|  Methods of proliferating stemcells Field of the invention [0001]
The invention relates to nmethods of proliferating stemcells. Mre
particularly, the 5 invention relates to the use of

gl ycosam nogl ycans or proteoglycans to pronote the growh of stem
cells in ex vivo culture, while preserving their multipotentiality.

Background of the invention 0 n | tissues of the body there
is a sub-popul ation of adul P&“gg‘éﬁ@&mg&rﬁ’é&gemﬁ? |ti potent cells

are recruited and activated to take part in tissue regeneration.

Adult stem cells are a prom sing resource for therapy, but their
nunbers are very | ow and they nekigld pfthedajeemition in vitro to be of

t herapeutic use. \Wen these cells are cultured ex-vivo it has proven
di f fi cul t[0081) Bee wyertianisiatesrtaruethpdsriareliratingrstasm ccllsyiMern pagicularly, the

t hought t - ' I j ' ith th

ext r acel 1 1 S5 %, ST b i PRk hRRRat el b g e st
of the m efisenvelisanrvivo dilieres fndiile présegmethalr nvidtibdrentadit@s usi ng

adult stemcells are still hanpered by the limted nunber of

avai lable cells and the fact that their expansion in vitro,

necessary to attain therapeutic nunbers, conprom ses their
differentiation and proliferaBackgipandnifitid inve@G@B] Due to their
capacity to formcartil age, bone, fat and other connective tissue,
human 20088 emcal msbuest @nmheehddy (HeSBs) sobipspiliatioe cdradakciternngglls. These

t for. cel]- d th in. ti i d or. injured
P osus, hkoffabirR 6t metler e alivi P ROk pyT RufisEf SPrdiion G e
vol une ofcdngns: H@fdlﬁiédr%%’@isd@éeeﬁ)r B2 R RREImibots bFeOvdrPNoR ahll Thdyeked
nunber of popul ati on doubl i n%s (PD) (30 before they reach

repl i cat i RrePagates ée e, to he eisthejapeutc gsatVhenttheseqrelpviate elivesst ex-givo it has

| i nked , - ' . th lLytic 25
b GrOTRSTRRINNRCOSRL IR BGH TR ERTHEN, Shich IFuSRA bl o or
span to seyelalfrohunstesdtionso pithathieoex tehoelbliam gfatrixT has eneitloaREr defiethnd the

cells retain their abiljty to assune ?henot%pes of nmesenchymal
tissues, RHHENYr Batneiohghe mistornyirangnt. bierefate, Jegrpgrabive Hivigeries using adult

However, dity HResSeRQl ha&géx%a %P;Ittg@nméal ﬁ@%a@éf%@%ﬁ%ﬂgg cglestvgéarﬁretﬁéy)f‘aﬁ it their

nunber of mnultipotent stemce In culture w
af f ect i ngexiphsion r izgedes,atriceesspgt ent aiddin  8@rdpRO04 | ndthkers paobine@isss their

differentjation of stemcells in culture is a result of a change in
the i cr%ﬁlﬁvpﬁl@ﬂﬂwm?lﬁﬁwlﬁﬁpoﬁﬁ?%l ly found in the naive stem cell

P Ir anei nf‘é{pﬁ@]}l%ﬁ{% ?iﬁl(g%%lg]’é}( #qhtg)n%%{;%k@?é, aqeantll %th%r ggnq}egtfivestlisglqg lhlslman
20 mesenchymal stem cells (hMSCs) constitute an exciting prospect for cell-based therapy in
regenerating diseased or injured tissues. These adult stem cells can be readily purified from

a small volume of bone marrow aspirates, and expanded in vitro for a limited number of

population doublings (PD) (=30) before they reach replicative senescence. It is likely that

this growth arrest is linked to telomere shortening as over-expression of the catalytic

25  subunit of the telomerase (hTERT) is sufficient 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.

30 [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



2 of the extracellular matrix (ECM and nei ghboring cells, and the
hor nonal status of the mcroenvironnment. [0005] Thus, there exists
need for nethods and nmedi a conpositionsythat help to overcone the
probl enms encountered in the expansion of ex vivo stemcell cultures.

5 Summary of the invention [0006] It is an object of the present

i nvention overc t he .pr nms_connected tqQ th ex vivo cultur
and ex pan%fi[ tg‘ﬁ eéfm @@%@éﬁﬁ lg.(%Fé/gO%dcﬁlgtﬁﬁgmﬁdiﬁﬂﬁe"éﬁ %ﬁwgnp?ﬁltsﬁ’éus of the
present imkesnvEBniB@t by adding a gl ycosam noglycan 10 or
proteoglycan to a culture of bone marrow derived adult human

nesenchy n@bosjt B¢ BlekSexists RBedC ok instidds @AM intddeNSorksittin@\hdl halpto overcome
differentiation of these cells can be optim zed. 0008] Thus, a first

aspect ofthe peoblemeencouriered|ia thosexpansiomed drodvooiterpcell chlgiras.i ng st em
cells: conmprising the addition of a glycosam noglycan or proteoglycan
to an“ex vivo culture of stemcells. 15 [0009] In this conjunction

it is noted that proteoglycanssgmmeirdl dfyhé Bivestemt a special class
of glycoproteins that are heavily glycosylated. They consist of a
cor e pr ot[@0oc)vit ihaookjecr of the pecsemviabatioh o avérache dh@biobiaaionedtyd anthe
(GAG) chain(s). ,These, gl ycgsanj nogl ycan chains are |long, |inear
car bohy drét @Gl reind ?Xlﬁé'ﬂSi%Pr‘éfsﬁ%éFﬁ%el y charged under
| fate and uronic

physi ol ogi conditions, .due.tqQ the occurrenc f s

aci d gro&lﬁﬁ&}]ﬂégﬁ%‘?"é g, ok inshe nicssR] B eRtim BNt aloing helyagsermipoelycan
extT agel | ¢HiRbteB@YEdntto alHALRI OF bonb Ok RADHHERA AL HI A TS AYRL e colls,
both to other proteoglycans and also to fibrous matrix protelns

(such as thektlagerynditivrsyfongmwwah sud diffecdntietion of thesedietlg coabd aptemigedich

as sodi um otassium and cal cium and water, and also regulate the
movenent [BP0¥tollasus disstiaspest gh the insentiomrielatesto jadeeibed aif pooldbratieg stemycells

can affect _the. activi,t,y. and st.abilit f protei.ns.and 25 signalin
ol coul et hrultoR Y < poirinbaorR R EFaREe S o gt e shture of
can be a#démicbllied to either the protein core or the attached GAG

chain. [00010] G owh factors binding to proteoglycans of the

ext r déel 1[0be9] Iﬁ&hirsicbnj‘mah‘t&nb'ﬁ(imnotsdlﬂmEiwedggwahﬁg@eMIﬁepresent a special class
differentiation and proliferation of hupan stemcells in vitro and in
vivo. The¥eslyiopiieing deat gresheavyy flycorvlaiggnl hey emsist pba coetmoteybwithjome or

BL gts gggr?{g%r’? ?ﬁ%lgtrll% %ﬁ%%?&&@?@fg})ﬁ? i(@k@’)ar%tain%). tragde g??}fosjaﬁl\ﬁ?dg‘fﬁan
chains are long, linear carbohydrate polymers that are negatively charged under
physiological conditions, due to the occurrence of sulfate and uronic acid groups.

20 Proteoglycans are a major component of the animal extracellular matrix. Therein,
proteoglycans form large complexes, both to other proteoglycans and also to fibrous matrix
proteins (such as collagen). They are also involved in binding cations (such as sodium,
potassium and calcium) and water, and also regulate the movement of molecules through
the matrix. Evidence also shows they can affect the activity and stability of proteins and

25  signaling molecules within the matrix. Individual functions of proteoglycans can be

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

[00019] 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
30  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



met hods of using growth factors, such as FG-, have the drawback that
while stimulating stemcell proliferation, the growth factor

addition leads to a significant loss of33 nultipotentiality of the
stemcells. In contrast and surprisingly, the observed proliferation

i ncrease achi eved according to the nmethods of the present invention

i's acconpan t he reserv n o t he nult| enfiality of the .
St em ool | BUIpGEN Y B SEE SR Sl licien tps A TR Qb ApeEedPrp ghaton
present ijRveRid @ﬂlevs&s&o&dlﬁglqhthe%étﬁ@é Jrale pes&e 'ifﬁfeﬁﬁ&@ﬁ' ABO P bP e
as conveniently used as the correspondi ng | ycosam nogl ycans, because

t he sacchaesaeationail s muligotsatiality ofithe stam bdlseasi er to handle, i.e.
smal ler and nore stable, nore soluble and | ess prone to interfering
i nt er act i BA811]f Broteaskenans earbe sechin ascordases fautherprasent inventivis eyt teough

comparsd 15 (He 1 R By tae@nh 00015 <hBaFHY' bl 4} “abfbRfuine

of the i ngglgemsammdgmagsl yeamastheegtahade chaiy 1GHe 0géy fand té Be Pisaires adle,
a gl ycosam nogl ycan, and npre preferabl y a heparan sulfate. [00013]

In this cenjSmEe; ahfl moTs stahlsr Bipre Raid iscdr lgps BIODE dp anteristieg iftgtagtings, for
(HSPGs) ¢ %Q}Wth qndi %ﬁla}felml LGS UREERHRe Othd? gg}cc%gﬂﬁ%Sglgoar@nﬂnvaﬁr @n

conposed o epar an sul ycosam nogl ycan si al ns val e
attached mcreasep:iﬁamchzenmtjopﬁkhmr@aﬁhernpa}red tqi)thetlﬁoﬂaoglgwczﬁﬁn exist in
three fornms: a secreted formknown as perlecan, a formanchored in

t he pllasn@00tdnbhesen kifatirer aspegt 9bihcaimvenﬁnm tlw glyamanmmgﬁmae ot prateoglycan
known as .s 63 ﬂ]ﬁar%hecy are _uni |tous c nts of,  manmal i an
cell surflééé LG0SgRIRPElYEAR, Fan’fﬁPFei ‘?:ré ya B@Eé]ﬂfqtﬁe hepar an

| fate con of.. altern arran ronic
or Lo GurRAFATE s A RrEhorttis dhe et M el S oG Ot G
bonds. Thepery |allﬁg1ﬂ\’}liﬂhfé@sel Sﬁbgrfohﬁ _f Hrcﬁ&%‘lydaﬂé a5l Qe &Jnﬁiéké@éﬁ%paﬁﬁ sulfate

both the uronic acid and the “glucosam ne nay be additi onal %/
O sul f at eglycoppminpgbicpn pide chaiag ccafatmﬂmatfem@d tmsm@tﬁmrbaakbq@arf eefirg protein

bi ndi %g p surs; é‘{tﬁre%rfg%§ % slé) 1e{elaefo %{ﬁ ecdn na f%f %gr bo?%gl tB? 8}?;5183

acetyl groups a tach ucosam ne a

acid. | n manb:raasknbmraergayplmn h@@@rmsmsmbf@b&‘oﬁﬂmﬁlawn&sls@ﬁ@eohh B are
O sulfate grqups and nore N-acetyl groups. The heparan 25 sulfate
si de chaiWEqHioss popskigpnisof Magwpaline el stfaeesgnd mes %’6?356 I@t@atﬁwes

:53;] ' gglggct gé,] E| gﬁe? gpr;g%%j X nkagwr (%)!gg]gtliéfoﬁi%%/altely arranged D-glucuronic acid
4) - xyl osyd- Q»lam%n{cs%lﬁngﬁ& Ih- %ﬁicg&md‘lgogﬂﬁd Bed ?1 hepafapysalidiat Gonds. The

chains and core protein nmay undergo a series
20 glucosamine is often N-acetylated or N-sulfated and both the uronic acid and the

glucosamine may be additionally O-sulfated. The specificity of a particular HSPG for a
particular binding partner is created by the specific pattern of carboxyl, acetyl and sulfate
groups attached to the glucosamine and the uronic acid. In contrast to heparin, heparan
sulfate contains less N- and O-sulfate groups and more N-acetyl groups. The heparan

25 sulfate side chains are linked to a serine residue of the core protein through a
tetrasaccharide linkage (-glucuronosyl-p-(1 — 3)-galactosyl-B-(1 — 3)-galactosyl-B-(1 —
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
30 Dbeen 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



nodi fications that may ultimately influence their biological

activity. Conplexity of HS has 30 been considered to surpass that of
nucl eic acids (Lindahi et al, 1998, J. Biol. Chem 273, 24979,
Sugahara and Kitagawa, 2000, Curr. Opin. Struct. Biol. 10, 518).
Variation in HS species arises fromthe synthesis of non-random

hi ghly sul f.ated _sequences of a e |dues epar at ed b
neul 1 at SR SO SRR T CUSUATEL ARG N dBecpradegcoainmg N
gl ucosam it%tylaW@ loTicbsading.ONMIRY smmalofcohb@gsﬁylogl UYE-Q8a Hﬁo&&mh’é to N-

sul fogl ucosani ne creates a focus for other nodifications, including
epi neri zaﬂtql’f"@ﬁllléﬂsangn@@mml 8 @é\l&j foro othgu rmedificatising, mchngmpphwatmn of

pattern o If m.ne 5|dur

addi ti on, lu% ﬁéﬁ etgrqg%r%%: 11 FOW%}GI PRUETR P fqﬂk léq %Sé)tn ficosamine or
sequerice S1durdnft&udikﬁx Ut advaficn, rvﬁﬁh!ud ﬂﬁ&xohafr@mﬂe@ﬁo@' sUBBte iR ety Hi@T RG8erichs,
the highly sulfated N-sul fat ed regions, the G5 EEI mer iduronate

pr edom naifigdiexympate resigues fFfﬁ@nﬁrﬁi@?ur@fat?ad’t’@ﬁ%Sdnt ¢ highbye b1 FatefeN-sulfated

vari ants b} [ t e.ahungan
S R
adj acent disacthmride wwiahfsaposkible eah givah wheinchai ﬁbtttherabulafaﬁcé egle@ﬂﬁ Mbst
hi gh sul fati %n separ at edﬁﬁy dOI"%I ns. of low sulfation (Brickman et

al . (1998 odijicatgngjoccysa ed dpzeinsg 95 girecihy %fhaqe§t Wetfigipnso that i the
i ncorypor at ek o i %J-af?j

hypot hesi zedr t E%atlﬁ ﬁfgé %?lg?eg&&l\ﬁaéfls}gg?ts%e ara Q‘?"lﬁ% Eanl%n?sf oW SUIEatlon
roles in (&Mmm@ualaﬂ@a&) detoheChmt Q@M8mf43504@69,ew}muhhehereih incorporated by

extracel | u ]ggndst gcl uding 15 regul ation and presentation of
growt h an‘& eéi?f’r?gé het Hgtty rs to the cell, via a conplicated

conbi nat i crlne Xt acrii. and acrine back .| opps, .sa
control | |@Q0qu] nﬁ o gphgrf%ﬁ%ﬁ ! Yé’ﬁﬂ“ﬂﬁ@?@%‘ ?ﬂéa?%i%af@r@?ﬂf f‘)g?f 1ol In
of stem Qﬁbhﬁodtﬁ@tﬁorﬁ)@nﬂlbeactz@iﬂ[e@f at NegO huhdRArANe It ligands, including
gl ycosam no %Qans may be generically described (Al berts et al.

A

(1989y Gde TPt pishenigion efcgromdwand pdhesiondagtors, toipe cglbaviaaccopnsipated
gggfggnn;d;)ﬂﬁqﬁwaoogl %ﬁ@cﬁﬁ%} g&?éa rfeln \ﬂﬁ? sﬁérg«%éﬂez ﬁ%%lﬁlugg( flrgc?];;n isoSIC%g{'relhng

al, 1998, intthoetioli Gignghing and GBerebywohes differaitiati P Of stah d&B@aF@nexa&Lﬂlé adven
gl ycosam Eogl ycans obtgl ned from neuroepithelial cells could

speci i cdhPyetihkenagan ltaty glyspsapupog]yps pmay-be senspeally descahedr(fbgenict al.
status. Sigi Qaéérl’ dtmﬂ E}ﬁHQbJ!nl:' N¥wOFork %*Leo?la&g,gbdf;gph%s 98@';%5%%@ shifate

interact wt or FG--2 is descri
Accor2di nggiy®SM1rmgbaa1e apecmspi;ala:tanﬂ rﬁmm a amgkm,woctei ney Hiffer apdbllegiodl activity.

sulfate glycosaminoglycans obtamed ﬁom nemoeplthehal cells could specifically activate

either FGF-1 or FGF-2, depending on mitogenic status. Similarly, the capability of a
heparan sulfate (HS) to interact with either FGF-1 or FGF-2 is described in WO 96/23003.
25  According to this patent application, a respective HS capable of interacting with FGF-1 is
obtainable from murine cells at embryonic day from about 11 to about 13, whereas a HS

capable of interacting with FGF-2 is obtainable at embryonic day from about 8 to about 10.

[00017] In still another aspect of the invention the heparan sulfate is preferably heparan
sulfate 2 (HS2). HS2 denominates the sugar chains of a HSPG, which have been found to
30  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.



capable of interacting with FG--2 is obtainable at enbryonic day from
about 8 to about 10. [00017] In still another aspect of the
invention the heparan sulfate is prefergbly heparan sulfate 2 (HS2).
HS2 denom nates the sugar chains of a HSPG which have been found to
30 have affinity for FG--2. HS2 has a nol ecul ar wei ght of
approximately 25 kDa and thus, assum ng an average nol ecul ar nmass of

400 Da per di saccharjde, consists of about 60 disaccharides. The
di sacchari08818)oFnaather sispest ofieie ingentian the stem rellsaire pkefarablst adult stem cells,

(supra), BTHQbﬁhhé &Pétéh%eﬁ%‘&%rﬂ%%ggf&jfo?ﬁ%eraga filie &S inits entirety.

5 [0001 n ano er aspect of t Inven e%stemcells are

pref er abl poo j}ﬂl fn SJn%fHePeH ect O g‘{felllqvetrlHSIl ﬁ%l Ladit S5k elc}pﬁ% %Q Bxeeferably

applied for erapeutic use. [00 I'n ano aspec

i nventSi onmedeaclaoudl steat eliscel | s are preferably 5 mssenchyrral stem
cells. [00020] In a further aspect of the invention, the stemcells
are pref el08620) huadnrthdreaspeat aifl the immnéomrmfseatmlcgaﬂhareapre&iaﬂly Isifream stem

cells, and, nost preferably human adult nch ste

[ 00021] SRRy EeGr B A B 6 (SOl TS PGB K piman adult
ref erenceptgent al@gng@él@phed figures. Brief description of the

drawi ngs [00022] Figure 1 shows the effect of different heparan

sul fate 200009eBinbadin®ns 6N thFREntidR SANCyWBbe He&Mbeg! With reference to the
proliferation. Human nmesenchynmal stemcells were plated at 3300 15

cel | d0cntatiaphegiefigyses. pl ates (NUNC) and cul tured for 9 days in the
presence of different concentrations of heparan sulfate 2. The

nmet abolic activity was determ ned after 1, 3, 6 and 9 days of

culture by WST-1 assay (Roche). [00023] Figure 2 illustrates the
effect of heparan sulfate 2 on Brighdescriptionof yhdrayyings cel |

prolifer short ter ture hIVBC ( Canbrex) were seeded in
cont r ol fl@hﬁ%; E{gu(bﬂ/élwwa £ Ofg:ls iifexsahepprs, il 2 eqepntsaiogeon human
(Hyc! one)mefaga bl bich LeiPhLEREATBC Himah Mokl Atk

starved fncl)(r3 ourss?ﬂ} ne n%ﬂglﬁa cont gﬁmang 0. %%glg%% andgélcﬁaﬁ\egégmt?doat 3300
cont él rmus/amf dm@ﬁemen phaeesadNEE and aulsjred fom daps tothiegiresengs &6 8ifferent

ng/m HS2 (solid i and b he arln stri d |.i d
brack barchceiat @W@F“é@%}gé)ﬁ%ﬁ@ vity yep detshinimed aflgn b s 6 and
t he prol |g@‘{)@b|f@ﬁmggbpwgp.1r@,m Héj stem cells. Cell nunbers were
25 determ ned every second day "usi ng Vi aCount software and staining

W th FLEX00@X)ePRigure 2 illustrates the effect of heparan sulfate 2 on human mesenchymal stem
cell proliferation in short term cultures. h(MSC (Cambrex) were seeded in control media

20 (DMEM, 1000mg/l glucose, 10% fetal calf serum (Hyclone), penicillin / streptomycin, 2
mM L-Glutamine), serum starved for 48 hours in media containing 0.2% FCS and changed

to control media (dotted line and open bars) or media containing 160 ng/ml HS2 (solid line

and grey bars) or heparin (striped line and black bars) the day after (day 0). A. Heparan
sulfate 2 increases the proliferation of human mesenchymal stem cells. Cell numbers were

25 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/em® and analyzed for DNA
content after 1, 2, 3, 4 and 7 days. Cells were lifted with trypsin and counted as above,

30  washed in PBS, 1mM EDTA and fixed in 100% ice cold methanol. Cells were washed in
PBA and stained with a solution of P/, RNaseA, Triton-X and analyzed on GUAVA PCA-

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



(GUAVA technol ogi es) on GQUAVA PCA-96 fl ow cytoneter follow ng the
instruction fromthe manufacturer. B. Heparan sulfate 2 increases
the cell cycle nunbers of human nesenchymal stemcells. hMSC were
pl ated at 5000 cells/cnR2 and anal yzed for DNA content after 1, 2, 3,
4 and 7 days. Cells were Iifted vvith trypsin and counted as above, 30

PRSI < R N REE S MR LT
Triton - Xyaedtnal nszas fiexGUAYACBEAA %@hn&ogﬂé@%eaaﬂa%é& &t @Lﬁwm@@%

t he percentage of cells undergoi ng apoptosis. 'hMoC wére 6 plated at
3300 cel | B¢w rmf“tcamtewllthffﬁ@ty Oérrﬂﬁambﬁﬁﬁscwlomtsatw% amnprediderafiore of Sruman

anar yzoa Biseebiu Rk OEfs T HiGaRE pE et et o Pert SiTgr PR, AllSes

concent r agbr@pated atP3 3 Jeﬂﬁ/aqummwemﬁmes m&aqﬂmia &in@emnﬁgld $,28,7.5
t he presence or absence of heparan sul fate 2 HSZ% hMSCs wer e

pl ated at Orst-ﬁ% FCe prd ehermptgbolie @sémtymv@ﬁ defermined aiterdning dmjiracuiture using

cont ai .m i{lt (ﬁ.oale) 7%?681'3[% mjt% %gq' r%pe%\@\l %kaé h%(a]%olga:g\él)at[n t\;lg?&)l/rd

det erm ne ni ne rn cuture

poi nt or dmrfatlloﬂ otfhﬁleﬁgtgueemde@mdeﬁtamltards lRectaviessagl iamtplsdagndar d
devi ation of at |east three independent cultures each neasured in

tripli cat{@00DOORRureBdilustrafsithdt BELriatresset kintlifelSPar aciraaineinsd the steimhess of
d mai ntai ns the_ sternnes 10 human nmesenchymal stem cel |

cul t Ues Mg pEsacyEal pise G ?fare&t ke ppssagpbMSL] ‘fVETFd’rlﬁte 2100 ek erB
and nai ntafaﬁ%éa k&) aR@NhaRkaifRAER oftbl Hﬁ"agla gg@p s S§> E@é baf JTEdEda

containing 160 ng/m HS2 (solid l'ine an arin
(dotted |domtnizing 160 aghnldE¥S{solid Hee dad gzf/tbers) odbgpadih. (d@daddl lmevwﬁebiack bars)

wi'th 1 ry gt eBnides RS e BB EERRERE S Sl it Paseperccels

cel | counk&elitef am t@%ﬁﬁﬁﬂ cORIEPART rebBES av¥I08 cBlRtARY AlCBRA%ive cell counts
cells/cnm2 and cultured in DVEM + 10% FCS without (ctrl) or wth

addi tlPon 59m E8eigrassagridBVISEs ivespaplated %t50@0§¢1§15/?3‘a’s®@g@11’@1€¢d i DM@M + 10%
count ed oun t res
at a den??, %Au%tf%® }t”é/ac r’rlél(mgRJ @P mlf}r{om riﬂ‘ é% ikt B?sg%ge ‘Eens

popul at i cRerd Quﬁlitbdlgy ZYUAVAXTadbRAE(twE 8Epds at tr@hdﬁ@ﬁ by r®@ted?d at a density of
cells/cn2 in 24 wel | plates and cultured for 12 days in 20

mai nt enam®0rssds/sm’. Bl Csllgdrom fthe dues gultwen ahsrpulation deblinet ¥ @ dhuwere
and col onj, ctﬁeh%ttla daRES 3138 fls Je&b' YL EaIF QL seq%%%ﬁnw'aafor 12 days in

represents e average and standard deviatio e sumo

col onri0es/mamtenkwerniediai (E&llsonarbéiv;ed lin hiethahol wtedrs=drweith Siansasartdn@lonies with

aver age and dard devi atl o | east t ree i ndependent

cul t u?e s Ig%ﬁﬁqpegg%ﬁllé FV6re; coynt @al represents t e average an% standard deviation of
the sum of colonies/cm®. Every pomt or bar in the figures represents the average and

standard deviation of at least three independent cultures each measured in triplicate.

[00025] Figure 4 illustrates the effects of heparan sulfate 2 on adipocyte and osteoblast
25  differentiation. A. hMSCs from carry on cultures in media with or without 160 ng/ml
heparan sulfate 2 (HS2) or heparin (Hep) were seeded at 18,000 cells/cm? in 12 well plates
at passage +4. Cells were cultured to confluence, changed to adipogenic (DMEM with
10% FCS, 10 pg/ml insulin, 0.5 mM methylisobutylxanthine, 1 M Dexamethasone) or
control media and cultured for 23 days. RNA was isolated and purified using Machery
30 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



[ 00025] Figure 4 illustrates the effects of heparan sulfate 2 on

adi pocyte and osteoblast 25 differentiation. A hMSCs fromcarry on
cultures in media with or without 160 ng/m heparan sulfate 2 (HS2)
or heparin (Hep) were seeded at 18,000 cells/cn2 in 12 well plates
at passage +4. Cells were cultured to confluence, changed to
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160 g/ mFGIS2/HIBembigninsthefur meaguinghe propodmnrad cplls positied for celburace
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ber or e mag R He I E RS0 S G LR o P TR Psg fow
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staining based flow cytonetry. Each point represents the average and

data of t[p0§R7] cEigareXxpahuso®ies she ROAOQRAML Higuro I@phﬂahuﬁ.ﬁibw 2 SarldhBGF- 2 on
m t ogeni ¢ effect of heparan sulfate 2 and FGF-2 on_  human,mesench

st em cel |emagyBesenGhyaal stemm salls hMMEGD wer platedrs 330 zallyemf i P4 vea) PIEU’S

ggym%hgggh}gﬁﬁséﬂcﬁﬁlﬁ%d for g"l%?s ik Bieesgﬁc%%‘? b§endt o??&@ﬂ&ﬁﬂ% pa]rgrQ sulfate 2
(HS2), 160 ng/ml of heparin and 10 ng/ml of FGF-2 as well as combinations of FGF-2

with HS2 or heparin.

[00028] Figure 7 illustrates the effect of heparan sulfate 2 and FGF-2 on human
mesenchymal stem cell survival. Human mesenchymal stem cells were plated at 3300
25  cells/em® in 24 well plates (NUNC) and cultured for 9 days in the presence or absence of
160 ng/ml heparan sulfate 2, 160 ng/ml of heparin and 10 ng/ml of FGF-2 as well as
combinations of FGF-2 with HS2 or heparin. The viability and 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
30  human mesenchymal stem cells. Gene expression signature was used to compare low and
high population doublings (PD) cells cultured in different conditions (with or without 160
ng/ml HS2 or heparin). The signature was constructed using Singular Value



(HS2), 160 ng/mM of heparin and 10 ng/m of FGF-2 as well as

conmbi nations of FGF-2 wth HS2 or heparin. [00028] Figure 7
illustrates the effect of heparan sulfage 2 and FG--2 on hunan
mesenchymal stem cell survival. Human nmesenchynmal stemcells were
plated at 3300 25 cells/cnm2 in 24 well plates (NUNC) and cul tured

for 9 days in the. pr C absence qf 160 ng/m .heparan sulfate 2,
160 ng/ ni Bsﬁowﬁﬁwﬁ{%m- ﬁb’?’ﬁwwe Tn}@%rﬁ_.nzge&s eFSI%BWeWﬁIgﬁ gy stem
of FGF- 2 willt$updRirs @ePatE usidHSEWrAR Sh%amﬁagl BAPRRNES C%rﬁ?fioo%t}@nsformed
cells in culture were tested by Annexin 'V flow cytonetry. [ 00029]

Fi gure 8 a1d emractade®r tanesseshirerariasionbe paejestingutht atata ontonthe Hast 2 maximally-

mul tipotentialit f. 30 h n senchymal, stem cells., Gene

expr essi o‘ﬁaﬂsa P% Ra ul(rale VV\e/(z:atgrSUse r Vggt %:061%%%@&1{8%%5%}111, h%lﬁln hf%aﬁ%ﬂ ﬁ‘tﬂif%ﬁ 2, Ctl
doubl ingscdnBB). Thelnusibets ihdicgd thaPDinlifi@eent conditions (with or

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

using Singular Value 8 Deconposition (SVD). SVD was perfornmed on

gene expression neasurenents fromstem cell SuperArrays (extracted
usi ng GEArray, SuperArray Bi osci encéDdéitifiond 0g-transfornmed and
corrected for cross-chip variations), projecting the data onto the
first 2 nj@R036]| Dnlesy defimatt othervgsd, all teeladical sand Alelenefic aéninpngsed Sestiein Hape a
heparin, Hsp.heparan sulfate 2 | 5 control. The_pumnbers indicate
the PD hHBEINE APPSR AnEGIReS0pY (Prseed BRHiAe LAl Horles 88, oaliich the
t echnjocal inaddioRChaBds! | QHREABanYSRAHAAT Sid nlbRUBY & Bt RGuiRdlent to th
commonl y 1lrjlndt_alrstood Sy t hose of l3|,ordi nary skill i nl?ﬂgaartq?o V?:ﬁ% c?‘n ose
t he 10 i ndeserihedrhdpahonygde vskd othghprasticemettetigarfdherptesentahvaition) prefeored

equi valent to.those described herein,.cap be used |n, the practice or
Casti ng drebfad A8 SmnESES AR Tesfio cick: Peoborietenghdh dichl Gieafiat e
ar e descriolledinghtefind 48 dpfidOswf the present invention, the
following ternms are defined below. [00031] As used herein, the

expr essi ool ok st thief, 1BE expreddibh e‘paﬂi‘faﬁt‘ioﬂ’swsgdlirdﬂaﬂdgs iskRed in its
regul ar neani ng and rel ates to the expansion of cells or tissue,
i ncl Udi ngregdpy mgaipg and fejateg & thegyxppagion of pdlomAjssymdneleding cell growth and
" mai nt engn@eivigs,used herein in relation to the culture of stem
cells, refers to the preservation of the "sternness", i.e. the

mul ti pot %bﬁﬁ]' e t@B0hiftehhRRh Lk tbe®herefiPlfret hRY ©&ht Sulthye Gt ddth Sells,

refers to the preservation of the “stemness”, i.e. the multipotentiality, and the viability of

said stem cells in culture.

20 [00033] By “heparan sulfate” or “HS” is meant chains that are initially synthesised in the
Golgi apparatus as polysaccharides consisting of tandem repeats of D-glucuronic acid
(GlcA) and N-acetyl-D-glucosamine (GlcNAc). The nascent polysaccharides 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-

25  sulphation at C6 of N-sulphoglucosamine (GlcNS) and occasional O-sulphation at C3 of
GIcNS. N-deacetylation/N-sulphation, 2-O-, 6-O- and 3-O-sulphation of HS are mediated
by the specific action of HS N-deacetylase/N-sulfotransferase (HSNDST), HS 2-O-
sulfotransferase (HS2ST), HS 6-O-sulfotransferase (HS6ST) and HS 3-O-sulfotransferase,
respectively. At each of the modification steps, only a fraction of the potential substrates

30  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.



20 [00033] By "heparan sulfate” or "HS' is neant chains that are
initially synthesised in the GColgi apparatus as pol ysacchari des
consi sting of tandemrepeats of D-glucugonic acid (GlcA) and
N-acetyl - D-gl ucosam ne (GleNAc). The nascent pol ysacchari des may be
subsequently nodified in a series of steps:
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3-0- sl f oHR2nB4teikaned in t18S PaRtimealay sedlone@CiheQiredene applttiafibs ad d&fved from
steps, only a fraction of the potential substrates 30 are nodifi ed,
resul ti ngtbryeRissnedscat kasshagndperd & bervery poterhpr maqusachwman, rat, chicken,

| exi i . g ) . ! ‘
o Under skgibpes e BRcBRRe eqls B Lab S e SE0EL TMR ekl n MR Rl
[ 00034] Byny'highar@aparssth f(Atrex@hpleriniddB20r vestebRddst suchas hepanals, Sivds adptiles

that is desgribed by Brickman et al. (1998), J. Biol, Chem 273(8),
4350- 4359 HHY Breentenyplatsd hgree Thus, it Benagan pgiate 2handepoy respective heparan
Accor@ Noduysated pi of iht8ral gﬁ‘fﬂ ' br !

pr ot eogl ycans %? ggggﬁgﬁ%éﬁﬁ%%g?genﬁry%h?%? ayQ%%Fgéﬁ@gggﬁ?gg%tg;wmnom
Bri cknman drsfapiitdte pididerBti¢itand/bamaigenased of stetrheellexgzeniavsndmabmpestd @nthe

of the present.appl.ication is rived from enbryonic use, it _ha
been f ourtiotedt BRETS taRE Sesh Troage sulfGmaeor sl o g Renirn X adbat
and dr osophydt ao af {sSlatddnfibinng dpbdifctdpesss. r a3 fs8lafo Ml eddhination of the
mechani sm anongst any hi gher organi sm (for exanple insects or

vert ebr at @scttuahtyaef thaseidted heparatssul fatepar Hepgranonlfatephgtepglycan is well within
cont | ated _here. Thus, an epar.an _syl.f at e and any respectiv .
neparan 106 arFistee BF BRaskR dRORRET Rl st St a®f far i ehEd Fiirsfessrived
FGF- 2 andbyt Batkrhan ébil §1998)Pr. Bislt €herl! 27338), UBSRUBSN S dxbipRe | on and/ or
mai nt enance of stemcells ex vivo is enconpassed is the present

i nvention, including such heparan sul fate preoteoglycan and heparan

sulfate 2 that is yet to be isolated froma specific species. The
i sol ation and det er nilPgipileshdeseriptian of embedisnents of therinyeptians o| at ed

hepar an sul e or heparan_sul fate proteoglycan is well within 15 the
knowl edge@@% h@ﬁ%é}sgg% osfdisgpatiay fskiprier-prblished Aocwigprf Bafupgpecification

carrixd ogbuRSHGREESRAY bkl bC mél?@gvlgieggm(eﬁ%%) theJ?ocgig%ht is%hﬁg?%f the

273(8), 4350-4359, for exanple. Detal cription o odi
of the imt@atifothe art or is common general knowledge. All documents listed are hereby

incorporated herein by reference.

[00036] Mesenchymal stem cells or human bone marrow stromal stem cells are defined as
pluripotent progenitor cells with the ability to generate cartilage, bone, muscle, tendon,
25 ligament and fat. These primitive progenitors exist postnatally and exhibit stem cell
characteristics, namely low incidence and extensive renewal potential. These properties in
combination with their developmental plasticity have generated tremendous interest in the
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

30  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



[ 00035] The listing or discussion of a prior-published docunent in
this specification 20 should not necessarily be taken as an

acknow edgenent that the document is parg of the state of the art or
i s conmon general know edge. All docunents listed are hereby

i ncor por at ed herein by reference. [00036] Nesenchynal stemcells or
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ti ssue constructs. [00037] .Thus,. an alternative approach for
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together with judicious selection of sp tissue growh ctors.
[ 00038] Hesults lbdinﬁespmaMnewusrcbﬁernEMWal of steemvallslih sultane. Biee mmdnanr?&dnmmt of
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det ect ed cti.ve kers such as ST

fraction ﬁd%‘.{%&t F?‘}B Highg s ;ﬁ? & APty Opnséglag?/v%ooe’bo’ﬁﬁﬂr%t’l"% W*F]ﬁe%"‘ﬁc
cel | SUVf@ﬁﬁao‘iﬁBﬁtK@fﬁxe%&&a@HPﬂuYarfn%W %lgﬁ)bl‘m uéﬂs%e Ha{mones
rresencyrral stemcells and are an |nd i cat’i on of t e cel

pl uri pot eog40][ 998 BRIchémichheudXdiMiciRs end fatd 6f cheﬁtlﬁrﬂlé?ﬁidhg aPc GBhPbsed of
di sadvantage rai ses fromthe fact that a change in the

nmi cr oenvi SBWHefctr and their cbacinas- |®eﬂa@um¢cm qf@ymam@ogbfem%@AGs) have
ni ChelS 10*{}3%{!3\;13@1 shg\%nﬁgqg&ggﬁe gliléfe?fe%{' F) (OTEa sg cgnce%tc%ﬁ| % Is@na'hng

cul ture croenvi ronnen em ce 'S conp

pattern cahrovighFdSrecestor 1 (FEFRC) @OnsOrmlbé & 8p@0o0d) L Bicio tmememm@)f 3000-

extracellular. matrix (ECM, neighboring cells and hornones. [00040]

The bi ochdifilghl cues directing the fate of a cell in the niche are
co-factors. Certain sgoem es of

conposed cto s and their

gl ycosani [ﬁhgﬂﬁc eé)a esaresiad Bty By asaYalstimie Hih/es) st Was

m t 0geni crfhd 66 tthOhrileRPfveRRGF Hat AR [RaMnSHOBRLL A ggr? ith

recept or (1) FGFRI )rbrNur corﬁge et aa (2000) nJ BJCF é{%&%?&g‘ 75(39 E,:r W

300020 growth factors (in form of FCS supplementatlon) to a culture of bone marrow derived adult
human mesenchymal stem cells could optimize the culture conditions for growth and

differentiation of these cells.

[00042] For the experiments carried out, a specific heparan sulfate glycosaminoglycan
(HS) heparan sulfate 2 (HS2) as defined above was used. However, the heparan sulfate 2
25 used in the invention may be isolated from any suitable source, for example from precursor
cells other than murine (e.g. human, rat, chicken, drosophila, Xenopus, zebra fish, 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
30 (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



30018). [00041] As FGFRL1 is al so expressed on human nesenchynal stem
cells (hMsCs), it was found in the present invention that the

addi ti on of glycosam nogl ycans togetherjwith 20 growth factors (in
form of FCS suppl enentation) to a culture of bone nmarrow derived
adul t human nesenchynal stemcells could optimze the culture

condi tions fferentiation of t. & ¢ l1s. [00042
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used. However, the heparan sulfate 2 25 used in the invention may be
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10 % f et al seru I ntai nance media) in the presence or

absence Oﬁooﬁléfﬁ{ﬁ%%ﬂﬂcﬁﬂﬁl{@tth&@n fla gh@&@rm@%%ﬁﬁ&eafﬁg@ezs é?of

anal yzed met abol ¢ activity assay (Ro
denonst r atedls thyat5 % rat @nb:—cemﬂlmncyrémg aAH82y 6¢ and emattr @it thninofeashoat dl’kﬁ(fb a

ng/m is the nost mt ntratl nd that hi her oses are
b bi t orSPeraEpg apPPloR AR TR 88 ks b Atre. BR et oSt of
concent r ahisOinciRhselid diede aHghdhamnidel bf 8l cﬁﬁéﬁﬂgeth%CbeH rd%lefﬁraaéleen time as
mesenchymal stemcells at concentrations ranging from6.4ng/mM to 20

g/m . [00b@9pinKFimKerB.- termculture, the (optimal) dose of 160 ng/ni
i ncreased the nunber of cells by 65% at sub-confluency (Fig. 2A day
6) and palP04ffl Ahithe joptimehseneeagadnre of d1%2. thednegas innpbispetingt of human

(£ 9,20 SR e LN B ISAL L5850 AR PR, Bl
cycle at ¢f ®BGEpenatkino®wnagitogen (Figure 6). In addition to its mitogenic properties, FGF 2 is
20  also known to protect against apoptosis. Because Heparan sulfate 2 (HS2) displayed
properties similar to FGF-2 it was investigated if protection against apoptosis contributed

to the increase in cell number observed. It could be demonstrated that the increase in

proliferation is associated with a decrease in apoptosis (Figure 7).

[00047] Also investigated was the importance of FCS supplementation in mediating HS2
25  effect. As shown in Fig. 2D, HS2 has a mitogenic effect even at FCS concentration as low
1%. However, HS2 was not able to significantly increase the number of cells in serum

starve condition over a short period of time.

[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
30 (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



shown in Figure 2B. [00046] At the optimal concentration of HS2, the
increase in proliferation of human nesenchymal stemcells is
conparable to the effect observed in thg presence of 10 ng/m  of
FGF-2, a known mtogen (Figure 6). In addition to its mtogenic
properties, FGF 2 is 20 al so known to protect agai nst apopt osi s.
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mesenchymal stem cell differentiation, proving that although HS2 increases hMSC
proliferation and preserves their “stemness”, their capability to differentiate is not
impaired.
[00051] The results obtained with surface markers of the stem cells, and STRO-1 in
25  particular (Figure 5) suggest that HS2 helps maintaining a “stem-like” phenotype by
increasing the proliferation of the most undifferentiated cells. Figure 5 demonstrates that
human mesenchymal stem cells cultured in the presence of HS2 proliferate while
maintaiming 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
30  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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presence of heparan sulfate 2 increases the proliferation of hMSCs by several orders of

20  magnitude compared to control cultures, simultaneously also mncreasing the total lifespan.

This increase in proliferation was not associated with a relative loss of stem cells, as

measured by colony forming units, expression of stem cell markers and multipotentiality

assays.

[00054] Thus, heparan sulfate 2 may prove to be a valuable tool for the ex vivo
25  propagation of stem cells, maintenance of “stemness” and specific cell differentiation and

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
30  useful and reliable method for medicinal applications such as cell based therapy in the

future.
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i nvention has been specifically disclosed by a 10 preferred

enbodi ment, nodification and variation of the invention herein

di scl osed may be



resorted to by those skilled in the art, and that such nodifications
and variations are considered to be within the scope of this

i nvention. [00057] The invention has begn descri bed broadly and
generically herein. Each of the narrower species and subgeneric
groupings falling within the generic disclosure also form 15 part of
the inven 'ion. [ 00058] Ot her enbodinents are within the foll ow ng
clainms. 15™fains Wiat is clained is: 5 1. A method of pronoti ng or
facilitating proliferation and mai ntenance of stemcells in ex vivo
culture, said nethod conprising the adm nistration of heparan sulfate
2 to sai Whatdsglaimadsis: 2. The net hod according to claimi1, wherein

the concentration of the heparan sulfate 10 ranges between about 6.4
ng/mM culture nmedia and about 20 g/m culture nedia. 3. The nethod
accordi ng ta. chah#hed ofprnitingt dicfasiin€ian pidife@fiof fand hgieRacanf stem cells
sulfate 1is about 160 ng/m culture nedia. 15 4. The met hod accordi ng
to any one of & Weedbiraga methed cppprising the adminisiratien |of hepgran pelfe 2
stemcel I's. 5., The JBLhgel according to any one of the precedi ng
clainms, wherein the stemcells are adult stemcells. 20 6. The

met hod according to claim5, wherein the stemcells are nesenchynal

stem cells, . . . :
2. The method according to claim 1, wherein the concentration of the heparan sulfate

10 ranges between about 6.4 ng/ml culture media and about 20 pg/ml culture media.

3. The method according to claim 2, wherein the concentration of the heparan sulfate

is about 160 ng/ml culture media.

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

are human stem cells.

5. The method according to any one of the preceding claims, wherein the stem cells
are adult stem cells.
20
6. The method according to claim 5, wherein the stem cells are mesenchymal stem

cells.



