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Abstract

Osteolysis is a complex mechanism resulting fromeaacerbated activity of osteoclasts
associated or not with a dysregulation of ostedbtastabolism leading to bone loss. This
bone defect is not compensated by bone appositiby apposition of bone matrix with poor
mechanical quality. Osteolytic process is regulated mechanical constraints, by
polypeptides including cytokines and hormones aneéxiracellular matrix components such
as proteoglycans (PGs) and glycosaminoglycans (GA%R&veral studies revealed that GAGs
may influence osteoclastogenesis, but data are emnyroversial: some studies showed a
repressive effect of GAGs on osteoclastic difféegittn whereas others described a
stimulatory effect. The controversy also affectgeoblasts which appear sometimes inhibited
by polysaccharides and sometimes stimulated byetbempounds. Furthermore, long-term
treatment with heparin leads to the developmewistéoporosis fueling the controversy. After
a brief description of the principal osteoclastaggs assays, the present chapter summarizes
the main data published on the effect of PGs/GAGsbone cells and their functional

incidence on osteolysis.



1. Introduction

Bone metabolism is tightly regulated by a balanetwben two bone cell types
combining catabolic and anabolic activities. Boagabolism is supported by multinucleated
cells specialized in bone resorption and namedooktsts. Osteoclasts originate from the
monocyte lineage and differentiate by the actiorm@&mbranous, soluble and extracellular
matrix compounds (1). Among these factors, someeqaired for proliferation of osteoclast
mononuclear progenitors such as macrophage-colomylating factor (M-CSF) while other
factors such as receptor activator of nuclear fad®ligand (RANKL) are more specifically
implicated in the commitment of these precursorgh&r fusion and in the formation of
multinucleated resorbing osteoclasts (2-4). Bonmbmdism depends on the ability of the
osteoclast to generate an acidic extracellular @vtmpent between itself and the bone surface
which is essential for solubilization of the alkadisalts of bone mineral (5). This acidic pH is
also necessary for the digestion of the organiebuatrix by lysosomal enzymes secreted by
osteoclasts (6). According to their ability to dulize hydroxyapatite crystals and to digest
organic matrix, osteoclasts contribute to the cstiation of the phosphocalcic homeostasis
together with the second main bone type cells,a$teoblasts. Osteoblasts originate from
mesenchymal stem cells and perform anabolic funstioonsisting in the formation of
extracellular matrix composed by 95% type | colla§ie). Osteoblast activities are not limited
to the formation of bone extracellular matrix blgcaextend to the osteolytic process. While
osteoblasts produce and secrete gelatinase agi\il) controlling partly the collagenic
matrix, they release more particularly cytokinesl ajrowth factors regulating osteoclast
differentiation and activation (2, 3, 9). Among ske polypeptides, RANKL/OPG
(osteoprotegerin) is the main molecular couple ive® in the communication between
osteoblasts and osteoclasts (2, 3). In this sysRANKL expressed by osteoblasts and also

by stromal cells binds to its receptor RANK expegksn the surface of osteoclast precursors



and consequently activates TRAF6RE- signaling pathway leading to the fusion of
osteoclast activity and survival (10, 11). RANK/RKN interactions are controlled by OPG
which is also produced by osteoblasts/stromal c€BG acts as a soluble decoy receptor
blocking the binding of RANKL to RANK and subseqtigrthe osteoclastogenesis and the
osteolytic process (12, 13).

Extracellular matrix components, especially prgtgoans (PGs) and
glycosaminoglycans (GAGs) contribute to the bonaagelling and to the maintenance of
bone mass (14). Thus, PGs and GAGs are involvétkinrganization of collagen fibers (14).
However, the role of GAGs and PGs in bone metatmois more complex than initially
envisaged and this complexity is mainly relatedhi structure and the localization of these
compounds. PGs exhibit numerous locations and npexisely are associated with
intracellular compartments, expressed on the aeflase or anchored in the extracellular
matrix and basement membrane in almost all tissuadults (15). The composition of GAGs
is very heterogenous and includes linear polymérghvare bound to a core protein to form
PGs. There is no unifying feature for core protsiructures and then PGs display a great
diversity of protein forms. Many core proteins haanplex modular structures with protein
motifs which have similar sequence to those foumdbther protein families. GAGs are
composed of repeated disaccharidic units of hexwsarand hexuronic acid, except for
keratan sulfate in which hexuronic acid is repladey galactose. According to the
epimerization and sulfation of hexosamine and wauid, several families of GAGs have
been described. All together, this diversity of gasition explains in part their very complex
biological activities in all tissues and that GABGk functions are not limited to the control
of fibrillogenesis.

The aim of the present review is to better defime function of GAGs and PGs in

bone remodeling and more specifically in osteoly3ise first part of the manuscript will



describe the main osteoclastogenesis assays dumiset. The review will then focus on the
role of PGs in the control of physiological and hmbgical osteolysis regarding the

osteoblastic and osteoclastic components.

2.Invitro assays of osteoclastogenesis

Numerous cell culture systems derived from differgpecies have been established to
study the molecular and cellular mechanisms ofcattstogenesis (3). Recently, osteoclasts
have been generated from a single-cell suspengiembryonic stem (ES) cells seeded on a
feeder monolayer. Bone-resorbing cells expressiastgoglastic markers such as TRAP
(Tartrate-Resistant Acid Phosphatase) or RANK vedtained within 11 days (16). However,
the main systems used to study the mechanismsedaastogenesis are based on culture of
osteoclast progenitors isolated from monocyticsc@tieripheral blood monocyte fraction /
umbilical cord blood monocytes / spleen cells / oaytic cell lines) in the presence or
absence of stromal cells (osteoblastic cells) ket addition of a cytokine cocktail including
M-CSF and RANKL. The following paragraphs will debe the most effective methods to

study osteoclastogenesisvitro.

2.1. Differentiation assay from the murine RAW 2647 monocytic cell line

Materials and reagents

- Murine RAW 264.7 monocytic cells (ATCC, Promochdimance) (17)

- Phenol red-freei-Minimal Essential Mediumo-MEM) (Invitrogen, France)

- Fetal calf serum (FCS) (Perbio, Logan, USA), baspecifically selected for
osteoclast differentiation

- Non essential amino acids (Invitrogen)



- Solution of trypsin (0.25%) and ethylenediamineraatetic (EDTA) (1mM)
(Invitrogen)

- Human or murine RANKL (hRANKL or mRANKL, R&D SystentJK) is dissolved
in phosphate buffer/0.1%BSA at 1 mg/mL and storedingle use aliquots at -80°C
until use. Final concentration used is 100 pg/milu@dn in a-MEM supplemented
with 10% FCS)

- Leukocyte (TRAP) staining kit n°387A (Sigma, France

Cdll culture

RAW 264.7 cells were routinely cultured rMEM supplemented with 10% FCS and 1%
non essential amino acids. Fresh medium is replaeece a week and cell culture
amplifications are performed after cell detachmleyptscraping. RAW 264.7 are frozen in
DMSO solution diluted at 20% in FCS and frozen at BF cells/mL in liquid nitrogen until

use.

Osteoclast differentiation

To induce osteoclast formation, RAW 264.7 cells stceped then incubated at 37°C for 2
minutes to allow adherence of the most differeatlatells. Non adherent cells are then
collected and seeded in fresh medium, at a den$i/x 1G cells/well in a 96-well plate.
After 2 hours, medium is changed for a fresh onataining 100 ng/mL hRANKL. After 5
days of culture, multinucleated cells (>3 nucleig a&ounted under a light microscope
(contrast phase) (Figure 1A) or after TRAP stainamgording the recommendation of the

manufacturer (17, 18). Osteoclasts can be obsdéresd30 ng/mL of RANKL.



2.2 Differentiation from murine CD11b" monocytes

Materials and reagents

- 4 week-old C57BL6 male mice (Elevage Janvier, Feanc

- CD11b microbeads and MACS technology (Miltenyi BmtGermany)

- Phenol red-free-Minimal Essential Mediumo(-MEM) (Invitrogen, France)

- Fetal calf serum (FCS) (Perbio, Logan, USA), baspecifically selected for
osteoclast differentiation

- Murine M-CSF (mM-CSF, R&D System, UK) is dissolved phosphate buffer
/0.1%BSA at 25 pg/mL and stored in single use aligjuat -80°C until use. Final
concentration used is 25 ng/mL (dilutionafMEM supplemented with 10% FCS)

- Human or murine RANKL (R&D System, UK) is dissolved phosphate buffer
/0.1%BSA at 100 pg/mL and stored in single useualis| at -80°C until use. Final
concentration used is 100 ng/mL (dilutionafMEM supplemented with 10% FCS)

- Leukocyte (TRAP) staining kit n°387A (Sigma, France

Cell preparation and osteoclast differentiation

CD11b" monocytes are purified from murine bone marrowsgalbtained by flushing the
bone marrow from femora and tibiae of 4 week-old7Bl5%6 male mice. Mice are
anesthetized using isoflurane and euthanized byiozér dislocation. CD11b cells are
magnetically labelled with CD11b Microbeads andijpeay selected by MACS technology.
CD11H cells are seeded in 24-well plates (500 % délls / well) in phenol red-free-MEM,
containing 10% FCS and 25 ng/mL mM-CSF. This steplisolutely necessary to improve

adhesion of osteoclast precursor to the plasticastimulate their proliferation. After 3 days



of culture, medium is replaced by fresh medium amimg 10% FCS, 25 ng/mL mM-CSF,
with 100 ng/mL hRANKL. Thereafter, complete medigwith cytokines) are changed every
4 days. The formation of osteoclasts occurred batwks to 21 days of culture and was
detected by TRAP staining (Figure 1B) (21, 22).drscent osteoclasts can be obtained

using similar technique with CD11lsolated from GFP-mice (Figure 1C).

2.3 Differentiation assay from human CD12 cells

Materials and reagents

Human peripheral blood from healthy volunteer denand collected on EDTA or

citrate buffer

- CD14 microbeads and MACS technology (Miltenyi Bmt&ermany)

- a-Minimal Essential Mediumo-MEM) (Invitrogen, France)

- Fetal calf serum (FCS) (Perbio, Logan, USA), baspecifically selected for
osteoclast differentiation

- Human M-CSF (R&D System, UK) is dissolved in phasjghbuffer /0.1%BSA at 25
png/mL and stored in single use aliquots at -80°@ use. Final concentration used is
25 ng/mL (dilution ina-MEM supplemented with 10% FCS)

- Human or mouse RANKL (R&D System, UK) is dissolvad phosphate buffer

/0.1%BSA at 100 pg/mL and stored in single useualis| at -80°C until use. Final

concentration used is 100 ng/mL (dilutionafMEM supplemented with 10% FCS)
. ® . .
- Ficoll ™ solution, d = 1,077 (Sigma, France)

- Leukocyte (TRAP) staining kit n°387A (Sigma, France



Selection of CD14" cells

Blood samples are first diluted with phosphate &ut 50% and diluted samples are layered
onto Ficoll solution in a centrifuge tube. Humamipleeral blood mononuclear cells (PBMCs)
were then isolated by centrifugation over Ficoldjent for 25 minutes at 500 g. Whether
osteoclasts can be differentiated directly from RBRr from purified monocytes obtained
after 45 min adhesion followed by a differentiatistep in the presence of M-CSF and
RANKL, enrichment and purification of osteoclastegursors (CD13 allow the
differentiation of high number of osteoclasts. CDBglls are magnetically labeled with

CD14 Microbeads and positively selected by MACSitetogy.

Osteoclast differentiation

To induce osteoclast formation, CO1dells are seeded at 250 x*ldklis/well in 24-well
plates or 45 x 10cells/well in 96-well plates in-MEM supplemented with 10% FCS and 25
ng/ml M-CSF. From day 3 of the culture, medium fsmged twice a week with fresh
medium containing 10% FCS, 25 ng/mL human M-CSFH@Ing/mL human RANKL. The
formation of osteoclasts occurs after around 1llsdayd is confirmed by TRAP staining

(Figure 1D) (21, 22).

The two main factors involoved in osteoclast défaration process and survival are:
1) M-CSF which modulates cell adhesion, differetia, fusion, resorbing activity and ii)
RANKL which is dedicated to the osteoclast fusioactivation and survival.
Osteoclastogenesis can be observed from 30 ng/ndl naRANKL can replace human
RANKL with 2 fold higher concentration. RANKL and K2SF then represent the canonical
pathway of osteoclastogenesis and they can beitsubdtby other protagonists (23). It has
been shown that several cytokines can be substitftse RANKL to promote

osteoclastogenesis vitro (TNF-a, IL-11, IL-8) (23). However, osteoclast differeatton is



absolutely dependent on RANKilb vivo as confirmed by RANKL knock-out mice which
completely lack TRAP-positive immature and maturaltmucleated osteoclasts [24]. In
contrast, M-CSF can be replacedvitro andin vivo by VEGF, HGF, FLt-3 ligand or IL-34

for instance (23, 25).

Resorption assay

The best validation of the osteoclastic phenotgpi® iassess the ability of differentiated cells
to resorb a mineralized matrix vitro. For this, CD1% cells are cultured on dentine or
cortical bone slices (for bovine bone for instareeimal dentine: horse, bovine, etc) in the
conditions previously described. At the end of ¢héure period, osteoclasts are removed by
bleach; dentin/bone slices are fixed with 4% ghidehyde in 0.2 M sodium cacodylate
solution for 30 minutes, followed by staining witt% toluidine blue in 0.5% sodium
tetraborate solution for 3 minutes (26). Resorpti@mtunae are identified by light
stereomicroscopy (Zeiss, STEMI 2000-C, Géttingearn@any) and area of resorbed surfaces

are measured using QWin software (Leica, France).

To study the resorption ability of fully mature estlasts, technique established by
Fuller et al (27) can be used. Briefly, after formation of oslasts as described above, the
medium are removed and the cell layer is washezethmes with PBS without calcium and
magnesium. Six hundred microliters of 0.02% EDTA added per well (6-well plate) and
cells are incubated for 20 min at room temperatdE2TA is then removed from the well and
replaced by 600 ul of calcium/magnesium-free PB8elscraper is used to harvest the cells
in PBS, and the resulting cell suspension is miMsihg a pipette to ensure uniform cell
dispersal. Two hundred and fifty microliters ofsluell suspension is then added to each well
(24-well plate) on a dentin slice in 250 @MEM, 10% FCS. Cells are allowed to sediment

for 20 min at 37°C before dentin/bone slices areshed. Cells are incubated in 500 ul



oMEM, 10% FCS in the presence or the absence okdesbmpounds/drugs. After
incubation, resorption surfaces are assessed aslEsabove (Figure 1E) (28). Resorption
lacunae and resorbed surface area can be alsde@\ead measured by scanning electron

microscopy (29, 30).

In all models described, the main markers used dterthine the presence of
osteoclasts are TRAP, calcitonin receptor, vitréine@ceptor, cathepsin K, and the capacity
for resorbing mineralized matrix. In all models, RWKL-induced osteoclastogenesis is

specifically inhibited by addition of recombinanPQG or RANK-Fc (4).

3. Functional activities of PGs and GAGs on ostelasts

Numerous growth factors/cytokines/receptors carriieparin binding domain and
consequently can bind to isolated GAGs or GAGs frBfas. Thus, GAGs have many
biological activities by holding various extracédumolecules which play key roles in bone
metabolism and in bone remodelling. Indirect evaderof the role of GAGs in bone
remodelling has been published by Krasnh al (31). These authors have shown that
heparanase, a heparin sulfate-degrading endogtiasesiis weakly expressed throughout the
bone marrow with a substantial increase in ostetdbland osteocytes and in contrast
heparanase is absent from osteoclasts. Intergstihgbaranase transgenic mice exhibit a
marked increase of trabecular bone mass, cortiegitriess, and bone formation rate, but no
difference in osteoclast number. Their data sugdlest proteoglycans in bone reduce
osteoblast function and heparanase limits thisatolu by degrading heparan sulfate (31).

The effect of GAGs on osteoclastogenasisvitro is controversial. For example,
Ariyoshi et al (32) and Shinmyouzeét al (33) showed an inhibition of osteoclastogenesisraft

a direct interaction of GAGs with RANKL. In conttatie et al (34) showed a stimulation of



osteoclastic bone resorption by inhibiting OPG \aigti However, more recently, using
unfractionated osteoblast-derived GAGs that reftbet complex tissue microenvironment
within which osteoclasts reside, Lingt al (35) demonstrate that GAGs block the
osteoclastogenic activity of RANKL. Similarly, Babdin et al (28) demonstrated using
three various models of osteoclastogenesis (RAWZ26#urine CD11b cells and human
CD14 cells) that GAGs downregulate RANKL-induced ostastbgenesis. The mechanism
by which GAGs control osteoclastogenesis remairtdean Baud’huiret al (28) gave some
arguments indicating that GAGs inhibit consecugivesteoclast precursor-adhesion and the
fusion of these precursors. Size and sulfation GG are key parameters for the inhibition of
RANKL-induced osteoclastogenesis (28) but GAGs &niep chondrotin sulfate, dermatan
sulfate, heparin sulfate or oligosaccharides) dbobwod to RANKL as studied by surface
plasmon resonance experiments (28, 36, 37). Shinawa al (33) published that dermatan
sulfate inhibits osteoclast formation by bindingRANKL. However, these authors used non-
relevant physiological concentrations of dermataffate (300 pg/ml) and non-purified
osteoclast precursors to study osteoclastogen&siscontinue in the controversial data,
Ariyoshi et al (32) observed that hyaluronic acid increases oktstmgenesis through
activation of CD44 signaling pathway whereas Chah@l (38) demonstrated opposite
activities and showed an activation of TLR4 sigmglpathway without any involvement of
CD44. Finally, using fully differentiated osteodimgerived from human peripheral blood
monocytes, Pivettat al (39) revealed that hyaluronan inhibits their migmaton collagen as
well as their ability to resorb bone matrix. Thesféects are mainly due to a decrease of
TRAP, MMP-9 and cathepsin K activities and to thereased levels of TIMP-1. The role of
CD44 was confirmed by using blocking anti-CD44 boties which fully abrogated
hyaluronan effects. Hyaluronan then hampers ostsbchigration through its activity on

CD44 (40). Overall, the data published show that3SAnhibit osteoclastogenesis and their



resorption activity by inhibiting the adhesion ahgion of osteoclast precursors. These
activities appear independent of RANKL signalinghpeay but may involve CD44 and TLR4
depending on the GAGs used.

In contrast to RANKL, OPG has a heparin binding damOPG belongs to the family
of the TNF receptor family and contains three dtrtad domains specifically influencing its
biological activities. The first one is a cysteineh domain in the N-terminal position which
is essential for the inhibition of osteoclastogenes well as for the dimerization of OR{&
the Cys400. The second domain corresponds to tath deomain homologous regions. The
third domain is a heparin-binding domain which ibleato interact with numerous
proteoglycans (41). Full length OPG binds to GAGtva high affinity (Kd: 0.28 nM for
heparin) in contrast to OPG-Fc in which the hepammding domain is lacking (36, 37).
Therefore, the first role of the OPG heparin-bigditomain has been revealed by Stardal
(42) who demonstrated that myeloma cells intereadind degrade OPG through its binding
to syndecan-1 and consequently induce osteolysigatients. Thus, PGs control the
bioavailability of OPG one of the main inhibitor osteoclastogenesis and bone resorption.
PGs are involved in OPG-induced chemotaxis of mgtasc(43). Indeed, OPG can interact
with syndecan-1 expressed by monocytes (potensigloglast precursors) and can stimulate
the cell migration. In this context, OPG is a chéawtic factor for monocytes which can be
recruited in inflammatory context or during ostesidyprocess. In light of these studies, PGs
and GAGs exert a very complex pattern of activitidgch are not arguable if the biological
context is taken into account (inhibition of ostie@gtogenesia vitro, bioavailability of OPG

and monocyte chemotaxis in favour of pro-osteolstitivity).

4. Functional activities of PGs and GAGs on ostechséts



Bone remodelling is a balance between osteobla$toateoclast activation and the
functional activity of the first is influenced blge other one. In this context, similarly to their
activities on osteoclasts, PGs and GAGs stronglglutate osteoblast metabolism (14, 44). In
bone microenvironment, membrane or soluble form&RANKL are mainly expressed by
stromal cells and osteoblasts which control oststofenesis by this pathway (2, 4). OPG
regulates the half-life of membrane RANKL and GA@GBibit the OPG-induced shortened
half-life of RANKL (36). In this specific contexGAGs may increase the half-life of RANKL
by inhibiting OPG activity and thus act as a prteoslastic factor. Furthermore, RANKL
significantly reduces ERK activity, a putative stggsor of osteoclastogenesis but
unfractionated osteoblast-derived GA&olish the inhibitory effects of RANKL on ERK
activity (35) underlining the fact that osteoblastroenvironment is a potent source of GAGs
that promote bone anabolic activities. Although #wact mechanism by which GAGs
regulate RANKL activity remains unclear, Caioal (45) showed that hyaluronan increases
RANKL expression in bone marrow stromal cells tlgiouCD44 which in turn could
stimulate osteoclast activity.

GAGs can be considered as polysaccharides congaprwtein-binding domains that
coordinate mesenchymal stem cell commitment andvtroand ultimately, osteoblast
phenotype (44). Among the heparan sulfate-bindawjoirs known to be essential in to this
process, FGFs, their receptors and members of @&fe Superfamily are the most important
molecule families. Fibroblast growth factor-2 (FGk2a crucial growth factor family driving
the proliferation of osteoblasts as many other tgles. Robinsoret al demonstrated that
GAGs, heparin and heparan sulfate are essentigthéaactivity of the fibroblast growth factor
(FGF) family (46). GAGs promote FGF oligomerizatidhat, in turn, triggers FGFRs
dimerization and signal transduction (47). Like QP@paran sulfate PGs (HSPGs) mediate

cell internalization of FGF and possibly its nuclelivery (48). When FGF binds to free



heparin/[HSPGs, FGF is sequestered in the extréarekunvironment. Similar observations
have been made for BPM2 and the depletion of cefase HSPGs by enzymatic treatment
enhances BMP2 bioavailability and osteogenic agtivi49). FGFs also bind to
transmembrane HSPGs and then enhance osteobléif&ration and mineralization, effect
partly abolished by an anti-syndecan 4 antiboby.(A@iother example is given by the paper
of Hauptet al (50). These authors demonstrated that MC3T3-EIls aglider osteogenic
conditions decrease their chondroitin and dermaalfate PGs (biglycan, decorin, and
versican) but increase glypican-3. This shift ipressed HSPGs is concomitant to the switch
of FGR1 to FGR3 expression related to the commitmerosteoblast differentiation (51).
Similarly to FGF, TGFs stored into the bone matauld be released during bone resorption
and modulate in turn osteoblast and ostoclast roesai (52). Biet al (53) revealed that the
absence of the critical T@Fbinding proteoglycans, biglycan and decorin, presel GIB
from proper sequestration within the extracellutatrix. Thus proteoglycans appear essential
for maintaining an appropriate number of osteoblasid osteoclasts by modulating their
proliferation and/or differentiation. More recentBi et al revealed that biglycan deficiency
upmodulates osteoclast differentiation and activatidue to defective osteoblasts but
independently of RANKL and OPG production (53). Tékects of GAGs on osteoblast
lineage are dependent on their sulfation. Indeatlat®on strongly enhances the biological
activity of BMPs (TGF member family) by continuoydlinding the ligands to their receptors
and by enhancing osteoblast differentiation (54)agreement with these data, desulfation of
GAGs expressed by MG63 cells delayaditro mineralization process (55). Overall, these
data point out the key role of GAGs in bone formatand their ability to modulate osteoblast
differentiation by indirect mechanism and more #pmdly by controlling bone

cytokines/growth factors. It is also important ek in mind, that osteolysis is the result of



both osteoblast and osteoclast activity and evesstéoblasts are bone cells specialized in

bone formation they contributes in part to the ddgtion of osseous organic matrix.

5. PGs/GAGs and bone remodelling: a complex dysrelgtion of the anabolic/catabolic
balance

It is well known that long-term administration oégarin was shown to lead to the
development of osteoporosis (56-58). Thus, rattéceonce daily by subcutaneous injections
of heparin exhibited decreased trabecular bonemvelboth by decreasing the rate of bone
formation and increasing the rate of bone resomptBarbouret al (59) also showed that 36%
of pregnant women undergoing long-term heparintimeat had a 10% reduction in femoral
bone mineral density. However, the mechanism sustaithis osteoporosis was unclear and
it was difficult to determine if the effects on resorption were due to the direct effect of
heparin on osteoclasts or indirectly via its oslastbactivity. Furthermore, these controversial
findings on GAG effects on osteoclastogenesisraensified by the study of Folwarczagzal
(60) who showed that in a rat model, low concertnat of heparin increased the formation of
osteoclasts, whereas it decreased with the higloestentrations. In mouse bone marrow cell
cultures, heparin suppressed the formation of coksts, with the exception of low
concentrations of standard heparin which interssifies process (60 fact, heparin activity
on bone remodelling probably results from a moremglex mechanisms altering
simultaneously osteoclast and osteoblast metabslisteparin may increase the resorption
process through the release of pro-resorptive fdptamsteoblast/stromal cells (62) explaining
in part the discrepancy between the/ivo andin vitro results and heparin may also exert an
inhibitory activity on bone formation by decreasiogfeoblast numbend by inhibiting the

mineralization process (56-58, 61).



6. Conclusions

GAGs and PGs exert a broad panel of action targetimultaneously osteoblasts and
osteoclasts. Unfortunately long-term administratadnheparin leads to the development of
osteoporosis. In this context, although the medmsiof action of low-molecular-weight

heparins are not yet totally elucidated their us@referred to unfractionated heparin (61).
More specifically, the effect of low-molecular-whig heparins on osteoblasts and on
osteoblast—-osteoclast communications needs toviestigated and complementary studies to

determine whether the effects of heparin on boaeerersible are needed.
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Figure legend

Figure 1: Study of osteoclastogenesis and osteo¢l&snction from human and murine
models.

A) Osteoclasts formed from murine RAW264.7 cellsradtelays of culture in the presence of
human RANKL (light microscopy, phase contradB)) Osteoclasts formed from murine
CD11b cells cultured in the presence of murine M-CSF hochan RANKL for 15 days
(after TRAP staining);,C) Osteoclasts obtained from bone marrow of GFP-nwicehe
presence of murine M-CSF and human RANKL for 15sgdy) Human CD12% cells
differentiated in osteoclasts in the presence ofidnuM-CSF and human RANKL for 11 days
(after TRAP staining)E) Typical resorption lacunae formed by osteoclagsvdd from
human CD14 cells cultured on dentin slice and observed bysica electron microscopy. *:

osteoclast; arrow: resorption lacuna.






