels of cAMP in urine of WT mice increased
robustly following PTH injection, they did not increase in urine of PD mice. These
altered responses of blood and urine markers of PTH action suggested a defect in
PTH function in kidneys of PD mice.

We investigated the effects of PTH injection in WT and PD mice on NaPi2a
protein levels in renal brush-border membranes (BBMs) using western blot analysis.
Surprisingly, NaPi2a expression was down-regulated in renal BBMs of PD mice to the
same extent that it was in renal BBMs of WT mice. Moreover, real-time PCR analysis
revealed that PTH injection increased 1o-OHase mRNA expression in kidneys of PD
mice to the same extent that it did in kidneys of WT mice. Thus, key molecular
responses in renal proximal tubule cells were normal in PTH-injected PD mice. We
then investigated effects on renal filtration. We injected (iv) WT and PD mice with
FITC-inulin, along with PTH(1-34) (50 nmol/kg) or vehicle, and measured the
disappearance of fluorescence from the blood over time. The values for T, of FITC-
inulin in vehicle- and PTH-injected WT mice were 17 +2 and 21 + 5 minutes, while the
corresponding values in PD mice were 14+2 and >75 minutes. Thus, renal clearance
following acute PTH injection was markedly impaired in PD mice. These data show
that phosphorylation of the PTHR1 plays a key role in regulating the effects of PTH
on renal clearance mechanisms. Whether these effects involve direct actions of the
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PTHRI1 specifically within the kidney, the systemic vasculature, or elsewhere, is
currently under investigation.

Disclosures: Akira Maeda, Chugai Pharmaceutical Co., Ltd., 3
This study received funding from: NIH-NIDDK DK-11794, Chugai Pharmaceutical Co.,
Ltd.

FRO117

Induction of Bone Marrow Apoptosis Impacts PTH Anabolic Actions in
Bone.. Amy Koh*l, Sun Wook Choz, Glenda Pettwavl, Laurie McCauley”.
"University of Michigan, USA, *Seoul National University Hospital, South
Korea, *University of Michigan School of Dentistry, USA

PTH has multifaceted effects in the skeleton, a prominent one being its potent
anabolic actions. Irradiation increases bone marrow cell apoptosis, TGFp activity,
and mesenchymal progenitor cell numbers which are associated with augmented PTH
anabolic actions. The purpose of this study was to determine whether targeted bone
marrow cell apoptosis impacts PTH anabolic actions. The pro-apoptotic agent,
etoposide (ETOP) (20mg/kg) or vehicle (VEH) control, was used to treat 16wk old
mice daily for 5d then 3d/wk for 6wks. PTH (50mg/kg/d) or VEH was also
administered daily resulting in 4 treatment groups: VEH, PTH, ETOP and
PTH+ETOP. Mice were sacrificed 24h after last injections and skeletal phenotyping,
flow cytometric analyses (FACs) of the bone marrow, and serum bone turnover
markers analyzed. MicroCT analysis and histomorphometry of tibiae revealed a
significant increase in bone volume with PTH vs. VEH, and a significant decrease with
ETOP vs. VEH. PTH administration in the ETOP treated mice had a significantly
higher ratio of increase versus PTH without ETOP. At 5 days of ETOP treatment
there was a significant increase in early apoptotic cells (AnnexinV+PI-) as well as
MER*CDI11b"F4/80" and MER"CD68¥F4/80 cells via FACs. At 6 wks, FACs
analysis revealed significantly increased percentages of CD68" and Gr1"CD11b"F4/
80" (macrophage markers), CD45" (leukocyte marker) and Lin"CD29"scal™
(mesenchymal stem cell marker) cells with ETOP or PTH+ETOP treatment. Serum
TRACP5b was significantly increased with PTH and PTH+ETOP similarly whereas
PINP levels were increased to a greater extent with PTH than PTH+ETOP.
PTH+ETOP significantly reduced numbers of osteoclasts per bone perimeter after 6
wks of treatment when compared to VEH or ETOP but not compared to PTH alone.
In another experimental model, luciferase” bone marrow stromal cells (BMSCs) were
implanted subcutaneously to form ectopic ossicles and their growth tracked over time
using bioluminescent imaging. Mice were administered VEH, ETOP, PTH, or
PTH+ETOP daily starting 7d after implantation. PTH increased BMSC luciferase
signals at d6. ETOP increased signal similarly to PTH and greater than VEH while
PTH+ETOP had the greatest increase in luciferase BMSC signal suggesting that the
induction of apoptosis provided an environment more conducive for PTH anabolic
actions. Taken together, these data suggest that targeted apoptosis augments the
ability of PTH to evoke anabolic actions in bone.

Disclosures: Amy Koh, None.

FRO119

Proton Generation by Osteoblasts/Osteocytes in Response to PTH/PTHrP.
Katharina Jihn*', Matt Prideaux’, Hong Zhao?, Sarah Dallas', Lynda
Bonewald!. "University of Missouri - Kansas City, USA, *University of
Missouri-Kansas City, USA

PTH activates bone remodeling and elevated PTHrP during lactation has been
shown to induce osteocytes to remove mineral from their perilacunar matrix (Qing ez
al. 2012). Genes associated with the production and export of protons i.e. carbonic
anhydrase and ATP/H+ transporters, and proteins active under acidic conditions i.e.
TRAP and Cathepsin K are elevated with lactation. To determine if osteocytes can
acidify their microenvironment, the IDG-SW3 cell line, which recapitulates early to
late osteocyte differentiation, was used. Addition of 100nM PTHrP rapidly and
significantly reduced pH in the media of IDG-SW3 cultures at day 3 and 6
(representative of late osteoblasts/early osteocytes) as detected by the pH indicator
dye SNARF. Similar, but less pronounced effects were observed using 100nM PTH.
This effect was specific for the osteoblast lineage as similar effects were observed with
osteoblastic but not fibroblastic cells. However, the effects of PTH on genes associated
with proton production were dependent on stage of differentiation. PTH (50nM)
treatment for 24h significantly increased gene expression of ATP6VOB, ATP6V0d2,
TRAP and Cathepsin K in mature osteocyte (day15-29) IDG-SW3 cultures but not in
late osteoblast/early osteocyte (dayl-8) cultures. Therefore, late osteoblasts/early
osteocytes are primed to release protons in response to activation by a potentially
different mechanism from that of mature osteocytes. To further examine osteocyte
perilacunar remodeling in vivo, mice expressing an a2(I)-collagen-GFP fusion protein
were allowed to lactate. The prominent green fluorescence around osteocyte lacunae
and within the bone matrix in virgin mice was absent in lactating mice but reappeared
with 1 week recovery after force weaning. Whereas the absence of GFP-collagen in the
osteocyte perilacunar matrix with lactation may be due to proteolytic degradation of
collagen, this is an unlikely explanation for the absence of fluorescence throughout the
surrounding bone matrix. Using a cell lysate containing GFP, decreasing pH
quenched GFP fluorescence which was partially recovered at pH>6, but not at
pH<S5. Therefore, recovery of GFP in the bone matrix of a2(I)-collagen-GFP mice
post-lactation suggests a reduction in pH of no more than 6 during lactation. These

S87

data provide evidence that osteocytes may have the capacity to lower pH in their local
environment, thereby affecting activation of proteases and removal of mineral.

Disclosures: Katharina Jihn, None.

FRO0124

FGF23 Suppresses Chondrocyte Proliferation and Maturation in the Presence
of Soluble Alpha-klotho both in vitro and in vivo. Masanobu Kawai*!, Saori
Kinoshita®, Yasuhisa Ohata®, Kazuaki Miyagawa®, Miwa Yamazaki',
Keiichi Ozono®, Toshimi Michigami®. 'Osaka Medical Center & Research
Institute for Maternal & Child Health, Japan, 2Osaka Medical Center &
Research Institute for Maternal & Child Health, Japan, *Osaka University,
Japan, “Osaka Medical Center, Japan, *Osaka University Graduate School
of Medicine, Japan, ®Osaka Medical Center, Research Institute for
Maternal & Child Health, Japan

Fibroblast growth factor-23 (FGF23) is well established to play a crucial role in
the regulation of phosphate homeostasis. X-linked hypophosphatemic rickets (XLH)
is one of the FGF23-related disorders characterized by the impaired mineralization
and growth retardation. Similar to XLH, FGF23 levels are elevated in patients with
chronic kidney disease (CKD) and one of the complications of childhood CKD is
growth retardation. However, it remains unclear as to whether the elevated levels of
FGF23 have any direct effects on chondrocyte biology with respect to the
development of growth retardation. To answer this question, we performed in vitro,
ex vivo and in vivo analyses to determine the effect of FGF23 on chondrocyte biology.
In vitro studies revealed that FGF23 induced ERK phosphorylation and up-regulated
Egrl expression in the presence of soluble alpha-klotho (sKL) both in ATDCS cells
and primary chondrocytes. Ex vivo organ culture of metatarsal rudiments showed
that FGF23/sKL suppressed the linear growth of metatarsals in a dose dependent
manner, which was antagonized by the co-incubation with neutralizing antibodies
raised against FGF23. Calcium deposition detected by calcein labeling in the
hypertrophic zone was impaired in metatarsals treated with FGF23/sKL, suggesting
that chondrocyte maturation is impaired in FGF23/sKL-treated metatarsals.
Histologically, the length of proliferating zone was diminished associated with
decreased proliferation of chondrocytes. FGF23/sKL did not affect the expression of
Sox9 and Col2al, but significantly suppressed Indian hedgehog (Ihh) expression.
Importantly, administration of Thh protein partially rescued the suppressive effect of
FGF23/sKL on metatarsal growth. In vivo, three-consecutive days of intraperitoneal
administration of sKL in Hyp mice (P7) caused a decrease in the length of
proliferating zone associated with a decline of proliferation of chondrocytes, but did
not alter circulating phosphate levels. In adenine-induced CKD models, the length of
proliferating zone was decreased in association with elevated serum FGF23 levels
despite of the comparable circulating phosphate levels compared to controls. These
lines of evidence suggest that FGF23 may have a direct influence on chondrocyte
biology such that it suppresses proliferation and maturation of chondrocytes in the
presence of sKL and blockade of FGF23 signaling could have a therapeutic potential
to improve linear growth in CKD and XLH patients.

Disclosures: Masanobu Kawai, None.

FRO125

Persistent Hyperparathyroidism Is a Major Risk Factor for Fractures in the
Five Years after Renal Transplantation. Rose-marie Javier*!, Peggy Perrin?,
Sophie Caillard?, Laura Braun’, Francoise Heibel?, Bruno Moulin>.
"University Hospital, France, *Nephrology-Transplantation Department,
France, *Nephrology-Transplantation Department, Strasbourg, France

Persistent hyperparathyroidism (HPT) contributes to bone loss after renal
transplantation (RT) but its impact on fracture in the early course of RT is not
documented. This longitudinal study was designed to evaluate persistent HPT and its
association with mineral disorders and fractures in the five years after RT.

Methods.152 consecutive patients undergoing RT at our center between August
2004 and April 2006 were included. Bone and metabolism biochemical parameters
were determined at RT, at 3, 12 and 60 months after RT (D0, M3, M12, M60).
Patients characteristics, treatments and symptomatic fractures were recorded.

Results.143 patients were analysed (age 47 +12 years, 59% male, 89% deceased
donor, 18% RT range>1, 12% diabetic nephropathy, 37 +42 dialysis months, 79%
haemodialysis, 17% peritoneal dialysis). Pretransplant osteopenia (BMD T-score -1 to
-2.5 at hip and/or at spine) concerned 44% of patients and osteoporosis (T-score<<-2.5)
23%. At DO, intact parathormon serum concentration (PTH) was 447 + 395 pg/mL.
Incidences of persistent HPT (PTH>130 pg/mL) at M3 and M60 were respectively 49
and 34 %, of hypercalcemia (Ca>10.4 mg/dL) 13 and 8% and of hypophosphatemia
(Ph<2.5 mg/dL) 22 and 20 %. At M60, 12% of patients with GFR>60 ml/min had
PTH>130 ng/L.

Recipients with PTH>130 ng/L at M3 had decreased survival (7 vs 0, p=0.03),
higher BMI, bone turnover markers (bAP, crosslaps) and calcemia and lower
phosphatemia, 25SOHD and GFR.

During the five post transplant years, 22 patients (15.4%) presented 30 fractures
(spine: 10, foot:6, forearm:6, leg:4, rib:2, hand:1, hip:1); 24 fractures were spontaneous.
Mean time to first fracture was 15.9 + 15.7 months. Six patients presented several
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fractures. Fractures were significantly associated with: M3 and M12 PTH>130 pg/
mL, M3 and M12 hypercalcemia, M3 hypophosphatemia, M3 albuminemia<40 g/dL
and a trend for female gender and pretransplant osteopenia. Fractures were not
associated with 250OHD at D0, M3 and M12 bAP, diabetes, age, M3 GFR. By ROC
curve analysis, we showed that cut-off of M3 PTH of 130 pg/mL predicted fractures
occurrence with a sensibility of 82% and a specificity of 58%.

Conclusion.This first longitudinal study demonstrates that persistent HPT is an
important risk factor for fractures after RT. A better control of hyperparathyroidism
before and after kidney transplantation should be beneficial, particularly in patients
with pretransplant bone disease.

Disclosures: Rose-marie Javier, None.

FR0129

Rapid Decrease in Plasma Calcium Concentration by Treatment with ONO-
5334, a Cathepsin K Inhibitor, in the Rabbit Hypercalcemia Model Induced
by PTHrP. Yasuo Ochi*l, Hiroyuki Yamada®, Yasutomo Nakanishil,
Satoshi Nishikawa', Yasuaki Hashimoto', Hiroshi Mori!, Masafumi
Sugitani', Yutaka Shichino', Kazuhito Kawabata'. 'Ono Pharmaceutical
Co., Ltd., Japan, 20ONO PHARMA UK LTD., United Kingdom

Malignancy-associated hypercalcemia is mainly caused by enhanced bone
resorption associated with over-production of the parathyroid hormone-related
protein (PTHrP) by tumor. ONO-5334 is a small molecule and an orally-active
inhibitor of cathepsin K, which plays an important role in osteoclast-mediated bone
resorption. In this study, we evaluated the effect of ONO-5334 on plasma calcium
concentration (Ca) in the rabbit hypercalcemia model induced by PTHrP.

Thirty micrograms/day of PTHrP (human 1-34) or vehicle-1 (2% L-cysteine
solution) was subcutaneously infused via an ALZET osmotic pump (Model 2ML1) on
the back of New Zealand White rabbits (female, 11 weeks of age). On the next day,
rabbits infused PTHrP were assigned to one of the following 3 groups (4-5 animals/
group): PTHrP-control treated with vehicle-2 (0.5% methlycellose solution), ONO-
5334 3 or 30 mg/kg, based on plasma Ca concentration. ONO-5334 or vehicle-2 was
orally administered once daily from the day following PTHrP infusion for 3 days. In
separate experiments, alendronate (0.17 or 0.85 mg/kg) or zoledronic acid (0.06, 0.2 or
0.6 mg/kg) was administered intravenously in a single dose on the day following
PTHrP infusion. Blood was collected over time until 4 days after beginning the
PTHrP infusion, and plasma free Ca concentration was measured.

Plasma Ca concentration, at 24 hours after osmotic pump implantation,
significantly increased by 4.3 mg/dL in the PTHrP-control group (p<<0.01 vs
vehicle-1-infused group), and this elevation was sustained during the study period.
ONO-5334 at 3 and 30 mg/kg dose-dependently decreased plasma Ca concentration
from 3 hours after first dosing and this effect was maintained by repeated dose (2.0 -
3.3 mg/dL reduction in 30 mg/kg group, p<<0.05 vs PTHrP-control). Significant
decreases in plasma Ca concentration were observed with alendronate at 0.85 mg/kg
and zoledronic acid at all doses from 54 hours (p<<0.05 vs PTHrP-control) and 24
hours (p<<0.01 vs PTHrP-control) after dosing, respectively. The maximum reduction
in Ca concentration appeared to be comparable to that of ONO-5334.

These results suggest that ONO-5334 may decrease plasma Ca concentrations
much earlier than bisphosphonates in hypercalcemia patients. Rapid onset of the
effect of ONO-5334 is considered to be due to direct inhibition of cathepsin K, while,
for bisphosphonates, their accumulation in bone is necessary to inhibit bone
resorption.

Disclosures: Yasuo Ochi, None.

FR0130

Genome Wide DNA Methylation Array in Genetic Hypercalciuric Stone-
forming (GHS) Rats Reveals that Vitamin D Receptor (VDR) Regulates
Crystalin Zeta (CryZ) Gene Expression through DNA Methylation.
Hongwei Wang*!, Baisheng Ful, Jinhua wang', David Bushinskf,
Murray Favus'. 1University of Chicago, USA, 2University of Rochester,
USA

Hypercalciuria is an important contributing factor in the formation of calcium
oxalate kidney stones in idiopathic hypercalciuria (IH). Genetic Hypercalciuric Stone-
Forming (GHS) rats are an excellent model for studies of human IH, as both form
calcium-containing nephrolithiasis and have hypercalciuria and normal serum
calcium. In GHS rats, hypercalciuria arises from increased intestinal Ca absorption
and bone resorption, and decreased renal tubule Ca reabsorption due to elevated
VDR in Ca-transporting tissues. In the present study, we investigated the role
epigenetic regulation of renal Ca transport in the hypercalciuria of GHS rats. Genome
wide DNA methylation array and gene microarray performed on kidneys from GHS
and SD rats identified 132 gene promoter regions with hyper- or hypo- methylation in
GHS rats and about 600 genes that are either enhanced or decreased. After combining
the two arrays, five genes were hyper- or hypo-methylated in the GHS rats with either
lower or higher gene expression respectively. In proximal and distal tubules, BSCI
transport function requires stabilization by CryZ. Loss of CryZ interrupts BSC1
mediated transport and alters pH-induced changes in ion transport including Ca. ? In
GHS rats, CryZ expression is lower and the promoter region is hypermethylated. In
vitro and in vivo 1,25-dihydroxyvitamin D3 (1,25(OH)2D3) downregulated CryZ gene
expression through binding to the same specific promoter regions. Immunochemistry
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staining performed show VDR is mainly located the proximal and distal tubules with
higher expression in GHS rats. CryZ is extensively expressed in cortex, medulla and
medullary papillae. Conclusion: VDR suppresses CryZ gene expression through
specific sites of hyper-methylation in GHS rat kidney. Loss of CryZ may destabilize
the BSCI transporter and thereby contribute to the hypercalciuria

Disclosures: Hongwei Wang, None.

FRO0131

Increased Sost Expression in Hyp-mouse Bone: A Primary Factor Underlying
Abnormal Mineralization and Osteomalacia. Baozhi Yuan*!, Stephen
Bowman', Ying Liu’, Robert Blank!, Min Liu®, Hua Zhu Ke®, Jian
Feng®, Marc Drezner'. 'University of Wisconsin, USA, *Texas A&M
Health Science Center, USA, 3Amgen Inc., USA

A loss of function PHEX mutation in patients with X-linked hypophosphatemia
(XLH) and in /1yp-mice underlies the disease phenotype. Thus, targeted Phex deletion
in osteocytes (DMPI-Cre-Phex?™" -mice) results in the HYP biochemical pheno-
type. However, Table 1 shows that DMPI-Cre-Phex”*"-mice not only manifest a
mild osteomalacia compared to Ayp-mice, but upon Pi loading restore normal bone
histology, while osteomalacia persists in mutant mice. The disparate mineralization
suggests osteomalacia in /yp-mice is due to a PHEX dependent variable, other than
hypophosphatemia. Subsequent studies revealed bone Sost mRNA is increased in /iyp-
compared to wild type mice (11.944.6 vs 1.1 +0.2 relative expression; p<<0.001), but
not in DMPI-Cre-Phex?_mice (1.1+0.9). To determine if the suppressive effects
of Sost mRNA/Sclerostin on mineralization contribute to the bone phenotype in Ayp-
mice, we crossed mutant and Sost knockout mice (Sost™). The offspring hyp***™"-mice
had decreased serum Pi (4.614+0.67 vs 10.3+1.3 mg/dl; p<0.01) like /yp-mice
(5.18 £0.14 mg/dl). The decrement is due to serum FGF23 in hyp- (16374781 pg/ml)
and hyp**"-mice (1317 + 522 pg/ml)), which is significantly increased (p<<0.01) above
that in wild type mice (81+21 pg/ml) Subsequently, we examined the effects of
diminished Sost mRNA on bone in mice treated with a high Pi diet to eliminate any
effects of hypophosphatemia. Studies in Table 2 indicate that bone from /yp**”-mice
displays increased (p<<0.05) cortical bone volume (BV/TV), but the increment fails to
normalize this variable. However, the bone mineral apposition rate (MAR) increases
(p<0.01) to a normal level. In accord, bone sections from /yp***"-mice have reduced
(p<<0.01) osteoid volume (OV), but the unmineralized matrix remains greater
(p<<0.01) than in wild type mice, reflecting inordinate stimulation of matrix formation
compared to MAR. Our data demonstrate that decreased Sost expression normalizes
the bone MAR in /yp-mice. However, while a reduction of Sost mRNA to normal in
DMPI-Cre-Phex*¥_mice increases matrix formation commensurately with the
MAR, rescuing the bone phenotype, an inordinate decreased Sost expression in
hyp**“"-mice excessively enhances matrix formation, resulting in increased osteoid.
These observations indicate that osteomalacia in yp-mice results from the cumulative
effects of increased Sost expression and hypophosphatemia.

Table 1 Normal Diet Phosphate Loaded Diet
wt mice | hyp-mice | OMPi1-Cre-Fhex | wimice | hyp-mice | OMP1-Gre-Phex
OV (%) 2.720.3 | 38234 1421.7 2.4:06 | 27.2+35 3.820.8
MAR {w/d) | 3.0:04 | 0.52:0.2 1.5:0.3 3.1=0.4 | 1.420.16 2.9:0.6
Table 1
Table 2

Disclosures: Baozhi Yuan, None.
This study received funding from: Amgen

FRO0132

The Effect of Antenatal Vitamin D Supplementation on Early Neonatal
Calcium Homeostasis. Jennifer Harrington*!, Abdullah Al Mahmud?,
Rubhana Raqibz, Abdullah Baqui3, Daniel Roth'. 'The Hospital for Sick
Children, Department of Pediatrics, University of Toronto, Canada,
2ICDDR B, Bangladesh, >The John Hopkins Bloomberg School of Public
Health, USA

Antenatal vitamin D supplementation may modulate fetal and neonatal calcium
homeostasis. However, the effects of high-dose maternal vitamin D supplementation
on early neonatal calcium handling are not well-described. A randomized, double-
blinded, placebo-controlled prenatal vitamin D trial in Bangladesh provided an
opportunity to study the relationship between antenatal vitamin D status and fetal-
neonatal calcium homeostasis.

Objective:In this sub-analysis we aimed to determine the effect of antenatal 3™-
trimester high-dose vitamin D supplementation on early neonatal calcium handling.

Methods:160 women from Dhaka, Bangladesh were randomized to receive either a
weekly dose of 35,000IU of oral vitamin D3 or placebo from 26 weeks gestation.
Blood and urine at time of delivery, cord blood and infant blood and urine from day 3
and 5 of life were collected. For safety monitoring, infants with calcium levels
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<1.9mmol/L or >2.82mmol/L or urine calcium:creatinine ratios >2mmol/mmol had
further clinical assessment, blood work and renal ultrasound.

Results: Analyses included 132 cord and maternal delivery specimen pairs as well as
74 infants. Vitamin D supplementation significantly increased cord 25(OH)D versus
placebo (102.8(+28.6) vs 39.0(+18.7) nmol/L, p<0.0001). Maternal and cord
25(0OH)D levels strongly correlated (r=0.87, p<<0.001). Total serum calcium was
higher in cord blood with supplementation (2.7(40.1) vs 2.6( +0.2) mmol/L, p=0.04).
Although hypocalcemia was not observed in either group, the infants whose mothers
received vitamin D supplementation had a significant attenuation in the calcium nadir
at day 3 (change in calcium from cord to day 3 -0.10(+0.17) vs -0.22(40.18) mmol/
L). Significant associations with change in calcium at day 3 included higher cord
25(0OH)D (r=0.4, p=0.01) and lower cord calcium (r=-0.57, p<<0.001). On multiple
regression, the significant predictor for day 3 calcium level was cord 25(OH)D
(p=0.01, R>=0.15).

6 infants in both the supplemented and placebo group had evidence of transient
asymptomatic hypercalcemia which spontaneously resolved, with no ultrasound
evidence of nephrocalcinosis.

Conclusions: Antenatal high-dose vitamin D supplementation attenuated the early
postnatal calcium nadir. While reassuring that supplementation did not result in
higher rates of hypercalcemia, the clinical benefits of the observed effects on neonatal
calcium handling need further exploration.

Disclosures: Jennifer Harrington, None.
This study received funding from: The Hospital for Sick Children and the Thrasher
Research Fund

FRO0133

Vitamin D2 and D3 Replacement Effectiveness in Patients with Chronic Liver

Disease. Dorota Krajewski, Julia (Julianna) Barsony*. Georgetown
University Hospital, USA

Patients with chronic liver disease (CLD) have high incidence of vitamin D
deficiency and osteoporotic fractures, but vitamin D treatment guidelines have not
been established in this population. We have collected data from medical records to
determine the D2 and the D3 doses required to normalize serum 250HD levels (above
32 ng/ml) in vitamin D deficient patients with chronic liver disease. We selected CLD
patients responding to D2 (CLD-D2, n=53) or D3 treatments (CLD-D3, n=45) and
controls (C) without liver disease responding to D2 (C-D2, n=53) or D3 (C-D3, n=45)
treatments. To select controls, CLD patients were matched for age, race, gender, body
mass index (BMI) and baseline serum 250HD levels. Exclusion criteria included renal
insufficiency, pregnancy, hypercalcemia, recent (past year) or concurrent use of
medications known to alter calcium metabolism (i.e. steroids, calcitriol, anti-seizure
medications), and history of organ transplant or bariatric surgery. Liver disease
severity, defined by MELD scores and serum albumin levels, were comparable
between the D2- and D3-treated groups. Subgroup analysis included liver cirrhosis
(LC), primary biliary cirrhosis (PBC) and non-alcoholic fatty liver disease (FLD). In
responders, treatment effectiveness was characterized by calculating the daily D2 and
D3 doses required to raise serum 250HD concentration by 1 ng/ml. The results
showed that effective D2 and D3 doses were both doubled in CLD compared to C
(p<<0.001). In patients with LC, effective doses correlated positively with MELD
scores (D3: r=0.705, p<0.005; D2: r=0.476, p<<0.05) and negatively with serum
albumin (D3: r=0.468, p<<0.05; D2: r=0.464, p<<0.05). Effective doses of D2 were
higher than D3 doses (p<<0.01) in every group. Obesity (BMI>35) in controls
increased the effective D3 doses by 42+ 15% (p<<0.05) and D2 by 33 +15% (NS), but
FLD increased it even more: effective D3 doses increased by 135 +43% and D2 doses
by 83+17%. Many CLD patients (LC, n=33; PBC, n=6; FLD, n=60) were
nonresponsive to weekly 50,000 IU D2 given for more than 3 months. Our findings
demonstrate that patients with chronic liver disease require significantly higher
vitamin D replacement doses than controls, proportionally to the severity of the liver
disease, and suggest that CLD patients should be preferentially treated with D3 rather
than D2.

Disclosures: Julia (Julianna) Barsony, None.

FR0136

Familial Hypocalciuric Hypercalcemia Type 2 (FHH2) Is Caused by a
Mutation of G Protein Alpha 11 (Gay;). Fadil Hannan*', M. Andrew
Nesbit', Sarah Howles', Nigel Rust?, Maurine Hobbs®, Hunter Heath®,
Rajesh Thakker!. 'Nuffield Department of Clinical Medicine, University of
Oxford, United Kingdom, ?Sir William Dunn School of Pathology,
University of Oxford, United Kingdom, 3Core Research Facilities,
University of Utah, USA, “Indiana University School of Medicine, USA

The calcium-sensing receptor (CaSR), which has a central role in extracellular
calcium homeostasis, is a G protein-coupled receptor that acts via the G proteins, G
and Gy, that effect intracellular signalling and alterations in intracellular calcium
([Ca®*];). CaSR mutations, resulting in a loss-of-function, are associated with familial
hypocalciuric hypercalcemia type 1 (FHHI1). However, such mutations cause FHH in
~65% of patients and two other loci for FHH have been reported on chromosome 19p
and 19q13.3, and these are termed FHH2 and FHH3, respectively. The gene encoding
the alpha subunit of Gy; (Goyy), referred to as GNAII, is located on 19p and we
hypothesized that a mutation in Goy;, which is abundantly expressed in the
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parathyroids may cause FHH2. DNA sequence analysis of the 7 exons and 12
intron-exon boundaries of GNAII in a patient from the FHH2 kindred revealed a
heterozygous 3-bp (CAT) deletion that led to an in-frame deletion of Ile199
(199dellle). This mutation was associated with a gain of an Xmnl/ restriction enzyme
site, which was used to demonstrate that the 199dellle mutation co-segregated with
FHH in the kindred (10 affected and 11 unaffected family members) and not to be
present in 120 alleles from 60 unrelated normocalcemic individuals, thereby indicating
that it was not a common polymorphism. To investigate the functional consequences
of this mutation, wild-type and mutant 199dellle Ga,, proteins were expressed by
transient transfection in HEK293 cells stably transfected with CaSR and assessed by
measuring their [Ca®']; responses to changes in extracellular calcium ([Ca’'],). The
mutant 199dellle Go; protein resulted in a rightward shift of the [Ca®"]; dose—
response curve with significantly higher ECsy = 2.70mM (95% confidence interval (CI)
= 2.64-2.77mM) compared to wild-type Goy; ECsp = 2.33mM (95% CI = 2.29-
2.38mM) (p<<0.0001), consistent with this being a loss-of-function mutation. An
examination of the crystal structure of Gag, which has 90% amino acid identity to
Guyy, revealed that 1le199 is located within a 13 amino acid peptide that links two
functionally important domains that undergo conformational changes during
activation of the Goy; protein. Thus, our study has identified the genetic abnormality
causing FHH2, and this will further increase our understanding of extracellular
calcium homeostasis, and the structure-function relationships of G protein alpha
subunits.

Disclosures: Fadil Hannan, None.

FR0144

Modifications of Bone Material Properties Early Detected after One Year of
Menopause in Women. Delphine Farlay*!, Yohann Bala®, Susan Bare’,
Joan Lappe®, Robert Recker?, Georges Boivin®. 'INSERM, UMR1033;
Université De Lyon, France, 2University of Melbourne, Dept. of Medicine,
Australia, *Osteoporosis Research Center, Creighton University, USA,
“Creighton University Osteoporosis Research Center, USA, *INSERM,
UMRI1033 ; Universite De Lyon, France

At menopause, bone remodelling increases and becomes unbalanced leading to
bone loss and fragility. However, whether modifications in bone tissue material
properties (mineral and organic components) occur across menopause is still unclear.
Twenty pairs of iliac bone biopsies, taken from healthy women before and after
menopause [12 months after the final menses (mean interval between the two biopsies
60 + 24 months)], were usedl. Impaired micromechanical properties have been
previously observed at the tissue level (microhardness) in those bone biopsies2. The
present study thus aims to assess sub-tissue bone mineral and organic matrix
composition. Sections two um-thick were cut and analyzed by infrared microspectro-
scopy with a Perkin-Elmer microscope in transmission mode. Ten areas of bone
matrix in each cortex (150pumx150pm) and 20 areas (150x50um) in trabecular bone
were scanned, in order to observe a large area of the bone biopsy sections. After curve-
fitting of infrared spectra, 5 variables were measured: mineral maturity, crystallinity
index, mineralization index, carbonation and collagen maturity. Statistical analysis
was performed using non parametric Wilcoxon tests. Among the 5 variables, only the
mineralization index was significantly decreased after menopause in paired biopsies in
trabecular bone (p=0.0239), and tended to decrease in cortical bone (p=0.09). No
significant changes were observed in crystallinity index, mineral maturity, carbonation
or collagen maturity, either in trabecular or in cortical bone while the activation
frequency had almost doubled. This suggests that, early after menopause, trabecular
bone is first affected by modification in material properties, especially by a decrease in
the proportionate amounts of mineral and organic components. However, this does
not yet affect the bone crystal characteristics (as crystal size, perfection, mineral and
collagen maturities). The impact of the duration of menopause on the bone mineral
characteristics will be further evaluated on bone biopsies taken after 14 years.

1 Recker et al 2004, J Bone Miner Res 19: 1628

2 Bala et al 2010, J Bone Miner Res 25 (Suppl 1): 1141

Disclosures: Delphine Farlay, None.

FRO0145

Aortic Calcification, Arterial Stiffness, and Vascular Wnt mRNAs Are
Increased In Atherosclerotic LDLR-/- Mice Lacking Smooth Muscle Cell
LRP6. Jian Su Shao*', Abraham Behrmann®, Karen Krchma? Su-Li
Cheng', Linda Halstead?, Attila Kovacs®, Bart Williams*, Dwight Towler>.
"Washington University in St. Louis School of Medicine, USA,
®Washington University, USA, *Washington University in St. Louis,
USA, *Van Andel Research Institute, USA

When male LDLR-null mice are fed high fat diabetogenic diets (HFD), osteogenic
transcription factors of the Runx, Msx and Sox gene families are upregulated in the
aorta with progressive calcification. Msx2 enhances mesenchymal cell mineralization
in part via paracrine Wnt signals, ligands for LRP5 and LRP6. Previous studies by
others indicate that global LRPS deficiency reduces valve calcification. We wished to
understand the vascular smooth muscle cell (VSMC)-autonomous roles of the related
Wnt receptor, LRP6, in diabetic arteriosclerosis. Therefore, we generated and
characterized SM22-Cre;LRP6(fl/fl);LDLR-/- (LRP6-CKO) mice as a model for
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study, using the SM22 promoter to direct Cre expression in VSMCs. LRP6-CKO and
LRP6(fl/fl);LDLR-/- control mice developed equivalent obesity (34% of body weight
as fat following HFD for 3 months). No differences in bone or lean body mass — or in
fasting hyperglycemia, hypertriglyceridemia, and hypercholesterolemia — were
observed. However, LRP6-CKO mice exhibited increased aortic calcium accumula-
tion (2.15 +/-0.15 ug calcium / mg aortic wet weight vs. 1.50 +/-0.12 ug/mg; p = 0.002,
n =14-15 per group). Moreover, by histomorphometry, aortic valve leaflet area (1.39-
fold; p = 0.03) and wall thickness (48.4 +/- 3.0 vs 41.3+/-0.4 microns; p = 0.04) were
increased in LRP6-CKO mice vs. controls. Echocardiography demonstrated increased
aortic pulse wave velocity in LRP6-CKO (3.40+/- 0.3 m/s) vs. controls (2.96 +/- 0.14
m/s; p = 0.035, n = 5 per genotype) , confirming the predicted increase in vascular
stiffness arising from calcification and wall thickening. To begin to address
mechanism, we evaluated the aortic gene expression. LRP6-CKO mice exhibited
reduced aortic LRP6, with concomitant reductions in markers of VMSC differentia-
tion (SM22, Myhl1,myocardin). Aortic Sox2, a signature of proliferating multipotent
mesenchymal progenitors, was increased 18-fold, but no changes were noted in aortic
LRP5, Runx2, Sox9, Sox5, Sox6 or Msx2. However, aortic Wnt7b (92-fold), Wnt4
(44-fold), Wntl0a (10-fold), and Wnt3a (170-fold; all p < 0.002) were markedly and
selectively upregulated in LRP6-CKO mice, mimicking the expression profile with
aortic calcification arising from Msx2 transgenesis. Thus, VSMC LRP6 modulates
aortic calcification in LDLR-/- mice, serving to restrain arteriosclerosis with HFD-
induced disease. Secondary increases in vascular Wnt ligands with VSMC LRP6
deficiency may drive procalcific responses, presumably via LRP5.

Disclosures: Jian Su Shao, None.
This study received funding from: National Institutes of Health

FR0146

Calcium Supplementation and Cardiovascular Events. Vaishali Patel*!,
James Vacek?, Rajib Bhattacharya®. 'The University of Kansas Medical
Center, USA, ’KUMC, USA, *KU Medical Center, USA

Purpose Recent reports have suggested an association between calcium supple-
mentation and increased rate of cardiovascular events. The goal of this retrospective
study was to examine the association of calcium supplements with cardiovascular
disease states and survival in a large cardiovascular practice.

Methods Data was collected for 5.7 years (1/1/2004 to 10/8/2009) from the
electronic medical record of Mid America Cardiology, a large cardiovascular practice
at the University of Kansas Medical Center. Patients > age 50 were included in our
analysis. Diagnoses were derived from the patient problem list in the patients’
electronic medical record based on International Classification of Diseases, 9th
Revision (ICD-9) codes. Death was determined from the Social Security Death Index.

Results The data set included 8060 subjects categorized as calcium supplement user
vs. non-users. On multivariate logistic regression analysis, calcium supplementation
was not an independent predictor of all-cause death. When adjusted for clinical
variables and medications, calcium supplementation was not independently associated
with the diagnosis of coronary artery disease. There were no significant survival
differences for patients on calcium supplements vs. those who were not by product-
limit survival estimate. Hazard function analysis indicated that calcium supplementa-
tion was not an independent predictor of survival when adjusted for clinical variables.
(p=NS).

Conclusion Our data showed no association between calcium supplementation and
coronary artery disease as well as overall survival in a large retrospective cohort of
patients greater than 50 with high rates of significant cardiovascular risk factors.

[ —+— Calcium Supplement -4~ No Supplement |

Survival Dletrioution (%)
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@ 0 400 600 £00 1000 1200 400 1500 1E00 2000
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Survival figure

analysis

Table 2

Logistic regression for death as dependent variable

Predictor OR a P
Calcium Supplement (1R () 0.650-1.117 NS
Coronary artery disease m 1.545-2.777 = 0001
Age 1025 1.013-1.036 = 0001
Diabetes mellitus 1523 1.148-2.020 .04
Cardiomyopathy 2811 1.982-4.014 = 0001

variables
Table 1

Warl ables Oncalcium supplements | fot on caldum supplements | pValue
(%) 1878 (35%) 5182 {64%)
Age (years) 67411 64 +/- 10 <0001
Women 2402 (83%) 3325 (640%) <0001
Body Mass inoex 947 ] <0001
(kg/m®)
Coronary artery disease | 475 (17%) 599 (17%) <0001
(= 0% stenosis 21
coranary artery)
Cardiomyopathy 153 (%) 176 (%) <0001
Hypertensicn 1428 (50%) 1767 (34%) <0001
Diabates Mellitus 505 [16%) 924 (18%) NS
Valvdar hieart Disease | 220 (10%) 305 (%) <0001
Atrial Fibrillation 265 (#6) 203 (5%) <0001
Ejedtion Fraction (%) 5TH-10 57411 e
Aspirin Use 1473 (51%) 1469 (18%) = 0001
Angotensr-converting | 1084 (38%) 1300 {25%) <0001
engyme Inhibitor use
Statin e 1562 (55%) 1635 (39%) <0001
Creatining (mg/dl} 113+~ 101 170 +/-3.54 <0001
Total Chalesteral 170 +- 45 166 +- 48 [
{mgfdly
High-density 52 4/- 18 a5 +/- 15 <0001
lipoprotetn cholestenol
(mg/diy
Low density hpoprotesn | 95 +/- 36 a4 4/- 39 3
cholesterad (rg/dl)
itamin D level 28 4/-13 23+/-14 <0001

demographics

Disclosures: Vaishali Patel, None.
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FR0148

Tissue-nonspecific Alkaline Phosphatase Upregulation in Vascular Smooth
Muscle Cells Is Sufficient to Cause Medial Vascular Calcification. Campbell
Sheen*!, Wei Wang?, Manisha Yadav®, Jose Luis Millan* 'Sanford
Burnham Medical Research Institute, USA, 2Sanford Burnham Medical
Reaearch Institute, USA, *Burnham Institute for Medical Research, USA,
4Sanford-Burnham Medical Research Institute, USA

Medial vascular calcification (MVC) is a pathological condition common to
variety of diseases, including chronic kidney disease, diabetes, obesity, generalised
arterial calcification of infancy, arterial calcification due to deficiency of CD73,
Kawasaki Disease and Keutel Syndrome. While the genetic and physiological causes
of MVC differ between these diseases, several of them share the common feature of
tissue-nonspecific alkaline phosphatase (TNAP) upregulation. To investigate whether
TNAP expression is sufficient to cause MVC, we developed a conditional knockin
mouse model that overexpresses human TNAP under the control of the vascular
smooth muscle cell specific Tagln promoter. As early as seven days of age, male mice
showed strong alkaline phosphatase activity in the aorta and, by 14 days, distinct
aortic calcification was visible by X-ray. Further X-rays and micro-computed
tomography at 30 days showed extensive calcification of the aorta and renal, carotid
and coronary arteries. Heart weight measurements showed cardiac hypertrophy at 14
days that became progressively worse at 30 days. Survival curves showed that most
male mice died between 25 and 60 days of age. Serum alkaline phosphatase activity
was approximately five and 22 times normal at days 14 and 30, respectively. No
change in serum phosphate was detected at either age, and while serum calcium was
normal at 14 days, it was slightly lower than controls at 30 days of age. No difference
in serum pyrophosphate levels were detected at either age, implying that it is the local
rather than systemic levels of pyrophosphate that are important for inhibition of
calcification. Gene expression analysis showed upregulation of classical markers of
MVC (Bmp2 and Opn) and osteoblast markers, (Runx2, Alpl, Phosphol, PiT-1, Enppl,
Ank and Collal) and a decrease in expression of the smooth muscle marker Tagin.
This data indicates that altering the local Pi/PPi balance is sufficient to initiate the
transdifferentiation of smooth muscle cells, a hallmark of MVC. The expression levels
of a variety of genes related to phosphate and pyrophosphate metabolism and/or
transport were also altered. Overall, the data from this mouse model indicate that
TNAP overexpression is sufficient to cause calcification and suggest that TNAP may
be a critical mediator in a variety of ectopic calcification disorders.

Disclosures: Campbell Sheen, None.

FRO151

Genotype-Phenotype Correlations and Pharmacogenetic Studies in 140
Swedish Families with Osteogenesis Imperfecta. Katarina Lindahl*!, Carl-
Johan Rubin®, Eva Astrém®, Barbro Malmgren®, Andreas Kindmark?>,
Osten Ljunggren®. 'Endocrinology, Sweden, >Uppsala University, Sweden,
3Department of Woman & Child Health, Division of Pediatric Neurology,
Karolinska Institutet, Sweden, “Karolinska Institutet, Department of
Dental Medicine, Division of Pediatric Dentistry, POB 4064 SE-14104,
Sweden, *Uppsala University Hospital, Sweden

Objective: Osteogenesis imperfecta (OI) is a rare heterogeneous disease of
connective tissue leading to varying degrees of bone fragility. The worst form (type
11) is peri-nataly lethal whereas the mildest form (type I) is compatible with a normal
life span and may even be diagnosed as osteoporosis in adulthood. Over 1000
mutations causing OI have been described in the genes encoding collagen type 1. As
COLI1AI and COLIA?2 are large genes, there are still many codon positions where no
mutations have been reported and only a fraction of theoretically possible glycine
substitutions have been described. In this study the spectrum of mutations causing OI
in Sweden will be investigated and genotype-phenotype correlations as well as
pharmacogenetics will be studied.

Method: All patients with OI cared for at the Uppsala Osteoporosis Unit (Uppsala
University Hospital) or Astrid Lindgren Childrens Hospital (Karolinska Institutet,
Stockholm) were offered to enter the study. 140 families with OI accepted
participation; 77 type I, 34 type IV, 20 type III, 5 without previous diagnosis and 4
with unclear OI type. Extensive clinical data is currently being collected on enrolled
patients.

Exons and flanking intron sequences of COLIAI and COLIA2 are being
sequenced in these families.

Results: So far 133/140 families have been completely analyzed and in 27 no
mutation was found. A total of 120 mutations have been detected, of which 104 are of
a typical OI-type. In COLI1 A1 73 mutations were found and in COLI A2 31 mutations
were noted. In 7 families 2 mutations were present, but only one of these was a typical
Ol-causing mutation. To date 16 amino acid changing mutations that were not of a
typical Ol-causing type have been noted, and the majority of these have an unclear
significance.

Calculations of delta BMD Z-score response to bisphosphonate treatment did not
show a difference in treatment response between groups with different types of OI or
between patients with OI type I due to a qualitative vs. quantitative collagen defect.

Conclusion: The spectrum of mutations causing OI described in this Swedish
cohort is of the expected type, with the exception of the amino acid changing
mutations. It is notable that in seven patients two separate mutations were identified.
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Preliminary data does not support a mutation dependent response to bisphosphonate
treatment.

Disclosures: Katarina Lindahl, None.

FRO157

Osteoblast-targeted Expression of an Activating Mutation of Gsa in Mice
Mimics van Buchem’s Disease/Sclerosteosis rather than Fibrous Dysplasia
(FD), and does not alter the Hematopoietic Microenvironment/Niche. Stefano
Michienzi*', Isabella Saggio®, Stefania Cersosimo', Cristina Remoli',
Rossella Costa', Graham R Davis®, Alberto Di Consiglio!, Emanuela
Spica!, Benedetto Sacchetti', Ana Cumano®, Pamela Gehron Robey’,
Kenn Holmbeck®, Alan Boyde®, Mara Riminucci', Paolo Bianco’.
"University La Sapienza, Italy, Sapienza University of Rome, Italy,
3Queen Mary University of London, United Kingdom, *Pasteur Institute,
France, >NIH/NIDCR, USA, °NIDCR, USA, "Universita La Sapienza,
Italy

To understand the role of Gsa mutations in FD, we generated lines of transgenic
mice expressing GsaR201C constitutively or targeted to specific cell types. Osteoblast-
targeted expression of GsaR201C (2.3COL1A1-GsaR201C) resulted in an overt high
bone mass phenotype, without marrow changes and distinct from FD. Comparison of
the phenotype of COLIAI-GsaR201C mice (excess Gso signaling driven by
overactivity of Gsa) and COL1AIl-caPPR mice (excess Gso signaling driven by
constitutive activity of PTHR 1) demonstrated that COL1A1-GsaR201C mice, but not
COL1AI1-caPPR, developed a deforming cortical bone excess (in addition to excess
trabecular bone found in both models), suggesting Gso-mediated effects in cortical
bone not dependent on PTH. Excessive cortical bone developed by expansion of
periosteal/cortical osteoblasts (Osx+/ALP+) between 2wk and 3mo of age; bone
remodeling was increased, but resorption was not, relative to bone surfaces.
Osteoprogenitors did not express the transgene, which was turned on in culture
concurrent with mineralization and osteoblastic markers. Compared to WT, SOST
expression in mature osteoblastic cells was potently downregulated in COL1A1-
GsaR201C mice, resulting in markedly enhanced Wnt signaling (increased LEF1/Axin
2 mRNAs), explaining the high bone mass phenotype. Thus, mice with osteoblast-
targeted GsaR201C phenocopy human diseases caused by loss of function SOST
mutations (van Buchem’s disease/Sclerosteosis) rather than FD. Red and yellow
marrow (femur vs. tail vertebrae, respectively) were normally distributed in COL1A1-
GsaR201C mice. After 6 mo, remodeling of the massive cortices established
intracortical marrow spaces populated by red or yellow marrow at respective sites.
No marrow fibrosis was noted and adipocyte development was normal. Although Gsa
signaling in osteoblasts is thought to affect the HSC niche and lymphopoiesis, the
HSC fraction (Lin-/Sca-1+/c-kit+, LSK) was unchanged in frequency and absolute
numbers. LSK/CD34- cells were also similar to WT. Numbers of CLP (Lin-/IL-7Ra+/
Sca-1+/-/c-kit+/-), Pro-B (CD19+/CD43+/IgM-), Pre-B (CD19+/IgM-/CD43-) and B
(CD19+/1gM+) cells were not significantly different from WT. We conclude that
activating mutations of Gsa in osteoblasts do not impact on hematopoiesis, consistent
with lack of expression of the transgene in bone marrow osteoprogenitors, and with
preservation of a normal marrow in spite of an excess of osteoblasts and bone.

Disclosures: Stefano Michienzi, None.

FR0160

The Prostaglandin Transporter Encoding Gene SLCO2A1 Is Mutated in
Primary Hypertrophic Osteoarthropathy and Isolated Digital Clubbing. Jirko
Kiihnisch*!, Wenke Seifert?, Beyhan Tiiysiiz Tiiysiiz}, Christof Specker?,
Ad Brouwers®, Denise Horn'. 'Institute of Medical & Human Genetics,
Charité - University Medicine of Berlin, Germany, *Institute for Vegetative
Anatomy, Charité - University Medicine of Berlin, Germany, *Cerrahpasa
Medical Faculty, Department of Pediatric Genetics, Istanbul University,
Turkey, “Dept. of Rheumatology & Clinical Immunology, Centre for
Internal Medicine, Kliniken Essen Siid, Germany, *Department of Internal
Medicine, Gelderse Vallei Hospital, Ede, Netherlands

Prostaglandin metabolism is a critical determinant of bone and cartilage function.
Although the functional interaction of prostaglandin E2 (PGE2) within these tissues
has been well explored its association with human monogenetic disorders is still
incomplete. So far, homozygous mutations within the HPGD gene encoding the PGE2
catabolizing enzyme 15-hydroxy-prostaglandin dehydrogenase have been identified
causing primary hypertrophic osteoarthropathy (PHO). In this study we performed a
mutational screen of PHO patients and individuals with isolated digital clubbing. We
systematically analyzed genes encoding key proteins of the entire PGE2 pathway
namely: PTGSI, PTGS2, PTGES, PTGES2, PTGES3, PTGERI, PTGER2, PTGER3,
PTGER4, SLCO2A1, SLCO3A1, SLCO4Al, PTGRI, and PTGR2. We identified in
three unrelated families mutations within the gene solute carrier organic anion
transporter family 2A1 (SLCO2A41) (MIM ID *601460, chromosome 3q21). The
SLCO2AI transcript comprises 14 exons and encodes for the 643 amino acid
polytopic transmembrane protein prostaglandin transporter (PGT, SLCO2A1). PGT
localizes to the plasma membrane and is required for internalization of extracellular
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PGE2. Within the SLCO2A1 gene we found a homozygous insertion ¢.830_831insT,
resulting in a premature stopcodon at p.Phe276fsX18; a homozygous missense
mutation ¢.1670T>C introducing an amino acid substitution p.Phe557Ser and a
heterozygous nonsense mutation ¢.754C>T resulting in p.Arg252X. Homozygous
mutations in PGT (Phe276fsX18 and Phe557Ser) were found to result in a PHO
phenotype comprising clubbing of fingers and toes, periostosis, diaphyseal cortex
expansion, swollen joints, hyperhidrosis, and seborrheic hyperplasia. In contrast, the
heterozygous mutation p.Arg252X causes isolated digital clubbing, demonstrating a
threshold effect by which absence of one SLCO2A1 allele leads to isolated digital
clubbing. Functionally, both stop mutations Phe276fsX18 and Arg252X result in an
early translational stop which highly likely result in a loss-of-function of PGT. In
summary, we identified mutations within the SLCO2AI gene as further molecular
cause of isolated digital clubbing and PHO. Our findings suggest that apart from
PGE2 degradation by 15-hydroxy-prostaglandin dehydrogenase internalization of
PGE2 at the plasma membrane is critical for normal bone, joint and skin function.

Disclosures: Jirko Kiihnisch, None.

FR0169

Bone Healing Enhancement through Inhibition of Sclerostin by Monoclonal
Antibody in Rat Osteotomy Model. Pui Kit Suen*', Yixin HE?, Dick Ho
Kiu Chow', Le Huang', Zhong Liu', Chi Wai Man', Lizhen Zheng®, Tao
Egl, Chaovang Li*, Hua Zhu Ke*, Ge Zhang®, Ling Qin®. 'The Chinese
University of Hong Kong, Hong Kong, >The Cuinese University of Hong
Kong, Hong Kong, *Prince of Wales Hospital, Hong Kong, *Amgen Inc.,
USA, °Price of Wales Hospital, Hong Kong, ®Chinese University of Hong
Kong, Hong Kong

Introduction: Sclerostin is a negative regulator of bone formation. Previous studies
demonstrated treatment with a sclerostin monoclonal antibody (Scl-Ab) significantly
increased bone formation, bone mass and strength in rat closed fracture model. The
objective of this study is to investigate the effects of systemic administration of Scl-Ab
on fracture repair in rat femur open fracture, a more difficult-to-heal model.

Method: Ninety 6-month-old male SD rats were randomly divided into Scl-Ab
group and vehicle group after a transverse osteotomy performed at the mid-shaft of
right femur. One day post-surgery, rats were treated with Scl-Ab III (s.c. injection, 25
mg/kg, 2 times per week) or vehicle for 3, 6 or 9 weeks. Femora were collected and
subjected to the following analyses: micro-CT, micro-CT-based angiography, four-
point mechanical testing and histology. Two-way ANOVA with Bonferroni posttest
was used to analyze the data.

Results: Scl-Ab treatment groups had significantly higher callus volume fraction
and bone mineral density (BMD) in all 3, 6 and 9 weeks post-fracture compared to
their vehicle groups (P<<0.01; Figure 1). Micro-CT based angiography demonstrated
increased callus vascularization in Scl-Ab group at week 3 and at week 6 (Figure 2).
Hematoxylin and eosin (H&E) staining and safranin O staining showed more bony
tissue in calluses at week 3 in Scl-Ab group. Four-point bending test showed
significantly higher ultimate load in Scl-Ab group than vehicle group at weeks 6
(+98%, P<0.01) and 9 (+45%, P<0.05) post fracture. In addition, ultimate load at
week 6 of Scl-Ab group was at the similar level as seen at week 9 of the vehicle group,
indicating the increased healing by Scl-Ab in this model. Stiffness and energy to failure
were also tended higher in Scl-Ab group (Figure 3).

Conclusions: This study demonstrated that Scl-Ab enhanced bone healing in rat
osteotomy model, with increased bone formation, bone mass and bone strength. We
observed a trend of increasing callus vascularization in the Scl-Ab group at week 3
and at week 6, based on small sample size, implying Scl-Ab induced coupling of
osteogenesis and angiogenesis. Collectively, our results supported that the systemic
administration of Scl-Ab enhanced open fracture healing.
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Figure 1

Figure 2

Figure 3

Disclosures: Pui Kit Suen, None.
This study received funding from: Amgen Inc
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FR0170

Duffy Antigen Receptor for Chemokines (Darc) Regulates Chondrogenesis
and Bone Formation During Fracture Repair. Charles Rundle*,
Subburaman Mohan, Bouchra Edderkaoui. Jerry L. Pettis Memorial VA
Medical Center, USA

There is now considerable experimental data to suggest that hematopoietic bone
marrow cells (HBMCs) derived from both local and circulating sources participate in
the healing of bone fractures. Recently, chemokine and chemokine receptor functions
in the recruitment of HBMCs to the fracture site have received considerable attention.
The Duffy antigen receptor for chemokines (Darc) is a non-classical chemokine
receptor that does not signal but rather acts as a scavenger of chemokines. Based on
the findings that Darc is expressed by inflammatory and endothelial cells and our
findings that Darc is a negative regulator of peak bone density in mice, we
hypothesized that the disruption of Darc would increase the bioavailability of
chemokines to attract HBMCs and promote fracture healing. To test this hypothesis,
we compared fracture healing in mice with a targeted disruption of Darc with the
corresponding wild-type (WT) littermate control mice. Micro-CT examination of the
fracture calluses revealed significant increases in the cross-sectional area (43%,
P=0.04, n=5) and cancellous bone (30%, P=0.03) at the fracture site in Darc-knockout
(KO) mice as compared to WT mice at 21 days post fracture. We then performed
histomorphometric analysis of the fracture callus cartilage in Darc-KO mice, and
determined that the area of callus cartilage at 7 days post-fracture was significantly
augmented (50%, n=5, P=0.02, n=5) in Darc-KO mice as compared to WT mice.
However, the ratio of cartilage area to total callus area was not different between the
two strains of mice. These data suggest an early cartilage formation and more rapid
conversion of cartilage to bone in the Darc-KO mice compared to WT mice. We
determined that mRNA levels of collagen X were increased by 50% in the fracture
calluses of Darc-KO mice as compared to WT mice at 7 days post-fracture (P=0.05,
n=5-6). Taken together, these observations suggest that Darc gene deficiency
promoted chondrocyte differentiation and cartilage maturation in the fracture callus,
which subsequently resulted in increased bone formation. Based on the present
findings, we conclude that the disruption of Darc gene expression increased the
bioavailability of chemokines that then recruited HBMCs to the fracture site; these
HBMCs promoted the early maturation of callus cartilage and its remodeling to bony
callus.

Disclosures: Charles Rundle, None.

FRO171

Hyperactive WNT Signaling Causes Preaxial Polydactyly in Sclerostinl
Sostdcl Double Knockouts. Nicole Collette*!, Cristal Yee?, Deepa
Murugesh', Richard Harland®, Gabriela Loots*. 'Lawrence Livermore
National Laboratory, USA, 2University of California, Merced, USA,
3University of California, Berkeley, USA, “Lawrence Livermore National
Laboratory, UC Merced, USA

Sclerostin (Sost) is secreted by osteocytes and negatively regulates bone
formation. This gene is linked to two rare skeletal dysplasias characterized by
generalized increased bone density, sclerosteosis and van Buchem disease. Sostdcl
(aka Sostl, USAG-1, Wise, ectodin) is a paralog of Sost, and loss of Sostdcl has been
shown to cause supernumerary incisor development and fused molars. Both proteins
function as extracellular antagonists of both BMP and WNT signaling in vitro and in
vivo. However, these tissues in which gene expression was first characterized are not
the sole locations of Sost and Sostdcl activity. We have shown that human SOST
overexpression in mice causes dosage-dependent loss of distal posterior skeletal
elements, resulting from altered anterior-posterior patterning of the limb bud and
preferential antagonism of Lrp5 WNT co-receptor. Sostdcl was shown by others to
similarly affect FGF and SHH signaling in the developing tooth bud, and it binds to
Lrp4 receptors to inhibit WNT signaling, suggesting that Sost and Sostdcl may
antagonize similar pathways in vivo. Sost and Sostdcl are expressed in complementary
yet non-overlapping domains; their combined expression covers most of the ectoderm
and mesenchyme of the developing limb bud prior to cartilage condensation. Sost
knockout mice occasionally display limb defects consistent with the frequency of soft-
tissue syndactyly, nail dysplasia, and radial deviation that occurs in sclerosteosis
patients, while Sostdc! knockouts show no limb defects. Here we show that Sost;
Sostdel double mutant mice exhibit preaxial polydactyly, a common limb-associated
birth defect characterized by extra digit(s) in the anterior autopod, which is often
caused by ectopic sonic hedgehog (Shh) expression. Through a combination of
skeletal stains, LacZ reporter analysis, and in situ hybridization, we show that Sost
and Sostdcl function upstream of Shh to restrict Shh expression in the posterior limb.
We find perturbed BMP signaling in the patterning limb as well. The Sost and Sostdcl
null alleles release Lrp4/5/6 receptor inhibition in the ectoderm and mesenchyme, and
hyperactive BMP and WNT signaling ectopically activate S/ in the anterior limb bud
to transform the morphology of the first digit.

This work performed under the auspices of the U.S. Department of Energy by
Lawrence Livermore National Laboratory under Contract DE-AC52-07NA27344.

Disclosures: Nicole Collette, None.
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FRO172

Novel Link Between CSF-1 and Lung Cancer Bone Metastasis. Sherry
Abboud Werner*', Fermin Tio? Thomas Prihoda®, Diane Horn?, Jaclyn
Hung?®. 'University of Texas Health Science Center at San Antonio, USA,
2South Texas Veterans Health Care System, USA, *University of Texas
Health Science Center, USA

CSF-1 is essential for osteoclastogenesis that, in turn, mediates osteolysis in
metastatic tumors to bone. Patients with lung cancer show increased CSF-1 in serum
and CSF-1 is a predictor of progression and poor survival. Adenocarcinomas
metastasize rapidly and 60% of patients suffer from bone metastasis. Lung cancer
stem cells sustain tumor growth and potentiate metastasis. Work in lung cancer
metastasis has been hampered by the lack of animal models. The purpose of this study
was to determine the role of CSF-1 in lung cancer bone metastasis and whether
inhibition of CSF-1 ameliorates the disease. Human lung adenocarcinoma A549 cells
were examined in vitro for CSF-1/CSF-1R. To establish a model of bone metastasis,
A549-luc cells were injected intracardiac in SCID mice and a time course for onset and
progression of metastasis was determined using x-ray, in vivo bioluminescent imaging
and histomorphometry. To determine the effect of CSF-1 knockdown in A549 cells on
bone metastasis, cells were stably transfected with a retroviral vector containing either
short-hairpin CSF-1 (KD) or empty vector (CT). Mice injected with CT or KD cells
were examined for incidence of tumor, tumor burden and tumor size. Results showed
that A549 cells express CSF-1 and CSF-1R; CSF-1 also increased A549 proliferation
and invasion, whereas soluble CSF-1R inhibited invasion. Mice injected with A549-
luc cells showed osteolytic bone lesions in hindlimbs and spine after 3.5 wks, and
lesions increased over 5 wks. Tumors recapitulated adenocarcinoma morphology,
expressed CSF-1 and showed numerous osteoclasts along tumor/bone interface,
trabecular and cortical bone loss. Analyses of KD cells showed decreased CSF-1
protein levels, reduced colony formation in agar assay and decreased fraction of stem-
like cells. In mice injected with KD cells, the incidence of tumor metastasis was similar
to controls, although fewer mice with KD cells had metastasis in both hindlimbs. KD
tumors showed reduced CSF-1 expression, Ki-67+ cells and osteoclasts. Importantly,
there was a low incidence of large tumors >0.1 cm in mice with KD cells compared to
mice with CT cells (10% vs 62.5%). This study established for the first time a lung
osteolytic bone metastasis model that mimics human disease and suggests that CSF-1
is a key determinant of cancer stem cell survival and tumor growth. Results may lead
to novel strategies to inhibit CSF-1 in lung cancer and improve therapeutic
management of bone metastasis.

Disclosures: Sherry Abboud Werner, None.

FRO0174

Transgenic Overexpression of Ephrin B1 in Osteoblasts Promotes a Skeletal
Anabolic Response to Mechanical Loading in Mice. Weirong Xing*!,
Chandrasekhar Kesavan®, Shaohong Cheng’, Subburaman Mohan>.
"Musculoskeletal Disease Center, Jerry L. Pettis Memorial Veteran’s
Admin., USA, 2Jerry L. Pettis Memorial VA Medical Center, USA, VA
Loma Linda Health Care Systems, USA

Mutation of the ephrin Bl gene in humans caused craniofrontonasal syndrome
while deletion of the ephrin B1 gene in mice resulted in perinatal lethality and skull
defects. Our recent findings that mice with conditional knockout (KO) of ephrin Bl in
type I collagen producing osteoblasts resulted in severe calvarial defects, decreased
bone size and BMD suggested that locally produced ephrin Bl is an important
determinant of bone formation. To test the hypothesis that ephrin B1 overexpression
promotes acquisition of peak bone mass, we generated transgenic (Tg) mice
overexpressing ephrin Bl in bone cells and evaluated the consequence of ephrin Bl
overexpression on the skeletal phenotype. The expression of transgene was controlled
by the rat collagen 1Al promoter/chicken beta-actin/rabbit beta-globin chimeric
intron. One of the Tg mouse lines has been confirmed to express 6-fold greater levels
of full-length ephrin Bl protein in calvarial osteoblasts and bone marrow stromal
cells. The functionality and specificity of overexpressed ephrin Bl was confirmed by
rescue of a calvarial defect in ephrin B1 conditional KO mice by crossing ephrin Bl Tg
with conditional KO lines. Neither body weight nor body length was significantly
different in ephrin Bl Tg vs WT mice at 8 wks of age. Surprisingly, total body BMD
as measured by PIXImus was not different in the Tg mice although vertebra BMD
was increased by 20% in the Tg mice at 8 wks of age. Since mechanical strain increased
the expression of ephrin B receptor 2 (EphB2) in bone cells, and ephrin B1 binding to
EphB2 can induce bidirectional signaling, we next evaluated if overexpression of
ephrin B1 influenced the skeletal anabolic response to mechanical loading (ML). The
right tibias of Tg and WT mice (10 wks of age (N=8/group)) were loaded at 9N, 2Hz
for 36 cycles per day for 2 weeks, and the left tibias of the same mice were used as
unloaded controls. A ML-induced increase in both total volume (72% vs 52%,
P<0.05) as well as relative cortical bone volume to total volume (11% vs 5%, P<<0.01)
were significantly greater in the Tg mice compared to WT mice. In conclusion, our
findings that overexpression of ephrin Bl in bone cells promotes a skeletal anabolic
response to ML, thus suggesting that manipulation of ephrin Bl actions in bone may
provide a means to sensitize the skeleton to mechanical strain to stimulate new bone
formation.

Disclosures: Weirong Xing, None.
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FRO0177

Alternative Splicing, Polyadenylation, and MicroRNAs Targeting Insulin-
like Growth Factor-1 in Osteoblasts. Spenser Smith', Catherine Kesslerl,
Clifford Rosen?, Anne Delany*'. 1University of Connecticut Health
Center, USA, *Maine Medical Center, USA

Insulin-like growth factor I (IGF-1) plays a critical role in skeletal growth. It is an
autocrine, paracrine and endocrine regulator of bone mass. Animals and humans with
deficits in IGF-1 display decreased peak bone mass and impaired linear growth. We
sought to determine the post-transcriptional mechanisms regulating IGF-1 in murine
osteoblasts.

IGF-1 splice variants give rise to a common mature IGF-1 peptide, but different E
peptides (Ea or Eb) are encoded by inclusion or exclusion of exon 5. We identified
expression of exon 4+6 (Ea) and exon 4+5+6 (Eb, mechano-growth factor) splice
products, and found that the relative abundance of these variants did not change
during osteoblastic differentiation in vitro. The IGF-1 3" untranslated region (UTR)
encoded by exon 6 contains 2 alternative polyadenylation sites. Use of the proximal
site gives rise to a short 3° UTR of ~195 bases, whereas use of the distal site results in a
~6300 base long UTR. The absolute level of IGF-1 mRNA did not change during
osteoblastic differentiation. However, use of the distal polyadenylation site was
significantly increased during this process; and the abundance of the long IGF-1 RNA
increased in concert with that of osteocalcin mRNA. The long IGF-1 RNA isoform is
~50% less stable than the short isoform.

miRNAs are small non-coding RNAs that inhibit gene expression by decreasing
transcript stability and/or translation. Using Luciferase-IGF-1 3° UTR reporter
constructs and specific miRNA inhibitors, we found that the IGF-1 3° UTR is
targeted by miR-29 and miR-365. There are 2 potential binding sites each for miR-29
and miR-365 in the long IGF-1 isoform, whereas the short isoform contains only 1
potential binding site for miR-365. Transfection of osteoblasts with inhibitors for
these miRNAs caused a significant increase in IGF-1 protein levels. Further, the
expression of miR-29 and miR-365 increased during osteoblast differentiation in vitro.
The increase in miRNAs that negatively regulate IGF-1, in combination with the
increased proportion of IGF-1 mRNAs containing the long 3° UTR, likely results in
the down regulation of IGF-1 protein during osteoblastic differentiation. An
understanding of how miR-29 and miR-365 regulate osteoblasts and the mechanisms
regulating polyadenylation site usage will provide important information about the
control of osteoblastic differentiation. This will allow for the identification of novel
therapeutic targets.

Disclosures: Anne Delany, None.

FRO178

Conditional Deletion of IGF-I Receptor by Osterix Driven Cre-Recombinase
Impairs Both Cartilage and Bone Formation. Yongmei Wang*!, Hashem
ElAlich?, Cha K Fong?, Daniel Bikle®. 'Endocrine Unit, University of
California, San Francisco/VA Medical Center, USA, 2Endocrine Unit
University of California, San Francisco/San Francisco VA Medical Center,
USA, *Endocrine Research Unit, Division of Endocrinology UCSF &
VAMC, USA

Osterix (Osx) is expressed in osteoprogenitors, prehypertrophic chondrocytes
(PHCs) and perichondrium in the skeleton, and is a keytranscription factorfor
osteoblast (OB)differentiation. Osx driven cre-recombinase is widely used in
manipulating genes in osteoprogenitors, but whether italsoaffects genes in other
Osx-expressing skeletal cells remains uncertain. To investigate therole of IGF-I
signaling in Osx-expressing cells in the skeleton,we generated IGF-I receptor (IGF-
IR) knockout mice (°*IGF-IRKO) by crossing floxed-IGF-IR mice with mice
carrying the Cre recombinase transgene controlled by a GFP labeled Osx promoter
(O“GFP—cre, gift from Dr. Andrew McMahon), and monitored bone development
and remodeling from 2 to 7 weeks. Compared with the control mice (floxed IGF-IR,
no cre) from the same litters, the “*IGF-IRKO mice showed significant growth
retardation with smaller body size and shorter bones. At 2-7 weeks, as detected by
GFP in the *IGF-IRKO mice, ®*GFP-cre was highly expressed in the PHCs and
the inner layer of perichondral cells which give rise to trabecular OBs, but was
sparsely expressed in the OBs lining the trabecular bone surface. At 3 and 7 weeks,
immunohistochemistry (IHC) confirmed a marked reduction of IGF-IR expression in
the cells of the prehypertrophic zone and perichondrium, but not in OBs lining the
trabecular bone surface of the ©*IGF-IRKO mice . From 2 to 7 weeks, histology
revealed a delayed formation of the secondary ossification center (epiphysis), irregular
morphology of the growth plate (expanded hypertrophic zone) and less trabecular
bone in the tibia and femur of the °*IGF-IRKO mice when compared with the
controls. Cell proliferation as assessed by the number of PCNA positive cells was
reduced by 40% and 45%, respectively, in the perichondrium and in the proliferation
zone of the growth plate of the ®*IGF-IRKO mice. The expression of type II collagen
was not altered significantly in the chondrocytes (by IHC), whereas the mRNA level
of alkaline phosphatase of the trabecular bone was decreased by 46% (by QPCR) in
the ©*IGF-IRKO mice compared with the controls. Our data indicate that during
postnatal bone development and remodeling, IGF-I signaling in the Osx-expressing
PHC is required for chondrocyte growth and secondary ossification of the epiphysis,
whereas IGF-I signaling in the Osx-expressing inner layer perichondral cells is critical
for OBdifferentiation and maintenance of bone mass.

Disclosures: Yongmei Wang, None.
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FRO0179

E-selectin ligand 1 Regulates Bone Homeostasis via Modulating TGF-f
Bioavailability in Bone Microenvironment. Tao Yang*l, Ingo Grafez,
Yangjin Bae', Shan Chen', Ming-ming Jiang', Terry Bertin!, Yuging
Chen!, Brendan Lee®. 'Baylor College of Medicine, USA, 2Department of
Molecular & Human Genetics, Baylor College of Medicine, USA, *Baylor
College of Medicine & Howard Hughes Medical Institute, USA

TGF-B is one of the most abundant growth factors in the skeletal system and plays
a crucial role in skeletal homeostasis. Before TGF-f ligand can access its receptors, it
must become bioavalible, a process composed of multiple steps e.g. TGF-f expression,
maturation, secretion and activation from latency, etc. Although the importance of
TGF-B maturation has been revealed in blood pressure homeostasis as well as in
cartilage development, to date, how TGF-B maturation is involved in bone
remodeling has not been fully appreciated. We previously reported that E-selectin
ligand-1 (ESL-1), a Golgi apparatus localized protein, acts as a negative regulator of
TGF-B bioavailability by attenuating maturation of proTGF-B during cartilage
homeostasis. Our current study shows that Esi-/”" mice exhibit a severe and carly-
onset osteoporosis, suggesting that ESL-1 also plays a critical role in bone
homeostasis. By bone histomorphometry, we found that OC.S/BS is markedly
increased in the Esi-I”" bone, while the OB.S/BS is unchanged. In vitro, Esl-1""
osteoblasts show a delayed late differentiation, and an increased potency in promoting
osteoclastogenesis of co-cultured osteoclast progenitors. However, the osteoclast
progenitors from Esl-I”" mice show no difference in osteoclastogenesis under the
treatment of mCSF and RANKL, implicating that ESL-1 primarily acts in osteoblasts
to regulate osteoblast-osteoclast coupling in a non-cell-autonomous fashion. In
addition, the molecular phenotyping of Esl-I”" calvarial tissue exhibits an elevated
mature TGF-B/proTGF-f ratio, with a dramatic increase in TGF-$ downstream
targets (PAI-1, PTHrP, CTGF, etc) as well as osteoclastogenesis stimulus (RANKL).
Further in vitro co-culture experiments demonstrate that inhibitors of TGF-B or
PTHIrP can effectively attenuate the osteoclastogenesis of osteoclast progenitors co-
cultured with Esl-1"" osteoblasts, suggesting that the TGF-B/PTHrP/RANKL axis is a
major mechanism acting downstream of ESL-1 and responsible for the overactive
bone resorption in the Esi-/”" mice. In summary, our study identified ESL-1 as an
important regulator of bone remodeling, and that the modulation of TGF-f
maturation is pivotal in the maintenance of a homeostatic bone microenvironment
and for proper osteoblast-osteoclast coupling.

Disclosures: Tao Yang, None.

FRO0186

Modulation of Osteoclast Formation by Cyclically-Strained Myotubes Is
Mediated by IL-6. Petra Juffer*!, Richard T. Jaspers?, Jenneke Klein-
Nulend®, Astrid D. Bakker'. "Department of Oral Cell Biology, Academic
Centre for Dentistry Amsterdam (ACTA), University of Amsterdam & VU
University Amsterdam, Research Institute MOVE, Amsterdam,
Netherlands, “Research Institute MOVE, Faculty of Human Movement
Sciences, VU University Amsterdam, Amsterdam, The Netherlands,
Netherlands, *ACTA-VU University AmsterdamDept Oral Cell Biology
(Rm # 11N-63), The Netherlands

Skeletal muscle is an endocrine organ that produces numerous growth factors and
cytokines, such as IL-6, in response to mechanical loading. In bone, these factors can
affect osteoblastic bone formation, but it is unknown whether osteoclasts are also
affected, and whether mechanical loading modulates the release of these factors by
muscle cells. Therefore we aimed to investigate whether mechanically-loaded
myotubes produce soluble factors that affect osteoclast formation, and whether IL-
6 is one of these factors.

C2C12 myoblasts were seeded on laminin-coated Bioflex” 6-wells plates, and
differentiated into C2C12 myotubes. C2C12 myotubes were mechanically stimulated
for 1 h by applying an uni-axial cyclic strain (0-15% deformation, 1 Hz), or kept under
static control conditions, and post-incubated without cyclic strain up to 24 h.
Conditioned medium (CM) was collected directly after 1 h cyclic strain/static culture,
and after 24 h post-cyclic strain/static culture. RNA was isolated directly after 1 h
cyclic strain. IL-6 mRNA levels were measured by RT-PCR. Mouse bone marrow
cells were cultured in the presence of M-CSF and RANKL, with/without myotube-
CM, and with/without mouse IL-6 antibody (10 ng/mL). After 6 days of culture,
osteoclast formation was quantified by counting tartrate-resistant acid phosphatase
(TRAP) positive multinucleated (=3 nuclei) cells.

CM harvested from C2C12 myotubes after 1 h static culture and 24 h post-static
culture decreased the formation of TRAP"-multinucleated cells by 3.5-fold (1 h static)
and 7.0-fold (24 h post-static) compared to non-CM. CM harvested from C2C12
myotubes after 1 h cyclic strain increased the formation of TRAP*-multinucleated
cells by 1.7-fold compared to CM harvested after 1 h static culture. CM harvested
from C2C12 myotubes after 24 h post-cyclic strain did not affect the formation of
TRAP"-multinucleated cells. Cyclic strain increased 1L-6 mRNA levels in C2C12
myotubes by 3.0-fold. Addition of IL-6 antibody to the myotube-CM nullified the
effect of soluble factors produced by cyclically-strained myotubes on osteoclast
formation.

Our data indicate that C2C12 myotubes secrete soluble factors that inhibit
osteoclast formation, and that mechanical loading of C2C12 myotubes by cyclic strain
stimulates osteoclast formation via IL-6. Since it is known that IL-6 plasma
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concentations increase substantially during muscular activity, our data suggest that
muscle cells in vivo might affect osteoclasts via IL-6.

Disclosures: Petra Juffer, None.

FRO188

Muscle-derived Humoral Factor, Osteoglycin (OGN), Links Muscle to Bone.
Ken-ichiro Tanaka*', Toshitsugu Sugimoto', Susumu Seino? Hiroshi
Kaji®. 'Shimane University School of Medicine, Japan, *Kobe University
Graduate School of Medicine, Japan, *Kinki University Faculty of
Medicine, Japan

Muscle mass is closely related to high bone mass and a decrease in fracture risk in
postmenopausal women. These findings suggest that there are interactions between
muscle tissues and bone metabolism. We therefore hypothesized that there might be
some humoral bone anabolic factors that are produced from muscle tissues.
Fibrodysplasia ossificans progressive (FOP) is a rare autosomal dominant disorder
characterized by progressive heterotopic ossification in skeletal muscle.
ALK2(R206H), the constitutive activating mutation of the BMP type 1 receptor is
found in patients with the classic form of FOP. We performed comparative DNA
microarray analysis between stable empty vector- and ALK2(R206H)-transfected
mouse myoblastic C2C12 cells, since FOP and its molecular pathogenesis could be a
clue to help identify some muscle-derived humoral bone anabolic factors. We
hypothesized that the expression of muscle-derived bone anabolic factors might be
suppressed by the conversion of muscle tissues into bone, because those factors could
be predominantly expressed in muscle tissues, compared with their expressions in
bone, and their systemic effects could be more important than their local effects in
bone tissues. OGN was identified as one of 25 genes whose expressions were decreased
<1/4 by ALK2(R206H) expression in these cells. Recombinant OGN as well as stable
overexpression of OGN significantly enhanced the levels of alkaline phosphatase
(ALP), type 1 collagen (Coll) , B-catenin and osteocalcin (OCN) as well as
mineralization in mouse osteoblastic cells (MC3T3-El and mouse primary osteo-
blasts). A reduction in endogenous OGN level by siRNA showed the opposite effects
in these cells. On the other hand, OGN suppressed the levels of ALP and OCN
mRNA induced by BMP-2 in C2C12 cells. OGN was detected in human serum or
culture supernatant from mouse myoblasts and myotubes. Conditioned medium from
OGN-overexpressed and OGN-suppressed myoblastic cells enhanced and decreased
the levels of ALP and OCN in osteoblastic cells, respectively. Moreover, OGN
enhanced the levels of phospholated ERK1/2, TGF-B-induced transcriptional activity
and Coll mRNA in MC3T3-EI cells. ERK1/2 inhibitor antagonized the levels of Coll
mRNA enhanced by OGN, although an inhibitor of endogenous TGF-B did not
affect it. These findings indicate that OGN enhances the levels of Coll mRNA partly
through ERK1/2 in osteoblasts. In conclusion, our present data suggest that OGN
may be crucial factors produced by muscle-derived cells and secreted into blood that
exhibits bone anabolic effects.

Disclosures: Ken-ichiro Tanaka, None.

FRO0189

Physical Activity in Relation to Serum Sclerostin, Insulin-like Growth
Factor-1 and Bone Turnover Markers in Healthy Young Men : A Cross-
sectional and a Longitudinal Study. Mohammed-Salleh Ardawi*',
Abdulrahman Al—Sibianyz, Talal Bakhsh®, Mohammed Qari“. !Center of
Excellence for Osteoporosis Research & Faculty of Medicine, Saudi
Arabia, *Center of Excellence for Osteoporosis Research & Department of
General Surgery, Faculty of Medicine & KAU Hospital, King Abdulaziz
University, Saudi Arabia, *Center of Excellence for Osteoporosis Research,
& Department of General Surgery, Faculty of Medicine & KAU Hospital,
King Abdulaziz University, Saudi Arabia, “Center of Excellence for
Osteoporosis Research,and Department of Hematology,Faculty of
Medicine, & KAU Hospital, King Abdulaziz University, Saudi Arabia

Background: There is no information on the interaction between sclerostin,
insulin-like growth factor (IGF-1) and bone turnover markers (BTMs), in response to
mechanical loading by physical activity (PA). The main objective of the present study
was to study the relationships between serum sclerostin, serum IGF-1 (s-IGF-1) and
BTMs and PA level in young men (age 23-34 years) and to discern how 8 weeks of PA
training (PAT) affects the serum levels of sclerostin, IGF-1, and BTMs. This was a
cross-sectional study with a sub-group followed longitudinally.

Subjects & Methods: A total of 816 randomly selected young men were cross-
sectionally studied. Also, we followed 92 men longitudinally following the 8-week
PAT (4 days/week) as compared with 88 controls. All men were medically examined
and serum sclerostin, s-IGF-1, BTMs, and bone mineral density (BMD) were
determined.

Results: Men with PA > 240 min per week showed significantly (vs sedentary
controls) lower serum sclerostin (by 29.5 %, P<<0.001) and higher s-IGF-1 (by 88.7%,
P<0.001) levels, respectively. Bone formation markers were higher with increasing PA
in men with PA > 240 min/week vs sedentary group. Serum sclerostin was lower
(by 41.2%, P<<0.0001) and s-IGF-1 rose (by 66.3%, P<0.0001) and s-OC, s-PINP, and
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s-bone ALP rose by 23.5% (P<0.001), 18.6% (P<006) and 47.2% (P<0.001),
respectively in response to 8-week PAT as compared with controls.

Conclusions: The present studies demonstrate that,in young men, even minor
changes in PA are associated with clear effects on serum sclerostin, s-IGF-1 and
BTMs and suggest that sclerostin could be a link between mechanical loading and
disuse osteoporosis in humans.

Disclosures: Mohammed-Salleh Ardawi, None.

FR0191

The PPP6R3ILRPS5 Locus Influences Lean Mass in Children of Different
Ethnic Background and Highlights Pleiotropic Effects and Muscle-bone
Interactions. Carolina Medina-Gomez*l, Denise Heppez, Karol Estrada®,
Joyce Van Meurs®, Albert Hofman*, Yi-Hsiang Hsu’, David Karasik®,
Vincent Jaddoe’, Maria Zillikens®, Andre Uitterlinden®, Fernando
Rivadeneira®. 'Erasmus Medical Center, The Netherlands, >The
Generation R Study Group, Erasmus Medical Center, Rotterdam, The
Netherlands, Netherlands, *Erasmus University Medical Center, The
Netherlands, “Department of Epidemiology, Erasmus Medical Center,
Rotterdam, The Netherlands, Netherlands, *Hebrew SeniorLife Institute
for Aging Research & Harvard Medical School, USA, ®Hebrew SeniorLife,
USA, "The Generation R Study, Erasmus Medical Center, Rotterdam, The
Netherlands, Netherlands, *Erasmus Mc, The Netherlands, "Rm Ee 575,
Genetic Laboratory, The Netherlands

Aim: Lean and bone mass have considerably high phenotypic and genetic
correlations with a shared heritability estimate ranging between 30-40% in adults. A
genome-wide association study (GWAS) on total body lean mass and a bivariate
GWAS on lean mass & BMD was run in a cohort of children to identify genes with
pleiotropic effects on peak bone mass attainment and muscle mass. Methods: Subjects
are part of the Generation R study, a multiethnic birth cohort in Rotterdam, The
Netherlands; we included 4,096 children (mean age=6.2,SD=0.50 years) with total
body DXA measurements (GE-Lunar iDXA) and genomewide genotyping (Illumina
660K). The univariate and bivariate GWAS were adjusted for age, sex, height, fat
percent and 20 genomic principal components using (bivariate) PLINK. A P<5x10®
was considered genome-wide significant (GWS). Results: Genomic inflation factors
were close to unity indicating adequate correction for stratification. In the univariate
analysis we identified a GWS association with lean mass ($=0.13, P=2.9x10%) for a
SNP mapping to 11q13.2, in the PPP6R3/LRPS5 locus. The SNP explains 0.8% of the
variation in lean mass and is nominally significantly associated with BMD ($=0.10,
P=7.6x10") explaining 0.4% of BMD variation. The association with lean mass was
reduced after additional correction for bone mineral content (f=0.08, P=0.001),
explaining 0.2% of the phenotypic variance. In the bivariate GWAS this SNP was also
associated at GWS level (P=4.8x10%) showing positive correlations of the bivariate
trait with both lean mass (p=0.96) and BMD (p=0.68). Conclusion: Genetic variation
in the PPP6R3/LRPS locus exerts pleiotropic effects on muscle mass and peak bone
mass acquisition of children. Given the high linkage disequilibrium in the region it is
difficult to establish from which gene the GWAS signal is arising. PPP6R3 is a 155 Kb
gene with 23 exons of unknown function, expressed among other tissues in bone and
muscle. LRPS5 is ubiquitously expressed, member of the Wnt signaling pathway and
shown to play a key role in skeletal homeostasis and mechanosensing. Replication in
additional children cohorts is underway; while the same SNP has been found
associated at genome significant level in a bivariate GWAS of bone strength and lean
mass in two large consortia of adult individuals (ASBMR 2012). These pleiotropic
effects on muscle mass and BMD observed in children are likely to be evident later in
life.

Disclosures: Carolina Medina-Gomez, None.

FRO0197

Bone Formation is Compromised by Disruption of Runx2-WW-domain
Protein Interaction. Yang Lou*!, Weibing Zhangz, Marcio Beloti’, Dana
Frederick®, Andre Van Wijnen®*, Gary Stein®, Janet L. Stein*, Jane Lian®.
lUniversity of Massachusetts, USA, *Univ of Massachusetts Medical
School, USA, 3School of Dentistry of Ribeirao Preto, University of Sao
Paulo, Brazil, 4University of Massachusetts Medical School, USA

The WW-domain protein (WWDP) family consists of members with one or more
WW (Tryptophan-Tryptophan)-repeated motifs that are expressed in many tissues
and act as co-regulatory partners of transcription factors through binding to PPxY
motifs. Several WW-domain proteins, including WWP1, WWOX, YAP and TAZ, can
bind to the transcription factor RUNX2 and either stimulate or suppress RUNX2
activity, dependent on the gene context, for control of skeletal development. Our
earlier in vitro studies showed that mutation of Y433 to A433 (in the PPxY motif) in
the essential NMTS domain of RUNX2 can totally or partially disrupt its interaction
with these WW-domain proteins. To understand the in vivo significance of the
cooperation of RUNX2 and WWDPs during skeletogenesis, we generated a mutant
mouse model with a single amino acid substitution (Y433 to A433) integrated into the
endogenous Runx2 locus. Homozygous Runx2 ¥#334/74334 pjce exhibit developmental
defects in calvaria and epiphysis of long bones at birth. The frontal calvarial sutures in
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Runx2 mutant mice are not completely closed and the defect persists into adulthood.
By histology the calvarial defects appear similar to RUNX2 deficient mouse models.
Micro-CT bone density (BMD) and bone volume (BV) are decreased in frontal
calvaria of Runx2*334/Y#334 mice that include the unmineralized suture area. No
change in BV or BMD occurs in the parietal calvaria, suggesting commitment to
osteogenesis is impaired, but mineralization is not compromised in Runx2 mutant
mice. Ex vivo cultures from calvaria or bone marrow of homozygous mice display
delayed osteogenic differentiation at early stages. Runx2, Osx, Col 1 and Alk Phos
expression are reduced. Mineral deposition is moderately reduced in mutant mouse
osteoblasts with delayed osteocalcin expression. Long bones of Runx2 Y#334/Y4334 mice
exhibit a striking disorganization of the growth plate at birth, and a thin diaphysis
with weak Alk Phos staining on the periosteal surface. Molecular markers for
chondrogenic and osteogenic differentiation are reduced. Together, the findings in
calvaria and long bones indicate impairment of both intramembranous and
endochondral bone formation from cell autonomous defects in the Runx2'*34/
Y4334 We propose the mechanism for these defects is related to a critical interaction of
Runx2 with one or more positive and negative WW-domain proteins during
osteogenesis.

Disclosures: Yang Lou, None.

FR0199

Characterization of the Skeletal Phenotype in Osteoactivin Transgenic Mice.
Nagat Frara*l, Fabiola Delcarpio—Canol, Robin Pixlevl, Roshanak
Razmpour', Christina Mundy?, Fouad Moussa’, Samir Abdelmagid?,
Steven Popoff?, Fayez Safadi’. 'Temple University, USA, 2Temple
University School of Medicine, USA, 3Northeast Ohio Medical
University, USA

Osteoactivin (OA), a transmembrane protein, has recently emerged as a vital
glycoprotein for the differentiation and function of bone forming osteoblasts. OA
expression has been shown to increase during osteoblast development with maximal
expression during the final stages of differentiation. Recent studies showed that OA is
also expressed by osteoclasts and plays a role in their differentiation and function. In
this study, we used a transgenic mouse model over-expressing OA under the control of
CMYV promoter (OATg) to determine the mechanisms by which OA contributes to
bone formation and remodeling in vivo. Western blot analysis showed a three-fold
increase in OA expression in OATg compared to wild-type (WT) osteoblasts. Micro-
CT analysis of femurs from 12 week-old OATg showed increased trabecular bone
volume (BV/TV) in OATg mice compared to WT mice. Given that OA is also over-
expressed in osteoclasts in OATg mice, we evaluated bone resorption by
histomophometry and ELISA. Serum RANK-L and CTX-1 levels were significantly
decreased in OATg compared to WT mice indicative of defective osteoclast-mediated
bone resorption in OATg mice. Histomorphometric analysis showed that osteoblast
numbers are increased but that osteoclast numbers are dramatically reduced in OATg
compared to WT mice. Next, we examined whether osteoblast differentiation is
altered in OATg mice. Osteoblasts were derived from bone marrow mesenchymal
stem cells of 8 week-old OATg and WT mice and from calvaria of newborn OATg and
WT mice. Although proliferation was increased in OATg osteoblasts, differentiation
was reduced in OATg osteoblast cultures associated with decreased alkaline
phosphatase activity/staining as well as matrix mineralization compared to WT
control cultures. Moreover, qPCR analysis showed that OA over-expression down-
regulated mRNA expression of osteoblast markers in OATg osteoblasts compared to
controls. Taken together, these data indicate that over-expression of OA in vivo
increases bone mass by decreasing osteoclast-mediated bone resorption and enhancing
osteoblast-mediated bone formation. However, OA over-expression has a negative
effect on osteoblast differentiation and maturation ex vivo, an effect that may be dose-
dependent. Additional studies are warranted to better understand the effects of OA
over-expression on bone formation and remodeling in vivo.

Disclosures: Nagat Frara, None.

FR0201

DIx3 Inactivation in Osteoblasts Results in Defective Endochondral Bone
Formation. Juliane Isaac*!, Olivier Duverger’, Hong-Wei Sun?®, Stacey
Russell*, Gary Stein’, Jane Lian®, Maria I Morasso>. 1Developmental Skin
Biology Section, NIAMS/NIH, USA, 2Developmental Skin Biology
Section, NIAMS, National Institutes of Health, USA, *Biodata Mining
& Discovery Section, NIAMS, National Institutes of Health, USA,
4Departments of Cell Biology & Orthopedic Surgery, University of
Massachusetts Medical School, USA, 5University of Massachusetts
Medical School, USA

Human mutations in the homeodomain transcription factor DLX3 gene are
etiologic to Tricho-dento-osseous (TDO), an ectodermal dysplasia characterized by
defects in hair, teeth and bone development. Although clinical observations and in
vitro studies suggest that DIx3 plays a crucial role in bone development, the in vivo role
of DIx3 in regulation of endochondral bone formation of the post natal mouse has not
been elucidated. To address the mechanisms by which DIx3 functions during
osteogenesis, we conditionally inactivated DI/x3 in osteoblasts by crossing
osteocalcin (Oc)-Cre mice with DIx3™°¥L%Z mice to generate conditional
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Dix3-deficient (DIx3°°°¥©) mice. DIx3 is expressed in hypertrophic chondrocytes
(at low levels) and continues to increase in osteoblasts and osteocytes. Micro-
architectural analyses of femurs were performed on DIx3°°°%© and DIx3*"* males
from 5 weeks to 6 months. While the bone volume and the length of the whole femur
were not affected, bone mineral density (BMD) was significantly decreased in the
DIx3°°%O males in comparison to D/x3*"* males. Cortical bone showed a decrease in
bone density and increased porosity at all ages for DIx3°¢°K© males, while cortical
thickness remained unchanged. In contrast, trabecular bone of the distal femur
showed increases of the relative bone volume, trabeculac number and connectivity
density, associated with decreased trabecular spacing and an unchanged trabecular
thickness, revealing an increased bone mass density of trabeculae in the D/x39°°K©
males. These changes suggest increased bone resorptive activity in the cortical bone;
however in the metaphysis, stimulated osteoprogenitor differentiation forming new
trabeculae is indicated. Analysis of RNA seq obtained from mRNAs extracted
from femurs of 5-week-old males identified transcripts differentially expressed in
DIx3°°KO versus DIx3** mice. Using Ingenuity Pathways Analysis (IPA), we showed
that differentially expressed genes were enriched in molecules involved in the
differentiation of osteoblasts and in the development and function of connective
tissue. These data support that conditional deletion of DIx3 in osteoblasts may affect
bone formation through a network of Wnt, hedgehog and BMP signaling pathways
contributing to an increase in trabecular bone. Overall, these data indicated a key role
for DIx3 in endochondral bone formation of adult mice and selective functional
activity of DIx3 between cortical and trabecular bone.

Disclosures: Juliane Isaac, None.

FR0204

Modulating Osteogenic Differentiation of Induced Pluripotent Stem (iPS)
Cells Through Direct Inhibition of SOX9 by MicroRNA-335-5p and
MicroRNA-342-3p. Menggi Huang*, Yuhua Hu, Qisheng Tu, Jake
Jinkun Chen. Tufts University School of Dental Medicine, USA

To selectively induce the osteogenic differentiation of induced pluripotent stem
(iPS) cells, it is imperative to understand the regulatory molecular mechanisms
underlying the process of how these cells switch between osteogenic and chondrogenic
differentiation paths. Recent studies have successfully identified SOX9, the master
gene of chondrogenisis, was downregulated during osteogenic differentiation while the
important factor, Osterix(OSX) was upregulated. Here we found two specific
microRNAs, miR-335-5p and miR-342-3p, were upregulated after ascorbic acid
treatment of iPS cells, which indicated that they may be involved in the regulation of
osteogenic differentiation. To verify the pivotal roles of miR-335-5p and miR-342-3p
as direct posttranscriptional regulators of SOX9 in mouse iPS cells to osteogenic
lineage, we performed a series of studies including micro-RNA microarray, luciferase
reporter assays, site-specific mutations, and gain- and loss-of-function analyses.
Micro-RNA microarray chips showed that miR-335-5p and miR-342-3p directly
repressed SOX9 expression in iPS cells through respectively unique binding sites in its
3’UTR (Fig.1,2). To investigate effects of miR-335-5p and miR-342-3p specifically
targeting SOX9, we cotransfected these miRNAs into iPS cells with the cloned
luciferase-SOX9/3’'UTR plasmids and pMIR-REPORT beta-gal control plasmids.
Luciferase activity in iPS cells stably transfected with luciferase-SOX9/3’UTR
construct decreased after transfection with miR-335-5p and miR-342-3p precursor
hairpins when compared with cells transfected with negative control pre-miRNAs.
The effects of miR-335-5p and miR-342-3p were reversed by anti-miR-335-5p and
anti-miR-342-3p treatments, which downregulated endogenous miR-335-5p and miR-
342-3p(Fig.3). As a result of decreased SOX9 protein level by miRNA control, we
observed that in miR-335-5p- and miR-342-3p-overexpressing iPS cells there were
increased mineral nodule formation and elevated mRNA and protein levels of OSX, a
key osteogenic gene(Fig.4,5). In conclusion, miR-335-5p and miR-342-3p promoted
osteogenic differentiation by down regulating the expression of SOX9 in mouse iPS
cells. We propose miR-335-5p and miR-342-3p to target molecules for promoting
bone regeneration and wound healing. Moreover, in vivo experiments are ongoing to
further determine the effects of iPS cells regulated by miR-335-5p and miR-342-3p in
critical-size calvarial bone defects in a mouse model.
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Disclosures: Mengqi Huang, None.
This study received funding from: NIH grants DE16710 and DE21464 to JC

FR0209

Ubiquitin E3 Ligase Itch Negatively Regulates Osteoblast Differentiation
from Mesenchymal Stem Cells. Hengwei Zhang*!, Lei Shu®, Brendan
Boyce?, Lianping Xing®. 'Univeristy of Rochester, USA, *University of
Rochester Medical Center, USA, 3University of Rochester, USA

Itch, a HECT family E3 ligase, affects numerous cell functions by regulating
ubiquitination and degradation of target proteins. The role of Itch in osteoblasts(OBs)
has not been investigated. Using I-month-old Itch” mice and WT littermates, we
report Itch”" mice have significantly increased 1) bone volume(%BV/
TV:42+4vs25+3.5); 2) OB numbers(#/mm:558 +28vs405+35), and 3) bone forma-
tion rate(BFR:0.9+0.1vs0.54+0.04 pm*/pm?*/day;MAR:1.2+0.1vs0.8+0.1 pum/
day;MS/BS:0.75+0.02vs0.63 +0.06% in WT mice). Compared to WT mice, bone
marrow stromal cells(BMSCs) from Itch”” mice have increased OB differentiation(C-
FU-F colony#/well:79 +4vs52 +3; CFU-ALP+ colony#/well:63 4+ 5vs38 +2; miner-
alized nodule#/well: 105+ 7vs68 +8) and decreased adipogenesis (Oil red O+ cells#/
well:390 +83vs1005 + 71). To investigate if increased OB differentiation in Itch™ mice
is due to enhanced mesenchymal stem cell (MSC) functions, we isolated CD45-
enriched MSCs from BMSCs of Itch” and WT mice and found that Itch” CD45- cells
had 1) normal MSC numbers (Scal+/CD105+/CD11b-/CD31- cells), proliferation
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and apoptosis; 2) increased OB marker gene expression (alp:160+20%;0-
¢:180 4 15%;runx2:170 4+ 15% of WT cells); and 3) decreased expression of adipocyte
master genes (pparg: 45+ 10%;clebpa: 55+ 4%;clebpb: 57+4%; and clebpd: 48 +10%
of WT). To directly test the OB differentiation potential of Itch”” MSCs in vivo, we
implanted Itch” or WT CFU cells and decalcified bone matrix in a scaffold into tibial
defects of SCID mice. Itch” cells formed significantly more new bone in defects of
recipient mice compared with WT cells(%o BV/TV:5.841.9vs2.44+0.7;%new bone
area:0.440.08vs0.240.05). Furthermore, over-expression of WT Itch, but not an Itch
ligase-dead mutant, rescued OB differentiation defects of Itch” BMSCs(%ALP+
area:6.5+ 1 in GFPvs0.5+0.1 in WT itch vs 6 +0.8 % in itch mutant). Consistent with
E3 ligase function of Itch, the expression of known Itch targeting proteins, such as
JunB, Runx2 and active b-catenin, was increased in Itch” BMSCs. Our findings show
that Itch negatively regulates OB differentiation from MSCs through degradation of
multiple positive regulators of OBs. Thus Itch is a potential new target for bone
anabolic drug development to treat patients with osteoporosis.

Disclosures: Hengwei Zhang, None.

FR0211

Collagen 10-Expressing Chondrocytes Have the Capacity to Become
Osteoblasts In Vivo. Xin Zhou*!, Klaus von der Mark?, Stephen Henry>,
Takako Hattori“, Benoit de Crombrugghe'. "MD Anderson Cancer Center,
USA, *Department of Experimental Medicine 1, Nikolaus-Fiebiger-Center
of Molecular Medicine, University of Erlangen-Nuremberg, Germany,
*University of Texas MD Anderson, USA, “Department of Biochemistry &
Molecular Dentistry, Okayama University Graduate School of Medicine,
Dentistry, & Pharmaceutical Science, Japan

To examine whether cells derived from hypertrophic chondrocytes might
contribute to the osteoblast pool in endochondral bones, we conditionally deleted
an Osx/EGFP allele either in hypertrophic chondrocytes by CollOal-Cre or in
chondrocytes by tamoxifen-induced Agcl-CreERT2. This Osx allele expresses EGFP
only after Cre recombination and only in cells in which Osx is actively transcribed,
namely, hypertrophic chondrocytes, osteoblast precusors, mature osteoblasts and
osteocytes. Surprisingly, in addition to EGFP-positive (EGFP *) hypertrophic
chondrocytes, abundant non-chondrocytic EGFP * (Osx 4/* ) cells were seen in the
primary ossification centers. These cells were tightly associated with type I collagen,
and their appearance coincided with the onset of ossification at the primary spongiosa
from EI15.5 until after birth. Subsequently, they were distributed throughout
trabeculae surfaces, present in the endosteum, and embedded within the bone matrix.
Similar results were obtained when the Osx/EGFP allele was inactivated in
chondrocytes by tamoxifen-induced Agcl/-CreERT?2. Inactivation of the two alleles
of Osx in hypertrophic chondrocytes by Coll0al-Cre led to severely decreased bone
formation selectively in the primary ossification centers due to lack of Osx-expressing
osteoblasts, despite the presence of Runx2-expressing preosteoblasts in this area. Our
results thus indicate that CollOal-expressing chondrocytes have the capacity to
undergo transdifferentiation to become osteoblasts. In addition to cells in the
periosteum, CollOal-expressing chondrocytes represent a second significant source of
osteoblasts contributing to endochondral bone formation in vivo. We hypothesize
that this finding represents a unique case of naturally occurring transdifferentiation in
mammalian development.

Disclosures: Xin Zhou, None.

FR0212

Epigenetic Control of Osx-target Genes during Osteoblast Differentiation
through NO66 Histone Demethylase. Krishna Sinha*', Hideyo Yasuda?,
Xin Zhou?, Benoit DeCrombrugghe'. "UT MD Anderson Cancer Center,
USA, 2U.T.M.D. Anderson Cancer Center, USA, *MD Anderson Cancer
Center, USA

The osteoblast-specific transcription factor Osterix (Osx) is needed for differentia-
tion of Runx2-expressing precursors into mature osteoblasts through activating a
large repertoire of osteoblast genes including Collal, Bsp and Oc. In Osx-null
embryos, Runx2-positive Osx-null cells are arrested in their differentiation because
expression of these osteoblast genes is absent. The mechanisms underlying the
activation of these Osx-target genes in transition of preosteoblasts to osteoblasts is not
very clear. We present several lines of evidence to support the hypothesis that Osx is
indispensible for the formation of an active chromatin state of its target genes. Indeed,
our results indicate that activation of the Osx-target genes is likely to include DNA
demethylation, removal of repressor-complex from chromatin, recruitment of
activators and chromatin modifying activities. With chromatin immunoprecipitation
assays in Osx-wt and Osx-null calvarial cells, we demonstrate that the functional
interactions of Runx2 and Osx with chromatin of these genes are essential for
expression of these genes in osteoblasts. Based on our findings, we conclude that in
absence of Osx, chromatin of the Osx-target genes is inaccessible for the
transcriptional activators including Runx2, c-Myc as well as histone modifying
enzymes. We have earlier reported that NO66 is a JmjC histone demethylase specific
for lysine 4 and 36 of histone H3, interacts with Osx and inhibits Osx-dependent
promoter activity. Consistent with previous report, the interaction of NO66 with the
chromatin of the Bsp and Oc genes is associated during repression of these genes in
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Osx-null cells, indicating that NO66 might regulate histone methylation levels at the
chromatin through its demethylase activity. Taken together, our results provide novel
mechanistic insights in activation of Osx-target osteoblast genes through NO66
histone demethylase as well as DNA and histone methylation, thus adding another
layer of control in chromatin architecture during transition of preosteoblasts to
osteoblasts.

Disclosures: Krishna Sinha, None.

FR0217

Preconditioning Mouse Periosteal Cells to Hypoxia by Inactivation of the
Phd2 Oxygen Sensor Improves In Vivo Ectopic Bone Formation. Steve
Stegen*l, Nick Van Gastelz, Riet Van Looveren?, Peter Carmeliet®, Frank
Luyten*, Geert Carmeliet®. 'Universiteit Leuven, Belgium, *Laboratory of
Clinical & Experimental Endocrinology, KU Leuven, Belgium,
*Laboratory of Angiogenesis & Neurovascular Link, Vesalius Research
Center, VIB & Laboratory of Angiogenesis & Neurovascular Link,
Vesalius Research Center, KU Leuven, Belgium, *University Hospitals
KU Leuven, Belgium, SKatholieke Universiteit Leuven, Belgium

Tissue engineered constructs composed of a scaffold seeded with osteogenic cells
are a promising strategy to heal osseous defects. However, the hypoxic conditions that
cells encounter upon implantation can seriously impair the successful outcome and
hinder bone formation. To anticipate to this detrimental environment and circumvent
its negative effects, we aim at preconditioning osteogenic cells by switching on the
hypoxia-inducible factor (HIF) pathway before implantation. We hypothesize that
activation of this transcriptional program will not only promote angiogenesis, but will
also facilitate a metabolic reprogramming which will favor cell survival in the hypoxic
environment.

The HIF prolyl hydroxylase (PHD) oxygen sensors hydroxylate HIF-1a and target
it for proteasomal degradation in normoxia. In this study we genetically inactivated
PHD2, the major isoform, in order to stimulate the hypoxia pathway. Murine
periosteum derived cells (mPDC) obtained from Phd2™* mice were transduced with
adenovirus-Cre (Ad-Cre) or adenovirus-GFP (Ad-GFP). Within 3 days after Ad-Cre
transduction, PHD2 protein levels significantly decreased (Phd2'%), leading to
stabilization of HIF-1o in normoxic conditions. As a consequence, the HIF-regulated
transcriptional program was activated in the Phd2’ mPDC, which was reflected by
an increased production of the angiogenic factor VEGF. In addition, mRNA levels of
glucose transporters (Glutl) and glycolytic enzymes (Ldh-a, Pdkl) were increased,
indicative of a glycolytic switch.

To investigate whether PHD?2 inactivation influenced their bone forming capacity,
the mPDC were seeded on a calcium phosphate-collagen scaffold and implanted
ectopically in nude mice. Compared to Ad-GFP mPDC, the Phd2"” mPDCs formed
significantly more new bone with osteocytes embedded in the mineralized bone,
abundant osteoblasts lining the bone spicules, which surrounded islands of bone
marrow. Intriguingly, the Ad-GFP mPDCs formed bone only at the periphery of the
scaffold, whereas Phd2'” mPDCs formed also bone in the center, a site considered to
be more hypoxic. In addition, the number and size of the blood vessels was increased
in the Phd2"" condition, and these were closely associated with the sites of bone
formation.

In conclusion, we show that genetic inactivation of Phd2 activates the hypoxia
signaling pathway in periosteal cells, improving their potential to form bone and
attract blood vessels in vivo.

Disclosures: Steve Stegen, None.

FR0218

Runx2 and Osterix Molecular Complex Synergistically Regulate Osteogenic
Genes. Harunur Rashid*', Haiyan Chen?, Changyan Ma', Krishna Sinha?,
Benoit DeCrombrugghe®, Amjad Javed®. '"Department of Oral &
Maxillofacial Surgery, University of Alabama at Birmingham, USA,
2University of Alabama at Birmingham, USA, *UT MD Anderson
Cancer Center, USA

Commitment and maturation of mesenchymal cells into osteoblast require Runx2
and specificity protein 7 (Sp7) transcription factors. Deletion of either gene results in
failed osteoblast development and bone formation. Similar skeletal phenotype by
structurally unrelated proteins suggests their functional interdependence. However,
molecular cross-talk between Runx2 and Sp7 is not known. Here we investigated
molecular and functional interaction between Sp7 and Runx2 proteins. Co-IP assays
revealed a physical interaction between endogenous Sp7 and Runx2 proteins in
human osteoblasts. Sp7 interacts with both isoform of Runx2 in multiple cell types.
Successful reciprocal Co-IP suggested a stable association between Sp7 and Runx2.
Consistent with their physical interaction, a high degree of Runx2 and Sp7 nuclear
foci co-localized insitu. We next defined region responsible for this interaction by
serial deletion mutants of both proteins. We find that DNA binding runt homology
domain but not the transcriptional activation region of Runx2 is required for this
interaction. In contrast, the transactivation domain of Sp7 (89-192) but not the DNA
binding Zinc fingers is necessary for Runx2 interaction. We next tested if Runx2-Sp7
molecular complex differentially regulates target gene expression. Gene promoter
considered markers of mature osteoblast (OC), chondrocyte (ColX), and FGF3 were
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tested. Sp7 or Runx2, stimulate OC-promoter by 5 and 8 fold respectively. However,
co-expression of Runx2 and Sp7 results in synergistic activation of ~70 fold. Similarly,
ColX-promoter was activated by Sp7 (3 fold) and Runx2 (4 fold) but a synergistic
activation of >17 fold was evident when both proteins were co-expressed. FGF3-
promoter was induced ~30 fold by Sp7 or Runx2. However, a synergistic induction of
130 fold was manifested upon their co-expression. Thus Runx2 and Sp7 functionally
cooperate for maximal induction of cell phenotype-restricted gene. Requirement of
Runx2-Sp7 interaction for functional synergism was established by Runx2 mutant
that lack activation domain but preserve Sp7 interaction. Runx2-A230 poorly
activated (2 fold) OC-promoter but in presence of Sp7 showed synergistic response of
43 fold. Finally site-directed mutagenesis identified that functional synergism is
primarily mediated through Runx responsive motif in the OC-promoter. Together,
our data demonstrate that, Sp7 regulate Runx2 transcriptional activity and function
through physical association.

Disclosures: Harunur Rashid, None.

FR0223

PPR-Dependent Signaling in Osteoprogenitors Regulates Bone Marrow
Hematopoietic Stem Cell and Leukocyte Niches. Cristina Panaroni*',
Rhiannon Chubb?, Joy Wu?. 'Endocrine Unit, Massachusetts General
Hospital, USA, >Massachusetts General Hospital, USA

The signaling pathways mediating the interactions between osteoblasts and
hematopoietic cells are crucial for the maintenance of hematopoietic niches. One
important pathway in osteoblasts involves the PTH/PTHrP receptor (PPR). The
targeted expression of constitutively active PPR to osteoblasts in mice leads to
increased trabecular bone and increased numbers of hematopoietic stem cells (HSCs).
Beyond support of HSCs, osteoblasts are also necessary to sustain B lymphopoiesis in
bone marrow (BM). The PPR is a G protein-coupled receptor (GPCR) that signals
through multiple G proteins including Gso. We have previously demonstrated that
deletion of Gsa in osteoprogenitors in mice results in reduced bone mass with fewer
osteoblasts and impaired differentiation of B cell precursors blocked at the pre-pro B
to pro-B transition in vivo. Since PTH regulates HSCs in vivo and enhances support
of B lymphocyte differentiation by osteoblastic cells in vitro, we hypothesized that
ablation of PPR in osteoprogenitors would negatively affect BM hematopoiesis.
Osterix-Cre:PPR(fl/fl) conditional knockout (KO) mice were generated using the Cre
recombinase under the control of the Osterix promoter to ablate PPR in osteoblast
precursors. The BM cellularity is not altered in the mutant mice despite a significant
reduction in body weight. As previously reported, and similar to Gsa. KO mice, PPR
KO mice exhibit a specific reduction in B cell precursors in the bone marrow.
However, we also found higher levels of myeloid cells and a significant increase in T
lymphocytes in the BM of PPR KO mice. On the contrary, in the periphery PPR KO
mice exhibit severe myeloid and lymphoid deficiency, with dramatic reductions in
spleen and thymus cellularity. In order to better understand the splenic and thymic
failure we investigated the HSC compartment in PPR KO mice. BM and spleens of 3
week-old PPR mice showed a dramatic decrease in short term-HSCs and multipotent
progenitors but not in long term-HSCs. Our results demonstrate that PPR signaling
upstream of Gsa. in osteoprogenitors is very important for the maintenance of specific
stem cell subsets in the BM niche and plays a direct role in BM HSC and leukocyte
differentiation.

Disclosures: Cristina Panaroni, None.

FRO0225

The Inositol Polyphosphate/Protein Kinase Co Signaling Cascade is Required
for the Connexin43-dependent Amplification of Runx2 Activity. Corinne
Niger', Maria Luciotti’, Atum Buo®, Carla Hebert’, Vy Ma? Joseph
Stains*'. 'University of Maryland School of Medicine, USA, 2University of
Maryland, USA, *University of Maryland, School of Medicine, USA

Connexin43 (Cx43) plays an important role in bone biology by enabling the cell-
to-cell communication of small molecules. Yet, the identity of the second messengers
shared by Cx43 and the molecular targets of these second messengers are largely
unknown. In order to identify the biologically relevant second messengers being
communicated by Cx43, we characterized a system in which Cx43 expression levels
impact the responsiveness to FGF2 by modulating the transcriptional activity of
Runx2. Here, we show the requirement of the PLCy1/inositol polyphosphate/ PKCo
signaling cascade to the Cx43-dependent regulation of Runx2 in MC3T3 osteoblasts.
Cx43 overexpression potently enhanced the response of a Runx2-binding OSE2-
luciferase reporter to FGF2. Inhibition of phospholipase C activity by U73122, ET-
18-OCH3, a dominant negative PLCyl construct or PLCy1-siRNA reduced this
response by > 3-fold. Because PLCyl is classically associated with the production of
DAG and InsP3, we examined the effect of a DAG lipase inhibitor (RHC-80267) and
InsP3R antagonist (2-APB) on Runx2. Surprisingly, neither inhibitor had the
expected effect on Runx2 activity, suggesting that an alternate pathway downstream
of PLCyl generates the second messenger that is communicated by Cx43. Indeed,
siRNA- knockdown of inositol polyphosphate multikinase (IPMK), which generates
InsP4 and InsP5, and inositol hexakisphosphate kinase 1 (IP6K1), which generates
inositol pyrophosphates (InsPP), prevented the Cx43-dependent potentiation of
FGF2-induced signaling through Runx2, reducing transcriptional activity by ~50%.
Likewise, the IP6K inhibitor TNP abolished basal and Cx43-dependent Runx2
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activity, and blocked the interaction of Runx2 and PKCJ as determined by co-
immunoprecipitation. This is likely due to the observation that IP6K1 but not IP6K2
siRNA prevented the nuclear accumulation of PKC6 following FGF2 treatment. To
validate a role for InsPP in osteoblast function and Runx2 activity, we examined the
effect of TNP on osteogenesis by real time PCR. Treatment with TNP reduced the
expression of the Runx2-regulated genes, Collal, Osteocalcin and Osterix more than
2-fold, while Runx2 expression was unaffected. These data implicate the InsPP as
mediators of the Cx43-dependent amplification of the osteoblast response to FGF2
and suggest that these low molecular weight second messengers may be biologically
relevant mediators of osteoblast function that converge on Runx2 and are
communicated by Cx43.

Disclosures: Joseph Stains, None.

FR0226

A FoxOl-Independent Action of Canonical Wnt signaling in Osteoblasts
Regulates Bone Resorption. Aruna Kode*, loanna Mosialou, John S
Manavalan, Stavroula Kousteni. Columbia University Medical Center,
USA

FoxOl has evolved as a regulator of bone physiology that acts on osteoblasts to
control their function at two levels, bone formation and whole body glucose
metabolism. However, the role of osteoblast-expressed FoxOI in bone resorption has
not been explored. We found that FoxOI deletion in osteoblasts increased bone
resorption by increasing osteoclast numbers. Another molecule known to affect
osteoclast formation through its action in osteoblasts is b-catenin, the canonical Wnt
signaling target. In fact, FoxOI and b-catenin physically associate in osteoblasts.
Therefore, we examined whether FoxOI affects bone resorption in association with f-
catenin. Initial studies using a combination of cell culture assays and mouse models of
FoxOlI lack-of-function (FoxOl,g-/-) and f-catenin gain-of-function (fcat(ex3) )
mutations in osteoblasts supported this hypothesis at the transcriptional level. They
showed that FoxOI regulates the expression of the f-catenin transcriptional targets,
Axin2, Tcfl, Tcef3 and Lefl. In contrast, expression of the FoxOI targets cyclin DI,
Pp27Kipl, Superoxide Dismutase 2, catalase and Gadd45 were not affected by f-catenin.
A potential impact of such interaction on the skeleton was tested in vivo. However,
genetic experiments did not support a synergism in bone mass regulation. Indeed,
constitutive activation of f-catenin in osteoblasts (ficat(ex3 ),y mice) increased bone
mass by suppressing osteoclast formation and led to osteopetrosis. This effect is
mediated through upregulation of osteoprotegerin (Opg) expression. Inactivation of a
single allele or both alleles of FoxOI in osteoblasts in compound FoxOI,g+/-
sPeat(ex3) g, or FoxOl ,g-1-3fcat(ex3),g mice did not affect early onset osteopetrosis
caused by constitutive activation of b-catenin. Osteoclast formation and bone volume
were not reinstated in FoxOl,gt/-beat(ex3), g or FoxOl,g-I-;fcat(ex3 ), mice.
Similarly, thickening of the ribs and the formation of osteomata, benign bone tumors
of the ribs, as well as the lack of tooth eruption observed in beat(ex3),s, mice were not
affected by either FoxOI haploinsufficiency or by complete deletion of FoxOlI in
osteoblasts. Similar to bcat(ex3),,, mice, normal osteoblast numbers were observed in
FoxOl g, +/-;bcat(ex3) g animals. These observations identify FoxOI as a transcrip-
tional potentiator for some of the TCF binding properties of f-catenin. However, the
anti-osteoclastogenic effects of b-catenin occur independent of FoxOI activity.

Disclosures: Aruna Kode, None.

FR0227

Activated G4 Signaling in Immature Osteoblasts Alters the Hematopoietic
Stem Cell Niche in Mice. Edward Hsiao*l, Koen Schepers', Mark Scott?,
Trit Garg', Emmanuelle Passegue'. 1University of California, San
Francisco, USA, >Gladstone Institute for Cardiovascular Disease, USA

Adult hematopoiesis occurs primarily in the bone marrow space where blood cells
closely interact with stromal niche cells, including osteoblastic lineage cells. Despite
this close association, little is known about the specific roles of osteoblasts in
supporting hematopoietic stem cell (HSC) function, and how conditions affecting
bone formation influence hematopoiesis. Here, we use a constitutively-active
engineered Gg-coupled G-protein coupled receptor (GPCR) to activate Gi-GPCR
signaling in osteoblasts and assess how the concomitant increase in bone formation
impacts HSC function and blood homeostasis. The Coll(2.3)*/Rs1* transgenic mouse
model showed a 5-15 fold increase in trabecular bone mass with near complete loss of
the normal bone marrow cavity, with histological features similar to fibrous dysplasia
of the bone. The mice showed BM aplasia with progressive loss of up to 85% of HSC
numbers and impaired megakaryocyte and erythrocyte development with defective
recovery after myeloablation with SFU. These blood phenotypes developed without
compensatory extramedullary hematopoiesis. Surprisingly, the loss of HSCs occurs
despite a large expansion of HSC-supportive niche cells, including osteoblasts,
mesenchymal stem cells, and endothelial cells. Expression analysis showed that the
Col(2.3)*/Rs1™ osteoblasts had decreased expression of key HSC-maintenance genes,
including SDFI, VCAM]I, and Angptl, accounting for the impaired ability to support
HSC function. In addition, we observed significantly impaired HSC function in
competitive transplantation experiments when naive HSCs were initially co-cultured
with ColI(2.3)"/Rs1" OBCs. These findings indicate that long-term activation of G-
GPCR signaling in osteoblasts of the HSC niche decreases HSC-supportive activity
and leads to lineage-specific hematopoietic defects. Our results also suggest that long-
term activation of Gy-GPCR signaling, such as in medical conditions of excess
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parathyroid hormone, may lead to adverse effects on endogenous HSCs and
contribute to hematopoietic disorders such as anemia and thrombocytopenia.

Disclosures: Edward Hsiao, None.

FR0229

Diet Induced Obesity Enhances Bone Marrow Myeloproliferation by Down-
regulating Runx1 and Crebbp Expression. Benjamin Adler*!, Danielle
Green!, M. Ete Chan', Clinton Rubin>. lStony Brook University, USA,
%State University of New York at Stony Brook, USA

Bone marrow hematopoiesis is a process which is tightly regulated by the bone
marrow microenvironment to ensure lifelong hematopoietic production. Obesity
increases lifetime susceptibility to a host of chronic diseases, implicating a suppressed
immune system. Further, obesity biases bone marrow stromal cells (BMSCs) towards
the formation of adipose tissue, compromising the bone marrow niche. Considering
the consequences of obesity on immunity and the niche, we hypothesize that a high fat
diet (HFD: 60% Kcal from fat) will impair bone marrow hematopoiesis. Seven week
old male C57Bl/6J mice were fed either a high fat (HF) or regular chow (RD) diet.
Bone marrow was analyzed using flow cytometry after 1 and 6 weeks to characterize
hematopoietic cell populations. Within one week, B-cell proportions were reduced by
-10% in HF compared to RD (p<<0.05). By 6w of HFD B-cells had collapsed by -25%
and T-cells were reduced by -33%, while the myeloid cell fraction increased by +16%
as compared to RD (p<0.01). In RNA extracted from bone marrow at 6w, the
expression of Ebfl and Pax$5, representing commitment to the B-cell lineage, were
reduced by -29% and -34% in HF animals (p<<0.01). This response is reminiscent of
hematopoietic defects in other conditions, such as aging, where excessive myelopro-
liferation and impairments to lymphopoiesis are seen. Interestingly the expression of
hematopoietic transcription factors Runxl and Crebbp was also decreased in HF
animals by -17% and -24% (p<<0.01) at 6w. Hematopoietic stem cell quiescence and
differentiation are balanced by several transcription factors which were first
indentified, in cases of extreme dysfunction, as oncogenes. Partial or complete loss
of these particular transcription factors has been previously implicated in
hematopoietic disorders characterized by the increased myelopoiesis and limited
lymphopoiesis described here. This however is the first time that obesity has been
observed to impact their expression. These data demonstrate that hematopoiesis is
vulnerable to even short-term exposure to HFD, which disrupts leukocyte allocations.
The data also indicate that obesity acts through a previously unrecognized mechanism
in the bone marrow, down regulation of Runxl and Crebbp, intimating therapeutic
targets. These data emphasize the importance of taking a systems approach to
diseases, such as obesity and osteoporosis, whose spatial co-location (bone marrow)
may elucidate key pathways and interactions.

Disclosures: Benjamin Adler, None.

FR0230

Disruption of Hematopoietic Stem Sell Lineage Determination and Increased
Rate of Leukemia Cell Engraftment in Mice Lacking Osteoblasts. Maria

cavity. The increase in myeloid populations coupled with a decrease in B-
lymphopoiesis may predispose to and increase the burden of leukemia.

Disclosures: Maria Krevvata, None.

FR0232

FGF-2 Maintains a Niche-dependent Population of Self-renewing Highly
Potent non-adherent Mesenchymal Progenitors through FGFR2¢. Nunzia Di
Maggio*, Arne Mehrkens, Adam Papadimitropoulos, Andrea Banfi, Ivan
Martin. Basel University Hospital, Switzerland

Bone marrow-derived mesenchymal stem/stromal cells (MSC) are a heterogeneous
population of multipotent progenitors capable of generating bone, cartilage and fat
tissues and represent a fundamental tool in regenerative medicine. However, MSC are
rare and require significant in vitro expansion, which is accompanied by rapid loss of
differentiation capacity, limiting their potential for clinical application.

We found that primary human bone marrow (BM) cultures contain a population
of intrinsically non-adherent mesenchymal progenitors (NAMP), which are distinct
from the initially adhering Colony Forming Units-fibroblast (CFU-f) and are
normally discarded in current culture procedures. NAMP could generate an adherent
progeny with significantly greater proliferation and multilineage differentiation
potential in vitro and 3-fold greater bone formation in vivo, suggesting that they
represent a more primitive population. Furthermore, NAMP progeny was enriched
with cells expressing CD146, SSEA-4 and SSEA-1, which have been found to mark
populations of early multipotent mesenchymal progenitors. Upon serial replating,
NAMP were able to regenerate and expand in suspension as non-adherent clonogenic
progenitors, while also giving rise to an adherent progeny. This took place at the cost
of a gradual loss of proliferative potential, shown by a reduction in colony size.
However, when NAMP were expanded on the initial adherent BM fraction, they
underwent significantly greater expansion than during serial replating without any
loss of proliferative potential. Although not excluding cell-to-cell interactions,
conditioned medium experiments showed that the adherent BM fraction positively
regulates NAMP survival and proliferative potential at least in part through secreted
signals. The presence of FGF-2 was critical for NAMP maintenance, but it could not
induce them from the adherent fraction at any time during culture. Mechanistically,
we found that NAMP function specifically depends on signaling through FGFR2c,
which is expressed during osteogenesis and alterations of which have been described to
affect the balance between self-renewal and differentiation of osteoprogenitors in vivo.

In conclusion, our data show that the adherent BM fraction can provide a niche
function for the in vitro self-renewal of highly potent non-adherent mesenchymal
progenitors and suggest potential strategies to overcome a crucial limitation in the use
of MSC for regenerative medicine.

Disclosures: Nunzia Di Maggio, None.

FR0233

Generation and Characterization of Osterix-Cherry Reporter Mice. Sara
Strecker*!, Yu Fu', Peter Maye’. lUniversity of Connecticut, USA,

Krevvata*!, Barbara Silva', John S Manavalan', Aris Economides?, Ellin
Berman®, Stavroula Kousteni'. 'Columbia University Medical Center,
USA, “Regeneron Pharmaceuticals, Inc., USA, *Memorial Sloan-Kettering
Cancer Center, USA

The fate of hematopoietic stem cells (HSCs) depends on the bone marrow niche.
The osteoblast in particular, as a component of the niche, is involved in establishing
homing, survival, and differentiation of HSCs. Here we examined the effect of
osteoblasts on HSC function. For this purpose, we ablated osteoblasts and examined
the effect on the bone marrow compartment and on extramedullar hematopoiesis.
Activation of diphtheria toxin A chain (DTA) in collagen type 1Al- expressing
osteoblast precursors (DTA4,g+/- mice) in mice led to 50% reduction in osteoblast
numbers while osteoclast surface was not affected. At 10 weeks of age DT'4,,,+/- mice
showed a decrease in bone marrow cellularity. In the bone marrow the hematopoietic
stem and progenitor cell (HSPC) pool size, defined by Lin-Sca+c-Kit+ (LSK) cells,
increased in DTA,gy+/- mice as compared to wild type littermates. The LSK+/
CD150+/CD48- subset, a population with a myeloid commitment bias, was increased.
The number of myeloid (CD11b+/Grl+) cells increased in both the bone marrow and
the spleen of DTA,y+/- mice. Spleen size was not altered in 10-week old mice but
increased with increasing age suggesting an age-dependent increase in extramedullar
hematopoiesis in DTA,,+/- mice. Increased myeloid activity was coupled with a
reduction in B-lymphopoiesis in the bone marrow and spleen suggesting that the
hematopoietic lineage progression was altered. Erythropoiesis was not affected as
both the number of Ter119+ erythroid progenitors in the bone marrow and spleen as
well as the number of red blood cells was not altered by osteoblast depletion. The
functionality of the altered hematopoietic compartment was tested in a model of
lymphoma/lymphoblastic leukemia. DTA,4+/- mice injected with leukemic cells
showed earlier tumor engraftment in the blood, bone marrow, spleen and liver as
compared to wild type littermates. Total tumor burden was increased and overall
survival was significantly shorter following osteoblast ablation. A 50% increase in
hind-limb paralysis supported the finding of increased tumor burden at bone sites of
DTA,.+/- mice. These results indicate that osteoblast ablation alters lineage
determination of HSCs by affecting the myeloid and lymphocytic compartments.
Moreover, it allows for a greater engraftment of leukemia cells within the marrow
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*University of Connecticut Health Center, USA

Objectives: Osterix is a zinc finger transcription factor which functions as a master
regulator of osteoblast differentiation. We report here on the generation of Osterix-
mCherry reporter mice.Methods: We subcloned a 40 kb region encompassing the
Osterix gene from BAC clone RP24-362M3. An mCherry fluorescent reporter was
then inserted into this subcloned genomic DNA region. Pronuclear injection was
carried out with this construct and two founder lines were generated.Results:
Preliminary characterization of reporter gene expression at early postnatal ages
indicates Osterix expression is largely restricted to cells of the osteoblast lineage.
Robust mCherry expression can be detected in cells of the osteoblast lineage in the
skull, long bones, and axial skeleton. Reporter expression can also be detected in the
kidney. At adult ages, Osterix expression is not exclusive to the osteoblast lineage and
is moderately expressed in hypertrophic chondrocytes and weakly expressed in cells
present within the bone marrow. Osterix expressing cells in the bone marrow appear
close to, but are not on the bone surface. These cells appear similar to reticular cells
with regards to their cell morphology.To validate the expression pattern of Osterix-
mCherry reporter expression, we carried out immunostaining studies for endogenous
Osterix protein on tissue sections. Also, qRT-PCR analysis for Osterix on FACS
isolated cells from day 5 stromal cultures revealed that the mCherry positive cell
fraction was approximately 35 fold higher in endogenous Osterix gene expression
relative to the negative cell fraction.Conclusions: These studies substantiate that our
reporter accurately represents endogenous Osterix expression in the cortical bone and
cells of the bone marrow. The identity and significance of these mCherry positive cell
types is currently under investigation. Future studies will further validate and
characterize the mCherry + reporter expression relative to endogenous Osterix gene
expression.

Disclosures: Sara Strecker, None.



ASBMR 2012 Annual Meeting

FR0235

Legumain: A Novel Regulator of Human Skeletal (Mesenchymal) Stem Cell
Differentiation. Diyako Qanie*l, Abbas Jafariz, Kenneth Haubergl, Li
Chen?®, Moustapha Kassem®. ]Univeristy of Southern Denmark, Denmark,
2University of Southern Denmark, Denmark, Medical Biotechnology
Center (MBC), Denmark, *Odense University Hospital, Denmark

Secreted proteins of human skeletal (mesenchymal) stem cells (hMSC) may play an
important role in controlling hMSC biological function via autocrine or paracrine
effects. Thus, we employed quantitative proteomic analysis by Stable Isotope
Labelling in Cell Culture (SILAC) and identified 315 proteins that exhibit significant
(=2 fold) changes during osteoblast (OB) differentiation of h(MSC. Among the 14 up-
regulated secreted proteins with unknown function in hMSC biology, we identified
Legumain (LGMN), also called asparaginyl endopeptidase (AEP) which is a cysteine
protease enzyme hydrolyzing asparaginyl bonds. Previous studies showed that
LGMN exerted inhibitory effects on osteoclast differentiation via its C terminal
fragment. We confirmed the production and regulation of LGMN during OB
differentiation of hMSC by RT-PCR and Western blot analysis. Stable silencing of
LGMN in hMSC using shRNA significantly promoted osteoblast differentiation
while inhibited adipocyte differentiation. On the other hand, stable over-expression of
LGMN using lentivirus vector in hMSC showed the reverse effects: significantly
reduced osteblast differentiation and enhanced adipocyte differentiation. Further-
more, conditioned medium obtained from LGMN over-expressing hMSC reduced
osteoblast differentiation. In conclusion, our data demonstrated a novel autocrine/
paracrine role of LGMN regulating the balance between osteoblast and adipocyte
differentiation of hMSC by inhibiting osteogenesis and promoting adipogenesis of
hMSC in bone marrow. Thus targeting LGMN expression could be a therapeutic
drug for enhancing bone formation in bone-loss related diseases.

Disclosures: Diyako Qanie, None.
This study received funding from: Clinic for Molecular Endocrinology (KMEB)
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NF-kB RelB Null Mice Develop Erosive Arthritis by Increasing Inflaimma-
tory Monocyte/Macrophages. Zhengiang Yao*!, Yanyun Li% Lianping
X_ingl, Brendan Boycez. 'University of Rochester, USA, 2University of
Rochester Medical Center, USA

RelB, a NF-kB family member, typically forms heterodimers with p52 to activate
alternative NF-kB signaling. RelB-/- mice have normal basal, but impaired RANKL-
induced osteoclast (OC) formation in vitro and metastasis-mediated resorption. We
have found that RelB-/- mice develop age-related trabecular bone gain, which we
attribute to increased osteoblast (OB) functions. We generated RelB/p52 double KO
(dKO) mice in a B6/129 background (BG) and found that these and RelB-/- mice in
this BG are more healthy than RelB-/- mice in the original BG but still have impaired
RANKUL-induced OC formation in vitro. However, ~50% of the mice in the mixed BG
develop erosive arthritis, with marked synovial inflammation (area 1.2+0.4 and
1.4+ 1 mm2/knee joint in -/- and dKO mice, respectively) accompanied by activated
OCs (12.3+8.3 and 16.3+2.1 per knee joint) eroding bone. In contrast to the
impaired RANKL-induced OC formation in vitro, the -/- mice have enhanced TNF-
induced OC formation and resorption (pit area 1.1+0.2 vs. 0.2340.02 mm2/slice)
when we used fewer OC precursors (OCPs) because -/- mice have 5-10 fold more
inflammatory monocyte/macrophages (Mon/Macs) which are mainly CDI11b+Gr-
1+F4/80+(M1). M-CSF, GM-CSF and TNF independently drive myeloid precursor
differentiation to Mon/Macs which include 3 populations: CD11b+Gr-1+F4/80+
(M1), CD11b+Gr-1-F4/80+ (M2) and CDI11b-Gr-1-F4/80+ (M3) Mon/Macs.
Comparing bone marrow (BM) cells cultured from WT and -/- mice, we found that
M-CSF induced 86% vs 51% M2; GM-CSF induced 46% vs. 49% M1 and 14% vs.
32% of M3; TNF induced 21% vs. 61% M1 and 10% vs. 16% of M3. Notably, -/- mice
have age-dependent increased TNF but not M-CSF or GM-CSF levels in serum and
BM, reflecting TNF inducing its own transcription by activating RelA, and RelB
forming an inhibitory complex with RelA to inhibit TNF transcription. RANKL plus
either GM-CSF or TNF did not induce OC formation, consistent with RelB-/- mice
having more M1 Mon/Macs which form fewer OCs in vitro. However, RANKL
induced significant numbers of OCs in -/- mice, suggesting that -/- myeloid precursors
respond normally to RANKL in vivo. We conclude that RelB negatively regulates
TNF production and the increased TNF in RelB-/- mice drives myeloid precursor
differentiation into inflammatory Mon/Macs (M 1) which mediate joint inflammation
and enhance OC function to erode bone. Development of small molecular analogs of
RelB could provide a novel approach for the treatment of inflammatory arthritis.

Disclosures: Zhengiang Yao, None.
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Osteocyte-derived RANKL in Bone Remodeling. Tomoki Nakashima*!,
Mikihito Hayashil, Hiroshi Takayanagi’. 1Tokyo Medical & Dental
University, Japan, >The University of TokyoDepartment of Immunology,
Japan

RANKL and its receptor RANK are key regulators of osteoclastogenesis.
Aberrant expression of RANKL explains why autoimmune diseases, cancers, and
periodontal disease are associated with systemic and local bone loss. In particular,
RANKL is the pathogenic factor that causes bone and cartilage destruction in
arthritis. Inhibition of RANKL function by the decoy receptor osteoprotegerin or
anti-RANKL antibody prevents bone loss in postmenopausal osteoporosis, cancer
metastasis and arthritis. RANKL has been postulated to be mainly expressed by
osteoblasts, BMSCs and T cells, but there has been no genetic evidence regarding the
major cellular source of RANKL in the bone microenvironment. We show that
osteocytes embedded within the bone matrix are the critical source of RANKL in
bone remodeling. Osteocytes, the most abundant cell type in bone tissue, are thought
to orchestrate bone homeostasis by regulating both bone resorption and formation,
but in vivo evidence and the molecular basis for the regulation has not been
sufficiently demonstrated. To unambiguously isolate high purity osteocytes from bone
tissue, we generated osteocyte-specific EGFP reporter mice in which osteocytes could
be identified by the expression of EGFP driven by the Dmpl promoter. Using
fluorescence activated cell sorting, we established a method for the isolation of high
purity osteocytes from the fractions obtained by enzymatic digestion of bone. The
isolated osteocytes morphologically exhibited dendritic processes and exclusively
expressed Dmpl, Sost, Reln and Npy, which are well-known osteocyte-specfic genes.
In contrast, osteoblast-specific genes such as Kera and Fmod were strongly expressed
in isolated osteoblasts. Notably, osteocytes express a much higher amount of RANKL
and have a much greater capacity to support osteoclastogenesis than either osteoblasts
or BMSCs. The crucial role of RANKL expressed by osteocytes was validated by the
severe osteopetrotic phenotype observed in adult mice lacking RANKL specifically in
osteocytes. In addition, we generated T cell-specific Tnfsf11-deficient mice, which did
not exhibit any discernible osteopetrotic phenotype, indicating that the RANKL
expressed on T cells does not significantly contribute to the physiological regulation of
osteoclastogenesis. Thus, we provide in vivo evidence for the key role of osteocyte-
derived RANKL in bone remodeling, establishing a molecular basis for osteocyte
regulation of bone resorption.

Disclosures: Tomoki Nakashima, None.

FR0245

RANKL Employs Distinct Binding Modes to Engage RANK and OPG.
Christopher Nelson', Julia Warren*?, Steven Teitelbaum? Daved
Fremont'. 'Washington University in St. Louis, USA, “Washington
University in St. Louis School of Medicine, USA

The soluble decoy receptor osteoprotegerin (OPG) plays a pivotal role in bone
biology by moderating the processes that control bone mineral density. OPG binds to,
and sequesters, all know forms of the TNF-related cytokine RANKL (receptor
activator of NF-kB ligand), and by doing so interferes with activation of the cell-
surface receptor RANK. Here we report the crystal structures of the cytokine-binding
regions of murine OPG and RANK in complex with murine RANKL. Although OPG
and RANK are related members of the tumor necrosis factor receptor superfamily,
the contradictory biological functions of the two receptors (soluble-decoy versus cell-
surface signaling) impose different structural constraints on their binding domains.
Although similar in domain organization and structure - the cytokine-binding regions
of both receptors consist of four cystein-rich domains (CRDs) linked in tandem -
monomeric OPG binds RANKL with roughly 24-fold higher affinity than RANK,
and inhibits RANKL-stimulated osteoclastogenesis approximately 50-times more
effectively. The difference in affinity is largely attributable to a much longer off-rate of
OPG compared to RANK. Several RANKL residues shift their orientation leading to
rearrangement of the C-D and D-E loops. These shifts result in a much more
hydrophobic binding groove for OPG than for RANK. Indeed, a tight fit of OPG
with RANKL does not appear possible without significant shifts in the positions of
side chains within the receptor-binding cleft. High affinity binding requires OPG"'?7,
a residue mutated in juvenile Paget’s disease. These results suggest that cytokine
plasticity may modulate the interactions of specific TNF-family cytokine/receptor
pairs in order to fine tune receptor selectivity.

Disclosures: Julia Warren, None.

FR0246

RANKL Induces TRAF3 Lysosomal Degradation Through NF-kB RelB, an
Effect Prevented by the Lysosome Inhibitor Chloroquine. Yan Xiu*!,
Yoshikazu Morita®?, Chen Zhao', Zhengiang Yao®, Lianping Xing?,
Brendan Boycel. lUniversity of Rochester Medical Center, USA,
>Megmilk Snow Brand Co., Ltd., Japan, *University of Rochester, USA

TRAF3 inhibits RANKL-induced osteoclast (OC) formation through proteaso-
mal degradation of NF-kB-inducing kinase (NIK) and thus could limit resorption in
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inflammatory bone diseases, such as rheumatoid arthritis (RA). However, RANKL
also promotes TRAF3 degradation to activate NIK-induced NF-kB canonical and
non-canonical signaling, but how TRAF3 is degraded (lysosomal vs proteasomal) or
how it inhibits OC formation is unclear. Hydroxychloroquine is a lysosome inhibitor,
used to reduce inflammation in RA, but its effects on OCs are unknown. We report
that chloroquine (CQ) reduced OC #s by 3-fold and resorption by >90% in vitro
associated with increased TRAF3 protein levels. We generated OC-specific TRAF3™
mice and observed 2-fold more OCs in their calvarial bones vs WT mice. CQ reduced
OC #s by 50% in WT mice in vivo but had no effect in TRAF3” mice. CQ
significantly reduced PTH-induced marrow fibrosis in WT (1141 vs 29+ 3% with
PBS), but not in TRAF3” mice (30+4 vs 28 4+3%). Retroviral expression of TRAF3
in OC precursors (OCPs) significantly reduced RANKL-induced OC #s, associated
with reduced NF-kB RelA, RelB, and NIK protein levels and decreased pl100
processing to p52, suggesting that TRAF3 suppresses canonical and non-canonical
signaling to inhibit OC formation. We treated WT OCPs with RANKL and the
proteasome inhibitor, MG132, the lysosome inhibitors, NH4Cl or CQ, or the
autophagy inhibitors, Bafilomycin or 3-Methyladenine, and found that only the
lysosome and autophagy inhibitors prevented RANKL-induced TRAF3 degradation.
We over-expressed a TRAF3-GFP fusion protein in OCPs and found that TRAF3 co-
localized with the lysosomal protein LAMP2. RANKL increased co-localization of
TRAF3 and LAMP2, which was prevented by CQ. Finally, we found that RANKL
induced 2.5-fold more TRAF3 expression in RelB” OCPs. Furthermore, over-
expression of RelB in RelB” OCPs reversed this reduced ability of RANKL to
degrade TRAF3, indicating RelB is involved in RANKL-induced TRAF3 lysosomal
degradation. Our findings indicate that RANKL induces TRAF3 lysosomal/
autophagic degradation, an effect mediated by RelB, and that CQ inhibits OC
formation in vitro and in vivo by preventing TRAF3 lysosomal degradation. They
suggest that strategies to increase TRAF 3 levels in OCPs, such as treatment with CQ
or CQ derivatives, will inhibit bone resorption in conditions where RANKL is
increased, such as RA.

Disclosures: Yan Xiu, None.

FR0248

Activation of the NLRP3 Inflammasome in Myeloid Cells Causes Massive
Bone Resorption. Sheri Bonar!, Cynthia Brecks?, Matthew McGeough?®,
Susannah Brydges3, Chang Yang®*, Deborah Novack®, Hal Hoffman3,
Roberto Civitelli®, Gabriel Mbalaviele*®. "Washington University in St.
Louis, USA, 2Watshington University In St Louis, USA, 3University of
California, San Diego, La Jolla, CA, USA, *Washington University in St
Louis School of Medicine, USA, *Washington University in St. Louis
School of Medicine, USA

Nod Leucine rich Repeat with a Pyrin domain 3 (NLRP3) is a member of the
NOD-like receptor family of proteins involved in innate immune responses. NLRP3
forms an inflammasome, intracellular protein complex that converts pro-IL-1f into
mature IL-1B. We recently reported that mice globally expressing constitutively
activated NLRP3 exhibit severe osteopenia stemming from abnormally accelerated
bone resorption, attended by increased osteoclastogenesis. To gain insights into the
cell context dependent function of NLRP3, we generated knockin mice expressing a
constitutively active NLRP3 mutant in myeloid cells driven by the LysM promoter
(NLRP3“**M). At 2 weeks of age, NLRP3™*™ mice are significantly smaller and
osteopenic relative to WT mice based on whole body DXA, histomorphometric and
UCT (50% lower BV/TV) analyses. FACS analysis revealed 3-fold higher number of
CDI11b°YGr1'®¥CD117" osteoclast (OC) precursors in unfractionated bone marrow
cells of NLRP3™*M mice relative to WT mice. Consistent with these results, the
number of OC developing from unfractionated bone marrow cells or cultured bone
marrow macrophages (BMMs) in the presence of M-CSF and RANKL was higher in
NLRP3"¥M cells than in WT cells. In addition, degradation of poly(ADP-ribose)
polymerase 1, a negative regulator of OC formation and substrate of the
inflammasome, increased during osteoclastogenesis of NLRP3“*™ BMMs to a larger
extent than in WT cells. Conversely, BMMs from ASC (another component of the
inflammasome) or NLRP3 knockout mice formed fewer OC than WT BMMs. Thus,
NLRP3 activation increases both the number of OC precursors and their sensitivity to
osteoclastogenic factors. Consistent with the notion that bone degradation products
might serve as endogenous activators of NLRP3, hydroxyapatite crystals (HA)
induced IL-1P production by 300-fold in BMMs, an effect that required the presence
of NLRP3 and ASC. Moreover, treatment of co-cultures of WT BMMs and bone
marrow stromal cells with HA led to increased OC formation. In summary,
NLRP3"*M mice phenocopy the severe osteopenia of mice globally expressing
constitutively activate NLRP3, demonstrating that NLRP3 drives osteoclastogenesis
acting directly in the myeloid lineage. Since NLRP3 activation by HA stimulates IL-
1B production and osteoclastogenesis, bone degradation products activation of the
NLRP3 inflammasome in bone-resident myeloid cells may result in a positive
feedback that amplifies bone resorption.

Disclosures: Gabriel Mbalaviele, None.
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Calcium/calmodulin-signaling Regulates TRPV4 Action by the Process
Supporting Myosin Ila Association in Osteoclasts. Ritsuko Masuyama*!,
Atsuko Mizuno?, Hiroshi Kajiva®, Hideki Kitaura®, Koiji Okabe’,
Toshihisa Komori'. 'Nagasaki University Graduate School of Biomedical
Sciences, Japan, 2Jichi Medical University, Japan, 3Fukuoka Dental
College, Japan, “Tohoku University, Japan

Osteoclast differentiation is critically dependent on Ca®' signaling. A Ca>*
permeable channel, transient receptor potential vaniroid 4 (TRPV4), mediates Ca®*
influx in the late stage of osteoclast differentiation and thereby regulates Ca>* signaling.
We previously reported that Trpv4-null mice had increased bone mass resulting from
impaired osteoclast maturation, and found that the system supplying cellular Ca**
switched from Ca®' oscillations to Ca®* influx during osteoclast differentiation.
However, the system-modifying effect of TRPV4 activity remains to be determined. To
elucidate the mechanisms underlying TRPV4 activation based on osteoclast differentia-
tion, TRPV4 gain-of-function mutants were generated by the amino acid substitutions
R616Q and V620I in TRPV4 and were restrictedly introduced into osteoclast lineage in
Trpv4 null mice to generate osteoclasts Trpv41°2"02% rescue mice.

As expected, TRPV4 activation increased osteoclasts surface in tibia section
(+260% vs Trpv4-null, +80% vs WT; P<0.01), thereby resulting in bone loss (-24% vs
Trpv4-null, -12% vs WT mice; P<0.05). During in vitro analysis, Trpy4=6/62/V6201
osteoclasts showed activated Ca”*/calmodulin signaling compared with osteoclasts
lacking 7rpv4 as shown by the increased NFATcl expression. Although the regulatory
system involved with TRPV4 activation in osteoclasts remains unknown, the Ca**/
CaM complex has been suggested as one possible regulator because osteoclasts
differentiation is accompanied by dramatic induction of calmodulin. We therefore
investigated Tr{)v4k6l5 V6201 mice that lacked the calmodulin-binding domain
(Trpv4R6169IV620L 4 CyM). Bone loss due to TRPV4 activation was abrogated by loss
of interactions between Ca’*/calmodulin signaling and TRPV4 that observed in
Trpy4R6169/V6201 4 Cq M mice. Finally, modulators of TRPV4 interactions with the
calmodulin-binding domain were investigated by proteomic analysis. Interestingly,
non-muscle myosin Ila was identified by LC-MS/MS analysis, which was confirmed
by immunoblotting following coimmunoprecipitation with TRPV4. Furthermore,
myosin Ila gene silencing significantly reduced TRPV4 activation concomitant with
impaired osteoclast migration examined by wound healing assay.

These results indicate that TRPV4 activation reciprocally regulates Ca**/
calmodulin signaling, which involves an association of TRPV4 with myosin Ila,
and supports sufficient osteoclast function.

Disclosures: Ritsuko Masuyama, None.

FR0252

Foxp3, the Master Transcriptional Regulator in Regulatory T Cells, Controls
Osteoclastogenesis and Bone Mass. Tim Hung-Po Chen*!, Yousef Abu-
Amer”. 'Washington University School of Medicine, USA, *Washington
University in St. Louis School of Medicine, USA

Regulatory T cells (Tregs) play an essential role in prevention of autoimmune
response. Scurfy mice, which present spontaneous null mutation of the forkhead gene
foxp3, lack Tregs and immune self-tolerance and mimic the human disease IPEX
(immunodysregulation polyendocrinopathy enteropathy X-linked syndrome) which is
associated with bone deformities. Despite recent research in Tregs, the mechanism of
Foxp3 in bone remains unclear. In this study, we first evaluated parameters of bone in
scurfy mice and found that lack of Foxp3 led to osteoporotic phenotype in mice.
Histological and uCT analyses revealed increased osteoclasts, thinner cortical bone,
and reduced trabecular regions in the Foxp3 deficient scurfy mice than in wildtype
controls. Taken together, Foxp3 deficient mice exhibited increased erosion and poor
bone quality. We next examined gene expression of inflammatory cytokines of
magnetic beads sorted CD4+ T cells in these mice by qRT-PCR. RANKL, TNFa and
IL-17, were up-regulated. NFATcl mRNA and NEMO/IKKg protein were also
increased in CD4+ T cells. Co-immunoprecipitation assays revealed physical
interaction between NEMO and Foxp3 in both primary CD4+ T cells and transiently
transfected 293T cells, suggesting a post-translational regulatory mechanism of
NEMO protein via Foxp3. The notion that expression of FoxP3 is T cell-exclusive has
been recently challenged. Therefore, we tested whether in addition to extrinsic cues
from Tregs, Foxp3 is also required in osteoclastogenesis in a cell intrinsic manner. We
found that macrophages derived from scurfy mice generated more osteoclasts
compared with wilt type controls. Interestingly, flow cytometry analysis revealed that
the protein expression of Foxp3 was down-regulated 7-fold in the wildtype culture
during this course of RANKL treatment, suggestive of an inhibitory role of Foxp3 in
RANKL induced osteoclastogenesis. These cells also showed higher proliferative
activity (S-phase cells) in cultures as assessed by BrdU flow cell cycle analysis.
Phenotypic analysis by flow cytometry revealed a proportion of CD11b+ monocyte/
osteoclast precursors was markedly increased in Foxp3 deficient bone marrow,
whereas a proportion of grl+ granulocyte/myeloid derived suppressor cells (MDSCs)
and CDl1lc dendritic cells were decreased. In summary, our findings suggest that
Foxp3 may play a critical role in bone metabolism, not merely by its conventional
function in Tregs but by directly affecting osteoclast development

Disclosures: Tim Hung-Po Chen, None.
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FR0254

Impairment of Osteoclastic Bone Resorption in Rapidly Growing Female
p47"hox Knockout Mice. Jin-Ran Chen*', Kelly Mercer?, Oxana P.
Lazarenko®, Thomas M. Badger*, Martin J. J. Ronis’. 'Arkansas
Children’s Nutrition Center, & Department of Pediatrics, University of
Arkansas for Medical Sciences, USA, *Arkansas Children’s Nutrition
Center, USA, *Arkansas Children’s Nutrition Center, & Department of
Physiology & Biophysics, University of Arkansas for Medical Sciences,
USA, “*Arkansas Children’s Nutrition Center. The Departments of
Pediatrics, Physiology & Biophysics, University of Arkansas for Medical
Sciences, USA, >Arkansas Children’s Nutrition Center, & Department of
Pediatrics, Pharmacology & Toxicology, University of Arkansas for
Medical Sciences, USA

Bone formation is dependent on the activity and differentiation of osteoblasts;
whereas resorption of preexisting mineralized bone matrix by osteoclasts is necessary
not only for bone development but also for regeneration and remodeling. Bone
remodeling is a process in which osteoblasts and osteoclasts are coupled. It changes
dramatically during the course of development as it undergoes age-dependent
regulation. Accumulation of reactive oxygen species (ROS) has been suggested to
inhibit bone remodeling at each life stage. Tightly controlled and cell-specific
NADPH-oxidase (Nox) activities represent one of the major sources of ROS in many
cell types. Here, we have utilized a p47°"°X knockout mouse model in which the
majority of Nox activity is lost as the result of loss of an essential cytosolic co-
activator, and characterized bone phenotype in these mice compared to their wild type
controls. We found that, in female p47°"°* -/- mice at 6 weeks of age, bone mineral
density and bone mineral content were higher in comparison to wild type controls (P<
0.05). Consistent with this, bone strength was found to be higher in femur from
p47P1°% _ /- mice, compared with those from wild type controls, in three point bending
tests (P<<0.05). Flow cytometric analysis showed that osteoblastic calvarial cells
isolated from female p47°"°* - /- mice had significantly lower levels of ROS.
Furthermore, bone histomorphometric analysis revealed that osteoclast number was
lower in p47P1°% - /- mice compared with their wild type controls (P<0.05). This is in
agreement with reduced gene expression of bone resorption markers RANKL and
TRAP in RNA isolated from both femur and bone marrow cells from female p47P"°* -
/- mice compared to their wild type controls (P<<0.05). Moreover, in ex vivo primary
osteoblast and osteoclast precursor co-culture, TRAPase staining revealed lower
numbers of mature osteoclasts (containing 3 or more nuclei) in wild type primary
osteoblasts plus p47P1°* - /- pre-osteoclast cultures compared with wild type primary
osteoblasts plus wild type pre-osteoclast cultures. These data indicate that the high
bone mass in 6 week old female p47°"* - /- mice is due to lower ROS generation
leading to decreased osteoclastogenesis. Supported in part by ARS CRIS #6251-51000-
005-03S (JRC) and ROI AA18282 (MJJR).

Disclosures: Jin-Ran Chen, None.
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Canonical Wnt Signaling Mediates an Osteoprotegerin-independent Inhibi-
tory Effect on Osteoclastogenesis. Johannes Keller*', Michael Amling’,
Joachim Albers?, Anke Baranowsky®, Thorsten Schinke®. 1University
Medical Center Hamburg-Eppendorf, Germany, >Universititsklinikum
Hamburg Eppendorf, Germany, >Universititsklinikum Hamburg-
Eppendorf, Germany, “Department of Osteology & Biomechanics
University Medical Center Hamburg Eppe, Germany

Whnt signaling plays a pivotal role in the regulation of bone remodeling, and its
inhibition by specific antagonists is one of the causes for excessive bone resorption
observed in individuals with multiple myeloma. Since an osteoblast-specific
inactivation of B-catenin, the major intracellular mediator of canonical Wnt signaling,
causes reduced expression of the osteoclastogenesis-inhibitor Opg, it appeared that
this influence is solely mediated indirectly. Here we show that activating canonical
Wnt signaling in murine bone marrow cells inhibits their differentiation into
multinucleated osteoclasts, independent of Opg. Likewise, specific inactivation of B-
catenin in the osteoclast lineage results in osteopenia due to increased osteoclastogen-
esis, despite normal Opg production. The same phenotypic abnormalities were
observed in mice lacking the Wnt receptor Frizzled-8 (Fzd8), which was identified as a
candidate regulator of bone resorption by genome-wide expression analyses. Taken
together, these findings demonstrate that osteoclastogenesis is directly regulated by
canonical Wnt signaling, and that this regulation is mediated, at least in part, through
the serpentine receptor Fzd8.

Disclosures: Johannes Keller, None.
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Foxp3* CD8 T-Cells Can Suppress Bone Turnover in Response to RANKL
Administration and in Ovariectomized Mice.. Reggie Aurora*', Zachary
Buchwald?, Jennifer Kiesel?, Deborah Novack®, Richard Di Paolo?. 'Saint
Louis University University, USA, 2Saint Louis University School of
Medicine, USA, 3Washington University in St. Louis School of Medicine,
USA

We have been previously shown that osteoclasts can cross-present antigens. Co-
culturing CD8+ T-cells with osteoclasts induced a FoxP3" regulatory phenotype in
vitro in the presence of antigen [1]. These osteoclast-induced FoxP3* CD25" CD8 T-
cells (OC-iTcreg) can suppress osteoclast activity in vitro in a cell-contact
independent, cytokine dependent manner. To determine if OC-iTcrgg could suppress
bone turnover in vivo we adoptively transferred these T-cells into an OT-I transgenic
mouse that lacks endogenous Tcrgg. We then injected the recipient mice with
RANKL. Suppression of bone turnover (as measured by CTX) was observed in the
mice that received Tcrpg. In contrast no suppression was observed in the untreated
controls or in mice treated with anti-CD3/CD28 activated CD8 T-cells. We have also
shown that the OC-iTcrgg can suppress bone turnover in ovariectomized (OVX)
mice, a model of post-menopausal osteoporosis. A single infusion of OC-iTcggg into
mice two weeks post-OVX reduced bone turnover for at least 10 days. Next, to
investigate whether the endogenous FoxP3™ CDS8 T-cells could also suppress
osteoclast resorption, we used the FoxP3°C*? reporter mouse and found that GFP*
but not GFP™ CD8 T-cells purified from the bone marrow could suppress osteoclast
pitting in vitro. To determine whether the endogenous CD8+ T-cells also have bone
regulatory activity in vivo, we performed a RANKL dose titration into wt mice and
mice lacking CD8+ T-cells (TCRa-/-, b2M-/-). Mice lacking CD8+ T-cells had
increased bone turnover relative to wt controls, at doses > 0.5 mg/kg RANKL. To
confirm the observed suppression was due to the absence of CD8 T-cells, TCRa”" mice
were reconstituted with fractionated CD8 or CD4 T-cells. Mice that received CD8 T-
cells showed suppression whereas the CD4 did not. Our results show that OC-iTcgrgg
and endogenous CD8 T-cells can suppress osteoclast activity in vitro and in vivo.

1. Kiesel, J.R., Z.S. Buchwald, and R. Aurora, Cross-presentation by osteoclasts
induces FoxP3 in CD8+ T cells. J Immunol, 2009.182(9): p. 5477-87.

Disclosures: Reggie Aurora, None.
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Mice with Inactivating Mutations in the RANK PVQEET®5% apd
PVQEQG®**%” Motifs Exhibit Increased Bone Mass Due to Impaired
Osteoclastogenesis. Zhenqi Shi*l, Joel Jules®, Bob Kesterson3, Dongfeng
Zhao*, Xu Feng®. 'University of Alabama, USA, *University of Miami
Miller School of Medicine, USA, 3Department of Genetics, UAB, USA,
“The University of Alabama At Birmingham, USA, °University of
Alabama at Birmingham, USA

RANKL plays a crucial role in osteoclastogenesis by activating RANK, which
activates various signaling pathways including NF-kB, JNK, ERK, p38 and Akt in
osteoclast precursors by recruiting TNF receptor-associated factors (TRAFs). In vitro
studies have identified three functional TRAF-binding motifs: PEFQEP**7* (Motif
1), PVQEET %% (Motif 2), and PVQEQG®*** ®*(Motif 3) in the RANK
cytoplasmic domain. Notably, Motif 2 and Motif 3 are more potent than Motif 1
in mediating osteoclastogenesis in vitro, and mutation of both Motif 2 and Motif 3
dramatically impaired RANK’s ability to promote osteoclastogenesis in vitro. To
validate these findings in vivo, we generated knockin (KI) mice bearing inactivating
mutations in Motif 2 (PVQEET to LLNDDS) and Motif 3 (PVQEQG to LLNDNA).
The introduced mutations were confirmed by sequencing. Western blot and RT-PCR
analyses verified that bone marrow macrophages (BMMs) from wild type (WT),
heterozygous KI (RANK ™) and homozygous KI (RANK™ /™ mice have similar
levels of RANK expression. RANK™™ mice are viable, born at the expected
Mendelian frequency, and have normal tooth eruption. However, X-ray and micro-
computed tomography (ULCT) analysis of femurs of 12-week old mice have revealed
dramatic increases in bone mass in RANK™™ compared to age and sex matched
WT counterparts. Consistently, BMMs from RANK™ ™ mice failed to form
osteoclasts in tissue culture dishes and on bone slices in vitro in response to M-CSF
and RANKL stimulation. Mechanistically, while RANKL-induced activation of the
NF-kB, ERK, p38, JNK and Akt pathways remains normal in RANK™/™ BMMs,
RANKL-stimulated expression of NFATc] is impaired in these cells. Given that
TNFa- and IL-1-mediated osteoclastogenesis requires RANK signaling, we further
examined the role of Motifs 2 and 3 in TNFo/IL-1-mediated osteoclastogenesis. We
found that the capacity of TNFo and IL-1 to promote osteoclastogenesis from
RANK™mut BMMs in the presence of RANKL in tissue culture dishes and on bone
slices is significantly impaired, indicating that Motifs 2 and 3 are integral signaling
components to initiate normal RANK signaling to support TNFa- and IL-1-mediated
osteoclastogenesis. These findings indicate that Motifs 2 and 3 are critical for
osteoclastogenesis in vivo and thus they have the potential to serve as novel
therapeutic targets for osteoporosis and bone erosion in rheumatoid arthritis.

Disclosures: Zhenqi Shi, None.
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Stat5 Suppresses Bone Resorption of Osteoclasts by Upregulating Expression
of Dusp Family. Jun Hirose*, Hironari Masuda, Yasunori Omata, Sakae
Tanaka. The University of Tokyo, Japan

Signal transducers and activators of transcription (Stats) are family of proteins
which transmit the signals of various cytokines through Jak/Stat pathways. Stat5 is a
member of Stat family and essential for cytokine-regulated processes such as
proliferation, differentiation, and survival in hematopoietic cells. To investigate the
role of Stat5 in osteoclasts, we generated mice with osteoclast-specific conditional
deletion of Stat5a and StatSb (Stat5¢cKO mice) by crossing StatSa&b floxed mice and
Cathepsin K-Cre mice. They grew normally without apparent morphological
abnormalities, but they exhibited decreased bone mass as assessed by micro CT and
DEXA, which became prominent in the course of aging. The mice exhibited an
increased serum level of CTx-I, and histomorphometric analysis of proximal tibia of
8-week-old Stat5 ¢cKO mice revealed a significant increase in the eroded surface/bone
surface ratio and the osteoclast surface, but not in the osteoclast number. RANKL
and M-CSF-induced osteoclast differentiation was indistinguishable between WT and
Stat5 cKO cells and there was no difference in the survival of WT and Stat5cKO
osteoclasts. However, bone-resorbing activity of Stat5 cKO osteoclasts was markedly
promoted as compared with WT osteoclasts. To examine the mechanisms underlying,
we analyzed major intracellular signaling pathways in Stat5 cKO osteoclasts, and
found that Erk activity was increased in cKO osteoclasts. The expression of MAPK
phosphatases Dusp (dual specific phosphatase) 1 and 2 was significantly decreased in
Stat5 cKO osteoclasts as determined by DNA microarray and real-time RT-PCR
analyses. Retrovirus vector-mediated overexpression of Stat5 promoted Duspl and 2
expression in osteoclasts. Among the known stimulators of Stat5, IL-2, IL-3, IL-5,
GH and PRL, only IL-3 induced activation of Stat5 in osteoclasts, and nuclear
translocation of Stat5 was observed in response to IL-3 stimulation. Rapid induction
of Duspl and 2 expression by IL-3 was observed in WT osteoclasts but not in Stat5
cKO osteoclasts. Our results suggest that Stat 5 negatively regulates the bone-
resorbing function by promoting Duspl and 2 expression, and IL-3 may be one of the
stimulators of Stat5 in osteoclasts.

Disclosures: Jun Hirose, None.

FR0271

Evaluation of Osteocyte Dedifferentiation in vitro and in vivo. Elena
Torreggiani*', Slavica Pejda', Igor Matic!, Mark Horowitz?, Ivo
Kalajzic'. 'University of Connecticut health Center, USA, ’Yale
University School of Medicine, USA

Cellular dedifferentiation has been observed in biological phenomena such as
carcinogenesis, but it has been difficult to study due to a lack of experimentally
traceable systems. Presently, there is no evidence for the ability of mature osteoblast
lineage cells to dedifferentiate. The use of visual transgenes, such as GFP, has been
instrumental for identifying cells at different stages of maturation. However, markers
expressed under the control of a specific promoter are no longer expressed when
promoter activity ceases. A valuable tool for lineage tracing is the Cre/loxP system. In
this study we present evidence that DMP-1 expressing cells (preosteocytes/osteocytes)
can undergo dedifferentiation in vitro and in vivo, accompanied by changes in gene
expression. We have utilized transgenic mice in which the DMP1 promoter drives
GFP expression as a visual marker of the current stage of differentiation (DMP-GFP)
or drives Cre recombinase in order to activate an historical reporter in osteocytes and
their progeny (DMP-Cre). Primary bone chip outgrowth cell (BCOC) cultures were
prepared by enzymatic digestion (collagenase/trypsin/EDTA) to remove surface
osteoblasts. When we utilized a DMP-GFP transgene, BCOC were GFP negative by
epifluorescence and immunofluorescent staining for GFP. Using DMP-Cre mice bred
with a Rosa-tomato reporter strain, cells that emerged from bone chips after 48-72
hours expressed Tomato. This result suggests that cells that have previously expressed
the DMP promoter have the ability to dedifferentiate. Using FACS sorting we have
isolated DMPCre/Tomato+ and DMPCre/Tomato- cells and shown that the positive
population has the ability to redifferentiate into the osteogenic lineage, while the
negative population did not mineralize, but showed some evidence of adipogenesis.
BCOC cultures from DMP-GFP/DMPCre/Tomato mice also showed redifferentia-
tion with the appearance of dual DMP-GFP+/Tomato+ cells. Following subcuta-
neous transplantation of whole bone chips derived from DMPCre/Tomato mice we
observed formation of numerous DMPCre/Tomato+ osteoblasts on the surface of
bone chips. Our results indicate that under certain conditions cells embedded in the
matrix can grow out and begin to proliferate, suggesting that mature osteoblast
lineage cells could provide an additional source of preosteoblasts capable of
proliferation and differentiation. Future studies will aim to evaluate factors that
affect osteocyte dedifferentiation in vivo and in vitro.

Disclosures: Elena Torreggiani, None.
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FR0272

Matrix Metalloproteinase-13 is Required for Osteocytic Perilacunar
Remodeling. Simon Tang*, Tamara Alliston. University of California,
San Francisco, USA

Like bone mass, bone quality is specified in development, actively maintained
post-natally, and disrupted by disease. The roles of osteoblasts, osteoclasts, and
osteocytes in the regulation of bone mass are increasingly well defined. However, the
cellular and molecular mechanisms by which bone quality is regulated remain unclear.
Proteins that remodel bone extracellular matrix, such as the collagen-degrading
matrix metalloproteinase (MMP)-13, are likely candidates that regulate bone quality.
Using MMP-13 deficient male two-month old mice, we examined the role of MMP-13
in the remodeling and maintenance of bone matrix and subsequent fracture resistance.
Throughout the diaphysis of MMP-13-deficient tibiae, we observed elevated none-
nzymatic crosslinking and concentric regions of hypermineralization, collagen
disorganization, and canalicular malformation. These defects localize to the same
mid-cortical bone regions where osteocyte lacunae and canaliculi exhibit MMP-13
and tartrate-resistant acid phosphatase expression, as well as the osteocyte marker
Sclerostin. Despite otherwise normal measures of osteoclast and osteoblast function,
dynamic histomorphometry revealed that the remodeling of osteocyte lacunae is
impaired in MMP-13-/- bone. While WT bone showed regular calcein incorporation
in the perilacunar spaces (A, C), demonstrating osteocyte perilacunar remodeling, the
loss of MMP-13 resulted in the loss of this phenomenon (B, D, E). MicroCT analysis
of tibia from nulliparous and lactating WT show that lactation causes significant
increases in cortical bone porosity (F; p < 0.05; t-test) and endosteal perimeter (I; p <
0.05; t-test), and decreases in cortical bone area (J; p< 0.05; t-test) and tissue mineral
density (K; p< 0.05; t-test). In contrast, the cortical bone structural parameters of
MMP-13-/- mice, when compared to MMP-13-/- nulliparous controls, were not
significantly altered by lactation demonstrating the need for MMP-13 for osteocyte-
mediated remodeling of perilacunar matrix. The loss of MMP-13, and the resulting
defects in perilacunar remodeling and matrix organization, also significantly reduced
MMP-13-/- bone fracture toughness and post-yield behavior. Taken together, these
findings demonstrate that osteocyte perilacunar remodeling of mid-cortical bone
matrix requires MMP-13 and is essential for the maintenance of bone quality.

MMP-13 is required for osteocyte perilacunar remodeling.

Disclosures: Simon Tang, None.

FR0273

Osteocyte-Produced Microvesicles: a Potential Mechanism for Communica-
tion With Osteoblasts and Osteoclasts. Pat Veno, Matt Prideaux, Vladimir
Dusevich, Lynda Bonewald, Sarah Dallas*. University of Missouri -
Kansas City, USA

Recent findings have highlighted the key role of osteocytes as regulators of
osteoblast and osteoclast function that integrate hormonal and mechanical signals to
control bone mass. However, the mechanisms by which osteocyte signals reach these
bone cells are not well defined. Exosomes (50-100nm) and microvesicles (100-1000nm)
are membrane-bound vesicular particles released by cells that deliver “packets” of
proteins, mRNAs and microRNAs to target cells and alter their function. We have
previously reported microvesicle-like particles that appear to be shed by osteocytes.
To further understand their properties and function, live cell imaging and confocal
and electron microscopy were used, together with microvesicle purification and
analysis of their protein composition. Using transgenic mice expressing a membrane
targeted GFP variant in osteocytes (Dmpl-mem-GFP), 3D confocal microscopy
showed abundant spherical GFP+ve microvesicles in the bone matrix of neonatal and
adult bones. Similar vesicles were seen by immunostaining for the osteocyte
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membrane protein E11/gp38. GFP+ve microvesicles were also seen in marrow spaces/
vascular channels in bone as well as in marrow cell suspensions from the long bones,
suggesting they may be shed into the marrow space and/or circulation. Microvesicles
were purified from mineralized, osteocyte-enriched primary cultures of Dmpl-mem-
GFP calvarial cells and IDG-SW3 cells (a late osteoblast cell line that differentiates
into mature osteocyte-like cells). Western blotting showed that several osteocyte
marker proteins were present in the microvesicles, including E11, sclerostin, FGF23
and RANKL in addition to known microvesicle proteins, B-actin, fibronectin and
flotillin-2. Of these, fibronectin and sclerostin were enriched in microvesicles
compared to cell lysate. PTH treatment for 24h increased RANKL and El1 levels
in microvesicles and decreased sclerostin. Live imaging of osteocytes from Dmpl-
mem-GFP mice showed extensive membrane ruffling and shedding of vesicles from
the cell body and dendrites and suggested increased microvesicle release in response to
PTH. These data show that osteocytes shed microvesicles containing bone regulatory
proteins which may represent a novel mechanism for cell-cell communication in bone.
Release of RANKL containing microvesicles may allow osteocytes to signal to
osteoclast precursors in the bone marrow and hormones such as PTH may alter
microvesicle content to regulate bone remodeling.

Disclosures: Sarah Dallas, None.

FR0278

Mice Like it Hot: Housing Mice at Room Temperature Results in Cancellous
Bone Loss. Urszula Iwaniec, Russell Turner*, Kenneth Philbrick, Laurence
Lindenmaier, Dawn Olson, Gianni Maddalozzo. Oregon State University,
USA

In contrast to humans, age-related cancellous bone loss begins in mice even as
cortical bone continues to be accrued. This premature osteopenia is characterized
architecturally by a pronounced decrease in trabecular number but preservation of
trabecular thickness. Unlike humans who are homeotherms, the mouse is a facultative
daily heterotherm and experiences cyclic changes in core temperature and bouts of
torpor when subjected to cold temperature stress (temperatures below thermoneutral;
~32°C for mice) and/or caloric restriction. Activation of sympathetic signaling is
important for mice to successfully adapt to low temperature and suppression of
sympathetic tone has been reported to increase cancellous bone mass in mice. We
therefore reasoned that premature age-related bone loss commonly seen in mice may
be due to temperature stress induced by housing the animals at room temperature (20-
24°C). To test this hypothesis, 1-month-old female C57BL6/J (B6) and C3H/Hel
(C3H) mice (n=20/strain) were randomized to 1 of 2 temperatures (22°C or 32°C) and
maintained with no bedding for 4 months. Compared to B6 mice housed at 22°C, B6
mice housed at 32°C consumed less food (2.840.1 vs. 4.740.1 g/day; mean +SE,
p<0.01). However, there was no significant effect on total body mass, lean mass, or
fat mass. Furthermore, there were minimal temperature-dependent effects on cortical
bone mass and architecture. In contrast, mice housed at the warmer temperature had
higher cancellous bone volume/tissue volume in the distal femur metaphysis (6.6 +0.4
vs. 3.04+0.2 %, p<0.01), distal femur epiphysis (26.5+0.6 vs. 22.1+0.4 %, p<0.01),
and in the 5™ lumbar vertebra (16.7+0.4 vs. 14.1+0.4 %, p<<0.01). The sparing effect
of thermoneutral housing on cancellous bone was due to preservation of trabecular
thickness. Similar temperature-dependent differences in cancellous bone mass were
obtained in C3H mice (data not shown). These results support the conclusion that
mild cold stress has a major negative impact on cancellous bone mass and architecture
in mice and that early onset cancellous bone loss in this species is due, in part, to cold
adaptation. They also suggest that studies using mice as a preclinical model to
investigate interactions between energy homeostasis and bone or the etiology of age-
related bone loss need to account for confounding species differences in thermo-
regulation and energy metabolism.

Disclosures: Russell Turner, None.

FR0280

The Effects of Acute Hyperinsulinemia on Bone Metabolism in Healthy
Adults. Kaisa Ivaska*!, H. Kalervo Vaananen', Maikki Heliovaara®, Pertti
Ebeling?, Heikki Koistinen?. 1University of Turku, Finland, *Helsinki
University Hospital, Finland

Recently, studies in mice have demonstrated that insulin signaling in osteoblasts
stimulates bone formation and promotes the release of osteocalcin (OC) from the
bone microenvironment, particularly in the uncarboxylated form. As only few studies
have assessed the role of insulin signaling as regulator of bone metabolism in humans,
we evaluated the effect of acute insulin infusion on markers of bone metabolism in
healthy subjects. Eight subjects (51.6+/-10.3 yrs, BMI 31.6+/-3.4 kg/m?) participated
in a 4-h hyperinsulinemic (40 mU/m?*/min) euglycaemic (5 mM) clamp and a control 4-
h saline infusion on two separate days. In addition, 12 healthy men (23.5+/-5.1 yrs,
BMI 22.0+/-2.8 kg/m?) participated in a 4-h hyperinsulinemic euglycaemic clamp with
a high insulin infusion rate (72 mU/m?*/min). Blood samples to determine the markers
of bone formation (PINP), resorption (CTX, TRACP5b) and osteocalcin (total OC,
uncarboxylated OC) were collected before and at the end of infusions. During 4-h
insulin infusion, the concentration of resorption marker CTX decreased by 11%
(p<<0.05), whereas CTX remained unchanged during saline control. Fasting CTX
correlated positively with insulin sensitivity (r=0.91, p<<0.01, n=8). High insulin
infusion rate resulted in a more pronounced suppression of bone resorption (median
decrease in CTX 32%, p<<0.01). Markers of osteoblast activity (PINP, total OC)
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remained unchanged during insulin and saline infusions, whereas the ratio of
uncarboxylated-to-total OC significantly decreased in response to insulin (p<<0.05 and
p<0.01 for low and high insulin infusion rate, respectively). In summary, insulin
decreases bone resorption and modulates carboxylation of osteocalcin in healthy
subjects. Insulin appears to have direct effects on bone metabolism, shifting the
overall balance in the favor of bone formation.

Disclosures: Kaisa Ivaska, None.

FR0281

The Sympathetic Nervous System Mediates Trabecular Bone Loss Caused by
the Second Generation Antipsychotic Risperidone. Katherine Motyl*!,
Deborah Barlow?, Karen Houseknecht?, Clifford Rosen®. 'Maine
Medical Center Research Institute, USA, *University of New England,
USA, *Maine Medical Center, USA

Second generation antipsychotics (SGAs) are associated with metabolic complica-
tions and reduced bone mass. Previously, we reported that risperidone (RIS) increases
bone resorption and reduces bone formation in C57BL/6J (B6) mice. Molecular
targets of RIS include dopamine receptor (D2R) and serotonin receptors (SHT;a,
SHT,c), therefore direct and/or indirect mechanisms could affect bone. First, we
examined whether there is potential for RIS to act directly on bone by measuring RIS
levels in bone marrow after oral gavage with 0.75 mg/kg RIS with mass spectrometry.
Both RIS and its active metabolite 9-OH RIS were found in bone marrow at
concentrations comparable to published brain values (0.87+0.15 ng/g and 2.29 +0.55
ng/g, respectively). Consistent with the notion that RIS could act locally in bone,
primary BMSC cultures treated with RIS had significantly accelerated osteoclast
differentiation. Second, we hypothesized that RIS could act indirectly through
inhibition of the serotonin receptor (SHT,c) in the brain responsible for suppression
of sympathetic signaling to bone. Therefore, we treated 8-wk old B6 female mice with
0.75 mg/kg RIS or vehicle (VEH) by daily oral gavage for 4 wks. Serum RIS and its
active metabolite 9OH-RIS were within clinically relevant ranges (26+2 nM and
7847 nM, respectively). A subset of mice from RIS and VEH groups were
administered 0.5 g/L propranolol (PR, B2AR antagonist) in the drinking water for the
duration of the study. PR did not reduce the amount of RIS in serum. Neither RIS
nor PR altered body composition or total aBMD by DEXA. However, RIS alone
significantly lowered distal femur trabecular BV/TV, Conn.D Tb.N and increased
Tb.Sp. Importantly, all of these changes were prevented by combined RIS and PR
treatment. Furthermore, oral gavage alone (VEH gavaged vs untreated) did not affect
trabecular mCT parameters. Our findings strongly suggest that trabecular bone
changes from RIS are sympathetically mediated, and likely related to its binding to
SHT,c. Patients on SGAs are often prescribed B-blockers in order to combat akathisia
(restlessness), thus, the clinical relevance of these findings can be readily tested. In
conclusion, we have determined that both indirect (CNS mediated) and direct
mechanisms likely account for trabecular bone changes from RIS. Understanding
these mechanisms is crucial for developing therapeutic strategies to counteract
deleterious side effects. NTH AR061932.

Disclosures: Katherine Motyl, None.

FR0288

Estrogen Regulates Physiological Bone Turnover by Targeting Mesenchymal
Cells in Mice. Alexandra Heyny*', Carmen Streicher?, Pierre Chambon?,
Reinhold Erben*. 'inst. of Physiology, Pathophysiology & Biophysics,
Austria, *University of Veterinary Medicine Vienna, Austria, *Institut de
Génétique et de Biologie Moléculaire et Cellulaire, France, “University of
Veterinary Medicine, Austria

It is well known that bone metabolism is regulated by estrogen. Estrogen acts
through two receptors, estrogen receptor-alpha (ERa) and -beta (ER). Previous
studies indicated that ERa is more important than ERp for the regulation of bone
metabolism. However, it is still a matter of controversy whether hematopoietic or
mesenchymal cells are the main effector cells responsible for mediating the effects of
estrogen on bone. To answer this question, we established a reconstitution model
resulting in selective deletion of ERa in hematopoietic or mesenchymal cells. We
lethally irradiated 16-week-old female wild-type (WT) and global ERa knockout mice
(¢ERKO) on C57BL/6 genetic background, and reconstituted them with sex-matched
bone marrow from oERKO or WT mice, respectively. In irradiated WT mice
reconstituted with xERKO mouse bone marrow, all mesenchymal cells are of recipient
origin and express a functional ERo, whereas hematopoietic cells are of donor-origin
and lack ERa. Conversely, in irradiated «ERKO mice reconstituted with WT bone
marrow, hematopoietic cells express a functional ERo, whereas mesenchymal cells
lack ERa. To control for the deleterious effects of irradiation on ovarian function,
irradiated mice received physiological doses of 17p-estradiol (10 pg/kg) 5 times per
week over 4 weeks post-irradiation. Thereafter, all mice were ovariectomized (OVX),
and subcutaneously received either vehicle or 10 ug/kg 17p-estradiol S times per week.
Non-irradiated sham-operated, OVX and estradiol-supplemented OVX WT and
oERKO mice served as controls. All mice were killed 4 weeks post-OVX. pQCT
analysis revealed femoral metaphyseal bone loss in non-irradiated vehicle-treated WT
and «ERKO OVX mice 1 month post-OVX, relative to baseline and to estradiol-
supplemented OVX mice of the same genotype. Bone and uterus of OVX «ERKO
mice did not respond to physiological doses of estradiol. Similar to non-irradiated
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OVX WT mice, estrogen treatment of OVX WT mice reconstituted with «ERKO
bone marrow fully prevented OVX-induced bone loss. In contrast, estrogen treatment
failed to increase bone mass in OVX o ERKO mice reconstituted with WT mouse bone
marrow. Our data indicate that cells of the mesenchymal cell lineage, but not
hematopoietic cells, are mediating the effects of estrogen on bone.

Disclosures: Alexandra Heyny, None.

FR0289

A Controlled Intervention of Weight Loss and Bone Mineral Density in Older
Men. Claudia Pop*!, Katherine Tomaino', Deeptha Sukumar!, Yvette
Schlussell, Christopher Gordonz, Robert Zurfluh!, Xiangbing Wang3, Sue
Shapsesl. lRutgers University, USA, McMaster University, Canada,
3Robert Wood Johnson Medical School, USA

Weight loss has been shown to decrease bone mineral density (BMD) in older
women and in mixed populations of older women and men (1-2). This is the first
prospective controlled trial to examine the response of BMD to intentional weight
(wt) loss in men. Thirty-nine overweight and obese (body mass index, 31.9 + 4.4 kg/
m?) men (58 + 6 years) were assigned to either weight loss (WL; n=20) or weight
maintenance (WM; n=19) for six months. Men in the WL group adhered to caloric
restriction (500 kcal deficit/day) and both groups were supplemented individually to
meet the recommended intakes of Ca and vitamin D. Bone was measured with dual
energy x-ray absorptiometry and peripheral quantitative computed tomography
(pQCT) at baseline and six months. Serum was measured at baseline, 1, 3 and 6 mo
for serum 25-hydroxyvitamin D, parathyroid hormone, total and free testosterone
and estradiol. Steroids and pQCT are reported for a subset. In addition, physical
activity levels (PAL) were recorded before and during the intervention. The WL group
lost -7.7 + 4.4% weight and -20.5 +18.0% fat mass versus -0.2 + 1.3% weight and
+2.2 + 4.6% fat mass in the WM group (ANOVA). There was a greater BMD
decrease in WL than WM group over six months at the femoral neck, FN, (-0.5+ 2.6
% vs +1.1 + 2.2%; p< 0.05) and total body (-0.9 + 2.4% vs +1.5 + 2.7%, p<<0.01)
but not at other bone sites (radius, lumbar spine, total hip). Tibial pQCT
measurements showed that the change in cortical bone area and thickness differed
between the WL compared to WM group (p<<0.05) with trends for other paramters.
There were no differences in sex steroids at baseline, but paired t-test showed an
increase in serum free testosterone and estradiol in the WM group (p < 0.05) and no
change in the WL group after 6 months. However, the changes were not significantly
different between groups (ANOVA). Additionally, PAL did not differ between
groups. Others have found that wt-stable men (50-69 y), show a slight annual increase
in FN-BMD (0.5%/y) (3) that appears less than the increase found in the overweight/
obese men in this trial. These data show that men who lose 8% wt show a different
pattern of FN and total body BMD change vs. controls. Balancing the benefits of wt
loss with risk of bone loss may differ depending on age and gender. References: 1.
Sukumar, J Bone Miner Res, 2011; 2. Shah K, J Bone Miner Res, 2011; 3. Melton LJ,
Osteoporos Int, 2000. Support: NIH-AG12161 to SAS

Disclosures: Claudia Pop, None.

FR0290

A Critical Role for Caspase-2 in Regulating Osteoclast Numbers in Male
Age-Related Osteoporosis. Ramaswamy Sharma*', Difernando Vanegas?,
Daniel Victor?, Marisa Lopez-Cruzan3, Diane Hornz, Kathleen
Woodruff?, Roberto Fajardo*, Stephen Harris®, Sherry Abboud Werner>,
Brian Herman®. 'University of Texas Health Sciences Center At San
Antonio, USA, *The University of Texas Health Science Center at San
Antonio, USA, *UTHSCSA, USA, *“UT Health Science Center, San
Antonio, USA, 5University of Texas Health Science Center at San Antonio,
USA, “UT HSC San Antonio, USA

Molecular mechanisms underlying age-dependent bone loss are not fully known.
Such knowledge is critical for designing novel and safe therapies for the prevention
and treatment of senile osteoporosis. Recent studies suggest that aging-related
increases in oxidative stress are a major cause of SO. We have previously shown that
the cysteine protease, caspase-2, is required for oxidative stress-induced apoptosis.
Here, we show that caspase-2 expression in wild type (WT) mice decreased with age,
correlating with a decrease in bone mineral density (BMD). Genetic ablation of
caspase-2 resulted in significantly decreased BMD in old male Casp2™ mice, decreased
bone volume, trabecular number and cortical thickness, decreased breaking force and
increased total indentation distance of old Casp2”~ bone. Together, these data suggest
that loss of caspase-2 promoted bone loss. We find that lack of caspase-2 results in
increased oxidative stress that may enhance differentiation of the bone-resorbing cells,
osteoclasts. As expected, we found higher osteoclast numbers in Casp2™ mice in vivo
and also after in vitro differentiation from bone marrow macrophages. Further,
TRAP enzyme activity of in vitro differentiated Casp2™ osteoclasts was higher.
Addition of the caspase-2 inhibitor, zZVDVAD-fmk, to mature osteoclast cultures
resulted in higher numbers of intact osteoclasts whereas overexpression of normal but
not mutant caspase-2 resulted in decreased TRAP activity. Immunohistochemistry
indicated constitutive expression of caspase-2 in bone marrow cells, osteoblasts, and
lining cells. However, caspase-2 was detected in in vitro differentiated osteoclasts only
after treatment with high levels of oxidants. Importantly, Casp2” osteoclasts were less
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sensitive to oxidant treatment and exhibited higher TRAP activity. Therefore,
caspase-2 regulates osteoclast numbers perhaps via apoptosis. Finally, we found 2-
fold higher levels of the osteoclast survival factor, Csf-1, in Casp2™ bone lysates,
suggesting a mechanistic explanation for caspase-2-based osteoclast regulation. As
proof-of-concept, we generated mice over-expressing caspase-2 selectively in
osteoclasts; we observed significantly increased trabecular bone volume, trabecular
number and trabecular thickness. In conclusion, our data highlight a novel role for
caspase-2 in male age-dependent osteoporosis and suggest the use of caspase-2 as a
diagnostic marker for osteoporosis and as a putative target for therapy.

Disclosures: Ramaswamy Sharma, None.

FR0291

Serum Sclerostin and Bone Microarchitecture — Strong Positive Association
in Men from the STRAMBO Cohort. Pawel Szulc*!, Stephanie Boutrovz,
Claudia Goettsch®, Martina Rauner*, Nicolas Vilayphiou®, Michael
Schoppets, Roland Chapurlat’, Lorenz Hofbauer®. 'INSERM UMR
1033, University of Lyon, Hopital E. Herriot, Pavillon F, France,
2INSERM UMR 1033, University of lyon, France, *Division of
Endocrinology, Diabetes, & Bone Diseases, Dresden University,
Germany, *Medical Faculty of the TU Dresden, Germany, *INSERM
UMRI1033, Universit¢é de Lyon & Hospices Civils de Lyon, France,
SPhilipps-University, University of Marburg, Germany, 'E. Herriot
Hospital, France, ®Dresden University Medical Center, Germany

Sclerostin is secreted by osteocytes. We assessed the relation of serum sclerostin
levels with bone mineral density (BMD) measured by DXA and with bone
microarchitecture assessed by high resolution peripheral QCT (XtremeCT Scanco)
in 1,154 men aged 20 to 87 years. After the age of 63, the association between serum
sclerostin levels and age was weaker (r=0.17, b=0.20 +0.03SD /10 yrs) than before this
age (r=0.55, b=0.43+0.03SD /10 yrs). Further analyses are adjusted for age, weight,
height, muscle strength, smoking, glomerular filtration rate, and serum levels of
estradiol, parathyroid hormone, and osteoprotegerin.

Before the age of 63, men in the highest sclerostin quartile had higher BMD at the
spine, hip and whole body (4-7%, p<<0.001) compared with the three lower quartiles
combined. They had higher trabecular volumetric BMD (Tb.vBMD) at the distal
radius and tibia due to higher trabecular number (Tb.N) (6 to 8%, p<<0.001) and less
heterogeneous trabecular distribution (4 to 6% lower Tb.Sp.SD, p<<0.001).

After the age of 63, men in the lowest sclerostin quartile had 4 to 15% lower BMD
compared with the highest quartile (0.32-0.94 SD, p<0.001) at all skeletal sites. They
had lower cortical thickness and density at the distal radius and tibia compared with
the highest quartile (3 to 9%, 0.30-0.55 SD, p<0.05-0.001). Tb.vBMD correlated
positively with serum sclerostin levels, also when the central and subendocortical
compartments were analyzed separately at both skeletal sites (r=0.15 to 0.22,
p<0.001). Men in the lowest sclerostin quartile had 10% lower Tb.N (0.7 SD,
p<0.001) and higher Tb.Sp.SD (7 to 9%, 0.8 SD, p<<0.001) compared with the highest
quartile. After adjustment for BMD, men in the highest sclerostin quartile had higher
Tb.N (3 to 5%, 0.25-0.30 SD, p<0.001) and lower Tb.Sp.SD (2 to 4%, 0.32-0.42 SD,
p<<0.001) compared to the three lower quartiles combined.

Total cross-sectional and trabecular areas did not differ across the quartiles of
sclerostin regardless of the skeletal site or age range. The differences in trabecular
thickness (Tb.Th) were generally weak or non-significant.

Thus, in men, serum sclerostin levels were strongly positively associated with BMD
and quality of bone microarchitecture after adjustment for potential confounders,
especially after the age of 63. The association was stronger in the trabecular
compartment and dependent mainly on the differences in Tb.N and Tb.Sp.SD, but
not Tb.Th.

Disclosures: Pawel Szule, None.
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FR0293

Low Holotranscobalamin and Cobalamins Predict Incident Fractures in
Elderly Men; The MrOS Sweden. Catharina Lewerin*!, Herman Nilsson-
%2, Stefan Jacobsson®, Valter Sundh*, Helena Johansson®, Mattias
LorentzonG, Magnus Karlsson’, Osten Liunggren®, John Kanis’, Steven
Cummings'®, Claes Ohlsson'', Dan Mellstrom'?. 'Vistra Goétaland,
Sweden, 2Section of Hematology & Coagulation, Sahlgrenska University
Hospital, Sweden, *Department of Clinical Chemistry & Transfusion
Medicine, Sahlgrenska Academy at the University of Gothenburg, Sweden,
“Department of Community Medicine & Public Health, Geriatric Medicine,
Sahlgrenska Academy at the University of Gothenburg, Sweden, *Center
for Bone & Arthritis Research (CBR), Departments of Internal Medicine,
at the Institute of Medicine, Sahlgrenska Academy at the University of
Gothenburg, Sweden, SCenter for Bone Research at the Sahlgrenska
Academy, Sweden, 'Skine University Hospital Malmo, Lund University,
Sweden, *Uppsala University Hospital, Sweden, *University of Sheffield,
Belgium, 19San Francisco Coordinating Center, USA, "Center for Bone &
Arthritis Research at the Sahlgrenska Academy, Sweden, '“Sahlgrenska
University Hospital, Sweden

Background: Subclinical cobalamin deficiency is common in the elderly and has
been suggested to affect bone metabolism. However the relationship between
cobalamin status and incident fractures is not clear. The aim was to determine
whether serum cobalamins or holotranscobalamin (the metabolic active cobalamin)
are associated with risk of developing fracture among older men.

Methods: Men participating in the Gothenburg part of the population-based
MrOS (Osteoporotic Fractures in Men) Sweden cohort and without on-going B
vitamin medication were included in the present study (n=790, age range 69-81 years).

Results: During an average follow up of 5.9 years, 110 men sustained one or more
X-ray verified fractures including 45 men with clinical vertebral fractures. In age
adjusted linear regression analysis, holoTC below the median (<51.8 pmol/L) was
associated with lower lumbar spine L1-4 BMD compared to those over the median
(B=-0.03, p<<0.028), and the lowest quintile of holoTC correlated with lumbar spine
L1-4 BMD (B=-0.03, p<0.043) compared to quintile 2-4. The risk of fracture
(adjusted for age, smoking, BMI, BMD, falls, prevalent fracture, plasma total
homocysteine, cystatin C, 25-OH-vitamin D, intake of calcium and physical activity),
increased by 38% and 26% per each SD decrease in cobalamins (HR 1.38; 95% CI
1.11-1.72) and holotranscobalamin (HR 1.26; 95% CI 1.03-1.54), respectively. Men in
the lowest quartile of cobalamins and holotranscobalamin, (age, BMI and BMD
adjusted), had an increased risk of all fracture (cobalamin, HR=1.67 [95% CI 1.11-
2.5]; holotranscobalamin, HR=1.76 [95% CI 1.18-2.61]) and clinical vertebral
fractures (cobalamin, HR=2.42 [95% CI 1.31-4.47]; holotranscobalamin, HR=2.47
[95% CI 1.35-4.53]) compared to quartile 2-4. No associations between folate or
homocysteine and incident fractures were seen.

Conclusion: We present novel data showing that low holotranscobalamin and
cobalamins predict incident fracture in elderly men. This association was unaffected
by adjustment for BMI, BMD, plasma total homocysteine and cystatin C.

Disclosures: Catharina Lewerin, None.

FR0294

A Comparison of Bone Turnover Markers in Hip Fracture Patients vs. a
Matched Group of Non-Fratured Controls during the 12 Month Recovery
Period Post-Hip Fracture. Janet Yu-Yahiro*!, Jay Magaziner?, William
Hawkes®, Marc Hochberg®, Denise Orwig?, Rich Hebel’, Anne R.
Cappola®. "Union Memorial Hospital, USA, *University of Maryland,
Baltimore, USA, *University of Maryland School of Medicine, Department
of Epidemiology, Division of Gerontology, USA, *University of Maryland
School of Medicine, USA, >University of Maryland School of Medicine,
Department of Epidemiology & Public Health, Division of Gerontology,
USA, °Perelman School of Medicine at the University of Pennsylvania,
USA

Objective: To compare levels and trajectories of serum bone turnover markers
(BTMs) during the 12 months hip fracture recovery period in a cohort of hip fracture
patients and age- and bone mineral density (BMD) matched non-fracture controls.

Methods: Hip fracture patients enrolled in the Baltimore Hip Studies (BHS4)
(n=58) were matched by age and total hip BMD to non-fracture controls from the
Baltimore cohort of the Study on Osteoporotic Fractures (SOF) (n=58). Blood was
drawn from BHS4 at time of fracture and at 2, 6, and 12 months post fracture from
1998 to 2004 and from SOF subjects at Visits 2 (1988-89) and 4 (1993-1994). The mean
time between these SOF visits was 42.3 months and comparison bone marker values
were estimated for time points 2, 6 and 12 months using linear models. Blood was
assayed for bone specific alkaline phosphatase (BSAP), C-terminal propeptide of type
1 collagen (CICP), carboxyterminal cross-linked telopeptide of type 1 collagen (CTX),
25-hydroxyvitamin D (25(OH)D), and intact parathyroid hormone (iPTH). Samples
from a single individual from all time points were assayed together with SOF and
BHS4 samples included in each assay to control for interassay variability. Mixed
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model fitting was used for repeated measures analyses with the outcome measures as
dependent variables.

Results: Women in SOF and BHS4 were comparable in age 79.0 +5.6 vs. 79.4 +5.4
yrs, and total hip BMD 0.670 +0.087 vs. 0.665 +0.115 gm/cm®. Over 12 months,
markers of osteoblastic activity (BSAP and CICP) were lower in hip fracture patients
than controls. BHS4 subjects had significantly higher iPTH levels and significantly
lower 25(OH)D levels at baseline compared to SOF controls and 25(OH)D levels
remained significantly lower in hip fracture subjects compared to controls throughout
the 12-mo period (Table 1).

Conclusion: Over the 12 month post fracture period, hip fracture subjects were
vitamin D insufficient with secondary hyperparathyroidism and had more osteoclastic
activity and less osteoblastic activity when compared to non-fracture controls.
Although these results do not enable us to differentiate between the effect of vitamin
D deficiency and the impact of hip fracture healing on post fracture bone markers,
they demonstrate that there is a distinctly different bone metabolic profile in hip
fracture patients compared to controls, which is independent of BMD and age.

Table 1

Disclosures: Janet Yu-Yahiro, None.

FR0297

Quantification of the Circadian Modulation of the Bone Resorption Marker
CTX-I in Serum and Urine under Controlled in-patient Conditions. Maria
Small*', Derk-Jan Dijk? Richard Eastell®, Aldona Greenwood?, John
Sharpe“, Mikihiro Yuba®, Stephen Deacon'. 'Ono Pharma UK Ltd,
United Kingdom, >Surrey Clinical Research Centre, United Kingdom,
3University of Sheffield, United Kingdom, 4ONO Pharma UK, United
Kingdom

Bone resorption is higher during the night compared to the daytime and is
reflected in serum (s) and urine (u) CTX-I levels. However, there are a number of
factors including food intake that may influence this diurnal profile. This study
investigated the characteristics of the CTX-I profile over 24h in 25 post-menopausal
women (PMW) (mean age +/-SD 65.3+/-6.0) in an environment minimizing
confounding influences of irregular sleep, food intake and exercise.Sleep/wake
disorders/complaints were excluded and a regular sleep/wake cycle (SWC) (22:30-
06:30) was scheduled 7 days prior to and during the 3 day lab study (sampling on last
day). Subjective sleep diaries and actigraphy were used to confirm compliance with
SWC instructions and exercise restrictions.Serum sampling was obtained ~ every 2h.
A longline indwelling cannula was used for overnight sampling to minimise
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disturbance. Urine was collected from 08:00 ~ every 2h (4h overnight). While in clinic,
meals were served at 07:00, 13:00 and 19:00 with only water at other times. Breakfast
had the same nutritional content as dinner since these times were considered to
influence resorption the most. Characteristics of the 24h profiles were determined by
non-linear regression fitting a cosine model to the data. This gave estimates of mesor
(M) (average), amplitude of the 24h variation (Amp) and time of the fitted maximum
of CTX-I. Significant (p<<0.05) wave fits were obtained in 25 and 14 subjects for
sCTX-I and uCTX-I, respectively. Each subject’s Amp was >0 (p<<0.05). The Amp
between subjects varied and correlated with the M in both serum and urine (r=0.824,
p<0.001). Mean (+/- SD) peak time and Amp estimates were 03:17+/-46mins and
0.187+/- 0.078ug/L for sCTX-I, and 04:06+/-1h29mins and 33.22+/-12.84ug/h for
uCTX-I. The study covered ~4m period (Jul/Aug and Nov). A significantly (p<<0.01)
earlier peak time in sCTX-I was obtained in Nov compared to Jul/Aug. A similar
effect was not observed for Amp or M. Because timing of sleep and meals was
identical across the periods, this effect may be related to the change from summer to
wintertime. The data show that in PMW, CTX-I has a clear circadian profile with
mean peak levels at ~3am in serum and ~4am in urine. The Amp is greater in PMW
with higher CTX-I levels. Circadian characteristics can be assessed at the level of the
individual. These data have implications for the assessments of bone resorption status
based on a single sample.

Figl

Disclosures: Maria Small, ONO PHARMA UK LTD, 3
This study received funding from: Ono Pharmaceuticals

FR0298

Serum Sclerostin Levels are Associated with Osteoporotic Fractures in Type
2 Diabetic Patients. Masahiro Yamamoto*', Toru Yamaguchi', Mika
Yamauchi', Kiyoko Nawata®, Toshitsugu Sugimoto®. 'Shimane University
Faculty of Medicine, Japan, *Department of Health & Nutrition, The
University of Shimane, Junior College, Matsue Campus, Japan, 3Shimane
University School of Medicine, Japan

Purpose:The patients with type 2 diabetes mellitus (T2DM) have an increased risk
for vertebral fractures (VFs) compared to non-T2DM controls independent of bone
mineral density (BMD) (JBMR 2009), suggesting that poor bone quality is possible
cause of increased bone fragility. Low bone formation, a part of component of bone
quality, is associated with VFs in T2DM women (JCEM 2012). Recent repots show
that sclerostin, which is one of Wnt signaling inhibitors secreted from osteocyte, are
inversely correlated with bone turnover markers. However, it is unclear whether
serum sclerostin levels are correlated with osteoporotic fractures. The aim of this
study is to clarify this relationship in T2DM men and women patients.

Methods:We compared parameters of bone metabolic markers including sclerostin
measured by ELISA, osteocalcin, urinary NTX and spine BMD between 147 Japanese
postmenopausal T2DM women (DMw) and 156 T2DM men over 50 years old
(DMm), whose creatinine levels were within normal range.

Results:Sclerostin levels were significantly higher in DMw than DMm (P < 0.01).
Stepwise regression analysis regression analysis including independent variables of
BAP showed that serum sclerostin was positively correlated with spine BMD and
creatinine levels in both groups (DMw: r = 0.39, F = 28.7, r = 0.30, F = 16.6; DMm: r
=043, F=425,r=0.17, F = 6.0, respectively) and positively associated with age and
HbAlc in DMm group (r = 0.21, F = 9.6, r = 0.21, F = 9.4, respectively). BAP,
osteocalcin and uNTX were inversely correlated with sclerostin in DMm group (r =
-0.17, F = 6.8; r = -0.15, F = 4.03; r = -0.19, F = 7.6, respectively). Multiple logistic
analysis adjusted for age, BMI, HbAlc, creatinine, calcium, phosphate, and spine
BMD revealed that sclerostin levels were associated with all osteoporotic fractures
[DMw, 1.66 (1.08-2.55), DMm 1.54 (1.04-2.28)] and VFs [DMw, 1.59 (1.02-2.49),
DMm, 1.55 (1.04-2.32)].

Conclusion:These results showed that sclerostin levels were correlated with several
variables including BMD and associated with osteoporotic fractures independent of
BMD. These findings suggested that increase in sclerostin level may cause bone
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fragility due to poor bone quality and may explain, in part, why T2DM patients have
an increased bone fragility despite their elevated BMD.

Disclosures: Masahiro Yamamoto, None.

FR0302

Clinical Abdominal CT can Effectively Predict the Risk for Osteoporotic
Vertebral Fracture. Akifumi Nishida*', Masako Ito?, Masataka Uetani'.
"Nagasaki University School of Medicine, Japan, *Nagasaki University
Hospital, Japan

Purpose: To evaluate the ability of clinical abdominal CT in assessing the risk for
osteoporotic vertebral fractures compared with dual-energy X-ray absorptiometry
(DXA).

Method and Materials: The subjects were 269 patients (108 men and 161 women,
aged 56.8+13.6, 21-88 years) who underwent BMD measurement by DXA [lumbar
spine (L-DXA), total hip (TH-DXA), femoral neck (FN-DXA) and vertebral
morphometry] and diagnostic abdominal CT within 6 months from DXA examina-
tion. Clinical abdominal CT was performed with a 64-detector row scanner.
Unenhanced axial images were obtained with a section thickness of 3 mm. The mean
attenuation (in Hounsfield units) of integral, cortical and trabecular region of L2
vertebra (INT-CT, COR-CT and TRA-CT) was measured on a standard workstation
(Aquarius NetStation, TeraRecon). The diagnostic ability of clinical abdominal CT
and DXA with respect to discriminate prevalent vertebral fracture was assessed using
receiver operating characteristic (ROC) analysis.

Results: CT attenuation measurement correlated with BMD measurement by
DXA (r=0.202-0.687). Seventy-three patients (27.1%) had vertebral fractures. For
predicting vertebral fracture by CT attenuation measurement, ROC analysis provided
area under the curve (AUC) values of 0.832 [95% confidence interval (CI) 0.773-0.891]
for TRA-CT, 0.818 (95% CI 0.756-0.879) for INT-CT and 0.490 (95% CI 0.397-
0.583) for COR-CT. Except for COR-CT, these values were greater than those of
BMD measurement, which were 0.693 (95% CI 0.617-0.770) for L-DXA, 0.724 (95%
CI 0.650-0.798) for FN-DXA and 0.715 (95% CI 0.641-0.790) for TH-DXA (Figure).

Conclusion: CT attenuation measurements of integral and cortical region of
lumbar vertebra had greater discriminatory ability for vertebral fracture than DXA.
CT attenuation measurements on clinical abdominal CT provide valuable data for
identifying individuals at risk for fracture who would require treatment of
osteoporosis, with no additional radiation or costs.

ROC curve

Disclosures: Akifumi Nishida, None.
This study received funding from: Eli Lilly

FR0303

Impact of a Reimbursement Change on Bone Mineral Density Testing in
Ontario, Canada. Susan Jaglal*l, Gillian Hawker!, Ruth Croxfordz, Cathy
Cameron®, Sarah Munce', Sonya Allin*. 1Univelrsity of Toronto, Canada,
Institute for Clinical Evaluative Sciences, Canada, *Women’s College
Hospital, Canada, *Toronto Rehabilitation Institute-University Health
Network, Canada

Background:As of April 1, 2008 the physician reimbursement fee schedule for bone
mineral density (BMD) testing using DXA in Ontario, Canada was revised with
increased restrictions. BMD tests for patients with low fracture risk were limited to
once every 36 months but prior to that, limited to once in any 24-month period. No
change was made for high-risk patients who continued to be limited to one test every
12 months and a new fee code for a baseline testing with individuals being limited to
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one baseline test in their lifetime.Objective: To examine the impact of the policy
change for increased restrictions on BMD testing on trends in BMD testing rates,
overall, by sex, risk category, age and following recent fracture.Methods:Data from
the Ontario Health Insurance Plan which captures all reimbursement for DXA in the
province were used to assess patterns in BMD testing from April 1, 2002 to March 31,
2011. Fractures were determined from administrative databases on physician visits,
hospital discharges and emergency department visits. Joinpoint analyses were used to
examine significance of trends.Results:Prior to the policy change the number and rate
of DXAs were increasing steadily from 433,419 in 2002/03 to 507,658 in 2007/08 and
then decreased to 422,915 in 2010 and the decrease was more pronounced for women
between the ages of 50 and 79 years. The rates in men continued to increase gradually
each year and levelled off after 2008. Following the policy change in 2008, the number
and age-adjusted rate of BMD testing dropped particularly in the low risk group from
5.7/100 to 1.8/100 among women. More importantly, the rate of BMD testing
decreased in groups at high risk for fracture after 2008. A significant decrease was seen
among women who were eligible for BMD testing when they turned 65 years. Among
those with fractures, overall rate of BMD testing at 6 or 12 months after fracture
decreased after the policy change. Between 2002 and 2007, rates of testing following
hip fractures increased by an estimated 1.68 per 100 fractures in both men and women
and then fell. Conclusion:The policy change restricting access to BMD testing reduced
overall testing particularly in low-risk women but also negatively affected groups at
high risk for fracture, where BMD testing is indicated. This suggests that referring
physicians are reducing DXA referrals across the board rather than targeting only low
risk patients, thereby decreasing appropriate referrals.

Disclosures: Susan Jaglal, None.

FR0304

Management of Fragility Fractures: Impact of the Optimus Initiative on
Family Physicians. Marie-Claude Beaulieu*', Sophie Roux? Noémie
Poirier®, Michéle Beaulieu®, Francois Cabana®, Gilles Boire®. 'Université
de Sherbrooke, Canada, 2University of Sherbrooke, Canada, >Centre
hospitalier universitaire de Sherbrooke, Canada, *Merck Canada Inc,
Canada, >CHUS, Canada

Background: The OPTIMUS initiative was first implemented in January 2007 to
educate patients and inform and empower Family Physicians (FPs) to diagnose and
treat OP revealed by a Fragility Fracture (FF). In this prospective initiative, women
and men over age 50 were screened for incident FF in orthopaedic clinics, and eligible
outpatients were randomized to Standard Care (SC) or to either Minimal (MIN) or
Intensive (INT) interventions, consisting in an initial face-to-face and phone follow-up
interventions with patients by dedicated personel and information letters with
individualized recommendations to FPs. As of December 2010, 1043 outpatients
(including 200 SC controls) with nonvertebral FF and 250 hip FF inpatients have
been included. More than 270 of the 360 FPs from our area have been reached at least
once by OPTIMUS. A better collaboration between bone health specialists,
orthopaedists and FPs has taken place and treatment initiation has been improving.
Initiation rates and persistence on treatment at one year after a FF event have
increased from less than 20% in the control group to 43% in the MIN and 55% in the
INT Intervention groups.

Objectives: To determine the factors influencing FPs’ decision to treat OP

Methods: 272 FPs reached by OPTIMUS were sent a questionnaire evaluating
their main reasons to start a treatment for osteoporosis, their knowledge and use of
fracture risk calculators, and the potential for collaboration with nurses from Family
Physician Groups (GMF), a Ministry of Health-supported grouping of FPs. One
hundred and three (38%) filled questionnaires were returned.

Results: Previous FFs (100/103; 97%) and BMD results (80/103; 78%) were the two
major indicators (Agree and Strongly Agree) mentioned by FPs to initiate a
pharmacological treatment of osteoporosis; 10-year fracture risk (67/103; 65%) was
less frequently mentioned. The FRAX and/or CAROC (Canadian Association of
Radiologists and Osteoporosis Canada) tools were known by the majority (58/103;
56%), but were rarely used (FRAX by 11, CAROC by 26). Twenty-three of 30 (77%)
FPs aware of CAROC found it easy to use, compared to only 14 of the 28 (50%)
knowledgeable about FRAX; 9 (32%) found FRAX difficult to use. Of those FPs
using FRAX and/or CAROC, 25 (68%) felt they were useful to convince patients to
get treated. Two thirds (69/103) of the responding FPs already collaborated with
GMF nurses to manage patients with chronic diseases, but only 6 were doing so for
OP patients.

Conclusions: After 4 years of existence, the OPTIMUS initiative appears to
progressively overcome the previously BMD-driven decision of FPs and to prioritize a
post-FF intervention to treat osteoporosis. Fracture risk calculators remain
infrequently used. There is an opportunity to integrate/systematize management of
FF patients in groups of FPs with the help of GMF nurses, as these nurses are already
involved in management of other chronic diseases.

Disclosures: Marie-Claude Beaulieu, None.
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FR0309

Accurate and Fast Strength Predictions of Patient-specific HR-pQCT-based
plate-rod Models Distinguish Women with Vertebral Fractures. Ji Wang*!,
Bin Zhou!, Xiaowei Liu?, Xiutao Shi', Emily Stein?, Elizabeth Shane?, X
Guo'. 'Columbia University, USA, University of Pennsylvania, USA,
*Columbia University College of Physicians & Surgeons, USA

Deteriorating trabecular microstructure associated with aging and menopause
predisposes postmenopausal women to vertebral (VB) fractures. While HR-pQCT has
advanced clinical assessment of trabecular microstructure, prediction of yield strength
by HR-pQCT voxel-based Finite Element Analysis (FEA) is impractical for clinical
use due to its prohibitive high computational costs. Recently, a highly efficient plate-
rod (PR) modeling technique based on HR-pQCT has been developed to fill the
unmet clinical need to estimate bone strength. In this study, the new HR-pQCT PR
models were validated against gold standard-uCT voxel models, as well as HR-pQCT
voxel models. Then, patient-specific PR models were evaluated to determine whether
they discriminated VB fracture status in postmenopausal women. For validation, 19
registered pCT (25 um) and HR-pQCT (82 pm) images of trabecular sub-volumes of
distal tibiae were obtained from human cadaveric samples (Fig.1A,B). For testing
clinical potential of PR models, HR-pQCT images of distal radius were obtained from
20 patients with VB fractures and 30 control subjects (age-matched and no difference
in aBMD by DXA except at femoral neck). After segmenting images of the trabecular
microstructure into individual trabeculae, PR models were generated by modeling
each rod with a 2-node beam element and each plate with multiple 3-node shell
elements (Fig.1C). Both the PR models and voxel models were subjected to nonlinear
FEA to estimate Young’s modulus (E;) and yield strength (ovy). Predictions by HR-
pQCT PR models strongly correlated with those of pCT-based and HR-pQCT-based
voxel models, for modulus (Fig.1D) and for strength (Fig.1E). Notably, the simplified
PR models achieved both major reductions in CPU time for nonlinear FEA (64,000-
fold for uCT and 1,200-fold for HR-pQCT), and a dramatic reduction in element
number (Fig.1F). Most importantly, these highly efficient patient-specific HR-pQCT
PR models revealed dramatic deficiencies in modulus and strength in VB patients and
demonstrated the power to discriminate VB fracture status (Fig.2). In conclusion, we
thoroughly validated a novel HR-pQCT PR model of human trabecular bone against
UCT and HR-pQCT voxel models and demonstrated its ability to discriminate
fracture status in postmenopausal women. An accurate nonlinear FEA of HR-pQCT
PR models that requires only seconds of desktop computer time has tremendous
promise as a powerful tool for clinical assessment of bone fracture risk.

Figure 1

Figure 2

Disclosures: Ji Wang, None.
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FR0310

In Breastfeeding Women, Trabecular Bone Loss at the Radius, Seen by High
Resolution Peripheral Quantitative CT (HRpQCT), Persists at 18 Months
Postpartum. Anna Kepley', Stephanie Boutroy?, Chiyuan Zhang', Mariana
Bucovskyl, Mary Beth Vrabell, Shannon Kokolusl, Polly Youngl, Adi
Cohen*?. 'Columbia University, USA, “Columbia University Medical
Center, USA

Lactation is associated with rapid, large decreases in lumbar spine (LS) and
femoral neck (FN) BMD followed by recovery. Both human and rodent studies
suggest that recovery of bone mass after weaning is site-specific, with full recovery at
the spine, but only partial recovery at the femur. To characterize the site-specificity
and type of bone loss (cortical versus trabecular) and recovery during lactation and
weaning, we studied 15 healthy exclusively breastfeeding (BF: exclusive lactation over
8+ 3 mo, any lactation, 12+3 mo) and 11 healthy non-breastfeeding (nBF) women.
We measured BMD by DXA (LS, FN, and the predominantly cortical 1/3 radius) and
cortical (Ct) and trabecular (Tb) volumetric BMD and bone microarchitecture by
radial and tibial HRpQCT (Scanco) over 18 months postpartum. At baseline (36 +22
days postpartum), BF women were older (BF: 33+4, nBF: 26 +4 yrs; p<<0.001) and
had lower BMI (BF: 24.0+3.1, nBF: 27.6+5.0 kg/m?; p=0.03) than nBF women.
Return of menses occurred at 7.0+ 3.7 mo in BF and 1.7+ 0.8 mo postpartum in nBF
(p<<0.001). By both DXA and HRpQCT (Table), nBF women gained bone mass at
most sites during the observation period. By DXA in BF women, expected BMD loss
with recovery at the LS and partial recovery at the femoral neck were seen, while 1/3
radius BMD increased. In contrast, by HRpQCT, mean decreases in radial Tb vBMD,
particularly at the inner Tb compartment, persisted even at 18 mo postpartum, while
few changes were seen over time at the tibia (Table). Radial and tibial Ct vBMD did
not change in either group. In both groups, changes in HRpQCT measures were
highly variable. In BF women, timing of the baseline visit, age, time of return of
menses, duration of full lactation, and time of initiation of solid food did not
significantly predict DXA BMD or radial Tb vBMD changes over time. In summary,
while bone loss and recovery were seen at the LS and FN in BF women, no significant
changes were seen at the tibia and radial Tb bone loss persisted even at 18 months
postpartum. The pattern of bone loss and recovery in breastfeeding women varies by
site and type of bone.
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Disclosures: Adi Cohen, None.

FRO0311

Lower Vertebral Body Bone Strength in Subjects with Prevalent Fracture
Assessed by High Resolution Axial Skeleton Quantitative Computerized
Tomography. Rene Rizzoli*', Fanny Merminod', Mélany Hars®, Bert
Rietbergen®. 'University Hospital, Switzerland, *Hépitaux Universitaires
De Genéve, Switzerland, *Eindhoven University of Technology, The
Netherlands

Bone microarchitecture is an important determinant of bone strength, hence of
fracture risk. It provides additional and complementary information to areal BMD in
predicting fracture risk, when assessed by high-resolution (HR) peripheral (p)QCT.
Combined with micro-finite element analyses (FEA), bone mechanical properties can
be quantified. Recently HR flat-panel QCT imaging devices became available that can
reveal microstructural features of the axial skeleton. We investigated if micro-FE
analysis based on such HR-QCT measurements of the spine can better identify
patients with prevalent fracture than density or peripheral morphology measures.

HR flat panel CT (Allura FD20 XperCT, Philips Healthcare, NL) images with a
resolution of 137 microns, were created of the vertebrae T12 in vivo, in 23 patients
with prevalent fracture (12 vertebral and 15 upper limb fractures) and in 17
unfractured controls, aged 66.4+1.9 (x+SD) and 66.0+1.2 years, respectively.
Micro-FE models were created by converting voxels to elements with a density-
dependent stiffness and comprised the vertebrae with cut-off endplates. Microstruc-
tural features and the thin cortical shell could be well represented by the models.
Compression tests were simulated to determine vertebral stiffness, estimated failure
load and stiffness corrected for vertebral height and cross-sectional area (modulus). In
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addition, we measured spine and proximal femur areal BMD and distal radius and
tibia microstructure by HRpQCT (XtremeCT, Scanco, CH).

Spine and proximal femur aBMD did not differ between fractured patients and
controls. Distal radius, but not distal tibia, total density, BV/TV, trabecular number
and thickness were lower in the fractured patients (p=0.044 to 0.001). At T12 level,
micro-FEA revealed in the fractured group lower estimated failure load (4.5+2.0%3 vs
6.1+ 1.853 N, p=0.015) and modulus (673 +257 vs 958 +271 N/mm?, p=0.002). When
only patients with vertebral fracture were considered, none of the HRpQCT difference
remained significant. In contrast, T12 stiffness (4.9j2.4E4 vs 7.142.6%4 N/mm,
p=0.033), estimated failure load (3.9+1.9%3 vs 6.1+ 1.8%3 N, p=0.004) and modulus
(601+268 vs 958+271 N/mm?, p=0.002) were lower in the group with vertebral
fracture.

These results underline the major interest of high-resolution axial QCT and FE
analysis in axial skeleton fracture risk assessment.

Disclosures: Rene Rizzoli, None.

FR0312

Mechanical Implications of Subtle Changes in Trabecular Bone Estimated by
MRI-Based Finite Element Modeling. Wenli Sun*!, Chamith Rajapakse?, X
Guo®, Felix Werner Wehrli*. 'University of Pennsylvania, USA,
2University of Pennsylvania School of Medicine, USA, >Columbia
University, USA, *University of Pennsylvania Medical Center, USA

Early detection of changes in bone’s mechanical competence is critical for the
effective management of osteoporosis. Micro magnetic resonance imaging (UMRI)
based finite-element (UWFE) analysis can non-invasively capture temporal changes in
bone strength at peripheral sites. In this study, we examined (1) the sensitivity of
UMRI-based UFE analysis in detecting subtle alterations in bone stiffness, (2) the
accuracy of the method, and (3) a regression model to improve the accuracy of
detected changes in the limited signal-to-noise (SNR) regime of in-vivo uMRI.

30 human distal tibiae had previously been imaged with mCT at 25 mm isotropic
voxel size. High-resolution 3D reference models were generated by extracting the
trabecular bone region. The effect of bone resorption was evaluated with two modes
of bone loss: homogeneous thinning (HT) and heterogeneous pitting (HP). Three
levels of bone loss were implemented: 0.5%, 1%, and 2%. Micro-MR images were
processed by resampling to 150-um isotropic voxel size and superimposing Gaussian
noise to reduce SNR to 20, 15, and 10. Axial stiffness was computed via simulated
compressive loading in the axial direction. Paired t-tests were used to determine
whether the stiffness derived from degraded and non-degraded ““in-vivo” models were
different. Further, the accuracy of detected differences in stiffness before and after
bone loss under in-vivo conditions was compared to the ground truth. Finally, a linear
regression model was generated to determine the dependence of mFE-derived stiffness
on SNR on the basis of 15 cadavers, while the other 15 were used to test the
performance of the correction algorithm based on the derived parameters.

Under “in vivo” pMR imaging conditions, 0.5 % degraded HT (and HP) models
yielded 0.87% (0.67%), 0.81% (0.65%), 0.72% (0.60%) lower stiffness values than prior
to bone loss at SNR=20, 15, and 10, respectively (»<<0.0001). Further, the detected
difference in pre- and post-bone loss stiffness under in-vivo MRI conditions were
correlated to those derived from high-resolution reference models with R?= 0.35
(0.50), 0.26 (0.29), 0.12 (0.11) at SNR=20, 15, and 10, respectively. The error after
correction in the SNR=10-20 range reached 8%-16% (12%-47%) of the high
resolution reference values , it was considerably smaller than the error prior to
correction. The data suggest that mechanical implications caused by subtle changes in
TB density are detectable via FE analysis under in-vivo pMR imaging conditions. The
strength of the correlation between the low and high resolution models decreased with
decreasing SNR as expected. The correction model improved the accuracy of detected
changes.
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Bone Loss Simulation

Disclosures: Wenli Sun, None.
This study received funding from: NIH ROI AR 55647 K25 AR 060283

FR0313

Poor Bone Microarchitecture in Premenopausal Women with Recent Distal
Radius Fracture Persists after Adjusting for Ultradistal Radius BMD.
Tamara Rozental', Laura Deschamps', Alex Taylor?, Brandon Earp?,
David Zurakowski®, Charles Day!, Mary Bouxsein*!. 'Beth Israel
Deaconess Medical Center, USA, >Massachusetts General Hospital,
USA, 3B1righam & Women’s Hospital, USA, “Children’s Hospital Boston,
USA

Measurement of BMD by DXA combined with clinical risk factors is currently the
gold standard for the diagnosis of osteoporosis and prediction of fracture risk. Yet,
BMD does not always accurately reflect fracture risk as up to 50% of those who suffer
fractures do not have osteoporosis by BMD testing. Advanced in vivo imaging has
shown that older women and men with a history of fragility fracture have poor bone
microarchitecture, often independent of their low BMD. As the origins of skeletal
fragility may begin early in life, we asked whether premenopausal women with recent
fracture have poor skeletal health. Thus, we recruited 40 premenopausal women with
recent distal radius fracture (FX) and 80 fracture-free controls (CON). We assessed
BMD of the hip, spine and radius; plus cortical (Ct) and trabecular (Tb) bone density
and microarchitecture at the non-fractured/non-dominant distal radius and tibia by
HR-pQCT. FX and CONT did not differ with regard to age, race or BMI. BMD was
similar in FX and CONT at the fem neck, lumbar spine and 1/3 distal radius; but
tended to be lower in the FX at the total hip and ultradistal radius (p=0.06). Ct and
Tb microarchitecture differed between groups, both at the distal radius and tibia. At
the distal radius, FX had lower total density, Tb density, Tb number and TbTh than
CONT (-6 to -14%, p<<0.05 for all). Ct density and morphology at the distal radius did
not differ between groups. At the distal tibia, total density, Tb density, TbTh, Ct
thickness and Ct area were lower in FX vs CONT (-7 to -17%, p<<0.01). Conditional
logistic regression showed that after adjustment for age and ultradistal radius BMD,
radius Tb density, thickness, separation and distribution of Tb separation remained
significantly associated with fracture (adjusted OR’s: 1.94 — 2.04, p<<0.05). At the
tibia, after adjustment for age and femoral neck BMD, total density, Tb density,
trabecular thickness, cortical area and cortical thickness remained significantly
associated with fracture (adjusted OR’s: 1.62 — 2.40, p<<0.05). In conclusion, these
findings show that despite similar BMD values, premenopausal women with recent
distal radius fracture have significantly poorer bone density and microarchictecture at
the distal radius and tibia compared to non-fracture controls. Early identification of
women with poor bone health offers opportunities for interventions aimed at
preventing further bone health declines.

Disclosures: Mary Bouxsein, None.
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FRO0314

Rapid Cortical Bone Loss in Patients with Chronic Kidney Disease. Thomas
Nickolas*', Emily Steinz, Chiyuan Zhang3, Serge Cremers3, Stephanie
Boutroy'!, Xiaowei Liu*, Donald McMahon?, Mary Leonard®, X Guo®,
Elizabeth Shane?. 'Columbia University Medical Center, USA, 2Columbia
University College of Physicians & Surgeons, USA, *Columbia University,
USA, “University of Pennsylvania, USA, °Children’s Hospital of
Philadelphia, USA

Fracture risk is elevated in patients with chronic kidney disease (CKD). We have
previously reported that CKD patients with prevalent fractures have lower areal
BMD (aBMD) by DXA at the ultradistal radius (UDR), and lower cortical and
trabecular volumetric BMD (vBMD), thinner cortices and abnormal trabecular
microarchitecture of the distal radius and tibia by high resolution peripheral
computed tomography (HRpQCT). To ascertain whether microarchitectural
abnormalities associated with CKD are progressive over time, we enrolled 60 patients
in a longitudinal study. To date, we have measured aBMD by DXA at the lumbar
spine (LS), total hip (TH), femoral neck (FN), 1/3 radius (1/3R) and ultradistal radius
(UDR) and cortical and trabecular vBMD, geometry and microarchitecture of the
distal radius and tibia by HRpQCT (voxel size 82 um) in 49 patients over a median
(interquartile range) follow-up of 1.8 (1.2-2.0) years. Fasting serum was archived for
batch analysis at study completion. Changes in bone parameters were annualized and
compared by mixed models with adjustment for hemodialysis status and baseline
measures of bone structure. Mean+ SD age at baseline was 69 +9 years; 55% were
women, 37% had prevalent fractures, 16% were on dialysis. Mean GFR in non-
dialyzed patients (36417 mL/min) did not change (-0.4 + 6 mL/min, p=1.0). There
were significant declines in aBMD at the TH (1.1+2.7%, p<0.01) and UDR
(2.6 +5.8%, p<0.01) but not the LS, FN or 1/3R. HRpQCT of the radius revealed
significant declines in cortical area (2.6+3.8%, p<0.0001), density (1.1+1.5%,
p<0.0001) and thickness (2.4+4.1%, p<<0.0001). In contrast, trabecular vBMD and
microarchitecture did not change, excepting a small but significant increase in
trabecular area (0.7 4+0.7%, p<<0.01). The amount, pattern and significance of changes
were mirrored at the tibia. In summary, CKD is associated with progressive loss of
cortical bone at both radius and tibia. The significant declines in cortical density,
thickness and area, coupled with the increase in trabecular area suggest that
endocortical cancellization is the primary mechanism of cortical loss. Pharmacologic
interventions to decrease cortical bone loss in patients with CKD could represent a
strategic therapeutic target to prevent deterioration of bone microarchitecture and
lower fracture risk in this vulnerable population.

Disclosures: Thomas Nickolas, None.

FRO0318

Changes in Bone Mineral Density over Time by Body Mass Index in the
Health ABC Study. Jennifer Lloyd*!, Dawn Alley', William Hawkes',
Marc Hochberg?, Shari Waldstein®, Tamara Harris®, Stephen
Kritchevsky®, Ann Schwartz6, Elsa Strotmeyer7, Catherine Womack®,
Denise Orwig'. 'University of Maryland, Baltimore, USA, *University of
Maryland School of Medicine, USA, *University of Maryland, Baltimore
County, USA, “Intramural Research Program, National Institute on
Aging, USA, *Wake Forest Baptist Medical Center, USA, *University of
California, San Francisco, USA, 7University of Pittsburgh, USA,
8University of Tennessee, USA

Background: Cross-sectional studies have found a positive association between
body mass index (BMI) and bone mineral density (BMD), but little is known about
the longitudinal relationship between BMI and BMD in older adults. This
relationship is important given the high prevalence of overweight and obesity.
Methods: We examined average annual rate of change in BMD by initial BMI in the
Health, Aging, and Body Composition Study, a cohort of White and Black well-
functioning older adults age 70-79 years at enrollment. Baseline BMI (kg/m2) was
categorized as normal (18.50-24.99), overweight (25.00-29.99), and obese (> 30.00).
Repeated measurement of BMD (gm/cm?2) was performed with DXA at baseline, and
years 3, 5, 6, 8, 10. Multivariable generalized estimating equations analyses were used
to predict mean BMD (femoral neck, total hip, and whole body) by baseline BMI
group, adjusting for covariates. Results: The sample included 2,570 subjects [51%
women] of whom 43% were overweight and 24% were obese with a mean baseline
femoral neck BMD of 0.743 gm/cm2 (SD=0.142), hip BMD of 0.888 gm/cm2
(SD=0.169), and whole body BMD of 1.09 gm/cm2 (SD=0.141). Obese older adults,
compared to non-obese, had higher fat mass, higher rates of diabetes and
hypertension, less physical activity, and less use of bisphosphonates, vitamin D and
calcium supplements. There were no significant differences between BMI groups in
the change in total hip or whole body BMD over time. However, there were
significant differences between BMI groups in change in femoral neck BMD over time
(p<<0.001). Obese older adults lost 0.002 gm/cm2 of BMD per year more compared
with normal weight older adults (p<<0.001). Femoral neck BMD change over time did
not differ between the overweight and normal weight BMI groups (p=0.74). Indeed,
obese older adults had the highest mean femoral neck BMD at baseline but had the
lowest mean BMD by year 10. In year 10, mean femoral neck BMD ranged from
0.696 gm/cm2 (SE=0.008) among obese, 0.719 gm/cm2 (SE=0.005) among overweight,
and 0.709 gm/cm2 (SE=0.007) among normal weight older adults. In summary, this
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study found significant differences in femoral neck BMD over time by BMI groups
but did not find differences in total hip or whole body BMD over time. Findings
underscore the importance of looking at the longitudinal relationship between body
composition and bone mineral density among older adults, indicating that weight may
not be protective for osteoporosis over time.

Normal Overweight Obese
Baseline BMD (gm/em”) Mean SE Mean SE Mean SE
Femoral Neck 0733 0.006 | 0.743 0.003 0746  0.007
Hip 0870 0.006 | 0.891 0.004 0899  0.008
Whole Body 1083 0.005 1.079 0.003 1.074 0.006
Per Year Change in BMD (gm/em) | Mean SE Mean SE Mean SE
Femoral Neck <0.003 0.000 <0.003 0.000 <0005 0.001
Hip 0,004 0.001 0,004 0.001 0,005 0,001
Whole Body <0002 0.000 0,003 0000 | <0003 0.001

T SE= Standard error: BMD= Bone mineral density
Adjusted Baseline BMD and Per Year Change in BMD by Body Mass Index Category
Disclosures: Jennifer Lloyd, None.

FRO0319

Combined Hormonal Oral Contraceptive Use and Bone Mineral Density
Change in the Premenopausal Population—10-year data from the Canadian
Multicentre Osteoporosis Study. Jerilynn Prior*!, Heather Macdonaldl,
Wei Zhou?, Claudie Berger?, Christopher Kovacs®, David Hanley®*, Tassos
Anastassiadess, Stephanie KaiserG, and CaMOS Research Group’.
'University of British Columbia, Canada, *McGill University, Canada,
3Memorial University of Newfoundland, Canada, “University of Calgary,
Canada, 5Queen’s University, Canada, “Dalhousie University, Canada, 7,
Canada

Combined hormonal oral contraceptives (COC) are used by 86% of Canadian
premenopausal women. Three large cohort studies suggest past COC use is associated
with higher postmenopausal fracture risk (Cooper 1993; Vessey 1998; Barad 2005)
although reviews routinely cite improved bone health as a non-contraceptive COC
benefit. A recent large prospective cohort study of young premenopausal women
showed negative BMD changes in teenagers on higher dose COC (EE 30mg) vs.
teenage controls (Scholes 2011). At baseline in the Canadian Multicentre Osteoporosis
Study (CaMOS), premenopausal women who had ever vs. never used COC showed
significantly lower lumbar spine (L1-4) and trochanter BMD values (Prior 2001).
Prospective population-based data on COC and bone mineral density (BMD) changes
are lacking. The purpose of this study was to document prospective 10-year (y) BMD
changes in a population-based sample of premenopausal women, ages 25-45 at
baseline, stratified by whether they reported never (N-COC), intermittent (I-COC), or
continuous (C-COC) use of COC based on reports at baseline, 5 and 10-y
examinations. To assess between-group differences, multivariable models of BMD
change of L1-L4, total hip, femoral neck and trochanter were constructed using linear
regression adjusting for age, body mass index (BMI), height and baseline BMD
values. Results are reported as mean + SD and by 95%CI of differences between
groups (Table). In the 227 women mean age 35-+ Sy for whom 10-y premenopausal
BMD change data were available, 28 women reported never use, 170 were I-COC
users and 29 were C-COC. N-COC were less likely to be white and tended to be
shorter than I-COC but did not differ in age, BMI, menarche age, parity, exercise,
calcium, vitamin D, cigarette or alcohol use from COC user groups. C-COC tended to
be more likely than I-COC to have started COC for non-contraceptive reasons.
Adjusted BMD change results (Table) showed that L1-4 change was positive in N-
COC (0.007+0.057) vs. negative in I-COC (-0.001+0.057) and C-COC
(-0.017 £0.060) groups although these differences were not significant. At the total
hip site N-COC showed no BMD change whereas small mean positive BMD changes
occurred in the I-COC and C-COC users. In summary, these data suggest that
community COC use in premenopause is not associated with important BMD loss,
however larger prospective population-based studies are needed—adverse BMD
changes by COC use in teenagers need confirmation in population data.
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COC use
Bone site Mever Intermittent | Continuous | Mean Difference (95%
N=28 N=170 N=29 cn
Mean (SD)
-0.008 (-0.036; 0.019) §
Lumnbar 1-4 0.007 (0.057) | -0.001{0.057) | -0.017 (0.060) | ', (-0.060; 0.013)
Total hip -0.000 (0.050) | 0.011 (0.051) | 0.007 (0.053) 0.011 (-0.013; 0.036)5

0.006 (-0.026; 0.039) ¥

0.010 (-0.013; 0.034) §

-0.0a2 [0.049) 0.013 (-0.018; 0.044) £

Femoral neck -0.012 (0.049) | -0.009 (0.051)

0.013 (-0.010; 0.037) &

0.012 (0.048) 0.009 (-0.021; 0.040) #

Trochanter -0.002 (0.048) 0.008 (0.050)

§ Intermittent versus MNever
1 Continuous versus Never

TABLE - Combined hormonal oral contraceptives BMD change

Disclosures: Jerilynn Prior, None.

FR0320

Evidence for Spontaneous Recovery of Bone Mineral Density after Treatment
for Cushing’s Syndrome: a Long-term Follow-up Study. Anke van der
Eerden', Martin Den Heijer*>. 'Radboud University Nijmegen Medical
Centre, Netherlands, VU Medical CenterPostbus 70571007 MB
Amsterdam, The Netherlands

Introduction: Cushing’s syndrome gives a high risk of osteoporotic fractures. After
treatment bone mineral density (BMD) improves, but recovery lasts years and full
recovery probably does not occur in all patients. We evaluated BMD of the lumbar
spine and femoral neck of patients with Cushing’s syndrome, measured at the time of
diagnosis and during long-term follow-up.

Methods and Materials: We collected all BMD measurements of the lumbar spine
and the right femoral neck performed in patients diagnosed with Cushing’s syndrome
in our hospital, as measured by dual-energy X-ray absorptiometry. To analyse BMD
data we used a non-linear model in which individual BMD is described as an age-
related deviation from the population reference value.

Results: BMD values were available for 151 patients with Cushing’s syndrome.
Mean follow-up time after treatment was 12.5 years (total 1888 patient years). Before
treatment, patients with Cushing’s syndrome had a lower BMD compared to the
NHANES reference population (lumbar spine Z-score -1.8 SD (95%CI -2.1 to -1.4
SD); femoral neck -0.9 SD (95%CI -1.4 to -0.6 SD)). Recovery was complete in most
patients but not in certain groups. Reaching the estimated individual final BMD took
11.0 years (95%CI 9.5 to 12.5 years, lumbar spine) and 12.0 years (95%CI 10.0 to 13.5
years, femoral neck).

Conclusion: In most patients with Cushing’s syndrome, BMD improves to normal
in about one decade. In 2-2.5 years BMD-loss decreases 50%, e.g. from osteoporosis
to osteopenia. This supports the practice of evaluating BMD in osteoporotic Cushing
patients every 2 years until reaching osteopenia.

Disclosures: Martin Den Heijer, None.

FR0321

Fracture Risk is Increased in Severe Obesity with Low Bone Mineral Density.
Sarah Cawsey*, Rajdeep S Padwal, Stephanie Li, Arya M Sharma, Kerry
Siminoski. University of Alberta, Canada

Purpose: The bone-protective effect of body weight is controversial and recent
studies have found increased risk of some fractures in obesity. Most published
research has involved individuals with modest obesity; the relationship between bone
mineral density (BMD) and fracture risk has not been well characterized in severe
obesity.

Methods: A cross sectional study of 400 randomly chosen female patients admitted
to the Edmonton Weight Wise Regional Obesity Program (Edmonton, Alberta,
Canada) from November 2008 to June 2010. Historical information including self-
reported fracture history was obtained at the time of dual-energy X-ray absorptio-
metry (Hologic 4500A). For fracture rates, the group comprising the lowest quintile of
femoral neck BMD was compared to the remainder of the population. For certain risk
factors, the lowest BMD quintile was compared to an equal number (n = 75) of age-
and BMI-matched controls randomly selected from the remainder of the study group.

Results: Subjects were severely obese with a mean body mass index (kg/m?) of 46.0
(SD 7.4), had an average age of 43.8 years (SD 11.1 years), and 160 (40.0%) were
postmenopausal. Women in the low BMD quintile had a mean BMD Z-score of -0.1
(SD 0.4) compared to +1.6 (SD 0.9) in the rest of the population. The low BMD
quintile had significantly more total fractures (50.7% vs. 18.2%, p <0.0001), fragility-
type fractures (hip, vertebral, forearm, upper arm; 14.7% vs. 5.2%, p = 0.0039), and
other fractures (34.7 vs. 12.9%, p <0.0001) compared to the remaining population.
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Among other fractures, the low BMD quintile had increased rates of hand/foot
fractures (16.0% vs. 5.5%, p = 0.0019) and ankle/lower leg fractures (17.3% vs. 7.1%, p
=0.0051). The low BMD quintile did not differ from control subjects for menopausal
history, smoking, parental history of hip fracture, doses of calcium and vitamin D
supplements, serum 25-OH vitamin D, or other lab tests. The low BMD quintile had
higher risks of osteoporotic fracture (3.4% (SD 2.4%) vs. 2.5% (SD 1.6%); p = 0.0086)
and hip fracture (0.2% (SD 0.3%) vs. 0.02% (SD 0.04%); p < 0.0001) according to
FRAX (Canadian FRAX tool).

Conclusions: Women with the lowest BMD values among those with severe
obesity have a markedly elevated risk of fracture compared to those with higher BMD
values, despite the fact that their BMD Z-scores are in the “normal” range. This
population may require its own reference range to define “low” density.

Disclosures: Sarah Cawsey, None.

FR0323

Race/ethnic Differences in Associations between Bone Mineral Density and
Fracture History. Min-Ho Shin*!, Joseph Zmuda®, Elizabeth Barrett-
Connor’, Yahtyng Sheu’, Alan Patrick*, Sun-Seog Kweon', Hae-Sung
Nam®, Jane Cauley®. 'Chonnam National University Medical School,
South Korea, *University of Pittsburgh Graduate School of Public Health,
USA, 3University of California, San Diego, USA, “Tobago Health Studies
Office, Scarborough, Trinidad & tobago, *Chungnam National University
Medical School, South Korea

The aim of our study was to determine whether there are race/ethnic differences in
bone mineral density (BMD) by fracture history in men aged 65 and older. We used a
cross-sectional design. The datasets included the Osteoporotic Fractures in Men
(MrOS) Study (5,342 White men, 243 African-American, 190 Asian, and 126 Hispanic
men), Tobago Bone Health Study (641 Afro-Caribbean), Namwon Study (1,834
Korean rural), and Dong-gu Study (2,057 Korean urban). BMD was corrected
according to the cross-site calibration results for all scanners. Linear regression
analysis was used to estimate the difference in BMD between subjects with a positive
fracture history and those without a fracture within each racial/ethnic group. Logistic
regression was used to examine the association of BMD with fracture within each
racial/ethnic group for fracture. In all models, we adjusted for age, body weight,
height, smoking and alcohol use. Mean age (years) of the Korean combined cohorts,
US white, US African-American, US Asian, US Hispanic and Afro-Caribbean were
71.2+4.3,73.8459,71.7+5.1,72.9+5.1, 72.0+4.8, and 72.3+5.7, respectively. The
proportion with a history of non-traumatic fracture were 4.9%, 17.6% , 14.8%, 10.5%,
13.5% and 5.5% for Korean, US white, US African-American, US Asian, US
Hispanic and Afro-Caribbean, respectively. The mean differences of hip and lumbar
spinal BMD between subjects with fracture and without fracture were significant in all
cohorts except US African American and US Asian men, Table. There was a
significant race/ethnic difference in the mean lumbar spinal BMD between subjects
with fracture and without fracture (p for interaction=0.049), but no difference in the
mean BMD. Odds ratio (95% confidence interval) of fracture for 1 SD decrease in
lumbar spine BMD were 1.37 (1.16, 1.62); 1.53 (1.41, 1.66); 1.45 (0.96, 2.19); 1.42
(0.84, 2.40); 3.34 (1.44, 7.74); and 1.96 (1.26, 3.02) for Korean, US White, US African-
American, US Asian, US Hispanic and Afro-Caribbean, respectively. Our data show
that BMD differences by fracture status were greatest for US Hispanic and Afro-
Caribbean men with higher odds ratios of fracture for 1 SD decrease in BMD than
Korean and US white, US African-American, and US Asian men. Our results suggest
that there are race/ethnic differences in the association between lumbar spine BMD
and fracture history.

Tabde: Adjussed mean and differences of BMIY ig'em’) scconding so Bissory of fracture.

Lusmibar spine BMI} Fomoral Neck BMD Totad Hip BMD

Fai-h Fufs)  Dilferenee93%C1  Fu-) Fage} DifSerencol 9570} Fai-)  Fa+) Miference(35%6001)

Koetmn cebon

Dong-gu LIZD 1630 000006840 0005)  EES 0841 00N (OUMS 00003 0914 0877 JUOSH {06 be 00EE)
— 1060 101 0SC00MIe 00 DAS OXY  A0M(0S0OMI DM 050 402 (D000
Coabined 1091 105 -0.014 (-0.060 to -0.00F)  (RESX 0533 024 {0840 1 -0.00H) 000K DETT 03] (B4R o 0T

us
White 1052 1098 005 (0067 to 0041) (BT 0536 0,058 (0,047 f0 ~0.01%) 0977 a9l A040 {0055 ta AOIK)
A frican- American 1219 LI 0090150 000) 09T oM 0390093 0 0.014) LOSE LO09 0049 (0,107 i 0.004)
Asian L9 1048 0071 (0155w a01s) 08l 016 0,027 (0051 100.028) 0923 OA%8 0018 (0,086 b .017)
Hispanic 1137 0549 0089 (0284 0 -0093) 00906 0K 0095 (0060 10 -D01%) 0095 OEGE ALI0T {0167 1e AL0AL)

Afre-Canbhesn 1238 1135 -0003-0.0Mi0-01T2) 1000 0952 -0.070 (-8.120 0 -0,008) LIBT 5106 8076 (-0.126 to -0.026)

Adpusted for age, welght, height, history of snsoking and history of alcobel drinking.

Table

Disclosures: Min-Ho Shin, None.
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FR0332

Physical Activity and Incident Fracture in Postmenopausal Women: The
Women’s Health Initiative Observational Study. Jean Wactawski-Wende*!,
Joseph C. Larson?, Jane Cauley®, Zhao Chen®, Rebecca Jackson®, Andrea
LaCroix®, Michael LaMonte', Meryl Leboff’, Judith K. Ockene®, John
Robbins’. IUniversity at Buffalo, USA, 2Fred Hutchenson Cancer
Research Center, USA, >University of Pittsburgh Graduate School of
Public Health, USA, 4University of Arizona, USA, °The Ohio State
University, USA, °Fred Hutchinson Cancer Research Center, USA,
"Brigham & Women’s Hospital, USA, ®University of Massachusetts,
USA, °University of California, Davis Medical Center, USA

Approximately 2.0 million fractures occur annually in adultU.S.women with
mortality from hip fracture approaching 20%. We assessed the role of physical activity
in incident fracture in the Women’s Health Initiative Observational Study (WHI-OS).
The WHI-OS enrolled 71,187 postmenopausal women aged 50-79 between 1994 and
1998. Recreational physical activity and walking was self-reported at enrollment.
Metabolic equivalents (MET-hours/week) were estimated for total energy expenditure
as well as for sedentary, walking, and strenuous activities. Incident fractures were self-
reported annually through 2005. Hazard Ratios (HR) were calculated comparing
fracture incidence rates in those reporting no activity to those reporting activity,
according to tertiles within those active. A total of 10,927 fractures occurred (760 hip;
2477 wrist; 1189 clinical vertebral) during an average follow-up of 7.6 years. In
multivariable adjusted models, compared to those reporting no activity, those in the
highest activity category (>17.5 MET-hours/week) had significantly fewer hip
fractures (HR= 0.63, 95% CI: 0.48, 0.81) and significantly fewer clinical vertebral
fractures (HR=0.80, 95% CI 0.66, 0.98) and marginally fewer total fractures
(HR=0.95, 95% CI: 0.89, 1.02). Among those most active, wrist fracture occurred
somewhat more frequently (HR=1.10, 95% CI: 0.96, 1.27). Walking and strenuous
activity were similarly and significantly associated with these fracture outcomes. No
evidence of effect modification by age, BMI or race/ethnicity was observed.
Recreational physical activity is generally associated with fewer fractures in older
women. Increased activity may be one strategy to prevent fractures in older women,
especially in hip fracture where the associated morbidity and mortality are most
profound.

Disclosures: Jean Wactawski-Wende, None.

FR0337

A Proposed World-Wide Gene-Environment Interaction Study of BMD and
Fracture Risk: Feasibility Analysis Based on the GEFOS-GENOMOS
Collaboration. Jonathan Reeve*', Stephen Kaptoge?, On behalf of the
GEFOS & GENOMOS consortium®. 'University of Cambridge, United
Kingdom, *University of Cambridge Bone Research Group, United
Kingdom, *Erasmus Medical Center, Netherlands

There is widespread general and scientific interest in how to modify the genetic
determinants of fracture. The GEFOS & GENOMOS consortium has just reported on
the genetic determinants of BMD and fracture (Estrada K et al Nature Genetics 2012
DOI 10.1038/ng.2249). Fourteen BMD loci were associated with fracture including
genes previously not known to play a role in bone biology. Our purpose is two-fold: to
summarize the collection of environmental exposure data by GEFOS and
GENOMOS in participating GEFOS/GENOMOS subjects.; and to make the case
for enlarging our planned GXE meta-analysis into a world-wide collaboration.

Fifty four European, Australasian, Far-Eastern and N American studies expressed
interest in participating of which 41 were permitted by their IRBs to share individual-
level environmental exposure data. This report considers data from the 27 cohorts
whose phenotypic data has been cleaned and reconciled in Cambridge UK and reports
on the a priori statistical power available.

Environmental exposures and plasma biomarkers were supplied as continuous or
categorical variables, with almost complete data available on age, height and weight
and lower levels of availability for other variables. Studies, after sample-size
weighting, declared more than 50% availability of data on alcohol, smoking, fracture
history, physical activity (several aspects), several diet nutrients, rural-vs-urban
domicile, fall history, and exposures to glucocorticoids and exogenous estrogen. A
substantial minority of studies had measured plasma biomarkers. Calculations were
done to determine the a priori statistical power of the planned meta-analysis at
p<0.001, with testing restricted to polymorphisms reported significant by Estrada et
al. Using exemplary minor allele frequencies (MAF) of 0.2 and GxE interaction
coefficients of 0.03 and 0.06 per categorical exposure (or per 1 SD higher outcome in
the case of continuous exposures) we report the numbers of subjects needed to achieve
80% power for the most commonly collected categorical and continuous environ-
mental exposure or biomarker data (Table).

Conclusions. These results provide a powerful basis for investigating the interplay
of genes and environment in association with fracture susceptibility and intermediate
phenotypes. To achieve this goal, ensuring maximal statistical power and proper
standardization of exposures, a world-wide collaboration is needed building on the
current GEFOS collaboration.
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Power Calculations Summary

Disclosures: Jonathan Reeve, None.

FR0339

Objectively Measured Physical Activity and Bone Mineral Content from Age
5 to 15 Years: lowa Bone Development Study. Kathleen F Janz*, Steven M
Levy, Elena Letuchy, Trudy L Burns, Julie M Eichenberger Gilmore, James
C Torner. University of lowa, USA

Purpose:This study examined the longitudinal association between physical
activity (PA) and bone mineral content (BMC; g) from middle childhood to middle
adolescence (ages 5 to 15 yr, 10-year follow-up) and tested the premise that PA has a
greater effect on BMC during specific periods of growth (window of opportunity
hypothesis).

Methods: Participants in the Jowa Bone Development Study at ages 5, 8, 11, 13,
and 15 yr (n = 369, 449, 452, 410, 307, respectively) were studied. Moderate-through-
vigorous PA (MVPA, (mineday™') and vigorous PA (mineday™') were measured using
the Actigraph accelerometer. Anthropometrics were used to measure body size and
somatic maturity. BMC of the lumbar spine and hip was measured using dual-energy
x-ray absorptiometry. Gender-specific multi-level models were used to create BMC
growth curves for individual participants (level 1) and test the effect of PA (level 2)
after considering weight (kg), height (cm) linear age (yr), non-linear age (yr?), maturity
(pre peak height velocity = 0 or at/post peak height velocity = 1). To explore the
possibility that bone is more sensitive to PA during certain periods of growth, we
tested the interaction of PA x maturity and PA x age. The Akeike Information
Criterion (AIC) was used to determine the best fitting models. Clinical significance
was examined via the differences in BMC between the least (10" %) and most (90" %)
active children.

Results:For boys and girls, PA added to the prediction of both spine and hip BMC
throughout the 10-year follow-up (age 5 to 15 yr). There was no interaction between
PA and maturity or PA and age. Models with vigorous PA had lower (better) AIC
when compared to MVPA models. At age 5, the most vigorously active boys had 8.5%
more hip BMC than the least active. At age 15, this difference was 2.0%. The most
vigorously active girls at age 5 had 6.1% more hip BMC than the least active. The age
15 difference was 1.8%.

Conclusions: Objectively measured everyday PA, especially vigorous PA, is
associated with BMC at weight-bearing skeletal sites from childhood to adolescence.
Importantly, the effect of PA is the same regardless of maturity or age. The reduced
contribution of PA to BMC as children age is primarily due to reductions in PA. This
suggests the critical importance of early and sustained PA interventions that focus on
vigorous PA. Current public health approaches focused on moderate PA may be
inadequate for optimal bone health.

Disclosures: Kathleen F Janz, None.

FR0341

A Distal Forearm Fracture in Childhood Increases the Risk for Fracture
during Adulthood in Men, but not in Women. Shreyasee Amin*!, L. Joseph
Melton!, Sara Achenbach', Elizabeth Atkinson!, Mark Dekutoski',
Salman Kirmani', Philip Fischer', Sundeep Khosla®. "Mayo Clinic, USA,
2College of Medicine, Mayo Clinic, USA

Distal forearm fractures are the most common type of fracture sustained during
childhood. It remains unclear whether these fractures are related, in part, to transient
bone strength deficits during growth or to deficits that may track into adulthood. If
the latter, a distal forearm fracture in childhood would be expected to predict an
increased risk for fractures in adulthood.

We identified 1776 Olmsted County, Minnesota residents who had sustained their
first distal forearm fracture at =18 yrs of age between 1935 and 1992, and had
available follow-up through to at least age 35 yrs. Subsequent incident fractures were
identified through review of complete (inpatient and outpatient) medical records.
Observed fractures (excluding pathologic fractures and those resulting from severe
trauma) were then compared with the numbers expected from incidence rates in the
Olmsted County population (standardized incidence ratios [SIR]). We also examined
the risk for fractures at osteoporotic (OP), defined as hip, spine, wrist and shoulder,
and non-osteoporotic (non-OP) sites. Analyses were stratified by sex, and then by age
at the initial distal forearm fracture (<10 yrs, 11-13 yrs, 14-18 yrs).

S114

We studied 1086 boys and 690 girls, whose mean age (+ SD) at distal forearm
fracture was 11 + 4 yrs for boys and 10 + 4 yrs for girls. Over 27,277 person-yrs of
follow-up after age 35 yrs (to mean age 51 + 11 yrs for men and 50 + 11 yrs for
women), there were 144 men and 74 women who had a fracture due to no more than
moderate trauma. There was an increased risk for future mild-to-moderate trauma
fractures in boys who had a distal forearm fracture, but not girls (Table). Results were
similar when we considered fractures only after age 50 yrs. The increased risk was
apparent irrespective of the age at initial distal forearm fracture in boys. In both men
and women, the most common future fractures occurred at the spine and ribs.

A distal forearm fracture in boys may signal an increased risk for future fractures
either due to persistent deficits in bone strength, continued high fracture risk activity,
or both. If deficits in bone strength do track into adulthood, differences in findings
between the sexes may be due to menopause in women having a greater net influence
on subsequent fracture risk, but would require further study.
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FR0343

BMI-Associated Increases in Proximal Femoral Volumetric BMD, Size and
Strength Are Not Sufficient to Compensate for Increased Fall Forces in
Obese Older Men. Jian Shen*', Carrie Nielson', Lynn Marshall', David
Lee®, Tony Keaveny>, Eric Orwoll'. 'Oregon Health & Science University,
USA, 20.N. Diagnostics, USA, 3University of California, Berkeley, USA

Although higher body mass index (BMI) is associated with higher bone mineral
density (BMD), recent evidence indicates that obesity may not be associated with
reduced hip fracture risk. Substantial proportions of hip fractures occur among
overweight and obese men and women. This evidence suggests that higher BMI may
have deleterious effects on bone structure or volumetric BMD, but this issue has not
been studied in detail. We conducted cross-sectional analyses of baseline BMI and
quantitative computed tomography (QCT)-derived femoral bone density and
structural dimensions in the Osteoporotic Fractures in Men Study (MrOS). Hip
QCT scans were completed in 3056 subjects (mean age: 73 y). Finite element (FE)
analysis based on QCT images was further completed in a random subcohort
consisting of 669 men. FE was used to assess proximal hip strength in a sideways fall
orientation. Fall forces on the hip were derived, and Phi was calculated as fall force-
to-strength ratio with the value = 1 indicating high risk of hip fracture during a
sideways fall. We used non-parametric generalized additive models to identify
nonlinearity in the associations between BMI and QCT measurements, and
multivariable general linear models to test the linear associations. Higher BMI was
associated with slightly greater volumetric BMD and size measures at femoral neck.
However, the relationship was non-linear. For men with BMI < 30 (n=2387), there
was a linear relationship between BMI and QCT measurements such that higher BMI
was associated with greater integral BMD, trabecular BMD, cortical thickness and
cross-sectional area (Table). However, there were no significant associations among
those with BMI >= 30 (n=669). FE analysis suggested that compared to non-obese
men, obese men had higher hip strength but also higher Phi (P = 0.0001) and a higher
risk of Phi-estimated hip fracture (OR: 2.14 vs non-obese men; P=0.008). These
findings indicate that the relationships of BMI with femoral BMD and structure are
nonlinear. In non-obese men, increased BMI is associated with increased bone size,
BMD and cortical thickness. In obese individuals, there is no further improvement of
those structure parameters with additional increases in BMI. FE analyses suggest that
the incremental increase in strength is not proportionate with increased fall force in
obese men. These results provide some insight into mechanisms underpinning fracture
risk in obese men.
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Table, Froximal femoral QCT and FE measurements stratified by obese status

BMI < 30 (n=2387) BMI >=30 (n=663) F for
SD 5D
mcrease F mcrease P Interaction’
per unit per unit
of BMI of BRI
Femoral neck
BMD (,g:‘cm]J
Integral 0.051  <00001  -0.017 0.219 0.0003
Cortical 0.041  <0.0001 -0.012 0.348 0.002
Trabecular 0.041  =00001  -0.024 0.089 0.0002
Volume (cm”)
Integral 0.026 0.002 -0.015 03 0.013
Cortical 0.053  <0.0001 -0.02 0.163 <0.0001
Medullary 0.0035 0.58% -0.009 0.532 0314
Percent cortical volume 0044  <0.0001  -0.013 0.336 0.002
Cross-sectional area (cmzj 0.032 0.0002 -0.016 0.254 0.003
DXABMD 0101 <0.0001 0.026 0.019 <0.0001
Mormal Qverweight Chese
__ (n=200) (n=37%) (n=90) P fortrend
Least-squares adjusted mean
Femoral strength (1) 4654 5001 5490 =0.0001
Fall force-strength rahio 0.73 0.81 0.86 <0.0001

TInteraction between obese status and BMI on QCT parameters
BMI_QCT

Disclosures: Jian Shen, None.
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Estimated Frax® 10-Year Fracture Risk at the Time of Incident Fracture and
Upon Refracture: Results from the Optimus Initiative. Pierre-Marc April*’,
Noémie Poirier?, Sophie Roux®, Marie-Claude Beaulieu', Michéle
Beaulicu*, Francois Cabana®, Gilles Boire®. 'Université de Sherbrooke,
Canada, >Centre hospitalier universitaire de Sherbrooke, Canada,
3University of Sherbrooke, Canada, *Merc