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Osteoblastic Oxygen Sensing Prolyl Hydroxylases Regulate Bone Home-
ostasis by Controlling both Osteoclastogenesis and Angiogenesis. Colleen
M*l, Erinn Rankin', Edward LaGory', Rebecca Andersen!, Steven
Rhodes®, Tremika Wilson®, Khalid Mohammad?®, Alesha Castillo*,
Theresa Guise®, Ernestina Schipani®, Amato Giaccia®. 'Stanford
University, USA, “Indiana University Medical School, USA, 3University
of Michigan, USA, “VA Palo Alto Health Care System, USA

The osteoblastic niche houses cells of osteoblastic and hematopoietic lineages
across varying oxygen tensions. However, the contribution of this oxygen gradient to
bone homeostasis is poorly understood. The prolyl hydroxylase enzymes (PHD 1-3)
are oxygen sensors, which control hypoxic signaling. To elucidate the role of these
crucial oxygen-sensing enzymes in the osteoblastic niche, we generated knockouts of
each PHD isoform and isoform combination within osteoblasts. Using these genetic
mouse models we demonstrate that PHD enzymes act as a molecular rheostat of HIF
activation to differentially regulate two important aspects of bone physiology; cross
talk between osteoblasts and osteoclasts and osteogenic/angiogenic coupling.
Combined inactivation of Phd2 and Phd3 within osteoblasts leads to augmented
synthesis and secretion of OPG resulting in a subsequent decrease in osteoclast
numbers and an increase in trabecular bone volume. Unexpectedly, these changes in
bone homeostasis were not associated with HIF- mediated neo-angiogenesis as
vascular density was not altered in PHD2 and PHD?3 deficient mice. Genetic deletion
of Hif-2o caused the complete abrogation of PHD2 and PHD3 mediated suppression
of bone turnover whereas constitutive activation of Hif-2o within osteoprogenitor
cells phenocopied mice lacking functional osteoblastic PHD2 and PHD3. Thus, HIF-
200 was both necessary and sufficient for osteoblast-mediated inhibition of
osteoclastogenesis. In contrast, genetic loss of all three PHD isoforms in osteoblasts
resulted extreme HIF signaling activation, leading to a series of deleterious effects
including aberrant hematopoiesis, and extreme blood vessel formation associated with
an excessive augmentation of trabecular bone volume. Importantly, loss of Phd2 and
Phd3 protected ovariectomized mice against bone loss by normalizing the OPG to
RANKL ratio. Taken together, we identify a previously unknown relationship
between PHD/HIF signaling and RANK/RANKL/OPG axis, revealing a role for
PHD/HIF signaling in the regulation of bone homeostasis that is independent of
angiogenesis. Our findings have important clinical implications as the OPG/RANK/
RANKL signaling axis is a key molecular driver of pathological bone loss and we
demonstrate that precise regulation of hypoxic signaling through the selective rather
than collective inactivation of PHD isoforms is required to modulate OPG to protect
against osteoporosis and prevent potential tissue toxicity.

Disclosures: Colleen Wu, None.
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Vascular Smooth Muscle Cell LRP6 Inhibits Noncanonical Wnt Signaling
and Arteriosclerotic Calcification In Diabetic LDLR-/- Mice. Su-Li Chengl,
Bindu Ramachandaran', Abraham Behrmann', Jian-su Shao? Karen
Krchma', Megan Mead', Lawrence Brill', Bart Williams?, Dwight
Towler**. 'Sanford-Burnham Medical Research Institute, USA, *MD
Anderson Cancer Center, USA, >Van Andel Research Institute, USA,
“Sanford-Burnham Medical Research Institute, USA

Msx-Wnt signaling regulates osteogenic differentiation during bone formation and
the arterial calcification of type 2 diabetes. The canonical Wnt co-receptors LRP5 and
LRP6 play overlapping roles in bone; however, contributions to vascular disease are
poorly understood. Therefore, we generated SM22-Cre;LRP6(fl/fl);LDLR-/- mice to
ablate the LRP6 gene in the vascular smooth muscle cell (VSMC) lineage of LDLR-/-
mice — a background susceptible to high fat diet (HFD) -induced vascular
calcification. As compared to LRP6(fl/fl);LDLR-/- controls, SM22-Cre;LRP6(fl/
fl);LDLR-/- sibling cohorts exhibited significantly increased aortic calcification
following 3 months of HFD-challenge (1.3-fold; p =0.002). No differences were
noted in body composition, blood glucose, or lipids. Pulse wave velocity, an index of
vascular stiffness, was increased by LRP6 deficiency. This paralleled increases in
aortic and circulating osteopontin (OPN), a matrix cytokine that regulates
arteriosclerotic disease. Survey of Wnt ligand and Fzd receptor expression in
LRP6-deficient aortas revealed upregulation of Wnt7b and Wnt4 — two ligands
supporting noncanonical signaling — along with Fzd10. Western blot and immuno-
histochemistry confirmed Wnt7b and Fzd10 protein accumulation. To better
understand signaling mechanisms, we transfected HEK293T cells with OPN promoter
— luciferase reporter constructs, mapping regulatory responses to LRP6 and Fzd10.
Fzd10 expression significantly upregulated OPN promoter activity, and localized to a
regulatory element between -135 and -45 relative to the start site of transcription.
Induction was augmented by Wnt7b and Wnt5a, and completely inhibited by co-
expression of LRP6. Fzd10 induction of NFAT-dependent transcription, a hallmark
of noncanonical calcium signaling, was also inhibited by LRP6 and independent of
LRP6 structural motifs required for canonical signaling. Using mass spectroscopy,
complexes containing LRP5 and specific members of the protein arginine methyl
transferase (PRMT) family were found to interact with LRP6. The nuclear-
cytoplasmic distribution of PRMTs and arginine methylation were perturbed in
LRP6-deficient aortas, and co-expression of specific PRMT family members
differentially regulated LRP6-inhibited OPN promoter activity. Thus, loss of aortic
LRPG6 upregulates expression of noncanonical Wnt ligands, receptors, and signals in
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VSMCs, driving the expression of prosclerotic gene regulatory programs via PRMT-
modulated relays.

Disclosures: Dwight Towler, None.
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Direct Transformation of Chondrocytes to Bone and Vessel Cells in Patients
with Osteoarthritis (OA). Yan Jing*!, Yinshi Ren? Baozhi Yuan®, Joseph
Borrelli*, Yin Xiao®, Ying Liu® Chuanju Liu®, Ding Bai’, Jian Feng®.
'USA, Texas A&M Baylor College of Dentistry, USA, 3University of
Wisconsin, USA, “Texas Health Physicians Group, Arlington, TX, USA,
SInstitute of Health & Biomedical Innovation, Queensland University of
Technology, Brisbane, Australia, Australia, “New York University, USA,
“State Key Laboratory of Oral Diseases (Sichuan University), Department
of Orthodontics, West China Stomatology Hospital of Sichuan University,
China, *Texas A&M Health Science Center, USA

Although OA is the most common degenerative skeletal disorder, there has been
an intensive ongoing debate regarding the initial site of the disease: articular cartilage
or subchondral bone. One commonly-held belief is that some chondrocytes directly
form bone without going through endo-chondrogenesis, which is accelerated in OA,
leading to osteosclerosis. To test this hypothesis, we use an immunostain assay to
initially demonstrate that DMPI1, a matrix protein highly expressed in osteocytes, is
expressed in hypertrophic chondrocytes and osteocyte (Ocy)-like cells in calcified
cartilage (Fig a). These Ocy-like cells remain in their original cartilage lacunae and
distribute in pairs. Acid-etched SEM images in mice reveals that these directly-formed
Ocys are round in shape with few dendrites lying on cement line (Fig b). The cell
lineage tracing results from crossing Aggrecan-Cre®® & Rosa 26-lacZ mice
demonstrate that the chondrocytes in the articular cartilage directly transform into
bone cells (Fig ¢). We also obtain mRNAs from a 5-mon-old pig’s non-calcified,
calcified cartilage and subchondral bone respectively using laser capture technique.
The quantitative RT-PCR data shows much higher levels of ALP (28- or 12.5-fold),
TRAP (5.9- or 3.4-fold), and OSX (4.6- or 5-fold) in calcified cartilage compared to
non-calcified cartilage and subchondral bone separately, indicating hypertrophic
chondrocyte can remove mineral and future transform to bone cells. Finally, we
extend the animal studies to directly address whether the above finding has clinical
relevance in OA patients. Using FITC-confocal imaging techniques, we show sharp
increased Ocy-like cells in calcified cartilage matrix from OA knee samples, which are
round in shape with short deformed dendrites (Fig d). The combined histological
(H&E, Safranin O and SEM) images show bone-like islands in non-calcified and
calcified areas, which have no direct link with subchondral bone (Fig e-f). In those
cartilage surrounded bone islands, some of Ocys are in paired and some of them
directly surrounded by hypertrophic chondrocytes. Interestingly, some chondrocytes
are TRAP positive and express VEGF and o-SMA, suggesting they can remove
matrices and participate in angiogenesis (Fig g-i). Based on the above findings, we
conclude that at least some of chondrocytes directly transform into Ocys in the
normal articular cartilage, which is greatly accelerated in OA patients (Fig j). (Work
supported by NIH DE018486 to JQF)
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Disclosures: Yan Jing, None.
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Roles of Osteoblast-derived VEGF in Osteoblastic Differentiation and Bone
Formation During Bone Repair. Kai Hu*!, Bjorn Olsen®. 'Harvard School
of Dental Medicine, USA, *Harvard School of Dental Medicine, USA

Vascular endothelial growth factor (VEGF) plays pivotal roles in the commu-
nication between blood vessels and bone cells during bone turnover and repair.
However, the precise mechanisms are not fully elucidated. To examine roles of
osteoblast-derived VEGF in bone repair, a tibial monocortical defect (0.8 mm hole)
was made in mice with Vegfa deleted from osteoblast precursors (Osterix-cre; Vegfa
flox/flox, CKO mice) and WT littermates (Vegfa flox/flox). At D3 after surgery, CKO
mice exhibited reduced numbers of vessels and macrophages. Strong correlation
(R*=0.877) between vessel density and macrophage number indicated that VEGF may
be required for macrophage-mediated angiogenesis. At D7, intramembranous
ossification (IO) occurred at injury holes while endochondral ossification (EO) was
observed in the wounded periosteum. Within the injury hole, uCT showed less
mineralization in CKO than in WT mice (1.98+0.79% vs. 10.74 +2.47% (BV/TV)),
and aniline blue staining indicated reduced collagen accumulation (17.56 +2.56% vs.
37.9942.35% (collagen area/total area)). Decreased mineralization/collagen ratio
(11.56 £3.51% vs. 30.45+6.6%) also suggested a delay in osteoblast maturation, in
further support of compromised I0. To probe cellular mechanisms of IO in this injury
model, a Cre-induced transgene, ZsGreen, was introduced. Although the number of
ZsGreen+ cells, representing osteoblast precursors and their descendants, was not
reduced at injury sites in CKO mice at D7, bone sialoprotein (BSP) and osteocalcin
(OCN) levels were greatly decreased. In addition, CKO mice exhibited fewer blood
vessels, and the vessel density was positively correlated with BSP and OCN levels. This
suggested an association between angiogenesis and osteoblast differentiation. In areas
of periosteal EO, WT mice showed gradual degradation of cartilage and recruitment
of osteoclasts and blood vessels. In contrast, CKO mice exhibited delayed replacement
of cartilage by bone. At D28, a new cortical layer appeared outside the original bone
collar in both WT and CKO mice. A decrease in the callus thickness and bone volume
in CKO mice, of 47.19 + 15.43% and 55.44 + 6.23%, respectively, indicated a reduction
in remodeling capability. In summary, VEGF produced in osteoblastic lineage cells is
required at various stages of bone repair. The findings add to the understanding of
VEGF functions and may contribute to the development of novel strategies to
improve bone repair and regeneration.

Disclosures: Kai Hu, None.
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Erythropoietin reduces bone formation and stimulates bone resorption: new
insights into endocrine regulation of bone remodeling. Sahar Hiram-Bab*!,
Tamar Liron?, Naamit Deshet-Unger’, Avi Salamon?, Moshe Mittelman®,
Max Gassmann®, Kuristin Franke®, Martina Rauner’, Ben Wielockx®,
Drorit Neumann®, Yankel Gabet’. 'Department of Cell & Developmental
Biology, Sackler Faculty of Medicine, Tel Aviv University, Israel,
“Department of Anatomy & Anthropology, Sackler Faculty of Medicine,
Tel-Aviv University, Israel, *Department of Cell & Developmental Biology,
Sackler Faculty of Medicine, Tel-Aviv University, Israel, “Department of
Medicine, Tel Aviv Sourasky Medical Center, Sackler Faculty of Medicine,
Tel-Aviv University, Israel, *Institute for Veterinary Physiology, Vetsuisse
Faculty & Zurich Center for Integrative Human Physiology (ZIHP),
University of Zurich, Switzerland, ®Institute of Pathology, Technische
Universitidt Dresden, Germany, "Medical Faculty of the TU Dresden,
Germany, ®Institute of Pathology, Dresden University of Technology,
Germany, °Department of Anatomy & AnthropologySackler Faculty of
Medicine, Israel

The negative effect of hypoxia on bone metabolism is well established but its
mechanism of action is not fully understood. Hypoxia triggers the production of
erythropoietin (EPO), a hormone most recognized for its hematopoietic function. An
increasing number of roles unrelated to red blood cell production, have been
attributed to EPO, many of which are mediated by non-erythroid cells. In light of the
controversy on the effect of increased serum levels of EPO on the skeleton, we
investigated here the effect of the hormone on bone metabolism using EPO
overexpressing (Tg6), and EPO-administered adult mice. In these models, the increase
in EPO levels is similar to its physiologic increase at high altitude. Using
microcomputed tomography, histology and serum markers we found that high EPO
levels result in a severe trabecular bone loss, due to increased bone resorption and
reduced bone formation. This bone loss consisted of reduced trabecular number, but
not thickness, with no effect on the cortical bone compartment. A similar bone
response was observed with high and low doses, with no difference between
intermittent and continuous administration modes. Using FACS and specific surface
markers, we found that EPO targets the monocytic lineage by increasing the number
of monocytes/macrophages, pre-osteoclasts and mature osteoclasts in bones. In
contrast with the attenuation of bone formation in vivo, EPO treatment in vitro did
not inhibit osteoblast differentiation and activity, as demonstrated by RT-qPCR of
marker genes and mineralization assays. However, EPO strongly stimulated
osteoclastogenesis (TRAP staining) and pit resorption (measured in calcium-
phosphate-coated wells) in a cell-autonomous manner. Furthermore, our data

20z 1dy €2 uo 1senb Aq 26/865./1.S/1S/6Z/8101e/1Wql/L0 dNoo1WapEDE)/:SA)Y WO} PaPEOjUMOQ



ASBMR 2014 Annual Meeting

indicate that EPO receptor signaling in osteoclast precursors involves the Jak2 and
PI3K pathways, but is independent of the MAPK/MEK pathway. These findings
demonstrate that EPO strongly regulates bone mass by stimulating osteoclastogenesis

and propose a new mechanism for hypoxia-induced bone loss.
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EPO induced trabecular bone loss (A, micro-CT), by togenesis in vivo [B.
histology) and in vitro (G, TRAP), and by attenuating bone formation (D, calcein-labeled histology).

Figure

Disclosures: Sahar Hiram-Bab, None.
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Loss of NfI in Osteoprogenitors Affects Fracture Resistance at Multiple
Levels of Bone Organization. Mathilde Granke*l, Jean de la Croix Ndong?,
Sasidhar Uppuganti’, Guillaume Vignaux?, Alexander Makowski®, Daniel
Perrien!, Florent Elefteriou?, Jeffry Nyman'. 'Vanderbilt University
Medical Center, USA, 2Vanderbilt University, USA, 3Department of

Veterans AffairsVanderbilt University, USA

Mutations in the NFI gene can cause skeletal abnormalities, including tibial
bowing, fracture and pseudarthrosis. The reason why fractures occur in NF1 children
remains unclear, in part because previous mouse models, based on NfI ablation in the
early mesenchymal lineage, are characterized by severe development phenotypes that
complicate the interpretation of the bony phenotypes observed. In this study, we used
inducible Tet®"-based Osx-cre transgenic mice crossed to Nf11°1°% mice (Nf1 5. ") to
assess how post-natal ablation of NfI in osteoprogenitors affects bone’s fracture
resistance.

At 2 weeks of age, repression of cre activity was stopped by withdrawal of
doxycycline from the drinking water, leading to NfI ablation in post-natal
osteoprogenitors. Mice were euthanized at 6 wks, 14 wks, and 34 wks of age (n=7/
age/genotype). Femoral midshafts were i) scanned with pCT to obtain tissue mineral
density (TMD), porosity, and cortical thickness; ii) analyzed with 'H NMR to assess
bound water; and iii) subjected to 3pt bending to estimate strength and modulus.
Reference point indentation (BioDent, 10 cycles at 0—2N) was performed on the
tibiae (5 indents with 500pm spacing on the anterior side opposite to the tibiofibular
junction) to obtain average creep indentation (avCID) and average loading slope
(avLS).

NfI ablation in post-natal osteoprogenitors did not affect stature but inhibited the
age-related increase in bone strength, with structural and material strength being
significantly lower in NfI o, compared to WT mice at 34 wks (Fig). Compared to
WT, Nfl,m."‘ mice also had a thinner cortex and higher porosity at 34 wks (Fig). At
the material level, Nf7 deletion also impeded the age-related increase in TMD (Fig).
Similarly, indentation resistance declined less in Nflo,,”", with the probe tip
penetrating deeper (higher avCID, lower avLS) in Nflos" compared to WT bone
tissue (Fig). Finally, water bound to the matrix decreased from 6 to 14 wks of age in
both genotypes, and was less in NfI oz versus WT bone at 34 wks of age (Fig).

Similar to observations from NF1 patient biopsies, loss of NfI from osteopro-
genitors in mice causes increased porosity and decreased mineralization. This study
shows that this translates into a loss in fracture resistance at different levels of bone
organization (structural and tissue), thus providing useful parameters to predict bone
alteration in children with NF1, prior to overt bone bowing and fracture.
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Disclosures: Mathilde Granke, None.
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Mechanical Signals Improve Bone Quality Compromised by Type 2 Diabetes,
Potentially by Enhancing the Bone Marrow Mesenchymal Stem Cell
Population and its Paracrine Regulation of Bone-forming Osteoblasts. M.
Ete Chan*l, Gregory Lee', Danielle Greenl, Benjamin Adlerl, Gabriel
Pagnotti!, Vihitaben Patel', Clinton Rubin®. 'Stony Brook University,
USA, 3State University of New York at Stony Brook, USA

Type 2 diabetes (T2D) is clinically linked to an increased bone fracture risk.
Previous studies have shown that low intensity vibration (LIV), acting as a surrogate
for the mechanical components of exercise, significantly improves bone quality, an
outcome associated with increased bone marrow mesenchymal stem cell (MSC)
populations. However, it is not known if these stimuli can modulate bone in a model
of T2D, or if these signals will influence the lineage selection of MSC in T2D model.
Combining in vivo and in vitro approaches, this study investigates (1) the impact of
LIV on bone mechanical strength in T2D, and (2) the role of MSCs, by themselves
and in relation to other bone marrow cells, in responding to LIV. Using a murine
model of T2D in an 8-week study, thirty Sw old male C57BL/6] mice were divided into
3 groups (n=10): regular diet (RD; 10kcal% fat), high fat diet (HF; 45kcal% fat) and
high fat diet with LIV (HFv). LIV was delivered via a vertically oscillating plate
(30min/day, 5 day/wk at 90Hz and 0.2g) to HFv, while HF and RD were sham-
handled. Biomechanical testing showed that while the tibiae of HF had lower stiffness
(-22%) and elastic modulus (-45%) than RD (p=0.03), LIV increased these properties
in HFv by +27% and +108%, respectively, as compared to HF (p=0.02). LIV also
increased cortical thickness (+2.1%, p=0.009) and bone marrow MSC populations
(+53%, p<<0.05). The effect of LIV on MSC proliferation was examined with isolated
MSC (2,500 cells/1.9cm?) in two groups (n=4): While one group received 30min of
LIV, another group was sham handled (control). After 48hrs, the vibrated MSCs
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proliferated 177% more than the non-vibrated MSCs (p=0.04). Further, conditioned
medium from vibrated and non-vibrated MSCs were transferred to a distinct set of
osteoblasts (OBs) (n=4). OBs with conditioned media from vibrated MSCs
proliferated 70% more than the OB receiving control medium (p=0.03), implicating
that signaling molecules secreted by MSCs modulated OB proliferation. In summary,
T2D, induced by a high fat diet, compromised bone mechanical properties, while LIV
improved mechanical strength despite T2D. The salutary impact of these mechanical
signals may, in part, be achieved directly by increasing MSC proliferation, and
indirectly via paracrine promotion of bone-forming OBs to promote osteogenesis.

Disclosures: M. Ete Chan, None.
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N-cadherin Restrains Parathyroid Hormone (PTH) Activation of Lrp6/p-
catenin Signaling and Its Bone Anabolic Action. Leila Revollo*!, Jacqueline
Kading?, Jiemin Li’, Sung Yeop Jeong? Gabriel Mbalaviele®, Roberto
Civitelli®. 'Washington University, Division of Bone & Mineral Diseases,
USA, *Washington University, USA, *Washington University in St. Louis
School of Medicine, USA

Formation of a complex between parathyroid hormone (PTH), PTH/PTHrP 1
receptor (PTHIR), and Lrp6 has been linked to PTH signaling and anabolic action.
Since N-cadherin regulates canonical Wnt/p-catenin pathway by interacting with
Lrp5/6 via axin, we hypothesized that N-cadherin may also modulate PTH signaling
and osteoanabolic action by interfering with Lrp6 signaling. We tested this hypothesis
in N-cadherin-ablated bone marrow stromal cells (BMSC) from mice with a selective
deletion of the N-cadherin gene (Cdh2) in osteoprogenitors (Cdh2™/%.: Osx-Cre;
cKO). Co-immunoprecipitation experiments using control BMSC from Ceh2/™*/1ox
mice showed that PTHIR interacts with Lrp6, but not Lrp5 nor N-cadherin. This
interaction was enhanced by exposure to PTH;_34 in ¢KO cells, but not in control. In
BMSC and MC3T3-El cells, PTH, .34 promoted PKA-dependent B-catenin stabiliza-
tion via C-terminus phosphorylation (S675), and Tcf/Lef transcriptional activity.
PTH-induced phosphorylation of B-catenin at S675 was accentuated in ¢KO BMSC
relative to control. Consistent with enhanced B-catenin stabilization, PTH; 34
stimulated expression of Tcf/Lef target genes, Lefl and Axin2, to a larger degree in
mutant cells compared to control. These suggests that Cdh2-ablated cells are more
responsive to activation of B-catenin signaling by PTH. Increased PTH responsiveness
in N-cadherin deficiency extends to PTH anabolic effect in vivo. Treatment with
intermittent human PTH, 3, (80ug/kg bw, sc, 5x/week, 4 weeks; iPTH) increased
trabecular thickness and bone volume/tissue volume in ¢KO to a significantly larger
extent than in control mice, assessed by pCT imaging. On bone histomorphometry,
iPTH significantly increased mineral apposition rate and bone formation rate in cKO
mice, contrasting with more modest changes in control mice. While osteoclast and
osteoblast surface per bone surface were modestly affected, serum CTX increased to a
similar extent in response to iPTH in mice from both genotypes, and serum P1NP was
significantly increased in iPTH-treated ¢KO mice but not in control. These findings
suggests that N-cadherin restrains PTH activation of bone formation, but not bone
resorption. Since LRP6 is involved in osteoprogenitor differentiation and PTH
anabolic effect, we propose that N-cadherin functions as a “buffer” for Lrp6 at the
cell surface, thus modulating Lrp6/PTHRI1 interaction and consequently the intensity
of PTH-induced activation of Lrp6/B-catenin responses.

Disclosures: Leila Revollo, None.
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Androgens Reduce Skeletal Mechanoresponsiveness in Adult Male Mice.
Michaél Laurent*', Mieke Sinnesael', Ludo Deboel!, Peter Delisser?,
Vanessa Dubois®, Evelien Gielen®, Lance Lanyon®, Joanna Price®, Geert
Carmelietl, Frank Claessens®, Dirk Vanderschueren!. 'Katholieke
Universiteit Leuven, Belgium, 2University of Bristol, United Kingdom,
3University Hospitals Leuven, Belgium, “Royal Veterinary College, United
Kingdom

Introduction: Testosterone and exercise synergistically induce muscle hypertrophy
and can be used to treat cachexia in chronic diseases. Whether androgens also
influence bone’s response to mechanical loading or unloading is incompletely
understood.

Methods: 16-week-old male C57BI/6] mice were sham-operated or orchidecto-
mized (ORX) and given placebo or anabolic doses of testosterone (T) or
dihydrotestosterone (DHT) by s.c. silicone implants. These groups (n=7-11) received
unilateral tibia loading (3x/w for 2 weeks, 40 cycles, 2400 e peak strain) started after
1 or 10 days, or unilateral Botox® injection on day 0 with 3 or 19 weeks follow-up.

Results: By two-way ANOVA, there was a significant interaction between
androgen status and the osteogenic loading response. Cortical thickness was increased
by T and DHT in control limbs but these groups partially (T) or completely (DHT)
failed to exhibit the loading-related increase seen in sham and ORX. Trabecular bone
volume also showed relatively larger load-related increases in ORX. T and DHT
restored periosteal bone formation to sham levels but completely suppressed the load-
related increase. Both loading and androgens suppressed skeletal RANKL/OPG
mRNA ratios. ORX decreased and T increased the percentage of sclerostin-
immunoreactive osteocytes (but not serum sclerostin), and loading no longer affected
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osteocytic sclerostin expression in ORX and T. Botox and ORX synergistically
induced trabecular bone loss at 3 weeks compared to internal control limbs, which was
mitigated by androgens. The degree of muscle paralysis as well as calf muscle volumes
and -weights were not affected by androgens. After 19 weeks, there was still a
trabecular deficit in sham-Botox limbs, which was completely restored by T and DHT.
Osteocyte-specific (Dmpl-Cre) androgen receptor knock-out mice showed identical
skeletal responses to loading or disuse.

Conclusion: Androgens suppress both the osteogenic response to mechanical
loading and disuse-related bone loss in adult male mice. This effect seems related to
their antiresorptive actions and upregulation of sclerostin, independent of muscle
volume. If confirmed in humans, our results suggest that androgens or loading may
compensate the effect of each other’s absence on bone loss; loss of both stimuli has a
synergistic negative impact, while anabolic doses of both are unlikely to provide
additive benefits.

Disclosures: Michaél Laurent, None.
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Synovial insulin resistance is linked to osteoarthritis in type 2 diabetes.
Sharon Ansboro*!, Robert Maynard?, Daisuke Hamada?, Christopher
Farnsworth?, Robert Mooney®’, Michael Zuscik®. 'The Center for
Musculoskeletal Research, USA, “Center for Musculoskeletal Research,
USA, >University of Rochester Medical Center, USA, “University of
Rochester School of Medicine & Dentistry, USA

Obesity induced type 2 diabetes (T2D) and associated systemic metabolic
dysregulation is widely accepted as a risk factor for osteoarthritis (OA). Characteristic
to T2D is resistance of tissues to insulin. We hypothesize that in OA, reduced insulin
signalling attributed to insulin resistance in the synovium may initiate and exacerbate
OA disease progression. We investigated insulin receptor (IR) expression and
signalling in human fibroblast-like synoviocytes (FLSs) isolated from synovium of
T2 diabetic and non-diabetic patients undergoing knee arthroplasty. A genetic
approach was used to target insulin signalling in lubricin expressing (PRG4 positive)
synovial tissues in obese, T2D mice to further to the hypothesis.

Human synovial tissue was analysed for IR expression via immunohistochemistry
and for insulin activation of pAKT signalling via Western blotting. Effects TNFa and
insulin on catabolic gene expression, and MMP1 and MMP13 protein levels were
assessed in FLSs isolated from these tissues. To assess the role of FLS insulin
signalling on spontaneous OA development in an obesity induced T2D model, male
PRG4-Cre C57BL/6J mice were bred with IR fI/fl mice. Mice were placed on HF (60%
kcal) or low-fat (10% kcal) diets at 5 weeks of age. After 16 weeks on diet, knee joint
morphology was assessed via histology to visualize osteophytes and changes in
articular cartilage.

Human FLSs were shown to be insulin responsive with dose dependent
phosphorylation of IR and Akt. Synovial tissue harvested from T2D patients was
insulin resistant, evidenced by a remarkable loss of AKT phosphorylation compared
to synovium from non-diabetic patients (Fig. 1). TNFa, a pro-inflammatory cytokine
elevated in T2D, markedly increased expression of cartilage degrading proteases in
human FLSs including ADAMTS4, MMP13 and MMPI. Insulin treatment inhibited
all of the TNFa responses by >50% (Fig. 2). Consistent with these findings, ablation
of the IR in PRG4-Cre"™® "%, IR™ mice mimicked the knee joint changes that we have
previously reported in HF mice. Compared to IR™ controls, tamoxifen-induced
PRG4-Cre®® %, IR™ mice showed spontaneous formation of osteophytes and early
degenerative changes in the articular cartilage, effects that are observed in IR”f HF
mice (Fig. 3).

These notable changes in knee joint morphology suggest that loss of insulin
signalling in PRG4-expressing FLSs disrupts the normal joint homeostasis and may
initiate and exacerbate OA disease progression.
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Disclosures: Sharon Ansboro, None.
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Phase 2 Randomized, Double Blind, Placebo Controlled Trial of Anti-
Myostatin Antibody LY2495655 in Older Fallers With Low Muscle Strength.
Clemens Becker*!, Stephen Lord?, Stephanie Studenski®, Stuart Warden®,
Roger Fielding®, Christopher Recknoré, Marc Hochberg’, Serge Ferrari®,
Hubert Blain®, Ellen Binder'®, Yves Rolland!', Leijun Hu'’, Qasim
Ahmad'?, Kelli Pacuch'?, Elisa Gomez'?, Olivier Benichou'®. 'Robert-
Bosch-Krankenhaus, Germany, >NeuRA, UNSW, Australia, 3University
of Pittsburgh (at the time the work was done), USA, “Indiana University
School of Health & Rehabilitation Sciences, USA, *Jean Mayer USDA
HNRCA At Tufts University, USA, SUnited Osteoporosis Center, USA,
"University of Maryland School of Medicine, USA, ®Geneva University
Hospital & Faculty of Medicine, Switzerland, *Montpellier University
Hospital, University Montpellier 1, MacVia-LR, France, '°Washington
University School of Medicine, USA, llGérontop(”)le de Toulouse, Centre
Hospitalo-Universitaire de Toulouse (CHU Toulouse), France, '*Eli Lilly
& Company, USA, "Eli Lilly & Company, France

Purpose: This trial was designed to test whether the anti-myostatin monoclonal
antibody LY2495655 (LY) could increase appendicular lean body mass (aLBM) and
improve physical performance in elderly fallers with low muscle strength.
NCT01604408.

Methods: Subjects randomized (N=201) were aged =75 yrs, had =1 fall in past yr,
low hand grip strength (=37 kg [men]; =21 kg [women]) and low performance on a 5-
time chair stand (5XCS) test without arms (=12 s). LY 315 mg or placebo (pbo) was
administered as 3 SC injections of 1.5 mL every 4 wks for 20 wks, followed by a 16 wk
observational period. The primary objective was to assess the change from baseline to
6 months for aLBM for LY compared to pbo. Secondary and exploratory outcomes
included 5XCS without arms (or with arms for subjects unable to do it without arms),
4-step stair climbing time and power (and same over 12-steps at equipped sites), fast
and usual gait speed over 4 m, 6 min walking distance, isometric leg extension
strength, hand grip strength, and incidence of falls. The 2-sided alpha level was set a
priori at 0.05 for the primary analysis (ITT including all subjects with a baseline and
=1 post baseline value) and 0.1 for all performance based measures (PBMs).

Results: Subjects were 70% women, aged 82+5 yrs (mean+SD), with
BMI=26.5+4 kg/m>. Study groups were balanced for baseline aLBM (14.94+2.2 kg
[women]; 21.9+3.1 kg [men]) and PBMs. LY subjects tended to have more pre-
existing conditions and a higher risk of falls and fractures. Treatment was
discontinued early in 19.6% of LY vs 14.1% of pbo arm. The change in aLBM
from 0 to 6 months was +0.43 kg (SE 0.12; p<0.001) larger in LY than in pbo
(+2.5%). Several power intensive PBMs (stair climbing, repeated chair stands, and fast
gait speed) were improved in LY vs pbo subjects (Fig. 1). The incidence of falls per
subject-yr was 1.6 (LY) vs 2.0 (pbo) (NS).

One death due to ischemic colitis occurred in an 87 yr old LY subject with a history
of surgery for abdominal aortic aneurysm. At least 1 adverse event of fracture was
reported in 6 pbo vs 10 LY subjects (NS). Injection site reactions were more frequent
in the LY arm (30% vs 9%) and most often mild, requiring treatment discontinuation
in 2 LY subjects. No safety issues related to muscle were observed.

Conclusions: In older fallers with low muscle strength, 6 months of LY treatment
increased aLBM and consistently improved power intensive PBMs.

]
aLBM (N=159) - : ——— %
d-step stair climb time (N=164) 4 :|—0—| o
4-step stair climb power (N=164) - ——
12-step stair climb time (N=70) 4 FI—Q—I *
12-step stair climb power (N=70) - : —_——
repeated chair stand time without arms (N=117) 1 HI—-O-—«I
repeated chair stand time with arms (N=26) - = ® | *
fast gait speed (N=164) IT—O—|*
usual gait speed (N=165] - ———
6 min walking distance (N=162) 4 r-—~0+—i
leg extension strength (N=160) | —e-—
average hand grip strength (N=167) 4 l—a——o—i
|

04 -02 0.0 0.2 04 06 08 1.0 1.2
Standardized Mean Differences (90% CI)

Standardized mean differences are for the difference between LY and placebo for the
change from baseline to 6 months. A repeated measures mixed models for the changes
from baseline was fitted for each endpoint. N=sample size of analysis for each
includi LY and placebo subjects. * p-value <0.1 for treatment effect
including 3 and & month visits. Endpoints measured in seconds were multiplied by -1.

Figure 1. Summary of primary outcome and performance based measures.

Disclosures: Clemens Becker, Eli Lilly & Company, 3
This study received funding from: Eli Lilly & Company
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Fall Risk Assessment Predicts Fall Related Osteoporotic and Hip Fracture in
Older Women and Men. Martin Nilsson*', Joel Eriksson®, Anders Odén?,
Helena Johansson®, Mattias Lorentzon®. 'Centre for Bone & Arthritis
Research At the Sahlgrenska Academy, Sweden, “Centre for Bone &
Arthritis Research, Sweden, 3Consulting Statistician, Sweden, *Geriatric
Medicine, Department of Internal Medicine & Clinical Nutrition, Institute
of Medicine, Sahlgrenska Academy, University of Gothenburg, Sweden,
SGeriatric Medicine, Center for Bone Research at the Sahlgrenska
Academy, Sweden

Purpose: Falls are one of the most common causes of disability in older adults.
Only 1 in ten falls results in serious injury. Fall risk assessment instruments predict
falls but it is unknown to what extent they predict serious health outcomes such as hip
fracture.

Methods:Using the Senior Alert register, we identified 128,596 older patients
(82.4+7.8 years (mean +SD), 59.6 % women) who had a fall risk assessment using the
Downton Fall Risk Index (DFRI) at baseline. DFRI is a composite index (0-11) of
established risk factors for falls. Fractures, resulting in a hospital visit, and mortality
were investigated in the Swedish patient register and cause of death register. The
predictive role of DFRI was calculated using a Cox proportional hazards model with
age, sex, height, weight, and prevalent osteoporotic fracture as covariates, taking time
to outcome or end of study into account.

Results: During the follow up (>80,000 patient years) 6,699 patients suffered an
osteoporotic fracture. Among those patients, 2,557 sustained a hip fracture. The
incidence of hip fracture was three times higher in patients with a high DFRI-score (7-
11) (3.2%) compared to those with a low score (0 or 1) (1.1%, p<<0.001). DFRI
independently predicted osteoporotic fracture (Hazard Ratio, HR/per DFRI-step
(95% confidence intervals) 1.06 (1.05-1.17)) and hip fracture (HR 1.14 (1.11-1.16)).
DFRI more strongly predicted hip fracture (HR 1.33(1.26-1.40) vs. 1.09(1.06-1.12)) in
70-year old than in 90-year old patients (p<<0.001).

Conclusions: In conclusion, our data provide evidence that fall risk assessment
using DFRI independently predicts fall-related hip fracture and other osteoporotic
fractures in older men and women, indicating its clinical usefulness to identify patients
who would benefit from interventions.

Disclosures: Martin Nilsson, None.
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The Influence of Exercise on the 3D distribution of Cortical and Trabecular
Bone across the Proximal Femur: The HipHop Study. Sarah Allison*',
Kenneth Poole?, Graham Treece®, Andrew Gee?, Carol Tonkin?, Winston
Rennie®, Jonathan Folland', Greg Summers®, Katherine Brooke-Wavell.
"Loughborough University, United Kingdom, University of Cambridge,
United Kingdom, *University Hospitals of Leicester, United Kingdom,
“Derby Hospitals NHS Foundation Trust, United Kingdom,
SLoughborough University, United Kingdom

Regular exercisers have a lower fracture risk, despite exercise having only modest
effects on aBMD. This discrepancy may be explained by exercise producing localised
structural changes that are not captured by aBMD. We previously demonstrated that
regular, but brief, multidirectional hopping exercise increased BMC at the femoral
neck in the exercise leg (EL) versus the control leg (CL) of older men (The HipHop
Study). The aim of the present study was to determine the distribution of cortical
mass, thickness and density changes across the entire proximal femur, using the
cortical bone mapping technique.

Fifty, healthy older men had hip QCT scans taken at baseline and after one year of
performing short, daily bouts of single-legged hopping exercises (x50 multidirectional
hops per session on the randomly allocated leg). Cortical bone mapping identified
thickness, mass and density and nearby trabecular density distributions on each
femur, which was then registered to an average femur. Statistical parametric mapping
was used to identify changes of these parameters over time in the exercise leg (EL) and
control leg (CL), and also significant differences between legs. Results were displayed
as a 3D colour map over the surface of the proximal femurs. All hip QCT scans and
map analyses were blinded to the leg allocation.

Of the fifty men that participated in the study, thirty-four (age 70+4 years)
exercised for 12-months, attending 92 +9% of prescribed exercise sessions. Through-
out the femur, cortical mass increased significantly more in the EL (+2.7%) compared
to the CL (+1.6%); P=0.0019, but substantially larger changes (over 6%) were evident
at localised regions of the femoral neck and shaft (Figure 1). Trabecular density also
increased noticeably more in the EL (+6.4) versus CL (+4.5%); P=0.0127, with the
inferior region of the femoral neck increasing by over 12% with exercise. Cortical
density increased in both the EL (+1.8%, P=0.0001) and the CL (+1.6%, P=0.0013),
whereas the cortical thickness changes (EL +0.5%; CL -0.2%; P=0.1358) were not
statistically significant.

Our findings show that brief bouts of single-legged hopping exercises can
significantly increase cortical mass and trabecular density over a relatively short time
frame, at regions of the femoral neck that may be important to structural integrity.
These exercise induced changes were localised rather than being evenly distributed
across the proximal femur.
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a) Exercise Leg

b) Control Leg

Change in mass (%)

0 5 10

P <005 P>0.05

Figure 1. Change in cortical mass in the exercise leg (n=34) (a)
and control leg (b), expressed as a percentage of baseline
cortical mass

Figurel

Disclosures: Sarah Allison, None.
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Effects of Vitamin D and Multimodal Exercise on Prevention of Injurious
Falls in Older Women. Kirsti Uusi-Rasi*', Radhika Patil?, Saija
Karinkanta®, Kari Tokola’, Pekka Kannus®, Christel Lamberg-Allardt?®,
Harri Sievanen®. 'UKK Institute for Health Promotion Research, Finland,
>The UKK Institute for Health Promotion Research, Finland, 3University
of Helsinki, Finland

This two-year randomized (double blind for vitamin D) placebo-controlled
intervention trial assessed the effects of exercise and vitamin D on the risk of falls and
injurious falls in older Finnish women. 409 women aged 70 to 80 years were randomly
assigned into one of the four groups: 1) 20 pg vitamin D + exercise (D"Ex"), 2) 20 ug
vitamin D + no exercise (D"Ex’), 3) placebo + exercise (D'Ex"), and 4) placebo + no
exercise (D'Ex"). Included participants had at least one fall during the previous year,
no use of vitamin D supplements, no regular exercise at baseline, and no
contraindication to exercise. Multimodal supervised exercise training was given twice
a week for 12 months, and once a week for the subsequent 12 months. In addition to
monthly fall diaries, functional lower limb strength (5 times chair stand), dynamic
balance (6.1 m backwards walking) and mobility (normal walking speed) were
assessed at 6-month intervals. Cox-regression models were used to assess hazard ratios
(HZ; 95% CI) for falls and injurious falls. Generalized linear mixed models and
logistic regression models were used to estimate between-group differences in physical
performance using age, height, and weight as covariates.

There was no difference in the rate of all falls between groups, but compared with
the reference group (D'Ex), D'Ex" and DEx" groups had less injurious falls
requiring medical care (0.28; 0.10 to 0.76 and 0.17; 0.05 to 0.59, respectively), while
D*Ex" did not differ from DEx” (0.84; 0.41 to 1.71). Chair-stand time improved in
both Ex groups compared to the D'E" group; for D*Ex* (p=0.054), and more
significantly for the D'Ex* (p=0.027).Walking speed was maintained in the D'Ex"
group (p=0.007), while declined in other groups with no significant difference
compared to D'Ex. A combined analysis of the improvement either in time (for
complete 6.1m walk) or distance (for incomplete walk) in backwards walking from
baseline to the end was significantly greater in D*Ex* compared to D'Ex” (p=0.017).

Exercise was beneficial for balance and mobility, whereas vitamin D had no effect
on these physical performance traits. Exercise was also associated with reduced risk
for injurious falls requiring medical care, although the rate of all falls was similar in all
groups.

Disclosures: Kirsti Uusi-Rasi, None.
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Use of Hypnotics and SSRI is Associated with Increased Risk of a Fall-
Related Injury, Osteoporotic Fracture and Hip Fracture in Older Women and
Men. Daniel Sundh*', Martin Nilsson?, Joel Eriksson®, Dan Mellstrom®,
Mattias Lorentzon®. 'institute of Medicine, Sahlgrenska Academy",
Sweden, 2Centre for Bone & Arthritis Research At the Sahlgrenska
Academy, Sweden, 3Centre for Bone & Arthritis Research, Sweden,
“Sahlgrenska University Hospital, Sweden, >Geriatric Medicine, Center

for Bone Research at the Sahlgrenska Academy, Sweden

BACKGROUND

The fracture risk assessment tool FRAX is used clinically to estimate 10-year risk
of fracture, but only oral glucocorticoids can be entered as a risk medication.
Hypnotics and selective serotonin re-uptake inhibitors (SSRI), have been linked to
increased fall risk and risk of hip fracture, but whether or not this risk increase is
independent of FRAX risk factors is unclear.

METHODS

Using the Senior Alert register, we identified 128,596 older patients (82.4+7.8
years (mean +SD)) with information regarding age, sex, height, weight and prevalent
fall-related injury at baseline. Incident fall-related injury, osteoporotic and hip
fracture as well as prevalent fracture, diseases causing secondary osteoporosis and
mortality were investigated in the Swedish patient- and cause of death register. Drug
dispensation data was obtained from the Swedish prescribed drug register. Use of
SSRI and hypnotics was investigated in relation to prevalent fall-related injury and
fracture using ;> test. Cox proportional hazard models were used, taking time to
outcome or end of study into account. Models with fracture as outcome were adjusted
for FRAX-variables (age, height, weight, sex, prevalent fracture, secondary
osteoporosis, rheumatoid arthritis and glucocorticoid use) while fall-related injury
was adjusted for age, height, weight, sex and prevalent fall-related injury.

RESULTS

During the follow up (>80,000 patient years) 15,220 patients suffered a fall-related
injury, 6,699 an osteoporotic fracture and 2,557 a hip fracture.

Both use of hypnotics and SSRI were associated with prevalent fall-related injury
and fracture (Table 1A). Both medications predicted incidence of hip fracture and
osteoporotic fracture independently of other risk variables in FRAX (Table 1B). SSRI
and hypnotics predicted incident fall-related injury, also after adjusting for previous
falls (Table 1B).

CONCLUSIONThe results of this study demonstrate that use of both SSRI and
hypnotics is associated with increased risk of both osteoporotic and hip fracture,
independent of FRAX risk factors, indicating that taking also these risk medications
into account could improve fracture prediction in older women and men.
Furthermore, our results suggest that the observed fracture risk increase is likely to
be due to increased susceptibility to falls.

Table 1. Use of SSRI and hypnotics predict hip fracture
SSRI

Hypnotics

A Yes (0=22,435) Mo (a=106,161) Yes (a=24,601) No (n=103,095)
Prevalent fall-related injury (%) 11,393 (50.7F 31,171 (388) 11,062 (450F 41,502 (40.0)
Prevalent osteoporotic fracture (%) 5,033 (22.4F 16,095(15.2) 4808 (19.5F 16,320 (15.7)
Incident fall-related injury (%) 2,828 (12,6 12471 (11.7) 3LNs(2.7¢ 12,184 {11.7)
Incident hip fracture (%) 518 (23F 2,039(1.9) 546 (2.2 2,011 (1.9)
Incident osteoporotic fracture (%) 1,301 (3.8¥ 5.429(5.1) 13,66 (5.6)* 5364 (5.2)

B Hazard Ratio (95% CI) Hazard Ratio (95% CI)
Fall-related injury” 108 (1L.O1-1. 10 .11 (LO7-1.15F
Ostcaporotic fracture® 1.10 (1.03-1.17p 1.08 (1.02-1.15)

Hip fracture’ 1.30 (1.18-1.43p 1.21 (1.10-1.33F

* p<05, b p<0.01, - p=0.001

iDifference in distributions was investigated using g test.

*Cox proportional hazard model was adjusted for sex, age, height, weight and previous fall-related injury.

* Cox proportional bazard model was adjusted for FRAX risk factors including sex, age, height, weight, secondary

fracture, po. gh d use and arthritis.

Table 1. Use of SSRI and hypnotics predict hip fracture

Disclosures: Daniel Sundh, None.
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Regulation of Osteocalcin expression and neuro-endocrine functions by
HDAC4. Arnaud Obri*, Munevver Makinistoglu, Gerard Karsenty.
Columbia University, USA

It was recently shown through genetic means that in the mouse and in humans, the
bone-derived hormone osteocalcin regulates glucose metabolism and male fertility.
Furthermore, in the mouse, undercarboxylated osteocalcin crosses the blood-brain
barrier, binds to neurons of the hippocampus and is necessary for several cognitive
functions, the most severely affected by the absence of osteocalcin being spatial

S7

learning and memory. The biological importance of the functions fulfilled by
osteocalcin begs the question of the regulation of expression of this gene in
osteoblasts. Since it is already known that this regulation involves transcription
factors such as Runx2 and ATF4, we asked if it might also involve chromatin
remodeling enzymes. Indeed, we show that the class II histone deacetylase, HDAC4
interacts tightly with the transcription factor ATF4. This interaction stabilizes ATF4,
allows it to accumulate in the nucleus and enhances its ability to transactivate the
Osteocalcin promoter. To verify the biological relevance of these molecular
observations, we generated mice lacking Hdac4 only in osteoblasts. Hdac4,,,-/- mice
display low Osteocalcin expression, hypoinsulinemia with impaired insulin secretion,
hypotestosteronemia, low sperm count, and infertility. Moreover, a Morris Water
Maze test revealed a significant decrease in learning and memory in Hdac4,,4,-/- mice.
To verify that these functions are related to the interaction that was noted in vitro
between HDAC4 and ATF4, we generated compound mutant Hdac4 ,g,+/-; Atf4 .5+ 1-
mice. These Hdac4,gt/- Atf4,4+/- mice also display a decrease in Osteocalcin
expression, low circulating levels of undercarboxylated osteocalcin and hypoinsuli-
nemia. By demonstrating that at least one chromatin remodeling enzyme affects
Osteocalcin expression, this study identifies a second level of regulation of Osteocalcin
expression and of its endocrine and cognitive functions.

Disclosures: Arnaud Obri, None.
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Analysis of Osteocalcin’s Cognitive Function in WT Mice and of its Signaling
in Neurons. Lori Khrimian*, Stylianos Kosmidis, Eric Kandel, Gerard
Karsenty. Columbia University, USA

It was recently shown that in the mouse, the bone-derived hormone osteocalcin
(OCN) is necessary for several cognitive functions such as the prevention of anxiety
and depression, and to an even larger extent, learning and memory. Remarkably for
this set of functions, osteocalcin does not rely on Gprc6a, which is not expressed in the
brain. In view of these results, this study asked two questions: Is OCN sufficient to
improve cognitive functions in wild type (WT) mice; and what is the signaling
pathway that it uses in hippocampal neurons? To determine if OCN is sufficient to
improve cognitive functions in young adult mice, WT 2-month old mice were
implanted with pumps delivering vehicle or OCN intracerebroventricularly (ICV).
After one month of infusion, animals were subjected to behavioral testing. Animals
receiving OCN showed a significant decrease in anxiety-like behavior. In view of these
findings, we next asked if OCN could improve cognition in older mice, by delivering
ICV 10 ng/hr OCN in 16-month-old WT mice, for one month. At the end of this
infusion period, we assayed for memory and other hippocampal functions through the
Novel Object Recognition test. Mice that received OCN demonstrated a significant
improvement in memory and all hippocampal functions. These results indicate that
OCN is sufficient to improve cognition in WT mice regardless of their age. In an effort
to uncover the mechanisms whereby osteocalcin signals in hippocampal neurons, we
asked whether it uses the same signaling molecules it has been shown to use in other
target cells. This analysis showed that phospho CREB (pCREB), which is essential
for optimal spatial learning and memory in rodents, is markedly decreased in the
hippocampus of Ocn-/- as compared to WT mice. Of note, the decrease in pPCREB
accumulation was more pronounced in Ocn-/- mice born from Ocn-/- mothers, which
is consistent with the recently described influence of maternal OCN on brain
development. Conversely, an acute stereotactic injection of uncarboxylated osteo-
calcin directly into the hippocampus of WT animals was sufficient to dramatically
increase pCREB levels, compared to the hemisphere injected with vehicle. These
results suggest that the receptor of OCN in hippocampal neurons might be a GPCR,
as it is peripheral tissues.

Disclosures: Lori Khrimian, None.

1018

Defective Muscle-Bone Interplay Severely Impairs Bone Homeostasis in ALS
Mice. Ke Zhu*l, Jianxun Yiz, Yajuan Xiaoz, Yumei Lail, Pingping Songl,
Wei Zheng', Hongli Jiao', Di Chen', Jingsong Zhou?, Guozhi Xiao'.
"Department of Biochemistry, Rush University Medical Center, USA,
“Department of Molecular Biophysics & Physiology, Rush University
Medical Center, USA

Skeletal muscle loading is a primary source of anabolic mechanical stimuli for
bone throughout life. However, effects of muscle unloading on bone in diseases with
muscle atrophy are poorly understood. Amyotrophic lateral sclerosis (ALS) is a
neuromuscular disease characterized by progressive muscle atrophy. This study
determined if and how the bone homeostasis is impacted in the G93A mice, a well-
established ALS mouse model, before and after the onset of muscle atrophy. Results
showed that four-month-old G93A mice with severe muscle atrophy displayed a
dramatic reduction of bone mass compared to their sex- and age-matched wild type
(WT) control mice. Bone formation was greatly impaired in G93A mice as
demonstrated by defective activation of the AKT and ERK/MAPK signaling
pathways in mesenchymal stromal cells, reduced formation and expansion of the
osteoprogenitor population in bone marrow, and inhibited osteoblast differentiation
and mineralization apposition rate in the G93A bones. In the meantime, osteoclast
formation induced by M-CSF and RANKL was enhanced in G93A versus WT
primary marrow monocyte cultures. In vivo osteoclast differentiation and bone
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resorption were strikingly accelerated in G93A compared to WT mice. Furthermore,
osteocytes embedded in the G93A bone matrix expressed elevated levels of sclerostin
and RANKL proteins and reduced level of b-catenin protein. Finally, analyses of
osteoblast and osteoclast parameters of 2-month-old G93A mice that did not display
muscle atrophy revealed no significant impairment in bone remodeling. These results
suggest that defective muscle-bone interplay in ALS mice severely impairs bone
homeostasis by inhibiting bone formation and activating bone resorption.

Disclosures: Ke Zhu, None.
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PPARp Deficiency Decreases Bone Formation Concomitantly to Increased
Bone Marrow Fat Infiltration and Muscle Weakness. Nicolas Bonnet*!, He
Fu®, Beatrice Desvergne®, Serge Ferrari’. 'University Geneva Hospital
(HUG), Switzerland, *Center for integrative Genomics, Faculty of Biology
& Medicine, University of Lausanne, Switzerland, 3Geneva University
Hospital & Faculty of Medicine, Switzerland

PparB3-/- mice have recently been reported to display characteristic features of
muscle wasting and weakness as well as increased bone resorption and bone loss.
Whether bone formation is also altered and which mechanisms couple bone and
muscle deficiency in these mice however remains unclear. Body composition was
evaluated in PparB-/- and Ppar+/+ female mice from 1 to 18 months by DXA and
bone forming indices and gene expression investigated by histomorphometry and
qPCR at 18 month of age.

Compared to Ppar3+/+, PparB3-/- had lower handgrip force and treadmill running
distance, as well as decreased gastrocnemius mass, accompanied by a lower ratio of
type I/II fibers and fat infiltrations. Muscle metabolic gene expression, i.e. Mip, Hif,
Foxo3, was lower in Ppar3-/- vs Ppar3+/+, whereas Ppary expression was increased
(all p<0.05). Moreover, Mstn muscle expression was higher and circulating myostatin
increased more with age in Ppar-/- than PparB3+/+ (+4.4 vs +2.9 fold, p<<0.05).

From 1-to 18-months, TB lean and BMD gain were lower in PparB3-/- vs Ppar3+/+
(+111.4% vs +156.2% and +58.6% vs +78.3%, respectively, p<<0.01). At 18 months of
age, PparB-/- had lower endocortical and perioteal BFR (-44% and -100% vs
PPARB+/+, p=0.09 & p<<0.0S5, respectively) as well as significantly lower femoral BV/
TV, CtTV, CtBV, and strength compared to PparB+/+. In addition PparB-/-
accumulated more bone marrow fat with age (+217% of adipocyte volume vs
PparB+/+, p<<0.05). Osteoblast differentiation (Runx2, Osterix, Collla, Ctnnb) and
oxidative function (Foxol, Hmox) were lower in PparB-/- vs Ppar3+/+. In addition, in
vitro, primary osteoblast and mesenchymal stem cell from PparB-/- bone marrow
showed a lower proliferation and a higher differentiation into adipogenic lineage
associated with high Ppary and Fabp4 expression (+212% and +1032% vs Ppar3+/+,
p<0.001).

These results indicate that PparB expression maintains muscle mass and bone
formation with aging, while preventing fat infiltration in these tissues. These effects
are mediated by an inhibition of myostatin and Ppar gamma expression, thereby
enhancing differentiation of the osteoblastic lineage. These observations point to
PPar3 as a potential target to prevent the age-related decline in musculo-skeletal
functions.

Disclosures: Nicolas Bonnet, None.
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Targeting RANK/RANKL as a novel treatment for muscle weaknesses and
dystrophic conditions. Nicolas Dumont', Sébastien Dufresne', Patrice
Bouchardl, Eliane Lavergne', Charles Godboutl, Antoine Boulanger-
Piette!, Sandrine-Aurélic Kake-Guena?, Paul C. Pape’, Renu Sarao®, Josef
M. Penninger?, Jérdme Frenette**. 'Université Laval, Canada, *Université
Sherbrooke, Canada, JIMBA, Austria, *Université Laval, Can

Receptor-activator of nuclear factor kB (RANK), its ligand RANKL and the
soluble decoy receptor osteoprotegerin (OPG) are the key regulators of osteoclast
differentiation and bone. Although there is a strong association between osteoporosis
and skeletal muscle atrophy/dysfunction, the functional relevance of a particular
biological pathway that regulates synchronously bone and skeletal muscle physio-
pathology is still elusive. One key determinant of muscle contractility is the Ca®*
pump called sarco/endoplasmic reticulum Ca®* ATPase (SERCA) which transfers
Ca”" from the cytosol into the lumen of the SR, making Ca>" available for the next
contraction. Here we show that selective deletion of RANK in skeletal muscle greatly
increases the activity of SERCA (> 200% increase) in fast-twitch extensor digitorum
longus (EDL) but not slow-twitch soleus (SOL) muscles. The large increase in SERCA
activity in denervated EDL muscle is likely to be associated with the significantly
increased force production upon selective deletion of RANK in these muscles.
Similarly, the inhibition of RANKL/RANK with OPG-Fc greatly increases force in
muscles from dystrophic mdx mice compared to those from normal mice (233% gain
in force relative to PBS-treated mdx mice) and prevents the loss of SERCA expression
and activity. To understand more precisely the contribution of RANK in muscular
dystrophy, we then generated a RANK/dystrophin double-deficient mouse model and
showed that RANK deletion preserves muscle force, reduces significantly muscle
damage and increases SERCA activity in dystrophic mice. RANK/RANKL
interaction is thus a new and key actor in several models of muscle weaknesses and
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myopathies and its inhibition represents a new therapeutic avenue for several
muscular diseases.

Disclosures: Jérome Frenette, None.
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Sarcopenia and Increased Body Fat in Sclerostin Deficient Mice. Andrew
Krause*, Toni Speacht, Peter Govey, Yue Zhang, Jennifer Steiner, Charles
Lang, Henry Donahue. Penn State College of Medicine, USA

While the absence of mechanical load results in muscle and bone loss, very little is
known regarding the interaction of bone and muscle during the absence of mechanical
load. To address this issue we examined changes in bone and muscle in mice deficient
in Sost the gene that encodes sclerostin. Previous studies have shown Sost knockout
(KO) mice were resistant to unloading induced by hind limb suspension (HLS) (1) as
were mice given sclerostin antibody (2). To explore possible interactions between
muscle and bone during unloading, we examined the hypothesis that both bone and
muscle from Sost KO mice are resistant to HLS induced atrophy.

Mice (4m male C57BI/6]) globally deficient in Sost since birth (Sost KO), and wild
type (WT) controls were exposed to HLS or maintained in control cages for 2 weeks (4
groups, n=4-9/group). Mice were subjected to baseline and endpoint uCT scans. Total
body weight and quadriceps weight were recorded and per cent muscle and fat
quantified by IH-NMR.

At baseline, Sost KO mice displayed significantly greater trabecular bone volume
relative to WT. Loss of trabecular bone following 2 weeks of unloading was
significantly attenuated in Sost KO (Fig.1). Sost KO displayed reduced loss of
trabecular BV/TV (-4% vs. -47%, p<0.05), trabecular thickness (-2% vs. -41%,
p<0.05), and trabecular number (+6% vs. -15%, p<<0.05). All mice were of similar
weight at the start of study; however, Sost KO displayed significantly more adipose
tissue and less lean tissue than WT mice (Fig. 2). HLS resulted in a further gain of fat
and loss of muscle in Sost KO. HLS resulted in decreased quadriceps weight in WT
(Figure 3). Quadricep weight was decreased in Sost KO controls relative to WT
controls but did not decrease further after HLS.

These are the first studies to examine skeletal muscle in Sost KO mice exposed to
unloading. While Sost KO gained bone and were resistant to unloading, they
displayed dramatic sarcopenia and increased adiposity. Previous studies did not
observe sarcopenia in mice given anti sclerostin antibody for three weeks nor were
these mice resistant to HLS-induced muscle loss. (2). Our results suggest that long
term sclerostin deficiency, while having positive effects on bone, may have deleterious
effects on muscle. If confirmed, these findings should be considered when developing
therapeutic protocols using sclerostin antibody.

References: 1. Lin et al. JBMR 24(10)1651; 2. Spatz et al. JBMR 28(4)856.
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Figure 1. HLS-induced decreases in trabecular BV/TV are attenuated in Sost KO.
*p<<0.05 v. WT cont.
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Figure 2. Baseline body composition in WT and Sost KO. *p<0.05 v. WT cont.
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Figure 3. Both HLS and Sost KO results in decreased quadriceps weight. *p<<0.05 v.
WT cont.

Disclosures: Andrew Krause, None.
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HDACS5 Controls MEF2C-Driven Sclerostin Production by Osteocytes.
Marc Wein*!, Jordan Spatz?, Shigeki Nishimori!, John Doench?®, David
M3, Daniel Brooks®, Mary Bouxsein®, Paola Divieti Pajevic®, Henry
Kronenbergl. "Massachusetts General Hospital, USA, ’Harvard-MIT
Division of Health Sciences & Technology (HST), USA, *Broad Institute,
USA, “Beth Israel Deaconess Medical Center, USA, *Beth Israel Deaconess
Medical Center, Harvard Medical School, USA, ®*Massachusetts General
Hospital & Harvard Medical School, USA

Osteocytes secrete paracrine factors that regulate the balance between bone
formation and destruction. Among these molecules, sclerostin (encoded by the gene
SOST) inhibits osteoblast function, and is an osteoporosis drug target. The molecular
mechanisms underlying SOST expression remain largely unexplored. To investigate
mechanisms controlling sclerositn production by osteocytes, we have developed a
system in which lentiviral-mediated shRNA gene silencing can be used to interrogate
candidate gene function in vitro using Ocy454 cells, a novel murine osteocytic cell line.
Here, we report that HDACS negatively regulates sclerostin levels in osteocytes, both
in vitro and in vivo. HDACS shRNA increases, whereas HDACS overexpression
decreases SOST expression, as assessed by RT-qPCR and ELISA in Ocy454 cells.
Micro-CT shows that 8 week old female global HDACS5-/- mice have 32.4% lower
trabecular BV/TV in the distal femur than WT controls. The bones of the HDACS5-/-
mice show increased levels of SOST mRNA (83% increase from calvarial RNA
assessed by RT-qPCR compared to wild type littermates), a greater fraction of
sclerostin-positive cortical osteocytes (61.4% positive in WT mice, 85.2% positive in
HDACS5-/- mice), and decreased Wnt activity (based on RT-qPCR for for AXIN2 and
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immunohistochemistry for non-phosphorylated beta-catenin). In Ocy454 cells, Hdac5
binds and inhibits the transcriptional activity of Mef2c, a transcription factor crucial
for SOST expression, based on co-immunoprecipitation and luciferase reporter
assays. HDACS deficiency leads to increased Mef2c association and histone 3 lysine
27 acetylation at a conserved SOST enhancer 45 kB downstream from the gene’s
transcription start site, as assessed by chromatin immunoprecipitation. MEF2C
shRNA abrogates increased sclerostin secretion due to HDACS5 knockdown. Finally,
endogenous Hdac5 associates with this same enhancer region by chromati
immunoprecipitation in Ocy454 cells, suggesting direct regulation of SOST gene
expression by Hdac5 in osteocytes. Taken together, these results demonstrate that
HDACS functions in osteocytes as a negative regulator of MEF2C-driven sclerostin
production. Studies are ongoing to determine the upstream signals that regulate
HDACS function in these cells.

Disclosures: Marc Wein, None.
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Ift80 balances canonical and non-canonical hedgehog signaling pathways
during osteoblast differentiation and bone development. Xue Yuan*!,
Shuying Yang®. 'University At Buffalo, USA, *State University of New
York At Buffalo, USA

Increasing studies have shown that intraflagellar transport (Ift) proteins play
crucial roles in bone development and remodeling. Ift80 is one of the Ift complex B
proteins. Partial mutations of [f¢80 in humans cause two diseases: Jeune asphyxiating
thoracic dystrophy and short rib polydactyly type I1I with severe bone abnormalities.
Our previous in vitro study demonstrated that Ift80 regulates osteoblast (OB)
differentiation likely through the Hedgehog (Hh) signaling pathway. We further
characterized the role and mechanism by which Ift80 regulates Hh canonical and non-
canonical signaling pathways, OB differentiation and bone development in vivo. We
generated /f180 conditional knockout mice (If180"°*/"°¥) and specifically deleted If180
in OB precursor cells (OPCs) by using the osterix-Cre (Osx-cre) transgenic line. We
found that the OB-specific deletion of [fz80 resulted in apparent growth retardation,
markedly lower bone mass and longer hypertrophic cartilage. About 70% of OPCs
derived from the If180"°*/"*|Osx-cre calvaria bone had either lost or shorten cilia.
Compared to the If180"% cells,  Ift80""°*/"°*|Osx-cre cells completely lost
osteogenic capacity and had significantly less ALP activity. Deletion of Ift80
dramatically reduced the expression of BMP2, Osx, osteocalcin and RUNX2. Ectopic
expression of BMP2 or RUNX2 partially restored the osteogenic differentiation
ability in If180"*"*|Osx-cre OPCs. Moreover, deletion of /80 significantly inhibited
the transcription of the Hh target genes Glil and Patched, and the signaling activity of
Gli2, a critical transcriptional factor in Hh canonical signaling pathway; but
dramatically elevated the activity of RhoA, the important downstream effector of
non-canonical Hh signaling pathway. The cells with overactive RhoA had greater
stress fiber density, which inhibited OB differentiation. Either the reorganization of
the stress fibers with cytochalasin D or the inhibition of G,; or phosphoinositide 3-
kinase with pertussis toxin or LY294002, resPectively, partially rescued the deficiency
of osteogenic differentiation in If180""*/"*/Osx-cre OPCs by blocking RhoA
activation. Our results revealed a new mechanism through which Ift80 balances the
Hh-Gli2 canonical and Hh-G,;-RhoA non-canonical pathways in OB differentiation
using an in vivo genetic model. Thus, IFT80 could be a potential therapeutic target for
the treatment of bone diseases.

Disclosures: Xue Yuan, None.
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A subset of mesenchymal stem/progenitor cells responds to stress and constitutes
a major source of new osteoblasts during fracture repair in vivo. Dongsu Park*!,
Joel A. Spencer?, Charles P. Lin? David T. Scadden®. 'Baylor College of
Medicine, USA, *Wellman Center for Photomedicine & Center for Systems
Biology, Massachusetts General Hospital, USA, *Center for Regenerative
Medicine, Massachusetts General Hospital, Harvard Stem Cell Institute,
USA

The constant remodeling of the mammalian skeleton has been long hypothesized to
be dependent on the presence of mesenchymal stem cells (MSCs) with unknown in vivo
identity. Despite recent progress in uncovering in vivo MSC markers, such as Nestin or
aSMA, the substantial heterogeneity and wide tissue distribution of these markers
hamper in vivo demonstration of stem cell identity and multi-lineage potential. In
particular, the physiologic locations of true MSCs and their contribution to fracture
repair have not been clearly elucidated. We have previously shown that transient
activation of the myxovirus resistance-1 (MxI) promoter genetically marks MSC-like
cells in vivo. While they meet the current definitions of MSC in vitro, the MxI" stem/
progenitors exhibit osteo-lineage restricted in vivo. Here, we demonstrate in vivo
characteristics and dynamics of endogenous skeletal stem/progenitor cells (SSPCs) in
bone repair. The combination of osteo-lineage cell tracing models and time-lapse
intravital imaging of induced microfractures revealed the relocation of endogenous
MxI" SSPCs to fracture sites during the first few days after injury, in which critical
events in the early repair process occur. Notably, sequential in vivo imaging of SSPCs in
the fracture site of MxI/Nestin-GFP or MxI/o.SMA-GFP dual reporter mice revealed
that MxI* Nestin— SSPCs rather than Nestin-GFP" perivascular cells are the source of
new osteoblasts during fracture healing in vivo. Surprisingly, these MxI* SSPCs are
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aSMA-GFP positive, suggesting that the combination of Mx/ and «SMA distinguish
endogenous SSPCs from other mesenchymal populations in bone marrow. Our findings
further define in vivo identification of skeletal stem/progenitor cells with physiological
roles in bone remodeling and regeneration. These data indicate that a subset of MSCs is
much more dynamic than other populations and is highly influenced by physiologic
selection pressures.

Disclosures: Dongsu Park, None.
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Diacylglycerol kinase N (DGKN) is a critical regulator of bone homeostasis
by modulating c-FOS levels in osteoclasts. Ali Zamani*', Pamela Hesker?,
Justus Katungi®, Roberta Faccio®. 'Department of Orthopedics,
Washington University, St. Louis, Missouri, USA, *Washington
University in St Louis School of Medicine, USA, *Washington University
in St.Louis-Orthopaedic Surgery Department, USA, *Washington
University in St Louis School of Medicine, USA

Although PLCy2 is a critical modulator of osteoclast (OC) development under
inflammatory conditions, its high homology with PLCyl renders PLCy2 specific
targeting difficult. In contrast, diacylglycerol (DAG), a downstream product of
PLCy2 catalytic activity, is strictly controlled by tissue specific diacylglycerol kinases
(DGKs), which convert DAG into phosphatidic acid. Since we have previously shown
that DAG controls OC functions, we sought to examine the role of DGKs in bone
homeostasis. DGK{ was the most highly expressed isoform in bone marrow derived
macrophages (BMMs) and OCs. Strikingly, DGK( deficiency resulted in a substantial
osteoporotic bone phenotype, with sparse trabecular pattern, thinning of the cortical
bone, and a marked increase in periosteal OCs. The severity of the bone phenotype
was exacerbated using the serum-induced model of arthritis, which led to extensive
joint osteolysis in DGK{-/- mice compared to WT. In vitro, DGK{-/- BMMs formed
higher number and larger OCs with increased resorptive capacity, as further
documented by increased expression of markers associated with differentiation,
fusion, and resorption. Surprisingly, while no differences in RANKL signaling were
noted, M-CSF stimulation induced a significant increase in c-FOS protein levels in
DGK({-/-cells compared to WT. Because DGK( deficiency leads to DAG accumula-
tion, we hypothesized that M-CSF enhanced ¢-FOS levels via DAG. Indeed, MCSF
induced a time dependent accumulation of DAG with significantly higher levels in
DGKC{-/- cells compared to WT. To demonstrate the impact of DAG on c¢c-FOS
expression, we exposed WT cells to PMA, a DAG analog, and found dose-dependent
elevation of ¢-FOS. Furthermore, a ¢-FOS luciferase reporter driven by the DAG
responsive element (TRE) rapidly induced c-FOS expression. Finally, to demonstrate
the relevance of M-CSF/DAG/c-FOS signaling in osteoclastogenesis, we turned to
PLCy2+/- BMMs, which have reduced DAG production and fewer OCs. We
hypothesized that genetic deletion of DGK({ in PLCy2+\- mice would rescue OC
formation by restoring DAG levels. Indeed, the OC defect observed in PLCy2+/-
cultures was rescued by the deletion of DGK{. To our knowledge, this is the first
report demonstrating that DGK( is a critical regulator of bone homeostasis by
controlling c-FOS levels downstream of M-CSF. Together this data demonstrates that
modulation of DGK( activity could lead to new promising therapeutic strategies for
pathological bone loss.

Disclosures: Ali Zamani, None.
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FoxO1 inhibits bone mass accrual through its expression in neurons of the
locus coeruleus. Daisuke Kajimura*, Gerard Karsenty. Columbia
University, USA

Congruent lines of investigation have identified the broadly expressed transcrip-
tion factor FoxOl as a mediator of multiple physiological processes in a wide variety
of organs. Moreover, biochemical studies have shown that phosphorylation of FoxO1
in response to extracellular signals prevents its nuclear translocation and therefore
decreases its transcriptional activity. This aspect of FoxO1 biology is relevant to the
regulation of bone mass because the hormone adiponectin triggers the phosphoryla-
tion of FoxO1 in neurons of the locus coeruleus and it is thought that this may be one
mechanism whereby adiponectin inhibits sympathetic nervous system output. To
determine if it is the case and to elucidate how FoxO1 might regulate the sympathetic
tone we generated and analyzed mice lacking FoxO1 only in neurons of the locus
coeruleus (FoxOlIyc..). When compared to littermate controls, FoxOI .. mice
demonstrate, at all time points analyzed, a marked decrease in the activity of the
sympathetic nervous system as determined by measuring norepinephrine content in
the brainstem, urinary elimination of epinephrine, and expression of Ucp! in brown
adipose tissue. As a consequence of this decrease in the activity of the sympathetic
nervous system, FoxOI ;.. mice experience a high bone mass phenotype because of a
decrease in bone resorption and an increase in bone formation parameters. To
understand how FoxOl could exert such a significant influence on the sympathetic
regulation of bone mass we performed a gene expression survey. This analysis
identified Dbh, a locus coeruleus-specific gene that encodes the initial and rate-limiting
enzyme in the synthesis of catecholamines, as being down regulated in the FoxOI ..
mice. A molecular study showed that FoxOl binds to and trans-activates the
promoter of Dbh. These results uncover the first transcriptional mechanism
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responsible for the sympathetic regulation of bone mass and identify a novel, long
range, mechanism whereby FoxOl1 regulates bone mass in vivo.

Disclosures: Daisuke Kajimura, None.
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Rare Protein-Coding Variants Are Associated with Osteoporotic Fracture: An
Exome-Chip Analysis of 44,130 Adult Caucasians in CHARGE and GEFOS
Consortia. Yi-Hsiang Hsu*!, Karol Estrada®, Paul Leo>, Alexander
Teumer®, Ching-Ti Liu’, Emma Duncan®, HouFeng Zheng’, Ryan
Minster®, Leo-Pekka Lyvytikiiinen’, Najaf Amin'®, Ruben Pengelly'!,
Raquel Cruz Guerrero'?, Janja Marc'?, Carrie Nielson'?, Laura Yerges-
Armstrong'®, Melina Claussnitzer'®, Ling Oei'”, NM_van Schoor'®, Carolina
Medina-GomeZw, Yanhua Zhouzo, Chao-Ho Cheng?!, Yongmei Liu??, Uwe
Volker*, Mika Kahonen®, Cyrus Cooper**, Andre Uitterlinden®, Anke
Hannemann?®’, David Karasik?’, Simona Mencej-Bedrac?®, Jose Antonio
Riancho Moral®’, John Holloway'!, Terho Lehtimiiki’, Rebecca Jackson™,
L Adrienne Cupples®, Tamara Harris®', Henri Wallaschofski32, Fernando
Rivadeneira®®, Brent Richards®*, Daniel Chasman®’, Matthew Brown>°,
Douglas Kiel®”. "Hebrew SeniorLife Institute for Aging Research & Harvard
Medical School, USA, 2Analytic & Translational Genetics Unit,
Massachusetts General Hospital, USA, *University of Queensland
Diamantina Institute, Brisbane, Australia, Australia, 4Interfaculty Institute
for Genetics & Functional Genomics, University of Greifswald, Germany,
SBiostatistics Dept. Boston University, USA, ‘Royal Brisbane & Women’s
Hospital, Australia, 'Departments of Medicine, Human Genetics,
Epidemiology & Biostatistics, McGill University, Canada, *Department of
Human Genetics & Epidemiology, Graduate School of Public Health,
University of Pittsburgh, USA, *Department of Clinical Chemistry, Fimlab
Laboratories, Finland, 10Departmem of Epidemiology, Erasmus Medical
Center, Netherlands, '"Human Genetics & Genomic Medicine, University of
Southampton Faculty of Medicine, United Kingdom, '*University of
Santiago de Compostela, Spain, '*Division of Clinical Biochemistry,
University of Ljubljana, Slovenia, "“Oregon Health & Science University,
USA, 'SUniversity of Maryland School of Medicine, USA, "*Hebrew
SeniorLife, Institute for Aging Research & Harvard Medical School, USA,
Erasmus University Medical Center, The Netherlands, 'SDepartment of
Epidemiology & Biostatistics, the EMGO Institute of Health & Care
Research, Netherlands, 'Erasmus Medical Center, The Netherlands,
20Boston University, USA, 2'Hebrew SeniorLife Institute for Aging
Research, USA, *?Center for Human Genetics, Division of Public Health
Sciences, Wake Forest School of Medicine, USA, 23Department of Clinical
Physiology, University of Tampere School of Medicine, Finland, **University
of Southampton, United Kingdom, >Rm Ee 575, Genetic Laboratory, The
Netherlands, *Institute of Clinical Chemistry & Laboratory Medicine,
University Medicine, Germany, 2"Hebrew SeniorLife; Bar Ilan University,
USA, ZFaculty of Pharmacy, University of Ljubljana, Slovenia, *’Hospital
U.M. Valdecilla-IFIMAYV, University of Cantabria, Spain, The Ohio State
University, USA, *'Intramural Research Program, National Institute on
Aging, USA, *Institute of Clinical Chemistry & Laboratory Medicine,
Institute for Community Medicine, University Medicine Greifswald,
University of Greifswald, Germany, *Erasmus University Medical Center,
The Netherlands, **McGill University, Canada, **Brigham & Women’s
Hospital & Harvard Medical School, USA, 3Diamantina Institute of Cancer,
Immunology & Metabolic Medicine, Australia, "Hebrew SeniorLife, USA

Osteoporotic fracture (FX) is heritable (BMD-adjusted heritability: 35%~69% in
European descent Caucasians), suggesting that genetic variants contribute to FX risk
independent of BMD. Among 56 previously reported BMD associated genome-wide
significant (GWAS) loci, only 6 were also genome-wide significantly associated with
FX risk. Most of these GWAS SNPs are likely to be in LD with un-genotyped causal
variants responsible for underlying fracture susceptibility. Thus, identifying causal
variants is a necessary step to study the underlying biology of FX risk. The availability
of new exome genotyping chips with 235,933 protein-coding variants (non-
synonymous, splice sites and stop altering SNPs selected from ~18,000 genes)
provides a feasible way to identify causal variants in the exome. We conducted an
exome-chip analysis to identify novel functional coding variants that are associated
with FX risk. The exome-chip was genotyped in 10 Cohort studies comprising 44,130
adult Caucasians participants (8,781 FX cases and 35,349 controls; 86% female). FX
(excluding fingers, toes, skull, pathological fractures and those resulting from high
trauma) phenotypes were obtained by interview and confirmed in most studies
through medical record review. Since observed MAF of most genotyped variants
(78%) was = 1%, we performed gene-based collapsing tests (allele-count and SKAT
tests) in each study to identify rare coding variants (MAF = 1%) associated with FX.
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Covariates adjusted in the models included age, age2, sex, weight, height, ancestral
genetic background, sub-cohorts and estrogen use. For family-based studies, a kinship
matrix was incorporated into test statistics to take into account within-family
correlations. An inverse-variance fixed effect meta-analysis (seqMeta package) was
used to combine results from 10 studies. The most significant association was found in
the PPM1J gene (p=7.6x10""%). Other novel associations that achieved genome-wide
significance (p < 4.2x10°°, Bonferroni correction) were found in WAC, DAZL,
MRPS23 and SMPDL3B genes. We also performed single variant association
analysis for variants with MAF > 1%. The most significant, novel association was
found for a missense variant, SNP K450E in SLEN14 gene (p=7x10"°). Other strong
associations (p < 5x10°°) were found for previously reported loss-of-function variants
V667M and A1330V in LRPS5 and a common variant in SLC25413. In summary, our
analysis identified novel, rare, missense variants associated with FX. A larger exome-
chip meta-analysis with an additional ~20,000 samples is underway to increase the
statistical power of identifying coding functional variants.

Disclosures: Yi-Hsiang Hsu, None.
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Osteoblast-specific Overexpression of Human WNT16 Increases both
Cortical and Trabecular Bone Density and Improves Bone Structure in Mice.
Imranul Alam*, Mohammed Alkhouli, Rita O’Riley, Weston Wright, Dena
Acton, Amie Gray, Michael Econs. Indiana University School of Medicine,
USA

Previous genome-wide association studies have identified common variants in
genes associated with bone mineral density (BMD) and risk of fracture. Recently, we
identified SNPs in WNT16 that were associated with peak BMD in premenopausal
women. To further identify the role of WNT16 in bone mass regulation, we created
transgenic (TG) mice over-expressing human WNTI16 in osteoblasts on B6
background using 2.3-kb rat Collal promoter. We compared bone phenotypes and
performed serum biochemistry analysis between TG and wild-type (WT) mice.
Compared to WT mice, WNT16-TG mice exhibited significantly higher (p<<0.0001)
whole body aBMD (16-21%) and BMC (16-28%) at 6 and 12 weeks of age in both
male and females. pCT analysis of trabecular bone at distal femur revealed 3-fold
(male) and 14-fold (female) higher (p<<0.0001) BV/TV, 31% (male) and 74% (female)
higher Tb.N, 52% (male) and 99% (female) higher Tb.Th but 29% (male) and 46%
(female) lower Tb.Sp in TG mice compared to WT littermates (Figure 1). The cortical
bone at midshaft femur also showed 22% (male) and 14% (female) higher (p<<0.005)
BA/TA and 14% (male) and 8% (female) higher cortical thickness in the TG mice
(Figure 1). Serum biochemistry analysis at 12 weeks of age showed that both Ca and P
levels were similar between male WT and TG mice but female TG mice had 11%
higher P level and male TG mice had 20% higher serum ALP and 23% higher OC
compared to WT mice. In addition, 14% (male) and 22% (female) lower CTX/
TRAPc5b ratio was observed in TG mice compared to WT animals, suggesting that
WNTI16 affects both bone formation and resorption parameters. Also, expression of
ALP and OC genes were upregulated in male TG mice compared to WT littermates.
Our data indicate that WNT16 is critical for positive regulation of both cortical and
trabecular bone mass and structure, and that this molecule can be targeted for
therapeutic interventions to treat osteoporosis or other low bone mass and high bone-
fragility conditions.
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Disclosures: Imranul Alam, None.
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Gut Microbiota Plays a Pivotal Role in the Bone Loss Induced by Sex Steroid
Deficiency. Jau-Yi Li*!, Benoit Chassaing®, Michael Reott', Jonathan
Adams', M. Neale Weitzmann', Andrew Gewirtz?>, Roberto Pacifici'.
"Emory University School of Medicine, USA, >Center for Inflammation,
Immunity & Infection, Georgia State University, USA

Postmenopausal osteoporosis results, in part, from the chronic inflammatory state
caused by sex-steroid deficiency. One of the involved mechanisms is increased
production of TNFa by activated T cells but the nature of the antigens (Ags) driving T
cell activation is unknown. The intestine contains trillions of microbes known as the
microbiota. The microbiota is crucial for the induction, training, and function of the
host immune system, contributes to inflammatory processes, and regulates bone mass
accrual. To determine the role of microbiota to the bone loss of sex-steroid deficiency,
germ-free (GF) mice and mice housed in standard conditions (control mice) were
treated with vehicle or Leuprolide, a GN-RH agonist that blocks sex-steroid
production mimicking ovariectomy, at 375 ug/month for 10 weeks starting at 10
weeks of age. Before euthanizing, fecal DNA was subjected to quantitative PCR to
confirm GF status. Attesting to successful induction of hypogonadism, Leuprolide
markedly decreased the weight of the uterus and ovaries in all mice. pCT analysis at
sacrifice revealed that GF mice had a higher trabecular bone volume (BV/TV), and
cortical bone volume (Ct.Vo) in the distal femur and the spine, as compared to
controls. Demonstrating a role for gut microbiota, Leuprolide caused a greater bone
loss in control mice than in GF mice in all regions of interest. The difference in
Leuprolide-induced loss of bone volume between control and GF mice was ~20 % in
the spine, ~27 % in the femoral metaphysis, ~30 % in the femoral epiphysis and ~38 %
in the femoral cortex. Serum levels of CTX, a marker of bone resorption, were
increased ~2-fold by Leuprolide in control but not in GF mice. GF mice had a ~50 %
smaller increase in bone marrow (BM) cells than control mice in response to
Leuprolide. Moreover, Leuprolide increased the frequency of TNFo+CD4+ and
TNFo+CD8+ T cells in the BM in control mice but not in the BM of GF mice. In
summary these findings demonstrate that gut microbiota plays a significant role in
inducing bone loss and increasing bone turnover in sex-steroid deficient mice by
providing the Ags required for BM T cell expansion and increased TNFo production.
We suggest that the composition of gut microbiota may be involved in regulating the
magnitude of bone loss experienced by postmenopausal women.

Disclosures: Jau-Yi Li, None.
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Blood-circulating microRNAs are indicative of Fractures at the Femoral
Neck in post-menopausal Women. Matthias Hackl*', Susanna Skalicky',
Sylvia Weilner?, Peter Dovjak>, Peter Pietschmann®, Johannes Grillari®.
'TAmiRNA GmbH, Austria, >Department of Biotechnology, University of
Natural Resources & Life Sciences Vienna, Austria, 3Salzkammergut—
Klinikum Bad Ischl, Gmunden, Vocklabruck, Austria, 4Department of
Pathophysiology & Allergy Research, Medical University of Vienna,
Austria

Osteoporosis is characterized by a systemic reduction in bone mass leading to
increased bone fragility and consequently elevated risk of bone fractures. Several
guidelines have been introduced to assist the assessment of fracture risk, such as the
integration of basic clinical parameters with bone mineral density (BMD). However,
individualized fracture risk assessments based on genetic analyses have not yet been
implemented in the clinical praxis.

Recently, microRNAs (miRNAs) have been identified to be secreted into the
bloodstream from cells of various tissues, thus, possibly indicating local pathological
processes. In addition, proof exists that miRNAs play an important role in the control
of homeostasis between bone anabolism and catabolism (“osteomiRs’’). However, it is
not well established whether imbalances in bone remodeling are also reflected in the
levels of circulating miRNAs, and could therefore be utilized as non-invasive
biomarkers of osteoporosis.

In this study we describe the use of miRNA gqPCR arrays for quantification of 175
microRNAs in serum samples obtained from 7 patients with recent osteoporotic
fractures at the femoral neck (FN), and 7 age-matched control samples (C).
Differential expression analysis was performed by non-parametric analysis and p-
values were adjusted for multiple testing using BH false-discovery rate. Under these
conditions 6 microRNAs reached significance of adj.p < 0.05 (Fig. 1), of which 4 have
previously been described as osteomiRs. For example, miR-133b, which is known to
regulate osteogenic differentiation by repression of RUNX2 transcription factor, was
found down-regulated in recently fractured patients, while miR-10a, which is targeting
inhibitors of osteogenesis, was found up-regulated.

The potential use of these microRNAs as markers of osteoporotic fractures was
confirmed by ROC analyses and calculation of AUC values (Fig. 2). All miRNAs
were further assessed by overexpression and knockdown in an in vitro model of
osteogenic differentiation using adipose tissue-derived stem cells.

Overall, these data provide first proof that circulating microRNA levels are altered
in post-traumatic patients suffering from osteoporosis, and that these microRNAs
might be involved in the regulation of bone metabolism. Future studies will show,
whether this knowledge can be used to improve current diagnostic methodologies to
predict fracture risk and treatment response in osteoporosis patients.
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Disclosures: Matthias Hackl, TAmiRNA GmbH, 9
This study received funding from: TAmiRNA GmbH
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Whnt-LrpS signaling regulates fatty acid metabolism in the osteoblast. Julie
Ml, Zhu Li', Jessica Ellis!, Charles Farber’, Susan Aja', Michael
Wolfgang', Thomas Clemens®, Ryan Riddle*!. 'Johns Hopkins University
School of Medicine, USA, 2University of Virginia, USA, 3Johns Hopkins
University, USA

The interaction of Wnt ligands with frizzled receptors and the closely-related Lrp5
and Lrp6 co-receptors is critical for many aspects of osteoblast function. In this
study, we identify a previously unrecognized Wnt-dependent function unique to the
Lrp5 co-receptor that enables osteoblasts to oxidize fatty acids. Mice lacking the Lrp5
co-receptor specifically in osteoblasts and osteocytes exhibit the expected reductions
in postnatal bone mass but also develop an increase in body fat with corresponding
reductions in energy expenditure. These changes in body composition and
metabolism were not the result of deviations in glucose metabolism, as random fed
and fasting glucose measurements, as well as formal glucose and insulin tolerance
testing, revealed normal responses in the LrpS mutant mice. Rather, genetic ablation
of Lrp5 in bone cells was associated with increased levels of plasma triglycerides and
free fatty acids, without changes in the metabolic profile of the liver, muscle, or brown
adipose. These phenotypes were not observed in mice lacking the Lrp6 co-receptor in
osteoblasts and osteocytes. However, the development of visceral fat was correlated
with the functional activity of Lrp5 in osteoblasts, as mice engineered to express a
high-bone mass mutant Lrp5 allele (LRP5!7!V) in bone are leaner than controls with
reduced plasma lipid levels. In this context, Wnt-initiated signals downstream of Lrp5
regulate the expression of key enzymes required for fatty acid B-oxidation as
microarray analysis of mRNA isolated from Lrp5-deficient calvarial osteoblasts and
quantitative PCR analysis of samples collected from the long bones of mutant mice
revealed reductions in the expression of Acsll, Acadl, Acads, Acadvl, and Cptlb, the
rate-limiting enzyme in fatty acid oxidation. Moreover, oxidation of oleate was
significantly reduced in cultures of Lrp5-deficient osteoblasts, while acute stimulation
with Wnt10b or LiCl enhanced the expression of enzymatic mediators of fatty acid
oxidation and the oxidation of oleate by wild-type osteoblasts in vitro. Together, our
data suggest a direct link between bone cell metabolism and whole-body energy
expenditure and that Wnt-Lrp5 signaling regulates basic cellular activities beyond

those associated with fate-specification and differentiation in bone. We speculate that
therapeutic approaches designed to stimulate bone formation by targeting Wnt-Lrp5
signaling may also positively influence whole-body metabolism.

Disclosures: Ryan Riddle, None.
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The GABAgR1 Modulates Skeletal Actions of Chronic Hyperparathyroidism
by Controlling PTH Secretion and Ca>*-responsiveness of The Parathyroid
Glands. Hanson Ho', Jenna Hwong', Alfred Li', Christian Santa Maria',
Zhigiang Cheng', Amanda Herberger', Chia-Ling Tu', Jean-Pierre
Vilardaga®, Wenhan Chang*'. 'Endocrine Research Unit, Department of
Veterans Affairs Medical Center, University of California San Francisco,
USA, *University of Pittsburgh, School of Medicine, USA

To define the mechanisms underlying the enhanced PTH secretion and the right-
shifted Ca®" set-point in the inhibition of PTH secretion in the primary
hyperparathyroidism (HPT), we generated a mouse model (PTC-CaSR-Het) with
heterozygous knockout (KO) of the calcium-sensing receptor (CaSR) gene targeted
specifically to parathyroid cells (PTCs). These mice showed elevated serum Ca** (sCa)
and PTH (sPTH) levels and increased body weights and produced skeletal anabolism
as indicated by increases in bone size (Tb.TV), trabecular (Tb) bone mass (Tb.BV/
TV), and number (Tb.N) by micro-computed tomography (UCT) (see Table below).
We further found that PTCs express the type B y-aminobutyric acid (GABA) receptor
1 (GABAgR1), which is another member of family C GPCR and has strong structural
homology to the CaSR. By fluorescence resonance energy transfer (FRET) and
bimolecular fluorescence complementation (BiFC) technologies, we confirmed that
the CaSR and GABAgR1 form strong heteromeric protein complexes in HEK-293
cells transfected with the cDNAs of the fluorescent protein-tagged receptors. To test
whether the GABAgR1 critically mediate PTH secretion and alter Ca®*-responsive-
ness of PTCs at basal and HPT states, we compared sCa®" and sPTH levels and
skeletal phenotypes among PTC-CaSR-Het mice, PTC-GABAgR1-Hom mice, which
have both alleles of Gabbrl genes deleted in PTCs, double PTC-CaSR-Het/
GABAgR1-Hom KO (DKO) mice, and their control (Cont) littermates. The secretory
capacities and Ca®" set-points of parathyroid glands (PTGs) cultured from these mice
were also assessed. Interestingly, the PTC-GABAgR 1-Hom mice showed reduced sCa
and sPTH levels and decreases in body weight, bone size (Tb.TV), Tb bone mass
(Tb.BV/TV), and thickness (Tb.Th) (Table below). Furthermore, the mineral and
skeletal phenotypes of PTC-CaSR-Het and PTC-GABAgRI1-Hom mice were
mutually alleviated in the DKO mice. PTGs cultured from the PTC-CaSR-Het mice
showed a profound increase in the maximal secretion (3-4 fold) and a right-shift in
Ca®* set-points from 1.3 to 1.5 mM vs Cont PTGs (see Figure below), but these effects
were completely abrogated by concurrent ablation of the Gabbrl genes in the PTGs of
the DKO mice. Our data support the concept that the parathyroid GABAgRI1
critically control mineral and skeletal homeostasis at basal and HPT states by
promoting PTH secretion and by inhibiting the Ca®*-responsiveness of PTCs
potentially by physically interacting with the CaSR.

Ganotype sPTH, sCa, Body wt Th. TV Th.BVITV Th.N Tb.Th
palmL mglidL gm mm® % pm
Cont 172411 9.6110.08 283204 2.07+0.05 10.0£0.4 4.64:0.09 | 39507
CaSR-Het 219219° | 10.9120.15*° | 30.320.9* | 2 3440.08** | 13.0£1.2° | 5.2820.12* [ 42315
GABAGR1-HOM | 115£8* | 0.4240.04** | 253+0.4* | 1.8620.03*° | 8.820.5° 4802017 | 355207+
DKO 130424 10.0120.24* | 296212 2.04+0.05 10.320.1 428017 38.8+1.4

* p<0.05; **p<0.01 compared to control mice (Cont) DKO: PTC-CaSR-Het/GABABR 1-Hom double KO mice

Table: Mineral and skeletal phenotypes of the PTC-specific gene KO mice.
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Figure: PTH secretion and Ca dose response curves in cultured PTGs

Disclosures: Wenhan Chang, None.

20z IMdy gz uo 1senb Aq /6/86G//1S/LS/6Z/80nle/iwql/wod dno-olwspeoe//:sdiy woly pepeojumo(



ASBMR 2014 Annual Meeting

1033

ERRalpha, a pro-Bone metastatic factor : Implication in metastatic Niche
and prostate Cancer Stem Cells phenotype. Mathilde Bouchet!, Anais
Fradet!, Carine Delliaux?, Lamia Bouazza', Francesco Pantano', Xavier
Ler0y3, Akeila Bellahcene®*, Vincent Castonov04, Philippe A.R. Clezardin’,
Martine Duterque-Coquillaud®, Edith Bonnelye*®. 'INSERM1033,
France, 2CNRS UMRSI161, France, >Institut de Pathologie-Centre de
Biologie-Pathologie, France, “University of Liege, Belgium, ’INSERM &
University of Lyon, France, SFaculte de Medecine RTH Laennec, France

Up to 80% of patients dying from prostate carcinoma have developed bone
metastases that are incurable. Because we found the orphan nuclear receptor ERRa
(Estrogen receptor related receptor alpha) expressed in bone metastases from prostate
cancer patients, we modulated its expression in PC3 cells. We showed that human PC3
cells over-expressing wild-type ERRa (PC3-ERRa) increased rapidly and dramati-
cally, in 3 weeks only, osteolytic bone lesions in SCID mice (n=10) (1,204 0,34* for
osteolysis (mm?2) and 18,5+ 5,4** for skeletal tumor burden (TB/STV)(%)) compared
to that observed with PC3-CT cells (0,49 +0,22 (osteolysis) and 2+ 0,73 (TB/STV)).
Surprisingly bone destruction was combined with new bone formation, as 70% of the
metastatic limbs that were bearing PC3-ERRa cells had mixed lesions compared with
CT-PC3 that only developed osteolytic lesions. Osteoclasts were directly affected in
vivo and in vitro which was associated with the stimulation of pro-osteoclastic factors
mRNA of Cox2, MMPI1, RANK, and Cathepsin K by PC3-ERRa. On the other
hand, a statistical stimulation of bone formation in calvaria culture and in MC3T3
was observed when cells were co-cultured with PC3-ERRa compared to PC3-CT.
That was combined with the up-regulation of ET1, Wnt3a and Wnt5a mRNA and
protein by PC3-ERRa which may explain the occurrence of bone formation in the
skeletal lesions. Interestingly, tumoral microenvironment was also affected by PC3-
ERRa cells, as mouse periostin (POSTN), was over-expressed by the cancer-
associated-fibroblasts in vivo which was probably due to the fact that TGFb2 was
stimulated in PC3-ERRa cells in vitro and in vivo. Moreover, we found that over-
expressing ERRa in PC3 inhibits spheres formation (in presence or absence of
POSTN) which was associated with a decrease in the enforcers of the stem cell
phenotype and pluripotency Nanog and Oct4 expression in vivo. Finally we showed
that elevated expression of ERRa mRNA in prostate carcinoma (cohort of 60
patients) is also associated with high level of ET1, Cox2, POSTN and Wnt5a. In
conclusion, our data provided for the first time evidence that ERRa can promote both
osteolysis and osteosclerosis in animal models of prostate cancer bone metastases via
the stimulation of pro-osteoclastic and pro-osteoblastic factors. These data also
suggest an implication of ERRa in the stromal niche via the TGFb2/POSTN/Wnt
signaling and in the inhibition of the self-renewal capacity and pluripotency of tumor
cells.

Disclosures: Edith Bonnelye, None.
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WNTS5A Inhibits Skeletal Metastases of Prostate Cancer in Mice and Is
Associated with a Longer Patient Survival. Stefanie Thiele*!, Andy Gobel?,
Sandra Higpaufz, Tilman D. Rachner?, Michael Muders?, Susanne
Fuessel®, Ricardo Bernhardt®, Franz Jakob® Martina Rauners, Lorenz
Hofbauer®. lGermany, 2Uniklinikum Dresden, Germany, 3Technische
Universitdt Dresden, Germany, *University of Wiirzburg, Germany,
SMedical Faculty of the TU Dresden, Germany, °Dresden University
Medical Center, Germany

Prostate cancer is the most common cancer type in elderly men and often
metastasizes to bone in advanced stages. Early detection could therefore help to
prevent cancer progression and skeletal metastases. Thus, it is important to find
prognostic markers that predict the aggressiveness of prostate cancer. Wnt proteins
are implicated in carcinogenesis and especially WNTS5A has been discussed to
influence the clinical outcome of various cancer types, including prostate cancer. In
addition, WNTS5A stimulates osteogenic differentiation. Hence, WNTSA may not
only be involved in prostate cancer development, but also in the formation of
subsequent skeletal metastases. Here, we determined the role of the WNT5A
expression profile in prostate cancer in vitro and in vivo.

A tissue microarray was created using a cohort of 397 mainly high-risk prostate
cancer patients who underwent radical prostatectomy, and was stained for WNTSA.
Effects of WNTS5A knock-down or overexpression on proliferation and apoptosis of
prostate cancer cell lines (PC3, C42B, MDA-PCa-2b) were examined in vitro. In vivo,
WNTSA was overexpressed in luciferase-labeled PC3 cells (PC3-Luc) which generate
osteolytic lesions. To determine the impact of WNTS5A on tumor growth PC3-Luc
cells were injected subcutaneously, intratibially or intracardially into nude mice.

Expression of WNTS5A was higher in prostate cancer patients as compared to
patients with benign prostatic hyperplasia (p<<0.05). Patients with high WNT5A levels
had a higher probability for a longer survival than those with low WNTSA expression
(p=0.025). In vitro, WNTS5A overexpression in PC3 cells reduced proliferation by 39%,
and simultaneously induced apoptosis 2-fold (as determined by caspase 3/7 activation,
annexin V/PI-positive cells, PARP cleavage, and DNA fragmentation). Knock-down
of WNTSA yielded opposite results. Similar effects were seen in C42B and MDA-
PCa-2b. In vivo, subcutaneous tumor growth and tumor growth within the bone
microenvironment was inhibited in nude mice injected with WNTSA-overexpressing

S13

PC3-Luc cells compared to mice injected with PC3-Luc cells (-90% and -85%,
p<0.05). Moreover, while 80% of the mice receiving PC3-Luc cells developed bone
metastases and bone lesions, overexpression of WNTS5A abolished this process.

These data indicate that WNTS5A exhibits anti-tumor effects in prostate cancer and
may be suitable as a prognostic marker and novel therapeutic target for prostate
cancer and associated skeletal metastases.

Disclosures: Stefanie Thiele, None.
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Modeling osteogenic sarcoma: insight into tumor initiation and progression.
Jianning Tao*, Brendan Lee. Baylor College of Medicine, USA

Osteogenic sarcoma (OS) is the most common malignant tumor of bone with a
predilection for adolescents and young adults. Human OS occurs sporadically and
bone tumor initiation and progression are poorly understood. We describe here the
generation of characterization of a genetically engineered mouse model of OS based
on conditional expression of truncated Notchl protein. All animals spontaneously
developed bone tumors including OS-like with 100% penetrance. The tumors,
developed through Rbpj-dependent canonical pathway, model human OS including
morphology, metastatic behavior, cytogenetic complexity, and genome-wide expres-
sion profiling. We demonstrated that Notch activation combined with p53 loss
synergistically accelerates OS development in mice, though p53 driven OS is not
dependent on canonical Notch signaling, revealing a dual dominance of Notch
oncogene and p53 mutation in the development of OS. Because of similarity between
murine OS and human OS, our authenticated model can be used not only to address
cancer mechanisms of OS but also as a valuable platform for developing novel
therapeutic strategies.

Disclosures: Jianning Tao, None.
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Runx2 Phosphorylation Increases Migration and Invasive Activity of Prostate
Cancer Cells and is Associated with Metastatic Disease. Chunxi Ge*',
Guisheng Zhao?, Xiang Zhao?, Yan Li°, Hui Li’, Binbin Li’, Giuseppe
Pannone®, Pantaleo Buf04, Angela Santoro“, Francesca Sanguedolce®,
Simona Tortorella®, Marilena Mattoni®, Silvana Papagerakis®, Evan
Keller®, Renny Franceschi®. "Pom Univ of Michigan School of Dentistry,
USA, *University of Michigan School of Dentistry, USA, *University of
Michigan, USA, “University of Foggia, Italy, *University of Michigan
School of Medicine, USA

The osteogenic transcription factor, Runx2, is abnormally expressed in prostate
cancer where it stimulates expression of several metastasis-associated genes. During
normal bone development, Runx2 transcriptional activity is activated by signals
known to be hyperactive in prostate cancer including the ERK/MAP kinase pathway,
which phosphorylates Runx2 at Ser 301 and Ser 319. This study examines the role of
these phosphorylation sites in Runx2-dependent activation of metastasis-associated
gene expression, in vitro migration and invasive activity of prostate cell lines as well as
the relationship between Runx2 phosphorylation and tumor stage. Runx2 was
preferentially expressed in more invasive prostate cancer cell lines (PC-3> C4-2B >
LNCaP). Furthermore, the ratio of Runx2-S319-P/total Runx2 as well as P-ERK/
total ERK was greater in PC-3 and C4-2B versus LNCaP cells. Phosphorylated
Runx2 had an exclusively nuclear localization and was enriched in PC3 cultures while
total Runx2 had a cytoplasmic and nuclear distribution. Overexpression of wild type
Runx?2 increased Mmp9, Vegfa and Spp-1 mRNA and increased in vitro migratory and
invasive activity in PC-3 cells as well as the non-tumorigenic prostate cell line,
RWPEIL. In contrast, a phosphorylation-deficient Runx2 mutant (Runx2-
S301A,S319A) had greatly reduced activity. Analysis of tissue microarrays from 129
patients revealed strong nuclear staining with a Runx2-S319-P-specific antibody in
primary prostate cancers and metastases. P-Runx2 staining was positively correlated
with Gleason score and occurrence of lymph node metastases. Little or no Runx2
phosphorylation was detected in normal prostate tissue, benign prostate hyperplasia
or prostatitis indicating that Runx2 phosphorylation is closely associated with
prostate cancer induction and progression towards an aggressive phenotype.

Disclosures: Chunxi Ge, None.
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Micro-RNA-mediated Targeting of Runx2 Reduces Breast Cancer Metas-
tasis and Progression of Osteolytic Disease. Hanna Taipaleenmaki*!,
Gillian Browne?, Jacqueline Akech®, Andre Van Wijnen*, Janet Stein®,
Eric Hesse®, Gary Stein’, Jane Lian®. "University Medica Center Hamburg-
Eppendorf, Germany, “Department of Biochemistry & Vermont Cancer
Center, University of Vermont College of Medicine, USA, *University of
Massachusetts Medical School, USA, 4Mayo Clinic, USA, >Vermont
Cancer Center, University of Vermont College of Medicine, USA,
SUniversity Medical Center Hamburg-Eppendorf, Deu, ’University of
Vermont, College of Medicine, USA, $University of Vermont College of
Medicine, USA

Progression of breast cancer to metastatic bone disease is associated with an
aberrantly elevated expression of Runx2, which promotes the disease progression by
activating many genes involved in the ‘vicious cycle’ of cancer-induced bone disease.
Because transcription factors are not readily targetable for therapeutic intervention,
our goal was to evaluate the potential clinical use of Runx2-targeting miRNAs to
reduce tumor growth and bone metastatic burden. Expression analysis of a panel of
miRNAs regulating Runx?2 revealed a reciprocal relationship between the abundance
of Runx2 protein and two miRNAs, miR-135 and miR-203. These miRNAs are
highly expressed in normal breast epithelial cells where Runx2 is not detected, and
conversely are absent in metastatic breast cancer cell lines and tissue biopsies that
express Runx2. Reconstituting metastatic MDA-MB-231-Luc cells with miR-135 and
miR-203 reduced the abundance of Runx2 and the expression of the metastasis-
promoting Runx2 target genes IL-11, MMP-13, and PTHrP. Additionally, tumor cell
viability decreased and cell migration was suppressed in vitro. In vivo implantation of
MDA-MB-231-luc cells expressing miR-135 or miR-203 into the mammary gland,
followed by additional intratumoral administration of the synthetic miRNAs reduced
tumor growth and importantly, spontaneous metastasis to bone. Furthermore,
intratibial injection of these miRNA-expressing cells impaired tumor growth in the
bone environment, inhibited bone resorption and secondary metastasis to lung. We
conclude that miRNAs targeting Runx2 are protective against metastasis, while
deregulated expression of Runx2 in aggressive tumor cells is related to the loss of
specific Runx2-targeting miRNAs. Our studies have also demonstrated for the first
time that delivery of synthetic miRNAs is a viable therapeutic strategy to target
transcription factors for the prevention of metastatic bone disease.

Disclosures: Hanna Taipaleenmaki, None.
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Intravital 2-photon imaging reveals tumour-associated macrophages as the
cellular targets underlying the anti-tumour activity of bisphosphonates in vivo.
Michael J Rogers*l, Simon Junankar', Charles E McKenna®, Shuting
Sun?, Tri Giang Phan'. 'Garvan Institute of Medical Research, Australia,
*University of Southern California, USA

Bisphosphonate (BP) drugs target rapidly to the skeleton and are the gold standard
treatment to inhibit osteoclastic bone resorption in patients with metastatic bone
disease. BPs also decrease tumour growth and metastasis outside the skeleton in
mouse tumour models. In recent clinical trials, adjuvant treatment with zoledronic
acid alongside standard therapy also increased disease-free survival, and reduced local
tumour recurrence and soft tissue metastases in estrogen-deficient women with early
breast cancer. However, the exact mechanisms underlying these anti-tumour effects of
BPs are not known since BPs are generally considered to have little, if any, effect on
cells in soft tissues outside the skeleton other than a transient effect on circulating
monocytes. To finally answer this question we determined the cell types capable of
internalising fluorescently-labelled BP in 4T1 mammary tumours in live mice. Within
minutes of tail vein injection, intravital 2-photon imaging revealed the flow of BP into
mammary tumours via the disorganised tumour vasculature. BP then diffused into
mammary tumour tissue from leaky vessels and bound to microcalcifications that
were rapidly engulfed by F4/80" tumour-associated macrophages. Intravital imaging
of individual macrophages in tumours of live mice also revealed the uptake of BP by
pinocytosis. Flow cytometric analysis of the mammary tumours 24 hours after iv
injection of BP confirmed that cellular uptake of BP occurred predominantly by
CD11b"F4/80* macrophages, but not by tumour cells or CD11b"F4/80" tumour-
infiltrating leukocytes. BP did not accumulate in normal mammary tissue. These
studies provide conclusive evidence that, under certain circumstances, BPs can be
rapidly internalised by tumour-associated macrophages outside the skeleton. The
disorganised and leaky vasculature of tumours facilitates the local diffusion of BP and
uptake by macrophages, enhanced by the presence of microcalcifications. Given the
important role of macrophages in promoting tumour progression and metastasis, our
studies strongly suggest that the anti-tumour activity of BPs in vivo occurs via effects
on tumour-associated macrophages rather than by direct effects on tumour cells.

Disclosures: Michael J Rogers, None.
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Reduced Cortical Bone Mass in Mice with B Lymphocyte-Specific Androgen
Receptor Inactivation. Jianyao Wu*l, Anna Borjesson’, Anna Wilhelmson® N
Asa Tivesten®, Sofia Moverare Skrtic®, Claes Ohlsson®. 1Sahlgrenska
Academy, University of Gothenburg, Sweden, “Center for Bone & Arthritis
Research, Sahlgrenska Academy, Sweden, *Wallenberg Laboratory for
Cardiovascular & Metabolic Research, Institute of Medicine, Sahlgrenska
Academy, University of Gothenburg, Sweden, *Center for Bone & Arthritis
Research at the Sahlgrenska Academy, Sweden

Sex steroids are chief regulators of gender differences in the skeleton, and male
gender is one of the strongest protective factors against osteoporotic fractures. Male
mouse models with general inactivation of the androgen receptor (AR) have reduced
trabecular and cortical bone mass. Recent studies using cell-specific inactivation of the
AR demonstrate that testosterone acting via the AR in osteoblast-lineage cells
increases the trabecular bone mass. However, the AR expressing cell type mediating
the effects of androgens on cortical bone is unknown. The immune system is a crucial
regulator of bone homeostasis and it has been proposed that B and T lymphocytes are
involved in the bone-sparing effect of sex steroids. We hypothesized that the AR in
immune cells might mediate the effects of androgens on cortical bone mass. The aim
of the present study was, therefore, to determine the possible role of the AR in B and
T lymphocytes for cortical bone homeostasis using mouse models with cell-specific
inactivation of the AR.

To assess the role of the AR in T lymphocytes, we generated T cell-specific male
AR™ mice (using LCK-Cre). However, these mice had unchanged cortical bone
parameters (cortical thickness, area and volumetric bone mineral density) as analyzed
by UCT in the mid-diaphyseal region of femur. To determine the role of the AR in B
lymphocytes, we generated B cell-specific male AR™ mice (using CD19-Cre, deleting
the AR from the pre-B cell stage). Importantly, the B cell-specific AR™ mice displayed
significantly reduced cortical bone area (-13+3%, p<<0.01) and thickness (-9 +2%,
p<0.01) compared with control mice. The reduced cortical thickness was mainly
caused by reduced periosteal circumference. To validate these findings, we developed
a second mouse model with B cell-specific inactivation of the AR using Mb1-Cre mice
(deleting AR from the pro-B cell stage). These mice also had reduced cortical bone
area (-10 £ 3%, p<<0.05) and thickness (-8 + 2%, p<<0.01) compared with control mice.
In contrast, osteoblast-specific inactivation of the AR (using Osx1-Cre) did not affect
the cortical bone parameters in male mice, confirming the results from previous
osteoblast-specific mouse models.

In conclusion, we demonstrate that B cell-specific AR inactivation results in
reduced cortical bone mass. Based on these findings, we propose that the AR in B
lymphocytes may, at least partly, mediate the stimulatory effects of androgens on
cortical bone mass.

Disclosures: Jianyao Wu, None.
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T cell expression of CD40L potentiates the bone anabolic activity of PTH by
promoting osteoblastogenesis and bone formation. Jerid Robinson*!, Jau-Yi
Liz, Abdul Malik?, Michael Reott®, Lindsey Walker!, Jonathan Adams', M.
Neale Weitzmann®, Roberto Pacifici’>. 'Emory University, USA, *Emory
University School of Medicine, USA, *Emory University School of Medicine,

USA

T cells are required for intermittent parathyroid hormone (iPTH) treatment to
increase bone volume and strength. One of the involved mechanisms is increased
production of the osteogenic Wnt ligand Wnt10b by bone marrow T cells. However,
additional mechanisms might play a role. T cells provide proliferative and survival
cues to SCs through CD40L, a surface molecule of activated T cells that induces CD40
signaling in SCs. Thus a cross-talk between T cells and SCs mediated by the CD40L
contributes to maintain an adequate pool of osteoblastic cells. To investigate the role
of CD40L in the anabolic activity of iPTH 6 week old WT and CD40L-/- mice were
injected daily with vehicle or iPTH (80pg/kg/day) for 4 weeks. Femurs and spines
were then harvested and analyzed by uCT scanning. iPTH induced a lower increase in
bone volume (BV/TV) in CD40L-/- mice as compared to WT controls in both regions.
Indices of bone structures were also improved less potently by iPTH in CD40L-/-mice
than in WT mice. iPTH had similar effects in cortical bone in WT and CD40L mice,
consistent with the fact that T cells potentiate the trabecular but not the cortical
anabolic effects of iPTH. Mechanistic studies revealed that iPTH increased bone
formation more potently in WT than in CD40L -/- mice. Moreover, iPTH increased
the number of SCs, stimulated SC proliferation and differentiation, and blocked SC
apoptosis in WT mice but not in CD40L-/- mice. To investigate the specific role of T
cell expressed CD40L, T cell deficient TCRp-/- mice were subjected to adoptive
transfer of WT T cells and CD40L -/- T cells. Reconstituted mice were then treated
with vehicle or iPTH for 4 weeks. We found that iPTH induced a significant increase
in BV/TV, indices of bone structure, and bone formation in TCRp-/- mice
reconstituted with WT T cells. By contrast iPTH did not exert a significant anabolic
activity in T cell deficient mice and mice with T cells lacking CD40L expression. In
conclusion, our data show that T cell expressed CD40L potentiates the bone anabolic
activity of iPTH. Activation of CD40 signaling in SCs by T cell expressed CD40L is
required for iPTH to increase SC proliferation, differentiation and lifespan.

Disclosures: Jerid Robinson, None.
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Continuous PTH Treatment Induces Bone Loss through T Cells Produced
IL17. Jau-Yi Li*', Lindsey Walker’, Abdul Malik', Michael Reott?,
Jonathan Adams®, M. Neale Weitzmann', Roberto Pacifici'. IEmory
University School of Medicine, USA, Emory University, USA, *Emory
University School of Medicine, USA, “Emory University School of
Medicine, USA

Hyperparathyroidism in humans and continuous PTH treatment (cPTH) in mice
stimulate bone resorption and cause bone loss by regulating RANKL/OPG
production by stromal cells (SCs) and osteoblasts. Reports have shown that T cells
markedly potentiate the bone catabolic effect of cPTH by inducing CD40 signaling in
SCs through their surface receptor CD40L. In addition, cPTH stimulate T cells to
secrete the osteoclastogenic cytokine TNF, a factor that potentiates the osteoclasto-
genic activity of RANKL. A search for additional mechanisms by which T cells
potentiate cPTH induced bone loss revealed that in vivo ¢cPTH treatment for 2 weeks
increased by ~2-3 fold the frequency of Thl17 cells in the BM. Thl7 are a highly
osteoclastogenic population of CD4+ cells defined by the capacity to produce IL-17, a
potent inducer of RANKL and TNF production. To investigate the mechanism by
which ¢PTH expands Th17 cells we assessed Th17 cell differentiation, proliferation
and homing. We found that cPTH increased the differentiation of naive CD4+ cells
into Th17 cells. However, cPTH did not regulate Th17 proliferation and homing.
Th17 cell differentiation is induced by several cytokines including TGFp, IL-6 and
TNF. All of these factors are upregulated by cPTH. We found that cPTH increased
the relative frequency of Th17 cells in the BM in WT mice, but not in TNF-/- mice.
Moreover, cPTH increased IL-17A mRNA levels and the expression of the Th17-
inducing transcription factors RORo and RORt in BM CD4+ T cells in WT but not
in TNF-/- mice. These findings reveal that cPTH expands Th17 cells through TNF. To
investigate the contribution of Thl7 cells to ¢cPTH induced bone loss, mice were
treated with cPTH and either Irr. Antibody (Ab) or anti IL-17 Ab for 2 weeks. IL-17
Ab completely blocked the loss of trabecular and cortical bone (as measured by uCT),
and the increase in bone resorption (as measured by histomorphometry and serum
CTX). By contrast, treatment with Irr Ig did not antagonize the bone catabolic effects
of cPTH. Furthermore, IL-17 Ab completely blocked the increase in SC production of
TNFo and RANKL induced by cPTH, demonstrating that cPTH stimulates SC
osteoclastogenic function through T cell produced IL17. In summary, these findings
demonstrate that cPTH polarizes the differentiation of CD4+ cells toward the Th17
subset via TNF, and that cPTH induces bone loss through IL-17. Neutralization of
IL-17 may thus represent a novel therapeutic strategy for hyperparathyroidism.

Disclosures: Jau-Yi Li, None.
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Tmem178 modulates bone homeostasis via a novel negative feedback loop
targeting endoplasmic reticulum Ca>* mobilization in osteoclasts. Corinne
Decker*!, Deborah Novack?, Roberta Faccio®. 'Washington University in
St. Louis, USA, 2Washington University in St. Louis School of Medicine,
USA

PLCy2 catalytic activity triggers Ca®* fluxes leading to robust activation of
NFATcl, the central transcription factor of osteoclastogenesis (OCG). Despite
PLCy2’s essential role in promoting OC formation, its therapeutic targeting is
impeded by high homology with the ubiquitously expressed PLCyl. To identify
specific mediators downstream of PLCy2, we performed a gene array comparing WT
and PLCy2-/- OC precursors. Transmembrane protein 178 (Tmeml78), an
uncharacterized integral membrane protein, is a novel PLCy2-dependent gene that
is upregulated by RANKL in WT cells. In striking contrast to the osteopetrotic
phenotype of PLCvy2-/- mice, Tmem178 deficiency leads to a significant 35% decrease
in trabecular bone accompanied by enhanced OC numbers (KO 25.7+/-4.4, WT
12.5+/- 1.9). Tmem178-/- OC precursors are more sensitive to RANKL in vitro as
shown by rapid induction of TRAP, DC-STAMP, and calcitonin receptor, suggesting
that Tmem178 acts in a negative feedback loop downstream of RANKL-PLCy2. As
the addition of LPS or TNF to Tmem178-/- preOCs further exacerbates OCG, we
tested Tmem178’s role in restraining pathological bone loss using 2 models of
inflammatory osteolysis: supracalvarial LPS and serum-transfer arthritis. In both
conditions Tmem178 null mice suffer profound bone loss due to significant increase in
OCs compared to WT mice. Thus, Tmem178 regulates OCG and bone mass in basal
and pathological states. Increased OC numbers and responsiveness to RANKL are
often associated with augmented NF-kB and MAPK activation. Remarkably, we
found no changes in these pathways in Tmem178-/- preOC. Nevertheless, NFATcl
total protein levels and nuclear translocation are strikingly amplified in Tmem178-/-
cells. To determine how Tmem178 controls NFATc] levels we measured cytosolic
Ca" in preOCs stimulated with RANKL and found a higher immediate spike and
sustained increase in [Ca*] in null cells compared to WT. By immunofluorescence and
co-immunoprecipitation, we detected Tmem178 in the endoplasmic reticulum (ER)
where it interacts with Stim1, a known regulator of Ca®" mobilization during OCG.
Importantly, ectopic Tmem178 suppresses thapsigargin-induced ER Ca®" release and
likewise dampens RANKL-stimulated NFATcl and OCG. These findings suggest
that Tmem178 is a previously unknown fine-tune regulator of ER Ca”* stores. In sum,
we define Tmem178 as a critical mediator of bone homeostasis via a novel negative
feedback loop targeting the RANKL-Ca**-NFATcl axis.

Disclosures: Corinne Decker, None.
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Inflammation-Induced Hypercytokinemia and Myeloproliferation Underlie
Osteopenia in Scurfy Mice; the Animal Model For Heritable Autoimmune
Disease IPEX. Yousef Abu-Amer', Tim Hung-Po Chen*?, Gaurav
Swarnkar®, Gabriel Mbalaviele!. 'Washington University in St. Louis
School of Medicine, USA, 2Washington University School of Medicine,
USA

Immune surveillance through regulatory T cells (Tregs) plays a crucial role in bone
homeostasis. The development and function of Tregs requires the Foxp3 gene
product. The mouse model of autoimmune disease IPEX (Immune dysregulation,
Polyendocrinopathy, Enteropathy, X-linked) syndrome, namely Scurfy (Sf), bears a
loss-of-function mutation in Foxp3. Both IPEX and Sf result in multi-organ
inflammation. Herein, we report that Sf mice exhibit severe bone loss mediated by
accelerated osteoclastogenesis (OCG). Biochemical studies suggest that Foxp3
deficiency results in upregulation of NEMO/IKKg gene in T helper cells through
loss of Foxp3/NEMO interaction, thereby trigging NF-kB mediated over-production
of pro-OCG cytokines (e.g. M-CSF, RANKL, IL-17 and TNF). In this study, we use
molecular, cellular and pharmacological approaches to study how loss of Foxp3
prompts osteolysis. Using hematopoietic stem cell flow analysis of bone marrow cells
(BMC), we observed a 2.5x increase of lin"Sca-1"c-kit" hematopoietic stem cells (LSK
HSCs) and 2x increase for granulocyte/macrophage progenitors (GMPs) in Sf relative
to WT BMC. Interestingly, using ex vivo OCG assay, fluorescence-activated cell
sorted LSK HSCs derived from Sf BMC exhibited significantly increased (5x)
OCgenic potential than GMPs, implying that inflammatory condition in Sf mice
affects osteoclast progenitors at very primitive stage. Sf LSK HSCs exhibited greater
sensitivity to M-CSF signaling and contained 5x more PU.1+ SfLSK HSCs than WT.

In vivo administration of M-CSF neutralizing antibody (Ab) as well as crossing Sf'

hemizygous female with Op heterozygous male (half reduction of systemic M-CSF
level) attenuated but not entirely reversed osteopenia in Sf and OCG ex vivo .
Contrarily, in vivo administration of IL-17 neutralizing Ab or RORg inhibitor failed
to reverse osteopenia, questioning the importance of IL-17 for autoimmune
osteopenia in the context of Treg deficiency. Intriguingly, the immunosuppressive
mTOR inhibitors, rapamycin and pp242, also had similar effect as the M-CSF Ab.
Mechanistically, M-CSF antibody, M-CSF genetic ablation, rapamycin and pp224 all
reduced GMP frequency in Sf'BM, suggesting that they act either directly or indirectly
at the HSC level. Taken together, our study suggests that Foxp3 deficiency leads to
osteopenia owing to dysregulation of NF-kB and subsequent cytokine-mediated
hyperproliferation of myeloid precursors and presents a target for therapeutic
intervention.

Disclosures: Tim Hung-Po Chen, None.
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PARP1 is a Potent Negative Regulator of Bone Resorption. Chao Qu*!,
Samer Abu-Amer?, Susan Grimston®, Sheri Bonar*, Jacqueline Kading?,
Gaurav Swarnkar’, Monika Fey®, Michael Hottiger®, Yousef Abu-Amer>,
Roberto Civitelli®, Gabriel Mbalaviele®. 'Washington University in St
Louis, USA, 2Washington University School of Medicine, USA,
3Washington University in St. Louis School of Medicine, USA,
*Washington University in St. Louis, USA, >University of Zurich,
Switzerland

Accumulating evidence indicates that poly(ADP-ribose) polymerase 1 (PARPI)
regulates non-apoptotic functions, including transcriptional regulation. Evidence also
shows that PARP1 undergoes various post-translational modifications, including
caspase-mediated proteolytic cleavage at aspartate 214 (PARP1P?' site). To
investigate PARPI role in skeletal homeostasis, we characterized knock-in mice
globally expressing non-cleavable PARP1 (PARPIPZMND2IN mice)  Although
PARPIDP24ND2EN mice are grossly normal and fertile, bone volume/total volume
(BV/TV) measured by pCT is significantly higher in 8 weeks old mutant mice
compared to wild-type (WT) mice (0.35+0.02 vs. 0.24+0.03, p<<0.005). Bones are
also stiffer in mutant mice relative to WT mice (65.83416.17 N/mm vs. 42.51 +12.32
N/mm, p<0.05). To gain insights into the cellular mechanisms underlying this
phenotype, we studied RANKL- and M-CSF-induced osteoclast (OC) differentiation
of mouse bone marrow macrophages (BMMs). Intriguingly, a single allele of non-
cleavable PARP1 (PARP1*P24N) s sufficient to suppress OC differentiation by
>90%, and PARP1P?!#ND2I4N 4 prests this process. During OC formation, PARPI,
but not PARPIP?'N s fully degraded, suggesting that this protein negatively
regulates OC formation. To further test this hypothesis, we leveraged the fact that
activation of NOD-like receptor (NLR) family, pyrin containing 3 (NLRP3)
inflammasome targets PARP1 for cleavage at PARPIP?' site. We find that
activation of the NLRP3 inflammasome promotes the cleavage of WT, but not
PARPI1P?*N: genetic or pharmacological inhibition of the NLRP3 inflammasome not
only prevents PARP1 cleavage, but also inhibits of OC formation. Conversely, mice
expressing constitutively activated NLRP3 (CA-NLRP3) inflammasome in myeloid
cells, exhibit increased OC formation in vivo and decreased BV/TV compared to WT
mice (0.2440.04 vs 0.12+0.02, p<0.05). Furthermore, we find that PARPI is barely
detectable in BMMs expressing CA-NLRP3 inflammasome compared to WT cells. In
summary, we find that PARP1 negatively regulates OC development, and its stability
and abundance are at least in part controlled by the NLRP3 inflammasome during
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osteoclastogenesis. Thus, we have uncovered a novel function of PARPI in bone
homeostasis.

Disclosures: Chao Qu, None.
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Bisphosphonate Drug Holiday and Fracture Risk. Annette Adams*', John
Adams®, Marsha Raebel®, Beth Tang?, Jennifer Kuntz*, Vinutha
Vijayadeva®, Elizabeth McGlynn?, Wendolyn Gozansky>. 'Kaiser
Permanente Southern California, USA, *Kaiser Permanente Center for
Effectiveness & Safety Research, USA, *Kaiser Permanente Colorado,
USA, “Kaiser Permanente Northwest, USA, *Kaiser Permanente Hawaii,
USA

Purpose: Among women with =3 years exposure to bisphosphonates (BPs), we
compared the incidence of osteoporosis-related fragility fractures in those who
discontinued BPs for at least 12 months (drug holiday) to those who continued to use
BPs (persistent use).

Methods: This retrospective cohort study included women aged =45 years from 4
Kaiser Permanente (KP) regions who initiated BP use between January 1, 1998 and
December 31, 2009. Drug holiday was defined as =12 months with BP use at 0%
adherence. Persistent use status required ongoing use at =50% adherence. The
primary outcome of interest was the first occurrence of an incident clinical
osteoporosis-related fragility fracture, identified from the electronic medical record
(EMR) via ICD-9-CM codes. All subjects were followed until fracture, disenrollment
from the health plan, death, or December 31, 2012. From the EMR, we collected
information on the following potential confounders and effect modifiers: race/
ethnicity; age; body mass index (BMI); comorbidities; history of previous fragility
fracture; lowest T-score prior to cohort entry; fall risk; ten-year fracture risk; and
prior/concomitant use of bone-active medications. Persistent users and drug holiday
subjects were compared with regard to several demographic and clinical character-
istics. Time-varying Cox proportional hazards models were used to compare
osteoporosis-related fracture incidence between the two groups.

Results: The cohort of 28620 women, observed for 111997 person-years, included
17123 (59.8%) persistent BP users and 11497 (40.2%) drug holiday subjects. The drug
holiday group had: fewer comorbidities, higher baseline T-scores, and lower fracture
and fall risk scores. A total 3,571 osteoporosis-related fractures were observed. The
unadjusted rate ratio (RR) for any osteoporosis-related fractures for drug holiday
compared to persistent use was 0.87 (95% CI 0.81-0.94), but RR=1.0 (95% CI 0.9-1.2)
for hip fractures only. The time-varying models suggested no differences in fracture
risk (hazard ratio (HR) 0.90, 95% CTI 0.80-1.00), after adjustment for baseline fall and
fracture risk, comorbidities, and other bone-active medication use. Similarly, no
difference in hip fracture risk was observed (HR 0.84, 95% CI 0.68-1.03).

Conclusion: Women who undertake a holiday from BP use are not at greater risk
of osteoporosis-related fragility fractures, nor hip fractures specifically, than are
women who continue to use BPs persistently.

Disclosures: Annette Adams, Amgen, Inc., 7
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Effects of Two Years of Teriparatide, Denosumab and Combination Therapy
on Peripheral Bone Density and Microarchitecture: The DATA-HRpQCT
Extension study. Joy Tsai*' Alexander Uihlein®, Sherri-Ann Burnett-
Bowie', Robert Neer', Yuli Zhu®, Nicholas Derrico®, Katelyn Foley?,
Hang Lee*, Mary Bouxsein®, Benjamin Leder®. 'Massachusetts General
Hospital, USA, >Northwestern Memorial Faculty Foundation, USA,
*Massachusetts General Hospital, Endocrine Unit, USA, “Massachusetts
General Hospital, Biostatistics Center, USA, *Beth Israel Deaconess
Medical Center, Harvard Medical School, USA, ®Massachusetts General
Hospital Harvard Medical School, USA

Background: In postmenopausal women, 24 months of combined denosumab
(DMAB) and teriparatide (TPTD) increased hip and spine BMD more than either
drug alone. The effect of combined DMAB and TPTD therapy on peripheral cortical
and trabecular bone density and microarchitecture, however, is unknown.

Methods: We randomized 94 postmenopausal osteoporotic women ages 51-91 to
receive TPTD 20-ug SC QD, DMAB 60-mg SC Q6 months, or both (COMBO) for 24
months. Women were excluded if they had ever used IV bisphosphonates (BPs) or oral
BPs in the past 6 months. Total, trabecular and cortical density (Tot.vBMD,
Tb.vBMD, Ct.vBMD), cortical thickness (Ct.Th) and trabecular microarchitecture
were measured by high-resolution peripheral QCT of the distal radius and tibia at 0, 3,
6, 12, 18, and 24 months.

Results (Fig): At both the radius and tibia, Tot.vBMD and Tb.vBMD increased in
the DMAB and COMBO groups but not in the TPTD group. The increase in
Tot.vBMD in the COMBO group was greater than that in either monotherapy group
at both sites (p<<0.005 for all between-group comparisons). The increase in Tb.vBMD
in the COMBO group was greater than in either monotherapy group at the radius
(p<<0.002 for both comparisons). Ct.vBMD decreased in the TPTD group but
increased or was maintained in the DMAB and COMBO groups at both sites. The
increase in tibial Ct.vBMD in the COMBO group was greater than in either
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monotherapy group (p<<0.002 for both comparisons). Ct.Th did not change in the
TPTD group but increased in the other groups at both sites. The increase in Ct.Th at
the tibia was greater in the COMBO group than either monotherapy group (p<<0.001
for both comparisons).Trabecular number increased in the COMBO group more than
in the DMAB group (p=0.044). Changes during the 2°¢ year were notable for
progressive increases in total vBMD and Ct.Th in the COMBO group. Ct.vBMD
decreased linearly over 2 years in the TPTD group, which is in contrast to the
observed changes in radius aBMD by DXA where the decline is limited to the first
year.

Conclusions: Two years of combined DMAB and TPTD therapy increases radius
and tibia total vBMD, increases radius Tb.vBMD, and increases tibia Ct.Th more
than either drug alone. Furthermore, the TPTD-induced decrease in Ct.vBMD is fully
prevented by DMAB co-administration. The combination of DMAB and TPTD
results in the most favorable changes in peripheral bone density and geometry and
may prove a useful intervention in women at high risk of fracture.

Tibia

Radius

Figure.

Mean percent change
(SEM) from baseline in
bone density and
microarchitecture at 24
menths.

Total
VvBMD(%)

* p value <0.05
compared to baseline
for overall 0-24 month
change.

** p value <0.05
compared to 12
months for 12-24
month change.

2 p value <0.05 versus
teriparatide alone.

b p value <0.05 versus
denosumab alone.

Trabecular
vBMD (%)

- Teriparatide
8 Denosumab
-« Combination

Disclosures: Joy Tsai, None.
This study received funding from: Amgen, Eli Lilly
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Denosumab Restores Cortical Bone Loss at the Distal Radius Associated
With Aging and Reduces Wrist Fracture Risk: Analyses From the FREE-
DOM Extension Cross-over Group. John P. Bilezikian*', Claude Laurent
Benhamou?, Celia J.F. Lin®, Jacques P. Brown*, Nadia S. Daizadeh®, Peter
R. Ebeling’, Astrid Fahrleitner-Pammer®, Edward Franek’, Nigel
Gilchrist®, Paul D. Miller’, James A. Simon'’, Ivo Valter'', Cristiano
A.F. Zerbini'?, Cesar Libanati®. 'Columbia University, USA, 2Orléans
Hospital, France, 3Amgen Inc., USA, “CHU de Québec Research Centre,
Canada, °The University of Melbourne, Australia, *Medical University,
Austria, "Medical Research Center Polish Academy of Sciences, Poland,
8The Princess Margaret Hospital, New Zealand, ’Colorado Center for
Bone Research, USA, °George Washington University, USA, ''CCBR,
Estonia, ?Centro Paulista de Investiga¢do Clinica, Brazil

Purpose: The skeleton is 80% cortical bone, and cortical bone loss is a major
determinant of increased fracture risk. Denosumab (DMAb) has been shown to
increase BMD at sites of cortical bone, including the radius, a skeletal site not
responsive to most osteoporosis treatments. DXA measurements over time allow for
tracking changes in BMD and mass, known predictors of fracture risk. Here, we
evaluated changes over time in radius BMD and wrist fracture incidence during 3
years of placebo (Pbo) and during 5 subsequent years of DMAD therapy in the
FREEDOM and its Extension (EXT) trials.

Methods: We evaluated 2207 women who enrolled in the EXT and received Pbo
during FREEDOM (3 years), and DMADb 60 mg Q6M during EXT (5 years) (Cross-
over group); all women received daily calcium and vitamin D. A subset of these
women (n=115) participated in a distal radius DXA substudy and were evaluated at
baseline and during FREEDOM and EXT. Analysis of mean percentage changes in
BMD over time from FREEDOM and EXT baselines consisted of a repeated measure
model. Wrist fracture rates (per 100 subject-years), rate ratios, and 95% confidence
intervals (CI) were computed.

Results: At FREEDOM baseline, the mean (SD) 1/3 radius T-score was -2.53
(1.18). During FREEDOM, daily calcium and vitamin D alone resulted in a
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progressive and significant loss of BMD at the 1/3 radius (-1.2%); however, during
EXT, DMAD halted and reversed bone loss (Figure). With 5 years of DMAb
treatment, a significant gain in BMD (1.5% at EXT Year 5) was observed, compared
with EXT baseline. The wrist fracture rate during the Pbo period in FREEDOM was
1.02 (0.80-1.29) per 100 subject-years. During the first 3 years of EXT, while BMD
recovered to the original baseline levels in response to DMAD, the wrist fracture rate
remained comparable to the FREEDOM Pbo rate (Table); and with 2 additional
years, BMD increased further, and the wrist fracture rate declined to levels
significantly lower than the FREEDOM Pbo rate (rate ratio=0.57, 95% CI=0.34-
0.95; p=0.03).

Conclusion: In untreated women with postmenopausal osteoporosis, cortical bone
density at the radius declined despite calcium and vitamin D supplementation. DMAb
treatment for 3 years reversed this bone loss, and 2 additional years of treatment
resulted in further BMD gains that translated to significantly lower wrist fracture
rates. These data provide evidence, for the first time, of the clinical importance of
reversing cortical bone loss.

FREEDOM (Years 1-3)
Placebo {Caleium + Vitamin D)

Extension { Years 1-5)
Denosumab 60 mg QoM

Percentage Change From Bascline
=
1

ra
1

Study Year

BMD percentage change from FREEDOM baseline; data are least squares means (95% CI), % < 0,05 compared with
FREEDOM bascline; "p < 0,05 compared with Extension baseling, Q6M = cvery 6 months,

Figure. Distal Radius Percentage Change in Mean BMD From FREEDOM Baseline
Through Extension Year 5

FREEDOM (Years 1-3) Extension (Years 1-5)
Placebo (Calcium + Vitamin D) 4] b 60 mg Q6N
| Denosumab NA Yearl Year2 Year3 Yeard4d Year5
JSMENEIIS. :
Wrist -
fractures, n 67 38 19
f:t"‘:,“'“ 1.02 (0.80-1.29) 0.96 (0.74-1.25) 0.58 (0.37-0.90)

“*Wrist fracture rate (95% CI) per 100 ﬁlzh_]cct- ars.

Table. Wrist Fracture Rates During FREEDOM and Through Extension Year 5
(N=2207 Cross-over Subjects)

Disclosures: John P. Bilezikian, Elsevier Press, 6; Columbia University, 4; Amgen,
NIH, NPS, 7; Amgen, Johnson & Johnson, Lilly, Merck, NPS, 3
This study received funding from: Amgen Inc.
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Teraparatide Stimulates Bone Formation Rapidly in the Human Femoral
Neck. Felicia Cosman*!, David Dempster?, Jeri Nieves®, Hua Zhou',
Marsha Zion!, Catherine Roimisherl, Yvonne Houle4, Robert Lindsay',
Mathias Bostrom®*. "Helen Hayes Hospital, USA, >Columbia University,
USA, *Columbia University & Helen Hayes Hospital, USA, “Hospital for
Special Surgery, USA

Background: Teriparatide (TPTD) rapidly increases bone formation in cancellous
and cortical bone of the iliac crest, ultimately increasing bone mass and reducing risk
of vertebral and nonvertebral fractures. However, hip BMD improvements with
TPTD are modest and there are no data confirming that TPTD reduces hip fracture
risk because the study was underpowered for that outcome. Objective: In order to
learn more about the effects of TPTD on the femur, we performed a double blind trial
of TPTD vs Placebo (PBO) in patients about to undergo a Total Hip Replacement
(THR) for osteoarthritis. Methods: Participants were randomized to receive daily
TPTD or PBO for an average of 6.1 weeks prior to THR (range 4.6-11.8 weeks). After
an average of 3 weeks of study medication, tetracycline labels were administered
following standard protocol. During the THR, an intact sample of the femoral neck
(FN) was procured, fixed, and sectioned transversely. Four envelopes (cancellous,
endocortical, intracortical and periosteal) were analyzed. Mineralized surface (MS/
BS) and mineral apposition rate (MAR) were measured and bone formation rate
(BFR) calculated. Serum PINP and CTX levels were obtained at baseline and at
THR. 39 individuals were enrolled and data are presented on the first 26 analyzed (16
postmenopausal women, mean age 72+9; 10 men, mean age 69.8+7.7). Results: The
figure shows tetracycline uptake in cancellous bone from individuals on PBO and
TPTD, with substantially more labeled surface in the TPTD-treated subject. Median
BFR, MS/BS and MAR by treatment group for each bone envelope are shown in the
Table. In both cancellous and endocortical bone, BFR and MS/BS were 2-4 fold
higher in TPTD than in PBO (p<<0.05). MAR was higher in both cancellous and
intracortical envelopes in TPTD compared to PBO (p<<0.05). In the periosteum, BFR
was high in both groups (relative to other envelopes), without significant group
differences. In TPTD treated subjects, PINP and OC increased by over 130%
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(p<<0.0004), while CTX did not increase significantly. PINP increments correlated
with BFR (r=0.5; p<<0.02). PINP and CTX did not change in PBO. Conclusions:
TPTD stimulates bone formation rapidly in the femoral neck, with prominent effects
in cancellous and endocortical envelopes. These findings provide a mechanistic basis
for TPTD-mediated improvement in hip strength. This study is the first demonstra-
tion of the effect of an osteoporosis medication on cellular activity in the human
femur.

Table. Bone Formation Indices in the Total Femaral Neck by Treatmend Group, Median (interquartile range]
BFRIBS (mmmmiy) MSIBS (%) MAR (umvi)
PBO | TPTD PBO TPTD FBO TPTD
Cancellous 0.004 (0.00C- 008) | 0018 (0014-034)" 202 (1.03-1.67) 701 (58214 01) 0.64 (0850 58) | 0.80 (0.650.74)"
“Endocortical | 0.01 (0035-0.030) | 0037 (0024078 | 751 (3711210 | 1668 (96827841 | 0.65{067-071) | 088057073
Periosteal 0.065{0.021-0.093) | 0.0B6(0.072-0.117) | 21.41(8.45-2647) | 2877 (21.24-3504) | 0.82(DET-0ES) | 0.85(070-0.94)
0.030 {0.010.0.042) | 0,045 (0.027-0.086) | 1060 (4 80-165) | 1678 (54821 52] | 0.70(065074) | 0.78 (074084
p-valies Wiconon Fank-Sivm " ps0.05 ™" pel o1
Table

Figure

Figure

Disclosures: Felicia Cosman, Amgen, Lilly, Merck, 7; Lilly, Amgen,; Lilly, Amgen,
Merck, Pfizer, 3
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Romosozumab and Teriparatide Effects on Vertebral Cortical Mass,
Thickness, and Density in Postmenopausal Women With Low Bone Mineral
Density (BMD). Tristan Whitmarsh*!, Graham Treece', Andrew Gee',
Michael Bolognese?, Jacques P. Brown®, Stefan Goemaere*, Andreas
Grauer’, David Hanley®, Carlos Mautalen’, Christopher Recknor®, Yu-
Ching Yang’, Cesar Libanati®, Kenneth Poole!. 'University of Cambridge,
United Kingdom, ?Bethesda Health Research Center, USA, *CHU de
Québec Research Centre, Canada, *Ghent University Hospital, Belgium,
SAmgen Inc., USA, ®University of Calgary, Canada, 'Centro de
Osteopatias Médicas, Argentina, SUnited Osteoporosis Center, USA,
?Amgen Inc., USA

Purpose: Romosozumab (Romo) is a monoclonal antibody that binds sclerostin
and stimulates bone formation while decreasing bone resorption. Recently, 12 months
of Romo was shown to increase DXA lumbar spinal BMD by 11.3% in a phase 2
international, randomized, placebo-controlled trial (McClung, NEJM 2014). DXA
measurements, however, do not generally distinguish cortical versus trabecular
changes, nor identify the location or distribution of added bone mass. We assessed
cortical parameters from the L1 vertebral computed tomography (CT) scans obtained
in that same clinical trial by mapping the vertebral bone surface and measuring the
global and local changes.

Methods: We evaluated baseline and 12 month L1 CT scans from postmenopausal
women treated with Romo (210 mg SC QM, n=17), teriparatide (TPTD, 20 ug daily,
n=19), and placebo (n=20). Cortical measurements were performed, blinded to
treatment, using the Stradwin software tool, which is able to measure and map
cortical BMD (CBMD), trabecular BMD directly adjacent to the cortex (TBMD),
cortical thickness (CTh), and cortical mass (CMass=0.1 x CTh x CBMD) (Treece,
Med Image Anal 2010, 2012). Transferring these maps to a canonical vertebral surface
allows evaluation and topographical illustration of longitudinal changes and
determining differences between treatments.

Results: Treatment groups were balanced at baseline (Table). Romo resulted in a
mean (95% CI) CTh increase of 11.2% (9.0 to 13.4), a CBMD increase of 1.6% (0.2 to
2.9), a TBMD increase of 22.2% (19.2 to 25.3), and a CMass increase of 12.7% (10.8 to
14.7). Cortical maps show the topographical locations of the increase in CTh, CMass,
and TBMD compared with placebo (Fig). TPTD resulted in smaller changes: a CTh
increase of 5.6% (3.9 to 7.4), a TBMD increase of 17.4% (12.2 to 22.6), a CMass
increase of 4.6% (3.4 to 5.8), and a slight but not significant CBMD reduction of 0.5%
(-1.8 to 0.7). The improvements in CTh (p<<0.001), CBMD (p=0.04), and CMass
(p<<0.001) with Romo were significantly greater than those observed with TPTD. The
only significant change in the placebo group was a reduction of 4.3% (6.7 to —1.9) in
TBMD.

Conclusion: Treatment with Romo was associated with significant improvements
in cortical parameters of the vertebrae, which were greater compared with placebo or
TPTD. This study confirms the robust bone forming effects of Romo and provides
new insights into the cortical changes on the vertebra in response to Romo treatment.

Cortical thickness

Caortical mass

Trabecular bone mineral density

ik Sl §
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p=0.05

Fig. Cortical Parameter Increases in Response to a 12-Month Romo Treatment With
Respect to Placebo
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Placebo (n=20) | Teriparatide (n=19) | Romosozumab (n=17)
Age (years) 67.216.1 65616.1 646150
Mean CTh {mm) 0.94 £ 0.07 0.93 +0.07 0.90 + 0.08
Mean CBMD (mg/cm®) 760.5£63.5 780.6 +56.8 7798 £53.3
Mean TBMD (mglem®)* 111.0+ 184 1179207 112.2+25.2
Mean CMass (mg/cm?) 735+£93 735182 706 +46

*TBMD values are of the vertebral body only.

Table. Baseline Characteristics (Mean ~ SD) With No Significant Between-Group
Differences

Disclosures: Tristan Whitmarsh, Amgen, Eli Lilly and Co., 7
This study received funding from: Amgen Inc. and UCB Pharma
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The Long Term Effects of Abaloparatide (BA05S8) On Micro-CT and
Histomorphometry in Osteopenic Cynomolgus Monkeys. Aurore Varela*!,
Solomon Haile?, Nancy Dovle?, Susan Y. Smith!, Robert Guldberg?, Gary
Hattersley4. !Charles River Laboratories, Canada, >Charles River, Canada,
3School of Mechanical Engineering, Georgia Institute of Technology, USA,
*Radius, USA

Abaloparatide (ABL) is a analog of PTHrP(1-34) being developed for osteoporosis
treatment. This study evaluated the effects of ABL for 16 months in aged osteopenic,
ovariectomized (OVX) monkeys. Four groups were OVX and one group underwent
Sham surgery. After a 9-month bone depletion period, animals received daily SC
injections of either vehicle (Sham and OVX controls) or ABL at 0.2, 1 or 5 ug/kg.
Animals received calcein, 15 and 5 days prior to euthanasia. Cancellous bone
histomorphometry was performed at the femoral neck and lumbar vertebra (L2) while
cortical bone was evaluated at the femur mid-diaphysis. Micro-CT was performed on
T12 vertebral body, L6 trabecular cores, distal femur and humeral cortical beam. In
the cancellous bone of OVX control animals, 25 months post OVX, a slight decrease
in BV/TV was observed with increases in osteoblast surface, wall thickness, double
label surface (L2), mineralizing surface, osteoid volume, osteoid surface and bone
formation rates. Effects of OVX were substantial in cortical bone dynamic parameters
with increases in most label-derived parameters of bone formation, but with little
effect on cortical structures. With micro-CT, similar slight decreases in BV/TV were
noted at trabecular sites (distal femur -7%, T12 -14%, L6 core -26%) in OVX controls
and minimal decreases in cortical VBMD were measurable (distal femur -4%, T12 -5%,
beam 4%). At L2, ABL completely counteracted the OVX-related decrease in bone
structural parameters (BV/TV) at = 1 ug /kg, significantly increased wall thickness at
all doses and increased the formation period. At the femoral neck, dose-dependent
increases in BV/TV were noted. At L2 and femoral neck, minor increases in trabecular
thickness and trabecular number contributed together to the bone gains. With micro-
CT, similar increases in BV/TV were noted at trabecular sites (distal femur up to
+19%, T12 +25%, L6 core +35%). At cortical sites, increases in endocortical labeled
surfaces and endocortical bone formation rate were noted in animals administered 5
ug/kg with no effects on cortical geometry. Similarly with micro-CT, no significant
changes were noted in cortical bone geometry, but importantly with no increase in
cortical porosity. In summary, treatment with ABL at = 1 ug /kg to OVX monkeys
completely restored the OVX-induced cancellous and cortical bone loss at clinically
relevant sites by increasing bone formation without affecting cortical porosity.

Disclosures: Aurore Varela, Charles River, 4
This study received funding from: Radius Health
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Heterozygous deletion of Whntless in the osteoclast lineage causes osteopenia
demonstrating that osteoclasts are a critical source of Wnt proteins in the
developing skeleton. Megan Weivoda*', Ming Ruan', Christine Hachfeld',
Larry Pederson', Rachel Davey?, Jeffrey Zajac®, Jean Vacher*, Richard
@gs, Bart Williams®, Sundeep Khosla’, Jennifer Westendorf', Merry Jo
Oursler'. 'Mayo Clinic, USA, 2University of Melbourne, Australia, >Austin
Hospital, Australia, “Institut De Recherches Cliniques De Montréal,
Canada, °Cincinnati Children’s Hospital Medical Center, USA, ®Van
Andel Research Institute, USA, "Mayo Clinic College of Medicine, USA

Wnt signaling is crucial for normal skeletal development and adult bone
homeostasis. Although several cell types in the skeleton are known to produce Wnts,
the contribution of these cellular sources to skeletal Wnt signaling is not clear.
Osteoclasts secrete multiple Wnts including Wntl, Wnt3a, and Wntl0b. We
hypothesized that osteoclasts are a critical source of Wnts in skeletal development.
The membrane-associated chaperone, Wntless (Wls), is required for intracellular Wnt
transport and Wnt secretion. To assess the contribution of osteoclast-derived Wnts to
skeletal development, transgenic Cd11b or cathepsin K (Ctsk) promoter Cre mice
were crossed with Wls flox mice to obtain animals with heterozygous deletion of Wls
in the osteoclast lineage (Cd11b/WIsH® and Ctsk/WI1s"®). In vivo dual-energy X-ray
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absorptiometry analysis showed Cd11b/WIs"®" and Ctsk/Wis™ mice exhibited
decreased bone mineral density in the spine and femur at 6 weeks of age. Animals
were sacrificed at 8 weeks. Bone marrow was isolated for analysis of osteoclast Wls
expression and Wnt protein secretion in vitro. Femurs were assessed by peripheral
quantitative computed tomography (QCT), micro computed tomography (CT), and
histomorphometry. Wls protein was significantly reduced in bone marrow osteoclast
cultures from Cdl11b/Wis"® and Ctsk/Wis? animals as compared to littermate
control cultures. Total protein secretion by Ctsk/WisH® mature osteoclasts was
unaltered compared to controls; however, Ctsk/WIsH osteoclast secretion of Wntl,
Wnt3a, and Wntl0b was significantly reduced. Peripheral QCT analysis of Cd11b/
Wist® and Ctsk/WIs™ femurs showed significant reductions in cortical bone area,
thickness, and density, as well as significant decreases in total and trabecular density.
MicroCT analysis revealed a 60% reduction in cortical thickness in the cancellous
region of the Ctsk/WIst femurs; trabecular microCT parameters were unchanged.
Interestingly, endocortical osteoblast numbers were decreased by 70%, and osteoclast
numbers were significantly increased. The decreased cortical phenotypes of Cd11b/
WisHe and  Ctsk/WIsH" mice are strikingly similar to the decreased cortical
phenotypes of mice with osteoblast specific deletion of Lrp5/Lrp6 or B-catenin. This
suggests that osteoclasts are a prime source of anabolic Wnts in the cortical region.
These data demonstrate that osteoclast lineage-derived Wnts play an essential role in
skeletal development.

Disclosures: Megan Weivoda, None.
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Deletion of LRP6 in Different Stages of Osteoblastic Lineage of Cells
Impairs Bone Formation at Different Postnatal Stages. Changjun Li*', Hui
Xie?, Janet Crane’, Xu Cao®, Mei Wan'. 'Johns Hopkins University
School of Medicine, USA, *Johns Hopkins Medical Institution, USA,
3Johns Hopkins University, USA

Bone-forming osteoblast lineage of cells is derived from bone marrow mesench-
ymal stem cells (MSCs).Low-density lipoprotein receptor-related protein 6 (LRP6) is
a positive regulator for bone formation, and mutations in LRP6 are associated with
human bone disorders. However, the role of LRP6 in different stages of osteoblast
lineage of cells remains largely unknown. It was reported that transgenes that use
control regions from the nestin gene mark bone marrow perivascular MSCs. In this
study, we generated two mouse models, in which LRP6 was specifically deleted in
either mature osteoblasts or in bone marrow MSCs by crossing osteocalcin-Cre or
nestin-Cre mice with LRP6"* mice and investigated the changes of osteoblastogenesis
and bone formation.

LRP6":0steoclacin-Cre mice (named “OC-KO”) had normal body weight and
length compared with their wild type littermates, whereas LRP6': nestin-Cre mice
(named “Nes-KO”) demonstrated reductions in body weight and length at 1 and 3
months of age. Bone architecture measured by uCT showed marginal changes in bone
mass in the primary spongiosa area but a reduction in the secondary spongiosa of
femurs at 3 month-old OC-KO mice. The remodeling area of OC-KO mice showed a
decreased bone formation rate as detected by Goldner’s Trichrome staining and
calcein double labeling. On the contrary, Nes-KO mice exhibited a significant
reduction in bone mass in both primary and secondary spongiosa area of femurs. The
results suggest that LRP6 deficiency in osteoblasts primarily affected trabecular bone
remodeling in adults, whereas LRP6 deficiency in MSCs impaired both postnatal
bone acquisition and bone remodeling. Bone histomorphometric and immumohisto-
chemical analysis showed that both OC-KO and Nes-KO mice exhibited significant
reduction in the number of bone surface osteoblasts but marginal changes in the
number of osteoclasts, indicating the primary role of LRP6 in regulating osteoblast
lineage of cells. Further characterizing the cellular mechanisms of the reduced
osteoblastogenesis in both mutant mice revealed that LRP6 deficiency in osteoblasts
mainly impaired the differentiation of osteoblasts, whereas LRP6 deficiency in MSCs
led to the reduced pool of osteoblast-forming osteoprogenitors due to the diminished
survival and proliferative capacity of MSCs. Thus, LRP6 is a key positive regulator
for osteoblastogenesis with distinct functions in different differentiation stages of
osteoblastic lineage of cells.

Disclosures: Changjun Li, None.
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Hedgehog Induces Osteoblast Differentiation through IGF-mTORC?2 Signal-
ing. Yu Shi*l, Jianquan Chen?, Courtney Karner’, Fanxin Long3.
'Washington University in St. Louis, USA, 2Washington University,
USA, *Washington University School of Medicine, USA

Hedgehog (Hh) signaling critically regulates the endochondral bone formation in
vivo. It is further known that Hh signaling directly induces osteoblast differentiation
via the Gli family of transcription factors. However, the osteogenic effectors
downstream of Gli are largely unknown. Here by RNA sequencing, we found that
components of the Igf signaling pathway were induced by Hh activation during
osteoblast differentiation in vitro. Moreover, Hh activated Igf-mTORC2-Akt
signaling in a Gli-dependent manner. Knockdown of Igf2, Igflr or the mTORC2-
specific component rictor, similar to pharmacological inhibition of Akt, suppressed
Hh-induced osteoblast differentiation in vitro. We further discovered that IGF
synergized with Hh signaling via Akt-dependent Gli2 stabilization. To test the
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physiological contribution of Igf signaling to Hh-induced osteoblast differentiation,
we deleted Igflr in the mouse embryo by using the Glil-CreERT?2 knockin allele that
expresses CreERT2 (tamoxifen (TM)-inducible Cre) from the endogenous Glil
genomic locus. TM-induced deletion of IGFIR in Glil-expressing cells prior to
osteoblastogenesis diminished bone formation without affecting cartilage develop-
ment. Take together, these results support a model wherein Hh induces IGF signaling
which in turn augments the Hh response to stimulate osteoblast differentiation. This
study therefore establishes a cross-regulatory relationship between Hh and Igf
signaling in bone.

Disclosures: Yu Shi, None.
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BMP-AIk3 signaling exerts opposite effects on trabecular versus cortical bone
formation in postnatal mice. Joohyun Lim*!, Fanxin Long®. 'Washington
University in St. Louis, USA, 2Washington University School of Medicine,
USA

Bone morphogenetic proteins (BMPs) were discovered for their ability to induce
ectopic bone. Although it is well established that BMP signaling is essential for
cartilage development during endochondral bone formation, how physiological BMP
signaling directly regulates bone formation in postnatal mice remains unclear. To fill
this knowledge gap, we conditionally deleted the type I BMP receptor Alk3 in
osteoblast-lineage cells. Alk3 mutants were normal in size and weight but had thinner
cortical diameter compared to littermate controls due to reduced osteoblast activity in
the periosteum. This result therefore corroborates the anabolic function of BMP
signaling in bone formation. Unexpectedly, however, Alk3 deletion significantly
increased cancellous bone formation due to increased osteoblast numbers and
mineralizing surface, without affecting osteoclast numbers and function. Further-
more, Alk3 deletion significantly increased BrdU-positive osteoblast precursors in the
chondro-osseous junction, indicating that Alk3 negatively regulates the proliferation
of osteoblast progenitors. Collectively, these results demonstrate that Alk3-dependent
BMP signaling in osteoblast-lineage cells has opposing roles in cancellous versus
cortical bone formation in postnatal mice. Because Alk3 deletion greatly suppressed
Sost expression by osteocytes, we speculate that Alk3 normally restricts the
proliferation of osteoblast progenitors in the trabecular bone region through Sost-
mediated inhibition of Wnt signaling. To test whether Alk3 function is mediated by
the Smad proteins, we deleted Smad4 in osteoblast-lineage cells by using the same
genetic approach. Interestingly, Smad4 deletion also increased cancellous bone
formation and reduced cortical diameter, but to a lesser degree than Alk3 removal.
Thus, our data support a model in which BMP-AIk3 signaling exerts opposite effects
on trabecular versus cortical bone formation in postnatal mice, and that these effects
are mediated through both Smad-dependent and independent mechanisms.

Disclosures: Joohyun Lim, None.
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TGIF Is Required for Canonical Wnt Signaling-induced Bone Formation.
Ming-zhu Zhang*', Eric Hesse?, Celine Prunier’, Mutsuko Ohnishi®,
Harikiran Nistala® , Yun-feng Yangé, Guang-rong Yu7, Santosh Kumarg,
William Horne’, Roland Baron'®, Azeddine Atfi'!. 'School of Medicine,
Tongj Hospital, Tongji University, Chn, *Department of Oral Medicine,
Infection & Immunity, Harvard School of Dental Medicine, Boston,
United States, 02115, USA, *Laboratory of Cell Signaling &
Carcinogenesis, INSERM UMRS938, 184 Rue du Faubourg St-Antoine,
75571, France, 4Department of Oral Medicine, Infection & Immunity,
Harvard School of Dental Medicine, 02115, USA, *Harvard University,
USA, ®Department of Orthopedics, Tongji Hospital, School of Medicine
Tongji University, Shanghai, China,200065, China, 7Department of
Orthopedics, Tongji Hospital, School of Medicine Tongji University,
Shanghai, China,200065, China, ®Cancer Institute, University of
Mississippi Medical Center, 2500 N. State St, Jackson, MS 39216., USA,
“Harvard School of Dental Medicine, USA, °Harvard School of Medicine
& of Dental Medicine, USA, “Department of Oral Medicine, Infection &
Immunity, Harvard School of Dental Medicine, Boston, United States,
02115, USA

The homeodomain protein TGIF regulates several physiological processes and
plays crucial roles in cell fate determination and tissue homeostasis. TGIF is
phosphorylated in numerous cell systems, yet the responsible kinase(s) remains
unidentified. In an effort to address this issue, we interrogated the Eukaryotic Linear
Motif (ELM) database, and found that TGIF possesses a potential GSK3p
phosphorylation site (T235 and T239). We then showed that indeed GSK3f can
directly phosphorylate TGIF, as demonstrated by in vitro kinase assays and western
blotting using an antibody that specifically recognizes TGIF phosphorylated at T235/
T239. Functionally, we found that mutation of T235/T239 resulted in decreased TGIF
turnover, providing an initial hint that phosphorylation by GSK3p might hinder
TGIF stability. In fact, suppressing GSK3p activity through either genetic or chemical
approaches triggered decreased TGIF polyubiquitination and clearance. Thus, similar
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to B-catenin, phosphorylation of TGIF by GSK3p leads to its ubiquitination and
degradation. As GSK3p is a key kinase in Wnt signaling, we then investigated whether
TGIF played a physiological role in this pathway. Remarkably, expression of TGIF
enhanced Wnt-induced gene expression, whereas TGIF deficiency elicited the opposite
effects. Mechanistically, TGIF appeared to promote B-Catenin accumulation,
interfering with the assembly of the B-Catenin destruction complex. Furthermore,
activation of Wnt signaling induced the expression of TGIF itself in many cell lines,
revealing an ability of TGIF to govern a feed-forward loop that sustains Wnt
signaling.

Given that Wnt signaling is a potent regulator of osteoblast differentiation and
bone formation, we then tested whether TGIF was capable to enhance this pathway in
osteoblasts (OBs) and bone formation in vitro and in vivo. Expressing TGIF increased
OB differentiation in the pre-OB cell lines, ST2 and C3HI0T1/2 through Wnt
signaling activation, as TGIF depletion was sufficient to blunt Wnt3a-induced
osteoblast differentiation in these cell systems. In vivo, TGIF-/- mice display
decreased osteoblast differentiation and low bone mass. More importantly, deletion
of TGIF prevented the high bone mass phenotype seen in mice harboring
heterozygote deletion of the Wnt signaling inhibitor DKKI1. This study therefore
establishes TGIF as a component of the Wnt signaling machinery that is required for
efficient Wnt-induced osteoblast differentiation and bone formation.

Disclosures: Ming-zhu Zhang, None.
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PTH/PTHrP Receptor Signaling in Osteoprogenitors is Essential for B
Lymphocyte Differentiation, Maturation, and Mobilization in Mice. Cristina
Panaroni*', Keertik Fulzelez, Vaibhav Saini’, Rhiannon Chubb?®, Paola
Divieti Pajevic®, Joy Wu®. 'Stanford University School of Medicine, USA,
>Massachusetts General Hospital; Harvard Medical School, USA, *MGH,
Harvard Medical School, USA, “Endocrine Unit, Massachusetts General
Hospital, USA, *Massachusetts General Hospital & Harvard Medical
School, USA, °Stanford University School of Medicine, USA

The osteoblast lineage is a major regulator of various hematopoietic lineages by
providing specialized niches for their development in bone marrow (BM). We have
previously demonstrated that ablation of Gso in Osterix-positive (Osx) osteoprogeni-
tors in mice results in osteopenia accompanied by developmental arrest of B-
lymphocyte precursors in BM. Because PTH treatment has been shown to enhance
osteoblast support of B lymphocyte differentiation in vitro, we hypothesized that
PTH/PTHrP receptor (PPR) might be the G-protein coupled receptor upstream of
Gso. in osteoprogenitors, mature osteoblasts, or osteocytes that regulates B
lymphocyte maturation in the BM. Here we show that B lymphocyte development
in BM is regulated by PPR signaling only in osteoprogenitors. No impaired B cell
development was found when PPR was ablated in mature osteoblasts or osteocytes.
On the contrary, and similar to mice depleted of Gso in osteoprogenitors, Osx-PPR
knockout (KO) mice exhibit a severe osteoporotic phenotype and a specific reduction
in B cell precursors, as previously reported. Surprisingly, the overall number of total B
lymphocytes in BM was not significantly reduced due to a 3-fold increase in mature B
cells, which were mainly located along the endosteal bone. In case of BM failure,
hematopoiesis can take place in the spleen. Therefore, we investigated the spleen of
Osx-PPRKO mice but observed no extramedullary hematopoiesis, suggesting
impaired maturation and retention of B cells in the BM of Osx-PPR KO mice.
Intra-tibial injection of labeled B lymphocytes revealed a 27-fold increase in the
number of labeled mature B cells in the BM and 6-fold decrease in labeled mature B
cells in the spleen of Osx-PPR KO mice, further supporting increased retention of B
cells in BM. We next examined the main adhesion molecules involved in B lymphocyte
migration/adhesion. The integrin o431 is abundantly expressed on B lymphocytes and
strongly interacts with its stromal ligand VCAMI to increase adhesion to the
microenvironment. Interestingly, we found a 3-fold increase in VCAMI1 expression in
bone, and in vivo treatment with VCAM1 neutralizing antibody reduced the frequency
of mature B cells in the BM of Osx-PPR KO mice by 50%. In summary, PPR signaling
in early osteoprogenitors, but not mature osteoblasts and osteocytes, is necessary for
B cell differentiation, maturation, and mobilization.

Disclosures: Cristina Panaroni, None.
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FGF23 regulates bone mineralization in a vitamin D and Klotho-independent
fashion. Sathish Kumar Murali*', Paul Roschger?, Ute Zeitz!, Klaus
Klaushofer?, Olena Andrukhova', Reinhold Erben*. IDept. of Biomedical
Sciences, University of Veterinary Medicine, Austria, 2L. Boltzmann
Institute of Osteology, Austria, *Hanusch HospitalLudwig Boftzmann
Institute of Osteology, Austria, *University of Veterinary Medicine, Austria

Fibroblast growth factor-23 (FGF23) is a phosphaturic hormone secreted by
osteoblasts and osteocytes in response to vitamin D and phosphate. Lack of Fgf23 or
of Klotho (Kl), the co-receptor for FGF23, leads to severe impairment of bone
mineralization in mice. However, the mechanisms underlying the Fgf23- and Klotho
deficiency-associated defects in bone mineralization are still poorly understood. To
examine the vitamin D independent role of FGF23 and Klotho in bone
mineralization, we crossed Fgf23”" or KI” mice with mice expressing a non-
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functioning vitamin D receptor (VDR”2). As expected, Fgf23” and K17~ mice were
characterized by increased serum 1,25 (OH),Dj3, and impaired bone mineralization as
evidenced by UWCT and histomorphometric analysis. The mineralization defect in
Fgf23”" and K17 mice was associated with increased bone mRNA expression of ANK
(progressive ankylosis), ENPP1 (ectonucleotide pyrophosphatase phosphodiesterase
1), ENPP3 (ectonucleotide pyrophosphatase phosphodiesterase 3), and osteopontin
(OPN) as compared to wild-type and VDR*2 mice. In addition, we found increased
pyrophosphate levels and OPN protein expression in bones of Fgf23”" and KI”" mice.
Ablation of vitamin D signaling in KI”/VDR*A compound mutants normalized
serum Fgf23 levels, bone mineralization, bone pyrophosphate levels, and bony
expression of ANK, ENPP1, ENPP3, and OPN, suggesting that the mineralization
defect observed in KI"* mice is entirely due to 1,25(0OH),Ds-driven upregulation of the
mineralization inhibitor OPN, and of the pyrophosphate-regulating factors ANK,
ENPPI1, ENPP3. However, despite normalization of bone pyrophosphate levels, bone
mineralization remained impaired and OPN protein expression remained increased in
Fgf237/VDR** compound mutants relative to wild-type and VDR** mice.
Differentiated primary osteoblasts isolated from Fgf23” mice, but not those isolated
from KI7* mice, showed cell autonomous increases in OPN mRNA and protein
expression as compared to wild-type cells. In addition, treatment of differentiated
primary osteoblasts isolated from wild-type mice with recombinant FGF23 decreased
OPN protein expression. Taken together, our data suggest that Fgf23 but not Klotho
has a vitamin D independent role in bone mineralization through direct regulation of
OPN.

Disclosures: Sathish Kumar Murali, None.
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Deletion of PTHIR expression from limb mesenchyme affects systemic
mineral ion homeostasis. Yi Fan*', Beate Lanske’, Tatsuya Kobayashi’,
Tadatoshi Sato', Michael Densmore®. 'Harvard School of Dental
Medicine, USA, 2Harvard School of Dental MedicineHarvard Medical
School, USA, *Massachusetts General Hospital, USA

PTH is secreted by the parathyroid glands in response to low serum calcium and
vitamin D levels. It signals through the parathyroid hormone 1 receptor (PTHIR) in
kidney and bone to regulate mineral ion homeostasis and bone remodeling. We
generated a viable novel mouse model, PrxI Cre; PTHIR™" by ablating the PTHIR at
the early limb bud stage in order to explore the contribution of PTHIR expression in
long bones to modulate systemic mineral ion homeostasis. We confirmed efficient and
specific deletion of PTHIR in adult limbs and calvaria. H/E & von Kossa staining
showed reduced amounts of trabecular and cortical bone in PrxICre; PTHIR™ limbs
at PO, 3 and 6 weeks of age. qPCR analyses revealed decreased expression of
osteoblast and some osteocyte markers, with exception of Mepe, Dmpl, Opn and more
importantly Fgf23 mRNA. Also, normal FGF23 protein expression was detected in
mutants by immunohistochemistry.

To examine changes in systemic mineral ion homeostasis we measured various
biochemical parameters. Whereas serum Ca®" and PTH levels were unchanged, serum
Pi, 1,25(0OH),D3, and iFGF23 levels were significantly decreased in mutants. Notably,
a marked reduction in Gailnt3 expression, an enzyme required for O-glycosylation of
FGF23, was detected in PrxICre; PTHIR™ bones, signifying that a failure in proper
post-translational modification of FGF23 could be responsible for the lower
circulating FGF23 levels.

Moreover, changes in the expression of renal genes involved in balancing
mineral ion homeostasis, such as Klotho, Napi2a, CalbindinD,3K, were found in
mutants. Interestingly, renal /a(OH )ase expression in mutants was normal but its
expression in limbs was significantly decreased, indicating that the lower serum
1,25(0OH),D; could be due to the local loss of PTHIR in limbs.

To further explore the regulation of FGF23 by PTH, 2-week old mutants and
littermate controls were daily injected with hPTH(1-34) or vehicle for 1 week. FGF23
mRNA expression was upregulated in control limbs but remained unchanged in the
mutants. Although controls responded with the expected increase in serum calcium
and decrease in serum phosphate no changes in serum calcium were seen in the
mutants, while serum phosphate significantly decreased.

In summary, our data suggest that PTHIR in limbs is required for induction of
FGF23 mRNA and is essential to regulate systemic mineral ion homeostasis.

Disclosures: Yi Fan, None.
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Phosphate-induced signaling cascade is regulated by Trpsl in mineralizing
cells. Maria Kuzynski'!, Morgan Goss?, Callie Mobley', Dobrawa
Napierala*?. 'University of Alabama at Birmingham, USA, 'University
of Alabama at Birmingham, USA, *University of Alabama At Birmingham
School of Dentistry, USA

The availability of phosphate is one of the critical factors regulating biominer-
alization. Phosphate supports biomineralization not only as a component of inorganic
phase of mineralizing tissues, but also as a signaling molecule that acts on target cells
and induces molecular changes supporting biomineralization. It has been demon-
strated that phosphate-induced Erkl1/2 activation is bi-phasic and promotes
expression of mineralization-related genes. Many of these genes have promoters
enriched in GATA consensus elements suggesting that GATA transcription factors
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play role in regulation of gene expression in response to phosphate. Trpsl is a GATA-
type transcription factor that is expressed during development of skeletal and dental
tissues. Our previous data from Trpsl-KO and Collal-Trpsl transgenic mice
implicate Trpsl in biomineralization, however its precise role in this process is
unknown. To understand how Trpsl regulates biomineralization, we generated
odontoblastic cell lines deficient for Trpsl (Trpsl-KD) and overexpressing Trpsl
(Trps1-OE). Cellular and molecular analyses of these cell lines uncovered that Trpsl-
deficieny results in a loss of the mineralization potential, associated with decreased
expression of Phosphol and TNAP phosphatases, and Runx2 and Sp7 osteogenic
transcription factors. In contrast, Trpsl-overexpression results in delayed and
decreased mineralization as well as decreased expression of genes regulated by
phosphate. Analyses of phosphate-induced Erk1/2 activation uncovered disturbed
second Erk1/2 activation peak in both Trpsl-KD and Trps1-OE cells in comparison
with controls. These data implicate Trpsl in phosphate-induced signaling cascade and
suggest that Trps1 regulates the biomineralization process by controlling expression of
a subset of phosphate-responsive genes.

Disclosures: Dobrawa Napierala, None.
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Mechanisms Underlying Ectopic Mineralization in a Mouse Model of Diffuse
Idiopathic Skeletal Hyperostosis. Hisataka Ii', Sumeeta Warraich', Neil
M', Diana _Quinonez', David Holdsworth', James Hammond?, S.
Jeffrey Dixon*!, Cheryle Séguin'. "The University of Western Ontario,
Canada, 2University of Alberta, Canada

Equilibrative nucleoside transporter 1 (ENT1) mediates the passive flow of
adenosine across cell membranes. We previously reported that mice lacking ENT1
(ENTI™") exhibit progressive ectopic mineralization of spinal tissues including
intervertebral discs (IVDs) — a phenotype resembling diffuse idiopathic skeletal
hyperostosis (DISH) in humans. Our objective was to investigate the mechanisms
underlying ectopic mineralization in ENT1” mice. Intact IVDs were isolated from
wild-type and ENTI” mice at 2 months of age (prior to detection of disc
mineralization), 4 and 6 months of age (when extensive mineralization was detected
in IVDs). Tissues were processed for RNA extraction and real-time PCR, subjected to
enzymatic dissociation for cell isolation and culture, or fixed for histological
evaluation. Characterization of wild-type tissues demonstrated that, in contrast to
brain and visceral organs, ENT] is the primary nucleoside transporter expressed in the
IVD. This observation was confirmed functionally by measuring uptake of [*H]2-
chloroadenosine in cultures of IVD cells isolated from wild-type mice. No differences
in candidate gene expression were detected in intact IVDs isolated from ENTI™ mice
compared to wild-type mice at 2 or 4 months of age. However, at 6 months of age,
expression of regulators of mineralization including Mgp, Enppl, Ank, Sppl and Alpl
were significantly reduced in ENTI”" mice compared to wild-type. To assess whether
changes detected in ENTI”" mice were cell autonomous, cultures of annulus fibrosus
cells were established. Cultures from ENTI” IVDs demonstrated greater alkaline
phosphatase activity than wild-type cells when isolated from mice at either 2 or 6
months of age. ENTI™ cultures also showed greater mineralization than wild-type
cells at 2 months of age. Cultures of cells from 6-month-old ENTI™ mice exhibited
significantly greater expression of Ibsp, Enppl, Sppl, Alpl and Runx2 than wild-type
cultures. Interestingly, histological evaluation of intact IVDs demonstrated aberrant
alkaline phosphatase activity in cells of the inner annulus fibrosus in ENTI” mice.
Together, these findings suggest that both cell-autonomous and systemic mechanisms
disrupt expression of alkaline phosphatase and other regulators of mineralization,
which in turn results in ectopic calcification of spinal tissues in ENTI™" mice. These
observations may provide new clues as to the pathogenesis of DISH in humans.

Disclosures: S. Jeffiey Dixon, None.
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Glil haploinsufficiency disrupts postnatal bone homeostasis under physiolo-
gical and pathological conditions. Yoshiaki Kitaura*', Hironori Hojo?,
Yuske Komivama3, Tsuyoshi Takato3, Ung-I1 Chung4, Shinsuke Ohba’. !,
Japan, >The Center for Disease Biology & Integrative Medicine, USA, *The
university of Tokyo, Japan, “University of Tokyo Schools of Engineering &
Medicine, Japan, The University of Tokyo, Japan

Hedgehog (Hh) signaling plays important roles in various development processes.
The signaling exerts its biological effects through the Gli-mediated transcription of its
target genes. In the mammalian skeleton, Hh input is required for the specification of
Runx2-positive osteoblast precursors during endochondral ossification. In contrast to
the established roles of Hh signaling in skeletal development, the evidence of its roles
in adult bone homeostasis is not complete. In the present study, we aimed to identify
roles of Glil, a transcriptional activator induced by Hh signaling activation, in
postnatal bone homeostasis. The body weights of the 8-week-old G/i/ ™'~ mice were
approx. 20% lower than those of the WT and G/il*~ mice, which suggested systemic
abnormalities by complete loss of Glil gene. Therefore, we analyzed the skeletal
system in G/iI*'~ male mice. G/il haploinsufficiency caused decreased bone mass with
reduced bone formation and accelerated bone resorption; that is, an uncoupling of the
bone metabolism. Hh-mediated osteoblast differentiation was largely impaired in
cultures of Glil*'~ precursors, and the impairment was rescued by the Glil expression
by the adenoviral transduction. In addition, Gl/il*'~ precursors showed premature
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differentiation into osteocytes and increased ability to support osteoclastogenesis.
These data suggest that the uncoupling of bone metabolism is caused by the
premature differentiation of Glil*'~ precursors into osteocytes that have greater
capacities to support osteoclastogenesis. When we compared fracture healing between
wild-type and GliI*'~ adult mice, we found that the G/iI*/~ mice exhibited impaired
fracture healing with insufficient callus formation by three-dimensional p-CT
analyses. In the histological analyses on sections stained with the hematoxyline-
eosine (H-E) and alcian blue revealed that both of soft and hard callus were reduced in
the Glil*'~ mice compared to WT mice; both endochondral ossification and
intramembranous ossification were affected by G/i/ haploinsufficiency during the
fracture healing process at a postnatal stage. Thus, we propose that Glil acting
downstream of Hh input contributes to adult bone metabolism under both
physiological and pathological conditions, in which this molecule not only promotes
osteoblast differentiation but also acts as a repressor for osteoblast maturation toward
osteocytes to maintain normal bone homeostasis.

Disclosures: Yoshiaki Kitaura, None.
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Prolonging JAK/STAT signaling by deletion of osteocytic SOCS3 results in a
profound sex-divergent change in trabecular bone mass. Holly Brennan*',
Rachelle Johnsonz, Emma Walker', Gordon Smyth®, Nicos Nicola3, T.
John Martin®, Natalie Sims>. 'St Vincent’s Institute of Medical Research,
Australia, 2St. Vincent’s Institute of Medical Research, Australia, 3Walter
& Eliza Hall Institute, Australia, *St. Vincent’s Institute of Medical
Research, Australia

The SOCS (suppressor of cytokine signaling) family of proteins limit the duration
of JAK/STAT cytokine signaling. SOCS3 binds directly to receptors that play key
roles in bone metabolism, including glycoprotein 130 (gp130), leptin receptor and G-
CSF receptor, thereby inhibiting receptor-associated JAK tyrosine kinase activity.
SOCS3 expression in the osteoblast lineage is stimulated by parathyroid hormone
(PTH), mechanical loading and 1L-6/gp130 family cytokines, which all increase bone
formation, at least in part, by acting on the osteocyte.

To investigate the role of osteocytic SOCS3 in bone remodeling, we examined the
skeletal phenotype of mice with SOCS3 conditionally deleted in osteocytes
(DMP1Cre.SOCS3f/f). Femora were analyzed by microCT, and tibiae by histomor-
phometry, during development (2-week-old), growth (6-week-old), and early and late
adult bone remodeling (12- and 26-week-old).

DMPI1Cre.SOCS3f/f mice demonstrated a sex-divergent phenotype in trabecular
bone, after sexual maturation. At 2 weeks of age, trabecular bone volume (BV/TV)
was significantly greater (3-fold, p<<0.01) in male and female DMP1Cre.SOCS3f/f
mice compared to age- and sex-matched controls (DMP1Cre.SOCS3w/w). Trabecular
thickness and number were also significantly higher. This high bone mass phenotype
was significant also at 6 weeks of age in both sexes. However, at 12 weeks of age, while
both male and female DMP1Cre.SOCS3f/f mice demonstrated a high level of bone
remodeling, including significantly greater osteoid surface and volume (p<<0.01),
osteoblast surface (p<<0.0001) and osteoclast surface (p<<0.05), the effect of SOCS3
deletion on trabecular bone mass was profoundly different between sexes. In 12-week-
old female DMP1Cre.SOCS3f/f mice, BV/TV was increased 7-fold (p<<0.0001), such
that the marrow space was almost entirely filled with rapidly remodeling bone. In
contrast, males exhibited a ~50% reduction in BV/TV (p<<0.05) compared to age- and
sex-matched controls. At 26 weeks, male mice retained their low BV/TV, and the high
bone mass phenotype of the females completely resolved to wildtype levels.

These data indicate that SOCS3-mediated inhibition of osteocytic JAK/STAT
signaling restrains both bone formation and resorption, with the balance being sex-
and age-specific. The striking sexually divergent phenotype at 12 weeks indicates that
osteocytic JAK/STAT signaling is a key influence that determines sexual dimorphism
in adult trabecular bone remodeling and bone mass.

Disclosures: Holly Brennan, None.
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Plasma Sphingosine 1-Phosphate Levels and the Risk of Osteoporotic
Fractures: The Ceor Study. Mohammed-Salleh Ardawi*', Abdulrahim
Rouzi?, Nawal Al-Senani?, Mohammed Qari’, Shaker Mousa®. 'Center of
Excellence for Osteoporosis Research & Department of Clinical
Biochemistry & KAU Hospital, Faculty of Medicine, King Abdulaziz
University, Saudi Arabia, >Center of Excellence for Osteoporosis Research
& Department of Obstetrics & Gynecology & KAU Hospital, Faculty of
Medicine, King Abdulaziz University, Saudi Arabia, 3Center of Excellence
for Osteoporosis Research & Department of Haematology & KAU
Hospital, Faculty of Medicine, King Abdulaziz University, Saudi Arabia,
“The Pharmaceutical Research Institute, Albany College of Pharmacy &
Health Sciences, USA

Background: In vivo and in vitro studies showed that sphingosine 1-phosphate
(S1P) to act as a coupling factor stimulating osteoclastogenesis and controlling the
migration of osteoclast precursosrs between blood and bone compartments. Also,
S1P is known to stimulate osteoblastss proliferation, migration and survival. We
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hypothesized that postmenopausal women with elevated plasma SIP levels might be
related to greater risk for osteoporosis-related fractures (ORFs).

Methods: We studied, the association between circulating SIP [measured by
ELISA kit (Echelon Biosciences Inc., USA)] and ORF risk in 707 postmenopausal
women (age =50 yrs), in a population-based study with a mean follow-up period of
5.2 + 1.3 years. Multivariate Cox proportional-hazards regression models were used
to analyze fracture risk, adjusted for age, body mass index, and other confounding
risk factors.

Results: Plasma S1P levels (umol/L) were significantly higher in women with ORFs
(7.23 4+ 1.79) than in those without ORFs (5.02 + 1.51) (P<<0.0001). High SIP levels
were strongly associated with increased fracture risk. After adjustment for age and
other confounders, the relative risk was >6.2-fold among postmenopausal women for
each 1-SD increment increase in plasma SIP level. Women in the highest quartile of
SIP levels had a 10-fold increase in fracture risk. Results were similar when we
compared S1P at the l-year visit to an average of 2-3 measurements. Fracture risk
attributable to S1P levels was 31.5% in the highest quartile. Associations between S1P
levels and fracture risk were independent of bone mineral density and other
confounding risk factors.

Conclusions: High plasma SIP level appears to be a strong and independent risk
factor for ORFs among postmenopausal women and could be a useful biomarker to
improve fracture risk assessment.

Analysis Continuous (per SD) Quartile-Specific Analysis
Analysis HR (95% CT)
HR (959 CT)

Plasma sphingosine 1-phosphate:
Unadjusted
Adjusted forage
Multivariate 1

622 (5.02 - 7.82)
6.07 (4.87 - 7.58)
6.12 (4.92 — 7.66)

10.41 (292 -3337)
9.92 (2.84 - 34.58)
9.39 (2.83 — 34.44)

Table 1: Hazard ratios for osteoporosis-related fractures by sphingosine 1-phosphate
cut-off values

Disclosures: Mohammed-Salleh Ardawi, None.
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Bone Material Strength as measured by microindentation in vivo is decreased
independently of BMD in patients with fractures. Frank Malgo*!, Neveen
Hamdy?, Socrates Papapoulos’, Natasha Appelman-dijkstra®. 'Leiden
University Medical Center, Netherlands, 2Leiden University Medical
Center, The Netherlands, *LUMC Centre for Bone Quality Dept of
Endocrinology, The Netherlands

Background: Bone strength depends on bone mass, architecture and composition.
Besides a decrease in Bone Mineral Density (BMD), altered microarchitecture and
biomechanical properties of bone contribute to fracture risk. A new technique of
microindentation has been introduced for the in vivo measurement of the
biomechanical properties of bone. We hypothesized that Bone Material Strength
(BMS) as measured by microindentation would be lower in patients with osteopenia
or osteoporosis and a fracture compared to those without.

Methods: We performed microindentation in 65 men and women with (Fx+) or
without fractures(Fx-) and with osteopenia or osteoporosis as measured by DXA.
Patients with metabolic bone disecases were excluded. Microindentation was
performed using the Osteoprobe® Reference Point Indenter(Active Life Scientific
Inc., Santa Barbara,CA. USA) in the midshaft of the tibia.

Results: Fx+ patients were older (60.0 years + 14.0 vs. 51.9 years + 15.3;
p=0.044) and used more alcohol than Fx- patients (21% of patients vs. 0%; p=0.033),
but there was no significant difference in the number of patients who were active
smokers, had type 2 diabetes or used corticosteroids, nor in mean BMD values, BMI,
serum levels of calcium, PTH or 25-OH vitamin D between groups. After adjusting for
age, alcohol use and type 2 diabetes, BMS was significantly lower in Fx+ patients than
in Fx- patients (BMS 78.5+0.9 vs. 84.1 +4.6; p=0.010). Separate analysis of subjects
with osteopenia (n=41) showed that Fx+ patients with osteopenia had significantly
lower BMS values than Fx- patients with osteopenia (BMS 79.3+0.9 vs. 86.0+1.5;
p=0.004). BMS was comparable in Fx+ patients with osteopenia and in Fx + patients
with osteoporosis, BMS 79.3 +£0.9 vs. 76.7 £ 2.1 (p=0.267) respectively, in the presence
of significant differences on both the lumbar spine 0.91 g/lem> + 0.02 vs. 0.78 g/em® +
0.02 (p=0.001) and the femoral neck 0.72 g/em® + 0.01 vs. 0.56 glem® + 0.03
(p<<0.001).

Conclusion: This study is the first to show that Bone Material Strength is
significantly lower in fracture patients with osteopenia and comparable to fracture
patients with osteoporosis. Our data suggest an aspect of altered bone quality
contributing to bone fragility independent of BMD. Further studies are required to
establish the value of Bone Material Strength as a predictor of fracture risk, especially
in patients with osteopenia.

Disclosures: Frank Malgo, None.
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Effect of Vertebral Artifact and Exclusions on Fracture Prediction from
Lumbar Spine BMD and TBS (Trabecular Bone Score): The Manitoba BMD
Cohort. William Leslie*', Suzanne Morin?, Lisa Lix', Sumit Majumdar?,
Didier Hans*. 'University of Manitoba, Canada, *McGill University,
Canada, 3University of Alberta, Canada, “Lausanne University Hospital,
Switzerland

Background: Age-related spondylosis is common and degrades lumbar spine DXA
scan quality. Spine TBS (trabecular bone score) may be less sensitive to spondylosis
but has not been studied in relation to fracture outcomes.

Methods: Using a registry of all clinical DXA results for Manitoba, Canada, we
identified women age >40y with baseline spine DXA (GE Prodigy) from years 1999-
2011. Vertebral exclusions were identified by ISCD-certified physicians at the time of
initial clinical reporting. Spine TBS was measured by researchers at the University of
Lausanne blinded to clinical outcomes. BMD and TBS T-scores were derived for the
total spine, individual vertebral levels, minimum/maximum, and (if there were
vertebral exclusions) the non-excluded and excluded levels. Incident major osteo-
porotic fractures (MOFs) and clinical vertebral fractures (VFs) were identified from
population-based health services data, and fracture discrimination estimated from
area under the ROC curve (AUROC).

Results: 47,736 women met the inclusion criteria. 15,938 (33%) had vertebral
exclusions and these varied by level: L4 98%, L3 63%, L2 14%, L1 10%. Vertebral
exclusions had a large effect on the BMD T-score (non-excluded levels -1.6, excluded
levels -0.4) and on the TBS T-score (non-excluded levels -1.4, excluded levels -0.5).
AUROC for predicting MOF from total spine BMD T-score was 0.673 in women
without vs 0.642 with vertebral exclusions; non-excluded levels had higher AUROC
(change +0.016) but excluded levels had worse AUROC (change -0.007). AUROC for
MOF from total spine TBS T-score was 0.644 in women without vs 0.613 with
vertebral exclusions; non-excluded levels had higher AUROC (change +0.010) but
excluded levels had worse AUROC (change -0.037). Similar results were seen for
clinical VFs based upon BMD (AUROC change non-excluded levels +0.026, excluded
levels -0.011) and TBS (AUROC change non-excluded levels +0.019, excluded levels -
0.055). In women with vertebral exclusions, BMD or TBS T-score for L1 showed
higher AUROC for MOF prediction than for any other vertebral level, and minimum
T-score showed better MOF prediction than maximum T-score.Summary: Spine
DXA artifacts requiring vertebral exclusions affect both spine BMD and TBS.
Excluded levels had higher BMD and TBS and worse fracture prediction. Exclusion of
levels affected by artifact improved fracture prediction. BMD reporting procedures
excluding lumbar spine artifacts also appear to be applicable to TBS.

Tabia: 8D and TBS T- AURDE for incident major st fracture (MOF) and ALROC for dinkcal vertebral fractures 5
‘Waman withaut vertebeal excligions (N=31.708] | ‘Wioman with vertebral axchusians [N=15 538)
| T-store (mear)  AUROCMOF {8)°  AUROCVF{8)" | T-scom gmear]*  AUROC MAOF (41 AURDCVF(A)' |

BMD  Tosalspine (4] | 11 0673 fred) 0.713 [ref) 097 0,642 (ref) D638 [ref}
Non exchuded beve A NA NA 159 0654 (+0006]  0.715 [40.008)
Excluced kevels WA NiA N/A 036 0636(-0007) D678 (-0.011)
L1 alane 1M 06640005 0703 [0.010) 1,60 0853 (+0011)  0.708 [+0.015)
L2 alone A3 0671 (0.002) 0712 [-0.001) 153 0.638 [-0.005) 0,690 [40.002)
L3 akore 087 06680004} 0707 [0.005) 07 0631 (0011}  0.671[-0.008
L4 alane 121 0664 [0003)  0.700[-0013) 037 0627 (-0015) 0668 [-0.021)
Minimum 471 D677 (+0.008) 0720 (+0:009) .92 0654 (+0001) 0,706 [40.008)
Maximim 082 0568 [0009) 0593 [0013) 0,05 0,627 [-0.015) 0,664 [-0.024]

TBS Total spine (L1-4) 0.7 0544 fref) 0681 [red) 108 0.1 ref} 0640 [ref])
Non-exchuded levels | H/A NiA NiA 141 0623 (+0010]  0.659 (40,005}
Excluced lovels WA NJA NSA 0,55 0.877 [-0.037) D.585 {0.055)
L1 slane -1.81 D653 (40.008)  0.679[-0.003) 218 0625 (+0001) 0662 {40.022)
L2 akane 0.8 0637 (0.007) 0674 [-0.007) -1.08 0601 (-0012} 0,632 (-0.008)
13 alone 0.05 0608(0036) 0644 [-0.038) 0.20 0%81(0032)  0593{0.047)
L4 alone 0.30 0604 (0.080) 0,636 0045) 065 0570[-0084)  0571(-0.089)
Minimum -2.07 0654 (40.010) 0685 |+0.003) -2.40 0625 (+0.002] 00660 (+0.020)
Mazimum 038 0612 (0032} (U650 [-0.081) 0 OSES(-0025) 0567 (-0.043]

e D01 ve women without vertebral sxclusions; © 8l AUROC SE<D1, ' al AUROC SE <02

Table: BMD and TBS T-scores, AUROC for incident MOF and AUROC for clinical
VF

Disclosures: William Leslie, None.
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Prospective Association between Novel Biomarker of Oxidative Stress and
Hip Fracture in Postmenopausal Women. Shuman Yang*' K Diane
Feskanich?, Walter Willett?, Heather Eliassen®, Tianying Wu®.
"University of Cincinnati, USA, *Departments of Nutrition &
Epidemiology, USA, *Department of Environmental Health, USA

Background: Human studies suggest that oxidative stress is a risk factor for
osteoporosis, but its relationship with fracture risk is poorly understood. The purpose
of the present study was to investigate the association between biomarker of oxidative
stress and hip fracture in postmenopausal women.

Methods: We conducted a prospective study in the Nurses’ Health Study
among 996 postmenopausal women aged 60 years or older at baseline blood
collection in 1989-1990. Plasma fluorescent oxidation products (FIOP)_320
was measured at 320/420 nm (excitation/emission) wavelengths. FIOP_320 is formed
when oxidation products such as lipid hydroperoxides, aldehyde, and ketones react
with DNA in prescence of metals. FIOPs generated from many different pathways
(lipid, protein and DNA oxidation) reflect a global oxidation burden. FIOP assay is
10-100 times more sensitive than measurement of malondiadehyde (A specific lipid
oxidation marker). We used Cox proportional hazards regression model to investigate
the association between baseline FIOP_320 and risk of hip fracture, adjusting for age,
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body mass index, history of osteoporosis, history of hypertension, prior fracture,
physical activity, alcohol intake, postmenopausal hormone therapy, calcium intake,
vitamin D intake, carotenoid intake, smoking status, fasting status, and time
and month of blood draw.

Results: Forty four hip fractures (4.4%) were identified during the follow-up
(Maximum = 23 years). In the multivariable model, the hazard ratios (HR) of hip
fracture in the second and third tertiles of FIOP_320 were 2.17 (95% confidence
interval [CI] = 0.90-5.26) and 2.80 (95% CI = 1.18-6.67), respectively, in comparison
with the lowest tertile, and the risk increased linearly with increasing FIOP_320 (P for
trend = 0.019). After stratifying our analysis by time of follow-up (<10 and = 10
years), we found similar risk estimates of hip fracture in both time intervals as the
overall association between FIOP_320 and hip fracture. As an oxidation marker, we
did not find significant interaction of FIOP_320 with fasting status (P = 0.358),
alcohol intake (P = 0.126), current smokers (P = 0.955) and history of hypertension
(P = 0.854) in assessing risk of hip fracture.

Conclusions: In this prospective study, higher plasma FIOP_320 was an
independent risk factor for hip fracture. The marker may help improve the assessment
of hip fracture risk in postmenopausal women.

Table 1. Assaciation between plasma fluorescent oxidation products and risk of hip fracture

Fiox

Tewmle | Tertile 2 Tertile 3 el
1] 331 331 e
Pange (FUml} 338 =135 =548 =546 2
Medsan (Flieal) 210 A 1337
Incidence of hip fmcrure {n. %) 2T 15 (4, 5%) 20 (6.0%) -
Adsusted for age 1 (et L8 (079, 4.14) 231 (104,55 0012
Adgusied for age and kypeneesion 1 (e} 178 (0.75. 4.06) 23S(107.508) 0015
Adyusted for emluple nidk facton® 1 {ref) 217 (0.50. 526y 20 (118 8.6T) e

Valises are hazard ratios (95% confidence imterval), unless otherwise specified  FIOP = Fluorescent oxidation prodiscts, FIL =
Flaorescent intensty uats.

*Rask factors included age (contimsous), hastory of hypertension (yes/no), body mass mdex (< 25_ > 25 and < 30, = 30 and <35, and >
35 kg/m’), fashng status (< 8 and > & hours), tiume and month of blood draw, aleohol imtake (In quiartides 0, > 0 and <1, = 1 snd < 6.7,
andd = 6.7 g/day), physical activity (In quagtiles. < 5.2, =52 apd < 12.7, = 12.7 apd < 25,9, and = 239 MET-howrs/'week), total
calcium mtake (In quartzles: < 667, = 667 and < 969, > 969 and < 1347, and > 1347 mg/day), total vitansn D mtake (In quartles; <
167, = 187 and < 303, > 303 and < 536, and > 536 TU/day), total carotenoid intake (In quartles: < 6.2, > 6.2 and < 9.0, = 9.0 and <
12,8, and > 12.8 1000 TLday), history of osteoporosis (yes'no), smoking stahas {current smakers, past smokers, non-smokers),
postmencpausal bormene therapy (yes'no) and prior fracture (yes/oo).

Table 1

Disclosures: Shuman Yang, None.
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Beyond BMD: Trochanteric Soft Tissue Thickness Predicts Hip Fracture in
Older Adults. Alyssa Dufour*!, Arunima Awale', Douglas Kiel', Ann
Schwartz?, Deborah Kado®, Eric Orwoll*, Mary Bouxsein’, Marian
Hannan®. 'Hebrew SeniorLife, USA, 2University of California, San
Francisco, USA, >University of California, San Diego, USA, *Oregon
Health & Science University, USA, SBeth Israel Deaconess Medical Center,
Harvard Medical School, USA, °HSL Institute for Aging Research &
Harvard Medical School, USA

Hip fractures are disabling events and 25% of adults over 50 years will die in the
year following fracture. Low BMD is a well-accepted major risk factor, yet up to half
of those suffering a hip fracture do not have low BMD; alternative methods of
assessing fracture risk are needed. To look beyond BMD, we examined the relation
between factors that influence the load applied to the hip in a sideways fall and risk of
hip fracture in men and women from the Framingham Osteoporosis Study.

In a nested case-control study, we measured trochanteric soft tissue thickness
(STT, mm) of both hips from whole body DXA scans (Lunar DPX-L) done in 1996-
2001 (baseline). Averages of right and left hip STT measurements were used for
analyses. Factor-of-Risk (FoR) was defined as the ratio of attenuated force applied to
the hip in a sideways fall divided by femoral strength. Attenuated force (N) was
calculated from height (m) and weight (kg) and incorporated the cushioning effect of
STT. Femoral strength (N) was estimated from femoral neck BMD using published
cadaveric femoral strength testing. Incident hip fractures were confirmed by interview
and review of medical records through 12/31/08. Hip fracture cases were matched to 4
non-fracture controls by sex and age +3 years. We used conditional logistic
regression to calculate odds ratios (OR) and 95% confidence intervals (CI) for a 1 SD
decrease in BMD and STT or a 1 SD increase in FoR and the risk of hip fracture. We
adjusted for femoral neck BMD (g/cm?) in STT models only. AIC indicated model fit
(lower values=Dbetter).

In 190 participants, at baseline, average age was 69 years (49, range 45-87), BMI
was 28 kg/m2 (£5.2), BMD was 0.801 g/cm2 (£+0.137) and 76% were female. There
were 38 incident hip fractures over 9 +3.8 yrs follow-up (mean STT: 40.2mm + 17.9)
and 152 age- and sex- matched controls (mean STT: 50.6mm + 21.5). Lower BMD
predicted hip fracture (OR=2.9, p=.0002)(Table). Hip fracture risk increased 2.4-fold
higher per 1 SD (21.2Imm) decrease in STT, even after adjustment for BMD
(OR=1.8). Increased FoR was also predictive of hip fracture (OR=2.9). Using the
AIC statistic, we found that a model including STT and BMD was the best predictor
of hip fracture.

These results show strong evidence that STT, easily measured from DXA scans, is
predictive of hip fracture independent of BMD. Future work should consider this
effect compared to FRAX score and, with larger numbers of hip fractures in both men
and women.
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OR and 95% CI for association between BMD, Trochanteric Soft Tissue Thickness and
Factor of Risk with hip fracture per 1 standard deviation change.
[ Mean(sp) [ OR [ 95%CI | pvalue [ AIC

BMD (g/cm’)

BMD [ 0.800(0.137) [ 2.88 [ (1.66,5.00) | 0.0002 | 106.993
Soft Tissue Thickness (mm)"*

STT 4856 (21.21) [ 236 [ (1.33,417) | 0.0033 [ 113.081

STT+BMD | 184 | (1.01,3.34) | 0.0457 | 104.290
Factor-of-Risk

FoR [ 101(035 [ 292 [ (1.655.17) [ 0.0002 [ 108.108
“odds ratios per 1 standard deviation decrease
“odds ratios per 1 standard deviation increase
flower AIC value = better model fit

Table

Disclosures: Alyssa Dufour, None.
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Gene Panel Diagnostics for Disorders with Abnormal Bone Mass: Results
From 50 Patients. Uwe Kornak*', Ralf Oheim? Peter Krawitz', Tomasz
Zemoijtel’, Michael Amling®, Stefan Mundlos', Peter N. Robinson'.
!Charité-Universitaetsmedizin Berlin, Germany, >University Medical
Center Hamburg-Eppendorf, Germany, *Labor Berlin - Charité Vivantes
GmbH, Germany

Disorders with abnormal bone mass have their origin in skeletal development and/
or homeostasis. Common consequences are reduced mechanical stability leading to
bone deformation or fractures, as well as chronic pain and hematological,
immunological, and neurological complications. The spectrum ranges from rare
early-onset forms to the very common medical problem late-onset osteoporosis. While
the role of common genetic polymorphisms for the susceptibility to late-onset
osteoporosis has been extensively investigated the role of rare variants is still poorly
defined. In order to offer comprehensive genetic testing at an affordable cost we
developed a next-generation sequencing-based gene panel comprising coding and non-
coding regions relevant for disorders with abnormal bone mass. We here present
exemplary genotyping results of 50 patients with early-onset disorders as well as
common late-onset osteoporosis. A special focus will be put on osteoporosis cases in
which we unexpectedly identified bona fide mutations in the FGFRI, LRP5, RUNX2,
and WNTI genes, respectively, thus proving the relevance of the rare-among-the-
common hypothesis. In these cases genetic diagnostics can radically change the
interpretation of disease phenotype, prognosis and recurrence risk and can be the
basis for an optimal individualized therapeutic strategy.

Disclosures: Uwe Kornak, None.
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Suppression of osteoprotegerin by glucocorticoids may underlie their adverse
effects on cortical bone mass. Marilina Piemontese*', Jinhu Xiong?,
Rajamani Selvam', Priscilla Baltz!, Stuart Berryhill', Erin Hogan',
Robert Weinstein?, Stavros Manolagas®, Charles O’Brien®. 'University of
Arkansas for Medical Sciences, USA, Central Arkansas VA Healthcare
System, Univ of Arkansas for Medical Sciences, USA

Glucocorticoid administration causes low bone mass by acting directly on
osteoblasts and osteoclasts. However, most studies in mice have focused on the
trabecular compartment and the effects of glucocorticoids on the cortical compart-
ment are less well characterized. Here we have analysed the impact of glucocorticoids
on cortical bone by treating mice with placebo or prednisolone (2.1 mg/kg/day) for 28
days. Prednisolone administration reduced femoral BMD as measured by DEXA,
compared to placebo treated mice, but did not change body weight. Prednisolone also
reduced cortical thickness and increased cortical porosity at the metaphysis of femur,
as measured by microCT, and this was associated with a decline in strength, as
assessed by 3-point bending. Histological analysis of tibial sections revealed elevated
osteoclast number at the endocortical surface of prednisolone treated mice, compared
to placebo treated mice. Consistent with these findings, expression of osteoclast
specific genes, such as calcitonin receptor and tartrate resistant acid phosphatase, was
increased in the cortical bone of prednisolone treated mice. These changes in
osteoclasts were associated with reduced expression of osteoprotegerin (OPG) in
osteocyte-enriched cortical bone. In contrast, expression of receptor activator of
nuclear factor kappa-B ligand (RANKL) was unaffected by prednisolone. OPG
protein in the bone marrow supernatants was also reduced by prednisolone. These
results suggest that glucocorticoids increase osteoclast number in cortical bone by
acting on osteoblast lineage cells. To determine whether glucocorticoid action directly
on osteoclasts also contributes to the changes in cortical bone, we used mice in which
osteoclasts are protected from the actions of glucocorticoids by transgenic expression
of Ilbeta-hydroxysteroid dehydrogenase type 2, an enzyme that inactivates
glucocorticoids.  Administration of prednisolone to these mice or their control
littermates resulted in similar amounts of cortical bone loss and strength. These
findings suggest that the detrimental effects of glucocorticoids on the cortical bone
compartment result from suppression of OPG production by osteocytes.

Disclosures: Marilina Piemontese, None.
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Deletion of the androgen receptor in osteoblast progenitors (using Prx1-Cre)
reduces bone mass and precludes the effects of orchidectomy in cancellous, but
not cortical, bone. Semahat Serra Ucer*!, Aaron Warren?, Shoshana

1072

An O-glycosylation on Fibronectin Mediates Hepatic Osteodystrophy by
Interacting with a4f1 Integrin. Carla Sens*!, Nina Kawelke', Anja von Aul,
Inaam Nakchbandi®. 'University of Heidelberg & Max-Planck Institute of

Bartell®, Srividhya Iyer’, Li Han®, Julie Crawford?, Charles O’Brien?,
Maria Jose Almeida®, Stavros Manolagas®. ]University of Arkansas for
Medical Sciences, USA, 2Center for Osteoporosis & Metabolic Bone
Diseases, Central Arkansas Veterans Healthcare System, University of
Arkansas for Medical Sciences, USA, USA, 3Central Arkansas VA
Healthcare System, Univ of Arkansas for Medical Sciences, USA

In males, androgens are critical for the acquisition of bone mass in both the cortical
and cancellous bone compartment during growth and for its maintenance throughout
life. Mice with global deletion of the androgen receptor (AR) exhibit low cortical and
cancellous bone mass. On the other hand, targeted deletion of AR in osteoblasts or
osteocytes results in lower cancellous bone mass, but it has no effect on the cortical
compartment. And, as we report elsewhere in this meeting, AR deletion from
osteoclasts (using LysM Cre) has no bone phenotype. It is still possible, however, that
the effects of androgens on the cortical compartment result from actions on osteo-
progenitors. We have, therefore, generated mice with conditional deletion of an AR
allele in pluripotent mesenchymal progenitors, using Prx1-Cre (AR flox;Prx1-Cre). At 7
weeks of age, when androgen levels start to rise in mice, the skeletal phenotype of AR
flox;Prx1-Cre male mice was indistinguishable from the AR flox littermate controls by
micro-CT. At 12 and 26 weeks of age, however, the AR flox;Prx1-Cre exhibited a 30%
and 45% decrease of cancellous bone volume, respectively; as well as lower trabecular
number and connectivity. Cortical thickness was unaffected at all ages. We next sham-
operated or orchidectomized (ORX) 20-week-old AR flox;Prx1-Cre and AR flox mice,
and examined their skeletons 6 weeks later. ORX caused the expected decrease in BMD
at the femur in AR flox mice as compared to the sham-operated littermates. In contrast,
the effect of ORX on femoral BMD was completely abrogated in the AR flox;Prx1-Cre
mice. ORX also decreased cancellous bone volume and trabecular number in the femur
of control mice, while it had no effect in the AR flox;Prx1-Cre mice. In contrast to our
findings in cancellous bone, both control and AR flox;Prx1-Cre mice lost similar
amount of cortical bone with ORX. These results demonstrate that AR deletion in the
osteoblast lineage recapitulates the effects of ORX in cancellous bone, indicating that
the protective effects of androgen on cancellous bone result from AR-mediated effect of
androgen in osteoblast progenitors or their descendants. The protective effects of
androgens on cortical bone mass, on the other hand, must be mediated by cells other
than those of the osteoblast or the osteoclast lineage.

Disclosures: Semahat Serra Ucer, None.
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Prolyl Hydroxylase 2 (PHD2) controls Bone Homeostasis through increasing
Erythropoietin Production via HIF2a. Martina Rauner*', Kristin Franke?,
Lorenz Hofbauer>, Ben Wielockx>. 'Medical Faculty of the TU Dresden,
Germany, >Technische Universitit Dresden, Germany, *Dresden
University Medical Center, Germany

Prolyl hydroxylase 2 (PHD2) regulates hypoxia-inducible factor o (HIFa)
transcription factors and thus, erythropoietin (EPO) production. Under normoxic
conditions, HIF« is constantly inactivated through hydroxylation by PHD2. Due to
the embryonic lethality of PHD2 knock-out mice, its precise role in erythropoiesis and
tissue homeostasis has long remained unknown. Recently, we generated a conditional
knock-out (cKO) mouse lacking PHD2 in EPO-producing cells. These mice have high
levels of EPO and an increased hematocrit, which is dependent on HIF2a. In this
study, we determined the role of PHD2 in bone.

Total, trabecular, and cortical bone density at the femur was significantly decreased by
12%, 20%, and 5% in cKO as compared to wild-type (WT) mice. Results were confirmed
using histomorphometry, showing a 38% decrease in bone volume in the tibia,
accompanied by microarchitectural changes including fewer trabeculae (-33%) and an
increased trabecular spacing (+59%) in ¢cKO mice. Bone resorption was not affected, as
determined using serum levels of C-terminal telopeptide of type I collagen and tartrate-
resistant acid phosphatase, and the histological evaluation of osteoclasts. In addition,
conditional knock-out of PHD2 using the lysM-cre and vav-cre lines did not result in an
altered bone phenotype. In contrast, osteoblasts function was severely impaired. Serum
levels of procollagen type I N-terminal propeptide and osteocalcin were decreased by 30-
40% in cKO mice. In line with that, the mineralized surface, the mineral apposition rate, the
bone formation rate, and the osteoblast surface were reduced by 35-50%. Because cKO are
characterized by high serum EPO levels, we next assessed the bone phenotype in EPO-
treated mice. Similar to ¢cKO, mice treated with 3 U EPO per day for 28 days had a lower
vertebral trabecular bone mineral density (-18%) and a lower local rate of bone formation
(BFR: -29%). To further pinpoint which downstream signals are involved in the bone
phenotype of cKO mice, we used PHD2/HIF1o (P2/H1) and PHD2/HIF2o (P2H2)
double-knock-out (DKO) mice. While P2/H1 DK O mice, which also have high EPO levels,
showed a similar bone phenotype as cKO, including decreased bone density and bone
formation, bone density was restored in P2/H2 DK O mice, which have normal EPO levels.

Thus, PHD2 controls bone homeostasis at least in part through increasing HIF2o-
dependent EPO production and thus, is a novel player in osteohematology.

Disclosures: Martina Rauner, None.
This study received funding from: DFG, CRTD, Elsbeth-Bonhoff foundation
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Biochemistry, Germany, >Max-Planck Institute of Biochemistry &
University of Heidelberg, Germany

Patients with autoimmune liver disease experience increased circulating levels of a
fibronectin (FN) isoform that is characterized by the presence of O-glycosylation called
oFN by 40% (p<<0.05) compared to healthy controls. This isoform significantly inhibits
osteoblast differentiation in vitro (as measured by nodule formation, alkaline
phosphatase activity or osteocalcin). Injection of oFN in mice over two weeks results
in decreased BMD by 17%, osteoblasts by 45% and BFR by 60% compared to vehicle-
treated mice (all p<<0.05). Enzymatic O-deglycosylation of oFN normalized nodule
formation in vitro. Three possible O-glycosylation sites have been described in FN.
Mutations in these three sites followed by transient transfection in primary newborn
murine osteoblasts and evaluation of osteoblast differentiation were performed. This
allowed localization of the responsible O-glycosylation site at AA 33 of the variable
region. Indeed, simultaneous addition of oFN and an antibody that recognizes this O-
glycosylation (glyc-Ab) normalized osteoblast differentiation. Further, oFN decreased
pERK by 50%, while oFN+glyc-Ab normalized and the transfection with the mutated
construct increased pERK two-fold. This suggests that oFN acts by inhibiting integrin-
mediated signaling. The variable region of FN binds to a4Bl or o4f7 integrin.
Differentiating osteoblasts express o4 and 1 but not B7 by flow cytometry. oFN
decreased surface expression of o4fl by 62%, while oFN+glyc-Ab normalized o4
expression. Based on these findings we hypothesized that «4p1 mediated oFN effects on
osteoblasts. An antibody that binds to a4fB1 (PS/2) was added to osteoblasts treated
with oFN. Osteoblast differentiation in vitro and pERK normalized in the presence of
oFN+PS/2 suggesting that 04p1 mediates the inhibition of oFN on the osteoblasts. To
test this in vivo we injected oFN in mice in which Bl integrin was deleted in osteoblasts
(col-al(I)-cre B1V1). In these mice oFN failed to decrease BMD in contrast to controls.
This suggests that bl integrin on the osteoblasts is needed to mediate oFN effects.

In summary, oFN elevation in patients with hepatic osteodystrophy results in
inhibition of osteoblast activity. An O-glycosylation in the variable region of
fibronectin mediates this effect. This O-glycosylation acts by interfering with adbl
integrin-mediated signaling. We have thus characterized the defect and the receptor
mediating bone loss in patients with hepatic osteodystrophy.

Disclosures: Carla Sens, None.
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What generates porosity in cortical bone?. Nicolai Lassen*', Thomas Andersen?,
Jean-Marie Delaisse®, Soren Harving®, Ellen Hauge®, Gete Eschen®, Jesper
Thomsen’, Annemarie Briiel®. 'Vejle Hospital, Denmark, 2Vejle Hospital -
Lillebaelt Hospital, IRS, University of Southern Denmark, Denmark, 3Vejle
Hospital, IRS, University of Southern Denmark, Denmark, 4Department of
Orthopaedic Surgery, Aalborg Hospital, Denmark, *Aarhus University
Hospital, Denmark, ®Department of Plastic Surgery, Aarhus Hospital,
Denmark, ’Aarhus University, Denmark, ®University of Aarhus, Denmark

Cortical bone has a considerable, but often disregarded, contribution to the overall
strength of bone. The physiological process greatly affecting bone strength is bone
remodelling. A cortical bone remodeling unit is commonly described to involve a
cutting cone of osteoclasts (OC) excavating a tunnel (called a Haversian canal), a
reversal zone generating an osteogenic environment, and a closing cone where bone
forming osteoblasts (OB) refill the canals until only a narrow canal remains. With age,
not only the number but also the diameter of Haversian canals increases, resulting in
increased porosity, which weakens the bone. Herein, we aim at identifying the
biological activities leading to increased porosity.

We used therefore human bone specimens from five proximal femurs and two
fibulae. We took benefit of sections cut in the longitudinal direction of the Haversian
canals, making it possible to follow the sequential remodeling steps. Serial sections
were immunostained for OC (TRAcP and cathepsin K) and OB (Runx2 and CD56)
markers, thereby allowing 3D reconstructions of the distribution of OC and OB
activities in a remodelling unit.

The analysis revealed that so-called “reversal” surfaces were not only lined by
typical osteoprogenitor cells expressing Runx2 and CD56, but also by OCs exerting
“secondary’’ resorption on the lateral surfaces of the canals, and thus widening them.
In a 2D analysis, 35% of the detected reversal surfaces showed secondary resorption,
but the systematic 3D analysis of 21 Haversian canals with remodeling events revealed
that all reversal surfaces showed secondary resorption. Furthermore, the 3D analysis
revealed that secondary resorption occurred mostly on early reversal surfaces (close to
the cutting cone), where OCs and osteoprogenitors were closely interacting. Later
reversal surfaces (close to the osteoid) were only lined with osteoprogenitors.

In conclusion, in cortical bone remodeling the reversal phase does not simply
represent a switch turning off the resorption of the cutting cone and turning on pro-
osteogenic activities, as would commonly be expected from a “reversal” phase. It
rather appears as a bone remodeling step where OCs and OB-lineage cells compete,
thereby determining how much bone will be removed laterally, and how soon the bone
removed by the OC can be replaced by bone forming OBs.

Disclosures: Nicolai Lassen, None.
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Dysregulated innate immune responses mediate chronic inflammation leading
to osteoarthritis. Evangelia Kalaitzoglou*', Mary Beth Humphrey’.
!OUHSC, USA, 2University of Oklahoma Health Sciences Center, USA

Obesity increases the risk of developing OA in weight-bearing and non-weight-
bearing joints suggesting that both mechanical and non-mechanical factors associated
with obesity increase the risk of OA. Chronic, low-grade inflammation may provide a
critical link between obesity and OA. Abnormal innate immune responses in obesity,
likely mediated via free fatty acid (FFA) activation of Toll-Like Receptor 4 (TLR4),
increase pro-inflammatory mediators, such as tumor necrosis factor-o. (TNFa), and
contribute to the development of OA. TREM2, paired with DAP12, inhibits TLR-
induced cytokine responses in macrophages and therefore may provide protection from
high-fat diet induced OA. We hypothesize that high fat diet- induced OA is partly
mediated by dysregulation of innate immune responses to FFA leading to increased
pro-inflammatory cytokines driving abnormal cellular and tissue responses within joints
resulting in OA. To test our hypothesis, macrophages derived from wild type (WT) and
DAPI12-deficient (DAP12 KO) mice were stimulated with endotoxin free FFA (palmitic
and lauric acid) and proinflammatory cytokines, ERK and NF«xB activation, as
measured by IKBa degradation, were evaluated. WT and TREM?2-deficient (TREM2
KO) mice were placed on a high fat diet for 3 months and knee joints evaluated
histologically for OA changes. Our studies show that WT macrophages have dose and
time-dependent ERK activation and IKBa degradation as well as TNFa production in
response to palmitic acid and lauric acid. Compared to WT macrophages, DAP12 KO
macrophages have increased TNFao production and ERK and NFkB activation in
response to palmitic acid and lauric acid stimulation, indicating that DAPI2 negatively
regulates FFA-induced responses in macrophage. TREM2 KO mice on a high fat diet
have increased histological changes of early knee osteoarthritis compared to WT mice.
Ongoing studies with mice on a high fat diet will reveal whether TRL4 KO mice are
protected from high-fat diet induced OA when compared to DAP12 KO mice that may
have early or more severe osteoarthritis. In conclusion DAP12 and TREM2 signaling
complex has an immunoregulatory function in FFA stimulated cytokine responses in
macrophages. TREM2 KO mice have accelerated OA compared to WT mice on a high
fat diet. By examining how high fat diet alters innate inflammatory and metabolic
pathways associated with OA, we hope to develop novel therapeutic targets to prevent
or suspend the progression of osteoarthritis.

Disclosures: Evangelia Kalaitzoglou, None.
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Increasing 25-hydroxyvitamin D levels over time: The Study of Women’s
Health Across the Nation (SWAN). Deborah Mitchell*!, Hang Lee?, Gail
Greendale®, Jane Cauley?, Sherri-Ann Burnett-Bowie!, Joel Finkelstein'.
"Massachusetts General Hospital, USA, >Massachusetts General Hospital,
USA, ? University of California, Los Angeles, USA, 4University of
Pittsburgh Graduate School of Public Health, USA

The importance of vitamin D for bone health as well as its potential role in
nonskeletal health has garnered much recent attention. Population-based studies
investigating temporal trends in 25-hydroxyvitamin D (250HD) have reported
conflicting results. Our goal was thus to investigate changes in mean 250HD levels
over time and predictors of these changes in the Study of Women’s Health Across the
Nation (SWAN), a multi-center, racially and ethnically diverse cohort of women. 1582
women had 250HD measured in 1998-2000 (at age 48 +3 years) and again in 2009-
2011 (at age 60+ 3 years). 250HD was measured by liquid chromatography-tandem
mass spectrometry in a single batch. Over this interval, the mean 250HD level
increased by 6.5 ng/mL (95% CI 5.9 to 7.0), from 21.5+9.8 to 28.0+11.5 ng/mL
(p<<0.001 after adjustment for age, BMI, menopausal status, study site, and season of
blood draw). As expected, baseline mean 250HD levels varied by race/ethnicity (14.0
ng/mL (African-American), 25.4 ng/mL (Caucasian), 19.8 ng/mL (Chinese), 18.3 ng/
mL (Hispanic), and 24.0 ng/mL (Japanese) (p<<0.001)). However, the magnitude of
increase was similar among groups, ranging from 5.3 ng/mL (Caucasian) to 8.7 ng/mL
(Chinese) (Figure 1). The observed increases in 250HD did not vary by socio-
economic status (SES), education level, or acculturation. At the 2009-2011 visit, 49%
of subjects reported taking a multivitamin or vitamin D supplement; the adjusted
increase in 250HD was higher among supplement users (10.1 vs. 3.2 ng/mL,
p<0.001). Using the Institute of Medicine definition of vitamin D deficiency as
250HD < 20 ng/mL, the proportion of deficient women decreased from 43% to 24%
(p<<0.001) over the interval. Among those who reported using supplements at the
2009-2011 visit, the proportion deficient decreased from 35% to 6% (p<<0.001) while
the proportion decreased from 51% to 39% among non-users (p<<0.001). Rates of
250HD < 20 ng/mL were significantly lower among supplement users of all racial/
ethnic groups (p<<0.001 for all comparisons at the 2009-2011 visit) (Figure 2). In
summary, we observed an increase in average 250HD levels as well as a decrease in
the proportion of subjects with vitamin D deficiency in this observational cohort over
an approximately 11 year interval. Subjects of all races/ethnicities as well as of
differing SES, level of education, and degree of acculturation had similar changes. Use
of vitamin supplements was a major determinant of changes in 250HD levels.
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Disclosures: Deborah Mitchell, None.
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Serum 25 Hydroxyvitamin D (25(OH)D), Bone Mineral Density (BMD) and
Fracture Risk across the Menopausal Transition: Study of Women’s Health
Across the Nation (SWAN). Jane Cauley*!, Gail Greendale?, Kristine
Ruppert’, Yinjuan Lian®, John Randolph®, Joan Lo>, Robert Neer®,
Sherri-Ann_Burnett-Bowie®, Joel Finkelstein®. '"University of Pittsburgh
Graduate School of Public Health, USA, 2University of California, Los
Angeles, USA, *University of Pittsburgh, USA, *University of Michigan,
USA, *Kaiser Permanente, USA, *Massachusetts General Hospital, USA

Circulating 25(OH)D has been linked to fracture risk but to our knowledge, there
is no information on whether 25(OH)D predicts fracture over the menopausal
transition or whether 25(OH)D is associated with changes in BMD over the
menopausal transition. We studied 1620 women enrolled in the bone cohort of the
Study of Women’s Health Across the Nation (SWAN). Women attended up to 11
clinic visits for an average follow-up of 9.5 years. 25(OH)D was measured at the 02
clinic visit, 2 years after enrolling in SWAN. At this time, 1207 (74.5%), were pre or
early perimenopausal; 116(7.2%) late perimenopausal, 77(4.8%) postmenopausal
based on bleeding patterns. Menopausal status or had hysterectomy was unknown
for 220 (13%). The mean 25(OH)D (ng/ml) was 21.6 but differed markedly by race/
ethnicity; White, 25.2; Black, 14.1; Chinese, 20.1 and Japanese, 23.5, p<<0.001); 703
(43%) had a value < 20ng/ml. The mean age of the women at time of 25(OH)D
measure was 48.5 + 2.7, with no difference by race/ethnicity. Body mass index (BMI)
(kg/mz) was greatest in Black women, 31.8; lower in White women, 28.2 and lowest in
Japanese, 23.5 and Chinese, 23.2 women. Incident non-traumatic fractures that
occurred after visit 02 were ascertained at each annual visit initially by self-report and
later, confirmed by radiographic report. A total of 88 women experienced an incident
non-traumatic fracture. Cox proportional hazard models were used to calculate the
hazard ratio (HR) (95% confidence interval (CI)). Each 10 ng/ml increase in 25(OH)D
was associated with a 25% lower fracture risk, even after adjusting for BMI, BMD
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and other important confounding variables, Table. Women with 25(OH)D >20 ng/ml
had a 42% lower risk of fracture. Exclusion of women who were already
postmenopausal at visit 02 had no effect. Longitudinal analyses of BMD across
the menopausal transition were confined to the subset of 791 women for whom a final
menstrual period (FMP) could be determined. The mean 25(OH)D level in this
subgroup (21.2 ng/ml) was similar to the total population. We compared rates of
spine and hip BMD changes in women from -5 to -1 yr before the FMP, 1 year before
to 2 years after FMP and 2 to 5 years after FMP. We found no association between
(25(OH)D and transmenopausal bone loss. We conclude that women with higher
25(0OH)D levels at midlife have a lower risk of subsequent fractures. Vitamin D
supplementation may be warranted in women with 25(OH)D <20 ng/ml.

Table: 25(0OH)D and fracture over the menopausal transition

Base Model Multivariate Model®
25(0H)D HR(95% Cl) HR(95% Cl)
per 10 ng/ml increase 0.75(0.58, 0.96) 0.75(0.57, 0.997)
> 20 vs <20 ng/ml 0.55(0.35, 0.86) 0.58(0.35, 0.96)

. Adjusted for age, site, race.

’Base model + fracture history, prior and current hormone therapy,
BMI, physical activity, education, total hip BMD, calcium and D
supplements, corticosteroids, diabetes.

table

Disclosures: Jane Cauley, None.
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Intestinal Calcium Absorption Decreases Dramatically After Gastric Bypass
Surgery, Despite Optimization of Vitamin D Status. Anne Schafer*!,
Deborah Sellmeyer?, Connie Weaver®, Amber Wheeler®, Lygia Stewart’,
Stanley Rogers4, Jonathan Carter®, Andrew Posselt4, Dennis Black?,
Dolores Shoback®. 'University of California, San Francisco & the San
Francisco VA Medical Center, USA, *The Johns Hopkins Bayview Medical
Center, USA, *Purdue University, USA, 4University of California, San
Francisco, USA, *San Francisco VA Medical Center & the University of
California, San Francisco, USA, °VA Medical Center, USA

Roux-en-Y gastric bypass (RYGB) surgery has negative effects on the skeleton.
RYGB can result in vitamin D malabsorption. Additionally, the bypassed duodenum
and proximal jejunum are usual sites of active, transcellular calcium (Ca) uptake.
However, Ca absorption occurs throughout the intestine, and those who have
undergone RYGB might maintain sufficient Ca absorption, particularly if vitamin D
status is optimal. We determined the effects of RYGB on fractional Ca absorption in
the setting of optimized vitamin D status and recommended Ca intake, hypothesizing
that these efforts would mitigate against post-op declines in Ca absorption and bone
mass.

A prospective cohort of 33 obese men and women (body mass index 45 +7 kg/m?)
had serum 25-hydroxyvitamin D [25(OH)D] levels repleted and maintained at =30 ng/
mL before and after RYGB. Total daily Ca intake of 1200 mg was maintained with
individually-dosed Ca citrate supplements. Fractional Ca absorption was measured
pre-op and 6 months post-op with a dual stable isotope method. Isotope enrichment
was determined by inductively coupled plasma mass spectrometry. Laboratory
measures and bone mineral density (BMD) by DXA were assessed. We report here the
first 22 participants’ pre- and post-op data.

Mean 6-month weight loss was 33 kg (Table). Fractional Ca absorption decreased
from 0.33 +0.14 to 0.07 +0.04 (p<<0.001), despite serum 25(OH)D levels of 41 (pre-
op) and 38 (post-op) ng/mL. PTH level increased, and urinary Ca decreased. Bone
turnover markers increased markedly, and BMD decreased at the total hip and
femoral neck. Greater percentage weight loss and decreases in IGF-1 and IGF-
binding protein 3 levels were correlated with larger percentage decreases in fractional
Ca absorption (Spearman’s p 0.51, 0.50, and 0.59, respectively; all p-values =0.04).
Those with larger percentage decreases in fractional Ca absorption had greater
increases in serum CTX, but changes in fractional Ca absorption and BMD were not
correlated.

We conclude that even with maintenance of 25(OH)D levels =30 ng/mL, fractional
Ca absorption decreases dramatically after RYGB. These findings suggest that in
addition to addressing vitamin D deficiency, clinicians must ensure sufficient Ca
intake post-op, although the approach to Ca supplementation needs to be established.
Among RYGB patients, those who lose the most weight may have the most severe
declines in Ca absorption. Strategies to avoid long-term skeletal consequences should
be investigated.

S26

Fractional Ca absorption and other parameters, before and after RYGB

Variable Pre-op 6 months post-op  p-value
Weight (kgz) 127 £ 19 93+15 <0.001
BMI (kg/m®) 45+ 8 336 <0.001
Fractional Ca absorption 0.33£0.14 0.07 £ 0.04 <0.001
25(0H)D (ng/mL) 41+ 10 3813 0.21
24-hour urinary Ca (mg) 145 £ 96 10577 0.02
Serum Ca (mg/dL) 92+03 9.2+0.3 0.55
PTH (pg/mL) 47 £ 31 53+ 21 0.04
Estradiol (pg/mL) 51+24 57+ 36 0.68
IGF-1 (ng/mL) 129 + 46 134 + 56 0.94
IGFBP-3 (ng/mL) 4220 + 840 3785753 <0.01
CTX (ng/mL) 0.276 £ 0.119 0.999 + 0.344 <0.001
P1NP (ng/mL) 31+£12 68 +23 <0.001
Total hip areal BMD (glem?®)  1.158 + 0.149 1.112+£0.115 <0.01
Femoral neck BMD(g_fcmﬁ 0.967 + 0.142 0.929 £ 0.117 <0.001

Fractional Ca absorption and other parameters, before and after RYGB

Disclosures: Anne Schafer, None.
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Vitamin K1 supplementation does not improve bone health even among
postmenopausal women with low baseline serum vitamin K1: Secondary
analyses from the ECKO trial. Maryam Hamidi*', Hanxian Hu', Olga
Gaiic-Velianoskil, Judy Scherl, Angela M. Cheung?. 1University Health
Network, Canada, *University Health Network-University of Toronto,
Canada

Background: Observational studies have shown associations between vitamin K1
insufficiency and impaired bone health status in postmenopausal women. However,
the findings of clinical trials suggest that vitamin K1 supplementation in healthy
postmenopausal women does not improve bone health. Conversely, clinical trials have
shown vitamin K2 supplementation to be beneficial to bone health in frail and elderly
women with osteoporosis. Therefore, it has been hypothesized that vitamin K
supplementation may improve bone health in postmenopausal women, only if they
have subclinical vitamin K deficiency. So far, no studies have examined the effect of
vitamin K1 supplementation on bone health in postmenopausal women with low
baseline serum vitamin K concentrations. Objectives: To examine whether vitamin K1
supplementation reduces bone loss, as measured by BMD, and bone turnover (BTM)
in postmenopausal women with osteopenia and low fasting serum concentrations of
vitamin K1. Methods: This is a secondary analysis of the ECKO trial including 161
women who had baseline fasting serum vitamin K concentrations = 1 nmol/l. In the
ECKO trial 440 postmenopausal women with osteopenia were randomized to receive
vitamin K1 (5mg/d) or placebo for 2-4 years to examine the effect of vitamin K on
bone health. All study participants were advised to maintain a total daily intake of
1500 mg of calcium and 800 IU of vitamin D throughout the study. BMD outcomes
were 2-year change in lumbar spine, femoral neck, total hip and ultradistal radius
BMD. BTM outcomes were 2-year change in osteocalcin, C-terminal telopeptide and
percentage of under-carboxylated osteocalcin. We used two-sample t-test for all
outcomes. A 2-sided p-value < 0.05 was considered statistically significant. All
analyses were performed using SAS 9.3. Results: Median fasting serum vitamin K1 at
2-years was 17.4 (IQR:9-27.9) nmol/l for the treatment group, and 1.05 (IQR:0.6-1.75)
nmol/l for the placebo group. There were no significant differences between the two
groups in any of the bone health outcomes. There was a significant difference between
2-year change in serum concentrations of vitamin K1 between the two groups
(p<<0.0001). We found no interactions between group and 2-year change in 25-
hydroxyvitamin D concentrations. Conclusion: Vitamin K1 supplementation (Smg/d)
for 2 years does not improve bone health status in postmenopausal women with
osteopenia who have low fasting baseline serum vitamin K concentrations.

Disclosures: Maryam Hamidi, None.
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Trabecular Plate-Rod Morphology and Connectivity are Abnormal and
Associated with Reduced Bone Stiffness in Women Treated with Glucocorti-
coids. Ji Wang', Bin Zhou', Kyle Nishivama', Stephanie Sutter?, X Guo',
Emily Stein**. 'Columbia University, USA, *Columbia University Medical
Center, USA, *Columbia University College of Physicians & Surgeons, USA

Glucocorticoids (GCs) increase fracture risk through mechanisms distinct from their
effects on bone density. We previously reported that postmenopausal women using oral
GCs have lower volumetric bone density, cortical thickness and thinner, more widely
and irregularly spaced trabeculac compared to controls. In this study, we further
investigated structural mechanisms associated with fragility in these patients using
individual trabecula segmentation (ITS)-based morphologic analysis. This three-
dimensional model independent technique is based upon high-resolution peripheral
quantitative CT scans and directly measures individual trabeculae, characterizing
trabecular (Tb) type (plate vs. rod), orientation and connectivity. We hypothesized that
GC treated women would have fewer Tb plates and less Tb connectivity compared to
controls. Women treated with oral GCs for >3 months (n=30) were matched by age and
race with women never exposed to GCs (n=60). Mean age was 68 yrs (67% Caucasian).
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Among GC-treated subjects, 67% had rheumatologic disease, mean dose of prednisone
was 8 mg/d, and treatment duration was 3 years. Areal BMD by DXA was similar at all
sites. By ITS at the radius, GC subjects had significantly lower directly measured bone
volume fraction (-13%;p<<0.03), fewer Tb plates (-7%;p<<0.03) and tended to have fewer
Tb rods (-4%;p=0.08). They had significantly fewer axially aligned trabeculae (-
16%:;p<<0.03), lower connectivity between plates (-19%;p<0.02) and between plates and
rods (-17%;p<0.02). At the tibia, GC-treated women tended to have lower bone volume
fraction (-8%;p=0.052), had significantly fewer Tb plates (-6%;p<<0.02), fewer axially
aligned trabeculae (-14;p<<0.01) and less connectivity between plates (-14%;p<<0.02).
They tended to have less connectivity between plates and rods (-10%;p=0.06). Whole
bone stiffness by finite element analysis, was lower among GC subjects at both radius (-
16%;p<<0.005) and tibia (-11%;p<<0.02). Lower stiffness was associated with lower bone
volume fraction, fewer plates, fewer axially aligned trabeculae, and less Tb connectivity
(r=0.59-0.70;p<<0.001 for all). The ITS images below, with plates in green and rods in
red, show fewer Tb plates in GC-treated subjects. In summary, GC-treated women had
fewer Tb plates, a less axially aligned Tb network and less Tb connectivity. These
features were associated with lower stiffness and may be novel mechanisms for
biomechanical compromise in postmenopausal women treated with GCs.

M TbRods
B TbPlates

GC-treated subject Control

ITS Images at the Tibia of a GC-treated and Control Subject

Disclosures: Emily Stein, None.
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Medical Comorbidity and Osteoporosis Are Associated with Subsequent
Initiation of Proton Pump Inhibitors. Laura Targownik*', Zoann Nugentz,
William Leslie'. 'University of Manitoba, Canada, >University of
Manitoba, Canada

Introduction: Observational studies have demonstrated an association between
proton-pump inhibitors (PPI) use and the occurrence of fractures. Persons with greater
frailty may be more likely to be prescribed PPIs, and frailty may also be associated with
reduced bone mineral density (BMD) and fracture. Therefore, we aimed to determine
whether either greater degrees of medical comorbidity and/or the presence of pre-existing
osteoporosis is associated with subsequent prescription of PPIs.

Methods: We used the Manitoba BMD Database, which contains all DXA results
for Manitoba, Canada, with linkages to population-based health services databases,
to identify residents who underwent DXA testing from 2001-2011. Persons with a
previous prescription for PPIs, prior history of fracture or prior osteoprotective
medication use were excluded. Global comorbidity was assessed using Johns Hopkins
Aggregate Diagnostic Groups (ADGs), which is an enumeration of health care visits
for specific indications over the previous year. Osteoporosis and osteopenia were
based on WHO criteria using femoral neck BMD. Subjects were followed for the next
5 years for becoming new PPI users (defined as pharmacy dispensations with >90
days continuous use). Cox proportional hazards modelling was performed to evaluate
predictors of subsequent PPI initiation.

Results: Of the 27,028 persons meeting the inclusion criteria, 11.0% initiated PPIs
over the next 5 years. Subjects with high medical comorbidity (>6 ADGs) were
significantly more likely to be prescribed PPIs than those with low comorbidity (18.9
vs 6.1%, p<<0.0001). Persons with osteoporosis were also more likely to be prescribed
PPIs than those with normal BMD (13.5% vs. 10.3%, p=.0011). Multivariable
regression showed that pre-existing osteoporosis, greater medical comorbidity, older
age, and higher BMI were all independently predictive of future PPI use (Table).-
Conclusions: Pre-existing osteoporosis and multiple medical comorbidities predict the
future use of PPIs. As both osteoporosis and medical comorbidity are associated with
an increased risk of fracture, this may represent an alternate explanation for the
association between PPI use and fracture. Further work is required to determine
whether PPI use remains a risk factor for future fracture when controlling for this
increased propensity for PPI prescription among those at highest risk for fracture.

S27

Table: Predictors of PPI Initiation Following Performance of DXA

Hazard Q-gé:'a—dl
Predictor Ratio Limits.
Total Subjects 27028
Fernale vs Male 0.87 0.76 1.006
Normal ref
_ Osteoporosis (T-score < -2.5) 1.18 1.03 1.36
Osteopenia (-1 < T-score < -2.5) 1.08 0.98 1.18
Age
50-59 ref
60-69 1.28 1.15 1.42
70-79 10 1.37 1.70
80-89 1.68 1.45 1.94
Comorbidity
Low (0-2 ADGs) ref
Moderate (3-5 ADGs) 1.75 1.57 1.94
Severe (6+ ADGs) 3.18 2.85 3.56
BMI
<18 (Underweight) 0.81 0.57 1.14
18-25 (Mormal BMI) ref
25-30 (Qverweight) 1.32 1.21 1.45
>=30 (Obese) 1.60 1.45 1.78

Table

Disclosures: Laura Targownik, Takeda Canada, 3
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Asfotase Alfa: Sustained Improvements in Hypophosphatasia-related Rickets,
Physical Function, and Pain During 3 Years of Treatment for Severely
Affected Children. Katherine Madson*', Cheryl Rockman—Greenbergz,
Agustin Melian®, Scott Moseley®, Amy L. Reeves®, Tatjana Odrljin®,
Michael Whytel. 'Shriners Hospital for Children-Saint Louis, USA,
2University of Manitoba, Canada, >Alexion Pharmaceuticals Inc, USA,
“Shriners Hospitals for Children, USA

Hypophosphatasia (HPP) is the rare inborn error of metabolism characterized by
low alkaline phosphatase activity and defective skeletal and dental mineralization due
to inactivating muta-tion(s) within the tissue-nonspecific alkaline phosphatase
(TNSALP) gene. Our preliminary reports of severely affected children aged 5-12 yrs
treated for 6 mos with asfotase alfa, a bone-targeted recombinant human TNSALP,
demonstrated bone healing with improved skeletal mineralization as assessed by
radiographic scales, DXA BMD Z-scores, and iliac crest biopsy."> Here, we report
comprehensive data from 3 yrs of treatment with asfotase alfa in these patients. This
multinational, open-label study assessed radiographic changes of rickets using a
Radiographic Global Impression of Change (RGI-C) scale and a Rickets Severity
Scale (RSS).* Data from patients treated for 3 yrs were compared to their baseline
(BL), and compared to 2-yr historical control (HC) data. In addition, we evaluated
BMD Z-scores, physical function (6-minute walk test [(MWT]), strength and agility
(eg, one-legged stationary hop on the Bruininks-Oseretsky Test of Motor Proficiency
[BOT-2]), comfort/pain (Pediatric Orthopedic Society of North America [POSNA]
Pediatric Outcome Data Collection Instrument [PODCI]), and disability (Child
Health Assessment Questionnaire [CHAQ)]).

During this extension study, 12/13 pts (1 withdrew: elective surgery) received 3 yrs
of therapy with asfotase alfa up to 6 mg/kg/wk SC. At BL, all patients had rachitic
disease, abnormal gaits, and 8 (62%) had muscle weakness. With asfotase alfa
treatment, significant improvement in rickets was observed during the first 6 mos, and
was sustained at 2 yrs (RGI-C: p<0.0001 vs HC; RSS: p=0.0025 vs HC) and at 3 yrs
(RGI-C: p=0.0078 vs BL). DXA BMD Z-scores improved (p=0.0875) through 3 yrs.
The Table shows 6MWT, BOT-2 one-legged stationary hop, CHAQ disability,
PODCI comfort/pain scores, and height Z-scores which all improved through 3 yrs.
The most common adverse events (AEs) were injection site reactions. There were no
deaths, serious AEs, or withdrawals due to AEs. 12 pts tested positive for anti-asfotase
alfa antibodies; 2 pts had neutralizing antibodies without apparent effect on clinical
efficacy. Severely affected children with HPP who received asfotase alfa experienced
rapid and continued improvements including healing of rickets, physical function, and
reduced pain and disability that are sustained through 3 years.
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Table: Function and Growth Measures in Children with HPP
Treated with Asfotase Alfa

Madian (Min, max)
p-value®

Madian {Min, max)
p=valun®

‘Mecdian (M, maix)
pvalus®

Median (M, max) I
“pvakue compared with basaline

! Whyte MP of al. + ia (HPP): Enzyme Rap Tharapy (EzRT) for Children
Using Bone-Targeted, Tissue Nonspecific Alkaline Phosphatase, ENDO, 2010

* Whyte MP et al. Trealment of Children with Hypophesphatasia (HPP) with ENB-0040:
Radiographic and DXA Cutcomes Afer & Months of Therapy. ESPE, 2011

*Whyte MP @t al. Hypophosphatasia (HPP): lliac Crest Histomarphomatry of Affected Chikdren
Given Subcutaneous Enzyme Replacement Tharapy. ENB-0040. ASBMR 2011,

* Thascher J Trop Pediatr (2000) 46:132-9

Function and Growth Measures in Children with HPP Treated with Asfotase Alfa

Disclosures: Katherine Madson, Alexion Pharmaceuticals , 3
This study received funding from: Alexion Pharmaceuticals Inc
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Efficacy and Safety of a Human Monoclonal Anti-FGF23 Antibody (KRN23)
in Cumulative 4-Month Dose Escalation (KRN23-INT-001) and 12-Month
Long-Term Extension Study (KRN23-INT-002) in Adult Subjects with X-
Linked Hypophosphatemia (XLH). Thomas Carpenter*', Xiaoping
Zhangz, Erik Imel®, Mary Ruppe®*, Thomas Weber®, Mark A. Klausner?,
Takahiro Ito?, Maria Vergeire?, Jeffrey S. Humphrey?, Francis Glorieux®,
Anthony Portale’, Karl Insogna!, Munro Peacock®. 'Yale University
School of Medicine, USA, ?Kyowa Hakko Kirin Pharma Inc, USA,
3Indiana University School of Medicine, USA, “The Methodist Hospital,
USA, Duke University Medical Center, USA, SShriners Hospital for
Children & McGill University, Canada, ’University of California San
Francisco, USA, ®Indiana University Medical Center, USA

Purpose: X-linked hypophosphatemia (XLH) is an inherited metabolic bone
disease caused by mutations of PHEX, with abnormally elevated serum FGF23
resulting in low serum phosphorus (Pi), inappropriately normal 1,25 dihydroxyvita-
min D [1,25(OH),D] levels, short stature and skeletal deformities. Single (IV and SC)
and 4 monthly SC doses of KRN23 increased TmP/GFR, serum Pi, and 1,25(0OH),D
in adults with XLH. Here we report the long-term efficacy and safety of KRN23 using
a monthly dosing regimen throughout the initial 4-month period and a subsequent 12-
month extension of titrated dosing in adults with XLH.

Methods: 22 adults with XLH were treated with up to 16 doses of open-label SC
KRN23 (0.05-1 mg/kg) every 28 days according to a dosing algorithm. Primary
outcomes were the percentage of subjects attaining predetermined serum Pi ranges
and safety. Biochemistry and immunogenicity were assessed periodically during each
dosing interval and up to 81 days after the last dose.

Results: All subjects had baseline serum Pi <2.5 mg/dL. After 4 cumulative doses in
the first study, mean serum Pi reached clinically meaningful level during the 12 dosing
intervals in the extension study. Maximum serum Pi levels were reached 7-14 days after
each of 12 doses. On Day 7, 44.4% to 71.3% of subjects achieved serum Pi levels in the
target range of >2.5 to =3.5 mg/dL; 0-16.7% between 3.5 and 4.5 mg/dL, and none >4.5
mg/dL. TmP/GFR followed a similar pattern as serum Pi; 1,25(0H),D levels peaked at
Day 7 post-dosing and tended to decrease with subsequent doses. KRN23 was well
tolerated; there were no deaths, life-threatening AEs, or treatment-related serious AEs; 2
subjects were discontinued because of AEs (nephrolithiasis, restless leg syndrome). 14
subjects (63.6%) had treatment-related AEs, the most common being injection-site
reactions (5), arthralgia (3), restless leg syndrome (2), injection-site pain (2), and
decreased neutrophil count (2). There were no changes in renal ultrasound, ECG, safety
laboratory parameters, or physical examinations; no subject developed anti-KRN23
antibodies. Mild hypercalcemia occurred intermittently in 2 subjects and 3 subjects had
transient hypercalciuria.

Conclusions: Blocking FGF23 activity by SC administration of KRN23 every 28
days for an extended period of up to 16 months demonstrated a favorable safety
profile and increased serum Pi, TmP/GFR and 1,25(OH),D.

Disclosures: Thomas Carpenter, Kyowa Hakko Kirin Pharma Inc., 3
This study received funding from: Kyowa Hakko Kirin Pharma Inc.
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Deficits in Cortical Bone Density and Microstructure in Type 2 Diabetes:
Framingham HR-pQCT Study. Elizabeth (Lisa) Samelson*l, Mary
Bouxsein®, Elana Brochin®, Xiaochun Zhang®, Ching-An Meng®, Kerry
m3, Mary Hogan®, Danette Carroll’>, Robert McLean*, Marian
Hannan’, L. Adrienne Cupples®, Caroline Fox’, Douglas Kiel®. "Hebrew
SeniorLife, Harvard Medical School, USA, *Beth Israel Deaconess Medical
Center, Harvard Medical School, USA, >Institute for Aging Research,
Hebrew SeniorLife, USA, ®Hebrew SeniorLife Institute for Aging Research
& Harvard Medical School, USA, HSL Institute for Aging Research &
Harvard Medical School, USA, °Boston University School of Public
Health; NHLBI Framingham Heart Study, USA, "National Heart Lung &
Blood Institute, National Institutes of Health, USA, SHebrew SeniorLife,
USA

Risk of fracture, particularly at the lower leg, is 2-fold higher in older adults with
type 2 diabetes (T2D), despite having normal or increased areal BMD, relative to
those without T2D. Since DXA underestimates fracture risk in T2D patients, new
methods are needed to identify skeletal fragility in this vulnerable population.
Evidence from small clinical studies of postmenopausal women suggests T2D is
associated with deficits in cortical microarchitecture. We conducted a community
based study of men and women to compare bone microarchitecture by HR-pQCT
between those with and without T2D, and determine the association between bone
microarchitecture and HbA1C level.

This study included 627 members (367 women, 260 men) of the Framingham
Offspring Cohort, who attended a baseline examination (2005-08), including
evaluation of T2D and A1C, and underwent HR-pQCT scanning at the tibia and
radius 6 yr later. T2D was defined as glucose >126 mg/dl or use of T2D medication.
AI1C (%) was measured from morning fasting blood. Linear regression was used to
calculate means and correlations for the association between volumetric bone density
(vVBMD), geometry, and microstructure indices of trabecular and cortical bone and
T2D and A1C, adjusted for age, sex, and weight.

Mean baseline age was 65 yr (range, 45-84) and included 71 cohort members (40
men, 31 women) with T2D. At the tibia, total and trabecular vBMD and number
were higher in those with T2D than those without T2D; however, the differences were
not significant (TABLE). In contrast, persons with T2D had significantly lower
cortical vBMD and higher cortical porosity. A similar pattern was seen with
increasing A1C level: trabecular indices were better with increasing A1C but cortical
bone indices were worse, although significance was limited to trabecular number.
There were no other differences in HRpQCT bone indices in those with and without
diabetes or by A1C level. At the radius, we found no significant association between
bone HRpQCT indices and T2D or A1C.

In this community-based study of women and men, we showed that T2D and
increased A1C are associated with deficits in cortical microstructure and density at the
distal tibia. It remains unknown whether deficits in cortical bone explain increased
fracture risk observed at the lower leg in diabetes. These results help to identify areas
to target for investigation of the mechanism responsible for skeletal fragility in
diabetic bone.

agsocation batwaen wohamatric bong densty (WBAD), geometry, and mbosnacture mdices of trabacudsr and ceeticd borg #t the
tibika s clabsete s andHb LC. Framingham HEpOCT Study (N =627)

Dabetes Hobisbetes HBATC (%)
Ma7] MEESE HeiET

Man’ SE e’ SE [ Comedation’ L
Total vBRD {meg/om?) 33106 661 28453 27 0.3 0.05 0.3
TrabeouarvBMD {mg/om ) 1 AR EE 175.09 135 [ o7 009
Toabaoular nuembae {1fmem| 18 003 1a7 LT o0 0.09 0.0%
Cartical BME (g em T} 16,04 noz K200 L7 aed o0 0.69
LCorthal Porosky (%) 1117 038 20,03 013 o6k 007 0.07

T49.36 1 FreaL 508 o7 08 .30

13238 a2 LE7.08 111 LNT] .03 0.64

10461 L L] os L2 B2 0.45

TABLE.

Disclosures: Elizabeth (Lisa) Samelson, None.
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High Incidence of Osteoporotic Fractures Following Hematopoietic Stem
Cell Transplantation. Xerxes Pundole', Heather Lin% Andrea Barbo?,
Huifang Lu*>. 'The University of Texas MD Anderson Cancer Center,
USA, >UT MD Anderson.org, USA, 3UT MD Anderson Cancer Center,
USA

Background: Survivors following hematopoietic stem cell transplantation (HSCT)
are increasing and rapid bone loss is common, but the incidence of fractures is
unknown. Bone remodeling and the temporal sequence of bone loss following HSCT
is complex and much remains unknown.

Methods: We performed a chart review of adult patients that underwent a HSCT
at MD Anderson Cancer Center from January 1, 1997 to December 31, 2011 and
followed them retrospectively to identify incident fractures. Fractures were identified
by utilizing physician billing codes and confirmed by reviewing clinic notes and/or
reports of radiologic evidence. Rates of fracture were compared with the US general
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population using estimates from the 1994 National Health Interview Survey (NHIS).
Gender, age at time of HSCT, indication and type of HSCT, were assessed as risk
factors using regression analysis based on the Cox proportional hazard model.

Results: A total of 7,650 patients underwent a HSCT in the 15 year period. The
mean age at the time of HSCT was 49.29 (+ 13.51) years with a median of 51 (range:
18 - 81) years. Forty-five percent of the patients were female. The most common
reason for undergoing a HSCT was a hematological malignancy (89.5%).
Approximately 8% (n=631) developed a fracture with about 11% (n=440) in those
that received an autologous transplant and 5% (n=191) in those that received an
allogeneic transplant. The median time to fracture hadn’t been observed. By year 5,
12% of HSCT patients had experienced a fracture and 23% by year 15. A Cox
proportional hazard model showed that those = 50 years at the time of HSCT had a
1.9 times greater hazard of developing a fracture as compared to those < 50 years
(Hazard Ratio (HR) = 1.9, p-value < .001); patients who received autologous HSCT
had larger hazard of developing a fracture than those who received allogeneic HSCT
(HR=1.58, p-value <.0001), after adjusting for sex and race. The Kaplan Meier plot
showed that the time to develop a fracture was greater in those had underwent an
allogeneic HSCT in comparison to autologous HSCT (log rank p-value <.0001). Age
and gender specific fracture incidence rates following HSCT were significantly greater
than that of the US general population in all sub groups. The striking difference was
an approximately 10 times greater risk in 45-64 year old males and females and an
even greater risk (approximately 15 times higher) in males >65 years of age at the time
of HSCT. Males had more vertebral fractures (56%) and females had more (53%)
non-vertebral fractures (X° = 5.07, p-value = 0.024).

Conclusion: Fractures rates following HSCT are increased, especially at age > 45
years and this corresponds to the increased hazard we observed in those > 50 years of
age at the time of HSCT. This study is the first to quantify the magnitude of the
problem. Evaluation of a comprehensive set of risk factors is necessary.

Disclosures: Huifang Lu, None.
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Bone Microarchitecture assessed by HR-pQCT as Predictor of Fracture Risk
in Postmenopausal Women: The OFELY Study. Elisabeth Sornay-Rendu!,
Stephanie Boutroy?, Francois Duboeuf®, Roland Chapurlat**. 'INSERM
UMRI1033, Université de Lyon, France, 2INSERM U1033 & Université de
Lyon, France, ’INSERM UMR1033 & Université¢ de Lyon, France, “E.
Herriot Hospital, France

Several cross-sectional studies have shown that alterations of bone microarchi-
tecture (MA) contribute with low areal BMD to skeletal fragility but the independent
contribution of cortical and trabecular (Tb) architecture to the risk of fracture has not
been evaluated prospectively in women. The aim of this study was to prospectively
investigate the prediction of fragility Fx by bone MA assessed by HR-pQCT in
postmenopausal women.

We measured at the 14" annual follow-up of the OFELY study bone MA at the
distal radius and tibia with HR-pQCT (XTreme CT, Scanco Medical AG,
Bassersdorf, Switzerland) in addition to areal BMD with DXA in 588 postmenopau-
sal women, mean(SD) age 68(9) yr.

During a median[IQ] 7.1[0.9] yr of follow-up, 10lpostmenopausal women
sustained an incident fragility fracture including 61 women with a major osteoporotic
Fx (MOP Fx: hip, clinical spine, shoulder or wrist). After adjustment for age, women
who sustained Fx had significant alterations of total and Tb volumetric densities
(vBMD) at both sites, cortical parameters (area and thickness at the radius, vBMD
and porosity at the tibia), trabecular number (TbN), connectivity density, stiffness
and estimated failure load at both sites, compared with control women.

After adjustment for age, prevalent Fx, T score hip, menopausal age and current
tobacco use, each quartile decrease of several baseline values of bone MA at the radius
was associated with significant increased fracture risk with adjusted hazard ratios
[HR(95%CT)] of 1.28(1.02-1.64) for Tt.vBMD, 1.37(1.09-1.72) for Tb.vBMD and
1.28(1.02-1.61) for TbN. For MOP Fx, Tb.vBMD or TbN in the lowest quartile was
associated with increased fracture risk with adjusted HR of 2.25(1.21-4.18) and
2.05(1.11-3.78) respectively. At the tibia, each quartile decrease of Tt.vBMD, stiffness
and failure load was associated with adjusted HR of 1.47(1.06-2.04), 1.49(1.06-2.08)
and 1.49(1.06-2.08) respectively for MOP Fx.

We conclude that alterations of bone MA predict the risk of fracture in
postmenopausal women. Their assessment may play an important role in identifying
women at high risk of fracture who could not be adequately detected by BMD
measurement alone, and who may benefit from a therapeutic intervention.

Disclosures: Roland Chapurlat, None.
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Clinical Presentation of Primary Hyperparathyroidism: a Five-Year Study.
Cristiana Cipriani*', Federica Biamonte?, Daniele Diacinti®, Piergianni
Biondi?, Orlando Raimo*, Sara Piemonte’, Jessica Pepe®, Elisabetta
Romagnoli’, John Bilezikiang, Salvatore Minisola'. 1”Sapienza",
University of Rome, Italy, “Department of Internal Medicine & Medical
Disciplines, "Sapienza" University of Rome, Italy, *Department of
Radiology, "Sapienza" University of Rome, Italy, “Department of Interla
Medicine & Medical Disciplines, "Sapienza" University of Rome, Italy,
>Department of Internal Medicine & Medical Disciplines, "Sapienza", Italy,
®Department fo Internal Medicine & Medical Disciplines, "Sapienza"
University of Rome, Italy, ""Sapienza", University of Rome, Italy,
8Columbia University College of Physicians & Surgeons, USA

The clinical presentation of Primary hyperparathyroidism (PHPT) is characterized
in most developed countries as asymptomatic. Assessment for kidney stones (KS) is
not routinely conducted in subjects who do not have any history of signs of renal
involvement. Similarly, assessment for vertebral fractures (VF) is not routinely
conducted in subjects who do not have any previous history or symptoms. In this
study, we evaluated the prevalence of KS, and VF in a cohort of patients diagnosed
with PHPT over a 5-year period.

We studied 140 PHPT patients [127 women (18 pre- and 109 postmenopausal) and
13 men; mean age 63.2+ 11 yrs] consecutively referred to our Mineral Metabolism
Unit, 2009-2013. All patients had abdominal ultrasound, 3-site DXA (Lumbar spine,
femoral neck (FN),total hip (TH)] and distal 1/3 radius (R). Antero-posterior and
lateral X-rays of thoracic and lumbar spine were performed in 131 patients.

KS were detected in 77/140 patients (55%); 16.4% of patients had bilateral KS.
Spine X-ray showed vertebral fractures in 46/131 patients (35.1%): 19.1% of patients
had one VF, 9.2% had two and 6.9% had more than two VF. 62.9% of patients had
osteoporosis by T-score at any site, 31.4% had osteopenia alone, and only 5.7% had
normal BMD. Among patients with VF, 25.9% had osteoporosis by DXA and 9.1%
had osteopenia. Mean age of patients with only KS (57+13.7) was significantly
younger than that of patients with only VF (69.3+6.5) and only osteoporosis
(63.6+£9.6)(p<0.05 for both)

The prevalence of asymptomatic patients was 54.3% [69 women (8 pre- and 61
postmenopausal) and 7 men; mean age 64.+ 11.3]. Among asymptomatic patients,
35.5% had KS, 33.3% had VF and 65.8% had osteoporosis. Table 1 shows the
prevalence of the association between different complications in asymptomatic,
symptomatic and the total cohort of patients.

Our data show that KS and VF are highly prevalent among PHPT patients, even
in those classified as asymptomatic. While VF are frequent among older subjects even
in absence of osteoporosis, KS are mostly observed in younger patients. To our
knowledge, this is the first study that reports prevalence of target organ complications
among so-called “‘asymptomatic patients”. Our results emphasize the need of a
thorough evaluation in asymptomatic patients, before classifying them as suffering
from mild disease.
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Disclosures: Cristiana Cipriani, None.
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Osteosarcoma invasiveness and recurrence are controlled by exosome-induced
tumor initiating cells. Paul Daft*l, Majd Zayzafoonz, Joan Cadillac®. 'The
University of Alabama At Birmingham, USA, *University of Alabama at
Birmingham, USA

Osteosarcoma (OS) is the most common primary malignant bone cancer in
children. Although the management of this devastating disease has improved in the
last 20 years, its post-surgical recurrence and distant metastasis still pose a grim
prognosis. It is thought that a small subset of invasive tumor cells called tumor-
initiating cells (TICs) is associated with the most lethal characteristics of cancer. In
OS, TICs were identified to express high levels of c-kit and Stro-1. We discovered that
OS TICs also express high levels of a-CaMK-II. The genetic and pharmacologic
inhibition of a-CaMK-II significantly decrease the number of TICs and result in 98%
of OS cells being c-kit and Stro-1 negative, which we defined as Dormant Tumor Cells
(DTCs). Furthermore, we discovered that TICs secrete large amounts of nanosized
vesicles (exosomes). Therefore, we hypothesized that the growth and metastasis of
osteosarcoma relies on o-CaMK-II controlled exosome release that regulates the
development of tumor-initiating cells. Using fluorescence-activated cell sorting, we
isolated TICs (CD117%, Stro-1") and DTCs (CD117 and Stro-17) from 143B OS cells.
TIC-secreted exosomes were visualized by cryo-electron microscopy and measured to
be 50-130 nM and confirmed by western blotting for their expression of flotillin-1 and
CD63. NanoSight nanoparticle analysis demonstrated that TICs secret 75% more
exosomes than DTCs and the pharmacologic inhibition of a-CaMK-II decreases
exosome numbers by 60% when compared to control. Adding TIC-secreted exosomes
to DTCs results in a 70% increase in Notchl protein levels and transforms DTCs into
TICs by significantly increasing CD117 (300%), Stro-1 (200%) and Nanog (200%)
protein levels. Furthermore, we discovered that TIC-secreted exosomes contain
significantly more (80%) of the Notchl regulating miR-199b and miR146a when
compared to DTC exosomes. Hind limbs-containing OS tumors were then
amputated, and tumor recurrence was monitored. Pulmonary metastasis/recurrence
in saline treated mice was 100% two months after amputation and decreases to 12% in
mice treated with CaMKII inhibitors. TICs were the predominant cells in the
metastatic and recurrent tumors as shown by their expression of Sox2 and NANOG.
Finally, we intratibially injected TICs or DTCs into 6-week old mice. We show that
100% of mice injected with TICs develop tumors and only 25% of DTCs did so, while
TIC tumors secrete 800% more exosomes in the blood than DTC tumors.

Disclosures: Paul Daft, None.
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Foxol Expressed in Osteoblasts Promotes the Leukemogenic Properties of f3-
Catenin by Activating Notch Signaling. Aruna Kode*', Toanna Mosialou',
Sanil J Manavalan', Julie Teruya Feldstein?, Govind Bhagat', Ellin
Berman®, Stavroula Kousteni'. 'Columbia University Medical Center,
USA, *Memorial Sloan-Kettering Cancer Center, USA

Osteoblasts affect self-renewal and expansion of hematopoietic stem cells (HSCs)
and homing of healthy hematopoietic and tumor cells into the bone marrow.
Moreover, in the mouse, constitutive activation of p-catenin (CtnnblCAosb mice) in
osteoblasts is sufficient to alter the differentiation potential of myeloid and lymphoid
progenitors and to trigger the development of acute myeloid leukemia (AML).
Because the same genetic event is associated with AML development in humans we
sought to better understand its molecular bases. For that purpose we examined in vivo
whether FoxOl, a transcription factor known to interact with B-catenin, affects its
AML inducing properties. Deleting one allele of FoxO1 mice from the osteoblasts of
leukemic CtnnblCAosb mice prevented the appearance of anemia, peripheral
monocytosis, neutrophilia and lymphocytopenia that are otherwise observed in
CtnnblCAosb mice. Similarly, FoxO1l haploinsufficiency in osteoblasts of
Ctnnb1CAosb mice prevented the shift in the differentiation of HSCs to the myeloid
lineage and the increase in the LSK+/CDI150+/CD48- subset of long term
repopulating HSC progenitors (LT-HSCs). Histological analysis showed that myeloid
and megakaryocyte dysplasias observed in CtnnblCAosb mice and associated with
their AML phenotype were also rescued in CtnnblCAosb;FoxOlosb+/- animals. As a
result FoxOl haploinsufficiency in osteoblasts prevented the early lethality of
CtnnblCAosb mice since CtnnblCAosb;FoxOlosb+/- mice lived and were healthy
for at least one year, the entire time that they were observed. At the molecular level
FoxOl interacts with B-catenin in osteoblasts to induce expression of the Notch ligand
Jagged-1 which initiates the dysmyelopoiesis leading to AML. ChiP/Re-ChiP assays
and transient transfection experiments showed that this interaction requires the
formation of a B-catenin/FoxO1 complex at two distinct locations in the regions of the
Jagged-1 promoter. It also leads to subsequent activation of Notch signaling in LT-
HSC progenitors. These events induce the leukemogenic transformation of HSCs.
These findings identify FoxOl through its expression in osteoblasts as a factor
affecting hematopoiesis and provide a molecular mechanism whereby the FoxOl1/
activated B-catenin interaction results in AML. They further support the notion that
targeting the bone marrow niche may be a new strategy to treat leukemia and raise the
prospect that FoxO1 oncogenic properties may occur in other tissues.

Disclosures: Aruna Kode, None.
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Large-scale Temporal Gene Expression Profiling Reveals Potential
NOTCHI1 Target Genes Responsible for Cartilage Fibrosis and Degradation.
Zhaovyang Liu*', Anthony Mirando?, Regis O’Keefe?, Michael Zuscik?,
Matthew Hilton®. 1University of Rochester Medical Center, USA,
’Department of Orthopaedics & Rehabilitation, Center for
Musculoskeletal Research, University of Rochester Medical Center, USA,
3University of Rochester School of Medicine & Dentistry, USA, “Duke
University Musculoskeletal Research Center, USA

Notch signaling is critical in regulating cartilage development and homeostasis.
Recent studies have identified elevated levels of Notch signaling in osteoarthrits (OA)
cartilage, however the downstream Notch targets responsible for OA development
remain unclear. To address this issue, we developed several Notch gain-of-function
(GOF) in vivo and in vitro models. We first generated two cartilage-specific Notch
GOF in vivo mouse models: Acanl Cre™®"?; Rosa-NICDI and Col2Cre; Rosa-rtTA"*:
tetON-NICDI (tetON NICDI1). Both animal models exhibit early and progressive
OA-like phenotypes, including articular cartilage fibrosis and degradation, meniscus
degeneration, and synovial tissue expansion as early as two months of age.
Immunohistochemical analyses of the articular cartilage revealed significant induction
of fibrotic and catabolic factors in the mutant articular cartilage, including COL3A1,
MMP13, and Aggrecanase (NITEGE). Lineage tracing with Acanl Cre%?; R26R"*;
Rosa-NICDI"* mice revealed invasion of a non-Acanl expressing fibrotic cell
population at the surface of the mutant articular cartilage, likely originating from the
synovium. Additionally, TUNEL staining in both mutant models demonstrated
enhanced chondrocyte apoptosis. To identify novel early and late Notch responsive
target genes in cartilage, we performed high throughput RNA-seq of P2 primary
chondrocytes isolated from tetON NICDI and control mice and induced Notch
signaling with doxycycline treatments for 6h and 48h in vitro. Notch activation
induced 451 genes at 6h and 1249 genes at 48h, including Notch pathway genes
(HeyL, Notch3, Jagl, etc.), cartilage degradation enzymes (Mmpl13, Mmp9, Adamts4,
Ctsc, etc.), fibrous collagens (Col3al, Cold4al, Col5al, etc.), growth factors (Pdgfb,
Tgfbl, Tgfb2, etc.), and cytokines/chemokines (/I6, Ccl20, Cxcll, etc.). Notch
activation also down-regulated the expression of 75 genes at 6h and 867 genes at
48h, including cartilage-related collagens (Col2al, Col9al, Colllal, etc.) and
chondrogenic genes (Sox9, Sox5, Sox6, Acanl, Matnl, etc.). Collectively, these data
have identified novel Notch target genes in cartilage, and demonstrated that sustained
Notch signaling suppresses the chondrogenic phenotype and promotes cartilage
fibrosis and degradation, implicating the Notch signaling pathway as a potential
therapeutic target for OA.

Disclosures: Zhaoyang Liu, None.
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Glut1-dependent glucose uptake in osteoblasts is necessary for bone formation
before and after birth and whole-body glucose homeostasis. Jianwen Wei*,
Junko Shimazu, Gerard Karsenty. Columbia University, USA

The regulation of insulin secretion and sensitivity by the bone-derived hormone
osteocalcin naturally raises the following question: Why does bone regulate glucose
metabolism? A first step in answering this question might be to define the functions of
glucose in bone. We first showed through hyperinsulinemic euglycemic clamps that
bone uptakes glucose, mostly in an insulin-independent manner, and that the amount
of glucose up-taken by bone is nearly one fifth of what is up-taken by muscle, the
organ up-taking the largest amount of glucose in the mouse. Moreover, studies
conducted in isolated cells established that osteoblasts or osteoclasts uptake one third
of the amount of glucose up-taken by myoblasts. Consistent with the insulin-
independent nature of this process, the glucose transporter Glutl appears to be 100
fold more abundant than any other glucose transporters in bone cells. Accordingly, in
cell-based assays glucose uptake is decreased 70% in osteoblasts lacking Glutl and is
increased 20% in osteoblasts overexpressing modestly (2 fold) Gluzl. Glycogen content
is also decreased in Glutl-deficient osteoblasts. In vivo, the absence of Glutl in
osteoblast progenitors dramatically delays the onset of bone formation in mouse
embryos and significantly decreases the size of embryos whereas the deletion of Glutl
in differentiated osteoblasts only, results in two distinct phenotypes. The first one is a
decrease in all parameters of bone formation including the osteoblast number that
leads to a low bone mass in adult Glutl,-/- mice. The second phenotype seen in adult
Glutl ,z-/- mice is an osteocalcin-dependent glucose intolerance and insulin resistance.
Conversely, mice overexpressing Glutl in differentiated osteoblasts display a high
bone mass because of an increase in bone formation parameters, and a better glucose
tolerance and insulin sensitivity than control littermates. Molecular studies performed
in wild type and mutant osteoblasts demonstrated that by limiting AMPK activity,
glucose normally favors mTOR signaling in osteoblasts and thereby collagen synthesis
and bone formation; osteocalcin synthesis and glucose metabolism. In summary,
Glutl-dependent glucose uptake in cells of the osteoblast lineage is a significant
regulator of bone formation pre and post-natally, and of whole-body glucose
homeostasis. The extent of the functions of glucose in osteoblasts provides a rationale
for the regulation of glucose metabolism by bone.

Disclosures: Jianwen Wei, None.
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Brown Adipose Tissue Indices a Bone Anabolic Effect Through an Uncoupling
Protein 1- Mediated Elevation of Central Neuropeptide Y Expression and
Reduced Sympathetic Tone. Amy Nguyen'!, Herbert Herzog', Paul
Baldock*?. 'Neuroscience Division, Garvan Institute of Medical
Research, Australia, 2Garvan Institute of Medical Research, Australia

Brown adipose tissue (BAT) remains a putative therapy for obesity, due to its
ability to dissipate energy through the actions of uncoupling protein-1 (UCP-1), which
is expressed in the mitochondria of brown adipocytes. Interestingly, a positive
correlation between BAT and bone mass has been identified, linked to the bone
anabolic effect of reduced sympathetic tone. However, several critical questions
remain: i) what component of BAT is responsible for the bone anabolic effect, and ii)
what is the pathway by which BAT activity regulates sympathetic tone. This study, for
the first time, examines UCP-1, BAT and bone mass using a mouse model deficient in
UCP-1 (UCP-1 KO), and identifies a central NPY circuit whereby UCP-1 activity
regulates sympathetic tone.

Six week old male UCP-1 KO and wild type mice were housed for 10 weeks either
at thermoneutrality (30°C), where UCP-1 is inactive, or under mild cold-stress (22°C),
where UCP-1 would be activated for thermogenesis. At 30°C, no differences in
cancellous or cortical bone parameters were apparent.

However, under conditions of permanent mild cold-stress (22°C), UCP-1 KO mice
displayed reduced cancellous bone volume (21%, p<0.05), trabecular number,
thickness mineralizing surface compared to wild type mice. UCP-1 KO mice also
exhibited reduced femur length, and cortical periosteal and endosteal perimeters, with
no differences in body weight.

A similar, although reduced, effect was also observed in female mice.

Critically, cold-stressed UCP-1 KO displayed reduced hypothalamic neuropeptide
Y (NPY) expression compared to wild type. We have shown that cold-stress elevates
NPY, which inhibits central tyrosine hydroxylase neurons in the hypothalamus,
reducing sympathetic tone to protect bone during chronic stress (1). Thus the decrease
in NPY in UCP-1 KO would release the sympathetic inhibition, raising sympathetic
output as noted previously in the BAT-deficient Misty mouse (2).

Thus UCP-1 activity during mild cold-stress is protective of bone mass, indicating
that thermogenesis initiated during cold-stress plays a positive role in bone mass.
Moreover, we demonstrate that the central NPY/sympathetic circuit is involved in this
BAT-Bone pathway.

1. Baldock P, Lin S et al. Neuropeptide Y Attenuates Stress-Induced Bone Loss
Through Suppression of Noradrenaline Circuits. JBMR 2014 Epub.

2. Motyl KJ, Bishop KA et al. Altered thermogenesis and impaired bone

remodeling in Misty mice. JBMR 2013 28:1885-97.

Disclosures: Paul Baldock, None.
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Exercise regulation of marrow fat in the setting of PPARY agonist treatment.
Maya Styner*', Xin Wu?, William Thompson®, Gunes Uzer?®, Zhihui Xie?,
Buer Sen*, Andrew Romaine®, Gabriel Pagnotti’, Clinton Rubin®, Martin
Styner?, Mark Horowitz’, Janet Rubin'. 'University of North Carolina,
Chapel Hill, School of Medicine, USA, 2University of North Carolina, USA,
3University of North Carolina, USA, 4University of North Carolina At
Chapel Hill, USA, “Stony Brook University, USA, “State University of New
York at Stony Brook, USA, "Yale University School of Medicine, USA

Marrow adipose tissue (MAT), associated with skeletal fragility and hematologic
insufficiency, remains poorly understood. We have shown that exercise prevents MAT
accumulation while promoting bone formation, a response that may depend on
caloric expenditure. In contrast, we hypothesized that exercise would not be able to
overcome the powerful adipogenic biasing of mesenchymal stem cells that
accompanies PPARY agonist therapy and leads to increased MAT. Thus, we tested
the response of MAT and bone to running exercise in the setting of the PPARYy
agonist rosiglitazone (Rosi). Eight week-old female C57BL/6 mice were treated with
+/- Rosi 20 mg/kg/day incorporated into a regular chow diet (RD). Exercise groups
were provided voluntary access to running wheels (RD-E, Rosi-E), running ~12 km/d.
Femoral MAT and tibial bone quantity were assessed by pCT (lipid binder osmium)
as previously described (Styner et al. Bone 2014). Total femur MAT was 4.5-fold
higher in Rosi relative to RD (p<<0.0001). As expected, exercise suppressed MAT in
RD-E mice by half compared with RD (p<<0.01). Surprisingly, MAT acquisition in
Rosi fed mice also responded to exercise in all regions tested: epiphysis, metaphysis
and diaphysis (figure 1), although MAT did not return to control levels (p<<0.001 for
total femur). Tibial mRNA in Rosi-treated mice demonstrated = 3-fold increase in
perilipin, fatty acid synthase (FASN) and fat-specific protein 27 (FSP27) compared to
RD. While exercise attenuated Rosi-induced FASN, it failed to decrease lipid-droplet
associated markers perilipin and FSP27. This suggests that while exercise can alter the
metabolic usage of MAT, essentially burning calories, it cannot fully overcome
adipogenic biasing of stem cells. Rosi decreased bone quantity as expected;
importantly, exercise was not able to overcome bone deficit in Rosi-E group. In
summary, Rosi induced MAT accumulation throughout the femur and, while exercise
partially limited Rosi induction of MAT volume, perhaps through fuel usage, it was
unable to overcome the negative effects of Rosi on bone quantity. Our results suggest
that MAT supplies fuel for energy needs of exercise, but that exercise cannot
overcome the pathologic effects of PPAR agonists on bone health.
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Figure 1. Exercise attenuates marrow adipose
tissue in RD and Rosi treated mice. Eight-week-
old C57BL/6 mice were treated with oral
rosiglitazone (Rosi) or a regular diet (RD), and
subdivided into voluntary running exercise
groups for six weeks (RD-E, Rosi-E).  A-D,
Quantification of marrow adipose tissue (MAT)
via uCT imaging of lipid-binder osmium as mm®
of osmium per femoral volume, in indicated
regions. E, Each image represents an average of
n=5 mice, color labeled to demonstrate
distribution of MAT.

Figure 1

Disclosures: Maya Styner, None.
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Placental morphology is differentially related to offspring skeletal size and
volumetric density assessed by pQCT. Christopher Holroyd!, Clive
Osmond', David Barker', Susan Ring® Deborah Lawlor?, J.H. Tobias®,
George Davey Smithz, Cyrus Cooper4, Nicholas Harvey*>. 'MRC
Lifecourse Epidemiology Unit, University of Southampton,
Southampton, UK, United Kingdom, 2MRC Integrative Epidemiology
Unit, University of Bristol, Bristol, UK, United Kingdom, 3Avon
Orthopaedic Centre, United Kingdom, *University of Southampton,
United Kingdom, *MRC Lifecourse Epidemiology Unit, University of
Southampton, United Kingdom

We have previously demonstrated that placental size is positively related to indices
of offspring skeletal size shortly after birth. It is not known if such associations persist
into later postnatal life and whether placental size might be differentially associated
with measures of bone size and density. We investigated relationships between
placental morphology and bone size and volumetric density during adolescence in a
population-based mother-offspring cohort.

The Avon Longitudinal Study of Parents and Children (ALSPAC) recruited
women from the former region of Avon, UK. In 1991, from April to December,
12,942 babies were born at term. Placentas were preserved in formaldehyde, and in
2010 a sample of 1746 placentas were measured and photographed. At 15 years the
children underwent a pQCT scan (Stratec XCT2000) in order to assess tibial size,
geometry and volumetric density at the 50% site. Pubertal stage was assessed by
Tanner Stage Questionnaire.

Complete placental, pQCT and pubertal assessment data were available for 421
children [mean (sd) age 15.5 (0.27) years]. After adjustment for sex, gestational age at
birth, age and pubertal stage at pQCT scan, and mother’s weight, height, age and
parity, placental area was positively associated with endosteal circumference (r=0.24,
p<0.001), periosteal circumference (r=0.19, p<0.001) and cortical area (r=0.09,
p=0.06); in contrast placental area was inversely associated with cortical density (r=-
0.14, p=0.004). Similar associations were documented for placental volume.

These findings confirm previous associations between placental size and offspring
skeletal development and that these relationships persist into later childhood/
adolescence. Furthermore, they support the concept that cortical density may be
lower in larger cross-section tubular bones, most likely a mass reducing adaptation to
the greater strength conferred by the distribution of material further from the centre
of the bone.

Disclosures: Nicholas Harvey, None.
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The Choice of Pediatric Reference Database Changes Spine Bone Mineral
Density Z-scores but Not the Relationship with Prevalent Vertebral
Fractures. Leanne M Ward*', Kerry Siminoski®, Shayne Taback®, Celia
Rodd?, Robert Stein*, Annie M Sbrocchi®, Josephine Ho®, Ronald M
Grant’, Elizabeth A Cummingsg, Robert Couch?, David A Cabralg,
Stephanie Atkinson'®, Nathalie Alos'', Nazih Shenouda', Mary Ann
Matzingerl, Brian Lentle'?, Frank Rauch’, Jinhui Ma'?, and the Canadian
STOPP_ Consortium'*. "University of Ottawa, Canada, >University of
Alberta, Canada, 3University of Manitoba, Canada, 4University of Western
Ontario, Canada, *McGill University, Canada, 6University of Calgary,
Canada, 7University of Toronto, Canada, *Dalhousie University, Canada,
9University of British Columbia, Canada, '°McMaster University, Canada,
"Université de Montréal, Canada, 12University of British Columbia,
Canada, "*Children’s Hospital of Eastern Ontario, Canada, '*National
Pediatric Bone Health Working Group, Canada

Aim and Objectives: To assess the disparity in lumbar spine BMD Z-scores (LS-
BMDZ) generated by different reference databases and evaluate whether the
relationship between LS-BMDZ and prevalent vertebral fractures (VF) varies with
the choice of BMD reference database.

Patients and Design: 186 children with recently diagnosed leukemia underwent LS-
BMD,; Z-scores were generated on four reference databases. Prevalent VF were
assessed by the Genant semi-quantitative method. Logistic regression assessed the
association between VF (sustained in 15.6% of children)and LS-BMDZ (either as a
continuous factor, or a binary risk factor at +2.0 SD). The prediction performance
was assessed using both the area under the curve (AUC) for receiver operating
characteristics and the net reclassification improvement (NRI) (compared to the
Hologic version 12.3 normative database).

Results: The proportion of children with LS-BMDZ = -2.0 ranged from 15% to
48%. Using the -2 SD cut-off, the logistic regression model assessing the relationship
between LS-BMDZ and VF yielded odds ratios (OR) from 2.3 (95% CI: 1.0, 5.3) to
5.0 (95% CI: 2.0-12.4), AUC from 0.60 (95% CI: 0.51, 0.70) to 0.66 (95% CI: 0.56,
0.76), and NRI from -0.64 (95% CI: -1.02, -0.26) to -0.08 (95% CI: -0.35, 0.18). In
contrast, with standardized LS-BMDZ used as a continuous risk factor, the ORs were
distributed across a narrow range from 2.4 (95% CI: 1.6, 3.7) to 2.6 (95% CI: 1.6, 4.1),
the AUC ranged from 0.71 (95% CI: 0.59, 0.82) to 0.72 (95% CI: 0.60, 0.83) and the
NRI ranged from -0.17 (95% CI: -0.57, 0.22) to -0.06 (95% CI: -0.45, 0.33).
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Conclusions: The use of a LS-BMDZ cut-off to define pediatric osteoporosis is
problematic given the large variation in LS-BMDZ depending upon the choice of
reference database that is used, as well as the variability in the association between LS-
BMDZ (expressed as a binary variable) and prevalent VF, and in the prediction
performance across different reference databases. On the other hand, if LS-BMDZ is
used as a continuous variable, the association between vertebral fractures and LS-
BMDZ across reference databases is not influenced by the choice of reference data.

This study was funded by the Canadian Institutes for Health Research

Disclosures: Leanne M Ward, None.
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Absence of ER cation channel TMEM38BITRIC-B causes recessive
osteogenesis imperfecta by dysregulation of collagen post-translational
modification. Wayne Cabral*', Elena Makareeva®, Masaki Ishikawa?,
Aileen Barnes', MaryAnn Weis*, Felicitas Lacbawan®, David Eyre®,
Yoshihiko Yamada®, Sergey Leikin’, Joan Marini®. 'Bone &
Extracellular Matrix Branch, NICHD, NIH, USA, Section on Physical
Biochemistry, NICHD, NIH, USA, *Molecular Biology Section, NIDCR,
NIH, USA, “Department of Orthopaedics & Sports Medicine, University of
Washington, USA, *Department of Medical Genetics, Children’s National
Medical Center, USA, ®University of Washington Orthopaedic Research
Labs, USA, "National Institutes of Health, USA, ®National Institute of
Child Health & Human Development, USA

Recessive osteogenesis imperfecta (OI) is caused by mutations in genes encoding
proteins involved in post-translational interactions with type I collagen. A novel form
of recessive OI has recently been reported in Bedouins from Israel and Saudi Arabia,
caused by a homozygous deletion of exon 4 and surrounding intronic sequence of
TMEM38B. TMEM38B encodes TRIC-B, an integral ER membrane monovalent
cation channel proposed to be involved in Ca** release from intracellular stores.
However, the molecular mechanisms through which this founder mutation causes an
OI phenotype are unknown. We identified a 20 month-old girl with moderately severe
OI who is the offspring of consanguineous parents from Saudi Arabia, and is
homozygous for the TMEM38B founder mutation. She has recurring long bone
fractures, ligamentous laxity and blue sclerae. Her fibroblasts were used to investigate
the mechanism of OI caused by the TMEM38B deletion. TMEM38B transcripts are
25% of control level, and include six alternatively spliced forms. Although one minor
transcript is in-frame, complete absence of TRIC-B protein was confirmed by
immunoblot. Consequently, proband cells have decreased steady-state intracellular
and ER luminal Ca** concentrations. Furthermore, Ca*" stores were more rapidly
depleted upon ATP-induced Ca*™ flux from the ER in patient cells. We also identified
alterations in proband type I collagen post-translational modification and conforma-
tion. Proband collagen has increased electrophoretic migration of alpha chains on
SDS-Urea PAGE, consistent with a 30% reduction in collagen helical lysine
hydroxylation, despite increased LH1 protein and transcripts. The detection of lower
stability collagen species (comprising 30-40% of total collagen) on DSC and decreased
procollagen pericellular processing indicate an abnormal procollagen conformation,
as do increased intracellular levels of chaperones PDI and GRP/BiP. Extracellular
matrix deposited by proband fibroblasts in culture contained only collagen with
normal stability, resulting in a 30% reduction of collagen content. Further, FKBP65,
which is stabilized by Ca*™* and required for collagen telopeptidyl hydroxylation by
LH2, as well as fibrillar crosslinking, was decreased in proband fibroblasts. These data
support a role for TRIC-B in intracellular Ca** mobilization. We propose that
absence of TRIC-B causes OI by dysregulation of multiple collagen-specific
chaperones and modifying enzymes in the ER through Ca** modulation.

Disclosures: Wayne Cabral, None.
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Greater Bone Mineral Accrual after the Adolescent Growth Spurt Results in
Stronger Bones in Young Adulthood: Evidence from 20-year follow-up of the
Pediatric Bone Mineral Accrual Study. Saija Kontulainen*, James
Johnston, Hassanali Vatanparast, David Cooper, Adam Baxter-Jones.
University of Saskatchewan, Canada

Introduction: The peak accrual rate for bone mineral content (BMC) occurs within
the first year after the adolescent growth spurt (i.e., age of peak height velocity, PHV)
in both sexes. It is unknown if BMC, fat or lean tissue accrual during this rapid
skeletal development will have a longer-term impact on bone strength in adulthood.
Our purpose was to assess the role of adolescent total body BMC, fat and lean tissue
accrual after the age of PHV on adult bone strength at the radius and tibia.

Methods: Participants were from the Saskatchewan Pediatric Bone Mineral
Accrual Study (1991-2011). Eligible participants had DXA-derived total body BMC,
fat and lean tissue mass measured at 1-year post-PHV (n=98, 51 females) or change in
these variables between PHV and 1-year post-PHV (n=75, 40 females), and pQCT-
derived forearm and lower leg scans obtained in young adulthood (mean age 29.3, SD
2.3 years). We used linear regression to assess if BMC, fat or lean mass at 1-year post-
PHYV, or their changes, contributed to the prediction of validated pQCT bone strength
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indices at the distal (4%) and shaft sites of radius (65%) and tibia (66%) in young
adulthood, when controlling for adult body and muscle size.

Results: Total body BMC at l-year post-PHV was an independent, positive
determinant of adult bone strength in all measured sites (Table 1). Fat mass at 1-year
post-PHV was negatively associated with adult bone strength at both sites of radius
and at the tibia shaft (Table 1). Lean mass was excluded from the models due to
multicollinearity (VIF>5). BMC gain from PHV was an independent predictor of
adult bone strength at the distal radius and tibia (Table 1).

Conclusion: These unique longitudinal findings suggest that greater bone mineral
accrual after the peak in the growth spurt may lead to greater bone strength in
adulthood while higher fat mass at the same time point may hinder attainment of bone
strength at the radius and tibia in young adulthood. This evidence highlights the
importance of skeletal growth on adult bone strength and supports efforts aiming to
optimize development in body composition in adolescence to enhance prevention of
osteoporosis and bone fragility.
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Disclosures: Saija Kontulainen, None.
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Improved Survival with Asfotase Alfa Treatment in Pediatric Patients with
Hypophosphatasia at High Risk of Death. Michael Whyte*', Cheryl
Rockman-Greenberg?®, Christine Hofmann®, Edward C.W. Leung®, Scott
Moseley?, Kenji P Fujita*, Agustin Melian®, David Thompson®, Johannes
Liese>. 'Shriners Hospital for Children-Saint Louis, USA, 2University of
Manitoba, Canada, *University Children’s Hospital, University of
Wurzburg, Germany, *Alexion Pharmaceuticals, USA, SUSA

Hypophosphatasia (HPP) is the rare metabolic bone disease caused by loss-of-
function mutation(s) in the tissue-nonspecific alkaline phosphatase (TNSALP) gene.
Mortality rates are considered to be 50%-100% in the infantile and perinatal forms of
HPP'. Here, we report significantly better survival in severely affected, high-risk,
pediatric HPP patients (pts) during treatment with asfotase alfa (an investigational
bone-targeted TNSALP replacement) compared with untreated age-matched histor-
ical control (HC) HPP pts. Data were pooled from 2 multicenter, Phase 2, open-label,
ongoing studies of asfotase alfa for perinatal and infantile HPP (n=37) and compared
with data from a multicenter, retrospective, chart review study of untreated HC pts
(n=48) matched for age and HPP severity. Enrollment criteria included: age < 5 years,
and history of rachitic chest deformity, and/or respiratory compromise, and/or
pyridoxine-responsive seizures (HPP complications associated with a high risk of
death?). Kaplan-Meier analyses of overall survival and invasive ventilation-free (IVF)
survival included sensitivity analyses controlling for age at enrollment and calendar
year of diagnosis. Baseline characteristics were similar between treated and HC pts.
Abnormally shaped chest, respiratory distress, and pyridoxine-responsive seizures
were documented in 81% vs. 83%, 73% vs. 83%, and 35% vs. 21% of treated vs. HC
pts, respectively. Median age (min, max) at symptom onset was 1 (0, 5.5) vs. 0 (0, 5.9)
months for treated vs. HC pts, respectively. Median duration of treatment was 1.8 (0,
5) years. Survival was significantly better in pts treated with asfotase alfa compared
with HC (Figure 1). Over the analysis period, 89% (33/37) of treated pts survived vs.
27% (13/48) of HC pts (p <0.0001). Median survival time was 8.9 months for HC pts.
In contrast, the high survival rate for treated pts at data cutoff precluded calculation
of median survival time. IVF survival was also markedly improved in treated pts: 84%
(21/25) required no invasive ventilation and survived, compared with 25% (12/48) of
HC pts (p<0.0001). Better survival and IVF survival likely reflect improved
mineralization of the rib cage and its influence on respiratory function®. Significance
was retained in sensitivity analyses. Asfotase alfa treatment significantly improved
survival and invasive ventilation-free survival in pediatric patients severely affected by
HPP and at high risk of death.

S33

Figure 1. Kaplan-Meier analysis of overall survival. Hypophosphatasia patients treated with
asfotase alfa showed significantly greater survival compared to (untreated) historical
control patients

oo
'!QOM
80

w-ee Asfolase Alfa
+«-+ Historical Controls

Log-rank p-value: < 0.0001

70
)
50

40 %
3y
20

10
0

Survival (%)

o 1 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Years

2 3 4

Patients at Risk (Asfotase Alfa):
376330624 2220181515128 54 22 1 0

Patienis at Risk (Histarical Controls):
ABTWB1EI4IZNI09 B BB THEEHGESSS54433332333331110

"Whyte, Genedics of Bone Biology and Skefetal Diseass, 2013

“Whyte, Abstract 752416, presented PAS 2014
“Whiybe, MEJM, 2012 356:10

Figure 1

Disclosures: Michael Whyte, Alexion Pharmaceuticals Inc., 3; Alexion Pharmaceuticals
Inc., 7
This study received funding from: Alexion Pharmaceuticals Inc
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Bone Fractures in Children and Adults with Autism Spectrum Disorder. Ann
Neumever', Julia O’Rourke!, Alexandra Massa', Hang Lee?, Elizabeth
Lawson®, Christopher McDougle!, Madhusmita Misra**. 'Lurie Center for
Autism, Massachusetts General Hospital & Harvard Medical School, USA,
’Biostatistics Center, Massachusetts General Hospital, USA,
3Massachusetts General HospitalHarvard Medical School, USA,
“Pediatric Endocrine & Neuroendocrine Units, Massachusetts General
Hospital & Harvard Medical School, USA

Purpose: We have previously reported lower bone mineral density (BMD) in
peripubertal boys with autism spectrum disorder (ASD) than in typically developing
controls. However, it is not clear whether lower BMD in ASD results in an increased
risk for fracture.

Methods: In this study, we examined rates and types of fracture in a large sample
of children and adults with ASD (n= 18,152 for children 3-22 years and 4,215 for
adults 23-50 years) vs. those without ASD (n= 6,311,505 for children and 11,438,194
for adults), by querying a national database of ED visits (the National Emergency
Department Sample 2010) over a one-year period. We hypothesized that those with a
diagnosis of ASD would display higher rates of fractures at the hip and spine
compared to those without a diagnosis of ASD both in children and adults (based on
our previous data for bone density).

Results: In the 3-22 year old patient population, those with ASD had a higher risk
of hip fracture than those without ASD [odds ratio (OR) 3.33, p<<0.0001], and this
difference was more marked in girls [OR 8.1 in girls with ASD (p=0.0005), and 2.0 in
boys with ASD (p=0.06)]. In contrast, compared to those without ASD, upper
extremity fractures were less common in boys with ASD (p<<0.0001). Spine fractures
were too few to be analyzed. Observed differences across groups persisted after
controlling for age. Similar to our data in children with ASD, adults with ASD 23-50
years old had a higher OR for hip fractures than adults without ASD (OR 11.7,
p<0.0001) in both men (OR 6.8, p<<0.0001) and women (OR 24.8, p<<0.0001). Also,
adult men without ASD had a higher risk for upper extremity fractures than those
with ASD, and no increase in the risk for spine fractures. In contrast, women with
ASD compared with those without ASD had a higher OR for upper extremity
fractures (OR 2.27, p=0.0038), and spine fractures (OR 10.61, p=0.0034). Children
and adults with ASD were younger than those without ASD, and differences across
groups persisted after controlling for age.

Conclusion: Previous reports of lower bone density in children with ASD
compared with typically developing controls are concerning for a higher risk of
fractures (particularly of the hip) in this population. This is worrisome given the high
morbidity associated with hip fracture. Further studies are necessary to better
understand the decreased bone density in autism and its implication for fracture
development.

Disclosures: Madhusmita Misra, None.
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Pentosidine and degree of mineralization are increased in bone from
fractured-patients with type 1 diabetes mellitus. Delphine Farlay*', Laura
Armas?, Evelyne Gineyts®, Robert Recker?, Georges Boivin*. 'INSERM,
UMRI1033; Universit¢é De Lyon, France, 2Creighton University, USA,
SINSERM U1033, Université de Lyon, France, 4INSERM, UMR1033;
Universite De Lyon, France

Type 1 diabetes (T1D) is associated with increased fracture risk, not explained by
the measurement of bone mineral density (BMD). If TID causes deterioration in
“bone quality” rather than reduction in BMD (bone mass) is an important question
and little investigated in human. The aim of this study was to analyze the bone matrix
(organic and mineral) of iliac bone biopsies, from T1D patients with fragility fracture
(FX, n=5), sex and aged-matched T1D patients without fracture (non-FX, n=5), and
to compare them to controls (CTL, n=5). All the analyses were performed separately
on cortical (cort) and trabecular (trab) bone. Data were then correlated with patient’
information (Weight, Body mass index, duration of diabetes), and Laboratory data
(HbAlc, 25(OH)D, creatinine, IGF-1). Non-enzymatic cross-links (pentosidine,
PEN), and enzymatic cross-links (PYD and DPD) were examined by HPLC after
extraction from embedded bone slices. Degree of mineralization (DMB) was assessed
by quantitative microradiography, microhardness was measured by microindentation
and bone material properties were obtained by FTIRM. We confirmed that trabecular
bone from FX-T1D patients contained significantly higher levels of PEN than in CTL
(p=0.04). In bone from non-FX T1D, PEN was not significantly increased but tended
to be higher than CTL. PYD was not modified in either TID group compared to
CTL. DPD was decreased in non-FX, only in cortical bone. In trabecular bone from
FX-TID, DMB was higher compared to both CTL (p=0.04) and non-FX TID
(p=0.04). Microhardness tended to increase in non-FX and FX T1D, both in cortical
and trabecular bone. Mineral maturity, crystallinity and carbonation were not
modified, confirming the absence of an effect on bone remodeling activity.
Interestingly, we found significantly positive correlations between HbAlc and
PENtrab, HbAlc and DMBtotal, PENtrab and DMBtotal (Fig.). Correlations with
DMB were confirmed by mineralization index measured by FTIRM. This suggested
that in TID, HbA Ic can predict both accumulation in bone of pentosidine and lead to
a higher DMB. Indeed, it appears that bone from FX-T1D is more mineralized than
both non-FX T1D and CTL. In conclusion, we showed that high serum HbAlc
impacts both organic and mineral matrix in bone biopsies. Increase in both Pen and
DMB were observed in bone from FX-T1D. Association of both high PEN and
degree of mineralization could stiffen bone matrix and lead to fractures.
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Figure: Spearman correlations between HbAlc, pentosidine and degree of miner-
alization

Disclosures: Delphine Farlay, None.
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FElevated Sphingosine 1-Phosphate Levels are Associated with Vertebral
Fractures in Patients with Type 2 Diabetes Mellitus. Mohammed-Salleh
Ardawi*!, Daad Akbar?, Abdulrahim Rouzi®, Nawal Senani®, Ali
Ahmad®, Mohammed Qari®. 'Center of Excellence for Osteoporosis
Research & Department of Clinical Biochemistry & KAU Hospital,
Faculty of Medicine, King Abdulaziz University, Saudi Arabia, >Center of
Excellence for Osteoporosis Research & Department of Internal Medicine
& KAU Hospital, Faculty of Medicine, King Abdulaziz University, Saudi
Arabia, *Center of Excellence for Osteoporosis Research & Department of
Obstetrics & Gynaecology & KAU Hospital, Faculty of Medicine, King
Abdulaziz University, Saudi Arabia, *Center of Excellence for Osteoporosis
Research & Department of Obstetrics & Gynaecology, Faculty of Medicine
& KAU Hospital, King Abdulaziz University, Saudi Arabia, *Center of
Excellence for Osteoporosis Research, King Abdulaziz University, Saudi
Arabia, ®Center of Excellence for Osteoporosis Research & Department of
Haematology & KAU Hospital, Faculty of Medicine, King Abdulaziz
University, Saudi Arabia

Background: Patients with type 2 diabetes (T2DM) are at increased risk of
vertebral fractures (VFs) compared with non-T2DM subjects, due to poor bone
quality. Recent studies in non-diabetic subjects have demonstrated that high
sphingosine 1-phosphate (SIP) levels are associated with VFs independent of bone
mineral density (BMD). We investigated the changes in plasma S1P levels in relation
to VFs among postmenopausal women with T2DM.

S34

Methods: We assessed cross-sectionally 482 postmenopausal women with T2DM
and 482 age-matched postmenopausal women without T2DM who were recruited at
diabetic clinics and primary health care centers for inclusion in a bone health survey.
The main outcome measures wereplasma S1P [measured by ELISA method (Echelon
Biosciences Inc., USA)] (overnight fasting samples), BMD, and bone turnover markers.
Lateral X-rays of the thoracic and lumbar spine were taken to diagnose VFs.

Results: Plasma SIP levels were increased among women with T2DM as compared
with non-T2DM controls (P<<0.001). Plasma SIP levels were higher when T2DM
women were stratified by the number of VFs (P<<0.001). Multiple logistic regression
analysis showed that plasma SIP levels were positively associated with 1 VF (odds
ratio [OR]=2.35, (CI:1.12-4.26), P=0.012), 2 VFs (OR=2.61, (CI:1.31-4.86), P=0.004),
and = 3 VFs (OR=6.62, (CI:2.92-23.1) P<<0.001). Plasma SIP levels were inversely
correlated with BMD at various sites (P=0.011 to 0.023), whereas they were positively
correlated with bone resorption markers (P=0.026 to 0.034).

Conclusions: Increased plasma S1P were associated with VFs among postmeno-
pausal women with T2DM, suggesting that SIP may be involved in increased bone
fragility in T2DM and could be potential markers of VF severity.

Disclosures: Mohammed-Salleh Ardawi, None.
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Does Diabetes Modify the Effect of FRAX Risk Factors for Major
Osteoporotic and Hip Fracture Prediction? The Manitoba BMD Cohort.
William Leslie*!, Suzanne Morin? Lisa M. Lix', Sumit Majumdar’.
1University of Manitoba, Canada, *McGill University, Canada, 3 University
of Alberta, Canada

Background: Diabetes mellitus increases risk for major osteoporotic fractures
(MOF) independent of factors that comprise the WHO Fracture Risk Assessment tool
(FRAX). It is uncertain how best to consider the effect of diabetes in identifying high
risk individuals. Therefore, we explored whether diabetes simply adds to, or modifies
the effect of FRAX clinical risk factors on MOF and hip fracture risk.

Methods: Using a registry with all clinical DXA results for Manitoba, Canada, we
identified women and men age >40 years undergoing baseline DXA in years 1996-
2011. Population-based health services data were used to identify diabetes diagnosis,
covariates required for FRAX, and incident MOFs. Since the effect of prior fracture is
modified by anatomical site, prior fracture was stratified as clinical vertebral, hip,
humerus, forearm, pelvis, and “other” (excluding head, neck, hands, feet). Cox
proportional hazards models were used to test for interaction effects of diabetes with
FRAX clinical risk factors (Model 1) and prior fracture site (Model 2).

Results: The study population included 62,413 individuals (age mean 64 years [SD
11], 91% women) of whom 6,455 (10%) had a diagnosis of diabetes. During mean
follow-up 6 years, 492 (7.6%) with diabetes and 3726 (6.7%) without diabetes
developed incident MOFs. Diabetes was a significant risk factor for fracture (adjusted
hazard ratio [aHR] Model 1: 1.34 [95%CI 1.22-1.48]; Model 2: 1.16 [1.06-1.28]).
FRAX risk factors showed significant associations with incident MOFs in one or
more analyses. However, no significant interactions of diabetes with any FRAX risk
factors were identified. Results were similar without BMD in the model except that
higher BMI showed a stronger protective effect (aHR per 5 kg/m? 0.83 with diabetes,
0.79 without diabetes; p-interaction 0.276). Prior fractures were risk factors for MOF,
but again there were no significant interactions with diabetes diagnosis. For predicting
hip fractures (1108 incident events), age was a significant modifier of diabetes-related
risk (aHR age <60: 4.67 [95%CI 2.76-7.89], age 60-69: 2.68 [1.77-4.04], age 70-79: 1.57
[1.20-2.04], age >80: 1.42 [1.10-1.99]; p-interaction <.001).

Summary: Diabetes is an independent risk factor for MOFs but did not
significantly modify the effect of FRAX risk factors or prior fracture site. However,
diabetes exerted a stronger effect on hip fracture risk in younger versus older
individuals. This has implications for fracture risk assessment in diabetes and for
identifying high risk individuals.

Non-diabetic (N=55,958} Diabetic (N=6,455)

MODEL 1: FRAX risk factors HR [95% C1} HR {95% Cl} P-interaction
Age (per 10y) 1.43 (1.38-1.47) 1.39(1.27-1.53) 0.781
Sex (male vs female) 0,90 (0.79-1.02) 1.04 (0.78-1.39) 0.407
BMI (per 5 ka/m2) 0.98 (0.95-1.02) 0.90(0.83-0.98) 0.080
Current smicking * 1.23 (0.98-1.54) 1.87(1.13-3.07) 0.317
Glucocorticoid use 1.30 (1.14-1.48) 1.13 (0.83-1.54) 0.398
Rheumatoid arthritis 1.43 (1.24-1.64) 1.74(1.21-2.49) 0.325
High alcohol use 2.02 (1.70-2.41) 1.98({1.27-3.09) 0.941
Any prior fracture 1.62 (1.51-1.74) 1.72(1.42-2.07) 0.588

|__Femoral neck T-score (per S0) 1.68 (1.61-1.75) 1.60{1.44-1.79) 0.456

MODEL 2: Prior fracture site HR [95% CI} HR {95% C1} P-interaction
Age (per 10y) 1.68 (1.63-1.73) 1.61(1.47-1.76) 0.535
Sex (male vs female) 1.00 (0.88-1.14) 1.15 (0.86-1.52) 0.454
Pricr vertebral fracture 2.33 (2.07-2.62) 2.67(1.95-3.66) 0.420
Prior hip fracture 1.55 (1.30-1.85) 1.67 (1.08-2.58) 0.802
Pricr humerus fracture 1.86 (1.61-2.14) 1.89(1.33-2.68) 0.941
Prior forearm fracture 1.43 (1.29-1.60) 1.57{1.15-2.14) 0.573
Prior pelvis fracture 1.67 (1.28-2.18) 0.81(0.33-1.99) 0.130
Pricr other fracture** 1.32 (1.19-1.46) 1.31(1.02-1.69) 0.992

TABLE: Hazard ratios for incident major osteoporotic fracture.

Disclosures: William Leslie, None.
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Cortical Bone Laminar Analysis reveals Increased Midcortical Porosity in
Type 2 Diabetics with History of Fragility Fractures. Ursula Heilmeier*',
Karen Cheng?, Robin Parrish?, Jasmine Nirody?>, Janina Patsch*, Thomas
Baum®, Andrew Burghardt®, Gabby B. Joseph®, Ann Schwartz®, Thomas
Link®, Galateia Kazakia®. 'University of California San Francisco, USA,
2University of California, Berkeley, USA, 3University of California, San
Francisco, USA, “Medical University of Vienna, Austria, SKlinikum rechts
der Isar, TU Muenchen, Germany

Diabetic bone disease is an increasingly recognized complication of Type 2
diabetes (T2D) characterized by paradoxically high fracture rates. Elevated cortical
porosity was recently identified as a main factor contributing to this high fragility.
However, the underlying mechanisms of diabetic cortical porosity remain elusive.
Potential hypotheses include cortical trabecularization due to expansion of the bone
marrow space, increased vascular infiltration, or both. The purpose of this study was
to assess the nature and the spatial distribution of cortical porosity by determining
pore number, size and radial distribution within endosteal, midcortical and periosteal
layers of cortical bone in T2D women with fractures (DMFx) and compare them to
fracture-free diabetics (DM), and non-diabetic controls with (Fx) and without (Co)
fractures. 79 postmenopausal women (n=20 per group, DM: n=19) underwent high
resolution peripheral quantitative computed tomography (HR-pQCT) of the distal
tibia. HR-pQCT images were post-processed using our newly developed cortical bone
laminar analysis (Fig. 1). Cortical bone contours and intracortical porosity were semi-
automatically segmented, the cortex was divided into three layers of equal width, and
each pore was assigned to a layer based on the location of its centroid. Total pore area
(TPA), total pore number (TPN), and average pore area (APA) were calculated within
each layer. Using ANOVA with post-hoc Tukey tests we found that DMFx subjects
exhibited significantly elevated global porosity compared to DM subjects (+190%,
p=0.001). Elevated porosity in DMFx vs DM patients was isolated to the midcortical
layer (+271% TPA, p=0.030) (Fig. 2). High midcortical porosity in DMFx patients
was associated with high TPN (DMFx: 21.2 vs. DM: 45.6; +126%; p=0.018) rather
than APA (p>0.05). In all four groups, endosteal pores were generally larger (+135%
APA p=0.021) and more numerous (+319% TPN p=0.001) than periosteal pores. We
conclude that cortical pore laminar analysis is a helpful tool in investigating diabetic
bone disease-related cortical porosity. Our finding of isolated high porosity in the
midcortical layer suggests that this zone might be particularly susceptible to diabetic
bone disease and that unique mechanisms may be acting within this midcortical region
in T2D postmenopausal women with history of fragility fractures. However,
longitudinal studies are needed to investigate the natural evolution of cortical
porosity over time.

Figure 1. Assignment of pores in corfical bone
laminar analysis. Left: Pores (black) are shown in full
with lines depicting laminar region boundaries.
Center: Pore skeleions are assigned to a single layer
{endosteal pores in red, midcortical pores in biue,
penosteal pores in green). Right Full pores are
assigned to a layer according to the location of their
~—

/ -~ _ skeletons.

.

Figure 1

Figure 2 A-C. Results of cortical bone laminar analysis displayed by cortical
layer and group (Co=Controls, Fx=women with history of fragility fractures,
DM=type 2 diabetic women without fractures, DMFx= type 2 diabetic women
with history of fragility fractures). ANOVA and post hoc Tukey tests revealed
between-group differences as highlighted in white boxes. Elevated porosity in
DMFx vs DM patients was isolated to the midcortical layer (+271% TPA,
p=0.030), and driven by pore number rather than pore size (Fig.2Aand B).
*p=0.001,*p=0.05
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Disclosures: Ursula Heilmeier, None.
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Type 2 Diabetes and Obesity Each Contribute Separately to Adverse Skeletal
Health: Adverse Effects on Cortical Bone Microarchitecture. Jessica Furst*!,
Laura Beth Andersonz, Chiyuan Zhangz, Kyle Nishiyamaz, Dorothy
Fink®, Shonni Silverberg®, Mishaela Rubin®. 'Columbia University
Medical Center, USA, 2Columbia University, USA, 3NYP-Columbia, USA

Obesity and type 2 diabetes (T2D) are increasingly recognized to have adverse
effects on skeletal health. Both disorders have a paradoxically elevated fracture risk
despite the presence of normal to elevated bone mineral density (BMD) measure-
ments. Although the two conditions often coexist, whether they have separate and
specific contributions to bone fragility is unknown. To analyze the distinct effects of
obesity and T2D on skeletal indices, we used dual energy X-ray absorptiometry
(DXA; Hologic QDR4500, Waltham, Mass) and high resolution peripheral
quantitative computed tomography (HRpQCT: Scanco, XtremeCT) with finite
element analysis and cortical porosity assessment to examine 4 groups of
postmenopausal women: normal weight, euglycemic controls (Cntrl n=6; BMI
22+ 1 kg/m2 and HbAlc 5.7%+ 1), obese euglycemic (Ob-NonDM n=5; BMI 36+2
kg/m2 and HbAlc 5.6% + 1), nonobese type 2 diabetic (NonObDM n=8; BMI 24.4 + 1
kg/m2 and HbAlc 8.9%+ 1) and obese type 2 diabetic (ObDM n=9; BMI 35.6 + 1 kg/
m2 and HbAlc 9.7% =+ 1). The groups did not differ in age (mean overall age 59.4 +1).
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Generalized linear models were used with group status as the fixed effect to examine
the difference in microarchitectural parameters.

We found that ObDM had higher BMD by DXA than Cntrl, Ob-NonDM and
NonObDM at all sites. Similarly, by HRpQCT, trabecular bone volume and whole
bone stiffness at the radius and tibia were greater in ObDM than in the other 3
groups. Cortical indices were worst in NonObDM (Table). Cortical BMD and
thickness were lower and cortical porosity higher at both the radius and tibia and
cortical area was lower at the tibia. Moreover, cortical porosity was highest in
NonObDM at both the radius and tibia.

These data suggest that while the combination of T2D and obesity has a
beneficial effect on densitometric indices, T2D in the absence of obesity has a
deleterious effect on microarchitectural cortical parameters at both a weight-bearing
and non-weight-bearing site. The cortical deficit is consistent with a decrease in
volumetric bone density, and is likely due to increased cortical porosity, as well as a
decrease in the overall amount of cortical bone. We conclude that T2D without
obesity has a distinct adverse effect on cortical microarchitecture. This is the first
study to provide insight into the separate contributions of diabetes mellitus and
obesity to adverse skeletal health.

Group Cortical BMD Cortical Cortical Area Cortical
(Mg Thickness (mm) | (mim?) Porosity (%o)
hydroxyvapatite cc)

Radius

Cnitrl 923+21 0.808+0.05 48=3 4.7+.80

Ob-NonDMN 88222 0.760=0.06 46=3 6.5=.90

NonObDM 8301920 0.646£0.05 43230 8.1+, 8020

ObDN 920=18 0.951£0.04° 59520 5.2570

Tibia

Cntrl 847£30 0.972+0.09 92+7 9.4x1.5

Ob-NonDM 820£33 0.980+0.09 9348 10.3£1.7

NonObDM 75642800 0.736:0.084 T24Tabe 13.7 £1.5%

ObDM B61+26 1.199£0.07 123260 9.3£1.3

p<0.05 vs ObDM

p<0.05 vs control

“p=0.05 vs Ob-NonDM
HRpQCT Parameters at the Radius and Tibia

Disclosures: Jessica Furst, None.
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Effect of Denosumab on Fasting Glucose Concentrations in Postmenopausal
Women with Osteoporosis: Results From Subjects With Diabetes or
Prediabetes From the FREEDOM Trial. Nicola Napoli*', Eric
Vittinghoff?, Nicola Pannacciulli®, Daria Crittenden®, Jang Yun*, Andrea
Wang*, Rachel Wagman®, Ann Schwartz®. 'University Campus Bio-
Medico di Roma, Italy, 2UCSF, USA, *Amgen, Inc., USA, “Amgen,
Inc., USA, 5Amgen, Incorporated, USA, 6University of California, San
Francisco, USA

High serum RANKL concentration was a predictor of incident type 2 diabetes
(T2DM) in a population-based study, and blockage of RANKL signaling improved
glucose tolerance by enhancing hepatic insulin sensitivity in mouse T2DM models
(Kiechl et al. Nature Med 2013;19(3):358-366). Denosumab (DMAD) is a fully human
monoclonal antibody that binds with high affinity and specificity to RANKL and
prevents the formation, function, and survival of osteoclasts, and is associated with
vertebral and nonvertebral fracture risk reduction. In a prior post-hoc analysis of the
FREEDOM trial, a 3-year, randomized, double-blind, placebo (PBO)-controlled
study that enrolled 7808 postmenopausal women with osteoporosis, DMADb had no
effect on incident diabetes or fasting serum glucose (FSG) in women without diabetes
at baseline. Based on the favorable effect of blockage of RANKL on glucose tolerance
in mouse T2DM models, we tested the hypothesis that DMADb decreases FSG in
FREEDOM subjects with diabetes or prediabetes.

Baseline diabetes status was ascertained by self-report, use of anti-diabetic
medication (ADM), or an FSG =126 mg/dL. Prediabetes was defined as an FSG 100-
125 mg/dL on no ADM. Average postbaseline FSG across visits was estimated using a
repeated measures model and compared between DMAb and PBO. The model
included treatment group; baseline FSG, body mass index, and age; visit; ADM use;
treatment-by-visit interaction; and ADM use-by-visit interaction as fixed effects.

Baseline characteristics were similar between DMAb and PBO in both the
subpopulations with diabetes and prediabetes. The estimated average postbaseline
FSG across visits was not significantly different between DMAb and PBO in either
women with diabetes or in women with prediabetes (p=0.20 and p=0.42, respectively);
however, when censoring FSG values after ADM use in women with diabetes,
estimated average postbaseline FSG across visits was lower with DMADb than PBO
(p=0.02) (Table).

In this post-hoc analysis of postmenopausal women with osteoporosis, DMAb did
not appear to affect FSG in the overall population with diabetes or prediabetes.
There was evidence of FSG lowering with DMADb in women with diabetes who were
not currently using any ADM. It remains to be determined whether blockage of
RANKL has a clinically important effect on glucose metabolism.
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Disclosures: Nicola Napoli, None.
This study received funding from: Amgen, Inc.
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Effective Hexa-D-Arginine Therapy of X-Linked Hypophosphatemia Occurs
Through Biochemical Targeting of MicroRNA335. Baozhi Yuan*!, Abigail
Radcliff?>, Michael Johnson', Robert Blank®, Marc Drezner'. 1University
of Wisconsin, USA, 2University of Wisconsin-Madison, USA, *Medical
College of Wisconsin, USA

Previously, we found that decreased osteoblast Signel (7B2) mRNA expression is a
pivotal abnormality underlying the pathogenesis of X-Linked Hypophosphatemia
(XLH), and that Hexa-D-Arginine (D6R) treatment rescues the HYP phenotype by
increasing 7B2 mRNA. Recently, we observed that Hyp-mouse bone has increased
miR335-3P and -5P expression, which reduce 7B2 mRNA by targeting the 7B2-
3’UTR region. However, it remains unknown if miR335-3P and -5P serve as
biochemical targets for D6R rescue of the HYP phenotype. Thus, we studied D6R
effects on the miR335 mediated decrease in 7B2 production. Dose-dependent D6R
treatment of TMOb osteoblasts resulted in a maximal decrement in expression
of miR-3P (0.254+0.2 vs 0.94+0.1 [relative expression (re)]; p<0.01) and -5P
(0.42+0.02 vs 0.94 +0.1 [re]; p<0.01). In accord, D6R treated TMOD cells exhibited
increased 7B2 mRNA (2.59 +0.40 vs 1.09 +0.3 [re]; p<<0.05), as well as the anticipated
down-stream effects. To confirm miR335-3P and 5P were biochemical targets for D6R
treatment of XLH, we assessed D6R effects on TMODb cells transfected with Phex
siRNA. Transfected cells exhibited a significant increase in miR335-3P (3.0+0.20 vs
1.2+40.08 [re]; p<0.01) and -5P (4.1540.80 vs 1.740.08 [re]; p<<0.01). However, D6R
treatment abolished the stimulatory effects of Phex siRNA, restoring normal
expression of miR335-3P (1.26+0.10 vs 1.24+0.08 [re]) and -5P (1.35+0.30 vs
1.2540.10 [re]). Thereafter, we treated normal and Hyp-mice for 5 weeks with vehicle
or D6R (1.5 umole/kg/day). Bones from vehicle treated Hyp-mice showed a significant
increase, compared to normal mice, in miR335-3P (4.76+0.80 vs 1.03+0.09 [re];
p<0.001) and -5P (6.29+0.99 vs 1.01+0.08 [re]; p<0.001). In contrast, bones from
DO6R treated Hyp-mice, exhibited a dramatic reduction, to levels similar to those in
treated normal mice, in miR335-3P (1.78 +£0.16 vs 1.65+0.31 [re]) and -5P (2.25+0.37
vs 1.86+0.95 [re]). In concert, in Hyp- mouse bone, 7B2 mRNA increased, while
FGF-23 and B-catenin mRNA decreased, to normal, thereby normalizing phosphate
homeostasis and bone mineralization. The D6R effects on miR335-3P and -5P were
specific, as no inhibitory effects were observed in vitro and/or in vivo on the expression
of other miRNAs (e.g. miR214, let-7e, miR218, miR126), many of which affect bone
metabolism. These data confirm increased miR335-3P and -5P expression play a
central role in the pathogenesis of XLH and provide a target for effective drug
treatment of this disease.

Disclosures: Baozhi Yuan, None.
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Aptamer-Functionalized Lipid Nanoparticles (LNPs) Targeting Osteoblasts
as a Novel RNA Interference-Based Bone Anabolic Strategy. Liang Chao*!,
Ge Zhang?, Baosheng Guo®, Heng Wu*, Lianggiang Zhang®, Aiping Lu®.
"Hong Kong, >Ge Zhang’ S Lab, Hong Kong, *Hong Kong Baptist
University, Hong Kong, “‘HKBU, Hong Kong, *Beijing Proteome Research
Center, China

Objective: Our previously developed osteogenic siRNA delivery system (AspSer-
Ser)¢-liposome has concerns on efficacy and safety mainly due to lack of osteoblast-
specific delivery at cellular level (Zhang G, Nat Med 2012; Wang X, Nat Med 2013).
The objective of this project is to develop novel aptamer-functionalized LNPs directly
targeting osteoblasts at cellular level for RNAi-based bone anabolic therapy.

Methods: Aptamers were screened by cell-SELEX with osteoblasts as target cells
and hepatocytes and PBMCs as non-target cells. Osteoblast-specific aptamer was
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conjugated to LNPs that encapsulated osteogenic Plekhol siRNA (Lu K, Nat Cell Bio
2008), i.e., Aptamer-LNPs-siRNA. In vitro evaluation of Aptamer-LNPs-siRNA was
conducted by cyto-TEM, flow cytometry and confocal imaging in terms of
physicochemical properties, biological characteristics and cellular uptake mechanisms.
In vivo studies from biophotonic imaging, immunohistochemistry, FACS, real-time
PCR, microCT, bone histomorphometry and mechanical testing were performed to
examine the selectivity, efficacy and safety of Aptamer-LNPs-siRNA, including tissue/
cell-selective delivery, gene knockdown efficiency, dose-response pattern, persistence
of gene silencing, bone anabolic action and toxicity.

Results: We screened an aptamer (CH6) which could target osteoblasts but not
hepatocytes and PBMCs (Fig. 1). Then, we developed CH6-functionalized LNPs
encapsulating Plekhol siRNA, i.e., CH6-LNPs-siRNA. In vitro data suggested that
CH6 facilitated osteoblast-specific uptake of the encapsulated siRNA mainly via
macropinocytosis (Fig. 2). Consistently, in vivo data further confirmed that CH6
facilitated skeleton/osteoblast-specific delivery of Plekhol siRNA (Fig. 3) and long
persistence of gene knockdown (Fig 4), leading to promoted bone formation,
improved bone micro-architecture (Fig. 5), increased bone mass and enhanced
mechanical properties in osteopenic rats with no obvious toxicity.

Conclusion: CH6 aptamer-functionalized LNPs is a promising targeting system for
directly delivering siRNA to osteoblasts, thus updates the targeted delivery systems
from tissue level toward cellular level to facilitate clinical translation of RNAi-based
bone anabolic strategy in efficiency and safety (N_HKBU435/12, NSFC 81272045,
FRG2/12-13/027 and SCM-2013-SZTIC-001).

Reference

Lu K, et al. Nat Cell Biol. 10(8):994-1002. 2008

Zhang G, et al. Nat Med. 18: 307-14, 2012

Wang, X. et al, Nat Med. 19(1):93-100, 2013
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Efficacy of an Experimental small interfering RNA Therapy for Autosomal
Dominant Osteopetrosis type 2 (ADO2). Mattia Capulli*', Antonio
Maurizi’, Nadia Rucci®, Anna Teti’. 'Department of experimental
Medicine, University of L’Aquila, Italy, ?University of L’Aquila, Italy

ADO?2 patients experience high morbidity, including frequent fractures, osteomye-
litis, hematological and neurological impairment. Reduced osteoclast activity is caused,
in about 70% of cases, by heterozygous dominant negative mutations of the CLCN7
gene, encoding the CI/H" antiporter type 7 (CIC-7). Because of the dominant missense
nature of the mutation, we hypothesized that small interfering (si)RNA could silence the
mutant transcript without affecting the WT mRNA, thus mimicking a condition of
aplosufficiency. The most frequent CLCN7 gene mutation in humans is a CIC-7
p.G215R amino acid substitution. CLCN7%?*R.specific siRNA (100 nM) silenced by
85% transfected mutant mRNA/EGFP in HEK293 cells and in human osteoclasts
generated from peripheral blood mononuclear cells (n=3; p=0.002; Student’s t test). No
change of CLCN7"" mRNA and no effect of scrambled siRNA on the mutant
transcript were observed. Osteoclasts generated from the bone marrow of Clen7%?R
ADO2 mice, harboring the murine homolog of the human mutation, showed 70%
reduced resorption pit formation (n=3; p=<0.0001 vs WT). This condition was 2.6-fold
reverted by treatment with 100 nM Clen79?Rospecific siRNA (p=0.002 vs scrambled
siRNA-treated ADO2 osteoclasts), rescuing bone resorption to 78% of WT osteoclasts.
siRNAs were then made sticky by 3° dAdT overhangs and conjugated with the PolyPlus
Transfection JetPEI® siRNA reagent, a linear polyethylenimine derivative providing
effective and reproducible siRNA delivery in vivo, preventing inflammatory responses.
Single i.p. injection in ADO2 mice of 2 and 4mg/Kg Clen7%"*®_specific sticky siRNA/
JetPEI conjugate induced 67% and 95% silencing of tibia mutant mRNA, respectively,
with maximal effect at 48 hours. Treatment of ADO2 mice, 3 times a week for 2 weeks,
with 4mg/Kg Clen79?"*R.specific siRNA induced a 1.46-fold increase of serum CXT
(n=3-5; p=0.036), 20% decrease of tibia trabecular BV/TV (n=6-8; p=0.02), 13% decrease
of TbN (p=0.03) and 7% decrease of TbTh (p=0.05), with an overall improvement of the
osteopetrotic bone phenotype. Similar mRNA silencing was obtained with siRNAs
against CLCN7 mutations causing CIC-7 p.R767W and p.R286W amino acid
substitutions. These results demonstrate that a siRNA-based experimental treatment
of ADO?2 is feasible, and underscore a translational impact for future strategy to cure
this therapeutically neglected form of osteopetrosis (patent RM2014A000272).

Disclosures: Mattia Capulli, None.
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Therapeutic silencing intra-osseous Ckip-1 for promoting bone formation in
an aged rat model of male osteoporosis. Baosheng Guo*', Baoting Zhang?,
Ge Zhang®. "Hong Kong Baptist University, Hong Kong, *Price of Wales
Hospital, The Chinese University of Hong Kong, Hong Kong, *Ge Zhang’
S Lab, Hong Kong

Introduction: Ckip-1 is a newly discovered negative regulator gene of bone
formation during bone development and bone maintenance without activating bone
resorption (Lu K, et al, 2008). Ckip-I mRNA expression increased with age, whereas
the bone formation decreased with age in the bone specimens from both the
osteoporotic fracture patients and aged male rats (Guo B, et al, 2010. Thus, we
hypothesized that in vivo administration of Ckip-I siRNA delivered by our previously
developed (Asp-Ser-Ser)s-liposome (Zhang G, et al, 2012) could promote bone
formation and improve trabecular architecture in aged osteoporotic men.

Objectives: We aimed to investigate the effects of Ckip-1 siRNA delivered by (Asp-
Ser-Ser)q-liposome on bone formation and trabecular architecture in the aged rat
model of male osteoporosis.

Methodology: Ten 16-month-old male Sprague-Dawley rats were sacrificed at as
baseline (BS group) before treatment. Thereafter, forty 16-month-old male rats were
divided into siRNA treatment group (siRNA), Non-sense siRNA group (NC), vehicle
control group (Veh) and age-matched control group (CON). The rats in above Group
were given three periodic injections of Ckip-1 siRNA (4 mg/kg), non-sense siRNA (4
mg/kg) encapsulated by osteoblast-specific delivery system, osteoblast-specific
delivery system alone and PBS at an interval of two weeks, respectively. All the rats
in each treatment group were sacrificed after six weeks of treatment (Figure a). After
sacrifice, the bilateral distal femurs were subjected to microCT measurement and
subsequent bone histomorphometric analysis.

Results: The microCT data revealed that the trabecular parameters in siRNA
group were notably increased from baseline. The above microCT parameters were all
obviously higher in siRNA Group than those in NC, Veh and CON groups (Figure b).
Consistently, the better organized trabecular micro-architecture was also found in the
rats from siRNA Group compared to the rats in BS, NC, Veh and CON groups
(Figure c). The bone histomorphometric analysis data showed that the bone-
formation-related parameters in siRNA Group were all significantly increased from
baseline and higher than those in NC, Veh and CON groups, whereas the bone-
resorption-related parameter (osteoclast surface) was unchanged among all the groups
(Figure d).

Conclusion: Therapeutic gene silencing of Ckip-I in osteogenic cells could promote
bone formation and improve trabecular architecture in aged rat model of male
0Steoporosis.
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Disclosures: Baosheng Guo, None.

This study was supported by Hong Kong General Research Fund (HKBU478312 and
HKBU479111), Natural Science Foundation Council (81272045) and Research Grants
Council & Natural Science Foundation Council (N_HKBU435/12).
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Decreased Optineurin Mediates MVNP Effects on Pagetic Osteoclast
Formation. Quanhong Sun*', Juraj Adamik’, Jolene Windle?, G. David
Roodman?®, Deborah Galson'. 'University of Pittsburgh, USA, *Virginia
Commonwealth University, USA, *Indiana University, USA

Paget’s disease is characterized by abnormal osteoclasts (OCL) in pagetic lesions.
Measles virus nucleocapsid protein (MVNP) has been reported to play a key role in the
development of abnormal OCL in Paget’s patients. In addition, MVNP expression
targeted to OCL in transgenic mice induces pagetic-like lesions in vivo and aberrant
OCL in vitro. MVNP induced upregulation of IL-6 is essential for the pagetic OCL
phenotype. We have recently reported that MVNP activation of TBK1, an IKK family
member, plays a critical role in mediating the effects of MVNP to generate aspects of
the pagetic osteoclast phenotype, including elevated IL-6. Another IKK family
member, optineurin (Optn), which is most closely related to IKKY, has been shown to
play a negative role in the innate immunity antiviral response by interacting with
TBKI. Optn is a key player regulating various physiological processes including cell
division and autophagy as well as the antiviral response. Interestingly, a non-coding
SNP in the OPTN gene has recently been identified as a genetic risk factor for Paget’s
disease. We hypothesized that MVNP might prevent Optn repression of TBKI1
function in OCL progenitors, thereby inducing a pagetic OCL phenotype. We have
found that Optn mRNA and protein levels are decreased in OCL precursors from
TRAP-MVNP mice as compared to wild-type OCL precursors. Similar results were
observed in NIH3T3 cells stably or transiently transfected with MVNP cDNA
compared to empty vector control cells. Optn over-expression inhibited IL-6-promoter
luciferase reporter expression in HEK293 cells, and strikingly, even decreased
endogenous IL-6 mRNA in the NIH3T3 cell line. Optn co-expression with MVNP
blocked the MVNP stimulation of the IL-6 luciferase reporter in HEK293 cells and of
endogenous 1L-6 mRNA in NIH3T3 cells. Optn over-expression attenuated the p65
activation stimulated by MVNP or TBK1 in NIH3T3 cells. We found that TBK1 over-
expression further decreased the Optn mRNA level in both TRAP-MVNP and wild-
type OCL precursors, suggesting that there may be a positive feedback loop involved
that potentiates the initial effects of MVNP activation of TBK1. Importantly, Optn
over-expression in primary bone marrow monocytes decreased RANKL-stimulated
OCL formation. These results suggest that the MVNP-induced decrease of Optn may
mediate the effects of MVNP or TBK1 on the expression of IL-6, a key contributor to
the pagetic OCL phenotype, and on OCL formation.

Disclosures: Quanhong Sun, None.
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The Histone Deacetylase Sirtuin 1 is a Transcriptional Modulator of the
Neuronal Control of Bone Mass. Na Luo*', Aruna Kode!, Ioanna
Mosialou', Mattia Capulli®, Stavroula Kousteni'. 'Columbia University
Medical Center, USA, *University of L’Aquila, Ttaly

A well-established mode of neuronal regulation of bone mass favors bone mass
accrual by inhibiting the activity of the sympathetic nervous system (SNS). In this
regulatory loop the transcriptional mechanisms regulating catecholamine synthesis are
still poorly understood. In addressing this question we focused on Sirtuin 1 (Sirtl), a
histone deacetylase that integrates intracellular networks and intercellular signaling to
facilitate multiple physiological functions. We show that a generalized but modest
increase in Sirtl expression in transgenic mice (7gSirtl mice), compromised bone
mass by suppressing bone formation and by promoting bone resorption. The opposite
effects of Sirtl on the two compartments of bone remodeling correlated with an
increase in the activity of the SNS. Two observations further implicated the SNS as a
mediator of the skeletal actions of Sirtl. First, expression of Ucpl in brown fat as well
as levels of urinary epinephrine and norepinephrine increased in 7gSirt/ mice. Second,
expression of ¢-Myc, Creb and their target genes perl, per2, cryl, bmall that are
upregulated by SNS signaling and contribute to the SNS regulation of bone mass,
increased in osteoblasts of 7gSirt] mice. Moreover, pharmacological inhibition of
SNS .signaling by daily administration of the beta adrenergic receptor inhibitor
propranolol to TgSirt] mice for 4 weeks fully restored osteoblast and osteoclast
numbers and rescued the low bone mass phenotype of these animals. To determine if
the high sympathetic tone in 7gSirt/ mice was due to a central effect of Sirtl, we
examined Sirt] expression in the brain. Immunofluorescence analysis in coronal brain
sections showed that Sirz] is expressed in the serotonergic neurons of the brainstem
and the locus coeruleus, from where sympathetic activity emanates. Lastly, we
inactivated Sirzl specifically in the brain by injecting 12-week-old mice carrying an
allele of Sirt/ in which exon 4 is floxed in the third ventricle with an adenovirus
expressing recombinant Cre. We verified that Sirtl was efficiently inactivated in the
entire brain including the brainstem, hypothalamus, midbrain. Sirtl inactivation in
the brain decreased SNS activity and as a result, it increased bone mass by increasing
bone formation and suppressing bone resorption. These observations suggest that,
besides its cell autonomous effects in osteoblasts and osteoclasts, Sirtl controls bone
mass by a mechanism that involves upregulation of SNS signaling.

Disclosures: Na Luo, None.
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Convergence of transcriptional and epigenetic programs regulating osteogenic
differentiation from mesenchymal stromal cells. Jonathan Gordon*', Hai
ml, Troy Whitfield?, Coralee Tye®, Andre Van Wijnen®, Janet Stein’,
Gary Stein®, Jane Lian’. lUniversity of Vermont, USA, 2Department of
Cellular & Developmental Biology, University of Massachusetts Medical
School, Worcester, MA, USA, *Vermont Cancer Center & Department of
Biochemistry, University of Vermont, Burlington, VT., USA, 4Mayo
Clinic, USA, *Vermont Cancer Center & Department of Biochemistry,
University of Vermont, Burlington, VT., USA, 6University of
VermontCollege of Medicine, USA, "University of Vermont College of
Medicine, USA

Commitment to the osteoblast lineage is a complex process, utilizing a diverse
cohort of DNA-binding regulatory molecules to initiate and sustain the stochastic
progression of pluripotent mesenchymal cells to a tissue-specific terminally
differentiated cell. These regulatory proteins may interact with chromatin directly
through a DNA-binding domain, or through protein-protein interactions with DNA-
bound proteins, functioning to modify gene expression and thereby providing a tissue-
specific expression profile. To examine the mechanisms of osteoblast-related
transcription factor regulation of lineage commitment, we have used a pure
population of FACS-sorted vascular-associated aSMA+ MSCs to define genome-
wide binding patterns of transcriptional regulators including Runx2, DIx3 and several
others during osteogenic differentiation. In addition we have compared these binding
events with epigenetic modifications including H3K4mel, H3K4me3, H3K9me3,
H3K9%acetyl, H3K27me3, H3K27acetyl and H3K36me3. The patterns of transcription
factor binding events present an overall picture as to regulation of gene expression
during lineage specific commitment of MSC-derived osteoblasts. Using gene
expression data derived from RNA-seq profiling, osteoblast-related transcription
factor binding was correlated with differential gene expression and histone
modification patterns to allow us to define gene regulatory networks contributing
to osteogenesis. Using this analysis method, we have identified several gene regulatory
pathways that include genes grouped by distinct functional roles such as: forkhead
box family genes (FOX), chromatin regulators (e.g., Ezh2, Hdacl0, Hdac2, Hdac3,
Sirtl, Sirt6, NcoaS, MLL3, DNMT1), nuclear co-receptors (e.g., VDR, Rarg, Nrld2,
Nrdal, Rara, Nr2cl) and several zinc finger-related protein encoding genes. In
addition, we have defined novel regulatory regions, denoted by histone modification
marks and multiple transcription factor binding sites that may function as super
enhancers critical for chromosomal organization leading to osteogenic differentiation.
These data provide a global map of transcription factor binding and histone
modifications during lineage commitment and define a comprehensive molecular
signature of osteogenesis. This information can be further used to examine the role of
specific transcriptional regulators and their involvement in osteoblast/bone develop-
ment.

This work is supported by grants R37 DE012528 and ROl AR039588

Disclosures: Jonathan Gordon, None.

1112

Dnmt3b is a Critical Target Gene during the Development of Osteoarthritis.
Jie Shen*!, Cuicui Wang?, Jason Mevers', John Ashton', Tzong-Jen Sheu!,
Jennifer Jonason', Regis O’Keefe!. 'University of Rochester, USA,
ZUniversity of Rochester Medical Center, USA

Osteoarthritis (OA) is a degenerative disease of articular cartilage that is projected
to afflict >50 million people in the US by the year 2020. Predispositions include joint
injury, heredity, obesity, aging and environment factors. Recent human studies
revealed that DNA methylation signature was significantly shifted between healthy
and OA patients, suggesting DNA methyltransferase (Dnmt) may play a critical role
during OA pathogenesis. Despite extensive work over the past 20 years to delineate
the epigenetic mechanism(s) of OA, a full understanding of the role of Dnmt is yet to
be achieved. There are there major Dnmts. Dnmtl is ubiquitous and is involved in the
whole genome methylation homeostasis. In contrast, two de novo Dnmts, 3a and 3b
have tissue specific expression patterns and create unique methylation signatures. Our
data showed that the expression of Dmmt3b, but not Dnmtl or Dnmit3a was
significantly decreased in several well-established OA models, including an aging
model, MLI model, and obesity model. Articular cartilage IHC array, including 70
human OA cartilage and 14 healthy cartilage samples, confirmed that DNMT3b
expression was reduced in OA patients. In vitro experiments showed that mechanical
loading and inflammatory factors significantly decreased Dmmi3b expression in
ATDCS5 chondrocytes. To examine the effect of Dnmt3b in chondrocytes, we treated
primary articular chondrocytes with Dnmt3b siRNA and found that loss of Dnmt3b
dramatically stimulated chondrocyte hypertrophy by reducing TGF signaling and
increasing BMP signaling. To further investigate the role of Dmmt3b during OA
development, we generated Dmmt3b conditional knockout mice (Dnmt3b*¢“/ER),
which were administrated with tamoxifen at 2-month-old of age. In 3-month-old
Dnmi3b*#/ER mice, superficial zone articular chondrocytes had hypertrophy with
high Type X Collagen expression. In 5-month-old Dnm3b*¢/ER mice, a severe OA-
like phenotype was observed, including cartilage tissue degradation, subchondral
sclerosis and osteophyte formation. RNA-seq and Methyl-seq were performed and an
integrated analysis performed; the data confirmed Dnmt3b targets expression and
methylation of multiple TGF signaling targets and other genes involved chondrocyte
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maturation and osteoarthritis. In summary, multiple known risk factors of OA change
the homeostasis of articular chondrocytes via down-regulation of the Dnmt3b gene
and target several OA-related pathways such as TGF-b and BMP signaling.

Disclosures: Jie Shen, None.
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Histone Deacetylase 3 Suppresses Erk Phosphorylation and Subsequent
Matrix Metalloproteinase (MMP)-13 Activity in Chondrocytes during
Endochondral Ossification. Lomeli Carpio*, Elizabeth Bradley, Meghan
McGee-Lawrence, Jennifer Westendorf. Mayo Clinic, USA

Histone deacetylase (Hdac) inhibitors are used extensively for treating cancer,
arthritis, and epilepsy; however, these drugs inhibit multiple Hdacs, are teratogens,
and have detrimental effects on the skeleton. Several Hdacs contribute to
endochondral bone formation. In this study, we defined the cell autonomous role
of Hdac3 in chondrocyte maturation by deleting it pre- and post-natally in type II
collagen alpha 1 (Col2al)-Cre expressing chondrocytes. Hdac3-CKOc,p» mice rarely
survived embryogenesis. The few that did survive were hypomorphic for Hdac3
expression, runted, and had severely reduced cancellous and cortical bone density.
Postnatal Hdac3 deficiency was induced with a tamoxifen-inducible Col2al Cre model
(Hdac3-CKOcoperT). At 4-weeks of age, these animals had residual hypertrophic
cartilage and increased osteoclast activity in the primary spongiosa. By 8 weeks, these
animals had compromised bone architecture, with significant decreases in cancellous
bone but increases in cortical bone thickness, which is a compensation for disrupted
growth plate maturation during development. Phosphorylation of Erk1/2, as well as
its substrate Runx2, was elevated in Hdac3-depleted immature mouse articular
chondrocyte (IMAC) micromass cultures. Activated Erk and Runx2 directly stimulate
matrix metalloproteinase (MMP)-13 gene expression. MMP-13 mRNA and active
enzymatic levels were higher in Hdac3-deficent IMAC cultures, as measured by
QPCR and type I collagen zymography of conditioned media, respectively. U0126, an
ERK inhibitor, returned MMP-13 expression to control levels in Hdac3-deficient
IMAC cultures. In control mice, phosphorylated Erk and MMP-13 expression are
restricted to the pre-hypertrophic zone of chondrocytes. With Hdac3 deficiency,
phosphorylated Erk and MMP-13 are prematurely and prominently expressed in
proliferative, pre-hypertrophic and hypertrophic chondrocytes. Together, these
results indicate that Hdac3 controls the temporal and spatial regulation of Erk
phosphorylation and subsequent MMP-13 expression to ensure proper chondrocyte
maturation and ossification during long bone development.

Disclosures: Lomeli Carpio, None.
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MicroRNA-140 provides robustness to the regulation of hypertrophic
chondrocyte differentiation by the PTHrP-HDAC4 pathway. Garyfallia
Papaioannou*l, Fatemeh Mirzamohammadi®, Shigeki Nishimori', Marc
Wein!, Henry Kronenberg!, Eric N. Olson®, Tatsuya Kobayashi'.
"Massachusetts General Hospital, USA, *Massachusetts General Hospital
& Harvard Medical School, USA, *University of Texas Southwestern
Medical Center, USA

Growth plate chondrocytes go through multiple differentiation steps and
eventually become hypertrophic chondrocytes. The parathyroid hormone (PTH)-
related peptide (PTHrP) signaling pathway plays a central role in the regulation of
hypertrophic differentiation, at least in part, by enhancing histone deacetylase 4
(HDAC4), a negative regulator of Mef2 transcription factors that drives hypertrophy.
We have previously shown that loss of the chondrocyte-specific microRNA (miRNA),
miR-140, alters chondrocyte differentiation with a phenotype that includes mild
acceleration of hypertrophic differentiation. However the mechanism by which miR-
140-loss regulates chondrocyte differentiation is not clear. In this study, we
investigated the interaction between the miR-140 pathway and the PTHrP-HDAC4
pathway. Homozygous deletion of the PTHrP or HDAC4 gene causes premature
hypertrophic differentiation and reduces endochondral bone growth, whereas
heterozygosity of PTHrP or HDAC4 has virtually no effect, suggesting that one
allele of PTHrP or HDACH4 is sufficient to maintain normal skeletal growth. However,
we found that the bone growth of heterozygous PTHrP or HDAC4 mutant mice was
substantially impaired in miR-140-deficiency. This finding demonstrates that miR-140
plays an important role when the PTHrP-HDAC4 function is partially impaired,
suggesting that these molecules are components of a common pathway. We found that
miR-140-deficient chondrocytes showed increased Mef2c expression with normal
levels of total and phosphorylated HDAC4. This finding indicates that the miR-140
pathway merges with the PTHrP-HDAC4 pathway at the level of Mef2c expression.
Since Mef2c is not a predicted target of miR-140, the Mef2c upregulation is likely an
indirect effect of miR-140-deficiency. We found that miR-140-deficient primary
chondrocytes showed greater activation of p38 mitogen-activated protein kinase
(MAPK) to serum stimulation when compared with control. Inhibition of p38 MAPK
in vitro reduced Mef2c expression in miR-140-null chondrocytes, suggesting that miR-
140 suppresses p38 MAPK signaling to inhibit hypertrophic differentiation. These
results demonstrate that miR-140 ensures the robustness of the PTHrP/HDAC4
regulatory system by suppressing Mef2c-inducing stimuli.

Disclosures: Garyfallia Papaioannou, None.
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Epigenetic control of skeletal development by the histone methyltransferase
EZH2. Amel Dudakovic*', Fuhua Xuz, Emily Camilleril, Meghan McGee-
Lawrence', Eric Lewallen!, Scott Riester!, John R. Hawse®, Gary Stein®,
Martin Montecino®, Jennifer Westendorf', Andre Van Wijnen'. 1Mayo
Clinic, USA, *New Jersey Medical School, UMDNJ, USA, 3Mayo Clinic
College of Medicine, USA, “University of VermontCollege of Medicine,
USA, >Universidad de Concepcion, Chile

Epigenetic control of gene expression is critical for normal development of fetal
tissues including bone. Yet, chromatin related mechanisms that activate bone-specific
programs have remained under-explored. Therefore, we investigated the expression
profiles of a large cohort of epigenetic regulators (~400) during osteogenic
differentiation of human mesenchymal stromal/stem cells (hMSCs) and mouse
MC3T3 osteoblasts. We applied high-throughput RNA sequencing (RNASeq)
analysis, robotic reverse-transcription quantitative polymerase chain reaction (RT-
qPCR) analysis and western blotting. The molecular analyses establish that the
polycomb group protein Enhancer of Zeste Homolog 2 (EZH2) is down-regulated
during osteoblastic differentiation. EZH2 is the catalytic subunit of Polycomb
Repressive Complex 2 (PRC2) and functions as a histone methyl-transferase. It
suppresses gene transcription through modification of H3 lysine 27 by tri-methylation
(H3K27Me3) and generates inaccessible chromatin. Knock-down (siRNA) of EZH2
protein levels or chemical inhibition of the enzymatic activity of EZH2 using a specific
inhibitor (GSK126) during differentiation enhances the expression of osteoblast-
specific histological and molecular biomarkers (e.g., Alizarin Red and AP staining, as
well as ALPL, IBSP and BGLAP mRNAs). To understand the function of this
epigenetic regulator during skeletal development, we examined a conditional
knockout mouse (cKO) model for Ezh2. The Ezh2 gene was conditionally eliminated
by Cre mediated excision in the mesenchymal lineage using the Prrx1 promoter. The
resulting mice were examined for gross anatomy, radiology and pCT. Compared to
wild type littermates, Ezh2 ¢cKO mice exhibit stunted growth and malformation of
forelimbs, paws, lumbar vertebrae and clavicles. Alterations are also observed in the
epiphysis, the tibia-fibula junction and trabecular bone formation. Mutant mice have
low bone mass as measured by DXA and uCT analysis. Several of these skeletal
abnormalities resemble those observed in human patients with EZH2 mutations. Our
data indicate that EZH2 is a critical epigenetic regulator for normal skeletal
development and bone formation.

Disclosures: Amel Dudakovic, None.
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Formation of a Zinc finger protein 521-NuRD co-repressor complex is
involved in osteoprogenitor commitment and Zebrafish skeletal development.
Ken-ichi Takeyama*l, Harikiran Nistalaz, William Addisonl, Satya Kota',
Genri Kawahara®, Louis Kunkel®, Julian Mintseris®, Steven Gygi®,
Francesca Gori®, Roland Baron®. 'Harvard School of Dental Medicine,
USA, Harvard University, USA, 3Harvard Medical School, Boston
Children’s Hospital, USA, “Harvard Medical School, USA, “Harvard
School of Dental Medicine, Massachusetts General Hospital, USA,
SHarvard School of Medicine & of Dental Medicine, USA

The differentiation of mesenchymal stem cell (MSC) into osteoblast or
chondrocyte is strictly controlled through gene regulation and epigenetic mechanisms
with post-translational modifications on core histones. We have previously shown
that the C2H2-type zinc finger protein 521 (Zfp521) plays important roles as a
transcriptional repressor during osteoblastogenesis and chondrogenesis. Although
HDAC-dependent repression of Runx2 or repression of Ebfl are involved, the
molecular mechanism(s) by which transcriptional repression by Zfp521 occurs still
remains unclear.

To elucidate the transcriptional repressor function of Zfp521, we performed
protein complex purification by stably expressing Zfp521 in HEK293A cells. We
found all core components of the Nucleosome Remodeling and Deacetylase (NuRD)
complex by mass spec analysis and validated the formation of a large complex (over 2
MDa) by glycerol gradient fractionation. Intriguingly, transglutaminase (TGase)3,
which mediates protein-protein cross-linking, was also found in this complex.
Endogeneous association of Zfp521 with NuRD and TGase3 was also observed in
MEFs, W-20 and C3HI10T1/2 cells, suggesting that Zfp521 regulates transcriptional
repression through this complex during MSC differentiation. GST pull-down analysis
demonstrated that RBBP4, a NuRD component that interacts with histone H4, binds
directly to the N-terminal 13 amino acids (N13aa) of Zfp521 and to the catalytic
region of TGase3. Furthermore, addition of N13aa peptides to the complex resulted in
the disassembly of the Zfp521 and NuRD complex, whereas depletion of RBBP4 in
HEK293A cells induced the dissociation of Zfp521 and TGase3.

To investigate the role of the Zfp521-NuRD complex in MSC differentiation in
vivo, we depleted Zfp521 or RBBP4 homologs in Zebrafish and analyzed their skeletal
phenotype. The mutant embryos (depleted Zfp521 or RBBP4) demonstrated similar
developmental abnormalities including delayed cranial cartilage and bone develop-
ment, and reduced expression of Sox9, Runx2 and Col II, suggesting that the Zfp521-
NuRD complex plays a role in the suppression of genes involved in early skeletal
development.
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Taken together, our results suggest that 1) Zfp521 forms a large complex with
NuRD and TGase3, and 2) the mechanisms by which Zfp521 exerts its transcriptional
repression function to regulate MSC differentiation into osteoblast and chondrocyte
involves epigenetic regulation via the recruitment of the NuRD complex.

Disclosures: Ken-ichi Takeyama, None.
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The molecular chaperone FKBPS1 regulates energy metabolism and bone
mass by controlling PPARg and p38 MAPK activities in adipocytes and
marrow mesenchymal stem cells. Lance Stechschulte*', Edwin Sanchez!,
Piotr Czernik®, Beata Lecka-Czernik’. 'University of Toledo Health
Science Campus, USA, 2University of Toledo College of Medicine, USA

Nuclear receptor PPARY controls energy metabolism and promotes differentiation
of mesenchymal stem cells (MSC) to adipocytes at the expense of osteoblasts. In
contrast, p38 MAPK promotes MSC differentiation to osteoblasts at the expense of
adipocytes. Phosphorylation of p38 MAPK at Thr180/Tyrl82 is required for its
kinase activity, which in turn phosphorylates and activates the pro-osteoblastic
factors Runx2 and Wntl0b, and inhibits PPARYy pro-adipocytic transcriptional
activity through Ser112 phosphorylation. Our recent evidence suggests that FK506-
binding protein-51 (FKBPS51) negatively regulates p38 and positively regulates
PPARY activity. Overexpression of FKBP51 in COS7 cells increases rosiglitazone-
induced PPARY activity at a PPRE-luciferase reporter, while deficiency of FKBP51
decreases PPARY activity. The latter result correlated with a simultaneous increase of
PPARY phosphorylation at Ser112 and p38 MAPK phosphorylation at Thr180/
Tyrl82. Animals with whole-body FKBPS51 ablation (p51-KO) are lean, insulin
sensitive, and protected from obesity, with greatly reduced adipose tissue mass. These
animals also exhibit high bone mass. Trabecular bone mass is 30% higher in p51-KO
vs. WT mice, mainly due to increased number of trabeculae. This is accompanied by
increased activity of osteoblasts, as reflected by 40% larger mineralized surface, 20%
higher mineral apposition rate, and 60% higher bone formation rate. Osteocytes
isolated from cortical bone of femurs showed decreased SOST expression by 2-fold in
p51-KO animals. Consistently, osteoblasts isolated from the surface of the same bone
are highly activated, as measured by increased expression of Runx2, osterix, collagen
and osteocalcin. When tested for their differentiation potential, marrow MSCs
derived from p51-KO mice develop fewer adipocytic colony forming units (CFU), but
the same number of CFUs in the osteoblastic lineage. Interestingly, calcium content
was 2-fold higher in osteoblasts formed from the marrow of p51-KO animals. These
results indicate that the FKBPS1 chaperone regulates energy metabolism and bone
mass by controlling the balance between PPARY and p38 MAPK activities. Thus,
FKBP51 activity is evidence for a common mechanism regulating MSC differentiation
and energy maintenance. Targeting this mechanism may serve as a new pharmaco-
logical means for simultaneous treatment of obesity, diabetes and osteoporosis.

Disclosures: Lance Stechschulte, None.
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Glucocorticoid Signaling in Osteoblasts Mediates Age-Associated Changes in
Glucose Metabolism and Body Composition in Mice. Holger Henneicke*!,
Jingbao Li% Sylvia Jane Gasparini’, Markus Seibel*, Hong Zhou®.
'ANZAC Research Institute, The University of Sydney, Australia, *Key
Laboratory for Space Bioscience & Biotechnology, Institute of Special
Environmental Biophysics, Faculty of Life Sciences, Northwestern
Polytechnical University, China, *Bone Biology Program, ANZAC
Research Institute, The University of Sydney, Australia, “Bone Research
Program, ANZAC Research Institute, University of Sydney, Australia

The physiological aging process is associated with changes in body composition
and metabolism, including central obesity, diabetes and osteoporosis. The osteoblast
has recently been identified as a mediator of GC-induced metabolic dysfunction in
mice.' We therefore hypothesized that a mechanistic link exists between increased GC
signaling in the osteoblast and changes in body composition and fuel metabolism
during aging.

To test this hypothesis, we investigated the aging phenotype of transgenic (tg) mice
in which glucocorticoid signaling had been selectively disrupted in osteoblasts/
osteocytes via targeted overexpression of the glucocorticoid-inactivating enzyme, 1183-
hydroxysteroid dehydrogenase type 2 (‘l1BHSD2-tg’ mice). Body weight and
composition, insulin sensitivity and glucose tolerance, serum corticosterone (CS)
and osteocalcin levels as well as hepatic gene expression patterns related to glucose
and lipid metabolism were assessed in female 118HSD2-tg mice and litter-matched
wild-type (WT) controls at 2 and 18 months of age.

From 2 to 18 months of age, female WT mice gained more in body weight (WT:
+32g vs tg: +16g, p<0.01) and overall fat mass (WT: +20.7g vs tg: +6.3g, p<0.01, Fig
1A) than their tg littermates. 18 months-old WT mice exhibited reduced insulin
sensitivity and hepatosteatosis, while insulin responsiveness and hepatic lipid
deposition remained normal in their tg littermates (Fig. 1B). Hepatic mRNA
expression of lipogenic and gluconeogenic genes was higher in aged WT compared to
aged tg mice (acetyl-coA-carboxylase, WT: 12.8 vs tg: 5.6 fold increase on respective
young control, p=0.051 & glucose-6-phosphatase, WT: 8.1 vs tg: 3.3 fold increase on
respective young control, p=0.09). Serum CS concentrations were similar in 18-
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month-old WT and tg mice and ~3-fold higher than in 2-month-old mice (p<<0.05).
Serum osteocalcin concentrations declined during aging in both genotypes but
remained significantly higher in tg mice at all time points (p<<0.05).

Conclusion: Glucocorticoid signaling in osteoblasts is critically involved in the
pathogenesis of age-related changes in glucose handling and body composition.
Osteocalcin may act as a mediator of age-related metabolic dysfunction.

1. Brennan-Speranza et al., J Clin Invest. 2012; 122(11): 4172-89
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Figure 1: Fat mass (A) and hepatic lipid deposition (B) in WT and tg mice.

Disclosures: Holger Henneicke, None.
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Brown adipocyte-like cells from the peripheral nerve functionally contribute to
heterotopic bone formation in a multifaceted manner. Elizabeth Salisbury*',
ZaWaunyka Lazard®, Eric Beal I1%, Eleanor Davis®, Alan Davis', Elizabeth
Olmsted-Davis'. 'Baylor College of Medicine, USA, ?Baylor College of
Medicine, USA

We have previously developed an animal model of heterotopic ossification (HO),
whereby delivery of bone morphogenetic protein 2 (BMP2) to the skeletal muscle of
mice initiates a crucial neuro-inflammatory response that ultimately results in
endochondral bone formation within the muscle. One major outcome of neuro-
inflammation is the degranulation of mast cells, which release proteases that remodel
the epineurial matrix of the nerve. Mast cells also release serotonin locally, resulting
in a significant increase in noradrenaline and activation of sympathetic signaling
within 2 days after delivery of BMP2. Immunohistochemical and FACS analysis
indicated the activation and replication of perineurial fibroblasts expressing the Bs-
adrenergic receptor (ADRB3), through which noradrenaline is known to signal. This
population of ADRB3" cells also expressed the neural migratory marker HNK1. By 4
days after exposure to BMP2, isolation and characterization of these ADRB3™ cells
revealed their presence within the soft tissues surrounding the site of BMP2 delivery
and their absence from the nerves, suggesting the migration of this cell population.
These cells also expressed the brown adipocyte marker uncoupling protein 1 (UCP1),
which enables uncoupled aerobic respiration, as well as markers of glucose lactate
fermentation, which provides these cells unique metabolic properties. Suppression of
mast cell degranulation and the pursuant sympathetic signaling by administration of
cromolyn inhibited the generation of these brown adipocyte-like cells, ablating both
UCP1 gene and protein expression at the site. Cromolyn administration also
significantly reduced heterotopic bone formation, as indicated by microCT, and
appeared to suppress cartilage formation. Immunohistochemistry revealed multiple
fates for these brown adipocyte-like cells, as one subset expressed the neural guidance
molecule reelin and another expressed vascular endothelial growth factors (VEGF-D)
for proper vascularization of the new bone. Furthermore, using tracking animals, a
portion of these cells appear to differentiate directly into chondrocytes. The data
collectively suggest that BMP2 activates a population of perineurial cells within the
nerve to expand, migrate, and differentiate into brown adipocyte-like cells that have
multiple functions in guiding the formation of heterotopic bone.

Disclosures: Elizabeth Salisbury, None.
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Leptin is crucial for ventral hypothalamic FosB-mediated regulation of
glucose and energy homeostasis but not for bone homeostasis. Kazusa Sato*!,
Anna Idelevich?, Glenn Rowe®, Francesca Gori*, Roland Baron®.
"Harvard School of Dental Medicine, USA, Harvard University, USA,
SHarvard Medical School, USA, *Harvard School of Dental Medicine,
Massachusetts General Hospital, USA, *Harvard School of Medicine & of
Dental Medicine, USA

The ventral hypothalamus (VHT) plays a key role in bone homeostasis as well as in
energy balance and glucose metabolism, through endocrine and neuronal pathways.
Leptin, a key adipokine signaling via both the VHT and the periphery affects
positively energy and glucose metabolism whereas it has been reported to also affect
bone.

AFosB is a naturally truncated form of FosB that opposes AP-1 transcriptional
activity. ENO2 (enolase 2)-AFosB mice, in which the expression of AFosB is driven in
bone, adipose tissues, and the VHT, have increased bone mass and energy
expenditure, decreased fat mass and increased glucose tolerance and insulin
sensitivity, despite lower levels of leptin. Moreover, viral-mediated expression of
AFosB in the VHT, where leptin receptors are highly expressed, phenocopies all the
bone, glucose and energy phenotypes of ENO2-AFosB mice. We have generated a
AFosB transgenic model in leptin deficient ob/ob mice (ob/ob-ENO2-AFosB) to
determine whether the bone and energy phenotypes were linked and whether leptin
could be that link. Surprisingly, in this model the AFosB-mediated metabolic
improvement was lost whereas the increased bone mass remained, despite the absence
of leptin.

The present study was therefore performed to evaluate the contribution of leptin to
AFosB-mediated regulation specifically in the VHT. To this end, C57BL/6 and ob/ob
mice were stereotaxically injected in the VHT with adeno-associated virus encoding
AFosB (AAV-AFosB) or GFP (AAV-GFP) as control.

AAV-AFosB injection in the VHT did not improve the severe obesity and
adiposity of ob/ob mice. Whereas C57-AAV-AFosB mice had increased energy
expenditure, as expected, ob/ob-AAV-AFosB mice failed to respond. Similarly, ob/ob-
AAV-AFo0sB mice failed to correct the exacerbated glucose intolerance and insulin
resistance together with hyperinsulinemia and hypertrophic pancreatic islets observed
in ob/ob-AAV-GFP mice. In contrast, pCT analysis of distal femur revealed that the
ob/ob-AAV-AFosB mice still showed the significant increases in BV/TV and
trabecular numbers and a significant decrease in trabecular spacing compared to
ob/ob-AAV-GFP.

Taken together, these results demonstrate that signaling from the VHT down-
stream of AFosB affects separately bone homeostasis and energy/glucose metabolism:
expression of the APl antagonist AFosB in the VHT increases bone in a leptin-
independent manner whereas its regulation of energy and glucose metabolism is
leptin-dependent.

Disclosures: Kazusa Sato, None.
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DLK1 Exerts a Negative Feedback Regulation on The Osteocalcin-Insulin
Loop. Basem Abdallah*', Nicholas Ditzel?, Gerard Karsenty’, Moustapha
Kassem®. 'Odense University Hospital, University of South Denmark,
Denmark, *Odense University Hospital, Denmark, *Columbia University,
USA

Several lines of evidence support the endocrine role of the skeleton in overall
energy metabolism through the undercaboxylated form of osteocalcin (Glu-OCN)
that acts on beta cells of the pancreas to increase their proliferation and the secretion
of insulin. In turn insulin singals in osteoblasts favors in two-step pathways the
decarboxylation and activation of osteocalcin. The nature of the negative regulatory
signal of this loop remains unknown. DLK1/PREF-1/FA1 (Delta like 1/Pre-adipocyte
factor-1/ fetal antigen-1), is a circulating factor produced by pancreatic B cells that co-
localized with insulin in the secretory vesicles. Thus, we examined the role of DLK1 in
insulin signaling in osteoblastic cells and its contribution to energy metabolism. Glu-
OCN stimulated DI/kI gene expression by pancreatic islets. Insulin-induced osteoblast
differentiation and osteocalcin expression were blocked in calvarial osteoblasts (OB)
derived from osteoblast-specific DIkI overexpressing mice (Coll-DIk1) while it was
significantly up-regulated in DIk/ null mice-derived OB (DIkI”"OB). In addition,
serum levels of Glu-OCN were reduced in Coll-DIlkl mice by 43%, while it was
elevated in DIkI”mice by 48% compared to WT controls. In vivo glucose metabolic
studies revealed reduced insulin secretion and sensitivity in Coll-Dlkl mice, while
DIkI™"mice showed increased insulin secretion and sensitivity. At the molecular levels,
DLK1 antagonizes insulin signaling in OB by inhibiting the AKT phosphorylation of
the forkhead transcription factor FoxOl and also decreases osteocalcin expression.
We propose that Glu-OCN-controlled production of DLK1 by pancreatic B cells acts
as one negative feedback mechanism to counteract the stimulatory effects of insulin on
osteoblast production of GLU-OCN, a mechanism preventing osteocalcin-induced
hypoglycemia.

Disclosures: Basem Abdallah, None.
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Mitochondrial Etiology of Osteoporosis. Roman Eliseev*, Jerry Madukwe,
Regis O’Keefe. University of Rochester, USA

Current views on the pathogenesis of osteoporosis are primarily centered on aging-
associated hormone depletion. However, the loss of bone starts before the decline in
hormones and is, in large part, due to increased oxidative stress in aging bone.
Mitochondria are both a major source and major sensor of oxidative stress. Therefore,
mitochondria are in the center of research efforts in various fields including
cardiovascular pathology; however their role in the pathogenesis of bone diseases,
such as osteoporosis, is unknown. Bone forming osteoblasts originate from
mesenchymal stem cells (MSC). Undifferentiated MSCs primarily use glycolysis for
energy production and switch to mitochondrial oxidative phosphorylation during
osteogenic differentiation. Active mitochondria are required for MSC osteogenic
differentiation. We hypothesized that mitochondrial function is disrupted in aged
bone marrow (BM) MSCs leading to their decreased osteogenicity and bone loss. Our
data indicate that aged mice showing signs of bone loss as measured with micro-CT
and histology (Fig. 1), have decreased oxidative metabolism in bone tissue as
measured with metabolomics mass spectroscopy, and decreased BM MSC mitochon-
drial function as measured with oxygen consumption rate assay.

Mitochondrial permeability transition (MPT) is the major mechanism of
mitochondrial dysfunction in aging. The MPT is a non-selective mitochondrial pore
regulated by cyclophilin D (CypD). CypD knock-out (KO) mouse is an established
MPT loss-of-function model which shows protection from aging-associated mito-
chondrial dysfunction in various tissues. We have evaluated the effect of CypD KO on
aged bone and BM MSCs. Our data indicate improved bone quality (Fig. 1) and
biomechanical properties, and increased BM MSC mitochondrial function and
osteogenic potential in aged CypD KO mice when compared to aged wild type mice.

Our study presents evidence of disruption of oxidative metabolism and
mitochondrial function in aged bone, and suggests that the MPT plays a significant
role in such a disruption. Protecting mitochondrial function in BM MSCs via
inhibition of the MPT is, therefore, a promising new approach to improve aging bone.
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Disclosures: Roman Eliseev, None.
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Identification of Gremlinl as A Catabolic Factor Induced by Mechanical
Stress Loading in Articular Chondrocytes. Song Ho Chang*l, Hiroshi
Kobavyashi’?, Keita Okada', Shurei Sugita®, Tomotake Okuma', Sakae
Tanaka', Taku Saito*. 'The University of Tokyo, Japan, *The University
of Tokyo Hospital, Japan, *Japan, “University of Tokyo, Graduate School
of Medicine, Japan

Excessive mechanical stress loading on articular cartilage is one of the major
factors of osteoarthritis (OA); however, the molecular mechanisms of cartilage
degradation by such loading remain unclear. To know target genes in this process, we
first examined gene expression profiles of articular chondrocytes under mechanical
stress loading using a cell stretcher system, STB-140 (STREX). We applied a uni-axial
cyclic cell stretch (0.5 Hz, 10% stretch) to primary articular chondrocytes from 5-day-
old mouse knee joints for 30 min, and cultured them for an additional 24 h. Among
2,076 upregulated genes in microarray analysis, we focused on Gremlinl (Greml),
which is one of the most highly expressed genes. Greml is known to be a secretory
protein that regulates limb development, although its function in articular cartilage is
unknown. Immunocytochemistry confirmed that Grem! expression was increased in
cytoplasm of articular chondrocytes by cyclic cell stretch. Greml mRNA expression
also increased under the cyclic hydrostatic pressure (0.1 Hz, 20 MPa) to femoral heads
obtained from 3-week-old mouse in our original programmable system. Immuno-
fluorescence further revealed that Greml protein was enhanced on the cell surface of
articular chondrocytes during OA development of the experimental mouse model. In
primary culture of mouse articular chondrocytes, recombinant human (rh) Greml
treatment induced the expressions of catabolic factors including Mmp13 and AdamtsS5,
and suppressed those of anabolic factors including Col2al, Aggrecan and Sox9. In the
organ culture of mouse femoral heads, rhGrem! treatment increased aggrecan release
into the medium in a dose-dependent manner. In the experimental mouse OA model,
intraarticular injection of rhGreml exacerbated cartilage degradation. To further
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examine the mechanism underlying the catabolic effect of Grem1, we focused on the
NF-«kB signal which was identified as a candidate by pathway analyses and gene
ontology analyses. In the organ culture of femoral heads from conditional knockout
mice of Rela, a representative transcription factor of the NF-«xB signal, rhGrem! did
not induce the aggrecan release. We additionally confirmed that an IKK inhibitor
(BMS-345541) treatment also diminished the increase of aggrecan release. In
conclusion, Grem] is induced by mechanical stress loading and exerts catabolic
effects to articular cartilage through the NF-«kB signal. Gremlinl may provide a novel
therapeutic target of OA.

Disclosures: Song Ho Chang, None.
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Cellular Tension Regulates TGFp Receptor Spatial Organization and
Induction of Chondrogenic Gene Expression. Joanna Rys*!, Christopher
DuFort!, Michelle Baird?>, Michael Davidson?, Tamara Alliston'.
"University of California, San Francisco, USA, *National High Magnetic
Field Laboratory & Department of Biological Science, Florida State
University, USA

The extracellular microenvironment is rich in physical and biochemical cues that
powerfully regulate cell behavior. Cells dynamically sense external physical cues
through integrins and respond by modulating internal cellular tension and
mechanotransduction pathways. Cell tension, generated in response to physical cues
like substrate stiffness, calibrates the cellular response to biochemical signals through
mechanisms that remain unclear. The growth factor TGFp is a potent agonist of
chondrocyte differentiation and is implicated in skeletal dysplasia and osteoarthritis.
Previous work by our group demonstrated that substrate stiffness strongly enhances
TGFp-induced effector activity and chondrocyte gene expression (Allen 2012). To
identify the molecular mechanisms by which physical cues modulate the cellular
response to TGFp, we are investigating the hypothesis that cellular tension regulates
TGFp receptor (TPRI and TPRII) spatial organization and function.

We utilized high-resolution quantitative imaging (total internal reflection
fluorescence, TIRF) and novel fluorescently labeled TGFP receptor subunits to
visualize spatiotemporal regulation of signaling in mesenchymally-derived ATDCS
and NTH-3T3 cells. This innovative approach provided an unprecedented view of the
cell surface and revealed that TBRII is excluded from focal adhesions, forming a
peripheral ring that surrounds integrin o2 (Fig 1A-D). In contrast, both forms of
TBRI (Alkl, AlkS) co-localize with integrin o2 at focal adhesion sites. This receptor
organization pattern depends on cellular tension, as molecular inhibitors against both
ROCK and myosin disrupt the exclusion of TBRII, and lead to co-localization with
integrin o2 within 15 minutes of treatment (Fig 1E-H). To further elucidate the effect
of cellular tension on TGF receptor dynamics, we created spatially resolved maps of
individual receptors with single particle tracking photoactivation localization
microscopy (sptPALM). These maps reveal distinct patterns of TPR localization
with respect to focal adhesions. We utilized mass spectrometry coupled with co-
immunoprecipitation to identify novel and specific protein-protein interactions with
TBRI and TPRII, thus gaining insight into interactions that drive these mechanisms.
This work elucidates the molecular mechanisms by which cells integrate physical and
biochemical cues, insight that advances our understanding of development and disease
progression in the skeleton and other tissues.
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Disclosures: Joanna Rys, None.
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Muscle, Bone, and Nerve Differentially Interact to Achieve Trabecular and
Cortical Bone Homeostasis. Steven Bain, Philippe Huber, Ronald Kwon,
Laura Stoll, Ted Gross*. University of Washington, USA

Muscle atrophy precipitates rapid and frequently profound bone loss. The
reduction in skeletal loading concomitant with sarcopenia has been presumed to be a
primary mediator of bone catabolism. However, it is unclear whether diminished
muscle function may modulate bone homeostasis independent of skeletal loading as in
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vivo models of muscle atrophy are invariably coupled with decreased skeletal loading.
To address this question, we implemented three in vivo models of neuromuscular
dysfunction intended to demonstrate differential gait dysfunction and muscle atrophy.
We used gait kinetics and kinematics to quantify tibia mid-shaft normal strains and
serial microCT imaging to quantify muscle, tibia trabecular and cortical bone atrophy
in female C57 mice (16wk). Mice were randomly assigned to receive transient
paralysis of the right calf (C) or quadriceps (Q) muscle groups (2U/100g Botulinum
Toxin A, BTxA) or peripheral nerve injury (PNI) of the right sciatic nerve via a plastic
sleeve (n=8/grp). Mice were assessed on d0, d5 and d12, with all measures normalized
to d0 data. Gait-induced normal strains were more diminished by Q than C paralysis
at d5 (-53.0 + 4.9% vs -35.4 + 3.1%; p=0.01), but were equivalently diminished by
d12 (C: -37.0 + 3.8%; Q: -40.6 + 8.1%). PNI did not alter normal strains vs d0. By
d12, calf muscle volume was diminished more by C (-32.2 + 0.9%; p<<0.01) than Q
paralysis (-18.0 + 2.4%), but not altered by PNI. C and Q paralysis significantly, but
equivalently, degraded trabecular BV/TV at d5 (C:-21.4 + 5.2%; Q:-33.8 + 3.0%) and
d12 (C:-69.1 + 3.6%, Q:-72.0 £+ 3.2%), while PNI induced less, but significant BV/TV
loss at d12 (-26.5 + 4.1%). C (8.4 + 1.0%) and Q paralysis (11.7 + 2.0%) induced
significant (but equivalent) endocortical resorption at d12, while PNI did not.
Diminished normal strains and decreased trabecular BV/TV were minimally
correlated (r?<0.19), but the relation between diminished normal strains and
endocortical expansion was significant (r>=0.62, p<<0.01). In sum, these data suggest
that cortical and trabecular bone are differentially regulated by muscle, bone and
nerve interactions. For cortical homeostasis, muscle function was a potent modulator
via gait-induced mechanical stimuli. However, the significant trabecular loss
following PNI and the poor correlation between decreased gait-induced strains and
BV/TV, suggest that neuronal pathways serve an essential role in trabecular
homeostasis.

Disclosures: Ted Gross, None.
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The nuclear envelope mechanosome regulates mechanical activation of
Beatenin and its nuclear transport. Gunes Uzer*!, Buer Sen® William
Thompson', Zhihui Xie®, Sherwin Yen?, Guniz Bas®, Maya Styner*,
Clinton Rubin®, Janet Rubin®. 'University of North Carolina, USA,
2University of North Carolina At Chapel Hill, USA, *University of North
Carolina, USA, 4University of North Carolina, Chapel Hill, School of
Medicine, USA, >State University of New York at Stony Brook, USA

Mechanical signals generated during functional loading promote osteoblastogen-
esis at load bearing sites and this mechanically-induced MSC phenotype is supported
by nuclear shuttling of Bcatenin to nucleus, a process that is poorly understood.
Mimicking exercise, high magnitude strain (HMS, ~2%) augments pro-osteogenic and
anti-adipogenic programs in MSC through proximal activation of FAK/mTORC2/
Akt that regulates the active Bcatenin pool. Low intensity vibration (LIV, 0.7G x
90Hz) induces a phenotypic response similar to HMS inducing FAK and Akt
phosphorylation and preventing Bcatenin degradation. However, application of LIV
generates virtually no substrate strain (0.001%), which suggests that cellular
mechanosensing and signal initiation must differ from that of HMS, even though
both induce nuclear Bcatenin translocation. We found that disruption of the nuclear
envelope LINC complex (Linker of Nucleoskeleton and Cytoskeleton), through
delivery of DNKASH or siSUN, prevented LIV but not HMS induction of pFAK
and pAkt (p<<0.01) supporting the idea that mechanosensing of LIV and HMS is
dissimilar. Further, inhibition of FAK or FAK’s co-regulator Fyn, both essential for
strain-induced Akt recruitment focal adhesions (FAs), did not interfere with Akt
activation by LIV (p<<0.05). As Akt is required for the phenotypic LIV response, and
its activation required LINC, we hypothesized that LIV might activate Akt at the
nuclear envelope to facilitate inward Bcatenin transport. First, immunoprecipitation
(IP) of the FA protein Vinculin revealed that LIV-induced pAkt was not found in the
FAs. We next found that IP of Nesprin, a LINC complex protein in the nuclear
envelope showed a strong association with pAkt and Bcatenin. Interestingly, Bcatenin-
Nesprin association decreased after LIV treatment followed by an increase in nuclear
Beatenin, implicating Nesprin, and thus the LINC complex, in enabling the distal
mechanical event of Pcatenin nuclear entry. Indeed, disrupting LINC function
(DNKASH, siSUN) prevented both LIV and HMS-induced nuclear accumulation of
Beatenin. In summary, our data show that while proximal mechanical signals differ —
the FAK and Akt response to substrate strain requires the substrate/membrane
interface while response to LIV requires the cytoskeletal/nuclear interface — their distal
signaling converges at the nuclear envelope where nuclear-cytoskeletal coupling is
required for mechanically induced Pcatenin transport into the nucleus.

Disclosures: Gunes Uzer, None.
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Altered force sensing and cell-cell adhesion by mutant ACVR1/ALK2 FOP
progenitor cells — implications for heterotopic ossification. Julia Haupt*,
Brian Cosgrove, Claire McLeod, Andria Culbert, Robert L. Mauck, Eileen
M. Shore. University of Pennsylvania, USA

In the rare genetic disease fibrodysplasia ossificans progressiva (FOP), progenitor
cells are misregulated to differentiate to heterotopic bone in connective tissues.
Rigidity of the microenvironment is a key modulator of lineage specification and
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sufficient to direct cell fates. Soft substrates induce mesenchymal progenitors towards
neuro-/adipogenic lineages while stiff substrates promote chondro-/osteogenesis.
Pathologic stiffening of the microenvironment occurs in fibrotic diseases when
damaged tissue aberrantly acquires increased rigidity during wound healing. Injury-
induced early-to-intermediate stage FOP lesions similarly exhibit excessive fibropro-
liferation. Gain-of-function mutations in the BMP type I receptor ACVRI/ALK2
cause FOP, with R206H mutation most prevalent. Since BMP signaling regulates and
is regulated by cell tensional force (with low signaling activity on soft vs. high activity
on stiff substrates), altered ACVRI signaling could influence mechanotransduction
pathways. We hypothesized that the FOP mutation alters mechanical force sensing in
progenitor cells, altering the perception of mechanical cues and lowering the threshold
for bone formation. We used immortalized mouse embryonic fibroblasts (iMEFs)
from an ACVR1%%H knock-in embryo and WT littermate on varied matrix elasticity
(soft: SkPa; moderate: 15kPa, stiff: 55kPa) and analyzed morphological parameters
(cell size, aspect ratio (AR), circularity, solidity) at low cell density. WT cells
responded to increasing stiffness as expected with increased cell size and AR, and
decreased circularity and solidity. However, FOP iMEF response to soft substrates
was similar to WT on stiff substrates, and FOP cells were less responsive to substrate
rigidity. Increased cell polarity and membrane extensions in FOP iMEFs correlated
with enhanced migration and proliferation. FOP iMEFs also showed a loss of contact
inhibition, reduced cell-cell contacts with failure in adherens junction formation, and
B-catenin loss at cell membranes. Increased B-catenin degradation in FOP iMEFs was
facilitated by overexpression of the destruction complex component Axin2. These
data support that the combination of increased BMP signaling, misinterpretation of
soft substrates, and overall reduced sensitivity to mechanical stimuli in FOP cells
lowers their threshold for commitment to chondro-/osteogenic lineages, resulting in an
aberrant tissue repair response that leads to ectopic bone formation.

Disclosures: Julia Haupt, None.
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Inner ear vestibular signals contribute to bone loss through the sympathetic
nervous system. Guillaume Vignaux*, Jean De La Croix Ndong, Florent
Elefteriou. Vanderbilt University, USA

Elderly is a population highly affected by bone loss and with high risk of fracture.
The vestibular system is degenerating with age and is known to influence autonomic
outflow. Since sympathetic nerve activation induces bone loss, we hypothesized that
microgravity-induced bone loss in space may be, at least in part, caused by
disturbance in vestibular signals. To address this hypothesis, we used a mouse model
of vestibular lesion (VBX).

VBX animals were subjected to a bilateral transtympanic injection of sodium
arsenilate whereas Sham animals were injected with PBS. One hundred and twenty 2-
month old mice were divided in 12 groups: 1) WT groups + VBX + propranolol 2)
global beta2 adrenergic receptor (b2AR) deficient groups + VBX 3) osteoblast specific
b2AR deficient groups+ VBX.

Vestibular syndrome was evaluated 3, 15 and 30 days after lesions. One month
after lesions, micro-CT and histomorphometry analyses were performed on the
femoral epiphysis. UCP1 gene expression in the brown adipose tissue and serum
TNFa were respectively measured as a marker of sympathetic nervous system (SNS)
outflow and systemic inflammation.

During the entire month of study, all VBX animals expressed a significant
vestibular syndrome. Micro-CT analyses revealed a significant reduction in trabecular
Bone Volume/Tissue Volume in the WT VBX group versus WT Sham group. This
phenotype was accompanied with both a significant decrease in osteoblast surface/
bone surface and a significant increase in osteoclast surface/bone surface ratio.
Additionally, UCP1 expression was increased 2-times after VBX whereas serum
TNFa levels were not affected, suggesting an increase in SNS outflow and absence of
chronic inflammation. Pharmacological treatment with propranolol (a non-selective
beta blocker) or b2AR deficiency (global and specific) completely blunted the
vestibular-induced bone loss and changes in bone microarchitecture and cellular
parameters.

We conclude that vestibular signals, transmitted via sympathetic nerves, modulate
bone remodeling, and that vestibular dysfunction may contribute to bone loss
occurring with aging, along with the decrease in mobility and hormones changes.
These results may also shed a new light on patients with vestibular disease.

Disclosures: Guillaume Vignaux, None.
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Alternative NF-kB Controls Mitochondrial Biogenesis Independent of
Osteoclast Differentiation. Rong Zeng*l, Deborah Novackz, Chang
Yang®. 'Washington University in St. Louis, USA, *Washington
University in St. Louis School of Medicine, USA, *Washington

University in St Louis School of Medicine, USA

The Osteoclast’s (OC) role to resorb bone matrix is governed by many signaling
pathways that control both differentiation and resorption, including the alternative
NF-kB. Mitochondria are extremely abundant in OCs and likely provide ATP to
ruffled membrane vATPases. During osteoclastogenesis (OCg) in vitro, mitochondria
DNA copy number (mtCN) (a surrogate for mitochondria content) rises, but data are
conflicting on whether it is obligate for differentiation. In this study we used
mutations in the alternative NF-kB pathway proteins RelB and NIK to dissect the
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relationship between mitochondrial biogenesis (MB) and OCg. When OC precusors
from relb-/-, nik-/-, and CatK.NT3 (constitutively active NIK transgene driven by the
Cathepsin K promoter) mice were cultured under osteoclastogenic conditions (M-
CSF+RANKL), we found mtCN to be reduced in relb-/- and nik-/-, and increased in
CatK.NT3 cultures. Likewise, expression of oxidative phosphorylation subunits,
assayed by qRT-PCR and immunoblotting, were significantly blunted in relb-/- and
nik-/- but increased in CatK.NT3 cells. Importantly, there were parallel functional
changes in basal and maximal oxygen consumption rates. By transmission EM, both
relB-/- and CatK.NT3 OCs have abnormal mitochondrial morphology. Cells lacking
classical pathway subunit p65 did not recapitulate these differences, indicating the
distinct role of alternative NF-kB pathway for MB. To deduce the mechanism for MB
defects, we examined expression of several genes known to control MB. PGC-1§ (but
not PGC-1la, PRC, or PPARY) was significantly decreased in relb-/- and nik-/- cells
during OCg, with ChIP data showing PGC-1p as a direct RelB transcriptional target.
Because PGC-1f has been suggested to positively regulate both MB and OCg in OCs,
we retrovirally overexpressed PGC-1f in relb-/- cells and evaluated both processes.
Surprisingly, PGC-1p had no effect on differentiation or NFATcl expression, and
only partially restored MB. To investigate whether a lack of differentiation prevented
MB, we overexpressed NFATcl in relB-/- precursors, which fully restored OCg but
had no effect on MB. Bone resorption was improved, but did not reach levels in
similarly transduced WT cultures, indicating resorptive defects independent of
differentiation. We conclude that one distinct arm of alternative NF-kB controls
OCg (via NFATcl) while the other controls MB (via PGC-1p and other targets),
acting in concert to contribute to OC’s role in bone resorption.

Disclosures: Rong Zeng, None.
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The actin-binding protein Cofilin and its interaction with cortactin are
required for podosome patterning in osteoclasts and bone resorption in vivo
and in vitro. Detina Zalli*!, Kenichi Nagano®, Lynn Neff’, Ken-ichi
Takeyama?, Walter Witke®, Francesca Gori, Roland Baron®. 'USA,
?Harvard School of Dental Medicine, USA, * Harvard School of Dental
Medicine 188 Longwood Ave Boston MA 02115, USA, “Prof. Dr. Walter
Witke Institute of Genetics University Bonn Karlrobert Kreiten Str. 13 D -
53115 Bonn/Germany, Germany, SHarvard School of Dental Medicine,
Massachusetts General Hospital, USA, *Harvard School of Medicine & of
Dental Medicine, USA

Osteoclast (OC) adhesion to and migration along bone surfaces and thereby bone
resorption requires expansion of specific F-actin adhesion structures, the podosomes,
into a ring and their dense packing into the sealing zone, to define and seal off the
resorption compartment. We and others have shown that the OC-specific transition
from podosome clusters to belt is dependent on microtubules (MTs). Proteins
enriched at MT +ends interact with proteins in podosomes, allowing the physical
interaction of podosomes and MTs to control podosome behavior, with the
interaction of cortactin (CTTN) and MTs EBI playing a key a role in belt formation.
MT +ends regulate CTTN phosphorylation by Src and CTTN phosphorylation and
acetylation are inversely related. CTTN-deleted OCs are accordingly defective in
sealing-zone formation and bone resorption. In the present study we explored further
the link between MTs, podosomes and bone resorption by deleting cofilin, an actin-
binding protein highly expressed in OCs, testing the hypothesis that it may act
downstream of the MT-EB1-CTTN axis.First, we deleted cofilin in OCs in mice by
crossing Ctsk-Cre mice with cofilin (Cof)™ mice. Ctsk-Cre:Cof™™ mice displayed a
markedly increased trabecular BV with normal BFR, indicating decreased resorption.
Cofilin-depleted OCs showed impaired cell migration in vitro. In addition, Cof-
depleted OCs presented defective targeting of microtubules to, and patterning of, the
podosome belt. MT stability was decreased, with low levels of acetylated tubulin. Our
results show that dephosphorylation of cofilin is required to stabilize MTs and allow
podosome belt formation. Conversely, MT disruption leads to increased cofilin
phosphorylation at Ser3. We then investigated whether cofilin interacts with CTTN in
podosomes. We found that cofilin interacts with CTTN, and that phosphorylation of
either cofilin or CTTN disrupts this interaction. In contrast, acetylated CTTN,
induced by treatment of OCs with the HDAC inhibitor TSA, led to increased
interaction with cofilin. Moreover, the localization of cofilin was altered in CTTN-
null cells and conversely, CTTN localization was altered in cofilin-null OCs. These
findings suggest that in OCs, the patterning of podosomes into a sealing zone involves
the interaction between cofilin and CTTN downstream of the MTs plus-end protein
EBI and that this interaction is critical for the functional organization of OCs.

Disclosures: Detina Zalli, None.
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A Role for the Proprotein Convertase Furin in the Regulation of Osteoclastic
Bone Resorption. Benjamin Ng*!, Dian Teguh?, Nathan Pavlos®, Jennifer
Tickner*, Jiake Xu®. 'The University of Western Australia, Australia,
2Research personnel, Australia, >University of Western Australia,
Australia, 4University of Western Australia, Australia

Osteoporosis is a devastating disease, leading to bone fragility and fracture which
has significant physical, psychosocial, and financial consequences. Increased
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osteoclast (OC) formation and bone resorption is a major pathological hallmark of
osteoporosis. Using comparative microarray analysis between OCs and macrophage-
progenitors, we recently uncovered a cluster of genes encoding nine members of a
convertase protein family that regulate proteolytic maturation of proproteins. Among
these, furin, a regulator of the proteo-cleavage of the V-ATPase proton pump subunit
Ac45, was identified as the major RANKL-responsive isoform expressed in OCs. To
address the physiological importance of furin in OC-mediated bone resorption, we
generated conditional knockout mice specifically lacking furin in OCs (Furin®©).
MicroCT analysis of 12 week old female mice demonstrated a significant increase in
trabecular bone volume in the femora of Furin®®¢ mice compared to floxed controls
(by 62.0 +28.0%; p=0.003). Interestingly, histomorphometric analysis revealed that
specific deletion of furin did not significantly alter the number or surface area of OCs
in vivo. Consistently, OC formation and fusion was unaffected by furin deletion in
vitro. By comparison, OC bone resorptive function was significantly impaired in OCs
lacking furin as determined by reduced CTX (by 31.8 +11.5%; p=0.04) and reduced
bone resorption pit depth (by 51.7 +7.2%; p=0.002). Consistent with the role of furin
as the primary processing enzyme of Ac45, the expression levels of mature Ac45
protein were reduced in OCs from Furin®°¢ mice compared to control littermates. In
line with reduced Ac45 maturation, intracellular acidification was significantly
reduced (by 20.3 +8.4%; p=0.01) in Furin®®C OCs. Collectively, these data imply
that furin functions as a positive regulator of osteoclastic bone resorption during bone
homeostasis, in part through the proteolytic processing of the V-ATPase accessory
subunit Ac45. Furin may therefore serve as a potential new therapeutic target for the
treatment of OC-mediated bone diseases.

Disclosures: Benjamin Ng, None.
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EBI2 guides osteoclast precursors to endosteal niches and regulates bone mass
homeostasis. Erin Nevius*', Mark Horowitz?, Masaru Ishii®, Joao Pereira’.
Yale School of Medicine, USA, 2Yale University School of Medicine,
USA, 3Graduate School of Medicine & Frontier Biosciences, Osaka
University, Japan

Endosteal niches attract and regulate the activity of hematopoietic precursors,
macrophages, osteoblasts, and osteoclasts. Osteoblasts and osteoclasts are essential
regulators of skeletal integrity and are exclusively positioned in contact with endosteal
surfaces. The purpose of this study was to characterize the mechanisms guiding these
cells towards endosteal surfaces. The factors and mechanisms controlling this process
are largely unknown. Here we show that the oxysterol 7a,25-dihydroxycholesterol
(OHC) and its Gai protein coupled receptor EBI2, direct monocyte/osteoclast
precursor migration towards endosteal niches, promote cell fusion, and regulate
osteoclast differentiation. We show that the dynamic motile behavior of osteoclast
precursors is restricted in the absence of EBI2-signaling, and this defect directly
reduces osteoclast differentiation. Using a novel two-photon microscopy procedure to
examine and quantify the 3-dimensional network of bone-associated osteoclasts, we
demonstrate that EBI2 and cholesterol 25 dihydroxylase (CH25H) deficient mice have
reduced osteoclast number and size. Consequently, EBI2-signaling deficient mice have
increased bone mass and are protected from age-, and estrogen deficiency-induced
osteoporosis. Using real-time intravital microscopy we visualized single monocytic
cells with osteoclast precursor properties being attracted to and fusing with preformed
bone-lining osteoclasts. These data suggest that osteoclast precursors migrate in a
directed manner towards bone-lining osteoclasts. Osteoclast precursors, osteoclasts
and osteoblasts express oxysterol-synthesizing enzymes and secrete 70,25-OHC,
indicating that EBI2 ligands are secreted in bone-proximal niches. Therefore, we
assessed the role of EBI2 in guiding osteoclast precursors towards bone surfaces and
promoting osteoclast differentiation in vivo. We show that EBI2 signaling is sufficient
to direct monocyte/osteoclast precursors to endosteal surfaces and potentiates
osteoclast differentiation in vivo. These studies identify a novel mechanism for bone
mass homeostasis that involves ligand- directed cell migration towards endosteal
niches. Therapeutic strategies targeting oxysterols and EBI2 signaling may have
considerable clinical potential for the treatment of skeletal disorders, including
menopause-induced bone loss.

Disclosures: Erin Nevius, None.
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Gain of function of Jagged1 stimulates osteoclastogenesis leading to low bone
volume. Yangjin Bae*!, Hangiu Zhengz, Yuging Chen?, Terry Bertin3,
Yibin Kang®* Brendan Lee'. 'Baylor College of Medicine, USA,
2Department of Molecular Biology, Princeton University, USA,
3| Departments of Molecular & Human Genetics, Baylor College of
Medicine, USA, *Princeton University, USA

The Notch pathway is highly conserved signaling system involving cell fate
determination, proliferation, differentiation, and tissue maintenance and/or renewal
of stem cells in adults. Activation of Notch signaling requires a direct cell- cell
interaction of Notch receptors and ligands. The importance of Notch signaling has
been shown in human diseases that are caused by mutations in Notch receptors and
ligands. Among these, mutations in the Notch ligand Jagged 1 (JAGI1) results in
Alagille syndrome (AGS). AGS patients can have skeletal defects including
hemivertebrae and frequent fractures. Furthermore, genome wide association
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(GWA) studies have demonstrated an association between bone mineral density
(BMD) and JAG1 polymorphisms. Hence, JAGI is likely an essential Notch ligand
for proper skeletal patterning and for postnatal skeletal homeostasis. Others have
shown that JAGI is highly induced ligand during fracture repair, suggesting the
potential target to promote bone formation. Here, to understand the in vivo
pathological consequence of gain of JAGI function in bone, we generated jagl/
transgenic mouse driven by Collal 2.3kb promoter (Collal-Jagl). Collal-Jagl mice
exhibit low bone mass. Interestingly, excessively trabecularized cortical bone was also
observed suggesting the increased bone remodeling in cortex due to ectopic expression
of Jagl. The osteoporotic phenotype was associated with increased osteoclast
numbers that was confirmed with in vitro co-culture studies using transgenic
osteoblasts. In vivo, mature osteoclast markers, Trap and Ctsk, were up-regulated.
Overall, Jagl transgenic mouse share the osteoporotic phenotype of gain of function
Notchl in osteoblast. Our preliminary study of Collal-Jagl suggests that Jagl plays
an important role in bone homeostasis and remodeling.

Disclosures: Yangjin Bae, None.

1134

ADAMTS 18 is important regulator of post-natal skeletal development and
bone remodeling. Sardar Uddin*', Zong Dong Li%, Yi-Xian Qin®, Chuanju
Liu*. 'New York University Medical Center, USA, ’Stony Brook
University, USA, 3State University of New York at Stony Brook, USA,
“New York University, USA

ADAMTS 18 (a distintegrin and metalloproteinase with a thrombospondin type
motif, ADI18) is a member of a secreted Zn-metalloproteinase ADAMTS family.
ADAMTS 18 was identified as bone mass determination factor and associated with
hip bone fractures in major human ethnic groups in a genome-wide association study
(GWAS). The purpose of this project is to determine the role of ADAMTS 18 in
skeletal development and remodeling.

The growth and weight curve for ADI8 - mice were recorded for 3 months and
injected with calcein and alirzain red for histomophometry analysis. Mice were
euthanized at age of 14 weeks, trabecular bone at proximal tibia was analyzed using
microCT and mechanical properties were accessed with four-point bending at fermal
mid-diaphysis. Microarray studies were conducted and confirmed using real time PCR.
The over expression and miRNA studies are being conducted to further delineate the
underlying mechanism of ADIS8 in bone remodeling.

The phenotypic analysis of AD18” confirmed smaller structure of KO mice
relative to litter mates at 14 weeks but the difference was not apparent at 2 weeks
suggest that ADI18 plays important role in post natal skeletal development. The high
expression of AD18 in metaphysis and diaphysis with little or no expression in physis
and fetal cartilage further indicates that ADI8 plays an important role in bone
remodeling rather with limited or no role in bone modeling.

ADI8 “"mice exhibit smaller tibia and growth plates with significantly
compromised trabecular bone quality and quantity. Cortical bone does not show
significant difference but mechanical testing show significant reduction in bone
strength indicating potential disorientation of collagen fibers in bone matrix. AD18
expression and uCTdata collective suggest that AD 18 is important regulator of bone
matrix classification as indicated by GWAS study.

ADI8 deletion significantly inhibited genes associated with osteogenesis and
activated genes associated osteoclastogensis. Over expression of ADI8 in C2C12
confirmed increased Sshl, Prrx 1, Runx 2 and Osterix and inhibited osteoclastogensis
associated genes Lair 1 and Siglec-15 in RANK ligand treated RAW cells (figure 1).

In summary, the data from current study strongly implies that ADI18 is an
important and novel regulator of osteoclastogensis and osteogensis in bone
remodeling with potential therapeutic implications for treatment of post natal
dwarfish, osteopenia and osteoporosis.

Osteogesnesis

P "_\\
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ADAMTS 18

Osteoblast Osteoclast

Osteocalstogenesis

Figure 1: ADI18 plays an important role in regulation of bone remodeling by
inhibiting osteoclastogen

Disclosures: Sardar Uddin, None.
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Assessment and Intervention Thresholds for FRAX probabilities in the UK —
An Evaluation of adjusting Thresholds in Older Postmenopausal Women.
Eugene McCloskey*!, Helena Johansson®, Anders Oden®, Nicholas
Harvey®, Juliet Compston®, John Kanis®. lUniversity of Sheffield, United
Kingdom, 2Centre for Metabolic Bone Diseases, University of Sheffield
Medical School, Sweden, 3Consulting Statistician, Sweden, *MRC
Lifecourse Epidemiology Unit, University of Southampton, United
Kingdom, *University of Cambridge School of Clinical Medicine, United
Kingdom, ®University of Sheffield, Belgium

In postmenopausal women, the UK National Osteoporosis Guideline Group
(NOGG) intervention threshold is set at the 10-year probability of major osteoporotic
fracture (OP) in a woman with a prior fracture, and reaches 33% at 85 years. This
high threshold is avoided in many older women as the guidance also advocates
treatment in those with a prior fracture without the need for DXA, especially at older
ages (e.g. >70-75 years). However, women without prior fracture are required to
achieve the intervention threshold, with or without a BMD measurement. We wished
to compare the impact of current assessment and intervention thresholds to that of an
alternative strategy at older ages.

Using a simulated population of over 56,000 women aged 50-90 years in the UK,
with a distribution of risk factors similar to that in FRAX derivation cohorts and age
distribution matched to the current UK population, the current NOGG strategy was
compared to a strategy whereby the intervention and assessment thresholds were
identical to those in the current NOGG strategy up until the age of 70 years (major
OP probability intervention threshold 20%), but thereafter remained constant with
increasing age.

Under current guidance, 38% of women aged 50-90 years would be recommended
for therapy, comprising 30.1% with prior fracture, 1.4% with high risk in the absence
of fracture and 6.4% at high risk after DXA scanning. Under the alternative strategy,
the proportion recommended for therapy would only increase slightly (40.8%) but the
impact at older ages was more marked. For example, in women aged 80-84 years (see
Table), only a small proportion (9%) were eligible for therapy in the absence of
fracture and the average probabilities of major osteoporotic fracture and particularly
hip fracture were substantially higher in such patients than those qualifying on the
basis of prior fracture. Under the alternative strategy, more elderly women with non-
fracture risk factors would qualify for treatment (21%) and fewer would need a DXA
scan. The average probabilities of major osteoporotic fracture and hip fracture are
similar in all women indicated for therapy, with or without a fracture.

We conclude that the alternative threshold equilibrates fracture risk, particularly
hip fracture risk, across treatment groups in older women with improved use of DXA
resources.

Table 1. Comparison of the current and alternative strategies in women aged 80-84
years. The numbers in parentheses represent the average 10 year probability of major
osteoporotic or hip fracture, respectively.

Prior fracture High risk DXA referred Treat post Total treated
Strategy
(%) 1) %) DXA [%) (%)
39 i 19 6 a7
Current
(27.13) (35, 26) (22,12) (33, 22) {29, 15)
39 14 11 T 59
Alternative
(27.13) {26, 16) (18.9) (22,12) (27,13)
Table 1

Disclosures: Eugene McCloskey, None.
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Bone Mineral Density (BMD) at Multiple Sites and Risk of Multiple Types
of Fracture: The Osteoporotic Fractures in Men (MrOS) Study. Didier
Chalhoub*l, Eric Orwollz, Pegoy Cawthon®, Kristine Ensrud4, Douglas
Bauer’, Steven Cummings®, Jane Cauley’. 'University of Pittsburgh, USA,
2Oregon Health & Science University, USA, >California Pacific Medical
Center Research Institute, USA, 4University of Minnesota & Minneapolis
VA Health Care System, USA, 5University of California, San Francisco,
USA, ®San Francisco Coordinating Center, USA, "University of Pittsburgh
Graduate School of Public Health, USA

Although many studies have examined the association between low bone mineral
density (BMD) and fracture risk in older men, none have simultaneously studied the
relationship between multiple sites of BMD and risk of multiple types of fractures or
compared areal BMD (aBMD) with volumetric BMD (vBMD).

Using data from the Osteoporotic Fractures in Men (MrOS) study, we studied the
association between multiple sites of aBMD and vBMD measurements, and risk of
various fracture types during an average of 10.2 years of follow up. Hip and spine
aBMD and vBMD were measured by dual-energy X-ray absorptiometry (DXA) and
quantitative computed tomography (QCT), respectively. Information on fractures was
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obtained through our postcard follow-up system. Postcards are mailed every 4
months; >97% of these contacts are complete. All fractures were confirmed by
radiographic report. Risk of clinical fractures was assessed at the hip, wrist, spine,
arm, rib/chest/sternum, pelvis/tailbone, leg, hand/finger, skull/face, shoulder, ankle/
foot/toe, and any non-spine fracture. After excluding participants with pathological
fractures, Cox proportional-hazards modeling was used to assess the risk of fracture
in 5990 older men per one standard deviation decrease in BMD; aBMD was available
in 5989 and vBMD, in 3554 men. Except for a higher proportion of minorities, the
characteristics of men in the vBMD subset were similar to the overall population of
men.

Lower femoral neck aBMD and trabecular vBMD were associated with an
increased risk of fracture at the hip, wrist, spine, arm, rib/chest/sternum, pelvis/
tailbone, shoulder, ankle/foot/toe, and any non-spine fracture with HRs ranging
between 1.12 and 2.79. There was no association between aBMD or vBMD with skull/
face fractures (figure 1 and 2). In contrast, there was little association between femoral
neck cortical vVBMD and fracture (figure 3). Similar findings were found between
lumbar spine aBMD and trabecular vVBMD and fracture (data not shown).

In older men, the risk of various types of fractures is higher with lower areal and
volumetric BMD. The stronger associations observed for trabecular vBMD than
cortical VBMD may reflect the higher rate of bone turnover in the trabecular
compartment.

Figure 1. Fracture risk associated with one SD decrease in Femoral neck aBMD
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Figure 1. Fracture risk associated with one SD decrease in femoral neck aBMD

Figure 2. Fracture risk associated with one SD decrease in Femoral neck trabecular vBMD
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Figure 2. Fracture risk associated with one SD decrease in femoral neck trabecular
vBMD
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Figure 3. Fracture risk iated with one 5D d in Femoral neck cortical vBMD
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Figure 3. Fracture risk associated with one SD decrease in femoral neck cortical
vBMD

Disclosures: Didier Chalhoub, None.
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Risk and Cumulative Incidence of Subsequent Fractures Following an Initial
Fracture: a Cohort Study with a Quarter Century Follow-up. Suzanne
Morin*!, Lin Yan? Lisa Lix% Sumit Majumdar’, William Leslie>. 'McGill
University, Canada, >University of Manitoba, Canada, *University of
Alberta, Canada

Background: Population-based data on long-term risk of subsequent fractures
following an initial fracture are sparse.

Objective: To determine sex- and age-specific relative risk and cumulative
incidence of hip (HF) and major osteoporotic fractures (MOF; hip, wrist, spine,
humerus) over a 23-year period following any type of initial fracture.

Methods: Using comprehensive health care databases from Manitoba, Canada, we
performed a retrospective matched cohort study of community-dwelling men and
women aged 50 years and older with incident fracture 1986-2006 (n=62 491 fracture
cases) with age and sex-matched controls (n=179 562). Annual crude and relative
fracture rates to March 31 2012 were determined according to initial fracture site and
trauma intensity. Hazard ratios (HR) for subsequent fracture were estimated using
relative survival analysis. Cumulative incidence rates for subsequent fractures were
estimated after accounting for competing mortality. We performed a subgroup
analysis in residents in long-term care (LTC) at the time of initial fracture (5600 cases
and 14 180 controls, not matched on LTC status).

Results: We identified 11 694 wrist, 10 238 hip, 6211 humerus, 3793 spine, 28 718
other and 1837 traumatic fracture cases. The annual crude rates of subsequent of
MOF or HF were highest during the first year, and following an initial fracture at the
hip, humerus and spine in both men and women. The increased relative risk for
subsequent MOF and HF was highest following initial humerus (HR 2.4; 95%CI: 2.2-
2.5 and HR 2.2; 95% CI:2.0-2.4), spine (HR 2.4; 95% CI:2.2-2.7 and HR 2.1; 95% CI:
1.8-2.4) and hip fractures (HR 1.6; 95% CI:1.5-1.7 and HR 1.6; 95% CI 1.4 -1.7) and
lowest following traumatic fractures. HRs were consistently higher in men than
women, and in the younger age-groups (Table). Accounting for risk of competing
mortality, the cumulative incidence of subsequent MOF and HF to 23 years was
higher in fracture cases versus controls except in the oldest age category where this
relationship reversed and was higher in controls than in cases (Figure). Controls also
had a higher cumulative incidence of subsequent fracture than fracture cases who were
LTC residents.

Conclusions: Long-term subsequent fracture risk following any type of initial
fracture is considerable, particularly in the year post-fracture, though the risk is
mitigated by competing mortality in the elderly. This suggests early interventions
post-fracture are needed.
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Table 1 Age-stratified Hazard Ratios (HR) and 95% Confidence Intervals

(CI) of sub ut fr (major P fractures or hip fractures)
by site of initial fractures
Subsequent Major Osteoporotic Fractures
HR and 95% CI
Age Hip Humerus Other Spine Trauma Wrist
years
50-59 | 4.6(3.2,65) 36(2945) | 21.822) | 3.:2549) | 1.6(1.1,.23) | 242.1.2.T)
6069 | 30{2436) 26(2230) | 1.7(1.6.1.8) | 2419300 | 1.5(1.1.22) | 18(1.620)
70-79 | 1L721) | 220924 | 1.5(1.4,1.6) | 29243.4) | 1.3(1.0.1.7) | 1.5(1.4,1.7)
80-89 | 13(1L214) 20{(1.823) | 1413,15) | 21.724) | 1.3(0.9,19) | 1. 41.216)
90+ 0.8(0.7.1.0) 13(09.1.9) | 1.2(1.0,1.4) | 1L.7(1.1.2.6) | 1.3(D.3,5.2) | 1.2(D.9,1.7)
Age Subsequent Hip Fractures
VEars HR and 95% CI
50-59 | 10.2(5.3,19.8) | 46(3.0,7.1) | 2.3(1.9.2.8) | 3.1(1.6,6.1) | 0.6(0.2.1.7) | 2.2(1.6,3.1)
60-69 | 3.5(2.64.6) 26(2.03.3) | 1.8(1.6,2.1) | 1.%(1.3.2.8) | 1.2(0.6.2.1) | 1.5(1.3.1.9)
70-79 | 1.%1.722) 1.9(1.62.2) | 1.5(1.3,1.6) | 2.5(2.0.3.1) | 1.1{0.7.1.6) | 1.5(1.3.1.7)
£0-89 1.2(1.1,1.4) 1L8(1.62.1) | 1.4(1.2,1.5) | 1.8(1.4232) | 1.2(0.7.2.0) | 1.3(1.2,1.5)
90+ 0.7(0.6.1.0) 1.4(092.1) | 1L.1{0.9.1.4) | L.7(1.0.2.8) | 1.6(04.6.7) | 1.0{0.7.1.5)

Table 1 Age-stratified Hazard Ratios (HR) and 95% Confidence Intervals (CI) of
subsequent fractures
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Figure 1 Cumulative incidence competing risk of subsequent hip fractures
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Figure 2 Cumulative incidence competing risk of subsequent major osteoporotic
fractures

Disclosures: Suzanne Morin, Merck, 3; Amgen, 3; Eli Lilly,; Eli Lilly, 3; Amgen,;
Amgen, 7
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Persistence with Osteoporosis Therapies among Osteoporotic Women at
High Risk for Fracture within a Commercially-Insured Population in the
United States. Emily Durden', Lung-I Cheng*z, Elnara Eynullaveval,
Larry Radbill’, Paul Juneau', Lesliec Spangler®, Faisal Mirza®, Bradley
Stolshek®. 'Truven Health Analytics, USA, Amgen, Inc., USA, >Amgen,
USA

PURPOSE: Several medications are effective at reducing fracture risk in
osteoporotic patients. However, persistence and compliance with osteoporosis therapy
are generally poor. Recently, new therapies with less frequent administration have
become available. This study evaluates persistence and compliance with osteoporosis
therapies over 12 months after therapy initiation among osteoporotic women at high
risk for fracture in the U.S.

Methods: Females = 50 years of age at high risk for fracture who newly initiated
denosumab, raloxifene, teriparatide, or oral bisphosphonates (alendronate, ibandro-
nate, or risedronate) between 1/1/2012 and 3/31/2012 were identified from the
MarketScan” Commercial and Medicare databases (index date = qualifying claim
date). High risk for fracture was indicated by one or more of the following: age = 70,
a pre-index fracture, or pre-index use of osteoporosis therapy which was discontinued
at least 3 months prior to index. Patients were required to have = 24 months of pre-
index and = 12 months of post-index continuous enrollment. Propensity score
weighting was used to adjust for differences in baseline clinical and demographic
characteristics. Persistence, indicated by continuous use of index therapy with no gap
> 60 days; medication coverage ratio (MCR), indicated by the proportion of days
covered by therapy; and compliance, defined by an MCR = 0.80, were assessed during
the 12-month follow-up. Logistic regression models were estimated to compare
persistence and compliance between therapies.

Results: 6,187 women who newly initiated the index therapy (mean [SD] age: 71.9
[10.9] years) were identified. Propensity score weight-adjusted 12-month persistence
with the index medication was highest among patients treated with denosumab
(68.9%), followed by teriparatide (58.3%), raloxifene, (43.0%), alendronate (36.0%),
ibandronate (33.4%), and risedronate (28.0%). The adjusted compliance varied from
70.3% for denosumab users, 51.1% for teriparatide users, 40.4% for raloxifene users,
to 25.0 — 32.8% for oral bisphosphonate users. The odds of being persistent and
compliant across treatments favored denosumab (odds ratios for persistence from 1.62
to 5.75, p<0.0001; for compliance from 2.36 to 7.25, p<<0.0001).CONCLUSION: In
this analysis of women with osteoporosis at high risk for fracture, persistence and
compliance over 12 months were higher among patients who newly initiated
denosumab compared to other osteoporosis therapies.

Table 1. Propensity Secore Weight-Adjusted Persistence Rates, Medication Coverage Ratios (MCRs), and
Compliance Rates with Index Therapy over 12 Months

Persistence Rates MCRs Compliance Rates

n % Mean sD n %
Denosumab (n=961) 662 689 0.83 021 676 T03
Alendronate (n=2,820) 1014 360 0.53 033 924 328
Thandronate (n=1,062) 355 EER) 0.56 031 320 il
Risedronate (n=716) 200 280 0.47 0.32 179 250
Raloxifene (n=374) 161 430 0.59 033 151 404
Teriparatide (n=234) 148 583 0.65 032 130 51.1

MNotes: Persistence is indicated by continuous use of index therapy with no gap > 60 days; medication coverage ratio
{MCR) is indicated by the proportion of days coverad by therapy; compliance is indicatad by MCR > 0.80.

Table 1. Propensity Score Weight-Adjusted Persistence and Compliance Rates

Table 2. Propensity Score Weight-Adjusted Odds Ratios and Associated 95% Confidence Limits from
Logistic Regression Model". Persistence and Compliance with Index Therapy over 12 Months

Persistence 95% Cls Compliance 5% Cls

Odds Ratios Lower Upper Odds Ratios Lower Upper
Denosumab vs, Alendronate 3.97 339 463 493 420 581
Denogumab vs. Ihandronate 4.48 372 543 565 4.65 685
Denosumab vs. Risedronate 575 465 714 725 581 Q.00
Denosumab vs. Raloxifene 294 230 3 353 X375 453
Denosumab vs. Teriparatide 1.62 122 2.16 236 1.78 315

* Models adjusted for age, health plan type, US Census region, urban residency, patient out-of-pocket expenditure
for the index therapy, and the following baseline/pre-index clinical ch fcs: Charlson bidity Index
seore, number of unique medications p ibed, diagnosis of osteoporosis, penia, renal insuificiency,
gastrointestinal side effects, coronary heart disease, and osteoporosis-related fracture

Propensity Score Weight-Adjusted Odds Ratios from Logistic Regression Models

Disclosures: Lung-I Cheng, Amgen, Inc., 3
This study received funding from: Amgen, Inc.
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Diagnostic pathways for the detection of incomplete atypical femur fractures:
An economic evaluation. Olga Gaiic-Velianoski*l, R Bleakney?, Linda
Probyn®, Angela M. Cheung*. 1University Health Network, Canada,
Mount Sinai Hospital, Canada, >University of Toronto, Sunnybrook
HSC, Dept. of Medical Imaging, Canada, *University Health Network-
University of Toronto, Canada

Purpose: We conducted a cost-effectiveness analysis to determine which
combination of diagnostic tests leads to the most accurate, the least costly and the
safest detection of incomplete atypical femur fractures (AFFs) in patients on long-
term bisphosphonates.

Methods: We developed a probabilistic decision tree model to compare 43
diagnostic pathways including single alternatives (SE-femur by densitometer [DXA],
conventional radiograph X-ray [XR], CT, bone scintigraphy or MRI) and the
combinations of DXA or XR with other alternatives in all or in selected patients (18
DXA, 15 XR and 5 DXA & XR combinations). The base case was a 65-year-old
woman with osteoporosis and leg pain, treated with long-term bisphosphonates. We
assumed a health care payer’s perspective (2013 CAD). The incidence of incomplete
AFFs and accuracy of DXA vs. XR were based on the data of our screening study and
the published literature. We assumed that DXA and XR incur the same costs (base
case). The diagnostic properties of other tests, their costs and all effective radiation
exposures were based on the literature. Our outcomes included accurate diagnosis of
AFF (true positives and true negatives), costs, effective radiation dose (mSV) and
incremental cost-effectiveness ratio ($/accurate diagnosis). We estimated second-order
uncertainty using Monte Carlo simulations.

Results: The mean accuracy of the 43 pathways ranged from 0.71 to 0.994, the
mean costs from $40.4 to $496.9 and the cumulative effective dose from OmSV to
7.1mSV. In base case analysis, comparing 43 alternative pathways, the three XR
pathways ranked best (Table). After excluding XR-related pathways, DXA alone and
DXA combined with either CT or MRI in test-positive patients ranked best (Table).
At low incidence of incomplete AFFs (<1/1000 patient-years), addition of bone scan
to XR or DXA in test-positive was more cost-effective than their combination with
MRI. In sensitivity analyses, when the cost of DXA was at least $11 cheaper than the
cost of XR (<=$29), XR alone pathway was eliminated by extended dominance and
DXA plus CT in test positive ranked as the second best alternative (mean costs and
mean accuracy: $48.92 and 0.9919, $299.6/accurate diagnosis).

Conclusions: For the detection of incomplete AFFs, combinations of XR or DXA
with CT in initially test-positive patients may represent reasonable case finding
pathways.

Table. Cost-effectiveness of best diagnostic pathways for the detection of incomplete AFFs

Men Mone) Incremental Incremental $/Accurate
Diagnostic pathway  Costs ($)8 Accuracy Costs ($) ety i s
(95% Crl)  (95% Crl) e
Analys Wparing all p ys (n=43)
40.37 0.9556
AR alons (235631)  (0.89-0.99)
i 23 5345 09936
XR plus CT in test positive (334.832)  (0.97-1,00) 13.08 0.0380 344.13
AR plus MRl in test 66.78 09942
positive (38.6-1102)  (0.98-1.00) T8 b 2e1e
Analysis comparing pathways with SE-femur (DXA} as the initial test
40.37 0.9266
SEfemur(DXfalone  o30831) (088:0.99)
SE-fernur {DXA)plus CT 5982 09914 0644
in test positive (38.2-88.1)  (0.897-1.00) 1241 B il
SE-fernur (DXA) plus MRI 79.80 0.8925
in test positive (48.9-121.6)  (0.97-1.00) 19.98 o.00m 1816241
#Cossin 2013 CAD, decounted at 3% (1=1 year) | 85% Cri dere: = | base case ol AFFs = 1200

Table
Disclosures: Olga Gajic-Veljanoski, None.
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Comparison of Fracture Risk Prediction by the U.S. Preventive Task Force
Strategy and Two Alternative Strategies in Women 50-64 Years Old in the
Women’s Health Initiative. Carolyn Crandall*', Joseph Larson’, Nelson
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MiR-17-92 Family MicroRNAs Play an Essential Role in Limb Development
by Suppressing TGF-b Signaling. Fatemeh Mirzamohammadi*', Garyfallia
Papaioannou®, Elena Paltrinieri’, Tatsuya Kobayashi’. 'Massachusetts

Watts3, Margaret Gourlay*, Meghan Donaldson®, Andrea Lacroix®, Jane
Cauley’, Jean Wactawski-Wende®, Margery L.S. Gass’, John Robbins',
Kristine Ensrud'’. lUniversity of California, Los Angeles, USA, 2Fred
Hutchinson Cancer Research Center, Seattle, WA, USA, 3Mercy Health
Osteoporosis & Bone Health Services, USA, *University of North Carolina,
USA, >San Francisco Coordinating Center, USA, SFred Hutchinson Cancer
Research Center, USA, "University of Pittsburgh Graduate School of Public
Health, USA, 8University at Buffalo, USA, °The North American Menopause
Society, USA, 10University of California, Davis Medical Center, USA,
"University of Minnesota & Minneapolis VA Health Care System, USA

Background: The United States Preventive Services Task Force (USPSTF)
recommends osteoporosis screening for women younger than 65 years whose 10-year
predicted risk of major osteoporotic fracture (MOF) is =9.3% using the Fracture Risk
Assessment Tool (FRAX). Among postmenopausal women aged 50-64 years old, it is
uncertain how the USPSTF screening strategy compares with the Osteoporosis Self-
Assessment Tool (OST) and the Simple Calculated Osteoporosis Risk Estimate (SCORE)
in discriminating women who will and will not experience osteoporotic fracture.

Objective: To assess the sensitivity, specificity, and area under the receiver
operating characteristic curve of the three strategies for discrimination of incident
MOF over 10 years of follow-up among postmenopausal women aged 50-64 years.

Design: Prospective study, follow-up 1993-2008

Setting and participants: 62,492 participants of the Women’s Health Initiative
Observational Study and Clinical Trials, aged 50-64, not taking osteoporosis
medication. We did not exclude data from women taking menopausal hormone therapy.

Measurements: 10-year FRAX-predicted probability of MOF (clinical spine, hip, for-
earm, shoulder), OST risk score, SCORE risk score, 10-year (observed) incidence of MOF.

Results: For identifying women with incident MOF, sensitivity of the strategies
ranged from 25.8 to 39.8, specificity ranged from 60.7 to 65.8 and AUC for the ROC
curves ranged from 0.52 to 0.56. Among women aged 50-54 years, the sensitivity of
the USPSTF strategy for identifying incident MOF was 4.7% (3.3-6.0). Adjusting the
thresholds to improve sensitivity resulted in decreased specificity.

Conclusions: The USPSTF strategy only identified about one-quarter of women
aged 50-64 years who went on to experience incident MOF. Our findings do not
support use of the USPSTF strategy, OST, or SCORE to identify younger
postmenopausal women at risk of fracture.

Sensitivity, specificity, and area under the recelver operating characteristie curve (AUC)
for identifying major esteoporotic fracture” after 10 years, stratified by baseline age.

Al participants (n=62492) Ostesporotic Fracture
Sensitivity (95%  Specificity (95% AUC (95% CI)

ch I

USPSTF (FRAX 29.3%) 258 (24.6-27.01) 83,3 (83.0-83.6) .56 (0,55-0,57)
SCORE (=T) 38.6(37.3-39.9) 65,8 (65.4-66.7) 053 (0.53-0.54)
05T {<2) JOR(3R5401) 607 (60.3-61.1) 0,52 {0,.530.53)

Agod 50-54 years (n=14679) Osteoporatic Fracture

Sensitivity (95%  Specificity (95%  AUC (95% CI)

Iy CI)
USPSTF (FRAX 29.3%:) 4T (3.3-6.0) 97.0 (96.8-97.3) 054 (0.52-0.55)
SCORE (=T} 18.5{16.0-21.0) TEE (TR1-72.5) 0,54 (0.52-0.56)
QST (<2} 22.9 (20.1-25.6} T4.2 (73.5-749) 0.54 (0.52-0.56)
Agod 55-59 years (n=22363) Osteoporetic Fracture

Sensiivity (25%  Spealficity (95% AUC (95% CI)

Chy CI)
USPSTF (FRAX 29.3%) 20.5(18.6-22.3) 86.3 (R5.8-86.T) 0,55 (0.53-0.56)
SCORE (=7) 231 (202-240)  B11(R0.5-81.6)  0.33(0.51-0.54)
OST {(<2) 36,7 (34.5-39.0) 63,9 (63.3-64.6) .52 (0.51-0.53)

Aged 60-64 years (n=25450) Ortesporotic Fracture
Specificity (95% ALC (95% C1)
Cly
723 (71.7-72.9)
44.4 (43.7-45.0)
496 (48.9:50.2)

Sensitivity (95%
Lch

373 (35439.0)
57,6 (55.7-59.5)
48,1 (46.2-30.1)

USPSTF (FRAX 29.3%)
SCORE (=7)
05T {<2)

0.56 (0,550.57)
.53 (0.52-0.54)
.54 (0.52:0.55)

! The folbowing fracturcs qualificd &s major osteoporotic: frectare: clinical verichral hip, lower amwrist, and upper
mm

Table

Disclosures: Carolyn Crandall, None.
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General Hospital & Harvard Medical School, USA, >Massachusetts
General Hospital, USA, *Massachusetts General Hospital, USA

Small non-coding RNAs, microRNAs (miRNAs), regulate gene expression at the post-
transcriptional level. Oncogenic miR-17-92 miRNAs promote cell proliferation by
suppressing genes involved in specific signaling pathways including the transforming
growth factor b (TGF-b) and phosphatidyl inositol 3 kinase (PI3K) pathways. Recent
evidence suggests that miR-17-92 family miRNAs play an important role in skeletal
development; hemizygous deletion of the miR-17-92 cluster miRNA gene causes Feingold
syndrome type 2, whereas duplication of this gene has been found in patients with
overgrowth and post-axial polydactyly type 2A. However, the mechanism by which miR-
17-92 miRNAs regulate skeletal development is not known. In order to address this
question, we conditionally deleted the miR17-92 gene and its paralogous miR106b-25
cluster miRNA gene in developing mouse limbs and the skull using Prx1-Cre transgenic
mice. Conditional deletion of the miR-17-92 miRNA gene caused cutaneous syndactyly,
brachydactyly, and delayed ossification of frontal bones in the skull. Additional deletion of
the miR-106b-25 gene in miR-17-92 conditional knockout mice exacerbated the skeletal
phenotype, suggesting that miR-17-92 and miR-106b-25 miRNAs play overlapping roles in
limb development. In contrast, miR-17-92 overexpression caused limb overgrowth. miR-
17-92 deficient limb bud and calvarial mesenchymal cells showed a dramatic reduction in
proliferation. We found that miR-17-92 deficiency increased levels of TGF-b receptor 11
(Tgfbr2), a predicted miR-17 target gene, and phosphorylated Smad2, whereas there was
no increase in the phosphorylated Akt level, indicating that miR-17-92 miRNAs suppress
TGF-b but not PI3K signaling in skeletal mesenchymal cells. Treatment of miR-17-92
miRNA-deficient mesenchymal cells with the TGF-b receptor inhibitor, GW788388,
ameliorated the proliferation defect. Furthermore, GW788388 treatment rescued the limb
defects of miR-17-92/miR-106b-25 miRNA double conditional knockout mice. These data
demonstrate that miR17-92 and miR106b-25 miRNAs promote proliferation of limb bud
mesenchymal progenitor cells by suppressing cytostatic TGF-p signaling. In summary, we
have shown that suppression of TGF-b signaling by miR-17-92 miRNAs is critical for
mesenchymal cell proliferation and normal limb development. Our work provides a
mechanistic insight into the pathoetiology of the Feingold syndrome.

h Mirz

Disclosures: F di, None.
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Conditional ablation of MT1-MMP in SM22a-expressing cells identifies
vascular- associated progenitors cells as essential for skeletal homeostasis.
Joanne Shi*, Pamela Robey, Kenn Holmbeck. National Institute of Dental
& Craniofacial Research, USA

Purpose: Extracellular matrix remodeling is essential in development. More so
than in other tissues, the skeleton is extremely dependent on matrix turnover due to
the continuous remodeling required for growth and mineral homeostasis. Membrane-
type 1 matrix metalloproteinase (Mtl-Mmp) is a transmembrane molecule required
for skeletal development and homeostasis. Accordingly, universal ablation of this
enzyme leads to dramatic skeletal dysplasia with rampant bone erosion, arrested bone
apposition and skeletal growth, which ultimately leads to early demise of mutant
mice. To elucidate in greater detail from which cell and tissue specific compartment
these defects emanate, we have performed selective ablation in a stage-specific manner
to identify the temporal and spatial requirement for Mt1-Mmp activity in the skeleton

Methods: To selectively ablate the expression of MtI-Mmp in vascular-associated
cells, an SM22a-Cre expressing mouse strain was crossed to a mouse strain carrying a
floxed allele of MtI1-Mmp to generate SM22a-Cre; Mt1flf mice. Additionally the
SM22a-Cre strain was mated to Rosa-26-LacZ reporter mice to track expression of
the Cre recombinase. The latter demonstrated predominant expression of SM22a-Cre
in vascular-associated cells, but also in sutures, endostea, periostea and osteocytes.

Results: Selective loss of Mt1-Mmp in SM22a-positive cells leads to dwarfism with
progressive skeletal dysplasia, rampant bone erosion and numerous osteoclasts in all
bony segments, coinciding with disruption of Rankl attenuation by proteolysis. pCT
analysis of whole skeleton and femora documented progressive loss of bone in all
morphometric indices and dynamic bone apposition measurements were consistent
with diminished bone formation. To validate this finding further, heterotopic
ossification was induced, in vivo, using rhBMP-2 containing-Gelfoamicarrier
implanted subcutaneously. The resulting ossicles from SM22a-Cre; Mtiflf mice
displayed extremely poor bone formation with absence of trabeculation and
hematopoietic marrow.

Conclusion:  Loss of Mtl-Mmp in SM22a-positive cells identifies vascular-
associated cells as an essential progenitor pool required for basic skeletal growth,
regulation of bone resorption and bone formation. In summary, we demonstrate that
Mtl-Mmp-mediated proteolysis constitutes an indispensable skeletal progenitor
function in vascular-associated cells, where it is required for normal skeletal
development and homeostasis.

Disclosures: Joanne Shi, None.
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Characterization of aSMA Expressing Cells That Contribute To Muscle
Heterotopic Ossification. Brya Matthews*', Elena Torreggiani', Danka
Greevic?, Ivo Kalajzic'. 1University of Connecticut Health Center, USA,
"University of Connecticut Health Center, USA, *University of Zagreb,
Croatia

Heterotopic ossification is formation of bone in atypical locations including
muscle. Heterotopic ossification generally occurs as a result of aberrant BMP
signaling. However, further studies are required to identify BMP-responsive cells in
the muscle and understand how they contribute to heterotopic ossification. Alpha
smooth muscle actin (aSMA) is a marker of perivascular cells and mesenchymal
progenitors that contribute to bone growth and fracture healing. We aimed to
evaluate whether aSMA+ cells can contribute to bone formation during heterotopic
ossification.

To identify and trace cells we used aSMA promoter-driven inducible Cre
(«SMACreERT2) combined with a Cre-activated tdTomato reporter Ai9 to generate
SMA9 mice. Mature osteoblast/osteocytes were labeled with the Col2.3GFP reporter.
To label muscle satellite cells we utilized Pax7CreERT2/Ai9 mice.

Pax7Cre/Ai9 labels cells below the basal lamina consistent with a satellite cell
phenotype, while SMA9 labels similarly localized cells, in addition to perivascular
cells. Pax7Cre/Ai9+ satellite cells are CD45/CD31-, Scal- but SM/C2.6+. The
SMA9+ cells are CD45/CD31- and ~60% express satellite cell marker SM/C2.6. 5%
express MSC markers Scal and PDGFRua, and a larger proportion express PDGFRf3.
During BMP2-induced heterotopic ossification, SMA9+ cells comprised 28%
chondrocytes and 44% of Col2.3GFP+ osteoblasts, while Pax7Cre/Ai9+ satellite cells
labeled only muscle fibers. Culture of sorted cells indicated that SMA9+ and Pax7Cre/
Ai9+ cells differentiated into myotubes while the negative cells do not. SMA9+
cultured cells showed the highest upregulation of osteogenic gene expression after
culture in the presence of BMP2. To clarify which subset of SMA9 cells possess
osteogenic potential, we subdivided SMA9+ cells based on expression of SM/C2.6 and
evaluated their ability to differentiate into osteoblasts after transplantation into
muscle with BMP2. We observed osteogenic differentiation of SMA9/SM/C2.6+ cells
suggesting that once the satellite cell population is removed from its niche they can
exhibit osteogenic potential.

aSMA labels mesenchymal progenitor cells in the muscle that contribute to
heterotopic ossification induced by BMP2. Our data indicate that the perivascular
fraction of cells is responsible for heterotopic ossification, however, muscle satellite
cells are capable of osteogenic differentiation after removal from their niche.

Disclosures: Brya Matthews, None.
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Interaction of RBP-J and Endogenous TGF-f Signaling Controls ITAM-
Mediated Costimulation of Osteoclastogenesis and Bone Resorption.
Christine Miller*, Susan Li, Xiaoyu Hu, Lionel Ivashkiv, Baohong Zhao.
Hospital for Special Surgery, USA

Homeostatic osteoclastogenesis requires not only RANK signaling but also
costimulatory signals from ITAM -containing receptors/adaptors, predominantly
DAPI2 and FcRy in osteoclast precursors. The mechanisms by which costimulatory
signals are regulated and integrated with RANK signaling are not well understood. In
this study, we investigated whether RBP-J, a newly identified key inhibitory
transcription factor for osteoclastogenesis, regulates ITAM-mediated co-stimulation
and controls the crosstalk between ITAM and RANK signaling. To address these
3uestions, we generated DAPI12 and RBP-J double knockout (KO) mice (Rbp/*™’
Mpap12™) and DAP12, FcRy and RBP-J triple KO mice (TKO). Strikingly, we
found that RBP-J deficiency almost completely reversed the defects of osteoclast
differentiation program and significantly rescued the osteopetrotic bone phenotype of
Dapl2 KO or Dapl2/ Ferg double knockout (DKO) mice by bypassing the
requirement for costimulation of osteoclastogenesis during bone homeostasis. In
inflammatory settings, RBP-J deficiency enabled TNF-o to induce osteoclast
formation and bone resorption in Dapl2 KO mice. Thus, RBP-J imposes a
requirement for ITAM-mediated costimulation of RANKL or TNF-o induced
osteoclastogenesis and bone resorption. Mechanistically, RBP-J suppressed induction
of key osteoclastogenic factors NFATcl, Blimpl and c-Fos by opposing ITAM-
mediated expression and function of PLCy2 and downstream calcium-CaMKK-Pyk2
signaling. Furthermore, we showed that the mechanism of PLCy2 regulation is
transcriptional, and then built upon the next generation high-throughput RNA
sequencing experiments to identify a novel regulatory loop whereby RBP-J restrains
the responsiveness of osteoclast precursors to endogenous TGF-f signaling, which in
turn regulates transcription of PLCy2 and downstream calcium oscillation. To the
best of our knowledge, our results provide the first example of regulatory mechanisms
of PLCy2 expression and negative regulation of ITAM-signaling by RBP-J. These
findings indicate that RBP-J plays an important role in suppressing ITAM-mediated
costimulation, thereby limiting crosstalk between ITAM and RANK/TNFR signaling
and fine tuning osteoclastogenesis during bone homeostasis and under inflammatory
conditions. Environmental cues that regulate RBP-J expression/function would thus
modulate the requirement for costimulatory signaling for osteoclast differentiation
and bone remodeling.

Disclosures: Christine Miller, None.

S50

1145

Ensuing Osteopetrosis in TAK1-Null Mice Owing to Defective NF-B and
NOTCH Signaling. Gaurav_Swarnkar*>, Yousef Abu-Amer', Kannan
Karuppaiah®, Gabriel Mbalaviele'. IWashington University in St. Louis
School of Medicine, USA, *Washington University School of Medicine,
USA, *Washington University School of Medicine in St. Louis, USA

The protein kinase TGFP activated kinase-1 (TAK1) is involved in activation of
MAPK and NF-kB signaling pathways in response to inflammatory stimuli, and it
has been reported to play a role in osteoclast (OC) survival. However, the
physiological role and mechanism of TAKI action in bone development has not
been fully explored. In this study, TAKI was conditionally deleted (cKO) in the
myeloid lineage. TAK1cKO mice exhibited osteopetrosis, growth retardation and
impaired tooth eruption, consistent with micro-CT and histological analysis
parameters and with fewer osteoclasts compared with wild type mice. In vitro studies
showed that bone marrow monocytes from TAK1cKO fail to differentiate into OC
and expressed low levels of TRAP, Cathepsin-K, B3-integrin, and MMP9. This
differentiation defect was corrected when WT-TAK1 was re-introduced retrovirally.
We further found that activation of JNK, p38 and NF-«kB in TAK -deficient cells in
response to RANKL was abrogated. To study the details of the mechanism
underlying osteopetrosis in TAKI1-null mice, we probed candidate pathways and
found elevated levels of the transcription factor RBPjk, a downstream target of
NOTCH signaling, which has been reported to negatively regulate OC differentiation.
Consistently, we observed significant reduction in the levels of NICD, a NOTCH
cleaved peptide. More intriguingly, forced expression of exogenous NICD partially
reversed the osteoclastogenic phenotype with concomitant changes in RBPjk and
NFATecl levels. Surmising that activation of NF-kB is essential for complete rescue,
expression of catalytically active IKK2, the immediate target of TAKI, restored
NICD levels and completely recovered osteoclastogenesis. To further support this
observation, we generated LysM-Cre-TAK1-RBPjk for compound deletion of TAK1
and RBPjk (DcKO) mice. In agreement with in vitro studies, we found that deletion of
RBPjk in the TAKI null background significantly corrected the osteopetrotic
phenotype. MicroCT and histology showed a complete rescue of the TAK1cKO
phenotype as DcKO showed BV/TV, TB.Th, TB.N. and Tb.SP comparable to the WT
mice with a significant increase in the OC numbers. In summary, our data establish
that TAKI is required for osteoclastogenesis and play an important role in bone
development. We further provide evidence that the mechanism underlying the bone
defect in TAKI-deficient condition is via coordinated regulation of NF-kB and
NOTCH-RBPjk signaling pathways.

Disclosures: Gaurav Swarnkar, None.
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Osteocalcin regulates muscle function and mass. Paula Mera*, Kathrin
Laue, Gerard Karsenty. Columbia University, USA

A decrease in muscle function and mass or muscle wasting is a hallmark of the
aging process and appears at the same time bone mass decreases. The fact that these
two main manifestations of aging develop simultaneously has long raised the prospect
that bone and muscle influence each other through means that need to be identified.
To test the existence of the validity of this hypothesis from the bone point of view and
since GPRC6A, a bona fide receptor for the bone-derived hormone osteocalcin, is
expressed in fibers and satellite cells of the muscles; we asked if osteocalcin regulates
muscle function and mass in the mouse. Here we show that, starting at 3 months of
age Osteocalcin null mice (Ocn-/-) exhibit a decrease in muscle function as determined
by either a gradual speed increase exercise or an endurance test performed in a
treadmill apparatus designed to determine muscle fatigue. At the same time that this
functional defect develops, muscle mass decreases in Ocn-/- mice. Conversely, in Esp-/-
mice, a model of gain-of-function of osteocalcin, muscle function and mass are
increased at 3 months of age. These functions of osteocalcin are mediated by
GPRC6A, since mice lacking this receptor in all cells or in mycytes only display the
same muscle phenotype than Ocn-/- mice. In searching for the molecular mode of
action of osteocalcin in muscle we first demonstrated that, as previously seen in B-cells
of the pancreas and Leydig cells of the testis, osteocalcin induces the activation of the
cAMP/PKA pathway in mouse primary myotubes and that this activation is
dependant on their expression of GPRC6A. We observed that osteocalcin, also in a
GPRC6A-dependent manner, leads to the inhibition of the cellular energy sensor
AMP-activated protein kinase (AMPK) in primary myotubes, this in turn promotes
the activation of the mTOR complex, as demonstrated by the increase in the
phosphorylation of its substrate S6K, a well-known activator of protein synthesis.
Concomitantly, we found that osteocalcin promotes tyrosine incorporation into
cellular proteins in wild type, but not in Gprc6a-/- primary myotubes. As expected
given the nature of GPRCOA the effect of osteocalcin on AMPK-mTOR-S6K axis are
dependant on the activity of PKA. Altogether, these data identify a novel function of
osteocalcin as a regulator of muscle functions and mass and an additional signaling
pathway affected by this hormone.

Disclosures: Paula Mera, None.

¥20¢ IMdy gz uo 1senb Aq 16/86G./1S/1S/62/2101e/Iwql/wod dno olwapede//:sdiy woly pspeojumoq



ASBMR 2014 Annual Meeting

1147

Odanacatib Anti-Fracture Efficacy and Safety in Postmenopausal Women with
Osteoporosis. Results from the Phase III Long-Term Odanacatib Fracture Trial
(LOFT). Michael McClung*', Bente Langdahl®, Socrates Papapoulos’,
Kenneth Saag®, Silvano Adami®, Henry Bone6, Tobias de Villiers”, Douglas
@8, Annie Kung’, Prasanna Kumar'®, Sung-Kil Lim'', Xu Ling'% Kurt
Lippuner'?, Carlos Mautalen'4, Toshitaka Nakamura'’, Jean-Yves
Reginster'®, Ian Reid'’, Jose Rodriguez Portales'®, Christian Roux'’, Jesus
Walliser”®, Nelson Watts®', Jose Ruben Zanchetta®®, Cristiano Zerbini>,

Andrea Rybak-Feiglin?*, Dosinda Cohn®*, Carolyn DaSilva**, Rachid
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Safety and Tolerability of Odanacatib Therapy in Postmenopausal Women
with Osteoporosis: Results from the Phase III Long-Term Odanacatib
Fracture Trial (LOFT). Socrates Papapoulos*!, Michael McClung?, Bente
Langdahl3, Kenneth Saag®, Silvano Adami®, Henry Bone®, Tobias de
Villiers”, Douglas Kiel®, Annie Kung’, Prasanna Kumar'®, Sung-Kil
Lim!", Xu Ling'?, Kurt Lippuner'®, Carlos Mautalen'®, Toshitaka
Nakamura'®, Jean-Yves Reginster'®, Ian Reid'’, Jose Adolfo Rodriguez-
Portales'®, Christian Rouxlg, Jesus Walliser®®, Nelson WattSZI, Jose Ruben
Zanchetta®?, Christiano AF Zerbini*®, Andrea Fybak-Feiglin?>*, Dosinda

Massaad?’, Arthur Santora®®, Boyd Scott®®, Nadia Verbruggen®, Albert

Cohn?*, Carolyn A da Silva**, Celine Le Bailly De Tilleghem?®’, Arthur

Leung®’, Antonio Lombardi**. lOregon Osteoporosis Center, USA, 2Aarhus
University Hospital, Dnk, >Leiden University Medical Center, The
Netherlands, 4University of Alabama at Birmingham, USA, 5University of
Verona, Italy, (’Michigan Bone & Mineral Clinic, USA, ’Stellenbosch
University, South Africa, 8Hebrew SeniorLife, USA, °Dr. Kung-Wai Chee
Clinic, Hong Kong, 10Bangalore Diabetes Centre, India, ''Yonsei University,
Korea, democratic people’s republic of, *Peking Union Medical College
Hospital, Peoples Republic of China, *Department of Osteoporosis, University
Hospital & University of Berne, Switzerland, “Centro de Osteopatias Médicas,
Argentina, University of Occupational & Environmental Health, Japan,
1CHU Centre Ville, Belgium, ”University of Auckland, New Zealand,
$Catholic University of Chile, Chile, 19Hospital Cochin, France, 2’Bone
Metabolism Clinic, Hospital Angeles del Pedregal, Mexico, >'Mercy Health
Osteoporosis & Bone Health Services, USA, *Instituto de Investigaciones
Metabolicas (IDIM), Argentina, >Centro Pualista de Investigagio Clinica,
Brazil, >*Merck & Co., Inc., USA, MSD Europe Inc., Brussels, Belgium,
*Merck & Co. Inc., USA, "USA

Odanacatib (ODN), a selective oral inhibitor of cathepsin K, is in development for
the treatment of osteoporosis. The randomized, double-blind, placebo-controlled,
event-driven, Phase III Long-Term Odanacatib Fracture Trial (LOFT;
NCT00529373) and its pre-planned blinded extension, in which patients continue
on their originally assigned treatment, evaluated the efficacy and safety of ODN 50
mg once-weekly to reduce fracture risk in postmenopausal women with osteoporosis.
Primary endpoints of the trial were new morphometric vertebral (VFx), hip, and
clinical non-vertebral fractures. Secondary endpoints included safety and tolerability,
clinical VFx, spine and hip BMD, and bone turnover markers. LOFT enrolled women
=65 years of age with a BMD T-score =—2.5 at the total hip (TH) or femoral neck
(FN) or with a prior radiographic VFx and a T-score =—1.5 at the TH or FN.
Participants were randomized to either ODN or placebo (1:1) and received weekly
vitamin D3 (56001U) and daily calcium supplements to ensure a total daily calcium
intake of ~1200 mg.

Overall, 16,713 participants were randomized at 387 centers in 40 countries, 16,071
were included in the analyses, and 642 excluded from all analyses due to study site
closure (n=483), duplicate randomization (n=3), or failure to take any study drug
(n=156). At baseline, mean (SD) age was 72.8 (5.3) years, 57% were Caucasian, 46.5%
had a prior VFx, and mean BMD T-scores were: lumbar spine -2.7, TH -2.4, and FN -
2.7. A total of 237 patients with hip fracture were estimated to provide statistical
power. A prespecified interim analysis was performed when ~70% of targeted events
had accrued. An external Data Monitoring Committee (DMC) reviewed these data
and recommended that the base study be closed early due to robust efficacy and a
favorable benefit-risk profile. The DMC noted that safety issues remained in certain
selected areas. Both safety and efficacy continue to be monitored in the ongoing
blinded extension trial. Data from an average follow-up of 40.8 months have been
accrued from the base and extension studies, with 7081 patients completing at least 4
years of follow-up. At the time this abstract was written, final data analysis was not
complete. This presentation will summarize the efficacy of ODN on fractures and
BMD and general safety from the blinded, placebo-controlled base and extension
study periods of LOFT. A separate presentation will discuss in depth the safety profile
for ODN from this trial.

Disclosures: Michael McClung, Merck, 3; Merck, 7, Merck,
This study received funding from: Study funded by Merck & Co., Inc.
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Santora®®, Boyd Scott®®, Nadia Verbruggen®’, Albert Leung®®, Antonio
Lombardi’®, Deborah Gurner?®. 'Leiden University Medical Center, The
Netherlands, 2Oregon Osteoporosis Center, USA, 3Aarhus University
Hospital, Dnk, 4University of Alabama at Birmingham, USA, SUniversity
of Verona, Italy, 6Michi,gan Bone & Mineral Clinic, USA, "Stellenbosch
University, South Africa, 8Hebrew SeniorLife, USA, °Dr. Kung-Wai Chee
Clinic, Hong Kong, 10Bangalore Diabetes Centre, India, ''Yonsei
University College of Medicine, South Korea, '*Peking Union Medical
College Hospital, Peoples Republic of China, '*Department of
Osteoporosis, University Hospital & University of Berne, Switzerland,
4Centro de Osteopatias Médicas, Argentina, >National Center for Global
Health & Medicine, Japan, 1CHU Centre Ville, Belgium, 17University of
Auckland, New Zealand, '®Pontificia Universidad Catélica de Chile, Chile,
YHospital Cochin, France, 2°Bone Metabolism Clinic, Hospital Angeles del
Pedregal, Mexico, 'Mercy Health Osteoporosis & Bone Health Services,
USA, ZInstituto de Investigaciones Metabolicas (IDIM), Argentina,
ZBCentro Paulista de Investigagdes, Brazil, **Merck Sharp & Dohme
Corp, USA, 2MSD Europe Inc., Belgium, 2Merck & Co., Inc., USA,
?’MSD Europe Inc., Belgium, 2USA

Odanacatib (ODN), a selective oral inhibitor of cathepsin K, is in development for
the treatment of osteoporosis. The randomized, double-blind, placebo-controlled,
event-driven, Phase III Long-Term Odanacatib Fracture Trial (LOFT;
NCT00529373) and its pre-planned blinded extension, in which patients continued
on their originally assigned treatment, evaluated the efficacy and safety of ODN 50
mg once-weekly in reducing the risk of fractures in postmenopausal women with
osteoporosis.

Women =65 years with a BMD T-score =-2.5 at the total hip (TH) or femoral
neck (FN), or with a radiographic vertebral fracture and T-score =-1.5 at the TH or
FN were randomized (1:1) to ODN or placebo. Participants also received weekly
vitamin D3 (5600 IU) and daily calcium supplements to ensure a total daily intake of
~1200 mg. Primary endpoints were new morphometric vertebral, hip, and clinical non-
vertebral fractures. Safety analysis used a multi-tiered approach on the All-Patients-
as-Treated population. External Clinical Adjudication Committees evaluated the
following adverse event (AE) categories: select dental, select skin, serious respiratory,
delayed fracture union, atypical femoral fractures, atrial fibrillation/flutter, cardio-
vascular and cerebrovascular.

Overall, 16,713 participants were randomized at 387 centers in 40 countries, 16,071
were included in the analyses, and 642 excluded from all analyses due to study site
closure (n=483), duplicate randomization (n=3), or failure to take any study
medication (n=156). Baseline mean (SD) age was 72.8 (5.3) years, 57% were
Caucasian, and 46.5% had a prior vertebral fracture. Mean baseline BMD T-scores
were: lumbar spine -2.7, TH -2.4, and FN -2.7.

The base study was closed early based on the recommendation of the independent
Data Monitoring Committee (DMC) who reviewed a prespecified interim analysis
and noted robust efficacy and a favorable benefit/risk profile. The DMC also noted
that safety issues remained in certain selected areas. Both safety and efficacy continue
to be monitored in the ongoing blinded extension.

Safety data from this large, long-term study will be presented, including the
incidence of AEs in the ODN and placebo groups in the base study and its ongoing
blinded extension. At the time this abstract was written, final data analysis was not
complete. The results will be available for presentation at the ASBMR meeting.

Disclosures: Socrates Papapoulos, GSK, 3; Novartis, 3; Axsome, 3; Merck, 3; Amgen, 3
This study received funding from: Merck & Co., Inc., Whitehouse Station, NJ, USA
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Randomized Controlled Trial to Assess the Safety and Efficacy of
Odanacatib in the Treatment of Men with Osteoporosis. Eric Orwoll*!,
Silvano Adami®, Neil Binkley®, Roland Chapurlat*, Bente Langdahl’,
Steven Doleckyi®, Hilde Giezek’, Boyd Scott6, Arthur Santora®. lOregon
Health & Science University, USA, 2University of Verona, Italy,
3University of Wisconsin, Madison, USA, “E. Herriot Hospital, France,
SAarhus University Hospital, Dnk, *Merck & Co., Inc., USA, "MSD
Europe Inc., Brussels, Belgium

Background

Osteoporosis in men is an important clinical problem, associated with significant
morbidity, mortality, and societal expense. Odanacatib (ODN), a selective inhibitor of
cathepsin K, is currently being investigated as a treatment for osteoporosis. In a Phase
II study in postmenopausal women, treatment with ODN 50mg once-weekly resulted
in increases in bone mineral density (BMD) at the lumbar spine (LS) (11.9%) and total
hip (TH) (9.8%) over 5 years. This Phase III study investigated safety and efficacy of
ODN in the treatment of men with osteoporosis.

Methods

This was a double-blind, randomized; placebo controlled 24-month trial. We
enrolled men =40 and =95 years of age with idiopathic osteoporosis or osteoporosis
due to hypogonadism. A LS or hip (TH, femoral neck (FN) or trochanter) T-score of
=-2.5 to =-4.0 without prior vertebral fracture or =-1.5 to =-4.0 with one prior
vertebral fracture was required. Participants were randomized (1:1) to 50mg of ODN
or PBO orally once-weekly, and received weekly vitamin D3 (56001U) and daily
calcium supplements (total including food ~1200mg daily). The primary outcome was
the effect of ODN versus PBO on LS BMD assessed by DXA versus PBO at 24
months. Secondary outcomes included safety and tolerability and changes in BMD at
the TH, FN, trochanter sites, and bone turnover markers.

Results

A total of 292 men were randomized and received at least one dose of study
medication. The average age was 68.8 years, and 5.8% had total testosterone levels
below 250ng/dL. BMD increases from baseline at 24 months in the ODN group at the
LS and all 3 hip sites (TH, FN and trochanter) were 6.9%, 1.9%, 1.7% and 2.8%
respectively, and all were greater vs. PBO (all p<0.01). Compared to PBO at 24-
months, ODN significantly decreased the bone resorption markers u-NTx/Cr and s-
CTx (68% and 77%, both p<<0.001), and also decreased bone formation markers, s-
PINP and s-BSAP (16 and 8%, p=0.001 and p=0.019 respectively). The between
group decrease of bone formation markers was maximal at 3 months, after which
levels returned towards baseline by 24 months. The adverse events and overall safety
profile were similar between ODN and PBO.

Conclusion

In this study, ODN increased spine and hip BMD in osteoporotic men. Changes in
bone turnover markers suggest that ODN treatment decreases bone resorption while
producing relatively small decreases in bone formation. ODN is a promising potential
therapy for treatment of osteoporosis in men.

Disclosures: Eric Orwoll, Merck, 7, Merck, 3
This study received funding from: Study funded by Merck & Co., Inc.
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The Transition from Denosumab to Teriparatide or from Teriparatide to
Denosumab in Postmenopausal Women with Osteoporosis: The DATA-
Switch Study. Benjamin Leder* ! Joy Tsai?, Alexander Uihlein®, Yuli Zhu®,
Katelyn F oley“, Robert Neerz, Sherri-Ann Burnett-Bowie?. 'Massachusetts
General Hospital Harvard Medical School, USA, *Massachusetts General
Hospital, USA, >*Northwestern Memorial Faculty Foundation, USA,
“Massachusetts General Hospital, USA

Introduction: Bisphosphonates (BPs) preserve and extend BMD increases achieved
during a 2-year course of teriparatide (TPTD) and TPTD preserves and extends BP-
induced BMD gains as well. This allows patients to transition from one treatment to
another as clinically indicated. The effects of TPTD when used after denosumab
(DMAB), however, and the effects of DMAB when used after TPTD are unknown.
Defining the clinical consequences of these drug transitions is essential in guiding the
management of osteoporosis over time.

Methods: Postmenopausal osteoporotic women completing the DATA study that
assessed the effects of 2-years of DMAB (60-mg every 6-months), TPTD (20-pg daily),
or both, were enrolled in DATA-Switch. In DATA-Switch, women who received
DMAB for the first 2-years were switched to TPTD and women who received either
TPTD or TPTD+DMAB were switched to DMAB alone. BMD was measured 6 and
12 months after switching treatments.

Results (Fig): In women switched from TPTD to DMAB (n=27), 12-months of
DMARB increased spine BMD by an additional 5.7%, femoral neck (FN) BMD by an
additional 3.5%, and total hip (TH) BMD by 3.1%, resulting in net 3-year BMD
increases of 15.1% at the spine, 5.7% at the FN, and 5.3% at the TH. In women
switched from DMAB to TPTD (n=24), spine BMD decreased by -1.5% after 6-
months of TPTD but then rebounded, resulting in a 12-month change of +1.6% and a
net 3-year change of 10.4%. One year of TPTD given after DMAB, however,
decreased FN BMD by -1.6% and TH BMD by -2.7%, resulting in net 3-year BMD
increases of 1.6% at the FN and 0.7% at the TH. In women switching from
combination therapy to DMAB alone (n=21), spine BMD increased by an additional
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2.7% while FN and TH increased only slightly, resulting in net 3-year increases of
15.0% at the spine, 7.2% at the FN, and 7.1% at the TH. After a total of 3-years of
therapy, the increase in TH BMD remained greater in women who received
combination therapy followed by DMAB than in either other groups (P=0.047).

Conclusions: DMAB prevents bone loss and increases BMD in women treated
with TPTD. TPTD, however, does not fully prevent the bone loss that occurs after
DMAB discontinuation, particularly at the hip. Thus, the use of TPTD immediately
after DMAB may not be advisable, especially in women at very high fracture risk.
Two years of combined TPTD and DMAB followed by DMAB alone results in the
most favorable effects on hip BMD and may be a useful treatment approach in high-
risk patients.

PA Spine
o 2 yrs TPTD 1yr DMAB
i 2 yrs DMAB 1yr TPTD
=
E" 2 yrs COMBO 1yr DMAB
#®

switch *P<0.05 vs. both other groups at month 36

Femoral Neck Total Hip

% change in BMD
% change in BMD

Manths

Figure

Disclosures: Benjamin Leder, Lilly, Merck, Amgen, 3; Lilly, Merck, Amgen, 7; Radius,
3
This study received funding from: Lilly, Amgen
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Effect of Blosozumab on Bone Mineral Density: 52-Week Follow-up of a Phase
2 Study of Postmenopausal Women with Low Bone Mineral Density. Charles
Benson*!, Alan Chiangl, Leijun Hu', Alam Jah@gi_rl, Bruce Mitlak', Robert
Recker?, Deborah Robins', Hideaki Sowa®, Adrien Sipos'. 'Eli Lilly &
Company, USA, 2Creighton University, USA, 3Lilly Research Laboratories
Japan, Eli Lilly Japan K.K., Japan

Purpose: Blosozumab (bmab) is a humanized anti-sclerostin monoclonal antibody
being developed for the treatment of severe osteoporosis. A randomized, parallel-
design, double-blind, placebo-controlled, Phase 2 study that assessed the safety and
efficacy of different bmab doses found that 52 weeks of bmab treatment significantly
increased lumbar spine bone mineral density (BMD) and was generally well tolerated.
Based on bone biomarker data, the BMD increases seen in the Phase 2 study likely
resulted from elevated bone formation not associated with increased resorption. Here,
we report the 52-week follow-up data from the Phase 2 study. Methods:
Postmenopausal women with low BMD (lumbar spine T-score -3.5 to -2.0) were
randomized to 1 of 3 subcutaneous bmab treatments (180 mg every 4 weeks [Q4W]
[n=31]; 180 mg every 2 weeks [Q2W] [n=30]; 270 mg Q2W [n=30]) or placebo (n=29)
for 52 weeks followed by a 52-week follow-up period during which patients did not
receive bmab. Efficacy was assessed as BMD changes from baseline through Week
104 in lumbar spine, total hip, and femoral neck. BMD was measured by dual energy
x-ray absorptiometry. Safety was also assessed. Results: Of the 120 women enrolled
(mean baseline age 66 years; mean lumbar spine T-score -2.75), 106 completed the 52-
week treatment and entered the 52-week follow-up; 88 completed the follow up. In
general, bmab resulted in significantly greater increases in BMD for lumbar spine,
total hip, and femoral neck at 52 weeks of treatment compared with placebo (Figure).
Upon treatment discontinuation, a reduction in BMD was seen in all bmab groups.
However, at the end of the follow-up period, lumbar spine, total hip, and femoral
neck BMD for bmab 270-mg Q2W and lumbar spine and total hip BMD for bmab
180-mg Q2W remained significantly greater than placebo. Treatment-emergent
adverse events (TEAEs) during the 52-week follow-up period were similar across
treatment groups, with most due to infections and infestations (n=39). TEAEs
reported during the 52-week follow-up did not appear to be due to bmab treatment.
Conclusion: After 52-weeks of bmab treatment, lumbar spine, total hip, and femoral
neck BMD increased significantly compared with placebo, as reported previously.
During 52 weeks of post-treatment follow-up, BMD declined, but generally remained
significantly greater than placebo for the 2 highest doses. These findings support the
continued study of bmab to treat osteoporosis.
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Disclosures: Charles Benson, Eli Lilly and Company, 4, Eli Lilly and Company, 8
This study received funding from: Eli Lilly and Company
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Effects of 2 Years of Treatment With Romosozumab Followed by 1 Year of Deno-
sumab or Placebo in Postmenopausal Women With Low Bone Mineral Density.
MR McClung*', A Chines’, JP Brown’, A Diez-Perez*, H Resch’, J Caminis®,
Ma Bolognese’, S Goemaere®, HG Bone’, JR Zanchetta'®, J Maddox?, [0}
Rosen’, S Bray'!, A Grauer®. !Oregon Osteoporosis Center, USA, 2Amgen
Inc., USA, 3Laval University & CHU de Québec Research Centre, Canada,
“Autonomous University of Spain, Spain, °St. Vincent Hospital, Austria,
SUCB, USA, "Bethesda Health Research Center, USA, *Ghent University
Hospital, Belgium, *Michigan Bone & Mineral Clinic, USA, "Instituto de
Investigaciones Metabolicas, Argentina, ' Amgen Ltd., United Kingdom

Purpose: We previously reported that 1 year of treatment with the sclerostin
antibody romosozumab (Romo) was associated with increased bone mineral density
(BMD) and bone formation and with decreased bone resorption in postmenopausal
women with low BMD (McClung NEJM 2014). Here, we report the results of 2 years
of treatment with Romo followed by 1 year of denosumab (DMAD) or placebo.

Methods: This phase 2 study enrolled 419 postmenopausal women age 55 to 85 years
with a lumbar spine, total hip, or femoral neck T-score =-2.0 and =-3.5. Women
received 1 of 5 regimens of Romo (70 mg QM, 140 mg QM, 210 mg QM, 140 mg Q3M,
210 mg Q3M; data for the 210 mg QM group are shown in the figures) or placebo for 2
years. At the end of 2 years, eligible subjects entered a 1-year extension phase and were re-
randomized 1:1 within their original treatment group to placebo or DMADb 60 mg Q6M.
Only women who entered the extension were included in these analyses.

Results: Romo led to rapid and marked increases in lumbar spine and total hip
BMD during year 1 and continued increases through year 2. The largest gains were
observed with Romo 210 mg QM, with BMD increases of 15.7% (lumbar spine) and
6.0% (total hip) (Figures). Women receiving Romo 210 mg QM who transitioned to
DMAD continued to accrue BMD at a rate similar to that in the second year of Romo;
in those who transitioned to placebo, BMD returned towards pretreatment levels.

Romo induced rapid stimulation of bone formation (P1NP) and decreased bone
resorption (CTX). Increases of PINP were transitory, returning towards baseline
within 6 to 12 months and remaining below baseline through year 2. CTX remained
below baseline through year 2. In subjects receiving Romo 210 mg QM who
transitioned to DMAb: PINP and CTX decreased; for those who transitioned to
placebo: PINP gradually returned to pretreatment levels, while CTX initially
increased above baseline and gradually returned towards baseline.

Adverse events were balanced between the placebo and Romo groups during the
first 2 years of the study (with the exception of injection site reactions, most reported
as mild) and in the placebo and DMAb groups during year 3.

Conclusion: Romo led to rapid and marked increases in lumbar spine and total hip
BMD over 2 years, which continued with DMAb and resolved after transition to
placebo. These data suggest that the treatment effects observed with Romo are further
augmented by follow-on treatments like DMAD.

S53

Figure 1

Figure 2
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Disclosures: MR McClung, Amgen, Merck, 7, Amgen, Lilly, Merck, 3
This study received funding from: Amgen Inc. and UCB
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FR0002

Sclerostin and FGF-23 Protein Expression in Bone of Patients with Chronic
Kidney Disease. Florence Lima*!, Valentin David®>, Hanna Mawadl,
Hartmut Malluche*. 'University of Kentucky, USA, *University of
Miami, Miller School of Medicine, USA, *University of Kentucky
Medical Center, USA

Purpose: Chronic kidney disease-mineral and bone disorder (CKD-MBD)
develops early and progresses inexorably during loss of kidney function. Sclerostin
and FGF23, both produced by osteocytes, are increased in blood in CKD-MBD. The
aim of this study was to explore expression of sclerostin and FGF23 in bone and to
establish correlations with blood levels and bone turnover.

Methods: In this IRB approved cross-sectional study, 45 patients with CKD stage
5 on dialysis underwent anterior iliac crest biopsies after double-tetracycline labeling.
Undecalcified bone samples were evaluated by histomorphometry to assess turnover
and for quantifying FGF23 and sclerostin expression by immunostaining. Serum
sclerostin and FGF23 levels were measured by ELISA.

Results: Patients with low bone turnover had higher serum sclerostin levels than
patients with high bone turnover (3.7 ng/mL + 1.3 vs. 1.9 ng/mL + 1.3, P<<0.001).
Serum FGF23 levels were lower in patients with low bone turnover (2475 pg/mL +
4720 vs. 16169 pg/mL + 13426, P<0.01). Expression of sclerostin in osteocytes was
higher in patients with low bone turnover (P<0.01) and expression of FGF23 was
higher in patients with high bone turnover (P<0.05; Table 1). Sclerostin positive
osteocytes were more present in cortical bone (P<<0.001) while FGF23 positive
osteocytes were more present in trabecular bone (P<<0.05) in both turnover groups.
Sclerostin and FGF23 expression in trabecular and cortical bone correlated with
serum levels (sclerostin: rho = 0.49 and 0.44, P<<0.05; FGF23: rho = 0.69 and 0.68,
P<0.001). Correlations between sclerostin and FGF23 blood levels as well as their
expression in bone with histomorphometric bone parameters are shown in the Table 2.
Serum sclerostin and its expression in bone were negatively correlated with bone
formation rate and osteoid thickness. Serum FGF23 and its expression in bone were
negatively correlated with mineralization lag time.

Conclusion: These results show different patterns of sclerostin and FGF23
expression in low and high bone turnover suggesting a role in the turnover
abnormalities of patients with CKD stage 5 on dialysis.
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Table 1. Percentage of osteocytes positive for sclerostin (%scl+ocy) and for FGF23
(%FGF23+ocy)
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Table 2. Correlation coefficients for sclerostin and FGF23 serum and their expression
with bone hist

Disclosures: Florence Lima, None.

FR0003

Gfil Inhibits Osteoblast Differentiation in Multiple Myeloma by Inducing
Epigenetic Repression of Runx2 in Bone Marrow Stromal Cells. Juraj
Adamik*', Quanhong Sun', G. David Roodman’, Deborah Galson'.
"University of Pittsburgh, USA, *Indiana University, USA

Multiple myeloma (MM), the most frequent cancer to impact the skeletal system,
induces osteolytic bone lesions that rarely heal even after therapeutic remission. MM-
induced alteration of the bone marrow microenvironment causes suppression of bone
marrow stromal cell (BMSC) differentiation into functional bone-forming osteoblasts
(OB) by repressing the key OB differentiation factor Runx2. We reported that MM
cells upregulate the transcriptional repressor Gfil in BMSC, which can repress the
Runx2 gene. We examined if direct Gfil binding and recruitment of chromatin co-
repressors alters the epigenetic state of the Runx2 gene resulting in long term OB
suppression. Co-culture experiments revealed that MM repression of Runx2 mRNA is
a direct result of inhibition of pre-loaded, promoter-bound paused and elongating
(Ser2-phospho CTD) RNA Pol II. Kinetic ChIP analyses of MM-exposed
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preosteoblast MC4 cells revealed that Gfil is recruited to the Runx2 gene only after
24 h of MM treatment with increased occupancy at 36 and 48 h. Concomitantly, we
observed recruitment to the Runx2 gene of histone modifiers HDACI, Co-REST,
LSD1, and G9a along with reduction of the transcriptionally permissive euchromatin
marks H3K4me3, H3K9ac, H3K12ac, H3K27ac, and H3K36me3. These changes
persisted even after removal of MM cells making Runx2 transcription refractory to
OB differentiation signals. The opposite changes were found on the 7/6 gene, which is
upregulated in MM-exposed BMSC. Gfil over-expression studies demonstrated that
full length Gfil binds to the endogenous Runx2 promoter and recruits HDACI and
G9a, repressing Runx2. However, the 239-423 Gfil DNA binding domain binds
Runx2 and recruits HDACI, but not G9a, and does not repress Runx2, indicating that
HDACTI recruitment is not sufficient to repress Runx2. Additionally we showed that
although Gfil knockdown in MC4 cells did not block the MM-induced rapid decrease
of Runx2 mRNA (within 3 h), it did prevent the sustained repression of Runx2
following induction of OB differentiation for 2-4 d. This result fits with the observed
delayed arrival of Gfil at Runx2 and suggests that Gfil is a critical mediator of long
term epigenetic suppression of the Runx2 gene in the myeloma distorted BMSC
microenvironment. The understanding of the mechanisms associated with the
suppressive effects of Gfil may lead to development of therapeutics for various
inflammatory diseases causing homeostatic imbalance in the bone microenvironment
such as MM.

Disclosures: Juraj Adamik, None.

FR0007

Atypical Femoral Fractures: Radiographic and Histomorphometric Features
in 19 Patients. Aliya Khan*', Angela M. Cheung’, Osama Ahmed Khan?,
Mohammed Zohair Rahman', Ken Pritzker®, Brian Lentle®. 'McMaster
University, Canada, University Health Network-University of Toronto,
Canada, *McMaster University, Canada, 4University of Toronto, Canada,
SUniversity of British Columbia, Canada

Purpose
This study describes characteristics and histomorphometric and radiographic
features of atypical femoral fractures (AFF) as seen in 19 cases referred for evaluation.

Methods

All patients referred for evaluation of AFF were reviewed.

Patients meeting the ASBMR criteria for AFF were further evaluated and
tetracycline labeled bone biopsies were completed. Radiographs were reviewed by a
musculoskeletal radiologist.

Results

All fracture lines were transverse or short oblique and 15 of 19 patients
demonstrated thickened cortices on x-ray. We report 19 cases of AFF in patients
on long term bisphosphonate (BP) therapy. 14 of 19 fractures occurred without a fall
or direct trauma to the femur with 5 cases occurring after a fall from standing height.
All patients were female; average age was 65 years (range 23-80 years). 4 of the 19
cases were of Chinese descent, 4 were East Indian, with 11 being Caucasian. Average
BP durations of use was 9.8 years (range 6-15 years). 9 of 19 patients were on
alendronate alone, 2 patients were on risedronate alone, 6 patients on a combination
and 1 patient on a combination of pamidronate and alendronate. 1 patient was on a
combination of alendronate and denosumab. Prodromal thigh or groin pain was seen
in 12 of the 19 patients for 1 to 15 months prior to fracture. Proton pump inhibitor use
was present in 6 patients. 2 patients were on prednisone for rheumatoid arthritis and 2
patients on prednisone for asthma. 1 patient had a diagnosis of osteogenesis
imperfecta type IV with a history of multiple fragility fractures and had experienced a
femoral fracture after 12 years of IV pamidronate with features consistent with an
AFF. All patients had 250H Vit D levels > 50nmol/L. 18 of the patients with
radiographic features of AFF had been on a bisphosphonate for > than 6 years. 1
patient had been on alendronate for 5 months. 8 of 19 patients had bilateral femoral
fractures.

Bone Biopsy Results

A large number of patients with radiographic features of an AFF had evidence of
mineralization abnormalities on tetracycline labeled bone biopsy. Decreased osteoid
surface and mean mineralized trabecular width was seen in 6 of 11 biopsies. Diffuse
label was noted in 5 of 11 biopsies. Mineralization abnormalities were noted in a
significant number of patients with radiographic features of AFF. All of the women
had normal or mildly reduced serum vitamin D levels.

Conclusion

Histomorphometric features seen on bone biopsy in women sustaining an AFF in
association with long term bisphosphonate use included evidence of mineralization
abnormalities and decreased bone formation. 1 patient had features of decreased bone
formation and mineralization abnormalities with only 5 months of bisphosphonate
exposure. Improved understanding of the pathophysiology leading to these fractures
may be gained with further histomorphometric data in larger numbers of patients.
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Disclosures: Aliya Khan, Merck, NPS, Amgen, 7
This study received funding from: Merck, NPS, Amgen, Warner Chilcott, Eli Lilly

FR0010

A Novel V'CP Mutation in a Patient with Paget’s Disease of Bone without
Myopathy and Neurological Involvement. Omar Albagha*!', Ranganath
Lakshminarayan® Stuart Ralston'. "University of Edinburgh, United
Kingdom, 2University of Liverpool, United Kingdom

Missense mutations in V'CP cause the rare disorder of Inclusion body myopathy,
Paget’s disease of the bone and frontotemporal dementia (IBMPFD) and some cases
of amyotrophic lateral sclerosis. Mutations of VCP have not previously been reported
in classical PDB in the absence of other features of IBMPFD. Here we describe a
novel missense mutation in the 'CP gene in a patient with classical PDB. The patient
was diagnosed with polyostotic PDB at age 52 years affecting the pelvis, humerus,
spine and skull and there was no family history of PDB, muscle or neurological
disease. He died at age 92 and there were no signs of myopathy or dementia. The VCP
mutation was detected as part of an exome sequencing effort to identify novel PDB-
associated mutations. Exome capture was performed using Agilent SureSelectXT V5
target enrichment kit followed by DNA sequencing using the illumina Hiseq2000
platform with a 36X mean coverage. Sequence mapping, alignment and variant calling
were performed using the Picard/BWA/GATK pipeline. Analysis of known PDB
susceptibility genes identified a heterozygous mutation ¢.697A>G (p.I1233V) in VCP
which was not detected in the publicly available databases including 1000 Genome
and NHLBI exome data. This mutation is located next to the previously reported
p.A232E which causes severe IBMPFD and affects the D1 domain that provides the
protein’s main catalytic activity. This study illustrates that classical PDB may occur as
the result of mutations in V'CP and extends further the phenotypic spectrum of
diseases caused by missense mutations in this gene

Disclosures: Omar Albagha, None.

FR0012

NFAM1 Modulates Calcineurin-NFATcl Signaling during Osteoclast
Differentiation in Paget’s Disease of Bone. Yuvaraj Sambandam*!,
Kumaran Sundaram®, Takamitsu Saigusal, Sudhaker Rao®, William
Ries', Sakamuri Reddy®. 'Medical University of South Carolina, USA,
2Charles P. Darby Children’s Research Institute, USA, *Henry Ford
Hospital, USA

Paget’s disease of bone (PDB) is a chronic focal skeletal disorder that affects 2-3%
of the population over 55 years of age. The disease is characterized by abnormal
osteoclasts with excess bone resorption activity and abundant poor quality new bone
formation.We previously detected measles virus nucleocapsid protein (MVNP)
transcripts in osteoclasts from patients with PDB. Also, MVNP stimulates pagetic
osteoclast formation in vitro and in vivo. We identified that microarray analysis of
human bone marrow derived preosteoclast cells transduced with MVNP increased (7-
fold) NFAT activating protein with ITAM motif 1 (NFAMI) expression.
NFAMI(also known as CNAIP) is a ~30 kDa transmembrane glycoprotein that
contains an extracellular Ig domain and an intracellular immunoreceptor tyrosine-
based activation motif (ITAM) bearing region, however, a functional role for
NFAMI in PDB is unknown. Therefore, we hypothesize that NFAM1 modulates
MVNP induced pagetic osteoclast differentiation. We demonstrate that MVNP
expression in normal human peripheral blood monocytes (PBMC) significantly
increased (10-fold) NFAM1 mRNA expression without RANK ligand (RANKL)
treatment. Western blot analysis further confirmed that MVNP increased (4.8-fold)
NFAMI expression in these cells. Also, bone marrow cells derived from patients with
Paget’s disease demonstrated elevated levels of NFAM1 mRNA expression. NFAM1
has been shown to induce ITAM phosphorylation and Syk recruitment. We showed
that MVNP transduction into preosteoclast cells increased ITAM phosphotyrosine

activation (4.0-fold) and p-Syk (5.5-fold) levels without RANKL stimulation.
Furthermore, MVNP expression upregulates calcineurin, a calcium-dependent
serine-threonine phosphatase (8-fold) and NFATcl (5-fold) transcription factor
expression. We then measured intracellular Ca>* concentrations in fura-2/AM loaded
preosteoclast cells with dual-excitation wavelength fluorescence microscopy. MVNP
transduced cells stimulated with RANKL showed elevated Ca®" oscillations and
intracellular levels. Interestingly, shRNA knock-down of NFAMI expression
significantly decreased MVNP induced calcineurin, p-Syk, NFATcl expression and
intracellular Ca>* levels in preosteoclast cells. Furthermore, NFAMI suppression
inhibits MVNP induced osteoclast differentiation in mouse bone marrow cultures.
Thus, our results suggest that NFAM1 modulation of calcineurin-NFATcl signaling
axis plays a critical role in pagetic osteoclast differentiation.

Disclosures: Yuvaraj Sambandam, None.

FR0013

Long-Term Effect of Recombinant Human Parathyroid Hormone, rhPTH(1-
84), on Skeletal Dynamics in Patients With Hypoparathyroidism: One-Year
Data From the Open-Label RACE Study. Bart L. Clarke*!, Michael
Mannstadt’, Dolores M. Shoback?, Tamara J. Vokes*, Mark L. Warren®,
Michael A. Levine®, Hjalmar Lagast’, John P. Bilezikian®. 1Mayo Clinic
Division of Endocrinology, Diabetes, Metabolism, & Nutrition, USA,
>Massachusetts General Hospital & Harvard Medical School, USA, 3SF
Department of Veterans Affairs Medical Center, University of California,
USA, “University of Chicago Medicine, USA, >Endocrinology &
Metabolism, Physicians East, USA, °Children’s Hospital of Philadelphia,
USA, "NPS Pharmaceuticals, Inc, USA, 8College of Physicians & Surgeons,
Columbia University, USA

Patients with hypoparathyroidism have reduced bone turnover, abnormally
increased bone mineral density (BMD), and abnormal bone microarchitecture.
Conventional therapy with oral calcium (Ca) and activated vitamin (Vit) D does not
normalize skeletal metabolism and can cause hypercalcemia and hypercalciuria. The
phase III, placebo-controlled REPLACE study demonstrated the safety and efficacy
of 50, 75, or 100 pg rhPTH(1-84) in patients with hypoparathyroidism.! In
REPLACE, treatment with thPTH(1-84) improved mineral homeostasis, increased
bone turnover markers (BTMs), and reduced BMD. The RELAY study showed that a
lower dose (25 pg) of thPTH(1-84) may be sufficient for some patients. A hypothesis
of RACE, a study of patients previously treated in REPLACE and/or RELAY, is that
long-term treatment with rhPTH(1-84) provides prolonged effects on skeletal turnover
and maintains serum and urine mineral parameters.

Patients were started on 25 or 50 pg/d rhPTH(1-84) with titration up to 50, 75, or
100 pg/d if active Vit D and oral Ca could be reduced further. Bone turnover was
assessed by: serum levels of bone-specific alkaline phosphatase, cross-linked C-
telopeptide of type 1 collagen, aminoterminal propeptide of type 1 collagen, and
osteocalcin. BMD was determined by DXA.

Of the 53 patients enrolled at 13 centers (83% female; mean + SD age 48+ 10 y;
BMI 31+ 7 kg/m% mean duration of hypoparathyroidism 16+ 13 y), 49 are included
in this interim analysis. 74% (95% CI, 59-85) met the efficacy endpoint (=50%
reduction in oral Ca [or =500 mg/d] and =50% reduction in active Vit D [or =0.25 pg/
d] at Week 52 while maintaining a serum Ca level =7.5 mg/dL). By Week 52, mean
baseline Ca and active Vit D doses were reduced by 67%+34% and 73% +44%,
respectively. At Week 52, all BTMs had increased from low normal baseline levels
(Table). BMD Z-scores at lumbar spine (LS), total hip (TH), femoral neck (FN), and
distal one-third radius (DR) decreased toward normal at Week 52 (baseline mean +
SD): LS —0.05 (2.02+1.49), TH —0.08 (1.44+1.14), FN —0.12 (1.27 £ 1.28) and DR
—0.20 (0.94+0.81). Adverse event profile was similar to the REPLACE trial.'

Extended treatment with rhPTH(1-84) is associated with increases in BTMs, even
when re-treated with thPTH, and beneficial reductions in BMD. These findings also
demonstrate that bone turnover remains stimulated with thPTH(1-84) over 1 year,
confirming results in shorter-term studies.

Mannstadt M, et al. Lancet Diabetes Endocr. 2013;1:275-83.

Table. Mean Change From Baseline in BTMs at Week 52

> Percent Change

Pa-amaw,Mean:SUl Actual Value | Normal Values [ Eiori Bacalin
BSAP, pg/L
Baseline [ emss |

3-30
Week 52 | 1esti0 | 113+103
CTX, ng/L
Baseline | 21562168 |

21040
Week 52 | 373382 | 3091328
OCN, pgiL
Baseline 3682 o
Week 52 212£17 = 5332439
PINP, uglL
Baseline 338119 | =
Week 52 19125166 | = 512:374

BSAP=bone-specific alkaline phosphatase; CTX= cross-linked C-telopeptide of type 1 collagen;
QCN: Icin; P1NP= ami i ide of type 1 collagen.

*Reference ranges as reported by a central laboratory for different BTMs; normal ranges vary by
age, gender, and menopausal status.

Table - Mean Change From Baseline in BTMs at Week 52

Disclosures: Bart L. Clarke, NPS Pharmaceuticals, Inc. , 7
This study received funding from: NPS Pharmaceuticals, Inc.
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FR0014

Low Vitamin D Levels in Primary Hyperparathyroidism Affect Cortical Bone
Density and Porosity but not Estimated Bone Stiffness. Marcella Walker*!,
Kyle Nishiyama', Elaine Cong?, James Lee®, Anna Kepley!, Chiyuan

FR0016

Skeletal Microstructure Continues to Improve Markedly Two Years After
Parathyroidectomy in Primary Hyperparathyroidism. Natalie Cusano*!,
Chiyuan Zhang?, Wen-Wei Fan', Aline Costa®, Elizabeth Levy', John

Zhangl, X Guol, Shonni Silverberg'. 'Columbia University, USA,
2Columbia Presbyterian Medical Center, USA, 3Columbia University
College of Physicians & Surgeons, USA

Data regarding the skeletal effects of vitamin D (25OHD) deficiency and insufficiency
in primary hyperparathyroidism (PHPT) are limited. Patients with mild PHPT (n=100;
78% women, mean age + SD 62+ 12 years, calcium 10.7 +0.6mg/dl, PTH 83 +41pg/ml;
250HD 30 + 10ng/ml) were studied with bone markers, dual x-ray absorptiometry (DXA),
high-resolution peripheral quantitative computed tomography (HR pQCT) and microfinite
element analysis (LFEA). Low 250HD levels were common (54%<30ng/ml, mean 21 46
ng/ml; 20%=20ng/ml, mean 14 +4ng/ml). Those with 250HD<30 vs. =30ng/ml (mean
38 + 6ng/ml) did not differ by PHPT duration, history of nephrolithiasis or fractures, renal
function or race, but they were younger (58 + 13 vs. 674 9yrs, p=0.0001), more likely to be
male (31 vs. 13%, p=0.06) and tended to have higher BMI (29.0+6 vs. 26.8 +6kg/m>,
p=0.06). Before and after adjusting for age and BMI, those with 250HD<30ng/ml had
higher PTH (94 +42 vs. 70 +42pg/ml, p=0.01) but lower PO, (2.940.5 vs. 3.2+ 0.5mg/dl,
p<0.01) and FGF-23 (98+114 vs. 146+ 114RU/ml, p=0.06) levels but serum calcium,
1,25-dihydroxyvitamin D, and bone turnover (CTX and BSAP) did not differ. Those with
250HD<30ng/ml had lower age- and BMI-adjusted DXA T-scores at the 1/3 radius (-
1.6+ 1.4 vs. -0.9+ 1.4; p=0.02) but not at other sites (spine: 1.0+0.2 vs. 0.9+0.2, p=0.73;
FN: -1.1+1.0 vs. -1.34+1.0, p=0.66; total hip: -0.7+1.0 vs. -1.1+1.6, p=0.29). By
HRpQCT, those with 250HD<30ng/ml had 15% higher cortical porosity at the tibia
(7.5+2.3 vs. 6.542.3%, p=0.05) but not the radius, and tended to have lower cortical
density (radius: 801 + 83 vs. 832+ 83mgHA/cm® p=0.07; tibia: 756 4+ 67 vs. 783 + 68mgHA/
cm? p=0.06). These differences did not affect uFEA-estimated whole bone stiffness (radius:
31.04+9.6 vs. 32.4+9.6kN/mm, p=0.51; tibia: 102.7+23.0 vs. 98.9 +23.0kN/mm, p=0.45)
or failure load. Trabecular indices did not differ by vitamin D status. Those with
250HD=20ng/ml also had higher PTH (= 20 vs. =30ng/ml: 113440 vs. 70 +42pg/ml,
p<0.001; vs. >20ng/ml: 75+ 39pg/ml, p<0.001). Similar cortical trends were apparent in
those with 250HD= 20 vs. =30, but these were less marked in those with 2SOHD = 20 vs.
>20ng/ml. Results were similar in women only. In mild PHPT low 250HD is associated
with higher PTH levels, higher cortical porosity and modestly lower cortical BMD. These
differences did not result in lower mechanical competence, suggesting that the current
250HD thresholds do not have a major effect upon skeletal health in mild PHPT.

Disclosures: Marcella Walker, None.
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PTH(1-84) Treatment is Safe and Effective in Hypoparathyroidism for Six
Years. Mishaela Rubin*!, Natalic Cusano?, Laura Beth Anderson’, Dinaz
Irani®, James Sliney', Elizabeth Levy', Wen-wei Fan', Donald McMahon?,
John Bilezikian®. 'Columbia University, USA, *Columbia University
College of Physicians & Surgeons, USA, *Columbia University Medical
Center, USA

Hypoparathyroidism (HypoPT) is a rare disorder in which PTH is absent. We
found that 4 years of PTH(1-84) reverses the associated hypocalcemia, hyperpho-
sphatemia, hypercalciuria and elevated bone mineral density (BMD). Yet the lifelong
nature of HypoPT necessitates an extension of those findings. 27 HypoPT (47.7 + 2
yrs; 20 female; 25 Caucasian) were studied (postsurgical: n=16; autoimmune: n=10;
DiGeorge: n=1). Medications included calcium: 2858 + 240 mg/d; calcitriol: 0.66 +
0.1 pg/d; vitamin D: 13,389 + 3,247 TU/d and HCTZ: 9 + 3 mg/d. Serum calcium was
8.5 + 1 mg/dL with undetectable PTH; BMD (g/cm?) was lumbar spine 1.227 +0.05;
femoral neck 0.968 +0.04, total hip 1.085 + 0.04 and distal 1/3 radius 0.733 +0.01.
PTH(1-84) was started at 100 pug qod and changed after 2-3 years to 50 pg/d (n=15);
other doses ranged from to 25-100 pg/d. Decreases occurred in supplemental calcium
(2858 + 240 to 1250 + 267 mg/d; p<<0.001), calcitriol (0.66 + 0.1 to 0.27 + 0.1 pug/d;
p<0.001) and vitamin D (13,389 +3,247 to 2045 +3,633 p=0.04); HCTZ did not
change. Serum calcium was stable (8.5 +0.2 to 8.6 +0.2 mg/dl) while 24 hr urinary
calcium decreased (273.0 + 25 to 193.3 + 27 mg; p=0.007). Serum phosphate
(4.340.2 to 42 +0.2 mg/dl), creatinine (0.96 + 0.1 to 0.96 + 0.1 mg/dl), and
1,25(0OH)2D (39.0 + 4 to 33.8 + 10) did not change, but 25(OH)D (79.7 +7 to 40.9
+ 19 ng, p=0.04) and Mg decreased (1.8 +0.1 to 1.7 +0.1 mg/dl; p=0.02), while
alkaline phosphatase increased (65.3 + 3 to 77.3 + 4 IU/I; p=0.007). BMD (g/cm?)
increased 4% at the spine (1.22 + 0.1 to 1.26 + 0.1; p=0.004), 3% at the total hip (1.08
+ 0.1 to 1.10 + 0.1; p=0.03), did not change at the femoral neck (0.97 +0.1 to 0.97
+0.1) and decreased 4% at the 1/3 radius (0.73 + 0.1 to 0.71 + 0.1; p<<0.001). One
kidney stone and 2 fractures (stress and toe) occurred. Hypercalcemia occurred 13
times out of 407 serum calcium measurements (6%). These data suggest that 6 years of
PTH(1-84) treatment in HypoPT leads to sustained normalization in calcium
metabolism. Urinary calcium excretion, calcium and calcitirol supplemental require-
ments persisted in being lower than baseline values, along with maintenance of normal
serum calcium levels. BMD changes were site-specific, with a proclivity to increase at
trabecular and decrease at cortical sites. These data, the longest-term clinical
experience with PTH treatment available to date, suggest that PTH(1-84) treatment is
a safe and effective long-term option in HypoPT.

Disclosures: Mishaela Rubin, NPS Pharmaceuticals, 7
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Bilezikian'. 'Columbia University College of Physicians & Surgeons, USA,
2Columbia University, USA

It is well known that BMD improves after parathyroidectomy in primary
hyperparathyroidism but little is known about post-parathyroidectomy changes in
skeletal microstructure. We previously reported our results in a cohort of subjects
through 18 months and we now extend our findings through 2 years post-
parathyroidectomy. We studied 28 subjects [age: 63 + 14 years, duration: 7 + 9
years, 19 women (17 postmenopausal), 93% Caucasian] with baseline and at least 6
month data. Of these participants, 19 were also assessed at 12 months, 15 at 18
months, and 9 at 24 months (5 women). Measurements were made at the distal radius
and tibia using high resolution peripheral quantitative computed tomography
(HRpQCT, Scanco Medical AG) to assess volumetric bone mineral density (VBMD)
and bone microstructure. To evaluate changes after parathyroidectomy, we used a
linear mixed model for repeated measures. At both the radius and tibia, there were
significant increases in total vBMD; total, cortical, and trabecular area; and cortical
thickness (Table). Additionally, there was a significant increase in cortical density at
the tibia alone. The tibia experienced greater numerical improvements than the radius.

We also investigated sex-specific differences using sex as a covariate in the model.
Age was similar (men: 57 + 19 vs. women: 66 + 10 years; p=0.13). Men
demonstrated a trend towards shorter duration of disease (2 + 5 vs. 9 + 7 years;
p=0.06). We found gender-specific differences at the tibia that remained significant
after adjustment for age and disease duration in trabecular density (men: +3.4 + 10%
vs. women -0.3 + 9%; p=0.006) and trabecular bone volume fraction (men: +3.2 +
10% vs. women -0.3 + 9%; p=0.009).

This report provides the longest post-parathyroidectomy results for HRpQCT to
date, demonstrating clear improvement in geometric properties and vBMD at both
the radius and tibia. Our results continue to demonstrate site-specific differences, with
greater improvements at the tibia, a weight-bearing site. We also report gender-
specific differences in trabecular microstructure at the tibia. The etiology for sex-
specific differences in response to parathyroidectomy is unclear. The results help to
establish that bone quality improves after parathyroidectomy and that there arOe
differences between men and women.

Table. Percentags change in corlical (Gt and frabecular (Th) HRpOCT paramelens up b
24 manihs afler PTX in PHPT subjacts

Radius & months (%) | 12 months (%) | 18 months (%) | 24 months (%)
| Tatal vBAD 1.02 + 3.48° 101 +61 1.83 & 7.5" 232+ 3.0°
Total Araa 0,09 £ 0.5 021071 026 1 0.9% 029+ 1.01
CtArsa 138482 210+98 278 + 105 5.66 & 12 0%
Th Aunesa .14 * 1.3 005+ 16 =017 = 1.7 «0.66 = 2.1¢
Cl Thickmess 1.81+85 2.40 0.0 3.04 + 108" 582 % 13.38
| C1 Denaity 005426 003 +40 L23zad 05157
Tibia 6 months (%) | 12 months (%) | 18 montha (%) | 24 months (%)
Tatal vBMD 143 + 3.28 2.36 = 5.04 257 + B34 300 & 7T Bé
Total Area 0.12 + 0.3¢ 0.15 = 0.5¢ 0.25 + 0.6% 033+ 0.7%
ClArea 368+ 8.5 EET + 1344 944 + 17.1% 11.00 £ 21.4%
Th Arga 344072 052 4 1.0 056+ 1.3+ 083 £ 162
Gt Thickness 3.60 + B.O} 5.66 + 14.04 0.80 s 17.84 11.00 = 22.2%
Ct Donaity 0.51+29 043+ 4.6 1.47 #5.7° 189+ 6.9"

Moan & S0, vBMD, volumelinc bone mineral density, *p<0.05, fp<0.01, #p<0.001 from baselng

Table

Disclosures: Natalie Cusano, None.

FR0020

Accurate Quantification of Bone Fragility Requires Inclusion of Pores of all
Sizes. Afrodite Zendeli*', Yohann Bala’, Mariana Kersh®, Ali Ghasem-
Zadeh*, Ego Seeman®, Roger Zebaze®. 'Endocrine Centre, Austin Health,
University of Melbourne, Australia, Australia, 2University of Melbourne,
Dept. of Medicine, Australia, *Department of Mechanical Engineering,
Melbourne School of Engineering, University of Melbourne, Australia,
Australia, *Austin Health, University of Melbourne, Australia, SAustin
Health, University of Melbourne, Australia

Introduction: Intracortical remodeling during growth forms osteons with
Haversian and Volkmann canals responsible for most cortical voids which are seen
as ‘pores’ of ~50-80 um. With age, unbalanced and accelerated remodeling upon
canal surfaces enlarges them focally, some coalesce form large pores, while new canals
may be excavated increasing canal density (number per unit volume). This increase in
porosity causes 70% of all age-related bone loss and increases fragility exponentially.
As porosity may generate stress concentrators and influence crack initiation, large
numbers of small pores may reduce strength more than fewer large pores
independently of the total void volume. As in vivo imaging devices like HRpQCT
have a resolution of ~125 um, we proposed that failure to include pores <125 um
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underestimates bone fragility by underestimating porosity and disregarding the stress
risers so produced by small pores.

Methods: In scanning electron microscopy images of the anterior subtrochanteric
region in 16 Caucasian women (age 29 — 87 years), we assessed pore number and
diameter to determine the contribution of pores < 125 um to total porosity. Finite
element (FE) models were used to simulate loading the subtrochanteric cortex. Total
porosity was kept constant at 25% varying pore size from 53 to 300 um while applying
a 250KN bending force along one edge of the cortex to quantify strain distribution.

Results: Limiting quantification of porosity to pores > 125um excluded 77.2 +
9.4% of all pores in the total cortex; 88.1 + 9.22% of pores were missed in the
compact-appearing cortex (CC), and 58.6 + 14.3% were missed in the transitional
zone (TZ) (p < 0.001). Thus, porosity was underestimated by 41.9 + 17.4 % in the
total cortex. The underestimation was almost three-fold greater in the CC than in the
TZ (56.6 + 20.2 % vs 18.1 £ 16.6 %; p < 0.001).

For a given level of porosity, although total strain was relatively constant, areas
with highest strain increased with decreasing pore diameter (R?=0.72; p<<0.001).
When pore size was < 125 um, the areas subjected to >2600 ustrain increased by
135% compared to models with pores > 125 pm.

Conclusion: Confining quantification of porosity to pores above the resolution of
HRpQCT underestimates porosity by 50% and ignores the contribution of ~80% of all
pores to fragility. Accurate quantification in the effects of ageing, diseases and
therapies in bone fragility requires inclusion of all pores regardless of their size.

Disclosures: Afrodite Zendeli, None.
This study received funding from: NHMRC
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Consequences of acute estrogen deficiency on bone quality and biology and the
effects of Low Intensity Vibrations for mitigating bone loss. Divya
Krishnamoorthy*', Clinton Rubin®, Danielle Frechette®. 'SUNY Stony
Brook University, USA, 2State University of New York at Stony Brook,
USA, 3Stony Brook University, USA

Current drug and non-drug treatments for post-menopausal osteoporosis are not
particularly effective at reversing the severe insult to bone quantity. This study
investigates the responsiveness of skeletal remodeling in ovariectomized (OVX’d) mice
to low intensity mechanical vibrations (LIV), which has been shown to be anabolic to
bone. We aimed to identify the most effective period, either in the acute or chronic
phases of OVX-induced bone loss, for the application of mechanical intervention. In just
2w following the cessation of estrogen, C57BL/6 female mice OVX’d at the age of 8w
(n=5, OVX) revealed a significant 38% (p<<0.05) reduction in trabecular BV/TV
compared to sham controls (n=6, AC), along with a 19% increase and 18% decrease in
trabecular spacing and number, respectively (both p>0.05). In addition to the
immediate defect in bone quality, bone marrow cell populations also exhibited shifts
within just 2w following OVX. The percent of B cells, T cells and myeloids show 44%
increase (p>0.05) and 14% & 17% decrease (p>0.05) with respect to controls. Mice
receiving just 2w of LIV (n=8, LIV) treatment (0.3g, 90Hz, 15min/day) immediately
following cessation of estrogen exhibited only about half the decrease in BV/TV
compared to shams as that of OVX (-20% in LIV (p>0.05) vs. -38% in OVX (p<<0.05)).
Bone marrow leukocyte populations showed no significant differences with LIV
suggesting that, the partial mitigation of bone by LIV might actually be a protection of
resident bone cells rather than an effect on the bone marrow cell populations. The
application of LIV for 6w following the significant insult to bone that occurs in 2wks
was in fact unsuccessful at both restoring trabecular bone and normalizing bone marrow
leukocyte populations. These data not only reveal that the insult to the skeletal quality
and biology is defected immediately upon estrogen deficiency but that the application of
interventions would be more effective during menopause when bone remodeling is at its
peak rather than post-menopause when bone loss it too severe to overcome.

Estrogen Deficiency results in a signifcant insult to trabecular BVITV
following 2 weeks and LIV treatment mitigates the loss
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Estrogen Deficiency results in insult to BV/TV following 2w & LIV treatment mitigates
the loss

Disclosures: Divya Krishnamoorthy, None.
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Cortical Tissue from Postmenopausal Women with Atypical Fractures Shows
Reduced Heterogeneity in Nanomechanical Properties. Ashley Lloyd*, Eve
Donnelly. Cornell University, USA

Bisphosphonates are the primary pharmacologic treatment for osteoporosis and
reduce fracture risk by 30-50% in postmenopausal women. However, atypical femoral
fractures, characterized by a transverse brittle morphology, have been associated with
prolonged bisphosphonate treatment. Because bisphosphonates reduce bone remodel-
ing, they have the potential to alter bone tissue material properties. However, the
tissue material properties of atypical fractures are unknown.

Thus, the objectives of this study were (1) to compare the nanomechanical
properties of bone tissue from patients with atypical femoral fractures to that of
patients with typical fragility fractures, and (2) to correlate the nanomechanical
properties with compositional properties.

Specimens of proximal femoral cortical bone adjacent to the fracture site were
obtained from postmenopausal osteoporotic women during fracture repair surgery.
The patients were allocated into three study groups: patients with atypical fractures,
all of whom had a history of bisphosphonate use (+BIS Atypical: n=7, age 73+/-12y,
bis 9.3+/-4y); and patients with typical fragility fractures with and without
bisphosphonate use (+BIS Typical: n=4, age 88+/-6y, bis 9.5+/-6y; -BIS Typical:
n=4, age 85+/-3y).

Raman microscopy was used to assess the mineral:matrix ratio, carbonate:pho-
sphate ratio, and mineral crystallinity. Nanoindentation was used to assess the
reduced modulus and hardness. The compositional properties were correlated with
nanomechanical properties. Compositional heterogeneity was assessed through the
full width at half maximum of parameter histograms.

Mean mineral:matrix ratio was 7.5% greater in atypical samples compared to
pooled controls (+BIS Atypical: 1.57 vs. +BIS Typical: 1.33, p=.016; vs. —BIS Typical:
1.41, p=.086) (Fig. la). The distributions of tissue mechanical properties were
narrower in atypical samples compared to pooled controls, with reduced modulus
15.9% narrower (p=.053) and hardness 12.4% narrower (p=.033) (Fig. 1b). Crystal-
linity was the best predictor of both hardness and reduced modulus across all groups.

The elevated tissue mineralization in atypical samples suggests increased tissue age
and increased brittleness. The decrease in heterogeneity of mechanical properties is
consistent with a reduction in overall bone toughness due to a loss of intrinsic
toughening behavior and the transverse fracture morphology observed radio-
graphically.
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Disclosures: Ashley Lloyd, None.
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Sequential Impact Loading and Zoledronic Acid Pre-Treatments Protect
Against Disuse-Induced Bone Strength Loss in the Rat Femoral Neck. Ray
Boudreaux*, Jessica Brezicha, Scott Lenfest, Anand Narayanan, Susan
Bloomfield, Harry Hogan. Texas A&M University, USA

Disuse is a potent down-regulator of bone mass. Recent data demonstrate that
bisphosphonates (BP) and exercise can mitigate bone loss, yet interactive effects when
the two are combined are unclear. Zoledronic Acid (ZA) given as a yearly injection
avoids the GI side effects of other BPs. This study used high impact loading (IL) to
simulate exercise, followed by ZA just before a period of disuse. We hypothesized that
this novel sequential pre-treatment would protect against disuse-induced losses in
strength and densitometric properties at the femoral neck (FN). We further
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hypothesized that the sequential combination of IL and ZA pre-treatment would be
superior to either treatment alone.

Male Sprague-Dawley rats (6-mo) were block assigned by initial body weight to 1 of 6
groups (n=12/group): BC (baseline control), CC (cage control), HU (hindlimb unloaded),
IL+HU (impact loading prior to HU), ZA+HU (ZA prior to HU), and IL+ZA+HU (IL
followed by ZA prior to HU). IL took place 3x/wk, consisting of 25 free-fall drops per
session from a height of 60 cm for 5 weeks. A single dose of ZA (60 pg/kg) was
administered the day before the start of 28d of HU, achieved via the traditional tail
suspension method. Femurs were collected at the end of HU, and ex vivo pQCT scans
were conducted followed by standard mechanical tests of the FN. For untreated HU rats,
disuse caused significantly lower ultimate force (-20%) and absorbed energy (-35%) vs.
CC, but all 3 treatments were effective countermeasures. At the end of HU, ultimate force
was 21% higher than HU for IL+HU, 17% higher for ZA+HU, and 31% higher for the
combination (IL+ZA+HU). Absorbed energy was also higher (by 34%, 30%, 49%,
respectively). HU lowered total BMC (-11%) and vBMD (-6%) vs. CC. All 3 treatments
had significantly higher vVBMD than HU (by 5.8%, 6.9%, 8.3%, respectively). For BMC
and bending strength index, however, only IL+ZA+HU led to significantly higher values
vs. HU (by 14% and 15%, resp.).Our study demonstrated that monotherapy of IL or ZA
was capable of mitigating HU-induced bone loss in the FN of skeletally mature rats, but
the sequential combination of IL+ZA was better than either treatment alone for
mechanical properties and selected densitometric variables. To our knowledge, this is the
first study to document protection from disuse bone loss in rats via ZA and/or impact
loading. The results provide encouraging support for the potential advantages to be
gained from combination therapies.

Disclosures: Ray Boudreaux, None.
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Microdamage Formation In Osteocalcin and Osteopontin Deficient Mice.
Stacyann Morgan*!, Ondrej Nikel!, Atharva Poundarik?, Caren
Gundberg®, Deepak Vashishth!. 'Rensselaer Polytechnic Institute, USA,
“Rensselaer Polytechnic University, USA, *Yale University School of
Medicine, USA

Fatigue-induced microdamage leads to bone resistance against stress and fragility
fractures. We have recently shown that osteocalcin (OC) and osteopontin (OPN) acts
as link proteins and enhances bone toughness'. However, the role of these proteins in
energy dissipation during physiological cyclic loading is unknown. To address this
question, here we studied microdamage formation in wild type (WT) and OC-OPN"
" mice subjected to cyclic loading.

Tibias from male 6 months old C57/BL6 mice (n=6) and their OC-OPN”*"
littermates were obtained and stored in saline soaked gauze at -80C until use. The soft
tissue was removed and a strain gauze (EA-13-015DJ-120, Vishay) was bonded on to
the lateral surface. Each bone was loaded by a linear ramp in four point bending at
40N/sec until 5000n? was achieved. The bones were subsequently loaded in fatigue
between IN and the predetermined maximum load at 2Hz. Cyclic loading was
interrupted in the tertiary phase of the fatigue life at 70% stiffness loss. Samples were
stained in 1% basic fuchsin and embedded in polymethyl methacrylate (PMMA).
Transverse sections through the region of the gauge were created at 100 um thickness.
Diffuse damage and linear microcracks were observed using a confocal microscopy at
10x (Zeiss LSM 510Meta, Carl Zeiss,Germany). Linear microcrack density and
diffuse damage area were assessed for each sample. Mann-Whitney Rank Sum test
was used to determine differences between the groups.

Linear microcracks and diffuse damage was observed in both groups. However,
diffuse damage was significantly higher in WTs (p=0.002) than OC-OPN”+"

(WT=0.072+0.06 mm?* mm?, OC-OPN”“" =0.003+0.07 mm? mm?). While OC-
OPN™" had higher number of linear microcracks (4.33 + 3.5 #LMC/ mm?) compared
to WTs (3.0-£2.7 #LMC/ mm?), the result was not significantly different (p=0.30).
Differences in fatigue behavior between the two groups was consistent with
microdamage data and also showed differences in post fatigue creep behavior. In
summary, our study shows that the loss of OC and OPN from bone matrix,
significantly reduces diffuse damage formation and affects fatigue behavior of bone.
The results indicate that energy dissipation is largely governed by diffuse damage
formation, as opposed to linear microcracks, and its absence decreases the resistance
of bone to fatigue failure.

References: [1] Poundarik, et al (2012) Dilational Bone Formation in Bone. PNAS
109(47):19178-83

Disclosures: Stacyann Morgan, None.
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Lack of Adaptive Bone Response to Increased Mechanical Loading in a
Mouse Model of Reduced Peripheral Sensory Nerve Function. Mollie
Heffner*!, Blaine Christiansen?. 'UC Davis Medical Center, USA,
2University of California - Davis Medical Center, USA

Sensory nerves in bone have traditionally been assigned the role of pain
transmission, but recent insights into the interaction between neuropeptides and
bone cells suggest a more direct role for nerves in bone. However, the role of sensory
nerves in bone, especially under adaptive conditions such as increased mechanical
loading, remains largely undefined. In this study, we used capsaicin-treated mice as a
model of decreased peripheral sensory nerve function to study the role of sensory
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nerves during adaptation of bone to anabolic mechanical loading. Mice were injected
subcutaneously with capsaicin (50 mg/kg) on days 2 and 5 after birth; decreased
sensory nerve function was confirmed in skeletally mature mice (12 weeks old) with a
thermal stimulus sensitivity test. Capsaicin- (n = 10 male, 10 female) and vehicle-
treated mice (n = 10 male, 8 female) were subjected to mechanical loading via tibial
compression. The right lower leg of each mouse was compressed to a target
compressive load of 3 N at 4 cycles/sec, 1200 cycles/day, 5 days/week for 2 weeks. Left
tibiae served as internal controls. Bilateral tibiae were scanned using micro-computed
tomography (SCANCO pCT 35). Trabecular bone was analyzed at lateral and medial
compartments of the proximal tibial metaphysis. Cortical bone was analyzed at 10, 20,
30, 40 and 50% of the tibia length from the proximal end. Tibial compression resulted
in increased bone structure in the loaded tibiae of vehicle-treated mice, particularly at
the lateral metaphysis trabecular bone, and at proximal sites along the tibial length
(10% and 20%). In contrast, we observed no differences in bone structure between the
loaded and contralateral tibiae of capsaicin-treated mice. For example, male vehicle-
treated mice had 5.5% greater trabecular thickness at the lateral region of the tibial
metaphysis (p = 0.028), while male capsaicin-treated mice showed no significant
change. Similarly, female vehicle-treated mice had 2.7-5.8% greater bone area in the
loaded tibia compared to the contralateral tibia at 10% and 20% of the tibia length,
while female capsaicin-treated mice showed no differences at these locations (Fig. 1).
These findings suggest that bones of mice with reduced peripheral sensory nerve
function are less sensitive to increased mechanical loading than sensory intact mice.
These observations are potentially important when considering treatment options for
bone disease in subjects with diminished sensory nerve activity.
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Disclosures: Mollie Heffner, None.
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A School-based Seven Year Exercise Intervention Program in 6-9 Year Old
Children Improve Skeletal Traits without Increasing the Fracture Risk — A
Population-Based Prospective Controlled Study in 3534 Children. Jesper Fritz*',
Magnus Karlssonz, Bjorn Rosengrenz, Magnus Dencker?, Caroline Karlsson®.
ISweden, 2Skéne University Hospital Malmo, Lund University, Sweden

Purpose: Most prospective physical activity (PA) intervention studies in children
are short-term and concerns for an increased fracture risk.

Method: We conducted a population based long-term prospective controlled
exercise intervention study with 40 minutes of scheduled PA in school per day for 7
years in 619 girls and 720 boys aged 6-9 years at study start. An age matched control
cohort of 1069 girls and 1126 boys continued with the Swedish standard of 60 minutes
PA per school week. We registered incident fractures and calculated rate ratio (RR)
with 95% confidence interval (95% CI). In a sub-sample of 63 girls and 91 boys in the
intervention and 38 girls and 36 boys in the control group, we followed skeletal traits
annually by dual X-ray absorptiometry (DXA) and at last follow-up also by
peripheral quantitative computed tomography (pQCT). We calculated individual
slopes and annual changes in bone mineral density (BMD; g/cm2), bone mineral
content (BMC; g) and femoral neck area (cm2) and we also compared volumetric
BMD (vBMD; mg/cm3) between groups. Data are reported as mean gender-specific
group differences with 95% CI within brackets.

Results: There were 25.2 fractures/1000 person-years in the intervention group and
23.4 fractures/1000 person-years in the control group, resulting in a RR of 1.08 (0.88,
1.31). Furthermore, there were no group differences in the gender specific fracture risk
evaluations (data not shown). For girls the annual gain in spine BMD was 0.01g/cm2
(0.00, 0.01), in femoral neck BMC 0.07g (0.02, 0.11) and in femoral neck area 0.03cm2
(0.00, 0.06) greater in the intervention than in the control group. With DXA at last
follow up, the intervention girls had 0.4g (0.0, 0.8) higher femoral neck BMC than the
control girls. With pQCT at last follow up, the intervention girls had 13.7mm2 (0.4,
27.0) larger tibial cortical area, 16.4g (1.3, 31.4) higher tibial cortical BMC and
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22.6mg/cm3 (4.1, 41.0) higher tibial trabecular vBMD than the control girls. The
intervention boys had at last follow-up 18.5mg/cm3 (4.1, 32.9) higher radius cortical
vBMD than the control boys while the other traits and annual gains were similar.

Conclusions: PA intervention for 7 years in school in at study start 6-9 year old
children, improves in girls the gain in bone mass and bone structure and is in boys
associated with higher bone mass without in neither of the genders increasing the
fracture risk.

Disclosures: Jesper Fritz, None.

FR0051

Effects of History of Amenorrhea on Marrow Adiposity, Cortical Bone Mass
and Distribution in Retired Elite Gymnasts. Rachel Duckham*!, Timo
Rantalainen®, Gaele Ducher®, Prisca Eser®, Robin Daly*. 'Deakin
University, Aus, “University of Jyviskyld, Finland, Deakin University,
Australia, *Centre for Physical Activity & Nutrition Research, Deakin
University, Australia

Purpose: Bones adapt to prevalent loading in a site-specific manner, which may be
related to the preferential differentiation of bone marrow mesenchymal stem cells into
osteoblasts rather than adipocytes. Given that amenorrhea (AME) can adversely
affect bone health, the aims of this study were to examine: 1) the effects of history of
athletic AME on exercise-induced changes in bone strength, geometry, cortical VBMD
and its distribution in retired gymnasts; 2) examine whether bone marrow density, as
an estimate of marrow adiposity, differs between retired gymnasts with contrasting
menstrual histories, and 3) whether marrow density is an independent predictor of
cortical bone mass, structure and strength.

Methods: 28 female retired gymnasts (mean+SD: age 23 +5 years; years retired
6+4) reporting a history of AME (primary or secondary AG, n=10) were compared
with former eumenorrhoeic gymnasts (EG, n=15) and controls (C, n=30, aged 26 +8
years). pQCT was used to assess marrow density, muscle CSA, total (ToA), cortical
(CoA) and medullary area (MeA), strength strain index (SSIp) and total cortical and
regional (endo-, mid- and peri-cortical) vBMD at the mid (66%) radius and tibia.

Results: Menarcheal age was delayed in AG compared to EG and C (17 vs 13 and 12
years, P<<0.001). At the radius, SSIp was 22-29% (P<<0.001) higher in AG and EG
versus C, which was accompanied by 19-25% (P<<0.001) greater ToA. CoA was not
different between AG and C because of medullary expansion in AG. Radial cortical
vBMD was 9-18% (P<0.05) lower at the endo- and mid-cortical regions in AG
compared to C. At the tibia, AG had 18% (P<<0.05) higher SSIp compared to C, which
was accompanied by enhanced bone structure (12-13% greater ToA and CoA, P<0.05)
but not cortical vBMD. Marrow density did not differ significantly between AG (tibia
0.967+0.006; radius 0.946 +0.008), EG (tibia 0.959 +0.006; radius 0.957 +0.007) and C
(tibia 0.954 +0.004; radius 0.960 +0.005). Moreover, there was no associations between
marrow density and bone strength and its determinants in the subgroups or all women
combined, even after adjusting for bone length, MeA and muscle CSA.

Conclusion: Former female gymnasts, irrespective of menstrual history, had
greater cortical bone size and strength, but normal or lower vBMD, at peripheral sites
compared to the non-active women. In contrast, there were no differences in marrow
adiposity which suggests that it did not contribute to the observed differences in bone
strength.

Disclosures: Rachel Duckham, None.

FR0054

Increased Physical Activity during Growth Improves Muscular Development
without Affecting Fracture Risk — a Four-Year Prospective Controlled
Exercise Intervention Study in 2 525 Children. Marcus Coster*!, Jesper
Fr_itzl, Magnus Dencker?, Susanna Stenevi-Lundgren?, Jan-Ake Nilsson?,
Bjorn Rosengrenz, Magnus Karlsson>. ISweden, >Skane University
Hospital Malmo, Lund University, Sweden

Short-term pediatric exercise intervention programs improve muscle strength. It is
unknown whether these benefits remain with extended duration of intervention, and
some concerns for higher fracture risk have been raised. We therefore evaluated the
effects of a four-year exercise intervention on fracture risk and muscle strength.

We registered incident fractures in an intervention group of 391 girls and 468 boys,
aged 6-9 years at study start, who received 40 minutes of physical activity (PA) per
school day (200 minutes per week) during a four-year period, and in a control group
of 815 girls and 851 boys who continued with the standard of 60 minutes of PA per
week. In a sub-cohort of 236 children we annually estimated muscle strength as
isokinetic Peak Torque (PT) of the knee extensors and flexors in the right leg at speeds
of 60o/second and 1800/second by a computerized dynamometer. We also measured
lean body mass by dual energy X-ray absorptiometry (DXA). We calculated the rate
ratio (RR) for fracture risk and estimated annual change in muscle strength and lean
body mass by linear regression in each individual. We adjusted group comparisons for
baseline age, baseline value for the measured parameter, annual changes in height and
Tanner stage at follow-up.

The fracture risk was similar in the intervention and control group [RR 1.10 (0.82,
1.47)]. The annual gain in PT flexion strength was greater in girls (p<<0.05) and boys
(p<<0.01) in the intervention than in the respective control group, while the gain in
lean body mass was similar. Girls in the intervention group also had greater gain in PT
extension strength at 180 °/sec (p<<0.05).
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Our four-year exercise intervention program initiated in the prepubertal period
improves the gain in leg muscle strength in both girls and boys without affecting the
fracture risk.

Disclosures: Marcus Coster, None.

FRO0055

Novel “3-6” infant DXA scanning and analysis protocols to isolate movement
and other artifacts. John Shepherd*l, Bo Fanl, Cassidy Powersz, Lynda
Stranix-Chibanda®, Mary Glenn Fowler*, Linda Dimeglio’, Cynthia
Mukwasi®, Kathy George’, George K Siberry®. 'University of California,
San Francisco, USA, 2UCSF, USA, 3Department of Paediatrics & Child
Health College of Health Sciences University of Zimbabwe, Zimbabwe,
“Makerere University(MU)-Johns Hopkins University(JHU) Research
Collaboration, Uganda, ’Indiana University School of Medicine, USA,
SUniversity of Zimbabwe, Zimbabwe, "FHI 360, USA, SNICHD/NIH, USA

Much progress has been made in prevention of mother to child transmission
(PMTCT) of HIV by use of combination antiretroviral drugs (ARVs) given to the
mother and infant during pregnancy and breastfeeding. However, some ARVs have
been linked to decreased bone mineral density. Movement and artifacts in infant DXA
scans are common, and may lead to scan invalidation. To date, standardized
acquisition and analysis methods for infant spine and whole body DXA scans do not
exist. We developed a “3-6” infant DXA protocol for up to 3 scan attempts and 6
analysis regions for whole body scans. The 3-6 protocol is designed to improve the
odds of acquiring a motion-free scan, and a correction method using either reflection
or multiscan imputation. We characterized the effectiveness of this protocol by
measuring the precision and accuracy of the bone and soft tissue measures. Newborns
received spine and whole body DXA scans with up to 3 attempts to acquire a motion
free scan. All attempts were saved. A 6-region whole body analysis was used to allow
for reflection analysis of arms and legs, and to isolate the head. We evaluated the
difference in BMC for head and arm positioning. Regional precisions were estimated
as root mean square errors (RMSE) or percent coefficients of variation (%CV) for
scans with multiple valid results. Results from scans without movement were
compared to estimated results from either reflection (whole body) or multiscan
imputation (spine). To date, 533 infants have been sequentially recruited (198 male)
with at least one valid whole body scan (82%) and spine scan (91%). An additional
11% of whole body and 7% of spine scans were recovered using reflection and
multiscan imputation. Spine precision for paired scans was 3.2% (BMD) and 4.1%
BMC (n=30 pairs). Whole body precision was 6.6% for BMC and 5.0% for BMD
(n=5 pairs), and 1.9%, 3.2%, 2.7%, and 1.4% for lean, fat, % fat, and total mass
respectively. Omitting one vertebrae did not significantly impact the total BMD. One-
vertebra imputation resulted in < 1% total BMD change. The RMSE of total body
measures using reflection was in all cases less than the precision for any single region.
After adjusting for subtotal BMC, head turning caused an apparent increase in total
BMC by 3.6%. Arm and leg bending showed no difference in the total BMC (p>0.3).
We conclude that the 3-6 protocol is effective in improving the accuracy of infant
DXA scans and provides good spine and whole body DXA precision.

Ideal positioning for
an infant whole body scan
with six regions of interest.
Notice that there are no
motion artifacts and no
overlapping regions.

Fig.1: spine scan with no motion
Infant spine image for 3-6 protocol

Disclosures: John Shepherd, None.
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FR0057

Determining Peak Bone Mineral Density in 16 to 24 year olds: A
Longitudinal HR-pQCT Study. Lauren Burt*, Sarah Manske, Jenn
Bhatla, David Hanley, Steven Boyd. University of Calgary, Canada

Peak bone mineral density (PBMD) occurs by late adolescence or early adulthood,
and its timing has mainly been assessed using dual x-ray absorptiometry (DXA).
PBMD measured with high-resolution peripheral quantitative computed tomography
(HR-pQCT) may differ due to resolution or skeletal site differences. If HR-pQCT can
be used as a clinical assessment tool, identifying individuals with osteoporosis and
increased fracture risk, normative data illustrating PBMD is important to implement
a T-Score classification system. In our population-based cohort we aimed to assess
differences in PBMD between females and males by HR-pQCT compared with DXA.

Females (n=42, 21.5 yrs) and males (n=33, 21.6 yrs) from the Calgary youth cohort
of the Canadian Multicentre Osteoporosis Study (CaMos) participated in a 2-year
follow-up study. DXA (Hologic, USA) scans of the left hip provided areal bone
mineral density (aBMD) of femoral neck (FN) and total hip (TH). Non-dominant
radius and left tibia were scanned using HR-pQCT (Scanco Medical, Switzerland). To
compare repeat scans, automated 3D image registration was conducted (IPL
software) and masks of the common region were applied for data analysis. Total
volumetric BMD (Tt.BMD), cortical BMD (Ct.BMD), trabecular BMD (Tb.BMD)
and cortical porosity (Ct.Po) were assessed, and finite element analysis estimated
apparent bone strength. A repeated measures ANOVA assessed age-related bone
change over time.

Over 2-years, DXA-derived aBMD decreased at the FN and TH for females and
males by -0.5 to -1% per year (p<<0.01). At the radius, Tt.BMD increased by 1% per
year for both females and males (p<<0.01), Tb.BMD increased 0.8% per year for males
(p<<0.01) but did not increase for females. Ct.BMD increased by 0.7% for females and
1% per year for males (p<<0.01). There were no significant changes in Ct.Po or
apparent bone strength for females or males at the radius (p>0.05). At the tibia, there
were no significant increases in BMD for females or males; however, Ct.Po increased
7% for females and 10% per year for males (p<<0.01). Apparent bone strength did not
change for females or males at the tibia (p>0.05).Our 2-year longitudinal study is
consistent with known DXA peaks in aBMD occuring before 20 years at the FN and
TH. Our 3D measures reflected an increase in HR-pQCT-derived BMD parameters at
the radius, suggesting PBMD at the radius occurs at an age greater than 22 years in
both females and males. At the tibia, all HR-pQCT-derived BMD parameters
remained stable suggesting PBMD at this skeletal site may occur before 22 years in
both females and males, similar to hip aBMD. Like DXA (hip vs. spine), timing of
PBMD differs according to skeletal site (radius vs. tibia). Peak normative data for
HR-pQCT should comprise of <22 year olds to capture PBMD at the tibia and = 22
year olds to capture PBMD at the radius.

Disclosures: Lauren Burt, None.

FRO058

Does up to three years of exposure to recreational gymnastics between 4 and
12 years of age influence bone strength development at the radius and tibia?.
Marta Erlandson*', Stefan Jackowski!, Rita Gruodyte-Raciene?, Saija
Kontulainen', Adam Baxter-Jones'. 1University of Saskatchewan, Canada,
2Lithuanian Sports University, Lithuania

Introduction: Gymnastics training results in unique high mechanical loading to the
skeleton. It therefore, provides an excellent model for assessing the effects of weight-
bearing physical activity on bone development. Elite gymnasts have been found to
display higher aBMD, BMC, and bone structrual strength both during active sports
participation and after retirement. Recreational gymnasts have also been found to
have greater bone parameters in cross-sectional studies compared to peers not exposed
to gymnastics. What is unknown is the long-term consequence of early exposure to
recreational, low-level, gymnastics on the subsequent development of bone strength.
The purpose of this study was to investigate the influence of exposure to recreational
gymnastics during childhood on bone properties and estimated strength development
at the radius and tibia.

Methods: One hundred and twenty seven children (59 males, 68 females) between 4
and 9 years of age, involved in either recreational gymnastics (gymnasts) or other
recreational sports (non-gymnasts) were recruited and followed for three consecutive
years. Measures included demographics, anthropometrics, gymnastics participation,
physical activity and peripheral quantitative computed tomography (pQCT) scans of
the distal and shaft sites of forearm and lower leg. Multilevel random effects models
were constructed to assess development of bone strength measures, controlling for
age, limb length, weight, physical activity, muscle area, sex, and gymnastics exposure.

Results: Once age, limb length, weight, muscle area, physical activity and sex were
accounted, it was observed that individuals exposed to recreational level gymnastics
had significantly greater total bone area (18.0 + 7.5 mm?) and total bone content (6.0
+ 3.0 mg/mm) at the distal radius than individuals not exposed to recreational
gymnastics (p<<0.05). Gymnastics exposure was not a significant independent
predictor for any bone measures at the radial shaft or at the tibia (p>0.05).

Conclusions: Exposure to recreational gymnastics provides skeletal benefits at the
distal radius at all ages, suggesting that childhood recreational gymnastics exposure is
advantageous to bone development at the wrist. As recreational gymnastics skills can
be implemented into physical education programs, this type of training could
potentially impact primary wrist fracture prevention. However, randomized
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controlled trials of recreational gymnastic exposure are required to further support
these findings.

Disclosures: Marta Erlandson, None.

FR0059

The Association of Child Bone Measures Across Ages with Parent Bone
Measures. Steven Levy*', Elena Letuchy? Julie Eichenberger Gilmore?,
Kathleen Janz', Trudy Burns®, James Torner”. lUniversity of Towa, USA,
2Univ. of Towa Dept. of Epidemiology, USA, Univ. of Towa College of
Medicine, USA, “Univ of Towa College of Epidemiology, USA, >Univ. of
Towa Department of Epidemiology, USA

Purpose: This analysis characterized associations between parental bone and
growth measures and those of their children from early childhood to late adolescence.
These associations can indicate propensity for growth and bone accrual determined by
familial influences. Methods: Towa Bone Development Study examinations conducted
every 2 to 3 years from age 5 to 17 years (6 waves) in boys and girls obtained measures
of bone mineral content (BMC) and density (BMD) for hip, spine, and whole body
from DXA (Hologic); and growth measures of height and weight. Parental measures
were assessed once at the age 8 examinations. Parent-child correlations were estimated
for: 1) “raw” bone and growth outcomes; 2) minimally adjusted outcomes (residuals
and predicted values from gender- and wave-stratified linear regression models for
children with height and weight (for bone) as predictors; parental models also included
age); and 3) fully adjusted outcomes (models also included, e.g., physical activity).
Analyses were done for children using all available data from each wave (n=120-240
per wave, varied by wave and parent/child gender) and again for those with measures
at each examination (n=218). Results: The parent-child height association was stronger
for maternal measures, and increased with child age (r=0.46 to 0.59 for daughters;
r=0.40 to 0.59 for sons). Weight correlations showed a slight positive age trend for
daughters, but not sons, and the strength of the association was not different for
mothers vs. fathers. Spine BMC showed stronger maternal associations. The hip BMC
and whole body (without head) BMC maternal associations were also stronger for
daughters (r=0.5). For sons, there was no difference mothers vs. fathers (r=0.45). The
strongest associations were for maternal-child spine BMC (1?0.6 for sons and
daughters) at age 17. In general, there appear to be stronger maternal influences on
bone measures; the strength is modified by covariate adjustment. Father-daughter
associations are strongest for covariate-adjusted spine BMD and BMC; father-son
associations are strongest for hip BMC and BMD. Analyses limited to children
measured at all waves showed similar patterns. Conclusion: The strength of parent-
child height, but not weight, associations was dependent on child age. Only spine
measures showed stronger associations at older ages when adjusted for growth
measures and other covariates, reflecting stronger parental influences.

Parent-child Correlations of Predicted Spine BMC,
Adjusted for Covariates
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Disclosures: Steven Levy, None.

FR0060

The Longitudinal Relationship Between Visceral Fat and Bone Development:
The Towa Bone Development Study. Natalic Glass*', James Torner', Elena
Letuchy!, Trudy Burns', Kathleen Janz', Janet Schlechte?, Julie
Eichenberger Gilmore!, Steven Levy'. 1University of Towa, USA,
*University of Iowa Hospital, USA

Purpose: Greater visceral fat (VF) has been associated with with lower bone
measurements in youth, though this relationship has not been evaluated long-
itudinally. The purpose of this study was to determine if VF is negatively associated
with bone parameters in overweight and obese adolescents from age 11-17.

Methods: Iowa Bone Development Study participants underwent peripheral
quantitative computed tomography (pQCT) scans of the radius and tibia and whole
body dual energy x-ray absorptiometry (DXA) scans every 2 years from age 11-17.
Eligible participants were overweight or obese at age 11 according to CDC BMI
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percentiles and had age 11 baseline scans and age 15 or 17 follow-up. VF area (cm?)
was estimated from whole body DXA scans using Apex 4.0.2 software (Hologic, Inc).
Gender specific analyses evaluated the relationship between VF and bone develop-
ment with growth models using biological age (visit age — age of peak height velocity)
as the time variable adjusted for limb length and lean mass. Results are presented as
standardized parameter estimates.

Results:  Eligible participants included 42 girls(45% obese) and 52 boys (35%
obese) with a mean age at baseline of 11.2+0.3 years. In girls, greater VF was
associated with thinner cortical bone and lower strength-strain index (SSI) at the
radius (20% site), but not tibia (Table). In boys, greater VF was associated with lower
density and strength at the trabecular bone site (4%) at the tibia but not radius. At the
cortical site in boys (20%), greater VF was associated with thinner bones at the radius
with no significant associations at the tibia. In sensitivity analyses restricted to obese
participants, results remained relatively unchanged in girls. In boys, the relationship
between VF and SSI (20% site) became significant (-0.12+0.05, p=0.0260) while
parameter estimates for associations at the 4% tibial site were attenuated and no
longer reached significance (BMD: -0.14 +0.08, p=0.11; BSI: -0.17+0.09, p=0.07).

Conclusions: Greater VF is associated with lower cortical bone strength at the
non-weight-bearing radius but not at the tibia where greater mechanical loading may
attenuate the negative relationship. Lower trabecular bone strength at the tibia with
greater VF in boys may be a reflection of more rapid growth at that site. These results
suggest the bone-fat relationship may vary depending on adiposity and bone site and
explain previous, conflicting reports on this relationship.

Bone Measurement | Parameter Estimate+SE | p-value

Radius 4% site

Bone Mineral Density | Girls | -0.03£0.08 0.76
Boys | -0.0520.06 0.39

Bone Strength Index | Girls | -0.04+0.08 0.59
Boys | -0.006+0.04 0.88

Radius 20% site

Bone Mineral Density | Girls | -0.03+0.05 0.50
Boys | -0.03+0.06 0.66

Cortical Thickness Girls | -0.21+0.07 <0.01
Boys | -0.1620.05 =0.01

Strength-Strain Index | Girls | -0.12£0.05 0.01
Boys | -0.0420.02 0.07

Tibia 4% site

Bone Mineral Density | Girls | -0.04+0.08 0.62
Boys | -0.1920.05 <0.01

Bone Strength Index | Girls | -0.13+0.07 0.07
Boys | -0.14+0.04 <0.01

Tibia 38% site

Bone Mineral Density | Girls | -0.02+0.04 0.63
Boys | -0.03x0.06 0.64

Cortical Thickness Girls | -0.09£0.05 0.08
Boys | -0.08+0.05 0.08

Strength-Strain Index | Girls | -0.05£0.04 0.15
Boys | -0.03£0.02 0.21

Table: Relationship Between VF and Bone Development (Standardized Parameter
Estimates SE)

Disclosures: Natalie Glass, None.

FR0063

CCL3 demonstrates sexually dimorphic regulation of skeletal homeostasis
and the hematopoietic stem cell pool in the bone marrow. Benjamin Frisch*!,
Alexandra Goodman', Mary Georger', Michael Becker!, Laura Calvi>.
"University of Rochester School of Medicine & Dentistry, USA,
*University of Rochester School of Medicine, USA

Hematologic malignancies are known to remodel the bone marrow microenviron-
ment reducing support for normal hematopoiesis and increasing support for
malignant hematopoiesis. One molecular mechanism that has been demonstrated to
play a role in this microenvironmental remodeling is the chemokine CCL3. However
under normal physiologic conditions the role of CCL3 in the maintenance of the
skeleton and hematopoiesis is poorly understood. To study this we utilized mice that
lack CCL3 (CCL3KO). CCL3KO mice demonstrate a marked increase in the
frequency and number of phenotypic long-term hematopoietic stem cells (LT-HSCs)
in the marrow by flow cytometric analysis (0.0053 + 0.0005 vs. 0.0106 + 0.0007 % of
cells, WT vs. CCL3KO p=0.0001 n=8 mice/group). A significant increase was also
seen in short-term HSCs (ST-HSCs), but not in multipotent progenitors (MPPs) (data
not shown), suggesting that in the HSC compartment CCL3 regulates the most
immature hematopoietic cells. When separated by gender we observed that the LT-
HSC phenotype, when compared to WT controls, was most severe in female CCL3KO
mice with a 2.8 fold increase in LT-HSC frequency while male mice had a 1.5 fold
increase in LT-HSC frequency, both were statistically significant. In the peripheral
blood, monocytes, granulocytes, and red blood cells were all significantly decreased in
CCL3KO mice (9.78 + 0.3 vs. 8.06 + 0.2 RBCs*lOG/p.l, WT vs. CCL3KO p=0.001
n=8 mice/group). This suggests that CCL3 not only regulates the most immature
hematopoietic cells, but also the production of mature hematopoietic cells. When the
skeleton was analyzed we found that male mice had no change in femoral trabecular
(Tb) architecture, while female mice showed decreased Tb number (0.79 fold, p=0.05
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n=4 mice/group), decreased Tb connectivity density (0.62 fold, p=0.05 n=4 mice/
group), increased Tb thickness (1.17 fold, p=0.01 n=4 mice/group), and increased Tb
spacing (1.29 fold, p=0.05 n=4 mice/group) in the femur when compared to WT
controls measured by pCT. In femoral cortical bone male and female CCL3KO mice
had opposite phenotypes when compared to WT controls measured by pnCT. Males
had decreased cortical thickness (0.87 fold, p=0.01 n=4 mice/group) while females had
increased cortical thickness (1.17 fold, p=0.05 n=4 mice/group). These data support a
gender specific role for CCL3 in the maintenance of the bone marrow microenviron-
ment with sexually dimorphic effects on both the skeletal and hematopoietic systems.

Disclosures: Benjamin Frisch, None.

FR0064

Fibrillin-1 Regulates Marrow Stem Cell Lineage Commitment and Differ-
entiation. Silvia Smaldone*', Francesco Ramirez®. 'USA, 2Icahn School of
Medicine at Mount Sinia, USA

Previous characterization of osteopenia in mice with Marfan syndrome has
implied that the extracellular protein fibrillin-1 restricts osteoblast maturation and
osteoblast-dependent osteoclastogenesis. Here osteopenia progression was studied in
mice with conditional inactivation of Fbnl gene in the developing limbs (Fbn1"™!"
mice). Micro-computed tomography (UCT) analyses of Fbnl"™!" mice revealed
progressive decline of bone mass after the animals reached 1-month of age.
Progressive osteopenia was associated with persistent bone resorption, due to
elevated number of osteoclasts, and reduced bone formation rate (BFR) in spite of
proper mineralization ability of bone marrow derived osteoblasts. Interestingly, a
transient increase in the number of skeletal progenitor cells (SkP) concomitant with
reduced number of mesenchymal stem cells (MSC) was observed in 3 months-old mice
and it was followed by a dramatic decline in SkP frequency and mature osteoblasts
number in 6-month-old Fbnl1"™!* mice. These results suggested that lack of
functional fibrillin-1 in the bone marrow microenvironment accelerate MSC’s rate of
commitment leading to a premature, age-dependent, depletion of the stem pool and
eventually bone forming cells. These changes were also accompanied by loss of
marrow fat cells resulting from impaired plasticity of bone marrow progenitor cells
towards adipogenesis. Consistent with enhanced TGFJ activity of bone marrow cell
cultures, systemic treatment of Fbn1"™!"" mice with pan-TGFp neutralizing antibody
1D11 mitigated both bone and MSC loss. Altogether, our data indicate that fibrillin-1
is a structural component of the bone marrow niche that regulates lineage
commitment and differentiation of MSCs by modulating local TGFp activity.

Disclosures: Silvia Smaldone, None.

FR0065

BMP-2 Exerts a Tight Control of CXCL12 Cellular, Temporal and Spatial
Expression that is Essential in Fracture Repair. Helen Willcockson*!,
Timothy Myers', Lara Longobardi?, Ping Ye?, Tieshi Li%, Joseph Temple',
Alessandra Esposito’, Billie Moats-Staats®, Anna Spagnoli’. 1University of
North Carolina, USA, 2University of North Carolina at Chapel Hill, USA,
*University of North Carolina- Chapel Hill, USA

The molecular mechanisms through which bone morphogenic protein-2 (BMP2)
exerts its essential role in fracture repair still need to be determined. Although there is
compelling evidence that CXCLI12 is involved in the regenerative response to injuries, its
function in fracture repair has been scarcely investigated. Here, we report a functional
interplay between BMP2 and CXCLI12 during fracture repair. Using BMP2-LacZ
reporter mice, we found that during the first 10 days after fracture, cellular expression of
BMP2 and CXCLI12 co-localize along the endosteum adjacent to the fracture site. To
determine the possible regulation of CXCL12 by BMP2, we used control (BMP2!1o¥/ilox)
and Prx1Cre conditional BMP2 haploinsufficient fractured mice (BMP2°K9™) that have
abnormal fracture healing. Fractured wild-type mice showed CXCLI12 expressing cells
(detected by immunohistochemistry and immunofluorescence) within the endosteum
close to the fracture site and within the fractured bones that lasted up to 14 days post-
fracture. This immunodetection was fracture-induced since CXCL12 signal within the
endosteum was almost undetectable in unfractured mice. Compared to control
(BMP2™Y199 fractured mice, we found higher levels of CXCLI2 expression in
BMP2°KY* fractured mice that were maintained through day 21 after fracture.
Remarkably, BMP2€“™* showed a disorganized pattern of CXCLI2 expression at the
endosteal site as well as within the fractured bones, with an increase in endothelial-
containing vascular formations that were PECAM positive. In apposition to these
vascular structures, supportive pericytes expressing NG2 were associated with CXCL12
positive cells. Stem cell factor expression showed a similar distribution with CXCL12. To
determine a functional relationship between CXCL12 and BMP2, we treated BMP2ke/
* and control mice with AMD3100, an antagonist of CXCL12 receptor(s) given IP (2.5
mcg/gm of body weight/2x/day) 2 days before and from day 2 to day 7 after fracture. We
found that AMD3100 induced callus formation in BMP2°%9"* mice as determined by
microCT, histological and in-situ hybridization analyses for bone/cartilage markers.
Taken together our studies show that BMP2 exercises controlled regulation of CXCL12
expression in time, pattern and localization that is essential for fracture repair. This has
far-reaching implications for our understanding of the fracture repair process and to
promote healing by modulating these mechanisms.

Disclosures: Helen Willcockson, None.

$20z IMdy £z uo 3senb Aq £6/86G//1S/LS/6Z/o01e/lwgl/wod dnoolwspede//:sdpy woly papeojumo(



ASBMR 2014 Annual Meeting

FR0066

Bone Marrow Adipocytes are Distinct from White or Brown Adipocytes.
Mark Horowitz*', Ryan Berry?, Rose Webb?, Tracy Nelson?, Yougen Xi>,
Casey R. Doucette?, Jackie A Fretz?, Chris D. Church?, Clifford J. Rosen?,
Matthew S. Rodeheffer?. 'Yale University School of Medicine, USA, 2Yale
School of Medicine, USA, *Maine Medical Center Research Institute, USA

It has become evident that bone marrow (BM) adipocytes are more than ** filler”
in the BM. We have developed new techniques to quantitatively assess BM
adipogenesis and lineage trace BM adipocyte progenitors (MAP) in mice. Using
these techniques we have found that different mouse strains have different
endogenous levels of marrow fat and BM adipogenesis. While increased marrow
adipose tissue (MAT) has divergent affects on bone density, much remains to be
discovered about the origin, ontology and function of BM adipocytes and their
relationship to adipocytes in other depots.

We have found that C57BL/6 mice have very low constitutive marrow
adipocytes that can be induced by feeding with rosiglitazone-containing diet, high-fat
diet or irradiation. To determine the origin of BM adipocytes, we have performed
lineage tracing using the fluorescent m7/mG reporter mouse in concert with various
mouse models driving cre-recombinase from lineage specific promoters. In m7T/mG
mice, expression of cre-recombinase results in permanent removal of the targeted
dTomato (mT) cassette and expression of the membrane targeted eGFP (mG)
cassette, resulting in “flipping” from dTomato+ to eGFP+ cells. BM adipocytes
within either the BM plug or decalcified frozen sections of long bones from cre:mT/
mG mice can be visualized through fluorescent confocal microscopy.

All preformed brown adipocytes are traced in Myf5-cre:reporter mice. We have
found that BM adipocytes are not lineage related to brown adipocytes as they are
uniformly dTomato+ in Myf5-cre:mT/mG mice. In addition, all BM adipocytes are
uni-locular, while brown adipocytes are multi-locular. WAT-APs have recently been
shown to express PdgfRo leading to tracing all white adipocytes in Pdgfra-cre:mTImG
mice. However, only a subset of BM adipocytes is traced by PdgfRa-cre, regardless of
the induction method, suggesting that MAPs and WAT-APs may be distinct.
Consistent with this data, recent reports have shown that BM adipocytes are traced in
Osx1-cre:mT/mG mice. We observe uniform dTomato+ vWAT, sWAT, BAT
adipocytes and APs, while tracing a subset of cells on bone surfaces and osteocytes
in this same model.

These experiments indicate that MAT is dynamic and changes in response to
stress and that BM adipocytes/MAPs are distinct from white or brown adipocytes/
APs. These data are some of the first to define the ontogeny of BM adipocytes/MAPs
in vivo and indicate that BM contains a distinct fat depot.

Disclosures: Mark Horowitz, None.

FR0067

Elucidating the Osteoimmunology of Critical Defects with Longitudinal
Intravital Microscopy in the Murine Cranial Window Model. Longze
Zhang*!, Jason Inzana®, Hani Awad’, Regis J. O’Keefe!, Xinping
Zhang®, Edward Schwarz'. 'University of Rochester, USA, 2USA,
3University of Rochester Medical Center, USA

Background: Reconstruction of critical defects remains a major challenge due to
the host inflammatory and fibrotic response. Thus, elucidating the osteoimmunology
responsible is essential towards a solution. Previously we found that intermittent
teriparatide (rPTH) therapy facilitates structural femoral and calvarial allograft
healing in mice via increased osteogenesis and host-allograft bony union, and
significantly decreased fibrosis. We also discovered that it significantly decreased
large vessel arteriogenesis and the accumulation of mast cells in the interfacial tissue
between the host and allograft bone. As the functional significance of this finding is
unknown, we utilized in vivo multiphoton laser scanning microscopy (MPLSM) in the
murine chronic cranial defect window chamber model to test the hypotheses that: 1)
mast cell appearance in a critical bone defect coincides with arteriogenesis; and 2)
mast cells specifically accumulated proximal to large (>30 pm in diameter) vessels.

Methods: Chronic cranial defect windows were produced in 8-week-old C57B/6
mice, which were randomized to rPTH and placebo. FITC-conjugated anti-Mcpt-5 or
anti-CD11b antibody, was administered i.v. with Texas Red-Dextran to image mast
cells or monocytes/macrophages respectively, with the vasculature. Weekly MPLSM
imaging was performed, and 3D-reconstruction of the z-stack images with Amira was
used to quantify vessel thickness, vascular volume, total volume, and vascular volume
fraction. We also quantified Mcpt-5+ and CDI11b+ cell numbers and determined
their mean distance from large vessels (>30um) vs. small (<30um) blood vessels.

Results & Discussion: rPTH significantly increased angiogenesis and decreased
arteriogenesis, consistent with prior studies. While CD11b+ cells were present in the
middle of the defect in large numbers (60+/- 20/field, 10X) as early as day 14, Mcpt-5+
cells first appeared in the ROI on day 28 with much fewer number (12 +/- 6/field,
10X). Moreover, while CDI11b+ cells were significantly closer to small vs. large
vessels (14.1+/- 4.1 pm vs. 98.9 +/- 19.0 um; p <0.05), the opposite was true for Mcpt-
5+ cells (61 +/- 3.7 um vs. 26.9 +/- 14.6 um; p <0.05). These novel findings suggest
that coupled osteogenesis and angiogenesis at the healing edge of a critical defect is
opposed by arteriogenesis and fibrosis within the defect, and that rPTH efficacy
includes inhibitory effects on arteriogenesis and mast cell-induced fibrosis.

Disclosures: Longze Zhang, None.
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FR0068

Roquin Is A Novel Regulator of Bone Homeostasis. Bay Sie Lim*, Euphemie
Landao, Shek Man (Jacky) Chim, Jennifer Tickner, Nathan Pavlos, Jiake
Xu. University of Western Australia, Australia

Many osteolytic diseases have highlighted the intimate relationship between the
immune and skeletal system. However, the underlying mechanism of osteoimmunol-
ogy remains poorly understood. To gain insights into the molecular genetics and
mechanisms of osteoimmunology, we have employed a chemical (ENU) mutagenesis
screen and identified a mouse line, San Roque (san/san), which carries a M199R
mutation in the Roquin (Rc3hl) gene. San/san mice display an autoimmune disease
consistent with Systemic Lupus Erythematosus with dysregulation of follicular helper
T cells [1]. Preliminary X-ray analysis revealed that san/san mice exhibit a lower bone
density in comparison to WT littermates. MicroCT and histological analyses
confirmed a low bone mass phenotype in san/san mice with a significant reduced
bone volume (BV/TV) as compared to WT littermates (Figure 1). Real-time PCR
showed elevated RANKL expression in whole bone isolated from san/san mice
relative to WT mice. Flow cytometry analysis revealed that the increased RANKL
expression was accompanied by a significant expansion of putative osteoclast
progenitor populations in the san/san mice relative to WT mice. Consistent with the
observed increased in progenitors, we also observed enhanced osteoclastogenesis and
osteoclast activity from bone marrow macrophages (BMMs) derived from san/san
mice, accompanied by enhanced RANKL-mediated MAPK signaling. /n vivo bone
calcein labeling showed a reduction in bone mineral apposition rate in the san/san
mice indicating that osteoblast activity was also affected. In keeping with this
phenotype, san/san calvarial-derived osteoblast culture showed a reduction in bone
nodule formation. Furthermore, co-culture experiments revealed that calvarial
osteoblasts of san/san mice have a reduced ability to support osteoclastogenesis,
suggesting an extrinsic contribution to the pre-priming effect of osteoclast progenitors
within the bone marrow niche in san/san mice. Taken together, our data demonstrates
that Roquin is an important regulator of bone homeostasis and osteoimmunology.R-
eference

1. Vinuesa, C.G., et al., Nature, 2005. 435(7041): p. 452-8.

* p<0.05

i

Figure 1: (A) X-ray and (B) microCT images of wild type (WT) and San Roque (san/
san) mutant mice.

Disclosures: Bay Sie Lim, None.

FR0069

Specificity protein-1 mediated SDF-1/CXCL12 synthesis is inhibited by Cbl-
PI3K interaction in bone marrow reticular cells. Naga Suresh Adapala’,
Vanessa Piccullio?, Hector Aguila?, Joseph Lorenzo?, Archana Sanjay*’.
"Texas Scottish Rite Hospital for Children, USA, >University of
Connecticut Health Center, USA, *UCHC, USA

The chemokine SDF-1/CXCLI12 plays an important role in bone remodeling by
influencing osteoclast precursor migration and osteoblast formation. However, the
molecular mechanism(s) regulating SDF-1 synthesis are not well understood. The E3
ubiquitin ligase and adaptor protein Cbl, influences bone remodeling by regulating the
cellular distribution and activity of phosphoinositide 3-kinase (PI3K). We previously
reported that mice with a loss of Cbl-PI3K interaction, due to a tyrosine to
phenylalanine mutation at the PI3K binding site of Cbl protein (CblY737F, YF
knock-in mice) had uncoupling of bone resorption from bone formation. Loss of Cbl-
PI3K complex formation also resulted in increased PI3K/AKT signaling and SDF-1
expression, which altered the cellular composition of the bone marrow. SDF-1 is
predominantly produced by CXCLI12 abundant reticular (CAR) cells and flow
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cytometric analysis revealed that both numbers of CAR cells and their SDF-1
production were increased in the bone marrow of YF mice. We found that SDF-1
promoter activity in WT cells was attenuated by a PI3K inhibitor. Next, to
understand the molecular mechanism of increased production of SDF-1 in YF mice,
bone marrow reticular cells (CD45Ter119°CD317Scal”) were treated with increasing
concentrations of PI3K and AKT inhibitors. Basal SDF-1 gene expression was 2-fold
higher in YF cells compared to WT cells. The degree of inhibition observed with 1uM
concentrations of either inhibitor in WT cells was only seen with 10uM concentration
in YF cells. There are several Specificity protein 1 (Spl) transcription factor-binding
sites in SDF-1 promoter. Compared to WT, higher Sp1 protein levels were detected in
the nucleus of YF cells. Furthermore, treatments of WT cell with the PI3K inhibitor
LY294002 at either 1 and 10uM markedly decreased Spl localization in the nucleus.
However, decreased nuclear Spl levels were only detected in YF cells at higher
concentrations of LY294002. Treatment of cells with Mithramycin A, which blocks
Spl binding to GC-rich regions of the SDF-1 promoter, markedly reduced SDF-1
mRNA levels in WT cells. However, significantly less inhibition was seen in YF cells.
Taken together, these data suggest that the YF mutation of Cbl results in increased-
PI3K/AKT signaling which, in turn, increases SP-1-regulated SDF-1 expression in the
bone marrow reticular cells. We conclude that Cbl-PI3K interaction in WT bone
marrow reticular cells negatively regulates SP1-mediated SDF-1 synthesis.

Disclosures: Archana Sanjay, None.

FR0070

CTLA4-Ig Protects Against PTH Induced Bone Loss by Inhibiting T Cell
Production of TNFo. Abdul Malik*', Jerid Robinson?, Jau-Yi Li', Michael
Reott’, Jonathan Adams*, M. Neale Weitzmann', Roberto Pacifici'.
"Emory University School of Medicine, USA, *Emory University, USA,

3Emory University School of Medicine, USA, “Emory University, USA

Continuous PTH (cPTH) treatment, a model of primary hyperparathyroidism,
induces bone loss by stimulating the production of the osteoclastogenic cytokine
TNFo (TNF) by bone marrow (BM) T cells. CTLA4-Ig (Abatacept) is an inhibitor of
costimulation approved for rheumatoid arthritis that inhibits T cell activation and T
cell cytokine production. In this study we investigated whether CTLA4-Ig prevents
cPTH induced bone loss. 16 weeks old C57BL/6 female mice were infused with vehicle
or cPTH (hPTH 1-34 at 80pg/kg/day) for four weeks using osmotic mini pumps. Mice
were also treated with CTLA4-Ig or irrelevant-Ig (Irr.Ig) 100pg/mice IP, three times a
week. ¢PTH induced a significant loss of trabecular bone in mice treated with Irr. Ig
but not in those injected with CTLA4-Ig, demonstrating that CTLA4-Ig inhibits
c¢PTH induced bone loss. CTLA4-Ig completely prevented the increase in serum levels
of CTX (a marker of bone resorption) and osteocalcin (a marker of bone formation)
induced by cPTH. Cultures of BM from mice treated with ¢cPTH produced more
osteoclasts (OCs), colony forming unit-alkaline phosphate (CFU-ALP) and miner-
alization nodules than those from control mice. These changes were prevented
CTLAA4-Ig treatment. We also found that CTLA4-Ig inhibited the capacity of cPTH
to increase T cell TNF production. In summary, we found that CTLA4-Ig protects
against the bone loss and the increase in bone resorption induced by cPTH by
blocking the production of TNF by T cells. These findings provide a proof of principle
for utilizing CTLA4-Ig as a novel treatment for primary hyperparathyroidism.

Disclosures: Abdul Malik, None.

FR0071

A Novel Sequestosome-1 / p622 ZZ Domain Inhibitor Blocks TNFa Induced
Suppression of OBL Differentiation in MM. Rebecca Silbermann*', Jumpei
Teramachi!, Khalid Mohammad', Wei Zhao', Dan Zhou', Peng Yang?,
Julie L. Eiseman®, Xiang-Qun Xie?, G. David Roodman', Noriyoshi
Kurihara'. 'Indiana University, USA, 2University of Pittsburgh, USA

Multiple myeloma (MM) bone disease is marked by irreversible osteoblast (OBL)
suppression and uncoupling of the bone resorption — formation process. We
previously reported that the ZZ domain of sequestosome-1 (p62) is required for
bone marrow stromal cell (BMSC) support of MM cell growth and serves as a
platform for the formation of signaling complexes that result in NF-xB, p38 MAPK,
and PI3K activation in MM patient BMSC. We developed a small molecule inhibitor,
(XRK3F2), that blocks p62-ZZ domain mediated protein interactions, including
TNFo mediated signaling in BMSC, and recently reported that intraperitoneal
XRK3F?2 treatment induced new cortical bone formation by uCT in C57BL/KaLwRij
mice intratibially inoculated with the murine MM cell line STGM1-gfp, as compared
with vehicle treated animals bearing MM. Histology confirmed the presence of new
bone formation along the periosteal surface of the tibia, and animals that developed
new bone formation had high-grade extra-tibial tumors without evidence of new bone
formation in bones that had not been inoculated with MM cells.

We now report that XRK3F2 induces new cortical bone formation only in the
presence of significant systemic MM tumor burden (defined by high IgG2b levels),
and that in all cases new bone formation developed adjacent to tumor, as
demonstrated by anti-GFP immunohistochemistry, suggesting that XRK3F2
modulates local MM cell and bone cell interactions. To evaluate if XRK3F2 alters
MM production of OBL inhibitors or stromal cell differentiation under osteoblasto-
genic conditions, we treated STGMI1 cells, murine stromal cells (MC4), and STGM1 —
MC4 co-cultures with doses of XRK3F2. XRK3F2 did not alter STGM!1 production
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of MC4 derived IL-7 or TNFo when MM cells were cultured alone, and did not affect
MC4 differentiation in the absence of MM. Interestingly, XRK3F2 treatment of
STGM1-MC4 co-cultures under osteogenic conditions resulted in significantly higher
levels of RUNX2 than vehicle treated co-cultures. This effect was most pronounced at
XRK3F2 doses similar to the ICsy reached in vivo in our prior studies. XRK3F2
treatment in our co-culture system also blocked the over-expression of GFI-1, a
transcriptional repressor of RUNX2 induced in MM cells by BMSC or TNFa. These
results suggest that XRK3F2 may block GFI-1 or the TNFa induced suppression of
OBL differentiation observed in MM cell-BMSC co-cultures, and that p62-zz domain
blockade may serve as an anabolic agent in MM bone disease.

Disclosures: Rebecca Silbermann, None.

FR0072

Alternatively Activated Monocyte and Macrophage Efferocytosis Support
Prostate Cancer Skeletal Metastasis. Jacqueline Jones*!, Fabiana Soki?,
Hernan Rocal, Stefanie Thiele®, Yusuke Shiozawa', Yugang Wangl, Todd
Morgan', Lorenz Hofbauer’, Kenneth Pienta®, Laurie McCauley?.
"University of Michigan, USA, *University of Michigan School of
dentistry, USA, *Dresden University Medical Center, Germany, “Dresden
University Medical Center, Germany, *John Hopkins University, USA

Macrophages play a vital role in maintaining tissue homeostasis by clearing
foreign pathogens and apoptotic tumor cells through phagocytosis (termed
efferocytosis). However, their functional role and pathophysiological contribution
to the tumor microenvironment in skeletal metastases is unclear. The purpose of this
study was to determine the efferocytic monocyte/macrophage type and its potential in
supporting prostate cancer (PCa) skeletal metastasis through efferocytosis. FACS
analysis of peripheral blood mononuclear cells isolated from patients with PCa
skeletal metastasis showed significantly higher (20% increase) triple positive CD68+/
CD14+/CD16+ (alternatively activated, M2) monocyte populations as compared with
non-cancer controls (p<<0.05), and significantly correlated with their PSA levels
(p<<0.05). Moreover, monocytes isolated from PCa skeletal metastasis patients
presented a 2.5 fold increase in efferocytosis versus patients without cancer. To further
confirm these findings, we analyzed tissue microarrays, which revealed malignant PCa
tissue expressed significantly higher levels of MFG-E8, a known facilitator of
efferocytosis, in invasive versus benign tissues (31.9 + 1.3 and 4.9 + 0.7 respectively).
Co-localization of CD68+ phagocytic cells and MFG-E8 was significantly increased
in malignant PCa tissue (p<<0.05). To determine the molecular mechanisms, several ex
vivo assays were performed. Ex vivo analysis of efferocytosis using murine bone
marrow macrophages revealed that MHCII'®Y CD36+ and F4/80+ positive cells (M2
macrophages) are proficient at efferocytosis of apoptotic tumor cells and phospha-
tidylserine coated apoptotic mimicry beads. Modulation of macrophage efferocytosis
with resolvin D (stimulator), cytochalasin D (inhibitor) or placement at 4° (blunt
inhibition) resulted in differential expression of pro-efferocytic and tumorigenic genes
(TGF-B, MFG-E8, MERTK, and PPAR-y). Cytokine stimulation using IL4 and M-
CSF increased macrophage efferocytosis, which correlated with increased pro-
tumorigenic, M2-like gene expression (YM1, TGF- B). More importantly, soluble
factors released from macrophages during efferocytosis resulted in a 30% increase of
PC-3 cell numbers in a transwell assay, compared to macrophages alone. Together,
these studies suggest that M2 macrophages display an efferocytic behavior that
promotes PCa growth. Targeting these subpopulations shows promise as a
therapeutic approach for skeletal metastasis.

Disclosures: Jacqueline Jones, None.

FR0073

Critical role of Pim-2 in NF-kB-mediated suppression of osteoblastogenesis
and stimulation of osteoclastogenesis: Therapeutic impact of Pim inhibition on
myeloma bone disease. Jumpei Teramachi*', Masahiro Hiasa’, Asuka
O_da3, Ryota Amachi’, Takeshi Harada®, Shingen Nakamura®, Kumiko
Kagawa’, Hirokazu Miki’, Shiro Fuijii®, Keiichiro Watanabe®*, Itsuro
Endo®, Toshio Matsumoto®, Masahiro Abe®. 'The University of
Tokushima, Japan, ’Indiana University School of Medicine, USA,
3Department of Medicine & Bioregulatory Sciences, Institute of Health
Biosciences, The University of Tokushima Graduate School, Japan,
*Tokushima University Hospital, Japan, >University of Tokushima
Graduate School of Medical Sciences, Japan, 6University of Tokushima,
Japan

Myeloma (MM) cells enhance osteoclastogenesis and suppress osteoblastogenesis
to cause devastating bone destruction with rapid loss of bone. The NF-xB pathway is
critically involved in tumor expansion and bone destruction in MM. The activation of
the NF-kB pathway suppresses osteoblastogenesis while enhancing osteoclastogen-
esis. We demonstrated that the activation of the NF-kB pathway up-regulated Pim-2
kinase levels in MM cells, and that blockade of Pim-2 induced MM cell death and
ameliorated MM bone disease. However, the precise role of Pim-2 in bone metabolism
still remains unknown. Therefore, the present study was undertaken to clarify the
relationship between the Pim-2 and NF-kB pathways in bone metabolism on MM
bone disease. TNF-a potently induced Pim-2 expression in bone marrow stromal cells
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(BMSC) and MC3T3-El1, and also in monocytes and RAW264.7. The TNF-o-induced
up-regulation of Pim-2 in these cells was mostly abolished by inhibitors of NF-kB.
However, Pim inhibition did not affect the the activation of the NF-kB pathway in
MC3T3-El induced by TNF-a, suggesting Pim-2 induction downstream of the NF-kB
pathway. TNF-a potently suppressed mineralized nodule formation by BMP-2 in
MC3T3-El and BMSC along with the activation of the NF-kB pathway; however,
addition of the Pim-2 inhibitor SMI-16a as well as Pim-2 siRNA restored their
mineralization. The Pim-2 inhibition enhanced the phosphorylation of Smadl/5 by
BMP-2 while suppressing Smad2/3 phosphorylation by TGF-b in MC3T3-El. The
Pim-2 inhibition also suppressed the induction of NFATcl and c-fos, critical factors
for osteoclast differentiation, as well as osteoclastogenesis by TNF-o or RANKL.
Histomorphometric analysis in bone lesions in mouse MM models showed that
treatment with SMI-16a restored bone formation with mild amelioration of
osteoclastogenesis. Consistently, the suppression of osteoclastogenesis in vitro
required SMI-16a at doses over 10 uM, while 0.2 puM was enough to induce
osteoblastogenesis, suggesting preferential induction of bone formation. Collectively,
these results demonstrated that Pim-2 is a major downstream target of NF-kB
signaling in both osteoblastic and osteoclastic lineage cells in addition to MM cells to
cause the skewed bone metabolism in MM. Because different signaling pathways
besides the NF-kB pathway also up-regulate Pim-2 expression in these cells, Pim-2 is
suggested to be a pivotal therapeutic target for bone destruction and tumor
progression in MM.

Disclosures: Jumpei Teramachi, None.

FR0075

Ubiquitin-specific peptidase 45 (USP45), a family member of de-ubiquitinat-
ing enzyme, controls epithelial-mesenchymal transition of breast cancer in
bone. Yuki Nagata*', Soichi Tanaka?, Kenji Hata®, Masahiro Hiasa®, Riko
Nishimura®, Toshiyuki Yoneda*. 'Indiana University-Purdue University
Indianapolis, USA, ?Osaka University, Japan, *Osaka University Graduate
School of Dentistry, Japan, “Indiana University School of Medicine, USA

Aggressive cancer cells undergo epithelial-mesenchymal transition (EMT) in which
epithelial cancer cells trans-differentiate into mesenchymal fibroid cells and acquire
increased invasiveness and metastasis. EMT is regulated by a variety of extracellular
and intracellular molecules. TGFb is one of the most potent stimulators of EMT and
Snail is a well-recognized transcription factor that promotes EMT by repressing the
expression of the epithelial marker, E-cadherin. We found MCF-7 human breast
cancer cells expressing GFP (MCF-7/GFP) underwent EMT with up-regulation of
Snail and down-regulation of E-cadherin when inoculated in the tibial bone marrow
in which TGFb is continuously released via bone resorption. Inhibition of bone
resorption by zoledronic acid (ZA) inhibited osteolytic colonization of MCF-7/GFP
cells with decreased Snail expression. To our surprise, Snail expression in MCF-7/
GFP cells was decreased by ZA treatment of MCF7 cells in vitro, suggesting that ZA
decreased Snail expression independent of bone resorption. The decrease of Snail by
ZA was restored by the proteasome inhibitor lactacystin, suggesting that ZA decreases
Snail expression via ubiquitin/proteasome degradation. Differential microarray
analysis of untreated and ZA-treated mammary tumors identified the de-ubiquitinat-
ing enzyme, ubiquitin-specific peptidase 45 (USP45), as a candidate involved in
proteasomal degradation of Snail. USP45 expression was increased in MCF-7/GFP
tumors in bone compared with the tumor in the mammary fat pad. TGFb increased
USP-45 as well as Snail. Overexpression of USP45 in MCF-7/GFP cells induced Snail
expression and other mesenchymal markers including N-cadherin and vimentin, while
E-cadherin expression was abolished. USP45 physically bound to Snail and
specifically de-ubiquitinated Snail. In vitro de-ubiquitination assays showed Snail
ubiquitination was inhibited by USP45. ZA inhibited USP-45 expression and its de-
ubiquitinating activity, thereby promoting Snail degradation. Importantly, ZA
prevented metastasis of breast cancer from bone to lung and liver, presumably by
promoting Snail degradation via inhibition of USP 45. Thus, our results suggest that
the bone microenvironment rich in TGFb stimulates EMT in breast cancer by
preventing proteasomal degradation of Snail via up-regulation of the de-ubiquitinat-
ing enzyme USP45. USP45 may be a potential target for development of a novel
therapeutic agent for bone metastasis of breast cancer.

Disclosures: Yuki Nagata, None.
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Targeting Dickkopf-related protein 1 (Dkk1) reduces extraskeletal tumor
growth by novel immunomodulatory effects. Lucia D’Amico*', Ali Zamani?,
Aude-Helene Capietto!, Roberta Faccio. lWashington University School
of Medicine, USA, *Department of Orthopedics, Washington University,
St. Louis, Missouri, USA, 3Washington University in St Louis School of
Medicine, USA

Myeloid derived Suppressor Cells (MDSC) are potent inhibitors of anti-tumor T-
cell responses involved in tumor progression. Downregulation of PLCy2/B-catenin
pathway occurs in MDSC from cancer patients and tumor-bearing mice and enhances
their ability to suppress T cell activation and promote tumor growth. However, how
B-catenin is reduced in MDSC during tumor progression is unknown. Dkkl is an
inhibitor of the Wnt/B-catenin pathway and is highly expressed in multiple myeloma
patients with lytic bone disease. Although Dkk1 is known to modulate tumor growth
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in bone by suppressing osteoblast differentiation, we propose the novel hypothesis
that Dkk1 favors tumor progression via downregulation of B-catenin in MDSC. To
avoid possible confounding results due to the function of Dkkl on bone cells, we
chose to study the immunomodulatory effects of Dkk1 using an extraskeletal tumor
model consisting of mice bearing subcutaneous (s.c) Lewis Lung Carcinomas (LLC).
While Dkk1 expression is barely detectable in LLC cells in vitro, Dkk1 level in the
tumor is significantly upregulated 14 days after inoculation. Dissection of the tumor
mass reveals that the Wnt inhibitor is mainly expressed by the tumor-associated
fibroblasts but not by LLC cells. To investigate the effects of Dkk1 on extraskeletal
tumor growth, a-Dkk1 or IgG control Abs (20 mg/kg) were administered 3x/week to
WT mice at time of LLC s.c. inoculation. Strikingly, tumor growth is significantly
decreased in mice treated with a-Dkk1Ab compared to controls (p =0.019). While o-
Dkk1Ab does not directly affect LLC proliferation or survival in vitro, Dkkl
neutralization significantly reduces % of MDSC in vivo. This finding suggests that
Dkk1 promotes tumor growth by favoring MDSC expansion. To further investigate
the effects of Dkkl on MDSC accumulation, we turned to the PLCy2-/- mice since
PLCy2 null MDSC display reduced B-catenin level and stronger immune-suppressive
functions compared to WT. o-DkkIAb significantly reduces tumor growth in null
mice compared to IgG (p = 0.006). % of MDSC in bone marrow, spleen and tumor
site is reduced while % of CD4 and CD8 T cells are restored by o-Dkkl1Ab.
Importantly, DkkI neutralization rescues f—catenin expression in PLCy2-/- MDSC.
Taken together, we demonstrate that o-Dkk1 treatment reduces extraskeletal tumor
growth by targeting MDSC. The novelty of this work consists in having identified an
immunomodulatory role for Dkk1 independent of its effects on bone cells.

Disclosures: Lucia D’Amico, None.

FR0078

The unexpected role of Hemoglobin beta (HBB) in breast cancer. Nadia
Rucci*!, Mattia Capulli', Luca Ventura®, Patrizia Sanitd’, Simona Delle
Monache®, Adriano Angelucci®, Anna Teti'. 'University of L’Aquila, Italy,
San Salvatore Hospital, Italy, *University of L’Aquila, Italy

Breast cancer (BrCa) patients with metastases restricted to bone (BO) show a
longer overall survival compared to BrCa patients developing bone and visceral
metastases (BV). Gene expression analyses revealed few genes whose expression was
significantly different between the two groups of bone metastases. Among them, we
found the hemoglobin beta (HBB) to be one of the most upregulated in BV vs. BO.
We confirmed the HBB expression in 34 out of 57 human primary tumors analyzed.
Moreover, the percentage of HBB positive cancer cells (HBB score) in ductal and
lobular breast carcinomas was significantly higher in the invasive lesions than in the in
situ counterpart (6-fold, P<<0.05). Higher expression of HBB was also observed in
ductal infiltrating carcinoma vs. the lobular invasive histotype (2.2-fold, P<<0.05),
while benign lesions, the in situ counterpart of lobular carcinoma and normal tissue
were negative. Interestingly, a positive correlation (P<0.05) was observed between
HBB and the score of the proliferation marker Ki67. In vitro, we evaluated HBB
expression between poorly aggressive (MCF7, HCC1954) and highly aggressive
(MDA-MB231) BrCa cells, finding a higher mRNA and protein expression in the
latter (11-fold P<<0.05). Forced HBB overexpression in MDA-MB231 cells (MDA-
HBB) induced an increased ability to migrate and invade in vitro vs. control cells
(MDA-Empty), accompanied by increased transcriptional and protein expression of
MMPY, and by increased expression of several oxidative stress associated mRNAs,
including NOS2, NOX5, DUSP1, PREX1 and LPO. In an in vitro tube formation
assay, MDA-HBB conditioned medium induced tube formation better than MDA-
Empty (1.5-fold increase P<<0.05). In agreement, the in vivo growth rate of
orthotopically implanted MDA-HBB was significantly higher (P<<0.005) compared
to MDA-Empty. Tumor weight was increased too (1.9 fold, P=0.002), while histology
showed less fibrosis in MDA-HBB tumor sections (0.4 fold, P<<0.001). Moreover,
local recurrence and visceral metastases were observed in 60% of MDA-HBB
implanted mice, while MDA-Empty tumor recurrence and relapse did not occur over
the same timeframe. Intriguingly, primary human prostate cancers as well as the
prostate cancer cell line PC3 did not express HBB, suggesting specificity for BrCa. In
conclusion, the expression of HBB in BrCa is positively correlated with aggressive-
ness, implying that HBB expression in BrCa cells could represent a specific pivotal
pro-tumoral event.

Disclosures: Nadia Rucci, None.

FR0079

CXCL14, an inhibitor of CXCL12/CXCR4 signaling, is upregulated in
prostate cancer bone metastasis. Alexander Dowell!, Katrina Clines?, Colm
Morrissey®, Shi Wei', Gregory Clines**. 'University of Alabama at
Birmingham, USA, *University of Michigan, USA, 3University of
Washington, USA, *University of Michigan, USA

Prostate cancer bone metastasis is present in 90% of men with advanced stage
disease and is the principal source of morbidity and death. The discovery of novel
drugs that target bone metastasis and biomarkers that identify men with early stage
prostate cancer who are at risk for bone metastasis is of critical importance. An
investigation by our group to uncover targets of endothelin-1, a factor involved in the
osteosclerotic response of prostate cancer in bone, led to the identification of
CXCL14. This 77 amino acid secreted protein is a member of the CXC chemokine
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family. Chemokines play a pivotal role in prostate cancer cell homing to bone.
CXCL14 represented an ideal target of interest due to its close homology with
CXCLI12 (also known as SDF-1). CXCLI12 originating from bone promotes
epithelial-mesenchymal transition and directs the migration of CXCR4-expressing
circulating prostate cancer cells to bone. We hypothesized that CXCL14 modifies the
action of CXCL12 during the metastasis of prostate cancer to the skeleton. In a
human prostate cancer tissue microarray, the expression of CXCL14 was significantly
upregulated in prostate cancer bone metastasis (H-Score mean 172.5, n=113) as
compared to soft tissue metastasis (H-score mean 99.5, n=57, p<0.001), primary
prostate cancer and normal prostate. CXCLI14 expression in the prostate cancer
xenograft line LuCaP 23.1 was increased in mouse tibia compared to subcutaneous
implanted tumor. Similarly, CXCL14 was absent from the ARCaPy, prostate cancer
cell line, but was readily detected after intratibial inoculation. These data suggest that
bone, but not other tissues, supplies prostate cancer cells with a unique signature of
factors that increase CXCL14 expression. We next performed functional studies to
uncover CXCL14 action in prostate cancer. CXCL14 blocked CXCLI12-mediated in
vitro chemotaxis of the ARCaPy prostate cancer cell line and is consistent with recent
published data that CXCL14 binds to CXCR4 to block CXCL12-mediated activation
of CXCR4. CXCL14 therefore opposes CXCL12 action and may be a critical factor
in colonization of prostate cancer cells after CXCL12-mediated arrival to bone. Our
model supports that bone-derived CXCLI2 directs CXCR4-expressing prostate
cancer cells to bone, and the bone microenvironment activates prostate cancer
CXCL14 expression that reverses CXCL12 to halt further migration and promote
colonization in bone.

Disclosures: Gregory Clines, None.

FR0080

Lysyl oxidase promotes survival and outgrowth of colon cancer cells in the
bone marrow, enabling bone metastasis formation. Caroline Reynaud*l,
Laura Ferreras’?, Delphine Goerhigz, Marie Brevet®, Philippe A.R.
Clezardin*. 'INSERM Unité 1033UFR de Médecine Lyon-Est (domaine
Laénnec), Fra, 2INSERM U1033, France, *Hospices Civils de Lyon,
France, “INSERM & University of Lyon, France

Lysyl oxidase (LOX) catalyzes the cross-linking of collagens and elastin in the
extracellular matrix, thereby regulating the tensile strength of many tissues, such as in
the bone. In cancer, LOX plays a critical role in facilitating tumor growth and
metastasis formation in soft tissues. Whether tumor-derived LOX also enables bone
metastasis is unknown. In this study, we first showed by immunohistochemistry using
patient’s tumor specimens, that LOX was expressed in the desmoplastic tumor stroma
of pairs of colorectal carcinomas and their matching bone metastases. Preclinical
experiments showed that LZOX overexpression in different colon carcinoma cell lines
enhanced the formation of osteolytic lesions in animals by promoting both skeletal
tumor burden and osteoclast-mediated bone resorption. Additionally, exogenous
LOX treatment of animals enhanced bone metastasis formation caused by parental
colorectal carcinoma cells. Conversely, the pretreatment of animals with the LOX
inhibitor b-aminopropionitrile or the silencing of LOX in colorectal carcinoma cells
drastically reduced the formation of osteolytic lesions. In vitro, tumor-derived LOX
indirectly promoted osteoclast differentiation by enhancing the secretion of osteolytic
factors from colon cancer cells. LOX also directly enhanced the attachment of colon
cancer cells to collagen (but not to fibronectin) and promoted cancer cell survival by
activating interleukin-6 autocrine signaling pathways. In conclusion, our findings
provide novel evidence that LOX endows colon cancer cells with the ability to thrive
in the bone marrow microenvironment and stimulate osteoclast-mediated bone
destruction.

Disclosures: Caroline Reynaud, None.

FR0081

Tumour-derived alkaline phosphatase promotes Epithelial-Mesenchymal
Transition (EMT) and cell survival in bone metastatic prostate cancer;
regulation by miR-373. Srinivasa Rao*, Ann Snaith, Patrick Kratschmer,
Freddie Hamdy, Claire Edwards. University of Oxford, United Kingdom

Prostate cancer (PCa) bone metastases are often associated with mixed osteolytic/
osteoblastic lesions. Identifying novel mechanisms that underlie this debilitating bone
disease will ultimately reveal new therapeutic targets. We have identified differential
expression of the key osteoblastic enzyme alkaline phosphatase (ALP) in a panel of
PCa cell lines with increasing metastatic potential. Using a high-throughput screening
approach, in vivo models of disease and pharmacological and molecular manipulation
of ALP, the function and regulation of tumour-derived ALP in PCa bone metastasis
was explored. ALP activity and mRNA expression were higher in osteoblastic
ARCaPM cells than non-metastatic ARCaPE (p<<0.001). ALP expression was lower
in osteolytic PC3 cells, and undetectable in the majority of non-bone metastatic cell
lines. Inoculation of ARCaPM cells into nude mice resulted in both osteolytic and
osteoblastic lesions following microCT analysis, whereas PC3 cells resulted in purely
osteolytic lesions. Lentiviral-mediated knockdown of ALP in ARCaPM cells resulted
in ~50% decrease in cell viability and Mesenchymal-Epithelial Transition, evidenced
by a change in morphology, increase in E-cadherin (p<<0.001) and decreased
migration. ALP knockdown in PC3 cells decreased cell viability (p<<0.01). Inhibition
of ALP by levamisole dose-dependently inhibited cell viability in a panel of bone
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metastatic PCa cells. ALP activity also correlated with the ability of PCa cells to
mineralize in vitro. We have undertaken two complementary approaches to study
ALP regulation in PCa bone disease. RNA-seq identified microRNAs that were
differentially expressed in ARCaPM cells as compared to ARCaPE cells. Transfection
of ARCaPM cells with a microRNA mimic library followed by a high-throughput
functional screen identified microRNAs that regulate ALP activity. From these data,
we focused on miR-373, which has a 22-fold lower expression in ARCaPM cells
compared to ARCaPE cells (p<0.05). Overexpression of miR-373 in ARCaPM cells
resulted in a 60% reduction in ALP gene expression (p<0.05), a reduction in Runx2
expression, a 20% reduction in ALP activity (p<<0.01), and a 60% reduction in
mineralization of ARCaPM prostate cancer cells (p<<0.01). Our study defines a novel
mechanism whereby tumour-derived ALP induces EMT and survival of PCa cells,
with ALP expression regulated by miR-373, so identifying ALP and miR-373 as
mediators of PCa bone metastasis.

Disclosures: Srinivasa Rao, None.

FR0084

Integrin AlphaSbetal is a Potential Therapeutic Target to Treat Experi-
mental Breast Cancer Bone Metastasis. Francesco Pantano!, Martine
Croset?, Keltouma Driouch®, Edith Bonnelye*, Michele Iuliani', Marco
Fioramontil, Daniele santinil, Giuseppe Toninil, Philippe A.R.
Clezardin*>. 'Medical Oncology Division, University Campus-Bio-
Medico, Italy, 2INSERM Research Unit U1033, University of Lyonl,
France, “Institute Curie, France, *Faculte de Medecine RTH Laennec,
France, ’INSERM & University of Lyon, France

The fibronectin receptor, a5B1 integrin, is highly expressed in breast cancer cell
lines and disseminated tumor cells (DTC) from bone marrow (BM) of breast cancer
patients. The binding of a5B1 to fibronectin sustains tumor growth and contributes to
the survival of breast cancer cells in BM. We have shown by in-silico analysis, using
public microarray data sets, that high levels of a5 expression correlates with a short
onset of bone metastasis (BonMet) in resected breast cancer patients. Quantitative
real-time PCR analysis performed on primary tumors from 427 breast cancer patients
showed that (1) high o5 levels correlated with metastatic status and clinical parameters
and (2) o5 was an independent negative prognostic factor for BonMet relapse.
Therefore, we studied the role of @51 in a mouse model of BonMet. We choose the
breast cancer cell line B02, which highly expresses a5p1 and specifically metastases to
bone, that we injected intra-arterially to mice in combinaison with the anti-human-
a5B1 chimeric antibody (M200). In vitro, M200 blocked the adhesion and migration of
B02 to fibronectin. To assess the role of a581 in early BM colonization by tumor cells,
mice were treated with M200 (3 injections at 15mg/kg, starting the day prior to B02
inoculation to mice) or with vehicle. Seven days after tumor cell injection, the DTC
number in the BM was significantly decreased in M200-treated mice, highlighting the
anti-invasive properties of M200. Then, B02 tumor-bearing mice were treated with
vehicle or M200 at 15mg/kg, 3 times a week during 28 days at which time, animals
develop overt BonMet. M200 treatment delayed the onset of metastasis and decreased
the extent of osteolytic lesions and tumor burden in metastatic mice. Additionally,
M200 decreased human osteoclast differentiation in vitro, suggesting that a5p1 may
also inhibit bone resorption in vivo. The lentiviral mediated-silencing of a5 expression
in B0O2 reproduced the inhibitory effects obtained with M200 treatment of mice
bearing BonMet. However, o5 silencing in MDA-MB-231 cells, which form
metastases to BM and lungs, affected only DTC number in bone but not in lungs,
indicating that the activity of a5p1 may be tissue-specific. Overall, we have shown that
a5B1 mediates colonization of tumor cells in the BM and promotes the progression of
bone metastasis in vivo, suggesting that the therapeutic targeting of o581 may be an
effective strategy to treat bone metastasis.

Disclosures: Philippe A.R. Clezardin, None.

FRO0085

Roundabout receptors mediate breast cancer bone metastasis formation and
progression. Lise Clement-Demange*', Bénédicte Eckel®, Vincent Gonin?,
Delphine Goehrig2, Chantal Diaz—Latoudz, Philippe A.R. Clezardin®.
"France, 2INSERM U1033, France, ’INSERM & University of Lyon,
France

Roundabount (ROBO) receptors regulate axon guidance. We did a comparative
transcriptomic analysis of human MDA-MB-231 breast cancer cells with that of a cell
subpopulation that only metastasizes to bone (referred to as B02) and demonstrated
that Robol and Robo4 receptors were overexpressed in B02 cells. Interestingly, a high
Robo4 expression in primary tumors from patients with breast cancer (n=254)
correlated with poor prognosis and increased risk of relapse to bone. We therefore
examined the functions of Robol and Robo4 in tumor outgrowth and bone metastasis
formation.

Inoculation of Robo4-depleted cells in the mammary fat pad of mice led to a 50%
reduction in tumor burden, whereas the outgrowth of Robol-depleted tumors was
substantially increased, compared with animals injected with mock-transfected B02
cells. Bone metastasis experiments were realized by injection of tumor cells into the
caudal artery of mice and animals were analyzed by radiography on day 25 after
tumor cell inoculation. The extent of osteolytic lesions was dramatically increased in
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animals bearing Robol-depleted tumors, when compared with animals bearing
Robo4-depleted tumors.In vitro, the treatment of parental BO2 breast cancer cells with
anti-Robol antibody promoted invasiveness, whereas anti-Robo4 antibody dose-
dependently inhibited B02 cell invasion. Altogether these results let us hypothesize
that Robo4 might facilitate the engraftment of tumor cells in the bone marrow. To
address this question, two experiments were set up. First, the bone marrow was
flushed from the hind limbs of animals 7 days after tumor cell inoculation and cells
cultured under antibiotic selection, enabling the selective growth of tumor cells. The
number of colonies from the bone marrow of mice inoculated with Robo4-depleted
cells was reduced by 75 to 80% when compared with Robol-depleted cells. In the
second experiment, B02 cells were first incubated with an anti-Robo4 antibody, one
hour before intra-tibial inoculation. The incidence of colony appearance after bone
marrow flush was reduced by 50% when B02 cells were incubated with the anti-Robo4
antibody and the number of colonies was dramatically reduced from 792 to 33 /
mouse. These results provide strong evidence that axon guidance receptors Robol and
Robo4 are involved in bone metastasis formation and that the use of an antibody
directed against Robo4 receptor could lead to the development of innovative therapies
to prevent bone metastasis.

Disclosures: Lise CLEMENT-DEMANGE, None.

FR0087

Chondrocyte-specific Deletion of Sod2 Exacerbates Cartilage Degeneration
Associated with Low Mitochondrial Membrane Potential in Mice. Masato
Koike*', Nojiri Hidetoshi®>, Yusuke Ozawa®, Kenji Watanabe®, Isao
Masuda®, Yuta Muramatsu®, Haruka Kaneko? Daichi Morikawa?, Keiji
Kobavyashi®, Yoshitomo Saita’, Takahisa Sasho*, Takuji Shirasawa®,
Koutaro Yokote’, Kazuo Kaneko?, Takahiko Shimizu®. 'Chiba
University Graduate School of Medicine, Japan, *Department of
Orthopedics, Juntendo University Graduate School of Medicine, Japan,
*Department of Advanced Aging Medicine, Chiba University Graduate
School of Medicine, Japan, “Department of Orthopedics, Chiba University
Graduate School of Medicine, Japan, 5Department of Orthomedics,
Juntendo University Graduate School of Medicine, Japan, *Department
of Aging Control Medicine, Juntendo University Graduate School of
Medicine, Japan, "Department of Clinical Cell Biology & Medicine Chiba
University Graduate School of Medicine, Japan

Superoxide dismutase 2 (SOD2) is a major antioxidant enzyme localized
mitochondria to diminish mitochondrial superoxide. Human studies have reported
that SOD2 protein and SOD2 gene expression were significantly decreased in
osteoarthritic cartilage. However, pathophysiological role of SOD2 in chondrocytes
has not been fully elucidated yet. Here, we generated a novel chondrocyte-specific
Sod2-deficient (cKO) mouse using a Cre-loxp system to conclude whether SOD2 loss
in chondrocytes enhances osteoarthritis (OA) progression. Dehydroethidium, a
specific dye for superoxide detection, staining revealed that Sod?2 ablation significantly
enhanced superoxide generation by 400% in isolated chondrocytes from the cKO
mice. Sod2 loss in chondrocytes of knee joint developed no obvious skeletal
abnormalities during growth term, while the cKO mice significantly accelerated
cartilage loss in the depth of tidemark at eight weeks after surgery. Moreover, Sod?2
deficiency spontaneously exacerbated OA pathologies at 12 months of age. In vitro
experiments also revealed that Sod2 depletion caused impaired mitochondrial
membrane potential using JC-1 staining as well as swollen mitochondrial morphology
associated with disrupted cristae using an electron microscope. Furthermore, gene
expression analyses clarified that anabolic genes, including Col2al and Acan, were
significantly down-regulated, while catabolic genes, including Mmp13 and Adamts5,
were significantly up-regulated. Alcian blue staining confirmed a significant 80%
decrease of proteoglycan in cKO chondrocytes. Taken together, these results
demonstrated that Sod?2 deficiency in chondrocytes induced mitochondrial superoxide
generation and mitochondrial dysfunction associated with decreased membrane
potential resulted in cartilage degeneration and loss via impaired proteoglycan
metabolism. Our findings revealed that SOD2 plays a protective role in OA
pathogenesis regulating mitochondrial function in mice.

Disclosures: Masato Koike, None.

FRO0088

HIF-10 is essential for articular cartilage homeostasis through induction of
anabolic factors and suppression of catabolic factors. Keita Okada*', Song
Ho Chang', Yoko Hosaka? Hiroshi Kobayashi®, Shurei Sugita*, Haruhiko
Akivamas, Ung-Il Chungﬁ, Hiroshi Kawaguchi’, Taku Saito®. 'The
University of Tokyo, Japan, *University of Tokyo, Graduate School of
Medicine, Japan, >The University of Tokyo Hospital, Japan, ¢, Japan,
SGifu University, Japan, *University of Tokyo Schools of Engineering &
Medicine, Japan, "JCHO Tokyo Shinjuku Medical Center, Japan

Hypoxia-inducible factor-1o. (HIF-1a) plays a crucial role in hypoxic conditions
for cell survival in various tissues. In chondrocytes, previous studies have shown that
HIF-1a is essential in endochondral ossification and for interzone formation in joint
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development; however, the underlying molecular mechanisms remain unclear.
Moreover, while HIF-2a regulates expression of various catabolic factors and
osteoarthritis (OA), physiological and pathological functions of HIF-1o in articular
cartilage are yet to be revealed. Here, we investigated the HIF-1a function in articular
cartilage by analyzing surgical OA models and cartilage development using
conditional knockout mice. When we created the experimental OA model one week
after tamoxifen injection to Col2al-Cre" ™ Hifld"” mice, we found that OA
development was markedly accelerated as compared to the control Hifla" joints.
We then examined articular cartilage formation in Sox9-Cre; Hifla"”' embryos, and
found a massive cavity continuing from the joint surface forming a trumpet-shaped
epiphysis. Notably, apoptosis and Mmpl3 expression were upregulated in both of
these cKO mice. In addition, aggrecan release was increased when femoral heads from
3 week old ¢cKO mice were cultured in IL-1p and decreased when WT mice were
cultured with CoCl,, a stabilizer of Hif-1a. To determine altered gene expression by
HIF-1a deficiency, we carried out a microarray with cartilage samples from cKO
mice. The catabolic factors Mmp13 and Mmp9, anabolic factors Sox9 and Col2al and
the apoptosis related genes Bnip3 and Bnip3l showed marked fold changes. To
confirm these results, we obtained articular chondrocytes from Hifla” mice and
introduced adenoviral vector expressing Cre recombinase or GFP. Real-time RT-PCR
revealed increases of catabolic factors including Hif2a, Mmpl3 and Mmp9, and
decreases of anabolic factors including Col2al and Sox9 by the deletion of HIF-1a
under both normoxic and hypoxic (1% O, ) conditions. Similar results were also
obtained by HIF-1a silencing in primary articular chondrocytes from WT mice using
siRNA. When HIF-1a was lentivirally overexpressed in ATDCS cells, the opposite
results were obtained. In conclusion, HIF-la is essential for articular cartilage
homeostasis through its induction of anabolic factors and suppression of catabolic
factors and HIF-2a. Elucidation of the molecular network related to HIF-1o may lead
to an understanding of cartilage regeneration and subsequent OA treatment.

Disclosures: Keita Okada, None.

FR0089

PTHYyrP is a candidate marker of slowly replicating “resting” chondrocytes in
the postnatal growth plate cartilage. Noriaki Ono*!, Wanida Ono?, Henry
Kronenberg®. 'University of Michigan School of Dentistry, USA,
2Massachusetts General Hospital, USA

In endochondral bone development, chondrocytes in growth plate cartilage
continue to proliferate postnatally, providing engines for bone lengthening. We
hypothesize that slowly replicating cells of the growth plate are the sources of all other
chondrocytes and show characteristics of postnatal stem cells. To isolate label-
retaining cells (LRCs) (and therefore slowly replicating cells) from the growth plate,
we generated mice harboring a Tet-Off system regulating expression of GFP linked to
a histone (H2B-GFP) driven by type II collagen (Col2) promoter. In order to
preferentially mark growth plate chondrocytes with tdTomato, we also included a
Col2-creER transgene activating a Rosa26-tomato reporter (Col2-tTA; TRE-H2B-
EGFP; Col2-creER; R26R-tomato). These mice were fed with doxycycline from 3
weeks of age for various periods to shut off GFP expression (chase), and injected twice
with tamoxifen during 72 hours before being sacrificed. Dissected epiphyses were
digested with collagenase to harvest chondrocytes for FACS analysis. Tomato®
chondrocytes near the top of the growth plate retained a higher level of H2B-GFP
expression. The fraction of a label-retaining population with >10* unit of GFP
(GFP"") within the Tomato® population gradually decreased as the chase period
lengthened. LRCs and non-LRCs were FACS-sorted after 4 weeks of chase, when
GFP"&" represented ~10% of total Tomato™ cells. RNA of both populations was
amplified and subjected to Affymetrix cDNA microarray analysis. Upregulated genes
in LRCs were listed and confirmed by qPCR using independent samples. Of these
genes, we found that PTHrP mRNA was enriched in LRCs (x3.8). Analysis of
PTHrP-LacZ knock-in mice revealed that PTHrP* chondrocytes were localized at the
top of the postnatal growth plate. To ask whether these cells are slowly replicating,
PTHrP-LacZ mice were pulsed with 9 serial injections of EAU from postnatal day 4 to
6 and chased thereafter for 3 weeks. While 17.9+2.7% of EdU" cells were LacZ*
shortly after the pulse at day 7, the fraction increased to 77.6 +9.6% after the chase at
day 28, suggesting that LRCs were enriched among PTHrP" cells. Therefore, our data
indicate that PTHrP is a candidate marker for slowly replicating “resting”
chondrocytes of the postnatal growth plate, and will be instrumental in identifying
characteristics of putative chondrocyte stem/progenitor cells. We are currently
generating PTHrP-creER BAC transgenic mice to study the fate of these
chondrocytes.

Disclosures: Norviaki Ono, None.
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FR0090

Ablation of CypA Leads to Impaired Chondrogenesis by Inhibiting NF-kB-
Sox9 Pathway. Mian Guo*!, Jia Shen?, Jinny Kwak?, Xinli Zhangz, Aaron
James®, Kevork Khadarian?, Kang Ting?, Chia Soo*, Robert Chiu’.
"Dental & Craniofacial Research Institute & Division of Oral Biology,
School of Dentistry, University of California, Los Angeles; Department of
Neurosurgery, the Second Affiliated Hospital of Harbin Medical
University, USA, ’Dental & Craniofacial Research Institute & Section of
Orthodontics, School of Dentistry, University of California, Los Angeles,
USA, *Department of Pathology & Laboratory Medicine, David Geffen
School of Medicine, University of California, Los Angeles, USA, *Division
of Plastic & Reconstructive Surgery, School of Medicine, University of
California, Los Angeles; Department of Orthopedic Surgery, School of
Medicine, University of California, Los Angeles, USA, “Dental &
Craniofacial Research Institute & Division of Oral Biology, School of
Dentistry, University of California, Los Angeles; Jonsson Comprehensive
Cancer Center & Division of Surgical Oncology, University of California,
Los Angeles, USA

Cyclophilin A (CypA) is a PPlase (peptidyl-prolyl cis-trans isomerase) that
regulates protein folding, stability and translocation in diverse cellular processes.
Recent studies have demonstrated skeletal malformations in mice with PPlase
deficiency. This study aims to investigate the role of CypA in chondrogenesis and the
potential involvement of the NF-kB-Sox9 signaling pathway.

First, the skeletal phenotypes of CypA wildtype (wt) and knockout (ko) mice were
assessed by Alcian Blue/Alizarin Red whole mount staining, microCT, and
immunohistochemistry. Next, we cultured E12.5 mouse limb bud cells (wt vs ko)
and ATDCS prechondroblastic cells (control vs stable knockdown) in 3D systems.
The chondrogenic capacity of these cells was compared by immunostaining and RT-
PCR of chondrogenic markers expression. Finally, the direct interaction between
CypA and NF-xB/p65 was determined using co-immunoprecipitation. In addition,
CypA regulation of NF-kB/p65-Sox9 signaling was analyzed by western blot,
luciferase reporter assay and immunohistochemical staining.

Results showed that CypA ko mice were 10% shorter in body length at birth, and
exhibited endochondral ossification defects in the skull, long bones and vertebrae.
MicroCT analyses and Alcian Blue staining of femur and lumbar vertebrae revealed
significantly decreased bone formation and cartilaginous matrix deposition in CypA
ko mice. When assessing the long bone growth plate in developing mice, we observed a
thinner growth plate, shorter chondrocyte columns, and reduced expressions of Col2
& Coll0 in CypA null mice (Fig.1). The inhibition of chondrogenesis by down-
regulating CypA was confirmed in vitro in mouse limb bud cells and ATDCS cells.
Alcian Blue staining for chondrocytes and the expression of several chondrogenic
differentiation markers (Col2, Col10, Runx2 and Sox9) were all decreased in CypA ko
or kd cells (Fig.2). Next, the involvement of NF-kB/p65-regulated Sox9 expression in
CypA-mediated chondrogenesis was assessed. Results showed that CypA affects p65
stability by directly binding its N-terminal 170-176 amino acids. p65 levels and activity
were significantly inhibited in CypA knockdown cells, which in turn led to the
downregulation of Sox9 expression (Fig.3).

These findings suggest that CypA plays an important role in chondrogenic
development via the regulation of the NF-kB/p65-Sox9 signaling pathway. Further
study will focus on the mechanisms of CypA regulated endochondral ossification.
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Disclosures: Mian Guo, None.

FR0092

Notch Inhibits Chondrogenic Differentiation of Mesenchymal Progenitor
cells by Targeting Twistl. Martin Chang*', Ye Tian’, Edward Schwarz’,
Matthew Hilt0n4, Yufeng Dong>. 1University of Rochester Medical Center,
USA, >Shengjing Hospital, China Medical University, China, *University
of Rochester, USA, “Duke University Musculoskeletal Research Center,
USA

Recently we have demonstrated the importance of RBPjk-dependent Notch
signaling in the regulation of mesenchymal progenitor cell (MPC) differentiation
during chondrogenesis both in vivo and in vitro, although the exact molecular
mechanisms remain unknown. Here we have performed Notch gain- and loss-of-
function experiments to demonstrate for the first time that Notch suppression of MPC
differentiation and chondrogenesis acts via up-regulation of the transcription factor
Twist]l. Notch activation, via Notch intracellular domain (NIDC1) over-expression, in
micromass cultures of murine limb-bud MPCs displayed an inhibition of chondrogen-
esis. This was evidenced by significant decreases in the expression of chondrogenic
marker genes, including Col2al and Acanl, as well as decreased alcian blue staining.
We further demonstrated that Twist/ is exclusively expressed in MPCs at early stages
of chondrogenesis during Notch activation and that inhibition of Notch signaling in
these cells significantly reduced TWIST1 protein levels. In contrast, over-expression of
NICDI induced rapid TWIST! expression in the nucleus and the effects of Notch on
MPC differentiation was markedly reduced by knocking down of Twist/ in MPC
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micromass cultures (Fig. 1). Furthermore, luciferase assays demonstrate that
constitutively active Notch signaling significantly enhanced Twist! promoter activity.
Interestingly, mutation studies indicate that a putative NICD/RBPjk binding element
TGGGAA (-1432/-1426) in the promoter region is required for the Notch-
responsiveness of the 7wistI promoter. Finally, chromatin immunoprecipitation
assays using limb-bud MPCs further confirmed that the NICD influences Twist/
transcription by directly binding to the TwistI promoter in vivo via the RBPjk binding
site (Fig. 2). Taken together, our results indicate that RBPjk-dependent Notch
signaling directly activates Twist1, and this likely contributes to the Notch-mediated
repression of chondrogenesis and chondrocyte gene expression. These data provide
novel insights into our understanding of the molecular mechanisms underlying Notch
inhibition of chondrogenesis.

B 15
A
—-—d
£E
o ||
co shwistt £% o
e A
c

-~y
shTwlisti

NICD#/shTwist!

Fig. 1; Limb bud cells in micromass were infected with NICD1 or/and shTwistl
lentivirus for 3 days before being harvested for Western Blot and Alcian blue
staining (A) Twistl protein levels were significantly reduced by Twistl shRNA
lentiviral infection. (B) Quantification of Twistl protein expression in Western
blots. (C) A significant increase in chondrocyte nodule formation was observed in
both shTwistl infected cells with or without co-infection with NICD1, and a drastic
reduction in chondrocyte nodule formation was seen in NICD1-expressing cells.
Scale bars, 100 um.
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Fig. 2: (A) Immunoprecipitation assays (n=3) show that Twist1 protein interacts with
NICD1. (B) RBPIK binding site-mutated promoter construct. Nucleotides that mutate
from established consensus sequences are highlighted in red. {C) Twistl promoter
Luciferase assays. (D) Chromatin immunoprecipitation showed a specific fragment
was detected between the RBPIK response element and Twist1 in control (Co) MPCs,
and this fragment formation was enhanced by overexpression of NICD1 in MPCs.
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Disclosures: Martin Chang, None.

FR0095

Smad2/3 Mediated TGFbeta Signaling Controls Postnatal Chondrocyte
Proliferation and Differentiation by Inhibiting /hh Transcription. Weiguang
Wang*, Karen Lyons, Teni Anbarchian. University of California, Los
Angeles, USA

TGF-B signaling exhibits important roles in joint development and articular
cartilage (Refl). However, it is not clear to what extent TGF-B mediates its effects
through canonical Smad2/3 pathways vs. non-canonical pathways. To address this
question, we generated mice with a conditional deletion of Smad?2 in chondrocytes
using Col2cre (Smad2°*®), mice with Smad3 globally deleted (Smad3™), and the cross
of these two strains to obtain mice with both Smad2 & 3 deleted in chondrocytes
(Double mutant mice). At PO, Smad2°, Smad3” and double mutant mice exhibited
an expansion of both non-hypertrophic and hypertrophic zones in growth plate.
PCNA staining showed that there is an increase of proliferation in resting
chondrocytes in all 3 types of mutant mice. These defects were much more severe in
Smad2/3 double mutant and Smad2°*° than in Smad3” mice. In situ hybridization
results demonstrated an increase of Iih mRNA expression in prehypertrophic
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chondrocytes in all 3 types of mutant mice, when compared with the WT(Fig). In
addition, qPCR showed that TGF-f treatment inhibits A/ transcription in rib
primary chondrocytes of WT mice, but this inhibition is diminished in cells from all 3
types of mutant mice, and that this defect is more severe in double mutant and
Smad2<*® than in Smad3” cells. Moreover, luciferase reporter assay showed that
Smad?2 and Smad3 are required for inhibition of the 742bp Iihh promoter by TGF-p.
Further examination of this /h4h promoter revealed 4 putative Smad2&3 binding
elements (SBEs). Chip analysis using ATDC5 cells revealed that Smad2 only
associates with SBE2, and Smad3 has high affinity with both SBE1 and SBE2,
suggesting that Smad2 and Smad3 may have different functions in regulating
expression of Ihh. Enhanced Ihh signaling is highly associated with osteoarthritis
phenotype (Ref2). By 1 month, the double mutant mice developed early onset of
osteoarthritis-like phenotypes. By 4 months, there was severe degeneration of articular
cartilage, associated with elevated expression of IThh, ColX and MMPI13 in all these
mutant mice. These observations suggest that TGF-f3 signaling mediated by both
Smad2 and Smad3 is important for the regulation of postnatal growth plate
chondrocyte proliferation, differentiation and maintenance of articular cartilage, and
that Smads 2 & 3 may control these processes via inhibiting /4 transcription.
References:
1. Wang et al., Birth Defects Res C Embryo Today 2014 Mar;102(1):37-51
2. Lin et al., Nat Med. 2010 Jan;16(1):129
Smad2*°

Smad3* Double Mutant

WT

Ihh (In Situ)

Figure. Increased Ihh expression in growth plates of Smad2**, Smad3" and
Smad2/3 double mutant mice. In situ hybridization of PO tibia sections. Note the
increase of Ihh expression (Red) in prehypertrophic chondrocyte zones of Smad2-c,
Smad3" and Smad2/3 double mutant mice, when compared with the WT mice.

Increased Thh expression in growth plates of Smad2cko, Smad3-/- and Smad2/3
double mutant mice

Disclosures: Weiguang Wang, None.
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The novel transcription factor Zinc Finger Homeobox 4 (Zfhx4) is critical to
late stage of endochondral ossification. Eriko Nakamura*', Kenji Hata?,
Maokoto Wakabavyashi®, Yoshiaki Yura!, Toshiyuki Yoneda*, Riko
Nishimura®. 'Osaka University Graduate School of Dentistry, Japan,
2Osaka University Graduate School of Dentistry, Japan, *Asahi Kasei
Pharma, Japan, “Indiana University School of Medicine, USA

Endochondral ossification is a unique and important biological event, temporally
and spatially regulated by transcription factors, including Sox9, Runx2, and Osterix.
Although our understanding of the transcriptional regulation of endochondral
ossification is in progress, the precise regulatory mechanism still remains elusive. We
examined whether yet-unidentified transcription factors contribute to endochondral
ossification. To address this, we performed microarray analyses using mouse limb bud
cells. Mcroarray analyses showed high expression level of Zfhx4, a gene putatively
proposed to be responsible for 8q21.11 Microdeletion Syndrome., The syndrome is
characterized by micrognathia, camptodactyly, and syndactyly. Consistent with the
microarray, RT-qPCR showed that Zfhx4 was highly expressed in chondrocytes, long
bones, and calvariae. To investigate the role of Zfhx4 in endochondral ossification, we
generated the Zfhx4 floxed mice and subsequently mated them with CAG-Cre
transgenic mice. The Zfhx4 conditional knockout (KO) mice died of respiratory
failure within a day after birth. The skeletal preparation of the Zfhx4 KO mice at
E15.5 exhibited trivialized thoracic cavity, malformation of skull, and dysplasia of
femur, scapula, mandible and rib. Histological analyses indicated that endochondral
ossification was arrested at hypertrophic zone in the femur of Zfhx4 KO mice at
E15.5. We next examined expression of chondrogenic markers by performing
immunohistochemical staining of femur of Zfhx4 KO and wild-type (WT) littermates
at E15.5. Col2 and Coll0 expression levels were equivalent in Zfhx4 KO and WT. In
contrast, MMPI13 expression was dramatically down-regulated in Zfhx4 KO mice
compared with WT mice. Of note, calcification of cartilage matrices was markedly
suppressed in Zthx4 KO at E15.5 as demonstrated by von Kossa staining. Because the
phenotype observed in Zfhx4 KO resembled Osterix KO, we examined interaction
between Zfhx4 and Osterix. Fluorescent imaging analyses showed co-localization of
Zthx4 with Osterix, but not with Runx2. These results suggest that Zfhx4 is an
important transcription factor, playing a role in degradation and calcification of
cartilage matrices, presumably through interaction of Zfhx4 with Osterix. In
conclusion, we identified Zfhx4 as a novel transcription factor that might be critical
to the late stage of endochondral ossification.

Disclosures: Eriko Nakamura, None.
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The transcription factor Foxcl regulates chondrocyte hypertrophy in a
synergistic cooperation with Runx2. Michiko Yoshida*!, Kenji Hata?
Sachiko Iseki®, Teruko Takano-Yamamoto®, Riko Nishimura?, Toshiyuki
Yoneda®. 'Osaka University Graduate School of Dentistry, Japan, 2Osaka
University Graduate School of Dentistry, Japan, *Tokyo Medical & Dental
University, Japan, “Tohoku University Graduate School of Dentistry,
Japan, °Indiana University School of Medicine, USA

Endochondral ossification is spatially and temporally controlled by chondrogenic
transcription factors. Given complexity and diversity of endochondral ossification, we
attempted to identify an additional yet-unexplored transcription factor that
contributes to the regulation of endochondral ossification. To this end, we performed
FACS-assisted microarray profiling of transgenic mice overexpressing an improved-
YFP, Venus, under the control of the Col2al gene promoter and identified Forkhead
Box cl (Foxcl) that was selectively expressed in cartilage. Immunohistochemistry
showed the evident expression of Foxcl in proliferating and hypertrophic
chondrocytes, suggesting a potential role of Foxcl in endochondral ossification.
Consistent with this notion, overexpression of Foxcl strikingly increased CollOal
mRNA expression. DNA pull-down assay showed the direct binding of Foxcl to a
Foxcl-binding element in the Coll0al gene promoter. Of note, overexpression of
Foxcl together with Runx2, an essential transcription factor for chondrocyte
hypertrophy, synergistically increased the expression of Coll0al and MMPI3, both
of which are well-known target gene of Runx2 in hypertrophic chondrocytes.
Moreover, IP-western analysis demonstrated a physical associationbetween Foxcl
and Runx2. These data collectively suggest that the interactions between Foxcl and
Runx2 play an important role in the regulation of chondrogenic gene expression
associated with hypertrophy. Finally, we investigated the role of Foxcl in vivo using
spontaneous Foxcl-inactivated mutant mice (FoxcI®"). Foxcl“"*" mice showed diverse
skeletal abnormalities including dwarf phenotype and complete absence of the
ossification center in the sternum. Histological analysis showed that there are reduced
areas positive for Coll0al and MMPI3 in tibia of FoxcI“*" mice compared to that of
WT mice at E15.5 days. Remarkably, Coll0-positive hypertrophic chondrocytes were
not detected in the sternum of FoxcI"’*". Coll0al mRNA expression was decreased in
primary chondrocytes isolated from Foxcl“". However, Runx2 mRNA expression
was not affected and overexpression of Foxcl restored the expression of Coll0al in
FoxcI™" chondrocytes.

In conclusion, we identified the transcription factor Foxcl that is selectively
expressed in cartilage. Our results suggest that synergistic interactions of Foxcl with
Runx2 may regulate chondrocyte hypertrophy via the control of Coll0al and
MMP13 expression.

Disclosures: Michiko Yoshida, None.

FR0099

Absence of Cx37 leads to bone matrix modifications in mice: a potential
explanation for why reduced cortical thickness is not followed by decreased
mechanical strength. Rafael Pacheco Da Costa*!, Eduardo Katchburian?,
Hannan Davis®, Lilian Plotkin®, Rejane Reginatos. Indiana University/
Universidade Federal de Sao Paulo - Brazil, Brazil, >Federal University of
Sdo Paulo, Brazil, *Indiana University School of Medicine, USA, “Indiana
University School of Medicine, USA, SUNIFESP - Federal University of
Sao Paulo, Brazil

Connexin (Cx) 37 is a gap junction protein expressed in all bone cell types, and its
deletion leads to increased cancellous bone mass due to defective osteoclast
maturation. In spite of reduced cortical thickness, Cx37-deficient mice (Cx377)
exhibit higher mechanical strength in the femoral midshaft than Cx37*/* littermates,
suggesting changes in bone composition. We investigated here whether global deletion
of Cx37 alters the composition of bone extracellular matrix. For this, mRNA isolated
from vertebrae of 5-month-old Cx37”" mice and littermate Cx37*'* wild type controls
(N=7-10) was analyzed by qPCR. Cx37" mice exhibited increased expression of
Col3al (a gene involved in collagen formation), and LoxI2, LoxI3 and Loxl4 (genes
that encode for enzymes associated with collagen maturation) compared to Cx37**
mice. Consistent with this, collagen fiber in the femoral midshaft analyzed in bone
sections stained with picrosirius red and evaluated under polarization microscopy,
showed that Cx37”" mice exhibit predominance of reddish birefringence, suggesting
the presence of thicker fibrils and reduced bone remodeling. In addition, these mice
showed more intense type II collagen immunostaining, which could explain the
improved bone strength, and a slight decrease in biglycan, an indication of increased
collagen maturation. On the other hand, decorin did not change. Sulfated
glycosaminoglycans were slightly decreased in Cx377" mice, as evidenced by alcian
blue staining. On the other hand, expression of biglycan proteoglycan, Chsyl and
Chpf glycosaminoglycans, and of Has3, a gene associated with synthesis of low
molecular weight hyaluronan, was increased in Cx37”" mice. MLO-Y4 osteocytic cells
silenced for Cx37, using shRNA, which reduced Cx37 mRNA levels by 82% (N=6-9)
and protein by 40% (N=3), exhibited increased Chsyl and Chpf and decreased Has2
and Chsy3 mRNA expression. In addition, luminican and decorin mRNA levels were
decreased in MLO-Y4 osteocytic cells lacking Cx37. Consistent with the in vivo
results, Collal, Col3al, Lox, Loxll and LoxI2 were increased in Cx37-silenced MLO-
Y4 cells, suggesting that modifications in the bone matrix originate, at least in part,
from changes in osteocytic gene expression. Our findings suggest that deletion of Cx37
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increases bone strength through modification of extracellular bone matrix protein
synthesis by osteocytes.

Disclosures: Rafael Pacheco Da Costa, None.

FR0102

ASXL2 Regulates Skeletal, Glucose and Lipid Homeostasis. Nidhi
Rohatgi*!, Takashi Izawa’, Tomohiro Fukunaga®, Qun-Tian Wang®
Matthew Silva®, Michael Gardner®, Michael McDaniel’, Clay
Semenkovich®, Wei Zou®, Steven Teitelbaum®. 'Washington University in
St. Louis, USA, 2University of Tokushima Grad Sch, Japan, 3Washington
University in St. Louis School of Medicine, USA, UIC Biological Sciences,
USA, *Washington University in St. Louis School of Medicine, USA,
SWashington University School of Medicine, USA, "Washington Univerity
School of Medicine, USA

ASXL2 is an ETP, transcription-regulating protein which is highly associated with
bone mineral density in mouse and man. We find by cluster analysis that ASXL?2 is
expressed conjointly with genes governing myeloid differentiation suggesting it may
participate in osteoclast differentiation. In fact, osteoclastogenesis of ASXL2-/- mice
is arrested eventuating in a 400% increase in trabecular bone mass. Interestingly,
ASXL2 regulates the osteoclast via two distinct but related signaling pathways. First,
it induces osteoclast formation in a PPARYy /c-Fos-dependent manner. Thus, it is
required for RANK ligand- and PPARY agonist (thiazolidinedione)-induced bone
resorption. Second, ASXL2 promotes osteoclast mitochondrial biogenesis and thus
function in a c-Fos independent manner which is mediated by PGC-1p. Because
PPARY is a nuclear receptor and transcription factor which not only governs
osteoclast formation but is key to maintaining whole body insulin sensitivity and
glucose metabolism, we asked if ASXL2 impacts these metabolic events. Establishing
such is the case ASXL2-deficient mice have type 2 diabetes (T2D) with impaired
glucose homeostasis and global insulin resistance. As occurs in diabetic patients,
fracture repair of ASXL2-/- mice is delayed. Similar to that attending PPARY
deficiency, AsxI2-/- mice are also lipoatrophic with significantly smaller subcutaneous
and epididymal fat pads. The white adipose tissue of ASXL2-/- mice contains
immature adipocytes and defects both in lipogenic and lipolytic markers. Our studies
establish a link between skeletal biology and the metabolic syndrome and may provide
insights into the reason thiazolidinedione-treated T2D patients are predisposed to
poorly healing fractures.

Disclosures: Nidhi Rohatgi, None.

FR0103

Protein Phosphatase 5 (PPS) regulates both energy metabolism and bone mass
by reciprocal regulation of PPARy and Runx2 activities. Lance Stechschulte*!,
Chunxi Ge?, Piotr Czernik®, Edwin Sanchez', Renny Franceschi®, Beata
Lecka-Czernik®. lUniversity of Toledo Health Science Campus, USA, 2Pom
Univ of Michigan School of Dentistry, USA, *University of Toledo College
of Medicine, USA, 4University of Michigan, USA

Nuclear receptor PPARYy represents a ligand-regulated transcription factor that
translates metabolic, nutritional, and pathophysiological signals into adipocyte activities
maintaining energy metabolism. PPARY is also expressed in marrow mesenchymal stem
cells (MSCs) and controls development of both osteoblasts (OB) and adipocytes (AD).
PPARY is subjected to posttranslational phosphorylation which determines its specific
activities, including promotion of AD differentiation into white or beige phenotypes, and
anti-OB activity. Upon PPARY activation, Serl12 phosphorylation is decreased,
promoting marrow MSCs commitment toward white-type AD and away from the OB
lineage. The Runx2 transcription factor, a major regulator of MSC commitment to the
OB lineage, is also controlled by phosphorylation. Increased phosphorylation at Ser319 is
essential for its pro-OB effect. Because of their reciprocal effects on MSC differentiation
toward OB and AD lineages, we hypothesized PPARy and Runx2 activities are regulated
by the same mechanism. PP5 phosphatase binds to both transcription factors and
dephosphorylates Ser112 of PPARY leading to increased pro-AD and anti-OB activity,
and dephosphorylates Ser319 of Runx2 leading to decreased pro-OB activity. PPS
overexpression reduced Runx2 basal and MAPK-stimulated transcriptional activity,
along with Ser319 phosphorylation. Interestingly, PP5 did not affect pERK levels, neither
basal nor induced, indicating that Runx2 is a direct target for PP5. PP5-KO mice are
characterized with reduced weight gain, reduced body fat, lower fasting glycaemia,
improved glucose and insulin tolerance, augmented spontaneous locomotor activity and
energy expenditure, and augmented bone mass with reduced marrow adiposity.
Epidydimal fat of PP5-KO mice is converted to beige fat characterized by increased
expression of UCPI and beige AD-specific markers. Marrow MSCs derived from PP5-
KO mice have higher potential to develop colony forming units (CFU) of OB lineage, but
lower potential to develop fat-laden CFUs of AD lineage. PP5 deficiency in marrow
MSCs results in increased expression of pro-OB markers and markers of beige AD,
including Wnt10b and IGFBP2. These results identify PP5 as a common regulator of
PPARY and Runx2 activities and implicate that improved energy metabolism synergizes
with increased bone mass. Our observation may now form the basis for novel therapies
that simultaneously target bone and fat metabolism.

Disclosures: Lance Stechschulte, None.
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Gsao-deficient osteoblasts and osteocytes induce beige adipogenesis and a lean
phenotype via interactions with skeletal muscle. Keertik Fulzele*!, Vaibhav
Saini?, Padrig Tuck®, Xiaolong Liu®, Christopher Dedic®, Jenna Garr?,
Vladimir Zoubine3, Pankaj Shah®, Evan Rosen®, Paola Divieti Pajevic®.
"Massachusetts General Hospital; Harvard Medical School, USA, MGH,
Harvard Medical School, USA, *Endocrine Unit, Massachusetts General
Hospital, Harvard Medical School, USA, “Division of Endocrinology,
Diabetes, & Metabolism, Beth Israel Deaconess Medical Center, Harvard
Medical School, USA, >Massachusetts General Hospital & Harvard
Medical School, USA

Mice with induced osteocyte or osteoblast deficiency are significantly lean
indicating a role of osteolineage cells in regulating body fat accumulation It has
been reported that undercarboxylated osteocalcin (ucOC) secreted by mature
osteoblasts, regulates glucose homeostasis; however, it could not rescue the lean
phenotypes of osteoblast deficient mice suggesting other mechanism(s) for regulation
of body adiposity. We found that mice lacking the stimulatory subunit of G-proteins,
Gso, in osteoblasts and/or osteocytes are lean similar to the osteoblast or osteocyte-
deficient mice. DMP1-Cre or osteocalcin-Cre (OC-Cre) mice were mated with Gsa
floxed mice to generate mice lacking Gsa only in osteocytes (DMP1-GsaKO) or both
osteoblasts and osteocytes (OC-GsaKO). DMP1-GsaKO and OC-GsaKO mice had
significantly decreased body weights by 9-weeks of age and continued to be leaner as
compared to control littermates. DXA analysis revealed that the decreased body
weight was due to significant decrease in body adiposity in DMP1-GsaKO (36%), and
OC-GsoKO (10%) mice whereas the lean mass not changed. Gonadal and inguinal fat
pads (GWAT and InWAT) were significantly decreased in DMP1-GsaKO (77%) and
OC-GsoKO (35%) mice whereas brown adipose tissue (BAT), and pancreas were not
changed. The lean phenotype of these mice was not dependent on ucOC, because
serum insulin levels were not altered during fasting as well as in fed state and
osteocalcin levels were reduced. Histological examination of GWAT and InWAT
showed a significantly decreased adipocyte cell surface area and numerous multi-
locular adipocytes suggesting brown-adipocyte-like adipogenesis in these WAT, called
beige adipocytes. Immunostaining for uncoupling protein 1 (UCP1) revealed extensive
beige adipogenesis in GWAT and InWAT of these mice along with increase in beige
adipogenesis markers (PRDM16, Dio2, Cox5b, and Elvol3) as assessed by qPCR.
Among the circulating factors that induce beige adipogenesis, we found that serum
levels of irisin were significantly increased in DMP1-GsaKO, and OC-GsaKO mice.
Moreover, we found that osteoblasts and osteocytes also expressed irisin and these
levels were increased in Gso-deficient osteoblasts and osteocytes as assessed by
immunohistochemistry and qPCR. Taken together, our data show that Gsa-deficient
osteoblasts and osteocytes leads to a lean phenotype primarily by increasing beige-
adipogenesis, at least in part, via increased irisin from skeletal muscle.

Disclosures: Keertik Fulzele, None.

FR0107

Systematic integration of computational approaches and validation experi-
ments reveals functionality beyond GWAS signals and identifies ADCY?5 as
having genetic pleiotropy for Bone Mineral Density and Type 2 Diabetes.
Melina Claussnitzer*!, Luke D Ward?, Xing Chen®, David Karasik®,
Adrienne L Cupples®, Hans Hauner®, Douglas Kiel’, Manolis Kellisz, Yi-
Hsiang Hsu®. 'Hebrew SeniorLife, Institute for Aging Research & Harvard
Medical School, USA, 2Computer Science & Artificial Intelligence
Laboratory, Massachusetts Institute of Technology (MIT), USA,
*Harvard University, USA, “Hebrew SeniorLife; Bar Ilan University,
USA, “Department of Biostatistics, Boston University School of Public
Health, USA, °Else Kroner-Fresenius-Zentrum for Nutritional Medicine,
Technical University Munich, Germany, "Hebrew SeniorLife, USA,
8Hebrew SeniorLife Institute for Aging Research & Harvard Medical
School, USA

Recent studies suggest genetic pleiotropy of bone mineral density (BMD) and
metabolic syndrome risk factors, but the underlying genetic factors remain unknown.
Genetic signals emerging from genome-wide association studies (GWAS) are
frequently located in non-coding regions and have rarely been traced to the disease-
causing variants. We recently developed Phylogenetic Module Complexity Analysis
(PMCA), to infer regulatory variants in a region of disease association. PMCA tests
variants by analyzing the flanking region for cross-species conserved motif modules,
exploiting evolutionary information while allowing for transcription factor binding
site turnover.

To systematically study pleiotropy, and to identify the underlying causal variants,
we conducted the first multivariate GWAS of femoral neck BMD and metabolic risk
factors in ~35,000 Caucasians, and identified 140 bivariate loci that achieved genome-
wide significance or genome-wide suggestive significance. We then applied PMCA to
the 140 bivariate signals and identified several potential pleiotropic causal variants.
Among them, the intronic variant rs56371916 at the ADCY5 locus (bivariate GWAS
p-value = 1.9 x 10™ for BMD with glucose levels). We report multiple lines of evidence
supporting rs56371916 (C/T, MAF=0.14) to be causal for the genetic correlation: (1) it
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harbors a functional regulatory SREBP motif based on conservation of a API-
NKXH-SREBP-EVI motif cluster across species; (2) chromatin segmentations on the
Roadmap reference epigenomes revealed rs56371916 to be located in an enhancer
chromatin state; (3) using EMSA, we found allele-specific SREBP binding for
adipocytes (2.3-fold, p<<0.05) and osteoblasts (3.1-fold, p<<0.05) nuclear extract; (4)
luciferase assays show cell type-specific enhancer effects for osteoblasts (2.8-fold,
p<0.05) and adipocytes (3.5-fold, p<<0.05); (5) Lastly, we use SREBP-1 knockdown
by siRNA to show that increase in ADCY5 mRNA is dependent on rs56371916 (1.9-
fold, p<0.05) and regulation by SREBP-1. We are currently undertaking CRISPR/
Cas9 genome engineering in patient samples to assess osteoblast function and insulin
sensitivity.

Our general approach for the computational discovery and experimental dissection
of disease variants has important implications on the study of pleiotropy in particular,
and complex traits more generally, which can help bridge the genotype-to-phenotype
gap between genetic variants, molecular mechanisms, and cellular and organismal
phenotypes.

Disclosures: Melina Claussnitzer, None.

FRO0108

The Transient Receptor Potential Channel M8 (TRPMS) Regulates
Mesenchymal Stromal Cell Lineage Allocation, Cortical Expansion and the
Skeletal Response to Acute Cold Exposure in Mice. Katherine Motyl*!,
Phuong Le!, Daniel Brooks?, Casey Doucette!, Mary Bouxsein®, Clifford
Rosen*. 'Maine Medical Center Research Institute, USA, “Beth Israel
Deaconess Medical Center, USA, >Beth Isracl Deaconess Medical Center,
Harvard Medical School, USA, *Maine Medical Center, USA

Recent data indicate a role for thermogenic brown adipose tissue (BAT) in
regulating bone remodeling in humans and rodents. In particular, we have found that
activation of BAT is associated with SNS-mediated trabecular bone loss. Deletion of
TRPMS causes reduced thermogenesis in response to the TRPMS agonist icilin, which
mimics cold-exposure. We sought to determine if TRPMS plays a role in bone
homeostasis and if 7Trpm8-/- mice would have altered thermogenesis and bone
remodeling in response to cold. Utilizing mice with GFP-tagged TRPMS expression,
we found TRPMS positive cells within bone marrow in vivo and ex vivo. BMSCs from
-/- mice had reduced fibroblast colony forming units, alkaline phosphatase and Von
Kossa staining during osteoblast differentiation compared to littermate controls.
Interestingly, BMSCs from -/- mice also had reduced adipocyte differentiation (Oil
Red O). This finding was further confirmed with ear mesenchymal stem cells (eMSCs)
differentiated to adipocytes. Despite striking differences in vitro, -/- mice at 22°C have
only subtle differences in trabecular micro-architecture of the femur. However, -/-
mice have significantly lower total area and medullary area of the femur diaphysis (at
52 wks of age), suggesting impaired periosteal expansion and endosteal resorption. We
next used cold-exposure to examine the effect of thermogenesis on bone. After 6 hr at
4°C, +/+ tibiae (including marrow) had reduced Runx2, increased Rankl, and
increased Ucp! (thermogenic marker) expression compared to room temperature (RT)
controls, a change which was prevented in -/- tibiae. When exposed to 4°C for 3 weeks
(after 1 week acclimatization at 18°C), both +/+ and -/- mice lost trabecular bone
compared to RT similarly, despite lower core temperature (T) of the -/- mice during
the first 2 weeks. Core T then normalized in -/- mice, suggesting novel, undefined
mechanisms are present to sense cold and activate thermogenesis. In summary,
TRPMS8 may be important for BMSC lineage allocation, which could explain why
cooler extremities (i.e. long bones) have more marrow adiposity relative to axial
bones. Further quantitation of marrow adiposity in the -/- mice by osmium pCT, and
experiments examining the differential role of TRPMS in acute vs. long-term cold
exposure are underway. These studies will enhance our understanding of thermogen-
esis and the communication between adipose tissue and bone, and have implications
for osteoporosis and obesity therapeutics.

Disclosures: Katherine Motyl, None.
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Effect of Prolonged Caloric Restriction on Bone Metabolism and Bone
Mineral Density in Non-obese Younger Adults. Dennis Villareal*', Lugi
Fontana®, Sai Krupa Das’®, Leanne Redman®, Steven Smith’, Edward
Saltzman®, Connie Bales®, James Rochon’, Carl Pieper®, Megan Huang®,
Michael Lewis”, Ann V Schwartz'®. "University of New Mexico School of
Medicine, USA, *Washington University School of Medicine, USA, 35Jean
Mayer USDA Human Nutrition Research Center on Aging at Tufts
University, USA, “Pennington Biomedical Research Center, USA, *Florida
Hospital & Sanford Burnham Medical Research Institute, USA, “Duke
Universtiy School of Medicine, USA, "Rho Federal Systems, USA, $Duke
Clinical Research Institute, USA, °University of Vermont College of
Medicine, USA, '®University of California San Francisco, USA

Importance: Although caloric restriction (CR) could delay biological aging in
humans, it is unclear if this would occur at the cost of significant bone loss.

Objective: To evaluate the effect of prolonged CR on bone metabolism and bone
mineral density (BMD) in young healthy adults.
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Design: We conducted a two-year multicenter randomized, controlled trial.

Participants: Two-hundred eighteen normal weight or slightly overweight (body
mass index: 25.141.7 kg/m?), young (age: 37.9+7.2 yr) adults participated in the
study.

Interventions: Participants were randomly assigned to 25% CR (CR group; n=143)
or ad libitum (AL group; n=75).

Main outcomes and measures: Main outcomes for this study were BMD and
markers of bone turnover. Other outcomes included body weight and composition,
bone-active hormones, nutrient intake, physical activity (PA), and strength.

Results: Body weight (-7.5+0.4 vs. 0.1+0.5 kg), fat mass (-5.3+0.3 vs. 0.4+0.4
kg), and fat-free mass (-2.240.2 vs. -0.2+0.2 kg) decreased in the CR group, not in
the AL group (all p<<0.001). Compared with AL, the CR group had greater losses in
BMD at 24 months: at the lumbar spine (-0.013 40.003 vs. 0.007 +0.004 g/cm?), total
hip (-0.01740.002 vs. 0.001 +0.003 vs g/cmz), and femoral neck vs. (-0.01540.003 vs.
-0.005+0.004 g/cm?). Changes in bone turnover markers were greater at 12 months
for C-telopeptide (0.098+0.012 vs. 0.0254+0.015 pg/L), tartrate-resistant acid
phosphatase (0.4+0.1 vs. 0.24+0.1 U/L), and bone-specific alkaline phosphatase
(BSAP) (-1.4+0.4 vs. -0.3+0.1 vs. U/L) but not PINP; at 24 months only BSAP
differed between groups (-1.5+0.4 vs. 0.9 +0.6). In addition to lower weight, the CR
group had larger increases in cortisol and adiponectin and decreases in leptin and
insulin, hormones associated with bone loss, compared with AL. However, 25-
hydroxyvitamin D and IGF-1 changes did not differ between CR and AL groups. The
CR group also had a larger reduction in PA. Multiple regression analyses revealed
that the combination of changes in body composition, hormones, nutrient intake, and
PA explained 10-31% of the variance in changes in BMD and bone markers in the CR
group.

Conclusions and relevance: Bone loss at clinically important sites of osteoporotic
fractures represents a potential limitation of prolonged CR. Further long-term studies
are needed to determine the clinical significance of bone loss in healthy young adults
with CR-induced weight loss.

Disclosures: Dennis Villareal, None.
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Sclerostin is associated with metabolic syndrome in older men from the
MINOS cohort. Cyrille Confavreux*', Pawel Szulc?, Olivier Borel®, Annie
Varennes*, Joelle Goudable’, Roland Chapurlat®. 'INSERM UMR1033 -
Universite de Lyon, France, ’INSERM UMR 1033, University of Lyon,
Hopital E. Herriot, Pavillon F, France, SINSERM U1033 - Université de
Lyon, France, “Laboratoire Central de Biochimie, Hospices Civils de Lyon,
France, ’INSERM UMRI1060 - Universit¢ de Lyon, Hospices Civils de
Lyon, France, °E. Herriot Hospital, France

Rationale.Bone is an endocrine organ regulating energy metabolism. In mice, the
metabolic syndrome (MetS) phenotype induced by the destruction of half osteoblasts
was partially rescued by osteocalcin (OC) treatment suggesting that bone may secrete
other metabolically active factors. Preliminary data show that serum sclerostin is
increased in type 2 diabetic patients and is correlated positively with abdominal fat
and weakly negatively with HDL-cholesterol level. Therefore, our aim was to study
the association between serum sclerostin level and MetS in older men.

Materials and methods.Serum levels of sclerostin and OC were measured in 694
men aged 50 to 85 years. MetS was diagnosed according to the harmonized definition
(Alberti. Circulation 2009). Serum sclerostin was measured using Teco® ELISA kit.
We assessed the association between sclerostin level and MetS using logistic
regression.

Results.Serum sclerostin was higher in 216 men with MetS than in the 478 without
MetS (0.66+0.21 vs 0.61+0.19 ng/ml; p<0.005). In a logistic regression model
adjusted for age, smoking, alcohol intake, physical activity and serum levels of
250HD, OC and apparent free testosterone, higher sclerostin serum level was
associated with higher prevalence of MetS (OR [95%CI]=1.28 per 1 SD increase [1.05-
1.57]; p<0.05). Average serum sclerostin level increased across the increasing number
of MetS components (p for trend <0.001) and was 15% (0.5 SD) higher in men with 4-
5 MetS components compared with men without any MetS component. In contrast to
OC, the strength of the relationship of sclerostin with mild (3 components) and
moderate/severe (4/5 components) MetS was similar (OR=1.25 [1.01-1.55] and 1.33
[1.001-1.76] per 1 SD increase, respectively). After adjustment for confounders, MetS
prevalence was two-fold higher in the highest sclerostin quartile (vs the lowest) and in
the lowest OC quartile (vs the highest), respectively. After further adjustment for
urinary total deoxypyridinoline, men who were simultaneously in the highest
sclerostin quartile and the lowest OC quartile had higher MetS prevalence
(OR=2.90 [1.51-5.55]; p<<0.001) compared with men who were simultaneously in
the three lower sclerostin quartiles and three upper OC quartiles.

Conclusion.In older Caucasian men, higher serum sclerostin was associated with
MetS independently of OC, bone resorption rate and other confounders. Men with the
"high sclerostin-low osteocalcin” profile had the highest MetS prevalence.

Disclosures: Cyrille Confavreux, None.
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The relationships between bone-derived proteins, osteocalcin and sclerostin,
and atherosclerosis in subjects with coronary artery bypass grafting. Kyoung
Min Kim*, Soo Lim, Jae Hoon Moon, A Ram Hong, Hak Chul Jang, Sung
Hee Choi. Seoul National University Bundang Hospital, South Korea

Accumulating evidence recently suggests the systemic roles of bone-derived
proteins, and severe human studies reported the relationships between osteocalcin
(OCN) or sclerostin, and the atherosclerotic parameters. The aims of this study were
to evaluate sclerostin and osteocalcin levels in subjects who underwent coronary
artery bypass graft (CABG) surgery and to analyze its relationships with
atherosclerosis.

This was an age- and sex- matched case-control study that included 61 male
subjects who underwent CABG and identical number of controls. Forty-six subjects
(37.7%) were diabetes and 62 hypertensive subjects (50.8%) were included. Serum
sclerostin, uncarboxylated-osteocalcin (ucOCN) and carboxylated-osteocalcin
(cOCN) were measured using a commercially available ELISA and were transformed
logmatically for statistical analysis.

Serum sclerostin concentrations in CABG group were significantly higher than in
the controls, whereas the levels of serum ucOCN in CABG group were significantly
lower than in the controls (p<<0.05, respectively). These statistical significances
were maintained even after adjusting for confounding atherosclerotic risk factors.
However, there was no difference in cOCN levels between CABG group and controls.
When subjects were further divided according to the presence of diabetes, serum
ucOCN concentrations in CABG group were significantly lower regardless of diabetic
status (p<<0.05 in both groups). In multiple logistic regression analysis, both higher
sclerostin and lower ucOCN levels were independent predictors for atherosclerosis
(OR 2.46, 95% CI 1.02-7.51, p<0.05 for sclerostin, OR 0.34, 95% CI 0.15-0.75,
p<0.05 for ucOCN).In subjects who underwent CABG, serum sclerostin level was
increased and ucOCN level was decreased compared to controls. Further studies are
warranted to establish the precise roles of sclerostin or ucOCN in the pathogenesis of
atherosclerosis.

Disclosures: Kyoung Min Kim, None.
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Phosphate Set Point Defect in Dmpl Knockout Mice. Shoiji Ichikawa*!, Rita
Gerard-O’Riley', Amie Gray', Dena Acton', Jian Feng?, Michael Econs'.
'Indiana University School of Medicine, USA, ’Texas A&M Health
Science Center, USA

Inactivating mutations in the dentix matrix protein 1 (DMPI) gene cause an
autosomal recessive form of hypophosphatemic rickets (ARHR). Hypophosphatemia
in ARHR results from increased circulating levels of a phosphaturic hormone,
fibroblast growth factor 23 (FGF23), which inhibits renal phosphate reabsorption and
1,25-dihydroxyvitamin D synthesis. Similarly, elevated FGF23 is responsible for X-
linked hypophosphatemic rickets (XLH). Recently, we demonstrated that Phex
mutations in a murine model of XLH create a lower set point for extracellular
phosphate, where increased phosphorus further stimulates Fgf23 production to
maintain low serum phosphorus levels. In this study, we tested the presence of the
altered response to extracellular phosphate in a murine model of ARHR, Dmpl
knockout mice. Dmpl knockout mice were crossed to Galnt3 knockout mice, a
murine model of familial tumoral calcinosis, to generate Dmpl/Galnt3 double
knockout mice. We then compared serum biochemistries of 12-week-old double
knockout mice to those of controls, including DmpI knockout mice, Galnt3 knockout
mice, and phenotypically normal double heterozygous mice. Dmpl knockout mice
had 19 fold increase in intact Fgf23 levels, resulting in hypophosphatemia. In
contrast, Galnt3 knockout mice had 33% reduction in intact Fgf23 with consequent
hyperphosphatemia. Dmpl knockout mice in the Galnt3-null background had almost
complete correction of serum phosphorus with normal intact Fgf23 levels, but a 57
fold elevation in total Fgf23 concentrations. We also determined how loss of the
Dmpl function affects processing of Fgf23 protein. In normal mice, approximately
55% of Fgf23 existed as intact protein. Due to the lack of O-glycosylation to protect
from proteolytic cleavage, only 1.5% of intact Fgf23 was secreted in Galnt3 knockout
mice. Interestingly, there was little proteolytic cleavage of Fgf23 in Dmpl knockout
mice, while Dmpl knockout mice lacking normal Galnt3 alleles had the same level of
cleavage as in Galnt3 knockout mice. In summary, Dmpl knockout mice had
markedly elevated Fgf23 levels in part due to decreased proteolytic processing of
Fgf23. Lack of O-glycosylation by Galnt3 was able to normalize intact Fgf23, and
thus, serum phosphorus, in Dmpl knockout mice. However, the increased Fgf23
production in the double knockouts suggests that similar to Phex mutant mice, Dmpl
knockout mice may have a lower set point for extracellular phosphate.
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Disclosures: Shoji Ichikawa, None.

FRO118

SNORD116, a Non-translated, Imprinted Central Regulator of Bone Mass:
Possible Role in Skeletal Abnormalities in Prader-Willi Syndrome. Ee-Cheng

imprinted pathway from the brain to bone, and its potential role in disease.S-
NORDI16 exists as a 29 copy cluster of unknown function; it is not translated but
produces small non-translated nucleolar RNA’s (snoRNA). SNORDI116 is widely
expressed in the brain in humans and is exclusively expressed in the brain of
mice.SNORDI116 resides within the Prader-Willi Critical Region, and is therefore
imprinted, with the maternal copy silenced. Prader-Willi Syndrome (PWS) individuals
display additional dysfunction and/or deletion of the non-silenced paternal allele. Loss
of SNORDI116 has recently been associated with PWS, which involves obesity,
insatiable appetite, cognitive impairment, hormonal imbalance, short stature and
osteoporosis.Snord116 KO mice were studied to determine whether SNORD116 may
regulate bone mass and potentially the skeletal changes in PWS. Consistent with
reduced stature in PWS, Snord116 KO mice showed delayed skeletal development,
with reduced bone size and mass in femurs and vertebrae of both sexes. The
osteopenia in Snord116 KO was due to reduced cortical bone volume and cortical
mineral apposition rate, with no change in cancellous bone. Importantly, the reduced
cortical bone formation was evident in skeletally mature mice, indicating ongoing
suppression of osteoblast activity by loss of Snord116 expression in the brain, beyond
developmental processes.These skeletal changes were consistent diminished somato-
tropic axis activity; with reduced serum IGF-1 levels in Snord116 KO mice.The site of
Snord116 activity in bone was isolated to the hypothalamus, with viral-mediated over
supply of Snord116 in this region further reducing bone mass in Snord116 KO mice.
Moreover, this response indicates that normal skeletal homeostasis requires a
physiological range of Snord116 expression.In conclusion, SNORDI16 deletion in
mice recapitulates the short stature and low BMD and aspects of the hormonal
imbalance of PWS individuals. Moreover, it demonstrates for the first time, that non-
translated RNA, expressed solely within the brain can regulate bone mass in health
and disease. Moreover, it illustrates the potential complexity of central regulation of
bone mass.

Disclosures: Paul Baldock, None.
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The anti-osteoanabolic function of Sost is blunted in mice carrying the high
bone mass mutation of Lrp5. Timur Yorgan*l, Stephanie Boermsz, Pegoy
Benisch®, Franz Jakob*, Michael Amling®, Thorsten Schinke®. 'University
of Hamburg, University Medical Center Hamburg-Eppendorf, Germany,
’Department of Osteology & Biomechanics, University Medical Center
Hamburg-Eppendorf, Germany, >University of Wuerzburg, Germany,
*Orthopedic Center for Musculoskeletal Research, University of
Wuerzburg, Germany, *University Medical Center Hamburg-Eppendorf,
Germany, *Department of Osteology & Biomechanics, University Medical
Center Hamburg Eppe, Germany

Activating mutations of the putative Wnt co-receptor Lrp5 or inactivating
mutations of the secreted molecule Sclerostin cause excessive bone formation in mice
and humans. Previous studies have suggested that Sclerostin functions as an Lrp5
antagonist, yet clear in vivo evidence was still missing, and alternative mechanisms
have been discussed. To address the question, if the anti-osteoanabolic function of
Sclerostin, at least in mice, depends on LrpS5 interaction, we took advantage of two
previously established mouse lines carrying different high bone mass alleles of Lrp5
(Lrp™23Y and Lrp®7°"). We additionally generated transgenic mice over-expressing
Sost specifically in osteoblasts and crossed them into the Lrp?*" and Lip®7""
background. Using uCT-scanning and histomorphometry we found that transgenic
over-expression of Sost under the control of a 2.3 kb Collal promoter fragment
causes reduced bone formation and osteoporosis in the presence of intact Lrp3.
Importantly however, this anti-osteoanabolic influence of Sost over-expression was
fully abolished in mice homozygous for the Lrp??*" or the Lrp®7°" allele,
respectively. In contrast, osteoblast-specific over-expression of Krm2, encoding a
transmembrane Wnt signaling antagonist, dramatically reduced bone mass on both,
the wildtype and the mutant Lrp5 background. These data show that Krm2, a
putative receptor for Dkk proteins, influences bone remodeling in an Lrp5-
independent manner. Most importantly however, we were able to provide in vivo
evidence showing that Sclerostin controls bone formation through interacting with the
extracellular region of Lrp5.

Disclosures: Timur Yorgan, None.
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The Effects of Activin Receptor Type IIB Fusion Protein (ActRIIB-Fc) on
Hindlimb Skeletal Muscles and Femoral Properties of Osteogenesis
Imperfecta Model (0im) Mouse. Young Jeong*!, Marybeth Brown?, R.
Scott Pearsall®, Charlotte Phillips*. "University of Missouri, USA,

Khor!, Bruce Fanashawe', Yue Qi’, Peter Croucher', Herbert Herzog?,
Paul Baldock*?. 'Osteoporosis & Bone Biology Division, Garvan Institute
of Medical Research, Australia, 2Neuroscience Division, Garvan Institute
of Medical Research, Australia, *Garvan Institute of Medical Research,
Australia

Our understanding of the central control of bone mass has increased markedly;
however, much remains to be determined. Here we describe the first non-translated,
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2University of Missouri, USA, *Acceleron Pharma, USA, 4University of
Missouri-Columbia, USA

Osteogenesis imperfecta (OI) is a heritable connective tissue disorder primarily due
to defects in the type I collagen genes. The clinical features of OI include low bone
mass with reduced biomechanical strength, and frequent fractures in patients.
Myostatin, a member of transforming growth factor- p (TGF-p) superfamily, is
known to regulate muscle differentiation and growth by signaling through activin
receptor type IIB (ActRIIB). Myostatin deficiency can lead to increased muscle mass,
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which has been associated with increased bone mass and strength. In addition, Activin
A, another member of TGF-f superfamily, is highly expressed in bone cells and
known to promote osteoclastogenesis by signaling through the activin receptors.
Recent studies using soluble activin receptor type IIB fusion protein [ActRIIB-Fc
(RAP-031), Acceleron Pharma] were shown to prevent the effects of androgen
deprivation and aging on bone quality; increasing muscle force production and bone
mineral density. The ActRIIB-Fc functions as a molecular decoy receptor and binds
to myostatin and activin A, preventing endogenous ActRIIB activation, leading to
increased muscle and bone mass, respectively. In the following study, we investigated
whether the use of ActRIIB-Fc would increase bone and muscle mass in the
osteogenesis imperfecta mouse (oim) model. Bi-weekly injections (10mg/kg) of
ActRIIB-Fc were given to Wt and oim/oim mice, beginning at 2 months of age. At
4 months, the mice were weighed, and the hindlimb skeletal muscles and bones were
harvested. In treated mice, the overall body weights and the soleus, plantaris, tibialis
anterior, and quadriceps muscle weights were increased compared to vehicle treated
control mice regardless of gender and genotype. By LCT analysis, female Wt and oim/
oim mice femora exhibited increased cortical bone width with ActRIIB-Fc treatment,
as well as Wt female femora exhibited gains in polar moment of area with ActRIIB-Fc
treatment. Our findings suggest that systemic administration of ActRIIB-Fc induced
gains in hindlimb skeletal muscle weights in both genders of Wt and oim/oim mice,
with improved femoral bone geometry in female Wt and oim/oim mice.

Disclosures: Young Jeong, None.
This study received funding from: Acceleron Pharma
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The F508DEL-CFTR Mutation Inhibits Osteoblast Differentiation and
Function Through Constitutive Activation of Nf-Kb Signaling. Carole Le
Henaff*, Rafik Mansouri, Dominique Modrowski, Pierre J. Marie. UMR-
1132 Inserm, Paris, France & b Université Paris Diderot, Sorbonne Paris
Cité, France

Cystic fibrosis (CF) is often associated with bone loss with significant clinical
implications. The mechanisms underlying bone pathology in CF are poorly known.
We recently showed that mice with the prevalent human F508del mutation in the CF
transmembrane conductance regulator (CFTR) display vertebral osteopenia resulting
from decreased bone formation and altered osteoblast activity in vivo. To identify the
molecular mechanisms underlying the altered bone formation in CF, we characterized
the osteoblast phenotype in F508del-CFTR mice and we determined the mechanisms
involved in this phenotype. The analysis of bone marrow stromal cells (BMSCs)
isolated from long bones in F508del-CFTR mice revealed a marked decrease in the
expression of osteoblast genes (RUNX2, ALP, COL1Al, OC) associated with
decreased in vitro matrix mineralization compared to WT mice. Mutant trabecular
osteoblasts also displayed decreased ALP and COL1A1 mRNA levels compared to
WT mice, indicating that the F508del-CFTR mutation mostly impacts osteoblast
differentiation and function. In contrast, cell proliferation was not affected in BMSCs
or in trabecular osteoblasts. The alteration in osteoblast function was related to the
F508del-CFTR mutation since a CFTR corrector (miglustat) improved osteoblast
gene expression in mutant osteoblasts. Mechanistically, we found that trabecular
osteoblasts from F508del-CFTR mice had constitutively active NF-kB transcriptional
activity compared to WT osteoblasts, as shown in a NF-kB reporter assay. Consistent
with the increased NF-kB signaling, we found that both BMSCs and trabecular
osteoblasts isolated from F508del-CFTR mice showed increased RANKL/OPG ratio
compared to WT mice. Importantly, inhibition of NF-kB signalling by a specific
pharmacological inhibitor improved osteoblast gene expression and reduced the
RANKL/OPG ratio in F508del-CFTR osteoblasts. The data indicate that NF-kB
signaling is exacerbated in F508del osteoblasts, which results in a marked alteration of
osteoblast differentiation and function and increased expression of key modulators of
osteoclastogenesis. This reveals a novel molecular mechanism underlying the
osteoblast dysfunction induced by the F508del-CFTR mutation in mice, and suggests
a molecular target to attenuate the abnormal osteoblast activity and decreased bone
formation in this genetic disorder.

Disclosures: Carole Le Henaff, None.
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WNT1 is one of the major WNT ligands regulating bone homeostasis. Kyu
Sang Joeng*', Yi-Chien Lee?, Ming-Ming Jiang?, Terry Bertin®, Yuging
mz’ Annie Mary Abraham®, Hao Ding®, Xiaohong Bi* Catherine
Ambrose®, Brendan Lee'. "Baylor College of Medicine, USA, *Baylor
College of Medicine, USA, *University of Texas Health Science Center at
Houston, USA, *University of Texas Health Science Center at Houst, USA,
SUniversity of Texas Health Science Center at Houston, USA

We and other groups recently identified that various mutations in WNTI cause a
recessive form of Osteogenesis Imperfecta (OI), characterized by brittle bones. To
understand the function of WNTI in bone homeostasis as well as the pathogenic
mechanism of Ol caused by WNT1 mutations, we studied two mouse models; swaying mice
carrying a spontaneous mutation in Wntl (as a loss of function study) and DMPI-Cre;
Rosa26-WntI mice (as a gain of function study). Interestingly, the swaying mice recapitulate
the major features of OI patients, exhibiting spontaneous fractures (65% fracture rate) with
severe osteopenia. Subsequent histomorphometric analyses showed that osteoblast activity
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was significantly decreased in swaying mice without any changes in osteoclasts. The specific
defects in osteoblasts prompted us to test the osteogenic potential of WNT]1 using the gain
of function mouse model. We overexpressed WNT1 in late osteoblasts/osteocytes by
crossing D MPI-Cre transgenic mice with Rosa26-Wntl knock-in mice. As we expected, the
DMPI-Cre; Rosa26-Wntl mice showed a dramatic increase in bone mass. Our in vitro study
confirmed that WNT1 enhances osteoblast differentiation and mineralization. To
understand the biomechanical and biochemical mechanism of the fracture incidence in
swaying mice, we performed 3-point bending and Raman spectroscopy. Swaying mice
exhibited reduced bone strength with decreased mineral composition in the bone matrix,
which is different from other OI models that exhibit increased mineral composition in the
bone matrix. Finally, we tested the therapeutic potential of sclerostin antibody (Scl-Ab) in
Ol caused by WNTI mutations by using swaying mouse. Interestingly, swaying mice treated
with Scl-Ab from 2 to 8 weeks of age showed improved fracture incidence (10% fracture rate
when compared to vehicle treated swaying mice (80% fracture rate). Subsequent analyses
showed significantly increased bone mass in the Scl-Ab treated swaying mice. Based on these
data, we conclude that 1) WNTTI is a major WNT ligand regulating bone homeostasis in
both mice and humans, 2) the swaying mouse is a model of OI caused by WNT1 mutations,
3) the low bone mass phenotype in swaying mice is due to decreased osteoblast activity, 4)
the biomechanical and Raman spectroscopic analyses suggest that the mechanism of bone
fragility in OI due to WNTI mutations is distinct from other types of OI, and 5) Acl-Ab may
be an effective treatment for OI patients with WNTI mutations.

Disclosures: Kyu Sang Joeng, Amgen provided Scl-Ab for this study, 10
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Discovery of Novel Models of Bone Disease using an Unbiased High-Throughput
Phenotyping Screen of Transgenic Mice. Douglas Adams', Renata Rydzik!, Li
Chen 1, Seung-Hyun Hong?, Dana Godfrey?, Xi J iang', Zhihua Wu', Vilmaris
Diaz-Doran', Caibin Zhang', Dong-Guk Shin*, David Rowe', Cheryl Ackert-
Bicknell*>. 'University of Connecticut Health Center, USA, *University of
Connecticut, USA, 3The Jackson Laboratory, USA, 4University of
Connecticut, USA, 5Unive:rsity of Rochester, USA

Work is underway via the Knockout Mouse Program (KOMP) to generate knockout
mice for all known genes and to conduct cursory phenotyping to identify the physiologic
role(s) of these genes. However, for bone, this phenotyping includes only whole body areal
bone mineral density (aBMD), a low-resolution measure lacking mechanistic dimension. A
more comprehensive examination of bone is needed to capture the bone physiologic role of
any gene; thus, we have developed a high-throughput pipeline to conduct such phenoty-
ping. We will phenotype males and females of 80 KOMP lines per year over 4 years, plus
controls. Our high-resolution pCT analysis is automated to provide rapid morphometric
measurements of femora and vertebrae, and when this analysis identifies a bone phenotype,
we conduct additional dynamic bone histomorphometry. We are using an automated cryo-
sectioning method and a uniquely objective computational image analysis protocol to
achieve precise, high-throughput measures indicative of bone formation and resorption. All
skeletal phenotype data generated will be publically available via a devoted website. Our
goal is to identify new genes with key roles in regulating bone physiology. One such
example is cerebellin 3 precursor protein (Chln3), a gene primarily studied for its role in
neuronal synapses. By pCT we determined that female Chin3” mice present with no
phenotype in femoral bone mass or geometry, whereas male mice exhibited 33% higher
femoral trabecular bone mass (p=0.007) and 6% higher cortical mass (p=0.03), with no
difference in femur length. Histomorphometry confirmed this sexual dimorphism in
trabecular mass, as well as a characteristically higher BFR in females. Measurement of
femoral aBMD confirmed a 7% increase in male Chin3” mice, whereas in females both
BMC and bone area increased, resulting in a trend towards a net decrease in aBMD which
complicates interpretation of bone phenotype if screened by aBMD alone. From these
data, we conclude that Chln3 is a novel regulator of bone physiology. Our pipeline is poised
to identify a number of such novel models as we are purposely choosing genes that are
understudied in the context of bone biology. As we move towards personalized medicine,
there is genuine need to define the genetic landscape of disease. This requires understanding
the number of genes that impact skeletal disease and the degree and manner in which they
do so, current gaps in knowledge that our study seeks to fill.

Disclosures: Cheryl Ackert-Bicknell, None.
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Novel Causes of Bone Dysplasias Identified through Whole Exome
Sequencing. Emily Farrow*!, Serdar Ceylaner’, Zafer Bicakci’, Ergun
Cetinkaya®, Melanie Patterson’, Lisa Krivohlavek®, Margaret Gibson®,
Katie Barger’, Carol Saunders’, Neil Miller’, Neil Mardis’, Stephen
Kingsmore®. 'Children’s Mercy Hospital, USA, ’Intergen Genetics
Diagnosis & Research Centre, Turkey, 3Pediatrics, Kafkas University,
Turkey, “Pediatrics of Endomer, Turkey, *Children’s Mercy Hospital, USA

Inherited bone dysplasias occur in approximately 1/5000 births. Often a molecular
diagnosis, important not only for establishing recurrent risks but also for clinical
treatment, is not made due to genetic heterogeneity. While individual inherited bone
dysplasias are rare, their collective study has been important in identifying novel
therapeutic targets for common multifactorial bone disorders, such as osteoporosis,
which affects 30% of postmenopausal women.
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Whole exome sequencing was performed on two patients with undiagnosed bone
dysplasias. Previously, both patients had undergone extensive clinical testing that was
negative. Exome sequencing of the probands identified likely causative mutations in
two biologically plausible, novel candidate genes. The first patient, who died of
osteopetrosis at 5 months of age, had a homozygous, premature stop variant in the
gene encoding TNF receptor-associated factor 6 (TRAF6). The second patient had
cleft palate, severe pectus excavatum, and mesomelic dysplasia and was found to have
a homozygous frameshift variant in hyaluronan and proteoglycan link protein 1
(HAPLNI1). Each variant is unique in the Center for Pediatric Genomic Medicine’s
warehouse of 1400 individuals tested, 1000 Genomes, and the Exome Variant Server.
Clinical sequencing confirmed disease segregation with variant homozygosity in the
two consanguineous families. In both patients, the bone dysplasia recapitulated the
features of mice with null mutations of these loci. Taken together, these results
demonstrate that next generation sequencing of probands is an effective diagnostic
tool for the identification of novel genes for mendelian causes of bone dysplasia.

Disclosures: Emily Farrow, None.
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Tissue Non-specific Alkaline Phosphatase Enzyme Therapy Prevents
Abnormal Craniofacial Endochondral and Intramembraneous Bone Develop-
ment in the AlpI"™ Mouse Model of Infantile Hypophosphatasia. Jin Liu',
Hwa Kyung Nam', Cassandra Campbell!, Kellen Da Silva Gasque?, Jose
Luis Millan?, Nan Hatch*". lUniversity of Michigan, USA, 2Sanford-
Burnham Medical Research Institute, USA

Hypophosphatasia (HPP) is a rare metabolic disorder that features osteomalacia
due to loss-of function mutations in the gene (Alpl) encoding tissue-nonspecific
alkaline phosphatase (TNAP). Recent reports demonstrated that injection of a
mineral-targeted form of TNAP in infants and children with debilitating HPP
dramatically improves skeletal mineralization, yet a high incidence of craniosynostosis
(the premature fusion of cranial bones) remains in these patients. Significantly, as
more children with HPP survive due to enzyme replacement therapy, craniosynostosis
has become a more pressing medical concern in this patient population. TNAP
enzyme replacement has thus far been initiated weeks to years after birth in HPP
patients. We hypothesize that the therapy must be initiated at an earlier
developmental time point to prevent craniosynostosis and craniofacial skeletal
abnormalities in HPP patients. We are utilizing the Alpl-/- mouse model of infantile
HPP to establish mechanisms by which TNAP regulates craniofacial skeletal
development and determine if earlier TNAP enzyme replacement can prevent
craniofacial skeletal abnormalities. Results show that juvenile Alpl-/- mice exhibit
histologic abnormalities of calvarial bones and the cranial base involving growth
plates, cortical and trabecular bone that include poorly demarcated cortices,
diminished marrow space and hypertrophic chondrocyte zone expansion. Craniosy-
nostosis in the form of coronal suture fusion is present by three weeks after birth.
Alpl-/- mice also feature significantly diminished cranial and cranial base bone
mineralization, and an abnormal craniofacial shape. Here we also report for the first
time that TNAP enzyme replacement starting in neonates rescues all craniofacial
skeletal abnormalities seen in Alpl-/- mice. Micro-CT, histologic and digital caliper
based analyses show that the skulls of treated P15 Alpl-/- mice (n=44) are significantly
different than those of untreated Alpl-/- mice (n=44), but not significantly different
than those of wild type mice (n=45). These findings demonstrate that post-natal
TNAP enzyme replacement therapy is efficacious for preventing HPP-associated
craniofacial skeletal abnormalities when initiated shortly after birth. Results presented
here also indicate that the influence of TNAP on craniofacial skeletal development
extends beyond that of promoting hydroxyapatite crystal growth, and includes both
osteoblastic and chondrocytic differentiation mechanisms.
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A number of novel loci are implicated for height and bone density determination
through integration of ESR1 DNA occupancy and SNP association data.
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Genome-wide association studies (GWAS) have demonstrated that genetic
variation at the ESRI (Estrogen Nuclear Receptor Alpha) locus is associated with
BMD. ESRI is a transcription factor known to regulate osteoclastogenesis. Given
these observations, we hypothesized that ESR1 regulates the expression of a set of
molecular pathways critical to skeletal function. Drawing on our laboratory and
bioinformatic experience, we analyzed ChIP-seq data for ESR1 availa