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1001

PTHrP Haploinsufficiency Reduces Bone Volume in Postnatal PTH
Deficient Mice. D. Miao', J. Li*!, Y. Xue*', H. Su** A. C. Karaplis®, D.
Goltzman'. 'Department of Medicine, Calcium Research Lab, McGill
University, Montreal, PQ, Canada, *Medicine, SMBD-Jewish General Hospital,
McGill University, Montreal, PQ, Canada.

We previously reported that neonatal mice with targeted disruption of the PTH gene
(PTH™) have decreased trabecular bone volume in long bones due to decreased osteoblast
numbers in the primary spongiosa. At 4 months of age, however, PTH” mice have
increased trabecular bone volume. Haploinsufficient PTHrP*" mice are normal at birth but
at 4 months have decreased trabecular bone volume. To determine whether PTHrP plays
any role in maintaining higher bone mass in postnatal PTH” mice, we generated mice
which are homozygous for the PTH null allele and heterozygous for the PTHrP null allele
(PTH; PTHrP*") and compared these to wild type and to PTH” mice. At 4 months of age,
PTH; PTHrP*" mice displayed similar biochemical alterations as PTH” mice, i.e. they had
undetectable PTH levels and were hypocalcemic, hyperphosphatemic, had enlarged par-
athyroid glands and decreased serum 1,25-dihydroxy vitamin D, (1,25(OH),D,) levels.
Trabecular bone volumes of tibiae, femora and vertebrae were increased by 148%, 156%
and 159%, respectively, in PTH” mice compared to their wild littermates, but were
decreased in PTH”; PTHrP*" mice by 37%, 36% and 36%, respectively, compared to their
wild type littermates, and by 58%, 59% and 60%, respectively, compared to PTH” mice.
Alkaline phosphatase positive osteoblast numbers and bone formation rates (assessed by
double-calcein labeling) were decreased in PTH” mice, and even more dramatically
decreased in PTH”; PTHrP*" mice compared to their wild type littermates. The number and
size of TRAP positive osteoclasts were also diminished in PTH” mice, and more promi-
nently reduced in PTH”; PTHrP*" mice compared to their wild type littermates. This reduc-
tion was associated with a decrease in RANKL positive osteoblasts as demonstrated by
immunohistochemical staining. Bone levels of PTHrP mRNA as determined by RT-PCR
and immunohistochemical levels of PTHrP in osteoblasts were enhanced in PTH” mice,
but not in PTH”; PTHrP*" mice compared to their wild type littermates. These studies
show that PTHrP haploinsufficiency can reduce further the decreased bone turnover in
PTH deficient animals and that the increased postnatal trabecular bone volume observed in
PTH deficient animals is dependent on the action of PTHrP. PTHrP therefore is an impor-
tant mediator of postnatal bone growth.

Disclosures: D. Miao, None.

1002

Relief of Inhibition by Twist Proteins Determines the Onset of Osteoblast
Differentiation. P. Bialek*', K. Britt', M. Schrock*', D. Sosic*?, K. Yu*?, D.
M. Ornitz*, E. N. Olson**, G. Karsenty'. 'Moleuclar and Human Genetics,
Baylor College of Medicine, Houston, TX, USA, *Molecular Biology, U T
Southwestern Medical Center, Dallas, TX, USA, *Molecular Biology and
Pharmacology, Washington University Medical School, St Louis, MO, USA,

“Molecular Biology, UT Southwestern Medical Center, Dallas, TX, USA.

The transcription factor Runx2 is necessary and sufficient for osteoblast differentiation.
That Runx2 expression precedes osteoblast differentiation by three to four days suggests
that its function may be transiently inhibited. The craniosynostosis of Twist+/- patients
(Saethre-Chotzen syndrome) and mice led us to investigate whether Twist inhibits Runx2
function. Here we show that, in the developing skull, Twist is expressed at higher levels
than Runx2 in Runx2-expressing cells before osteoblast differentiation occurs. Twist inhib-
its osteoblast gene expression and Runx2 transactivation function without affecting
Runx2’s expression. Compound heterozygotes for Twist and Runx2 inactivations have none
of the skull abnormalities observed in Runx2+/- or Twist+/- mice revealing a genetic inter-
action between Twist and Runx2. Transgenic mice expressing Twist in osteoblast progeni-
tors mimic the Runx2-null phenotype despite normal Runx2 expression. Twenty residues in
Twist’s C-terminus form a unique antiosteogenic domain, the Twist box, that interacts with
Runx2’s DNA-binding domain to inhibit its DNA-binding function. These findings reveal
that osteoblast differentiation only begins when an inhibition is relieved and provide a
molecular explanation for Saethre-Chotzen syndrome. Twist’s broad expression during
development suggests that this may be a general mechanism to control Runx-dependent
cell differentiation programs.

Disclosures: P. Bialek, None.

1003

GADD34/PP1c Recruited by Smad7 Dephosphorylates TGF( Type I
Receptor. W. Shi', C. Sun*', B. He*?, W. Xiong', X. Shi', D. Yao*', X. Cao'.
'Pathology, University of Alabama at Birmingham, Birmingham, AL, USA,
*Microbiology and Immunology, University of Illinois at Chicago, Chicago, IL,
USA.

Transforming growth factor B (TGF-B) superfamily, including bone morphogenetic pro-
teins (BMPs), exerts extensive effects on a broad spectrum of cellular processes such as
cell growth, differentiation, mobility and apoptosis, and is therefore crucial for develop-
ment and maintenance of many different tissues, including bone. The cascade of phospho-
rylation from receptors to effectors is a well-characterized, pivotal event in TGF-$
signaling. Smad7, induced by TGF-f, binds to type I receptor (TBRI) and functions as a
receptor kinase antagonist that inhibits TBRI Ser/Thr kinase activity as part of a negative
feedback mechanism. However, the possible inhibitory mechanism by dephosphorylation
in the TGF-f signaling pathway is not known. Screening a human chondrocyte cDNA
library in yeast two-hybrid system with Smad7 as bait, we found that Smad7 interacted
with the growth arrest and DNA damage protein, GADD34, a regulatory subunit of the
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protein phosphatase 1 (PP1) holoenzyme. Immunoprecipitation (IP) experiments demon-
strated that Smad7 mediated the formation of a complex with GADD34 and PP1 on TGF-8
type I receptor (TPRI). The complex was shown to dephosphorylate TBRI both in vitro and
in vivo. Blockage of Smad7 expression by siRNA inhibited association of the GADD34/
PPlc complex with TPRI. Overexpression of either dominant-negative Smad7 or
GADD34, absent of their binding domain, inhibited Smad7-mediated dephosphorylation
of TBRI. Moreover, SARA, as a Smad anchor for receptor activation, also acts as anchor
for PPlc via its PP1c-binding motif. Most importantly, dominant-negative SARA, absent
of its PP1c-binding motif, inhibited involvement of PPlc in this proposed complex and
dephosphorylation of TBRI, indicating that the availability of PPlc to this complex for
TPRI dephosphorylation was controlled by SARA. Furthermore, transcriptional response
assay and FACS-DNA profiling analysis demonstrated that Smad7/GADD34/PPlc com-
plex inhibited TGF-B-induced gene transactivation and anti-proliferative effect in Mv1Lu
cells, respectively, while PP1 inhibitors rescued the effects of TGF-f. These results indi-
cate that Smad?7 acts as an adaptor protein in formation of the PP1 holoenzyme that targets
TPBRI for dephosphorylation. Thus, we have characterized a novel TBRI dephosphorylation
mechanism of the first phosphatase identified in the TGF-B/BMP signaling pathway.
Dephosphorylation of TBRI mediated by Smad7 is an effective mechanism for governing
negative feedback in TGF-B signaling. This complex could potentially be used as a drug
target to modulate TGF-B signaling for bone and cancer diseases.

Disclosures: W. Shi, None.

1004

Evidence that JNK/c-Jun Signaling Promotes Osteoclastogenesis using
Transgenic Mice Overexpressing Dominant-Negative c-Jun Selectively in
Osteoclasts. F. Ikeda', T. Matsubara*', K. Hata*', T. Tsurukai®, T. Watanabe*®,
T. Kukita’, S. V. Reddy*, K. Yoshioka**, R. Nishimura', T. Yoneda'. 'Dept
Biochem, Osaka Univ Grad Sch Dent, Osaka, Japan, ’Kaken Phram Co., Inc,
Kyoto, Japan, 3Sec Oral Mol Biol, Facult Dent Kyushu Univ, Fukuoka, Japan,
*Div Hematol Oncol, Univ Pittsburgh Cancer Inst, Pittsburgh, PA, USA,
3Cancer Res Inst, Kanazawa Univ, Kanazawa, J apan.

RANKL is a central cytokine that promotes osteoclastogenesis. Upon RANKL binding
to RANK, cytoplasmic molecules involving JNK, c-Jun, c-Fos and NF-kB are activated,
suggesting that these molecules relay RANKL signaling. This notion is supported by
genetic studies which demonstrated that c-Fos and NF-xB knockout mice exhibited osteo-
petrosis due to impaired osteoclastogenesis. On the other hand, the role of INK and its sub-
strate c-Jun, which forms the AP-1 complex with c-Fos, still needs to be elucidated. In the
present study, we investigated the role of INK/c-Jun signaling in osteoclast differentiation
by generating transgenic mice (DN-c-Jun Tg) carrying DN-c-Jun driven by the TRAP gene
promoter. The DN-c-Jun Tg manifested severe phenotype of osteopetrosis including defect
of tooth eruption, smaller body size and increased radiodensity in long bones. Histological
examination showed that bone marrow cavity was markedly reduced due to reduced trabe-
cular bone resorption and the number of osteoclasts was markedly diminished. To examine
whether the osteopetrosis was due to the abnormality of osteoclast development, we deter-
mined multinucleated TRAP-positive osteoclast-like cell (OC) formation in spleen cells
isolated from DN-c-Jun Tg or wild-type littermate mice. Number of OC formed in spleen
cells of DN-c-Jun Tg was significantly reduced compared with that of wild type mice, indi-
cating that the osteopetrosis seen in DN-c-Jun Tg is due to impaired osteoclastogenesis.
We then examined the relationship between RANKL and JNK/c-Jun activation in vitro.
Soluble RANKL (sRANKL) activated JNK and c-Jun in the BMMg osteoclast progenitor
cells and the RAW264 mouse monocytic cells. Consistent with the in vivo results, OC for-
mation in the presence of SRANKL and M-CSF in mouse bone marrow cultures was sig-
nificantly inhibited by a specific inhibitor of INK, SP600125. Furthermore, overexpression
of dominant-negative (DN)-JNK1 or DN-c-Jun using adenovirus system suppressed OC
formation and increased apoptosis. In conclusion, these results collectively suggest that
activation of JNK/c-Jun signaling pathway is essential to osteoclastogenesis that regulated
by RANKL both in vivo and in vitro. Thus, our data provide the new insight into the molec-
ular mechanisms by which RANKL regulates the osteoclast differentiation.

Disclosures: F. Ikeda, None.
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The Role of the PERK elF2alpha Kinase in Regulating Skeletal Growth
and Development. D. R. Cavener, A. Frank*, A. Gabai*. Biology, Penn State
University, University Park, PA, USA.

The orchestration of skeletal growth is regulated by a complex repertoire of differentia-
tion factors and hormonal signals that control cell proliferation and secretion of the extra-
cellular matrix (ECM). Inasmuch as the ECM comprises the major organic fraction of bone
and cartilage, the growth and development of the skeletal system is more dependent upon
protein secretion than any other major tissue in the body. Recently, a new elF2alpha kinase
denoted PERK was discovered that is highly expressed in secretory tissues, predominately
in bone tissue and the endocrine and exocrine pancreas. We have generated a knockout
mutation of the mouse Perk gene (Zhang, et al., Mol. Cell. Biol 22:3864-74, 2002); these
mice display severe multiple skeletal dysplasias, postnatal growth retardation, and loss of
endocrine and exocrine pancreatic functions similar to defects seen in human Wolcott-Ral-
lison syndrome (WRS). The skeletal dysplasias exhibited by Perk-/- mice include severe
osteopenia, reduced cortical bone, delayed mineralization, and a marked deficiency of
ECM in the hypertrophic region of the growth plate. The long bones of Perk-/- mice dis-
play reduced trabecular bone (24% normal in tibias), reduced BMD (2.3 fold compared to
controls, femur) and reduced growth plates. Bone collagen-I in Perk-/- mice is reduced
approximately 2-fold, whereas intracellular procollagen-1 in osteoblasts is increased 8-
fold. Ultrastructural analysis of osteoblasts indicated that procollagen-I processing and
secretion are impaired in the endoplasmic reticulum. These defects are similar to that seen
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in osteogenesis imperfecta associated with mutations in the procollagen gene that result in
abnormal procollagen retention in the ER. In addition to the cortical defects, histomorphic
analyses of long bone growth plates in Perk-/- mice identified an array of defects including
a reduction in the height of the hypertrophic and proliferative zones. The reduction in the
hypertrophic zone is due to a 28% reduction of the number of cells in the longitudinal axis.
In addition, an abrupt transition from the proliferative to the hypertrophic zone in the Perk-
/- growth plates was seen, as indicated by a deficiency in chondrocytes exhibiting interme-
diate width-height ratios. Perk-/- mice display a 3.1-fold reduction in the apparent volume
of ECM in the hypertrophic zone. In Perk-/- mice, the parallel ECM tracts are diminished
in number and width giving rise to abnormally thin trabeculae. We are examining the cell-
autonomous nature of these defects by generating tissue-specific knockout mutations of
Perk in the skeletal system using the Cre/loxP system.

Disclosures: D.R. Cavener, None.
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Fra-2: A Novel Regulator of Bone Remodeling. A. Hoebertz*', R. Eferl*', E.
Karreth*', A. F. Schilling?, M. Priemel’, M. Amling?, E. F. Wagner'. 'Research
Institute of Molecular Pathology, Vienna, Austria, ‘Hamburg University School
of Medicine, Hamburg, Germany.

The three Fos proteins c-Fos, FosB, Fra-1 have been shown to play crucial roles in bone
biology, but little is known about Fra-2, the fourth Fos protein. To study its role in bone
development and remodeling, we generated both Fra-2 knock-out mice, mice carrying a
conditional “floxed” Fra-2 allele, and mice overexpressing Fra-2.

Transgenic mice overexpressing Fra-2 (Fra-2 Tg mice) showed initially no overt pheno-
type. However, histomorphometrical analysis of 3 month-old Fra-2 Tg mice revealed that
these mice had a 2 times increase in bone volume and an increased bone formation rate,
whereas numbers of osteoclasts and osteoblasts were unchanged. This indicates that
enhanced bone matrix production by osteoblasts leads to the increase in bone mass. In
vitro, primary Fra-2 Tg calvarial osteoblasts and bone marrow osteoclasts displayed both
enhanced differentiation potential.

Fra-2 knock-out (-/-) mice die postnatally between day 1-5, are growth retarded and dis-
play severe osteoporosis. Analysis by bone histomorphometry showed that bone volume is
reduced by 50% and both number and size of osteoclasts were dramatically increased,
whereas the absolute number of osteoblasts was unchanged. However, in situ hybridization
revealed a dramatic decrease in mature, osteocalcin-expressing osteoblasts in Fra-2 -/- long
bones, suggesting that decreased bone formation by osteoblasts is also contributing to the
bone loss in vivo, in addition to enhanced bone resorption. To study the mechanism leading
to the bone loss and “giant” osteoclast appearance, we performed in vitro cultures of osteo-
clasts derived either from Fra-2 -/- fetal liver cells or from Fra-2 deficient bone marrow,
and primary calvarial osteoblasts. Primary Fra-2 -/- osteoblasts showed a severe differenti-
ation defect, as assessed by bone nodule formation. Unexpectedly, primary osteoclast cul-
tures showed a defect in differentiation and fusion; the numbers, but also the size, of
TRAP-positive osteoclasts were smaller compared to controls. However, this defect could
be rescued by addition of TGFbeta to the cultures. Reciprocal co-cultures of Fra-2 -/-
osteoclasts and wildtype or Fra-2 -/- osteoblasts could not rescue the osteoclast differentia-
tion defect, indicating that other systemic or paracrine signals must be responsible for the
“giant” osteoclasts in vivo. This loss-of-function approach supports our data from the Fra-2
transgenic model.

In conclusion, we provide first evidence that Fra-2 plays important roles in both osteoclast
and osteoblast differentiation and that loss or overexpression of Fra-2 result in imbalanced
bone remodeling leading to severe bone diseases.

Disclosures: A. Hoebertz, None.
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The Effects of PTH, Alendronate Alone or in Combination on Bone Mass
and Turnover: 12 Month Results of the PATH Trial. D. M. Black', K.
Ensrud?, S. Greenspan®, J. Bilezikian*, J. McGowan’, T. Lang®, P. Garnero’, C.
Rosen®. 'Dept of Epidemiology & Biostatistics, University of California, San
Francisco, CA, USA, 2Dept of Medicine, University of Minnesota,
Minneapolis, MN, USA, 3Dept of Medicine, University of Pittsburgh,
Pittsburgh, PA, USA, 4Dept of Medicine, Columbia University, New York, NY,
USA, °National Institute of Health, Bethesda, MD, USA, “Dept of Radiology,
University of California, San Francisco, CA, USA, 7Synarc, Lyon, France,
8Maine Ctr for Osteo. Res & Education, St. Josephs Hosp., Bangor, ME, USA.

Parathyroid hormone (PTH) increases bone strength, in part, by stimulating bone forma-
tion while antiresorptives work, in part, by reducing bone resorption. Their use together
might be expected to lead to synergistic effects in bone by simultaneously increasing for-
mation while reducing resorption. The PaTH study was designed to test the effects of PTH
or alendronate (ALN) alone or concurrently administered on bone mass and bone turnover.
We randomized 238 PM women (not currently using bisphosphonates) with low hip or
spine BMD (T-score <-2.5 or <-2.0 with a risk factor) to a daily regimen of: 100 pg thPTH
(1-84) (NPS); ALN 10 mg (Merck); or PTH and ALN together. The single therapy arms
had placebo ALN or PTH. BMD at the spine and hip was assessed by DXA and QCT. Bone
turnover markers were measured in fasting blood samples.
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Mean 1 year % change in bone mass/marker (p-value vs. PTH alone)

PTH PTH + ALN ALN
DXA Spine BMD +6.2% +6.1% (0.8) +4.6% (0.09)
QCT trabecular spine BMD +23.8% +11.3% (0.001)  +7.6% (0.001)
DXA Femoral neck BMD +0.8% +1.8% (0.09) +2.0% (0.05)
QCT fem neck cortical BMD -2.4% -0.1% (0.002) +1.2% (<.001)
QCT fem neck cortical volume +3.4% -0.6% (0.03) +0.9% (0.25)
Formation (P1NP) +146% -16% (<.001) -74% (<.001)
Resorption (serum CTX) +104% -14% (<.001) -73% (<.001)

In the spine, DXA BMD increases were similar for PTH alone and in combination, and
somewhat greater (ns) than those for ALN. However, for trabecular spine BMD, there were
larger increases with PTH compared to either PTH+ALN or ALN. At the femoral neck, DXA
BMD increases were greater for ALN than PTH alone and the combination was similar to
ALN. However, cortical volume at the hip increased with PTH alone compared to PTH +
ALN (or ALN). Large increases in both formation and resorption were seen with PTH while
PTH + ALN resulted in slight decreases in both formation and resorption. In summary,
changes in hip BMD suggest an advantage of adding ALN to PTH. However, changes in ver-
tebral trabecular BMD, hip cortical volume and bone markers, suggest that concurrent use of
ALN may blunt the anabolic effect of PTH. Our data shows no evidence of a synergism
between PTH and ALN when used concurrently. Longer term and larger studies are needed to
determine if and how antiresorptives should be optimally combined with PTH.

Disclosures: D.M. Black, Merck 2, 8.
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Novel and Selective Small Molecule Stimulators of Osteoprotegerin
Expression Inhibit Bone Resorption. R. J. S. Galvin', J. E. Onyia', Y. L. Ma',
D. L. Halladay*', R. R. Miles*', X. Yang*', T. Fuson*', R. L. Cain*', Q. Q.
Zeng*', S. Chandrasekhar', R. Emkey*', Y. Xu*', K. Thirunavukkarasu', H. U.
Bryant', T. J. Martin®. 'Gene Regulation, Lilly Research Labs, Indianapolis, IN,
USA, 2St. Vincent's Institute of Medical Research, Fitzroy, Australia.

Treatment with osteoprotegerin (OPG) inhibits osteoclastogenesis and bone resorption
in numerous animal models for diseases associated with increased osteoclast formation and
activity. Since OPG is produced in bone and acts as a paracrine factor, a high-throughput
screen (approximately 387,000 compounds) was conducted to identify small molecule
stimulators of OPG expression. The compounds were screened in UMR 106 osteosarcoma
cells stably transfected with the human OPG promoter (-5917 to +19) fused with -galac-
tosidase (PBgal)-reporter gene (OPG-Pgal). Three structurally unrelated molecules
(LY359454, LY 119863, and LY42584) were identified which selectively increased OPG
transcription (OPG-PBgal activity following 24 h of treatment). These compounds did not
induce Pgal activity in UMR 106 cells harboring the SV40 promoter-Bgal. In SaOS cells,
these compounds increased OPG mRNA levels within 24h, but the time course for onset of
OPG activation was compound dependent. Additionally, these compounds increased OPG
protein production and release from SaOS cells (2-5 fold following 48 h of treatment), as
determined by ELISA. The benzamide derivative, LY359454, was further analyzed and 4
structurally related molecules (LY481736, LY377332, LY54224, LY368571) were identi-
fied as OPG inducers. In this class of compounds, LY481736 was the most potent
(EC4=4.6 uM in the OPG-Pgal assay and EC,;, =0.25 uM for OPG protein release from
Sa0s cells) and was examined in functional assays. In vitro, LY481736 inhibited osteo-
clast formation in 1,25(0OH),D,-treated co-cultures of bone marrow and BALC cells
(IC4,=0.02 uM). Parathyroid hormone (PTH)- induced bone resorption, in a calvarial organ
culture model, was also inhibited in a concentration-dependent manner by LY481736. In
vivo, LY481736 reduced basal bone resorption and completely blocked resorptive activity
(serum calcium, osteoclast number) in rats infused subcutaneously with thPTH (1-38). Fur-
thermore, LY481736 reduced bone tumor burden (number and size following 3 and 4
weeks of treatment) in a rat mammary carcinoma (13762)- induced-bone metastasis model.
Finally, periarticular bone loss was reduced by LY481736 in a rat adjuvant arthritis model.
These results provide proof of the concept that low molecular weight compounds can
enhance OPG production in a manner that could be therapeutically beneficial for the treat-
ment of bone diseases associated with increased bone resorption.

Disclosures: R.J.S. Galvin, Eli Lilly and Company 1, 3.
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Increased Plasma Homocysteine Concentrations Are Strongly Associated
with Increased Risk of Hip Fracture in Elderly Men and Women: The
Framingham Study. R. R. Mclean', P. F._Jacques*?, J. Selhub*?, E. J.
Samelson', K. E. Broe', M. T. Hannan’, L. A. Cupples**, D. P. Kiel®. 'Hebrew
Rehab Ctr for Aged, Boston, MA, USA, 2USDA HNRC, Tufts Univ, Boston,
MA, USA, *Hebrew Rehab Ctr for Aged & Harv Med Sch Div on Aging,
Boston, MA, USA, “Biostat Dept, BU Sch of Public Health, Boston, MA, USA.

Increased prevalence of osteoporosis among individuals with homocystinuria suggests
high serum homocysteine levels may weaken bone by interfering with collagen cross-linking.
Thus, individuals with elevated plasma total homocysteine (tHcy) concentration may be at
increased risk of osteoporotic fracture. To our knowledge, no studies have investigated the
relation between tHcy level and hip fracture (HFx). We examined the association between
tHcy concentration and risk of HFx in men and women in the Framingham Study original
cohort. Non-fasting blood samples were drawn from 825 men and 1174 women (mean age 70
yr, range 59-91) between 1979 and 1982 and stored at -20°C. tHcy (umol/L) was measured
by high-performance liquid chromatography with fluorescence detection in 1997. Incident
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HFxs were ascertained from time of blood draw through June 1998. Sex-specific age-
adjusted incidence rates of HFx were calculated for quartiles (Q1=low, Q4=high) of tHcy.
Cox proportional hazards regression was used to calculate hazard ratios (HR) to estimate rel-
ative risk of HFx across quartiles (Q1 referent), adjusting for baseline measures: age (yr),
height (in), weight (Ibs), smoking (cig/d), alcohol consumption (0z/wk), caffeine intake (>2
cup/d: y/n), high school education (y/n) and current estrogen use (y/n) in women. Mean tHcy
was 13.4+9.1 and 12.1+5.3 pmol/L for men and women, respectively. Mean follow-up time
was 11.1 yr for men and 12.2 yr for women, with 41 and 146 HFx occurring for each gender,
respectively. Age-adjusted incidence rates (1000 person-yrs™) for HFx from Q1-Q4 were
1.96, 3.24, 4.43 and 8.14 for men and 9.42, 7.01, 9.58 and 16.57 for women.

Range of tHcy and Hazard Ratios for Hip Fracture per Quartile of tHcy

Men Women
Quartile Range (umol/L) HR (95% CI) Range (umol/L)  HR (95% CI)
QI (low) 5.8-9.8 1.00 4.1-8.9 1.00
Q2 9.8-12.0 1.67 (0.54-5.14) 8.9-11.1 0.78 (0.45-1.33)
Q3 12.1-15.0 2.07 (0.70-6.09) 11.2-13.7 1.07 (0.64-1.78)
Q4 (high) 15.0-219.8 3.84(1.38-10.7) 13.8-59.3 1.92 (1.18-3.10)

Men and women in the highest quartile had a significantly elevated risk of HFx: almost
four-fold in men and nearly double in women. These findings suggest that tHcy concentra-
tion, easily modifiable through dietary intervention, is an important risk factor for HFx in
older populations. Thus, folic acid fortification of grain products may potentially decrease
fracture rates in the U.S.

Disclosures: R.R. McLean, None.
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Overweight Protects Against Vertebral Fracture but Increases Risk for
Estrogen-Related Cancers: The PERF Study. Y. Z. Bagger, L. B. Tankd, P.
Alexandersen, B. J. Riis, C. Christiansen. Center for Clinical and Basic
Research, Ballerup, Denmark.

Vertebral bone loss and related fracture are almost exclusively related to estrogen defi-
ciency accompanying the menopause. Body fat mass is an important resource of endogen
estrogens in the elderly and overweight tend to be associated with higher bone mineral den-
sity (BMD). However, overweight may also increase the risk for estrogen-related cancers. In
the present study, we investigated longitudinal associations between baseline body weight
and changes in body weight and the incidence of vertebral fractures or the risk for estrogen
related cancers.

We followed a group of 2552 healthy postmenopausal Danish women for 7 years. BMD at
the spine, hip or forearm were assessed both at baseline and the follow-up using DEXA. Ver-
tebral fractures at the follow-up visit were assessed on digitalized lateral X-rays of the tho-
racic and lumbar spine. A more than 20% reduction of the vertebral height was considered as
a fracture. Non-vertebral fractures were recorded by questionnaire. Cut-off values for the
quartiles of baseline weight were 54.3, 62.6, 69.2 and 82.2 kg. Cut-off values for the quartiles
of yearly changes in weight were -0.7, -0.1, 0.3 or 1.1 kg/year. Information on the new inci-
dence of breast cancer, uterine cancer and ovarian cancer was collected at the follow-up.

The mean age at baseline was 62.7 years old (years since menopause 14.5 years). In this pop-
ulation, 38.5% of the women had experienced either a vertebral or a non-vertebral fracture.
Age-corrected baseline measures of BMD at the spine, hip or forearm were significantly dif-
ferent between the lowest 75th highest quartile of body weight. When comparing women
belonging to the highest quartile of body weight (>75th) who showed the largest changes in
body weight (>75th, n=181) with those belonging to the lowest body weight (75th quartile)
increased the risk for estrogen related cancer to 2.1 compared to the lowest (< 25th) quartile
(OR: 2.1, 95% CI, 0.99-4.53, p=0.05).

These results indicate that body fat mass provides an important long-term protection against
vertebral fracture, but may increase the risk for breast and genital cancer, emphasizing the
potential benefits and risks of being overweight in the elderly age.

Disclosures: Y.Z. Bagger, None.
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A Missense Mutation in FGFR1 Causes a Novel Syndrome: Craniofacial
Dysplasia with Hypophosphatemia (CFDH). K. E. White', J. M. Cabral*?,
W. E. Evans*!, S. Ichikawa*', S. I. Davis*', M. J. Econs'. 'Medicine, Indiana
Univ. School of Medicine, Indianapolis, IN, USA, 2Endocrinology, Cleveland
Clinic Florida, Weston, FL, USA.

Craniofacial dysplasia with hypophosphatemia (CFDH) is a novel renal phosphate
wasting disorder with a previously undetermined molecular etiology. Here we report a
CFDH kindred distinguished by short limb dwarfism (proband stature=40 in.) and brachy-
dactyly, as well as craniofacial deformities, including craniosynostosis, prominent superor-
bital ridge, and depressed nasal bridge. X-ray analyses revealed shortened humeri, and
insufficiency fractures. The skeletal manisfestations of the disorder cosegregated with
hypophosphatemia (1.0 mg/dl) secondary to severe renal phosphate wasting (TmP/
GFR=0.9 mg/dl), inappropriately low calcitriol concentrations (10 pg/ml or undetectable),
normocalcemia, and elevated alkaline phosphatase concentrations. The kindred displayed
male to male transmission, indicating an autosomal dominant mode of inheritance. In light
of the fact that mutations in FGF23 result in autosomal dominant hypophosphatemic rick-
ets (ADHR) we tested genomic DNA for mutations in the known FGF receptors (FGFR1-
5). Direct DNA sequencing of FGFR1 exons revealed that the proband and his father had
heterozygous A1115G substitutions in exon 10. This change resulted in replacement of Tyr
372 with a Cys (Y372C) in the extracellular portion of FGFR1. RFLP analysis demon-
strated that the A1115G mutation was not present in 880 control alleles. The Y372C allele
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was transcribed in a CFDH patient’s lymphocytes and the mutation creates a seventh, and
unpaired extracellular Cys, which may lead to inappropriate coupling and activation of
mutant FGFR1. Y372 is conserved between human and mouse FGFR1/Fgfr1, and resides
at the site where homologous mutations in FGFR2 and FGFR3 cause neonatal lethal syn-
dromes. We did not detect mutations in FGFR1-5 for index cases of tumoral calcinosis,
hypophosphatemic bone disease (HBD), or several isolated adult-onset hypophos-
phatemias. In summary, CFDH is caused by a single FGFR1 defect that results both in
renal phosphate wasting and in impaired vitamin D regulation. ADHR, tumor induced
osteomalacia, and CFDH patients share strikingly similar metabolic bone and biochemical
disease profiles, thus we hypothesize that FGF-23 signals through FGFR1 to regulate kid-
ney phosphate reabsorption and 1,25(OH),vitamin D, production. We conclude that in
addition to its known roles in skull and extremity patterning, FGFR1 has essential func-
tions in long bone development, phosphate homeostasis, and vitamin D metabolism.

Disclosures: K.E. White, None.
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Serotonin (5-HT) Influences Bone Mass, Size and Strength, but Is not
Involved in Mechanotransduction. S. J. Warden*!, A. G. Robling?, M. M.
Bliziotes®, C. H. Turner'. 'Orthopaedic Surgery, Indiana University School of
Medicine, Indianapolis, IN, USA, *Anatomy and Cell Biology, Indiana
University School of Medicine, Indianapolis, IN, USA, 3Oregon Health and
Science University/Portland VAMC, Portland, OR, USA.

There is mounting evidence for the central regulation of bone via neural pathways, with
possible involvement of neurotransmitters. One transmitter showing potential in modulat-
ing bone is serotonin (5-HT). Osteoblasts and osteocytes contain 5-HT transporters (5-
HTT), and functional receptors for 5-HT have been identified on osteoblastic cells within
the periosteum. 5-HT potentiates the PTH-induced increase in AP-1 activity in UMR cells
and modulates the response of osteoblasts to mechanical stimuli. This study compared 5-
HTT knockout mice (5-HTT-/-) to wild-type controls (5-HTT+/+) to investigate the impact
of 5-HT on bone mass, size and strength, and investigated whether 5-HT is involved in
mechanotransduction. The 5-HTT regulates the duration of 5-HT activity with its deletion
allowing prolonged 5-HT transmission. 5-HTT-/- mice had lower bone mass compared to
5-HTT+/+ mice. Whole body and femoral BMC were 12.9% and 13.8% lower by DXA,
and femoral and tibial midshaft BMC were 14.8% and 14.7% lower by pQCT. At the distal
femur 5-HTT-/- mice had 10.9% lower vBMD and 15.4% lower BMC, and at the proximal
tibia BMC was 14.4% lower. 5-HTT-/- mice had smaller bones than 5-HTT+/+ mice with
femoral and tibial midshaft cross-sectional area being 14.7% and 16.7% lower, and tibial
midshaft cortical area being 9.1% lower. The polar second moment of area in 5-HTT-/-
mice was 11.9% and 16.9% lower in the femoral and tibial midshaft. Consistent with the
lower bone mass and smaller bones, femurs from 5-HTT-/- mice failed in three-point bend-
ing at 12.5% lower force and 16.5% lower energy, whereas tibias failed at 20.7% lower
force and 20.9% lower energy. Thus, 5-HTT-/- mice had a consistent skeletal phenotype of
lower bone mass, size and strength. One possible mechanism for this phenotype is a reduc-
tion in skeletal mechanical responsiveness in 5-HTT-/- mice. However, exposing ulnas of
5-HTT-/- and 5-HTT+/+ mice to an identical mechanical stimulus, no influence of geno-
type was observed on histomorphometric measures of bone formation. Thus, 5-HT does
not appear to play a major role in mechanotransduction. Alternative explanations for the
observed skeletal phenotype include a direct effect of 5-HT on skeletal biology or indirect
effects like genotype differences in physical activity levels. Overall, the results show that
deletion of the 5-HTT in mice generates significant skeletal effects, raising questions
regarding the potential skeletal effects of widely-used selective 5-HT reuptake inhibitors.

Disclosures: S.J. Warden, None.
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Osteoblast and Osteoclast Isolated and Cultured In Vitro from Wild Type
and TIEG Null Mice Show Defects in Differentiation. M. Subramaniam', G.
Gorny*?, S. A. Johnsen*', K. Rasmussen*', M. Oursler?, T. C. Spelsberg'.
'Biochem & Mol Biol, Mayo Clinic, Rochester, MN, USA, 2Bio]ogy, Univ of
Minnesota, Duluth, MN, USA.

TGFp inducible early gene (TIEG) is a member of the Kriippel-like transcription factor
family. We have recently demonstrated that TIEG overexpression enhances TGFp induced
Smad signaling by down-regulating negative feedback through the inhibitory Smad7. In
order to understand the role of TIEG in bone development, we generated TIEG knockout
mice (-/-). TIEG null mice appeared to be normal with normal breeding. Calvarial osteoblasts
(OB) were isolated from 3 day old -/- and +/+ pups, cultured these cells in vitro, and per-
formed RT-PCR for alkaline phosphatase, Cbfa-1, osteocalcin and osterix gene expression.
The -/- OB cells displayed a reduced expression of important OB differentiation markers.
The osteoblast cells were then differentiated in vitro with BMP-2 for 18 days. The OB from
+/+ calvaria displayed several nodules in culture when stained with Alizarin red, whereas the
OB from -/- calvaria showed no nodule formation. These -/- calvarial OB appear to have a
defect in mediating the signals to differentiate in culture. To characterize the osteoclasts (OC)
from +/+ and -/- mice, we isolated OC precursor cells from bone marrow and characterized
the interactions between OC precursors and calvarial OB from both -/- and +/+ mice. Bone
marrow containing OC precursors were cultured with calvarial OB or ST2 stromal support
cells in presence of vitamin D and dexamethazone to generate OC-like cells. Cultures of -/-
OC precursors with either ST2 or +/+ OB cells significantly decreased OC differentiation
compared with +/+ marrow cells cultured with either support cell type. These data support
that there is a defect in OC precursors in -/- mice. Cultures of +/+ OC precursors were cul-
tured with -/- OB also resulted in significantly lower differentiation. Examination of gene
expression by real time PCR of the calvarial OB revealed decreased RANKL and increased
OPG expression in the -/- calvarial OB compared with +/+ calvarial OB cells. These data
suggest that the decreased ability of -/- calvarial cells to support OC differentiation is due to a
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decrease in ratio of RANKL to OPG in these cells. To examine TGFp responses in OC pre-
cursors during differentiation, we cultured spleen cells with RANKL and M-CSF during dif-
ferentiation with and without TGF . In +/+ cultures, there was a TGFf dose-dependent
increase in the number of OC, as expected. Interestingly, the -/- OC cells showed no impact
of TGFp on OC differentiation. These data support that TGFp stimulation of OC differentia-
tion is mediated by TIEG gene expression. We conclude from these data that TIEG expres-
sion is critical for OB and OC differentiation in vivo.

Disclosures: M. Subramaniam, None.
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Receptor Tyrosine Kinase Orphan Receptor 2 (Ror2) Modulates Wnt
Signaling Pathways in Osteoblastic Cells. J. Billiard, R. Moran*, D. Way*, P.
Bodine. Women's Health Research Institute, Wyeth, Collegeville, PA, USA.

Ror2 is an orphan receptor tyrosine kinase with no known ligand or association with a sig-
naling pathway. Mutations in the Ror2 gene cause severe skeletal defects in humans and
mice. Ror2 contains an extracellular cystein-rich domain that has been shown to mediate Wnt
binding to other proteins. Using GeneChip and TagMan analyses of human conditionally
immortalized cell lines in discrete stages of osteoblast differentiation, we show that Ror2 is
downregulated during human osteoblast differentiation. We also demonstrate that osteoblas-
tic cells stably overexpressing a Wnt antagonist, secreted frizzled-related protein 1 (SFRP1),
have significantly less Ror2 than cells expressing the control vector; whereas SFRP1-null
mice have 3.5 times more Ror2 than the wild-types.

We used luciferase reporter assays to test if Ror2 modulates Wnt signaling in osteoblasts.
Luciferase expression driven by Wnt-responsive TCF binding elements was stimulated over
20-fold after co-transfection of U20S human osteosarcoma cells with Wnt3. In contrast, co-
transfection with Ror2 dose-dependently inhibited Wnt3-induced activation, while Ror2
alone did not affect promoter activity. When the same reporter was activated by Wntl, Ror2
potentiated Wntl activity. SFRP1 suppressed Wnt3 and Wntl activity even in presence of
Ror2. Thus, Ror2 has opposing effects on Wntl and Wnt3 signaling.

We next asked if Ror2 binds Wnts. COS7 cells were transfected with flag-tagged Ror2 and
HA-tagged Wntl or 3. Anti-flag agarose precipitated both Ror2 and Wntl and 3 as shown by
western immunoblotting with anti-flag and anti-HA antibodies. The Ror2-Wnt interactions
were specific since no Wnts were precipitated out of the extracts not containing Ror2.

To address participation of the Ror2 functional domains in modulating Wnt signaling, we
generated Ror2 lacking the cytoplasmic domain. This construct inhibited Wnt3 activity, but
had no effect on Wntl activation. Based on these results, we believe that Ror2 inhibits Wnt3
signaling by binding Wnt3 and sequestering it away from the frizzled receptor. On the other
hand, potentiation of Wntl requires the intracellular domain of Ror2, and may involve activa-
tion of the Ror2 tyrosine kinase.

In summary, our studies have identified Ror2 as a new regulator of Wnt signaling with selec-
tive activities, antagonizing Wnt3 and enhancing Wntl mediated transcription in osteoblasts.
The downregulation of Ror2 during osteoblast differentiation and its inverse expression pat-
tern with SFRP1 suggest that Ror2 may regulate osteoblast survival and differentiation.

Disclosures: J. Billiard, Wyeth Research 3.
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MINT (Msx2-Interacting Nuclear Target) Promotes Runx2-Dependent
Transcription via Runx2 Activation Domain 3 (AD3). O. L. Sierra, A. P.
Loewy*, N. Charlton-Kachigian*, S. Cheng, D. A. Towler. Bone & Mineral
Diseases, Washington University, St Louis, MO, USA.

Msx2 suppresses expression of the late osteoblast phenotypic marker osteocalcin (OC)
by inhibiting the assembly of nuclear protein-DNA complexes on the OCFRE, the rat OC
FGF2 responsive element (nucleotides —154 to —113). This FGF2-activated promoter
region is recognized by the osteoblast transactivator, Runx2, and by Ku antigen and MINT
— components of the osteoblast nuclear matrix. Msx2 selectively inhibits Ku and Runx2
association with the OC promoter. However, the role and regulation of MINT (Msx2-inter-
acting nuclear target) in transcription driven by the OCFRE is poorly characterized. There-
fore, we studied the effect of MINT on transcription driven by the OCFRE (OCFRE-LUC)
in transient co-transfection studies using CV-1 fibroblasts. In one-hybrid analyses, we
identify that the major FGF2 — stimulated trans-activation functions reside in the Runx2
component of the OCFRE DNA-protein complex; no intrinsic transactivation functions
reside in the nuclear matrix constituents. By generating and analyzing a series of systemat-
ically altered Runx2 variants, we show that FGF2 stimulation is dependent upon Runx2
activation domains AD1 and AD2. By contrast, Runx2 AD3 is not required for basal or
FGF2-stimulated activity. We next examined the effect of MINT on OCFRE - dependent
transcription. Under basal conditions co-expression of MINT has no effect on OCFRE —
dependent transcription. By contrast, MINT stimulates Runx2-dependent transcription 4-
fold; upregulation is completely dependent upon activated FGFR2 signaling. Runx2 struc-
ture-function analyses reveal that MINT-dependent transcription requires Runx2 AD3;
although equivalent to full length Runx2 (1-528) under basal and FGF2-stimulated condi-
tions, Runx2(1-528; A 307-376) that lacks AD3 cannot functionally interact with MINT to
augment OCFRE-dependent transcription. As expected, Msx2 completely abrogates all
transcription directed by the OCFRE. In pull-down analyses, Msx2 physically interacts
with both MINT and Runx2; interactions with Runx2 require residues 118-256 (Runt
domain) and 312-392 (AD3). Taken together, these data indicate that the nuclear matrix
protein MINT regulates Runx2-dependent transcription, triggered by FGFR2 activation.
Msx2 inhibits OC transcription via protein-protein interactions with the nuclear matrix
complex assembled by the OCFRE. Since MINT is homologous to Drosophilan spen --
genetically identified as participating in growth factor signaling and homeoprotein-depen-
dent cell specification -- this nuclear matrix protein may biochemically integrate growth
factor signaling with stage-specific osteoblast gene expression.

Disclosures: O.L. Sierra, None.
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Transcription-Independent Inhibition of Caspases by C/EBPJ in
Osteocytes: An Anti-Apoptotic Signaling Cascade Uniquely Activated by
Bisphosphonates. L. I. Plotkin, J. I. Aguirre, S. C. Manolagas, T. Bellido.
Endocrinology, Center for Osteoporosis and Metabolic Bone Diseases, Central
Arkansas Veterans Healthcare System, Univ. Arkansas for Med. Sci., Little
Rock, AR, USA.

The anti-fracture efficacy of bisphosphonates (BPs) may be due in part to preservation
of the osteocyte network resulting from prevention of osteocyte apoptosis. This effect of
BPs involves opening of connexin (cx) 43 hemichannels and requires phosphorylation of
the extracellular signal regulated kinases (ERKs). However, it does not require gene tran-
scription nor the activation of ERK-dependent transcription factors, and it is abolished by
restricting ERKSs to the nucleus, suggesting that the nuclear pool of ERKs is not involved.
We report that, in contrast to ERK activation by growth factors and sex steroids, which
results in nuclear ERK accumulation, exposure of MLO-Y4 osteocytic cells to BPs from 2
to 60 min did not induce nuclear accumulation of ERK?2 fused to green fluorescent protein.
Moreover, BPs prevented apoptosis in cells expressing an ERK2 mutant with impaired
nuclear translocation as effectively as in cells expressing wild type ERK2; whereas they
were ineffective in cells expressing an ERK2 mutant that constitutively localizes in the
nucleus. Taken together, these findings indicate that cytoplasmic ERK substrates mediate
the effect of BPs. Previous results have demonstrated that one of these substrates is C/
EBPB, in which phosphorylation of >"Thr by ERKs creates a functional XGluXAsp
sequence through which C/EBP, binds to and prevents procaspase activation leading to
cell survival — independently from its function as a transcription factor. Consistent with the
dispensability of nuclear functions of ERKs for the effect of BPs, we found that cells
expressing a transcriptionally inactive C/EBP mutant were protected from apoptosis by
BPs as effectively as cells expressing wild type C/EBP. On the other hand, cells express-
ing a caspase binding deficient mutant in which *'""Thr was replaced by Ala were not pro-
tected. Notably, cells expressing a C/EBP mutant in which the caspase inhibitory site was
mimicked by replacing *""Thr by Glu were resistant to apoptosis, even in the absence of BP
treatment. Lastly, and consistent with the requirement of cx43 hemichannel opening for
survival, BPs induced C/EBPP phosphorylation in MLO-Y4 osteocytic cells and in embry-
onic fibroblasts derived from wild type mice that express cx43, but not in embryonic fibro-
blasts derived from cx43 deficient mice. We conclude that the cx43/ERK pathway
activated by BPs promotes osteocyte survival through a novel, transcription-independent
mechanism that involves the creation of a functional caspase inhibitory domain in C/EBP.

Disclosures: L.I. Plotkin, None.
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Osteoblastic and Stromal Cell Activation of the PTH/PTHrP Receptor
Alters the Bone Marrow Microenvironment and Increases Osteoblastic
Expression of the Notch Ligand Jaggedl. L. M. Calvi', J. Weber*', G. B.
Adams*?, J. Harvey*', E. Schipani® J. E. Puzas', H. M. Kronenberg?, D. T.
Scadden*?, L. A. Milner*'. 'University of Rochester School of Medicine,
Rochester, NY, USA, *Massachusetts General Hospital and Harvard Medical
School, Boston, MA, USA.

In the bone marrow, hematopoietic stem cells (HSC) are found in close proximity to
osteoblastic cells. We recently showed that mice expressing a constitutively active PTH/
PTHrP receptor in osteoblastic cells (coll-caPPR) have an increased frequency of HSC.
This effect could be reproduced by treating normal stromal cells with PTH (1-34) or by
injecting normal mice with PTH. To understand how activation of the PPR in osteoblastic
cells could improve their ability to support hematopoiesis, we studied in vivo and in vitro
models of PTH excess. Coll-caPPR mice have a striking increase in trabecular bone and
osteoblastic cells, as we previously reported. Consistent with this in vivo finding, there was
a substantial increase in alkaline phosphatase positive cells in primary stromal cell cultures
from coll-caPPR mice compared to normal littermates. This was in part due to a doubling
in osteoprogenitor numbers in transgenic vs normal littermates. In vitro treatment of nor-
mal primary stromal cells with PTH(1-34) also resulted in an increase in alkaline phos-
phatase positive cells compared to vehicle treated cells. In addition to the increased number
of osteoblastic cells, the metaphyseal areas of the long bones of coll-caPPR mice com-
pared to littermates showed a striking increase in sinusoids and PECAM positive endothe-
lial cells. Therefore, osteoblastic PPR activation significantly alters the cellular
composition of the bone marrow microenvironment.

We next explored the involvement of the Notch receptors and their ligands Jaggedl and
Deltal in mediating the PTH induced enhanced osteoblastic support of HSCs, since this
cell-cell interaction pathway plays a fundamental role in HSC self-renewal and vascular
development . By immunohistochemistry, we observed a dramatic increase in osteoblastic
Jagged] protein levels in long bones from coll-caPPR mice compared to normal litter-
mates, while Deltal protein level was unchanged. Interestingly, the Notch3 protein, which
is thought to be important for vascular smooth muscle and endothelial cell homeostasis and
survival, was increased in the endothelial cells along the metaphyseal trabecular bone in
the transgenic mice.

In conclusion, activation of the PPR in osteoblastic cells increases protein levels of the
Notch ligand Jagged]1, and alters dramatically the cellular composition of the bone marrow
microenvironment. These changes may play an important role in the PTH induced
enhanced osteoblastic support of HSC.

Disclosures: L.M. Calvi, None.
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Notch 1 Constitutive Activation Induces a Shift from Osteoblastogenesis to
Adipogenesis in Marrow Stromal Cells. E. Gazzerro, M. Sciaudone*, L.
Priest*, A. M. Delany, E. Canalis. Department of Research, Saint Francis
Hospital and Medical Center, Hartford, CT, USA.

Pluripotential mesenchymal cells from bone marrow stroma can differentiate into osteo-
blasts, adipocytes, chondrocytes and myoblasts. Glucocorticoids induce differentiation of
stromal cells toward the adipocytic pathway at the expense of osteoblastogenesis. Notch
receptors are a family of single pass transmembrane proteins activated by their membrane-
bound ligands, Delta/Jagged. Unstimulated osteoblasts express modest levels of Notch 1
and 2, and their transcripts are increased by cortisol. Activation of the Notch signaling
pathway regulates the expression of transcription factors involved in terminal differentia-
tion, and is essential for adipocyte formation. To investigate the effects of Notch 1 constitu-
tive activation on the differentiation of marrow stromal cells, we used a retroviral system to
overexpress Notch 1 intracellular domain (NIC) in a murine stromal cell line (ST-2). NIC
overexpression was confirmed by Northern blot analysis, and by the increased activity of a
HES-5 promoter construct, known to be induced by Notch. Compared to ST-2 cells trans-
duced with vector alone, overespression of NIC abolished the ability of bone morphoge-
netic protein 2 to stimulate their osteoblastic differentiation. These cells had decreased type
I collagen and osteocalcin mRNA and did not form mineralized nodules. Further, ST-2 NIC
presented decreased levels of deltafosB and delta2deltafosB, transcription factors that
favor osteosblastogenesis at the expense of adipogenesis. In ST-2, cortisol precludes osteo-
blast differentiation and induces the expression of the adipocytic markers. NIC overexpres-
sion enhanced the positive effect of cortisol on adipocytic makers and accelerated the
formation of mature fat cells. In conclusion, Notch 1 constitutive activation in marrow
stromal cells causes a shift from osteoblastogenesis to adipogenesis, an action similar to
that observed with glucocorticoid excess. Notch 1 receptor could play a role in enhancing
cortisol effects on marrow stromal cell differentiation.

Disclosures: E. Gazzerro, None.

1019

Cbl-Dependent Ubiquitination of Src Proteins Induced by Constitutive
FGFR-2 Activation Results in Src Downregulation and Increased
Osteoblast Differentiation. K. Kaabeche*', J. Lemonnier*?, J. Caverzasio®, P.
Marie'. 'Biology and Pathology of Bone, INSERM U349, Paris, France,
Division of Bone Diseases, Geneva, Switzerland.

We previously showed that constitutive activation of FGFR-2 induced by the activating
$252W mutation in Apert syndrome results in increased expression of osteoblast differen-
tiation genes (ALP, COLIA1). Here we examined the role of Src in osteoblast differentia-
tion induced by the activating FGFR-2 mutation. Western blot analysis in immortalised
human Apert (Ap) calvaria osteoblastic cells bearing the activating S252W FGFR-2 muta-
tion revealed decreased expression and phosphorylation of Src proteins (Lyn, Fyn) com-
pared to normal age-matched control (Co) calvaria cells, in basal culture conditions and in
the presence of FGF-2 (50 ng/ml). In contrast, Src mRNA levels were similar in Ap and Co
cells. Biochemical analysis confirmed that Src kinase activity was 50% lower in Ap cells
compared to Co cells. Lysophosphatidic acid (LPA, 20 nM, 48 hrs), a non specific activator
of Src, decreased ALP mRNA levels and activity in Ap cells. UK 14,304 (20 uM, 48 hrs),
a specific Fyn stimulator, also inhibited ALP activity in Ap cells, whereas COLIA1 mRNA
levels were unaffected. Transient transfection of Ap cells with Fyn or Lyn vectors reduced
ALP activity without change in COLIA1 mRNA levels, further showing a role for Fyn and
Lyn in the increased ALP activity induced by FGFR-2 activation in Ap cells. We hypothe-
sized that Fyn or Lyn down-regulation in FGFR-2 mutant osteoblasts may result from
increased ubiquitination via the proteasome. Lactacystin (10 pM, 48 hrs), a specific protea-
some inhibitor, restored Fyn expression and ALP activity in Ap cells, indicating that the
increased ALP activity induced by the mutation results from increased Fyn ubiquitination
and proteasome degradation. The proto-oncogene Cbl has recently emerged as a ubiquitin
ligase for Src. We examined wether Cbl may be involved in Fyn ubiquitination in Ap
osteoblasts. Immunoprecipitation studies showed that Fyn associated with Cbl was
decreased in Ap cells compared to Co cells, indicating that Cbl interacts with Fyn to pro-
mote Fyn ubiquitination. These data show that 1) constitutive activation of FGFR-2 leads
to downregulation of Fyn and Lyn protein levels and kinase activity in mutant osteoblasts;
2) overexpression of ALP in mutant osteoblasts results in part from downregulation of Fyn
induced by FGFR-2 activation and 3) Fyn downregulation results from increased Cbl-
dependent Fyn ubiquitination. Thus, Cbl-dependent ubiquitination of Src proteins induced
by FGFR-2 activation mediates in part the increased osteoblast differentiation induced by
the Apert FGFR-2 mutation in human osteoblasts.

Disclosures: K. Kaabeche, None.
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BMP Signaling through the Smadl Pathway Is Required for Normal
Postnatal Bone Formation. D. Chen', M. Qiao*!, B. Story*!, M. Zhao!, Y.
Jiang?, J. Zhao?, J. Feng®, Y. Xie**, S. Huang**, A. Roberts**, G. Karsenty’, G.
Mundy'. 'University of Texas Health Science Center, San Antonio, TX, USA,
2University of California, San Francisco, CA, USA, 3University of Missouri,
Kansas City, MO, USA, ‘NIH, Bethesda, MD, USA, “Baylor College of
Medicine, Houston, TX, USA.

The physiological role of BMP signaling in bone formation in post-natal life remains
undefined. Since null mutations of the Smadl and Smad5 genes cause perinatal lethality, it
is not possible to use these mice to investigate this issue. To determine the role of the BMP
signaling pathway, and specifically its dependence on Smadl, in postnatal bone formation,
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we have used 2 genetic murine models: 1) A tissue-specific, Cre-mediated recombination
was achieved in mice to specifically disrupt Smad] expression in osteoblasts; and 2) trans-
genic mice were produced in which a truncated dominant-negative BMP receptor (dnB-
MPR) is targeted to osteoblasts by the 2.3 kb type I collagen promoter. We generated mice
for a floxed Smadl allele, in which exon 2 of the Smadl gene was flanked by loxP sites.
Smad1-loxP (Smad1™*") mice were bred with Cre transgenic mice in which Cre recombi-
nase is driven by the 2.3 kb type I collagen promoter (Collal-Cre). Collal-Cre*"
:Smad 1™ mice were then bred with Smad1™¥"™* mice to generate mice with osteoblasts
lacking the Smad1 gene (Collal-Cre*;Smad1™™* mice or Smad] conditional knockout
[cko] mice). The Smadl cko mice are viable and survive into adulthood. Trabecular bone
volume, osteoblast numbers and bone formation rates in proximal tibiae were reduced 27,
38 and 44%, respectively in Smadl cko mice compared with control littermates (Collal-
Cre*;Smad 1™ and Collal-Cre”;Smad1™¥%* mice). 3D micro CT examination showed
that in tibiae and femora of Smadl cko mice, trabecular volume, number, thickness, and
connectivity density were decreased and trabecular separation was increased. The forma-
tion of mineralized bone nodules in long-term cultures of primary osteoblasts was
decreased in Smadl cko mice. mRNA expression of Smadl was detected in osteoblasts in
trabecular bone by in situ hybridization and protein expression of Smadl was detected in
primary osteoblasts by Western blot in control mice. In Smadl cko mice, expression of
Smadl mRNA and protein was undetectable in osteoblasts in vivo and in vitro. In the dnB-
MPR transgenic mice, there was an identical phenotype to that observed in the Smadl cko
mice, namely blockage of BMP signaling, decreased trabecular bone volume and
decreased bone formation rates. These results demonstrate that Smadl is necessary for nor-
mal postnatal bone formation and suggest that BMPs exert their effects on bone formation
through the Smad1 signaling pathway.

Disclosures: D. Chen, OsteoScreen Ltd 3.
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Subnuclear Targeting Supports Functional Interrelationships between
Runx2 and the BMP-2 Regulated Smad 1 Protein. E._Afzal, S. K. Zaidi, A.
Javed, A. J. van Wijnen, J. L. Stein*, J. B. Lian, G. S. Stein. Department of Cell
Biology and Cancer Center, University of Massachusetts Medical School,
Worcester, MA, USA.

The coordinated activity of Runx2 and BMP/TGFbeta-activated Smads is critical for
osteoblast differentiation. The Runx2 C-terminus which is essential for its osteogenic func-
tion in vivo, contains a 38 amino acid nuclear matrix targeting signal (NMTS) that directs
Runx2 to active subnuclear foci to form stable complexes. Furthermore, the subnuclear
trafficking of Smads to Runx foci requires interaction with Runx2. However, the precise
structural basis for this Runx2-Smad interaction has not been resolved. We have carried out
studies to define the sequence required for Smad interaction by generating sequential C ter-
minal deletion mutations of wild type Runx2 protein (aa 1-528) and constructing two inter-
nal deletions of the NMTS domain. Functional cooperation between the BMP2 responsive
Smadl and Runx2 wild type and mutant proteins was determined using a luciferase
reporter under the control of a promoter with multiple copies of Smad and Runx responsive
elements. Our data show 90% reduction of BMP-mediated transcriptional activity of
mRunx2 1-432 that retains the NMTS domain, when co-expressed with Smadl in HeLa
cells which lack endogenous Runx expression. However, Smadl-mRunx2 1-432 com-
plexes can still be formed, as determined by co-immunoprecipitation studies. In situ immu-
nofluorescence also revealed that Smadl was targeted to subnuclear foci in the presence of
Runx2 1-432. Further deletion of the C-terminus to 361 amino acids, which lacks the
NMTS, results in a complete loss of transcriptional activity when co-expressed with
Smadl and loss of complex formation at subnuclear sites. These data suggest that the Smad
functional activity resides largely in the C-terminus and overlaps the NMTS. Internal dele-
tions of the NMTS region of Runx2 abrogate association with subnuclear foci and tran-
scriptional activity is significantly reduced by 2-3 fold. Notably, Smadl interaction with
these Runx2 mutants is retained in the nucleus by in situ and by co-immunoprecipitation
studies. These findings indicate that the Smad interacting domain overlaps the NMTS and
that the NMTS interaction site is a significant component for the transcription mediated by
the Runx2 complex. Thus, in conclusion, these biochemical and in situ nuclear trafficking
studies provide conclusive evidence for the temporal-spatial requirement of the NMTS of
Runx2 for interaction with Smad for biological activity.

Disclosures: F. Afzal, None.
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The Transcription Factor STAT-1 Is a Novel Negative Regulator of Bone
Mass and Bone Formation. L. Xiao', T. Naganawa*', E. Abogunde*', G.
Gronowicz?, J. D. Coffin®, M. M. Hurley'. 'Medicine, University of
Connecticut Health Center, Farmington, CT, USA, 2Orthopedic, University of
Connecticut Health Center, Farmington, CT, USA, SPharmaceutical Sciences,

University of Montana, Missoula, MT, USA.

Signal transducers and activators of transcription (STATS) play a central role in the bio-
logical responses to a number of cytokines and growth factors. Growth hormone, FGF2,
IL-6, MCSF and Interferon y are important factors that regulate bone cell function that also
activate STAT1-dependent DNA binding activity. However, there are no studies on the role
of STAT1 in bone formation. To assess the role of STAT1 in bone, we examined wild type
Statl (+/+) and homozygous Statl null (-/-) male mice that are maintained on an inbred
129S6/SvEv background. Body wt and femur length were similar in 13-14 week old
Statl+/+ and Statl-/- mice. Western blot analysis confirmed the absence of the 92 kDa
STAT!1 protein in bones from Stat1-/- mice. Bone mineral density (BMD) and bone mineral
content (BMC) were determined by DEXA analysis of femoral and vertebral bones from
13-14 week old mice of both genotypes. Femoral BMD was significantly increased by 17%
and BMC was increased by 10% in Stat-/- mice when compared with Stat1+/+ mice. Verte-
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bral BMC was also significantly increased by 19% in Statl-/- mice compared with +/+
mice. Micro-computed tomography revealed a marked increase in cortical width of femurs
of Stat1-/- mice. As determined by the Structure Model Index, there was significantly more
plate like structure of trabecular bone in femoral metaphysis of Stat1-/- mice. There was a
15% increase in trabecular thickness (0.0672+0.00 vs 0.0573+0.00 p<0.05) in Stat1-/- mice
but trabecular number was not increased when compared with Statl+/+ mice. Bone vol-
ume/trabecular volume was increased in the Statl-/- mice compared with bones from
Statl+/+ mice (18.4+ 0.025 vs 12.2 + 0.019). Preliminary histomorphometry of distal
femurs showed that osteoblast surface/bone surface (34.5 = 2.0 vs 19.2 £ 4.2 p< 0.05) and
mineralized surface/ bone surface (23.4 = 1.4 vs 17.5 £ 0.01 p< 0.05) was significantly
increased in Statl-/- compared with Statl+/+ mice. There were no significant differences
in osteoclast number or osteoclast surface/bone surface. In addition calvarial width was
significantly increased by 28% in Statl-/- mice compared with Stat1+/+ mice. These data
suggest that STAT1 is a negative regulator of bone mass and bone formation in mice. It is
likely that STAT is a novel important transcription factor in osteoblast function. Charac-
terization of the role of STAT-1 in bone may have implications for the development of ther-
apeutic targets for treatment of metabolic bone disorders.

Disclosures: L. Xiao, None.

1023

Sost Tissue Expression and Regulation of Wnt Signaling. M. Shen*', D. S.
Miao?, D. Goltzman?, A. C. Karaplis'. 'Medicine, SMBD-Jewish General
Hospital, McGill University, Montreal, PQ, Canada, ’Medicine, MUHC,
McGill University, Montreal, PQ, Canada.

The SOST gene encodes a protein that is mutated in patients with sclerosteosis. Loss of
function of SOST leads to the formation of massive amounts of normal bone throughout
life, implicating suppression of bone formation as its most likely physiological role. There-
fore, this protein might become an important tool in the development of therapeutic strate-
gies for osteoporosis.

To further explore SOST function, murine Sost cDNA encompassing the entire coding
region was cloned from mouse kidney total RNA by PCR. Digoxigenin labeled sense and
antisense riboprobes were generated from a 151-bp Smal Sost fragment and used for in situ
hybridization of E-15.5 embryo and 2-month-old adult mouse sections. Sost mRNA
expression was observed in keratinocytes, kidney tubular epithelial cells, skeletal muscle,
growth plate chondrocytes and in bone, where it localized specifically in osteoblasts and
osteocytes.

The tissues that express Sost are also known sites for Wnt gene expression. Wnts are
secreted glycoproteins that exert their effects on neighboring cells by binding to the Friz-
zled (Fz) transmembrane receptor family. Single-pass transmembrane proteins of the LDL
receptor-related protein family (LRPS and -6,) have also been implicated in the reception
of the Wnt signal, a key pathway involved in various developmental processes, including
osteoblast proliferation and function. Therefore, we next examined whether interplay
exists between Sost and Wnt signaling. For these experiments, cultured C3H10T1/2
murine mesenchymal cells were co-transfected with a luciferase reporter gene construct
containing Tcf/Lef transcription factor binding site sequences and either Sost expression
vector or empty vector alone. Following transfection, the cells were treated with Wnt-3A
and luciferase activity was measured. Wnt-3A strongly potentiated Tcf/Lef-mediated
luciferase gene transcription (>5-fold) while no activation was observed when the Tcf
binding sites were mutated. In the presence of Sost expression, Wnt-mediated transcrip-
tional activation was markedly impaired, thereby identifying Sost as a potent inhibitor of
Wnat action.

Based on these observations, it is likely that in the absence of SOST, WNT activity in
inducing osteoblast proliferation and function continues unabated, leading to the progres-
sive sclerosing bone dysplasia of sclerosteosis.

Disclosures: A.C. Karaplis, None.
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High Bone Mineral Density in SOST Knock-out Mice Demonstrates
Functional Conservation of Osteocyte Mediated Bone Homeostasis in
Mouse and Human. N. Sun*, Y. Gao*, J. Pretorius*, S. Morony, P. J.
Kostenuik, S. Simonet, D. L. Lacey, L. Sarosi*, C. Kurahara*, C. Paszty*.
Metabolic Disorders, Amgen Inc., Thousand Oaks, CA, USA.

In humans, complete lack of the protein sclerostin due to homozygosity for null muta-
tions in the SOST gene is responsible for causing sclerosteosis, a rare genetic disease char-
acterized by increased bone mineral density (BMD) throughout the skeleton. Sclerostin is a
secreted protein and has been previously shown to be expressed in bone by osteocytes, to
bind bone morphogenetic proteins (BMPs) and to inhibit osteoblast differentiation/function
in cell culture. Based on these genetic and biochemical data a novel bone homeostatic path-
way in humans has been proposed in which osteocytes, by secreting sclerostin, negatively
modulate osteoblast mediated bone anabolic activity.

To determine the effect of a complete lack of sclerostin in mice we have generated knock-
out mice homozygous (-/-) for a deletion of the SOST gene. The -/- mice appear normal
compared to controls and are fertile. Qualitative radiographic assessment of 4-month old
male and female -/- mice showed normal bone morphology but with a generalized
increased radiodensity in all portions of the skeleton (skull, axial skeleton, ribs, pelvis,
long bones) as compared to wild-type (+/+) littermates. Peripheral quantitative computed
tomography of tibia from -/- mice showed a statistically significant increase in total BMD
(38%), trabecular BMD (66%), cortical BMD (22%) and cortical area (56%) as compared
to +/+ littermates.

This high bone mineral density phenotype in mice recapitulates the major clinical feature
found in humans with sclerosteosis, and demonstrates functional conservation of sclerostin
secretion by osteocytes as an important component in the control of bone homeostasis in
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mouse and human. As such, these sclerostin knock-out mice should serve as a useful tool
for gaining a deeper understanding of the basic biology surrounding this novel pathway, as
well as it’s therapeutic potential in the anabolic treatment of osteoporosis.

Disclosures: C. Paszty, Amgen Inc. S, E.
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Smurf2-Mediated Loss of TGF-B Signaling Stimulates Articular
Chondrocyte Maturation. Q. Wu, M. J. Zuscik, J. E. Baden*, E. M. Schwarz
H. Drissi, R. J. O'Keefe, J. E. Puzas, R. N. Rosier. Orthopaedics, University of
Rochester, Rochester, NY, USA.

Cartilage within diarthroidal joints is maintained by articular chondrocytes (ACs)
which produce matrix and are prevented from undergoing terminal maturation. During
osteoarthritis (OA), unknown maturational constraints are lost and ACs recapitulate the
differentiation process that occurs during normal endochondral ossification. The aims of
this study were to identify these unknown maturational constraints and to define the molec-
ular processes at work during inappropriate stimulation of AC hypertrophy. To address
these aims, we developed a cell culture model utilizing 5-azacytidine (Aza) to induce mat-
uration in cultured chick ACs. Aza is known to un-mask expression of silenced genes by
replacing cytidine in the DNA, thus blocking the suppressive effect of cytidine methylation
on gene transcription. ACs, which do not spontaneously express markers of chondrocyte
maturation such as indian hedgehog, type X collagen (colX) or alkaline phosphatase, were
induced to express all three of these markers by a 48 hr exposure to 15 pg/ml Aza. Since it
is a well established paradigm that TGF- strongly suppresses chondrocyte maturation, we
investigated whether Aza-induction of AC maturation may be due to a loss of TGF-f sig-
naling. We tested this hypothesis i) by comparing Aza effects with those induced by block-
ing signaling through the TGF-$ Smads (2 and 3) using a dominant negative (A) approach,
ii) by examining the impact of Aza on the expression of Smad2 and 3 and the ubiquitin E3
ligase Smurf2, a protein that targets Smad2 and 3 for degradation, and iii) by measuring the
rate of Smad2 and 3 degradation following Aza treatment by using metabolic labeling and
ubiquitin immunoprecipitation methods. We found that over-expression of ASmad2 or
ASmad3 mimics Aza by inducing expression of the hypertrophic marker colX. Further-
more, Aza-treated ACs display reduced Smad2 and 3 and increased Smurf2 protein levels.
Finally, Aza mimics Smurf2 by ubiquitinating and degrading Smad2 and 3. These results
indicate that AC maturation is caused by Smurf2-induced degradation of Smad2 and 3 and
raise the possibilty that Smurf2 up-regulation during OA may be an initiator of the disease
process. This is supported by immunohistochemical studies which demonstrate that
Smurf2 protein expression is significantly increased in human OA cartilage relative to nor-
mal cartilage controls. We conclude that AC maturation is induced by Smurf2-dependent
loss of TGF-f signaling, suggesting that inhibition of Smurf2 function may represent a
novel therapeutic approach for treatment of OA.

Disclosures: Q. Wu, None.
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Overexpression of the Novel Collagen Triple Helix Repeat Containing
Gene (CTHRC1) Indicates a Role in Cartilage and Bone Formation via
Regulation of BMP Expression. V. Lindner*', P. Pyagay*', D. P. Moore*', M.
L. Mancini*!, T. N. Wight*?>, L. Liaw*!. 'Center for Molecular Medicine,
Maine Medical Center Research Institute, Scarborough, ME, USA, *Vascular
Biology, The Hope Heart Institute, Seattle, WA, USA.

The purpose of the present study was to understand the function of the novel gene
Cthrcl using both in vitro and in vivo approaches.
Transgenic mice overexpressing Cthrcl were generated and analyzed using established
methods. Routine cell transfection procedures were used to establish CTHRC1 overex-
pressing and CTHRCI depleted cell lines.
CTHRCI is a secreted 26.5kDa protein that is glycosylated and highly conserved from
lower chordates to mammals. The sequence contains a short collagen domain which
prompted the name ‘collagen triple helix repeat containing 1°. Cthrcl mRNA expression is
regulated by TGF- family members. Localization of CTHRC1 protein showed remarkable
overlap with known sites of bone morphogenetic protein (BMP) expression, such as in the
bone matrix and at epithelial-mesenchymal interfaces in the skin and chorioid plexus. In
the mouse embryo, CTHRC1 was abundant in the developing heart, proliferating chondro-
cytes and in the surrounding periosteum. Immunoreactive CTHRC1 was abundant in the
bone matrix where it was expressed by osteocytes and osteoblasts. In transgenic mice over-
expressing Cthrcl, a striking lack of Alcian blue staining of cartilagenous structures was
observed, particularly noticeable in the spinal column indicating a lack of cartilage pro-
teoglycan content and this was confirmed by ultrastructural analysis. The axial skeleton
was particularly affected with defects in neural tube closure. Other symptoms included
dwarfism, brittle bones, reduction in bone marrow cells and detachment of the epidermis.
Downregulation of CTHRC1 in MC3T3-E1 osteoblasts was associated with loss of BMP4
expression in these cells whereas overexpression of CTHRC1 in C3HI0T1/2 cells was
accompanied with increased BMP4 levels. Furthermore, in co-transfection experiments
BMP4 promoter activity was significantly increased in the presence of CTHRCI.
Increased levels of BMP4 and the downstream target Msx1, known to be involved in axial
development, were also increased in skeletal tissues of Cthrc] transgenic mice.
In conclusion, we identified Cthrcl as a novel gene with important functions in cartilage
and bone formation, most likely by regulating BMP mediated signaling events.

Disclosures: V. Lindner, None.
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Role of Reg Growth Factors and Receptor in Osteoarthritis Pathogenesis.
A. Moreau', D. Wang*', S. Jacques*', M. Rosec*', M. Lacroix*', C.
Chassaing*', J. Martel-Pelletier*>, J. Fernandes*’. 'Stomatology and
Biochemistry, Université de Montréal, Montréal, PQ, Canada, 2Pharmacology,
Université de Montréal, Montréal, PQ, Canada, 3Surgery and Biomedical
Sciences, Université de Montréal, Montréal, PQ, Canada.

The key features of osteoarthritis (OA) are the focal destruction of the articular cartilage

and the abnormal growth of the subchondral bone producing outgrowths. Since in humans
OA develops and changes very slowly, it is difficult to follow that disease over any length
of time. Besides that, the heterogeneity of the disease results in controversy as its aetiology
and progression. Thus, study of early events of the degenerative process cannot be made in
humans and recourse must be made to animal models. We have recently inactivated the
transcription factor Pitx1, which is highly expressed in articular and growth plate chondro-
cytes during mouse development. Pitx1-null mice displayed poorly developed joints,
which are markedly apoptotic. Interestingly, Pitx1+/- mice that are phenotypically normal
at birth, exhibit with aging clinical features of OA such as progressive joint stiffness asso-
ciated with an abnormal fibrillation and calcification of their articular cartilage. Histologi-
cal analysis of mineralized adult femurs and tibiae revealed also an increased thickening of
subchondral, trabecular and cortical bone.
At the molecular level, expression analysis of Pitx1-null and Pitx1+/- mice allowed to
identify and characterize a novel molecular cascade involved in OA pathogenesis. Indeed,
expression analysis using RNA isolated from articular cartilage of patients with OA and
age and gender-matched subjects showed the expression of Pitx1 only in matched controls.
Moreover, the lack of Pitx1 in OA articular chondrocytes leads to a marked up regulation
of Reg I growth factor and its receptor, which has been confirmed at the protein level by
immunohistochemistry assays with human Reg I antibodies on OA articular cartilage. We
have also demonstrated in vitro that the gain-of-function of Reg receptor enhances by sev-
eral folds the activation of NF-kB induced by TNF-a or IL-1f suggesting that Reg signal-
ing activity is a key mediator of pro-inflammatory cytokine action in OA pathogenesis.
This was further supported by the fact that gain-of-function of Pitx1 abrogates Reg I, Reg
II and Reg receptor expression completely, which may explain why pro-inflammatory
cytokines cannot activate NF-kB in cells devoid of Reg receptor. Taken together these
results revealed the role of new emerging transcription and growth factors involved in OA
pathogenesis, which could lead to a more rational approach for the development of better
therapeutic compounds to prevent and cure OA.

Disclosures: A. Moreau, None.
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Soluble VEGF Isoforms Are Essential to Establish Vascularization of
Cartilage Elements and Regulate Development and Survival of Growth
Plate Chondrocytes. C. Maes*', 1. Stockmans*', K. Moermans*', R. Van
Looveren*', N. Smets*!, P. Carmeliet*>, R. Bouillon', G. Carmeliet'.
'Laboratory of Experimental Medicine and Endocrinology, Katholieke
Universiteit Leuven, Leuven, Belgium, The Center for Transgene Technology
and Gene Therapy, V.I.B., Katholieke Universiteit Leuven, Leuven, Belgium.

Vascular endothelial growth factor (VEGF) exists as 3 major isoforms, VEGF120,

VEGF164 and VEGF188, which differ in matrix- and receptor-binding. Inhibition of
VEGF or expression of only the soluble VEGF120 isoform resulted in impaired bone vas-
cularization associated with reduced trabecular bone volume and an enlargement of the
hypertrophic chondrocyte zone of the growth plate.
Here we report that neonatal mice that express exclusively VEGF164 showed no bone
abnormalities. However, mice expressing only the matrix-associated isoform VEGF188
(VEGF188/188 mice) showed dwarfism, completely disrupted growth plate development
and severe knee joint dysplasia. Developmental analysis of VEGF188/188 mice demon-
strated increased and ectopic hypoxia in the epiphyseal cartilage elements, preceding mas-
sive apoptosis of immature chondrocytes in the interior of the growth plates. Although
metaphyseal angiogenesis was not altered, vascularization surrounding the epiphysis was
impaired likely causing the increased hypoxia. Concomitantly, peripheral growth plate
chondrocytes showed increased proliferation and decreased differentiation in vivo. In
agreement, VEGF188/188 hindlimbs cultured in hypoxic conditions lacked growth inhibi-
tion and showed increased apoptosis in the resting chondrocyte zone as compared to WT
limbs. Because expression of both VEGF and the isoform-specific VEGF164 receptor neu-
ropilin-1 was detected in immature growth plate chondrocytes, VEGF164 may directly
regulate cellular proliferation and survival in hypoxic cartilage. However, abnormal
expression of genes of the parathyroid hormone-related peptide (PTHrP) - Indian hedgehog
(Ihh) pathway was observed in VEGF188/188 mice suggesting an indirect effect of VEGFE.
These findings indicate that the insoluble VEGF188 isoform is insufficient to establish an
epiphyseal vascular network that meets the oxygen needs of cartilage elements in growing
bones, resulting in increased hypoxia. Additionally, our data provide in vivo and in vitro
evidence for a previously unknown role for VEGF isoform-specific signalling, regulating
chondrocyte development. We conclude that the integrated actions of the three VEGF iso-
forms are essential to couple metaphyseal and epiphyseal vascularization, chondrocyte
development and ossification during endochondral bone formation.

Disclosures: C. Maes, None.
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Specific Role of Indian Hedgehog in Bone versus Cartilage in vivo. A.
Eichbichler*', D. W. Soegiarto*?, C. Carr*', T. Kobayashi’, A. P. McMahon**,
T. L. Clemens®, B. Lanske'. 'Oral and Developmental Biology, HSDM and
Forsyth Institute, Boston, MA, USA, *Munich Biotech AG, Neuried, Germany,
*Endocrine Unit, MGH, Boston, MA, USA, “The Biolabs, Harvard University,
Cambridge, MA, USA, Div. of Endocrinology, Univ. of Cincinnati, Cincinnati,
OH, USA.

Mice lacking the Indian hedgehog gene (Ihh) survive only until birth and exhibit mark-
edly reduced chondrocyte proliferation, abnormal chondrocyte maturation, and absence of
mature osteoblasts. Since Thh is expressed in chondrocytes as well as in osteoblasts, current
animal models do not allow us to distinguish whether Thh has a direct effect on osteoblasts
or whether the effects on bone are indirectly mediated through chondrocytes during endo-
chondral ossification. Furthermore, the postnatal function of Thh is still unclear. We have
generated mice using the cre-loxP/flp-frt gene technology which will allow us to specifi-
cally ablate, in vivo, the Ihh gene from several types of cells in the chondrocyte and osteo-
blast lineage, providing a way to uncover the exact role of Ihh in cartilage versus bone. We
have established six independent floxed Thh mouse lines (derived from J1 and R1 ES cell
clones) and mated them to several cre transgenic mouse lines. Offspring from matings to
the ubiquitously expressed cre transgenic animals driven by the phosphoglycerate-kinase I-
(PGK-1) promoter resembled the phenotype of the conventional Ihh ko animals and estab-
lished that we had efficient excision of the floxed Ihh gene by the cre recombinase. Breed-
ing to collagen type I- and osteocalcin— cre transgenics have been performed as well.
These mice selectively lack Ihh function in osteoblasts of varying degrees of maturity, and
allow us to define the role of Ihh in osteoblasts independent of chondrocytes. Collagen type
I-cre and osteocalcin-cre conditional Ihh ko animals survive postnatally, have shorter long
bones and weigh slightely less. Serum ionized calcium levels do not show any major dif-
ferences. Histological and uCT evaluation of bone density and microarchitecture are in
progress. These novel mouse models should allow us to uncover the specific role of Thh in
cartilage versus bone, and this new information will provide a more secure framework for
understanding Thh regulation of chondrocyte and osteoblast development and activity.

Disclosures: A. Eichbichler, None.
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Combination of SOXS5, SOX6 and SOX9 Is Sufficient for Chondrogenesis.
T. Ikeda*', H. Kawaguchi’, S. Kamekura*’, . Kou*', K. Hoshi’, K.
Nakamura*?, S. Tkegawa*', U. Chung®. 'Riken SNP Res. Ctr., Tokyo, Japan,
*Tissue Engineering & Orthopaedic Surgery, Univ. of Tokyo, Tokyo, Japan.

To better understand skeletal development and devise treatment for irreversible carti-
lage damage requiring cartilage regeneration such as osteoarthritis, it is essential to know
both the requisite and sufficient conditions for chondrogenesis at molecular levels.
Although recent genetic studies have shown the necessity of SOXS, 6 and 9 for chondro-
genesis in vivo, it is still unknown whether they are sufficient for chondrogenesis or other
factors are also needed. To address this question, we expressed various combinations of
SOXS5, 6 and 9 in a variety of primary and immortalized cells by adenovirus vectors, and
cultured them in serum-free medium without known chondrogenic supplements such as
insulin, BMP and TGF-8. Co-expression of SOXS5, 6 and 9 (the SOX trio) started to induce
differentiation of human mesenchymal stem cells (hMSC) into chondrocytes within 2 days;
they expressed cartilage-specific mRNAs of type II, IX, XI collagens, aggrecan, chondro-
modulin-1, and matrilin-3 as well as cartilage-specific matrix by histology, to a level com-
parable to articular cartilage and chondrocytic cell lines within 2 weeks. Expression of
SOXO9 alone induced chondrogenesis to a much lesser extent, while that of SOX5 and/or 6
completely failed to do so. The SOX trio differentiated embryoid bodies derived from
mouse ES cells into chondrocytes. Even cells committed to other lineages could be differ-
entiated into chondrocytes: non-chondrogenic human immortalized cell lines HeLa,
HEK?293, HuH-7, and primary human dermal fibroblasts. Some non-chondrogenic cells
responded to expression of SOX9 alone, but the response was correlated with endogenous
expression levels of SOX5 and 6, further supporting the essential role of the SOX trio.
Although the best efficiency of differentiation was achieved in 3-dimensional culture on
atelocollagen gel, the SOX trio induced substantial chondrocytic differentiation even in
monolayer culture, which is usually hostile to chondrogenesis. Contrary to the conven-
tional methods, the SOX trio inhibited marker genes for hypertrophic chondrocytes and
osteoblasts such as type I & X collagens, bone sialoprotein, Runx2, and osteopontin. A sin-
gle application of the SOX trio adenovirus to a cortical bone defect in the mouse tibia pro-
duced a substantial cartilage within 1 week, while the LacZ virus failed to do so. These
lines of evidence strongly suggest that the SOX trio is not only necessary but also suffi-
cient for chondrogenesis both in vitro and in vivo. Rapid and potent induction of permanent
cartilage from hMSC and dermal fibroblasts by transduction of the SOX trio may innovate
cartilage tissue engineering.

Disclosures: T. Ikeda, None.
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Steroid Receptor Coactivator (SRC)-1 Knockout Mice Have an Impaired
Response to Estrogen in Cancellous but not in Cortical Bone. U. 1. L.
Moedder', B. L. Riggs', A. E. Kearns', A. Sanyal', J. D. Sibonga?, J. Xu*®, B.
W. O'Malley**, T. C. Spelsberg’, S. Khosla'. 'Endocrinology, Mayo Clinic,
Rochester, MN, USA, 2Onhopedic Research, Mayo Clinic, Rochester, MN,
USA, ’*Department of Molecular and Cellular Biology, Baylor College of
Medicine, Houston, TX, USA, 4Department of Molecular and Cellular Biology,
Baylor College of medicine, Houston, TX, USA, *Biochemistry and Molecular
Biology, Mayo Clinic, Rochester, MN, USA.

SRC-1 is an important nuclear receptor coactivator that enhances estrogen (E) action in
many tissues, but its role in mediating E effects on bone is unknown. We recently demon-
strated that in osteoblastic cells, SRC-1 potentiates the activity of co-expressed ER-a/p or
ER-p alone, with little or no potentiation of ER-a.. Since cancellous bone contains both
ER-a and -B, whereas cortical bone contains predominantly ER-o0 JCEM 86:2309, 2001),
we tested whether E action on bone would be impaired primarily in cancellous bone in
SRC-1 knock out (KO) mice. Initial dose ranging studies in wild type (WT) C57BL/6 mice
established an estradiol (E,) dose of 10 pg/kg/d as the minimal physiologic E dose needed
to prevent bone loss. Next, 3 month old WT and SRC-1 KO mice underwent either sham
surgery, ovx with vehicle (V), and ovx with a 10 pg/kg/d E, pellet for 60 days (n = 9-11 per
group). BMD was measured at baseline and the end of the study by DXA and pQCT. While
this dose of E completely prevented loss of cancellous bone at the spine in WT mice, it was
entirely ineffective in the SRC-1 KO mice (Panel A; P-values are for within strain ANO-
VAs; *P < 0.02 for comparison with WT, ovx + E group). However, E effects on cortical
bone at the tibia were similar in the SRC-1 KO and WT mice (panel B). Bone histomor-
phometry confirmed the BMD measurements. Consistent with previous studies, we also
found by RT-PCR that in mice, cancellous bone (at the vertebrae) contained both ER-a and
-B, whereas only ER-a was detectable in cortical bone (at the femur shaft). We thus con-
clude that SRC-1 deficiency impairs the skeletal response to E in cancellous but not in cor-
tical bone. We hypothesize that this may be due to the relative expression of ER-f3 versus -
a in cancellous and cortical bone and the specific interactions of SRC-1 with these receptor
isoforms in bone cells. Moreover, similar to mice, variations in SRC-1 levels or function
may also determine the skeletal response to E in cancellous bone in humans.
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Disclosures: U.I.L. Moedder, None.
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Recombinant hCG, but not DHT Stimulates Osteoblastic Collagen
Synthesis in Older Men with Partial Age-Related Androgen Deficiency. C.
Meier', P. Y. Liu*?, L. P. Ly*?, J. de Winter-Modzelewski*', M. Jimenez** D. J.
Handelsman*?, M. J. Seibel'. 'Bone Research Program, ANZAC Research
Institute, University Sydney, Concord NSW, Australia, “Department of
Andrology, ANZAC Research Institute, University Sydney, Concord NSW,
Australia.

The relative contributions of androgens and estrogens on bone metabolism are still con-
troversial. Within the setting of two double-blind, placebo-controlled studies, we evaluated
the effect of DHT and recombinant human chorionic gonadotropin (thCG) on bone turn-
over in healthy, community-dwelling older men with partial androgen deficiency (total tes-
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tosterone [TT] <15 nmol/l twice).In the first study, 35 men (mean age 68.3+6.8 yrs, mean
baseline TT 13.9+3.3 nmol/l) were randomized to receive either daily transdermal DHT
gel (Andractim, Lab. Besins-Iscovesco; 70 mg; n=17) or placebo for 3 months. In the sec-
ond study, 40 men (mean age 67.4+5.4 yrs, mean baseline TT 11.4+2.2 nmol/l) were ran-
domized to receive either twice weekly thCG sc (Ovidrel, Serono; 5000 IU; n=20) or
placebo for 3 months. The following parameters were measured in serum before, at
monthly intervals and 1 month after treatment: Aminoterminal propeptide of type I procol-
lagen (PINP), osteocalcin (OC), carboxyterminal crosslinked telopeptide of type I collagen
(ICTP), free (FT) and total testosterone, estradiol (E2), LH, and FSH. Compared to pla-
cebo, treatment with DHT resulted in a significant increase of serum DHT (15-20 nmol/l
above baseline), paralleled by a suppression in LH, FSH, TT and FT, but not in E2 levels.
Markers of both bone formation (serum PINP and OC) and bone resorption (serum ICTP)
remained unchanged throughout the study. In contrast, administration of thCG induced a
significant rise in TT, FT and E2 levels. In these men, a significant rise of PINP levels with
a max. increase after 1 month (p=0.02 compared to placebo) was observed, while serum
levels of OC and ICTP did not change. The change in PINP (APINP) was independent of
baseline FT, TT and E2 levels, but correlated with the change in E2 levels (r=0.59,
p=0.02). No significant association was found between APINP and ATT (r=0.20, p=0.68)
or AFT (r=0.40, p=0.14).

We conclude that in healthy older men with age-related androgen deficiency, pharmacolog-
ical DHT doses suppress TT and FT without altering E2 levels or bone metabolism consis-
tent with enhanced aromatization or direct DHT effects via androgen receptor (AR) to
maintain stable bone turnover. In contrast, rhCG stimulates osteoblastic collagen formation
proportional to increased blood estradiol without changing bone resorption. We conclude
that while estradiol has prominent effects on bone in older men, direct AR-mediated andro-
gen effects cannot be excluded.

Disclosures: C. Meier, None.
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Estrogen Prevents Bone Loss by Direct Targeting of TNF Producing CD4*
Lymphocytes, and CD4* Dependent Regulation Of CD8* Activation. G.
Toraldo', Y. Gao', W. Qien?, K. Dark?, M. Weitzmann?, R. Pacifici’. 'Division
of Bone and Mineral Diseases, Washington University, St. Louis, St. Louis,
MO, USA, *Division of Endocrinology, Emory University School of Medicine,
Atlanta, GA, USA.

A key mechanism by which ovariectomy (ovx) induces bone loss is by expanding the
population of TNF producing T cells via stimulation of T cell activation and proliferation.
However, the involved T cell sub-populations remain unknown. FACS analysis of the
spleens and bone marrow from sham operated mice demonstrated that ~ 40 % of both
CD4* and CD8" T cells produce TNF. Ovx induced a ~ 2 fold expansion in both CD4" and
CD8" T cells, although, no change in the % of TNF producing cells within each group was
observed. Thus both CD4* and CD8* contribute to the enhanced TNF production of ovx
mice. However, as there are ~ twice as many CD4"* as CD8" T cells, TNF is mostly CD4*
derived. To investigate how estrogen (E) regulates CD4" and CD8"* populations, T cell
deficient nude mice were reconstituted with either CD4* or CD8" by means of adoptive
transfer of CD4" or CD8" cells harvested from intact WT mice, and then ovx or sham oper-
ated. Effective engraftment of was verified by FACS at 4 weeks after transplantation.
Transplanted nude mice were found to contain 6-8 fold higher numbers of CD4* or CD8*T
cells compared to non-transplanted nude controls, a number equal to ~ 50 % of that of nor-
mal WT mice. In vivo BrdU incorporation studies revealed that ovx induced a ~ 2.5 fold
increase in the proliferation of both CD4* and CD8" cells in WT mice. Likewise, nude mice
reconstituted with CD4" T cells showed enhanced T cell proliferation in response to ovx. In
contrast, ovx failed to activate T cell proliferation in CD8" reconstituted nude mice, sug-
gesting that activation of CD8* T cells requires signals generated by CD4* cells. This
hypothesis was confirmed by in vivo bone density measurements by DEXA. We found
nude mice to be completely protected against ovx induced bone loss, while WT controls
lost ~10 % of their bone density in 4 weeks after ovx. In nude mice reconstituted with
CD4'T cells ovx elicited a ~8 % bone loss (p<0.05), while sham operation was followed
by a non significant ~2% increase in BMD. In contrast, ovx failed to induce bone loss in
nude mice reconstituted with CD8* T cells as their BMD at 4 weeks after ovx was
unchanged from baseline. We conclude that ovx regulates TNF production by CD4" T cell
by directly inducing activation and proliferation of these lymphocytes. In contrast, CD8
activation is a secondary event induced by CD4* lymphocytes. Although, CD4* T cells are
responsible for the majority of TNF production and ovx induced bone loss, CD8" cells con-
tribute to this process by producing additional TNF as a result of signaling between CD4*
and CD8" cells.

Disclosures: G. Toraldo, None.
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Osteopenia and Impaired Fracture Healing in the EP4 Receptor Knockout
Mice. M. Li, D. R. Healy*, Y. Li*, H. A. Simmons, D. T. Crawford*, H. Z. Ke,
L. C. Pan, T. A. Brown, D. D. Thompson. Cardiovascular and Metabolic
Diseases, Pfizer Global Research and Development, Groton, CT, USA.

Prostaglandin E, (PGE,) is a known bone anabolic agent and it binds to 4 receptor sub-
types, EP1-EP4. In vitro and animal studies have suggested that the EP4 receptor subtype
plays a critical role in PGE,'s bone anabolic effects. However, its role in the maintenance of
bone mass and fracture healing is not known. Therefore, the studies reported here were
designed to address this issue by characterizing the skeletal phenotype of EP4 receptor
knockout (KO) mice and by comparing fracture healing in KO mice with wild type (WT)
mice. Male EP4 KO and strain-matched WT mice at 15 to 16 months of age were used in
these studies. There were no significant differences in body weights and femoral length
between KO and WT mice. Lower bone mass was seen radiagraphically in both axial and
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long bones of KO mice relative to WT mice. Micro-CT images of the distal femurs showed
thinner cortices, fewer trabeculae, and deteriorated trabecular network in KO mice. The
pQCT analysis showed significant decreases in total mineral content (-27%), trabecular
content (-24%) and cortical content (-25%) of the distal femoral metaphyses in KO mice
compared with WT controls. Histomorphometric measurements of the distal femoral meta-
physes showed that trabecular bone volume, trabecular number, trabecular thickness, min-
eralizing surface, and bone formation rate were significantly decreased and osteoclast
number was significantly increased in KO mice compared with WT mice. These data indi-
cate that knocking out the EP4 receptor results in decreased bone formation and increased
bone resorption, leading to loss of cancellous and cortical bone mass. To investigate
whether EP4 receptor plays a role in fracture healing, KO and WT mice were subjected to
transverse femoral fracture under general anesthesia. The fracture healing was examined
by radiography and histomorphometry at 1, 2, 3, and 4 weeks after fracture. Callus forma-
tion was significant delayed as evidenced both radiographically and histologically in the
fractured femurs of KO mice compared with those of WT mice. Histological measure-
ments of fracture calluses showed significant decreases in total callus area and bony callus
area by 31% and 43% at 2 weeks, and by 68% and 77% at 3 weeks, respectively, in KO
mice compared with WT mice after fracture. By 4 weeks, complete bony bridging was
seen in WT mice but not in KO mice. Our data demonstrate that the absence of EP4 recep-
tor decreases bone mass and impairs fracture healing in mice. This finding suggests that the
EP4 receptor is a positive regulator in the maintenance of bone mass and fracture healing.

Disclosures: M. Li, None.
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A Crucial Role for Thiol Antioxidants in Estrogen-Deficiency Bone Loss. J.
M. Lean*, J. T. Davies*, K. Fuller, C. J. Jagger*, B. Kirstein*, G._A.
Partington®, Z. L. Urry*, T. J. Chambers. Cellular Pathology, St George's
Hospital Medical School, London, United Kingdom.

The mechanisms through which estrogen prevents bone loss are uncertain. In several
other tissues, the beneficial effects of estrogen on lipids, endothelial cells and neurons are
considered to occur through suppression of oxidant stress. Although high levels of reactive
oxygen species (ROS) damage cells, lower levels serve as signaling molecules, and the
ROS hydrogen peroxide stimulates osteoclastic bone resorption. Thus, estrogen might pre-
vent bone loss by increasing antioxidant defenses in bone. We therefore tested the effects
of ovariectomy and estrogen on the antioxidant defenses of rodent bone marrow. We found
that glutathione and thioredoxin, the major thiol antioxidants, and glutathione and thiore-
doxin reductases, the enzymes responsible for maintaining these in a reduced state, fell
substantially after ovariectomy. Levels were rapidly normalized by replacement doses of
exogenous 17B-estradiol, but not by the inactive stereoisomer 17a-estradiol. To test
whether these altered thiol antioxidant levels were causally related to bone loss, we admin-
istered N-acetyl cysteine (NAC) or ascorbate, antioxidants that increase tissue glutathione
levels, or L-buthionine-(S,R)-sulphoximine (BSO), a specific inhibitor of glutathione syn-
thesis, to mice. NAC and ascorbate abolished ovariectomy-induced bone loss. In contrast,
BSO administration provided a phenocopy for estrogen-deficiency: it decreased bone mar-
row glutathione, increased osteoclast number and caused substantial bone loss.

The osteoclast is a prime candidate as target for antioxidant-mediated regulation, because
osteoclastic function is dependent upon NFkB, which is regulated by ROS. We therefore
tested the effects of estrogen on the thiol antioxidant system in osteoclasts. We found that
17b-estradiol strongly stimulated glutathione and thioredoxin reductases and glutathione in
osteoclast-like cells in vitro.

Expression of cytokines such as IL-1, TNFo and IL-6, that have been shown to be crucial
for the bone loss of estrogen-deficiency, is enhanced by ROS-mediated activation of
NFkB. We found that NAC prevented activation of NFkB in osteoclasts. BSO did the
opposite. Moreover, 17b-estradiol suppressed expression of TNFa and IL-1 in osteoclasts
in culture. These observations strongly suggest that estrogen deficiency causes bone loss
by lowering thiol antioxidants in osteoclasts, which leads to ROS-enhanced activation of
NF«B and the expression of resorptive cytokines in osteoclasts, thereby promoting osteo-
clastic resorption while simultaneously impairing osteoblastic function.

Disclosures: J.M. Lean, None.
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Spatial Mediation of Intracortical Resorption. K. A. King*, N. A. Rabaia*,
Z.Zhang*, S. Srinivasan, T. S. Gross. Orthopaedics, University of Washington,
Seattle, WA, USA.

Intracortical resorption induced by disuse is highly focused within specific portions of
the cortex, but the mechanism underlying this phenomenon is unknown. Recently, we have
found that osteocytes upregulate the extracellular matrix protein osteopontin (OPN) in
response to disuse and direct oxygen deprivation. Given the role of OPN in osteoclast
chemotaxis, we hypothesized that intracortical resorption is temporally preceded by spa-
tially co-localized elevations in osteocyte OPN expression. We assessed the validity of this
hypothesis with a series of experiments ranging from the molecular to tissue levels. First,
we used semi-quantitative competitive RT-PCR to assess the time course of OPN mRNA
elevations in osteocyte-like MLO-Y4 cells exposed to direct oxygen deprivation for up to
24 hr. Normalized to B-actin expression, OPN mRNA was elevated 40% following 6 hr
and 104% by 24 hr of oxygen deprivation compared to control normoxic cells. Next, we
used image analysis to assess the spatial distribution of intracortical resorption sites
induced by 6 wks of disuse in the midshaft of adult male turkey ulnae (n=3). Two sites of
interest were identified, the first demonstrating a minimal number (mean + S.E.) of intrac-
ortical resorption events (central caudal cortex; 0.3 + 0.3), while the second site demon-
strated profound intracortical resorption (cranial/ventral cortex; 20.3 + 1.8). We then
turned to immunohistochemistry and confocal microscopy to assess osteocyte OPN
expression in ulnae exposed to either 1 d (n=2) or 7 d (n=3) of disuse. Previously, we have
found that approximately 16% of osteocytes stain positive for OPN in intact control bones.
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In the caudal cortex of bones exposed to disuse, 25.8 + 6.9% of osteocytes stained positive
for OPN expression. In contrast, 48.2 + 12.9% of osteocytes demonstrated OPN expression
in the cranial/ventral cortex. In summary, osteocytes rapidly upregulated OPN mRNA
expression within a few hours of exposure to hypoxia. Within days, disuse induced osteo-
cyte OPN upregulation in a spatially non-homogenous manner. Critically, specific loca-
tions of minimal and maximal osteocyte OPN expression observed at 1 and 7 d of disuse
(prior to intracortical resorption) corresponded with the locations of minimal and maximal
intracortical resorption observed following 6 wk of disuse. We conclude that these data
support our initial hypothesis across a time scale ranging from hours to weeks and specu-
late that osteocyte OPN expression can be used to predict specific locations of intracortical
resorption. As a result, it may be possible to identify novel strategies to minimize intracor-
tical resorption, a disproportionate contributor to the degradation of bone strength associ-
ated with bone loss pathologies.

Disclosures: T.S. Gross, None.

1037

Mechanical Loading Induces the Expression of Wnt Pathway Genes and
Activation of the Wnt Pathway in Osteoblasts Enhances Loading
Responses. J. Robinson', M. Chatterjee-Kishore*?, C. Li*?, V. Gironda*', P.
Green*!, F._ Bex'. 'Women's Health Research Institute, Wyeth Research,
Collegeville, PA, USA, ’Genomics Division, Wyeth Research, Cambridge,

MA, USA.

Increases in bone mass in response to skeletal loading is an important adaptive response

which ensures the integrity of bone under vigorous physical stress. However, the molecular
events that translate a mechanical stimulus into a biological response are not clear.
Mechanical stress has been shown to induce genes including nitric oxide synthase (eNOS),
cycloxygenase-2 (COX2) and prostacyclin synthase (PTGS). Low density lipoprotein
receptor related protein (LRP) 5 and the Wnt/B-catenin pathway have recently been shown
to play an important role in bone metabolism and have been implicated in the response of
bone cells to stress. Therefore we designed experiments to determine whether mechanical
loading could regulate Wnt/B-catenin related genes and whether activation of the Wnt/
beta-catenin pathway could further modulate the expression of known stress responsive
genes. Using a Flexercell strain (FX-3000) instrument, we applied mechanical strain
(3,400 microstrain, 2Hz, 7200 cycles/hr) for 5 hrs to MC3T3 cells and analyzed by real
time PCR the gene expression of known stress responsive genes as well as Wnt/B-catenin
related genes immediately post-load or 24 hr post-load. The application of strain on
MC3T3 cells elicited a significant induction of COX-2, eNOS, PTGS, connexin 43, jun, c-
fos, cyclin D1, Wnt 10B and secreted frizzled related protein 1 (SFRP1) expression com-
pared to non-loaded controls. We next tested whether activating the Wnt pathway in an
osteoblast prior to applying a mechanical load would have a synergistic effect on gene
expression following a loading stimulus. In these experiments, MC3T3 cells were treated
with a glycogen synthase kinase-3f inhibitor (GSK3i) to increase B-catenin nuclear trans-
location and thereby activate the canonical Wnt/B-catenin pathway. Immediately following
GSK3i administration, the cells were subjected to load (3,400 microstrain, 2Hz, 7200
cycles/hr) for 5 hrs. The GSK3p inhibitor treatment resulted in increases in COX-2 (3X),
eNOS (3X), connexin 43 (2X), jun (3X), c-fos (3X), cyclin D1 (2X), Wnt 10B (2X) and
SFRP1 (3X) above the load response alone.
In summary, these experiments further support the effects of mechanical load on the
expression of genes known to influence osteoblast growth and differentiation and now
show that transcriptional activation of Wnt/B-catenin pathway genes may also be involved
in a loading response. Additionally, our data suggest that activation of the canonical Wnt/
B-catenin pathway in osteoblasts makes cells more responsive to a loading stimulus.

Disclosures: J. Robinson, None.
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Mechanical Strain Differentially Regulates eNOS and RANKL Expression
via ERK1/2 in Primary Bone Stromal Cells. J. Rubin, T. C. Murphy*, L.
Zhu*, E. Roy*, M. S. Nanes, X. Fan. Medicine, VAMC & Emory University,
Decatur, GA, USA.

Complex interactions between signals controlling both osteoblast and osteoclast func-
tions are ultimately responsible for the adaptive response of the skeleton to its loading
environment. We here evaluate the cellular response to mechanical input in terms of 2 sig-
nals which affect bone coupling, nitric oxide (NO) and RANKL. NO, released after
mechanical stimulation from many cell types, has been implicated in both repression of
osteoclast activity and stimulation of osteoblast function. In mature bone, NO is generated
from endothelial nitric oxide synthase (eNOS). In contrast, RANKL expression promotes
resorption. We have previously shown that straining bone stromal cells diminishes
RANKL expression via ERK1/2 activation. Here we found that application of 2% strain
(BioFlex, Flexcell) to primary murine stromal cultures increased NO secretion and eNOS
expression as measured by real-time PCR. iNOS was unchanged. The effect of strain on
eNOS was magnitude-dependent increasing to 161 + 28% that of control eNOS (see fig-
ure). Concurrently, 0.25% strain significantly inhibited RANKL expression with increased
repression at 1% strain (44 = 3% cf with controls). Both responses to strain were blocked
when an ERK1/2 inhibitor was present during strain application. To confirm ERK1/2’s
central role, cells were treated with an adenovirus encoding constitutively active MEK
(Ad.caMEK). Ad.caMEK increased basal ERK1/2 activation resulting in increased eNOS
expression and NO production by >4-fold and decreased RANKL expression by half. In
contrast, inhibition of JNK failed to prevent strain effects. Thus we have shown that strain
has a magnitude-specific ability to control two genes in entirely divergent directions. For
the coordinate regulation of eNOS and RANKL, the mechanical effect relies on activation
of ERK1/2. The divergent gene expression resulting from ERK1/2 activation suggests that
the final regulatory result is determined by recruitment of specific co-regulators. In total, in
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vitro strain represents a paradigm for understanding how loading the skeleton results in
positive bone remodeling.
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VEGF-Mediated Angiogenesis Is a Key Event for Exercise-Induced Bone
Gain. Z. Yao*!, M. Lafage-Proust', J. Plouét*?, C. Alexandre', L. Vico'. 'Lbto,
INSERM E366, Fac Med, St Etienne, France, 2CNRS UMR 5089, Toulouse,
France.

Appropriate physical training is able to increase bone mass and strength. But its mecha-
nism remains unclear. Although increased capillary supply during training-induced muscle
hypertrophy is well described, no parallel mechanism was studied in bone. Among vasoac-
tive factors, VEGF has multi-functional activities on wall vessel cells and is an osteoblastic
growth factor. We hypothesized that bone vascular and VEGF changes are involved in
bone remodelling alteration leading to increased bone mass. Nine-week male Wistar rats
underwent treadmill training experiment at 60% of their VO2max. (regimen showed to be
osteogenic after 5 weeks, Bourrin et al., JBMR 1995). Exercise-induced BMD changes
were assessed longitudinally by Dexa and bone cellular activities and vessel number and
area - after India ink/barium sulphate infusion - were analyzed by histomorphometry (n=8/
group) in tibial metaphyses. VEGF and Flt1/R1 and KDR/R2 receptor expressions in tibia
were evaluated by on line RT-PCR (n=6/group). We tested several running period dura-
tions: 14 and 10 days, and 5 weeks. In the latter experience, a VEGF inhibitory antibody
(RUN-anti-VEGF) or a placebo (RUN) was administrated IP twice a week. Results
obtained in running rats were compared to those of sedentary rats (SED). After a 14d. run-
ning period metaphyseal vessel number increased by 20% in RUN vs. SED (p<0.05), this
increase was associated with an increased bone formation rate (p<0.001) and a decreased
active resorption surfaces (p<0.03), while trabecular bone mass had not changed yet. Min-
eralizing surfaces positively correlated with vessel number (r= 0.85, p<0.001) in running
rats. A 10-day training period induced an up-regulation of VEGF (153%) and Flt1 (83%,
p<0.01) in the tibial periosteum and metaphysis while KDR expression increased not sig-
nificantly. After a 5-week training period, metaphyseal tibial BMD did increase by 9% in
RUN rats only vs. SED. Cancellous bone mass increased by 21% in RUN compared to
RUN-anti-VEGF and SED groups (p<0.03). Anti-VEGF antibody also prevented the
increase in vessel number observed in RUN tibial metaphysis (25%, p<0.02 vs. SED). In
RUN group, bone formation rate resumed at this time while osteoclastic surfaces continued
to decline (22%, p<0.05) as compared to both SED and RUN-anti-VEGF. We showed that
an osteogenic exercise regimen induced an early VEGF expression increase in bone tissue,
followed by an increased cancellous vessel network which was associated to bone remod-
elling uncoupling. These bone and vascular events preceded the exercise-induced increase
in bone mass and are fully prevented by a VEGF antagonist.

Disclosures: L. Vico, None.
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PTH Replaces Cancellous Bone Lost During 28 Days of Hindlimb
Unloading in Skeletally Mature Rats. S. A. Bloomfield', M. R. Allen', H.
Lemmon*?, H. A. Hogan’. 'Dept of Health & Kinesiology, Texas A&M
University, College Station, TX, USA, *Dept of Mechanical Engineering, Texas
A&M University, College Station, TX, USA.

Skeletally mature rats subjected to 28 days of hindlimb unloading (HU) experience a
significant loss of proximal tibia bone mineral density (BMD) and plantar flexor muscle
strength. Although muscle strength recovers within 14 days of reambulation, there is no
sign of BMD recovery through 28 days. The purpose of this study was to evaluate the
effectiveness of daily PTH (1-34; 80ug/kg/day) administration on the recovery of bone
parameters following 28 days of HU. Six-month-old male Sprague Dawley rats were
divided into 3 groups: 28 day HU (HU; n=4), 28 day HU + 28 day recovery with vehicle
(VEH; n=8) and 28 day HU + 28 day recovery with PTH (PTH; n=8). Both recovery
groups received daily subcutaneous injections for 28 days during recovery from HU. In
vivo peripheral quantitative computed tomography (pQCT; Stratec, Research M) scans of
the proximal tibia metaphysis, providing total and cancellous bone mineral density (BMD),
were obtained at baseline, after 28 days of HU (R+0), and at recovery days 14 (R+14) and
28 (R+28). In vivo peak isometric torque (ISO) and mass of plantar flexor muscles were
obtained at sacrifice. VEH- and PTH-treated groups both had non-significantly higher
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body mass at R+28 compared to HU (+11 and 14%, respectively). After HU (R+0), there
was a significant loss of total and cancellous BMD (-7 and 9%, respectively). At R+14,
total and cancellous BMD of VEH-treated animals (544 + 14 and 223 + 10 mg/cm®, respec-
tively) remained similar to R+0 values while PTH-treated animals significantly increased
both total and cancellous BMD (635 + 17 and 257 + 6 mg/cm’, respectively) to baseline
levels. By R+28, BMD of VEH animals remained at R+0 levels while values had signifi-
cantly increased over baseline values in PTH-treated animals (+11 and 21% for total and
cancellous BMD). Muscle mass was significantly greater in both VEH and PTH groups
compared to HU (+37 and 29%, respectively) while ISO was non-significantly higher (+3
and 4%, respectively). A subset of bones (n=2/gp) were analyzed ex vivo using microCT
(EVS, Explore RS) at the same location as studied by pQCT. PTH-treated animals had sig-
nificantly higher cancellous BV/TV (+ 141%), accounted for by higher trabecular thick-
ness (+ 33%) and number (+ 83%), compared to VEH-treated animals; there was no
difference between HU and VEH-treated values. These data demonstrate that daily PTH
injections significantly enhance the recovery of unloading-induced decrements in bone
density, apparently due to significant increases in cancellous bone volume.

Disclosures: S.A. Bloomfield, None.
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Genetic Variations Regulate Bone Loss and Gene Expression Related to
Skeletal Unloading. M. Squire', L. Donahue’, C. Rubin', S. Judex'.
'Biomedical Engineering, SUNY Stony Brook, Stony Brook, NY, USA, “The
Jackson Laboratory, Bar Harbor, ME, USA.

The influence of the genome on the skeleton is highlighted not only by variations in
bone morphology but also by a differential sensitivity to altered levels of mechanical load-
ing. Using genetically distinct strains of inbred mice, we previously demonstrated that
female BALB/cByJ (BALB) mice are highly sensitive to their mechanical environment
(losing up to 60% of femoral trabecular bone in 3wk) while trabecular and cortical bone of
C3H/HeJ (C3H) mice is less responsive. Here, we subjected male adult BALB and C3H
mice (16wk old, n=10 each) to hindlimb unloading to determine the influence of genetics
and gender on the magnitude of bone loss and to investigate whether alterations in bone
morphology are paralleled by changes in the expression of candidate genes. After 21 days
of unloading, indices of bone morphology in the distal femur were assessed via high-reso-
lution (11 pum) micro computed tomography scanning (LCT). Total RNA was extracted
from the proximal tibia (including bone marrow and cartilage, n=4 each) and relative
changes in gene expression (normalized to GAPDH) were determined using real-time
reverse transcription polymerase chain reaction. In stark contrast to our previous data from
female mice, male BALB mice subjected to hindlimb unloading did not lose trabecular
bone from the distal femoral metaphysis, yet C3H mice lost 22% (p<0.03) of metaphyseal
trabecular bone. Additionally, both male BALB and C3H mice lost significant amounts of
epiphyseal trabecular bone (23% and 15%, respectively, p<0.008), but loss of functional
weight bearing did not produce changes in metaphyseal cortical bone of either strain. At
the molecular level, hindlimb unloading down-regulated the expression of collagen type I
(al) by 23% =+ 13% (mean + SE) in BALB mice. Expression levels of bone morphogenic
protein 2 (BMP-2) and receptor activator of NF-kB ligand (RANKL) were also lower in
disuse BALB than in controls (31% + 18% and 18% = 12%, respectively). In C3H males,
however, collagen I expression levels were not different between disuse and control mice,
while BMP-2 and RANKL expression levels were 25% + 9% and 26% + 19% higher,
respectively, in disuse mice. These data indicate a strong influence of genetics and gender
on both the susceptibility of bone to disuse osteoporosis and the specific sites within bone
that are most heavily affected. The differential expression of genes involved in bone for-
mation and resorption further demonstrate the strain specificity of bone’s response to
unloading. The future exploration of the underlying molecular and genetic basis may
enable the early identification of individuals most likely to suffer from osteoporosis based
on their genotype.

Disclosures: M. Squire, None.
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Rest-Insertion Augments Periosteal Bone Formation Rates in Response to
Short-Term High-Frequency Loading. J. M. LaMothe*', G. M. Peters*', T. S.
Gross®, S. Srinivasan®, R. F. Zernicke®. 'Faculty of Kinesiology, University of
Calgary, Calgary, AB, Canada, *Department of Orthopaedics and Sports
Medicine, University of Washington, Seattle, WA, USA, Faculties of
Kinesiology, Medicine, and Engineering, University of Calgary, Calgary, AB,
Canada.

High-frequency vibrations can stimulate bone growth, and insertion of short rest peri-
ods between consecutive loading cycles may also augment bone formation rates. Thus, we
investigated if rest-insertion increased bone growth in response to short-term high-fre-
quency loading in the mature murine skeleton. Right tibiae of skeletally mature (16 wk)
female C57BL/6 mice were loaded in cantilever bending at 800 i (in vivo strain gauge cal-
ibration; CV = 14%), 30 Hz, 5 d/wk for 3 wk. Mice were randomized into one of two
groups: continuous high-frequency (HF) stimulation for 100 s (n = 9), or 1-s pulses of
high-frequency stimulation followed by 10 s of rest (rest inserted = RI) for 100 s (n = 9).
Upon completion of the 3 wk loading protocol, mice were allowed 4 d of cage ambulation
before euthanization. Calcein injections were administered on days 1 and 21; label incor-
poration was used histomorphometrically to assess (blinded) periosteal bone formation rate
(BFR) with bone surface as a referent. Pilot data showed that anaesthesia and immobiliza-
tion in the loader did not alter indices of bone formation, and that the contralateral limb
suitably represented the normal control situation. Non parametric Mann Whitney tests
identified differences between groups, and Wilcoxon tests identified differences between
left and right limbs (p < 0.05). All values were represented as means + standard deviation.
HF stimulation alone significantly increased BFR (0.43 + 0.20 pm/day) compared to the
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contralateral control limb (0.13 + 0.10 um/day). Similarly, RI loading significantly (p <
0.05) increased BFR (0.76 + 0.31 um/day) compared to the contralateral control limb (0.35
+ 0.19 pm/day). BFR in response to RI loading was significantly increased compared to
HF loading (77%; p < 0.05). Thus, short-term, moderate-magnitude high-frequency load-
ing augmented periosteal bone formation rates in skeletally mature female C57BL/6 mice.
Furthermore, high-frequency stimulation was more osteogenic if applied in short pulses
with intermittent rest periods, despite a ten-fold decrease in the absolute number of loading
cycles. Optimization of osteogenesis in response to exogenous loading may underpin the
development of non-pharmacological regiments designed to increase bone strength in indi-
viduals with compromised bone structures.

Disclosures: J.M. LaMothe, None.
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The COMT Vall58Met Polymorphism Is Highly Associated with
Maturation and Musculoskeletal Growth in Early Pubertal Girls. A. L.
Eriksson', M. Suuriniemi’, A. Mahonen®, S. Cheng?, C. Ohlsson'. 'Centre for
Bone Research at the Sahlgrenska Academy (CBS), Department of Internal
Medicine, Goteborg University, Goteborg, Sweden, ’LIKES-Foundation for
Sport and Health Sciences and Department of Health Sciences, University of
Jyviskyld, Jyviskyld, Finland, °‘Department of Medical Biochemistry,
University of Kuopio, Kuopio, Finland.

Estrogen plays a vital role in the growth of adolescents. Catechol-O-Methyltransferase
(COMT) is a key enzyme in the degradation of estrogens. A functional polymorphism in
the COMT gene (vall58met) decreases the activity of the enzyme by 60-75%. The aim of
the present study was to investigate the influence of the COMT polymorphism on matura-
tion and growth in early pubertal Finnish girls.

246 healthy 10-12 year old girls in Tanner stage 1-3 were genotyped for the COMT
vall58met polymorphism. They were classified as homozygous for the low activity geno-
type (COMT"Y), heterozygous (COMT"") or homozygous for the high activity genotype
(COMT"™), The relationship between COMT genotype and height, bone phenotype, hor-
mone levels and pubertal development was investigated.

Girls with COMT"" were 5,4 cm taller than girls with COMT™ and 2,4 cm taller than
COMT"" (p ANOVA = 0,001). DEXA measurements showed an increase in BMC and
bone area in total body, femur neck, total femur, and L.2-L4 spine in COMT"* compared to
COMT™, COMT"™ was an intermediate group. No major effect was seen on aBMD.
pQCT measurements of the tibia showed an increased BMC in COMT"". This was due to
an increased cross sectional cortical area which in turn was caused by an increased peri-
osteal circumference. No influence was seen on cortical or trabecular vBMD suggesting
that the effects were caused by an increased longitudinal and radial growth.

COMT"" had higher levels of free estradiol and serum IGF-1, and they were more likely to
be in Tanner stage 2 or 3 than COMT"", Statistical regression models indicated that the
effects of COMT genotype on bone parameters were exerted via a regulation of estrogen
and/or IGF-1. The COMT genotype also influenced cross sectional muscle area. The effect
on cortical bone vanished when the muscle area was included in a linear regression model
suggesting that the COMT effect on cortical bone is mediated via increased muscle mass.
In conclusion the COMT polymorphism is highly associated with height, cortical bone
mass and pubertal development in early pubertal girls. Most of these effects can be
explained by altered estradiol and IGF-1 status. We propose that a low activity COMT phe-
notype results in increased estradiol levels which in turn increase the activity in the GH/
IGF-1 axis, resulting in increased longitudinal and radial bone growth and earlier pubertal
development.

Disclosures: A.L. Eriksson, None.
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Risk Factors for Upper Limb Fracture in Children: A Population Based
Case-Control Study. D. Q. Ma, G. Jones. Menzies Research Institute, Hobart,
Australia.

Fractures in younger life are very common especially those involving the upper limb.
However, the causes of these fractures are poorly understood. The aim of this population
based case-control study was to evaluate the association of both bone dependent and inde-
pendent factors with upper limb fracture risk in children 9-16 years of age. Areal (aBMD)
and apparent (BMAD) bone mineral density were measured by dual energy X-ray absorpti-
ometry (DXA). Skeletal age (SA) and metacarpal index (MI) was determined by hand
radiograph. Types and patterns of physical activity, risk taking and diet were assessed by
interview-administered questionnaires. Coordination was measured using the 8-point
movement ABC. A total of 321 fracture cases and 321 randomly selected age- and gender-
matched controls were recruited. Fracture sites were as follows: hand: n=91, wrist and
forearm: n=190, upper arm: n=40. Conditional logistic regression analysis showed wrist
and forearm fracture risk was significantly associated with lumbar spine BMAD (OR:
1.52/SD reduction, 95% CI 1.18-1.96), MI (OR: 1.43/SD reduction, 95% CI 1.12-1.79),
television, computer and video viewing (OR: 1.58/category, 95% CI 1.14-2.20), light phys-
ical activity (OR: 0.81/unit, 95% CI 0.65-1.00), cola consumption (OR: 1.43/category,
95% CI 1.03-1.97) and walking backwards score (OR: 1.17/unit, 95% CI 1.02-1.34). Hand
fracture was significantly associated with the difference between skeletal age and chrono-
logical age (OR 1.45/year reduction, 95%CI 1.05-1.96), high-risk sport participation (1.43/
sport, 95% CI 1.08-1.88) and total risk taking score (OR: 1.94/unit, 95% CI 1.01- 3.72).
Upper arm fracture risk was only significantly associated with high-risk sport participation
(OR: 2.73/sport, 95% CI 1.27-5.84) but conclusions may be limited by sample size consid-
erations. Obesity or overweight was not associated with any fracture type. For total frac-
tures, there was a gender discordant effect of sports participation with an increased fracture
risk in boys and decreased fracture risk in girls which reached statistical significance for
total, contact, non-contact and high-risk sports participation as well as four individual
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sports (soccer, cricket, surfing and swimming). In conclusion, both bone dependent and
independent factors are important determinants of upper limb fracture risk in children.
There is heterogeneity of cause for both gender and different fracture sites which will
necessitate different approaches to prevention.

Disclosures: D.Q. Ma, None.
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A Co-Twin Calcium Intervention Trial in Young Females: Effects
Measured by Hip Structural Analysis. J. D. Wark', L. M. Paton*', T. J.
Beck?, C. Nowson**, M. Cameron*', S. Kantor*!, H. A. McKay*, M. Forwood’.
"Medicine, University of Melbourne, Parkville, Australia, 2Department of
Radiology, Johns Hopkins University School of Medicine, Baltimore, MD,
USA, 3School of Health Sciences, Deakin University, Burwood, Australia,
4School of Human Kinetics, University of British Columbia, Vancouver, BC,
Canada, °Anatomy and Developmental Biology, University of Queensland,
Brisbane, Australia.

A high dietary calcium intake is widely recommended for children to enhance peak
bone mass but the effect of calcium on the biomechanical properties of the proximal femur
is not widely reported. We conducted a randomized, placebo-controlled trial of calcium
supplementation (1000 - 1200mg daily) in 79 pairs of female twins aged (mean (SD)) 12.2
(2.0) years at baseline, using a powerful co-twin control design. Bone properties were able
to be evaluated by Hip Structural Analysis (HSA) of proximal femur densitometry scans in
64 twin pairs (34 monozygotic, 30 dizygotic) up to 18 months intervention. HSA parame-
ters were measured at the narrowest segment of the femoral neck (NN), intertrochanteric
(IT) and upper femoral shaft (FS) sites. All data were adjusted for age, height and weight,
none of which differed between groups at any time point. After 18 months at the IT and FS
sites, there were significant within- pair differences in percent change from baseline com-
paring calcium — placebo treated twins, respectively: at the IT site, in areal bone mineral
density (ABMD) [2.0 %, p = 0.04] and the average buckling ratio [-4.2 %, p = 0.002],
respectively; at the FS site in ABMD [2.7 %, p = 0.01], endocortical diameter [-3.1%, p =
0.02], average cortical thickness [3.4%, p = 0.01] and average bucking ratio [4.7%, p =
0.009], respectively. At 6 months there was a difference in NN subperiosteal width and
endocortical diameter but this was not maintained. Therefore, observed effects were lim-
ited to the IT and FS sites. At the femoral shaft there was inhibition of modelling at both
endosteal and periosteal surfaces, resulting in narrowing of the femoral shaft and a thicker
cortex. The implications for adult bone health are uncertain since the effects were more
evident at the shaft site rather than the more proximal sites where osteoporotic fractures are
common. Our findings complement the sparse body of literature that, importantly, investi-
gates the geometric adaptation of growing bone to lifestyle factors. It is possible that cal-
cium given during growth may reduce bone fragility in later life through an increase in
cortical thickness.

Disclosures: J.D. Wark, None.
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Adult Bone Structure and Strength are Influenced by Lean Mass, Exercise
History, and Estradiol Levels: The 10-year Longitudinal Penn State Young
Women's Health Study. M. A. Petit', T. J. Beck?, H. Lin*', C. Bentley*', T.
Lloyd'. 'Dept. of Health Evaluation Sciences, Penn State University, Hershey,
PA, USA, 2Dept. of Radiology, Johns Hopkins University, Baltimore, MD,
USA.

We used longitudinal data from the 10-year Penn State Young Women's Health Study to
establish determinants of adult bone mass, structure and strength. 112 participants were
enrolled in the study at age 12 and measurements made bi-annually for 6 years and annu-
ally thereafter. Proximal femur DXA scans (Hologic QDR 2000) were taken from age 17-
22y and analyzed using a hip structure analysis program to assess areal BMD (g/cm?), sub-
periosteal width, cortical thickness, bone axial strength (cross-sectional area, CSA) and
bone bending strength (section modulus) at the femoral neck and femoral shaft regions.
Height and weight were measured by standard procedures and body composition taken
from DXA total body scans. Other variables were measured at each time point and the
average of all data from age 12-22y used including: calcium and total calorie intake from
3-day food records; estradiol and testosterone values converted to log transformed and then
standardized scores; sports exercise score by questionnaire; and age at menarche. Back-
ward regression models were used to assess determinants of change in bone variables and
absolute bone values at age 21-22y, controlling for height and weight in each model. Mod-
els were run both with and without lean mass. Femoral neck section modulus (+3.5%) and
width (+1.6%), but not BMD (-0.8%), increased significantly from age 17-22y. At the
shaft, all variables increased (+1.0-4.0%, p < 0.01) from age 17-22y. After controlling for
changes in body weight and height, none of the variables contributed significantly to pre-
dicting change. Absolute bone values at age 22y were predicted primarily by lean mass,
sports exercise scores, and average estradiol levels (controlling for height and weight). At
both the neck (* = 0.48, p < 0.01) and the shaft (* = 0.67, p < 0.01), only lean mass pre-
dicted section modulus. When lean mass was removed from the model, sports exercise
score replaced lean mass as a predictor at both neck (r* = 0.41, p < 0.01) and shaft (> =
0.61, p <0.01) sites. For neck cortical thickness, BMD, and CSA, both estradiol and sports
exercise history were significant predictors (r* = 0.20-0.40, p < 0.01), and for bone width
testosterone (negative) and lean were significant (r>= 0.48). Results were similar for each
geometric variable at the shaft site. These data suggest bone adapts its bending strength pri-
marily to mechanical loading either through lean body mass or adolescent exercise.

Disclosures: M.A. Petit, None.
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Maternal Vitamin D Status During Late Pregnancy and Accrual of
Childhood Bone Mineral. M. K. Javaid', S. R. Shore*', P. Taylor*?, C. Gale*',
B. J. Boucher*?, K. Noonan*?, K. M. Godfrey*', N. K. Arden*', C. Cooper', &.
The Princess Anne Hospital Study Group*'. 'MIRC Environmental
Epidemiology Unit, University of Southampton, Southampton, United
Kingdom, *Medical Physics and Bioengineering, Southampton University
Hospitals NHS Trust, Southampton, United Kingdom, 3Metabolic Medicine,
Royal London Hospital, London, United Kingdom.

Enhancing peak bone mass is a key component of strategies for the primary prevention
of osteoporotic fractures in later life. There is growing evidence that the childhood skeletal
growth trajectory is established during early life, and epidemiological studies suggest that
the mechanism may involve programming of the vitamin D axis.

We therefore investigated specific maternal and neonatal determinants of childhood bone
mass in 211 children (113 boys), who were measured at birth and for whom maternal
anthropometry, lifestyle characteristics and serum 250H vitamin D concentrations
(250HD) during late pregnancy were determined. Now aged nine years, the children have
had body composition measured using DXA.

There was a significant positive (r=0.21; p=0.008) association between maternal 250HD
in late pregnancy and the whole body bone mineral content (WBBMC) of the children nine
years later. However, there was a threshold in the relationship such that mothers with
serum 250HD concentrations below 14 ng/ml (lowest quartile) had children with signifi-
cantly (p=0.001) lower WBBMC than those born to mothers more vitamin D replete (Fig-
ure). Maternal use of vitamin D supplements and maternal sunshine exposure were
significant (p<0.01) determinants of maternal vitamin D status, as well as of childhood
WBBMC (p<0.05).

These observations support the hypothesis that a mothers vitamin D status during preg-
nancy has persisting effects on bone mass accrual rates of her child. The use of vitamin D
supplements during pregnancy may increase bone mass accrual during childhood and
reduce that child's risk of osteoporotic fracture in later years.

Maternal 250HD concentration during late
pregnancy predicts whole body bone mass of
her child nine years later

Childhood _
Whole body'* R’ =8.1%
BMC (kg) p= 0.009

<14

-21 -31 >31

Serum maternal 25 (OH) Vitamin D
[late pregnancy] (ng/ml)

Disclosures: M.K. Javaid, None.
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Effects of Use and Discontinuation of Depot Medroxyprogesterone Acetate
Injectable Contraception on Bone Density in Adolescents: Results from a
Longitudinal Study. D. Scholes', A. Z. LaCroix', L. E. Ichikawa*', W. E.
Barlow*', S. M. Ott*>. 'Center for Health Studies, Group Health Cooperative,
Seattle, WA, USA, 2Dept. of Medicine, University of Washington, Seattle, WA,
USA.

Use of depot medroxyprogesterone acetate injectable contraception (Depo-Provera,
DMPA) is associated with decreased bone mineral density (BMD), but bone effects in ado-
lescents have received little study. We report on a prospective evaluation of the effects of
DMPA on bone in a cohort of 174 adolescents. Participants, ages 14-18 at baseline, were
enrollees of a Washington state HMO and were selected using computerized databases. We
recruited 81 participants who were using DMPA (range 1-39 mo. at baseline) and 93 com-
parison women. Hip, spine and whole body BMD were measured by DEXA every 6
months for up to 36 months. We collected data on DMPA use, bone density, and other vari-
ables via questionnaire and exam. At baseline, DMPA users were significantly more likely
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to be African-American, current smokers, to have been pregnant, and to have lower cal-
cium intake; BMD at baseline did not differ significantly between the exposure groups.
Data were available for 157 (90%) participants at 6 mos, 146 (84%) at 12 mos, and 135
(78%) at 24 mos. Relative to comparison women, continuous users of DMPA showed sig-
nificantly decreased BMD at the hip and spine after 12 months (see table). After 24
months, hip BMD for DMPA users declined by 4.5%. Women who discontinued DMPA
had 12-month mean percent increases in BMD which were significantly greater than non-
users at the hip and whole body.

Adjusted Mean Percent Change in BMD after 12 months,
by DMPA Exposure Status

DMPA status N Total hip Spine Whole body
Continuous use 44 -2.31* -1.49% +0.28
Discontinued 29 +1.61* +2.73 +3.02*
Non-use (comparison) 73 -0.46 +1.81 +1.02

Adjusting for: baseline BMD, age, ethnicity, gravidity, smoking, physical activity, calcium
intak
P-values, relative to non-use: *p<0.005; **p<0.0001

These longitudinal data provide evidence that DMPA use among adolescents is strongly
associated with bone density loss. These losses may be largely reversible, as indicated by
the significant increases in BMD 12 months post-discontinuation.

Disclosures: D. Scholes, None.
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Regulation of Bone Formation by Wnt Signaling. D. Glass*', M. Patel’, E.
Long*?, M. M. Taketo*?, A. McMahon**, G. Karsenty'. 'Molecular and Human
Genetics, Baylor College of Medicine, Houston, TX, USA, *Washington
University Medical School, St. Louis, MO, USA, ’Biomedical Genetics, The
University of Tokyo, Tokyo, Japan, ‘Molecular and Cellular Biology, Harvard
University, Cambridge, MA, USA.

Lrp5 loss-of-function mutations lead to low bone mass with fractures while Lrp5 gain-
of-function mutations lead to high bone mass and fracture resistance thus identifying Lrp5
as one of the most important regulators of skeletal physiology discovered to date. Lrp5 is
thought to signal in response to Wnt proteins but this has not been demonstrated in vivo. To
better understand the nature of the Lrp5 signaling pathway we directly activated the canon-
ical Wnt signaling pathway only in osteoblasts in vivo. These mice, harboring a constitu-
tively active allele of B-catenin, have a high bone mass phenotype that, when crossed onto
an Lrp5 null background, completely rescues the low bone mass of Lrp5 deficiency. In a
converse experiment, we generated an osteoblast-specific deletion of B-catenin; our pre-
liminary analyses indicate that these mice recapitulate the low bone mass of Lrp5 defi-
ciency. To further demonstrate the role of B-catenin in Lrp5 signaling, we also generated
transgenic mice expressing the high bone mass LRP5%”" allele in osteoblasts. If B-catenin
is indeed downstream of Lrp5, then selective deletion of B-catenin in the osteoblasts of
these high bone mass LRP5°"""Y mice should rescue their phenotype. To test this we are
crossing LRP5%'""Y transgenics to mice with a conditionally null allele of B-catenin in the
presence of an a(I)! collagen-cre transgene. Lastly, we used a candidate gene approach to
identify the transcriptional partner for B-catenin in osteoblasts. These gene deletion experi-
ments identified a member of the Lef/Tcf family as the putative DNA binding partner of f3-
catenin. Our results so far strongly suggest that Lrp5 signals through the canonical Wnt
signaling pathway in vivo, thus identifying Wnt proteins as critical regulators of differenti-
ated osteoblast function.

Disclosures: D. Glass, None.
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The Osteogenic Activity of -catenin Requires Interaction with BMP-2
Effectors. G. Mbalaviele, S. Sheikh, S. Cheng, J. Stains, R. Civitelli. Bone and
Mineral Diseases, Washington University, St. Louis, MO, USA.

Mutations of critical elements of the Wnt pathway (Lefl, LRP-5) affect skeletal devel-
opment and bone mass acquisition, and B-catenin, a component of Wnt signaling controls
osteogenic differentiation. We have previously reported that a transcriptionally active N-
terminal truncated P-catenin mutant (AN151) commits mesenchymal stem cells to the
osteogenic pathway, while inhibiting adipogenesis. Retroviral transduction of AN151 in
the uncommitted, multipotential C3H10T1/2 cells has no effect on osteogenesis, but it syn-
ergistically stimulates BMP-2 induction of osteoblast genes and matrix mineralization. We
now find that in metatarsal bone rudiments from 17-day mouse fetuses, transduction of
AN151 by itself enhances mineralization 1.5-fold relative to LacZ transduced metatarsals,
an effect similar to that of BMP-2. Thus, B-catenin signaling alone is an insufficient activa-
tor of osteoblast differentiation in vitro, but it is active in vivo probably because it syner-
gizes with endogenously produced activators. To test this hypothesis, we studied 3-catenin-
BMP-2 interactions in C3H10T1/2 cells using promoter-luciferase constructs. As expected,
AN151 was able to stimulate Tcf-Lef dependent transactivation (2-fold relative to LacZ
transduced cells), but BMP-2 was not. By contrast, SMAD-dependent transactivation was
stimulated 7-fold by BMP-2, but not by AN151. Consistent with a Tcf/Lef independent
interaction, transfection of a constitutively active Tcf3 construct in C3H10T1/2 cells did
not reproduce the synergism with BMP-2, and a dominant-negative Tcf3 mutant did not
prevent BMP-2 induction of alkaline phosphatase. Using the osteocalcin promoter (-637 to
—32) as a reporter of tissue-specific transactivation, we found that AN151 was a marginal
activator (1.2-fold), but it synergized with BMP-2 (1.8-fold increase over BMP-2 alone).
However, this synergism was lost when a =199 to —32 osteocalcin promoter (which con-
tains the Tcf/Lef consensus site) was used, while BMP-2 stimulation was retained. Finally
using an anti-SMAD4 antibody, we were able to co-immunoprecipitate $-catenin. In sum-
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mary, the osteoinductive action of B-catenin does not require Tcf/Lef transactivation. The
synergism between B-catenin and BMP-2 is mediated by non-canonical interactions with
components of the BMP-2 signaling system and determine the fate of mesenchymal stem
cells, shifting differentiation towards the osteogenic lineage. This novel model of osteoin-
duction offers a mechanism by which B-catenin, a ubiquitous transcription factor, modu-
lates tissue specific events.

Disclosures: R. Civitelli, None.
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NFAT: A Major C-Fos Target Gene During Osteoclast Formation. D. L.
Galson', C. Zhao*?, L. Peng*®, C. Laplace**, M. A. Bachler**, H. Amano®, H.
Aburatani*®, H. Ishikawa*>, E. F. Wagner**, K. Matsuo®. 'Center for Bone
Biology, Dept. of Medicine, University of Pittsburgh School of Medicine,
Pittsburgh, PA, USA, “Dept. of Microbiology and Immunology, Keio
University School of Medicine, Tokyo, Japan, 3Dept. of Medicine, Beth Israel
Deaconess Medical Center & Harvard Medical School, Boston, MA, USA,
“Research Institute of Molecular Pathology (IMP), Vienna, Austria, *Showa
University School of Dentistry, Tokyo, Japan, “Research Center for Advance
Science and Technology, The University of Tokyo, Tokyo, Japan.

Mice lacking c-Fos (Fos” mice) are osteopetrotic and lack osteoclasts. Microarray anal-
ysis using osteoclastogenic cultures revealed that along with the decreased expression of
known osteoclast marker genes such as Acp5 (tartrate-resistant acid phosphatase; TRAP),
Calcr (calcitonin receptor; CTR), Ctsk (cathepsin K), Car2 (carbonic anhydrase 2), and
Mmp9 (matrix metalloproteinase 9), the expression of Nfatcl is abolished in Fos™ precur-
sors. The lack of NFATc1 expression was confirmed at the protein level by Western blot-
ting. NFAT binding sites were identified in the osteoclast-specific promoters of TRAP and
CTR. These sites were shown by EMSA to bind NFATc1 and both the TRAP and CTR pro-
moters were transactivated by cotransfection into RAW264.7 cells with a constitutively
active form of NFAT (ANFAT). Site-specific mutation of the NFAT binding sites demon-
strated a functional role for these sites in responding to NFAT. Furthermore, activation of
endogenous NFAT by the Ca** ionophore A23187 induced transfected CTR promoter-
reporters. This was dependent on the identified NFAT binding sites and was inhibited by
CsA. Earlier work has shown that transient transfection of ANFAT into RAW264.7 cells
induced the expression of the endogenous TRAP and CTR genes in the absence of
RANKL. Notably, in this report, introduction of a nuclear form of NFAT into Fos™ precur-
sors by retroviral gene transfer restored transcription of most osteoclast marker genes
(including Acp5, Calcr, Ctsk, and endogenous Nfatcl) and rescued bone resorptive func-
tion. These data indicate that the lack of NFATc! is a major reason for the differentiation
block of Fos™ osteoclast precursors.

Disclosures: D.L. Galson, None.
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Decreased Bone Formation and Osteopenia in Mice Lacking aCGRP. S.
Liese*', T. Schinke', P. Catala-Lehnen', M. Priemel', J. M. Rueger', R. B.
Emeson*?, M. Amlingl. 1Dept. of Trauma, Hand, and Reconstructive Surgery,
Hamburg University School of Medicine, Hamburg, Germany, ?Dept. of
Pharmacology, Vanderbilt University School of Medicine, Nashville, TN, USA.

Cell-type-specific alternative splicing of the primary transcript of the Calca gene results
in the expression of two polypeptides, calcitonin and aCGRP. Whereas the hormone calci-
tonin is secreted by thyroidal C-cells, the neuropeptide aCGRP is widely distributed in the
central and peripheral nervous system. We have recently analysed the bone phenotype of
Calca-deficient mice that fail to produce both calcitonin and aCGRP. Surprisingly, these
mice display a high-bone-mass phenotype caused by an increased bone formation rate. As
these results are not consistent with the classical role of calcitonin as an inhibitor of bone
resorption, we speculated that the bone phenotype of the Calca-deficient mice is caused by
the absence of aCGRP. To address this question we analysed a aCGRP-deficient mouse
model where calcitonin expression is not affected. In contrast to the Calca-deficient mice
we found that the bone volume (BV/TV) of the aCGRP-deficient mice is significantly
decreased compared to wildtype littermates at the age of 6 months (8.7 + 1.5 vs. 13.3 £ 1.3
%). This osteopenic phenotype is caused by a reduction in the bone formation rate (86.5 +
4.5 vs. 111.5 + 11 pm3/um?2/year) whereas bone cell numbers are not affected. Serum lev-
els of calcitonin are not elevated in the aCGRP-deficient mice demonstrating that aCGRP
is a physiologic activator of bone formation. Taken together these data suggest that aCGRP
is one important player in the regulation of bone formation by the sympathetic nervous sys-
tem. Most importantly however, they demonstrate that the high-bone-mass phenotype of
the Calca-deficient mice is indeed caused by the absence of calcitonin thereby confirming
its physiologic function as a negative regulator of bone formation.

Disclosures: S. Liese, None.
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BMPR1A and BMPR1B Have Overlapping Functions and Are Required
for Chondrogenesis in vivo. B. S. Yoon*', Y. Mishina*? R. R. Behringer*?, K.
M. Lyons'. 'Molecular, Cell, and Development Biology, University of
California Los Angeles, Los Angeles, CA, USA, ZDepartment of Molecular
Genetics, University of Texas, M. D. Anderson Cancer Center, Houston, TX,
USA.

Bone Morphogenetic Proteins (BMPs) are members of the Transforming Growth Fac-
torf (TGFp) superfamily, that signal through complexes of type I and type 1I receptors.
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There are three type I receptors that transduce BMP signals: BMPR1A, BMPR1B, and
ActRI. The sequence similarity of BMPR1A and BMPRI1B, and their coexpression during
skeletal development raise the possibility of functional redundancy. However, other studies
suggest that they have distinct functions in chondrogenesis.

In order to examine the roles of BMPR1A and BMPRIB in skeletal development, we gen-
erated mice null for BMPR 1B and conditionally null for BMPRIA in cartilage (Bmprlb™;
Bmprld™”; Col2Cre). Bmprlb” mice are viable and have a mild skeletal phenotype.
Bmprld™; Col2Cre mice die postnatally and have general chondrodysplasia. This pheno-
type is exacerbated by the loss of one allele of Bmprib. In addition, Bmprib*”; Bmprld™";
Col2Cre mice have expanded hypertrophic zones in apendicular skeletal elements, demon-
strating a role of BMPs for the terminal differentiation of chondrocytes in vivo. In contrast
to these relatively mild phenotypes, double mutants exhibit profound defects in chondro-
genesis. In these mice, mesenchymal cells condense but do not differentiate into chondro-
cytes. This is demonstrated by severely diminished production of Collagen II, Link Protein
and Aggrecan. These results show that BMPR1A and BMPR1B are functionally redundant
in skeletal development, that BMP signaling is required for chondrocyte differentiation in
vivo, and that these two receptors are primarily responsible for mediating BMP signaling
throughout chondrogenesis. We also show that BMP signaling is required at various stages
throughout chondrogenesis, first in the differentiation of condensing mesenchymal cells to
chondrocytes and later in the terminal differentiation of chondrocytes to hypertrophy.

WT E14.5
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BMPR1Afx/fx; BMPR1B -/-; Col2Cre E14.5

Disclosures: B.S. Yoon, None.
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Selective Deficiency of Runx2-II Isoform Causes Limited Skeletal
Abnormalities Involving Terminal Events in Bone Development. Z. Xiao,
L. G Simpson*, L. D. Quarles. Medicine, Duke University, Durham, NC, USA.

Runx2 (also known as Cbfal) is a complex gene in which two promoters transcribe two
major isoforms, designated Runx2-1I and Runx2-1, that differ in their respective 5' untrans-
lated regions and N -termini. Runx2-I and -II are presumed to have distinct functions,
based on the predominant expression of the Type II isoform in bone and the Type I isoform
in non-osseous tissues. Previous Runx2 null mouse models produced by targeted disruption
of the common Runt domain results in the deletion of both isoforms. Double homozygous
Runx2-1 and -II -deficient mice exhibit a global loss of mineralized bone due to the absence
of osteoblasts, whereas the double heterozygous Runx2-1 and -II-deficient mice display
skeletal abnormalities that are limited to defects in the skull and distal clavicles. While
these studies indicate the importance of Runx2 gene products in skeletal development, they
do not establish the separate functions of the Runx2-I and -II isoforms. In current study, we
created mice selectively deficient for the “bone-related” Runx2-II gene product by deleting
a 2.6 kb region of the Runx2 gene containing the P1 promoter, the 5'UTR region, and exon
1 which encodes the N —terminus of Runx2-II. Male and female heterozygous Runx2-11*"-
deficient mice were crossed to create F2 wild-type (Runx2-11""*), heterozygous (Runx2-11*"
), and homozygous (Runx2-11 ) -deficient mice. We found that Runx2-1I*" mice were fer-
tile, viable and without gross abnormalities of skeletal development. Indeed, heterozygous
Runx2-11"" mice were indistinguishable from wild-type mice in their gross appearance,
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body weight, and length at birth and had no abnormalities of the skull or clavicles. In con-
trast, homozygous Runx 2-11 ”- mice exhibited a high perinatal mortality and a partial arrest
of mineralized bone formation that was limited to specific skeletal locations. Runx2-11"
mice were smaller than their littermates, with shortened tails and extremities. Examination
of alizarin red/alcian blue stained whole skeletal mounts revealed that the homozygous
Runx2-11"" deficient mice had absent formation of the phalangeal bones, distal ribs, caudal
spine, hyoid bone, dysplastic distal clavicles, and occipital regions of the skull, but other-
wise exhibited complete formation of cervical and lumbar spine, proximal ribs, long-
bones, and other regions of the skull, suggesting a site specific arrest of bone formation.
These findings support separate functions of Runx2-I and -II isoforms. Runx2-II appears to
be more important in regulating terminal events in bone development, whereas the Runx2-
I isoform is sufficient to form regions of the skeleton that develop earlier during embryo-
genesis.

Disclosures: Z. Xiao, None.
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Response of Markers of Bone Turnover and Bone Density to Teriparatide
in Postmenopausal Women Previously Treated with an Antiresorptive
Drug. B. Ettinger', J. San Martin?>, G. G. Crans*?, 1. Pavo**. 'Division of
Research, Kaiser Permanente Medical Care Program, Oakland, CA, USA,
“Lilly Research Laboratories, Eli Lilly and Company, Indianapolis, IN, USA.

To determine whether prior treatment with long-term antiresorptive therapy affects the

response to teriparatide [rhPTH(1-34),TPTD], we are conducting an 18-month trial in post-
menopausal women who started TPTD 20 pg s.c. once-daily immediately after stopping
antiresorptive therapy. Six-month results were presented at the ASBMR 2002 meeting.
Patients had used either alendronate (ALN, n=33) 10mg/d or raloxifene (RLX, n=26)
60mg/d for 218 months prior to entering the trial. Bone mineral density (BMD) T-scores
were <-2.5 prior to start of antiresorptive therapy and <-2.0 at initiation of TPTD. At base-
line, subjects were similar in age, BMD, and duration of antiresorptive therapy (28
months), but markers of bone turnover were significantly lower in the ALN than the RLX
group.
Bone markers exhibited rapid significant increases from baseline in both groups during
TPTD treatment. After 12 months of TPTD treatment, the RLX-pretreated group increased
BMD in the spine and total hip, whereas the ALN-pretreated group increased BMD only at
the spine. Despite evidence of significant TPTD-induced stimulation of bone formation in
the ALN-pretreatment group, the increase in BMD was less than that observed in RLX-
pretreated patients. The discrepancy between bone marker and BMD responses after long-
term ALN-pretreatment may be the result of both marked suppression of bone turnover and
increase of matrix mineralization at the time these women began TPTD. Stimulation of
bone remodeling by TPTD may have removed highly mineralized bone from some sur-
faces while depositing new, not yet fully mineralized, bone at other surfaces. In addition,
low bone turnover may have caused a delayed anabolic response. Preliminary 18-month
data suggest that both groups continue to increase in bone density, but cumulative changes
appear considerably less in the ALN-pretreated group.

Duration of teriparatide treatment

Previous therapy 1 month 3 months 6 months 12 months

Bone markers Median absolute change from baseline

PINP ALN 22.5* 44.3* 93.4* 118.0*
RLX 48.5*1 81.1* 142.7* 139.9*
NTX ALN 1.5% 4.2* 9.0* 7.2*
RLX 2.9* 6.5% 14.3* 8.6*
BMD Mean percentage change from baseline
Lumbar spine ALN 0.6 0.5t 2.5*t
RLX 2.1%t 5.2% 7.7%
Total hip ALN -0.3 -1.8*t -1.0t
RLX 0.4 0.5t 1.5%t

Change from baseline within (*P<0.05) and between (1P<0.05) groups
Disclosures: B. Ettinger, Eli Lilly and Company 2, 5, 8.
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The Neutralization of FGF-23 Ameliorates Hypophosphatemia and
Rickets in Hyp Mice. Y. Aono*', T. Shimada*>, Y. Yamazaki*?, R. Hino*? Y.
Takeuchi’®, T. Fujita®, S. Fukumoto®, N. Nagano', M. Wada', T. Yamashita®.
'Pharmaceutical Development Labs., KIRIN Brewery CO.,LTD., Takasaki,
Japan, ’Pharmaceutical Research Labs., KIRIN Brewery CO.,LTD., Takasaki,
Japan, *Dept. of Medicine, Univ. of Tokyo school of Medicine, Tokyo, Japan,
“Dept. of Laboratory Medicine, Univ. of Tokyo Hospital, Tokyo, Japan.

FGF-23 is the latest member of the FGF family and plays a pathogenic role in the devel-
opment of tumor-induced osteomalacia and autosomal dominant hypophosphatemic rick-
ets/osteomalacia. X-linked hypophosphatemia (XLH) is the most common form of vitamin
D-resistant hypophosphatemia characterized by renal phosphate wasting, inappropriately
low 1,25-dihydroxyvitamin D (1,25D) levels and rachitic bone lesions. Recent studies have
shown that serum FGF-23 levels were elevated in most patients with XLH. Furthermore,
based on an ELISA, we showed about 10-fold increase of serum FGF-23 level in Hyp
mice, a murine homologue of XLH, as compared to normal littermates. These lines of evi-
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dence strongly suggest that increased FGF-23 also plays a pathogenic role in XLH. To
investigate the therapeutic potential to neutralize excess FGF-23, we examined effects of
anti-FGF-23 neutralizing antibodies on phosphate and skeletal abnormalities in Hyp mice.
Two monoclonal antibodies with neutralizing activity against FGF-23, which recognize
different sites of FGF-23, were mixed and used as a neutralizing antibody preparation
(NAD). Hyp mice and normal littermates were subcutaneously injected with NAb or the
isotype-matched control antibody (CAb). A single injection of NAb caused dose-depen-
dent elevations of serum phosphate and 1,25D levels in Hyp mice. These findings were
supported by evident accumulation of renal type ITa sodium phosphate co-transporter pro-
tein in renal brush border membrane fractions and significant elevation of renal lo-
hydroxylase mRNA level. Furthermore, 4-week treatment of Hyp mice with 5-time subcu-
taneous injections of NAD led to the amelioration of rachitic bone lesions and the stimula-
tion of bone elongation (see table). These findings demonstrate that neutralization of
elevated FGF-23 can ameliorate hypophosphatemia and rickets in Hyp mice and has poten-
tial to become a novel therapeutic approach for XLH and other FGF-23-related diseases.

Table: Effects of 4-week Treatment of NAb on Skeletal Parameters of Hyp Mice (Mean +

Normal-  Hyp-CAb Hyp- NAb  Hyp- NAb

CAb (2mg/kg) (8 mg/kg)

A Tail Length (mm) 129+13* 52+05 11.8+20%* 165+1.3*
Femoral Ash wt/Dry wt (%) 56.9+0.4** 36.7+0.9 484+0.9* 532 +0.6**
Tibial GPL.Th (um) 64.1+4.3** 1351+8.8 91.3+8.8* 70.7+3.4*
Tibial Md.V/BYV (%) 97.9+0.5* 588+52 90.0+1.9** 957+ 1.3*
Tibial O.Th (um) 1.94+0.14* 8.84+0.81 3.65+0.21** 2.59 + 0.56**
Tibial MS/BS(%) 11.04 £1.25 - 488+130 11.17+1.03
Tibial BFR/BS (mm3/cm2/Y) 1.75+0.34 - 0.17+0.10 1.19+0.33

*p<0.05, **p<0.01 compared to Hyp-CAb. -: cannot be determined
Disclosures: Y. Aono, KIRIN Brewery CO.,LTD. 3.
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Lifestyle, Clinical Factors & Long-Term Risk for Hip Fracture in Women
& Men: 50 Years of Follow-Up from the Framingham Study. E. J.
Samelson', L. A. Cupples*?, M. T. Hannan', K. E. Broe', D. T. Felson**, D. P.
Kiel'. 'Hebrew Rehab Ctr for Aged, Boston, MA, USA, BU Sch Pub H,
Boston, MA, USA, *BU Sch Med, Boston, MA, USA.

Studies that have identified risk factors for hip fracture (HFx), including low weight,
weight loss, tall height, smoking, and alcohol, have examined factors associated with rela-
tively short-term risk of HFx in elderly persons, age >65 years. It is not known whether
these factors, measured in young and middle age (30-65 years) can predict risk of HFx over
the long-term. Our goal was to identify lifestyle and clinical factors in young to middle age
women and men that predict long-term risk of HFx.

Participants included 2461 women and 1937 men who enrolled in the Framingham Study
in 1948 and attended a 10-y follow-up visit in 1958 (mean age 48, range 32-65). Every 2y,
cohort members receive physical exams and complete questionnaires. Subjects without
previous HFx were followed for 50 y for first occurrence of HFx, last contact, death, or
closing date (6/98). Baseline characteristics (weight, height, BMI, smoking, alcohol, phys-
ical activity, grip strength, and heart rate) were averaged over measurements taken at 5 vis-
its (10 y) from 1948-58. Weight change was calculated as 1958 - 1948 weight. Cox
regression was used to calculate hazard ratios (HR) and 95% confidence intervals (CI) for
risk of HFx associated with each factor, adjusted for age, weight, height, smoking, alcohol,
and menopause (women).

During 50 y of follow-up, 371 HFx occurred (295 women, 76 men). In women, lower
weight and greater height during young to middle age were associated with slightly
increased long-term risk of HFx (Table). In men, only smoking was associated with long-
term HFx risk. No other characteristics examined during young to middle age (BMI, 10-y
weight change, alcohol, physical activity, grip strength, and heart rate) affected long-term
risk of HFx.

Height and weight, easily measured in clinical settings, in young to middle age women pre-
dict subsequent hip fracture risk in old age. Men who smoke during young to middle age
incur increased risk of hip fracture in the long-term. Factors identified previously as impor-
tant short-term predictors of hip fracture, such as weight loss and alcohol consumption,
were modestly or un-related to long-term incidence over 50 years, suggesting these factors
play a more significant role in short- rather than long-term risk of hip fracture.

HR (95% CI) for Long-Term Risk of HFx (through 1998)

Baseline Characteristics (1948-58) Women Men

1.13 (1.02-1.25)
1.07 (1.01-1.14)
1.04 (0.98-1.10)
1.07 (0.92-1.26)
1.04 (0.98-1.10)

1.04 (0.85-1.27)
0.99 (0.88-1.11)
1.13 (0.90-1.43)
1.29 (1.08-1.55)
1.01 (0.95-1.06)

Height (2 inch increase)

Weight (10 Ib decrease)

10-Y Weight Change (10 Ib decrease)
Smoking (10 cigs/day increase)
Alcohol (2 oz/wk increase)

Disclosures: E.J. Samelson, None.
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IL-7 Induces Bone Loss in Estrogen Deficient Mice by a Mechanism
involving Activation and Expansion of TNF Producing T Lymphocytes. R.
Sheperd*', Y. Gao', W. Qien', K. Dark?, M. Weitzmann?, R. Pacifici’. 'Division
of Bone and Mineral Diseases, Washington University School of Medicine, St.
Louis, MO, USA, ZDivision of Endocrinology, Emory University School of
Medicine, Atlanta, GA, USA, *Division of Endocrinology and Metabolism,
Emory University School of Medicine, Atlanta, GA, USA.

Ovariectomy (ovx) leads to bone loss through an expansion of the pool of TNF produc-
ing T cells but the responsible mechanism remains poorly defined. It is now known that IL-
7 is elevated in ovx mice, and that neutralization of IL-7 in vivo, prevents ovx induced
bone loss (J. Clin. Invest. 2002). As IL-7 regulates T cell activation and proliferation, we
have investigated if IL-7 plays a central role in the expansion of T cells critical for ovx
induced bone loss. Twelve week old female C57BL6/J mice were ovx or sham operated
and treated with the neutralizing IL-7 antibody M-25, or with isotype matched irrelevant
antibody (1 mg IP 3 times/week) for 4 weeks. We then performed in vivo BrdU incorpora-
tion studies and FACS quantification of the T cell activation markers CD25+ and CD69+
to assess T cell proliferation and activation. Our data revealed that ovx increases T cell
activation, proliferation by ~2.5 fold. As a result ovx also increased by ~3 fold the total
number of T cells in the bone marrow and spleen and consequently by 3 fold the total num-
ber of TNF producing T cells. IL-7 neutralization in vivo completely prevented the ovx-
induced increase in T cell number, activation, proliferation, and TNF production, while
treatment with irrelevant antibody did not. Since it has been reported that enhanced mac-
rophage antigen presenting cell activity (APC), drives the increased T cell proliferation and
the resulting bone loss associated with ovx (ASBMR 2002), we investigated if IL-7 regu-
lates macrophage APC activity. We found that ovx resulted in a 2 fold increase in macroph-
age APC activity, which was completely reversed by treatment with anti IL-7 antibody, but
not with irrelevant antibody. As ovx upregulates macrophage APC activity by increasing
production of IFNy, we investigated if ovx upregulates IFNy through a IL-7 dependent
mechanism. Our data show that in vivo IL-7 neutralization completely prevented the ovx
induced increase in IFNy. In summary, IL-7 is central for the upregulation of IFNy induced
macrophage APC activity and the resulting increase in T cell activation, proliferation and
TNF production which follow ovx. Thus, IL-7 is a newly recogmized key “upstream” tar-
get through which estrogen regulates immune functions critical for bone homeostasis.
Together the data demonstrate that IL-7 plays an essential role in the mechanism by which
estrogen deficiency induces bone loss.

Disclosures: R. Pacifici, Eli Lilly & Company 8.
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Reduction of Type II Collagen Degradation in Postmenopausal Women
with Osteoporosis by Alendronate Once-Weekly and Risedronate. P.
Garnero', M. Valimaki*?, D. Hosking®, A. Daifotis*, C. Peverly**, L. Zaru**, A.
Santora’. 'Synarc SAS, Lyon, France, “Helsinki University Central Hospital,
Helsinki, Finland, 3Nottingham City Hospital, Nottingham, United Kingdom,
“Merck Research Labs, Rahway, NJ, USA.

Urinary type II collagen C-telopeptide breakdown products (CTX-II), reflecting carti-
lage type II collagen degradation is a potential marker for osteoarthritis (OA) disease activ-
ity. Antiresorptive agents such as bisphosphonates may decrease the cartilage destruction
associated with OA by reducing subchondral bone turnover and/or by a direct effect on car-
tilage metabolism. Reduction in urinary CTX-II levels has been previously demonstrated
with alendronate use in postmenopausal women (Lehmann et al, Ann Rheum Dis 2002).
We report urinary CTX-II results in a head-to-head trial designed to compare the efficacy
of alendronate and risedronate for the treatment of osteoporosis. This randomized, double-
blind, multicenter, multinational study enrolled 558 postmenopausal women, 60-90 years
old (mean, 69), with osteoporosis defined by low BMD T-score (either lumbar spine or
total hip/femoral neck < -2.5, or <-2.0 at both sites). Patients were randomized into three
treatment groups: alendronate 70 mgf once weekly using standard am dosing (ALN);
risedronate 5 mg daily dosed 2 hours after a meal and at least 2 hr before the next (RIS); or
matching placebo (PBO) for each. Creatinine (Cr) corrected CTX-II (ng/mmol Cr) (Carti-
laps) was measured at baseline, Month 3, and Month 6 in a randomly selected subset of
study patients. Per-protocol analysis of urinary CTX-II/Cr was similar for both time points;
Month 6 results are shown in the table.

Percent Change in Urinary CTX-II/Cr from Baseline at Month 6

Alendronate Risedronate Placebo

N=61 N=59 N=61

Mean 95% ClI Mean 95% CI Mean 95% ClI
-36.92%**  (-43.37,-29.74)  -14.17** (-23.10,-4.20) -5.74**  (-15.38, 4.99)

Within-group test of mean percent change: ** not significant; ***p < 0.001
Between treatment difference: ALN vs RIS and ALN vs PBO p <0.001; RIS vs PBO
not significant

In this study, alendronate treatment resulted in twice the reduction of urinary
CTX-1l compared to risedronate (between-group difference p< 0.001). Decreases in
both the alendronate and risedronate groups were significant from baseline but
only the alendronate group was significantly different from placebo (p< 0.001). We
conclude that treatment with alendronate, at the currently approved dose for
osteoporosis, significantly reduces a biochemical marker of cartilage destruction,
suggesting a possible role as a disease-modifier in the management of osteoarthri-
tis.

tManufactured by Merck & Co., Inc., Whitehouse Station, NJ

Disclosures: P. Garnero, None.

S16

1060

Long-Term Control of Primary Hyperparathyroidism with Cinacalcet
HCI (AMG 073). M. Peacock', S. Scumpia*?>, M. A. Bolognese*’, M. A.
Borofsky**, D. M. Guo*’, L. C. McCary*’, L. E. Schwanauer®*’, D. M.
Shoback®. 'Indiana Univ Sch of Med, Indianapolis, IN, USA, *Ctr for Clin Res,
Austin, TX, USA, *Bethesda Health Res, Bethesda, MD, USA, “Clin Res Ctr of
Reading, LLP, West Reading, PA, USA, 5Amgen Inc., Thousand Oaks, CA,
USA, ®Univ of California, San Francisco, Dept of Veterans Affairs Med Ctr,
San Francisco, CA, USA.

Cinacalcet HCI is a calcimimetic that specifically binds and modulates the calcium-

sensing receptor on the parathyroid gland to increase its sensitivity to calcium, resulting in
decreases in intact parathyroid hormone (iPTH) and serum calcium in patients with pri-
mary hyperparathyroidism (HPT). This prospective study evaluated the long-term effects
of cinacalcet HCl in patients with primary HPT. Patients were initially randomized into a 1-
yr double-blind, placebo-controlled dose-titration study (maximum dose 50 mg bid). At the
end of 1 yr, patients were able to enroll in an extension study in which all patients received
cinacalcet HCI (no placebo). The effects of cinacalcet HCI on serum calcium, iPTH levels,
and bone mineral density (BMD) were examined over a 3 yr period.
Forty-five patients completed 1 yr of double-blind therapy and enrolled in the extension
study. The mean (SE) baseline serum calcium was 10.8 (0.1) mg/dL and iPTH was 110 (7)
pg/mL. Reductions in serum calcium were observed immediately following initiation of
cinacalcet HCI treatment (mean [SE] serum calcium presented in the figure) in the initial
double-blind study and in placebo patients who switched to cinacalcet HCI after 1 yr.
Thirty-nine patients remained on study for 3 yrs, and 87% of those patients had a serum
calcium within the normal range. Mean pre-dose iPTH was reduced by 7% from baseline
after 3 yrs. BMD was unchanged from baseline. The majority of patients (~60%) remained
on 30 mg bid. Therapy appeared safe and well tolerated in this study with no serious
adverse events considered related to cinacalcet HCI.

115

—a—Placebo (n= 24, n= 21) —w—Cinacalcet (n= 21, n=18)
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Primary HPT is frequently asymptomatic, but complications including bone loss, gas-
trointestinal distress, kidney stones, muscle weakness, and neurobehavioral disorders may
exist. In this study in patients with primary HPT, cinacalcet HCI administration was safe
and effective, normalizing serum calcium levels and maintaining this effect for 3 yrs. Cina-
calcet HCI offers potential as a novel therapy for the treatment of hypercalcemia in patients
with primary HPT.

Disclosures: M. Peacock, Amgen Inc. 5.
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Treatment of c-Fos Over-expressing Osteoclast Precursors with Cytokines
Induces Osteoclast Formation and Abrogates Bisphosphonate-induced
Osteoclast Apoptosis. T. Yamashita', L. Xing', K. Matsuo®, K. Matsuo®, E. F.
Wagner®, B. F. Boyce'. 'Path, Univ Rochester, Rochester, NY, USA, *NILS,
Aichi-ken, Japan, 3Res. Inst. Molec. Path., Vienna, Austria.

Expression of NF-kB and c-Fos is required for osteoclast (ocl) formation during devel-
opment and is upregulated by cytokines, such as TNF and IL-1, at sites of inflammation.
NF-«B in turn can upregulate expression of IL-1, TNF and IL-6 in ocls. Thus, in inflamma-
tory bone diseases, cytokines could initiate self-perpetuating up-regulatory cycles involv-
ing c-Fos and NF-xB in ocls to maintain bone resorption along with or independent of
RANKL. To explore this possibility, we used retroviral gene transfer to infect M-CSF-
dependent splenocytes from NF-kB p50 and p52 double knockout (dKO) or wild-type (wt)
mice with c-Fos or a GFP control vector and treated the cells with IL-1 or TNF. Numerous
multinucleated ocls (50-100/96 well) formed in c-Fos-expressing dKO cultures treated
with TNF or IL-1, but not in GFP-infected controls, indicating that c-Fos can substitute for
NF-kB to mediate cytokine-induced ocl formation. No ocls formed in wt or dKO cultures
infected with c-Fos or GFP retroviral supernatants alone. Expression of Fos family mem-
bers, c-jun, fra-1 and fra-2, but not c-Fos or Fosb was higher in dKO than wt types spleno-
cytes, suggesting that NF-kB may regulate c-jun, fra-1 and fra-2 expression. To examine if
c-Fos expression is upregulated in ocls in inflammatory arthritis, we stained bone sections
from TNF transgenic mice with a c-Fos antibody. c-Fos was strongly expressed in ocls
eroding bone in the joints of arthritic mice, but not in ocls in the adjacent normal metaphy-
sis nor in the metaphyses of wt mice. We found a similar staining pattern for IL-6 in ocls in
the transgenic mice, suggesting that TNF expression in the inflamed joints induces
increased ocl expression of c-Fos and IL-6. Previous studies suggest that bisphosphonates
have limited efficacy in preventing inflammation-mediated bone loss which we hypothe-
size is due to cytokine-mediated increased c-Fos expression in ocls rendering them more
resistant to bisphosphonates. To test this, we treated c-Fos- or GFP-expressing wt ocls with
Zoledronate and found that the c-Fos-expressing ocls survived at 107 M, while the GFP-
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expressing ocls died at this concentration. Furthermore, alendronate-treated TNF-trans-
genic mice had significantly more apoptotic ocls in their metaphyses vs PBS controls but
not in their inflamed knee joints. Our findings indicate that when c-Fos expression is
upregulated in ocls cytokines can induce ocl formation directly. They also support our
hypothesis that cytokines may induce c-Fos expression in ocls and that c-Fos protects them
from bisphosphonate-induced death.

Disclosures: T. Yamashita, None.
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The NFAT Family of Transcription Factors May Be Key Regulators of the
RANKL Gene in T Cells. A. R. Pettit*', C. Manning*', S. R. Goldring', T.
Libermann*!, S. L. Peng** E. M. Gravallese*!. '"Harvard Medical School, Beth
Israel Deaconess Medical Center, Boston, MA, USA, 2School of Medicine,
Washington University, St. Louis, MO, USA.

Receptor activator of NF-kB ligand (RANKL) is an essential factor for osteoclast differ-
entiation, and plays a major role in physiologic bone remodeling and in pathologic bone loss
in conditions such as inflammatory arthritis and cancer. There is limited understanding of the
pathways regulating transcription of the human RANKL gene. Therefore, we have performed
analyses to identify transcription factors responsible for RANKL gene regulation in T cells,
an important source of RANKL in several diseases associated with bone loss. Jurkat T cells,
a human T lymphoma cell line, constitutively express low RANKL mRNA levels and are a
useful cell system for investigating RANKL gene regulation. In these cells, RANKL mRNA
was induced by stimulation with phorbol 12-myristate 13-acetate and ionomycin (P/I) or by
plate-bound anti-CD3/CD28. We cloned a 1902 base pair fragment of the RANKL putative
promoter, which contains a nuclear factor of activated T cells (NFAT) and an NFAT/activator
protein (AP)-1 consensus element, into a luciferase reporter vector (pXP2-R1902). pXP2-
R1902 luciferase activity was assessed in transient transfections of resting and activated Jur-
kat T cells. Inhibition of the activiation of NFATSs activation was achieved by blockade with
cyclosporine A (CsA), which inhibits calcineurin activation and subsequently NFAT nuclear
translocation. In Jurkat T cells transfected with pXP2-R1902 we observed up to a 40-fold
increase in luciferase activity above basic vector. An additional 6- to 8-fold induction of
luciferase activity was seen when transfected Jurkat cells were stimulated with P/I, correlat-
ing with our mRNA observations. P/I induction of RANKL mRNA and pXP2-R1902
luciferase activity were inhibited by CsA blockade, implicating NFAT transcription factors as
regulators of RANKL mRNA induction. We also examined regulation of RANKL mRNA
expression by GeneChip analysis in P/I stimulated murine CD4+ T cells isolated from wild
type (WT) or NFATc1 and c2 double-deficient (-/-) mice. GeneChip analysis demonstrated
that RANKL mRNA expression in stimulated NFATc1-/-/c2-/- CD4+ T cells was 3.5-fold
less than expression in stimulated WT CD4+ T cells. Similarly, induction of RANKL protein
expression, as assessed by flow cytometry, was impaired in NFATc2-/- CD4+ T cells acti-
vated with anti-CD3/CD28 compared with activated WT CD4+ T cells. These data support
the hypothesis that the NFAT family of transcription factors may be important transcriptional
regulators of the RANKL gene in T cells and may provide novel therapeutic targets for inhib-
iting RANKL expression.

Disclosures: A.R. Pettit, None.
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Unequivocal Demonstration of Estrogen Signaling Through the Androgen
Receptor in Osteoblasts and Osteoclasts. J. Chen', S. Kousteni', L. Han', H.
Peng*', L. K. McCauley?, S. C. Manolagas'. 'Div Endo/Metab, Center for
Osteoporosis and Metabolic Bone Diseases, CA Veterans Healthcare System,
Univ of Arkansas for Med Sciences, Little Rock, AR, USA, 2School of
Dentistry, Univ of Michigan, Ann Arbor, MI, USA.

Estrogens or androgens control the survival of osteoblasts and osteoclasts in a non—
sex-specific manner. And 4-estren-3a.,17B-diol (estren), a synthetic ligand of the estrogen
(ERa or ERB) or androgen receptor (AR) which reproduces the nongenotropic effects of
sex steroids without affecting classical transcription, reverses gonadectomy-induced bone
loss in both females and males. To search for a molecular explanation of the non-sex-spe-
cific nature of these phenomena we employed osteoblasts and osteoclasts from double
estrogen receptor knockout (DERKO) mice, kindly provided by P. Chambon, and investi-
gated whether estrogen may signal kinase-mediated control of bone cell survival via the
AR. We report that estradiol (E2), dihydrotestosterone (DHT), or the estren stimulated
ERK phosphorylation and osteoclast apoptosis and attenuated osteoblast apoptosis in
DERKO cells, with identical potencies, over a concentration range of 10-11 to 10-7 M. The
effects of E2 or DHT, or estren could be blocked by either the ER antagonist ICI 182,780
or the AR antagonist flutamide. Silencing the AR in DERKO osteoblasts using the small
interfering RNA technique (siRNA), but not the non-essential cytoskeletal protein lamin
A/C- used as a negative control, abrogated the anti-apoptotic effect of all three compounds.
Conversely, the anti-apoptotic effect of all three compounds was restored upon rescuing
the AR by introducing a human AR cDNA into DERKO cells in which the endogenous
(murine) AR was silenced. The effects of E2, DHT or estren in AR-silenced DERKO cells
could be also restored by transfecting an expression construct encoding for the ligand bind-
ing domain (LBD) of the human ERa fused to membrane localization sequence. However,
transfecting the human ERo LBD fused to a nuclear localization sequence did not rescue
the effect of the compounds. Transfection of a Src kinase dead dominant negative mutant
into the DERKO cells abrogated the anti-apoptotic effect of either E2 or DHT, as did the
transfection of a Src mutant missing the SH3 domain which is required for the physical
association of Src to the AR. In contrast, a Src mutant missing the SH2 domain which is
required for the association of Src to the ER was ineffective. These results demonstrate
unequivocally that the effects of estrogen in the DERKO cells are indeed mediated by the
nongenotropic actions of the AR involving activation of cytoplasmic kinases.

Disclosures: J. Chen, None.
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Osteoclastogenic Activity of NFAT Family Requires a Partnership with c-
Jun/c-Fos. F._Tkeda', T. Matsubara*', T. Watanabe*?, T. Kukita’ K.
Yoshioka*®, S. V. Reddy*, S. Tanaka’, J. Inoue*°, R. Nishumura', T. Yoneda'.
'Dept Biochem, Osaka Univ Grad Sch Dent, Osaka, Japan, %Sec Oral Mol Biol,
Facult Dent Kyushu Univ, Fukuoka, Japan, 3Cancer Res Inst, Kanazawa Univ,
Kanazawa, Japan, ‘Div Hematol Oncol, Univ Pittsburgh Cancer Inst,
Pittsburgh, PA, USA, *Dept Orthop Surg, Univ of Tokyo, Tokyo, Japan, °Inst
Med Sci, Univ of Tokyo, Tokyo, Japan.

RANKL signaling plays a central role in the regulation of osteoclast differentiation and
function. Recently, NFAT2, one of the family members of the transcription factor of
nuclear factor of activated T cell (NFAT), is found to be a target of RANKL and regulate
osteoclast differentiation. However, involvement of other NFAT family members is
unknown. More importantly, molecular events by which RANKL activates NFAT and
NFAT controls osteoclastogenesis are unclear. Determination of the expression of NFAT
families in osteoclast lineages by western analysis showed that osteoclasts and RAW264
murine monocytic cells expressed not only NFAT2 but also NFATI. Soluble RANKL
(SRANKL) promoted the nuclear translocation of NFAT1 and stimulated the transcriptional
activity of NFAT. Moreover, TRAF6 overexpression dramatically enhanced NFAT tran-
scriptional activity. These results suggest that NFAT activation by RANKL is mediated
through TRAF6. Overexpression of either NFAT1 or NFAT2 in RAW?264 cells using aden-
ovirus system induced TRAP-positive multinucleated osteoclast-like cell formation and
stimulated TRAP gene promoter activity. On the other hand, a specific NFAT inhibitor
VIVIT peptide markedly suppressed SRANKL induced-osteoclastogenesis. These results
indicate that NFAT is a stimulator of osteoclastogenesis. However, the stimulatory effects
of NFAT1 or NFAT2 on osteoclast formation were substantially less than SRANKL, sug-
gesting that an involvement of additional molecules associated with RANKL signaling is
required for NFAT1 or NFAT?2 to optimally function. In support of this notion, co-overex-
pression of c-Jun and c-Fos, which were activated by sSRANKL, with NFAT1 or NFAT2
enhanced osteoclastogenesis. In contrast, overexpression of dominant-negative c-Jun or c-
Fos abolished the NFAT-promoted osteoclastogenesis and TRAP promoter activity. Finally,
analyses using a reporter construct driven by sequential deletion mutants of the TRAP gene
promoter identified a putative NFAT/AP-1 binding element critical to TRAP promoter acti-
vation. In conclusion, our results suggest that both NFAT1 and NFAT2 are important tran-
scription factors that mediate RANKL-induced osteoclastogenesis and that an
establishment of a partnership with c-Jun/c-Fos complex optimizes osteoclastogenic activ-
ity of NFAT.

Disclosures: F. Ikeda, None.
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Vav3 Regulates Osteoclast Function by Controlling Cytoskeleton
Reorganization Downstream of M-CSF and ovf3 Signaling. R. Faccio', K.
Fujikawa*', A. Zallone?, S. L. Teitelbaum', W. Swat*', E. P. Ross'. 'Pathology,
Washington University, St Louis, MO, USA, 2Depa.rtment of Human Anatomy,
Bari, Italy.

Vavs are Guanosine Exchange Factors (GEFs), which mediate the conversion from the
inactive GDP- to the active GTP-form of Rho, Rac and Cdc42, known regulators of the
actin cytoskeleton. Osteoclasts (OCs) are highly motile cells, which attach to the bone
matrix, undergo polarization and resorb bone. These events require several changes in the
OC cytoskeleton, and previous studies using overexpression of Rho or the specific inhibi-
tor, C3 exoenzyme, have shown that actin ring assembly is controlled by this GTPase. To
overcome the potential problems of Rho, Rac or Cdc42 overexpression, we generated mice
lacking Vav1-3, animals in which one or more of the small GTPases may not be activated.
We found that Vav3 is the predominant form of Vavs in osteoclasts, more highly expressed
than in other hematopoietic cells, and that, compared to WT mice, Vav3 -/- long bones
show a marked increase in trabecular bone volume (>2.7 fold, p<0.001). While osteoclast
differentiation is not affected by lack of Vav3, either in vitro or in vivo, confocal analysis
of Vav3-/- OCs reveals that these cells are less spread, with numerous but incomplete actin
rings. Podosomes are replaced by irregular actin clusters, and microtubules are completely
disorganized. Thus, Vav3-/- OCs fail to polarize when plated onto bone and resorb poorly,
explaining the increased trabecular volume in vivo. Both the resorptive and spreading phe-
notypes are rescued by retroviral transfection of Vav3, but not Vavl, indicating specificity
within this family. Since Rho, Rac and Cdc42 have been reported to control cell polariza-
tion and spreading, we analyzed the activation of these small GT'Pases in OCs treated with
M-CSE. While cells lacking Vav3 continue to generate GTP-Rho in response to the cytok-
ine, they fail to activate either Cdc42 or Rac. Finally, the same null OCs also exhibit defec-
tive avP3 signaling in response to cell adhesion, namely failure to phosphorylate either c-
Src or ERKs when plated on osteopontin. Thus Vav3, while not regulating OC differentia-
tion, appears to play a key role in controlling cytoskeletal reorganization, cell adhesion-
mediated signaling and bone resorption. The fact that Vav3 regulates cytokine-stimulated
activation of Cdc42 and Rac, events that correlate with osteoclastic bone resorption, sug-
gests a new role for these GTPases in osteoclast function and M-CSF signaling. Taken
together our data suggest that Vav3 is a possible new therapeutic target for osteoporosis.

Disclosures: R. Faccio, None.
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Control of Multi-Nucleated Osteoclast Formation by RAIN, a Novel
RANK-Associated Inhibitor that Regulates Actin Polymerization. A. T.
Poblenz*, B. G. Darnay. Bioimmunotherapy, University of Texas M.D.
Anderson Cancer Center, Houston, TX, USA.

Formation of multi-nucleated osteoclasts is a central process in bone homeostasis,
which is governed by receptor activator of NF-kB (RANK) and its ligand, RANKL. The
process of osteoclastogenesis involves at least four basic events: (1) proliferation and
migration of precursor cells, (2) early signaling events of differentiation including activa-
tion of transcription factors, (3) homotypic cell-cell recognition and membrane fusion in
conjunction with the structural reorganization of the multi-nucleated cell, and (4) activa-
tion of the multi-nucleated osteoclast to resorb bone. The proteins affecting osteoclast dif-
ferentiation and activation have been well characterized; however, considerably little is
known how triggering RANK causes the fusion and formation of the multi-nucleated
osteoclast. We have identified a novel RANK-interacting protein termed RAIN (RANK-
Associated Inhibitor), which prevents multi-nucleated osteoclast formation without affect-
ing early RANKL signaling. In contrast, cells lacking RAIN develop a rapid and increased
number of osteoclasts after RANKL stimulation. Furthermore, RANKL induces the
expression of RAIN at a time when cellular fusion is observed. Consistent with the biolog-
ical properties of RAIN, in vitro studies with recombinant RAIN indicated its ability to co-
sediment with G-actin and its ability to prevent the polymerization of actin. On close
inspection of the amino acid sequence of RAIN, we observed an actin-binding motif in
RAIN when aligned with cofilin and twinfilin, two proteins that cause actin depolymeriza-
tion. Based upon the potential actin-binding domain in RAIN, a series of point mutations in
RAIN (K90/91A, K174/R176A/A180T, and R194A) were constructed, and RAW264.7
cells stably expressing these mutants were generated. Unlike the overexpression of wild-
type RAIN in RAW264.7 cells, all RAIN mutants differentiated into TRAP-positive,
multi-nucleated osteoclasts and resorbed bone upon RANKL treatment. To our knowledge,
this is the first report of a molecule linking RANK to the cellular machinery controlling the
formation of the multi-nucleated osteoclast. RAIN’s ability to regulate formation of poly-
merized actin filaments indicates a strong prerequisite for actin turnover in the formation
of the multi-nucleated osteoclast.

Disclosures: B.G. Darnay, None.
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Transient versus Sustained Activation and Nuclear Accumulation of ERKs
Underlie the Anti- Versus the Pro-Apoptotic Effects of Estrogens on
Osteoblasts/Osteocytes and Osteoclasts, Respectively. J. Chen, L. I. Plotkin,
J. 1. Aguirre, L. Han, H. Peng*, S. Kousteni, T. Bellido, S. C. Manolagas. Div
Endo/Metab, Center for Osteoporosis and Metabolic Bone Diseases, CA
Veterans Healthcare System, Univ of Arkansas for Med Sciences, Little Rock,
AR, USA.

Sex steroids exert anti- apoptotic effects on osteoblasts/osteocytes and pro -apoptotic
effects on osteoclasts. In spite of such divergent outcomes in both cases the effect of sex
steroids requires activation of the extracellular signal regulated kinases (ERKs). To explain
the mechanistic basis of this divergence, we searched for potential differences in the kinet-
ics of activation and/or in the subcellular localization of the activated ERKSs in response to
17B-estradiol (E2) in the two cell types. To this end, we used the osteocytic MLO-Y4 cell
line and osteoclasts generated from murine bone marrow progenitors by treatment with
MC-SF and soluble RANKL. In MLO-Y4 cells, E2 produced a rapid and transient phos-
phorylation of ERKSs beginning at 2 min, reaching a peak at 5 minutes and returning to base
line by 30 min. In osteoclasts on the other hand, E2 induced ERK phosphorylation within 2
min but the magnitude of this effect increased progressively thereafter until at least 24 h.
We then shortened the duration of ERK activation in osteoclasts by pre-treatment for 30
min with 1 mg/ml cholera toxin (CT) which ADP-ribosylates and activates the os subunit
of G proteins leading to activation of the adenyl cyclase/cAMP/PKA pathway, which in
turn suppresses ERK phosphorylation. ERK phosphorylation in response to E2 in CT-
treated osteoclasts was indeed converted from sustained to transient, with a rapid zenith
reached by 2 min, followed by a return to base line by 30 min and remaining low thereafter
until at least 24 h. Strikingly, in CT treated-osteoclasts the pro-apoptotic effect of E2 was
abrogated. Next we converted transient to prolonged ERK activation in osteocytes by a)
inhibiting CRM/exportin]-mediated export of ERKs from the nucleus with leptomycin B,
and b) overexpressing a GFP-ERK2 mutant that resides permanently in the nucleus. In
either case, instead of preventing, E2 stimulated apoptosis; and, this effect was blocked by
the ERK inhibitor PD98059. Overexpression of a wild type GFP-ERK2 or a GFP-ERK?2
mutant with impaired translocation into the nucleus did not affect the anti-apoptotic prop-
erties of E2. We conclude that the kinetics of ERK phosphorylation and the length of time
that phospho-ERKSs are retained in the nucleus determines specific downstream patterns of
phosphorylation of target transcription factors or other substrates, and thereby defines the
pro- versus anti-apoptotic effects of sex steroids on bone and perhaps other cell types.

Disclosures: J. Chen, None.
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ER-a Negatively Regulates TGF-§ Signaling by Blocking Smad4 Binding
to DNA. Y. Wu', L. Wu', W. E. Gathings*?, X. Cao'. 'University of Alabama at
Birmingham, Birmingham, AL, USA, *University of Alabama at Huntsville,
Huntsville, AL, USA.

Estrogen is recognized to be essential for bone formation and maintenance since estro-
gen deficiency can lead to postmenopausal osteoporosis. TGF-f is one of the most abun-
dant cytokines embedded in the bone matrix. It regulates both osteoblast and osteoclast cell
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proliferation and differentiation as either an autocrine or paracrine factor. Estrogen also
enhances TGF-f secretion by osteoblasts and osteocytes. Here we show that ER-a inter-
acts with Smad4 as a transcription cofactor that mediates a direct crosstalk between the
estrogen and TGF-f pathways in osteoblasts. Immunoprecipitation assays demonstrated
that ER-o co-precipitates with Smad4 in the 2T3 osteoblast cell line. To examine the
potential function of this interaction, a TGF-B-responsive luciferase reporter plasmid
(pLuc-3Tp) was transfected into 2T3 cells with overexpression of ER-o and treated with
TGF-B. The results indicate that ER-o inhibits TGF-f-mediated transcriptional activity
from 13 fold to 4 fold. Similar results were obtained when a reporter construct bearing
Smad-binding elements (SBE) were used. We also examined endogenous TGF-f8 down-
stream gene transcription in 2T3 cells using semi-quantitative RT-PCR. We found that
estrogen inhibits TGF-B-induced transcription of these genes (e.g., PAI-1 and Smad7).
Mapping of the interaction domains indicates that the N-terminal Mad homologous domain
1 (MH1) and linker region of Smad4 are essential for its interaction with ER-a.. Since MH1
is the Smad4 DNA binding domain, these results suggest that interaction of ER-o. with
Smad4 interferes with Smad4 DNA binding activity. We, therefore, performed Chromatin
Immunoprecipitation to examine the effects of ER-o on binding of Samd4 to DNA in vivo.
TGF-p induced Smad4 binding to the Smad binding elements of the PAI-1 promoter, and
co-treatment with estrogen abolished the binding. These results were confirmed with DNA
precipitation assays. Smad4 protein co-precipitated with a DNA fragment containing Smad
binding elements, and TGF-3 enhanced the precipitation. Co-treatment with both estrogen
and TGF-B inhibited the formation of the Smad4/SBE complex. In summary, we found that
ER-a directly interacts with Smad4. The interaction inhibits TGF-B-induced binding of
Smad4 to DNA. Consistent with these observations, estrogen also inhibits TGF-B-induced
endogenous gene transcription. Our data suggest that the interaction between ER-a and
Smad4 acts as a cross-talk mechanism between estrogen and TGF-f signaling pathways.
This cross-talk mechanism may help to further elucidate the roles of TGF-f and estrogen
in bone development and remodeling as well as in the pathogenesis of osteoporosis.

Disclosures: Y. Wu, None.
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Steroid Receptor Coactivator-1 (SRC-1) Contributes to the Maintenance
of Bone Volume by Sex Hormones in Both Males and Females. T. Yamada',
H. Kawano', K. Sekine*’, S. Kato’, H. Kawaguchi'. 'Orthopaedic Surgery,
Univ. of Tokyo, Tokyo, Japan, 2IMCB, Univ. of Tokyo, Tokyo, Japan.

Although coactivators are known to modulate nuclear receptor activities intracellularly,
their physiological roles in skeletal tissues remain unknown. Steroid receptor coactivator-1
(SRC-1) is the first identified coactivator that interacts with steroid receptors and enhances
their transcriptional activities. In this study we initially created floxed SRC-1 mice in
which the SRC-1 gene locus was flanked by loxP sites, and succeeded in generating SRC-
1 deficient mice (SRC-1KO) by mating them with CMV-Cre transgenic mice. SRC-1KO
developed normally without abnormalities of major organs except for moderate atrophy of
testis in males. In long bones and vertebrae, however, bone densitometry and 3D-uCT
analyses revealed significant decreases of trabecular and cortex bone volumes in SRC-
1KO as compared to wild-type (WT) littermates at 24 weeks of age in both males and
females. Histomorphometric analysis at the proximal tibiae showed that bone volume (BV/
TV) of SRC-1KO was about 20% lower than that of WT. Parameters for both bone forma-
tion (Ob.S/BS & MAR) and resorption (Oc.N/B.Pm & ES/BS) were higher in SRC-1KO
males and females than in WT littermates, indicating a high turnover of osteopenia.
Although SRC-1KO showed higher levels of serum and urinary bone metabolic markers
(ALP, osteocalcin, deoxypyridinoline), the serum levels of testosterone in males (+30%)
and estradiol (E,) in females (+40%) were also elevated as compared to those of WT litter-
mates. To examine the involvement of SRC-1 in the actions of sex hormones and glucocor-
ticoid on bone, we performed hormone administration experiments. After gonadectomies
at 16 weeks of age, bone volumes of WT and SRC-1KO were decreased during the next 8
weeks to the same levels in both sexes. When slow releasing pellets of dihydrotestosterone
and E, were subcutaneously implanted to gonadectomized males and females, respectively,
bone volumes of WT showed full restoration to the sham WT levels; however, in SRC-
1KO the restorations were limited to approximately one half, suggesting that osteopenia by
SRC-1 deficiency may be due to a partial insensitivity to sex hormones in both sexes. Con-
trarily, when a slow releasing pellet of prednisolone was implanted, bone volume decrease
was similar in WT and SRC-1KO during the following 8 weeks. We conclude that SRC-1
deficiency cannot be compensated by other cofactors in the anabolic actions of sex hor-
mones on bone, although it is not essential in the catabolic action of glucocorticoid. SRC-1
might be involved in the pathophysiology of sex hormone-deficient osteoporosis and ther-
apeutic effects of hormone replacement therapies in humans.

Disclosures: T. Yamada, None.
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A Deficiency in 1,25-Dihydroxyvitamin D3 Production or Action Is
Associated with Parathyroid Hormone Resistance at the Level of
Osteoblast-induced Osteoclast Formation. N. K. Shevde, J. A. Reading*, J.
M. Prahl*, J. W. Pike, H. E. DeLuca. Biochemistry, University of Wisconsin-
Madison, Madison, WI, USA.

Vitamin D and PTH are the two major regulators of mineral homeostasis acting in con-
cert on overlapping tissue targets to regulate serum calcium and phosphorus levels. Early
studies support an important physiological interplay between vitamin D3 and PTH. This
interplay is highlighted in vitamin D3 deficiency that results in PTH resistance. The mech-
anism of this resistance remains unknown. To explore this problem, we evaluated the
effects of PTH on osteoblast-induced osteoclast (OC) formation in the absence of func-
tional 1,25(0OH)2D3 that occurs in 25-hydroxyvitamin D3-1alpha-hydroxylase (1-OHase)
null or in vitamin D receptor (VDR) null mice. Bone marrow cells from wildtype (WT) and
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VDR null mice were isolated and cultured (106 cells/ml) in the presence of 1,25(OH)2D3
(10-8 M) or PTH (10-7 M). OC formation was assessed after 8 to 10 days by quantitating
the total number of multinucleated, TRAP+ cells. Marrow-derived monocytes (105 cells/
ml) were also isolated and cultured in the presence of both RANKL and M-CSF to assess
the effects of the VDR null phenotype on OC precursor number (OCP). OC were induced
by 1,25(0OH)2D3 in cultures derived from WT marrow but not from VDR null marrow, as
expected. Interestingly, PTH had little effect on VDR null marrow cultures while strongly
stimulating OC formation in WT marrow cultures. OCP number was comparable in mono-
cytes derived from both animal sources. These results indicate that the inability of VDR
null mice to process 1,25(OH)2D3 signaling impairs the ability of PTH to induce osteo-
blast-mediated OC formation. We next tested the ability of 1,25(OH)2D3, PTH or the com-
bination to induce OC formation from marrow cells derived from WT and 1-OHase null
mice. OC were formed in equal numbers in response to either 1,25(OH)2D3 or the combi-
nation of the two hormones from both cell sources. PTH alone, however, induced OC for-
mation only in marrow cells derived from WT mice; no OC were formed from cells
derived from 1-OHase null mice. These experiments indicate that a deficiency in either the
production or action of 1,25(OH)2D3 reduces the ability of PTH to promote OC formation.
This resistance does not appear to be the result of changes in PTH receptor mRNA expres-
sion, but may be related to elevated OPG mRNA levels observed in the 1,25(0OH)2D3 defi-
cient state. These findings suggest that vitamin D-deficiency may limit the ability of PTH
to modulate osteoclast formation, bone resorption and remodeling.

Disclosures: N.K. Shevde, None.
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1a,25(0OH)2D3 Mediated Rapid Responses in Osteoblasts and Ligand
Binding to Caveolae Enriched Membrane Fractions Are Abrogated in
VDR Knock-Out Mice but not Wild Type. L. P. Zanello, J. A. Huntakangas*,
C. X. Olivera*, J. E. Bishop, A. W. Norman. Biochemistry, University of
California-Riverside, Riverside, CA, USA.

The steroid hormone 1a,25(0OH)2D3 (1,25D) is known to mediate both genomic responses
(hrs-day) via interaction with the classical nuclear vitamin D receptor (VDR) and rapid (sec-
min) responses (RR) via interaction with a membrane associated putative steroid receptor
VDRmem. A challenging project has been to biochemically identify the VDRmem and to
define the RR signal transduction pathway(s) to which it is linked. Here we report comparative
studies performed in wild type (WT) and VDR knock-out (KO) mice to assess functional RR
(opening of chloride channels and changes in whole cell capacitance) in calvarial osteoblasts
and ligand binding [[3H]1,25D] studies to a lipid raft/caveolae enriched membrane fraction
(CMF) of intestine (I), kidney (K) and lung (L). We conducted whole-cell patch-clamp mea-
surements in a total of 27 KO and 55 WT primary cultured osteoblasts obtained from 15 and 9
genotyped animals (5 KO couples and 5 WT) respectively. WT osteoblasts expressed Cl- cur-
rents that were significantly potentiated by 1,25D, 5SnM (n=12 of 12 cells) at depolarizing
potentials within the first 1-5 min. However, equivalent CI- currents in KO osteoblasts were
not modified by 0.5-50nM of1,25D. We also found that 1,25D, 0.5-50nM, promoted a signifi-
cant transient increase in whole cell capacitance value (DCap=2.33 + 1.1pF, n=8 of 12 cells),
which is a measure of the cell secretory activity in WT osteoblasts, but not in KO cells (DCap
0.58+0.09, n=8 cells). Using sequential PercollTM and OptiPrepTM gradient ultracentrifuga-
tions we prepared a CMF as a source of the VDRmem. Saturable in vitro binding of [3H]-
1,25D was detected in CMF of I, K and L (Kd 1.4+0.6 nM and Bmax ~ 28+10 fmol/mg pro-
tein, n=2). VDR knockout (KO) mice displayed a remarkably reduced saturable binding of
[3H]-1,25D in both the nuclear fraction (NF) and CMF in all 3 tissues compared with WT
mice; for I, K, and L, respectively, WT and KO results were for NF (100% vs. 14+10%,
p<0.05 and 100% vs. 28+4%, p<0.05 and 100% vs. 15£18%, p<0.05) and for CMF (100% vs.
50£11%, p=0.05 and 100% vs. 44+39% p=0.15 and 100% vs. 15+5%, p<0.05). Binding of
[3H]-1,25D in NF of all WT tissue vs. KO tissue was reduced 100% vs. 19+11%, p<0.001 and
in CMF 100% vs. 36+25%, p<0.001. ). In western blot analysis expression of classical VDR in
chick CMF from I and K was clearly detectable, but was lower in L CMF. These data suggest
that a nuclear VDR or slightly altered form may be the VDRmem present in the CMF and that
its presence is essential for RR in osteoblasts.

Disclosures: L.P. Zanello, None.
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Identification of Calcium Independent Actions of the Vitamin D Endocrine
System in Mice with Targeted Disruption of the 1c.-Hydroxylase and VDR
Genes. D. Panda, D. Miao, I. Bolivar*, J. Li*, G. N. Hendy, D. Goltzman.
Department of Medicine, Calcium Research Lab, McGill University, Montreal,
PQ, Canada.

Normalization of serum calcium by a “rescue diet” has been reported to reverse abnormal-
ities in mice homozygous for targeted disruption of the VDR gene (VDR™). To assess
whether similar reversal can also occur in mice deficient in the major ligand for the VDR,
1,25(0H),D, we compared parameters of skeletal and calcium homeostasis in VDR mice
with the same parameters in mice homozygous for targeted disruption of the 10t- hydroxylase
gene (100OHase™). Mice were fed either a “high calcium intake diet” (1.5% calcium in the
drinking water plus 1% in the diet) or a “rescue diet” (2% calcium plus 20% lactose in the
diet) for 3 months after weaning. Both mouse models exhibited hypocalcemia, rickets or
osteomalacia and secondary hyperparathyroidism on the high calcium intake. On the rescue
diet, serum calcium levels were normalized in both models (11.6mg=0.9 /dl in 10.(OH)ase™
and 12.6mg/dl in VDR™) and mineralization of bone was normalized. PTH levels decreased
8.4 fold (1430+184 pg/ml to170+19 pg/ml) in the 10lOHase™ mice and 14.4 fold (72095 pg/
ml to 50.0+0.5 pg/ml) in the VDR mice. On the rescue diet, parathyroid gland size normal-
ized in VDR mice, but remained enlarged in 10.(OH)ase” animals. In addition the cartilagi-
nous growth plate was normalized in VDR™ mice but remained enlarged and distorted in
lo(OH)ase™ animals. At 4 months of age the increased trabecular bone volume and
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increased osteoblast numbers observed in both 1a(OH)ase™ and VDR mice on the high cal-
cium intake were decreased below wild type levels in animals fed a rescue diet. These studies
confirm that 1,25(OH),D deficiency and VDR deficiency do not produce identical pheno-
types and that parathyroid gland size and the cartilaginous growth plate cartilage abnormali-
ties are normalized by correcting hypocalcemia in VDR deficient but not in 1,25(OH),D
deficient animals. In addition, the reduction of trabecular bone volume below normal in both
models, when serum calcium is normal and PTH is measurable, suggests a role for the
1,25(0OH),D/VDR system in bone anabolism.

Disclosures: D. Panda, None.
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Association of an IGF-I Gene Promoter Polymorphism and Hip Bone
Geometry and Its Influence on the Risk of Hip Fracture: The Rotterdam
Study. F. Rivadeneira', J. Janssen*?, T. J. Beck®, J. Houwing*', A. Hofman*',
H. Pols?, C. M. Van Duijn*', A. Uitterlinden®. 'Epidemiology & Biostatistics,
Erasmus MC, Rotterdam, Netherlands, “Internal Medicine, Erasmus MC,
Rotterdam, Netherlands, 3Radiology, The Johns Hopkins University School of
Medicine, Baltimore, MD, USA.

Previously, we genotyped 7012 individuals for a CA-repeat polymorphism in the pro-
moter region of the IGF-I gene and found it associated to bone mineral density (BMD) and
frailty fracture with gender specific patterns. We now examined if the association between
IGF-I genotypes and hip fracture is related to differences in hip bone geometry (HBG).
Structural geometry of the femoral neck (FN) was estimated indirectly from standard
DEXA outputs in 2372 men and 3134 women. The computational method assumes the FN
as a uniform right circular cylinder and provides estimates of FN properties including neck
width (W), cross-sectional area (CSA), cortical thickness (T), and indexes of bone stability
and strength such as the buckling ratio (BR) and section modulus (Z), respectively. Mean
HBG parameters adjusted for age, height and weight were compared among fracture cases
vs. non-cases and IGF-I promoter genotypes using ANCOVA. Hip fracture cases in both
genders show (highly significant) fracture-predisposing patterns of HBG in all outcomes
except for W (Table 1). Overall, non-carriers of the 192-bp allele have patterns of HBG that
predispose them to fracture as compared to homozygotes for the allele. In males (Table 2)
there is a significant allele dose effect over W and Z, while in females (Table 3) with 7 and
BR. These findings suggest that this promoter polymorphism or another polymorphism in
linkage disequilibrium influences the distribution patterns of bone mass in a gender spe-
cific manner: in males, with a greater influence on size and bone strength, and in females,
more on the process of cortical thinning with bone instability. HBG contributes to explain
partially the mechanism by which IGF-I genotype differences relate to hip fracture risk in
the elderly.
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Table 2
MALES
192-bp ALLELE
Homozygotes Heterozygotes Mon-carriers
n=1041 n=1049 =262 Trend
BMDwery 088 | 02% | 03% s
Wiem) 3.04 | 05% | 1.0% pam
CSA e 255 1 07% ] 12% s
T tom) 1.69 | 01% | 01% s
BR 9.21 | 02% 1 07% NS
Z e 1.36 | 12% | 22%  paos
Table 3
FEMALES
192-bp ALLELE
Homozygotes Heterozygotes Non-carriers
r=1355 n=1332 n=387 Trend
BMD @en?) 082 | 08% 1l 17% p<0.05
Wiem 2.68 T 06% | 06% NS
CSA 2.09 | 03% l 2.0% NS
T eom 1.58 | 098% l 17% p<0.05
BR 8.72 T 15% T 16% p<0.05
2 nd 097 | 03% l 21% NS

Disclosures: F. Rivadeneira, None.
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Predicting Long Term Hip Fracture Risk with Bone Mineral Density and
Hip Structure in Post-Menopausal Women: The Study of Osteoporotic
Fractures (SOF). T. A. Hillier!, T. I. Beck®, T. Oreskovic*?, J. H. Rizzo*!, K.
L. Pedula*', D. Black®, K. L. Stone’, J. A. Cauley*, D. C. Bauer’, B. C.
Taylor*>, S. R. Cummings’. 'Center for Health Research, Portland, OR, USA,
*Johns Hopkins, Baltimore, MD, USA, *UCSF, San Francisco, CA, USA, ‘U
Pittsburgh, Pittsburgh, PA, USA, U MN, Minneapolis, MN, USA.

Although BMD is a strong predictor of hip fracture, the majority of fractures occur in
older women that do not have osteoporosis by BMD criteria (Wainwright SA ASBMR
2001). The current study seeks to determine if we can improve the prediction of hip frac-
ture in older women with measures of bone geometry and structure.

We applied our hip structural analysis program (Beck TJ et al, JBMR 16(6), 2001) to hip
scans obtained in 7646 women participating in SOF who had BMD measured by DXA
(Hologic 1000) in 1989-90. Participants were contacted every four months to ascertain
falls and fractures, and more than 98% of these follow-up contacts were completed. Hip
fractures were adjudicated from radiology reports. We used Cox-proportional hazards
model (PH), with stepwise selection, to identify the subset of non-collinear geometry vari-
ables that best predict fracture. These variables: cross-sectional area (CSA), subperiosteal
width (W), buckling ratio (BR) and neck shaft angle (NSA), were used in subsequent PH
models to estimate hazards ratios (HR), per unit SD, for each geometry variable individu-
ally, and as a combined group with and without BMD.

Over an average of 10.4 years of follow-up, there were 642 incident hip fractures. After
multivariate (MV) adjustment for covariates previously demonstrated to be significant in
predicting fracture, the hazard of hip fracture was significant (p<0.001) in each model for
femoral neck BMD (HR 2.0 per 1 SD decrease), CSA (HR 1.8 per 1 SD decrease), W (HR
1.2), BR (1.6), and NSA (HR 1.2). A MV model of combined geometry variables (CSA,
W, BR, NSA) either with or without BMD did not improve the % variance explained (<6%
for all models); BMD was the strongest predictor. In a subset of 908 women who reported
no falls during the SOF study, the explained variance increased to 8% with the combined
geometry variables, and the HR markedly increased for BR (HR 3.7); BMD was not a sig-
nificant predictor.

We conclude that hip structure variables derived from HSA are strong individual predictors
of fracture, but did not significantly improve the overall prediction of hip fracture above
BMD alone. However, there are certain subgroups where HSA may be particularly useful
in predicting fracture. Future research should continue to focus not only on understanding
important structural differences among persons that fracture, but also on finding ways to
improve our current ability to predict only a minority of fractures with BMD.

Disclosures: T.A. Hillier, None.
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Cumulative Risks of Fracture in Patients Using Oral Glucocorticoids. T. P.
van Staa', P. Geusens®, H. Pols®, C. de Laet’, H. G. M. Leufkens**, C. Cooper’.
"Procter&Gamble Pharmaceuticals, Egham, United Kingdom, 2University
Hospital, Maastricht, Netherlands, SErasmus Medical Center, Rotterdam,
Netherlands, *Utrecht University, Utrecht, Netherlands, “Medical Research
Council, Southampton, United Kingdom.

The aim of this study was to estimate 5-year risks of fractures in patients using oral glu-
cocorticoids (GC).
The study population consisted of 191,752 patients aged 240 years prescribed an oral GC
(in the UK General Practice Research Database). The period of follow-up was divided into
time-periods of current (i.e. duration of individual prescription plus 3 months) and no
exposure, with patients moving between these exposures. Using Cox proportional hazards
models, a risk score, indicating the association to risk, was initially estimated from daily
and cumulative GC dose of each exposure period, body mass index (BMI), and disease and
drug history. Then, the 5-year risk of fracture (Cox survival function) was estimated for
each sum of scores.
The risk scores for osteoporotic (O) and hip (H) fracture are summarised in the table (GC
daily dose in mg/day [DD], cumulative dose in grams [CD]; GC scores for a person aged
65 years).

(6] H (o] H
DD CD Male -6 -6
<25 <1 0 0 Age (10 years) 4 8
>1 3 1 Fall history 8 8
2.5-4.9 <1 5 4 Prior fracture 6 5
>1 3 4 BMI <20 3 6
5-7.4 <1 2 5 RA 2 4
>1 5 5 IBD 1 2
7.5-14.9 <1 6 9
>1 7 10
15-29.9 <1 4 9
>1 9 11
>30 <1 2 2
1-5 6 4
>5 12 12

The 5-year risk of osteoporotic fracture for patients with scores of 30, 40, 50, and 60 was
7.2, 18.5, 42.7, and 78.1%, respectively. Hip fracture scores of 60, 70, 80, and 90 corre-
sponded to 5-year hip fracture risks of 1.7, 4.6, 11.8, and 28.6%, respectively. The 5-year
risk of osteoporotic fracture for a 65-year female with RA, low BMI, and fracture and fall
history using 7.5 mg GC (total score of 52) was 49.4% (male with similar history 31.2%).
Hip fracture risk was 18.6% (male 10.8%). A 80-year old female with COPD and low BMI
who used 2.5 mg for 2 years had a 5-year risk of osteoporotic fracture of 12.8% (male
7.2%). Hip fracture risk was 5.1% (male 2.8%). Pulse dosing (defined as short-term use
with DD > 30 mg) was associated with only a small increased risk of osteoporotic fracture
in first-time users (relative rate 1.20; 95% CI 0.98-1.46) and in patients with pulse dosing
at least 3 months after end of prior GC use (1.21; 1.04-1.42).

In conclusion, this risk score allows for assessing an individual’s risk of fracture.

Disclosures: T.P. van Staa, None.
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A Meta-analysis of Body Mass Index (BMI) as a Predictor of Fracture
Risk. C. E. D. De Laet, H. Johansson*, O. Johnell, J. Kanis, E. V. McCloskey,
D. Mellstrom*, L. J. Melton, A. Oden*, P. Delmas, P. Garnero, A. Oglesby, J

Erasmus MC, Rotterdam, Rotterdam, Netherlands.

Today, body mass index (BMI) is a well-documented risk factor for future fracture. The
aim of this study was to quantify this effect and to explore the relationship of fracture risk
(all osteoporotic fractures and hip fracture) with age, gender and bone mineral density
(BMD) from an international perspective using world-wide data. We studied 45,000 men
and women from nine prospective population-based cohorts comprising Rotterdam,
EVOS/EPOS, CaMos, Rochester, Sheffield, Dubbo, EPIDOS, and two cohorts from Goth-
enburg with a total follow-up of almost 190,000 person years. The effect of BMI, BMD
and age on osteoporotic fracture risk and on hip fracture risk was examined using a Poisson
model in each cohort separately. The results of the different studies were then merged
using weighted coefficients. Without information on BMD, low BMI was associated with a
significantly increased risk of all osteoporotic fractures, controlled for age. But, this risk
increase was not linearly distributed across BMI values as shown in the table. At the
extremes the risk ratios increased at a steeper rate than around the median. In the common
range of BMI (around 26 kg/m?) the risk only modestly increased with decreasing BMI.
Also for hip fracture risk, BMI was a significant risk factor, especially at the extremes of
the BMI spectrum. We observed no significant differences in risk ratio between men and
women. These risk ratios by BMI were markedly reduced when adjusted for BMD suggest-
ing that BMD is an important intermediary.
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Risk ratio in men and women combined controlled for age (BMI=25 as reference)

Osteoporotic fracture Hip fracture

BMI Without BMD With BMD Without BMD With BMD
15 1.95 1.18 4.18 1.64
20 1.30 1.04 1.96 1.32
25 reference reference reference reference
30 0.90 0.98 0.83 1.08
35 0.75 0.93 0.76 1.32
40 0.59 0.92 0.52 1.19

We conclude that low BMI confers a risk of fracture of substantial importance that is inde-
pendent of age and sex. The significance of BMI as a risk factor varies according to the
level of BML. Its validation on an international basis permits the use of this risk factor in
case finding strategies. These data also show that there is no conflict between advice for
weight control with reasonable target values (such as for the prevention of diabetes or
CVD) and the prevention of osteoporotic fractures.

Disclosures: C.E.D. De Laet, None.
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Increased Fracture Risk among Breast Cancer Survivors -Results from the
Women's Health Initiative. Z. Chen', M. Maricic!, T. L. Bassford*!, C.
Ritenbaugh*?>, A. M. Lopez*', M. S. Leboff’, M. Gass**, D. H. Barad*’.
lUniversity of Arizona, Tucson, AZ, USA, *Kaiser Center for Health Research,
Portland, OR, USA, *Brigham and Women's Hospital, Boston, MA, USA,
“University of Cincinnati, Cincinnati, OH, USA, “Albert Einstein College of

Medicine, Bronx, NY, USA.

Breast cancer survivors have an increased risk of low bone density, however, except for
vertebral fractures assessed by a radiographic method, the risk of other fractures among
breast cancer survivors has not been previously reported. We hypothesized that postmeno-
pausal women with a history of breast cancer have a higher risk for fractures compared to
women of the same age who have not had cancer. The study population was a prospective
multiethnic cohort of postmenopausal women from the Women’s Health Initiative Obser-
vational Study (WHI-OS). Among them, participants who replied affirmatively to the
question " Did you ever have breast cancer?" at baseline were considered to be breast can-
cer survivors (n = 5,298). The reference group included WHI-OS women who had not had
any type of cancer at baseline (n = 80,848). The average follow-up was 5.1 years. Informa-
tion on fractures was self-reported from a yearly updated medical questionnaire. The con-
firmation rate of all self-reported fractures was approximately 70% based on results from a
subset of WHI participants. Self-reported hip fractures were further confirmed by review-
ing medical records. At baseline, breast cancer survivors were older (65.0 vs. 63.4 years),
more years past menopause (17.6 vs. 15.9 years), and heavier (72.4 vs. 71.5 kg) than the
women in the reference group. Results from Cox regression models indicated that breast
cancer survivors had more than 28% increased risk for all types of fractures except hip
fractures after adjusted for age, years since menopause, weight, ethnicity and geographic
region of enrollment into the study (Table 1). In conclusion, compared to women without
any cancer history, breast cancer survivors are at an increased risk for fractures, other than
hip fractures. Our results suggest that prevention is needed to reduce fracture risk in the
growing population of breast cancer survivors.

Table 1. Adjusted Results from the Cox Proportional Hazard Models

Fracture BreastCancer ~ None Cancer Hazard 95% ClI p
Outcomes Survivors  Reference Group  Ratio value
(N =5298) (N =80848)
% Fractures % Fractures Lower Upper

Hip 0.6% 0.6% 0912 0.621 1.339 0.766
Clinical 1.4% 1.0% 1.287 1.001 1.655 0.049
spine

Lower arm/ 3.2% 2.3% 1.323 1119 1564 0.001
wrist

All other 9.7% 7.6% 1.317 1.119 1.447 0.000
Total 13.6% 10.5% 1.305 1.205 1.414 0.000

Disclosures: Z. Chen, None.
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A Novel Association Between a Frizzled Related Protein Amino Acid
Variant and Vertebral Fracture Risk in Older Women. J. M. Zmuda', W. C.
Hsueh*?, L. Lui®, K. L. Stone?, J. A. Cauley', T. A. Hillier®, S. Germer**, R.
Higuchi**, D. R. Greene**, J. Li**, J. D. Allard*’, T. Nikolcheva*’, J.
Mangaccat®*, N. Umblas**, G. Peltz*’, S. R. Cummings®. 'University of
Pittsburgh, Pittsburgh, PA, USA, *University of California, San Francisco, CA,
USA, >Kaiser Permanente Center for Health Research, Portland, OR, USA,
*Roche Molecular Systems, Alameda, CA, USA, *Roche Palo Alto, Palo Alto,
CA, USA.

Frizzled related protein (FRZB; aka secreted frizzled related protein 3) is a soluble
antagonist of Wnt, a secreted growth factor involved in tissue differentiation including
skeletal formation. Recently, FRZB has been implicated in the determination of bone min-
eral density (BMD) in inbred mice (G. Peltz et al. manuscript in preparation). In addition,
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transfection of FRZB into mesenchymal stem cells can obviate the Wnt-induced formation
of osteoblasts instead of adipocytes in-vitro. In the present study, we tested polymorphisms
within FRZB and found that a C—G polymorphism which creates an Arg324Gly amino
acid substitution is associated with vertebral fracture among women aged 65 years and
older in the Study of Osteoporotic Fractures.

Incident hip fractures over an average of 10.8 years of follow-up were validated by review
of X-ray films. Incident vertebral fractures were defined by morphometry using lateral
spine radiography at baseline and an average of 3.7 years later. Women with an incident hip
fracture (n=275), vertebral fracture (n=262) or low (T score <-2.5) total hip BMD (n=276)
were compared to 278 control women without a history of fracture and a total hip BMD
above the top 20% percentile of the BMD distribution (Z score >1.28). The Arg324Gly
polymorphism was genotyped using allele specific, kinetic polymerase chain reaction
(Germer, et al., Genome Res 10:258-266, 2000). Logistic regression was used to estimate
the odds ratios (OR) and 95% confidence intervals (CI) associated with at least one 324Gly
minor allele. The minor allele frequency was 0.10 among controls. There was no signifi-
cant association between the Arg324Gly polymorphism and either low hip BMD or hip
fracture risk. In contrast, women with at least one 324Gly allele had 51% lower age-
adjusted risk of vertebral fracture (95% CI: 0.30, 0.82) compared to women with the
Arg324Arg genotype. Additional adjustments for body mass index, use of hormone ther-
apy, and lumbar spine BMD did not alter the relationship between the Arg324Gly poly-
morphism and vertebral fracture risk (OR: 0.39; 95% CI: 0.17, 0.88). We conclude that the
Arg324Gly amino acid polymorphism in FRZB, or a closely linked allelic variant, may
contribute to the genetic susceptibility to vertebral fracture among older women.

Disclosures: J.M. Zmuda, None.
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Gain-of-Function Mutation of FGFR2IIIc: A Mouse Model of Crouzon
Syndrome. R. M. Locklin*!, V. P. Eswarakumar*?, A. Harmelin*?, G. M.
Morriss-Kay*', P. Lonai**. 'Human Anatomy and Genetics, University of
Oxford, Oxford, United Kingdom, *Molecular Genetics, Weizmann Institute of
Science, Rehovot, Israel, *Veterinary Services, Weizmann Institute of Science,
Rehovot, Israel.

Crouzon syndrome, the most common craniosynostosis syndrome, is associated with
dominant mutations of fibroblast growth factor receptor 2 (FGFR2). Most are in exon Illc,
encoding part of the external ligand-binding domain, and cause receptor dimerization lead-
ing to ligand-independent activation.

FGFR2 is alternately spliced, having IIIb or Illc forms with unique binding specificity and
expression patterns. IIlc is expressed in pre-osteogenic cartilage rudiments and binds epi-
thelial FGFs. To investigate the role of FGFR2IIIc in craniosynostosis, we generated a gain
of function mouse mutant. The homozygous mutation was perinatal lethal, with pro-
nounced brachycephaly, cleft palate, multiple skeletal synostoses and disorders of other
organs. The heterozygote was viable and fertile, exhibiting craniosynostosis, a domed skull
vault, ocular proptosis and a milder brachycephaly. No limb defects were apparent. The
heterozygous mutant is therefore a good model for the human disorder.

For detailed examination, skeletal preparations of heterozygotes were stained with alizarin
red. Coronal sutures were found to be completely fused and lambdoid sutures partially
fused. Sagittal sutures, which do not close in the mouse, remained partially separable but
contained wormian bones. Parietal bones were larger, and frontal bones, smaller, than wild
types, while the skull base was shortened and thickened.

Effects on the proliferation-differentiation balance in developing craniofacial bones was
investigated using bromodeoxyuridine (BrdU) immunohistochemistry to label proliferat-
ing cells. The proportion of BrdU-labelled nuclei at embryonic day 14 (E14), E16 and
postnatal day 1 (P1) was quantitated using an image analysis system. At E14 proliferation
at the coronal suture was increased in heterozygotes compared to wild types, while by P1
this appeared to be reversed. Thus the mutation could result in an early increase in prolifer-
ation followed by an early switch to differentiation, leading to premature fusion of the
suture. In contrast, at the basioccipital-basisphenoid synchondrosis, the heterozygotes
exhibited a highly significant decrease in proliferating chondrocytes at E14, as well as an
increase in the thickness of the periosteum. This may explain the shortened and thickened
skull base.

FGFR2IIIc is important in bone formation but exerts different effects on endochondral and
intramembranous ossification. The FGFR2IIIc gain-of-function mutant provides a valuable
model of Crouzon syndrome.

Disclosures: R.M. Locklin, None.
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Ubiquitous Overexpression of Phex Does Not Fully Rescue the Hyp Mouse
Phenotype. R. G. Erben', D. Mayer*', K. Weber*', T. Johnson*', K. Jonsson?,
H. Jiippner’, B. Lanske’. 'Institute of Animal Physiology, University of
Munich, Munich, Germany, ’Endocrine Unit, Massachusetts General Hospital
and Harvard Medical School, Boston, MA, USA, *Harvard School of Dental
Medicine, The Forsyth Institute, Boston, MA, USA.

Mutations of Phex, a phosphate regulating gene with homologies to endopeptidases on
the X chromosome, are responsible for X-linked hypophosphatemia (XLH) in humans, and
its mouse homologue, Hyp. Recently, it has been shown that targeted overexpression of
Phex in osteoblasts is not sufficient to rescue the Hyp phenotype. Therefore, the aim of this
study was to examine whether ubiquitous overexpression of Phex in transgenic mice would
fully rescue the Hyp phenotype. To test this hypothesis, we generated two mouse lines
overexpressing the human Phex gene under the control of a human B-actin promoter. With
the exception of brain, RT-PCR analyses showed expression of the transgene in Phex trans-
genic (Phex-tg) mice in all tissues examined. Subsequently, we crossed female heterozy-
gous Hyp mice with male heterozygous Phex-tg mice to produce wildtype (WT), Phex-tg,
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Hyp, and Hyp/Phex-tg offspring. Twelve-week-old male mice were used for all studies.
Compared with their WT littermates, Phex-tg mice had normal bone mineral density
(BMD) as measured by peripheral quantitative computed tomography, normal bone histol-
ogy, and normal serum and urinary phosphate. Hyp mice demonstrated the known pheno-
type characterized by reduced body weight, hypophosphatemia, hyperphosphaturia, and
rickets. Hyp/Phex-tg mice had normal body weight relative to WT controls, and showed a
dramatic, albeit not complete, improvement in femoral BMD. Total BMD of the femoral
shaft increased from 384 + 28 in Hyp to 541 + 27 in Hyp/Phex-tg mice, and total BMD of
the femoral metaphysis from 315 + 38 in Hyp to 407 + 25 mg/cm? in Hyp/Phex-tg mice
(means + SD). In WT littermates, the BMD of the femoral shaft and the femoral metaphy-
sis was 596 + 32 and 455 + 56 mg/cm?, respectively. Compared with Hyp mice, bone histo-
morphometry in Hyp/Phex-tg mice revealed pronounced improvements in structural bone
parameters, a normal growth plate, and a dramatic reduction in osteoid volume, although
some disturbances in bone mineralization remained. Surprisingly, however, Hyp and Hyp/
Phex-tg mice had comparable reductions in tubular reabsorption of phosphate, and were
hypophosphatemic relative to WT controls. All results were similar for both Phex-tg
mouse lines. Thus, our data further strengthen the notion that the pathophysiological mech-
anisms behind renal phosphate wasting and the bone mineralization defect in XLH may
involve different factors.

Disclosures: R.G. Erben, None.
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High-Throughput Analysis of Bone Phenotypes in Gene Knockout Mice to
Identify Novel Osteoporosis Drug Targets. R. Brommage', Z. Z. Shi**, G.
Liu*', D. R. Powell*'. 'Endocrinology, Lexicon Genetics, The Woodlands, TX,
USA, *Target Validation, Lexicon Genetics, The Woodlands, TX, USA.

Screening gene function in vivo is a powerful approach to discover novel drug targets in
the human genome (Zambrowicz and Sands, Nature Review Drug Discovery 2:38-51;
2003). Using both gene-trapping and homologous recombination technologies, 926 knock-
out (KO) mouse lines have been generated, involving genotyping ~255,000 mice. Mice are
F2 crosses from C57BL/6J and 129 SvEv parental strains. Of these 926 KO lines, 229
(25%) are embryonic/neonatal lethal or have reduced viability. All 697 viable lines have
been analyzed by PIXImus DEXA at ~14 weeks of age, when peak BMD has been
attained. Using a Scanco nCT40, trabecular bone parameters in the fifth lumbar vertebrae
(LV5) have been analyzed in 279 lines and midfemur cortical thickness (CT) in 243 lines.
DEXA analyses are performed on both male and female mice, but only males are analyzed
by nCT. For the vast majority of lines, 4 KO and 2 wild-type control mice are analyzed for
each gender. For DEXA screening, volumetric BMD in KOs is compared to both littermate
(LM, n = 668 lines) and historical (HC, n = 697 lines) wild-type controls. Volumetric BMD
in KOs averages 99.7% of LM values with a standard deviation (SD) of 2.9% and 99.8% of
HC values with a SD of 4.4%. LV5 trabecular bone volume (TBV) in KOs averages 20.3%
with a SD of 4.2%. Femoral CT averages 253 pm with a SD of 15 um. Lines with high
bone mass resulting from geometrically large bones are of low interest for drug develop-
ment. These high throughput screens successfully identified two genes known to be impor-
tant in bone metabolism. LRP5 KOs have low bone mass (vBMD = 89% of LM and 91%
of HC, CT = 226 um) and klotho KOs have high vBMD (119% of LM and 133% of HC)
and high TBV (43%) but low CT (165 pm). KO of the amino-bisphosphonate target farne-
syl diphosphate synthase is embryonic lethal. Using these high throughput procedures, a
recently identified gene (LG881) coding for an enzyme has been observed to influence
bone mass. TBV in female KO mice is elevated by 52% in LV5 (22.2% + 1.5%,n = 14 vs
14.6% + 1.1%, n = 13; P < 0.001) and 144% in the distal femur metaphysis (7.8% + 1.4%,
n=14vs 3.2% + 0.7%, n = 13; P = 0.01). At both sites, increased trabecular number is
more dramatic than changes in trabecular thickness. No nonskeletal phenotypes have been
identified. The high bone mass phenotype resulting from genetic ablation of this enzyme
provides a novel target for the development of drugs to treat osteoporosis.

Disclosures: R. Brommage, Lexicon Genetics 3.

1082

The Bone Morphogenetic Protein 2 Gene Contributes to Bone Density and
Osteoporotic Fractures. U. Styrkarsdottir', J. Cazier*', O. Rolfsson*', H.
Larsen*', E. Bjarnadottir*', V. D. Johannsdottir*', M. S. Sigurdardottir*', K.
Jonasson*', M. L. Frigge*', A. Kong*', J. R. Gulcher*', G. Sigurdsson®, K.
Stefansson*'. 'deCode Genetics, Reykjavik, Iceland, *National University
Hospital, Reykjavik, Iceland.

The purpose of this study was to map a locus for osteoporosis and isolate the corre-
sponding gene.
A genome wide scan was performed in extended Icelandic osteoporotic families with a
framework scan of 1000 microsatellite markers. We used multipoint, affected-only allele-
sharing methods to assess the evidence for linkage, obtained using the program Allegro
and the Decode Genetic map. An initial set of 207 pedigrees was assembled containing
1334 study individuals. Linkage analysis was performed by defining an osteoporotic phe-
notype and considering only those meeting criteria as affected. Phenotypes aimed at map-
ping genes specific to skeletal sites (hip and spine), and mapping genes causing
generalized osteoporosis (moderate and severe). Age-sex-and-weight corrected BMD at
the hip or spine, below a certain cut-off (lowest 16" for hip, spine, or moderate phenotype
and lowest 10" for the severe phenotype) was used as the basic phenotype, adding
osteoporotic fractures and bisphosphonate users as affected. Strongest linkage was identi-
fied to chromosome 20p12 in all four phenotypes, and after adding more markers to the
region, thereby increasing the information content to over 95%, resulted in LOD scores of
2.87, 4.56, 3.75 and 4.96 (P value 8.8x107), for spine, hip, moderate and severe pheno-
types, respectively.
The 9 cM region defined within the drop of one in LOD score corresponds to a 2.2 MB
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segment containing 6 known genes (BMP2, CHGB, LOC51605, C200rf154, C200rfl55,
and C200rf42), the BMP2 gene being a strong candidate. However, expression analysis
showed that four of the genes in the region are expressed in bone marrow or in an osteo-
blast cell line (BMP2, C200rf42, C200rf154, and CHGB). A very dense set of polymorphic
markers distributed across the 1-LOD drop, 30 microsatellites and 99 SNPs, were used for
identifying the osteoporosis gene by association analysis and LD analysis. A case-control
association analysis in 800 affected (severe phenotype) and 800 randomly collected con-
trols identified haplotypes spanning the BMP2 gene associated with osteoporosis. BUP2 is
associated with many definitions of an osteoporotic phenotype, including osteoporotic
fractures as well as low bone mineral density (BMD), both before and after menopause,
and in men. Thus, BMP2 gene variation appears to be a major risk factor for osteoporosis
and osteoporotic fractures in Iceland.

Disclosures: U. Styrkarsdottir, None.
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Analysis of GCMB Gene Allelic Variants in Isolated Hypoparathyroidism.
C. Ding', Z. Deng*', M. A. Levine’. 'Pediatrics, Johns Hopkins University,
Baltimore, MD, USA, ?Pediatrics, Cleveland Clinic Foundation, Cleveland,
OH, USA.

Mutations of the genes encoding PTH and the calcium sensing receptor are associated
with isolated hypoparathyroidism (IH), but many cases remain unexplained thus implicat-
ing other genes in the molecular pathogenesis. One candidate is the GCMB gene located at
chromosome 6p23-24, which encodes a human ortholog of the Drosophila glial cells miss-
ing (gcm) gene, especially as this protein is expressed predominately, if not exclusively, in
parathyroid cells and is critical for development of the parathyroid glands. We previously
reported homozygous intragenic deletion of the GCMB gene as the basis for autosomal
recessive IH in one kindred (Ding et al, J Clin Invest 2001). To investigate the prevalence
of GCMB mutations we isolated genomic DNA from 25 patients with sporadic or familial
IH from 16 families, and analyzed the 5 exons, intron-exon boundaries, and the promoter
of the GCMB gene by direct sequencing of PCR products. We identified variant nucleotide
changes in 10 patients, including heterozygous promoter mutations (-74 G to T and -149 G
to A), neutral mutations (codons 154 AAG to AAA; 203 GGT to AGT) and missense muta-
tions (G203S, 1227V, Y282D, and N315D). Among the 8 patients with missense mutations,
6 are heterozygous and 2 are compound heterozygotes. Linkage analysis of GCMB muta-
tions in one extended kindred excluded both the Y282D and N315D variants as causative
of TH, however neither variant was present as a common polymorphism in a screen of
genomic DNA from 50 unrelated subjects. To examine the transactivating potential of the
GCMB variants, we used site-directed mutagenesis to insert the missense mutations into an
epitope-tagged wild type human GCMB cDNA. Wild type or mutant GCMB cDNA’s were
transiently expressed in HEK293T cells with a luciferase reporter plasmid carrying six tan-
demly arranged GCM binding sites (6x gbs luc). RT-PCR and immunoblot showed that
variant forms of GCMB with amino acid substitutions were expressed at levels similar to
that of wild type GCMB. GCMB variants with 1227V or Y282D were as effective as wild
type GCMB in stimulating luciferase activity (50 to 150-fold stimulation). By contrast, the
G203S and N315D variants stimulated luciferase activity at levels that were 40% and 50%
lower than wild type GCMB, respectively. Co-transfection of HEK293T cells with equal
amounts of wild type and variant GCMB did not show dominant inhibitor activity. Our
results suggest that GCMB gene mutations are an unusual cause of IH. On the other hand,
our study indicates that there are many allelic variants for GCMB, some of which appear to
have reduced transactivating potential. The prevalence, and significance, of these allelic
variants remains to be determined.

Disclosures: M.A. Levine, None.
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Deletion of Mepe in Hyp Mice Fails to Correct Hypophosphatemia but
Partially Rescues Abnormal Mineralization Ex Vivo. S. Liu', T. A. Brown*?,
Z. Xiao', R. Guo*', L. D. Quarles'. 'Medicine, Duke University, Durham, NC,
USA, 2De];)a.rtment of Cardiovascular and Metabolic Diseases, Pfizer Global
Research and Development, Groton, CT, USA.

X-linked Hypophosphatemia (XLH) is characterized by hypophosphatemia, impaired
mineralization and aberrant 1,25(OH),D, regulation. Inactivating mutations of PHEX is the
cause of XLH. PHEX deficiency leads to the accumulation of a phosphaturic factor, called
phosphatonin. The matrix extracellular phosphoglycoprotein Mepe (also called Of45) is
increased in the Hyp mouse homologue of XLH and is a candidate for phosphatonin. To
gain further insights into the biological relevance of MEPE in the pathogenesis of the
XLH, we transferred Mepe-deficient mice onto the Hyp mouse background. Hyp mice had
hypophosphatemia (5.5+0.5 mg/dl), lower serum calcium (7.1+0.1 mg/dl), increased serum
PTH (44 + 6 pg/ml), and inappropriately normall,25(OH),D;, levels (213+40.5 pM) com-
pared to wild-type controls (9.1+0.6 mg/dl, 7.7+0.1mg/dl, 33+9 pg/ml and 217 +37 pM).
Mepe’mice had normal serum phosphorus (9.9+0.6 mg/dl), calcium (7.7+0.1 mg/dl) and
1,25(0OH),D; (262 +43 pM), and unexpectedly reduced serum PTH levels (17+3 pg/ml).
Transfer of Mepe deficiency onto the Hyp mouse background failed to correct the hypo-
phosphatemia (5.3+0.3 mg/dl), and resulted in serum calcium (7.4+0.1mg/dl), PTH (34.0
+9.2 pg/ml) and 1,25(OH),D, (221£11 pM) levels in the Mepe */Hyp mice indistinguish-
able from values in Hyp mice. Femoral BMD (g/cm?) was significantly lower in Hyp mice
(0.048+0.002) compared to wild-type controls (0.065 +0.009). BMD in Mepe”mice
(0.062+0.001) was not increased and Mepe”/Hyp mice retained low BMD values
(0.043+0.002). In contrast, serum osteocalcin (pg/ml) and urinary Dpd/creatinine were sig-
nificantly greater in Hyp (249430 and 92 +25) compared to respective values in wild-type
controls (175£13 pg/ml and 13.5 £3.9) and Mepe™mice (200+18 and 20+4). Mepe™/Hyp
mice had further increases in osteocalcin (348+29) but not Ddp/Cr (59+15) levels. Bone
marrow stromal cultures (BMSCs) derived from Hyp mice displayed impaired mineraliza-
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tion compared to wild-type and Mepe™ mice, whereas BMSCs from Mepe”/Hyp mice had
increased mineralization indistinguishable from wild-type controls. These results demon-
strate that Mepe is not mediating the hypophosphatemia in Hyp mice, and that persistent
hypophosphatemia in Mepe”/Hyp may mask the effects of Mepe deficiency to improve
bone mineralization, since rescue of abnormal mineralization occurred in Hyp and Mepe-
deficient BMSCs. These results demonstrate that Mepe is not phosphatonin, but may be
involved in the pathogenesis of defective mineralization in Hyp mice.

Disclosures: S. Liu, None.
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Evidence for a Physiological Role of FGF-23 in the Regulation of Renal
Phosphate Reabsorption and Plasma Calcitriol in Healthy Humans. S. L.
Ferrari, J. P. Bonjour, R. Rizzoli. Department of Geriatrics and Internal
Medicine, Division of Bone Diseases, Geneva, Switzerland.

FGF-23 appears to be responsible for tumor-induced osteomalacia (TIO) and is also
implicated in autosomal-dominant hypophosphatemic rickets (ADHR), two disorders char-
acterized by hypophosphatemia, renal phosphate (Pi) wasting and inappropriately low
plasma calcitriol. Pi homeostasis is regulated by tubular Pi reabsorption and calcitriol pro-
duction, two regulators which respond to dietary Pi intake independently of PTH. To inves-
tigate whether FGF-23 contributes to the physiological regulation of Pi homeostasis in
humans, we measured the renal handling of Pi, calciotropic hormones and serum FGF-23
in 29 healthy male volunteers (mean age +sem, 24.3 0.5 yrs) submitted to a dietary modi-
fication trial for two weeks. After 2 days on their regular diet, subjects were advised to a
low Pi diet, including a Pi binder (Al and Mg hydroxide, 1g before each meal) for 5 d. Dur-
ing this period, dietary calcium (Ca) was also restricted in order to minimize concomitant
changes in PTH. This was followed by 2 d. of regular diet and 5 d. of high Pi diet including
a supplement of 1000 mg Pi/d. Measurements were performed on the last day of each diet
period after an overnight fast. Serum FGF-23 was measured by ELISA recognizing the
COOH-terminus (aa 180-251) of the molecule (Immunotopics Inc. (San Clemente, CA),
with a lower limit of detection of 3 RU/ml and an inter-assay CV of 5 to 7.3%.

On regular, low and high Pi diet, 24 hr. urinary (U) Pi excretion was 1.99 +0.07, 1.03 +
0.08 and 3.68 +0.16 (mmole/mmoleCreat/d, p<0.0001), respectively, and plasma Pi was
1.26 +0.03, 1.14 +0.03 and 1.23 +0.03 (mmole/L, p=0.0033), whereas plasma iCa
remained unchanged. Among subjects adherent to the dietary changes (27/29), FGF-23
levels decreased by 29 +6% and increased by 31 +9% on low and high Pi diets, respec-
tively, compared to regular diet (p<0.0001), and were positively correlated with 24 hr. UPi
excretion (p=0.0003) but not with 24 hr. UCa excretion. In contrast, PTH increased non-
significantly on both low and high diets. FGF-23 was negatively correlated with tubular Pi
reabsorption (TmPi/GFR, p=0.0028) and plasma calcitriol (p=0.05), whereas PTH was not.
By multiple regression analysis, plasma Pi and FGF-23 were both negatively correlated to
calcitriol (p=0.0021 and 0.04, respectively), whereas PTH was not.

In conclusion, FGF-23 plasma levels vary in response to changes in dietary Pi. FGF-23
negatively correlates with both renal Pi reabsorption and plasma calcitriol, suggesting that
this phosphaturic factor plays a physiological role in Pi homeostasis.

Disclosures: S.L. Ferrari, None.
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Parathyroid Hormone (1-34; Teriparitide) Enhances Experimental
Fracture Healing. Y. M. Alkhiary', L. C. Gerstenfeld’, D. M. Cullinane?, D.
Nathanson*!, E. Krall®, M. Sato**, B. Mitlak*’, T. A. Einhorn®>. 'Restorative
Sciences & Biomaterials, Boston University School of Dental Medicine,
Boston, MA, USA, *Boston University Medical Center, Boston, MA, USA,
3Lilly Research Laboratories, Indianapolis, IN, USA.

Substantial progress has been made in the use of surgically implanted recombinant pro-
teins to enhance fracture (fx) healing where there is nonunion or substantial loss of bone.
However, a systemically administered therapy that could promote fracture healing would
be desirable. We therefore tested the hypothesis that a once-daily subcutaneous injection of
teriparatide could enhance fx healing. Two hundred fifty-two male Sprague Dawley rats
underwent standard, closed mid-diaphyseal femoral fxs. Immediately post-fx, animals
were divided into three groups and administered daily injections of 5 ug/kg teriparatide, 30
ug/kg teriparatide, or aqueous vehicle (control) for a maximum of 35 days treatment. Each
group was further divided into three subgroups, which were euthanized on day 21, 35, or
84 post fx respectively. At necropsy, bones were harvested and the calluses subjected to
QCT and mechanical torsion testing to failure. Additionally, calluses from three animals in
each group were analyzed by histomorphometry. The 30 ug dose produced significant
increases on day 21 post-fx for bone mineral content (BMC; p=0.006), bone mineral den-
sity (BMD; p=0.001), and percent cartilage in the callus (p=0.004) relative to controls. On
day 35, both the 30 ug (p=0.001) and the 5 ug (p=0.01) groups showed increases in BMC
and BMD. At this time, the 30 ug group also showed a significant increase in torque
strength (p=0.001). While dosing was discontinued after day 35, analyses performed after
84 days in rats previously treated with 30 ug showed sustained increases over control for
BMC (p=0.001) and BMD (p=0.002). Histological analysis and geometric measurements
of the calluses further showed that there was no change in osteoclast number, while overall
cortical diameters in the teriparatide treated animals were greatest at 84 days. These data
show that daily subcutaneous administration of low-dose teriparatide, PTH (1-34),
enhances fracture healing by increasing BMD, BMC, and strength, and produces a sus-
tained anabolic effect throughout the remodeling phase of fracture repair.

Disclosures: Y.M. Alkhiary, Eli Lilly Research Laboratories 2.
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MEPE Regulates Bone Mineralization and Phosphate Transport: PHEX
and the MEPE ASARM-Peptide. P. S. N. Rowe', Y. Kumagai’, G. Gutierrez’,
L._R. Garrett’, R. Blacher*?, D. Rosen*?, D. Chen’, M. K. Drezner*, L. D.
Quarles’, G. R. Mundy®. 'Periodontics, UTHSCSA, San Antonio, TX, USA,
*Acologix, Emeryville, CA, USA, *Osteoscreen, San Antonio, TX, USA, *Univ
of Wisconsin, Madison, WI, USA, °Duke Univ, Durham, NC, USA,
SUTHSCSA, San Antonio, TX, USA.

Matrix extracellular phosphoglycoprotein (MEPE) expression is markedly elevated in
X-linked hypophosphatemic rickets (Hyp) osteoblasts and in oncogenic hypophosphatemic
osteomalacia (OHO) tumors. It is also expressed exclusively in osteoblasts, osteocytes, and
odontoblasts. Since the Hyp defect is associated with osteoblast-secreted factors that
impair mineralization and renal phosphate excretion and OHO has many phenotypic simi-
larities to Hyp, we examined the effects of recombinant full-length human-MEPE (Hu-
MEPE) on serum and urinary phosphate in-vivo, 33PO4-uptake in renal proximal-tubule-
cultures and mineralization of osteoblast cultures. Dose dependent hypophosphatemia and
hyperphosphaturia occurred in mice following intraperitoneal (IP) administration of Hu-
MEPE (up to 400 ug/kg/31h), similar to mice given the phosphaturic hormone PTH (80 ug/
kg/31h). Also the fractional excretion of phosphate (FEP) was stimulated by MEPE
(65.0% (P<0.001)) and PTH groups (53.3% (P<0.001) relative to the vehicle group (28.7%
(SEM 3.97)). In addition, Hu-MEPE significantly inhibited 33PO4-uptake in primary
human proximal-tubule renal-cells (RPTEC) and a human renal cell-line (Hu-CL8) in vitro
(Vmax 53.4% inhibition; Km 27.4 ng/mL, and Vmax 9.1% inhibition; Km 23.8 ng/mL
respectively). Moreover, Hu-MEPE dose dependently (50 to 800 ng/mL) inhibited BMP2
mediated mineralization of a murine osteoblast cell-line (2T3) in vitro. Inhibition of miner-
alization was localized to a cathepsin-B released carboxy-terminal acidic MEPE-peptide
containing the acidic-serine-aspartate-rich motif (ASARM-peptide). We have demon-
strated previously that PHEX and a carboxy-terminal fragment of PHEX protects MEPE
from cathepsin B cleavage and subsequent release of the acidic ASARM-peptide. Also,
PHEX is defective in HYP and there is a marked increase in expression of MEPE and spe-
cific proteases (cathepsin D, ECEL1/DINE and neprilysin), potentially resulting in ele-
vated levels of ASARM-peptide and in consequence rickets/osteomalacia. We propose that
a novel PHEX-MEPE cell-surface protective-interaction is responsible for modulating
mineralization and renal phosphate-handling. The distinct activities of these MEPE-pep-
tides may be of use for the treatment of phosphate-handling and mineralization disorders in
teeth, bone, kidney and also in the prevention of ectopic-mineralization.

Disclosures: P.S.N. Rowe, Acologix N; Osteoscreen 5.
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Glitazones, the Anti-Diabetic PPAR-gamma Agonists, Pose a Significant
Risk of Bone Loss; Differential Effects of Rosiglitazone and Netoglitazone.
B. Lecka-Czernik, L. J. Suva, D. Gaddy, S. O. Rzonca*. Geriatrics,
Orthopaedic Surgery, and Physiology and Biophysics, University of Arkansas
for Medical Sciences, Little Rock, AR, USA.

Glitazones compose a new class of oral anti-diabetic agents that are used for treating
type 2 diabetes. These compounds sensitize cells to insulin through specific activation of
PPAR-y nuclear receptor. One of its isoforms, PPAR-y2, is expressed in marrow mesenchy-
mal stem cells and controls osteoblast and adipocyte development. PPAR-y2 activated with
rosiglitazone, an FDA-approved anti-diabetic glitazone, inhibited osteoblast and promoted
adipocyte differentiation in vitro and in vivo. Rosiglitazone administration to non-diabetic
C57BL/6 adult mice (6 mo) at a dose of 20 pg/g body weight/day for 7 weeks led to a sig-
nificant decrease in bone mineral density (BMD) and bone mineral content (BMC).
Detailed analysis of the microarchitecture of the proximal tibia using microcomputed
tomography (microCT) revealed a significant decrease in BV/TV (32%), trabeculae num-
ber (22%) and connectivity (21%), and an increase in the spacing between trabeculae
(33%) (p<0.05). Changes in bone structure were accompanied by changes in the expres-
sion of adipocyte and osteoblast marker genes measured in the whole tibia using real time
PCR. The expression of fatty acid binding protein aP2 was increased 3-fold, whereas
expression of osteoblast-specific genes, such as Runx2/Cbfal, DIx5, osteocalcin and col-
lagen I, was decreased by 50%. Interestingly, although rosiglitazone administration to ani-
mals did not change the ex vivo potential of isolated marrow mesenchymal stem cells to
differentiate toward osteoblasts and adipocytes, it significantly decreased the fraction of
osteoblastic precursors that are sensitive to rosiglitazone in culture. These cells may repre-
sent plastic precursors capable of interconversion between adipocyte and osteoblast pheno-
types. A similar decrease in the same cell fraction was seen in non-treated 24 mo old,
compared to 6 mo old animals. Another agonist, netoglitazone, which binds to PPAR-y
with lower affinity, yet its anti-diabetic efficacy is 50-times greater than rosiglitazone, was
examined. Netoglitazone was over 100-times less effective than rosiglitazone in both the
inhibition of osteoblastogenesis and induction of adipogenesis in the model of marrow
mesenchymal cell differentiation, U-33/y2 cells. Netoglitazone administration to mice led
to much smaller decreases in BMD and BMC, compared to the similar rosiglitazone dose.
These results indicate that glitazones induce changes in bone that resemble age-related
bone loss, and suggest that there may be effective anti-diabetic PPAR-y agonists with little
or no adverse effects on bone.

Disclosures: B. Lecka-Czernik, None.
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Transgenic Mice Overexpressing Human FGF23(R176Q) Recapitulate a
Severe Form of the ADHR Phenotype. X. Y. Bai*', D. S. Miao?, J. R. Li*>, D.
Goltzman®, A. C. Karaplis'. 'Medicine, SMBD-Jewish General Hospital,
McGill University, Montreal, PQ, Canada, *Medicine, MUHC, McGill
University, Montreal, PQ, Canada.

Renal phosphate wasting is associated with the hereditary disorders X-linked (XLH)
and autosomal dominant (ADHR) forms of hypophosphatemic rickets and the acquired
condition of tumor-induced osteomalacia (TIO). In addition to hypophosphatemia, patients
with these diseases exhibit decreased or inappropriately normal serum levels of 1,25-dihy-
droxy vitamin D3 [1,25(0OH),D,], as well as rickets/osteomalacia. The genes responsible
for XLH and ADRH have been identified as PHEX and FGF23, respectively. In ADHR,
mutations in FGF23 prevent proteolytic cleavage, increase stability, and enhance the bio-
logical potency of the circulating protein. Elevated circulating serum levels of FGF23 have
now been reported in XLH patients and FGF23 is abundantly expressed in tumors associ-
ated with TIO. To explore the biological actions of FGF23 in the intact organism, the
cDNA encoding the R176Q form of FGF23 described in patients with ADHR, was intro-
duced in a transgenic mouse model by targeting its expression in the liver.

The transgene was constructed in the pLIV.7 plasmid, which contains 3-kb of 5' flanking
sequence, exon I, part of exon 2, a 254-bp fragment of the 3' end, including the poly(A)
signal, and 1.7-kb hepatic control region (HCR) of the human apolipoprotein E3 gene.
Human FGF23-myc tag was mutated to encode FGF23(R176Q)-myc, and ligated into
pLIV.7. The transgene was then microinjected into C57B/6J x CBA single cell embryos.
Animals carrying the transgene developed features characteristic of rickets and osteomala-
cia, such as shortened long bones and tail, whose severity correlated with the copy number
of the transgene. Biochemically, they exhibited marked elevation in serum FGF23 levels,
serum alkaline phosphatase activity, and PTH, while demonstrating normocalcemia with
hypophosphatemia and increased urinary phosphate excretion. Histologically, in the long
bones there were widened metaphyses, smaller epiphyses, thicker growth plates with irreg-
ular chondrocyte columns, disorganized hypertrophic zone lacking mineralization, and
thickened trabeculae with large amount of unmineralized osteoid, consistent with extensive
rickets/osteomalacia. Analysis of other tissues identified diffuse parathyroid hyperplasia
and renal cysts in the mice carrying the transgene.

These animals recapitulate the morphological and biochemical features characteristic of a
severe form of AHDR and will serve as a useful tool for dissecting the molecular signals
that alter renal phosphate handling and vitamin D metabolism in the renal phosphate wast-
ing states of XLH, ADHR, and TIO.

Disclosures: A.C. Karaplis, None.
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Expression of the Measles Virus Nucleocapsid (MVNP) Gene in
Osteoclasts Increases Osteoclast Formation and Activity In Vitro and In
Vivo. G. D. Roodman', N. Kurihara', S. V. Reddy', F. Singer?, T. Cundy®, H.
Zhou**, D. Dempster*, J. Windle**. 'Medicine-Hematology/Oncology,
University of Pittsburgh, Pittsburgh, PA, USA, ’Endocrine, John Wayne Cancer
Ctr, Santa Monica, CA, USA, *Medicine, University of Auckland, Auckland,
New Zealand, 4Path010gy, Helen Hayes Hospital, New York, NY, USA,
SHuman Genetics, Virginia Commonwealth University, Richmond, VA, USA.

‘We reported that OCL from Paget's patients (PD) express MVNP and that OCL formed
by human OCL precursors transfected with the Edmonston (Ed) strain of MVNP gene
express a pagetic phenotype (increases in OCL numbers, nuclei/OCL, and sensitivity to
1,25-(OH),D;). We recently reported the full-length MVNP sequence from a PD, which
contained mutations in the C-terminus that differed from the Ed-MVNP and were also
present in three other PD. To determine the effects of expressing MVNP and the PD muta-
tions on OCL in vivo, we targeted the Ed or the PD-MVNP to cells in the OCL lineage in
transgenic mice using the tartrate resistant acid phosphatase promoter (TRAP). Bone mar-
row from transgenic mice or nontransgenic littermates (controls) were tested for their
capacity to form OCL, their sensitivity to 1,25-(OH),D,, and their bone resorbing capacity
in vitro. Both TRAP-PD -MVNP and Ed-MVNP marrow formed increased numbers of
highly multinucleated OCL (30-50 nuclei/OCL). Interestingly, TRAP-PD-MVNP marrow
required only 10"'M 1,25(0OH),D, to form large numbers of OCL while TRAP-Ed-MVNP
marrow cells required 10"°M. Marrow from both types of transgenic mice formed more
OCL (three to fourfold) and were hyper-responsive to 1,25(0OH),D, than marrow from non-
transgenic littermates. Furthermore, TAF; 17, a potential coactivator of the vitamin D
receptor that confers hyperresponsivity to 1,25-(OH),D, in OCL precursors from PD, was
increased more than 50% in TRAP- PD-MVNP marrow cells than TRAP-Ed-MVNP mice
but was not increased in control mice. Histomorphometric analysis of vertebrae, femurs
and tibiae from TRAP-PD-MVNP mice showed increased OCL/mm bone (1.99 + 0.8 vs.
0.89 + 0.26 mean + SD p < .01) and OCL surface (5.04 + 2.11% vs. 2.56 + 0.26% p < .01)
compared to nontransgenic littermates. Similar results were seen with TRAP-Ed-MVNP
mice. Bone resorption lacunae were deeper and more numerous in both types of transgenic
mice than controls. These data demonstrate that expression of the MVNP gene in OCL
increases OCL formation and bone resorption in vivo, and mutations in the MVNP
sequence present in PD increase the capacity of OCL precursors to respond to 1,25-
(OH),D;. These data support an important role for the MVNP gene in the pathogenesis of
Paget's disease, and suggest that the "pagetic" mutations in MVNP may have physiologic
significance.

Disclosures: GD. Roodman, None.
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Stimulation of Cyclooxygenase-2 Expression by TGF-Beta Enhances Bone
Metastases in Breast Cancer. T. Hiraga, T. Yoneda. Dept Biochem, Osaka
Univ Grad Sch Dent, Osaka, Japan.

Cyclooxygenase-2 (COX-2) is the rate-limiting enzyme of prostaglandin (PG) synthe-
sis. Recent studies have shown that COX-2 is involved in angiogenesis, growth, apoptosis
and invasiveness in breast cancer, suggesting the importance of COX-2 in malignant
behavior of breast cancer. However, the role of COX-2 in distant metastasis in breast can-
cer is still unclear. Bone is one of the commonest sites of metastasis in breast cancer
patients. Clinical studies have shown that the PG production by breast cancer cells posi-
tively correlates with the occurrence of bone metastases. These data raise the possibility
that COX-2 expression in breast cancer cells contributed to the pathophysiology of bone
metastases. To approach this, we studied the MDA-MB-231 (MDA-231) human breast
cancer cells that caused bone metastases following heart inoculation. Immunohistochemi-
cal examination showed that MDA-231 cells in the close vicinity of residual bone
expressed intense COX-2 in bone metastases. In contrast, COX-2 expression was undetect-
able in MDA-231 tumors developed in orthotopic site. Histomorphometrical examination
revealed that a selective COX-2 inhibitor NS-398 (20mg/kg/day for 3weeks, ip) signifi-
cantly reduced bone metastases with decreased number of osteoclasts, suggesting a critical
role of COX-2 in bone metastases. Of note, the bisphosphonate ibandronate reduced COX-
2 expression in MDA-231 cells in bone metastases, suggesting that COX-2 expression is
dependent on bone resorption. Since evidence is accumulating that bone resorption
releases bone-stored growth factors which in turn modulate the metabolism of metastatic
cancer cells in bone, we next determined the effects of TGF-beta (TGFb), one of the most
abundant growth factors stored in bone, on COX-2 expression in MDA-231 cells in cul-
ture. TGFb increased COX-2 expression in MDA-231 cells, whereas IGF, FGF and PDGF
that are also stored in bone showed no effects. ELISA demonstrated that TGFb signifi-
cantly increased PGE2 production and NS-398 inhibited PGE2 production in a dose-
dependent manner in MDA-231 cells. Conditioned medium harvested from TGFb-treated
MDA-231 cells significantly stimulated osteoclast-like cell formation in mouse bone mar-
row cultures, while the conditioned medium of MDA-231 cells treated with TGFb in the
presence of NS-398 exhibited no effects. In conclusion, our results suggest that bone-
derived TGFb up-regulates COX-2 expression in breast cancer cells colonizing bone,
thereby increasing PG production, which in turn stimulates osteoclastic bone destruction,
leading to the progression of bone metastases. Our results also suggest that suppression of
COX-2 is a potential therapeutic intervention for bone metastases in breast cancer.

Disclosures: T. Hiraga, None.
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Lymphoproliferative Disease Induces Spontaneous Osteolytic Bone
Lesions in Tax Transgenic Mice. L. Gao*', H. Zhao?, H. J. Deng*', S.
Kaushik*', J. Harding*', L. Ratner*', K. Weilbaecher'. 'Department of
Medicine, Washington University School of Medicine, St. Louis, MO, USA,
*Department of Pathology, Washington University School of Medicine, St.
Louis, MO, USA.

Adult T-cell leukemia/lymphoma (ATLL) is associated with expression of the HTLV-1
viral oncogene, tax, and with hypercalcemia and bone invading (osteolytic) lesions in 70%
of patients. Tax transgenic mice have been previously generated utilizing the human
granzyme B promoter that limits tax gene expression to the mature T-cell. Tax mice
develop LGL leukemia and soft tissue tumors. We found that 70% of Tax mice developed
numerous osteolytic bone lesions throughout the tail vertebre identified by X-ray analysis,
between the ages of 4-12 months (Fig.1A). Bone mineral density measured by DEXA in
the affected tail regions showed significant bone loss. TRAP staining on paraffin embed-
ded tissue sections showed increased number of osteoclasts (indicated by arrows) at the
interface of tumor and bone (Fig.2). Tax and wild type cultured osteoclasts were indistin-
guishable for the ability to form multinucleated TRAP positive cells capable of resorbing
calcium phosphate matrix. Soft tissue tumor expression of osteoclast activating factors
such as IL-6, PTHrP, M-CSF, and TNFa were similar in mice with and without osteolytic
bone lesions. However, we detected higher RANKL expression by RT-PCR in soft tissue
tumors associated with osteolytic bone lesions compared to soft tissue tumors without bone
lesions. Furthermore, Tax+/Interferon gamma null mice developed widespread bone
lesions and soft tissue tumors at earlier ages associated with more severe bone destruction
compared to Tax+/Interferon gamma wild type mice (Fig.1B). We conclude that Tax mice
develop spontaneous osteolytic bone metastases that are associated with enhanced tumor
expression of RANKL. Interferon gamma gene deletion resulted in enhanced osteolytic
tumor formation. Tax mice provide a new animal model for dissecting the pathogenesis of
spontaneous bone osteolysis and for screening of new therapeutics targeted against tumor
associated bone destruction.
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PTHrP Stimulates New Bone Formation by Molecular Mimicry of
Endothelin-1. K. S. Mohammad, T. A. Guise, J. M. Chirgwin. Medicine/
Endocrinology, Univ of Virginia, Charlottesville, VA, USA.

Prostate cancer metastases to the skeleton are frequently osteoblastic, despite abundant
expression of the osteolytic factor parathyroid hormone-related protein, PTHrP. We pro-
pose a new explanation for this paradox: N-terminal fragments of PTHrP stimulate new
bone formation by activating the endothelin A (ETA) receptor. Endothelin-1 (ET-1) is a 21
aa peptide which potently stimulates new bone formation via the ETA receptor. ET-1 resi-
dues 6-9 [LMDK] and PTHrP residues 8-11 [LHDK] share strong sequence homology. We
tested PTHrP 1-16 in an ex vivo assay. Hemi-calvariae [n=4] of 4 day old mice were cul-
tured on grids in medium + 0.1% BSA and test factor for 4 or 7 days. They were then fixed,
decalcified, and embedded in paraffin. Sections were cut parallel to the sagittal suture,
stained with H&E;, and analyzed by computerized histomorphometry to determine new
bone area and osteoblast number. Inclusion of 100nM PTHrP 1-16 caused a 3-fold stimula-
tion of new bone area at 4 days (0.0095 vs 0.0035mm?2 for untreated control, p<0.05) and 7
days (0.014 vs 0.0035mm?2 for untreated control, p<0.001). Osteoblast numbers were cor-
respondingly increased. The response was equivalent to that caused by 100nM ET-1 posi-
tive control. There was no additional response to 1000nM PTHrP 1-16 or to the
combination of 100nM each PTHrP 1-16 and ET-1. The effects on new bone area and
osteoblast number were blocked by the inclusion of 0.0lmM ABT627, a selective ETA
receptor antagonist, which did not block new bone formation stimulated by FGF-2. We
found similarly strong anabolic responses to 25nM PTHrP 1-20 and 1-23, while PTHrP 1-
34 instead caused extensive osteolysis. Our data demonstrate that N-terminal peptides of
PTHrP exert potent anabolic effects on bone via the ETA receptor. The sequence of PTHrP
18-23, RRREFF, is cleaved by prostate-specific antigen. Proteolysis at this site frees resi-
dues 8-11 to bind to ETA, providing a molecular explanation for the osteoblastic phenotype
of PTHrP-positive prostate cancer bone metastases. The mimicry of ET-1 by PTHrP N-ter-
minal peptides suggests that ETA receptor antagonists could be effective in treating pros-
tate cancer, both against the actions of endothelin itself and against the anabolic effects of
PTHrP fragments.

Disclosures: K.S. Mohammad, None.
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A Novel 25-Hydroxyvitamin D, Analog for Prostate Cancer. R. Ray*', N.
Swamy*', T. Chen', S. Peleg?, S. Christakos®’, N. Weigel**. 'Endocrinology,
Diabetes and Nutrition, Department of Medicine, Boston University School of
Medicine, Boston, MA, USA, *M.D. Anderson Cancer Center, Houston, TX,
USA, *New Jersey Medical School, Newark, NJ, USA, 4Baylor College of
Medicine, Houston, TX, USA.

25-hydroxyvitamin D, (25-OH-D;) is not considered to be therapeutically important
due to its low vitamin D receptor (VDR)-binding affinity. Recently we developed an ana-
log of 25-OH-D;, 25-hydroxyvitamin D,-3-bromoacetate (25-OH-D,-3-BE) which engages
VDR by cross-linking to its hormone-binding pocket. Preliminary studies with 25-OH-D;,-
3-BE demonstrated that it inhibited the growth of prostate cancer cells (LNCaP, PC-3.
LAPC-4), immortalized normal prostate cells (PZ-HPV-7), breast cancer cells (MCF-7),
and primary skin cells (keratinocytes) similar to 1,25-dihydroxyvitamin D, (1,25(OH),D;).
Furthermore, we observed that 25-OH-D,-3-BE was cytotoxic only towards PC-3, LNCaP
and LAPC-4 cells. DNA-fragmentation and caspase assays showed that 25-OH-D;-3-BE
induced apoptosis. VDR-transfection assays in COS-7 cells demonstrated that 25-OH-D,-
3-BE modulated 24-hydroxylase promoter activity similar to 1,25(OH),D,. Furthermore, in
a pull-down assay 25-OH-D,-3-BE stimulated interaction of VDR with RXR and GRIP-1
in PC-3 cells. These results strongly suggested that prostate cancer cell-specific effects of
25-OH-D;-3-BE were mediated by VDR. Serum calcium measurement of CD-1 mice
dosed with various amounts of 25-OH-D,-3-BE showed that at least 3.3ug/20 gm of this
compound did not raise serum calcium beyond control. Furthermore, 25-OH-D,-3-BE
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drastically changed the cellular structure of tumor-cells in nude mice bearing PC-3-induced
prostate tumor without eliciting significant systemic toxicity. Tissue-specific effects of
1,25(0OH),D; and its analogs are not common due to the ubiquitous nature of VDR. We
have demonstrated that 25-OH-D,-3-BE, a non-calcemic analog of 25-OH-D, displayed
strong prostate cancer cell-specific effects. It is also noteworthy that various human pros-
tate cancer cells respond to 1,25(OH),D, differently, potentially limiting their use. In con-
trast, 25-OH-D,-3-BE was equally effective in AR-positive LNCaP and AR-negative PC-3
and LAPC-4 cells. Therefore, 25-OH-D,-3-BE could potentially be developed as a thera-
peutic agent for androgen sensitive and androgen-refractory prostate cancer

Disclosures: R. Ray, None.
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Tumor Suppressor Smad4/DPC4 as a Corepressor for Estrogen Receptor
a. L. Wu', Y. Wu', Q. Li*', W. Gathings**, X. Cao'. 'Univ. of Alabama at
Birmingham, Birmingham, AL, USA, *Univ. of Alabama in Huntsville,
Huntsville, AL, USA.

Antiestrogen compounds are widely used for the treatment of osteoporosis, breast can-
cer and other diseases. Recent studies suggest that novel yet unidentified cofactors for the
estrogen receptor may contribute to the tissue-specific activity of antiestrogens. We have
demonstrated that Smad4, a common signal transducer in the TGF-$/BMP signaling path-
way, functions as a transcription corepressor for estrogen receptor oo (ERa). Endogenous
ERa co-immunoprecipitates with Smad4 and the interaction can be induced by the anties-
trogen ligands, tamoxifen, raloxifene and droloxifen. The observation was confirmed in
chromatin immunoprecipitation assays. Smad4 and ERa. form a complex when ERa binds
to an estrogen responsive element in the estrogen target gene promoter. Importantly, over-
expression of Smad4 enhances the antiestrogens inhibitory effect on luciferase reporter
activity and down regulates the estrogen target gene transcription in breast cancer cells.
Mapping of the interaction domains indicates that the N-terminal activation function
domain 1 (AF1) of ERa and the N-terminal Mad homologous domain 1 (MH1) and Linker
region of Smad4 are essential for their interaction. Estrogen receptor 3 (ERp), however,
does not interact with Smad4, and neither TGF-f nor Smad4 has any effect on ERf3-medi-
ated transcription, suggesting that ERp is not involved in the cross-talk between estrogen
and TGF-f. We have also developed MCF-7 cell lines that overexpress Smad4 (MCF-
7_Smad4) or GFP (MCF-7_GFP) mediated by retrovirus. By using a cell proliferation
assay, we observed that overexpression of Smad4 enhances antiestrogen-induced cell
growth arrest. Smad4 overexpression also enhances antiestrogen-mediated apoptosis as
demonstrated in TUNEL assay. We also examined the effect of Smad4 on breast tumor
growth in nude mice. MCF-7_GFP and MCF-7_Smad4 cells were inoculated into the
flanks of 15 mice with 1x10° cells per site. The formula, length x width x height x0.5236,
was used to calculate tumor volume. As shown in the figure, Smad4 significantly inhibited
tumor growth. In summary, we found that Smad4 functions as a transcription corepressor
for ERa, and that Smad4 repression activity is differentially regulated by antiestrogens.
Thus, TGF-B may regulate cell fate through Smad4-mediated cross-talk with the estrogen
signaling pathway.
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Disclosures: L. Wu, None.
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Ectopic Runx2 Regulates Breast Cancer Metastasis Associated Osteolytic
Disease. G. L. Barnes', K. E. Hebert*', A. Javed’, M. H. Kamal*', T. A.
Einhorn', J. B. Lian’, G. S. Stein’, L. C. Gerstenfeld'. 'Department of
Orthopaedic Surgery, Boston University Medical Center, Boston, MA, USA,
*Department of Cell Biology, University of Massachusetts Medical School,
Worcester, MA, USA.

Metastatic breast cancer cells preferentially localize to skeletal sites and predominantly
produce osteolytic disease. Metastasis associated lytic bone disease is the result of cancer
cell mediated disruptions of the normal homeostatic interactions between osteoblasts and
osteoclasts. We have recently reported that human breast cancer cells ectopically express
the transcription factor Runx2, a factor associated with skeletal cell differentiation. We
propose that the ectopic expression of Runx2 by human breast cancer cells is a key regula-
tor of the interactions between cancer and bone cells that lead to osteolytic disease. In order
to test this hypothesis we have disrupted the endogenous ectopic Runx2 activity in human
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breast cancer cells through the use of several independent Runx dominant-negative con-
structs. In an in vivo intramedullary injection model system 90% of animals injected with
control MDA-MB-231 breast cancer cells, which constitutively express Runx2, produce
large lytic lesions associated with TRAP+ osteoclasts. In contrast, only 15% of mice
injected with the dominant-negative Runx expressing MDA-MB-231 cells display detect-
able lesions. Furthermore, the lesions that do appear are smaller in size and are not associ-
ated with active osteoclasts. We have used an in vitro co-culture system with marrow
stromal cells to assess the homeostatic interactions between osteoblasts and osteoclasts in
the presence of human breast cancer cells. These studies demonstrate that breast cancer
cells disrupt normal skeletal cell homeostasis and produce lytic disease by inhibiting new
osteoblast differentiation and enhancing osteoclast differentiation and activity. In these co-
cultures we observe a greater than 60 % reduction in osteoblast associated mineralized
nodule formation and osteoblast gene expression (BSP, OC and Col I) together with a 2-3
fold increase in osteoclast associated TRAP expression and the expression of the pro-
resorptive cytokines TNFa, RANKL and IL-6. Over-expression of the Runx dominant-neg-
ative construct in these cancer cells abolishes these cancer cell mediated effects in our in
vitro system. Together both the in vivo and in vitro studies demonstrate that Runx2 is a
central regulator of breast cancer cell mediated disruptions in normal skeletal homeostasis,
specifically those that lead to osteolytic disease.

Disclosures: GL. Barnes, None.
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Cystatin 10, a Novel Chondrocyte-Specific Protein, Contributes to
Pathogenesis of Osteoarthritis and Ectopic Ossification through
Chondrocyte Calcification. T. Yamada', H. Kawano', T. Fukuda*?, K.
Yoshimura*?, T. Nakamura*?, Y. Koshizuka', S. Kamekura*', U. Chung', S.
Kato?, H. Kawaguchi'. 'Orthopaedic Surgery, Univ. of Tokyo, Tokyo, Japan,
*IMCB, Univ. of Tokyo, Tokyo, Japan.

In efforts to elucidate the molecular mechanisms of endochondral ossification, we
recently identified a novel gene, cystatin 10 (Cst10), which was upregulated with ectopic
ossification of the mouse auricular cartilage. Expression of Cst10 was specific to cartilage,
especially to hypertrophic chondrocytes of the growth plate. In the culture of mouse chon-
drogenic ATDCS cells, Cst10 expression was seen simultaneously with that of type X col-
lagen, and increased in synchrony with maturation thereafter. Overexpression of Cst10
c¢DNA in ATDCS cells induced calcification as determined by Alizarin red and von Kossa
stainings. To further investigate the physiological role of Cst10, we created mice lacking
the Cst10 gene (Cst10” mice). Cst10” mice developed normally without abnormalities of
major organs. Immunohistochemical and in situ hybridization analyses of the growth plate
showed no abnormality in proliferation or hypertrophy of chondrocytes; however, calcifi-
cation of hypertrophic chondrocytes was impaired in the Cstl0” growth plate and the
height of calcified layer was about 60% that of wild-type (WT) littermates at 8 weeks of
age. Bone densitometry, histomorphometry and 3D-uCT analyses revealed a significant
decrease in the volume of primary spongiosa adjacent to the growth plate by Cst10 defi-
ciency. In the culture of primary chondrocytes derived from the growth plate, calcification
of Cst10™ cells was suppressed compared to that of WT cells although their proliferation
and earlier differentiation determined by Alcian blue staining were normal. Despite these
in vivo and in vitro abnormalities, bone growth and turnover of Cst10” mice remained sim-
ilar to those of WT during the observation period up to 52 weeks of age. However, when
osteoarthritis was induced by producing instability in the knee joint of 8-week-old mice
through ligament transection and menisectomy, substantial osteophyte formation due to
endochondral ossification was seen in the WT knee 10 weeks after the operation, while this
was rarely seen in the Cst10” knee. In addition, although all WT mice exhibited ossifica-
tion of the tendon insertion of patella and calcaneus at 52 weeks of age, none of the Cst10”
“mice showed this disorder (n=4, each). We thus conclude that Cst10, an inducer of chon-
drocyte calcification, contributes to the pathogenesis of osteoarthritis and ectopic ossifica-
tion without affecting the physiological bone growth or turnover, suggesting that this
molecule could be a therapeutic target for these disorders.

Disclosures: T. Yamada, None.
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In Vivo Characterization of Human SOST: SOST-Transgenic Mice Exhibit
Skeletal Defects and are Osteopenic. M. S. K. Sutherland', C. Yu*!, J. C.
Geoghegan*', M. Jonas*?, D. G. Winkler', B. R. Kovacevich*?, A. Snell**, M.
Appleby*’, M. E. Brunkow*‘, J. A. Latham'. 'Gene Function & Target
Validation, Celltech R & D, Inc., Bothell, WA, USA, *Molecular Biology,
Celltech R & D, Inc., Bothell, WA, USA, 3Discovery Biology, Celltech R & D,
Inc., Bothell, WA, USA, “Genomics, Celltech R & D, Inc., Bothell, WA, USA.

Sclerosteosis is a severe skeletal disorder characterized by progressive bone overgrowth
and high bone mineral density due to a loss of function of the SOST gene. The gene prod-
uct, sclerostin, which shares homology to the DAN family of BMP antagonists, is highly
expressed in osteocytes. To explore the role of sclerostin in bone homeostasis in an in vivo
animal model, SOST-transgenic mice were generated by selectively targeting the expres-
sion of human SOST to bone with the mouse osteocalcin gene 2 (OG2) promoter. We
hypothesized that overexpression of human SOST in mice would result in decreased depo-
sition of mineral and lower bone mineral density. A series of four independent transgenic
founders were identified with gene copy numbers ranging from 4 to 30. Bones from the
mice were shown to express the transgene by RT-PCR analysis and sclerostin protein was
detectable by Western blot. SOST-transgenic mice exhibited kinky tails and were smaller at
birth compared to age-matched wildtype littermates. All other visible phenotypes were
normal. Alizarin red staining of the developing skeleton (E15.5 to 1 week of age) as well as
X-ray analyses of weaned and adult mice revealed that the transgenic mice had extra float-
ing ribs along with collapsed and fused vertebral bodies in the lumbar and sacral regions.
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Histological analyses of cross-sections of the lumbar vertebrae showed that the bones of
SOST-transgenic mice had thinner cortices and reduced amounts of trabecular bone. The
lumbar vertebrae (L3 to L5) and femurs of transgenic mice also displayed a significant
reduction in bone mineral density as measured by PIXImus. Biomechanical testing of the
vertebrae and femur by compression and 4-point bending, respectively, revealed that the
bones of the transgenic mice were more fragile and less resistant to fracture compared to
normal littermates. This is the first data bridging the role of sclerostin in rodents with man
where the gene was originally characterized. These results highlight the important role that
sclerostin plays in bone formation and maintaining the integrity of bone, and suggests that
agents that neutralize this protein may be of therapeutic benefit in clinical indications asso-
ciated with loss of bone.

Disclosures: M.S.K. Sutherland, Celltech R& D, Inc. 1, 3.
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Gender Dependent Neuroregulation of Bone Mass: Evidence from the
Neuropeptide Y Y2/Y4 Double Knockout Mouse. P. A. Baldock', A.
Sainsbury*?, R. F. Enriquez*', M. Couzens*?, H. Herzog**, E. M. Gardiner'.
"Bone and Mineral Research Program, Garvan Institute of Medical Research,
Sydney NSW, Australia, 2Neurobiology Program, Garvan Institute of Medical
Research, Sydney NSW, Australia, *Neurobiogy Program, Garvan Institute of
Medical Research, Sydney NSW, Australia.

Neuropeptide Y (NPY) Y2 receptor has previously been shown to regulate cancellous
bone formation in the mouse by a centrally mediated mechanism. However, the manner in
which this elevation takes place is unknown. Elevated circulating levels of pancreatic
polypeptide, the major ligand for NPY Y4 receptor, implicated the Y4 in the Y2 knockout
(KO) bone phenotype.

This study compared the effect of NPY Y2 KO, Y4 KO and Y2/Y4 double KO on the reg-
ulation of bone mass in male and female mice. Distal femora from 4 month old knockout
and wildtype mice were examined. Values [units] are given: mean (SEM).

Y4 KO in male mice did not affect cancellous or cortical bone mass. BV/TV [%] in Y4 KO
mice 8.2 (1.2) did not differ from wildtype 6.6 (1.4). Both these values were lower than in
Y2 KO mice 12.4 (1.7). In contrast, cortical bone was not different from wildtype in either
Y4 or Y2 KO mice. Cortical area [mm2] in Y4 knockout 1.1 (0.1) did not differ from wild-
type 1.2 (0.1) or Y2 KO mice 1.1 (0.1).

Y2/Y4 KO in male mice had a synergistic effect on cancellous bone. BV/TV in Y2/Y4 KO
mice 17.4 (2.1) was elevated compared to Y4 KO 8.2 (1.2) and Y2 KO 12.4 (1.7), (p<
0.06). In contrast, cortical area was reduced in Y2/Y4 KO 0.92 (0.03) compared to Y4 KO
1.12 (0.04) and Y2 KO 1.09 (0.05). This effect was associated with reduced cortical thick-
ness.

Interestingly, in female Y2/Y4 KO mice, there was no synergistic increase in cancellous
BV/TV, with Y2/Y4 mice 10.6 (0.6) not different from Y2 KO females 10.8 (2.1), but with
both greater than wildtype 5.9 (0.3). Moreover, cortical area 0.91 (0.2), femoral length
[mm] 16.0 (0.1) and mid-femoral circumference [mm] 5.2 (0.1) in female mice were not
different from male Y2Y4 KO mice 0.92 (0.03), 16.0 (0.1) and 5.2 (0.1), despite signifi-
cant sex differences in cortical bone in both Y2KO and Y4KO mice.

Although the Y4 receptor pathway does not independently regulate bone mass, these data
suggest that in males there is an interaction between the Y2 and Y4 pathways to reduce
cancellous bone volume and increase cortical bone mass. Furthermore these data suggest
an interaction between the control of bone mass by sex hormones and the NPY pathways.

Disclosures: PA. Baldock, None.
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Longitudinal Changes in Trabecular Bone Architecture Detected by
Micro-MRI Based Virtual Bone Biopsy. E. W. Wehrli', A. M. Popescu*', B.
Vasilic*!, B. R. Gomberg*', P. K. Saha*!, B. Zemel’, B. Bunker*!, A. C.
Wright*!, P. J. Snyder’, H. Peachy*’. 'Radiology, University of Pennsylvania,
Philadelphia, PA, USA, *Nutrition and Growth, Children's Hospital of
Philadelphia, Philadelphia, PA, USA, 3Department of Medicine, University of
Pennsylvania, Philadelphia, PA, USA.

Estrogen depletion following menopause is accompanied by bone loss and architectural
deterioration of trabecular bone (TB). Conversely, hormone replacement therapy (HRT) pro-
tects against such bone loss. Here we report preliminary data on the first in vivo detection of
such skeletal changes in an ongoing study involving early postmenopausal women, half of
whom are getting HRT and half who do not (controls), using a protocol whereby BV/TV as
well as parameters expressing TB topology are quantified at the distal radius and tibia by
means of a MRI-based virtual bone biopsy. DXA BMD at the spine and hip were measured
as well. From the MR images acquired at 137x137x410 um3 voxel size, bone volume frac-
tion maps were generated which were subvoxel processed to yield a final voxel size of
62x62x103 um. These images were binarized, skeletonized and subjected to 3D topological
analysis. Skeletonization converts rods to curves and plates to surfaces. Parameters extracted
comprised the volume density of curves (CURV) and surface voxels (SURF) as well as com-
posite parameters surface/curve ratio (S/C) and “erosion index” (EI). Apparent TB thickness
(Tb.Th) was derived as well. Subjects were imaged at baseline and 11-13 months later. So far,
11 control and 5 HRT subjects afforded images of adequate quality. Relative differences from
baseline were computed for each subject and the mean differences compared between
groups. Measurements at the wrist indicated a relative decrease in CURV (p=0.01) and
decrease in EI (p=0.05) in HRT relative to controls. Tb.Th was suggestive of being greater in
the HRT group (p=0.08). Other structural parameters were not different. These preliminary
findings are consistent with the known protective effects of HRT ensuring maintenance of a
more plate-like TB architecture. The observations in the radius were not paralleled by similar
findings in the tibia. BMD, though not statistically significant, indicated the same protective
effect of HRT. This work suggests that MRI-based in vivo micromorphometry of trabecular
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bone may be useful for monitoring osteoporosis treatment.

a b C d
\iriual bone hiopsy cores ina HRT (a, b) and control subject (T, d)
taken at baseline (a, c) and one year later (b, d).

Disclosures: F.W. Wehrli, None.
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Identification of Alox15 as a Gene that Regulates Peak Bone Mass in Mice.
R. E Klein', J. D. Allard*?, A. S. Carlos*', Z. Avnur*?, D. A. Olson*', R.
Waters*?>, D. Dinulescu*!, T. Nikolcheva*?, M. Shea', B. Hansen*!, J.
Kansagor*', J. D. Belknap*', G. Peltz*?, E. S. Orwoll'. 'Oregon Health & Science
University, Portland, OR, USA, 2Roche Bioscience, Palo Alto, CA, USA.

The identification of genes underlying quantitative-trait loci (QTL) for complex dis-
eases, such as osteoporosis, is a challenging and difficult task. We have previously identi-
fied a major QTL on chromosome 11 that is associated with variation in peak bone mineral
density (BMD) in C57BL/6 (B6) and DBA/2 (D2) mice. In the present study, we used
complementary genetic and genomic approaches to identify a novel molecular pathway
affecting peak BMD. Selective breeding was used to transfer the chromosomal fragment
containing the chromosome 11 QTL interval from B6 onto a D2 genetic background. Com-
parison of the resulting congenic mouse strain with the background D2 strain established
that a 30 megabase B6 genomic interval on chromosome 11 in isolation confers increased
BMD (68.3 + 0.6 mg/cm® vs. 65.4 + 0.4 mg/cm’, p < 0.0001). Genome-wide microarray
expression profiling identified a significant reduction (~20-fold) in the expression of
Alox15 in the high BMD congenic strain compared to the background D2 strain. Alox15
encodes a lipid-peroxidizing enzyme of previously unknown biological function (leuko-
cyte 12-lipoxygenase; L-12-LO or 12/15-LO). Sequencing of the Alox15 cDNA revealed
several differences between the D2 and B6 strains. Compared to B6 mice, calvarial cells
isolated from D2 mice exhibited increased mRNA expression for AloxI5 and CD36 (a
gene induced by naturally-occurring lipid oxidation products of 12/15-LO activity). Cross-
breeding experiments employing Alox15 knockout mice with absent Alox/5 expression
rescued mice from the low bone mass phenotype associated with the Alox/5 D2 allele.
Moreover, pharmacological inhibition of 12/15-LO in vivo resulted in higher BMD and
improved bone strength in a murine model of osteoporosis. These results provide strong
presumptive evidence that 12/15-LO is an important determinant of peak bone mass in
mice, raise the possibility that inherited variation in the 12/15-LO signaling pathway con-
tributes to the pathogenesis of osteoporosis in humans, and suggest that pharmacological
modulation of 12/15-LO activity may be useful in the prevention/therapy of osteoporosis.

Disclosures: R.F. Klein, Merck & Co., Inc. 8; Procter & Gamble 8; Aventis 8; Eli Lilly
and Co., Inc. 8.
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TGFB1 Prevents Ovariectomy Induced Bone Loss by Repressing T Cell
Activation. Y. Gao', G. Toraldo', W. Qian*?, K. Dark*?, R. Shepherd*', M. N.
Weitzmann?, D. A. Towler', R. Pacifici’. 'Division of Bone and Mineral
Diseases, Washington University School of Medicine, St. Louis, MO, USA,
*Division of Endocrinology and Metabolism, Emory University School of
Medicine, Atlanta, GA, USA.

Enhanced production of TNF and RANKL by activated T cells plays a pivotal role in
ovariectomy (ovx) induced bone loss but the responsible mechanism is unknown. TGFB1
may be a key regulator of ovx-induced T cell activation since estrogen (E) stimulates its
production and TGFp1 represses T cell function. To investigate the role of TGFp in ovx
induced bone loss we blocked the decrease in TGFB1 induced by ovx by injecting mice IM
with pPCMV-TGFp1 plasmid which elevates serum TGFf levels. Injection of this plasmid
led sham and ovx mice to attaine equally high levels of serum TGFpB1 for 4 weeks. Ovx
induced significant bone loss and increased bone turnover in mice injected with mock plas-
mid, but not in mice treated with pPCMV-TGFp1, suggesting a role for TGFf1 in prevent-
ing ovx-induced bone loss. Ovx increases T cell activation through enhancement of
macrophage antigen presenting cell (APC) activity and expression of the APC regulating
gene CIITA (ASBMR 2002). We thus investigated if E suppresses APC activity and CIITA
through TGFp. Our data shows that E effects on APC activity and CIITA were abolished
by a neutralizing TGFB1 antibody, thus suggesting that E regulates CIITA expression and
APC activity through a TGFB1 dependent mechanism. To further implicate TGFp in the
mechanism by which E represses T cell activation and bone loss we adoptively transferred
T cells, insensitive to TGFf due to a dominant negative TGFp receptor type II (dnTGF-
BRII) transgene, into T cell-deficient nude mice. As expected, no bone loss was detected in
ovx and sham nudes and in sham nudes reconstituted with WT T cells. In contrast, trans-
plantation of T cells from either WT or dnTGFBRII mice into ovx nudes was followed by
increased T cell activation and a bone loss equal to that of WT ovx mice. Importantly,
transplantation of T cells from dnTGFBRII mice into sham nudes was also followed by T
cell activation and bone loss equal to those observed in WT ovx mice. These findings dem-
onstrate that silencing the repressive effects of TGFB1 on T cells renders them insensitive
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to E and capable of inducing bone loss in vivo. Further attesting to the relevance of TGFf3
signaling in T cells, the bone density of intact dnTGFBRII mice was significantly lower
than that of WT littermates. In summary, the data confirm that T cells play an essential role
in ovx induced bone loss and suggest that one mechanism by which E prevents bone loss is
by stimulating the production of TGFp. This cytokine mediates the repressive effect of E
on T cell activation thus preventing T cell production of bone wasting cytokines.

Disclosures: Y. Gao, None.
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Induction of Osteoblast Lineage Commitment and Differentiation by 4-
estren-3o,173-diol (Estren), but Not 17p-estradiol:A Putative Explanation
of the Bone Anabolic Properties of ANGELS. S. Kousteni, L. Han, M.
Almeida, J. Chen, H. Peng*, R. Jilka, S. C. Manolagas. Div Endo/Metab,
Center for Osteoporosis and Metabolic Bone Diseases, CA Veterans Healthcare
System, Univ of Arkansas for Med Sciences, Little Rock, AR, USA.

Estren, a compound that reproduces the nongenotropic effects of sex steroids without
affecting classical transcription, increases BMD, mechanical strength and serum osteocal-
cin, in ovariectomized mice above the level of the estrogen-replete state, without affecting
reproductive organs. As shown elsewhere in this meeting estren potentiates Wnt signaling
in osteoblasts, by a) suppressing the activity of c-jun, and thereby decreasing the transcrip-
tional activity of the Wnt antagonist Dickkopf-1 (Dkk-1) and b) increasing the expression
of Wnt-1 and Wnt-2 and their receptor Frizzled-10. These actions in turn lead to the poten-
tiation of B-catenin mediated transcription. Here, we report that estren, but not 17f3-estra-
diol (E2), at 10-8M induced alkaline phosphatase (AP) activity and osteocalcin in the
uncommitted mesenchymal progenitor cell line C2C12. These effects were blocked by
either ICI 182,780 or flutamide as well as inhibitors of each one of 3 different cytoplasmic
kinases known to be activated by estren: the Src kinase inhibitor PP1, the PI3 kinase inhib-
itor wortmannin, and the JNK kinase inhibitor SP600125. Further, estren, but not E2,
induced Runx2 expression, increased AP activity and also induced mineralization (in the
presence of ascorbic acid and B-glycerophosphate) in cultures of the committed pre-osteo-
blastic cell line MC3T3-E1. The potency of all these effects of estren was similar to that
produced by a maximal dose of BMP-2 (300 ng/ml). Most strikingly, induction of AP and
osteocalcin by estren in C2C12 cells was completely abrogated by the BMP-2 antagonist
noggin (100 ng/ml) as well as the Wnt antagonist Dkk-1 (50 ng/ml), indicating that estren
exerts its pro-differentiating effects on osteoblast precursors by stimulating both BMP-2
and Wnt signaling. Consistent with this contention and the possibility that Wnt signaling is
a downstream effector of BMP-2 action, the BMP-2-induced stimulation of AP and osteo-
calcin in C2C12 cells was blocked by Dkk-1. Based on these findings, as well as the evi-
dence that Wnt signaling is a critical determinant of bone mass in rodents and humans, we
conclude that the anabolic effects of ANGELS, as distinguished from the anti-remodeling/
anti-catabolic effects of estrogens and androgens, may result in part from the ability of
ANGELS to induce lineage commitment and differentiation towards osteoblasts via
kinase-mediated potentiation of a BMP-2/Wnt signaling cascade.

Disclosures: S. Kousteni, Anabonix, Inc. 4.
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The Wnt Signaling Pathway Modulates TWIST Expression to Maintain and
Expand Osteoprogenitor Populations during Osteogenesis. T. Yan*', S. D.
Flanagan**, T. Linkhart’, D. D. Strong’, C. A. Glackin'. 'Molecular Medicine,
City of Hope Beckman Research Institute, Duarte, CA, USA, “Neurosciences,
City of Hope Beckman Research Institute, Duarte, CA, USA, *Musculoskeletal
Disease Center, JL Pettis VA Medical Center, Loma Linda, CA, USA.

Osteoblasts originate from a common osteoprogenitor or from mesenchymal stem cells
(MSCs). The formation of osteoblasts requires that MSCs differentiate into mature osteo-
blasts through the process of osteogenesis. Osteogenesis requires that a series of transcrip-
tional events take place to induce bone specific signaling pathways and gene expression,
resulting in the development of the mature osteoblast phenotype in remodeling bone. We
have focused on how the basic helix loop helix (bHLH) transcription factor family (e.g.
TWIST) regulates gene expression in the early stages of osteogenesis and how signaling
mechanisms (e.g. Wnt signaling) affect bHLH factors to stimulate or inhibit osteoblast differ-
entiation. Since Wnt-11 is highly expressed in the developing human skeletal system, we
have examined the role of Wnt-11 in the regulation of TWIST expression during osteogenesis.
We have obtained evidence that TWIST is a positive regulator of important osteoprogenitor
genes such as periostin and collagen, proteins required for cell adhesion, spreading and
matrix formation. Based on our recent findings, we hypothesize that Wnt signaling molecules
(including Wnt-11) play a significant role in inhibiting TWIST expression, which allows
Runx2/Cbfal to facilitate osteoblast differentiation. To examine our hypotheses, murine 2T3
cells were stably transfected with plasmid vectors that over or under-express TWIST, perios-
tin, Wnt-11, and sFRP2 and their phenotypes characterized. Runx2/Cbfal and TWIST pro-
moters has been analyzed using in vivo footprinting techniques by LMPCR. Our preliminary
data indicate that over-expressing Wnt-11 in murine 2T3 cells causes a dramatic reduction of
TWIST and an increase in Runx2/Cbfal, ALP, and osteocalcin expression. By contrast,
reduced Wnt-11 expression prevents osteoblast differentiation by up-regulating TWIST and
maintaining Runx2/Cbfal expression. The cellular morphology of the anti-sense Wnt-11 is
similar to that observed for the TWIST over-expressing osteoblasts suggesting that both
TWIST and Runx2/Cbfal together with Wnt-11 signaling may be important for the recruit-
ment and maintenance of osteoprogenitors in remodeling bone. Based on these findings, we
propose that Wnt signaling affects TWIST and Runx2/Cbfal expression to either maintain
osteoprogenitor populations or, in the absence of TWIST, to enable positive activation by
Runx2/Cbfal of downstream genes leading to osteoblast differentiation.

Disclosures: T. Yan, None.
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A2AFosB, a Truncated Isoform of AFosB Lacking Transactivation
Domains, is Sufficient to Induce Osteosclerosis and Decreased
Adipogenesis in Transgenic Mice. M. Kveiborg, R. Chiusaroli, G. Sabatakos,
M. Wu*, W. M. Philbrick, W. C. Horne, R. Baron. Yale University School of
Medicine, New Haven, CT, USA.

The AP-1 family of transcription factors consists of Fos- and Jun-related proteins,

which play important roles in bone cell differentiation. As reported previously, AFosB and
A2AFosB are naturally occurring splice isoforms of FosB. Although both maintain the abil-
ity to heterodimerize with Jun proteins and bind consensus AP-1 sites, they lack the major
C-terminal transactivation domain of FosB. In addition, a potential N-terminal transactiva-
tion domain is absent in A2AFosB. Transgenic mice overexpressing AFosB under the con-
trol of the neuron-specific enolase (NSE) promoter develop an osteosclerotic phenotype as
well as decreased adipose tissue. Furthermore, transgenic mice overexpressing AFosB spe-
cifically targeted to osteoblasts demonstrated that these effects are mediated by cell auton-
omous and independent mechanisms.
To determine the relative importance of A2AFosB versus AFosB in mediating the fat and
bone phenotypes, we have generated transgenic mice overexpressing only A2AFosB under
the control of the NSE-promoter. Overexpression of A2AFosB in bone and adipose tissues
was confirmed by western blotting and histomorphometric analysis showed that the mice
develop a severe osteosclerosis, characterized by a more than 4-fold increase in trabecular
bone volume, doubling of trabecular thickness and number, and increased dynamic bone
formation parameters. NSE-A2AFosB transgenic mice also exhibited a decrease in adipose
tissue and serum leptin levels. Bone marrow cultures established from NSE-A2AFosB
transgenic mice revealed a reduced ability of the cells to differentiate into adipocytes. Spe-
cifically, the expression levels of PPARy and C/EBPa., two important adipogenic transcrip-
tion factors were decreased, whereas the osteoblastic transcription factor, Runx2 was
increased. Thus, overexpression of the A2AFosB isoform, which conserves the DNA-bind-
ing and heterodimerization capacity but lacks any known transactivation domains, is suffi-
cient to induce both the osteosclerotic phenotype and the decreased adipogenesis to the
same degree as previously observed in NSE-AFosB transgenic mice. These results suggest
that the mechanisms by which AFosB affects osteoblast and adipocyte differentiation do
not require intrinsic transcriptional activity. Since we have shown AFosB and A2AFosB
interact with other AP-1 family members and with Smads, Runx2 and C/EBPp, we con-
clude that they affect cell differentiation by interfering with the activity of other transcrip-
tion factors or co-factors.

Disclosures: M. Kveiborg, None.
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Osteopenia in Transgenic Mice with Osteoblast-Targeted ICER
Expression. Y. Huang', G. Gronowicz?>, J. R. Harrison®, B. E. Kream'.
"Medicine, University of Connecticut Health Center, Farmington, CT, USA,
*Orthopaedic Surgery, University of Connecticut Health Center, Farmington,
CT, USA, *Orthodontics, University of Connecticut Health Center, Farmington,
CT, USA.

ICER is a cAMP inducible member of the CREM transcription factor superfamily.
Alternative splicing of the ICER transcript gives rise to 4 isoforms: ICER I, Iy, II, and IIy.
Since ICER contains predominantly the basic leucine zipper region for DNA binding and
dimerization, it acts as a dominant negative regulator of cAMP-dependent gene transcrip-
tion in most systems. Previously, we reported that ICER mRNA and protein are induced by
PTH via the cAMP-PKA signaling pathway in cultured osteoblasts and in calvariae in vivo.
The goal of the present study was to assess the function of ICER in bone in vivo by overex-
pressing ICER in osteoblasts of transgenic mice. ICER I and ICER II cDNAs with an N-
terminal FLAG epitope tag were cloned downstream of a fragment containing 3.6 kb of the
rat Collal promoter and 1.6 kb of the rat Collal first intron to produce the pOBCol3.6-F-
ICER I and II transgenes, respectively. The 3.6 kb Collal promoter fragment targets ICER
expression broadly to cells of the osteoblast lineage. Multiple lines of pOBCol3.6-F-ICERI
and II transgenic mice were generated and characterized. In general, the phenotypes of
ICER I and ICER II transgenic mice were similar. Transgenic mice at 8 weeks of age had a
smaller body weight than wild-type littermates. At 8 weeks, all mice had significantly
decreased bone mineral density of femurs and vertebrae as measured by DEXA. Static his-
tomorphometry showed that transgenic mice had almost no trabecular bone and reduced
cortical bone compared to non-transgenic littermates (p<0.01). There were no significant
changes in osteoblast or osteoclast number per unit bone surface in the secondary spon-
giosa. However, transgenic calvariae and femoral cortical bone and primary spongiosa
demonstrated exuberant TRAP staining. Dynamic histomorphometry showed a decreased
bone formation rate in transgenic femurs. Ex vivo analysis of osteoblastic differentiation
using bone marrow stromal cells revealed impaired formation of mineralized nodules
under osteogenic differentiation conditions. Moreover, the formation of TRAP-positive
multinucleated cells was enhanced in transgenic bone marrow stromal cells cultured for 5
days in the presence of M-CSF and RANK ligand. In summary, transgenic mice with
osteoblast-targeted overexpression of ICER demonstrated osteopenia characterized by a
profound loss of trabecular architecture and a reduction in cortical bone width. We specu-
late that osteoblast-targeted ICER overexpression caused dysregulation of both bone for-
mation and resorption.

Disclosures: Y. Huang, None.
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Regulation of G Protein Signaling in Osteoblasts In Vivo. R. A. Nissenson,
M. Bencsik*, P. Nguyen*, J. Peng*, B. Halloran. Endocrine Research Unit, VA
Medical Center/UCSF, San Francisco, CA, USA.

Intracellular signaling by G proteins is thought to provide critical regulation of osteo-
blast differentiation and function in response to extracellular signals. However, the pres-
ence of multiple G proteins and their cognate receptors has made it difficult to ascribe
direct functional activities to specific G protein signals. We have initiated an effort to regu-
late G protein signaling by controlling the expression of an activated G protein coupled
receptor (GPCR) in osteoblasts of transgenic mice. Several founder lines of mice express-
ing the tetracycline transactivator (tTA, tet off) gene driven by the 2.3 kb mouse a.1Col I
promoter were established. F1 mice from the line displaying the highest level of expression
of tTA mRNA in bone (line 139) were mated with mice expressing a tTA driven gene
encoding a GPCR (termed RO1) known to activate Gi. Genotypic analysis of progeny dem-
onstrated appropriate transmission of the tTA and RO1 transgenes, but failed to identify any
double transgenic pups (0/43), indicating that ROl expression during embryogenesis
resulted in embryonic/perinatal lethality. However, if the mothers were maintained on dox-
ycycline (doxy, 200 mg/kg chow) during the entire course of their pregnancy to suppress
transgene expression, double transgenic pups were obtained at approximately Mendelian
frequency (11/47). Only a very low level of expression of the RO1 gene was detected in the
bones of double transgenic pups when maintained on the +doxy diet. However, when the
diet was switched to a —doxy diet at 4 weeks of age, ROl expression in bone was induced
by 20 fold within 2 weeks. Phenotypic analysis of the skeleton of mice expressing the RO1
transgene is currently in progress. These results suggest that excessive skeletal Gi signaling
during embryogenesis results in lethality. Further, we have demonstrated the feasibility of
controlling the expression of key osteoblast signaling pathways in vivo. This approach
promises to allow direct investigation of the impact of specific G protein signals in osteo-
blasts on the structure and function of bone in vivo.

Disclosures: R.A. Nissenson, None.
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Inhibition of Glycogen Synthase Kinase-38 (GSK33) Induces Bone
Formation in a Mouse Calvarial Model. W. Zhao', B. Bhat!, M. Wasko*', P.
Yaworsky?, Y. Kharode', P. Green*', J. Robinson', P. Zhang**, H. Fletcher*’, V.
Coleburn*', J. Wrobel*’, E. Bex'. 'Bone metabolism, Wyeth Research,
Collegeville, PA, USA, ’Genomics Division, Wyeth Research, Cambridge,

MA, USA, 3Chemical Sciences, Wyeth Research, Collegeville, PA, USA.

Glycogen Synthase Kinase-3 (GSK3p) is an important negative regulator of Wnt sig-
naling through its action to destabilize B-catenin. Recent evidence from studies of the
G171V LRP5 mutation suggests that activation of Wnt signaling may be involved in the
resulting osteogenic skeletal phenotype. To determine in vivo whether Wnt pathway acti-
vation through GSK3P inhibition induces osteogenesis, the local administration of a
GSK3p inhibitor (GSKi) on mouse calvariae were examined. We show here that inhibition
of GSK3p induced expression of alkaline phosphatase(ALPase) activity in osteoblasts and
increased calvarial thickness. GSKi at 1mg/kg or vehicle was injected sc daily for 18 days
over the right side of the calvaria in 4 week-old male Swiss-Webster mice. The effect of
GSKi on calvarial bone was assessed in histological sections by ALPase enzyme his-
tochemical staining, quantitative histomorphometry and B-catenin expression by immuno-
histochemistry. Human PTH (1-34) at 20pug/kg/day, sc served as a positive control for the
model and produced a significant increase in calvarial thickness. An increase in calvarial
thickness was noted on the right hemicalvarium injected with GSKi when compared to
either the left noninjected hemicalvarium of the same animal(11.8%, p<0.005) or calvaria
from mice injected with vehicle alone (6%). ALPase was markedly enhanced in osteoblasts
following either GSKi or PTH administration. Immunohistochemistry of calvaria injected
with GSKi revealed strong B-catenin expression in pre-osteoblasts and osteoblastic cells
lining the periosteum and the sagittal suture. In contrast, PTH had no effect on levels of -
catenin expression. Thus inhibition of GSK3p by local injection of GSKi has a bone ana-
bolic effect that is associated with an increase in the level of B-catenin leading to the induc-
tion of osteoblast function. These results further support the significance of the Wnt
signaling pathway in bone and the therapeutic potential of regulating this pathway in treat-
ing osteoporosis.

Disclosures: W. Zhao, None.
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Regulation of Mouse Osteoprotegerin Gene Expression by 1,25
dihydroxyvitamin D,. T. Kondo*, R. Kitazawa, S. Maeda*, S. Kitazawa.
Division of Molecular Pathology, Kobe University Graduate School of
Medicine, Kobe, Japan.

Osteoclastogenesis is regulated by an integrated network of numerous bone metabolic
factors, among which 10,25 dihydroxyvitamin D, (10,25(0OH),D;) promotes osteoclasto-
genesis by reciprocally upregulating the expression of the receptor activator of NF-kB
ligand (RANKL) gene and downregulating that of the osteoprotegerin (OPG) gene. To ana-
lyze the mechanism of OPG gene suppression by 1a,25(0OH),D,, we characterized cis-act-
ing elements of the mouse OPG gene, and assessed the posttranscriptional modification
process by actinomycin D studies. Both Northern blot and transient transfection analyses
revealed that OPG gene expression was rapidly and transiently suppressed by
10.,25(0H),D, treatment. Additionally, actinomycin D studies revealed that 1o,25(0H),D,
significantly shortened the half-life of OPG mRNA by 4 hours. Deletion mutant studies
and electrophoretic gel motility shift assay revealed that mainly the c-Jun homodimer
bound to the AP-1 binding site (TGACTGA, -293/-287) and maintained the steady-state
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transcription of the OPG gene. Furthermore, the construct with the mutated AP-1 site
(TGACTGA to CTCCCTC) was resistant to 10.,25(OH),D, -driven OPG gene suppres-
sion. In agreement with transient transfection studies, the amount of phosphorylated c-Jun
protein (phospho-c-Jun) was decreased by vitamin D, treatment of ST2 stromal cell lines
by 6 hours, while keeping the total amount of c-Jun protein constant. The amounts of the
phosphorylated Jun N-terminal kinase (JNK) and the phosphorylated SAPK/Erk kinase
(SEK1), on the other hand, were almost unchanged by vitamin D, treatment. Taken
together with the fact that the OPG promoter has no consensus negative vitamin D-respon-
sive elements, these data suggest that vitamin D, transrepresses the mouse OPG gene by
reducing the proportion of the phospho-c-Jun protein in a JNK-independent manner. Our
data indicated that short-term treatment with vitamin D, effectively downregulated OPG
gene expression both by accelerating the degradation of OPG mRNA and by transrepress-
ing the OPG gene through the AP-1 binding site in the catabolic phase. The OPG gene
became insensitive to vitamin D, treatment, however, and reverted to its steady-state
expression level in the long run, leading to the anabolic phase of the effect of
1a,,25(0OH),D; on bone.

Disclosures: T. Kondo, None.
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1,25-Dihydroxyvitamin D3 Stimulates Dynamic Vitamin D3 Receptor/
Retinoid Receptor DNA-Binding and Coactivator Recruitment in Intact
Osteoblasts. S. Kim*, H. Yamamoto, N. K. Shevde, J. W. Pike. Biochemistry,
University of Wisconsin-Madison, Madison, WI, USA.

Hormonal 1,25-dihydroxyvitamin D3 (1,25(OH)2D3) induces gene expression through
the vitamin D receptor (VDR), which binds as a retinoid X receptor (RXR) heterodimer to
specific DNA sequences within target gene promoters and facilitates the recruitment of
protein complexes essential for transcriptional modulation. In these studies, we explore the
dynamics of this 1,25(OH)2D3-induced process on the 25-hydroxyvitamin D3-24-hydrox-
ylase (Cyp24) and osteopontin (OPN) gene promoters in intact osteoblastic MC3T3-E1
target cells using chromatin immunoprecipitation techniques. 1,25(OH)2D3 rapidly stimu-
lates the production of mRNA for both Cyp24 and OPN through direct actions on each
gene's promoter. 1,25(OH)2D3 also induces rapid association of the VDR with both the
Cyp24 and the OPN gene promoters. This DNA binding appears to cycle at early stages of
transcriptional initiation with a periodicity of approximately 1 hr. Proteosome inhibitors
such as MG132 reduce this cycling, suggesting that proteolysis is essential to the cycling
process and transcriptional activation. VDR binding correlates directly with the accumula-
tion of RXR on both promoters and double immunoprecipitations indicate the presence of
both VDR and RXR on the same DNA fragment. 1,25(OH)2D3 treatment is also associ-
ated with rapid recruitment of coregulators such as the p160 coactivators SRC-1, 2 and 3
and the histone acetyltransferases p300 and CBP. The pattern of retention of these coacti-
vators on the two promoters differs from that of VDR, however. DRIP205 is also rapidly
recruited to these promoters, a process that correlates directly with the presence of RNA
polymerase II. Interestingly, cotreatment of osteoblasts with 1,25(OH)2D3 and ZK 159222,
a vitamin D antagonist that blocks transcriptional activation by 1,25(0OH)2D3, significantly
reduces VDR DNA binding, limits the recruitment of coactivators such as SRC-1 and
blocks the recruitment of RNA polymerase II. Lack of coactivator recruitment does not
appear to be accompanied by increased association of corepressors such as SMRT or
NCoR indicating that this antagonist may be a passive blocker of transactivation. These
studies establish that 1,25(OH)2D3-induced transactivation in intact cells is a dynamic pro-
cess that involves both RXR and a surprising number of coactivator complexes previously
believed through molecular biological studies to associate with the VDR.

Disclosures: S. Kim, None.
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Expression of the Pagetic Phenotype in Osteoclasts (OCL) Requires VDR
Dependent Transcription. N. Kurihara', S. V. Reddy', P. Friedman®, A. W.
Norman®, G. D. Roodman'. 'University of Pittsburgh, Pittsburgh, PA, USA,
2University of California, Riverside, CA, USA.

OCL in Paget's disease (PD) are abnormal morphologically and contain paramyxoviral
transcripts. OCL precursors from Paget's patients are hyper-responsive to 1,25-dihydrox-
yvitamin D, (1,25-(OH),D,) and can form OCL at concentrations of 1,25-(OH),D; that are
at least 1 to 2 logs less than those required for normal marrow cultures. We found that the
hyper-responsivity to 1,25-(OH),D, was not due to increased vitamin D receptor (VDR)
numbers or a VDR mutation. This hyper-responsivity to 1,25-(OH),D, allows increased
OCL formation at physiologic levels of 1,25-(OH),D, that do not induce RANK ligand
(RANKL), something that occurs at very low levels in normals. This hypothesis suggests
that VDR dependent gene transcription is required for expression of the Paget's phenotype
in OCL. In support of this, we have recently shown that transduction of normal CFU-GM
with retroviral constructs containing the cDNA for the measles virus nucleocapsid
(MVNP) gene, can induce these cells to form OCL that express a pagetic phenotype and
are hyper-responsive to 1,25-(OH),D,. Using a GST-VDR chimeric protein with lysates
from MVNP transduced normal OCL precursors (CFU-GM derived cells) and marrow
cells from involved bones from Paget's patients, we have isolated a potential coactivator of
VDR, TAF;-17, that was not expressed in empty vector (EV) transduced normal cells. The
data suggested that VDR plays a key role in the abnormal OCL activity in PD. To test this
hypothesis, OCL precursors from VDR -/- and VDR +/+ mice were transfected with the
MVNP gene, and the characteristics of OCL formed examined. GST-VDR pull-down
assays of MVNP transduced VDR-/- and VDR+/+ osteoclast precursors demonstrated that
both cell types expressed high levels of TAF,-17, a potential coactivator of VDR, which
did not occur in EV transduced VDR-/- and VDR+/+ cells. OCL formation was signifi-
cantly decreased in bone marrow cultures from VDR -/- mice treated with RANKL and M-
CSF compared to the marrow cultures from VDR +/+ mice (32 £7 vs. 61 +6). The OCL
that formed in marrow cultures of VDR -/- mouse transfected with the MVNP gene were
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small and did not express a pagetic phenotype (increased rate of formation, increased
nuclear number, hyperresponsivity to RANKL). In contrast, MVNP transfected VDR +/+
mouse cells treated with RANKL/M-CSF formed large numbers of abnormal OCL that
expressed a pagetic phenotype. As expected VDR -/- marrow cells did not form OCL in
response to 1,25-(OH),D,. These data suggest that VDR mediated gene transcription is
required for optimal levels of OCL formation and that VDR mediated gene transcription is
required for expression of a pagetic phenotype in OCL.

Disclosures: N. Kurihara, None.
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Vitamin D Receptor Isoforms Mediate the Cell-Selective Actions of the
Vitamin D Analog Ro0-26-9228. A. Ismail*', C. V. Nguyen*', M. R.
Uskokovic*?, S. Peleg'. 'Endocrine Neoplasia & HD, M. D. Anderson Cancer
Center, Houston, TX, USA, Roche Inc., Nutley, NJ, USA.

The vitamin D analog Ro-26-9228 is tissue- and gene-selective in vivo. In culture, the
vitamin D receptor (VDR)-mediated transcriptional activities of this analog were 30 to 100
times greater in human osteoblastic cell lines (MG-63 and hFOB) than in the human colon
carcinoma cell line, Caco-2. We found that analog-bound VDR from hFOB cells had sig-
nificant ability to interact with the p160 coactivator, GRIP, whereas analog-bound VDR
from Caco-2 cells did not. We hypothesized that the cellular environment in the two cell
types may differently regulate the events associated with acquisition of conformational
changes that promote recruitment of coactivators of transcription to the VDR-ligand com-
plexes. This activity was examined in the cytoplasmic and in the chromatin-bound receptor
subpopulations of the two cell types. We found that in hFOB cells, unoccupied VDR was
cytoplasmic and both 1,25-dihydroxyvitamin D3 (1,25D3) and the analog Ro-26-9228
induced a rapid accumulation of VDR in the chromatin. The ligand-bound (1,25D3 or Ro-
26-9228) VDR from either cytoplasm or chromatin of hFOB cells had the ability to interact
with GRIP. In contrast, the VDR in Caco-2 cells was present in both the cytoplasm and the
chromatin in a ligand-independent manner. However, the treatment of Caco-2 cells with
1,25D3 selectively induced an accumulation of a smaller VDR form (form B) in the chro-
matin, whereas the analog's ability to induce accumulation of form B was poor. Examina-
tion of GRIP-interacting ability of VDR from Caco-2 cells revealed that the cytoplasmic
and chromatin-associated large receptor form (form A) had ligand binding activity but did
not have the ability to interact with GRIP, although the chromatin-bound form B did. To
determine if form B was a proteolytic product of form A, we treated Caco-2 cells with the
proteasome inhibitor MG132 and found, unexpectedly, that it caused a chromatin-exclu-
sive accumulation of form B of VDR. Ligand treatment together with MG132 treatment
appeared to promote a transformation of form A into form B. Furthermore, MG132
restored the coactivator-binding ability of the analog-treated VDR from Caco-2 cells to the
same level as that induced by 1,25D3. Similar experiments with hFOB cells suggested that
their VDR existed in a single, proteasome-sensitive form B. We hypothesize that the cell
selectivity of Ro-26-9228 action is due to its limited ability to transform the inactive, pro-
teasome-resistant form A of hVDR in Caco-2 cells into an active proteasome-sensitive
form B, whereas in hFOB cells this step is not rate-limiting for VDR activation by the ana-
log.

Disclosures: S. Peleg, None.

1113

Evidence for a Role of C/EBP Beta in the Cross Talk between Parathyroid
Hormone and 1,25(0OH),D, that Involves Enhancement of Protein Kinase a
Mediated Induction of Vitamin D Receptor Transcription. P. Dhawan*', X.
Peng*', M. Huening*', M. Centrella*?>, T. L. McCarthy*?, S. Christakos'.
'Depart ment of Biochemistry, University of Medicine and Dentistry of New
Jersey, Newark, NJ, USA, 2Yale University Medical School, New Haven, CT,
USA.

C/EBP beta is a newly identified target of 1,25(OH),D, action in osteoblastic cells. The
induction of C/EBP beta in osteoblastic cells by 1,25(0OH),D, precedes the induction of 25-
hydroxyvitamin D, 24-hydroxylase [24(OH)ase] mRNA, consistent with a role of C/EBP
beta as a mediator of the 1,25(OH),D, response of the 24(OH)ase gene. In previous studies
we showed that C/EBP beta cooperates with the vitamin D receptor (VDR) in the activa-
tion of 24(OH)ase transcription. A C/EBP beta site was identified in the rat 24(OH)ase pro-
moter at —395/-388. Mutation of this site inhibited C/EBP beta binding and markedly
attenuated the transcriptional response to C/EBP beta. In addition we have found coopera-
tion of CBP/p300 with C/EBP beta by direct protein-protein interaction in regulating VDR
mediated 24(OH)ase transcription. We now report that not only 1,25(0OH),D, but also par-
athyroid hormone (PTH) can induce C/EBP beta expression in osteoblastic cells. A peak
induction of 9 fold is observed at 1h after PTH treatment (25 nM; first significant induction
at 10 nM) in UMRI106 osteoblastic cells with a return to basal levels by 9h. A similar
induction of C/EBP beta by PTH was observed in primary osteoblasts. Treatment with
1,25(0H),D; (10®M) for 16h followed by 4h with PTH (25nM) results in a 3-4 fold
enhancement of C/EBP beta mRNA and 24(OH)ase mRNA as well as a 3-4 fold enhance-
ment of VDR mediated 24(OH)ase transcription over the levels observed with
1,25(OH),D; alone. Our data using the hVDR promoter (-1500/+60 that contains 2 putative
C/EBP beta sites) indicate that C/EBP beta (5pg) can enhance PKA mediated transcription
of hVDR 4 fold. Dominant negative C/EBP beta was found to inhibit the C/EBP beta
mediated enhancement of VDR transcription. Thus, C/EBP beta plays an important role as
an activator of 1,25(OH),D, induced 24(OH)ase transcription as well as in PTH modula-
tion of 1,25(OH),D; action in osteoblastic cells. Our findings indicate, for the first time, a
role for C/EBP beta in the cross talk between PTH and 1,25(OH),D; that involves enhance-
ment of PKA induced VDR transcription. Our findings also suggest that C/EBP beta may
be a mediator of other PTH actions that affect skeletal integrity and osteoblast function.

Disclosures: P. Dhawan, None.
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Functional Cooperation Between Cbfal and the Vitamin D Receptor in the
Regulation of Osteopontin Transcription. Q. Shen*, S. Christakos. Dept. of
Biochemistry, UMDNIJ-New Jersey Medical School & GSBS, Newark, NJ, USA.

Osteopontin (OPN) is a glycosylated phosphoprotein present in bone extracellular
matrix that has been reported to modulate both mineralization and bone resorption. In
osteoblastic cells the transcription of OPN is stimulated in response to
1,25dihydroxyvitamin D, (1,25(OH),D,) via the VDR/RXR complex. OPN expression is
also regulated by the osteoblast specific differentiation regulator, Runx2/Cbfal. Targeted
disruption in mice of the vitamin D receptor (VDR) or Cbfal results in a marked inhibition
of OPN expression in osteoblasts. In this study we addressed possible cross talk between
VDR and Cbfal in regulating OPN transcription. Studies were done using COS-7 cells
(that lack endogenous VDR and Cbfal) transfected with the OPN promoter (-777/+79;
VDRE -757/-743) and hVDR and/or Cbfal expression vectors. In 1,25(0H),D, treated
(10*M, 24h) VDR transfected COS-7 cells OPN transcription is induced 4.2+1.1 fold
(p<0.05 compared to basal). OPN transcription was maximally induced 8.3+1.4 fold
(p<0.05) by co-transfection of Cbfal expression vector in the absence of 1,25(0OH),D,.
Coexpression of Cbfal and VDR and treatment with 1,25(OH),D, (10*M, 24h) resulted in
a20.1x1.6 fold induction of OPN transcription, suggesting functional cooperation between
Cbfal and VDR. In COS-7 cells, the enhancement of the inductive action by 1,25(OH),D,
and Cbfal was dose dependently inhibited by AMLI-ETO that acts as a repressor of
Cbfal. In ROS17/2.8 cells, that contain endogenous Cbfal, 300ng pPCMV AMLI1-ETO sig-
nificantly diminished the 1,25(OH),D, induction of OPN transcription (p<0.05). A Cbfal
site was noted in the OPN promoter (AACCACA at —136/-130). Gel shift assays demon-
strated that Cbfal binds to this site. A protein-DNA complex was not observed using a
mutated Cbfal site (AAGAACA) as a probe. Using a mutant OPN promoter with the
Cbfal site mutated as described for the gel shift assay and Cbfal and VDR co-transfected
COS-7 cells, we found that cooperative activation between 1,25(OH),D, and Cbfal was
not observed. Our study demonstrates for the first time that the osteoblast specific tran-
scription factor Cbfal has cooperative effects and cross talk with the VDR/RXR complex
in 1,25(0OH),D; induced OPN transcription and suggests that Cbfal and VDR may cooper-
ate in vivo to regulate the expression of the OPN gene.

Disclosures: Q. Shen, None.
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Effect of PTH, Alendronate, or PTH Plus Alendronate on Biochemical
Markers of Bone Turnover: One Year Results of the PaTH Study. D. C.
Bauer', P. Garnero?, J. P. Bilezikian®, S. L. Greenspan*, J. A. McGowan’, L.
Palermo*', D. M. Black'. 'UCSF, San Francisco, CA, USA, *Synarc, Lyon,
France, *Columbia University, New York, NY, USA, 4University of Pittsburgh,
Pittsburgh, PA, USA, *"NIAMS, Bethesda, DC, USA.

Parathyroid hormone (PTH) promotes and bisphosphonates inhibit bone remodeling,
yet both agents increase bone mass and reduce fracture risk. The effects of combined PTH
and bisphosphonate therapy on markers of bone turnover have not been reported.

‘We randomized 238 postmenopausal women (not currently using bisphosphonates) with
low hip or spine BMD (T-score <-2.5 or <-2.0 with a risk factor) to a daily regimen of: 100
png rthPTH(1-84) (NPS)(n=119); alendronate (ALN) 10 mg (Merck)(n=60); or PTH and
ALN together (n=59). BMD at the spine and hip were assessed by DXA. Fasting serum
levels of N-terminal propeptide of type 1 collagen (PINP, Roche) and C-terminal telopep-
tide of type 1 collagen (sCTX, Roche) were used to monitor formation and resorption,
respectively, at baseline and 1, 3, and 12 months after randomization. An uncoupling index
(z-score for PINP minus z-score for sCTX) was calculated at each visit. Follow-up was
complete in 95% of those randomized; analyses are by ITT.

Bone formation and resorption increased with PTH treatment and decreased with ALN
treatment (Figures). For combination therapy at 1 month, bone resorption decreased close
to levels observed with ALN alone, and formation increased close to levels observed with
PTH alone. By 3 months, marker response to combination therapy mirrored changes
observed with ALN therapy alone, but to a lesser extent. In each treatment group, correla-
tions with 12 month change in spine BMD were higher with 1 month uncoupling index
(r=0.43-0.61, p<0.05) than with 1 month change in PINP or sCTX, or any parameter mea-
sured at later time points.

We conclude that after 1 month of combined PTH/ALN therapy the predominant effect on
bone turnover is an increase in bone formation (PTH-driven) and a reduction in bone
resorption (ALN-driven), but thereafter ALN blunts the anabolic effects of PTH. One
month uncoupling index may best predict the 1 year change in spine BMD.
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A Rapid and Profound 6-Month Suppression of Bone Turnover Is Seen
with a Single SC Dose of AMG 162 in Postmenopausal Women. P. J.
Bekker', D. L. Holloway', A. S. Rasmussen*', R. Murphy*?, P. Leese*’, G.
Holmes**, C. R. Dunstan’, A. M. DePaoli*'. 'Clinical Research, Amgen Inc,
Thousand Oaks, CA, USA, ZBiostatistics, Amgen Inc, Thousand Oaks, CA,
USA, >Quintiles, Lenexa, KS, USA, *SFBC International, Inc., Miami, FL,
USA, ’ANZAC Research Institute, Concord NSW, Australia.

RANKL (Receptor Activator of NF kappa B Ligand) is an essential osteoclastic differ-
entiation and activation factor. The bone anti-resorptive activity, safety and tolerability of
AMG 162, a fully human monoclonal antibody to RANKL, were evaluated in postmeno-
pausal women in this randomized, double-blind, placebo-controlled, single-dose, dose
escalation study.

Six cohorts of 8-9 women randomly received a single subcutaneous (SC) injection of either
AMG 162 or placebo (3:1 ratio). AMG 162 doses were 0.01, 0.03, 0.1, 0.3, 1.0, and 3.0
mg/kg. Adverse events, chemistry, hematology, urinary N-telopeptide/creatinine (uUNTX;
Osteomark®), serum N-telopeptide (sSNTX), and serum bone-specific alkaline phosphatase
(BSAP, Ostase®) were followed for 6 months in all cohorts and 9 months in the 3 highest
dose cohorts.

Forty-nine women were enrolled. uNTX mean % changes (+/- SE) from baseline are dis-
played.

AMG 162, mg/kg single SC dose

Visit Placebo 0.01 0.03 0.1 0.3 1.0 3.0
(n=12) (n=6) (n=6) (n=6) (n=6) (n=6) (n=7)
Day 2 -10+7 9+7 -32+8 -32+11 -25+27 -38+19 73+ 5%
Week 1 95 -32£8% Bl 5 66+ 9V 56k 24 80+ 3 78+ B
Week 2 17 S43 £ 8 66 £ 8V 75 £ 6FFF 69+ 17 82 £ 2% 83 & 4
Month 1 ST£6 35+ 6% -6l 8 765 5T k4% 60+ TR 8D 4 4k
Month 3 9+9 310 -15+17 S35 7% -B5 16 T84 2%k 84 & 3+
Month6 -10+10 -22+5 20+18 -6x14 =22+ 27 -59 + 8* -81 &+ 5***
Month9 -36+12 Notdone Notdone Notdone -42+18 -38+12 -69+5

*p <0.05; ** p <0.01; *** p < 0.001 vs. placebo

Similar results were observed for sNTX. At Month 6, the mean change was 2%, —43 % and
—56% in the placebo, 1.0 and 3.0 mg/kg AMG 162 groups, respectively. BSAP levels did
not decrease remarkably until after the third week. Intact PTH levels increased up to ~4-
fold by Day 5 in the 3.0 mg/kg dose group, but returned towards baseline with follow-up.
Albumin-adjusted serum calcium did not decrease more than 10% on average in any group
and no subject had values below 2 mmol/L. AMG 162 was very well tolerated. No related
serious adverse events occurred; there was no evidence of an increased infection risk. No
clinically meaningful laboratory changes, other than those described above, occurred. No
subject had evidence of anti-AMG 162 antibodies.

In summary, a single SC dose of AMG 162 resulted in a dose-dependent rapid and sus-
tained decrease in bone turnover from baseline. The tolerability profile was excellent.
AMG 162 has potent anti-resorptive activity and could be a convenient treatment for
0Steoporosis.

Disclosures: P.J. Bekker, None.
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The Risk vs. Benefit Profile of Estrogen Plus Progestin Does Not Differ by
Underlying Risk of Osteoporosis. The Women's Health Initiative. J.
Cauley', J. Robbins? Z. Chen®, S. Cummings®, R. Jackson’, A. LaCroix*®, M.
LeBoff’, C. Lewis®, J. McGowan’, J. Neuner*'’, M. Pettinger*', M.
Stefanick*'%, J. Wactawski-Wende'"’, N. Watts'!. 'U Pitt, Pittsburgh, PA, USA,
2UC Davis, Sacramento, CA, USA, U AZ, Tucson, AZ, USA, “UCSF, San
Francisco, CA, USA, ’0SU, Columbus, OH, USA, ‘FHCPC, Seattle, WA,
USA, Harvard, Boston, MA, USA, *UAB, Birmingham, AL, USA, °NIAMS,
Bethesda, MD, USA, '°U WI, Milwaukee, WI, USA, "FHCRC, Seattle, WA,
USA, '"Stanford, Palo Alto, CA, USA, "SUNY, Buffalo, NY, USA, "“U
Cincinatti, Cincinnati, OH, USA.

In the Women'’s Health Initiative Estrogen plus Progestin (E+P) trial, the overall benefit
vs. risk profile, summarized in a global index, was a central focus. The global index was
defined as the first occurrence of coronary heart disease, invasive breast cancer, stroke,
pulmonary embolus, endometrial and colorectal cancer, hip fracture or death due to other
causes. Overall, the global index showed a nominally significant 15% increase in the E+P
group indicating more harm than benefit. The reduction in fractures and colorectal cancer
were not sufficiently large to counterbalance the increased risk of heart disease and breast
cancer. In the current analysis, we tested the hypothesis that the risk-benefit profile differs
in women who are at “high” risk of fracture. We formed a summary risk score factor score
using age (=70), race (White/Asian), weight (<127 Ibs), current smoking, positive family
history of fractures, positive personal history of fractures; low calcium intake (<600 mg/
day), self report of 22 falls in the past year; and never use of HRT prior to the trial. We
assigned a score of one to each risk factor and summed the total number of risk factors (0-
9). We divided the groups into tertiles (number of risk factors 0-2, 3, 4-9). The annual inci-
dence of all fractures in placebo subjects was 1.4%, 1.8%, and 2.6% from tertile 1 (lower
risk) through tertile 3 (higher risk), showing the validity of the scores. There was no evi-
dence that the global index was more favorable in women who were considered at high risk
of fractures. (Table) We conclude that the benefit of fracture reduction does not outweigh
risks for heart disease and breast cancer even in women at higher risk of fracture.
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Table: Relative Hazard of Global Index by Randomization Assignment, Stratified by
Summary
Osteoporosis Risk Score
N = number with event
ann% = annualized incidence (%)

E+P Placebo Hazard Ratio 95% ClI
(N =8506) (N =8102)
Lower  Upper
Summary risk N (ann. %) N (ann. %)
score (9 items)
Low (0-2 factors) 202 (1.27%) 182 (1.28%) 1.02 083 124
Mid (3 factors) 282 (1.87%) 233 (1.59%) 1.18 0.99 1.40
High (4-9 factors) 369 (2.16%) 304 (1.87%) 1.16 1.00 1.35

Disclosures: J. Cauley, Merck 2, 8; Eli Lilly 2, 8; Novartis 2, 5; Pfizer 2.
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Changes in BMD at Different Skeletal Sites After Discontinuation of
Treatment With rhPTH (1-34) in Postmenopausal Osteoporotic Women. J.
R. Zanchetta, L. Rubio*, A. Mango*, C. E. Bogado*. Clinical Research, IDIM,
Buenos Aires, Argentina.

Treatment with thPTH (1-34) induces dramatic bone density increases in postmeno-
pausal osteoporotic women. Assessment of the effects of treatment discontinuation on
BMD is not easy. Patients remain free of treatment for different periods of time and there-
after receive different medications, making difficult the follow-up of BMD changes.
Ninety three patients who participated in a large, international thPTH (1-34) vertebral frac-
ture prevention trial at our site were follow-up with DXA measurements during 18 months.
They have been randomly assigned to receive daily, self-injected doses of 20 (n=37) or 40
(n=25) ug of rhPTH or placebo (n=31), plus 1000 mg calcium and 400 to 1,200 IU of vita-
min D. After a media of 21 months of treatment, thPTH treatment was stopped and patients
entered in an observational follow-up study, receiving calcium and vitamin D supplements
only. BMD measurements at lumbar spine (LSBMD)and femoral neck (FNBMD) and
whole body bone mineral content (TBMC)were performed 6 and 18 months after treatment
discontinuation.
rhPTH administration significantly increased BMD at all skeletal sites evaluated. LSBMD
increased by 12.9 % (p< 0.001) and 9.0% (p<0.001), while FNBMD increased by 5.1%
(p<0.001) and 4.3% for the 40 and 20 ug doses respectively. TBMC increased 5.6%
(p<0.01) in the 40 ug group and by 3.3% in the 20 ug group. There were no significantly
changes in the placebo group.

During follow-up LSBMD decreased by —3.04% and —3.42% after 6 months and by —
4.32% and —0.88% after 18 months, in the 40 and 20 ug groups respectively. Despite bone
loss, LSBMD remained significantly higher by 4.6% (40 ug group) and 3.8% (20 ug group)
as compared with baseline after 18 months without treatment. FNBMD decreased by —
1.2% after 6 months and —1.1 after 18 months in the 20 ug group. In the 40 ug group it
changed by +1.03 and 2.4 after 6 and 18 months respectively. After 18 months FNBMD
values remained 3.4% and 1.8% higher as compared with baseline in the 40 and 20 ug
groups respectively. TBMC decreased by —2.3% and —1.79 after 6 months in the 40 and 20
ug groups respectively, but did not change significantly thereafter. No significantly
changes were evident in the placebo group.

Our results confirm that patients loss bone after thPTH(1-34) treatment is discontinued.
However, 18 months after discontinuation, BMD remains significantly increased as com-
pared with baseline at lumbar spine and femoral neck. The differences in the pattern of
bone loss between lumbar spine and femoral neck or whole body, might reflect a different
response of trabecular and cortical bone tissue after treatment discontinuation.

Disclosures: J.R. Zanchetta, Eli Lilly and Company 5.
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Effects of Simvastatin Treatment in Postmenopausal Osteopenic Women:
A Randomized Controlled Trial. L. Rejnmark’, N. H. Buus*?, P. Vestergaard',
F. Andreasen*?, L. Heickendorff**, M. L. Larsen**, L. Mosekilde'. 'Dept. of
Endocrinology and Metabolism, Aarhus Amtssygehus, Aarhus, Denmark,
2Center for Clinical Pharmacology, Aarhus University, Aarhus, Denmark,
*Dept. of Clinical Biochemistry, Aarhus Amtssygehus, Aarhus, Denmark,
“Dept. of Medicine and Cardiology, Aarhus Amtssygehus, Aarhus, Denmark.

Statins have been suggested as potential agents in the management of osteoporosis as
statins have been reported to cause bone anabolic as well as antiresorptive effects.
In a double-blinded design, 82 healthy postmenopausal women with osteopenia or
osteoporosis (T-score < -1), aged 53 to 74 years, were randomized to one-year of treatment
with simvastatin 40 mg/day or placebo. Participants were recruited from the general popu-
lation. None of the participants had known hyperlipidemic diseases. Bone mineral density
(BMD) and plasma levels of cholesterol, PTH and biochemical markers of bone turnover
were measured at baseline, after one year of treatment (week 52), and 26 weeks after with-
drawal of treatment (week 78). Calcium supplements (400 mg/day) were administrated to
all participants during the entire 1.5-year study period. Seventy-eight women completed
the one-year of treatment. After one year, plasma cholesterol was reduced with simvastatin
but not placebo (-27% vs. +0.7%, p<0.001). After withdrawal of treatment (week 78),
plasma cholesterol returned to baseline levels in the simvastatin group and did no longer
differ from the placebo group (p=0.83). However, plasma PTH levels as well as plasma
levels of biochemical markers of bone formation (osteocalcin and bone-specific alkaline
phosphatase) and bone resorption (CTx) did not differ between groups at week 52 or at
week 78. Compared with placebo, simvastatin did not cause significant changes in BMD at
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the lumbar spine, total hip, femoral neck or whole body at week 52 or at week 78. Only at
the forearm, BMD increased in response to simvastatin. At the total forearm, BMD was
increased by 1.1% in the simvastatin group at week 52 (vs. —=0.3% in the placebo group,
p=0.01) and by 1.8% at week 78 (vs. +0.4% in the placebo group, p=0.02). At the ultradis-
tal forearm, BMD was increased by 2.9% in the simvastatin group at week 52 (vs. +0.1%
in the placebo group, p=0.02) and by 3.4% at week 78 (vs. +1.1% in the placebo group,
p=0.04). Within the statin group, changes in cholesterol levels did not correlate to BMD
changes at any measurement site. Thus, our results do not support a general beneficial
effect of simvastatin on bone metabolism. Therefore, statin treatment is most likely not a
therapeutic option in the treatment of osteoporosis.

Disclosures: L. Rejnmark, None.
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Daily versus Cyclic PTH Combined with Alendronate versus Alendronate
Alone for Treatment of Osteoporosis. F. Cosman', J. W. Nieves?, M. M.
Luckey’, M. Zion*?, L. Woelfert*', R. Lindsay'. 'Regional Bone Center, Helen
Hayes Hospital, West Haverstraw, NY, USA, ’Clinical Research Center, Helen
Hayes Hospital, West Haverstraw, NY, USA, 3St. Barnabus Hospital,
Livingston, NJ, USA.

During the early response to PTH administration, bone formation is stimulated more
dramatically than bone resorption, which catches up by 6 months. Therefore, it is possible
that repeated 3 month cycles of PTH therapy could produce an equal or greater skeletal
response to that produced by daily PTH treatment. We embarked on a 15 month treatment
trial involving 126 patients (mean age 67.7 years) with osteoporosis, already treated with
alendronate for at least 1 year (mean = 3.2 years). While alendronate was continued (70mg/
week), patients were randomly assigned to receive (1-34)hPTH 25 mcg by subcutaneous
injection daily (DAILY PTH), 25 mcg PTH daily for cycles of 3 months on and 3 months
off (CYCLIC PTH), or alendronate alone (A). Data are presented from the first 83 patients
completing 9 months of the trial. Baseline demographic, biochemical and BMD variables
were similar in the 3 groups. Serum levels of bone formation (osteocalcin, bone alkaline
phosphatase, and aminoterminal propeptide of Type I procollagen); the urinary bone
resorption marker, crosslinked n-telopeptide (NTX); and BMD were measured every 3
months. Bone turnover markers did not change significantly in the A group throughout the
9 months. In the DAILY PTH group, bone formation markers increased rapidly during the
first 3 months and continuously throughout the 9 months (increases ranging from 80-300%
for different markers, all p<0.001). In the CYCLIC PTH group, bone formation markers
increased within the first 3 months of treatment similarly to the DAILY PTH group,
declined during the off PTH cycle, and then rose again robustly during the second PTH
cycle (60-270% from baseline, all p<0.001). NTX increased more modestly than bone for-
mation markers in the PTH groups at 3 months and thereafter followed a similar pattern to
bone formation markers in DAILY PTH vs CYCLIC PTH groups. Lumbar spine BMD rose
progressively in the DAILY PTH group. In the CYCLIC PTH group, lumbar BMD rose to
3 months, declined slightly to 6 months and rose again from 6 to 9 months. At 9 months,
there were no significant differences in BMD change between the 2 PTH groups; spine
BMD increased 4.3% in the DAILY PTH group (p<0.0001), and 3.8% in the CYCLIC PTH
group (p<0.0001). There was a smaller increase in BMD in patients in the A group (2%,
p<0.04). These data indicate that PTH stimulates bone formation and increases BMD in the
presence of long-term established alendronate. Furthermore, short cyclic challenges with
PTH might be an efficient and economical way to use PTH for treatment of osteoporosis.

Disclosures: F. Cosman, None.
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Delayed Fracture and Osteotomy Healing in Pediatric Osteogenesis
Imperfecta Patients Receiving Pamidronate. C. F. J. Munns, F. Rauch, L.
Zeitlin, E. Fassier*, F. H. Glorieux. Shriners Hospital for Children and McGill
University, Montreal, PQ, Canada.

Treatment with cyclical intravenous pamidronate infusions has led to marked improve-
ments in the clinical management of children and adolescents with osteogenesis imper-
fecta. However, the effect of treatment on fracture healing is not well characterized. In the
present study we evaluated bone healing following radiologically confirmed lower limb
fractures and after osteotomies performed for the placement of intramedullary rods.
Delayed healing was defined as the radiographically apparent persistence of a fracture or
osteotomy line 12 months following the event. A total of 197 fractures (132 femur, 65
tibia) in 85 patients with moderate to severe forms of OI (median age at the time of fracture
4.8 years; range 0.0 to 19.9 years; 45 girls) were evaluated. Incomplete fracture healing
was more than twice as frequent when pamidronate therapy had been started before the
fracture occurred (42 of 155 (27%) vs 5 of 42 (11%); P=0.04 by Chi square test). During
pamidronate treatment, fractures that subsequently demonstrated delayed healing occurred
at an older age (8.1 vs 4.3 years), a taller height (107 vs 85 cm), a heavier weight (19.3 vs
12.2 kg) and after a longer duration of treatment (2.1 vs 1.1 years) than fractures that
healed normally (P<0.001 for all comparisons by U-test). 48% of fractures in OI type IV
patients and 19% of fractures in OI type III patients showed delayed healing (P<0.001 by
Chi square test). Osteotomy healing was assessed after 200 intramedullary rodding proce-
dures in 79 OI patients with moderate to severe forms of OI (median age at the time of sur-
gery 5.4 years; range 1.2 to 19.8 years; 42 girls). Delayed osteotomy healing was almost
four times more frequent when pamidronate had been started before surgery (97 of 162
(60%) vs 6 of 38 (16%); P<0.001 by Chi square test). During pamidronate treatment, fac-
tors associated with delayed osteotomy healing were older age (6.5 vs 3.9 years), taller
height (94 vs 82 cm) and heavier weight (15.9 vs 12.2 kg) (P<0.001 for all comparisons by
U-test). Duration of pamidronate treatment was not associated with delayed osteotomy
healing (1.4 vs 1.7 years; P=0.4 by U-test). Delayed osteotomy healing occurred after 83%
of rodding procedures in OI type IV patients compared to 45% in OI type III patients
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(P<0.001 by Chi square test). This study demonstrates that cyclical intravenous pamidr-
onate therapy is associated with a significant delay in fracture and osteotomy healing in
children and adolescents with OI. The clinical sequelae of the delay in healing require
investigation.

Disclosures: C.F.J. Munns, None.
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Treatment of OIM Mice with Osteoprotegerin. J. Quenzer*', K. Boachie-
Adjei*', A. Hao*', C. Dunstan?, C. L. Raggio*', N. P. Camacho'. 'Research
Division, Hospital for Special Surgery, New York, NY, USA, 2Amgen Corp.,
Thousand Oaks, CA, USA.

Osteogenesis imperfecta (OI) is a heritable disease caused by molecular defects in type
I collagen that can result in severe bone fragility. Several studies have established that bis-
phosphonates are effective in reducing fracture risk and improving bone properties in OI.
The purpose of the current study was to explore the possibility that treatment of an animal
model of OI with the anti-resorptive agent osteoprotegerin (OPG) would also improve
bone properties and reduce fractures. Mice homozygous for the oim mutation (oim/oim) are
deficient in proat2(I) collagen and model moderate-to-severe OL. Oim/oim (n = 7) and oim/
+ mice (n = 9) were treated with 1 mg/kg/day recombinant OPG fusion protein (Fc-OPG)
(generously supplied by Amgen Corp., Thousand Oaks, CA) injected s.c. 3x/week from 6
weeks to 14 weeks of age. At sacrifice, whole body AP radiographs were taken and frac-
tures counted. Dissected femora were radiographed with a density standard, digitized, and
analyzed with SigmaScan software (Jandel Scientific). The mineralized phase was evalu-
ated histologically in tibial metaphyses with alcian blue staining. Data from this study were
compared to data from saline-treated (control) mice. All the mice tolerated the OPG treat-
ment very well, with consistent weight gain throughout the study. There was variability in
response of both the oim/+ and oim/oim mice to OPG, as evidenced by the quantity of new
metaphyseal bone formation. Histologically, some mice exhibited little new bone growth,
while some mice had metaphyseal bone with persistent calcified cartilage and thickened
trabeculae. This was also reflected in the radiographic densities, which ranged from 1.19 to
3.14 (mean = 2.26 +.73) for the oim/+ mice, and from 0.84 to 2.09 (mean = 1.17 +.48) for
the oim/oim mice. The OPG oim/oim mice sustained between 1 — 4 fractures/mouse, com-
pared to 1 — 7 fractures/mouse in the saline-treated oim/oim mice. Oim/+ mice do not typi-
cally fracture, and consistent with that phenotype, sustained no fractures with OPG
treatment. Previous studies have shown that Fc-OPG, which contains a human OPG
domain, can be antigenic in mice after some time. Thus, the variability of response in the
current study could be attributed to that fact. Nevertheless, these preliminary results sup-
port the notion that optimization of the dosing regime of OPG could result in consistent
new bone formation and fracture reduction in the oim/oim mice.

Disclosures: N.P. Camacho, None.
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The Effects of a Lifestyle Intervention for Teen Girls on Bone Mineral
Density. C. Ritenbaugh*', L. DeBar*', M. Aickin*', P. J. Elmer*', D. Elliott*?,
E. Orwoll>. 'Kaiser Permanente Center for Health Research, Portland, OR,
USA, zOregon Health and Science University, Portland, OR, USA.

YOUTH is a lifestyle intervention for increasing bone mineral density (BMD) among

adolescent women (14-16 years of age), with a primary end point of change in BMD by
DEXA at two years. Higher risk female adolescents (Body Mass Index between 16 and 23)
and their parent(s)/guardian(s) were individually recruited among members of a large
HMO in the Pacific Northwest. Eligible teens (N=228) were randomized into a lifestyle
intervention or to general health education (control). The intervention targets are: (1)
improving diet (increasing consumption of fruits, vegetables, and high calcium foods; and
decreasing soft drink consumption), and (2) increasing high-impact physical activity and
spinal motion. The control group receives general health information.
Interim results of the intervention on BMDare shown below for the first 140 girls (72 con-
trol, 68 intervention) who had BMD assessment at one year (Hologic 4500). At baseline
(mean + S.D.): overall age = 14.9 + 0.6 yrs.; overall bmi = 20.0 + 1.6; months since
menarche 26.7 + 14.5. In both groups, 76% of girls self-identified as white. There were
significant 1-year differences in diet changes for the intervention group compared to con-
trol (intervention group: increased fruits and vegetables and calcium, decreased soda), but
no significant differences in changes in high-impact or total activity levels or spinal
motion. The table below shows baseline BMD values by group, the adjusted mean differ-
ence at one year, and the p-value for the 1-year difference. The adjusted mean difference is
estimated from a conditional change regression (ANCOVA), adjusting for BMD at base-
line and time since menarche.

Bone Mineral Baseline Baseline Adjusted mean p
Density Site Control Intervention difference value
X +S.E. X +S.E.

Total body 1.1+0.08 1.11 +0.07 .0023 +. 0035 0.513
Femoral neck 0.89 +0.12 0.89+0.12 -.0006 + .0054 0.906
Trochanter 0.77+0.10 0.75+0.11 .0097 +.0042 0.021
Ward’s Triangle 0.88+0.14 0.88 +0.14 -.0067 +.0076 0.382
Total hip 0.96 +0.11 0.96 +0.12 .0060 + .0039 0.130
Spine L1-L4 (mean)  0.97 +0.10 0.95 +0.09 .0177 +.0043 0.000

Conclusion: Teenage girls can achieve lifestyle dietary changes for one year that result in
enhanced bone mineral density at predominantly trabecular bone sites.
Funded by NICHHD grant 1-R01-HD037744-01.

Disclosures: C. Ritenbaugh, None.
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Interdependence between Calcium Intake and Menarcheal Age on Bone
Mass Gain: A 8 Years Follow-up Study from Pre-puberty to Post-
menarche. T. Chevalley', J. P. Bonjour', D. Hans*?, D. Slosman*?, R. Rizzoli'.
'Div. of Bone Diseases, Geriatric and Internal Medicine, Univ. Geneva,
Switzerland, ?Div. of Nuclear Medicine, Radiology, University of Geneva,
Switzerland.

Both early menarche and high Ca intake during growth are considered as factors reduc-
ing the risk of osteoporosis, probably by increasing peak bone mass. Recent observation
suggests a possible interdependence between these two factors. We investigated whether
Ca intake could influence menarcheal age (MENA) and, conversely, whether the response
of bone mineral mass accrual to increased Ca intake could vary according to MENA. 144
girls aged 7.93+0.04 yrs (mean+sem) were randomized in a double blind controlled trial to
receive either a Ca supplement (Calsup) of 850mg/day (n=77) or placebo (n=67) during
one year. Areal bone mineral density (aBMD) was determined by DXA at 6 skeletal sites:
radius metaphysis, radius diaphysis, femoral neck, trochanter, femoral diaphysis and L2-
L4 vertebrae. The mean yearly aBMD gains at these 6 sites were 21+2 and 27+2 (p<0.005)
in the Placebo and Calsup group, respectively (intention to treat cohort). The subjects were
reexamined at 1.0, 3.5 and 7.5 yrs after the end of intervention and MENA was recorded.
Spontaneous Ca intake was assessed by frequency questionnaires at baseline, 6 and 12
months allowing us to calculate the total Ca intake (spontaneous+Calsup, in g/yr) during
the intervention phase, taking into account the individual degree of compliance in the Cal-
sup group. Further frequency questionnaires made at each follow-up visit indicated a
steady individual position within the spontaneous Ca intake range. We now report on
results obtained when the subjects were 16.38+0.07 and 16.34+0.06 yrs in the placebo
(n=58) and Calsup (n=67) groups, respectively. A highly significant negative correlation
was found between Ca intake and MENA (R=-0.35, p<0.0001), and between MENA and
gain in aBMD from age 8.0 to 16.4 yrs at all 6 skeletal sites (R range: from - 0.41 to - 0.22,
p<0.0001- p<0.016). The positive effect of Calsup on mean axial and appendicular aBBMD
gain from baseline remained significantly greater in girls below (Early) but not in those
above (Late) the median of MENA®: Early, placebo (MENA=12.2+0.2 yrs) 2868 mg/cm’,
Calsup (MENA=12.1+0.1 yrs) 317+8, p<0.01. Late, placebo (MENA=13.9+0.1 yrs)
284+10 mg/cm?, Calsup (MENA=13.9+0.1yrs) 27616, p>0.05. In conclusion, our study
shows for the first time a relationship between Ca intake during pre-puberty and menar-
cheal age. It also indicates that early menarche is associated with lasting bone mass gain in
response to Ca supplementation. Thus, both early menarcheal age determinants and high
Ca intake appear to positively interact on bone mineral mass accrual.

Disclosures: T. Chevalley, None.

1125

Femoral Neck Bone Strength Changes in Prepubertal Boys: A
Randomized Controlled Trial of a 2-Year, School-Based Exercise
Intervention. K. J. MacKelvie!, M. A. Petit*>, K. M. Khan', H. A. McKay".
1University of British Columbia, Vancouver, BC, Canada, 2Pennsylvania State
University, Hershey, PA, USA.

Exercise during growth has a positive influence on bone mineral accrual, yet little is
known about how bone structure and bone strength adapt to loading during growth. Our
previous work has shown that, in early pubertal girls, the primary response to loading was
bone accrual at the endosteal surface of the femoral neck, conferring a significant increase
in bone bending strength over 8 months. Our objective was to compare changes in proxi-
mal femur bone structure and bone strength between 31 prepubertal (Tanner Stage 1) boys
who participated in a school-based, high impact circuit intervention (12 minutes, 3x/week)
for 20 months and 33 maturity-matched controls. We assessed structural variables and
bone strength at the narrow neck (NN), intertrochanteric region and femoral shaft regions
by applying the Hip Structural Analysis program to dual energy x-ray absorptiometry scans
(DXA, Hologic QDR 4500) of the proximal femur. We derived total body lean mass and fat
mass from DXA total body scans, and measured height and weight by standard methods,
physical activity by questionnaire (PAQ-C), calcium intake by a food frequency question-
naire, and maturity by Tanner staging self-assessment of pubic hair. Intervention boys
(10.2+0.5 years old) and control boys (10.1x0.5 years old) had similar baseline height
(140.8 vs 141.3 cm) and weight (36.9 vs 35.4 kg) and similar average 20-month physical
activity scores and calcium intakes (861 vs 850 mg/day). Twenty-month height and weight
changes did not differ between groups; lean mass changed more (P<0.05) in intervention
(22.8%) than control boys (18.6%). We compared 20-month bone changes with ANCOVA,
adjusting for height change, final Tanner stage and baseline bone values. At NN region,
intervention boys had greater expansion at both the periosteal (+2.6%, P=0.1) and
endosteal (+2.7%, P=0.2) surfaces, resulting in significantly greater changes in section
modulus (bone bending strength) (+7.5%, P=0.02). Changes at the intertrochanteric and
femoral shaft regions did not differ significantly between groups. Twenty-month change in
NN bone bending strength was correlated positively with change in lean mass (r=0.47,
P<0.001), but negatively with change in fat mass (r=-0.33, P=0.01). A 2-year school-
based, high impact exercise program implemented 3 x/week for 12 minutes is an effective
strategy for site-specific gains in bone strength at the femoral neck region of the proximal
femur. The bone structural adaptation may be mediated by changes in lean body mass.
These data further highlight the surface-, site- and sex-specific bone adaptation to loading
during growth.

Disclosures: K.J. MacKelvie, None.
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Influence of Sex Hormones on Bone Geometric Properties and Mineral
Density in Early Pubertal Girls. Q. Wang*', P. Nicholson*', M. Suuriniemi?,
A. Lyytikdinen', E. Helkala*', M. Alen*’, H. Suominen', S. Cheng'.
'Department of Health Sciences, University of Jyviskyld, Jyviiskyld, Finland,
*Department of Cell Biology, University of Jyviskyld, Jyviskyld, Finland,
SPEURUNKA-Medical Rehabilitation Center, Jyviskyld, Finland.

The effects of sex hormones on bone geometric properties and density in early adoles-
cent girls are not yet fully understood. The present study aimed to evaluate the correlations
among serum 17f-estradiol (E2), testosterone, bone geometric properties and mineral den-
sity in pre- and early pubertal girls. E2, testosterone, and sex hormone binding globulin
(SHBG) were measured using time-resolved fluoroimmunoassays (Delfia, Wallac Oy,
Turku) in 245 10-12 year-old Finnish girls without history of disease or medication known
to affect bone metabolism. The left tibial shaft was measured by peripheral quantitative
computed tomography (Stratec XCT-2000). The cortical bone area and marrow cavity area
were measured and expressed as proportions of the total tibial cross sectional area (CSA).
Cortical thickness and total volumetric BMD (vBMD) were also determined. These tibial
geometric and densitometric measures were correlated against the serum sex hormone con-
centrations controlling for age, body weight and height. The results showed that E2 was
significantly associated negatively with marrow cavity proportion (r = -0.19, p = 0.003),
positively with cortical proportion and thickness as well as total vBMD (r = 0.24, p <
0.001; r = 0.18, p = 0.004, and r = 0.23, p < 0.001, respectively). Free E2 showed similar
correlations with these bone variables as total E2. However, testosterone and free testoster-
one were not associated with these bone variables. On the other hand, SHBG was associ-
ated negatively with vBMD, cortical thickness, and cortical proportion (r = -0.18, p =
0.005; r =-0.22, p <0.001; and r = -0.16, p = 0.012, respectively), positively with marrow
cavity proportion (r = 0.16, p = 0.010). Total bone CSA did not correlate with E2, testoster-
one or SHBG. These results suggest a positive effect of E2 on bone cortical development
by suppressing bone turnover at the endosteum during the early pubertal period, and that
the effects of E2 on bone are more pronounced than that of testosterone.

Disclosures: Q. Wang, None.
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The Paternally Imprinted Autosomal Dominant Form of
Pseudohypoparathyroidism Type-Ib Is Associated With a 2998-bp
Deletion Centromeric of GNASI. M. Bastepe, L. Frohlich*, H. Jiippner.
Endocrine Unit/Medicine, Mass. General Hosp., Harvard Med. Sch., Boston,
MA, USA.

Most cases of pseudohypoparathyroidism type-Ib (PHP-Ib), unlike some other PHP
forms, are not caused by coding Gs-alpha mutations. However, a familial form of PHP-Ib
with autosomal dominant inheritance and paternal imprinting (AD-PHP-Ib) has been
mapped to a ~2.5-Mb locus on 20q13.3 comprising a portion of GNAS1, the gene encoding
Gs-alpha. Moreover, sporadic and familial PHP-Ib cases show a loss of methylation at
GNAS1 exon A/B, and recent studies have shown that the mutation leading to this epige-
netic abnormality in AD-PHP-Ib kindreds resides at least 56 kb upstream of exon A/B.
Taken together, these findings implicate a mutation affecting a long-range, cis-acting ele-
ment that controls imprinting of GNASI. We have now refined the AD-PHP-Ib locus to an
~280 kb interval based on a new recombinant individual in kindred W. Subsequent analysis
of markers in this region revealed a heterozygous 2,998-bp deletion in kindred F, which
was present only in affected members and unaffected carriers. The same deletion was also
found in patients and healthy carriers of 12 other unrelated AD-PHP-Ib kindreds, but not in
114 healthy controls. For each patient affected by AD-PHP-Ib, the deletion was inherited
maternally and associated with loss of methylation at exon A/B without defects at other
DMRs of GNASI. The deletion was also found in two apparently sporadic PHP-Ib cases
with the exon A/B methylation defect. These cases, on further analysis of clinically unaf-
fected parents, appeared to have inherited the mutation from their mothers. Many other
sporadic PHP-Ib cases, despite having the exon A/B methylation defect, lack the deletion
or any similar mutations. Interestingly, kindred W, which strongly links to the GNASI
region (lod score: 2.53), also does not show the deletion or any mutations within the
deleted region, although the epigenetic abnormality in this kindred is identical to that in
kindreds in whom the deletion is present. It is thus likely that, while the identified deletion
disrupts a cis-acting regulatory element necessary for establishment and/or maintenance of
the methylation imprint at exon A/B, there are additional imprinting control elements at
GNASI. In vivo studies will help elucidate the relationship between the identified mutation
and the loss of exon A/B methylation.

Disclosures: M. Bastepe, None.
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Noncoding Deletion Present in van Buchem Patients Removes Essential
Regulatory Elements Required for Bone-specific Expression of BMP-
antagonist Sclerostin. G. G. Loots*', M. Kneissel*?, H. Keller’, M.
Brunkow*®, J. Chang**, D. Ovcharenko**, 1. Plajzer-Frick**, V. Afzal**, E. M.
Rubin*°. 'Genomics Division, LLNL, Livermore, CA, USA, 2Bone Metabolism
Unit, Novartis Pharma, Basel, Switzerland, *Celltech Inc., Bothell, WA, USA,
“Life Sciences Division, LBNL, Berkeley, CA, USA, *DOE, Joint Genome
Institute, Walnut Creek, CA, USA.

Sclerosteosis is a generalized progressive bone overgrowth disorder due to the loss of
function of the SOST gene product sclerostin. Van Buchem disease is a similar skeletal dis-
order characterized by milder sclerosteosis-like phenotypes and is associated with the pres-
ence of a 52 kb deletion (VBDel) located ~35kb downstream of the SOST transcript and
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~10kb upstream of the MEOXI gene on human chromosome 17p21. Human-mouse com-
parative sequence analysis revealed several highly conserved noncoding elements present
in the VBDel region suggesting that van Buchem disease is caused by the removal of
essential SOST-specific regulatory elements. Using in vitro BAC-recombination techniques
we have engineered a ~160kb human BAC containing the SOST and MEOX1 transcripts by
removing the ~52kb intergenic region absent in patients suffering from van Buchem Dis-
ease. We have generated several lines of transgenic animals carrying either the wildtype
human SOST BAC or the VBDel modified BAC. Following the expression pattern of the
endogenous sost mouse gene, we have investigated the expression pattern of the human
transgenes in these two types of transgenic animals. Similar to the murine SOST expres-
sion, the human sost transcript from the wildtype BAC is predominantly expressed in the
mineralized bones of fetal, neonatal and adult mice, as well as in the apical ectodermal
ridge of the developing embryo. Transgenic animals carrying the modified VBDel BAC
fail to express the human sost transcript in mineralized bone, while the embryonic expres-
sion of this transgene is unaffected. Using comparative sequence analysis, transient trans-
genic technology and transient transfection experiments in osteoblastic cells we are
currently in the process of testing all the evolutionary conserved noncoding elements
present in the VBDel for the potential to drive expression in the adult skeletal structures.
Our findings suggest that van Buchem disease is caused by a regulatory mutation that
diminishes osteoblast-specific expression of the BMP-antagonist sclerostin.

Disclosures: G.G Loots, None.
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Engraftment of Wild-Type Bone Marrow Stromal Cells in Akp2-/- Mice: A
Potential Therapy for Infantile Hypophosphatasia. D. Harmey, S.
Narisawa*, J. L. Millan. The Burnham Institute, La Jolla, CA, USA.

Hypophosphatasia is a rare heritable disease for which there is currently no treatment.
This disease results from loss-of-function mutations in the tissue non-specific alkaline
phosphatase (TNAP) gene. TNAP hydrolyzes the mineralization inhibitor inorganic pyro-
phosphate (PP,) and thereby promotes mineralization. There is wide variation in the sever-
ity of this disease, the most severe form of which is perinatal/infantile hypophosphatasia.
We have developed a mouse model of infantile hypophosphatasia by ablating the TNAP
(Akp2) gene. Akp2” mice have poorly mineralized bones, suffer spontaneous fractures and
display elevated levels of PP,. These mice appear normal at birth but are growth retarded
from day 5, suffer epileptic seizures and do not survive weaning. The mineralization
defects in these mice lies with the bone forming osteoblasts, which are unable to mineralize
matrix. Given that bone marrow stromal cells (BMSCs) are a source of multipotential pro-
genitors that under osteogenic conditions can differentiate into mature osteoblasts, we
hypothesized that BMSCs from wild-type (WT) mice may be used as donor cells to treat
the hypophosphatasia mice. BMSCs were isolated from the long bones of 6-week old WT
mice. To ensure that these cells successfully differentiated into osteoblast-like cells, we
cultured BMSCs in the presence of ascorbic acid (50 pg/ml) and B-glycerophosphate (10
mM). Under these conditions BMSCs differentiated into osteoblastic-like cells expressing
characteristic osteoblast markers, i.e., TNAP, osteocalcin (OCN) and core binding factor
(CBFA-1). Based on these observations, we performed bone marrow transplants into Akp2
 mice. To aid BMSC engraftment in the host mice, we sub-lethally irradiated 4-day old
Akp2” mice. Following a 24-hour recovery period the mice were injected with a mixture of
BMSCs that had been cultured under osteogenic conditions, along with freshly isolated
BMSCs, these injections were performed daily for 3 weeks. Mice were sacrificed and long
bones dissected and longitudinal frozen sections were examined for TNAP activity to
determine whether engraftment of donor cells had occurred. Clusters of donor-derived
TNAP positive cells were observed within the bone marrow cavity in some of the treated
mice. While clearly we need to optimize the conditions for engraftment, these findings are
encouraging in terms of the potential use of BMSCs as a means of replacing TNAP-defi-
cient osteoblasts by wild-type osteoblasts with the goal of ameliorating the hypomineral-
ization of infantile hypophosphatasia.

Disclosures: D. Harmey, None.
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Osteoporosis Pseudoglioma Syndrome: 3 Siblings with a Novel LPRS
Mutation. E. A. Streeten', H. Morton*?, D. J. McBride*'. 'Endocrinology,
Diabetes and Nutrition, University of Maryland School of Medicine, Baltimore,
MD, USA, *Pediatric Genetics, Clinic for Special Children, Strasburg, PA,
USA.

Osteoporosis-pseudoglioma syndrome (OPPG) is a rare autosomal recessive disorder of
severe juvenile osteoporosis and congenital blindness, due to mutations in the LRP5 gene.
Approximately 30 cases of OPPG are known worldwide. We report 3 siblings with OPPG,
members of a conservative Mennonite church in Pa. The proband (A) is an 11 9/12 yo boy
who was noted to be blind at 7 weeks of age and bilateral retinal detachments were diag-
nosed. At age 6 yrs, he had his first fracture, of a clavicle after a mild fall. At7 9/12 yo, he
fractured his proximal R femur after a mild fall, and over the next 7 months, had atraumatic
fractures of the left femur and tibia and spine at multiple levels. At age 8 9/12, DXA
showed a Z score of —6.1 in the spine and metabolic evaluation was normal. He was started
on oral risedronate and over the next year, his BMD improved 78% and he had no frac-
tures. In the 2™ year on risedronate, BMD increase was smaller, total 103% in the first 2
years (Z score —7.25 to —4.27), and he had another 3 femur fractures. His treatment was
then changed (8 months ago) to IV pamidronate 1 mg/kg x 3 every 4 months and he has
had no fractures since then. Rods have been placed in both femurs but he has been non-
ambulatory since age 7 ¥2 yo. The proband’s brother (B), now 7 yo, had congential blind-
ness due to retinal detachment and at age 4 9/12 yo, DXA showed a spine Z score of -5.0.
He was started on oral risedronate, and after 2 years, his Z score increased to -3.7. Now
aged 7 yo, he has had no fractures to date. The 3" affected sibling (C), a girl now 12 mos
old had congenital blindness due to bilateral retinal detachment and has not yet had a DXA.
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A DXA study on the father was normal (spine T score -0.5, hip 4+0.3); the mother had mild
osteopenia (spine T score -1.2, hip -0.6). There are 5 unaffected siblings to the proband.
To study the LRP5 gene in this family, primers were designed to include flanking intron
sequence for each of the 23 LRP5 exons. PCR products were generated from a control
sample, both parents, and an affected child using genomic DNA. Sequence analysis dem-
onstrated a novel exon 6 allelic variant (Trp-425-X) in the affected child. The parents were
heterozygous for the variant allele; the control sample was homozygous for the wild type
allele.

In summary, we report 3 siblings with OPPG and a novel LRP5 mutation. The heterozy-
gote mother has mild osteopenia and further studies on heterozygotes in this family may
help to clarify whether heterozygotes in OPPG have low bone mass.

Disclosures: E.A. Streeten, None.
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Variation in Bone Brittleness Among Chromosome Substitution Mouse
Strains. J. Ryan*', A. Hill**, J. Nadeau*?, K. Jepsen'. 'Orthopaedics, Mount
Sinai School of Medicine, New York, NY, USA, “Center for Computational
Genomics, Case Western Reserve University, Cleveland, OH, USA.

Genetic background is an important determinant of bone mechanical properties; these
properties are complex both genetically (multigenic) and mechanically (dependent upon
many traits). To understand how genes interact to create a mechanically functional bone,
we examined a set of 21 B6.AJ-Chr Chromosome Substitution Strains, CSS, (19 auto-
somes, X, y) that were developed for complex trait analysis [1]. Each of the B6.AJ-Chr(i)
strains is a homozygous inbred strain that is identical to the B6 strain except that chromo-
some ‘i’ has been replaced (intact) with the corresponding AJ chromosome. If B6.AJ-
Chr(i) differs from B6 for a trait, there must be at least one QTL on chromosome ‘i’ related
to the trait. We tested for variation in bone brittleness among the CSS panel given that
femurs from AJ (brittle) and B6 (ductile or tough) differ significantly for this clinically rel-
evant trait [2]. Femurs from 14-16 wk old male and female B6 and AJ mice (n=10-25/
group) and from each of the chromosome substitution strains (n=7-16/group), except for
chromosomes 5, 7, and 13 (female), were failed in 4-point bending. Post-yield deflection
(PYD), the deformity before failure, was calculated as a measure of bone brittleness. The
data revealed that for females, the B6.AJ-Chr12, -Chr16, -Chr18, and -ChrX strains have
PYD values significantly smaller (more brittle) than B6 (p<0.05, ANOVA). For males,
B6.AJ-Chr18 was the only strain to show a significantly reduced PYD relative to B6
(p<0.01, ANOVA). In contrast to females, male B6.AJ-Chr16 showed reduced PYD com-
pared to B6, but the difference was not significant, and male B6.AJ-Chr12 and B6.AJ-
ChrX showed similar PYD values compared to B6. Analysis of the CSS panel revealed that
genes on certain chromosomes of the AJ background interacted with the remaining genes
of the B6 background and this lead to a brittle phenotype. Importantly, variation in brittle-
ness among the CSS panel was gender specific; our data suggest there are important genes
on chromosomes 12, 16, 18, and X for females and 18 for males that contribute to bone
brittleness. Variation in femoral PYD among inbred strains correlates with mineral content
[3]; thus, variation in PYD among the CSS panel may indicate that certain genes within the
AlJ background contributed to an alteration in matrix composition and consequently mate-
rial quality. Future work will quantify these matrix changes that accompany the chromo-
some substitutions and determine how these changes are responsible for the increased bone
fragility. [1] Nadeau et al, Nat Genet 24(3), 2000. [2] Jepsen et al, JBMR 16(10), 2001. [3]
Jepsen et al, Mamm Genome 14(2), 2003.

Disclosures: K. Jepsen, None.
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Fine Mapping Igfsi1, a QTL with Low BMD and Low Serum IGF-1, Using
Two Different Breeding Strategies. C. L. Ackert-Bicknell', K. L. Shultz', R.
Klein?, E. Orwoll?, E. C. Akeson*’, W. G. Beamer', C. J. Rosen*. 'The Jackson
Laboratory, Bar Harbor, ME, USA, 2Oregon Health Sciences University,
Portland, OR, USA, *The Jackson Laboratory, Bangor, ME, USA, “Maine
Center for Osteoporosis, St. Joseph Hospital, Bangor, ME, USA.

Serum IGF-1 levels are correlated with BMD, femoral cross-sectional area and fracture
risk. We have previously reported that serum IGF-1 level is a polygenic trait, with Quanti-
tative Trait Loci (QTLs) on Chr 1, 6, 10 and 15. The B6.C3H-6T (6T) congenic strain is a
C57BL/6] (B6) mouse carrying a portion of the C3H/HeJ (C3H) Chr 6 (D6Mit93 to
D6Mit150), and has a 20% lower serum IGF-1, reduced periosteal circumference, shorter
femurs and reduced trabecular bone as compared to B6. There was no difference in IGF-1
transcript levels in either the liver or long bone, as measured by RT-PCR and RNase pro-
tection assay, in 6T as compared to B6. Two congenic sublines were created in an attempt
to fine map this QTL. The B6.C3H-6-1 subline, (D6Mit93 to D6Mit124) does not contain
this QTL, whereas the B6.C3H-6-2 (6-2) subline (D6Mit124 to D6Mit150) does. To further
fine map, 584 offspring from a 6T by B6 cross were generated but no recombination in the
6-2 congenic region was found, a phenomenon also seen in the original B6xC3H F2
genome wide scan. Fluorescent in situ hybridization was performed on chromosome
spreads from the 6T and control strains to find an explanation for this lack of recombina-
tion. Probes were generated from BACs selected from the Roswell Park Cancer Institute
B6 Female mouse BAC library. BACs were chosen based on chromosomal location in rela-
tion to the above three D6Mit markers as determined from the Ensembl published mouse
genome. An inversion on Chr 6 in the B6.C3H-6T strain of mouse was discovered,
explaining the lack of genetic recombination. As an alternate strategy, the serum IGF-1
levels in 23 of the B6 by DBA/2J (D2), recombinant inbred (BXD RI) strains were mea-
sured and a strong QTL for serum IGF-1 was mapped to the region of D6Mit10 (LOD 6.0),
2.4 cM proximal to D6Mit150. As in the C3H cross, it was the B6 allele that conferred
higher serum IGF-1 in the B6xD2 cross. Coincidentally, this same region contained a pre-
viously published QTL for femoral cross-sectional area. We are now exploring this D2 Chr
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6 region for low serum IGF-1 in order to fine map /gfsl/ and to complement previous gene
expression data from B6.C3H-6T. As work towards the goal of producing a B6.D2-6 con-
genic progresses, it has been noted that this region will undergo genetic recombination,
indicating that D2 does not carry the chromosomal inversion. The similarity in phenotype
between mice D2-like or C3H-like for this region on Chr 6 suggests that Igfsl/ is not a
function of the inversion, but rather is a gene or genes with multiple alleles.

Disclosures: C.L. Ackert-Bicknell, None.
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Anti-IL-8 Therapy Inhibits Breast Cancer Growth and Osteolysis In Vivo.
M. S. Bendre', R._A. Skinner*', R. Singh*?, D. Gaddy', L. J. Suva'.
'Orthopaedic Surgery, UAMS, Little Rock, AR, USA, ’Pathology and
Microbiology, University of Nebraska Medical Center, Omaha, NE, USA.

Bone is one of the most common sites for breast cancer metastasis. Skeletal metastases
connote a dramatic change in the prognosis for the patient and significantly increase the
morbidity associated with breast cancer. Understanding the factors contributing to the met-
astatic behavior of breast cancer cells to bone is essential for the development of interven-
tions that may prevent or impede the progression of these lesions. Recently we reported
that elevated levels of the chemokine interleukin 8 (IL-8) but not parathyroid hormone
related protein (PTHrP) correlate with increased bone metastasis in a population of human
breast cancer cells (MDA-MET; Bendre et al, 2002). When added to cultures of human
peripheral blood mononuclear cells, IL-8 stimulates osteoclastogenesis and bone resorp-
tion by both RANKL dependent and independent mechanisms. This process is presumably
associated with the expression of the IL-8 specific receptor CXCR1 by human osteoclasts
and their precursors (Bendre et al., 2003). Thus, we hypothesized that IL-8 may be respon-
sible for the osteolysis induced by breast cancer cells colonizing bone. To test this hypoth-
esis in vivo, MDA-MET cells were injected in the tibia of nude mice. The mice were
treated with either a monoclonal antibody directed against IL-8 (35ug), or a control IgG
(35ug), or no treatment every alternate day for 28 days following tumor cell inoculation.
Mice were sacrificed and tibiae evaluated radiologically and histologically. All injected
mice receiving no treatment (7/7) or treated with control I1gG (6/6) developed large
osteolytic bone tumors. In the IL-8 antibody treated group 44% did not show any tumor (3/
7). Small tumor foci with no demonstrable osteolysis were observed in 2 mice (28 %) and
2 /7 (28%) of mice developed osteolytic tumor. The total area of osteolytic lesions and
tumor burden was significantly lower in mice treated with IL-8 antibody compared with
mice receiving control IgG or no treatment. These data suggest that IL-8 may have an
important pathogenic role in the development and growth of osteolytic bone lesions. The
efficacy of anti IL-8 antibody provides a strong rationale for the utility of anti-IL-8 therapy
in the inhibition of tumor growth in bone, and suggests a novel therapeutic opportunity for
the treatment of bone metastasis.

Disclosures: M.S. Bendre, None.
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Increased Survival and Decreased Metastasis Formation after Ten Years in
Patients with PTHrP-positive Breast Cancer; a Prospective Study in 526
Patients. M. A. Henderson*', J. A. Danks? J. Slavin*’, T. Harris*?, J. L.
Hopper**, T. J. Martin®. 'Surgical Oncology, Peter MacCallum Cancer Institute,
Melbourne, Australia, 2St Vincent's Institute of Medical Research, Melbourne,
Australia, *Pathology, St Vincent's Hospital, Melbourne, Australia, “Public
Health and Community Medicine, University of Melbourne, Melbourne,
Australia.

The aim was to determine in a prospective clinical study whether PTHrP production by
primary breast cancers is predictive of skeletal metastases. In a prospective study of 526
consecutive patients with operable breast cancer, the significance of positive PTHrP stain-
ing by immunohistology has been evaluated with respect to other prognostic factors, and to
the pattern of metastatic disease and overall survival. 79% of tumors stained positively for
PTHrP. Ten year survival of patients with PTHrP positive tumors (median follow-up 7.5
years) was 74% (95% CI 68-80%), and for those with PTHrP negative tumors was 47%
(95% CI 35-56%) (p <0.0001). Patients with PTHrP negative primary tumors were more
likely to develop metastases at all sites, including bone (p=0.008), lung (p=0.002), liver
(p=0.016) and soft tissue (p=0.002). Multivariate analysis using a Cox Proportional Haz-
ards Model identified the following as independently significant prognostic variables:
tumor size (RR 1.01, p <0.0001), node status (RR 1.1, p <0.0001), PTHrP status (RR 0.43,
p <0.0001), PR (RR 0.6, p = 0.02) and vascular invasion (RR 1.74, p = 0.006). PTHrP sta-
tus was associated with ER (p = 0.001), PR (p = 0.03) and menopausal status (p = 0.01);
not significantly associated were tumor size (p = 0.06), vascular invasion, tumor grade and
patient age. Other clinical studies that relate PTHrP expression by the primary tumor to
development of bone metastases are characterized by any or all of small numbers, case
selection, limited follow-up and retrospective accrual. The present study is the only long-
term, prospective study of consecutive patients which investigated primary tumor PTHrP
status and skeletal complications and survival. The conclusion is that increased production
of the multifunctional protein, PTHrP, by breast cancers confers upon them a less invasive
phenotype. Possible mechanisms for this are being actively explored. The likely contribu-
tion of PTHrP to establishment of bone metastases represents a specific, separate mecha-
nism of PTHrP action, by which cancer cells in bone marrow are able to promote osteoclast
formation and activity, thereby providing the specific property necessary to complement
the general invasive properties of the cancer cells.

Disclosures: T.J. Martin, None.
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Wnat/beta-catenin Signaling Antagonist DKK1 Is Secreted by Plasma Cells
and Contributes to Osteoblast Dysfunction and Osteolytic Lesions in
Multiple Myeloma. J. D. Shaughnessy*', F. Zhan*', E. Tian*', R. Walker*', E.
Rasmussen*?, B. Barlogie'. 'Myeloma Institute for Research and Therapy,
University of Arkansas for Medical Sciences, Little Rock, AR, USA, 2Cancer

Research and Biostatistics, Seattle, WA, USA.

Background: Multiple myeloma (MM) is a plasma cell (PC) malignancy that grows in the
bone where it causes osteolytic lesions, which lead to intractable bone pain, life-threatening
hypercalcemia, and a risk for pathological fractures. Lytic lesions are only found adjacent to
medullary plasmacytoma, suggesting that PC secrete factors that directly affect osteoclast
and/or osteoblast biology and function.

Methods: Oligonucleotide microarray profiling and biochemical analyses were used to iden-
tify molecular determinants of osteolytic lesions in 174 cases of newly diagnosed MM.
Results: Logistic regression and permutation analysis of global gene expression patterns in
patients with no MRI-defined focal lesions (n = 36) and those exhibiting >= 1 focal lesions (n
= 137) identified 58 genes distinguishing the two groups. The soluble Wnt/b-catenin signal-
ing antagonist, dickkopf-1 (DKK1), represented the only gene coding for a secreted factor in
28 genes significantly (P < .0001) over-expressed in PC from patients with focal lesions.
Immunohistochemistry and immunofluoresence microscopy showed DKKI1 expression to be
unique to PC in both MM and normal bone marrow. Elevated DKK1 protein in MM bone
marrow plasma was strongly correlated with both gene expression patterns and MRI-focal
lesions. Incubation of osteoblast precursor cells with bone marrow plasma from patients with
elevated serum DKKI could inhibit BMP-2 induced alkaline phosphatase production in a
DKK1-dependent fashion.

Conclusions: Given the critical role of Wnt/b-catenin signaling in osteoblast development
and function, data presented here suggests that malignant PC contribute to the lytic bone
destruction process in MM, in part, through the secretion of the Wnt signaling antagonist
DKKI. These data also provide support for the notion that DKK1 represents a potential target
for the prevention or treatment of malignancy-related osteolysis, as well as osteoporosis.

Disclosures: J.D. Shaughnessy, None.
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Antibody to CXCR4 Blocks Prostate Cancer Metastasis to Osseous Sites In
Vivo. N. Osman*, Y. X. Sun*, A. J. Koh-Paige*, A. Schneider*, K. Cook*, J.
Wang*, L. K. McCauley, R. S. Taichman. Periodontics/Prevention/Geriatrics,
University of Michigan Dental School, Ann Arbor, MI, USA.

Previously we determined that the SDF-1/CXCR4 chemokine axis is activated in pros-
tate cancer (CaP) metastasis to bone. Moreover, SDF-1 triggers the adhesion of CaPs to
marrow endothelial cells and is related to increasing tumor grade.

To delineate the role of SDF-1/ CXCR4 receptor in CaP disease, two experiments were
performed. First, to establish a positive correlation between SDF-1 expression and tumor
metastasis, SDF-1 tissue levels were characterized for a variety of murine tissues by
ELISA. Expression of SDF-1 was highest in the pelvis, tibia, femur, liver, adrenal/kidneys
and lungs of those tissues examined with concentrations of SDF-1 ranging from 5-25 ng/
mg total protein.

Second, an in vivo metastasis model was examined with two experimental groups. PC-
cells (2x10°) were either pre-incubated with neutralizing antibody to CXCR4 (R&D Sys-
tems (MBA173)) at 10 pg/animal, or an isotype matched control. Bone metastases were
established by administering the cells into the left cardiac ventricle in HSD:athymic nu/nu
mice. Equal doses of the antibodies were administered I.P. at 2 and 24 h post inoculation.
At 4 weeks, the mice were injected with luciferin. Bioluminescence generated by the
luciferin/luciferase reaction served as a locator for cancer growth and was used for quanti-
fication using a Xenogen IVIS system and Livinglmage™ software. Signal intensity was
quantified as the sum of all detected photons within the region of interest during a 1 min.
luminescent integration time. The animals were subsequently radiograph and sacrificed.
Bones were evaluated by histomorphometric analysis to confirm cancer involvement.
Antibody to CXCR4 significantly reduced the total metastatic load compared to IgG con-
trol. Examination of individual sites of bone metastasis also demonstrated that antibody to
CXCRA4 significantly reduced the luminescent signal further demonstrating that the SDF-1/
CXCR4 in part regulates osseous metastasis including femur/tibia regions, spine and max-
illa/mandible areas (not presented). Preliminary histology and radiographic analyses con-
firm these findings. These in vivo metastasis data directly provide critical proof of principle
to support a role for SDF-1/CXCR4 in osseous metastasis.

31uc+

Photons Per Area

TX Whole Animal Femur/Tibia Spine
19G 18+0.2x10° 6.0+57x10" 1.0+0.2x10
Anti-CXCR4 50+50x10% 59+4.0x10% 12+0.4x10%

*Sig.diff.from 1gG Tx (p < 0.05)

Disclosures: R.S. Taichman, None.
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Hypogonadism Causes Bone Loss and Increased Bone Metastasesin a
Model of Mixed Osteolytic/Osteoblastic Metastases: Prevention by
Zoledronic Acid. S. S. Padalecki, M. R. Carreon*, B. G. Grubbs*, T. A. Guise.
University of Texas Health Science Center, San Antonio, TX, USA.

There is accumulating evidence that bone resorption is an important component of
osteoblastic metastases. The precise role of this bone resorption, whether it is essential in
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the pathophysiology of the osteoblastic response and whether inhibiting it would block the
development of osteoblastic metastases, is of practical clinical importance. Bone is a
repository for growth factors, which are released as a consequence of osteoclastic bone
resorption. In men with advanced prostate cancer, gonadal ablation increases systemic
bone resorption, thereby releasing these growth factors. Therefore, gonadal ablation may
also make bones of a more fertile environment for prostate cancer metastasis.

To test the hypothesis that increased osteoclastic bone resorption due to hypogonadism
causes a more fertile environment for mixed osteolytic/osteoblastic bone metastases, we
developed a mouse model which mimics the clinical situation of men rendered hypogo-
nadal as a result of treatment for prostate cancer. Surgical castration of male nude mice
resulted in reduced trabecular bone volume and increased osteoclast numbers over a 4-
week period compared with eugonadal controls. To investigate the role of hypogonadism
in the development of mixed osteolytic/osteoblastic bone metastases, male nude mice
underwent orchiectomy or sham surgery 4 weeks prior to intracardiac inoculation with
TSU-PR1 bladder cancer cells that cause mixed metastases. Mice were treated daily with
zoledronic acid or vehicle from the time of surgery. Radiographs, bone mineral density and
bone histomorphometry were used to assess bone mass and tumor osteolysis. Hypogo-
nadism resulted in lower bone mineral density compared with sham-controls. This was pre-
vented by zoledronic acid. TSU-PR1 bone metastases were increased and developed faster
in hypogonadal mice treated with vehicle compared to sham-controls. Zoledronic acid
decreased bone metastases in hypogonadal TSU-PR1-inoculated mice but had no effect on
soft tissue metastases or survival.

This work provides in vivo evidence that hypogonadism causes bone loss and may increase
metastases to the skeleton that are mixed in nature. Treatment with zoledronic acid not
only prevented bone loss due to androgen deprivation but also reduced bone metastases in
this model. These data support the hypothesis that increased bone resorption due to andro-
gen deprivation may result in a more fertile environment for the development of bone
metastases. Bone resorption inhibitors, such as bisphosphonates, may benefit hypogonadal
men with advanced prostate cancer to prevent bone loss as well as skeletal metastases.

Disclosures: S.S. Padalecki, None.
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Osteoclasts Enhance Angiogenesis in Concert with Myeloma Cells through
Sekimoto*, Y. Tanaka*, T. Hara*, K. Kitazoe*, S. Ozaki*, S. Kido*, D. Inou;,
T. Matsumoto. Department of Medicine and Bioregulatory Sciences, University
of Tokushima Graduate School of Medicine, Tokushima, Japan.

Multiple myeloma (MM) develops in the bone marrow, and causes devastating bone
destruction by enhancing osteoclastic bone resorption. We have reported that osteoclasts
(OCs) induced by MM cells in turn enhance survival and growth of MM cells. Similarly,
angiogenesis has been demonstrated to be enhanced in the bone marrow in patients with
MM, which has drawn considerable attention as a potential therapeutic target. Both angio-
genesis and osteolysis develop in the MM bone marrow in parallel with the tumor expan-
sion, suggesting a link between OC and vascular cell activities. In addition, we previously
demonstrated that OCs constitutively secrete high levels of an angiogenic noncollagenous
matrix protein, osteopontin (OPN), and that MM cells secrete VEGF, a potent angiogenic
factor. We therefore investigated a role of OCs in enhancement of angiogenesis in MM
with a particular focus on OPN and VEGF.

Vascular tubule formation was assayed using Angiogenesis Kit (KZ-1000) obtained from
KURABO (Osaka, Japan). Conditioned media (CM) from either peripheral blood mononu-
clear cell-derived OCs or MM cell lines (ARH77, U266 and RPMI18226) at 10 % enhanced
vascular tubule formation equipotently 1.5-fold. Interestingly, CM from co-cultures of both
cells further enhanced it 2.5-fold, suggesting a role of the interaction between OCs and
MM cells in angiogenesis. Although no MM cell lines secreted detectable OPN, MM cell
contact enhanced OPN production by OCs beyond the already high basal levels (about 10
vs. 7 microg / 10E5 cells for 3 days). On the other hand, all MM cell lines secreted VEGF
whose levels were not changed when co-cultured with OCs. Since VEGF has been demon-
strated to induce an OPN receptor, alphaVbeta3 integrin, on endothelial cell surface and to
enhance OPN-induced endothelial cell migration, we next examined the effects of OPN
and VEGF on angiogenesis. OPN (1 microg/ml) or VEGF (10 ng/ml) alone enhanced vas-
cular tubule formation 1.3- and 1.5-fold, respectively, and both in combination further
enhanced it 2-fold, suggesting cooperative action of both factors on angiogenesis. Consis-
tently, antibodies against alphaVbeta3 integrin and VEGF each alone partially and both in
combination completely abrogated tubular formation enhanced by CM from the co-cul-
tures of OCs and MM cells.

In conclusion, OCs enhance angiogenesis in concert with MM cells, which is largely medi-
ated by OPN and VEGF derived from OCs and MM cells, respectively. Therefore, impair-
ment of OCs may inhibit MM progression not only directly but also through suppression of
angiogenesis.

Disclosures: M. Abe, None.
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Calcitonin/Calcitonin Gene-related Peptide Protect the Maternal Skeleton
from Excessive Resorption During Lactation. J. P. Woodrow*', C. S.
Noseworthy*', N. J. Fudge*', A. O. Hoff*?>, R. F. Gagel’>, C. S. Kovacs'.
'Memorial University of Newfoundland, St. John's, NF, Canada, *MD
Anderson Cancer Center, Houston, TX, USA.

Surgical models of calcitonin deficiency had suggested that lack of calcitonin lowered
bone mass after a cycle of pregnancy and lactation, leading to the hypothesis that calcitonin
protects the maternal skeleton from excessive resorption during pregnancy and lactation.
That postulated role has never been fully accepted because of inconsistent results, con-
founding effects of thyroid ablation, and recognition that extrathyroidal sources of calcito-

>
=3
N
-
H
o
]
-
72}




ASBMR 25th Annual Meeting

nin were not obliterated.

We utilized the CT/CGRP gene ablation model (Cr-null mice) to re-explore the possible
role of calcitonin (and CGRP) in regulating maternal bone metabolism during pregnancy
and lactation.

Ct-het mice were back-crossed into outbred Black Swiss strain. Ct-het males and females
were mated to generate wt, Ct-het and Cr-null females. These mice were studied after 10
weeks of age and were mated to Ct-het males. Serial daily measurements of bone mineral
content (BMC) and density were made during pre-pregnancy, pregnancy, lactation, and
after weaning (approx 60 day cycles). A PIXIMUS densitometer (DXA scaled for mice)
assessed total and regional BMC and density. A baseline BMC was determined for each
mouse from her pre-pregnancy measurements, to which all subsequent readings were nor-
malized (expressed as % of baseline). Ionized calcium was measured during pre-preg-
nancy, pregnancy, and lactation.

Baseline BMC trended higher in Cr-null (0.360 + 0.01 g vs 0.333 + 0.02 g in Ct-het and
0.301 £ 0.03 g in wt, p=NS). BMC increased in pregnancy to a significantly lower peak in
Ct-null (112.1 1.6 % vs. 120.4 £ 2.1 % in Ct-het and 132.7 + 3.7 % in wt, p< 0.01). Dur-
ing lactation, BMC plummeted to 45.7 + 3.3 % of baseline in Cr-null versus 94.4 + 0.4 %
of baseline in Ct-het and wt (p< 0.02). Within 2 weeks of weaning, BMC returned to base-
line in Ct-null, Ct-het and wt. Maternal ionized calcium did not change between pre-preg-
nancy to late pregnancy. Ionized calcium rose significantly post-delivery in Ct-null to 1.42
+ (.02 mmol/l but not in Ct-het or wt, and returned to normal (1.29 + 0.02 mmol/l) by one
week post-delivery.

In summary, Ct-null mice gained less BMC during pregnancy and plummeted to 45% of
baseline BMC during lactation, a net excursion (from peak to trough) of 67% of BMC.
This excess bone resorption was accompanied by maternal hypercalcemia. BMC returned
to baseline after weaning in Ct-null as promptly as in wt and Ct-het.

We conclude that calcitonin/CGRP prevent severe drops in maternal BMC and increased
skeletal fragility during lactation, but are not required in the long-term because the mater-
nal skeleton recovers to baseline.

Disclosures: J.P. Woodrow, None.
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Inhibition of Vascular Calcification In LDLR -/- Mice by Treatment With
Human PTH(1-34). J. S. Shao, N. Charlton-Kachigian*, Y. Gao, S. L. Cheng,
D. A. Towler. Division of Bone and Mineral Diseases, Washington University
School of Medicine, St. Louis, MO, USA.

Vascular calcification is a common response to dysmetabolic stimuli such as diabetes
and hypercholesterolemia. We identified that high fat diets induce insulin - resistant diabe-
tes, hyperlipidemia, and aortic calcification in LDL receptor knockout (LDLR -/-) mice.
Diabetes and aortic calcification are more pronounced in male animals, with vascular calci-
fication dependent upon BMP2 - Msx2 signaling that promotes osteogenic differentiation
of aortic myofibroblasts. We examined the regulation of vascular calcification and aortic
osteogenesis by human PTH(1-34), a prototypic osteoanabolic hormone, in LDLR -/- mice
fed diabetogenic diets. Methods: Six week old male LDLR -/- mice (n= 5 / arm) were fed
mouse chow or high fat diet (42% calories from fat; 0.15% cholesterol by weight) for 4
weeks. Mice were treated s.c. with vehicle, or 0.4 mcg / kg of PTH(1-34) dosed 5 days /
week. At sacrifice, bone mineral content (BMC) was determined by DXA. Osteogenic
gene expression was quantified in RNA from single aortas and hind limbs by fluorescence
RT-PCR. Vascular calcification was determined by Alizarin red (AR) staining of cardiac
valve sections, using image analysis to quantify leaflet mineralization. Circulating regula-
tors of inflammation and mineral deposition (osteopontin/OPN; osteoprotegerin/OPG:; lep-
tin) were measured by ELISA. Results: Serum glucose and lipid levels increased
significantly in response fatty diets. These diets upregulated aortic expression of BMP2,
Msx2, and OPN. As in humans, diabetes upregulated circulating OPG and leptin levels ca.
4-fold; no change in circulating OPN was noted. PTH(1-34) increased BMC in diabetic
LDLR-/- mice, with concomitant induction of osseous Msx2, osseous OPN, and serum
OPN; no change in lipids, glucose, OPG, or leptin was noted. By contrast, PTH(1-34) treat-
ment suppressed aortic OPN and Msx2 mRNA accumulation > 50%, indicating reciprocal
regulation of orthotopic vs. heterotopic osteogenic programs. Valve calcification mirrored
vascular osteogenic gene expression responses. As compared to vehicle, PTH(1-34)
decreased cardiac valve calcification ca. 80% (8.3 +/- 1.5 % vs. 1.5 +/- 0.5 % valve area
calcified; p < 0.001). Analyses of spleen cells showed that PTH(1-34) decreased CD68+
OPN+ monocytes by 50% (p = 0.08), suggesting that anti-inflammatory actions may con-
tribute to vascular PTH responses. Summary: PTH(1-34) inhibits valve calcification and
aortic osteogenic differentiation during the initiation of diabetic vascular calcification.
Intermittant PTH(1-34) may exert beneficial actions on vascular calcium homeostasis at
the early stages of macrovascular responses to diabetes.

Disclosures: D.A. Towler, None.
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PTH Receptor Internalization by Inactive PTH Fragments. Regulation by
NHERF1 (EBP50). W. Sneddon', C. Syme*', A. Bisello', C. E. Magyar*', E.
J. Weinman*?, P. A. Friedman'. 'Universities of Pittsburgh, Pittsburgh, PA,
USA, %and Maryland, Baltimore, MD, USA.

PTH effects on kidney and bone are mediated by the Type 1 PTH receptor (PTHIR).
PTHIR is internalized in a cell- and ligand-specific manner. In kidney distal tubule (DCT)
cells and some bone cell lines (e.g. ROS17/2.8), both the agonist PTH(1-34) and the antag-
onist PTH(7-34) induce PTHIR internalization. In contrast, in renal proximal tubule (PCT)
and SaOS2 cells, only PTH(1-34) internalizes the PTHIR. Mahon and Segre reported
(Nature *02) that Na/H exchanger regulatory factors (NHERFs) bind to the PTHIR through
a C-terminal PDZ recognition domain and have a role in signaling. NHERF1 is a cytoplas-
mic adapter protein that has been implicated in both protein targeting and the assembly of
protein complexes. NHERF1 possesses tandem PDZ domains and an ERM domain that

S36

binds to the actin-associated proteins, ezrin, radixin, and moesin. NHERF]1 is expressed by
proximal tubules and by SaOS2 cells, but not by distal tubules or ROS17/2.8 cells. We
mutated the PTHIR PDZ domain from ETVM to ETVA to determine the role of NHERF1
on PTHIR internalization. In cells lacking NHERF1, the ETVA/PTHIR internalized after
challenge with PTH(1-34) or PTH(7-34). However, in cells expressing NHERF, PDZ muta-
tion abolished the ability of NHERF]I to interact with the PTHIR. PTH(7-34) now effi-
ciently internalized the PTHIR/ETVA receptor. We hypothesized that NHERF1 mediates
the cell- and ligand-specific pattern of PTHIR internalization. Heterologous expression of
full-length NHERF1 in DCT or ROS17/2.8 cells inhibited PTH(7-34)-stimulated PTHIR
internalization without affecting PTH(1-34)-induced endocytosis. To determine if the ERM
domain is involved in ligand-induced PTHIR internalization, we expressed ERM-deficient
NHERFI (NHERFAERM) in DCT cells. NHERFdERM did not inhibit PTH(7-34)-induced
receptor endocytosis suggesting that the ERM domain is required for tethering the PTHIR.
Because the ERM domain binds actin-associated proteins, we theorized that disrupting the
actin cytoskeleton would release the PTHIR from NHERF and permit PTH(7-34) to inter-
nalize the receptor. As predicted, cytochalasin D, PTH(7-34) promoted receptor internal-
ization in cells expressing NHERFI. Cytochalasin did not affect PTH(1-34)-induced
endocytosis or EVTA/PTHIR sequestration. We conclude that NHERF1 acts as a molecu-
lar switch for the conditional efficacy of PTH fragments. Cells expressing NHERF do not
internalize the PTHIR in response to PTH(7-34), whereas the PTHIR is internalized in
cells lacking NHERF. The magnitude and pattern of NHERF expression may have impor-
tant implications for understanding PTHIR function in kidney and bone in states of cal-
cium wasting and aging.

Disclosures: W. Sneddon, None.
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Parathyroid Hormone-Induced Recruitment of Osteoblasts from Bone
Marrow Fibroblasts. R. T. Turner, S. Lotinun. Orthopedic Research, Mayo
Clinic, Rochester, MN, USA.

Pulsatile administration of parathyroid hormone (PTH) to rats results in a rapid increase
in cancellous bone formation, largely due to modulation of existing bone lining cells to
express the osteoblast phenotype. In contrast, continuous infusion of PTH results in hyper-
calcemia, focal bone resorption and severe peritrabecular marrow fibrosis (parathyroid
bone disease). The purpose of the present study was to determine the origin of the PTH-
induced fibroblasts as well as their fate following termination of PTH treatment. Studies
were performed in which PTH was continuously infused into adult female rats for 1 w (40
ng/kg/d) using sc implanted osmotic pumps. The animals were co-infused with 3H-thymi-
dine (2 mCi/rat) to label cells progressing through the cell cycle. Groups of PTH-treated
and control rats were sacrificed 0 d and 7 d following termination of PTH treatment. In
spite of a dramatic increase in osteoblast (OB) number and cancellous bone formation in
PTH-treated rats, negligible numbers of OB and osteocytes (OCy) were labeled at d O in
either treated or control animals. This result indicates that continuous as well as pulsatile
PTH induces modulation of bone lining cells to osteoblasts. Peritrabecular fibroblasts were
not present in the controls. In the PTH-treated rats, 85% of the fibroblasts, which formed
multiple cell layers and lined 70% of the cancellous bone surface, were labeled with thymi-
dine, indicating proliferation. Gene array analysis revealed significant PTH-induced
increases in mRNA levels for genes associated with fibroblast differentiation and migra-
tion (e.g., PDGF-A, lysyloxidase, collagen XII, frizzled and phosphodiesterase 1). Fibro-
blasts were absent on bone surfaces in the PTH-treated rats on d 7, and 85% of the OB on
and 73% of the OCy within active remodeling sites were labeled, numbers dramatically
greater than in the controls (15% and 4%, respectively, p<.01). These data provide evi-
dence that fibroblasts recruited to bone surfaces in response to continuous PTH are capable
of differentiating to osteoblasts. To further test this possibility we performed an experiment
in which PTH was infused for 1 w and bone histomorphometry and mechanical properties
evaluated after 4 w. At the end of the study, the PTH-treated animals had normal serum Ca
and PTH, no evidence of parathyroid bone disease, increased bone volume and increased
strength. These findings demonstrate that continuous PTH can recruit osteoblasts by at
least two mechanisms; 1) modulation of lining cells; and 2) recruitment of marrow fibro-
blasts to bone surfaces where they undergo proliferation and subsequent differentiation to
osteoblasts. The latter mechanism represents a novel target for development of new thera-
pies to treat osteoporosis.

Disclosures: R.T. Turner, None.
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Targeted Overexpression of G protein-coupled Receptor Kinase 2 in
Osteoblasts Promotes Bone Loss. L. Wang*, L. D. Quarles, R. F. Spurney.
Department of Medicine, Duke University Medical Center, Durham, NC, USA.

G-protein coupled receptors (GPCR's) play a key role in bone remodeling. The osseous
effects of GPCR systems may be regulated by the rate of receptor desensitization in osteo-
blasts. GPCR desensitization is largely mediated by direct phosphorylation of GPCR pro-
teins by a family of enzymes termed GRK's. To investigate the role of GRK’s in regulating
bone formation in vivo, we overexpressed the potent GPCR regulator GRK?2 in osteoblasts
using the osteocalcin gene 2 (OG2) promoter to target expression to mature osteoblasts.
Four founder lines were established that expressed enhanced levels of GRK2 mRNA in
calvaria. Overexpression of GRK2 in osteoblasts resulted in a significant reduction in bone
mineral density (BMD) in transgenic (TG) mice (40.1 + 0.6 mg/cm?2) compared to non-TG
littermate controls (42.7 + 0.4 mg/cm2; P<0.005). The decrease in BMD affected predomi-
nantly trabecular bone and was most pronounced in female mice. To investigate the mech-
anism of GRK-dependent bone loss, we assessed parathyroid hormone (PTH)-induced
cAMP generation by the PTH/PTH-related peptide (PTHrP) receptor in mouse calvaria ex-
vivo. Calvaria from GRK2 TG mice had an attenuated response to PTH-induced cAMP
generation. This reduction in GPCR responsiveness was associated with an increased
osteoprotegrin (OPG) to OPG ligand (OPGL) mRNA ratio in calvaria consistent with




ASBMR 25th Annual Meeting

reduced osteoblast coupling to osteoclasts. In support of the lack an osteoclastic effect, uri-
nary deoxypyridinoline (DPD) excretion was similar in TG mice (20 + 1.4 nM DPD/mM
creatinine) and control animals (22 + 3.6 nM DPD/mM creatinine; P=NS). Taken together,
these data suggest that enhancing GRK activity in mature osteoblasts diminishes the ana-
bolic effects of GPCR systems leading to bone loss.

Disclosures: L. Wang, None.

1144

PTH/PTHrP Receptor Delays Chondrocyte Hypertrophy via both Runx2-
dependent and Independent Pathways. J. Guo, U. Chung, A. Szczepanik*,
D. Yang*, E R. Bringhurst, H. M. Kronenberg. Endocrine Unit, Massachusetts
General Hospital and Harvard Medical School, Boston, MA, USA.

Targeted disruption of either the PTHrP or PTH/PTHrP receptor (PTHR) genes in vivo
leads to acceleration of chondrocyte differentiation, while chondrocyte hypertrophy is
delayed or severely disturbed in Runx2 deficient mice. Because the effect of the Runx2
knockout on chondrocyte differentiation is opposite to that of the PTHR or PTHrP knock-
out, we considered the possibility that the delayed differentiation induced by PTHR activa-
tion might be mediated in part by downregulation of Runx2 expression. To examine this
possibility, cultured embryonic tibia and femur were acutely treated with PTH, and Runx2
expression then was analyzed by in situ hybridization. Treatment of cultured rudiments
with rat PTH(1-34) at a dose of 100 nM dramatically suppresses Runx2 mRNA levels in
hypertrophic chondrocytes; Runx2 mRNA in adjacent bone collar was unchanged. The
maximal effect occurred at 4-8 hr of treatment. Similar repression of (mutated) Runx2
mRNA by PTH was observed in Runx2-deficient tibia (in which inactive but detectable
mRNA is found), indicating that Runx2 action is not needed for the regulation of Runx2
mRNA by PTH. Runx2 protein levels in wild type tibia, measured by Western blot, were
not affected by 6-hr treatment with PTH. PTH treatment exhibited no effect on Runx2
expression in the presence of Actinomycin D, an inhibitor of RNA synthesis; addition of
Actinomycin D alone led to a rapid fall in Runx2 mRNA levels. These data suggest that the
effect of PTH on Runx2 expression was mainly due to altered transcription. Moreover, the
same effect of PTH on Runx2 mRNA levels was also found in PLC-defective PTHR
mutant rudiments.

To explore Runx2-independent effects of PTHrP on chondrocyte hypertrophy we examined
E17.5 femurs from littermates with or without PTHrP and/or Runx2 gene deficiency. Vas-
cular invasion and many chondrocytes that express collagen type X and osteopontin
mRNA were observed in the double knockout femurs, whereas no vascular invasion and no
cells expressing either collagen type X or osteopontin were found in Runx2-deficient
femurs.

Our data indicate that Runx2 promotes but is not required for chondrocyte hypertrophy and
that the delayed hypertrophy induced by PLC-independent PTHR activation may be medi-
ated by both Runx2-dependent and independent mechanisms.

Disclosures: J. Guo, None.
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Biglycan Mediates the WNT Signaling Pathway in Osteoblastic Cells. S.
Wadhwa, X. D. Chen, M. E. Young. Craniofacial and Skeletal Diseases Branch,
NIDCR, Bethesda, MD, USA.

Biglycan (bgn) is a member of the small leucine-rich proteoglycan family and is abun-
dantly expressed in the extracellular matrix of bone. Previous work has indicated that mice
who are deficient in bgn have low bone mass. However, the mechanism for this effect is
relatively unknown. We suspect that changes in bone's extracellular matrix leads to altered
cell signaling. It was recently found that bgn directly binds to a wnt induced soluble pro-
tein, wisp-1, suggesting that there exists a relationship between bgn and the wnt signaling
pathway. In addition, studies have shown that defects in the wnt signaling pathway leads to
decrease bone mass. In this study, we wanted to test the hypothesis that bgn is directly
involved in the regulation of the wnt signaling pathway. In order to determine which com-
ponents of the wnt signaling pathway might be affected we examined changes in mRNA
profiles in osteoblastic cultures obtained from the calvaria of newborn wild type and bgn
deficient mice. Using a microarray database we had previously designed, comparing bgn
deficient and wildtype osteoblastic cells, we discovered that wnt-1, wnt-3a and wisp-1
mRNA levels were lower in bgn deficient osteoblasts compared to osteoblasts from wild
type mice. These results were confirmed in three independent experiments using semi
quantitative RT-PCR. In contrast, also by three independent experiments, we found by
western blot analysis that beta catenin, a central player in the wnt signaling pathway, was
upregulated in osteoblasts from bgn deficient mice. To test whether bgn effects were direct,
we constructed an adenovirus encoding the full-length murine bgn gene. The adenovirus
was then used to isolate native recombinant protein, which was added back to bgn deficient
osteoblastic cultures. The addition of bgn (2ug/ml) for 24 h caused wnt-1, wisp-1 and beta
catenin levels to approach the levels of wild type osteoblastic cultures. Interestingly, in a
gain of function approach, the addition of recombinant bgn (2ug/ml) for 24 h to MC3T3-
El cells caused a significant reduction in beta catenin levels. Taken together these results
suggest that the wnt signaling pathway maybe modulated by proteoglycans in the extracel-
lular matrix and that biglycan and wnt may act cooperatively to regulate bone mass.

Disclosures: S. Wadhwa, None.
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The Heritage of Cells within Postnatal Tendon and Bone Formation. D. L.
Glaser*!, R. Ramachandran®*?, X. Jiao*', T. W. Lin*', L. J. Soslowsky*', E. M.
Shore', F. S. Kaplan', D. J. Goldhamer**. 'Orthopaedic Surgery, University of
Pennsylvania, Philadelphia, PA, USA, ‘University of Pennsylvania,
Philadelphia, PA, USA, *Molecular & Cell Biology, University of Connecticut,
Storrs, CT, USA.

A fundamental question in the cellular pathogenesis of postnatal tissue repair and cell
differention is the identity of progenitor cells responsible for new tissue. In fibrodysplasia
ossificans progressiva (FOP), heterotopic ossification affects both tendon and muscle.
While several stem cell populations could contribute to this process, the lineages of these
cells remain undefined. This study examined the identity of progenitor cells responsible for
post-natal tendon repair and ectopic bone formation.

To generate animal models with tagged cells of specific lineages, transgenic mice that
express Cre recombinase under control of a tissue-specific promoter/enhancer were mated
to Rosa26-LacZ reporter mice, resulting in cell-specific LacZ expression. Once activated,
LacZ expression remains constitutive for the life of the cell and its descendants, regardless
of phenotypic changes. Transgenic mouse lines with the following promoters (and cell spe-
cific expression) were generated: MyoD (satellite cells); Smooth Muscle Myosin Heavy
Chain (smooth muscle cells, pericytes); and Tie2 (endothelial cells, hematopoietic stem
cells, side population cells). To determine the role of bone marrow-derived cells, chimeric
mice were produced by transplanting bone marrow (BMT) from constitutive Rosa26-LacZ
mice into irradiated C57BL/6 hosts. The fates of the LacZ tagged cells were followed dur-
ing BMP induced ectopic ossification and in a patellar tendon injury model. Animals were
examined histologically at various intervals from 4 days to 12 weeks. Specimens were
stained for beta-galactosidase activity to identify participation of specific cell lineages.

In MyoD-cre/R26R mice, labeled cells were consistently found in cartilage and bone but
not in tendon. In SMMHC-cre/R26R mice, labeled cells were found in healing tendon but
not in heterotopic ossification. In Tie2-cre/R26RA, labeled cells were abundant in fibro-
proliferative tissue that proceeds both bone and tendon formation. In BMT animals,
labeled inflammatory cells were observed early in both models, however, fibroprolifera-
tive, cartilage, bone and tendon cells were not labeled; the bone marrow elements within
ectopic bone ossicles were labeled.

Taken together, these lineage tracing studies provide the first definitive evidence of the her-
itage of cells in postnatal tendon repair and ectopic ossification and provide direct cellular
targets for therapeutic approaches that regulate the regenerative response in these tissues.

Disclosures: D.L. Glaser, None.
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Expression of mCSF-1 in op/op Mice Leads to Amelogenesis Imperfecta
Phenotype. S. L. Abboud', K. Woodruff*', J. Dickson*’, N. Ghosh-
Choudhury', J. Schulze*?, L. Cardenas*’, M. MacDougall*?. 'Pathology,
University of Texas, San Antonio, TX, USA, *Pediatric Dentistry, University of
Texas, San Antonio, TX, USA.

CSF-1-mediated osteoclastogenesis is critical for tooth eruption. In op/op mice, absence
of soluble (s) and membrane-bound (m) forms of CSF-1 decreases osteoclasts and leads to
osteopetrosis and failure of tooth eruption. Using a transgenic approach, we showed that
human (h) mCSF-1, expressed in bone of op/op mice (op/opT) using the osteocalcin pro-
moter, caused significant regression of osteopetrosis and restored tooth eruption. However,
the biologic effect of each isoform on tooth formation is unknown. To determine the role of
CSF-1 in tooth development, teeth from 3 wk op/op, op/opT and wt mice were compared
for enamel/dentin integrity and matrix protein expression. The osteocalcin promoter targets
odontoblasts and high hCSF-1 protein was detected in op/opT teeth. At 3 wks, op/opT
showed an amelogenesis imperfecta (Al) phenotype characterized by malaligned, chalky
white incisors, with twisted tips prone to breakage. By scanning EM (SEM), morphology
of op/opT molars was similar to wt. However, SEM of fractured molars in op/op mice
showed abnormal enamel and dentin. The enamel was thin, lacked normal parallel crystals
and fractured on a different plane than dentin, indicating a faulty dentin/enamel junction. In
contrast, op/opT molars showed normal dentin and thicker more organized enamel that
fractured in the same plane as dentin similar to wt. Although op/opT enamel was
improved, it was thinner and less organized than wt enamel. To determine if the AI pheno-
type was associated with altered dental matrix proteins, their expression profile was
assessed using real time PCR. Compared to wt, op/op mice showed a decrease in dentin-
enriched proteins, DSPP and Dmp-1 and an increase in enamel-enriched proteins, ename-
lin, ameloblastin and EMSP-1. Expression of mCSF-1 in op/opT increased DSPP and
Dmp-1 close to wt levels. Expression of enamelin was almost normalized, whereas expres-
sion of ameloblastin and EMSP-1 remained similar to that in op/op mice. Regulation of
enamelin in op/opT likely occurred via interaction of mCSF-1 on the surface of odonto-
blasts with its cognant receptor on ameloblasts. By RT-PCR, ameloblast, but not odonto-
blast, cell lines expressed the c-fms receptor. These findings indicate that CSF-1 is
essential for normal tooth matrix development. Expression of mCSF-1 in op/opT partially
corrected the enamel defect seen in op/op mice and likely contributed to the AI phenotype;
sCSF-1 may be required for complete resolution. Targeting CSF-1 to teeth may provide a
useful therapeutic strategy for regulating enamel/dentin matrix proteins and eruption in
dental disorders.

Disclosures: S.L. Abboud, None.
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Dentin Matrix Protein-1 (Dmpl) Mice Display Multiple Abnormalities
during Early and Late Skeletal Development. L. Ye*', H. Huang*', Y. Xie*',
Y. Lu*!, D. Chen? S. L. Dallas', L. F. Bonewald', Y. Mishina*3, J. Q. Feng'.
'School of Dentistry, UMKC, Kansas City, MO, USA, Molecular Medicine,
UTHSCSA, San Antonio, TX, USA, *NIEHS/NIH, Research Triangle Park,
NC, USA.

Previously we reported that adult mice lacking Dmp1 gene exhibit the characteristics of
chondrodysplasia, osteoarthritis, and show severe defects in mineralization. Although new-
borns appear grossly normal, upon further detailed examination it was found that these ani-
mals also exhibit skeletal abnormalities, including increased trabecular bone in metaphysis
as well as a delay in secondary ossification.

To gain a complete understanding of temporal roles of Dmpl1 in skeletal development and
the potential mechanisms for the observed skeletal defects, Dmp1 null mice from embry-
onic day 3 to 1 year old were examined. Radiographs showed osteopetrosis-like changes in
metaphyses of mutants starting from day 10, which were confirmed by von kossa and
alizarin red/alcian blue staining as well as alkaline phosphatase histochemistry. Dmpl
mutants also showed abnormalities in the length and diameter of their long bones as well as
a failure in remodeling to form the normal hour glass shape as seen in WT littermates. In
addition, Dmp] nulls showed a dramatic delay in secondary ossification in long bones, ver-
tebrae and tails. To determine the mechanisms underlying these skeletal abnormalities, we
first examined expression of markers of bone formation as well as bone ECM proteins by
both in situ hybridization and/or immunohistochemistry at 3-wk after birth. Cbfal expres-
sion as well as proteoglycans, such as decorin, biglycan and fibromodulin was increased in
metaphyses. This suggests that one of the major abnormalities in Dmp1 mice may be over-
expression of ECM proteoglycans. We also examined expression of caspase 3 and found a
dramatic reduction in the number of hypertrophic chondrocytes expressing this marker of
apoptosis. To examine the role of Dmp1 in mineralization, double calcein labeling was per-
formed at 3-wk and 3-mo after birth. In WT animals a clear double label was observed on
the endosteal surface. In contrast in Dmp1 null mice, calcein label was incorporated dif-
fusely on both the endosteal and the periosteal surfaces. This aberrant periosteal mineral-
ization may contribute to the bony protrusions observed in mutants. To examine if delayed
secondary ossification was due to impaired vascular invasion, PECAM was used as a
marker. The mutants showed reduced numbers of blood vessels in epiphyses.

These data show that in addition to its role in the adult skeleton, Dmpl1 plays critical roles
in early bone development through its effects on vascular invasion, chondrocyte apoptosis,
mineralization and expression of bone ECM molecules.

Disclosures: L. Ye, None.
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Genome-wide Generation of Knock-out Mice and in vivo Expression
Profiling using VelocigeneTM, a New High-throughput Method, Identifies
Novel Genes Expressed in Bone and Cartilage. R. Raz*, N. C. Adams*, P.
Kraus*, N. W. Gale*, D. Frendewey*, W. Auerbach*, W. T. Poueymirou*, H.
Su*, Y. Xue*, T. M. DeChiara*, D. M. Valenzuela*, G. D. Yancopoulos*, A. N.
Economides*. Regeneron Pharmaceuticals, Tarrytown, NY, USA.

A novel method, termed VelocigeneTM, has been developed which allows for the rapid
generation of genetically modified mice. This method utilizes bacterial homologous
recombination for precise engineering of modified genes in bacterial artificial chromo-
somes (BACs), to generate BAC-based targeting vectors (BACvecs). ESC clones targeted
by homologous recombination with BACvecs are identified using quantitative PCR. Use of
BACvecs in place of traditional targeting vectors affords many advantages, such as
increased targeting frequency, ability to make very large deletions in a single step, and
bypass the need for negative selection and isogenicity. In addition, the whole process is
highly scalable, automated, and industrialized, allowing the generation of 500 knock-out
lines per year at our current throughput. Since the targeted gene is typically replaced by a
reporter such as lacZ, its expression pattern can be visualized. We have used this technol-
ogy to target more than 425 genes to date. Among them, 225 have been surveyed for
expression. Of those, 24 are expressed in cartilage but not in bone, 5 are expressed in bone
and not cartilage, whereas 8 are expressed in both. Detailed analysis has revealed intricate
expression patterns. For example, the Monocyte Chemotactic Protein-3 (MCP3) is
expressed only in the vertebral disks but not in other cartilagenous structures, whereas the
Placental Growth Factor (PLGF) is only present in the growth plates of the long bones.
This expression profiling has also shown that genes widely characterized in other systems
are also expressed in cartilage or bone, where their function had been largely ignored;
examples are EphA2, Angiopoietin Y1, Pigment Epithelium Derived Factor (PEDF) and
Cocaine/Amphetamine-Regulated Transcript (CART). Detailed expression profiling for
these genes will be presented. Additionally, knock-out mice have been generated for a
number of these genes and their phenotypes are being analyzed in bone and cartilage. In
conclusion, our high-throughput approach for generating and analyzing knock-out mice
where genes of interest are replaced by a reporter provides precise and comprehensive
information about their expression patterns, to an extent superior to other methods.

*Raz, Adams, and Kraus contributed equally to this work

Disclosures: R. Raz, Regeneron Pharmaceuticals 1, 3.
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Dynamic Imaging of Extracellular Matrix Molecules in Osteoblasts and
Role of Fibronectin as an Orchestrator of Extracellular Matrix Assembly.
P. Sivakumar*', A. Czirok*?, B. J. Rongish**, D. M. Peters*’, S. L. Dallas'.
'Univ. Missouri, Kansas City, MO, USA, *Kansas Univ. Med. Ctr., Kansas City,
KS, USA, *Univ. Wisconsin, Madison, W1, USA.

The extracellular matrix (ECM) has classically been viewed as a static three dimen-
sional scaffold whose role is to hold tissues together and act as a barrier to cell movement.
However, recent dynamic imaging studies in early embryos and fibroblast cultures have
demonstrated that the ECM is not static and that ECM molecules form structures that con-
tinually undergo movement and deformation. Here we have used time lapse fluorescence
imaging to study the dynamics of ECM proteins in living osteoblast cultures.

Latent TGFp binding protein-1 (LTBP1) is an ECM protein that binds TGFf and regulates
its bioavailability in bone. LTBP1 time dependently co-localizes with fibronectin, which is
one of the earliest ECM proteins to be assembled and is critical for osteoblast differentia-
tion. Dynamic imaging, using fluorescently labeled fibronectin or LTBP1 antibodies as
probes, revealed a large amount of cell movement in postconfluent FRC cultures. This
resulted in large displacements of the LTBP1 and fibronectin-positive fibrils, which contin-
ually stretched and contracted to accommodate cell movements. Occasionally, stretched
fibrils were seen to break, followed by contraction of the fibrils to 25% of their extended
length. These studies suggest that fibronectin fibrils are highly stretched in living osteo-
blast cultures and have elastic properties. Stretching of fibronectin molecules has been pro-
posed to expose cryptic self assembly sites as well as binding sites for other ECM proteins.
‘We hypothesized that a major pathway by which fibronectin regulates bone cell function is
by orchestrating the assembly of other ECM proteins. To examine this a fibronectin-null
cell model was used. Fibronectin-null embryonic fibroblasts failed to incorporate LTBP1
and fibrillin-1 into their ECM as shown by immunofluorescent staining, immunogold EM,
and Western blotting. Incorporation of type I collagen was also dramatically impaired.
Addition of 10pg/ml plasma fibronectin rescued incorporation of all three ECM molecules.
Rescue experiments using a panel of fibronectin fragments showed that only fragments
which assembled into ECM fibrils were able to rescue LTBP1 incorporation.

These data show that fibronectin may act as a template for assembly of a number of ECM
proteins, which may explain in part the importance of fibronectin in osteoblast differentia-
tion. Time lapse imaging studies have highlighted the dynamic nature of fibrillar bone
ECM proteins, which undergo surprisingly large movements and distortions associated
with osteoblast movement.

Disclosures: P. Sivakumar, None.
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Differential Effects of Teriparatide and Alendronate on Markers of Bone
Remodeling and Areal and Volumetric Bone Density in Women with
Osteoporosis. M. McClung', P. Miller*?>, R. Civitelli’, M. Warren**, S.
Greenspan*’, L. Haddock*®, J. Tamayo*’, D. Donley*®, J. San Martin®. 'Oregon
Osteoporosis Center, Portland, OR, USA, ’Colorado Center for Bone Research,
Lakewood, CO, USA, 3Washington University School of Medicine, St. Louis,
MO, USA, “Physicians East, Greenville, NC, USA, *University of Pittsburg
Medical Center, Pittsburg, PA, USA, ®University of Puerto Rico, San Juan,
Puerto Rico, 'COMOP Osteoporosis Research Center, Mexico D.F., Mexico,
8Eli Lilly and Company, Indianapolis, IN, USA.

Teriparatide (rDNA origin) injection [TPTD; rhPTH (1-34)], a stimulator of bone for-
mation, and alendronate (ALN), a bisphosphonate, both increase bone mineral density
(BMD) and decrease fracture risk. We conducted an 18-month randomized, double-blind,
prospective clinical trial comparing the effects of TPTD or ALN on markers of bone
remodeling, lumbar spine, hip areal and volumetric BMD in postmenopausal women with
osteoporosis. Final patient visits will occur in May 2003 and full 18-month data will be
presented. During a 6-month interim analysis, double-labeled iliac crest bone biopsies
were obtained from a subset of patients: TPTD (n=8) or ALN (n=9). Histomorphometric
analysis revealed pronounced stimulation of formation in patients on TPTD, while patients
on ALN revealed pronounced suppression. This was reflected in significant differences in
mineralizing surface (8.1+4.4% (mean + SD) vs. 0.2 + 0.3%, P<.001), bone formation rate
(0.062 £ 0.036 vs. 0.002 + 0.002 pm/d, P<.05) and activation frequency (0.99+0.57/yr vs.
0.02+0.03/yr, P<.001)(TPTD vs. ALN). Markers of bone formation revealed a 217%
increase in serum N-terminal procollagen type I extension peptide (PINP) in the TPTD
group (n=76) versus a 67% decrease (P<.001) in ALN treated patients (n=85). Markers of
bone resorption revealed a similar trend, urinary N-telopeptide (NTx) increased by 59%
with TPTD treatment (n=73) compared to a 72% decrease with ALN treatment
(n=84)(P<.001). Contrasting effects on bone remodeling between TPTD and ALN trans-
lated into increases in BMD. A greater increase in areal lumbar spine BMD, measured by
DXA, was present in the TPTD group (n=84) compared with the ALN group (n=87), 4.7%
vs. 3.2%, respectively (P<.01). Volumetric lumbar spine trabecular BMD was measured by
QCT in a subset of patients and results showed even more drastic differences between ther-
apies. Volumetric BMD was 5-fold higher with TPTD (n=16) than with ALN (n=19),
14.6% vs. 2.9%, respectively (P<.01). In conclusion, our results underscore the different
mechanisms of action between TPTD and ALN, and confirm that stimulation of bone for-
mation with TPTD increases areal and volumetric BMD more than suppression of bone
turnover with ALN.

Disclosures: M. McClung, Aventis 2, 5; Eli Lilly and Company 2, 5; Merck & Co., Inc. 2,
5; Procter & Gamble Pharmaceuticals 2, 5.
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Teriparatide (rhPTH [1-34]) Treatment Improves the Structure of the
Proximal Femur in Women with Osteoporosis. L. M. Semanick*', K. Uusi-
Rasi*!, J. R. Zanchetta’, C. E. Bogado*?, E. F. Eriksen®, M. Sato®, T. J. Beck'.
'Department of Radiology, The Johns Hopkins University School of Medicine,
Baltimore, MD, USA, *IDIM and USAL University, Buenos Aires, Argentina,
*Lilly Research Laboratories, Eli Lilly and Company, Indianapolis, IN, USA.

Postmenopausal women with osteoporosis enrolled in the Fracture Prevention Trial
who received daily injections of teriparatide (thPTH [1-34]) showed significantly lower
rates of vertebral and non-vertebral fragility fractures compared to placebo controls. These
observations suggest that teriparatide improves bone mechanical strength. A subset of
postmenopausal women (n=558) in the randomized double-blind multicenter study (mean
age 70 + 7 years) were randomized to a once-daily self-administered subcutaneous injec-
tion of placebo (n=189), teriparatide 20 ng (TPTD20; n= 86) or teriparatide 40 pg
(TPTD40; n=183) for a median of 20 months. Dual energy x-ray absorptiometry (DXA)
hip scans were analyzed with the Hip Structure Analysis (HSA) program to derive struc-
tural geometry. This HSA program measures BMD and the geometric properties of cortical
bone within narrow regions across the femoral neck, intertrochanter and femoral shaft from
images acquired by DXA. Linear models were used to assess the effects of teriparatide
treatment on bone structure using baseline values as covariates. There were no significant
differences in body size or age between treatment groups at any time point. At the femoral
neck, teriparatide increased bone mass and improved bone strength in a dose-related man-
ner, compared to placebo. The mean increase (95% CI) in bone mineral density was 4.2%
(2.4% to 6.0%) in the TPTD20 group and 7.2% (5.4% to 9.1%) in the TPTD40 group, com-
pared to placebo. The mean differences in axial strength (bone cross-sectional area) were
3.5% (1.8% to 5.3%) and 6.3% (4.5% to 8.2%), and in bending strength (section modulus)
3.6% (1.4% to 5.8%) and 6.8% (4.6% t0 9.1%) in the TPTD20 and TPTD40 groups respec-
tively. The mean increase in cortical thickness was 4.5% (2.6% to 6.4%) and 7.7% (5.7%
t0 9.7%), while buckling ratio (local cortical instability) decreased by 5.5% (3.5% to 7.5%)
and 8.6% (6.6% to 10.5%) in the TPTD20 and TPTD40 groups respectively. Changes at the
intertrochanteric region were comparable to those at the narrow neck. Teriparatide treat-
ment effects did not reach significance at the cortical shaft. In conclusion, compared to pla-
cebo, teriparatide treatment increased bone mass, improved bone strength, increased
cortical thickness and reduced the buckling ratio at the intertrochanteric region and the
femoral neck.

Disclosures: L.M. Semanick, Eli Lilly and Company 2.
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A Novel Vitamin D Analogue Restores Bone Mass and Adds Extra Bone by
Markedly Stimulating Bone Formation in Ovariectomized Rats with
Established Osteopenia. H. Z. Ke', H. Qi*!, D. T. Crawford*', G. Xu*', M.
Li', L. plum?, M. Clagett-Dame?, H. F. DeLuca?, D. D. Thompson', T. A.
Brown'. 'Cardiovascular and Metabolic Diseases, Pfizer Global Research and
Development, Groton, CT, USA, 2University of Wisconsin-Madison/Deltanoid
Pharmaceutical, Inc., Madison, WI, USA.

It has been reported that a novel vitamin D analogue, 2-methylene-19-nor-(20S)-1-
a,25(0OH)2D3 (2MD), stimulates osteoblastic bone formation in vitro and increases bone
mass in ovariectomized (OVX) rats with minimal effect on serum calcium. The purpose of
this study was to test whether 2MD can restore bone mass in OVX rats with established
osteopenia. Sprague-Dawley female rats were sham-operated (sham) or OVX at 4 months
of age. Beginning at 8 weeks post-surgery, OVX rats were orally dosed with 2MD at 0.5, 1,
2.5, 5 or 10 ng/kg/d for 16 weeks. Compared with sham and OVX controls, serum calcium
did not differ in OVX rats treated with 2MD at 0.5 or 1 ng/kg/d, while slightly but signifi-
cantly increased at 2.5, 5 or 10 ng/kg/d. Treatment with 2MD in OVX rats significantly
increased total body bone mineral density by 4%, 7%, 14%, 23% and 31% at 0.5, 1, 2.5, 5
or 10 ng/kg/d, respectively. These observations were confirmed by pQCT analysis of distal
femoral metaphysis (DFM) and femoral shafts (FS). Total bone density in DFM dose-
dependently increased in 2MD-treated OVX rats (up to +73%) at doses equals to or greater
than 1 ng/kg/d compared with OVX controls. Similarly, total bone content in FS increased
significantly at all doses of 2MD treated OVX rats (up to +33%). Compared with OVX
controls, there were significant increases in trabecular bone volume and trabecular connec-
tivity determined by micro-CT analysis of DFM in 2MD treated OVX rats at doses as low
as 1 ng/kg/d. Furthermore, bone formation on periosteal, endocortical and trabecular sur-
faces determined by histomorphometric methods dose-dependently increased in OVX rats
treated with 2MD compared with OVX and sham controls. Interestingly, 2MD induced
new trabecular bone formation in the marrow cavity of tibial shafts where there was no tra-
becular bone in sham or OVX rats, indicating that the pre-existing bone surface was not
required for 2MD induced bone formation. This differs from parathyroid hormone, another
bone anabolic agent, which requires pre-existing bone surface for its bone anabolic effect
to be manifested. In summary, we found that 2MD not only restored both trabecular and
cortical bone mass but also added extra bone to the osteopenic, OVX rats by stimulating
bone formation on all bone envelopes. These data indicate that 2MD may have therapeutic
potential in human skeletal disorders such as osteoporosis.

Disclosures: H.Z. Ke, Pfizer 3.
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Proteasomal Degradation of Runx2 Shortens the Anti-apoptotic Signal of
PTH in Osteoblasts: Why Intermittent Administration is Needed for Bone
Anabolism. T. Bellido, L. I. Plotkin, A. A. Ali, C. A. O'Brien, S. C. Manolagas,
R. L. Jilka. Div. Endo&Metab, Center for Osteoporosis and Metabolic Bone
Diseases, Central Arkansas Veterans Healthcare System, Univ. of Arkansas for
Medical Sciences, Little Rock, AR, USA.

Intermittent PTH causes bone anabolism, whereas sustained elevation of the hormone
has a catabolic effect. However, an explanation for this dichotomy has remained elusive.
Based on earlier evidence that the anabolic effect of intermittent PTH in mice is due at least
in part to attenuation of osteoblast apoptosis, we examined whether continuous elevation of
the hormone also reduced osteoblast death. We report that administration of PTH to Swiss
Webster mice with an osmotic pump, or feeding them a calcium-deficient diet to increase
the level of endogenous hormone, did not affect the prevalence of osteoblast apoptosis as
determined 6 days after initiation of treatment by in situ end labeling. Consistent with this
in vivo evidence, PTH (or dibutyryl-cAMP) provided only temporary (6-12 h) protection
against etoposide- or anoikis-induced death of osteoblastic calvaria cells or OB-6 cells.
The anti-apoptotic effect of PTH on OB-6 cells required Runx2-mediated transcription of
genes like Bcl-2. Remarkably, PTH also caused an increase in ubiquitinated Runx2 marked
for proteasomal proteolysis, and a decline in total Runx2 that reached 30% of controls at 3-
6 h as determined by Western blot analysis. Acceleration of Runx2 degradation by overex-
pression of Smurfl (the ubiquitin E3 ligase that targets Runx2 for degradation) blocked the
anti-apoptotic effect of PTH. Conversely, abrogation of the PTH-induced decline in Runx2
using the proteasome inhibitor lactacystin, or by transfection of a dominant negative
mutant of Smurfl, extended the anti-apoptotic effect of PTH to at least 24 h. Overexpres-
sion of either wild type Runx2, or a Runx2 mutant lacking the Smurf1 recognition site, also
extended the anti-apoptotic effect of PTH. Moreover, Smurfl reversed the prolonging
effect of wild type Runx2 but not that of the mutant Runx2. We conclude that the duration
of the anti-apoptotic effect of PTH is short-lived because it depends on the level of Runx2,
which in turn is decreased by PTH via Smurfl-mediated proteasomal proteolysis. The self-
limiting nature of PTH-induced survival signaling in osteoblasts explains why intermittent
administration of the hormone is required for bone anabolism.

Disclosures: R.L. Jilka, Anabonix, Inc. 4.
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Isosorbide Mononitrate Increases Bone Formation and Decreases Bone
Resorption in Postmenopausal Women: A Randomized Trial. S. A. Jamal',
S. R. Cummings®, G. A. Hawker’. 'Endocrinology, St. Michael's Hospital,
University of Toronto, Toronto, ON, Canada, 2San Francisco Coordinating
Center and Research Institute at the California Pacific Medical Center, San
Francisco, CA, USA, 3Rheuma\tology, Women's College Ambulatory Care
Centre, University of Toronto, Toronto, ON, Canada.

Nitric oxide (NO) both stimulates bone formation and inhibits bone resorption in vitro.
NO donors (nitrates) are inexpensive, safe, and widely available but their value for post-
menopausal osteoporosis has never been evaluated in a randomized trial.

We enrolled women who were at least 3 years postmenopausal with hip bone mineral den-
sity (BMD) T-score between 0 and -2.5. We randomly assigned them to 5 mg or 20 mg per
day of oral isosorbide mononitrate (ISMO), or placebo for 12 weeks. We measured
changes in urine N-Telopeptide, (NTx), a marker of bone resorption and serum Bone Spe-
cific Alkaline Phosphatase (BSAP), a marker of bone formation.

Compared with women randomized to placebo, women randomized to 20mg of ISMO had
a 45.4 % decrease in NTx (95% confidence interval [CI]: 25.8 to 64.9) and a 23.3%
increase (95% CI: 8.9 to 37.8) in BSAP. Women randomized to Smg of ISMO had a 36.3%
decrease in NTx (95% CI: 14.8 to 57.8) and a 15.9% increase in BSAP (95% CI: 1.1 to
30.7) (Figure 1). 21% of women taking ISMO stopped treatment because of quickly
reversible headache.

We conclude that ISMO decreases bone resorption to a degree similar to estrogen but also
increases bone formation. This suggests that nitrates may substantially reduce fracture risk
in postmenopausal women.

Figure 1. Changes in urine NTX and serum BSAP in women randomly assigned to 5 or 20
mg of ISMO daily compared with change in women assigned to placebo.
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Estren Is a SERM with the Capacity to Excert Genomic Effects. S.
Movérare', J. Dahllund*?>, N. Andersson', S. Nilsson*? J. Gustafsson®, C.
Ohlsson'. 'Centre for Bone Research at the Sahlgrenska Academy (CBS),
Department of Internal Medicine, Goteborg University, Goteborg, Sweden,
’KaroBio AB, Huddinge, Sweden, 3Department of Biosciences at Novum &
Department of Medical Nutrition, Karolinska Institute, Huddinge, Sweden.

It was recently reported that 4-estrene-3at,17B-diol (estren) increases bone mass with-
out affecting classical transcription (1). The aim of the present study was to compare the
physiological effects of estradiol and estren on a variety of physiological responses in ova-
riectomized (ovx) wild type (WT) and estrogen receptor (ER) inactivated mice (ER™,
ERB” and ERaB™). Ovx mice of the different genotypes were treated for four weeks with
estradiol (0.7ug/mouse/day) or estren (75 pg/mouse/day). As expected, estradiol increased
the uterine weight (816 + 97 %), the trabecular BMD (88 + 21 %) and the cortical BMC
(17 = 4 %) while it decreased the gonadal fat weight (-62 + 5 %) compared with vehicle in
WT mice. Estren exerted a clear effect on the uterine weight (132 + 28 %) and the trabecu-
lar BMD (19 + 4 %) but no effect on the gonadal fat weight or the cortical BMC in WT
mice. Comparison of the effect of estren in WT mice and ER inactivated mice demon-
strated that the effects on uterus and trabecular BMD were exerted via ERQL.

The effect of estren on the activation of an estrogen-responsive element (ERE)-driven
reporter gene (ALP) was tested in ERow and ER reporter cell lines (2). Estren activated the
reporter gene both via ERal (EC,; 70 nM) and via ERB (ECs, 77 nM). Both the effect via
ERa and the effect via ERB were completely blocked by the estrogen receptor antagonist
ICI 182780. Thus, estren has in vitro the capacity to exert genomic effects via both ERo
and ERp.

In conclusion, estren is a SERM with effects on trabecular BMD and uterus and these
effects in vivo are mediated via ERo. Furthermore, in vitro data demonstrate that estren has
the capacity to exert genomic effects.

References:

1. Kousteni S, Chen JR, Bellido T, Han L, Ali AA, O'Brien CA, Plotkin L, Fu Q, Mancino
AT, Wen Y, Vertino AM, Powers CC, Stewart SA, Ebert R, Parfitt AM, Weinstein RS, Jilka
RL, Manolagas SC 2002 Reversal of bone loss in mice by nongenotropic signaling of sex
steroids. Science 298(5594):843-6.

2. Barkhem T, Carlsson B, Nilsson Y, Enmark E, Gustafsson J-A, Nilsson S 1998 Differen-
tial response of estrogen receptor alpha and estrogen receptor beta to partial estrogen ago-
nists/antagonists. Mol Pharmacol 54(1):105-12.

Disclosures: S. Movérare, None.

1157

Severely Decreased Bone Formation and Cortical Bone Content in Mice
Lacking the Protein Kinase Akt2. H. Z. Ke, G. Xu*, D. T. Crawford*, H. Qi,
H. A. Simmons, T. A. Brown, D. D. Thompson. Cardiovascular and Metabolic
Diseases, Pfizer Global Research and Development, Groton, CT, USA.

The phosphoinositide-dependent serine-threonine protein kinase Akt (also known as
PKB) has been proposed to be a key mediator of cell proliferation and survival. However,
the regulatory role of Akt on trabecular and cortical bone development is not known. The
purpose of this study was to elucidate the effects of knockout of Akt2 (PKB-beta), one of
the three isoforms of Akt, on cortical and trabecular bone in female and male mice. Skele-
tal phenotypes of knockout (KO) female mice at age of 4, 8 and 12 months and KO male
mice at 8 months of age were characterized and compared with their wild-type (WT) litter-
mates. Compared with WT controls, body weight was significantly lower by 10%, 20%
and 17% at 4, 8 and 12 months of age, respectively, in KO females and by 28% at 8 months
of age in KO males. At 8 months of age, fat body mass decreased significantly by 50% and
55% in KO females and males, respectively, compared with WT. Femoral length did not
differ between KO and WT in females and males, indicating that Akt2 does not regulate
longitudinal bone growth. PQCT analysis of the distal femoral metaphysis (DFM) showed
that KO females had significantly lower total bone content (-19%), total bone density, cor-
tical bone content and cortical bone area compared with WT at 4 months of age. These
parameters increased with age between 4 and 8 months of age, while they decreased with
age between 8 and 12 months of age in both KO and WT females. However, these parame-
ters remained significantly lower in KO compared with WT in all age groups. Similarly,
PQCT analysis of the femoral shaft (FS) showed that KO females had significantly lower
total bone content, total bone area, cortical bone content, cortical bone area, periosteal and
endocortical circumferences compared with WT at 8 and 12 months of age. In 8-month-old
KO male mice, total bone content and cortical bone content decreased significantly by 36%
and 38% in DFM, and 23% and 22% in FS, respectively, compared with WT. Cortical bone
histomorphometric analysis indicated that there was a 90% decrease in periosteal bone for-
mation rate and a 57% decrease in endocortical bone formation rate in KO males compared
with WT. There was a 59% decrease in trabecular bone formation rate determined by histo-
morphometric analysis of DFM and a 44% decrease in trabecular bone volume determined
by micro-CT analysis of DFM in 8-month-old KO males compared with WT. In summary,
Akt2 knockout severely decreased bone formation and bone mass in mice. Thus, activation
of Akt2 may provide therapeutic potentials for skeletal disorders such as osteoporosis.

Disclosures: H.Z. Ke, Pfizer 3.
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Capsaicin Sensitive Sensory Neurons Maintain Normal Bone Integrity. W.
S. Kingery', S. Offley*', T. Guo*', A. Joseph*', D. P. Lindsey** C. R. Jacobs’.
'PM&R Service (117), VAPAHCS, Palo Alto, CA, USA, “Rr&d, VAPAHCS,
Palo Alto, CA, USA.

Familial dysautomia is an autosomal recessive disease in which patients suffer from exten-
sive unmyelinated sensory neuron loss, reduced bone density, and frequent fractures. It has
been proposed that the loss of neuropeptides synthesized by unmyelinated neurons adversely
affects bone integrity in this hereditary syndrome. To determine whether unmyelinated neu-
rons can contribute to bone density and strength we treated skeletally mature male rats with
either capsaicin (250mg/kg s.c.) or vehicle. Capsaicin activates the vanilloid receptors (VR1)
that are expressed by many of the small diameter sensory afferents, including most of the neu-
ropeptide containing neurons. Activation of the VR1 causes an influx of cations into the neu-
ron resulting in the excitotoxic destruction of unmyelinated and small myelinated afferents.
Four weeks after capsaicin treatment bone mineral density (measured by DXA scanning) in
the metaphyses of the tibia and femur was reduced. There was also a reduction in distal femur
density and a loss of bone strength (41% decrease in ultimate stress on biomechanical testing).
No changes occurred in body weight, 24 h grid-crossing activity, hindpaw weight bearing, or
gastrocnemius and soleus muscle mass after capsaicin treatment, data indicating that skeletal
unloading did not contribute to the loss of bone density and strength. Peroneal nerve histomor-
phology was evaluated by light and electron microscopy 4 weeks after capsaicin treatment.
Capsaicin treatment caused a 57% loss of unmyelinated sensory axons and a 8% loss of myeli-
nated axons. Capsaicin also reduced the substance P content (measured by EIA) of the sciatic
nerve by 78% and diminished sciatic nerve stimulation evoked extravasation responses by
64%. There was also a 68% reduction of substance P content in the proximal tibia at 4 weeks
after capsaicin treatment. These results support the hypothesis that capsaicin sensitive afferent
neurons contribute to the maintenance of metaphyseal bone density and strength. Capsaicin
sensitive neurons have efferent functions in the tissues they innervate, effects mediated by the
release of neuropeptides from the peripheral nerve terminals. We postulate that the deleterious
effects of capsaicin treatment on cancellous bone density and strength are mediated by reduc-
tions in local neuropeptide content and release.

Disclosures: W.S. Kingery, None.
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Aromatase Inhibition Does not Alter Bone Turnover, Serum OPG or Bone
Density in Elderly Men with Mild Hypogonadism. B. Z. Leder', J. L.
Rohrer*', S. D. Rubin*? J. Gallo*?, J. S. Finkelstein'. 'Endocrine Unit,
Massachusetts General Hospital, Boston, MA, USA, 2AstraZeneca
Pharmaceuticals, Wilmington, DE, USA, SEximias Pharmaceuticals, Berwyn,
PA, USA.

The reduction in serum gonadal steroid levels that occurs in aging men may contribute
to various aspects of age-related physiological decline, including bone density. Recent
studies suggest that estradiol (E) may be a crucial regulator of bone turnover in elderly men
though testosterone (T) likely also plays a role. Thus, the effects of aromatase inhibition in
men are difficult to predict. To assess the skeletal effects of aromatase inhibition in elderly
men with mild hypogonadism (screening T < 350 ng/dL), we randomized 37 subjects (ages
62-74) to receive either anastrozole (a potent aromatase inhibitor) 1 mg QD, anastrozole 1
mg twice weekly, or placebo for 12 wk. Gonadal steroid levels, biochemical markers of
bone turnover, osteoprotegerin (OPG), and total body bone density (TBBD) were mea-
sured at baseline and after 12 wk of treatment.

Both doses of anastrozole increased serum bioavailable T (BioT) levels (and total T- data
not shown) in these men and decreased serum estradiol (E) levels. (¥*p<0.01 vs Group 3.
*#p <0.01 vs Group 3 and P<0.05 vs Group 2)

Changes in hormone levels (mean + SD)

Baseline  Week 12 Baseline Week 12
BioT BioT Estradiol  Estradiol
(ng/dL) (ng/dL)  (pg/mL) (pg/mL)
Group 1 (anastrozole 1 mg QD) 99+31 207 +65* 26+8 17 + 6*
(n=12)
Group 2 (anastrozole 1 mg 2/wk) 115+37 178 + 55* 27+8 17 £ 5*
(n=11)
Group 3 (placebo QD) (n=14) 100+£35 97+30 23+4 25+6

Despite these hormonal changes, no changes in osteocalcin (OC), bone specific alkaline
phosphatase, or amino-terminal propeptide of type I procollagen were observed in any
group. Similarly, no changes were observed in serum N-telopetide (NTX) or urinary deox-
ypyridonoline. (Data shown below for NTX and OC only.)

Changes in bone turnover markers (mean = SD)

Baseline NTX Week-12 NTX Baseline OC Week-12 OC
(nmol/L) (nmol/L) (ng/mL) (ng/mL)
Group 1 108+23 11.0+21 175+ 3.8 17.8+3.0
Group 2 11.8+29 11.2+3.0 189+54 18.0+£54
Group 3 11.2+3.0 109+23 205+6.8 215+6.5

Serum OPG and TBBD also did not change in any group. These data suggest that increas-
ing T and decreasing E for 12 weeks in mildly hypogonadal elderly men does not adversely
affect bone metabolism. Furthermore, despite published reports that E increases and T
decreases OPG expression in vitro, serum OPG levels are also unaffected by aromatase
inhibition. Additional study is needed to assess the long-term effects of this method of T
replacement on the skeleton and other gonadal steroid responsive tissues.

Disclosures: B.Z. Leder, AstraZeneca Pharm. 2; Merck 8.
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Leptin Modulates both Resorption and Formation while Preventing
Disuse-Induced Bone Loss in Tail-Suspended Female Rats. T. Thomas, A.
Martin*, R. de Vittoris*, M. Lafage-Proust, C. Alexandre, L. Vico. INSERM
E0366, Saint-Etienne, France.

We previously demonstrated that peripheral administration of leptin was able to prevent
disuse induced bone loss over 2 weeks of tail-suspension in female rats. In accordance with
in vitro data, we tested the hypothesis that leptin preventive action on bone loss could be
related to effects on both resorption and formation activities taking advantage of the uncou-
pling pattern of bone remodeling in this model. One hundred female Wistar rats were ran-
domly assigned to 1 of the following groups: tail-suspended or non-suspended rats treated
either with leptin or vehicle for 3, 7 and 14 days, and 2 baseline groups. After 1 week of
adaptation, rats were suspended and human recombinant leptin was continuously adminis-
tered using intraperitoneal Alzet pumps. Animals were measured at baseline, day 7 and day
14 using PIXImus (Lunar Corp.), and tibia samples were collected for histomorphometry
after sacrifice. After 7 and 14 days, suspension induced a decrease in bone mineral density
measured at the tibial metaphysis, a trabecular bone site, as compared to baseline
(0.162+0.003 vs 0.173+0.004 and 0.147+0.003 vs 0.181+0.004; P<0.01, respectively)
whereas leptin administration for 7 and 14 days prevented this decrease (0.181+0.005 and
0.177+0.014, respectively; NS). These data were confirmed by histomorphometry. This
preventive effect of leptin on disuse-induced bone loss was partly explained by a signifi-
cant prevention of the transient increase in bone resorption observed in the suspended
group at day 7 (N.Oc/B.Ar: 43.0+5.3 vs 124.3+6.7; P<0.01). These leptin effects could be
mediated by the osteoprotegerin (OPG) pathway as suggested by the 3-fold increase in
OPG gene expression under leptin administration, as measured by direct RT-PCR in tibial
osteoblastic cells harvested at day 3 from the 2 suspended groups. Only at day 14, leptin
prevented the decrease in bone formation rate induced by suspension (BFR/BS: 0.21+0.02
vs 0.11+0.01 um3/um?2/d; P<0.05). The latter effects could be related to leptin role, in
mediating the reciprocal differentiation between adipocytes (Ad) and osteoblasts demon-
strated in vitro. Indeed, we observed no significant difference in mineral apposition rate
whereas leptin prevented the concurrent increase in adipogenesis observed in the sus-
pended group treated with vehicle (Ad.S/B.Ar: 3.1£2.0 vs 4.9+2.1 %; P<0.05). In sum-
mary, these data suggest that peripheral administration of leptin could prevent disuse-
induced bone loss with combined effects on both bone resorption and bone formation. Fur-
ther studies are now needed to clarify the putative dual leptin effects on bone depending on
its central brain-mediated vs peripheral effects.

Disclosures: T. Thomas, None.
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PPAR-Alpha Agonists Increase Bone Mineral Density in Female Rats. U.
Syversen, 1. Bakke*, G. Aune*, L. Thommesen*. Institute of Cancer Research
and Molecular Medicine, Norwegian University of Science and Technology,
Faculty of Medicine, Trondheim, Norway.

Peroxisome proliferator-activated receptors (PPARs) are members of the steroid nuclear
superfamily of receptors that have been shown to modulate the expression of genes involved
in lipid metabolism and fat storage. Recently, the presence of PPARs has also been demon-
strated in bone cells and a role in bone metabolism has been postulated. In the present study
we have examined the effect of the PPAR alpha agonists Wyeth 14,643 and fenofibrate, the
gamma agonist pioglitazone and the combined PPAR alpha, gamma and delta agonist tet-
radecylthioacetic acid (TTA) on bone mineral density (BMD) in female rats.

Fifty female Fischer rats were divided into 5 groups and were given methocel (control
group), Wyeth 14,643, fenofibrate, TTA and pioglitazone (50 mg/kg body weight) for 4
months. BMD was measured by double x-ray absorptiometry. Body weight was registered
throughout the study. There was no difference in body weight between control rats and the
treatment groups. After 4 months femoral BMD was significantly higher in rats treated with
Wyeth 14,643 (7%, p=0.0002), fenofibrate (5.7%, p=0.0035) and TTA (5%, p=0.0116) than
in control rats. In rats treated with pioglitazone, femoral BMD tended to be lower than in con-
trol rats (-3%, p=0.1591). Total body BMD was significantly lower in the pioglitazone
treated group compared to controls (p<0.0001), while there was no difference between the
control group and the other groups. Wyeth 14,643 was found to inhibit the differentiation of
monocytes into osteoclasts in a dose-dependent manner, and also inhibited the proliferation
of the preosteoclast cell line.

In conclusion, treatment with the PPAR-alpha agonists Wyeth 14,643 and fenofibrate, and the
combined PPAR alpha, gamma and delta agonist TTA, significantly increased femoral BMD
in female rats, while treatment with the PPAR gamma agonist pioglitazone resulted in a sig-
nificantly decrease in total body BMD.

Disclosures: U. Syversen, None.

1162

B2-Adrenergic Agonists Have Negative Effects on Bone Architecture and
Density in Rat. N. Bonnet*, B. Brunet-Imbault*, C. J. Parnaud*, G
Lemineur*, A. Arlettaz*, C. Chappard, D. Courteix, C. L. Benhamou. Inserm
ERIT-M 0101, Orleans, France.

B2-receptors have recently been demonstrated to influence bone metabolism and bone
mass via the central nervous system. 32-agonists have shown a negative effect on bone
mass (1), but the effect on bone architecture has not been studied. The aim of this study is
to quantify the effects of two f2-agonists (clenbuterol and salbutamol) on bone mass, bone
length, morphological and topological trabecular bone parameters and bone strength.

34 ten weeks old Wistar female rats were studied. During 6 weeks SC daily injections were
performed : 10 control rats receiving normal saline (2mg/kg/day) were compared to 13 rats
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receiving salbutamol (4mg/kg/day) and 11 rats receiving clenbuterol (2mg/kg/day). High-
resolution BMD was measured by dual-energy X-ray absorptiometry on the ex-vivo rat
femurs. The femur lengths were measured with a digital calliper. Trabecular bone microar-
chitecture was characterized by X-ray micro-computed tomography(uCT) (Skyscan 1072)
: morphological (BV/TV, Tb.N, Tb.Th) and topological (SMI, TBPf, connectivity, degree
of anisotropy (DA)) parameters were measured on the femur distal metaphysis. The radio-
logical projections obtained by pnCT were used to measure the cortical thickness at the mid
diaphysis. The mechanical strength was measured using three-point bending tests.
Compared to controls, salbutamol and clenbuterol respectively induced significant reduc-
tions of 6.6% and 6.9% in BMD (p<0.001), 3.7% and 3.7% in the length (p<0.001) and 6%
and 4.7 % in the cortical thickness (p<0.01). Salbutamol had no significant effect on mor-
phological and topological parameters nor fracture load whereas clenbuterol induced a sig-
nificant reduction of 45.8% of BV/TV (p<0.001), 46.6% of Tb.N (p<0.001), 18.5% of
connectivity (p<0.02), 9.9% of fracture load (p<0.04) and a significant increase of TBPf
(p<0.04). DA and SMI are not significantly influenced.

These results indicate that clenbuterol had an additive effect on microarchitecture. BV/TV,
TbN were reduced whereas TbTh remained constant suggesting a predominant mechanism
of trabeculae removal. The TBPf evolution in the clenbuterol group also indicates changes
in the trabecular network shape. Salbutamol doesn’t modify significantly the trabecular
microarchitecture whereas the salbutamol concentration has been doubled compared to
clenbuterol.

These data confirm the negative influence of 32-agonists on bone mass, and show the del-
eterious effect of the clenbuterol on trabecular bone microarchitecture, with potential phar-
macological consequences in medicine and doping.

(1) Takeda S. et al., Cell, 2002, 305-17.

Disclosures: C.L. Benhamou, None.
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Role of TGF-$ and Menin in the Proliferation and Secretion of Human
Parathyroid Cells. H. Sowa', H. Kaji', R. Kitazawa’, S. Kitazawa’, T.
Tsukamoto*', S. Yano*', G. N. Hendy®, T. Sugimoto', K. Chihara*".
'Endocrinology, Kobe University, Kobe, Japan, *Molecular Pathology, Kobe
University, Kobe, Japan, 3Medicine, McGill University, Montreal, PQ, Canada.

Primary hyperparathyroidism is a common endocrine disorder caused by parathyroid
tumor and an excess of parathyroid hormone (PTH) secretion. However, the mechanism of
tumorigenesis in parathyroids is still unknown. Multiple endocrine neoplasia type 1
(MEN1) is an autosomal dominant disorder with multiple endocrine tumors, and somatic
mutations of the MEN1 gene have also been found in 10-20 % of sporadic primary par-
athyroid tumors. We previously demonstrated that menin, a product of the MEN1 gene,
interacts with Smad3, and that inactivation of menin blocks TGF-B-signaling (PNAS,
2001). The present study was therefore performed to clarify the role of TGF-B and menin
in the proliferation and PTH secretion of parathyroid cells by employing human parathy-
roid cells from the patients with secondary hyperparathyroidism. Western blot analysis of
parathyroid tissues demonstrated that parathyroid cells express TGF-B. TGF-$ signifi-
cantly inhibited the proliferation of parathyroid cells in MTT assay and *[H]-thymidine
incorporation. Menin inactivation by menin antisense (AS) oligonucleotides (oligo) abro-
gated TGF-B-inhibited proliferation and PCNA expression in these cells. Moreover, the
staining of PCNA and PTH by immunocytochemistry of parathyroid cells showed that
menin inactivation with AS oligo antagonized TGF-B-inhibited proliferation in PTH-posi-
tive cells. As for secretion of PTH, TGF-f inihibited the expression of PTH (Western blot)
and its level in the medium (RIA) of parathyroid cells. Inactivation of menin with AS oligo
increased basal PTH secretion and TGF-f-inhibited PTH secretion On the other hand, con-
trol sense oligo did not affect the proliferation and PTH secretion of parathyroid cells. The
present study demonstrates that menin inactivation antagonizes TGF-B-inhibited prolifera-
tion and PTH secretion in human parathyroid cell cultures. These findings suggest that
TGF-P functions as an autocrine- or paracrine- inhibitory factor of growth and PTH secre-
tion in parathyroid tissues, and that blockage of TGF-f signaling by menin inactivation
results in tumor formation.

Disclosures: H. Sowa, None.
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COX-2 Inhibitors and Fracture Healing: Reversibility of Effects After
Short Term Treatment. L. C. Gerstenfeld', D. M. Cullinane*', E. A. Krall*!, J.
Fitch*', M. Thiede’, T. A. Einhorn'. 'Boston University Medical Center,
Boston, MA, USA, *Pharmacia Corp, Chesterfield, MO, USA.

Reports have suggested inhibition of experimental fracture (fx) healing with both COX-
2-specific inhibitors (coxibs) and nonspecific non-steroidal anti-inflammatory drugs
(NSAIDs). Because drug specificity, dose, and duration may influence fx healing, and
because patients with fxs require analgesia for only short periods of time after initial stabi-
lization, we tested the hypothesis that short-term dosing is reversible. Two experiments
were conducted: in the first, 150 male SD rats underwent production of standard closed
mid-diaphyseal femoral fx. Animals were then divided into three treatment gps and dosed
by daily gavage with either the NSAID, ketorolac (4 mg/kg/d); the coxib, valdecoxib (5
mg/kg/d); or vehicle. In each gp, rats were administered drugs or vehicle for the first 7 days
post-fx and euthanasia was performed on half of the animals on day 21 and the other half
on day 35. In a second experiment, rats (n=150) were administered drug or vehicle for the
first 21 days post-fx and euthanized on days 21 and 35. Methods of data analysis included
manual testing of the integrity of the fx calluses, mechanical torsion testing to failure, and
histomorphometry. Fisher’s exact test was used to measure the association of % of non-
unions with treatment. In rats treated for 7 days, there were no significant differences in %
of nonunions after 21 days (16% of ketorolac, 22% of valdecoxib, and 8% of vehicle-
treated animals, p=0.47), nor after 35 days (5% of ketorolac, 0% of valdecoxib, and 9% of
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vehicle-treated, p=1.0). In rats treated for 21 days, there were differences in % of non-
unions after 21 days (13% of ketorolac, 36% of valdecoxib, and 4% of vehicle-treated,
p=0.01), but the differences disappeared by 35 days (0% in ketorolac and valdecoxib gps,
5% in vehicle-treated, p=1.0). Torsional strength in the bones which had united showed no
significant differences among any of the treatment gps at either 21 or 35 days. Histomor-
phometry showed a strong correlation between non-union rate and percent cartilage in the
calluses. These data suggest that both coxibs and NSAIDs delay fx healing and the magni-
tude of the effect as measured by non-union in this study is related to the duration of treat-
ment. However, upon discontinuation of treatment, healing normalizes and if treatment is
administered for up to 3 weeks post-fx, healing will occur within the expected time-frame
(35 days in rats). Extrapolation of these findings to a clinical setting further suggests that
management of fracture-associated pain with inhibitors of COX-2 should neither impair
nor delay healing as long as the duration of treatment is consistent with current standards
of care.

Disclosures: T.A. Einhorn, Pharmacia 2, 5.
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Clinical Characteristics of 94 Subjects with Autosomal Dominant
Osteopetrosis Type II (ADO2) and Chloride Channel 7 Gene Mutations. S.
G. Waguespack', K. A. Buckwalter**, M. J. Econs®. 'Endocrine Neoplasia and
Hormonal Disorders, U.T. M.D. Anderson Cancer Center, Houston, TX, USA,
zRadiology, Indiana University, Indianapolis, IN, USA, 3Medicine, Indiana
University, Indianapolis, IN, USA.

ADO?2 is caused by mutations in the chloride channel 7 (CICN7) gene. The clinical
characteristics of this disease remain poorly understood. We studied 94 individuals with
CICN7 gene mutations from 11 ADO?2 families. We collected clinical data through patient
interviews, medical records, and/or self-reported responses on a questionnaire. We
assessed for a history of fractures (FX), osteomyelitis (OM), visual loss (VL), and bone
marrow (BM) failure in adults and children. A score of “severe” for the fracture category
was given if there was a history of > 10 fractures or > one hip/femur fracture. We compared
the data between clinically affected, unaffected gene carriers and normal control subjects.
Individuals were defined as affected or unaffected based on the presence or absence of
classic radiographic findings and/or abnormal serum biochemistries, respectively.

Subjects <18 yrs. of age

N Age+SD FX FX OoM VL BM failure
(Any)  (Severe)
Affected 19 89+45 11(58%) 3(16%) 1(5%) 8 (42%) 1 (5%)
Carrier 3 7.9%73 0 (0%) 0(0%) 0(0%) 0 (0%) 0 (0%)
Control 67 7.7+x42 11(16%) 0(0%) 0(0%) 0 (0%) 0 (0%)
Subjects >18 yrs. of age
N Age+SD FX FX oM VL  BM failure
(Any) (Severe)
Affected 43 47.1+16.4 42(98%) 14(33%) 10(23%) 4 (9%) 1(2%)
Carrier 29 433156 17(59%) 0 (0%) 0(0%) 0(0%) 0 (0%)
Control 150 42.7+15 68(45%) 0 (0%) 2(1%) 0(0%) 0 (0%)

In this cross sectional analysis, almost all patients with ADO2 have a fracture at some point
of their lives. Although fractures occur in all groups, the presence of a severe fracture his-
tory was identified only in affected patients. As expected, fractures in unaffected gene car-
riers did not differ from controls. Osteomyelitis was most commonly identified in the
mandible and/or maxilla (8/10 affected adults); the other cases involved the lower extrem-
ity, two of which occurred after surgical repair of a fracture. Visual loss appears to occur at
a relatively high rate, particularly in the pediatric age group. Finally, although rare, BM
failure can occur in ADO2 patients. In conclusion, ADO2 is a disease of significant mor-
bidity that can be quite severe in its clinical course; given the high rates of visual loss in
subjects < 18 yrs., it is paramount to completely assess vision in any child with ADO2.

Disclosures: S.G. Waguespack, None.
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Long-term Infusion of Secreted Frizzled Related Protein 4 (sFRP-4)
Reduces Serum Phosphate Concentrations without a Compensatory
Change in Vitamin D Metabolism. T. Berndt*', T. A. Craig*', A. E. Bowe*?,
J. Vassiliadis**, D. Reczek*’, R. Finnegan*’, S. M. Jan De Beur’, S. C.
Schiavi’, R. Kumar'. 'Medicine, Mayo Clinic, Rochester, MN, USA, *Receptor
Ligand Therapeutics, Genzyme Corporation, Framingham, MA, USA,
*Division of Endocrinology, Johns Hopkins University, Baltimore, MA, USA.

Tumor induced osteomalacia (TIO) is a syndrome associated with hypophosphatemia,
excessive phosphate excretion, osteomalacia, and abnormal vitamin D metabolism. Recent
studies have identified sFRP-4 as a protein that is over expressed in tumors from patients
with TIO. Therefore, the present studies were performed to determine the effects of long-
term intravenous infusion of SFRP-4 on renal phosphate handling and vitamin D metabolism
in rats. Normal rats were anesthetized and prepared for solute clearance studies. After a 90-
minute stabilization period, a control clearance was taken and then either vehicle (n=5) or
sFRP-4 (0.3 microgram/kg/hr, n=7) was infused. After a 1-hour equilibration period, one-
hour clearances were taken at 4 and 7 hours after the initiation of the infusion. At the end of
the experiment, blood was collected for the measurement of 1 alpha, 25-dihydroxyvitamin D,
and the kidneys were removed for the isolation and assessment of 25-hydroxyvitamin D 1
alpha hydroxylase cytochrome P450 and 25 hydroxyvitamin D 24-hydroxylase cytochrome
P450 mRNA concentrations by quantitative real-time RT-PCR. In the vehicle infused group,
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basal fractional excretion of phosphate (FEPi) was 7 + 2% and plasma Pi was (2.0 £ 0.2 mM)
and were stable throughout the experiment. With long-term infusion of sFRP-4, FEPi signifi-
cantly increased from 9 + 3% to 20 * 4%, p<0.05 four hours after initiation of the sFRP-4
infusion and was 18 * 4% at 8 hours. Infusion of sSFRP-4 decreased serum Pi from 2.0 + 0.1
mM to 1.5 + 0.1 mM, p<0.05, at 4 hours and to 1.5 + 0.1 mM, p<0.05, at 8 hours. Serum 1
alpha, 25-dihydroxyvitamin D concentrations and renal 25-hydroxyvitamin D 1 alpha-
hydroxylase cytochrome P450 mRNA were similar in both groups. We conclude that long-
term infusion of sFRP-4 is associated with increased phosphate excretion, hypophos-
phatemia, and that the vitamin D endocrine system fails to respond to the hypophosphatemic
stimuli following sFRP-4 infusion. Sodium and calcium excretions were not changed. Thus,
sFRP-4 has the biological properties of “phosphatonin”.

Disclosures: T. Berndt, Genzyme Corporation 2.

1167

The Role of Local Corticosteroid Generation in Inflammation-Associated
Bone Loss. M. S. Cooper, P. Emery*, M. Hewison, P. M. Stewart*. Division of
Medical Sciences, University of Birmingham, Birmingham, United Kingdom.

Generalized and periarticular osteoporosis are common features of inflammatory arthri-
tis. These effects appear to be mediated by high levels of pro-inflammatory cytokines. 11f3-
hydroxysteroid dehydrogenase type 1 (11B-HSD1) is an intracellular enzyme that gener-
ates active cortisol from inactive cortisone. By generating active glucocorticoids locally,
osteoblastic 113-HSD1 is an important determinant of the effects of glucocorticoids on
osteoblasts. In vitro, osteoblastic 113-HSD1 expression is induced by pro-inflammatory
cytokines. We thus hypothesized that inflammation-associated bone loss may reflect a
localized form of corticosteroid-induced osteoporosis. Corticosteroid metabolism was
examined in patients presenting with early rheumatoid arthritis (age 59+13 (mean+SD),
n=31) or mechanical, non-inflammatory, joint conditions (n=9). None of the patients had
been treated with glucocorticoids or bone active medications. Serum markers of inflamma-
tion and clinical measures of disease severity were measured. Corticosteroid metabolite
profiles were determined by gas chromatography/ mass spectrometry on urine samples giv-
ing measures of total corticosteroid metabolite production, 11B-HSDI activity
((THF+alloTHF)/THE ratio), 11B-HSD2 activity (urinary free cortisol/urinary free corti-
sone (UFF/UFE)) and So.-reductase activity (THF/THE ratio).

The (THF+alloTHF)/THE ratio (indicating 11B-HSDI1 activity) was significantly increased
in patients with inflammatory arthritis compared with controls (1.54+0.08 (mean+SE) vs
1.2040.11; p<0.05). There was no difference in total corticosteroid metabolite production,
11B-HSD2 activity or So.-reductase activity. Amongst patients with inflammatory arthritis
significant correlations between inflammatory markers and 113-HSD1 activity were found
with high inflammatory markers predicting increased 11B-HSD1 activity (r=0.40 for ESR,
r=0.39 for CRP, both p<0.05). In contrast, there was no correlation of inflammatory mark-
ers with corticosteroid metabolite production or So.-reductase activity.

11B-HSD1 activity is elevated in patients with early untreated inflammatory arthritis and
increases with the level of disease activity. This activity appears to reflect local generation
of active corticosteroids from circulating inactive precursors. Increased 113-HSD1 activity
and thus chronic local corticosteroid excess may account for the periarticular and general-
ized osteoporosis seen in inflammatory arthritis.

Disclosures: M.S. Cooper, None.
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Increased Circulating Level of FGF-23 in Patients with McCune —Albright
Syndrome. T. Yamamoto', Y. Imanishi’>, H. Koshiyama*?, Y. Miyoshi**, N.
Shimizv®, E. Kinoshita*®, Y. Nakagomi’, A. Miyauchi®, K. Satomura’, M.
Inaba®, T. Sugimoto’, Y. Nishizawa®, H. Juppner'®, K. Ozono*. 'Pediatrics,
Minoh City Hospital, Minoh, Japan, *Metabolism, Endocrinology & Molecular
Medicine, Osaka City University Graduate School of Medicine, Osaka, Japan,
3Medical Research Institute, Kitano Hospital, Osaka, Japan, “Pediatrics, Osaka
University Graduate School of Medicine, Suita, Japan, *Second Division of
Pediatrics, Osaka Medical Center and Research Institute for Maternal and Child
Health, Izumi, Japan, ®Pediatrics, Nagasaki University School of Medicine,
Nagasaki, Japan, "Pediatrics, Yamanashi University School of Medicine, Kofu,
Japan, *Medicine, National Hyogo-Chuo Hospital, Sanda, Japan, *Division of
Endocrinology/Metabolism, Department of Clinical Molecular Medicine, Kobe
University Graduate School of Medicine, Kobe, Japan, '°PediatricEndocrine
Unit, Department of Medicine, Mass. General Hospital and Harvard Medical
School, Boston, Boston, MD, USA.

McCune-Albright syndrome (MAS) is sometimes complicated with hypophosphatemia.
We previously reported the presence of a humoral factor which inhibited intestinal phos-
phate transport (Yamamoto T et al : J] Bone Miner Metab 19:287,2001). Recently, fibro-
blast growth factor 23(FGF23) was reported as a phosphaturic factor and we recently
reported increased circulating serum FGF23 levels in patients with oncogenic and X-linked
hypophosphatemia. Thus, we measured serum FGF23 levels in patients with MAS accom-
panying hypophosphatemia. As a control for hypophosphatemia, we also investigated the
serum FGF23 levels in 2 patients with hereditary hypophosphatemic rickets with hypercal-
ciuria(HHRH).

Serum phosphate levels were clearly decreased in 7 MAS patients with hypophosphatemia
compared with 14 normal controls. Mean serum phosphate values for MAS and normal
controls were 3.0 and 4.5 mg/ml respectively (P=0.0002). Mean serum ALP and plasma
FGF23 levels were clearly increased in MAS patients respectively (ALP:1357 vs 732 1U/1 ;
P=0.0251, FGF23: 307 vs 81 RU/ml ; P=0.0104). In HHRH, plasma mean FGF23 levels
were within normal range(67 RU/ml). In MAS patients, plasma FGF23 levels were nega-
tively correlated to serum phosphate levels (r=-0.553, P=0.0127) but positively correlated
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to serum ALP levels(r=0.668, P=0.0052). Serum ALP levels were not correlated to serum
phosphate levels. Oral phosphate loading test in two MAS patients revealed impaired max-
imal increase of serum phosphate levels compared to normal controls. These data suggest
that FGF23 is a possible causal factor for hypophosphatemia in MAS patients. However,
the mechanism of FGF23 on the regulation of serum phosphate levels in MAS patients
remains further investigation.

Disclosures: T. Yamamoto, None.
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Mechanical Stimulation Promotes Osteocyte Survival: Requirement of
Nuclear Targets of the Src/ERK Pathway. L. 1. Plotkin, J. 1. Aguirre, B.
Strotman*, S. C. Manolagas, T. Bellido. Endocrinology, Center for
Osteoporosis and Metabolic Bone Diseases, Central Arkansas Veterans
Healthcare System, Univ. Arkansas for Med. Sci., Little Rock, AR, USA.

Mechanical signals activate the extracellular signal regulated kinases (ERKSs) in osteo-
cytes. Since mechanical loading might regulate osteocyte apoptosis in vivo and ERKs are
required for osteocyte survival induced by systemic factors, we investigated whether
mechanical stimulation influences the response of osteocytic cells to pro-apoptotic stimuli
and whether ERKSs are involved. MLO-Y4 osteocytic cells stably expressing nuclear green
fluorescent protein (GFP) were first stretched for 10 min at 5% elongation, and subse-
quently treated with the proapoptotic stimuli etoposide or dexamethasone. Whereas either
pro-apoptotic agent increased the percentage of cells exhibiting apoptotic features after 6 h
in unstretched cultures, cells subjected to mechanical stimulation were protected from the
effect of the pro-apoptotic agents. Inhibition of ERKs with PD98059 or with a dominant
negative (dn) form of MEK (the kinase responsible for ERK activation) abolished the pro-
tection from apoptosis induced by stretching. On the other hand, inhibition of PI3K or p38
MAPK, two other kinases activated by mechanical signals, had no effect. Consistent with
the previously demonstrated involvement of Src in ERK activation induced by stretching,
cells treated with the inhibitor of Src kinases PP1 or transfected with a Src mutant lacking
kinase activity did not exhibit the protective effect of stretching. Strikingly, cells trans-
fected with a dn Src mutant lacking the SH2 domain (which mediates Src interaction with
the estrogen receptor) also lost the responsiveness to stretching, whereas cells transfected
with a dn Src mutant lacking the SH3 domain (which mediates Src interaction with the
androgen receptor) remained responsive. These results are consistent with evidence
(shown elsewhere in this meeting) that the transduction of mechanical signals into ERK
activation involves the estrogen receptor, but not the androgen receptor. In addition,
mechanical stimulation induced rapid translocation and nuclear accumulation of ERK2
fused to GFP, which increased between 1-20 min of stretching, and lasted for about 1 h
after 10 min of stimulation, declining to control levels by 3 h. Furthermore, the anti-apop-
totic effect of mechanical signals was abolished by actinomycin D or cycloheximide,
inhibitors of RNA or protein synthesis, respectively. Taken together, these results indicate
that mechanical signals promote osteocyte survival via transcription-dependent mecha-
nisms downstream of the Src/ERK signaling pathway.

Disclosures: L.I. Plotkin, None.
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Blockade of Anabolic Mechanotransduction Pathway in COX-2 Deficient
Mice. Y. Mikuni-Takagaki', H. Sekiya’, K. Naruse**, M. Itoman*’, K. Seto*?.
'Oral Biochemistry, Kanagawa Dental College, Yokosuka, Japan, *1st Dept. of
Oral and Maxillofacial Surgery, Tsurumi University School of Dental
Medicine, Yokohama, Japan, *Orthopedic Surgery, Kitasato University School
of Medicine, Sagamihara, Japan.

Cyclooxygenase-2 (COX-2) has been shown to play an essential role in bone formation
during fracture repair.
We have reported that low-intensity pulsed ultrasound (US), which mechanically acceler-
ate fracture healing 40% by time, targets osteoblasts but not osteocytes. The anabolic
response of osteoblasts was obliterated either by blocking COX-2 with NS398 or by inhib-
iting p38 with SB203580 (JBMR, 2003). In order to substantiate a fundamental role of
COX-2 in the mechanotransduction pathways, acceleration of fracture repair by US was
studied in COX-2" mice (B6; 129S7-Ptgs2"™"  Jackson Laboratories), which were sub-
jected to the mid-diaphyseal femoral fracture with intramedullary fixation at relatively old
age of 52+2 weeks. Half of the animals in each group were exposed to the ultrasound for
20 min a day, from the fourth day of surgery. Both exposure and control groups were anes-
thetized prior to the treatment using a SAFHS (Smith & Nephew Inc.) ultrasound generator
equipped with probes 13-mm across (Teijin Limited). Conditions were identical to those
used for patients and the bone cell cultures. Homozygous mutant and control mice were
maintained on a mixed genetic background of 129S/C57BL/6J, and neither COX-2 mRNA
nor protein was detected in tissues from homozygous mutant mice. Bone formation during
the skeletal repair was monitored by contact X-ray, microCT, histochemical analyses, and
real-time PCR. Radiographs and histologic sections of COX-2" and wild-type mice after
10-day postfracture point showed detectable delay in healing of COX-2" femora with and
without the exposure to US. By day 21, the difference became apparent: 1) All wild-type
femora exposed to US attained bony union. 2) If not treated with pulsed ultrasound, COX-
2" femora did not produce union. Only some of them resulted in mineralized callus forma-
tion. 3) Untreated wild-type and COX-2" femora exposed to US were in between 1) and 2)
in that order. Furthermore, we found that the amplified late upregulation of mRNAs such
as IGF-I, which we reported in mechanically loaded cells, was lost in COX-2" osteoblasts.
The defect in upregulation, however, was at least in part rescued by the added PGE, at 1 hr,
when the immediate early induction of COX-2 results in PGE, secretion. Taken together,
these results suggest that COX-2 not only plays an important role in fracture repair, but
also functions as an essential mediator of mechanotransduction leading to bone formation.

Disclosures: Y. Mikuni-Takagaki, None.
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Unloading-induced Bone Loss Occurs though the Central Control via
Sympathetic System. H. Kondo', K. Tsuji', K. Kitahara', S. Rittling?, A.
Nifuji', D. Denhardt’, G. Karsenty**, M. Noda'. 'Dept of Molecular
Pharmacology, Tokyo Medical and Dental University, Tokyo, Japan, “Rutgers
University, Piscataway, NJ, USA, 3Dept of Nutritional Sciences, Rutgers
University, New Brunswick, NJ, USA, 4Dept of Molecular and Human
Genetics, One Baylor Plaza, Huston, TX, USA.

Unloading in bed-ridden patients results in disuse osteoporosis, the number of which is
soaring in our modern aging society. Although, it is well known that unloading causes
rapid bone loss in vivo, the mechanisms underlying this phenomenon are not fully under-
stood. Tail suspension enhances excretion of deoxypyridinoline into urine suggesting that
not only bones in the hind limb but also systemic skeletal elements would be subjected to
central control which would be regulated by tail suspension. One of the candidates for such
systemic control may be central nervous system that stimulates sympathetic nerve to sup-
press bone formation. This paper examined whether sympathetic nervous system is
involved in unloading-induced bone loss in tail suspension. Adult 129 mice were treated
either with vehicle or with guanethidine which depletes noradrenaline and chemically
impairs sympathetic system. Guanethidine alone did not affect bone volume levels. Tail
suspension reduced cancellous bone volume (BV/TV) in vehcle-treated mice. In contrast,
in guanethidine treatmented mice, such reduction in BV/TV was no longer observed even
after tail suspension. Furthermore, propranolol, an antagonist against beta adrenergic
receptor, prevented tail suspension-induced cancellous bone loss. Propranolol by itself did
not alter basal levels of cancellous bone volume. Propranorol treatment prevented tail sus-
pension-induced reduction in bone mineral density in the proximal end of tibia. In order to
examine the cellular mechanisms underlying these observations, we conducted bone mar-
row cell cultures in the presence of ascorbic acid and beta glycerophosphete. Tail suspen-
sion suppressed mineralized nodule formation in the cultures of bone marrow cells
compared to the cells oblained from control loaded mice. In contrast, bone marrow cells
obtained from mice treated with propranolol no longer exhibited suppression of nodule for-
mation by tail suspension. Similarly, bone marrow cells obtained from guanethidine treated
mice did not show tail suspension-induced suppression in the levels of mineralized nodule
formation in culture. These data indicated that central sympathetic control mediates the
unloading—induced bone loss.

Disclosures: H. Kondo, None.
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Rescuing the Phenotype of Biglycan-Deficient Mice via Exercise. D. H.
Kohn*', J. M. Wallace*?, R. M. Rajacher*?, X. Chen?®, S. Shi*?, M. R. Allen**,
S. A. Bloomfield**, P. G. Robey’, M. FE. Young®. 'Biologic & Materials
Sciences, University of Michigan, Ann Arbor, MI, USA, ’Biomedical
Engineering, University of Michigan, Ann Arbor, MI, USA, 3Nidcr, NIH,
Bethesda, MD, USA, “Health and Kinesiology, Texas A & M University,
College Station, TX, USA.

Biglycan-deficient mice exhibit lower bone volume than wild types, due to a deficiency
in bone forming cells. We hypothesized that mechanical stimulation could rescue the phe-
notype of these knock-outs. At 8 wk of age, bgn-deficient and wild type male mice
(C57BL6/129 background; 10 mice/group; NIDCR animal approval 001-151) were ran-
domly assigned to control or exercise (treadmill running 10 m/min, 30 min/day, 21 days)
groups. Bones were harvested for QCT and mechanical testing (4 point bending). Pheno-
typic changes in bgn-deficient mice were primarily exhibited in the tibia (Table). KO mice
also have a trend towards a larger cortical area that is more isotropically distributed. How-
ever, this material is of lower quality, causing the bone to have lower strength and energy
dissipation. This phenotype may be due to an upregulation of other matrix proteins respon-
sible for promoting mineralization, causing over-mineralization and weaker, more brittle
bone. This hypothesis is supported by the QCT data showing a significant increase in BMC
and BMD in the KOs. Exercise lead to an increase in cross sectional area and post-yield
deformation in the wild types, at the expense of strength. Exercise had a less significant
effect on the geometry of the knockouts, but was accompanied by increases in yield force
(p=0.005), post-yield displacement (p=0.044), total displacement (p=0.045), and ultimate
energy (p=0.045). These properties were greater or equal to wild type control values, and
the increase in properties due to exercise was at least as large in KOs as wild types. Exer-
cise was therefore able to rescue the phenotype of bgn knockouts.

Tibiae Geometric and Mechanical Properties (mean + SEM)

Property WT Control  WT Run KO Control KO Run
Cortical Area (mm?) 0.52+0.04 0.63+0.03° 0.62+0.03 0.65 + 0.02
Moment of | (mm*) 0.04+0.01 0.06+0.01 0.06+0.01° 0.06 £ 0.01
Yield Force (N) 23.1+28° 159+1.0 173+22 233+1.9°
Ultimate Force (N) 243+26 225+28 232+21 285+21
Elastic Disp. (mm) 0.08+0.14 0.05+0.01 0.05+0.00° 0.058 +0.005
Plastic Disp. (mm) 0.02+0.01 0.09+0.03" 0.02+0.00 0.036+0.007°
Yield Energy (mJ) 118+0.35 0.50+0.07 0.58+0.09° 0.88+0.12
Ultimate Energy (mJ) 158 +0.44 1.88+046 1.15+0.15 1.81 +0.26°
Yield Stress (N/mm?) 150 + 33 85+9 90 + 12* 118+ 12

a = significant effect of genotype; b = significant effect of exercise via 2-way
ANOVA

Disclosures: D.H. Kohn, None.
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Knockout of Cyclooxygenase-2 (COX-2) in Mice Results in a Skeletal
Phenotype, but Does not Influence Mechanical Responsiveness. I. Alam', S.
J. Warden*', A. G. Robling?, C. H. Turner'. 'Orthopaedic Surgery, Indiana
University School of Medicine, Indianapolis, IN, USA, *Anatomy & Cell
Biology, Indiana University School of Medicine, Indianapolis, IN, USA.

Cyclooxygenase-2 (COX-2) is inductively expressed to control a rate-limiting step in
the production of prostaglandins (PGs). PGs have effects on both bone formation and
resorption, which are mediated through the proliferation and differentiation of osteoblasts
and the regulation of osteoclast differentiation. Previous studies have shown that COX-2
mediated production of PGs is essential for the healing of fractures, and that inhibition of
COX-2 interferes with skeletal mechanical responsiveness. This study compared adult
COX-2 knockout (COX-2-/-) mice to wild-type (COX-2+/+) littermate controls to investi-
gate the effect of COX-2 on bone mass and size, and explored the role of COX-2 in mech-
anotransduction. We identified that COX-2-/- mice had 11% lower body weight compared
to COX-2+/+ mice (p<0.01). They also had smaller bones with long bone length being 4-
5% shorter (p<0.01). On bone mass assessment, whole femoral and tibial BMC (normal-
ized by body weight) was 22-29% lower in COX-2-/- mice by DXA (p<0.01), and femoral,
tibial and humeral midshaft vVBMD was 8-11% lower by pQCT (p<0.05). Similarly, vBMD
in the proximal femur, tibia and humerus was 6-10% lower in COX-2-/- mice (p<0.05).
Exposing ulnas of COX-2-/- and COX-2+/+ mice to an identical mechanical stimulus, no
influence of genotype was observed on histomorphometric measures of bone formation
(relative BFR/BS— COX-2+/+ 134.0+28.1 mm3/mm2/yr; COX-2-/- 180.8+41.1 mm3/
mm?2/yr). The results of this study are interesting from a couple of perspectives. Firstly,
COX-2 is not believed to have a role in homeostasis as it is inductively expressed. How-
ever, we found COX-2-/- mice to be lighter and to have greater mortality than COX-2+/+
mice suggesting a role in normal physiological functioning. Secondly, we found the dele-
tion of the gene that encodes for COX-2 to have no effect on skeletal mechanical respon-
siveness. This contradicts previous findings using COX-2 specific inhibitors. One
explanation for this opposing finding is that COX-2-/- mice may have developed compen-
satory pathways for the absence of COX-2, pathways not developed when COX-2 is
blocked temporarily using inhibitors. These findings highlight the need for further explora-
tion of the role of COX-2 in the skeleton.

Disclosures: 1. Alam, None.
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OPN Deficiency Increases Bone Formation and also Protects Tooth from
Severe Root Resorption during Mechanical Stress-Induced Tooth
Movement. C. Chung*', K. Kitahara', S. R. Rittling*?, K. Tsuji', A. Nifuji', K.
Soma*’, D. T. Denhardt’, M. Noda'. 'Molecular pharmachology, Tokyo
Medical and Dental Univ., Tokyo, Japan, 2Rutgv:rs Univ., Piscataway, NJ, USA,

*Orthodontic Science, Tokyo Medical and Dental Univ., Tokyo, Japan.

Previously we have developed a new mechanical stress-induced tooth movement model

in mice, which induces a reproducible mesial directed movement of the maxillary first
molar accompanied by bone resorption on the pressure (mesial) side, and new bone apposi-
tion on the tension (distal) side resulting in a reverse pattern of bone remodeling within the
alveolar bone. Since OPN, a major non-collagenous bone matrix protein, is induced by
mechanical stress, affecting osteoclastic bone resorption and also bone formation, we have
applied this model to an OPN-deficient mice to elucidated the direct role of OPN during
mechanical stress induced tooth movement along with the underlying alveolar bone
remodeling. Even though OPN is a well-known chemotactant of osteoclast precursors in
vitro, OPN-deficiency did not affect the number of osteoclasts nor delay the tooth move-
ment in vivo. On the contrary, tooth movement within the alveolar socket was significantly
increased (p<0.05) and the tooth was protected from severe root resorption, with signifi-
cantly less odontoclasts (p<0.05) in the OPN-deficient mice. Because OPN was also shown
to regulate osteoblastic bone formation in calvaria to mechanical stress, we have also
investigated bone formation during mechanical stress-induced tooth movement in the alve-
olar bone by using calcein/xylenol orange triple labeling. As the tooth moved within the
alveolar socket, new bone apposition was detectable in the distal tension side in both WT
and OPN-deficient mice, while the unloaded internal control did not. Mineral apposition
rate (MAR) and bone formation rate (BFR) was significantly increased (p<0.05) in the
OPN-deficient mice, suggesting increased movement to mechanical stress was in part due
to increased bone apposition. We further investigated the mineral contents using energy
dispersive spectrometer (EDS) attached to scanning electron microscope (SEM), however
the basal level of Ca/P in tooth, alveolar bone, and periodontal ligament was similar in both
group.
During clinical orthodontic treatment and in case of traumatic occlusion, root resorption is
one of the most common and serious complications, because unlike bone, tooth cannot
undergo remodeling and recover once it is severely destroyed. Since our data shows OPN
deficiency to protect tooth from root resorption without disturbing the movement itself and
to even increases bone formation to mechanical stress, regulation of OPN may be a way to
secure smoother tooth movement in vivo.

Disclosures: C. Chung, None.
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Functional Modulation of LRP5-Wnt-Dkk1 Activity by Various Mutations
in LRPS Beta-Propellerl. B. M. Bhat', K. M. Allen*?, J. Graham*®, W. Liu*?,
A. Morales*?, A. Anisowicz*?, H. Lam*', C. McCauley*', V. Coleburn*!, M.
Cain*®, E. Fortier**, H. Wang*?, F. J. Bex', P. Yaworsky**. "Women's Health
and Bone, Wyeth Research, Collegeville, PA, USA, Human Genetics, Genome
Therapeutics Corp., Waltham, MA, USA, 3Genomics, Wyeth Research,

Cambridge, MA, USA.

Allelic forms of low-density lipoprotein receptor-related protein 5 (LRP5) have been
identified in a spectrum of human bone density traits. A single point mutation (G to T) in
the LRPS gene results in a glycine to valine amino acid change (G171V) that is responsible
for an autosomal dominant High Bone Mass (HBM) trait in two independent kindreds.
Recently, 6 additional amino acid changes in LRP5 have been associated with increased
bone mineral density in several sclerosing bone disorders. Loss of function mutations in
LRPS result in an autosomal recessive disorder of reduced bone mass, osteoporosis
pseudoglioma syndrome (OPPG). LRPS5 acts as a co-receptor with Frizzled family mem-
bers to propagate cellular signals upon Wt protein binding. This signaling can be antago-
nized by Dickkopf 1 (DKK1), a known LRPS ligand. In the presence of Wnt, expression of
LRPS5 or the HBM variant, (LRP5-G171V mutant), induces nuclear translocation of beta-
catenin and T cell factor (TCF)-luciferase reporter activity. When DKKI1 is introduced, the
HBM variant-mediated TCF activity is inhibited to a lesser degree than that with LRPS.
Structural analysis of LRP5 revealed that the HBM mutation lies in the first beta-propeller
domain. Additional substitutions of G171 to 171K, F, I or Q also resulted in HBM-like
activity in the presence of Wnt and DKK1. This indicates the importance of this position to
LRPS5 receptor function. In order to determine if other amino acid changes might similarly
affect function, we modeled the effect of the HBM mutation within beta-propeller]. Inter-
estingly, mutations A65V, A214V and M282V but not E128V and G199V resulted in an
HBM-like TCF-activity. We also simulated the G171V mutation in the other beta-propel-
lers of LRPS, as well as LRP6. These substitutions all function as the wild type receptor. In
conclusion, by mutation analysis and in vitro Wnt-Dkk1-TCF-functional studies, we have
identified other mutations in beta-propellerl that result in HBM-like properties. Interest-
ingly, all the mutations associated with increased bone density lie in the first beta-propeller.
Structural analysis of the LRP5 family member LDLR suggests that this first beta-propeller
domain interacts with the ligand binding domains. Therefore, further analysis of additional
mutations in the molecule may lead to a better understanding of the function of LRPS5, and
its interaction with Wnts and Dkks.

Disclosures: B.M. Bhat, None.
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The Osteoblast Homeoprotein Msx2 Promotes Osteogenic Differentiation
of Aortic Myofibroblasts. S. Cheng, J. Shao, N. Charlton-Kachigian*, D. A.
Towler. Div. of Bone and Mineral Diseases, Dept. of Int. Med, Washington
University School of Medicine, St. Louis, MO, USA.

Calcific vasculopathy is prevalent in diabetes, contributing to cardiovascular mortality.
In a murine model of type II diabetes, diabetogenic diets heterotopically activate an aortic
osteogenic gene regulatory program that includes expression of the bone morphogen
BMP2 and its genomic target Msx2 in aortic adventitial myofibroblasts. To evaluate the
roles of BMP2 and Msx2 signaling in aortic calcification, we studied effects of BMP2 and
Msx2 on primary aortic adventitial myofibroblasts. These myofibroblasts express vascular
smooth muscle cell (VSMC) markers, and respond to BMP2 by upregulating Msx2 mRNA
accumulation and enhancing osteogenic differentiation. Transduction of primary aortic
myofibroblasts with a retrovirus expressing Msx2 also promotes osteogenic differentiation.
Expression of osteoblast-specific differentiation factor osterix is upregulated 10-fold by
Msx2, and mRNA level for the early osteoblast phenotypic marker alkaline phosphatase
(ALP) increases >50-fold. ALP enzyme activity is also stimulated, and mineralized matrix
nodule formation is enhanced 30-fold by Msx2. Whereas osteopontin and Runx2 gene
expression is unchanged by Msx2, SM22a and VSMC ai-actin are stimulated 3-4 fold. In
contrast, PPARy expression is drastically down regulated by Msx2 to 5% of the control
level. Msx2 actions were further studied in the C3H10T1/2 model of mural mesenchymal
lineage allocation. As in primary aortic myofibroblasts, Msx2 enhances osteogenic differ-
entiation of C3H10T1/2 cells. Adipogenesis — revealed by lipid accumulation and expres-
sion of PPARy and adipsin — is completely inhibited by Msx2 (confirmed in 3T3-L1 pro-
adipocytes). While Msx2 activation of early osteogenesis is cell-autonomous, inhibition of
adipogenesis occurs in part via a secreted adipostatic activity. In conclusion, Msx2 regu-
lates lineage allocation of aortic myofibroblasts. Migratory adventitial myofibroblasts
capable of adipogenic and osteogenic differentiation can be diverted to the mineralizing
osteogenic lineage by Msx2, and thus contribute to the medial and neointimal calcification
of diabetes.

Disclosures: S. Cheng, None.
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Osteoblast Gene Transcription from Connexin-Response Elements
(CxREs) is Regulated by the PKC/Raf/MEK/ERK Pathway. J. P. Stains, R.
Civitelli. Bone and Mineral Diseases, Washington University, St. Louis, MO,
USA.

We have previously demonstrated that recessive (gene deletion) or dominant
(connexin45 overexpression) disruption of connexin43 (Cx43) function results in osteo-
blast dysfunction and abnormal expression of osteoblast genes, including downregulation
of osteocalcin and type I collagen transcription. Using ROS17/2.8 cells, which are highly
coupled by Cx43, and ROS/Cx45 cells, where gap junctional communication is altered by
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Cx45 overexpression, we have identified transcription elements in the osteocalcin and col-
lagen (I)atl proximal promoters which sense changes in gap junctional communication.
These connexin-response elements (CxREs) provide gap junction sensitivity to heterolo-
gous promoters, and in non-osteoblastic cell contexts as well. Transcription via CXREs is
regulated by recruitment of the ubiquitous transactivator Spl and the repressor Sp3. By
chromatin immunoprecipitation, we demonstrate that perturbation of gap junctional com-
munication by overexpression of Cx45 in an endogenous Cx43 background results in tran-
scriptional repression consequent to increased Sp3 bound to the CxRE, while in a highly
coupled environment (where Cx43 prevails) Sp1 is preferentially bound to the CxRE. We
find that gap junctional communication alters Sp1/Sp3 recruitment via post-translational
effects. Immunoprecipitations reveal decreased serine/threonine phosphorylation of Sp1 in
Cx45 overexpressing cells, while acetylation of Sp3 is increased; both modifications affect
Sp1/Sp3 binding affinity and transcriptional activity in a fashion compatible with transcrip-
tional downregulation via CxRE. Since such post-translational modifications are modu-
lated by MAPK activities, we used anti-phospho-PKC, -Raf and -ERK antibodies to show
that PKC/Raf/ERK activation is reduced in a communication-deficient background. Fur-
thermore, using luciferase reporter assays we show that inhibition of the Raf/MEK/ERK
signal pathway with the MEK inhibitor U0126 results in markedly reduced transcription
from the CxRE, whereas overexpression of a constitutively active MEK1, or treatment
with PMA, an activator of the PKC pathway, increase CxRE-driven transcription. In con-
trast, p38 MAP Kinase and JNK/SAPK pathways do not regulate transcription from
CxREs. Thus, gap junctional communication controls gene transcription by specifically
modulating the PKC/Raf/MEK/ERK signal transduction cascade, which controls the activ-
ity of CxRE-binding transcription complexes. These findings offer a molecular mechanism
by which intercellular communication via gap junctions modulate the response of bone
forming cells to hormonal or local signals.

Disclosures: R. Civitelli, None.
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Regulation of the Anabolic Action of Calcineurin. L. Sun', H. C. Blair>, B. S.
Moonga', P. J. R. Bevis*', E. Abe', S. Epstein', M. Zaidi'. 'Medicine, Mount
Sinai School of Medicine and the Bronx VA GRECC, New York, NY, USA,
*Pathology, University of Pittsburgh and Pittsburgh VA Medical Center,
Pittsburgh, PA, USA.

Calcineurin, a ubiquitous calcium/calmodulin activated phosphatase, is inhibited by the
commonly used immunosuppressants, cyclosporine A and FK506, both of which cause
dramatic bone loss. Deletion of the calcineurin Aol gene thus resulted in severe osteoporo-
sis arising mainly from a ~40% reduction in bone formation evident in tetracycline double
labeling studies. Over-expression of calcineuirn Aq., in contrast, stimulated osteoblast dif-
ferentiation. Profound, up to ~300-fold increases in osteoblast differentiation markers,
namely, Runx-2, osteocalcin, bone sialoprotein, and alkaline phosphatase, were noted upon
transduction of MC3T3.E1 osteoblasts with a calcineurin AOl-TAT fusion protein. All three
isoforms of calcineurin A, ., B and vy, as well as those of calcineurin B, Bl and B2, were
expressed in both primary osteoblasts and MC3T3.E1 cells. Traditionally, calcineurin
dephosphorylates and permits the nuclear translocation of the transcription factor, NFATc.
Here, we establish a new pathway for calcineurin action — its dephosphorylation of IkBf},
the inhibitory subunit of NFkB family of transcription factors. Dephosphorylated IxBf
binds to and prevents the nuclear translocation of p65, p50, and c-Rel. Through the use of
complementary techniques — co-immunoprecipitation, chemical cross-linking, and phos-
phatase assays — we have demonstrated that calcineurin Ao binds to and dephosphorylates
IxBp, and that both effects are inhibited by NFATc. To understand the mechanism of cal-
cineurin Ao-IkBp binding, we used (a) peptide RII that selectively inhibits calcineurin’s
phosphatase activity by acting on its 18 amino acid-long, protein kinase domain, and (b)
several IkBf mutants either lacking the PEST domain (APEST) or containing single amino
acid substitutions within it (S313A and S315A). Peptide RII potently inhibited the cal-
cineurin-induced dephosphorylation of IkBf. Likewise, the APEST and S313A mutants,
but not the S315A mutant, blocked calcineurin-IkBf binding and enhanced the nuclear
translocation of the NFkB heterodimers, p65, p50 and c-Rel. Finally, whereas transfection
with calcineurin Aot up-regulated the expression of ryanodine receptors, a family of Ca**
release channels, the IkBf mutant, S313A, when co-transfected with calcineurin Aat,
blocked this effect. Together, the evidence appears compelling that calcineurin binds to,
and dephosphorylates IkBf, as an alternate substrate, via its PEST domain (Ser313). This
selective dephosphorylation of IxkBf might, in fact, regulate the extent of calcineurin's
novel anabolic action.

Disclosures: L. Sun, None.
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MSG-Sensitive Hypothalamic Neurons Contribute to the Control of Bone
Mass. E._Elefteriou*', S. Takeda', X. Liu*', D. Armstrong*?, G. Karsenty'.
'Molecular and Human Genetics and Bone Disease Program of Texas, Baylor
College of Medicine, Houston, TX, USA, ZPathology, Baylor College of
Medicine, Houston, TX, USA.

Using chemical lesioning we previously identified hypothalamic neurons that are
required for leptin antiosteogenic function. In the course of these studies we observed that
destruction of neurons sensitive to monosodium glutamate (MSG) in arcuate nuclei did not
affect bone mass. However MSG treatment leads to hypogonadism, a condition inducing
bone loss. Therefore the normal bone mass of MSG-treated mice suggested that MSG-sen-
sitive neurons may be implicated in the control of bone mass. To test this hypothesis we
assessed bone resorption and bone formation parameters in MSG-treated mice. We show
here that MSG-treated mice display the expected increase in bone resorption and that their
normal bone mass is due to a concomitant increase in bone formation. Correction of MSG-
induced hypogonadism by physiological doses of estradiol corrected the abnormal bone
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resorptive activity in MSG-treated mice and uncovered their high bone mass phenotype.
Since Neuropeptide-Y (NPY) is highly expressed in MSG-sensitive neurons and since Y2-
receptor deficient mice display a high bone mass phenotype, we tested whether NPY regu-
lates bone formation. Surprisingly, NPY-deficient mice had a normal bone mass. This
study reveals that distinct populations of hypothalamic neurons are required for the control
of bone mass and demonstrates that MSG-sensitive neurons control bone formation in a
leptin-independent manner. It also indicates that NPY deficiency does not affect bone
mass.

Disclosures: F. Elefteriou, None.
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Evidence that the Mechanism Whereby Insulin-Like Growth Factor
Binding Protein (IGFBP)-6 Markedly Inhibits Osteoblast Differentiation
Is Through Sequestration of an Activator of Osteoblast Differentiation, the
LIM Mineralization Protein-1 (LMP-1). D. D. Strong, T. A. Linkhart, Y.
Gunn*, R. Kim*, J. Rung-Aroon*, S. Mohan, D. J. Baylink, Y. Amaar.
Musculoskeletal Disease Center, Jerry L. Pettis VA Medical Center, Loma
Linda, CA, USA.

Recent in vitro studies to overexpress IGFBP-6 (BP-6) in human osteoblasts, or to sup-
press BP-6 expression with antisense RNA have shown that this IGFBP strongly inhibits
osteoblast differentiation (ie. it can completely halt osteoblast differentiation and it does so
through an IGF-independent action). BP-6 is located primarily in the nucleus by virtue of
its novel nuclear localization sequence. Thus we sought to test the hypothesis that BP-6
mediates its actions through inhibitory interactions with transcription factors or co-activa-
tor proteins that regulate osteoblast marker gene expression. To test this hypothesis, we uti-
lized a yeast two-hybrid screen to identify intracellular proteins that bound to BP-6. BP-6
fused to the Gal-4 DNA binding domain was expressed in a yeast 2-hybrid bait vector and
used to screen a U2 human osteosarcoma cDNA yeast library. BP-6 strongly interacted
with a protein encoded by a cDNA fragment containing the LIM domain regions of LMP-
1. Most importantly, LMP-1 was shown previously to induce osteoblast differentiation in
vitro and induce bone formation in vivo (Boden et al., 1998). Northern blot analysis indi-
cated that LMP-1 was expressed in human osteoblasts suggesting the hypothesis that BP-6
inhibits osteoblast differentiation by blocking the differentiation actions of LMP-1. Co-
immunoprecipitation studies with lysates from SaOS-2 cells overexpressing HA-tagged-
LMP-1 with recombinant BP-6 protein confirmed that BP-6 bound to the LMP-1 in mam-
malian cells. Co-immunoprecipitation studies also revealed that LMP-1 interacted strongly
with BP-6 but not with IGFBP-5, demonstrating BP-6 specificity for this inhibitory inter-
action. When BP-6-red-fluorescent and LMP-1-green fluorescent fusion protein expression
vectors were transiently co-transfected into osteoblasts, LMP-1 protein and BP-6 co-local-
ized in the nucleus. In conclusion, the present findings that LMP-1 strongly binds to BP-6,
is a strong inhibitor of osteoblast differentiation and past findings that LMP-1 is a positive
regulator of osteoblast differentiation is consistent with the hypothesis that BP-6 sequesters
LMP-1 to inhibit osteoblast differentiation.

Disclosures: D.D. Strong, None.
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Different Roles of Integrin Subunits to Stimulate Proliferation and
Differentiation by Mechanical Stress in Osteoblasts. P. Miiller*', C.
Schmidt*', B. Nebe*!, J. Rychly’. 'Department of Internal Medicine,
University of Rostock, Rostock, Germany, 2Experimental Research Center,
University of Rostock, Rostock, Germany.

To evaluate the role of integrin receptors in the mechanisms that are involved in the reg-
ulation of osteoblast physiology by mechanical stress we used a magnetic drag force
device to apply physical forces on defined integrin receptors without stretching the whole
cell. Magnetic beads were coated with different antibodies to integrin receptors and
attached to the receptors on the dorsal surface of adherent cells. Forces on the receptors
were directed in parallel to the cell surface. Application of physical forces to the B1 inte-
grin subunit in cells of the osteoblastic cell line MG-63 induced an enhanced expression of
collagen I as well as of proteins involved in the cell cycle regulation. The effects were
increased compared with only clustering the receptor by incubation with 1 integrin anti-
body coated beads. This indicates that 81 integrin mediates mechanical stress to induce
both differentiation and proliferation and the effects depend on the force strength. To see,
whether different o integrin subunits play a specific role to mediate mechanical stress we
applied physical forces to 0.2, a3 and a5 integrin subunits which were expressed in simi-
lar densities on the cell surface. Forces applied to all three o subunits induced an increased
expression of cyclin D1, cyclin E and induced the phosphorylation of Rb protein. This
indicated that the three integrins which we tested transduced physical forces to stimulate
cell proliferation. However, application of forces to these integrin subunits revealed that
only a5 but not 0.2 and 0.3 induced an enhanced expression of collagen I. Further analyses
of signalling events demonstrated that only stress to integrin .5 provoked an activation of
MAP-kinases and this was required for collagen expression due to mechanical stress. In
addition, we found that only stress on integrin a5 induced the activation of the adaptor pro-
tein She. In contrast, forces to all three o integrin subunits activated the focal adhesion
kinase (FAK) and induced the cytoskeletal immobilization of this protein. In conclusion,
we found differences in the function of integrins to mediate mechanical stress to stimulate
cell proliferation and collagen I expression. We suggest that collagen expression due to
mechanical forces is mediated by a5 and requires the Shc pathway, whereas for prolifera-
tion various O integrin subunits may function as mechanotransducers which involves the
activation of FAK.

Disclosures: J. Rychly, None.
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Caspase-3 Deficiency Causes Osteopenia by Attenuating Differentiation of
Osteoblast Progenitors. M. Miura*', X. Chen', S. Gronthos®, Y. Bi*', M. R.
Allen*®?, S. Lakhani**, R. Flavell**, X. Feng*°, P. G. Robey', M. Young', S.
Shi*!. 'Csdb, NIDCR, Bethesda, MD, USA, ZInstitute of Medical and
Veterinary Science, South Australia, Australia, 3Texas A&M University,
Galveston, TX, USA, “Yale University School of Medicine, New Haven, CT,
USA, 5Baylor College of Medicine, Houston, TX, USA.

Caspase-3 is a critical enzyme for apoptosis and cell survival. Apoptosis has important
biological roles in the development, homeostasis of cell population, and in pathogenesis.
Caspase-3 deficient (CPP32-/-) mice survive for 3-5 weeks and have various phenotypes
including decreased apoptosis of neural cells and peripheral T cells and severely stunted
growth. However, whether caspase-3 deficiency results in any bone defect is unclear. In
this study, we tested the hypothesis that caspase-3 plays an important role in maintaining
integrity of bone and found that both homozygous (CPP32-/-) and heterozygous (CPP32+/
-) mice have reduced bone density. To determine the cellular basis for the reduced bone
mass we examined pre-osteoblasts isolated from the calvarias of newborn normal and
mutant mice and tested the relative levels of proliferation, differentiation and cell survival.
Our results showed that caspase-3 deficient cells had increased proliferation rates, but
decreased capacity to form a mineralized matrix. Examination of the intracellular signals
elicited in response to TGF-beta revealed that caspase-3 deficient cells exhibited an
increased expression of phospho-Smad2 and P21 as well as decreased expression of CDC2
and CDK4. Furthermore, caspase-3 deficient cells showed increased cell senescence and
attenuated TGF-beta-regulated Cbfal expression. Inhibition of Smad2 expression by
siRNA transfection was able to partially rescue TGF-beta-mediated down-regulation of
CDK4 and CDC2, indicating that the Smad2 pathway is responsible for the TGF-beta-
mediated cascade in caspase-3 deficient cells. In contrast, BMP2-induced phospho-Smad1
signaling was not impaired in pre-osteoblasts of CPP32-/- or CPP32+/- mice. Bone marrow
stromal stem cells (BMSSCs), another population of osteogenic progenitors, showed simi-
lar results in terms of proliferation, differentiation and response to the TGF-beta induction.
Moreover, the reduced bone density in caspase-3 deficient mice was not associated with an
elevated osteoclast activity. Taken together, these findings demonstrate for the first time
that caspase-3 is crucial for the proliferation and differentiation of osteogenic progenitors.
Deficiency of caspase-3 may lead to osteopenia by attenuating differentiation of osteogenic
progenitors through activation of the TGF-beta/Smad pathway.

Disclosures: M. Miura, None.
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c-Cbl-PI3-kinase Interaction Is Required for M-CSF-induced Osteoclast
Migration and for Bone Resorption. A. Sanjay', T. Miyazaki', G. DeBlasi',
K. Henriksen*?, M. Ensig**, W. C. Horne', R. Baron'. 'Orhtopaedics, Yale
University School of Medicine, New Haven, CT, USA, *Nordic Biosciences,
Copenhagen, Denmark.

The non-receptor tyrosine kinase Src and the proto-oncogene product c-Cbl, Src's major
substrate in osteoclasts (OCs), are required for osteoclast motility and bone resorption.
Phosphatidylinositol 3’ kinase (PI3K), which is also necessary for normal OC migration
and function, associates with c-Cbl. Both the SH2 and SH3 domains of the PI3K p85 regu-
latory subunit have been implicated in mediating the c-Cbl-PI3K interaction. c-Cbl's
tyrosine 731 occurs in a sequence (YEAM) that is consensus motif for phosphorylation by
Src and, when phosphorylated, for binding the SH2 domain of p85. In the present study, we
show that mutating tyrosine 731 to phenylalanine, inhibiting Src kinase activity, by
expressing a dominant-negative Src mutant or mutating the Src binding site on c-Cbl
blocked the binding of PI3K to c-Cbl. Thus, the Cbl-PI3K association appears to require
both the binding of Src to c-Cbl and the subsequent phosphorylation of tyrosine 731 of c-
Cbl by Src. We then investigated the functional role of the c-Cbl-PI3K interaction in M-
CSF-induced OC migration and in bone resorption, using c-Cbl-/- osteoclast-like cells
(OCLs) reconstituted with various c-Cbl mutants. M-CSF (50 ng/ml), induced a 60%
increase in migration of WT OCLs in a Boyden chamber migration assay. In contrast the
migration of c-Cbl-/- OCLs, intrisically low, was not increased by the presence of M-CSF.
As expected, expression of WT ¢-Cbl in c-Cbl-/- OCLs with the adenovirus system rescued
the phenotype and M-CSF induced a 65% increase in migration, comparable to the
response of WT OCLs to M-CSE. In contrast, over-expression of a c¢-Cbl molecule in
which the tyrosine 731 is mutated, CblY731F, failed to rescue the M-CSF-induced motility
of the c-Cbl-/- OCLs, demonstrating that the Src-dependent phosphorylation of Y731 and
the recruitment of PI3-kinase by c-Cbl are required for osteoclast migration in response to
M-CSE. Aws a consequence of impaired migration, the pit forming capability of Cbl
Y731F-expressing-OCLs was also reduced to 30% of control. Taken together these results
indicate that the Src kinase-dependent interaction of c-Cbl with PI3K is important for OC
migration and bone resorption.

Disclosures: A. Sanjay, None.
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Regulation of Osteoclast Apoptosis and Bone-Resorbing Activity by
Ubiqutination of Proapoptotic BH3-only Bcl-2 Family Member Bim. T.
Akiyama', P. Bouillet*>, U. Chung', A. Fukuda', H. Oda*', K. Nakamura*', A.
Strasser*?, S. Tanaka'. 'Dept. of Orthopaedic Surgery, University of Tokyo,
Tokyo, Japan, *The Walter and Eliza Hall Institute of Medical Research,
Melbourne, Australia.

Osteoclasts (OCs) are terminally differentiated cells with a short life span, and undergo
rapid apoptosis without trophic factors such as macrophage colony-stimulating factor (M-
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CSF). There is accumulating evidence that pro-apoptotic and anti-apoptotic Bcl-2 family
proteins play essential roles in regulating apoptosis, and we found that OC apoptosis was
associated with a rapid and sustained increase in the pro-apoptotic BH3-only Bcl-2 family
member Bim. This increase in Bim level was due to the reduced level of ubiquitination of
Bim, and M-CSF treatment dramatically enhanced its ubiquitination. Overexpression of a
degradation-resistant lysine-free Bim mutant in OCs completely abrogated the anti-apop-
totic effect of M-CSF, while wild type Bim did not show such effects, suggesting that ubiq-
uitination-dependent regulation of Bim levels is critical for regulating OC apoptosis.

In an attempt to clarify the role of Bim in the skeletal homeostasis, we analyzed the skeletal
tissues of bim-/- mice. Histological examination and X-ray analysis revealed that bim-/-
mice had mild osteopetrosis although the number of OCs was increased. Histomorphome-
try of bim-/- mice demonstrated that they showed low levels of both bone formation and
bone resorption markers, leading to abnormally low bone turnover. In situ hybridization
showed clear expression of bim gene in OCs but not in osteoblasts or chondrocytes in nor-
mal mice bone, indicating that the osteopetrosis of bim-/- mice is primarily caused by the
abnormal function of OCs. Consistent with this in vivo observation, OCs differentiated
from bone marrow cells of bim-/- animals showed significantly reduced bone-resorbing
activity compared to bim+/+ OCs in spite of their marked prolongation of survival, and
adenovirus-mediated Bim introduction not only induced apoptosis of bim-/- OCs, but also
normalized their bone-resorbing activity. These results show that Bim is regulated in a
ubiquitination-dependent manner in OCs, and works as a key regulator of activation of
OCs as well as their apoptosis.

Disclosures: T. Akiyama, None.
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Role of IKK Alpha in RANK-Mediated Osteoclastogenesis. M. L.
Chaisson*, M. E. Tometsko*, A. P. Armstrong*, D. G. Branstetter*, W. C.
Dougall. Cancer Biology, Amgen, Seattle, WA, USA.

Signaling through RANK is required for osteoclast, mammary gland, and lymph node
development. However, the extent to which RANK utilizes similar signaling pathways in
these different tissues remains to be determined. For instance, it has recently been shown
that mice expressing a kinase inactive form of IkB kinase oo (IKKat) have similar defects
in mammary gland and lymph node development as RANK-null mice, but no apparent
osteopetrotic phenotype. To further analyze the role of IKKo in RANK signaling in osteo-
clasts, we obtained fetal liver cells containing hematopoetic precursors from IKKa-null
and wild-type E18.5 embryos. The fetal liver cells were cultured with CSF-1 and RANK
ligand (RANKL) for 6 days and stained for TRAP activity. In wild-type fetal liver cells,
this treatment led to formation of large, multinucleated TRAP* osteoclasts. However, in
IKKo-null fetal liver cells, only small, primarily single-nucleated TRAP* cells were
observed. TRAP expression, as assessed by quantitative RT-PCR, was 10-fold less in
IKKa-null fetal liver cells treated with CSF+RANKL compared to wild-type cells. Similar
decreases were observed for other osteoclast markers, including 3-integrin, MMP-9, and
calcitonin receptor. Additionally, we observed a requirement for IKKo in RANK-mediated
regulation of several chemokine genes. RANK upregulated expression of SDF-1 and MIP-
ly in wild type cells, and down-regulated expression of MIP-13, MCP-1, and MIP-1a.,
effects that were dramatically decreased in IKKao-null cells. These effects were not due to
a lack of osteoclast precursor potential in IKKat-null cells, as similar numbers of cells
expressing macrophage markers F4/80 and CD11b were observed in wild-type and knock-
out fetal liver cultures after 1 week growth in CSF-1. As IKKa. is a known regulator of NF-
kB, we next analyzed the contribution of IKKo to RANK-mediated NF-kB activation in
fetal liver cells grown in CSF-1. In both wild-type and IKKot-null cells, RANKL treatment
caused complete degradation of IxkBat by 15 minutes, followed by re-synthesis at 30 min-
utes, suggesting that osteoclastogenic defects observed in IKKoi-null cells were not due to
lack of classical NF-kB activation. Additionally, RANKL-treatment of IKKot-null cells
resulted in normal phosphorylation of p38, JNK, and ERK, although a slight decrease in
phospho-AKT was seen compared to wild-type. Although classical NF-kB activity was not
impaired in IKKo-null cells, we did observe a 4-fold decrease in RANKL-mediated upreg-
ulation of p100 in IKKat-null cells compared to wild type. These data indicate that IKKa
is required for RANK-mediated osteoclastogenesis in vitro, likely through activation of a
non-canonical NF-kB pathway.

Disclosures: M.L. Chaisson, Amgen 1, 3.
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A New Mechanism for Osteoclast and Myeloma Cell Elimination. H. Das*,
J. F. Bukowski*. Medicine, Harvard Medical School, Boston, MA, USA.

Mechanisms regulating osteoclast homoestasis in health and disease are not fully under-
stood. Balance between bone formation and bone resorption is essential to maintaining
healthy bone. Nitrogen-containing bisphosphonates (N-bisphosphonates) are directly toxic
to osteoclasts, and act by blocking farnesyl diphosphate synthase, a key enzyme in the
mevalonate pathway, thereby inhibiting prenylation of proteins important in intracellular
trafficking. However, complete inhibition, and death of osteoclasts can take up to 72 hours.
Gamma delta T lymphocytes comprise 2 to 5% of T lymphocytes in human blood and bone
marrow. The predominant subset of these lymphocytes co-express V gamma 2 and V delta
2 T cell receptor chains on their cell surface, which uniformly recognize N-bisphospho-
nates. Engagement of this receptor by N-bisphosphonates triggers the secretion of large
amounts of interferon gamma, a cytokine that inhibits osteoclast activity and inhibits tumor
cell growth. These T cells can kill myeloma cells that have bound the N-bisphosphonate
risedronate to their cell surface. Gamma delta T cells kill osteoclasts within 3 hours after
contact, and pretreatment of osteoclasts with risedronate enhances this efficiency of killing
by 3-fold.

Incubation of osteoclasts or monocytes on plastic plates coated with hydroxyapatite, then
pretreated with risedronate and washed extensively, also renders these cells 3-fold more
sensitive to killing by gamma delta T cells. Since monocytes do not resorb bone and do not
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form pits in these hydroxyapatite plates as do osteoclasts, the data strongly suggest that
bone resorption is not necessary for risedronate to release from hydroxyapatite and bind to
cell surfaces in sufficient quantity to be detected by gamma delta T cells. In addition, direct
exposure of osteoclasts, monocytes, or myeloma cells to soluble risedronate followed by
extensive washing renders these cells susceptible to killing by gamma delta T cells.

Thus, a function of gamma delta T cells is to kill osteoclasts and myeloma cells. Exposure
to N-bisphosphonates enhances the susceptibility of osteoclasts and myeloma cells to kill-
ing. These data suggest that N-bisphosphonates bound to bone can release from bone, and
bind to osteoclasts or myeloma cells, rendering them susceptible to specific recognition
and elimination by gamma delta T cells. This may be a mechanism whereby N-bisphos-
phonates inhibit bone resorption and decrease metastases to bone.

Disclosures: J.F. Bukowski, Procter & Gamble Pharmaceuticals 3.
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RGS12 Is Essential for Signaling by RANKL for Terminal Differentiation
of Osteoclasts via Ca®* Oscillation Pathway. S. Yang*, W. Chen*, Y. Abe*, Y.
P. Li. The Forsyth Institute, Harvard School of Dental Medicine, Boston, MA,
USA.

RANKL is essential for terminal differentiation of monocytes/macrophages into osteo-
clasts. Despite recent progresses in studies of the RANKL signaling mechanism, little is
known about how RANKL specifically induces terminal differentiation of osteoclasts. To
gain insight into RANKL signaling in differentiation of osteoclasts, we employed a
genome-wide screening approach to identify genes that are specifically or predominately
expressed in osteoclasts, using GeneChip. In particular, we focused on signaling factors in
this screening. The most notable gene from the screening was RGS12. The expression of
RGS12 in osteoclasts was found to bel8 fold higher than that in stromal cell. Northern
Blotting analysis confirmed the result obtained from Microarray assay. Immunocytochem-
istry using RGS12-specific antibodies showed that RANKL induced RGS12 expression in
RAW264.7, monocyte progenitor cells. To demonstrate the importance of the RGS12 func-
tion in osteoclast differentiation, we used RNA interference (RNAi) technology to silence
(knockdown) RGS12 expression in RAW264.7cells. Using a mammalian expression vector
for small interfering RNA (siRNA), pAVU6+27 siRNA expression vector, we constructed
mouse RGS12 siRNA vectors and introduced these into RAW264.7cells. The stable clones
were tested for RGS12 expression by Immunostaining. In contrast to wild-type cells, those
transfected with RGS12 siRNA contained undetectable RGS12 protein under conditions of
RANKL induction. These RGS12 knockdown cells failed to differentiate into tartrate-
resistant acid phosphatase positive multinucleated osteoclast like-cells. It was previously
reported that RGS12 is a multifunctional protein capable of direct interactions through its
PTB domain with the tyrosine-phosphorylated calcium channel. A recent study showed
that RANKL induces terminal differentiation of monocyte/macrophage into osteoclasts by
evoking Ca™ oscillations via TRAF6 and c-Fos signaling pathways. These pervious works
in other Laboratories led us to investigate RGS12 role in Ca** oscillations induced RANKL
in osteoclast differentiation. Our data showed that strong Ca** oscillations occurred in
RAW264.7 cells induced by RANKL for 24 hours. In contrast to RAW264.7 control cells,
Ca” oscillations in RAW264.7 cells transfected with RGS12 siRNA-c6, which displayed a
low level of RGS12 expression under RANKL induction, were markedly reduced. Further-
more, RAW264.7 cells transfected with RGS12 siRNA-c6 failed to form extracellualr acid-
ification. Our results thus reveal that RGS12 is essential for terminal differentiation of
osteoclasts induced by RANKL via Ca** oscillation pathway.

Disclosures: S. Yang, The Forsyth Institute 3.
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Mechanism of Action of TSH (Thyrotropin) on Bone. E. Abe', W. Yu', Y.
Li%, R. Marians*', T. Ando*', H. C. Blair’, T. F. Davies*', M. Zaidi'. '"Medicine,
Mount Sinai School of Medicine, and the Bronx VA GRECC, New York, NY,
USA, *Pathology, University of Pittsburgh and Pittsburgh VA Medical Center,

Pittsburgh, PA, USA.

Deletion of the TSH receptor in mice resulted in a dramatic skeletal phenotype charac-
terized by severe osteoporosis and focal sclerosis. Ex vivo bone marrow cultures showed
enhancements in both osteoclast and osteoblast formation. Real time RT-PCR and FACS
analysis revealed presence of TSH receptors on both osteoclast and osteoblast precursors
and their concentration was increased during cell differentiation. Activation of these recep-
tors by recombinant TSH resulted in a marked inhibition of the formation of mature cells.
Together, the data point towards a primary role for TSH in the control of bone remodeling.
Here, we have explored the molecular mechanism underlying the inhibition of osteoclast
and osteoblast formation by TSH. For studies on osteoclast formation, we used TSH recep-
tor-positive RAW-C3 cells, a sub-clone of RAW264.7 cells, which undergoes RANK-L-
induced osteoclast differentiation. TSH inhibited both osteoclastogenesis and osteoclast
survival in a concentration-dependent manner. TSH also attenuated the expression of sev-
eral markers of osteoclast differentiation, namely cathepsin K, B, integrin, TRAP, and cal-
citonin receptor. Finally, TSH inhibited RANK-L-induced phosphorylation of Janus N-
terminal kinase (JNK) within 15 minutes. This was accompanied by an equally impressive
inhibition of the nuclear translocation of the transcription factor, c-jun. The other RANK-
L-induced pathways involved in osteoclast formation and survival, namely, Akt, p38, and
Erk1/2 remained unaffected, as did the nuclear translocation of c-fos. The anti-osteoclasto-
genic and pro-apoptotic actions of TSH thus appear to be exerted through reduced JNK
phosphorylation, diminished c-jun nuclear translocation, and likely, the attenuated tran-
scription of genes whose promoters have AP-1-binding sites. We next explored the mecha-
nism of TSH-induced reduction in osteoblast differentiation using mouse calvarial
osteoblasts. TSHR expression in the cells was confirmed by real time RT-PCR. TSH
reduced the expression of the osteoblast differentiation markers alkaline phosphatase, bone
sialoprotein and osteocalcin. It also potently inhibited the expression of osterix as well as
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Runx-2, a critical pro-differentiation transcription factors, whilst the expression of LRP-5
remained unchanged. Collectively, therefore, we have identified TSH as a powerful nega-
tive regulator of bone remodeling that inhibits osteoclast and osteoblast formation using
distinct molecular pathways.

Disclosures: E. Abe, None.
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Identification of Three RANK Cytoplasmic Motifs Mediating Osteoclast
Differentiation. W. Liu*, D. Xu, P. Patel*, H. Tsay*, X. Feng. Pathology,
University of Alabama at Birmingham, Birmingham, AL, USA.

RANKL and its receptor RANK play a pivotal role in osteoclast (OC) differentiation and
function. As a member of the TNF receptor superfamily, RANK may mediate intracellular
signaling by recruiting signaling molecules such as TRAFs. Several groups previously
attempted to characterize the RANK domains that interact with various TRAFs. Collectively,
these groups showed that distinct RANK cytoplasmic regions interact with TRAFs 1, 2, 3, 5
and 6 in transformed cells in the context of over-expression and/or in in vitro binding assays.
However, the data from these studies are conflicting, undermining the biological significance
of these data. Moreover, specific RANK cytoplasmic motifs mediating OC differentiation
and function have not been functionally identified. We have previously developed a chimeric
receptor approach that permits us to carry out a detailed structure/function study of the
RANK cytoplasmic domain in OC differentiation and function using authentic OCs. RANK
cytoplasmic domain contains six putative TRAF-binding motifs (PTM): PTM1, ILLMTREE
at 2.a.286-293; PTM2, PSQPS at a.a.349-353; PTM3, PFQEP at a.a.369-373; PTM4,
VYVSQTSQE at a.a.537-545; PTMS, PVQEET at a.a.559-564; PTM6, PVQEQG at a.a.604-
609. Using this chimeric receptor approach, we showed that mutation of only one PTMs in
RANK cytoplasmic domain had no effect on the RANK's ability to mediate OC differentia-
tion, suggesting that some of the PTMs may be functionally redundant in regulating OC dif-
ferentiation. To test this possibility, we constructed a mutant in which all six PTMs are
mutated. Osteoclastogenesis assays with this mutant showed that this mutant failed to medi-
ate OC formation, confirming that some of the PTMs are indeed functionally redundant. To
elucidate which PTM is functional, we further engineered six more mutants: W1, W2, W3,
W4, W5 and W6. In each of these 6 mutants only one PTM is NOT mutated. Specifically,
PTM1 is not mutated in W1 while PTM2 is not mutated in W2, and so forth. These mutants
would allow us to determine which PTM alone is able to induce OC formation in osteolasto-
genesis assays. Our data showed that W3, W5 and W6 are capable of mediating OC forma-
tion while W1, W2 and W4 failed to do so, revealing that PTM3, PTMS5 and PTM6 are
functional RANK cytoplasmic motifs that are capable of inducing OC formation. Signifi-
cantly, our work presented here represents the first study establishing a functional link
between specific RANK cytoplasmic motifs and a physiologically relevant readout: OC for-
mation. More importantly, the identification of these functional RANK motifs has laid the
foundation for delineating the downstream signaling pathways leading to OC formation in a
more physiologically relevant manner.

Disclosures: W. Liu, None.
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Rescue of the Phenotype of RANKL-Deficient Mice by Hepatic Expression
of Soluble RANKL Transgene. H. Yasuda', A. Minamida*', J. M.
Penninger*?, Y. Iwakura*'. 'Institute of Medical Science, University of Tokyo,
Tokyo, Japan, *Princess Margaret Hospital, University Health Network,
Toronto, ON, Canada.

RANKL, a member of the TNF family, is a key regulator of osteoclastogenesis, lym-
phocyte development and lymph node (LN) organogenesis. RANKL is a membrane-bound
ligand but its soluble form is released from different type of cells by shedding. RANKL
knockout (KO) mice showed severe osteopetrosis, with no osteoclasts, marrow spaces, or
tooth eruption, and exhibited profound growth retardation. These mice also showed defects
in early differentiation of T and B cells, and lacked all LNs. We previously reported that
transgenic (TG) mice overexpressing soluble RANKL (sRANKL) only in the liver after
birth showed severe osteoporosis with an increase of osteoclasts. In human increases of
serum sSRANKL level were reported in patients with rheumatoid arthritis and juvenile
Paget’s disease, but the physiological and pathological roles of sSRANKL are unknown. To
understand the bona fide roles of SRANKL, we analyzed the phenotype of KO mice aged 4
to 6 weeks with hepatic expression of SRANKL transgene (hereafter called TG/KO mice).
Expression of SRANKL in KO mice rescued osteoclast development entirely in long bones
with marrow cavities but failed to restore tooth eruption and growth retardation. Dual-
energy X-ray absorptiometry revealed that bone mineral densities of femur and tibia in TG/
KO mice were markedly decreased compared with those of TG, KO and wild-type mice. In
TG/KO mice the defects in differentiation of T and B cells were partially restored. The
expression of SRANKL restored LN organogenesis in KO mice and TG/KO mice devel-
oped all LNs examined; e.g. inguinal, axillary, mandibular, and mesentery LNs. It is of
interest that the serum sSRANKL concentrations in TG/KO mice were variable (0.3 to 50
ng/ml) in individuals. Rescue of osteoclastogenesis and LN organogenesis was observed in
all TG/KO mice examined. Surprisingly there were SRANKL concentration thresholds
required in restoration of the defects in differentiation of T and B cells in TG/KO mice.
The sSRANKL concentration in wild-type mice was about 0.1 ng/ml, ranging 0 to 0.2 ng/
ml. Rescue of the phenotype of KO mice with the minimal concentration (0.3 ng/ml) of
hepatic-expressed SRANKL suggests that SRANKL may play an important role in osteo-
clastogenesis and LN organogenesis in physiological conditions. Hepatic expression of
sRANKL rescued most of the phenotype of KO mice, except for tooth eruption and growth
retardation, indicating that the membrane-bound RANKL is not essential for the restora-
tions. In addition, the strict regulation of time- and tissue-specific expression of the
RANKL gene may not be important for the functions of RANKL or SRANKL.

Disclosures: H. Yasuda, None.
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Overexpression of a Human SOST BMP-antagonist Results in Severe
Limb Deformities in Mice. G. G. Loots*', M. Kneissel*?, M. M. Glatt**, M.
Khokha**, R. M. Harland*®, E. M. Rubin**. 'Genomics Division, LLNL,
Livermore, CA, USA, *Bone Metabolism Unit, Novartis Pharma, Basel,
Switzerland, *Department of Molecular and Cell Biology, University of
California Berkeley, Berkeley, CA, USA, ‘DOE, Joint Genome Institute,
Walnut Creek, CA, USA.

Sclerosteosis is a generalized progressive bone overgrowth disorder due to the loss of
function of the SOST gene product sclerostin. Null mutations in the BMP-antagonist SOST
result in occasional polydactyly and in a substantial progressive increase in bone mass.
Accumulation of abnormal bone mass begins in adulthood and affected patients display
increased bone formation, while bone resorption is undisturbed. To investigate the physio-
logical function of this BMP antagonist, we generated several lines of transgenic mice car-
rying a ~160kb human SOST BAC. Following the expression pattern of the endogenous
murine SOST gene, we investigated the expression pattern of the human transgene in sev-
eral independent lines of transgenic animals. Similar to the murine SOST expression, the
human SOST transcript was robustly expressed in the mineralized bones of fetal, neonatal
and adult mice. Transgenic lines overexpressing human SOST grew to maturity with nor-
mal body size and weight and bone mass. Preliminary results from ongoing ageing studies
revealed a small age-related decrease in bone mineral density in the appendicular and axial
skeleton compared to non-transgenics from four to six months of age as evaluated by
DEXA and pQCT. Further evaluations will show whether this trend will become more pro-
nounced with ageing. When bred to homozygosity, transgenics showed congenital limb
defects. The fore and hind limbs of these animals were severely deformed displaying a
wide range of fused and missing digits as visualized by autoradiography and microCT.
Since limb development is initiated prior to ossification of the skeleton, we examined the
expression of the endogenous mouse SOST gene and the human transgene in the develop-
ing embryo. We found SOST to be expressed as early as E9.5dpc, predominantly in the
mesenchyme tissue of the developing limb bud. In addition first results from a limited
number of animals demonstrated decreased bone mineral density in the tibia of young adult
homozygous mice. These initial characterizations suggest that excessive production of
SOST can cause limb defects and possibly osteoporotic phenotypes and that transgenic
mice overexpressing this BMP-antagonist could serve as a useful animal model for study-
ing limb development and potentially bone formation.

Disclosures: GG Loots, None.
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Hox Proteins as BMP Downstream Transcription Factors. X. Li*, X. Cao*.
Department of Pharmacology, University of Alabama at Birmingham,
Birmingham, AL, USA.

BMPs are potent growth factors that induce osteoblast differentiation and bone forma-
tion. BMPs transduce their signals into the cell through a family of mediator proteins,
Smads. Upon phosphorylation by BMP receptor, R-Smads such as Smad1 interact with
Smad4 and translocate into the nucleus where it activates gene transcription and induces
osteoblast differentiation. We have reported that Hoxc-8 acts as a transcription repressor.
Smad] interaction with Hoxc-8 dislodges Hoxc-8 from its element, resulting in the induc-
tion of gene expression leading to bone cell differentiation. Smad6 interacts with Hoxc-8
as a heterodimer when binding to DNA, and Smad6/Hoxc-8 complex inhibits interaction of
Smadl with Hoxc-8 and Smadl-induced transcription activity. There are 39 members
within the Hox gene family arranged into four clusters. Based on the sequence similarity
and position on the chromosomes, genes in the four clusters are divided into 13 paralogs.
In this study, we systematically examined the potential interactions of Smadl, Smad4 and
Smad6 with 13 Hox proteins that were chosen from each of the 13 paralogs including
HoxA1, HoxA2, HoxB3, HoxB4, HoxA5, HoxB6, HoxB7, HoxA9, HoxD10, HoxAll,
HoxD12 and HoxD13. We generated the 13 Hox expression vectors in both bacteria and
mammalian cells. Each of the 13 purified GST-Hox proteins was examined for its interac-
tion with Smad1, Smad4, and Smad6. Just like Hoxc-8, all of the Hox formed heterodimers
with Smad6 when binding to osteopontin Hox binding element. Both Smadl and Smad4
interact with all of the 13 Hox proteins and block binding of these Hox proteins to DNA
element. These data suggest that all of the 39 Hox proteins interact with Smadl, Smad4
and Smad6, not TGF-f specific R-Smads, as major BMP downstream transcription factors.
Furthermore, we examined the potential function of the interactions between Smads and
Hox proteins in gene transcription and BMPs stimulated Osteoprotegrin (OPG) transcrip-
tion. It has been shown that Hox sites mediate both OPG promoter construct activity and
endogenous OPG gene expression in response to BMP stimulation. OPG promoter reporter
construct was co-transfected with HoxAl, HoxB4 and HoxB7 expression plasmids in
C3HI10T1/2 cells treated with BMP-2. As expected, BMP-2 stimulated OPG promoter
transcriptional activity, and Hox proteins inhibited BMP-2-mediated transactivation. Thus,
our data indicate a fundamental Smad-mediated transcription mechanism, which likely is
involved in all of the 39 Hox transcription factors. Our findings may help to understand the
mechanism of BMP-regulated tissue patterning and bone development.

Disclosures: X. Li, None.
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Menin Is Required for BMP2-Induced Osteoblastic Differentiation
Through the Interaction with Smad1/5 and Runx2. H. Sowa', H. Kaji', L.
Canaff’, G. N. Hendy’, T. Tsukamoto*', T. Komori’, K. Miyazono', T.
Sugimoto', K. Chihara*'. 'Endocrinology, Kobe University, Kobe, Japan,
*Medicine, Mc Gill University, Montreal, PQ, Canada, *Molecular Medicine,
Osaka University, Osaka, Japan, *Molecular Pathology, University of Tokyo,
Tokyo, Japan.

Menin is the product of the MENI gene, which is responsible for multiple endocrine
neoplasia typel. Menin is ubiquitously expressed, and homozygous menin knockout mice
exhibit cranial and facial hypoplasia, suggesting the importance of menin in the regulation
of bone formation. We previously demonstrated that menin interacts with the TGF-f sig-
naling molecule, Smad3 (PNAS, 2001). Moreover, our recent study indicated that menin is
required for the commitment of multipotential mesenchymal stem cells into the osteoblast
lineage and inhibits the later differentiation of osteoblasts (JBC, 2003). In that study, inac-
tivation of menin antagonized BMP-2-induced osteoblast differentiation in C3H10T1/2
cells, mouse mesenchymal cells, but not in mouse osteoblastic MC3T3-E1 cells. Smad1/5
and Runx2 are critical components of the BMP signaling pathway in osteoblast differentia-
tion. The present study was therefore performed to clarify the mechanism by which menin
inactivation antagonizes BMP-2-induced osteoblast differentiation. In mouse bone marrow
stromal cell-lines, ST-2 and PA-6 cells, inactivation of menin with menin antisense oligo-
nucleotides antagonized BMP-2-induced expression of osteocalcin and Runx2, and ALP
activity, although it did not affect the chondrogenic and adipogenic differentiation induced
by BMP-2. Menin was co-immunoprecipitated with Smadl and Smad5 in ST-2 and
MC3T3-El cells. Inactivation of menin with transfection of menin antisense DNA (AS)
abrogated the Smad1/5-driven luciferase expression of 3GC2-lux in ST-2 cells but not in
MC3T3-El cells. These results suggest that menin physically and functionally interacts
with Smadl/5 in uncommitted mesenchymal stem cells, but not in well-differentiated
osteoblasts. Secondly, menin was also co-immunoprecipitated with Runx2 in ST-2 cells but
not in MC3T3-E1 cells. Moreover, AS antagonized the Runx2-driven luciferase expression
of OSC-luci in ST-2 cells but not in MC3T3-El cells. These results indicate that menin
interacts with Runx2 physically and functionally in uncommitted mesenchymal cells but
not in well-differentiated cells. In conclusion, the present study suggests that menin is
involved in BMP-2-induced commitment of multipotential mesenchymal stem cells into
the osteoblast lineage, and this may be mediated by its interaction with Smad1/5 and
Runx2.

Disclosures: H. Sowa, None.
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Regulation of FGF23 Expression but Not Metabolism by Phex. S. Liu, R.
Guo*, Z. Xiao, L. D. Quarles. Medicine, Duke University, Durham, NC, USA.

Inactivating mutations of the type II cell-surface protease Phex is the cause of X-Linked
Hypophosphatemia (XLH) and the disease phenotype in the Hyp-mouse homologue.
FGF23, a phosphaturic factor, is increased in subjects with XLH and correlates with the
degree of hypophosphatemia. Increments in FGF23 could result either from inactivating
mutations of Phex that prevent the normal degradation of FGF23 or from increased biosyn-
thesis of FGF23 caused by intermediate steps downstream of Phex. To distinguish between
these two possibilities, we assessed Phex-dependent metabolism of FGF23 and measured
FGF23 message levels in various tissues derived from normal and Hyp mice. We generated
recombinant FGF23 and Phex proteins in COS-7 cells and translated FGF23 and Phex in
rabbit reticulocyte lysates in vitro. In COS-7 cells full-length FGF23 was present in total
cell lysates, but N-terminal and C-terminal fragments generated from cleavage at the
RXXR site predominated in conditioned media (CM). Decanoyl-Arg-Val-Lys-Arg-chlo-
romethyl-ketone (CMK) added to the culture media resulted in a dose-dependent inhibition
of FGF23 processing in COS-7 cells, indicating that an endogenous furin-type convertase
is responsible for FGF23 metabolism. Co-transfection of Phex with FGF23 in COS-7 cells
did not result in additional metabolism of FGF23, either in the presence or absence of
CMK. In addition, CMK did not inhibit Phex-dependent cleavage of the synthetic substrate
ZAAL-pNa. Using in vitro translated proteins, a reduction in band intensity of FGF23
occurred after incubation with reticulocyte lysates expressing wild-type Phex, the inactive
Phex-3'M mutant or vector alone, indicating that the apparent cleavage was non-specific.
Since we could not demonstrate Phex-dependent cleavage of FGF23 either in vivo or in
vitro, we examined the alternative possibility that FGF23 expression is increased in Phex-
deficient Hyp mice. Using real-time PCR we found that FGF23 expression was highest in
bone compared to other tissues. In addition, Hyp mice displayed significantly higher levels
of FGF23 transcripts than normal controls in bone but not in bone marrow. Differential
expression of FGF23 was also observed in Hyp compared to normal osteoblasts, but the
overall abundance of FGF23 was very low in cultured osteoblasts compared to bone tissue.
Although further studies are needed to determine the cell-type in bone that expresses
FGF23, our findings indicate that FGF23 is not a direct Phex substrate, but its expression
may be indirectly regulated in bone by the actions of Phex on unidentified substrates.

Disclosures: L.D. Quarles, None.
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Gremlin, a Bone Morphogenetic Protein Antagonist, Causes Severe
Osteopenia In Vivo by Distinct Mechanisms. E. Gazzerro', R. C. Pereira', V.
Jorgetti*?, A. N. Economides’, E. Canalis'. 'Department of Research, Saint
Francis Hospital and Medical Center, Hartford, CT, USA, *Laboratoria de
Fisibatologia Renal, Universidade de Sao Paulo, Sao Paulo, Brazil, Functional
Genomics, Regeneron Pharmaceuticals, Inc., Tarrytown, NY, USA.

Bone morphogenetic proteins (BMP) induce differentiation of stromal cells toward
osteoblasts and enhance osteoblastic function. As such, they play a key role in bone devel-
opment and in the maintenance of skeletal homeostasis. However, BMPs in excess are det-
rimental and their actions need to be tempered by intracellular and extracellular proteins.
Extracellular antagonists bind BMPs with high affinity and prevent their binding to spe-
cific cell receptors. Although BMP antagonists share this common mechanism of action,
specific activities are likely for each antagonist. Gremlin, a member of the DAN family of
BMP antagonists, plays a role in the control of limb outgrowth, but its activity in postnatal
skeletal formation is not known. In vitro gremlin prevents the effects of BMPs on osteo-
blastic function. To define the function of gremlin in vivo, we created transgenic mice
overexpressing gremlin under the control of the rat osteocalcin promoter. Gremlin overex-
pression was confirmed by Northern blot analysis of RNA from calvaria of transgenic
mice. The growth of gremlin transgenics was severely impaired and their weight was
reduced by 30% compared to wild type littermates. The femoral length was half the length
of control mice. Transgenic mice displayed tooth fragility. Histomorphometric analysis,
performed at 3.5 weeks of age, revealed up to 50% reduction in trabecular bone volume
and number in the femurs of gremlin overexpressing mice compared to age matched con-
trols. Trabecular thickness was normal. The decrease in trabecular bone volume was
accompanied by a marked decrease in the number of osteoblasts, whereas osteoclast num-
ber was normal. Since the osteocalcin promoter becomes active in mature osteoblastic
cells, the effect of gremlin is probably due to increased osteoblastic apoptosis and not due
to a decrease in osteoblastic cell formation. Gremlin overexpression induces a skeletal phe-
notype different from that displayed by transgenic mice overexpressing the BMP antago-
nist noggin under the control of the same osteocalcin promoter. Noggin overexpressing
mice have a marked reduction in trabecular bone volume with no changes in osteoblast
number, suggesting that the effect is secondary to a decrease in osteoblastic function and
not number. These differences underline that different functions of BMPs are regulated by
different antagonists. In conclusion, gremlin overexpression in vivo causes severe osteope-
nia secondary to a decrease in osteoblast number.

Disclosures: E. Gazzerro, None.
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Overexpression of BMP4 in Osteoblasts Causes Severe Osteopenia in
Transgenic Mice. N. Tsumaki*, M. Horiki*, Y. Hashimoto*, K. Kuriyama*, H.
Yoshikawa. Orthopaedic Surgery, Osaka University Medical School, Suita,
Japan.

Bone morphogenetic protein (BMP) family members such as BMP2, BMP4, and BMP7

are known to induce ectopic bone formation when implanted subucutaneusly. Extensive
studies have revealed that BMPs promote non-committed cells to enter into osteoblastic
lineage. These proteins thus have been candidates for medicine to treat bone diseases such
as nonunion of fractures and osteoporosis. However, it remains to be clarified how BMPs
control osteoblast differentiation, bone formation, and bone remodeling. To understand in
vivo effect of BMPs on bone formation, we generated transgenic mice expressing BMP4
and Noggin to osteoblasts using the aL1(I) collagen chain gene promoter sequence. Noggin
is an antagonist of BMPs and believed to bind to various BMPs, preventing them to inter-
act with their receptors.
[Materials and Methods] Transgene constructs were prepared by ligating BMP4 cDNA or
Noggin cDNA to the 2.3 kb promoter sequence form the o1(I) collagen chain gene. By
microinjecting these transgene inserts, transgenic mice were generated and ana-
lyzed.[Results and Discussion] Both the BMP4 and Noggin transgenic mice showed severe
skeletal abnormalities and died at birth. Therefore we analyzed pleural generation zero
(G,) embryos at 18.5 d. p. c.. Histological analysis showed that normal mice limbs under-
went endochondral ossification with solid bone formation in the center of each skeletal
component at this stage. Limb skeleton of Noggin transgenic mice consisted of prolifera-
tive and hypertrophic chondrocytes, but lacked bone. In Noggin transgenic bone rudi-
ments, BMP signals seemed to be blocked by excess amount of Noggin. These results may
suggest that BMP signals are essential for bone development. BMP4 transgenic mice, on
the other hand, showed bone formation. Analysis of longitudinal sections of humerus by
using micro-CT showed that trabecular bone was significantly reduced in BMP4 trans-
genic mice than in Normal mice (Figure). Histological analysis revealed that BMP4 trans-
genic bone contained much less amount of blood vessels and larger number of TRAP-
positive cells per bone than that of normal mice. Our results indicate that persistent expres-
sion of BMP4 in osteoblasts may cause osteopenia.
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Disclosures: N. Tsumaki, None.
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Interferon y Receptor Knock-Out Induces Bone Loss Through a Decrease
in Bone Formation. G. Duque*', M. Macoritto*', N. Dion*? L. Ste Marie** R.
Kremer'. ‘Department of Medicine, Calcium Research Lab, McGill University,
Montreal, PQ, Canada, *Centre Hospitalier de 1'Universite de Montreal,
Montreal, PQ, Canada.

Mesenchymal stem cells (MSCs) have the ability to differentiate into osteoblasts, adi-
pocytes, chondrocytes or myocytes. In this study we first determine the genes involved in
human MSC differentiation into osteoblasts by cDNA microarray analysis. We examined
12,000 human genes on the array Human Genome U95A (Affymetrix). In addition to the
previously described pathways of osteoblast differentiation we found that a new set of
genes known as “interferon-inducible genes” were rapidly and transiently up-regulated
between 2.9 to 16.9 fold during this process. Furthermore we found that addition of inter-
feron y to human MSCs stimulates the expression of RunX2/Cbfal, a key regulator of
osteoblast differentiation. We next assessed the role of interferon y on bone turnover in
mice expressing the interferon gamma receptor knock-out phenotype (IFGR™). IFGR”
mice had over 40% reduction in bone mass at both hip and spine as compared to IFGR™*
mice. We also noted a significant decrease in structural parameters of trabecular mass by
3D micro-CT surface/volume (BS/BV) and trabecular thickness (Tb.Th) and a significant
increase in trabecular separation (Tb.Sp), p<0.01. Histomorphometric analysis confirmed
the decrease in BS/BV and Tb.Th and also demonstrated a significant decrease in cortical
thickness (Ct.Wi) in IFGR” mice, p<0.01. Histological analysis of bone sections indicated
a marked reduction of osteoblast staining (alkaline phosphatase and osteopontin) as well as
a reduction in Cbfal and TRAPP staining (p<0.01) in IFGR™ mice. Circulating levels of
N-telopeptide RANKL and osteocalcin were also reduced by over 40% (p<0.01) in IFGR”
mice. Finally bone marrow cells obtained from IFGR™ mice and induced to differentiate
into osteoblasts showed over 70% reduction in the number of mineralized nodules as com-
pared to bone marrow cells obtained from IFGR** mice (p<0.01). Our data therefore dem-
onstrate that interferon vy signaling regulates bone formation and that its deficiency results
in low bone turnover osteoporosis.

Disclosures: G Duque, None.
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Marrow Stromal Cells and Osteoclast Precursors Differentially Contribute
to TNF-o Induced Osteoclastogenesis In Vivo. H. Kitaura, K. Aya, P. Zhou,
S. Takeshita, E. P. Ross, S. L. Teitelbaum. Department of Pathology,
Washington University, School of Medicine, St. Louis, MO, USA.

As documented primarily by in vitro experiments, marrow stromal cells, macrophages
and T-cells are believed to participate in TNF-induced osteoclast recruitment. The relative
contributions of each of the three cell types to inflammatory osteoclastogenesis and their
roles as direct TNF targets, in vivo, are however unknown. To assess the role of stromal
cells in TNF-induced osteoclast recruitment we generated two species of chimeric mice.
Thus, wild type (WT) bone marrow, immunodepleted both T-cells and stromal cells was
transplanted into irradiated mice lacking both TNF receptor typel and type2 (WT to KO).
In this condition osteoclast precursors but not stromal cells are capable of responding to
TNEF. As control, WT marrow was transplanted into WT mice (WT to WT). In each cir-
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cumstance we prevented T-cell development by injection of anti-CD4 and anti-CD8 anti-
bodies. Both groups of chimeric mice were administered increasing doses of TNF. At all
doses of the cytokine the number of OCs measured histomorphometrically in vivo, is
markedly reduced in WT to KO as compared to WT to WT chimeras (p<.001). Hence,
TNF-responsive marrow stromal cells are essential for optimal TNF-induced osteoclasto-
genesis. Confirming this in vivo observation, a similar decrease in osteoclastogenesis
occurs when marrow of TNF-injected WT to KO mice is cultured ex vivo in the presence
of TNF (p<.001). TNF induces stromal cells to express RANKL (this meeting) suggesting
the defect in OC formation in TNF-treated WT to KO mice reflects a relative paucity of
RANKL. Consistent with this hypothesis, addition of RANKL to marrow cultures derived
from TNF-treated WT to KO mice completely rescues their osteoclastogenic capacity. We
have previously shown that RANKL sensitizes OC precursors to TNF-induced osteoclasto-
genesis. In the present exercise we find the converse, namely TNF sensitizes OC precur-
sors to RANKL-induced osteoclastogenesis is also true. Thus, marrow derived from TNF
treated both WT to WT and WT to KO mice generates substantially more osteoclasts in
response to RANKL than does marrow from untreated mice (p<.001). The fact that the
event is indistinguishable in marrow derived from WT to WT and WT to KO mice estab-
lishes that in contrast to TNF-induced RANKL production, TNF-induced RANKL sensiti-
zation is a stromal cell independent event. Thus, optimal TNF-induced osteoclastogenesis
requires stromal cells which produce RANKL in response to TNE. On the other hand,
TNF-induced RANKL sensitivity reflects direct targeting of TNF to OC precursors.

Disclosures: H. Kitaura, None.
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Hip Fracture Risk is Increased in Men at Both High and Low Levels of
Serum Vitamin A. A. R. Opotowsky*, J. P. Bilezikian. Medicine, Columbia
University, College of Physicians and Surgeons, New York, NY, USA.

One recent Swedish study suggests that high serum vitamin A levels are associated with
increased risk of hip fracture among men. However, the population studied was notable for
its generally high vitamin A intake and serum vitamin A levels. Therefore, it is unclear if
these results apply to the US population in which the range of vitamin A is likely to be
greater. We investigated the hypothesis that both high and low serum vitamin A predispose
men to hip fracture. The NHANES I Epidemiologic Follow-up Study included 3,219 men
40 to 74 years old, of whom 51 had an incident hip fracture during the 22-year
(u=13.7+6.3) follow-up. As expected, vitamin A levels in this national sample were lower
than those in the Swedish sample. The mean vitamin A level of the lowest quintile in this
sample was 1.45 pmol/l compared with 1.72 umol/l in the Swedish study. The relative risk
(RR) of hip fracture for each quintile of baseline serum vitamin A as compared with the
middle quintile was determined using Cox regression. There were 17 (2.6%), 12 (2.0%), 5
(0.8%), 4 (0.6%), and 13 (2.0%) incident hip fractures in the lowest to highest quintiles
respectively. Controlling for age at exam, weight, height, and history of previous fractures,
the RR (95% CI) of hip fracture for each quintile, compared with the middle quintile,
respectively were 3.8 (1.4-10.6, p<0.01), 2.8 (1.0-8.1, p=0.06), 1.0 (reference), 0.7 (0.2-
2.8, p=0.65), and 3.3 (1.2-9.5, p=0.03). We repeated the analysis using the parameters cited
in the Swedish study linking high serum vitamin A to increased hip fracture risk. Those in
the NHANES I sample who would have been classified in the highest quintile in the Swed-
ish study (>2.64 pmol/l) were much more likely to sustain a hip fracture than those who
would have been in the middle quintile in that study (2.17-2.36 umol/l), RR=7.5 (1.7-33.8,
p<0.01). However, subjects who would have been classified in the highest quintile in the
Swedish study were no more likely to sustain a hip fracture than those in our lowest quin-
tile, RR=0.8 (0.4-1.7, p=0.56). These results suggest that men with either high or low
serum vitamin A are at increased risk of hip fracture. Prior studies concluding that only
high serum vitamin A (or high vitamin A intake) confers increased risk may not be applica-
ble to the general United States population. Rather, it appears that levels of vitamin A at
both ends of the concentration range place men at significant risk for hip fracture.

Disclosures: J.P. Bilezikian, None.
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Smoking Influences the Association Between Estrogen Receptor Alpha
Gene Polymorphisms and Bone Mineral Density: A Gene-Environment
Interaction in the Framingham Offspring Study. A. M. Shearman', D.
Karasik?, L. A. Cupples*?, S. Demissie*?, S. Coven*', K. Gruenthal*', D. E.
Housman*', D. P. Kiel®. 'Ctr for Cancer Research, MIT, Cambridge, MA, USA,
’Hebrew Rehab Ctr for Aged & Harvard Med Sch, Boston, MA, USA,
Biostatistics, BU Sch of Public Health, Boston, MA, USA.

There are conflicting results regarding the role of estrogen receptor alpha (ESR1) poly-
morphisms in the regulation of bone mineral density (BMD). Also, smoking affects estro-
gen metabolism, is associated with lower BMD and greater risk of osteoporosis, and may
affect ESR1 transcription. We hypothesized that smoking might influence the association
between ESR1 and BMD.

‘We studied 732 men and 792 women (mean age 60 ys, range 29-86) from the Framingham
Study Offspring Cohort. BMD (g/cm?) was measured by DXA at the hip (femoral neck,
FN, trochanter, TR, Ward’s area, WA) and L2-L4 lumbar spine (LS). DNA samples were
genotyped for six polymorphisms: the TA repeat upstream of exon 1, +30T/C in exon 1,
Pvull and Xbal in intron 1, 4975C/G in exon 4, and D65S440. The two microsatellite repeat
polymorphisms were recoded as presence/absence of the most frequent allele.

Information on age, height, body mass index (BMI), current cigarette smoking (y/n), and
current estrogen use in women (y/n) was obtained at the time of BMD examination. We
used ANOVA/ANCOVA to estimate the main effects of each polymorphism, as well as
haplotype probabilities derived using the expectation-maximization algorithm, on crude
and covariate-adjusted BMD in each sex separately.

High linkage disequilibrium was observed between the first four polymorphisms (D’ =
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0.82-0.99). 12.4% of men and 15.0% of women were current smokers.

No significant main associations between ESR1 polymorphisms and BMD were observed
for any skeletal site, in either sex. In contrast, significant interactions between Pvull and
Xbal genotypes, current smoking, and BMD (p = 0.004 to 0.014) were found in men. Inter-
actions were also found between smoking, haplotypes px (frequency 55%) and PX (36%),
and BMD at the hip in men (p = 0.002 and 0.031, respectively).

A substantial additive effect of combined Pvull and Xbal genotypes was found among
male smokers (n=78): BMD was higher in pp-xx compared to PP-XX, difference of 12.3%
(FN), 13.5% (TR), 19.8% (WA), and 8.5% (LS), pANOVA=0.06, 0.07, 0.03, and 0.05,
respectively. No association was found in non-smoking men. In women, no interaction was
found between ESR1 polymorphisms, current smoking, and BMD. In conclusion, the poly-
morphisms in intron 1 of the ESR1 gene are significantly associated with BMD in male
smokers. These findings highlight the importance of considering smoking status when
examining associations between ESR1 polymorphisms and BMD.

Disclosures: A.M. Shearman, None.
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Risk Factors of Hip Fracture in Women with High BMD: EPIDOS Study.
J. A. Robbins', A. Schott*?, P. Garnero®, P. D. Delmas*, P. J. Meunier*. 'Internal
Medicine, UC Davis, Sacramento, CA, USA, 2Dept d'Info Med, Lyon, France,
3Unit 403, INSERM/Synarc, Lyon, France, “Unit 403, INSERM, Lyon, France.

Older women with lower bone mineral density (BMD) are at greatest risk of hip frac-
ture. Still, many fractures occur in those with higher BMDs. We used the EPIDOS data set
to identify factors significantly predictive of hip fractures in women with high BMD but
not those with low BMD. The cohort of 7562 non-institutionalized older French women,
average age 80.5 (std, 3.8), was divided into 3 groups with equal numbers of incident hip
fractures based on femoral neck BMD (97 + 1 fractures/group). We did not make use of T-
scores because of the many choices of available “normals”. For this analysis follow-up
averaged 3.6 years (std, 0.9) until study end, dropout, or hip fracture. All continuous vari-
ables were transformed to z-scores and were age adjusted to insure that the differences
were not proxies for age. Cox proportional hazards examinations were carried out for each
variable of possible interest in those in upper and lower ranges of BMD. A time dependent
method was used to avoid confounding by mortality and/or drop out. Measures of strength,
coordination, structures (ultrasound attenuation) and bone turnover, urinary deoxy pyridin-
oline (DPD) adjusted for creatinine in a sub-sample of the population, were investigated.
Most factors traditionally associated with hip fracture were predictive in all groups; age,
gait speed, right sided strength and coordination, and BMD measurements. The results for
the extreme groups are presented in the table for those variables where they diverged. Haz-
ards ratios (HR), and 95% confidence intervals (95% CI) for these HRs are shown.

Low BMD High BMD
(<0.601gm/cm?) (=0.683 gm/cm?)

Factor (per std or yes/no) Sig HR 95%ClI Sig HR 95% CI
Age 0.010 1.250 1.055 1.482 0.000 1.830 1.555 2.153
Urinary DPD 0.637 0.989 0.943 1.142 0.017 1.246 1.041 1.492
Ultrasound attenuation 0.160 0.818 0.618 1.083 0.000 0.577 0.453 0.734
Left foot coordination 0.226 1.119 0.933 1.342 0.017 1.246 1.040 1.492
Left grip strength 0.461 0.921 0.740 1.146 0.026 0.790 0.642 0.973
Couldn’t heel/toe walk 4 0.160 1.508 0.850 2.674 0.017 1.927 1.122 3.311
steps

History of prior Fractures 0.140 0.738 0.493 1.105 0.031 1.550 1.042 2.309
Took sleeping pills 0.006 1.786 1.183 2.697 0.083 0.702 0.407 1.048

regularly

In older women with what is usually accepted as non-osteoporotic range BMD, factors of
weakness, in-coordination, and ultrasound, and bone turnover marker measurements, are
associated with an increase in hip fractures. These factors are less important in those with
lower BMDs. Sleeping pill use appears to be more associated with fractures in those with
osteoporotic range BMDs. Low BMD remains the strongest associate of hip fracture but in
those with higher BMD other factures related to fall risk and bone structure and turnover,
which put women at risk for hip fractures, appear to play a role in hip fracture risk and may
need to be addressed.

Disclosures: J.A. Robbins, None.
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Altered Sensitivity to Mechanical Load: A Potential Osteoporosis
Phenotype. K. Uusi-Rasi', T. J. Beck', J. M. Zmuda®, T. A. Hillier’, L. Lui**,
K. L. Stone**, L. M. Semanick*', S. R. Cummings®. 'Johns Hopkins University,
Baltimore, MD, USA, *University of Pittsburgh, Pittsburgh, PA, USA, *Kaiser
Permanente Center, Portland, OR, USA, “University of California, San
Francisco, CA, USA.

Family history of fracture is an important risk factor for osteoporotic fractures, but the
mechanism is unclear. We hypothesized that reduced sensitivity to skeletal load may pro-
duce weaker bones with thinner cortices that reach instability faster as bones expand and
cortices thin with age. Differences in mechanosensitivity should alter the relationship
between bone strength and skeletal load; estimated as the ratio of bending strength (section
modulus - Z) to fat free mass (FFM by bioelectric impedance) as a crude index of muscle
load. We evaluated hip geometries at the proximal femur of 2836 women from the Study of
Osteoporotic Fractures who had repeated hip DXA scans (mean follow-up 3.7 y) analyzed
with the Hip Structure Analysis (HSA) program and information on family history of hip
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fracture. We studied whether women with incident hip fractures (Hip-Fx, n = 281) or other
osteoporotic fractures (Other-Fx, n = 1324) have impaired mechanosensitivity (Z/FFM)
than fracture free women (Fx-Free, n = 1231). To evaluate familial predisposition, we com-
pared women who had a parent or sibling with hip fracture (+Hx, n = 650) to women with-
out such history (-Hx, n = 2186) adjusting for age, knee-height and weight by ANCOVA.
Hip-Fx had 8.8% (95% C1 6.7 to 11.0%) and Other-Fx 5.4% (3.9 to 6.8%) lower Z/FFM at
the neck than Fx-Free. The respective values at the shaft were 5.1% (3.1 to 7.1%) and 3.6%
(2.3 to 4.9%). Buckling ratio was 19% (15 to 24%) greater in Hip-Fx than in Fx-Free at
both femoral neck and shaft with Other Fx intermediate. In family Hx groups, mean differ-
ence in Z/FFM was 2.5% (0.8 to 4.1%) at the neck and 1.8% (0.3 to 4.1%) at shaft in favor
of -Hx group independent of Fx category. Buckling ratio was 5.6% (3.3 to 8.0%) and 3.3%
(0.6 to 6.1%) greater among +Hx at neck and shaft, respectively. Bending strength declined
and buckling ratio increased faster in Hip-Fx than in Fx-Free, mean differences were -0.8%
(-1.2 to -0.4%) for bending strength and 0.9% (0.4 to 1.3%) for buckling ratio. No differ-
ences in rate of change in geometry were apparent between Hx groups. Our results suggest
that mechanosensitivity is impaired in women with osteoporotic fractures compared to
women who remain fracture-free. The association of mechanosensitivity with family Hx of
hip fracture suggests an inherited trait while lack of an effect on rates of change suggests
that mechanosensitivity levels may be fixed. The geometric conditions underlying differ-
ences in mechanosensitivity appear to lead to cortical dimensions that are more prone to
buckling.

Disclosures: K. Uusi-Rasi, None.
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Higher 25-Hydroxyvitamin D Levels are Associated with Better Lower
Extremity Function in Active and Inactive Ambulatory Elderly in the US.
H. A. Bischoff', T. Dietrich*, E. J. Orav**, Y. Zhang**, E. W. Karlson*', B.
Dawson-Hughes’. 'Robert B. Brigham Arthritis and Musculoskeletal Clinical
Research Center, Brigham and Women's Hospital, Boston, MA, USA,
*Periodontology, Charité, Berlin, Germany, ’Biostatistics, Div. of General
Internal Medicine, Brigham and Women's Hospital, Boston, MA, USA,
“Clinical Epidemiology Research and Training Unit, Boston University School
of Medicine, Boston, MA, USA, ’Jean Mayer USDA Human Nutrition
Research Center on Aging, Tufts University, Boston, MA, USA.

Purpose: The aims of this study were to determine whether there is an association
between 25-hydroxyvitamin D (25-OHD) levels and lower-extremity function in ambula-
tory elderly, and, if so, whether the association differs by activity level and whether there is
an identifiable threshold in this association.

Subjects and Methods: Cross-sectional, representative sample of the US population
(NHANES III; 4100 adults age 60-90+ years). Linear regression analyses and regression
plots were used to assess functional performance by 25-OHD serum levels controlling for
sex, age, race/ethnicity, BMI, calcium intake, poverty income ratio, number of medical
comorbidities, self-reported arthritis, use of a walking device, month of measurement and
activity level (inactive vs. active and METs in active elderly). Inactive subjects did not
walk one mile without stop, swim, jog, bicycle, dance, exercise or garden in the last month
(25% of subjects). Separate analyses were performed for the 8-feet walking speed (mean of
2 trials; in seconds [s]) and the sit-to-stand speed (5 repetitions; in s).

Results: Walking speed: compared to the lowest quintile of 25-OHD the highest quintile
showed an average increase by 0.25s (test for trend; p < .0001). Sit-to-stand speed: com-
pared to the lowest quintile of 25-OHD the highest quintile showed an average increase by
0.66s (test for trend; p = .049). In the regression plots, performance speed in both tests
show the most pronounced improvement in the lowest 25-OHD levels. In the 25-OHD ref-
erence range of 22.5 to 94 nmol/l most of the improvement occurred in 25-OHD levels
going from 22.5 to approximately 40 nmol/l. Further improvement was seen in the range of
40-94 nmol, but the magnitude was much less dramatic. In the adjusted analyses active
subjects were 0.34s quicker in the walking test (p < .0001) and 0.80s quicker in the sit-to-
stand test (p < .0001) than inactive subjects. However, there was no effect modification by
activity level.

Conclusion: In both active and inactive ambulatory elderly subjects, 25-OHD levels above
40nmol/l and as high as 90 nmol/l, the upper end of the reference range, are associated with
better musculoskeletal function in the lower extremities.

Disclosures: H.A. Bischoff, None.
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Secular Trends in Hip Fracture Incidence in California 1983-2000 for
Different Ethnic Groups. S. L. Silverman', D. Zingmond**. 'OMC Clin Res
Ctr, Beverly hills, CA, USA, 2UCLA, Los Angeles, CA, USA.

Background: Rates of hip fracture have decreased among Nonhispanic White women
in Rochester since 1970 (Melton, 2000). However, trends in hip fracture rates for ethnic
minorities are unknown. The state of California has an ethnically diverse population and
has maintained detailed data documenting hip fractures over the past two decades.
Purpose:To study secular trends in the incidence of hip fracture in California 1983-2000
among women and men from four different racial/ethnic groups: Nonhispanic White
(NHW); African-American (AfrA); Hispanic American (HispA) and Asian American
(AsA).

Methods: We used the California Office of Statewide Health Planning and Development
annual hospital Patient Discharge Database, to identify all hospitalizations for acute hip
fracture among individuals at non-Federal California general acute care hospitals from
1983 to 2000. Individual patient race/ethnicity, gender, and age are reported for each hospi-
tal discharge. Population estimates for race/ethnicity, gender, and age by year were esti-
mated using U.S. Census and state Department of Commerce annual population estimates.
For each race and gender, age adjusted rates were calculated restricted to those 55 years
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and older and standardized to the overall 2000 U.S. population age distribution by gender.
Secular trends were fitted using weighted linear regression with robust variance estimators.
Results: Adjusted baseline rates for hip fractures among women were 733 fractures /
100,000 for NHW, 274 for AfrA, 245 for HispA, and 381 for AsA and among men were
251 for NHW, 156 for AfrA, 111 for HispA, and 111 for AsA. Estimated changes in hip
fracture rates differ by both gender and by ethnicity. Among women over the past 18 years,
hip fracture rates decreased by 4.5 fractures / 100,000 individuals / year in NHW (p <
0.001) and 4.3 in AsA (p < 0.001), were unchanged in AfrA (0.46 , p = 0.560), but
increased by 5.4 in HispA (p < 0.001). Among men, rates increased among NHW by 1.57
(p =0.001) and among HispA by 1.79 (p < 0.001). Changes in fracture rates for AfrA and
AsA men were not significantly different from 0.

Conclusion: While hip fracture rates have declined significantly among NHW and AsA
women over the past decade, rates have been unchanged among AfrA women and have
increased significantly among HispA women. Further study is indicated to understand why
risk of hip fracture is increasing among HispA women.

Disclosures: S.L. Silverman, None.
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Long-Term Effects of Poor Environmental Conditions During Early Life:
Increased Prevalence of Hip Fractures among Holocaust Survivors. A. J.
Foldes', J. Brodsky*?, N. Bentur*?. 'Osteoporosis Center, Hadassah University
Hospital, Jerusalem, Israel, 2JDC-Brookdale Institute of Gerontology,
Jerusalem, Israel.

It has been suggested that senile osteoporosis is largely determined by peak bone mass
which, in turn, is affected by a host of environmental factors. Comparing holocaust survi-
vors to individuals of the same origin, who had not experienced the holocaust, provided us
with a unique opportunity to test the relationship between detrimental conditions during
early life and the prevalence of hip fractures (Fx) later in life.

Data were derived from a population survey that was conducted during 1997-8 on a sample
of 2,669 Ashkenazi Jews (1,350 females, 1,319 males), 60 years of age or more (median
age = 74), born in Europe before World War II. The prevalence of self-reported hip Fx
(based on any previous diagnosis by a physician of a Fx at the pelvic bone or the femora)
was recorded. Based on their personal history during World War II, the study participants
were stratified into three groups: (1) Survivors of Nazi concentration or labor camps; (2)
“Other” survivors, who lived under Nazi occupation, but did not experience camps; (3)
Control group, consisting of those who did not live under Nazi occupation during WW II.
Odds ratio

(camp survivors
vs. controls)

Prevalence of hip Fx (%)

Total Camp Other Controls

sample survivors survivors  (n=1,288)

(n=2,669) (n=452) (n=929)
Total 48 9.0 4.6 33 29
sample
Females 5.7 1.4 55 3.9 3.0
Males 3.6 6.8 3.1 2.4 2.3
Age<75 2.8 9.4 2.2 0.8 131
Age>75 8.1 7.9 9.5 7.3 NS

The following conclusions can be drawn: (1) An almost threefold higher prevalence of hip
Fx was observed among survivors of Nazi camps (9.0%), as compared to controls (3.3%),
with intermediate values for “other” survivors. The extent of this finding may even be
underestimated, given the “survival of the fits” phenomenon. (2) The camp effect was lim-
ited to the younger cohort, which consisted of individuals who were 16-17 year-old or
younger at the onset of WWIL. This observation is also manifested by the unexpected find-
ing, that among the camp survivors, hip Fx prevalence in the younger cohort exceeded that
observed in the older cohort! (3) In the older cohort, that included individuals who were
past the age of 16-17 at the onset of WW II, no camp effect was observed. (4) In the
younger cohort, the prevalence of hip Fx in males (3.0%) approached that of females
(2.7%), while in the older cohort, the expected higher prevalence of hip Fx in females
(10.5%) compared to males (4.8%) was maintained.

The findings of this study support the notion that living under detrimental conditions dur-
ing early life is associated with a higher risk of hip Fx later in life.

Disclosures: A.J. Foldes, None.
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Homecysteine, Bone Density and Fractures in Healthy Elderly People: The
LASA Study. R. A. M. Dhonukshe-Rutten*', P. Lips’, S. M. F. Pluijm**, L. C.
P._de Groot*', W. A. van Staveren*'. 'Human Nutrition and Epidemiology,
Wageningen University, Wageningen, Netherlands, “Endocrinology, VU
University Medical Center, Amsterdam, Netherlands, SEMGO Institute VU
University Medical Center, Amsterdam, Netherlands.

Hyperhomocysteinemia may contribute to the development of osteoporosis. Some in
vivo and in vitro studies support disturbance of cross-linking of collagen type I in bone by
homocysteine (Hcy) as a possible mechanism. The relationship between homocysteine,
bone mass and fracture incidence was studied in the Longitudinal Aging Study Amsterdam
(LASA), a prospective cohort study which started in 1992. Subjects were 615 men and 652
women (mean age + SD 76 + 6.6 yr). Plasma samples were obtained in 1996 and
stored frozen until analysis. Plasma Hcy was measured by fluorescent polarisation immu-
noassay, osteocalcin was measured by IRMA and urine deoxypyrodinoline was measured
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by competitive immunoassay.

Broadband ultrasound attenuation (BUA) was assessed in the heel bone (CUBA Clinical).
A prospective follow-up of falls and fractures was done until 1999. Age- and sex-specific
quartiles for (log-transformed) Hcy were used to calculate risk ratios for fractures. These
were adjusted for age, BMI, smoking status, creatinine levels, falling and physical perfor-
mance. Mean plasma Hcy + SD was 13.5 + 5.2 umol/l. 42% of the men and 26% of the
women had a high Hey concentration (= 15.5 pmol/l). Serum osteocalcin and urine deoxy-
pyrodinoline were positively associated with Hey (p < 0.001). BUA was negatively associ-
ated with plasma Hey (8 —1.8, p< 0.02 for men and  -2.4, p < 0.001 for women). 21
Fractures occurred in men and 36 fractures occurred in women during the 3-years fracture
follow-up. The adjusted risk ratio (95% confidence interval) for the highest homocysteine
quartile for fractures was 3.3 (1.1;1.9) for men and 1.8 (0.8;3.9) for women and 2.2
(1.2;4.1) for the sexes combined, all compared with the lower three age- and sex-specific
Hcy quartiles. There was no association between plasma Hcy and falls.

In conclusion, a high plasma Hcy was significantly associated with low BUA, high mark-
ers of bone turnover and increased fracture risk.

Disclosures: R.A.M. Dhonukshe-Rutten, None.
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Ultralow Estradiol Increases BMD and Decreases Bone Turnover in Older
Women, Particularly those with Undetectable Estradiol: The ULTRA
Trial. S. R. Cummings', V. Yankov*?, K. Ensrud*’, B. E. Ettinger’, R.
Wallace*’, K. Johnson*®, J. Macer*', E. Vittinghoff*', D. Grady*'. 'Univ of
Calif, San Francisco, CA, USA, *Berlex, Montville, NJ, USA, *Univ of Minn,
Minneapolis, MN, USA, “Div of Research, Kaiser Permanente, Oakland, CA,
USA, *Univ of Iowa, Iowa City, IA, USA, *Univ of Tennessee, Memphis, TN,
USA.

‘Women with undetectable levels of estradiol (E2) have increased bone loss and fracture
risk. Standard dose estrogen therapy reduces fracture risk but has serious adverse effects
and, in women with a uterus, requires concomitant progestin to prevent endometrial cancer.
We hypothesized that ultra low doses of E2 could be safely taken without a progestin and
would improve bone resorption and BMD, particularly in those with undetectable E2 lev-
els.

417 women age = 60 years with hip BMD z-score >-2.0 and intact uteri were randomly
assigned to ultra low TE2 (0.0125mg E2 daily via 3.25cm2 transdermal patch changed
weekly) or placebo for 2 years. Follow-up measurements, including DXA and endometrial
evaluation, were completed in 90% of participants and, of those, 99% used 275% of study
patches. We measured pretreatment E2 by a double antibody assay that detects E2 > 1.4
pg/ml, and measured SHBG by IRMA. We also analyzed outcomes stratified by undetect-
able vs. other quintiles of baseline E2/SHBG ratio, an index of bioavailable E2. We present
results for undetectables vs. highest quintile of E2 at baseline.

In women assigned to ultra low TE2, E2 increased from a median of 4.8 pg/ml to only 7.5
pg/ml at 1 year (P<.001); E2 was undetectable in 13% at baseline and 4% at 1 year
(P<.001). Overall, ultra low TE2 significantly decreased bone turnover and increased
BMD (table). These effects were greater in women with undetectable baseline E2 than in
those with higher E2/SHBG ratios (table). Safety and tolerability of TE2 was similar to that
of placebo; there was no significant difference in incidence of endometrial proliferation or
hyperplasia between groups.

E2/SHBG Quintiles P-value for

2-yr change* All Women Undetectable  Highest interactiont
Osteocalcin -15.6% -33% -9% .005
Spine BMD +2.4% +3.5% +1.2% .10
Hip BMD +1.5% +2.4% +0.9% A1

*vs. placebo; P<.01 for all main effects. t Treatment-by-SHBG/E2 interaction

Ultralow TE2 decreased bone turnover and improved BMD in older women without caus-
ing endometrial proliferation. TE2 may produce greatest skeletal benefits in women with
undetectable endogenous E2. Measurement of E2/SHBG may identify women with true
‘estrogen-deficiency' who would substantially benefit from ultralow TE2.

Disclosures: S.R. Cummings, None.
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Short Term Response to Parathyroid Hormone (1-34hPTH) in Human
Iliac Crest Bone using a Unique Quadruple (Double Double) Tetracycline
Labeling Regimen and Single Biopsy. R. Lindsay', H. Zhou', F. Cosman', M.
Bostrom®, J. D. Cruz*', J. W. Nieves', D. W. Dempster'. 'Regional Bone
Center, Helen Hayes Hospital, West Haverstraw, NY, USA, *Medicine,
Hospital for Special Surgery, New York, NY, USA.

We describe here the early dynamic response of iliac crest bone to treatment with 1-
34hPTH using a technique of quadruple labeling with two sets of tetracycline labels that
allows longitudinal information from a single biopsy. Biopsies were obtained in 16 post-
menopausal women (10 treated with 1-34hPTH [25mcg sc./day] for 7 weeks and 6 con-
trols). Prior to treatment with PTH each individual received tetracycline labeling, using 2
different tetracyclines, following a standard protocol. Four weeks after initiation of treat-
ment with 1-34hPTH, labeling was repeated with reverse order of tetracyclines, and biopsy
performed 7 days after last label dose. Controls received identical labeling, but without
PTH. Double labels were identified as first or second set based upon color sequence.
Demographic data, and structural parameters in cancellous (Cn) and cortical (Ct) bone,
were similar in both groups. In PTH treated individuals mineral apposition rate (MAR) and
bone formation rate (BFR) increased from pretreatment (Cn 0.42 + 0.09 to 0.64 + 0.15 pm/
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day; 0.007 + 0.002 to 0.025 + 0.006 pm/um?2/day; p<0.05 and endosteal (En) 0.44 + 0.09
to 0.66 + 0.09; 0.025 + 0.007 to 0.069+/-0.014: p<0.05) with PTH, while MAR and BFR
remained constant or declined slightly in controls. The percent bone surface covered by
labels increased in all subjects after PTH but not in controls. The average length of individ-
ual labels in the second set was greater than the first in Cn (0.66 + 0.14 to 1.11 + 0.27mm
p<0.02) and in En (0.35 + 0.07 to 0.54 + 0.14, p=0.01) in PTH treated subjects but not in
controls. In Ct the second set of labels was shorter after PTH, consistent with more rapid
completion of Haversian systems. In PTH treated subjects, quadruple labels always
occurred on eroded surface, but second labels also occurred 25% of the time on smooth
surfaces, without evidence of prior resorption (p<0.05). Estimates of eroded surface were
similar in both groups, suggesting little PTH induced increase in remodeling activation at 7
weeks. These data demonstrate the utility of quadruple tetracycline labeling to evaluate
longitudinal short term changes in bone formation in a single iliac crest biopsy. The data
support early stimulation of bone formation following administration of therapeutic doses
of 1-34hPTH, without significant stimulation of resorption, and suggest strongly that the
early PTH effects represent either surface annexation by osteoblasts spilling from remodel-
ing sites and/or formation of bone on previously quiescent surfaces.

Disclosures: R. Lindsay, Wyeth, P&G, Aventis, Lilly, Ilex, 2, 8.
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Effects of Discontinuation of Teriparatide Treatment on Cortical Bone in
Postmenopausal Women with Osteoporosis. C. E. Bogado*', A. Mango*',
M. Sato?, J. R. Zanchetta'. 'Clinical Research, IDIM, Buenos Aires, Argentina,
2Lilly Research Laboratories, Indianapolis, IN, USA.

We have previously reported the effects of teriparatide [rhPTH (1-34)] administration
on cortical bone assessed by peripheral quantitative computed tomography (pQCT) in the
distal radius of postmenopausal women with osteoporosis. Compared with placebo,
patients showed significantly higher total bone mineral content, total and cortical bone
areas, periosteal and endosteal circumferences and axial and polar moments of inertia.

Of the original study population, 93 women completed an 18-months observational study
to determine the effects of discontinuation of teriparatide on the changes previously
induced by the treatment on cortical bone. During the treatment phase patients received
1000 mg calcium and 400 IU vitamin D orally and either placebo (n= 26) or teriparatide at
20 (n= 37) and 40 ug (n= 28) as self-injected daily doses. Along the follow-up period
patients did not receive any treatment for osteoporosis, or any drug that could affect bone
metabolism other than the calcium and vitamin D supplements. Measurements were per-
formed at the nondominant forearm, 6 and 18 months after discontinuation of therapy, at a
site corresponding to 15% of the length of the ulna proximal to the radius distal end using a
Stratec XCT 960 pQCT machine (Stratec Medizintechnik GmbH, Pforzheim, Germany).
There were no significant changes in the parameters of bone distribution and structural
geometry during the study. Compared with placebo, total bone mineral content, total and
cortical bone areas, periosteal and endosteal circumferences and axial and polar moments
of inertia remained significantly higher 18 months after treatment discontinuation. There
was a small, nonstatistically significant decrease in cortical density in the placebo group. In
contrast, cortical bone density increased in the 40 ug group, although this change was not
statistically significant. Cortical bone content did not change in any group.

In summary, there was no evidence of a detrimental effect on cortical bone density after
treatment discontinuation. Moreover, the positive effects on bone distribution and struc-
tural geometry induced by teriparatide were still evident 18 months after teriparatide dis-
continuation. Since these favorable changes are associated with increased bone strength,
our results are consistent with the reported evidence of durable effects of teriparatide for
fracture risk reduction even after treatment is stopped.

Disclosures: C.E. Bogado, None.
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Osteogenic Activity of a Novel Synthetic Peptide Fragment of Human
MEPE. T. Hayashibara*', T. Hiraga', B. Yi*, M. Nomizu®, Y. Kumagai‘, R.
Nishimura', T. Yoneda'. 'Dept Biochem, Osaka Univ Grad Sch Dent, Osaka,
Japan, *Div Endocrinol, Univ Texas Hith Sci Ctr, San Antonio, TX, USA, *Div
Biosci, Hokkaido Univ Grad Sch Environ Earth Sci, Hokkaido, Japan,
*Acologix, Inc., Emeryville, CA, USA.

Co-occurrence of disturbed phosphate homeostasis and skeletal disorders including
rickets and osteomalacia in X-linked hypophosphatemic rickets and oncogenic hypophos-
phatemic osteomalacia suggests that the phosphate metabolism is associated with ossifica-
tion. Although the mechanism of these diseases is largely unknown, it has been proposed
that the yet-unidentified phosphaturic hormone named phosphatonin plays a role in the
pathophysiology of these disorders. Matrix extracellular phosphoglycoprotein (MEPE) is
one of the recently-identified candidates for phosphatonin. MEPE expression was found in
osteoblasts/osteocytes and mice deficient in a MEPE homologue gene OF45 showed
increased bone density, suggesting that MEPE produced in osteoblasts inhibits bone forma-
tion. In the present study, we examined the effects of a synthetic 23mer peptide (AC-100)
containing RGD motif that corresponds to the region of 242-264 of human MEPE on bone
formation in vitro and in vivo. Histological and histomorphometrical examination demon-
strated that AC-100 (1, 10mg/ml) significantly promoted new bone formation with
increased numbers of osteoblasts in organ cultures of neonatal mouse calvariae. These
effects of AC-100 were comparable to those of rhBMP-2 (40ng/ml). Of interest, AC-100
enhanced PTH-rP-stimulated osteoclast-like cell formation in mouse bone marrow cul-
tures. Repeated daily subcutaneous injections of AC-100 (20, 200mg) onto the mouse cal-
variae increased bone thickness and stimulated new bone formation as determined by
calcein double-labeling to a similar extent to FGF-1 (12.5mg). A synthetic peptide in
which the RGD sequence was scrambled into DRG failed to stimulate new bone formation,
suggesting the interactions of the RGD sequence to integrins in osteoblasts are critical to
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the osteogenic activity of AC-100. In support of this notion, AC-100 activated the integrin
signaling molecules FAK and ERK in the MG-63 human osteoblastic osteosarcoma cells.
Our results show that AC-100, a synthetic 23mer peptide fragment of human MEPE,
increases new bone formation through activating osteoblasts, raising the possibility that
MEPE, when cleaved, exhibits osteogenic activity in contrast to the full length MEPE. The
results also suggest that the activation of integrin signaling in osteoblasts via RGD
sequence is crucial to the osteogenic activity of AC-100. The anabolic effects of AC-100
may be beneficial for bone defects, fractures and bone diseases associated with decreased
local bone mass.

Disclosures: T. Hayashibara, None.
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GLP-2 Is a Key Player in the Regulation of Bone Turnover: New
Prophylaxis? D. B. Henriksen', P. Alexandersen*?, T. L. Andersen*', L
Byrjalsen*!, E. Gamwell Henriksen*!, B. Hartmann*?, C. Christiansen?, J. Juul
Holst**. '"Nordic Bioscience, Herlev, Denmark, *Center for Clinical & Basic
Research, Ballerup, Denmark, *University of Copenhagen, Copenhagen,
Denmark.

The circadian variation of bone resorption as derived from the collagen type I fragments
measured in the CrossLaps (s-CTX) assay is significantly decreased in fasting individuals.
This observation supports the idea that release of nutrients and minerals from the skeleton
are tightly regulated to respond to food intake.

Studies of several gut hormones make it clear that these peptides are key regulatory hor-
mones that transmit information generated during ingestion of food. Thus, the harvest from
the skeletal reserve of both calcium and protein could be regulated by gut hormones to
respond to ingestion of nutrition.

We have identified the gastrointestinal peptide, glucagon like peptide-2 (GLP-2) as a key
factor in the regulation of bone resorption in response to food intake. This discovery lead to
a placebo-controlled randomised study of the effect of single subcutaneous injection of
GLP-2 in four different dosages or placebo (saline) in 60 postmenopausal women. GLP-2
caused a dose-dependent reduction in the s-CTX level from baseline. An area under the
curve (AUCO-8h) analysis for s-CTX after GLP-2 injection confirm the dose-dependent
decrease. Bone formation, as assessed by osteocalcin, was un-affected by the exogenous
GLP-2 treatment.

The surprising acute effect of GLP-2 on bone resorption could indicate a direct action of
the hormone on bone cells (osteoclasts and/or osteoblasts). We have located a GLP-2
receptor to be expressed by the osteoclast in both rat and human. Thus the mechanism of
action for GLP-2 on bone turnover is most likely mediated through this bone tissue recep-
tor.

These studies suggest that administration of GLP-2 results in a reduction of the bone
resorption with no effect on the bone formation process and we interpret this action as a
positive uncoupling of the bone turnover processes. A positive uncoupling of the bone
turnover processes can potentially lead to a “passive” anabolic effect on the bone turnover,
i.e. suppressing the bone resorption process and leave bone formation un-changed.

Thus, GLP-2 could provide a potential new drug for prevention and/or treatment of
0Steoporosis.
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Disclosures: D.B. Henriksen, Nordic Bioscience A/S 3.
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An Orally Available, Non-Steroidal, Selective Androgen Receptor
Modulator (SARM) Has Anabolic Activity in Osteopenic Female Rats. E.
G. Vajda', W. C. Chang', E. C. Talaoc*', K. Burnett*', K. Griffiths*', E.

Martinborough**. 'Pharmacology, Ligand Pharmaceuticals, San Diego, CA,
USA, *Medicinal Chemistry, Ligand Pharmaceuticals, San Diego, CA, USA.

Both androgens and estrogens play a role in skeletal biology. Estrogen decreases bone
remodeling in humans and animal models, but the role of androgens is not as clearly
defined, particularly in women. Androgens have both anabolic and anti-resorptive activity
in different models and may be useful in the treatment of osteoporosis. The potential for
undesired prostate stimulation in men and virilizing activity in women however, has been a
major limitation for the clinical use of androgens. In these studies, we report a novel, non-
steroidal selective androgen receptor modulator (SARM) with tissue selectivity in cas-
trated male rats and bone anabolic activity in osteopenic female rats. Nine week old male
SD rats were castrated and immediately began treatment with the SARM or vehicle for 14
days. At doses that were fully efficacious at maintaining the levator ani muscle weight at
intact levels (1 mg/kg p.o.), efficacy in the ventral prostate and seminal vesicle were 10%
and 6% relative to intact controls, respectively. Efficacy in the preputial gland, a modified
sebaceous gland, was 5%. Serum osteocalcin was elevated by castration and was restored
to intact levels with SARM treatment, indicating changes in bone metabolism. Two month
old female SD rats were ovariectomized (OVX) in order to induce osteopenia. Treatment
with the SARM (0.1, 1, or 10 mg/kg p.o.), estradiol, or testosterone propionate was initi-
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ated 8-weeks post-OVX and continued for 12 weeks. Serum osteocalcin was significantly
increased by OVX and significantly decreased by treatment. Serum total alkaline phos-
phatase was significantly increased with respect to OVX controls. DEXA scans at the mid-
femur showed increased bone mineral density (8.3%) with respect to OVX control ani-
mals. Dynamic histomorphometry at the mid-femur revealed significantly increased peri-
osteal bone formation (73.9% increase) in a dose-dependent manner. Femur bending
strength was also significantly increased in biomechanical testing. In contrast to the effects
of SARM treatment, periosteal bone formation rates were decreased and bending strength
was unaffected in estradiol treated rats, demonstrating a distinctly different mechanism of
action. Collectively, these results indicate that a SARM with tissue selective and potent
bone anabolic activity may be a promising compound for the treatment of osteoporosis in
men and/or women.

Disclosures: E.G Vajda, Ligand Pharmaceuticals 1, 3.

1213

10.000 IU of Oral Vitamin D Per Day Are Required to Rapidly (3 months)
Reach Adequate 250HD in Osteoporotic Women. S. Mastaglia*, B. Oliveri,
M. S. Parisi*, A. Cristéfari*, C. Mautalen. Seccién Osteopatias Médicas,
Hospital de Clinicas, Universidad de Buenos Aires, Buenos Aires, Argentina.

Recently Heaney et. al. (J Am Coll Nutr 2003 Apr ,22(2):142-6) reported that 2S0HD
serum levels should be above 34 ng/ml ( 86 nmol/l) for adequate calcium absorption and
beneficial for the treatment of osteoporosis. The dose of vitamin D required to rapidly
reach adequate serum 250HD levels (above 34ng/ml) has not been established to date.
Thirty four women living in Buenos Aires (34° S) aged 61.7+ 5.5 years, with 15.7+ 6.1
years since menopause, average BMI: 27.7+4.7 and average T score of lumbar spine/ fem-
oral neck: -2.5. The patients were randomized to receive placebo (G1) or vitamin D in a
daily oral doses of 5.000 ITU(G2) or 10.000 IU (G3). All the subjects received calcium sup-
plementation (500mg/day/tablets).

Serum calcium, bone alkaline phosphatase (BALP), 25 hydroxivitamin D ( 250HD), mm
PTH, serum crosslaps (SCTX), and 24 hours urine calcium (uCa) and urine creatinine were
measured at baseline and after 1, 2 and 3 months of treatment.

Average baseline 250HD levels for the whole population was 14.2 IU ng/ml. All individ-
ual values were below 34 ng/ml. No differences in baseline measurements were found
among the three groups. Serum and urinary calcium were within normal range. The aver-
age increments of 2SOHD are shown in the figure.

At the end of 3 months 73% of group 3, 42% of group 2 and 0% of group 1 reached 25
OHD values above 34 ng/ml. Serum and urinary calcium values remained within normal
range in all patients. No significant changes were observed in serum PTH, CTX or BAP.
In the light of the present results, the oral dose of vitamin D required to rapidly achieve
adequate levels of 250HD in osteoporotic postmenopausal females appears to be much
higher than the usual recommended dose (800IU/day). Ten thousand units per day during
90 days was effective since 250HD levels reached 39 ng/ml ( range 28 to 55 ng/ml) and
caused no side effects. Future studies should determine the maintenance dose, once the
effective level has been achieved.
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Disclosures: S. Mastaglia, None.
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Pre-treatment Bone Turnover and Fracture Efficacy of Alendronate: The
Fracture Intervention Trial. D. C. Bauer', P. Garnero?, M. C. Hochberg®, A.
Santora*, P. Delmas’, S. K. Ewing*', D. M. Black'. 'UCSF, San Francisco, CA,
USA, ZSynarc, Lyon, France, 3Univerisity of Maryland, Baltimore, MD, USA,
“Merck Research Laboratories, Rahway, NJ, USA, ’INSERM, Lyon, France.

Previous trials have demonstrated that bisphosphonate treatment reduces bone turnover
and fracture risk among osteoporotic women. The effect of bone turnover rate prior to ther-
apy on treatment efficacy has not been studied in large trials.

In the Fracture Intervention Trial, women age 55-80 with femoral neck BMD<0.68 g/cm2
were randomized to alendronate (ALN), 5-10 mg/d (n=3105) or placebo (PBO)(n=3081).
At baseline 56% were osteoporotic, defined as those with prevalent vertebral fracture and/
or BMDfn t-score <-2.5. Among these osteoporotic women, during a mean follow-up of
3.2 years, 492 non-spine fractures were documented and 285 incident vertebral fractures
were identified on paired lateral spine x-rays. We used archived serum to measure pre-
treatment levels of bone specific alkaline phosphatase (Bone ALP, Hybritech), and N-ter-
minal propeptide of type 1 collagen (PINP, Orion). C-terminal telopeptide of type 1 col-
lage (sCTX, Crosslaps) was also measured, but only 20% of the cohort was fasting.

To determine the effect of pre-treatment bone turnover on fracture risk reduction, the risk
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of spine and non-spine fracture was compared among ALN and PBO-treated subjects strat-
ified into tertiles of baseline bone marker levels. Interactions between continuous baseline
levels of markers and ALN efficacy were tested in age-adjusted proportional hazard and
logistic models.

At baseline, mean (+SD) PINP and bone ALP levels were 52.1+20.3 mg/dl and 14.0+4.5
mg/dl, respectively. The reduction in non-spine fractures with ALN treatment differed sig-
nificantly among those with low and high levels of PINP levels at baseline (Table), and
similar trends were observed with bone ALP. Treatment efficacy for hip and morphometric
spine fractures did not differ significantly according to baseline marker levels.

‘We conclude that in the Fracture Intervention Trial, reductions in non-spine fracture risk
with ALN therapy are greater among osteoporotic women with high pre-treatment levels of
bone turnover as assessed by PINP.

Relative Risk of Non-spine Fracture (95% CI) for ALN vs. PBO by Tertile of Baseline
Marker

Marker Lowest Tertile Middle Tertile Highest Tertile Tx*marker
interaction p value

PINP 0.89(0.65,1.21) 0.74(0.54,1.01) 0.54(0.39,0.74) 0.02

Bone ALP  0.83(0.61,1.13) 0.68(0.49,0.94) 0.61(0.45,0.83) 0.70

Disclosures: D.C. Bauer, Merck R; GSK 2.
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Hip Structure Analysis (HSA) Predicts Risk for Incident Hip Fracture in
the Nursing Home. L. B. Yates', T. J. Beck?, K. E. Broe®, M. L. Bouxsein*, D.
P._ Kiel>. 'Harvard Medical School, Boston, MA, USA, “Johns Hopkins
University, Baltimore, MD, USA, SHebrew Rehabilitation Center for Aged,
Boston, MA, USA, “Beth Israel Deaconess Medical Center, Boston, MA, USA.

Hip Structure Analysis (HSA) has been studied in community-dwelling populations to
understand age-related differences in femoral geometry over the lifespan and to predict risk
for hip fracture. To our knowledge, no study has applied HSA in an elderly nursing home
population. We hypothesized that in this population older individuals would have less
favorable HSA indices, and that these indices would predict incident hip fracture. We
therefore performed DXA scans (Hologic QDR 1000) on 232 long-term care residents
(168 women, 64 men), aged 67-102 y (mean 88 + 6 y), and followed them for hip fracture,
death or end of study (median follow-up 3.1 y). We divided subjects into three age groups:
67-84 y (n=61); 85-90 y (n=95); 91-102 y (n=76). We applied HSA to the DXA images to
derive measurements at the narrowest point in the femoral neck, including BMD, cross-
sectional area (CSA), subperiosteal width (W), endocortical diameter (ED), section modu-
lus (Z, bending strength), buckling ratio (BR, cortical instability), and cortical thickness
(CT). We used linear regression to analyze the association between age groups and HSA
variables, and Cox proportional hazards to model risk for hip fracture, adjusting all models
for baseline age, sex, height, weight, and need for assistance in ambulation (yes/no).
Adjusted mean BR, ED, and W significantly differed (p<0.007) by age group (oldest vs
youngest, 4 to 7% difference), with the oldest group having the least favorable indices.
There were no age group differences in CSA (p=0.56), BMD (p=0.34), or CT (p=0.33),
although a trend was seen for Z (p=0.06). During follow-up 39 residents (17%) had hip
fracture. For each standard deviation (SD) decrease in HSA variable at the femoral narrow
neck, the hazard ratio (HR) and 95% CI for hip fracture are shown below.

Hip Fracture HR per -1 SD in HSA Variable (95% CI)
CSA zZ BMD CT BR W ED
2.01 1.82 1.74 1.74 0.71 0.96 0.88
(1.14,3.53) (1.03,3.21) (1.09,2.77) (1.09,2.77) (0.53,0.95) (0.58,1.57) (0.56,1.40)

Our results indicate that age-related changes in hip structure occur even in very old persons
and that measurements of femoral geometry predict risk for hip fracture in nursing home
residents.

Disclosures: L.B. Yates, None.
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Hip Section Modulus, but not Bone Density, Shows the Effects a Decade
Later of a Two-year Calcium Supplement Taken at the Time of Attainment
of Peak Bone Mass. R. 1. Price', N. K. Briffa?, T. J. Beck®, A. L. Mein*?, B. C.
C. Khoo*!, R. L. Prince', S. S. Dhaliwal*'. 'Sir Charles Gairdner Hospital,
Nedlands, Australia, *Curtin University, Perth, Australia, 3Johns Hopkins
University, Baltimore, MD, USA.

Maximising premenopausal BMD is important for preventing fractures in old age. Cal-

cium (Ca) intake is a significant agent for increasing BMD, but there is uncertainty as to
the long term beneficial effect of a limited period of Ca supplement around the time of
attainment of peak bone mass (PBM). Unlike DXA-derived areal BMD (aBMD), Hip
Structural Analysis (HSA; [1]) describes bone structural geometry, in particular section
modulus (Z; an index of bone strength), and may augment BMD as an assessor of bone fra-
gility. This study examined changes in HSA and BMD in young women, over the decade
after attainment of PBM.
Sixty-two women of mean (SD) age 27.8 (1.0) years were re-measured for aBMD and
HSA, 9.4 (0.9) years following baseline measurements, on recruitment at age 18 into a 2-
year randomised, controlled trial of Ca supplement (2). aBMD was measured at femoral
neck (FN), trochanter (Tr) and intertroch. (IT). HSA variables were measured in duplicate
at the “narrow neck” (NN) of FN, IT and shaft (Sh), using identical DXA (QDR1000W)
images. Serial HSA data were unobtainable for 2 subjects. Thus 29 and 31 subjects were in
the “placebo” (P1) and “prior Ca supplement” followup groups. Dietary Ca was assessed at
followup by questionnaire. Mean (SD) Ca intake was 895 (228) mg/d.
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Focusing on section modulus, changes in Z over the decade were treatment and site depen-
dent. NN Z increased from Mean (95% CI) of 1.33 (1.25, 1.41) cm3 to 1.43 (1.33, 1.53)
(+0.8%/yr, p<0.003) for the Ca group, with a nonsignificant (NS) trend of +0.4%/yr in PL.
IT Z changes were NS for the Ca group (-0.7%, p<0.13), but IT Z increased from 3.71
(3.49, 3.93) to 4.09 (3.85, 4.33) (+1.1%/yr, p<0.04) for PL. Sh Z increased from 2.01 (1.90,
2.12) to 2.23 (2.10, 2.36) (+1.2%/yr, p<0.03) for P1, with NS for Ca. Prior Ca supplement
had no effect on aBMD changes at any site (p<0.35) so treatment groups were combined in
the BMD analysis. Over the decade, aBMD at hip sites declined [FN; -0.40%/yr (SD=0.62)
(p<0.001): Tr; —0.34 (0.60) (p<0.001)], or was unchanged [ IT; +0.12 (0.58) (p=0.10); Sh
(at HSA shaft site); +0.32 (0.32) (NS)].

We conclude that, unlike hip aBMD which generally declined in the decade following
attainment of peak bone mass, hip section modulus (and thus likely bone strength) gener-
ally increased. In sites of high cancellous content (eg FN) this increase was linked to prior
Ca supplement, but at more cortical sites (eg Sh) it was conversely linked to the absence of
Ca supplement. 1. Beck TJ et al, J Bone Miner Res 2001; 16: 1108. 2. Henderson NK et al,
J Bone Miner Res 1995 10:1068

Disclosures: R.I. Price, None.
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Measurements of Plate and Rod Thickness in Human Trabecular Femoral
Bone in osteoporosis and Osteoarthritis. A. Bonnassie*', E. Peyrin*', B.
Brunet-Imbault*?, C. Chappard® C. Benhamou®. 'CREATIS UMR CNRS 5515,
Villeurbanne, France, “Inserm ERTT-M 0101, Orléans, France.

3D X-ray microtomography which is increasingly used to analyze trabecular bone
micro-architecture, enables computing architecture parameters without any model assump-
tion. We propose a new geometrical analysis to identify the plate and rod structures in the
3D image and compute additional morphometric characteristics on each type of structure.
We analyzed two groups of subchondral bone in femoral head from osteoporostic patients
(OP, n=8), and osteoarthritic patients (OAsc, n=8). Cylindrical cores (diameter 8mm) were
imaged using 3D synchrotron radiation microtomography at the ESRF. In each 3D image
(voxel size : 10.13 pm) a region of interest avoiding boundary effects related to bone cut-
ting was selected (diameter : 6mm). 3D morphometric parameters of trabecular bone
micro-architecture were computed using the Mean Intercept Length method and model
independent techniques. We applied our new technique to label each voxel in the bone
structure as a rod, a plate or a branching element. The result is illustrated in figure 1 where
colors are associated to the different structures. After labeling, we computed the volume of
each structure on the total volume, denoted PV/TV, NV/TV, RV/TV respectively for the
plates, the rods and the branches. In addition the thickness of each type was also estimated
as PTh*, R.Th*, N.Th*.

Figure 1 : 3D display of the labeling of plates (light gray), rods (black) and branching (dark
gray) structures in a femoral head bone in an osteoarthritic patient.

The two groups were found significantly different for all morphologic parameters. In addi-
tion, the geometrical analysis showed that the OAsc group presented a significantly higher
volume of rods and branching component than the OP group. The trabecular thickness was
also found significantly larger both for rods and plates in the Oasc group. In each structure
(OP and Oasc), the percentage of plate and rod volume to the total volume were not signif-
icantly different, but the rod thickness was found significantly larger than the plate thick-
ness.

The proposed method gives new insight in the morphologic analysis of trabecular bone
micro-architecture.

Disclosures: F. Peyrin, None.
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Correlation of 2D Trabecular Structure Parameters with 3D uCT and
Measurements of Bone Strength in Femoral Bone Cores. C. D. Arnaud', S.
Liew*', D. Steines*', A. Nazarian**, R. Mueller**, B. J. Linder*', P. Lang*'.
'Imaging Therapeutics, Inc., San Mateo, CA, USA, *Orthopedic Biomechanics
Laboratory, Harvard Medical School, Boston, MA, USA, 3Swiss Federal

Institute of Technology, Zurich, Switzerland.

Bone mineral density measurements (BMD) identify subjects at risk for fracture and
can help select those individuals who will benefit most from therapy. However, overlap
exists in the distribution of BMD of patients with and without osteoporotic fracture, and
BMD does not accurately predict the presence of fractures. Thus, factors other than BMD
influence fracture risk. Key among those factors are alterations of trabecular structure.
Most procedures for assessing bone structure are invasive (i.e. histomorphometry, 3D
uCT) or expensive (i.e. MRI). We developed automated hip radiographic imaging technol-
ogy that measures a host of parameters of the geometry and connectivity of trabecular
structure, using routine proximal hip radiographs. It involves x-ray digitization, identifica-
tion of regions of interest, background subtraction, extraction of trabecular structures, and
binarization and skeletonization of those structures. To verify our ability to use this 2D x-
ray technology to quantitatively assess trabecular architecture, we compared it with 3D
UCT, a gold standard for such measurements. Furthermore, results from our techniques
were compared to biomechanical bone properties.

Bone cores (n=49) were harvested from cadaveric proximal femora. Specimen radiographs
were obtained and 2D structural parameters were measured on the radiographs. Cores were
then subjected to 3D pCT and biomechanical testing. The 2D structural parameters mea-
sured included trabecular area ratio (AR), length (L), intensity (I) and thickness (T). Pear-
son’s correlation coefficients (r) between 2D structure parameters and biomechanical
failure load, biomechanical stiffness, and corresponding 3D nCT parameters, respectively,
are listed in the table below.

We conclude that measurements of bone structure on femoral bone core radiographs corre-
late highly with bone failure loads and stiffness as well as 3D pCT measurements. These
results suggest that inexpensive proximal femoral trabecular structural analysis from hip
radiographs may yield vastly improved diagnostic assessment of osteoporosis and estima-
tion of fracture risk.

"p<0.001 AR L ] T

Failure load 0.74 0.81° 0.83 0.81°
Stiffness 0.69" 0.74' 0.77 0.75"
uCT 0.90 0.84° 0.96" 0.87

(with BV/TV)  (with BV/TV)  (with TbTh)  (with TbTh)

Disclosures: C.D. Arnaud, None.
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Chemical Composition Distinguishes Fracture from Non-Fracture
Subjects Matched by Bone Mass. B. R. McCreadie', M. D. Morris*?, T.
Chen*?, W. F. Finney*?, E. Widjaja*?, S. A. Goldstein'. 'Orthopaedic Surgery,
University of Michigan, Ann Arbor, MI, USA, zChemistry, University of
Michigan, Ann Arbor, MI, USA.

Although bone mineral density is used clinically to evaluate fracture risk, a large over-
lap exists between those who go on to fracture and those who do not. This study sought to
determine whether the chemical composition of the bone extracellular matrix influences
fracture risk.

Trabecular bone specimens were obtained from two groups of females, fractured (undergo-
ing arthroplasty) and unfractured at death, matched for age and bone volume fraction. All
specimens were taken from a location adjacent to the fracture site in most of the fracture
cases. An epi-illumination Raman microspectroscopic imaging system was used to obtain
Raman scatter spectra from each specimen. Ratios of the band areas of phosphate v, car-
bonate v, and collagen amide I were used as measures of carbonate/phosphate and mineral/
matrix (phosphate/amide I).

A clear relationship was found between the carbonate/phosphate and phosphate/amide I
ratios. The carbonate/phosphate ratio is essentially constant over much of the range, but
increases considerably at the extreme low end of the phosphate/amide I ratio. The fracture
specimens are concentrated at the low end of the carbonate/amide I range. A statistical
comparison of carbonate/phosphate ratio yielded a p-value of 0.08, while for carbonate/
amide I was 0.28.

In groups matched for bone mass, we were able to make a distinct separation between
many females who did not fracture compared to those who did. The modest overlap in
specimens may be a result of difficulties in defining a true control population. Some of the
individuals that died without fracture would likely have sustained a fracture had they lived
longer.

It is unclear whether the differences seen at the fracture site are local or systemic. If the dif-
ferences in chemical composition are limited to the fracture site, these results suggest a
large increase in remodeling prior to overt fracture. If the differences are systemic, it sug-
gests that some individuals may be more susceptible to fracture based on the chemical con-
stituency of bone matrix.

This study is the first to demonstrate a relationship between carbonate/phosphate and phos-
phate /amide I ratios. In addition, the results suggest a novel and potentially robust method
for predicting risk of fracture, either alone or in combination with bone mineral density. It
should be possible to develop spectroscopic instrumentation to conduct convenient non-
invasive or minimally-invasive measurement of the relevant chemical constituents.

Disclosures: B.R. McCreadie, Potential Commercialization of Technology 7.
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Comparison of Areal and Volumetric Vertebral Bone Densities Measured
by DXA and CT in Healthy Girls. T. A. L. Wren', A. Kovanlikaya*?, X. D.
Liu*?, P._D. Pitukcheewanont**, V. Gilsanz’. 'Orthopaedic Surgery and
Radiology, Childrens Hospital Los Angeles, Los Angeles, CA, USA,
2Radiology, Childrens Hospital Los Angeles, Los Angeles, CA, USA,
*Endocrinology and Metabolism, Childrens Hospital Los Angeles, Los
Angeles, CA, USA.

Dual-energy x-ray absorptiometry (DXA) is the most frequently used technique for
measuring bone density in both children, although in growing subjects, areal bone mineral
density (BMD) measurements are influenced by changes in bone size and soft tissue com-
position. The purpose of this study was to determine the agreement between DXA areal
BMD values and CT volumetric bone density (BD) values. DXA areal BMD and Z-score
(Zpx) were compared with CT volumetric BD and Z-score (Z;), and to CT measures of
cross-sectional area (CSA) in 100 healthy girls, ages 5 - 20 years. Z-score represents the
number of standard deviations (SD) the BMD or BD is above or below the mean for sex-
and age-matched controls. Moderate correlations were observed between DXA and CT
densities (r=.688, p<.0001) and between DXA and CT Z-scores (r=.624, p<.0001). A mod-
erate correlation was also present between BMD and CSA (r=.662, p<.0001). The density
correlations were weaker in subjects under 12 yr (r=.203, p=.54 for density; r=.449, p = .15
for Z-score) than subjects 12 yr and older (r=.668, p<.0001 for density; r=.652, p<.0001 for
Z-score), while the correlations of BMD with CSA were stronger in subjects under 12 yr
(r=.757, p=.0030) than older subjects (r=.394, p<.0001). Paired t-tests indicated that the
DXA Z-scores were systematically lower than the CT Z-scores (p<.0001). We conclude
that increases in DXA areal BMD of the lumbar vertebrae in girls under 12 yrs old are
likely a reflection of changes in vertebral size rather than changes in density and that cau-
tion should be exercised before girls of any age are diagnosed with osteoporosis based on
DXA measurements.

Disclosures: T.A.L. Wren, None.
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New Osteoporosis Screening Recommendations for Older Women:
Targeted Screening May Be More Appropriate for Non-White Women. D.
L. Broussard*, J. H. Magnus. Tulane University Health Sciences Center, New
Orleans, LA, USA.

Universal osteoporosis screening in the U. S. is now recommended for all women 265
years of age, regardless of race/ethnicity. While some non-White women are at a greater
risk of post-fracture disability and mortality than White women, non-White women have a
lower overall fracture rate than White women. Furthermore, there is no consensus about
what levels of bone mineral density (BMD) should be considered osteoporotic in different
race/ethnic groups. Therefore, screening all older non-White women may not be cost effec-
tive, a circumstance that may be remedied by targeting screening only to those non-White
women at high risk for osteoporosis. The purpose of this study was to determine if a set of
low BMD risk factors for White women accurately identifies African American (AA) and
Mexican American (MA) women with osteoporosis. Low body mass index, low calcium
intake, current cigarette smoking, and no physical activity were found to be consistent low
BMD risk factors for White women in published population-based studies. This set of four
risk factors was evaluated among 252 AA, 232 MA, and 745 White women, aged 65 to 79
years, who participated in the Third National Health and Nutrition Examination Survey
(NHANES III). Osteoporosis T-scores were calculated for each group as 2.5 SD below the
race/ethnic specific young adult female (20-29 years) mean BMD for the total femur using
published NHANES III data. The diagnostic accuracy of one or more of the four risk fac-
tors for identifying total femur osteoporosis in each of the race/ethnic groups of women
was assessed by calculating sensitivity, specificity and positive and negative predictive val-
ues. Based on the race/ethnic group-specific T-scores, the prevalences of osteoporosis in
this NHANES III population were 9.8%, 13.5%, and 13.1%, respectively, for AA, MA and
White women. The sensitivities associated with the presence of one or more of the four risk
factors were 87%, 92%, and 70%, respectively for AA, MA, and White women. Specificity
was highest in White women (52%) while the specificities for AA and MA women fell
below 50%. PPV ranged from 20% to 28%, and NPV ranged from 87% to 94%. About
23% of AA and 28% of MA women had no risk factors, and in a screening setting would
not be referred to BMD testing. Of those with no risk factors, only 11% of AA and 6% of
MA women had osteoporosis. Furthermore, the false negative rates for AA and MA
women were low. These results suggest that applying the set of four risk factors studied as
a prescreening risk assessment tool may be useful for identifying AA and MA women who
are not likely to have osteoporosis and do not require a BMD measurement, which has the
potential for reducing the economic burden of universal BMD screening.

Disclosures: D.L. Broussard, None.
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The Use of BMD for Therapeutic Decision Making. J. A. Kanis, A. Oden*,
H. Johansson*, C. De Laet*, E. V. McCloskey, K. Kayan*, T. Jalava*, A.
Oglesby*, O. Johnell. WHO Collaborating Centre for Metabolic Bone Diseas,
University of Sheffield Medical School, Sheffield, United Kingdom.

Clinical risk factors are poor predictors of fracture risk, but not useless. They may have
more utility in categorising individuals above or below risk thresholds. If so, BMD may
not be required in all patients to make recommendations about treatment. The aim of this
study was to develop a methodology to optimise the role of bone mineral density (BMD)
measurements in a case finding strategy. We studied 2113 women aged 75 years or more
randomly selected from Sheffield UK. Baseline assessment included hip bone mineral den-
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sity (BMD) and clinical risk factors. Outcomes included death and fracture in women fol-
lowed for 6723 person years. Poisson models were used to compute fracture probabilities.
Women were categorised by fracture probability with and without a BMD assessment. An
arbitrary 10 year fracture probability threshold of 35% was taken as an intervention thresh-
old. Age, prior fracture, use of corticosteroids and low body mass index (BMI) were iden-
tified as significant clinical risk factors. 16.8% of women were classified as high risk on
the basis of these clinical risk factors. The average BMD in these patients was approxi-
mately 1 SD lower than in low risk women. 21.5% of women were designated to be at high
risk with the addition of BMD. 15% of all women were re-classified after adding BMD to
clinical risk factors, most of whom lay near the intervention threshold. When a high proba-
bility of re-classification was accepted (without a BMD test) for high risk to low risk (P, <
0.8) and a low probability accepted for low to high risk (P, < 0.2), BMD tests would be
required in only 21% of the population and the proportion of re-classified women would be
reduced from 15 to 8%. The proportion of high risk individuals not detected would
decrease from 46 to 13% which is 2.8% of all women. We conclude that the use of clinical
risk factors can identify elderly women at high fracture risk and such patients have a low
average BMD. BMD testing is required, however, in a minority of women — a fraction that
depends upon the probabilities accepted for misclassification and the thresholds of risk
chosen.

Disclosures: J.A. Kanis, None.
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Hypovitaminosis D in Healthy Adolescents. C. M. Gordon', K. DePeter** E.
Grace*?, S. J. Emans*>. 'Endocrinology & Adolescent Med., Children's
Hospital, Boston, MA, USA, 2Adolescent Medicine, Children's Hospital,

Boston, MA, USA.

Vitamin D is essential for optimal bone accretion during adolescence. In a clinic sample
of healthy adolescent girls and boys, we sought to determine the prevalence of hypovitami-
nosis D. We also examined whether the prevalence differed by gender, season or ethnicity,
and examined anthropometric and lifestyle predictors of serum levels of 25-hydroxyvita-
min D (25D). 282 adolescents (185 girls and 97 boys) who presented to an outpatient ado-
lescent medicine practice in Boston, MA were evaluated at the time of a routine physical
examination. Serum levels of 25D, parathyroid hormone (PTH), calcium, phosphorus and
magnesium were obtained, and activity and nutritional questionnaires completed. The
prevalence of hypovitaminosis D (<15 ng/ml) was 20% for the cohort. The problem was
more prevalent in girls (22%) than boys (15%), and more prevalent in African- American
(30%) than Asian (17%), Hispanic (18%), or White (2%) teenagers. There was a seasonal
variation noted, with a prevalence of 9% during summer (July - Sept.) and 36% during
winter (Jan.- March). The mean winter 25D level was significantly lower than that during
summer (10.7 +/- 2.4 vs. 27.7 4+/- 10.1 ng/ml, p<0.001), and PTH levels were higher (54.6
+/- 26.7 vs. 43.7 +/-19.9 pg/ml, p=0.006). There was a significant negative correlation
between serum 25D and PTH (r=-0.27, p<0.001). There was a modest, but significant pos-
itive correlation between 25D levels and reported consumption of vitamins(r= 0.15,
p=0.012) and calcium supplements (r= 0.15, p=0.013), and a negative correlation between
25D and both weight (r=-0.18, p=0.003) and body mass index (r=-0.17, p=0.004). There
were no significant differences among boys and girls with respect to use of multivitamins
or calcium supplements, but daily milk consumption was higher in the boys than girls (2.8
+/- 2.2 vs. 1.6 +/- 1.1 cups, p<0.001). Both the boys and girls with hypovitaminosis D
reported significantly lower milk consumption than those who were replete (1.4 +/- 1.1 vs.
2.2 +/- 2.0 cups, p=0.039). Hypovitaminosis D occurred in 20% of otherwise healthy teen-
agers in a clinic sample from Boston, a city of northern latitude. The problem was more
prevalent in girls than boys, and most prevalent among adolescents of African-American
descent. These findings suggest that hypovitaminosis D is a significant problem among
teenagers. Adolescent providers should take note of these findings, both of the high preva-
lence of this health problem and suboptimal nutritional practices, especially among girls
and adolescents of certain ethnicities.

Disclosures: C.M. Gordon, None.
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Umbilical Vein Calcium Concentration Predicts the Bone Mass of
Children at Age Nine Years. M. K. Javaid', S. R. Shore*', P. Taylor*?, C.
Gale*', E. O'Callaghan*', N. K. Arden*', K. M. Godfrey*', C. Cooper', &. The
Princess Anne Hospital Study Group*'. 'MRC Environmental Epidemiology
Unit, University of Southampton, Southampton, United Kingdom, *Medical
Physics and Bioengineering, Southampton Univeristy Hospitals NHS Trust,
Southampton, United Kingdom.

Osteoporotic fractures are a significant burden to society in the UK. Peak bone mass is
a major determinant of bone strength in later life and epidemiological studies suggest that
intrauterine and early postnatal environments influence skeletal trajectory and peak bone
mass accrual. The aim of this study was to identify the specific maternal and neonatal
determinants of bone mass in later childhood.
211 children (113 boys) were studied at age nine years. Their mothers anthropometry, diet
and lifestyle had been characterized prospectively and the children were measured at birth.
Now aged nine years, the children had their bone mass measured using DXA.
Boys were significantly taller (p=0.004) and had greater bone mass (p=0.002) than the
girls. At nine years, birthweight remained a strong predictor of whole body bone mineral
content (WBBMC) (r=0.40, p<0.001); lean mass (r=0.35, p<0.001) and fat mass (r=0.21,
p=0.02) in both boys and girls. Lower maternal social class and educational attainment,
smoking during late pregnancy, reduced prepregnant weight and height, and lower mater-
nal fat stores during late pregnancy were significantly (p<0.05) associated with lower
childhood WBBMC.
There were also strong positive associations between childhood WBBMC and umbilical
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venous calcium (p=0.002) and albumin (p=0.008) concentration. In contrast, umbilical
venous phosphate, alkaline phosphate and creatinine did not predicted childhood
WBBMC. In multivariate analyses, maternal smoking, socioeconomic status and fat stores
were no longer associated with childhood WBBMC when umbilical calcium concentration
was taken into account; male sex and tall maternal stature remained independent predictors
of WBBMC.

These results suggest that umbilical venous calcium concentration is an important correlate
of the trajectory of skeletal growth during the first nine years of postnatal life. The capacity
to maintain a materno-fetal calcium gradient might be the physiological mechanism
through which maternal smoking and nutrition adversely influence skeletal development in
the offspring.

Whole body BMC at 9 years by
corrected umbilical venous calcium

1.3 1 r=023
p = 0.004
=)
=
Q ]
= 1.2
1]
)
©
=]
Ko
o 1.1
[=]
g
1.0 1
0.0 -
<266 -27 -275 -285 »>2.85

Corrected calcium (mmol/l)
Geometric mean and 95% CI

Disclosures: M.K. Javaid, None.
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Physical Activity Intensities and Femoral Neck Strength in Young
Children: The Iowa Bone Development Study. K. F. Janz*', T. L. Burns*?, S.
M. Levy*?, J. C. Torner**, M. C. Willing®, T. J. Beck*®, J. M. Gilmore**, T. A.
Marshall**. 'Health and Sport Studies, University of Iowa, Iowa City, IA, USA,
“Biostatistics, University of Iowa, Iowa City, IA, USA, °*Preventive and
Community Dentistry, University of Iowa, lowa City, IA, USA, “Epidemiology,
University of Iowa, Iowa City, 1A, USA, Pediatrics, University of Iowa, lowa
City, TA, USA, “Radiology, Johns Hopkins, Baltimore, MD, USA.

Intervention studies suggest that a threshold of vigorous-intensity physical activity is

needed to impact bone strength in children. However, quantifying this relationship in pop-
ulation-based studies is difficult since children are not cognitively capable of accurately
reporting activity intensities. In this observational study, accelerometry was used to inves-
tigate associations between activity intensities and femoral neck (FN) bone strength (426
children, mean age 5.2 yr, range 4 to 6 yr). We tested the hypothesis that within the scope
of children’s usual activity patterns, vigorous activity is more strongly associated with
bone strength than other activity intensities.
Physical activity was measured using 4-d accelerometry readings. This method produced
minute-by-minute movement count data. Movement counts were calibrated to oxygen
uptake as a multiple of resting metabolic rate (METs). The predictor variables were min-
utes per day in sedentary and light (< 2.9 METs), moderate (3 to 5.9 METs), and vigorous
activity (> 6 METs). FN aBMD, cross-sectional area (CSA), and section modulus (Z) were
calculated from DXA outputs (Hologic 2000). Associations were examined using partial
correlation coefficients and stepwise linear regression after adjustment for weight and
height.

Partial Correlations Coefficients
*P < 0.05, **P < 0.01, NS = not significant

Femoral Neck
aBMD (g/cm?) CSA(cm? Z(cm?

Sedentary and Light (min) Boys -0.20** NS NS
Girls -0.30** -0.19%* -0.19%*

Moderate (min) Boys 0.NS NS NS
Girls 0.26** 0.20** 0.16*

Vigorous (min) Boys 0.28** 0.27** 0.22**
Girls 0.30** 0.26** 0.19**

In boys, only vigorous activity entered regression models that included weight and height,
the proportion of variance explained after adjustments ranged from r* = 3.9 to 5.8%. In
girls, vigorous activity also entered all models explaining 1.2 to 4.4% of the variance and
sedentary and light activity inversely entered the FN aBMD model (> = 5.7%). During
young children's “everyday” activity, vigorous activity is more highly associated with FN
bone strength than other activity intensities. In girls, sedentary and light activity negatively
impacts bone strength. Public health guidelines emphasizing moderate activity may not be
appropriate for children’s bone health.

Disclosures: K.F. Janz, None.
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F010

BMP-3 Is a Negative Regulator of Cell Maturation during Skeletogenesis.
L. W. Gamer*, J. Nove*, V. Rosen. Oral and Developmental Biology, HSDM
and Forsyth Institute, Boston, MA, USA.

Although BMP-3 is the most abundant BMP in bone matrix, little is known about its spe-
cific role in the skeleton. In vivo, BMP-3 knockout animals possess twice the trabecular bone
mass of their wild type littermates. In vitro, BMP-3 inhibits osteoblast differentiation in bone
marrow stromal cell cultures and blocks BMP-2 and 7 mediated osteogenic activity, suggest-
ing that unlike osteogenic BMPs, BMP-3 has an inhibitory effect on its target cells. In order
to study where, when and how BMP-3 might act, we performed detailed in situ hybridization
analysis of BMP-3 mRNA during skeletogenesis in mouse and chick. Initially, BMP-3 tran-
scripts outline the prechondrogenic mesenchymal condensations, marking the future peri-
chondrial surface. As individual skeletal elements form, BMP-3 transcripts become restricted
to the perichondrium adjacent to the central region of the developing skeletal element, and
then localize to osteoblasts. At all stages of endochondral bone formation, BMP-3 expression
is excluded from chondrocytes. Since BMP-3 appears to be a negative regulator of osteoblast
differentiation, we hypothesized that BMP-3 secreted by perichondrial cells may also exert
an inhibitory effect on adjacent chondrocytes. Using the chick limb as a model, we implanted
beads loaded with recombinant BMP-3 protein into stage 20-22 chick limb and found a con-
sistent shortening and fusion of skeletal elements at d7 and 11. We also constructed a BMP-3
retrovirus and used it to infect stage 22 wing buds and micromass cultures from stage 23-24
limbs. Infection of wing buds with the BMP-3 virus resulted in an expansion of the skeletal
elements. In BMP-3 infected prechondrogenic cell cultures, we observed an increase in PNA
positive cells at d2 and an increase in Alcian blue staining at d4 post infection, demonstrating
that BMP-3 induces an early increase in cell adhesion followed by an increase in the accumu-
lation of sulfated proteoglycans. Northern analysis of RNAs from BMP-3 infected cultures
indicates BMP-3 may be delaying chondrocyte maturation as the levels of collagen type II
and Thh are elevated, while the level of collagen type X is decreased compared to untreated
cells. These data support a model in which BMP-3, secreted by perichondrial cells, acts on
prechondrogenic cells in the developing limb to control their maturation into hypertrophic
chondrocytes, and modulates the responsiveness of these cells to osteogenic signals that
direct bone formation.

Disclosures: V. Rosen, None.

F012

Bone Formation Induced by a Novel Strategy of Plasmid DNA-Controlled
Release from Biodegradable Scaffolds. G. Pelled*', J. Jang*?, Y. Zilberman',
L. D. Shea*’, D. Gazit'. 'Skeletal Biotechnology Laboratory, Hebrew
University-Hadassah Medical Center, Jerusalem, Israel, ZDepartment of
Chemical Engineering, Northwestern University, Evanston, IL, USA.

Novel strategies for bone regeneration are being investigated for the treatment of massive
bone defects. Most gene-based approaches for bone repair involve the use of viral vectors
encoding for osteogenic genes. A huge effort is being conducted in order to develop a non-
viral method for gene delivery. Current non-viral techniques are limited in efficiency of trans-
duction, and temporal or spatial control of DNA release using these vectors is impossible. We
hypothesized that in vivo bone tissue formation could be achieved by a temporal and spatial
controlled release of DNA from biodegradable scaffolds. A gas foaming process has been
utilized to fabricate poly (lactide-co-glycolide) (PLG) porous scaffolds from polymeric
microspheres. The DNA release kinetics from the scaffolds was analyzed using the Hoechst
dye-binding assay. The ability of DNA released from the polymer scaffolds to transfect cells
in vitro was examined using NIH/3T3 cells grown on scaffolds containing the reporter genes
luciferase, beta-galactosidase, and GFP. For the in vivo experiments, scaffolds containing 50
ugr of hBMP2 plasmid were prepared. In order to non-invasively and quantitatively detect
osteogenic activity in vivo, we implanted the scaffolds in transgenic mice, which express
Luciferase under human Osteocalcin promoter. Since Osteocalcin is a late osteogenic marker,
the detection of Luciferase bioluminescence by a cooled charge coupled device (CCCD) sys-
tem can be quantitatively correlated to an osteogenic process. The implants were harvested
after 30 days and analyzed using uCT and immunohistochemistry. We were able to control
the kinetics of plasmid DNA release from the scaffold by varying the molecular weight of the
polymer or the size of microspheres. Intense bioluminescence was quantified in the site of
implantation in the transgenic mice indicating osteogenic activity. The uCT 3-D analysis
demonstrated the presence of active osteogenesis within the implantation site correlated with
the collagen I positive matrix, as revealed by immunohistochemistry. We conclude that the
controlled release of plasmid DNA from PLG scaffolds could serve as an effective therapeu-
tic tool for bone regeneration.

Disclosures: G. Pelled, None.

F014

BMP Antagonist—Noggin Enhances Regulated Bone Formation and Bone
Healing Conferred by Self-activating Tet-on Retroviral Vector Expressing
BMP4. H. Peng', A. Usas*!, B. Gearhart*>, B. Young*', J. Huard"
'Orthopaedic Surgery, University of Pittsburgh, Pittsburgh, PA, USA, *Growth
and Development Laboratory, Orthopaedic Surgery, Children's Hospital of
Pittsburgh, Pittsburgh, PA, USA.

Regulated therapeutic gene expression is needed for many gene therapy applications.
To develop an optimal regulated gene expression system we tried to optimize a self-inacti-
vating, tet-on retroviral vector system capable of doxycycline (Dox)-regulated therapeutic
gene expression in stem cells. We have systematically studied the effects of different regu-
latory elements in the 3' LTR on gene expression. This analysis has revealed that an intact
U3 region is essential for high level gene expression in transfected cells. The introduction
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of an SV40 poly-adenylation signal cannot compensate for the deteriorative effects upon
gene expression that result from a spectrum of U3 deletions. Further analysis of gene
expression in the transduced cells showed that optimal, inducible gene expression by a
self-inactivating retroviral vector requires the preservation of the DR1 and the TATA box.
These findings enabled us to identify the best way to design self-inactivating vectors
through which high level expression of bone morphogenetic protein 4 (BMP4) can be
turned on and off via the addition or withdrawal of Dox. Muscle-derived stem cells
(MDSCs) transduced with this vector system elicited bone formation in normal animals
only following administration of Dox. More importantly, these cells healed critical-sized
skull defects following administration of Dox. However, histological analysis revealed that
there was isolated bone nodular formation in the absence of Dox, and bone overgrowth fol-
lowing Dox induction. To overcome these problems, we added MDSCs transduced with
retroviral vector expressing noggin into the implants, along with MDSCs transduced with
retro-Tet-on-BMP4. This novel strategy completely blocked the background bone forma-
tion and prevented bone overgrowth, but still preserved the capability of Dox-regulated
bone formation. Thus, the amount of bone formation is dependent on the duration of Dox
induction. In conclusion, we have identified the optimal design for a self-inactivating, tet-
on retroviral vector that can efficiently transduce MDSCs and promote bone formation and
bone healing through controllable BMP4 gene expression. More importantly, we have
develop a novel strategy to improve the outcome of regulated BMP4 expression through
the use of its specific antagonist—noggin. We believe this vector system and the improved
regulated gene expression based on co-delivery of specific antagonist can also be applied
to other systems where regulated therapeutic gene expression is needed.

Disclosures: H. Peng, None.

F016

Identification of the Gli family of Zinc Finger Proteins as Powerful
Regulators of BMP-2 Expression in Osteoblasts. M. Zhao', D. Chen', L. R.
Garrett*?, G. Rossini*?, B. O. Oyajobi', H. Sasaki**, G. R. Mundy'. 'Cellular
and Structural Biology, University of Texas Health Science center at San
Antonio, San Antonio, TX, USA, *Osteoscreen Inc., San Antonio, TX, USA,
Institute for Molecular and Cellular Biology, University of Osaka, Osaka,
Japan.

BMP-2 is important in skeletal morphogenesis and postnatal bone formation, but the
regulation of its transcription in osteoblasts is not well understood. Since hedgehog (Hh)
signaling modulates BMP-2 transcription, and Hh proteins mediate their effects on bone
development through the Gli family of transcriptional regulators, we investigated the
effects of Gli proteins on BMP-2 transcription. In this study, we examined the functions of
Gli2 and Gli3 on BMP-2 expression in osteoblasts. The constructs of full length Gli2 or
Gli3 (Gli2*, Gli3*") and their C’-terminal truncated forms (G1i2?, Gli3™"), were co-trans-
fected with BMP-2 promoter reporter constructs (-2712/+165-Luc) in C2C12 cells, and
reporter activity was assessed. We found that Gli2*" markedly and dose-dependently stim-
ulated BMP-2 transcription, while Gli3*" had a weak stimulatory effect. In contrast, Gli3™?
decreased promoter activity by 80%, and Gli2™" by 55%. Analysis of BMP-2 promoter
deletion cassettes from —2712/+165 to —150/+165, suggested that the functional sequence
which responds to both activator and repressor forms of Gli2 and Gli3 is located in the
region from —150 to —310. Mutational analysis indicated that three putative Gli binding
sites in this region are responsible for the regulation of BMP-2 transcription. Gli2-medi-
ated regulation of transcriptional activity of BMP-2 promoter was further confirmed by
measurement of BMP-2 mRNA. We found that these Gli proteins undergo proteolytic pro-
cessing in osteoblasts. IBMX induced Gli3'" degradation and production of a short form
of Gli3 (Gli3*) in C3HI0T1/2 cells, which we found required the E3 ubiquitin ligase
Slimb, and was blocked by treatment with proteasome inhibitors PSI and epoxomicin.
PKA, a negative regulator of Hh signaling, significantly attenuated Gli2*“-mediated activa-
tion of BMP-2 promoter activity. These results suggest that the regulation by Gli2 and Gli3
of BMP-2 expression is cCAMP-, ubiquitin- and proteasome-dependent. Gli2*" increased
osteoblast ALP level in C2C12 cells whereas Gli2"" decreased it. In mouse calvarial cul-
tures, we found that Gli3"™P transfection significantly inhibited the effects of proteasome
inhibition to stimulate new bone formation. Taken together, these data suggest that Hh sig-
naling transductors Gli2 and Gli3 play important roles as regulators of BMP-2 expression,
which may account in part for their multiple effects on skeletogenesis.

Disclosures: M. Zhao, Osteoscreen Inc. 3.

F020

Effect of Lepitn on Growth Plate and Chondrocyte Differentiation. Y.
Kishida*, A. Myoui, N. Tamai*, A. Nampei*, M. Nishikawa*, M. Hirao*, T.
Nakase, N. Shimizu*, H. Yoshikawa. Department of Orthopaedic Surgery,
Osaka University Medical School, Suita, Japan.

Leptin is a 16-kDa protein encoded by the obese (ob) gene that hormonally regulates
food intake and energy expenditure by negative feedback at the hypothalamic nuclei. It has
been shown that leptin and its functional receptor (ObRb) are distributed widely and leptin
mediates a variety of activities, including bone development. It was reported that femoral
length in ob/ob mice, that had impaired leptin production, was shorter than in normal mice,
which was rescued by locally administered leptin, suggesting that leptin has a direct effect
on growth plate. Based on these observations, we first investigated the effect of leptin
depletion on growth plate using ob/ob mice. Immunohistochemical analysis revealed that
leptin was localized in prehypertrophic chondrocytes in normal mouse and Ob-Rb in
hypertrophic chondrocytes both in normal and ob/ob mice. Although there was no differ-
ence in the microscopic appearance in growth plate and mRNA expression of type II, IX
and X collagen by in situ hybridization, we found that the growth plates of ob/ob mice
were more fragile than those of wild-type mice by mechanical test and easy to break at
hypertrophic zone, suggesting that the matrix maturation is impaired in ob/ob mouse. To
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obtain a better understanding of the role of leptin in enchondral ossification, we determined
the effect of leptin on in vitro chondrocytic differentiation of murine ATDCS cells that
express Ob-Rb. We found that leptin, at a concentration of 1-10 ng/ml, which was an
equivalent dose to normal serum concentration of leptin, abolished the matrix calcification
in late stage of ATDCS cell differentiation culture and profoundly inhibited and delayed
cell apoptosis. Since parathyroid hormone-related protein (PTHrP) was reported to inhibit
the terminal differentiation and apoptosis of chondrocytes as well as matrix mineralization,
we next examined PTHrP mRNA expression by quantitative assay using a real-time poly-
merase chain reaction. In the presence of physiological concentration of leptin, PTH-rP
expression by ATDCS5 cells was gradually increased with time. On the other hand, without
exogenous leptin, PTH-rP expression was decreased with time. Furthermore, the leptin
effect on matrix mineralization was abolished by anti-PTH-rP neutralizing antibody. These
findings suggest that leptin regulates matrix mineralization and apoptosis in ATDCS cell
differentiation culture via modulating the chronological expression pattern of PTH-rP.
Taken together, our data suggests direct effect of leptin is essential in the normal chondro-
cyte differentiation and endochondral ossification.

Disclosures: Y. Kishida, None.

F027

Overexpression of Smad6 in Chondrocytes Distinctively Disturbs Terminal
Differentiation of Chondrocytes and Causes Osteopenia in Transgenic
Mice. M. Horiki*', N. Tsumaki*', A. Myoui', T. Imamura*?, H. Yoshikawa'.
'Orthopaedic  Surgery, Osaka University Medical School, Suita, Japan,
*Department of Biochemistry, The Cancer Institute, Tokyo, Japan.

Bone Morphogenetic Proteins (BMPs) are known to play an important role in promo-

tion of cartilage proliferation and differentiation. There have been several reports showing
that Smads mediate these BMP signals in chondrocytic cells in vitro. However, in vivo role
of Smad proteins during endochondral bone formation has not been analyzed. In the
present study, we tried to block Smad signaling in developing cartilage by overexpression
of Smad6, an inhibitory Smad, in chondrocytes of transgenic mice.
Materials and Methods To prepare the Smad6 transgene construct, the complete Smad6
c¢DNA was linked to the promoter and enhancer sequences of theat2(XI) collagen chain
gene. By microinjecting the transgene insert, transgenic mice were generated and analyzed.
Results and discussion Pleural lines of transgenic mice were established. Staining of skel-
eton showed that primordial cartilage of transgenic mice developed almost normally until
birth. Calcification was slightly retarded in some skeletal components in transgenic mice.
After birth, transgenic mice began to show dwarfism. At 3 weeks after birth, the average
lengths of bony components were 30 % shorter in transgenic mice than in those of normal
mice. Northern analysis revealed that the expression levels of Sox9 and type II collagen
genes in transgenic mice were almost equal to those of normal mice, whereas expression of
Type X collagen gene was reduced. Histological analysis showed that there was no marked
difference in the zone of proliferating chondrocytes between normal and transgenic mice.
Columnar alignment of hypertrophic chondrocytes in transgenic mice was slightly irregu-
lar when compared with that of normal mice. The primary spongiosa was significantly
decreased in Smad6 transgenic mice than in normal mice, which was also confirmed by
micro-CT analysis (Figure). Although transgene expression was detected in prolifertative
and weakly hypertrophic chondrocytes, excess amount of Smad6 might interfere with sig-
nal transduction only at final stage of maturation process of cartilage. We speculate that
impaired matrix of zone of hypertrophic chondrocytes might disturb proper replacement of
cartilage by bone, leading to osteopenia.

normal

transgenic

proxymal metaphysis
of humerus (3 weeks)

Disclosures: M. Horiki, None.
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F029

BIG-3, a Novel WD-40 Protein, Accelerates Chondrocyte Differentiation in
Vitro. E. Gori, M. B. Demay. Endocrine Unit, Massachusetts General Hospital/
Harvard Medical School, Boston, MA, USA.

Among the local signaling pathways that regulate the onset of chondrogenesis and the
sequential steps of chondrocyte differentiation is the bone morphogenetic protein (BMP)
signaling pathway. We recently identified a BMP-2 induced gene, named BIG-3 (BMP-2
Induced Gene 3kb) that is expressed in a prechondroblastic cell line, MLB13MYC clone
17. BIG-3 is also expressed in proliferating and hypertrophic chondrocytes in vivo in the
developing growth plate. We, therefore, undertook studies to address the role of BIG-3 dur-
ing chondrocyte differentiation in vitro using mouse clonal chondrogenic ATDCS5 cells.
When treated with insulin, transferrin and sodium selenite (ITS) these cells undergo differ-
entiation, becoming hypertrophic chondrocytes that make mineralized matrix. Upon BMP-
2 treatment (200 ng/ml) BIG-3 protein was dramatically induced in ATDCS cells. To deter-
mine whether stable expression of BIG-3 could alter the program of chondrocytic differen-
tiation, ATDCS cells were stably transfected with the full-length coding region of BIG-3
(ATDCS5-BIG-3) cloned downstream of the CMV promoter in pcDNA3.1 or with the
empty vector (ATDC5-EV). BIG-3 overexpression accelerated matrix proteoglycan syn-
thesis at 14 d, as assessed by Alcian Blue staining, compared to pooled ATDVS5-EV clones,
where faint Alcian Blue staining was seen at 21 d. While ATDC5-EV clones cultured with-
out ITS failed to show specific Alcian Blue staining after 30 d in culture, untreated pooled
ATDCS-BIG-3 clones synthesized considerable amounts of Alcian Blue staining pro-
teoglycans. Alkaline phosphatase (AP) mRNA expression was higher by 21 d in ITS-
treated ATDC5-EV and ATDC5-BIG-3 clones compared to untreated clones. By 30 d AP
mRNA expression was dramatically higher in ITS-treated and untreated ATDC5-BIG-3
clones compared to ITS-treated and untreated ATDCS5-EV clones. Osteopontin (OP)
mRNA expression, a marker of late hypertrophic chondrocytes was higher by 30 d in ITS-
treated ATDC5-BIG-3 clones compared to ITS-treated ATDCS-EV clones. Untreated
ATDCS5-BIG-3 clones expressed higher OP mRNA levels compared to the untreated
ATDCS5-EV clones. Overexpression of BIG-3 also accelerates mineralized matrix forma-
tion as assessed by Alizarin Red staining in both the presence and the absence of ITS.
These findings, which demonstrate that BIG-3 accelerates chondrocyte differentiation in
vitro, combined with the observation that BIG-3 is expressed in a cell maturation depen-
dent fashion in the growth plate during embryonic development, suggest that this novel
protein plays a regulatory role in the maturation of growth plate chondrocytes in vivo.

Disclosures: F. Gori, None.

F032

Alteration in Bone Density of Mice due to Heterozygous Inactivation of
LRP6. Y. P. Kharode', P. D. Green*', J. T. Marzolf*', W. Zhao', R. Askew*>, P.
J. Yaworsky*?, F._J. Bex'. 'Women's Health Research Institute, Wyeth
Reserach, Collegeville, PA, USA, ’Genomics, Wyeth Reserach, Cambridge,
MA, USA.

Mutations in LRPS have been associated with a continuum of bone phenotypes. LRP6
is a closely related homologue of LRPS5, and like LRP5 has been identified as a co-receptor
in the Wnt signaling pathway. Embryos homozygous for an inactivating mutation in LRP6
die at birth and exhibit a variety of severe developmental abnormalities including trunca-
tion of the axial skeleton, limb defects, microophthalmia and malformation of the urogeni-
tal system. Unlike the LRP6 mutants, mice homozygous for LRP5 disruption are viable but
develop a low bone mass phenotype and retain embryonic eye vascularization. Clinically,
inactivating mutations of LRP5 result in a severe reduction in bone mass and ocular pathol-
ogy but, interestingly, heterozygous carriers of these mutations can have an intermediate
low bone mass phenotype. To investigate potential similar dosage effects of LRP6 on the
mouse skeleton, we evaluated bone density of the femur of LRP6 +/- males and females at
9, 17 and 26 weeks of age. The distal femurs of female LRP6 +/- mice at all ages had 9.5%
to 12% lower total bone mineral density (BMD) and 20 to 31% lower trabecular BMD than
age matched wild-type (WT) mice. At 9, 17 and 26 weeks of age, total BMD values of the
femur as measured by pQCT for female LRP6 +/- mice (475+12, 488+13, and 552+17 mg/
cm’, respectively) were significantly lower (p<0.05) than total BMD of femur for WT
(53916, 6119, and 619+11 mg/cm®, respectively). Trabecular BMD of the femur in
female LRP6 +/- mice (113+7, 1288, and 152+8 mg/cm®) was significantly lower
(p<0.01) than the trabecular BMD for the age matched WT groups (163+13, 175+6 and
191+7 mg/cm’, respectively). MicroCT analysis of the distal femurs revealed that at all
time points BV/TV, Connectivity density and trabecular number were significantly lower
and trabecular separation was significantly higher in LRP6 +/- compared to the corre-
sponding WT group. In male LRP 6 +/- mice, the values for total BMD and for trabecular
density were 3.5 - 7% and 8 - 27% lower, respectively, than those for the corresponding
age-matched WT groups. Total and trabecular BMD in male LRP6 +/- mice were lower
than corresponding WT groups; however, statistically significant differences between
LRP6 +/- and WT were observed only in trabecular BMD at 17 weeks (128+10 mg/cm3
vs.1759, p<0.05) and at 26 weeks (1628 vs. 22018 mg/cm®, p<0.05). We conclude that
(1) mice heterozygous for LRP 6 gene have lower BMD than WT and (2) the magnitude of
this difference is more pronounced in females than in males.

Y.P. Kharode, Wyeth Reasearch 3.
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The Human LRP5 G171V Mutation in Mice Alters the Skeletal Response
to Limb Unloading but Not to Ovariectomy. F. Bex', P. Green*', J.
Marzolf*', P. Babij’, P. Yaworsky*? Y. Kharode'. 'Women's Health Research
Institute, Wyeth Research, Collegeville, PA, USA, >Genomics Division, Wyeth
Research, Cambridge, MA, USA.

We have demonstrated that transgenic mice expressing a G171V mutation in the low-
density lipoprotein receptor related protein 5 (LRP 5) have a high bone mass phenotype
strikingly similar to affected individuals in a kindred with this mutation. Previous studies
have shown that these mice have an increased response to skeletal loading. To further char-
acterize potential differences in mechanosensory regulation produced by the mutation, we
have evaluated the skeletal response of these mice to unloading and have contrasted it with
loading-independent effects of ovariectomy (ovx). Nine week old male transgenic (het)
mice have significantly (p<0.001) higher total and trabecular bone mineral density (BMD)
(570+7, 357+4 mg/cm’, respectively) than their non-transgenic littermates (ntg)
(360+13,147+4 mg/cm’, respectively). To examine the effects of unloading, unilateral sci-
atic neurectomy was performed on the right limb of het and ntg male mice and femoral
BMD measurements were taken after one and two weeks. At both time points, in both het
and ntg mice, total and trabecular BMD were significantly decreased in the distal femur of
the denervated limb compared to that for the contralateral intact limb. However, at both
time points, the rate of bone loss due to unloading was greater for ntg than for het. After 2
weeks the denervation-induced decrease in total and trabecular density in ntg mice
(16.3+1.6% and 19.7+2.2%, respectively) was significantly (p<0.05) greater than for the
het mice (10.0+1.4% and 11.5+2.5%, respectively). To determine whether the mutation
had any effect on ovx-induced osteopenia, het and ntg mice were ovx at 9 weeks of age and
treated for 35 days with vehicle or 10 ug/kg/day 17p- estradiol (E2). Ovx resulted in signif-
icant bone loss in both het and ntg ovx groups compared to their respective sham- ovx con-
trols and the rate of this bone loss was comparable for both groups. Ovx induced a 14.3%
decrease in total BMD (69626 to 597+7 mg/cm®) and a 26.3% decrease in trabecular BMD
(4459 to 328+7 mg/cm?) in the het group and a 14.9% decrease in total BMD (47010 to
400+7 mg/cm?*) and 37.6% decrease in trabecular BMD (1324 to 82+2 mg/cm’) in the ntg
group. Treatment with E2 completely prevented the ovx-induced bone loss in both het and
ntg. In conclusion, the LRPS G171V mutation does not substantially alter the rate of ovx-
induced bone loss and responsiveness to E2 but it can attenuate bone loss due to unloading
which would be in agreement with its suggested role in the response of bone to mechanical
stress.

Disclosures: F. Bex, None.

F036

Histone Deacetylase (HDAC) 3 Interacts with the Amino Terminus of
Runx2 and Represses Runx2-Dependent Transcription. T. M. Schroeder*',
J. J. Westendorf’. 'Graduate Program in Biochemistry, Molecular Biology and
Biophysics, University of Minnesota, Minneapolis, MN, USA, *Orthopaedic
Surgery and University of Minnesota Cancer Center, University of Minnesota,
Minneapolis, MN, USA.

Runx2 (Cbfal, AML-3), a member of the Runt Homology Domain protein family, is
required for bone formation and osteoblast differentiation. As a transcription factor, Runx2
is capable of both activating and repressing osteoblast specific genes. Our lab is interested
in defining the molecular mechanisms by which Runx2 represses transcription. As previ-
ously described, our studies indicate that Runx2 contains multiple autonomous repression
domains, some of which are sensitive to histone deacetylase inhibitors. Histone deacety-
lases (HDAC:s) repress transcription by removing acetyl groups from lysine residues on
histones and transcription factors, thereby facilitating chromatin condensation and altering
protein function or stability. Co-immunoprecipitation and GST pulldown experiments
revealed that HDACS3 interacts with the extreme amino terminus of Runx2, a region previ-
ously not defined as a repression domain. To study the effect of HDAC3 knockdown on
osteoblast differentiation, RNA interference (RNAi) duplexes were designed against
HDACS3. In a transient assay, one duplex significantly suppressed HDAC3 expression.
This construct was used to in functional assays in which the effects of Runx2 and HDACs
on the osteocalcin promoter were examined. As previously reported, Runx2 activates the
bone-specific osteocalcin promoter three to five fold. HDAC3 did not affect the basal
activity of the osteocalcin promoter but blocked Runx2-dependent activation of this pro-
moter. Addition of the HDAC3 RNAI construct to the assay reversed HDAC3 repression of
Runx2-mediated activation whereas a control RNAi construct had little effect. MC-3T3
cells stably expressing the HDAC3 RNAI duplexes are viable. The requirement of HDAC3
in osteoblast differentiation is being determined. Together, these data suggest that HDAC3
physically and functionally interacts with Runx2. Our model system will allow us to deter-
mine the role of HDAC3 in osteoblast differentiation and bone development.

Disclosures: T.M. Schroeder, None.

F038

Mechanisms Regulating Runx 1 and 2 Gene Expression During
Mesenchymal Chondrogenesis. C. J. Lengner, C. Lepper*, A. J. van Wijnen,
J. L. Stein*, J. B. Lian, G. S. Stein. Department of Cell Biology and Cancer
Center, University of Massachusetts Medical School, Worcester, MA, USA.
The Runx family of transcription factors are key regulators of cell fate determination.
Runx1 and Runx2 are both highly expressed in condensing mesenchyme (CM). Runx1 is
transcriptionally active in perichondrium, whereas Runx2 is expressed in osteogenic lin-
eage cells. In vivo, CM receives BMP2 signals for formation of skeletal rudiments prior to
overt chondrogenesis. The role of Runx factors in pre-chondrocytic mesenchyme is
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unclear. We therefore addressed the responses of the Runx genes to chondrogenic regula-
tory signals using in vitro models of undifferentiated mesenchyme [primary mouse embry-
onic fibroblasts (MEFs) and C3H10T"” cells] and their induction towards chondrogenesis
by BMP2. All three Runx genes were found to be expressed in these cells. Contrary to con-
ventional expectation, we observe that Runx2 is suppressed by BMP2 during chondrogen-
esis induced by micromass conditions, while Runxl is up-regulated under the same
conditions. In further support of this regulation, we demonstrate transcriptional inhibition
of Runx2 is mediated by the pro-chondrogenic transcriptional repressor NKX3.2 (Bag-
pipe). Suppression of Runx2 by NKX3.2 is limited to undifferentiated mesenchymal cells
(NIH3T3, C3H10T1/2) and is abrogated in committed osteoblasts (MC3T3E-1, ROS 17/
2.8). Furthermore, we find an inverse correlation between endogenous expression of
Runx2 and NKX3.2 at the onset of BMP-2 induced chondrogenesis. In conclusion, these
data indicate Runx1 may be involved in promoting chondrogenesis, and that inhibition of
Runx2 by NKX3.2 may be required for the development of the chondrogenic phenotype in
condensing mesenchyme. Our studies suggest that the presence of Runx2 in mesenchyme
prior to chondrogenesis may reflect a function to support a progenitor population which
will differentiate later in development.

Disclosures: C.J. Lengner, None.

F041

Fibronectin Hep III Domain on Stromal Cells Is Required for
Osteoclastogenesis at the Early Stage through an RGD-independent
Manner. S. Arai*', Y. Azuma® A. Kudo'. 'Department of Life Science, Tokyo
Institute of Technology, Yokohama, Japan, “Teijin institute for Biomedical
Reserch, Tokyo, Japan.

RANKL is expressed on various tissues and hematopoetic cells. However, osteoclasto-
genesis is regulated mainly on bone marrow stromal cells. We tried to isolate surface mole-
cules regulating osteoclastogenesis on stromal cells. The mouse stromal cell line, TSB13,
which can support osteoclastogenesis, was immunized into a rat, and a monoclonal anti-
body, A15-1, was chosen. A15-1 inhibited osteoclastogenesis dose-dependently at the
early stage of osteoclastogensisis from osteoclast progenitors to mononuclear osteoclasts.
However, inhibition was not observed in the stroma-free, SRANKL-induced osteoclastoge-
nesis. We identified that the A15-1 antigen is fibronectin, a heterodimeric ECM glycopro-
tein and A15-1 binds its Heplll, which did not included domain. RGD sequence, an
integrin-binding site. Antisense oligonucleotides against the mouse fibronectin mRNA
were transfected into TSB13, resulting remarkable decrease of the ability of osteoclastoge-
nesis. On the Hep III domain coated dish, osteoclastogenesis was stimulated. Moreover,
the pro-B and pre-B cell lines that highly express RANKL on the surface were not able to
support osteoclast differentiation, because the expression of the fibronectin is limited to
mesenchymal lineage cells. Thus, the lack of fibronectin in other lineage cells implies the
defect in osteoclastogenesis. In the in-vivo analyses, treatment with A15-1 significantly
decreased both the number of mature osteoclasts and the area of erosion surface in PTH-
induced hypercalcemia model mice. In this experiment, we firstly demonstrated the novel
RGD-independent function of fibronectin on stromal cells in osteoclast differentiation. In
adding to RANKL and M-CSF, fibronectin is necessary as the differentiation factor in
osteoclastogenesis.

Disclosures: S. Arai, None.

F043

Promoter Region of Osteopontin that Directs Cell-specific and
Developmental Regulation: An Analysis of Transgenic Mice. S. Nomura', Y.
Higashibata*', T. Sakuma*', H. Kawahata*', S. Fujihara**, K. Moriyama®.
'Patho]ogy, Osaka university Medical School, Suita, Japan, 2Orthodontics,
School of Dentistry, University of Tokushima, Tokushima, Japan.

Osteopontin (OPN) is considered to plays important roles for controlling physiological
and pathological calcification. OPN-expressing cell types in bone tissues are identified as
osteoblasts, hypertrophic chondrocytes and osteoclasts. OPN expression is also detectable
in a variety of cells such as epithelial cells in the developing and renal stone-forming kid-
ney, granulated metrial gland cells (GMG cells) of maternal origin in placenta, glandular
epithelial cells in mammary gland, macrophages in atherosclerotic plaques, and calcifying
foci in breast cancer. Identification of the osteopontin promoter region controlling cell-spe-
cific expression in vivo provide us valuable information for the elucidation of the molecu-
lar mechanism in the calcification of the tissues. The transgenic mice carrying green
fluorescent protein (GFP) gene under the control of 5.5-kb (Op5.5GFP), 3.1-kb
(Op3.1GFP), 1.5kb Opl.5GFP) and 0.9-kb (Op0.9GFP) upstream region of mouse
osteopontin gene were generated. Expression of GFP was investigated by means of North-
ern blotting, Western blotting, immunohistochemistry, in situ hybridization and by fluores-
cence. Localization of GFP-expressing cells was compared with those of OPN-expressing
cells. GFP-expressing cell types in Op5.5GFP were identical to that of OPN-expressing
ones. However, GFP expression was detected not only in hypertrophic chondrocytes but in
proliferating and resting chondrocytes in Op3.1GFP, and fibroblastic cells expressed GFP
in Opl.5GFP. No significant expression of GFP in bone tissue was detected in Op0.9GFP
mice. Furthermore, the promoter region between 3.1kb and 1.5kb upstream was essential
for the GFP expression in the kidney and placenta. The expression patterns obtained by the
analysis of transgenic lines indicated the different promoter regions are involved in cell
type specific expression of OPN gene. OPN-deficient mice carrying dominant negative
OPN gene under the control of 5.5kb promoter showed significant abnormality in bone.

Disclosures: S. Nomura, None.
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Fo046

Role of Collagenase-3 (MMP-13) in Cartilage Resorption as Observed
During the Development of the Secondary Ossification Center in the Tibia
of Young Rats. I. Synthesis and Secretion of Procollagenase-3 at Sites of
Cartilage Erosion. E. R. Lee', L. Lamplugh*', B. Kluczyk*', J. S. Mort*?, G.
Murphy*®. 'Electron Microscopy Unit, Shriners Hospital for Children,
Montreal, PQ, Canada, 2Joint Diseases Laboratory, Shriners Hospital for
Children, Montreal, PQ, Canada, *School of Biological Sciences, University of
East Anglia, Norwich, United Kingdom.

The formation of a secondary ossification center in the cartilaginous epiphysis of long
bones requires the excavation of canals and marrow space and, therefore, the resorption of
cartilage. Earlier work from this laboratory has demonstrated with the assistance of anti-
neoepitope antibodies, that the major cartilage component type II collagen is destroyed in
this resorption by activated collagenase-3 cutting the fibrils JBMR, voll7, S25, SA066,
2002). In the current study we have sought to identify the cell source of this collagenase-3
and to uncover details of its processing. Collagenase-3 is synthesized as a proenzyme bear-
ing an inhibitory propeptide domain that is removed upon enzyme activation. We have rea-
soned that anti-peptide antibodies can be prepared against the propeptide and used to detect
the proenzyme in the epiphysis by immunostaining, presumably at its cell source. Thus
affinity purified antibodies have been prepared against the peptidle HPVT-
LAGILKKSTVTS corresponding to the amino acid residues 43 - 58 on the rat propeptide
domain. With the aid of these antibodies we report here that the proenzyme is localized to
newly developed sites of cartilage erosion precisely where the collagen is cleaved. Thus at
6 days of age, canals allowing the entry of capillaries are dug from the surface of the epi-
physis (stage 1), while immunostaining indicative of the proenzyme appears at the blind
end of each canal. By 8 days of age, the canal blind ends fuse to create a marrow space in
the epiphysis (stage 1I), where the immunoreactivity occurs along the walls of the expand-
ing marrow space (stage II). Highly reactive cells and matrix are found at the newly devel-
oped sites of cartilage erosion. The cells resemble septoclasts. They have a single nucleus,
an abundance of rER and Golgi elements, contain dense bodies rich in cathepsin B and
exhibit a deficiency of markers indicative of the macrophage-osteoclast lineage. The
matrix in contrast, exhibits various stages of degradation and reveals reactivity indicative
of the proenzyme along the surface of collagen fibrils. We conclude that a septoclast-like
cell is involved in the synthesis and secretion of the collagenase-3 proenzyme at specified
sites of cartilage resorption and that upon release, the proenzyme first associates with the
fibril before becoming active and cleaving the collagen.

Disclosures: E.R. Lee, None.

F048

In Vivo Inhibition of Osteoblastic Metalloproteinases Leads to a Decreased
Bone Turn-Over and an Increased Trabecular Bone Mass. V. Geoffroy* I C.
Marty-Morieux*', N. Le Goupil*!, P. Clement-Lacroix? C. Teraz**, M. Frain**,
S. Roux', J. Rossert**, M. de Vernejoul'. 'INSERM U349, Paris Cedex, France,
’PROSKELIA, Romainville, France, INSERM U489, Paris, France, INSERM
U368, Paris, France.

Although it has been suggested that matrix matalloproteinases (MMPs) may play a role
in initiating the bone resorption process in vitro, there is to date no evidence that they play
any role in in vivo bone maintenance. Mice specifically over-expressing TIMP-1 in osteo-
blasts have been generated to investigate the role of MMPs in bone in vivo.

We used an artificial promoter specifically driving cells of the osteoblastic lineage to over-
express the TIMP-1 (Tissue Inhibitor of MMPs) cDNA in mice. The level of expression of
the transgene was about double that of the endogenous gene. Densitometric analysis, using
DEXA and pQCT, and static and dynamic histomorphometry were used to evaluate the
bone phenotype of mice from two independant transgenic lines. We showed that at 1 and
2.5 months of age only the female mice exhibited a bone phenotype. These mice displayed
specific increases in the bone mineral density and volume of trabecular bone. This increase
was accompanied by decreased trabecular separation, suggesting a decrease in bone
resorption. Using an ex vivo resorption assay, we demonstrated that PTH-stimulated bone
resorption was reduced in these mice. Evaluation of the bone histomorphometric dynamic
parameters showed that the mineralizing surfaces and bone formation rate were both
reduced. There was no change in the mineralization lag time or number of osteocyte lacu-
nae. Using primary osteoblast culture and molecular analysis, we showed that the differen-
tiation and function of osteoblasts from transgenic mice were normal, but that the ex vivo
formation of mineralized nodules was delayed.

This model is the first to demonstrate that in vivo MMPs play a role in bone remodeling
and bone balance. Moreover our data suggest that MMP activity could be involved in the
hormonal regulation of the resorption by osteoblasts.

Disclosures: V. Geoffroy, None.

F052

Axial but not Peripheral Fractures Are Increased in Monoclonal
Gammopathy of Undetermined Significance (MGUS). L. J. Melton', S. V.
Rajkumar*?, S. Khosla’, S. J. Achenbach*', A. L. Oberg*', R. A. Kyle*.
'Health Sciences Research, Mayo Clinic, Rochester, MN, USA, “Internal
Medicine, Mayo Clinic, Rochester, MN, USA.

Fractures in multiple myeloma patients result from lytic bone lesions, generalized bone
loss and elevated bone turnover due to excessive osteoclast recruitment/activation by auto-
crine and paracrine cytokine production. Myeloma is typically preceded by the premalig-
nant condition, MGUS, which is over 20 times more common. Elevated bone turnover, but
not excessive bone loss, has been seen in patients with MGUS, but the implications for
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fracture have never been assessed. To test the hypothesis (H,) that the skeleton is unaf-
fected in MGUS, we estimated fracture risk among the 488 Olmsted County, MN residents
with MGUS first diagnosed in 1960-94 (52% men; mean age, 71.4 + 12.8 yr), who were
subsequently followed in a population-based retrospective cohort study for 3901 person-
years. During this period of observation, 200 patients experienced 385 fractures that were
ascertained by review of complete (inpatient and outpatient) community medical records;
follow-up was censored at progression to myeloma. Compared to expected fracture rates in
the community, statistically significant increases were seen for fractures at most axial skel-
etal sites, e.g. vertebrae (standardized incidence ratio [SIR], 6.3; 95% CI, 5.2-7.5). There
was a slight increase in hip (SIR, 1.6; 95% CI, 1.2-2.2) but not distal forearm fractures
(SIR, 0.8; 95% CI, 0.4-1.5) so the overall increase in osteoporotic fracture risk (moderate
trauma fractures of hip, spine or wrist > age 35 yr: SIR, 2.5; 95% CI, 2.1-2.9) was
accounted for by the increase in vertebral fractures. The relative risk (SIR) of any axial
fracture was 2.7 (95% CI, 2.3-3.1) compared to only 1.1 (95% CI, 0.9-1.4) for all limb
fractures combined. In a multivariate analysis, the independent predictors of any subse-
quent fracture were age (hazard ratio [HR] per 10-year increase, 1.4; 95% CI, 1.3-1.6) and
corticosteroid use (HR, 1.8; 95% CI, 1.2-2.6); greater weight at diagnosis of MGUS was
protective (HR per 10 kg, 0.8; 95% CI, 0.8-0.94). Baseline M-protein level, an important
determinant of myeloma progression, did not predict fracture risk even in the univariate
analysis (HR per 1 g/dL, 1.1; 95% CI, 0.9-1.5). Age independently predicted vertebral
fractures (HR, 1.4; 95% CI, 1.2-1.7), while greater body mass index was protective (HR,
0.9; 95% CI, 0.9-0.96). Thus, the risk of axial, but not peripheral, fractures is increased
among MGUS patients even before progression to myeloma. Further assessment of the
pathophysiologic basis for this observation is needed since elevated bone turnover, for
example, might be treatable with antiresorptive agents.

Disclosures: L.J. Melton, None.

F055

IL-3 Enhances Bone Destruction and Tumor Cell Growth in Myeloma
Bone Disease. J. W. Lee*!, S. J. Choi', H. Y. Chung', G. D. Roodman®.
'Medicine-Hematology/Oncology, University of Pittsburgh, Pittsburgh, PA,
USA, >Medicine-Hematology/Oncology, University of Pittsburgh and
Department of Veterans Affairs Medical Center, Pittsburgh, PA, USA.

We previously reported that Macrophage Inflammatory Protein (MIP)-1a is produced
by myeloma cell lines and by patients with Multiple Myeloma (MM). MIP-1a induces
human OCL formation independently of Receptor Activator of NF-Kappa B Ligand
(RANKL), MIP-1aw levels correlate with bone destruction in myeloma patients, and
patients with elevated levels of MIP-1a have an extremely poor prognosis. Blocking MIP-
lou expression in an in vivo model of human MM profoundly decreases disease progres-
sion and bone destruction by inhibiting both myeloma cell homing to the marrow as well as
tumor cell growth. We recently reported that the regulation of MIP-10, gene expression is
abnormal in patients with MM due to increased expression of the transcription factor Acute
Myeloid Leukemia-1A (AML-1A) compared to AML-1B. We hypothesized that the
increased expression ratio of AML-1A to AML-1B in myeloma also induced abnormal
expression of other hematopoietic and bone specific genes that contribute to the poor prog-
nosis of MM. We identified Interleukin-3 (IL-3) as a gene dysregulated by imbalanced
AML-1A and AML-1B expression in myeloma. IL-3 mRNA expressions levels were
increased in 8 out of 11 unfractionated bone marrow samples and 5 out of 7 highly purified
samples of CD138+ myeloma cells from patients with MM who had decreased AML-1B
expression. IL-3 was not consistently increased in patients with a normal AML-1A/B ratio.
IL-3 protein expression levels were significantly increased in freshly isolated bone marrow
plasma from patients with MM (66.4 + 12 versus 22.1 + 8.2, p=0.038). Consistent with
these observations, IL-3 mRNA levels decreased where AML-1B was overexpressed in
transfected myeloma cells compared to cells transfected with AML-1A or empty vector.
Further more IL-3 (100 pg/ml) in combination with 200 pg/ml of MIP-1a and/or 10ng/ml
of RANKL enhanced human OCL formation compared to MIP-1ot or RANKL alone.
Interestingly, huge OCLs that contained more than 10 nuclei formed in human OCL mar-
row cultures treated with IL-3 and MIP-lot or RANKL. These OCL demonstrated
enhanced bone resorption on dentine slices. Importantly, IL-3 stimulated the growth of IL-
6 dependent myeloma cells in the absence of IL-6, even though IL-3 did not induce IL-6
expression by myeloma cells. These data suggest that increased IL-3 expression in the
bone marrow microenvironment of patients with MM by imbalanced AML-1A and AML-
1B expression increases bone destruction and tumor cell growth in myeloma.

Disclosures: S.J. Choi, None.

F058

Menin, the MEN1 Gene Product, Interacts Directly with the TGF-beta
Signaling Molecule, Smad3. L. Canaff, G. N. Hendy. Calcium Research
Laboratory, McGill University, Montreal, PQ, Canada.

Multiple endocrine neoplasia type 1 (MEN]1) is an autosomal dominant disorder charac-
terized by endocrine tumors of parathyroids, pancreas and pituitary. The tumor suppressor
gene MEN/ encodes a 610 amino acid nuclear protein called menin. Menin inactivation by
antisense RNA antagonizes transforming growth factor type B (TGF-f) — mediated cell
growth inhibition and menin co-immunoprecipitates with Smad3. Whether the interaction
is direct and the sequence requirements for this are not known. To locate the Smad3 bind-
ing domain of menin, we generated truncated and deleted menin mutants and a panel of 12
naturally occurring menin missense mutants identified in MEN1 patients. Co-immunopre-
cipitation of transfected rat pituitary GH4C1 cells showed that menin A(1-40), menin A(1-
100), menin A(277-477), menin A(195-610) and menin A(478-610) retained the ability to
interact with Smad3 but the deletion of amino acids 1-195 from the N-terminus of menin
abolished the interaction. Therefore, amino acids 101-195 are critical for menin-Smad3
interaction. All missense menin mutants retained the ability to co-immunoprecipitate with
Smad3. To demonstrate direct interaction between menin and Smad3, we performed GST-
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Smad3 pull-down reactions with in vitro translated *S-labeled full-length, deletion and
missense mutants of menin. GST-Smad3 interacted with full-length menin, menin A(1-40),
menin A(277-477), menin A(478-610) but not with menin A(40-277). All missense menin
mutants interacted with Smad3. We previously showed that antisense menin suppressed,
and co-expression of sense menin restored, TGF-f-induced transcriptional activity. Here,
we investigated the ability of menin missense mutants to restore this activity. GH4C1 cells
were transfected with a TGF-B responsive promoter reporter construct, antisense menin
and wild-type or missense mutant menin constructs. Wild-type menin and missense
mutants L22R, I86F, W126G, H139D, A242V, E255K, T344R, W423S, K502M and
S555N were able to restore transcriptional activity. However, missense mutants A160P and
A176P did not fully restore the activity. **S-labeled full-length Smad3, a Smad3 (EEVE)
mutant that mimics the active phosphorylated molecule, and a Smad3AC mutant lacking aa
278-425 all interacted with GST-menin in pull-down assays. Therefore, the Smad3 MH2
domain and phosphorylation of the carboxyterminus are not essential for Smad3-menin
interaction. These studies show that the interaction between menin and Smad3 is direct, the
menin sequence 101-195 is critical for this, and identify amino acids within this region
important for TGF-B stimulated transcriptional activity.

Disclosures: L. Canaff, None.

F061

Withdrawn

F063

A Low-molecular-weight Heparin Markedly Reduced Osteolytic Bone
Destruction in a Mouse Model of Breast Cancer Bone Metastases. S. M.
Kikonen', K. S. Mohammad?, R. S. Kikonen*®, A. Marjamiki**, A. Wirri**, M.
Salmivirta**, T. A. Guise”. 'University of Texas Health Science Center at San
Antonio, San Antonio, TX, USA, *University of Virginia, Charlottesville, VA,
USA, *Pharmatest Services, Turku, Finland, “BioTie Therapies, Turku, Finland.

Heparin treatment effectively prevents venous thromboembolism, but may also prolong
survival in patients with malignant disease. Experimental studies support the hypothesis
that cancer progression can be influenced by heparin and heparin-related compounds. The
possible mechanisms include control of tumor cell growth by heparin-binding growth fac-
tors, tumor cell invasion by heparin-inhibitable enzyme systems, tumor cell metastasis by
heparin-binding cell surface selectins and tumor angiogenesis. The effects of heparin com-
pounds on cancer-induced osteolysis in bone metastases have not been examined. An
unfractionated heparin has been shown to promote bone resorption, suppress bone forma-
tion and induce osteoporosis, whereas low-molecular-weight (LMW) heparin compounds
have less adverse effects on bone. We have evaluated the therapeutic potential of dalte-
parin, a LMW synthetic heparin to inhibit osteolytic bone destruction in an experimental
model of tumor metastases to bone.

MDA-MB-231 breast cancer cells were inoculated into left cardiac ventricle of athymic
nude mice, which were then administered with LMW heparin (Smg/kg/d) or vehicle subcu-
taneously once daily. Animals were weighed weekly and the development of osteolytic
lesions was monitored by radiography. Hind and fore limbs and soft tissue were collected
for histomorphometry to evaluate tumor burden, bone area and osteoclast number.

The body weight of LMW heparin-treated mice was significantly higher compared to the
vehicle group at sacrifice. In addition, only 18% of LMW heparin-treated mice were
cachectic compared to 86% of the vehicle mice. Osteolytic lesion area as measured by
radiographs was significantly lower in the LMW heparin-treated group when compared to
the control. Histomorphometric examination revealed a significant reduction in the tumor
burden in bone in the LMW heparin-treated mice compared to the control group. There
were no changes in the total bone area between the groups. In addition, there were no dif-
ferences in soft tissue metastases between the groups.

Our data demonstrate that LMW heparin treatment can efficiently reduce osteolytic lesion
area and tumor burden in bone. Furthermore, it had clear beneficial effects on body weight
and tumor-related cachexia in tumor bearing mice. LMW heparin could be a potential ther-
apy to reduce the occurrence of bone metastases in addition for being used as thrombopro-
phylaxis in cancer patients.

Disclosures: S.M. Kikéonen, None.

F066

Fc-OPG Inhibits Osteoclast Activity, while Tumor-derived OPG Enhances
Tumor Growth. J. L. Fisher*!, R. J. Thomas-Mudge*', J. Elliott*', D. K.
Hards*', N. A. Sims', C. R. Dunstan’ J. Slavin®*’, T. J. Martin', M. T.
Gillespie'. 'St. Vincent's Institute of Medical Research, Fitzroy, Australia,
2Amgen Corporation, Thousand Oaks, CA, USA, 3Pathology, St. Vincent's
Hospital, Fitzroy, Australia.

Osteoprotegerin (OPG) as a recombinant protein (Fc-OPG) has been demonstrated to
inhibit osteoclast formation and activation both in vitro and in vivo. Since the local produc-
tion of OPG may also be a means to limit tumor expansion in bone by preventing osteo-
clastogenesis, we used MCF-7 and MCF-7 cells overexpressing OPG, PTHrP or both
OPG+PTHrP (MCE-7+0OPG, MCF-7+PTHrP and MCF-7+PTHrP+OPG) to assess the con-
tribution of tumor-cell derived OPG in tumor behavior in bone. Each of these cell lines
were injected into the proximal tibiae of athymic mice, and animals monitored for 2.5
weeks, after which they were sacrificed and their limbs were assessed by radiology and
histology. The cell lines were also inoculated into the mammary fat pad (MFP) to examine
the effect of OPG overexpression at the primary site.

No osteolysis was observed radiologically following inoculation of the MCF-7 or MCF-
7+0PG cells, although small intramedullary tumors were evident histologically in the lat-
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ter group. MCF-7+PTHrP+OPG developed larger tibial tumors than the MCF-7 cells over-
expressing PTHrP alone (18.6 + 3.1 % osteolysis as determined by radiology, compared
with 9.0 + 2.2 %, p<0.05). The enhanced tumor growth afforded by OPG expression by
MCEF-7 cells was also observed in MFP tumor growth (50 days) whereby OPG overex-
pressing tumors were 2- to 3-fold larger in size.

The increased tumor growth in both bone and MFP as a consequence of OPG overexpres-
sion was abrogated by treatment with Fc-OPG (2.5 mg/kg/day, subcutaneous). Notably for
tumor growth in bone, Fc-OPG treatment dramatically reduced osteoclast numbers at the
tumor-bone interface in mice with MCF-7+PTHrP tumors, but osteoclast numbers were
unaltered by Fc-OPG treatment in mice with tumors produced by MCF-7+PTHrP+OPG
cells. Fc-OPG treatment of mice injected with either cell type resulted in a change of osteo-
clast morphology, with a flattened appearance adjacent to bone and reminiscent of a quies-
cent osteoclast. The effects of Fc-OPG were restricted to in vivo growth, as it had no effect
upon cell growth in vitro.

These results indicate that full-length native OPG exerts dramatically different actions on
tumor behavior than Fc-OPG, and that Fc-OPG acts upon stromal cells in the breast and
may principally affect osteoclast activity (rather than formation) in established tumors in
bone.

Disclosures: M.T. Gillespie, None.

F069

Soluble RANK Diminishes Progression of Prostate Cancer in SCID-Hu
Animal Model. J. Zhang', J. Dai', Y. Lu*?>, W. Dougall*’, Z. Yao*?, E. T.
Keller'. 'University of Michigan, Ann Arbor, MI, USA, *Tianjin Medical
University, Tianjin, China, ‘Department of Molecular Biology and
Immunology, Amgen Inc, Seattle, WA, USA.

Prostate cancer (CaP) develops metastatic bone lesions with a mixture of osteosclerosis
and osteolysis. We have previously demonstrated that targeting RANKL with OPG inhibits
CaP-induced osteoclast activity and prevents tumor establishment in bone. However, OPG
blocks TRAIL-mediated apoptosis. Thus methods to block RANKL activity, other than
OPG, may be important. Accordingly, we evaluated ability of soluble murine RANK-Fc
(sRANK) to prevent progression of established CaP in bone. Forty SCID mice had human
fetal bone implanted subcutaneously. Four weeks later, LuCaP 35 prostate cancer cells (3 x
10°) were injected into the implanted bone and allowed to develop into tumors. Six weeks
after tumor implant, mice were palpated for presence of tumors and serum PSA was mea-
sured (28/40 mice had palpable evidence of tumors and were positive for PSA). The mice
with tumors were randomly divided into three groups (n=9/group) to be either immediately
sacrificed (BASE) or receive either sSRANK-Fc (200 pg/mouse) or saline vehicle (V) by
intraperitoneal injection three times a week. Mice were sacrificed after 6 weeks of SRANK
administration. Serum PSA levels were decreased by 40% in sSRANK-treated mice com-
pared to V-treated mice. Osteocalcin and bone-specific alkaline phosphatase (bone forma-
tion marker) were decreased by approximately 30% and 25%, respectively, in the SRANK-
treated mice compared to the V-treated mice. Urinary Ntx (bone osteolysis maker) were
reduced by 30% in the SRANK-treated animals. Radiographs revealed primarily osteoscle-
rosis; however, it was not possible to accurately quantify differences between groups based
on radiographs. Bone mineral density was increased by 12% and 4% in the V and sSRANK
groups, respectively, compared to the BASE group. The trabecular volume/total bone vol-
ume (represents total mineralized bone in the trabeculae) was increased by 30% and 5% in
the V and sSRANK groups, respectively, compared to the BASE group. Tumor area com-
pared to bone area tested by histomorphometric measurement was increased by 60% and
25% in the V and sRANK groups, respectively, compared to the BASE group (this repre-
sents continued tumor growth). The osteoclast perimeter (# osteoclasts/mm trabecular
bone) was decreased by 0% and 90% in the V and sSRANK groups, respectively, compared
to the BASE group. Taken together, these data demonstrate that SRANK-Fc can diminish
progression of an established osteoblastic CaP cell line in human bone.

Disclosures: J. Zhang, None.

F074

An Evaluation of the National Osteoporosis Society Position Statement on
the use of Peripheral X-ray Absorptiometry. G. M. Blake, R. Patel, L.
Fogelman. Osteoporosis Research Unit, Guy's, King's and St Thomas' School
of Medicine, London, United Kingdom.

The recent United Kingdom National Osteoporosis Society (NOS) position statement
on the use of pDXA devices proposes an algorithm that divides patients into 3 categories:
(1) patients with a forearm T-score less than -2.5 who are recommended for treatment; (2)
patients with a forearm T-score between -1 and -2.5 who are referred for spine and hip
BMD measurements; (3) patients with a forearm T-score greater than -1.0 who are not
treated. We have evaluated the clinical effectiveness of the NOS algorithm by comparing it
with the alternative strategy of using forearm T-scores alone. The comparison was carried
out using a mathematical model in which the population distribution of spine, hip and fore-
arm BMD was described using a triaxial gaussian model. Correlation coefficients r = 0.7
were assumed between the different BMD measurements. Relative risks of fracture at each
site were taken from the Marshall meta-analysis. The area under the curve (AUC) for the
ROC curve showing the percentage of fracture cases plotted against the percentage of the
whole population identified was calculated for the NOS algorithm and for forearm BMD
alone. For identifying patients at risk of any type of fracture the AUC values were 0.62 and
0.59 respectively. For patients at risk of hip fracture they were 0.71 and 0.66, and for spine
fracture 0.69 and 0.65. The small difference between the AUC values suggests that use of
forearm BMD alone with an adjusted T-score threshold can reproduce the clinical outcome
of the NOS algorithm. Detailed results of the model for discrimination of patients at risk of
hip fracture are shown in the Table. For example, at age 65 20% of patients are treated on
the basis of their forearm BMD, 55% are referred for spine and hip BMD, after which a
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total of 33% of patients are treated. The forearm BMD measurements identify 30% of
future hip fracture cases compared with 63% using the NOS algorithm. However, use of
forearm BMD with a modified threshold of T = -2.1 would identify 56% of hip fracture
cases while still treating 33% of the population. We conclude that use of forearm BMD
alone with a modified T-score threshold of —2.1 would save the need for spine and hip
scans and identify only slightly fewer fracture cases for treatment.

% General Population Treated % Hip Fracture Population Treated

Age Forearm  Referred for NOS Adjusted  Forearm NOS Forearm
T<-25 spineandhip algorithm  T-Score T<-25 algorithm — T<T,

55 7 45 14 -2.1 13 38 31

60 13 51 22 -2.1 21 50 43

65 20 55 33 -2.1 30 63 56

70 33 53 50 -2.1 46 78 72

Disclosures: G.M. Blake, None.
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Parameters of Hip Geometry and Bone Mineral Density Measured by
Dual Energy X Ray Absorptiometry as Predictors of Hip Fracture Risk in
Elderly Women from EPIDOS Cohort. E. Duboeuf*, P. Szulc, A. M. Schott*,
P. Meunier, P. D. Delmas. U 403, INSERM, Lyon, France.

Bone architecture is an important determinant of bone strength . Cross sectional studies
suggest that structural parameters of hip geometry derived from hip dual Energy X ray
absorptiometry (DXA) may provide a simple method to assess the risk of hip fracture. The
aim of our study was to test this hypothesis prospectively. We measured femoral neck bone
mineral density (BMD) on a Lunar DPX at baseline and parameters of neck geometry in 65
elderly women who subsequently had a hip fracture and in 167 age matched controls, as
part of the EPIDOS prospective cohort. We calculated the Estimated Cross Sectional Area
(ECSA), the Estimated Endosteal Diameter (EED), the Estimated Cortical Thickness
(EACT), and the Estimated Trabecular Volume Fraction (ETVF) according to the equa-
tions given by T Beck et al (1). Femoral neck diameter (ND) was measured with the Lunar
DPX Software. Buckling ratio was derived from the following equation : (ND/2)/EACT.
Results (see Table) shows that several parameters of hip structure (ECSA, EACT, and
ETVF) predict the risk of hip fracture as well as hip BMD. Hip fracture risk seems related
to a lower bone mineral content (ECSA) but not to a smaller bone size (neck width). On a
morphological basis, low ECSA in hip fracture patients is associated with a decreased cor-
tical thickness (EACT) which results in a decreased bending strength (lower section modu-
lus) and an increased bone instability (higher buckling ratio). However, when these
parameters were adjusted for hip BMD, none of the Odds ratio remained significant
Age, Weight and Height adjusted Odds Ratios (per 1 SD) for prediction of hip fracture

All fractures Cervical fractures (42) Trochanteric fractures (23)

(65)
Neck Diameter NS NS NS
ECSA 2.0 (1.4-2.9) 1.6 (1.1-2.5) 2.9 (1.6-5.5)
EED NS NS NS
EACT* 2.5(1.7-3.7) 1.9 (1.2-3.0) 4.4(2.1-9.2)
ETVF* 2.4 (1.6-3.6) 1.8 (1.2-2.9) 4.3 (1.9-9.6)
Sec Modulus 1.7 (1.2-2.4) NS 2.3(1.3-4.0)
Buckling Ratio 0.5 (0.3-0.7) 0.6 (0.4-0.8) 0.3 (0.2-0.6)
BMD* 2.5(1.6-3.7) 1.9(1.2-2.9) 4.3 (2.0-8.8)

NS, Non significant, * Significantly different between cervical and trochanteric fracture
We conclude that parameters of hip geometry derived from BMD measurements by DXA
predict the risk of hip fracture in elderly women, but that this prediction is highly related to
the BMD value. More reliable techniques to assess hip architecture, such as high resolution
quantitative computerized tomography, might be necessary to explore the contribution of
bone architecture to hip fragility, independently of bone mass.

References 1-Beck TJ, Ruff CB, Warden KE, Scott WW, Rao RU 1990, Invest Rad 25: 6-18.

Disclosures: F. Duboeuf, None.
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The Effect of 3D-XA Derived Geometric Parameters on Proximal Femur
Failure Load Prediction. A. Le Bras*', S. Kolta?, C. Roux’, J. Fechtenbaum?,
W.  Skalli*', D. Mitton*'. 'LBM-ENSAM-CNRS, Paris, France,
*Rheumatology, Cochin Hospital, Paris, France.

Bone mineral density (BMD g/cm?) measured by Dual energy X-ray Absorptiometry
(DXA) has proven to be an important risk factor for hip fracture. Other structural factors such
as bone micro and macro-architecture independently affect bone resistance. Bone macro-
architecture has already been evaluated using 2 dimensional images, either on X-ray films or
on DXA scans. Several geometric parameters have been evaluated as hip axis length (HAL),
femoral neck axis length (FNAL), femoral neck diameter, neck-shaft angle, cortical wall
thickness,... Many of these parameters predict fracture and some independently of BMD
results. However, these 2D parameters greatly depend on patient positioning and inter indi-
vidual anatomical differences. Therefore, their 3D evaluation would be more precise. A
method of 3 Dimensional X-ray Absorptiometry (3D-XA) allowing 3D reconstruction of
human proximal femurs using 2 orthogonal DXA scans was described (1). The aim of this
study was to calculate whether adding the geometric parameters calculated on the 3D recon-
struction of proximal femurs to areal BMD improve failure load prediction . 24 human prox-
imal femurs were included 5 Males and 19 Females, aged 84x13 y. Two perpendicular DXA

562

scans were acquired on a Delphi-W (Hologic) device. Areal density was measured as usual
(g/em?) and 3D reconstruction was done using both scans as previously described (1). On the
3D reconstruction we defined some geometrical parameters as the femoral neck axis length,
the neck shaft angle, the femoral neck minimal cross sectional area and the femoral head
diameter. Stance phase was selected for mechanical testing. Femoral shaft was maintained at
an angle of 25° to the vertical. A vertical load was applied on femoral head at 12.7 mm/min.
The vertical displacement and the compression strength were measured during the test. All
the fractures were subcapital. Failure load was best correlated to femoral neck areal BMD (12
=0.62, p<0.0001). Adding the 3D geometrical parameters in a linear multivariate regression
model significantly improves failure load estimation (12 = 0.73, p =0.0001). This is the first
study combining areal BMD and real 3D geometric parameters calculated from DXA
images. It demonstrates that the measurement of geometric parameters using the 3D-XA
method is possible and that adding these parameters to areal BMD allows better estimation of
failure load for sucapital fracture in human femurs.

This work was supported by Biospace Instruments, France.

(1) 3 Dimensional X-Ray Absorptiometry (3D-XA) : Validation of 3D reconstruction of
human proximal femurs using a DXA device. S Kolta, A Le Bras, V Bousson et al (ASBMR
2003)

Disclosures: J. Fechtenbaum, None.
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Interpretation of Peripheral Densitometry Devices in Clinical Practice: A
Triage Approach to Diagnose Osteoporosis. J. A. Clowes, R. Eastell, N. F. A.
Peel. Clinical Sciences (North), University of Sheffield, Sheffield, United
Kingdom.

It is unclear how we might use peripheral densitometry in clinical practice. If we were to
consider the T-score of the total hip as the ‘gold standard' for the diagnosis of osteoporosis,
then we could establish thresholds for each peripheral device above which the probability of
osteoporosis is very low (<5%) or below which the probability of normal or osteopenic BMD
is very low (<5%). We propose to use such a triage approach to identify individuals who
require 1) additional central densitometry measurements (those between thresholds) or based
on a peripheral measurement alone can be 2) recommended treatment (below lower thresh-
old) or 3) appropriately reassured (above upper threshold).

We recruited 500 postmenopausal women (age 55-80 years) from the general population
(population study) and 279 women with osteoporotic hip, vertebral, forearm and humeral
fractures (fracture study). All subjects had measurements of spine, total hip (QDR4500A)
and forearm DXA (DTX 200), forearm pQCT (XCT 2000) and QUS of the heel (Achilles+,
DTU One, QUS 2, UBIS 5000), forearm (Omnisense) or phalanges (DBM Sonic).

In a population-based cohort (prevalence osteoporosis 9.8%) this triage approach correctly
identified between 31% (DTU One SOS) and 73% (DTX 200, XCT 2000) of subjects in
whom a treatment decision could be made without additional central DXA. The best per-
forming QUS devices (QUS 2 BUA, UBIS 5000 BUA) identified 57% of subjects. In a frac-
ture cohort (prevalence osteoporosis 36%) between 20% (DBM Sonic) and 41% (DTX 200,
XCT 2000) of subjects did not require central DXA. The best performing QUS devices
(UBIS 5000 BUA) identified 38% of subjects. The table shows thresholds for 9 measure-
ments in the population study. Thresholds in the fracture population were slightly lower.

We conclude that a triage approach to interpreting peripheral densitometry results enables a
treatment decision to be made in a substantial percentage of the population, but only with
some devices.

Device Threshold Upper Absolute Sensitivi Specifici % Not

(U) Lower (L) value ty (%) ty (%) Requiring
DXA

Spine DXA u 0.983 96 38 43

(g/cm?) L 0.707 41 95

DTX 200 DXA V] 0.388 98 72 73

(g/cm) L 0.286 32 95

XCT 2000 U 279 88 75 73

QCT

(g/cm®) 195 22 98

Achilles+ ] 108 96 55 56

BUA

(dB/MHz) 94 22 96

DTU One 51 96 40 44

BUA

(dB/MHz) L 35 28 95

QUS 2 BUA U 78 96 54 57

(dB/MHz) L 55 35 95

UBIS 5000 U 63 96 54 57

BUA

(dB/MHz) 56 39 95

Omnisense U 4067 96 32 35

SOS Radius

(m/s) L 3721 17 95

DBM Sonic U 1876 96 33 35

AdSOS

(m/s) L 1621 1 95

Disclosures: J.A. Clowes, None.
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Metacarpal BMD and Cortical Index are Significant Predictors of Hip
Fracture. S. Vasireddy, S. Bal, L. Reaney*, C. McGurk*, J. Kanis, E.
McCloskey. University of Sheffield, Sheffield, United Kingdom.

The combination of assessments of skeletal strength and extra-skeletal risk factors opti-
mises the identification of patients at high risk of future fracture. While hip BMD remains
the reference standard, other more widely applicable skeletal measurements may be of
value. In this study we have compared the ability of metacarpal BMD (mBMD) and corti-
cal index (MCI) to that of hip BMD to predict incident hip fractures using a prospective
case-control design.

The study cohort comprised 5212 women aged 75 years or older (mean 80 years, range 75-
100) enrolled to a double-blind placebo-controlled study of the bisphosphonate, clodronate
(Bonefos®). Baseline BMD at the total hip and distal forearm were measured by DXA
(Hologic QDR4500 and Osteometer DTX200 respectively). Bilateral hand radiographs
obtained at baseline were analysed using digital x-ray radiogrammetry (Sectra, Denmark)
to produce automated measures of metacarpal BMD and MCI in 153 women who sus-
tained incident hip fractures and in 532 randomly selected controls who remained free of
hip fracture during a median follow-up of 4 years.

Cases with hip fracture had significantly lower hip BMD, forearm BMD, mBMD and MCI
than controls. In univariate logistic regression analysis, the odds ratios (OR) for hip frac-
ture per 1SD decrease in mBMD and MCI of 1.8 (95%CI 1.5-2.2, P<0.0001) and 1.7
(95%CI, 1.4-2.1, P<0.0001) respectively were similar to that of forearm BMD (1.9,
95%1.6-2.4, P<0.0001) while similar decreases in hip BMD demonstrated a larger gradient
of risk (OR 2.4, 95%CI 1.9-3.0, P<0.0001). Adjusting for treatment with clodronate did
not influence results. Metacarpal BMD and MCI remained significant predictors of hip
fracture following adjustment for clinical predictors including age, height and body weight
(OR 1.5, 95%CI 1.2-1.9, P=0.001 and 1.4, 1.1-1.7, P=0.002 respectively) but were not
independent of forearm BMD or hip BMD. Following adjustment for the clinical variables,
the ORs for the metacarpal indices remained comparable to that of forearm BMD (1.5,
95%CI 1.2-1.9) but was lower than that for hip BMD (2.0, 95%CI 1.6-2.6).

We conclude that metacarpal BMD and MCI are significant predictors of hip fracture inde-
pendently of other extra-skeletal clinical risk factors. In the absence of access to hip BMD,
mBMD or MCI may prove useful skeletal measures of fracture risk to include in the risk
assessment of individuals.

Disclosures: S. Vasireddy, None.
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Bone Mineral Density (BMD) and Radiographic Texture Analysis (RTA) of
Densitometer Generated Calcaneus Images in Patients with and without
Osteoporotic Fractures. T. J. Vokes', M. L. Giger*?, M. R. Chinander**, M. J.
Favus', V. Jaros*', D. Singh*'. 'Medicine/Endocrinology, University of
Chicago, Chicago, IL, USA, 2Radiology, University of Chicago, Chicago, IL,
USA.

Bone fragility is determined by bone mass, measured as BMD, and by bone structure,
which cannot be easily assessed using currently available methods. RTA is an experimental
method for evaluating bone structure. We have previously shown that radiographic texture
analysis of densitometer-obtained heel images can differentiate subjects with and without
vertebral fractures.

The purpose of this study was to determine whether RTA of densitometer-generated calca-
neal images also differentiates subjects with and without any osteoporotic fractures (verte-
bral or peripheral). BMD of the lumbar spine, femoral neck and calcaneus was measured
and RTA performed in 195 subjects referred for routine BMD testing (79 with and 116
without fractures). RTA yielded RMS (root mean square - a measure of the magnitude of
variation in the trabecular pattern), FMP (first moment of the power spectrum — a measure
of the coarseness of the trabecular pattern), and a fractal dimension, estimated using
Minkowski dimension analysis. Fracture group had lower femoral neck (but not lumbar
spine or calcaneus) BMD (p=0.001), and higher texture features fractal (p=0.001) and
FMP (p=0.04), all by t-test. The same variables were significant predictors of presence of
fractures in univariate analysis. In multivariate analysis, the presence of fractures was best
predicted by a combination of femoral neck BMD (p<0.001) and fractal (p<0.001), and by
the combination of fractal (p<0.001) and calcaneus BMD (p=0.001). In a subgroup of 93
women with untreated postmenopausal osteoporosis, texture features but not BMD mea-
surements differed between 36 subjects with and 57 without fractures. In this subgroup, the
highest area under the ROC curve Az=0.814 was achieved by a combination of calcaneus
BMD, fractal, and FMP (figure).

We conclude that RTA differentiates subjects with and without fractures as well as BMD
measurements. In postmenopausal women, a combination of calcaneal BMD and RTA,
both obtained using a peripheral densitometer, provides a better assessment of fragility
than the standard central BMD measurement.
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Determinants of Proximal Femoral Strength in Elderly Women. T. F.
Lang', J. H. Keyak**, A. Yu*', Y. Lu', L. Do*', J. Li*'. 'Radiology, University
of California, San Francisco, San Francisco, CA, USA, 2Orthopaedic Surgery,
University of California, Irvine, San Francisco, CA, USA.

DXA BMD estimates hip fracture risk by acting as a surrogate for bone strength. But
this hybrid measure of bone density and size provides little information about how these
factors individually determine hip strength. To address this, we used quantitative computed
tomography (QCT) based finite element (FE) models, which encompass the full spatial dis-
tribution of material properties in the hip, to estimate failure load (FL) in 51 women (mean
age 74.3+4.5 years). We related FL to integral and compartmental bone density and geom-
etry quantified from the QCT scans.

Subjects underwent QCT imaging of the hip (GE 9800Q, 3mm slices). FE models of the
left hip were built from the QCT scans, and were loaded in conditions simulating single-
limb stance (producing subcapital fractures) and a fall backwards and to the side (trochant-
eric fractures). The FE procedure produced stance (FL,) and fall (Fl,) failure load esti-
mates in kN. To compare abilities of volumetric and areal BMD to predict hip strength we
linearly regressed FL_ and Fl, against integral volumetric (viBMD) and integral areal
BMD (aBMD). We built multivariate models relating FL, and FL to age, height and
weight and to cortical BMD (cBMD), trabecular BMD (tBMD) and minimum femoral
neck cross-sectional area (mincsa). The contribution of each parameter was given as stan-
dardized beta. Results are tabulated below.

aBMD and viBMD were roughly equivalent predictors of FL, and FL,, (r=0.7-0.8, RMS_
ofL=1.7-2.0 kN, RMS_, FL; =0.43-0.44 kN). After height and weight correction, FL,
declined with age (3%/yr, p=0.01) but not Fl, .. Multivariate models including compart-
mental BMD and size parameters tended to predict FL better than aBMD or viBMD. In
these models, tBMD, cBMD and mincsa independently predicted FL, but only tBMD and
mincsa predicted FL,,.

We observed different risk factors for hip fractures during single-limb stance and falls.
These results agree with epidemiologic findings of different risk factors for cervical and
trochanteric fractures.

FL type (kN) R (RMS,,., KN) tBMD cBMD mincsa
(mean SD) Baa (P) Bsa (P) Baa (P)
FL,(11.5+3.03) 0.9 (1.53) 0.45(<0.0001) 0.40 (0.02) 0.27 (0.007)
FL,,, (1.8+0.73) 0.9 (0.39) 0.60(<0.0001) 0.27 (0.12) 0.30 (0.004)

Disclosures: T.F. Lang, None.
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Geometric Characteristics of the Developing Tibia in Early Pubertal Girls:
A Quantitative MRI Study. H. M. Macdonald*', A. Heinonen*?>, K. M.
Khan*?, K. J. MacKelvie**, H. Sievanen*’, K. P. Whittall*°, B. B. Forster*®, H.
A. McKaf. "Human Kinetics, University of British Columbia, Vancouver, BC,
Canada, ?UKK Institute, Tampere, Finland, 3Family Practice, University of
British Columbia, Vancouver, BC, Canada, “Endocrinology, University of
British Columbia, Vancouver, BC, Canada, 5Department of Health Sciences,
University of Jyvaskyla, Tampere, Finland, “Radiology, University of British
Columbia, Vancouver, BC, Canada, 7Orth0paedics, University of British
Columbia, Vancouver, BC, Canada.

INTRODUCTION: During puberty girls reach a peak bone mineral accrual velocity of
approximately 325 g/yr. As bone mass, geometry and structure are all determinants of bone
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strength it is essential that all parameters be characterized in the growing skeleton. Cur-
rently there is very little prospective data on bone geometry in growing girls.

AIM: Therefore, we studied change in tibial cross-sectional cortical area (CoA), total area
(ToA), cortical to total area ratio (CoA/ToA) and cross-sectional moment of inertia (CSMI)
in sixteen 10-11 yr old girls across two years of growth.

METHODS: We measured height and weight by standard methods and maturity by Tanner
breast staging. We used a 1.5T MR system (GE Medical Systems) with a quadrature head
coil to measure CoA, ToA and CSMI of slices located proximal to the distal tibia end plate
at 10% (distal site), 15%, 20%, 30%, 50%, 60% (shaft sites) and 80% (proximal site) of the
total tibial length. The sequence was T1-weighted, spin echo in the aforementioned seven
transverse (tibial) planes, 3.0 mm sections with no gap.

RESULTS: After 2 years, the increase in ToA along the tibial length ranged from 17% to
23%. The CoA increased significantly more (19% to 24%) at the shaft sites compared with
the distal site (9%). The CoA/ToA ratio increased significantly more at the shaft compared
with both proximal and distal sites where it decreased by 4% and 8% respectively. Changes
in CSMI are presented (Figure).

CONCLUSION: These MRI outcomes quantify the region specific change in bone param-
eters along the tibial length during growth in girls. Distally, changes in periosteal dimen-
sions accounted for greater increases in bone strength whereas strength increases at the
tibial shaft are explained by cortical enlargement. This reflects the axial compressive and
bending moments, respectively, experienced at these two sites.
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Disclosures: H.M. Macdonald, None.
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The Value of Bone Turnover Markers in the Prediction of Vertebral
Fracture in Patients Using Oral Glucocorticoids. T. P. van Staa', R. Eastell’,
I._P. Barton*!, R. Rizzoli’, M. K. Javaid*, C. Cooper*. 'Procter&Gamble
Pharmaceuticals, Egham, United Kingdom, 2University of Sheffield, Sheffield,
United Kingdom, 3Hopitaux Universitaires, Geneva, Switzerland, *Medical
Research Council, Southampton, United Kingdom.

Several bone turnover markers (BTM) predict fracture risk in postmenopausal
osteoporosis, but their value in patients using oral glucocorticoids (GC) is unknown. The
objective of the study was to evaluate whether BTMs, vitamin D and intact parathyroid
hormone (PTH) predict fracture in GC users.

Data were obtained from two randomized clinical trials (risedronate prevention and treat-
ment studies) with similar methods but different inclusion criteria with respect to prior CS
exposure. The study population comprised of 306 patients with one-year vertebral fracture
assessment (111 placebo and 195 risedronate patients) and included 30 patients with an
incident fracture. The following bone turnover markers were measured at baseline and
after 6 months: bone specific alkaline phosphatase (Bone ALP), osteocalcin (OC), deoxy-
pyridinoline/creatinine (DPD/Cr), pyridinoline/creatinine (PYD/Cr)), and N-telopeptide of
type I collagen (NTX). PTH and serum 25-hydroxy-vitamin D, [25(OH)D,] were also mea-
sured at baseline. Cox regression analysis was used to determine whether these variables
predicted incident vertebral fracture after 12 months.

In the placebo group, the age- and sex-adjusted relative rate (RR) of fracture in relation to
baseline BTMs for 1 unit (standard deviation) increase were as follows: DPD/Cr 1.72 (95%
confidence interval 0.99-2.99), NTX 1.76 (1.01-3.06), PYD/Cr 1.65 (1.03-2.64), Bone
ALP 1.18 (0.71-1.96), OC 0.89 (0.49-1.63). PTH predicted fracture [age-sex-adjusted RR
1.80 (1.03-3.15), which became 4.62 (1.33-16.05) after BMD adjustment]. Vitamin D was
not predictive [age-sex-adjusted RR 0.72 (0.38-1.37)]. In the risedronate group, both base-
line BTMs and changes after 6 months of treatment did not predict fracture. The reduction
in fracture risk in the risedronate group (relative to placebo) was similar across levels of
baseline bone markers and vitamin D [e.g., the RR in patients with NTX <51 nmol BCE/
mmol (median) was 0.31 (0.09-1.06), and > 51 was 0.37 (0.11-1.25)]. For baseline PTH,
the RR in the patients with PTH < 25 ng/mL was 0.98 (0.26-3.65), and 0.09 (0.02-0.34) for
PTH > 25 (test for interaction P > 0.05).

In conclusion, markers of bone resorption predicted fracture better than markers of bone
formation in the placebo group. BTM did not predict fracture in the risedronate group.
Higher PTH levels were also predictive of fracture and appeared to be associated with a
larger treatment effect of risedronate.

Disclosures: T.P. van Staa, None.
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Markers of Bone Turnover and History of Prior Fractures as Predictors of
Long Term Fracture Risk in Postmenopausal Women Without
Osteoporosis : The OFELY Study. E. Sornay-Rendu*, F. Munoz*, P. Garnero,
E. Duboeuf*, P. D. Delmas. Unit 403, INSERM, Lyon, France.

Although a low bone mineral density (BMD) is the most important risk factor for frac-

ture in postmenopausal women, about half of patients with incident fractures have baseline
BMD above the WHO diagnostic threshold of osteoporosis (T score < -2.5). Several stud-
ies have shown that bone turnover markers (BTM) and history of prior fracture are BMD
independent risk factors for fractures. The aim of this study was to investigate whether the
assessment of BTM and history of fracture could be used to identify, within women with a
non osteoporotic BMD level, those at risk of fracture that may need a therapeutic interven-
tion. We measured at baseline BMD by DXA at the spine and total hip and BTM in 668
postmenopausal women (mean age : 62 yr). Women were categorized in 3 groups accord-
ing to their baseline BMD values : normal (T score at the spine and hip>-1), osteopenic (T
score at the spine or hip between -2.5 and -1) and osteoporotic (T score at the spine and/or
hip <-2.5). During a median 9.1 yr (IQ :2.9) of follow-up, 158 incident fractures including
50 vertebral and 108 non-vertebral fractures were recorded in 115 women : 10% in normal,
47% in osteopenic and 43% in osteoporotic women based on BMD.
In the whole population, baseline values of bone ALP in the highest quartile and history of
prior fracture were associated with increased fracture risk with age adjusted hazard ratios
[HR(95%CI)] of 1.5(0.98-2.2) and 2.4(1.5-3.7) respectively. The table shows the age
adjusted HR, sensitivity and specificity of bone alkaline phosphatase, history of prior frac-
ture and their combination for predicting fracture risk in women with BMD values in the
osteopenic range. Similar results were obtained with serum osteocalcin and CTX. Thus, in
women with osteopenia 59% of them with incident fractures could be identified with his-
tory of fractures and a single BTM measurement.

Predictors HR (95% CI), p value Sensitivity Specificity
Bone ALP 2.2 (1.3-3.7), p<0.006 43 75
History of prior fracture 2.7 (1.4-5.0), p<0.002 29 89
Bone ALP and/or prior fracture 2.7 (1.5-4.6), p<0.0006 59 66

We conclude that in postmenopausal women with BMD values in the osteopenic range, a
marker of bone turnover and history of prior fracture predict the risk of fracture up to 10
years later. Their assessment may play an important role in identifying women at high risk
of fracture who could not be adequately detected by BMD measurement alone, and who
may benefit from a therapeutic intervention.

Disclosures: E. Sornay-Rendu, None.
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Role of the Promoter —1997 G/T and -1663indelT Polymorphic Sites on the
Transcription Regulation of the COL1A1 Gene. S. Balcells*', N. Garcia-
Giralt*!, A. Enjuanes*’, X. Nogues®, L. Mellibovsky*’, A. Diez’, D.
Grinberg*'. 'Genetics, University of Barcelona, Barcelona, Spain, *Urfoa,
Institut Municipal d’Investigacié Médica, Barcelona, Spain, *Hospital del Mar
Universitat Autonoma de Barcelona, Barcelona, Spain.

We identified two new polymorphisms in the upstream regulatory region of COL1A1
which were associated to BMD in postmenopausal women: one is a DIP (deletion/insertion
polymorphism) at —1663 with two alleles containing 7 or 8 Ts, and the second, a SNP at —
1997, with G or T alleles. We also showed that the sites containing these polymorphisms
(PCOLL1 and PCOL2) were binding sites for osteoblastic nuclear proteins, and that there
were affinity differences between the two alleles of each polymorphism (JBMR 17:384-93,
2002). Here we present functional analyses of these regulatory regions using a luciferase
reporter gene assay in MG63 cells. In order to compare the four different haplotypic com-
binations for the two polymorphisms (G/8T, G/7T, T/8T, T/7T), we prepared constructions
of the full promoter (-2483 +40) or shorter ones in which a region from —1284 to —254,
known to harbour a strong negative regulatory element (IR), was deleted. Preliminary
results indicate that the two haplotypes bearing T at —1997(T/8T and T/7T) were the ones
associated to a lower level of transcription, particularly haplotype T/8T in the absence of
the IR. We have also tested constructions in which only one of the polymorphic sites was
present, to compare the two alleles at each site. Transcription associated with the -1997T
seemed to be lower than that associated with -1997G. Differences for the -1663 alleles
were only observed in the absence of the IR: the 7T allele showed higher luciferase activity
than the 8T allele. Finally, we have analysed different constructions bearing combinations
of three different parts of the COL1A1 promoter in basal conditions or under different
treatments (vitamin D, dexamethasone, TNFalpha, IL-1beta, estrogen, testosterone and
PTH) to identify regions containing responsive elements. The main results were that vita-
min D stimulated transcription only in the absence of the IR region, dexamethasone stimu-
lated in all cases but has a greater effect if the polymorphisms were present, while
TNFalpha and IL-1beta always decreased luciferase levels. In conclusion, variants —1997
T/G and -1663 indelT play a role in the transcription regulation of the COL1A1 gene, com-
patible with the BMD differences found among women bearing different genotypes at
these sites.

Disclosures: S. Balcells, None.
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An X-Chromosome Locus Modulates Lumbar BMD in Postmenopausal
Women, and Age-Dependent Decline of Spinal BMD in Mice. H.
Mroczkowski*!, C. A. Parsons*’, O. M. E. Albagha*?, D. M. Reid*?, S. C.
Manolagas®, S. H. Ralston’?, R. J. Shmookler Reis*. 'Biochem./Molec. Biol.,
Univ. of Arkansas for Medical Sciences and CAVHS, Little Rock, AR, USA,
*Medicine & Therapeutics, Univ. of Aberdeen, Aberdeen, United Kingdom,
*Medicine, Univ. of Arkansas for Medical Sciences and CAVHS, Little Rock,
AR, USA, “Geriatrics, and Biochem./Molec. Biol., Univ. of Arkansas for
Medical Sciences and CAVHS, Little Rock, AR, USA.

We recently identified several quantitative trait loci (QTL) for post-maturity change in
spinal BMD of mice, by interval mapping in an interstrain-cross F2 population. From a sig-
nificant mouse QTL on the X chromosome, we located the corresponding (conserved-syn-
teny) region of the human X chromosome by reference to the working-draft human
genome sequence. DNA sequencing and single base extension techniques, using protocols
modified from those of the ABI SNaPshot and Molecular Dynamics SNuPe systems, were
developed to genotype at single nucleotide polymorphisms (SNPs) across this human
genomic interval. We then investigated the allele proportions for each SNP in a population
of postmenopausal women from northeastern Scotland (n=3653). Subjects were ordered by
lumbar-spine BMD values adjusted for age, height and weight, to identify individuals in
the highest and lowest bone density deciles of the normalized population distribution. We
performed initial genotyping in quadruplicate on replicate pools of DNA samples, created
by combining equal amounts of DNA from each individual in a decile group. Analysis of
the SNP allele peak height ratios implied a significant difference between the high and low
DNA pooled samples at one SNP (»p<0.0002), and this apparent difference was confirmed
by testing the individual DNA samples comprising each pool (p<0.004). Reanalysis of
pooled data, by a procedure that includes sampling and assay variance to calculate signifi-
cance, gave 3 adjacent SNPs with p values <0.003 (Figure). Fine-scale mapping has thus
narrowed the candidate region to <75 kilobase pairs and two possible genes. This study
demonstrates the feasibility and benefit of transferring QTL information between the
mouse and human genomes, at a stage well in advance of gene identification, relying on
association mapping in large human populations to narrow the implicated interval.
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Disclosures: R.J. Shmookler Reis, None.
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Completion of a Whole-Genome Scan for Linkage to Bone Mineral
Density in Forty-two Caucasian Families. K. Sol-Church*', L. D. Spotila’, H.
Li*', G.N. Picerno*', D. L. Stabley*!, K. Wang*', J. Korkko*?, R. Kosich**, D.
Prockop*’, A. Tenenhouse*®, C. McKay®, M. Devoto*'. 'Biomedical Research,
Alfred T duPont Hospital for Children, Wilmington, DE, USA, Drexel
University, Philadelphia, PA, USA, 3Tulane University, New Orleans, LA,
USA, *Mcp, Hahnemann University, Philadelphia, PA, USA, McGill Bone
Centre, McGill University, Montreal, PQ, Canada, (’Nephrology, Alfred 1
duPont Hospital for Children, Wilmington, DE, USA.

Osteoporosis of the femoral neck and lumbar spine is caused, in part, by low bone min-
eral density (BMD). In an attempt to identify the specific genes that might influence BMD,
and thus osteoporosis, we and others have performed whole genome scans for linkage. The
results of these studies are notable for the diversity of chromosomal loci with positive sup-
port for linkage. Included in this list are loci on chromosomes 1p, 1q, 2p, 4, 5q, 6p, 10, 11p,
11q, 12. Our initial study (EJHG (1998) 6:151) identified three loci in seven families
recruited through a proband with low BMD. One of the loci, 1p36, was investigated further
in a total of 42 families (HMG (2001) 10:2447) demonstrating further support for linkage
of the hip BMD trait to 1p36.2-36.3. Here we report results of completion of a whole
genome scan on the expanded sample of 42 families.

The families were recruited from the Metabolic Bone Centre of Montreal General Hospital,
and were composed of from one to 12 nuclear families. Linkage mapping marker set v2.5
(Applied Biosystems) was used to genotype the available individuals, and data were com-
piled using Genotyper 2.1. Mendelian errors were detected by means of the Pedmanager
software. Linkage was analyzed using the SOLAR package (AJHG (1998) 62:1198) that
implemented a variance components approach. Data for chromosomes with lod-scores
greater than 1 were also analyzed by means of the transmission disequilibrium test using
the QTDT software (ATHG (2000) 66:279).

Heritability of BMD was 0.51 +/- 0.13 (femoral neck) and 0.79 +/- 0.1 (lumbar spine). Sig-
nificant covariates included in the linkage and the QTDT analyses were age, sex, and BMI.
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In addition to lod = 2.85 at 1p36, two sites had lod scores greater than 1.5 for the femoral
neck trait. These loci were 2p (34 ¢cM from pter, lod = 1.76) and 22p (0 cM, lod = 1.94).
The 2p locus also gave a lod score greater than 1 for the lumbar spine (35 cM, 1.30). Of
these loci, none was significant in the QTDT analysis.

On the basis of our current data analysis, we conclude that there is some statistical support
for loci on chromosomes 2p and 22p. The completion of this genome scan on this
expanded set of families has served to place the observation of linkage at 1p36 in the con-
text of a whole-genome scan.

Disclosures: K. Sol-Church, None.
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A QTL with Pleiotropic Effects on Serum Levels of Osteocalcin and Bone
Alkaline Phosphatase in Baboons Maps to a Region Corresponding to
Human Chromosome 6p21.1-21.3. L. M. Havill, M. C. Mahaney, J. Rogers.
Genetics, Southwest Foundation for Biomedical Research, San Antonio, TX,
USA.

We conducted a bivariate statistical genetic analysis of serum concentrations of bone
specific alkaline phosphatase (Bone ALP), a highly specific marker of osteoblast function,
and osteocalcin (OC), another osteoblast product and a marker of bone turnover, to search
for genes with pleiotropic effects on these phenotypes. Using commercially available
enzyme immunoassay kits, Bone ALP and OC were assayed in frozen serum samples
obtained from 611 pedigreed baboons (Papio hamadryas) (437 females, 174 males) aged
5.5-30.0 years. We used a maximum likelihood variance decomposition approach to esti-
mate the following parameters simultaneously for both traits: population (male) mean;
mean effects of age, age?, age-by-sex, age’-by-sex, height, weight, and osteophytosis score;
the proportion of the residual phenotypic variance due to the additive effects of genes (her-
itability (h?)); unmeasured environmental factors (e?), and the correlations between both
traits due to shared genetic effects (pg) and shared unmeasured environmental factors (py).
Variation in serum Bone ALP and OC levels showed residual heritabilities of 0.17
(p=0.0005) and 0.25 (p=0.0006), respectively. A significant positive genetic correlation
between the two phenotypes (py=0.42, p=0.003) provides strong evidence that 18% of the
additive genetic variance in the two traits is attributable to the same gene(s). Initial univari-
ate linkage screens localized possible QTLs for genes influencing variation in Bone ALP
(LOD=2.80) and OC (LOD=2.71), to opposite ends of a 30 cM region of baboon chromo-
some 4 (homologous to human chromosome 6). Maximization of a multivariate multipoint
linkage model, parameterized according to the bivariate model (above) and allowing for an
additive genetic correlation due to the QTL, improved evidence for linkage (LOD=3.28) in
this same region, localizing a single QTL intermediate to human microsatellite markers
D6S422 and D6S259. This region of baboon chromosome 4 corresponds to human chro-
mosome 6p21.1-21.3. Likelihood ratio tests reject the hypothesis of coincident linkage
(p=<0.00001) supporting the pleiotropic effect of a single QTL on two markers of bone
formation and turnover in the baboon. Given the close genetic and physiological similarity
of this animal to humans, these results should be highly informative in our search for genes
affecting skeletal maintenance and repair in humans.

Disclosures: L.M. Havill, None.
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Testing Association and Linkage of 8 Candidate Genes with BMD in 405
Caucasian Families Using Multiple SNP Markers and Haplotypes. L. J.
Zhao*!, J. R. Long** H. Shen*', P. Y. Liu*?, Y. Y. Zhang** P. Xiao', D. H.
Xiong', L. Elze*’, R. R. Recker’, H. W. Deng'. 'Biomedical Sciences,
Osteoporosis Research Center, Omaha, NE, USA, 2Osteoporosis Research
Center, Omaha, NE, USA.

With robust design and analyses, a large family sample, multiple SNPs (single nucleotide
polymorphism) and haplotypes, this study is to test thoroughly 8 prominent candidate genes
for BMD: vitamin D receptor (VDR), estrogen receptor o (ER-ou ), apolipoprotein E
(APOE), type I collagen o 1 (COL1A1), transforming growth factor 8 1 (TGF-B1), parathy-
roid hormone receptor type 1 (PTHR1), interleukin-6 (IL6) and tumor necrosis factor recep-
tor 2 (TNFR2). Previous studies using a limited few markers, relatively small samples, and/or
unreliable designs have yielded largely inconsistent results. 405 families with 1,874 Cauca-
sians were recruited, phenotyped and genotyped. The program QTDT (quantitative transmis-
sion disequilibrium test) was used to test 28 SNPs in these genes (4 SNPs for the VDR gene,
6 for ER-a. , 4 for APOE, 4 for PTHR1, 3 for COL1Al, 3 for TGF-B1, 2 for IL6 and 2 for
TNFR?2). Strong linkage disequilibrium was generally detected for SNPs within these genes.
For the VDR gene, significant linkage with the ultra-distal BMD (UD BMD) was detected
for all the four individual SNPs (p<0.005). Analyses of the haplotypes of the VDR confer
further evidence for linkage of the VDR with the UD BMD (p<0.0001). Linkage was also
detected for all the 4 SNPs of VDR with total body BMD (p<0.01), and for SNP rs2228570
with radius BMD (P<0.01). The haplotype ATAC of the VDR was associated with low BMD
at intertrochanter (p<0.003), hip (p=0.005) and for the whole body (p<0.01). For the ER-ot
gene, SNP rs932477 was associated with wrist BMD variation (p=0.005). Association was
also found for the ER-al haplotype CGCGAA with high body BMD (p<0.005), and haplo-
type CACGGG with low hip BMD (p<0.008) respectively. For the APOE gene, both individ-
ual SNPs and haplotype analyses suggested its linkage to whole body BMD (p<0.008). For
the PTHRI1 gene, the haplotype GATG was associated with high BMD at hip (p<0.002), fem-
oral neck (p<0.0001), trochanter (p<0.01), intertrochanter (p<0.005), and whole body
(p<0.003). Subjects carrying the haplotype GATG had femoral neck BMD 6.04% higher than
none-carriers. Haplotype AACA of the PTHR1 gene was associated with high BMD at hip
(p<0.006) and intertrochanter (p<0.005). In summary, our work supports that the VDR and
APOE genes are linked to BMD variation and the ER-at and PTHR1 genes are associated
with BMD variation in our Caucasian sample.

Disclosures: L.J. Zhao, None.

>
=3
N
-
H
o
]
-
72}




ASBMR 25th Annual Meeting

F131

Association of Apolipoprotein E Genotypes with Bone Mineral Density
and Bone Loss in Early Postmenopausal Scottish Women. H. M.
Macdonald', E. M. McGuigan*', P. N. Tasker*', A. Bassiti*', S. C. Main*', S.
A. New? D. M. Reid', S. H. Ralston'. 'Medicine and Therapeutics, University
of Aberdeen, Aberdeen, United Kingdom, 2School of Biological Sciences,
University of Surrey, Guildford, United Kingdom.

The Apolipoprotein E4 (APOE 4) allele has been associated with reduced bone mineral
density (BMD) in postmenopausal women from Japan and the Netherlands, and with rates
of bone loss in peri- and postmenopausal American women. In this study we investigated
whether APOE genotype influences BMD or bone loss using subjects from the Aberdeen
Prospective Osteoporosis Screening Study (APOSS). A total of 3883 women underwent
bone densitometry in 1990-3 (mean + SD age: 48.5 + 2.4 y) and again in 1997-2000 (mean
+ SD duration of follow up: 6.3 + 0.9 y). So far, 1755 of these women have been genotyped
for APOE by DNA sequencing using the fluorescence-based MegaBACE™ system. Allele
frequencies were: E3 78.2%; E4 14.0%; E2 7.8%. Genotypes in Hardy Weinberg equilib-
rium were as follows: E3/E3 1075 (61.3%), E3/E4 386 (22.0%), E2/E3 207 (11.8%), E2/
E4 46 (2.6%), E4/E4 30 (1.7%), E2/E2 11 (0.6%). There was no association between
APOE genotype and baseline BMD at either lumbar spine or femoral neck (FN), excluding
an effect on peak bone mass. However FN bone loss was greatest in carriers of the E4
allele and least in carriers of E2 (Table). Reflecting this fact, FN BMD at follow-up was
lowest in carriers of E4 and highest in carriers of E2. The differences remained significant
after adjustment for age, weight, height, smoking, socio-economic status, physical activity
and menopausal status/HRT use. There was no significant relationship between APOE
genotype and bone loss at the lumbar spine (data not shown).

Table. Effect of APOE genotype on FN BMD

Mean BMD * SD APOE 2 APOE APOE 4 P
(2/2and 2/3) (37/3) (4/4and 3/4)

N 218 1075 416

Baseline FN BMD (g/cm?) 0.892+0.14 0.886+0.12 0.877+0.12 0.250

Follow up FN BMD (g/cm?  0.855+0.13 0.838+0.12 0.827+0.12 0.025

FN BMD change (%/y) -0.60+1.11 -083+1.06 084+091 0.007

The association between APOE 4 genotype, reduced BMD and increased early postmeno-
pausal bone loss is confirmed in this large population based cohort of early postmeno-
pausal women from Scotland. Further work is required to establish whether this effect is
mediated through vitamin K transport, interaction with dietary fat/ cholesterol or an inde-
pendent effect. Dietary information collected at follow-up for 3239 women from APOSS
will allow us to investigate any interaction between dietary vitamin K, dietary fat and
APOE genotype on BMD.

Disclosures: H.M. Macdonald, None.
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Relationship of ColIA1 Sp1 Polymorphism, BMD and Fracture Risk in
Older Women: The Study of Osteoporotic Fractures. D. R. Greene*', L.
Lui’, K. L. Stone®, P. Morin**, T. A. Hiller**, J. Li*', S. R. Cummings®. "Human
Genetics, Roche Molecular Systems, Alameda, CA, USA, 2University Of
California, San Francisco, San Francisco, CA, USA, *University of California,
San Francisco, San Francisco, CA, USA, *National Marine Fisheries Service,
San Diego, CA, USA, °Kaiser Permanente Center for Health Research,
Portland, OR, USA, °California Pacific Medical Center, San Francisco, CA,
USA.

Osteoporosis accounts for significant mortality and morbidity and will continue to
increase with projected increases in the elderly population. There are several treatment reg-
imens for osteoporosis, some approved for prevention. However, the use of these agents
has been limited to the prevention of initial or additional fractures after osteoporosis has
developed. Better diagnostics for identifying osteoporosis would help to target individuals
at high risk. There are several genetic polymorphisms associated with osteoporosis. One of
the most closely studied is a polymorphism in the Sp1 binding region of the Collagen IA1
gene. We assessed the relationship of the CollAl polymorphism with bone density and
fracture risk in 4428 older women participating in the multi-center Study of Osteoporotic
Fractures. Blood samples collected in 1988-9 were genotyped for the polymorphism in the
Spl binding site of CollAl using either a Tagman assay or real-time allele specific PCR.
Bone mineral density of the hip and spine were assessed by DXA (Hologic, Inc.) Incident
hip fractures were ascertained by tri-annual postcard follow-up, and subsequent confirma-
tion based on review of radiology reports. Incident spine fractures were determined based
on vertebral morphometry, using paired spine radiographs collected at the baseline exam
(1986-88) and an average of 3.7 years later. Of the 4428 women included in this study, 266
hip fractures occurred during a mean follow-up of 11.3 years. After controlling for age,
weight, use of estrogen and total hip BMD, we found that women who were homozygous
for the minor allele of the CollA1 polymorphism had an approximate 70% increase is risk
of hip fracture compared to those homozygous for the major allele (RR=1.70; 95% CI1 0.91
- 3.18 p=.09). Although a similar trend was observed for vertebral fracture, it was not close
to statistical significance. Similarly, there was no observed association between the CollA1
polymorphism and BMD. In conclusion, we found a borderline significant increased risk
of hip fracture among women homozygous for the minor allele of the polymorphism in the
Sp1 binding region of ColIA1. This result is comparable to the results from a meta-analysis
of the literature on CollAl, and illustrates the necessity of multiple studies and large
cohorts to assess modest genetic effects.

Disclosures: D.R. Greene, Roche Molecular Systems 3.
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Genetic Variation in LDL Receptor-Related Protein 5 (LRP5) is a Major
Risk Factor for Male Osteoporosis: Results from Cross-Sectional,
Longitudinal and Case-Control Studies. U. Choudhury*', M. C. de
Vernejoul?, S. Deutsch*', T. Chevalley’, J. P. Bonjour’, S. E. Antonarakis*', R.
Rizzoli’, S. L. Ferrari’. 'Division of Medical Genetics, Geneva University
Medical School, Geneva, Switzerland, INSERM U349, Hopital Lariboisiére,
Paris, France, *Division of Bone Diseases, Department of Geriatrics and
Internal Medicine, Geneva University Hospital, Geneva, Switzerland.

Mutations in the LDL receptor-related protein 5 gene (LRP5) cause osteoporosis-
pseudoglioma (OPPG) and bone dysplasias with "high bone mass". The contribution of
LRP5 polymorphisms to the population-based variation in bone mass and osteoporosis risk
is unknown.

We investigated 5 LRP5 SNPs that were not in complete linkage disequilibrium and had a
frequency above 2% in relation to areal bone mineral density (aBMD), bone mineral con-
tent (BMC) and bone area at the lumbar spine in 877 healthy Caucasian males and females
aged 6 to 69 years. This sample included 332 growing children with longitudinal bone
measurements for two years. An independent case-control study was performed in 86 men
with early idiopathic osteoporosis, including 60 fractures, and 84 age-matched controls
(mean age +SD, 51 + 13 yrs).

In the population-based study, two LRP5 missense substitutions (exon9 ¢.1999G>A and
exon 18 ¢.3989 C>T) were associated with aBMD (P=0.01 and p=0.041, respectively),
BMC (P=0.001 and P=0.028) and bone area (P=0.003 and P=0.043), as well as with stature
(P=0.002 and P=0.072) (all analyses adjusted and standardized for age, gender and weight,
Z-scores). LRP5 haplotypes were also significantly associated with all 3 skeletal measure-
ments (P=0.012-0.002), with Z-scores differences between haplotypes greater than 2 Z-
scores in men. In children, exon 18 genotypes were associated with two-years gain in BMC
(P=0.042), vertebral area and height (P=0.005 and P=0.0013, respectively), and in stature
(P=0.025). In adult males, LRP5 polymorphisms accounted for up to 15% of the popula-
tion variance in these traits. In turn, exon18 T allele was associated with an increased mul-
tivariate relative risk (odds ratio 2.53, 95% CI [1.23-5.19], p=0.011, adjusted for age,
weight and height) whereas LRPS haplotype 1 was associated with a decreased risk (odds
ratio 0.40, 95% CI [0.19-0.86], p=0.018) of osteoporosis in men.

In summary, LRP5 genetic variation contributes substantially to the determination of verte-
bral bone mass and stature, likely by influencing bone size during growth. We conclude
that LRP5 genetic variation plays a major role in the determination of peak bone mass in
Caucasians and represents an important susceptibility gene for osteoporosis in men.

Disclosures: S.L. Ferrari, None.
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Transcriptional Induction of the Gene Encoding a3 Chain of Type IX
Collagen (COL9A3) by SOX9 Contributes to the Susceptibility of Knee
Osteoarthritis. T. Ikeda*!, A. Mabuchi*', A. Fukuda?, S. Kamekura*?, L
Kou*', H. Hiraoka*’, A. Kawakami*?, S. Yamamoto*?>, U. Chung?, Y.
Takatori*?, M. Takigawa®, H. Sakai**, A. Sudo*’, A. Uchida*’, K. Nakamura®,
H. Kawaguchi®, S. Ikegawa*'. 'Riken SNP Research Ctr., Tokyo, Japan, *Univ.
of Tokyo, Tokyo, Japan, 3Univ. of Okayama, Okayama, Japan, “Dokkyo Univ.,
Mibu, Japan, SUniv. of Mie, Tsu, Japan.

Although osteoarthritis (OA) is a common and serious skeletal disorder, its genetic and
molecular backgrounds are little understood. Because mutations in type IX collagen genes
(COL9A1, COL9A2, COL9A3) cause chondrodysplasia with early-onset OA phenotypes in
humans and mice, we performed an association analysis on knee OA patients using single
nucleotide polymorphisms (SNPs), and found a significant association of a marker SNP in
COL9A3 (1740C>T). Immunohistochemical analyses revealed focal induction of type IX
collagen early in the repair stage of the OA articular cartilage of humans and mouse mod-
els, suggesting that COL9A3 impedes OA progression. We further performed dense map-
ping of polymorphisms in the entire COL9A3 gene and its 3-kb upstream sequences, and
identified 62 polymorphisms. Association studies of these polymorphisms using 499 knee
OA patients and 385 controls determined that a VNTR (variable number of tandem
repeat)-like polymorphism in intron 25, located close to the marker SNP, showed the stron-
gest association (p=0.001). Of this polymorphism, the one-repeat allele (1R) conferred
high risk (p=0.004, OR=1.35) and the two-repeat allele (2R) low risk (p=0.001, OR=0.78)
for OA. Since the repeat sequence had SOX9-binding motifs, we examined the transcrip-
tional regulation of COL9A3 by SOX9. SOX9 overexpression in human carcinoma cell
lines induced COL9A3 mRNA as well as COL9AI, COL9A2 and COL2A1 mRNA. Elec-
trophoretic mobility shift assays with in vitro-translated SOX9 and luciferase-reporter
assays in the SOX9-overexpressing cells transfected with the polymorphic repeat of
COL9A3 showed that this repeat strongly bound and responded to SOX9, both of which
were abrogated by mutations in the SOX9-binding motifs. The reporter activity was depen-
dent on the repeat number: it was stronger in cells transfected with 2R than those with 1R.
In addition, overexpression of SOX9 in cultured dermal fibroblasts derived from individu-
als with different genotypes for the allele showed more rapid induction of COL9A3 mRNA
in cells with 2R than those with 1R. These findings strongly suggest that the SOX9-binding
polymorphic enhancer in COL9A3 affects type IX collagen transcription and thus contrib-
utes to the susceptibility of knee OA. SOX9 and its related molecules could therefore be
targets of novel treatments of OA and cartilage regenerative medicine.

Disclosures: T. Ikeda, None.
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Contribution of the Vitamin D Receptor and Collagen I Alpha 1 Genes to
Hip Fracture Risk. T. V. Nguyen, L. M. Esteban*, C. P. White, S. F. Grant, E.
M. Gardiner, J. R. Center, J. A. Eisman. Bone and Mineral Research Program,
Garvan Institute of Medical Research, Sydney, Australia.

The risk of hip fracture risk is partly determined by genetic factors. Polymorphisms of
the vitamin D receptor (VDR) and collagen 1ol (COLIA1) genes have been associated
with bone mineral density (BMD), and with fracture risk. It is not clear whether the two
genes have additive effects on hip fracture risk. This study examines the contribution of
VDR and COLIA1 genotypes to the liability to hip fracture in postmenopausal women.
Genotypes of the VDR (7T, Tt, tt) and COLIA1 (SS, Ss, ss) genes were determined in 677
(69 hip fracture and 608 non-fracture) women of Caucasian background, aged 70 + 7
(mean + SD), who were participants in the Dubbo Osteoporosis Epidemiology Study, Aus-
tralia. Women with the 7z genotype was significantly higher in the hip fracture group (26%)
compared to those in the non-hip fracture group (14.4%; p = 0.03). Moreover, women with
the ss genotype were over-represented in the hip fracture (10%) compared to those in the
non-fracture group (4.4%; p = 0.04). After adjusted for age and femoral neck BMD in a
multiple logistic regression model, women with ¢ genotype had a 2.6-fold (95% CI: 1.2 to
5.3), and women with ss genotype were associated with a 3.8-fold (95% CI: 1.3 to 10.8)
increase risk of hip fracture. Approximately 33% of the liability to hip fracture was attrib-
utable to the presence of the # genotype of the VDR gene and ss genotype of the COLIA1
gene.

Caucasian women with VDR # genotype and COLIA1 ss genotype were associated with
increased hip fracture risk, and the association was independent of BMD and age.

Disclosures: T.V. Nguyen, None.
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Endocannabinoid Regulation of Bone Remodeling. O. Ofek*', M. Fogel*',
M. Attar-Namdar*', Y. Tam*', R. Miiller’, R. Mechoulam**, E. Shohami*®, L.
Bab'. 'Bone Laboratory, Hebrew University of Jerusalem, Jerusalem, Israel,
’Institute for Biomedical Engineering, Swiss Federal Institute of Technology
(ETH) & University of Ziirich, Ziirich, Switzerland, 3School of Pharmacy,
Hebrew University of Jerusalem, Jerusalem, Israel.

Endocannabinoids, the endogenous ligands of cannabinoid receptors, are involved in
complex central and peripheral physiologic systems. The role of endocannabinoids in the
control of body weight and reproduction and the leptin negative regulation of both
endocannabinoid levels and osteoblastic activity lead us to hypothesize that endocannab-
inoid signaling is involved in the regulation of bone remodeling. Indeed, micro-computed
tomography of the distal femoral metaphysis of male and female knockout mice lacking
the predominantly central CB1 cannabinoid receptor (Cnr) demonstrated a skeletal pheno-
type with a markedly reduced trabecular bone volume, number and connectivity. Normal
mice given nine daily injections of the endocannabinoid 2-arachidonoyl glycerol (2AG)
showed a dose (1-20 mg/Kg/day) dependent increase in trabecular bone formation rate
consequent to increased mineralization perimeter, but not mineral appositional rate, sug-
gesting 2AG stimulation of osteoblast number with no effect on osteoblast activity. To
assess the occurrence of direct endocannabonoid signaling in bone, we measured the Cnr
mRNA levels in the murine ST2 and MC3T3 EI stromal cell lines and primary bone mar-
row derived stromal cell cultures. No expression could be detected in undifferentiated
cells. However, progressive expression, specifically of the peripheral CB2 Cnr was clearly
evident in cells grown in an osteogenic medium for 10-30 days. The cannabinoid radioli-
gand [*H]HU-243 bound competitively to the differentiated cells. An exceptionally high
level of CB2 mRNA was found in bone marrow derived murine osteoclasts developing in
the presence of M-CSF and RANKL and in their monocyte progenitors. Both the osteo-
blastic and osteoclastic cells also express the endocannabinoid degrading enzyme fatty
acid amide hydrolase. Collectively, these data suggest potent endocannabinoid regulation
of bone remodeling by direct signaling in bone cells as well as via central, yet unidentified
pathway(s). The endocannabinoids appear to discriminate osteoblasts from other stromal
cells, including osteoblast precursors, as portrayed by the restriction of cannabinoid recep-
tor expression to differentiated osteogenic cells. The discovery of the bone endocannab-
inoid regulatory system will hopefully facilitate the development of a new generation of
bone anabolic/antiresorptive strategies to gain a higher peak bone mass, prevent and rescue
bone loss and accelerate bone wound healing.

Disclosures: 0. Ofek, None.
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Cytokines Suppress Adipogenesis and Induce Osteoblastgenesis through
the TAK1/TAB1/NIK Cascade. L. Takada*', M. Suzawa*?, S. Kato'. 'Institute
of Molecular and Cellular Bioscience, University of Tokyo, Tokyo, Japan,
*Department of Physiology, University of California San Francisco, Usa, CA,
USA.

Pluripotent mesenchymal stem cells in bone marrow differentiate into adipocytes,
osteoblasts and other cells. Balanced cytodifferentiation of stem cells is essential for the
formation and maintenance of bone marrow but the mechanism of these control is largely
unknown. We found that ST2 cells, a bone marrow derived mesenchymal stem cells differ-
entiate into adipocyte with PPAR-gamma ligand (Troglitazone) but differentiate into osteo-
blasts expressing alkaline phosphatase when treated with both troglitazone and cytokines
such as interleukin-1 (IL-1) and tumour-necrosis factor-alpha (TNF-alpha). The inhibitory
effect of cytokines on adipogenesis in ST2 cells suggested that the ligand-induced tran-
scriptional activity of PPAR-gamma might be suppressed by these cytokines.

To investigate this, we examined the transcriptional activity of PPAR-gamma in ST2 cells
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using a transiently expressed reporter assay and found that the ligand-induced transcrip-
tional activity of PPAR-gamma was supressed by IL-1 and TNF-alpha, and that this sup-
pression is mediated through NF-kappaB activated by the TAKI1/TABI1/NF-kappaB-
inducing kinase (NIK) cascade, a downstream cascade associated with IL-1 and TNF-alpha
signalling.

In a co-immunoprecipitation assay treated with cytokines and troglitazone in ST2 cells, we
detected an association between endogenous NFkappaB complex and endogenous PPAR-
gamma. However, other nuclear receptors such as GR did not show this cytokine-induced
association with NFkappaB in ST2 cells. Then we examined this association further with
GST pull down assay and found that the DNA-binding C domain of PPAR-gamma was
identified as a p65-interacting region. And unlike suppression of the PPAR-gamma tran-
scriptional activity by MAP kinase-induced growth factor signalling through phosphoryla-
tion of the A/B domain, NF-kappaB blocked PPAR-gamma binding to DNA. Finally, we
studied the molecular mechanism of the recruitment of NFkappaB to PPAR-gamma by
examining potential PPAR-gamma coactivators and corepressors and found that PGC-2, a
PPARgamma AF-1 specific coactivator associated with PPAR-gamma and NFkappaB
complex.

These results indicate that the expression of IL-1 and TNF-alpha in bone marrow may alter
the fate of pluripotent mesenchymal stem cells, directing cellular differentiation towards
osteoblasts rather than adipocytes by suppressing PPAR-gamma function through TAK1/
TAB1/NIK-NFkappaB cascade.

Disclosures: I. Takada, None.
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Specific Cytoplasmic Tyrosine Residues in c-Fms Regulate ERK
Activation during Osteoclastogenesis. S. Takeshita, R. Faccio, S. L.
Teitelbaum, F. P. Ross. Pathology, Washington University School of Medicine,
St. Louis, MO, USA.

ERK signaling is pivotal for the proliferation and differentiation of many cell types.
Recent reports reveal that ERK inhibition suppresses osteoclast (OC) formation from M-
CSF-dependent bone marrow macrophages (MDBM:s). Expanding on this information, we
found that ERK activation is required only during the early stages of MDBM proliferation/
differentiation. Given these observations and the fact that M-CSF is the strongest inducer
of ERK activation in MDBMs, we analyzed the signaling pathways by which c-Fms acti-
vates this MAPK. To this end, we retrovirally transduced MDBMs with c-Fms chimeric
receptors containing seven tyrosine (Y) residues (559, 697, 706, 721, 807, 921 and 974)
mutated to phenylalanine (F), singly or in combination. Initial studies revealed that Y559F
and Y807F decreased MDBM proliferation while Y559F, but not Y807F, reduced ERK
phosphorylation. Interestingly, the Y559F/Y807F double mutation completely abolished
proliferation, while continuing to stimulate ERK. These data led to experiments aimed at
identifying the Y residue(s) responsible for initiating ERK activation. Using additional
mutants we identified Y559 and Y697, which are c-Src and Grb2 binding sites, respec-
tively, as critical residues for activation of the ERK pathway. The Y559F/Y697F double
mutation blocked both cell division and ERK activation. While Y559F reduced ERK activ-
ity as described above, Y697F exhibited only minor effects. Surprisingly, chimeric recep-
tors containing only Y559 or Y697, with all remaining Y mutated to F, stimulated ERK,
but not MDBM division, establishing that the ERK pathway alone is insufficient to induce
OC precursor proliferation. We next examined other signaling cascades downstream of M-
CSF that may mediate these events. Since the kinases c-Src and PI3K regulate macrophage
growth, we performed studies using the specific inhibitors PP2 (c-Src) and LY294002
(PI3K). Both compounds separately blocked ERK activation and MDBM proliferation.
When combined, the two inhibitors synergistically suppress MDBM proliferation. Consis-
tent with the known stimulatory effect of ERKs on OC differentiation, we found that PP2
also decreased this process. Lastly, the same Y to F mutants that suppress proliferation
inhibit OC differentiation independently. In conclusion, we propose that OC precursor pro-
liferation/differentiation requires (1) c-Fms signaling from the residues Y559 and Y807 or
the combinations Y559/Y807 and Y559/Y697 and (2) activation of the c-Src and PI3K
pathways. Finally, the ERK pathway, while necessary, is not sufficient for proliferation and
differentiation of OC precursors.

Disclosures: S. Takeshita, None.
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RAS Association Domain Family Protein, RASSF1C, Is a Binding Partner
and a Potential Intracellular Mediator of the Actions of IGF Binding
Protein-5 (IGFBP-5) in Human Osteoblasts. Y. Amaar, S. Bala*, D. J.
Baylink, S. Mohan. Musculoskeletal Disease Center, J.L. Pettis VAMC, Loma
Linda, CA, USA.

Previous studies have shown that IGFBP-5 is a multifunctional protein that acts not
only as a traditional binding protein but also functions as a growth factor independent of
IGFs to stimulate bone formation. The intrinsic growth factor action of IGFBP-5 has been
predicted to involve binding of IGFBP-5 to a putative receptor to induce downstream sig-
naling pathways and/or nuclear translocation of IGFBP-5 to influence transcription of
genes involved in osteoblast cell proliferation/differentiation. To identify the molecular
pathway by which IGFBP-5 exerts its intrinsic biological activity in osteoblasts, we under-
took studies to identify proteins that bound to IGFBP-5 using IGFBP-5 as bait in yeast two
hybrid screen of U2 human osteosarcoma cell cDNA library. One of the clones that inter-
acted strongly with the bait under high stringency conditions corresponded to the isoform
C of the RAS association family 1 gene (RASSF1C) which encodes 270 amino acids. The
interaction between RASSF1C and IGFBP-5 is confirmed by in vitro co-immunoprecipita-
tion studies, using rIGFBP-5, IGFBP-5 polyclonal antibody, and cell lysates overexpress-
ing RASSF1C. Northern blot and RT-PCR analysis showed that the RASSF1C is expressed
in both untransformed normal human osteoblasts (derived from calvaria and rib) and in
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osteosarcoma cell lines (TE85, SaOS-2 and U2), which are known to produce IGFBP-5. In
order to determine if RASSFIC is an intracellular mediator of IGFBP-5 actions, we evalu-
ated the effect of blockage of RASSFIC production on osteoblast proliferation. Addition
of synthetic RASSF1C specific small interfering (si) RNA duplex caused a dose-dependent
decrease in cell number (38% at 200 nM of siRNA, P<0.01) in human osteoblasts which
produce abundant IGFBP-5.This effect was specific since a control siRNA duplex did not
produce a similar effect. Conclusions: 1) Our study provides the first evidence that osteo-
blasts produce RASSFIC, a splice variant of RASSF1 that interacts with IGFBP-5 and reg-
ulates osteoblast proliferation. 2) Based on our findings and the recent findings that
IGFBP-5 stimulates growth in human interstinal smooth muscle by RAS-dependent activa-
tion of p38 MAP kinase and Erk1/2 pathways, we predict that RASSF1C is an important
intracellular mediator of the actions of IGFBP-5 and perhaps other growth factors in osteo-
blasts.

Disclosures: Y. Amaar, None.
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Insulin-Like Growth Factor-I Is Essential for Normal Bone Development.
Y. Wang*, T. Sakata, B. P. Halloran, H. Z. ElAlieh*, S. J. Munson*, D. D.
Bikle. Endocrine Unit, VA Medical Center , University of California, San
Francisco, San Francisco, CA, USA.

Although insulin-like growth factor-I (IGF-I) has been identified clearly as an important
growth factor for the skeleton, the role of IGF-I on embryonic bone development has not
been evaluated in detail. To assess the role of IGF-I in modulating fetal skeletal develop-
ment, we analyzed fetal bone tissue of mice homozygous for targeted ablation of the gene
encoding IGF-I (IGF-I-/-) with respect to skeletal phenotype, and markers of chondrocyte
proliferation and differentiation. In IGF-I -/- mice, skeletal malformations including short-
limbed dwarfism were evident from E 14.5 to E18.5. Abnormal structures of spinal ossifi-
cation centers, characterized by smaller hypertrophic chondrocyte size and number, were
identified by H&E; staining on E18.5. A delay of mineralization in the spinal column, ster-
num and fore paws was identified by alizarin red-alcian blue staining in whole mount of
skeletons on E14.5 to 18.5 and by von Kossa staining in bone sections of the spine on
E18.5. The mRNA level of bone differentiation marker osteocalcin in the spine of IGF-1-/-
mice was decreased to 16% of that of their wild type littermates (IGF-I +/+), however, no
reduction was observed in mineralization of the long bones of IGF-I -/- mice. Although the
extent of the proliferative zone in the growth plates of long bones and spinal ossification
centers was normal in the IGF-I -/- mice, chondrocyte proliferation was reduced as
assessed by PCNA staining. In the spinal ossification center, expression of collagen II was
lower in IGF-I -/- mice, but not in the growth plates of long bones. No difference was
observed in the expression of collagen X between IGF-I -/- and wildtype mice. Expression
of Indian hedgehog (Ihh), which plays an important role in regulation chondrocyte differ-
entiation, was reduced in IGF-I -/- mice in growth plates of long bones and the spinal ossi-
fication center, whereas expression of parathyroid hormone-related peptide (PTHrP), in a
negative feedback loop with Ihh in regulating chondrocyte differentiation, was increased.
Our results indicate that IGF-I is essential for normal embryonic bone development. IGF-I
promotes chondrocyte proliferation, differentiation, and endochondral bone formation. Ihh
and PTHrP are involved in regulating these effects of IGF-I on bone development. The
effects of IGF-I on bone development are site specific in that lack of IGF-I leads to a
greater delay in differentiation and mineralization of the spine than that of the long bones.

Disclosures: Y. Wang, None.
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Jab1l Enhances SCF E3 Ligase-Mediated Smad4 Degradation. M. Wan, Y.
Tang*, C. Lu*, X. Cao. Pathology, University of Alabama at Birmingham,
Birmingham, AL, USA.

TGF-B/BMPs exert a wide variety of biological activities, in particular, the regulation
of skeletal development and bone remodeling. Smad4 is the critical common mediator
shared in both TGF-f3 and BMP signaling pathways. Thus, the regulation of Smad4 protein
steady state level is an important means of modulating TGF-B/BMP function. Protein deg-
radation by the ubiquitin-proteasome pathway plays a vital role in regulating functional
activity of signaling molecules, and substrate ubiquitination by a specific E3 ligase is a
critical step in this pathway. Here we identified a specific SCF E3 ligase for Smad4 protein
degradation. The SCF E3 ligase complex we identified contains four subunits: Skp1, Cull,
Rocl and a substrate recognition subunit, B-TrCP. First, we examined the interaction
between Smad4 and B-TrCP in yeast two-hybrid assays. Results of B-gal activity indicated
that Smad4 specifically interacts with B-TrCP. We then confirmed the interaction between
Smad4 and B-TrCP1 by immunoprecipitation assays in mammalian cells. The effects of
SCF complex or its individual component on Smad4 steady-state level in cells were
assessed by transient transfection and Western blotting. Our results indicate that Smad4
expression was almost abolished in the presence of three E3 ligase components (Cull,
Rocl and B-TrCP). Rocl with Cull or Cull with B-TrCP1 significantly down regulates
Smad4, whereas, the individual components of SCF complex did not affect Smad4 expres-
sion level. To examine whether enhanced Smad4 turnover by SCF is due to its ability to
promote ubiquitination of Smad4, in vivo ubiquitination assays were performed. Ubiquitin-
conjugated Smad4 products were observed when both SCF components and ubiquitin were
ectopically expressed. Thus, SCFF ™" is the specific E3 ligase that mediates Smad4 degra-
dation. Jabl (Jun activation domain binding protein 1) was reported to interact with Smad4
and induce its ubiquitination for degradation. To determine the molecular mechanism
through which Jab1 exerts its Smad4 degradation activity, we first examined whether Jab1
has any effect on the Smad4-B-TrCP interaction by immunoprecipitation assay. As we
expected, Jabl enhances the interaction of endogenous Smad4 with B-TrCP in cells. In
addition, overexpression of Jabl in cells significantly enhances the degradation of Smad4
induced by SCF E3 ligase. Importantly, overexpression of the E3 ligase or Jabl inhibits
TGF-B- or BMP-induced gene transcription. Taken together, our data suggest that SCF is
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the E3 ligase mediating Smad4 degradation and Jab1 enhances its activity. Therefore, Jabl
and SCF may play critical roles in regulating cell proliferation and differentiation in
response to TGF-§ and BMP through a degradation pathway.

Disclosures: M. Wan, None.
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Inhibin A Prevents Orchidectomy-Induced Bone Loss in Mice. D. Gaddy',
D. S. Perrien', N. S. Akel*', D. C. Montague', R. A. Skinner*?, F. L. Swain*?,
L. J. Suva®. 'Physiology and Biophysics, University of Arkansas for Medical
Sciences, Little Rock, AR, USA, 2Orthopaedic Surgery, University of Arkansas
for Medical Sciences, Little Rock, AR, USA.

We have previously demonstrated that Inhibin-A suppresses and Activin-A stimulates
osteoblast and osteoclast differentiation in primary Swiss-Webster murine bone marrow
cultures, as well as osteoblastogenesis in cultures of primary human bone marrow cells.
These data led to our hypothesis that Inhibins act to suppress bone turnover and maintain
bone mass through direct inhibitory effects on osteoblast and osteoclast development. To
test this hypothesis in vivo in male mice, we utilized the GeneSwitch system which uses
transgenic transactivator mice with liver-specific expression of a mifepristone-activated
chimeric nuclear receptor (GLVP), crossed with transgenic target mice containing a
GVLP-responsive promoter upstream of polio-virus IRES (internal ribosome entry site)-
linked sequences coding for the alpha- and beta-subunits of inhibin A. This intercross pro-
duced "bigenic" mice capable of regulable expression of inhibin A from the liver, which
when induced was associated with suppressed levels of FSH (Mol Endo, 2000
Jul;14(7):1075-85). We determined that both the GLVP only (monogenic) and the bigenic
crossed mouse strains obtained peak bone mass at 5-6 months of age, as determined by
bone densitometry using the Piximus (Lunar). At peak bone mass, baseline BMD measure-
ments were performed prior to sham or orchidectomy (ORCH) of male mice, and the sub-
cutaneous placement of mefipristone or vehicle-containing pellets (Innovative Research).
Animals were followed for 4 weeks prior to obtaining femoral bone marrow for osteogenic
culture, and tibial analyses of bone volume by microCT. Marrow cultures were initiated
from both monogenic and bigenic mice, and cultured in the presence of ascorbic acid and
betaglycerolphosphate, and in the presence or absence of Inhibin A, noggin or BMP2. As
we previously reported (Endocrinology 2002 Jan;143(1):74-83), both Inhibin A and nog-
gin suppressed recruitment of cells into the osteoblastic lineage (number of AP+ CFU-F),
as well as mineralization (number of CFU-OB, and alizarin red normalized to protein).
Induction of monogenic mice with mefipristone had no effect on either intact or ORCH
bone volume or architecture in the proximal tibia. However, inhibin expression induced by
mefipristone in bigenic mice protected against ORCH-induced volumetric bone loss (BV/
TV) (p<0.05), which appeared to be due to a decrease in trabecular number. Together, these
data provide direct in vivo evidence that Inhibin A regulates bone turnover and bone mass
through bone marrow cell differentiation.

Disclosures: D. Gaddy, Diagnostics Systems Laboratories 5.
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The Anti-apoptotic Effects of Mechanical Stimulation in Osteoblasts/
Osteocytes Are Transduced by the Estrogen Receptor (ER): A Novel
Ligand-Independent Function of the ER. J. I. Aguirre', L. I. Plotkin', B.
Strotman*', L. K. McCauley?, 1. Gubrig', S. Kousteni', S. C. Manolagas', T.
Bellido'. 'Endocrinology, Center for Osteoporosis and Metabolic Bone
Diseases, Central Arkansas Veterans Healthcare System, Univ. Arkansas for
Med. Sci., Little Rock, AR, USA, *School of Dentistry, University of Michigan,
Ann Arbor, MI, USA.

Like estrogens, mechanical stimulation of osteocytic cells promotes their survival; and
this effect is mediated via activation of the extracellular signal regulated kinases (ERKs),
shown elsewhere in this meeting. Based on this and evidence that mice lacking the estro-
gen receptor (ER)au exhibit a poor response to mechanical loading, we examined here
whether ER participates in mechanotransduction. MLO-Y4 osteocytic cells, which express
ERa and ERB, but not the androgen receptor (AR), were subjected to biaxial stretching
(5% elongation for 10 min at 3 cycles/min) using a BioFlex loading station. Stretching
increased ERK phosphorylation, as assessed by Western blot analysis, and also caused
translocation and nuclear accumulation of ERK2, demonstrated by using a green fluores-
cent protein (GFP)-ERK2 fusion protein. Consistent with an ER-mediated action, pretreat-
ment of the cells with the ER antagonist ICI182,780 for 20 min abolished stretching-
induced ERK phosphorylation. Moreover, nuclear accumulation of GFP-ERK2 in response
to stretching was abolished by silencing both the endogenous ERa and ERp in MLO-Y4
cells by introducing small interference (si) RNAs. Introduction of siRNA for the non-
essential protein lamin A/C, used here as a negative control, had no effect. Consistent with
these findings, stretching increased ERK phosphorylation in osteoblastic cells derived
from wild type mice, and ICI182,780 abolished this response. On the other hand, osteo-
blastic cells derived from mice lacking both ERat and ERB (DERKO), but expressing nor-
mal levels of AR, did not exhibit stretching-induced ERK phosphorylation or nuclear
accumulation of GFP-ERK2. Lastly, the anti-apoptotic effects of E, and stretching on
MLO-Y4 cell apoptosis were additive, as a suboptimal concentration of E, (10°M) in com-
bination with suboptimal stretching (only 1 min) increased nuclear GFP-ERK?2 accumula-
tion to a greater extent than the individual treatments. More importantly, whereas the
suboptimal individual treatments did not prevent etoposide-induced apoptosis, their combi-
nation did. Taken together, these results indicate that the ligand-naive ER, but not the AR,
transduces mechanical signals; and that ligand-dependent as well as ligand-independent
actions of the ER are involved in the regulation of the survival of osteocytes and osteo-
blasts.

Disclosures: J.I. Aguirre, None.
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Correlation of Osteocyte-like Cell Deformation due to in-vitro Fluid Flow
Shear Stress with Attachment, Dendrite Extension, and PGE, Production.
D. P. Nicolella', A. J. Siller-Jackson*?, P. P. Cherian®, D. Shin*', J. X. Jiang?, E.
Sprague*?, J. Lankford*', L. F. Bonewald®. 'Southwest Research Institute, San
Antonio, TX, USA, 2University of Texas Health Science Center at San Antonio,
San Antonio, TX, USA, *University of Missouri at Kansas City, Kansas City,
MO, USA.

In-vitro, osteocytes are highly responsive to fluid flow shear stresses suggesting that
fluid flow within the bone matrix controls bone mechanotransduction. However, neither
fluid flow rates nor shear stresses acting on cells and the resulting cell deformations have
been quantified in-vivo. Thus, the relationship between in-vivo mechanical signals and in-
vitro mechanical stimulation is not well known. We hypothesize that it is neither fluid flow
nor matrix deformation per se, but rather the resulting cell deformation that causes the bio-
logical response. The purpose of this study was to quantify cell deformation due to in-vitro
fluid flow mechanical stimulation. MLO-Y4 osteocyte-like cells were subjected to steady
fluid flow generated shear stress using a parallel plate flow chamber at 0.2 Pa, 0.8 Pa, and
1.6 Pa. The cells were imaged with a digital camera attached to an optical microscope prior
to the onset of flow and then again within 30 sec after the onset of flow (initial cell defor-
mation). The cells were subjected to a total of 10 minutes of flow after which the flow was
stopped, the cells were imaged, the flow re-started, and the cells were imaged again (cell
deformation after 10 minutes). Using a digital image correlation technique, cell deforma-
tion was measured by comparing images captured prior to flow to images taken directly
after the onset of flow at the beginning and at the end of the 10 min. of flow. Cell deforma-
tion increased as a function of fluid shear stress from 0.27% at 0.2 Pa to 4.9% at 1.6 Pa.
This increase in cell deformation also correlates to an increase in biological responses,
such as PGE, production. After ten minutes of flow, however, cell deformation was signif-
icantly reduced from 4.9% to 2.6% at 1.6 Pa. In addition, at the end of 10 min. of flow, cell
branching was increased and dendritic processes were extended, in most cases making con-
tact with neighboring cells. In-vivo fluid flow shear stresses in bone have been analytically
estimated to be on the order of 0.2 to 3.0 Pa. When applied in-vitro, this level of fluid shear
stress results in significant cell deformation, on the order of measured bone matrix defor-
mation due to microdamage. In summary, the cells adapted to their in-vitro mechanical
environment by reducing their compliance resulting in significantly lower cell deformation
and by increasing the length of their dendritic processes to establish cell contacts in order
to facilitate cell to cell communication.

Disclosures: D.P. Nicolella, None.
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Transcriptional Induction of FosB/DeltafosB Gene by Mechanical Stress in
Osteoblasts. D. Inoue, S. Kido, S. Kato*, T. Matsumoto. Department of
Medicine and Bioregulatory Sciences, University of Tokushima, Tokushima,
Japan.

DeltafosB, a short splicing isoform of fosB, has been shown to increase bone mass by
stimulating bone formation when over-expressed in transgenic mice. We have shown that
deltafosB mRNA and protein expression is induced in osteoblast lineage cells both by fluid
shear stress (FSS) in vitro and by mechanical loading in vivo. Therefore, deltafosB may
play a role in mechanical stress-induced bone formation. In the present study, we further
explored the mechanism of deltafosB induction. We found that fosB/deltafosB mRNA
induction by FSS was inhibited by gadlinium (Gd), EGTA and BAPTA, but not by nife-
dipine, suggesting an involvement of calicium influx through Gd-sensitive cation channel.
Moreover, we found that FSS activated ERK, which was mimicked by Ca ionophore and
inhibited by EGTA and BAPTA, and that fosB induction was blocked by ERK inhibitors
such as U0126. Thus, induction of fosB gene expression was dependent on Ca and ERK.
To analyze transcriptional effects, we cloned the mouse fosB gene promoter region, sub-
cloned into a luciferase reporter vector, and transfected into primary osteoblasts and
MC3T3-El cells. We found that the (-1000-+307) and (-603-+307) but not the (-327-+307)
fragments responded to FSS with more than two-fold stimulation, indicating that the
sequences from —603 to —327 conferred the FSS effects. This region corresponds to the c-
fos promoter region which has recently been suggested to confer shear stress response and
contains similar DNA elements to the counterpart in the c-fos promoter: upstream CRE-
like (CREI: -469 to -462), SRE-like (-419 to -410), and downstream CRE-like sequences
(CRE2: -404 to —397). Further transcriptional analyses with luciferase reporter gene assays
using tandem oligonucleotides corresponding to each element suggested a major contribu-
tion of the CRE2 sequences. DNA precipitation assay revealed that FSS induced CREB1/
ATF1 phosphorylation and subsequent binding of phosphorylated CREB to the CRE2 ele-
ment in an ERK-dependent manner. Interestingly, although c-fos-derived consensus SRE
responded to FSS, fosB SRE did not, suggesting that fosB gene transcription is subject to a
different mode of regulation from that of c-fos gene. In conclusion, we have demonstrated
for the first time that FSS induces fosB/deltafosB gene expression at the transcriptional
level in osteoblasts through a Ca/ERK/CREB pathway in a manner distinct from c-fos
gene. Thus induced deltafosB expression may contribute to mechanical stress-induced
bone formation.

Disclosures: D. Inoue, None.
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Deficiency of CIZ, a Nucleocytoplasmic Shuttling Protein, Prevents
Unloading-induced Bone Loss through the Enhancement of Osteoblastic
Bone Formation in vivo. K. Hino*', T. Nakamoto**, M. Morinobu®, K. Tsuji',
A. Nifuji', H. Yamamoto*’, H. Hirai*’>, M. Noda'. 'Dept of Molecular
Pharmacology, Tokyo Medical and Dental University, Tokyo, Japan,
*University of Tokyo, Tokyo, Japan, *Ehime University, Matsuyama, Japan.

Unloading results in bone loss which leads to disuse osteoporosis, one of the major
medical issues in our ageing society. However, the mechanisms underlying this phenome-
non has not been fully elucidated. Mechanical stress could affect cells through their adhe-
sion machinery and subsequently regulate gene expression. CIZ (Cas interacting zinc
finger protein) is a nucleocytoplasmic protein, which localizes at cell adhesion plaques,
associates with p130 Cas and recognizes specific DNA elements to regulate transcription
of the genes encoding collagen and the MMP. CIZ also regulates BMP signaling. Thus,
CIZ could be one of the possible candidate molecules to modulate bone metabolism under
unloading and/or loading condition. To test the hypothesis that CIZ may be involved in the
mechanical stress regulation of bone metabolism in vivo, we examined the effects of CIZ-
deficiency on unloading-induced bone loss using tail suspension model. Two dimensional
UCT analysis indicated that tail suspension reduced the levels of cancellous bone volume
(BV/TV) in the distal end of the femur within the area of 800 x350um in wild type mice. In
contrast, reduction in cancellous bone volume due to tail suspension was suppressed in CIZ
KO mice. To address whether CIZ-deficiency suppression of the unloading-induced bone
loss could be due to alterations in osteoblastic activities, bone marrow cells were cultured
in the presence of ascorbate and beta-glycerophosphate after tail suspension. In wild type
mice, tail suspension reduced the formation of alizarin red positive nodules. In contrast,
CIZ-deficiency suppressed such reduction in the levels of nodule formation after tail sus-
pension. Bone marrow cell cultures were also conducted in the presence of vitD and dex-
amethasone and TRAP positive cells were counted .TRAP positive cell numbers were not
altered by the tail suspension regardless of the genotype. We also examined the effect of
the CIZ deficiency on the cortical bone. nCT analysis of the cross section of the femur at
the levels one forth from its distal end indicated that tail suspension suppressed cortical
bone area in wild type mice. In contrast, CIZ deficiency suppressed such reduction in the
cortical bone area in the femur after tail suspension. These data indicated that CIZ defi-
ciency suppressed tail suspension-induced bone loss in cortical and cancellous bone possi-
bly through CIZ actions on the cells in osteoblastic lineage to modulate bone response to
unloading.

Disclosures: K. Hino, None.
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Pubertal Effects on the Muscle-Bone Mechanostat on Differentially
Loaded Bones. N. J. Crabtree', N. Loveridge?, M. S. Kibirige*?, J. N.
Fordham®, N. J. Shaw*. 'Queen Elizabeth Hospital, Birmingham, United
Kingdom, *Cambridge University, Bone Research Group(MRC), Cambridge,
United Kingdom, 3South Cleveland Hospital, Middlesbrough, United
Kingdom, *Birmingham Children's Hospital, Birmingham, United Kingdom.

The skeleton is a mechanically optimised organ such that its strength is regulated by
loads routinely applied to it. According to the muscle-bone mechanostat theory, these loads
mainly arise from muscle forces rather than gravitational weight. However, it is possible
that other factors play an important role in this basic relationship. The aim of this study
was to examine the possible effects of puberty and gender on the muscle-bone relationship
on differentially loaded regions of the body.

637 healthy white children aged 5-18 years, had whole body & lumbar spine DXA. The
ratio of bone mineral content to lean tissue mass was calculated for arms (ARMratio), legs
(LEGratio) and the lumbar spine (LSratio). The data was analysed using MANOVA,
including gender, puberty, lean body mass (LBM), fat body mass (FBM), age & height in
the model.

There were no significant differences in the muscle-bone ratio in the prepubertal children.
However, after adjustment for body size, significant gender and pubertal differences could
be detected for both LSratio and ARMratio, with girls having more bone mineral per unit
LBM in both regions. A similar trend was observed in the legs, although this did not reach
significance even by late puberty. For the LEGratio the greatest variation explained by the
model, was FBM closely followed by height. For the ARMratio the largest variation was
explained by height and the least by FBM, however both were significant (p<0.05).

Girls Boys

Pre Early Late Pre Early Late
LSratio “0.90 1'0.96 $*1.07 0.85 $0.79 10.83
(0.01) (0.02) (0.02) (0.01) (0.02) (0.03)

LEGratio 5.4 55 55 5.3 5.4 53
(0.05) (0.06) 0.7 (0.05) (0.07) (0.12)

ARMratio 5.9 6.0 6.0 5.7 5.1 5.2
(0.07) (0.08) (0.09) (0.07) 0.1) (0.15)

P<0.05 diff. between "pre-, early- & post- puberty, + genders

Increases seen in the ratios with increasing height would suggest that the long
bones are mechanically optimised for both the physical load and the local bending
forces to which they are subjected. The differential effects of puberty on the mus-
cle-bone relationship could in part be explained by the dramatic increase in circu-
latory estrogen observed in girls as they progress through puberty. However, this
estrogenic effect appears to be modulated by the influence of gravitational load.

Disclosures: N.J. Crabtree, None.
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Rest-Inserted Loading and IGF-1 Synergistically Initiate Bone Formation
in the Senescent Skeleton. S. Srinivasan, S. C. Agans*, K. A. King*, T. S.
Gross. Orthopaedics, University of Washington, Seattle, WA, USA.

‘While counteracting age-related bone loss via general physical activities of daily living
has attractive benefits, mild types of activity are ineffective in influencing bone cell
dynamics. Interestingly, we recently observed that inserting 10-s of rest between low-mag-
nitude loading cycles was sufficient to initiate significant bone formation in the aged skele-
ton. However, we were unable to further augment the response of aged bone (despite
doubling of load magnitudes and 4-fold increases in loading cycles), which suggests an
inherent age-related blunting of the osteogenic response. This result indicates that age-
related deficits in osteoblastic cells may need to be explicitly counteracted to overcome
this blunting, and importantly, to augment bone mass in the aged skeleton. We hypothe-
sized that supplementing rest-inserted loading with an agent such as insulin-like growth
factor-1 (IGF-1) capable of modulating osteoblast function would synergistically enhance
bone formation induced in the aged skeleton. We examined this proposal using two groups
of senescent female C57BL/6 mice (n=3/grp, 26 mo) that received 0.5 or 1 mg/Kg of
thIGF-1 (s.c.) 5 days/wk for 2-wk. Utilizing the non-invasive murine tibia loading device,
the right tibiae of all animals were subject to a 50 cycle/d, low-magnitude loading protocol
with a 10-s rest inserted between each cycle. The left tibiae served as internal controls for
the effects of systemically administered IGF-1 while the right tibiae provided data regard-
ing the interaction of IGF-1 with low-magnitude rest-inserted loading. Animals received
calcein labels on days 3 and 12 for determination of dynamic histomorphometry parame-
ters at the periosteal surface of the tibia mid-shaft. The minimal bone formation rates
induced in control (left) bones in animals receiving 0.5 mg/Kg and 1.0 mg/Kg of IGF-1
were similar (0.038 = 0.01and 0.042 = 0.04 um*/um*d, respectively). Rest-inserted load-
ing supplemented with 0.5 mg/Kg IGF-1 only minimally increased bone formation (0.074
+0.07 um*/um?d, only one of three animals responded). In contrast, rest-inserted loading
supplemented with 1.0 mg/Kg IGF-1 resulted in a substantial increase in bone formation
(0.135 £ 0.03 um*/um?d, all three mice responded, range: 0.09 to 0.19 um*/um?d). These
results support our hypothesis and suggest that low-magnitude rest-inserted loading when
supplemented with low-dose IGF-1, synergistically enhances bone formation in senescent
animals. While preliminary, our observation of synergy holds promise as a means to ini-
tiate, enhance and sustain bone formation responses sufficiently to significantly influence
bone mass and strength in the senescent skeleton.

Disclosures: S. Srinivasan, None.
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A School Curriculum Based Exercise Program Is Associated with
Increased Bone Mineral Accrual and Bone Size in Girls During Early
Growth — a 2 Years Prospective Controlled Intervention Study in 126
Girls. C. Lindén*, P. Gardsell, O. Johnell, M. K. Karlsson. Dept of
Orthopaedics, Inst of Orthopaedics, Malmo, Sweden.

There are three previous published prospective exercise intervention studies in pre-
pubertal girls, spanning 7 - 12 months where all but one evaluate girls with interest in exer-
cised as they volunteered to participate in the exercise study. The purpose of this study was
to evaluate an exercise intervention program within the school curriculum during the first
school years, as to catch also girls not specific interested in exercise, and to extend previ-
ous observation to a 2 years prospective study, previously never published.

A population based cohort including 62 healthy Caucasian girls (92% participation rate)
aged 7.6 (0.6) from four classes within the two first grades in one school were included in a
school curriculum with 40 minutes physical activity every school day. The curriculum
included general physical activity, ball games, running and jumps. A controls served 64
healthy age and gender matched girls within three schools in the same area subjected to the
general Swedish curriculum of physical activity in these grades, 60 minutes per week.
Bone mineral density (BMD; g/cm2) and bone size were measured with dual X ray absorb-
tiometry (DXA) at total body (TB), lumbar spine (LS), third lumbar vertebra (L3), femoral
neck (FN) and leg before initiation of the intervention and after 2 years. Data is presented
as mean (SD).

There were no differences in height, weight, total lean body mass, total fat content, BMD
or bone size at baseline when comparing the groups. The annual gain in BMD was greater
in the intervention group in comparison with the controls during the 2 year follow-up
(annual gain in g/cm2 in TB BMD 0.03 (0.011) versus 0.02 (0.009), LS BMD 0.04 (0.031)
versus 0.03 (0.016) and leg BMD 0.06 (0.019) versus 0.05 (0.015), all p < 0.05 respec-
tively). Also bone size increased more within the intervention group (annual gain in cm2 in
FN area 0.29 (0.243) versus 0.17 (0.267) and L3 area 0.75 (0.383) versus 0.46 (0.330),
both p < 0.05 respectively). The discrepancies remained also after adjusting for differences
in weight gain during the study period.

A school based exercise program within the general curriculum during the first school
years seems to in girls be associaed with a greater increase in BMD and bone size.

Disclosures: C. Lindén, None.
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Rest Alleviates Tissue Saturation Due to Repetitive Mechanical Loading.
S. L. Poliachik, S. C. Agans*, K. A. King*, T. S. Gross, S. Srinivasan.
Department of Orthopaedics and Sports Medicine, University of Washington,
Seattle, WA, USA.

The response of bone to repetitive mechanical loading demonstrates both threshold and
saturation behavior as the number of applied cycles increases. We hypothesized that rest-
inserted loading can overcome the saturation normally observed in response to a high num-
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ber of repetitive load cycles. To investigate the bone formation response to an increasing
number of load cycles, we contrasted repetitive and rest-inserted loading using from 5 to
500 cycles at a single load magnitude. The right tibiae of 53 C57B1/6J mice (female, 16wk)
were externally loaded every other day (3 d/wk) for 3 weeks using a non-invasive murine
tibia loading device. Calcein was administered on days 10 and 19, and animals were sacri-
ficed on day 22. The animals were randomly assigned to one of 7 protocols, all generating
a mean peak normal strain of 1200y at the mid-diaphysis: repetitive loading of 5, 100, 250
or 500 cycles, or 10, 50 or 250 cycles with a 10s rest inserted between each cycle. Peak
strains were determined using strain gage measurements and finite element analysis. Stan-
dard dynamic histomorphometry measures were used to determine bone responses at the
mid-shaft of the right (loaded) and left (intact contralateral) tibiae. Periosteal bone forma-
tion in animals loaded with rest-inserted protocols exceeded the response of repetitive
loading as the number of cycles increased (Figure). In repetitive loading protocols, 100
cycles were required to increase BFR above control levels, with the response saturating at
250 cycles (1.5-fold increase in number of cycles). In contrast, BFR induced by rest-
inserted loading increased above control levels with only 10 load cycles, and the aug-
mented response appeared to continue even after a 25-fold increase in applied cycles (10 to
250 cycles). We conclude that rest-inserted loading promotes a greater osteogenic response
with an increase in the number of applied load cycles as compared to repetitive loading. In
contrast, repetitive loading requires a greater number of cycles to exceed control values
and the response saturates quickly, as others have noted. Although the mechanism is
unclear at present, rest-inserted loading appears to alleviate the tissue saturation that nor-
mally limits the osteogenic response to repetitive cyclic loading.
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Bcl-2 is a Pivotal Mediator of the Anti-apoptotic Effect of PTH on
Osteoblasts: Evidence from RNA Silencing and Bcl-2-deficient Mice. A. A.
Ali, L. 1. Plotkin, I. P. Foote*, R. A. Wynne*, T. Bellido, C. A. O.Brien, S. C.
Manolagas, R. L. Jilka. Div. Endo&Metab, Center for Osteoporosis and
Metabolic Bone Diseases, Central Arkansas Veterans Healthcare System, Univ.
of Arkansas for Medical Sciences, Little Rock, AR, USA.

Published evidence, as well as work presented elsewhere in this meeting, indicate that
the anabolic effect of intermittent PTH administration is due at least in part to attenuation
of osteoblast apoptosis; and that PTH exerts this effect via a Runx2-mediated increase in
the transcription of anti-apoptosis genes like Bcl-2. To establish the pivotal role of Bcl-2 in
the anti-apoptotic effect of PTH, we have decreased Bcl-2 expression in OB-6 osteoblastic
cells using RNA silencing. We report that introduction of Bcl-2 silencing RNA (siRNA)
caused a 70-80% reduction in the level of Bcl-2 protein as measured by Western blot anal-
ysis, compared to controls comprising mock-transfected cells or cells transfected with
siRNA to lamin A/C. The transfection efficiency was >95% as indicated by fluorescence
microscopy of cells co-transfected with FITC-labeled luciferase siRNA. Unlike the control
cells, PTH failed to inhibit etoposide-induced apoptosis of cells transfected with Bcl-2
siRNA, as determined by enumeration of cells staining for active caspase-3. In full agree-
ment with these findings, PTH failed to inhibit etoposide-, dexamethasone-, or anoikis-
induced death of osteoblastic cells cultured from neonatal calvaria of Bcl-2""mice (progeny
of breeders from Jackson Labs), as determined by trypan blue staining or caspase-3 activ-
ity; whereas PTH did inhibit apoptosis of cells from wild type littermates. Consistent with a
gene dose-response, calvaria cells from Bcl-2 heterozygotes (Bcl-2"") exhibited a 40-50%
reduction in the level of Bcl-2 protein, and attenuation of the anti-apoptotic effect of PTH
by 50%. These results indicate that the absolute level of Bcl-2 is a critical determinant of
the pro-survival effect of PTH on osteoblastic cells. Based on this and evidence that the
anti-apoptotic effect of PTH also requires phosphorylation and thereby inactivation of the
pro-apoptotic protein Bad, which normally binds to and neutralizes Bcl-2 during pro-
grammed cell death, we hypothesize that the pro-survival property of PTH is due at least in
part to increased synthesis of Bcl-2 and reduced availability of Bad. The combined effect
increases the total amount of free Bcl-2 available to sequester proteins like Bak and Bax
that participate in the initial stages of the death program.

Disclosures: R.L. Jilka, Anabonix, Inc. 4.
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Transgenic Expression of Human Bcl-2 in Osteoblasts in Mice Prevents
Glucocorticoid-Induced Apoptosis. G. Gronowicz, W. Zhang* M. Y.
Nahounou*, M. B. McCarthy*, A. C. Lichtler, A. G Pantschenko*.
Orthopaedics, University of Connecticut Health Center, Farmington, CT, USA.

High dose glucocorticoids leads to bone loss primarily by decreasing bone formation
and increasing osteoblast apoptosis. Glucocorticoids have been shown to produce apopto-
sis by down-regulating bcl-2. To elucidate the role of apoptosis in bone, a transgenic
mouse (Col2.3bcl-2) was developed with a 2.3 kb Collal promoter fragment driving the
the 1.7 kb region of the human bcl-2 in mature osteoblasts. Three founder lines were estab-
lished. They appeared healthy and bred normally, however body weight, body length and
femur length of Col2.3bcl-2 mice were smaller than their non-transgenic littermates (+/+)
at 2 months, which had been similar at 1 month. IHC of human bcl-2 expression in femurs
of 2-month heterozygote Col2.3bcl-2 mice (Tg/+) revealed transgene protein expression in
osteoblasts at the growth plate, the endosteal surface and areas of active bone formation on
the periosteal surface of the cortical bone. Human bcl-2 expression was also found in the
calvarial osteoblasts. Static histomorphometric analysis of the calvaria demonstrated that
calvaria width was reduced in Col2.3bcl-2 (103.4 £ 9.2 um vs. 130.7 = 5.6 um, p < 0.02)
compared to their +/+ littermates. Osteoclast number per bone surface and % osteoclast
surface was reduced in the Col2.3bcl-2 mice compared to +/+ littermates (1.6 + 0.5 % vs.
55 + 1.2 %, p<0.01, and 4.7 = 1.7 % vs. 15.5 = 43%, p < 0.04, respectively). The
decreased calvaria width in the transgenic mice suggest decreased bone resorption and for-
mation. Administration of varying concentrations of dexamethasone (0.1, 0.3 and 1 mg/kg
body weight) produce a dose-dependent increase in apoptotic osteoblasts in calvaria of +/+
mice visualized by TdT-mediated dUTP nick end labeling (TUNEL). 2-month-old Tg/+
and +/+ mice were treated with 1 mg/kg BW of dexamethasone or saline vehicle each day
for 7 days and then sacrificed. Paraffin-embedded calvaria were evaluated for apoptotic
osteoblasts (Ob) and osteocytes (Os). Few apoptotic cells were seen in the periosteum or
sutures. No significant differences were found in the baseline apoptosis in either group
treated with saline. Glucocorticoids were shown to increase osteoblast and osteocyte apop-
tosis in nontransgenic mice but this effect was significantly blunted in the transgenic mice,
which express human bcl-2.

% TUNEL Positive Cells *p<0.05

Dex +/+ Dex Tg/+ Veh +/+ Veh Tg/+
%0b 39.8+23 11.0 +3.1* 33+16 3.7+23
%0s 36.6+5.3 147 £3.1* 25+0.8 3.7+10

Disclosures: G. Gronowicz, None.
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Phenotypic Characterization of Col2.3bcl-2 Transgenic Mice with Bone-
Directed Expression of Bcl-2. A. G Pantschenko*, W. Zhang*, M. Y.
Nahounou*, F. Ledgard*, M. B. McCarthy*, A. C. Lichtler, G. Gronowicz.
Orthopaedics, University of Connecticut Health Center, Farmington, CT, USA.

Bcl-2 plays an important role in preventing apoptosis in osteoblasts and is regulated by
numerous growth factors and hormones that affect bone mass. To explore the role of bcl-2
in bone remodeling and development, we have established and characterized a CD-1 trans-
genic mouse that expresses human bcl-2 in mature osteoblasts. The Col2.3bcl-2 mouse was
created with a 2.3 kb Collal promoter fragment driving the 1.7 kb region of human bcl-2
c¢DNA. Three Col2.3bcl-2 founder lines were established which appeared healthy and bred
normally. Body weight, body length and femur length were similar at 1 month of age. In
general, the Col2.3bcl-2 heterozygote mice (tg/+) were significantly smaller than the corre-
sponding nontransgenic littermates (+/+) at 2 and 6 months of age with the greatest differ-
ence observed at 2 months of age. To confirm transgene protein expression, human specific
anti-bcl-2 antibody was used for immunohistochemistry. Human bcl-2 was expressed in
osteoblasts at the growth plate, regions of the endosteal surface and areas of active bone
formation on the periosteal surface of cortical bone. Non-transgenic littermates were nega-
tive for human bcl-2 expression. Static histomorphometric analysis of calvaria from 2
month-old mice showed a significant decrease in calvaria width in the tg/+ mice (103.4 +
9.2 um vs. 130.7 £ 5.6 um) (p < 0.02), and a significant decrease in % osteoclast bone sur-
face (4.7 = 1.7 % vs. 15.5 £ 4.3 %) (p < 0.04) and osteoclast number per mm?2 bone sur-
face, (1.6 £ 1.2 vs. 5.4 £ 0.5) (p < 0.01). Therefore, Col2.3bcl-2 mice had thinner calvaria
with fewer osteoclasts than +/+. In femurs, no significant differences were found between
tg/+ and +/+ littermates. However, a comparison of sex differences in femurs of wild-type
mice revealed that males had significantly more % trabecular bone (BV/TV, 13.1 £ 1.3 %
vs. 8.5 £ 0.6 %) (p < 0.002), and decreased % osteoclast surface (15.3 £2.2 % vs. 21.0 £
1.3 %) (p < 0.03) and % osteoblast surface (15.1 = 0.8 % vs. 29.4 + 1.7%) (p < 0.001) than
+/+ females. However, transgenic Col2.3bcl-2 mice did not have any significant differ-
ences between males and females, as was observed for the +/+. Preliminary observations of
the Col2.3bcl-2 mouse suggests that; 1) bone resorption is affected by bcl-2 expression in
osteoblasts, 2) bcl-2 expression affects bone remodeling later in development (i.e. 2
months) rather than earlier, and 3) bcl-2 appears to abrogate the sex differences observed in
the wild-type mice. Thus, the Col2.3bcl-2 mouse is a useful model for studying the role of
apoptosis in bone development and remodeling.

Disclosures: A.G. Pantschenko, None.
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Transgenic Overexpression of ICER Affects cAMP-Inducible Gene
Expression in Osteoblasts. F. Liu*, Y. Huang, B. E. Kream. Medicine,
University of Connecticut Health Center, Farmington, CT, USA.

ICER, inducible cAMP early repressor, is a member of the CREM family of transcrip-
tion factors that modulate cAMP-inducible gene expression. Four isoforms of ICER (I, Iy,
11, IIy) arise by alternative splicing of a primary transcript that is initiated from the intronic
P2 promoter of CREM. ICER acts as a dominant negative transcription factor since it con-
tains almost exclusively the basic leucine zipper domain that specifies dimerization and
DNA binding. We previously demonstrated that parathyroid hormone (PTH) induces the
expression of all ICER isoforms in osteoblasts mainly through the cAMP-protein kinase A
pathway. To study the role of ICER in cAMP-inducible gene expression in osteoblasts, we
generated transgenic mice with ICER I and ICER II expression under control of 3.6 kb of
the rat Collal promoter and 1.6 kb of the rat Collal first intron. The ICER I and II trans-
genes were engineered with the FLAG epitope tag to facilitate protein detection. Primary
calvarial osteoblatic cells were prepared from 6-8 days old wild type (WT) and ICER
transgenic (TG) mice. Immunostaining with an anti-FLAG antibody showed that trans-
genic ICER was expressed strongly in the nuclei of most TG cells. After 7 days of culture,
cells were treated with 10 pM forskolin (FSK) for 0, 0.5, 1, 2 and 4 h. The expression of 3
cAMP-inducible genes, c-Fos, IL-6 and Cox-2, were examined by Northern blot analysis.
All signals were normalized to actin expression. In TG cells, FSK induction of c-Fos and
IL-6 was decreased by 20-30% at 1 h and by 30-40% at 2 h compared to WT cells. By con-
trast, FSK induction of Cox-2 was increased at all time points in TG cells: by 40% at 0.5 h,
70% at 1 h, 92% at 2 h and 110% at 4h. Similar results were seen in cells treated with 10
nM PTH. In summary, our results show that primary osteoblasts prepared from ICER TG
mice had a lower magnitude of induction of c-Fos and IL-6 in response to FSK than WT
cells. However, the response of Cox-2 to FSK and PTH was enhanced in TG cells. We
hypothesize that ICER may interfere with a transcriptional inhibitor(s) in the Cox-2 pro-
moter while antagonizing positive transactivating factors in the c-Fos and IL-6 promoters.

Disclosures: F. Liu, None.
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Epigenetic Regulation of Mouse RANKL Gene Expression. S. Kitazawa, A.
Darwanto*, R. Kitazawa. Division of Molecular Pathology, Kobe University
Graduate School of Medicine, Kobe, Japan.

Receptor activator of NF-kappaB ligand (RANKL) is a membrane-bound signal trans-
ducer requisite for differentiation and maintenance of osteoclasts. Except for some subpop-
ulations of lymphocytic cells, RANKL expression is limited among stromal/osteoblasic
cells which actively support osteoclast formation. To address the issue of what epigenetic
mechanism gives the specificity of RANKL gene expression to stromal/osteoblastic cells
in response to bone resorptional stimuli, we characterized the mouse RANKL gene pro-
moter that contains three Runx2-binding sites, one CRE shared by the vitamin D response
element (VDRE) and two CpG clustering regions (one around the transcription start site,
and the other downstream of the VDRE). Using purified DNA from various normal mouse
non-RANKL expressing tissues, we analyzed the CpG methylation status by Southern
blotting after methylation sensitive (Hpa II) and resistant (Msp I) restriction enzymatic
digestion, and by sodium bisulfite mapping. We found that DNA from most of the normal
non-RANKL expressing tissues showed a methylation pattern in the 5’-flanking region of
the RANKL gene by Southern blotting. Mirroring Southern blot analysis, sodium bisulfite
mapping showed methylated cytosine heterogeneously scattered in both CpG loci in these
tissues. Furthermore, in later passaged-ST2 stromal/osteoblastic cell lines that ceased to
express RANKL gene in response to vitamin D3, a higher methylation rate was observed
around Runx2-binding sites and the transcription start site than in early-passaged-ST2
cells. Since transcriptional induction of bone specific gene expression by Runx2 is
achieved by recruiting histone acetylase, and since transcription repression by methylated-
cytosine is achieved by recruiting histone deacetylase by metyl-CpG binding proteins,
these results suggest that the histone acetylation status defined by the balance between
bone-specific transcription factors like Runx2 and metyl-CpG binding proteins is an
important epigenetic event defining bone tissue-specificity and vitamin D-dependency as
well as the heterogeneity and diversity of the stromal/osteoblastic cells in RANKL gene
expression.

Disclosures: S. Kitazawa, None.
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A Homeobox Gene Msx2 Stimulates the Osteoblastic Differentiation of
Mesenchymal Cells in the Absence of Cbfal/Runx2. E. Ichida*', K. Hata*',
FE._Ikeda', K. Yamashita*', T. Matsubara*', K. Hisada*', H. Yatani*', A.
Yamaguchi®, R. Nishimura', T. Yoneda'. 'Osaka Univ, Suita, Japan, *Nagasaki
Univ, Nagasaki, Japan.

Recent studies have revealed the importance of a homoeobox gene Msx2 in skeletogen-
esis. Mice deficient in Msx2 manifested persistent calvarial foramen with a defect in corti-
cal and cancellous ossification in skull and a decrease in osteoblast number. Moreover, it is
found that heterozygous mutations of Msx2 cause enlarged parietal foramina (PFM) char-
acterized by oval defects in parietal bones in human. However, the molecular mechanism
by which Msx2 regulates osteogenesis is still poorly understood. To understand the role of
Msx2 in the regulation of osteogenesis, we studied the actions of Msx2 in an in vitro model
in which the multipotent mesenchymal cell lines including C3H10T1/2 and C2C12 showed
osteoblastic differentiation with increased alkaline phosphatase activity (ALP) upon treat-
ment with BMP2. Msx2 expression was induced in C3H10T1/2 cells by the treatment with
BMP?2 in parallel with osteoblastic differentiation. Of note, introduction of Msx2 using
adenovirus system promoted the osteoblastic differentiation of C3H10T1/2 and C2C12
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cells. The effects of Msx2 were enhanced in the presence of BMP2 or co-introduction of
Cbfal. To determine whether Cbfal is essential for Msx2 to promote osteoblastic differen-
tiation, we examined the effects of Msx2 on osteoblastic differentiation in the Cbfal-defi-
cient mesenchymal cell line named C2 that was established from Cbfal knock out mouse
calvariae. BMP2 induced Msx2 expression and increased ALP activity in C2 cells. Fur-
thermore, introduction of Msx2 alone also elevated ALP activity in C2 cells. These results
suggest that Cbfal is not essential for the induction of Msx2 expression by BMP2 and that
Msx2 leads the differentiation of mesenchymal cells toward osteoblastic direction in a
Cbfal-independent fashion. We next examined the effects of Msx2 overexpression on the
mineralization of the primary neonatal mouse calvarial osteoblasts. Alizarin red staining
demonstrated that overexpression of Msx2 increased the mineralization of primary calva-
rial osteoblasts in the presence of BMP2. On the other hand, overexpression of mutant
Msx2, which is associated with PFM in human, inhibited BMP2-induced mineralization. In
conclusion, our data suggest that Msx2 stimulates the osteoblastic differentiation of mesen-
chymal cells in the absence of Cbfal and also regulates the mineralization of osteoblasts.
Msx2 may be an alternative molecule to Cbfal that is involved in the regulation of the dif-
ferentiation of mesenchymal cells and osteoblast mineralization.

Disclosures: F. Ichida, None.
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The Effects of BIG-3 on Osteoblast Differentiation Are not Dependent
upon Endogenously Produced BMPs. E._Gori, M. B. Demay. Endocrine Unit,
Massachusetts General Hospital/Harvard Medical School, Boston, MA, USA.

Skeletal development in vivo occurs via two major processes, intramembranous and

endochondral ossification. Among the local signaling pathways that play a role in these
processes is the bone morphogenetic protein (BMP) signaling pathway. We recently identi-
fied a BMP-2 induced gene, named BIG-3 (BMP-2 Induced Gene 3kb) that encodes a
novel protein belonging to the WD-40 repeat family of proteins. We have demonstrated
that BIG-3 dramatically accelerates the program of osteoblastic differentiation when stably
expressed in MC3T3-El1 cells. In addition, BIG-3 is developmentally expressed in carti-
lage and osteoblasts, suggesting that this protein plays a developmental role in both endo-
chondral and intramembranous bone formation. Since BIG-3 is upregulated by BMP-2, we
examined the potential interactions between BIG-3 and the BMP-2 signaling pathway dur-
ing osteoblastic differentiation. To evaluate whether endogenous BMPs were required for
the effects of BIG-3 on osteoblast differentiation, we treated MC3T3-El1 cells, stably trans-
fected with the full-length coding region of BIG-3 (MC3T3E1-BIG-3) cloned downstream
of a CMV promoter in pcDNA3.1, or MC3T3El-cells transfected with the empty vector
(MC3T3EI1-EV), with noggin, a protein that blocks the actions of BMP-2, BMP-4 and
BMP-7. Noggin treatment of pooled MC3T3E1-EV clones inhibited alkaline phosphatase
(AP) activity by 57% fold compared to untreated pooled MC3T3EI-EV clones at 21 days
in culture. Conversely, noggin treatment of pooled MC3T3E1-BIG-3 clones did not affect
AP activity even at doses as high as 1 mg/ml. Noggin treatment also decreased the expres-
sion of Cbfal and type I collagen mRNAs by 1.9 and 2,3 fold, respectively, in pooled
MC3T3EI-EV clones by 14 days but not in pooled MC3T3E1-BIG-3 clones. Addition of
noggin to pooled MC3T3EI-EV clones significantly decreased mineralized matrix forma-
tion, reflected by a 5.5 fold decrease in Alizarin Red staining at 21 days compared to
untreated clones. The effects of noggin on mineralized matrix formation persisted in
pooled MC3T3E1-EV clones at 30 and 35 days (4.5 and 4.9 fold, respectively), whereas no
effect was observed in pooled MC3T3E1-BIG-3 clones at any time point.
The observation that noggin treatment does not block the acceleration in differentiation
seen in MC3T3-El cells stably expressing BIG-3, suggests that the actions of this novel
‘WD-40 protein in accelerating osteoblastic differentiation are not dependent upon endoge-
nously produced BMPs.

Disclosures: F. Gori, None.
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DIx5 Function As a Key Switch Between BMP-2-Induced Osteoblast
Differentiation and TGF-bl- Derived Antagonism. M. Lee, H. Park*, H.

Kim*, H. Ryoo. Dept. of Biochemistry, School of Dentistry, Kyungpook
National University, Daegu, Republic of Korea.

BMP-2 not only blocks myogenic differentiation but also induces osteoblast differentia-
tion in myogenic C2C12 cells. In contrast, TGF-bl cannot support osteoblast differentia-
tion and it even dramatically inhibits BMP-mediated osteoblast differentiation although
Runx2 expression is induced by both BMP-2 and TGF-bl. Therefore the induction of
Runx2 is not sufficient to explain the BMP-induced osteoblast differentiation and TGF-b1-
derived antagonism. Our previous reports suggested that DIX5 is a direct and specific target
of BMP-signaling and the proximal target in turn, stimulated the downstream transcription
factor Runx2, and consequently resulted in the bone marker gene expression in BMP-
induced osteogenic transdifferentiation. In this study, we investigated whether the inhibi-
tory role of osteoblast differentiation by TGF-bl was also mediated by BMP-specific tar-
get, DIx5. The induction of DIx5 gene expression by constitutively active BMPR-IA or IB
was completely or partially blocked by TGF-bl treatment. Cycloheximide experiment
showed that the inhibition of DIx5 expression by TGF-bl is dependent on new protein syn-
thesis. Since DIx5 induction by BMP-2 is observed as early as 1hr after stimulation and the
new protein synthesized by TGF-bl suppresses DIxS expression before being induced by
BMP-2, we assumed that an immediate early gene product might be involved in the DIx5
suppression by TGF-b1 and then we checked the involvement of AP-1 on DIX5 suppres-
sion by blocking AP-1. A dominant negative c-fos (A-fos) that inhibits Jun-dependent
transactivation was used for this AP-1 blocking. Interestingly, the exogenous A-fos signifi-
cantly antagonized the DIx5 suppression by TGF-b1. Moreover, one of AP-1 components,
c-Jun protein level increased 1 hr after TGF-b1 treatment but not by BMP-2 in C2C12 and
MC3T3-El cells. Finally we confirmed that c-Jun overexpression alone could suppress
BMP-induced DIx5 even in the absence of TGF-bl. Taken together, these results indicate
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that DIXS5 is the primary target where the opposing action of TGF-bl on BMP-2-induced
osteoblastic differentiation occurs and the c-Jun protein newly synthesized by TGF-bl
involves in the suppression of DIx5.

Disclosures: M. Lee, None.
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PKIy Knock Down Inhibits Termination of Immediate-Early Gene
Expression Induced by PTH. X. Chen, J. C. Dai, S. A. Orellana*, E. M.
Greenfield. Case Western Reserve University, Cleveland, OH, USA.

Immediate-early genes, such as IL-6 and c-fos, mediate both the catabolic and anabolic
effects of PTH. We have shown that the primary mechanism responsible for termination of
PKA activity, CREB phosphorylation, and immediate-early gene expression following
stimulation by PTH acts downstream of receptor desensitization, adenylyl cyclase activa-
tion, and cAMP degradation (Am J Physiol Cell Physiol 283:1432-40, 2002). We therefore
hypothesized that inhibition of PKA activity by the protein kinase inhibitor (PKI) family is
responsible for termination of transcription factor phosphorylation and gene expression.
We found that PKIy mRNA and protein are strongly expressed in ROS17/2.8 and MC3T3-
E1 osteoblastic cells, while little or no PKIat or PKIB mRNAs are expressed. We also
cloned and sequenced rat PKIy from ROS17/2.8 cells (GenBank #AY 150308). To test the
role of PKly in termination of immediate-early gene expression, in vitro transcribed siRNA
duplexes directed against the PKIy coding region were transfected into ROS17/2.8 cells.
Virtually complete knock down of PKIy mRNA and protein was observed after 24 hours.
This knock down increased the level of IL-6 and c-fos mRNAs induced at early time peri-
ods (<1 hour) by PTH and extended the length of time that the mRNAs are induced (>4
hours vs. 2 hours in mock-transfected cells). The effects of PKIy knock down were con-
firmed using ROS17/2.8 clones stably transfected with PKIy antisense constructs in the
Tet-Off expression system. After 24 hours of tetracycline withdrawal, two independent
antisense clones exhibited a similar temporal pattern of effects to that observed with
siRNA except of somewhat reduced magnitude. Controls included antisense clones with
tetracycline as well as sense and irrelevant clones + tetracycline. The smaller effect on
gene expression in these antisense transfection experiments is most likely due to partial
knock down of PKly (~50% at both the mRNA and protein levels). To study the mecha-
nism of action of PKIy, PKA translocation was assessed by immunofluorescence and by
western blotting of nuclear extracts. All 3 PKA catalytic domain isoforms were found to
translocate into and out of the nucleus with maximal levels 15-30 minutes after exposure to
PTH in ROS17/2.8 cells. These kinetics are consistent with PKIy binding to nuclear PKA
and transporting it back to the cytoplasm. Taken together, our results demonstrate that inhi-
bition of PKA activity by endogenous PKly is a major mechanism responsible for termina-
tion of immediate-early gene regulation induced by PTH. These findings are the first in any
cell type showing that endogenous levels of PKI are sufficient to regulate PKA signaling.
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Negative Regulation of Runx2/Cbfal Activity by Src Signaling in
Osteoblasts. S. K. Zaidi, A. J. Sullivan*, A. J. van Wijnen, J. L. Stein*, G. S.
Stein, J. B. Lian. Department of Cell Biology, University of Massachusetts
Medical School, Worcester, MA, USA.

Although Src tyrosine kinase signaling has an established role in osteoclast maturation,
bone-forming osteoblasts isolated from Src deficient mice exhibit accelerated differentia-
tion, with upregulation of several bone differentiation markers including osteocalcin. Here
we have explored the mechanisms involving regulation of osteoblast differentiation by Src
tyrosine kinase. Consistent with the upregulation of osteocalcin in Src null osteoblasts, we
show that inhibition of Src tyrosine kinases in ROS 17/2.8 osseous cells by a chemical
inhibitor or by a dominant negative inhibitor of Src tyrosine kinase (DN)