1 Methods of proliferating stemcells Field of the invention [0001]
The invention relates to nethods of prohiferating 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 inventi onM@bedofiprokiferatingstenscedls t he body t here

is a sub-popul ation of adult stemcells. These 10 nultipotent cells
are recruited and activated to take part in tissue regeneration.

Adult stem cells are a prom si ngiel®ESOME Gevdn®ont Ner apy, but their
nunbers are very |l ow and they need propagation in vitro to be of

t her apeut[iD001jSEhe Mkemtidn@feeso®| théth@dseofGhlifafRicig &¥eny bMB. Mor@@ﬁrtlcﬁraﬂyeihe
difficult to recreate their natural m croenvironnent, which

t hougRt tiBVENIon relates &9 thesysg ehElycpyasiing glyeana oF Pesrieoghyons tormomote the growth
extracel lc}H sBm BB ih%x % c?.ﬁfugé”' %EIE%QCSQRJI réthgl?gmhpf tg‘émﬁw monal status
of the m croenvironnen erefore, rege ive erapi’és using

adult stemcells are still hanpered by the limted nunber of

avail able cells and the fact that their expansion in vitro,

necessary to attain therapeuti es their
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differentiati on and prollferatlve potentia ] Due to their
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vol une of® ﬁ%e ?‘rﬁf%’\ﬁ}n%rﬁforué?e P PHh . G EE0 B 10%% and theydipe
nunber  ofpropgatib@in ofrcd@UR dNGerapBAc dse: 3eniBéserR1lé BRYcul®A@ ex-vivo it has
replicative senescence. It is likely that this growh arrest is
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cel | 45r etimnnohdledtatugloif Ithd ynit@esfoniEenp HEHBBMWE@ Segepbrafies enginieAising adult

ti ssues, thus g“@g\“ ding a useful tool for_ the study of hMSCs. ]
However, ST celede sl halaa?réé?n%ilmstsfé.@H@Pelaﬂaaa%%c%IStmé thepfagt that their

nunber ofoal ki potent, st em.Geld s tb nattzfih” %&%&@% A be??v'% omises their

affectlng el r regenerative potenti e spont aneous

di f f er entdiffenentiatmh antl guolcfetative potestidit ure is a result of a change in

the mcroenvironnent fromthat normally found in the naive stemcell

ni che. As[ﬂmﬁit]])lmt@dheiab@aeity tchengtoartilagsl born:i, tHend sthar sammectfvedisgma hsman

fr OmZiOnt %&%ﬁc‘:h%mnsa em ceﬁﬁ (ﬁMé(S’s) 001%1%% an excmng 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 irn 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 resuit 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 monal status of the mcroenvironnment. [0005] Thus, there exists
need for nethods and nedi a conpositi ons2that hel p 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 nvent i oroft the @xeactitar trhatrip(EOMIMEndCangaokiag dells,tdd thehovhythl Gririsusthe
and expansjon of stemcells. [0007] It has now been found in the
present iHFERIWVBANDEY: by adding a gl ycosami nogl ycan 10 or

prot eogly ul ture of bone marrow derived adult human
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aspect of the invention rel ate thod of proliferating stem
cells3 conprising the addition of a gI ycosam nogl ycan or proteogl ycan
to an ex vivo culture of stem.ccells. éQOO']é I n this conjunction
it is noted that proteoglycans ey affhy myenden; 4 speci al class

f gl [ t hat ted. The t of
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physi ol 0g06ed] ¢ Badhhdvw BB folue id metﬁa@seﬁtcﬁumtﬁmﬁatcﬁy ddirfgad 8yendmiicdcan
acid grou ps. 20 Proteogl ycans are maj or component of the ani nmal
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can af f ectontpheingcthe addyioand ssglabisaminogifcap rootpmtacsglwnd ta‘:'ansexgﬂed lcﬁllglre of
nol ecul es_ w t%’ n the matri x. Individual functions of proteoglycans
can be aff"FfHtted to either the protein core or the attached GAG
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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.

[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
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 |oss of 33 mul tipotentiality of the
stemcells. In contrast and surprisingly, the observed proliferation
i ncrease achi eved according to the nmethods of the present invention
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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-B-(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  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



nmodi fications that may ultimately influence their biological

activity. Conplexity of HS has 30 been,considered to surpass that of
nucl ei ¢ acids (Lindahl et al, 1998, J. Biol. Chem 273, 24979;
Sugahara and Kitagawa, 2000, Curr. Opin. Struct. Biol. to, 518).
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day from af%gtlétglj}c%sgnqnnoggfcans g‘btame rfr%glsng.uoeplthehal 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 fo this patent application, a respective HS capable of interacting with FGF-1 is
obtatnable 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. [000171 In still anot her aspect of the

i nvention the heparan sulfate is preferably heparan sulfate 2 (HS2).
HS2 denom nates the sugar chains of a HSPG which have been found to
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effect of heparan sulfate 2 on human nmesenchymal stem cell
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wi th FLEX reage
cell proliferation in short term cultures. hMSC (Cambrex) were seeded in control media

20 (DMEM, 1000mg/l glucose, 10% fetal calf serum (Hyclone), penicillin / streptomyein, 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. hMSC 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 Pl, RNased, Triton-X and analyzed on GUAVA PCA-

96. C. Heparan sulfate decreases the percentage of cells undergoing apoptosis. hMSC were
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[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 pM Dexamethasone) or
control media and cultured for 23 days. RNA was isolated and purified using Machery
30 Nagel Nucleospin? 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/EBPc). The relative expression levels
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ng/ m hepasay 390l dg4n€ 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
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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 (GleNAc). 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 (GIcNS) 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.
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[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 ceils 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 necesliflrl |y be taken as an

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

i ncorporated herein by reference. {)00036] Mesenchymal stemcells or
human bonesteppragsniter edlsein the @nsec@T eneainecaatfinatd wigh aptamdiigioteest inductive

pr ogeni tor with the abu ‘3

musel e, | CeRE to Subrd 3 Bl ool SBRERG, P hoiBREs sefipoptspecific
exi st posﬁiggaé giohh #gorex hi bi t st emcell characteristics, nanely | ow

i nci dence and extensive renewal potential. These pr operti es in

combi nat i [00038]t Huir@itone evetpiRsdnghyhiasérh eellycahebeecisglare raall @dtected using
trenmendous interest in the qootentl al use of nmesenchynal stemcells

to repl acelegtnagrakes.sygeas YIRQdsnpea GRideniagfion in qc@mg:@mrspo@mwaor
be cul turgg, &9 r@éwglc}nh%'&eséwgpﬁ%rzactggg%k%{ 3}5}3 anﬂmﬁﬁﬂldt Ml:eceelpsurfac of

injured site or seeding In S to “‘genérate appropri

ti ssue cansdencyrha sten 0803AH afharsindaoatieh t Bthe atllygudpgensch for

skel etal, nuscular, tendon and liganent repair is the selection,
expansi orﬂ)aﬁm}] nbibk &t von coftuternd smnpceiksrai atjer gisaiyentiagoraiee flosn Swdict st a

10 osteo enltor cells.in the_ cas bone | n conbi natjon wth_a
conduct | LB 1 ifcpreeieameR! §6 GaCapBuiy foiad ghitet nFLg Sih St iche

t ogetyper femt@, ih el GoRtSeSR! BfticRatRh STRES Eélrs in LRy erl’i’erﬂ‘i’&&nfv%ﬁﬂéﬁ of
[ 00038] Human bone marrow nmesenchymal stemcells can be 1solated and

det ect ed thei sigm &elb etichst iy ecomplike eitemuon sgnalTRON mtarammoas Gl +specific
fraction |nd|cat|n t heir enti al Mavr.rLow re |on These
cerl suor Famponaiy 8F SearaeedA R @‘2@%@%@% SRRy Hoh s

ot ur 1 pot SHLH TERE R RRAR 6 il A FF 0P -l Fa e s aae pppyscd of

di sadvantg@gett ficeRs ahd eeit beficass. (Efbﬁﬁn @pecfdé&ff@ydo@arhﬁ@glycans ﬁGAGs) have
m croenvironnment, fromthat normally found in the nave stemcell niche

10 rdsul theen preveudp sHOWALOURAVE| § PEogaric Hffesh onfbreast precer [o§lls by signaling

| t
pat tor n A FEERAEPTTRARRE] iCHEhe R 4000t £ ol ERERTRIRS) 30000-
extracel |3ﬂ0a8) matri x (ECM, neighboring cel I s and hornones. [00040]

The bi ochem cal cues directing the fate of a cell in the niche are
conposed [006041jr AntiGHRICsal® @npdes‘sdfdecbn hooarf me'smbymﬂeat&micalls@@ﬁ(és, nfwas

| GAGS) h h to h
1 Y ogent ORR SE hS e, rvenete &7t (BF |0 aBipRe b AP BV Lo utigh tpesinet with
r ece@bor growiFablors (NESEPHRCE bupdlemdtARR) toa cliRé of SR Mhardoiw (&Ped adult

3000
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
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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 hunman ﬁgnchynal stemcells is
conparable to the effect observed in t presence of 10 ng/m  of
FGF-2, a known mtogen (Figure 6). In addition to its mtogenic
properties, FGF 2 is 20 also known to protect agai nst apoptosis.
Because Hé[yamzme papilatien Coublisg pftci $piaypanl culpuroiEigt 343 Snowi FGIF-2tweas shown

FG--2 it Wasmves ated i.f. protection agai pt osi ri bute
Lo the i orBees FiopBrise astibisf ToRSEM Rt el HBRt: Ak 2ndD Macegenc™P,
that the 3g3gr 296®, it Was REQEisd ma%?&@muaﬁa@ﬁ&wa@gﬁ@sem ihfhSn M8 eE SaSRedeR in
apoptosis (Figure 7). [00047] SO |nvest|gate was t he inportance of

FCS supplasreideegs snthi previcys ateswty (852 ctod. & @t Natoge awmhnaoh 20,958 72691;

HS2 has m t ogeni even at F 8

ovever , PRsHSCE CloB R Hgfintlan PEFRLralelY R i LBte Miner.
cel I's in B&l UM 1458a1468) ﬁ@fbﬁbrhér@ib Q¥ielty aoﬁb(béﬁieﬁ@treﬂ@l@t}@f% tdIREsugb Qg Shat
The overall increase in proliferation of the hMSCs cultured in the

presence 13$2 iH&pesting 3 papdationat celby habeingen meateiodpubiing ipsicntinlyikely the
under go qﬁ‘g& ']Bﬁ’g%ﬁﬂﬂ%lsﬂﬁéﬁi ﬁlg 30 (PD). Since _PD |_s limted in
at

t hese ceI was expect they reach replicative senescence

earlier i @t Thé Ak Eof %? Inb@NGsil 17 SUs Qrié

't ll¥e’terbéen s hMSC
dem)nstra hat cells proliferation sl owed ovvn a ar
tinme lion qmdpulanenasﬂrtehabduyltm trmbedlonieewbadsebded SQowndeneitspthps bedviding us a
doubl i ng Since FG--2 was shown

t 45 da Fig. A) .
to incr eégﬁn‘?@%m%{f@%@% %ffv‘ rfihé%'{-;f%%?f 9&%&%19%150%& SSPHHEARSL pp and
al . (200Q}¢ fReRISNRYeiIhat @@%s c@aﬁgﬁ with HYBS e 68h] f to §6knh 6 1714 lﬁ(ﬁé icHiddles

act|V|ty was present in the hMSCs. However, 1n accordance wt

previ ous whkstulcompargi toetthealcontf @0 (Bip. SB) Lne Bieodlifféroroc. is2@reaBB7if50¢: FGS
Si nonsen et al aﬂ§)200221 ture Biotechnol. 20, 592-596; Yudoh et al.
(2001) J.“OBBHEERPRLICINGSEs 16, 1453-1464) no teI omer ase activity

h
Cou! 8302 L BRSSO 0% B s e By A
t he rTDStbmtﬁhﬁ%r@\BiH factdts tHkeSmpapets ajfi @8 . F(H%ﬁ&&ianﬂ@ﬁnh@l lls fﬁxftmt bea

nost "steml.i cells in the heterogeneous hMsC 1%fgopu ation is
thei r abifpmiliest Riffeseptiation asars (higeft) denenstragd tha\theadritien of HS3 alone or in

provi di ngpérr:?re@enog %?%%Xﬂﬁu&ge ﬁ"l%ﬂlfa (gﬁh})ﬁﬁeﬁhf E‘fa%o&g ﬁb‘ixég gyég{osh%&te%nd

colony f ng assay was set eres
cul t ur ed MOt IMHSAscvelsate Jadal aehpdgeﬁmrmcﬁa (DNERM rwitte 1 0% RO, €9 ugmﬂelmsuhn 0.5
tC ﬁgp hed tl?f[ xtngt llgggétgzl?(!antggegl u?f\/l?)Dg(ggle%hggon%l) fdgdelrloetns?gemhcszan ye %%ect 01!1 human
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
mcereasing the proliferation of the most undifferentiated cells. Figure 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
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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20 magnitude compared to control cultures, simultaneously also increasing 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 iz 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.



(Hsp4) sits on its own thus we can specul ate that earlier passage of
the control (whilst in the hands of Caﬂprex) woul d have cl ustered
wth it. These results are in accordance wth the hypothesis that

HS2 protects the "stemess" of the hMSC t hroughout popul ation 15
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" Compri oi 1o SRS Ok Siel el s Rlig B8R e doffut HifRsure also form
exparnsi velayt cfniik isvedgos, | i mtation. Additionally, the terns and
expressions enployed 5 herein have been used as terns of description
and not dD0038) Odier embodincentsere evithin the followiagtiatms.i n t he use of such
ternms and expressions of excluding any equivalents of the features
shown and described or portions thereof, but it is recognized that
various nodifications are possible within the scope of the invention
clainmed. Thus, it should be understood that although the present

i nvention has been specifically disclosed by a 10 preferred

enbodi nent, 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 be 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 i nven€laims [ 00058] O her enbodinents are within the foll ow ng
claims. 15 Cains Wiat is claimed is: 1. Anin vitro culture of stem
cells in contact with heparan sul phate 2 (HS2). 5 2. Anin vitro

cul ture ofyrmak gelsmhddisaccording to claim1l wherein the stemcells are
adult stemcells. 3. Anin vitro culture of stemcells according to
claiml or, 2 Wagielirol dufufd @ RGELélE in_l:@ntﬁét&wiﬁpﬁ%a%ts%pf)hﬁf%li msz?.- An
invitro culture of stemcells according to any one of clains to 3
whereisn the stemcells are nmesenchymal stemcells. 15 5. Miltipotent
stemcells obtained fromin vitro culture of nultipotent stemcells
with heparan guliptigdoecubufddidlem GellsMdtdridp@ite Blaiftiomhdaehlite aeaeli iig
to claim5 obtained fromin vitro culture of nmultipotent stemcells
with HS2 3d4H st s&llsul at i on doubl i ngs or nore. 20 7. Multipotent stem
cells according to claim5 or 6 wherein the stemcells are adult
stemcells. 8 Miltipotent stemcells according to any one of clains
5to 7 erein the stemcells 25 are hyman sfemcells. 9.

Ml ti pot eht st*’é‘i‘rn‘fb‘é’itqoscr‘?&%ed%f&i‘%c?lg a&ﬁ‘if%i%éoa g | Lqr gewizereiy the g cslly
the steem gehliSan &&f dggenchymal stemcells. 16 10. A therapeutic
nunber of stemcells obtained fromin vitro culture of multipotent
stemcells with HS2 according to any one of claims 5 to 9 for use in
t her apy.

4, An in vitro culture of stem cells according to any one of claims 1 to 3 wherein the

stem cells are mesenchymal stem cells.

15 5. Multipotent stem cells obtained from in vitro culture of multipotent stem cells with
heparan sulphate 2 (HS2).
6. Multipotent stem cells according to claim 5 obtained from in vitro culture of

multipotent stem cells with HS2 for 30 population doublings or more.

20
7. Multipotent stem cells according to claim 5 or 6 wherein the stem cells are adult
stem cells.
8. Multipotent stem cells according to any one of claims 5 to 7 wherein the stem cells

25  are human stem cells.

9. Multipotent stem cells according to any one of claims 5 to 8 wherein the stem cells

are mesenchymal stem cells.



11. Use of stemcells obtained fromin vitro culture of nultipotent
stemcells wwth 5 heparan sul phate 2 (HS2) in the manufacture of a
medi canent for the treatnent of disease.” 12. Use of heparan sul phate
2 (HS2) in cell culture in vitro. 13. Use of HS2 according to claim
12 in the culture of stemcells in vitro. 10 14. Use of HS2

accor di nd0t o cA diemayE8tic nupbemaftstany c¢lksa)bgtﬁrim«l frorofin sit@nouttetd of multipotento.

15. Use of HS i.n claim13 o i nt ai.ni t he

i 1 pot SHh SIS G1Ub FO2aErAHdiag P AR Ao s o Dol bk nheta)

according to any one of clainms 13 to 15 in enhancing proliferation of
stemcells in vitro 17. A method of culturi ng stemcells in vitro,

hepar an S phare 3 asoyts HRRg FORTY v urseiaPuSRe R bRl wi

r educikng Hebﬁ‘ah esiph&t 2nHSL) pothe ManSfRbus oP4 meﬂiéhﬂnbrﬁtQBﬁfhE teh@fent 6f diSease.
during stemcell expansion in in vitro culture, the method

conprising culturing the stemcells in contact with heparan sul phate
2 (HS2).
12.  Use of heparan sulphate 2 (HS2) in cell culture in vitro.

13. Use of HS2 according to claim 12 in the culture of stem cells in vitro.

10
14.  Use of HS2 according to claim 13 in promoting the growth of stem cells in vitro.
15.  Use of HS2 according to claim 13 or 14 in maintaining the multipotentiality of stem
cells in vitro.

15

16.  Use of HS2 according to any one of claims 13 to 15 in enhancing proliferation of

stem cells in vitro.

17. A method of culturing stem cells in vitro, the method comprising culturing stem

20  cells in contact with heparan sulphate 2 (HS2).

18.  An in vitro method of preventing or reducing the loss of multipotent status of
multipotent stem cells during stem cell expansion in in vitro culture, the method

comprising culturing the stem cells in contact with heparan sulphate 2 (HS2).



