COVPCSI TI ON FOR STI MULATI NG BONE GROMH AND DI EFERENI TATI ON AND
METHOD FOR | SOLATI NG SAME HELD OF THE | NVENTI ON 5 [0001] This

I nvention relates to isol ated heparan sul phate and use thereof to
stinmulate bone cell growth and differentiation. The invention al so
relates to use of heparan sul phate with inplants, prosthesis and

bi oscaffolds to repair and regenerate Bone. Such use may be for
repair of danmaged tissue including bone tissue, for exanple 10 damage
resul ting froGONPO TN ERGBONE GREWTEAND

[ 0002] Al though therglrﬁ:g\?gp%‘gglsadvances In th(eﬁgge% of inplants
anchored i n DEBFERIENTIATION AND MEFTHOD FQRASOLATING SANELr  of
| oad- beari ng bone are rather 15 crude and often fail. Use of

titani um based materials has_imroved inplants: however, there is
still aneed for nethods andfu'.ﬁwmmlmy assi st or

stinmul at’e regeneration of natural bone for use with, or independently
f rf)m alnI i Irrpl antf0001] This iﬁ'ﬁﬁﬁkﬁi reltduémml Sisglied Gefedn QilpHIRl Mmdadse tﬁé?mé)ailt@xf
mul ticellular organis t hat, contr I Ssug, repai using.,a number o
mechani sms,S%q%%f%g?%g@ﬁog&aﬂﬁ%ﬁ%?géﬁm% i f'“g' BR R ?i%?t’?e es togfsg of

pr opagat i orheparhuy s@phaten withyrimplaits, pebthesisoamiebibscatiolde & kephio-aad hedenaite

I nteractio h nechani.sne _ar.e under..the contraql of

ext r ael | a1 3ot bt el B o TS 3 BB ot e o BPit. BBt

[ 0004] Mepaleemgsiebybting feond iy gt Jefetani nogl ycans, | ocated i nmedi ately
adj acent to the surfaces of neighbouring cells, nodulate the action
of a large nunber of 25 extracellular |igands, including growh
factors. It does this w tPAGKGERPUNPNRRETBEINVENIION of aut ocri ne,
juxtacrine and paracrine feedback |oops. HS are essential regulators
of fibroblast gle#hAltemizbthefd-lve tmet admataes othe area ofiimplaain drdhorediitr o,

and functi L LE0SS- LT plal ' . EGE.t o _appropri ate
For 1 ecapt aae isfuby Bitent AR BhEAC, Br JeBlTSe Regrhen bR IS Pl
al , 1989 @rdeand ofterbizils Rise gf tiggiumemsedvaateriay has &mprometbimplangs; BOMevend
805; incor t; rei 3 1.0 . Les
S0l at od 1 1o al SLR f gledlort BUH0ANGR] DBRMAR ACHR] st S uEAREL
shown i n BriFgeReratonql ngural baygdor usp g e drdsgsndentlye®m, tapdmplesfar at e pool s
of HS obt ai ned

[0003] Humans and other anjmals are complex multicellular organisms that
control tigsue repair using a number of mechanisms, including for example, cell
20  differentiation, cell propagation, migration, gfowth, cell-to-cell and cell-to-substrate
interactions. Many of these mechanisms are under the control of extracellular mediators

or cytokines, including growth factors.

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

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

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

30 Inmc, 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 é.ctivity. As
shown in Brickman et al, 1998, Glycobiclogy 8 463, two separate pools of HS obtained

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



fromneuroepithelial cells could specifically activate either FG--1
or FGF-2, depending 2 on mtogenic status. HS isolated froml og
grow h phase cells potentiated FG--2 activity, and HS isolated from
contact-inhibited cells preferentially activated FG-- 1. [ 0005]
A HS that is capable of interacting with either FG-1 or FGF-2 is
described in WO 96/ 23003. According to?his patent application, a
respective HS.5 capabl e of interacting with FG--1 is obtai nable from
nuri ne cel |98 H&Pg@’r‘g?t%?ﬂl@lé‘gﬁ“f logsaRVh Phiase Sellynstpatiated FGFr2aetidtya HS
capabl e of ahd8isbiddTEbmtdnfackhibded &S PletiréhtibliPachiateddGyani ¢ day from
about S to about 10. [0006] HS is usually secreted froma cell
coupl ed to a pr K08FINA GES dhat dndapablet buintaretiog veth tithea FGF-hepHAGHLZ is

| ph T
nder go a SoFOd ¥ Lpaty. Mbiide’® B8 pFR CuBiBOM Y PRteRe e
bi ol ogi @al carebie\aftipteracingywith iRGF-bis mlh@b‘: ﬁelermmmscreﬂemadnlbx@omqﬂmass
that of nuglgl Gbde 1St Qﬁoﬁgqgl w%fzre?é ﬁ@%%?ablle ofl IBL c&%eﬂ%ﬁﬁzﬁ? %3%07]

Sugahara and Kit agawa, ruct

Use of a p@bwa@leh%ﬁmtupmqmlﬁspmbgu oabwté@rrbu natl on with chl t osan
has 15 been des Ln | nternatiqnal ent | i cation WD 96/ 02259
for nmanuf acturefdgpaiﬂs é?gllfﬁéﬁ Sﬁﬁrﬁﬁpgmﬁfagﬁlit%}’]ﬁ?% FREes At Shthes
harg ti ssueefednal temamblmsaml;matb$ﬁnédg3ycde&mﬂd)1 Mtﬂm gﬁd&ﬁfpxﬁ?@ﬁay
use r . ar.e in .pat.e .

appl i catl oﬁ}n E?%Or ag%g? { ?%}r‘[fgﬁg&(t:lgns 5 SRR og %elyg? uﬁﬂﬁeéﬁﬁ%&agwﬂﬁ%mﬁone
i nducti on iGngplexsiy 0§ ES lian bid @3&66’:39@43111‘9&33 tateofamioleidi avitle t(Lindahl et al,
reconstitutg S onal |y
Contai n Ho 8" BRI Chea AR 2390, Susdlied e KRERES RBOL Bull Vol SRR
protein, adieleldS1ds optionally (typically as the morphogenetic
protein) an ost rot ns matl n growth factor.
[0008] | nternat E@ﬂg%sﬁé’? yﬁ?ﬁ’ﬁﬁ?ﬁ&t’?é\‘r&‘é{ atipp At ghitgsan has

ol i gosaischaednddescribbd &i Tnstudtionahphitat :fpptimih&@ wWao eemmu?oi m&ﬁﬁacﬂfre BERN
sklnflbroblat 1:1rowth 25f [ t|V|t

exanpl e FOP %@E@gﬁ Hargie, fﬁhtaffpgﬁlg @[gl SIQBE ﬁ%erc}f%]gr are
descri bed alssch@ng (gmui-H ] Ito hsnﬂeﬂ,e:roapemtrnecer e oftH D axke |d5|agn’b£ll ik tiewpafent e
signal tra 0 h r : act v

ol i gosacchgﬁ%ttédnarq%aa'agl ?c%fygﬁkgﬁu& ?\Qﬁgﬁgﬁaﬁlg C{Bhéﬁgvro Il?n nllﬁil}‘:ﬁg’? 3%
and speci f idisclosaddn WD 83/0799%6¢In Opﬂmdnﬂ@t,%mmeébabm@t triesbrang of

contra t |y
Chor ape ; Qb bR ol m ) GRGHAY Son @ 186 e HRPAIAAAIOA boftEins 2 bpne
fact, even BuEhgameHapgfein, TSWEl axoptignaliydtvaiseRnerctbs mormbpgenets nrotmi an

enzyne di 9@skffinidploteiR bl AhAROAVHMPIHSIRA, Suitable for use as a
therapeutic due to a resulting conpl'ex mxture of various nolecul ar

speci es havi ng H008Idetermtigel pdtertiapglieationt WORBIOSDE datribea bizsaceRides 3

Accordingly, 19Q9 nst. .use o [ .enzynme

di gested pr g%lg}?%t%% @ng{gt elﬁg\é’fﬁ‘%f% ¢ %ﬂﬁléees of ugnap I‘FM%%‘&@F%S ﬂwlb:

| NVENTIZ29N -fackor binding activity, for example FGF or HS- protein binding affinity. The
oligosaccharides are described as being useful as therapeutics for blocking cell surface

— -

signal transduction and inhibiting growth factor activity. The oligosaccharides are
particularly useful due to their minimal size and specific binding affinity.

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

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

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

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



[ 0010] However, contrary to WD 93/19096, the present inventors have
surprising found that HS obtained froma specific tissue source may
have particularly useful properties, in particular as a potenti al

t herapeutic and pharmaceutical conposition. Al though HS has been
previously extracted fromskin, brain, liver and 10 cultured cells,
HS has never been extracted from bone &r bone precursor cells prior
to this invention, The inventaors were surprised to find that HS

i sol ated f rifEPisEsl. 8@‘?%’ 190vemduisss axalastige oS, o srymedissstd prpaptions

I ncr ease |nuhaﬁﬁmﬁﬁkhsgﬂgﬂﬁgﬂmmen conpared with other sources of HS,
as i1s described in nore detail hereinafter. [0011] In a
first aspect, the invention provides isolated heparan sul phate 15

obt ai ned from bone, bone cgiMMABNCOPTHRISVENTEON or stem cel |
[ 0012] 5n one enbodi nent, the bone, bone cell, bone precursor cell or

stemcel’l is ob | from a manmal orre enmbodi rrents the
manmal is a hun&@ll&gﬁ?/wwgr’ Progegr 9 oﬁ%}]t%ﬁ]{g@éf% & ABTeSERt cIR¥GhiATS  hay
gam’ral may sb@namgiﬂrimd tha? {0kt G hed ﬁomm&pedm@dssﬁemurcetﬁ@y 25 ) aﬁﬁhﬂaﬂy
one precurg cell .or stem isS cu

enbodi ment s%q%%ep I?Pgrt}aes’c I?arﬁd‘#é Bt et u‘?oi%lpelc éﬁ’qmp&}m%t"’é‘ﬂm Béq'rﬁ“a?egng‘?
i sol at ed andmpodition: edlticogh Efokas bethprevivedly ektyqered. frdnd) 6lid,) brAis, Bver and

exanpl t selecte fromthe ou 5
consy sting S AREEHR, RS REve iy STRRGE R Ghont Bkt S pr
[0018] The S imegtidse The divanters Werosnprsedun dohd Bt S isblated rivct bomegeells

| ogar.i t hm t. ted.

Pr ef er abl %&h%%%dﬁg%?%o g}tﬁ\é'\@q%r%a?n&c %aﬁé gfgbézﬂgl(%ﬂ %%Wn%he%oga%lrf‘%m C
gr owt h pha§7él i oveef of HS s dedeseribed inpoere detedh bereimaiant i on provi des a
met hod for isol h | t i ng
hepar an sul 05hat ?01‘19%#1 g%@?ﬁ%aoﬁﬂﬁéﬁwhﬂ&q @ﬁ%f@%@é ﬁ%pé}énoﬁﬂfi)hgtg
consi st¥ng 9Btained Ghe bope, banegell bonp grreursereel pxpmedl | and stem ceI .
[0021] In one efjoosi MRAE embSBmbRANEe bHR) okl b&@?ﬁcﬂ%&%ﬁ%ﬁtmﬁ%bﬁ or
stemcell i,s oht ned froma nmammal . 35[0022] one enbodi ments the
mammal is a5 PRI %W’ﬁ%‘maﬁl g or rodent 4 [0023] In one

e nF?di m; nt, the [§803lncahb embsiitens £6 ag@ial el Hunfah, 1ovBB) €bd rolléht.
cu ur ed.

[0014] As an example, the mammal may be a human.
20 [0015) In cne embodiment, the bone cell, bone precursor cell or stem cell is
cultured.
[0016] In some embodiments, the bone cell, bone precursor cell or stem cell is
isolated and cuitured to remove other cell types.
[0017] As an example, the bone precursor cell may be selected from the group
25  consisting of KS-4, UMR106, UMR201, MBA 15.4, 2T3, and MC3T3-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.
30 [0020] In a second aspect, the invention provides a method for isolating heparan
sulphate including the step of purifying heparan sulphate from a tissue or cell selected
from the group consisting of: bone, bone cell, bone precursor cell and stem cell.
[0021] In one embodiment, the bone, bone cell, bone precursor cell or stem cell
is obtained from a mammal.

35 [0022] In some embodiments the mammal is a human, bovine, pig or rodent.



[ 0024] As an exanple, the bone precursor cell may be selected from
the group consisting of KS-4, UVRL06, UVR201, MBA 15.4, 2T3, and
MC3T3-E1. 5[ 0025] The ITS may be isolated fromcultured cells either
during logarithm c grow h phase or when contact inhibited.

[0026] Preferably, the 118 is isolated fromcultured cells during

| ogarithm c growth phase. [0827] In a third aspect, the

i nvention provides isolated heparan sul phate 10 obtai nabl e accordi ng
to the method offEEins@rsmpodisisat the bone ceflobow] preqiser collipr Bemsyslids
t he i nventicgmured Ovi des a pharnmaceuti cal conposition conprising

| sol at ed heparag0 ;u ghate according to the first and third aspects in
conbi nati on wi t B034A% #1 efample, fhebgap precursor cell maydesplepipd §am the group
enbodi ment coksiding BARSBCEME106| UMRIPO MEA 05.4f 243t hRrMegREE ses 15 one

or nore _bi ol ogi acj jve npl ecul e(s) capab)l e of stimnulating bone
or boneZcel | grm#hygf?d];{%rmﬁi er splatsd oy 6\’11?'“3'1 cells egfpesojuripg legegithmic

enbodi ment ,grdwth phaze opwhdioetaftiiglligigdcal | y active nol ecul e(s) is

Torast, Tor (32 0RGEReRaERe e HEOR o oR) el odls e it

vitronecti grovBpBd3811 The conposition may further conprise one or
nor e bi s-phosph . N 00 [.n_one enbodi nent e

bi s- phosphonat e&i%g%saéll & Jpixdy #Eﬂgﬁ]zt}lﬁén&né}% R s‘lsﬁr’}ﬁtﬁé gh"?“@‘! istipB¥eat e,
cl odr oriéit e obainabld noroatieg toplenmhethainsftiie secodlesgeonnat e and zol edr onat e.

[ 0033] The phar I C siti.on e.used in the nuf act ure
of a 25 nedi camgﬂr?? %ra @lr%%? Jif{g%, %g% nﬁ’ﬁ?@”?ﬂ%?e%&%?“f&%ﬂ%”?@ PP

[ 0034] The coinpssing tizpldtesl hegasanr sdphatey atrerding tto dhe Hstdandi #indeaspb@0363
In one enbodips oggﬁ%atéaﬁﬁggr&i&eﬁe repaired is hard tissue. [0036] In

one enbodi nent t d tissue I's bone. . [0037] In one
enbodi nent the FIO3%)iIn ave eprhedimentl the phaoacsoiigel tereppsitios thagthep fcoBPrises
admi ni sfser ighg of BRrPBRIIRABH SR mAQIRA chy Yetifraitil

| mpregnat i r?g g sufgi qgg&i_ )l ant, pr osl@‘zecsllﬁagﬁoéfsbl osiclgg?g%mbbeof]grcgn
i npl ant at i GFPWhewke) differentiation.t h aspect, the invention provides a

surgi cal i npl anfoe3ey RSdnp @&ibsditlent HIRSERS drGhéle GRWYidaBY 'ﬁgi\jes.[%l%ﬁg% is
hepat an sul hatde accordi ng too ithe first and third aspects. [00 _d I n
one erbodi Tefed FAR ©f BUP A0 HIE At BMAZo HMieds QP brEGH FPF S0K-H1s 35
coated or ITGR-BHTEFRS, Golldzeh ahied BEetbrbeRas ad wiwdRbat e. 5
20 [0031] The composition may fuxther comprise one or more bis-phosphonates.
{0032] In one embodiment the bis-phosphonate is selected from the group
consisting ofi etidronate, clodronate, alendromate, pamidronate, risedromate and
zoledronate.
[0033] The pharmaceutical composition may be used in the manufacture of a
25 medicament for treating an animal in need of tissue repair.
[0034] The tissue to be repaired may be soft or bard tissue.
{0035] In one embodiment the tissue to be repaired is hard tissue.
{0036} In one embodiment the hard tissue is bone.
[0037] In one embodiment the repair of the hard tissue comprises a step of
30 administering the pharmaceutical composition by coaling or impregnating a surgical
implant, prosthesis or bioscaffold before implantation.
[0038] In a fifth aspect, the invention provides a surgical implant, prosthesis or
bioscaffold comptising isolated heparan sulphate according to the first and third aspects.
[0039] In one embodiment, the surgical implant, prosthesis or bioscaffold is
35  coated or impregnated with the isolated heparan sulphate.



[ 0040] The surgical inplant, prosthesis or bioscaffold nmay be further
coated or inpregnated wth 13102, BMP4, OP-1, FGFl, FOF2, TG (31,
TGF-132, TGF-E33, Collagen 1, lamnin 1-6, fibronectin and
vitronectin. [ 0041] The surgical inplant, prosthesis or

bi oscaffold may be still further coated 5 or inpregnated with
etidronate, clodronate, alendronate, pahidronate, risedronate and

zol edr onat e. 0&&%42‘1 J @ .on]g.Penbo i ment, the hioscaffold
conprises a pol YA dfs Sirgise! JmpBRt, prosthess prhiograiold may be frather goated or

by 05Cal T ol ooy’ b uSed wh Lh nard 1t Scter (0844 In ome. Cabody hent

i oscaffo use ar issue, n one enbodi nent,
t he hard tigé]%éerilglﬁ%'ﬁg%’ﬁ%mm?wg]v‘qoﬂe e enbodi nent, the surgical
i mpl ant, prost hd8e4i] ahe birgisat dhplattpprosthestsand bloscatfolibhsy hayill EuHdasnRed.
[0046] In a_si ehhe inyention provides a.pethod of treating
b ant | b RER S b8l WERARRD B int TGl disgrorle o

admi ni st er i adpdzonatear maceut i cal conposition of the fourth aspect.

[0047] The tiss ﬁ?ﬂ&? fl]ﬁe) e?lfee Q%B%ez%?’%g € hi%(s)%a%f_o% dzg%%se}s In %gﬁglym[:p OtAh'gt]

I n one enbodi e ISsue 1s tI'ss

enbodi nent , inedypothigs eithet bislazyistitsombyai@ofi0@&0] | n one enbodi nent,
repair of the hapghshirhs !é&ﬁicglcﬂﬂ?i’a%f,.ﬂr&%zeﬁlz P bR FLEE bR Usdd Gitn haxd
phar maceuti cal conpositiofi by coati'ng or i npregnating’ a surgica

i npl ant 10 prigsehesi s or bioscaffold of the fifth aspect before

i npl antation. [ GHGM) i SheQifoSHRACHIRM tstddgs el i s a mammal .
[ 0052] In sone enbodinents, the mammal 1s a human, bovine, pig or

rodent. 25[ 0053]0@5 A o8t empedimentatie\surgicd Inplapta Prasthesis op hioscaffold is

[0054] | n auss@urBpdir RpREEImagt.ne i nvention provides use of the

i sol ated hepara hat e o? the first or third aspect for

stinul ating reggﬂ@%&? & Xt esRerts g dnvention providesgaapthod, of tesfing ap apjmal int he

i nventi 15 ades® optieiué ebpsir RRADE thidWeps D0 héhRRteHaR A pBAnHLuBLA mpsitode
in the manufacture of a nedi canent for

first or thi spect
stinul ati nﬁ%geﬁﬁ’gﬁﬁsé?%{n on of tissue [0056] The tissue may be soft
or hard tissue. [[®IF5The tisuondeespatrel mmnbs softhe hirdsisswe. i s hard tissue.

[0058] In one erﬂf(?&'] ﬁgée’emtogc%m@g{ lqlf:t’tfs.ssi.l%li'sehalrdS tistgger.]e'
[0049] In one embodiment, the hard tissuve is bope.
20 {0050] In one embodiment, repair of the hard tissue includes the step

administering the pharmaceutical composition by coating or impregnating a surgical
implant, prosthesis or bioscaffold of the fifth aspect before implantation.
[0051] In one embodiment, the animal is a mammal.
[0052] In some embodiments, the mammal is a human, bovine, pig or rodent.
25 [0053] Even more preferably, the mammal is human,
[0054] In a seventh aspect, the invention provides use of the isolated heparan
sulphate of the first or third aspect for stimulating regeneration of tissue.
[0055] In this aspect the invention also provides use of the isolated heparan
sulphate of the first or third aspect in the manufacture of a medicament for stimulating
30  repeneration of tissue
[0056] The tissne may be soft or hard tissue,
[0057] In one embodiment, the tissue is hard tissue.
[0058] In one embodiment, the hard tissue is bone.



6 [0059] In an eighth aspect, the invention provides a process
for stinmulating regeneration of tissue including the step of applying
the isol ated heparan sul phate of the first or third aspects to an
area of a body in need of hard tissue regeneration. [0060] The tissue
may be soft or hard tissue. 5[0061] In one enbodinent, the tissue is
hard tissue. [0062] In one enbodinent, $he hard tissue is bone.
[0063] Li a nint 0 e%,c.g&@a I nvention provides use of the jsaqlated
heparan sul phat € o7~ t hEVTTEREY 25RFCh o, HVHHGR Arowighs & Proges o1 signulating
di f f er ent i ategemeratipn af Gwshd intlndiog thebrpef aplyiog the lidokteddrbdran HRHARGA el N
one enbodi I.S.a mcel | . 65]. 1 n_one enbodi nent,
the stem cgﬁ[& {?rﬁigcﬁasg%lﬁértggﬁ?lga§ﬁag?ﬂdgé???3dgggmg%lf§6%§ﬁe °Br nore

bi ol ogi cal | y actD(&] Fibé tssué méphe sofipmlbbrd tisfuest | mul ati ng bone or bone
cell gr h and/ [ r kAl | al.so,pe added to the cell in
addi ti o(r?mt o the @g%ﬁgéé%eﬁ@%g@%%egﬁl P gfse.arﬁga[s%m] I n one

embodi ment, t he [BM2] &k onespbodimehip the datd|tissweds bare. nol ecul e(s) is _
selected fromt Sl , =1,. F FG-2,
TGF- 131, TGF-13 r@"&jrgg | %%‘?S‘%%“FQS%%J‘T , ‘Egﬁﬁ"ﬂ’uﬁgﬁﬁ‘%&o@%t}?%%e:%%‘?f’ﬁm&nd
vi t ronect i nsuilreEaY thefirster thidragpest for pifvoulptingriifferentiation of aswlifio addedort 0
the cell. [QR69kelLs one enbodi nent, the bis-phosphonate is sel ected
fromthe group 20 consisting of: etidronate, clodronate, al endronate,

pani dr ofht e, ri JAOH4DAmens cahadimsniethe spihisa stem cell. [ 0070] In a tenth
aspect, the invepédsph SeQibefites ﬁ%&ﬁ%ﬁ%dﬂ@d}&dﬁa&éﬁgcﬁ.

bi ol ogically act{@%] @%ecul e incfuding the step of deter m ni ng
whet her one’ or 8F Brareiolpgieally) aative mplecpiels) capablreofisimsgting) bone

hepar an sul @itwhe caf gioheh ddjcs ditedredtiBlidrimas BRE b8 adda[1® ¥bldell i 2@B60n to
enbodi nent, , t he hod fu1rp her includes the step of determning a

bi ol ogi cal PuReRIESReRFASIIP At ecul e, [0072] In one enbodi nent,
the bi olgi cal | y0@67 ihv enenerhtedithent,i the 6 admOreMiolbgicaly AtivdgiockReNss i

bone cel | afah RROUY o8l LSLRAN 8L 'Hlter, BMP4, OP-1, FGRI, FGF2, TGFAL,
TGE-8 2, TGF-33, Collagen 1, laminin 1-6, fibronectin and vitronectin
[0068] One or more bis-phosphonates may also be added to the cell.

[0069] In one embodiment, the bis-phosphonate is selected from the group
20  consisting of: etidronate, clodronate, alendronate, pamidronate, risedronate and
zoledronate. ‘

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

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

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

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

30  exiract from a plant or animal, tissue or cell; a product from a recombinatorial library,
¢DNA 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



[0073] The candi date nol ecule may be a natural or synthetic nol ecul e;
an 30 extract froma plant or aninmal, tissue or cell; a product from
a reconbinatorial library, cDNA |ibrary or expression library; a drug
or chem cal; carbohydrate; or protein. [0074] In one enbodi nent, the
protein is a growth factor. [ 0075] Throughout this speci fication
unl ess the context requi res ot hervvi se, the word corrpri se", and

vari ations SHCh aﬁﬁfg conpyises” “conmprising", wll _pe 7 under st ood
to inply tNBITHRILSIHGRY Jhe ipflisioq of etk BEREPE 06 BroyP STIBTEF™S PheteRFIE or
steps but metthé BRIRHEIASIyhd intedy o Rle_:g%\%'oflﬂté r or group of

i ntegers. DESCRI PTION OF 11i U FI GU M TA LES 5 [0076] In
order that the invention nay be readily understood and put into
practical effect, exDPSCRIPHODOOETHE FIGURESRND MABI®SCri bed by way
of illugtrative exanple with reference to the acconpanyi ng draw ngs

e cal Ty GRTBIGoRU kS HElRbn ey bl Fed) 'haerdUOUT bl |

schematically depicts the struct 1t1ron epar an at e

(115). HS @mcten) gied, exemplansenbadivesnts will @nvs é@ Gersrbedicbyuvian of ﬂﬁstsmmo

sugars lin t
s g s Sos‘éﬂzﬁnﬁlé’w%%fbc%%gtb the &aam@hﬁng?%ﬁf@%ﬂi g&ag%fg%sﬂce ﬁ‘ﬁﬁ?ﬁ&zﬁs

met abol i ¢ &%fes tilikspass. MC3T3- El cells during the initial 15 growth

phase, jgeeded ajgo}f 1@1@ p%l:ﬁeafaﬁemy a%;@o%l StrRfifrdl Védmpbodaen r@%g&:@&' by
t he conversion of §B f or mazan m t ochondri al "dehydr ogenase.

Thi s converdpbate (K é“&"’éﬂc"@&lﬂéwepﬁ#% disgochande iy Ok MM FugATE

with a ref gnmgace M@M@b@iﬂghfh aed vARaA it Al thm.a ﬁE&@{I@&nHeorfFr(Dge(‘ahJi{Rr’]’ =
| Ca yaC|vece S 1n e

correl ates proportion of netabo
cul ture. ﬁtégg&-‘rggﬁﬂ‘ *are the mean * standard deviation of three
[ ndependent 20r ¢OF8IEG. Gaﬁtﬁmﬁﬁ@ﬁ]&fab(ﬁlw&ﬁfyeﬁfM([B']I'H-Epédllﬁaﬁﬁlg the initial

0079 h T3-E1 I ded
bt 5 009 caruR e ferdbal T 0D EG(RE! Metdnbu et s RSt Sy S T
figure 2. Thevecsiompefr WSO toi foimazang by m’rachdnﬂuaitdehgck@ehﬂa.t THSCbAvdrdion

|1 | E 4
dopi ct o ¢ nabiAsy aRP YR il o el BA AN 45Glu PRI WleRee EREERIRIr 516 o
over a per inod Toé aidorbaecpdiirefilyioirtlateatd the propertive abmetebbligaliyngstiBe cills in
| ncor por at g ok, sy SSld 8 0 il e Sebu B, SR pefn

proliferation abo ic activity, correspondi

met abolZ0c awptvaepshr@m@tmdvmm@aphcatc [0081] FIG 5 depl cts
the differenti afjoos Fl@%l&% ﬁ@@ﬁe%ét%ohé%&v% o!?ﬂﬁ:’;’%ﬁi’l%ﬁé ?@%%9?00
mar ker proteins. [0 6 shows an el ytion

recovery ofcel¥sny WaBOIm&WIFYdWS%ﬁH‘Ffb‘@% S as in Hgute 5. The comparison
with figure 2 illustrates that MC3T3-E1 cells are stably growing at different cell

densities.

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

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

30  of marker proteins.

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

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



[0083] FIG 7 shows elution profiles froma Sepharose CL-6B columm to
separate 115 chains and fragnments. S [0084] FIG 8 shows
elution profiles of gel filtration on Bio-CGel P-10 of

ol i gosacchari des produced by depol ynerising agents: (A) | ow pH ENO2
(B) heparitinase and (C) heparinase. [0085] FIG 9 shows an
elution profile of strong ani on exchangé-high pressure 5 liquid

chr omat ogr aphy i Jg—i(lgCé of disaccharjdes produced by conplete

gl ycosam nogl yc 'ﬁfoi/ - Beery FEHPR efges of gel filiagomen Bioesel WY1Q bws
an el uti on digedatdbari@ds §Mu&.dBL OdepblyEQ g

[ 00871 FI G 11, shows ?@ in egyprl n{yh{go%n%ﬁdé?TS gl sg(?‘?ﬁg S{Ntota
profile/ll 9 [0088] FIG n shows a graph of

effects of FGF- 100851 B, sbam); aﬁeﬁnlieﬁnme(mhbﬁg Qﬁérﬁéxcﬁéhgaﬂl@h gx&glﬁgl on

of MC3T3- ne.cells | ra noni t ore
i ncor porat |]1'5'H‘ chromatography 6‘%@% Iﬁdé %38’§ng9§ des gpragee fbléf fazpnlafe of
bone-deri vgﬂycesnﬂumghycbmtyesaiﬁ olymerishBordS suppl enent ati on on

proliferation o 5 one cel.l s |cts a
graph of effect Lﬂ I}%Eﬂ] &l %‘l’fb‘mn%‘ﬂﬁ]ﬁo?’feso‘(gg?#\;&jjeﬁ I’é%z generated
suppl enent aﬁsaama;fide@m a different species on proliferation of

ost eobl ast s. )‘?{' JHH an, orc1 ne HS HS) was added to pig

ost eobl asts (pi @%& % § %‘tpéﬁlbloiéf' %%s?haﬂd@zfelabmg&?ﬂxbra@ 15
depi ct sl0a deSRAH-HFPPEnNSe curve of | TS on proliferation of I\/C3T3 El
bone cells. ITS V. f.rom MC3T3-E1 cel | trat

concentrati on- dé@gﬁdﬁ'eﬁnﬁq’%ﬁé“egﬁaﬁ SFS#F‘i't% PgF ?‘%ﬁn&ﬁ é‘&d B5Ek2 on

i mature Nﬂ;@lﬁaa Tizts) fonrprdiferhtiontd fIMGEES-BEbere e Cell @rdlicerfion G¥as tokored

[0092] FIG Eﬁigs the accel eration of the healing process of
a bone 25 fbyac ?Jrli[lé;g’%to "1ITS (5 or 50 ug) was delivered in a gel

carrier into a m0§9]dFKbHS‘l§haWs 4 praph of effeicts of hend denivedamdfnondbse-démvkd

carri erysal retakeninthe AP
pl ane alt 2(}%%&‘ E@O O£E&§%§@J§r°f%?&%glt§’erm ne the degree of
heal i ng across mamf FK‘ctldrdeplctF@ i;oi:ﬂtgctslof baespiierived endwon-bkws daived
staining. MilhghiRalus Rim buaRlEHd &R pdliRioh Bf &t&bﬂﬁg RS

were sectioned and stained using v Kossa stal ni

di ff er encedti$) &) poysing i (IS) 7easi sidedéa wwewtqu@s@ (gltgoﬁﬁst) ast Ahwan
400 pin ostegUMIBALOR).G 18 depicts the histonorphonetric

measur nts foB) §§1 %g% stai ned sections. The graphs represent the
mean * 2D of thi¥0 SHIER & Fofe-TerpaRse ClyP PEATS opprolifyration of MC3T3-

t hi ckness E1BMaR) celld. VIS (]ﬁ}ve@tﬂdi ffoﬁ:ﬂm.ﬂﬁ.l ReIED 8dmodBtrated a concentration-

(B{PBTX 8 Oﬁ}e/ I 18en9}nc$ gé in pro grat%\l(l 12;]1&110 ogedvbglcllcjgg mn-ln-g/turre MC3T3|-EilfQO|I‘ %4”% and

EDsowas determined to be 5 pg/ml HS.
[0092] FIG. 16 illustrates the acceleration of the healing process of a bone
25  fracture by HS. XS (5 or 50 pg) was delivered in a gel carrier into a mid-diaphyseal

fracture in the fernora of rats. Gel cairier alone was used as control. Radiographs were
taken in the AP plane at 2 and § weeks post-surgery to determine the degree of healing
across the fracture.

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

30  both 2 and 5 weeks were sectioned and stained using von Xossa staining fo 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

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



perimeter. Black bars = control, grey bars =5 jig HS, and white bars
= 50 ug HS. Significant values are represented as * p <0.05 conpared
to controls. [0095] FIG 19 depicts the cartilage formation as
determ ned by safranin O staining. Lateral halves of treated fenurs
wer e enbedded in paraffin, sectioned and 5 stained with safranin O
and counter-stained with |ight _green té distinguish the cartil age and

bone respectlvel E‘Qg%k bars = control 59 pars = 5 ttg HS, and

white bars BEUESef B -Cﬂnﬁpb(%ﬁ]bqﬂa pe S, |aa%wh§t=é>§r8t=hé0 pg HS.

speci fi ci t ysigfificaievabict @6 repddsedit o055 €00k AdhpdedidQbANEr € count ed from

9 fields of vi ewgnggrld t hod, for_each of the 3 %roups (n =

10 per group). fenicts petprilpgs formatifpags detespsined byc

E:g 8'[9 r7 i)l grm@rl&ter—aﬁ Halvgs S tregted! ﬁéﬂﬂiré Sreaédbedddid pzﬁ?ﬂﬁ' sectioned and
epicts .t i sa I sition_ o s

det er mi sg@negﬂ&lﬁ gﬁﬂg FFB csgq’ﬂﬂqé't' @Q@% %chlﬁlage

13E02. D| saamd hene wemctivaly. Bieh busel @neel, giey dark =x5 ﬂ;gms; ambmte%lrs P58

colum (nd = ot detected). 15[0098] Table |f depicts the

di sacchari &é conposition of HS as determ ned by SAX-HPLC.
| I epar ansul phat &XRaEXS 20 isohtat the sgeaificity ofthe tifdcy ofldS Dsyovelusis@nibays t h

a mxture . T ul £l n

cnsar ur at ed" 3t SEERPOMERRIRP Bty i HeR6os HG TR LS -
fracti oifat gur groupt Fheriglugs displayed akeathg meaot GFnBlabk barat=@gutaih pyey s B r S
represent t @gﬁ&@g&%l%ﬁgﬁuns for sanples. Over 97 % 20

di sacchari were recovered Trom each sanple. [ 0099] Table I11
depicts the COHW&T%@E didspictsHhe idisecchuide oimppdition of HStes dattenioadibmnd

carci noma @EH?EC%HOW omﬂilgt?: Ql@ﬂol%ﬁéi sﬁldn\évﬂ?mzsl)ls gnaﬁ'?d\} Pﬁi Rkge

f or fractur.ed fenora at and see al so Fig
represent tispdatedmnerd mMQmbGdrP-Zimmg(nﬂrFm&B;teM) and the 25

ve: Ccortrol AR Bibie RE Wai R, it BRI ol ey O

| NVENTI ON 3UP0HELL. Hmwﬂﬂbﬁi@mmn isgtatadrradicawplstalio depolyencrissdawitna
sul phat e glpyeRgAN ?ﬁosﬁﬁﬁ@@j}b&ﬁfs pdciR: 195&%%% rbéﬁ}’tﬁir%;[ﬂng }\u'at%d QARL AR

from bone, bone ce bone precursor "ce or ste Any source of

bone, bone ¥&$ fsolafsdren ks el #rd frachionaieds by sEPng ppipn isachaBgedcolimn one

enbodi ment ,chicRBitdaap MQﬁt%rsC@ lesenb BRQvRLACHTHRE nGf!tbr %ﬁ%%%&@b'%' S
es of a mamml, fromwhic he bone

obt ain fr
bone cg% c@%ﬁ% ‘% B’F’é’éﬁ?"é’ﬁtﬁ E‘B?lleaﬁ’rsag‘l’@m cel l may be obt ai ned,
i ncl ude, but ar €009}t TAHlEIE depi@ls the DotAPIative@ disaccharide compositions of the

adenoma and carcinoma HS species.
[0300] Table IV depicis the callus size for fractured femora at 2 and 5 weeks
(see also Fig, 16). Values represent the anterior-posterior dimension (AP, mm) and the
25  lateral dimension (Lat, mm). Data are the mean = SD values, * p < 0.05 vs. control.
ANOVA LSD post hoc.

DETAILED DESCRIPTION OF THE INVENTION

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

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



10 cow, a pig or a rodent Exanples of suitable rodents include, but
are not limted to, a nouse, a rat or a guinea pig. The heparan

sul phate may thus for exanple be obtained froma human. [0102] In one
enbodi ment, the bone cell, bone precursor cell or stemcell is 5
cultured. In sone enbodlnents t he bone cell, bone precursor cell or
stemcell is isolated and cul tured to r®move ot her cell types. In

ot her enbodlnents an availabl e bone cursor cel | I|ne i s_used.
Exanpl es of® OFuP PRLP? PR %’faé’iﬂ?ﬁso Fu mfi?ﬂrtl%’émli“%l Hhiare ngtlimipcbionat
limted to,mdSe,4 ratR Binea NR2IhE, hepiidn qiipkhte A3 thus bt cxMhpls b3 obthined

[ 0103] The m% be isolated fromcultured cells either during

| ogarit hm Rt h phase or when contact inhibited. In a preferred
enbodi ment, t he[(HQZ] B orsodnattoditneint, ahe botet cellp Bomeprb@udb kN Or kegodeit Bm c

growt h as 0, Itured cells. are
cell's, It%}r]le r}:‘g ]?ypl ca %y dlﬁj%%\{\gt%d %If'c i LPPPE’S PESFUTg, oo or g‘”flri"'aﬁ
cul ture, fgsolatsdeandicuitmed Wagmave ofiet Gl typdaphrotirr &ubqﬂrmtms ap;rﬁ'mabﬁdadnél

Change of Aol O nidAE HdaPRllies 8 AR, fote piectlsh Gl @R RRRGe N o
cel | capablae %t Limifgd MKBT%WHM&OEWA&AJ Zﬁepafl‘dﬁ?sr&-[mhat e

obt ai ned from bgsis QQ%eb t C IJ |s abl e
of directing stemgrcj':]oﬂe| Hﬁ @fs@ﬁ%iﬁ?}l{n%gg rdpéel gﬁgénr ap g‘?‘ﬁ
sur f acell t 1E0vB phasgpr @@prpntaxt@t @ﬂnbatn@ Inmp@‘rfmr@mmhodgg@t, ;ﬂ,’le Ha msolated
accel er at eSyon} REMured BENO biSingIlo@WitAmfN Grotsid SB?% bbimefi2 he Y tem

cells. This 20 process | eads tO engi neerin new one tI'SSUE.

new bone t 84y top eI TES clisrthe BB ds ol Yi’&?l%IP‘iff?m&ﬁéFOfdayﬁ 3111

bi omechani Qﬁjmrprfmﬁlpﬂatddymdl stingui shabl e from nornmal bone.

[ 0105] The i sol ﬁlﬁ%r]gone der ved HS nay be used for control of bone
growth and repa ?‘P&?é‘églp %BH’@P%@F\PQ‘EPW@C‘?T’HW ipveplon wapbe used

gr eat eri5st itondirad laq;mem‘tyﬁi@ bigangd of & greedeltAndr mr%ﬁﬂé@ cQind & Bmﬁn,s
i solated fromn ce@ erived sources,_.such gﬁ)neur i thelial

cell's, becads e? SPepesiEg new Roge-Theiovel dicpaay sulalizte Qhtaineg from
sour ce wherbeng d:elln’agnelplr&cuﬂmt mlwr btf:nﬂmn‘s iseﬁpabkc(ﬁfoﬁﬁttn@ stem &&Ept@hotype.

bone-deriv rent i on_o ursor or.stem ceIIs
into bone %eﬁ%oﬁ%ﬁtgén% %’51 Wi THheE ﬁ% §8%F‘3§%8{t%?8}"e%@?3ﬁ5$?€m
when bone- dieni aﬁedem@,ltéerapmtmbdgttomtbmd tisspe-egepificaepateby Stemt detls.3Dhis
cells gi ] # rai.n.pregursor
cell dteir9 [ vg(f% Ip—@qg%aﬁo eesﬂ %BE@Q?%P'F%% 0% S&e ﬁ%%vﬁtngenggp %r%yql a&% as

cel I s. Accépapeil @mctwnslm@mﬂuh;omobm@l dmpﬁrt@d in@istingisbahlip [fent oormal
surface of ygueLel |l whereby extracellul ar influences predi spose the
cells to change to the tissue fromwhere the HS i s obtained.

'[0106] MC3T3- E1028F] Bre igplaofh bons-deruedHE seavcle wrd Sudionmelot] tona pvttan

i nhi bi tor 3bd Qpaid GRAEREL. %xﬁ@ﬁ@ed@@kﬂ&y%@%ﬁéﬁ@ﬂeﬁ% grealdP Wil lation of bone

ti me-dependent decrease in S‘? nunbers 11 i ndicative of apoptosis.
When exces CEBRaIRyEencompaed with Aliselelsd drem konchoe derisgil souress, suches

excess HS ow@bemEsn! bélls§ béchife tu@he Bdtiveld Qiseﬁﬁszﬁdtécﬁﬂbzﬁfa' HiGuLE! dende@td-
This finding indicates FH%L wt. h of {gé)ne cells is dependent on
t hei r endoé‘g‘ﬁ JE a5 f5hg e Be%‘i"’Pf 8l e ofbongleriyqd s mey davour

tissue) dodﬂ‘fmhaﬂicﬁtpdflp@ﬁilﬂoﬁdilisfeniibd]]@\iﬁtatbbﬂﬂ’lceﬂl@ w@@ﬁédim(faﬂ_dﬂl‘ v&(tj}ﬁcitlﬁésrqa»s des
erive 1S a

yet additignal ort for th tenti

crucial r eaﬂFﬁ%ﬂ‘OgPX%’m}% “ﬁﬁ& B ved I'i)snls ‘1517‘]3 O BRSSP it
OL t he 30nv esltsi imgm thiafging e mem @ng lS&ﬂﬂl@Iyﬁﬂrainr B8Ry icoldligvidu ats
the tissue

Itu d a ed, H e isolated from
the tissue® @g%e?qng néaﬁr(ﬁ‘wﬁlﬂ i I%@ ﬁ%gqg‘a%falﬁﬁ s%@?éb“gi% 2 SREFIEc, figsue
(aut ol ogousrived K$ frri@rcmple 16 a( $vefaey of agﬁmsrg‘rhercbgdlexlmwmllar fnah&iced pgous

i sol ati onf @}ﬁosg é'ﬁ?l{glcga ooﬂgﬂl nc g%ce}v eﬁe?fsl?,ﬁ ndlb\éelllgq%al s of a sane

speci es, exa di fferent
[0106] MC3T3-E1 cells, grown in the presence of sodium chlorate (an inhibitor

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

al




[0109] The inventors have furthernore identified a growth phase of
bone cells in culture and found it advantageous to isolate HS from
bone cells during such growth phase (see bel ow). [0110] In
anot her enbodi nent, HS in accordance with the invention nay be 20
used for changing stemcells, for exanple enbryonic stemcells, into
bone or bone-like cells. [0111] I¥ will be appreciated by one
skilled in t<£e art_that HS conprises nmultiple different fornms of HS,

each pot entPEsAYe AEIRORIGSTy; ?‘Ehiﬂh Excess 'QS’PB'@PE‘G@C Rt isiagdadybacictorthesg gplbires, HS

nmay corrprl 3@ axcdssf Hsroee;tcmﬂmfsr inPbitlof RB@bHy AletHabihd 0QL dshtﬁamahﬁhaﬂg
ide unit may conprise a_sul phate

units, cch
group | oca %Eﬂ% &P s depegfieny °H|ﬂ§é‘“c‘t‘}ﬁ%5‘3il% I@\FllamsRé‘@nons

gf g HS chapemﬂﬁaHS @mnéﬂmdaﬂeftﬁﬁﬁ}lﬂoes ot refiAteSthis GNeviABE OF Uses Phis
i nding .a

Accor di Agl 3%%‘} CU| qdd?‘%ﬂaﬁﬁ@l’?f?&‘ﬁfe@f’ %’l}é’é‘g@?ﬁg‘%ﬁ%@%@%%m@

form HS ofregﬁm:mfbmrphemdnypentl on is known to at Ieast bi nd col | agen

type |, which i P bone t.i
[0112] Bone cel ﬁ’l@?fﬂn"é‘a b d’f% ”ﬁ’ﬂ%’%sﬁ\lfe‘ﬁt" aIE bﬁﬁ?{?ﬁdsfé@ an
uni que co rmmknﬂmah,nthu\/memeau rqaﬁfr e m:thublﬂs and @raphgatdd GIS! at ielatabitonethe

For exanpl i i S det ned o] - HPLC
fol |l owi ng %(’gsug &?gﬁ%%{do grlrsl(éfrgllE%a on WIS? B(ﬁ:ﬁl\ﬁgﬁ 0Ig %dﬁﬁure
of |yasés ((th‘éﬁsblegtﬁuS) mdsnclnal dristerelog®5 idolation ead hlq:hcatwlnl of H&l mslmdmboth

conmparativ

speci es Wm%(l: are f%ﬂge%%{;?ﬁgfn&gﬁgﬁhg%g?ﬁe%&%%ghe 3er| ve%%iﬁs
Bone- speci Bpasies;Hgr W@H@lﬁ'ﬁphq‘—'@éde%ﬁlﬂ% ped et soiweey Bt injaceosdancdwitle,
and up to @lﬁﬁﬂ&wﬁbﬁ&dn%tusecﬂ%mo‘fhﬁdﬂ Emiastoﬁ%ssdergﬁgd bi ndi ng dommai ns.

Each domain is distinct in its disaccharid nce, and is likely

to bind a disti ﬂﬁpsle%uszi%"é’laisﬂlbﬁﬁdﬁft@aﬁ@ﬂthﬁ&f@ﬂﬂﬁ‘mmﬁmﬁ&f K& 8MR10$ands
that t hgse UvIRR0IS MEX 104 03] ndME®I3EL,0 assist in determ ning bone
cell phenotype. [ the isolated I TS of the present
invention is cl gﬁﬁﬁyﬁﬁ‘%&‘%& haye Bivibempoze ‘ﬂF@%ﬁagﬁﬂWHéﬁ%EE@PP%WTS.
The rel ati ¢aitpe @pd féunaris adventhftous iokis(lelk HMRfRMm Bdbe HERS @dingdi HaE ehanh de

groups in tHe gé)eng 1HS%chai ns are markedly different fromany other
publ i shed ZARFVEFE%°Fhdi cating that its bioactive domains are novel.

10[ 0113] Prior {0a10He mmseembodﬁum,t HSrip ablSrivade btk ihe rRpEioadniy oen
b t at th d
Comr i €8q. PR bgRg Ay e K5 xBpER P RS Forio be & he

to a core pclb?tel n, as descrl bed for exanple in Paine-Saunders et aI

2000, Dev B o . iE0 108 BN, 30 B in bS5ty BEOSHEM 2111900

|ncorporat ed he el ence. maj ori
gl ycosami ndifferant §irypns é)ﬁ Hﬁr @ﬁh peteitislly havingrdistane biwﬁlg@a}r astivitye Fot example,

chondr oi ti RySlp mﬁ{]@ﬁ@ tsnuﬁlbg}’g@fegéahﬂ% Fgﬁﬁ&tdﬁb&ﬁaﬁ dﬁf%fd’&étﬁ L of

and hyal uronan IS exp olte pur pose

retai niflg & dméﬁlaﬂéq WHENFHcomprise e suphaie groypdecasndst dlfferent pqsmpmmqm aThe
present i nyaRddnRe" %ﬁt ®Spibf oE eﬁ@d:h'a"iﬁ gt Dﬁ%ﬁsndar Rttt 98loY spots”

purified using SAX-H after a conbi nation of ani oni

exchange afBRreRi¢riseq Il%Yr Qiﬂid@ﬁ  (PagicHBRdieatt afon yexample | F@F‘éaﬁ-‘é’épraﬁﬁﬁ'@
the 1 TS of ABGdRERS6R HSYRD haf biddSdifrbiehl MIHRELHER Sidtfed Rinh. AT & hed

fromisol ated baone cell s that are grow ng aﬁﬁgdl fferentiating

[0115] | Tspﬁfé%ﬁtrle‘rfeﬂ%ﬁ kaqwp @fattlﬁeé dingr %M@apnf Wt &r which 4 leevez to be
absol ut3el y pedvhiehidh bb@ tiskdeSSUE engl neer| ng applications currently
being formul ate he di cal therapy

Control | ing theﬂgi%la%‘?qe\/?eﬂyéﬁvm% t‘?f{ 1{'}% phthe @ﬁ%iﬁ‘loésc"&@f’?‘?ﬁea &BiqEs o
25 of ti ssuempmnme@amfwfear o HS q:somenﬂomeammr souTeds. %arra&aebpleHS

regul at es the CtIVItJeS f he act|V| ns,
t he BMPs, % %’P’S’P’F "WSBG:%W Y"m@fc

depolymensanon with HNOZ (Table T} or a mixiure of lyases (Table II) is unique to

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



[0116] It will be appreciated that the ITS of the invention may be
used to stimulate tissue repair, both of hard and soft tissue. In a
preferred enbodinent, the invention is used to stinmulate hard tissue
repair, for exanple, repair of danaged bone. To this end, HS may be
applied to inplants, prosthesis and bioscaffolds to accel erate 35 new
bone formation at a desired location. I'® will be appreci ated t hat
hepar an sul 13 unl are rtlcul rl bust. _and
have a muc hc% %%o er abspfm?s w%%eh ?Ef?f”&ﬂ them, & B?WEIH?% e%’ﬁ? %%‘H’e‘ficﬁ
artificial Bnm§p@1:ﬁﬂa)l-lﬂs1sacmd1pamdl ofcetialng moﬁt@ming)htalam three, and JpOtblefght

CoL 00, o SRLE el Dol B E O M S 1 BRSO 1S

a bioscaf f cﬂl@cwatlﬂc SequiBiceand inpikely ¢o Emm]ea dxspmt lextoyceBilamiigantli Agohbne

cell gr | re.a.bgne f.r.a nt |.s
i ssi g SISO eE Rl B8 48 A e bl Bl AR B 1
damaged ar glendtyme- A@éﬁdmlyséhmalmﬁﬁﬁtofghetpréscmlm‘tensuqoqsolret:lymsunckfranch

S T ar OXUR BRIy Shi RGO AR SPRR oA S sl @hbr blfgated

addition to c | omat
bi oscaf f ol dilsaﬁﬁhﬁﬁdq-lsfqyﬂ-‘é i thenbne 1B$ sheigs erel tprkadly] different| Bom| =y oty be

absor bed O\ﬁm@e@%&;}s&gme{catﬁéthﬁﬁsbﬁmhsmaﬁ&gﬁx Jpe absorbed onto a

bi omaterial” either via its anchoring core protern or after being
derivat}sed on fid3 }Bﬁ‘ﬂrc'ion‘ée PFrgent AREensen. NP diagbetmo lepared frogc nenskone

nol ecul es, HsGes @KBdﬂéLcﬁnvﬂ\ﬂ?gparﬁwﬁ‘lwerQ E’ef’cher 't::@ﬁ(]: and” g:r%nsa-:ﬁi@s ?gotc ;QE?E
or_ Vi

132, TOF.-133 g(_g%mo% t(f}g\gnl n 1- bronecti ron

may be 15 difsBt @Pﬂ%é‘l 6‘?‘19%%11 *H@ %Pfe PREM 25 deserbed; f%eza@plm

E ite. 3 I n had?diﬂelsaﬂndeﬁs dthE ge@pgﬁv B fmllvg aﬁwmt Quilﬁﬁ et afp Neosp, rBlét%Maﬁ hz77
i sphospho e absor bed, onto i omat eri al al ong w

X S Exanp oL BERaRH T b GUpRBiATDS FRYSURLY GaSnder 4f Gitspemino-

E:I odr i)msﬁt elglﬁlane pebpavative, frqpaibbaly hevateelated it EittharatesulideZ@hamrio aak
0119] Inp

t d b f Ol t ed t d th HS
20 1 nvent | day e URREO fSeR R, i SRl Db bPrREy Bl
pur poses. Icapabiel dfr@anmg[anéthmatekdsmg'namve pewth fasiors | nvent i on may
i th ' . tj.al d t
Lo e Sl S bl P RlGET SRl W R
br eedi ng. 'ﬁﬂf@g;ﬁa@émq afiee atcPwbination ofl pdivd et dxokangepal gel diraanage
to a deff alchidaiiphdphe. Agﬁgf%%g]abwéstﬁ%f H% he éﬁéqé kgﬂ%ﬂ?o% 'glf&rﬂleggore

[

he

useful for determnin
particul ar mfﬁablmgbmmmdwlm bong cqﬂs that mﬂrcrvang ol @Sf%rmﬁaang such a

bi ndi ng partner l[ﬂl‘i!’] Bhe cbﬁ&ﬁg dcﬁ igdoﬂ{%sggm@;tﬁ fa@fo}s\’th&rafe%?élﬂgﬁr%ﬁ.m%l for
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25 of tissue respomse parameters, e.g. bone repair. For example, HS regulates the
biocactiviies of the FGFs, PDGFs, TGF-betas, activil;s, the BMPs, HGFs, the
pleiotropins, many cytokines and most of the effects of the adhesive components of the
extracellular matrix. This has immense biological significance because this large variety
of extremely potent, skeletally-active peptides (such as those listed above) is dependent

30  on these compounds.

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

35 new bone formation at a desired location. It will be appreciated that heparan sulphates,



30 on an ami nosilane plate (for instance through the use of biotin)
and the ligands are |eft soluble. Methods for isolating binding
partners is described in Rahnone et al., 1998, Jour Biol Chem 273
7303, incorporated herein by reference. A biological function of an
identified binding partner may be determned to ascertain if the
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inding partner may be identified using affinity chromatography, where either a ligand

or the HS is derivatiged in turn to the chromatographic substrate. Another example of
identifying a binding partner is plasmon resonance, where the HS may be immobilized
30 on an aminosilane plate (for instance through the use of biotin) and the ligands are left
soluble. Methods for isolating binding partners is described in Rahmone et al., 1998,
Jour Biol Chem 273 7303, incorporated herein by reference. A biclogical function of an
identified binding partner may be determined to ascertain if the molecule has
biologically activity. Jn some embodiments, the molecule is capable of stimulating bone



15 [0125] The inventors have found that expression of all four
FGF receptors (FGFRs) is upregulated with increasing tine in culture,
i ndependent of either phenotype or physical |oading status. Once
upregul ated, receptor expression remained relatively constant, and no
pattern coul d be discerned that |inked overall FGFR confi gur ation to
a 5 specific phenotype. From these obselvati ons it is plausible that
t hese recept rs ar. resent, constjtutive nmanner.

[0126] Howeterr® ﬁ?lfﬁgﬂa%f’léﬁ? E?Fﬁ‘?n“ﬁ% g e mqleeuls R bt any; pagiyal
m ght not smrgmhencliﬁ}mler emai n inactive in the nenbrane until

di meri sati on and subsequent transphosphorylation occurs after |igand
bi ndi ng. Both hononeric and heteroneric 10 di merisation can occur

bet ween FGFR i sof obucseaidPécdifratiorasml PifferentidfiGn inVIOGTBEY @8 Aci d Res
Mol Biol. 59 135; Nurconbe et al, 2000, 1 Biol Chem 29 275; Ornitz
and Rolas 2001, [6Enpmee BIOIT3 ﬁpgélﬂ h@%@?brev@ﬂ%ﬁ'ﬁb@rtﬁgﬂ:ﬁlﬁ enf kgaer
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25 MBA 15.4, 2T3, and MC3T3- EL. [0131] The cultured cells, from
which the HS is isolated, nay be either in a logarithm c growth phase
or contact inhibited. In a preferred enbodinent, the cells are in a

| ogarithm c growt h phase. [0132] In one enbodi nent, the nethod

i ncludes the steps of: 30(i) fractlonatlng cul ture nedia, nmenbrane
fraction and/or extracellul ar natrlx f facti on fron1bone bone cel | s,

b t h

(1) oltect i ng IHPSLIf d/oRPac Bvs roghishl SHEGPy GoRn TR Copaitts
(iii) tr egt (FOFRENis upmpilated wdhim:ftﬁsmg)ﬁné)fn cﬁelt&j&% ﬁ)ﬁtﬂen&b!nt &F either phenotype
neur am ni r e eria ste

chondroi t i ng ﬁ@éﬁ ?a(léégéhﬁg %%&4( Q-%c? Pgrgglﬁ?ﬁtaé Iﬁ%epf?éteé?rf’%foglorf’m)é"?vgp e?"‘}t’\yw
Wi t h pr onasepstnij i)IldeOa‘-tdttm’D ceaild he disteenedahed ilmEd cﬁriaraﬁtIE}FR( co)aﬁg;tauon toa

I on- eXCk?ngsﬁg%g{;gn Ea%é{m tg%gf%gﬁrvakogso paus lcatrﬁa ﬁl S6 Igc gﬁ?%on

conpri si'ng phat e. exchange chiromna hy
usi ng any smpdyam's@hlﬂrmmhnalymn&:sed for steps (i) and (vi). As an

cxam . e | lor e AGHRY 0L PRl B b B P

[0134] In cﬁi@aJe %&Eﬁﬁ FERAiD iopdiive i) ﬂhewmbraﬂﬁc amﬂldummauogttaafb sybis¢guenidrans-

desal ted, TyReaRe/lioRloal hAS!EERISHIR, Bt Mhiflmot! WP nedBLAHO)
Desal ti nog y be performed any_means. |'es of respecti vé neans
i ncl udell pdimgrisstipycan |0ﬁ¢ttre119 a5 R{FER aﬁofqr:uﬁ oFeehagi %ﬂdygfﬂs 1988, Beok

filtration. Nme@ncmlﬂeumamdlvg BS A Besinb A 38 LDOG I BIRCHES, Mseé by
using a Centrifto The neuram ni dase of ste 1)

e CE e 70 emony Rl SPOLg BaPps Spert ks a0k her B ron
concent r at i @ ot affrehiitiobdepOilingOsiéich 9Bgatldiak @E]ﬂi bt @isﬁa ef a115

argely reriyng, Maceopeutan e agud Lecdoei L angel L deirad v
i f desit%d, meiofsl (Ghivhond dnd chawtg@d Cudt IBiol ©S13d8), iaué Imptexsmfda tion times
pol ysacehr 46881 TSRk Pt iy 1A L o 4L BIFS P
dimer-pair may be involved ir both proliferation and differentiation, dimerising with
different FGFRs (McKeehan and Kan Prog, 1998, Nucleic Acid Res Mol Biol. 59 135;
Nurcombe et al, 2000, J Biol Chem. 2000, 275 30009).
20 [0127] The inventors have found that loading increases proliferation and
differentiation of MC3T3-E1 cells, even though receptor expression remained constant.
Not being bound by theory, this could be explained in two ways. The first is that loading
is a mechanical stimulus, whereas receptors expression may be under the control of
growth factor stimulation. Conceivably the FGFRs did not upregulate because there was
25  no appropriate ligand. However, many cells possess large endogenous stores of FGFs,
and autocrine release by cells may stimulate increases in receptor expression.
[0128] Ogata et al., 2000, J Cell Biochem. 76 529 examined effects of
mechanical stimulation on tyrosine phosphorylation by shaking culture dishes
comprising MC3T3-El-osteoblast like cells; in particular they examined the ERX 1/2
30  signal transduction pathway. However, they did not explore FGF receptor profiles in
these cells. They found an upregulation in ERK 1/2, She and egr-1 mRNA in response
to fluid flow that is similar to effects seen with growth factor stimulation. Accordingly,
effects of loading could be mediated throngh FGFRs.
[0129] Lisignoli et al, 2002, Biomaterials 23 1043, incorporated herein by
35  reference, studied osteogenesis of large segmental radius defects in a rat model by



[0137] The neuram ni dase (sialidase), also called acetyl-neuram nyl
hydr ol ase, 20 of step (iii) may thus for instance be used at a
concentration of 0.25 U sanple. The respective treatnment may for

i nstance | ast for four hours. [0138] The chondroitin ABC | yase
of step (iv) may for exanple be enployed at a concentration of 0.25
U sanpl e and treatnment may for instanceldast for four hours at 37C.
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bi s- phosphonat npl es of suitab i S-phos i nél
are not?3| i MBAAS L2 endiMERAB-EL 20 cl odronate, al endronate,

pami dronate, ri RASIIONR QuARA &AY SHIP RIS  the HS is[ig%ékéd, uﬁ‘ﬁéa&% SnV§
phar maceut i cal,_conposition may for exarg):me be used 1 n the manufacture
- WL A

of a medi cateHtmEGEoRT BigsH gr eomtaghinhibite eeederet embadiment gy plls are

[0144] The ip sRgaitalid kSwihdhagdescri bed above and illustrated bel ow)

may furthernore conprised._ in a surgical i | ant, prosthesis or
bi gs caffol d. An;otig%]rlln%gp embodiment, the method includer,rsp the steps oFf):

30 (i) fractionating culture media, membrane fraction and/or exiracellular

matrix fraction from bone, bone cells, bone precursor cells or stem cells
by ion-exchange chromatography;
() collecting an eluted fraction comprising glycosaminoglycans;
(fi}) treating the collected fraction of step (ii) with neuraminidase;
35 (iv) treating the material of step (iii) with chondroitin ABC lyase;



25 the surgical inplant, prosthesis or bioscaffold nmay contain or
consist of HS. As an exanple, a part of a respective inplant,
prosthesis or bioscaffold may be coated or inpregnated with HS. O her
conponent s, which such a surgical inplant, prosthesis or bioscaffold
may conprise, include, but are not limted to, BML12, BWP4, OP-1,
FGF1, FGF2, TG--f31, TOP-f32, TGF-133, %ollagen 1, lamnin 1-6,

fibronectin and yi{r tin, 30.As.an illustrative exanple, the
surgical inplant ?@):)rg[g?tﬁlgs %mgtfn%i%%ipah)gfl PRA?4) so be coated or

i npregnat ed wi t h (sific fragboptingetht snatdiabofpdters(vd by fiod-ttohange alidiespiphy:hat
a surgical inplant, prosthesis or bioscaffold may conprise, include,

but are not Iimte(_j to, etidronate, clodronate, al endronate,
pani dronat e, ri sddiorellastingan dubdfiacinatenprishighgpariesuiibore

ill t i , i i t hesis.. bi,. ffold
my al 56 bo 35 QORrLA" o SR Ter ey BB S ERaReR R D o
Yet a furt hesed &vaieps € ad (). ADancexamplnghe jonwhttehgesdedmatogaphyiof sikps (i)

i mpl ant,  pr g3t ag bQEolﬁﬁﬁ%ﬁ%Haﬁg%P%gﬁﬁgﬂgglk% se bﬁn&ﬁ%ﬁgﬁa t hat

i ncor porat es hydr Oﬁapatl te or ) N As an
exampl e, the surl@l34hin praprmbadiment sheraqBeated feaction obwerf € idasaliedplecased

W th hard tisusd fdespetd i midiabidRfifebONe. As another exanple, the
surgical 5 inpl ntE Erost_hesis or bioscaffold may be used for the

repair & dentall® gelting woay heoperisrmed by @apy FpRsbh JExamplps caf, respigetive
present i nv@pink GRlid@)| Bhtese ot BmitBd O ditafihiGR didekidRr 3 Athaddh AReRd

of tissue rgpair, conprising a step of admnistering a pharmaceuti cal
conposi ti on’ﬁﬁgﬁ%&’s‘&g‘ﬁ‘@ el d%s %%na)fﬁe%f&?@ede'?mmgﬁé?ﬁn lf{"rfg‘m&ni mal is a
mammal . Exanpl eq0186] Therasurahinidasd ofSidp GE) duderdé eRbdbifih ARtElARhrafept he
i nvention i&%l ud bu& 10 are &?Ftﬁ I iﬁnﬁted tg . a h}é{mn, ﬁ?écow,_ a pig,
or a rodent MBS YAty ConsgRtiop pud angineupition condiiops;that pre giitably pf
are not 15 i niatgely temovingmdlisetyl-acurahinter acld getithess, Mrgely degradingOdstid}ireihe
tissue to b J £ ' oth afore nti d aspect.s.relatin an
ani mal in n@é};&g‘%ﬁ hfiﬁg’sﬁl{e& zE‘Jte%%tisr ?mnflmlr;%avgn@g tqlar§§ﬂ’e?r’ ﬁgﬁnﬁ ?08’%1‘3%‘3%"
exanpl e sof unchagedir The irespedtive| madssired  potprackibasdes sare hmainlys sbig fdod ddy,

repaired is ~har LSS 1I§% i e hard tissue
i spbone. cleM?‘&%?@i}f% grlll%’oérfllgne o?%%ﬁ@ﬁ%@%‘%:dé‘ﬁ%% %ué@glre'epai r of the
hard tissue con®139kdhe nenrapingfase (inlidase), elso wefledhreetyhaaurmoeylitiydmlase,

conposi Hi 0Ny, j L ITRY: gg@%' ' A ; t-hesi s
or bioscaffol deP;@Ejiggg rﬂiﬁ{gefgpg:g%ve e"lef o? gt ?%ﬁdgﬁ?ﬁﬁo%ﬂg @%qﬁﬁﬁ%n@%
ani mal may WPeeiivedicaEnenlmaxfos ngapgedept &r faunBoytvent i on. I n some 20

enbodi ments the [@Ijsgg'ge Eifondroife RBC -lya@@%pq%l) ‘ﬁ{ayrfgf(;@itﬁ%ﬁlgtbla %ﬁlg%?é’daﬁe

treated by this net 6nc| de, but are not Nimte hu
cow, a pig DFORERBHhPE 023 Plerang teepmenbaman,ios insanesolash farcteus hoyws &
hunan. 37 %00 A8@i}iodd ehdrEditd ABCRRAmAPbSAHINN AL 8n HaRE pRRNBHONRY

furthergpre be or.stinulatjn he regengration of tissue. |t
may furfher nor et@g%beﬁﬂfﬁ?etaﬁ’Breﬁ‘&ng%‘ifﬁPr Q%B?de’??)mac’fng’ai RI&FR faveRiion
sti mul at i ngprovidesrisgeied FE8 oteainef froh SBvitopilgbdnBically 88AEE in bbifve PhEG A
i ssue, - Thi EOBPsBel Tre HoBR5TRE s S A o OF SR T SbramEteas
descri bed athemeterizationnf augas chmpiigng) the Visatite BSamid il H$ of @dingbntion
respoct | ve. Erieat iaop oSSy SR FommeB AR, $ES S EpRtote
to the 3Gctintlhding bdperitdS of the invention accelerates the growh of
bone cel Is. 1Nt ) SASLoIoAP Al SERAL! Pk, 'HNENGE fEL A

to a fracture.
growth of bone precursors by themselves, without supplementary growth factors, FGE-1
and FGF-2, which are known to stimulate bone cell growth (see above), induce a
proliferative effect that is significantly weaker than the effect of 10 % calf serum (see

35 Fig. 12). HS isolated from brain cells also induces bone cell growth (Fig. 13). However,



Due to the accelerated growh of bone cells, such a fracture heal s
faster, although the heal ed bone will not be distinguishable froma
bone healed without a treatnment with ITS (see figures 17 to 19 and
Table V). Cartilage production as well as the nunber of 35

osteocl asts remain unaffected by ITS (see figures 20 and 21). In
anot her aspect the 20 regenerati on is ue to the fact that the HS of

the i nventi t diff iation f bone or
bone-1ike c ﬁ S&t}%ﬂllﬁegl S,ngerglsuﬁ B RE H%‘%Ieﬁpeﬁ @L&%r@brp&f‘éﬁd{ngly
[0152) In tHSsay @ﬂglixted byt e inpthedtof dire prlesent inieati@s it ach endis paific,
i sol at ed asglgg,.ﬁ%r 11@bove for stinmulating differentiation of a
cell into a one-like cell. In 5 sone enbodi nents, such a
cell is a stem 0[8141] Thisrptimulatory effeny or konegrewidfwas fotmeino oeduk rngrdRBs of

enbryoni £ shRM&Rs lof tﬁ@“ﬁsuﬁ& ﬁéuh%l?%afhﬁg S esEI?rlrg:'e P %heS fC-)IF %aﬁ'a fhcgerd

cel d|fferent|at|on may f i'ncl ud € use
bi ol ogi cal | {pdependepdy fromebe, bresies, i wbish drie desipd vl e wed. The mm'datmygeftame

or bone cel by gmg M@ﬁﬂﬁez%gé &gs&a@t ﬁe‘)&ﬁ%ﬂ s%ﬁs@? ﬁl%é& %&4&"

to the heparan su hat e. sul ta 0 |ca Tve
mol ecul es 1839  opioel %gs@g%taﬂvpmts&@tmwe@ﬂme medmaandﬁ@q
FOF2, TG (&;bcm‘ﬁgﬁﬂfﬁgm TGF- 133, Collagen 1, lamnin 1-6, fibronectin

and V|tr necti n. (f ﬁse of isolated ITS for the stinulation of cell
di fferef . ation FPey, the, &S, may thseparisel »Phaymacenticalpgomposition. Such a

bi sphospho nadmsmﬁx:';\ﬁp hﬁ&eﬁﬁcr@ bR h Barklé:Sor RASER ARG R bNGlESnay Bt

are not i m ti dron ronat e, .al endronat e,  pam dronat e,

ri sedronat e® ef‘?ﬁ”é ?P‘mﬂt & VITS tt[ed’iaﬁmﬁl ﬁ"t&’ﬁtéftqgas o5 hich ; it] is feendecbioent
i nvention r ed megf degired, lﬁ&hﬂ%ﬂdoﬁd&]heﬁtdﬁ@ﬂnbfcmbseﬂ ttat Bde@ mogireat the/bigieficme

Tor o cand dATL oo B & TR E i SRR G g Bdse.
descri bédl abiolgicallynactivermotzetiesithateare saphble of sixhiiating hiont beboderell gewsh.a
st e, O et Bl 081 Gl MIEAL 08 o FAREEFOHE RICEHE
stimul ati ngF‘B&;{f@BbE@ % MGTeft 3 Woliagan d/ lomimdn ﬂﬁeﬁmmcahmmmr&mﬁml es
of sui tabl erfy ghoaheRllay C%&augpe{@omagcﬁ ChckiB | i0%: Bk B FndBontes.

limted to, atural nol ec ecule
a plant, nE%a}é?fPﬂeéch swiighle olris-phgsphanates inalude: bt ewn wott lusweto, atidrexdte,act

froma gl | clodoRA Hfbrokd BricGRRNRAIAL hitlpchddirfey, @ product from

a DNA library, a product f’rom an expression 2 rary, a drug, a |ow
nol ecul ar wei ghtlO¥GhpIGTRECtVE PRaIserienl seraposition I@Yﬁpmxéiﬂnlc bAﬁsedmthe

i |1 ustrati vearanme @fmefﬁcamhiﬁb{r@ma a &liklall i néeaF AWb rpAict OF -
Definitions {%igﬁ% (g e(fl ned ot herw se, _all technical and
scientific ternmd? hedg a%l detesifiech gibave @BdmiBpTtpted nbrlgver a9 by
t hose of or fiithatapreste d'dmpri@ed e kdicdl %Mtcﬁo&ﬁeﬁm HisheERid, Oy Rkt QUR9S -
Al t hough. an rrethgg PB N |aI S|m?§r or &nlvalent toI;hose
describ ?(ﬂnﬁl pirolsale¥ ‘?S?? Riosspikeld imay omtain, 8F FoRgish et HieAs an
pL esent | nvmua?lphna partedfer feepbcﬁﬁ hosiant; alﬁldstlmiseciiﬂ Bibseafsle neySRS édagedforFOa
t he purpose. of t nvention e oW I terms are_define
bt ow 21 breahify RER YR OGRSt s LR EnBR, Spgnesh o
"isol at ed" bisscaiicldmaymbmpiis, mmﬂe Hiase lneelﬁmitﬁmyBMszr BmPtlI (SPJIQFGF@
state or ot human anj pu 0 Q) at ed
material may %é suﬁanﬁs%b ﬁ?g@a@ﬁ?' ?’geh]? ‘??P‘ES’FT% HeRpeen.
t hat no3Gmal Aglalaﬂbstrquanyxammrihd $tsg1mimuplailt pztoanhes;s orrbumaﬂdldz may also be
mani pul at ed, et he
conponent s t%{g?%nor %a%%aég{gloﬁn%g%ﬁl %mm ga?t(ﬁe e§t°31’?%°ueﬁ't§6]fa§taed
mat eri al i ntFgichdinplent.aroshesisor hinsdaifold amay aom@nsﬁpmchade biubaremotMHingited to,
exanple, is S I bt aj, ned
exanpl e, n@?’f‘%&‘%@?@ aleREOHRE Aot A SR oY hhd hihrdnh2. G2E Q1T
above illustrative example, the surgical implant, prosthesis or bioscaffold may also be
35 coated or impregnated with these latter components. Yet a further example of a




[0156] By "protein” is also nmeant "pol ypeptide", either term
referring to an 10 am no acid polyner, conprising natural and/or
non-natural am no acids as are well understood in the art. For
exanple, HS nay be coupled to a core protein. "Protein" nmay refer to
a peptide, poI ypeptide, or fragnents thereof. [ 0157] By "heparan
sul phate (HS)" is nmeant chains that ar ePinitially synthesised in the
Gol gi appar at us as“pol ysaccharides consisting of tandemrepeats of
D- gl ucur oni €L ety susgiee] Ruplert prosthrse ol bisertioemCramAsy..is The
nascent pol € hafin r@eﬁ]@g&@ din a series of

st eps: ng{é@{é | ati on/ Nsul hatlglilil'[:i%?)tjrhl aclﬁl\%ﬁllbfaéég epi nerisation of

A cA to iduroni BM48)4s HG@%&}PIB Gbes girgialt implanh tprasthedie of Bigacasioli way be

0- sul phati Q@edaﬁntﬁ:alaﬂi nbgus hd 9k CASATEE Mnd. %@%@m&r&aﬂgﬁaﬁi %?éxca%
0- sul ph%’[l Qn at C3 NS. N-deacetyl ation/ N sul phati 5 0-

and 3- 0°sul'PRERS BWS'E‘PSISI-‘E%&‘@EQ@ PRchedisedifon e rpair o denial demaget | on’ of

| TS N-deacet yl afpadb} Buei @bﬂl@f"é%F Qﬁ@préd‘e'ﬁm ion fela®s to 2 method of treating
TS 6-0-sul fotran ferase HS6ST) and

2-0-sul fotransf et ase & f %
| TS 3-0- s&Pﬁﬂ‘H"éP&‘Fe@ qLussu E@b‘é&?’iﬂ%ﬂﬁ $ep e’fl?ﬁea Rergiopdeatigal on
steps, onl yompésitimt h@ﬂemﬁbddhﬂmﬁ?@.tﬁﬂhdr@d efabiftitnE@t @B ahithal el h&dmal.

resulting i nS| erabl e ue i, S, structural
conpl exi ty EE‘?I“P Fhnga ]eti?tt rl?"‘ftfe {?ﬁg’yi %"é{“é{] o threiygndion é‘tﬂ}’éﬁc’:@t and
to 25 ufde stz dinditbdto; e hamimasbipa hglma&nddﬂﬁfﬁ:hmpl@i off £roasid tifatimey bon.

[0158] A iLncl udes a conpposition

conpri si ng%lé @gé ‘g@f&m %&qﬁ’dﬁ%g&q 55?0“393% &bt § R phar maceut i cal
corrp05| tion conﬂtlﬁ’ﬁe'ﬂlealsmvaﬁcr’mcrqmﬁméai both afocemeaiivined apeets fetlatmgyo an
"phar maceu C r n r i

g0l i d or P s ARAR SpBEkEy B an) deHET hockl ss BB WRBIE v 1 R 3
may be saf dbspeasome pmh@mmmtsthp atsaue o beDeprired iisihusipohtisshe Amaaxernplalofir
route aofs aq{ﬁ&dﬂtesi{afc?ﬁs's@lsh@n variety of carriers, well known in the art
may be used. These carriers nmay be sel ected froma group including
sugars, st ar chel1481dr|ons pukodiment awespersive tppir obthe hard lissie gerprisenestep
talc, cal Clof RictimisRBAE Ehe pheGRLARLA c%h'}pﬁsmc?nyw %&goﬂ%&gnﬁﬂgﬁ%h ical

alglnlc aci.d,, phosphate buffered sol Gtions,” enmulsif oto
sal i ne, and@popre¥DesisoE biggalipld as described abpypibséyre Mpfaniationab) e rout e of

adni ni strati on mymben;eaﬂain@may fb@rtreﬂté@‘lﬁydmagneﬂzdaa&ﬂ tﬁafmv\ehﬁdh b Some
phar rra%gutl ca gsition.of the in For exan%) coati ng or
g y

i mpr egridt i G ﬁd@ﬁ? e Animal i5 & mpamragl,, Sso f gpanpnals that 1ay Be tealed

i nvention Mymaﬂhsd)mmdusmf att nétdingitedaph Biithard P Pbw, ik O doBént JIf RAEPIhA I
wound heal ig.n her .soft tissue. 5 The present invention

may be useé0 %}PP}&F?&%‘EB‘gé?}HéPWEE%uU cal conposition in a simlar
manner as descr [(15€] Therisdited)bepacatsalphate fsek nbME) 83 TQEHREmort He asgddoAt ed

herein by r [ cl ude su Si_ons

sol uti ons, %%ﬁgtﬁe rergener?tio,g%gg%sug%%\g\ﬂgjr@ %ﬁéﬁ ]? ‘?WE m%wg 1886 age
forms Ry almeditamshubie stimplating itheg ragenciratios of djsaiel éz 1is mégarrbmher pletend
drug rel ea if f orms of
i npl ants no ki edEﬂ ogéa%ege[g&oé ?%%Ané]? %tﬁﬁm&&gsmge iy [ %fr)lﬁss% CHLFOT | ed
rel ease nmayndysess ﬂat@f@GPb;ﬂgde%lmtgdmrdesmmd ab@sc 19 pareoofile tdg bbr

m crospher gg mn% gjit i cal conpositions of the present

i nvention sul taﬂ m ni st rat| on may be presented as discrete
units such as vI04fH A%%Pp%ﬂ’@?; insepebrsiinsensy whme thetrespeeive distnedobenej #$ ng
a pre- det erdPeRGaiRA TP dne AbpebtldRe @b the¥etinthy BRHPHE th@ﬁw@ntﬂﬂ\ﬁgc%femgés the

granul es or -as a. sol Ution of a suspension in an aqueous | I qui
non- aqueour¥th af epne gellsotn this gaspdbeciect pinepaiomaior instameaelaierio o iﬁlacfhliﬁq ui d

enul sion. S ho ERMREIrkiO BRwWIRYS Q@Bemeﬁp@ﬁ&da ﬁm@@xﬁeaé edsfae aﬁfﬁédgﬁ%e of

phar macy, E‘Ut al I et hods | nclude the bringing into

associ at i ofnealeridage wiilh oty bﬁ\ﬂ@ﬁ?ﬁ"éﬂa‘a‘é ﬁe@s%bqnséepl%m@um treptment sythiEEy
(see figures 17 to 19 and Table IV). Cartilage production as well as the number of

35 osteoclasts remain unaffected by HS (see figures 20 and 21). In another aspect the




Mannhei m D-16- 3H G ucosam ne (sp. 21C /mol) was obtained from
Amer sham Life 30 Science. Heparitinases | (EC 4.2.2.8), H (no EC
nunber assigned) and M (EC 4.2.2.7) and chondroitin ABC | yase (EC
4.2.2.4) were obtained from Sei kagaku. Kogyo Co., Tokyo, Japan.

Il eparitinase 1V was from Sigma (Sydney, Austral i a). Cell-culture
medi a was supplied by G bco. Bio-Gl P-# and P-10 and the Trans-bl ot

tank were from Bi o- d Lab Lg |f§§s CL-6B gel DEAE-FHIphaceI
col ums, pé?$e§?rﬁmnr]é b%??ptgﬂ e obthe myeionstimglates dilterentintiog oker e

from Phar neell éntdh bb@h bbiclike(cEY.AIyBically d $dspettiv@dell iFh pRBG&sdRAML.

anal ytical col um%aj%r: the HPLC were. frgﬁﬁau onex (Surre Upi ted

Ki ngdon). Centr K@ty 1A dU B 2l Felates i9pihe ase %Hﬁ\mselawd as

(Sydney, Aulssdiibbd as;)ave Soi stiniulldtiag Hlf(ctﬂnhaﬁﬂﬁ dfalcel) @S bédeIbRRCIKRIEIL. Tn

(I\/Elbo:{rén Aus‘tﬁ&aé as were the 5 s tlllatlon waie Bi otrace RP
bSHE CHRY

nyl on ORI PeR® B A SR of & feny, cell is
sur f ace autammaﬁn@grapdnyceelnme of iselated tBISafonmd sﬁmﬂmﬁdﬁlﬂﬂ cﬂesmfeﬁﬂfauon
Product s, DuPo t.d.. Aut oradi ogra cas ettes re.su ed
by Genetic I?@’ ear c %%'01%93 BEaFe AR ¢ ‘?Q‘?{ ycf@'i}veel B %CL
chenical s \M@psh]ppfst@l@g&mﬁ@rboﬂfﬂceﬂmﬁﬁ}/&@mmahon 6‘mthle cligdihur e

R e T T

tissue cul
C2/ ai .rl{huml@lldet bui are potblimided. toVBME2] BMIP41 ORd., FG@&;FGF%TGP@SJQWGF-@%

di ol abel Q JRB§
grg?o:/vouﬁh?n er e f or q%&glé S g dlogcﬁj g‘%lgﬂg %ggé#g%ﬁlt%g% ‘Jh%b\{ajhé for
cel I s, neditke siylpionced 1: differertinting aepyt @sinshxle ds/ BIVEN one or more bis-
post - conf | gﬁ oI Eﬁiﬁﬁﬁésa&eéuktﬁﬁe @%%h@ﬁhﬁﬂ&es%ﬂclﬂd@%u@%got ilﬂ:?tet_’frtﬂzﬂen

was change s were mai ntai ned at confl uence for days and

the nmedia CHOBHE<IPIREe tlepdaenale; Pmyémeataﬁwdma&ﬂmrzeledm@m
menbrangs were [RISBRLE Gndiher! ¥pb&, B fdsedt LMvditichOR1atek0® 2l afdtHaly Radl

10 "M Tri s 40, O, % D contalnln t.he
prot ease i r‘\&ﬁ“ﬁ'&“&ﬁ %glf{%*ﬁgbiﬂhuﬁf“&ﬁ v WP erffer o g ﬁ%ﬁlmﬁg 1
tag /mi apl’vﬂietlﬁt dn@ Bfl rore bhddidate) moltbde Gﬁb]hﬂ(s}ifo E@%a‘ﬂ%lpﬁ@te C@blbﬁ@tagd

th | I M U t
et abol | ¢ ARFU 0 o GheEe %%Pa%%@%@ o melER Homhclefiien ot o
MC3T3- E1 Ceieieﬂnmmgea plcdgich] EancHOH 0f (aeﬂek;&btﬁm&nolamﬂe ViEdel b‘mhélcﬂlygﬁcﬂwl I
plate 'ﬂ) tr tﬁtl:c!ufea l | Ocant Idm%n% (V,é?)gbldg o glcg'ngt i?[gl% (Q'Qnone ‘cell growth

and/or differentiation. Examples of suitable biologicaily active molecules include, but

are not limited to, 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

25  library, a dmg, a low molecular weight compound, a carbohydrate, and a protein. An
illustrative example of a suitable protein is a growth factor.

Definitions

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

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

30  the invention belongs. Although any method and material similar or equivalent to those

described herein can be used in the practice or testing of the present invention, preferred

methods and materials are described. For the purpose of the present invention, the
following terms are defined below.



and grown in osteogenic nedia for 3 - 10 days. The Cell Proliferation
Reagent WST-1 30 (Roche Diagnostics, Singapore) was added to
triplicate wells at each tinme point, diluted 1:10 into the nedia. The
reaction was catal ysed by the conversion of WST-1, a tetrazolium
salt, into formazon by mtochondrial dehydrogenase, which directly
correlates to the nunber of netabol | cal¥y-active cells in the

culture. The re ég@p |ﬂs] mcuba;tﬁe for 37C for 30 min, liberating
red col our, andfq1 Ot - BHPIGT igvesHoR.diye rigaieed vﬂé\F@P%tﬁB%t?FméfthaGSO
R/}Am ?JgA)a \/gz\ﬁib fbbéhT%rﬂiﬁeﬂi frér eiks BhiataP s?%@?&oﬂ(&?ﬁsg'ﬁéexﬁgﬁ?éctedb% l?ﬂiéﬁ 03
taining only nedia was used for backgroun
correctlonn&fﬁ'ﬂ:’“‘[| R %&?ﬁﬂr’?{“’rf@'ﬂ%ﬂ %’e spisiprsially or esspiipdy) frogs T
assay can lkemperefianinedomnily Eﬂﬂﬂlptﬂ}fdﬁih iRtn@tukdl Etafépcﬁidhatyl Hémiam;ﬁﬁltdd%o fagr
Pt ng. ot PRI AL BERGaLhe Seelsfh it SBRTe S AT oo eipuioapigt in s
pl astic. Thetucbstater %@aemmamﬁm-ﬁcltdnsfmm annative @ad kacombiire ferof Fok O
nctivity 1 erile ARRlhias ARSI SRy o bed g ohfingd B hopd
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Prol i f ei0at |amm0E&q1$Aolamea rqomptlﬁmg; nitingal @Rﬂcmwn-&mtmﬂnamﬁs ad/BRT@elE1
cel s ver eyl G IO PIEAPE, ool 1o gt
to the man@aatieyieepeptidespaivpeptidsner fragments &igeaof.on was cat al ysed by the
15 addition of 15?]3@%5% Q%ﬂtgﬁoﬁqﬂﬁh{ Qafhs B3} Mb iR ?@gnthes C?ed

term nated after 4. The absorbance wa
450 nm (wi g Golgieppateies spPokweccherides casisdngoipplemagpaats @Mﬁﬁﬁﬁwm

M cr opliat e aBaaeiA)(dndiNp-abdad-D- ?ﬁcozhﬁi%}; rT&Cﬁﬁ&nu ?bmﬁcéﬂaﬁﬂé‘s A8d
n

St U by UEIR g R e & st - SrasearionNSugiafcs of CleAcy €4 6
Total pr ot epimesisadioRNAGMA & RxiohieicEAIdo notsh@hmhla@ cand 1aeshd QIcA,

fotal A VRELPREPLYSEH oY M PREreRRy i KAty orsiqre} oUBHIoR - e
Il kit (MofdlgNbaydeaceBAstioh)SAjulphatior, di-Qg 6-0-tdnd I0mulpagionr o HS ate
20  mediated by the specific action of HS N-deacetylase/N-sulfotransferase (HSNDST), HS
2-O-sulfotransferase (HS2ST), HS 6-O-sulfotransferase (HS6ST) and HS 3-0O-
sulfoiransferase, respectively. At each of the modification steps, only a fraction of the

potential subsirates are modified, resulting in considerable sequence diversity. This
structural complexity of HS has made it difficult to detersmine its sequence and to
25  understand the relationship between HS structure and function.
[0158] A “pharmaceutical composition” includes a composition comprising HS
as an active ingredient. Suitably, the pharmaceutical composition comprises a
pharmaceutically-acceptable carrier. By “pharmaceutically-acceptable carrier, diluent
or excipient” is meant a solid or liquid filler, diluent or encapsulating substance that
30 may be safely used or administration. Depending upon the particular route of
administration, a variety of carriers, well known in the art may be nsed. These carriers
may be selected from a group 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.



i nstructions. RNA concentration was determ ned using a GeneQuant TM
Pro RNA/ DNA cal cul at or (Amersham Bi osci ences) and the quality
confirnmed by RNA gel electrophoresis. RNA (1 p.g) was reverse
transcri bed using Superscripirmll and Aigo dT12-18 Pri mer
(I'nvitrogen, Singapore) according to the manufacturer's instructions.
30 digonucl eotides were designed usi ngft Primer Express(r) software,
V2.0 (Chi cago, S t hes zed Resear ch B| oI abs

(Si ngapore). Th@ki%gc“r fﬁ“&tg@Ea?\}’g?ﬁg@ IPaee FRrlaved fof proxiding a
speci fi ci tpatimswnmhef lﬁﬂnatsumﬂl ctoh@oﬁhékSEFf the Snahied. Bor éRcipNNatdaaRa br

Chtt e/ RGN R ayinbtiests b Dbl Sh vention e be

prinmers we umﬁﬂms 8 topiead hmﬂica,tmiurfg prédottrgy wemilibealik oIPEBn ofBilleit J0€ tissue.

pr oduct b enci n FaC| y Si ngapor e) .
Real Ti fe. CHERRFA ARG Eon ey, 28 wsh Remelly I tirg Sppyeiagg
Sequence Deimslat JinamneSyS desomit{eAFmi olgdschhassigtm Wﬁo OBt18098; inChipprated/Aerefisi ng
SYI3R(r) G,e6k. ! Master M x (Applied Biosystens, Foster Gty, CA)
intriplica e vve . The 5 reaction cycle consisted of a first stage

for 10 min at 9@1@]@518th@16600§@%5100$, rtions; exyrasn exrbsolyy geisd

ext ensi on e}éﬂﬁ
concentr at P an q‘g?gfllﬁ%?l g%(efg &@%e mst éghg?ﬁr%lﬁigé&ﬂ &J@(’ms caHEl‘)le
cycl i nd0cof# mrlt@Hgd ﬁwgorelqaep dmaétspwgﬁc@me f%is@%ﬁysurpﬂesml atbergfopms of

expressed &spiantd Blodiiel So GXPLRBRAY Bf m&yﬂeas@@tmrb%n%aﬁageﬁa gy be

phosphori bosyl transferase (BPRT) ‘cal cul ated usi ngq ues.
10 [0170] Ao \hgngingRolgperpitices lipgspmei-aadigemicesahires- f r om day 10

onward (Fig. 5%1@1&5@&@&1&@ ctffdsitiohy dFDARN y@ﬁhnatm%)i& ZRitad 180
In addition to ALP acti L nRNAtranscrlpts . 5B) were

measur ed uldmigisiraige PR B gt HaYS Fches v %é’a&?ﬂ% gachgtpr

poi nt s 19i t EthtsE‘eb.@:rktoftﬂpQﬁiih'g awﬂm@ﬂ afubﬁﬂiﬂdﬂ@lﬁ ok GheaiMAfi6h, a&awﬁdeﬂﬁiNA
expr essi on oints with a

Fi detectable at al
Tt o § e goras s Rob Al fyEene o e oot Huflor pithet ey
5D) was r’reaﬂ;-m “wateatmdiips &0y waGr-hrell Biquidserngsidhl Supk @bipesitions may be
i ncor porat on, | I nase- i bl e pro he ce
nonol ayer . b%wmgx%ﬁggﬁ g‘h‘)dg é’% Ipué ahn’@%%‘g IHQ“%‘? e, Stta’a(/’} 15.
OC nRNA exprizging ot ssacciationdi’ abihe memmnda;des@bedlmd withne ceedayi witich
unti | ' sgd:
20ncc. o ey S orbifio b ler O il BRI hn Bed R ME LR NE, DS
forward pr byepformly-and dntimaiely pdipizing, ﬂl@agpets of ﬂhen@mwﬂdhmud GATHES OF
Transcri pt 50M@ diviRd solid carriers or both, and then, if necessary, shaping the product into the

desired presentation,

[0162] In order that the invention may be readily understood and put into
25  practical effect, particular embodiments will now be described by way of the following
non-limiting examples.

Materials

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

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

30  Science. Heparitinases I (EC 4.2,2.8), IT (no EC number assigned) and III (EC 4.2.2.7)
and chondroitin ABC lyase (EC 4.2.2.4) were obtained from Seikagakn Kogyo Co.,
Tokyo, Japan. Heparitinase IV was from Sigma (Sydney, Australia). Celi-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, columus, peristaltic pumps, fraction



SEQ I D No Sequence (5 - 3") Size ALP X13409 F 1 GAT AAC GAG ATG CCA
CCA GAG G 140 2 TCC ACG TCG GIT CTG fIC Trc OP BCO7858 F 3
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coliectors, and tubing were from Pharmacia Biotech Inc. (Sydney, Australia). ProPac
PA1 analytical columns for the HPLC were from Dionex (Surrey, United Kingdom).
Centriflo CF25 Membrane Comes were supplied by Amicon (Sydney, Australia).
Scintillant (Ultima Gold) was from Packard (Melbourne, Australia) as were the
5 scintillation vials. Biotrace RP nylon membrane was supplied by Gelman Sciences.
En3Hance spray surface autoradiography enhancer was obtained from NEN Research
Products, DuPont (U.K.) Ltd. Autoradiography cassettes were supplied by Genetic
Research Ltd. X-Omat AR X-ray film and development chemicals were supplied by

Kodak.
10
EXAMPLES
Example 1; Cell Culture and Radiolabelling
15 [0164] Bone precursor MC3T3 cells were grown in 250 ml tissue culiure flasks

in 5% FCS/DMEM in a 10% COp/air-humidified incubator. ‘When isolating logarithmic
growth HS, radiolabel was added 24 h post-passaging and the cells allowed to grow
unhindered for 3 days. To isolate HS from contact-inhibited cells, media on the cells
was changed to 0.5% FCS/DMEM post-confiuence and radiolabelled (20 pCi/mt) 24 h
20  after the media was changed. Cells were maintained at confluence for 3 days and then
the media collected and frozen at -20 °C unil required. Cell membranes were prepared
in lysts buffer (1% Triton X100, 150 mM NaCl, 10 mM Tris pH 7.4, 2 mM EDTA,
0.5% NP 40, 0.1% SDS containing the protease inhibitors 1 mM sodium orthovanadate,
10 pg/ml leupeptin, 1 g /ml aprotinin and 1 mM PMSF). The celinlar ECM was
25  collected with lysis buffer plus 6 M Urea,

Example 2: Determination of metabolic Activity using WST-1

[0165] Unless otherwise indicated, MC3T3-E1l cells were plated at 5000
cells/cm® into wells of a 96 well plate in triplicate, allocating 3 wells to each time poiut,
and grown in osteogenic media for 3 — 10 days. The Cell Proliferation Reagent WST-1

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

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



CCA GGT rrc TGA TGA ACA GTA TCC 163 It 4 ACT TGA CTC ATG GCT GCC
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Boston, MA, USA). A blank well containing only media was nsed for background
correction due to discolouration by the media.

{0166] As the assay can be performed and read under stetile conditions, cells for
each time point can be plated in the same 96 well plate, thus, limiting differences due to
plating, culture conditions and plastic. The conversion of WST-1 to formazan directly
correlates to the number of metabolically-active cells in the culture. Metabalic activity
increased up to about day 7 or 8 (Fig. 2, Fig. 3), after which time a plateau level was
maintained, coinciding with confluence.

Example 3: Determination of Cell Proliferation using BrdlJ

[0167] Cell proliferation was analysed with a Cell Proliferation ELISA
colorimetric kit (Roche, Switzerland). MC3T3-E1 cells were incubated with 10 pM
BrdU for 2 h at 37 °C, denatured, fixed and incubated with anti-BrdU-POD for 90 min
at RTP according to the manufacturer’s instructions. The reaction was catalysed by the
addition of a tetramethylbenzidine substrate solution and terminated after 15 min with
1M H,S0,. The absorbance was read at 450 nm (with a reference of 690 nm) using a
Bio-Rad® Benchmark™ Microplate Reader (Bio-Rad, CA, USA) and corrected using
blank and background controls.

Example 4: Analysis of the Differentiation Status by Determining the expression of
marker proteins

[0168] Total protein and RNA were extracted from the cells and used for ALP-
ELISA. and real time PCR respectively.

[0169] For real time PCR, total RNA was isolated using the RNA Isolation
Nucleospin® RNA. IT kit (Machery-Nagle, PA, USA) according to the manufacturer’s
instructions. RNA concentration was determined using a GepeQuant™ Pro RNA/DNA
calcnlator (Amersham Biosciences) and the quality confirmed by RNA gel
electrophoresis. RNA (1 pg) was reverse transcribed using Superscript™ 11 and Oligo
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



OC Ul11542 F 7 GAG GGC AATAAG GTA GIGAACAGA 134 8 AAG CCA TAC TOG
Tn. GAT AGC TCG Exanple 5: Preparation of Intact Heparan Sul phate
Chai ns 25101721 The cellular extracts were subjected to ion-exchange
chromat ogr aphy on a DEAE- Sephacel colum equilibrated in 150nv NaCl
wi th phosphate buffered saline 26 (PBS), pH 7.2. The nedia was
manual | y | oaded onto the colum and el %ed under gravity (FIG 6). As
shown, nost of the r&di oactivity elutes in a singl queak between 1.0

and 20 M NeRvenipnal Pi-Buandiige Brofeds HefRecanerreddy theTidIGR Sequearing Feadllitias
col | ected gBmheamed). Redl Tkt duaiitana! BCR Was ThRusRH WANWERT YRsNeS R0
the bound rgd eﬁ% foctibs System (ABpited Biosystens, Fosior City, CA) using SYBR
fracti ons cHRTEE: &4 s PP ystems, ty, CA) using ®
Green PCR Master Mix (Applied Biosystems, Foster City, CA) in triplicate wells. The
5  reaction cycle copsisted of a first stage for 10 min at 95 °C followed by 45 cycles of
combined annealing and extension for 15 sec at 95 °C and for 1 min at 60 °C. Primer
conceatration and efficiency were also determined using the same cycling conditions prior
to conducting the assays. Results are expressed as a relative expression of hypoxanthine
guanine phosphoribosyl transferase (HPRT) calculated using delta CT values.
10 [0170] A conversion of pNPP by ALP was detectable from day 10 onward (Fig.
54), with maximal activity observed at days 25 and 30. In addition to ALP activity,
ALF mRNA transcripts (Fig. 5B) were measured using real time PCR. ALP mRNA was
detectable at all time points with a significant expression from day 10 onward. Runx2
mRNA expression (Fig. 5C) was detectable at all time points with an initial increase
15 between days 5 and 10. Collagen synthesis (Fig. SD) was measused at days 10, 20 and
30 using 3H-proline incorporation into collagenase-digestible proteins within the cell
monolayer. OPN mRNA expression (Fig. 5E) was increasing after day 15. OC mRNA. -
expression was detectable from day 10 onward, increasing until day 20.
[0171] The following mouse oﬁgonucleotidcs were used:
20 Acc. No = the Genbapk accession pumber for the mRNA sequences, F =

forward primer, R = reverse primer, size = the PCR product size.

Transcript Acc. No SEQ  Sequence (5’ -3%) Size
ID No

ALP X13409 GATAACGAGATGCCACCAGAGG 140
TCC ACG TCG GTT CTIG TIC TTC
CCAGGTTTCTGATGAACAGTATCC 163
ACT TGA.CTC ATG GCT GCCCITT
ACAAACAACCACAGAACCACAAGT 111
GTCTCGGTG GCT GGT AGT GA
GAGGGCAATAAGGTAGTGAACAGA 134

AAGCCATACTGGTITGATAGCTCG

OP BCO57858
Runx2  NM_009820

oC U11542

oo o W
(=IO e R R A S

Example 5: Preparation of Intact Heparan Sulphate Chains

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



[0173] Fractions conprising the 3H glucosam ne | abell ed GAGs were
pool ed, concentrated and desalted, freeze dried and resuspended in a
m ni mal volune (100- 500 pl) of neuram ni dase buffer (25mM Na-acetate
pH 5.0). Sanples were treated with neuram nidase (0.25 U sarnple) for
4 h. Five volunmes of 100raM Tris-acetate (pH 8.0) 10 were then added
to the sanple which was then digested wfh chondroitin ABC | yase
(0.25 Usa e) for 4 h at 37 C and further digested overnight with
an equal :@%ﬂt P8t 7-£.r Bighmedia yyas manually lopderizonto the, geliupn ang eludest ender
rotein an I
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di | uted 1: }Gedvof furde éﬂﬂ!ﬁ;ﬁ@dﬂ@éﬁﬁm Ras %ﬂ]e& bhDH fboaﬂ@maﬂehal eluted with
DEAE- Sephacel %@lu ut ed a revi ous described and 1 m

fracti ons M ‘“’[dé’i‘?‘ﬁ e was finally desalted on
a 1 x 35 cm Bi ofogd) fl?zcﬁféﬁé bﬁmpnsiﬂgethé/gH Zg‘hﬁ:%&dnﬁﬂc GObiRACELEs %f& Jo?e%ze
dried. Sanples were then eluted in a -200 pl 500nmM. 20
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can De at r sults u zed |Ln
S o U RS PisREN et 20k SRR ot AR o el G T 55 pls
was chem caideklycndym)l ynerised by ow pHFIN®2 (pH <1.5). A small 30
portion of the

a_Bio-Gel P10 col 1 x 200
Do obtai i a pr ol 8 e b oflei e B Bhteseress Srat el wiat afdigaase”
(shown i n Klfstot8Aobmet 6EdbInes/tn) Profibsedn fO0mMI Trisveastate SEHnN @aldmtcdcahia e

urit f T C f eptjble
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t et hat i 35 i h - hi gh liquid
etrasacc %%gagwoﬂﬁ{%@&gd ani on exchange- hi gh pressure |iqui

chr omat ogr 27 Exanple 7: Lvase Depolynerisation of
HSPGs [ 01068T51 A hysehple ovas flinaléspdrasalted on 3.k pF culRiv-$3et P2 edledn,whe h

heparitinasg ﬂaéuoﬁmp&t %ngﬁze%%ed%q& gggﬂfe}ytm&s& 104 meaa%@pag,b 0

heparitinas€ was ca romthis nd tabu gree
of pol yer |Ns@H/m Nabpl, iotubaged Hoqiisatkatids®Cr and tieematetiealisbd tot g7 withrigiaeial
above that nd was subsequently used in the cal cul ations.

Hepari ti naﬁg" A¥fariti nase 1), heparitinase Il and heparitinase IV

o e ;Jsed at at E?ma@tsfnanl z@mﬂil $?5atﬁﬂa¥eﬁﬂarﬂéﬁb1%ﬁﬂ Hﬁ&m&?%sa@fag@aﬁ 0.2
Cal Cl um acC al e S WS ro e
depol yner | SEUP AGER SIe 8 G F 28 8 BrsiFy Sriw el of e ppsd i

fractions @Ealﬂsl(mcaf?) rsm diGIRlehgta $1S (30 hnttepainaseofesibientfache (B cpabsled

scale i roportions of .| product s.
Non- r e$0l vé% ‘%t g’ﬁ@?ﬁ@ ??aélg@nﬁﬂeéalaﬁvgglﬂem ved on a
Sephar ose CL-6B as above Ileparl nase was used at a concentration of

S50 mU/nl in the same buffe é&g 80] ., Samrpl es re tvely treated with
heparitinase or hepar?"y fe t]i:ous]Acﬁlfgea%nent&Rfé:bhams |

{0177] HS was chemically depolymerised by low pH-HNO, (pH <1.5). A small
30  portion of the mixture was run on a Bio-Gel P10 column (1 x 200 cm) to obtain a profile
of the fragments releagsed by this treatment (shown in FIG. 8A and Table I). This profile
was used to determine purity of the HS sample and io 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 disacchatides and teirasaccharides for strong

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



15 digested in the presence of 100 ttg of carrier HS. Each sanpl e was
separately incubated at 37 C for 16 h and then a second ali quot of
enzyne added and incubated for a further 4 h. Sequential digests for
recovery of disaccharides for SAX-HPLC anal ysis were performed at 37
C as follows: heparinase for 2 h, heparitinase for 1 h., heparitinase
for 18 h, and finally an aliquot of eacH |yase and heparitinase IV.
for 6 h. Sanple 20 vol umes ver e decreased to less than 100 pi by

desi ccation and run on:&2m y obyineexi ofHESRES di sacchari des.
Results are shown in Table IL Exarrpl e 8 Gel Chromat ography 25[0181]
Gel chromat ogra i ntact chains or scission products was
perfornmed on Se Eﬂéfi]o% EIOELC—CS Begolymerisedpodyctcivdatedregthi hepaitineseis slrgwlnuﬁ f er
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pH 3.5 with 11020)180}'[Saﬂnp1515/ f&ﬁécnm{egﬁdV@ftE l&e@hxﬁﬁiaﬁad o@Nekparinase were
NaCl fromO 1 M over
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or conpari,so erijve cchar.i.de
boch  ponk Ao Sehdoltl RBS,RE fnardiy o ﬁfﬁ&@ﬁeﬁe Br S HBE gl e
provi deg i perfaived al 37 °Q @sm)n]nwm Heparisaseaior dwhepaﬂlﬁnhsé E?ﬂaﬂs?eﬂdamhsdﬂ}s
were subje o} mal_l.er i.ons
col | ect eld) e ﬁ% %o?#pgﬁne %gﬂ% & %B% f%éde %é??fe f&aﬁ)eséﬁﬁ't‘%a%? ch
wer e s@gpl iveldmby wexe, de@i!ﬁdd)m leay e 10Tt b}stdmwhﬁmmndahn olvenBiln S &2

UK) . columnn to isolate disaccharides. Resulis are shown in Table II.

Example 8: Gel Chromatograph

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

30

Example 9: SAX-HPLC Analysis of Disaccharides and Tetrasaccharides

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



Al ternatively, 13NO2-derived disacchari des were separated using two
ProPac PA1 columms in the sane nobile phase. A shallow,

non- conti nuous gradi ent was used over the course of 97 mn. From 0-51
mn a gradient from0-150 nM NaCl was enpl oyed and from 52-121 mn a
gradi ent of 150-500 mM NaCl was used. 20[0185] Eluant was collected
as described above and conpared to stad¥lards. As shown in FIG 10,

el uti on peaks were | abel ed accordingly based on a conparison to

aut henti c SN dredincat (TES c1l; bEdblea b vRisacthaides | antifoy detaaseshdrileo fwaach

of peak ha e n. T 186 FJG 11
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with hepari a&ﬁﬁﬁ’b 8§ ﬁﬂéde products were fractionated by size

exclusion c onatograp y as described above to produce size-defined
m xture§ from di§483dyap2derivad wmdsawahanbjd@edml SASXL-HPAG omba BroPaof
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vari ation. ofX gl bl o1kl 65hS 191fea1F dicht ?fﬁa&ﬁ?o:& 09l bd G5 by of

MC3T3-E1 bone cells 29 respective rent concentrations
FGF-1 or Fepuomgbilephsgh The ciapies peed ip (e drepiionviaad themadicastivisy and
prolifgpat hﬁﬁ‘su?@li”b§ @&ﬁéllauﬁn RS} Vﬁr ?E{rﬂbﬂ 'vﬁthlgas@ c&ﬁ%cﬁhﬁ&%hz{ndes

serum [0188] FIG 12 is a contro experi nment
MC3T3- E1 cé&lphdards, In G 8<s3ghpgek és l@‘aﬁlqﬂ@ﬂf SHmEaTYay pPopRKions pi eask peakds t o
t hem wi t hogtovided sd/papleemment atl on, but that the addition of foetal calf

)

serumgreatly oyerwhel ms (i.e, is nmuch greater than) this response.
The cells are r 8338t taﬁldtq"?g"‘@t H@%ﬁsﬁc&}&”&ﬁ% Weie Fesjettadt toafhe seme
at tri but ablenditfonk ¢&ith hihi%er frh6liomX atRkRd)ldkd 8 it A6ubRS 1abetlel standard

Proliferatio one- Deri v S her Sou [ 0189]
& 1951 s e S PP pOraia P é?qrgcafévs&fl (G Hor b Magehesieh S
prol i f er at ixtemafivel-3AROHe i@t edigrtasides-Hreasepplati it Byo PifiRc pAl

i on- exchange chr omat ogr aphy. and CL- 6B f||trat| on as descri bed above.
HS1 is a pGeFRPER thsserpfelepwecphw o Fhallpng. rncREfIREE getietars Bsidkwrat ed

from brai nHer@aie 9057 efh. |I&omb1§12minsa BraBidhi frdr@ @- 430 pIMACTA] ks eRIpIyEL
growt h fact G- 1?mjsol ate griqjljgwl n_precursor cells; heparinis a

F
non- bone déﬁ“[@%‘ﬂs B’r’%ﬁg‘ﬁ 3 Wrs8%9HS (the so-cal | ed
"gol d zpandar d" [0185] Riaik wiat céﬂweé@ ad idsbARAAbovRQINS ra@;ﬁpéré@ﬂotsyanﬁﬁﬂs As

from por ci ARG e PSStk Bo elsd RSBy b G F EOBTPBA 20
bone cel | mmhintienasddring disebeditbas OliRaghivadtduntt a6l jebloRRbesdi a
i frorent FRETHRLTEP PR AT TR oo t nont2) | Both kS bone ool |
derived conpart [086}<5IGL .1@. showety flﬁﬂaﬁl@bdempfﬂp@xd aafeissh@mndmwte@l

e dosdp bRR Tt byt Mok moosfion, SRk E Bk Rinet P valeusdieres
in Figur e éﬂchﬁmdwm)duy!plvtbad frixglohats by gizé exdmc}:lrﬁnatﬁlﬁﬁlﬂiyadsmﬁscnaéﬁ

o nce i nn B BLudh FerBlind hibln BrF Ll B2 LA mie SRR S o
exanpl e, H3 Rbretyouks32 ssuabpiliynrdiverst ldmahmkan}ie éfabidonls vees gherdfisgerprinted.
concent rat S&lﬁe Qxfe sﬁ%?e%eags gthgrs géergghh? Cﬂlht Lid %?0%53 of peaks representing isomers

30  with slight structural variation.

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

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



30[0192] Figure 13 further denonstrates that the ITS secreted by bone
cells is substantially nore potent than the purified FCE-binding HS
obtai ned from brain precursor cells. This strongly suggests that the
bone cells require other US-binding mtogens than just FG-s in order
to grow at optimal rates. The "raw' bone HS fractions are binding an
optimal ratio of tissue-specific factor®d. 30 Exanple 12: Conpari son
of Cell Proliferation by HS froma different Species [0193]

FIG 14 il regpacHsiesDiffsent edngentrtions ofi§GEubpr BB astshown fwegmespectively

di fferent i I by
DEAR | on- e B R Pl Tt FO e
above. Hurrﬁ*ﬁfmll%hFl S) and pOI’CI ne US (pliS) was added to pig

ost eobl asts (pi S5 lgfggg o) hMsle

conbi nati ons, a%lde |ac}t ng lébéﬂﬁén?'ﬁﬁe&rsgés}%%ﬁ ve ost%log%ﬂgsatms
were isél atwéﬂorféw s&OaﬁQfal endF %@mmﬁmﬁ?d il wilthout B8 sypplementation,

Proliferat bnnmhage mﬁﬁiﬂr&@oe@a\f Ghlf &nﬁﬂ@re@ﬁf b@@wﬁémﬁ'ﬁ%cfs'ﬁﬁﬂ @é&%‘x‘%an? 3,
5 and 50 ng/m of the respective HS was added and 't he effect

conpar ed t &% 1¢spPRSEoilEE FeMy AT JCSPORRYE rie r%@eéffa%?%lmf@?%tth%rﬁfwgt
observed i Bi@hdabfAd Gt FGBAI n, an optimum can be observed for each
conbi nation. This optinum for porcine HS was in this case observed to
be about 5 ng/m, while about 50 ng/m was found to reflect the

r espectigve mﬂwm:f&fmm@ﬂ ofBell Barllifferafiér FRBUR-DerdaclS &6l other HS
irrespective of the osteobl ast sourge. Thus, no significant

di fference was observed between pur 15 HS from anot her speci es
and purified HS fromthe sane species. Exanple 13: Disaccharide

anal ys:]I Sf I sol at [omw]@fIGEasf 0| @elme ilhisE &t aﬂéﬁ%]ﬂﬁwﬂp@s@mﬂm ﬁ%g. & e
removed fro anl r_.e r abbi e bone
sample is §ri o&p'?;kwcsg% Zié’ﬁur@@%l nﬁrSNﬁ'("f P\’iﬁpf“r‘f O?&%‘:ﬁ longEeianes o
sal i ge (PBShmmaidﬁﬁpRy addi CIS-tB il tkdtionay d@cnlﬂﬂﬁbmst[-ls&as iist&iﬁlemmlaecnﬁc
standard tissye ho ses en Wt traturr

The hordgeddid® FONh Rt £ | EPeRESRE tin APt lsLES AR, s
mn) to respeetficdoy theedrbwilielbetosFERE 1sd1mda&omtbraﬁ®r@uﬁﬁr cailsj heprbgisi 2 ed.

DEAESephac e BB, sty BB RARHE, 6308 SRR Mhabentna' i
bu}‘ fered 3auat rtehC(VFES)lt? opwr @e@ﬁm@k@r hmmhmsarmmmmdlmawe@mm Rﬁ

unmm an (}-R!jnlrl
\Sgl unmes of %%%W%Q%BOQ@%WI:E’%%&%%? % éﬁs Jrgrg’tgléérlﬁ% l%?rd imarily
HS, CS Zind bprm) callgmernragay (mcluﬁeﬂHﬁApmﬁ@glﬁcwsEenwr@mmBSmam ipbepeHS

fractions %%rét@c?in%:ﬂculﬁ&@ﬁiehi@%a?% bsdeNGerdfrind! P adfl-Re s akas kad
GAGs (primarily fractions 1-3)_are pooled, concentrated and desal ted

on Ani con ESHEESOMEMRBIYo r?@;&,h HS bﬁé‘? celadrved ERPRRAFEICPish: TROPIDEAE and

freeze-dri egeratbd@ak @qm tantibavityRl vol ume (100-500 nil) of
neur am ni dase buffer (“d%[ acet ate pH 5.0 0195]. . Sanpl es are

treated with nelfH8%% s Qléfe’(anQﬁ’aW%Wfﬂdé’y l?fféiI aﬁléﬁmhffi\ﬁée’@@?’&(ﬂ umes
of 100 55 YL Tri gispeha! encdllondidysncRiiatn aaghre 19RE5P L e WiRhLe

and 31 dermatan sul phate digested by addition of chondroitin
| yase (0. 2500pashni®- E@%@ Uy ag qptinal; congspfratign t¢fesn ﬂﬁiﬁéé’fﬂeﬁf‘?hf‘?@lﬂﬁil dht
W th fresh oBgkaPsinde ilidbitofy §idk SFFRNECS RIS h@ﬁq{@bdnc&{ttah&% LY a5 88mpel |

=

be digested wit h' Pronase 1/ 5 total_ vol une of /m Pronase i.n 500
MVl Tri s- acétdat ghowsgt SWP’@%]I Liriatory etfegt aroupip Sorﬁﬁﬂféﬁtlo@,?f Wop)-S paym] in
this case.
30 [0192] Figure 13 further demonstrates that the HS secreted by bone cells is

substantially more potent than the purified FGF-binding XS obtained from brain
precursor cells. This strongly suggests that the bope 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.



5[ 0196] The entire mxture is diluted to 1:10 with water, passed

t hough a 2 m DEAE- Sephacel columm, eluted as previously described,
and 1 m fractions collected. The sanple is finally desalted on a 1 x
35 cm Bio-CGel P2 colum and the Vo fraction collected, freeze-dried
and stored until needed. Heparan sul phate characterisation 10[0197]
To renove HS chains fromthe core prote#h, sanples are incubated in
500 nNINaOFVlNINaBal for 16 h at 4C and neutrallsed to pH 7 with

gl aci al acet 2238 = COIHp? "!“ 2L ,'.' _u.u. pation by By fsem s differentSiteis and
after bubbling has stopped sanples are run on a CL-6B colunn (1 x

120 am for sizjopegjafiGl €4 m&&ciﬁe%@@btg%f }th‘s%ugpéuﬂﬁaﬁw A

reactions, heparitinase (heparitlnase t1 nase pari -
15 tinase FRECHF onyBolifesation ofopftachlaptat H(SnW@ﬁ P%WMMl@@ qmaswu um
acet at e50. %hrﬁﬁﬁt@bﬁ%&jfﬂn@‘t?ﬂ-@é BiltraRibh 45 &scﬂﬂ@@g{o‘vg %Ansﬂslggg gﬁd gl?oscme

concentration ﬁf in the sane buff [ es ted in

the presend® GHOLWeE 3ged iprpig 83@?741@8; (EigH k) aqd‘#gn{ap@ﬁgptﬂ@tsn@@@%gq all
HS). Each mbxﬁbmﬁzoﬁﬁ RB Gafiebyin KiftIEs 8. @Epe%ﬁvé};sfté%laatﬁ wlamélEuiat&h@n
or

second al i e my ded and i ncubated for a further

pr epar at i o ‘im %?B ??)WBIT ticehats ProfjferaliRn wappreasues] ayer as24h period

2 ?qé enti ?I lald ﬂ@e;sﬁga aB@ﬂEDO Bs§ agd smﬁg/ﬂm?ﬂimls réspévﬁbé Hﬁ ) dd?edjdrﬁ%éf %cﬁ-t )
as.foll ows: par 0 epar]tinase for

ST ndn’ PsRrRed 3R8hd W Bk, A ertee o raRrian Vas hsces By bty

I ﬁaselggd Aepiay it optiasen kdh boobsérvad fcﬁs&miﬁ asntdnion Tl oﬂgﬁqﬁm trer ;c@asﬁe

t han [

and rem)vreﬂl-I sa‘f}%excﬁigssgﬂ%rogﬁegeﬂ?eég 55]@}1&({“ w@‘#?%‘]‘?ﬂ%%%?%ﬂ’a% Ouflﬁf"act

chai ns or s&ﬂes@haamsgmcnmmms fopdfoan ESdBoth @apiaamm ebseived Bregdechvel 20

cm, Bio- 200. ¢ col umm
Runni ng bﬁ# % éﬁ‘%‘é}a ﬁg}st%g Eﬁh&&gﬁﬁﬁp o u %’ﬁew?dbe?’?nl‘vl s CCB
and f od3Bi &S@qmmﬁletmeummd@uﬁﬂ esgamqsl es are routinely
elided at 4 mM/h with 1 m fractions collected. For preparative runs,
radi oactivity of a 30 small_ aliquot of each fraction (1-10 m) is
monitored by |iquid scinti Examples chayjde analysisr e good separation
and accurate isolation of fragnents for further analysis. Estimates
of the size of fragnents rdsdhtienoihiS BepBoneddssGk- 613 is based on
publ i shed calibrations. 32 Disaccharide analysis [ 0199]

Di saccRéri de colfp¥HHone samfles dre r¢u®vied famadnyanidalpfor 8Axmple k 1) @bbif ber

telr te gte;mﬁ ?n%@t e tRAOLMATH 15 $8un Up Wi -8 °@ M BN WithPREGRAE pldP
saline (PBS), pH 7.2, first with mortar and pestle, then with a standard tissue homo-
genizer (10 passes), then with the ultraturrax. The homogenate is then gently removed
and centrifuged (1000 rpm for 5 min) to remove any cell debris and stored at -20 °C

L_

25  until required. The media is subjected to ion-exchange chromatography on a DEAE-
Sephacel column (3 ml) equilibrated in 150 mM NaCl with phosphate buffered saline
(PBS), pH 7.2. The media is manually loaded onto the column and eluted under gravity.
The column is washed with 10 columm volumes of 250 mM NaCl in 50mM PBS,
pH 7.2. Bound material (primarily HS, CS and DS) is eluted with 1 M NaCl in 50 oM

30 PBS and 2 ml fractions collected. Fractions comprising 3H-g1ucosamine labelled
GAGs (primarily fractions 1-3) are pooled, concenirated and desalted on Amicon
concentration cones as per manufacturers instructions, freeze-dried and resuspended in a
minimal volume (100-500 ni1t) of neuraminidase buffer (25 mM Na-acetate pH 5.0).

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

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



Di sacchari des and/or tetrasacchari des are recovered by Bio-Gel P-2
chromat ography 5 and fractions corresponding to disac, charides or/and
tetrasacchari des are pool ed separately, freeze-dried and stored at
-20C. HNO2-derived di saccharides are separated using 2 ProPac PAl
colums in series in the nobile phase (double-distilled water
adjusted to pH 3.5 with HO at 1 n1/niﬁ1 A shal | ow, non-conti nuous
gradient is, used ovggﬁa{cou se of mn. After a 1 min injection

phase, a SECTHRARISHER SEFP L0 @l—di‘l‘“?@ Oi phondioitieAdpC ivese 2P Wisamploddar 4y a

70 nin gragiaesr°Cind Etheb@iQestddl Narioht TR frgihléRimd. Bingllf £R¢ plolidsad &
(0.25 or 0 fract tored J,@n | ine usmg?a radi omat i c

FI oone/ Bet & ngzlﬁﬁ E‘? a%es(teéa‘?%lé Fonase{ e dprial vebume 85 &P me/m) Proresy i

Ki ngdom) arsdo mwﬁsmtamsaumeﬂ&mﬁ aBtREHR &l6) 2t BPAO@)r 2Wj or peaks are
| abelled in Fi gwﬁg]é and 10, and tcgl?ee m_nor 15 di sacchari de peaks
eluted ds follo BUE) MiKfUe, i dpbtedde delOwilswater, pagiedi uopgh a 2 mi

Sl;:A— Al\/ag gmds@ahmemuﬁﬁ aiﬁte@adplg&oﬁslﬁuéhcﬁ%@ Q@ﬁltﬁ'@&@ﬁﬁfﬁ%oﬁ?ed

et ween an se-derjv i saccharides are
subj ect ed ]I PSr‘?ese?It?q @Jbﬁi ’13# ﬁ‘ﬁ%l?/ﬁe]cé# e o Bashem,

Di onex Ltdcbuecﬁﬁ,tﬁez@&%cﬂanhgta%dd%uyﬂae&eh.e sane 20 mel l'e phase at 1
m/mn, sanples are injected and di saccharides eluted with a |inear

gradi ent of sodium chloridey, e?&ﬂatf’gmh gé%ﬁ?z[cte‘l‘ﬁ afid). Fractions are

col l ected and nonitor ed for I'saccharide content. N trous

aci d-dgpi ved te [ cted to the

condltﬁgns Tet f‘ﬁ@cc ari egﬁa&aﬁéo%r%r’pl%r&eamf Prc?%’b“blsgmﬁg%acl"g‘a’%%%gﬁ%ard
resul ts whiv6hmM NaObé1N it ol 16yh Br4°CQod aewtralisedso pk{ Tiwith glacial &fbtic
Hospi tal, chester . Exampl e 14: Us f ar ul phat e of  t he
| nvention ? B?‘?‘rc‘ﬁ S Eﬁﬁoﬁlngrsg;ﬁlf%ﬁﬁ 13(9?@?%0“2’?6#@63?\?@83 sopped,

E! otiny Iha'Ej etingliyare noudyed CHi6Bi coluthnl(1N 108 Snd) dhif staing gitelbasbd Hstldhalﬁﬂ FaM
iotin hy |

car bodi | i 4 copviBShata AR Bl (el b e RBRIASF K abi b ¢

separ atléd fineml¥xoesed abagmn%ntl@homoﬂ%mUﬂnlom OO M setline neatead/0.2 mM-

irreversibly t 8 A Such

nmet hods can f)e usg(h %ﬁ?r?tg ?td%hgegggﬁu#ﬁ%ﬁﬁn@ﬁ%al |y

any synt hebnider. Sumplegyice dlgegred Iﬁéhetprtsﬁe@aﬁ 09 ing nomiabelicd|carrie8BS (porcine
[0203] In Qﬁéos%ﬂﬁgjﬂ'm‘éﬁfsamﬁ]@ﬁ %dféta? lﬁ&b&ec{ ﬁ's%t"b“fﬁ} ¥6 h bt thed QE.{R) g

not highly purified, or broken down”into particular active,

domai ns),  S89Uoh&f epsyaneasided nd nbated fﬂ?ﬁ & Hurgheg gr h.elar mﬁmlﬁﬁow
t i ssue-2ope@ishdcharfil9 b SARCHPI QY gs, fRGleARA &lgersts%yngﬁstng 0 sgsi.gned.

For exanpl ?a’beﬁ% I%) 1sI dd gegt%d at ?E’le‘%r gstfgﬂov:fst hgpr.]:ltngasg %c% 2 h followed by heparitinase
for 1 h and then beparitinase I for 18 h, and finally an aliquot of each lyase and
heparitinase IV for 6 h. Samples are dried down to less than 100 ml and run on a Bio-
Ge] P-2 column (1 x 120 cm) to desalt and remove all excess protein.

25 [0198] Gel chromatography of intact chains or scission products is performed on
Sepharose CL-6B (1 x 120 cm), Bio-Gel P-2 (1 x 120 cm) and Bio-Gel P-10 (1 X 200
cm) columns. Rumning buffer for CL-6B and the Bio-Gel P-10 columnps is 0.5 M
NH,HCO; and for Bio-Gel P-2 column is 0.25 M NHHCO,. Samples are routinely
eluted at 4 ml/h with 1 ml fractions collected. For preparative rums, radioactivity of a
30  small aliquot of each fraction (1-10 ml) is monitored by liquid scintiliation counting to
enswre good separation and accurate isolaiion of fragments for further analysis.

Estimates of the size of fragments resolved on Sepharose CL-6B is based on published
calibrations.



5 hydroxyapatite or hyaluronic acid for wound/fracture repair.
Alternatively, or in addition, HS may be purified froma HS m x
(one-by-one) and HS specific for each factor that a tissue needs for
growt h/ regeneration. HS is thereby acting as "bait" for essenti al
factors that a grow ng/regenerating tissue requires. 10Exanple 15:
Anal ysis of the Dose Dependency of |1TS3n Cell Proliferation of
MC3T3-E1l bone cells [0204] The_in vivo doses of HS were determ ned
using a cell proliferation enzyﬁ’é‘-“F‘F}ﬁ‘K’é‘G*‘Pﬁ’fYﬂﬁosorbent assay (ELI SA)
kit (Roche, Switzerland). Twenty-four 15 hours prior to seeding,
MC3T3- E1 cel | s VB¥¥8] Hissaghatide eqraposition ofrsht EScis palyseidnap SAXFHBING GHtéd

to disrupt & t| [lj§t I r n ed in
starving ne%%ﬂg[ gl#lgﬂ%erq%{b%y Bg g%‘gﬁﬁ)(ﬁl S peg?’kv\lgﬁﬁgiog a 96 évéaﬁ?en'
mul ti-1itreDjshcaharidesaud/onteirataberides a8 reCovetedbby GIRGEDP-21ciorhaog@hdow
for cellgattachoen » hi he edi a repl aced with
serial dil u%nlaons o%ls I—é%'}e#%ﬁ@gg vr%ngl %%%7@3? o?f}aﬁglvﬁéasﬁ%‘%ﬁr&fege?? H00k4

di | utions ofepareidivafreszerdsehindgiot@bet FIBCa FNOp daived disaohdrides are Giphtatd
were then incub W 1 M BrdU., f qr h 37 C,, .denpatured, fixed
and i ncubat‘?‘-fﬂ:‘@"\/\ﬁ1 f"ﬁg%aﬁt%ng*b‘Bbw P15 g9 FFOS{[“ R%W’a@%@?ed‘i&‘%bgd"ﬁt“ﬁe
manuf act ur eadjusteidris pELECE inith FICLT46 midakt | A shalle®, @t @niseds Pdiehds used
addi ti on of | benzi di ne .substrate sol utiaqn and term nated
Sfrer 15 m o hEDIRTBAPY bR AHEL 8 5o SBHIeR eBdhon S ui edtieat 5 3
(with alt efmMeNe@ iofisiSfoB&eedry)a ThungeradiBit@f RA0H0BmiM Nagl. KT eluant is

M cropl ate ' , d corrected usin ank. and
backgr ound ég%ﬁlf%glfét% %%a%sos' ay vff/g‘é%@m Sc;e}a oeng{ofeﬁr%"gjn? Fsr%%%géan !:?ﬁﬁlg%g(b%
ef fective condsin Aa0breipaioudCibD30) Pagkead.d Bampborimed United Kingdogy) rinkd

(Fig. 15). dEAEC dfsdaf@@par i son of HS conposition from Bone
and Non- boncej)]mt grrci ved 3058urces [ 0205] As previously described by

Gordon et al, 199%0] Mpior. p@ke|are Qizehie® 78 Bigpres 9 and 10 and three minor
15  disaccharide peaks eluted as follows: GlcA(2S)-AMannR between 43.75 and 44 min,

GlcA-AMannR(3S) between 45.75 and 46.5 min and GlcA-AMannR(3,6S) between 104
and 106 min.
[0201] Lyase-derived disaccharides aze subjected to SAX-HPLC on a ProPac
PAT analytical column (4 x 250mm, Dionex Ltd.)., After equilibration in the same
20 mobile phase at 1 ml/min, samples are injected and disaccharides eluted with 2 linear
gradient of sodium chloride from 0-1 M over 45 min. Fractions are collected and
monitored for 3H-labelled disaccharide content. Nitrous acid-derived tetrasaccharides
are subjected to the same SAX-HPLC conditions. Tetrasaccharides are compared to
double labelled standard results which will be supplied by Dr. Gordon Jayson (Churistie
25  Hospital, Manchester, UK).

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

30 [0202] Isolated HS is biotinyiated (by incubation in 0.1 M MES buffer (pH 5.5
with 50 mM biotin hydrazide and 10 mM N-ethyl-N' (dimethylaminopropyl)-
carbodiimide) for 5-6 h at room temperature. The biotinylated HS is separated from
excess reagent on a2 PD-10 coluwmn and virtually irreversibly immobilized to any
streptavidin-coated smrface. Such methods can be used to integrate HS into bioscaffolds

35  of virtually any synthetic, biologically inert therapeutic material.



i ncorporated herein by reference, disaccharide conposition is
different for HS isolated fromdifference sources. Table 111 bel ow
shows conparative di sacchari de conpositions 35 of the adenonma and
carci noma HS species. 113 sanples were degraded by conbi ned 34
heparinase I, 11, and Ill digestion, and resulting disaccharides were
anal yzed by SAXHPLC. The results repres&t the nean of val ues
obtained fromthree determnations, with the SE. values in all cases

being 1.5 % S5EEMIE ong empoeignent] BS @rusvdv@atrhleummémwramdm odt highly
heal ing. proaess, 6f brokdiim!ihR HeHloRlaPYciid suldihdd ABhaikhOGSTME. %g LB%OG]

Ni nety 10-week- mal e Wsta ts were anaest etlz S|n
of ket am néterAd Vi@ AFPRect aropeytionz ofnEssesyspesifie pevthtaod adhesive f@@onscfnr
After ster ifhithPl BB adedtch@l) PR gxaﬁ:?i el Q{mlcsﬂd'%ahmé Etbéllpfﬂut&{‘%?ﬁiféasfd

al ong the Ia eral aspect of th the nuscul ature carefu
separ at ed, MEHEEERAY; o shalurenic ta&!@e??f dwewRdfirciure wepairt eﬂiﬁmaé‘eﬂhyad'i'lbél

adequat el y aydiseralEiss ey bE’%ﬁhﬁéﬁ ﬁ&mavm nﬁkr(bﬁénﬂﬂoﬁ n? QM H@es;)@%@ fordach 2
transverse_15 gll'ftteotony egﬁggcgol n the fenoral dshaft “usin

Stryker sa@cor et &4%sadan wifegengugiipn. Alssis (heighy TeingAs g%l TPy er

was then ussentiaDfadiofs thata glowlingRgbmeraliag Hsse Wghesdown t he
intranedul lary canal of the distal cut end of the femur and out at

t he kn ]
f enur agsth eduted arre i i SRR et |
in the nmedul |l ary canal unti I |tMﬂBm<E1bﬁnéeélts in the hip. The 20 wire

was then trinmed to reduce the |Ike|lh00d of |nflammt|on in the
knee. The gel (é’g vvlth tﬁ_géjt HS .was | ected around the
ant erol at er al g‘gt 17t HEC P?f&toﬁ ﬂq%det?%n g 2 Gel quplgerafion
skin were tammenﬁmppmmdmbad aasasal (BULSA)ad: (Feuehle, tfi@tEAdndl MHRAtyO0R0
ng/ kg ggng mcforgpgﬁg 5\@(? ﬁn"re ately, as well as 12 hours

post oper at VEF PHOD F-EL cells ‘["‘H?(ﬁ?‘]"“fcéﬁl |SERTiRG medianeonteding
both I'i mbs sgveive NaQI,%t6 Wisai iHe seRlation Qendbzedds HeS CBlk H0k SRRASeedc i

i nt ranedul | al[‘%}gvsxélflres wer e rermved4and the callus size neasured in 30

the anteri 8f s a2 donsity oh §x105celmper predinigs: 9 wal maltitige plate, and

Ver ni er Caldciid 4 Seabsey WM:@ for Binl 8L86R ol BITUfRcRMBRE Foﬁl&ﬂmg e Red
in 4% PEA in 15 nl tubes. The obtained results showed th

weeks, cal Mgdiagyas genlaced path syl giluticas WhES B starvingymedia @rr%@emsen@l 5
pg I TS zmheﬂﬂrﬁibﬁPaf :ﬁE’dl& Qoﬂtzhﬁug Qb iRls Angk é@ayp&n&@ ALY ¢ dﬁeﬂ m%QFlE%

Table V), with no ference between t roups et ecte

| ateral pl a#blOAMBrdLé@R@haﬁéT %d@natml,éke amcmméw@dnn-@r@ﬂ-ﬁ’ﬁ&
the AP or katey aln B mﬁsa&ardmg% e K cfﬁl:'.ﬁéturelrg‘{ﬁsn g&m e é?&ftﬁor nOG&°S

was accelerated wth 115, but reach e sane
control gr eigysed 3}5 the addition of a tetramethylbenzidine substrate solutlon and terminated

after 15 min with 1 M H;80,. The absorbance was read at 450 nm (with a reference of
25 690 nm) vsing a Bio-Rad® Benchmark™ Microplate Reader (Bio-Rad, CA, USA) and

correcled using blank and background controls. The assay was repeated three times and

the 50% effective concentration value (ED50) was determined to be ~5 pg/ml (Fig. 15).

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

30 seurces

[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 I below shows comparative disaccharide compositions

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



X-ray and Quantitative conputerized tonography [ 0208]

Radi ographs of the right and left fenurs were taken at a di stance of
100 cmin the Al' plane (see Fig. 16). Fracture healing was graded by
2 blinded 5 orthopaedi c surgeons. Peripheral quantitative conputer

t onography (pQCT) was then conducted using a Stratec XCT-960A pQCT
scanner and anal ysis software (Stratec ¥edizi ntechnni k Grbh,

Gernmany). Nine, 1 nmslices were taken through the fenoral md-shaft,
with the Shepashised, EhendUfhdigdstiom mhdyiesating disarcharidesivee. a]:ﬁe[lg;zfzfiilsls_;t—:-&f!t;.Xqc or
a system cf par n.the
contral ater aF@%n%gésg%%égg&éggé& nﬁga%OOf\t,%fug? tgg[lséﬁg? cor eae etcé:r]‘H]anons
cancel | ous%rﬁbﬁsﬁfﬂ@b@&mﬁkmmh@%bﬁ%tl on [0209] In order to

determ ne whether the increase in callus size in the 5 Kg HS 15 group
was due.to increa --A aecul SI n enbed%
sectiond wer &XaBpledly 4y : z Mg .3 bone
percentage of von Xossa posi t| ve frigtedyiBS bone voI une formation
within the total callus volunme (BV/ TV). Using Bi oquant anal ysis
software, bone volunme (BV), tota}, solpikeldd) and bone perineter (BP)
measurenments were taken fromthe ¢ us regions on each slide, wth

no Ies than 9 e er ou am ned. Thes rreasurements wer e
used t Odet er ni ﬁ@o@%ﬁgg’%’g{d Iﬁzg ﬁ%ﬁﬁéﬁtﬁl‘”ﬁe ac“ﬁ?%?ﬁ%"sds“ H> oygke

[ (BVx2)/ T\/{aj kaiathiter alkdql mg/kgwfb:eylahzﬁn“ébbf\l Jn&@wﬁ?ﬁl /m_—;wtiblaoos]ﬂe; s'ﬂ'ehiﬁats ed
nmeasur ement s e avera r eac rou e.resu resente
as the meaR 8 &Or{]dardma {uﬁ%]ﬂl mf'ﬁ’f g e&? gn% FTE%t?ria aspbot 0

measur enmenthsgls Hewadgodath®. csl%ﬂlly(segmm armd tMlQ_SVCtﬁ& tafiet odm fitd] tidSemur
compar ed t Godifif; ERALAAY HEAUR bRicKicfnQis o Beq AR meSd00SRE L AL LIAL

i ncreased bone caused 'ncrease 1n ca
contradb, ngedomny oty thabmod oridsbaft sitgwSinykeheaghel Mﬁﬂﬁmmﬂ) M,

O or O Rson. A SHARLIHS LELERRE Badh SR T Ol Suddtn kAL alm,

gr eater mneralized tissue and osteold present at

i nterface Wetinramedpliacyrangl & tost dzstﬁiecubmdloﬁ Geifermptiad Suimt ghefigeay prid it sals
conpared t gugmtme lehd o§ﬁle|h-£§ qmel ﬁfa&ﬂ,rea %marv&urm rm%ec[ gﬁedablﬁo

show that 5 i ncreased ) 16. 5% as conpare control,

whilst Tb F@%@fﬂé&ﬁ%@ Hesa% mt&f‘eﬂ@ﬂ&%&ﬁ%ﬁl u&%lgtg%ld I?rgfelft ﬁaﬂw hige Fleas ed
BV/ IV ag{// , mwdg&%}m tﬁhﬁldddcto irEee ﬁx%ﬂﬂce]]]ﬁbota'lbf ittRlReRioh fﬂ@fhemeé\l ’Iéhﬁ)gelg
weeks, surenment.s, were acrQss €

gr oups, gjr\épé;h hithis Pﬁ‘ﬁ{%‘{“ﬁ g@é’%\s e aé%“”s%é?"eané??m'gfﬁ?%c@é% Taclige of
hﬁal i ngl 351_teSaﬁ1é amiscle,OfaStiabmi sign wlaﬁ thén wpprdxmmmmff ¢d) Andiehen
the callus in r n uppl.ement.ati o araf fin

sections wer&" é)%é‘ E/Z‘gv&%ﬁ%e%aﬁ?lpﬁ%n%% ‘5@5 ?ﬁ@veheqscﬁg%%%ﬁt
cartil age bpersideiywi thin the total callus (Cg/ TV). The cartil age
stainsgged fromthe safranin 0, the nuclei stain blue fromthe

haemat oxyl i n and the bone stains gggfpsdigsom the light green 5
counterstain. Simlar to trabecul ar bone formati on neasurenents, the

anount of cartijoagn mbml& e%aﬁﬁasfeabbmm(b%)ex@%léeh%na ﬁie@d ft&}ﬁlrﬂddéle

vol une (I V)Uéwere measur.ed,” and from these neasurenents,
per cent age Usmaderctns; i dntiamernliiny Fréres et rermayer @ad thel qaives WWIGQ\HS

det er m30€dtthz{ﬁ%n’6fi§éé|térﬁr (Yiﬁ)%xﬂ\d%ﬁgﬁﬁnésq{s ? aSéigi@Aleﬁ?e:ﬂ&r CHRRY ?Scaﬁ:?d
t he result%@ resente as the_ nean andard devi ati on (see

figure 19) s preeq b %Fﬁ?ﬁs@r"e‘ff’ EHAIRAS mhyhsy- Thnekiniasfent s
wer e equal rés@ﬂts ﬂbivecﬁth@f BUDFredds, BMhdsiz jankk ﬁP WREK Sraf @:% 1drked K RspoRe

suggesti ng %g r}ﬁs goes not influence c for tion_in heali ng
fractures. Hatt ‘Eﬂ?lRﬁ'fedttﬂéhec%OPE&ﬁ géb ﬁﬁgg}mps < 0.05, Table 1V)
with no difference between the groups deiected in the lateral plane. At 5 weeks, no
35 difference was detected in either the AP or lateral planes for the 3 groups. Thus the

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



15 [0213] To anal yse the specifity of the effect of HS on bone
heal i ng, the nunber of osteoclasts was determ ned. Osteoclasts are
cells originating from nonocyte/ macrophage |ineage precursors that
specialize in bone resorption. [0214] Resin sections were stained
with tartrate-resistant acid phosphatase 20 (TRAP) staining to assess
osteocl ast nunber. Nine fields of view3thin the callus were taken
for each sanple at 20 x _magnification using an O ynpus Bx51

m croscope, DP70 caner aXad ambQuantitative conamitenized donagiaply 65.

Ost eocl asts positive for TRAP and containing nore than 2 nuclei were
t hen counted by02048f Radiograghsartt the might hnpleft Btk e hitegUR .4 dendeastul t s

d d .th
vt at 1 on. o0tal S afEEP iR 00 ROCT BRGNS Bubmvs mraed 15 7 Rl
obser vell adrthegacdivesutgsnus. Reriphdra graitiistivefcamputed toivograplye (OO wes theint h
. < 0. - Fi
nore ost eoglashs MGl QtS%qte@tX@I'@ﬁ%’%( igg:lﬁg};[aﬁt?er %n&‘%ﬁﬁ?sxsﬁ] (E;Ofgfa?? gS?tatecl 9

21). However, between the &roups ] “nme poi nt; ence
was obser vMadiapicRERInCmAbGermary) a Niree A dun sligss wereHaken thiehghytherfameoral

ost eocl ast gidhaft/witide Stk slide Hough Wb A& he bife, [TRaRUs &f: 23 QAR
Cc

Hence, HS cg,)es shchw an effeci on the nunber of osteoclasts _

present. oBect qu'?%ﬂ%f Cpy Were takery A0 wisangrtin the copirlatergldimb, evrregrandingbed
in detzd | {toersas of dosticalimdepicklidue bbe, Nodi fi cati on and variation, such
t hat enbodi nents other than those described herein are contenpl ated

whi ch nevertheless falls wt %&&Q@rgggggﬁgﬂgf of the invention.
pat e

35[0217] The di scl osure of eac nt and screntific docunent,

conput er progr al.gorithmreferred to in this specification.is

i ncor por at ed biﬂ%@? g} %’H%etoidﬁte{’?@e &'ﬁf’é‘?‘etp?/?nm%sf igepllysigie IR e P g 110>

The Uniyergbipy wef dfupcngkaed irdi2dz Lorposhdtionnefin exbtddat sediongwbene

grow h an | {f er.entd at.d i | NQ. S <150>. Al |

20049024035%‘{51‘2@0%% %513&8 ?@%685;%%%%&6 f%%l‘z‘%éf % VB Kssmpsitve
trabecular bone volume formation within the total callus volume (BV/TV). Using
Bioquant analysis software, bone volume (BV), tofal volume (TV) and bone perimeter

(BP) measurements were taken from the callus regions on each slide, with no less than 9

20  samples per group examined. These measurements were used to determine BV/TV, as

well as trabecular thickness (Tb. Th; [(BVx2)/TV]) and trabecular number (Tb.N;

[(BPx0.5)/TVx1000]). These measurements were averaged for each group, and the
results presented as the mean = standard deviation.

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

25 with 5 ug HS compared to the comtrol group (p < 0.05, Fig. 18), suggesting that

increased bone formation caused in the increase in callus size. In contrast, no difference

was observed between the 50 pg HS and control groups. These differences are shown in

Figure 18, with a greater mineralized tissue and osteoid present at the bone/cartilage

interface within the middle of the callus in the 5 ug HS group as compared to the 50 pg

30 HS and control groups. The results also show that 5 pg HS increased Tb. Th by 16.5%

as compared to control, whilst Tb N was equal amongst the 3 groups, suggesting that

increased BV/TV may have been due to increased Tb Th. rather than Tb N. By 5 weeks,

BV/TV, To Th, and Tb N measurements were equal across the 3 groups, indicating that

these fractures were all at the same stage of healing,

35
Safranin O Stajning

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



<212> DNA <213> artificial sequence <220> <223> Priner <400> 1
GATAACGAGA TGCCACCAGA G&E22 <210> 2 <211> 21 <212> DNA <213>
artificial sequence <220> <223> Priner <400> 2 TCCACGICGG TTCTGITCTT
C21 <210> 3 <211> 24 <212> DNA <213> artificial sequence <220> <223>
Primer

36
in cartilage production within the callus in response to HS supplementation. Paraffin
embedded sections were stained with Safranin-O to assess the percentage of cartilage
formed within the total callus (Cg/TV). The cartilage stains red from the safranin O, the
nuclei stain bive from the haematoxylin and the bone stains green from the light preen
5  counterstain, Similar to trabecular bone formation measurements, the amount of
cartilage within each callus (Cg) and the total callus volume (TV) were measured, and
from these measurements, the percentage of cartilage within the total callus volume
(CgfTV) was determined. The resulis were averaged for 9 samples per group, and the
results are presented as the mean = standard deviation (see figure 19).
10 [0212) The resulis demonstrated that Cg/TV measurements were equal for all 3
groups at both 2 and 5 weeks (see figure 19), suggesting that HS does not influence
cartilage formation in healing fractures.

Determination of the Osteoclast numbex
15

[0213] To analyse the specifity of the effect of HS on bone healing, the number
of osteoclasts was determined. Osteoclasts are cells originating from monocyte/
macrophage lineage precursors that specialize in bone resorption.

[0214] Resin sections were stained with tartrate-resistant acid phosphatase

20 (TRAP) staining to assess osteoclast sumber. Nine fields of view within the callus were
taken for each sample at 20 x magpification using an Olympus Bx51 mictescope, DP70
camera and DPController software V1.1.1.65. Osteoclasts positive for TRAP and
containing more than 2 nuclei were then counted by visual inspection using a grid-
technique. The results were averaged for each group and presented as the mean =

25  standard deviation.

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

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

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

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



<400> 3 CCAGGITTCT GATGAACAGI ATCC24 <210> 4 <211> 22 <212> DNA <213>
artificial sequence <220> <223> Primer <400> 4 ACTTGACTCA TGGCTGCCCT
TT22 <210> 5 <211> 24 <212> DNA <213> artificial sequence 38 <220>
<223> Prinmer <400> 5 ACAAACAACC ACAGAACCAC MGT24

37

SEQUENCE LISTING

<110> The Unjversity of Queensland

<120> Comﬁos1t1on for stimulating bone growth and differentiation and
method For isclating same

<150> AU 2004902408

<151> 2004-05-07

<160> 8

<210> 1

<211> 22

<212> DNA

<213> artificial sequence

<220> .
<223> Primer

<400> 1
GATAACGAGA TGCCACCAGA GG 22

<210> 2

<211> 21

<212> DNA

<213> artificial sequence

<220>
<223> Primer

<400> 2
TCCACGTCGGE TTCTGTTCTT C 21

<210> 3

<211> 24

<212> DNA

<213> artificial sequence

<220>
<223> Primer

<400> 3
CCAGGTTTCT GATGAACAGT ATCC 24

<210> 4

<21l> 22

<212> DNA

<213» artificial sequence

<220>
<223> Primer

<400> 4

ACTTGACTCA TGGCTGCCCT TT 22
<210> 5

<211> 24

<212> DNA
<213> artificial sequence



<210> 6 <211> 20 <212> DNA <213> artificial sequence <220> <223>
Primer <400> 6 GICTCGGIGG CTGGTAGIGA20 <210> 7 <211> 24 <212> DNA
<213> artificial sequence <220> <223> Priner <400> 7 GAGGGCAATA
AGGTAGTGAA CAGA24 <210> 8 <211> 24 <212> DNA <213> artificial
sequence

38

<220>
<223> Primer

<400> 5
ACAAACAACC ACAGAACCAC AAGT 24

<210> 6

<211> 20

<212> DNA

<213> artificial sequence

<220> -
<223> Primer

<400> 6

GTCTCGGTGGE CTGGTAGTGA 20
<210> 7

<211> 24

<212> DNA

<213> artificial sequence

<220>
<223> Primer

<400> 7

GAGGGCAATA AGGTAGTGAA CAGA 24
<210> 8

<211> 24

<212> DNA |

<213> artificial sequence

<220>
<223> Primer

<400> 8

AAGCCATACT GGTTTIGATAG CTCG 24



<220> <223> Prinmer <400> 8 AAGCCATACT GGITTGATAG CTC&x4 39 CLAI M 1.
An i sol ated heparan sul phate obtained from bone precursor cell or
bone stemcell cultured in logarithm c growh phase. 2. The isol ated
heparan sul phate of claim 1, wherein B%e said bone precursor cell or
bone stemcell is obtained froma mammual. 3. The isol ated heparan

sul phate of claim2, wherein the mammal is a human, bovine, pig or
rodent. 4. c[hgussol ated heparan sul phate of any one of clains 1-3,
wherein the bone precursor cell or bone stemcell is isolated and
cultured to renove other cell types. 5. The isol ated heparan sul phate

of claiml1or ApisaResEhdpdraesliphae BERIHEITOIM BEld presurssl &NitceBohd ohi he
group consistin 4 2T3 and MC3T3-El1. 6. The

i sol at ed hepar '%Pﬁqe{?g’g@f'thﬁll%@?ﬂ“ﬁh PO#R€r ei n upon conpl et e
depol yneri sati on vvlth nitrous acid (HNOQ2) the heparan sul phate has a

di sacchari t| on accor to Di sac har| de GAG®
| doA/ G CA—%& RepR[IY Hﬂ?g?\ﬁ PMebWIEESD KRSt B)e precursor

ceII or bone stem cell is obtained from a mammal.

3. The isolated heparan sulphate of claim 2, wherein the mammal is a human,

bovine, pig or rodent.

4. The isolated heparan sulphate of any one of claims 1-3, wherein the bone

precursor cell or bone stem cell is isolated and cultured to remove other cell
types.

5. The isolated heparan sulphate of claim 1 or 4, wherein the bone precursor
cell is selected from the group consisting of UMR201, MBA 15.4, 2T3 and
MC3T3-E1.

6. The isolated heparan sulphate of claim 1, wherein upon complete
depolymerisation with nitrous acid (HNO.) the heparan sulphate has a
disaccharide composition according to

Disaccharide GAG%
ldoA/GlcA-AManR 24.2%
I[doA(2S)-AManR 27.6%
GlcA-AManR(6S) 9.7%
IdoA-AManR(6S) 5.4%
[doA(2S)-AManR(6S) 23%
GlcA(2S)-AManR 1.9%

Unknown 8.0%



9. 7% | doA- AManNR(63) 5. 4% | doA( 2S) - AMBnNR(6S) 23% G cA(2S) - AMBnR 1. 9%
Unknown 8.0% 40 7. The isol ated heparan sul phate according to claim
1, wherein upon conplete depolynerisation with gl ycosam nogl ycan

| yase t he hepar an sul phate has a disa@hari de conposition according

to D sacch | d GAG NAc50 7% xUA- G cNS0319. 1%
Aex U &1 o R, B9 o Hieiatin SR cioring i AN LRk SREDSIDES. 506
Al -1 exUA(2S) - Qi@ﬁ&%@ﬁ&lsb%n with glycosaminoglycan lyase the heparan sulphate has a

disaccharide composition according to

Disaccharide GAG%
AHexUA-GIcNAc 50.7%
AHexUA-GIcNSO4 19.1%
AHexUA-GIcNAC(6S) 4.7%
AHexUA(2S)-GlcNAG 2.6%
AHexUA-GIcNSO4(6S) 2.8%
AHexUA(2S)-GIcNSO;3 9.1%

AHexUA(2S)-GIcNAc(6S) 0%
AHexUA(2S)-GIcNSO; (6S) 5.8%
Unknown 5.1%

8. The isolated heparan sulphate of any one of claims 1-7, wherein said isolated
heparan sulphate is obtained by a method that comprises the steps of:
(i) fractionating culture media, membrane fraction and/or extracellular matrix

fraction from bone precursor cells or bone stem cells by ion-exchange

chromatography;
(i) collecting an eluted fraction containing glycosaminoglycans;
(ili) treating the collected fraction of step (ii) with neuraminidase;

(iv) treating the material of step (iii) with chondroitin ABC lyase;

(v) treating the material of step (iv) with pronase;

(vi) fractionating the material of step (v) by ion-exchange chromatography;
and

(vii) collecting an eluted fraction comprising heparan sulphate.

9. A method for isolating heparan sulphate comprising the step of purifying
heparan sulphate from a cultured cell selected from the group consisting of a
bone precursor cell and a bone stem cell, wherein said cultured cell is in a

logarithmic growth phase.

10. The method of claim 9, wherein the bone precursor cell or bone stem cell is

obtained from a mammal.



AHexUA( 2S) - G cNAc(6S) 0% AHexUA( 2S) - G cNSO03 (6S) 5. 8% Unknown5. 1%

8. The isol ated heparan sul phate of any one of clains 1-7, wherein

sai d isol ated heparan sul phate is obtained by a nethod that conprises
the steps of: (i) fractionating cultuf®é nedia, nenbrane fraction

and/ or extracellular matrix fraction frombone precursor _cells or
bone stem dé&i | hgipethadofglaia d§ewesrebiiae SIpHpRlYS @ PHMANCRAMINSE PIgRY an

el uted fracti opggeant ai ni ng gl ycosam nogl ycans; (iii) treating the
collected fraction of step (ii) with neuram nidase; (iv) treating the
material of step (iii) with chondroitin ABC |yase; (v) treating the

material ofi2st eRe ethodvdflchir LORASRIN thibbné brthisonadil i8delebRdi@hetheal
of step (v) by ion-exchange chromato rﬁgy'%rsand vii) collecting an
te.

el uted fracti oBOEBFBPFINGPT MU ndMd{ #&d- for i sol ati ng
hepar an sul phate conprising the step of purifying heparan sul phate
froma cultured cell selected fromthe group consisting of a bone

precursor d&i | TBgethadqiany cegrtepims Sui9etle FHMBESIRG tgisteRse: cel | is in
a | ogarithyc gaciehBtin@fere hbdia IMemBRINRAH SN 541(!3&?@&60&71"@&&%&?% he4l

bone precursor cell or bone stemcell is obtained froma mammual .

11. The nei ReiPFTOre PaNGPrEgUrsRhes!sion bPRRSIRENIREP DY IoeeehiaRSe bovi ne,
pig or rOd@ﬂfomalc?gfraﬂH}@ met hod of claim9, wherein the bone precursor
cell is selected r_omthewg&'%gﬁoconsi_sli ng of UVR201, MBA 15.4, 2T3

and MC3T3- £, galectingamngly ERPIIRIBY @fycesarnipgslecans: 12, conpri si ng
the steps @fiy treating the collected fraction of step (i) with neuraminidase;

(iv) treating the material of step (iii) with chondroitin ABC lyase;
(v) treating the material of step (iv) with pronase;
(vi) fractionating the material of step {v) by ion-exchange chromatography; and

(vii) collecting an eluted fraction comprising heparan sulphate.

14. A pharmaceutical composition comprising (a) an isclated heparan sulphate

according to any one of claims 1-8, and (b} a carrier or diluent.

15. A pharmaceutical composition comprising (a) an isclated heparan sulphate
obtained from bone precursor cell or bone stem cell according to claim 1, (b}
a carrier or diluent, and (c) one or more biologically active molecule(s)

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

16. The pharmaceutical composition of claim 15, wherein the one or more
biologically active molecule(s) is selected from the group consisting of: BMP2,
BMP4, OP-1, FGF1, FGF2, TGF-£1, TGF- 82, TGF- 3, Collagen 1, laminin
1-6, fibronectin and vitronectin.

17. The pharmaceutical composition of any one of claims 14-16, further

comprising (d) at least one bis-phosphate.



(i) fractionating culture media, nmenbrane fraction and/or
extracellular matrix fraction frombone precursor cells or bone stem
cells by ion-exchange chromat ography; (ii) collecting an el uted
fraction containing glycosanlnoglycané (H') treating the collected

fraction of st ur am Jda ) treatin e eri al
of "t ep (1B i PR RATBRGPIE! SPrame oD 2Lciairt o, idsSR e TemBomtels Bar of
step (iv) wt hsepéaamem tﬁygaoubroaﬁéusm@adﬂ Stirdrizte, BRicedrate, adndedrire, (V)
by i on-exchange ﬁ o.gr%gh%/}; aad f(e ||) coll ecting an el uted
fraction conpr PN, SFeqoudiP sRd Zaledronates phar maceut i cal
conposition conprising (a) an isol ated heparan sul phate accor ding to
any one of ,cla reler

phar maceut i §a bé%H%%EF?rFﬁ‘ﬁeétlf)ﬁb?qr%F?%{i'°(‘é‘fc%{ﬁ‘”ﬂéﬁ ROY age erfd%{F’ériM to18
sul phat e obt ai peHe friadtiabne ofd ReUicaMenCof fredtihgR@nmiriAlgimead bf tissue
according to claim11, (b) a carrier or diluent, and (c) one or nore

bi ol ogi cal Iy a&RlVe ol ecul e(s) capable of stimulating bone or bone
cell growth and/or differentiation. 16. The pharmaceuti cal

conposition.of_claim er e one or, nore bjolo actl ve
ol bt e o0F sTRe AR PR G B RaeTEPAEER MompEoT rpie
oP-1, FGFl, FGF2, TG--191, TG~ fl2, TG-- 193, Collagen 1, | ani ni n

1-6, fibropectin and vitraopectin., 17.. The ar mpceut conposition
of “any onedr BN ROtBRIE: Fhpinfe s LB BOeHsS e one

bi s- phosphat e 42 18. The pharmaceutical conposition of claim17,
wherei n th hos i s el ec om the group consisting of:

eti dronate ﬁ'&“? &Qp? aig) 8?%{1&' % "‘ifFSl‘FatP‘g’ ‘ri sedronate and

zol edronat e. 19. Use of a phar maceut i cal conposition according to any
one of cl aj 4 to n the nuf act ur f a nmedi cane

Creating afSardsuiokeh iy psHEes aEbpsianl cppmogan Saatss eparm 10,
wherein the tiggpreaté obtameti @i b précdrasicedior BOHd stbis@ll @ccatding henyise
of claim 20, wher n thg %I ssue to be repaired is hard tissue. 22.
The use of cl a?Mi fa'mﬁ in the hard tissue is bone. 23. A surgical

i npl ant, prost hesis or bioscaffold corrpri sing an isol at ed hepar an
P O e O Pofagr R br 353 PO 34 afedl o

impregnated with said isolated heparan sulphate.

25. The surgical implant, prosthesis or bioscaffold of claim 24 further coated or
impregnated with BMP2, BMP4, OP-1, FGF1, FGF2, TGF-81, TGF- 82, TGF-
B3, Collagen 1, laminin 1-6, fibronectin and vitronectin and/or etidronate,

clodronate, alendronate, pamidronate, risedronate and zoledronate.

26. The bioscaffold of any one of claims 23 to 25, comprising a polymer that
incorporates hydroxyapatite or hyaluronic acid.

27. The surgical implant, prosthetic or bioscaffold of any one of claims 23 to 26

for use with hard tissue.

28. The surgical implant, prosthetic or bioscaffold of claim 27, wherein the hard

tissue is bone.



24. The surgical inplant, prosthesis or bioscaffold of claim 23,
coated or inpregnated with said isolated heparan sul phate. 25. The
surgical inplant, prosthesis or bioscaffold of claim24 further
coated or inpregnated with BVP2, BMP4430P-1, FGF1, FGF2, TGF-fl1,

TGF-192, TGE$3,. Coll a Iam|n16 bronectin a vitro tin
Tt or st oo otng SurgR et STy s e O B Ba b 56%8?@%'; 951 o
and zol edr onat the rgpair dienidi @agagéol d of any one of clains 23 to 25,

conprising a polynmer that incorporates hydroxyapatite or hyal uronic
acid. 27. The surgical inplant, prosthetic or bioscaffold of any one

of clains 28.t Th@Gsd of claime2 Wortdz, hmet%xﬁih%&el&ur ¢fhe hAQ tREldEsAdrises a
i npl ant, prost het rein_ the hard

i bi oscaffol d of claim 27, wher
tissue i s boneSt Z?g %@'“'Sf?r&‘g E “ Fg1aceiiRRLeRMPostpo Y copting,pr
bi oscaf fol d of ingiggreniag @f suedical I’fﬁplaﬁt prosthesistdn @icsesredid o hngend éf claim
damage. 30. -Thég?ozf@ﬁ%fg?eb?{p%fﬁ]fwor 22, wherein the repair of the hard

tissue conpris Mstering the pharmaceuti cal
conposi tion by coating or inpregnating a surgical inplant, prost hesi S

bi oscaf f,gl d, of f claim23 to 26 bef | anta
Ui of | solhi cHoREDAMERANIPRIE GIRTB g IRSY O FoRS BRECRFEbP RNl o

bone stem cel | steareslidicbgrding taayy one oPdlaifisai-8¥or btiufalihg fdgefibtagibnh B
regeneration oy tissue. 32. Use of isolated heparan sul phate obtai ned
from bone prectf®6r cell or bone stemcell according to any one of
claims 1-8 in the manufacture of a medicament for stinulating

regenerati o] e The e of .claim3 2, wher sai d
oeue s HBr Usp oLBpBtecHceain sulphaentdindd Bpihee prasurstipel ol borea; o
tissue is har dstbhﬁ&ﬂ%cc@ﬁlng'ﬁh@njdfs&e of claih@i 178 Gthe WhgTugdouré Bea har d
tissue is bone sol at ed hepa ran sul phate obtained from

bone precursormgéicﬁmgptfﬁhﬁtemg? g regeneralita ¥ disii t o any one of cl ai ns

1-8 for stinulating differentiation of a cell into a bone or
bone-1i ke of,..cl ai m 36, Yx/nerel the o i S a bone

The .us
otem cel . 39g Thelse S & 3% wherneie ireis ha et ipstes
enbryoni ¢ bone stemcell. 39. The use of any one of clains 36- 38,
wherein at | east one |0I e capabl e of
stimul ati n&%oi%e H?eB % IW% %‘ 521%%%? ardf%lséy%ntl ation is added
to said cell in addition to the i sol ated heparan sul phate. 44

35, The use of claim 34, wherein the hard tissue is bone.

36. Use of an isolated heparan sulphate obtained from bone precursor cell or
bone stem cell according to any one of claims 1-8 for stimulating

differentiation of a cell into a bone or bone-like cell.
37. The use of claim 36, wherein the cell is a bone stem cell.
38. The use of claim 37, wherein the stem cell is an embryonic bone stem cell.
39. The use of any one of claims 36-38, wherein at least cne 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.



40. The use of claim 39, wherein the at | east one biologically active
nol ecul e(s) is selected fromthe group consisting of BMP2, BMP4,

oP-1, FGFl, FGF2, TG~ 131, TG~ 112, TG /33, Collagen 1, laminin
1-6, fi bronecti n and vitronectin. 41.4%he use of any one of clainms 36

to 40, mher | e bi, s phate is added to

The. use.of 1 aTfi 455 SURRIPCR, R 1e 4 sebir Bopgeal et i
group consi sti sglectéd ébmdhe gai, coakmtl‘fghgéﬂmi?z EBW!QI‘OIPLafIEGFp,aFFIBIEIZ,Onat e,
ri sedronate an t ho or.identifying a

bi ol ogi cal |y ag?’%\# i&%n?éegeé ﬁ i]E fﬁ%m's”i”e 'goébrﬂécgaﬁpﬂi ng

whet her one or vitronestinandi dat e rml ecul e(s) binds to isol ated heparan
sul phat e obtai ned from bone precursor cell or stemcell according to

claims 1-8. 44. The method of claim43, further conprising a step of
det er mi ni ng1a bh@bagbﬁr&iy dnerd tiatms 86 t540, dvherdieatibast oh.bisThieosphateesl of
clai m 43, wher e|é1 i chl ogically active .nolecule is capabl e of
stinulating boA% chr h&'cel | growth and/or differentiation. 46. The
met hod of claim 44 or 45, wherein said biologically active nolecule

is selected,fr t he graup,.consi st of a ural

synthet o 431 el bes of i Bhstai e bigphdelete stede fom Biotve
ani mal , an ext c@asistifhg oﬁet&irﬁne&éuﬂbdrmte@éména‘té Qanfdrodte, ridpirReICt
froma reconbin cLorl(gggl ibrary, a product froma cDNA |ibrary, a

product from afi" #8n library, a drug, a | ow nol ecul ar wei ght
conpound, a car bohydrate and a protein. 47. The nethod of claim 46,

wh i th t wth f t Al | at ed. he

e ohat e odan Raiplind Br Beflits S REE Rl 4tive MRy s o 28 of

su: Iohat eb t he wﬁéhﬁidmgmtl’:(ﬁbﬁg oE Eﬁrééﬁﬁﬁvﬁ] mlﬁchlu(s)rbgmdbwg]gm@pur Zgr
or one siemce | ar m (0] ase a | |

e nr an ol o hob &S el oSl Gt ekl b o S Selladcliti to

cul tured in | ogamsd 8l c growt h phase. wherein (i) represents the
di sacchari de conposition of the heparan sul phate after conplete
nitrous acid (HNO2) depolynerisation and (ii) represents the

di sacchari d¢. compostHodat caim UBefultheradoriprisingRhsé e obddteritingal bidiegical

gl ycosam nogl yﬁl%gtlc!ry&smddrﬁglec joer i sati on.

45. The method of claim 43, wherein the biclogically active molecule is capable of

stimulating bone or bone cell growth and/or differentiation.

46. The method of claim 44 or 45, wherein said biclogically active molecule is
selected from the group consisting of a natural molecule, a synthetic
molecule, an extract from a plant, an extract from an 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.
47. The method of claim 46, wherein the protein is a growth factor.
48. An isolated heparan sulphate obtained according to a method for isolating

heparan sulphate, the method comprising the steps of culturing bone

precursor cell or bone stem cell in logarithmic growth phase and purifying



49.

or

(ii)

50.

45

heparan sulphate from said bone precursor cell or bone stem cell cultured in

logarithmic growth phase.

A heparan sulphate preparation wherein the heparan sulphate has a

disaccharide composition represented by one of:

Disaccharide GAG%
IdoA/GlcA-AManR 24.2%
IdoA(2S)-AManR 27.6%
GlcA-AManR(6S) 9.7%
IdoA-AManR(6S) 5.4%
IdoA(2S)-AManR(6S) 23%
GlcA(2S)-AManR 1.9%
Unknown 8.0%
Disaccharide GAG%
AHexUA-GIcNAc 50.7%
AHexUA-GIcNSO; 19.1%
AHexUA-GIcNAC(6S) 4.7%
AHexUA({2S)-GIcNAc 2.6%
AHexUA-GIcNSO;(6S) 2.8%
AHexUA({28)-GIcNSO; 9.1%
AHexUA(2S)-GIcNAc(6S) 0%
AHexUA(28)-GIcNSO; (63) 5.8%
Unknown 5.1%

wherein (i) represents the disaccharide composition of the heparan sulphate
after complete nitrous acid (HNO,) depolymerisation and (ii) represents the
disaccharide composition of the heparan sulphate after complete

glycosaminoglycan lyase depolymerisation.

A heparan sulphate preparation comprising heparan sulphate obtained from

bone precursor cell or bone stem cell cultured in logarithmic growth phase.



