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Met hods of proliferating stemcells Field of the

i nvention [0001] The invention relates to nethods of
w@e@biogenat i ng stemcells. Mre particularly, PEEIB2006/000278

invention relates to the useé of glycosam noglycans or

prot eogl ycans to pronote the gromh of stemcells in

ex vivo culture, while preserving their

nmul ti potentiality. Background of the invention [0002]

In all tissues o¥leihd@s HIGA¥lit-RAIHS dtém BelUD- popul ati on

of adult stemcells. These nultipotent cells are

recruited and activated to take part in tissue

regeneration. Adult gtefiDGhk bsveffisn @ Prom sing
resource for therapy, but their nunbers are very |ow

[00N{ Th@yeiR@ delpted RAGiBTtho @&ofi plolifedatifl £t6m RellPMore particularly, the
t herap eutl c use. When these cells are cultured ex-vivo

m‘ﬁefltlfﬁlarg afs &R var phglrqepamineelyaay eppratcpslEsans fapramgle the growth
of Sk chl?s‘lM lek QORI rure V\’ﬁlhfe*brés%rv’irl}ﬁﬂ&@ hmitfﬁot*éﬁha%t um of

signal s frominteractions with the extracellul ar

matri x and nei ghboring cells and the hornonal status

of the m croenvironment. Therefore, regenerative

t her api es usi ng adBdckgminathof did iavartienst i | | hanpered by

the limted nunber of available cells and the fact
[000Bhin elhgissues ofdhe body therevist a @ub-pelw&i@arqf adultattenaicalls. These

_ ) . i ati
muglt%gﬁe%? gﬁlﬁ%lfaie;er % : Vgcf %% a%ﬁ?zR&fw t?lgediét]qﬁ ugltr%éeggrgl{lléd. %dluﬁ Qtem
celtsara e iptomising fresonrce dort théragye bubthes ,nuinbérs aredvay hew and they need
connecti ve tissue,. hungn nmes tem cel | L
PrRRIBEE 1 K BT Pt E T i el B ot expipedhas
prdvhﬁi ﬂl&ﬁt}ﬂgltllﬂ rd’cﬁ@w”tﬁélﬁililjitﬁlﬁl rﬂic&%ﬁﬁlﬁdm%d f I\Mhidhﬁ@?mﬁ%k&?dﬂ@éa sum of
. These adult stemcells can r eadj urifie rom a
sigaf fom, JRterariops ‘B@héh%ﬁ’i‘t’faﬁﬁy“i%'pmi“%e%’ p%%bb@szﬁaﬁa‘iﬁ apd, the
hoMhdnhOsthtB of thd Midr&GvRMHHREE. THerdToRU Bt PivE AlhpiBSsing adult
( PD{ (=30) before they reach replicative senescence.

stefny cejlgare stib hympesed by e & 6wrnb%rroaf éwiilablg celisrfnd dhq fgct that their
exﬂaﬁls@l'fm{ne VPET HEQLAG, A5 QMEh - BXRIHERR! APmBérs! MBmpromises  their
catal ytic subunit of the tel omerase (1T:R I'S
diffegentiptedineand pradiferadveantatislhe |ife span to several
hundr edégopul at.i on doubl ings. These "tel onmerized"”

[0008] Pue fodhelf erpasityi tp forBy Jartilgecy bonestafitnd gtks Repnppié tisfue, human

meSERBREA ¥R ceilk %l%M@@s) doféBut® a&&&lﬂlﬁggpraspea%p&ent&@éd tilardpy in
t he 'study of . However, it does not address th

regeRayefmgdliscased gt mﬂﬁgd tisspese Tagse adulicsteny pedls carbe Teadity m@tﬁéfh from
a sitafl Tolafle of Uoﬂe ﬁjré.lﬂ]bw a%i)l\{ﬂt«% Og[gf T)&)%%@erd%h Yirft £o8 QUi iGbEr of

regenerative Lenti a e spont aneous
polauldtfoe rdewiplings |(Eih) 0B 0xhafore ¢helyl reachrreplichtiversen¢ssenge.r I ssuliitely that
thl% gﬂ ¥ %ng 13 hnkeg % telgnqgrg g Brrte%rll e Qst g];err%)rp%rte? ac%{le gf’ (HT®, cataYytw

hé nave "stem cél
subunit of the telomerase (hTERT) is sufﬁcnent to increase the life span to several hundred

population doublings. These “telomerized” cells retain their ability to assume phenotypes
of mesenchymal tissues, thus providing a useful tool for the study of hMSCs. However, it
does not address the issue of attaining a therapeutic number of multipotent stem cells in

culture without severely affecting their regenerative potential.

[0004] The spontaneous differentiation of stem cells in culture is a result of a change in the
microenvironment from that normally found in the naive stem cell niche. As mentioned

above, the stem cell niche is a sum of signals from interactions with specific components
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above, the stemcell niche is a sumof signals from
interactions with specific conponentsof the

weziocagehd ul ar matri x (ECM and nei ghbori ng cepPd'BIB2a6td00278
the hornonal status of the #croenvironnent. [0005]
Thus, there exists need for nethods and nedi a
conpositions that help to overcone the probl ens
encountered in the expansion of vivo stem cel

of | kb RBulaSHATR! ECM) dddendighbenhg 6ls] S0OE hotmbrkl ARtus of the
obj ect of the present invention to overcone the

HHEP%WF@WﬁmEonnected to the ex vivo culture and

[OOI%ﬁ]DfIH%! %E@%fé I}eﬁ el legl'ﬁ)d% (? m%g)latgargs%gpog\évﬂpa?ggp ftoo(gjvréldcome
the@ProbFSETHC AU rYE A Odx p Tk Y2 Btein®eB cGltlrbdir e of bone

marr ow derived adult human nesenchymal stemcells, the
culture conditions for gromth and differentiation of

these cells can begqpinhdfy2ethe hPQRBh Thus, a first
aspect of the invention felates to a nethod of

[0006Pk fif £1 GHjéd @ f BeRse@ ihPenGOMBS berddehe! the pR@ibnisi Rfinedfed @o the
gl ycosam nogl ycan or proteoglycan to an ex vivo

exwm%qlwécaélfi%mﬁﬁoeef%t@nCFléﬁoog] In this conjunction it
ted t
1003l P ey B Bindar PEalraranr o et by afifie fppsininoslycan

or ﬁijotéﬁgl%‘in&b @ Qulturb 8Ybone Aifdriv @rivad sdulttuffad n@iséhcnhdl sefecells,
re coval ently attached glycosan1noglycan C¥(3

thegHgiTh eapditiopy é%regrwb e%%eﬁaaﬁwaﬁ thepapHs cant e ¢

R G -
corfr(sitigl B8 @.@dlﬁfm sflh EBtesaiibglifcan be p@deloglygdnotds. ex vivo culture of

Pr ot eogl ycans are a maj or conponent of the ani nal
steghefiSacel | ul ar matrix. Therein, proteoglycans form

[00|t0gr I%e[ g@l ﬁ%]toplltxlg) o%ztgil gmaﬁgrtohe%r | gngggrgeg?lﬁcr%grsefe%?q.ﬁpgel)glsr:lpclass
of glfy€opddt&ias thav aJe\kednhyrgljmoaydateg TRy icomsst O b chreagoemdiitnone or

ot as an ciu and nd al.so r uIate
mof A BETs] 2o aeioal e rniGRGh R i SRt goan
chaidsS @reS l6is Tirdeay @dbhyriteCholymiersatial \akd YnegittheBt abirkdd Yander

of protelns and signaling nolecules within the matri x.
physigiiaiead pandifRie s e e PIYFERSGI §c AMEte #ad pronic acid groups.

Prcﬁéo%fybﬁ‘ldt ed Eomﬁ ot Q@ﬁép&ﬁk%t RIfotre! Fhif@lr %xt%fceﬂlhﬁr AabBC MBfkrein,

ow h factors binding t

chai n
proptoglyei5g Ifmn[qsge@pmpmesmth irc @b ruelpoBRRERS 30dipo Bleps matrix
pro%%vﬂg?éhoasr &@%&%}P eﬂggaal?e Hsb TR P ﬁtb'lrﬁllih Ofions thnas sodium,

pro eratio n stemcells in VI ro an
potvssmm aﬁﬁmulg) ank watéraendalso sdgglatd the moyengentiofi melesules tmough
‘cheI Iﬂ?ft%r S &en ¢ fﬂﬁ sl?ow”qher:gle g;%{ SRt {h%Cath‘}l ratnlaI s a%‘)liclﬁg i0|f1 r.rc]>t'eins and

ve proteogrycan
mgj:ﬂiﬂ@\ﬂﬁﬁlﬁmﬂe@ stithingthe matnx Individual functions of proteoglycans can be

attributed to either the protein core or the attached GAG chain.

[00010] Growth factors binding to proteoglycans of the extracellular matrix have been
shown to regulate both differentiation and proliferation of human stem cells in vitro and in
vivo. These growth factors signal through interaction with specific plasma membrane
receptor kinases, an interaction that may involve proteoglycan binding. However, existing
methods of using growth factors, such as FGF, have the drawback that while stimulating

stem cell proliferation, the growth factor addition leads to a significant loss of
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nmet hods of using growth factors, such as FG-, have the
drawback that while stinulating stem cel
w@embiogeoati on, the growth factor addition | eaPST/IB20@5/000278
significant loss ofnultipoténtiality of the stem
cells. In contrast and surprisingly, the observed
proliferation increase achieved according to the
nmet hods of the present invention is acconpanied by the
mulﬁf)&%ﬁfa‘ﬁ%l bf0Re SbmtdaBs. Mhlchihtpet &1t Jugdrising]yo thet dbgersédeproliferation
cells. 00011% Pr ot eo chan can be used i.n accord
incregse pRcYsH@seAing waﬁmegw B PEFRT JH Rty 1S ﬁ%ﬁmpﬂﬂédg%the
pre&RRAGH HEAL ulRbieR@alRy of@BVERIeNL | y used as the
correspondi ng gl ycosam nogl ycans, because the

[006E¢ CHofebEl9cb @hMBe h@édembﬁecﬁdzfrﬂellﬂcdﬂie@réb‘émemﬁembnt@en though
handle, 1.e. smaller and, nore stable, nore sol uble anglng

they &30y Bt S91BS tHOORMERISePIINBS 2t WRXPGrR sused s g Sppegpon
gly(‘ﬂsitﬂmb Q?Cﬁ%‘tﬂe@&l@é {hi ls@dcharRdel dh¥ins HVe hedOfolad {0 easier to handle
gl ycosam nogl ycans have an increased bioactivity per
i.c. pingHogndmere rshlee toro selle gpdlesy grope 4n nterfying finteragiiens, for
exalnﬁlea vjltlﬂr H%elé PRAREL Hlfatrw eTﬂeFéf&@t 'tlgan i S amm%%lycans have an
gry cosan1nog ycan or proteoglycan is era
incighsgd bactivitygleyormgram dompared tprtm‘ r&o@bglycaas hepar an
sul fate. [00013] In this conjunction it is_ noted that
[006k2b aFlns, isud furthes apnest eloiye waﬁson(thsgi@gsamwg%mr pgoteoglycan
are
i B e P e

[ooéfk?' mstw&%&hjﬁﬁ&lbﬂ iati§ %tb@dthtap hapaparnors@fd?e kp@&k&g@&m ;r SPGs)
core prot ein can exist in three forns: a secreted

repiesRINA h@@lsp@wr&:whgroap pbpiotealyrEE aad pig composndaf heparan Sulfate
gly%ﬁ%?vm%gggc b hiRs gél'h Rinfi & BetacRBFtod drbRRDIBERNE NG boe 'fS‘rotem

ecan. ey are uni qui'tous constituents
canrcmsnml thlaﬁ f@’&iSi a ssonefed dermn v perlesan,.radfonn Iamhafed in the Plasma

meiBikhd ggér ! at%?y*h%ﬂé}ﬁé}ﬁb ngf afﬁmaevﬂeas% eb. They are

conS|s arrange ucuroni c” acl
unidurfods! cmnmems bithandalRnglell cosaas and, mdst eridiedelinilax nfatriices)

gl ycosi di ¢ bonds. The glucosam ne is often o
IOON%thwhml@d sdfater\sléwhamswn%ﬁ@f Bléarmatelp arramaed il elyeyrgnic acid

or ?qgu B CQJT‘N Caha ! ogﬁﬁfmg eluﬂ%@ @}1'!1_856"—!» y4|) (%@Hdsfdﬁt %gnds The

iclty ¢ a part’i cu particul ar
glubnsaldlnnglspaﬁtttm dkacetylatede at Sdswfatednends pethi fliec upsaict eqi¢h apd the
SRR SR RS B P 150
parh@ﬂ)a&ﬁﬂﬂ,lngﬁmabﬂﬁ cilatefldtyahe qmt:ﬁ]cnmttd:re of caslbom'],chcetyl and sulfate

O sul f at d N- t
grougy el Siode ERarAEE B4 PRREN % BaPR e L OalD fypeen
sulfaftCcdn@ig EgspNelaﬁd td“—ﬁlﬂtwfh gRoup€ bli R SREE Naadeﬁye grdupk afi® heparan
- gl ucur onosyl - 3) - gal actosyl - b-(

sul fe- glgp a@’ca63§y fre bhr{k{ed 450 Ry Ff&‘g]y| regidpe @f ( @g r FHHE) Bl‘OTFlélg fhgpugh a
tetrérsggcg‘[éﬁ%e k3o (ERBEBRsSIIRLS 35 RAbAS AL COS REAbSB-1 —

ndergo-a

4)-xylosyl-B-1-O~(Serine)) region.

[00015] Both heparan sulfate chains and core protein may undergo a series of
modifications that may ultimately influence their biological activity. Complexity of HS has
been considered to surpass that of nucleic acids (Lindahl et al, 1998, J. Biol. Chem. 273,
24979; Sugahara and Kitagawa, 2000, Curr. Opin. Struct. Biol. 10, 518). Variation in HS

species arises from the synthesis of non-random, highly sulfated sequences of sugar
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nodi fications that may ultimately influence their

bi ol ogi cal activity. Conplexity of HS has been
weonsigiened to surpass that of nucleic acids (RCHTtE06/000278

et al, 1998, J. Biol. Chem4273, 24979; Sugahara and

Ki tagawa, 2000, Curr. Opin. Struct. Biol. 10, 518).

Variation in HS species arises fromthe synthesis of

non-random highly sul fated sequences of sugarresidues

resiiibsC Rvheth € ars € Rphdte@d bP Yunkil feddl ddpshs! 60 dRAhAides containing N-
di sacchari des containing Nacety Iatedéﬁﬁucosan1ne The

acefylateqd qplueasamrEtesi dhe ofitil a CRAKFISHIMY c¥fs ANrperbylglycosamine to N-
sulN%Hch%llﬂéC BB e rRheaELomer hiRAURafis, RiciRfing epimerization of
fications, including epi meri zati on of glucuronic
glua@pmwta@d itel istugoric acid pefl apemplex patfsriest Pavifasions e glucosamine or
t I
1du§gd1§d&%c§(§ ﬂn%‘&ﬁltuﬁﬂ \Q{t]ﬁg (ﬁ?]egﬁh %o ed g)ld\r %ﬁ]fwfég ?IG fag(’tfctgg e sequences,
thel‘lieamengté aaseldessmqmamseglucwmm aohalreamai the hizblyderdfsterd eNraulfated

ucyr.onat e as _i.n the hj fate
reEfgy P o Scrhrg) ety gy i iR o paeFiber of potentil
disfucBaHUg Vaskes poskitls Y il pived oBaifl b ast é apmidandd af each Most
di sacchari de variants possible in any, given chain

moffiealf g9 oS R ledomaingn e diffsly Peiar feﬁlg%cs@JPat ip the

mam,e cﬁ\k@ Hiefea&r%%gieﬁgabmlgh @mféiiohes%f)iryte@% JepAlnst 15®e§mfatmn
ture hai n here are regl ons of

In
(B@,qkmaateﬁ aér(lg%‘?ﬁa} &@dcwn déHal |4§5Q3ﬂ35|9@wh@h I berein mcorporgated by
Kmﬁgg%qﬁgggu§ (1998), J. Biol. Chem 273(8),

ch is herein incorporated by reference

[00'01‘6]I ltt§s %Bthreﬁﬁéﬁ) that(tBORER), vhiiablShdpyRAtNesd arschstghaikdyR6les in

y variabl e heparan sulfate chains play key roles
the. ﬁlofiﬂéﬁqii*oﬁﬁ ithe iagfirno Pf tah kargec ppghero P gxiragelfidarm (jgdnds, gicluding

regﬁféﬁ&@&ﬁl I%rgéeﬁfau#n'l g?gféﬁvth hﬂf:é&ﬁg 09 kY totht QE, ahgla r(]:omphcated

presenta Ion O eSI on factors tO
comlenatlonvo% aatoeoncpl justecanr @odrbpanwg nfeedbaglutloensi ree, controlling

inttiagéi roI 1 g%n Pl pe]%? tFee difff%?eglﬁ chl !)P g’[ﬁlﬁ’ceﬁer e(g exalﬁlgle even

con race ar signaling a
thodg hepaeant suwauecghyqoﬁarmneg’ryqaai sy blécgenmﬂp Idescnb&demlberts et al.

AR AR L 85 EER IO S BT S

glyabﬁahrmm)@]yﬁzg]. speties 1sbﬁWdYﬁmka &ngle ndawe nfap diffd4n afa)di)gﬁﬁﬁaqtlwty

e RS 1oL 8 NERSRL R LT P S5 L P25 ey

sulﬁfd gl‘y’d:dsé&mnégy@dih@%tahﬁd BoiCldiBdpRliclial celld 9Q8d spec1ﬁcally activate

cobi ol o 8, 463 two separate pool s of hepara
' elﬂ@ﬂ)%@r]e Og g}i’ %/g%ﬁgtoggp%us%lé f Sigiarly, the capablhty of a

heﬂa%fsﬁﬁﬁé gi':@' tb @Jnex%@t' Jn%l &&H} F’Gﬁﬂ%@'Fhfﬁzilsldxsc%Ed MAW® 96/23003.
ei t her 2, eenlgn%on mto eni e status.

Acgirding 4 thys, patemé amémtmnl, prSppestive ecramt&mofslmefa&tleg WHEFGFol 15
obtblg}tgé %8%1 ﬁé‘% L & &k 'a{sémﬁ%ﬁé dy frEIfEFab%uﬂ 8 %ﬁ&&t' 1%9 thls{éasVPHs

|ng to I's ‘patent applicati
capabls € otdractingiFith Aj6HbL? & obfairiahleat eobiyogjc dast ﬂnmﬁ@eut 8|ts about 10.
obt ai nable from murine cells at enbryonic day from
[00abduin still anethgh awpect1d thevnwentips the higparan sulfate is preferably heparan

sulfate 2 (HS2). HS2 denominates the sugar chains of a HSPG, which have been found to
have affinity for FGF-2. HS2 has a molecular weight of approximately 25 kDa and thus,
assuming an average molecular mass of 400 Da per disaccharide, consists of about 60
disaccharides. The disaccharide composition of HS2 is set forth in Brickman et al. (supra),

which is herein incorporated by reference in its entirety.
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capable of interacting with FG--2 is obtainabl e at
enbryoni ¢ day fromabout 8 to about 10. [00017] In
wa@riokisamot her aspect of the invention the hepeCEIB2006/000278

sulfate is preferably hepar&an sulfate 2 (HS2). HS2
denom nates the sugar chains of a HSPG which have
been found to have affinity for FGF-2. HS2 has a

nol ecul ar wei ght of approxi mately 25 kDa and thus,
assum ng an average nol ecul ar mass of 400 Da per

[0004 8P 3% GRGhérdBpect 8Nk ShvenBbn ALk &1sthrS plefdndly SR stebhl @ells,

di sacchari de conposition of HS2 is set forth in

whegin trpgwlt gem gplls ces bp ppplicd {iitkeranestiqseei n i ncor por at ed

by reference in it ntirety.[0001 I n anot her aspect
(00Q3P1 {15 AHHFE EPE Pﬁéggt‘é‘ﬁ?‘ﬁ%‘ill[g‘eaﬁi‘llbrsé%r%ﬁhF 5 QBfF{erbly

mes&i@imeRkdns celher ein the adult stemcells can be

applied for therapeutic use. [00019] In another aspect
[00020] tThe fuRMiéndsheun of hie AsteritionSthe ntenelcklls @k ereferablertablay stem

mesenchynmal stemcell s, [0002 In a further, aspect of
cell§ HgOTen PEAEFISR, BiHE agliy A4 ¢ RJar@%p PP PABPP U R adult

mesgﬁ&lg)gnglegtg@celgpre preferably human adult stemcells,

and nost preferably human adult nesenchynmal stem
[0002¢] |EinbddGRéhesl bf Bieb afemtisnt silDhow hise ideseeibéd orithwefdrencevio the
be described with reference to the attached fi gures.
attagheql &scription of the drawi ngs [00022] Figure 1
shows the effect of different heparan sulfate 2
concentrations on human nmesenchymal stem cell

proliferation. Hu gnllgtmﬁ Lells were

pl ated at 3300 celr?g_?fc;ﬁr%ﬁ§ R %Iﬂ\l/\e;&llemﬁﬁ tes (NUNC) and
00022} trig@d 1f QbwddaYRct oF diff@en? hépnenCifate 2tiohéRtr@ins on human

concentrations of heparan sulfate 2. The netabol i

c
mesgrohymipk srempgell pretigrationeldumin wesenchymal gfepfgllo wergplatesk at 3300

cellGMhT H & R¥n \ﬁﬁ&slﬂ\]@ﬁ@yanﬁ%ﬁﬁ%a forl & 98%3111 thé g%&&cg of different

IlTustrates"the effect of hegara.n_s fate 2 on human
congenetingl pibgparn evifae? | Themetabode aativih Wap detimriped afterd , 3, 6 and

. 1 were seeded in control nedia
gda%%kmtﬁfe&%ygﬂ ag%%%gé’?")'lo% fetal calf serum

[Oﬂdz%cﬂ‘igﬂ%_)z ilR§Rkesithd Effect oBhd; QANAE 0, onwitldh mesenchymal stem
L-d utam ne), serumstarved for 48 hours in nedia

cell geniiferatiomin SonosrrOSIlawRs. BNSEYEEmPEXY 51Fre sedefieidi cgntrol media
O 00 PPNl (R R i
mM(IsGilitgeibe), serematadyved| farcd® Hvarssih ntelia agatpingta 2% F@Eyand changed
oAb 7250 B ) 2 e
and gedyelan) e thepatay (ytriped tinel ankhplatksbang) the d@oafdr (Sof @war &leparan
sulfz?tg 3 igérgziisgsi g p%li&‘elgatll:clﬁ% hurmag %relgenchymal stem cells. Cell numbers were
determined every second day using ViaCount software and staining with FLEX reagent
(GUAVA technologies) on GUAVA PCA-96 flow cytometer following the instruction
from the manufacturer. B. Heparan sulfate 2 increases the cell cycle numbers of human
mesenchymal stem cells. htMSC were plated at 5000 cells/cm® and analyzed for DNA
content after 1, 2, 3, 4 and 7 days. Cells were lifted with trypsin and counted as above,
washed in PBS, 1mM EDTA and fixed in 100% ice cold methanol. Cells were washed in
PBA and stained with a solution of PI, RNased, Triton-X and analyzed on GUAVA PCA-

96. C. Heparan sulfate decreases the percentage of cells undergoing apoptosis. hMSC were



10

15

20

25

30

(GQUAVA technol ogi es) on GUAVA PCA-96 fl ow cytoneter

following the instruction fromthe manufacturer. B
wokpansi2osul fate 2 increases the cell cycl e nupdEIBROGH000278

human nmesenchymal stemcell6. hMSC were plated at 5000

cells/cm 2 and anal yzed for DNA content after 1, 2, 3,

4 and 7 days. Cells were lifted with trypsin and

counted as above, washed in PBS, |nmM EDTA and fixed in
plage@Qaq/%BQ@c&R,}cglz AR Q’f’hﬁﬁ ty a&?ﬁﬂo?o%% QvadeeiRadintd afBA afid. Cells

stained with a sol uti on of RNaseA, Triton-Xm

wergrpiigedaning naeiiy Kit PENA S teclmolqa@éb%ar@lmfh@eGUAVA PCA-96

r r
ﬂO\g %(tﬁ@%i&: U I']ﬁ:f & V\gfreep tegégﬁ%gé‘%&&g@ﬁl %1? f(‘.)gferatgn of human

memnalhuﬂlal tsgenamiﬂs dp dipoprssinse washsdeteeririenardn aflfass 2 gHHA)Y SMSCs
Cel i, ned [ e
wel AR LD AR o 8B 09 ANEC B b G¥ning 0. 1,25, 73

or LQ%ACS ed thE) metfblotic Tastnofy whisfdeamairied G ninn aieyst matuiltomsusmg

|on of h ench m c
it R Batiel B el bt B o DA PP 8 5o sandard
deidYRED M MEERt BlatiftkpaldedB@fueebdch mtaafurtdind8platel  pl at es,

cultured in nedia containing 0, 1, 2.5, 7.5 or 10% FCS
[008R4] Fhrare®ilabwdtescthads Vintrgasesihe tid amhmedaiafatrg thestengness of

hgf Brens o U et T St 0 s

cha%g@m daradd deshtaine®n Odondbl hﬁ&&tﬁs&ﬁbé@ehdenﬂﬂp eBirs) or medla
cultures each nmeasured in trjplicate [00024] Figure 3

contyining L ppeEl Hf(saliddine arq grg% bars) q{élepmne( efedrfing 7d black bars)

therfﬁ:y DRl gy b et YeRNGHRr Al uniHERARIGRE AYATR evawns%l: lcells
tures.” Low passage hM5C were plated,at 5000

weredifted vatptrypeinatoyaigd ped meseedebat 50 Wéla/crrh Adrmpdativeseli gounts

. (St [, 0

ik L5 RGO S IR OISR

FCB duittost! (ctri)ree veittdladslitéarkohEa0sg/mi Hi@deayhfaﬁmm rAt(edaly’ Bpsage cells
Cel | s r red j - | C

welsouSel Bl S A Wp8k Pl R SRR 84 RREGaRl ot iy of

5000esdtiBited Bi CEBOfomethé shreerRultufes Gupnpubation dodding 250’&0“275 were

st P AT ol CAIGT T DVERT P50 RS 12 davs in

malntdnahde BEdiaMdells alﬁfﬂ fixednin @fethbbdIn gé.ﬂﬁbd WA Gembemdrdoldnicdtwith
every passage ce we count e GUAVA vi aco .
mopg tign é}g PR 8&T Guptes. rﬁ%cfz Sfréypresgma ﬂ?%%@&% anda%mé‘a%élﬁgﬁawl of

theOunP Q@ Qol6ikd/sh ']ZQ«/e oifdebd Barfih QR ti3Brek BE dﬁ@seﬁtb' |the! bRFagdt and

popul ation doubling 25 to 27 were seeded at a density
staggtarGdeviasion ef @A@Sﬁ threzmdﬁemderﬁ |caltﬂtr§s e H@ﬁf’ruﬁﬁirlé iglispte12
t enance di a. re fi
008 Elebre T ashaien oo ot heszran et % AR SGPGR i gsieoblas
diffePR0aRfh. A€/ HVS e 8mC Ot @ eulfardsNinDBEdia a@ﬂue&ewmout h60 ng/mi

avera&e and standard devi ation of the sumo

hepagansiitets 2¢HB2) @lepdringblent were sepded ptnl 8,008 Ofslilsgﬂm dg 12 well plates

at fRBEESANCRNL Qz%rcfa&ﬁﬁl?&leto%ﬁﬂéén@@ d@htbdeyi Atdo ugé}u@EDﬁ{‘EM with

t hree i ndependent culturés eath nea
10%rEGH, i 10atgéml insulin, 0.5 mM methylisobutylxanthine, 1 pM Dexamethasone) or

control media and cultured for 23 days. RNA was isolated and purified using Machery
Nagel Nucleospin2 kit, quantified and 250 pl used for reverse transcription using
superscript. 80 ng cDNA were used as template for real time PCR with Tagman primer
probes specific for adipogenic RNA markers adipocyte fatty acid binding protein (ALBP)
and CCAAT/enhancer binding protein alpha (C/EBPa). The relative expression levels
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[00025] Figure 4 illustrates the effects of heparan
sul fate 2 on adi pocyte and osteobl ast differentiation.
WO200008289 from carry on cultures in nedia w t hP@F/1B2006/000278
wi t hout 160 ng/m heparan sulfate 2 (HS2) or heparin
(Hep) were seeded at 18,000 cells/cnR2 in 12 well
pl ates at passage +4. Cells were cultured to
confl uence, changed to adi pogenic (DVEM with 10% FCS,
(RELD) 4¥8mBimalingditd the Rpfessiod sre1dyy hidsminipyba eyt bi. me ,hMS CdMirom
Dexamnet hasone) or__ control nedia and cultured for 23 )
caryRfscultraga invasdie Hhaptetithont 1 o ipg/mil dgpanal) wgfaw&‘c%w or heparin
HRREe el 803 P06 clistom? Gy @ Welli e Padrlt A, 488 deflbultured
reverse transcription using superscript. 80 ng cDNA
to qeafluengs.cehamgedt terpsteaganid dP M glexamethazorR i kM osphate

YRS LSS b nd CUBROEL S NS JRAEK s
purlfieAAFingriVachesr Nagel dVuripognint &ithqednpfied @l EBPa) usedTioe reverse

relative expressiop,lev RE re.nornmalized.to .
tadstition SFipR SBiert g B hE HONA BT bt FoRAE gr i ey
Tac%@dhr Drirfét pi*ldl:zdlsLHpegﬁb E%Irzr)awéogenﬁb tRN A rmatkért Ql]daliﬂeﬁﬁhdkgl‘éithse and

eparan sulfate .or eparin He were seede
bongie? DSl (ﬁ§PHhﬁ(heﬁelitszregﬁp%%eéfgls A&Hbg@g@gnw?g fo the
expr&bibe oBISng WhlitiRE by @oconf | uence, changed to

ost eogeni ¢ (10 nM dekxamet hazone, 50 niV
[00026] CEigapd® dhiksiadtes e @dffdd 0f hdfatamastiatelPadiehuntdn esehdhginal stem

nmedia and cultured for 27 days. R s | sol,ated and
cellptiriapg BAThGE FRRICNIOCH BMPCRAET PR %IOA?\QB@HSZ@E, "Bt e
disIURUING Vg ghPRtured Gor B ddys ﬁﬂg&l\[gfesérf% 8F Sferdck 3PSO hdhi HB2, 160

usi ng superscript. 80 ng ¢ were used as tenpl ate .
g/ perrg (g el K PEraLRGR- 2P REFe prBBer Gyet Hepasin and
FG%—QVH@&O%F&%BBES e %51%%% i 8hdrien PNRBPHRIRSForaRY surface

one sialo protein Il § he rel ati've expression

(1)
markesseteo- ((REWD4Ra6B ) 61 (G) 2ad %lbl‘tﬁlﬁ]é) bx patidedy staingfe gl flow

o _ 0 . N, . !

ey Gl plt Pl el B ay e Rlogle A el Bl B2

[00637A rrngﬁu 6 SHEAGS R MiREeX RIB&SHORepaltlYRETatder and FaFes on
at 3300 cells/cn2 in 60mm cul ture dishs NUI\LC,(tgz‘)N and

hurgan meseaehymel stsmrells HMSGhwersriafehale3 390 cabbsiemciet B welb plates
(N[?:Igﬁg}nd@?rfé ?(9‘ Myéﬂn {B€] n%érng ?pﬁ%%ﬁ:c'_e\é)? lg(pﬁg/ﬁiphéparagrgulfate 2

positive ¢ , Heparin’an
(HS20-L6Y/ 14581 eDhdpariataindi§ npeflorfe Giea g8 etigastdymbprabproy eff -2

: el sitive for cell surface markers Stro-1(A),
Wlt@gﬂggﬁ 71(C) and CD146(D) by anti body stai ning

(00025 eﬁigt&eo“y SEEAEL - ofFRE R PRIRHan " §PHRSENnd %G&g—gz (7>n human

average and data of triplicate experinents.
mefenghymel Gteiml talls syrwivels Human miesopediving] efefeeslls gferh @ af 3300

Rt 5 B PETT A ORI T NG Pl S Lo

160 DEMIChepanch sulifateu?,eth0f mg/mb ofl Aywrinrantdhid pg/mb eNEE&Fa) as well as
comab?r?a lo6is oto lt“Gﬂ'sOleg /I—f§‘2 o'}%fi‘afn%” € lvga%glﬁy %nd apoptosis of the cells in

culture were tested by Annexin V flow cytometry.

[00029] Figure 8 illustrates the effect of heparan sulfate 2 on the multipotentiality of
human mesenchymal stem cells. Gene expression signature was used to compare low and
high population doublings (PD) cells cultured in différent conditions (with or without 160
ng/ml HS2 or heparin). The signature was constructed using Singular Value
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(HS2), 160 ng/m of heparin and 10 ng/m of FGF-2 as
wel | as conbinations of FGF-2 with HS2 or heparin
WO 0®oASY 2091 gure 7 illustrates the effect of hepexr/mEB2006/000278
sulfate 2 and FG~-2 on huma$ nesenchymal stem cel
survival. Human nmesenchymal stemcells were plated at
3300 cells/cn2 in 24 well plates (NUNC) and cul tured
for 9 days in the presence or absence of 160 ng/n
Decbﬁi@@éi@dh SV as eDAvaskeHoM@drdn @he BgRadsion n&&éhr&lﬁeﬂlgfrﬂin stem
of FG~-2 as wel| as conblnatlons of . FGF- 2 z
cell SupaATTAYS (PrEactsdasing R Y SURFSHITes Plosgpnce ﬁg% 9§ gral}s rmed

and Cdél‘r@é{&? fofRdréss ﬁ%t B aROhs PG ¥t Mhé lagty daxd HEERrEty 2 max1ma11y—
illustratés the effect of heparan

Fi gure
vansmrl a‘ugvl;ﬂr Veefarst wé»brﬁmaflprﬁowﬁt Hap iheyeriss Hsphgparan sulfate 2, Crl
con{ifas’gﬁlacm’r[f,%lmﬁ&&{l}%&%'ﬂn% nffefl€ expression signature was

used to conpare Iow and hi gh popul ati on doublings (PD)

cells cultured in different conditions (wth or

wi thout 160 ng/m HS2 or heparin). The signature was

constructed using Si ngubé&inidahsieDeconposition (SVD).

SVD was perforned on gene expression nmeasurements from
[00&30@9 idess |defoquesthervases al( exhniedtand soeniiffc @A nsey, herein have a

Bl o Ry BRGSELAY e, PECIHE) SNpr D, B il phish te

mvéﬂlﬁb@ wReRhgs. tAlehohipl Shy 311611&)6! aid |ny‘NéHal aﬁﬁllaﬁldﬂgddjuﬁfalent to those

vectors, Abbreviations used: He par hepar a
desagiies Gersinzan Gere BHOT B eria (HURBAY LG HETeELERRG. pgeed

metﬁwzbﬁ{d miRbihRi 4rk QScrHROBG HeNp@pssedsd iHReprednh Ghivtn6h, the
all technical and scientific terns used herein have a

follpreing tangs ars deBraddielav-under st ood by those of ordinary
skill in the art to whjch t i nvention | ongs. ..
100651 1/t 80 PRI SRR PO 0 A G P i i
regll® thORER £BT6lkied esthRRkRinkios dR chIBs d13R6hel hehuldigUeR GdvaE and
or testing of the present invention, preferred nethods

cellgliigsiomt eri al s are described. For the purpose of the

0B S B SR S B B BT Bl 96om e

referioGhé pReatdtion of e “spimdbdsh el tha@ultipstentiaticl, and iHesviability of
regul ar neanlng and relates to the expansion of cells
Sm%ﬁ“??@@démlF%%Iudlng cell growth and ceII di vi si on.

The t s na Lenanc
BT BT SRR 0P DD Dl
Golpi esaranat asopblps‘acctﬂaﬁdessctoamﬁ@ssf tantere. repela‘e of D-glucuronic acid

lti ent | and
(Gl P%(P ?\{@cgml glggosamﬂle (HT&\IX(I:)abIlhlelﬁ sce%fc p% sace anc{ns may be
subsequently modified in a series of steps: N-deacetylation/N-sulfation of GlcNAc, C5
epimerisation of GlcA to iduronic acid (IdoA), O-sulphation at C2 of IdoA and GlcA, O-

sulphation at C6 of N-sulphoglucosamine (GlcNS) and occasional O-sulphation at C3 of
GIeNS. N-deacetylation/N-sulphation, 2-O-, 6-O- and 3-O-sulphation of HS are mediated
by the specific action of HS N-deacetylase/N-sulfotransferase (HSNDST), HS 2-O-
sulfotransferase (HS2ST), HS 6-O-sulfotransferase (HS6ST) and HS 3-O-sulfotransferase,
respectively. At each of the modification steps, only a fraction of the potential substrates
are modified, resulting in considerable sequence diversity. This structural complexity of
HS has made it difficult to determine its sequence and to understand the relationship

between HS structure and function.
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[00033] By "heparan sulfate" or "HS" is neant chains

that are initially synthesised in the Gol gi apparatus
w@sgooposzeacchari des consi sting of tandem r epeaPGI/I¥2006/000278

D-glucuronic acid (G cA) an?®l N-acetyl -D- gl ucosam ne

(A cNAc). The nascent pol ysaccharides may be

subsequently nodified in a series of steps:

N- deacetyl ati on/ N-sul fati on of A cNAc, C5
[00034] @r‘ﬂ&gﬁrhmmlﬁafe Z’BICEAHS@” isdueantnthe hepaiah splfate Aat is described by

Bri gf-n ha}t k?%lgﬁcos 3%@% %g@éé@u%“gﬂﬁ{ 18 capab?6 of

1nte1@ct$ﬁé ﬁ’hﬁtHGIm %co@&hﬂélyﬁhfsl\l%paran sulfate 2 1s obtamable from heparan
eace atlonQN-squhatlon

Profso pinsrells atembryonicday; lé?taédiewlbffh by ?ﬁélem (gupra). The
Hsz?ﬁﬂai gnusea uH%e%x&@ﬁﬁﬁ{tMl Re§dn\bStUk fp?éséxﬁ”a%pﬁéa%ﬁ is derived from

f ot ransferase
embgzoglcsgppﬁm ptﬁgfb@@aﬁ@n@ %nge%p@emqsm mouse, human, rat, chicken,

I
ends LB ERIELAS SR SARSRLLAEI o O SR b grones
any sighst orghmsm dfoe exmnblé llrfsek;ts Demﬂebnateg su¢h osomammals,2hitds, reptiles
uenc versit Thi s structur onpl exi t f HS
or GRS SHREermmtE Berk T by Bitatte £ 258 i aivbeitppopyan
sulfata gestaiganedn thaeis rc@ﬂ)afblld oMiakidRtihe e mﬂrﬁaﬁd ThelCib Uble @ Pebmote
nctio éf[00034 By "heparan_sul fate or, "HS2" is
or e e AP RIS OE R FeRcCe Setrivp dyenggmpassed is the
presBitiiG¥eiBOh, Shei@ing {utf %@aaran]sulfﬁﬂe%eote@%%n ZHeBdran sulfate 2 that
4350- 4359) and that is capable Interacting with
is yetco. be isalaiesh Hpm o §Pe°tﬁﬁ @eﬁlébarTélﬂ IQQJthOalt endpdgtggmination of the
il
ﬁmcﬁgﬁa@i% aPihe 1§0[a%@ HRERah dNeRL Ot l?eggjgﬂ S@@ﬁe ?tfoﬁe%glk& 8s GRll vﬁthm

ryonic O as escr Br supra) .
the Kripav1¢dge of ﬁrmpersgn aEexerige skilin dheret andenat 2k cawied Pwres dscribed

by %gglgﬁ 8@.@99’%&%‘ Bi%?tdh%ﬂl b?30(§’)g4é§6‘?§3)§5rf8pkf joyoni ¢

béen found on nouse,
human, rat, chlcken Xenopus and drosophila cells. In
line with these results a uni versal nechani sm anongst
any hi ghdpetailededeberintiongd embadimenty ofdhe inyeption
brates such as ma reptiles or fis
ooo¥§f o [HiPe £F SeFCrsiag, O%Or-awg}mﬁ%fp dpipestii e S@ecgifatwn
showdd Yioff @SRRIy b theRE R a‘éldﬂlJ“ﬁ&%:eﬁE&ttﬁﬁ%é/ @8¢hnlehPds Paft of the
capabl e of interacting with and that is able to

statey Pt ETtofr fsaeqmnemigsngploknavdedee; ol daemestsihisterk aifahereby

1mmgﬁwé&pm&&§%§§mgé“%|vo I's enconpassed is the present
invention, fncluding such heparan sulfate proteoglycan

[oooaapl Mﬁ%@tﬂih?ﬁal%tﬂnf &I o2 At bdn® niselowt okl it&l eals@ek ddtiRBa as
speci fic species. The isolation and_determ nati on of

Plurxpﬁt@nk PRRsenieR afllst Wity the hilityde| sspeafe trayikiesn bang) masde, gendon,
hgalﬁﬁ‘ﬁaeﬁﬁnfa§ u’h‘lﬁé@é E)nﬁ‘ﬁf?\l}ee BR¥GRI lesist V\ﬁ(l)sjtna‘Mllltyhélﬂl Lidbit stem cell

know edge of erson of average skill in the art
charagiefistion nb@eldécvw nr@aiegcﬁ arglsexthasive rdnewalmot@tlalc Khese peopergies in

comp 8 i e Bl L SR P B PR e

potential use of mesenchymal stem cells to replace damaged tissues. In essence

mesenchymal stem cells could be cultured to expand their numbers then transplanted to the

injured site or after seeding in/on scaffolds to generate appropriate tissue constructs.

[00037] Thus, an alternative approach for skeletal, muscular, tendon and ligament repair

is the selection, expansion and modulation of the appropriate progenitor cells such as
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[00035] The listing or discussion of a prior-published

docunent in this specification should not necessarily
wheoobagem as an acknow edgenent that the docuneCit/1B2806/000278

part of the state of the art® or is comon general

know edge. All docunents |isted are hereby

i ncorporated herein by reference. [00036] Mesenchynmnal

stemcells or human bone marrow stromal stemcells are

ost&')%fdg@ﬁd)r R8lPinUthE RS boRE @ Ssthbifiticaekits aWohductitd€ or inductive
ty to generate cartil a%g t'hbone myscl e, . t endop,
£

scaffplga e Hepparit dnd gpideTResseralion freethwewph dylisiptsorelsotian gt specific
t1ss9é3§{)ﬁzﬂ{ﬂ£tbﬁé and exhibit stemcell characteristics,
nanmely low 1 nci dence and extensive renewal potential.

(00038} SEuREORRE inhRfow MeSABMAttbReld Edh Beigildted and detected using
devel opnental plasticity have generated_ trenendous

selqchyerasers; propris Qe fran alsid> bt Tacvaiadiavae tagppgtential for

mait & |rep Jﬁ)ﬁlaﬁ@rplﬂﬁ% faB@ede ha8&Hesre drlly ESURERGAEShe cell surface of
nmesenc stemcel|s could be cul tured to expand

meseheympal n@m@eﬂ%mdmart ndigatpingd theccel ppluripotensyur ed si t e or

after seeding in/on scaffol ds. to generate. ap groprl
[0003% slpethe eidor s of pistoestls 2 paigs dis agfagetajses from the fact hat a

chaﬁ [P %1@85nﬁ%§hﬁﬁ@from%§t%hﬁﬂly fRAEeR tandild GaARRI niche
pair is the selection, expansi'on and nodul ati on of
resultsen dpppmpmegm@ffpr@g@qﬁop of stera|celds ig galjure. The microenvironment of
asost r tor
2500, SOPPRA N el 45550 Syl HABELLE pip e
contwnentp phihé emdelgﬂardlmme@:“ﬂmx atlghﬂmntng gelisrad hovinmidnes.
judi ci ous sel ection of specific ti ssuestgr owt h factors.

[00941110”81851 bipghemicabenes deactingvihadate of 1pyqell| ingheniche prescopgppsed of
t

ol 8% 0 % 5 S5 BEL BRI ot e

beepqtrevibus stfowm tvahaveva melogpid efféaton bibesd @am;elt Icelbulv}f sigealing

tmo%égiﬁ%hrﬁ%rgﬁr "tﬁe:éﬂggf{}gur%“ dbe*%? o ?doo grﬁégflégegﬁ 275(39); 30009-

30008).1 s pluri pot ency. [00039] In the ex vivo culture of

stemcells a major disadvantage raises fromthe fact
[0004Ht As FEHBhdrealsmexpiessed oy lvenepimeserpbsmal stameellsdhMSCs), it was

foupﬁ Gﬁf%é esé?llf qgvén 1#1 tlﬁ"a’[ NAY GadiliGiNof %H}Lcoggnﬁ )fc?ﬂ?éj lth%thbp with

aneous ferentiation o stem c
growtt fauuoes (1nTﬂQHn of E@& suppleanomtation) tof culvge of bone oirowndetived adult

i S ter |s from.nter n
rh RS At AL b R ade 2 Ebiet SRR thebily and
diffeehgitivardf fgsecedlk.s and hor nones. [ 00040] The

bi ochem cal cues directing the fate of a cell in the
[00042] hEorathe expamipomisdoafiedypwye hpffcﬁq bersranngilfpte edlycosaminoglycan

act or In |

(H%)%& f% %@g%ﬁp ed\s‘/eg%e@s Ve asgu%g Oﬁﬁ‘g‘%@p glllér{#%glsan sulfate 2
useg firf ﬂh@ﬁm&ﬂu(ﬁnﬁ@%e isclaed I“Iomealny Sul‘myle?obgrraa,l fbmmbreﬁ@mpﬁ@%sor
cel]é%g}e??t o Slvgé\; ((;Fgl u{ra%onhPcEen drosophlfa gign(?pus zebra fosi-l dog to

name only a few illustrative examples) using, for example, the method of isolating as

described in WO 96/23003 or by Brickman et al. (supra).

[00043] It has been demonstrated in the present invention that adding heparan sulfate 2
(HS2) to mesenchymal stem cells is able to increase proliferation of human mesenchymal

stem cells. HS2 was purified by standard chromatographic and enzymatic procedures from



10

15

20

25

30

30018). [00041] As FGFR is al so expressed on human

mesenchymal stemcells (hMSCs), it was found in the
wWEe@sest209 nventi on that the addition of PCT/IB2006/000278

gl ycosam nogl ycans togethertiwith growth factors (in

form of FCS supplenentation) to a culture of bone

marr ow derived adult human nesenchymal stemcells

could optimze the culture conditions for growth and

mediaf doBbaH fradi K1 @hothfesebridlid SeurdPIRAid] cdtOEuIfuR® (Nurcombe et

ments carried oqut, a specific heparan sulfate
al. él@éb%%% 8@@ Y2 06, P@Chﬁétﬁ?@ﬁméqﬁ]l ih it @ﬂtget(f g pgfergace herein).
aran su

o 5P AU 1 ey B R SFrGrR Al el

prcﬂmrﬁtaiﬂl Rnka lﬂﬁecsaach_fﬂﬁm s@ﬁaéamls Qpélétﬁm On@tei) Sdre 6@ Ir&d in DMEM
her than nurine rat, chicken

10"8 rg<1}1§8§§hfllé) oxkstal SCEUé’b r(ECﬁ érﬁamfa@@n%nﬁa%momeyprasence or

abieﬁw dflateestdt %Bﬁééﬁtrﬁ?&ﬂm 1Rpdrakl Sh1Bke 2.fQ1s 8XARLRzed REmetabolic
od of isolating as described in W 96/23003 or by

actBﬁ‘iydowﬁéﬁﬁTét asgdy. (R@Mrﬂye requiye Gergpnstrete tizgd itbeeembodiment a HS2

oo STRRTEAEPL | b BSOS Iy P P s

areaiphibitéry (Fige rleaAthngh|1|60 engatll gipeat thbedie nptéwal cdoppakration of

t cells. was purified by standard .
HSRy Fret g A ATEEt A SO el B e lech P ngentrations
rarg@igl iR6] €and/moe HiglMl nouse enbryoni ¢ neuroepi theli al

ceII cul tures (Nurconmbe et al. ( 1993) Sci ence 260,
[0aDAS]- lln ﬁfz‘»rt tedih ¢hitirs, the ¢aptipal)adodél of M60 hg/nﬁmtdrmwﬂi@mumber of

S il Bl TL S AEE o S v o

denﬁéa@b mfa@bﬁtbm@ (FiROORAs RERMER ov@&y&%&ﬁé hsBaysPEb®EVeE Snost of
Canbrex) were cultured in Mlowglucose + 10 %

thig giceepsecly dpe &xp Gighermyber o pells siraing Enermedi cyyle;ah argien time as
shdW R e 98, absence of different concentrations of
heparan sulfate 2. Cells were anal yzed for netabolic
[quﬁ]i Wik tilye bytuﬁf_rcdnc&ﬁﬁﬁ(yn ()R(Hsdlﬁ)the Tleeagee BUbtoSiferation of human
nstrate at in on odj.ment a HS2 concentration
mea? £eTper lﬁdﬁ ?ﬁmnagabf%ter%ef{f echPbsspEth it e ghEeRte o0 gyl

of 2Gd-2{ RkhoWh GRzes OIS LSe BY.8ni408iiBh kO 1Y mﬁtggéhlc doperties, FGF 2 is
Al t hough 160 ng/ m appears to be the optim

alse daewntip Jrplset againssapopiess. \Resause i Hepaan fwhipteyd (H§2) displayed
propeikd §1§1‘il§1t © F@QQFQXﬁbesﬁgﬁéﬁ ff%rtl)téctﬁh %ﬂﬂ&eﬁpgﬁt@&é &eributed

rangi ng from 6. 4ng/
to ther inerease tinreell numbey observiedd Jt @uls,iebmﬁenlmtrﬁgd ilat the mcrease in

prdélgﬁ'gt%ﬂzsegsyﬁedggmg % gec?éas &l a{p%t?%s 65#’ a4y sub-conf [ uency

ase was due to

[00D47i€ A LB AR sHi S APRRL QS hﬁpcﬁ‘t':ah& #®cs ﬁlﬁgl@ﬁ%ﬁﬁﬁ&ﬁﬁ%&%faﬁng HS2
flow cytonetric assa However this increase

efff:@, Affbowp iy Fig aHeHS%gwteetmt@gen@eqffegt event erfGiycangenteatpy as low
Xﬁk)v%vé?t 02 %ééer{bt tabfgefo %?gmﬁcantly increase the number of cells in serum

starve condition over a short period of tlme

[00048] The overall increase in proliferation of the hMSCs cultured in the presence of
HS2 implicates that for a given period of time they undergo more population doubling
(PD). Since PD is limited in these cells, it was expected that they reach replicative
senescence earlier if kept in culture for a long term. Surprisingly, it was demonstrated that

cells proliferation slowed down after a similar time in culture as the control but yielded
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shown in Figure 2B. [00046] At the opti mal

concentration of HS2, the increase in proliferation of
woeovansizesenchymal stemcells is conparabl e t oP€TEB2006/000278

ef fect observed in the presénce of 10 ng/m of FG-- 2,

a known mtogen (Figure 6). In addition to its

m togeni c properties, FGF 2 is also known to protect

agai nst apoptosis. Because Heparan sulfate 2 (HS2)

5094 inSR] Ryt @RBliAd SFer 35 WalAih clil@urE GFRg 23 A) smas FGF-2 was shown
investigated if protection agai nst apopto

to IRGEFEE Feéﬁj’flfé’%ﬁetaéh‘fl em| nerab geeeus gy celds (Hatl ﬁb%‘r (?889)e9waene 19,

29591 t29%gjf:‘ iy RS ARODP Sy RbiRG LRk WS pke@&{t@@ﬁl% hMBCs. However, in
prolitferation is associated with decrease in

accaapanse oxitls paviays rresulty . (ShDED 417 ](20023 ciN tanpeBioteshnald 2Gvaa87-591;
slmﬁé{?%ec _ 9@6‘@%&% ﬁ%ﬁ&%@{g&@@&% 018601 gylmemer.

hown in ’has a m'togeni
Resefd, @4%3-e46dh nateldﬁ%asecantm\etytqoalﬁlbe detasted owhaskoceltp vupgesting that

2 \Wa t [ f |
HSTR talRied R poBrthn O S dertsiny s SvisEBE e i dely e
mosbhaité 6als if BQGABllailéte overall increase in pr oI i feration

of the hMSCs cultured in the presence of HS2
[00049p| Tieahadnarkaef fler neosyi“‘sem-ljel | cdlsoin ttlixeﬂéleterogyneous hMSC

pop}LJJ]]nﬁ_? gghqlrnati%ﬁtggg) £ I&:%ltcllo o%ﬁgoq\xﬁge g%cé [? W éls ? %hlfsr?rowdmg us a
pheﬁ(ﬁlﬁﬁé"to rcﬁ?ﬁrlnﬁﬂﬂa :effa:t € HSS CEINEEore pd bdl&ﬂiy fokmlo@pksaly was set up and
culture for a_long term Sur
the FaiRer Ve o IV e i wPiaeble o S grsare colonies
wheaf E(ﬁf&p (ﬁ'ténth@rcoﬁtkdfeﬁplé‘ SR b @hPAifkddence OBt grddterOUt the FCS
ed50% nore popul ati on doubling after 45 days in

coneqylrr@mr@smu@ed 3A). Since FGF-2 was shown to increase

oo TS5 b B5Hh R SR e

 bindihig 2Fowth Fadtetealke aRéhdErd ¥ WRSFEF @56 ﬁfanbiﬂnﬁlhg gﬁMESfactor beta

However, in accordance with previous resuylt
famgjes. Difstrpfiationtasrays 618t Ddsmgnsiraing thajghe @311 ff’f{%}saé?flee%f in
the ﬁileseneg %&eoh‘@héﬁ@m@&ﬁkﬁ?ﬂﬁqexan?&mz&%? 5098 1¥é@6ﬂho@hate and

. Bone Mner., Res. 16, 1453- 14%
IOOtL@Mn@qca@etehelt adinoggnie suede @AWt"é‘@t EQPoi TS, H@$lé/né1ép9r“§n 0.5
I
R R R T

mesméwmalaustﬁal cell | dffenantidtios, poyirgathiab mlth‘{JmOHQ]Z mhréases hMSC
pro]l;]e égrg Srgaglrc]ie erﬁ%n%%%o‘r‘)sﬁe% 4(’)’;1 lﬁ?eér g:%@bﬁlt t!i]l?ferentlat is not
impaie¢dni es V\,hen seeded at | ow density thus providing us

a phenotype to confirmthe effect of HS2. Therefore, a

[005d] GFhe feoultsi mamlswhmsfa@emankprsaqfdthp téemn @slls, ead SABREY in

i, GUPEPSE UL AT KRR SO0 S S8l 9E7 ko

incrassthg the pebliféreticanefethe sogt eadifreritiatet velly-CEgure 5 demonstrates that

human mesenchymal stem cells cultured in the presence of HS2 proliferate while

maintaining their pluripotency while those human mesenchymal stem cells cultured with
FGF-2 are able to proliferate but the cells loose some of their pluripotency. The
maintenance of the mutipotentiality of mesenchymal stem cells is indicated by high level
of STRO-1 expression, whereas the enhanced proliferation of the stem cells is hinted at by

higher level of CD71 expression which is an iron transporter and important for
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concentration is reduced. [00050] Osteogenesis and
adi pogenesi s are induced and controlled by a range
wheansi2obi ndi ng grow h factors |i ke nmenbers oPCT/IB2006660278
and transform ng grow h facBor beta famlies.
Differentiation assays (Fig. 4) denonstrated that the
addition of HS2 alone or in the presence of
ost eoi nduci ve nedia (10 nM dexanet hazone, 50 mMV
pr@ﬁ%i‘ﬁtﬁfrﬂ EREMM ﬂéoﬁsl%g gl:ellggloBMt}L i8S ﬁ@feb@tiel)mplﬁcawzli 9 gaetréased
nmed| a W t % F [ [ N
CXPREESHIT l%'b ot galbashesanrecleopl ‘?ﬁ\ﬁ%@éﬁ%ﬂ?& rFé9mc§1i1€dreﬁgM it appears
tha? HBMHSD Badihky nREfa8ki &%r&lﬁ&ﬁﬂoﬂﬁﬁﬁ%ﬁh@l'ﬂﬁé@bFﬁﬁ&%&ﬁhﬂ signaling
differentiation, proving that although HSZ I nCr eases

PathiyRES- prollferatlon and preserves their "sternness"
thejr . capabi]ity to differentia %e i S not

l0?‘l§éb§f]°e fhege epeeificgit 47 FEAPls S@@P?Saeémg%nﬁwl gpm cells

belibetnst Ql'i'ﬂf&&{tiaﬁve @cﬁéhti%ir%@lé e;kﬂ?e@@ﬁtsigﬁb&h&r whsFh@H & compare low
h@gest hat gs nalntalnln%‘ ‘'stem|i ke"

FDygslls sl}lmreftmé%ps 1ﬁfgrenh@n§1rtl@ns fle gignajyre gYas Chgstpged using

Si %f\/faﬁl %tcblﬂé&%foﬁst e eivg)tdglg Ftvﬁftg%@%ﬁyro%ﬁﬁl t()glaailowmg the

man nesenc the presence
disbthctidﬁZoepwﬁlm thmpwst ssbiypdsl l@sq:fapnn genenprofilinga asrshown in figure 8, the

i 8 SIS Gt e e S G B AR T R B i e

low @Dl of thoasmerob (04 afd Chisl).rHplevet, plort lewrest PDTIMSC treated with HS2

nt enance of the nuti en aI ch wa o
GISPRT 81 TFSONS P CHOHYAR e ePocape S RSpie! (whilt in

th@%dﬁﬂe&ﬁcaﬁbrewww@ﬁader&lswmwe gt PERS kdsehPdrb oM a@brdbfiR with
stemcells is hinted at i gher | evel of

b aa
thes Rpprothssis dhatnHP & rprotects g r%ﬁn@%ngwm BYSGnirqugpot (peRglation
dofifngs. OAd fo% tRd bém treNed WitPRDAHS (e dp4c elepo, TREY8Y. i they aosnot group

i ncreased inplicated by decrease expression | evel
withegnly ofiesie Siagesting) that ihe eatmagaprafoyndtpeliered thednstemeess and this

sh&ﬁ&‘)’é I%eﬁeétgd ﬁ%@&%sﬁ@%&%&%ﬁz medi at ed mechani sm of

pr o eration may inc i ndependent signaling

[omgrwame picSQR SRlenRId) GE hhd1BER EcindHOtARE €drf the ﬂrﬁsﬂimé ¢hat the
eval uate the sternness of nesench%% gisten1cel
T

prosence 9é heprapn selfatg & incrasest the @rqlider hM§Es 8y several orders of
a%ﬁ?ﬁd%%%in%greﬁ It Q& SRS, MaffadeBudP MR iR rdaSte AGoMI Bfkspan.
I's"cultured in the different conditions. The
Thi§ yerseserio mekfeesion trag oot dssesiated Bitthgurlativevkissef stem cells, as
r L
mBERTBL PUbhP ekl el RYL RS by SN s BEb ity
mﬁmsed on gene profiling. As shown in figure 8, the
g PD hMsCs cultured in the presence of HS2
[0@5 1 Fﬂ@%)h‘mﬁﬁ@n@lﬂfyteci ugasemrwetw bha vawabt tegl S ex vivo

pr(%‘pqg%i{og f gtgnhéeﬁ%g'ﬂﬂntgiaﬁlké of “SHRYL and Eﬂ&lﬂ (Yéﬁscﬁffg Bty &Cand

thus help unlock the potential use of stem cells for therapy and tissue repair.

[00055] As heparin binding growth factors have been shown to be involved in both
differentiation and proliferation of human stem cells in vitro and in vivo, the use of specific
glycosaminoglycans for the control of stem cell proliferation and fate may provide for a
useful and reliable method for medicinal applications such as cell based therapy in the

future.
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(Hsp4) sits on its own thus we can specul ate that

earlier passage of the control (whilst in the hands of
W@2006/085299 woul d have clustered with it. These PEFIB2065/000278

are in accordance with the Hypot hesis that HS2

protects the "sternness" of the hMSC throughout

popul ation doublings. As for the cells treated with

heparin (Hep4, Hep6, Hep8), they do not group with any
[06USBE 'he SHEAEEAI N@stidtiat]lytdeeeribe® Ak inap keitadLNBE Yracticed in the

altered their sternness and .this_should be ref

t
abfeRice KB AR FIEWEREn AEMents Jguiaiion of HEpgagns oty wsmﬁfﬁi'g:‘ﬂiclosed

hefeﬁ‘ﬂ/ eI'Fﬁlé 98} exiatnplRatheRG8R "danmisig" atifdudigy”, tdaBtaldifd! etk SHEI be
hat the presence of heparan sulfate 2 increases the

re@r@mﬁﬁswpmmmlﬁmuwws@loaw%way the enssandfexprgssipns sawloyed
ek AR Sk O ((I)rhtgrt 1111? i)’é #1 10n hétacﬁelﬂﬁﬁit%nalaﬁcp there is no

Increasing the tot s i ncrease in
1n1pntcuin fnethatuscn nf wach tamis a@swr&aﬂe@s of exeludingednat ¢quivaleptssof the

n1ce asure colo for t
fe%%ﬁ? g8 r'imgf de§f‘it?%qeoerl PO er geogtngé{t P po(f%&{éh o vanous
m@ﬁﬁ@&‘i&ns 1r0 @osdlle 'ﬁhﬂhﬁx thhempeaﬁ“ tlSd:Jirfvﬁﬁt&mZ:lmyd thms,elt tsh)ould be

he a val uable togl for the ex vivo propa
ungderpioed ks MioGhel g Breverk eyeRtion 0 e Saactcely Gigsed By a
pr&bfré@érﬁd’bﬁirﬁéﬂt QRodichtibh k&l VagihflorleH (RE tavédtion BeteBdiscdsedifRy be
of stemcells for therapy and tissue repair. [00055

resnitedh dp &Y i thossi Falladgingthevith 2pdh A rsach apdifisaiisns g ns are
coQ?d#}rQ&’t%lbg%qmﬁI{‘thQ%@ cgbffs@heAtidAt i on and proli fer ation

uman stem cel invitro and in vivo, the use of

[omF | FHie GneHn¥i6 @ $a8) bbdhO@s MR Dréfly bhE c&RAtIB! hedéin SELM of the
cell proliferation and fate may provide for

sef ul
nagAwey @P@%@I@ HhemeHc gwppipeyiating ity the &%&m&i&éfl Bierplsggform
aﬁqkhkggéﬁgm{herapy in the future.[00056] The

Inventions illustratively described herein my

[06058] abthdt B opinapts Ledithin thedTollabiagoemof any el ement or
elements, limtation or limtations, not specifically
di scl osed herein. Thus, for exanple, the terns
“conprising”, "including", "containing", etc. shall be

read expansively and without limtation. Additionally,
the ternms and expressions enpl oyed herein have been
used as terns of description and not of limtation,
and there is no intention in the use of such terns and
expressions of excluding any equival ents of the
features shown and descri bed or portions thereof, but
it is recognized that various nodifications are

possi ble within the scope of the invention clained.
Thus, it shoul d be understood that although the
present invention has been specifically disclosed by a
preferred enbodi nent, nodification and variation of
the invention herein disclosed my be
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resorted to by those skilled in the art, and that such
nodi fications and variations are considered to be
wowaokioss2ohe scope of this invention. [00057] TPEI/1B2006/000278
i nvention has been describdd broadly and generically
herei n. Each of the narrower species and subgeneric
groupings falling within the generic disclosure al so
formpart of the invention. [00058] Oher enbodi nents
Cladh€ Wthin the follow ng clainms.dains Wat is clained
Is: L A nmethod of pronoting or facilitating
proliferation and nai ntenance of stemcells in ex vivo
Wh%%ﬁtclﬁiﬁied?sa;i d method conprising the adm nistration of
a gl ycosam nogl ycan or proteoglycane to said stem
cells. 2. The method according to claim1, wherein

Iy B SRR’ R R PR ER R AP Gl fhancg ofsgmy ol

whekeidy Saod @ltves &did nagihvdarempeisipg i sies dlepasteation of a
sul fate. 4. The net hod accordi,g to ¢laim3, wherein

sai SYISHRINGH YT OF Brateoghivps ta s gt@%‘aﬁeﬁﬁ sul fate 2. 5.

The nmet hod according to claim3 or 4, wherein the
concentration of the heparan sul fate ranges between
dbolhe gnetherdy/ aepordingt (i echidli b arhsrebosaid 2elypegpminoglycan  or
cul L & . d according to claimb5,
V\heéljgl{eﬁglpﬁagh%oanéécr?ﬁ}gltnggzggf the heparan sulfate is
about 160 ng/m culture nmedia. 7. The method according

o1 T PO k8 B R 208l Rt MORE bRy Eforsc

anyhepa@neiilfitdie precedi ng cl ai ns, wherein the stem

cells are adult stemcells. 9. The nmethod according to
claim8, wherein the stemcells are nesenchymal stem

el T method according to claim 3, wherein said heparan sulfate comprises heparan

sulfate 2.

5. The method according to claim 3 or 4, wherein the concentration of the heparan
sulfate ranges between about 6.4 ng/ml culture media and about 20 pg/ml culture

media.

6. The method according to claim 5, wherein the concentration of the heparan sulfate

is about 160 ng/ml culture media.

7. The method according to any one of the preceding claims, wherein the stem cells

are human stem cells.

8. The method according to any one of the preceding claims, wherein the stem cells

are adult stem cells.

9. The method according to claim 8, wherein the stem cells are mesenchymal stem

cells.



