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VITAMIN D DEFICIENCY PANDEMIC: THE HEALTHFUL

BENEFITS OF THE D-LIGHTFUL VITAMIN D
M. F. Holick*'
'Boston University School of Medicine, Boston, United States

The major source for vitamin D for humans is from exposure to sunlight.
The solar ultraviolet B photons that are absorbed into the epidermis convert
7-dehydrocholesterol to previtamin D3. Previtamin D3 rapidly is transformed
in the skin to vitamin D3 which then enters the circulation and is sequentially
metabolized in the liver and kidney on carbons 25 and 1 to form 1,25-di-
hydroxyvitamin D. 1,25(OH)2D is a biologically active form of vitamin D
responsible for regulating calcium and phosphorus metabolism for maintain-
ing skeletal health throughout life. Very few foods either naturally contain
vitamin D or are fortified with vitamin D. Inadequate sun exposure and
dietary intake of vitamin D has resulted in a vitamin D pandemic world-wide.
It’s estimated that 30-50% of children and adults in the United States and
Europe are at risk of vitamin D deficiency. It is now recognized in India, New
Zealand, and Australia that vitamin D deficiency is becoming a major health
problem. Vitamin D deficiency not only causes rickets in children and
osteomalacia and osteoporosis in adults, but also has other dire health con-
sequences including increased risk of common autoimmune diseases including
type I diabetes and multiple sclerosis, common cancers including cancers of
the breast, colon, prostate, etc., increased risk of cardiovascular heart disease
and increased risk of serious infectious diseases including tuberculosis. Sensi-
ble sun exposure along with increasing intakes of vitamin D to 1,000 TU of
vitamin D3/d are simple ways of preventing this vitamin deficiency. The
campaign that recommends avoidance of all sun exposure has placed the
world’s population at increased risk of vitamin D deficiency. There is little
evidence that sensible sun exposure typically no more than 5-10 minutes of
arms and legs 2 to 3 times a week in the spring, summer and fall will sig-
nificantly increase a person’s risk of nonmelanoma skin cancer. It should also
be noted that most melanomas, the most serious form of skin cancer, occur
on the least sun exposed areas and are associated with the number of sun
burning experiences as a child and young adult. Because of the short and long
term consequences of vitamin D deficiency on health, there needs to be a
reevaluation of the recommendations for sensible sun exposure and to increase
the fortification of additional foods with vitamin D.
Conflict of Interest: none declared
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BONE GROWTH IN LENGTH AND WIDTH: THE YIN AND

YANG OF BONE STABILITY
F. Rauch*!
!Genetics Unit, Shriners Hospital, Montreal, Canada

Bone growth in length is primarily achieved through the action of chon-
drocytes in the proliferative and hypertrophic zones of the growth plate.
Longitudinal growth is controlled by systemic, local paracrine and local
mechanical factors. With regard to the latter, a feedback mechanism must
exist which ensures that bone growth proceeds in the direction of the pre-
dominant mechanical forces. How this works is unknown at present. Bone
growth in length is detrimental to bone stability, but this effect is counteracted
by concomitant bone growth in width. This occurs through periosteal appo-
sition, which is the responsibility of periosteal osteoblasts. The action of these
cells is mainly controlled by local factors, with modulation by systemic agents.
According to mechanostat theory, periosteal apposition is regulated by
mechanical requirements. An alternative model, called sizostat hypothesis,
maintains that a master gene or set of genes regulate bone growth in width to
reach a preprogrammed size, independent of mechanical requirements. The
virtues of these two hypotheses have been the subject of much discussion, but
experimental data are scarce. In the past, research in this field has focused on
bone remodeling on trabecular surfaces. Future research will have to address
the question how periosteal bone cells manage to integrate mechanical, hor-
monal and other input to shape bones that are as strong as they need to be.
Conflict of Interest: none declared
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TOWARD AN EXPANDED UNDERSTANDING OF THE ROLE
OF THE PERIOSTEUM IN SKELETAL HEALTH
E. Orwoll*!
"Veterans Affairs Medical Center, Portland, Oregon, USA

Bone structure is a critical component of bone strength, and overall bone size
is particularly important for resistance to fracture. Cellular events at the perio-
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steal surface determine bone size. Thus it is critical to understand the regulation
of periosteal events. Although interest in this area has recently increased, there is
still a dearth of information concerning periosteal physiology and disorders of
periosteal function.

During growth and skeletal development periosteal modeling is dramatically
active. Clearly radial bone growth occurs during development, as a result of
active bone formation. But to produce the modeling drifts that result in the
transformation from infant to adult proportions there is also active resorption.
Disorders in these processes are well-described, including inadequate radial
growth with immobilization or inborn errors and changes in bone size with the
use of antiresorptive drugs (e.g. bisphosphonate therapy in children with
osteogenesis imperfecta). It is highly likely that periosteal development deter-
mines adult bone size, and hence the propensity for fracture later in life. The
molecular and cellular pathways that underlie these events are poorly under-
stood.

In adults the degree to which the periosteum is active is controversial. Sev-
eral histomorphometric studies in humans indicate that bone formation and
resorption are present, but there are still few data. At most skeletal sites there
appears to be a gradual increase in bone size with aging, suggesting active bone
formation. Men may have more age-related periosteal expansion than women,
but that remains uncertain. The femoral neck is of particular interest. Until
recently, it was assumed that no periosteum existed at the neck, but now there is
good evidence that bone formation is active at that site in adults, and that
femoral neck dimensions increase with age. A new study in primates suggests
that bone resorption is present at that site as well. If bone formation and
resorption are both present in the periosteum, the concept of bone balance is
relevant when attempting to determine the nature and regulation of bone size
change in adults. Some bone and mineral disorders affect bone size via these
mechanisms (e.g. hyperparathyroidism, acromegaly). To what extent alterations
in periosteal bone balance contribute to bone fragility with aging or in osteo-
porosis is unclear.

Pharmacological therapies for increasing bone strength may act at the
periosteum. For instance, several antiresorptive drugs have been reported to
increase bone size, particularly in animal models, potentially by reducing
resorption. Parathyroid hormone also may stimulate net increases in bone size,
and androgenic compounds appear to stimulate periosteal bone formation. An
understanding of periosteal responses to drugs could expand the ability to reduce
fractures.

1S04

EPIDEMIOLOGY OF ASEPTIC LOOSENING
O. Furnes*'
!Department of Orthopaedic Surgery, Haukeland University Hospital, Bergen,
Norway

Background: Joint replacement is increasing in the western society due to
better implants, technology and an elderly population. Due to this a growing
numbers of patients are at risk for revision surgery. As the techniques and
implants evolve and time elapse different reasons for revisions dominate over
time. To study the different reasons for revision in hip replacement we have used
the data from the ongoing prospective study in the Norwegian Arthroplasty
Register on joint replacement from 1987 to today.

Methods: Results of hip arthroplasty surgery in Norway will be described.
An overview on reasons for failures defined as revision surgery will be presented
related to time after surgery. The result of hip replacement surgery was studied
from 1987 to 2005. The time periods 1987-91, 92-96, 97-01, 02-2005 were
studied. Survival analysis using Kaplan Meier analysis and Cox regression
analysis will be presented for different endpoints including aseptic loosening of
components.

Results: In the year 2005, 29% (32 % for the hole period) of revisions
were due to aseptic loosening of the acetabulum, 23 % (35) due to femoral
loosening, 11% (7) due to dislocations, 9% (5) due to infections, 4% (3) due
to periprosthetic fractures, 8% (6) due to pain, 4% (1) due to osteolysis in
the acetabulum, 4% (2) due to osteolysis in the femur, 4% (3) due to wear of
the polyethylene and 4% (4) other causes. There was 37 % less risk of
revision in primary hip replacement surgery in the time period 97-01 com-
pared to 87-91 (RR=0.63: 95% CI 0.57-0.69, p<0.001). From 1997 there
has been an improvement of results of cemented prostheses due to fewer
revisions due to aseptic loosening of the femoral stem (RR=0.50: 95 CI
0.44-0.58, p<0.001). There was more luxation in the later periods for ce-
mented prostheses (RR=2 (1.6-2.4)). In uncemented prostheses there was a
64 % reduced risk (RR 0.36 (0.29-0.45)) for revision, and 71 % (RR 0.29
(0.21-0.35)) and 77 % (RR 0.23 (0.15-0.33)) reduction for acetabular and
femoral loosening respectively.

Conclusion: There has been an improvement in revision rate of hip
replacement over the years. Aseptic loosening of the acetabulum and femoral
components is decreasing but is still the dominant cause of revision in cemented
implants. In uncemented implants the dominant cause of revision has been wear
and osteolysis and aseptic loosening of the cup.

Conflict of Interest: none declared
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THE PATHOGENESIS OF OSTEOLYSIS AND IMPLANT LOO-

SENING
J. M. Wilkinson*'
! Academic Unit of Bone Metabolism, University of Sheffield, Sheffield, United
Kingdom

The pathogenesis of periprosthetic osteolysis and subsequent aseptic loosening
of the implant involves complex interactions between mechanical and biological
factors. It is currently thought that osteolysis develops as a result of macrophage
and fibroblast-mediated osteoclast activation following a local inflammatory
response to particulate wear debris generated by the prosthesis materials. We
have found a clear dose-response relationship between articular bearing-surface
wear and development of osteolysis. However, it remains unclear whether it is
the particles themselves, or organic compounds adsorbed on their surface, that
drive the inflammatory response. Other factors such as non-bearing surface
wear, implant micromotion, and intra-medullary cyclic hydrostatic pressure
change may also contribute to the inflammatory response.

Examination of osteolytic tissues taken at revision surgery, in-vitro and in-
vivo models of osteolysis have suggested that cytokines including TNF, the IL-1
family, IL-6, RANK, RANKL, and OPG, are implicated in the osteolytic
process. The genes encoding these cytokines contain polymorphic regions that
are associated with inter-individual variability in bone-losing diseases such as
osteoporosis, periodontitis, and inflammatory arthritis. We have examined the
role of these, and other, candidate genes in affecting an individual’s risk of
developing osteolysis after total hip arthroplasty.

Our studies suggest that the minor allelic variants within the TNF gene
promoter (TNF-238A), the IL-1 receptor antagonist (IL-1RN +2018T), and the
gene encoding secreted frizzled-related protein 3 (FRZB +200Trp), together
with complex haplotypes involving the RANKL, and OPG genes are associated
with a differential incidence of osteolysis. We have also shown using a luciferase
reporter gene assay that promoter constructs containing the TNF —238A allele
have higher basal and stimulated levels of transcriptional activation versus the
common -238G allele in response to polyethylene particle or bacterial toxin
stimulation, providing functional evidence to support the role of this polymor-
phism in the development of osteolysis.

Identification of genes that are responsible for variation in the risk of
osteolysis helps further our understanding of its pathogenesis. This may allow
the application of emerging biologic therapies, such as those recently introduced
in rheumatoid arthritis, to arrest developing osteolytic lesions before mechanical
loosening occurs.

Conflict of Interest: none declared
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BIOLOGIC TREATMENT STRATEGIES
K. Sgballe*'
! Department of Orthopaedics, University of Aarhus, Denmark

Guided bone regeneration, bone grafts, bone growth factors, and bone
substitute materials have been used to restore inadequate bone tissue structures
to make them proper for implant placement. We have been working with a
variety of these stimulating factors e.g. gene therapy, polypeptide coatings,
ceramic coatings, polymer coatings, bone substitutes / bone allograft, growth
factors and drugs like bisphosphonate and PTH. We have also been working
with improvements of surgical techniques in order to govern the bone to
regenerate faster and more reliably, particularly in revision settings with poor
ability for bone regeneration. Preclinical studies with these molecules have
provided better understanding of the doses, formulation, and delivery mecha-
nism necessary for effective bone formation in our experimental models. We
have also conducted clinical randomized trials based on results from our
animal experiments. The presentation will be a review of the most important
basic science, preclinical studies as well as clinical studies involving these
stimulating factors.

1S07

QUANTITATIVE PROTEOMICS FOR CELL DIFFERENTIA-
TION IN BONE DEVELOPMENT
I. H. Kratchmarova*!, B. B]agoevl, M. Kassem?, M. Mann®
! Biochemistry and Molecular Biology, University of Southern Denmark, °Endo-
crinology, Odense University Hospital, Odense M, Denmark, 3Proteomics and
Signal Transduction, Max Planck Institute of Biochemistry, Martinsried, Ger-
many

The process of cell differentiation is controlled by variety of different sig-
nals and stimuli and it is dependent on the microenvironment. The signaling
events that are initiated by Receptor Tyrosine Kinases (RTKs) often lead to
different cellular outcomes such as proliferation and differentiation. Although
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RTKs have been a main focus of signaling research for decades, little is
known about the mechanisms controlling differential growth factor effects and
their impact on the process of differentiation. We found that the differenti-
ation of human mesenchymal stem cells (hMSC) into osteoblasts is enhanced
by epidermal growth factor (EGF) but not platelet-derived growth factor
(PDGF), despite the ability of both to induce tyrosine phosphorylation cas-
cades in the cells. Using quantitative mass spectrometry-based proteomic
approach with triple-encoding SILAC, we determined, and quantitatively
compared, the EGF and PDGF tyrosine phosphoproteomes. Three cell
populations of hMSC were grown in medium containing distinct forms of
arginine — either the normal Arg0 or Arg6, or Argl0 isotopic variants. Arg0
cells were left untreated and served as a control; Arg6 cells were exposed to
EGF and Argl0 cells to PDGF. The combined cellular lysates were immu-
noprecipitated using anti-phosphotyrosine antibodies, the precipitated com-
plexes were proteolytically digested and the resulting peptide mixture analyzed
by LC-MS/MS. We identified 113 proteins that were specifically utilized by at
least one of the growth factors. More than 90 percent of these signaling
proteins were found both in EGF and PDGF induced signaling networks,
whereas the phosphatidylinositol 3-kinase (PI3K) pathway was exclusively
activated by PDGF, implicating it as a possible control point. Indeed,
chemical inhibition of PI3K in PDGF-stimulated cells removed the differen-
tial effect of the two growth factors, bestowing full differentiation effect onto
PDGF. Thus, quantitative proteomics can be used to directly compare entire
signaling networks and discover critical differences capable of influencing the
differentiation of hMSC.

Conflict of Interest: none declared
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PROTEOMICS TECHNOLOGY
M. Mann*'
! Proteomics and Signal Transduction, Max-Planck Institute for Biochemistry,
Martinsried, Germany

Proteomics has grown explosively in recent years but the technology is
daunting to the non-specialist. Here I will introduce recent trends in mass
spectrometry (MS) based proteomics and report on novel applications [1-3].

MS technology: proteomics is now mainly based on mass spectrometry.
Complex protein mixtures — such as organelles or whole cell lysates — are di-
gested with an enzyme and the resulting peptides are separated by nanoscale
liquid chromatography. As the peptides elute their masses are recorded and they
are fragmented and identified in the mass spectrometer. Very high performance
mass spectrometers with high resolution and extremely high mass accuracy have
become available, tremendously increasing the confidence in the results of pro-
tein identifications. Several peptides are sequenced per second and hundreds of
proteins can be identified in a single experiment.

Quantitative proteomics: Quantitation in MS-based proteomics is usually
done with stable isotope labeling. Various schemes have been proposed and it is
now realistic to quantify hundreds and perhaps soon thousands of proteins in
mixtures [4].

Interaction proteomics: Finding interaction partners is one of the most
useful applications of proteomics. Quantitative proteomics makes it possible to
distinguish false positive interactions from true interactions [5].

Large-scale mapping of phosphorylation sites: Post-translational modifica-
tions are eminently suited to detection by MS. In a recent example from our
laboratory, more than 6000 phosphorylation sites were quantified in response to
growth factor stimulation [6]. This type of analysis now allows a direct view on
signal processing in the cell.

1. Aebersold, R. and M. Mann, Mass spectrometry-based proteomics. Nature,

2003. 422(6928): 198-207.

2. Steen, H. and M. Mann, The abc’s (and xyz’s) of peptide sequencing. Nat Rev

Mol Cell Biol, 2004. 5(9): 699-711.

3. Andersen, J.S. and M. Mann, Organellar proteomics: turning inventories into

insights. EMBO Rep, 2006. 7(9): 874-879.

4. Ong, S.E. and M. Mann, Mass spectrometry-based proteomics turns quanti-

tative. Nature Chemical Biology, 2005. 1: 252-262.

5. Mann, M., Functional and quantitative proteomics using SILAC. Nat Rev

Mol Cell Biol, 2006. 7(12): 952-958.

6. Olsen, J.V., et al., Global, In Vivo, and Site-Specific Phosphorylation

Dynamics in Signaling Networks. Cell, 2006. 127(3): 635-648.
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1S09

BIOMARKER DISCOVERY

C. Lindberg*l, G. Marko—Vargal, J. Griffin, S. Kjellslrc’iml, T. E. Fehnigerl,
P. Brobergl, J. Mo!, K. Forsman-Semb', H. Vissing', I. Groth Clausen’,
M. Dahlbick?, A. Dirksen®, S. Shaker?
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[Biological Sciences, >Medical Sciences, Astrazeneca, Lund, Sweden, jPulrm)nary
Medicine, Gentofte University Hospital, Hellerup, Denmark

A key consequence of chronic obstructive pulmonary disease (COPD) is the
progressive loss of lung tissue including components of the alveolar walls and the
pulmonary microvasculature. Increased levels of elastin degradation products
(elastin peptides and desmosine) have been reported in the bronchoalveolar la-
vage fluid and blood of smokers and COPD patients. Amongst the metabolic
products of the synthetic and catabolic processes of protein expression during
COPD are peptides secreted into body fluids such as blood and urine. These
markers are likely associated with a combination of biological processes
occurring in COPD patients during cycles of tissue destruction and repair
associated with chronic inflammation.

Peptide profiles from urine were compared between COPD patients,
asymptomatic smokers, and non-smokers. The peptide profiling analyses were
based on the initial removal of larger proteins by column chromatography using
restricted access material followed by the separation of the smaller peptides by
cation exchange liquid chromatography combined with mass spectrometry. Se-
lected peptides were sequenced using tandem mass spectrometry. Total peptide
profiles from each subject were used for group comparisons by univariate and
multivariate statistical analyses.

We have identified panels consisting of approximately 200 individual peptide
identities which are differentially expressed in COPD patients compared to never
smoking controls. The patterns of relative peptide expression were correlated
with measurements of lung structure by HRCT.

This exploratory biomarker discovery study has identified a number of

peptide biomarker candidates in urine from COPD patients vs. controls. The
biomarker candidates fall into a limited number of annotation classes, some of
which may be related to known pathological processes in COPD such as lung
matrix biology and others where no obvious link to COPD is known.
Conflict of Interest: C. Lindberg, AstraZeneca, employee G. Marko-Varga,
AstraZeneca, employee J. Griffin, AstraZeneca, employee S. Kjellstrom,
AstraZeneca, employee T. E. Fehniger, AstraZeneca, employee P. Broberg,
AstraZeneca, employee J. Mo, AstraZeneca, employee K. Forsman-Semb,
AstraZeneca, employee H. Vissing, AstraZeneca, employee I. Groth Clausen,
AstraZeneca, em- ployee M. Dahlbick, AstraZeneca, employee A. Dirksen,
AstraZeneca, grant/research support S. Shaker, AstraZeneca, grant/research
support
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DEVELOPMENTAL ORIGINS OF OSTEOPOROTIC FRAC-
TURE: THE ROLE OF MATERNAL VITAMIN D INSUFFI-
CIENCY
C. Cooper*l, N. Harveyl, K. Javaid', Z. Cole', N. Arden', E. Dennison’
'MRC Epidemiology Resource Centre, University of Southampton, Southampton,
United Kingdom

Osteoporosis is a skeletal disease characterised by low bone mass and mi-
cro-architectural deterioration of bone tissue, with a consequent increase in
bone fragility and susceptibility to fracture. The cumulative incidence of
fracture from age 50 years is estimated at around 50% among white women
and 20% among white men. Preventive strategies against osteoporotic fracture
can be targeted throughout the life course. Thus, modification of physical
activity and dietary calcium/vitamin D nutrition in the elderly and during
midlife should complement high risk approaches entailing appropriate mea-
surement of bone mineral density and targeting of antiresorptive and forma-
tion stimulating drugs. Prevention of osteoporotic fracture can also be
directed earlier in the life course. Environmental influences during early life
interact with the genome in establishing the functional level of a variety of
metabolic processes which are involved in the pathogenesis of osteoporotic
fracture. The evidence that osteoporosis risk might be programmed in this
way stems from 4 groups of studies: (1) Epidemiological studies which confirm
that subjects who are born light and whose growth falters in the first year of
postnatal life, have significantly lower bone size and mineral content at age
60-75 years; (2) Epidemiological cohort studies have demonstrated that sub-
sequent lower trajectories of childhood growth are associated with an in-
creased risk of hip fracture among such men and women; (3) Detailed
physiological studies of candidate endocrine systems which might be pro-
grammed have shown that birthweight and growth in infancy alter the func-
tional settings of the GH/IGF-1 and hypothalamic pituitary adrenal axes; (4)
Studies characterising the nutrition, body build and lifestyle of pregnant wo-
men which relate these to the bone mass of their newborn offspring have
identified a number of important determinants of reduced fetal mineral ac-
crual (maternal smoking, low maternal fat stores and maternal vitamin D
deficiency, intense levels of weight-bearing physical activity in late pregnancy).
These data suggest that undernutrition and other adverse influences arising in
fetal life or immediately after birth have a permanent effect on body structure,
physiology and metabolism, which might independently influence the later risk
of cardiovascular disease and osteoporotic fracture.
Conflict of Interest: none declared
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READING THE DNA METHYLATION SIGNAL
Bird A.*!, Berger J.', Kriaucionis S.', Klose R.', Guy J.!
"The Wellcome Trust Centre for Cell Biology, University of Edinburgh, Edinburgh,
United Kingdom

The DNA of vertebrate animals is covalently modified by methylation of
the cytosine base in the dinucleotide sequence 5CG3’. In mammals, DNA
methylation patterns are established during embryonic development and
maintained by a copying mechanism when cells divide. The heritability of
DNA methylation patterns allows epigenetic marking of the genome to be
stable through multiple cell divisions and therefore constitutes a form of
cellular memory. The existence of DNA methylation patterns raises two
important questions: (1) How are the patterns formed? (2) How are they read
to generate biological outcomes? We have focussed on the second question
and have identified a set of proteins that recognise and bind to methylated
sites in the genome. Most of these proteins are transcriptional repressors that
recruit corepressor complexes, which modify chromatin structure to insure
gene silencing. To understand the biology of these proteins and their role in
human disease, we have created mouse gene knockouts for methyl-CpG
binding domain (MBD) proteins and identified cases of gene mis-regulation
that can be attributed to the absence of one of these proteins. For example,
efficient repression of the Xist gene on the active X chromosome and of
exocrine pancreatic enzyme genes in the mouse colon requires MBD2. Inter-
estingly, despite their common DNA binding sites, these proteins apparently
do not substitute for one another. Thus, it seems that the bona fide target
genes regulated by each methyl-CpG binding protein are distinct. Our work
has begun to reveal the molecular basis for this specificity. MECP2 is of
particular interest as mutations affecting this MBD protein are the primary
cause of Rett Syndrome, which is the most common inherited form of mental
retardation affecting human females. Delayed onset symptoms include devel-
opmental delay, loss of purposeful limb use and breathing abnormalities. As
there is no obvious neurodegeneration in post-mortem brains of RTT patients,
the question of reversibility arises and is of obvious relevance for therapeutic
approaches to RTT. We earlier created a mouse model for RTT that lacks an
intact Mecp2 gene and mimicks several features of the disorder including late
inset. Using a mouse with an Mecp2 allele that can be conditionally activated,
we asked whether neuronal defects can be rectified if MeCP2 is provided after
abnormal neuronal morphology and symptoms have arisen. The results sug-
gest that most or all symptoms are in fact reversible.

IS12

OSTEOCYTES
L. F. Bonewald*'
'Oral Biology — Bone Biology Research Program, University of Missouri at
Kansas City, Kansas City, United States

Imagine being intrigued and absolutely fascinated by an observation,
hypothesizing the significance of the observation, but being unable to prove or
disprove the hypothesis. This is essentially what has occurred in past decades
with regards to determining the function of osteocytes. After a flourish of
interest in the late sixties, early seventies, only a few investigators continued to
carry on with the study of osteocytes in a time when many described the cells as
‘passive’, ‘inactive’, and ‘placeholders’. Recently, many of the intriguing
hypotheses formulated by early osteocyte pioneers have been validated, while
several novel functions have been discovered. These discoveries have dramati-
cally increased as evidenced by citations, mainly due to new, advanced tech-
nology that our predecessors did not have access to thirty to forty years ago.

Whereas the concept of osteocytes as mechanosensors and transducers of

messages of bone formation and/or resorption has always had a following, this
area of research is dramatically expanding. Osteocytes appear to be the earliest
cell in bone to respond to loading, potentially to shear stress generated by bone
fluid flowing in the lacuno-canalicular system along the cell’s dendritic pro-
cesses, cell body, and/or primary cilia. These cells appear to be able to extend
and retract their dendritic processes potentially affecting both magnitude of
shear stress and communication between cells. Not only do the cells respond
with small molecule signaling through release of ATP, nitric oxide, and pros-
taglandin, but also send signals between cells through gap junctions. Func-
tional hemichannels have been discovered on osteocytes that play a role in
osteocyte viability and as portals for the release of prostaglandin. Markers for
early osteocytes, E11/gp38 and for late osteocytes, Sost, have been discovered.
Other molecules highly expressed include Phex, Dmpl, MEPE, and potentially
FGF23, therefore these cells may act as an endocrine organ to regulate
phosphate metabolism. The perilacunar matrix surrounding the osteocyte is
hypomineralized compared to the surrounding bone matrix and can be mod-
ified by the osteocyte especially in response to insult such as high dose
glucocorticoids. Therefore the osteocyte can function as a mechanosensory cell,
a mechanotransduction cell, as a regulator of local and systemic mineralization
and systemic mineral metabolism.
Conflict of Interest: Proctor and Gamble-Graduate Student grant
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OSTEOCYTE FUNCTION AND CLINICAL BONE DISEASE:
PATHOGENESIS AND TREATMENT

J. Reeve*!
! Medicine, Cambridge University, Cambridge, United Kingdom

Three decades ago, interest in osteocytes centred on their buffering role in
calcium homeostasis. Then Evans and colleagues found that osteocyte death
was prevalent in the elderly femoral neck. Noble and Tomkinson showed that
osteocyte apoptosis was enhanced by estrogen suppression in adults and
during skull growth in children, in the latter case in the zone programmed for
early resorption. As with apoptosis in other tissues, it seemed that the dying
osteocyte signals to osteoclasts, targetting tissue resorption at the microscopic
level. The accumulating empty lacunae of Evans, confirmed by Power et al,
could thus result from inefficient targetting of osteoclasts. The work of Noble,
Verborgt and their colleagues showed that osteocytes were responsive to
mechanical loading, with both under- and overloading associated with apop-
tosis. In sequence, local tissue resorption followed. In the case of overloading,
osteocyte apoptosis could be massive, but only if the tissue damage was
sufficient to result in microdamage. Teriparatide and bisphosphonates may
preserve osteocytes from apoptosis, partly explaining their effects in osteo-
porosis. The recent demonstration that the SOST gene product sclerostin is
almost exclusively an osteocyte product that suppresses LRPS-wnt signaling
led Poole, Bezooijen and colleagues to investigate the role of sclerostin in vivo.
The majority of osteocytes stain for sclerostin, but young osteocytes sur-
rounded by matrix undergoing primary mineralisation do not. Thus the
developing basic multicellular unit (BMU) forming bone is exposed to little
sclerostin unlike the lining cells that cover completed BMUs. In recent work,
Kneissel and colleagues have shown that teriparatide as daily injections sup-
presses sclerostin expression suggesting that the lining cell is a sclerostin-
suppressed osteoblast. In vivo Robling found that mechanical loading sup-
presses sclerostin in proportion to strain. In vivo also, Ominsky found that
neutralizing antibodies to sclerostin increased bone formation. Osteocytes now
appear to be the key regulators of skeletal structure and strength, responding
to endocrine, paracrine and loading signals by activating osteoclasts and os-
teoclasts as appropriate within their own BMU. There are important clinical
implications of our new understanding of osteocyte function, both in reha-
bilitation and therapy. These will be expanded as we increase our under-
standing of the regulation of osteocyte signalling.
Conflict of Interest: J Reeve P&G Research support, consultant J Reeve Eli Lilly,
consultant
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CALCIMIMETICS AND HYPERPARATHYROIDISM
J. Cunningham*'
"The Centre for Nephrology, The Royal Free and University College Medical
School, London, United Kingdom

Secondary hyperparathyroidism is an inevitable consequence of untreated
chronic uraemia. It can be viewed as an adaptive response to sustained
phosphate retention, failure of calcitriol synthesis and hypocalcaemia. For
many years the therapeutic approach to these abnormalities has been relatively
constant comprising, respectively, dietary phosphate restriction with oral
phosphate binders, replacement of the deficient active vitamin D ligand, and
calcium supplementation by the oral and/or transdialytic route. The powerful
calcaemic effects of the traditional 1 alpha hydroxylated vitamin D compounds
are often problematic and have prompted a search for new compounds that
might inhibit the parathyroids more selectively, without exhibiting unwanted
effects on intestine and perhaps bone as well. A number have shown promise at
early stages of development but, while clearly highly effective in the setting of
placebo controlled studies, they have shown little if any advantage when
compared properly with existing standard therapy using calcitriol or alfacalc-
idol. To call these new agents ‘non calcaemic’ is clearly misleading at the
moment.

Cinacalcet, the first marketed calcimimetic agent, is now widely used in the
treatment of hyperparathyroid states. Predictably, and in the knowledge that
its principle action at the level of the parathyroid is to shift the sigmoidal
calcium-PTH curve to the left, treatment of hyperparathyroid patients with
cinacalcet is associated with simultaneous lowering of both PTH and calcium.
In the setting of chronic kidney disease patients with persisting hyperpara-
thyroidism despite receiving standard therapy with vitamin D metabolites and
phosphate binders, the addition of cinacalcet resulted in substantially improved
biochemical profiles, even in patients with severe disease. Calcimimetic treated
patients also experienced marked reduction of the rates of parathyroidectomy,
fracture and cardiovascular hospitalisation. Further outcome studies are now
in progress.

Conflict of Interest: Grant/Research Support; Genzyme, Amgen, Shire, Abbott
Consultant; Genzyme, Amgen, Shire, Abbott Speakers Bureau; Genzyme,
Amgen, Shire, Abbott
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THE BONE-VASCULAR INTERFACE
M. Ketteler*'
Department of Nephrology, Klinikum Coburg, Coburg, Germany

Tissue calcification is a complex and coordinated process in bone, teeth as well
as in extraosseous sites. However, the most threatening localization of unwanted
calcification is at vascular sites, where it manifests as both medial and intimal
calcification of arteries. Atherosclerotic plaque calcification is associated with
cardiovascular events such as myocardial infarction and stroke. Medial calcifi-
cation causes arterial stiffness, increased pulse pressure and increased pulse wave
velocity, and contributes to left ventricular dysfunction. Vascular calcifications
are usually progressive, while their severity is highest in patients with chronic
kidney disease (CKD) and associated with increased mortality in this popula-
tion. Age, duration of dialysis, inflammation and diabetes mellitus are major
predictors of progressive calcification. Bone turnover is also a major player in
this context, since a healthy bone is the key buffer of excess calcium and phos-
phate ions, while high-turnover as well as adynamic bone disease are both
incapable to sufficiently incorporate circulating calcium and phosphate into the
bone matrix. The resulting hyperphosphatemia and hypercalcemia contribute to
extraosseous calcifications not only by passive precipitation, but by active
induction of cellular events. Both trigger osteogenic differentiation of vascular
smooth muscle cell (VSMC) into osteoblast-like cells, while especially high
phosphate may be the master switch towards unwanted calcification processes.
Newly discovered calcium(Ca)-regulatory factors with calcification-inhibitory
properties include fetuin-A, matrix Gla protein (MGP), osteoprotegerin (OPG)
and pyrophosphates (PP). In cohorts of dialysis patients, low serum fetuin-A and
high OPG levels were found to be associated with increased extraosseous cal-
cification as well as mortality, and further clinical data currently emerge for
additional Ca-regulatory factors. These novel insights may help to develop new
therapeutic targets to counteract progressive soft-tissue and cardiovascular cal-
cifications including anti-inflammatory strategies (fetuin-A upregulation), vita-
min K supplementation (MGP activation), humanized antibodies (OPG
replacement) and use of bisphosphonates (PP replacement).
Conflict of Interest: Abbott, Consultant, Speakers Bureau; Amgen, Grant/Re-
search Support; Consultant, Speakers Bureau; Genzyme, Grant/Research Sup-
port, Consultant, Speakers Bureau; Shire, Consultant, Speakers Bureau

IS16

VITAMIN D (DEFICIENCY/SUFFICIENCY) AND THE NEW

ACTIVE COMPOUNDS
K. Olgaard*'
! Nephrological Department P, Rigshospitalet, University of Copenhagen, Copen-
hagen, Denmark

Vitamin D is 25-hydroxylated in the liver and 1-alpha-hydroxylated in the
kidney. As such patients with reduced kidney function have reduced ability to
perform the l-alpha-hydroxylation activity, resulting in low levels of
1,25(0OH)2D. This leads to a reduced suppression of PTH synthesis resulting in
secondary hyperparathyroidism. At the same time the low levels of 1,250H2D
result in reduced intestinal calcium absorption, which also leads to decreased
synthesis and secretion of PTH and to the development of parathyroid hyper-
plasia.1,25(OH)2D deficiency further leads to skeletal complications (renal
osteodystrophy). The hormone, 1,25(OH)2D, has a number of non-renal and
non-skeletal and non-parathyroid related effects, that all might be affected in the
condition of vitamin D deficiency.

Therefore, patients with reduced renal function are frequently treated with
vitamin D analogs. A major problem is that this treatment often results in the
development of hypercalcemia. A number of different vitamin D analogs have
therefore been created, which may have different effects on intestinal calcium
absorption, cell differentiation, etc.

The actual knowledge on the effects and present status of some of the ‘non-
calcemic vitamin D analogs’ will be presented.

Conflict of Interest: none declared
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G PROTEIN-COUPLED RECEPTOR SIGNALLING

MECHANISMS
S. J. Hill*!
!Institute of Cell Signalling, University of Nottingham, Nottingham, United
Kingdom

The G protein-coupled receptor (GPCR) family represents the largest and
most versatile group of cell surface receptors that recognise a wide variety of
chemical signals and transduce the ligand-binding event into intracellular re-
sponses (Hill, 2006). Drugs that are active at GPCRs have therapeutic actions
across a wide range of human diseases. In this presentation, I will review the
general characteristics of ligand-receptor interactions (agonists, antagonists and
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inverse agonists) and discuss the potential for different ligands to recognise
different conformations/sites of the same receptor to stimulate cell signalling
cascades. A good example of this is the ability of the classic beta-adrenoceptor
antagonist propranolol to act as an inverse agonist of cyclic AMP accumulation
in CHO cells expressing the human beta-2 adrenoceptor whilst acting as an
agonist of MAP kinase activation in the same cells (Baker et al., 2003).
GPCRs are now recognised to exist as dimers and higher oligomers and it is
becoming increasing apparent that coupling to other signalling proteins and
their cellular location may play an important role in determining the final sig-
nalling outcome of receptor stimulation (Hill, 2006). This means that the ligand-
binding properties of GPCRS may vary depending on their cellular location in
microdomains within a given cell. I will also review how new imaging approaches
can be used to investigate these interactions in microdomains of single living
cells.
Hill, SJ (2006) Br. J. Pharmacol. 147, S27-S37
Baker JG et al. (2003) Mol. Pharmacol. 64, 1357-1369
Conflict of Interest: Founder and Director of University of Nottingham spin-out
company CellAura Technologies Ltd
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CANNABINOIDS AND BONE
R. A. Ross*'
! Institute of Medical Sciences, University of Aberdeen, Aberdeen, United Kingdom
Mammalian tissues express at least two types of cannabinoid receptor, CB1
and CB2, both G protein coupled. Endogenous ligands for these receptors also
exist. These ‘endocannabinoids’ are all eicosanoids, prominent examples
including arachidonoyl ethanolamide and 2-arachidonoyl glycerol, both of
which are synthesised on demand, removed from their sites of action by tissue
uptake processes and metabolised by intracellular enzymes. A clear role for the
endocannabinoid system has been demonstrated in a variety of physiological
processes including appetite control, cardiovascular regulation and pain pro-
cessing.

Recent reports have demonstrated the involvement of the cannabinoid
receptors and ligands in bone physiology. Mice lacking either the CB1 or CB2
receptor have abnormal bone phenotypes. Furthermore, cannabinoid receptor
agonists and antagonists have been shown to reduce bone loss following ovar-
iectomy and have direct effects on osteoclasts and osteoblasts in vitro (Idris et al,
2006; Ofek et al, 2006; Tam et al, 2006). In addition, a significant association
between specific CB2 receptor genotypes and osteoporosis has been reported
(Karsak et al, 2005).

Despite the striking effects of synthetic cannabinoids on the skeleton in vivo,
the role of endocannabinoids on bone metabolism is unknown. Since the CB1
receptor is highly expressed in the hypothalamus, it is possible that endocann-
abinoids may affect bone remodelling via sympathetic projections; it is also
possible that endocannabinoids may act locally in the bone microenvironment.
Idris AI, Hof RJV, Greig IR, Ridge SA, Baker D, Ross RA, Ralston SH (2005)

Regulation of bone mass, bone loss and osteoclast activity by cannabinoid

receptors. Nature Medicine 11:774-779
Karsak M, Cohen-Solal M, Freudenberg J, Ostertag A, Morieux C, Kornak U,

Essig J, Erxlebe E, Bab I, Kubisch C, de Vernejoul MC, Zimmer A (2005)

The cannabinoid receptor type 2 (CNR2) gene is associated with human

osteoporosis. Human Molecular Genetics 14:3389-3396
Ofek O, Karsak M, Leclerc N, Fogel M, Frenkel B, Wright K, Tam J,

Attar-Namdar M, Kram V, Shohami E, Mechoulam R, Zimmer A, Bab I

(2006) Peripheral cannabinoid receptor, CB2, regulates bone mass. PNAS

103:696-701
Tam J, Ofek O, Fride E, Ledent C, Gabet Y, Muller R, Zimmer A, Mackie K,

Mechoulam R, Shohami E, Bab I (2006) Involvement of Neuronal Can-

nabinoid Receptor, CB1, in Regulation of Bone Mass and Bone Remodel-

ing. Molecular Pharmacology 70:786-792
Conflict of Interest: none declared
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G PROTEIN COUPLED RECEPTORS FOR FSH AND TSH:
NOVEL ACTIONS IN SKELETAL PHYSIOLOGY AND

PATHOPHYSIOLOGY
M. Zaidi*'
'Medicine, Mount Sinai School of Medicine, New York, United States

We have evaluated the direct actions of FSH and TSH on bone and bone cells
(Abe et al., 2003; Sun et al., 2006). We suggest that elevated FSH and lowered
TSH levels contribute to the bone loss in hypogonadal and thyrotoxic states. We
find that haploinsufficiency of FSH and the TSH receptor in heterozygotic mice,
which have conserved ovarian and thyroid function, display high and low bone
mass, respectively. This suggests that the actions of FSH and TSH on the
skeleton are independent of the hormones they release from the ovary and
thyroid gland. We have identified G protein-coupled FSH and TSH receptors on
osteoclasts. Activation of the TSH receptor causes a dramatic reduction in
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osteoclast formation, bone resorption and osteoclast survival through the
inactivation of MAP kinase and NF-kappaB signaling. The reverse occurs with
FSH in both mouse and human osteoclasts. Interestingly the osteoclast FSH
receptor couples to a Gi2alpha, the genetic deletion of which in Gi2alpha-/- mice
abolishes FSH-induced osteoclast formation, as well as MAP kinase, Akt and
NF-kappaB signaling. Additionally FSH stimulates and TSH inhibits the
secretion of the osteoclastogenic cytokine TNFalpha from macrophages (Hase
et al., 2006; Igbal et al., 2006). Genetic deletion of the TNFalpha gene thus
abrogates the osteoporosis in TSH receptor deficient mice. Epidemiologic studies
also reveal a close correlation between fracture risk and serum TSH levels in
hyperthyroid patients. Furthermore, patients with TSH receptor mutations have
bone loss despite being rendered euthyroid. Recombinant TSH inhibits bone
turnover in post-menopausal women, and ovariectomy-induced bone loss in
mice. Likewise, clinical data implicating elevated FSH in the genesis of post-
menopausal osteoporosis are just beginning to evolve. Strong correlations exist
between bone mass and FSH rather than estrogen levels across the menopausal
transition. Furthermore, estrogen-deficient women with high, but not low/nor-
mal FSH levels experience bone loss. Together, these studies implicate anterior
pituitary hormones in the direct control of bone mass in health and disease.
Abe, E., et al. (2003) Cell 115: 151-162.
Sun, L., et al. (2003) Cell 125: 247-260.
Hase, H., et al. (2006) Proceedings of the National Academy of Sciences USA
103: 12849-12854.
Igbal, J., et al. (2006) Proceedings of the National Academy of Sciences USA
103: 14925-14930.
Conflict of Interest: Procter and Gamble — research support Servier — research
support Genzyme — research support Speaking and adhoc advisory boards of
Procter and Gamble, Aventis, GSK, Rocke and Merck
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BONE, FAT AND AGING: PPAR-GAMMA AS KEY COMPO-
NENT OF BONE LOSS DUE TO AGING AND ANTI-DIABETIC

GLITAZONES
B. Lecka-Czernik*'
!Geriatrics, University of Arkansas for Medical Sciences, Little Rock, United
States

Osteoporosis, obesity and diabetes are at the center of interest due to their
prevalence in our increasingly sedentary and aging society. Recent evidence
clearly indicates that a single protein, peroxisome proliferator-activated receptor
gamma (PPAR-gamma), controls bone mass, energy expenditure and glucose
metabolism. Unsaturated fatty acids, prostaglandin J2, and certain phospho-
lipids are natural activators of PPAR-gamma, whereas anti-diabetic drugs
thiazolidinediones (TZDs) are artificial high affinity PPAR-gamma agonists.
Besides its role in energy metabolism and adipocyte development and function,
PPAR-gamma plays an important role in bone marrow mesenchymal stroma/
stem cells (MSC) lineage allocation. Adipocyte-specific isoform PPAR-gamma2
acts in MSC as a positive regulator of adipocyte and a dominant-negative reg-
ulator of osteoblast differentiation. PPAR-gamma?2 expression increases in MSC
with aging. Animal models of either bone accrual or bone loss, which depend on
the status of PPAR-gamma activity, indicate that PPAR-gamma is a key regu-
lator of bone homeostasis. Thus, PPAR-gamma insufficiency leads to higher
bone mass and protects against bone loss with aging, whereas PPAR-gamma
activation with TZD rosiglitazone results in a significant bone loss, which
resembles age-related bone loss and is associated with structure/function changes
in bone marrow. Similarly, anti-diabetic TZD therapy in human leads to the
bone loss in older diabetic women. In order to determine molecular mechanisms
by which PPAR-gamma2 suppresses osteoblastic and promotes adipocytic dif-
ferentiation of MSC, we have performed high-throughput analysis of gene
expression using a microarray of 38,000 murine transcripts. This analysis re-
vealed that PPAR-gamma2 controls activity of multiple regulatory pathways
essential for MSC growth and differentiation, including Wnt, IGF-1 and TGF-
beta/BMP signaling. Results from these experiments provide a vast array of
information about hierarchical interactions between different regulatory path-
ways and may ultimately lead to the identification of a master regulatory
mechanism by which PPAR-gamma?2 controls osteoblast differentiation.

In conclusion, therapeutic modulation of PPAR-gamma activity with anti-
diabetic TZDs may cause adverse effects on bone. Thus, understanding PPAR-
gamma bone-specific activities may lead to the development of anti-osteoporotic
therapies, which will selectively target anti-osteoblastic activity of this nuclear
receptor.

Conflict of Interest: none declared
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PEROXISOME PROLIFERATOR-ACTIVATED RECEPTOR

GAMMA: LESSONS FROM HUMAN GENETIC STUDIES
M. Gurnell*!
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! Medicine, University of Cambridge, Addenbrooke’s Hospital, Cambridge, United
Kingdom

At a time when the twin epidemics of obesity and type 2 diabetes threaten to
engulf even the most well-resourced Western healthcare systems, the nuclear
receptor peroxisome proliferator-activated receptor ( (PPARY) has emerged as a
bona fide therapeutic target for treating human metabolic disease. The novel
insulin-sensitising antidiabetic thiazolidinediones (TZDs e.g. rosiglitazone,
pioglitazone), which are licensed for use in the treatment of type 2 diabetes, are
high affinity PPARY ligands, whose beneficial effects extend beyond improve-
ment in glycaemic control to include amelioration of dyslipidaemia, lowering of
blood pressure and favourable modulation of macrophage lipid handling and
inflammatory responses. However, a major drawback to the clinical use of
existing TZDs is weight gain, reflecting both enhanced adipogenesis and fluid
retention, neither of which is desirable in a population who are already over-
weight and prone to cardiovascular disease. Accordingly, the ‘search is on’ to
identify the next generation of PPARy modulators that will promote maximal
clinical benefit by targeting specific facets of the metabolic syndrome (glucose
intolerance/diabetes, dyslipidaemia and hypertension), while simultaneously
avoiding undesirable side effects of PPARY activation (e.g. weight gain). This
article outlines the important clinical and laboratory observations made in hu-
man subjects harbouring genetic variations in PPARy that support such a
therapeutic strategy.
Conflict of Interest: GlaxoSmithKline, Speakers Bureau
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PRIMARY HYPERPARATHYROIDISM: WHAT TO DO AND
WHEN TO ACT

J. Bollerslev*!
!Section of Endocrinology, National University Hospital, Oslo, Norway

The clinical presentation of primary hyperparathyroidism (pHPT) has chan-
ged as a result of the increasing accessibility to biochemical analyses. The
introduction of biochemical auto-analysers was followed by a rise and later a fall
in the incidence of pHPT. Today the diagnosis in the majority of cases is made
accidentally in patients with mildly increased serum calcium and few or no
specific symptoms. Whereas operative treatment in patients with higher calcium
levels or organ specific symptoms is well established, the value of surgical
treatment of mild or borderline pHPT in asymptomatic patients has been a
matter of discussion. So far, two Consensus Development Conferences have
been performed in order to provide guidelines and perspectives for treatment in
relation to the change in the clinical presentation of the disease. In the absence of
randomized controlled trials, these recommendations were based on clinical
experience and data derived from epidemiological studies or non-randomized,
prospective cohort studies.

On a population basis, increased serum calcium levels have been reported to
be associated with an increased mortality related largely to cardiovascular dis-
ease, especially in younger men. Increased mortality, primarily from cardio-
vascular disease has also been found in epidemiological studies on pHPT, but
these studies do not specifically address the situation in patients with slightly
elevated calcium levels, or the value of operative treatment. Other studies have
found unchanged or even reduced mortality among patients with mild pHPT
although the calcium level by it self has been found to be an independent pre-
dictor of death.

It appears that most patients with asymptomatic, mild pHPT can be fol-
lowed without treatment. Observed for a decade, calcium and PTH levels seem
to be stable and bone mass do not deteriorate. However, age seems to be an
important risk factor for progressive disease, with increased risk among younger
patients. In general, it is recommended that patients, who do not meet surgical
criteria, are monitored closely for development of indications for operation,
especially increasing calcium levels and deterioration of renal function and bone
mass.

Conflict of Interest: none declared
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PAGET’S DISEASE
S. H. Ralston*!
! Rheumatic Diseases Unit, University of Edinburgh, Edinburgh, United Kingdom
Paget’s disease of bone (PDB) is a common condition characterized by focal
abnormalities of increased bone turnover leading to complications such as bone
pain, deformity, fractures, and deafness. Environmental and genetic factors both
appear to contribute to the pathogenesis of PDB. The most widely studied
environmental trigger is paramyxovirus virus infection. Several studies have been
conducted to try and determine whether or not paramyxoviruses are present in
PDB but the results have been conflicting. Other potential triggers for the disease
include low dietary calcium intake in childhood and repetitive mechanical
loading of affected bones, although the mechanisms by which these factors cause
PDB is unclear. Paget’s disease has a strong genetic component and in many
cases is inherited in a simple autosomal dominant fashion. Several susceptibility
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loci for the disease have been identified by genome wide scans and mutations
have now been identified in four genes that predispose to PDB and related
disorders. These are The TNFRSF11A gene, which encodes RANK, the
TNFRSF11B gene, which encodes OPG and SQSTM 1, which encodes a scaffold
protein in the NFkappaB signaling pathway. The rare syndrome of hereditary
inclusion body myopathy, PDB and fronto-temporal dementia (IBMPFD) is
caused by mutations in the VCP gene which acts as a chaperone for IkappaB
amongst many other functions. Management of PDB is generally based on
giving antiresorptive drugs such as bisphosphonates and/or giving analgesics or
NSAID’s. With modern fourth generation bisphosphonates such as Risedronate
and Zoledronate, it is now possible to restore bone turnover to normal in the
vast majority of patients but the long term effects of bisphosphonate therapy on
the complications of PDB are unclear. Recent insights into the effects of bis-
phosphonate therapy on clinical outcomes in PDB have been provide by the
PRISM study which involved 1324 patients who were randomised to receive
symptomatic treatment or intensive bisphosphonate therapy. Several important
clinical endpoints such as fracture, joint replacement, progression of deafness
and quality of life were evaluated in PRISM and the initial results will be pre-
sented at the meeting.

Conflict of Interest: Consultancy for Novartis, Proctor & Gamble, Sanofi/
Aventis
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NEW MODELS FOR BONE AND CARTILAGE RELATED
DISORDERS AND NEW WAYS OF MOUSE MODELS

CHARACTERIZATION
M. Hrabé de Angelis*'
!Institute of Experimental Genetics, GSF National Research Centre for Environ-
ment and Health, Munich, Germany

Mouse model production and their systemic characterization are bottlenecks
in the process of proper understanding of molecular mechanism in diseases. We
have undertaken in the Munich ENU-Mouse Mutagenesis Screen a large-scale
and genome wide production of mouse models for inherited human diseases. The
new main focus is on bone and cartilage diseases. Bone densitometry, blood
screens for bone parameters and turnover markers have been implemented in the
F1 screen. We have isolated 16 new mouse models in different fields of bone and
cartilage disorders.

To appreciate the fact that many genes show pleiotropic effect we established
a unique mouse phenotyping center (German Mouse Clinic, GMC). In the
GMC, experts from various fields of mouse physiology and pathology in close
cooperation with clinicians work side by side at one location. The examinations
comprise the following areas: bone and cartilage, allergy, behavior, clinical
chemistry, cardiovascular analyses, energy metabolism, eye development and
vision, host-pathogen interactions, immunology, lung function, molecular phe-
notyping, neurology, nociception, steroid metabolism and pathology. The sys-
temic characterization of the new mouse models in the GMC has revealed the
syndromic character of many bone related disorders.

Data will be presented from the analysis of mouse models for osteogenesis
imperfecta, and osteoarthritis. Our data contributed in these mutant lines either
to the identification of the mouse lines as a model system for these diseases, or we
discovered further similarities of the mutant line with the human syndromes.

We are currently implementing new challenge experiments for genotype—
environment interactions in the analysis of the mutant line. ‘Environmental
platforms’ are tested with different standardized challenge experiments. This will
help us to identify genetic predispositions as susceptibility factors for environ-
mental influences.

Gailus-Durner, Fuchs et al. (2005) Nat Methods. 2(6), 403-404.
Brown, Chambon, Hrabé de Angelis; Eumorphia Consortium. (2005) Nat Genet.

37(11), 1155.

Hrabé de Angelis M et al. (2000). Nature Genetics 25: 444-447.

Klaften M, Hrabé de Angelis M (2005). Nucleic Acids Res 33: W779-782
Van Raamsdonk CD et al. (2004). Nat Genet 36 (9): 961-968

Abe K et al. (2006) Mamm Genome 17, 915-926
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HEDGEHOG AND BONE MORPHOGENETIC PROTEIN SIG-
NALING DURING DERMAL BONE REGENERATION OF THE

ZEBRAFISH FIN RAYS
M. Akimenko*'
!Department of Biology, University of Ottawa and Ottawa Health Research
Institute, Ottawa, Canada

Teleosts, including zebrafish, can regenerate many organs and tissues fol-
lowing amputation during adulthood. The relative simplicity and accessibility
of the caudal fin, and of its skeletal elements, make the fin an excellent system
to investigate the molecular pathways involved in bone regeneration. The
skeletal elements of the ray are acellular and form, as intramembranous bone,
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by the direct mineralization of a bone matrix. We showed that the Hedgehog
and Bmp signaling pathways are both involved in the regeneration of the
dermal bones of the rays and in the regenerate growth. Indeed, ectopic
expression of Shh or Bmp2b induces an ectopic formation of bone matrix; the
Hedgehog action being mediated by the activation of the Bmp pathway. On
the other hand, blocking the Hedgehog pathway using cyclopamine inhibits the
growth of the regenerate and formation of new scleroblasts secreting the bone
matrix. Similarly, misexpression of Chordin, an antagonist of Bmps, leads to a
transient inhibition of regenerate growth and to a reduced bone matrix
deposition due to a defect in scleroblasts maturation and function. This is
accompanied by the downregulation of runx2a/b, their target, coll0al and of
sox9a and col2al. This analysis revealed the surprising finding of the presence
in the fin regenerate of several factors that are normally expressed in chon-
drogenic elements during endochondral bone formation (coll0al, col2al, sox9
and ihha) although fin rays form without cartilage intermediate. These results
suggest that the dermal bones of the rays possess intermediate characteristics of
cartilage and bone.

We are now examining the respective roles of Shh and Ihha. Ihha is ex-
pressed in the differentiating scleroblasts adjacent to shh-expressing cells lo-
cated in the basal epidermal cells. This expression suggests that Thha may have
a more direct role than Shh in the scleroblast differentiation. In contrast, the
dynamic expression patterns of shh suggest that it may rather be involved in
patterning the dermal bone, notably the formation of the ray branches. We are
using a zebrafish transgenic line in which EGFP expression recapitulates shh
expression to investigate the effect of laser ablation of shh-expressing cells.
Preliminary data indicate that ablation of these cells significantly delays ray
branch formation supporting the hypothesis of Shh role in patterning ray
branching and more generally, in patterning the bony rays. (supported by
CIHR).

Conflict of Interest: none declared
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SPEEDING UP FUNCTIONAL EVALUATION FOR THE

MOUSE

A. Stewart*!

IBioinnuvationszentrum, Technische Universitaet Dresden, Dresden, Germany
Due to the wonderful properties of ES cells, it is now possible to plan a

systematic assault upon the mouse genome via gene targeting. This task re-

quires the optimization of all steps involved in the production of targeted

cells and mice. Of these steps, we are focused on high throughput generation

of targeting constructs, as well as functional and proteomic studies with ES

cells.

Recombineering is the use of homologous recombination for DNA engi-
neering in E. coli. Because illegitimate recombination in E. coli is almost non-
existent, it is possible to recombineer through multiple steps in liquid culture
without cloning. This permits the establishment of parallel processing protocols,
termed ‘recombineering pipelines’, for high throughput generation of DNA
constructs. We have built pipelines for several tasks, including (i) targeting
constructs for conditional alleles, (ii) targeting constructs for knocking-in pro-
tein tags, and (iii) production of BAC transgenes. It is now straightforward to
generate gene libraries for functional and proteomic applications.

Although systematic genome wide mutagenesis of the mouse is achievable,
genome-wide phenotyping remains a huge task. We think that two experimental
approaches based on ES cells and standardized ES cell differentiation routines
will reduce the scale of task. First, conditional mutagenesis for microarray and
functional studies, which requires a strategy for double targeting. Second, pro-
tein tagging via knock-ins, for proteomic and regulomic analyses, which requires
an optimized tag for affinity chromatography and mass spectrometry. Ideally,
the tag also presents options for in situ immunofluorescence and/or chromatin
immunoprecipitation. As dramatically illustrated in yeast, transcriptome and
proteome data sets are strongly complementary and lead to a simplification of
functional enquiry. The methodology to generate these data sets in ES cells is
now available.

Conflict of Interest: A.F. Stewart, Gene Bridges GmbH, Consultant A.F.
Stewart, Artemis Pharmaceuticals GmbH, consultant A.F. Stewart, Cibasa,
consultant
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BIOLOGICAL FUNCTIONS OF CONNEXINS DEDUCED

FROM TRANSGENIC MOUSE MUTANTS
K. Willecke*', M. Kreuzberg', R. Dobrowolski', S. ]\/Iaxeiner,I M. Schnichels'
!Institute of Genetics, University of Bonn, Germany

After complete genomic sequencing it became clear that the mouse and
human genomes contain 20 and 21 connexin genes, respectively (1). Almost all
of the different connexin coding DNAs have been deleted in the mouse gen-
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ome. These studies allowed to assign gross functional properties to the different
connexin isoforms. In contrast, connexin mutations in the human genome
frequently result in the exchange of single amino acid residues, leading to an
abnormal protein conformation. This could dominantly affect the same non-
mutated isoform or a different connexin isoform in the same cell in a trans-
dominant manner. Thus, the investigation of human connexin mutations can
yield functional information on the interaction of connexin isoforms and can
thus lead to new insights into the biological function of the connexin channel
network.

Recent examples from our laboratory regarding ablation of connexins in
the conductive and working myocardium of transgenic mice will be summa-
rized. This allowed us to correlate the expression pattern of different ‘cardiac’
connexin isoforms with the conduction properties of the corresponding conn-
exin channels. (2). In addition, the expression of human connexin mutations in
the orthologous mouse connexin genes can yield similar phenotypic abnor-
malities as observed in humans and thus allow mechanistic studies which
cannot be carried out with tissues from human patients. We have inserted
single base mutations in connexin43 (from a patient suffering from oculoden-
todigital dysplasia) or in connexin31 (from a patient suffering from the geno-
dermatosis Erythrokeratodermia variabilis) into the corresponding mouse
connexin genes, and results from the characterization of these transgenic mice
will be presented.

1. K. Willecke, J. Eiberger and J. von Maltzahn, Connexin and pannexin genes in
the mouse and human genome, in Gap Junctions in Development and
Disease (ed. E. Winterhager, Springer Verlag, Berlin/Heidelberg), (2005), pp
1-12.

2. M. Kreuzberg, K. Willecke and F. Bukauskas, Connexin-mediated cardiac
impulse propagation: Connexin30.2 slows down atrioventricular conduc-
tion in mouse heart. Trends in Cardiovascular Medicine, (2006) 16: 266—
272.
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CONNEXINS IN SKELETAL DEVELOPMENT AND

MAINTENANCE
R. Civitelli*'
'Medicine — Bone and Mineral Diseases, Washington University School of Med-
icine, St. Louis, United States

Bone is a dynamic tissue that is constantly remodeled in response to a large
number of stimuli, and control of bone remodeling requires a tightly
orchestrated interplay among, osteoblasts, osteocytes and osteoclasts. Gap
junctional communication allows for direct diffusion of signaling molecules
and metabolites, thus equalizing hormonal and local signals among the
osteoblast—osteocyte network. Osteoblasts and osteocytes are functionally
coupled by gap junctions formed primarily by connexin43 (Cx43) and conn-
exind5. Mouse genetics studies have demonstrated the importance of Cx43 in
postnatal bone growth and maintenance. To overcome the lethality of the
germline null mutation, we have used a Cre/loxP gene replacement approach
to ablate the Cx43 gene (Gjal) at different stages of osteoblast differentiation.
Conditional Gjal ablation using a 2.3kb fragment of the al(I) collagen pro-
moter results in reduced peak bone mass, osteopenia, osteoblast mineralization
defects, and dramatically attenuated response to PTH, the consequence of an
inability of Cx43 deficient osteoblasts to fully activate in response to the
hormonal anabolic stimulus. Instead, deletion of Gjal using osteocalcin pro-
moters only minimally affects bone mass and osteoblast differentiation. We
have also used the Dermo-1 (Twist2) promoter, which is embryonically ex-
pressed in cells that give rise to chondrocytes and osteoblasts. Deletion of
Gjal at this early stage of chondro-osteogenesis results in mice of normal size
at birth, but with age these animals remain substantially smaller than their
littermates up to 1 year. They also exhibit shortened, tubulated limb bones,
and small, narrow skull and long nasal bones, resulting in a pointed snout.
Similar craniofacial abnormalities occur in germline Gjal null mice, and are
remindful of malformations reported in mice expressing a mutant form of
Gjal (G60S), which partially phenocopies the human disease oculodentodigital
dysplasia. Therefore, Gjal ablation in osteochondroprogenitor cells results in
a more severe skeletal phenotype than that observed when Gjal is deleted
later in osteoblast differentiation. While Cx43 controls gene expression and
the function of differentiated osteoblasts, the emerging in vivo data reveal a
more prominent role of this gap junction protein at earlier steps of osteo-
genesis, perhaps in the control of osteoblast commitment from stromal cell
precursors.
Conflict of Interest: none declared
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RECENT DEVELOPMENTS IN OSTEOPOROSIS TREATMENT
M. McClung*!
! Founding Director, Oregon Osteoporosis Center, Portland, Oregon, United States
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The objective of treating patients with osteoporosis is to reduce current
fracture risk. Current treatment options, especially bisphosphonates, teripara-
tide and strontium ranelate, are quite effective in decreasing the risk of vertebral
and nonvertebral fracture and, in general, are well tolerated. However, success of
treatment is limited by contraindications or intolerance, inconvenient dosing
regimens and, especially, poor adherence to therapy. As old clinical questions are
answered, new questions and challenges are identified, resulting in a constant
refining of our treatment strategies.

The importance of adequate intake of vitamin D as a component of our
treatments has re-emerged, including the appreciation that higher doses than
previously believed are required to achieve optimal benefits.

The availability of intravenous bisphosphonate regimens that have been
documented to improve BMD and reduce fracture risk and that are registered
for the treatment of osteoporosis provides attractive alternatives to patients with
contraindications or intolerance to oral dosing or who have complex medical
problems that preclude the stringent logistics of oral dosing. Alternate forms of
parathyroid hormone-like proteins are under development.

Recent discoveries of new pathways regulating or affecting skeletal
metabolism provide new molecular targets for therapy. Strategies currently
under investigation include anti-resorptive agents that inhibit cathepsin K or
RANK ligand. The recently discovered and incompletely understood Wnt/B-
catenin signaling pathway, including the LRPS receptor system, provides
attractive targets to stimulate bone formation. Of these approaches, inhibiting
the activity of sclerostin, an osteocyte-derived inhibitor of the Wnt-signaling
pathway in osteoblasts, has been explored most productively in preclinical
models.

Having new antiresorptive agents would provide options with different tol-
erability profiles, safety issues, and dosing regimens. Whether these agents will be
more effective inhibitors of fracture risk is uncertain, and it is uncertain whether
these new agents will be more effective than current antiresorptive drugs, such as
bisphosphonates. New anabolic agents may provide the opportunity to restore
damaged skeleton and possibly to ‘cure’ osteoporosis.

Perhaps the most important development is the anticipated availability of
the WHO absolute fracture risk algorithm that will allow more accurate and
appropriate identification of patients who will most benefit from our current and
new treatment options.
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TREATMENT OF OSTEOPOROSIS
D. Black*!
! Division of Preventive Medicine and Public Health, UCSF, San Francisco, United
States

Both antiresorptives and anabolic therapy have been shown to be effective
for reducing fracture risk in clinical trials ranging from less than 2 years to
over 4 years. However, for each type of treatment, there are questions about
optimal duration of treatment, although the nature of these questions is quite
different.

For antiresorptives, which are often prescribed for periods as long as 10
years, there have been concerns that long-term reduction of bone resorption
might lead to eventual decreases in bone strength with a consequent increase
in fracture risk. The only long term data with a primary fracture outcome has
been the WHI which showed reductions in hip and clinical fracture risk for as
long as 9 years of estrogen versus placebo. For bisphosphonates, there are no
long-term placebo-controlled trials but there had been several small extension
studies (without placebo) for alendronate and risedronate with BMD and
bone marker endpoints. More recently, the largest such study of long-term
alendronate, the FLEX (FIT Long term Extension) study, compared five
years of alendronate use followed by 5 more years to five years of alendro-
nate followed by placebo. This study found that there was greater bone loss
in those who stopped but the loss was only moderate (2-3% over 5 years)
compared to continuing. Bone markers increased but only gradually in those
who stopped. While numbers were small, incidence of non-vertebral fractures
and morphometric vertebral fractures were similar, although clinical vertebal
fractures while rare, were reduced by 50% in those who continued. The study
also included a small bone biopsy substudy which was consistent with no
decrease in bone quality with 10 years of alendronate treatment. The study
concluded that long-term alendronate was safe in terms of bone quality but
that many women can perhaps take a drug holiday for up to 5 years without
a substantial increase in fracture risk. Whether BMD and bone markers can
help identify who should continue and who can take a holiday will be dis-
cussed.

For anabolic therapy, the teriperatide fracture trial, which had to stop after
about 21 months, showed an intriguing pattern of increasing fracture risk
reduction over that time suggesting a very dramatic reduction might have been
seen had the study been able to continue until its planned 3 year endpoint. On
the other hand, several small BMD experiments with differing patterns of PTH
use (one year followed by bisphosphonate, 3 month cycles, once per week) have
suggested that several shorter periods of treatment might yield similar effects to
longer term daily use, at much lower cost.
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HIGH BONE MASS LRP5 MUTATION LEADS TO INCREASED
BONE FORMATION AND INHIBITION OF ADIPOGENESIS IN

HUMAN MESENCHYMAL STEM CELLS
W. Qiu*', T. E. Andersen', B. M. Abdallah', M. Kassem'
'Department of Endocrinology and Metabolism, University Hospital of Odense,
Odense C, Denmark

Background: Mutations in the Wnt coreceptor, LRPS, have been linked to
alterations in bone mass leading to either osteoporosis or high bone mass
phenotype. However, the cellular mechanisms underlying these changes are
still controversial. Here, we examined the effects of LRPS5 mutations on
mesenchymal stem cell (MSC) proliferation and differentiation. Method: We
have established three different human MSC (hMSC) lines stably expressing
either LRPSWT (hMSC-LRP5WT), LRP5T244 (hMSC-LRP5T244, inactiva-
tion mutation leading to osteoporosis) or LRP5T253 (hMSC-LRP5T253,
activation mutation leading to high bone mass) using retrovirus mediated gene
transduction of our telomerized hMSC (hMSC-TERT). Real-time PCR, dual
luciferase assay for Wnt signaling activation, and in vivo bone formation
assays were employed. Results: hMSC-TERT cells express Wnt ligands, Fiz-
zled receptors and other Wnt signaling components. The functional activity of
the transgenes were verified by dual luciferase assay that demonstrated marked
stimulation of Wnt signaling in both hMSC-LRPSWT and hMSC-LRP5T253
compared to hMSC-LRP5T244 upon treatment with Wnt3a and such stimu-
lation was inhibited by Wnt antagonist DKKI1. Impaired Wnt signaling in
hMSC-LRP5T244 was due to decreased trafficking of LRP5T244 compared to
LRP5T253 mutated proteins as assessed by Western blotting. Wnt3a inhibited
cell proliferation in hMSC-LRPSWT and hMSC-LRPS5T253 through down
regulation of DKKI1. Both hMSC-LRP5WT and hMSC-LRP5T253 showed
enhanced in vitro osteoblast differentiation in response to Wnt3a and this
effect was abolished in hMSC-LRP5T244. Similarly, hMSC-LRPSWT and
hMSC-LRP5T253 but not hMSC-LRP5T244 formed significant amount of
ectopic bone when implanted subcutaneously with Hydroxyapatite/tricalcium
phosphate (HA/TCP) in SCID/NOD mice. In contrast, hMSC-LRP5T244
exhibited enhanced adipocyte differentiation capacity compared with hMSC-
LRPSWT and hMSC-LRP5T253. Conclusion: LRPS mutations and the level
of Wnt signalling determine differentiation fate of hMSC into osteoblasts or
adipocytes and provide supportive evidence for the possible targeting of
hMSC as method for increasing bone formation.
Conflict of Interest: None declared
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N-CADHERIN INTERACTION WITH LRP5 ANTAGONIZES
WNT SIGNALING AND DELAYS OSTEOBLAST

DIFFERENTIATION AND BONE MASS ACQUISITION
E. Hay*]ﬁ E. Laplantine', M. Frain?, V. Geoffroy', R. Muller3, P. J. Marie'
'INSERM U606 and University Paris VII, ’ENS, INSERM U784, Paris, France,
3Institute for Biomedical Engineering, ETH, Zurich, Switzerland

Bone formation is an important physiological process that controls bone
mass acquisition. This process involves the progressive differentiation of os-
teoprogenitor cells into mature osteoblasts. In this study, we show that the
cell-cell adhesion molecule N-cadherin acts as a negative regulator of osteo-
blast differentiation in vitro and in vivo. A moderate (2-fold) overexpression
of N-cadherin (N-Cadh) in murine MC3T3-El osteoblasts reduced the
expression of the osteoblast differentiation markers Runx2, Osterix and
alkaline phosphatase (ALP) and delayed osteogenic capacity. Immunoprecip-
itation analysis showed that N-Cadh interacts with LRP5. We showed that N-
Cadh/LRPS interaction in osteoblasts reduced basal and Wnt-dependent
GSK3 recruitment to LRPS, leading to permanent GSK3 activation. This in
turn resulted in increased beta-catenin degradation, decreased beta-catenin
nuclear translocation, reduced TCF/LEF transcription and delayed osteoblast
differentiation in response to Wnt3a. These effects were reversed after trans-
fection with constitutive active beta-catenin. These results indicate that N-
Cadh/LRPS interaction has a negative impact on osteoblast differentiation by
increasing beta-catenin degradation. To assess the functional role of N-Cadh-
LRPS interaction in vivo, we generated transgenic mice that overexpressed N-
cadh under the control of an osteoblast-specific Collal promoter fragment.
Histomorphometric analysis revealed that N-Cadh transgenic mice showed
decreased bone formation activity. The decreased osteoblast activity in N-
Cadh transgenic mice resulted in a dose-dependent decrease in trabecular
thickness and delayed peak bone mass acquisition, as shown by bone mineral
density and microCT analyses. Overall, these data point to a novel function
for N-cadherin as a negative regulator of osteoblast differentiation, bone
formation and bone mass by antagonizing Wnt signaling through functional
interaction with LRPS.
Conflict of Interest: None declared
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MICE LACKING SCLEROSTIN HAVE INCREASED BONE

FORMATION AND BONE STRENGTH
X. Li*!, Q. Niu', N. Sun', F. J. Asuncion', M. Barrero', M. S. Ominskyl, K.S.
Warmingtonl, M. Grisanti', H. Tan', Z. Gengl, P. J. Kostenuik', W. S. Sim-
onet', C. Kurahara', H. Z. Ke', C. Paszty'
"metabolic Disorders, Amgen Inc., Thousand Oaks, United States

We previously reported a complete lack of sclerostin resulted in increased
bone mineral density (BMD) and cortical area at the proximal tibia of SOST
knockout (KO) mice. However, it had not been determined whether the increase
in bone mass was associated with increased bone formation, or whether lack of
sclerostin altered bone strength. Therefore we analyzed femurs from 5 to 6.5-
month old SOST KO mice (17 male and 16 female) and wild type (WT) mice (11
male and 11 female) using micro-CT, mechanical testing, and bone histo-
morphometry (n=10-12 per group). Micro-CT analysis of the distal femur re-
vealed that SOST KO mice had significant increases in trabecular bone volume
fraction (2.5 fold in male and 3.8 fold in female), volumetric BMD (2.5 fold in
male and 3.2 fold in female), trabecular number, trabecular thickness and de-
creased trabecular spacing compared with gender-matched WT mice. Lack of
sclerostin was also associated with a shift from rod-like to plate-like trabeculae
(decreased structural model index) and increased connectivity density at the
distal femur (p<0.05 vs WT). SOST KO mice had normal lamellar structure.
Female and male SOST KO mice had 3 and 11 fold increase, respectively, in
osteoblast surface, while osteoclast surface remain unchanged when compared
with WT mice. SOST KO mice had significantly increased mineralizing surface
(MS/BS, 12 fold in male and 9 fold in female) and bone formation rate (BFR/BS,
12 fold in male and 10 fold in female) compared with gender-matched WT mice.
Micro-CT analysis of the femur diaphysis revealed that SOST KO mice had
significantly greater cortical area (2 fold) associated with both a significant in-
crease in periosteal perimeter and a decrease in endocortical perimeter compared
with WT mice (p <0.05). These geometry changes were associated with 2-3 fold
increases in maximum load, stiffness, and energy to failure at the femur midshaft
(p<0.05 vs. WT). SOST KO mice had significant increases in MS/BS and BFR/
BS at endocortical surface compared with the gender-matched WT mice. SOST
KO mice also had increases in MS/BS and BFR/BS at the periosteal surface
compared with WT mice. The results indicated that the lack of sclerostin in KO
mice increased cortical bone strength and bone formation at both the periosteal
and endocortical surfaces. In conclusion, lack of sclerostin increased bone for-
mation, improved trabecular architecture and increased cortical bone strength
regardless of gender in SOST KO mice.
Conflict of Interest: Employees of Amgen Inc.
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SKELETAL GROWTH DEFICIT AS RESULT OF ANTAGO-
NISM BETWEEN HOXA2 EXPRESSION AND CHONDROCYTE
DIFFERENTIATION: MORPHOLOGICAL AND DENSITO-

METRIC STUDY
P. Deprez*l, L. Massipz, F. Ectors®, B. Lengelél, J. Devogelaer", C. Nyssen-
Behets', R. Rezséhazy5
! Experimental Morphology, Université Catholique de Louvain, Brussels, Belgium,
2Centre de Recherche en Cancérologie, Université Laval, Québec, Canada, >GIG A,
Liége, ?Rheumatology, Université Catholique de Louvain, Brussels, >veterinary
Sciences, Université Catholique de Louvain, Louvain-La-Neuve, Belgium
Background: Hox proteins provide patterning cues to determine embryonic
axial structures like the neural tube, neural crest derivatives or the somites. In
contrast, Hox gene expression fades out once differentiation programmes are
initiated. By generating an inducible transgene allowing Cre-mediated ectopic
and heterochronic Hoxa2 expression in mouse, we recently showed that Hoxa2
induction at the precise onset of chondrocyte differentiation impairs overall
chondrogenesis and gives rise to chondrodysplasic phenotype as well as delayed
cartilage hypertrophy, mineralization and ossification. Aim: The present study
assessed the overall bone growth defect and the vertebral bone mineral density of
transgenic mice for ectopic and heterochronic induction of Hoxa2 in collagen
ITal expressing cells. Materials and methods: 20 double transgenic mice, 10
wildtype littermates and 10 single transgenics were under study. Vertex-sacrum
distance was measured in all mice from birth to death. Under anaesthesia,
neonate mice were scanned in the sagittal plane with peripheral Quantitative
Computed Tomography (pQCT) in order to measure density and height of
vertebral bodies. They were scanned again after death. Statistical analysis of the
data was performed with two-tailed t tests and differences were considered sig-
nificant at p <0.05. Results: Growth delay of the double transgenic mice, as
measured by vertex—sacrum distance, appeared maximal from the 5th postnatal
day and was accounted for by the reduced height of their vertebral bodies, as
compared with the control littermates. Bone mineral density of the vertebral
bodies was not significantly different between the transgenic and control litter-
mates. Conclusions: Skeletal growth delay induced by ectopic and heterochronic
expression of Hoxa2 is mainly due to chondrogenic lineage impairment, leading
to delayed but qualitatively normal ossification. Further studies are performed in
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order to identify the molecular pathways involved in the negative interaction
between Hoxa2 and chondrocyte differentiation.
Conflict of Interest: None declared
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DLX5 REGULATES POSITIVELY OSTEOGENESIS DURING

EMBRYONIC DEVELOPMENT
N. M. Samee*', V. Geoffroyl, C. Martyl, C. Schiltz!, G. Levi%, M. de Vernejoul1
U606, IFR139, °UMR 5166, CNRS/MNHN, Paris, France

DIxS is an homeodomain transcriptional factor expressed during skeletal
development. Targeted inactivation of DIx5 in the mouse results in reduced bone
formation at birth suggesting an important role in the control of osteogenesis.
However, so far, it has been difficult to elucidate the role of DIx5 in bone
formation as DIx5-null mice exhibit perinatal lethality. In this study we examine
the developmental defects in long bone formation of DIx5-null embryos and we
provide cellular and molecular evidence supporting a role of DIx5 in regulating
osteoblast differentiation and bone-related gene transcription.

Femora of 18.5 dpc embryos were used for histomorphometric analysis. The
study of osteoblastic differentiation and molecular analyses were performed on
calvaria-derived primary osteoblasts culture of the same embryos.

B-gal staining of sagittal sections of femurs confirmed that DIx5 is expressed
in proliferating and pre-hypertrophic chondrocytes of the growth plate and at
higher level in periosteal and trabecular osteoblasts. Histomorphometry revealed
a significant reduction of the total bone volume measured in between the two
chondro-osseous junctions of femurs, of DIx5-null mice compared to wild-type.
To standardise our measurements for the quantification of other bone param-
eters, a 0.06 mm? area situated at 100 um from the growth plate was analysed.
Comparing DIx5-null to wild-type mice, a significant decrease in the trabecular
bone volume BV/TV and trabecular number (Tb.N) associated with a significant
increase in the trabecular separation (Tb.Sp) was noted. In primary cultures, no
major change in DIx5 expression was observed during osteoblastic differentia-
tion at day 7 and 14. Analysis of embryonic osteoblasts revealed a significant
reduction in proliferation, alkaline phosphatase activity and mineralized nodules
formation in the absence of DIx5. Real-time PCR quantification showed a sig-
nificant decrease in the expression of alkaline phosphatase, osteocalcin, bone
sialoprotein and Runx2 in cultures of DIx5-null osteoblasts.

This work is the first detailed description of the bone phenotype of DIx5-null
mice and presents evidence suggesting a role for DIx5 in positively regulating
osteoblast proliferation and differentiation. Finally, we demonstrate that DIXS5 is
essential for the activation of expression of bone-specific genes including the key
transcription factor Runx2 and thus is indispensable in the regulatory system
that mediates bone formation.

Conflict of Interest: None declared
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GENETIC VARIATION IN APOLIPOPROTEIN E IS RELATED
TO HIP FRACTURE RISK. 25 YEARS FOLLOW-UP OF 9181
ADULTS FROM THE GENERAL POPULATION
C. L. Tofteng*', R. Frikke-Schmidt?, P. Bach-Mortensen', A. Tybjerg-Hansen?,
L. Hyldstrup', B. G. Nordestgaard®
!Osteoporosis  Research Clinic, Hvidovre University Hospital, Hvidovre,
2Department of Clinical Biochemistry, Rigshospitalet, Copenhagen University
Hospital, Copenhagen, *Department of Clinical Biochemistry, Herlev University
Hospital, Herlev, Denmark

Background: Apolipoprotein E (ApoE) is a protein involved in lipoprotein
metabolism. In target cells such as osteoblasts it induces uptake of the lipid
soluble vitamin K, which is important for carboxylation of osteocalcin. Two
single nucleotide polymorphisms (SNPs) at codon 112 and 158 give rise to three
classic ApoE alleles (€2, e3, e4) and six genotypes producing combinations of
three isoforms of the circulating protein (APOE-2, -3 and -4). In some, but not
all previous studies, presence of the e4 allele has been associated with increased
fracture risk. Additional variation in the gene may contribute to difference in
protein function, which has been demonstrated for three 5" promoter SNPs. We
aimed to investigate if genetic variation in the ApoE gene is a marker for risk of
hip fracture. Methods: We performed a prospective study of participants in the
Copenhagen City Heart Study with 25 years follow-up comprising 9181 Cau-
casian men and women selected at random to represent the Danish general
population. Main outcome measure was first ever hip fracture (n=265). ApoE
genotyping for the classical e-alleles and three additional 5" SNPs was performed
using standard PCR-RFLP analysis and risk was estimated by Cox multivariate
regression models. Results: According to genotype, women with ApoE43 (25%)
had increased hip fracture risk (RR 1.57, P=0.009). Analyzing according to
presence of the e4 risk allele rendered a similar risk estimate for e4 carriers, as
this group mainly consist of ApoE43 women. ApoE44 women did not have
increased risk. In men, no association was found. In additional analyses of 5’
SNPs, the —219G > T was associated with hip fracture risk in men only, the T
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allele carriers had increased risk of fracture (RR 1.90, P=0.019). Conclusion: In
conclusion, the contribution of genetic variation in the ApoE gene to hip frac-
ture risk varied between genders. The classic e4 allele was a risk marker for hip
fracture in women, while in men, a 5 promoter SNP (-219G >T) was a more
useful marker.

Conflict of Interest: None declared
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A RARE HAPLOTYPE IN THE 5 FLANK OF THE COLIA1
GENE IS ENRICHED IN HIP FRACTURE PATIENTS AND

REDUCES BONE STRENGTH INDEPENDENT OF BMD
H. Jin*', T. L. Stewart?, R. van’t Hof', R. M. Aspend?®, S. H. Ralston'

! Molecular Medicine Center, University of Edinburgh, Edinburgh, *Department of

Medicine and Therapeutics, University of Aberdeen, Aberdeen, United Kingdom

Background: Osteoporosis is a common disease with a strong genetic com-
ponent and the COLIA1 gene is an important candidate for susceptibility. Three
single nucleotide polymorphisms (SNP) have been identified in the 5" flank of the
COLIALI gene (-1997G/T; -1663IndelT and + 1245G/T) which have been asso-
ciated with BMD in various populations. The mechanisms by which these SNP
predispose to osteoporosis are unclear however. Methods: We analysed the ef-
fects of individual SNP and haplotypes on bone strength by biomechanical
testing of bone cores obtained from femoral heads of undergoing surgery for hip
fracture. We also analysed the effects of the SNP on gene expression using a
combination of promoter-reporter assays and electrophoretic mobility shift
assays (EMSA). Haplotypes were inferred from genotype data using the PHASE
program.

Results: Biomechanical testing showed that yield strength was strongly
associated with all three polymorphisms independently of BMD such that
samples obtained from carriers of the -1997 T allele, the -1663del T allele and
+1245 T allele all had a 25% reduction in bone strength when compared with
non-carriers (p <0.001). Two common haplotypes accounted for 90% of alleles
in the samples studied; —1997G / —1663insT | +1245G (G-InsT-G; 76%) and
—1997T / —=1663delT / +1245T (T-delT-T; 12.2%). Interestingly the T-delT-T
haplotype (T-delT-T) was 401 times more frequent in the hip fracture samples
analysed than in the general population from the same region (12.2% vs 0.03%;
p<0.0001). The T-delT-T haplotype was associated with a 27.5% reduction in
bone strength compared with the common haplotype (p<0.001) and this was
independent of BMD (p <0.001). Gel shift assays showed that DNA binding to
Spl was significantly increased in the —1997T, and the +1245T alleles and
binding to NMP4 was increased in the —1663delT allele. Reporter assays showed
significantly increased rates of transcription in association with the —1663delT
allele and the +1245T allele (p=0.024). Conclusion: We conclude that a rare
haplotype in the 5" flank of the COLIAI gene is markedly increased in hip
fracture patients and is associated with a substantial reduction in bone strength
independent of BMD. The rare alleles increase DNA-protein binding and in-
crease collagen transcription and presumably adversely influence bone strength
by disrupting the normal ratio of type 1| to type 2 collagen in bone.

Conflict of Interest: None declared
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HIGHER PERIMENOPAUSAL BONE MASS AND REDUCED
POSTMENOPAUSAL BONE LOSS IN WOMEN CARRYING
THE CI161T SNP IN THE PPAR GAMMA GENE. THE DANISH

OSTEPOROSIS PREVENTION STUDY
C. L. Tofteng*l, S. Petersen!, J. Teilmann', P. Eiken?, B. Abrahamsen®, B. L.
Langdahl4, J. B. Jensen'
! Osteoporosis  Research Clinic, Hvidovre University Hospital, Hvidovre,
2Department of Endocrinology, Hillerod County Hospital, Hillerod, > Department
of Endocrinology, Gentofte University Hospital, Gentofte, ?Department of Endo-
crinology, Arhus University Hospital, Arhus, Denmark

Background: Differentiation of mesenchymal precursor cells involves activa-
tion of peroxisome proliferator-activated receptor gamma (PPARgamma) when
switching from osteoblastic lineage to adipocytic lineage. PPARgamma is ex-
pressed in adipocytes and primary osteoblasts. In some settings, agonists (glit-
azones) reduce bone formation. By contrast, PPARgamma is inhibited by
estradiol, directing the precursor cells towards osteoblastogenesis. Polymor-
phisms in the PPARgamma gene may be associated with development of oste-
oporosis by affecting bone formation. A previous Japanese study has suggested
association between bone mineral density (BMD) and a CI161T silent single
nucleotide polymorphism (SNP) in exon 6 of the PPARgamma gene. Methods:
In this study, we genotyped 1484 Danish postmenopausal women (mean age
(SD) 50.1 (2.9) years) for the C161T SNP. The women participated in a trial
investigating the effect of hormone replacement therapy (HRT) on development
of osteoporosis. We investigated association between genotype and BMD at
baseline and change in BMD during 10 years in untreated women. BMD was
measured by dual energy X-ray absorptiometry at the lumbar spine, femoral
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neck, and total hip using Hologic scanners. Genotyping of the C161T SNP was
performed by RFLP analysis. Results: Genotype frequencies were CC 71.1% CT
27.1% and TT1.8%. Body mass index (BMI), fat mass, and lean body mass did
not differ by genotype. At baseline spine BMD (age- and BMI-adjusted) was
higher in TT women (1.064 g/cm? versus 1.028 and 1.011 in CC and CT women,
P=0.03 ANCOVA). This contrasts with previous findings in Japanese women,
where the T allele was associated with low BMD. BMD at hip sites did not differ
by genotype. After 5 and 10 years 765 and 684 HRT-free women remained in the
study. After 10 years bone loss at the spine was lower in TT women (0.4 % per
year versus 0.7 and 0.9 in CC and CT women, P=0.006). Conclusion: These
results could indicate that the PPARgamma C161T polymorphism is a marker
for peak bone mass and long-term postmenopausal bone loss.

Conflict of Interest: None declared
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ASSOCIATION BETWEEN BONE TURNOVER MARKERS
AND BONE LOSS OVER 5 YEARS IN RANDOMLY
SELECTED ELDERLY WOMEN: THE MALMO OPRA STUDY
K. K. Ivaska*', P. Gerdhem', K. Akesson', K. Viininen® K. J. Obrant’
! Department of Orthopaedics, Lund University, Malmo, Sweden, °Department of
Anatomy, University of Turku, Turku, Finland

Background: Bone turnover markers (BTM) can be used to identify individ-
uals with high bone turnover. High turnover may increase the risk for future
bone loss and fracture. The aim of this study was to evaluate if measurement of
BTMs longitudinally and at multiple occasions could improve the prediction of
bone loss. Methods: The Malmé Osteoporosis Prospective Risk Assessment
(OPRA) study is a randomly selected population based cohort of elderly women,
all 75 years of age at inclusion (n=1040). Areal BMD (aBMD) at total body and
total hip was measured by dual-energy x-ray absorptiometry at baseline and
after five years. Seven bone turnover markers (S-CTX, S-TRACPSb, S-OC[1-
49], S-TotalOC, S-cOC, S-boneALP, urinary osteocalcin) were measured at
baseline and after 1, 3 and 5 years. Women who attended the entire 5-year
follow-up and did not take any bone-active medication were included in the
analysis (n=573). Results: The baseline levels of BTMs were weakly correlated
to S-year change in BMD at total body (beta/sd from —0.07 to —=0.10, p=0.02—
0.09). The correlation was more pronounced and statistically significant for all
BTMs when we used the average of two measurements of each marker (beta/sd
from —0.12 to —0.23, p<0.01). Adding a third and a fourth BTM measurement
further strengthened the correlation (beta/sd from —0.15 to —0.30, p <0.001).
The results were similar for all BTMs except for S-boneALP. Longitudinal
changes in BTMs did not correlate to bone loss as strongly as did the average
value of multiple measurements of each marker. Women who had constantly
high S-CTX values (highest tertile) during the 5-year follow-up period lost sig-
nificantly more bone at the total body (-2.6%) than women who had constantly
low S-CTX (lowest tertile) (-0.2%, p <0.0001). Women with constantly high S-
CTX also had a greater bone loss at the hip (—8.3%) than women with constantly
low S-CTX (-5.1%, p=0.010). Conclusions: Bone turnover as estimated by
BTMs correlates to future decrease in aBMD in randomly selected elderly wo-
men without bone-active medication. Multiple serial measurements improve the
precision and strengthen the correlation. Women with constantly high bone
turnover loose significantly more bone over five years than women with con-
stantly low bone turnover.
Conflict of Interest: None declared
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USE OF DXA-BASED STRUCTURAL ENGINEERING
MODELS OF THE PROXIMAL FEMUR TO PREDICT HIP

FRACTURE
L. Yang*!, N. Peel?, J. Clowes®, K. Wilson*, E. V. McCloskey', R. Eastell'
! Academic Unit of Bone Metabolism, University of Sheffield, *Metabolic Bone
Centre, Northern General Hospital, Sheffield, United Kingdom, *Mayo Clinic,
Rochester, MN, 4Halogic Inc., Bedford, M A, United States

Several DXA-based structural engineering models of the proximal femur [1-3]
have been developed to estimate stress in the bone due to sideway falls. Their
usefulness in predicting hip fracture has not yet been established and we there-
fore evaluated these models as diagnostic tools for hip fracture.

We re-analysed the hip DXA scans of 204 postmenopausal women using a
special version of Hologic’s software that produces a pixel-by-pixel BMC map
for each scan. Fifty-one of the women (age 58-81 yrs) had sustained a low-
trauma hip fracture prior to a DXA scan of the un-fractured hip. For each case,
3 age-, height- and weight-matched controls were identified. Curved-beam (CB)
[1], curved composite beam (CCB) [2] and finite element (FE) [3] models were
generated from each map and the stress calculated at each pixel. The elastic
modulus and yield stress of the models were determined according to Keyak [4].
Index of fracture risk (IFR) was defined at each pixel as the stress divided by the
yield stress. The maximum and mean IFR in the femoral neck (FN), narrowest
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FN (NFN), middle intertrochanter (MI), intertrochanter and total hip (TH)
were calculated. The usual hip structure analysis (HSA) parameters were also
calculated for the NFN and MI.

We performed forward logistic regression followed by ROC analysis, ex-
pressed as area under the curve (AUC), to identify the best discriminators
between cases and controls. Three HSA and one IFR parameters were iden-
tified and they were TH BMD, MI cortical thickness (CTH), FN axial length
(AL) and mean IFR (avgIFR) over MI from the FE models. Specificity for hip
fracture was consistently high (93-94%). Sensitivity and AUC were 33% and
0.778 respectively when using TH BMD alone as predictor. Following the
sequential addition of MI CTH, FN AL and MI avgIFR, sensitivity increased
to 45%, 57% and 61%, whereas the AUC increased to 0.848, 0.877 and 0.885.
The increases in AUC were significant at p <0.005 when compared with TH
BMD alone.

In conclusion, this study suggests that HSA and FE models, derived from
BMC maps, can enhance hip fracture discrimination over TH BMD alone.

[1] Mourtada et al. J Orthop Res 14: 483-492.

[2] Yang et al. Calcif Tissue Int 78 suppl 1: S165.

[3] Testi et al. Ann Biomed Eng 30: 801-807.

[4] Keyak et al. Clin Orthop Relat Res 437: 219-228.
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DELETION OF THE GHRELIN RECEPTOR GHSR CORRECTS
THE TRABECULAR, BUT NOT THE CORTICAL BONE

CHANGES IN THE FEMORAL HEAD OF OB/OB MICE
M. van der Velde*', B. C. J. van der Eerden', Y. Sun?, P. J. D. Delhantyl,
A. van der Lelyl, H. Weinans®, H. A. P. Pols', R. G. Smith% J. P. T. M. van
Leeuwen'
'Department of Internal Medicine, Erasmus MC, Rotterdam, Netherlands,
2Hu(/f/"ington Centre on Aging, Baylor College of Medicine, Houston, United States,
3Department of Orthopedics, Erasmus MC, Rotterdam, Netherlands
Background: There exists an intriguing and complex relationship between
fat and bone cells with respect to aging and osteoporosis, which is mediated
in part by leptin. Genetically obese mice (0b/ob), that lack leptin, have a
heterogeneous bone phenotype, with differential effects on cortical and tra-
becular compartments. Besides its role in bone metabolism, leptin is most
well known for its anorexigenic properties. Opposed in action to leptin is
ghrelin, a potent orexigenic peptide hormone derived from the stomach.
Ghrelin and leptin also act as each other’s antagonists in gonadal and im-
mune system function.

Objective: To determine if ghrelin opposes leptin action on bone metabo-
lism.

Methods: Characterization of femoral micro-architecture in 6 months old
male wild type, ob/ob, ghrelin receptor knockout (Ghsr"), and ob/ob.Ghsr”™ mice
using micro-computed tomography.

Results: Deletion of Ghsr alone did not significantly alter bone micro-
architecture in wild type mice. Deletion of leptin reduced cortical volume
(Ct.V: 3.03 vs. 3.95 mm>, p<0.001) and thickness (Ct.Th: 148.05 vs. 210.49
mum, p<0.001) in the femoral head of wild type mice, while it increased
endocortical volume (Ec.V: 5.18 vs. 4.42 mm?>, p<0.05). Tissue volume (Ct.V
+ Ec.V) remained unaffected (TV: 8.21 vs. 8.37 mm?>, NS). Conversely, dele-
tion of leptin increased trabecular bone volume (Tb.V: 0.94 vs. 0.73 mm?,
p<0.01), trabecular number (Tb.N: 0.52 vs. 0.36 /mm, p<0.001) and con-
nectivity (628 vs. 411, p=0.08) in wild type mice. Additional deletion of Ghsr
in ob/ob mice restored the changes to wild type levels in trabecular bone (Tb.V:
0.71 mm?, p<0.001; Tb.N: 0.41 /mm, p<0.01; connectivity: 345, p<0.01), but
not in cortical bone (all not significant).

Conclusion: We found that leptin deficiency has a negative effect on cortical
and a positive effect on trabecular bone micro-architecture, confirming the
heterogeneous skeletal effects observed by others in 0b/ob mice. Knocking out
ghrelin signaling compensates for the effect of leptin deficiency on trabecular
bone. These observations demonstrate the positive activity of ghrelin signaling in
bone, and suggest that ghrelin and leptin have opposing actions on bone
metabolism.

Conflict of Interest: None declared

0Co012

THE SEROTONINERGIC RECEPTOR 5-HT2B REGULATES
OSTEOBLAST FUNCTION AND BONE MASS IN AGEING
MICE
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M. De Vernejoul®
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The monoamine serotonin (5-hydroxytryptamine, 5-HT) has been mainly
investigated as a neurotransmitter. However, recent studies suggest that sero-
tonin might play a role in bone metabolism. In order to assess action of 5-HT
on bone we first searched for the 5-HT receptors on osteoblast. 5-HT1A, 5-
HT2A and 5-HT2B receptors were present on murine calvaria osteoblast but
we observed an increase in the number of receptors across differentiation only
for the S-HT2B receptor. Therefore, because 5-HT2B receptor could be
important for osteoblast function we investigated the bone phenotype of the 5 -
HT2B receptor knock-out (5-HT2B—/—) mice that has been previously gener-
ated (Nebigil et al. PNAS 2000). Compared to wild type (WT) mice, the ab-
sence of 5S-HT2B receptor leads to osteopenia that was significant from of the
age of 4 months and increased by 12 and 18 months (femoral BMD at 18
months : 0.085+0.001 g/em? in WT vs 0.077+0.002 g/cm? in 5-HT2B-/-,
p=0.01). Histomorphometry at the femoral metaphysis was performed in 4-
and 18-month-old mice and showed, at both time points, a decreased trabec-
ular bone volume (61% at 4 months and 55% at 18 months; p<0.001) and
trabecular thickness (p<0.01 at 18 months). Furthermore, cortical thickness
were decreased in 5-HT2B—/— compared to WT mice (4 months, p<0.0444
and 18 months, p<0.0001). Modifications of bone microarchitecture was re-
lated to alteration in bone formation in 5-HT2B—/— mice compared to WT :
bone formation rate was 31% lower (p <0.002) due to decrease in mineralizing
surfaces (33%, p<0.002). Moreover, compared to WT mice, both serum
alkaline phosphatase (121+39 vs 54 + 25 UI/l, p<0.01) and serum osteo-
calcin (1354+27 vs 98 £+ 18 ng/ml, p<0.01) were decreased in 5-HT2B—/— at
18 months. To further investigate this formation defect, ex vivo cultures of
calvarial osteoblast was performed and showed a decrease in proliferation,
differentiation and mineralization in osteoblast from 5-HT2B—-/— compared to
wild-type. Finally, we investigated the CFU capacity of marrow precursors
from 12 months old mice. Osteoblast CFU number was decreased in 5-
HT2B—-/- (p< 0.001). In conclusion, we show that the SHTB2 receptor is
important for recruitment and proliferation of osteoblast in adult mice indi-
cating that the 5-HT2B receptor acts as a physiologic regulator of bone
remodelling. Furthermore, serotonin is an important player in the regulation of
bone mass in ageing mice.
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USE OF SELECTIVE SEROTONIN REUPTAKE INHIBITORS
AND RISK OF HIP/FEMUR FRACTURES: A POPULATION-
BASED CASE-CONTROL STUDY
B. M. K. S. Thio*!, F. de Vries!, T. C. G. Egbertsl, H. G. M. Leufkens', T. P.
van Staa’
! Pharmacoepidemiology and Pharmacotherapy, Utrecht Institute for Pharmaceu-
tical Sciences, Utrecht, Netherlands, > Environmental Epidemiology Unit, Medical
Research Council, Southampton General Hospital, Southampton, United Kingdom
Background: Selective serotonin reuptake inhibitors (SSRIs) have been pre-
viously associated with increased risk of falling and hip/femur fracture. Recent
findings have shown that serotonin transporter inhibiting properties may de-
crease bone mineral density. However, cumulative SSRI exposure, serotonin
transporter inhibiting properties and hip/femur fracture risk have not been
studied yet.

Aim: To evaluate the association between SSRI use and hip/femur fracture
risk.

Methods: We conducted a case—control study using PHARMO (n=6,763).
PHARMO RLS includes a virtually complete medication history of more than
two million community-dwelling residents in the Netherlands from 1985 on-
wards, further linked to hospital admission records. This study used drug dis-
pensing data and hospitalization data. Cases were defined as adult patients with
a first admission for hip or femur fracture (index date) between January 1, 1991
and December 31, 2002. Up to 4 control patients were matched to each case by
year of birth, gender and region and were assigned the same index date. Our
analyses were adjusted for 24 general risk factors for fractures and exposure to
other antidepressants. Smoothing spline plots were used to visualize the asso-
ciation between timing and continuous duration and risk of hip/femur fracture.

Results: Current users (> =1 dispensings within 30 days before the index
date) of SSRIs had a significantly increased risk of hip/femur fracture compared
to never users (adjusted (adj.) OR 2.32; 95% CI, 1.91-2.81) (Figure 1). A rapid
fall in fracture risk occurred after SSRI discontinuation for >3 months: adj. OR
1.25 (95% CI 1.08-1.44). Among current users, the highest risk estimates were
found in patients with a cumulative SSRI exposure of > =3.6 g paroxetine
equivalents. (adj. OR 2.48; 95% CI, 1.94-3.16). High degrees of serotonin
transporter inhibition properties were associated with the highest increase of hip/
femur fracture risk.

Conclusions: Current use of SSRIs was associated with increased risk of hip/
femur fracture, particularly after intake of more than 3.6 g paroxetine equiva-
lents. The degree of inhibition of the serotonin transporter was associated with
an increased risk of hip/femur fracture. Our results support the new hypothesis
that SSRIs may increase risk of hip/femur fracture by neural regulation of bone
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mineral density. Hip/femur fracture risk assessment may be considered for
elderly taking SSRIs.
Conflict of Interest: None declared
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B-ARRESTIN2 INHIBITS PTH-STIMULATED OSTEOCLASTO-
GENESIS AND CORTICAL BONE REMODELING IN

RESPONSE TO LOW CALCIUM DIET
A. Rufo*!', V. Glatt?, E. Bianchi?, D. D. Pierroz>, N. Rucci', R. Rizzoli?, M. L.
Bouxsein?, A. Teti', S. L. Ferrari?
! Department of Experimental Medicine, University of L’ Aquila, L" Aquila, Italy,
2Service of Bone Diseases, Department of Rehabil. and Geriatrics, WHO Center
for Osteoporosis Prevention, Geneva University Hospital, Geneva, Switzerland,
3Orthopedic Biomechanics Laboratory, Beth Israel Deaconess Medical Center and
Harvard Medical School, Boston, United States

B-arrestin2 (Barr2) is a cytoplasmic molecule expressed in osteoblasts that
regulates PTH-stimulated intracellular signaling. Barr2 KO mice have low bone
mass and a negative mineral balance in trabecular bone in response to inter-
mittent PTH. We hypothesized that Barr2 influences osteoclastogenesis and
thereby the changes in bone microarchitecture induced by a low calcium diet.
Adult Barr2 KO and WT mice were fed either a low calcium (LCa, 0.02% Ca,
0.4% Pi) or regular diet (RCa 0.6% Ca, 0.4% Pi) for 4 wks (n=7-9/gr.). Com-
pared to RCa, LCa significantly decreased total body BMD, trabecular and
cortical bone microarchitecture, as evaluated by pDXA and micro-CT, respec-
tively. In general, the deleterious effects of LCa on cancellous bone were similar
in WT and KO mice, whereas mid-femoral cortical bone was more severely
affected in KO: Bone area (KO —14%, p <0.05 vs RCa, WT —-8%, ns), BA/TA
(KO -10%, p<0.01, WT —2%, ns), CortTh (KO -13%, p=0.06, WT —2%, ns).
LCa also increased sSTRACPS5D significantly more in KO (+41% vs baseline)
than WT mice (+ 5%, p <0.01 vs KO). Thus, Barr2 restrains bone resorption and
cortical bone remodeling induced by secondary hyperparathyroidism. To
investigate the arrestin-mediated mechanisms of bone resorption, OPG and
RANKL mRNA expression were analyzed by qRT-PCR in femurs of WT and
Parr2 KO mice receiving PTH (80 ug/d) continuously (¢cPTH) or vehicle (VEH)
for 7d (n=3/gr). In cortical bone, RANKL/OPG ratio was higher in cPTH KO
(3.4) compared to either VEH KO (2.4) or cPTH WT (2.7). In contrast, in
trabecular bone, RANKL/OPG was slightly higher in cPTH KO than VEH KO,
but not different from cPTH WT. In primary bone marrow cultures from WT
and KO treated 7d with PTH (1-100nM) the RANKL/OPG protein ratio was
increased nearly 6-fold in the conditioned medium from KO compared to WT
mice. Moreover, the PTH dose-dependent increase in TRAcP + multinucleated
cells and resorption index (on bone slices) was significantly greater in KO than
WT cultures. An excess of OPG inhibited PTH-induced osteoclastogenesis,
confirming the relevance of this pathway in the Parr2 null phenotype(s). In
contrast, increasing concentrations of RANKL stimulated osteoclastogenesis
similarly in WT and KO cultures, suggesting that RANK signals in osteoclasts
are Parr2-independent. In conclusion, Parr2 inhibits osteoclastogenesis and
cortical bone remodelling in response to continuous PTH by regulating
RANKL/OPG expression.
Conflict of Interest: None declared
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TRANSGENIC DISRUPTION OF GLUCOCORTICOID
SIGNALLING IN MATURE OSTEOBLASTS ATTENUATES K-
RN SERUM-INDUCED ARTHRITIS IN VIVO
H. Zhou!, F. Buttgereilz, T. Gaber?, R. Kalak', D. Huscher?, J. Modzelewski',
C. R. Dunstan', M. J. Seibel*'
'Bone Research Program, ANZAC Research Institute, Sydney University, Syd-
ney, Australia, >Department of Rheumatology & Clinical Immunology, Charité
(CCM) and DRFZ, Berlin, Germany

Background/Aims: Transgenic overexpression of 11beta-hydroxysteroid
dehydrogenase type 2 (HSD2), a glucocorticoid (GC) inactivating enzyme under
the control of a 2.3Kb collagen type I promoter (Col2.3-HSD?2), abrogates
intracellular GC signalling exclusively in mature osteoblasts. Since GC are
important immune modulators, we investigated the impact of osteoblast-tar-
geted disruption of GC signalling on joint inflammation and bone catabolism
using the KRN serum transfer model of autoimmune arthritis.

Methods: KRN arthritis was induced in S5-week-old male Col2.3-HSD2-
transgenic (tg) mice (n=28) and their wild-type (WT) littermates (n=27).
Twelve tg and 13 WT mice served as controls receiving either normal serum or
PBS. Body weight and paw swelling (ankle size, clinical arthritis scored 0-6)were
assessed daily from day 0 (induction) to day 14. Serum cytokine levels (IL-1beta,
IL-2, IL-4, IL-6, IL-10, IL-12, TNF-alpha, IFN-gamma, G-CSF, and M-CSF)
were determined using a multiplex ELISA system (BioRad) at days 7 and 14.

Results: Both tg and WT animals developed acute arthritis. However, the
inflammatory response was significantly blunted in tg mice from day 7 onwards
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(fig. 1). Clinical score and changes in body weight gain were closely correlated
with changes in ankle size. In both tg and WT mice, mean serum TNF-alpha, M-
CSF IL-6, IL-12 and G-CSF levels were significantly lower on day 14 when
compared to day 7 (IL-1beta, IL-2, IL-4, IL-10 and IFN-gamma were not
detectable by ELISA in any of the animals). However, there was no difference in
cytokine levels between tg and WT mice at any time point, suggesting that the
less severe inflammatory arthritis in tg mice may be mediated by local regulation.

Conclusions: Mature osteoblasts appear to modulate inflammatory response
via a glucocorticoid dependent pathway.

Estmated Margeal Maars of Ansiemas
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THE BINDING BETWEEN SCLEROSTIN AND LRP5 IS
DRASTICALLY IMPAIRED BOTH IN HIGH-BONE-MASS

LRP5S MUTANTS AND IN THE PRESENCE OF DKKI
W. Balemans*!, E. Cleiren!, M. Ai%, L. Van Wesenbeeck!, M. L. Warman?,
W. Van Hul'
'Department of Medical Genetics, University of Antwerp, Antwerp, Belgium,
2Department of Genetics, Case Western Reserve University, Cleveland, >Ortho-
paedic Research Laboratories, Boston Children’s Hospital, Boston, United States
The low density lipoprotein receptor-related protein 5 (LRPS5) acts as a co-
receptor in canonical Wnt signaling, an important signaling pathway involved in
a wide range of cellular and physiological processes. This pathway has been
shown to play a role in bone metabolism as loss-of-function and gain-of-function
mutations in LRPS result in respectively autosomal recessive osteoporosis
pseudoglioma syndrome and autosomal dominant high-bone-mass (HBM)
phenotypes. Previous studies demonstrated that activating mutations associated
with HBM phenotypes cause reduced binding affinity for DKK 1, consequently
leading to impaired inhibition of canonical Wnt signaling.

The aim of our study was to further delineate the mechanisms by which
these HBM LRP5 mutations alter Wnt signaling. For this, we studied the effect
of six HBM-LRP5 missense variants on sclerostin binding and antagonism of
canonical Wnt signaling. Previously, it has been shown that sclerostin binds to
the first and/or second B-propeller domains of LRPS, and interestingly, all
HBM-associated LRPS5 mutations are located in the first B-propeller domain.
Furthermore, we evaluated whether the presence of DKKI affects sclerostin
binding to LRP5.

Our data showed that all HBM-LRPS mutants were able to transduce Wntl
signals at equal or slightly increased levels compared to wild type LRPS. Con-
versely, our data suggest that modulation of canonical Wnt signaling is im-
paired. We were able to confirm that a decreased inhibition by DKKI
contributes to the molecular mechanisms of the LRP5 mutations. We addi-
tionally observed an impaired physical binding of sclerostin to all HBM-LRPS
mutants and subsequently a reduced inhibition of canonical Wnt signaling by
sclerostin. Furthermore, we provided evidence that sclerostin and DKK1 do not
physically interact. Interestingly, our results also indicate that DKK1 prevents
sclerostin to act as an inhibitor in LRP5-mediated Wnt signaling.

To conclude, our data suggest that impaired antagonism of both sclerostin
and DKKI contributes to the aetiology of the craniotubular hyperostoses.
Understanding the molecular mechanisms by which HBM-LRPS variants
potentiate canonical Wnt signaling and increase osteoblastic bone formation will
provide further insights into the control of bone mass regulation and may result
in novel treatment targets for osteoporosis.
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IDENTIFICATION OF NOVEL PHOSPHOPROTEINS ON
PLASMA MEMBRANES OF HUMAN MESENCHYMAL STEM
CELLS USING TITANIUM DIOXIDE CHROMATOGRAPHY

AND MASS SPECTROMETRY
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The molecular mechanism controlling differentiation of human mesenchymal
stem cells (hAMSC) are not known in details. Phosphorylation of plasma mem-
brane (PM) proteins is often the initiating step in signal transduction processes.
Thus, we characterized the phosphoproteins in plasma membranes of human
mesenchymal stem cells (hMSC) in undifferentiated and differentiated state in
order to understand how the cells coordinate responses to signals initiated by
extracellular microenvironment to determine a lineage-specific differentiation.

We developed a highly selective mass spectrometry based strategy for the
identification of phosphoproteins from highly complex biological samples using
titanium dioxide (TiO2) micro-columns and Liquid chromatography Electrospray
Tonization tandem Mass Spectrometry (LC-ESI-MS/MS). By combining this
enrichment strategy with an efficient plasma membrane purification protocol we
were able to identify > 750 phosphopeptides in 376 unique phosphoproteins from
approximately 100 ug purified hMSC plasma membranes. This is to our knowl-
edge the highest number of identified phosphopeptides from such low amount of
starting material, illustrating the strength of our strategy. A significant number of
the identified phosphorylation sites have never been described in the literature
before. Bioinformatic analysis employing the Protein Center software (Proxeon
Bioinformatics, Odense, Denmark) showed that more than 60% of the identified
proteins were membrane proteins and ~75% were related to the membrane.

Many stem cell markers were identified in addition to other proteins of
highly biological significance. Six phosphorylation sites were identified in the
human Epidermal growth factor receptor, whereas 14 phosphorylation sites were
found in the human Ephrin type-A receptor 2 (Tyrosine-protein kinase receptor
ECK) of which only seven were reported in the UniProt Database.

Different phosphatase inhibitors were tested for the efficiency of preserving
the phosphorylations present at the time for harvesting the cells. The use of these
inhibitors led to improved phosphopeptide recovery compared to the control
and a specific tyrosine phosphatase inhibitor (Na-Pervanadate) proved to be
necessary for the identification of tyrosine phosphopeptides. More than 100
tyrosine phosphorylation sites were identified from the plasma membrane frac-
tions after Na-pervanadate treatment, whereas only 10 sites were identified in the
control sample.
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BIPHENYLCARBOXYLATES INHIBIT BONE RESORPTION IN
VITRO AND OVARIECTOMY INDUCED BONE LOSS IN VIVO

WITHOUT IMPAIRING PTH INDUCED BONE FORMATION
A. L. Idris*', I. R. Greig®, S. H. Ralston', R. J. van’t Hof'
!Molecular Medicine Centre, University of Edinburgh, Edinburgh, >Medicine and
Therapeutics, University of Aberdeen, Aberdeen, United Kingdom

Many diseases of the skeleton such as osteoporosis and Paget’s disease, are
characterised by excessive bone loss due to increased osteoclastic bone resorp-
tion. Whilst several inhibitors of osteoclastic bone resorption are available
clinically, the most successful anti-resorptive agents, Bisphosphonates (BP) also
inhibit bone formation and blunt the anabolic effect of PTH. Here we describe a
novel series of orally active biphenylcarboxylate derivatives which have potent
anti-resorptive effects, but do not adversely affect osteoblast function or inhibit
the anabolic effects of PTH. We have recently shown that ABD56, the butane-
diol ester of biphenylcarboxylic acid, is a potent inhibitor of osteoclast formation
in vitro and ovariectomy (Ovx) induced bone loss in vivo. However, as ABD56 is
an ester, it is susceptible to rapid degradation by acid and esterases, making it
unsuitable for oral delivery. We therefore developed derivatives where the ester
linkage is replaced with a ketone or reduced ketone. The most potent osteoclast
inhibitors identified were the halogen substituted biphenylcarboxylate ketone
derivatives ABD328 and ABD350, which inhibited osteoclast formation in
RANKL-stimulated bone marrow cultures with an IC50 of 0.88 M and 2.3 uM
respectively. All derivatives promoted osteoclast apoptosis and prevented
RANKL-induced IkB phosphorylation. We observed no effect on osteoblast
growth, alkaline phosphatase activity, collagen or osteocalcin production, or
PTH-induced activation of Raf, MEK1/2 and ERK MAPK, at concentrations
of up to 20 uM. In contrast to the BP Alendronate and Risedronate, ABD328
did not inhibit bone nodule formation at concentrations of up to 2 uM. ABD328
fully prevented Ovx-induced bone loss in mice when given intraperitoneally
(5mg/kg/day) and orally at 20mg/kg/day. Treatment of the mice with PTH 1-34
(80 ug/kg/day) lead to an 18+ 5% increase in bone volume and trabecular and
cortical thickness as assessed by uCT. ABD350 also prevented Ovx-induced
bone loss when given intraperitoneally at Smg/kg/day and had no inhibitory
effect on PTH induced bone formation at this dose. Biphenylcarboxylates inhibit
osteoclast formation and promote osteoclast apoptosis, but have no significant
inhibitory effects on osteoblast activity in vitro or PTH-induced bone formation
in vivo. Because of their lack of effect on the anabolic properties of PTH, these
agents may be of therapeutic value in combination treatment with PTH for
osteoporosis.
Conflict of Interest: None declared
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OSTEOCYTES SUBJECTED TO PULSATING FLUID FLOW
INHIBIT OSTEOCLAST FORMATION AND BONE
RESORPTION
D. Tan', T. J. De vries', A. M. Kuijpers—Jaglman2, C. M. Semeins', V. Everts',
J. Klein-Nulend*'
!Department of Oral Cell Biology, Acta-Vrije Universiteit and Universiteit van
Amsterdam, Amsterdam, >Department of Orthodontics and Oral Biology, Radboud
University Nijmegen Medical Centre, Nijmegen, Netherlands

Osteocytes are the predominant bone cells and likely the professional me-
chanosensors of bone. A strain-derived fluid flow through the lacuno-cana-
licular porosity seems to mechanically activate them, resulting in the
production of signalling molecules such as nitric oxide (NO). We investigated
whether osteocytes, osteoblasts, and periosteal fibroblasts subjected to pul-
sating fluid flow (PFF) modulate the formation and activity of osteoclasts via
soluble factors, thus affecting bone resorption. Osteocytes, osteoblasts, and
periosteal fibroblasts were isolated from fetal chicken calvaria via enzymatic
digestion. Separation of the periostea from calvaria occurred to obtain fi-
broblasts. The osteocyte specific Mab 7.3 was used to separate osteocytes from
osteoblasts by immunomagnetic separation. Cells were treated for 1 h with a
PFF (0.70 £ 0.30 Pa, 5 Hz) or were kept under static conditions and the
conditioned medium was collected. Bone marrow cells from five-week-old
male mice were cultured in the presence of RANKL and M-CSF, and con-
ditioned medium was added (1: 1, vol: vol). After 6 days of culture, the
number of TRAP-positive multinucleated cells was counted and the percent-
age of bone resorption was calculated. We found that the formation of os-
teoclasts was inhibited by conditioned medium obtained from osteocytes that
were subjected to 1 h PFF. For osteoblast PFF conditioned medium such
effect was, to a lesser extent, also observed, but not for periosteal fibroblast
PFF conditioned medium. Furthermore, in line with the decreased number of
osteoclasts, PFF conditioned medium of osteocytes, but not of osteoblasts or
periosteal fibroblasts, resulted in a decreased bone resorption. The NO syn-
thase inhibitor NG-Nitro-L-arginine methyl ester (L-NAME) attenuated the
inhibitory effects of osteocyte PFF conditioned medium on osteoclast for-
mation and resorption, suggesting that a change in NO release is at least
partially responsible for the inhibitory effects of osteocyte PFF conditioned
medium. We conclude that osteocytes subjected to PFF inhibit osteoclast
formation and resorption via soluble factors, and the release of these factors
was at least partially dependent on activation of an NO-mediated pathway in
response to PFF. Thus, the osteocyte appears to be more responsive to PFF
than the osteoblast or periosteal fibroblast in producing soluble factors that
affect osteoclast formation and bone resorption.
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OSTEOCYTES AND OSTEOBLASTS EXHIBIT
DIFFERENT GENE EXPRESSION OF PROTEINS
INVOLVED IN CANONICAL AND NON-CANONICAL
WNT SIGNALING PATHWAYS AFTER MECHANICAL

LOADING
A. Santos*!, B. Zandich-Doulabi?, C. M. Semeins', J. Klein-Nulend'
'Oral Cell Biology, ACTA-Vrije Universiteit, *Department of Orthopaedics, Vrije
Universiteit Medical Center, Amsterdam, Netherlands

Osteocytes are the professional mechanosensory cells of bone. Strain-derived
flow of interstitial fluid through the lacunocanalicular network seems to
mechanically stimulate osteocytes to activate cellular signaling transduction
pathways that regulate bone metabolism [1, 2]. It has been shown that members
of the canonical Wnt pathway, i.e. B-catenin and lipoprotein receptor-related
protein 5 (LRPS5), are involved in the regulation of mechano-regulated bone
adaptation [3]. However, whether the non-canonical pathway also plays a role in
this process is still unknown. The aim of our study was to assess if mechanical
loading by pulsating fluid flow affects gene expression of proteins involved in
canonical as well as non-canonical Wnt signaling pathways in cultured osteo-
cytes and osteoblasts.

MLO-Y4 osteocytes and MC3T3-E1l osteoblasts were submitted to 1 h of
pulsating fluid flow (PFF, 0.7+ 0.3 Pa, 5 Hz) in a laminar flow chamber, and
post-incubated without PFF for 0.5 to 3 h. Gene expression of proteins re-
lated to the Wnt canonical pathway (Wnt3, LRP5, LRP6, B-catenin, APC)
and the canonical Wnt signaling target gene c-jun, and to the non-canonical
pathway (Fzd6, WntS, Sfrp4) was studied using RT-PCR. Statistical analysis
was performed using Student t-test. Differences were considered significant if
p<0.05.

In osteocytes 1 h PFF upregulated gene expression at 1 to 3 h after PFF
treatment of Sfrp4, Wnt3, B-catenin, APC, and c-jun, and down-regulated the
expression of LRPS and Fdz6. PFF did not affect gene expression of LRP6.
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Wnt 5 was detectable but not quantifiable. In osteoblasts 1 h PFF down-
regulated expression of Wnt5, LRP6, B-catenin, APC, and c-jun at 0.5 to 3 h
after PFF treatment. There was no effect on gene expression of SFRP4, LRPS
and Fzd6.

This is the first study showing that mechanical loading leads to differential
gene expression of proteins related to different Wnt signaling pathways by os-
teocytes and osteoblasts. The canonical Wnt signaling pathway is likely involved
in mechanosensing by osteocytes and osteoblasts, but the non-canonical path-
way might also play a role in osteoblasts.
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CLINICAL RISK FACTORS ENHANCE THE PERFORMANCE

OF BMD IN THE PREDICTION OF FRACTURES
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The aim of this study was to evaluate a risk assessment tool based on clinical
risk factors with and without BMD. A total of 46,340 men and women from
nine population-based studies were studied in whom BMD and clinical risk
factors were documented at baseline. The clinical risk factors, identified from
previously published meta-analyses, comprised body mass index (as a contin-
uous variable), a prior history of fracture, a parental history of hip fracture,
use of oral glucocorticoids, rheumatoid arthritis, current smoking and alcohol
intake of 3 or more units daily. Separate models using Poisson regression were
developed for hip fracture and other osteoporotic fractures, with and without
hip BMD. Fracture risk was expressed as gradient of risk (GR, the risk ratio/
SD change in risk score). For hip fracture, clinical risk factors alone predicted
fracture with a GR of 2.1/SD at the age of 50 years (see table below). This GR
decreased with age; being 1.8/SD at 70 years and 1.7/SD at 90 years. The use
of BMD alone provided a higher GR for hip fracture at all ages and at the age
of 70 years was 2.8/SD. Hip fracture prediction was improved somewhat
further with the combined use of clinical risk factors and BMD, an effect more
marked at younger ages, so that GR was 4.2/SD at 50 years decreasing to 2.9/
SD at 70 years . For other osteoporotic fractures, the GRs were lower than for
hip fracture. For example, the GR with the use of clinical risk factors alone
was 1.6/SD at the age of 70 years. Fracture prediction was similar to that
provided by BMD alone (GR = 1.4/SD) and was not markedly increased by
the combination (GR = 1.6/SD). The combined use of clinical risk factors and
BMD improves the GR and therefore the sensitivity (i.e. detection rate) of
fracture risk assessment. The models developed will provide the basis for the
integrated use of validated clinical risk factors in men and women to aid in
fracture risk prediction.

Table:

Clinical risk Clinical risk

Age (years) BMD only factors alone factors + BMD
(a) hip fracture

50 3.7 (2.7-5.2) 2.1 (1.6-2.7) 4.2 (3.1-5.7)

70 2.8 (2.4-32) 1.8 (1.7-2.1) 2.9 (2.6-3.4)

920 1.7 (1.5-1.9) 1.7 (1.5-1.9) 2.0 (1.7-2.4)

(b) Other op fract

50 1.2 (1.1-1.3) 1.4 (1.3-1.6) 1.4 (1.3-1.6)

70 1.4 (1.3-1.5) 1.6 (1.5-1.6) 1.6 (1.5-1.7)

920 1.6 (1.4-1.8) 1.8 (1.7-2.0) 1.8 (1.7-2.0)
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EFFECT OF ONCE-YEARLY INFUSION OF ZOLEDRONIC
ACID 5 MG ON BIOCHEMICAL MARKERS OF BONE

TURNOVER: DATA FROM HORIZON-PFT
P. D. Delmas', D. Bauer’, D. Black®, S. R. Boonen*, F. Cosman’,
R. Eastell*®
!Department of Medicine, University Claude Bernard Lyon 1, Lyon, France,
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Medicine, Helen Hayes Hospital, West Haverstraw, United States, ®Metabolic
Bone Center, Northern General Hospital, Sheffield, United Kingdom
Intravenous zoledronic acid (ZOL), given as a single infusion, has been
shown to decrease bone turnover and improve bone density. We evaluated
the impact of once-yearly infusions of ZOL 5 mg on biochemical markers of
bone turnover in a subset of patients in selected centers in the HORIZON-
PFT trial, a multinational, 3-year, randomized, double-blind, placebo-con-
trolled clinical trial involving over 7000 postmenopausal women with osteo-
porosis. In the ZOL 5 mg group (n=257), the geometric means for B-C-
terminal telopeptide of type I collagen (B-CTX), a marker of bone resorption
corresponded with 74%, 61%, 57%, and 52% decreases from baseline at 6,
12, 24, and 36 months, respectively. The 61% decrease vs baseline at 12
months is between the 12-month decreases with alendronate (73.8%) and
risedronate (54.7%) reported by Rosen et al. (J Bone Miner Res 2005;20: 1).
In the placebo group (PBO, n=260) the geometric mean at 36 months for B-
CTX corresponded to a 6% increase from baseline. Serum B-CTX levels were
significantly reduced in the ZOL group versus PBO at all postbaseline time
points (P <.0001). Median serum B-CTX levels were within the premeno-
pausal reference range (0.13-0.54 ng/dL) at the end of each annual dosing
cycle. During year 3, serum B-CTX was measured at 9-11 days and at 1, 3,
6, and 12 months postinfusion. At 9-11 days, the median level in the ZOL
group was 0.04 ng/mL, rising to 0.13 by 6 months. Markers of bone for-
mation were significantly reduced from baseline with ZOL 5 mg compared to
PBO (P<.001, all comparisons). For bone-specific alkaline phosphatase
(ALP), geometric means at 6, 12, 24, and 36 months corresponded to de-
creases from baseline of 37%, 30%, 37%, and 31% in the ZOL group. In the
PBO group, the geometric mean for bone ALP corresponded to a 6% de-
crease at month 6; there were no decreases relative to baseline at later
timepoints. Similarly, serum N-terminal propeptide of type I collagen (PINP)
was decreased in the ZOL group, with geometric means corresponding to
decreases from baseline of 61%, 59%, and 53% at 12, 24, and 36 months,
respectively. In contrast, geometric means for PINP in the PBO group
corresponded to decreases of 2%, 8%, and 2% at 12, 24, and 36 months. We
conclude that once-yearly infusions of ZOL 5 mg resulted in significant
reductions in biochemical markers of bone resorption and formation com-
pared to placebo over 3 years. The decrease in B-CTX in the ZOL 5 mg
group is comparable to that seen with other bisphosphonates.
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STRONTIUM RANELATE DECREASES VERTEBRAL FRAC-
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Objective: Pretreatment bone turnover levels may influence antifracture
efficacy of anti-osteoporotic treatments. To choose the best treatment for the
patient’s individual profile, vertebral antifracture efficacy of strontium rane-
late was studied according to pretreatment bone turnover markers (BTM)
levels.

Materials and methods: Two double-blind placebo-controlled studies were

performed in women with postmenopausal osteoporosis. SOTI (N =1649) fo-
cused on vertebral fracture efficacy and TROPOS (N=5091) on non-vertebral
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efficacy, incident vertebral fracture being a prespecified secondary end-point in
patients having spine Xrays (N =3640).

The risk of new vertebral fracture over 3 years was compared between
groups in 5082 women with paired spinal Xrays and baseline bALP, or sCTX
values, pooled from SOTI and TROPOS and stratified into quartiles (Q) of
baseline BTM.

Results: Baseline characteristics were similar between groups (age
74.0+£6.2 years; lumbar BMD T-score -3.0 +1.6; femoral neck BMD T-score
-3.0+£0.7).

Over 3 years of treatment, the risk of new vertebral fractures was signifi-
cantly lower in the strontium ranelate group than in the placebo group
regardless of the class of BTM considered. New vertebral fracture risk
reduction compared to placebo was 32% (p=10.040) in the lowest quartile of
bALP (bALP < 9.3 ng/mL), 39% (p=0.001) in Q2 (9.3 <bALP<I11.5 ng/
mL), 43% (p< 0.001) in Q3 (11.5 < bALP < 14.5 ng/mL) and 40% (p <0.001)
in Q4 (214.5 ng/mL). For sCTX, new vertebral fracture risk reduction com-
pared to placebo was 36% (p=0.001) in Q1 (sCTX <2931 pmol/L), 29%
(p=0.018) in Q2 (2931 <sCTX <4003 pmol/L), 46% (p< 0.001) in Q3
(4003 < sCTX <5338 pmol/L) and 44% (p<0.001) in Q4 (=5338 pmol/L).
Treatment effects were not different between the quartiles (interaction test:
p=0.349 for bALP and p=0.129 for sCTX).

Results were reinforced when analysing patients with both a value of bALP
and sCTX in the lowest quartile or in the highest quartile with a risk reduction of
having a new fracture compared to placebo of 33% (p=0.042) and 42%
(p=0.007), respectively.

Conclusion: The efficacy of strontium ranelate to significantly reduce inci-
dent vertebral fracture is largely independent of pretreatment bone turnover
suggesting that strontium ranelate offers clinical benefits to women across a wide
range of metabolic states and disease severity.
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EFFECTS OF PRIOR ANTIRESORPTIVE THERAPY ON THE
BONE MINERAL DENSITY RESPONSE TO TWO YEARS OF
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Aim: The objective of this predefined analysis of the Eurofors trial was to
investigate the effect of a prior predominant antiresorptive (AR) therapy on the
BMD response at the spine and hip in women who continuously received TPTD
for 2 years after predominant AR use for at least one year. Predominant AR was
defined as an AR taken for > 12 months, with any other AR being taken for <3
months.

Methods: A subgroup of 245 patients had received a predominant AR
(alendronate [ALN], risedronate [RIS], etidronate [ETI], non-bisphosphonate
[NBP)) before starting TPTD. The BMD response was examined in multivariate
analyses including type and duration of predominant prior AR, lag time between
stopping prior AR and starting TPTD, baseline BMD and PINP values, age,
time since menopause and body mass index (BMI).

Results: Mean age (SD) was 69.2 (7.0) years. Median (Q1-Q3) AR ther-
apy duration and lag time were 27.9 (19.8-48.9) months and 28.0 (15.0-43.0)
days respectively. Table lists the mean adjusted 2-year BMD changes vs
baseline [absolute: g/cm? (SD) and group level % change from mean baseline
BMD].

All end-point values were statistically different vs. baseline. No pairwise
differences between groups were shown at the LS, TH and FN, with the
exception of a significantly higher increase in LS BMD in the pre-ETI group
(§p <0.05 vs other groups). Multivariate analysis showed that BMD changes at
all sites measured were associated with baseline BMD and PINP levels, and
either with age or time since menopause. The previous type and duration of
prior AR treatment, lag time between stopping AR medications and start of
TPTD, and either baseline BMI or its change over time were not associated
with BMD increase.

Conclusion: BMD response at the spine or hip to 2 years of TPTD
treatment in prior predominant AR users is influenced by the degree of bone
turnover suppression, but not on the type of AR, its previous duration, or the
interval between its discontinuation and the onset of TPTD.
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Table: Mean 2-year BMD changes vs baseline: g/em? (SD)

Femoral
Predominant AR Lumbar Spine Total Hip Neck
subgroup (n) (LS) (TH) (FN)
Pre-ALN +0.062 +0.013 +0.019
(107) (%) (0.004) (0.003) (0.004)
(+9.3) (+1.9) (+3.4)
Pre-RIS +0.064 +0.016 +0.024
(59) (%) (0.006) (0.005) (0.005)
(+9.6) (+2.3) (+4.1)
Pre-ETI +0.089 +0.024 +0.021
30) (%) (0.009)§ (0.007) (0.008)
(+13.3) (+3.5) (+3.6)
Pre-NBP +0.065 +0.013 +0.016
(49)* (%) (0.007) (0.0006) (0.006)
(+9.4) (+1.8) (+2.7)

*Raloxifene =22; HT =20; Calcitonin=6; Vit D metab=1 case
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A SOLUBLE ACTIVIN RECEPTOR TYPE IIA (ACTRIIA) ACTS

AS A NOVEL BONE ANABOLIC AGENT
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Activin, a member of the TGF-p superfamily, has been described as both a
positive and negative regulator of bone metabolism. Evidence exists for a role of
Activin as both an inhibitor and promoter of osteoblastic cell activity, and as a
co-factor in osteoclast induction. Previously, we showed that treatment with an
activin antagonist, a soluble form of the extra cellular domain of activin type Ila
receptor (ActRIla) fused to a murine IgG-Fc fragment (RAP-011), reversed
bone loss in ovariectomized mice (Pearsall et al. J Bone Min. Res. 21(S1) 2006).
The aim of this study was to determine whether RAP-011 increases bone mass
under basal, non-estrogen deficient, conditions and to define mechanisms in-
volved. To this end, 12-week old C57BL/6 female mice received intraperiotoneal
injections of RAP-011 (10 mg/kg) or PBS (VEH) twice weekly and euthanized
after 2, 4, 6 and 12 weeks of treatment for assessment of static and dynamic
histomorphometry and pCT analysis. Histomorphometry of the distal femur
showed that RAP-011 increased trabecular bone volume by 45%, 120%, 130%
and 248% vs. VEH at 2, 4, 6 and 12 weeks, respectively ( all, p<0.01). The
increased bone volume was secondary to an increase in bone formation, since
RAP-011 treated mice exhibited a significant increase in mineralized bone sur-
face (80 to 120 %), mineral apposition rate (14 to 25%) and bone formation rate
(115% to 155%) relative to VEH. Osteoblast number/perimeter and osteoblast
surface were not increased, indicating an increase in osteoblastic function in
RAP-011 treated mice. After two weeks of RAP-011 treatment, osteoclast and
eroded surfaces were reduced by 20% and 29% respectively. While this trend is
maintained, it is not significantly different at the later time points. Confirming
the histomorphometric results, ex vivo uCT of 5th lumbar vertebrae revealed
that, compared to VEH, treatment with RAP-011 increased vertebral trabecular
bone volume by 8%, 29%, 39% and 51% at 2, 4, 6 and 12 weeks, respectively (all,
p <0.05). The increase was mainly due to increased trabecular number (19 to
48%, p<0.01), with a slight increase in trabecular thickness (+4 to 6%,
p <0.05). In conclusion, the soluble ActRIla (RAP-011) has skeletal anabolic
activity in intact mice, and stimulates bone formation resulting in an increase in
trabecular bone mass.
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LYMPHOCYTIC CELLS, AS THE MYELOMA B-CELL CLONE,
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Osteolytic bone destruction is a major clinical manifestation of bone cancers.
It is a dogma that osteolysis is caused solely by osteoclasts, multinucleated cells
of monocytic origin, indirectly recruited and activated by factors released from
the malignant cells. Here, we demonstrate that resorbing osteoclasts of myeloma
patients contains a mixture of nuclei either with or without translocated chro-
mosomes of the lymphocytic originating myeloma B-cell clone. These malignant
nuclei of lymphocytic origin are transcriptionally active, appear fully intermixed
with the other nuclei, and are not associated with CD138-stained plasma
membrane remnants of myeloma cells, as would happen if they came from dying
myeloma cells phagocytosed by the osteoclasts, as occasionally seen. The con-
tribution of lymphocytic malignant nuclei to the osteoclast nuclei population
analyzed in our study, ranged from 33% to 48%, proving that intermixed mye-
loid and lymphocytic originating hybrid osteoclasts is widely spread in myeloma
patients. The hybrid osteoclasts contained more nuclei than normal osteoclasts,
and their occurrence correlated with the proximity of myeloma cells. In vitro
studies have previously shown that myeloma cells and pro-B cells can differen-
tiate into bone resorbing osteoclast-like cells. We succeeded in generating
osteoclast-myeloma clone hybrids through co-cultures. The origins of the
respective nuclei were traced analyzing the content of translocations, BrdU, or
the Y chromosome of male myeloma cells in female osteoclasts. In conclusion, a
substantial number of osteoclasts of myeloma patients are actually osteoclast—
myeloma clone hybrids. Osteoclast-myeloma clone hybrids reflect a previously
unrecognized mechanism of bone destruction, allowing the direct participation
of malignant cells in bone breakdown. It also proves that not only monocytes,
but also cells of the lymphocytic lineage can contribute to the generation of
osteoclasts. Finally, the possibility that malignant cells corrupt host cells by
transfer of malignant DNA may have been underestimated so far in cancer
research.
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MICE WITH A TRUNCATING MUTATION AFFECTING THE
UBIQUITIN-ASSOCIATED DOMAIN OF SQSTM1 EXHIBIT
FEMORAL SHAFT EXPANSION AND INCREASED
OSTEOBLAST ACTIVITY IN VIVO AND ABNORMALITIES
OF OSTEOBLAST AND OSTEOCLAST FUNCTION

IN VITRO
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ston
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Paget’s disease of bone (PDB) is a common condition characterized by focal
increases in bone turnover, with excessive osteoclastic bone resorption coupled
to an increase in new bone formation. Mutations affecting the ubiquitin-
associated (UBA) domain of the Sequestosome 1 gene (SQSTMI) have been
identified in up to 40% of patients with familial PDB and 10% of patients
with sporadic PDB. Here we report upon our preliminary analysis of the
skeletal phenotype of mice with a truncating mutation at codon 409 of the
SQSTMI gene which deletes most of the UBA domain. The mutant mice are
fertile, and offspring of heterozygote crosses shows the expected Mendelian
distribution of genotypes. Radiological screening has shown evidence of
femoral expansion in heterozygote and homozygote carriers of the mutation
when compared with wild type mice by 8.63 £ 4.31% (p<0.0001) and this
was accompanied by a small decrease in femoral length (4.62 + 5.1%;
p <0.05). Initial histological observations of long bones showed highly active
and numerous osteoblasts in mutant mice and large areas of osteoid indicating
bone formation was not impaired. Transmission electron microscopy showed
no obvious abnormalities in osteoclasts or nuclear inclusions. However,
studies in vitro showed a 8.6 + 14.4% increase in RANKL-induced osteoclast
formation in mice which carry the mutation compared with wild type mice
(p=0.03). Surprisingly, studies of cultured calvarial osteoblasts showed re-
duced levels of alkaline phosphatase activity in cells cultured from mutant
mice compared with wild type (=46.5 = 16.9%; p <0.001), although there was
no difference in growth between mutant and wild type cell cultures. In con-
clusion, mice carrying a truncating mutation of the SQSTMI1 gene exhibit
femoral expansion, and increased osteoblast activity in vivo as well as
abnormalities of osteoclast and osteoblast activity in vitro. These data confirm
that the SQSTM1 UBA domain regulates bone cell activity in vitro and
in vivo, although further studies are in progress to conduct more detailed
characterisation of the skeletal phenotype and define the mechanisms by which
this mutation regulates bone cell activity.
Conflict of Interest: None declared
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INTERPLAY BETWEEN INTERLEUKIN-6 AND c¢-SRC IN THE
REGULATION OF OSTEOBLAST FUNCTION
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The non-receptor tyrosine kinase c-Src plays remarkable roles in the regula-
tion of bone cell activity. c-Src maintains osteoblasts (OBs) in a less differenti-
ated state in which cell proliferation is active and further differentiation is
inhibited. In a large-scale trascriptome study of mouse primary OBs treated with
a well-known c-Src inhibitor (PP1), we noted a ~60% decrease of expression of
the pro-inflammatory cytokine interleukin-6 (IL-6), also confirmed by RT-PCR
and ELISA assay. Our previous work had shown that NSE/hIL-6 transgenic
mice, which have high levels of circulating IL-6, display reduced OB activity,
therefore we hypothesised that c-Src and IL-6 could be functionally associated in
regulating OB function and that they could contribute to imbalanced bone
remodelling in pathologic situations. In a time-course experiment in which we
treated mouse primary OBs with PP1, we investigated IL-6 expression and found
a time-dependent reduction of IL-6 mRNA in PP1- vs. vehicle-treated OBs. IL-6
mRNA decrease started after 2 hours of treatment and reached minimal levels at
48 hours, matching with similar time-dependent increase of OB differentiation
markers. The same result was also obtained in OBs in which c-Src was inhibited
by siRNA treatment for 48 hours. In order to explain how c-Src inhibition
influenced IL-6 expression, we tested the involvement of “*Signal Transducer and
Activator of Transcription” (STAT) proteins, among which STAT3 is described
to drive the transcription of IL-6 gene and to be a c-Src substrate. In the PP1
time-course experiment we showed that c-Src-dependent STAT3-phosphoryla-
tion was decreased during c-Src inhibition, suggesting involvement of this
transcription factor in the c-Src-dependent regulation of IL-6. We then tested a
possible role for IL-6 on c-Src signalling: primary OBs were treated with re-
combinant human IL-6 (rhIL-6), resulting in a time-dependent increase of c-Src
activating tyrosine-416-phosphorylation vs. control, vehicle-treated OBs. This
effect was apparent at 7 days of treatment, suggesting the induction of a long-
term mechanism. Total c-Src was not changed over the treatment time, thus
indicating lack of a direct transcriptional regulation of c-Src expression, but
rather suggesting involvement of intermediate factors. In conclusion, we have
obtained evidence of an interplay between c-Src and IL-6 in OBs. Our results
indicate that the two pathways are associated possibly through the STAT3
signalling molecule.
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Osteosarcoma is the most common primary tumor of bone in children and
young adults. These tumors are characterized by a highly malignant and
metastatic potential. Despite improvement in chemotherapeutic strategies, the
survival rate of patients who relapse on therapy has not improved since the last
decade. This highlights the need for the development of new therapeutic
strategies to prevent the development of metastasis and increase survival in
patients with osteosarcoma (OSA). We recently showed that lipophilic statins,
which are HMG-CoA reductase inhibitors, induce apoptosis in human osteo-
sarcoma cells through alteration of the RhoA-MAPK ERK '2-Bcl2 pathway,
independently of the genetic status of the OSA cells (Cell Death Diff 2006). In
this study, we investigated the effects of atorvastatin in combination with
chemotherapeutic drugs on cell death and tumorigenesis in four human OSA
cell lines. Doxorubicin, cisplatin and atorvastatin induced additive effects on
cell viability inhibition as well as additive effects on apoptotic cell death
induction (up to about 40-fold increase in effector caspases activity) in the all
human OSA cell lines, showing that atorvastatin sensitizes tumor cells to
chemotherapy. Furthermore, we performed invasion and migration assays
using modified Boyden chambers coated or not with basement membrane
Matrigel, respectively. In parallel, trans-endothelial invasion through HUVEC
monolayer was evaluated under the different treatments. We showed that
atorvastatin alone reduced OSA cell migration and invasion, and exhibited
additive effects when combined with doxorubicin or cisplatin (up to 95%
inhibition of invasion, p<0.05 vs untreated cells). Zymography and bio-
chemical assays showed that atorvastatin markedly inhibited MMP-2 activity,
whereas MMP-9 activity was slightly decreased. Reverse zymography indicated
that TIMPs were not modified by atorvastatin treatment. Furthermore, we
found that atorvastatin reduced MMP-2 activity through inhibition of RhoA
activity and JNK phosphorylation. Consistently, activation of JNK signaling
with anisomycin abolished the inhibitory effect of atorvastatin on MMP-2
activity. These results show that targeting RhoA-JNK-MMPs with statins re-
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duces tumorigenesis in human OSA cells, which provides a potential phar-
macological therapeutic strategy combining lipophilic statins with cytotoxic
drugs to reduce tumor burden in human osteosarcoma.
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CANNABINOID RECEPTOR AGONISTS ARE POTENTIAL
BONE ANABOLIC AGENTS WHICH STIMULATE BONE
FORMATION IN VITRO AND INCREASE BONE MASS

IN VIVO
A. Sophocleous*l, E. Landao-Bassongal, R. J. van’t Hof', A. I Idris',
S. H. Ralston'
'Molecular Medicine Centre, University of Edinburgh, Edinburgh, United
Kingdom

Background: The endocannabinoid system plays a key role in regulating bone
metabolism. Mice lacking the cannabinoid type 1 receptor (CB1), which is pre-
dominantly expressed in the brain, have high bone mass and are protected from
ovariectomy induced bone loss, whereas mice lacking the cannabinoid type 2
receptor (CB2) develop age related osteoporosis. The effects of cannabinoids on
bone cell activity and bone mass are poorly understood and it is yet unknown if
endocannabinoids are produced within the bone micro-environment. We inves-
tigated bone cells for expression of the enzymes involved in endocannabinoid
metabolism by quantitative PCR, and studied the effects of cannabinoid receptor
ligands on bone cell activity in vitro and in vivo. Results: Osteoblasts (OB) and
osteoclasts (OC) express CB1 and CB2. NAPE-PLD and DAGL, the enzymes
that synthesise Anandamide and 2-AG respectively, were detectable in the bone
micro-environment. The enzymes involved in endocannabinoid breakdown,
FAAH and MAGL, were also expressed in bone cells. The non-selective
endogenous agonists Anandamide and 2AG, as well as the CB2 selective agonists
HU308 and JWH 133, significantly stimulated RANKL-generated OC formation
and expression of several osteoclast specific genes including TRAcP, RANK, and
the Calcitonin receptor, at concentrations between 10-300nM (p <0.001).
However, higher concentrations of these agents inhibited OC formation. The
endogenous cannabinoids and CB2 selective agonists stimulated bone nodule
formation significantly in long term OB cultures in a dose dependent fashion
between 10-300nM (p <0.01) and also enhanced BMP-2, COL1A1 and Osteo-
calcin mRNA expression in mature osteoblasts. To determine the role of CB2
agonists on bone metabolism in vivo, we studied the effects of JWH133 (0.1-1.0
mg/kg/day) in ovariectomised and sham-operated mice. JWH133 in low doses
(0.1mg/kg/day) worsened ovariectomy induced bone, whereas higher doses (1mg/
kg/day) were protective and increased bone mass by about 10% (p <0.05) in sham
operated mice. Conclusions: We have shown that the enzymes for endocanna-
binoid metabolism are expressed in the bone micro-environment. CB2 agonists
enhance bone formation in vitro and have an anabolic effect in vivo. At low
concentrations, however, CB2 agonists enhance osteoclast formation and exac-
erbate ovariectomy induced bone loss. CB receptor agonists could be of use as
anabolic agents, although they might need to be combined with antiresorptive
drugs.
Conflict of Interest: None declared
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HEMATOPOIETIC STEM CELL TARGETED NEONATAL
GENE THERAPY CURES OC/OC MICE FROM
OSTEOPETROSIS

M. Johansson', T. De vries?, M. Ehinger3, T. Schoenmaker?, S. Karlsson', V.
Everts*%, J. Richter'
'Molecular Medicine, Lund University, Lund, Sweden, 2Oral Cell Biology, Aca-
demic Centre for Dentistry Amsterdam, Amsterdam, Netherlands, *Pathology,
Lund University, Lund, Sweden

Infantile malignant osteopetrosis (IMO) is a progressive, rare autosomal
recessive disorder affecting osteoclast function. 50% of the affected children have
a mutation in the Tcirgl gene coding for one subunit of an osteoclast specific
proton pump, OC116. The resulting dense, sclerotic bones cause symptoms
including pancytopenia and progressive visual loss and ultimately death. So far,
the only curative treatment is hematopoietic stem cell (HSC) transplantation.
The oc/oc mouse has a mutation in the gene homologous to Tcirgl giving rise to
similar symptoms as in patients leading to death at the age of 3-4 weeks. We
have previously shown that the oc/oc mouse can be treated with neonatal HSC
transplantation. In this study we set out to develop HSC directed gene therapy
for osteopetrosis in the oc/oc mouse model.

Fetal liver (FL) cells from oc/oc mice were depleted of Ter119+ cells and
transduced with a retroviral vector expressing OC116 and GFP. In vitro trans-
duction efficiency was 60-85%. One-day-old oc/oc mice were irradiated (400cGy)
and transplanted i.p. with transduced FL cells (1-3.5 x 106). 7 out of 14 mice
survived past the expected lifespan and had 8-53% GFP+ cells in peripheral
blood at 3, 6 and 12 weeks. Analysis of bone structure with X-ray and histo-
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pathology showed a partial correction at 8 weeks and an almost normal structure
at 18 weeks, indicating a correction of osteoclast function. In vitro culture on
bovine bone chips of osteoclasts from transplanted animals showed bone
resorption, albeit at lower levels than for wild type cells.

Conclusion: We have demonstrated that the osteoclast defect seen in oc/oc
mice can be successfully corrected by neonatal transplantation of gene modified
hematopoietic cells and that this can lead to long-term survival of treated mice.
This represents a significant step towards the development of gene therapy for
IMO.
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IN VIVO DIFFERENTIATION OF MURINE DENDRITIC
CELLS INTO OSTEOCLASTS RESCUES THE OSTEOPETROTIC

PHENOTYPE OF OC/OC MICE
C. Blinl—Wakkachl, A. Wakkach', R. Dacquinz, A. Mansour', P. Jurdic?, G. F.
Carle*
"Unit K2943 CNRS UNSA, Université de Nice-Sophia Antipolis, Faculté de
Médecine, Nice, “UMR 5161 CNRS/ENS, Ecole Normale Supérieure, Lyon,
France

The control of osteoclast (OCL) differentiation by activated T cells has re-
vealed the importance of the interactions between immune and bone cells.
However, the role of other immune cells in this process remains unclear. Den-
dritic cells (DCs) are professional antigen presenting cells responsible for T cell
activation and share a common precursor with OCLs. Furthermore, in vitro
monocyte-derived DCs are able to generate functional OCLs in vitro.

In this study, we assessed whether mature DCs isolated from the spleen of
wild type mice were able to generate OCLs both in vitro and in vivo. We first
demonstrate that purified splenic DCs efficiently differentiate into fully func-
tional OCLs in vitro, when cultured in the presence of RANK-L (receptor
activator of NF-kB) and M-CSF (macrophage-colony stimulating factor), the
main osteoclastogenic factors. This differentiation is inhibited by the addition of
GM-CSF (granulocyte macrophage-colony stimulating factor), a growth factor
necessary for the generation of DCs. To further analyze the differentiation po-
tential of mature DCs in vivo, we have used the osteopetrotic oc/oc mice char-
acterized by an increased osteoclastogenesis, although these OCLs are inactive
for resorption due a deletion in the Tcirgl gene. We show that mature DCs
isolated from normal mice are able to rescue the osteopetrotic phenotype of oc/
oc mice by differentiating in vivo into functional OCLs. This differentiation is
favoured by the high level of RANK-L expression driven by CD4+ T cells, in
the bone marrow of oc/oc mice. This report is the first demonstration that DCs
are efficient for the treatment of a bone resorption disease in mice. Our results
open new insights in the filiation between DCs and OCLs and offer new basis for
analyzing the relations between bone and immune systems.
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THE BETA-GLUCURONIDASE KLOTHO DIMINISHES
OSTEOCLASTOGENESIS AND SUBSEQUENT OSTEOCLASTIC
BONE RESORPTION

B. C. J. van der Eerden*', Q. Changz, J.G. . Hoenderopz, H. A. P. Pols',
R. J. M. Bindels?, J. P. T. van Lecuwen'

! Internal Medicine, Erasmus MC, Rotterdam, >Cell Physiology, Nijmegen Centre

for Molecular Life Sciences, Nijmegen, Netherlands

Klotho is a B-glucuronidase that was associated with prolonged aging. In the
bones of mice lacking klotho, osteoblast and osteoclast differentiation are re-
tarded, which leads to a low bone turnover phenotype. However, no data has
appeared on the direct effect of klotho on individual bone cells. Only recently, we
found that klotho improves the function of the epithelial calcium channel
TRPVS as well as its homolog TRPV6 (Chang et al., 2005, Science, 310, 490—
493). Besides hypercalciuria and intestinal hyperabsorption of Ca?*, mice
lacking TRPVS display thinner bone structures and disturbed osteoclastic bone
resorption despite that TRPV6 is still present in osteoclasts. In this study we
explored the direct effects of klotho on osteoclast differentiation and activity and
whether it improves osteoclast function in the TRPVS knockout osteoclasts.

Bone marrow cultures treated with MCSF and RANKL to induce osteoclast
formation were co-incubated with klotho-containing medium (produced by
transfected HEK293 cells) and control medium (medium of HEK293 cells
transfected with an empty vector). Compared to empty vector controls, klotho
strongly inhibited osteoclast differentiation as assessed by tartrate-resistant
acidic phosphatase staining. This was already evident after 3 days of culture and
progressed to day 6 of culture. Following this, osteoclast activity, as assessed by
analyses of resorption pit number (detected by coomassie staining), was greatly
reduced by klotho compared to controls. To assess whether klotho acts on
osteoclasts through its B-glucuronidase activity, we studied the effect of B-glu-
curonidase on osteoclast formation. Beta-glucuronidase perfectly mimicked the
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klotho effect on osteoclast formation and resorption. Klotho treatment even
further diminished the residual resorption by the TRPVS knockout osteoclasts,
excluding a potential improvement of osteoclast function via a positive effect on
TPRV6 function. Finally, klotho mRNA was expressed in femoral bone as well
as in osteoclasts generated from bone marrow cultures treated with MCSF and
RANKL.

In conclusion, this is the first study demonstrating that klotho directly
inhibits early osteoclastogenesis and bone resorption by its B-glucuronidase
activity and that klotho can act as a para-/autocrine regulator of bone resorp-
tion. Finally, the data show that the detrimental effect of klotho on osteoclast
development is dominant over its ability to improve TRPV5 and TRPV6 func-
tion.
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SMALL MOLECULE INHIBITORS OF TRAF-DEPENDENT
SIGNALING AS ANTI RESORPTIVE AND ANTI-RHEUMATIC
DRUGS
A. I Idris*', I. R. Greig?, M. Gray', S. H. Ralston', R. J. van’t Hof®
! Molecular Medicine Centre, University of Edinburgh, Edinburgh, >Medicine and
Therapeutics, University of Aberdeen, Aberdeen, Molecular Medicine Centre,
University of Edinburgh, Edinburgh, United Kingdom

We have previously shown that the butanediol ester of biphenylcarboxylic
acid (ABD56) causes osteoclast apoptosis, and inhibits bone resorption in vitro
and in vivo. However, the exact mechanism of action of ABD56 was not clear.
Here we studied the effects of ABD56 on signal transduction in cells of the
osteoclast lineage, to further elucidate its mechanism of action. Pretreatment of
Osteoclasts (OC) generated in M-CSF and RANKL stimulated mouse bone
marrow cultures or M-CSF dependent bone marrow macrophages (OC-Pre)
with ABD56 (50 uM) for 45 minutes prior to stimulation with RANK-L
(100ng/ml), completely abolished the RANKL-induced phosphorylation of
IKKalpha and IkappaB, and ultimately prevented NFkappaB translocation to
the nucleus. However, ABD56 not only abolished NFkappaB signaling, it also
inhibited RANK-L-induced phosphorylation of Raf, MEK1/2 and ERK
MAPK, and completely suppressed c-FOS activation. These results suggest
that ABDS56 acts at a stage in the signal transduction pathway before the
NFkappaB and AP-1 pathways diverge. We therefore studied recruitment of
TRAF6 to RANK, one of the earliest events in this cascade. ABD56 strongly
suppressed RANKL-induced co-immuno-precipitation of RANK and TRAF6,
and prevented translocation of TRAF6 to the cell membrane. Many pro-
inflammatory cytokines act through TRAF-dependent receptors, and we found
that ABDS56 also potently inhibits TNFalpha-, IL-1-, and LPS-induced sig-
naling. In contrast, ABDS56 failed to inhibit M-CSF-, PTH- and PMA-induced
signaling, pathways which do not involve TRAFs. TNFalpha, IL-1 and
RANKL are important mediators of inflammation and bone loss in inflam-
matory diseases such as rheumatoid arthritis (RA). As ABDS56 is a potent
inhibitor of all three cytokines, we investigated the effects of ABD345, a more
potent and metabolically stable derivative of ABDS56, in the collagen induced
arthritis (CIA) mouse model of RA. In this model, ABD345 strongly inhibited
the development of arthritis at a dose of 20mg/kg/day. In conclusion, ABD56
and its derivatives act by inhibition of TRAF-recruitment to pro-inflammatory
cytokine receptors. This suggests that, apart from their potential as anti-
resorptive drugs, these compounds have great potential as treatments for
inflammatory diseases such as RA. As these compounds are relatively simple
small molecules, they could provide a more cost-effective alternative for current
anti-TNF therapy.

Aymen I Idris is the recipient of the ECTS-Amgen Bone Biology Fellowship.
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CHONDROADHERIN IS DECREASED IN YOUNG OSTEOPO-
ROTIC PATIENTS AND REDUCES BONE RESORPTION BY
INHIBITING OSTEOCLAST FUNCTION AND DIFFERENTIA-

TION
M. Alamanou', N. Rucci!, O. Kristoffer’, A. Rufo', K. Gautvik?, A. Teti*',
D. Heinegérd®
! Department of Experimental Medicine, University of L Aquila, L Aquila, Italy,
2Department of Clinical Chemistry, Ullevaal University Hospital and Institute of
Medical Biochemistry, Oslo, Norway, >Department of Experimental Medical
Science, Lund University, Lund, Sweden

Chondroadherin (CHAD) is a 38 kDa, leucine-rich protein that promotes
chondrocyte attachment through binding to the integrin alpha2betal. It is
associated with the cartilage pericellular-territorial matrix, and is particularly
enriched in the late proliferative-prehypertrophic zone in the growth plate.
The protein is also prominent in adult cartilage of all origins and is expressed
in bone where it plays a role during development. Gene profiling analysis
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shows that CHAD mRNA levels are about 50% (p < 0.005) reduced in bone
biopsies of young osteoporotic females versus age-matched controls. We hy-
pothesised that the protein plays a role in the regulation of bone cell activities
and tested the effects of a cyclic peptide, representing the integrin binding
sequence, in murine calvarial osteoblasts and bone marrow osteoclasts in
culture. The peptide had no effect on the osteoblast functional parameters
alkaline phosphatase activity, nodule mineralization, and transcription of
osteoblast-specific genes, including alkaline phosphatase, runx2, collagen 1,
osteocalcin and neither on osteopontin. In contrast, we noted marked reduced
expression of the osteoclastogenic cytokines Rankl (-43%), IL-1beta (—34%)
and IL-6 (-31%) (n=3, p<0.05), while no effect on opg, M-CSF, pthrp,
TNFalpha, IL-12 and IL-18 mRNAs was noted. Consistently, the peptide
reduced bone marrow in vitro osteoclastogenesis and bone resorption by 70%
(p<0.05, IC50=12.5 microM). It reduced to a lesser extent (50%, p <0.05)
osteoclastogenesis in purified bone marrow macrophage cultures treated with
M-CSF and RANKL, suggesting that the peptide affects osteoclast formation
both directly and through the attenuation of osteoclastogenic cytokine pro-
duction by osteoblasts. The peptide reduced osteoclast adhesion to substrate
(—20%, p<0.01), suggesting interference with the cell-matrix interaction. We
conclude that CHAD, as shown by its isolated integrin-binding domain,
regulates directly osteoclast function and differentiation. CHAD also indirectly
reduces osteoclast development and activity by attenuating osteoblast cytokine
production. This integrin binding domain of CHAD thus appears to act as a
regulator of the normal balance between bone formation and resorption.
These findings provide a mechanistic correlation to the lower CHAD mRNA
found in bone biopsies from women with primary osteoporosis.
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BALLOON KYPHOPLASTY AND NON-SURGICAL MAN-
AGEMENT IN PATIENTS WITH ACUTE VERTEBRAL BODY
COMPRESSION FRACTURES: A RANDOMIZED COMPARA-
TIVE TRIAL

S. Boonen*', D. Wardlaw?, L. Bastian®, P. Lips®, J. Van meirhaghe®, S. Cum-
mings®

!Center for Metabolic Bone Diseases, Katholieke Universiteit Leuven, Leuven,
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Kingdom, 3Klinikum, Katholieke Universiteit Leuven, Leverkusen, Germany,
*Vrije Universiteit, Katholieke Universiteit Leuven, Amsterdam, Netherlands,
’Sint-Jan, Katholieke Universiteit Leuven, Brugge, Belgium, °University of Cali-

fornia, San Francisco, United States

BACKGROUND The international, multicenter, randomized, controlled
Fracture Reduction Evaluation (FREE) trial was initiated to compare effec-
tiveness and safety of balloon kyphoplasty (BKP) to non-surgical management
(NSM) for the treatment of acute painful VCFs. We describe the primary end-
point of the ongoing 2-year study.

METHODS Patients with 1-3 non-traumatic VCFs were randomly assigned
to BKP or NSM. The primary endpoint, the change in QOL as measured by the
SF-36 Health Survey Physical Component Summary (PCS) at one month, and
device/procedure-related safety were analyzed in the intent-to-treat population.
Secondary endpoints (at one month) were analyzed in a per protocol population
and included SF-36 subscales, the global health measure EQ-5D, self-reported
back pain and back function using the Roland Morris Disability Questionnaire
(RMDQ). All patients were referred for appropriate osteoporosis medical
therapy.

RESULTS Among the BKP (N=149) and NSM (N=151) cohorts, mean
patient age was 73 years and 77% were female. Thirty-nine BKP (26%) and
36 NSM (24%) patients had >1 VCF treated. For PCS, the mean baseline
scores were 26.1+1.46 for BKP and 25.7+1.47 for NSM; at one month
follow-up, the means scores were 33.6+1.46 for BKP and 27.4+1.49 for
NSM. The difference in change was 5.73 points (95% confidence interval,
3.72-7.75) in favor of BKP over NSM (p<0.0001). All physical component
SF-36 subscales and the total EQ-5D score were significantly improved for
BKP compared to NSM. Mean improvements in back pain were 3.2+2.6 (7
days) and 3.3+2.6 (1 month) for BKP, and 1.0£1.7 (7 days) and 1.4+2.2 (1
month) for NSM (p<0.0001 for difference at both time points). Mean
improvement in RMDQ was 59+6.2 for BKP and 2.0+4.1 for NSM
(p<0.0001 for difference). There was one device-related serious adverse event
(a soft tissue hematoma) and one procedure-related serious adverse event (a
postoperative urinary tract infection). There were no bone cement-related
serious adverse events.

CONCLUSIONS Compared to non-surgical management, balloon kyp-
hoplasty demonstrated superior short-term pain, function and quality of life
outcomes with no difference in serious adverse events for the treatment of acute,
painful vertebral compression fractures. Follow-up to two years will document
whether these superior outcomes are sustained and whether BKP affects the
natural history of osteoporotic vertebral compression fractures. (Clinical trials.
gov number, NCT00211211)

Conflict of Interest: None declared
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THE WHO RISK FACTOR INDEX, RISK OF VERTEBRAL
FRACTURES AND REDUCTION IN FRACTURE RISK WITH

ALENDRONATE: THE FRACTURE INVERVENTION TRIAL
S. R. Cummings*', L. Palermo?, K. E. Ensrud®, J. T. Schousboe?, H. Johans-
son’, J. A. Kanis®
'San Francisco Coordinating Center, CPMC Research Institute and UC San
Francisco, *Epidemiology, UC San Francisco, San Francisco, United States,
3Medicine, University of Minnesota, Medicine, Parc Nicollet Health Service,
Minneapolis, "WHO Collaborating Center, Metabolic Bone Disease, Sheffield,
United Kingdom

BACKGROUND: The WHO Risk Index predicts hip and nonspine fractures.
We tested its ability to predict vertebral fractures (VF) compared with that of
BMD. We also tested its ability to identify women with the greatest reduction in
risk of fractures with alendronate (ALN) treatment.

METHODS: After baseline assessment of risk factors (RF) and BMD, 6,456
postmenopausal women with VF or femoral neck (FN) BMD T-score < -1.6
were randomized to ALN or placebo (PBO) with radiographic assessment of
VFs and validation of nonspine fractures over 3 to 4 years. We calculated the
WHO Index based on RF alone (Index) and the WHO Index including RF and
FN BMD (Index +BMD). We tested and compared the associations between
Index, Index + BMD, FN BMD alone and L-spine BMD alone in the placebo
group. We then compared fracture rates in high and lower risk women defined
by the median value of the Index (25.1% 10-year risk of osteoporotic fx) or
Index + BMD (27.8% 10-year risk) or by FN BMD T-scores alone (at T-score of
-2.5)

RESULTS: The Index alone (RR/SD =1.8; 95% CI = 1.6, 2.0), the In-
dex+BMD (1.9: 1.7, 2.2), FN BMD alone (1.8; 1.6, 2.0), and spine BMD alone
(1.9; 1.7, 2.3) had similar associations with risk of VF. The benefits of ALN for
VF were significantly and similarly greater for women defined as high risk by the
Index, Index+BMD or FN BMD (Table). The effect of ALN on nonspine
fractures was greater for high risk than for lower women defined by FN BMD
but not when defined by the risk factor Index alone or Index + BMD. Among
women with ‘osteopenia’ (no VF and FN T-score —1.5, —2.5) ALN did not
reduce the rate of nonspine fractures in those with a high risk (-2.5%; —6.6, 1.6)
or low risk Index alone (0.7%; —2.0, 3.3).

CONCLUSION: The WHO Index predicts risk of VF and identifies women
who benefit more from ALN for prevention of vertebral fractures but does not
identify women that benefit more from ALN for prevention of nonspine frac-
ture.

Table: Differences in rates: PBO-ALN (95% CI)

VERTEBRAL FX NONSPINE FX

FNBMD T <-25
FNBMD -1.6 to —-2.5
Hi risk Index

Lo risk Index

Hi risk Index + BMD
Lo risk Index + BMD

5.5% (3.3, 7.8)*
1.9% (0.7, 3.1)
4.6% (2.6, 6.6)*
2.1% (0.9, 3.3)
5.2% (3.2, 7.2)*
1.4% (0.3, 2.4)

3.9% (1.1, 6.7)*
0.4% (1.6, 2.4)
1.9% (0.5, 4.4)
1.7% (0.5, 3.8)
1.5% (~1.0, 3.9)
2.1% (0.0, 4.2)

*P <.05 for the difference between the risk groups.
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A HIGH-DENSITY SNP SCREEN IDENTIFIES ENPP1 AS A
CANDIDATE LOCUS FOR FEMORAL SHAFT BONE DENSITY
IN OLDER MEN: THE OSTEOPOROTIC FRACTURES IN MEN

STUDY (MROS)
L. M. Yerges*', L. Klei?, K. Roeder?, J. Cauley', C. Nestlerode', K. Ensrud®,
C. Kammerer>, T. Lang(’, R. Ferrell’, E. Orwoll’, J. M. Zmuda'
! Epidemiology, University of Pittsburgh, Pittsburgh, United States, >Computa-
tional Genetics, 3Statistics, Carnegie Mellon University, Pittsburgh, Medicine,
University of Minnesota, Minneapolis, *Genetics, University of Pittsburgh, Pitts-
burgh, °Radiology, UCSF, San Francisco, "Medicine, Oregon Health & Science
University, Portland, United States

In contrast to DXA, quantitative computed tomography (QCT) provides a 3-
dimensional measure of volumetric bone mineral density (VBMD) that is not
confounded by bone size. Little is known about the genetic determinants of
vBMD in humans. To investigate the potential genetic determinants of vBMD at
the femoral shaft, we systematically screened 374 physiologically defined can-
didate genes for bone metabolism in MrOS. Specifically, 882 Caucasian Amer-
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ican men >65 with vBMD measures were selected from the Minneapolis and
Pittsburgh clinics.

Genetic variation in each gene was captured by creating a reference SNP
panel using Phase I HapMap that spanned 10kb downstream and 30kb upstream
of each gene. Tag SNPs were then selected using a pairwise correlation method
(r2 20.80). Potentially functional SNPs that were either non-synonymous, pre-
dicted to alter a transcription factor binding site, or a putative exon splice en-
hancer were also genotyped. 4108 SNPs in 371 genes were genotyped using the
Illumina platform, met stringent quality control criteria, and were analyzed for
their association with vBMD. Analyses assumed a recessive and additive model
of inheritance and were adjusted for age and clinic site. Principal components
methods were used to account for population substructure and the most
promising results (defined as p <0.001) identified.

Using these criteria, 12 SNPs in 11 genes were associated with vBMD. The
most significant association was with an intronic tag SNP (MAF=11%) in ec-
tonucleotide pyrophosphatase/phosphodiesterase 1(ENPP1), a gene whose
protein product is involved in mineralization. Individuals with two copies of the
minor allele had 6.9% lower vBMD compared to those with two major alleles
(p=0.00003). This association was driven by 45.8% lower bone mineral content
(p=0.00003) and 10.6% thinner cortices (p=0.0009) in those with the rare
genotype, but not by differences in cross-sectional area (p =0.37). This tag SNP
was not predicted to be functional by an in silico analysis using FastSNP. Upon
closer inspection, 6 other SNPs in this gene region were associated with vBMD
(p <0.05). Three of these SNPs were identified as being potentially functional:
two are predicted to alter intronic splice enhancers and one is a non-synonymous
coding SNP within an exonic splice enhancer. These findings require confirma-
tion, but implicate ENPP1 as a novel candidate gene influencing vBMD and
bone mineral content but not size at this largely cortical skeletal site.
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A MOUSE MODEL OF EARLY ONSET PAGET’S DISEASE OF
BONE CAUSED BY AN INSERTION MUTATION AFFECTING
THE RANK SIGNAL PEPTIDE
O. M. E. Albagha*', J. Rojas', R. Van’t Hof', J. Dorin?, S. H. Ralston'
"Molecular Medicine Centre, >MRC Human Genetic Unit, University of Edin-
burgh, Edinburgh, United Kingdom

Previous studies have shown that activating mutations in the first exon of the
TNFRSFIIA gene (which encodes RANK) cause early onset familial Paget’s
disease of bone (PDB) and related conditions such as familial expansile osteol-
ysis, and expansile skeletal hyperphosphatasia. In order to investigate how
mutations in the TNFRSFIIA cause early onset PDB, we have successfully
generated a “knock-in” mouse line for the 84dup27 mutation of TNFRSFI1A
which mimics the mutation observed in the syndrome of early onset PDB by
using a gene targeting approach in embryonic stem cells. Homozygote animals
are viable and fertile but they are smaller in size compared to heterozygote and
wild type littermates possibly because they develop early loosening of teeth and
tooth loss by 6 weeks of age. Radiological analysis by Faxitron has shown that
homozygous carriers of the mutation develop osteolytic and osteosclerotic le-
sions in the tibia, femur, humerus, phalanges and vertebrae at about 6 weeks of
age. Heterozygote animals initially appear normal but some animals develop
osteolytic lesions in the tibiae at the age of 8 months. We are currently per-
forming further experiments to characterise the skeletal phenotype of these
animals in more detail including analysis of bone histology, markers of bone
turnover and micro CT. Here we present the first animal model of early onset
PDB and show that homozygote animals develop many of the features which
characterise the human disease including tooth loss and mixed osteolytic and
osteosclerotic lesions early during life. More detailed studies of these animals are
in progress in order to advance our understanding of the molecular mechanisms
by which these lesions develop and why they target to specific regions in the
skeleton. The mice will also be a valuable resource with which to explore the
effects of therapeutic interventions
Conflict of Interest: None declared
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MICRORNA REPERTOIRE OF PRIMARY HUMAN BONE
DERIVED CELLS AND MG63-CELLS — POLYMORPHIC

BINDING SITES IN PUTATIVE TARGET GENES
C. Rubin*!, C. Nathanaelsson?, J. Lundeberg’, O. Nilsson*, O. Ljunggren’,
A. Kindmark'
'Department Medical Sciences, Uppsala University, Uppsala, *Department of
Biotechnology, Royal Institute of Technology, Stockholm, 3Department of
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Uppsala Academic Hospital, Uppsala, Sweden

MicroRNAs (miRNAs) are endogenous short RNA molecules (19-24nt) that
inhibit translation of genes with partially complementary sequence to the miR-



Abstracts

NA in their 3-UTRs. Although miRNAs have mainly been studied in tumor
biology and embryonal development, they may also be involved in common
phenotypic variation, either if being differentially expressed or when binding
sites within target genes are polymorphic (Clop et. al., Nat Genet. 2006 Jul;38).
Using a custom microarray targeting 300 human miRNAs we have examined
miRNA expression in human primary bone derived cells and in the MG63 cell-
line.

The microarray comprises positive and negative control probes and probes
targeting 378 miRNAs. Each probe was spotted in quadruplicate to CodeeLink
glass slides (Amersham Biosciences). From four individuals (two female and two
male) undergoing orthopedic surgery bone samples were subdivided by scalpel
and washed in PBS. Bone pieces were seeded in flasks containing alpha-MEM,
with penicillin, streptomycin, L-glutamine and FCS (10 %). From cells, a frac-
tion of small RNA (<40 nt) was Cy3-labeled and hybridized to the microarrays.
After hybridization the microarrays were washed and scanned. Fluorescence
intensities were extracted with the GenePix software.

50 miRNAs were identified as expressed in primary bone cells and a similar
expression profile was observed for the MG63-cells. miRNAs being ubiquitously
expressed in primary bone cells included miRNAs: 183, 33, 345, 140, 34a, 450,
421, 122a, 485, 452, 153, 147, 513, 26b, and 489 as well as the let7-family of
miRNAs. For miRNAs being expressed in bone cells we globally identified all
binding sites either introduced or lost by genotyped SNPs present in 3-UTRs of
human genes. Several such SNPs reside in genes with known functions on bone
metabolism and some are localized to regions harboring QTLs for bone traits.

We have characterized miRNA expression in bone derived cells and have
globally identified polymorphic miRNA-binding sites in 3-UTRs of human
genes. Characterization of miRNA expression will further our understandings of
processes regulating gene expression in the osteoblast. Further characterization
of polymorphic miRNA-binding sites by association analyses and functional
studies will be needed to conclude if these sites are involved in normal bone
phenotypic variation.
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Autosomal recessive malignant osteopetrosis (ArOP) is a genetically hetero-
geneous group of bone diseases characterized by defects in osteoclast formation
(osteoclast-poor), or, more commonly, osteoclast function. In about 30% of
cases, including all the osteoclast-poor cases, the genetic basis of the disease is as
yet unknown. The remainder are caused by loss of function mutations in the
proton pump subunit ATP6a3, or the chloride channel CIC-7, or the “‘grey-
lethal” protein OSTMI1. These proteins are functionally linked by the fact they
are essential for ruffled border formation and proton secretion. We have previ-
ously shown that this osteoclast phenotype (i.e., normal formation, but absence
of ruffled border and resorption) can be reproduced in vitro when osteoclasts are
differentiated from patient monocytes in the presence of synthetic M-CSF and
RANKL. To find genes mutated in osteoclast-poor ArOP we analysed a large
series of patients lacking mutations in the known causative genes. Here we report
on 6 patients from 4 unrelated families. Three of these patients had undergone
bone marrow transplantation (BMT), but although engraftment was successful,
no improvement in bone structure had resulted. This suggested a defect outside
the osteoclast lineage and prompted us to analyse the genomic structure of
RANKL. We found RANKL mutations in all patients: an intronic mutation
causing exon skipping, a frameshift mutation and a missense mutation. Inter-
estingly, the same missense mutation was found in patients in two unrelated
families. In vitro, monocytes from the untransplanted patients were able to
differentiate normally to multinucleated resorbing osteoclasts. By contrast,
preliminary data suggest that osteoclasts from normal donors are not able to
differentiate in the presence of synthetic RANKL carrying the mutations found
in the patients. These findings demonstrate that osteoclast-poor osteopetrosis
can be the result of loss of function mutations in RANKL. Therefore osteoclast-
poor ArOP patients should be routinely screened for RANKL mutations as
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BMT will not bring any benefit. Therapeutic regimes should be developed to
reconstitute RANKL in the bone environment in such patients.
Conflict of Interest: None declared
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During skeletal development, osteoblasts and chondrocytes are derived from a
common precursor cell. Intracellular levels of B-catenin determine lineage
commitment of this bi-potential progenitor: high levels induce osteoblast dif-
ferentiation, whereas low levels lead to chondrocyte differentiation. Whether the
Adenomatous polyposis coli (Apc), the key regulator of B-catenin expression, is
involved in this process is currently unclear.

To address this issue we generated conditional knockout mice in which the
mouse Apc was tissue-specifically ablated by crossing floxed Apc mice with
transgenic mice expressing the Cre enzyme under the control of a rat Col2a
promoter.

Conditional homozygous Apc mutants died perinatally. E16.5 mutant em-
bryos were much shorter, displaying severely altered skeletogenesis. Although all
axial skeletal elements were present, these elements were completely misshaped
and lacked structural integrity. Microscopical analysis proved that defects in
endochondral bone formation were already present at E12.5. In marked contrast
with the controls, the conditional mutant skeletal elements displayed high levels
of nuclear B-catenin, indicating an efficient Apc deletion. In all bone primordias,
B-catenin positive cells lacked an Alcian Blue and Col2 positive extracellular
matrix, and they did not express chondrogenic markers like Sox9 or Col2 at the
mRNA level. This indicated that Apc loss completely blocked chondrocyte
differentiation. We then checked whether these cells had redirected their differ-
entiation program into osteoblasts. Surprisingly, the B-catenin positive cells did
not express typical markers for the osteogenic lineage like RunX2, Osx, Coll,
Pthr and Osc either. Therefore, we concluded that homozygous Col2Cre-medi-
ated Apc deletion results in an uncontrolled rise of intracellular B-catenin levels.
B-catenin positive cells displayed neither chondrogenic, nor osteogenic marker
expression, suggesting a complete arrest in their differentiation potential, and
maintenance of an undifferentiated phenotype. In vitro differentiation experi-
ments using the murine mesenchymal progenitor KS483 cell line confirmed that
Apc knock-down blocks differentiation of precursor cells into chondrocytes,
osteoblasts as well as adipocytes.

In conclusion, we propose that maintenance of a skeletal precursor cell
population as well as regulation of lineage commitment requires a tight regu-
lation of intracellular B-catenin levels and that this is controlled by Apc.
Conflict of Interest: None declared
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Classical osteogenesis imperfecta (OI) is a dominant genetic disorder caused
by mutations within the genes coding for type I collagen, COLIA1 and
COL1A2. However, 10-15% of OI patients do not have a collagen mutation and
a recessive form of OI has long been suspected. Recently, Morello et al. reported
severe bone dysplasia in a KO mouse for cartilage associated protein (CRTAP)
and a hypomorphic CRTAP mutation in type VII OI. CRTAP, prolyl 3-
hydroxylase 1 (P3H1) and cyclophilin B form a complex which 3-hydroxylates
a1(I)Pro986. Therefore, we postulated that deficiency of a member of this col-
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lagen modifying complex may cause recessive OI. With real-time PCR, we
screened fibroblast RNA samples from 10 lethal or severe OI patients who have
no collagen mutation for deficiency of CRTAP or P3HI mRNA. Three contain
minimal CRTAP mRNA, while P3HI mRNA is significantly reduced in the
other seven patient samples. The expected null mutations in both alleles of
CRTAP or P3HI, respectively, were identified by DNA sequencing. Among the
3 patients with CRTAP null mutations, two have homozygous mutations and
the other is a compound heterozygote. For the 7 patients with null P3H1
mutations, three have homozygous mutation and the other four have compound
heterozygous mutations. All tested patients’ parents are heterozygous carriers.
Five of our seven P3HI1 null patients have a common mutant allele, which
originated in west Africa and is also present in African-Americans. The absence
of CRTAP or P3HI protein in the patients was demonstrated by Western blot.
Tandem mass spectrometry of proband collagen tryptic peptides revealed ab-
sence or significant reduction of prolyl-3-OH at the unique Pro986 site in the ol
chain of type I collagen. All probands collagen has overmodification of the
helical region comparable to that found in collagen with a structural defect.
Hydroxylation of ol(I)Pro986 or a chaperone function of the modification
complex is apparently crucial for helix folding. CRTAP and P3H1 null probands
have distinct features, although all have white sclerae. Probands with null
CRTAP mutations have lethal OI with deficient long bone modeling, while
probands with null P3H1 mutations have lethal to severe OI with extreme
osteoporosis (DEXA < —-7) and growth deficiency. We demonstrated that prolyl
3-hydroxylation of type I collagen is crucial for bone formation; absence of
prolyl 3-hydroxylation of types IV and V collagen may also be important in
outcome of these probands.
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The PLEKHMI1 gene encodes for a non-secretory adaptor protein that local-
izes to osteoclast endosomal vesicles. A highly truncated Plekhml protein has
previously been found in a patient with intermediate autosomal recessive osteo-
petrosis. Herein we describe a 39-years old female patient with a new heterozy-
gous mutation of the PLEKHMI1 gene, presenting with an unusual bone
phenotype. This patient was admitted to our care unit with a diagnosis of os-
teopetrosis of the skull but, surprisingly, she had a low vertebral and femoral T
score with areas of focal sclerosis at the frontal bone and at femoral neck. Routine
laboratory tests were normal. Direct DNA sequencing showed that patient har-
bored a heterozygous C to T substitution (first codon) on cDNA position 2140 of
the PLEKHMI gene, leading to a predicted R714C variant. In vitro osteoclasts
from the patient showed normal formation rate, morphology, number of nuclei,
and actin rings, with lower TRACP activity, and endosomal vesicles showing less
acidic pH than control osteoclasts, but normal bone resorption. Patient had
normal serum CTX, high PTH and TRACP activity despite low TRACcP activity in
cultured osteoclasts, suggesting increased release of the enzyme. Using overex-
pression studies, HEK293 cells transfected with wild type or Plekhm1-R714C-
GFP showed no differences in localization between the two variants, which co-
localized with Rab7 with equal efficiencies at the endosomal vesicles. However,
HEK293 cells co-transfected with wild type or Plekhm1-R714C mutant and
human TRAcP showed consistent less TRAcP activity in cells overexpressing
Plekhm1-R714C compared to wildtype, suggesting that reduced enzyme activity
is indeed associated with the plekhm1 mutation. In conclusion, our work provides
evidence of a potential role of a new mutation of the PLEKHMI1 gene in a
complex bone disease characterized by a generalized osteopenia associated with
focal osteosclerosis, in which major osteoclast anomalies are apparently linked to
altered endosomal vesicle pH and TRACcP activity.
Conflict of Interest: None declared
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Introduction. Tumour induced osteomalacia is a rare disorder characterized
by inappropriate renal phosphate waste, severe hypophospatemia, and osteo-
malacia. Paraneoplastic production of fibroblast growth factor 23 (FGF 23)
seems to be the main cause of renal phosphate leak and of impaired calcitriol
production. In vitro studies demonstrated that some tumours express somato-
statin receptors an, therefore, can be detected with octreotide scan.

Case report. A 40-yr-old Caucasian man was referred to our Centre in
December 2005 with a 4-yr history of bone and muscle pain, progressive fatigue
and fragility skeletal fractures. His illness began with foot pain in mid-2002. In
December 2002 he developed spontaneous fracture of the right heel and of the
left heel 3 months later. In the subsequent months he experienced progressively
increasing pain also in the back, hip girdle, and upper legs, which was accom-
panied by generalized muscular weakness leading to difficulty in walking. He was
treated with calcium and vitamin D supplements and bisphosphonates. In
December 2004 he had a spontaneous fracture of left femoral neck. On referral
he had a proximal myopathy being unable to rise from a chair, and severe pain in
the upper left tight which was due to a subtrochanteric Looser’s fracture.
Investigation showed plasma phosphorus of 1.6 mg/dl (nr=2.7-4.5) with urine
excretion of 1000 mg 24-h (nr =400-1300) and a maximum tubular resorption of
1.4 mg/dL GFR (nr=2.5-5.4). Serum alkaline phosphatase was 1975 TU/L
(nr=280-280). Serum calcium, iPTH and 25-OH-D were within normal range,
whereas serum calcitriol was inappropriately low: 13 pg/mL (nr=10-50). Serum
FGF 23 levels were 690 RU/mL (nr<100). An octreotide scan showed an in-
crease uptake in the right craniofacial location and a MR imaging revealed a
large highly vascularized tumour in the right maxillary sinus, which resulted to
be an hemangiopericytoma. After tumour removal FGF 23 serum levels nor-
malised as well as the abnormal parameters of phosphate and vitamin D
metabolism. After 6 months he returned to work.
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FOP is a rare, heritable, extremely debilitating condition involving progressive
and extensive heterotopic ossification of skeletal muscles, fasciae, tendons and
ligaments. Skeletal developmental defects are also apparent and the disease can
be readily identified by the presence of malformed great toes. Recently the cause
of FOP was determined as a point mutation (G617A) in Acvrl in all patients
studied (1). Here we report a further mutation in this gene in a FOP patient with
some atypical clinical features.

DNA was prepared with ethical approval from blood samples of patients
with clear clinical phenotypes of FOP and from the atypical patient. PCR
products were directly sequenced by using an ABI3100 Prism automated se-
quencer. Restriction fragment length polymorphism was used to confirm the
sequencing results. The previously described Acvrl G617A mutation was con-
firmed in all patients with characteristic features of FOP but was not present in
the atypical phenotype. In the latter, the novel heterozygous mutation, G605T,
was found within the ACVRI gene. Acvrl is a member of the transforming
growth factor-beta (TGF-beta) receptor superfamily of serine/threonine kinases.
TGFbeta type I receptors can be regulated through the binding of fkbp12 to their
GS domains. This inhibits activation of the receptor, blocking further cell sig-
nalling. The G617A mutation causes an arginine to histidine change within the
GS protein domain and is proposed to confer constitutive activation, possibly by
preventing fkbp12 binding and inhibition. The G605T mutation in the atypical
patient causes an arginine to isoleucine change, also within the GS domain of the
protein. The presence of isoleucine at position 202 of acvrl may allow partial
binding of fkbp12 and explain the less severe phenotype of this patient.

(1) Nature Genetics 38: 525-527, 2006. EM Shore, M Xu, GJ Feldman, DA
Fenstermacher, T-J Cho , IH Choi, JM Connor, P Delai, DL Glaser, M Le
Merrer, R Morhart, JG Rogers, R Smith, JT Triffitt, JA Urtizberea, M
Zasloff, MA Brown, FS Kaplan.
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Patients with osteopetrosis caused by defective acidification of the resorption
lacuna have severely decreased resorption, but increased numbers of TRACP
positive osteoclasts with normal or even increased bone formation. This suggests
that osteoclasts themselves are important for sustaining bone formation.

To investigate whether osteoclasts might contribute to the control of bone
formation by production of bone anabolic signals, we collected conditioned
media (CM) from human osteoclasts cultured on either bone or plastic, and
tested their effects on bone nodule formation.

Human osteoclasts isolated by the CD14 magnetic bead procedure were
grown on either plastic or bone in the presence of 25ng/ml M-CSF and RANKL.
We ensured high quality of the osteoclast-conditioned medium by measuring
TRACP activity and collagen type I fragment (CTX-I) levels. We tested whether
the CM (30-80%) was able to induce bone nodule formation in MC3T3-E1
osteoblastic cells cultured in the presence of 50mg/ml ascorbic acid and 10mM b-
glycerophosphate to allow osteoblast differentiation. We assessed bone forma-
tion by measuring alkaline phosphatase activity and performing Alizarin red and
Von Kossa stainings.

We found that CM from osteoclasts grown on bone dose-dependently in-
duced bone nodule formation to a maximal level of 400% at 60% CM. The
negative control, non-conditioned osteoclast culture medium containing
RANKL and M-CSF did not induce bone nodule formation. Furthermore, we
found that CM from osteoclasts grown on plastic dose dependently induced
bone formation by 200% at 60%.

In conclusion, we present evidence showing that osteoclasts, independent of
their resorptive activity, secrete factor(s), which induce(s) preosteoblasts to form
bone-like nodules in osteoblast cultures. Such a mechanism could provide a way
by which osteoclast products contribute to the coupling of bone formation to
resorption. It could also explain why some patients with osteopetrosis caused by
defective acidification of the resorption lacuna have increased bone formation
despite the lack of resorptive capacity.
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Osteoclasts are multinucleated cells specialized in bone resorption. Central to
this process is extracellular acidification by proton secretion, which results in a
change of the internal pH of the cell. An anion exchanger (Ae) is thought to
maintain the intracellular pH (pH;) by exchanging bicarbonate for chloride ions.
To evaluate the role of the exchanger present in numerous polarized cell types,
Ae2, in osteoclastic bone degradation, mice were generated in which three of the
five Ae2 transcripts were deleted (a, bl and b2 transcripts, but not ¢l and c2
transcripts). Skulls and long bones were examined by X-ray, microCT, light and
electron microscopy. Osteoclasts generated in vitro from wildtype and Ae2™/~
mice were tested for bone resorption, TRACP activity and intracellular pH
regulation. X-ray and microCT showed a very high bone density in the long
bones of the Ae2™"™ mice, resulting in an osteopetrotic phenotype. The skulls,
however, were normal. In the latter bone functional osteoclasts were present in
Ae2”'" mice, but those in the long bones lacked a ruffled border and were
inactive. Osteoclasts generated in vitro from Ae2™~ bone marrow contained
lower numbers of multinucleated TRACP™ cells after 6 days of culture; the
majority of the TRACP™ cells were mononuclear. After 17 days of culture
normal numbers of TRACP " multinucleated cells were found. pH; measure-
ments demonstrated that these cells were impaired in pH regulation. Thus, in the
absence of the Ae2 a and b isoforms, long bone osteoclasts lack the capacity to
resorb bone, resulting in severe osteopetrosis. The pH; is not properly regulated,
and the formation of multinucleated cells in vitro is impaired. Osteoclasts of the
skull, however, appear unaffected: they resorb bone and exhibit an extensive
ruffled border. Our data indicate that the a and b Ae2 isoforms are essential for
the activity of long bone osteoclasts, whereas skull osteoclasts appear to function
without these isoforms. We hypothesize that skull osteoclasts make use of the cl
and/or ¢2 Ae2 isoforms.

Our findings indicate that osteoclasts of long bones differ from those present
in the skull, thus strongly support the notion that bone-site specific differences
exist among osteoclasts.
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Loss of function mutations in the CIC-7 chloride channel abolish osteoclast
activity leading to infantile malignant osteopetrosis in mice and humans, which
often entails neurodegeneration. Dominant negative mutations, which statisti-
cally reduce the number of functional chloride channel dimers to 25%, evoke the
milder Albers—Schoenberg form of osteopetrosis. Carriers of heterozygous
recessive mutations do not have any overt skeletal phenotype. The strictly
intracellular localisation of CIC-7 makes it inaccessible for direct measurements
of channel function. According to the human osteopetrosis phenotypes CIC-7
becomes rate limiting for osteoclast resorptive activity if channel function is
reduced by 50-75%. In order to more closely determine this threshold we used
transgenic mice expressing CIC-7 driven by the osteoclast-specific TRAP-pro-
moter to rescue the bone phenotype of Clen7—/— mice. Three different mouse
lines rescued the osteopetrotic phenotype to different degrees, which we corre-
lated to the expression levels of the transgenic construct. All rescue lines still
displayed neurodegeneration indicating that this complication is not secondary
to the changes in bone mass and structure. Interestingly, the bone formation rate
was not significantly altered even in rescue mice showing an almost three-fold
increased bone mass. Thus, even a strong attenuation of osteoclast function by
reduced CIC-7 expression did not impair the coupling process. These findings
might have implications for the evaluation of CIC-7 as a drug target for anti-
resorptive therapy.
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ECM is a complex set of molecules with different functional properties. They
form tissue-specific networks, and regulate many cell functions. PRELP is a
ubiquitously found basement membrane anchoring protein that binds types I/IT
collagens, heparin and heparan sulfate. Loss of function mutations of PRELP
are involved in the pathogenesis of Hutchinson-Gilford progeria, character-
ized, among other symptoms, by severe osteoporosis. PRELP is highly ex-
pressed in cartilage and developing bone. Herein we demonstrate that a peptide
corresponding to the entire heparin-binding domain of PRELP inhibits mouse
osteoclast formation. Treatment with the PRELP-peptide decreased by 80%
osteoclastogenesis and bone resorption in non-fractionated mouse bone mar-
row cultures exposed to 1, 25(OH)2VitD3, and in purified bone marrow
macrophages treated with M-CSF and RANKL (IC50=7.3 microM). Pre-
treatment of mature osteoclasts with the PRELP-peptide decreased adhesion to
substrate by 60%. In contrast, the peptide showed no activity with osteoclast
precursors and neither their adhesion and number nor TRAcP activity were
affected by the treatment. Consistently, PRELP-peptide inhibited osteoclasto-
genesis when added at the 4th day of culture, suggesting a late effect on pre-
fusion osteoclast precursors. Early uncommitted precursors expressed surface
heparan sulphate proteoglycans (HSPGs) which declined in culture with time.
Although a terminally-tagged PRELP-peptide co-localized with HSPGs, they
did not appear to physically interact as suggested by PRELP-peptide mem-
brane retention when HSPGs vanished. Consistently, treatment with the hep-
aran sulphate disrupting enzyme, heparinase, failed to prevent PRELP from
inhibiting osteoclastogenesis. Whether the peptide activity depended on binding
to the chondroitin sulphate chains of cell surface proteoglycans is not yet
known. Finally, PRELP-peptide affected osteoclastogenesis and bone resorp-
tion only by a direct mechanism as real-time RT-PCR failed to detect any
change in expression of cytokines promoting osteoclastogenesis in mouse
calvarial osteoblasts. Accordingly, PRELP-peptide showed no effect on their
alkaline phosphatase activity, nodule mineralization, gene expression and
intracellular signalling protein phosphorylations. We conclude that PRELP is a
direct negative regulator of osteoclast formation acting at the late stage of pre-
fusion committed osteoclast precursor differentiation, with no apparent effect
on the osteoblast lineage.
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Rab GTPases play many important roles in the regulation of vesicular
transport. Rabll has been shown to regulate the slow endocytic recycling
pathway, especially involved in the late steps of vesicular targeting and fusion
to the plasma membrane, and finally exocytosis. Here, we report that another
small GTPase Racl, which we have previously shown to bind to Rab7, di-
rectly interacts with Rabl1. This was demonstrated in the bacterial two-hybrid
system, pull-down experiments and co-immunoprecipitation assays. We further
showed that Rabll and Racl colocalized at perinuclear recycling compart-
ment and punctuate recycling vesicles through the cytoplasm. Importantly,
when we followed the transferrin uptake and recycling, we saw a clearly in-
creased Rabll1-Racl colocalization at the basolateral plasma membrane in
Hela cells which expressed GFP-Rabl1 and Dsred-Racl, and also in primary
resorbing osteoclasts. Colocalization could also be visualized at the endocytic
recycling vesicles and perinuclear recycling compartment. Furthermore, an
intensive triple colocalization of Rabll, Racl and transferrin at the leading
edge of the migrating osteoclasts suggests that the direct Rabl1-Racl inter-
action may be involved in cellular migration. In addition, we were able to
show that only the GTP-bound and wild type forms of Rabl1 but not GDP-
bound form colocalized with Racl at recycling vesicles and plasma membrane
in Hela cells after transferrin internalization. Moreover, after 30 min of
transferrin internalization the perinuclear recycling compartment segregated
into recycling vesicles revealing an increased triple colocalization of Rabll,
Racl and transferrin receptor. Importantly, in the GDP Rabll and Racl
expressed Hela cells, the perinuclear structures were even more condensed
than in non-treated cells. GDP Rabll and Racl were partially overlapping
and retained in the pericellular compartment preventing also the exit of
transferrin receptor. Our data suggests that direct GTP Rabll and Racl
interaction is required not only for Rabll controlled targeting and fusion to
the plasma membrane, but it is also involved in the exit of vesicles exit from
perinuclear recycling compartment.
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Under normal circumstances, bone resorption and bone formation are coupled
in such a way that, if bone resorption is inhibited, then so is bone formation. This
coupling between bone formation and resorption creates therapeutic difficulties in
osteoporosis: further bone loss can be prevented using antiresorptive therapy, but
because suppression of resorption also inhibits bone formation, the condition is
not reversed. Surprisingly, inhibition of resorption by cathepsin K inhibitors has
recently been found to augment bone formation. Uniquely amongst resorption
inhibitors, inhibitors of cathepsin K suppress degradation of the organic matrix
while allowing demineralisation. We hypothesised that these characteristics might
explain the unexpected capacity of cathepsin K inhibitors to enhance bone for-
mation: they might prevent degradation not only of matrix collagen, but also
other matrix-embedded proteins, including the growth factors that are known to
be embedded in bone matrix. We tested this hypothesis using osteocalcin and
IGF-I as examples of matrix-embedded proteins. We found that, when osteo-
clasts were incubated on bone, inhibitors of cathepsin K dramatically increased
the concentrations of these matrix-derived proteins in supernatants. Other
resorption inhibitors did not do this. Inhibition of cathepsin K appeared to act by
protecting the proteins against intracellular degradation, rather than against their
degradation in supernatant. We also found that protons are both necessary and
sufficient to release IGF-I from bone matrix, and that recombinant cathepsin K is
capable of the degradation of both marker proteins. In the presence of a cathepsin
K-inhibitor, the amount of IGF-I released from matrix by osteoclasts substan-
tially exceeded the amount they secreted. Moreover, the numbers of osteoblastic
MC3T3-E1 were greater after co-culture with osteoclasts on bone with versus
without cathepsin K-inhibitor, showing that osteoclasts release biologically sig-
nificant quantities of growth factors from bone, and that the biological activity of
the released growth factors is preserved by inhibition of cathepsin K. These
results suggest a model in which cathepsin K inhibitors prevent degradation of
growth factors released from bone matrix by osteoclast-derived protons, thus
augmenting the anabolic component of the coupling between bone resorption
and bone formation.
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SRC MEDIATED CBL-PI3KINASE INTERACTION REQUIRED
FOR OSTEOCLAST FUNCTION
A. Sanjay*', W. Horne?, R. Baron’

Abstracts

! Anatomy and Cell Biology, Temple University, Philadelphia, >Cell Biology, Yale
University, New Haven, United States

The non-receptor tyrosine kinase Src and the proto-oncogene product Cbl,
Src’s major substrate in osteoclasts (OCs), are required for OC motility and bone
resorption. Phosphatidylinositol 3’ kinase (PI3K), which is also necessary for
normal OC migration and function, associates with Cbl. Both the SH2 and SH3
domains of PI3K’s p85 regulatory subunit have been implicated in mediating the
Cbl-PI3K interaction. Cbl’s tyrosine 731 occurs in a sequence (YEAM) that is
consensus motif for phosphorylation by Src and, when phosphorylated, for
binding the SH2 domain of p85. In the present study, we show that mutating
tyrosine 731 to phenylalanine (Y731F), inhibiting Src kinase activity or mutating
the Src-binding site on Cbl blocked the binding of PI3K to Cbl. Thus, the Cbl-
PI3K association appears to require both the binding of Src to Cbl and the
subsequent phosphorylation of tyrosine 731 of Cbl by Src. In contrast to Cbl,
over-expression of kinase-dead Src had no effect on the interaction between p85
and Cbl-b. Although highly homologous to Cbl, Cbl-b lacks a Tyr residue in a
motif homologous to Cbl Y731, possibly explaining the independence from Src
phosphorylation. This suggests that Cbl and Cbl-b bind p85 at different sites and
that binding of PI3K to the two Cbl proteins may be regulated differently. We
then investigated the functional role of the Cbl-PI3K interaction in M-CSF-
induced OC migration and in bone resorption, using Cbl—/— osteoclast-like cells
(OCLs) reconstituted with Cbl proteins. M-CSF (50 ng/ml) induced a 60% in-
crease in migration of WT OCLs in a Boyden chamber migration assay. In
contrast, the intrinsically lower migration of untreated Cbl-/— OCLs was not
increased upon treatment with M-CSF. As expected, expression of WT Cbl in
Cbl-/— OCLs with the adenovirus system rescued the phenotype and M-CSF
induced a 65% increase in migration, comparable to the response of WT OCLs
to M-CSF. In contrast, expression of CblY731F failed to rescue the M-CSF-
induced motility of the Cbl-/— OCLs, demonstrating that the Src-dependent
phosphorylation of Y731 and the recruitment of PI3-kinase by Cbl are required
for OC migration in response to M-CSF. Along with the impaired migration, the
pit-forming capability of Cbl Y731F-expressing-OCLs was also reduced to 30%
of control. Taken together these results indicate that the Src kinase-dependent
interaction of Cbl with PI3K is important for OC migration and bone resorp-
tion.
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DIPHYLLIN, A NOVEL POTENT V-ATPASE INHIBITOR,
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RESORPTION LACUNAE AND BONE RESORPTION
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Dissolution of the inorganic phase of bone by the osteoclasts, which is a
prerequisite for bone resorption, is mediated through the V-ATPase and CIC-7.
Inhibitors of CIC-7 or the osteoclastic V-ATPase are novel approaches for
inhibition of osteoclastic bone resorption. By testing natural compounds in
acidification assays, diphyllin was identified. We characterized diphyllin with
respect to potency in a V-ATPase assay, an acid influx assay, lysosomal acidi-
fication in osteoclasts by acridine orange and in a human osteoclastic bone
resorption assay, using the known V-ATPase inhibitor bafilomycin Al as a
control.

Diphyllin was tested in the V-ATPase and the acid influx assay using
bovine chromaffin granules isolated from the medullae of bovine adrenal
glands. Human osteoclasts were generated from CD14+ monocytes cultured
with 25ng/ml M-CSF and RANKL. The effect of diphyllin on lysosomal
acidification in human osteoclasts was investigated using the dye acridine or-
ange. The effect of diphyllin on bone resorption by osteoclasts was measured as
release of CTX-I and calcium into the supernatants, and by scoring pit area.
The number of osteoclasts, the TRACP activity, and the cell viability were
measured.

We found that diphyllin inhibited the V-ATPase with an IC50 value of
170M, compared to 4nM for bafilomycin. In the acid influx assay, diphyllin
potently inhibited influx with an IC50 of 0.6nM, which is similar to the effect of
bafilomycin. Moreover, diphyllin dose dependently inhibited lysosomal acidifi-
cation in human osteoclasts, with potency similar to that of bafilomycin. Finally,
we found that Diphyllin inhibited human osteoclastic bone resorption measured
by CTX-I and calcium release with an IC50 of 14nM, in face of increasing levels
of TRACP activity, osteoclasts, and cell viability.

We have identified a natural compound that potently inhibits the V-ATPase
and 