1 dycosam noglycan M xtures Field of the Invention The present invention
rel ates to osteobl ast derived gl ycosam nogl ycan m xtures and to 5their use

i n one orwoRbe/@i4s31 nhi bition of osteocl astogenesi s, enlparserginioo®se
proliferation of osteoblasts, and/or the treatnment or prevention of bone
fracture or bone deterioration. Background to the Invention Bone renodeling
Is a coordinated process involving a bal ance between bone matri x

10synt hesi s by osteobl asts and bone resorption by osteoclasts. This
constant process i s essenti al Glyopsdamieoglgcan Blitnces of skel etal integrity
[Boyle et al., 2003; Karsenty and Wagner, 2002; Roodman, 1999; Theill et
al ., 2002]. Miltinucleated osteoclasts originate from nonocyte / macrophage
cell's in boeld afdhe taventiom t he henmt opoi etic |ineage [Suda et al., 1992].
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RANKL and osteoprotegerin (OPG, the decoy receptor of RANKL, are essenti al
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essenti al
are essential for osteoclast development [Anderson et al., 1997; Wong et al., 1997;

20 Yasuda et al., 1998].

RANKL is a TNF (tumor necrosis factor) ligand superfamily member [Anderson et al.,
1997, Lacey et al., 1998; Wong et al., 1997; Yasuda et al., 1998). It is produced by
osteoblasts and bone marrow stromal cells whereas its receptor RANK is expressed on

25 the surface of preosteoclasts [Fuller et al., 1998]. The interaction between RANKL and
RANK stimulates the maturation of targeted osteoclasts by activation of transcription
factors that regulate osteoclastogenesis [Blair et al., 2007; Burgess et al., 1999; Hsu et
al., 1999; Jimi et al., 1999; Lacey et al., 1998; Matsuzaki et al., 1998]. RANKL is also
required for the survival of mature osteoclasts [Katagiri and Takahashi, 2002]. OP_G is

30 produced by osteoblasts and acts as a decoy receptor to RANKL, thus inhibiting
osteoclast differentiation and survival through competing with RANK for RANKL blndmg
[Bolon et al., 2001; Simonet et al., 1997, Yasuda et al., 1998].

Evidence from genetic studies has shown that RANKL and RANK are essential for
35 osteoclastogenesis. RANK or RANKL deficient mice exhibit marked osteopetrosis and a

defect in tooth eruption caused by the diminishment of osteoclast formation [Dougall et



350st eocl ast ogenesis. RANK or RANKL deficient mce exhibit marked
osteopetrosis and a defect in tooth eruption caused by the di m ni shnent of
ost eocl aswofrmmtisen [ Dougal | et 2 al., 1999; Kim et alpcr/sga00j06sang et

al ., 1999; Li et al., 2000]. Whereas mce | acking OPG have increased nunber
and activity of osteoclasts and conseqiently suffer from severe
osteoporosis [Bucay et al., 1998; M zuno et al., 1998]. 5Accumul ating
clinical evidence has further consolidated the key role of the
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proteoglycans which are the major components of bone extracellular matrix [lozzo, 1998].

Endogenous GAGs include heparin, heparan sulfate, chondroitin sulfate, dermatan

25 sulfate, keratin sulfate and hyaluronic acid. GAGs regulate a wide variety of biological

processes, e.g. hemostasis, inflammation, angiogenesis, cytokine presentation/binding, -

cell adhesion and' migration as well as the control of proliferation and differentiation

[Gandhi and Mancera, 2008; Perrimon and Bernfield, 2000). GAGs bind to a large

number of protein ligands via interaction with protein heparin-binding domains thereby

30 modifying a proteins biological activity. Recent studies have demonstrated that dermatan
sulfate and heparin possessed high affinity to RANKL and suppress osteoclast formétion
via obstructing the interaction between RANKL and RANK [Ariyoshi et al., 2008;

Shinmyouzu et al., 2007].

35 Since osteoclastogenesis is largely controlled by factors produced by osteoblasts (ie
RANKL), it is important to understand how osteoblast-specific GAGs regulate osteoclast



3 formation via interactions with RANKL. GAGs synt hesi zed and secreted by
osteobl asts are attached to the cell surface and contained wthin the
extracel lwbaoimei4sBx as a m xture of species with varyi pgTSGROI006486 and
activity [Haupt et al., 2009; Jackson et al., 2007]. The integrity of GAGs
are inportant to maintain the proliferaion and differentiation of

50st eobl asts [ Kumarasuriyar et al., 2009]. Furthernore, bone derived
heparan sul fates pronote the proliferation and differentiation of

ost eobl astfermatignviadnteraghansyyithyRANKL: iGR&Gs syAthgsiBgd and seetalgdly estrabipsts at
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showdf no "éfifects on osteoclast differentiation. Heparin also inhibited the
20formation of resorption pits, while the other GAGs tested did not. They
concluded that the jnhibitory effect of heparin toward osteoclastogenesis
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binding of heparin to RANKL.

Atsushi Irie et al (Heparin enhances osteoclastic bone resorption by inhibiting

25 osteoprotegrin activity. Bone 41 (2007) 165-174) reported that heparin does not bind to
RANK or RANKL suggesting that heparin does not interact directly with either of these
proteins. Instead, they report heparin to specifically bind to osteoprotegrin (OPG) and
prevent OPG-mediated inhibition of osteoclastic bone resorption in co-culture. They. -
concluded that heparin is a strong inducer of osteoclastic activation, enhancing ' _

30 osteoclastic bone resorption by a mechanism of inhibiting OPG activity, not RANKL. .
They also report that OPG binds heparin but not chondroitin sulphates or keratin =
sulphates.

Ariyoshi et al (Mechanisms Involved in Enhancement of Ostoeclast Formation and
35 Function by Low Molecular Weight Hyaluronic Acid. The Journal of Biological Chemistry.
Vol. 280, No.19, May 13 pp18967-18972, 2005) indicates that low molecular weight



4 hyal uronic acid enhances pit formation (i.e. bone resoprtion) whereas

hi gh nol ecul ar wei ght hyal uronic acid does not. Summary of the Invention

5l n one aspecii/issBhe present invention a gl ycosam nogl ycascainionese

obt ai ned from manmmal i an osteobl asts is provided. The gl ycosam nogl ycan

m xture may be in isolated or substantidally purified form e.g. wherein the
gl ycosam nogl ycan content of the conposition is one of about 80% 90% 95%
or nore. 10The osteobl asts from which the gl ycosam nogl ycan m xture is

obt ai ned nplusNipaGidraRiANEes RiBIMALIS (i.€Thenaeserstivra sheregapigbenolenulanave been,
mai nt ai nedydightinalMidnicckiddes fbf. ture. The cultured osteoblast cells from
whi ch the GAG m xture is obtained may be, or have been, in confluent or
non-confluent cell culture. 15In s®fe enmbodi ments the osteobl ast derived
GAG mi Xt UrsuriimanPss the flenlibe ost eobl ast derived GAG mi xture, e.g. obtained
by the separation of ﬁ%GAG fraction fromculture nedia é‘grefgrabl y liquid,
f1ui d°or ¢BI°NG FPRESF &f tAR BeSStinYeRian ol ¢psaglralysaryaiure pttaingd framy e heen,

cul tured treahoahareossadbldstsds poivided| Tisd glgesbmdgKfdn mixiiraimay be thlibalatee! ubl e

ost eobl ast_ deri,ved GAG.m xt ur have two peaks in SepharqQse CL-6B

ot ze- oxol L EBRERELYRITRY Sy S Wiarsin e 0 srmfipdyeth BBrEetitier i ved cac
m xt ur e nmesenpokiti & cde Sbalurib 80P eI% SiShdenmgoreo RANKL . 25 The sol ubl e

ost eobl ast derived GAG mi xture may inhibit RANKL i nduced osteocl ast
formation. The sol ubl e osteobl ast derived GAG mi xture may function
t o ofPose thecostapklaststitomwhich thetglygosdmirggirdan srixtERKS altaingd may bEpEMen! ubl e

ost eobl ast osgQyblasBATRACaEB Y RayTBY, of RS LRRCAGARIHY ih RAIRARS Rkl feration
of osteoblasts ftro cul ture. For exampl t he sol ubl e

€e.g. Inhinvi ! ) \ e,
ost eobl ast TNEeHtyEH Opigeblasteel Eomufich MePRAG ratEds Palained may ibeetrdtaven, i n
vitro, by uden)iaastfiubnforinoh@onfltehecdircak@eabl y 350ne of at least 1.4, 1.6,
1.8 or 2.0 fold, conpared to proliferation in the absence of the GAG

m xture. 5
15 In some embodiments the osteoblast derived GAG mixture may be a soluble osteoblast

derived GAG mixture, e.g. obtained by the separation of a GAG fraction from culture
media (preferably liquid, fluid or gel culture media) in which the osteoblasts are, or have

been, cultured to form a soluble osteoblast derived GAG mixture.

20 The soluble osteoblast derived GAG mixture may have two peaks in Sepharose CL-6B

size-exclusion column chromatography,

The soluble osteoblast derived GAG mixture may exhibit dose dependent binding to
RANKL .

25
The soluble osteoblast derived GAG mixture may inhibit RANKL induced osteoclast

formation.

The soluble osteoblast derived GAG mixture may function to oppose the inhibitory effect
30 of RANKL on ERK activity. -

The soluble osteoblast derived GAG mixture may dose-dependently increase prolifération
of osteoblasts, e.g. in in vitro culture. For example, the soluble osteoblast derived GAG
mixture may enhance osteoblast proliferation, in vitro, by at least 1.2 fold, more preferably

35 one of at least 1.4, 1.6, 1.8 or 2.0 fold, compared to proliferation in the absence of the
GAG mixture.



The sol ubl e ost eobl ast derived GAG m xture may reduce induction of

osteocl asts by RANKL by one of at |east 10% 20% 30% 40% 50% or 60% and
up to 70%voconmmparsd Wi th i nducti on of osteoclasts by 5- gay/scredioowsé of
RAW264.7 cells in in vitro culture with 510ng/ mMLRANKL in the absence of an
added GAG mi xture. In some enbodi nents i he osteobl ast derived GAG m xture
may be a cell-surface osteobl ast derived GAG m xture, e.g. obtained by the
separation of a GAG fraction that is attached to cultured osteobl ast cells.
10 The cell-surface osteoblast derived GAG m xture may have only a single

peak in Sephagdiife Sdtedtibst b8 XAd Sixtie Fial YWoaUCE HIRRRINAE baRbasts by The
cel |l -surface osteobl ast derive dose dependent

red GAG m Xt ure nay eoxhl bi t
bi ndi ng t o~ABRaRKENe ohghsast H% 0% SPéotP4sP0% e 6V RNGAB R Qour@MPALS | nhi bi t
RANKL indumgina@dﬁe@@f @ééocfd@fs@tfi-?]h’ytre%ﬂﬁmﬂh roﬁRNV\IZPf.?QSIIﬁ?M a6b calkd wigd GAG
m xt ur.e ma ' to oppose the inhihitory effect of RANKL on ERK
activity. %@F@E‘i%@?%%8@?%@@”598‘%@@#\7@%“&6 m xture may
dose-dependently increase proliferation of osteoblasts, e.g. ininvitro
culture. Faqr | e, .25 derived G m xture may
enhance oslgesgﬁ?lé%s Og?moﬁmli%qg?g%tlggd?{%ti%%}i\%%ﬁ'g?hgéurgtmﬁyebées% Ceﬁ'Asi'rf?%q d, nore
pr ef er abl yostenblasf defivedd &€t miktute, elg. ®ptained by the2sepafatibal of & GAPHraztion that is
proliferatipRnddhol 3686828 keiishe GAG mi xture. The cell surface
ost eobl ast %igr%vgcfh&%@m&xt u?ecﬁeic'y reduce induction of osteoclasts by
30RANRL by one of at least 10% 20% 30% 40% and up to 45% conpared with

i nducti on e @hisaRsdeasstcoblREt derllay GhAaRkiRaPha 4sifgle@eheini N iNn vitro
culture with 10ng/nil RANKL in_ the absence of an added G%G m Xture. The

ost eobl ast STERIAE ¢ LORSHE-SYUSIAD QUMD SPUSEAPY: nvent i on preferably contain
a 35m xture of at least two of a heparan sulfate, a chondroitin sulfate, a
dermatan syl fate. .a keratin, sulf and a hyal yraonic acid. The m Xt ures
. cont ai [T U Brebled ey ed bR FR B¥ el e Bepdroepfiodigie apar an
sul f d6e anANKL only one chondroitin sulfate and/or only one dermatan

sul fate and/or only one keratin sulfate and/or only one hyal uronic acid)

but may alternatively contain nore than one type of one of these sugar
Wherein the osteoblast derived GAG mixture may inhibit RANKL induced osteoclast

formation.

20 Wherein the osteoblast derived GAG mixture may function to oppose the inhibitory effect
of RANKL on ERK activity. '

The cell surface osteoblast derived GAG mixture may dose-dependently increase
proliferation of osteoblasts, e.g. in in vitro culture. For example, the soluble osteoblast

25 derived GAG mixture may enhance osteoblast proliferation, in vitro, by at least 1.2 fold,
more preferably one of at least 1.4, 1.6, 1.8 or 2.0 fold, compared to proliferation in the
absence of the GAG mixture.

The cell surface osteoblast derived GAG mixture may reduce induction of osteoclaéfs_ by
30 - RANKL by one of at least 10%, 20%, 30%, 40%, and up to 45%, compared with indu¢tion

of osteoclasts by 5-day treatment of RAW264.7 cells in in vitro culture with 10ng/mi

RANKL in the absence of an added GAG mixture. ‘ '

The osteoblast derived GAG mixtures of the present invention preferably contain a
35 mixture of at least two of a heparan sulfate, a chondroitin sulfate, a dermatan sulfate, a

keratin sulfate and a hyaluronic acid. The GAG mixtures may contain only one of each of



species (e.g. nore than one type of heparan sulfate and/or nore than one
type of 5chondroitin sulfate and/or nore than one type of dermatan sul fate
and/ or nowe 2ham4se type of keratin sulfate and/ or norectrsanoomeosype of
hyal uroni ¢ acid) and nmay al so contain other sugar or glycan species.
Preferably, the GAG m xtures do not corftain heparin (beyond trace anounts).
10l n further aspects of the present invention the glycosam nglycan m xtures
are provided for use in the inhibition of osteoclastogenesis, and/or the
enhancemnerthessf sugabsheries & 9. anlyoTnedspai@b saiéate andierdyni onerphondrettin selfete or

prevent i oNafifiorBANSNE LBfmatsPs atelMRkor SRl Bhé REAliA Qifate and/or onlyRRECT di ngly, in
one aspect a gl ycosam noglycan m xture obtained from nmamali an

150st eobl ¥R agiddut ’ﬁ‘a¥ ﬁ'@’?ﬂﬁ?'bﬁlcﬂ‘t@ﬁ ere fanane (tpstad §ee ekthess svaar mammal

i's prgw deﬁ)ecnbél @@Qﬁd’#@[haﬁ%ﬁ@@pe@fﬁéb’é?%é\!ﬂafé()é}ld%ﬁ%réﬁ%hléh@tyﬂbbtoa' ned from
manmalLl an

| as use mthetretrrent reventjon of bone
fracttre o °B€rﬁ '"a&'%ai? F%G[/%&'P‘Hﬁ than ope [defraatap 6‘0{ lfeﬂ%/%@‘qr‘?\théﬁ(?f‘ﬁer
aspect a gyp@aserétin@grateam/mmmmnleam&teaywh&alormmwmbnmmawsrse@brhtaﬁts for
use i n enhgpcing_pr |fer t t b tsm rovided. In
anot her asogg%rtsug%reorgg &Y ?p%c'eg Iqilrgosooi\‘ eg‘# aTHXterﬁt g Wg%aén ﬁ%‘%”?r om

manmal i an (2&pwddrabé asbents)n the manuf acture of a nedi canent for the
inhibition of osteoclastogenesis in a manmal is provided. I n anot her
aspect the use of a gl ycosam nogl ycan m xture obtained from manmal i an
ost edBl ast!8 furthef pzpegigvh thedreseat iprentionthsi dlvpepaininglpean: misturgsee penided frd/ or

prevent i ons@fin mmt.ddafagt@baaaégéh@ae éiﬁm'meoerr%h%énﬂoﬁpmbn bf
provi ded. |In anot her ect the use o ycosam nogl ycan m xt ure obt ai ned

f r om manmmedstesRiasts %'25’6‘?' ge?t’ﬁ'ef'tﬁ’é pFFé(ﬁG‘POQc‘gBP'@ fractye PR BPNeAARTIOr3t8P- enhanci ng
proliferati on of osteoblasts in a marrmal is provided. 7 In another aspect
a met hod o Lo iti ng ostm?ocl asto Si s d’ﬁm%tf i n needlof such
Fr oat mont A5soRiRglt IR BRe ABNRE AN =C g AR e pgaaian
gl ycdsam m@qbtaats fori usk i e dridt kit amead oéueomsmgamaklsm oatmeadsgsdvidedo t he
manmal . 5l n anot her aspect a nethod of treating and/or preventing bone
fracture or bone deterioration in a manmal in need of such treatnent is
provi ded, |plaeother aspect@iynobamingdlveam miktyteeotitaipedfragh ywoveation ostegtelasts for xt ur e
obt ai ned f 5@ fiﬁ%m@aﬂm&maafﬁsm&lmwomn& hsctmmbne a&bmra%t.ns ams\ct a
met hod of enhancing proliferation of osteoblasts in In need

is provided.

20
In another aspect a glycosaminoglycan mixture obtained from mammalian osteoblasts for

use in enhancing proliferation of osteoblasts in a mammal is provided.

In another aspect the use of a glycosaminoglycan mixture obtained from mammalian
25 osteoblasts in the manufacture of a medicament for the inhibition of osteoclastogenesis in

a mammal is provided.

In another aspect the use of a glycosaminoglycan mixture obtained from mammalian
osteoblasts in the manufacture of a medicament for the treatment and/or prevention of

30 bone fracture or bone deterioration in a mammal is provided.

In another aspect the use of a glycosaminoglycan mixture obtained from mammalién :
osteoblasts in the manufacture of a medicament for enhancing proliferation of oste'oblasts
in a mammal is provided.
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of such treatnent is provided, the nmethod conprising adm nistering a

gl ycosam nogl ycan m xture obtai ned from nmammal i an ost eobl asts to the
mammal . wo 2011077458 net hods and uses may conpri se adm nipetr8G20W/0bHS6

gl ycosam nogl ycan m xture(s) to 15bone tissue of the mammal or to tissue
surroundi ng bone tissue of the manmmal . 1 n anot her aspect a nethod of

i nhi biting osteocl astogenesis is provided, the nmethod conprising

adm ni stering a glycosam noglycan m xture obtained from nmanmal i an

ost eobl ast & anothesaspect amethod okinkibiingesteqclastigeoedininta pamoalisoeet e dush and/ or
ost eobl ast - I 1 o] gF I ¢ B VA : .

per f or med Er%@@%@?%ﬁ%ﬂﬁgﬁﬁéurfrgﬂ(gﬂgg{arfmé& nadannnr(‘)l%lthﬁr(r;ij %g'gg%t% y?) £ %'Xg'ﬁe
enhanci ng $taiped EeraMmanrnalien gsteelipstatoithe mammadyi ded, the nmet hod conpri sing
adm ni stering a gl ycosam noglycan m xture obtained from manmal i an

osteohl asts to osteobl asts and/ or osteobl ast precursor cells in vitro or in
vi vo. °The RENABET 2Pl 2 BEthpd Pt tEatingandionareventiohbeng fiagheRiokanes. I1n a
further asqaeioratfontihe n2hfse i nde\ve BlidhQreatingHt & (rBkEuY, tHeatheth@BRSHrlsingn OF

medi canent _j s _praovi de t he ar maceuti cal osi tion or i cament

conpri si ngadén'ﬁ'gvg%ﬁﬁg ﬁ%?ﬁﬂ'/kdgp(cﬁ‘? Q‘Pﬁf’% °§t5@8§%gﬁ‘d"?'8mﬁ%9 %F?g’%gﬁtstt?lg‘eas pect s

of the presemtmal.nventi on 30descri bed above. The pharmaceutical conposition

or nedi canment nmay be provided for use in the inhibition of

ost eocl ast ogenesis in mammual, and/or in the treatnment and/or prevention of

bone 1Pr actinreeotber dspaet awetbed of enthanging proliferatiomaf ostembtdstsiin & mashal ircheey

proliferatj t: ; | i : i

conpositi oﬁgngﬁr)&?r%@igﬁte{ﬁgﬁk Igé(?fg';/é @Sﬁﬁgi@ssﬁemﬁneg %dsnél; @;&gﬁgﬁg% Hgg&r\sllévHé@%lé& m xture

t oget her vk pRtaiped fipmanasrazliza csteeblasts kg thaasypalbl e carriers, adjuvants

or diluents. 5Description of Preferred Enbodi ments Skeletal integrity is

tightly regul at Ed by the activi ty of osteogbl asts and osteocl asts that are

bot h under etRa 35 s MY CPTRRRE AdmaRistgTina-He Qv CPRAGNITRINGEN Mixkeses) tnr ough

t hei M5i nt esomettissue ofitichmameagene tissugsombindirgdione sissuaAilide, mam@aowt h f act or

critical to osteoclast 10 formation, is produced by osteoblasts and further

nodul ated by certain types of GAGs. Instead of exploring how a single

speci es ofIn@aheaaspattizepethod bEohibiting odtenciastagenesisie praviledt tbel methpdol  of

ost eobl astg - t j f Ll he tissue

m croenvi r?ﬂﬁr{ghws\%ﬂdﬁmﬁer% %c%yggg%@hgqq%%{] gﬂ Jr&grsei dﬁé%la{eé{lf? dgrafg{rplﬁs '?gt ed t hat

t hese GAGsCSaptastsitnestgeelasiv [ogiepblgetni astanetapharesuresy celisnpnd/omstachiashor e, - we

obsenged tgiaéurddrBERh viro DR irf VivoA NineYndtRsin8 b &ptmbd W Vito ocuidiedtdeE

ost eocl ast ogenesi s suppressor; whereas osteobl ast-derived GAG renoved the

inhibitory effect of RANKL on ERK activity. Notably, while inposing an

ant i - ost edalaasthecaspbétechethbd essahheiéngg profferatiomanusedblabe iPpratidéetms i on of

ost eobl astrﬁét T%@#rﬁfr%fne’ trilne torst eoql ast _m croenvi onrrﬁn.t %gears to'. contain

a source of RAECYTIRSING ATy ORaTpply AN misture, gRaineq HPB MAmaligle ant | -
osteoblasts to osteoblasts and/or osteoblast precursor cells in vitro or in vivo. The method

25 may be performed in vitro on cultured cells.

In a further aspect of the present invention a pharmaceutical composition or medicament

is provided, the pharmaceutical composition or medicament comprising a

glycosaminoglycan mixture according to any one of the aspects of the present invention
30 described above. "

The pharmaceutical composition or medicament may be provided for use in the inhﬁibit'ion
of osteoclastogenesis in mammal, and/or in the treatment and/or prevention of bone
fracture or bone deterioration in a mammal, and/or in enhancing proliferation of

35 osteoblasts in a mammal.



200st eocl astogeni ¢ activity of these GAGs may provide a useful therapeutic
tool for the treatnent of osteopenia/ osteoporosis. W extracted GAGs from
the cell wonbame14t osteobl asts as well as those secret edrisceootob@seedi a in
soluble forns. Their binding affinity to RANKL and the effect on RANKL

i nduced 25 osteoclast differentiation s then exam ned. To reduce
potential contam nating effects from endogenous RANKL activity, we used
osteocl astic precursor cells (RAWG64.7) that | ack RANKL or OPG expression
but remai nTheerypomardevtical corenasions asmevidirtends may temprise thmdstgaiiastderived

ost eocl ast @FEMiguRAb&I b drMith o ot Blore Yasuda
et al., 19(8 |%J ?‘é’f ; cllem)nsot rg{ eésha'?lhaceu gaﬁ &% at ecfwerr%nql%gjgfgeobl asts
have af fi rAr@jugnis. SORANKL and significantly inhibit RANKL-induced

ost eocl ast ogenesi s by nodul ati ng ERK activity. These findings suggest that
osteo?l asts produce, extracell ul ar nmacronol ecules to fine-tune osteocl ast
t

activpPty. é'BU%’I‘ of Reeferred EMbodiments i ¢ activity of these osteobl ast-

derived GAGs supports their further devel oprrent as substances for treating
b di t h b t ed NKL t 9 Th
o yoosanm IR dedhings GpaB bedlea B Peanib o ouretine B onaniosbtnae or |
gl ycosam nmgji yrmmhefoontrmlrméextraeallulmrglycosfandmcm&aas(GﬁGsbctmeughassnr

Bi sph h t t

| SPNOS PRl RorAlh ABRE R oA Tl PERARIE, 8 SRS fackl HEGATS L RBLAAY Ve

t he | oss one nass €opor osi s an
di sedfes. fermajigh.daiplogudesiy astepblasts@and fuither meduﬂeteeby centain typekefil3AGH bal ance

(horreostas|h§éad3&eszﬁnbﬁﬁqb:ws%msk%%e.é@of c&ngﬁé&%ﬁgs«éua@%f&m%o@e@&' ng bone.

Bi sphosphonates in rgestion of bone by osteoclasts. Osteoclasts
al so have 8#8? arpokalprigoriastdativaddras It e belieyd marefuerapeasents the process

cal I ed celtlsssa/inrddavitchpmnt Q&H\lﬁ)NhchbSﬂébé@éw%ﬂfee%d]&#ﬁtﬁ@ﬁété&l%a@ﬁfe%c| asts to
undergo ap at, 1ike Bisphosphonate,

ave found a soyrg
inhibits o@&)ééﬁ)glf’%tpe(?é\?g?'ﬁﬁﬂmc aqyjpy ‘?L% Waﬁ'ﬂ@rmﬂ'ﬁe‘ge ABIeryaSHne; ¢
ost edbl astRANKLhsignifidzatly egutdd ERK actyvity \equltatie beteatlasiegpesid Beppicsssr; of

ost ot & JURaER dxRsb 08 BRI RN IR gy RANG R SRR or
wi t hout hyﬁMabisal\Ad‘dem@)smgmmlatntlmseonlyﬁlcaffact wesm@ASBsmspanpancaﬂmw oi di sm

OSt eogenesy itk dreclanaad ﬁkbe%zrscmg%@bagé hiBbniBRRESpBORg ] ragt I 1 ty.

OCst eobl ast derived GAG m xtures resent invention
gl ycosan rfegiancaseuireef A fayping tﬁé@"?%ﬁ?@l”'tbbftbﬂnﬁdm@oﬁfdﬁ?@Q’t'-eobl ast s,

and perti mke@eiaytogéh.é BAividp & tRdseSeitds Mgy BRRIdE SLusERN indRfpe RGO AMfXltHE €S T 0
i nhibit ost eP ?S{o enes g?ﬁéand/ or enhance proliferation of osteobl asts,

and/ or tr 5Py e4ROWSSur e or bone deterioration. The osteobl ast
derived GAG m xtures nmay 25be provided in isolated or substantially

purified f\f% Bktracted GAGs from the cell surface of osteoblasts as well as those secreted into the

media in soluble forms. Their binding affinity to RANKL and the effect on RANKL induced

25 osteoclast differentiation was then examined. To reduce potential contaminating effects
from endogenous RANKL activity, we used osteoclastic precursor cells (RAW264.7) that
lack RANKL or OPG expression but remain responsive to exogenous RANKL stimulation
and possess osteoclastogenic potential [Fuller et al., 1998; Hsu et al., 1999; Yasuda et
al., 1998]. Our study demonstrates that GAGs isolated from osteoblasts have affinity for -

30 RANKL and significantly inhibit RANKL-induced osteoclastogenesis by modulatingiERK ‘
activity. These findings suggest that osteoblasts produce extracellular macromolecules to
fine-tune osteoclast activity. Moreover the anti-osteoclastic activity of these osteob(éSt- |
derived GAGs supports their further development as substances for treating bone |
disorders with aberrantly elevated RANKL / osteoclast activity. |
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A substantially purified formof an osteobl ast derived GAG m xture may
conprise a conposition in which at | east 80% of the gl ycosam nogl ycan
conponentwoeoTpisssed of an osteobl ast derived gl ycosawrcmsghyoanosss xt ure
according to the present invention. 30More preferably, this will be one of
at least 85% 90% 95% 96% 97% 98% 9D9% or 100% The ost eobl ast
derived GAG m xture may be provided in substantially isolated formor as
part of a conposition conprising other conponents, e.g. a pharnaceutically
accept abl eTBguynopareinoglvjanveiruresrof tel present invertiom heovidstasobtcasf derived GAG
m xtures agufcoegrﬁai@@?&lnx f&mea«srés%e&tro@a?sgygmk bére 1984 %?ré':’h@%%nat‘gg%

preferably Trom os lasts froma human or non- human e.

rabbit, guypiedlypysed thabare afass of @ﬁl%tﬂ%ﬁrevwmwﬁ ¥ OPORIMIES 2AY Ay in the
or der Rodetett,iea‘)ost&,@bmsg%d sihidr diséaep, goat, cattle (including covvs e.g.
dairy_cows, or any 5animal in the order Bos), horse (including any ani mal
in tha order Equi dae), donkey, and non-human prinate). The osteobl asts may
be pri3 Imar yTyphioldnaias aaﬁdstmyurhmemnatuakmdw thaharicB (Wdrido8taer) by cul t ure The
ost eo ast

be cul tu confl n con Iuent cel l
cul ture. @laégbﬁr%aé'f‘g 5278 ?fgraos%&égﬁﬁsé '8&}959'&?'}? HDLHE of three
ways: 1. Sbgﬂstuam ofdrone by bhteodB#e®s . [Qstariclasts a‘lsrodrave ubmstmmumoMeaammnMattm t he
ost eobl ast I
xturen QesoPnBsbS) 4ok isBafied SAlSHBE RRRR BidondgiolRs (0
cul t dPed cgtcewag%lgfetewsk%towwgp @gontesist 5iVe mﬁvrafduodea lsowoe bfa@éGdsatelﬂﬂbl ast
derived GAfy oébwnﬁte inRibitsHES sk Qé\/eﬂ'fpn{eh? bﬁf‘lﬁfp@ﬁﬂtl&/%&% ndBihhibX GAG

fraction from cul tured osteaobl ast cel forman "extracel lular matrix
ost eobl astOostROPlagEqthEpBerpsttis @"F’.fo"@dssb?'ﬁﬁf @aﬁ%t eobl ast derived GAG ni xture
may be obtai ned by renoving culture nedia 20f rom cul tured osteoblast cells,
then renov. cel t her from d| a and, subjecting the

renai ni ng J@&%s@%ﬂ{%{? Oﬁ’a‘qlnﬁtﬁﬁﬂ !bﬁﬂ ?Q? RIRY 0%93 '@eﬁtiﬂf(?ﬁtﬁ{’%?%ﬁ)hy (e.g. on
a CapboQ Ssmisareﬁsmaos)("aageteqlsehsdmmbed),|h@n561@hésFéBS (with br @fdutM NaCl

(1 owsalt }Py sed from

pr ot eogl yc@ﬁgc?%g%wa) "?G&%fe %H‘%Jié’ 3%& WFp%a%dPr@&? s Oggo eﬂe%'?eat ment with
neur ani ni dexperfgata anfU)thtffcﬂOndlltl¢ﬂ525$td¢atwmn©§raglUvt her di gestl on with 10 ng/ m
Pronase (in 500 mM Tris-acetate, 50 mM cal cium acetate, pH 8.0) and 5

vol unes of 100 mM Tris-acetate (pH 8.0) at 37 Cfor 24 h) optionally

fol | owed Hysteehlashderived SAGIPAUKESf t he rel eased gl ycosam nogl ycans (e.g. by
di lugoon 1:10 with Iovv- salt buffer, and chromatographic separati on e.g. by
bassing t @%%gblml >)etiggg%gysc%sacrmrlgg cangn %Bhe% o%talnem}ro‘n or obtglnable

el ution of
from osteoblasts, and particularly to the use of such osteoblast derived GAG mixtures to

inhibit osteoclastogenesis, and/or enhance proliferation of osteoblasts, and/or treat or
prevent bone fracture or bone deterioration. The osteoblast derived GAG mixtures may

25 be provided in isolated or substantially purified form.

A substantially purified form of an osteoblast derived GAG mixture may comprise a
composition in which at least 80% of the glycosaminoglycan component is comprised of
an osteoblast derived glycosaminoglycan mixture according to the present invention.

30 More preferably, this will be one of at least 85%, 90%, 95%, 96%, 97%, 98%, 99% or
100%.

The osteoblast derived GAG mixture may be provided in substantially isolated form or as
part of a composition comprising other components, e.g. a pharmaceutically acceptable

35 carrier adjuvant or diluent.



30- as described above). A cell surface osteoblast derived GAG m xture may
be obtained by formng a cell solution of cultured osteoblasts, |ysing the
cell s, cokbestiinmsshe | ysate and extracti ng the GAG fr aerirse2by/0a6usen
exchange chromat ography (e.g. on a Capt oQ Sepaharose col um 35equi li brat ed
in 50mMM PBS with 250 mM NaCl (Il owsalt1@duffer)). 4 ycosam nogl ycans may
optionally be released from proteoglycans in the eluate by enzymatic
treatment (e.g. by 11 treatnent with neuram nidase (0.1 U for 4 h

f ol | owed bihefastadblast diryed GAGMiKiurds are prefgrably Pblainad &ro marsmeliamvi
Tris-acet ' VPR 1\
Tri s-acet Zésgeo(b%%fsgm 8@% fe§H7”G I Ct o?étgﬁblﬁé ﬁ%@%aorﬁgﬁ Iny rggwggv\g]g%nf%ar't her
separ at i on(edF rabRib. quineaPis PtgNoYse<u Riheb EdpRiHiNsIudiag @ny BYIM@ Indle @dert: 10 with

| owsal t  brddentia), @é??do@?Bib%ﬁébﬁ,@b’o@Q'&btﬂe%ﬁ@@di LW, 8.g9daiRYcoR8SstaRg through a
Capt 0Q Sephar ose chr(?mat ogralp y col um (50 % and el ut'i on of

gl ycoSani riSynsldnhe ordefSosh beisejagludipgary) aninaldn theiasdns|Eqyidagle AoRkey a8G

m Xt ur es odonttiengpreidedtd). i nvention can be characterized with 10reference to
their structural properties. For exanple, a soluble osteoblast derived GAG
m xture may have two peaks in Sepharose CL-6B size-exclusion colum

chr omat ogr Helosteohlasts reaycts prinsary bsteeblasts aratxihag be chamtaimed iGAG/itno sdlilauiturbavi ng

only asi nglee, il ALy 851RARLER Sl dokckrPAGHAR hiHiGER o8 e Present

i nvention can als acterized w ef erence err functional
propdPties. For exanple, the soluble and/or cell surface osteoblast derived

GAG i X1 U1 Ofodfi GORRUCI RO 3EPRRLELYaRR if O fligllayy. exhi bI 1, dose
dependent binding to RANKL (10 to 20150 ng/m ) when 5pg of the GAG m xture
i s pre-bound't cceRARIAYPHEE F & fEactipn fiem eyltyre mMRaRKD Whish thrsosteqbiasts afaid/ or
speci fi c and/ orcukGe® e fokrh ¥esolUbiEoiediHat BerRE/GNG mBkdresur f ace ost eobl ast
derived GAG i xt ures may, al referably separatel y and jndividually)
"nhibit RANKE |Jedamben 8@‘{‘%6521?%1'& C"P%?%FF%M trsd o5iebyastselis culiiedde  on’ of
5pg/ M), as nedsur @ttebguifatewisteoblast defiegde@AGabiktiare’ of RAWR64.7 cells into
3. Separation of the extracellular matrix GAG fraction from cultured osteoblast cells

to form an “extracellular matrix osteoblast derived GAG mixture”.

A soluble osteoblast derived GAG mixture may be obtained by removing culture media
20 from cultured osteoblast cells, then removing cell and other debris from the media and
subjecting the remaining GAG containing fraction to anion exchange chromatography
(e.g. on a CaptoQ-Sepaharose column equilibrated in 50mM PBS with 250 mM NaCl
(low-salt buffer)). Glycosaminoglycans may optionally be released from proteoglyééns in
the eluate by enzymatic treatment (e.g. by treatment with neuraminidase (0.1 U) for 4 h
25 followed by further digestion with 10 mg/ml Pronase (in 500 mM Tris—acetate, 50 mM
calcium acetate, pH 8.0) and 5 volumes of 100 mM Tris—acetate (pH 8.0) at 37 °C for 24
h) optionally followed by further separation of the released glycosaminoglycans (e.g. by
dilution 1:10 with low-salt buffer, and chromatographic separation e.g. by passing through
a CaptoQ-Sepharose chromatography column (50 ml) and elution of glycosaminoglycans
30 — as described above).

A cell surface osteoblast derived GAG mixture may be obtained by forming a cell sbluiion
of cultured osteoblasts, lysing the cells, collecting the lysate and extracting the GAG‘
fraction by anion exchange chromatography (e.g. on a CaptoQ-Sepaharose column 1

35 equilibrated in 50mM PBS with 250 mM NaCl (low-salt buffer)). Glycosaminoglycans may

optionally be released from proteoglycans in the eluate by enzymatic treatment (e.g. by



TRAP- posi tive mul tinucl eated osteocl asts. The sol ubl e osteobl ast derived
GAG m xtures may reduce induction of osteoclasts by RANKL by up to 70% and
pr ef er ablwohyiiai7idseast one of 10% 20% 30% 40% 50% owrc33636t/00@Epar ed
wi th induction of osteoclasts by 5-day treatnent of RAW264.7 cells with
10ng/ ml RANKL in the absence of an adddd GAG m xture. The cell surface

ost eobl ast derived GAG m xtures may reduce induction of osteoclasts by
RANKL by up to 45% and preferably by at | east one of 10% 20% 30% 40%
50% or 356eatmedtiyitimedraminidese{8d )ifort bfollowedyciudkerglideptia withy1G mgl nent  of

RAVR64. 7 celohgselid fﬂ)ojim%gﬂamlm'nw thI@luﬁﬂbﬁz@fag@ o Ve@%n@%ﬂm@%@f Fhet ure.

12 The sol ubl e and/ or face osteobl ast G m xtures may al so

( pr ef er abl PMsE[sarcatae Wﬁ%&) ?tr?tfl Gifarad mpptionaly iallowertby furhesisepartiat ¢fect  of
RANKL on ER&ra@ésJewgtyzosa%Tﬁ@l;&aw(@Ige b@amjti@h 1C1©|vhth3éW-fs§|f36uffé$ta%9b| ast derived

xtur era i ndi vi dual I'y)
dose epenﬁgﬂpnatégrlaﬂlgpgé‘%éatwp&qp}é,p quﬁ@pg EtCQBWIQaé?%ha'Q?e . ininvitro
cul ture. Fororeatagnabky cowhru{Soanipat eutionedf hlysosahaesglyestscobs aédcnﬂw ived GAG
m xtures e CU (and separately) are preferably able to enhance osteobl ast
prollferatlon invitro, by at least 1.2 fold, nore preferably one of at
least 1.4, 1.6, 1.8 or 2.0 fold, 1l0Oconpared to proliferation in the absence

f the GA |
o L1 G ot BRSSPI BB B BB,
consi8t of fefff%ﬂﬂeéf’ B‘ﬁlﬁts paturg) RrapestiRs. dror ﬁt)ﬁf@p'%,ml@m ¢S}e<¥§>ﬂ&tsa@¢wad GAG

gl yoosam naglue aay beotRakdth SeondiBeseL BBxERTABLARALYIGAR Chains are | ong,
i near car boh dratefwﬁ nmers th a{) are neg atlvgéx charg under

physi ol ogi CEPM2ieHaPR a gl surfase pplgoRast derias %fm@ufleffawganu AR ¢ aci d
groups. Prgdakogl ycans are a maj or conponent of the animal extracellul ar
matri x. Therein, proteoglycans form|large conpl exes, both to 200t her

prot eogl ycans and also to fibrous matrix proteins (such as collagen). They
are dbso i Theodstenthlashddiivedi GAG oaturesns tiespresent ivertidn wan alsoba sharaoteazed

cal cium a\plg1 VLTS tgmgha]n%g?r{?«?g%hgﬁgsthe novenent of nol ecul es through the

matri x. Evidence a an affect the activity and stability of
proteins and signaling nolecules within the matrix. Individual functions of

pr ot eogl y ceiex&mple ARe 8iLBIE BHEBAdIQuRhdWatedbliet UL S ERGTRAKRIRGY mbyne
(preferably separately and individually) exhibit dose dependent binding to RANKL (10 to
20 150 ng/ml) when 5ug of the GAG mixture is pre-bound to a binding plate. Binding to
RANKL may be direct and/or specific and/or competitive.

The soluble and/or cell surface osteoblast derived GAG mixtures may also (preferably
separately and individually) inhibit RANKL induced osteoclast formation (e.g. at a

25 concentration of S5ug/ml), as measured by in vitro differentiation of RAW264.7 cells into
TRAP-positive multinucleated osteoclasts.

The soluble osteoblast derived GAG mixtures may reduce induction of osteoclasts by
RANKL by up to 70%, and preferably by at least one of 10%, 20%, 30%, 40%, 50% or

30 60%, compared with induction of osteoclasts by 5-day treatment of RAW264.7 cells with
10ng/ml RANKL in the absence of an added GAG mixture.

The cell surface osteoblast derived GAG mixtures may reduce induction of osteoclasts by
RANKL by up to 45%, and preferably by at least one of 10%, 20%, 30%, 40%, 50% or

35 60%, compared with induction of osteoclasts by 5-day treatment of RAW264.7 cells with
10ng/ml RANKL in the absence of an added GAG mixture.



25attached GAG chain. Gowth factors binding to proteoglycans of the
extracellular matri x have been shown to regulate both differentiation and
proliferayoanafi4saman stemcells in vitro and in vivo. pEhgss0@roovtsh
factors signal through interaction with specific plasma nenbrane receptor
30ki nases, an interaction that may i nvdkve proteogl ycan bi ndi ng. However,
exi sting nethods of using growh factors, such as FG-, have the drawback
that while stinmulating stemcell proliferation, the growmh factor addition
| eads to a significant loss of nultipotentiality of the stemcells. In

contrast a LS . ) ati | hi eved
accordi ng j:‘lgsmﬂn%ﬂ/]%%w(s)mﬁ#ﬁg?t%?@éég%gn\fl{]d\%% ?fgﬁwieg%zfgc%ggﬁggﬁfeé%ﬁ%y t he
pr eser vat i tRPatelgandhiadividuallyperrose thel inhibitasy effertofRANKicen EBK acthaty.

Prot eogl ycans can be used in accordance with the present invention, even

t hough thef may in sone Ereferred enbodi nents not be as conveniently used
as the cor 'é’si?éfﬁﬁ g/ Icet Butace RelgPYas Ferivaside AR suixtungs may @dsedpielrsathai ns have

been f oundsdpardtgly aasingividliglyhaskdl @pehdedily fdrlak& proffechtioR bEostd s, e GOMHE
soluble and |l ess prone to |nterf§ir|n 51 nteraction r. ex% le with the

f
ext racel | ulAIOftviey Forexamae, salu ?ﬁﬂglﬁfﬁféosé’ﬁﬂ?%‘t?&?@’@éh ey ChS%ve an

i ncreased mixased éacht(yndosmparately) @ags prafetabipatie tb drhahdtcosiradlasbgofe@tion, in’

3 vcosanm n erein e te "al v i can' and ' GAG

are used iﬁ}[réfbg%glr%%:% t/ﬁogﬂg peaérg*eﬂan%}e?nset %88%??} r%ﬂéﬁﬁ%%{}‘n?ﬁ&oﬁar ge

col | d8t i oncanfpanesl tepidléesativmripthesibagncarf tei GRS aixttrar i de, wherein one or nore

of those conjoi ned sacchari des possess an am no substituent, or a

derivative_thereof. Exanples of GAGs are chondroitin sulfate, keratan

sul fate, haeigoalcanser nat an sul fate, hyal uronate and heparan sulfate. 15 GAG

m xtures of the present invention are expected to contain a m xture of at

| east two |9f a Pe aran suylfate, a chondroitin sulfate, a dermatan sulfate,

a keratin ‘TQieeaVe r&rﬂ?”%'aﬁ&?lp[ﬁSSWia(:SP&E'?bC.'aSFWéQ@@’?f?%?U}aéérerP&?V'b’ont ain nore

than 16ne tylpmsgibtednEheyicondistaea sorgaiotsin@bth@se anshofeyovalefty sbhed N ot her
contain

epar i 1 (BGRAABIEETIRA T eIt alTorsP B e AN P r AT BABTME o0 ext ends
t o enconpagsbahiydiste patiresrs thes ateinegatively dBA@ed anderghyasiogidal cendiinps edueftoa GAG
O, 9L 5 AL o PO UL KO SBEERL 2
of the animal extracellular matrix. Therein, proteoglycans form large complexes, both to
20 other proteoglycans and also to fibrous matrix proteins (such as collagen). They are aiso
involved in binding cations (such as sodium, potassium and calcium) and water, and also
regulate the movement of molecules through the matrix. Evidence also shows they.can
affect the activity and stability‘of proteins and signaling molecules within the matrix:.: ‘
Individual functions of proteoglycans can be attributed to either the protein core or the

25 attached GAG chain.

Growth factors binding to proteoglycans of the extracellular matrix have been shown to
regulate both differentiation and proliferation of human stem cells in vitro and in vivo.
These growth factors signal through interaction with specific plasma membrane receptor
30 kinases, an interaction that may involve proteoglycan binding. However, existing methods
of using growth factors, such as FGF, have the drawback that while stimulating stem cell
proliferation, the growth factor addition leads to a significant loss of multipotentiality Of, the
stem cells. In contrast and surprisingly, the observed proliferation increase achieved
according to the methods of the present invention is accompanied by the preservat.io‘n of

35 the multipotentiality of the stem cells.



In the present invention, it is understood that there are a | arge nunber of
sources of GAG conpounds including natural, synthetic or sem -synthetic. A
preferredwoanridgi4sB GAGs is biological tissue, particul CTSGestvdobiIsa st
cell(s), e.g. manmmal i an osteobl ast cells e.g. 30human or non-hunan (e.g.
rabbit, guinea pig, rat, nouse or other3rodent (including any animal in the
order Rodenti a) cat, dog, pig, sheep, goat, cattle (including cows, e.g.
dairy cows any animal in the order Bos), horse (including any aninmal in
the order 'Ef@tﬁoebteens @B hR&yed BrREcHdanceidinhe Pierent dyventiamayandhougbiteabl ast

cel I's. 35GAGHinSRher&Brr&LemBidinBRE nbi RMsSooRl LG uSQHESRE cor'réhpBHd §g respect,
GAGs may be obtained fromthe ﬁgnt hetic el aboration of commercia

avai | abl e FYCOSEMNGINEANS Fegrpuss RE sacchariqashaing baye beef farndindrisasier t1°o¥m

t hr ou?h t eledndieq e Sman@vamd n@dreeaaréemm?mblet@mdq@@ ;ﬁkmé tloeﬁietférmbhe art. An
exanmple o ucosami ne.
Aot her pr BEATed B3 EPERTs e facdble mebd) Fiaige: Meiteaamindbiitane
respect, sway hatel an indredsed didaotivity beamitaiguaraktompared tatye pedterglyebns. whi ch
possesses nmuch of the 5conplexity of the desired material, is elaborated
synt hetical ly using techni ques known, or conceivable, to one skilled in the
art. ExanpBleosafminglychnsy natural starting material are chitin and dextran,
and exanpl es of the types of synthetic steps that may el aborate that
starting nmaterial, into a GAG mxture suitable for use in the gresent

i nverdPi on, Anpseddieieie thaoeEmhglyeesaminaglycay irad (GASH asm Bsesuintetshpraeablk@oe her

exanpl e ofaraua@érsmsatura@rtd:théwg@cduect;ba%@@ae@me& Bémgiesiig #d structure
conpri ses %ngg% thetl c interconversion of related GAGs to obtai n GAGs
able f
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nLANLY O VSR, AR Wil RIMESHIARTE A0Te805n Saeseq of heparan

sul fate cos nmnoglycan SI hed to a protein
backﬂéne The core protein exists in three major forns: a secreted form

known as %Ag%ﬂnres%f frar s%ﬂﬁh in E%oix,ﬁg%{g& gsar@ta@m%}@ oK BYQUML¢

gl ypi can, a transnmenbrane orm ecan are u qU| t ous
20const i t vRRERATYY suifatend chendraiti sulfaigy 2 d@fébat%ﬂfdl'fﬁ\?s@ kergtin sifetd anda natri ces.

There are Wamecsm@é&a ETHESG A0 GhixtBfes HeH g‘d&ntaﬂmbr@@h&ﬂa’r{e%& SHJAeF sor protein,
in which atg chain may be attached to | ess conmonl %}/Wlound cores, " Heparan

Sul phat e" e?—?e%@?h’ﬁ’egﬁﬂaa may glso-cpptain qtherisugarios plycansspecikselembiythene Gol gi
25appar at usSA@snipate sacoheontdhe Beoin $hediohd gacef arheumtdm r epeat s of D- gl ucuronic
acid (A cA) and N-acetyl-D glucosanmi ne (G cNAc). The nascent

pol ysacchari des may be subsequently nodified in a series of steps:

N- deacet y| A¢ used/hgredn [tHeateimo G ASS' aSocditemds Cberepinpassi thadel moleaflesGhat/Aaré o | dur oni ¢

acid (| dOA@AGQoﬁJH&;QQ@tAn Ng?-‘)le% a®¥ad a6, i ng%F@lagqu@e%%¥ Io§%ﬂt§&l&a@ﬂ?%&\606 of

N- sul phogl ucosam he nd occasi on at
proteoglycan) whereln a peptidic component is covalently bound to an oligosaccharide

25 component.

In the present invention, it is understood that there are a large number of sources of ‘GAG
compounds including natural, synthetic or semi-synthetic. A preferred source of GAGs is
biological tissue, particularly osteoblast cell(s), e.9. mammalian osteoblast cells e.g.

30 human or non-human (e.g. rabbit, guinea pig, rat, mouse or other rodent (including any
animal in the order Rodentia), cat, dog, pig, sheep, goat, cattle (including cows, e.g. dairy
cows, or any animal in the order Bos), horse (including any animal in the order Equidae),

donkey, and non-human primate) mammalian osteoblast cells.

35 GAGs may also be obtained from synthetic sources. In this respect, GAGs may be

obtained from the synthetic elaboration of commercially available starting materials into



30Gd cNS. N-deacetyl ati on/ N-sul phation, 2-0-, 6-0- and 3-0-sul phation of HS
are nedi ated by the specific action of HS N-deacetyl ase/ N-sul fotransferase
( HSNDST) ,wbiSo#/(@1453ul f ot ransf erase (HS2ST), HS 6-0- sul f etraeld@rasss ( HS6ST)
and HS 3-0- sulfotransferase, respectively. At each of the nodification
steps, only a fraction of the potentiall4substrates are nodified, resulting
i n considerabl e sequence diversity. This 35structural conplexity of HS has
made it difficult to determne its sequence and to understand the

rel ations hmprebwm\meaiedﬁesnitraj&rmnb'oagfdtetlunmeiscknown b6 coimpivelln, towinkat e si de
chai ns con t uronic acid
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been consi gaLie G A LRSHE RASS H‘[ﬁép éeﬁ}weﬁﬁ&.. acids (Lindahl et al, 1998, J.
Biol. Chem 273, 249/9; Suga ara an Kltagavva 2000, Curr. Opin. Struct.

Biol. 10, 518). Variation in HS species arises fromthe synthesis of

non- r andonieptraM§Viptatd e €& pe A YREssamirdlysalpar resi dues which are separated
by unsul fated regions of disaccharides containing N- acetylated

gl ucosam ne. The initial conversion of N-acetylglucosamne to N

sul f agl ucolsamrmesm&aire@o@ydanﬁ(lﬁsﬁ(eﬁ) réflesdnea high@idl\ie@ﬁémgﬁaupioﬂcl udi ng

epi neri zat | u uro attern of
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non- nodi fi @dalehwmhécato@chromt@dnatﬁté e prteiresxists mahiee majorians: aesi dues
remain as glogey @Hﬁ‘kﬁowr‘(‘@s%&%ﬁad 3 biParithdlty iR OB Rdith 420! ons,

the G5 epl ner uronate om nat es mts the nu potentlal
di sacchari @@"ﬁi‘r PAthe §3WMP'@ form kpgwoaswndecachiney %@yblﬁwtous he abundance

of eaph. MuwbtitiBis bi rﬁ%h@&ﬁm (%%Uﬁade@ ah8 fhodt SiabSiuRA mdQ RS %eré)sre@weectly
adj acent to them so n the mature chain there are regions of hig

sul fation %’8}%[}5&8'63%99'5‘0%q‘ﬁ§”%'|°d|’U@\F%iﬂrfp‘a‘lt?'%” WBICh @R rihchsin mpy bg 1998) J.
Bi ol . Chenmatta?Red B)lessAdbinchBSBunddbreéh is herein incorporated by reference in
its entirety). 30lt is hypothesized that the highly variabl e heparan

sul fate chains play key roles in the nodul ati on of the action of a large
nunber of ‘Elepamodulphatel (‘Heparadsylfataior S hi initalysptthesiseana ther@sgint at i on of

ar 0Wt2|§ andap%%%‘éé %Jlﬂ%Ewaﬁdééocokggtirﬁeéf Itandgirﬂ'eﬁea‘f@%-bﬁgﬁrggc acid (GlcA)

and N-acetyl-D-glucosamine (GIcNAc). The nascent polysaccharides may be -
subsequently modified in a series of steps: N-deacetylation/N-sulfation of GIcNAc, C5
epimerisation of GIcA to iduronic acid (IdoA), O-sulphation at C2 of IdoA and GIcA, O-
sulphation at C6 of N-sulphoglucosamine (GIcNS) and occasional O-sulphation at C3 of

30 GIcNS. N-deacetylation/N-sulphation, 2-O-, 6-O- and 3-O-sulphation of HS are mediated
by the specific action of HS N-deacetylase/N-sulfotransferase (HSNDST), HS 2-O-
sulfotransferase (HS2ST), HS 6-O-sulfotransferase (HS6ST) and HS 3-O- ‘
sulfotransferase, respectively. At each of the modification steps, only a fraction of the.
potential substrates are modified, resulting in considerable sequence diversity. Thié N

35 structural complexity of HS has made it difficult to determine its sequence and to .

understand the relationship between HS structure and function.



conbi nati on of autocrine, juxtacrine and paracrine feedback | oops, so
controlling intracellular signaling and thereby the differentiation of stem
cells. Fowoemmnpl43 even 35t hough heparan sul fate gl ycogamiscagloypo@se nay be
genetically described (Al berts et al. (1989) Garland Publishing, Inc, New
York & London, pp. 804 and 805), hepardh sulfate 16 glycosam noglycan
species isolated froma single source may differ in biological activity. As
shown in Brickman et al, 1998, d ycobiology 8, 463, two separate pools of
heparan sul fate gl ycosam nogl ycans obtai ned from neuroepithelial cells

coul d SPeChiddia dofRlda/ s Sbhdilor idTidplrrkidind.g smsmi‘ iopn m t ogeni ¢
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sul fation g gkherns at the present time no standard sequencing technique
equi val ent To those available for nucleic acid sequencing is available for
determ ning HS sequence structure. In the absence of sinple nethods for

det er ni ni rmotﬁthei,ejrarnsmﬂatéechlaﬁs%ﬁgu@r@%téwnwmergld% mé@%m&f.&snﬁal tively
identified and structurall Ocharact eri sed léél d workers in the field

by a nunbePabyltimatglyypfluease %E‘& Riglogirakactiiyesamp FVleé"%'P?é been sonsmehiat i on of
di saaehar i slepaasaay 8f sucldiccdoiddyBinada et sle1gusal yeimlsc:hvaLﬁsaMmml@@ubrar wei ght
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eventual degradation of the carbohydrate chain into its individ

di sacchar | PEPENRIBRER &- W‘fé?f”‘lsaﬂi‘&lfm%a’ﬂ'a?rﬁf @ioais. acg’siﬂa@de&wﬂem "i‘ﬁ’ trous
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glucuronate, whereas in the highly sulfated N-sulfated regions, the C-5 epimer iduronate
predominates. This limits the number of potential disaccharide variants possible in any
25 given chain but not the abundance of each. Most modifications occur in the N-sulféted
domains, or directly adjacent to them, so that in the mature chain there are regions of
high sulfation separated by domains of low sulfation (Brickman et al. (1998), J. Biol.
Chem. 273(8), 4350-4359, which is herein incorporated by reference in its entirety).

30 It is hypothesized that the highly variable heparan sulfate chains play key roles in the
modulation of the action of a large number of extracellular ligands, including regulation
and presentation of growth and adhesion factors to the cell, via a complicated
combination of autocrine, juxtacrine and paracrine feedback loops, so controlling
intracellular signaling and thereby the differentiation of stem cells. For example, even.

35 though heparan sulfate glycosaminoglycans may be genetically described (Alberts:et al.
(1989) Garland Publishing, Inc, New York & London, pp. 804 and 805), heparan sulfate



Ba(NO2) 2 separately on ice for 15 mn. After cooling, the Ba(NQ2)2is
conbined with the 17 H2SO4 and vortexed before being centrifuged to renove
t he bari wouiphaiss precipitate. 125 pi of HNO2 was addedrise20660e86p! €s
resuspended in 20 of H20, and vortexed before being incubated for 15 mn at
25C wi th occasional mxing. After incub@tion, 1 M Na2CO3 was added to the
sanple to bring it to pH 6. Next, 100 A of 0.25 MNaBH4 in 0.1 5M NaCH i s
added to the sanple and the m xture heated to 50C for 20 min. The m xture

i s then codglyesdampodiz@napdcias isdiafeddwnys sioglalsowrce may dﬁieirdata?@om@l adivily.i ng t he
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vol unme decreased by freeze %/ FI na I 0-CGel P-2
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sul Iohat e SRIRITRAS thié paitaﬁttdpﬁhda&bn %Uéi;ﬁctlm-ﬁh esnpn dfhrﬁéta&tiﬁgezﬁthl #@garé nase |
15cl eaves ns_al on ea

di s upt 1 orb R e Pk Eefs S RirBen2 Bl e riboli™y 116 b oy WhspESE A i t

t he NA donapakle of etanddtinggyith AGEHeis sbfadnabkeiab ambiyotiheay fivinabyar&tbabottai n | nt o
i ndi vi dual ;pul phated domains. Heparinase |l primarily cleaves in the NA/NS

"“shoul der" donmai ns of HS chai.ns, where varying sulfation patterns are
found® Note: The repeating disaccharide backbone of the heparan polymer is

20a uroni cA@&h@dgem sfuckRe i md}ﬂp@um{va@abu@%m@enﬁs umﬁed”{ﬁgns the

amino sugar is carrying a sul fate on the am no r%rou enab ation of
ot her gr ouffsiatign ieh! S(E'GC'é.'FﬁiS cansideigg t°|ﬂ’ﬁ¥§i‘dﬂ‘@§”? ﬁﬁﬂtW"HWW tgvaidphe s not
sul phat ed Gﬁﬁéﬁ‘erﬁt@&ﬁht@%f 8adhtys AtRemotingrce® yanh 8nd @l@’ctu‘i&%@ﬂ'(ﬁﬁ@é’dtlﬁ%d On in the

NAreion n arinase oth enzyne 253nd |yo rrples
hre b epar B i BARRPRY G banidRiey to Surmonate! Aeget gogs g AiorahF8nd 4w
Cad 25at pdttuétute mByIbebiyarbgtensay asfa seyaenek ef repleatiyidisaseharidé unigyhadvimgadded at 5

T per Lo Bt SR Bs 3 frc oLt nll RELORE 3 LORIORy L e react on

by heating'to etr asacchar i ae e’ el uted by
col um chrteghaiavgreaphiglentVe thosea lavaikble for nucleic a‘ﬁiﬁeseam@utgllagvalldelerfwed GAG

m xtures ofetdrhfniny 1BS SBJuehBY SINIckRE. MtRe SBERCE §%Elétn¢ét%ds%’rtdetermining a
definitive HS sequence structure HS molecules are positively identified and structurally
20 characterised by skilled workers in the field by a number of analytical techniques. These
include one or a combination of disaccharide analysis, tetrasaccharide analysis, HPLC
and molecular weight determination. These analytical techniques are well known to and
used by those of skill in the art. '

25 Two techniques for production of di- and tetra- saccharidés from HS include nitrous acid
digestion and lyase digestion. A description of one way of performing these digestion
techniques is provided below, purely by way of example, such description not limiting the

scope of the present invention.

30 Nitrous acid digestion
Nitrous acid based depolymerisation of heparan sulphate leads to the eventual ,
degradation of the carbohydrate chain into its individual disaccharide components when

taken to completion.

35 For example, nitrous acid may be prepared by chilling 250 ul of 0.5 M H,SO,4 and 0.5M

Ba(NO,), separately on ice for 15 min. After cooling, the Ba(NQ;), is combined with the -



350ptionally in conmbination) provided for use in one or nore of the

I nhibition of 18 osteocl astogenesis, the enhancenent of proliferation of
ost eobl aswe.20amdias the treatnent or prevention of boneptrackommossss bone
deterioration. As such the osteobl ast derived GAG m xtures of the present

i nvention may be provided for use in at#ethod of nedical treatnent.
Treatnment may i nvolve adm nistration of the osteoblast derived GAG m xture,
50r a preparation or conposition conprising such to a patient in need of

t r eat nent . Hi3Qa\asd vpdexedibetose beiny aentduggsiie s¢rgove the DPaduny sulpheté pretipit@ei ved GAG

m xt ures oizém%_fnm_@%_wa; aa&%{ﬁetd@sénﬁaéygggsp%ngé@ahlz@ !)fl%'ﬂf,faﬁg%rteg?%rbe used

I n reducing or inhibiting e processes of ‘osteoclastogenesis an 10bone
r esoprt i onbef@etbenglinasbalgd frsJdanin ot 2516 withaxseasiortahmixingh Afilei inbutetiomddVast s ar e
formed, usyal r t | i n r I I wth
haemat opoig 2iC'Jé%c\)'Jsa{g eagg?é;tsottn%?éer%?gogtging%?g%gﬁeé?iq\#%éﬁt%ér“ gwhozé/s;ﬂrs%g\/\"nﬁ?q éizt t he
sol ublbe ank Na§IH issddédtoaehe sareplb land thedhaikturectie afediGo 1505Q for 88 mén. €T hearoisture

tel I ~educing the. . of .ost eacl ast ogenesi s, .. t her eby
havi ng. an S 80REI By 5 18 GiftBa i Akt 2Gd SurElb Ry BRI B o o
( Cst eobl asTlEgvixtse s)thatOwralisedevithd0d NaQE aldice sdianedédiedset Ivg freezeubl e and

cel || sur fagging kRN Aledet [t SABAI KA. SRR dogaer ot ol ) capabl e

of pronot ol rferation o ast's, S neceSsary for bone

f or mat i on. tetrazagchatides washify(tbe degree el depragiation.shown to shift the bal ance of
bone qgenodel i ng towards bone formation by favoring osteobl astogenesis while
ant agoni zi ng ost eocl ast ogenesis. 25 Bone Fracture and bone deterioration
Accor di ngl §/2s¢ Hi988fie8 aspects the present invention is concerned with the

t her apeut i Bepisifisé MUEBAVeaRUGAChYIRS B dITRFONIAIONinka§Es. OeQRREASHHHRnaLBD GAG
m xtures of the prese 301 nyention (sol ubl e and/ or cell surface osteobl ast
derived GAREZYNES ﬂr Iigr)cp @Iéeﬁchscé?péqydﬁgp\ép?y specific activity gy depolymerising certain
heparan sulphate sequences at particular sulfation recognition sites. Heparinase |
15 cleaves HS chains with NS regions along the HS chain. This leads to disruption of the
sulphated domains. Heparinase |ll depolymerises HS with the NA domains, resulting in
the separation of the carbohydrate chain into individual sulphated domains. Heparinase I
primarily cleaves in the NA/NS “shoulder” domains of HS chains, where varying sulfation
patterns are found. Note: The repeating disaccharide backbone of the heparan polymer is
20 a uronic acid connected to the amino sugar glucosamine. “NS” means the amino sugar is
carrying a sulfate on the amino group enabling sulfation of other groups at C2, C6 and
C3. “NA” indicates that the amino group is not sulphated and remains acetylated.

For example, for depolymerisation in the NA regions using Heparinase Il both enzyme

25 and lyophilised HS samples are prepared in a buffer containing 20 mM Tris-HCL, 0.1
mg/ml BSA and 4 mM CaCl, at pH 7.5. Purely by way of example, Heparinase |l may be
added at 5 mU per 1ug of HS and incubated at 37°C for 16 h before stopping the reaction
by heating to 70°C for 5 min.

30 Di- and tetrasaccharides may be eluted by column chromatography.
Medical Use

The osteoblast derived GAG mixtures of the present invention are each (separately, but

35 optionally in combination) provided for use in one or more of the inhibition of



and individually, although optionally in conbination) to treat or prevent
bone fracture and/ or bone deterioration. The osteobl ast derived GAG
m Xt ur es weceh11g7i4sal at e ost eobl ast proliferati on and i nlpclpisG2010/000456

350st eocl ast ogenesis. 19 Bone fracture is a nedical condition. In this
application "fracture" includes danage18r injury to bone in which a bone is
cracked, broken or chipped. A break refers to discontinuity in the bone. A
fracture may be caused by physical inpact, or nmechanical stress or by

medi cal cofdgaciastegenrgsishthesenbancen|eot ofirgifesatiansaf ostapblasts tand/or Bietreatogedi ¢

cl assi fi cagi paveffior sidohs! frSGurensr bUIﬁ’@@et@rlic?&%q. s B e%g oBibSRIchyel GAG

multi-fragmentary fractures. In closed fractures the in remalns intact,
whi | st i n BXtusesedf the Resent BVERONERAYDLeRIGVIgRd fekpwdea mathesqfinadifal wound si t e,

whi ch bri ngsatemti ghamérit shayQhvolvela6iiniQrtioPbNAL 8stbbREdt AEARJISAE midleng a
smglgllne, tendln%to di vide the bone in ti- ment ary
r

he b two. 10Mul fra
fractdres ¥F REPAOTIRS SRMPORIUPNFIMPIIYNG Syinde aPatient ipeed;of Feafent v pes
i ncl ude, conpression fracture, conpacted fracture, spiral fracture,
conmpl ete aprc(ievi r}lcorrpbet e ;Srtactnurl.gs, transverse, |linear and oblique fractures
and commi nuted ff 8c ff?%"g. FEFH® nost subj ects bone healing (fracture union)
occur s nat Theadstgobbastidarived GIAG mixtued aftheopresent invpation (sdBitdeandior cer mal | y | eads

to clotti ' ahit.e bl ' owed
by pr oduct Leear ol by Lol b EhBlAPHe pilceEeel i potb AR ol DT
hydr dRyapaanedgsogei®dsi ti on (mi neralisation) transformng the col |l agen
matrix into 20bone. Immture re-generated bone is typically weaker than

mat ure bone and over tinme the i mmture bone undergoes a process of

renodel | i ngStEFI3Reag0es itdhq Pracessihrapghyhicthgstoclagticare defpiedt uBbifBravahl i ng
process t aemteractidh @ebeHd MarkdvinBrorafi ReIAlithh JeRaopalent BsteoctiaBpiR@Srsbd. Whi ch
fractures or deterioration occurs and which nay benefit fromtreat nent

usi ng the osteobl ast derived GAG m xtures of the present invention include
al | Béne tiheasvenpas hawudhawh yhatkHe sobutieadridacell bonfeee osteoblasti degyedo®BAGNnot |im ted
to, long b ( , I S 0 . carpal s,
tarsal s), @Pﬁesbagﬁggc'{ @%ratg&iﬁ%%% 0rfip s,c ﬂgggep%rf’?figgf Eésrt%%c%%% (% ?/slgsc girdle),
i rregul ar theieby hgwingan sdirastdnpaesfic efflestanoi d bones 30(e.g. patella). Bones in
whi ch fractures or deterioration occurs and which nay benefit from
treatment using the osteobl ast derived GAG m xtures of the present

i nvent i on FreelieoBese damatighistqablastodergsiPone of the skel eton), bones of

t he coani oFHeafventors BQIeQilso SHRAAThAthd dbfubiXad cell surface osteoblast derived GAG
mixtures are each (separately) capable of promoting proliferation of osteoblasts, which is
necessary for bone formation. They have each (separately) been shown to shift the
balance of bone remodeling towards bone formation by favoring osteoblastogenesis while

antagonizing osteoclastogenesis.

25
Bone Fracture and bone deterioration
Accordingly, in some aspects the present invention is éoncerned with the therapeutic use
(human and/or veterinary) of the osteoblast derived GAG mixtures of the present -

30 invention (soluble and/or cell surface osteoblast derived GAG mixtures, each separately

and individually, although optionally in combination) to treat or prevent bone fracture

and/or bone deterioration.

The osteoblast derived GAG mixtures each stimulate osteoblast proliferation and inhibit
35 osteoclastogenesis. '



35skel eton (e.g. vertebrae, ribs), appendicul ar bone (e.g. of the |linbs),
bone of the pelvic skeleton (e.g. pelvis). 20 Bones in which fractures or
det eri or avpeniawedsss and whi ch may benefit from treat neprtTissS200/006u86

ost eobl ast derived GAG mi xtures of the present invention also include those
of the head (skull) and neck, includind9those of the face such as the jaw,
nose and cheek. 5 Bone fracture or bone deterioration also includes

pat hol ogi cal porosity, such as that exhibited by subjects with osteoporosis
or ot her fBenedrasturgisrremedical condition. IMihis applicatibh feactude rinolusigs GAGagE st ur es

(sol ubl e apRKAb bBRE In vaum ﬁs&e%ka%e@da%ké#sa efﬁé)eao%%mréiewtss each

separately and individu al tho ption i n conblnation) are also
provi ded f@contruitginihe @9%#\ érﬁ%wf@rm@w ‘@a‘i%?ﬁ bsophV@Wél iBpagtperaneshanical

0St eopor Osdtiess byby HedOh LonBioAs sBSGESs odidprRIsAr dst@barhritié | S, post menopausal
ost eoporosi s, glucocorticoidinduced osteoporosis, nultlple nyel oma

associ'ated osteolytic | esions, atherosclerotic di sease associ ated vascul ar

cal ci fi cat®ampaesit eapﬂfmaaon bidraetueissincl s soloskd br @xﬁararnarstdwp:e dbalievat ed RANKL
|/ ost eocl ar§at et erioration assoc of these

condi ti ons. enEa(%tr%%%r'e 805?9 VES Rt Y E?F@éns('%tﬁﬁu‘ﬁh'gwﬁﬁaloé’?xceI I
sur face osfrasbié &tuatbodelmayéxé expasedithrbugtethe woaod sie phichtbehgs amdhermslk of dual |y,

al t hough qnitek:%alé r?ﬁpl%@ra&%@'o@@ﬁr a‘i)c{% %aglﬁqlgf?r?el tce%dﬂﬁay&gl?gﬁeor;on A evention

and/ or treatnent osteoporosis I'Sease of
bone"y, bdﬂelt'ﬁfégesmaeff@c(umw'tiheMmm@mmwymepeaﬁ:aem a), multiple nyel oma,
prinmary hyperparathyroidi sm osteogenesis inperfecta and other conditions
that feature bone fragility. 25Althou%1h not limti to the present

i nvent i on, OPRETIRYraRPes Neliderompreseion ’65@&%51”&8@“%9 qctsey sEisgl fiactufur es of

the pr eSerﬁompﬂBt@Bﬁd mﬁorﬁﬁh‘tebﬁcmfbscﬁéﬂsﬁeh&étIhhieQr, aritibAGRI FactPes &d caused to
mgrate into W@#E{%}S”e and may be on the bone stemcells, the

preosteoblcé’ﬂ'g'n Y¥8obl asts, the osteoclasts, on any of the ancillary
or vdScul ogenic cells found or caused to mgrate into or within the wound

bed, on RA'NI& Bé%@cts?gongﬂgél d%gﬁg&(}n% uQn on ch réaﬁm%(%l'lsyﬁ%td ig %Ytiiayegqolgp‘%gm Xtures

of the present |nven eut I'ons an anent s
conpri si ngnivfe Blgedingriermallytieasisde tietting asd attfechonexﬂwmlnbd(mllsesd of the

present i MR rbRe® b Ylofioh BF cotSer s nﬁhéﬁ.g%ueivea by BbAERLyief bone
fracture or bone deterioration in a manmal il an su
(calcium hydroxyapatite) deposition (mineralisation) transformlng the collagen matrix into

20 bone. Immature re-generated bone is typically weaker than mature bone and over time
the immature bone undergoes a process of remodelling to produce mature “lamellar”
bone. The complete bone healing process takes considerable time, typically many
months.

25 Bones in which fractures or deterioration occurs and which may benefit from treatment
' using the osteoblast derived GAG mixtures of the present invention include all bone
types, particularly all mammalian bones including, but not limited to, long bones (e.'g'. |
femur, humerus, phalanges), short bones (e.g. carpals, tarsals), flat bones (e.g. cranium,
ribs, scapula, sternum, pelvic girdle), irregular bones (e.g. vertebrae), sesamoid bones
30 (e.g. patella).

Bones in which fractures or deterioration occurs and which may benefit from treatment
using the osteoblast derived GAG mixtures of the present invention include skeletal bone
(i.e. any bone of the skeleton), bones of the cranio-facial region, bones of the axial
35 skeleton (e.g. vertebrae, ribs), appendicular bone (e.g. of the limbs), bone of the pelvic
 skeleton (e.9. pelvis).



21 Treatnent may conprise wound healing in bone. The treatnent may involve
repair, regeneration and growth of bone. The treatnent may invol ve

i nhi biti owoebiionassresorpti on. 5Treat ment may al so i ncl pde/scnemtoowss and/ or
prevention of osteoporosis or osteoarthritis. Admnistration of the

ost eobl ast derived GAG nmixture is prefé@ably to the tissue surrounding the
fracture. This may include adm nistration directly to bone tissue in which
the fracture or deterioration has occurred. Adnministration may be to
connective tissue 10surrounding the bone or fracture or to vascul ature

(e.g. bl oaghneess@hisn fré@@ffes deeﬂ&%rﬁlbﬂmc&’drggncﬁ Wﬁncp% beﬁgmrehzk"a%érﬁm nmay be

directly to the site of inju be to a cal forme

r Initial
heal i ng ofusiigeheasipeplast de"W@E&%IQ%M’QS aithe preapntdrvention o @B'H%é/‘lo?? &hs

accor di ng the héte(skiilg aRMhedkNMEINHING thoBB ¥ the BRefsQEME Mk gslv Idke asnErdkert rati on
by a punber of routes. Mst preferably the osteobl ast derived GAG nixture

is formulated in fluid or liquid formfor injection. In sone enbodi nents

t he osteobikcaetfrade:ré yrebneA&enboation &lsd sacmoemdﬂadl@gkamsonasuc,osmmsltm rel ease
forrrulatlon a.dr sul e | ant.ation at.the wound site. The
200st eobl asp'bg%(? ‘(/SU Je@f@"ﬂﬁg Sgea(’?’gror?ﬁfrﬁg' {ReR t%?n%es rrf%’Pegnat ed on or
soaked into a carrier material (e.g. a biomaterial) such as nanofibres or

bi odegr adamefq %%Bfagtfaynv&@ékb' rﬁmu&%@ha& E@é/br%n ??JeQJsfg gt&ktydélnoe@

"t herapeutica ective anount
heal i'fg ofG'Mﬁ@“’Bbfﬁé qach serarately g dndiddually, @ltmm@;mﬁdv rmgcomma@m)@ae

fracture. a?s%ﬁﬂ@v@&iMﬂihe%‘i’@?’éﬂﬁon@ﬂydﬂréétﬁkﬁ%f 0"?1@% Frf%?éaofa@éieédom%lscﬁ’lﬁé se of

adm nistration, wll depend t he nature and severity o fracture.
Prescri pt i RoRe Gpetqstases rfﬁﬁ‘ﬂmaté'd@”hﬂt@cP%ﬁt'??ﬁ%m?Hsﬂ@?&@%o’@?'% 9"4°§°%'?°r'ﬁ n the

r esponsi biihddcgd Gﬁtegﬁﬂ&’@mtmfp@eﬂrhyélblﬂaQﬁ@c&f&i sstduBtic l&dingadthed@s‘d@m&, and wi ||
typically dtake accou ion of the

of the fract condi
i ndi vi dual “¥F4eT g?ﬁocua[]qq ag?ug%( CSE?H%*IOPV%StI?OpeP'ﬁeb?P&#?%d% E‘Hﬁ?‘?ﬂa'gh ation and
ot hen5f actatevatedrfoAiKit bosksraatadtivityo nelsahe dBtenigtation assvaiateidith agiof thiesé r at | ons
of doses of, Wﬁ" QOsteobl ast derived GAG mi xture may be adm nistered in
accordance wth the guidance of the prescribing nedical practitioner.
Purely by way of exanple, the osteoblast derived GAG mi xture nay be

del i vered g d&%ﬁg@tsde%e@&;Abaﬁ&{urésrx%me ana?&ecewseﬁffaeaégleseb%& de‘ﬁ@é& 5ng/ m and
optionally 10 ng/m or nore. |Individual dosages may b order |ess

than 1ng ZPC Jiadesreach sppasatelyand dndividusie aB‘POLQB(S’lBE'O'?HYJ'n G&meat'q@ﬁge about

25pg20 abOL&uso?&agdeoa‘ﬁemb p'éé)@guorﬁdmwr trwﬁﬁgt of3@iebor@si Nibteit® defdtidhs | NT.
Exanpl es Of‘Pager |56ecasglo one"ag rrngtta(s)t%(sjls ?wim3 (R'tvsllit%ggtq\ypercalcaemia), multiple
myeloma, primary hyperparathyroidism, osteogenesis imperfecta and other conditions

that feature bone fragility.

25 Although not limiting to the present invention, the primary actions of the osteoblast
~ derived GAG mixiures of the present invention may be on cells within, adjacent to, or.

caused to migrate into a wound site and may be on the bone stem cells, the
preosteoblasts, the osteoblasts, the osteoclasts, on any of the ancillary or vasculogenic
cells found or caused to migrate into or within the wound bed, on RANK, RANKL or OPG.

30
Each of the osteoblast derived GAG mixtures of the present invention and pharmaceutical
compositions and medicaments comprising one or more of the osteoblast derived GAG
mixtures of the present invention are provided for use in a method of treatment of bone
fracture or bone deterioration in a mammalian subject. ‘

35



22 above can be found in Rem ngton's Pharmaceutical Sciences, 20th Edition,
2000, pub. Lippincott, Wlliams & WIkins. The osteobl ast derived GAG

m xture nwp0e/0868d to treat bone fracture or bone 5det ecirgGadiomnosds ongsi de
ot her treatnents, such as admi nistration of pain relieving or anti-

i nfl anmat ory nmedi canents, imobilisatih and setting of the bone, e.g.

I mmobilising the injured linb in a plaster cast, surgical intervention,

e.g. to re-set a bone or nove a bone to correct displacenent, angulatlon or
di sl ocat i oHreatrfentmaye9)prise wasnd healingtimeongs tTde ieatstentimey inwolvee@aifi xt ur e may

be adm ni sjegemfiatidin=Ra groth Bf Edhed ThaRBAthfeA: he) m@@@e inhfibH bfodhdr | ng 10t he

surgi cal procedure Biomaterials Pharnaceutlcal conpositions and
nedi canent'§SYPe i nvention may take the formof a biomaterial that is
coated and/or inpregnated with an osteoblast derived GAG mi xture. 15 An

I npl ant orp rost hesi s rnmed fromthe biomaterial. Such imlants or
or o5t Res oo RRFBEmaY AT B 1P AETERNeloH RSB proRRIARS GF SyRaarts.

regeneration, restructuring and/ or re-nmodel I ing. The osteobl ast derived GAG

m xture rostheses to, 2 cel erate new bone
f or mati on %a(tdn ;R '8‘?8& evg‘ﬁtog%eu 'B% éAgeT M 'Fgﬁf%rﬁb'é?oaﬁeg@%qer ed | ocation.
It will besusopnding theé'dcmteatﬂ@ ryawmdnﬁmpayhryltsaug)n dirattiykte bpnetissua i whicke
articul ar Li e
B0l vent s r oeirpats 3l aBfliafhdd dRfted: Sdrifisfioh ol ot Bhirdph AL
appl i'eat i o‘W"tOB”q' ﬂharlme arnfapctsmgtthe@e@lat%me bipashieseels)dleaniyande coat ed or

| mpr egnat eghppiying tﬁeh?bn@s TA@ﬂh'Isﬁl%hordﬁfay BE diretPtdihg sHE B injLARIMAGRAL BelB amaY

conprise form i omat erial by m xing the osteobl ast derived GAG
ni xt ur e m%'i%{ﬁg"%%w'?'dte?w APPBPE s of the biomaterial, e.g. during

pol yneri sation, or absorbing the osteobl ast derived GAG m xéure igto t he
bi terial,. ,Coati g d t eobl ast derived GAG
i xtur e onto B e BRRRlsal o Bl e R b BRI MPEHONIRRI d al | ow
t he dbat edbedprmuigted fpm atimohistratierotiyl aasdmioks rof mdas@ﬁ@stmre&mabl@ thedodteotiast eased
f_rom t he_ bc{ O@l’fé/&b%l ‘Mbeug fcﬂﬁﬂ]a@d%hﬁﬂigg I‘i(fbiooiro rﬁ rﬁé‘bttgg in the subject.

a ease ﬁt al’l et ed [)

Bi omat eri net errng the structure, e.g.
porosity, of the 35bionmaterial.

In some embodiments the osteoblast derived GAG mixture is formulated as a controlled
release formulation, e.g. in a drug capsule for implantation at the wound site. The
20 osteoblast derived GAG mixture may be attached to, impregnated on or soaked into a

carrier material (e.g. a biomaterial) such as nanofibres or biodegradable paper or textile.

Administration is preferably in a "therapeutically effective amount", this being sufficient to
improve healing of the bone fracture compared to a corresponding untreated fracture.

25 The actual amount administered, and rate and time-course of administration, will depend
on the nature and severity of the fracture. Prescription of treatment, e.g. decisions on
dosage etc, is within the responsibility of general practitioners and other medical dbctors,
and will typically take account of the nature of the fracture, the condition of the individual
patient, the site of delivery, the method of administration and other factors known to

30 practitioners. Single or multiple administrations of doses of the osteoblast derived GAG
mixture may be administered in accordance with the guidance of the prescribing medical
practitioner. Purely by way of example, the osteoblast derived GAG mixture may be
delivered in dosages of at least 1ng/ml, more preferably at least 5ng/ml and optionally 10
ng/ml or more. Individual dosages may be of the order less than 1mg and greater than

35 14g, e.g. one of about 5ug, about 10ug, about 25pg, about 30ug, about 50ug, about
100ug, about 0.5mg, or about 1mg. Examples of the techniques and protocols mentioned



23 In addition to coating or inpregnating a biomaterial with the osteobl ast
derived GAG m xture, one or nore biologically active nol ecul es may be

i mpr egnatwd 2011/vesed on the biomaterial. For exanpl e, arTiseasitonoass chosen
fromthe group consisting of: BMP-2, BMP4, OP-1, FG--1, FG--2, TG--f31,
TGF- 132, TG--133; VEGF, collagen; lam @2n; fibronectin; 5vitronectin. In
addition or alternatively to the above bioactive nol ecul es, one or nore

bi sphosphonat es nay be inpregnated or coated onto the biomaterial along
with the oliouelbambe foyad | oo aPhatmaseutitabBgpieess GothuEdifier, 260G phipsphonat es
may i ncl udgp@hcoePfifiant '€ vakasen fromthe group consisting of: etidronate;

cl odronate; al endronate; pam dronate; risedronate; zol edronate. 10

Bi omaterials coated or inpregnated with the osteobl ast derived GAG m xture

may be usefd ostdbbliet deriBd GAG miiife MEY BE LEG 1% tiddl RMeIBctutd orMidhk be
apprecgi ate thatp}‘gﬁngéigsent i nventi on ma rove the quality of |ife of a

i Mpr ove qual 1 .
pati eRt or‘ge;ﬁ‘?ﬂoé?{ ‘?(P@ﬁb‘rﬁaﬁ’@erl‘t?'fsé'c'aﬁg/aﬁ’f“'&ﬁf’ﬁt&",°fP8' relieximgioeanti-val uabl e
racehor se ihftamrusteryi Medidadeahts) dnmdiSilishtien Hdoseringrof ele Hohe Ve glammabisiag fhel d or
mat ri x SUHR'?JFt terial in tissue,

4dhe _bio : be suitable for inplantatio
or may be’ DU PRl sel Sy ustoadop €048 i S5 RS A BEVS ABLR i on)
20The i npl @nectalispiacesieht sngulaioo vr disloeationo dfeopyety iblrequired the osobkstxi ¢ and of
| ow i mmunogeni ¢ d r - enj. G i rjal may
b bi odegrSuts SE, R By b SRSl e By Boliba o) e HcRIBUFGS
occur'8, ulthe swoisphproeeduieng only the regenerated bone in situ in the
subject. Alternatively a non-bi odegradabl e bionmaterial nay be used, e.g. to

gui de bone_regeneration over a |large 25discontinuity and/or to act as a
structur alBi8massale during bone healing, with surgical renoval of the

léi omat er i aThdhﬂbMtiaeﬂ c@r}lcﬁbésm'bg/’s aﬁ@ﬁéhrc_e@‘lsmg o%b@fvgﬁﬁtﬁﬁﬁ' §yj’5tfak’é %Hég&ﬂﬁo fh;egl ing.

i omaterials e soft. an r.flexible, e.qg. rogels, fibrin web or
mesh, or %?T%gﬁﬂﬂ%&?r@é@ a dgﬁm%%i’é’fed it aé‘%sfﬁéfaéh%é'v QA an

or ganbc poAryimpiant ahprosthesimbye b matdi fravin tio bisyatehialt iSuch insplarag oor sol i di fi ed
to create - dj I | . -lattice ucture th nt raps nol ecul es
of water ro%"'? Sg‘rg "géglr%{g ?’t?g%ﬂ* 5‘9@%\?%4 % a&é'gt.m éé’ﬁ? @IthCirﬁ ﬁ%ra %h occur by

aggr egat i oastrustuigalend/role;meédedingphobi ¢ i nteractions or cross-1inking.
Alternatively biomaterials may be relatively rigid structures, e.g. forned
fromsolid 35materials such as plastics or biol o?i'cal ly inert netals such

as titani uthe osteeblppidesivetgAErmixiureragy haeerligd pimplants.eftarestheses tict ur e whi ch

may ke praceletdyevbeiedsandtibh kRdloDSbYERR furthdMoneRietdrisratisn B £6&ira8! Y

perneable to _nut{l.ﬁgts and t%r?wth factors requi rq(d for. bone gr.ow h.
location. It will be appreciated that glycosaminpglycans, unlike proteins, are patticularly
robust and have a much better ability to withstand the solvents required for the

manufacture of synthetic bioscaffolds and application to implants and prostheses.

25 The biomaterial may be coated or impregnated with the osteoblast derived GAG mixture.
Impregnation may comprise forming the biomaterial by mixing the osteoblast derived
GAG mixture with the constitutive components of the biomaterial, e.g. during
polymerisation, or absorbing t'he osteoblast derived GAG mixture into the biomaterial.
Coating may comprise adsorbing the osteoblast derived GAG mixture onto the surface of
30 the biomaterial.

The biomaterial should allow the coated or impregnated osteoblast derived GAG mixture

to be released from the biomaterial when administered to or implanted in the subject.

Biomaterial release kinetics may be altered by altering the structure, e.g. porosity, of the
35 biomaterial.



Matrix structures may be forned by crosslinking fibres, e.g. fibrin or
collagen, or of liquid filnms of sodium al ginate, chitosan, or other

pol ysacchaoi2de7wmsth suitabl e crosslinkers, e.g. calciumrcsaiceeLopedsyacrylic
acid, heparin. Alternatively scaffolds may be forned as a gel, fabricated
by col l agen or al gi nates, crosslinked @8i ng well established nethods known
to those skilled in the art. 10 Suitable polyner materials for matrix
formation include, but are not limted by, biodegradabl e/bioresorbable

pol yners V\hla@H't'ﬁ@.SP tpatietheyg@nareppalingtaniomatenial with theaepdgabiast desived &€, fibrin,

chitosan, patwE R AtORBIogiPAlyYcIRle *\Qi@édl%%bf%éﬁ@@d%%bate 0t|1 the .

pol y(LI acti de-co-caprol act one-co-gl ycolid ygl ycol i d QI acti de,
pol yhydr ox?lamét&ﬁﬂaf@’sexaTB@oatd%?s&Pr’é‘? gh%féfr@aﬁhe @Pummmﬁf'@mefgﬁ BMPyol yner s
\ghlt ch tmay b@mh%@mflr«[;mzt ’ln@mn OTtDFJ;Bt T@eEk Werse ca%batllemumflrbﬂf;h@&.ﬂ
utyrate sul f one 0 onitrile,
oul T ot easeb Bt s aliona el stveh Sn i Abare piasths mecuts She or mors
pol ynet hyl brmﬁmaprroplamtsenaymmmptegms ot twaendnto %(Bminhaﬂ@wnaioﬁg @itiptheni si ng

materi al f i 0 0|t t|b|
Favour apl e iedsl e R Maddr BBl of PrckitisbheP AR et Il B s pat
No. 5, 019, least oné'ah@sea fro8 the Fedlup gangsting of: etldrhnata;rmdr&at&aMmemea T.

Mechani cal 8Lkl h sorbabl e polyglycolic acid-collagen nerve
gui de tube a%?)'?@rrét% S%S%r?ﬂgd gﬁagm ence 2006, 46, 1461-1467). Cinically

acceﬁpable col | agen sponges are one exanple 250f a matrix and are wel |

known in t@lSméfehaI(s%oﬁted bF iﬂ{ﬂ'édﬂnra%grvﬁ{hlthé &t%l&ﬂ@&ﬁ/ﬁd dﬂ@h‘x&r@%@fbgl ds (e.g.
fibrin glu %ﬂ)row e an alternative matrix materi al brin glue enjoys

wi despr eadUSefY' i Roth mefispliand vpiSHNAK PYPRRR N Wilkhe %ﬂﬂec'aéeq badhg gresenty del i ver

gr owt h f acihadrioa Rtdy aBprave thieQuily bhie P ASRIBRINGr paRAtiAH @hifehd theaffe b 4 0gi cal
i ‘owt h factor delivery

i nplants (Raj s Vasi irendra Katti .
syst ems fo?n"ha sg)ﬁgxae(?@? ﬁgg'p%]aracgg%?éwg? 0B ective. Expert Reviews in
Medi d&l Devices. 2006; 3(1): 29-47; Wng C, Inman E, Spaethe R Hel gerson

S. Thronb. ﬁfee:ﬂ@'ﬁgten%%p& c%g(a?é?caﬁoﬁg §r rﬁ%tﬁx sppg:)%qt H’g@‘?iop\é'{érﬁpﬂa e Sw%uaman DS.

Fibrin sca ctirve vehi rver acidic growmh
fact or (FdPt mplanatiopiintipgue ror alay baspitabiedor adriniskatio: (9394@5391'“@298'.2@52"1 DeBl oi s
Cote M. DQjultlbpn 35CJ. Heparin-fibroblast growh factor fibrin complex: in
vitro and in vivo applications to collagen based rmaterials. Biomaterials.
1994; 15(9): 665-672.). 25 Luong-Van et al (In vitro bioconpatibility and

bi oagpi vi t%ﬁhp%ﬁémﬁﬁtwmpCbehﬂib%ﬁ@ﬁtltﬁéﬂe@ab@-t(ﬁimt&fdv@' s 28 (2007)
2127-2136) |ncor orated here n g referenc crlbe rBIonged | ocal i sed
el 1 very. o @SReial 3EE0 e Bl B BB ES T R G SRR BE her exanpl e o
a bi omat erbiedegraiable[sotly that the batmaterabdgupadeises vh);add bayl@patedrs, ulttmawyial ur oni ¢
acid. One géc}grﬁq)%/rgyame r@géﬁ'e%@&t t%n'e‘% SIﬁHMr?ebéu%jeEP rAIt%?neati\I/é?y § 9\5@-‘ nation with the

ost eobl ast
biodegradable biomaterial may be used, e.g. to guide bone regeneration over a large

25 discontinuity and/or to act as a structural support during bone healing, with surgical

removal of the biomaterial being an optional requirement after successful wound healing.

Biomaterials may be soft and/or flexible, e.g. hydrogels, fibrin web or mesh, or collégén
sponges. A "hydrogel" is a substance formed when an organic polymer, which can'bev

30 natural or synthetic, is set or solidified to create a three-dimensional open-lattice structure
that entraps molecules of water or other solutions to form a gel. Solidification can occur

by aggregation, coagulation, hydrophobic interactions or cross-linking.

Alternatively biomaterials may be relatively rigid structures, e.g. formed from solid

35 materials such as plastics or biologically inert metals such as titanium.



10GAG m xture is the JAXTM bone void filler (Smith & Nephew). Jax granul es
are conposed of high purity calciumsulfate and retain their shape to
provi de avecaffw@hgswi th controlled, inter-granul ar poro®ciscana/gédaul e
mgration stability. Jax granul es dissolve safely and conpletely in the
body. 15Cther suitable biomaterials ine@4ude ceramc or netal (e.g.
titanium, hydroxyapatite, trical cium phosphate, dem neralised bone Matri x
(DBM, autografts (i.e. grafts derived fromthe patient's tissue), or

al | ogr af t sThiegpiematerial @rdy\nade Brroraus inatrix trigwireoivhialmmap benplovided by iascresst  t he
patient). .mke@‘a&m@&ﬁe Rk ix € pRIhAdiPhd fnebble o ndfEAL and & Mhr}actser am c) or
biological (e.g. carrier nmaterials rom ani ma sue . g. non-human
manmal s (efegu"%idwb%ieﬂommor hurman) . The bi omaterl aI can be suppl enent ed
with additional cells. For exanple, one can "seed" the biomateri al (or

co- synt hesj se |térévmth undi fferenti ated bone precursor cells

cel | s °suchMalEix gledctyres iy e J9rBeP by crasslinking &ibiss <8 -8 FREN ¢ sRilaas!. ﬁ’é%féﬁéﬁy mal
st em cel | sfilm2%f Sdtuns Biginaet cﬁll@shﬁ ot bthait gl saBohal@eslith Uthb@lcrogslinkegan. The

subj ect is_preferabl nor e e he subj ect may be

a non- hunefidng Fﬁ'ﬂéﬂ % %nayalp%ﬁf"f'd RARR 'tﬁfnﬁ{'vq?ya%lcagﬂgag‘@yg??%E“ﬁ 28 Podent

(i ncl udi nggetefbbrmafedchmcalrggearor atginaten, drosslinckedasinBodd esiabljshed atethadeg, pi g,

sheep, goa‘g,owg% ogeglhIPe%luHﬂje;}agt cows, e.g. dairy cows, or any 30animal in
n

t he order Bos) orse uding any animal in the order Equidae), donkey,
and f@n-human primate). The non-human manmal nmay be a donestic pet, or

ani mal kepéu.i‘a% p%i}m@?ﬁete?ilalsnwrﬁ&ﬁmm%e mﬂléJ @Ja@h&q.m.teg@arm ng

| i vest ock such P , Sheep or cat e male or femal e.
The subj echiodgadsbles %wqrwe polyrpers wbich shaydis) Céi'g’e‘e’tfé?"i‘ tr@cur@mfmgmﬁees are

each (sepagchbginy fiorEniBAn, @a@béwolbaoﬁ@r;s‘ely(m_ubem)e datcew&m)nteprpowa_e in one or
nore of the .inhibiti gag of os 4 nhancement of

prol i f er at PEREEP-GRE, Iﬂ“ﬁscf’sg W’ﬁ" Y8W8°'E’Gi QQP;?%C“S? HOP( ¥ ReRIGaBRAtRS: di cal
appl i16at i cctspolytodre meeeafr&nl|nanm¢e@ed¢n1e)mlyiﬁdsWchsnmjbmop@sm gentai ning a
5predeter o) of, 1 he osteabl ast ived GAG

m Xt ures. %?’goﬁgﬁgn é%eggstea%ﬁlé'rgs myg tg ’?ﬁ'na%r 3@% on%\pglmre n?ray be
performed wqwa&w!qndrllerSulfonand/mIYS'ﬂlfe"let eolparida, m'&talc(ﬂonltlsdel nt ended t 0 enconpass

experi rrent&)mﬁéﬂlqw,ggthggfylhg gélb&%grs\@nﬁg&as the term"in vivo" is intended to

enconpass experinents wth intact ti-cellular organisns. 10 Culture
Media Culture nedia conprising the osteobl ast derived GAG m xture may be

of any Ki ndolldgén is% ﬂ?érﬂfsﬁlbaamtéfndl fdﬂkHa@'lx(Hon&ﬂJctlé‘rmgwlﬁgYo TR aﬁtt)lhf"an@u'[ rients
and growt h fact

st eobl derjve ure wll
pr ef er abl y@K¥" %B’é’%?”‘fg?{ SHB’PP"t"% ﬁ%lﬁ'?ﬁ"% CEQSB'PC HoBdY Shp Pk N°t $@19.087,
concent r at Tamakafs tMug@S/be'Dblcﬁtﬂ/‘aradSl’&rﬂekblﬁiﬁ@, TnMéduéﬁcaHibrdd@ﬂleﬁui‘ tthu/r(raﬂ med: a
may range en,@ahg cul ture ia t 1000 ng cul ture
neéi a. Pr et?er a abletpﬁfgﬁlg%oh&@ﬁﬁ czrﬂ' nSWet%(%%gglf ‘%’( @%’Oélc%lrele(/%QGAG mi xt ure
in the cul $<u¢@er$§ﬂ$ #6i %%eﬂﬁébrﬁlmlmallu acgepigblricottaget spengee dreporserexa@p@ ng/ ni
cultgge et bRy B NeRkARh it 4 o ARt O ertid)t ure media and 170

ng/ m culture

Fibrin scaffolds (e.g. fibrin glue) provide an alternative matrix material. Fibrin glue ehjoys
widespread clinical application as a wound sealant, a reservoir to deliver growth factors
and as an aid in the placement and securing of biological implants (Rajesh Vasita,

30 Dhirendra S Katti. Growth factor delivery systems for tissue engineering: a materials
perspective. Expert Reviews in Medical Devices. 2006; 3(1): 29-47; Wong C, inman E,
Spaethe R, Helgerson S. Thromb.Haemost. 2003 89(3): 573-582; Pandit AS, Wilson DJ,
Feldman DS. Fibrin scaffold as an effective vehicle for the delivery of acidic growth factor
(FGF-1). J. Biomaterials Applications. 2000; 14(3); 229-242; DeBlois Cote MF. Doillon

35 CJ. Heparin-fibroblast growth factor fibrin complex: in vitro and in vivo applications to
collagen based materials. Biomaterials. 1994; 15(9): 665-672.).



20 The invention includes the conbination of the aspects and preferred
features descri bed except where such a conbination is clearly inpermssible
or expreswoyvoaigded. The section headi ngs used poersemoanessé or

or gani zati onal purposes only and are not to be 25construed as limting the
subj ect matter described. Aspects and @Gbodi nents of the present invention
will now be illustrated, by way of exanple, with reference to the
acconpanyi ng figures. Further aspects and enbodi ments will be apparent to
those skilled in the art. Al docunents nentioned in.this text are

30i ncor por g - \}'é‘?lree'ar'(lrp\ytﬂ Sl%&frﬁﬂs?ﬁ:l’ltg%{nh% oa?ravﬁg o Wc}(%rﬂc&;suta rFe'nga hes

Enbodi nent s and experi nent s rinciples of the invention

wi |l now beultysR Bietratasals\iBi 3007 R &3 e 136), t"aszomvéata@ berﬁmwyefﬁgenpe fleseribes n

whi ch:  27pbicagéfiodalibbd @a.veaycohﬂ@q@meEF&w&thmcr@Eap%giegbl e and cell
surfa%e GAGs from primary osteobl asts e crude GAGs were purified from
porci e primary osteoblast culture nedia (soluble fraction) or cel

extracts (Adhrthesexdnisieofd BiGhatenal.is ApolFEABTthESnMRERated By dred aptitdoP0 Nl
CaptthSepnarose calum at 4 mM/mn in the presence of 1 M NaCl. 5During
washi ng, a dfdunt of GAG el uted at absorbance of 232 nm and gener at ed
a peak fron1fract|on nunber 640 to 760. B, Sepharose CL- 6B si ze- exclusion

col um chrggg%ggﬁ&gbpg b'mgte?@@%rébi%) o?&%% %@]n%{?é thé‘% te?&!aétd% (1 and

fractions racti ons o
2). 4811 sGABdeistuEiStehEXTS beresyslichjited Smtw& blnehqye)aldax Q)anulé'herednempeead ons

bel b t of
bel ow Oa;m{@ .%ﬁ.ag@amo ngnﬁ, st éerre%rﬁ-thgﬁggapejtg&iobﬁgra\%ééﬁcg%ﬁ% B %d' y

coat ed wi t Ate5OFRFUEHPRIBFIY 5(5'{" %@UFe rBigratiqp etability, Jaﬁma@ﬂmows%@waway vvas
perfornmed esmglasgiid hetolyy "Materials and Methods" to detect the anmount of
RANKL bound to the immpbilized GAG Data represents the nean S.E. of
triplicate 15experinents. B and C, 10 ng RANKL was added to

hepartisn- Septher ais@blediuhsatevdisinclude ceramic or metal (e.g. titanium), hydroxyapatite,

tricalcium phosphate, demineralised bone matrix (DBM), autografts (i.e. grafts derived

from the patient's tissue), or allografts (grafts derived from the tissue of an animal that is

not the patient). Biomaterials may be synthetic (e.g. metal, fibrin, ceramic) or biological

(e.g. carrier materials made from animal tissue, e.g. non-human mammals (e.g. cow, pig),
20 or human).

The biomaterial can be supplemented with additional cells. For example, one can "seed"
the biomaterial (or co-synthesise it) with undifferentiated bone precursor cells, e.g. stem

cells such as mesenchymal stem cells, more preferably human mesenchymal stem cells.

25
The subject to be treated may be any animal or human. The subject is preferably
mammalian, more preferably human. The subject may be a non-human mammal (e.g.
rabbit, guinea pig, rat, mouse or other rodent (including cells from any animal in thé ofde'r
~ Rodentia), cat, dog, pig, sheep, goat, cattle (includihg cows, e.g. dairy cows, or any
30 animal in the order Bos), horse (including any animal in the order Equidae), donkey, and

non-human primate). The non-human mammal may be a domestic pet, or animal kept for
commercial purposes, e.g. a race horse, or farming livestock such as pigs, sheep or

cattle. The subject may be male or female. The subject may be a patient.

35 Other uées



without 5 pg/m free heparin or GAG Lane 1 was RANKL protein as a positive
control. RANKL bound to the beads was visualized by Western bl ot anal ysi s.
Dat a reprweenii7idssee i ndependent experinents. Densit onmetmscadiosiiks

bi ndi ng represents the average of three independent experinents. 20 Figure
3. The effect of GAGs on RANKL-induced @8teocl ast formation. RAWG64.7 cells
were cultured for 5 days in the presence of 10 ng/m RANKL, or 10 ng/m
RANKL together with either 5 pg/m soluble GAG or 5 pg/m surface GAG The
cel I s wi t hbigt osdgnplast defivae PAGsBiuses als etie(separatetyl butOptieradly mstooinatisn)s was

noni t or ed y Met hods". A,
RAVR64. 7 %ﬁé‘é‘ﬁﬁé%%f‘%%?“é’ﬁ?ﬁ'ﬁ@%‘“ﬁ“"*%te Vebihertd. ?ﬂg%trol) After 5

days of tr¥Henreamenipt prokferatien of osRaklrsts 'WﬂrYéfO(ﬁ!t'éiUFPRAP‘ ¢ moweed'ca'
mul tinucl egdphehtierd.| SulfusemBdiaing/! de ;ﬁw.&éarfsusso@htph [,BQNQ&O ta¥ihga Observed. Al l
X 0ob

[ mageg are fromrandom K‘M Eosen Hgﬁ usi n ective. Data

r epr eSent sPERFREINGHAYFEIY OhPNeY Ree F§Ste a%&@qudr JUWES ast s

i nhi bi ted RANKL- i nduced 300st eocl astic differentati on of RAV264. 7 ceI I S.
Data represents the nmean . E of tripglicate experinents ure

e f oot of D s Sheraiaia Bt pisse BRI bR o n Vi oy <
wer e cul t ufFredefrotin Bitrd’aiysintérmeuh@ermoemassapef'mémsmghmbllsl%ksllﬁture oherk8s thg/ n
RANKL 35t og - )/ j

demonst rar o e B it Gt SRR M BoitEl STy,

ost edBl ast - derived sol ubl e GAG reduces 28 the |nh| bitory effect of RANKL

on ERK actgMivte/meligt @ represents three i ndependent experinments. Figure
5. The effect of GAGs on osteoblast proliferation. A Primary human

50st eobl as‘t:@t”v@’eﬁnéd'@rCBWPHS"FQ)‘Ihe?Sﬁayésmﬁf"f?docﬁp‘%”i'ﬁt’b’@tm%’ beefiany kbAbEtis or cel |
surface GArefefzly IRuldedrigelaHdrmeat @dtaﬁe&madwmenmrg%wthﬂ”&or@@é ? IFarppskel et on

and the nuglei of t st gi ned wi r hodam ne phal 0|d|n or DAPI,
respect i vLeLﬁ’f OPHRPY} aﬁg‘?‘?r %éé%’ﬂl’ﬁi"ﬁ@@ pb‘?jerégfﬁ#&?éﬁsem '8 188 Hgfﬁ/am%’"t%r iSary
human5ost esdahpis theveoneerdration ofake odte chdastiderived SAT hixtune irthapditupe media t he cel |
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Dat a repreggbineeh QSO&%%/mI%uEureQﬁedH iRl J0BHGFmIRURGE iy, Frord BrbtkdifRr

Description of the Invention
between about 20 ng/mi culture media and 170 ng/ml culture media.

20
The invention includes the combination of the aspects and preferred features described

except where such a combination is clearly impermissible or expressly avoided.

The section headings used herein are for organizational purposes only and are not to be
25 construed as limiting the subject matter described.

Aspects and embodiments of the present invention will now be illustrated, by way of

example, with reference to the accompanying figures. Further aspects and embodiments

will be apparent to those skilled in the art. All documents mentioned in this text are.
30 incorporated herein by reference. ‘ '

Brief Description of the Figures

Embodiments and experiments illustrating the principles of the invention will now be

35 discussed with reference to the accompanying figures in which:



The details of one or nore enbodinents of the invention are set forth in

t he acconpanyi ng descri ption bel ow including specific details of the best
node contwopbat@dssby the inventors for carrying out thepcmgsendio®ogsshy way
of exanple. It will be apparent to one skilled in the art that the present
invention may be practiced without Iin2fation to 20t hese specific details.
MATERI ALS AND METHODS Extraction of GAGs from Porcine Osteoblasts 25To

obtain GAGs from primary osteobl asts, porcine prinmary osteoblast cultures
was est abl Figheedl.as derien e)kféanqsar@Wmtggrypfpwrwbhle@md&b" surPOOGAGs fram st ri ct

adher ence 6r9n§r?€st@6thés‘?§‘|Thg'éhﬂ@ldﬂﬁsswé’rg pbhﬁedﬁrmab.ﬁéggﬁs@%fe%ma@unC' | of

Si ngapore and Nat i onal Universit g ore l asts were

col I ect ed F4tyie Pedia selvpledeastion or eelk a‘éﬁ@eﬂ'ﬁéﬁ%ﬁﬁﬁﬁéﬁ,@){ﬁv SAMRIESIHRE ne
phos phat asé?;)p“éd?l@ 4 5D RPOAPt6MSAPhAEELIM ARG bt @mpmﬂn@taén&eseﬂe@ oBPRNKADI ast s

obt ai re the assa ed an 000 cells_per cn? and cul tured
in al ha "ECYY??E& Ongg e&t%ﬂﬁbaghgr)ce\ﬂfgﬂf M AN 95" Ri%Age every
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raction e C ure, dis t hout .di urlngte
Cor s o " BRoriiBloan & HIPCRGS SoBIB fif S B4 S S0 BRe ha iR s 2 efiahs o
speefl and thelugla@qrchamm@smwgédo péaksftjhndi2)386U difaomFAG C'EI;BTd;\m'IYﬁel I

nmonol ayer el}fé{} S ) e

resul ting %@Is?'{ o) u@oﬂg\e\?\%ége% angs %@Q‘?é’&g?mgtgé.}c’@%bg?e the trypsin and

the 199 |ysate collected by centrifugation at maxi num speed for 15 min. The
super nat anﬁn G, ai nigigidgbilmefl Aty tfo%ﬁ\l@ﬁ ﬁbﬁ@tdm mszsbhﬁrbf RaRKed

through a 45 pmfilter to renpve any debris her eaf the super nat ant

obt ai ned f‘I"?f‘rﬁqﬁ’EGF%thEQﬂt%?ﬂaéedf‘I"gb? P%ﬁ?'“@? °b%ﬁ“|5§rf?%¢'f@smef%{8ém?rba§%q on) was
subj ect ed 5s@ayawa@ﬂ¢rrmmw Be g ribdy i MabrgsI8RAY Methods' Etsaefe@Q@aﬁubaﬁtQﬁe col um

50 nm I bra 50 250 ff

Sompl e wataNkobgio %o ne AmoBlieedEal bata Tetp ety B et S5 SPRRR ned Wi t h
t he danme baxpeemeninitB AndbesHl mgwléAM&lswasbadtﬁdtshnepbrunmmahbmsedeamt\em al was
luted wit I | ed,
oLt 0 14 rbul DO ot B L8 BORAIRE PRI oL REAMRDGRRE LS, 1
Col ums (@Wﬂf boundlite thecrspdswasp wisualiderhbyuVaster ot a@aiyﬁstfbaleremntsThe

pr ot eogl thﬁ%eﬁrﬁi@BEﬁo%nf EYinBAtsS @eHQIoﬁ\eﬁV Gf RENKL §Hﬁfn§(f@pr£§&1fst th@ Q§er

freeze-dried to be concentrated. The sanples were 't treated wt
neur am ni o%{é’é’e‘i‘ trdgpanfent sxpariments| I owed by further digestion with 10 ng/m
Pronage (in 500 mM Tris-acetate, 50 mM cal cium acetate, pH 8.0) and 5

oIrresoflOO cet H, 8. . 37Cf 4 h, T tie'
e weigRd o ThE s oRbRah R HiNR Bty erebtes aptiat IR
Capt 0Q Sepduls we(e cmohrudfor(sﬁﬁysm)thapcésed\detcﬂdoag/ndMNLbem qanigimi IQAJISKIy The

k f t t d des
peak {1 bl SaPS o SEIRPELEN Sy A BB EERID G S
cell surf attﬁ@tmera@ervgms thercontrelr D$teoclasicgenesieway sdnityyed bszéRéR@tamgm
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TRAP staining (control). After 5 days of treatment with 10 ng/ml RANKL, numerous TRAP
positive, multinucleated cells (seen in all cultures with RANKL) were observed. All images
are from randomly chosen fields using a 10x objective. Data represents three
independent experiments. B, GAGs from osteoblasts inhibited RANKL-induced

30 osteoclastic differentation of RAW264.7 cells. Data represents the mean + S.E. of :

triplicate experiments.

Figure 4. The effect of soluble GAGs on RANKL-induced ERK activity. RAW264.7

cells were cultured for 5 days in the presence of 10 ng/ml RANKL, or 10 ng/ml RANKL
35 together with 5 pug/ml soluble GAG. Western blot analysis demonstrated that RANKL

antagonizes ERK phosphorylation, whereas the osteoblast-derived soluble GAG reduces



Cell Culture The RAW264.7 nurine nonocytic cell line (ATCC TIB-71, USA)
was routinely cultured in Dul becco's nodified Eagle's nedia (DVEM

suppl enenvedowid7iusi0 % fetal bovine serum (FBS) and 100 pgmisiG26101000456
penicillin/streptonycin at 37 Cin a humdified 5 A CQ2i ncubator. 25For
experinments, RAW264.7 cells were seede8l at 2 x 103/ cnR. Human primary

ost eobl asts were generously provided by Dr Kerry Manton [ Manton et al .,
2006] . The cells were derived from explants of discarded cal varial bone
obt ai ned ftheinhibitoy-effectrof BN Kireind=Rkoanbivitya Dlatr repretentsrttdeciodementiertccor di ng t o
the ethical,,g Mh?ﬂ%l nes of the 30Bi onedi cal Research Council of Singapore
and t he Natl ona ni versity Hospital, Singapore. The culture was naintai ned
in DMEM gl ucose supplenmented with 10 % FCS, 2 nM L-glutam ne, 100 U nil

peni ci | |1 néighreapt omyek Bifédidf ERBs %/ogﬂeoﬁﬁﬁgir&%?&mn'rﬁrM:ﬁ&r?hﬁﬁr%hﬁ ant Acid
Phosphat ase %tb%sm ng 35RAW64.7 is a nonocyte [ Cool 2007] _cell Iine

that gan LSt isrwehe Srowdlifor A days with Qraﬂf@owe%vggmmu%%ceﬂ §HE38EARe ( TRAP)
positive rméutsummit@ateedeﬂaa a9 ebradl. Thk Gatir tyfoskelBdn@pd &ynRlei 8 the cad@03; Hsu

t al., 1999 h d f th t 1 f
gst 2ocl ast%ﬁ% ﬁ?é']eg W'%AQ@%E‘E"})/G @Eﬁ? g'n\ﬁébépﬂégsrﬁ’?ﬁtg’rﬁlé{c?“&'l‘egmv?hﬁg ﬁ‘?tf’sl'i“u ﬁ*( °
essenti al qoefbicalmiCmsddply) BCRiibary humgn dtedblastiSyer2 deptigldudf aemumeto 100 U/ il

icilli t 5% CO2
ey o110 od20R0h s HERLDHET e R tMIELbL A RHBE i 570 02, 11
at a1ﬂensiHgﬁmtﬁOk@lm@elteW@ﬁ@f@ndﬁmEHMSex&llbmllfeﬁatuay@swmenmmad by/ M RANKL

( Pepr oTechggyticotdbritidf aQéé@lS PRSI WitRDR AT f"re&f’neﬁt %g{]e'ad das%ccﬁrﬁrm %ke cel |

surface). The medium and test reagents were re at day 3 t day 5,
t he adher €RPresNts Weypqan ¥ $-eef tiplicpte £xperHeg™s or mal dehyde in PBS at 4 C for
60 m n, before being perneablized with 0.2 % Triton X-100 in PBS at room

terrperatur for 10m.n. After ripnsing wwth PBS, the cells were then
i ncubat ed %tf"ﬁf"béﬁsf"ﬂt'ﬂaﬁm'ﬁdfw%'w phosphate and 0.05 % fast red violet

LB sdabt (Sigma, USA) in the presence_ of 50 nM sodiumtartrate and 90 nM
Foarum scehal @bt du’k Ak ePaPuah e A e BT RBRLAN B 8L SO o s
random f i edcdempanyr@xdesertptip bejaw |lrt§|md'(r‘015}bﬁ$j&sddta(81)f theAlelst magrecanteeniiiaedwer e
repeat ed 1pthd B6e € t 0 random
fields callb?uﬁét edﬁ tb%ﬁ% %ngé ggtrtgé/ % % 50%%?1@ i @ﬁgﬁi?ea?pagbtetg)t aken

usi ng an @A"@reslled imtea artthet %@W@"@Q‘(ﬁ"ﬂ%ﬂ‘%ﬂfIﬁf%t'aﬂcy('tf@m"ﬁ@ﬁm@ and | mage
pro- pbus MRedd)spebitiyddbik. Japan). 20Western Bl ot Analysis

MATERIALS AND METHODS

Extraction of GAGs from Porcine Osteoblasts

25 To obtain GAGs from primary osteoblasts, porcine primary osteoblast cultures was
established as described previously [Manton et al., 2006] with strict adherence to the
ethical guidelines of the Biomedical Research Council of Singapore and the National
University of Singapore. Osteoblasts were collected from pre-confluent cultures an_d the
expression of alkaline phosphatase used to confirm an osteoblastic phenotype. The

30 osteoblasts obtained were then passaged and seeded atl5,000 cells per cm? and cultured
in alpha MEM 10%FCS for 8 days (~80 % confluent) With a media change every 3 days
prior to GAG extraction. The media containing the soluble GAG fraction was gently
removed from the culture dishes without disturbing the cells. To remove any cell debris,
the media were centrifuged at maximum speed and the supernatants passed through a

35 0.45 um filter. The cell monolayer was then washed with PBS and removed by trypsin-
EDTA. The resulting cell solution was boiled for 10 min to deactivate the trypsin and the



For Western blot analysis, RAWG64.7 cells were washed in PBS tw ce before
being lysed in RIPA buffer (150 MM NaCl, 10 MM Tris pH 7.4, 2 nM EDTA, 0.5
% Noni detwB-2001/07®453 A sodi um dodecyl sulfate [SDS], 1 %pEmiscamoXodse,
protease inhibitor cocktail) at 4 Cfor 10 mn. The protein concentration
was determ ned using BCA protein assay2Rit (Pierce 25Bi ot echnol ogy, USA)
follow ng the manufacturers' instructions. Protein (20 pg) was then
denatured and separated by SDS-PAGE. Thereafter, proteins were transferred
to nitrocelsate eellected by ceniBiyoationeat maximuansneeddare SsiockecsuaeMAtaBt % nonf at dry

mlk in Paﬁn‘iﬂlﬁlﬂi @el:eﬁ/%l}%g watdirdd gﬁmas fl’%ﬁ p%s&d%roﬁ@pgbt@m?f ik €. Blots
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| ncor porati on Assay kel’etal bal ance 1 nvol ves an nt erp ays between

ost eobl ast%! %‘hﬁf“bsteocl asts. Both cell types contact one another and are

i nfl @enced by factors residing in the osteogenic niche. Since the GAGs were
i sol at ed figg @tsteobl asts, we next sought to determ ne whether they

i nfluence ast proliferation. Briefly, primary human osteobl asts
seeded at TEIVVO26LT haticerthonocyB6 celbine (ATCC diB-a1, US¥OvasTyuthblyanitaredinby serum

starvatio . far h 24 h.

Ther eaf t arUfjec 2 idpines EQUES bl DRI Ibpitpdlelity 1000 BTRT Shull .

t he manuf a(EBﬁ}@%TOOn@édermw@mtmlnEm@U Cmt@hpmtda"led@r%ﬁéémumtor (Roche,
Swi t 267 | anthy exddindnfiC RAPPSEH EbIBA é’@e%e&’%ttff?%ﬁ?rﬁﬂ th peroxidase-conj ugat ed

anti-BrdU anti body and the bound conjugate visualized with the
Human primary osteoblasts were generously provided by Dr Kerry Manton [Manton et al.,
2006]. The cells were derived from explants of discarded calvarial bone obtained from a
19-year-old male donor after informed consent according to the ethical guidelines of the |
30 Biomedical Research Council of Singapore and the National University Hospital, '
Singapore. The culture was maintained in DMEM glucbse supplemented with 10 % FCS,
2 mM L-glutamine, 100 U/ml penicillin/streptomycin and 100 mg/ml Fungizone.

Tartrate-resistant Acid Phosphatase Staining
35 RAW264.7 is a monocyte [Cool et al., 2007] cell line that can be differentiated into

tartrate-resistant acid phosphatase (TRAP) positive multinucleated osteoclasts [Collin-



25sol ubl e chronogeni ¢ substrate TMB and neasured using an ELI SA reader

(Bi oRad, USA). The norphol ogy of osteoblasts was al so exam ned by

phase- conwoasiiomigssoscopy (O ynpus | X81, 10x objecti ve) pafTisero/od@gs gr owt h
in the various conditions. RANKL/ GAGs Bi nding Assay 30To investigate the
RANKL- bi ndi ng properties to the GAGs eg0racted in this study,

speci al | y- prepared Hepari n/ GAG bi ndi ng pl ates were obtained from I duron
(UK) and an enzyne-based assay performed according to the nmanufacturer's
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Preci pitation Assa a 50 %
hepari n- Sﬂ?ﬁ&%@@’a&awod@wdﬁlmqe&at%m QhfafT VA staindida TRABtpesitive UK) i n

100 pl of daﬁéﬁcma.ﬁ.h@tdw&wa&ﬁu@é. wRRs MRl t&ggagbba&t@mdunte%cﬁﬂl or GAG
(5 pg) for,20 mn beads were then 15washed twice with PBS and

t he bound TRARRGORf %l?%ef w "rf@mf'Fﬂty" @'wryeﬁfﬁﬁﬂ B\lrexeerinpesityyare repsaedy nd
det eded ubicBgir®sand Wbra@@hhbﬁéﬁ/of(o@&ﬂblést@bﬂrzw radym hydy\énérdted. Bl ot

anal ysis. St tlst Lc An ach I, ent was r eate hree tines
and data e@?‘p €849k Efe?ﬁiés@éﬁflg %P '?se %rﬁé%'?néﬁ{?ﬁﬁnt g? wer e

anal yzed byIC@scmrﬂqslpped witls b Spot COQIcywes avd Iviage priol phss \(ZN)IM)npusi gni fi cant
differ encejpas set at P < 0.05.

20 Western Blot Analysis
For Western blot analysis, RAW264.7 cells were washed in PBS twice before being lysed

in RIPA buffer (150 mM NaCl, 10 mM Tris pH 7.4, 2 mM EDTA, 0.5 % Nonidet P40, 0.1
% sodium dodecy! sulfate [SDS], 1 % Triton X-100, protease inhibitor cocktail) at 4 “C for
10 min. The protein concentration was determined using BCA protein assay kit (Pierce

25 Biotechnology, USA) following the manufacturers’ instructions. Protein (20 pg) was then
denatured and separated by SDS-PAGE. Thereafter, proteins were transferred to
nitrocellulose membranes. The membranes were blocked with 5 % nonfat dry milk in PBS
with 0.1 % Tween-20 (PBST) for 1 h at room temperature. Blots were then incubated with
primary antibody and the corresponding peroxide-conjugated goat anti-mouse / rabbit. |

30 secondary antibody (Santa Cruz, USA) for 1 h at room témperature with three washeé by
PBST in between. The primary antibodies used were rabbit polyclonal phospho-p44/42
MAPK (Erk1/2) (Thr202/Tyr204) (Cell Signaling Technology) and mouse monoclonal actin
(Chemicon, USA). For reblotting, membranes were stripped at 50 °C for 30 min in
stripping buffer (62.5 mM Tris-HCI, pH 6.7, 2 % SDS, and 0.7 % B-mercaptoethanol).

35 Blots were then washed for 30 min with three changes of PBST. Efficiency of stripping
was determined by re-exposure of the membranes to ECL. Thereafter, membranes were



RESULTS 25 Sol uble GAGs differed fromcell surface GAGs in conposition
GAGs are present on cell surfaces, secreted into the extracell uar

m croenviwonrAe7i48 trapped into the extracel | uar matri RCTEGA10/00&56
therefore chose to isolate and purified GAGs based on their |ocalization
fromprimary porcine osteoblasts. UnfoBtunately the 30quantity of ECM GAG
was significantly lower than the other two fractions (data not shown) and
insufficient for further assays, thus only soluble and cell surface GAGS

were appl i Rerkes apsimmunablefed i iagtin te et thscea fatentloading phsamuies. per f or ned t o
purify t heln%ﬁ%reaéﬁve%%‘ﬂ&@wb@ Vidualifed blAne SiNapc&l dHeRfluiineSedntatd 9 Ritnunber s

640 to 760 and were collected. Since the soluble and cell surface GAGs
elute at t??é?°r§’<‘£‘ﬁéofr}edﬁ?'?”&?t‘ﬁﬁfr?dg?t@cmrw?r%é’ Abpresentati ve chronmat ogr aph

is shown. The conductivity of NaCl also generated a signal as shown in

Fi gurg 1A éhﬁ‘t g: ghl 'Eghts (I-@G elution followng a step- 33 gradient of 1M

NacCl . . distribution of the GAGs to see whet her

t here may del Ueat bIe and
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sol ubl e GABYyankheaafter, theecelimjvere ra@saS! alpﬂaimedsnQﬁea&afb)maldemuefmeolmleurface GAG
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this. Sinoeeremislifized wnﬁaesemeamgérmr@stema(can Zgise Miralinagdg AISAAG, as bei ng
reflectlveI of the poowﬁd ﬁ]rltants o3t e getfs ar.e i kely to encounter in
the bone m'cPoel %jt' \ﬁea%qﬁ?s@o%?'o eQMMtne this any further.
Affinity of GAGs for RANKL 15To determ ne whether the soluble and cell
surface GAGs bind to RANKL, we inmobilized 5 pg of GAG on the surface of

hepansn/ Gieg0l(8.81dith- 248§ Sridit fhoor®MNEh Asify 250 ng) was subjected to GAGs
pre-bound To The lgl ate surface. Thus RANKL affinity for the GAG coul d be

det er m ned>KeiftE! §a'aRES IPYAeSAPIENterBlays Setwgen opipekiasts rd edeqrasie Bott ¢alody. As

shown in l:ty;(j]wdbnt%& orie' drREREGHd M8 ifffuef¥ by 95cabrs Zadidifgin tRADIEodahRGiche. Was

r RANK n r ndently from1l
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they influenced osteoblast proliferation. Briefly, primary human osteoblasts seeded at

20 5000 cells/cm? in 96-well microplate were synchronized by serum starvation for 24 h
followed by treatment with GAG for another 24 h. Thereafter, the cells were pulsed with
BrdU for 2 h at 37 °C according to the manufacturers’ recommednations for BrdU
Incorporation Assay kit (Roche, Switzerland). The incorporated BrdU was detected with
peroxidase-conjugated anti-BrdU antibody and the bound conjugate visualized with the

25 soluble chromogenic substrate TMB and measured using an ELISA reader (BioRad,
USA). The morphology of osteoblasts was also examined by phase-contrast microscopy
(Olympus 1X81, 10x objective) after 4 days growth in the various conditions.

RANKL/GAGs Binding Assay '
30 To investigate the RANKL-binding properties to the GAGs extracted in this study,

specially-prepared Heparin/GAG binding plates were obtained from Iduron (UK) and an

enzyme-based assay performed according to the manufacturer’s instructions. The plates

were first coated with 5 ug soluble or cell surfface GAG overnight in standard assay buffer

(100mM NaCl, 50mM sodium acetate, 0.2% Tween 20, pH7.2). After blocking in 0.2 %
35 gelatin, 10 ng RANKL was applied to the plate surface. The GAG-coated wells not



of GAG was pre-bound to the plate surface, further suggesting that 5 pg/m
of either GAG was sufficient for RANKL binding. Therefore, to exam ne the
af fect ofwGAGE@MABRANKLI nduced ost eocl ast ogenesi s, 5 pg/ rersG2eintobesss GAG was
exogenously applied to RAW64.7 cells, as this was considered sufficient to
bind to and interact with 10 ng/ nl 25R8ANKL. Notably, in conparison to
sol ubl e GAGs, the cell surface GAGs showed a lower affinity to RANKL (Fig.
2A). Heparin has recently been reported to bind to RANKL and inhibit its
activity [subiegledito RéNKhiserve@@®8lank cordiotst Wieds net pues-echt@bpitaGéSe bbeads coupl ed
W th hepar £ din
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t he HBpari n-bi ndi ng pI ate ELI SA assay (Fig. 2A). The anmount of RANKL bound
to the Shepayi insg%&%wg her quantified by densitonetry
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(Fig.3A) with a hierarchi cal
Statistic Analysis

20 Each experiment was repeated three times and data expressed as means + SEM.
Differences among treatments were analyzed by Students’ ¢ test or Analysis of Variables
(ANOVA). Significant difference was set at P< 0.05.

RESULTS
25
Soluble GAGs differed from cell surface GAGs in composition
GAGs are present on cell surfaces, secreted into the extracelluar microenvironment or
trapped into the extracelluar matrix (ECM). We therefore chose to isolate and purifie'd
'GAGs based on their localization from primary porcine osteoblasts. Unfortunately t'he
30 quantity of ECM GAG was significantly lower than the other two fractions (data not :
| shown) and insufficient for further assays, thus only soluble and cell surface GAGs Were
applied in this study. Anion exchange chromatography was performed to purify the GAGs.
As shown in Figure 1A, GAGs eluted from fraction numbers 640 to 760 and were
collected. Since the soluble and cell surface GAGs elute at the same fraction numbers
35 only one representative chromatograph is shown. The conductivity of NaCl also
generated a signal as shown in Figure 1A that highlights GAG elution following a step-



inhibitory effect being RANKL + soluble GAGs > RANKL + cell surface GAGs >
RANKL al one. Furthernore, the average nunber of osteoclasts per 10 random
fields wawo®811/0bi4sehen cells were treated by RANKL al onectRicgoidmBpoessén t he
presence of 5pg/m of either GAG the nunber of osteoclasts induced by RANKL
was reduced by 69 % (soluble 20 GAGs) 38nd 41 % (cell surface GAGs)
respectively (Fig. 3B). Therefore, GAGs produced by osteobl asts, especially
the soluble fraction had an inhibitory effect on RANKL-i nduced
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was sufficient for RANKL binding. Therefore, to examine the affect of GAG on RANKL-

induced osteoclastogenesis, 5 ug/ml of either GAG was exogenously applied to

RAW264.7 cells, as this was considered sufficient to bind to and interact with 10 ng/ml
25 RANKL. Notably, in comparison to soluble GAGs, the cell surface GAGs showed a lower
affinity to RANKL (Fig. 2A).

Heparin has recently been reported to bind to RANKL and inhibit its activity [Ariyoshi et
al., 2008}, therefore we used Sepharose beads coupled with heparin to precipitate - .

30 RANKL. These beads are routinely used in laboratories isolating heparin-binding proteins.
By adding excess free GAGs as a competing reagent we can further confirm the relative
affinity of either GAG to RANKL by observing whether GAGs compete for the bindihg of
RANKL to the heparin-Sepharose beads. As shown in Figure 2B, the presence of
free/unbound heparin diminished the precipitated RANKL, demonstrating that RANKL

35 bound to heparin-Sepharose occurs via a specific protein/heparin interaction. Notably,
unbound soluble and cell surface GAG prevented the binding of RANKL to heparin-



DI SCUSSI ON Bone grow h and renodeling is regul ated by cytokines, growh
factors and extracellul ar conponents, such as GAGs which are associated to
the cell worbage14s | ocalized in the 20extracel |l ul ar matrciscéGomboand

Nur conbe, 2006; Sinms and Gooi, 2008]. GAGs interplay with growth
factors/cytokines in the m croenvironmeAt where osteobl asts and osteocl asts
co-reside to orchestrate the process of bone renodeling [Ariyoshi et al.,
2008; Jackson et al., 2006; Shinnyouzu et al., 2007; Theol eyre et al.,
2006] . RANReépreREeasuggkgling dhaditeise e 66Gs diedlydiratRAYKlo Meebieastlsurtaceont r ol
the activi gxcahoRed %gglzé\'ﬁ%e%n?{gnélh&éf‘o IQAIEI@L ﬂérﬁ’xﬁrh}%a?éé%%fo R GAGCs present

in the m croenvironnent err Ivit o nore fully
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mul ti nucl eated cells induced by RANKL,

GAGs oppose the inhibitory effect of RANKL on ERK activi
25 Extracellular signal-regulated protein kinase (ERK), also termed as p44/42 MAPK , is a

central kinase in the signaling pathway responsible for cell proliferation and survival. ERK
is activated upon RANKL stimulation and returns to basal levels by 4 h post RANKL
stimulation [Hotokezaka et al., 2002]. This elevated ERK activity is apparently related to
the survival of osteoclasts, but not their differentiation, since inhibition of the ERK

30 pathway by PD98059 or U0126 does not suppress osteoclast formation [Matsumoto et
al., 2000}, but rather increases osteoclastogenesis [Hotokezaka et al., 2002]. Consnstent
with the notion that ERK negatively regulates osteoclast differentiation, we obseNed that
long-term treatment with RANKL diminished the activity of ERK (Fig. 4). We further
examined the effect of soluble GAG on ERK activity in the presence of RANKL, since this

35 GAG fraction was more potent at inhibiting RANKL-induced osteoclastogenesis
compared to the cell surface GAG. Interestingly, in the presence of soluble GAGs, ERK
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factors secreted by osteoblasts to control the activity of osteoclasts and like other growth

25 factors, GAGs present in the microenvironment largely modulate their activity. To more
fully elucidate the interplay between osteoblast-derived GAGs and RANKL, we used a
homogenous population of monocytes (RAW264.7) which has been extensively studied in
osteoclast research. This cell line contains no osteoblast or bone marrow stromal cells
which can also be the targets of RANKL. Thus the cellular context is simplified yet

30 remaining responsive to RANKL signaling. Studies on several species of GAGs have
revealed controversial functions of those complex sugars [Ariyoshi et él., 2008; Ariyoshi
et al., 2005; Irie et al., 2007; Lamoureux et al., 2007; Shinmyouzu et al., 2007; Theoleyre
et al., 2006], which is not surprising since GAGs are a mixture of polysaccharides with
diverse structures and biological activities. In bone tissue, osteoclasts are surrounded by

35 the whole population of GAGs synthesized by osteoblasts, the master cells to regulate

osteoclasts. To understand the overall effect of GAGs on osteoclasts, we did not separate
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shown to enhance osteoclastogenesis via up-regulation of RANK protein levels [Ariyoshi

20 et al., 2005]. Similar to our study, these prior reports also used cultured RAW264.7 cells.

In the present study we show that soluble GAG is more potent than cell surface GAG at
antagonizing RANKL. Since an examination of the size distribution of these two GAGs
revealed molecular weight differences (presumably due to CS that is absent from cell
25 surface GAG), it might be possible that CS in the soluble GAG variant is able to
contribute to the inhibitory effect on RANKL since CS has been shown to inhibits
osteoclast formation [Ariyoshi et al., 2008]. However, a more detailed enzymatic

examination of the relative GAG samples is needed.

30 In order to more fully determine the mechanism by which osteoblast-derived GAGs affect
osteoclastogenesis, we chose to examine the role they play in mediating RANKL 4
decreased ERK signaling [Hotokezaka et al., 2002). ERK is a well-known mitogenic
kinase essential for cell proliferation and its activity regulates RANKL induced osteoclast
formation [Hotokezaka et al., 2002; Lee et al., 2002; Mlatsumoto et al., 2000]. As such,

35 ERK appears to play a “dual role” during osteoclastogenesis wherein activated ERK

drives proliferation and enhance the survival of osteoclasts, whilst also inhibiting



15Bolon B, Carter C, Daris M Mrony S, Capparelli C Hsienh A, Mao M
Kostenui k P, Dunstan CR, Lacey DL, Sheng JZ. 2001. Adenoviral delivery of
ost eopr otwgenim7arel | or at es bone resorption in a nouse ecascectomyssodel of
osteoporosis. Mol Ther 3:197-205. 20Boyle W, Sinonet W5, Lacey DL. 2003.
Osteocl ast differentiation and activatBon. Nature 423:337-42. Braunsteiner
H, Thunb N. 1963. [Mast cells, basophils and heparin |liberation]. Bibl
Haemat ol 15:9-15. 25 Bucay N, Sarosi |, Dunstan CR, Morony S, Tarpley J,
Cappar el | i osggocBsidiffgrejatidrafirokiikezaka ef\al. (2902 This, sBdgihed FBK aSivatoreblotkS. 1998.

ortorral coeacpsttEhibo, Nof DRI AR W hol I ATIRAPBIRNESEPY,
S, Ri ng Bellsyih BANKhpd ko nroestep@astléyilﬁwem@metgomwltw dopnst an CR, Hu
S, Lacey DReguidtbs E_ﬁfkeac]nh&aﬂgwé\%rr gﬁﬁﬁ@éﬁ% LS8 With RQ\QR@-QIorQb afehl y activates

mat ur e ost eocl ast s. | i n-Gsdoby P, Yu X

Zheng®H, dRUYBY* ibce'LScmstfemmLh H%‘Blpeﬁ% %E’t%‘él ERA a@UFY@E‘Padﬂ? BEVESm nur i ne

RAW 2% 7 guglldrso ndeRANRE trg@ﬂ cglh@@uaﬁdbsg@'ﬁtihﬁ%hctéﬁg? eﬁ‘é‘%}ﬂ Olf @l( BGSYOrBRAMﬁL A
Nur conbe V, ,Trau ssady. ndah . Po =

Pyl oxy but JFEPE RGeS SToRT6Ys (e DA CR b TREISRBRR S ERKor bone

ti ssue regdgraliog.i on: in vitro performnce assessed by osteobl ast
proliferation, osteoclast 40adhesion and resorption, and nmacrophage

proi nfl ammat ory response. J Bioned Mater Res A 82:599-610. Cool SM

Nur cdfbe VIhedogs cornimprication batwean donecrlls dg highly mfipoptaoidferthe oenteokbf banat e.  J
Br asel K O o R et 4 T PR e bR
Ar st r ong M@NUERREHING aUtag(ine & PagassRafAcors Inaeate @stBociaipganesis (i ePQY Peschon

JJ, Schuh dANﬁLQ@BG) BAdNKIsb &eﬁmryct.@dy éuféJFGFQtaﬂQ@Mﬁzt mnbédarmhpzlode
devel opnmen 412 24. ghb | - Fat our echi Khosl a S,

t
Sanyal A '@89“%‘“\5&19“"'[??@@3/3 B osteghlast ggwth fﬁéeﬂaa%ftowwthgm%a in
medi d6i ng grmﬁhm@dhéuimaefadstensczrr@tormrmledbyaae"pbyn paphaie Hpaarsabdunaemesnc J Cin

EFQRXﬁlsétE IlisLl r{é%ei\g‘gége Io%allcj?lxlracellliﬁér mncro%nvnfonﬁw%)r(wt ﬁackggr? Iet aY 2(%%‘?1 I:F[a)l(?ardsa e-{‘gl'., 1998.

2003]. We have found in this study that osteoblast-derived total GAGs promote the
proliferation of human osteoblasts (Fig.5B). GAGs exhibit either stimulatory or inhibitory

effects on osteogenesis depending on their chemical composition [Haupt et al., 2009;

20 Ling et al., 2006; Manton et al., 2006). Either soluble or cell surface GAGs are a mixture
of several different GAG species which vary from each other in their structure and
functions. However, the overall effect of GAGs on human osteoblasts is stlmulatory
Together with the ability of these GAGs to inhibit osteoclastogenesns it suggests that the
bone-specific GAGs shift the balance of bone remodeling towards bone formation by .

25 favoring osteoblastogenesis while antagonizing osteoclastogenesis.

Collectively, our results demonstrated that in the absence of OPG, the decoy and
inhibitory receptor for RANKL, GAGs reduced the osteoclastogenic ability of RANKL in
RAW264.7 cells and the potency of the anti-osteoporotic effect is apparently dependent
30 on the composition of the GAGs. The long-term effect of RANKL on ERK is inhibitory, and
this corroborates the negative role of ERK on osteoclast differentiation. Also since GAGs
recover the level of active ERKs, ERK pathway is apparently an essential pathway.in the
osteoporotic effect of RANKL. The inhibitory effect of GAGs on osteoclastogenesis
suggests an important role of GAGs in bone metabolism and its therapeutic potential in
35 treating osteoporosis.
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i nhibition of osteoclastogenesis in a manmal. 5 2. A glycosam nogl ycan

m xture obtained from manmal i an osteobl asts for use in the treatnent and/or
prevent i onoebhiiongsfracture or bone deterioration in a wemse2010/080456

gl ycosam nogl ycan m xture obtained from nmanmmal i an osteobl asts for use in
10enhanci ng proliferation of osteoblas48 in a mammal. 4. Use of a

gl ycosam nogl ycan m xture obtai ned from nmamal i an osteobl asts in the

manuf acture of a medi canment for the inhibition of osteoclastogenesis in a
mammal . 156laime: of a gl ycosani nogl ycan ni xture obtai ned from manmal i an
osteobl asts in the manufacture of a nedicament for the treatnent and/or
prevention of bone fracture or bone deterioration in a manmal. 6. Use of a
gl ycosam ndgl ychglyaesenmitoglyssn aixtuse oplaingd framraamaaliansastashlagtstier ysa in the

20manuf act iahitish oPodiEStiLRgEMsis iR reAtamci ng proliferation of osteoblasts in
a mamual. 7. A nethod of inhibiting osteoclastogenesis in a mamml in need
of such treat ment, the nmethod conprising adm nistering a gl ycosam nogl ycan

m;c xture obpai ng,figfyﬁwé‘m‘iwmvau hni mmmébfst@hba%ﬁm rﬁ@niﬁmbﬁhﬂ%@ﬂbla_stsif& us8.in hemet hod
of treatin nd/.or preventin one acture oy bone deterioration in a
mammal in ﬁ%agrgegtfangﬁaéHretv?rggp%éﬁ?qe fﬁfie”r?‘rﬁ't Ravg &?‘r‘?’ﬁﬁg i He? QﬁWﬂ?"Steri ng a

gl ycosam nogl ycan m xture obtai ned from nmammal i an ost eobl asts to the
mammal . 309. A . ' iferati osteohlasts. in a mammal
1 need o %UCW‘%%;%@!@@% ﬁ_ét%'"sé%ﬁg%ﬁgg%&ﬁs‘nﬁoﬁt%ﬁﬁwgus h

gl ycd9am neyjlapena preiiteratioe obestedblasts if eomammatal i an ost eobl asts to the
manmmal . 10. The net hod of any one of clains 7 to 9 conprising adm ni stering

t he 35gl ycosam npglycan m xture to bone tissue of the manmal or to tissue
sur r oundi n@ bonése ¢f aglvcosamippglyGan fsture obtajned from mammalian osteoblasts in the

manufacture of a medicament for the inhibition of osteoclastogenesis in a mammal.
15 5. Use of a glycosaminoglycan mixture obtained from mammalian osteoblasts in the
manufacture of a medicament for the treatment and/or prevention of bone fracture or

bone deterioration in a mammal.

6. Use of a glycosaminoglycan mixture obtained from mammalian osteoblasts in the

20 manufacture of a medicament for enhancing proliferation of osteoblasts in a mammal.
7. A method of inhibiting osteoclastogenesis in a mammal in need of such treatment,

the method comprising administering a glycosaminoglycan mixture obtained from
mammalian osteoblasts to the mammal.

25
8. A method of treating and/or preventing bone fracture or bone deterioration ji‘n a
mammal in need of such treatment, the method compfising administering a |

glycosaminoglycan mixture obtained from mammalian osteoblasts to the mammal.

30 9. A method of enhancing proliferation of osteoblasts in a mammal in need of such
treatment, the method comprising administering a glycosaminoglycan mixture obtained

from mammalian osteoblasts to the mammal.

10. The method of any one of claims 7 to 9 comprising administering the
35 glycosaminpglycan mixture to bone tissue of the mammal or to tissue surrounding bone

tissue of the mammal.



11. A method of inhibiting osteocl astogenesis, the nethod conprising

adm ni stering a gl ycosam nogl ycan m xture obtained from mamali an

ost eobl aswe 2m/@siseocl asts or osteoblasts, in vitro or POTEGEOL/0004542. A
met hod of enhancing proliferation of osteoblasts, the nethod conprising
adm ni stering a gl ycosam noglycan m xtu4e obtained from manmal i an

osteobl asts to osteoblasts in vitro or in vivo. 1013. A pharmaceuti cal
conposition or medi canent, the pharmaceutical conposition or nedi canent
conprising a glycosam nogl ycan m xture obtained from mamal i an ost eobl asts.

14. The phgr ”E‘?xeME{hSE" ﬁﬁﬁiﬂﬂgbété&ﬂas?cfﬁeﬂ?&é Qr?dmgt&]ggt:cixﬁbr?s'lrﬁa]d?nrﬁlg}@rlﬁbsg in the

15inhibition o eoc astogenesi s | maceutical
conposi ti mivcoﬁam@qmlmthumotw@ﬁdmmnfammayg@oistnolnlaﬁés brcétﬂqf?‘@ﬁlls oand/ or
prevent i onyspfobReReiInfitR i GvPr bone deterioration in a manmmal. 2016. The
phar maceuti cal conposition or nedicament of claim13 for use in enhanci ng
proli Peration of osteoblasts in a manmmal. 17.An isol at ed gl ycosam nogl ycan

m xt ure obfai nedméhedon&iNaRtih@proeiB6em besstoblasts, the method comprising
administering a glycosaminoglycan mixture obtained from mammalian osteoblasts to

osteoblasts in vitro or in vivo.
10 13. A pharmaceutical composition or medicament, the pharmaceutical composition or
medicament comprising a glycosaminoglycan mixture obtained from mammalian

osteoblasts.

14 The pharmaceutical composition or medicament of claim 13 for use in the

15 inhibition of osteoclastogenesis in mammal.

15. The pharmaceutical composition or medicament of claim 13 for use in the

treatment and/or prevention of bone fracture or bone deterioration in a mammal.

20 16. The pharmaceutical composition or medicament of claim 13 for use in enhancing
proliferation of osteoblasts in a mammal.

17. An isolated glycosaminoglycan mixture obtained from mammalian osteoblasts



