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COVPQOSI TI ON FOR STI MULATI NG BONE GROMH AND
DI FFERENTI ATI ON AND METHOD FOR | SOLATI NG SAME FI ELD OF

WO BESHOMVENTI ON [ 0001] This invention rel ates tBCT/SG2005/000137
i sol ated heparan sul phate and use thereof to stinulate
bone cell growth and differentiation. The invention

oSBT S AN SRR
iR SO SN bn S ol BT NS e

frominjury or defect. BACKGRClJND OF THE | NVENTI ON

[ 0002] Although t s in the area
of inplants anchoi‘r;]leﬂ&ﬁ)w%one E Ssue, Q)gﬁrrent

ort hopaedi c practices for repair of |oad-bearing bone

are [000(1]1 e‘mscmueiﬁlmnﬂalalést enisbhitdd hmmméulphitamndmsbaﬁenéof to

st bihe, gt e N T HAID Tp P ORn o ol to use of

hepei §\§lpﬁ>e[te SkitHTith dﬁﬁaﬁts I BERMEEIS tan@ bisdcaffaldd! Bl repAR@nll Gbgenerate
use wWith, or pendent ly from an |U{r1rﬂlant [ 0003

bongunSied s maatb?efpr Rl sampgedciéiepe Beluding beus tisspgydor example
g%arrgg t i ssue repair using a nunber of
da) anlﬁgﬁn%hgﬁlnlcﬁgglh{lgé %r exanpl e, cell
differentiation, cell propagation, mgration, growh,

e oot BN CRERO LR R R, o7 M

ext racel | ul ar nmedi ators or cytokines, including growh

f ac{¥03] Althoua thqgepbrﬁ@nbeg;magﬁms eng)e area of implants anchored in
ﬁgﬁ%agﬁﬁ]&ﬁlcﬁ §edulh %Fa%hg& f Eﬁéliato?ll)fa gnlgm{eoare rather
e suffaces o ourtn te The

Crlnic tand ofte fal. | Hsegef mianiluer-basﬁd maltﬂrm@hdsuhmrmkeidgamlmlts however,

| h f It d
e i FUa ol REFRER ar ' ubBERnS. Bl Poviy g gtmutac
regea¢ration ofnaveretivae Kol wepsith, bSindegerdsntyniron, ai @gplast. or S

of fibroblast gromh factor (FG-) activity both in
vi v §0M3H Humans tand, othcnd afigmds jaren cmplcxomslticsmdan @rganisms that

coffi 54 e gch T o -GG AL BRSO, cn
difﬁrentih%ﬂ,, cémpk@agatmblmgmtm, gkcmzth Nenutd(—oaslk akd Lmhldmrsubstrate
. 804 8 i nco rate her ei f rence
intEheip @Eana O%fﬁes B e dgich et e lglar mediators
or %ﬂ&hﬁ@s Mudihééx%favthfhcmr@' ogical activity. As shown in

i ckman et 1998, dycobiology 8 463, two separate

pool[¢00a] ;—HPa@ht aulpﬁ@kef lr(lals?1 n glyrcoﬁmxhb@ycaais cmbhtsd C irdin@diately

speC| f| c activa FGF I
adjgessé ﬁg?ﬁStOSge’r&th%re%& Grdls, lilgtsﬂ%? éﬁl%% feggg number of
extgz[c‘él’lﬁllﬁr AiR8Es, C Rlch RO LA ihattRdorE! G'Tf RS IhYd tWwith aan‘%oiﬂ%hcated

i solated Trom contact-inhibited cells preferentiall
combinatien ef am@Frine, jpgRodie Adigamerne fesdeagkalopps.oftlS are essentlal

| l;bed
o BGASA BSip e G, ST B, HRSHAAD, e
furceiepeleyt icvessifiking particular forms of FGF to appropriate FGF receptors.
Although HS may be generically described (Alberts et al, 1989, Garland Publishing,
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
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capable of interacting with FG-1 is obtainable from
murine cells at enbryonic day from about 11 to about
wa3gosuhereas a HS capabl e of interacting wth PCGFS@2a05/000137
obt ai nabl e at enbryoni c day ¥rom about 8 to about 10.
[0006] HS is usually secreted froma cell coupled to a
on 1pitogemicstatos. &S awothtddsfrorh lieg grofvtil plde cellsysotenthiegddF@GR-2 activity,

andﬁ%&aﬁ&a%agtggg ?Q’lgg%&ég's Im?tB%%lF@&Satha{eﬁ%ﬁ: pr otein
CortABIA VbR SRt ik Behil S3ly Bfibtr . op FioF-2 s

des@ibeduinl VO $6723003( LAdedadilg @b tﬂﬂs pal&ﬂ8appllcatBhQ|a rc@b@éﬁve HS
é{? L?% 4979; .Sugahara_and Ki ta 2000,, Curr. Opin
capahle pf pinteggctipg Viith ¢gy1 iy ebtelfl? ongfmyfigk, Celsaplctalygaic day

frorh g0 119 td13botN 15, 0WRERES 20 FISWESgabRhbF Qﬁéfhcﬁﬁ§ WREFGF-2 is
described in [nternational patent application

obtggatde azgniirgeniaday fraot ahogt 1o shoubdfdnt capabl e of
stinmul ating regeneration of hard tissue. xampl e
spel@0PelcHD iy, ugially spereted frrsvagsllicouplsd e auag@fém ¢ aald is thus

referfed rt& s the%fﬁgﬁ sﬂggﬁ&@ lp?d’t@og‘#ﬁﬁﬁr H@?@I)'t :Bé)ft;]lli‘ ?Iosoﬁltd%% protein may

applicatio I on,” a conmpos
undstgorndeaics n@nmélfMU@lsubaienamdl@mant@ﬂ infipedis therdiel ogigal\abtivity.

Coxﬁgf ngg)gg)g ﬁ& L'iﬁhl een c%ﬁpgnge{ﬁ@tsuwgss t?lg &S Bucitleﬁg agld? ?ﬁ nﬁ?ﬁt et al,

S conposi
1998S7J. Bivd. Chegpo2078 |24979 uSﬂig‘aharaC:malt Kltmgavai QD)OG Curr Opm Struct.

Bi r geneti c protein, as well as optionally
IOF'D]Q Ily as the norphogenetic protein) an osteogenic

pro nd t r.ansf tiag r h factor .
0B, PEaf’ RAPRRERLTR! it v 2R hdisyish quli ripgen has

beelldeg@ivad Gin Mtbtiﬁﬁoﬁbtpateﬂe@ﬁlic@ﬂiﬁm ] I96m2§2891&“¢rlmmﬁufacture of an
cul tur hurmn skin fibrob gr om h

havin
agefity SRDI Pﬁ SHF a5me; (FeeReratsy Ofs%aﬁf, Hgsue iV, Fxauaples specifically

des@ﬂi‘tﬁh§ nBwHIS &l ﬂaq)eais%a nﬁar.»a sohR® o? Ityms gt déi@ﬁbe’ﬂfﬁ the patent
descfi bed as being useful as t herapeutics for bl ocking

appéieations Jpf addétion, gh gpmppsitied fer isimulatiagi dhinove i lwgle gindugtien is
discggsgeﬁ%ii v@é‘ob)ﬁﬁvg?ﬁ henf laﬁlg&fiﬂa%ﬁl“ %rré&‘géut%[e‘a tg@éntl%rﬁ n%qc%ﬂ&Xne of

due to their mnina Ze and Speci
thisa¢dnapuisition e 0pfionAly IBhhADBES. %atcempbhabn ifuxtiso wbn@gts a bone

moiphabsifut Butin. ReRE btopaly Pty acc@gg@gﬁ%@m protein) an

ostédgemarpﬁbtéﬂn(and lanrangfkmatoesrotiiagemat s of HS (i.
ol i gosacchari des prepared fromenzyne di gest ed HS) ,
ar e[0808lolntrhatmmabpalertegplcativaWe I3¢r9096 elescsibas ollgosacchandes

obigi3Fy SR H S spLipat catih o AT TPAiE T having growth
fac@k f hiBAIRBt a@RAMRO ol | XAMPANGGE Z§'S HAC Cpfofdiil ObMdin fflnlty The
93/ 19096 advi ses_agai nst use of HS, or_ enzyne

i gest ed
oligpsegeharides e dessabedps beigg usefal assthgrapputics Jet plogking el Surface

L

parﬁ@umiy udeful dHSt@them miaitnﬂrsim and spexifi¢ bindingséiimitys our ce

have Wpar ticul ¥

[0009] (0] 93/19096 states that in contrast to the useful properties of
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.
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useful properties, in particular as a potenti al
t herapeutic and pharnaceuti cal conposition. Although

woiosas7ween previously extracted from skin, brer/eG2005/000137
liver and cultured cells, HS has never been extracted
from bone or bone precursor cells prior to this

Actoniigply, WO 93110096 ¥@AER 526 e D HY, lof efl dibeded p@parations
HS i sol ated from bone cells when applle oceIIs

thetenb frtisg 2§ Sigraeufifcr ease i n bone cel | gromﬁh when
conpared with other sources of HS, as is described in
nore detail hereinafter. [0011] In a first aspect, the
i nventi on provideMMARYAOFITHEINVGENSIOPhat e obt ai ned
fron1bone bone ceII bone precursor cell or stem cel

one enbo e bgne cel |, .bon
pr eéﬁ#@oﬁ(ﬁg‘é‘fﬁr P ?ré( q% ewa 3?@% PR, 1 ‘Wif?ﬁ have
su @ﬁﬂ@]?odnﬁ thatES ebketidEBemsa § 1ff63tlil§3§ﬁé sbrcé@ iy Maive particularly
ovine, pig .or rodent. [0014] As an exanple, the

mPEIPEFHES> B DRHIFHER. af 081 8ptenalofReraRybai Alht Pharmaceutical
BERRiome! Alth@%ﬂeHﬁ 'H8S Wesh 'i)r&z%dslyoéxtﬁfc?e@ £6h! ski® bralln liver and

cultured I'n some enbodi'nents, the boné ce
culbl@%cqiluseﬂﬁ rlye rﬂet‘@ beep rextreeied Sien bone drhsingtpsecuased cells prior to
d [
thlsg Xiﬂg%%i?ogl’. Tih% nrlﬁ CYI‘S v?éerg Ep gfrgl:c!: tcf rlﬁﬁglﬁatbl%) Jigcilatpi? f@)n% bone cells
whein apgiedup aeﬁmsh&tredlg gréatiSindreasdVitl Béne ¢dVRZOWth MBAn compared

.15.4. 2T3, MC3T3- E1. .[.0018] ,The, HS. be i sol at ed

with ikt s oL RS, B et g iR i el BRI A & o ont b
pPhap®1 oy InMae firt ORpa&t  the hinbéstRe. pfd%lﬂegl isBragfdeha8Pdrdn sulphate
the HSis isolated fromcultured cells duri ng

obtpiggd fromhane. ks el homg peccursgpod] on sier celbcond  aspect ,
t hepgofyent dﬂ%%n?cfo?ﬁﬁ?xﬁsth% e R g;ﬁ% Wibr '&éﬂ B &m cell

_sul phat e 1 ncluding & step of purifyin epar a
lsczbtﬂllpﬂdeftcenﬁmmmmaltl ssue or cell selected fromthe gr oup

con e cell e pregursor . cel

anaEafofte enffBnen e SR RoRESRAIE piF & focent.

bgnﬁme] A? ainemn;pleetheln&mnnﬂehdy ra hnrﬁzm CrGrlb I dl s )

obt gj.n rom a 022] I n sonme enbo nts the

o oS ! G RaATTEa, b Dog el b B RERRg0s of SieBm el is
culggpdi nent, the bone cell, bone precursor cell or stem

cell is cultured 0024] an exanpl e, the bone
pr etll0lebln somq ey @@n%th@dtoeq cell.ghAnermegressell or stem cell is

%@\/R201 MBA 15.4, 2T3, and
1so§.%3&l%?ﬁ%l‘ﬂ&te§g2§]§, iﬁe%ﬁg)ﬂ’be i sol at ed from cul tured
ceI [0918 Aben edanpleg tHedvpae i fréaviror gelbwidy phsdectat froimethe group

corSRRLESE REM AR E6k, UMR201, MBA 15.4, 2T3, and MC3T3-EL.

[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.

[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 bone, bone cell, bone precursor cell or stem cell
is obtained from a mammal.

[0022] In some embodiments the mammal is a human, bovine, pig or rodent.
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[0026] Preferably, the HSis isolated fromcultured
cells during logarithmc growth phase. [0027] In a
wo beosdomspect, the invention provides isol at edpérEpar@s000137
sul phat e obt ai nabl e according to the nmethod of the
second aspect. [0028] In a fourth aspect, the
| NVIOR3IOR SieO¥hBeEmaniD IR BBES ebll Cltdne GRBAASIt delNor stem cell is
rising isolated hepar an sul phate according to the
C“WFe:Espt and third aspects in conbination with a carrier

or fHobMERL an [efgg%@%‘p{h@_b%@ ﬁ?{gg%?h gnggna [eselected from the group

phar maceuti ca ositio r| sSes one
consisting bf KSdg URRIG6, WR%l,rMBéclﬂ 43(25)3 mbmma"z.em

ci 1S TRHRO B S8RR AR AR RRGAR; duripg dogritimiec

gom{phdseofwgemaiﬂtactaﬂﬁmma nol ecul e(s) is select ed from
rer 026! Profaiel, top cHS B, iselaienafiat b, disipg 1ogrthmic

gmtx,lﬂpﬁﬁug@ctl n and vitronectin. [0031] The conposition
further conprise one or nore bis- phosg?onat es.

[oom@?ﬂl In @n@nré‘nﬂmr:ﬁ;reth@ mKentisins ppividashisakites heparan sulphate

N f: etidronate,
Obt%ﬁhg%ﬁ% élh‘ggﬂ gn df}\lft%e}tﬁ'%ug;\ler%n groﬁ%?tg, ri sedronate and
zol PI28hbt aafoﬁr(hOd&ﬁ@ctTﬂhe mhmltinaqmmﬁesad phznqaoeaitichbconmsmon

be. used i manuf re of
conristih e ARPRED TRt e Budfie dish And| Bigdagopects in
combiflationSsifiea taribLor dp@ht. €d may be soft or hard tissue,
[0035] In one enbodi nent the tissue to be repaired is

har H’&?ls@u%ne eobadent, the, phepusseitiaeh compesiion furtheg comprises
one' Sr Hl%ﬂse bidlGR3 My dhve %l@&@é{gy Eﬂ?%let&estﬁaﬁﬂﬁhf#g%net 5€bone cell

hard tissue conprises a ste adm ni ster|
growhlaanﬂd@redlﬁc@auatmmosu tion by coating or inpregnating

a n{)];?l oﬁenpljfnggc&g]]egt{, gﬁ% Q§§’ ]pf H?Jre %ho(i(?gl(a,z{lﬁroluglr\]}é 21];1] gule(s) is

selqotend frdmsthe grougicoadistingpdia rBMpr,r BMIMe DB-1p FGmoiilc}ﬂZf, CIPCEF—BI,

Tf R G iRt eBEr o SRSpEER nE ERSHnen: , t ne

sur gyognj Thé®rdpsitioRr RSt ﬂmelsc&ﬁ rme@i@ af ﬁ@k@blb%)h@ﬁﬂfoﬁgtes

or i nate with the isaol ated hepar a

sul B9 @OQLCﬁmbPﬁ@n%fUir@Pc‘élﬁ Pihﬁﬁ?hﬁﬁftlte lér%s%qcﬁfé*srfr@nb ithe group

i aff.o b r t
o L ARG P o

zol@bbhadgen 1, laminin 1-6, fibronectin and vitronectin.

[ OO@%S]!?% ?)H%x%} Cadtlcacoaagéfitl | %}S%ta;r 23%%{1 43 t&jli t‘%ﬁ:fnu ac?ure of a
meélt:axdemrfai eeatink @d hoinedl én naddesfdisarakpair.pam dr onat e,

r Sﬁ)‘ﬁ%ﬂf%hee tisasﬁed 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
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

coated or impregnated with the isolated heparan sulphate.
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zol edronate. [0042] In one enbodi ment, the bioscaffold

conprises a polyner that incorporates either
whyasanyapatite or hyal uronic acid. [0043] ThepemsGrah00137

i mpl ant, prosthetic or bioscaffold may be used with

hard tissue. [0044] In one enbodi nent, the hard tissue

i's FII!IZlO] ThOGdig]cal imsinet, pfﬁSﬂﬂhifﬁ?B}b(ijos_biﬁolﬂ lﬂ(ijzw baturther coated or
| anlt, .Qr €S or sScalrto IS used to repair
imprebrard yall g pobhth (b4 #tn HabacTTECRG THELR I HAr-63.
Coli i 10 @nidid Rb NGstoRd et 8@ ittheBfEn ani mal i n need of

tissue repair 1ncluding the steps of admnistering a
phal00dd b dhe surgicebimmlaits propthedis ehkiosaatfioldimay pestill further coated

5y 0 ik r..

or B el Bl el PRULBERE AR W Eicha B i Gpace ana
zoledogate. [ 0049] In one enbodi nent, the hard tissue is

bon 50] In gne,.enbodjnment, r ir of the har

T ST el bR REEE Rl i scE P n goRtaglses” & polymer  that
incBhpkAtBS Athet Bpdro SRS ok h9ilukmicaad.i ng or inpregnating

a surgical inplant, prosthesis or bioscaffold of the.

fi f {0P43L dbe tsupgdgad rl@P{)aﬁf)IPﬁﬁ%tB?t}CoW. bijoggtiold mayobge used with hard
tis@@bodi ment, the animal is a mammal. [0052] In sone

embodi nents, the manmal is a human, bovine, pig or
r od é044] 10 os3dmipdementpthe hordefissnaisibopet he manmmal is

hu 054] 1 . seyent h_aspect . .the invention,. .
or ol 3L 70 30 spoRishato el s RERES lmmlhths e R S bjopepttord is
useldi to $épaix delnbil damagepect for stinul ating regeneration of
tissue 0055], I n this aspect the invention_al so ) )
pr oVt [ha%é asppiel> the SR REyHies A raihosh i Eeagipe e animal in
nedd 6fStiss@¢ rdpRirift1AGRE Btle dtépst TR dIRMYEARE U Phafhadutical composition
medi canment for stinulating regeneration of tissue

of fhedg@th aspects i ssue may be soft or hard tissue. [0057]
In i Ny [ t.] e. [0058]
| ST TRSUSER o be fohingd BRY Be B DR RSB P, o)
an E00A8] In espevhqdimbe, thevsmid ishaplrtesucles a process for
sti ng._regengratign.of.tissue including the step
of E@Hﬁu{%gnw{gﬁ?@@?l&t{gjﬁq%%ﬁﬁsﬁﬁlss nﬁhate of the first
or {00303 IR sHRC tetnbodinddhtAlrepaiofofa theo hard nisReedinefudbarttle step

tissue regeneration. [0060] The tissue may be soft or
adqiiieRRg Sive PharmaecticalnCOROSEIORY FE#INS PhampiegRafg & surgical

nn?lgﬁ% 8%6:%91@ or b130&4Ho1d br @B ?ifﬁ'"ﬁ?;ﬁéﬂt BERte iniﬂ”l&t@@d’rﬁ tissue

[0051] In one embodiment, the animal is a mammal.

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

[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
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 bone.
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[0063] In a ninth aspect, the invention provides use

of the isol ated heparan sul phate of the first or third
was@sab77or stinmul ating differentiation of a cetT/SGHNS000137

a bone or bone-like cell. [0064] In one enbodi nent,

the cell is a stemcell. [0065] In one enbodi nent, the

st efi0056] [n iaa dghthrdspyoonite Biventice fovuﬂd@ozﬁ@}oc@m% f& stimulating

b I I
regg P?rﬁﬂ?llh% '?1%{1% gﬁ@d&)‘}g la\éép Fgglgj}n(g\,@ﬁ lsgfpggﬂeparm sulphate of the

firdliof fiRFdRRbEAS foQR AEWofA Ry B8 nSdGhat @1ifdd6 réhéralifn.
addition to the isol ated hepar an sul phate.” [0067] In

one [Q9b dhadiptue maydegel ashardissudi ol ogi cal |y active

o] SS0dLP 5 bnd S SEleHle LA L REARQHR COns! sting of

TGF{0B2] Gobheagpevodimentatiie hiard tiss6e isfbdmeonect i n and

a1 s SOBET bt S dof iR BRgpSTHEORE BBt heparen

sulphdte bt &eﬁh@&ﬁhﬂﬂ@h?ebtsfos elirfitla6iflg difedtentheiof @4 Rell into a bone or
consisting of: etidronate, clodronate, al endronate,

bopgsHktdmat e, risedronate and zol edronate. [0070] In a

t enfépeas Be6he erﬁﬁﬁiuh@ﬂteﬁk'ceﬂ iPf quindes a nethod for
|dent|f¥|ng a biologically active mol ecul e including

t he [@Q65 I@ﬂnw@n@dﬁnnmtnglem pedl 1scan@nthry¢m¢ sewanetli dat e

theW@t or t 850(?%% ?][k'g%“f%&iﬁ enﬁ’ggé lﬁlglglg bone

or bbme oadt gmdvth landl/be dlffelrmitllatiels nidyealsd bp ad(ﬂeddiet te relhiimgddition to
[ cal function of said nolecule. [0072] In one
thee‘?fg g:‘?ﬁ?ﬂ" ‘Wghaﬁ‘? ol ogically active molecule is
cappiieT] ®h ofié efbbainieng thed8e @ A6 Ehi6IBkIcally @&‘ﬁ% ﬁiﬂfycﬁfe(s) is
differentiation. [0073] The candidate nol ecule ma

Selact%tf{wrmtheogrosly rfopgsting fb| BMk2e BMR4.eQPrladiGK Y, 3 TGF-Bl
TGY- @Qng A a%}gﬁn ]'Bﬁﬁﬁ'iﬁupi 6Cﬁi)1{on QiPArRAHEbndchRM @

reco rary, CcDNA rary or expression

i bn[@ﬂﬁ,%] Quedr oprobisghesphoattes pay hisoydradied todhe pelbt ei n.

[ 00 one e einis

F actdloo) 358 STRRRERT e PiRRERhGIR oS e ietu he sroup

conisisging 0 of:e xetidfomgis] rasdmhkte,r Vulaﬁlroﬂdﬂ@ pamitirogaep risé&'onate  and
and variations such as "conprises” or "conprising",

zolggliopatge ynder st ood to imply the inclusion of the stated

| Nt QEEMP IRTa BnfH BspRbt, 1thS Qﬂ%’nﬁoﬁrpr%{fd% abﬂl'étlﬁﬁt fok NBentifying a
excl usi on of any otheér integer Bgrou I nt egers.

bioyedeaiypaation IurieqqlE lml@y%@%mp MIommththeromepr more
{
carldifde %Jragegyl ¥ iR {ht%xscgagg;rg?ﬁr Ayryselg@% & S RO R @ BE i aspects.
be @@05d1 ilveve bybodimnent, thd metiod £hithe 1ﬁ(xladqisl the wieplof determmmg

o 0 EF TR L FiieaRany ! no dravt nos wherein fike

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

[0073] The candidate molecule may be a natural or synthetic molecule; an
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
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refer to like parts. [0077] FIG 1 schematically
depicts the structural conposition of heparan sul phate
W@ Bip/1019% GAG sugars conprise repeating di sacchar/sds0s/000137
units of am no sugars |inked7to uronic acid that are
varied in sul phation, where R = Hor S@- and R' =
undefstddd to IPI t8€ itdlusidi0oi8he Shied iRteg QWS ofdi® oTBABRAL bE steps but
activity MC3T3-E1 cells durlngthelmtlal growth
not ﬁwfa@@lusw@éﬁ@ay gthen piagopoLEPIR pEMEegERet abol i ¢ activity
was mneasured by the conversion of WST-1 to formazan by
m t ochondri al dehydrogenase. This conversion |iberates
a red col DESCRIRTION OFFHE FKIGIHRES ANPWEABRES
ref erence wavel ength of 630 nm The absorbance
dir A% l.ate P .
et BIV S BIOE l he BudatnPhRP N LBRG undersiood, and put into
pract&:au Ieffsct,ae}&:mmny reasbodirséms dall codebe descabedby twayeef illustrative

i nde dent each repeat. con ucte
exafe PREAF Brenpo 7 O AEeEbaRy HE R es AEierik Ll fytgrence mumerals
refer @ liké putsOf MC3T3-E1 cells seeded at 5 000 cel | s/ cn®.
Met abolic activity was measured using WST-1 as.in

(WG sompariedinSmin e g tzal FRge e ! heparan
sulﬁﬂ}ﬁ (}%ﬁ IS | AC 5{%%8 3 n?p'{'fs'g}%e)é Jﬂ% %ﬂag&aﬁﬁe dhitd F #Mino sugars

linkeddioi drenigtachthef anvCBTRAED stdpHatioewled Rt =35@0 SO3- and R” =

CO%I S(PC_ITQ ver a period of 20 days. Proliferation was
5 'ing BrdU i ncorporation and the results are
di S[0ASIEBIG.2 §HoevsitBametabblic &awmuyaifil\ﬂ@ﬁm-m metleﬁmm@the finitial

grogeél% pggslelP %ﬁq él VI]EO%@@[?}:&E&/%%? gMg@prgcf ggtpf?}glowlag rr?é:as{lr\édtlyy the
coxﬁblfsi&lr @mmu %6 f&haatzm bg haitSthbRdrA A hPdrop&fiseX H‘hﬁésédlﬁersmn

pr ot ei ns. 2] FIG 6 shows an elutio
hbq@atm ia|red éelorl@ti@wryleaﬁurq@tf%&wa ‘D@AE 1pisEenes @r@aﬁlgegth of 630

ST kBB S 00D B e e

thef a:lﬂglme rflsesé 068141]5 §E& Ghe Snadnowsstandard clevigtiof idfethresf inglependent
filtration on -CGel .P-10 of oligosacchari des
repBitt AR bPTY RSB RIS agent s° (A) | ow pH HNC2 (B)
hepﬂmrm] FEGE3 adpsicts e heppslicwmsieity bﬁ@ﬁszacEﬁceu?s sb@stbat 5 000
glution profile of strogg ani excha ge-

cel%@g Sléﬁeéabp]rlg1 aqtalltaﬁy@%qaébqe blﬁlyg( L gs|ipyigyee 2 glrfle comparison

w1tH' ﬁ%ﬁ@ harfieesteR! USRS PYLES ofapk e4re gémy ogﬁaml@ogﬂ WiRRent cell
depol yneri sation. [0086] FIG 10 shows an

denéltm%l on profile of SAX-HPLC of HNO2 generated
di Sﬂﬁ%ﬁ]aﬁée 3 depicts the proliferation of MC3T3-E1 celis seeded at 2500

cells/cm? 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
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.
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[0087] FIG 11 shows a "finger print" of an HS

di saccharide total profile/library by SAX-HPLC. [0088]
wob@s10275shows a graph of effects of FG-1 (bl pCkSGz005)00137

and FG--2 (white bars) on praliferation of MC3T3-E1l

bone cells. Cell proliferation was nonitored by BrdU

| NCRVRAr BEG.0B. sHoRRBALtibh Brofiids Sd}og\ﬁ ﬁlu%aﬂ horPBi&iGef B-30 of

of bone-derived and non-bone-deri ved

oligopassharifient Rtqdyeech byprdspplyeesisingn aefrntwc:m oy e HNO2 (B)

Eﬁﬂnl] o 14 depicts a graph of effects of
hep eacsgg{??\@glegﬁg& non- bone-deri ved HS suppl enent ati on
f r cifD8S1FXG.# elmiwspediten profie of sttargadriiom exdhange-high pressure

liqué% ds %l 3 %r%phgs?@&{%@?_ls&f g%@tﬁaam A %ﬂ&%gs)by complete

gly@ishmﬁhigﬁfﬁaﬁ Iyab&aépolyrhétdafipn.FI G 15 depicts a
@%@Sﬁﬁﬁsi curve of HS on proliferation of MC3T3-
8 | 10 sheywt, 3p Ay ProlidimoRSARSHRL G @f [HNO, generated
rated a concentrati ondependent increase in
dlsa%?%%@ératl on when dosed back on i mmature MC3T3-E1l for
24 (008 HIEIGWH detwnriifinger printbef & HE/didactiaridt @R droffleibrary
%‘g}aa{{%ﬁﬁtrat es the acceleration of the healing process
e fracture by HS. HS (5 or 50 ng) was

del j0o8SIEFIG.N12 s96%s %aér"apl@ fof | fHeRtsBofFEF IPRYIE 88fs) and FGF-2
fracture in the fenmora of rats. Gel carrier alonée was

(Whe@ é’@f%@nd@ﬂtfmltwn RéM(é’gTiaEih bongealls; GrI proliferatien mRs monitored

d 5 weeks post-surgery to determ ne the
B}edgjpglga@fong%g ling across the fracture. [0093] FIG 17

depli008%] HlG.ol3 #ossa ghph of effectdvelibale-deaived sndhob-bend-derived

S e i R e T RS G & 't For ences

| n [08901)]UEI(m edeplidtg @ gtaph ofeffees bf bhwe-derifea uns noﬁb@h@dcnved
[0094%) FI 18 depjcts the histonorphonetr

HS RSP EHRRRTSPra GRTERb SIS o RO A0 A ASIeORRS. Hhiman HS
(hHS) HASpdreRE i3S "(;pH'S? Qvd¥eafled IP Iﬁg css&%bﬁ@{s Eﬁ\g{ tH@Qf/)%Hb Human

bone (%V/T rabecul ar t'hrckness
ost@hbﬂstSr(hQétaul ar number (| BPxO. 5}/ TVxl 000) (O, where BV

;o @pe r]:lﬁrrie(? gir%’ deé?{:ts T(h‘gstqugSPfgl%:é;&?V@Pde§ on yprBhferatlon E?f MC3T3-

El I-HSne artls.WHISt barvestsd frob) MG3HBEE1Scallsi ﬂem@’m;tratedl aue:en@ln&atmn—

re sente * < 0.05 co red to contr 5
deppent TS it protifeong i GREY Phion PoRelte Rlua iy 24 n
EDJaWa§détéﬁﬂ1de@ﬁdﬁug/Inﬂg{S Lat eral hal ves of treated

murs_wer e enbedde paraffin, sectioned and

st aﬁ“ﬂ%%i Henie alfl\l%lﬁrqﬁ feeamaeler@uﬁle o - the dealieg RrqQossy phat bone

frachir8 Y 118, HisSEs 6‘195’0 EE)DW&E defldrbd ?19‘3 Eal ga@ﬁg fnto a mld dlaphyseal

resp ctively. Blac ars = control, grey bars =
fraguge im the fmnotaeoiblatss Gel30rriey algBe was used as control Radlographs 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
both 2 and 5 weeks were sectioned and stained using von Kossa staining to show
differences in callus mineralization between the 3 groups. Scale = 400 pm.

[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 thickness ({BVx2}/TV) (B) and trabecular number
({BPx0.5}/TVx1000) (C), where BV = bone volume, TV = total volume and BP = bone
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[0096] FIG 20 illustrates the specificity of the
effect of HS. Osteoclast nunbers were counted from9
wé pe@lsds770f view using a grid nethod for each oPCT/kRE2®5/000137
groups, (n = 8 per group). BPhe val ues displayed are
the nean SD. Bl ack bars = control, grey bars = 5 ny

perhiteranBlackitats Dabntsl, 2eeyBarklS 5 [;LgOHE], andBiigtel bASR 84 g HS.
t he di sacchari de conpositi on of as determ ned by

Sigaiiiganipiatucs are rspieHtedRfp] B @eﬁ%‘l‘ﬁﬁﬁ“@r foscentrels- wi t h
H chaur d o | d 0
*hp 0 e o At it g o
staipinggd éptemlshadw@ ofi Smt@m fomute vc@mmheddm infpatdffimssectioned and
stallggci ﬁr; eS ﬁgm iercr:—st p Owﬂfﬁ gr%exwtq %gggﬁl H‘IF cartilage
antbﬁor@lryxgﬂemﬁlﬁﬂh@lc B;Ers &p@mtrbl cgré}ybz&es: 5 TlgeH$ emdl whikgbars = 50
saturated di saccharides were isolated on a P-2
Fum and fractionated by strong ani on exchange

col [gOD6ICRIG. Y DEsRREYthe %{bﬁé’ﬁﬁﬁ@ JfeRE S8R of e @té%a@%umbers
of three runs for sanple Over 97 % di saccharid

weigeoanied figuep éiéld"smfrvi%@ﬁng agpidancthodyjeaqiypf the3 groups (n=8
6, 4 [

per e ac A SRR G R3S 90! Bk BIRGEL A A ] s =5

ug HSpand whithbars & J0usg HSze f or fractured fenora at 2 and

5 l,so Fig. ues represe

ot B9 TR8, Lo of ahebmein S PphiiRaR GEIES oF Gpigmmined by
SAX-HEDS| followingtconipBte dBBdlamatieitivh &vitEANO SDivatheiles ha® been

< 0.05 vs. control. ANOVA LSD post hoc. TAI LED
1s01@EQ®R|aPIrx R0 om BieeGelvERIinon (G £0mt deteciedl enbodi ment

t#O0 epar I
ol y 088t R, tr gl i ROUCE B, B Siion of 11 agetgrming by

SAKrER1.GoHeparhmsuiphaed had beendsglated and @bnrpeaétélyoiepelty&mnsed with a

ceIe:Of&1 got%ﬁ%{r?c Xcgaﬁg,beo éugg%e flell bone grecu{rl%%laﬁ@andes

weROR6latddOfE aCPld col@meamd %dtﬁ&ﬁtedcﬁ‘# |sti@hg Sdnfdh éﬁ‘éﬂang§ column
obtai ned froma mammal . les of a manmmal, fro

chrgmpiographe NWewbers yepresead the, avszﬁg@ b thiea g foF srmplss. @Y@rﬁ7 %
diskiRhbridBR Yy PEr ORI AL ilm daBE LR, but are not limited to,

a human, acow, a pig or a rodent. Exanples of suitable
r odH}698] Tableubld, dépitts dhe cootpatative t dishocharide wompesitiens of the

ui ne i The heparan sul phate nay thus for
adeng%n%{"%%% m8glta3?$g%c¥ersom a human. [0102] In one
enbdDOETAblet Ve dBSIBE the callushpRefop TREHTed feriérhlat QF anﬂt $Weeks
cell is cultured. In sone enbodi nents, the bone_cell

(sepalie Fig. dolr Yafues apnresspt te apiesier-posierioradimansian 448, mm) and the
laté%édl &Meﬁgoﬁ PLAS TR E ]ﬁt;gﬁfe BlhednYP&D vhReQUNBT< 0.05 vs. control.

dinents an a one precursor cell line is
ANQ,‘éﬁLSB(msphe@ of suitable bone precursor cell l|ines

i nclude, but are not limted to, KS-4, UVRL06, UMR201,
MBA 15. 4. petam #1 pMstRPTION OF THE INVENTION

[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

precursor cell or stem cell may be obtained, include, but are not limited to, a human, a
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[0103] The HS may be isolated fromcultured cells
either during logarithmc growth phase or when contact

wo ndoshot7er. In a preferred enbodi nent, the HS PGST/SG2005/000137
isolated fromcultured cellsiduring |logarithm c growth
phase. In enbodi nents, where the cultured cells are

cowG3pig-drla fxbhts Exblhplekﬁf IsBitdble k¢RhisYintl§ 8¢, e drd ﬁ@tnhmrted to, a
cells of day, 6 -.8 in culture, for exarrple at day

moysss B Aft ‘Pie‘bg\“&ﬁa Big Fhatheryre salpbate imayabigs :f@ra‘?f@a@mp tbn obtained
frofRhunipent i on may be used to direct a phenotypic
change of a stemcell and/or bone precursor cell into
n@gm]elnb@reeemmdml@aqoam bond cdhgbcmeqnpmgsorewllbmn stem cell is
V, ha oht ed fraom bone. cel |
Cul%ge?érigrsz)cur glgl?&@g’l ﬁ%br si’gﬂ% ce ’I Onesp € ug?ﬁ gg%for stem cell is
isoldiedeatl icuignred enteawive oﬂi&e el t}ypas IVbther @ﬁmcﬁﬂleﬁﬂ’staﬂ a¥Bilable bone

appr |ate su e sul phat e of
pre Bl et is R o mplh Pl A P e S e ChiiaR CElbBRD ingtude, but
are Q60N e ERIKISLA smﬁRqo@mMRQor EMM 19y, ZtXahe UEIT3 E@I S
process | eads to engi neering new boné tissue. The

newl0383eThe BSymay \hsi iselated fiem @Jéﬁﬁtﬂdefeélsf%?hét idoring ilegarithmic
coM by
L e R

fromecultwell fcells cdunng dbgaithinin ergy ibwphasendn rea]dmdllments where the

co B GRS ER MERTS T e 5 AR NAR Fpdl e GRRY i o
culuusa;tf@te&dmbrecummpm bone derived sources, such as
ithelial cells ause bone- derlved HS i s

neu [

sol Oiﬁgldﬁma&ﬂ il Rhaé%larépwg Eetqeorinre withs @veRtiopegpay be used
to dﬁe"ct H?h ﬁdtyﬁl@ Cﬂ%el & sREF A LAYLY bo e8frsor cell into a mature

bone- deri ved may favour differentiation of
bongrceHpepdhle of e@lmnrmsmew banco Thonevel é!ep@rammlphat@rqbam@d from
d e

bon’_éfeﬁ Qéxfég{reéﬂgs ?%Hl‘g %?§tenf ?éélgﬁ%( g%% ce?fvlﬁl%g?gé Qt%ml elf f)’heglotype
Whbe goated bitn gin ragpnopnmte lsorfscel iHechepedah SulpBateriolf did lylvel’(t[(ﬂll triggers,

re sor cell derived es bo e marr
thef E R, o s BRCIS) oW and RGP air DY et pols. This
proI:dsS JeRis 48 rdn‘gﬁiéeﬂr@ BB YheGObgHeCtidste ATR hér Monef tisBus Qﬂlﬂlcally has
wher eby extracel | ular influences pre dispose the cel

complete KiRefonality; prd bromssbanicynpippelties.t wélsnsgmgham &iome alormal

bork0106] MC3T3-El cells, grown in the presence of sodium
chlorate (an inhi bitor of heparan sul phat e chain
assk9A8slyThe i§hbwdabqfieffbﬁ&'e(bé‘l£mw he¢arsed derecomirad @if|bone growth

AP RSB el AP D GRS putuion g von

regEnccaRA \Hﬁncxxcmpamﬁsmth HS 1sbllﬂtﬂd3frbmmﬂ>nt~lhﬁre eleyived sources, such as
| nd| di cates that

Il eyi | | th. This
neufhepiriab e Ecsst Pons deredoddntsoed R o davisgfitisource
whéie iChay RsimMNeR P85l CAEfingF, uE@Bf f)éribmi&%ﬁ HS$ $$4Chvour

does not replicate this allevriation of death. This

diffgreptiptipnsofyprecusspdior istsam cellsipsobanefcsils when compatet voith other HS
t l,
e G e

cells ibsgimechanginglihte bore-lileotedlse dSifuilarty abrain 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

of heparan sulphate chain assembly), show a time-dependent decrease in cell numbers,
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i ndi vidual, the tissue or cells are cultured and

propagated, HS are isolated fromthe tissue or cells
wa@pahstibe7e sol at ed HS admini stered to the sane PCT/SG2005/000137

(autol ogous) or different (heterol ogous) individual.

Het er ol ogous i sol ati on and application of HS includes

indiegive ¢ﬂ®bﬁto§isa|\$héﬁ ey@e@%e%?&ﬁfﬁﬂs fAUIQXBIIRI 6 these cultures,
human-t o- human and i ndivi dual s of different species,

the fegpess Eipavarcames this ipkibitionetherchy clisiniing caldrsaths it finding
indifitch et BRRFHIMEED AR b oo By FARPERAHF IS bid. Non-
speeifis (HEbé es 8bielrom dohe tissueh dogyr o pepdivarei thisiatlgviafiolKsf death. This

pro i VR et bl 1%, e RBRp PRI TRE el B 2 orocial

reglﬂh@sefbénd;maﬁotgpéls in culture and found it
advan eous to isolate from bone cells durj nIg such
ol'@zlﬁﬁ qahadimpent ghythe [RygRtqn, [H§sugRjtgells are isolated from an

1ndi%[ﬁ?faﬂ'tﬁ§ 'iissue"l& Edlls25e %ﬁﬁfé‘&eaﬂﬂ‘ bldphdifed, 'H@%}d ROIARY £Bf the
used for changing stemcells, for”exanple enbryonic

tissug errcelds ang therjsalated iES edmiusiereqljte dhe sdme (autgogays) jor different
: . h

(heéé'}dlb cRE)e ﬁlgdl afl@éé d&@!gogl? s Et;clélr %gd hfh orggf: HS" Rk both

1nd1mturah¢ ofal siameh;pwwug fat extumiplet hum an-©ghungdn aaﬂtln@ijvtdjaalsl%xﬁrdifferent

exanpl e conpri.se a.different nu of .
spefiE Bt SHHEPR & FHGE RIS R PPHBE GO MR S th asgedpnee with
the iHveaa&h 0 lﬂﬂlse@iw{ith%ﬂl KR0Rhd S6Tt dssadhk@hhat e group

| ocated at different positions on a saccharl de unit,

Regi03f8] Gellsampysalep B selpeisd Eormpiie &0 qomeieng of KStd, UMR106,

Dﬁ@@ts C [ ding a particular |igand,
v for 1e1>\<4§:n§§5a Qﬁ alﬁg(I?l/[(t;@llr‘épE(TBF 2. Accordingly, one HS

f or kNLORy The mdeldoﬁth@V@ﬁxrtheng@md@@)tlfmﬂ argrewibthese ¢fdrome cells in
i Bl B0 G3FRhedeBYER LBl B ARUOHSD. e ERBE LA Lrowtn

agen NOWN réevalen
phab@(seebelswme [0112] Bone cell derived |sol ated HS of

corf R ot fodiaeny B8 by Aoty Qul degfivention may be

use@ K&%ﬂaﬁlg_}ng'sw ehIR! FstRxeMPRASHBryOic @fent &IRS inf® b&hdbNEhe-like
by SAX-HPLC foll ow ng conpl ete depol ymer i sation with

CellFiNOZ (Table 1) or a nixture of lyases (Table Il1) is

o S Ao L S B Bl Esoqgipe

dlfﬁsmat famswifiih emmp@bﬂttaﬂwdmmnghhmmt bivhggicil activrityt err example,
d

b1 AR HESRIS R A0 FREEE ronkful ol SRpbRERg s, wherein

eachlidiatdhatide tihighlay cﬁﬂipnb@h ealphdte geoug-1bcael aglitfeshi pissitions on a
Each (gomal n is.distinct %n its disacchari dgqfé uepce, .
disagberide unite KegionspPhch J2i Shaith dhaw,qmRtise | GifizFent| gigh gspots

chafhcRRREH WY IvAyif! 4 iaARSr! hgind! N8P Ll TR 5}1&7& IFSF-2.

to assi determ ni ng bone cell phenoty
1

ACQ‘E@@E%’L 0g¢ 1S fam liﬂQb bindeditfagns figand(s)ihan @n@thcmﬁem |H§1 of the
preée%t Gheatby 19'1515%%10110 4" Rt bind collagen type I, which is known to be

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

bone cells. Table II shows comparative disaccharide compositions of adenoma and
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this previously characterised HS. The rel ative
proportions of the six (6) nmajor sul phated
waole@aactiaz i de groups in the bone HS chai ns ar ePOBS&EDEN00137
di fferent from any ot her pubi2 shed anal ysi s,
indicating that its bioactive domains are novel .
car¢ifdmh3|HPrspedied ahidhearprdiffemht tHaved co@positidn et bbgeterived HS.
repar.ed_from non- bone tissues Qr, bone-derjved .
BO%r%,P%axﬁét Hons cammmeispd 1ol ethats (cpatumige i nisast dbtperand up to eight
distdc! ﬁ@%;y G@lphated & lighRi-bii@inkNdéAShet EAth BHaid ™ distinct in its
attached to a core protein,” as described for exanple
disgoghpidenteqaenned end ISeﬁk@y fo dd@ba disfincBiesiracefielr ligandindl combi-
[ [ . ..i.nc
maclf Sttt Bl Blese St ot QETRIEAL 0 A il SRIeRRLEA S one con
phepbiyposacdondigilycthe islapdHStdfahsplesamilvendol vadearlyl distagtt from

.to chondroitin.sul e ich is a sugar th .
thid G PR Sy e A e A BrcPefhas o0t T (D anajor sulphated
dis®x¢RAridet 8£bup$ iANhéldond WP Whkins A8 "medkBaly! Siffefent Fhcth Mn§Jother
and then releasing active growh factors. [0114] The

publishecsanalysify tdiGaing phef Bt bigagtiyei domainsetre pevalhat has been
hi 9{6&313]0%6{ b thet llegﬁlt %3%&1'85,0}1@ h?& b@e&{ﬁ?%ﬂa%t 8/ Bbn-bone
standard ani oni c exchange and gel ftiltration

tissués ombrne effesiped preparationti were eathetharude and eorFrisetl H$ proteoglycan,

) r inventi,.on 4 t her more preferabl bt ai ned .
e BEERR b UL 1S B LRG8O e 2 ekl i
Paidd:—Sﬁﬁ:]de?ﬁ dtal,i mo,hD&&Bﬁil. 45 E?Mnﬂlclid&s()ﬁﬂlah\e} aly 1991, tBi@cSh%m 277
r.owt actors that are absolutely.crucial for tissue .
1992 HBFIiRYR A heLRIB| By HEFIERRS- E@lﬁ‘@ﬁ& BLY g %(L% Pﬁg §ospgnino-

glybdiprep@ratioNeit8m Bdnebh08B6Iakal toldhBh@RYn SHPALIO (Whidd it Resugar
bi oactivity of. grovvt h factors enables a fine control
thapmaintaigs) doipleBpich ead pyplsrameny whick iy exploifed g fai all-pwEppse "gel”

cor R il M AR R RN R 2 T e

pl e[0dd4bPhapreser myventionkilatestodnalated HS tfat hiscbeef ety purified

usifl SRR RaiE CORRERSE B € afiCbl Gichntising eet fitration

chrb@emigsphy NAS ihéicged \WBovestte OIS 6K tHeepibant AN &fibn is furthermore
epti des_(such as those | jsted,

kel etal ly-acti t | .
pre%&}gygﬁa@%é%\é&#edgwn@ ﬁ%‘éset%atoaﬁﬁ 8tATY8S apd diffpentiating| |
be mRRSEESaaHLs vty & tii@ecgro\kﬁlefabtagseﬂggﬂ eg@ ab®@YutP§ crucial for

. used to stinulate tissue repalir, bot ard and”soft
tissup sengineering sappliedtiong eqirrenthy diengn tformmtated nase thei Grexit swave” of
. i . o . r i r e .
viof8fel BBl hALIAZIA HUAFT LERRw, ASbRSHIRL & e o
of ttissuenpéspohse, ppraostdigse.g. dode biepsicafoo! dantpie, aHSe repuddtes the

. hew.bone .f or ion desired location. It _wll
bmg\%ﬁltée@i Qife@‘et Sh Jﬁ%@%ﬂ ?ékﬂ??gqses? Sk ethf)rgwsnsa&?s’ the
pleR®i@pRB/ by gﬂbkﬂlei aimbsiadTdhd affectfonMtehdbesiveEondidehis of the

to withstand the solvents required for artificia

extricelid g marigfs Thisdas ppmeessthiolagicel sigpifigancs becaysa this large variety
o GRHpftn ey Wbl gk 400 SR AR Y eblcen
on fhasé emmopouindpr egnat i ng or coating a bioscaffold with HS

may ve..bone repair i at.i bone. cel |

gr qulmﬁ dwgf?)]e ez}pgﬁffcllaé?c} @%at 241&3 ;ﬂl@ bf' he 1R9Estion 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

new bone formation at a desired location. It will be appreciated that heparan sulphates,
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si ght where a bone fragnent is m ssing. Such use may

enable a patient's own bone cells to repair a damaged
wae@a/1vdi7th need of a permanent artificial suppP€t/SG2005/000137

matri x such as a hydroxyapatix e-strengt hened ceram c

or plastic. [0118] In addition to coating a

unlikt PIRERE) @b pattRful 2HATBLE 280 HatP b dNichHetiet aBiti®f tPWikhstand the
with HS one or nore biologically active nolecul es nay

solysatsypauFasdar anigiciahbioseatiolds apfl apdicatign teijmapipnis, HS nay
an c@giﬁnggégb %e p]rn%{l%}tn or ﬁ§f‘tﬁletpg %‘Ji%ﬁ{éorydg?d V;{ast§lls %vevg h(? A choring
or secwingettie amplnttodbon@red agratimty Boyyie gihatigigcoalcoytigrc 4 bioscaffold with
s g o R im R A ol b o
siglitivitiedd £ bhe fragmanittis Miehiol Budhbyse heayodigbleleshti@Mes otw®one cells
absorbed HS at their reslgggct ive active site.

. In .
to gt £idarnaged ara vaith Peed,plioa PermaRe AT HHGRE SUPPSHMAWIXBICh as a

hyded:SRPATPRABAI RS HRY¥rahlf gdieed onto a biomateri al
yalxéﬁB vvith&?%e I—els. rExa(r:rrJélIbFZs of useful bisphosphonates

maylOiLA%] Jnd @dditiodr &n awceting | 2o hiomaiedal, dioenelaoipde ean implant or

. i t i r J X 9
biof AL WAL oft SERLATEPGefAlly A IORENES e b hapga overa
coatiiftg aff HS.eFoneemplonHSamapdeudsbibed iontdat biomatesial either via its

di cal and, veterinary. putposes., It .will he
anclifyine. Come, BRFISIR AF AKE OGS AR Io {5refitsng Ffioue qremore
bioRgally Yachve hioleuRk, for rea&:hﬁ@; BMPR®BMPL] Pl X ERGENErGF-

1 fe an animal, for exanple . a val uyabl e race horse for

BL yEEet: B2l EkidBhgcolipgen by damin j Ing.c HbTamRCimPr ayigengesin may be

. . . r C
absliE8 oo PR e P HS A TRE ek O i eifon to the above
biogive mdladuies, anel of swirabisplepsphénatesimay banbseebedodnta a biomaterial

art..c rr0i ndi N onAli f njllustratjve,.
aofE S e 8 PARSCHP L i o] phlE WA raonse
clodishitg, Aéfdrondte, patidronitegisadioyate whérelediohlter a | i gand

or i.s derivatised . in turn to the .

e o kmetins cond Beitlcs trblefle pF dgitipgmategy with HS of the
invérdRmt mﬁ%lﬁ’égus%ﬁh' dbdIE MaahNEdita RldasdiBrinarE PARRIREES It will be

where the HS may be innobilized on an anj nosi| ane )
apppiciated tifabithg peesIi dBVaIkoD iy iRRrovRs Eheoquabity of Alfe 9H@ Ratient or

' ef; I : [ j .

poigt) SaBl telhle BPMMA, 1 AR Nall DR Blck Hbrsc for e in
bredding. BhelpreSemnin2@Bion303y alsocie psedaferdrehar eif rdamage to a dental

reference. A biological function of an identified
SUYEHYG ng partner nay be determned to ascertain if the

nDnLR)gQ‘)}EHBan thﬁ Qﬁ@g}i@@krllay At by i1§e)ﬁ|-11 ﬂoﬁifd&minirllg and isolating a

. embodi ments, the molecule is capable of _stinulating

bingiggPGHIG S Raéwulfzgrrlemclﬁg derapigrot aﬁ? ey Bniliugirateys example, such a

in§RRY 8 G nBifilA Yisi ; h$ Yih&gte '
g b SHROER g 0 gl ) O i

or tha Hi-bsTderivatisrd instupm i e chremaypgraphie subsitate. | Arpshérsesample of
. | r f ' t:he. o1

o450 BB RIS BAHAED ey Wit
on aepmidhsileneaplhteafiortinstammesthrough 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 biological function of an
identified binding partner 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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i nportant stages of bone devel opnent in a tissue
culture environnent. Despite this, nost studies that
whaws/1oser this system have not exploited its Pai/bG2005000137
potential. For exanple, nostisstudi es have used
confluent cells, usually after 3 or 4 days in culture,
or behea®Hagsweh SRS differeatihtidnd Uhe cafidifiatd andledul€ aalyi tUghy natural
Wit h exami nation through subsequent devel opnental
or sypHtie molgeEle nvent ors assess herein MC3T3-El cel s
across all stages of growh. [0122] Unlike previous
i nvestigations using this cell line, the inventors
have docrsasePrajiforationrand Pifferangiikpobn MEBTS-EL Eells
fact density-dependent. This finding challenges
Pr ej12¥PTRS WACS B3 Cosd! 'hHQ Ha@ rﬂm‘i'&lh ah 'Hn%oﬁ?ﬁtl m'oHéles stem for
were density i ndependent D.,
studying the ]p_rogvesmmpf) bon@devemmmn dt maqble tQ]repro]dggQ alef the most
a d [
i35 W, O fonel o Mot in o8 eu RS A Rl Bpge i,
mosin statiieslitha hahzat useéat:hsdsyi:[dne rhaoe lnpt bﬁpkdaayd; itsnfutlu bbmnﬁal For
Th inv nt however, .obser ed t el l,oug|
exiie, S Sies S el songeen i wbBhefig SSAs IR ulture, to
ass6RNd ks ?@[ﬁ‘@ att MR, SR AotN@ninhié Wit exée@dihsidh 26dugh subsequent
usualqgéafter 17- 18 days in culture, 3%0123 Mor eove
t92es1 Ehe Ioyeeigaassess herBuMi 3dBrEL eallstaczasg all stages of
gro%H Gyhture plate surface, new underlying cell populations
could be identified. This phenonenon raises sone
i rrpﬂﬂtzahUnga/ proyporsninsbstigatiesi uyisg thisrceBxineplths injentors have

suhfiS3Gy YT PRIPESTIEP YRR, §:2: A A LCERAL] 2hs finding

cha#b]feﬁglﬂt;&@hb@&itﬁdlbb atcomheg a0 mwmmlwéellallthmuﬂy independent

su y.of 124] MC3T3- I s t
(Q‘W@g’rﬁ’ BrsYe Ms a %\We‘“%g fraton, mafl DéPrBHvt JphdL%e J- Bone
MihaRes."P (6968300 UarRert SuicslaYAmidY tiRk M@B?ﬁ)ﬁr @ are density-
nmet abol i ¢ activity reaches saturation, whil

indgpesdentewate bisedcar chidlies thetc oragehgiftyr cabie 15| @;ms iy oultuge. The

mvgﬁt;p%sAB&g rUb%czﬂv@ﬂ £ alf?l kel%s‘l’%gﬂe@ﬁ%ens%ﬁé I:lﬁltu% ﬁfatte g[fbn reaching

ér en ate (see
10G8% mmﬂuq:rhas(evhcmmpbtn U)SIIiajI)IIﬂESIf raeledliddl), asdatiy afiepr&sE3 days in
If the marker proteins ALP, Runx2, OPN and OC (figure
The HSPG expression pattern of MC3T3-El cells does
not [mespMorajv@ﬂlvﬁhahaMCmamg edlsi magtain@o kleggle off t‘he tishRGulture

core protelns durin per.i od wh | feratiaon
plafgasyrfage crew, ypdey Yf“f-%f%%‘i] Peaylations; %oulli g ji gné’éle 0 1515) pheggmenon

raléeﬁ\’sﬁﬂk%oﬁﬁ%%év%ﬁ%ehﬁ?hu@s’%ﬁ?%f eRarfiple 2l tﬁe@é‘ rcel'l_' 0ssess a
recepto I's upregul ated with ncreasm ti

potential utOt @céhfffprmt@]@@ reddndivade eirt fersopiee gelis pemain nnmature pre-
ted, receptor
oo BBk k000 B AL RS AU o, (o0
pat {(d2d4] FouMCIIB-Bi sehy ttedinyvembdrs| thok eharasterizdd ar-Ghfal growth

oGRS Tt B 305 S SeR0 TR R S BB 5P iy s
satiXdfien, Ywhile pedliferafioR deeRRadekt dtbortgPIRRS figures 2 to 4). After this
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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[0126] However, although all four FGFR i sotypes are
present, they mght not signal. FGFRs remain inactive

WO pooshe77nenbr ane until dimerisati on and subseqPensG2005/000137
transphosphoryl ati on occurs @&after |igand binding. Both
honmoneri ¢ and heteroneric dinmerisation can occur

bet jde5] ﬁﬁic(?l\?lﬁrf/b rliliﬁeé (fb/ibﬂ@glghaabgg%éls\lﬁﬁmf 49 FBur PGIY receptors
ei ¢ Aci €S 1,0 ur co
(FC%%)% IS WpraguptcR A nersasing; imeym Pyl BirgfadsneBient Qgelifwr phenotype

or PRRREE 1Gdfle stgtqg1ogc§e$15éula§ﬁef€c§¢t6r E%x&sl&?&nﬁdlh&g%ﬁatwely

proliferation and oth fferentiation, dependi ng on
constagh apdmpgiites ceyld beg@ﬁ@rmﬂeth@ﬁ linked joyetell BGFR configyation to a

1
spelé? Jg)sam %gl lgrgian lese epgerr{?ich 1pk§ gﬁuggfé.r{h% If‘e]lé%: ’qgc%ﬁj)?orrs are
uﬂyqireseﬁt 1]1314(3))15t1tat1de manspt or occupatl on tines (LaVallee

pos@ilgf’tﬁt%wgi’ero g@"(ﬂlﬁﬁf a(Hofo“F ﬁ%}}%lf ﬁ%’?‘ﬂfﬁ’léltafl Eﬁeﬁerﬁe they might not

sighdlVPGFRS! rdniaif @iabtipd @il thé SleaibrAiR vafifl dibhdr{sfi @NiriddubSdfuent trans-
dinerising with different FGFRs (McKeehan and Kan

phqspheyylatigng ocayyt | affes Jigang inding,| Bpithy| horggmarigs-and  heteromeric
mF%fsgi‘?(flp% £loclr b&®dth FGER %ofggﬁ%nﬁlg/lt?c%[@ élzZu?d 38009998, Prog

I nventors have foun i ncfeases
Nugleisl Aclér&es Mol Bind 58186 eNercoinkt iebal, 300G (Ellem: 19 %75 Ormtz

an SSRGS BRUSPOIT P PR othe e R SRR Bl preffbration
andl\ﬁm%rs diffﬁehtliit&in idspdnidértg b108ubhneariables agdipaadiidatity (Iseki et al.,

cept ors expr.essi on be_under
195% egu Yﬁiennaffnt 24938%% drasSrlBpiag hepprag ohage, ghysojamingelycan
moldiRs (Gasotd Qnd"‘ﬂmﬂbﬁﬂ eguirabRl. b@@l@h’ﬁ ahll %&p‘ﬂﬁsod&ﬁpatlon times
opriate I|i However , many I'l's poSsess |ar
(Lodhilon 6helis 998 of ESllgpiop G, 16470 T elspi npsSipll GaGenpalt of the

St ) (R DT GORE LEE BRI S5k i

diffexentHGHR saM ddsteba inchBeh Rrog; 4098 t Nwak¢ia tAadd Resi Mol rRisl. 58 135;

NSV 2 20, 3R 0B 000, LTt clrar they
ex a[l)lQG}’ThE' einkEifork/ Bavd gowald tthzﬁnﬁdildﬁigl dicrgdtd Viyliferation and

wever, they did not explore FG- receptor profiles in
dlffeﬁ%%@ﬁ% pf Mé(ﬁ%e‘s? 1 celin ave&h&f}%}éﬂf&%@? pHPIeSsionprmangd constant.

Noﬁ?ﬁn BgurﬁHF ﬁae&?’\ﬁnd Ebul FEPE! nécpmftl)v'é'vgayfsl P fiRdeds that loading
sim ar to effects seen wt growt h factor

is & mpgeharicdl oxiimubiess ovitireng| 1pcepéars egpresHon Inarydbegndesuthg deatrol of

gro ﬂ'f@clt(%dstlhpﬂﬁ%h Egﬁ%blr?{: it %%FF%S (ﬁb %Bf)lgérﬁglgat@ lbeca%lgg fiiere was

omateria orporate
no rappnepaate digaad. leo\edveo,sﬂnemg eﬁlsspcssasﬁ lzirge gndmgmmﬁtaﬂes of FGFs,

def ect ti
and iR s v st Ry SHmDA treitbes i b Rl e Seressiamy ot
scafgieBy Oghtwatf all)208bone RNl Bibchembi THRBERINeMintiled Wtects of
marrow stronmal cells (BI\/SCS) These cell s had been

meghasigabysipulahiemvon niyiastieo ARSRHORHRE Shhghseeyilture  dishes
oS URPBTRALSHI A 96 o iERR) BRF AR o e 12
Sigddf teisducting miavayatiavexer, 40y 881 ndtoéxpbord FXOD retaptor pmefiles in
thed celfsepﬁl fgﬁnodcfnsl‘i’prleélu %’otnI ﬁ"’éﬁﬁ 192}/ Shc 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

reference, studied osteogenesis of large segmental radius defects in a rat model by
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radi ographi c, histornorphonetric (assessnent of new

bone growm h and | anel | ar bone) and hi st ol ogi cal
wapalsye®Es2 (t ol ui di ne bl ue and von Kossa st ai ni Pgi/SG2005/000137

M neralization of bone defecte occurred in the

presence of the Hyaff 11 scaffold al one or when

implafiak EBloWé drhd ABMSESn-GH M Lyl irdn ! actd-bARH! olf}%erzscaﬁHfd (Hyaff
each process had a different tim n?cgléq(lfmrtl cul ar,
[

11) ptgme 21 4 gpinbingtion pythibeae swerom siwmsd SEsb ks cells had
beeft @I%}gér}% f g{?\xﬂn@% ‘9% ?1} ﬂﬁﬁe‘?alﬁﬂgﬁn@@ﬁﬁh £ %er q{é%ﬁgﬁnente% with basic

asim roc
fibroblastogrosith tfacior GREF L) om mnsemﬂadel(tsd:af]ﬂeﬂlmgad)fo htmeo defects was

ol U ) SRR, 3, B g ot S0

rad16 hid h&tdrﬁo@h@ﬁ@trﬂcr(assem&lt adinB¥ShoneNGotWyidbhd Iamellar bone)
affold is an a& g{x)rlate carrier_vehicle for the

andy lél@f@iqgleﬂ PHakyeesd Re blagAndi vifaljoysa ptpining). Mineralization of
bon%'d‘éﬂe'cfs' SROEY 11?1@1@ ?ﬂ%&l?éeeof Qﬁ’@%}éﬁ@f ng rs@é.ﬂf&l]ata'_llsﬂﬁ ervhen combmed

mbi nation wth
Wlth M$ ewwxhwsthavlrswathoet EGES’Z buot eachypréesds bid a sdﬂeatmtrtgnmg In

par{;&kirr PO tsi ﬁ%%nﬁ ed i 'E?ﬁééu&? '%Poinh %82 %ew‘ﬁereas 180 days

Pecursor ce emce
were m‘eoelksatm b, ditdee e'hdem:e tlhm laesmiﬂ!zirl prodssierap tewlssog utddrlthe other

tem eII ned fr, ...I'n sonme
twostapgt oS e {sgeiSalf Alahe e v BRI Rridiagtanlig Segre, new bone
groﬁvﬁﬂﬁﬂi lamelaObhe §ERRHIABE Here RibBlyROAB1aERN. | AcBRNBS to these in vivo
)recursor cell or stemcell s cultured. The bone

% thenBiyraft dletcatieldris @a| qppeaprigtectariden Yehigly forethe gepait efibone
def@dg%j gH lionb 8 it Cad ﬁgi?agg?rﬂfy%"celgﬁ kd b&%ﬁﬁ&erdl#ﬁ9§¢ﬁg ccfn%bmatmn

I ment's ’an avafl bone precursor ce
with BMSCEaahGEL. of sui tabl e bone precursor cell lines

|nc ut ar .hot ted to, . KS-4, 0 MR2
VB0 08 SO 1R R ol Bt Hpme it B gl s srom
a ussab log celf rmmem bote, talt®nkiSell sa be® preadsorn®@yl dnd Lsiémeaselll Ih one
a Jogarithmc growt hase or contact inhibjted, In a
em?ﬂ‘ié‘f“%? g]%’ogPﬂ% Rell, home preqursor gell or stem cgll 4s obtaiped from a
maﬁhﬁNIH sBH@Se%abc{d%&%l tﬂeﬁn&ﬁﬁlaﬁmb&ﬂﬁﬂ?@tboviﬁee {geéﬂ%ﬁent In one

i ncludes the steps of: (i) fractlonatlng ture
embaskifngnt, thentnngresllf benet prewrmrdqearor@fam gelb iy mla\redré!fheubone cell,

bonfe dok P céqi @mtg&rh%n &@Jﬁ@&h elan G@@& 8¢ H{@% OQE%I GRIL types.

stemcC ‘on- éxchange ch
In athﬂrleadIOidngemsl areh‘lﬂllalileﬂ)na@ pleoursmowairluml in gsed Examples of suitable

| ycosanm nogl.ycans ii) tre t he I
borf DERTEN G LRSREIAS: B E e By EBFRLDs, ummaoy,
MBA &84 28, tahem;sfpg-mj of step (iii) wt h chondroi tin
ABC | yase; gti %the material of step (iv) with
! Sl

pr offasH Tlefv ic)‘lt‘ffF‘ m yghiehh gheribelsi igplatsel, agpbe cifher in a
g A8 5GAIEL QUG 0L GO 1t o
in a logarithmic growth phase. .

[0132] In one embodiment, the method includes the steps of:

(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;

(ii) collecting an eluted fraction comprising glycosaminoglycans;

(iii) treating the collected fraction of step (ii) with neuraminidase;

(iv) treating the material of step (iii) with chondroitin ABC lyase;
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[0133] Any ion-exchange chromatography using any

separation nedia nmay be used for steps (i) and (vi).
wag00an0=Exanpl e, the ion-exchange chromat ogr aphpcmsG2005/000137

steps (i) and (vi) may be cal7um chromat ography and

i nclude the use of DEAE- Sephacel. [0134] In one

enbogi)nentatidpethe el il eflstéy @ef wiol pohasd;ep (ii) i s

desal t.ed freezedrl ed and resusQ nded in a mnim

vol ubd) fradiespting dha mejtgiahal) §e by é?rhescnapgeaﬁvomatography,

means. Exgppl es of respective neans include, but are

not limted to, ultrafiltration, dialysis, or gel

filtfebi eplectisg an elutdd fatian compesiagbeparanisdphate.ng may

e PTG B oLl SRS, RNE gl S0 o o may be
usddyfas stepd (1)samb(v(l)| NS an&ytaﬂnpleuthe domeXc&ayga:dnomntdgadphga f steps (i)
and 35,87 bt BTRTReSORaph. AP 8 e PHDFAY-Sediacet

| ar gei34] @@@ﬁ@emnedmr&eﬁier@ﬂea@dl Yaaisnaf §t68 $ii) i@ruésﬁied freeze-

the sane tine |leave HS largely, or, if desired
edamyl wewspgnded s Banigimal vPHEIS: espect i ve undesi red

o RS BRCIE  ELPtue t, B SO, PR O e

megm p‘kthlde bi0a8 7ot Theiterb tey alitrafllhiam, déalydis, dmrsg)  filhtian. As an

. od q ’ /ak
iR AR RO T Db M0 b TRa e oSt B ot 25
U s §0i3i6¢ The heuradsipidasd vestep €idi) mﬁmttherrauoﬂdiamtmrysB@n@ese of step

(ivk)fan%&t fgglrs,%é gt;J z{qizgc%%{c%}tragtgéﬁ% ggyg)glcyg%%ggfgéélggngﬁxat a%cle sultable of

larEQPCRMIvEld NLabdtyLnctParnia iBide n%'i’tﬂleﬁ r Qﬁ%d it BEN Heﬁﬁ&m&o findesired

I nstance last for four hours at i tional

polypasisharédesi andrBCthe s3yme (faxe k@ve&ﬁsémg@m ah Bdesispdyhgompletely,
' t | i.at ed

undBEROP TR roptbiod ddclthed pBESARRLSRSRE Sy, A not only,

chai@raibin d-suémhafe; ohomﬂemahtﬁpnul}glatscand deshatsn sulphatar e in

actl se 0 r ow h an t al r Y fferentiate

2" B R VEE B it cBdadR i, Bl plebgin S rotace
of @tepr(a@)t may Z2Rid 0 iBbtatidegBd BsedodTd bondagtritich bS 0/25t¢6adfSle. The

and the HS of the jnvention conprise unique biol ogical

resggqt}vgltﬁe?twéﬁlag dapistancelpst AOTIOREROUE pr epar at i ons,
i nc l[@@sp &hd %ﬁéﬁdralun[&éé%as%@ Qte? ﬁ;b AHyCRE eRGhAIY bk lémployed at

i ncludes, for exanple, atcelera rates of grow
a doperatigtie of 085sUlsymplecandereatszent \mayh’“m unséwpllmtrém ﬁmy hours at
t
37 7R BfsBbRero T ABCIRe B odil B R of i Bation.
pr ol[0X39} &t wikk ltexf fappﬂecﬂatedt thats afi egnbddlmamlt by thve gitesent arention
t he effec 0.%.cal f erum ee HS .
prviis i 1 oBfaind Beom VPRl e cells piflare it potive phase of
grewth Wl nofhlgeady @ﬁerbﬂ\m&@ 2, RG]} 9lufe i of IS WRhhe Emplete
much nore potent in thls respect ( I?l
ch%e%rrl@rﬂﬁgvgf ygarsy SomRIATing dhe pplatee H@ﬁ%d oIS @€ the invention
COIE ﬁs;ee C‘ﬁél qugv%idg‘?&l AV CRRIP ' BrpRRE! With bfhe8 8 Pparations,
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

Fig. 12). HS isolated from brain cells also induces bone cell growth (Fig. 13). However,
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[0141] This stinmulatory effect on bone growth was
found to occur regardless of the source of the HS (see
wo pegpsne77i2l) . Thus, the source of the HS may bepPeEbEZI&M00137
i ndependently fromthe speci®s, in which it is desired
to be used. The stinulatory effect on bone growmh is
bofieicdlhderivibdsHS gepesddanth mbrepdrentsiarthiskiekpeecl (IF iB. 1% Axkbrdingly

VVI|| re of the fact that a.notlrral dose
@Iaﬁea\l\@k thg mefhpg o ﬁ’é@ﬁ BEeSFL IIRRNND, d$ YrEgmoFe gpecific to

gr&ﬁlﬁgd@ﬁ@ce@gperl mental setup. [0142] Thus, the HS may
be part of a pharmaceutical conposition. Such a
comb®kbl] This Wlﬁteryt ¢fésotron doro gioxith wes daund teroasnr regardless of

thebd&Nbr ¢ egrmf FHEN e TBYurPE of 'H?% ?ﬁgﬂ} g:‘@et selected

does not o V|a ogl cal vty
indehérsienily fiom ihntspmi@d it whizh ius eldsurdd‘ tod;m&seé;d],‘heastmaﬂatbgr effect

o S BB PRPEES s 055 L i U e v o

thepfaerrth@eaptiedl de®RRastally exisi¥alat byt d4eily1Bé BetbRfinbdth a standard
bi ol ogl cally active nolecul es that are capabl e of

exgqrw 4¢P bone or bone cel | grovvth Exanpl es of such

P?H‘Zghhﬁ‘ Cﬂcl_l};! gﬁs Txgbz‘ss b@rﬁhrfl‘_ %f: ab rﬁfégel{)ﬁal %ﬁg&@?}ﬂp 4S’uch a

Comamlfmrhmay durtlfermornenntdina gamiey P dlbna@ctAny caftier or dlluent may be
0si t V. de e.

lb?'éggl’fag lﬂ% @(!ghog)gfg%f ﬁie Hé@g g?le Sf:ﬁ%ﬁ? i fér whdFit % intended to

be lbest: pihdespréd) mataa%nandhluei& mdythe chiosemthiat doa3idoe dffé@ the biological

et.j dr te odronate, al en ate, pam dronate,

sl At Ul h poT Ba b | h b aLPRE Fipgmore include

bicEEEANRCRYIYE GidleuP¥Rast dré eﬁpamyoff s@ﬁnﬁw@ab&mb& bbsled:eu "%rowth.
t he, manuf acture of a nmedi cament for treating an

8B, OBl FGFL,

Expmples afisugh molsayles ipglyde.but arg neylintited tq, SR
FGIOSEGIF rrg?ﬁ ﬁg@pﬁ PAA. 3' t%ﬁ%éeitle‘ﬂarﬁﬁﬁ&% BB YonkHthdd Q&{Woﬁectm

be’ co n a s rgi cal” 1 npl ant rosthesrs
Thpi pwoadestichl mmpcparqn ofayt dlso smlgdec a)lne| orp kreome bls—phosphonates

By S5kl Bisaneipiduts SRuSECh. By b Pl etidronate,
clqdrmmtehelsn&onﬁtelpmd@ﬁlﬁtel dsedpyhateeandoplediomke. i Mpr egnat ed
O her .conponents, which such a i cal
e TR At e PR B i O AYCIoh B e be used in the
mahﬁfahtdlﬂjele;oéf': %ﬁh%glr%:ﬁlﬁeﬁt%r irédii'n% ad ahfﬁial %I}/ngd &Wéue r@f{alf
| an{(?ilﬂﬂl The isplagado Al t (@ @ﬁ@ﬂwit ami\@ctand ilistraind below) may

S A BT S AR S P A o o

thesm@cdonmimﬁnpmstt&mrml lmssaaffofdmtayewommmm reengist o EES. As an

RS T N TR AR CTATE Y TR

unpxlegﬁkftémﬂzﬁtﬁ HS\ et @&@p@flenﬁﬁmhﬁ’dlpﬁﬂ:h% sdrgi&gldxhq;mit epr@mlesm or
ronate. Using the above il]ustrative exa
blOéeﬂfEa ¢ H1ay; GopIPaise, Mplndethié aresnc linfessioa BMI % HY n§4ﬂ¢gd FGF1,

FGE®, T@‘Ft[ﬂj TOF-BOPI6EH! 'B%t %llﬁﬁe‘iﬂ idifiEn 1 hﬁﬁon@&ﬁfﬁ?ﬁlﬁﬁhﬁnec‘un
Yet “a further exanpl'e of aconponent, which suc

Assﬁnrl@ll%isﬂtlvp‘ reshanle, tor vegindsinplast, prosthesis bobigserdfold may also be

coa%@ 4, b @]gre%{last%cf‘w@t%l g}:frco}ngg‘ltlentg1 %{é&%ﬁ%t Sfurther components that a

e Or nyalur
surg1ca1 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

coated or impregnated with these latter components. Yet a further example of a
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[0145] As an exanple, the surgical inplant, prosthetic
or bioscaffold may be used with hard tissue such as
wo ovositostance bone. As anot her exanpl e, the supgi/sat005/000137
i mpl ant, prosthesis or bioscaffold may be used for the
repair of dental damage. [0146] In yet another aspect,
conipd@e| ®hRAtsutny efgicADinhSlha ffosthesid offBideedfddd niayeRdiniprde, is a
n animal in need of tissue repair conprising a step

polﬁ@ﬂata%ﬁlﬁ?%?@ﬁﬁ% By dropyapatiecs byplugmicefiosi ti on as

de phe NS0 Len [ '
a1 3 ol 02O HR P AR bRl W Rcq i may be
used hvetinbafdotssut suhle asnfoerinstancei baeuds, adndberagsmmydé¢, the surgical

. limted to, a.h i . .
imppdaly sdsBoribetFarlp ofte e effufs 1Bhie B6SRHE drmacenu
ar g0n46] Iniyat dhdr @spedt, TRSesend invaitiGH refat€itoRaaetBbd of treating

[0147] ThS tissue tq be repaired in both afore )
an gpumal Brisgd 9F Hetiedepall SPPESIRG A SPPH; adinisiering gphprmaceutical

corﬂgg?ftﬂéﬁ € R&AICHbOB b Y sdrhS Tifh g‘#@rﬁs 3fe fRmAXRR! Sammal.

t or hard tissue. |In sone errtg)g ment s the tissue to
Exapleseqfa meiniat thahuey therttbateiddyube methasikefitbe énviehtion include, but
j har, .S i s _hone. 4 | n odi nt
are 300 AR 8 O g EbraPleB AT PRI By e
treagddeipclofie, ddtam inet kinited) td, henq@Baravaceid guiada gighposi ti on

b [ or i egnatin urgi cal inplant, i

o) JERBIE Gisue, FELE iured T Bofbetrel Benion Febsty tiating to an
animAPinaidedt ofOfssud AAR] mAR ety BdsubBstich Qist fof 3k pRYsdibS hard

met hod of the invention. |In sone enbodi nents tﬁe

tissygnilppme smpodimersithe Hseugyie be reprireshisrtinsshard sissuepnggample of
suitﬁﬁlﬁ‘iﬁmis@{e iRoge et hod include, but are not linmted to

a human, a cow, a pig or a rodent. It may thus for

ex diip48] Ipene binbodieatnt  vespactivgrrepair ¢iths QjrdTiseud emhprises a step

of QE R PR Dol S PR EREPL PE by SPAAE LRI Pl i
impllait ! gresthesiscorttiosesféoldiad dedegibedmmuive before iIﬁlf)laﬁtallfiBﬁiit ﬁ amrent
n I'S

f or [,mul ati nhg. the regeneratiqn of tissue. | ,
r egléri%él%% apEd gty beEAER Y % ale.ﬂéada?_ﬁgwt vgntion. In some
emBUIRGERS IR arfifulal M4/ @Haﬁﬂnil.efglﬁﬂﬁﬂ% loP thaB{milk 384 Gnay  Bé Sreated by

_process includes a step of applying the HS, isdlated
thisgaethed meludecbud Bepirot lipytegdrio ahamaps a €9ve aijgypr afrodgmt. It may thus
' i i regeneration. [0151] As an
for exaE%L gé G?tﬁﬁlgg’g%g} z%nté?c@g&Where the respective tissue is
bon®150]t Bher Boletedrigpamn sulphate (Geeatmsppoataydughérmdréibe used for

. fact that the HS of .t he .invention accel erat.es the
sim 5o feasrfation Oy w5sur ot P QB Fellim e mapufpptur of
a niddicaient Forsétimaeringekial eegeferatidd o€ tidsiR. TPUBIst Rghtde the present
. acceler atgefd growt h of bone cells, such a fracture
invepdignselioatelales toaf PRRGGEH Ot HéMRletng degsapiation 1of tygie. s process
ot . _ . :
el SR IS 3008 HEOSLAM IS B By o
an apimalus neeshofdtssyetegenesatidie nunmber of osteocl asts remain
un t see fi n . l.n ot he .
LA Sl AR 5 e Aboct B E e, i
reg@ierdtioa is vend dspect siub nol ket fast watf the HEN61 the imwentidn 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 distingnishable 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
osteoclasts remain unaffected by HS (see figures 20 and 21). In another aspect the
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cell into a bone or bone-like cell. Typically, a
respective cell is a precursor cell. [0152] In this

WO e@anai77t he i nvention also relates to the userPOf/Sé&05/000137
I sol ated as described above,20f or stinul ating
differentiation of a cell into a bone or bone-Iike

reg@Rtdtionli§ d8O fEthe D HalBRUES of tHenventith stitntilafessdiffbiefifdtion of a
A non-limting exanple of a stemcell is an enbryonic

celldpiorp banejor b‘?ﬂ"ehlﬁ%%ﬁ fypisallptaggsnacgiivesellih @ psaqurer &¢ll-on
of @akdy @i fifiet e%gm 3hd ﬁﬂreﬁﬁéfn fa':ébtﬂéﬁ&g“{oethb Nk qﬁeaé DNRolated as

use of ‘one or bi ol ogl cal active nol ecul es
desowhedrabar/e fongahileting differomtibten a@a mihmtcoa bhuner bymietlike cell. In

r%’x\%&d g%l/g oguﬁglszc{ep rhlg F esha cagﬁf élgn- 1{111 ﬁg:; lgg%l:'léie %ggisgn? Qell is

an ehnlmjyogllccsﬁdlﬂ yelHCﬂhB wuee obiselatedass fdicthfudﬁnulbﬂén af (&:llr‘differentlatlon
limted to, BWP4, OP-1, GE

may; dgrthipsmoseiac t’éﬁo}l?ea@feﬂﬂqor st ol gica aelt Siledis, which

are REShbYE &1f s@ﬁaﬁ&ﬁﬂg bolie %r H§ﬁ>e &t %ﬁ@lﬂﬁﬁxﬁﬂoﬂ‘lﬁﬁ%ﬁhu&ﬁtﬁx on the cells in

stirmul ati on of ferentiation rmyasomc ude

additipn s theohepsipa mlpkwtﬁr @xgnmﬁo@fpﬁmhlee@olm@ﬂﬂm astivg fmolecules
incl?lgé,tlg&t?!agr e RLSHRNOS P BYAPSS BIVIE: 4{ \$ieq. REE1 BFEFICTGR rﬁ‘ﬂf‘l‘%ﬁ: B2,

onate, cl ddronhate, ’endiona e pan dr
TGFi{33e flotiagenel, Mnnnlédﬁbnwaeem a[rﬂ]s&&}nelcnndﬁmdse iof sejatat HS for

t he pr.ese i.nvention..rel ates thod fo .
the Rt At cal SR RuaR I FAEatsh Jatlf SHORs Sk nae muomp bis
phospldriacies EkﬁlﬁFleﬁ P shftablie by d;mdspmavd@ahaaﬂe , 818 8¢ nbDlifhited to,

candi date nol ecul e(s) bind(s) to heparan sul phate,

ethreleﬂt%uc&ﬂlr%ated aleadionalg, paspidEotate, riseskenassdstaqletionats-ni s

'['Uigiif HI tBhet %bét‘i’esth@ prb&ht QBVéiﬁfo‘ﬁr RIe§%02a method for
bi ol ogi'cal function of a resgectlve nol ecul e. The

idenfifying bigldgjcally actiee moleselgl Ehé methodgnetudesrtbo diepofidetermining
wh graghe 0 f r%'d%h@xﬂer}% gg&g ss)g)blcﬁ%}b Cﬁ%ﬂ ar ogly}%ﬂz}tgngéﬁ[ed as

feren Ion
desanlbed/abmad ehulsemel mbmﬂmwtsuthmrmeﬂhoﬂ furthiet d@dcltides a step of

nat.ur al ecule, a.s heti c nol ec a t.r.ac
derfHRHnE o PplosicalntunRio OF B fostieclte raplecils, Bt dlp Sty active
moRclileSi8UQ, sonit eMbédfidents’ QpaBleCat stim@ai BUAd of O &ell growth
reconbi natorial |ibrar product from a cDNA

and/qrifferentiation. fagmples r%%/ﬁu&ﬁblé mlegealbh agtivgrmplpculgs inclugle, but
are dot ﬁiﬁhﬂzﬁ't@%hﬁuawﬁio%mec‘a ﬁ’c &ﬁfebgfi‘)ég{f& ?ron‘?gg)l%ﬁlt an
anp e e

proteln ustrative a surt pr ot
extjast frogy mmlal faacnxaact Berfri antissuenan {bﬂlla@ufromwa celd, aalplfqdnedfrom a

t echnj cal
reefP R RE L. SRR T A0TSR v beo BBl B papgession
librafy, @r athug,ai Yows hdléculldar Wéightaasdmﬁomnmm chrbbhgdratey emd b @Rotein. An
bel ongs nmet hod and terial simlar or
111“@%“%9’%‘%?91%% 5%5%@ é&@?‘l“’b‘é&r"%}‘ g}aqtf)rc an be used in
the practice or testing of the present invention,

preferred methods and nehggiigbas are described. For the
pur pose of the present i nvention, the follow ng terns

o LS|, RS RN QHERhd 3 R BLARR 3Rl P gsed herin
haveeeme EARYS doﬁlm@my lirfled0d By D@ bLoMina@y BElVinSEe BEed which
the Sirlf\%n?lgg %glotngs Ilethough 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 terms are defined below.
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mani pul ation. Isolated material may be substantially

or essentially free from conponents that normally
w@easnpEny it in its natural state, or may be PCT/SG2005/000137

mani pul ated so as to be in am artificial state

together with conponents that normally acconpany it in

| t JONSB]Worl thé patpdses! SO @dedRIne bl alisolfed Uesed M tn@itérddl that
in native and reconbi nant form For exanpl e, |soI at ed

has Heseniemaye yEame i r aasutal stade gur PlEBSHYeomt WDissteds i Auman
_ [ t

mIRAE oK Bhih LFPole Nusials) b [Sufliy TRal rom

conpoingnte that u@tmmﬁyacn@npmwut il itsomediirak stmtonema)ubfamampumed SO as

o 1850 A HE I pet BB 30 B P i, SO i s
naturelf @itel ds@latee phdtetgal 1@@1{1%@39@&:1@ inOfative &gﬂ&éﬁcﬁnﬁlﬁmn &ﬁfm. For
7. par an, s at e [ chai t hat
exa%wﬁe *}%?lauy 9|ﬁ Tt MEGE et tmd @arlaggalg%a(?‘&%lag ggom bone
MOBTESE&HRar i des consi sting of tandem repeats of
D-gl ucuronic acid (A cA and N-acetyl - g(l3 ucosam ne

( G [81¢6)) By fheoteias demisopies dinohmepdés, aitbersighyaglrering yo an

S5 8y ARG, P B g grin s s e o

undeptovdringh¢ iagn Idr e@amplel 619 chay dri @upteddo (d ctod)protein. “Protein”

O sul.phati o cA. O sul phatl on at
maye B P, B TR e oA 0 oot ana

O sjelLsT1aBY ShepatarksulpharéR Y8 is meant chams that are 1n1t1a11y synthesised

N-deacetyl ati on/ N-sul ghatl on, 2-

in the @omasn%r@ﬁué &S BPIYRRSC %r@eﬁ@ansa%tw wal@%@l Fﬁﬁ’é%‘? pf D-glucuronic
ac1@@@1c%2 A N@c%ﬂﬁaﬁﬁé%hﬁﬁﬁ/ {@}léNA PtTl?é"ﬁe{sg&ﬁﬁg)lysacchandes are

O sul fotranst erase
subaaq@egtw mgdrfadgn ersages ¢iH8pSTIN- @agety—]gtlon/N sulphatlon of GIcNAc, C5
I I f
erife b QPRI IPIRAL R un PSR T2 LI gpo cren
O-salpihatiomitdso aff N- smpﬁoglruemhannmmltNﬁgamdwomeml &-aldpkation at C3

of T Genrclfoy Konoleheonepdfmithl- 68 ComARLSa G B ar

mediBE8 bR §bdc{ffé a[cﬁbﬁlbf PISSH dRa B I MREN- sﬁﬁoﬁiﬂsfé%éé Ir(HSN]}ET) HS
function. 10158] A "pharnmaceutical conposit

2-O-sifotrgasferase i dAS c brigrenkptingnsfamsas (Hﬁﬁ%“é} iand HS 3-O-
I T [

S reop o e (e o Py iSRARHAR Bp MARLS ol of the

potemhhmnbmml aralmydlélcd,emsdm@ inaeansiglerabli Bwnnceodwersﬂy This

pi enf a soljd. o UId fill.er,. diluent
stfEanb et PRI i Aoy esbamifl iy Sl and o
uncaﬁbnandl thé reddtionship Betwead HEsttane bhdéfypatidn.cul ar route of
rTgllsétrq; on a\(arlet of garriers, well known in
t hel® gaasewical PRI  gludesd FOBROS gL eqrappising HS

as faﬁoﬁﬁtﬂregfr%‘r%lérﬁ‘d UHitaBly S %Hé"ﬁuan%ﬁ&:‘hﬁﬁﬁs coxﬁséélﬁﬁrp&%n@ﬁﬂes a
its derivatives, malt, ge atine, talc, caltium

phasmresisically-acsgeiebipl cartisitl By “pharnescutcaliraccepioblgaasrier, diluent
or gln%lgl 15 i@ %lelnt QIQ?I?(P By {&uﬁfl@' %ﬁg&ﬁldfténgéﬁs%l%aggg substance that

iers, isotonic pyrogen-
mayvalvee rsafebil Eﬁ;]:d Aory admittistidtienr ddpendiihgadpomitkd rparticdarmagute of

S SRR A1 AR Oh CufE HE e ey b isod These carirs

maf %8 ¥Blebted G laNfo® including sugars, starches, cellulose 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.
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I mpregnating a surgical inplant, prosthesis or
bi oscaffold. The invention nmay al so be useful as a
wo omsaed77appl i cation for pronoting wound heal i PQT/862005/000137
skin or other soft tissue. Thke present invention may
be used nedically as a pharmaceutical conposition in a
015y AN eséf adieRist@tio Eﬂ?ol%ﬁ
93/ 1958'5196 |ﬂgi)a})%§)rrogt ed h(g?el nb ereﬁlggfyyb&j%r #ﬁvl@&ga
patigxs gl thecphesmpesstiod compepisiag o ke yentinr. &ies exgyplapsoatmg or

imoH 38 2P i REMESESRIH ol TRESRIRRAGR o be
usefobag a tdpllceaﬁi apipligtior If(quedeEg woend hgzémjgfaf(skiri or dther dolfii tissue.
Thpur$ ?e or .other forns Hﬁantsgo dto act
ST SNACHOD Y ?é‘s?dagﬁ‘?f“& Y i B WB?H il fpRosition in a
simil@Ymited b G6dceibledYorUsighhcPiRiride® in MED I9BLI896, inBRHOrEs herein
and/ or m crospheres. [30161] Phar naceut i cal
by refsF96%i ti ons of the present invention suitable for

ad%ﬁ(ﬁtﬁ&ta%é’rfoﬂﬁé’ iRGudy g&?@ﬁﬁgnﬁssoﬁitﬁﬁﬁ ebGupd)l AtostiE Noels,

as vi al sul es, sach or tab ets eac orrprl SI n
po“alepra@ddbet bkem Tlase alosaga forfs 1y also invbuderimptantiog demgeacapable
n S n
of %%@g%degu Iré:ieé'ée d&es%nﬁ(gzépgclﬁgaéfésqu th?s al?rpgye B o%fler forfds of
imptints- nodifedeso amﬂdﬂitmnalm il tMﬁtfmlnom -'Khel cdntgiled release may be

e si on. S ch conposi fions repared by any of
R RS (iR MY TN S I g AR

st gp16X] BHatdSdenfcdlNESn Qﬁisab_f Offe \:ﬁe@éntt Bfehtiie Huit@le for

as descri bed above wt carrier ich constitutes

admipigtragionnmpe beepresenindyas ﬁl@?rétfi etsssuchrasgealsy gapsulesesachets or
tabl&g @R&f’écﬁﬁ@ repﬁe?é}?ﬁ&% AodtR bf ﬁS'Hth@iﬁ.@Fﬁt{Hn g@& Bb¥der or

adm XI ng ntso e invention wt
gramgasrareis s smilutfanml aysuslpansnbedn solaqdeavadiquit; 8 non- dquedrus laguad, an

oi-Efr g RRGERT & Vot PBL aspd ol Suehi S Rions may be

prepali’edi‘bylam:y @??hebﬁleﬂﬁﬂ@iIdfyplﬁaﬁﬂﬁﬁn%hﬁgdtllaﬂﬁtmdi lx?cﬂﬁde the step of
[actical eftec rticul ar enmnodi pent W
brlﬂ&%dﬂlt%ﬁ%ﬂ%@%? 1R dOYHIPBRS 9GSHIORL 2PRYS PiHY 2 Sarricr which

conﬁﬁ@t’ép bESer Maﬁeeﬂéc@és&y[lgér@&lmfgr Y ééﬂ'éré’l’at%e %Hﬁﬁbélﬁ@nMe prepared
Cal bi ochem and DNasé from Boehrin Mannhei m

by ymifogmbHng 1@@5@% h@m@m the aggytsivbl )‘: lmtlébﬂaihriéﬂlld EYRIELS Or

B RAATShd G 75 O I Sl e v e

desicdtopresenidtion. ABC | yase (EC 4. 2 2.4) were obtained from

Sei u K .Jokyo, Japan. aritin | V, wa
r IR SR e me ifesign B9 W oo g BRRE pot AL into
pracﬁid:@]péﬁeﬁtd pﬂm(ﬁlzb%‘ﬁaboﬂixﬁ’er@bvﬂf’n@w&j&die?cri&ddﬁdwi}hﬁf the following
Trans-bl ot tank were from Bi o- Rad Laboratories. CL-6B

nondgpitingyexgmpeshacel , col urms, peristaltic punps,
fractioncol | ectors, and tubi ng were from Pharnaci a
Bi ot ech I nc. (Sydney, AuNkaterials) . ProPac PAl
anal ytical colums for the HPLC were from D onex
( SU0163), Trgpsih edrakisagplivd) by Calbiochem and DNase from Boehringer

Mannheim. D-[6-3H]Glucosamine (sp. 21Ci/mmol) was obtained from Amersham Life
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



10

15

20

25

30

35

Centriflo CF25 Menbrane Cones were supplied by Am con
(Sydney, Australia). Scintillant (Utim Gold) was

wo casn®Packar d (Mel bourne, Australia) as were tPer/SG2005/000137
scintillation vials. Biotraces RP nyl on nenbrane was
supplied by German Sci ences. En3Hance spray surface

coliBetbf, afd AEiAP ere Boa PRErmIRE: BRLhNae. (Sfyﬂﬁéﬁ'@hstralia)ﬁ ProPac
Research Products, DuPont (U K ') Ltd. Autoradi ogra%ny(fl )
gdom).

PAL aualstigabcolymns to sy FRLGyerefiem; Diores dSwigey, | Weited

Coly A eftal BRI SIER R R

ScisimithnRA¥llidina b&bld) nga§ (idd | PRkme (Melbonswe; AMSHRHax @kl were the

. ro LN 250 tissue culture flasks.in_ 5% .
scint ety R REBY ah T RERTA 1T 8PP ARG 2¥ Op LriReSeiences
En3Hdgkalpnag sueaes hitbridioggiphwt dhhiifver wadigdtanal froasNaddRdsearch

§4h ost - passaging and the cells allowed to grow .
Pro W,nﬁeﬁ% &%K-BL&gy@mml%@h& gaspedios rweRe supplied by Genetic

-1 iDbi:t € . i . .
R o (0 CP R 7 Bl o, Ry O0piE, Ani2ap¥ere supptied by
Kodakdi ol abel ed (20 nCi/m) 24 h after the nedia was

changed. Cells were maintai ned at confluence for 3

days and then the nedia collected and frozen at -20 0C

until required. Cell neENAMBEESere prepared in lysis

buffer (1% Triton XI OO, 150 MM NaCl, 10 nM Tris pH

7.4, 2 mM EDl¥ampleIY00¢R @hltnf ahtb Rkdobelliteni ng t he
protease inhibitors 1 mM sodi um orthovanadate, 10

mg/ M | eupeptin, 1 nyg /m aprotinin and 1 nM PNVSF).
Thel0d 641l Boner prE@ivearaMC3dB 1 cells wdrevgrpivnlip 56 mhitisses cylbure flasks

L ey T T —
growitd HSa tradiolabsI3¥ s Eddede?d & pher-paspdgiic dndithed BB allowed to grow
LB e bl b B L BB
waP &8 aen @5%@@9/1)‘1\@%13%@@@%(3 alld fadi@ihbelled (20 nCi/ml) 24 h

Prol rferation Reagent T-1 (Roche Di agnosti cs,

afteithrympdip ayasghangeade doelisovere inprintaiaed aheontlenge foadhdays mad then
the Ri¥d colfégﬂeg;aﬁtﬁl fgljozélg at Ho%d Hﬁﬂ?@%%dl Eglg n%egi?\ﬁgﬁe%r{v%i@nirepared

cat a yse e conversion o razoli
in lysis thutfien {19 FExitom 264000 L SéimMcNaGk 0ahMidhiy ¢ib Geln 2smM EDTA,

A T I NEUT AT I S ———

10 peAslt leapepti, i1nGg il egrdtmin 3dC 1f mM POISF)), The kelahi BCM was
ed,cql qur,, aé]d read at. 450 nmwith a reference
COI&&W%I"‘%%YW B s M2 Vi ctor 3(tm) Ml tilevel Plate
Reader (Perkin El ner, Boston, MA, USA). A blank well

cont aigiakh1€2! PettRRiiRatiiSofneEdbbRe A@ﬁﬁ'teﬁﬁggdvsm
correctron due to discolouration by the nedra. [0165]

As ay can be perf{ or read under sterile
cortETone, Sfferv st S | ML elff “Brep Pl ¢ 5000
cellbfom’ sB0®v 80 oY\ 196 vadiBpRate ihNtiplicatd, Rilddatiflg i dIRIt6 REESt L Point,
{
and g(,)rown in osteogenic media for 3 — 10 days. The Cell Proliferation Reagent WST-1

(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 number 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

reference wavelength of 630 nm on a Victor3™ Multilevel Plate Reader (Perkin Elmer,
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plating, culture conditions and plastic. The
conversion of WST-1 to formazan directly correlates to
wo b@snorvber of netabolically-active cells in tPer/sG2005000137
culture. Metabolic activity 2ncreased up to about day
7 or 8 (Fig. 2, Fig. 3), after which tinme a pl ateau
Boskdtl VT AVaS ATRI A hdnke el COnfiEif (% ek pVndeldiL ¥k ide&8r background
Exarrple 3: Determ nation of Proliferation using
corpeting qus 1t iscalaratipn by |th9ema@1ﬁon was anal ysed with a

Soi DLEEIAL 5 oy b bR T i b R fhons ot

eaciBtild poit c2n be plateslAnQks sathena wekk ghlaté, ithes lianidng didfebeiceddue to

plaifigr Qe GPRYiAians 11 FIadic: oFE CormErsianes Vst orinazan directly

corieRitd! % SRS mibdr g nadtsbdlically-aétivd dell iRt dthRe NMIeAbOEC activity
substrate solution and term nated after 15 mn with 1M

incregsgdyip twﬁévoab@w%@h Se(Figa <, g P)atftersuhighntiog 2 plajeau level was
e g a Bio-Rad(r) Benchmark(tm

crrﬁgb ECI EEI gl?dlgad CA, USA) and corrected

usi ng blank and background controls. Exanple 4:

Anal ys Examiple JrdDébefhibrationi oftCellPrlifidratiob wsingtBrd¥ ni ng

the expression of marker proteins [0168] Total protein

gEﬂdéA(‘l‘ﬁf rSPffeEa@fbherafsr GMIyRE GAMH S andl l’l’%@ﬁ‘feﬁ%{on ELISA

and real time PCR respectively. [0169] For

colqread:trlt:ulms(me buitaeriaih MES BB geldd wet mgubsted Rwh 10 uM
BrdIHS %tﬁ Q&N@lcﬁgﬁtﬂ#@( ?&eﬁ%ﬂ x{cugétgd (Vl}@cat?x rﬁrdﬂaﬂb?) fol5 min
gto e ac

accor di m ranu urer s 1ns ructlons
at m::ammg toothemurﬂamﬁeﬂs mesduciomgThe Santduans Citallysdet by the

R TR A LR N R

1 SOASTHEMRb ANt #as fdat ke ds0 mmg;vlﬁuaeéfsfehb@b{ 6970 ntb using a
igo dT12-18 Prinmer. (Invitrogen, Sin

BiogRetst enghunah ineaniate Retdeg (Bis-RAd ¢ e LRaggnd Corrected using

bla&éM%ﬁér%Qﬁd&ﬁﬁroY@re desi gned using Priner Express(r)
tware; V2.0 (Chicago, IL, USA) and synthesized by
Resear ch Bi ol abs (Singapore). The specific sequences

Ex:?xﬁﬁle%‘tﬂuﬂzﬂim@s Hehe BiftbFdniBition REstub b 'ﬁéfeﬁﬁﬁm‘/ fHeféxﬁgessmn of

using th LASI resource on the tronal or

Bi ot echnol ogy | nf or matharket pepeinsebsi t e
(http://ww. ncbi.nlm nih.gov/BLAST/). The PCR

Pr O46415T &A1 ;]S ona amt] REE gi’l@{{&raﬁeﬁ?orﬁ &R! &ils and used for aALP-

usi hgconvent PCR, "an e products were sequence
ELIDA arfdrenIVipe: BEBuespectigelfaci |ity (Singapore). Real Tine

de OhEFoscRal s P Rkl R TS Aol R dsbtation

Nuélkdpin@RNAISI R (ﬁﬁBﬁ%{ry)N@l@qm RERAMasdoedints tlﬁeAﬁﬁhuﬂdturer s

Bi osystens, Foster City, CA) . in triplicate vveIIs

mStﬂ&ﬁ’@W JNAropeengiatien Wédie@rmalefluuﬁ@g asPaRpOuaBt" 11%r0rﬁlﬂA/DNA
calcﬁltl @E}x}érﬁﬁn?‘”ﬁ%s@iénéé) CYfd eﬁleOf ﬁﬁlgb'di‘)ﬁﬁrrﬁ DPeBy | RNA  gel

sion for 15 set at 95 for 1 mn at 60
elemophpnemgr RNA (1 ug) was reverse transcrlbed using Superscript™ II and Oligo

o
_

mai

dT12-18 Primer (Invitrogen, Singapore) according to the manufacturer’s instructions.
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://www.ncbi.nlm.
nih.gov/BLAST/). The PCR products of these primers were first tested using
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concentration and efficiency were al so determ ned
usi ng the sane cycling conditions prior to conducting

w0 b@sasways. Results are expressed as a rel atiRE€T/SG2005/000137
expressi on of hypoxant hi ne gesmni ne phosphori bosyl
transferase (HPRT) cal cul ated using delta CT val ues.

con{zéhhwlﬂ FCROBI\/cBﬂfélﬂtbﬂu@fs \ﬁé‘ﬂ@@e?&n&d’by\% Mgcgeqaéxﬁnﬁg PRRility

day 10 onward (Fig xi mal actlvAﬁ)
(Sl%E@P)/e%eaétTl@&y%uaZBta&ﬁ%i PR was pediormpdont ap PRISM® 7700

Squ&{deVDEﬁéc iéi- @%%Aﬁpﬁﬁa CBioE&ﬁexﬁéz ' ﬂostéBtlatﬁf gﬁg?&gﬁg 'SFBR®

Si ng rea det ect
Gregn ﬂ?@ﬂoMaﬁteS wat(k%pah@i @msw@amF@m IGitys ) ihritphickae wels. The

e, SRR ST, B PRt LB A TEL s o
conthayesl ﬁmaﬂlﬁlglﬁhd Eotisagefor 1§ n;%b @60s °CRind. fobD)mie& 60 °C. Primer

nmeasur ed t days 10, nd 30 usj n 3H proline
COnCGIIBHAR AN and piticiengy wefe&f%)é@@ﬁ&g]@d&ﬂgg % B CpFlireeopditions prior

to M&Mﬁgﬂﬁ@a&@s' REBNG 2y 84 resgﬂ\bﬁgwfatﬁ?é REBAI4iOR of iy Soxanthine

5E) was increasing after day OC nRNA" expr essi 0

guapias phespdorihpivé tmn ma@a@ﬂ’m")cmmmd sy dedi Gig valnes. |

d
wor (00 PR bR Y A0 TR e Rb B R ub e e
5A), hﬁtlﬂﬂh@uﬁz&qad:gﬂﬁﬁsbselfve‘d itchay@{% f1d 3®rIn ddditionereAB® activity,
a1 RS e RS TR P kB IGHOBLE A v

T T

mREANexrressI@s (%45W®F®awv@t@@ﬁm@0@¢srwnhmm xmtlal increase

e P R e SR PPk el 20 and

30 GIAGPBAACIIAGINDEIIRIB MACCOMERATEEIFEEENEATCEGR Eithimtle cell

5. Pre t of | ntact.. ran .Sul phat e, Chai n
moiayrs; SRNGmRE Grore et (Pl T WE ARG RyLEe £AeT qag 13- OC mRNA
expreé3fiof b A8 @etablRI fRIR HHP1 @ phvardNineréBifE uBEPgCR. col um

equi librated in 150nM NaCl w th phosphate buffered

sal [0 &l1PBxs) follgwing mouspipdigamenleptifas watgrised y | oaded

ont g¢d, h@ow'tm g ?s%ﬂ“ﬁﬂ:rfbegff V{hteymﬁl'l_\]l@seﬁae[ncés. F =

shown, nost of t eraloactlw utes 1Tn a's e
fonpadlprﬂumrv{&eﬂeier@e prirder sige MthaBCR prodwst sigev i ndi cat es

bone derived HS material that was coll ected and used

u anal'ys | washed and the :
Tm;tl)éghﬁg %{g?l al el u%% ovmh?eqﬁgﬂl\ﬁéql\gla}d\l??n 50 PBS and 2 Size

AlfPhe 3HKgt40®0samihe 1 ab@A@’d&AE@A@B&'EGM@ﬂA GAGG 140
2 TCCACGTCGGITCTGTTCTTC
CCAGGTTTCTGA TGAACAGTATCC 163
ACT TGA CTC ATGGCT GCCCTITT
ACAAACAACCACAGAACCACAAGT 111
GTCTCG GTG GCT GGT AGT GA

GAG GGCAATAAGGTAGTGAACAGA 134
AAGCCATACTGGTTITGATAGCTCG

=

OP BC057858
Runx2  NM_009820

oC U11542

00N B W

F
R
F
R
F
R

Example 5: Preparation of Intact Heparan Sulphate Chains

[0172] The cellular extracts were subjected to ion-exchange chromatography on

a DEAE-Sephacel column equilibrated in 150mM NaCl with phosphate buffered saline
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concentrated and desalted, freeze dried and

resuspended in a mnimal volunme (100- 500 m) of
woewsanint dase buffer (25mM Na- acet ate pH 5. 0) PCBaGHl08800137

were treated with neuram ni dase (0.25 U sanple) for 4

h. Five volunmes of 100nM Tris-acetate (pH 8.0) were
(PBSE gﬂH gdslefhd thelilewad (n% 1% '1&{316&\%'[6 Ii‘l?e” cOlugfis b emtéch under

droitin ABC | yase U sanple) for 4 h at

gravaydFlGr@)hAs shiowe shest 06ﬁerrﬂdlgmtwww thitemingcpingle amkbﬂtwgﬁfn 1.0

andff(ggfgﬁ%gy@ Oa[rl;ogsé tznez%c rlg})l Frﬁ\tf%ie o%géiteﬁiloégt{ vrs}% oqlegéﬁ and
used ﬁ?rlf_ﬂﬁheﬁfan&@sng / TﬂeHdﬁlémgﬂms Iwasﬁ%lflr?zl t'liegﬁmﬁd eql_aﬁérfal ehf¥dMvith
, . t
2MNACH i r&@?ﬁ%&dﬁmf@ o alPEh dei oni sed water,
Pagpefh) tf'?ﬁé? @ngqgégﬁgﬁb&ﬁﬁﬁnéﬂbh’m Ay %reaﬁooled

previ ously scrl fractions collected
confaraB apdedesaltgsl, é‘rm@ dries ainf yrestsperided dnom menimal @unaen(100-
I t I
SOO%lrlg%iZ%f:euaapn%nf %gnnfg?re(?g{/%(/? le}]fa %&Ia{e u?geda' S%Bgl%g %86 trﬁ:at%c% with
neu&&mﬂﬂbﬁla((lﬂ'ﬂ WishiaBldy for AU lﬁteev:blﬁmes 46100mM Tri®acetatel (pH 8.0)
wor BB DS LSS ] s b BRA AT RS amc s
(0.281 984S RH0R 4VIPg FFOdeshPREth &l dveFniSRt withhn 6dhal amount of
colum (1 x 120 cm for size determ nation of the
freshgp@aded HS chains (FIG 7). Size of full length HS

A f .
el WA SOEAE, U3 Re DTS RARIne LARTRALE dihieli Bal Syt pronase
(1/5 total abluenel &f ExmgrhEPonadsi mrSOOmM(Ilrﬂ a“c'etam; femiM oflchifh acetate,

[ s chem ¢ ri Jdow. .
ot SRR i 24 BB R iRipte with sy S e ich pisea
watb) pask8d dhrBhigh el nﬁ’ |]§EAE18¢ﬂHa(feIlc@<luﬂﬁ0 eﬁlﬂ?@d &sp pebiodkly dscribed

rofl | e of the fragnents rel eased by this treatrrent

aﬂd(lslﬁbfm?tioﬁs Fplisctegla and Table 1). This profile was used

1 REIFRAGRUE Wb s Raltn SEAR L334 BR-GE PAbAbfn, the

Vo fraa:tgm collected aml fréeze hﬂmsds%mml% wers thapadutat éula eB0@ qu)ﬁ)SOOmM
P-2 colum (1 x Crg to isolate djsaccharid
Na@H@M NeBiha icHbated far ]f6olP roagd disnawutrlitedigebhi g«yhth glacial
ace res(iure i quid chromat ography (SAX-HPLC). Exanple 7:
f/%% Depol yner isation of HSPGs [0178] A profile of

depi yereA i sﬁml aﬁ@dmcbﬁ shtﬁaﬁﬂécﬁdmﬂdnhnﬁ etfigarbbhdié Smasi &dded and
shown in FI.G 8B. Susceptibility of each species to

sampias AR ON Ad<le ORcolwmn €1 K 428 gmp rf%rnﬁl%qﬁi%erape%tiqneofathﬁ released HS
o e SR P (Tl AR ARl (@A p 08 can be
calaildiskiomiihdsy gmpé)d Resulth arecainmarized oriBabledlpari t i nase
(heparitinase 1), heparitinase Il and heparitinase IV
were used at a concentration of 25 mJm in 100
mvt sodi umExeaipie & NittoudvAcid TreatmentodfIH S Chalhs/. O.

[0177] HS was chemically depolymerised by low pH-HNO, (pH <1.5). A small

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

anion exchange-high pressure liquid chromatography (SAX-HPLC).
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[0179] FIG 8C shows a profile of depol ynerised
products treated with heparinase. |Inset shows
wo c@stions 64- 115 of the heparinase scission ppOf/sGE05/000137
with an expanded scale in order to reveal the
proportions of |ow M products. Non-resolved Vo peak
was pool ed Exanffg 9: EyheDafyhesliioaISAGSePhar ose
CL- 6B as above. Hepafinase was used af a concentration
of 50 mMJ M in the sane buffer. [0180] Sanpl es

orBEa g Bicki i pRbnsed RERREk 080 g Tohe PR RSB s segwn in
FIGE8BD Ssanpliflifast SeRapali& 1 Hepsikhale dvaatcaféma% fréth A8 ﬂ}ofﬂe

and then_a second aliquot of enzynme added and

andjtaiiiaied: clegres okpalymetiwtion (#p) cSeqeleprakds fftﬂ’ifftjé%tﬁé by ¢he number
f R
abo{pf)gﬁﬁ r%élg i 3 C%gééegg?xft%\as: Ls(ﬁépar %Eﬁa&she or ng' \r’]i?fép%ntlnase

(hepaelpmaset Dn hqmrlttmaselﬂhand‘lhgariitinaseaﬁé welre fused 28 ahgonaemdration of

t of ase. and arjthLnase |V
25 108 St oSG phas DM BB B B 2007 S b
10Gori9)BIGdest carfason pRstilE UsE QepalyReAsdde prdthiétsC Mledl with
to 1solate d| saccharides. Results are shown in Table

heppqmasgxgﬁ?q ogrs fragtiopp r@nﬁ%@f é%yemegmgqq seiggion profile W1th an
e B B e e o oS P oy PSR AL Nk tved Vo
peak nwas rpmhdngfrmﬂdend ofind).169dlwdd4 19G08 &splwinasan (Le6B as above.
ex le in FILG 6, edat4 /hr with
R Fasafo bl calpraaiBh OF s Fi Tl sl R el o
f r JONS0]tShnipR&s0 ctﬁ%lﬁ%@é@&ﬁtlﬁhe@&ﬂ‘hﬁ@@ S0 RPadihse were
our_ published calibrations, anpl e 9: SAX- HPL

digesfrsh i dhesprgsengy B 80 i €5 ian BT BRF MR 40 gepprtelygpqubated
at 39‘ B96F NG hiadE ti %bﬁd ﬂﬁbu%t of é}% b2 a\ﬂﬁéd m&‘ﬁ@ﬂe@fbr a further

strong ani on exc ange- pr essure I qui d
4 he Begreatidlgdigpsty fosrecorRyC)f dfsa@qhaledqsh@tr SONPHRLE ana1y51s were

perfégrgg(]l ngg C? %g f&?ov\é\% th'ép%)m eéaai/ ﬁeaste f?ﬁl%e ‘thc 1nase II

for T8bh,earld) fmaﬂlysan: @hqmtdﬁs e:ﬁﬂld]/yas'e mm hesaitohsy (Viefor \ﬂeh eSample

recovere chr omat Bi 0-CGel P-2 col
vollgaer Vols et Eos (an 0Ly Bt radish Gf o BolGel P2
coldr®h fRISAIaE iMacERsidRE r ReiOhRGhowh eeTebldNi.€ed and stored

at -20 0OC before separation by SAX-HPLC. [0183]

Lyase-deri ved di sacchari des were subjected to SAX-HPLC
on a ProPac PAl Example 8cGel Chromatogmphy?50 ) as
foI lows. After equilibration in the nobile phase

[ |IIed ter _adjusted to pH 3.5 th HC
s AT it o peraaias B0 Rt b sehtgiod ot ppidformed
on $ bRfHe ‘(‘Z‘U—JS!B UK I'E)aémgﬁﬁﬁinﬁmn Rirud¥afd b3 AMMNAYRICO, as

mn in the sane nobil e phase. The el uant was
shownl foe exadpleninOFEs.nd. $amples ovese ahded he 4ratthosdth ¥imly fractions

coll Ry o8 Tt gt o B ST arc SRy G161 e sed
on @ﬁ@gbl:iﬁleh@ﬁﬁirﬂﬁbrﬁnd a summary of proportions of each
peak is

Example 9: SAX-HPLC Analysis of Disaccharides and Tetrasaccharides

[0182] Disaccharide composition of the HS was analysed on strong anion
exchange-high pressure liquid chromatography (SAX-HPLC) after either complete

depolymerisation with a mixture of lyases as described above (FIG. 9; Table II) or
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provided in Table Il. [0184] N trous acid-derived
tetrasacchari des were subjected to the sanme conditions
w@woshosmal | er fractions coll ected) and conparBdr/8G2005/000137
doubl e | abel |l ed standard rezsslts which were supplied
by Dr. Gordon Jayson (Christie Hospital, Mnchester,
) vehy, r
FNR) ey o TR, Cofal SR BRI s e
recovelsd|by gehabmmatogsinslyl (Bio-Geb B-Z:ocrlhmn)mm‘sfrgctams entresrmdmg to

._used .over ourse of 97 . Frgm 0-51 m o
disefiHEHAH BT telinoB e mTonBRal hedicomtats) ab SRy 9 °C before
sepe@iohly SAR-BPpCadi ent of 150-500 mM NaCl was used.

[0185 El uant was col | ected as descri bed above and

3 d-yse-deritied alisnschasidess wgrmsubjectddo SAX-BPLEiana ProPac
PA]tpzﬁﬁgﬁ% éo?uljnﬁgfkﬁ 0 P5sdfo§8lv¥ R.@érceﬂ]ag{brﬁm EIFEﬁ‘J fn%Bﬁe phase

ntlc s as descri ove
(doubdd-distilled watznadjssted t(EpIdt?o DoivithdH#R]) hat nilfwein, samh;ded wetednjected

nd u.ris in Table |..,[01 IG 11 ows ..
and eI el i 0864 it S Neacistion DL MBS B min i the
samB mbHilecpHak & BHeyeldht Riag reollegod ik DG mbAvclibilsCandRak oMb divity

treatment, wi.th heparitinase, saccharide products were

meappigd i byo seiptibiation equagingdor @mﬁnm B bygpeagtryyedsdisaccharides
r b §

s34, 90048 MIGKHCES £l S P

prO\aQeCkmrT&blmHal |y diverse decasaccharl de fractions was

1 g EEEBE el de Bisies TR, R eSS RIG TG oty game

con&ﬂtlbi‘is Gwitlg bﬁlaﬂérrﬁﬂdlbﬁsﬂbolléafeﬂ?bn@ ﬁomﬁéﬁem@é dodlle 14Helle s&indard
Gk-1 and FG--2 on Proliferation, of MZ3T3-E1l bone
reSUété ngckf Wi ALPRiag by Br.iGordonyfaysen (uistin dlosprareMenchester, UK).
| r hidte@r t Pk
A N AP O DYy 2 P RO 0 PhdPec Pt
columaissinriks pand mobily phdsef fAe sleatlows ann-ephti@ious lgmddrfnt @k -uked over
as, s

or FG- . own re.res ect T3-El
the Gt o 03 poF v i frerarast diemt Acs0anM Sielb3ad eploved
and iffond 82421 ah algradddt of 850500 L BRICI WaGuse2 1s a control

experiment that shows that MC3T3-El cells are

r edBb$Ri Blwantovaspllpctethas deseribediphoye sind sempargdito standands. As
sho\p%ép‘ﬁib HS, $1RBh SR t@{: eolﬁbel?d‘%ﬁéol?&‘&g%/hﬁas@& dhtd 86‘;H8£nson to

cal't “serumgrea over
autlgnBasinddriang désoribed dspyon$he reTzithecae]hdlmtsamﬁaeach&;ﬁqnask ligs been

to. the other fact FCS that are not attributable
calch‘t? Sﬁ@%ans&ﬂhq%@é f;l Conpari son of Cell
Pr qu@rﬁt} ofY_RNowRoOne E&ﬂe vgdd HS pRgaret Mq{ml&%a&ﬁ% total
I[0189 FIG 13 is a gr illustrating effects of
proiglag SA%‘

irasent highgpsobiqer BPEE é?ﬁll@mmmnmt wih élepantmase,
sachGtilis prdﬁ'ﬁc&’a\??erg "ERALReP by Q%Eeyﬂcﬁﬂlo%x&ﬂgﬁg&)graphy 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

with slight structural variation.

Example 10: Effects 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
BrdU incorporation in response to FGF-1 (black bars) and FGF-2 (white bars)
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chromat ography and CL-6B filtration as descri bed
above. HSI is a purified HS specific for the growh

wé aesan7775--1 i sol ated from brain precursor cebP¢ESGRHBR000137
is a purified HS specific fore9 the gromh factor FG--2
isolated frombrain precursor cells; heparinis a

resp(@@tﬁfegp 'Tﬁffé?eﬁl't ¥€&enﬁ¥tﬂﬁfs o |EFUFH1@5}' FGFJZVHSCFFHOW wWeRGetpectively

he “"so- cal | gold standard”, in that it shows
addgd totVe353- Efloceélp erd prodifargtigromoniiqyechda nosiive goBiTelds 10 % foetal
cﬂf%&%ﬁlved in anti-thronbin Il cascades) isolated from

porcine mast cells; nmenbrane HSPGs is bone HS purified
fr C[OISX} RGcdbl 1srﬁéﬁbﬂitﬂﬂ espérimentuthes skdvep tlﬁﬁt EM@BTB&TIS&BHS are

and con iLa. s bone ecret 0 It re
reSPREHYS ta% i &F{%ﬂ% Wﬂﬂ%ﬁ%@g‘?? f&?naw % Spplesation,
but &t theRId R BRPEI MR A )grea@?td‘lfeﬂﬁhéh@@ 31 é3 94 hm@E lote4€sl than)

conpartnents, i.e. nenbrane and excrete are shown

this higspange-c 4¢ Rsile rare AESNORFIVY . to] thegothesdpgtossy B HCSy Hiat e not
<Py BrdU as described in exanple 3.
tmpﬁt%gf%qg%gﬁge%ncent rati on dependencies in Figure 13
show a typical bell-shape for each HS. Generally, an
3 oncentnat

IS
HS concentratl ons. As an Sou @I e, HS-2 shows its
optimal stimulatory effect around a concentration of
about 0.5 nmg/m in this case. [0192] Figure 13 further
derfOh8rlGes13 Hat a tgrepiHillesrating eeffasis t9dnHSc sippdementation on

pro]%%@_?%ralﬂgtli %{I}é.”{gﬁgg t Cpaf g& tI—?SQqushﬁ egglredfi) CbEAE }on exchange

ai ne fom bral recursor cel
chrorhiatsgraphag] ¢LGB)fjRetion bk déschhﬁi fimve. ¢81lis ar];mqﬁued éIS spec1f1c

ot her bi n mto an just FGF
for Gheogiouth BTG E A ablst Troun Sy bisamer ey A Fofpidieg B
spe@lﬁ@ GbN theBgtoRitt EABRdr F@F—'ZQS@IEteﬂlﬁ&ﬁQn&ﬁ%‘rbédré‘or cells; hepann is a
factors. Exanpl e 12; npari son of liferatio

nonﬂannﬂgeﬂmnlap@nswlpbaté%tchs;fékly ased g8 s(ﬁ]e aﬂr@ﬂeé zigold standard”, in
that'j 4 %I#ﬁgg @hEDr b %g ﬁl&ﬁltpi;%g PF?IH% RURR £ {I(ﬁ%d)ﬂl fflﬁioﬂfﬁcﬁnbm I

ent Specl on eration o osteob asts.
casezdss)[isdpad éonbyorcBaEnash nellsy mmbg@edﬂSBGmsdgmpH@pmfded from

crl bed
R Y S e S R T T
secﬂd@rﬂ% It el tite i atvap kﬂcﬂ%ﬂ)@né ]I?@ﬁbramds @b h(ﬁfferbnt HS bone cell
conbi nati ons, a ed in fi e 14. T r.es
derwgql EOBPALDEN R éogsﬁﬁ Yot By dgi“g%ﬁ%%@apaﬁ%f‘eﬁﬁ dﬁegiewaﬁne and
ex ebﬁbMﬁaﬁdg eqfﬁ&bﬁtfa@ﬁaﬁ}} on was measured over a
4h period as described above. 0.5, 5 and 50 ng/m of

t hel019@JpEcli piodifésiomwasuideitored Hy BrdU ap fiwglb@d) inRseEwla b
ob s@&@@%i“h ccg}éntéaglogs@%gﬁ%i%ﬁ%g zﬁ Fob%{rg r]rg rﬁlh8§{1 abg)?cal %ﬁ-shape

for QAsE NS d GeféraBRC An Copiidrial donbehtratibh Sofod iefietn b rprohferatlon is
porcine HS was in _this case obserégg to be abou

obsyeed singeHphibitgpotide slecigpeaur flligh soqcsnﬁraémnécés g gxample,

HS I ﬁﬁ%tl iRl sMat Ry fHeBBRolH a BHEnRRIIS 886£0.5 pe/ml in

serve rrespect|ve of the osteoblast source. Thus,
ﬂuwmm6|gn|f|cant di fference was observed between
purli,()flbf]dFigure 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.
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HS from anot her species and purified HS fromthe sane
speci es. Exanple 13: Disaccharide analysis Isolation
wobos$0f7rom Bone Ti ssue [ 0194] Bone sanpl es arBCT/8GE&8000137
froman animal, for exanple arat, rabbit or cow The

bone sanple is ground up at -20 0OCin 150 MM NaC wth
DeaHHIE 22 COHMphFsat oBELN PRolifeFRion B S ffomfd differtiiiSpecies

nortar and pestle, then wih a standard tissue

honogeni zer (10 passes), then with the ultraturrax.

Th e[MfBihf@@n ad gllisiratdsethe @fn:ttsyofr H&muppleamitatmnt frorh uag different

spec,(l ]sggg rrB{Heragﬁ)nO&fn l?ﬁgeof)ﬁptrge ngdi%n éa?rlﬁ!% dl? %%EE 10n—exchange

chrcﬁhdipgﬁp}@%ridlclll-ﬁlﬁ-fﬂmﬁ@ﬂ %dss&ﬁlﬁﬂdﬁibggé ?ﬂgﬁamH:?Z{hHS) and porcme
equi i brated in

HS iR %o%aﬂéﬁ%féglﬁlj@w@a ki Ho'spagpumsn HicsblapiidhOs! in all

fourn @ AndtRHnEBR WRpickdlif ?%%ga M‘tﬁetrg’s%eét?s}éj@ecﬁﬂ‘éitse\!v%Gi%lated by

under gravity. The colum is washed wth 10 col
stangdand piecedures paH kmwnamthq ait. Boytifepien W@Hmaﬂﬂe@QYmdl 24h period

as c%g%%re%l %i)%x%p r[%;\/l dyS()&@m%f ?{é %fj%gtﬁ{ées Elg ?&é% ?%dgi.dtalﬁd ]thévleffect

comfpardtto arwenicanPrigimi)g AhHagrease ad protifetatbe was db&#Gsd in all cases.

AR ARy A Rt b B Ao TR S S ocine

HS wapid 86d dse roﬁsdrﬂéd fdibd hisvis S dg/@EAehily tesht §0d1g/ml was found to
resuspended in a mninml volume (100-500 m)

reflecd theaiesRicHYS epigrmeior dymapfNBoth eptime Weve @beewect g1agpgctive
of n%\aa@éo%‘fasag&n&a gRu8 %d/@lglmleﬁﬂ rd@mreﬁ&a@ss &&e%d%&ae&a (P%hﬁed
. Flve vol unes mM Tri s-acet at e,
HS frgmaam@@r spegies hod gu@ﬁ@d Hsénmlpﬂvatsemarsp@mmt an s uI phat e
di gested by addition of chondroitin ABC |yase (0.25
U sanple) for 4 h at 37C and further digested
overni ght w t h Exsaapledd7 Pisaccheride 4nalegis e pr ot ei ns and
all of the Iyases will be digested with Pronase (1/5

total vol une of 6&%’?@{ {;@ngfﬁﬂﬁ%%nhﬁ‘lgg Q@ mv

Tri s-acet at e, clum acetate 8.0) at 37 0C
{I\np[[gfﬁc\ﬂ{h&n% %:cln%g }E? ﬁeqﬁ]&}eﬁl%r({%)é{l %1 E- %ef!&%@gﬁ (Ii?at, fa%glt or

cowc Alherbope eeimlpleub gound ey lab{i’ﬁl °C idd S50 mMeNih Clawith phosbhate buffered

gr [\on I.ete.Tesa le 15 finally de t.ed qn
saligg FHS)SB FPeiE it whNen Aith R Tencm gh A HR b fssve Homo-
geniz@i {18G3a8¢ts), fihiaewah dn¢ @Hradfhxs 06 Qdm@%éﬂdte Re@eR Gently removed

Hepar an suh{s)hate characterisation [0 97] To renmove HS

and (geBirifuged (BAVQ Fam dor & Y dR Femoveany) esdl debuis; andutiered @t 2P °C
om0 NSt ol g aghy 869 R

Sepgmhc@umat(é mb equtlibdatehin 25Q exM NS witly phasphstedpffeded saline
ST 2T 1R SR R 60 v
Theraﬂmhnamsnashapaﬁtht L0 asRinih @phukick | fad30 MM Ne@Rid 50mds PBS,
P 5. gl P PARRLB o ] 258 o) £ M NECT i 50 M
PBS and 2 ml fractions collected. Fractions comprising 3H—glucosam1ne 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
volumes of 100 mM Tris-acetate, pH 8.0 is added and chondroitin sulphate and
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acetate, pH 7.0. Heparinase is used at a concentration
of 50 MU m in the sane buffer. Sanples are digested
wo pooshe77pz esence of 100 ng non-| abel | ed carri ePCFSG2005/000137
(porcine nucosal HS). Each sample is separately
i ncubated at 37 OC for 16 h and then a second ali quot

derhtag RElphete Aeeerd d pddtioH R CREndofinABA N &€ 1(045 fU/sé&ﬂ[sle) for 4
pre aratlon of total disaccharides for_ SAX-HPL

h at{appad durthes digssied averaighbwits feshpnaysncn §inady cae broteins and all
of tﬁ@ ‘Pﬂrﬁpsebvlll? de 'Ei%e'st%dq’#r EFFIO%QS El/?? ot S AfmbE Yr! I@Aﬁg/nil Eronase in

arinase for heparitinase
5006m Tlh%ﬁcdﬁ%péﬂl mMncadaiumlacétate, 1118 84)) aadd “Cifoal4 k. an

Sarl0t28) The.SFFF ¥ G B EEL LR AL Bolety e peep 2 mi
DEAEESphaé&B |colﬂni&1 @Ditét s ﬁrlevibu@lgloddéaﬁbddo afi®daht fla&‘i’ons collected
renove a{ excess protein, [0198 chromat o

Thegtampg i tinallyadesalicd onsg il 35 ﬁanBUQE]t B2 icalupay gk the aV ffaction
1 Bio-Gl P-2 (1 120
Coug gHE{E%%e%%g%O&?rféﬂné%& g%ﬁ clolourms. Rungﬂ n)g; buf f g:ﬁ

for CL-6B and the Bio-CGel P-10 colums is 0.5 M
NHAHCOB and f or Heparansulphate ghargeterisation 25 M NHAHCOS.
Sanples are routinely eluted at 4 mM/h with 1 m

f r a[@19TINEo @ﬂhd)\&aCHSCbhaEﬁlrfr@ﬁetharcatel ?Ietdiml,hMmples are incubated in
: n . : ¢ ]
IR M ook o, T ey SRR G e
d
aci: XHek b afiRiH i AHCHL GEREEALIAD A @%ﬁ%ﬁbﬁkéﬁhﬁat%%wed:
sampilestdne ngi area GL—6]B &ghmamnt @ x t2dtmp toraivige phelased HS-@Bins. For
[ ased on publ. shed l| brati ons. Di chari de
1S ol RE s f B o Rt teb bt ThReuAS Tand depari-
tina8 &V WL tsedrit 2AYnddlEtied bL25 &iU/HEin COMBMLsBdium acetate/O 2 mM-
polynmerisatiqon with a m xture of |yases or

Cakg‘fu@@@ﬁtém PH;-& JdepreRasa ds vaedopt greopeanfaion ehal n&l@lam ghe same
buffefC ngﬁg af®VdiBsBdGR thdprésenbE Qf'ﬁj(ﬂﬂgfﬁﬁﬁﬁalﬁ:ﬂgd thidet | Hgggorcme

correspondi ng"to di saccharl des or/ tetrasacchari
muegsal B8y E@phs@paﬂeals@bparaﬁebem@bamd #PTakdfog tlorheandathen a second

allq&ggggsn%aggéq Y& 19&u%§ﬁ-‘:8hf%¥| d?ﬁc‘rtl%%ﬁ% RS %%F Z)tr rﬂ%lraLﬁonngf total

ums Tn series in
disacdimarhles - fdt eStAX-lPH&G‘/vanﬂysm,dgadpibﬁdhltdlg@B doropyisity 10 jng non-

taleg b et 02 o oD fepAredse 1 2 Bpieve i Bengeitinase

for AhB S meﬁqleﬂarnuas@m it 18 morz{h@-ﬁl;ﬁﬁ%ra&il Motlo&* dasRd ase and
fal |l owed by 70 m.n gradi ent of 150-500 mM NaC

hepafitigate 1V ob6 ih eYampies &e doad downdo dgss thag 100 m} aed I‘@n@) a Bio-
GelP- 2%8!&3{19(;1%9120% | DRlethi DA r@ﬁlb%’ hiP EP&&%% ll¢gpne/ Beta
a d, Pangbour

A- 200 ctor nberra Packar ne, United
Ki nigd98if) Gelrutiramatpguaplty dfintact Eles ar ssissiog aratmcts[i®géfdrmed on

seolfiest R8T SPou e B e, P L% ol RO I ATEER 200
cm)Gcaﬁﬁﬁ@ mmﬂ.ss%?bbﬁtmrcﬂ%ﬂ and@ Nkt Mo-(ﬂe[‘ P-10 columns is 0.5 M

d cA- AMBnnR( 3 bet ween 45, 75 and 46. m n and
NHJIE Q5 mpdierBio€s) Prdcowam 10025 M NH4HCO3 Samples are routinely

eluted at 4 ml/h with 1 ml fractions collected. For preparative runs, radioactivity of a
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.
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and 106 mn. [0201] Lyase-derived disaccharides are

subjected to SAX-HPLC on a ProPac PAl anal yti cal
wa@obosmmr7¢ x 250mm Dionex Ltd.). After equilibeBSGTINS/000137

in the sane nobile phase at & m/mn, sanples are

i njected and di saccharides eluted with a |inear

gradi ent of sodi um chisacéldeide mmifist M over 45 nin.

Fractions are collected and nonitored for 3H I abelled

tet PASOE DhEEAoNt tmombE MBS iR AL atter
eithpo nchmyplotes defldymasatohawitbles mixureonpdyads t @ dNO) etreatment.

.l abel] ed standard results which will be sugpl i ed by
Disaechagiges) apd/on jedtgsacchaqides 1 1eq9xpiedaly Bierfiehds? eshrorypperaphy

R : P& a4k h f i

on R | ety (DB NE) S (iR YRR 8 pooled

sepaiately nip¢eae-wldied byd stotedisd t 266, | HNO 1deMvivESisherdhbades(gueiseparated
5.5 wth 50 mM biotin hydrazide and 10 mM N-etf hyl - N

ustpgi et thpcalih &BF‘B‘WI o SeHhs DB ringkije pBpses(dgublezgistilisgnvater

adih@BP &S BHW. S withBCH1201 ilyhal €A JARbWw, SEPAIRIEGus £ ent is used
excess reagent on'a PD-10 colum and virtually

overray @Q}@ﬁtesoﬁai?’y miipadfien 4 k @aintipjegtign phasept 40 ininrgradignichiom 0-150

GRS LGRS BT FAT BROHSER, 18050 SRISHE U

eithemeolledtéd (P ut 05 mbfrectiomk) pORDA]toded inhime eisingdi radidmatic Flo-

ongfBier (5300 el BT Saek o rRbiv e Lot oRifkdok) and
corfipdrpd & AdheIRidRiaA8Irds. SO that the HS can interact with a

correct R‘{onrti on of tissue-specific growh and )
adh 8200k Maien peakst gre Jphedladi in iKigeesi Ynel Woend three minor

' it 2 ; .
disfAREEA pedl® S s O, SAEALAT At DeRER BT ol 4 i
GleepNMannRABS ebatartand. 15 amkr46. M man did Goor\-ANFammR(3 J68) between 104
cfg(?é'fled froma HS m x (one-by-one) and HS specific
an BUth factor that a tissue needs for
gr oyg2e1y t?@iéedeﬁ&/b@ Risab&hatided AR @bYechit {0NSAXSHPPE én a ProPac
for essential factors that a grow ng/regeneratin

PAL; apslidical golmas (4 Ex2tpIR, PioneAnbidy)s iAftast cquilibrgisgoin the same
mobRPHRAENGH F{(l/fg% %P%S! dre E’ﬁ@%ﬂeg Shatdid ct%gdg%?ﬂei?ﬁd%m a linear

bone cells e in vl 0ses o
gradisme ofii sodoinu shlegida frah | 0-prMl ofer 43 insin. Enaopioes larsmkeldected and

[ 0 n S ELJ.SA [ che, .Swi tzerl and)., .
mop{ BR8P s Aethey R et bicp challnl; NTRSCapi bt A fRitbcharides
areV\siib@.cgidetmtﬂemamea{;m]ﬁ](nﬂfmd&(?ldﬁﬂgisaiTBirMCcﬁﬁriﬂéée lhl?@(@pared to

t i spupt the_ su ation | endogenous . S we .
doqhi%ﬂabg@%fﬁ@tan axd gftsaﬁwﬁ&%ﬁwgh be sHpPHcq By &yt GopstonJgpsen (Christic
HoSita SVR&dhe¥Bl lUK)D @ 96 wel | nulti-titre plate, and

incubated at 37 °0Cin 5%CO for 1 h to allow for cell

attachment. Following this, the nedia was replaced
wi Kxample;j 14 Usg epaandSulphs : ienti . ’

h, using serial Bioscaffold

3¢ bl Hepas

pentionwithalrhpla

[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

of virtually any synthetic, biologically inert therapeutic material.
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di lutions of media containing 10% FCS as the assay

control. Cells were then incubated with 10 mM BrdU for
wQ@2005a0773¥ O0C, denatured, fixed and i ncubated m1/RG2005/000137

anti-BrdU-POD for 90 mn at BIP according to the

manuf acturer's instructions. The reaction was

catrgr05388 oRY eﬁﬁ%dﬁ%’h 5133& REd 4 814 hlslagﬁv%ﬂﬁh ﬁe? ot highly

substrate solution a termnated afte
purikedpgdrokenTinsva bto phdiceler ewityer sdphadted d@@aims); s¢ \hat ftheaHS can

lnte)'[\ﬁ%{ @Jlﬁ)ln 4 8&&% g@t%Por P Sf'désgue-éﬁc tggg)()'jo(wth gfg}gglivggf[a%rs for

whidsiings hieaiglneda.n dobagkgplel M5 aonld” bksSintddisted st aptorasaffolds of

r epeat, dth tlmas the 50% effective
hyd && % aPtr i VQPﬁ;e aflaDgﬁ éé‘f’tlé?emr?f@ﬂr tQliggatively, or in
addﬂﬁh”HS(lﬁhﬁ be ]Iﬁl)nﬁem|aeH9}§n HyLGHRY a8l B specific for each

nposi tion from Bone and Non-bone derived sources
factfloﬁxas]ﬂ tissueppeads dors Erpvd/sesenesaldorby HSpisdtheredy asting podbait" for
r m ﬁy herei n by

esseillﬂ ef?gﬁﬂgghatc?%}gcc ar%%%radn %ggévi%tq% g&@e%s different for

HS isolated fromdifference sources. Table Il bel ow

Kxwuple dSopanallysiv of thedaase DrependemyrfdES vh divdl Bifolifération of

adenoma and car Ci notmgljl% F‘(‘I es. llI—IS sanpl es were

degraded by conbi nediegdiramecells;” g |

di gestion, and resulting di sacchari des were anal yzed

by al B’ t 0 I .

o TR i) VFor B oF MSRYES Whterklife IR QE pH6oration
enzymd:—haked lmmhhosmms aksay (GLISA) ¥t (Roahq| SwitztrlaAdpl Twednsy-four

of thethe n the healin rocess of a . .
houfS,REOY fou Segl ﬁﬁﬁ%%ﬁr galsaweﬁr SERHAR S[Ft%ms] frefaptaining
50 n%pf NEelo %Qhé'fﬁt;tetthﬂ‘pﬁﬁtlJnaéﬁnﬂ?%&oﬁ?‘i’ﬁs@%‘ﬂg e tﬁéﬁ's@&ied in

5 rrg/k am ne aa xyl azi ne
starving magrka at @ dendityi of ble cmlls /Qf:lt mellsmer 96 evelr mpHi- ‘aﬂre plate, and

e Clactt (0 e LiogNion e oo Eefianeat o PRy B, the

meﬁ@%ﬁ ?éﬁﬂ)ed ath 1 disRRs or s I@iﬁ%ll@%dﬂ%f ba WD8sing serial

femur coul d be adequately visualised.” Peri ost eum was
dilutions @lpmedif containieg befladCShardtha assagontok €ells tvent they incubated

i g e PRI S e A iR mr-ro

for BOCHAA R vaP ﬁ@&r&lﬁ? Mo %ﬁ@%élﬁfz{&ﬁrkf s andirietiBH8. STROkAction was
K-wire down the intramedul | ary canal of the distal cut

catafsised o theaddisienrofam tetremethylbenhidinenabstratatsolution andt terminated

f h d t.he .b Th .
atel, 8l S oS0 b PRGBS gl A 4 hbence of
690 i Y A4 Bid-Ral BeBdREMb A WiieATpdte Rehildr (Bio-RAH! AAPEISA) and
felt inthe hip. The wire was then trimed to reduce

corrgefed psirg blank end bﬂcligmunérmatr@len The assw Weepeaﬁdethgaeltnnes and

the S0P fEyetd ngefﬁgags% 35 TR el Bt Bt . 19)

fasm a and skin were then re- apprOX| rrat ed and sutured,
: [k

FQ ] g\ Bone and%‘(‘mrl (r)r?e ﬁerlved

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

of the adenoma and carcinoma HS species. HS samples were degraded by combined
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operatively. Callus size [0207] Foll ow ng euthanasi a,
both Iinbs were excised and freed from nuscle. Using
wo ovsapm72t he intranmedul l ary wires were renpveRCBHIG2005600137
callus size nmeasured in the anterior-posterior (AP)
and | ateral planes using a digital Vernier Calliper
hep£r§ﬁ§é @yﬂ Mﬂ)m @iglaﬁio%f ahd ?e%ﬂlﬁﬁ% dMBicehdr{aes wemﬁa‘-h%d' By SAX-
4% P t ubes. alned results showed
HPIttl“oraTh%;ﬁsgltsAm@pmc@mm@ns@fz@aluw elriainag fromy flerequalstepminations,
HS when conpared to the
W‘ﬂ%:%%t%%‘}aglﬁdﬁé@%n%giﬁeq‘é&% (p < 0.05 Table IV), with
no difference between the groups detected in the
Eghfipi17P! & VSIﬂ)f the/tRE §8celetatich b ﬁ{eq{&ﬁngﬁg?oge%g 6£5 %Une
I'n elther t AP or rateral planes 10
Thus the heal i ng procefsactupsbullsel erated with HS, but
reached the sanme endpoint as the control group. X-ray
and Quantitative co qqﬂ]ggraphy [ 0208]
Radi ogr aphs of the ?:Sgﬁ?&égﬁg‘qf‘t‘ femurs were taken at
a distance of 100 cmin the AP plane (see Fig

Fr 40200 Ninety| {0nyeekaeld gnalel distsy rags me@astmttmé pla@?m ® mg/kg

R R T

prea@@ibns a dh oer loagifudingl psisonswis vaated (a&‘nm@tlsclateral aspect of the

ik B A B TSR o 55 L B

couIii becﬁletp!iﬁtély g'ﬁbuhh&dOPdargjsfbﬁhl Mmhppal Bohehe Oéhen 8685 &ansverse
a systemc ef f ect two_ slices were taken

°SteﬁFﬁI‘é)b‘éfF% esl i the depra] P%ﬂ%é‘f‘% rging 2 $Hykeg seital saw dKﬁlgm%aaoo ML,

USAY. aStrPfer APS hfcfddrRRAwaANRR kQLD dangs. 1%%%&1@!(@8@ Bown
formatlon [ 020 9% I'n order to determ ne whether

the intremeduléary gansd of the distalecut end ¢fethg famguragdgub atrihwkseed gatil it sat
flush %p{‘tgln §eﬂ§,§? éﬁ{, ?‘g?%ge é"’fra?ﬁ%?io}f %Wa's ?ﬁ‘e feﬁ J:er&t agﬁbﬁ%ﬂ&ﬂ and
the Keaie delled aetmgrade nn ﬂ@emedullaqncdﬁahsﬁtﬂpbsmﬂd be felt in the hip. The

trab ul ar fr ti wi.t hin the total
wirg 3 G, G fotppes e henGoes Bt ilsimipian g @ ¥nce. The gel
(106 phtwidi 6r whBoe N9 wme&w arolifd aﬁe M@érumeerélwpe@rw tMﬁ:ture
perimeter (BP) neasurenents were taken fromthe cal

sitey $5¢ gHisclgn @éhan@ skifb Weg then fe-appioximaigg apd §awvm<b§né éhe rat
These feHRAL !

sivel 098 SUAT Tl s R T AR B, o) TP 462 boyrs post
opemtively( BVx2)/ TV]) and tr abecul ar nunmber (Th.N,

[ (BPx0.5)/Tvxl 000] ). These neasurenents were averaged

for each group, and the ¢ffulsize Presented as the nean

standard devi ation. [0210] Hi stonorphonetric

me . 1 % | B

m%ﬁfﬁgﬁgﬁéﬁgﬁ‘ﬁ?@mﬁ %RE’I B B% &geges g}(dlpeg %(d(fgee\@r_ttrgm muscle.
Usid@ forcepsg g sihirmgeddlaty wires were removed and the callus size measured in

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 ug 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
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.
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i ncreased bone fornation caused in the increase in

callus size. In contrast, no difference was observed
wbedozaeri7t he 50 ng HS and control groups. ThesBCT/SG2005/000137

differences are shown in Figuese 18, with a greater

m neralized tissue and osteoid present at the

bone/ carti | QQ?asyi m@ggaﬁﬁtdﬁv‘e%ﬁlﬁnﬂ@ni@d%hﬁ) )he

callus in the group as conpared to the 50

HS ontrol  gr he reslts al so show t hat

Hs[‘?%gl Kadiograpp® #Hﬁwg& andglek feRHsarer (a5eR Shey éwstance of
100 kil 1S the TAPNbMAS (K€ é Uil aepnq&actﬁﬂaehé’ahﬁg GHES gradb@ I5SD i Hihded

that i ncr eased \V/ TV may have been due to |ncr eased Tb

orthappedicafuggsons. h ARIBHST qusytletw\?ee%epute\ﬁon\sbgraﬂilﬁ(ﬁm‘é%mbthen
cond¥ RIS E AP Ate VRICET-SEHR é)@@f Q@ gnreP Gnd ﬁfaBi‘éﬁSsoftware (Stratec

|n|cat|n%€mhat these fractures were all at the sa
Medizinigehnsik fanhh fgrmawdr Aing Ionst sliaes Mg mm}hreegbr@mfwnoral
mid Shatt, 3l AR S’éﬁ§hééstﬁﬂ) b tﬂ@&ﬁ%ﬂhl@a%ﬁ%ﬂ@r T{)hclggﬁgf i) ﬁl’gtemic
increasein cartilage®production Wt he ca [
effe¢ted ftin $wo shicesiSrese pistre @ mmrparhin the cottdlrieairbedyl e@rresponding
to BB A BFILAIERME LD Salrant ioO Lo assess | he
age o artiTage formed within the total callus
(Cg/TV) The cartilage stains red fromthe safranin Q
the nuclei stain Brakecilarbanedotmatien oxyl i n and t he
bone stains green fromthe |ight green counterstain.
Si 1308 15 Brdet R0 BGEARne MRt ATBLIAN: fiRaRS SIZB 0 fhe § g HS
anount “of cartilage wthin each cal
groupoyas d@am ipsreppid,trebectiey bape éormagu,r @am fsm dded r$¢‘tth’é1§ avere
staif®dawh J‘tsﬁvert ﬁra&er&exﬁér%)gfe ?ﬁe %: de'vEf{x: 'e}ﬁostsg %osmve

tota a | us vo
trabeaudan| banewwolomaviormafeeh fgthi® tlatartpﬂales:abm vglumep (BYAGVY. Hdsing

miof 3t bl SRS o D8V TR, «SURA) B LAY e

(BPmbiwremaﬁwmakea fmzen ¢heaqyliad rdgtonsainleach glidey pdthato lesstthan 9

19
st B Bl R B Than st I e Hjomine BV, o
wellf aaciabe@dar Dedkaessi (AL i (B Vtxlzyw?) teg@lteﬁ;éaﬂ%&mber (Tb.N;
e

(BRs eatf e emmElorS olre duphtd Tneich Btoup, ahd the

resull® pREEAtOEES th@tee@elsmﬂﬁrd&reelaeahl s originating from
i neage precursors that

e/. macrgphage
spi&fﬁ .@eomﬁrweﬁegr}ce%awrawts saYied 2 REGA lgeeeseolﬁsBV/TV
w1thW§ %&i@'cﬁﬁ@ax\@!ﬂtﬁ fherdonfbP pk&P & and.08C Fik. pfsas BRGSe8®fY that

stalning to aSSess ost eocl ast nunber |ne
mcrﬁseﬂ Heneoﬁonvat&» Gapsadhin theh!élceaﬁq inscalles €2q- alocgonirayt, epdifference
s AL R SDRELES S0 LRl BiRps S OB B GR ghovn

Figure 186 snthcx g@@tﬁr aniperalize tissue and rosmmbpm@ntcﬁ@ rthabpnaieprtilage
1nteH5’Jeewft}pﬂ B mitd &f thileht gfs {38he § g‘ﬁﬁ% (J?x?f) a\é' #@Lared to the 50 pg

nspection using a gridtechni qu
HS asdeccwg@h gfaups. eﬂmrregﬂtsmqmoas’r@\xpthaSE ngddS amrctdsed Ti’ba"ﬂh by 16.5%
as cgrtn%grgag rg cgl?t\r/ Ihﬁ& 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.

Safranin O Staining

[0211] Safranin O staining was used to determine whether there was an increase
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[0215] Multinucl eated osteoclasts were primarily

observed al ong the bone/cartilage interface within the
we@adosus777m t h nore osteocl asts detected at 2 weeksGriamoo137

at 5 weeks (p < 0.05; Fig 21p¢ However, between the

groups at each tine point no di fference was observed

al.t.hough ,t here ndtovvardt e bej
in G eab R i B HIRRn GRET s Bl ol prbion: aratfin
emtgddetp sectiben 6@re HTHncd @&Eithnsﬁfra‘h'ﬁ@@[ tgﬁ;istgéécsleﬁtﬁé p@fbehtgge 0;[‘ caréllage
ost.eo e i s understoo
fOHNfQ%HBWéL? R 6%@22@ 5 ﬁ@&aﬁﬂawwﬁ refbtrei {h¢ gafranin O, the
nucRYSGAPbIuB ffont theMeinhiokdlih @Rd ATbIUR diAhd %féen $éeh tHeNBht green
enbodi nents ot her than those descri bed herein are

coupighstaipm SERHY |hi Eabesiddte PppR | fegBation eeagiremientst fike (pmsaat of
cartl itRin éa@ﬁ wa @hd tl{eot%%az]cal-ﬂlikev&hﬁﬁl e ﬁne%ﬁggd and

pat ent and sci document, corrpu er ogram an
from | thesei mmwre@ieem, dbe percemagen p§ cayitagef Withini thn togl callus volume

(c:gw)o qot8 éﬁaﬁﬂmga il I%glﬁwgew&a & 70/ g?%%aa@@s @B{gm\égaand the

|sc at ed hepafan su
resultsam m:eﬁe],tectﬁsnbe medrl + stoodard |dmat1m$ (ee ﬁghte . stem

cel ran claimil erein t
o W2 o lEPRLRAs R A Rty In@isBlchienti oG ipdtdfy o 3
groﬂm abticah Qeahdff ovecks (seenfipure 39) Thegedstpatian ESildpksahe mfluence
2,..wher,e e.mamal is a hunman, bovine, pig or
Cart}cl%%etﬁ] athon]'?ﬁléaﬁ‘&g?cé?fe@ul phate of clains 2 or 3,
wherein the mammal is human. 5. The heparan sul phate

of any of cl aDeteriirnftioh ofuhi€ Ostdoclaentimber cel |, bone
precursor cell or stemcell is cultured. 6. The
heparan sul phate of claim5, wherein the bone cel

borl82hHekq pradysedhs speskity o6 fecafact pEHS«w1 banechealing, the number
of Séﬂ:&dl'éfs%d v&a% d e 1ﬁe b@feg&ﬁ% 4r¥ P&its Zrlgﬁg%%aﬁonocyte/

hat e erein the
maqu;t@gﬁ bmag@eqrd:cur@r@éa@@t@dha‘ermrbpnheesgmp consi sting

of VR1 UNVR2
LRt SR Con R bR ss g ep SR i phoSpnatase
(TRhﬂpataaMng 0 ﬁslasltsfbstéeblbst hhafnbbﬁ engu#esfidlﬁ cﬁdnéw Wﬂh@mf‘}k WhREs were
tae St at e eecte romthe Qup or a
takeigh e R TR LA B Sip e DR s A iR cons DP70
camERe ah@ plaP@Bntwle@ heativagd Vany.1@5e oﬁte&la@tmoﬁme for TRAP and
wherein the cell state is aﬁ!@wgarlt m c_growth phase.

Conwmg\ e HBRR LoRucied gyede ithen echRY stsysh amS@e%tmp\mg Agerid-

teclﬁlli’tﬁaeStT%E @éulf&;u%fey higaddBPRE ACH Wri}AhRd frQehRd tds S emean *
Il selected fromthe group c sisting of bone,

staqggﬁdedewatlon

[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
in the 5 ug 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.

[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.
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cell, a bone precursor cell and a stemcell. 11. The

met hod of claim 10, wherein the bone, bone cell, bone
wo@e@sunwor cell or stemcell is obtained from BCTYRGEE@E/N00137

12. The nmethod of claim 11, saherein the manmal is a

human, bovine, pig or rodent.13. The nethod of clains

11 @aind®, Wherein the bone cell, bone precursor cell
or stemcell is cultured. 14. The nethod of claim 13,
wherein the bone precursor cell is selected fromthe

Whetrigglaimaeshisi sting of KS-4, UVRL06, UVR201, MBA 15. 4,
2T3, and MC3T3-El. 15. The nethod of clains 13 or 14,
C [

1 “ggogagégpé@g% LR 56 Hofle hdnBOBH HoTofoclfsBEAN or
15&nmhﬁke|n the cultured cell isin a logarithmec
grovvth phase. 17. |sol ated heparan sul phate obtai nabl e

or din tho 0]
2 TR b phaF oEBHISL Phesnd i f b BodSeau, Bng égcuf“’f
heslabﬁgteﬁweuhgxbmamedﬁbm mlatrm:ﬂa,ny one of claims 1 -
or 17, and (b) a carrier or diluent. 19. The
pharmaceuti cal conposition of claim 1 t her

30 oS ERAY Sylphate AEClgim ﬁo‘?’g“-’fﬁ‘ﬂléh%’éﬁag‘é‘? qlys %lﬁlem% bovine, pig or
myhegyl e(s) capable of stinulating bone or bone cel
grom h and/or differentiation. 20. The pharnaceuti cal
conposition of claim19, wherein the one or nore

4piBedgperan syiphate iof elaimy Lex s S(grein shesmpmaab is Fodm: t he
group consisting of: BMP2, BMP4, OP-I, FGHl, FGF2,

'etﬂe aran SiI B%e of Fy @Ieblal,ﬁ@lll t@gfe{ifhlrelﬂ ARHRLE celt, Bone

FonBet n Vi tronect i n. . The pharnaceutlca
c qrpuissot icalh ongtem| cgll niscud@rado 20, further conprising (d)
at | east one bis-phosphonate. 22. The pharmaceutica

I e. b 8-

67 ol o of e BB bR, Bo RSB R o
C|stahii o¢lhisdsolateé anid owittrerd topremmduk othet @,11 typssedr onat e and
zol edronate. 23. The use of a pharnaceutlcm

ition cor a of .cl
TroaBrtzerian v BRaE ofelitet el e AL R bR pregblieinte
neerbcefll fidns Hegrro@peinsistidgof Kbet, lIllMRm(f)6 dJIMRrZOZiMBA 15.4 2T3,
wherein the tissue to be repalred is soft or hard
t | B4 MCIE3-Eithe use of cl aim 24, wherein the tissue to
be repaired is hard tissue. 26. The use of claim 25,

smﬁ{eeﬁegaltah%umm o icREHE, Whel2BBe hefarad §ilp m@car has|baérs
whérein the repair of the hard tisSsu
c dAginted @@nac@tvé?ﬂ 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.

11. The method of claim 10, wherein the bone, bone cell, bone precursor cell or stem

cell is obtained from a mammal.

12. The method of claim 11, wherein the mammal is a human, bovine, pig or rodent.
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of adm ni stering the pharnmaceutical conposition by
coating or inpregnating a surgical inplant, prosthesis
woroositoweaf f ol d before inplantation. 28. The uBer/®6G2005900137
one of clainms 23 - 27, wheresn the aninmal is a nanmal
29. The use of claim 28, wherein the mammal is a
13. huriemethed b @ainf3i 10 d3112 GHeRin thdBonelEedl, boge Plecikdd d¥1129 stem
wherein the mammal is human. 31. A surgical inplant,
pr§8thediugedsy i oscaffol d conprising isol at ed heparan
sul phate according to any one of clainms 1-9 or 17. 32.

14. ThEneShe thod adf élﬁ'iﬁ{ QBt wh@feﬁﬂﬁéeﬁ(brﬁz ﬁfecﬂb&séﬁf iOkde@éd from the
claim 31, coated nR nat ed th said isol ated

hegrewmernsisting af KS- 4331 éﬁM&ﬂ@&l MBﬁplfaﬁﬂT%a 28d M{eEFSEL.

or bi oscaffold of claim 32, further coat ed or

e%ﬁ{}%&@ﬁfg&l’h %‘% 1%'\63%1 élgen%E1 t%zglﬂr]rll’h#}r:é %Eél} it fi g%%%gﬁ n

argtowtltpltaa@mtaqntacsmhlb'ttrcd surgi cal inplant, prosthesis
or bioscaffold of clainms 32 or 33, further coated or
i tj.dr .
16, AR b b1 S R A G R I P 1B BARHE B
bigmeaffold of clainms 31 - 34, conpr|5|ng a pol ymer
t hat incorporates hydr oxyapatite or hyal uronic acid.
surgic ant.,. prostheti af f o of
17. 3 o150 opiicrs SdanasEBh GepicBeing} et od PESiLS daifis 10-
This.surgi cal inplant, prosthetic or bioscaffold of
cl ai m 36, mherein the hard tissue is bone. 38. The

surgi cal inpl ptost hesi s, or bioscaffold of any of
‘é%ﬁ%m?feutlcg anéﬁ’osftwé‘ C,Oggg}S}ngof dental danmge.39. A

ms@g Séljoéﬁgd B%)%?e{ gphlape a¢c to ra\nﬂ 6&d opﬁai&ﬁssls ug or(:ieaénd

I'Ag ar naceut

COMP A ide?Br 886k di ng to any one of cI ainms 18 - 22.
{B?Thgrrretflod of claim 39, wherein the tissue to be

reﬁ:u red is soft or hard tissue. 41. The nethod of
19.c| emhwnaqm@qwé pﬁrmh@twm gb¢laim &8, derthes sampaigings har d

t| od of c
{8 P acIoBGay SR HERHTHP) P! mpfatag Dot or

Wherl%ﬂ% eNgréveihant/o? diftdienthdibs tissue conprises a step
of adm ni stering the pharnmaceutical conposition by

coating or inpregnating a surgical inplant, prosthesis
20. or Thy phesmpqesiical spmppsifian of claing k9, ydesria theRegimmere biplogically

44 ctivh ﬁm'i%%hiegg @&1&% 258 tﬁ’ef %;%hﬁ eSRsistRe ofAMPHN eq\mﬂ OP-1,
he ani na a manmal he" net hod of claim4
V\/nEGEl FGH Tedphl TGE-B3, ﬁGﬁéﬁi Colageanel,, 1gmigint -6y ﬁbmnt:ctm and

vitronectin.

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

(d) at least one bis-phosphonate.

22. The pharmaceutical composition of claim 21, wherein the bis-phosphonate is
selected from the group consisting of: etidronate, clodronate, alendronate,

pamidronate, risedronate and zoledronate.

23. The use of a pharmaceutical composition according to any of claims 18 —22 in the

manufacture of a medicament for treating an animal in need of tissue repair.

24. The use of claim 23, wherein the tissue to be repaired is soft or hard tissue.
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46. The net hod of cl aim45, wherein the mammal is
human. 47. The use of the isolated heparan sul phate of

waegsaoE7pf clainms 1 - 9 or 17 for stinul ati ngPCT/SG2005/000137

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

regeneration of tissue. 48. 3%he use of the isol ated
heparan sul phate of any one of clains 1 - 9 or 17 in
t Mae nedof @gibi24 wiferddn (RAisSadRIHe rbpdiresitis Aatdatsbuey
regeneration of tissue. 49. The use of clainms 47 or

48, wherein said tissye is soft or hard tissue. 50.
Tﬁé‘eﬂ}éﬁe‘)fg@al& §>W}W§?ln e Hswgigbmessue is hard
tissue. 51. The use of claim50, wherein the hard

t ITHE WSe bSCINBRDS 726, WheYeRLBE Sepfaftlof $hd A &kdudGomprises a step
regeneratl on of tissue conprising a step of applying

t Kb admbyigerang the pharemaceuticgheameapasitiondy eopting af Wapregnatipg a
0 . | . tissue
B T
said tissue is soft or hard tissue. 54. The process of
c [T nes& of angrome oif wlagas 23 t PEswkertio thaandmel ssuvamsBl. The
process of claimb54, wherein the hard tissue is

g CSRE oL 48 Sueih W hanhl £5, MGPAL AP 06! fodth

differentiation of a cell into a bone or bone-Ilike
c dlhe us&Ff clFime2Y vehepfin theanam&@] isiiverasi n the cell is a
stemcell. 58. The use of claimb57, wherein the stem

c ' ' r i C. ' : .

e L e S L O T
aateordingnd enyubee afapatlsd 09 os17.mul ati ng bone or bone

cell growth and/or differentiation is added to said

cell in.addition to.the isola hepar an. sul phate. 60.

T b G Thplafpis8 oS of BRAAHERL AFARaES WaBa8: fnprégaatcd
bivﬁtmﬁ@ﬁbla}ed&@pim[ﬁs hasul e(s) is selected fromthe
group consisting of: BMP2, BW4, OP-I, FGHl, FG2,

TGE- bl ., TGE-b 2, TGE-b3, . Col en .1, injn 1-6,

fi éﬂ@e;gl R Diosihsi ot PW?C@LP?‘? qﬂ%ﬁ%@ﬁﬂ%ﬁw@ﬁé Opf
Clim d wiiBMPhEBRIFA., 8ip-1, 911, 20T EF0IRNRPALEGE-83,
is ggl%gd tgvlt he cell. 62. The .useggf?? ci ai m 61, V\Eer?n g
t Keollogen bHampib bt Sbjosicetd erd WHORGCH t he gr oup

consisting of: etidronate, clodronate, alendronate,

p%egggg?afl fn)}?lﬁféts gqusﬁf%ﬁ% ©r %?Ta%@l&gf QL2 §33, furfiRE BOMed

for L bi ol ogically active nolecule
c ompmprsigngged with stidnete, detrnatenilendromait,ipamidnopates risedranate

candi dat.e | ecul e(s) binds to the isol ated heparan
s&Pgﬁg’?Sr‘)S?%any of clains 1 - 9 or 17. 64. The nethod

of claim®63, further conprising a step of deternining
a Thedliaxgaffeld of uhihs 8h—G#, samptising ®pelymer that incorporates

hydroxyapatite or hyaluronic acid.

The surgical implant, prosthetic or bioscaffold of any of claims 31 — 35 for the use

with hard tissue.

The surgical implant, prosthetic or bioscaffold of claim 36, wherein the hard tissue

is bone.

The surgical implant, prosthesis or bioscaffold of any of claims 31 — 36 for the

repair of dental damage.



10

15

20

25

65. The nethod of clains 63 or 64, wherein the
bi ol ogically active nolecule is capable of stinulating

wboos/1oT77bone cell growth and/or differenti atiPOT/SE505/000137

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

30.

51.

52.

53.

54.

55.

The net hod of any one of claks 63 - 65, wherein said
bi ol ogically active nolecule is selected fromthe

grompthod 0§ irsdtingnahimalriahesddf tieherphe compaying Astdp®f

nmol ecyl e, an extract. froma pl ant extract fr

A APRISteTinE BRARec et FomRosion accosfing 0 RBE pnerqlALs 18 -
cebl, a product froma reconbinatorial library, a
product froma cDNA |ibrary, a product from an

expr essi on l'i brar a drug,. a | ow nol ecul ar wei ght
caﬁg %mbi%yfaﬁ@vbtheéﬁwedo Be sersiingd ds7softrerdhapbtisiye-
of any of claim66, wherein, the proteinis a growh

f gt %etm 4o, RhERG £t %@?ue B ®e aY?H $d hatd ‘ﬁgsue

Queensl and <120> Conposition for sti ating bone
gromh and differentiation and nmethod for isolating

sihenm@@wfmmwgmtheb@dﬁlm@x&wW <160> 8
<210> 1 <211> 22 <212> DNA <213> artificial sequence

B T A Sl

<2Rp»f adPBusteningrhe phadQee@icAlDOMIBEEGEE byT@RGEF CimEegiating

<%]S9r>g103a1 1<1121p %ﬁt %ﬁosﬁlegig or Bllolsc‘ affold of claim 31 - 35 before implantation.

The method of any one of claims 39 - 43, wherein the animal is a mammal.
The method of claim 44, wherein the mammal is a human, bovine, pig or rodent.
The method of claim 45, wherein the mammal is human.

The use of the isolated heparan sulphate of any one of claims 1 -9 or 17 for

stimulating regeneration of tissue.

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.
The use of claims 47 or 48, wherein said tissue is soft or hard tissue.
The use of claim 49, wherein said tissue is hard tissue.

The use of claim 50, wherein the hard tissue is bone.

A process for stimulating regeneration of tissue comprising a step of applying the
isolated heparan sulphate of any of claims 1 — 9 or 17 to an area of a body in need

of hard tissue regeneration.
The process of claim 52, wherein said tissue is soft or hard tissue.
The process of claim 53, wherein said tissue is hard tissue.

The process of claim 54, wherein the hard tissue is bone.



<213> artificial sequence <220> <223> Priner <400> 3
CCAGGTTTCT GATGAACAGT ATCC 24 <210> 4 <211> 22 <212>

wObAsART3> artificial sequence <220> <223> Pri PeT/S€408000137
4 ACTTGACTCA TGGECTGCCCT TT 22210> 5 <211> 24 <212>
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DNA <213> artificial sequence <220> <223> Priner <400>

56.5 E@W@ﬁ%o&é&%ﬁ%@ ufhatt of4ny 2h0df Blafdsl 1> 929 194d2>

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

DNA <213> artlfl Ci aI ql%ence <220> <223> Prl mer <400>

gnte o pgue or honpilikexcelleo105 pna

<213> art|f|C|aI sequence <220>

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

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.

The use of claim 59, wherein the at least one biologically active molecule(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.

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

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 extract 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.



<223> Prinmer <400> 7 GAGGGCAATA AGGTAGIGAA CAGA 24

<210> 8 <211> 24 <212> DNA <213> artificial sequence
WE28810223> Primer <400> 8 AAGCCATACT GGITTGAR&LSGCIG§000137

24 42

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



