t COWOSI TI ON FOR STI MULATI NG BONE GROAMH AND DI FFERENTI ATI ON AND
METHOD FOR | SOLATI NG SAME FI ELD OF THE I NVENTION 5 [0001] This
invention relates to isolated heparan sul phate and use thereof to
stinmulate bone cell growth and differentiation. The invention al so
relates to use of heparan sul phate witth i nplants, prosthesis and
bi oscaffolds to repair and regenerate bone. Such use may be for
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figure 1), speci es 1solate roma s e source
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interactions. Many of these mechanisms are under the control of extracellular mediators

or cytokines, including growth factors,

[0004] Heparan sulphate (HS) glycosaminoglycans, located immediately

adjacent to the surfaces of neighbouring cells, modulate the action of a large number of

25  extracellular ligands, including growth factors. It does this with a corﬁplicated
combination of autocrine, juxtacrine and paracrine feedback loops. HS are essential
regulators of fibroblast growth factor (FGF) activity both in vive and in vitro, and
function by cross-linking particular forms of FGF to appropriate FGF receptors.
Although HS may be generically described (Alberts et al, 1989, Garland Publishing,

30 Inc, New York & London, pp 804 and 805; incorporate herein by reference; see also
figure 1), HS species isolated from a single source may differ in biological -activity. As
shown in Brickman et al, 1998, Glycobiology 8 463, two separate pools of HS obtained

from neuroepithelial cells could specifically activate either FGF-1 or FGF-2, depending



and HS isolated fromcontact-inhibited cells preferentially activated
FGF-1. [0005] A HS that is capable of interacting with either FG--1
or FGF-2 is described in WO 96/23003. According to this patent
application, a respective HS 5 capable of interacting with FG--1 is
obtainable frommnurine cells at enbryorfic day fromabout 11 to about
13, whereas a HS capable of interacting wwth FG--2 is obtainable at
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[0008] International patent application WO 93/19096 describes oligosaccharides

obtained from HS from confluent cultures of human skin fibroblasts having growth

25 factor binding activity, for example FGF or HS- protein binding affinity. The

oligosaccharides are described as being useful as therapeutics for blocking cell surface

signal transduction and inhibiting growth factor activity. The oligosaccharides are

particularly useful due to their minimal size and specific binding affinity.

[0009] WO 93/19096 states that in contrast to the useful properties of

30  oligosaccharides as therapeutics, HS is not particularly useful as a therapeutic. In fact,
even fragments of HS (i.e. oligosaccharides prepared from enzyme digested HS), are

also not considered suitable for use as a therapeutic due to a resulting complex mixture

of various molecular species having a wide range of different compositions and sizes.



thereof, for use as a therapeutic. SUVMMARY OF THE I NVENTION 5 [0010]
However, contrary to WD 93/19096, the present inventors have
surprising found that HS obtained froma specific tissue source may
have particularly wuseful properties, in particular as a potenti al

t herapeutic and pharmaceutical conposi¥ion. Al though HS has been
previously extracted fromskin, brain, liver and 10 cultured cells,
HS has newvtcorstingly, XOroactoe86 adases agaiestase bhHE, presgyms digested pepayatioms
to this i ! i ors were surprised to find that HS

i sol at ed ft?ég%ﬁb%c’ggsec%{aﬁ%ér%ﬁg%‘ applied to cells showed a greater
increase in bone cell growth when conpared wth other sources of HS,
as is described in nore d l LD In a first aspect,
the invention provides isﬁ%ﬂﬁggﬂaﬁmqu obtai ned from
bone, I5one cell, bone precursor cell or stemcell [0012] In one
embodi ment, t hg00ihEowbwsre walrhry heoNWrezLo0e6) thel prewht Shesmae! havei s
obtained froma . 013]. I.n.sonme enhodi nents the nmal | s
urmn. bovie g gt S obHned s dR B sREOHy tasi ApREe AR Ry
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precursor cell .gr st C i.s .cultured. [0016].ln sqne enbodi nents,
t he bone &8 °Slg%eAg‘g]%‘E5?‘r;€I§rha§QF?n Bﬁe"lé}fl%t}‘r]eé‘gﬁ‘ft‘l’q fom §%‘F’d¥@6’ Ky and

cul turied talmeieyiss, GBI 1o beei RRSactdd0Rdnt IbohS of BolX@Bdtér ctikepiRNne
precursor cel.l rra&éhbl%gs_el ected fromthe gré%go 25 consi sting of KS-4,
UVRLO6, UNBS@Yen .1Bvenjers wex, quippieefisiopfind thabHig) isopfed onphgneyeslls
i sol ated fywiem Hpliddfccetls @hdnse@htﬁwmcmérbﬁg ih ®3a¢ kéh gicﬁvth Qﬂfaﬂﬂcﬁmg%ée
or when contact inhibited. [001 Preferably, the HS is isolated from

cul tured B ehenspgey Adhars isigpeibed inppss dskaldereindter.0020] In a

second aspect, 166181 t\4eMiedt OkpBEt O \hel @vetibE OO isol B Abpdich REPRLEN
sul phate including the step of purifying heparan sul phate from
ti ssudor EiRedfompbansgbone cally tone prEsH €BREFEMGY of . bone, bone

cell, bone pr ec[ﬂﬁl%?fn 5% dmidEnsl ol %gﬁél, boﬁ@%lboﬂébrgtfb‘?so‘f P &&Htcaﬂ

t he bone, bone cel bone precursor cell or stem cel IS obtalne
from a narf@taingbiep@admps. sone enbodi nents the mamal is a hunan,

bovine, pig or (§@REEM sonth embodiments the mammal is a human, bovine, pig or rodent.
{0014] As an example, the mammal may be a human,

20 [0015] In one embodiment, the bone cell, bone precursor cell or stem cell is
cultured.

[0016] In some embodiments, the bome cell, bone precursor cell or stem cell is
isolated and cultured to remove other cell types.
[0017] As an example, the bone precursor cell may be selected from the group

25  consisting of KS-4, UMR106, UMR201, MBA 15.4, 2T3, and MC3T3-E1.

[0018} The HS may be isolated from cultured cells either during logarithmic
growth phase or when contact inhibited.

[0019] Preferably, the HS is isolated from cultured cells during logarithmic
growth phase.

30 [0020] In a second aspect, the invention provides a method for isolating heparan
sulphate including the step of purifying heparan sulphate from a tissue or cell selected
from the group consisting of: bone, bone cell, bone precursor cell and stem cell.

[0021] In one embodiment, the bore, bone cell, bone precursor cell or stem cell
is obtained from a mammal.

35 [6022] In some embodiments the mammal is a human, bovine, pig or rodent.



[0023] In one enbodi nent, the bone cell, bone precursor cell or stem
cell is cultured. [0024] As an exanple, the bone precursor cell may
be selected fromthe group consisting of KS-4, UVRL06, UMR201, MBA
15.4, 2T3, and MC3T3-El. 5 [0025] The HS may be isolated from
cultured cells either during |logarithmtc growh phase or when
contact inhibited. [0026] Preferably, the HSis isolated from

cul tured cel | s [823} i oho gambpdituehic thegbont tellpthase prek@O@7¢ell or stedhdatldis
aspect, ”?;ﬁnh@éfent' on provides isolated heparan sul phate 10

obt ai nabl e according to the nmethod of the second aspect. [0028] In a
fourth as pect [6024] Mmrﬁxamplepme\bbdepreauqshﬁcdmaﬁe;ubm sdtctabip@shé goap

conprisin Iat e r.di t and third
aspect o 1 Ao BB BN DNERA aFEE S, P e MEHAAL] n "one
enbodi gent , t h@mmmmag de ieclapASrdm @iltind tcBlY eitRMniag Jogatithnmiae
or nore bi oI al | C I cul.e(s) capable of stinulating bone
or bone céfY é’?‘ (%wglﬁ iEEdnt i ati on. [ 0030] In one

enbodi nent, t hgo026f Peuferly, ethbi BS agiisahtky fasmh IcMRule®|ceng |d&ﬁﬁFQ Jbgarithmic
sel ected fromh(pge group consisting of: BMP2, BWP4, OP-1 GFl, FGF2,
TGF- (31, 38 TGF- (33, Collagen 1, laminin 1-6, fibronectin and

vitronectin. 200(090%lla fthet @ 0Shé | iBVeniBY dﬁrﬁi}iﬁmﬁso@@éﬂ)mbﬁﬁa@%ﬁlpﬁﬁte
nore his- phospg nat eﬁ 03 ! n one enbodi nent the bis-phosphonate
is selffct Oft ’@g(‘ﬂlg‘ jodthesgoend aspect-dr onat e, cl odronat e,

al endronat e, pqomy Qﬂﬁiﬁf@uthrdsﬁ&!ﬂr@@%&nﬁ&ﬂpr&ﬁﬂe@ﬁﬁaﬁﬁ&ﬂa@eut{cgp apom%n

phar maceuti cal, conposition nmay be used in the nmanufacture of
medi canentCORBHsIDg dgplptee heRarapi swdphaten aproadingftot the st aad aihird gspeds]in

The tissuoefnBidaford RRAL A er®iRBySOft or bard tissue. [0035} In one
enbodi nent the ti ssue to be repaired is hard tissue. [0036] In one

enbodi ment t he (2911 pae pwbodimpein dhe plygmageutieal srepesiien furtier comprises
repai ry50f oTnE'%r f?ﬁ’dr@ bﬁdlé%%bh@l yCRAPE hidfuld( sgt ?ab‘?é of s?’tﬂnﬁﬁ’ﬁﬂé"bé&e% tSClgﬁetééﬁ

phar maceuti cal ion by coating npregnating -a surgi
i mpl ant, W%@W@@’Péd@fﬁmbﬂﬁwaffol d before inplantation. [0038] In a

fifth
i fth aspect, 61301 BY 67 AP0 §*§° o &%9}!&%{)]0 mfaccor et Ij?’he

or bioscaffold conprising Isolat paran su

first and selagted fpspdiet gtoup coGBEYRE |o3: BMP?erBMB#,n@Bﬂ FGH, §GFgi daiP-p1,
i npl ant,  BiRSpRGRLS ﬁ@,rcﬁagépﬁflirﬂfugl 1-8, fibronectin and vitronectin.

20 {0031] The composition may further comprise one or more bis-phosphonates.

10032] In one embodiment the bis-phosphonate is selected from the group
consisting of: etidronate, clodronate, alendronate, pamidronate, risedronate and
zoledronate.

[0033] The pharmaceutical composition may be used in the manufacture of a

25  medicament for treating an animal in need of tissue repair.

[0034] The tissue to be repaired may be soft or hard tissue.

[0035] In one embodiment the tissue to be repaired is hard tissue.

[0036) In one embodiment the hard tissue is bone.

[0037] In one embodiment the repair of the hard tissue comprises a step of

30  administering the pharmaceutical composition by coating or impregnating a surgical
implant, prosthesis or bioscaffold before implantation.

[0038] In a fifth aspect, the invention provides a surgical implant, prosthesis or
bioscaffold comprising isolated heparan sulphate according to the first and third aspects.

[0039] In one embodiment, the surgical implant, prosthesis or bioscaffold is

35  coated or impregnated with the isolated heparan sulphate.



35 coated or inpregnated with the isolated heparan sul phate. 5

[ 0040] The surgical inplant, prosthesis or bioscaffold may be further
coated or inpregnated with BMP2, BMP4, OP-1, FGFl, FGF2, TG (31,
TG-- (32, TG—-(33, Collagen 1, lamnin 1-6, fibronectin and
vitronectin. [0041] The surgical inplamnt, prosthesis or bioscaffold
may be still further coated 5 or inpregnated with etidronate,

cl odronat e, al d88¢ldesugehiaplaiapwsthesis edbiosratioldmdy be flrdur oveedeor

[0042] In Qd‘k',ﬁﬁ hanRI0SSR f%bq; COMRh &8 A1 PRLYT 1%59

i ncor por at‘ﬁea@?%%%tgﬁer 'ygé%%[a%gtﬁ?rf ?%EL’ yaIIUr oni ¢ "aci gl’ ?E%% eb‘o”
surgi cal iGglagen 1, lamige hét fieropectibiapd witfohedtth. may be used with hard 10
tissue. [0044] i rd.tis i s ho 045] . 1.n
one enbodi nent m?‘h@@&%g%% @in%ﬁt’aé{p &h%?soos‘ft %5%0%%F itﬁggtg%ﬂr&eﬁc a§‘°’d
used t & r epaimprepmated | witlaetidyenatd, @tiBjnatey akendionath, papieainate) Fieedrenaeniridon
provi des aoggdtr oage of treating an animal in 15 need of tissue repair

€

i ncl udi ng 1 & eps of adm nistering a pharmaceutical conposition of
the fourth aspe6042][I004%¢ dhiodimestyetht 0 blvscatiipdi cotbrivey bepsigftr Ofhat

hard tissue, 0048]. | ne enbodi t, the tissue is hard tissue.
[0049] In laﬁoépérﬁge&ﬁ%ﬂ?ﬁﬁ?'?mﬂ?é’atﬁtﬁlpﬁﬁﬁg@ﬂlgaF"g' bone. 20 [0050] In one
enbodi ment, r ep@043]0rhet daggidrd rivhplans Suesthatie! didesschiield Sh@Pbe used with hard
admi niﬁ)t erlngeat he pharnmaceutical conposition by coating or

i mpr egmat i surgical inplant, prosthesis or bioscaffold of the

fifth aspect begho44] Ihpt anbatiment, the @@ ]ssdeis Bag. enbodi ment, the

aninal is a m %S 005(2]%% r&,some enbodi nents, the mapnmal js a .
human, bovi ne, n@& 1dp qusfahodimens, thggwagicat, implant r Roghesise P Blogeatioll is
mammal i s Wdaerephi0884d] diidage. Sevent h aspect, the invention provides
use of the isol bglg heparan sul phate_ of the first or third aspect.
for stimulati ng[% dR&sHh BRes the fyspiion proyiges 2 pathed pEireaiisg ap aripsl in

| nventison e Of BERLiERE iHA8di0E tHehers D0 bahffkihERA MirmaddhibR bemplsitdie
first or third asgect in the manufacture of a medi canent for
sti nul ati rRf thesfPuptegenserat i on of tissue [0056] The tissue may be soft

or hard tissue. [Ob@ﬂ\r’ﬂ:]e 190 Be %gggj ﬁ{gﬁge sdih& HatP§ddfe1 s hard tissue.
[0048] In one embodiment, the tissue is hard tissue.
[0049] In one embodiment, the hard tissue is bone.

20 {0050] In one embodiment, repair of the hard tissue includes the step
administering the pharmaceutical composition by coating or impregnating a surgical
implant, prosthesis or bioscaffold of the fifth aspect before implantation.

[0051] In one embodiment, the animal is a mammal.
[0052] In some embodiments, the mammal is a human, bovine, pig or rodent.

25 [0053] Even more preferably, the mammal is human.

[0054] In a seventh aspect, the invention provides use of the isolated heparan
sulphate of the first or third aspect for stimulating regeneration of tissue.

[0055] In this aspect the invention also provides use of the isolated heparan
sulphate of the first or third aspect in the manufacture of a medicament for stimulating

30 regeneration of tissue

[0056] The tissue may be soft or hard tissue.
[0057] In one embodiment, the tissue is hard tissue.
[0058] In one embodiment, the hard tissue is bore.



[ 0058] In one enmbodinment, the hard tissue is bone. 6 [0059] In an

ei ght h aspect, the invention provides a process for stinulating
regeneration of tissue including the step of applying the isolated
heparan sul phate of the first or third aspects to an area of a body
in need of hard tissue regeneration. [0060] The tissue may be soft or
hard tissue. 5 006% In one enbodi ment, the tissue is hard tissue.
[0062] In one Feiht cighiheashedidibei ipeensionsprowides a[DOG8 fomstimulatitch

aspect, t hﬁgéﬁbYﬁfbﬁ'o? BsdE QYL the §teP fof %ﬁ}ﬂhg %d:al tfigteg' ﬁ%ﬁ;@%dﬁﬂk%%e

of the firs hird aspect tor st eren
cel | into Hrsbeyrfbirdpspepls tean drgeeofadiody in geed@fB4 tissneongenentionli nent , t he

cell is a stemﬁ) F Tlfegggglmglbe%ﬁo?mq nt, _the stem pel | is an

enbryoni c stemce nore biologically active
nmol ecul®e(s) capi@Bbld Iofongembedimentnidie tisswe is lgard lissve. cel | growt h and/ or

differentiatio I cel |n addition to the

i sol ated hepar %’@I%ﬁggg ﬁ‘%g?lgo%%ﬁaﬁdn%%eem Aodi nment, the one or
mor e bi ol ogi cal [0963dni a eintfo hepeod, eljcsinwsuoxspfcedﬂeed:sé rodirthé lix®1:g¢cd tgparan
consi sting B 1l FGF2,. TG TG 2

Tor 03, Conihprdtife ibbrmiherkor oAt tetRaOTR g AGcH il fyBReyT
One or rmrlmdmlﬂcemblﬂlsphonat es may al so be added to the cell. [0069] In
one e di ment , bi s honat e sel ect fromthe group 20
consi sting of: @W‘ﬁr%r?&?gmg% “88'?0 Sf%ﬁlsé‘lsé%f: ate, pami dronate,

ri sedronate anc[OOﬁS]IIadn@aabmm{nﬁQtﬁg]stehrbeﬂ it aﬂér’ﬁb@@ﬁe@ﬁam delle i nvention
provi des a net o) |dent| 0 nDIecuIe

i ncl udi ng the 2@@6@‘? et ﬁ’h‘?% aj&ﬁé‘f;h mgjr‘?éu tssl éWHP]&H{‘%bOBC
mol ecul e( sgr twinadsll eeowtheni/ep Hat-aatibepaman akol ehaded of thE ket id b&diti®d to

third asp 25, [0071] .1 n_one enbodi nent, the method further
i ncl udes tﬁg 1sofak %Pafa%]t“ﬂﬁ?ﬁ% ng a biological function of said

mol eculse. | 0072(1)067] 18 8e @fbOdini¥af) tthe b oP ik Biotdidally aeﬁx}evlﬁomz%}iise
i s capabl ng sérl rruc}l?atl ng bone, or%]{)%e cell growth and

i 1 of ent | SHSFI5H, T9B e Erop oBaitiney Pyt SR, iR AICHBL,

synt het i ¢ TEREC2ITEF-BR) CoBRgeaXt, [a%ﬁhmflr@rﬂbaoﬂbbﬁﬂhn@htraﬁﬁcﬁﬁl tissue or
cell; a product I) (ir&na reconbi natorial library cDNA I|brary or

expression |ibr edF fprobisehesmhengtes may ‘Hé‘h%l%@?‘éto the cgll- ot ei n.
[0074] In one mllﬁﬁﬁfc, eththifAiBER] BeNbisHhdsphoat Ns fB.ERA -from the group

20  consisting of: etidronate, clodronate, alendronate, pamidronate, risedronate and

zoledronate.

[0070] In a tenth aspect, the invention provides a method for identifying a
biologically active molecule including the step of determining whether one or more
candidate molecule(s) binds to the isolated heparan sulphate of the first or third aspects,

25 [0071] In one embodiment, the method further includes the step of determining
a biological function of said molecule.

[0072] In one embodiment, the biclogically active molecule is capable of
stimulating bone or bope cell growth and/or differentiation.

[0073] The candidate molecule may be a npatural or synthetic molecule; an

30  extract from a plant or animal, tissue or cell; a product from a recombinatorial library,
cDNA library or expression library; a drug or chemical; carbohydrate; or protein.

[0074] In one embodiment, the protein is a growth factor.

[0075] Throughout this specification unless the context requires otherwise, the

word “comprise”, and variations such as “comprises” or “comprising”, will be



[ 0075] Throughout this specification unless the context requires
otherwi se, the word "conprise", and variations such as "conprises”
or "conprising", wll be 7 wunderstood to inply the inclusion of the
stated integers or group of integers or steps but not the exclusion
of any other integer or group of integefs. DESCRI PTI ON OF THE FI GURES
AND TABLES 5 [0076] In order that the invention may be readily

under st ooamdgrsiopdito iimpliothe [jllll(ﬂ{lESﬁdll'Ilfl theefthted integexeongdraup/ofdniegets nestess it |
now be des f strative X le with reference to

t he acco g{r@?%gc}%%nﬁmgo Jr“gﬁgﬁr i%%upr%tﬁgég%&e nunerals refer to

| i ke parts. 10 [0077] FIG 1 schematically depicts the structural

repoating di sacohari DESGHIPATANOETRE EIGURES RNPRERBERST onfc aci «
that abfe varied in sul phation, where R = H or 503- and R' COCH3,

503- or H. [O00T@76FIGorder shajvibe tinecntion abayt ibe rmedilyy inderssfodVEBIT puEinto
s d 0
el | S, Sur RguHISALR bdlotad S AU PRAP Sow SELEG Rl bh 080G puggarive

cel I s/cnme? | ¢ ac Wwas neasure sion

WET-1 to fe@mﬁzanthbyfemmowlthndmomipadﬁhgdrwgegmherefﬁhﬂcs referuer minmrals
| i ber at es 8ol t%g%(g%aﬁ ur that is neasured at 450 nmwith a reference
wavel engtﬁ of m The absorbance directly correlates to the

pr oporldi on of He7ab51Gcal kqhematmai/lg deplidts then strﬁdsteral: Ld:bmpnﬁtlonTh»éSl&paran

results are e dard devi ation of i.ndependent
onont . - shphAlE dSEhs ERATRREE SRRt e iR SERED! Spo s
t he met abinked actuowict acid thaMeR Tried in elipbatiee dadreaR’ & AGR SEelahd/RNL.

Met abol i Cr&?@:{ t@; measured using WST-1 as in figure 2. The
conmpari so 1 e 2 illustrates that MC3T3-El cells are stably

gr O}Ni ][lg at dif f[?nﬁ/I[];gF-Ir%m iho“demhbﬂasaic a%ﬁv{tﬁgﬂg[IBTBilEll c/éﬂﬂg&ﬁit@ttﬁc i@l
proliferation o c seede cells/cn2 ov
peri o&g 50yl Rhese, FSF?HGEfaé b éégmh%ﬁq}%@gw@gpw@r Bied E}masme‘5 by the

i ncor por atob@srbrsmﬂof ivﬁ'lr-ew Ifd1snaddrebyl hﬁﬁbﬁdﬂﬂaﬁﬁeﬂybﬂ)gﬂm&l THI9. cofiSersion
proliferat]on depe

on netabolic actjvit rrespondi n
met abol i ¢ @e&aremvgeawubawr HpPpasgred [%Gté %’éh aICEREEICE e velgRgth of 630
di f f er ent inpd, ITHB aBdcAbanse BRANFCHAEILREE ¥ pl*&@rtﬁi%f@ﬁ&éﬂbﬂcalf}roacﬁfre Basker
proteins. J0082] FIG 6 shows an elution profile of recovery of HS

from a icg],q.ue e%&%ﬁrfﬁ%u 18 At¢ e mean = standard deviation of three independent
20  repeats, each repeat conducted in triplicate.

[0079] FIG. 3 depicts the metabolic activity of MC3T3-E1 cells seeded at 5 000
cells/cm?. Metabolic activity was measured using WST-1 as in figure 2. The comparison
with figure 2 illustrates that MC3T3-El cells are stably growing at different cell

densities.

25 [0080] FIG. 4 depicts the proliferation of MC3T3-El cells seeded at 2500
cellsfcm?® over a period of 20 days. Proliferation was measured using BrdU
incorporation and the results are displayed as the mean = SD. As proliferation depends
on metabolic activity, a corresponding metabolic activity can be implied.

[0081] FIG. 5 depicts the differentiation status characterized by the expression

30  of marker proteins.

[0082] FIG. 6 shows an elution profile of recovery of HS from a DEAE ion
exchange column,

[0083} FIG. 7 shows elution profiles from a Sepharose CL-6B column to
separate HS chains and fragments.



[0083] FIG 7 shows elution profiles froma Sepharose CL-6B columm to
separate HS chains and fragnents. 8 [0084] FIG 8 shows el ution
profiles of gel filtration on Bio-Gel P-10 of oligosaccharides
produced by depol ynerising agents: (A |low pH HNO2 (B) heparitinase
and (C) heparinase. [0085] FIG 9 shows8an elution profile of strong
ani on exchange-hi gh pressure 5 |iquid chromatography (SAX-HPLC) of

di sacchari des 0S¢l EEG. I8y sloorsptletien pydfilen sageh dijtrativanod )mse}el P-10 of

depol yneri 0 0 Wws .an el utjon fi oh@@(— LC
of HNO2 °§g ?&yh% Spacc arlbdédeg%igﬁﬁrﬁ ) gen % @ﬁo&% (IE
print" of heparitiBash axd (Chbhapadeastot al profile/library 10 by SAX- HPLC.
[00881 FIG 12 of , FGF-1 (bl ack ba and

FGF-2 (white @?‘gﬁﬁ gfﬁ : Of%ﬁl{'%‘leﬁ% Pl RESHEDE FihB s8chanEs-bi @é‘?sﬁufﬁ‘

prol i f &r atligoid v:ﬂxsonmagrhpilyed(SAbsSLHBlm)J iof C Ofs R haidedN prc[cmeéﬁ9]bfl éom
shows a gr h of. effec s of l%):ime derlved and non-bone-derived 5 HS

suppl enent ?fgl%(fad Y36 AsoDERE A3 T3- Bl bone cel I's. [0090] FIG
14 depicts a gr[(am FiGelid atibws ah dpniva- slefiicvers ARGHPRN-JAIROY ek hatedd

HS suppl ementation froma different species on proliferation of
ost eobl astdésacqhariges- HS (hHS) and porcine HS (pHS) was added to pig

ost eobl ast s (p'(ﬁls'ﬂpﬁé} ﬁ‘&o@g%gﬁﬁ)&@?bdﬁﬁ &1?&5%1de%&81¥p9§%§1}@mrh

15 depicts a dose response curve on pr eration
bone d8l | dy SAK-FXfest ed from MC3T3-E1 cel | s denonstr at ed a

mat ur o 3T UBBF RE6 12 6V ERC S oFlcRclis SEHORT GHISE vy Afy TR "
[ 0092] FI @vhitesbark) qpsprphfeanon loé M(CXTSHET honeoslin fCdlheolifemtibm grapmoaiasd of

a bone vt HS (5 or 50 g) was delivered in a gel
carrier |n ﬂraﬁ%ﬁ%ﬂ seal fracture in the fenora of rats. Gel

carrier alone W%FEG h’tslﬁmmtarghph obatfeograipose-dexived ahd ken-bome-ddizredP
pl ane .at er m ne..t he degree of
heal i ng ﬁic%ggéﬁmegﬁhg%g Bmé L%Bﬁ]“&%%ﬁg%%e RRts a von Kossa
st ai ni ng. Medi 5)69D]aFIGsl4)de;nataeagmdh ol efifecss mboneﬂerbtﬁdmnﬂ naindote-deRks
were secti a von .Kossa al n
G 11 er encel e RERRRLEHARE SRS e SReRenam e g Gaes Spuman HS
400 m (hHS) and porcine HS (pHS) was added to pig osteoblasts (pig HOst) and human
osteoblasts (hOst).
20 [0091] FIG. 15 depicts a dose-response curve of HS on proliferation of MC3T3-
El bone cells. HS harvested from MC3T3-El cells demonstrated a concentration-

dependent increase in proliferation when dosed back on immature MC3T3-E1 for 24 h.
EDsowas determined to be 5 pg/ml HS.
[0092] FIG. 16 illustrates the acceleration of the healing process of a bone
25  fractere by HS. HS (5 or 50 pg) was delivered in 2 gel carrier into a mid-diaphyseal
iracture in the femora of rats. Gel carrier alone was used as control. Radiographs were
taken in the AP plane at 2 and 5 weeks post-surgery to determine the degree of healing
across the fracture.

[0093] FIG. 17 depicts a von Kossa staining, Medial halves of treated femurs at

30  Dboth 2 and 5 weeks were sectioned and stained using von Kossa staining to show
differences in callus mineralization between the 3 groups. Scale = 400 pum.

[0094] FIG. 18 depicts the histomorphometric measurements for von Kossa
stained sections. The graphs represent the mean + SD of the callus trabecular bone
(BV/TV) (A), trabecular thicknmess ({BVx2}/TV) (B) and trabecular number

35 ({BPx0.5}/TVx1000) (C), where BV = bone volume, TV = total volume and BP = bone



[0094] FIG 18 depicts the histonorphonetric neasurenents for von
Kossa stained sections. The graphs represent the nmean t SD of the
cal lus trabecul ar bone (BV/TV) (A), trabecul ar thickness ({BVx2}/TV)
(B) and trabecul ar nunmber 35 ({BPxOQO. 5}/ TVvx1000) (C), where BV = bone
volune, TV = total volume and BP = bon® 9 perineter. Black bars =
control, grey bars =5 jig HS, and white bars = 50 g HS. Significant
val ues ar eperimpiess dladkchans =*copirel, @reySoars rpfapgdis candowbitobas = SDAF]HS.

FIG 19 depjGk i e rnat i rm ned, by safranin O
st ai ni ng. eﬁg@e‘r gkbaﬁ%ﬁ%\%és}ehgg?nrtgedgatseop fg%@mﬁg‘%g t@?ﬂflzr&’bged in paraffin,
sectioned and [@95] ¥lGed9vdepteis thier euntilage) famdtia us tdeterainad g dsabatift O
bars. = contyiine Iyl BvE"of o ifiienusd 3o POl on FoBEH Sepichiod Grdc)
FIG 206 i |saistireitlesfiahinn Gped chintdrisyaind wiktelighitfoeedn 101distibenithine eailtidme
namher s B SoReHaeo e bhE L3Rl Kt e B 0% o
the nmean (MS.Black bars = control, grey bars =5 g HS, and white
bars = 50 g HS. e | depicts, the_disaccharide conposition
of HS as deter M?%ﬁ%ﬂi J@%ﬁ-s%g?ﬁ?ef’%\ﬂtﬂﬁf &Gﬁgq%%tt‘g}%&ﬂe?ﬁlﬁ?ti“é@wrén
Wi t h HNO2 ZverDegimtiTesch 9ateldiadt v tsing 5 SlidhRthodTofeabh ¥t #R3 &3l ar Le!
15 [0098] Table Il depicts the

P-2 colum (nd = pot detegted).

di sacclar imég@a%ﬂﬁ? Yﬁaw dplae? a5 e mer 5Ly Blgek bapee pymtrel, grey bars =5
Hepar ansul phag enbasib 88R = siolged and conpl etel y depol ynerised with a
m xture of glycosam nog}legcan-speci fic lyases. The resulti

n
unsaturated di 400 h4ap _deR/iEtP dhe distoshageospmpopitipn f| Fnss égﬁﬂﬂiﬂed by
fracti onatg pypyst foﬁa@i:guo%mé QI Rer b Rith Qhﬁ%g:?iﬁ’&&ﬁa?ﬂ)és %MJE@&EV S

represent the average of three runs for sanples. 97 % 2
di sacchar iisidaedver 21 xd20 vor Bid-Gel 2 edwhn §mhphet def@@d] Table 111

depi ct.s the co i i sac ri osi tions of e eno and
car ci n1§ma HS sge! Ci g?aﬁﬁoﬁd%? K‘%Z%F edg ﬁ%chhggg‘? gé%lp ‘%S%Oﬂc%ﬁ \t_lgsas SGI% PEggy by
fract ur ed SA6bita.Cafflepamnchlhatecieidsbee sotatal sl Edngpleidly) depViginsesed with a
represent the anferior-posterior di nensi (AP,... and the. 25 .
| ater ol i Hanss BBy bR o Sed TR Pl SR b Gk Foedganges o
vs. contr obere isalNGMAoh SDPED sdlul@candDEdcioh B R SERINE TAdih €kchiifle column
I NVENTI ON 30 101] I pn one enbodi nent of the.invention th ar,
Sul phat o drEEas: Ny Frep e sBaeh OF nieheriot 5 Hebbe TR e ¥
f r om @One,dikaotiaridalvwere eoeergt Romresch satpld. or
[0099] Table XI depicts the comparative disaccharide compositions of the
adenoma and carcinoma HS species.
[0100] Table IV depicis the callus size for fractured femora at 2 and 5 weeks
(see also Fig. 16). Values represent the anterior-posterior dimension (AP, mm) and the
25  lateral dimension (Lat, mm). Data are the mean = SD values, * p < 0.05 vs. control.
ANOVA LSD post hoc.

DETAILED DESCRIPTION OF THE INVENTION

30 [0101] In one embodiment of the invention the heparan sulphate glycosamino-
glycan of the present invention is obtained from bone, bone cell, bone precursor cell or
stem cell. Any source of bone, bone cell, bone precursor cell or stem cell may be used.
In one embodiment, the bone, bone cell, bone precursor cell or stem cell is obtained
from a mammal. Examples of a mammal, from which the bone, bone cell, bone

35  precursor cell or stem cell may be obtained, include, but are not limited to, a human, a



stemcell. Any source of bone, bone cell, bone precursor cell or stem

cell may be used. [In one enbodinent, the bone, bone cell, bone
precursor cell or stemcell is obtained froma mammal. Exanples of a
manmal , from whi ch the bone, bone cell, bone 35 precursor cell or

stemcell may be obtained, include, buttare not limted to, a human,
a 10 cow, a pig or a rodent . Exanpl es of suitable rodents include,
but are nePW palg etaredenh Examplse of auitable mdents dgneludeabypi e nb'hmnha;par an

one onbodi naap * e’ BaREeRgler 18E AR Bifhac AT T BRimnP bebutiba

cul tured. frqmsbmalenbodl ments, the bone cell, bone precursor cell or

stemcell is i tur 0 re e other cell es. Ln
ot her enbodi me ‘?fédzﬁl?gl\%?&b%%me t(’)ﬁféje b \5(38Pe Riscspy gl P’g gtﬁ@e‘é?!u 1
Exanpl és a:iﬂtmudt hbband enbogdineatsy slor bm&i l:ell ibo@s prévabsod eell bt ster@r @lingt

he He. messouited dug ¥R rerdE Sticr SAR, Bt ufkbin B el gl R o

10 growt h ppdvasser ogll lifkeis wedtBainpleshifBuitsde bbit prequrefrar] athee R nlﬁi’it

hases | eeBb AR S RINE LRS00 PSR M Bt

the HS i s typl Qﬁil(B]/ The (I{Eahﬁsi Her iootae@| fréin Qhiltatay cbils elﬁldr ﬂiurﬁghﬁgh"nﬁlmﬁ:or
exarrp at [ 0104 ara hat e prepar ed i n accordance wi th

t he | ntglr‘?) S b&F‘% 12 REeisHeh sRhosimeRty HiggdS &% isglatgle m
cel | and/ Gfopb@nBuRl els Scmhngelb aritha@® @roWRh Wiase. ANEns@lithesiaPaabe @b
engi neerin g/ q@ M&I@’& %? hepar.an sul phat e obt ai ned from bone
cell , bonég’ﬁv 6 3 eribeEPIis picaty salated fem el dphg—stiem
cel | phenehyps, for Vhepleaahed onto an appropriate surface, the heparan
sul phat e of th |nv ntion tr gers, _then accelerates, then controls,

growth and ti s B3Rs ulp rfspaa?d iy acRprdance gvithithe @Vzml%@éseh%used
| eads 150 e@girs@ey pmc@ 10%%%@6& EfeSeH1 anEEtﬁ' Hog R@ﬂz%oﬁ LB %o a mature
typically has npl ete functjonality and bionec an| cal properties,

i ndi st ngu!?P%ﬁhafBl %aPP\’lémfﬁngB’GWéJOHFOT@SI}OWh@H&%I saipbatelbidnedefrony e d
HS may be pgageklf @611&9}%3&1&&& op &@ﬁ; SIS Bipatd o Hi?&ﬁh% sﬂ&%ﬂﬁﬁ:@ﬁ&t&pe

Bone-derived HS capab greater stl mul at1 o

r egener at i BpEnA9aied @Bﬁﬁ’ﬁ‘@ra@ﬁmﬁmth SFI@QES@P aepadar sutphateor theomeentionitiggers,
sources,  §uhaasleARNS %H'cbﬂz%l‘s aés-m%i bid ﬁ%%ﬂéd?ﬁ@ Qu%%f éﬁé&d?e'ri»? This

I sol ated froma tissue or cel ource ere

appl i @8. mexswdiend) tp, engineedng Bf) ﬁewdmnw@auqag*hm\m utnssue tyPlcally has
di ff erent icghbRR RlncREBEH SR bRmed t e
conpar ed v?nt ot hélf Héources %{rp:ag IB@'M %ﬁﬁﬁ%lgg\@bhe%egowl
appl i ed t ®Btai n precursor cells, the

[0105] The isolated bone-derived HS may be used for control of bone growth

S

and repair processes. Bone-derived HS may be capable of greater stimulation of bone
25  regeneration when compared with FIS isolated from non-bone derived sources, such as
neuroepithelial cells, because bone-derived HS is isolated from a tissue or cell source
where it may ultimately be applied. Accordingly, use of bone-derived HS may favour
differentiation of precursor or stem cells into bone cells when compared with other HS
sources. For example, when bone-derived HS is applied to brain precursor cells, the
30  cells begin changing into bone-like cells. Similarly, brain precursor cell derived HS
changes bone marrow stem cells into neuron-like cells. Accordingly, a specific tissue
derived HS may couple to a surface of a cell whereby extracellular influences pre-
dispose the cells to change to the tissue from where the HS is obtained.
[0106] MC3T3-E1 cells, grown in the presence of sodium chlorate (an inhibitor

35  of heparan sulphate chain assembly), show a time-dependent decrease in cell numbers,



30 cells begin changing into bone-like cells. Simlarly, brain
precursor cell derived HS changes bone marrow stemcells into
neuron-1li ke cells. Accordingly, a specific tissue derived HS may
couple to a surface of a cell whereby extracellular influences pre-
di spose the cells to change to the tissue fromwhere the HS is

obtai ned. [0106] MC3T3-El cells, grown in the presence of sodium

chl or at e (mdicativhiob apaptosis3SWoén ¢repssrtane-spdcpialid icidied basgksteridsy eulhebgw

tinme-d ' |]. 11 .indicati
apopt osi o Epaes HSCER e WS Aubip NPy Arat g R 45 Pl ncing
cul t ur es, indi¢tutescthategewtiSofdnee ceilves defrindentruni théit endogtiums &8/ chains. Non-

| | eviati I th, .Thi.s fi.ndi i ndi cat th .OWM f b
el 15 s ausERaR Gt e Soum HOgEh s TG BE AL RO ab A, LR
(i.e. 6ot piovidasbyenedditissileipptoefornde coshiicattat bbbsdaivee HSR s & en@fal

deat h. This rayi de ef additional support for the contention that
bone-deri6%5’1]?@[%?%\3503351?%1(‘,’?3?‘ regul ator of bone phenotype. [0107] In

one enbodi nent [@f07] heohdsatddiraent JfitlkSin@e@ionC Bsiié oREdlsi s80{salaed fdR@han
i ndi vi dual., ..t.he tithssue or c {Is arF cglt red and prgpagat fﬁd, HS are

i sol at ed FAGHFEHethe; s5ue 87 Gillscur cultug apd Proragpiat-edS 148 AaflGH SPwr e
to the sanisueasit@logedishe ©6ladil THE b@nisided he&ﬁrsth@gw&bgdﬁw loy WRdnt
Het er ol og?us ilsol%éiﬂg&] ; ng ggtpl ication_of HS_.incl udes both

i ndi vitfuall@tgplogo T3l CIRlRgOuE epiaiior and RplicalOR GRS Bekydes both

i ndi vi dualigdiatugé bf L5068 spesibg Cr@KambpR MufsA B hEman MBAiviREIsRF &fterafid
bovi ne donor ,source. HS in accordance with the invention can be used
wi th bot h SRS $05 axapple 2hpway, gecinisn ppd bevinpénnoraqes. Fgyin ascosiagee with

sel ect ed fikeOVdddn BhPBPuEA RithHot Whr@ hnd<drtkisstdVB3A6, 15 UMR201, MBA
15.4, 2T3, and MC3T3-El. [0109] The inventors have furthernore

9
identified a gl®O8hCshiamay also b sdecied framithe sroup copsistiag af KSuh @NR106,

advant;ggequarb@1, ngBhater bifs lnemdareggel | s during such growth phase
(see below). [0T10] In another embodinment, HS in accordance with the

invention nmay bEL09DFhe swentprsharnfugempre idepiided 4 srowthaphagscefihone cells in
enbr yoni ¢ 5 468! thend itngde?ﬁe%asuﬂo ROBR 15 Kfom BEhd &nd%&k@ lgi’&\ﬁkﬁ
skille mu

be appreciated by one In the art that HS conprise I ple
di f f er ent phafergeedrlomd, each potentially having distinct biol ogical

activity. For exA@PYLfanot difdey Hgg\lkﬁao%r::ﬂ&%%h n%?éntﬁia may he

repeating distinct disaccharide units, erein 25 eac sacchar
uni t @by eepior shanging dtgsh sells, for supnple catbexbnia stefi fetlds; nie bpmsorttionediken

a di sacct&eﬁg_de unit. Regions of a HS chain may conprise different
"hot spots characterised by binding a particular ligand, for
exanpl e FGF-1 #WdAbFt vAlrbeappreciated by one skilled in the art that HS comprises multiple

different forms of HS, each potentially having distinct biological activity. For example,

HS may comprise a different number of repeating distinct disaccharide unifs, wherein
25  each disaccharide unit may comprise a sulphate group located at different positions on a

disaccharide unit. Regions of a HS chain may comprise different “hot spots™

characterised by binding a particular ligand, for example FGF-1 and/or FGF-2.

Accordingly, one HS form may bind different ligand(s) than another form. HS of the

present invention is known to at least bind collagen type I, which is known to be
30  prevalent in bone tissue.

[0112] Bone cell derived isolated HS of the invention comprises a unique
composition when compared to HS isolate from other sources. For example,
disaccharide composition of HS as determined by SAX-HPLC following complete
depolymerisation with HNO, (Table I} or a mixture of lyases (Table II) is unique to

35 bone cells. Table Il shows comparative disaccharide compositions of adenoma and



Accordingly, one HS formmay bind different |igand(s) than another
form HS of the present invention is known to at |east bind coll agen
type I, which is known to be 30 prevalent in bone tissue. [0112]
Bone cell derived isolated HS of the invention conprises a unique
conposi tion when conpared to HS isol at él2f rom ot her sources. For
exanpl e, disaccharide conposition of HS as determ ned by SAX-HPLC
fol | owi ng caEAmImeR BS aepies yvhiehi aratdiBereni than NGENYORiisinafor pone-derivied XHSir e
of lyases t |1

ot Jud % H&Hnﬂgs@d @ FindUfrafhd 3t 1ch80rfer! bhd SOWCeignt

conpar ative diSaccharide osi tions car

speci es whilisthichridgidy f sudphated, ﬁlﬁmﬂ-blﬂdmgp@mmmsorﬁdcmdm Isleilmmd 1111 18
Bone- speci el n t

and up to dééla‘é%ﬂdﬁdé 3 nct’ aﬁﬁ?s ﬁ.f(elf qﬁ:b&ﬁja%%%%g#t é’&%&gt glagr?%ﬁd omsu
Each ddmalm’tlbls Oﬂhsandadihat ithpse E@m&jt;a@dnnchasrllld:@ me@amhmedetmdlmgbdmd(@uy

that ¢ hood SRuri MeEREBRS e R i 3% e et B Blpatigl L RN st B

cel | pherbis Woﬁb}o@ﬂd&:mgke}l H$ Hﬁlelrslaimet Edptifond oftthesip(€saaibr sulphated

i nvention I.SLinct h|s rev | y...characterise
| TS. The rdé a a?ﬁé p# %uglgr]tﬂlt s bog? glfl?( i aﬁ%%i‘{r AL Jfoy oy Other
di sacchar |;ﬂhbhgredlamysls; mdmt:hgtimt ﬁ&mmveﬁommsﬁwﬂwdﬂ y different from

any other publ an i ndic at, jts bioactive do i ns
are novel . 10 [[Bﬁ%g%r %% Bfeﬁ% IBY%‘&‘ %E‘?ﬁ@nffqeﬂri’mﬂ%e ﬁamb’é one
prepared fiisewes o bolmdeived papu@Hon wdie m&h&md&%dﬂbﬁ@ﬂﬁa’ﬁt H9 potsdiyRan,

rat her crude HS, pr | ycan, i

i sol ati on,* &nﬂ% %L?Pﬂ%‘gbutt ?ISE @SEeéptBrao‘foé? Hrotgg, ?fe‘geé?r}bﬁgé"’f gpmple in
exanpl e i rPaLﬂ%’Sd‘ilﬁdéﬁﬁHMﬁl(ﬁ)OﬁDeﬁBml 2&@(179 @ﬁ&l\zﬁi@ﬂman?@m 1391, Bi6them 277
McQui | I an 1991,  Bi ocvem 277 9, I ncor a ed her

ref er ence. lg%halcf?ﬁ’é’fat%ﬁf?‘i“t FereRsgy L eg vagt IBFJQ tHdies 5 §b§9"€s¥.@ﬁﬁn°“

pr eparist i Qitgeah pR¢paigings hewebde! ralve delhed @@@ﬁt@i{d@mﬁh RulpHhte f(ﬁrhﬁh(ly\/alsﬁgar' s
a sugar t at nmaj lntalns#8 nt f|UId and gﬁ/al uronan, which is

expl oi t ed G Ba{nigins ipin and dyal “roé‘é‘ba‘ﬁllu i B@?‘%‘irﬁsr@ ghpurpogen'gel”
el 2251 19 ApIYE S LEBLAERuhOIdAL T BASETT nvent| on el ates

to isolated HS éﬂgﬁ] has been hl? purified _usi n% SAX-HPLC after a
conbi nation of I JaF greseit dxier %(@Ff‘éf‘ri‘d@ isplatedydp that hag baep dighlyppyrified

chr omat 0gnaRBYSARHPINT afidt LerARaMeN $iLaddRtdodnidhe e%h%ﬁé‘enﬁnd' & AR

Is furthernore preferably obtained fromisolated bone cel that are

growi iy arframatesaRit At iofigateqd obavs thasHS ot the Peesgrit mwwﬂdii fwt@steore
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repair. For exargl)
biomedi therapy Controllmg the bicactivity of growth factors enables a fine control

25 of tissue response parameters, e.g. bone repair. For example, HS regulates the
bioactivities of the FGFs, PDGFs, TGF-betas, activins, the BMPs, HGFs, the
pleiotropins, many cytokines and most of the effects of the adhesive components of the
extracellular matrix. This has immense biological significance because this large variety
of exiremely potent, skeletally-active peptides (such as those listed above) is dependent

30 onthese compounds.

[0116] It will be appreciated that the HS of the invention may be used to
stimulate tissue repair, both of hard and soft tissue. In a preferred embodiment, the
invention is used to stimulate hard tissue repair, for example, repair of damaged bone.
To this end, HS may be applied to implants, prosthesis and bioscaffolds to accelerate

35 new bone formation at a desired location. It will be appreciated that heparan sulphates,
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25 [0120] HS of the invention may also be useful for determining and isolating a
binding partner of a particular binding domain of HS. As an illustrative example, such a
binding partner may be identified using affinity chromatography, where either a ligand
or the HS is derivatised in turn to the chromatographic substrate. Another example of
identifying a binding partner is plasmon resonance, where the HS may be immobilized

30 on an aminosilane plate (for instance through the use of biotin) and the ligands are left
soluble. Methods for isolating binding partners is described in Rahmone et al., 1998,
Jour Biol Chem 273 7303, incorporated herein by reference. A biclogical function of an
identified binding pariner may be determined to ascertain if the molecule has

biologically activity. In some embodiments, the molecule is capable of stimulating bone
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culture.

[0123] Moreover, when MC3T3-E1 cells began to slough off the tissue culture
plate surface, new underlying cell populations could be identified. This phenomenon
raises some important developmental questions: for example, do these cells possess a

25 potential to de-differentiate and divide or do some cells remain immature pre-
osteoblasts that are a source of a continuous supply of cells.

[0124] For MC3T3-E1 cells the inventors thus characterized an initial growth
phase, lasting for about 6 fo 8 days. After this period metabolic activity reaches
saturation, while proliferation decreases accordingly (see figures 2 to 4). After this

30  initial growth phase cells start to differentiate (see figure 5). Cells in the initial growth
phase can thus be described by a low expression of the marker proteins ALP, Runx2,
OPN and OC (figure 5). The HSPG expression pattern of MC3T3-E1 cells does not
reveal significant changes in the respective HSPG core proteins during the period where

proliferation decreases and differentiation is initiated.
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growth factor stimulation. Conceivably the FGFRs did not upregulate because there was

25 no appropriate ligand. However, many cells possess large endogenous stores of FGFs,
and auntocrine release by cells may stimulate increases in receptor expression.

[0128] Ogata et al., 2000, J Cell Biochem. 76 529 examined effects of
mechanical stimulation on tyrosine phosphorylation by shaking cuolture dishes
comprising MC3T3-E1-osteoblast like cells; in particular they examined the ERK 1/2

30  signal transduction pathway. However, they did not explore FGF receptor profiles in
these cells, They found an upregulation in ERK 1/2, She and egr-1 mRNA in response
to fluid flow that is similar to effects seen with growth factor stimulation. Accordingly,
effects of loading could be mediated through FGFRs.

[0129] Lisignoli et al, 2002, Biomaterials 23 1043, incorporated herein by

35 reference, studied osteogenesis of large segmental radius defecis in a rat model by
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bone precursor cell lines include, but are not limited to, KS-4, UMR106, UMR201,

25  MBA 15.4, 2T3, and MC3T3-E1.
[0131] The cultured cells, from which the HS is isolated, may be either in a
logarithmic growth phase or contact inhibited. In a preferred embodiment, the cells are

in a logarithmic growth phase.
{0132] In one embodiment, the method includes the steps of:

30 (i} fractionating culture media, membrane fraction and/or extracellular
matrix fraction from bone, bone cells, bone precursor cells or stem cells
by ion-exchange chromatography;

(if) collecting an eluted fraction comprising glycosaminoglycans;
(iii) treating the collected fraction of step (ii) with neuraminidase;
35 (iv) ftreating the material of step (iii) with chondroitin ABC lyase;
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respective treatment may for instance last for four hours.

[0138] The chondroitin ABC lyase of step (iv) may for example be employed at
a concentration of 0.25 U/sample and treatment may for instance last for four hours at
37 °C. Additional chondroitin ABC lyase may be added for an overnight incubation.

25 [0139] It will be appreciated that an embodiment of the present invention
provides isolated HS obtained from developing bone cells that are in active phase of
growth and not already differentiated, a relatively pure form of HS with more complete
characterization of sugars comprising the isolated HS and the HS of the invention
comprise unique biological activity when compared with other HS preparations,

30 including heparin.

[0140] Such biological activity includes, for example, accelerating rates of
growth of bone precursors by themselves, without supplementary growth factors, FGF-1
and FGF-2, which are known to stimulate bone cell growth (see above), induce a
proliferative effect that is significantly weaker than the effect of 10 % calf serum (see

35  Fig. 12). HS isolated from brain cells also induces bone cell growth (Fig, 13). However,
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ef fect of @xpefimentbfseagr um (see 35 Fig. 12). HS isolated frombrain
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per soniski bivkgically béitveanblemilds thitear@ 6@aBle®t stifofi@itingdBbnd bBoborR e Ridvwia!
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|1y exists that may e
experi ment Fa“ilfgﬁﬁf.su'%)mfgf‘&ﬂ ‘)I/‘Fflﬁa%,bu He npidimiise 9el M BYP450F-1, FGFL,
phar maceut FGa, TGFPOSTGFP2, TEVGES, EollSRANY Bintih@N -6 brbMcER 8A P Bnectin.
contain a ﬁg{ rﬁger or diluent. Any carrier or_diluent may be enpl oyed

t hat does Hmasguticel, compositing By 4t inpluds e pIS mpesE Rifrpasphanafes.

i ntended t BxankiResu 82 Quitdtle BRSHHBShonBLE Shdh@®), B A lHdeHmilFRY 0P HERIKEN
that does not affect the biological act|V|ta/ of HS at all. A
r espect? veClptiapaaclandronale, papidesnte; gisdieaste rnd goledrapate i ncl ude 15

bi ol ogi cal | y acpi¥3] AspsdivephirhabeitA oABailicn Rhy 8ricthAik b YsddQn ¢heOr
bone cell growth. Exanples of such nol ecul es i ncYude, but are not
limited tomemipsuregfpmedigpment fpyirepting an animal in need of tissue repair.
[0144] The isolated HS (as described above and illustrated below) may
furthermore be comprised in a surgical implant, prosthesis or bioscaffold. Any past of
25  the surgical implant, prosthesis or bioscaffold may contain or consist of HS. As an
example, a part of a respective implant, prosthesis or bioscaffold may be coated or
impregnated with HS. Other components, which such a surgical implant, prosthesis or
bioscaffold may comprise, include, but are not limited to, BMP2, BMP4, OP-1, FGF1,
FGF2, TGF-B1, TGF-$2, TGF-B3, Collagen 1, laminin 1-6, fibronectin and vitronectin,
30  As an illustrative example, the surgical implant, prosthesis or bioscaffold may also be
coated or impregnated with such components. Examples of further components that a
surgical implant, prosthesis or bioscaffold may comprise, include, but are not limited to,
etidronate, clodronate, alendronate, pamidronate, risedronate and zoledronate. Using the
above illustrative example, the surgical implant, prosthesis or bioscaffold may also be

35 coated or impregnated with these latter components. Yet a further example of a



FGF2, TG (31, TG--132, TG~ 133, Collagen 1, lamnin 1-6, fibronectin
and vitronectin. The pharmaceutical conposition may al so include one
or nore bis-phosphonates. Exanples of suitable bis-phosphonates
include, but are not |limted to, etidronate, 20 clodronate,

al endronat e, pam dronate, risedronate atd zol edronate. [0143] A
respective pharmaceutical conposition may for exanple be used in the
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bi oscaffold may conprise, is a polyner th_af I ncorporate
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i mpl anty, RuRdidBhi Gt idtiascaffold may be used with hard tissue such

as for instance bone. As another exanple, the surgical 5 inplant,
prost hesis or E¥HSLEF onsi canhegdimepé a gespertive repaief thegard tisshie emprases a step
damage. | ik t . e, ' ' r .
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i nventZfon embedipwats theianitl & @ maotmdli Bianamest of, mammalsethat maycbeviredtedby,
or a rodeny: m@gﬁ 0 . t t | ut
are not I?ﬁrﬁte tggﬂ,l&gdeh%ﬁgg&g%%&gggg{%%?’ﬁggwp% gi% %gfh%k'#lgw 'S3ue
to be repdpresdmple beobhimtldrom abwhamned aspects relating to an ani mal
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t hus har d stunsktisg thanegeneamtibreoitissue. It may furthermore be used in the manufacture of

25  a medicament for stimulating the regeneration of tissue. In this regard, the present

invention also relates to a process of stimulating regeneration of tissue. This process
includes a step of applying the HS, isolated as described above, to an area of the body of

an animal in need of tissue regeneration.
[0151] As an example, in embodiments where the respective tissue is bone, its
30  regeneration is in one aspect due fo the fact that the HS of the invention accelerates the
growth of bone cells. In this case the need of repair may for instance relate to a fracture.
Due to the accelerated growth of bone cells, such a fracture heals faster, although the
healed bone will not be distinguishable from a bone healed without a treatment with HS
(see figures 17 to 19 and Table IV). Cartilage production as well as the number of
35  osteoclasts remain unaffected by HS (see figures 20 and 21). In another aspect the



15 suitable hard tissue is bone. [0148] In one enbodi nent a
respective repair of the hard tissue conprises a step of

adm ni stering the pharnmaceutical conposition by coating or

i npregnating a surgical inplant, prosthesis or bioscaffold as
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or nore birgcombinatorial library, a product from a cDNA library, a product from an expression

25  library, a drug, a low molecular weight compound, a carbohydrate, and a protein. An

illustrative example of a suitable protein is a growth factor.

Definitions

[0154] Unless defined otherwise, all technical and scientific terms used herein

have a meaning as commonly understood by those of ordinary skill in the art to which

30 the invention belongs. Although any method and material similar or equivalent to those
described herein can be used in the practice or testing of the present invention, preferred
methods and materials are described. For the purpose of the present invention, the

following ferms are defined below.



phosphonat es. Exanpl es of suitabl e bis-phosphonates include, but are
not limted to, etidronate, clodronate, alendronate, pam dronate,

ri sedronate and zol edronate. 15 [0153] In another aspect, the present
invention relates to a nmethod for identifying a biologically active
nol ecul e. The nethod i ncludes the step 2f determ ning whether one or
nore candi date nol ecul e(s) bind(s) to heparan sul phate, isolated as
descri bed abové&l5fhFenthe remivseh efcthissinvdritionneyt Fisdiafed? ihmeant nndtemiﬂsha

t f tion.pf ar e
SRyt oJEL R N Bl 9 SRl 0B "Bl FORSEIICEATRL SEHLE.
sti mul at i meenipeteéioor Ibaated celaterigh amtsh bearsdbm‘.ntﬂiljzf of egsbandbllpniree from
oot it Sgpahefihg SRR chRbaty 36y it Ru R, B2 et B B Baontii ooy
from aspl anbe iaan agificiad ctatef rogm?mmbommneﬁfit)thﬂqiorﬁm@}[mtlaoﬁp&@uﬁ,inat@
t t fro r,0 recaonbi natorj a i.br ar
et 1 gl statsp RisAlReIee ey dnet R B e e e, B,
a drug, a eckamplaplisetadda HSMaiaghincidesxuacts @dcgﬁlmﬂayﬂlsabﬂamamd&cﬂn bone
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t her eof . sulfotransferase, respectlvely. At each of the modificatxon stcps only a fractmn of the
potential substrates are modified, resulting in considerable sequence diversity. This
structural complexity of HS has made it difficult to determine its sequence and to
25  understand the relationship between HS structure and function.
[0158] A “pharmaceutical composition” includes a composition comprising HS
as an active ingredient. Suitably, the pharmaceutical composition comprises a
pharmaceutically-acceptable carrier. By “pharmaceutically-acceptable carrier, diluent
or excipient” is meant a solid or liquid filler, diluent or encapsulating substance that
30 may be safely used or administration. Depending upon the particular route of
administration, a variety of carriers, well known in the art may be used. These carriers
may be selected from a group including sugars, starches, celtulose and its derivatives,
malt, gelatine, talc, calcium sulphate, vegetable oils, synthetic oils, polyols, alginic acid,

phosphate buffered solutions, emulsifiers, isotonic saline, and pyrogen-free water.



[0157] By "heparin: sul phate (HS)" is nmeant chains that are initially
synthesised in the CGolgi apparatus as pol ysacchari des consisting of
tandem repeats of D-glucuronic 15 acid (GlcA) and

N-acetyl - D-gl ucosam ne (GLcNAc). The nascent pol ysaccharides are
subsequently nodified in a series of st®ps:
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The controll ed[ﬂrlgfbhls erdenyhajethe invention may be readily understood and put into
25  practical effect, particular embodiments will now be described by way of the following

non-limiting examples.
Materials

[0163] Trypsin was supplied by Calbiochem and DNase from Boehringer

Mannheim, D-[6-*H]Glucosamine (sp. 21Ci/mmol) was obtained from Amersham Life

30  Science. Heparitinases I (EC 4.2.2.8), II (no EC number assigned) and III (EC 4.2.2.7)
and chondroitin ABC lyase (EC 4.2.2.4) were obtained from Seikagaku Kogyo Co.,
Tokyo, Japan. Heparitinase IV was from Sigma (Sydney, Australia). Cell-culture media

was supplied by Gibco. Bio-Gel P-2 and P-10 and the Trans-blot tank were from Bio-

Rad Laboratories. CL-6B gel, DEAE-Sephacel, columns, peristaltic pumps, fraction



affected by using polynmer matrices, |iposonmes and/ or m crospheres.
[0161] Pharmaceutical conpositions of the present invention suitable
for admnistration nay be presented as discrete units such as vials,
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Japan. Heparitinase IV was from Signma (Sydney, Australia).

Cel | -culture nedia wasggsiplei1sCel\CifHR6 and Ra@tdElenBie2 and P- 10 and
the Trans-blot tank were from Bio- Rad Laboratories. CL-6B gel,

DEAF- Sephacel , colums, peristaltic punps, fraction 23 collectors,
and t dBi ng wer é0X6dbBrehpuerrsdraMBBEE aclls Were grqvBy tn2sP miNisstie ety flasks

ProPac P b Al ; for P -Dh on Surr.ey,
Dnitod i ndimCoDAER i g i bl sl lob gl
Anmi con ( Syatieweth HAusdickbtlayas agleidri4 b Ipastipagdabing rrad Gbé ddllswakrwled amgrow
Packard(ﬁm_ r ag | .SGi.ntd | Lation vials.
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chemi cal s tivemedis gplidciedcinl ffroziio aiai’0 *Cluntil required. Cell membranes were prepared

in lysis buffer (1% Triton X100, 150 mM NaCl, 10 mM Tris pH 7.4, 2 mM EDTA,

0.5% NP 40, 0.1% SDS containing the protease inhibitors 1 mM sodium orthovanadate,

10 ug/ml leupeptin, 1 ug /ml aprotinin and 1 mM PMSF). The cellular ECM was

25  collected with lysis buffer plus 6 M Urea.

Example 2: Determination of metabolic Activity uasing WST-1

[0165] Unless otherwise indicated, MC3T3-El cells were plated at 5000
cells/cm® into wells of a 96 well plate in triplicate, allocating 3 wells to each time point,
and grown in osteogenic media for 3 — 10 days. The Cell Proliferation Reagent WST-1

30 (Roche Diagnostics, Singapore) was added to triplicate wells at each time point, diluted
1:10 into the media. The reaction was catalysed by the conversion of WST-1, a
tetrazolium salt, into formazon by mitochondrial dehydrogenase, which directly
correlates to the mumber of metabolically-active cells in the culture. The reaction is
incubated for 37°C for 30 min, liberating a red colour, and read at 450 nm with a

35  reference wavelength of 630 nm on a Victor3™ Multilevel Plate Reader (Perkin Elmer,



EXAMPLES Exanple 1: Cell Culture and Radi ol abelling 15 [0164] Bone
precursor MC3T3 cells were grown in 250 ml tissue culture flasks in
5% FCS/IDVMEM i n a 10% C02/ai r-hum dified i ncubator. Wen isol ating

|l ogarithmc growth HS, radiol abel was added 24 h post-passagi hg and
the cells allowed to grow wunhindered fzmr 3 days. To isolate HS from
contact-inhibited cells, nedia on the cells was changed to 0.5%
FCS/ DVEM Bestonc dM4,| UBAg.eAablahk aall ddoata@lihg dnly2fedib Grdsnhsed 24r bad@rahler

t he nedia was _.ch tained at confluence for 3 days
and t hen Wﬁgﬂﬂﬁgg}lg? %Tq%g’élf%‘(ﬂ’mg‘ﬁghq"?"f’)‘gén at -20 Cuntil required.

Cel | membr anes [mspmmga@cbau'be b&ma%&&&ﬁ u&xa%sﬁrué &dtde, celtPforMM
NaCl, 10 nM Tris ‘E‘Pf‘&ﬁn 5% NP 40, 1% SDS cont ai ni ng
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grown in G%%%@alcélﬂﬁ’é‘mgﬁ‘fﬂb@ 1161101?0 days. The Cell Pr oliferation
Reagent WST-1 30 (Roche Di agnostics, Singapore) was added to

triplijpate vells ﬁ?@@sip% rfifafon of Cell P2dhitofatifh s g@%}ﬁg medi a.

The reaction was cata etrazolium
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nmon a V%@@&ﬁ/ﬁ!@g?? Fedriplugd, fize ‘k@%ﬁ’é‘F e v J&h"‘%{mﬁ@ﬁ} 5@2) P"B%é

MA,  USA) . aARtI!P@{aBorgmgho mmll a}[lﬂ&dﬁgeminﬁtrﬁﬂtﬁgﬁ msfgalcggﬂ waag a?t?h]@gétwmed
correcti on .que i scoloyratjon i a e assa
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di fferences dua Sonc p atl ng, culture conditions _and plastic. The

conver si orP1pfta 't MACioRIal Reader {Biegtade (ot é§34baqdh@fﬁﬁtﬁﬁ Spingf

met abol i ¢ aldn¥286 bickerougd b@mjolps the culture. Metabolic activity
increased up to about day 7 or 8 (Fig. 2, Fig. 3), after which time a

pl ateau | evel was naintained, coinciding with confluence. 10 Exanpl e

3: Det2er ni Exainiyde 40Andlesis ofvhe [Differentingon SetichBDeddrnthify thel@plession of

proliferation was anal ysed with a £ |1 ProJiferation ELISA
rker proteins

[0168] Total protein and RNA were extracted from the cells and used for ALP-

ELISA and real time PCR respectively.
[0169] For real time PCR, total RNA was isolated using the RNA Isolation
25  Nucleospin® RNA II kit (Machery-Nagle, PA, USA) according to the manufaciurer’s
instructions. RNA concentration was determined using a GeneQuant™ Pro RNA/DNA
calculator (Amersham Biosciences) and the quality confirmed by RNA gel
electrophoresis. RNA (1 pg) was reverse transcribed using Superscript™ II and Oligo
dT12-18 Primer (Invitrogen, Singapore) according to the manufacturer’s instructions.
30  Oligonucleotides were designed using Primer Express® software, V2.0 (Chicago, IL,
USA) and synthesized by Research Biolabs (Singapore). The specific sequences are
outlined below. Primer specificity was verified using the BLAST resource on the
National Centre for Biotechnology Information (NCBI} website (http://swww.ncbi.nlm.
nih.gov/BLAST/). The PCR products of these primers were first tested using



colorinetric kit (Roche, Switzerland). MZC3T3-El cells were incubated
with 10 [tM BrdU for 2 h at 37 C, denatured, fixed and incubated
with anti-BrdU-POD for 90 mn at RTP according to the manufacturer's
instructions. The reaction was catal ysed by the 15 addition of a

t et ranmet hyl benzi di ne substrate sol utiomSand termnated after 15 mn
with 1 MHSHM. The absorbance was read at 450 nm (with a reference
of 690 nmyconintignad POBl, @ndRel( m;vdlBémchdEMdﬂl oy the [SI0B Remedsding Facility
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product s weRdAsxgurstior dFigy SEhwas Nep-tgde el itivep FfamSIWItIyan {siisl gagoase) .
Real Tiznme i 0Bp

Sequence BS’#"Z@E% e B e SRR R0 IR Rl i 1028 20
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concentration I clhency were rm ned 5| ng the sane
cycling condi ti@%ﬁ#f gqll%w %%%58 P‘:Ph FSELLYE Resul ts are
eﬁpreﬁzﬁedqas aA;caI N uahe@nﬁ%m@mmfoégm%hmemdml t rﬁeqclg}mcesl. F =
phosphori %%y ransferase cal cu sing delta val ues.
D0 0170 MRORHAERGS B BFeisten KiRiodBetatee from day 10
onwgrd (:II:J g KA) wr_h I’IBELI’IH| activity ohserved at days 25yand 30.

In additi rnseiphl Beadoi vi ty, %E)% Sequence (5° - 3%) Size
0

1 GATAACGAGATGCCACCAGAGG 140
TCC ACG TCG GTT CTG TTC TTC
CCAGGTTTCTGA TGAACAGTATCC 163
ACT TGA CTC ATG GCT GCCCITT
ACAAACAACCACAGAACCACAAGT 111
GTCTCGGTG GCT GGT AGT GA
GAGGGCAATAAGGTAGTGAACAGA 134
AAGCCATACTGGTTT GAT AGCTCG

ALP  X13409
oP BC057858
Runx2  NM_009820

oC U11542

W os T o W
[w TR B o (R O R U SR T

Example 5: Preparation of Intact Heparan Sulphate Chains

25 [0172] The cellular extracts were subjected to ion-exchange chromatography on
a DEAE-Sephacel column equilibrated in 150mM NaCl with phosphate buffered saline



ALP nRNA transcripts (Fig. 513) were neasured using real tinme PCR
ALP nRNA was detectable at all time points with a significant
expression fromday 10 onward. Runx2 nRNA expression (Fig. 50 was
detectable at all time points with an initial increase 15 between
days 5 and 10. Coll agen synthesis (Fig.26D) was neasured at days 10,
20 and 30 using 3Hproline incorporation into coll agenase-di gestible
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= the PCR%&%F T 3nalysys gRlscraliynn g warksd Spd the-bonnd dpatpmal elutegd with
Size KD MNaf Rh@ X58489 PBS hnSd niAtfetiéiGotd@ed"CA CCA GAG G 140 R 2 TCC
ACG TCG GIT CTG TTC TTC OP BC057858 F 3 CCA GGT TTC TGA TGAACA GTATCC

163 R 4 ACT TEA78rTrapi@mscomposioedia 3i-ghepszninrdandied GAGs were pooled,
ACAAACAA . .
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buf f erd8d seeid then 26ded PBBY sample Aviich Fhe theediigestwalswith whedrgitih FeBle dyasnt o
th I ' [N t
g oact 10025 Vil o a7 9 A dufhdcihdduee bl QR ofRT bl oF
arr ow i ndifccsit egyipone derived HS material that was coll ected and used
f furth j S, h I d dt d i al
b uted w th o AL B Tt BRI And B2 A Bt il s e rbrte
[01|73] Fr &t/s itataisvohunpof $0 n@/mhﬁl oahsegifl Gomﬁm;jma%eadm?om Gﬁﬁ‘ﬁm/mdﬁjﬁe,

e C t n e te [eeze rlLe n re S ed, | a
o o SRIED bt 31 5C B0 L e el A Sl e R e IETHPRE HeoSisnd o
pH 5.0). Sanp essddehsuphaeal el DEAB-Sepleislamiig aseed Qs pRevidusigarigbeibed or

4 h. Five volunes of 100mM Tris-acetate (pH 8.0) 10 were then added
to the saﬁﬂgé%aﬁtﬁm’\ﬁég %%¢h di gested with chondroitin ABC | yase

[0175] The sample was finally desalted on a 1 x 35 cm Bio-Gel P2 column, the
V,, fraction collected and freeze dried. Samples were then eluted in a ~200 pl of 500mM

20  NaOH/1M NaBH,, incubated for 16 h at 4 °C and then neutralised to pH 7 with glacial

acetic acid.

[0176] A small amount of saturated ammonium bicarbonate was added and
samples run on a CL-6B column (1 x 120 cm) for size determination of the released HS
chains (FIG. 7). Size of full length HS (A) and heparinase-resistant fragments (B) can be

25  calculated from these graphs. Results are summarized in Table I1.

Example 6: Nitrous Acid Treatment of HS Chains

{0177} HS was chemically depolymerised by low pH-HNO, (pH <1.5). A small
30  portion of the mixture was run on a Bio-Gel P10 column (1 x 200 cm) to obtain a profile
of the fragments released by this treatment (shown in FIG. 8A and Table I). This profile
was used to determine purity of the HS sample and to calculate a percentage of
susceptible linkages (Table I). A large fraction of this sample was separated on a Bio-
Gel P-2 column (1 x 120 cm) to isolate disaccharides and tetrasaccharides for strong

35  anion exchange-high pressure liquid chromatography (SAX-HPLC).



(0.25 U sanple) for 4 h at 37 C and further digested overnight with
an equal amount of fresh enzyme. [0174] Finally, the core protein
and the | yases were digested away with Pronase (1/5 total volune of
10 nmg/ M Pronase in 500mMM Tris-acetate, 50nmM cal cium acetate, 15 pH
8.0) at 37 Cfor 24 h. The entire m xtuee was then diluted 1:10 with
dei oni sed water, passed through a 2 nl DEAE- Sephacel colum, eluted
as previously descri befixarfipld 71 1 Fhsef D&golyi@lgsatioh lo€BSPEs [ 0175] The
sanple was finally desalted on a 1 x 35 cm Bi o-Gel P2 columm, the Vo
fraction collected and freeze dried. Sanples were then eluted in a
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column to isolate disaccharides. Results are shown in Table I1.

Example 8: Gel Chromatography

25 [0181] Gel chromatography of intact chains or scission products was performed
on Sepharose CL-6B (1 x 120 cm) columns in a running buffer of 0.5M NH,HCO; as
shown for example in FIG. 6. Samples were eluted at 4 ml/hr with 1 ml fractions
collected. Estimates of the size of fragments resolved on Sepharose CL-6B were based
on our published calibrations.

30

Example 9: SAX-HPI.C Analysis of Disaccharides and Tetrasaccharides

[0182] Disaccharide composition of the HS was analysed on strong anion
exchange-high pressure liguid chromatography (SAX-HPLC) after either complete
35  depolymerisation with a mixture of lyases as described above (FIG. 9; Table II) or



peak was pool ed, freeze-dried and resol ved on a Sepharose CL-6B as
above. Heparinase was used at a concentration of 50 mJm in the
sane buffer. [0180] Sanples respectively treated with heparitinase or
hepari nase were 15 digested in the presence of 100 i.Lg of carrier

| TS. Each sanpl e was separately incubavted at 37 C for 16 h and then
a second aliquot of enzyne added and incubated for a further 4 h.
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Lyase-deri ved djsaccharides were subjected to SAX-HPLC on a ProPac
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HCl') at 1 mi/mn, sanpl'es were injected and di sacmarldes el uted
with a |i nelamng imthe smine aiobﬂla@has{ar @krsl&llﬂzwl\/hme}ntmﬁoum gmadient e usaiacmer

ng: Iogclto IhVI 1§ ;{% Of%u g\,}%;%/ sci nﬁ‘cé E‘dafi llegtng?:%uﬂl nﬁlﬁya&ﬁ”&gﬁwﬁj é’ﬁd

with | yasanddﬁom\ﬁéeﬂ%mmcacgnahmﬂeﬁlswfmmmHsCl was dskds. 9, each peak is
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shown in FIG. 10, elution peaks were labeled accordingly based on a comparison to

anthentic standards as described above. The relative amounts of each of peak has been
calculated and surnmarised in Table I.
10186} FIG. 11 shows a profile used to prepare an HS disaccharide total
25  profile/library by high resolution SAX-HPLC. Following treatment with heparitinase,
saccharide products were fractionated by size exclusion chromatography as described
above to produce size-defined mixtures from dp4 to dp20 (4-20 monosaccharide units).
A library of 32 structurally diverse decasaccharide fractions was then fingerprinted.
Some are single peaks, others are tightly clustered groups of peaks representing isomers
30 with slight structural variation.

Example 10: Effecis of FGF-1 and FGF-2 on Proliferation of MC3T3-E1 bone cells

[0187] FIG. 12 is a graph showing MC3T3-E1 cell proliferation as monitored by
35 BrdU incorporation in response to FGF-1 (black bars) and FGF-2 (white bats)



[0184] Nitrous acid-derived tetrasacchari des were subjected to the
sane conditions (wth smaller fractions collected) and conpared to
doubl e | abell ed standard 15 results which were supplied by Dr.
Gordon Jayson (Christie Hospital, Manchester, UK). Alternatively,
HNO2- deri ved di sacchari des were separat®d using two ProPac PAL
colums in the sanme nobil e phase. A shallow, non-continuous gradient
was used esspéctivilpeDiftiies eondenBidtions f HEFFOMoD FEF-ian skovgy adieciipetiady

i Nadl v N@%éé@fC%Q%ﬁ%%@]m%B%ﬁﬁ%r?%%%ﬁ%ﬂéaosa@vci%gﬁﬁla8@ Wl%swi

and conpaeﬂﬂg&mnstandards As shown in FIG 10, elution peaks were
| abel ed accordin K based on a conparlson to _authentic standards as

descri bed abov#l G el aisi  onipR) ArPEIBTLL dhRtrshews fBaKkMEAL 3 tiderplls are
cal cul at e%sm@umm%d'mﬁ@%%n ltpresélgé@@] thEh Grithbht FIRQWBpIm Pt Sidnl €
used to prepare an di saccharide total rofile/library by high
resol utio hutsmthpe@ltl%Pﬂ oicheplf sommp gEoatly AV P45 s preater than
sacchari d Iy S r k! gt VinS| e i
chronatog?ggh§$a%&ﬁé¥%r§ﬂl He %ﬁsggfgtgﬂ%ﬁd%%“s#ggﬂﬁé€Pﬁ§%t%?i?%ﬁ?é
from dp4 ﬂﬁH@¢ﬂﬁﬂFwﬂﬂdmﬁbnosacchar|de units). A library of 32
structurally diverse decasaccharide fractions was then fingerprinted.
Some are single peaks others ar e tlghtly clustered groups of peaks

r epr edént i Bxpmple parisdit ¢ 3 - i3 1 then

10: Effects of FGF 1 and FGF 2 on Pgo 'fgratlon of NCBTS E1l bone
cells [0187] FIG 12 is a graph sho MC3T3-El cell proliferation
as nonitored by 35 BrdU incorporation |n response to FG--1 (bl ack
bars) and FGF- pi8ehFIG lbi&lrls) a 28aphr dhpseating effgcts Dbff HS eufplementation on

concent r at s of F -2 as, shown were re ed to
Ve - e O MC TR bafe s BT Bt Bl By vRENE opsRois o
% f oet al chakdatopeiphimand CLSH flEiraﬁon dLddseritedabote. OHS Bispefurified HStpadific

shows _t hat T cel l I sive to FGF 1

a5 o Fare s e SRR L ISlRiet Sl Pt B eotscs. FeLl: 1 s ot

?L foet al spaific girﬁrthmg@mmfécyom@m phsdlaed Glonebrairs pRueBoroteast Iespalih &3
IS res pOI’]S e C

that are mER-bO %ﬁ@qstﬁt%ﬁrgﬁlgegﬁscgﬂﬁ ﬂSB@ﬁ%Ot herlf]éag@g:?%glfk?r}goﬁ“of

Cell Prol 'tﬁa@'it%hbﬁé‘hﬁhé JBABRpERRidiNEdr Hinas thaPhrd @bt HSolve® W GfiSthrclntbiS B

FIG 13 is a graph |IIustrat|ng effects of HS su l.ement ati on
prol i feratc'f‘f’t‘}ﬂ‘? } ispheteff1omn PG tast sedls: pepiigge BISERS Avke W%@w from

i on- exgham@ge cell membranes (includes HS proteoglycans) and condmoned media is bone HS

h

secreted into culture media away from bone membranes (two different HS bone ceil
derived compartments). Both HS bone cell derived compartments, i.e. membrane and
excreted are shown having equipotent activity.

[0190] Cell proliferation was monitored by BrdU as described in example 3.

25 [0191] The concentration dependencies in Figure 13 show a typical bell-shape
for each HS. Generally, an optimal conceniration of an effect on proliferation is
observed, since inhibitory side effects occur at high HS concentrations. As an example,
HS-2 shows its optimal stimulatory effect around a concentration of about 0.5 ug/ml in
this case.

30 [0192] Figure 13 further demonstrates that the HS secreted by bone cells is
substantially more potent than the purified FGF-binding HS obtained from brain
precursor cells. This strongly suggests that the bone cells require other HS-binding
mitogens than just FGFs in order to grow at optimal rates. The “raw” bone HS fractions

are binding an optimal ratio of tissue-specific factors.



chromat ography and CL-6B filtration as described above. HSl is a
purified HS specific 15 for the growh factor FG--1 isolated from
brain precursor cells; HS2 is a purified HS specific for the growth
factor FG--2 isolated frombrain precursor cells; heparinis a

non- bone derived, hypersul phated, clini#ally used HS (the so-called
"gold standard", in that it shows little or no specificity for

| i gands t haiExampleid@: Compalrisexl of CelhRirolifttationtbyH$ Blom a d¥ftadeipecies

i solated from porcine nast cells; nmenbrane HSPGs is bone HS purified

from 20 bone c rangs i ncl ud teo ans) and
condi ti oned rremléﬂr%r&%oﬁe&@a %Se@feégéﬁtsmt SHRR ’%}%%“tﬁ% “omyia Jiffereain
bone menmbggses ¢ woldikfier eﬂtostéSbiae@eHse{whs pd@'atédegymﬂnﬁr {orRRERhge

Both H bo ceII er|v<¢=d co tnments, i ne and excret ed

are shown® graBEY PRbt b i P% %%/des‘[r@f%‘fov@eﬁp%ﬂ@s GESy ppdpproias
moni t or ed }mf(pasql Wa2§d a6 pidEfledblsBXPIHNOsS ancﬁﬁu&l%as]tlobm% (05t 3 in all

concentrati on dﬁpendenm eS 1n Figure ﬂgﬁls how a typical bel
for each [T cepp@atignsyas depicd: infigureckin dbnFasaestivg Oétﬁoﬁﬁgf%‘fvﬁféeﬂohﬁﬂ by

prolifer atia@drd frocRRSRWeEdnoWns %c‘a'i‘thbe‘l&&ﬁ%ﬂ%&%@%ﬁﬁﬁto%r%%:ﬂrpeﬁ&d

hi gh HS concentrations. As an exanple HS-2 shows 1ts o

sti mul at oeYy describegk abave (R Ssandoibeaiot af theresprctivedEs vas 5d‘§/drﬁndltb$ effdgt s
case. 180 E%ga?fld fol Detingoll ﬁé’faﬁ)h% iHGEROoF P‘l%h?e?aﬁ ad tﬁﬁeﬂd& ﬁ%ﬁf &k&d

by bone cel subst ant ial nore poteht than the puri

FGF- bi ndi #@amsa@@?tammopaﬁrmmb@mwforma@lt combipatil. [This qingms fergpegtie
suggest s n
TUSE Rors s AaRaR Euve KNIR S s, HD 180 .t QAP Rk B8
fracti ons refigelethp ur%‘mqﬁlge anthopmi forhuman HS Both mmsnaawsmequsenvgd freespagtive

30 Exarrp f

di fferent E)%(%:)IS tgéﬁ%‘%%@@%&@ B(laeélérflﬁust r{z‘it? E% gr?egﬁetdsge%?éeﬁgmﬁcd
suppl ébreniist fram afotemnspecitisfané perificd Bp domdbe smmqﬂp@buea& eration of

osteobl asts. HS was prepared by DEAF ion-exchange 5 chromatography
and CL-6B filtration as descri bed above. Human HS (hHS) and porcine
HS (pHS) was added to pi g Bsimple[ldsDisaéghagidei@aalysiand human
osteoblasts (hGst) in all four conbinations, as depicted in figure
14. The respective osteobl asfistiNesHs HOhAB &tk Pisuest andar d procedur es
well known in the art. Proliferation was neasured over a 24h period

as deggri bed afpay#. BéheSsampleanfle Bndved MonPin hifial qspe@abi 1Ea T2, MBSt or

added and the_effect 10 conpared to_a_control An 1ncrease

of prolif&P%t LBHOWES2BBEds FOUnd AP &) £0 cGanto0 mMyHak 9W§h phgsphatevigard be

observed tomeqRBE), GEMPLNALS: Mth ﬂi'ai"t& ;ﬁﬂt;seguéntﬁaf wmrapé@@dar&@ss\ﬂ@%oma
this case observed to_be about ng/ | e about ng/ was

found to Epufardly P%%)w@%é’@ﬂ%“‘@ﬁ@%rﬂh%@mﬁmﬁe FBthﬁBcgﬁIFﬂYoﬁﬁﬂﬂﬁﬁi
ver e obsepyeeentifigsPA0DH ¥in for 5 min) to remove any cell debris and stored at 20 °C

25  unmtil required. The media is subjected to ion-exchange chromatography on a DEAE-
Sephacel column (3 ml) equilibrated in 150 mM NaCl with phosphate buffered saline

(PBS), pH 7.2. The media is manually loaded onto the column and eluted under gravity.

The column is washed with 10 column volumes of 250 mM NaCl in 50mM PBS,

pH 7.2. Bound material (primarily HS, CS and DS) is eluted with 1 M NaCl in 50 mM

30 PBS and 2 ml fractions collected. Fractions comprising JH-glucosamine labelled

GAGs (primarily fractions 1-3) are pooled, concentrated and desalted on Amicon

concentration cones as per manufacturers instructions, freeze-dried and resuspended in a
minimal volume (100-500 ml) of neuraminidase buffer (25 mM Na-acetate pH 5.0).

[0195) Samples are treated with neuraminidase (0.25 U/sample) for 4 h. Five

35 volumes of 100 mM Tris-acetate, pH 8.0 is added and chondroitin sulphate and



of the osteoblast source. Thus, no significant difference was
observed between purified 15 HS from another species and purified HS
fromthe sane species. Exanple 13: Di saccharide analysis Isolation
of HS from Bone Tissue 20 [0194] Bone sanples are renoved from an
aninmal, for exanple a rat, rabbit or cdw. The bone sanple is ground
up at 120 Cin 150 mM Nad with phosphate buffered saline (PBS), pH
7.2, firstlevpatin m&a@rdlaﬂmdmwﬁﬁmvﬂeﬁmﬂmﬂﬂm ABﬂlaamta(ﬁaStU/sm;ﬂe}ﬁ)m-

gpn rer BT Sheslc Bh  BEUT B SOEDOTRESERLE

any cel | @ébie ]:yaanmlﬂtb@rchgbsaﬂ witOPfOn2de (1/$t iokal velpmer @10 ﬂi@&mmduﬁseuﬁ
subj ect ed n it O h S acel colum
(5o eadpl P A R A AR R e B o a Gt oo “sal 1 ne
(PBS), 5pH 7. 2. [0d96] TEdbﬁub&mﬂﬁfBJB'dlMtdanqel}b @ﬂh@va‘téiepzfs@édlﬂﬁfb@ﬁcﬁ 2 mi
el ut ed un%enr&%%awt The %durm i S, shed w %1 col.um vol unes of
250 M Na pielymn, ﬁf-wt 3 PISORYY gRceibpdy angd Fhignsqglleqter].
and DS) i ghelsthpld iyibiliylddvhibé@C@n 4 1 585 G E0-GBP2a0Hme Md tfheaﬁtfrﬁﬁén

col l ected. Fractions conprising 3H glucosam ne | abell ed

(pri mari | wollactash frenvs-dried pndistereg ontilagedegloncent r at ed and desal ted on
Am con concentration cones as per manufacturers instructions,
freeze-dried and resuspendBédpavanaulphiatd dRkastédisation( 100- 500 rﬂ) of
neur am ni dase buffer (25 mM Na-acetate pH 5.0). [0195] Sanples are

treatgg with nm@malzgﬁé% fa@ &%ny/ﬁ%mﬁee& Jé g)'fote hsanﬁﬂé/seare %u%g el hS

of 100 mM Tri s-acetate, I s added hondf oi t1 n sul phate and

31 de[J/ e o8k lngmwéwpgam ot J9yh i anﬁmegnal@n@ IRPHIvit 8B yase
0.25 4 37 t t
{reah onzgng: Censebieifd alpRlnghh miPRoratks Gied off BRE piphEad i biobied

di gest ed wimhplesarerasen étIII.‘SéB @bhinnv((b 13029 ad) fhOsinpg of rdRsaestHE chﬂlns&fb@

T0106] * TRt frEivame i e o AR B A ncae th s a6 pebrt

t hroudh a tidaseilV DEARdSE pheaetreidnidlRs wUihER 186 miviesodims host-Ags crmmed,

and 1 nm fraction t The sa e is finall esalted on a 1
255 cm BRHCE R85 B Kikarine s Petpptprtaton of o Bt 5 e ade
f L eeze- dr ibatferarsdntpled ra&*ﬁﬁgéﬁd&mﬂﬁ%ﬂ&ém&dﬁﬂ@[}&fg I&Mle& carrier HS (porcine
characterisati 197] ., To renove e core proteln
sampl es afg‘ Pﬁ’gglﬁi't g%% Wnlpé%’@ SWW r]h"“%;‘ijt thepra sergnd
neutral i seqidd d¥Hngyme tddded asd aﬁcua@t@d if6r aamttﬁlsr mnq%ﬂt phéaffliod NBTORtaUM

bi car nate i de bhl i n has 1 op sarrpl es are run
on’a - e eisheies to @‘%ﬁ%ﬁ% sisy; SRRk eeRE oisariviaz 03, W8, noror
labelled HS is digested at 37 °C as follows: heparinase for 2 h followed by heparitinase

for 1 h and then heparitinase II for 18 h, and finally an aliquot of each lyase and
heparitinase IV for 6 h. Samples are dried down to less than 100 ml and run on a Bio-
Gel P-2 column (1 x 120 cm) to desalt and remove all excess protein.

25 [0198] Gel chromatography of intact chains or scission products is performed on
Sepharose CL-6B (1 x 120 cm), Bio-Gel P-2 (1 x 120 cm) and Bio-Gel P-10 (1 X 200
cm) columns. Running buffer for CL-6B and the Bio-Gel P-10 columns is 0.5 M
NH4HCO; and for Bio-Gel P-2 column is 0.25 M NH/HCO;. Samples are routinely

eluted at 4 ml/h with 1 ml fractions collected. For preparative runs, radioactivity of a
30  small aliquot of each fraction (1-10 ml) is monitored by liquid scintillation counting to
ensure good separation and accurate isolation of fragments for further analysis.
Estimates of the size of fragments resolved on Sepharose CL-6B is based on published

calibrations.



HS depol yneri sation reactions, heparitinase (heparitinase I|),
heparitinase |l and hepari 15 tinase IV are used at a concentration
of 25 mJm in 100 nmvt sodi um acetate/ 0.2 mw cal cium acetate, pH 7.0.
Heparinase is used at a concentration of 50 miJm in the sane

buffer. Sanples are digested in the pre®ence of 100 ng non-1|abell ed
carrier HS (porcine nucosal HS). Each sanple is separately incubated
at 37 Cfor 16 h and then a secbisdccharidgiamalysis enzyme added and

i ncubated for a further 4 h. For preparation of total 20

di sacchari des f[0199}®ﬁszhﬂ3heﬁdart®h3pﬁslﬁon HLGHEMS & arfhiy@es los SARUPISE Rffer

100 ng non-, Iabel ﬁ i.s di, sted t 37, C as follows: heparinase
for 2 h fofithg E\B&“ﬁ BPlymeT & RiEEHE 9fh 5iRsthe FariA Da alscetpgnt.

f or 18 h g\fciahﬁ@sléﬁ r| e%ka’ég&ﬁﬁndég a?@?&obé’r@&%g% Gaelpﬁrdh&&ﬂﬁéé 131\5 ]

f or es are own to | ess tha run on
Gel P— 25 coarlsimfragtlons toespoRding tdediatochaidis r evtovle tatakacelarises qre opceilad

25 [0198 t

ot or mou Gerel, BEBLCMARY sifed A APL. FHRODHR el BR 0N PLE SRl Red ©
aﬂd g@ o- g(rsiﬂg 1gpr(>naa<1amogomﬁﬂs mﬁaﬁm tﬁ@ﬁﬁnggf;kmefB@doutégltdzgmtzeéB@ad
t he | O- A C S. .| . n or | O- - COl um
is 0.25 M .P?gg-%l&ﬁgﬁé‘t L S THRel 4 Shféf  SQU-gPNtAAY gradiertis psed
fracti ons @@t keehrd.of BPmiar Rﬂé’a’f@l |n.’ﬁﬁ 1ﬁjd&§m prAsE, 938t invi %ﬁédi@ﬁt ﬁoxﬁQ) 150
smal | I|q of each_fracti is nonitored

sci nti NeGlistuseg &2 Weéro?wr’@ r@@o%ra@é%ta?falﬁﬁo‘wom NGl rﬁw@luant is
isolatio n aihef Eﬁﬁ:ﬁﬁﬂgﬁ 250k OfSUﬂhI ﬂ@éuoﬁ%ryﬁbﬁitmeﬁﬁﬂhms%sgfEad'idﬁ?aﬁ%'1%@-

of fragnents resol ved on Sepharose CL-6 based | 1 shed

cal i brat i off$/Beip A Qa@‘&?ﬁ!ﬂfl feankprsg y%aiCEaIFOfQ%b%cTéﬁ&dl &dogdom) and

conposi t i Oghr@fardd alifBenif sphahyged on SAX-HPLC after either conplete
depol ynerisation with a mxture of |yases or HNO2 treatnent.

Di sacchari des d88WMeier rpegkic armarditgtied aine Figiaesy &r eud bl0 Bind- Bede Buiflor
chr om0 @iblevh il Ml ikl A Tt %ﬁf&@@; ALARRAREENA 465 98 AR

tetrasacchari are poole Separate reeze-drie ored at’
-20C. HNOXGHArAVadnR(3Sx buwaen 48 @detﬁmar andedfc AvSMagnR3 BS) PeiwedAl04
colums i nanﬁ%h%ﬁg' n the nobile phase (double-distilled water
adjusted to p ith HCl) at 1 m/mn. A shallow non-continuous
gradient is use[GZOIj\l@raseachmad sisacthafdesnara.subjetted t@ SAXHBLONpe @ tRrOPac

0 i ar b ST 5 e Uk R eIl Aner HaRvafor 8 Fecolng”

(0. 25 2r Qmbbile }bhaﬁe act nmmm)] mmpimrmé tijeded and discchigideg ehitddaelitlo Beinesr
Fl o- one/ Bet et ete ﬁifga tbeisl\ﬁ Pack rd P n bour ne, Uni tded
Ki ngdom) aﬂ o 5& s m e Oéjtqf’ Wt ic stanFards Etions are collected and

monitored for 3H-labelled disaccharide content. Nztrous acid-derived tetrasaccharides

are subjected to the same SAX-HPLC conditions. Tetrasaccharides are compared to
double labelled standard results which will be supplied by Dr. Gordon Jayson (Christie
25  Hospital, Manchester, UK).

Example 14: Use of Heparan Sulphate of the Invention with Implant and
Bioscaffold

30 [0202] Isolated HS is biotinyiated (by incubation in 0.1 M MES buffer (pH 5.5
with 50 mM biotin hydrazide and 10 mM N-ethyl-N' (dimethylaminopropyl)-
carbodiimide) for 5-6 h at room temperature. The biotinylated HS is separated from
excess reagent on a PD-10 column and virtually irreversibly immobilized to any
streptavidin-coated surface. Such methods can be used to integrate HS into bioscaffolds

35  of virtually any synthetic, biologically inert therapeutic material.



[ 0200] Maj or peaks are labelled in Figures 9 and 10 and three m nor
15 di saccharide peaks eluted as follows: G cA(2S)-AMannR bet ween
43.75 and 44 mn, d cA -AMannR(3S) between 45.75 and 46.5 mn and

G cA- AMannR( 3, 6S) between 104 and 106 min. [0201] Lyase-derived

di sacchari des are subjected to SAX-HPLC3bn a ProPac PAl anal yti cal
colum (4 x 250mm Dionex Ltd.). After equilibration in the sane 20
nobi | e phase af0203)iy sterbmbtdaikng R stisbd e tebivalyd' A SREGTR! hélasehly

eluted with. i nea r.adi ent of, sodi um ch| oride fromO-1 Mover 45
mn. Fr acﬂ”b'ﬁ%i 8 EIO%B'? Aewp drfo é’ﬁ’iﬂ“’“]ﬁb?ﬁt‘t"‘&rsélk’%ﬁ@g doppaing),sp|thay the HS can
di sacchar iteragronitient corct bRipsringl ¢ weiid-yREIfcelb AHAGED ANAARS f@bR for
subj ect ed 590 t he. same SAX-HPLC condi tions., Tetrasaccharides are

conpared F&Chqduis gesignsd) 1Fon Femplga P cauld| be inisertednit) intg scaffldn réd

by Dr. 5Cong@txhayseNol GPilufoni® acidSfdriogBiddacniBNEbSs! Qliternlely, EXATR! €
14: Use of Heparan Sul phate of the Invention wth” I nplant a}r_lay
Bi oscaf f oPgditl f?%mm be pifiedcpryg §18 ik dPrehy-aredendoliSispewitiafargach n

0.1 M MESghudfigst o nSedd hkidn, huerazi :
N ot hyl - Ny ot 4 Bsd nedt F Rfhebieonabion, THOis ity g ds Wi for

t enper at ufBentigh fackiry thahs grawing/tegeretatisg Hesug Feqitts.om  excess reagent on
a PD-10 colum and virtually irreversibly immobilized to any

strepugyi i exaflers:S UnhAGE of Bt TeBRilfonc A0 AS 315CE PRuirhAGA B © HS
into bioscaftolds of virtually any Syntnetrc, brologrca ert
t herapeutic material. 33 [ozoﬁgﬁxﬁm& ment, HS is used in a
relatively "raw' form (ie. not highly purified, or broken down into
particul ar actj | phat ed .donmai ...S0 that.the HS ca i nteract
Mih o correct BPELTH RESNET abRT B wudf cbbRpntd ntig o i Gaast
factors fefizymsHingkbd inmiuostesdngaedy (EDISAHXEMPR 6che HSwa@sHAAd} erwenty-four
integrated it into scaffolds of 5 h)idroxyapatite or hyaluronic acid

for whdindPPHEAMF do rsepding MABIEHaesleyeie gpwnnin siaing ssdiaHmnipining e
purified toXdi . ) ir . OrF
Phat ot SO g D Sl RO RIS Coller el s R
"bait" foptarvirgswadingl afdeositr of DHAT callypovwellin e Géredihmulijtité phateg and

requires. : i f e .Dos nden of. H§ .0

ol proi AR O madap 3 ath oo PRl 0RREHE Rudrvs b die
of HS wer eediatveasrieplactdugitingerial dithtionp oo HiSTi@rsairviap mednz§6ie4 Ihi Gkee serial

i mmungQsor Qent assa ELI SA), ki oche, Switzerland). Twenty-four 15
hour s_‘gg_ri 8&“?"6‘8 §’£B%}Id1(‘7 ,Oﬂ%%l@’i(f" gsdbgassay gonsth Gelsaress thep incrbaiedy
contai ni Ngth 10 uM BrdU for 2 h at 37 °C, denatured, fixed and incubated with anti-BrdU-POD

for 90 min at RTP according to the mamufacturer’s instructions. The reaction was

catalysed by the addition of a tetramethylbenzidine substrate solution and terminated
after 15 min with 1 M HySOy4. The absorbance was read at 450 nm (with a reference of
25 690 nm) using a Bio-Rad® Benchmark™ Microplate Reader (Bio-Rad, CA, USA) and
corrected using blank and background controls. The assay was repeated three times and
the 50% effective concentration value (ED50) was determined to be ~5 ug/ml (Fig. 15).

Example 16: Comparison of HS composition from Bone and Non-bone derived

30 sources

{0205] As previously described by Gordon et al, 1998, Jour. Biol. Chem 273 51,
incorporated herein by reference, disaccharide composition is different for HS isolated
from difference sources. Table III below shows comparative disaccharide compositions

35  of the adenoma and carcinoma HS species. HS samples were degraded by combined



50 mM NaCl B3 to disrupt the sul phation of endogenous HS. Cells were
then seeded in starving nmedia at a density of 1x104 cells per well
ina 96 well nulti-titre plate, and incubated at 37 Cin 5% CQ>2 for
1 htoallowfor cell attachment. Following this, the nedia was
replaced with serial dilutions of HS in3starving nmedia for 24 h,
using serial 20 dilutions of nedia containing 10% FCS as the assay
control . Geparinaseel &, bh® I idpestiial et reshitify E0atduhilded Wdro tndyhrdaly SXX- C,

denat ur ed i and.incubatedq with anti-BrdU. P for 90 m n, at RTP
accor di ng HEPE‘C{‘( ﬁg‘e PR ATRIERCRY the Thepn &u‘@h‘ieé r?g’.ta'ﬁaggﬁ?réaf&e? dlstepginations,
cat al ysed v thd @ Eaedlndsiip all edse@bdigd 1,398t hyl benzi di ne substrate

solution and termnated after 15 mn with 1 M H2SO4. The absorbance
was read at 450 nm (with a reference of 25 690 nn) using a Bio-Rad(r)

Benchnfr k TMExamplpl 7t Anilysid of theBhe a&alératioh ofiibéhealing process ef 4 bdneiSi ng
bl ank and background controls. T SS S repeated three tinmes and
the 50% effective concentration M) was determned to be -5
g/m (Fig. 15). Exanple 16: Conparison of HS conposition from Bone
and Non-bone derived 30 sour ceSurgicd®spcedurer evi ously descri bed by
Gordon et al, 1998, Jour. Biol. Chem 273 51, incorporated herein by

refergpce, di SRRORPNiMS RRWBASHHIRNE Wastll hisah@D hndefthetdRdiniRbak el ke
fromdifference sources. Table Il bel ow shows conparative

di sacchar PHE&ctEBHpo Pt | Bhane/las obrxlarinea b igiepcappeelainieationa Alsr sterile
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and Ill digestion, and resulting disaccharides were anal yze
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f emur was givierr).05% chetded Tenndesid fagneady relivd immediately, as well as 12 hours post-
operatively.

25
Callus size
[0207] Following euthanasia, both limbs were excised and freed from muscle.
Using forceps, the intramedullary wires were removed and the callus size measured in
30  the anterior-posterior (AP) and lateral planes using a digital Vernier Calliper (Sealey,
UK). Bilateral femurs were then immersed in 4% PFA in 15 ml tubes. The obtained
results showed that by 2 weeks, callus size in the AP plane was 23% larger in response
to 5 pg HS when compared to the control and 50 pg HS groups (p < 0.05, Table IV),
with no difference between the groups detected in the lateral plane. At 5 weeks, no
35 difference was detected in either the AP or lateral planes for the 3 groups. Thus the

healing process was accelerated with HS, but reached the same endpoint as the control
group.



the K-wire drilled retrograde in the nmedullary canal until it could
be felt in the hip. The 20 wire was then trinmmed to reduce the

| i keli hood of inflammation in the knee. The gel (100 1) with or

wi t hout HS was injected around the anterol ateral aspect of the
fracture site. The nuscle, fascia and 8kin were then re-approxi nmated
and sutured, and the rat given 0.05 ng/kg Tengesic for pain relief

i medi ately, as wel | asX-ig@y imuliQnaptititive opapaiterival tamdfraplay | us si ze
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results presented as the mean = standard deviation.

[0210] Histomorphometric measurements showed a 19.6% increase in BV/TV

25 with 5 ug HS compared to the control group (p < 0.05, Fig. 18), sugeesting that
increased bone formation caused in the increase in callus size. In contrast, no difference

was observed between the 50 ng HS and control groups. These differences are shown in
Figure 18, with a greater mineralized tissue and osteoid present at the bone/cartilage
interface within the middle of the callus in the 5 pg HS group as compared to the 50 pg

30  HS and control groups. The results also show that 5 pg HS increased Tb. Th by 16.5%
as compared to control, whilst Tb N was equal amongst the 3 groups, suggesting that
increased BV/TV may have been due to increased Tb Th. rather than Tb N. By 5 weeks,
BV/TV, Tb Th. and Tb N measurements were equal across the 3 groups, indicating that

these fractures were all at the same stage of healing.

35
Safranin O Staining

[0211] Safranin O staining was used to determine whether there was an increase



(BP) measurements were taken fromthe callus regions on each slide,
with no less than 9 20 sanpl es per group exam ned. These neasurenents
were used to determine BV/ TV, as well as trabecular thickness (Th.
Th; [(BVx2)/TV]) and trabecul ar nunber (Th.N, [(BPx0.5)/Tvx1000]).
These measurements were averaged for eatth group, and the results
presented as the nean t standard devi ation. [0210] Hi stonorphonetric
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The cartllage stal ns red fromthe safranin O, the nuclei stain blue
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equal M s at both 2 an 5 weeg (see figure 19)
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fractur eStak%fcﬁ et @briplatP & Meerikdadion beist aR OMABpus BB 1 microscope, DPT0
camera and DPController software V1.1.1.65. Osteoclasts positive for TRAP and

containing more than 2 nuclei were then counted by visual inspection using a grid-

Q

technique. The results were averaged for each group and presented as the mean =
25  standard deviation.

[0215] Multinucleated osteoclasts were primarily observed along the
bone/cartilage interface within the callus, with more osteoclasts detected at 2 weeks than
at 5 weeks (p < 0.05; Fig 21). However, between the groups at each time point, no
difference was observed although there was a trend toward there being more osteoclasts

30  inthe 5 pg HS group compared to the other groups. Hence, HS does not show an effect
on the number of osteoclasts present.

{0216] It is understood that the invention described in detail herein is susceptible
to modification and variation, such that embodiments other than those described herein
are contemplated which nevertheless falls within the broad scope of the invention.

35 [0217]} The disclosure of each patent and scientific document, computer program
and algorithm referred to in this specification is incorporated by reference in its entirety.



[0213] To anal yse the specifity of the effect of HS on bone heali ng,
t he nunber of osteoclasts was determ ned. Osteoclasts are cells
originating from nonocyte/ nacrophage |ineage precursors that
specialize in bone resorption. [0214] Resin sections were stained
with tartrate-resistant acid phosphataze 20 (TRAP) staining to
assess osteocl ast nunber. Nine fields of vieww thin the callus were
taken for each sanple at 20 x magnification using an A ynpus Bx51

m croscope, DP70 canera and DPController software V1.1.1.65.

Ost eocl ast s posi ti veEFEPETRAP Rd  cont ai ni ng nore than 2 nuclei were
t hen counterb-byh/iuaiiadrsifispecduecensasting a grid- techni que. The
results wsl@>a0@rpagia‘dOﬁofot"ea'g?mugatilmp bang proeseranddddffetrérginetom 2%
standard d %’d>aﬂ?%04 Tafif1% P#ifc| eat ed osteocl asts were primarily
observed a gr;gzgdz;eog nercartilage interface within the callus, with
nore osteetélasés detected at 2 weeks than at 5 weeks (p < 0.05; Fig
21) . Howe\é Eet ween the groups at each tinme point, no difference
was obser ygg . abs hough there was a trend toward there being nore

ost eocl ask®1B0pim the 5 gg HS group conpared to the other groups.
Hence, HS<#desamiof iciidwsemveatd ect on the nunber of osteoclasts
present. [§4l6] It is understood that the invention described in
detail hekei3 psimgusceptible to nodification and variation, such

t hat enbodi nents other than those described herein are contenpl ated
whi ch nevéfi%etess falls within the broad scope of the invention. 35
[0217] TheafhaseAdps e a0ba@acl patent and scientific docunment,
conputer program and algorithmreferred to in this specification is
i ncor por atj ;b%lref erence inits entirety. 37 SEQUENCE LI STI NG <110>
The Uni versiXypgf Queensland <120> Conposition for stinulating bone
grom h aned2ib-f deriéntiaat sayueated nethod for isolating sane <150> AU
2004902408__ <151> 2004-05-07 <160> 8 <210> 1 <211> 22 <212> DNA
<213> art($3%i gl sequence <220> <223> Pri ner

<400> 2
TCCACGTCGG TTCTGTTCTT C 21

<210> 3

<211> 24

<212> DNA

<213> artificial sequence

<220>
<223> Primer

<400> 3
CCAGGTTTCT GATGAACAGT ATCC 24

<210> 4

<211> 22

<212> DNA

<213> artificial sequence

<220>
<223> Primer

<400> 4

ACTTGACTCA TGGCTGCCCT TT 22
<210> §

<211> 24

<Z212> DNA
<213> artificial sequence



<400> 1 GATAACGAGA TGCCACCAGA GG 22 <210> 2 <211> 21 <212> DNA
<213> artificial sequence <220> <223> Prinmer <400> 2 TCCACGTICGG
TTCTGITCTT C 21 <210> 3 <211> 24 <212> DNA <213> artificial
sequence <220> <223> Priner <400> 3 CCAGGITTCT GATGAACAGI ATCC 24
<210> 4 <211> 22 <212> DNA <213> artislgi ci al sequence <220> <223>
Primer <400> 4 ACTTGACTCA TGGECTGCCCT TT 22 <210> 5 <211> 24 <212>

DNA <213> g&}ificial sequence 38 <220> <223> Prinmer <400> 5
< >
<223> Primer

<400> 5
ACAAACAACC ACAGAACCAC AAGT 24

<210> 6

<211> 20

<212> DNA

<213> artificial sequence

<220>
<223> Primer

<400> 6
GTCTCGGTGG CTGGTAGTGA 20
<210> 7
<211> 24

<212> DNA
<213> artificial sequence

<220>
<223> Primer

<400> 7

GAGGGCAATA AGGTAGTGAA CAGA 24
<210> 8

<211> 24

<212> DNA

<213> artificial sequence

<220> .
<223> Primer

<400> 8

AAGCCATACT GGTTTGATAG CTCG 24



ACAAACAACC ACAGAACCAC AAGT 24 <210> 6 <211> 20 <212> DNA <213>
artificial sequence <220> <223> Priner <400> 6 GICTCGGTGG
CTGGTAGTGA 20 <210> 7 <211> 24 <212> DNA <213> artificial sequence
<220> <223> Primer <400> 7 GAGGGCAATA AGGTAGTGAA CACA 24 <210> 8
<211> 24 <212> DNA <213> artificial $€quence <220> <223> Pri ner
<400> 8 AAGCCATACT GGITTGATAG CTCG 24 39 Cdains Wiat is clainmed is:
1. Isolatgd_heparan sul phat e obtai ned from bone, bone cell, bone
precur sor B or stemcell. 2. The heparan sul phate of claiml1,
wher ei n thaastalcRikang, bone cell, bone precursor cell or stem cel
I's obtained froma mammal. 3. The heparan sul phate of claim 2,

wherein the mammal is a human, bovine, pig or rodent.
1. Isolated heparan sulphate obtained from bone, bone cell, bone precursor cell or

stem cell.

2. The heparan sulphate of claim I, wherein the said bone, bone cell, bone precursor

cell or stem cell is obtained from a mammal.

3. The heparan sulphate of claim 2, wherein the mammal is a human, bovine, pig or

rodent.
4. The heparan sulphate of claims 2 or 3, wherein the mammal is human.

5. The heparan sulphate of any of claims 1 to 4, wherein the bone cell, bone precursor

cell or stem cell is cultured.

6. The heparan sulphate of claim 5, wherein the bone cell, bone precursor cell or stem

cell is isolated and cultured to remove other cell types.

7. The heparan sulphate of claims 5 or 6, wherein the the bone precursor cell is
selected from the group consisting of KS-4, UMR 106, UMR201, MBA 15.4, 2T3,
and MC3T3-El.

8. The heparan sulphate of claim 7, wherein the heparan sulphate cell has been
isolated from cultured cells at a cell state selected from the group of a logarithmic

growth phase and a contact inhibition.

9. The heparan sulphate of any one of claims 1 - 8, wherein the cell state is a

logarithmic growth phase.

10. A method for isolating heparan sulphate comprising the step of purifying heparan
sulphate from a tissue or cell selected from the group consisting of bone, a bone

cell, a bone precursor cell and a stem cell.



4. The heparan sul phate of clains 2 or 3, wherein the mamal is
human. 5. The heparan sul phate of any of clains 1 to 4, wherein the
bone cell, bone precursor «cell or stemcell is cultured. 6. The
heparan sul phate of claim5, wherein the bone cell, bone precursor
cell or stem cell is isolated and culddured to renove ot her cel

types. 7. The heparan sul phate of clains 5 or 6, wherein the the bone

precursor _cell is _selected fromthe roug consi sting of KS-4,

UMRL06, UMR20HIe mmdl%f%}lmzkﬁs}vherﬁwdhwggm @e cel, bopg prasurser el a3 glephat e
of claim7, vwhgteidihderhgRahahnsul phate cell has been isolated from
cultured cells at a ce { state sgrected fromthe group of a

| ogarithm c rom h phase and a contact inhibition. 9. The heparan
sul phat e B ngaikododt cgdingi Its whereinghe wiasymsil 15 a hvenapebdvisg, atgeorirgdeat.

| ogarithm c grow h phase. 10. A nethod for isolating heparan sul phate
conpr i s ngs.{ AeH @Rl Rithl 1Y bR & RARALRThe 1L PR bGnd Ok by LLIPSHEerd"
cell selecte romthe group consisting of bone, a bone cell, a bone
precursor celcellgamiltaredt em cell. 40 11. The nethod of clai m 10,
wherein the bone, bone cell, bone precursor cell or stem cell is

obt ai ned om,.a o 12.-The nethod of claim1l, erein the
a1 s ARG i 137 WhelTE] A eh? o Gdelis MRET Bt I group
11 or 12, whebsdiflinghd KSoAaINRI1DG, INIREONMEBUATISOr, 2T8)dnd MCSEERHY. cel | is
cultured. 14. The nethod of claim 13, wherein the bone precursor cel

15,2, orats andontenn diehis 15 FREL Hotrn s pel s bloegiimin v

t he cul tured pgdeloricsnthét ighibi@gar i t hm ¢ grow h phase or contact

i nhibited. 16. The nethod of claim 15, wherein the cultured cell is
in alogarithmc growh phase. 17. |saqlated heparan sul phate
obt ai nabl ¥-a Pbﬁ%ﬁf& tslamd Snhergin ths culiwedgrellds i algearghmicggowthghag.

pharmaceutical conposition conprising (a) isolated heparan sul phate

accor di ng17, 0 [Yte®@Rdpaftn sGlphb@BbhinabR ®REordifg tANE mdild & 263 bF E18HnsO0 -
di luent. 19. The pharmaceutical conposition of claim 18, further

conprising (dP- one or nore biologically active nol ecul e(s) capable of
stinulating bone or bone

18. A pharmaceutical composition comprising
(a) isolated heparan sulphate according to any one of claims 1 — 9 or 17, and

(b) a carrier or diluent.

19. The pharmaceutical composition of claim 18, further comprising

(c) one or more biologically active molecule(s) capable of stimulating bone or bone

cell growth and/or differentiation.

20. The pharmaceutical composition of claim 19, wherein the one or more biologically
active molecule(s) is selected from the group consisting of: BMP2, BMP4, OP-1,
FGF1, FGF2, TGF-1, TGF-B2, TGF-p3, Collagen 1, laminin 1-6, fibronectin and

vifronectin.

21. The pharmaceutical composition of claims 18 to 20, further comprising

(d) at least one bis-phosphonate.



cell growth and/or differentiation. 20. The pharnmaceuti cal
conposition of claim 19, wherein the one or nore biologically active
nol ecul e(s) is selected fromthe group consisting of: BMP2, BMP4,
oP-1, FGF1, FGF2, TG~ (31, TGF-(32, TGF-03, Collagen 1, lamnin 1-6,
fibronectin and vitronectin. 21. The 4dharnaceutical conposition of
clainms 18 to 20, further corrprisi ng (d) at |east one

bi s- phosphon 41 22. The ar ma tical conpasition of claim 21,
wher ei n t% &F}?—pﬁ‘ﬁ’a’?ﬁﬁ‘gﬁé %Oniilg”sg’é’Flé’ Pgﬂn@ FoTheEHR tyrouphasBrErEt ng of .
etidronate, GkREEEMdhEhe 2tRPLLRAAR of d@@mn%eoaa&%naté'ﬁ&ﬁmﬂét e and
zol edronate. 23. The use of a pharmaceutical conposition according to
any of cl ai mpamgdrongto, rispdiopete apdhrrledienals-e of a nedi canent for
treating an animal in need of tissue repair. 24. The use of claim 23,
wherein t t 25,5 :

use of cl %mg}%%gﬂfe?%l%ﬁm% ﬁegﬁ{: E|ﬁggu Slﬁ éeccé)rgg%a[?gﬁ}; b@&ﬁ%s& 8t iszszsl;tgg.%
26. The use changlaiure 862 matiesment fomaeahagehammsm nesd bitiseue 12pair. The use
of clainms 25 or 26, wherein the repair of the hard ti ssue conprises a
step of m 0|t| b oating or
|rrpregnat%gﬂ§%€éf@%fr[ﬁ“% %%?E%useﬁ 881 % rrf?eds 12 ]?%%ffﬁls "Bef or e

i npl antation. 28. The use of any one of clai m; 23 - 27, wherein the
ani mal i s2% niewet of Q8im Phevhesin gk tishuitorb@ Bepaindteis dard tishe. mamal is a
human, bovine, pig or rodent. 30. The use of claim 29, wherein the
mamal I Sydu S st hesis or bioscaffold
conpri si ng‘bl o) gf‘géfﬁélﬁiaér%gvhs%u phg?lgladq S(s,%enlisg%eg to any one of clains
1 - 9 or 17. 32. The surgical inplant, prosthesis or bioscaffold of
cl ai m 31,2% odtheaisoof dlaipm@gmaaédwhmbihhhmpdr ofsht hirddishrepamatises alspipaife.

33. The surgi rosthesis or .hioscaffold of clai.m 32,
further coaté WStgﬁ%t?‘SSH ae‘{ﬂc?llfogb?@?uo%ﬁlpﬁoat@Oﬁlmﬁfﬁﬁﬂaﬁng goyrgical

TGF- (31, TGFifudRnt, Eﬁﬁﬂ'{cﬁgor bicedaFRuEsfdre ithplhtdish. 1- 6, fibronectin and
vitronectin. 34. The surgl cal inplant, prosthesis or bioscaffold of

clainms 32 or er cqQated or regnated with etidronate,
cl odr onat & éri‘éh‘ é)“eﬁgaﬁﬁ?%?rf’a‘t@ n?‘ pA%Me! gsdnan®eledr onat e.

42 35. The bioscaffold of clainms 31 - 34, conprising a polyner that
| NCOr por &d®s The use of claim 28, wherein the mammal is a human, bovine, pig or rodent.

30. The use of claim 29, wherein the mammal is human.

31. A surgical implant, prosthesis or bioscaffold comprising isolated heparan sulphate

according to any one of claims 1 —9 or 17.

32. The surgical implant, prosthesis or bioscaffold of claim 31, coated or impregnated

with said isolated heparan sulphate.

33. The surgical implant, prosthesis or bioscaffold of claim 32, further coated or
impregnated with BMP2, BMP4, OP-1, FGF1, FGF2, TGF-B1, TGF-B2, TGF-3,

Collagen 1, laminin 1-6, fibronectin and vitronectin.

34. The surgical implant, prosthesis or bioscaffold of claims 32 or 33, further coated or
impregnated with etidronate, clodronate, alendronate, pamidronate, risedronate and

zoledronate.



hydr oxyapatite or hyaluronic acid. 36. The surgical inplant,
prosthetic or bioscaffold of any of clains 31 - 35 for the use wth
hard tissue. 37. The surgical inplant, prosthetic or bioscaffold of
claim 36, wherein the hard tissue is bone. 38. The surgical inplant,
prosthesis or bioscaffold of any of cl4@ins 31 - 36 for the repair of
dental damage. 39. A nethod of treating an animal in need of tissue
repair copprisi a step.of, m ni stering a pharnaceutica

conposi t | aﬁ%’?%ﬁ@@lﬁ gt %}ﬁw%ie— & SCIRTisiE 4 BOmspUaL BEOIDHES et hod

of claim 39, Warxehpitd& HyhRsdec 494 e repaired is soft or hard
tissue. 41. The nmethod of claim40, wherein the tissue to be repaired
is hard tissue. 42. The nethod of claim4l, wherein the hard tissue
i s bone. ¥B. Thesurgiaahseplent, ppsthetic of piesealidd ofpnyreficlrimnd! r dp&erthopset he
hard tissue CREpPKi38Su@ Step of admi nistering the pharnaceutica
conposition by coating or inpregnating a surgical inplant,
prosthesis or bioscaffold of claim31 - 35 before inplantation. 44.
The net hodf-of Thenyreinabinalam] priosrbetBoor-biasgatfolh of dpim 36 evhareimtal hawl tisue
mamal . 45. The nethod of claim44, wherein the mammal is a hunan,
bovine, pig or ‘rodent. 46. The nethod of claim45, wherein the
manmmal 1s human. 47. The use of the isol ated heparan sul phate of any
one of cl38.nelhe surggcabimdantf mosthesis anbliataffigd vEgendichiimofl ofi6 forgkeie.

48. The use of tgg igpL&ted heparan sul phate of any one of clains 1 -
9 or 17 in t AP AGPALIARE 0f a nedicanent for stinmulating
regeneration of tissue. 43 49. The use of clains 47 or 48, wherein
sai d tissie isnsthotl of refigtintahBsdlén needQf tiddue repai compabias BxwP of Wher ei n
said tissue is hard.tissue. 51., The use . of cI%in150, wherein the hard
tissue is bofdmimsicring spharmaceutiegl campogifion acrgriigge Ay aits rslayps €8 s3kie
conprising a step of applying the isolated heparan sul phate of any
of clai ms40l -ThY n@tholloflcliRBoakBaeRithétiaein bdteperd is Rt sl ddkssue
regeneration. 53. The process of claimb52, wherein said tissue is
soft or hard tissue. 54. The process of claim53, wherein said
tissue i s‘iJl ar@et“?eélﬁilé’.f"%m @h@gﬁfﬂ’@é@‘s@“&}? tocheqepaizsd is i@ HigiiA t he hard
tissue is bone. 56. The use of the isol ated heparan sul phate of any

one of cl4. Merhé metibdf clalmf4Q! whérkinThd Rdrll Assudiif dgeent i ation of a cell
into a bone or bone-like cell.

43. The method of claims 41 or 42, wherein the repair of the hard tissue comprises a
step of administering the pharmaceutical composition by coating or impregnating a

surgical implant, prosthesis or bioscaffold of claim 31 - 35 before implantation.
44. The method of any one of claims 39 - 43, wherein the animal is a mammal.
45. The method of claim 44, wherein the mammal is a human, bovine, pig or rodent.
46. The method of claim 45, wherein the mammal is human.

47. The use of the isolated heparan sulphate of any one of claims 1 — 9 or 17 for

stimulating regeneration of tissue.

48. The use of the isolated heparan sulphate of any one of claims 1 — 9 or 17 in the

manufacture of a medicament for stimulating regeneration of tissue.



57. The use of claimb56, wherein the cell is a stemcell. 58. The use

of claim57, wherein the stemcell is an enbryonic stemcell. 59. The

use of any one of clains 56 - 58, wherein at | east one biologically

active nolecule capable of stimulating bone or bone cell growh

and/or differentiation is added to sd&i3d cell in addition to the

i sol ated heparan sul phate. 60. The use of claimb59, wherein the at

| east one biqlogically active nolecule(s) is selected fromthe group

consi st i nffof Lhepipol clpigpss7 quyd8 whereip paidptispe 1s segorlard tissyer. (3 2,

TG-- (33, Collagen 1, lamnin 1-6, fibronectin and vitronectin. 61.

The use 0%p.anpheQiR@ oOElal #9, RFerREn sai® Hssubeafd fissat. | east one

bi s- phosphonate is added to the cell. 44 62. The use of claim61,

wherein the bis-phosphonate is selected fromthe group consisting of.

eti dronat®l- cihsapeabelam & eeramtedardismeis bast e, ri sedronate and

zol edronate. 63. A nethod for identifying a biologically active

mol ecul e §OMA bicBE HNRinalIAMQEsendRtioh BT fsNOcMIR IR 2 QForAhp R She

candi dat e nol ecul e(s) binds to %he i sol ated heparan sul pha{)e of any

of clainms 1 -isdated hepprangwlphfigef apy hlbdaiofs lct @i B8 anfarratdf@bodyimreedi ng

a step of det 14N ' ical function of said nol ecule. 65.

The rrgt hod of&(ﬁ:jﬁ}éllq#s Gl%g%{repgélﬁ,g' wherein the biologically active

nol ecul e i s capable of stimulating bone or bone cell growth and/or

di f f er ent &t iTwe.pr@6ss dlvdaimet?hoticrefn aanltisomeis obft of Erdss®w8. - 65, wherein

said biologically active nolecule is selected fromthe group

consi sti ng, ofn3 AALU Al oDl SctheAmuANet el gcul e, an  extract

froma plant, an extract. from ani el an extract tYom a tissue, an

extract froma cell, a product froma reconbinatorial library, a

product f¥$HmlhepbDidass ¢ficrimrid, whepinotie bird fiisomiaborexpr essi on library, a

drug, a | ow nol ecul ar wei ght conpound, a carbohydrate, and a

g: gfmtelhn]; a%{'brﬂlé%sg‘g% tlﬁggso%edahr%argg s&llpﬁlelltg] OP aGrfy ovr\{lg% gllaﬂﬂs 1tb 8 op Ii?%oei‘" nitsa
stimulating differentiation of a cell into a bone or bone-like cell.

57. The use of claim 56, wherein the cell is a stem cell.
58. The use of claim 57, wherein the stem cell is an embryonic stem cell.

59. The use of any one of claims 56 - 58, wherein at least one biologically active
molecule capable of stimulating bone or bone cell growth and/or differentiation is

added to said cell in addition to the isolated heparan sulphate.

60. The use of claim 59, wherein the at least one biologically active molécule(s) is
selected from the group consisting of: BMP2, BMP4, OP-1, FGF1, FGF2, TGF-B1,
TGF-B 2, TGF-B3, Collagen 1, laminin 1-6, fibronectin and vitronectin.

61. The use of any one of claims 56 - 60, wherein at least one bis-phosphonate is added

to the cell.



62.

63.

64.

65.

66.

67.

44

The use of claim 61, wherein the bis-phosphonate is selected from the group
consisting of: etidronate, clodronate, alendronate, pamidronate, risedronate and

zoledronate.

A method for identifying a biologically active molecule comprising the step of
determining whether one or more candidate molecule(s) binds to the isolated

heparan sulphate of any of claims 1 -9 or 17.

The method of claim 63, further comprising a step of determining a biological

function of said molecule.

The method of claims 63 or 64, wherein the biologically active molecule is capable

of stimulating bone or bone cell growth and/or differentiation.

The method of any one of claims 63 - 65, wherein said biologically active molecule
is selected from the group consisting of a natural molecule, a synthetic molecule, an
extract from a plant, an extract from animal, an exiract from a tissue, an extract
from a cell, a product from a recombinatorial library, a product from a cDNA
library, a product from an expression library, a drug, a low molecular weight

compound, a carbohydrate, and a protein.

The method of any of claim 66, wherein, the protein is a growth factor.



