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M8 

Prolonged Anabolic Steroid Therapy Promotes Bone Formation and 
Prevents Demineralization during Rehabilitation in Burned Children. K. 
D. J. Murphy*1, S. Thomas*1, D. L. Chinkes*1, G. L. Klein2, D. N. 
Herndon*3. 1Department of Surgery, Shriners Hospitals for Children & The 
University of Texas Medical Branch, Galveston, TX, USA, 2Department of 
Pediatrics, Shriners Hospitals for Children & The University of Texas 
Medical Branch, Galveston, TX, USA, 3Departments of Surgery & Pediatrics, 
Shriners Hospitals for Children & The University of Texas Medical Branch, 
Galveston, TX, USA. 
Introduction: Post-burn catabolism prevents bone formation and accelerates bony 
demineralization after severe pediatric burns. Anabolic agents such as growth 
hormone and oxandrolone have been used successfully for constitutional delays of 
growth. 
Methods: Fifty-five burned children with burns greater than 40% total body surface 
area were enrolled in a randomized controlled trial to investigate the effect of the 
anabolic agent, oxandrolone, on bone growth and mineralization. Oxandrolone 
(0.1mg/kg PO BID) or placebo was administered from discharge from the intensive 
care unit until 12 months after injury. Dual-Energy X-ray Absorptiometry (DEXA) 
measured whole body bone mineral content (BMC), whole body bone mineral 
density (BMD), Spine BMC and Spine BMD, at discharge, 6, 9 and 12 months 
post-burn. DEXA software calculated age and sex matched Spine BMD Z-scores. 
Liver function tests and including alkaline phosphatase were serially measured. 
Results: Oxandrolone subjects had significantly greater BMC twelve months after 
burn (p<0.016), with differences at time points becoming more disparate over time. 
Although Spine BMC & BMD did not differ between groups, BMD z-scores were 
significantly better with oxandrolone than controls (p<0.016) especially twelve 
months after injury. This was associated with significantly greater alkaline 
phosphatase levels in treated patients (p<0.001) and low normal levels in controls 
even 12 months after injury. Liver transaminases remained normal for both groups. 
There were no significant side-effects. 
Conclusions: Low-dose oxandrolone, administered during rehabilitation until one 
year after burns, successfully and safely promotes bone formation and prevents 
osteopenia induced by severe burns in children. 

Disclosures: K.D.J. Murphy, None. 

M9 

Teriparatide Increases the Width of Modeling and Remodeling Osteons 
at the Trabecular and Endosteal Envelope. E. F. Eriksen, D. W. Donley*, 
Y. L. Ma. Lilly Research Laboratories, Eli Lilly and Company, Indianapolis, 
IN, USA. 
 Teripararatide [rhPTH(1-34), TPTD], a new bone formation agent for 
osteoporosis, reverses osteoporotic changes in bone structure and decreases 
vertebral and nonvertebral fracture rates. A significant proportion of new bone 
formed during teriparatide treatment seems to be formed via modeling, i.e. 
formation of new bone on quiescent bone surfaces without previous resorption. We 
analyzed the occurrence and dimensions of modeling and remodeling osteons in 
iliac crest biopsies obtained from patients treated 12-24 months with placebo 
(n=20) or teriparatide 20 (TPTD20, n=19) or 40 (TPTD40, n=13) µg/day s.c. in a 
large randomized trial. Active bone forming, tetracycline-labeled osteons on 
trabecular and endocortical surfaces were studied. Trabecular and endosteal osteons 
were classified according to the presence of smooth or scalloped cement lines and 
collagen orientation (i.e. modeling and remodeling osteons, respectively). 
Remodeling wall width was also quantified. A dose-dependent increase in 
modeling osteons was seen for TPTD20 (0.4%) and TPTD40 (3.8%) (P<0.001). 
Mixed remodeling/modeling trabecular osteons showed a dose dependent increase 
(TPTD20 (2.4%) and TPTD40 (3.9%) (P<0.001). Significant increases in the 
remodeling wall width of trabecular and endosteal packets were noted in both 
teriparatide groups compared with placebo (P<0.05). In conclusion, this study 
suggests that teriparatide induces pure modeling bone formation at quiescent 
surfaces, and increases bone formation at remodeling sites. This leads to increased 
thickness of completed bone structural units at both the trabecular and endosteal 
envelope. These mechanisms may contribute to the improvement of trabecular and 
cortical architecture demonstrated after teriparatide treatment. 

Disclosures:  E.F. Eriksen, Eli Lilly and Company 3. 

M10 

The Risk of Developing Back Pain Is Reduced in Postmenopausal Women 
with Osteoporosis following Teriparatide Compared with Alendronate 
Therapy.  R. K. Dore1, J. H. Krege2, P. Chen*2, E. V. Glass*2, J. San Martin2, 
P. D. Miller3. 1UCLA, Anaheim, CA, USA, 2Eli Lilly and Company, 
Indianapolis, IN, USA, 3Colorado Center for Bone Research, Lakewood, CO, 
USA. 
 The relative risk of back pain, moderate or severe back pain and severe back 
pain was significantly reduced following teriparatide 20 and 40 mcg/d (TPTD20 
and TPTD40) treatment of postmenopausal women with osteoporosis compared 
with placebo (Neer, NEJM 2001, Genant, ASBMR 2003). We compared back pain 
incidence in postmenopausal women with osteoporosis given oral alendronate 10 
mg/d (ALN10) plus placebo injection with teriparatide injection plus oral placebo. 
Back pain data was collected during adverse event monitoring. In study A, women 
were randomized to TPTD20 or ALN10 for 18 months. In study B, women were 
randomized to TPTD40 or ALN10 for 14 months and most women completing this 
trial were enrolled in a follow-up study. In each trial, baseline differences in patient 
demographics between treatment groups were not statistically significant. TPTD20-
treated women had reduced risk of back pain (P=0.051), moderate or severe back 
pain (P=0.003), and severe back pain (P=0.04), with relative risk reductions of 
27%, 44%, and 52%, respectively, versus ALN10-treated women (Table, I). 
TPTD40-treated women had reduced risk of back pain (P=0.012) and moderate or 
severe back pain (P=0.016), with relative risk reductions of 71% and 80%, 
respectively versus ALN10-treated women (Table, II). During the trial plus 18 
months of follow-up, TPTD40-treated women had reduced risk of back pain 
(P=0.015), and moderate or severe back pain (P=0.016), with relative risk 
reductions of 66% and 80%, respectively, versus the ALN10 group. (Table, III). In 
conclusion, women randomized to teriparatide had reduced risk of back pain 
compared to women randomized to alendronate.  

I. Study A 

 ALN10 
N=101 

TPTD20 
N=102 

Relative Risk (P-
value) 

 n % N %  

Back Pain 39 38.6 26 25.5 .73 (0.051) 

Moderate or Severe Back Pain 33 32.6 15 14.7 .56 (0.003) 

Severe Back Pain 12 11.9 4 3.9 .48 (0.04) 

II. Study B 

 ALN10 
N=73 

TPTD40 
N=73  

 n % N %  

Back Pain 14 19.2 4 5.5 .29 (0.012) 

Moderate or Severe Back Pain 10 13.7 2 2.7 .20 (0.016) 

Severe Back Pain 2 2.7 1 1.4 .52 (NS) 

III. Study B + 18 Months Follow-up 

 ALN10 
N=53 

TPTD40 
N=52  

 n % N %  

Back Pain 15 28.3 5 9.6 .34 (0.015) 

Moderate or Severe Back Pain 10 18.9 2 3.9 .20 (0.016) 

Severe Back Pain 3 5.7 1 1.9 .33 (NS) 

Disclosures:  J. San Martin, Eli Lilly and Company 3. 
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M11 

Osteoformin Stimulates Differentiation of Human Chondrocytes. L. X. 
Bi1, E. G. Mainous2, W. L. Buford*1. 1Depts of Surgery and Orthopaedics, 
University of Texas Medical Branch, Galveston, TX, USA, 2Dept. of Surgery, 
University of Texas Medical Branch, Galveston, TX, USA. 
 Our previous studies have shown that negatively charged resins increase bone 
formation and accelerate bone defect healing in vivo. Now, we are seeking a 
synthetic negatively charged peptide, which demonstrates low antigenicity and is 
biodegradable, injectible, and low-cost, to stimulate bone formation. In order to 
investigate potential effects of osteoformin, negatively charged peptide 
(polyaspartate), on human chondrocytes, we examined expression of bone 
morphogenetic protein -2 [BMP-2], alkaline phosphatase activity (ALP) and 
mineralization after treatment of cells with osteoformin. Human chondrocytes were 
cultured in a-minimum essential medium [α-MEM] and 10% fetal bovine serum 
with or without osteoformin (5ug/ml) for 7, 10, 14 and 18 days, respectively. To 
determine mineralization, the cells were cultured in mineralizing-growth medium. 
The levels of ALP were assayed using a commercial kit (Sigma Chemical Co., St. 
Luis, MO). Expression of BMP-2 (anti-rhBMP-2 monoclonal antibody, Genetics 
Institute, Cambridge, MA) was examined using immunoquantitative assay. The 
mineralization was assessed by Von Kossa staining. ALP activities were 
significantly elevated (55-67%, P<0.001) in osteoformin treated group, compared 
to control group. BMP-2 expression was increased (23-34%, P<0.01) after 
osteoformin treatment compared to control. There were significant increases in the 
levels of mineralization (2-3 fold, P<0.001) within 18 days of culture. We conclude 
that osteoformin significantly stimulated chondrocyte differentiation in vitro. It 
might be an important regulator of bone formation by accelerating fracture, bone 
defect healing, repairing traumatic articular cartilage and controlling bone diseases. 

Disclosures:  L.X. Bi, None. 

M12 

Clinical Observation Between Bone Mineral Density (BMD) and 
Testosterone (T) in Elderly Men.  P. Li*. Elderly Ward, Beijing 304th 
Hospital of China Liberation Army, Beijing, China. 
Objective: To search the correlation between bone mineral density (BMD) and 
testosterone(T) in elderly men who are ≥60 year, and analyze the effect of 
testostrone in osteoporosis of aged males. 
Method: 26 elderly men in hospital, (average 68±6.17y). Liver disease, kidney 
disease endocrinopathy and second osteoporosis are eliminated. No one used 
cordisone and testostrone. To check up sex hormones, include testosterone (T), 
estrogen (E), follicle-stimulation hormone(FSH), luteinizing hormone(LH), 
prolactin(PLT).on an empty stomach in the morning. BMD were measured by 
NOLAND dual energy X-ray absorptionmetry, it made in USA. T-score<2.5SD 
was diagnosed osteoporosis. Sex hormones were measured by ELISA. 
Results: 
1. The levels of sex hormones: T 3.99±2.25ng/ml; E 25.25±21.31pg/ml; FSH 
9.08±8.01miU/ml; LH 5.43±3.17miU/ml; PLT 302.94±156.39uiU/ml. 
The mean BMD L2-41.0043±0.24g/cm2; Ward’s triangle 0.5381±0.15g/cm2. 
2. 6 cases were diagnosed osteoporosis; it is 23.08% of total patients. 
3. The levels of LH correlated with BMD at L2-4 (r=0.46, p<0.01); the levers of T 
correlated with BMD at Ward’s triangle (r=0.41 p<0.025). 
The relation between BMD and sex hormones:   

r T E FSH LH PLT 

L2-4 0.0261 -0.0768 0.0081 0.4649  -0.0429 

Ward’s triangle 0.4075  -0.2090 -0.0888 0.1947 -0.0277 

 p<0.01;  p<0.025 
Conclusion: Our study revealed the level of T correlated with BMD at Ward’s 
triangle, the lower T level is an important factor in osteoporosis in old men. 

Disclosures: P. Li, None. 

M13 

PTH-dependent Osteocalcin Gene Expression Requires the Presence of 
an OSE1 Sequence in the Promoter and Multiple Signaling Pathways. G. 
Xiao, D. Jiang*, R. T. Franceschi, H. Boules*. 
Periodontics/Prevention/Geriatrics, The University of Michigan, Ann Arbor, 
MI, USA. 
 Parathyroid hormone (PTH) is an important peptide hormone regulator of 
bone formation and osteoblast activity. PTH has both catabolic and anabolic effects 
on osteoblasts and bone, which depend on the temporal pattern of administration; 
continuous administration decreases bone mass whereas intermittent administration 
increases bone mass. However, the mechanism is largely unknown. This study 
examined the effect of PTH on mouse osteocalcin gene expression in MC3T3-E1 
preosteoblastic cells and primary cultures of bone marrow stromal cells. PTH 
increased the levels of osteocalcin mRNA 4- to 5-fold in both cell types. PTH also 
stimulated transcriptional activity of a 1.3 kb fragment of the mouse osteocalcin 
gene 2 (mOG2) promoter. Inhibitor studies revealed a requirement for protein 
kinase A, protein kinase C and mitogen-activated protein kinase pathways in the 
PTH response. Deletion of the mOG2 promoter sequence from -1316 to -116 
caused no loss in PTH responsiveness while deletion from -116 to -34 completely 
prevented PTH stimulation. Interestingly, this promoter region does not contain the 
Runx2 binding site shown to be necessary for PTH responsiveness in other 
systems. Nuclear extracts from PTH treated MC3T3-E1 cells exhibited increased 
binding to OSE1, a previously described osteoblast-specific enhancer in the mOG2 
promoter. Furthermore, mutation of OSE1 in DNA transfection assays established 
the requirement for this element in the PTH response. Collectively, these studies 
establish that actions of PTH on the OCN gene are mediated by multiple signaling 
pathways and require OSE1 and associated nuclear proteins. 

Disclosures: G. Xiao, None. 

M14 

Effects of 1,25-Dihydroxyvitamin D3 and 25-Hydroxyvitamin D3 on 
Osteoblast Differentiation in Human Marrow Stromal Cell Cultures.  J. 
Glowacki1, S. M. Mueller*2, J. S. Greenberger3, I. Bleiberg*4, M. S. LeBoff5. 
1Orthopedic Surgery, Brigham and Women's Hospital, Boston, MA, USA, 
2University Hospital Zurich, Zurich, Switzerland, 3Radiation Oncology, 
University of Pittsburgh, Pittsburgh, PA, USA, 4Sackler School of Medicine, 
Tel Aviv, Israel, 5Medicine, Brigham and Women's Hospital, Boston, MA, 
USA. 
 Vitamin D deficiency is common and is associated with reduced bone 
strength and fractures. A sub-population of marrow stromal cells has 
osteoblastogenic potential. We had reported an age-related decrease in 
osteoblastogenesis with marrow from men 38 to 80 years old. We now test the 
hypothesis that both 1,25-dihydroxyvitamin D3 and 25OHD3 stimulate 
osteoblastogenesis in marrow from elderly men and women undergoing total hip 
replacement for osteoarthritis. Adherent cells were cultured in osteogenic 
supplements (10 nM dexamethasone, 5 mM ß-glycerophosphate, 170 µM ascorbic 
phosphate). AlkP activity was measured colorimetrically after 6d. 
First, in 13 samples (men, age 27-79 years), 10 nM 1,25(OH)2D3 stimulated AlkP 
in all, but with a significant decrease with age (r=-0.803, p=0.0009). Second, dose-
response studies showed that 1,25(OH)2D3 stimulated 16/17 (94%) samples (men 
and women, 64-83y), with peak stimulation between 1 and 10 nM 1,25(OH)2D3. 
Third, 7/9 (78%) were stimulated by 1,25(OH)2D3 and 25OHD3, with equivalent 
stimulation in cells from 2 men and 1 woman. 
Thus, although there are differences in magnitude of stimulation, peak dose, and 
relative effects of D metabolites, marrow from elders shows osteoanabolic response 
to 1,25(OH)2D3 and 25OHD3. Although in vivo vitamin D levels were not studied 
herein, we speculate that vitamin D status of the subject may account for in vitro 
differences in behavior of marrow stromal cells. We recently reported vitamin D-
deficiency in 22% of women admitted for hip replacement from the same pool as 
those whose discarded marrow was used in this work [J Bone Joint Surg 85A: 
2371, 2003]. 

Disclosures: J. Glowacki, None. 
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M15 

Parathyroid Hormone (1-14) Fragments Increase Bone Mass in OVX 
Rats.  M. Shimizu*1, H. Saito*1, N. Shimizu*1, N. Murao*2, M. Kato*2, J. T. 
Potts3, T. J. Gardella3, F. Makishima1. 1Pharmaceutical Research Department 
II, Chugai Pharmaceutical Co., LTD., Shizuoka, Japan, 2Pre-Clinical Research 
Department I, Chugai Pharmaceutical Co., LTD., Shizuoka, Japan, 3Endocrine 
Unit, Massachusetts General Hospital and Harvard Medical School, Boston, 
MA, USA. 
 We have previously shown that modified PTH(1-14) analogs stimulate cAMP 
and PLC signaling in PTH-1 (P1R) receptor-expressing cells with potencies 
comparable to that of PTH(1-34). Here we used such N-terminal PTH analogs to 
further define the minimum PTH pharmacophore that can mediate the in vivo bone-
anabolic response. We utilized [M]-PTH(1-21) (M = 
Aib1,3,Gln10,Har11,Ala12,Trp14,Arg19), [M]-PTH(1-14), [Ac5c1,M]-PTH(1-14), 
[Ac5c1,M]-PTH(1-11) and PTH(1-34), which, in cell-based assays, exhibited 
apparent binding affinities (IC50s measured with 125I-[M]-PTH(1-15) or 125I-[M]-
PTH(1-21) radioligand) of 0.8, 180, 24, 260 and 3.4 nM, respectively; the cAMP-
stimulating potencies (EC50s) of these analogs were similar to each other (~2 nM). 
We administered the peptides intravenously (i.v.) and daily for six weeks to seven-
week-old ovariectomized rats. Relative to vehicle, PTH(1-34), [M]-PTH(1-21) and 
the two PTH(1-14) analogs each significantly and dose (31 to 1,000 nmol/kg)-
dependently increased spine BMD, and each achieved approximately the same 
maximum effect (~20% increase), albeit, compared to PTH(1-34), 10-, 300-, and 
100-fold higher concentrations of [M]-PTH(1-21), [M]-PTH(1-14) and [Ac5c1

,M]-
PTH(1-14) were required. [Ac5c1

,M]-PTH(1-11) (1,000 nmol/kg) did not increase 
BMD. We developed an LC-MS/MS-based method to assess the concentrations 
over time of the [M]-PTH(1-14) analogs in plasma of injected rats. The 
disappearance time (T1/2) of [M]-PTH(1-14) was three-fold shorter than that of 
PTH(1-34) (3 min. versus 10 min.). The overall data show that the essential bone-
anabolic pharmacophore of PTH is contained within residues (1-14). Further 
development of the PTH(1-14) scaffold to improve P1R-binding affinity and/or the 
pharmacokinetic profile could permit further minimization of the peptide chain 
length needed to build bone in vivo. 

Disclosures:  M. Shimizu, Chugai Pharmaceutical Co., LTD 3. 

M16 

Clinical Experience with Serum Calcium and Vitamin D Levels in 
Patients Treated with Teriparatide [PTH(1-34)].   A. A. LICATA. 
Endocrinology, Cleveland Clinic Foundation, Cleveland, OH, USA. 
 This study evaluated changes in mineral metabolism in patients(n=12) using 
teriparatide for 3-6 months. Serum calcium, PTH, 25 vitamin D, 1,25 vitamin D, 
bone turnover markers (serum osteocalcin [OSC], and urinary (NTX)] were 
measured using standard clinical procedures. Patients were using supplemental 
calcium and vitamin D per standard published guidelines. During treatment, serum 
calcium increased 5-6% and PTH decreased 16-17% (p<0.05). All changes, 
however, were within the normal reference interval. Seventy-five percent of 
calcium values were between 10 and 10.5 mg/dL. OSC and NTX increased 3.5 
(p<0.05) and 4.2(p<0.1) -fold, respectively. 25 vitamin D did not significantly 
change. 1,25 vitamin D increased 2-3 fold (p<0.05) from baseline. Seventy- five 
percent of values were greater than the upper reference cutoff (66 pg/mL). the 
average was. 98.8 pg/ml.. Patients experienced no symptoms during this period of 
treatment. Adjustment of the daily mineral supplement corrected the serum calcium 
changes when seen. Summary: teriparatide increases serum 1,25 vitamin D and 
calcium, the later change reflecting the amount of daily mineral supplement used. 
Conclusion: for patients using teriparatide, clinicians may need to adjust the 
mineral and vitamin D doses recommended by published guidelines. 

Disclosures:  A.A. Licata, Eli Lilly 8. 

M17 

Circulating IGF-I is Essential for the Anabolic Effects of PTH on the 
Skeleton. S. Yakar1, M. L. Bouxsein2, H. Sun*1, V. Glatt*2, D. LeRoith1, C. J. 
Rosen3. 1Diabetes Branch, National Institutes of Health, Bethesda, MD, USA, 
2Orthopaedic Surgery, Beth Israel Deaconess Medical Center, Boston, MA, 
USA, 3Maine Center for Osteoporosis Research and Education, St. Joseph 
Hospital, Bangor, ME, USA. 
 Using three mouse strains with null mutations of the hepatic IGF-I 
gene(LID), the ALS gene(ALSKO) or both(LA), but normal expression of skeletal 
IGF-I, we established that circulating IGF-I is essential for peak bone acquisition. 
To test the importance of circulating IGF-I in mediating PTH’s anabolic action, we 
injected 12wk old male LID, ALSKO, LA and wildtype(WT) mice with PTH(1-
34)(50ug/kg/d ) or vehicle(VEH) for 4 weeks. At baseline, there was a significant 
decrease in total cross-sectional area (p<0.0001) at the femoral mid-shaft (-8-to -
41%) proportional to serum IGF-I. BV/TV and trabecular number in both the 
vertebrae and distal femur were lower in WT than LID, ALSKO, and LA. After 
PTH, vertebral BV/TV increased in WT and LID(18%-29%), but unchanged in 
ALSKO or LA mice. Similarly, in the distal femur, BV/TV increased 20-40% with 
PTH in WT and LID, but PTH-treated ALSKO and LA declined (22% and 29%, 
respectively). Trabecular number dropped in ALSKO and LA in response to PTH. 
Mid-femoral cortical bone area increased 9-16% in PTH-treated WT, LID, and 
ALSKO but was unchanged in LA. We found that LID, ALSKO and LA mice have 
reduced femoral cross-sectional area, yet LID and ALSKO have markedly 
increased BV/TV compared to WT. LA and ALSKO mice do not exhibit a net 
trabecular anabolic response to intermittent PTH. In comparison, the anabolic 
cortical bone response to PTH is similar in WT, LID and ALSKO, but nonexistent 
in LA. We conclude that circulating IGF-I is critical for the optimal skeletal 
anabolic response to PTH. 

Disclosures:  C.J. Rosen, NIHAR45433 R. 

M18 

Vitamin D3 and Ascorbic Acid 2-phosphate, a Long-acting Vitamin C 
Derivative Regulate Growth and Differentiation of Human Osteoblast-
like Cells.  R. Hata1, Y. Maehata*2, S. Takamizawa*2, S. Ozawa*2, S. 
Okada*2, K. Izukuri*2, Y. Kato*2, S. Sato*3, E. Kubota*4, K. Imai*5, H. 
Senoo*5. 1Biochemistry and Molecular Biology, Research Center of 
Advanced Technology for Craniomandibular Func, Kanagawa Dental 
College, Yokosuka, Japan, 2Biochemistry and Molecular Biology, Kanagawa 
Dental College, Yokosuka, Japan, 3Department of Craniofacial Growth and 
Development Dentistry, Res Ctr Adv Techn Func, Kanagawa Dental College, 
Yokosuka, Japan, 4Department of Oral Surgery, Res Ctr Adv Techn Func, 
Kanagawa Dental College, Yokosuka, Japan, 5Department of Cell Biology 
and Histology, Akita University School of Medicine, Akita, Japan. 
 In order to investigate regulation mechanisms of growth and differentiation 
of human osteoblasts by dihydroxy vitamin D3 (VD3), and L-ascorbic acid 2-
phosphate (Asc 2-P), a long-acting vitamin C derivative, we cultured MG-63 in the 
presence of VD3 and/or Asc 2-P. Cell growth as observed by cell number was 
decreased by the presence of VD3 in the culture medium, but it was increased by 
the presence of Asc 2-P. Type I collagen synthesis and alkaline phosphatase (ALP) 
activity, early osteoblast differentiation markers, were stimulated by the presence of 
VD3 as well as by that of Asc 2-P. The co-presence of Asc 2-P and VD3 had an 
synergistic effect on the collagen synthesis and ALP activity of the cells. Inhibition 
of collagen synthesis by the presence of inhibitors of collagen synthesis attenuated 
the stimulative effect of VD3 and Asc 2-P on ALP activity. On the other hand, ALP 
activity was significantly increased and the growth rate was decreased when the 
cells were cultured on type I collagen-coated dishes. These results indicate that 
collagen mediates effects of Asc 2-P and VD3 on the differentiation stimulation of 
human osteoblast-like cells. VD3 also increased the levels of mRNA for 
Cbfa1/Runx2 and Osterix, transcription factors critical for osteoblast differentiation 
as well as those of differentiation markers such as ALP, type I collagen and 
osteocalcin. These results also suggest that VD3 control growth and differentiation 
of human osteoblast-like cells by regulating gene expression of osteoblast-related 
transcription factors as well as type I collagen. 

Disclosures: R. Hata, None. 
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M19 

Early Changes in Biochemical Markers of Bone Formation Predict 
Improvements in Bone Structure during Teriparatide Therapy.  A. 
Sipos*1, H. Dobnig2, A. Fahrleitner-Pammer2, L. Ste-Marie3, J. C. Gallagher4, 
I. Pavo*1, J. Wang*1, E. F. Eriksen1. 1Lilly Research Laboratories, Eli Lilly 
and Company, Indianapolis, IN, USA, 2Internal Medicine, Medical 
University, Graz, Austria, 3CHUM Hospital St-Luc, Montreal, PQ, Canada, 
4Bone Metabolism Unit, Creighton University, Omaha, NE, USA. 
 A significant proportion of new bone formed during teriparatide treatment 
seems to be formed via modeling, i.e. formation of new bone without previous 
resorption. To evaluate biochemical markers of bone metabolism as early 
predictors of the effect of teriparatide therapy on new bone formation at the tissue 
level, we correlated the change in markers of bone formation at 1 and 3 months 
with change in bone structure parameters, assessed by 2-dimensional (2D) 
histomorphometry and 3-dimensional (3D) structural µCT analysis. Thirty-one 
paired iliac crest biopsies were obtained from patients treated with teriparatide for 
12-24 months. At 1 month, increases in serum bone specific alkaline phosphatase 
(BAP) and serum C-terminal propeptide of type I procollagen (PICP) were 
significantly correlated with the increase in 2D mean wall thickness (BAP, r=0.61, 
p<0.001; PICP r=0.43, p=0.02) and 3D trabecular bone volume (BAP r=0.46, 
p=0.009; PICP r=0.39, p=0.03). Increases in BAP also correlated with increases in 
2D trabecular bone volume (r=0.51, p=0.01), 3D trabecular bone volume (r=0.41, 
p=0.02) and 3D trabecular thickness (r=0.44, p=0.01). At 3 months, S-PICP 
showed an inverse correlation with marrow star volume (r=-0.44, p<0.05), an index 
inversely related to trabecular connectivity. Early changes in markers of bone 
resorption were not correlated to changes in structural parameters. In conclusion, 
our data suggest that early increases in biochemical markers of bone formation 
predict improvements in bone structure during teriparatide therapy as reflected in 
increased mean wall thickness, trabecular thickness, trabecular connectivity and 
trabecular bone volume. 

Disclosures:  A. Sipos, Eli Lilly and Company 3. 

M20 

A Single Intraosseous Injection of rhBMP-2/CPM Improves Femoral and 
Radial Structure in Ovariectomized Nonhuman Primates in 6 months.   
H. J. Seeherman, E. A. Smith-Adaline, J. D. Parkington*, H. Kim*, J. M. 
Wozney. Women's Health and Bone, Wyeth Research, Cambridge, MA, USA. 
 Recombinant BMP-2 (rhBMP-2) is a potent osteoinductive factor with the 
potential to lower the risk of hip and wrist fractures in osteopenic patients by 
inducing dramatic bone formation following local injection. This study evaluated 
the efficacy of intraosseous (IO) delivery of rhBMP-2 in a calcium phosphate 
matrix (CPM) to increase bone mass. One distal radius of six adult female 
cynomolgus monkeys at least 5 years post-ovariectomy received a single 0.25ml IO 
injection of 1.5mg/ml rhBMP-2 delivered in CPM (Etex Corporation, Cambridge, 
MA). Three monkeys also received a single 0.7ml injection of 1.5mg/ml rhBMP-
2/CPM (BMP/CPM) in one proximal femur. The contralateral radii and femora 
remained untreated. Six months post-injection, ex vivo pQCT analysis indicated 
that BMP/CPM substantially increased total, cortical, and trabecular bone areas, 
and cortical thickness in both the femoral neck (~36%) and the subtrochanteric 
region (~27%) (see table and figure). In the distal radius, BMP/CPM significantly 
increased total (30%), cortical (35%) and trabecular (19%) bone areas and cortical 
thickness (23%) in the metaphysis (p<0.05, paired t-test). Similarly, cortical area of 
the radial shaft increased by 25% (p=0.078) leading to a 52% increase in polar 
moment of inertia (p=0.073). In summary, local administration of BMP/CPM 
resulted in a rapid increase in cortical and trabecular bone in the proximal femur 
and distal radius. This change in geometry is expected to substantially enhance the 
structural integrity of bones at these sites. Mechanical testing is currently ongoing. 
BMP/CPM represents a promising anabolic therapy for prevention of osteoporosis-
related hip and wrist fractures. 
 
 
 
 
 

pQCT results from the proximal femur. All values represented as mean (standard 
deviation) 

 BMP/CPM No Treatment 

Fem. neck cortical area (mm2) 41.9 (9.4) 30.7 (8.4) 

Fem. neck cortical thickness (mm) 1.55 (0.38) 1.11 (0.26) 

Fem. neck total density (mg/cm3) 697.3 (126.8) 557.1 (82.5) 

Subtrochanteric cortical area (mm2) 71.7 (7.3) 58.8 (10.5) 

Subtrochanteric cortical thickness (mm) 1.78 (0.11) 1.40 (0.23) 

Subtrochanteric total density (mg/cm3) 649.8 (8.7) 550.5 (47.2) 

 

Disclosures:  H.J. Seeherman, Wyeth 3. 

M21 

Dkk2 Is Upregulated by Canonical Wnt and Stimulates Osteoblast 
Mineralization. X. Li*1, P. Liu*1, W. Liu*1, Y. Zhang*1, J. Zhang*2, S. 
Harris*2, D. Rowe*1, D. Wu*1. 1Genetics & Developmental Biology, 
University of Connecticut Health Center, Farmington, CT, USA, 2Department 
of Oral Biology, University of Missouri at Kansas City, School of Dentistry, 
Kansas City, MO, USA. 
 The role of a Wnt antagonist DKK2 in the regulation of osteogenesis is 
investigated. The expression of DKK2 was significantly (about 20 folds) 
upregulated during mouse primary BMS osteoblast differentiation and that this 
upregulation immediately followed that of canonical Wnt7b expression, suggesting 
that canonical Wnts may regulate Dkk2 expression. In fact, Wnt1 indeed increases 
Dkk2 expression in MC3T3 cells. In addition, Dkk2 expression coincides with GFP 
expression in BMS cultures derived from the 2.3 Col1A1-GFP transgenic mice, in 
which GFP is expressed only in osteoblasts and osteocytes. The finding that 
differentiation of GFP-negative osteoblasts into GFP positive ones requires 
canonical Wnt stimulation suggests that canonical Wnt signaling may upregulate 
DKK2 expression in primary osteoblasts. Moreover, we found that overexpression 
of DKK2 at a late stage of BSM osteoblast differentiation stimulated 
mineralization. Based on all these results, we propose a model for the involvement 
of Wnt and Dkk2 in the regulation of osteogenesis; the expression of Wnt7b is 
upregulated at an early stage of osteoblast differentiation, which stimulates further 
differentiation of the osteoblasts into 2.3 Col1A1 GFP positive cells and 
upregulates the expression of Dkk2. Dkk2 in turn stimulates terminal osteoblast 
differentiation. To investigate the role of Dkk2 in vivo, a mouse line that lacks 
Dkk2 was generated. The Dkk2-null mice are viable, but preliminary examination 
of bone mineral density (BMD) suggests that these mice have significantly lower 
whole body or femoral BMDs. Comprehensive characterization of these mice is 
currently under the way. 

Disclosures: X. Li, None. 
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Preventive Effect of Zinc Acexamate Administration on Bone Loss in 
Diabetic Rats.   M. Yamaguchi. Laboratory of Endocrinology and Molecular 
Metabolism, Graduate School of Nutritional Sciences, University of Shizuoka, 
Shizuoka, Japan. 
 Zinc is essential for growth in human and many animals. Bone growth 
retardation is a common finding in various condition associated with zinc 
deficiency. Zinh has been shown to stimulate bone formation and to inhibit bone 
resorption. Zinc has a potent stimulatory effect on protein synthesis in osteoblastic 
cells. Zinc can directly activate aminoacylt-RNA synthetase in the cells. 
Zinc acexamate has a potent stimulatory effect on bone formation in femoral tissue 
culture in vitro as compared with zinc sulfate, estrogen, IGF-I, and fluoride. Zinc 
acexamate has a significant stimulatory effect on femoral fracture healing in rats. 
Furthermore, zinc acexamate was found to have a preventive effect on bone loss in 
streptozotocin (STZ)-induced diabetic rats in vivo. Rats received a single 
subcutaneous administration of STZ, and the animals were orally administered 
once daily for 14 days with zinc acexamate (2.5, 5 or 10 mg/l00 g body weight). 
STZ administration caused a significant increase in serum glucose, triglyceride and 
calcium levels and a significant decrease in body weight, serum zinc and inorganic 
phosphorus levels. Moreover, calcium content, alkaline phosphatase activity and 
DNA content in the femoral-diaphyseal and -metaphyseal tissues were significantly 
reduced in STZ-diabetic rats. The change in these serum and bone components of 
STZ-diabetic rats was significantly restored by the oral administration of zinc 
acexamate (2.5, 5 or 10 mg/l00 g body weight). 
Thus, zinc acexamate has been demonstrated to have a preventive and restorative 
effect on STZ-induced diabetic condition and bone loss in rats in vivo. 

Disclosures: M. Yamaguchi, None. 

M23 

Anabolic Effects of Nitric Oxide on Osteoblasts.  S. J. Wimalawansa*. 
Medicine, Robert Wood Johnson Medical School, New Brunswick, NJ, USA. 
 We have previously demonstrated that treatment with nitroglycerine (NG), a 
nitric oxide (NO) donor is equivalent to estrogen replacement therapy in 
postmenopausal women on prevention of bone loss; administration of NG prevents 
ovariectomy as well as glucocorticoid-induced bone loss. Furthermore, endothelial 
NO synthase enzyme (NOS) deficient mice have lower bone densities; use of NOS 
inhibitor completely abolished the beneficial effects of estrogen on bone. 
Paradoxically, generation of NO via i-NOS as with inflammation, or administration 
of high doses of NO (cardiac patients) enhances bone resorption, while lower levels 
of NO (c/e-NOS) maintains bone homeostasis. 
Accumulating data suggests that NO has direct stimulating effects on osteoblasts, 
and this leads to an increase or stabilization of serum bone-formation markers, 
bone-specific alkaline phosphatase and osteocalcin, in contrast to decrease of bone-
formation marker seen with anti-resorptive therapies, estrogen and 
bisphosphonates. Our studies revealed a dose-dependent increase of osteoblastic 
functions, in response to treatment with NO. In addition to its known anti-
osteoclastic effects, histomorphometric data suggests that the administration of NO 
donor compounds in vivo has an anabolic effect on osteoblasts. 
NO produced in bone cells via NOS enzyme (and administration of NO compounds 
into osteoblast cultures, enhanced mineralization) in response to cytokines, 
mechanical stress, and sex-steroid hormones (by osteoblasts, osteocytes, and 
endothelial cells) may represent an important regulatory mechanism in both 
osteoblasts and osteoclasts. This may be especially important under pathological 
conditions characterized by local increases in the release of inflammatory 
cytokines, and withdrawal of estrogen as in postmenopausal women and 
hypogonadism in men. 

Disclosures: S.J. Wimalawansa, None. 

M24 

PTH Analogs Enhance Bone Formation at a Weight-Bearing Cement-
Bone Interface. M. J. Allen*1, J. E. Schoonmaker*1, K. A. Mann*1, V. 
Ross*2, C. Allen*2, G. E. Willick*2, J. F. Whitfield2. 1Orthopaedic Surgery, 
SUNY Upstate Medical University, Syracuse, NY, USA, 2Biological 
Sciences, National Research Council, Ottawa, ON, Canada. 
 This study tests tactical post-operative dosing with parathyroid hormone 
(PTH) analogs as a means of reducing the risk of implant osteolysis. Aseptic 
loosening of cemented total joint replacements occurs when the integrity of the 
cement-bone or stem-cement is compromised as a result of adverse biological or 
mechanical factors. Promising candidate therapies for this application include 
anabolic growth factors such as (PTH). PTH (1-34) has been shown previously to 
increase the interfacial tensile strength of the PMMA-bone interface [1]. 
An established rat model of implant osteolysis was selected as the ideal model for 
studying this [2]. The current study is a proof of concept experiment to determine 
whether a short-course of therapy with either human PTH (1-34)NH2 or a novel 
cyclic derivative, [Leu27]cyclo(Glu22-Lys26)PTH(1-31)NH2 (Ostabolin-C™) [3], 
was sufficient to enhance bone apposition around a PMMA mantle in this rat 
model. The histomorphometric data showed that a short (4-week) course of 
treatment with human PTH analogs is sufficient to enhance new bone formation 
around the PMMA interface and also a possible increased efficacy of the cyclic 
hPTH(1-31) in comparison to hPTH(1-34). 
1. Skripitz, R.; Aspenberg, P. J Orthop Sci 2001, 6, 540. 
2. Allen, M et al J. Bone. Joint. Surg. Br. 1996, 78-B, 32. 
3. Whitfield, J. F. et al J. Bone Miner. Res. 1997, 12, 1246. 

Disclosures: G.E. Willick, None. 

M25 

Zoledronic Acid Increases Total Bone Volume in OP-1 Mediated Bone 
Formation in a Segmental Rat Femoral Defect Model. D. G. Little*, R. 
Bransford*, M. M. McDonald*, J. Briody*. Orthopaedic Research, The 
Children's Hospital Westmead, Sydney, Australia. 
 Recombinant bone morphogenetic proteins (BMPs) are often used to treat 
fracture non-union. BMPs enhance osteoblastogenesis, however they also up-
regulate osteoclasts. Clinically, this could limit the volume/strength of the callus 
produced. We hypothesised that the anabolic response to OP-1 (rhBMP-7), may be 
optimised through reduction of osteoclast activity using zoledronic acid (ZA), 
thereby increasing callus volume/strength over BMP alone. 
A rat femoral fracture non-union model was taken to 8 weeks. 15mg of bovine 
collagen carrier or carrier containing 0.05mg OP-1 was placed in each defect. 
Treatment groups were: carrier ± ZA and carrier plus OP-1 ± ZA. ZA (0.1mg/kg) 
was administered systemically either at surgery or 2 weeks post-operation. Callus 
formation was assessed by plain radiograph, QCT and undecalcified 
histomorphometry. Callus strength was assessed by 3-point bending. 
Radiological union was absent in carrier ± ZA, whereas all OP-1 groups united. 
QCT revealed that BMC was increased 45% and 96% over OP-1 alone in OP-
1+ZA at 0 and 2 weeks, respectively (p<0.01). Similarly, callus volume was 
increased 45% and 86% over OP-1 alone in OP-1+ZA at 0 and 2 weeks, 
respectively (p<0.01). 
BV/TV was increased 72% and 82% over OP-1 alone in the OP-1+ZA at 0 and 2 
weeks, respectively (p<0.05). Callus strength was increased 107% (p<0.05) and 
stiffness increased 148% (p<0.05) in OP-1+ZA 2 weeks over OP-1 alone. 
In conclusion, ZA significantly increased OP-1 induced callus formation and 
strength in our rat fracture non-union model. Hence, combined anabolic and anti-
catabolic therapies may significantly improve outcome in treatment of fracture non-
union. 

Disclosures: M.M. McDonald, None. 
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A Novel Anabolic Peptide Activates Osteogenic Gene Expression in Rat 
Stromal Cells. G. Schneider*1, K. J. Grecco*2, D. McBurney*2, W. E. 
Horton*2. 1Weill Cornell Medical College in Qatar, New York, NY, USA, 
2Anatomy, NE Ohio Univers. Coll. of Med., Rootstown, OH, USA. 
 Two weeks of intermittent subcutaneous injections of short peptides from the 
third domain of the human serum vitamin D binding protein (DBP) to intact, adult 
rats results in significant increases in total density and strength of long bones. We 
tested whether these peptides would act directly on differentiated osteoblasts or less 
differentiatied stromal cells derived from tibias of post-natal rats. The cells were 
treated with PTH (5 nMolar) or 5 ng/ml of either peptide 10 or peptide 12 ( 10 and 
12 amino acid fragments of DBP) for time periods ranging from 24 to 72 hours. 
Total RNA was extracted, reverse transcribed into cDNA, and the relative 
expression level of a group of marker genes was determined by quantitative real 
time pcr (QtRT-PCR) normalized to 18S RNA. Peptide 10 induced the up-
regulation of mRNA coding for alkaline phosphatase (2.3-fold), collagen I (3-fold), 
osteocalcin (17-fold), and osteopontin (4.7-fold) by 72 hours of treatment. An 
independent experiment showed a similar pattern of induction at the 48 hour time 
point and indicated an upregulation of PCNA mRNA suggesting a proliferative 
response. PTH and peptide 12 induced a more variable and less robust pattern of 
osteogenic gene expression. Peptide 10 also induced the expression of these genes 
in osteoblast cells but the response was slower and less dramatic. These results 
suggest that the relatively undifferentiated stromal cells present in the marrow may 
be the target for the anabolic effects of the DBP peptides. 

Disclosures: G. Schneider, None. 

M27 

PTHrP Down-Regulates Cyclin D1 Activity in Differentiating MC3T3 
Cells.  N. S. Datta, C. Chen*, L. K. McCauley. Perio/Prev/Geriatrics, 
University of Michigan, Ann Aror, MI, USA. 
 Bone turnover is controlled by the coordination of osteoblast proliferation 
and differentiation, and PTH and PTHrP have been implicated in these events; 
however their specific targets are still unclear. The mechanisms by which PTHrP 
impacts cell cycle proteins and the role of signaling pathways in differentiating 
MC3T3 osteoblastic cells were investigated. Western blot analysis revealed that 
PTHrP inhibited cyclin D1 protein expression (7 fold) in a dose and time dependent 
manner. PTHrP did not alter levels of its kinase partners CDK4, CDK6 or CDK 
inhibitors p21 and p27, but increased the level of p16 protein. However, PTHrP did 
decrease the association of cyclin D1 with CDK4/CDK6 protein (3-5 fold) as 
determined by cyclin D1 immunoprecipitation and western blot for CDK4/CDK6. 
Forskolin, a PKA agonist, mimicked the action of PTHrP and the PKC inhibitor, 
GF109203X, slightly blocked PTHrP inhibition of cyclin D1 implying involvement 
of both PKA and PKC pathways. U0126, a MAPK inhibitor, alone decreased cyclin 
D1 protein expression suggesting basal cyclin D1 protein is MAPK dependent. 
Interestingly, in proliferating MC3T3 cells, cyclin D1 remained unchanged with 
PTHrP. In conclusion, PTHrP down-regulates the G1 phase specific cyclin D1 
protein in differentiating but not proliferating osteoblastic cells. These data suggest 
cell cycle control may be a mechanism through which PTHrP allows osteoblasts to 
progress while in a proliferating state, but when differentiating, PTHrP may induce 
G1 cell cycle arrest. Such regulation in cell cycle could be an important 
determinant of the life span and bone forming activity of osteoblasts. 

Disclosures: N.S. Datta, None. 

M28 

A Mathematical Model for the Bone Remodeling Cycle Predicts the 
Effects of PTH(1-34) on Bone Turnover Markers in Rats.  L. K. Potter*1, 
G. B. Stroup2, D. J. Rickard2, Z. Wu*3, B. J. Votta2, S. M. Hwang*2, F. L. 
Tobin*4. 1Scientific Computing & Mathematical Modeling, GlaxoSmithKline, 
Research Triangle Park, NC, USA, 2Musculoskeletal Diseases Biology, 
GlaxoSmithKline, Collegeville, PA, USA, 3Assay Development and 
Compound Profiling, GlaxoSmithKline, Collegeville, PA, USA, 4Scientific 
Computing & Mathematical Modeling, GlaxoSmithKline, King of Prussia, 
PA, USA. 
 We are developing a mathematical model for the bone remodeling cycle to 
predict the effects of different PTH(1-34) dosing regimens on bone formation and 
resorption in rats. The current approach incorporates the kinetics of osteoblast and 
osteoclast proliferation, differentiation and apoptosis. While not incorporating all 
biology into the model, the most salient features necessary for PTH interactions 
have been introduced. Osteoblast-osteoclast interactions are represented in the 
model by RANK/RANKL/OPG dynamics. The action of PTH includes: (1) 
parathyroid hormone receptor kinetics, (2) effects on RANKL and OPG, and (3) 
effects on osteoblast recruitment and apoptosis. The model hypothesizes that a key 
difference between the effects of continuous and intermittent PTH dosing is that 
continuous dosing increases osteoclasts through the RANK/RANKL pathway 
significantly more than intermittent dosing (Locklin et al., J. Cell. Biochem. 89: 
180-190, 2003). Model-simulated levels of active osteoblasts and osteoclasts are 
correlated with the bone turnover markers plasma osteocalcin and urinary 
deoxypyridinoline, respectively. The model is able to capture the differential effects 
of intermittent and continuous PTH dosing on osteoblasts and osteoclasts, including 
the substantial increase in the RANKL:OPG ratio that is seen with continuous 
dosing (Locklin et al.). Moreover, in comparing the effects of different PTH(1-34) 
dosing frequencies and dose levels in rats, model simulations predict that a small 
dose given daily can result in greater bone formation than a significantly larger 
dose given weekly. This mathematical model is a useful tool that can help in the 
design of optimal PTH dosing regimens. 

Disclosures: L.K. Potter, None. 

M29 

Revealing the Anabolic Effects of 1,25(OH)2 Vitamin D3 by Co-
Administration with Alendronate. A. A. Reszka, S. Pun*, L. P. Freedman, 
D. B. Kimmel. Molecular Endocrinology and Bone Biology, Merck Research 
Laboratories, West Point, PA, USA. 
 The accepted paradigm for bone remodeling in adult animals holds that bone 
formation is coupled to resorption. Pure antiresorptives, such as alendronate 
(ALN), reduce bone formation via coupling. 1,25(OH)2 Vitamin D3 (1,25(OH)2D3) 
displays antiresorptive effects that appear to be uncoupled from anabolism. We 
hypothesized that anabolic effects of 1,25(OH)2D3 could be better revealed in the 
presence of a pure anti-resorptive. Three month-old rats were ovariectomized 
(OVX), and, three months later, treated with 1,25(OH) 2D3 (0.1 µg/kg/d, p.o.) alone 
or in combination with ALN (10 µg/kg, thrice weekly, s.c.) or ALN alone. Despite 
equivalent reductions of bone resorption by ALN (64%) and 1,25(OH) 2D3 (61%), 
lumbar vertebral cancellous bone formation rate (BFR) was reduced by 98% and 
58%, respectively, suggesting an uncoupled bone formation response to 1,25(OH) 

2D3. Interestingly BFR with 1,25(OH) 2D3 was essentially identical in the absence 
or presence of ALN. Dose-dependent effects were seen with two lower doses of 
1,25(OH) 2D3 (0.01 and 0.03 µg/kg) combined with ALN, suggesting authentic 
anabolic action. At the central femur, endocortical BFR was reduced 76% by ALN, 
but increased with 1,25(OH) 2D3 with or without ALN. Periosteal bone formation 
was unchanged by ALN and doubled by 1,25(OH) 2D3. ALN/1,25(OH) 2D3 
increased periosteal BFR by 3-fold vs. ALN alone. These data demonstrate that 
1,25(OH) 2D3 increases bone formation both when administered alone and in the 
presence of ALN. These anabolic effects of 1,25(OH) 2D3 occurred despite 
significant decreases in osteoclast activity, suggesting an independent effect of 
1,25(OH) 2D3 on bone formation. 

Disclosures:  A.A. Reszka, Merck and Co., Inc. 1, 3. 
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PTH1R Edocytosis and Gq Signaling Independently Contribute to the 
Activation of the Mitogen-activated Protein Kinases ERK1 and ERK2.  C. 
A. Syme*, A. Bisello. Department of Medicine, University of Pittsburgh, 
Pittsburgh, PA, USA. 
 Agonist-mediated activation of the type I parathyroid hormone receptor 
(PTH1R) results in several signaling events, and receptor endocytosis. While it is 
known that activation of the Gs/cAMP/PKA and ERK1/2 pathways contribute in 
different ways to the anabolic effect of PTH on bone, whether PTH1R trafficking 
contributes to signaling by PTH remains unclear. To begin addressing this, we 
investigated the role of PTH1R trafficking in cAMP signaling and ERK1/2 
activation in HEK-293T cells. Dominant-negative forms of dynamin (K44A) and β-
arrestin2 (319-418) abrogated PTH1R internalization but had no effect on cAMP 
signaling (desensitization and resensitization) in either the absence or presence of 
cyclohexamide. Therefore, PTH1R endocytosis is not necessary for regulation of 
cAMP signaling. ERK1/2 activation by PTH(1-34) peaked at 5 min (average 2.6-
fold ± 0.2, n=12) and subsided by 30 min. A PTHrP-based analog (Bpa1-PTHrP-(1-
36)) that activates the Gs/cAMP/PKA without inducing PTH1R endocytosis, failed 
to activate ERK1/2, indicating that Gq-signaling and/or PTH1R internalization are 
required for ERK1/2 activation. Inhibition of PTH1R internalization by K44A-
dynamin dampened ERK1/2 activation in response to PTH(1-34) by 45%. 
Conversely, a PTH1R mutant (T410P), which is constitutively associated with β-
arrestin2 and does not require occupancy by agonist for internalization, was able to 
activate ERK1/2 in response to either PTH agonist or antagonist. Therefore, 
PTH1R trafficking and Gq (but not Gs) signaling independently contribute to 
ERK1/2 activation. Together with previous reports, these findings underlie the 
complexity of the molecular mechanisms leading to PTH-stimulated ERK1/2 
activity, which may involve Gq-mediated ERK1/2 activation, transactivation of 
EGF receptors and PTH1R trafficking. 

Disclosures:  C.A. Syme, None. 

M31 

Teriparatide Mitigates the Cascade of Risk Associated with Increasing 
Osteoporosis Pathology.  J. H. Krege*1, H. K. Genant2, G. G. Crans*1, S. J. 
Vargas3, J. C. Gallagher4. 1Lilly Research Laboratories, Eli Lilly and 
Company, Indianapolis, IN, USA, 2Osteoporosis and Arthritis Research 
Group, University of California - San Francisco, San Francisco, CA, USA, 
3Department of Endocrinology, William W. Backus Hospital, Norwich, CT, 
USA, 4Bone Metabolism Section, Creighton University Medical Center, 
Omaha, NE, USA. 
 The relationship between increasing number and severity of prior fractures 
and the corresponding increased risk of developing new fractures was evaluated in 
women who participated in the teriparatide Fracture Prevention Trial. Data from 
women with postmenopausal osteoporosis who received placebo or treatment with 
teriparatide 20 µg once-daily for a median 19 months duration were analyzed to 
determine the risk of fracture during the trial. Among women in the placebo group 
with mild, moderate, or severe prevalent vertebral fractures, 9.6%, 12.9%, and 
28.4%, respectively, developed new vertebral fractures (Armitage trend test 
P<0.001), whereas 4.0%, 7.9%, and 23.2%, respectively, suffered moderate or 
severe fractures (P<0.001). Among placebo patients with 1, 2, or >3 prevalent 
vertebral fractures, 6.8%, 15.7%, and 22.6%, respectively, developed new vertebral 
fractures (P<0.001), whereas 3.0%, 8.8%, and 17.1%, respectively, developed new 
moderate or severe vertebral fractures (P<0.001). Among placebo patients with 0, 
1, or >2 prior nonvertebral fractures, 3.4%, 9.4%, and 20.9%, respectively, 
developed new nonvertebral fractures (P<0.001). In contrast to the placebo group, 
women in the teriparatide 20 µg group showed no significant increase in fracture 
risk with increasing severity of baseline pathology as determined by number and 
severity of prevalent vertebral fractures and number of prior nonvertebral fractures. 
Increasing severity and number of fractures contribute to an increasing cascade of 
risk for future fractures among untreated patients. Treatment with teriparatide 20 
µg once-daily mitigated or eliminated this cascade of risk in women with 
osteoporosis. 

Disclosures:  J.H. Krege, Eli Lilly and Company 3. 

M32 

Teriparatide Demonstrates Early Effects in Postmenopausal Women with 
Osteoporosis.  W. J. Shergy*1, M. Greenwald*2, G. Woodson*3, P. Chen*4, 
D. A. Misurski*4, R. B. Wagman4. 1School of Medicine, University of 
Alabama at Birmingham, Huntsville, AL, USA, 2Osteoporosis Medical 
Center, Palm Springs, CA, USA, 3Department of Medicine, Emory School of 
Medicine, The Atlanta Research Center, Decatur, GA, USA, 4US-
Endocrinology, Eli Lilly and Company, Indianapolis, IN, USA. 
 Treatment with rhPTH (1-34) (teriparatide, TPTD) in the Fracture Prevention 
Trial for a median of 19 months decreased the risk of vertebral and non-vertebral 
fractures in postmenopausal women with osteoporosis (Neer, 2001). Statistically 
significant increases in serum levels of procollagen type I of carboxy-terminal 
propeptide (PICP) at one month and lumbar spine BMD at three months provide 
early evidence of bone formation after TPTD initiation (Heathman, 2000; Marcus, 
2003). These were the earliest time points at which these two parameters were 
measured. We performed an analysis on time to first fracture at six non-vertebral 
sites (hip, distal forearm, humerus, clavicle, pelvis, leg). Radiographs for 
evaluation of vertebral fractures were performed at baseline and study endpoint so 
only non-vertebral fractures were available for earlier analysis. Those who received 
TPTD20 demonstrated a reduced incidence of non-vertebral, fragility fracture 
compared with placebo at 18 months (p = 0.0067). After four months, the 
cumulative percentage of events between the treated and non-treated groups began 
to diverge. This divergence continued to increase across the duration of the trial 
(Figure). These results represent continued evidence demonstrating the early effects 
of TPTD therapy.  

 
Disclosures:  R.B. Wagman, Eli Lilly and Company 3. 
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M33 

Mechanical Stimulation Prevents Osteocyte Apoptosis through an 
Integrin/Src/ERK Signalsome Localized in Caveolae: Involvement of a 
Ligand-Independent Function of the Estrogen Receptor. J. I. Aguirre, L. I. 
Plotkin, S. B. Berryhill*, R. S. Shelton*, S. A. Stewart*, R. S. Weinstein, A. 
M. Parfitt, S. C. Manolagas, T. Bellido. Endocrinology, University of 
Arkansas for Medical Sciences, Little Rock, AR, USA. 
 Osteocytes, former osteoblasts entombed in the bone matrix, form an 
extensive cell communication network that is thought to detect microdamage and 
mechanical strains and to transmit signals leading to repair and compensatory bone 
augmentation or reduction. We report that mechanical forces control the integrity of 
this network by regulating osteocyte survival in vitro and in vivo. Specifically, 
mechanical stimulation by biaxial stretching of MLO-Y4 osteocytic cells activates 
the extracellular signal regulated kinases (ERKs), which in turn are responsible for 
attenuating osteocyte apoptosis. The effect of osteocyte stretching is transmitted by 
integrins and a signalsome comprising actin filaments, microtubules, caveolae, and 
Src kinases. Stretch-induced anti-apoptosis also requires ERK nuclear translocation 
and new gene transcription. Furthermore, knock-down or knock out of the estrogen 
receptor (ER) α and β abolishes ERK activation and survival induced by 
mechanical stimulation, indicating the requirement of a ligand-independent 
function of the ER for the transduction of mechanical forces. Consistent with these 
in vitro studies, bone unloading by tail suspension of 4 month-old Swiss Webster 
mice increases the prevalence of osteocyte apoptosis both in cancellous and cortical 
vertebral bone as early as 3 days, and this event precedes the decrease in bone 
mineral density and compression strength observed at 18 days. These findings are 
consistent with the contention that physiologic bone loading provides continuous 
survival signals that preserve osteocyte viability; and that lack of these survival 
signals in states of low or absent mechanical loading induces apoptosis and 
disruption of the osteocyte network, and hence increased bone fragility. 

Disclosures: T. Bellido, None. 

M34 

Serum Protein Profiling by SELDI-TOF Mass Spectrometry for 
Biomarkers of PTH Response. A. K. Prahalad*1, R. J. Hickey*2,3, J. 
Huang*4, S. Murthy*1, T. Winata*1, L. E. Dobrolecki*2, J. M. Hock*1,3. 
1Anatomy & Cell Biology, Indiana Univ Sch. of Medicine, Indianapolis, IN, 
USA, 2Dept of Medicine, Indiana Univ Sch. of Medicine, Indianapolis, IN, 
USA, 3Indiana Cancer Research Institute, Indianapolis, IN, USA, 4Dept of 
Computer Science, Indiana Univ, Indianapolis, IN, USA.  
 Parathyroid hormone [hPTH(1-34)] (PTH) is an anabolic agent which 
reduces fracture risk in osteoporotics. However, patient responsiveness to PTH 
varies. Distinctive serum protein profiles could be used as biomarkers to identify 
patients most likely to benefit from PTH therapy. Biomarker discovery using 
SELDI ProteinChip® platform offers great potential for monitoring response to 
treatment. Our goal was to determine if this technology can reliably detect changes 
in serum protein profiles in response to PTH in mice. Groups of 5-week old 
C57/BL-6 male mice were given once daily subcutaneous injection of PTH or 
vehicle for 3 and 11 days. At 6 hours after the last dose, blood samples were 
collected for serum protein analysis by SELDI-TOF-MS. Serum protein profiling 
of the low molecular weight proteome was done using strong anion exchange 
(SAX) surface chip. Mass spectral data were corrected by baseline subtraction to 
remove matrix and background noise on raw proteomic data, obtained from the sera 
of treated and untreated animals. Peaks with high signal-to-noise ratio after 
baseline subtraction were selected and grouped into bins with various intervals 
along m/z axis. Two-sample t-test was utilized to search candidate biomarkers 
among PTH and vehicle treated spectral patterns. Preliminary results indicated 
discernable changes in 7.4, 7.7, 14.8 and 15.4 kD proteins/peptides in PTH treated 
groups at both 3 and 11 days, compared to controls. This change was more 
pronounced in serum from mice treated with PTH for 11 days. Identification of 
proteins/peptides regulated by PTH will determine their utility as prospective 
biomarkers of PTH-responders. 

Disclosures: A.K. Prahalad, None. 

M35 

Genetic and Activity Level Effects on Variation in BMD and BMC in a 
Human Genetic Isolate, the Schmiedeleut Hutterites. L. M. Havill1, M. C. 
Mahaney1, T. Binkley*2, B. L. Specker*2. 1Genetics, Southwest Foundation 
for Biomedical Research, San Antonio, TX, USA, 2South Dakota State 
University, Brookings, SD, USA. 
 We conducted this study to detect and characterize the effects of genes and 
physical activity (mean % time per week spent moderately or vigorously active, 
miles walked per day, stair flights climbed per day) on BMD and BMC in a sample 
of 711 Schmiedeleut Hutterites from South Dakota, aged 8 to 85 years. Statistical 
genetic analyses of vBMD (obtained via pQCT) of the radius and aBMD and BMC 
(obtained via DXA) of the femoral neck, hip, lumbar spine, and total body, show 
heritability estimates ranging from 0.40 to 0.60. Mean % time per week of 
moderate or vigorous activity had the most notable effect on BMD and BMC and 
was associated with higher BMD at all sites (p<0.02). Further, significant sex-by-
activity interaction was detected for femoral neck BMD. The effect of increased 
activity is to increase BMD and is stronger in males (p=0.01). A similar interaction 
was observed for BMC. The most novel and interesting aspect of this study is the 
demonstrated effect of activity level on bone mineral and the sex-specificity of this 
effect in some cases. Systemically, higher mean time in at least moderate 
activity/week results in more bone mineral. In the femoral neck, the magnitude of 
this effect is dependent on gender. The lesser impact of activity level in females 
may point to a blunting of activity effects by other variables important to bone 
quality and is consistent with the hypothesis that the female skeleton’s role in 
reproduction may make it less responsive to mechanical loading. 

Disclosures:  L.M. Havill, None. 
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T1 

Role of a Stretch-activated Potassium Channel in Mechanically-induced 
PTHrP Gene Expression in Osteoblasts. X. Chen, C. M. Macica*, B. E. 
Dreyer*, A. E. Broadus. Section of Endocrinology, Department of Internal 
Medicine, Yale University School of Medicine, New Haven, CT, USA. 
 PTHrP functions locally in an antocrine/paracrine manner in many tissues 
and is normally expressed in osteoblastic cells. Mechanical forces regulate bone 
mass and architecture, and PTHrP is mechanically-induced in smooth muscle. We 
tested the possibility that PTHrP might be a candidate as a local mediator of 
mechanical force in bone using UMR-201 osteoblast-like cells exposed to 
hypotonic induction of cell swelling, a surrogate for mechanical loading. 
Reduction of osmolality from 317 to 240 mosm produced a 3-fold increase in 
PTHrP mRNA. Addition of either gadolinium or nifedipine had no effect on this 
response. Furthermore, removal of extracellular calcium or depletion of 
intracellular calcium with thapsigargin also had no effect. These findings indicate 
that neither stretch-activated cation channels, L-type calcium channels, nor 
intracellular calcium is involved in the induction of PTHrP in response to 
hypotonicity. 
TREK family members (two-pore domain potassium channels) are novel stretch-
activated channels that can be activated by both stretch and intracellular acidosis. 
By PCR, we identified the TREK-2 gene expression in UMR-201cells. We found 
that intracellular acidification markedly increased PTHrP mRNA expression. 
Furthermore, we found that siRNA targeted against the TREK-2 gene reduced 
endogenous TREK-2 expression by 80% and that this was associated with 30% 
decrease of hypotonic induced PTHrP mRNA compared with control siRNA 
transfected cells. We also found PTHrP expression was induced by cyclic stretch in 
UMR-201 cells. 
We propose PTHrP as a candidate mediator of the anabolic effects of mechanical 
force on bone, and that TREK-2 channels are involved in the induction of PTHrP. 

Disclosures: X. Chen, None. 

T2 

CCAAT Enhancer Binding Proteins: Mediators of 1,25(OH)2D3 and PTH 
Action that Affect Osteoblast Function.  P. Dhawan*1, X. Peng*1, S. 
Williams*2, S. Christakos1. 1Biochemistry and molecular biology, University 
of Medicine and Dentistry of New Jersey, Newark, NJ, USA, 2Cell Biology 
and Biochemistry, Texas Tech University, Health Sciences Center, School of 
Medicine, Lubbock, TX, USA. 
 C/EBPβ is a 1,25(OH)2D3 target in osteoblastic cells and one role for C/EBPβ 
as a target of 1,25(OH)2D3 is as an enhancer of VDR mediated 24(OH)ase 
transcription. Our findings indicate that not only 1,25(OH)2D3 but also PTH can 
induce C/EBPβ in osteoblastic cells. C/EBPβ was found to enhance PKA mediated 
transcription of hVDR, suggesting a role for C/EBPβ in the cross talk between PTH 
and 1,25(OH)2D3 that involves enhancement of PKA induced VDR transcription. 
To examine the mechanism of activation of C/EBPβ by 1,25(OH)2D3 and PTH, 
UMR 106 osteoblastic cells were transfected with different deletion constructs of 
the C/EBPβ promoter. These constructs were found to be unresponsive to 
1,25(OH)2D3, suggesting possible post transcriptional regulation of C/EBPβ by 
1,25(OH)2D3. However, a region located at -120/-60 of the C/EBPβ promoter was 
found to be required for the activation of the C/EBPβ promoter by PTH (10 nM). 
Mutation constructs of the C/EBPβ promoter demonstrated that activation of the 
C/EBPβ promoter by PTH is mediated through a CREB binding site at -111/-107. 
Transfection of osteoblastic cells with PKA expression vector resulted in activation 
of this site, indicating a PKA dependent effect of PTH on the induction of C/EBPβ 
transcription. These findings provide a mechanism for the first time for PTH 
induction of C/EBPβ and suggest that stimulation of C/EBPβ transcription may be 
an important mediator of other actions of PTH that can affect skeletal integrity and 
osteoblast function. 

Disclosures: P. Dhawan, None. 

T3 

Role of Crem Gene in the Anabolic Effect of PTH on Bone.  F. Liu*1, S. 
Lee1, G. A. Gronowicz2, D. J. Adams2, B. E. Kream1. 1Endocrionology, 
University of Connecticut Health Center, Farmington, CT, USA, 2Orthopaedic 
Surgery, University of Connecticut Health Center, Farmington, CT, USA. 
 The cAMP response element modulator (Crem) gene encodes transcriptional 
activators and inhibitors. Osteoblasts express many Crem transcripts including 
inducible cAMP early repressor (ICER) isoforms, which are transcribed from an 
intronic promoter and induced by PTH. To determine whether Crem plays a role in 
the anabolic response of bone to PTH, 11-12 week old Crem knockout (KO) and 
wild type (WT) male mice (20 mice per group, C57BL/6/129 mixed background) 
were given daily subcutaneous injections of vehicle or hPTH(1-34) (160 µg/kg) for 
10 days. Compared to vehicle-treated controls, PTH caused an 11% increase in 
femoral areal BMD in WT mice but only a 3% increase in KO mice. Similar results 
were observed in tibia and vertebrae. PTH significantly increased femoral cortical 
area and trabecular bone volume in WT but not in KO mice. Interestingly, PTH 
significantly increased the % osteoblast surface and bone formation rate in WT and 
KO mice to the same extent. However, PTH increased the % osteoclast surface and 
osteoclast number to a greater extent (1.8- and 3.4-fold, respectively) in KO 
compared to WT mice. In vitro osteoclast formation in response to PTH (100 
ng/ml) was about 2-fold greater in bone marrow cultures from KO mice. However, 
there was no difference between the two genotypes in CFU-GM, the osteoclast 
precursor population in bone marrow. In conclusion, we suggest that the Crem gene 
plays an important role in the anabolic effect of PTH on bone, which may be 
mediated in part through an effect on osteoclast formation. 

Disclosures: F. Liu, None. 

T4 

Individual and Combined Effects of Exercise and Alendronate on 
Material and Structural Properties of the Hip and Spine in 
Ovariectomized Rats.  R. K. Fuchs1,2, M. Shea3, S. L. Durski*2, B. Hanson*3, 
B. K. Bay*4, K. M. Winters5, J. Widrick*6, C. Snow2. 1Anatomy and Cell 
Biology, Indiana University Medical School, Indianapolis, IN, USA, 2Bone 
Researach Laboratory, Oregon State University, Corvallis, OR, USA, 
3Orthopedic Surgery, Oregon Health Science University, Portland, OR, USA, 
4Mechanical Engineering, Oregon State University, Corvallis, OR, USA, 
5Nursing, Oregon Health Science University, Portland, OR, USA, 6Exercise 
and Sport Science, Oregon State University, Corvallis, OR, USA. 
 We examined the skeletal response to the individual and combined effects of 
alendronate and exercise on bone. Seven-month-old ovariectomized (ovx) rats were 
divided into five groups: sham, ovx-controls, ovx-alendronate, ovx-exercise and 
ovx-alendronate-exercise. Treatments commenced two weeks post-ovx and lasted 
14 weeks. Alendronate groups received twice-weekly alendronate (1ml/kg), while 
sham, ovx-controls and ovx-exercise received vehicle. Exercise groups ran 60 
min/day, 21m/min, 5 days/wk at a 5% grade. DXA, µCT and mechanical testing 
were used to examine femoral and vertebral material and structural properties. Ovx-
controls had significant reductions in bone mass and mechanical strength compared 
to sham. Declines in bone mass and mechanical strength were prevented in each 
alendronate treated group. The superior treatment was a combination of alendronate 
and exercise. Ovx-alendronate-exercise had +13.2% and +16.2% femoral BMC, 
and +21.6% and +15.7% vertebral BMC compared to ovx-alendronate and ovx-
exercise, respectively. At the femur, ovx-alendronate-exercise had +5.7% and 
+9.6% cortical area, +3.9% and +14% cortical thickness, and +8.5% and +12.2% 
moment of inertia compared to ovx-alendronate and ovx-exercise, respectively. 
Similarly, at the spine ovx-alendronate-exercise had +9.4% and +11.2% cross-
sectional area compared to ovx-alendronate and ovx-exercise, respectively. 
Ultimate force at the femur did not differ between ovx-alendronate-exercise and 
ovx-alendronate; however, both alendronate treated groups had stronger bones than 
both ovx-controls and ovx-exercise. No differences were observed in femoral neck 
and vertebral ultimate force. In summary, the combined interventions of 
alendronate and exercise were more efficient in preventing declines in bone mass 
and strength following ovx than the introduction of either intervention alone. 

Disclosures: R.K. Fuchs, None. 
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T5 

A Mutation in the Osteoactivin/Gpnmb Gene Causes Osteopenia in Mice.  
M. C. Rico1, M. G. Anderson*2, A. Virgen*1, S. W. M. John*2, S. N. Popoff1, 
F. F. Safadi1. 1Anatomy and Cell Biology, Temple University School of 
Medicine, Philadelphia, PA, USA, 2HHMI and The Jackson Laboratory, Bar 
Harbor, ME, USA. 
 Osteoactivin/Gpnmb is a glycosylated protein implicated in bone matrix 
production and mineralization. Previous studies from our laboratory have 
demonstrated that a synthetic osteoactivin peptide induces osteoblast differentiation 
associated with increased alkaline phosphatase activity, osteocalcin production and 
calcium deposition in vitro, and stimulates bone formation in vivo. A mutation on 
chromosome 6 of the osteoactivin/Gpnmb gene in the mouse strain DBA/2J(D2) 
results in a premature stop codon leading to the production of a truncated 
osteoactivin/Gpnmb protein. Western Blot analysis confirmed the absence of 
osteoactivin/Gpnmb protein in the osteoactivin/Gpnmb mutant when compared to 
controls. Radiographic and histological analyses showed a decrease in cortical and 
trabecular bone area in osteoactivin/Gpnmb mutants compared to age- and gender-
matched normal controls. Micro-CT measurements revealed a significant decrease 
in trabecular bone volume, and an increase of bone marrow cavity area in the 
osteoactivin/Gpnmb mutant compared to control animals. Total RNA isolated from 
long bones of mutant and control animals were analyzed for extracellular matrix 
production. Collagen type I expression was decreased in osteoactivin/Gpnmb 
mutants compared with controls. These data support the hypothesis that 
osteoactivin/Gpnmb is a novel bone protein that regulates osteoblast differentiation 
and augments bone formation. Further studies of this mutation will help elucidate 
the mechanism(s) of action and signaling pathways involved in 
osteoactivin/Gpnmb function in bone. 

Disclosures:  M.C. Rico, None. 

T6 

Skeletal Disease Accompanying High Bone Mass and Novel LRP5 
Mutation.  M. R. Rickels*1, X. Zhang*2, S. Mumm2,3, M. P. Whyte2,3. 
1Division of Endocrinology, Diabetes and Metabolism, University of 
Pennsylvania School of Medicine, Philadelphia, PA, USA, 2Division of Bone 
and Mineral Diseases, Washington University School of Medicine, St. Louis, 
MO, USA, 3Shriners Hospitals for Children, St. Louis, MO, USA. 
 Gain-of-function mutation (Gly171Val) of the gene encoding LDL receptor-
related protein 5 (LRP5) was discovered in 2002 in two American kindreds with 
dense bones and seemingly benign phenotypes. However, in 2003, 6 novel LRP5 
missense mutations affecting the same protein domain were reported in individuals 
from the Americas and Europe, some with clinically significant dense bone disease. 
Our 59-year-old patient has skeletal disease affecting her oropharynx. Three years 
earlier, extensive mandibular buccal and lingual exostoses (osseous “tori”) 
necessitated surgical removal because of infection attributed to food trapping 
between the teeth and exostoses. Bilateral maxillary buccal and lingual exostoses 
have remained asymptomatic. Radiographic skeletal survey revealed marked 
thickening of the skull base and cortical widening of long bones reflecting 
endosteal hyperostosis. Bone mineral density Z-scores, assessed by DEXA (Lunar® 
DPXMD, Madison, WI), were + 8.5 and + 8.7 in the right total hip and L1-L4 spine 
(~ 195% average for age-matched women), respectively. Her brother was 
diagnosed with “osteopetrosis,” and a first cousin required similar removal of 
excessive bone from her jaw. PCR amplification and sequencing of LRP5 exons 2-
4 and adjacent splice sites revealed heterozygosity for a new LRP5 missense 
mutation, Arg154Met. This novel defect affects the same first “β-propeller” module 
as the 7 previously reported gain-of-function missense mutations. Because our 
patient’s LRP5 mutation alters the region responsible for the receptor’s antagonism 
by dickkopf (Dkk), her extensive oral exostoses and high bone mass likely reflect 
increased Wnt signaling through LRP5. Our patient illustrates that exuberant LRP5 
signaling may not be benign. 

 M.R. Rickels, None. 

T7 

BMP6 Regulation of Human Marrow-derived Mesenchymal Stem Cell 
Differentiation.   M. S. Friedman*1, M. W. Long*2, K. D. Hankenson3. 
1Cellular and Molecular Biology, University of Michigan, Ann Arbor, MI, 
USA, 2Pediatrics, University of Michigan, Ann Arbor, MI, USA, 3Orthopaedic 
Surgery, University of Michigan, Ann Arbor, MI, USA. 
 Bone morphogenetic proteins (BMP) are members of the TGF-beta 
superfamily that are sequestered and released from bone and cartilage into the 
marrow cavity. We hypothesize that BMPs are factors that induce differentiation of 
pluriopotent human marrow-derived mesenchymal stem cells (hMSC) to the 
osteoblast lineage. Preliminary experiments indicated that BMP-6 alone, or in 
combination with BMP-7, strongly induced osteoblast differentiation of hMSC 
determined by an approximate 4.5-22.5 fold increase in alkaline phophatase activity 
(multiple donors). BMP-6 treated MSC exhibit a phenotype consistent with 
differentiated osteoblasts, forming a mineralized extracellular matrix composed of 
CaPO4-hydroxyapatite, type I collagen, osteopontin, and BSP-II. A detailed 
analysis of gene expression in BMP-6 induced MSC was performed using 
quantitative RT-PCR. Increases in collagen 1A1 and osteocalcin expression are 
detected early in the differentiation program, while osteopontin expression is 
virtually unchanged. Cbfa1 expression increases 16-fold after 14 days of BMP 
induction and returns to basal levels by day 21. Osterix expression peaks at day 1, 
rising again at day 14, a pattern similar to Dlx5. Hedgehog signaling was not 
detected in BMP-6 treated MSC, but the wnt-associated transcription factor, LEF1, 
and the wnt co-receptor, LRP5, both show increased levels of expression, 
indicating that BMP signaling may activate a wnt autocrine loop. Contrary to 
studies with murine cells, we did not observe an increase in wnt-3a. Thus, we 
conclude that BMP-6 is a potent inducer of human MSC osteoblast differentiation, 
and that a wnt autocrine loop, independent of wnt-3a, is involved in this 
differentiation program. 

Disclosures:  M.S. Friedman, None. 

T8 

Osteogenic Oxysterols Inhibit the Adverse Effects of Oxidative Stress on 
Osteogenic Differentiation of Marrow Stromal Cells.  F. Parhami1, C. M. 
Amantea*1, J. A. Richardson*1, T. J. Hahn2, D. Shouhed*1. 1Medicine, UCLA, 
Los Angeles, CA, USA, 2Medicine, West L.A. VA Medical Center, Los 
Angeles, CA, USA.  
 Oxysterols form a large family of oxygenated derivatives of cholesterol 
present in the circulation and in tissues of humans and animals. We reported that a 
specific oxysterol combination containing 22(R)-hydroxycholesterol (22R) and 
20(S)-hydroxycholesterol (20S) (RS) has potent osteogenic activity in vitro when 
applied to osteoprogenitor cells including M2-10B4 (M2) marrow stromal cells. 
The osteogenic oxysterol combination also had synergistic osteogenic effects with 
BMP2 and BMP7, and potent anti-adipogenic effects in pluripotent mesenchymal 
stem cells. Recently we found that substitution of 22R with 22S stereoisomer, in 
combination with 20S, has even greater osteogenic activity, as determined by the 
greater induction of alkaline phosphatase activity, and Cbfa1 and osteocalcin 
mRNA expression in M2 cells. We previously demonstrated that oxidative stress 
induced by xanthine/xanthine oxidase (XXO) or by minimally oxidized LDL (MM-
LDL) inhibited osteogenic differentiation of M2 cells. Pretreatment of M2 cells for 
24 hours with SS completely protected them from the adverse effects of XXO and 
MM-LDL, as assessed by their intact levels of alkaline phosphatase activity, 
osteocalcin mRNA, and mineralization. Treatment with SS also rescued XXO- or 
MM-LDL treated M2 cells from their inhibitory effects on osteogenic 
differentiation. The protective effects of the osteogenic oxysterols were inhibited 
by cyclooxygenase-1 (COX-1) inhibitor, SC-560, but not by COX-2 inhibitor, NS-
398, or MAPK inhibitor, PD 98059. Non-osteogenic oxysterols and oxidized lipids 
including 7-ketocholesterol and 4-hydroxynonenal did not have protective effects. 
In conclusion, the osteogenic oxysterols protect osteoprogenitor cells against 
oxidative stress and may be potentially important in enhancing bone formation in 
aging and osteoporosis. 

Disclosures: F. Parhami, None. 
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T9 

Decreased Estrogen May Contribute to Osteopenia in Unloaded Bones.  J. 
C. Tou*, S. Arnaud*, R. Grindeland*, C. Wade*. Life Sciences Division, 
NASA Ames Research Center, Moffett Field, CA, USA. 
 Progressive loss of weight-bearing bone in astronauts is one of the most 
serious impediments to long-duration spaceflight. Estrogen deficiency in women is 
an established factor in bone loss. Reduced sex hormone levels have been reported 
in male astronauts, but no data is available regarding spaceflight effects on female 
sex hormones. The objective of our study was to determine the role of estrogen in 
disuse osteopenia. The NASA developed hindlimb suspension (HLS) model was 
used to simulate the unloading disuse of weight-bearing bones experienced in 
space. Female Sprague-Dawley rats (age 77d; n=20/group) were HLS or kept 
ambulatory (AMB) for 38 d and endocrine and bone indices determined. HLS of 
rats resulted in lower (p<0.01) bone mass (9%), bone mineral content (BMC 13%) 
and mechanical strength (28%) compared to AMB animals. Plasma estradiol (E2) 
was lower (p=0.03) in HLS (10.1 +1.4 pg/ml) compared to AMB rats (16.7 +2.6 
pg/ml). E2 was positively correlated to BMC r2=0.67 and mechanical strength 
r2=0.61. These results suggest that reduced E2 plays a role in disuse osteopenia 
induced by HLS. Plasma or pituitary lutenizing hormone (LH) and follicle 
stimulating hormone (FSH) levels were not different in HLS versus AMB rats. 
However, pituitary LH was correlated to E2 (r2=0.57), suggesting change in E2 
was exerted at the level of the hypothalamus-pituitary axis. Understanding the role 
of estrogen in disuse osteopenia is necessary to the development of efficacious 
therapies for female astronauts, bed rest patients and the increasing number of 
individuals in our sedentary population suffering bone loss. 

Disclosures: J.C. Tou, NASA 2. 

T10 

Anabolic Effects of Lactoferrin in Bone.  J. Cornish, A. Grey, D. Naot, I. R. 
Reid. Medicine, University of Auckland, Auckland, New Zealand. 
 Lactoferrin, an 80 kDa iron-binding glycoprotein that belongs to the 
transferrin family, is present in breast milk, epithelial secretions and in the 
secondary granules of neutrophils. We have recently discovered that human and 
bovine lactoferrin are anabolic to bone at physiological concentrations. Lactoferrin 
is a very potent stimulator of proliferation and differentiation of primary 
osteoblasts, and also acts as a survival factor, inhibiting apoptosis induced by 
serum withdrawal by up to 70%. In murine bone marrow culture, lactoferrin acts as 
a potent inhibitor of osteoclastogenesis. In vivo, local injection of lactoferrin above 
the hemicalvaria of adult mice results in substantial increases in the dynamic 
histomorphometric indices of bone formation and bone area. 
We have demonstrated that the mitogenic effect of lactoferrin in osteoblast-like 
cells is mediated through members of the LDL receptor-related proteins. 
Lactoferrin is being endocytosed into the cells and also activates MAPK 
phosphorylation. These two pathways operate independently; MAPK signalling, 
but not endocytosis, is necessary for the mitogenic effect of lactoferrin. 
We investigated lactoferrin’s role in osteoclastogenesis by measuring changes in 
the expression levels of OPG and RANKL mRNA in primary human osteoblasts 
and in a mixed cell population derived from murine bone marrow. The results 
indicate that it is unlikely that changes in OPG and RANKL levels are mediating 
the effect of lactoferrin in bone. We speculate that lactoferrin may have a 
physiological role in bone growth and healing, and a potential therapeutic role as an 
anabolic factor in osteoporosis. 

Disclosures:  J. Cornish, None. 

T11 

Intermittent Parathyroid Hormone Treatment Enhances Guided Bone 
Regeneration in Rat Calvarial Bone Defects.  T. T. Andreassen1, V. 
Cacciafesta*2. 1Department of Connective Tissue Biology, University of 
Aarhus, Aarhus C, Denmark, 2Department of Orthodontics, The Royal Dental 
College, University of Aarhus, Aarhus C, Denmark. 
 Animal experiments have revealed that parathyroid hormone (PTH) treatment 
enhances fracture healing by augmenting callus formation and increasing strength 
of the fractures. We now have investigated the effects of intermittent PTH(1-34) 

treatment on bone regeneration and mechanical strength of critically sized rat 
calvarial bone defects covered with expanded membranes. A full-thickness bone 
defect (diameter 5 mm) was trephined in the central part of the parietal bones in 20-
month-old female Wistar rats. The bone defects were covered with an exocranial 
and an endocranial expanded polytetrafluoroethylene membrane. The animals were 
killed 35 days after operation. 60 µg PTH(1-34)/kg was administered daily during 
the healing period, and control animals with calvarial bone defects were given 
vehicle. Mechanical testing was performed by a punch out testing procedure by 
placing a steel punch (diameter 3.5 mm) in the center of the healed defect. After 
mechanical testing, the newly formed tissue inside the defect was removed and the 
dry weight and ash weight were measured. PTH(1-34) increased dry weight by 
48%, ash weight by 51%, and ash concentration by 26%. PTH(1-34)also 
augmented the mechanical strength of the new bone formed inside the defect by 
increasing ultimate stiffness by 87%. No differences in body weight were found 
between the vehicle-injected and the PTH-treated animals during the experiment. 
The experiment demonstrates that intermittent PTH(1-34) treatment increases bone 
deposition and enhances mechanical strength of healing rat calvarial defects 
covered with expanded polytetrafluoroethylene membranes. 

Disclosures: T.T. Andreassen, None. 

T12 

Cyclical Treatment with High Dose Calcitriol Increases Vertebral Bone 
Mass in Normal and Osteopenic Rats.  R. G. Erben, K. Nägele*. Institute of 
Animal Physiology, University of Munich, Munich, Germany. 
 It was our aim to test the hypothesis that remodeling period-based cyclical 
treatment with high dose calcitriol would increase bone mass in osteopenic 
ovariectomized (OVX) rats. Eighty-eight female 6-month-old Fischer 344 rats were 
either OVX or sham-operated (SHAM). Eight rats served as baseline controls. 
Three months postsurgery, 8 SHAM and 8 OVX rats were killed as pretreatment 
controls. Beginning 3 months postovariectomy, groups of SHAM and OVX rats (n 
= 8 each) were subcutaneously injected with either 0.2 µg calcitriol/kg/day or 
vehicle on 3 consecutive days. This treatment regimen was repeated every 3 weeks 
for a total of 3 cycles. Groups of vehicle- and calcitriol-treated SHAM and OVX 
rats (n = 8 each) were killed after the third treatment cycle, and after a 9-week 
therapy-free posttreatment interval. By 3 months postsurgery, OVX rats had 
developed marked vertebral and proximal tibial cancellous bone osteopenia. 
Although the rats were treated for only 9 days during this experiment, vertebral 
cancellous bone area and vertebral bone mineral density measured by pQCT were 
significantly increased in SHAM and OVX rats after 3 cycles of high dose 
calcitriol, relative to vehicle controls. However, the positive effects of cyclical 
calcitriol on vertebral bone mass were lost during the 9-week posttreatment period. 
There were no significant effects of cyclical calcitriol treatment in the tibia. We 
conclude that cyclical calcitriol treatment has anabolic effects on vertebral bone 
mass in both SHAM and OVX rats and can partially reverse estrogen deficiency-
induced osteopenia in the axial skeleton of the rat. 

Disclosures:  R.G. Erben, ClinTrials BioResearch, Procter & Gamble 
Pharmaceuticals 5. 

T13 

The Acute Effects of a Novel Oral Formulation of Salmon Calcitonin on 
Bone Turnover in Healthy Postmenopausal Women.  L. B. Tanko1, Y. Z. 
Bagger1, J. P. Devogelaer*2, J. Y. Reginster*3, L. Mindeholm*4, M. Olson*4, 
M. Azria*4, C. Christiansen1. 1Center for Clinical and Basic Research, 
Ballerup, Denmark, 2Arthritis Unit, Université Catholique de Louvain, 
Brussels, Belgium, 33WHO Collaborating Center for Public Health Aspects of 
Osteoarticular Disease, Liege, Belgium, 4Novartis, Basel, Switzerland. 
 The purpose of this study was to investigate the acute effects of a novel oral 
salmon calcitonin (sCT) on bone formation and resorption in 278 healthy elderly 
women (55-85 years old) in a randomized and placebo-controlled setting. 
Participants received sCT 0.15, 0.4, 1.0, or 2.5 mg daily or 1.0 mg every other day 
combined with an eligen technology-based carrier (200 mg), or placebo. All 
participants received 1000 mg Ca plus 400 IU of vitamin D daily. Study parameters 
were serum C-terminal telopeptide of collagen type I (sCTx), osteocalcin (OC), 
calcium, and PTH measured in fasting samples taken from 8 to 12 a.m at hourly 
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intervals. Acute responses were re-tested at Month 1 and 3. The 24-hour profile of 
sCTx showed marked dose-dependent decreases with nadirs ranging from -61.2 to  
-82.7% (p<0.001). Serum OC measured at corresponding time points indicated no 
significant changes, yet there was a trend toward increasing values at lower and 
decreasing values at the highest doses. The parallel changes of serum calcium and 
PTH indicated transient decreases and increases, respectively. These responses 
showed high degree of reproducibility when re-evaluated at Month 1 and 3. Oral 
salmon calcitionin inhibits bone resorption without inhibiting bone formation 
(uncoupling) thereby opening for relative predominance of bone formation. Further 
investigations are needed to clarify whether the pulsatile stimulation of PTH at 
each drug intake, which has been shown to provide anabolic effects in animal 
experiments, have implications for the effects of calcitonin in humans. 

Disclosures: L.B. Tanko, None. 

T14 

Sclerostin Is an Osteocyte-expressed Negative Regulator of Bone 
Formation, but Not a Classical BMP Antagonist.  C. W. Lowik*1, P. ten 
Dijke*2, R. L. van Bezooijen1. 1Endocrinology, Leiden University Medical 
Center, Leiden, Netherlands, 2Endocrinology, The Netherlands Cancer 
Institute, Division of Cellular Biochemistry, Netherlands. 
 Sclerosteosis, a skeletal disorder characterized by high bone mass due to 
increased osteoblast activity, is caused by loss of the SOST gene product, sclerostin. 
The localization in bone and the mechanism of action of sclerostin are not yet 
known, but it has been hypothesized that it may act as a bone morphogenetic 
protein (BMP) antagonist. We show here that SOST/sclerostin is expressed 
exclusively by osteocytes in mouse and human bone and inhibits the differentiation 
and mineralization of murine pre-osteoblastic cells (KS483). Although sclerostin 
shares some of the actions of the BMP antagonist noggin, we show here that it has 
also actions distinctly different from it. Sclerostin, in contrast to noggin, did not 
inhibit basal ALP activity in KS483 cells neither did it antagonize BMP-stimulated 
alkaline phosphatase activity in mouse C2C12 cells. In addition, sclerostin had no 
effect on BMP-stimulated Smad phosphorylation and direct transcriptional 
activation of MSX-2 and BMP response element (BRE) reporter constructs in 
KS483 cells. Its unique localization and action on osteoblasts suggest that 
sclerostin may be the previously proposed osteocyte-derived factor that is 
transported to osteoblasts at the bone surface and inhibits bone formation. These 
observations suggest that inactivation of sclerostin by small molecules or 
humanized neutralizing antibodies may induce a positive bone balance, an effect 
that may have therapeutic implications for patients with osteoporosis. 

Disclosures: C.W. Lowik, None. 

T15 

Increased Osteoblastic Differentiation in Cultured Marrow Cells After 
Blood Loss or Surgery.  S. Odoi*, J. Burford*, R. Da Souza*, L. Parry*, T. 
Skerry. VBS, Royal Veterinary College, London, United Kingdom. 
 Ex vivo studies of bone marrow cell differentiation following drug treatments 
or surgical procedures correctly use sham treated/operated control animals. In 
ovariectomy studies we have found a consistent significant increase in fibroblastic 
colony forming units (CFU-Fs) when bone marrow is cultured from sham-operated 
animals than cells from ovariectomised animals. The following experiments test the 
hypothesis that surgical trauma and/or blood loss increases the pool of CFU-Fs or 
their precursors in bone marrow. 
Bone marrow was extracted post-mortem from the femora and tibiae of female 
Wistar rats weighing approximately 200g. Five experimental groups were used (see 
table). Sham ovariectomy was performed by exposing both ovaries via a flank 
incision but not removed. Anaesthesia was by intra-peritoneal injection of ketamine 
(90mg.kg^-1) and xylazine (10mg.kg^-1). Marrow cells were removed from the 
bones by gentle centrifugation and were cultured for 18 days in osteogenic 
conditions, after which they were stained for osteoblastic markers. The total colony 
area and number of colonies were measured by image analysis. 

 

Sham surgery or blood removal had greater numbers of larger colonies than intact 

 area (cm2) colony number 

Intact, non-anaesthetised control 0.236 s.e.m+/- 
0.0106 

17.7 s.e.m+/- 
0.76 

Control, anaesthetised 2w prior to 
euthanasia 

0.096 s.e.m+/- 
0.0095 

10.1 s.e.m+/- 
0.085 

ovariectomised 2 weeks before euthanasia 0.125 s.e.m+/- 
0.0130 

14.3 s.e.m+/- 
0.19 

anaesthetised 2 weeks before euthanasia 
and 5ml.kg-1 blood removed by direct 
cardiac aspiration 

0.261 s.e.m+/- 
0.0061 

20.1 s.e.m+/- 
1.39 

sham ovariectomy control 2 weeks before 
euthanasia 

0.272 s.e.m+/- 
0.0098 

22.7 s.e.m+/- 
1.39 

 
The effects of the ketamine/xylazine anaesthetic was consistent with our other 
studies showing that these agents produce an inhibitory effect on CFU-Fs. 
It is possible to speculate that blood loss or surgery upregulates haematopoietic cell 
lineage differentiation. This concomitantly upregulates the precursors of 
osteoblastic lineage cells. Alternatively the precursor pool affected by trauma/blood 
loss may remain sufficiently plastic that ex vivo, under osteogenic conditions, they 
can be induced to transdifferentiate towards an osteoblastic phenotype. 

Disclosures: S. Odoi, None. 

T16 

Msx2 Regulates Mesenchymal Cell Lineage and Body Composition via 
Paracrine Wnt-Dkk Signals.  S. L. Cheng, N. Charlton-Kachigian, J. S. 
Shao, A. P. Loewy*, D. A. Towler. Dept of Internal Medicine, Washington 
University School of Medicine, St. Louis, MO, USA. 
 Msx2 promotes osteogenic differentiation of vascular progenitors while 
suppressing adipogenic potential. Along with cell autonomous actions, conditioned 
media (CM) from Msx2-transduced cells controls cell fate; Msx2 CM enhances 
alkaline phosphatase (ALP) activity of C3H10T1/2 cells by 50%, but inhibits 
adipogenesis by >90%. Since Wnts exert similar activities, we studied effects of 
Msx2 on Wnt and Dkk signaling. Msx2 transduced 10T1/2 cells and 
myofibroblasts express significantly elevated Wnt1, Wnt3a, Wnt5a, and Wnt5b 
levels. In contrast, Dkk expression is decreased to <24% of control (Dkk1 in 
myofibroblasts, Dkk2 in 10T1/2 cells). Msx2 CM stimulates canonical Wnt-
regulated LEF/TCF transcription along with ALP activity. Importantly, 1 ug/ml 
recombinant Dkk1 suppresses Msx2-dependent ALP induction. To confirm these 
results, we generated CMV-Msx2 transgenic mice. Msx2 is significantly over-
expressed in aorta, bone marrow cells, and osteoblasts isolated from transgenic 
mice (2.9, 1.6, and 2.6 fold, respectively) as compared to wild type littermates 
(WT). Wnt3a levels in aorta and osteoblasts are increased in Msx2 transgenics (2.7 
and 3.8 fold), with a concomitant decrease in Dkk1 in aorta and bone marrow cells 
(27% and 64% of WT). The BMD of Msx2 transgenic mice is significantly higher 
than WT littermates after 4 and 8 weeks of a high fat diet challenge (2.7 % and 
3.5% increase). Total body fat is significantly decreased in Msx2 transgenic mice 
as compared to WT, and serum leptin levels are concomitantly lower (45.2 ± 174.3 
vs. 1773.1 ± 383.6 pg/ml). Thus, Msx2 regulates mesenchymal cell fate and body 
composition in part via paracrine Wnt-Dkk signals. 

Disclosures:  D.A. Towler, Pfizer 2. 
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T17 

Physical Activity Is Associated with the Size but not with the Volumetric 
Mineral Density of the Cortical Bone in Young Adult Men.   M. 
Lorentzon1, D. Mellström2, C. Ohlsson1. 1Center for Bone Research at the 
Sahlgrenska Academy (CBS), Department of Internal Medicine, Göteborg, 
Sweden, 2Department of Geriatric Medicine, Göteborg University, Göteborg, 
Sweden. 
 Physical activity has been reported to enhance bone mass accretion but little 
is known about its differential influence on the separate bone compartments, i.e. 
trabecular and cortical bone. 
The Gothenburg Osteoporosis and Obesity Determinants (GOOD) study consists of 
1075 Swedish men, age 18.9±0.6 yrs, and was initiated with the aim to find both 
environmental and genetic determinants for bone and fat mass. Questionnaires were 
used to collect information about current and previous physical activity 
(hours/week and duration in years), dairy product intake and smoking. 670 men 
(62%) were currently physically active and 761 (71%) had previously participated 
in any sports. Bone parameters were measured using both DXA and pQCT. 
Both current and previous physical activity were independent predictors 
(multivariate analysis including age, height, weight, dairy product intake and 
smoking) of areal BMD of the total body, femoral neck, and lumbar spine as 
measured by DXA. To determine the associations between physical activity and the 
different bone compartments pQCT was utilized, demonstrating that current 
physical activity was an independent predictor of cortical bone mineral content 
(radius β=0.14, p<0.001; tibia β=0.22, p<0.001), cortical bone area (radius β=0.15, 
p<0.001; tibia β=0.22, p<0.001), and periosteal circumference (radius β=0.16, 
p<0.001 tibia β=0.17, p<0.001), but not of cortical volumetric BMD in the long 
bones. These results demonstrate that physical activity is associated with the size 
but not with the volumetric mineral density of the cortical bone in young adult men, 
suggesting that physical activity increases the amount but not the material quality 
of the cortical bone. 

Disclosures: M. Lorentzon, None. 

T18 

Pathophysiology of Osteoporosis: Is the Major Defect (Bone Loss) Due to 
Metabolic Imbalance Between Bone Resorption and Formation, or to 
Insufficient Bone Collagen (Matrix) Formation? L. Klein. Biochemistry, 
Case Western Reserve Univ School of Medicine, Cleveland, OH, USA. 
 To evaluate that osteoporosis is a systemic disease where the diurnal rhythm 
of bone turnover is regulated by systemic multifactors: (1) Muscle activity; (2) 
Nutrition: Vitamins A, C, D, proteins, amino acids, minerals (calcium [Ca] and 
phosphorus [Pi]); and (3) Hormones: anabolic: parathyroid hormone (PTH), growth 
hormone (GH)/insulin-like growth factor (IGF/I); catabolic: calcitonin (CT) gluco- 
and adreno-corticoids; insulin, thyroid, androgens, and integrated by estrogens a/b. 
Systemic multifactors are involved at different levels of biological organization: (1) 
System, organ, cell, receptor; (2) Multi-organs: bone, intestine, kidney, liver, (3) 
Multi-hormonal: PTH, CT, Vit D, GH/IGF I, etc.; and (4) Multi-factorial: 
environment, genetic, nutrition, vascular, nervous, hormonal, etc. 
Of two major pathways, one major pathway is inorganic, catabolic, and bone 
resorptive (induced by calcitonin, solubilization of Ca and Pi, and proteolysis of 
collagen to peptides, amino acids, and their combustion). The renal reabsorption of 
Ca and Pi results in their efficient conservation via their uptake by mineralization 
of new osteoid and old bone. The other major pathway is organic, anabolic, and 
hormonally regulated. Collagen is biosynthesized de novo from amino acids to 
macromolecules. The new collagen structure is specifically modified by vitamin C 
to bone osteoid which in turn is specifically mineralized to bone by osteoblasts. 
Thus, organic collagen can only be used once, while bone minerals can be reused 
repeatedly in bone formation. In addition, the therapy of osteoporosis can be 
bolstered by a larger intake of vitamin C (citrus fruit), vegetable proteins, and 
physical exercise. 

Disclosures: L. Klein, None. 

 

T19 

Fluoroaluminate Stimulates and RGD Peptides Inhibit the Cellular 
Attachment and Spreading of Osteoblasts.  C. J. C. Boersma*1, R. J. 
Arends*2, B. L. H. van Lith*3, K. McGurk*4. 1Target discovery unit Oss, NV 
Organon, Oss, Netherlands, 2Pharmacology Unit Oss, NV Organon, Oss, 
Netherlands, 3Target Discovery Unit Oss, NV Organon, Oss, Netherlands, 
4Lead Discovery Unit Oss, NV Organon, Oss, Netherlands. 
 Bone formation involves the processes of recruitment of mesenchymal 
precursor cells, followed by attachment to the bone surface and further 
differentiation of the pre-osteoblasts in mature osteoblasts and formation of new 
bone. Stimulation of pre-osteoblast attachment to the bone surface is expected to 
stimulate the process of osteoblast differentiation and mineralization. For this 
purpose a model was developed in which the attachment of C2C12 and MC3T3-E1 
cells could be quantified. C2C12 cells especially attached very efficiently to 
fibronectin or vitronectin coated plates, and to a much lesser degree to collagen 
coated plates. In contrast, attachment of MC3T3 cells was very efficient to 
fibronectin, vitronectin as well as collagen coated plates. 
Cellular attachment of MC3T3 or C2C12 cells to fibronectin or vitronectin coated 
plates could be inhibited by RGD peptides. In contrast, fluoroaluminate gave a 
small but significant increase in cellular attachment. The described model can be 
used for studying the role of different genes, including cSrc and integrins, in 
attachment of osteoblast precursor cells to the bone surface. 

Disclosures:  R.J. Arends, None. 

T20 

Bone Mass Has Reached its Peak in the Spine and Hip but Continues to 
Increase in the Cortices of the Long Bones in 18-20-Year-Old Men.  M. 
Lorentzon1, D. Mellström2, C. Ohlsson1. 1Center for Bone Research at the 
Sahlgrenska Academy (CBS), Department of Internal Medicine, Göteborg 
University, Göteborg, Sweden, 2Department of Geriatric Medicine, Göteborg 
University, Göteborg, Sweden. 
 In men, peak bone mass is believed to be achieved by the end of the second 
decade in life. The aim of the present study was to determine if the peak bone mass, 
at different localities, is reached in 18-20-year-old men. The Gothenburg 
Osteoporosis and Obesity Determinants (GOOD) study consists of 1075 Swedish 
men, age 18.9±0.6 yrs, and was initiated with the aim to find environmental and 
genetic determinants for bone and fat mass. Questionnaires were used to collect 
information about physical activity, dairy product intake and smoking. Bone 
parameters were measured using DXA and pQCT. 
DXA measurements demonstrated that age was correlated to areal BMD of the 
radius (r=0.16; p<0.001) and the ulna (r=0.15; p<0.001) but not to the total body, 
femoral neck, or lumbar spine. pQCT measurements revealed that age was 
correlated to cortical BMC in both the radius and tibia (p<0.05). Age was found to 
be an independent predictor (in a multiple linear regression analysis including 
height, weight, physical activity, and smoking) of both the cortical volumetric 
BMD (radius β=0.29, p<0.001; tibia β=0.14, p<0.001) and the cortical thickness 
(radius β=0.15, p<0.001; tibia β=0.08, p<0.01) in the long bones. Trabecular 
volumetric BMD of the radius (β=0.08, p<0.05) but not of the tibia was associated 
with age. 
These results demonstrate that in 18-20-year-old men peak bone mass has been 
attained in the femoral neck and lumbar spine, but not yet in the cortical bone of the 
long bones. 

Disclosures: M. Lorentzon, None. 

T21 

Free Serum Estradiol Levels Correlate with both Trabecular and 
Cortical Volumetric Bone Mineral Density in Young Adult Swedish Men.  
M. Lorentzon, S. McGovern*, E. Svensson*, S. Heigis*, A. Eriksson, M. 
Svensson*, C. Ohlsson. Center for Bone Research at the Sahlgrenska 
Academy (CBS), Department of Internal Medicine, Göteborg University, 
Göteborg, Sweden. 
 Estrogens regulate skeletal growth and mineralization in males. The aim of 
the present study was to determine the associations between serum levels of 
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estradiol (E2) and skeletal size and mineralization in young adult males. The 
Gothenburg Osteoporosis and Obesity Determinants (GOOD) study consists of 
1075 men, age 18.9±0.6 yrs, and was initiated with the aim to find both 
environmental and genetic determinants for bone and fat mass. Bone parameters 
were measured using both DXA and pQCT. Serum levels of SHBG and E2 were 
measured using RIA and free E2 (fE2) levels were calculated. 
Regression models using physical activity, smoking, age and fE2 as covariates 
showed that fE2 was an independent predictor of areal BMD in the total body, the 
total femur, the femoral neck and the trochanter (p<0.01) but not in the spine as 
measured by DXA. pQCT analysis demonstrated that fE2 was an independent 
predictor of both trabecular (radius β=0.13, p<0.001; tibia β=0.11, p<0.001 ) and 
cortical (radius β=0.10, p<0.001; tibia β=0.12, p<0.001) volumetric BMD but not 
of cortical periosteal circumference or cortical cross sectional area. The subjects 
with the highest tenth percentile of fE2 (n=107) had 9.5 % (p<0.01) higher 
trabecular volumetric BMD in the radius than the subjects with the lowest tenth 
percentile of fE2 (n=108). These findings demonstrate that fE2 is a predictor of 
both the trabecular and the cortical volumetric BMD but not of the size of the 
cortical bone in young adult Swedish men. 

Disclosures: M. Lorentzon, None. 

T22 

Mice Deficient in ÃŸ-AR Signaling Have Increased Bone Mass Despite 
Increased Leptin Levels.  M. L. Bouxsein, V. Glatt*, H. Dhillon*, E. 
Bachman*. Beth Israel Deaconess Medical Center/Harvard Medical School, 
Boston, MA, USA.  
 Mice devoid of leptin (ob/ob) or the signaling form of its receptor (db/db) 
have increased trabecular bone mass, despite reduced gonadal function (1). Recent 
evidence suggests that the inhibitory effects of leptin on bone may be mediated by 
the ÃŸ-adrenergic system (2). We hypothesized that absence of ÃŸ-adrenergic 
signaling will lead to increased bone mass, despite increased leptin levels. To test 
this we evaluated male mice that lack the three known ÃŸ-adrenergic receptors 
(ÃŸ-less mice)(3). We used in vivo bone densitometry (PIXImus) to assess BMD 
and body composition between 6 and 16 weeks of age, and ex vivo ÂµCT to assess 
trabecular and cortical bone morphology at 6 and 16 weeks (n=7-9/group). As 
expected, weight and % fat were increased in ÃŸ-less mice after 8 weeks 
(p<0.0001 for both). Total body BMC was 14-22% higher in ÃŸ-less mice 
(p<0.001 ), but was similar to WT after correcting for their higher body weight. At 
6 weeks ÃŸ-less mice had 1.3 and 3.5-fold higher vertebral and distal femoral 
trabecular BV/TV (p<0.001 for both). These differences were less, but maintained 
at 16 wks. In comparison, mid-femoral cortical geometry was similar at 6 wks, but 
at 16 wks ÃŸ-less mice had increased cross-sectional area, bone area and cortical 
thickness (p<0.01 for all). Leptin levels were approximately two-fold higher in ÃŸ-
less mice (3). Altogether these data support a primary role for ÃŸ-adrenergic 
signaling in the regulation of bone mass. 
1) Ducy, Cell 2000; 2) Takeda, Cell 2002; 3) Bachman, Science 2002 

Disclosures: M.L. Bouxsein, None. 

T23 

Osteogenic Potential of Joint-Loading Modality.  H. Yokota1,2, S. M. 
Tanaka1, H. B. Sun1. 1Anatomy and Cell Biology, Indiana University School 
of Medicine, Indianapolis, IN, USA, 2Biomedical Engineering, Indiana 
University - Purdue University Indianapolis, Indianapolis, IN, USA. 
 The purpose of the current study was to evaluate osteogenic potential of a 
novel joint-loading modality using mouse ulnae as a model system. Animal studies 
support that mechanical loading stimulates bone formation, and in vitro studies 
show that bone cells are responsive to shear stress induced by fluid flow. Although 
a minimum effective strain or strain rate in bone for osteogenesis has been 
investigated, little is known about possible induction of fluid flow and osteogenic 
potential by loads applied laterally through a synovial joint. Since mechanical loads 
to the skeleton are transmitted to bone through joints, we addressed a question 
about whether lateral deformation of a joint would stimulate formation of 
trabecular and cortical bone through remote induction of fluid flow. Using mouse 

ulnae as a model system, we applied 2-Hz sinusoidal loads to an elbow joint with a 
peak-to-peak amplitude of 0.5 N for 3 min per day for 3 consecutive days. The 
histomorphometric results showed that this joint-loading modality elevated 
formation of trabecular and cortical bone 3- to 8-fold compared to control ulnae (no 
loading). The axial strain with the joint-loading modality was smaller than 30 
µstrain in the ulnar cortical bone. The same loads, applied axially to ulnae in the 
ulna-loading model, induced ~ 250 µstrain, which was shown in the previous 
studies insufficient to enhance bone formation. Based on these results, we propose 
that the novel joint-loading modality has osteogenic potential. 

Disclosures: H. Yokota, None. 

T24 

Loaded Bone Is the Target of the Anabolic Action of PTH. Y. Mikuni-
Takagaki1, K. Aoki2, M. Takahashi*2, K. Ohya2. 1Oral Biochemistry, 
Kanagawa Dental College, Yokosuka, Japan, 2Department of Hard Tissue 
Engineering/Pharmacology, Tokyo Medical and Dental University, Graduate 
School, Tokyo, Japan. 
 While daily injections of parathyroid hormone (PTH) reduce incidence of 
fractures in ambulant patients (Neer et al. 2001), the effect in disuse osteoporotic 
patients has never been studied systematically. The purpose of this study was to 
characterize synergy between PTH and walking in the tibia of a new rat model for 
disuse osteoporosis (osteopenia) in bed rest/sedentary individuals. Experimental 
rats (DISUSE) were restricted by housing them in cages of 95 mm x 140 mm x 55-
110 mm (W x L x H). The food pellet holder prevents rats from standing. Control 
animals (WALKING) were housed in institutional standard cages. Rats were 
injected subcutaneously with 10 µg/kg human PTH (1-34) (Asahi Chemical Co.) or 
saline three times a week for 6 weeks. Calcein (20mg/kg; Sigma) was injected 
twice, with a ten-day interval, for dynamic histomorphometry, and the animals 
were euthanized 3 days later. BMD, measured by pQCT in tibial cortical bone 
showed that the anabolic effect of PTH was synergistically upregulated by walking; 
(WALKING+PTH) − (WALKING) was significantly larger (p<0.05) than 
(DISUSE+PTH) − (DISUSE). In non-weight bearing clavicles, however, PTH did 
not alter BMD significantly, regardless of the conditions. Bone formation rate, 
BFR, was variable depending on the area of cortical bone suggesting that the local 
mechanical environment is reflected. Exposure of cells in tibial cortical bone to a 
walking-level strain seems to be a prerequisite for PTH to function in an anabolic 
manner. 
 

Table 1. Effects of PTH and walking on parameters of 30-week female Wistar rats 

 Disuse Walking Disuse + PTH Walking + 
PTH 

Initial body weight 
(g)  196.8±4.7 204.4±6.2 197.6 ±5.0 200.0±8.2 

Body weight at 3 w 
(g)  200.0±2.4 204.2±4.7 200.0±2.4 203.3±2.9 

Final body weight at 
6 w (g)  205.0±0.8 210.4±4.9 205.0±9.1 211.5±9.0 

Final liver weight (g) 7.44±0.16 6.71±0.39 a 7.09±0.38 7.14±0.32 c 

Final gastrocnemius 
muscle weight (g)  1.13±0.04 1.30±0.02 a 1.26±0.02b 1.31±0.03c  

Final soleus muscle  
weight (g)  0.642±0.010 0.693±0.017a  0.693±0.053b 0.707±0.016c 

Proximal tibia BMD
by pQCT (mg/cm3) 862±42 890±10 901±17b 948±12ce 

Disclosures: Y. Mikuni-Takagaki, None. 
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T25 

Exogenously Applied rhTGF-beta2 Enhances Bone Regenration and 
Implant Fixation by Altering Gene Expression in a Rat Model. A. De 
Ranieri*1, A. S. Virdi1, S. Kuroda1,2, D. R. Sumner1. 1Anatomy & Cell 
Biology, Rush University Medical Center, Chicago, IL, USA, 2Tokyo Dental 
and Medical University, Tokyo, Japan. 
 Transforming growth factor beta (TGF-β) enhances implant fixation in 
animal models. The purpose of this experiment was to determine if local 
application of rhTGF-β2 altered the temporal pattern of gene expression in a rat 
model. Two experimental groups of 21 animals each were studied in an IACUC-
approved protocol. All rats received unilateral titanium implants coated with 
hydroxyapatite/tricalcium phosphate (Zimmer) ± 1µg rhTGF-β2 (Genzyme). Three 
animals per group were killed at d1, d3, d5, d7, d10, d14 or d28. Real-time PCR 
was used to measure gene expression for 21 genes (normalizing to GAPDH). 
Loading of implants with rhTGF-β2 accelerated expression of three growth factor 
receptors (TβRI, TβRII, and IGF-1R), three growth factors (IGF-1, VEGF, and 
TGF-β1) and osteocalcin. BMP-2, BMP-7, TGF-β2, and Cbfa1 at early time points, 
Flt-1 and Cox-2 at most time points, and osteonectin, Col I and osteopontin at later 
time points had elevated, but not accelerated expression. TNF-α, Noggin, TGF-β3 
and alkaline phosphatase gene expression was delayed. These in vivo data are 
consistent with in vitro studies showing that TGF-β is a known mitogen with 
pleiotropic actions and the study demonstrates that TGF-β’s action in enhancing 
bone regeneration is brought about by modulating the levels as well as time of 
expression of relevant genes. 

Disclosures:  D.R. Sumner, Depuy 2. 

T26 

The Phytoestrogen Genistein Enhances Osteoblastic Differentiation of 
Mouse Bone Marrow-derived Mesenchymal Stem Cells Through p38 
MAPK Pathway.  Q. C. Liao*1, T. Liu*1, L. D. Quarles2, Y. F. Qin*1, W. 
Pan*1, H. H. Zhou*1, Z. S. Xiao1,2. 1Institute of Clinical Pharmacology, 
Central South University, Changsha, Hunan, China, 2Medicine, Duke 
University Medical Center, Durham, NC, USA. 
 Genistein, an isoflavone structurally resembling 17ß-estradiol, has been 
shown to stimulate osteoblast-mediated bone formation. In the present study, we 
investigate the role of mitogen-activated protein kinases (MAPKs) in genistein- 
induced osteoblastic differentiation using mouse bone marrow-derived 
mesenchymal stem cells (BMSCs). BMSCs were cultured in a-minimal essential 
medium supplemented with ascorbic acid (25 mg/ml) and ß-glycerolphosphate (5 
mM) treated with genistein in the absence or presence of SB203580 (1 µM), a p38 
MAPK-specific inhibitor, or PD98059 (25 µM), a p42/44 MAPK-specific inhibitor. 
Genistein (10-8~10-6 M) exhibited a dose-dependent effect on osteoblastic 
differentiation as evidenced by increasing alkaline phosphatase (ALP) activity (Fig. 
1) and mineralization (Fig. 2 and 3) in mouse BMSCs cultures. This genistein-
dependent effect was blocked by SB203580, but not PD98059. Genistein (10-6 M) 
treatment resulted in rapid and sustained activation of p38 MAPK in the BMSCs 
cultures, which was also blocked by the p38 MAPK inhibitor (Fig. 4). In contrast, 
genistein treatment resulted in inactivation of p42/44 MAPK, an effect that was 
further attenuated by adding the p42/44 MAPK inhibitor (Fig. 5). These results 
indicated that the p38 MAPK pathway plays an important role in genistein-induced 
osteoblastic differentiation of mouse BMSCs cultures.  
 

Disclosures: Q.C. Liao, None. 
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T27 

PTH-stimulated Cortical Bone Remodeling Is Differentially Regulated by 
Estrogens and Arrestins.   D. Pierroz1, S. L. Ferrari1, V. Glatt*2, R. Rizzoli1, 
M. L. Bouxsein2. 1Bone Diseases, Geneva University Hospital, Geneva, 
Switzerland, 2Orthopedic Biomechanics Lab, Beth Israel Deaconess Medical 
Center, Boston, MA, USA. 
 Intermittent PTH increases cancellous bone mass, but its effects on cortical 
bone remain poorly understood. PTH-stimulated cAMP signaling is regulated by 
cytoplasmic ß-arrestin2 and ß-arrestin2 KO mice have decreased cortical cross-
sectional area compared to wild type (WT). Estrogen too regulate cortical bone 
remodeling, therefore we examined their interaction with arrestins in regulating 
PTH activity on bone. 
Mid-femoral geometry following intermittent rhPTH-(1-34) (20, 40 and 80 
mg/kg/d) or vehicle (VEH) for 4 wks were evaluated in intact and ovariectomized 
(OVX ) WT and ß-arrestin2 KO female mice (N=8-11/group) using ex vivo mCT. 
In intact WT, PTH marginally increased cortical thickness and decreased marrow 
area (-5%, p<0.05 vs VEH). In contrast, in KO, PTH increased thickness, total, 
bone and marrow areas (up to +20%, p<0.005 vs VEH). OVX decreased cortical 
thickness (-8%, p<0.005 vs Sham) and marginally increased marrow area in both 
WT and KO mice. In OVX-WT, PTH significantly increased cortical thickness and 
bone area (+8,4%, p<0.05 vs VEH), decreased marrow area (p=0.036 vs VEH), but 
did not alter total area. In OVX-KO mice, cortical thickness was also significantly 
increased by PTH. However, contrarily to intact KO mice, OVX-KO mice 
responded to PTH with a modest decrease in marrow area and a non-significant 
increase in total area. 
These data indicate that estrogens and arrestins differentially regulate cortical bone 
remodeling. Thus, the normal expansion of cortical bone is inhibited by estrogens 
but favored by arrestins. In addition, estrogen inhibits endosteal apposition while 
arrestins prevent periosteal apposition in response to intermittent PTH. 

Disclosures:  D. Pierroz, None. 
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T28 

Use of a Simple Computerized Technique to Assess the Anabolic Effects 
of IGF-I in Mouse Bone Marrow Stromal Cells.  T. L. Chen. 
Medicine/Endocrinology, V.A. Palo Alto Health Care System, Palo Alto, CA, 
USA. 
 We have applied a simple computerized Colcount program for the analysis of 
colony formed in primary cultures of bone marrow stromal cells (BMSC). BMSC 
were harvested from long bones of young (4-5 months) and old (22-25 months) 
C57BL/6 male mice and treated with varying concentrations of IGF-I to study how 
donor age affects growth and differentiation of osteoblasts and their sensitivity to 
IGF-I. We assessed changes in the number and area of alkaline phosphatase 
positive colonies (CFU-ALP) and in the total number of colonies (CFU-F). 
In the Colcount program, colonies are counted by their gray level contours above 
background. The number of colonies counted was adjusted by setting the visibility 
parameter to visual acuity of a trained human counter. Overlapping colonies were 
discriminated by analyzing their density contours. The file obtained in Colcount 
was imported into Microsoft Excel for data processing. 
We found that the number of osteoprogenitor cells in the BMS cell from old mice 
was much less than the young ones. IGF-I increased both the number and total area 
of the CFU-ALP and CFU-F dose-dependently. The effects on area were more 
pronounced than in the number of colonies formed. There was no significant 
difference between the responses of young and old. Further experiments are needed 
to find out if subtle differences exist. IGF-I stimulated ALP activity in young cells 
but not old cells. However, the stimulatory effect is cell density dependent as the 
young cells lost their response with an increase in cell density. 
 

Disclosures: T.L. Chen, None. 

T29 

An Acceleration-based Anabolic Countermeasure to Bone Loss.  R. 
Garman, C. Rubin, S. Judex. Biomedical Engineering, State University of 
New York at Stony Brook, Stony Brook, NY, USA. 
 Bone’s ability to accommodate changes in its mechanical environment can be 
exploited for developing anabolic mechanical countermeasures. Recently, we have 
shown that low-magnitude (0.3g) high frequency (115Hz) mechanical vibrations 
can increase bone’s anabolic activity. The physical mechanism by which loading 
induces tissue deformations smaller than those typically associated with exercise is 
unknown. Here, we developed a novel mechanical signal to test the hypothesis that 
vibratory signals can be anabolic in the absence of any tissue deformation. 
The left hindlimb of three female F2 mice (C3H/HeJxBALB/cByJ) was subjected 
to a novel loading regime applying vibrations (0.3g, 115Hz) without inducing 
mechanical strain for 10min/d. The right hindlimb served as contralateral control. 
Strain gages on the tibial bone surface revealed that the loading device produced 
signals indistinguishable from those in unloaded bone. 
Application of this loading regime, producing only accelerations and not 
deformations, for 3wk increased anabolic activity in the proximal tibia. The 
trabecular mineralizing surface (MS/BS) was increased by 20% while endocortical 
bone formation rate were two-fold greater in stimulated tibiae when compared to 
contralateral controls. 
In contrast to exercise or external loading regimes relying on large forces and bone 
deformations to initiate an anabolic response, these data demonstrate that 
mechanical signals accelerating the bone without tissue deformation can be 
anabolic. Thus, the anabolic effects of low-level mechanical vibrations observed 
previously may be independent of bone matrix deformations, instead relying on 
physical events at the bone surface. Further development of this unique mechanical 
signal may provide a non-pharmacological and safe biomechanical countermeasure. 

Disclosures: R. Garman, None. 

 

 

T30 

Connective Tissue Growth Factor (CTGF) Promotes Skeletogenesis. J. J. 
Song*, R. A. Kanaan*, F. F. Safadi, S. N. Popoff. Anatomy & Cell Biology, 
Temple University School of Medicine, Philadelphia, PA, USA. 
 Cellular condensation is a stage of skeletogenesis involving the congregation 
of mesenchymal stem cells and is considered to be the critical step in this process. 
CTGF is a matricellular protein that has been shown to be highly expressed in 
cellular condensations by in situ hybridization studies during embryonic 
development. Interestingly, CTGF-deficient mice demonstrated a misshapen 
skeleton attributed to endoskeletal abnormalities and abnormal cartilage 
development. CTGF has been found to be highly up-regulated with TGF-β 
stimulation due to the presence of a novel TGF-β response element in its promotor. 
In addition, CTGF has also been found to enhance receptor binding of TGF-β. We 
propose that CTGF may promote condensation through the TGF-β pathway, a 
known regulator of cellular condensation. In this study, we established high-density 
micromass cultures using the C3H10T1/2 murine mesenchymal stem cell-line. 
These cells have been shown to form prechondrocytic nodules as a result of 
condensation following TGF-β treatment. C3H10T1/2 cells were micromass 
cultured in HamF12 containing 10% fetal bovine serum. With TGF-β treatment, 
nodules formed within 72 hours. Next, we down-regulated CTGF expression using 
an antisense oligonucleotide and confirmed its expression by RT-PCR and Western 
blot analyses. CTGF attenuation was sufficient to prevent nodule formation upon 
TGF-β treatment. In conclusion, CTGF may be an important regulator of cellular 
condensation in vitro and play an important role in proper skeletal development. 
The precise nature of how CTGF promotes cellular condensation will be elucidated 
with further experimentation. 

Disclosures: J.J. Song, None. 

T31 

Androstene Immune Regulating Hormones: A New Class of Potent 
Anabolic and Catabolic Regulators of Bone Resorption.  N. H. Urban*1, 
M. Holmes*1, R. M. Loria*2, M. J. Beckman3. 1Orthopaedic Surgery, Virginia 
Commonwealth University, Richmond, VA, USA, 2Microbiology and 
Immunology, Virginia Commonwealth University, Richmond, VA, USA, 
3Biochemistry, Virginia Commonwealth University, Richmond, VA, USA. 
 Androstenediol (5-androsten-3 beta-17 beta-diol, AED) and androstenetriol 
(5-androstene-3 beta-7 beta-17 beta-triol beta AET) restore myelopoiesis within 
two weeks of treatment after 90% bone marrow ablation. Understanding the effect 
of AED and AET on the signaling pathways involved in bone resorption could lead 
to novel therapies for bone diseases. We utilized Real-Time RT-PCR to examine 
the effect of AED and AET on regulation of RANKL and OPG gene expression in 
fetal osteoblast (FOB-9) cells. Treatment of FOB-9 cells with PTH (200 ng/ml) 
repressed OPG and stimulated RANKL gene expression in a time-dependent 
manner. Treatment with the PPAR-γ agonist, WY14, decreased OPG gene 
expression slightly, but treatment with the antagonist, GW9662, stimulated OPG 
gene expression 9-fold. Conversely, WY14 increased RANKL and GW9662 had 
no effect on RANKL gene expression. PPAR-γ is also influenced by AED and 
AET in many cell systems. Therefore, FOB-9 cells were incubated with DHEA, 
AED, or AET at either concentrations of 10-7 to 10-8 M. DHEA and AED 
significantly decreased OPG expression at 10-8 M, but the decrease effect was 
relieved at 10-7 M. Interestingly, AET showed a potential to stimulate OPG 
expression at both 10-8 and 10-7 M. RANKL expression decreased in response to 
DHEA 10-8 M and AED 10-8 and 10-7 M, whereas DHEA 10-7 M increased 
RANKL expression 2-fold, and both AET concentrations 10-8 and 10-7 M potently 
increased RANKL expression by 7.5-fold. In conclusion, AED and AET exhibit 
exquisite structure-specific regulation of divergent bone remodeling pathways with 
relation to RANKL and OPG gene expression. 

Disclosures: N.H. Urban, None. 
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T32 

An Adynamic Osteodystrophy and Vascular Calcification Associated 
with the Metabolic Syndrome Is Worsened by CKD and Successfully 
Treated with Exogenous BMP-7.  K. A. Hruska, R. J. Lund, M. R. Davies*, 
S. Mathew*. Pediatrics, Washington University, St. Louis, MO, USA. 
 An osteodystrophy has not been defined in an animal model of the metabolic 
syndrome with hypercholesterolemia, hyperglycemia, vascular calcification and 
chronic kidney disease (CKD). We hypothesized the vascular calcification seen in 
these animals may be associated with alterations in bone remodeling, and changes 
in Pi. 10 wk old low density lipoprotein receptor deficient (LDLR-/-) mice were 
randomized into groups: Sham/Chow, Sham/Fat (15%), Sham/F/ BMP-7 
(10mcg/kg q week), CKD/Fat, CKD/ F/BMP-7. The high fat fed mice developed 
aortic calcification. After 12 weeks BUN levels were equally high in the CKD 
groups; iPTH levels were high only in the CKD/Fat animals. The underlying 
osteodystrophy in both of the LDLR-/- high fat groups was consistent with an 
adynamic bone disorder (decreased OV/TV, ObN, MS/BS, and BFR/TV). BMP-7 
normalized the osteodystrophy, by improving ObN, MS/BS, and BFR. Pi levels 
were reduced from 16.4±0.4mg/dl to 10.1±0.4mg/dl with BMP-7 treatment 
(p<0.01) (Sham Pi 9.9±0.6). This study demonstrates altered bone remodeling and 
relatively high iPTH levels in LDLR-/- animals with CKD fed a high fat diet 
consistent with an adynamic bone disorder and PTH resistance. The ABD was 
reversed with BMP-7 treatment, without change in iPTH. The hyperphosphatemia 
observed in the LDLR-/- fat mice may have been caused by the ABD and 
diminished exchangeable Pi and may have contributed to the calcification 
observed. Improving the mineralizing and bone formation parameters with BMP-7, 
normalized Pi and decreased vascular calcification. Thus, the ABD is associated 
with vascular calcification and a skeletal anabolic treated both the ABD and 
vascular calcification. 

Disclosures:  K.A. Hruska, Johnson & Johnson Pharmaceutical Research and 
Development, L.L.C. 2. 

T33 

Dutasteride, a Potent 5 alpha Reductase Inhibitor, Does Not Effect Bone 
Density and Bone Metabolism in Healthy Men.  R. V. Clark1, A. M. 
Matsumoto*2. 1Clinical Pharmacology, GlaxoSmithKline R & D, Research 
Triangle Park, NC, USA, 2Internal Medicine, Univ of Washington School of 
Medicine, Seattle, WA, USA. 
 Dutasteride is a potent, dual 5 ARI which is an effective treatment for benign 
prostatic hyperplasia. The objective of this study was to determine whether the 
marked suppression of dihydrotestosterone (DHT) observed with dutasteride has an 
effect on bone metabolism and bone density (BMD). 
In this randomized, double-blind, placebo-controlled study, 99 healthy men, aged 
18-25, received 0.5mg dutasteride, 5.0mg finasteride, or placebo for 52 weeks, and 
were followed for an additional 24 weeks. BMD was determined by DEXA at 
screening, end of treatement (48-52 wk) and 20-24 wk later at follow-up (F/U). 
Markers of bone metabolism, osteocalcin, bone alkaline phosphatase, and urinary 
n-telopeptide, were measured at baseline, wk 8, 16, 24, and 52 of treatment, and wk 
8,12, and 24 of F/U. 
The mean reduction in DHT in the dutasteride group was > 90% at each treatment 
phase visit compared with 70% for the finasteride group (p<0.001). There were no 
clinically, nor statistically, significant changes in BMD from baseline, or between 
groups at end of treatment or end of follow-up. There were no consistent changes 
or trends in the bone markers in any treatment group during the treatment period. 
At F/U wk 24, mean urinary n-telopeptide levels were greater in the finasteride 
group compared to the placebo and dutasteride groups (p values 0.017 and 0.003 
respectively). 
In conclusion, the marked suppression of DHT observed with dutasteride, 
compared with other 5 ARIs, had no clinically nor statistically significant effect on 
BMD or bone metabolism. 

Disclosures:  R.V. Clark, GlaxoSmithKline R & D 3. 

T34 

Targeted Overexpression of Androgen Receptor in Osteoblasts Results in 
Complex Skeletal Phenotype.  K. Wiren1, M. Gentile*2, S. Harada2, K. 
Jepsen3. 1VA Medical Center, Oregon Health & Science Univ, Portland, OR, 
USA, 2Merck Research Laboratories, West Point, PA, USA, 3Mt. Sinai School 
of Medicine, NY, NY, USA. 
 We have genetically engineered transgenic mice in which androgen receptor 
(AR) expression is skeletally targeted, using the rat 3.6-kb α1(I)-collagen promoter 
fragment, to better understand the role of androgen signaling in the bone 
microenvironment. Bone quality was assessed at 2 months of age by micro-
computed tomography, static and dynamic histomorphometry, biomechanical and 
gene expression analyses. Analysis of trabecular bone architecture of femur 
documented significantly increased bone volume and trabecular number in AR-tg 
mice. Dynamic histomorphometric analysis demonstrated reduced bone turnover on 
trabecular bone as well as on endosteal surfaces, indicating that increased bone 
mass results from suppression of bone resorption. In contrast, a small increase in 
labeling was observed at the periosteal surface which is in agreement with 
thickening of the calvaria, supporting the stimulatory effects of androgens on 
cortical bone growth. Analysis of gene expression in tibia confirmed the decreased 
levels of markers of osteoclasts, cathepsin K and TRAP as well as receptor 
activator of NF-kB ligand (RANKL). Levels of osteoprotegerin (OPG) are 
increased in bone tissue as well as in serum, suggesting the role of RANKL/OPG 
signaling in suppression of osteoclast activity. Overexpression of AR throughout 
the osteoblast lineage thus resulted in increased trabecular bone mass and reduced 
bone turnover resulting from suppressed osteoclast activity, and in anabolic 
thickening of calvaria (intramembranous) and enhanced periosteal apposition in 
cortical bone. These findings offer valuable insight into the role of androgen in 
bone metabolism, and provide proof of principle for direct androgen actions 
mediated by osteoblastic expression of AR. 

Disclosures: K. Wiren, None. 

T35 

Inorganic Phosphate Causes Rapid Changes in Gene Expression Through 
an ERK1/2 Dependent Pathway in MC3T3-E1 Osteoblasts. G. R. Beck, K. 
A. Simpson*. Center for Cancer Research, National Cancer Institute, 
Frederick, MD, USA. 
 The generation of inorganic phosphate during osteoblast differentiation and 
mineralization may represent an important signaling molecule in the process of 
bone development. We have previously identified the requirement of the mitogen 
activated signaling kinase ERK1/2 in the induction of osteopontin gene expression 
in inorganic phosphate stimulated MC3T3-E1 osteoblasts. Additionally, we have 
determined that elevated inorganic phosphate causes a biphasic phosphorylation of 
ERK1/2, with an initial activation at 15 to 45 minutes followed by a more gradual 
activation starting at 8 to 12 hours (J. Biol. Chem. 278: 41921-9). To determine the 
effect of the early inorganic phosphate induced ERK/12 phosphorylation on gene 
expression, MC3T3-E1 cells phosphate treated with 10 mM inorganic phosphate 
for various time points over a period of 4 hours and microarrays analysis 
performed. Within 30 to 60 minutes of exposure to 10 mM inorganic phosphate the 
expression of numerous genes were increased by more than 2 fold. The products of 
these genes range in function from transcriptional activators to effectors of 
signaling pathways and include, among others the AP-1 transcription factor 
members c-fos, JunB and c-jun and the zinc finger protein Egr1. The increased 
expression of the majority of these genes does not require protein synthesis and is 
ERK1/2 dependent. These studies demonstrate the rapid cellular response to 
elevated inorganic phosphate in osteoblasts and emphasize the potential 
significance of this signaling molecule in bone development. 

Disclosures:  G.R. Beck, None. 
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ASBMR Virtual Exhibit Hall
What is a Virtual Exhibit Booth?  An opportunity to showcase your company’s

products and/or services year-round on the Internet, accessible with a link to

the ASBMR Website.

At the 26th ASBMR Annual Meeting in 2004, the price for all Exhibit Booths in

Seattle, Washington, USA, includes a Virtual Exhibit Booth in the ASBMR Virtual

Exhibit Hall.  This Virtual Booth can be accessed from the ASBMR Website,

www.asbmr.org. 

Exhibitors who cannot attend the ASBMR meeting may consider selecting a

Virtual Exhibit Booth only.  The price of a Virtual Exhibit Booth in 2004 is $550.

The ASBMR Virtual Exhibit Booth Includes:

• Your company’s name, description, and contact information

• Detailed product\service information

• A hyperlink to your company’s website  

• 24-hours-a-day, 7-days-a-week availability

Website visitors will be able to learn more about your products and services,

easily contact you for further information, and enjoy an Exhibit Hall experience

at their leisure, year-round.  And since the Virtual Exhibit Hall is linked through

ASBMR’s official homepage, virtual exhibitors will benefit from the high volume

of cyber traffic the ASBMR homepage receives from ASBMR members and

meeting attendees wanting to obtain all the latest meeting information.

Don’t miss out on this exciting opportunity.

For more information, contact Kimberly Seyran at the ASBMR Business Office at

Tel: (202) 367-1161, Fax: (202) 367-2161, or E-mail ASBMR@smithbucklin.com.
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The ASBMR Annual Meeting, which attracts some 
5,000 attendees and more than 1,700 scientific abstract
submissions, is the premier meeting for education, scientific
exchange and professional development in bone and
mineral research.

Meeting Highlights
• Learn the latest about stem cell biology, including issues

of plasticity, lineage determination, regenerative and
reproductive biology, and ES cells 

• Deepen your knowledge about pediatrics and the effects
of acute illness, medications and congenital disorders on
skeletal development 

• Explore PTH/PTHrP actions and BMP antagonists

• Enjoy one-on-one interaction at Meet-the-Professor
Sessions, including a new Meet-the-JBMR Editor
Session

• Investigate the cutting edge science of bioluminescence

• Sharpen your understanding of research ethics

• Gain new insights into biomechanics and bone strength,
non-traditional targets of hormone action, genetics,
craniofacial development, Paget’s disease, and more...

Dates to Remember
Abstract Submission Deadline: May 11, 2004
Pre-Registration Deadline: August 5, 2004
Housing Reservations Deadline: September 3, 2004

See Seattle! 
Don’t miss scenic and sophisticated Seattle – featuring
unforgettable outdoor adventures, dramatic vistas, and all
the delights of a beautiful waterfront city! 

American Society for Bone and Mineral Research
2025 M Street, NW, Suite 800
Washington, DC 20036-3309 USA
Phone: +1 (202) 367-1161
Fax: +1 (202) 367-2161
E-mail: asbmr@smithbucklin.com

For more information, please visit
www.asbmr.org.

American Society for Bone and Mineral Research
26th Annual Meeting • October 1-5, 2004

Washington State Convention & Trade Center
Seattle, Washington, USA
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