Treatment of Bone Fracture Field of the Invention The present
invention relates to the use of nesenchynmal stemcells obtained by culture
of 5cel | swonotinesppesence of HS-2 in the treatnent of beoe/sGreawionrds1

Background to the Invention The drive to devel op bone regenerative
therapies to circunvent del ayed and non-uni on of 10bone fractures is an
i nportant therapeutic issue, especially considering the mllions of

fractures which occur annual ITyeateient efBonelBisctdre whi ch are unabl e to heal by
t hensel ves. Heparan Sul phate 2 (HS-2) was identified and described in

Brickman et al. (1998), J. Biol. Chem 273(8), 4350-4359) and was purified
from enbr@'éMthU%t!PVmﬂ?'ElO) murine 15neuroepithelia. HS-2 was subsequently
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of d| fferentiation into 20connective tissue and/ or bone cells such as
chondr ocyfes, ost ts ocytes and adi pocytes. Sunmary of the

| nvent i oné?a;)‘?ﬁ%“']qi\f’éhFiT‘@"Hg%e di scovered that mesenchymal stemcells
obt ai ned by culture of cells in the presence of HS-2 (HS-2 MsCs) are
superi or re e tion btalned by
culture |fﬁcc%n evgo gzope 8raﬁ'SFy°nF @Vﬁ'géfé' e?%"ézj the
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culture in 30contro t1ons h|s ancenent conprises inprovenent in
the speed of fracture repair relative to the speed of fracture repair

obt ai ned m@ga%mémbm@t r(mlz) Whé taeh{%a aﬁ@aaédﬁsed ﬁWBrﬁ:HrlnEHE@al' (ﬁg@s;nj BRI,

condition Tr a bone fracture usin eads to faster
fracture 5’@5%23 8\)%1‘13(?%4!?!@1?) 3N was parifegdiam e'nge"'@FeovEWEﬁO) BN cr eased rate
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vol une i s achi
2008/0148420 A1).

Mesenchymal stem cells (MSCs) are muitipotent stem cells capable of differentiation into
20 connective tissue and/or bone cells such as chondrocytes, osteoblasts, myocytes and
adipocytes.

Summary of the Invention

25 The inventors have discovered that mesenchymal stem cells obtained by culture of cells
in the presence of HS-2 (HS-2 MSCs) are superior at bone growth and regeneration
compared to MSCs obtained by culture in control conditions. Accordingly, the use of HS-
2 MSCs in the repair of bone fracture is provfded. In particular, fracture repair is
enhanced when HS-2 MSCs are used compared to use of MSCs obtained by culture in

30 control conditions. This énhancement comprises improvement in the speed of fracture
repair relative to the speed of fracture repair obtained through treatment with MSCs
obtained by culture in.cohtrol conditions. Treatment of bone fracture using HS-2 MSCs
leads to faster fracture repair, which may include faster bone growth, i.e. increased rate of
new bone growth, faster bone matrix deposition,‘e.g. an increase in the rate of

35 mineralisation, and/or an increase in the rate at which new bone volume is achieved in
1 .



the fracture repair. These effects provide for a reduction in the tine
required to heal the fracture. As such, in sone aspects of the present

i nvent i orWPSVR/GVEBE8 are provided for use in 5methods of PCHSGEVIONG048he speed
of bone fracture repair as conpared to treatnment w thout MSCs and/or with
M5Cs cul tured under control conditions. Enbodinents of the invention are
concerned particularly with the field of bone fracture repair through the
use of M¥sfradurergsiir. tThesd sffeetsLprévideNdY a nddugts intheltinee feneiseitb heahteait i on 10
i ncl ude Hhe unexpect ed enhancenent of bone fracture repair, denonstrated by
I mpr oved ?ﬁ%@ﬁ of fracture repair, afforded by the use of a particul ar
class of MSCs, nanely HS-2 MsSCs. In one aspect of the present invention

the use ofs JIRRSHSIMEBLRI Al Serd PLEHRR Dby METSUrd Biciagl i BLe i 1 0 the

presence 0 _ cture of a nedrcanment e treatnment of
bone5f r aonethedsi of ipprovingithe. speed efdipne Eaptut repait as eomparrsip dgatiant whqubr use in

a_met hod \iceaRNGRR HBSSAMYIIAInGS! Gterlghatibel at ed fracture repair. The

enhanced nesenchy stemcell nediated 20fracture repair may conprise
I nprovenent in the speed of fracture repair relative to the speed of

f [) ?C_t ur 3 %rﬁm'irﬁrﬂbbﬁh@msﬁﬁtmh%@boﬁcémfea gﬁﬂgulﬁﬂﬁ\ﬁtmé aald mynadte hfsatcm cel |t s f
obt ai ne culture.in sence 0 -2. anot her aspect o
the pres erﬁga'f tﬁ(Pé‘H{:' tSrisRo% @ﬁ%ﬁﬁﬂ?at&%ﬁ?@ﬂﬁ é\dm%qeﬁé’haﬁ r prt'UYeé'%Prh 25t he
Pr egence iﬂé|udé3h?uﬂéxﬁeaé@uhmdeﬁmfemt dﬁsené framrm?etdaoddamﬁortstratau e mprofedbone
racture._In,a further _as e S g fl tical
conposi t isé’ﬁe? gf f[ﬂ'cg{ﬁ Fé 'r’c%‘re?%}reld%yr%%e ngegcé‘%cq%%% apél? %néf%(?sé R%@%Qi nég by

cul ture iMSEse presence of HS-2, wherein the pharnmaceutical conposition is
for use in a nethod of treatnent of bone fracture. 30 In sonme enbodi nents
t he nmesenchymal stemcells or pharnmaceutical conposition are/is for use in

a net hod !afone perpchefithe RieagtinyeRliprdhe isrednereseyala) siam celiephtaingd Phedi at ed

fraggure & ReRidt celHPthRIHAERAES oSS e IR FMnufcie 6/ medibsthart ésl the act ure.
repair na rise inprovenent in the speed of fracture repair relative to

co .
the speedSHMEHILPANESCEFRISHVIARG: ai ned t hrough treatment with mesenchynal
stemcells obtained by culture in the

“In some embodiments the medicament is for use in a method of enhanced mesenchymal
stem cell mediated fracture repair. The enhanced mesenchymal stem cell mediated

20 - fracture repair rhay comprise improvement in the speed of fracture repair relative to the
speed of fracture repair obtained through treatment with mesenchymal stem cells

obtained by culture in the absence of HS-2.

In another aspect of the present invention mesenchymal stem cells obtained by culture in

25 the presence of HS-2 are provided for use in a method of treatment of bone fracture.

in a further aspect of the present invention a pharmaceutical composition is provided
comprising mesenchymal stem cells obtained by culture in the presence of HS-2, wherein

the pharmaceutical corhposition is for use in a method of treatment of bone fracture.

30
In some embodiments the mesenchymal stem cells or pharmaceutical composition are/is
for use in a method of treétment comprising enhanced mesenchymal stem cell mediated
fracture repair. The enhanced mesenchymal stem cell mediated fracture repair may
comprise improvement in the speed of fracture repair relative to the speed of fracture

35 repair obtained through treatment with mesenchymal stem cells obtained by culture in the

absence of HS-2. 2



absence of HS-2.2 |In another aspect of the present invention a

bi oconpati bl e i nplant or prosthesis conprising a biomaterial and
mesenchymsiD 28t1a01819¢l | s obt ai ned by culture in the presemrce/SGRoldBo®@s1 s

provi ded. In sonme enbodi ments the inplant or prosthesis is coated with
mesenchymal stemcells obtained by culture in the presence of HS-2. In sone
enbodi nents the inplant or prosthesis is |rrpregnat ed with nmesenchymal stem
cells obtained by culture in the presence of HS-2. In a further aspect of

the presept. ipven of form.n oconpati bl e i npl ant or
prost hesi E‘ |ngﬁ’p?o%f’egg%f%%”ﬁ%S?Tgfwgﬁ‘ogoan%?%g?pﬁgél ag‘? ﬁpwthgg‘gti ng or
i mpr egnat £orgprisingi 2obiemateriallandintdse iy matdignmekllssabdaimerkby cultoletimtheed by cul ture

in the prgesenss n anot her aspect of the present invention a
met hod of B’%r eat |°ngsb|i§ﬁ§r V?‘%(L:jture in a subject is provided, the nethod

conmp®i sing administration to the subject of a therapeuti cal ly effective

amount of nn@%%mergﬁmrﬁagmrﬁmsmeee% é&été&%l%@sénEth@ﬁ?c%ﬁgce of .

HS-2. In sone enbodi nents the net is a nethod of enhanced nesenchymal

st em cel | *PBRediPrEdyre ipdle preeence 9hHS-2. tnsome eRBAJIMeOItE WPlankpY ovenent in

t he speedprebthtsiartimpRgh&tBainith iseddhyMal Sterh NSty dultaretinithe repai r
obt ai ned throu%&fhgéat ment with mesenchynal stemcells obtained by culture

in the ab®&RTE In some enbodi ments, prior to adm nistration of
nmese@chymal stemcells, the nethod 25conpri ses cuI turing stem cel s in

cont act V\f z;]quﬁer?asé%t %?th%%ré% thH\?eﬁ%gr? L q’\eh{' EO?HI n’gta}a'nb %‘X’fnﬁ’f{kﬁ Igntarmunt of

nesenchynal odr e conprlses
t he step ofprestheais iapravigled dhe metfmdapmptisioatheystesf df coatingeor anmramatm a

rresenchynabma{eﬁmvﬁﬁ.'rhéseaéhﬁw H@ﬂ?Hl}tbﬁé& @9&9@%& bfeQerc@ TP, NG

mesenchymal stem cells obtained by culture in presence of HS-2 and a
phar maceutically acceptable carrier, adjuvant or diluent, wherein the

pharigac e ulni ghathef aspResfitheOpte bt &ﬁ}ghtfbh%t &R biardalifg Bty Raeture in 2 subject | N sone
enbodi nment s thed"tg %@%lses g mnlﬁ%l1 mﬁg t he me tgnch¥ stemcells
350r phar FECRE PrgiRg eaMinisralien 10 the hiRst AP PREPPYISEDUre.  In
sone enboeffartved amadhtiofmesenahynoal steim tdiie ohtathed b yolblre 8itbepesbhce ddHS-2.

phar maceuti cal conposition conprises injecting the nmesenchymal stemcells

or pharmaceutical conposition into tissue surrounding the fracture.
In some embodiments the method is a method of enhanced mesenchymal stem cell

20 mediated fracture repair, the method involving improvement in the speed of fracture
repair relative to the speed of fracture repair obtained through treatment with

mesenchymal stem celis obtained by cuiture in the absence of HS-2.

In some embodiments, prior to administration of mesenchymal stem cells, the method
25 comprises culturing stem cells in contact with HS-2 so as to produce said therapeutically

effective amount of mesenchymal stem cells.

In some embodiments the method further comprises the step of formulating said
therapeutically effective amount of mesenchymal stem cells as a pharmaceutical

30 composition comprising mesenchymal stem cells obtained by culture in the presence of
HS-2 and a pharmaceutically acceptable carrier, adjuvant or diluent, wherein the -

pharmaceutical composition is administered to the subject.

In some embodiments the method comprises administering the mesenchymal stem cells
.35 or pharmaceutical composition to tissue surrounding the fracture.
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5In a further aspect of the present invention a nethod of treating bone
fracture in a subject is provided, the method conprising surgically

i mpl ant i goaotwewapati bl e i npl ant or prosthesis into tiPETSS2010/000881 Subj ect
at or surrounding the site of fracture, which inplant or prosthesis
conprises a biomaterial and nmesenchymal stemcells obtained by culture in
the presence of HS-2. 10 In sone enbodi nents the inplant or prosthesis is
coat ed Wi lhigomie eaibotisieats itriristestibh of tﬂbh&isaaﬂry&nyl sterh callscoriphatnieeepticabence  of
HS-2. In saone rrp ant S nated with
resenchy R ee G aMTses S i BB P bR e praduieBaF "Fiss "1
Descri pt i compobitiér infodtissesls Erdvodingthetfeactd®s.2 MSCs The present invention
is concerned with the therapeutic treatnment of bone fracture using HS-2
MSCs. In this specification "HS-2 MSCsfl are nnesenchymal stemcells

obt abned Iby, fUMﬁWQﬁb@féhﬁa@B@twenm a metod pf eeating bpie fragturp inea sirbiect of HS- 2.

Met hods fIQErOQQE&'tHé R@thog cém &tir cgﬁsﬁblbﬂﬁﬁ d ﬂoé&%@@é%@m%rN and US

2009/ 014 he entire contentis of each of these OCU{I;E nts i s

i ncor por RrEYNeRT igtorfispye ofdhesubicat %”G%@iﬂgﬁ%s'fer@rﬁéd”%?@ FORaM %t em

cel | s obtgbarsiddonipistsla Biopatetial drfd meseRbliyieal Bles&INS Bbtainediby 2utfuesia been
shown to have su erlg stemcel | properties, as conpared to mesenchynal

st em cel |8€BIFSER cul ture of cells in the absence of HS-2, for exanple
as obtalned by culture in control conditions. In some enbodi ments

the st e gt cIMAL nlﬁhg nﬁéﬁ%% onro&HLéy sc%gteg%th%ndés@ %@gapgtsmﬁse 300f

HS- 2 for nents, the HS-2
MSCs are mmwumm tftwwwnbe bi lﬁ&Z wawmb@tt'péﬁiﬁﬂ@d"bka"wyency for

Sci ence, [ r¥inthest i tut e of
Vo ool B Sﬁgggjé gwp%@%ﬁ%ﬁ?@g&%ﬁgﬁﬁﬁg%é@%m%ualﬁ%g%%%rﬁf:;napore SG 138648

on 28 Dec@ﬁ?ﬁé\ce%'@zat The Anerican Type Culture Collection (ATCO under
accggsi on nunmber PTA-10552 in accordance with the provisions of the

B Tr
udapest cnp¥lon of Preferred Embodiments

HS-2 MSCs ‘ ‘
“The present invention is concerned with the therapeutic treatment of bone fracture using
HS-2 MSCs. in this specification “HS-2 MSCs” are mesenchymal stem celis obtained by,

20 and obtainable by, cuiture of cells in the presence of HS-2.

Methods for obtaining HS-2 MSCs are described in W02006/085209 A1 and US
2009/0148420 A1. The entire contents of each of these documents is incorporated herein
by reference. As described there, mesenchymal stem cells obtained by culture of cells in
25 the presence of HS-2 have been shown to have superior stem cell properties, as
compared to mesenchymal stem cells obtained by culture of cells in the absence of HS-2,

for example as obtained by cuiture in control conditions.

In some embodiments the step of obtaining HS-2 MSCs by culturing cells in the presence

30 of HS-2 forms part of the invention.

" In some preferred embodiments, the HS-2 MSCs are Human bone marrow cell line:
hMSC-HS2 deposited by Agency for Science, Technology and Research A*Star clo
VNSC Laboratory, Institute of Medical Biology, 8A Biomedical Drive, #0606 Immunos,
35 Singapore, SG 138648 on 28 December 2009 at The American Type Culture Collection '
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In sonme enbodi nents of the present invention the HS-2 MSCs used to treat
bone 5fracture may exclude HS-2, or only include trace anmounts of HS-2.
HS- 2 MBCsweare11ig78mPque cl ass of MSCs characteri sed by aPGRISGAe0®0ME] nat i on
of structural and functional properties that arise as a result of culturing
the cells in the presence of HS-2. 10 In particular, M5SCs fromHS-2 culture
show a significant retention of stemcell properties conpared to stemcells
cul tur ed @aTCOhenddyzetuseionhuliBe2P TN 0592dn acovedgnes ikl thef provisiensaof theor t he sane
nunber of Lgdr%gul é n doublings (PD). These stemcell properties may include
| onger teﬁ3 j continued high |l evel expression of nolecul ar

mar kers such as 15 CD49a, CDr3, CD105, CD90 and STRO-1 and nmi ntenance of
the multi R%Ea@@taerrﬁ Qﬂ%r s'&%heoéreééh‘? n%&ﬁ@h“iﬁé lis-2%mges E%%Ité%éﬂﬁo\‘. to

differenti orm new ti1ssue, continued a ty to mnimse or
avoi § t hefrasgge manenelede d8FoAseNly WElade GaneAmRUAtF A BiB-2ul ture in HS-2 have a
uni que genetic signature that is distinct from 20control cultures and can

be objecti velr‘\x tested by analysis of gene expression and_si ngul ar val ue
deconposi HP8MSseis acuniquerrssichMEEs shaReirisedRYhIMIHs RIgInetigR et |

si gnat ur estkefiipn aRd funBtichaPpfopéitiésSthatdrist BE @ résult@P Bllfufihg theldelly i@ tifev t hout  HS- 2)
for the sane Ienptg of time, i.e. the gene expression profile of MCs

cul tured PRSSIEESTHR ects that of cells grown in control cultures for a
shortber period of time. This is consistent with the maintenance of 25 stem

[ 1 | d
e er ot hPaLRAEY MO Gt Euld T Aotk orlenTpl R ARCY a0«
Accor di ngtompakgse stam cells sditured Hsheabmpp%gféﬁ-%ordm saree periodef ime 9Bos t hat
are str U%Qe%wuﬁtbértdfgsbuamchowmggl}ﬁﬁs Thibd a@ﬁ.d;en Brépeﬁ.eghwmdef HS- 2.

30As descri bed above been shown to significantly 1ncrease t he
prol i f er 2PNeK telemeredengih SaNtOUPS Righ fevel A XPression af MRlsewar Rafke syeh as

si gnisf i ca@%h% bmge%mw CDBORd BTROA glﬁggﬁhbigfenQWﬁ&lﬁ mﬂltlﬁételﬁteﬂrépe%ﬁéshf ace
anti gens t at are ar cterls truct ura ave
signi fica tth"yStF'Br?ﬁ 'F%Lo ‘ﬁf}tﬁfe”atl\a/%?w gy Rt %%'8)(%1%"?3‘"31?%{% Nat ure (as
nmeasur ed toyn |ﬁimmbra|vowaiajmst}mmnrmesnunse1 (SVD) of StemCell Array Data -
see W2006/ 085209 Al and US 2009/0148420 Al') conpared to MSCs cultured in
control conditions. Aver age telonere |ength of MSCs expanded in the
presence WMBCsigbipined fromscuiunedn Ht2havedoinisveragseticrianptyre thet igslistinetdiem vy | onger
thagi n “@gﬁoﬁé&ﬁﬁf@ggﬂd Eé}{ bé—ébjgﬁelgﬁbs?éar%sﬁlalygﬁ@f gene exprefbibRbnd SiRgul&er M

expan5| on in culture % have a gene ex I’eSSI on Sl gnat ure
resenbl i nYplyafigce WP"%‘(‘R& r“('ﬁc giftutedrip SiSrshay 2Epph o “'?%559%3‘8%‘3 $ORAYYEL i ng t hat
HS-2 10 mmparétstotstsen cAk RUIITES ' codfrol@ultdrs (WitmdxPAB @¢ tbr MBGaime length of

time, i.e. the gene expression profile of MSCs cultured in HS-2 reflects that of cells grown
in control cultures for a shorter period of time. This is consistent with the maintenance of
25 stem cell multipotency when cultured in HS-2 and the loss of multipotency and other stem
cell characteristics in MSCs cultured in the absence of HS-2. Accordingly, MSCs cultured
in HS-2 represent a unique group of MSCs that are structurally distinguished from MSCs

cultured in the absence of HS-2.

30 As described above, HS-2 has been shown to significantly increase the proliferation of a
subpopulation of multipotent MSCs that have significantly longer telomeres and a greater

expression of cell surface antigens that are characteristic of MSCs.

Structurally, HS-2 MSCs have significantly longer telomeres and a unique gene
35 expression signature (as measured by Singular Value Decomposition (SVD) of Stem Cell

5



After 38 and 45 days expansion of MSCs in HS-2, expression of surface

mar ker antigens STRO- 1, CD49a, and CD105 was increased, and expression of
CD73 unafWwechud78BEene expressi on signature anal ysis ( SYDIT&6aIWHI&HB1 al so
indi cated that the structural effects of HS-2 on MSCs are not

donor - specifi c and that gene expression signatures produced by SVD can be

e 2 MBcRap DT rasnaT g Earos AL ke RlaehRR D ompatecp MSGRt ur e, 20ané

have a | onderedlin Eantrspnditionsvi vo, Wi th no detectabl e tel onerase activity.
HS-2 MSCs have al so been found to maintain their proportions of CFU F,
(colony formng unit-fibroblastic), despite undergoing additional

popul at i ofwedegeteiomges larsgtkcofmaﬁedxmamded)hntthe)bresencew BS-2feets pdpelatiame cul ture

peri gd an&begea 3@@5 i %mﬁé&u@mny@r@.ﬁyﬁs@ﬂw %&.n%x@kdnab' e CFU-F.

M5Cs culture esence 0 wer e nd to have a
frequencyméq“aCFUF of 7% w th the cloning assay from carry-on cul tures .of
MSCs bei ng conparable to previously reported frequenci es obtai ned by
enrichnment of MSCs after STRO- 1 sorting, 30where such sorting results in
CFU-F fr AftREIRIGALMHRNPEDsiary %@?é‘b”sdqyﬁbH§T%S§S@PY%ESG%WF%§PM yields a

ch) equengg%lfat\gfl&fqese?bhddﬁh& W@Q&rmlsﬁéﬁf 1BSch SHIRer gésﬁgﬁlg%%%f ,H§|C§373HS ,
tiona express referably, -

ngare 'g?ﬁﬁ'rﬁfﬁ% S&H{”esﬁ—@){? ul X%&G%d @ggéen found to exhibit a stable

karyotype. 6 |In accordance with the above | is cl ear that by obtaining

VBCs Chr Ouilh a8 bt e Ba{oufEhddh M e IeE3 Q0GR 000 BiRacd AEAEPLERD! 21 noC

(HS-2 M5 have uni and | onal aracterrs
r epr esent SEHRAdf ChéLk, ehd€D10F Wb DsreaFed apd esmmsmnnimnomamr ns a
specific use of HS-2 MSCs, nanely in the treatnment of bone fracture. 5 HS-2
M5Cs _may be further defi ned b reference to the duration of cell culture in
t he 1Br es ReE SPrasgon S‘@F“t"i‘?@’\"i‘é@'ﬁé@%@“?‘&%‘@ alo indigpiersihahibe ptryplesl duri ng

cul ture igffeclief pSesaimsce brdFot aonér&aéénﬁd érfarthstfgeﬁe ekpréstidriighatrys be
represent ergdutzz\édtb %Vbl cranr? bfe%rsem rer'aby compare cells romcc}ijfterent%onors

Functionally, HS-2 MSCs are more multipotent than MSCs expanded in control culture,

20 and have a longer life span in vivo, with no detectable telomerase activity.

HS-2 MSCs have also been found to maintain their proportions of CFU-F, (colony forming

unit-fibroblastic), despite undergoing additional population doublings as compared to

control cultures over the same culture period and thereby yielding an up to 8-fold increase
25 in available CFU-F.

MSCs cultured in the presence of HS-2 for 13 or 21 PDs were found to have a frequency
of CFU-F of 7% with the cloning assay from carry-on cultures of MSCs being comparable
to previously reported frequencies obtained by enrichment of MSCs after STRO-1 sorting,

30 where such sorting results in CFU-F frequencies below 1%, whereas the STRO-1°%"
population yields a frequency of 9%.

HS-2 MSCs may express one or more of CD49a, CD73, CD105, CD90, STRO-1 and may
optionally not express CD45. Preferably, HS-2 MSCs are STRO-1*""" HS-2 MSCs have
35 been found to exhibit a stable karyotype.
6



(e.g. a mnimm nunber of days) or the nunber of popul ati on doublings (PDs)
whi ch the cells go through during the culture. Accordingly, in sone
enbodi merwe 2p8/@28MWBCs are obtained by culture of cells PaTiSGeODBpr8sence of
HS-2 for one of at |least 5 days, at |east 6 days, at |east 7 days, at |east
8 days, at least 9 days, at |east 10 days, at |least 12 days, at |east 14
days, at least 16 days, at |least 18 days, at |least 20 days, at |east 22

days, at lh%@ﬁda%lﬂe%ﬁ%e ébtové ﬁ@séleag%déﬁy%taﬁngh\@%éth?&gﬁ%ﬁﬁure atcdiemst 30
days, at |east 32 g‘és? | east 36 da al% | east 38

eas
days, at thepesenss of Cel“%agt?'“ﬂ‘é(‘é%§§\hs%) h?\éea'é'i‘q‘i?f"dl’ﬁg’éa' 281 | east 46
gay& at flalﬁﬁtlaﬁéifésgégctdﬁé{iﬁs ad répfb%égtoé%fﬂéd'ﬁlass'ﬂéf Mmtﬂﬁbrékvﬁslnvaﬁlrh east 70
ays, at | east a a a . In sone
enbodi merfP8°8 AR ﬁ&e%%we?:g H#%q@%?%meﬁydi}"l?&ﬁaﬁf%’ﬁ ﬁg‘f'}‘?e E’é sence of HS-2
for bess than one of 100 days, 90 days, 80 days, 70 days, 60 days, or 50
days. t he 0 2 . i ny one of 7,
0. 11, 1415 Gryh PRSI EinSl e RiedtRYo B diof oI B ST Hn Ty

enbodi merpreserse af W thealegtsieair natel ohgxpansion pEMBEs d@riﬂgspuitwet'm@epr esence of
HS- 2 thr%ggéng%og%sg_%t 5 PDs, at least 6 PDs, at least 7 PDs, at least 8

PDs, at |'east .. at least 10 PDs, at |east 12 PDs, at |east 14 PDs, at
Ieast 16 PDs, at |east 18 PDs, at |east 20 PDs, at |east 22 PDs, at |east

24 ks, qurétﬁﬁa%f c&fcuit¥e ma bd @Bﬁatserztgd BPEhe tﬁﬁe foﬁﬁﬁtbh the cafihre ,cufﬁlred east 32
PDs, at |east 34 PDs, at |east 36 PDs, %% g bi')s @bg \es%?%th‘m PDs, at
| east 42 (PBs2 MARMUELMbE, OfsiYS) ofthg %gqerggp tion, loyblings %t | east
50 PDs, afell$ 8ot dakng thetculeest 70 PDs, at |east 80 PDs, at |east 90 PDs,
or at Ieast 100 PDs. In sone enbodi nents the HS-2 MSCs are obtai ned by

culture in the presence of HS-2 for less than one of 100 PDs, 90 PDs, 80
PDs, 70 PReprdi@lyPDssonlenttitsimerts PEL, M80s PExbtaine38uit@RLf cellsin thene

enbqgi me % Of i f re col ony
Foreng Uit i&@%ﬁb R or flend ol 1M A B8, RIRETIEN. BLBRLS o O a1
9% or o%aysrrﬁ %/d@@ a@%@éé@da!&t a‘t'ﬁ@téﬁéabﬁ‘ a% restdides-@t BstaPdays.a. nunber
of days o4 |éb9,t316 @dysOR 162 Bo u&y&saﬂ@mﬁﬁdwsomlb&ﬁ 2k idsys aﬁi@@MQB dEtrs-; aper cent age
of CFUs provides a neasure o r Eort# f ste L#ss g cel |

cul ture. 'B8$3RSPGH aB'Pa?\‘/é@aY%PEPQSW%‘{% ¥ At iferk s%ayf' ?Ei‘y(?n of MBCs in
a cul tur eleasacsbldeyedt bbﬁtaogiays;et leasti42i dayorat leh@deiays;ajrreas’age daysnsasured by a
dou ing, in opuyl_at.i e t eyt ate of
pop%batl oﬁ QB’F?S awﬁ%swg ssieag egé?ég Jn&%séltj%eagtgfo (ﬁ% 4t e?ﬂ?désygem cel |
expansi onleastQ0siay® oemwtﬁ%dfySH@ sonvsembedimentp the M%a %%C%ﬁﬂetqmaé‘eéf cells
in the prgseR6e |mhel|}§es%n5é'g]-|§ E%r léé}ﬁhé.%r?e &fm@@w& @b'd% doubyd,m@ is in the

range of one of abo day to about 1. . about 6 to
about 0. 943yEy RRAYS O SQiseHe. @u fwtbﬁ Bfewmm&w 'BE¥ R%B’ﬁ agagmum gheY1 o
fol | owi ngorRdstizt Gon o8 18S2@ 25030, 38, 401146 LBoormste @ayshe rate of popul ation

doul%ISi ng may be between about- 0.6 and about 0.8 PDf day.

In some embodiments HS-2 MSCs are obtained by culture of cells in the presence of HS-
2 through at least 5 PDs, at least 6 PDs, at least 7 PDs, at least 8 PDs, at least 9 PDs, at
least 10 PDs, at least 12 PDs, at-least 14 PDs, at least 16 PDs, at least 18 PDs, at least
20 PDs, at least 22 PDs, at least 24 PDs, at least 26 PDs, at least 28 PDs, at least 30

30 PDs, at least 32 PDs, at least 34 PDs, at least 36 PDs, at least 38 PDs, at least 40 PDs,
at least 42 PDs, at least 44 PDs, at least 46 PDs, at least 48 PDs, at least 50 PDs, .at
least 60 PDs, at least 70 PDs, at least 80 PDs, at least 90 PDs, or at least 100 PDs. ‘In
some embodiments the HS-2 MSCs are obtained by culture in the presence of HS-2 for
less than one of 100 PDs, 90 PDs, 80 PDs, 70 PDs, 60 PDs, 50 PDs, 40 PDs, 30 PDs, or

35 20 PDs.



In sonme enbodi ments HS-2 MSCs are obtained by culture of cells in the
presence of HS-2 for sufficient tine to expand a single MSC to a popul ati on
of nore twerol/okdB®3 stem 20cel | s. The culture may initi &CCEGeaN0086481 NOT €
than one MSC. In that situation the total expanded MSC popul ation is

equi val ent to the expansion of many MSCs by nore than 1x103. The degree of
expansion may nore preferably be one of: 5 x103, 1 x104, 5x104, 1 x106, 5

x106, 1 xHomenisaimehtsdtQdast 3%1d éelislin Hé%ltu@bl@&npohxibﬁ%r@éol&?ylw The

culture tinme to x e

pr ef er abl "BQ?\HB'gSn Séﬁwrﬁgre%agag"%ﬂ@?%@gﬁﬁﬁéég’yﬁ ﬁé"zv%fﬁﬁ‘?f one of 45
days, 40 Ubiymaydb adsessed 3thelays of tBS culiyesor a2er daymbmofﬁEymeulbﬂbrsone
enbodi nen t ence of
o2 for s coibeTrdh edRis e the fitarioR of CrlRer s Bl

cul t ¥r e stheereportion Olfefastce:ﬂs)mtﬁ)@ﬁ"czmﬁe cell's per cnRof cuI ture space (e.qg.
of the culture dish or plastic) to an expanded culture size that contains
at least 1 x103 tines nore MSCs (i.e. at |east about 2x106 MSCs). The
initial chxragpien of MECaugfertsdo Higdnespasgtin peridationlsbMECs inpaoulies. Ia§h'9‘@d cnR,
about SSO{Arﬁghlcg"@e,g.oﬁnQ at | east about 4000 cells per cnR, about 4500
cells per 5000 .cells per cn?2 and the expanded cul ture size may be one
of at |east about 3x106 35cells per cnR, about 3.5 x106 cells per cn2, at
I ei’;llsfo abOBipaﬁsdeﬁy(behh@le@H b@mﬁjouﬂlb@lllﬁ thé. ;ﬁpwéﬁ?& df%ldnSceﬂlel’n maﬁ:uluﬁ% )(;106000
cells per_c 5
So00° Seot e sARbr actleuBhaptbug Foy REYadRuEa hEs5ut BRe PHE e ahoce Fhos

one of: GSefi@Bsiord kk0Mhe entbdinehisk18@,MSRsl &g, obfaineti(y , cutiwé @6cells ilibé, 5x107, 1

x108, 5x1 n%é%@ﬁscﬁséﬁmﬁtﬂgﬁg& ofﬁI@ﬁ atfo 'd‘th’Slﬁn d lmhé%ngé(@}%bﬂl? B%ng” t he

initial culture size an e expan ture |ze|sp t ween

about 10 @AFDwerdayto ahewt bZW% almuyoﬁéﬁ abeu 04 fefday, or abeyt 96 t@lé?yﬁs It may
be l@ss thpRiap. n@eﬂ/fee§9ays45and4’fb foﬁcﬁmnéggddlt%rh,of 2@ Z)fo the col@yeSmedi tha Tt 0ds

descri bed above ma rgg ied to expand t C cult Iure to an expanded
cul ture s?PrAQPYRL %‘E"“gl Y)e betyeppa %&9@?""?93‘5@8'19:968 cells or greater.

10 I n sone enbodi nents HS-2 MSCs are obtai ned by culture of cells in the

presence of S 2 .f i ture of NMSCs om an
Prrear niaeE B 152 Rn Tt RN ge Bl v 1 kSRS Shanaea
nunber i s2 & shifcient titr@lo exparsl, a $ingié MS&Hby populatiersof rrlcﬁemannwé@ steme initial
numgr angéllgmﬁ{eeduﬁuﬂehﬁagtlhlﬂﬁlytcgnt%mﬂ&g tﬁé?\eonlegl\ﬁ%t I RatRRLNRAN Q%l' nitial

nunber and t he expande | ess than 30 days, nore preferably |ess
t han one ®fPapged "Q C pppulation is pquivalgnt to the exgansipn of many MsCsy margthag g 7, 6
or 5 daysix10®. The degree of expansion may more preferably be one of: 5 x10°, 1 x10*, 5x10%, 1 '

- x10°, 5x10°, 1 x10°, 5x10°, 1 x107, 5x107, 1 x108, 5x108, 1x10° or 5x10°. The culture time
to expand the MSCs may be between 5 and 50 days, more preferably between 10 and 45
25 days and more preferably less than one of 45 days, 40 days, 35 days, 30 days, 25 days,
20 days or 15 days.

In some embodiments HS-2 MSCs are obtained by culture of cells in the presence of HS-
2 for sufficient time to expand a culture of MSCs from an initial culture size of at least

30 about 2000 cells per cm?of culture space (e.g. of the culture dish or plastic) to an
expanded culture size that contains at least 1 x1 0° times more MSCs (i.e. at least about
2x10° MSCs). The initial culture size may be one of at least about 3,000 cells per émz,
about 3500 cells per cm?, at least about 4000 cells per cm?, about 4500 cells per cm?,
5000 cells per cm? and the expanded culture size may be one of at least about 3x10°

35 cells per cm?, about 3.5 x10° cells per cm?, at least about 4 x10° cells per cm?, about 4.5
x10° cells per cm?, 5 x10° cells per cm?. Tr§ initial culture may have less than one of:



Met hods of cell culture in the presence of HS-2 may conprise culture of
cells in the linear 20(logarithmc) growh phase only, in post-confl uent
growt h orWQ200/0788¢ conpri se growt h ext endi ng over bot hPCII{$62910400ek81
post - confl uent phases. Methods of cell culture in the presence of HS-2 may
al so conprise passaging of cells. Culture of cells in the presence of HS-2
is preferably conducted at physiological tenmperatures. 25In sone

enbodi nené@oocsbdme@ﬁdoé@arza@blcerrs%etr%e ﬂﬁ’é’eﬁﬁﬁ@éd &ﬁ’(ufé%éyshaﬁ@mée of
giving rise to gmcells such

as embr yoltiag oge 8?1156‘33@ b %"6‘? ?’h’&’u&é‘do 5&59 pét"é‘?\t 5’é1t°e-ﬂ1x&&0f5§10 it |’f19>t her

enbodi mensgieelxhe® srseb*iMscsel | culture may conprise nesenchynmal stem
cells. Cultures nay al so conprise other cells, e.g. non-stemcells
associated with the stemcells in the tissue fromwhich the stemcells are
30colsl ect &bk mamda/ time &qup@rrd bdmge@eﬂhé mutnaeclgturé sizsland thekkmand@tblisreisizzl t o

[ Nt1ate B bl DbleR LEMNG6dnd stidals, MG AL 608 e 1 gRy 86 0por ti o

of the re§fe nore preferably
one of at dé&@aﬁttma'sol% lsssethan ehd of, 5089%4& éﬁn3@e25 20 0909siayse e @ethods 95% st em

cells, 96((85%{’ ﬁéH &%e{e fnay%; 'IFe% %%Jn%t ?mqulah Sxpanded &Hﬁf@ &Galls or

100% stem ce I S co ect rom previous cell culture or
from IiveolsBdal mel® b0k isTx1RayIxHE Cé“ﬁ?'(ﬂﬁ%ﬁiefprl or to initi atl ng cell
cul tygre, e.g. by enri Chl ng for markers such as STROl or STROl bri ght.

Mar ker enr| chnment. nma gerfor med by cell Lﬁl’tl ng g‘ I—ﬁ_ﬁ VBCs
descr i bed!"ms §nbad %WtﬁaH # 1SCe ger qhitained By quiure if %'l?d% ecﬂresﬁg‘-’ezoi order to
5obt ai n H3fat sMACienttine tbexﬁaeidlaSchltnmwsCstfym&a@imt&mhmﬂaer oPMelCstabhy they are

I t.h ts th
e T om SR ATF SRR, e T IRt MR Ty b st i o pet. or
ani mal kepreferably aideast 1 @00times. thedsitia numbgr. aral whasein ithertiee toexpénat thie ng
i vegl OCkc&MFé‘bél\%eéH tgémrt%hﬁ&ﬂ ranﬁ%’: Lfpa %&UBW&@%%%&&%' e rabbits,

gui nea pigs, rats, mce or any aninal in the
order Rodprefarably legsthan 05@19%23 Bﬁg%4 Z%r?@e@S @oé@ sl4, é%\ﬂ &, (Ipn%ﬁu& & Tows,
e.g. dairya@mows, or any aninmal in the order Bos), horse (including any
animal in the order Equidae), donkey, and non-human pri mates. Cells
cultured in the presence of HS-2 in order to obtain HS-2 MSCs do not,

i nitiallyMetrde ofl&icuinge M36s preEbﬁx;e afidS-D mayiebinppiset @treaf cqistim thedineart st em

cells, ind r h he

cul t%r e n@?iaq'g‘téﬁgg{/&&g g?%eo&ﬁdf arL Vi g Clg@%ntgﬁse\krng%lny o '%%U éoxﬁEpglse A rowtlil_r 0. The
term"in extendifg pwer bﬁhén@mand @o@mﬂmsehmpemtmds of eall chitureIntei n cul ture
wher eas t Pl%sél’ﬁfemf Hs I%QV L¥Q'c hﬁnéerﬁa@@éb%b (;fQ:eﬁ’s!q@aﬁE‘@%? cENS REfhk PRddeficani t h

intact nulti-cellular organisns. sone enbodi ments a phar nmaceut i cal
conposi ti 6?1"‘%8@[9"6@‘1'?@ WE“%E&P@@H@%@E’”BW’W of the methods descri bed

is provided. The pharmaceutical conposition is useful in

25 in some embodiments cells used for cell culture may comprise cells capable of giving rise
to MSCs, for example pluripotent or multipotent stem cells such as embryonic stem celis
or induced pluripotent stem cells. In other embodiments cells used for cell culture may
comprise mesenchymal stem ce"s. Cultures may also comprise other cells, e.g. non-
stem cells associated with the stem cells in the tissue from which the stem cells are

30 collected, and/or supporting cells, e.g. feeder cells. Cells used to initiate a cufture of stem
cells will preferably contain a high proportion of the respective stem cells, eg. at Ie_ast
60% stem cells, more preferably one of at least 70% stem cells, 80% stem cells, 90%
stem cells, 95% stem cells, 96% stem cells, 97% stem cells, 98% stem cells, 99% stem
cells or 100% stem celis. Cells, e.g. cells collected from previous cell culture or from live

35 animals or humans, may be enriched prior to initiating cell culture, e.g. by enriching for

9



a nmethod of nedical treatnent. Suitable pharmaceutical conpositions may
further 25conprise a pharmaceutically acceptable carrier, adjuvant or

di | uent. Wbeoplhnasmaceuti cal conposition nmay conprise a ®caiSGabw/oov4smat ri X
material having cells inplanted or adsorbed to the material. Such a
conposition may provide the basis of an inplantable device or prosthesis,
which may be surgically inplanted into a patient in need of treatment. 30

In the preakets siepas STRAL1 ONSTRO!1E®Y, evarkeCiribBmént idyelPedsambyell HS- 2
refers to ¢ IturngéScells under conditions in which the cells being

cul tured %\9 "% 61% cone into contact with HS-2. In preferred enbodi ments
this conprises culturing cells in culture nedia contai ni ng HS-2 The

| t e . g. |1gui d S- 2 35
G 1 oS ST aBabahenGnfl e e kiRl HFle w SR Rl .7 0T,
wi | | Spr ef ebtaib|HB-D 81S8isasaynbe ¢alls from-any dpe o enionat. sPrEfnaratéwiaphle t he
concent r af LA He s%mle’émbtoﬁﬁw 359 tH?]V %em%%ﬁt tPYthe rH M Hodfenfthidy %?0‘“ 1.0

ng/ M culture media to about ure mnedi a. re preferably, the
concent r afPBA non-Sap mammale The mrurhémﬁ@mammﬁéwabs@e@eiqm@éw padoartaninaig/ m

culture for 3BAmRR%I Bgr?)@;escglgt y?&e%%am AmiRg iveeRRk SRAWs p?gg 9 Fﬁ

culture nedia and 170 cul'ture nedia. 5 The properties o

obt ai ned % Q?Ff{emﬁ‘fotnd?‘@qnd“‘i'ﬂ'@a'ﬁﬂ%@ﬁé%bb&? qyies H‘ﬁiyr%% miekyLthegrodsatsnst cel I s

of tioe sa(rmladmemlahmanedhé oY RUJjériﬁéﬁchtB crdgetm , sheapl gbatkattie” Cont r ol
condi tions" cul ture" ref ers t | | s _under

O Ot iR, Lo e e SBB h scotis %. Yorh Fefd Strocr 111
HS- 2 (prez{amrrnabhWermdertEwaiae)auonkuysarwfnthHﬁ}aﬁ)pnnMSsuch, control conditions
may conprise culture in culture nmedia that contains the normal nutrients,
grow h factors and matrix material but no HS-2. Exanples of control culture
medi a f or Cellslquiivred &f the/BEsencecofitfe? eardents pliaintdS? MSGrcde ret, iNBalyni@vet e- ACF

Meditgm ( SoEMEREEs. e Hﬁb(Bg'nﬁﬁtipo}é’i‘iﬂsl%llf(rﬁfotenpﬁ@ﬁlc@ls PHukAsabiraRdtigesuch as
MesenCul te MSC Basal " Medi um for Human Mesenchynmal Stem Cells (STEMCELL

15Technol ‘5t MSCs ¢i9dl% Bfticanada) . Exenpl ary mai ntenance media for cel |
culture may corrprl se DMEM 1, 000 ng/| gI ucose suppl emented with 10% f et al

bovi ne s (V'ei il t onyci ut am ne
o0 57c § B hiEThetPhpody AR ofbve i BT RY hORR e 1Pl ToB R

20t hr ee- dalyo’iiminganded o encdmphss @@btme@ﬂbﬁhbellsrledulmwyereasthdagrm i 80%
confzhuencyo iSRRAdéd A4ndbfpass experiments with intact multi-cellular organisms.

In some embodiments a pharmaceutical composition comprising HS-2 MSCs generated
by any of the methods described is provided. The pharmaceuﬁcal composition is useful in
a method of medical treatment. Suitable pharmaceutical compositions may further

25 comprise a pharmaceutically acceptable carrier, adjuvant or diluent. The pharmaceutical
composition may comprise a scaffold or matrix material having cells implanted or
adsorbed to the material. Such a compaosition may provide the basis of an implantable
device or prosthesis, which may be surgically implanted into a patient in need of
treatment.

30 ,
In the present specification, culture of cells in the presence of HS-2 refers to culture of
cells under conditions in which the cells being cultured are able to come into contabt with
HS-2. In preferred embodiments this comprises culturing cells in culture media
containing HS-2. The culture media may be fluid, e.g. liquid or gel, and may contain HS-2

35 in addition to the normal nutrients, growth factors and matrix material. HS-2 will
preferably be present in non-trace amountsy, For example, the concentration of HS-2 in



The present invention is concerned with the therapeutic use (human and
veterinary) of HS-2 MSCs to treat bone fracture. HS-2 MSCs are reported
here to awQrento7smand 25 healing in bone. HS-2 MSCs sti rOrsiGeotomnesl
regeneration following injury and contribute to i nproved wound healing in
bone. HS-2 MSCs provide inprovenents in the speed of bone fracture repair
enabling a reduction in the recovery tine frominj ury. Bone fracture is a
medi cal r

301 nj ar y. 15 e ety pAg ARREGP bR 10 A o e Wepou BOBAGTET oy
refers tocuivecaedia. nMPﬁpfﬁfﬁfquethBGﬁéce"Kaﬂ'qnalft*ﬁ%"‘n‘ﬁ? C‘H@f%ﬁ‘ﬁg'édnad)bephym cal

i mpact, %ems&h%p@h /ﬁn Eﬁﬁfﬁe ﬁ\ted.exénmdmﬁ | 6@HUEH k@il SorHetlbeASabOsil2RoPOr 0Si S
or osteoarthritis. ﬁ'ﬂfi)e ic classification of fractures includes cl osed

or open & mé‘?”r'l‘ﬁieé“‘?ﬂ*a {10 ngdmt euliyipefedidy fractures. In closed fractures
the skin remains int act whilst in an open fracture the bone may be exposed
t hrough the wound s f, 11 infect |(gn Si mpl e

fractures c?fa?er%‘ﬁ ‘?fﬁe'}i’ %qt‘?‘\'é?de‘b(fr? ﬁ‘gﬁ”‘f @R%‘?ﬂrﬁs‘?rge@? (?B&e"‘%ae BOHR?

Ml ti - fr aagabst eelly of thactmedypesgbtaited fron btues inboirehobiditpine. (Tatrek . Q her
]]: racture (E(%B?én% j‘c‘dﬁﬁ CSI?LHE"" rg%% t%rl:f.l tur@%“ fﬁ%%ell MPgén%QmM F’I%Highe(he spiral
racture, e. an I'nNco ractu tra

obl i que f¢e!!ebalnesulmr@ﬂ dmmhcnmeeruo Wﬂi@@twtbtls-z (Prﬂffs"sabws'l@bjt@@@ gmgufie Oﬁeal i ng
(frg t ur eH§@ Oﬂ% sm%cwn‘fror@nﬂﬁlatlné Ma@@&nérﬁe 'cUIhIre 1t QftufeGhé PAMNROCdnBding Y -

Bl ee normal Ty leads to ottlng attraction of white blood cells and
10f i br obI thgngrmal amnevséwra\ythﬁ?%ﬁ@n m?trafm%'l'q' By HPHBr Exampiep ef FAtPh| | owed

t)y bo][le rrantueqﬂéds@#oe bmmrmmsaymmmta ts@rlbmdaa@oﬁl édid Ql!ibh(d%ll\n@eabulﬂa?cgné, B

r ansf or n matrix into bone. ure re-generate one is
typi cal | ;’l"ﬁ&b\ égTéﬁgkﬁﬁi‘Pﬂ}“@%@ﬁ %{Wau‘@\/ecfaqapgeﬁﬁ’ﬁﬁaqi"?ﬁ‘?ﬁgiﬂp 3Bone under goes
a processMedenCen®desC¢ Basgpl MedjunoidudemamMesenchymatStemrCelld (BIEMUEID. conpl et e
bonqsheal Wcﬁm&gg%ng&hge C%gg&gderab! e tinme, typi _cal | y many 15nont hs.

BonesS in dctures occur and which may benefit fromtreatnment using
HS-2 MSCs include all bone types, particularly all manmalian bones

i ncl udi ngExJ?ﬁHlarQ%aHtér@nE@%eH% forl @NQuRPE Ry (:@mgrlsJ@foEM 1000RigH gluchdal anges) ,
short bones (e.g. carpals, tarsals), flat bo

supplemented with 10% fetal bovine serium (FBS) wnth 0 1% penicillin/streptomycin and 2

mM L-glutamlne at 37°C in a humidified 5% CO, incubator. Media may be changed at

20 three-day intervals and the cells subcultured every 4-5 days (~ 80% confiuency).

Bone fracture
The present invention is concerned with the therapeutic use (human and veterinary) of
HS-2 MSCs to treat bone fracture. HS-2 MSCs are reported here to augment wound

25 healing in bone. HS-2 MSCs stimulate bone regeneration following injury and contribute
to improved wound healing in bone. HS-2 MSCs provide improvements in the speed of.

bone fracture repair enabling a reduction in the recovery time from injury.

Bone fracture is a medical condition. In this application “fracture” includes damage or-
30 injury to bone in which a bone is cracked, broken or chipped. A break refers to
discontinuity in the bone. A fracture may be caused by physical impact, or mechanical

stress or by medical conditions such' as osteoporosis or osteoarthritis.

Orthopedic classification of fractures includes closed or open and simple or multi-
35 fragmentary fractures. In closed fractures the skin remains intact, whilst in an open

fracture the bone may be exposed through the wound site, which brings a higher risk of‘
11 ’



20(e.g. cranium ribs, scapula, sternum pelvic girdle), irregular bones
(e.g. vertebrae), sesanoid bones (e.g. patella). Bone fracture al so

i ncl udes WazhoVGEI%al porosity, such as that exhibited BETSGR)OO0&I8N t h
osteoporosis. 25 HS-2 MSCs and pharnmaceutical conpositions and nedi canents
conprising HS-2 MSCs are provided for use in a nethod of treatnent of bone
fracture in a mammal i an subject. Treatnent may conprise wound healing in

bone. The; t I nvol ve .repai.r Oregener.atj on and grow h of bone.
HS- 2 NSCs'“?Jacgﬁ'{]%ﬁ?'eer}?a%%'é?su?%“'r%%%qo? S'B?/eﬁa%i?%df'}&t‘i’ Hlj'dﬁé'ik‘?%% "Owth. FI S 2
MSCs act Multiifrggmentany irctigpesrilt e Honaatamealtiplepiices.enabl i ng bone healing to
occur faster leading to inproved recovery tine frominjury. Treatnent nmay

|l ead to i rTFroved bone strength. 35Treatnment may al so include treatnment of
ost eopor o9ther fsactyettynes indudet ¢ampressibmi friicre, &bimpacted frad®urd, dBakfractur@r ef er abl y

Lo tlse tiasiieisdhd fidbRR fddfindd Bohdlefie, IMMaPaitibibiichitificady i Stration

directly to bone tissue 1n which the fracture has occurred. Adm nistrat.ion
may be t oCUHRRKEH f@etutsSssue sur r oundi ng the bone or fracture or to

vascul ature (e.g. blood vessels) near to and supplying the bone.

Adm ni stration be 5directly to the site of injury and may be to a

cal | us foﬁ‘?é?ft B‘é}%%/% 'P‘?r?ﬂ‘eﬁlé%ﬂ (if%gu@f”"d% OGRIFhERtuTRHRRAFtated{Rlipwing

Phar mac euinjunal Bl&atfiosdirinaiynisadsits diottmgrint stteetibrodfavhite 6Ll céiRlangonposi ti ons
accapdin t invention e faormul ated for adm nistration by
R Bber Shithe (BloRBRBY pigliith of BB Wier. ke Tofoien B PR PSR qur d o
for i nj ectcrlsivm hydraxgapsdite) defositiog éninsuilisatiohptrdnsformipg Ithecatiagem matribowe or

ot her tisgdie. SHmaROA : WAl | | y in a
“tner apeutcal Ty cfY Sl Lo BbRan AR b Bl PELbE KB B Y

heal i ng ofeiMBalyshioneungergpes & prosessea remodelling te progusednatyreltametiat ed fract ure

or 15to apdreadhetémbeRaoRE hbhilng PM6¥css RIRESESHRRIef bR Bt hipitiafly indnyont 1 ol
conq%t | on%bnt"{sh.e act ual

" Bones in which fractures occur and which may benefit from treatment using HS-2 MSCs
include all bone typesA, particularly all mammalian bones inciuding, but not limited to, long
bones (e.g. femur, humerus, phalanges), short bones (e.g. carpals, tarsals), flat bones

20 (e.g. cranium, ribs, scapula, sternum, pelvic girdle), irregular bones (e.g. vertebrae),
sesamoid bones (e.g. patella). '

Bone fracture also includes pathological porosity, such as that exhibited by subjects with
osteoporosis.

25
HS-2 MSCs and pharmaceutical compositions and medicaments comprising HS-2 MSCs

are provided for use in a method‘of treatment of bone fracture in a mammalian subject.

Treatment may comprise wound healing in bone. The treatment may involve répair,

30 regeneration and growth of bone. HS-2 MSCs facilitate fracture repair by facilitating new
bone growth. HS-2 MSCs act to improve the speed of fracture repair enabling bone
healing to occur faster leading to improved recovery time from injury. Treatment may
lead to improved bone strength. | ‘

35 Treatment may also include treatment of osteoporosis or osteoarthritis.
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anount adm ni stered, and rate and tine-course of admnistration, wll
depend on the nature and severity of the fracture. Prescription of

t r eat mrentWogot/078®ei si ons on dosage etc, is within the PETHOGAINHNIBLY of
general practitioners and other nedical doctors, and will typically take
account of the nature of the fracture, the condition of the individual
patient, 20the site of delivery, the nethod of adm nistration and ot her

factors Kmmsﬁa.oeroaﬁhlﬁ M@@@ﬂépreérawtstr@ns% §drﬁ1|uﬁ%1ﬁ§|merf cf%u@tf@éls of HS-2

M5C doses may be adm nistered 1n accordance wt ance

prescri biAgy 'ﬁﬁm%%ﬂm'ﬁﬁﬁéttqntq'réﬁb’rto beng tigsye | ‘Mﬁythéffa@tiémséccq‘l@ﬂz IVBCs may
be del i ves@finishatdn t0fcomiRine 63 Alfrdufding Ha LR B LRActGRlk o for exanple

one of at |east 50x106 cells, at |east 60x106 cells, and at |east 70x106
25cel | s. BREHPIELe§f b'P%V‘isé‘é'ﬁ)rﬁ%i'ﬁ@sa“Qr?HPB'Y'Bﬂ Jediase ARl BaY B can be
found i n diediiytgtnsite dPhguryracenay 6éto Healas t@med BPinitidEpkdling 6f the Walnd. pub.

Li ppincott, WIllians & Wlkins. HS-2 MSCs nay be used to treat bone
fracture alon95|de other treatnents such as 30adm ni stration of pain
relieving - st s, i mmobilisation and setting of

the bone,y&; én OAHaﬁhQ&u{n&‘?B rﬂbdé'ftﬁﬁs L&J@dlf\%‘to%é)%rgﬁrﬁ invB ARy dna;s);r gi cal

|ntervent|on 0 correct | acenent ,
angul at i d® f@ﬁ“ldat%fﬂ of admipstration by g w@ﬁfloé routagy iHS MISsmayBEsfofreyatpe

admy@i st gx ﬁQd@f frﬁfdﬂoﬁn?d? w(;é‘ctnGn &E%b@@f& Qél sbf?&lé fo@ﬁé;&lﬂ’:ﬂuoﬂ% bk drhe surgi cal
procedure. rmaceutical conpositions and nedi canents of the invention

may take thRJ“FWerﬁUHP“%d"EH hadeeieal that is coat ed and/or inpregnated with
HS-2 MSCs. An inplant or prosthesis may be forned fromthe bionmaterial.

Such I t b [ I d t. b
arowe b aReEFEeR e PERT 0 Nerarg ity ofecrits OB Iigb RS SRS oy “be
appl i ed timpravplhealing obthepions fraelsesconpastide beoaesponding botneatédiranireon at a
deSHéed 't8%%¥a! {Zﬂa trJJ?@d Qhr?ﬁ%b@ b@.neﬁﬁ%np&ltﬁ%%%ﬁ@ 6:{@@ ﬁgnfﬁ{gcb# ith HS-2

| np nprise contactin 5 &S e
b| omat er @ﬂm@tlé(ﬁmnﬁ@tfect Iﬁé? raie andilimergeutse of W'@ﬁéﬁi'ﬂbéﬁ" dergndrondbs or bed ont o

and/ or i Nk BRd %M@tﬁﬁﬂéﬁad&@@%&ﬁlﬁoﬁrﬁ%r&%ﬂ@ﬁﬂéﬁ &ééﬁwnblonaoség@ HS-2 MSCs
ontotthe surface of the bjomaterial. | npr Cg‘:natlon of t I?
ial.

bi omat er | &f: Hhip H\‘?d?%‘é’“%‘@%ﬁqfnge'ﬁsa'?r%@e%?'lﬁ’ Sherimrdica Aecteys g

ThF bi ogayﬁbalmltalemudgdut afthéWatﬁJl‘BBonlﬁwﬁrafjhrérthe amcﬁgsnafeﬁuhﬁwuaudvsﬁ@nto beh

re se e bromaterl a mnLs {o In the
subjS t ?o% éjf’l il h§ THe8 } ag??' 'Onfn%e F troésdkrl?&/vn gBear%ﬁtnoggEshe
struct ur eSingle gr mpmpbadnmnst@tnomm H&- ZJN@Cedqsa‘s maVrbeaadmlrtiSit@ndnro coating or

| pr e0Naldddgrdndy Mmsghﬁgneg&&éﬁe&ng‘ﬁgﬁed&aﬁgga.nen&e PR AhaRkd v active

nol ecul es may or coate Iomateri a or 20exanpl e,

at | east @ﬁ@é‘%%e%n;aﬁpé FRaYHE dghigs D EIRs2aesIohgbit 75’9@ io algyBOPX1B\VP- 4, OP- 1,

cells, for example one of at least 50x10° cells, at least 60x10° cells, and at least 70x10°

25 cells. Examples of the techniques and protocols mentioned above can be found in
Remington’s Pharmaceutical Sciences, 20th Edition, 2000, pub. Lippincott, Williams &
Wilkins.

HS-2 MSCs may be used to treat bone fracture alongside other treatments, such as

30 administration of pain relieving or anti-inflammatory medicaments, immobilisation and
setting of the bone, e.g. immobilising the injured limb in a plaster cast, surglcal
intervention, e.g. to re-set a bone or move a bone to correct displacement, angulatlon or
dislocation. If surgery is required HS-2 MSCs may be ‘administered directly to (e.g.
applied to) the fracture during the surgical procedure. '

35
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FGF- 1, FGF-2, TG--131, TG--132, TG--133; VEGF, collagen; |am nin:
fibronectin; vitronectin. In addition or alternatively to the above

bi oact i veVOEPHAIBEE, one or nore bi sphosphonates nay bePCHSGEMADEE! or
coated onto the biomaterial along with HS-2 MSCs. Exanpl es of usef ul
bi sphosphonat es may i ncl ude at | east one chosen fromthe 25 group
consisting of: etidronate; clodronate; alendronate; pam dronate;

ot eanat P mEcaBEn SRS <ol Buiokime S of e G aks SEUE TP
i mpr egnat kiemajetial thigiscoee@sandtny inregreatddalitti SR SCsTeah majlarmndpraﬂuéﬁ@r i nary
pur poses. m!a)f b?“?olrrh PRoAMY 66hALAS. Shay in;;nﬁtso&gpsr? ds'egv fsgrggtp‘:%y%ll nprove the

quality of a patient or poten n ani mal ,
for exarrﬁmé"aé]te&’éP aawt@ 'P%(@egths@géwatWQeraStﬁumrmcand@r remodam bi omat eri al
provedes a scaffold or matrix support The biomaterial may be suitable
35f or |rrpla§tat|on|nt|ssue may be suitable for admnistration (e..g.

as m cr ocapsUies MAY 8 perlied 9 'mp'aﬁﬁeoﬁﬂ'i?ﬂtws & ageplgEatehBew BorgHigumatiope

bi oconpatatlal desired igcatian) ﬂFHeQi(d)rﬁatéM nfdly be@¥alelTHH MRBEGHaE A With(HBS ek ef er abl y
non- i mmungQ ?enl Ct} The bi omat er |a ggdﬁ é)degr adabl e such that the

bi omat er i AP FEgHANIBYY SAMRISE GONtA Qplﬂ?%H $&s Wi thehigmateriat puchihaly only t he
r egener attbey &erafowed tmbtemdsasrbednanmrtabecrbed AhtioednBat inttethy bidnid@dtial. bi odegr adabl e

bi 0 gt er '(‘% tIHBX\ 2)%0“655%’ au%%)l%ing tRe ﬂ#r uc ggﬁtogﬁ%%n rat tﬁ? RO\%%%I | ar ge

dlscontan|ty and/or'to ac heal i ng,
Wit h sur dreaiing peimpresnatidn affike bommtldrmayl inVniverspeding MSEZ MIS@IS ontecpriimte nent
after suqggpesphidlerigound heal ing. 10Bi omaterials nmay be soft and/or flexible,
e.g. hydrogels, fibrin web or nmesh, or collagen sponges. A "hydrogel"” is a
substance for rred when an organic poI ymer, which can be natural or

synt het i Chheitfors@ériadhcmd él@wfth@doétéu & iRpfcdnatel WSQEM@'C‘E%‘E& Riedse@Rem- | attice
solutions to forma gel.

strygtur nol. ec

ol 151 11 die PBmEn Gl Arutisg fe P M AUBEFor BTG e
i nt er act ikimedicomay bealieréd b alteging Ite shiutire)atd. werloyityh bt biiatdrizl. may be
relatively rigid structures, e.g. formed fromsolid materials such as
pl astics or biologically inert netals such as titanium The biomateri al
may have '8 2g@itianie cagtingiok irpreansting e bidmatériateith HE-2MBECE dwe doynage cr 0SS -

201 i nked Habgicany acweenar&uésxnaysbeqrngte@héeh b B@Jtéaeawhs bﬁo%amar 'F%Pt s and

grog@h factors required for bone g trix structures be formed by
cr o881 i nI§ATPIE; Fleast oge ﬂws?'i‘ HPmrﬁh%QmEibF‘P"tﬂfé‘ﬂg O%Hscﬂ‘ BIMPq%uQJV“?ﬁI @F-bf sodi um
al gi nat e,FGF tR3AD, TGH-B Ot TGHR-RP OGS BS; GEBH; deitageh tiimmiH: isBh&stiar 0ssl i nkers,

vitronectin. In addition or alternatively to the above bioactive molecules, one or more
bbisphosphonates may be impregnated or coated onto the biomaterial along with HS-2
MSCs. Examples of useful bisphosphonates may include at least one chosen from the
25 group consisting of: etidronate; clodronate; alendronate; pamidronate; risedronate;
zoledronate. Optionally, HS-2 is excluded from being impregnated or coated on the

biomaterial.

Biomaterials coated or impregnated with HS-2 MSCs may be useful in both medical and
30 veterinary purposes. It will be appreciated that the present invention may improve the
quality of life of a patient or potentially extend the life of an animal, for example a valuable

race horse for use in breeding.

The biomaterial provides a scaffold or matrix support. The biomaterial may be suitable
35 for implantation in tissue, or may be suitable for administration (e.g. as microcapsules in

solution).
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25e.g. calciumsalts, polyacrylic acid, heparin. Alternatively scaffolds
may be fornmed as a gel, fabricated by collagen or al ginates, crosslinked
usi ng welWog8tidliRi%8hed net hods known to t hose skill ed i RCTIS62610{00048Li t abl e
polynmer materials for matrix formation include, but are not |imted by,
30bi odegr adabl e/ bi or esor babl e pol yners whi ch nmay be chosen fromthe group
of : agarose, collagen, fibrin, chitosan, polycaprol actone,

pol y(DL-1acti de-co-caprol act one),

pol y(LI acti de-co-caprol act one-co-gl ycol i de), polyglycolide, polylactide,
pol yhydr Jmémelammwthesbspgﬂﬂyhelbbcomeat'@@f e.gonomigKiclsnd@tigwadabl e pol yners
whi ch mayq, h]% G%Q&W(rﬁ&ﬁwetr{}gmgheﬁ finogefic). brhesr%n@f@.g%sy p&el | ul ose

butyrat e, yuret hane, 35pol yacrylonitrile,
sul f onat éX'Pdﬁg'laﬂéQl? ﬁbﬁ’ﬂéhatﬁbﬂi 9'9f’ﬁat9é'a' f{?@[%ﬂ&é 8§ MeHnd beglipg occurs, ultimately

pol yset hybivmighas/ thé AlgBneraRaBhy TR i helseBject. AReHnaf\@®Na hén-a proni sing
material for matrix construction owng to |ts bi oco t| bili g%gand

f avour ablt¥rdspisgable piogratelighmay Pe HeFd: 819t t°eﬁ“fd§cqﬂ’i'§ r'i‘?geaﬁ(? ‘P’b?l‘@tr P&I9% U S, Pat.
No. 5, 01%ide8ritinuitypamdier,to Oct; asTaaéthgﬁM,suﬂ'pqrt dueihg berieshealing, &ntN&k@l‘ﬁar a, T.

nerve. gui O BBy eLAGS e PR o RRE s oo coanes B hidlpy 0"

Clinically acceptable collagen sponges are one exanple of  a matrix and are

""g'_ H(_) kno‘@?orhéle :Q? Q%Be C8it Gnarby f%??be A3 G@eédmseﬁéﬂ G Eheshbidighigyencaf f ol ds

fibri rovide an alt trix materia Fibrin glue
enj oys vmst@ewseédhquml"(t%ﬁ sdpgﬂnceéarmﬁwgnanmm polyaleAmhichecandger voir t o

del i ver g{a%ﬂbrémﬁ&.ess 101 doffificdiNo Blctte @thréaed.mgﬁ&maﬁenaaﬂc@am&ur@g of
bi ol ogi ca ants (Rajesh Vasita, Dhirendra S Katti. Gowh factor

del i very taeiﬁ"gﬂ%s 'f‘%'PClt'?Ss%fd\?t%fr?{; Pihesaltions 1p ogp éﬂ?hﬁg"%@@gﬁbﬁﬁ QPEYT Exper t

Revi ews ipy dygebigetdn, BSaguRitn, h8RPhobid ihJeractiOnglar, crodnigkiny. | nman E, Spaet he R,
Hel gerson S. Thronb. Haenost. 2003 89(3): 573-582; Pandit AS, W/Ison DJ,

Fel n DS. Fibrin scaffold as an effective vehicle for the delivery of
aci di ¢ grAitetriativel biomatetisls (Me@belrplativkly Riid statotures legy. Apped famisolis. 2000;

14(3) ; 2. atgﬁ’ﬁs sm@sgn'la%tl&oér% % |cJRgHeh%tg§ su%ﬁ%ﬁﬁérﬁulﬁ' brobl ast growth

factor fibrin conple I'n vit I'n VIVo cations to coll agen based
materials. Biomaterials. 1994; 15(9): 665-672.). Luong-Van et al (In

vitro bi Oﬁfém?&ﬁét@rhélh{a[y,nama\ bidAS Makixrublird WiREPMBY BO Bréviab e dy BepREan
20sul phate Biomaterials 28 2007%)&2127 2]1321& I, nco%{?joq_é;tﬂ%q ‘H‘?r ein by
r ef @P enc dNkeLRAUYNY e Ehemairix irprgierahyperaeableid py
pol ycapr akquitedier bone gamampsul es. A furt her exarrpl e of a biomaterial is a
pol ymer that incorporates hydroxyapatite or hyal uronic acid.
Matrix structures may be formed by crosslinking fibres, e.g. fibrin orAcollagen, or of liquid
films of sodium alginate, chitosan, or other polysaccharides with suitable crosslinkers,
25 e.g. calcium salts, polyacrylic acid, heparin. Alternatively scaffolds may be formed as a
gel, fabricated by collagen or alginates, crosslinked using well established methods

known to those skilled in the art. ‘

- Suitable polymer materials for matrix formation include, but are not limited by, '
30 biodegradable/bioresorbable polymers which may be chosen from the group of: agarose,
| collagen, fibrin, chitosan, polycaprolactone, poly(DL-lactide-co-caprolactone), poly(L-

lactide-co-caprolactone-co-glycolide), polyglycolide, polylactide, polyhydroxyalcanoates,
co-polymers thereof, or non-biodegradable polymers Which may be chosen from the
group of: cellulose acetate; cellulose butyrate, alginate, polysulfone, polyurethane,

35 polyacrylonitrile, sulfonated polysulfone, polyamide, polyacrylonitrile,
polymethylmethacrylate, co-polymers thereof.
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25 The biomaterial can be supplenented wth additional cells. For exanple,
one can "seed" the biomaterial (or co-synthesise it) with fibrobl ast
derived fwoader1/wgidbs, which may be useful for supporti n@Cgrsoreto/oamndl

mai nt enance of the HS-2 MSCs. 30The subject to be treated may be any ani na
or human. The subject is preferably mammalian. In sone enbodi nents the
subject is a human. In other enbodi nents the subject is an animl, nore
preferably a non-human mammal . The non- human mammal rmay be a donestic pet,
or animal kept for conmercial purposes, e.g. a race horse, or farmng

| i vest ockCellaghn s prp@isingghriela! tor madi doastrunyior owing thits bipsasrratioty 889 have
SSvet er | NglauraRe blosshy oieppdiifly (HITRECHFIHTBS BBt FaPNd. 8.01657nea pi Us,

rats, mce or ro ents ('t ncl udi ng any_ani nal the order’ Rodentla)
cats, dogkanaka.gs; Taljgawg, T.glshihara, §a%Nalsar('wﬁcT d‘ﬂﬁ%@“‘&@\ﬁéOR?ﬂ'eér‘?f/thsnl nmal in the

or de BOSBloaH%@fb%BIe(do lybslic RgidaiaNag@RingRle dJuitielilise PoIREr Byncdagy & donkey, and
femal e. The subject nmay be a

non- hunan

pati ent . rrgpgﬁ 4§u1‘g6n1af4%l7bn '"ﬁé}f&acwﬁh\e&ﬁ lagen SRPRBES 2l MSTRAERIFs ( HSPGs)
repr esentofaa rhatgia biyd diewaslikaowh ghe Hip (@F. fioho intsyid VikeSderaes). ar e conposed of
heparan sul fate gl ycosam nogl ycan side chains covalently attached to a

protei n bﬁB#:PQé?a?rolF;r K@%%Fu‘?? rﬁr@&i&‘%%r?gl{f‘?ﬁ:%% o{rﬂét@ﬁalfﬂwﬁ%u@e:fggy%ecret ed

f orm known as asnma nenbr nown as
gl ypi can, wuﬁ@raaddlaﬁslrﬂ@maaweas diLncheraRN A rgm@etarde"vﬁwgow &acloBi qui t ous

congpi t Ueé'ﬁéasOJn mmmé bl%@erﬁé‘r{t and YEA ARG Bf lﬁaﬁ%@%plﬁﬁﬁfs [rgG&dn visha, matrices.

"Hepar an Sulp é aran sul fate" is initiall nt hesi sed in
t he Gol gi '1'53&6{?3'? Ke SGW%@PVéﬁ%‘t‘!ﬁ%{rﬁyﬂ@g’sé@ﬁ@?“ﬁ?’}?{f%f'"q éd’é@?ﬁ%‘%peat s of
D Igl ucur ﬁ;ﬁﬁr_gpe%ﬁm &ﬁmﬁéwéanWewlat DbvicesgPoos S@i2ee 7( Wwy]pq)nmawe nascent
pol ysacchari des e s equent o) ' ;
N- deacet y?%?el%&# W‘%’%ﬁ #bﬁ' b%a%:ﬁ&.{foﬁeé 8@&)%%%? at&s,ﬁlgﬁﬁ{)& i duroni c
aci d (| doPgidmén D8I Fihdri scaffoldtas @ efféctivd wdhialador@Ghecdelivery o&ad:lg)batdwmfaator C6 of
N- sylphogl-igofa i 204 cNS.
I\I—dggcet y(: at |1§ ./'7"'@ %@rﬂ%&g Q@? 8%2 842§)|a %g?‘ﬂomg d (g.(t)tl on ofomhns are
nedi at ed By Hm"%ﬁ'@f@blﬁﬁ@f%’ﬂf@ﬁpf@bflm-@w‘@eabwlyP%@Wﬁﬂ@!‘?%@f erase -
(HSNDST) , cdiisgedr &seamaié?iarsa%ﬁﬁre?qﬁ% {9832 & (b): ebiSeP2 Q- sul f ot ransf erase (HS6ST)

and HS 3-0- sul fotransferase, respectlvely At each of the nodification
steps, only a fraction of the potential substrates are nodified, resulting

i n consi defihansRaifo oihisdbity ahl bbagiA bHhlciteba st@fmalder?@pﬁbén()f HS has

made-it d t to determne 1ts sequence and to un stand t he

rel 20i on swl@a&@@@@f?np{s 2842009 2137 -2138). fnpemRarajgd herein by reference, describes

prolonged localised delivery of HS from polycaprolactone microcapsules.

A further example of a biomaterial is a polymer that incorporates hydroxyapatite or
hyaluronic acid.

25
The biomaterial can be supplemented with additional cells. For example, one can "seed”
the biomaterial (or co-synthesise it) with fibroblast derived feeder cells, which may be

useful for supporting growth and maintenance of the HS-2 MSCs.

30 The subject to be treated may be any animal or human. The subject is preferably
mammalian. In some embodiments the subject is a human. In other embodiments the
subject is an animal, more preferably a non-human mammal. The non-human mammal
may be a domestic pet, or animal kept for commercial purposes, e.g. a race horse, or
farming livestock such as pigs, sheep or cattle. As such the invention may have

35 veterinary applications. Non-human mammals include rabbits, guinea pigs, rats, mice or
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Heparan sul fate side chains consist of alternately arranged D-gl ucuronic
acid or Liduronic acid and D-glucosamne, linked via (1 -> 4) glycosidic
bonds. Thwogbudosmmi ne is 30often N-acetyl ated or N-sul Parsd2emdobist h t he
uroni c acid and the glucosam ne may be additionally O-sul fated. The
specificity of a particular HSPG for a particular binding partner is
created by the specifi c pattern of carboxyl, acetyl and sul fate groups

attached t am ne and, t uran a arin,
nepar an- SR ETRAD M e e hBLhRaT" o st Sk ReiEer
groups. Tdattlel@pladiag cous baany anirold ircthaionder Bba); bor‘se ﬁk@@ulmg:aru anémalriretheesi due of
) gal act s Ffhepl B, Ind i RERATHRNEAET THERIAON hey SR AN ORARIC, 103
regi on. %‘lerﬁllhl@ptdﬂ@)hb%apﬁm chains and core protein may undergo a series
of mgdifications that may ultimately influence their biological activity.

Conmpl exity of HS has been considered to 5surpass that of nucleic acids .
(Li ndahl %&@@M@m&ﬂ. Chem 273, 24979; Sugahara and Kitagawa,
2000, CUFHepaQH diifatelpretebglydand kHsri@s) r&ir&éent YalghBidiverse subbiduppeCi es ari ses
fromthe Rsk% esi s of non-ran m, Al g éﬁl&siullfat ed.se uencg of. sugar
resi dues RIPFR y%“éaggﬁffr%"@(?sﬂijo Jﬁeﬁ f e PYERsgMNogy ca ¥z EHANS des
cont ai ni rtg)vhlentaﬁmﬁaylheuted @bteiimaktione. ThEmre priotairatancodst @rtbice orofs: a

LY LeoSABD fudyh B pel bl ST SRRRAE i E BT tndilSe kthupldot her

m)dlci i cat | nan eriza ucaropic aci dutoni ¢ acid
and a conglymicanpand aetrmsmenﬁbrsmﬁ foam kraven @ﬁy@ﬂemsﬁmﬁyrﬁée gblqwmusom c acids. In

addi ti on, copilirs biRariAAnAIN Clifsbes LANBM ddibesiuabaRby | at ed sequences,

t he hexuronate residues remain as glucuronate, whereas in the highly
sulfated N-sulfated regions, the C5 epinmer iduronate predom nates. This

limts thﬁep%h@mpﬁétepphewrwbmﬂtes@sum@ty lsdﬂt:éll@[syr&ﬁééiseﬂ(?ﬁﬁebicﬂgll n any
15gi ven chal n but n

t
e 1 oul FRRBHLTARECCTBFOR BRI A g AR P HSUBTE AGE (IS o mat ur e
chain t heiral maeetyléggmmanfmdﬁ(m&mm)tlﬁmtnascerﬁpplasablmhdby magiai ns of | ow

Sulf at ] on, {4 SHAPRBheflya &h80Bterk Nlfbery SUFR s AGTAE ) oARRE- SO, v o

i s herei N1 NC 'hypot hesi zed
t hat the ¢nlrg¢nlsptlma¢f Qdm\éo iduteaicasidd |doAhtQeswphatiar apTapf IRef apdGiad. Oh t he

modul at i ofy,atibd s @53$ﬂWEuI%ogﬂch§n9ﬁe (G\Hh@j’ arﬁifoc‘égélérﬁa‘F@leLﬂHh@ﬁoﬂ haeAgts,

|nclud|ng re ulatlon and presentation of esmnfactors to the
cel 120 vj aGiN ?E%Y'é’t'?”@‘éfﬁﬂP'P?é’PP(ﬁ‘iooﬁ %Lﬂ’l?cer’pr%"phjaiﬁ&%fm e mesiptethr acri ne
f eedback d;mes;aem 061 6 Nr@atmléwmsbwdtﬁhsfér@eahsmgsapdistmer eby the

diff ti t f h h | fat
gl ycos am HBFTBEes 25 LS Hsre P e B DRt B, o - (1o80)
Gar |l and Ruth‘biraﬂsfeu§e respectiMely Atazakh &‘thenwrilcat;m steBISAOrdmafFSGIE’)' of thepar an
sulfate gly %ﬁéﬁmbef?&gys@gmﬁe ! BRulifgh Cﬁgdérsag's@?@ne&hﬁeégm% may differ

in biologic act1vi man et obi ol ogy 8,

C
463,25t wo siepmr%hcemp's@rvsofdﬁs Prasgagdert @tﬁP?‘h‘Pé’e@r'yﬁ‘GﬁtaﬁP‘ﬂﬂ?@F?é%é’ obt ai ned from
neur oepi t hidetstnddRé etatoAsHis bainesh HisGRlEMreaHdifition.

Heparan sulfate side chains consist of alternately arranged D-glucuronic acid or L-
iduronic acid and D-glucosamine, linked via (1 -> 4) glycosidic bonds. The glucosamine is
30 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 péftern 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 sulfate side chains
35 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))
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30either FGF-1 or FGF-2, depending on mtogenic status. Simlarly, the
capability of a heparan sulfate (HS) to interact wwth either FG-1 or FG--2
i s descriWweaoW7§m¥ 96/ 23003. According to this patent appliS6Gaei0900438
respective HS capable of interacting with FG-1 is obtainable from nurine:
cells at enbryonic day from about 11 to about 13, whereas a HS capabl e of
interacting wwth FG--2 is obtainable at enbryonic day from about 8 to about
3510 r% gt ed above HS structure is highly conplex and vari abl e between
Indee(‘Ja he variation in HS structure is considered to play an
|rrportant part in contributing toward the different activity of each HS in

pr onot i ngB&ﬁIhle QQR% E,té?lﬂ% irfd Jn%%}é}goféﬁxl rlwa)pl]grf fe?do%éér@& bprﬂodlfr&%oﬁé fhect ur al

conpl exity onS| ere to surpass nucl el c ‘aci ds and al t hough HS

5st ruct ur @awawrr@telydnmé@ e\el@wgéf@' et ibg GeRplexir oftitHbas haey cansidrretier i de

uni t g haVéd}Bas%ﬁﬁé}'of‘h&cl@é‘gcnwdmid@hl%b'bf 269D, BiBk LREMS27 24979; Bugman time no
st andard sequenC| n uivalent to \P% aval | abl e for nucleic
Al

aci d sequaftiipgayre, 91 q:'éfbcb!’ ugle BF H 13y PEEEP A¥Sre. In the
absence ofrof ltrﬁaoéyatheers O Alen- nfaaaordeﬁ@ﬂmwmatw saqukices bt suger rHst&qumae

t t HS tified.and
io::ﬁ;r ;(r:e ?—ﬁqaéag%‘l M“'Eﬁﬁ?t?égag\ﬁ%?l t?'ga‘ic arf‘%é réf’ ﬁtgin%g ageti%]{%%c coga Gnal ytical
t echni queshe 'ﬁhnaec@nversnbudENfanetyvlgrucesanmm)iom;ctsutﬁmglun‘osatnmacrﬂam| afecmgﬂ ysi s,
tetr %S acc{;'lﬁ%ll gﬁd@é}%ryss ln%l’udﬁgleﬁniemgatml O?SML%BN%EQ% ldgﬁtgﬁrdadr@ntd'aon _These

analytlca ues’ar own to~an ceci/ se of skill in the
art. 15T\/\90rtlrde)hmt%}[re@ Q-suifaprsiercgliensaminedir idugair acidsy i adsligiep Yatintes f r om HS

i ncl ude nhdd RBginEs: Iuddv slivgRat NORGREJ ééaﬁéhc@é IRShd@fonafd [d6186dd Biafasof one
way of perform ng these digestion tech n| ues |swgow ded bel OW%'{; rely by

way of ex@HpIrENate yeIereRsdR e g bre4aed N-$H ta?eHdeQ' thedpya epimey pur ent

i nventi onprea&Nntatreeummm& tfé gembéran prhﬁdDUSa@hbdﬂé)wledtsdﬁMlyn‘mnysati on of
hep ran sul ads to

te t he eve degr adat.i on of A drate

chai r? i nt 8"?? @W%ﬂﬁ\?f’gﬂg?b'ﬂﬁﬁaﬁ%ﬂa%cﬁew%sgﬂﬁgﬁgﬂt{ms\% '}ﬁ Rr’j‘sru[lﬂgtlag':éorrpl etion.
25For exadwhains, or tirextlp adjacaht tmtynemesqanheﬁarttwnatyra:cthaldthwg 3265@9[0113 of of 0.5 M
H2SO and : kG )€Y oling, the
Ba( NQ2) 2i ggggnﬁtugﬁé@g%tﬁd ﬁ&&h@éﬁmg\ﬁgu%@?g 5A1geglo£rl géeﬂ; nJ Egc(gntrl fuged to
renmove t hEherar 2738 s4RHBE8, whieltis hetein igcorporgted, bziefefenmeztsm refdded to GAG
sanpl es resuspended |n 20 pi of H20, and vortexed before being incubated
for 15 mn at 25 i occasional m After incu 30Na2CC3
was Xdded tf%hytpﬁfé‘eé%‘ﬂ’ptlhe* the highly ygriatle F‘EP?%FP gifaigeppins Pgétkﬁlr rojgs 'bmfs M NaBH4
in 0.1 M haGaiich cﬁd@d:tlblﬁ)otdﬂl%rghal‘qnﬁber ahaktrabeiular igande, ifhatigregadati®C f or 20
mn. The m(%< hrégeerﬁ%tlog é)n%ﬁo OO'QS hggio%.ﬁa%to%]% e cgl (li'at%ﬂcompﬁgdt acetic acid

added to BY m Xture’rs en neufralised with 10
M NaOH andormbigatioo|ofimetocirer justaetindandfpasasziae thegbany lodbsngd copliaiif®s are run on

a Bi 0- Cel i i54ei0Rt SsigRuihg aR§ Bréty Ghdlhitrer@Rfhtion of stem cells. For example, even

25 though heparan sulfate glycosaminoglycans may be genetically described (Alberts et al.
(1989) Garland Publishing, Inc, New York & London, pp. 804 and 805), heparan sulfate
glycosaminoglycan species isolated from a single source may differ in biological activity.
As shown in Brickman et al, 1998, Glycobiology 8, 463, two separate pools of heparan
suffate glycosaminoglycans obtained from neuroepithelial cells could specifically activate

30 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.
According to this patent application, a respective HS ca{pable of interacting with FGF-1is
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

35 10.
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35tetrasaccharides to verify the degree of degradation. Lyase digestion
Heparinise Il cleaves sugar chains at glucuronidic |inkages. The series of
Hepari naswoenmyate®9 (1, 11 and 111) each display rel ati veCy/sspewiohdsst
activity by depolymerising certain 5heparan sul phate sequences at
particular sulfation recognition sites. Heparinase | cleaves HS chains with
NS regions along the HS chain. This |eads to disruption of the sul phated
dormai ns. Heparinase Il depolynerises HS with the NA domains, resulting in
the separ ésistatedodbové &iScstuttoteyis highly ooh:alen ahut/mdbn‘wbeﬂv@braﬂs Slmhpétattﬁad dorrai ns.

Hepari nas le oul der"
chai ns, vmggrlrléémeqadrggg{mé{mﬁs {%gﬁe'lfg at '? Erng mportgﬁ?oam{a COFNB‘? W@ré) eating
di sacchar F‘tﬁféfelﬁéémjtllh@f egth HRdn h@mtlw6¢GFMBnd slirecting oell differeitébtiomnnect ed t o

t he am no TRy g@lictsth a
sul fate on the cém ﬁ%:grou gé:gg%ﬁ’%lr%m uﬁég??\gﬁﬂ?o sdpég%@&fg%l—@ C6 and
C3. "NA" PldRleg MRy be Pfaﬁﬁese&rﬁsmsqgwew qfsemtm@wqma@rm uaitglhawingai ns

acetyl at edpecifh_zl:a(hﬂ uﬁ?@@éTBulfétlorf %ﬁeﬂ%'ﬂi@ﬁé&é@ﬁh@%o sﬂanﬁla"i@ sHhudrefigons usi ng
Hepar i nasEE't hi"ﬂﬁ’bOt nz rre and hilised HS sanples are prepared in a

buf f er fEAuEIanothese. "‘N@_ bl for nyglaigpcigegquenginaisAveiakle for at pH 7. 5.
Purel y bydmaymoihgemmhmcelé&m&uﬂenmmeldbbeﬁm)bfb@p%id@ldo@dfof)dét&nmﬂﬁ%él . g of

HS and in 37C f before sto t action b eating to
70 for BOSMNESts anddiee! Rttt 15, Boledl B ats ToR Ve Bited Fop e v,

chr difat ogehkasasterisEl dy il workaraiirf the delddg ch iumbiehef gaytieattechniqastt iThiesé 0 obt ai n
HS- 2 MSCs chai ns of
an HSPG m@gﬁgﬁié?%eenﬁ%ﬁ gﬁ%'égﬁhg%ave !X% '15 ﬁ%ﬁ?gg‘c{;}%ﬁ%é&g gs'ss ﬁ%ﬁg has a

mol ecul ar a%i"@l‘?@“'@’fW%l@’ﬁﬂéﬁrmﬁf@wTQ@e@almmtmhuguewe well kepvartoandr age

mol ecul ar ygassy tAdseAd QkilPm tR€hrt di sacchari de, consists of about 60

di sacchari des. The di saccharide conposition ot 11S-2 is. aot forth in
Brickman et al. (A ycobiology Vo. 8 No. 5 pp. 463-471, 1998), which is

her €i5n i nTeo phaitjesk foyproduction of & f zﬁfd&@@z?— sabchatife£drh HStivcludzhityus dapar an

o) ot ZapBlion' T fagd 0B oS ERT ST TS el st TRaShEs", Y
derived (embnioissas prabided bélowmusetpby way of mmpmepmcﬂhmlscummn poteihmrrmbhg'
manmmal i ang Q)Yf?i@'p?es@ﬁ“ﬁ&é‘ﬁg?rj{ helium nore preferably nmurine enbryonic

neuroepi thelium and iIs preferably 35capable of interacting with FG--2. .
Accordingly, this heparan sulfate 2 is obtainable from

20 Nitrous acid digestion
Nitrous acid based depolymerisation of heparan sulphate leads to the eventual

degradation of the carbohydrate chain into its individual disaccharide components when
taken to completion.

25 For example, nitrous acid may be prepared by chilling 250 pl of 0.5 M H,SO,4 and 0.5 M
Ba(NO,), separately on ice far 15 min. After cooling, the Ba(NO,),is combined with the
H,S0, and vortexed before being centrifuged to remove the barium sulphate precipitate.
125 pl of HNO, was added to GAG samples resuspended in 20 pl of H»0, and vortexed
before béing incubated for 15 min at 25°C with occasional mixing. After incubation, 1 M

30 Na,CO; was added to the sample to bring it to pH 6. Next, 100 pl of 0.25 M NaBH, in 0.1
M NaOH is added to the sample and the mixture heated to 50°C for 20 min. The m.ixture
is then cooled to 25°C and acidified glacial acetic acid added to bring the sample to pH 3.
The mixture is then neutralised' with 10 M NaOH and the volume decreased by freeze
drying. Final samples are run on a Bio-Gel P-2 column to separate di- and

35 tetrasaccharides to verify the degree of degradation. '
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hepar an proteogl ycans of nurine cells at enbryonic day 10 as described by
Brickman (supra). The HS-2 that is used in the experinental section of the
present ampl2ooAt7B™m i s derived from enbryoni c nouse, it PhasGhewrnodsund to
be very potent on nouse, human, rat, chicken, Xenopus and drosophila cells.
In line with these results a universal nechani sm anongst any hi gher
organi sm (for exanple insects or vertebrates such as 5manmal s, birds,
reptiles or fish) is contenplated here. Thus, any heparan sulfate 2 and any
respective heparan sul fate proteoglycan that is capable of interacting with
FGF- 2 andlLyasatdigestiaabl e t o pronote or facilitate proliferation and/ or

mai nt enanﬂ@pé?hsétll?gbg\?e's ﬁgﬁ)%hgfnggt élh{hfré{ri& £ fka %Os légsﬁﬁi??gﬂnés%e present

i nventi on, | ncl udi ng suc paran sul fate
2 that se%t"ew H)émﬂ %leefttedjsnlasormaavepwcffp@cwwvgspolvrh@smlcsaanat| on and

det emni naﬁénarbrpetuuahlae Je'dn&tdeeaabért.amé? utéten 'ré‘d&hﬁ&(ﬁﬂsn{%ﬁ %aghr%yé Lat e or

hepar an Sélfatesﬁcrot eogl ycan is wel e person of

ordi nary SRVEP HSFheke “&tPtNSaWQmB&ﬁ‘OB@:“@dﬁ F'&!F‘ oliis '&éd%@éﬁﬁ* upsier obtheBr i cknan
bt af nedl from e e B O B s el ar
wei ght ofttnﬁg r?téonyogg’\ﬁncqwﬁ}@tﬁgag' %@I'W%ﬁ%sﬁp'\%‘% damainy Hepadpass s

i ncI udi ngprimarihacieaves dathadIAYNS cshoakder domais asnssehahsadvrers)taeyuﬁg agapenent ,
dpal k be,fu the characterised anal ysi s
aﬂdﬁe%%r@%%ﬁ& Nnoqgerheu?pezatlﬁ tsacch Qagg?orggr&f t}eﬁar@f\tpﬂ&ﬁt

of tﬁe percentage of |1 nkages Sensttive I 6w pH
HNC2, hep%tﬂfoﬂicrﬁsgéoorleqmmrtmtasmo simmgltessamlse 208" enesne e amind-sugar & 10. The

di saccharg m@%%ﬂ%%%b%mb@;%gféﬁlabl 8! sOfarlBhlof O Gl AIBCEblLAG 1S shown

in Figure_ 1 The tetrasacchari conp S|t|on 0 Iomnng ni trous
aci d di gt Uft’ indicalgg et the ForigRigreun . notpidphftechandhigmiatne aceiigtedi ti on of HS-2
foll ow ng treat nent vmth am xture of heparin |yases is shown in Figure 13.
The ulfall_'.lron charac stics gYAlsaccharldes shown in Figure 13 are
showf in M 66?'8"‘1“:4.‘” ﬂ?&'&%‘l%d?@ Waoa? HFIRY HEP3rEse Ui kathengyEeof

| i nkages adrigiphilived HS sampleepte frbpartd iad bt contdiling 20 vt THoWeRH. HNC2,

hepari ti r i S i i tion.a he arl se

i gost i on aLBGASRAA 3R, bt 2N e Bl by T b Hordfhiti Ty 32

speci fi ca?tddeﬁa?%mékmdegprSBnQ incnbatedi atS37HS faliB i baemtefstapmngmﬂmysacnoo day 10

(E10) SOW helium preferably nmouse. Reference to HS-2 may
al so incl Maw ng s é’tantl ally simlar structure and/or function to

HS- 20set forth in Brickman et al. in dycobiology Vol. 8 No. 5 pp. 463-471,
1998. Hsmfarﬁﬁeﬁés'%i&&ha?‘ide§ 'b@fettkée byPedt @crﬁémﬁb?ﬁﬂ?“ et al may include HS

havi ng: (i)a nol ecul ar wei t no nor'e than 10% e preferably 5% greater
or |l ess 35than the nol ecul ar wei ght shown in Figure 9 for the correspondi ng

t r eat mentThe heparan sulfate used in the present invention to obtain HS-2 MSCs is heparan

sulfate 2 (HS-2). HS-2 denominates the sugar chains of an HSPG, which have been

25 found to have affinity for FGF-2. HS-2 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 HS-2 Is set forth in Brickman et ‘
al. (Glycobiology Vo. 8 No. 5 pp. 463-471, 1998), which is herein incorporated by - - - - - -
reference in its entirety. |

30
By "heparan sulfate 2" or "HS-2" is meant the heparan sulfate that is described by
Brickman et al. (1998), J. Biol. Chem. 273(8), 4350-4359) and that is derived (and
obtainable) from embryonic neuroepithelium, preferably mammalian embryonic
neuroepithelium more preferably murine embryonic neuroepithelium, and is preferably

35 capable of interacting with FGF-2. Accordingly, this heparan sulfate 2 is obtainable from
heparan proteoglycans of murine cells at embryoni_c day 10 as described by Brickman

20



and/or WD 2011/ 078799PCT/ S&010/ 000481 (ii)a percentage of I|inkages
susceptible to low pH nitrous acid, heparitinase or heparanase treatnent
that i s rwororig7styan 10% nore preferably 5% greater oPCr&s20thanst he
per centage shown in Figure 10 for the corresponding treatnent; and/or
5(iti)a nitrous acid digestion disaccharide conposition wherein each

di saccharide corresponding to those shown in Figure 11 is present and the

per centa nor e
pref er ablg§ ﬁl@ R‘%‘ ﬂ@@qg g%gg/o or %/‘?égt?g%f{emr% %&%ﬁégenit Egﬂ'ct eA) per cent age
conpositi dmlv@,chtwm embwngun@smt hagrhgen found (o bg ¥entipplestan Meuse. BUHBt i on

t et r asacchpihidkert REBMPL tah@aro%ﬁ{usIceuseﬁﬂmetvﬁﬁmrtﬁéseqsémg bd@iveRRl esponding to
t hose shown in Figure 12 i s present dt per cent age conposition of each

an
t et r asac cCReFAAEM ANGGSIRIY ighREPIZHSY (fﬁb?’éa"ﬂ)‘?‘%\“é?%ﬂ/v%b’ﬁfﬁsé”%% 15% 10%

5% 8% Z¥ammakYbirdd! Rptiles oofish ies:anttehmtém%r@ameratnm@parauﬁrpmﬁté2 afd shown in
Figure 12; and/or ase ' '

d d t wh
e iy Roshegtvemaboe sURE rogbemc el Sraars Hme SRR T G e " g
t he per cethitageable eprosiote mfacmftateacdnfecht@aeohvar nndmtelnanmfrsmnecetuhan vige% nore
f bl 10% t
oot 251 e 456 PTPS Ale BRI D5 ot e, compost Lo
a cell t fmbteoglymhn\ﬂru|erarfaaee®t¢ thatliswet togredsnlated t‘;gmia@@gcrf@ sreciggubiit er cells
canqge i dgfkid ﬁaéndtdgte}:hﬁaﬁ’cfr* n& Hzllty( 315“1(; BI%%?W@bgraﬁrsul?d?@Mr rdpe the

progenitors of nore specia erentiati on% he stem cel |
i s 25t her%ﬂféﬁeé’f@a?ﬂi)tﬂaé '%)‘f/e"h‘ﬂﬁm ihﬁén@ﬁ'édgﬂOfé'ﬁ%@?fS%‘?f%?ar( 8kl [vthe 8t pat hway

exi sts i Naiftanibe@BRIeATouEACIEsERIdd by )Rk GaN . (1 9s8YEL Biol B, 2@y are.
therefore cells which are not termnally differentiated and are able to

produce 0359, fBW’]@F"pfeypes Enbryoni ¢ Stem (ESCs) cells may be
I solated fromthe i nner cell mass (ICM of the 30blastocyst, which is the

st aqg of ﬁgjﬂrc%ﬂ rt])|e ob am %lfr?)m%erﬂbrygw & E'a)) ik JEqB)t I%E)us%rhe%f;o%wtﬁehum The

molecular weight of HS-2 is shown in Figure 9 following a variety of treatments including
pronase treatment to remove any associated protein component, rﬁild atkali and
heparinase. HS-2 can be further characterised by analysis of the percentage of linkages
sensitive to treatment with either low pH HNO,, heparitinase or heparahase. The results

20 are shown in Figure 10. The disaccharide composition of HS-2 following nitrous acid
digestion is shown in Figure 11. The tetrasaccharide composition of HS-2 following
nitrous acid digestion is shown in Figure 12. The disaccharide composition of HS-2
following treatment with a mixture of heparin lyases is shown in Figure 13. The sulfation
characteristics of the disaccharides shown in Figure 13 are shown in Figure 14.

25 Methodology for determining the percentage of linkages sensitive to susceptible
treatment with either low pH HNO,, heparitinase or heparanase; nitrous acid digestion

and heparin lyase digestion are described elsewhere in this application.

in this specification reference to HS-2 includes HS obtained from embryonic day 10 (E10)
30 mammalian neuroepithelium, preferably mouse. Reference to HS-2 may also include HS
having substantially similar structure and/or function to HS-2 set forth in Brickman et al. in
Glycobiology Vol. 8 No. 5 pp. 463471, 1998. HS of substantial similarity to HS-2 of
Brickman et al may include HS having: »
0] a molecular weight no more than 10%, more preferably 5%, greater or less
35 than the molecular weight shown in Figure 9 for the corresponding treatment;

and/or
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Pluripotent stemcells are true stemcells, with the potential to nake any
differentiated cell in the body. However, they cannot contribute to naking
t he extr 2MOEPAIBYInenbr anes whi ch are derived from t he PCHSGROI9/086:181
Several types of pluripotent stemcells have been 35found. Multi potent
stemcells are true stemcells but can only differentiate into a limted
nunber of types. For exanple, the bone marrow cont ai ns mul ti potent stem

cells that ve rise 0ot her types
of cel 5 MDY b PEe SRen iokfdes STreePid s oF pPLite i Aefechi®esB'arS  hibon
t hat every or ganhepardriase brealyneotthalds ne mormthamha%enbhayefeammyai"/emreMer dead or

damaged cel s, Vol BatiRaf hetRALARLEChIMTA FAUATYG R i @ncisnayg 11 the art,

and include the Use o £33y et Tods such as criona assay, flow
cytonetry, | ong-treatmectubndiere and nol ecul ar biol ogical techniques e.g. PCR,

RT- PR and gput hehaobL 9kig H@gst!o%%ts%gbﬂatndé E&ﬂb&ﬁ’oh%vﬁé%ﬁpéé&%ls%cméﬁi@evar ety

of types i ncl'udi ng neuronal’, skin and th form nt% stem cel | s which
are the active cERfsSARIMING ta thRsashawp W&M%’?éh@d’ﬁ?ﬁ"&?"% © peiseRiage at t er stem

cell types are ab&ﬁ’pdshn@nléféé’lﬁ\'dih%hcﬁaﬁaé W MbreWdd 20% ahoré Preteralgly Hy®d stem

15cel |l s. Adult s I ture bot oratory and in the body
into functional, g&’ Béc?%lqrgg‘bi gﬁe@ﬁr°fl}ﬁ%g‘aa%%%wtﬁgﬁem@%'}mhunber of
cell types is Ii §ﬁdmﬂ'dnb'§gu’td1131 tapgver of stem cel |l chosen. | nduced pluripotent

S0abe F oot oD oy BRlebus ROk GigplcRdefiRab ERnfE klridlioh Wik &1E ° tYDe O

20pl uri pot eﬁ st%mt ia non- pluri potent cell,
typically an adutetrasasebaride opg'emonblyng tnthese sheynde Figafen! ge pessentiapd thee| | s ar e

d and di S, et.
. (2007), v BoRaye CpeRs hﬁ;‘°“*<e“a§?§%mﬁ°4‘%gg%?2g%g%%ﬁ T et

al . (2007) and Ta'le&ﬁatdhnoaorea an 15%0th% 5°/a’lc1%o°-f%ﬁh1"@r9r§‘f‘t§“?’r‘|‘°c°1§rt%} at ed
herei n by referefp@q,emgﬁtalgggo,ﬁgbg,tﬁm%gwﬁypmg@blm giwdrved. by transfection of
certain stemcell-associate nto ur. i '\’)%'d{]t cells, such as
CGultB T br oBact & heRe R e ginatiar e pyppestioy ettt BROERARFTIER o1 r o
vectors, for exabgtespbritingighhdsetshown ineffigure B dgprasent agd thémarshiage ed genes

nclude the nest b, 11 05t LRL A0RLyS SOW A 863 (01 24 dnbBRHiETY 486, Sox2.

al though it is stgges her genes en ncy of

i nduction. After 1Q4r a¥elreates onless thantherperesntage sampesitiansshowniFigegi n t o
beconme norphol ogygal |y and biochemcally simlar to pluripotent stemcells,
and are typically isolated through norphol ogi cal selection, doubling tine,
or #Arough a reporter gene and antibiotic infection. 35/ PSCs may be induced
from somegiem C&llsl S such as fibroblasts by transfection with one or

The term “stem cell” generally refers to a cell that on division faces two developmental
options: the daughter cells can be identical to the original cell (self-renewal) or they may
be the progenitors of more specialised cell types (differentiation). The stem cell is
25 therefore capable of adopting one or other pathway (a further pathway exists in which one
~ of each cell type can be formed). Stem cells are therefore cells which are not terminally
differentiated and are able to produce cells of other types.
Embryonic Stem (ESCs) cells may be isolated from the inner cell mass (ICM) of the

30 blastocyst, which is the stage of embryonic development when implantation occurs.

Pluripotent stem cells are true stem cells, with the potential to make any differentiated cell

in the body. However, they cannot contribute to makirig the extraembryonic membranes

which are derived from the trophoblast. Several types df pluripotent stem cells have been
35 found.
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nore transcription factors. In sone cases, cells are transfornmed with
Oct 314, Sox2, c- Mc and Ki1f4. The cells may be additionally transfected
wi t h ot hewogen#sg79oncl udi ng transcription factors and/ oPCrsiGRe/ogeses. The
genes may be introduced using a transposon system such as the Cre/l oxP
reconbi nati on system or using non-integrating vectors in order to produce
| PSCs free of exogenous reprogramm ng genes. Transfection 5may be achi eved

using vi rlﬂhltuﬂ&@ﬁt%fe‘?n ce‘ilﬁ%l’bﬁ% Serh @it Eé'ﬁonl;r B@fen‘éhﬁé{é HE%X lifePRurAggehot r opi ¢

virus. Once the_ cells have been transfected grown on feeder
cells bef‘?frt@eﬁr%f’ﬁﬂ@ﬂp'?dhaﬁml‘f’geaﬁﬁwPQﬂté’"ﬁﬁHh‘Bﬂ‘P“‘iW@@'PSI tbatr%‘sf'? s tQler i ved
fromany gihé aalsebf ﬁ@ldloddmenotlt@sihudw& drleas. Muwpeféht Qeﬁlc@ﬂ@é}la@&lna,m 10skin
fi brobl ast l 5’5? Ino'gI Eiﬁ ?I ood Frogﬂenl tor cel bone nmarrow cel | s,
hepat ocyt ¥4 gl ftés é'r‘q that gyery. gjgen tﬁﬁr‘?&?‘é‘é&"ﬁn%@ﬁmé’meﬁ%ﬁ‘%ﬁ%tem cells,
B I y&phocry:blaee dé=d alelaimaged salsmt i ¢ cel |l s and enbryonic fibroblasts. In sone
cases, the cells are not human dernal fibroblasts. The | PSCs nay exhi bit

simlar patterns of gene expression and phenotype to ES Cs. 15 Sources of
| nduced PMethpdsorfehara8edsingsteinsellsSarednaln inghé ed sandavaludedihe beeof provi ded f or

the isol agtémraﬂéssey {hsae;@rgh;st&anap sgg O%Jg%niﬁeﬁchur&gﬁ?destructiOn

of an enbry ormn omat1c cells or germ
cells. THE@'@C%tWMCﬁl teehnignes 29 PCB Hie‘b@B@ﬂéﬁﬂﬂthgmﬂgbfhﬂjbl ear transfer.
Thi ggt echni que invol ves the transfer of a nucl eus froma somatic cell into

an oocyte, or ote. In _sone situations this'may lead to the creation of an
ani mal - huift sntfiyr'gw'ﬁ cemprise Fyjdeynehy PEYYPeSINFuding jeysenal skinasd thy dleefs f usi on

of a huneemsiagretemccelteivhichvaieth@ BctRBicBiboRit Wtdne matvdatmsanthtisi. on of a

human 25o0ocyte or zygote with an animal somatic cell. 2. Reprogranmm ng by
fusion wth enbryonic stemcells. This technique involves the fusion of a
somat i ¢ cHiese l@ttehstem celitypyo aieaist therpimidal feih#@oitwmmlidamoed denyvedIsten | ead to .

t he 4gr eat ée‘ﬂg' /Q;ult %H@"S E%gu#é’ p§th 91 thé H.Par |njthé’?‘BQ&@ntozitg)nctlg’nah

Spont aneous re-progranmmi n ¥1 ture. nvol ves
gener at i gRore specnahsed cell types although the exact number of cell types is limited by the type

of stem cell chosen.

Induced pluripotent stem cells, commoniy abbreviated as iPS cells or iPSCs, are a type of
20 pluripotent stem cell artificially derived from a non-pluripotent cell, typically an adult
somatic cell, by inserting certain genes. iPS cells are reviewed and discussed in
Takahashi, K. & Yamanaka (2006), Yamanaka S, et. al. (2007), Wernig M, et. al. (2007),
"Maherali N, et. al. (2007), Yu J, et al. (2007) and Takahashi et al., (2007), all of which are
incorporated herein by reference.
25
iPS cells are typically derived by transfection of certain stem cell-associated genes into
non-pluripotent cells, such as adult fibroblasts. Transfection is typically achieved through
viral vectors, for example through retroviral reprogramming. Transfected genes include
the master transcriptional regulators Oct-3/4 (Pouf51) and Sox2, although it is suggested
30 that other gehes enhance the efficiency of induction. After 3-4 weeks, small numbers of
transfected cells begin to become morphologically and biochemically similar to pluripotent
stem cells, and are typically _isolated through morphological selection, doubling time, or
through a reporter gene and antibiotic infection. '

35 IPSCs may be induced from somatic cells such as fibroblasts by transfection with one or

more transcription factors. In some cases, cells are transformed with Oct3/4, Sox2, c-
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of pluripotent cells fromnon-pluripotent cells after long termculture.
For exanple, pluripotent enbryonic germ (EG cells have been generated by
| ong-t er VOUID1WN78798f prinordial germcells (PGC) (Mat suiPCESGa010/0038ti vati on
of pluripotential enbryonic stem 35cells frommnurine prinordial germcells
in culture. Cell 70, 841-847, 1992, incorporated herein by reference). The
devel opnent of pluripotent stemcells after prolonged culture of bone
mar r ow de I i pot ency of
mesenchyma W(\!g?degnﬂce e%ﬁseﬁ‘gi &@%#aadu%&%%ﬁ%ﬁabeﬁés Ef@hmél 49, 2002,

i ncor por atr@schrtiogifactesy aﬁ@ﬁ@ﬂ@rheregenw h&le grneh gratbedntioduess usiglas nul ti pot ent
adul t pr oggRusb&dn é?%hﬁsu(:ﬁ@?@@&e@%ﬂt@&ﬁﬁﬁnﬁkn @!/st@rhsd? ugﬁgﬂamrﬁﬁrﬁﬁlgt hat

pl uri pot ent stem cel | 5 can be generated during the course of culture of
germ i ne QG Nagyerde Pl°§“$9r IBR{CA&6R 4t 2xX0gBRALS reRISIIBIMIRGISHRS t F@ys 8e®Ngnat ed

mul t ispot efay 66 aBRiIERE u%tngMrélfﬁﬁbrscﬁldhsas(a'ﬁﬁ&n@@Siﬂhé\ﬂh.@rn@ayﬂie @ ., Generation
of pluripotent stemc

taI se testis
O P e e O B b b Bl B e  he
gener at i ocelebefoRGrarekdrso hyEsdneultt&é mwurrus medi at ed i ntroduction of
transcription factors (such as Cct-314, Sox2, cMyc, and KLF4) into nouse
enbryonic or adult fibroblasts, e.g. as described above. Kaji et al
(Vi rus- f r &8 detigl may ibe defeditony anycuéalds celitvipes inshdipgdurty, toxeskisi fibrpbissts,
[ CPIRO" AN A bAELO!E rat N oI BEBHELI Gtk Murbu R megétga,tesal 50
describe the non-viral fection 0 el n expression
vect or, waesttic epihplial geé@ naméreétmw\lg f’@eltﬂjéfﬁﬁb@"% ldmpmfate%?r gerivedt 4 and Sox2

l'inked W §dmadp oBﬁéoéddj&ﬁbryérIWbr&ﬂé‘sti eIHrsQSté%&lsé%O{hB CBINS8 nafwlinfih Btimal
fi brobl asﬁb i PS ce roduced with this nan-viral vect Oﬁﬁéhow r bust

expr essi ofP'BpIag- uThef)'S’ QE(F@PVWPEISE""E‘T PRitems 9T 9gne PRS00 PARRBEN WHP5R

confirmedeggsctionally by in vitro differentiation assays and formati on of

adul . chimaeric mce. They succeeded in 20establishing reprogramed hunan

cel 1™ ines from errbryonl c f| br obl asts with robust expression of

pl uri pot eBoyrcemofitnduced P n Cellgl are descri bed and di scussed by Shi nya

Yamanaka sevésurrﬁétﬁais%v@n&tm %@&4 Qemeéfﬂm? Soidtn bNAATRRER el 1 fna

Pat i ent - Speci f Pl uri potent Stem Cells Jul 2007

a2007 El sevn@r'eacﬁe)the destuFtionch R EMAYP cF - wrarnétowleae@ducwgb@ﬁ’w ah of hESC

I i nes fropgeigiongémn &1I8S TREBRIMBShSYs iRdigfesi ed bl astoneres. See Kl manskaya |,
%q) Y, Becker S, Lu SJ, Lanza R Human enbryonic stemcell |ines derived

frorisingl e bl astomeres. Nature 2006; 444:512, Lei et al Xeno-free

derivati on. andRaﬂogrlatrmim b)jnduﬁaatnarmfdwrmtechmumwdsshe tansfesof ast at us,

probl ens )ﬁ/{;@?l}él} %IC & lirlt? B¢ E{?}%I{ z&%&g 7) go%e(ss%aat%%g thlgﬁ‘é{) %ad to

Kl i manska ext raenbryoni ¢ stem cel

li nes der thﬁae"deanp@ﬁt %'? wgme’ Wtﬁ@yb%g@b FoF é&ammatcatbemamwea@g bz e 2 19

KI'i manskaygioh.of ¥AUMEn YomBRC e Wwithan @hinddi oo v§6W oy RBiok ofh @OmEe! | | i nes
deriyved fromsingle blastongeres. Natu e. 2006; 444: 481-485. Chung Y,
Kl i nethska§QeyEser Zygig Wi ag animal spmat n embryonic stemcell |ines generated

wi t hout enbryo

2. Reprogramming by fusion with embryonic stem cells. This technique involves the
fusion of a somatic cell with an embryonic stem cell. This technique may also lead to the

creation of animal-human hybrid cells, as in 1 above.

30
3. Spontaneous re-programming by culture. This technique involves the generation
of pluripotent cells from non-pluripotent cells after long term culture. For example,
pluripotent embryonic germ (EG) cells have been geherated by long-term culture of
primordial germ cells (PGC) (Matsui et al., Derivation of pluripotential embryonic stem
35 cells from murine primordial germ cells in culture. Cell 70, 841-847, 1992, incorporated

herein by reference). The development of pluripotent stem cells after prolonged culture of
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destruction. Cell Stem Cell. 2008; 2:113-117 and Dusko Ilic et al

(Derivation of human enbryonic stemcell lines from biopsied bl astoneres
on hunman WOadw/§8Tt h a m ni mal exposure to xenomat eri alPE€T/SEREN0@E8L s And
Devel opnent - paper in pre-publication), all incorporated herein by

reference. 56. hESC |ines obtained fromarrested enbryos which stopped
cl eavage and failed to develop to norula and bl astocysts in vitro. See

Zhang X, Stoj kovic P, Przyborski S, et al. Derivation of hurpan enbryoni c
St o col | BOTTHACIRIVERFG T2 8loa oPEa (<R e IRy 8 &t AP BRPEETPLT 2006,

24: 2669- 2mébertRgmaletenttelid ldeM@AGrdm @cmltdﬁrro\mt\ua@fe afmlmutg go2, of human
enbryoni c, stem current al | en Cel |

Research | 2%953?9%‘%8?%%@%%%“%%%9aﬁﬂ%ﬂg‘#ﬁ ?S&f %P@ 'ROtSS}t al%gﬁer ence. 7.

Part hogenpmgsr_u(ooCeuE’@mAheﬁ)ogBmelsars kt al Blsosietneadtratefibat plwiploteatstenerilscal  or
el ECt§ ' Ca 'ré?‘l%%% ' %nﬂf aeﬂcoﬂpr%ﬁ)rf%bl#ure A efiflithe™ Sl?enq?raé) (ic)e(ﬁ?{‘rlgrﬁ nb& (ftlé) devel op

intoa bl &a st%em ce€l rive
exanpl e, swoasd lestestwhidh, thMﬂetSldnameagéﬂpD@bg@mﬂm@!steM(ﬂiﬁiﬁi@.@w&asats{-em ceI s

derived f ?ﬁ%lﬁﬁé @maﬁgnérgtld?p&‘f)ﬁu?@o g@lsf m i gta‘?ﬂn@ﬁ&et&sﬁ% &dy who

enpl oyed em cal "activation ert| met aphase || oocytes to
produce sitn18@141812,2804)st em cel | s of fet al or| gl n. These cells lie between
enbryonic and adult stemcells 20in ternms of potentl aI i ty and may be used
to derl ve pluripotent or multipotent cells. Hupan unb @L% ‘% - derived

f et al nmes&nchyReATCXEBMINGSM defipesiapipsedor @mlﬁ%g’i‘aﬂ&“ﬁﬂ'%ﬁ’ ri pot ency
(i ncl udi nmeh@tmgus etiated if¢udionRE ¥adscrifithAadors &alchad OctBA; Sex@0¢c- and

Tra-1-81, f h b
b S SR B RS Ao I B BBLCHGT M e
successf ubilqf(\dmsffmemdmytldﬂrwﬂpmnﬂ&tbhcyjmdeaubmqu(emeixalblorméapmlggammst emcells

derived TromyWaRR ‘Hﬁ&% F&@Eg@ﬁxéﬂ\@ﬂéﬁ ?%93 g)gr 'é:%érlb%ghé?% G fhrskictigs during

ext ensi ve expansi on , I ncor POI’ at ed
her el by of&$iagle Aultiprotaiy pxaressianoecter. e gogPEsesthe Criling SRAYENISS &' fret hodol ogy

f?r t hte | §9 Eﬁimooc@fanaegﬁzlm?wﬁh Qh‘?ﬂ@bﬁc@s' tﬁatfchaa%ﬁru@m mmbu%ndcor d and
its potential for car e ner i.on i S en

394- 399, %H’%‘B?%? g’!’ds% & ?FLB%‘?WE‘F Se'?Pé‘e‘ﬁ"al 5?051?% g’bﬂﬁ PFSBTJ%’P Zf& on of
mesenchy rrﬁllunmdtemymmlrlkess fimdicatid a rémogramjmet Isjatoéortfilmeedifunetionallyliylin eb cor d.
NEsenchy . i s el reviewed in
Troyer I SS{?J(T?&ﬁ%Léa egﬁéeh%gt'gﬁ%wga{'@g‘%}éﬁ@?&“ﬁ3@%%"?92 Are a
prim&i veeS@bltshiaﬂ repeodrarPoed hamao rell e fpenmbsy PEORProtdatowismhyst Kim et al

(Ex vivo g %gnegfr%g gn&fmgﬂmn ammi oti c nmenbrane-derived stemcells.
Cl oni ng 35St em Cel 007 "Wnter;9(4):581-94, incorporated herein by

reference) succeeded in isolating human amiotic nmenbrane-derived
mesenchy mietheas hst dré asadibedmanddBdusbéd by Shinya Yamanaka in Strategies and New

Developments in the Generation of Patient-Specific Pluripotent Stem Cells (Cell Stem
25 Cell 1, July 2007 #2007 Elsevier Inc), incorporated herein by reference.

5. Derivation of hESC lines from single Blastomeres or biopsied blastomeres. See
Klimanskaya |, Chung Y, Becker S, Lu SJ, Lanza R. Human embryonic stem cell lines
derived from single blastomeres. Nature 2006; 444:512, Lei et al Xeno-free derivation and
30 culture of human embryonic stem cells: current status, problems and challenges. Cell
Research (2007) 17:682-688, Chung Y, Klimanskaya |, Becker S, et al. Embryonic and
extraembryonic stem céll lines derived from single mouse blastomeres. Nature.
2006;439:216-219. Klimanskaya I, Chung Y, Becker S, et al. Human embryonic stem cell
lines derived from single blastomeres. Nature. 2006;444:481-485. Chung Y, Klimanskaya_
35 1, Becker S, et al. Human embryonic stem cell lines geherate_d without embryo
destruction. Cell Stem Cell. 2008;2:113-117 and Dusko llic et al (Derivation of human

B



menbranes. Unbilical cord is a tissue that is normally discarded and stem
cells derived fromthis tissue have tended not to attract noral or ethical
obj ect i orWWORAUGEWIpl uri potent stem cells have t he advaRCaAHE201040048hey can
be obtained by a nethod 5t hat does not cause the destruction of an enbryo;
nore particularly by a nethod that does not cause the destruction of a
human or mammal i an enbryo. As such, aspects of the invention may be

per f or medembryomit steht !l Mﬁéb(lﬁdnﬁlﬁlobéiedJﬁlbﬁgmél%ls lof hTth%h AR it a RRARIPr epar ed
i nvol ves the destruct of human

excl usi vel cessar| I

or ani ral e’é’r‘?ﬁ‘%ﬁg%x‘?'}oﬂ'}??‘w\%?cﬁt%g%‘@ A@gﬂeg IRRTreRs RAPRT Peie- P“I*?%'F%”B}JFPOMI
| i mitati oincorpordfddrecdin b mffdrgndent ended to take account of Decision 0002/ 06
of 25 Novenber 2008 of the Enlarged Board of Appeal of the European Patent
Ofice. Mesenchvmal Stem Cells Mesenchymal stemcells are known as being
mul t ibpot e®it anESSXlriebiobtaired frpotaafretstealerrihnyosmuhrf dtepred tcleavagerandrisiedde f f er ent

cel ls/ti S&é&%lob{_ﬁﬁ%ﬂﬁéam{ tﬂ&étég%k{égn Gih ! é% ?ng kcﬂzﬂ:‘ Fp?ﬁabtolsﬁ%eet f endon,

and |i ganent ese multipo nmesenc énitor ’S are denoted as
stronmal oPenvatieeffman esmbsyanicaiten celgdipm Welocwg@omaaeﬁgd emBryeRiSienel |

types: hegaisopeseid: ﬁs@@bbéaﬁ@geu%E élmbﬂ%@|dlaﬁvatn3ﬂ§n§£lﬁmé3&|ﬂu§1af10r non
hemat opoi etic tissues are referred as nesenchynal because_of their

abi lity tYneyeriepiemgels: cugent siadysn piobiers age cbe B‘Eﬁ’rﬁe"@@ﬁ’%" @OROr dingly, in

t hi q0speci 768206880 bothtadiphytsthersih@réielehse.( MSCs) refers to nul tipotent stem
cells capable of differentiation into ost eobl ast s, chondr ocyt es, nyocytes,
adi pocytes and endothelium In this specification MSCs particularly refers
to mul ti pot entPathegeresisl(sr Pothapadenesie)f Thisftédmeukiiblves chemicalost eobl ast s as

part of té]g?tﬁéa?gtﬁ'ﬁlﬁat%fn off QFI Hﬁ%kﬂ&aa%gq%%%@ ‘to m@rﬁc‘tmﬁg\?l?{)ciﬁlol bl gr@S' ly

obt ai nabl e Trom nvasi ve ‘techni ques and can be
expanded frem which @ﬂ@%aﬁl!? sp@n n¢llStr@ay lzecﬂecﬂwcf épemanaxlea seatp et B Mybiingagg

l'i nggge. &t&ﬁtﬁf&%hﬁ%%g{ms it Rfs H&%@%nﬂ%at&ﬂ%s@@l%dc%& '%E__’m@fel@ pecific

growm h factors ransform ng growt h factor beta

super f am 83 @drP2H7 Jreismplayge W%@'ef"l'ﬁ?' FRoMEORAT Bﬁ'ﬁ@'@?‘@dlrﬁetﬁ?f@?%f' ns (BMPs)
are i npor ¢apes tdplodiice gzém@bngndrogenl c and osteogenic differentiation of
mesenchymal stem cells. Sui tabl e MSCs may be obtai ned or derived from

bone marrow nononucl ear cells
8. Stem cells of fetal origin. These cells lie between embryonic and adult stem cells

20 in terms of potentiality and may be used to derive pluripotent or multipotent cells. Human
umbilical-cord-derived fetal mesenchymal stem cells (UC fMSCs) expressing markers of
pluripotency (including Nanog, Oct-4, Sox-2, Rex-1, SSEA-3, SSEA-4, Tra-1-60, and
Tra-1-81, minimal evidence of senescence as shown by f-galactosidase staining, and
the consistent expression of telomerase activity) have been successfully derived by Chris

25 H. Jo et al (Fetal mesenchymal stem cells derived from.human umbilical cord sustain
primitive characteristics during extensive expansion. Cell Tissue Res (2008) 334:423~
433, incorporated herein by reference). Winston Costa Pereira et al (Reproducible
methodology for the isolation of mesenchymal stem cells from human umbilical cord and
its potential for cardiomyocyte generation J Tissue Eng Regen Med 2008; 2: 394-399,

30 incorporated herein by reference) isolated a pure population of mesenchymal stem cells
from Wharton's jelly of the human umbilical cord. Mesenchymal stem cells derived from
Wharton’s jelly are also reviewed in Troyer & Weiss (Concise Review: Wharton's Jelly-
Derived Cells Are a primitive Stromal Cell Population. Stem Cells 2008:26:591-599). Kim
et al (Ex vivo characteristics of human amniotic membrane-derived stem cells. Cloning

35 Stem Cells 2007 Winter;9(4):581-94, incorporated herein by reference) succeeded in

isolating human amniotic membrane-derived mesenchymal cells from human amniotic

26



35(BMUWNCs) collected fromaspirates of bone marrow (e.g. Wexler et al.
Adult bone marrow is a rich source of human nesenchymal 'stem cells but
unbi | i calwoept/Es®9 nobili zed adult bl ood are not. HAEMBRPUSESNIS/0ANBIL
LEUCOCYTES British Journal of Haematology 121(2):368-374, April 2003.) or-
Wharton's Jelly of the unbilical cord (e.g. Ta et al. Long-term Expansion
and Pl uri potent Mar ker Array Analysis of Wharton's Jelly-Derived

Mesenchyng,

Differ entl atl on %ﬁ@ %%g@haqulgg tehgglérrllloc %l?r?éggrﬁeggndge achlde%“e’?id by

cul tur e i o Hhislisgue haveteadadnot fosttrast argnler ethisakob OrSeeded at 3,000/cn? in
mai nt enance nedi um (DVEM 1g/1 gl ucose 10% FCS, 2 nM L-gl utam ne, 50 W
penicillin and 50 Umn stre[ptonym n) in 6-well, 12-well and chanmber slides
for 24 h BevsAPIwRaient siemcelisitys thervantageral they faN br AtaiReEbRALEIIE 10 nM

dexamet hagmafdbes A6t @/ugé thRSfesfriitien 8farflerblo, JthBfMpEﬂlEMQW Wmembam%l Cells are
t hen mai nt ai ned for to 28 d?gg with ange, every After

14 Gaye CURSI SR &t udion SF ¥ BUESh B BB LN 4% BRR, SRICEChy od at - 4C
in PBS f otheiinventiontha)t e peforséd yr puﬁfrﬁ@pra&ﬁbeaﬂdxs&@ celitsthatthaee oetldesnar e st ai ned

h al d.S.f d
rmy  15al SGoBReLStI Bl P e el oot etaly Tt SR EIRAN Bt i on
ki t accor aiimgl entbrydssramwhich those eellssnaynist derved.oftys (D;bm:ohlélnmytidﬂaigel ) and
prot@i n SgIES) %Xn&%ﬂ t&%&%%%o%ﬂ éf%ec%ﬂ@'dﬁdo?me%ﬁé RB\E‘%@I ﬁbb@of%e MBCs to

t he adi podgenic finea be ac Ieve ture 1n I pogeni ¢ nmedi um
For exanpkelarggeBeargd Age%aieathatEU&cweemﬁp@ﬁQOﬁﬁe mai nt enance nedi um and
i ncubat ed as above for 2 days. Media is renoved and ceili-are-w shed once

in PBS before the addition of adi pogenic naintenance nedia (DMEM 4. 59/ |
gl ucose, YgsefepymnaliStem.Cellsi ne and penicillin and streptonycin) or
adi pogeni Mefaﬂhﬁnélawnpe@erare:kﬁmxnrasej@mgoﬁultmﬂemam tthitiGhg gotahtial fesul i n, 115 .

/ b hi d
P hdoltet nadteftetenin AREN flsrc B lbéreta AT SR8, Bbie, 33BN teoue i
change evten90FBand ligamsent. Afheee mullipetaot MSsedalyysnal h@gthOIf selh@ye genotaddsned with
oi | -red-0g @éb% éAaﬁyrhan%;éi'n gélﬁpétﬁ{esma%&l?Qthrﬁél R clifypdd: SO be

extracted for ana SIS ferentiation of to the chondrogenlc | i neage
may be ach‘?@%ﬂ@@'?ﬂ? celis angt dronal cellenFhsrie gl fer PRSdiemAtonalstic ISYRPPE  MSCs ar e

count ed apgerfeaddhssRaad Nl céis bBBauselof theirabilify t6 BiFehBge Bs Mmes&ThgmAIRYEM Wi t h
Ca ex c ondro%Enl c single aliquots) with or without 10 ng/m TGO3

( Carfbr ex) SUGIA! £lEn 500 n aliquots were put into 15 m tubes before
centrifugation at 150 x g at roomtenperature for 10 mn and incubated at

37C for 2Agt§:>¥c§n%Afu§ fals dstp\é@f gaEﬁXﬁ r&e@gnéhvpmgﬁstg\dn I(:EII (?/@C% FéférQ‘R?n‘?\uﬁiB&qu pel l'ets.

Pell ets are nmal ]
stem cells capable of differentiation into osteobiasts, chondrocytes, myocyies, adipocytes

and endothelium. In this specification MSCs particularly refers to multipotent stem cells

25 capable of differentiation into osteoblasts as part of the process of formation of bone.

Mésenchymal cells are easily obtainable from bone marrow by minimally invasive
techniques and can be expanded in culture and permitted to differentiate into the desired
lineage. Differentiation can be induced by the application of specific growth factors. The

30 transforming growth factor beta (TGF-beta) superfamily member proteins such as the
bone morphogenetic proteins (BMPs) are important factors of chondrogenic and

- osteogenic differentiation of mesenchymal stem cells.

Suitable MSCs may be obtained or derived from bone marrow mononuclear cells
35 (BMMNCs) collected from aspirates of bone marrow (e.g. Wexler et al. Adutt bone

marrow is a rich source of human mesenchymal 'stem' cells but umbilical cord and

9T



35for 21 days with a nedia change every 3-4 days before RNA is isol ated
using Trizol (lnvitrogen) or cell pellets are fixed in 4% PFA and enbedded
for cryoswotnomi7sry9 Serial sections are nade before sl iPdesGaow/ose48r ed at
-80C for immunohi stochem stry. When ost eogeni c and adi pogeni c
differentiation are investigated under confluent conditions, cells may be
seeded at 30,000/ cn2 and allowed to reach confl uence before 5switching to

th | f | t f St

ol 15 o Bbiefe o Bl Bl BF 1R G OIS UNDHERIC e TR Kl Buledl 6 amy "
sui t abl e ‘detPalp/iagy 12143):368-374 Abril 30GH: oy AMerton'stlely afdihe wnblﬁhal tabeg.cont ai ners
i ncl ude thoge q_%ﬁﬁﬂérmpbﬁb&ﬁaﬁgq i n(’g tﬂé@@r ALy R, Q%Qr‘?o% 475

(TersteggIIE Cont ai ners na ctors” an I nners, for exanple
A " bi or ead¢'yed N?SS”%W?Eﬁtﬁ@rC%'EH Rtem|Gells Qﬁvtaﬁ)égéw?p\ﬂéw%h of eukaryotic
cells, for exanple animal cells or manmalian cells, such as in a large

scal e. oﬂ)ég’l cal h@géatl n volunme of a requl ated 15bi oreactor is between
20 m an 8"%"0" 58?&9!’%?&‘3/'"1?8%!’?%EEQCW‘%‘@qudtcéﬂurﬁl"breactor in
whi ch  oneosteogait enecitundi Rdr @REmprayMEEs @R Hektéd &3, GO0/ hRlshant®r exanpl e,

I
condi 11 orbedity GUERE Y6 Foyase. S FLY) 2 BRER S Aeg Dal PR Barelt by be
used for Wrygkepteraydin)an 6- et siRuwedl androbamkgstidesiar 24 abefpreechaugieg tan be
regypat edhe¥dGehi Q%eﬁ@”ﬂht%%qc% diigr?rrp&ﬁﬂ/lt&e?&néﬁ\%%omg f§ 81 gs%og)%s gy xture

(e.g., air of a mxture o en-an oen andior car bon
di oxi de) .andui0mib Bglvgerpphesphate) Q%g@rthergmalntamed@n L@ttp ag dtawe\Nltixaygedlapart i al

pressure dh’éﬁgéjéﬁaw aheﬂ DWBAI4 @) céllﬁn tr(é?’éHalrr%)ér slr&egmlay %Ib(?&&?lmﬁ/?bFA

Engi neer ?4? nta % second edition, M ;

0 07- 00373 B IERES Arimmunehigagiemissy. Atnddcnd &9 daysthrssis AF. |

\C/ﬂ] f ahr ermmmmmtrkalizanrdleﬁ stoéaeamﬁl n drﬂ@doﬁKo&éﬁ’ﬂoﬁ%mmbﬁ&%h@%ﬁﬁﬁmﬂg (1993)).
Sui t ers,. i.ncl.u ner.s ners are regul ated or

unr zéul atahe |%’§r%§1tc 80?3 nalygiy Eﬂn%g'ﬁ%ﬁ'@ eqgR'e 51“31‘9’% artieg K '\351"?‘6&@9 g"gﬁ’? at or

mechani smanléamheréaslngh&’s@stﬁﬂlabhémagagei)trmds;rotemp;ahip&s nadyi Headxtrasted fond ot her

sui tabl e ggjytators. The cultivation volume of a

Differentiation of MSCs to the adipogenic lineage may be achieved by culture in

20 adipogenic medium. For example, MSCs are seeded at 18,000/cm? in maintenance
medium and incubated as above for 2 days. Media is removed and cEIE‘arewashed once
in PBS before the addition of adipogenic maintenance media (DMEM, 4.5g/l glucose,
10%FCS, L-glutamine and penicillin and streptomycin) or adipogenic media (adipogenic
maintenance media with 10 pg/mi insulin, 115 pg/ml methyl-isobutylxanthine, 1 uM

25 dexamethasone and 20 yM indomethazine). Cells are then maintained for up to 28 days
with a media change every 34 days. After 14 and 28 déys the cells may be stained with
oil-red-O to stain the lipid droplets. RNA and protein may also be extracted for analysis.

Differentiation of MSCs to the chondrogenic lineage may be achieved by culture in

30 chrondrogenic medium. For example, MSCs are counted and resuspended at 5x10°
celis/ml in chondrogenic media (DMEM with Cambrex chondrogenic single aliquots) with
or without 10 ng/ml TGF3 (Cambrex) and then 500 ml aliquots were put into 15 ml tubes
before centrifugation at 150 x g at room temperature for 10 min and incubated at 37°C for
2 days. After two days the tubes will contain loose round pellets. Pellets are maintained

35 for 21 days with a media change every 34 days before RNA is isolated using Trizol
(Invitrogen) or cell pellets are fixed in 4% PFA and embedded for cryosectioning. Serial
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spinner is typically between 20 mMl and 500 ml. Roller bottles are round
cell culture flasks nmade of plastic or glass having a culture area of

bet ween 490 2anh72®90 cnR. The cells are cultivated al on@Cris&2en1000481i nner
surface of these flasks; the cells are coated with culture nmedi um
acconplished by a "rolling" notion, i.e. rotating the bottles about their
350wn individual axis. Alternatively, culture may be static, i.e. where
active agib@nkaf ma?é Béfm%%hlﬁékrﬁé%félréouétesd‘%dff)ﬁdnﬁmﬂ%toaﬂq?ﬁn&}ﬂﬁd By reducing
agitation of the culture, aggregates of cells may be allowed to form
Wi | st sone agitation may be enployed to encourage distribution and fl ow of

the cul t Wy B cyeRi¢hd Tabisogéﬂléaﬁérém@ﬂbrh §ret.me§ugméa Mea&mﬂu@d so as not to

bstantially di t 5 . a |
201 a1 orFondge, polE ey SLaBRp 10/ OOPBEE DN AIPYEH B R s eI od,

Pr opagat istiitchihg to tRafsia@at differentiatiofMriebiadmd eliteed bs shdveure may conpri se
passagi ng, or splitting during culture. The nethods 10may i nvol ve
continuous or continual passage. Cells in culture may be dissociated from
t he substCGulitie @fiStdth&ells and "split", subcultured or passaged, by d| | ution

into tiss sawébt. fBtn3E i ﬁneumgstam' (Fg%.‘n?gééﬁs&d’%ﬁ&‘{:ﬁ;ﬁ&nta&é}@rﬁa%&( / passage”

may genera Iy re er to cess an a uot of a ceI culture
di ssoci atheruged trepropadate siermbt&t Sluijable qumlmraiflcylde mqsaﬁemlb@mtm WSocul at i ng

i nt QOrredlpéﬁgntTﬁng,cgwggidw,mwﬁeagggﬁag)ed one or nore tines. The aliquot
may conprise the whole or portion of the céll culture. The cells of the

aliquot may be conpletely, partially or not confluent. The passaging may
conpri se @dntdumEnas;mmdefbldr&&td‘rglah@mmwésww&aﬁapleo/& “tsibrepdor is2) aspi ration,

rinsing, |n| at| odgi_n r e- seedi ng and

al i quot i r? és‘ﬂ'rzag{e ghe 5@ 8’?\8 cq(ﬂgcff"gwﬁ\i’goamrﬂ%%gg% 'Di ego may be

used (ht tmammhmbraettéglsadm ax:nsdlaga/saalebﬂotypicél@@ﬁﬁaﬂdn viotumie)of aThgulatedl | s may be

di sqgm atbc[.—;:?(}| gé{oraglg Béﬁ ﬂﬂ_n?ama | such as nechani cal or enzymatic 25means
ce

known in broken up by mechani cal dissociation,
for exanple u5|ng a ceII scraper or pi pette. The cells may be d|5500|ated

by Si evi nlg\etHUrQél%} rﬁaysdb'rﬁﬁgégrédlﬁ‘a\f@d &béﬁctoﬁﬂ%hnéﬁoﬁé‘éﬂﬁ&@ cé@&ldﬂscron or 500
m cron sieves. The cel plit by enzymatic dissocjation, for

exanpl e H?aytl?ee%ﬂ”FfE'I'ﬂd %”i%'t%’SFJfab%WH?ée BFYQF'FBPEEE' PISPSHER YIceT P8 di ssoci ati on

may be CQﬁéﬁﬁehﬁg iﬁl’fd rlé@ulbﬂlr@lthes%Q:o'ﬁblﬁord;l aredkh&wh iae e For eﬂa’hyplé wixygdnl e
ion. The . ce

di | t.ure be split n le ratio.
For 205 amsiertggenadpe dead16r Gben SitdigfeisRY TRERBEY baly EKLRRBE & "2 O
1:4 or nuegulaied Sklthe)amqmtend Feuompssition aféhe selem@d )z 3 rpmslsea@egj girogr al passage

gr Tgr ellrﬁiQt&;&ee&‘f?M gg;ii%%%ﬁq%%l entégmd}%ilgérﬂgﬁglofugé) 8uitable d%vnc?s fdt '7 8,

passages @ea%yganngggla@@sthﬁﬁyggg pamai pressure are described by Baﬂey,
(Bailey, J E., Biochemical Engineering Fundamentals, second edition, McGraw-Hill, Inc.

25 ISBN 0-07-003212-2 Higher Education, (1986)) or Jackson A T. Jackson A T.,
Verfahrenstechnik in der Biotechnologie, Spn'nger, ISBN 3540561900 (1993)).

Other suitable containers include spinners. Spinners are regulated or unregulated
bioreactors, which can be agitated using various agitator mechanisms, such as glass ball
30 agitators, impeller agitators, and other suitable agitators. The cultivation volume of a
spinner is typically between 20 ml and 500 ml. Roller bottles are round cell culture flasks
made of plastic or glass having a culture area of between 400 and 2000 cm?. The cells
are cultivated along the entire inner surface of these flasks: the cells are coated with
culture medium accomplished by a "rolling" motion, i.e. rotating the bottles about their

35 own individual axis.
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expressed as generations of cell growh. Stemcells my be propagated for
1, 2, 3, 4, 5,6 6, 7, 8 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22, 23, MM020B/(g8M8rations or nore. Stemcells my be pPOp&GALWIFEE 1, 2,
3, 4 5, 6, 7, 8 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25 cell doublings or nore 5Co-Culture and Feeders Methods may
corrpri se culturing stemcells in the presence or absence of co-culture. The

term " co- gxdrhdtively, Juﬁarenﬁayﬂ&e Ratill 4. Wneréascnt/éﬂ@g.ehomerrtﬁe giriukSEake rhednﬁls of
cells that are grown together. The two or nore different kinds of ceIIs may

be grown &Mot $BPIQYEHe Bé’d?‘?%@sag'@tifé‘ri’f He qyiture; aqasegatss of &plfs ERhpeRliowRd

sur f aces, toG6mf NwHilst §6h& Bgitation frag 88 emplfedltd dreberage Wisigation’ antiGlerldf thenay be
grown on differe nean h arp«i used
e

parti Fee ells i
Por "0r 1 efiiihreTnei pRE e e shiecas e applet o 35 i rutBpplel sy
cont &xt oéggsé@te foerhdtiooL Fotgemde ades rpne byitation \ey. ldss tanBdrproor leés hecur i ng
t he survi L fer n, and mai ntenance of cell pluripotency or 4
mul ti pot e%@/’m %eﬂ) Brlgzuércfpot ency/ mul ti potency may be ensured by directly
co-cultivating the feeder cells. For exanple, the inner surface of the

cont ai ”erPr%gQ%ti%ﬁmﬁF‘ﬁ‘aléé#Ee di sh may be coated with a feeder cell I|ayer.
The feed trients into the culture medium Al ternatively,
or in addMetheds ofiell calieemay campriseragsaginge a1 $Aliitiag duingcuteig: Ting Methedhdi ti on

i t. 1bhe ceBgintbivdeshinBslisncominubpadsa@d. to culture the stemcells. Thus,
arrangenments in which 20f eeder ceIIs are absént or not required are also

possi ble. The invention includes the conbination of the aspects and
pref er r edcéiRah viilitse fhag bé 'tibeﬁbieﬂmem thbetraelohﬂasmamﬂisplmft subtultwed bear | y

i npermi ssible o r.essly,. avoi The s used herein are
for or gan??sﬁ?gec%ob\ '613?'}35'% Sgﬁlcglﬁjre arre' aﬁ‘?? gélatﬁ{é/reggﬁ?tﬂ ued as limting
the subject matter descri bed. Aspects and enbodi nents of the present

| Vel 1 0Nl fohm 3%%% Haplg%aéeﬁmferwth%gfce%&gmﬁmaumaﬂ%fa%@rence to the

accomnpanyi ng er aspects an ments 30w || be apparent to
t hose ski sylieee, digsedipting the cefls FOTHEJEfGWé’ﬁpémﬁ'b’nE’ﬁ'l&'ﬁ@a"‘i’ ioeHRtingriRIR Megium.

| ncor por afRepAA8EGhGmMBY bé Qé&'é@aciﬁe oBFn'oEHc tmﬁ&ﬁ ¢ﬁé Eﬁdugﬂmai cérﬁ@nsEltI@iWﬁ(ﬂe
35Enbodi nents and ex er nts Céaﬂ '?‘ﬁ‘ ; r| nmg S 0 fyhen' nvention
will now Pe Bgriendd licu UfPeF& t %a g '38’6 AR/ ‘ﬁ@ PIRIVEL Y whi ch:
confluent. The passaging may comprise at least some of the followmg sequence of steps:
20 aspiration, rinsing, trypsinization, incubation, dislodging, quenching, re-seeding and
aliquoting. The protocol published by the Hedrick Lab, UC San Diego may be used

(hitp://hedrickiab.ucsd.edu/Protocol/COSCeli.html).

The cells may be dissociated by any suitable means, such as mechanical or enzymatic
25 means known in the art. The cells may be broken up by mechanical dissociation, for
example using a cell scraper or pipette. The cells may be dissociated by sieving through
a suitable sieve size, such as through 100 micron or 500 micron sieves. The cells may be
split by enzymatic dissociation, for example by treatment with collagenase or trypLE
harvested. The dissociation may be complete or partial. '
30
The dilution may be of any suitable dilution. The cells in the cell culture may be split at
any suitable ratio. For example, the cells may be split at a ratio of 1:2 or more, 1:3 or
more, 1:4 or more or 1:5 or more. Thus, stem cells may be passaged for 1 passage or
more. For example, stem cells may be passaged for 2, 3, 4, 5,6, 7, 8,9, 10, 11,12, 13,
35 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 passages or more. Passages may be
expressed as generations of cell growth. Stem cells may be bropagated for1, 2, 3,4, 5,
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WO 2011/ 078799PCT/ SG2010/ 000481 Figure 1.HS-2 increases endogenous FGF2.
Human MSCs (hMSCs) grown in HS-2 (160 ng/m) produce endogenous FGF2 at
hi gher | ewel2s1itd1srydcel | s not given HS-2 (basal), as nea®orsd2onw/o0p@E82 ELI SA.
Cells given FGF2 (5 ng/m ) also produce FGF2 but at 5l ower |evels conpared
to cells grown in HS-2. Cells given a conbination of HS-2 and FG-2 nake
even nore FGF2. Fi gure 2. HS- 2 expanded human MSCs accel erate bone heal i ng.

(A Mcrogr h - T n r,Os I s _of bone

regener at?oﬁgg § 21 %E%’ér& %f1?ag§'§ge%q’%1a%ﬁ%1 Q’agg%’t’?rﬂﬂnﬁﬂ | s,

cont r ol - hNBE. @wmeﬁlsszmd}wrdmwm1 (2B3, 4:}5a6t7 shawiiongt, der tknd ate bone
vol une at r facture In animal s given no
cells, co1nét 321 ‘T%ﬁ/%gbaghsiﬁls%%gk%axﬁ%éﬁwﬁ)ggﬂ o gure 3. HS-2 expanded hunan
VBCs accel erate bone healing. (A) Mcrographs 15showi ng 2D X-ray and 3D
M crg- CT dtoedfise 8hd PoSerd €generation at 7 weeks after fracture in animals

given no cells, confrol -hMSC and HS-2 expanded-hMSC. (B) Chart show ng .
per cent ad\QEtBB%m@bFWSQtCU‘E%@QﬁFthMF@ 9P peesghcerongbeiise 8f expuliureadhare i n

ani mal s gieMereorsit@re!t lefors &Ofin@lre Bf%%r@rwﬂe biﬁer%nﬂiimf‘di%éhshﬁﬁ%e fwhoure
4.von Kossa ni ng resi ng%}l st ol von Kossa

I\/lfc hs showi n

st ai ni ng t89etﬁ?‘fe 19 mere difrareqt k"?ad%aﬂﬁﬂe 'QWPQP the sgme JUEaEES: ani mal s

gi ven no stehlas pamola$ ootell ebfd@inansliridCes? oeupaifferedt sukates. Bhagiferehiekimisng (von
Kosga pos&géﬁg& bggpok & fRs %ﬁggﬁ%ﬁc' fied bone. Animals treated with

expan ave “pbone formation conpared to 25control and
non treated aninmals. Figure 5. Presence of red nanodots indicates that the

transpl arﬁé%ﬁet"&ﬂ?n%%aﬁ%@ll%%ﬂ é(r%rﬂjgeﬁjﬂ)r Bprfaui rsc@f?/ﬁﬁorﬂg IBOJ ggntation

wher eas control can onl ound at stains all
t he cel | diffeseptiyner ﬁ‘ﬁB?)P%m@é gﬁr@ oglh ylturey feeder cells have the functlon securing

the survival, proliferation, and maintenance of cell pluripotency or multipotency. Cell

15 pluripotency/multipotency may be ensured by directly co-cultivating the feeder cells. For
example, the inner surface of the container such as a culture dish may be coated with a
feeder cell layer. The feeder cells release nutrients into the culture medium. Alternatively,
or in addition, the feeder cells may be cultured in a medium to condition it. The
conditioned medium may be used to culture the stem cells. Thus, arrangements in which

20 feeder cells are absent or not required are also possible.

The invention includes the combination of the aspects and preferred features described
except where such a combination is clearly impermissible or expressly avoided.

25 The section headings used herein are for organizational purposes only and are not to be

construed as limiting the subject matter described.

Aspects and embodiments of the present invention will now be illustrated, by way of
example, with reference to the accompanying figures. Further aspects and embodiments
30 will be apparent to those skilled in the art. All documents mentioned in this text are

incorporated herein by reference.
Brief Description of the Figures

35 Embodiments and experiments illustrating the principles of the invention will now be

discussed with reference to the accompanying figures in which:
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Figure 6. Survival of HS2-expanded human MSCs. (Left Hand side)
Representative histol ogical sections of fenurs at week 7 in control (top)
or HS-2-tweabad7smpnal s (botton). NB: New bone, BM BoneCrsGRaw, 00881
Scaffold, HC. Hypertrophic chondrocytes, P. Pores of scaffold and OB:

Ost eocal ci n-positive osteobl asts. Brackets 35delineate the ends of the
defect. (R ght hand side) Representative DAPI-stained cryosections of
femurs , to reveal surviving hMSCs in the defect. DAPI stains the nuclei of

cells bl u;, whi | e thg{ hMSCs t hat were 'pre-l abel l ed with QlIrackere
f1 uor esce 194 Tant i HP3RGTe35E £BAR9CARYS iFfeir?- Aivmandipes (WMSCS) geowd v §SZonf i r m

}4 gezpr esesd rgiml) ppkady edogémins FEF2St higheradveldthan SIB @6t %béwmqmm,ﬂt after
- treat nt .

stai ni g 81 Tbrsuad bebeEr EL bR R raLr itdnl Bhanterkpe OPA PR ol 5 gi ven
no cdl | s, lowentevels chivp@ed hocdiSgibwanip s CelidBiCen 4 nombiaston o H3Fhamy for VW

in HS-2 Megebt t indicates that HS2-expanded hMSCs i nduce a
greater degr eg%g%%\q/%rgégféa%%ti on conpared to control MsSCs. 10 Figure

8. Torsi onal bionechanics. (A) Chart illustrating torsional stiffness of a

bone in geppiéb. (Bls hUxPAtRied huRRAMS & ?ctse&@%t@'gér%rhefa[{@g(gﬁfgﬁ@gr%oh\éeeks post

transplantation_in aninmals given no cel control -h
expanded- ARAYNG 31 Xejge avd ?@Ng@rﬁ-anl"memﬂ bong reaeReratiopatiiomeeksaftei gni fi cantly

greafeer t fiadureGn StiMaligh@AGbteild) caMidIRMSCHRYSE-P exgaal hMse). (B @Hafo! - hVSC.
of extracellular-HS2 fromE 10

Figure 9. A sunmar f the estimted M ) I

neur oepi t A ?W"ﬂﬁr?er%{ga otlﬂ"Eé!dHF‘er%%‘ﬁJ?CE{%f'?cﬂtéd”%s atgydragireoR agimals 1 x 120
cm Sephar gisen G edB, amirariM$E bad H8-Vé@dparded-KMSCr eat nents. The si ze of
purified full length HS 20was determ ned both before and after mld al kali
treatment to determ ne the presence of nore than one chain per protein
core. | n EigdreBon, M2 expandesihnmar MEGst atnelerateehanedealiregp dA) Mixsgrapbasi ti ve

di sagchar iglang'Bs xday ShdBH ‘ﬁ/ﬁchﬁC'ﬁ Iﬁ\%b@é {)ﬂﬂ)ng I?rf'ggﬂ@l%ﬁ&‘?éto} Y&ks har 9e
di gosaccharides froma Bic-Gl P-10"colum and rerunnin emon a
Sephar oseHVEH! eRMalgvenorcelf, centabhMSEroHHDA expandaehMSEk R &hartn Hs- 2
ﬁ uscept i bhﬁwﬁ@ pereeéripdt iR ,volhgﬁaai_t tHel ffh%ﬁﬁe ﬂfédat h&@@ﬁs BAGSraciardin@haha | ed
eparan sul at e lZF was tr %ée t ow , hepari nase, or
hepari ti nd¥e" 3R 6! ’r%?&'ﬁ?'d?@ ghd g{b @‘P@%Q’é%ﬁl“ﬂ%'col um. The percentage of the
total treatnent-sensitive |linkages was determned in two separate
20 Figure 4. von Kossa staining resin histology. Micrographs showing von Kossa
staining at the fracture site at 3 and 7 weeks after fracture in animals given no cells,
control-hMSC and HS-2 expanded-hMSC. Black staining (von Kossa positive) marks
areas of calcified bone.
Animals treated with HS-2 expanded cells have increased bone formation compared to
25 control and non treated animals. k

Figure 5. Presence of red nanodots indicates that the transplanted HS-2 MSCs are
surviving up to 7 weeks post trahsp!antation whereas control MSCs can only be found at
3 weeks. Blue (DAPI) stains all the cells, both transplanted and host.

30 .
Figure 6. Survival of HS2-expanded human MSCs. (Left Hand side) Representative
histological sections of femurs at week 7 in control (top) or HS-2-treated animals |
(bottom). NB: New bone, BM: Bone marrow, SC: Scaffold, HC: Hypertrophic
chondrocytes, P: Pores of scaffold and OB: Osteocalcin-positive osteoblasts. Brackets

35 delineate the ends of the defect. (Right hand side) Representative DAP|-stained
cryosections of femurs , to reveal surviving hMSCs in the defect. DAPI stains the nuclei of

32



30 experinments by EAnin where An is the percentage of total radioactivity
in that peak, and n is the nunber of disaccharide repeat units in the

ol i gosacowarndess™s deternmi ned by the el ution position @Tuschelolooasd

Gal | agher, 1990; Kato et al. 1994). Figure 11.Nitrous acid-derived

di sacchari de conposition of heparan sulfate from 35El O neuroepithelia.
Radi ol abel | ed HS-2 was depol yneri zed by deamnitive cleavage with | ow pH

HNC2. Di sagfdwind, Qﬁﬁerﬁ\ﬂfkéé)llr)Qltﬁg'e%f’é Eﬁ?l%htdﬁgékg%@rjﬁ&feswr% GAff% and the

sanpl es then run on a cm Bi o- Ge e resu t| ng

di sacchar iftHEnljciear ﬁﬂ@q"&ﬁﬁ?@éﬁsb’yﬁfSA%WMﬂthb%lEfeémFGrOf implanpiehemuer e

i nt egrat ed:ellspmﬁﬁlcﬁ@véré@sdé’c@%ﬂﬁ‘rhﬁfnfdeﬁ?af@@W!rédtﬁ%@ntand subsequently, the
percentage conposition in each sanple. 5 Figure 12. Tetrasaccharides from

HNQ2t reat ed HS-2 separated by SAX-HPLC. Tetrasaccharides derived from HNO2
treat®d hel”@gural’r sul viidregrapierstoRing ¥on WilabrSrRiFacal RAVIDBtanify eFisdd P- 2 col um

d h t h Th t
Got er m ned OB CAlTCUIEAR PR) TeTRPERioDas 21 DPESYER "R aets GRME AMACBHpaT ng | ¢
to 10t he teapaidedamaﬁhdnomase«ysﬁamnglfbr Wk iesHS-a i @ edated hctaea dalivatesde peak

nunbers i ri'ha& ggndggl SR ESH %;Qell@e e iR aK Oarr&;tatﬁchAxa Rl & The

degree of atl et ermne arl son ese lat ed sanpl es
Wi th peak§°@}éﬂé’f$&3ed by dual 35S/ 3H radl ol abel | ed sanples (from Dr. Gordon
Jaysq@®, University of Manchester) run on the sanme col um under identical
conditions, 15 Figure 13.Disaccharide conposi‘ti on of heparan sulfate from
El 0 neur 6&MIe Rel i uhPFISPRIAIAMRFhARIER (A Chak Yestiating torsional stifasss eof @ ko at e 2
was Ic;)rrpl Qf@érbéraie(afkgrﬁﬁé b dthbfidnd afidriiaeiuf: iﬂf? IR past tﬂah@@&ﬂ?noﬁh@ g

resul ting _un rate i sacc i SO co nn an

fracti onaf S&S“aziﬂ%%%%fge SrfoBl amwﬁ @Hﬁ&ﬁﬁ ﬁ‘?rﬁb‘h?re N20ar ea
under eac animedsugiveaitiS-CI $©s inaignifindreig igadatet than tomlue sirévigth tinhehirpals gieen age of

eachqgli sagg MARch sanple. Nunbers represent the average of two runs
(for the pr@an(%rcgﬁt&g sanpl es) and three runs (for the 2.3D derived

sanpl es). Over 97% di saccharides were recovered fromeach sanple. 25Figure

14 Sul T at irglré Bar AChRUmPalyCst 19 el RLONAT ePReli RIS ForfiES02 Pool s shown in

Fi gure 13. gure 15. Short’-term exposure to HS-2 increases the
prolifer atnF'(YH eliypche gouyce of HS was subjected to separation ona 1 X 120 cm

Sepharose CL-6B column after a variety of treatments. The size of purified full length HS
20 was determined both before and after mild alkali treatment to determine the presence of
more than one chain per protein core. In addition, the approximate distance between
heparinase-sensitive disaccharides was determined by isolating the non-resolved, large
oligosaccharides from a Bio-Gel P-10 column and rerunning them on a Sepharose CL-6B
column.
25
Figure 10. Proportion of the linkages in HS-2 susceptible to low pH HNO,
heparitinase and heparinase. Radiolabelled heparan sulphate 2 was treated with low
pH HNO,, heparinase, or heparitinase and fractioned on a Bio-Gel P-10 column. The
percentage of the total treatment-sensitive linkages was determined in two separate
30. experiments by ZA./n where A, is the percentage of total radioactivity in that peak, and
n is the number of disaccharide repeat units in the oligosaccharides as determined by
the elution position (Turnbull and Gallagher, 1990; Kato et al. 1994).

Figure 11. Nitrous acid-derived disaccharide composition of heparan sulfate from
35 E10 neuroepithelia. Radiolabelled HS-2 was depolymerized by deaminitive cleavage
with low pH HNO,. Disaccharides were isolated after HNO, treatment of the GAGs
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Proliferation of cells exposed to increasing doses of HS-2; 160 ng/m was
used 30subsequently. Assays were in triplicate. (B) Phase contrast

m cr ogr aphoab11aeB8198 cul tured in control (upper) and HS- 2CEscRaiornongl nedi a
(lower), bar = 200 um (C) Viability levels as neasured by annexin and
AAD- 7 staining using GUAVA software after 8 days exposure to HS-2. (D)

I ncorporation of BrdU during short-term exposure to control or HS-2 after

serum dep’éh&’ﬁﬁ%‘s@ﬁ:pleé@enpﬁr‘?g%tﬂ)@ﬁ‘z@ém% Eéi pp c%ﬁ%/ Whohasgiag of the cell
cycle when 35cultured in HS-2 over 3 days. Control (black CI rcles) and HS-2

(open ci r 8isaacharidespware fiagtionatep by SexHRIKe AfeantRden tecRFEKIVES, n = 3. (F)

WET- 1 net aisdritéd Wth@&sals@@ﬁd@mﬂmmoh@nd EiEEg@sHt Ghs pareaitadeat | ons of
FCS, with érﬂéoea/t‘gbar %P thout exogeneous HS-2 (open bars). Experinents

in trlpllé NYue osure to HS-2 increases the recovery of CFU-F
hMSCss f r om bone 5narr ow aspi rates and sti rrul ates expansi on of the STRO 1

iti | at t f tabl i shed
by FaGs. [HIRERE) § tomeas R RGBT 2 et P R BRChr apor 1 on
of sort ed Tetddaschandes dezived BITRONG: tmate(dc)epﬁmltatbs wgﬂetorlg@aﬂwseoaraied white
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25 Figure 14. Sulfation characteristics of disaccharides from the HS-2 pools shown in

Figure 13.

Figure 15.  Short-term expoéure to HS-2 increases the proliferation of hMSCs. (A)
Proliferation of cells exposed to increasing doses of HS-2; 160 ng/ml was used

30 subsequently. Assays were in triplicate. (B) Phase contrast micrograph of cells cultured in
control (upper) and HS-2 containing media (lower), bar = 200 um. (C) Viability Ievels as
measured by annexin and AAD;7 staining using GUAVA software after 8 days exposure
to HS-2. (D) Incorporation of BrdU during short-term exposure to control or HS-2 after
serum deprivation. (E) Proportion of cells in S/G2/M phases of the cell cycle when

35 cultured in HS-2 over 3 days. Control (black circles) and HS-2 (open circles). Error bars
represent the standard deviation, n = 3. (F) WST-1 metabolic assay of h(MSCs exposed to
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25 then differentiated for 28 days in either adipogenic (D), osteogenic (E) or chondrogenic
media (F). Adipogenesis was measured by Oil-Red-O staining (Scale bar = 1 mm) and
with quantitative PCR for both the CCAAT/enhancer binding protein-a (C/EBPa) and
adipocyte lipid binding protein (ALBP); osteogenesis was measured by alkaline
phosphatase, alizarin red (Scale bar = 1 mm) and as well as quantitative PCR for both

30 alkaline phosphatase (ALP) and bone sialoprotein 2 (BSPIl); chondrogenesis was
measured by H&E and alcian blue staining (Scale bar = 500 ym) as well as quantitative

PCR for both collagen2a1 (Coll2a) and SOX9.

Figure 18.  HS-2 expands hMSCs that are able to clone and undergo multilineage
35 differentiation. (A) Single cell colony formation of cells expanded in HS-2 or control
media. Cloning frequency of cells expanded for 13 PDs in HS-2 or control media in 96-
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pre-labelled with QIrackere, fluoresce red. (E) Representative histol ogical
sections of fenmurs treated as in B at week 7. NB: New bone, 30BM Bone
marrow, SC. Scaffold, HC. Hypertrophic chondrocytes, P:. Pores of scaffold
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experiment and the graph is mean with + SD of two separate experiments. (B)
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25 determined by CTan software. Results are expressed as mean + SD, n = 6 for each
treatment group per time point. (D) Representative DAPI-stained cryosections of femurs
treated as in B, to reveal surviving hMSCs in the defect. DAPI stains the nuclei of cells
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30 BM: Bone marrow, SC: Scaffold, HC: Hypertrophic chondrocytes, P: Pores of scaffold

and OB: Osteocalcin-positive osteoblasts. Arrows delineate the ends of the defect.

Figure 21. Exposure to HS-2 increases the recovéry of CFU-F hMSCs from bone
marrow aspirates and stimulates expansion of the STRO-1 positive subpopulation. (A)
35 Recovery of primary CFU-F hMSCs from 3 different bone marrow mononuclear ceil donor

batches in control or HS-2-containing media and (B) the number of colonies from 1:15
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(ATCC) was quantified. Serial dilutions of BG01V cDNA was analyzed for amplification of
20 36B4 (m) and telomere repeats (o) by RQ-PCR in triplicate and the amount of cDNA
plotted as a function of the average Ct. The formulas for the trend lines shown in the
figure were calculated by Excel and used to estimate the expression of 36B4 and

telomere repeats in hMSCs expanded in HS-2 or conirol media.

25 Figure 23. The‘presence of FGF2 but not HS-2 decreases adipogenic differentiation
of hMSCs. At confluence hMSCs were changed to maintenance (cohtrol; A)or
adipogenic media with or without (Differentiation controf; e) supplementation with 160
ng/ml HS-2 (%) or 10 ng/ml FGF2 (m). Cells were cultured for 32 days with a media
change twice a week. (A) Phase contrast photomicrograph (x200 magnification) of cells in

30 the four differentiation conditions. Cells in maintenance media with or without
supplements faiied to accumulate lipid. (B) Adiponectin ELISA at every media change.
Samples were collected, stored at -80°C and analyzed in triplicate using an Adiponectin
ELISA kit (Otsuka pharmaceutical) following the instructions from the manufacturer. HS
had no adverse effect on adiponectin levels, compared to FGF-2, which greatly inhibited

35 its expression across all time points.
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Suppl enentary Figure 26. Figure 28.Table listing genes identified by angle
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Provi ded are Unigene Ids, Genbank RefSeq nunbers, gene synbols and
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15
Figure 27. Data plots after locally-weighted smoothing. Data colored as in
Supplementary Figure 26.

Figure 28.  Table listing genes identified by angle selection. Genes are sorted based
20 on angles subtended by their loadings with respect to the origin and Euclidean distances

greater than the 90-th percentile on the projection space defined by the 2 maximally-

variant axes. Provided are Unigene Ids, Genbank RefSeq numbers, gene symbols and

descriptions.

25 Figure 29. Gene selection based on coefficients of singular vectors. Filtering of
coefficients was based on a 90-th percentile of Euclidean distance from the origin (black
cross). Clusters denote angles subtended by genes of each cluster with respect to the x-
axis. They are colored biue (cIuéter 1), red (cluster 2) and green (cluster 3) and enclosed
in ellipses. Genes are numbered as in Figure 28. '

30
Figure 30. Projection of the three hMSC patient pools after 21 days of culture in
control, HS-2 containing media based on identified biomarkers. Controls (red circles) are
distinguished from HS (green circles). (Pool 1, 2 and 3, hMSC1, 2 and 3 respectively (Fig.
23)).

35
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The details of one or nore enbodinents of the invention are set forth in

t he acconpanyi ng descri ption bel ow including specific details of the best
node contwopbaiEs79es5by the inventors for carrying out tIrETISG2ENDOI8] by way
of exanple. It will be apparent to one skilled in the art that the present
invention may be practiced without Iimtation to these specific details.
Example 1 20 Met hods Human MSC isol ation and cell culture Human nmesenchynal
stem cel | g; fg\ﬁ:s) ; AR di BBAVRLAL infbiddMENVscotest, 000 ng/ |
gl ucose sﬁ' ('. enent e v{g\nlrtgﬁ%o%/t})c?et aldlélg%\{/??%e, se%ﬁr%n&?@%gbjw th % 1%

peni ci | | i Risyibtigns seje appravi@atelymarmaldmagiahilisinges arenisolUPRENA PV 59 co2
i ncubat or g, Magd)apYREs B8RS Bfladint VALEADERAN inftkQUiaYvié Bis@Rtirdr apseelahs

subcul tured every 4-5 days é 80% conf |l uenc ages 2-5

) ) )., aliquot ro as§
wer e fr ozOWer srariieR CalyfomeahRansmith resreghie qﬁ'i'€21 5 BN H'SQPE%‘?y hunan
bone grar r pier pHddhdPRereldsesntialy en-veabpging withespecascodfiolplistaivased from Lonza
and subj ected to Ficoll gradient separation to isolate the hMSCs and to
elimnate unwanted cell types. Cells were then plated and cultured as
previously reported {Rider, 2008 #85). Characterization of hMC
i mrunopheRiguy®n32.35Flable ooty stetistins | Fudlideatedistprgef estimatesiwere bagedioa

profiles - 25 e CRRE, %@am MeGri ié9a, CD73 (BD
Bi osci encg{sf ﬁ%%é@?@% g_sog\{ég%%ﬂea%@e RO 1 (chl?) Sysltd éﬁn%), or
i sot ype- nastitated within 1@0pogtstigp &saligales-y reported {Rider, 2008 #85}. Sanpl es

were anal yzed using a Guava PCA-96 bench top'flow cytoneter and Guava -
Exprgss Software (MIlipore). 5 Colony-formng units-fibroblastic Col ony

ef ficienc s assayed | h resence or absence of HS-2-suppl ement. Bone
mar r ow rmﬁ&%ﬁ?’égfc%‘glq%‘r’}(téeﬁ’."%ﬂg?'&ne) or hMBCs (30 cells/cnm2) were plated

intriplicate, in 24-well plates and cultured for 14 days as previously
descri bedT{\&i&gﬁs’ %f%gg §h#|§%}ewgb%én9§bﬁﬁe WL ioNRrSsdtidh inthece! | s that were.
not in contact W th other colonies were
' accompanying description below including specific details of the best mode contemplated
15 ~ by the inventors for carrying out the invention, by way of example. It will be apparent to
’ ‘one skilled in the art that the preseht invention may be practiced without limitation to .

these specific details.

Example 1
20
Methods

Human MSC isolation and cell culture
Human mesenchymal stem cells (hMSCs) (PT-250.1; Lonza) were maintained in DMEM,

25 1,000 mg/l glucose supplemented with 10% fetal bovine serum (FBS) with 0.1%

. penicillin/streptomycin and 2 mM L-glutamine at 37°C in a humidified 5% CO; incubator.

Media was changed at three-day intervals and the cells subcultured every 4—5 days (~
80% confluency); aliquots from passages 2-5 were frozen in liquid nitrogen for future use.
Unprocesséd primary human bone marmrow (#1M-125) from three healthy donors was

30 purchased from Lonza and subjected to Ficoll gradient separation to isolate the hMSCs
and to eliminate unwanted cell typeé. Cells were then plated and cultured as previously
reported {Rider, 2008 #85}.

Characterization of h(MSC immunophenotype
35 Flow cytometric analysis was performed to compare profiles of HS-2-expanded and
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counted. Proliferation and apoptotic assays Cell nunber, cell cycle

ki netics (propidiumiodide) and apoptosis (Annexin V) were l1lbanal yzed on a
GUAVA PCAvO@otiaretwop fl ow cytoneter foll ow ng the nanuPQESGREN/0804381
instructions (MIlipore). Proliferation-related netabolic activity was
determ ned by incubation of cells with WoT-1 as per the manufacturer's
recomendati ons (Roche). Human MSCs (3.3 x 103) were plated in 96-well

plates | NedifroRexdALLAMIEE for €D4TR! B PIRAAGLEMNCE), 8006 WeisloRAcd) thdvar Vi ng

time points. assays, cells (2.1 x 105 20cel were allowed to
adher e ( 2SHYOiIHR&D-Sstemsp| aiiselype tiriehed CONRY'S Ba PrRsiguipreposieRiE)iderizl08y e t he

addi ti on g5y MBgingle¥invkfe sHalypbd D6Ng a Baava PEAYE den&%F%@tcmmemsn@easur ed
using the Cell_Proliferation ELISA kit (Roche) follow ng the manufacturer's

i nst ruct | GHVa Erprage SORWRREMIRORf f ect of HS-2 suppl enentation on cumul ati ve
cel | snunber (long-termgrowh), hMSCs were plated at 5 x 103 cells per cn?
and cul t%eld tg} 85% cf n%léiﬁnﬁ%’ 25lifted with tryspin/ EDTA, counted (CGuava
Express SofPRAIPEYNg YA 1HasE | ated at 5 x 103 cells per cm2. This process
was repeaCedny efficidricy caag assayet imbed ipeesehangebsenue©f Hagkkipplempat. Bosee | engt h
Chr onosongl ' f | ' : ‘ absence
of 1152 SHaron BB LTS EERGRMISEARIEAR T wrlE AR TS, )
buf f er (1D 24l pldtes ansteuttured fard 4rdeyEasTAevieosiytigsqeioed {Ridy 2088#885 ny/ M and

RNasg A '@N@ﬁ%&vﬁt’?%r@tﬁa@g&c&%%atWeﬁﬁot ikt RS Sthér doloridy/wdré Was added to
I ch f 5 h at*37C

t he l'ysates, wer e | ncubated for : . DNA was precipitated with

2 vol . of caf&st ute et hanol and 250 mM NaCl. Precipitates were washed in 70%
et hanol, dried and resuspended in H20. DNA was 35quantified and 12.5 ng
used for Er&)}ifj cation of both the 36B4 gene and tel oneric repeats by

RQ PCR, i nA"eq5Py 854 aPoridic@sed¥Sousl y reported {Cawt hon, 2002 #39; Guill ot,
2007 #40C&hndnhisn, cel @Pe Kid&tjc&propidium iddi0) athd @poptdsie (Arpesn V) weex pr essi on of,

t el Qeri CfRREADS AHITAR BEAMBIRRREIROS Brbhail RIGAAGHR fiduturbd vs. 1 09
gquantity) - e fromchronmsomnma I solate romthe human enbryonic stem
cell 1i neing@a:]jms'((l\/ﬁl{};pqw)o@@ligera(tpngelalggyr;etqpolic activity was determined by : _
e incubation of cells with WST-1 as per the manufacturer's recommendations (Roche).
"Human MSCs (3.3 x 103) were plated in 96-well plates in HS-2-supplemented or
_ maintenance media and cultured for varying time points. For BrdU assays, cells (2.1 x 10°
20 » cells/cm?) were aIIoWed to adhere (2 h) in 96-well plates, then serum-starved (0.2% FBS),
before the addition of media with or without HS-2. BrdU incorporation was measured
using the Cell Proliferation ELISA kit (Roche) following the manufacturer's instructions.
To determine the effect of HS-2 supplementation on cumuiatwe cell number (long-term
growth), hMSCs were plated at 5 x 10° cells per cm? and cultured to 85% conﬂuehcy, ‘
25 lifted with tryspin/EDTA, counted (Guava Express Software), and then replated at 5 x 10°

cells per cm. This procesé was repeated for 45 days with media changes twice weekly. .

Telomere length
_Chromosomal DNA was isolated from cells expanded in the presence or absence of HS-2
30 at various time points. Cells were washed in PBS and lysed inAbuffe'r (10 mM Tris, pH 7.5,
10 mM EDTA, 10 mM NaCl, 1% SDS 0.05 mg/ml and RNase A -DNase free) at 37°C
over night. Proteinase K (1 mg/ml) was added to the lysates, which were incubated for 5
h at 37°C. DNA was precipitated with 2 vol. of absolute ethanol and 250 mM NaCl.
Precipitates were washed in 70% ethanol, dried and resuspended in H,O. DNA was
35 quantified and 12.5 ng used for amplification of both the 36B4 gene and telomeric repeats
by RQ-PCR, in triplicate, as previously reported {Cawthon, 2002 #39;Guillot, 2007

40



Stemcell mcroarray Total RNA was purified fromcontrol and HS-2 cul tures
after nom nated days in culture. Triplicate-|abeled RNA sanpl es were pool ed
(1:1:1) WO 20849888 probes on chem | um nescent cDNA ar r ¢3/SCABAPEB1 S
Series Human Stem Cell Gene Array, 10SuperArray Bi osci ence Corporation,
Frederick, MD). This procedure was repeated 3 tinmes for each group for a
total of 3 tri plicate pool ed sanples per group. Arrays were analyzed using

a Chemi - 99,? 2P -Gt Sdol7+6 }[ THe Pé?éﬂv(e\&br@@étod—@f%l%&mc r@Séﬁ%(
rmr e

France) . eéscribe the tine-course effect of HS-2 on hMSC gene
expr essi oanmmaéreéhmgted\fm%m&%%qséet Y%@Qg%'ﬁé"t“)’)d“?f@fm ks based on

anal yses Q'fror%'sforﬁla'l_’ﬂNWl&@été@ﬂorﬁ)ﬂE@ﬁdrﬁ@fgrﬁb SHiOStefi G20 YhaBGU A UkvitteayTpoSi t i on
(SVD) and r|nC| pal component anal ysis (PCA) {Ghosh 2002 #147). The

constructf 8% the signature based on SVD projection.is described in the
Supplsenment ary Met hods (bel ow). PCA has previously been shown to be

sensi tive_enough .to di stinguish between tunour subtypes using their gene
expr essi onte@ FHAVAPE™Ri | d, 2006 #34) and exoprotease activity

20{ Vi | | anuﬁtula?N/QQ%p#r#ﬂa)i froﬁrﬂodtrcltmdg’@sz cultugssnatee Rpmipsted daysiecaltwgal cul at ed

oAb RS RRL AR SL8 30 e £, 0L e
Denni s, zmu#mg\e;c@n@uA@rrmaﬁf{rraMﬁer@g@%ﬁe&tgp@ Gene Array,

thttyg /la upér&@é{@i‘ﬂbé&@{ce @%Fdo‘?éilbhqfrédencg%mmﬂﬁrﬂ%géh@r‘é'% rpezRdy HBCs

expanded s in control or HS-2 containing nedia were seeded at 1 x
105 cel | sfimes for ??Fh%OLWefPT a jotal o3 trivlicatg R?QH%S%'PP'%% ﬁ’erhgfoé‘tpo‘?&ayém?“? eacti onary

PBMCs f r ognidipsRd déih ﬁrcﬂ‘:@l'rm -SRRARBDOIRAReEFasiibDsyshn (J\Rlbéﬂ_cﬁénét tedexr at
di fferent _hNSC: PB algydo nd, t he cellsgépawé sxbesf%ethe
expr essi ohragfe) chsmofe ff,desgy esthﬁiﬂ'é‘e’f@%r?%@ =N § 39 ?/ POl
reported fBasurerdérits) weliabgnstrivttbd tHelgeeelg:eweIBvdrksabmailoatanehsédmﬁymr I\/ISCs wer e
serially passaged._in. dien lifted in
Cryp n) b bl o bl Sl BRtdtacdfiof (FIAE R T oo £
bone- | i kec@apmment analysis (MCA) (ﬁhdsler@BZ éﬂﬁ}oThes@@ﬁt@!C@fg PVB%@QM*WGQHE‘?%ns when
ZE'sreTﬁ'cgt ggn @«/bfzbraéasn%ysenbe%% BRARMbEmRAtaR MEHLEIRRICW) SUPhaTENt S i n the
previously been shown to be sensitive enough to distinguish between tumour subtypes
using their gene expression signature {Bild, 2006 #34} and exoprotease activity
20 {Villanueva, 2006 #41}. Fold changes in gene expression were calculated and the data
hierarchically clustered by function with DAVID Bioinformatics Resources 6.7
(http://david.abce.neiferf.gov/) {Huang da, 2009 #178;Dennis, 2003 #184} and a graphical

heat map generated (http://api.imapbuilder.neveditor)).

25 Immunomodulation
Human MSCs expanded for 21 days in control or HS-2 containing media were seeded at
1 x 10° cells/well in 96 well plates. A mixture of stimulatory and reactionary PBMCs from
two different donors were added to the wells 24 h later at different hMSC:PBMC ratios
and the cells incubated for 6 days before the expression of CD3+ Ki67+ cells was

30 assessed by FACS as previously reporte'd {Rai, 2010 #155}.

Multilineage Differentiation
Human MSCs were serially passaged in HS-2 or control media for 7 passages, then lifted
in trypsin/EDTA, and reseeded to compare their ability to either deposit a bone-like

35 matrix, form lipid droplets or secrete glycosaminoglycans when stimulated with

osteogenic, adipogenic or chondrogenic supplements in the absence of HS-2 as

41



previ ously described {Rai, 2010 #155; Ri der, 2008 #85}. In parallel cultures
total RNA was isolated and the I evels of nRNA transcripts for osteogenic,
adi podgernwo 2and78199ndr ogeni ¢ bi omarkers (Fi gure 25) det @CKiSG2e10480481
previously described {Cest, 2007 #49; Rai, 2010 #155; Rai, 2007 #48; Rider,
2008 #85). Clonal assays were also perfornmed on hMSCs expanded in HS-2 or
control nedia for 13 popul ation doublings. Single cells were seeded into
96-wel | plal i (ﬁép%\; i i r days,
in the pr%@gﬁ%elwgééag%é?encé 0 dﬁsd%ﬁ@d %’n t@g}gﬁ%ﬁ% gwgénégtsgﬁl%l‘%ﬁcy
assessed 5e/atgd apd thedevelefreRNAciranschile &¢r|asteogenic, adipefgaiicaneVECs wer e
serially gragrgeftlc bi&nﬁah@rdo(lF%%@Z% deferASE BS BrePibudipuescrbél {goé@t, pogul tilineage
potential reassessed as above 10 In vivo %one formation osite

scaf f ol ds™O0f e HP ]S HINBICE00 148, Ridsr, 2008,#8%1 Clang) #RzRYE Weliselso parfrmeds cel | s;
passdge 49n NMSEs bgamaed MHD2 BptontioEmedip fdr |13 pbpungontdoublirige] Singl@Beisphat e

(PCL-TCP) conposi t.e af f ol ds{ Hut na 2 #44: Hut macher 0Q1 #45; Rai ,
5004 #46, PEIP BStkpBEPRIRAES LR EASS s Bl Rt Ao e Side) “ana
pl aced i ndays2id tiveepresence buakseptaadfd$S-2 nanddbe veloriy-fbining affitiesgeskesSedbant »
(Tisseel kit , i I . i I - descri bed {Rai,
2004 a6y oRIarEL0E Frat Bt el dbnd st B BIE KRR RS 00 1o
each wel | pragrice of pkseneg ef H$re @bd their multiingedechiotentiel raasaesgsisasabaye.37 C and 5 %
C2 qgvernight prior to transplantation. 20 Rat fenoral defect nodel: To
determ ne the efficacy of HS-2 expanded hMBCs for bone healing, conposite
scaf f ol dsM¢BRPLANA{AGa¥ISCs were transplanted into bilateral segmental
criti ]Ela|1-8§brﬁ)|§&*it§ Ee:gzﬁvfoais cd%ﬁﬁfgﬁr/\jlx.ﬁ y@ez-r;gb&ztgﬁbﬂ:ah%&amsbs prmaﬂ‘déth for the
use o mal e, .- ats._. welghin - . S r the
et it ut EEFOS YRSk oaded 145 Bl TeEabrare e BRp R BeE TRl e
Technol ogsongodite_ReEaltsfhiutndichga RODE#440H Licatiey, 20011 #4pRad 2004445, Rai| 2085 nes.
Al'l Lgur gi r Lared i i (Cest, -
2007 54a5: TR 7B M0 RorB b Aatfih 45 PRbd S dBPORllEES | 5P
via a | ongixed@ith &ibrin Aissed Sealgot(Tissert kisrimriumal Ausiriadin 8.1 rétirasr s wer e
stabi | | zegteViblidly dasehia (RBMH SO #de) el 881 J2edingSt MNSt s BuRId Ak&LAl segnent al
critical -sized defects were 30 created with a ninjature osci| |°atl ng saw.
Each rat Watldpdde sarhivaiand celraverpiculietpd bdhwnidifieg atmogpheret ¥ne 3¢nor al
def ects, swdO} hermighipriad tatransdlartaivar al def ect recei ving an HS- 2- expanded,
hVMBSC;,seeded, PCL-TCP scaffold. After euthanasia at 3 and 7 weeks, sanples
wer € harvested and stored in 10% neutral buffered formalin for subsequent
2D r adi ogiRatpéryorahdeteds mogel: Go deteiming Dersifiivacy efdiipd expardedhiiSQstior kopeCT) (n =
6 per gr an[}?ing,%éﬁﬁbéite%\'%ﬁfdld@éon yRRScs Rere tryngﬁlﬁﬁ{@' t@bifa?é?.laIOgy (n =3 per
group) and 1 nrunohi stochem str%ari n = 3 per group). araff1 n histol ogy,
cel | surviegaienappsiticalcpizegieipeip! eaiertpinepde fais-y e desearchipiplaegl fof the wsedifogy,
cel | survj a&abneaoarhmsa@mbigm%zmzwg WETHE WAL tRe nEMUIBHAI Almadi at el y
af t surgery and ain at weeks 3 and z_ahs rewgﬂslg ghul%[l shed{Rai, 2010
5#1§é}' are‘and Use Committee, Agency for Science Technology and Researth, Singapore
following all appropriate guidelines. All surgical procedures were performed as previously
established {Oest, 2007 #49:Rai, 2010 #155;Rai, 2007 #48}. Briefly, after exposing the

femur via a longitudinal incision over the proximal hindlimb, femurs were stabilized with

~ custom modular fixation plates and 8 mm bilateral segmental critical-sized defects were
30 created with a miniature oscillating saw. Each rat received an hMSC-seeded PCL-TCP
scaffold in one of the femoral defects, with the contralateral femoral defect receiving an
HS-2-expanded, hMSC-seeded, PCL-TCP scaffold. After euthanasia at 3 and 7 wéeks,
samples were harvested and stored in 10% neutral buffered formalin for subsequent 2D
radiography (n = 6 per group), 3D micro-computed tomography (u-CT) (n = 6 per group),
35 cell survivalAanalyse‘s (n = 3/group), histology (n = 3 per group) and
immunohistochemistry (n = 3 per group).
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Resin histol ogy Selected femurs were subjected to undecalcified resin
processi ng/ enbeddi ng i n nmet hyl met hacryl ate as per our previously

est abl i she0 201188 { Sawyer, 2009 #80}. 10Transverse se®CIroo20M@®p@scut to 5
pm and stained with, MacNeal / von Kossa, and exam ned under an O ynpus Stereo
(SZX12) m croscope. | mmunohi stochem sby The procedures were perforned
according to our previously established nethods 15{Sawyer, 2009 #80).

Ti ssue sections were incubated with the pri mary anti bodi es for osteocal cin

(Abcam ‘Q‘% or t sama concentr of nouse 1gG (Caltage
Labor at or'T% ?ﬁ’%gp{qgﬁ Hﬁ”’(ﬂ&a Aad"?ga‘?{ﬁf Eﬂ’ﬁ’%l) Statistical

anal ysi s 2Ha¥h ansa;lo@ypdeﬁsewtvethrasjsmd&nag’iag)ﬁfemuralwelreaa'tormhd ee i ndependent
experiments sured in tri sts were
por t or nedisaRE AT SLdR ol Apkb sRhedR Eanat s pRLoR WML E° P 1
are barked56).th a single (p < 0.05), double (p< 0.005) or triple asterisk
(p < 0.0001). 25Results HS-2 increases hM5C growth and maintains their.

viability We have previously described an FGF- 2-binding HS (HS-2)
{ Bri cknmarflesiofggiolegB: Nur conbe, 1993 #29} with potent bioactivity towards

neural pr&gatisPemar Were s@lﬁ&ﬁé@ﬁo Jﬁ@&ia?mﬁeﬁ r@s@%?o%@ésuﬂ@/érﬁl%ﬂm @ stemcells,
I ncl udi ng hMSCs, we.exam ned the biol o Oactivit S-2 in

sti mul at | RefYmethagniairsasoRer gHr ARMesly o5t "ﬁh%" reetheds WeWyerv XS # 5 ed whet her
Hﬁ- 3ocan TwHversk saa@naw&ﬁdl fnaiepmfaad@tamedwmmxmsum Kss&)MBEs to yield
t erapeutlc nu ers of cells 2 éioss of ‘multipotentiality.
Fur t her mo?&™ “88?&'%9'%@8“%‘8{%? 321% )IEPREREed cel ls were able to enhance
bone formati on when transplanted in vivo. 35 Pilot experinments reveal ed
t hat the W(jngﬁi!stogpéﬁl% for HS-2 in enhancing cell proliferation
The procedures were performed according to our previously established methods
15 {Sawyer, 2009 #80}. Tissue sections were incubated with the primary antibodies for ,
osteocalcin (Abcam, Cambridge, UK), or the same concentration of mouse IgG (Caltage

Laboratories, Burlingame CA, USA; as negative control).

Statistical analysis

20 Data are presented as means + S.D for at least three independent experiments, each’
measured in triplicate. Two-tailed unpaired t-tests were performed and significant
differences between the control and HS-2 groups are marked with a single (p < 0.05),
double (p< 0.005) or triple asterisk (p < 0.0001). '

25  Results
HS-2 increases hMSC growth and maintains their viability _
We have previously described an FGF-2-binding HS (HS-2) {Brickman, 1995
#28;Nurcombe, 1993 #29} with p‘otent bioactivity towards neural precursor cells. Because
FGF-2 is a potent mitogen for stem cells, including hMSCs, we examined the biological

30 activity of HS-2 in stimulating the expansion of hMSCs. In this study we investigated
whether HS-2 can support and accelerate the ex vivo expansion of hMSCs to yield
therapeutic numbers of cells without loss of multipotentiality. Furthermore, we determined
whether HS-2 expanded cells were able to enhance bone formation when transplanted in
vivo. ‘ '

35

Pilot experiments revealed that the optimal dosage for HS-2 in enhancing cell proliferation

43



is in the ng/m range with 160 ng/m vyielding maximal stinulatory activity
(Fig. 23), consistent with our previous studies {Donbrowski, 2009 #82}.
HS-2 at 1O 2ag/01879Pncreased the proliferation of sub-coREI($E62010HWMBEE over a
6-day period by - 65% (p< 0.005) (Fig. 15A), consistent with m croscopic
observations (Fig. 15B). This increased cell 5nunber is due in part to a
nodest increase in cell viability (data not shown) and reduced apoptosis
b;::lfsedt on ié.\nm?s :nQInV r&lﬁfgéil\(n_ﬁth 60 ogind yielh"ﬁ'@T%iﬁﬁaICHtiFﬁra'tdﬂ aaiviy {Fej. @8pn HS- 2
effects on cell cycle kinpetics versus e er at - qui escence

ranal 1 TSRS o i RDe sERiea T o Br Ao et He & BN T en s & |

Ser um depintregskdgbe prafiferdtion ef dub-conflens hMBTE averch 6addyhpesied byn-i68%t (pe

absence/ p e HS- 2., Ser.um stinul ati . S, =1 ntry by
I h T n CEO0EE 2 oS Bl o BR B ). Bis AERREREEAS T DY
i s mich gmaestiegis dysdmpiBtosa mbdestiinateasnin(dell yiabiliyMata 8ptrahown) gnd reidicedi ncr eased

t he anou t ; T al. f erum.
stinul at P%)r?g = g.a%fg% Aaﬁ%ﬁs\/ ﬂgfr‘?bgg' '51‘%—%?? g?‘%g‘? R%% géltqwggﬁg?) a2It éﬁéerc%gr essi on
t hr ough GIn eelisyele kingtidsryemus iecpseliferationaiuiessense tFnsitipn,rRperioBed a8  of

cells th h kp&i Ci8b &AMl PN EOYiBteRtdeMWElel MUl at i on.
Because a&sepgoag% ea?és‘nnﬁﬁéa(f%ct@t heEqGO’ Gl tr‘glnsi thi"o 3 addrﬁézgg whet her

- ¢ . n, ,
HS- 2 coul YiMyRiedvyith se1em i HeiabesnceirieseBes PidiRsy: %ﬁfuwé@“\é\gt'%@é by WST- 1
gssgmsl It f'l@"[dasgéﬁtiryt By 1504 @l thé abstint&presetcatot tiSIRwdvel ihe naﬁibél\/éftcyéllsl( ifisy. 15F).
adual |y _decreasi.ng ECS 20 entrations [ﬁ 10 to % I I n

reduced pPBPFSIPYh Q%‘éatﬁﬁlfqo\?i?ﬁ/]g S{E'BV\'Ea\'f’é'r(elgn% 213 W@%rﬁ—gsé ch?e%%g«%ﬁ t he
m t ogeni caraaurnit uf GL/Modells-BiE nobtheimariysial\appeqrancecafier $eynmestimmiatien (Figst i vity
| evel s at,2.,5%. R e LT L1 0 LiGdN . HS- 2.
Furt her rm?%,)'sgﬁ: S?\% %VlgB%eﬁﬁ%%ﬁ%%ﬁ%%@@#%ﬁ%&%@ _@ﬁ%t?r{bgd%mr e robust
prol i f er aphage apd G2\gntry buli ratherBe pumbeir{cels that antas throseiheyclefis® G}  10% FCS.
| nt aisest i Ridwing SeromREmERBeY.ation with HS-2 caused hMSCs to rel ease
significant anounts of FGF2 into the culture nedium suggesting the
sugar-triggered formation/ enhancenent of an autocrine |oop (data not
S hcr)mvm) : bC_Bédaesé H8edl appebisas afféct tHel CEGH mdhsitdre welxatrebedwhetio ¢iSs2 soude| |
nunber by. st i at i opul at | of normall I esce Js.t0 enter the
o't cye! oy i biolfetyd @Riecy or P 3 s Y b v TRERNS v kofud? 7 6
suppl enenpratfectiomfdlaed metabelid adivitydpige Wait)y Giraduahydédreasing RSCs, we per f or ned
f1 owaCyt O fatiBRGH IR oS!t RoBedGrbrSratiadilifys tHowbalh ughed
pr o:‘lﬁlol es on eatﬁt'a'%éés@égéﬁﬁs%g“'%%é Iﬁé(r)t ge(fcﬁi gﬁraelxp_? elslgyisqn of CDr3 and CD105
and mderﬁ?ée@ﬁﬁ}lﬁ % B1¢ raitodens astivity af ISTRwWAs mapkegly MpiRyed. fHEE@ME | s wher e
theln fu;I t ?&a&nﬁn@%@&@%Flosmmg@!ms%rth&@wma%mwmumem and agai n
a2 Lo ba s 1o FEbr bhE: o ot inbrel bR Beerdié ! ted 10

activity with HS-2 compared to the normal dose of 10% FCS. Interestingly,

25 supplementation with HS-2 caused hMSCs to release significant amounts of FGF2 into

the culture medium, suggesting the sugar-triggered formation/enhancement of an

autocrine loop (data not shown). Collectively, these results indicate that HS-2 increases

cell number by stimulating a population of normally quiescent cells to enter the cell cycle

and sustain their proliferation.

30
To determine whether HS-2 supplementation affects the immunophenotypic profile of
hMSCs, we performed flow cytometric analysis of sub-cultured cells. We first established
profiles on early passage hMSCs and noted high expression of CD73 and CD105 and
moderate expression of CD49a and STRO-1 (Fig. 16A). These cells where then further
35 expanded in control or HS-2 supplemented media and again analyzed for STRO-1

expression (Fig. 16B & C). HS-2 treatment resulted in significantly greater STRO-1
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expression, and especially the STRO 1+bright popul ati on. Mreover, in a
separate experinent, we cultured | ow passage hMSCs conti nuously in HS-2
medi a f orwopotimn78®9popul ati on doublings (Fig. 16D) and morsd2eiorvardged
increase in the proportion of STROL-expressing cells. This was in contrast
to cells maintained in control nedia, whose 5proportion of cells expressing
STRO-1 continued to decline. This finding was corroborated by col ony

ef fici enC¥>8ﬁés%%\ﬁsand’\ésthc|§|§ the @’Fﬂ@nﬂ%ﬂgfﬁ%‘)lﬁatﬁ;nt foreblePPRI4phiaan doubl i ngs
forming -50% nore col onies conpared to cells cultured in control media (Fig

16E). Col PXRCFiMeRl YecHied lewpeassagedWisCs gegtinyagsly ihHS-2mefia bRt ef f ect on

t he STRO goguifioh uu@)nﬁ@pm.gatwpﬁaﬁdwﬂied ai;ma’ﬂ(bmr%kéé%é .rpmerprdpbman ohSTROt ure. 10
Human I\/BCf_eeefganded I I—rl% termin HS-2 prolj yet retain

adi |
thei r ARG RaSEoaRTE BaiAeart SO OSMeORVISEMe h Of  AVECS
cul t &res, pMﬁonﬁﬁrbe cﬁmg*ﬁrestsmgdﬂm micotinuéd td deeing. Erhmﬁaiﬂnﬁg%s Expansi on of

hIVBCs for clini cal | requl 5ce||s L9 or up to
one nont hccf"lObor ?Ony %E'Ir §n‘éyu¥siséysdo§té?%ﬁ%?)é°af‘f’ lsls%‘i?t%ro{r#Ft’o%\%%g'aer&panded
hMSCs i n doubliegs fb@l@g 050% onre mlomwpramdto\nelmg:tﬁsmeam cantrebmedia(fog ol s

{ Hay nesmﬁé%?&%%ﬁveﬁ%ﬁesﬁade i\ ntggg&t%ﬁgt I-i%f_éh%?é{ BR }996%9 effed 9 theogTREIsval |

1997 #33} tures.’su wth I'n an order of
magni t udePofive peem'atspntt rs@awta"@ldsnvaﬁtﬂmm@nwezl days (Fig. 17A). To
det efgni ne the long-termeffect of HS-2 20suppl enentation on hMSCs, we
performed a series of assays that exam ned tel onere Ieng{%h CEU-F

f r equency/Ui %M?&,ir?éﬁ@ﬂ%?ﬂéonga{ﬁ@' iy ?Prq’f@éiﬁ@ mare feaabnyet t?’Blt{’eﬂot ential .
Cel | s expmodipstehicyr 15 PDs in HS-2 had significantly |onger tel oneres than

cell expapd n contr b no.telo t t
coul o b B A fhy RO el et & ot & PIRCE P wh e R R G et & as
pr evi ous| geterspae itsddnd-ttan &ffacs. Ekn:am))npsmwscgﬁﬁ@mcamae tyBicaityrieauires 2002 #12}.
Al SOy5 rep@éhh%’b%’@xﬁ@?&'fﬂngud"Fa%n@%onﬁ?t%%%hu@%eegtﬁé!'rérﬁauﬁé‘&éé%t(b{%ﬁosﬁr@:lb_awm ities

(data not st whet her exposur e versely

af fect ed YVeeexpamsied hSis:in pherdif-2 at@nﬁa'rwa olewieg spighlished PetperlFzed af ter
at | e;ist {’Lfayl?éﬁvongihﬁagamm&@wamoé? ﬁﬁ%yn%@ﬂoﬂh%@@#ﬁ%as@@ﬂ@ﬁgmé l ?E reased
S|gn| |can I n r-es an re I ne u ange I g.
e by “Clftles TupblBrsMiedartH:S resaied o Yo Pap T Be WIEe CHBIGRY 13, f ol d
nore cell eorluyslstdftesmly pedéysi (Elg. 17%)) To Yitennménd the dargktem eﬁe:b%bﬁﬁ&@ne t he

adi %genl g (9#) nta}iZE‘})P Ihﬂl%\%‘%() ﬁ rﬁn@jg SEIJTJ{ t%}‘ a%Q%sQH&%Qé 9185' ieﬁc}grﬁé:rbg 179

pot enti al se ce ure e differentiating
medi a usi leggth, Cobi frequemrny, mm@@nhgtompggarwanuluma%ﬂaﬁb@gwoappﬁemaihes

Not ably, HenstexpXmiad6 5%4 i Hig h§a Eph.ﬁéanuprong& tél@ﬂ%r&@ﬁﬁﬁaell'e&?érﬁ@é ed
mul tipotentiality conpared to contro Moreover, the abil
in control media (Fig. 17B). Notably, no telomerase activity could be detected in these
cells irrespective of the culture treatments, as previously reported (data not shown) {Shi,
25 2002 #11;Simonsen, 2002 #12}. Also, repeated passaging was not associated with

karyotypic abnormalities (data not shown).

To test whether prolonged expoéure to HS-2 adversely affected the hMSC phenotype,
surface marker expression was analyzed after at least 15 PDs. The expression of STRO-
30 1, CD49a and CD105 was increased significantly in the presénce of HS-2, and CD73
remained unchanged (Fig. 17C & D), despite the fact that HS-2 supplementation had
yielded 13-fold more cells by this time (Fig. 17A). We next sought to determine the
adipogenic (Fig. 17E), osteogenic (Fig. 17F) and chondrogenic (Fig. 17G) potential of
these cells when cultured in the appropriate differentiating media using a combination of
35 histological and PCR-based approaches. Notably, HS-2-expanded cells had similar, or in

some cases, increased multipotentiality compared to control. Moreover, the ability of
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these cells to enter either the osteogenic or chondrogenic |ineage was
particul arly pronounced. These data show that HS-2 significantly increases
t he prol iweratlyge798f a subpopul ation of highly multi pot @T/SGSNROOMS1
expressing) hMSCs that have |onger teloneres. 5 HS-2-expanded hMSCs retain
CFU-Fs and are nultipotential after single cell cloning To rigorously
denonstrate that HS-2 supplenentation is capable of targeting the expansion

of true nﬁé@@@éngmaént&teﬁnérq&é l)s°teodé’?\fmrch6rhﬁ5beﬁlcmné§ﬁa WRSHrRulaaps  of

progenitors, we evaluated colony formation and multip otentlallg of single

cel | cl onergnaysicad|Thpeariata shavhiDBEES B siafifisasinineeeses dRaPPFraed B85 n eit her

HS-2 or Csuvpbﬂhatrasﬁ@rmgh|§lnmlpateﬁe1smowéﬁpr&@a@dmsmscaha%ambhgeme|| pl at es
and cultured for 2 weeks. The cells expanded in HS-2 showed hi gher rates of

col ony fo&$h (129 than cells in control media (7% Fig. 18A). The
mul tisl i neage potential of parallel colonies was also assessed by adi pogenic

(lipid ac Iatl e al i,zar ) hondr ogeni c
15(al ci anﬁ %(pgmged)#%%)s a@’a@“@‘fggﬁ”df@ %ent% Smg urc'ia {zlglf)ﬁ'ggnfi rmt hat
hMSCs expandgatousty demmnpirate érat &1Sas2 stiﬁfble@enmtlanls Ctahelple Ofrhargeilm)thent iality over

control %‘JJJ afsi6if B &@‘?ﬁesfeﬂéhy‘iﬂé%%ﬁ»’@ué“ﬂ%é’ﬁhéﬁ a Rid Spﬁgmamisw of hMBCs in

HS-2 mai nfains t nal vet t'at1 ve neasure f sternness in hMsC
are nost @ﬁowntorsw@ﬁv@uat%g@mxfn"‘a@@e§§mﬂt'peﬁen&aiwfém@@ qedcloresye cul ture

pl asgpi c, bma%h‘md%@v.aumé}p%naéu%m PDEHMGﬁHQ&S@ESnt{dDﬁﬁHiQI ci, 2006
#185} and i n viyo bone formnation Shi, al so él |ized gene

profi | i ngSingiegeliswpty Sé‘?ﬂ?dﬂ?tPﬁél"b‘é\ 'WE'(')PJﬁ@ﬁ@H? C'QH%‘FCK/@T%W{E%% I a 2006
#41} ( PCAexpan@ed ih $18)2 stsowed Highet mmlcbloapméﬁ@ (32%pthah celzds esrdrot he ef fect s

of HS-2. 25A t_. ed qn. hierarc cl.ust R0 reveal ed
Chat genetede Gk HF el g mallnSagr i el el SRR W g e 1o T g
wer e downby adipdgabie dlipichaccomulativry, ostérgesiadalgenesdistaining)euidichorsisddenigonri t nment.

and @i ffe a?aud fRd a&nmgffssgf%rﬁgg Jﬂ&s{datgfdﬂﬁez onﬁrm paf ﬁM?é& @Jépa'?l@é@

annngst t genes no ose 1 nvol In ce hesi on and
growth ari@ tlpﬁ piepenea of blﬁé’rrew tﬁﬁbﬁwpolen%a"yew@scwgt cq!lamqnegfm%f d,

30nmenber sghfie hitfoafet pped TGE famlies are promnent. Array data was then
projected onto the first two nmaximally-variant singular vectors to create
an expression signature by singular value deconposition (SVD) (Fig. 19B)

{Al ter 28Q5hnsidb oFHaVIS€s in ROQ0ndiAFins (Heiprletyent ary Met hods). These data show

 hat, GG, AR5XRAME. LB LG DLSSRISE 61 1Bl OBRReSEELFR) or 21 days

had 23 di Ve ne” expr essi on S uré an uster with cells
from ot heasaesmnmmcglerelnlcktp tissne. pldtur%ellaﬂ@ ingunophenpiynin prafie @ads. However ,

clusterin uﬂﬁﬁ%@@gs&% gﬁorﬁlHllcf* Eﬁ@ﬁj#fégﬁ aﬁt?/nq;vo‘b%ngﬂ*%ahd'h {she2p6egence of HS- 2

and contro was apparent . hi s sug{g sts that HS-2
yi el ds a ¥Wealsadlizedpsne Pé‘?ﬁb'PﬂaﬁFLE égf%/%?dd%ﬂ”c@?‘ SPBIPH@@?‘ apaie'? 61 MatfY& . To
det er m nezwm?(pcme.m@) Rifger stemasll spduifttaral e assesamhe elffectg efieS-@xpr essi on

s gr]zast ure 6t‘1ea’t aXp gased on hletrarchlcai clustering by function revealed that genes associated
with cell cycle progression and mitogenic signalling were down-regulated in controls,
whereas genes involved in cell commitment and differentiation were down-regulated in
HS-2. Of particular note, amongét the genes most up-regulated, those involved in cell
adhesion and growth are prominent whereas amongst the genes most doWn-r'egulated,

30 members of the Wnt and TGF families are prominent.

Array data was then projected onto the first two maximally-variant singular vectors to
create an expression signature by singular value decomposition (SVD) (Fig. 19B) {Alter, -
2000 #36;Holter, 2000 #37} (Supplementary Methods). These data show that h(MSCs

35 expanded in the presence of HS-2 (open circles) for 21 days had a distinctive gene

expression signature and did not cluster with cells from other treatments, like control cells
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50t her donors was conpared to the first donor. They al so clustered together
on the basis of treatnent. This indicates that the effects of HS-2 were not
donor - speyP20L/078198 t hat gene expressi on signatures pro®GES6G2oM/ 08B can be
used to reliably conpare cells fromdifferent donors. 10HS-2-expanded hMsCs
stinmul ate robust bone formation in orthotopic defects As hMSCs have been
shown to exert imunosuppressive effects {Aggarwal, 2005 #214; Shi, 2010

#187}, Wec hfeﬁtfor%%% H&Né{%;' Qzﬁme'?ﬁ B@Weeﬁ'E:elf‘s%ttur@d'ﬂ#%Z%@@ﬂﬂsQﬁ‘tHen HS- 2
had any verse fect (Fig OA) . Hunman MSCs were exBan ed for days in
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ratios fo ?ﬁgZa 1?ﬁé;}fter whi CD3+ Ki 67+ exg{|e55| on wa HS-2 did

not i rrpal Y83 (Rhptte §|S§?é" €508 SXRYPSTHLS'IAES FWS% ;&m Sught to
det e neotidrafohers wasgmpareditethe\irat dosorpaines aiso cllistdeMBﬁgeihar oighe bagi® af f ect ed

their ther g:%stg\i%n r#}:fle{‘é'é%%%eagg? rﬁﬁ?c%o o% ?%e'r@{\ dgngrl- Q&ﬁéﬂ t\¥ tHa | evant in

vivo bone® oR W EhIH t he  0Sseous

assessed dpneXxpmysiamsigpat@Es prodgiatpya3V3 cambe Usaegde kaliably somganegeﬂwf me d
dermnstra&ﬁge,gttb%ogglvsc transplantation resulted in bone repair that was
nore prom nent W th HS-2-expanded hMSCs (Fig. 20B). 25Quantitative analysis
of the p-CT i mges showed that new bone formation was accel erated in

def qgt s tH@@&BaH&JJhMﬁ:&tM%@ﬁ%@%&Eh& in¥hdtopiBaBRcRr | dgi ng was not
observed in an the treated fenmurs, as this occurs %4"%5%04 ater stages

of bone r%wgéapﬁﬁbe@ﬁﬁw%&%@g IPRWNesLIPpresEVe BifsAS A09 npl ant ed
hMSCs, sefraisil zded) 0873, Wefiret sougrtte deterhine adkiher tdneibhucte rerpgprsonlimbsl ed wi th

k | 3 K
o o RS Mred 8, A Evsth R PR R pLo AR LR oL LS
femurs (FAH8:2 d2@6ntrol hind thieh ghalkehgedowithom maxdure ©f stinhdétorwseed MCyOﬁamHBMCS
co-ligeal | ol QufEIBRRRAb! of BirERhl AvsEPHME B0 i Bfayd bratQichRigyuned by t he

transpl ant nostal nin uman nuc speci fic anti body
further VvEPTT pxriessing yasaseersed.dis- qurulrn@am%@qusnme%%%ﬁfé@f site. By
7 weeks, {HBevmeds | abeled cells still present in the defect site were from
hMSCs expanded in HS-2.. The healing potential of the transplanted hMSCs was
further verified 7 weeks post-surgery by histological assessnment. H&E
sections wferdetfsmglst t6 détehﬂhélg!héiﬁeﬂaﬂgémncbadqv&mbeﬁﬁsmneﬂbmw img&2oone- | i ke

tis e, h I Q x{bdi C 'f L SRt Do gsochondr al
ossiTi cat ?fﬁeﬁe@% W?'%g‘ta 'cylklﬁ% ‘Nhg@ ?pﬂs?l? B@r%(tf%ﬁ% ekgrﬂho‘ét gone

defect model Bone formatlon within the osseous defect was assessed by X-ray and p-

CT imaging at 3 and 7 weeks post-surgery and demonstrated that h(MSC transplantation

resulted in bone repair that was more prominent with HS-2-expanded hMSCs (Fig. 20B).

25 Quantitative analysis of the u-CT images showed that new bone formation was
accelerated in defects treated with HS-2-expanded hMSCs (Fig. 20C). Bone bridging was
not observed in any of the treated femurs, as this occurs only at later stages of bone

regeneration.

30 To assess the in vivo survival of the implanted hMSCs, selected defects were treated with
cells that were pre-labeled with Qtracker® fluorescent nano-particles. At 3 weeks post-
transplantation, labelled hMSCs were present Within the bone defect site of all treated
femurs (Fig. 20D). Notably, the cytoplasmic label was odly found co-localized to DAPI-
positive cells, confirming that it was retained by the transplanted hMSCs. Immunostaining

35 with a human nuclei-specific antibody further verified the presence of surviving hMSCs
within the defect site. By 7 weeks, the only labeled cells still present in the defect site
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I nterface and the subcutaneous interface (Fig. 20E). Von Kossa- stai ned
sections confirnmed the presence of mneralised bone-like tissue (stained
bl ack) i rwORe11gs®9cel | group that bridged the majorityPEA/SGAeI08448tt and
infiltrated the scaffold pores. Simlarly, 10abundant osteocal cin-rich

ti ssue was al so evident throughout the defect site. In contrast, defects
treated with control -expanded hMSCs resulted in little mneralized tissue

that was |\abta8hhMsyObthaRbediAdi®ssa and osteocal cin staining (Fig. 20E).
Thus HS- 2- expanded hMSCs retain their ability to stinulate robust bone

formati on despite their extensive ex vivo expansion. Mreover, the enhanced
survival ple Adafind PoténtRKeranseshspldhica Wsdshﬁas]fﬁﬂlﬁﬁrﬁéﬁféﬂ!WYWé‘ék%@oﬁteSm ted in a
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with 25 established C cul tures onetric

assessnenfe ?‘éﬁ/@%ﬁt%wt‘ma‘imrﬁbﬁ@%ﬁed{ 'H\é g%[qsglteg)gg igle %?F’?'ﬁgd I"Iésr'rﬁtﬂb% S8t c
mar ker s OBRplyddev&iB4bvdriiedssa ANE oStBEsAN sthining @Fig. 208)r Has HShp elkpdnbedrar ker s

der ?Sed(xf)g@ﬁ?%% FPB(?MFB.%%’H@E 33 ”Sié?q@metg?‘%gﬁé'con néivgf%t Cmet ﬁ::nu_ gs

subpopul ativiexpahsioe IMseavet, ihéherngianSHRONIva fthe $15- B axaBTROMS0s abtheght )

{ G ggt hosy ?f%cg ﬁ%&?ﬁ%ﬁ_%ﬁ%ﬂﬁ% l%rggrgéglnﬁtcgé é?lsge‘?\{ %éc%é%ﬁ%f bigsctRt hitidcurs, HS- 2 on

t he propor Ié? e mean
STRO- 1+br fegwitingcipimeniaved bpnesowaészrpﬁ\ﬂmc@ﬂe% 3, 30%%5&6 4% conpared to 26.6%
for cells expanded in control nmedia (Fig. 21D). Thus HS-2 pref erentially

pronotes the expansion of a sub o ul ation of STR? 1+br g Cs cont ai ned
wi t hi n bofl&4fapysyexrands 4MaCS iaalared frpqufastioqaled £eng am |als’i"’fi/esof HS-2 to
expand hNEEHS-2 mrovepiasiRa@ge io ée cilture@xparsibnlnf muftipateht tM8a$ avecmexesdugbim t he

thr bon rrrrﬁl%\évw g]%lrr %%l so‘?ateéJ bl‘f’ec{l)(/a 9041 frgéléB{\X{?E Iégné 9‘?{1&&@@ esence or

absénce ree cases, MEAEntatt on accel erated
t he currul wespangleil positivedyctoHE- %eunplemﬂmiog wrth al Vigyetodetermirieg isrdiferiotigicalesul t s
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hMSCs that strongly responded to HS-2 both in terms of their proliferative capacity and
their colony forming ability (Fig. 20 A&B) thus corroboréting results obtained with |

25 established hMSC cultures (Figs. 15 & 16). Flow cytometric assessment revealed that
none of the cells expressed the hematopoietic markers CD34 or CD45 (data not shown),
but did express the hMSC markers CD49a, CD73, CD105 and STRO-1 (Figs. 21 C&D).
As the majority of the CFU-Fs derived from bone marrow mononuclear cells (BMMNCs)
are contained within a subpopulation of cells with high STRO-1 expression (STRO-

30 1+bright) {Gronthos, 1995 #31;Gronthos, 2003 #9} we determined the effect of HS-2 on
the proportion of STRO-1+bright cells (Figs. 21 C&D). The mean STRO-1+bright content

* in HS-2 expanded cells was 46.4%, compared to 26.6% for cells expanded in control

media (Fig. 21D). Thus HS-2 preferentially promotes the expansion of a subpopulation of
STRO-1+bright hMSCs contained within bone marrow aspirates.

35 _
To further assess the ability of HS-2 to expand hMSCs, low passage cells isolated by
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The results of this study show that an enbryonic heparan sulfate, HS-2, can
be used to preference the rapid expansion of true hMSCs w t hout the need
for prospeot2oug78T™auNosorti ng, or the use of a vari abl epPcomskhanoloo@l1 pr ot ei n
factors that invariably results in 10heterogeneous cultures. Furthernore,

t hese HS-2-expanded hMSCs display superior therapeutic utility when
transplanted into a clinically relevant nodel of orthopaedic traunma. Thus

t hle utse 05|aé1§aahérﬁn&afganlta fhel threb YooAd fn{afstﬁ\ivlﬁwéﬁor§$vea<»,t cﬁmaxrédfa! twae/emag ek t obI
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fl i ni ﬁal the eumelativedifcredsdl ih celblntierom r:iay mﬂlﬂw;ﬂéfj@stresﬂlsmtelsﬁbhs‘ml | owed by
engt hy e Si 0 or to their re-inplantation. This process is
required 'ﬁﬂéb%‘"{s e%‘a(gyf“r{g’rfgq "l ow frequency of hMSCs in adult bone marrow
{Caplsan, 2009 #59; Gront hos, 2003 #9; Pittenger, 2004 #6;Psaltis, 2010 #102).
20Thi's isp Sts{aﬁr exacerbat ed by both the age-related loss in hI\/ISC grow h
potenti al —%%La'p'ett 2006 #735} and the fact that nmany hMSCs renain

qui escent Theenultss thig gudyashgwdbattanresepr{onis eparapGolatedds-2. gen bauskd &t r at egi es
are requi ,sreféréria@&n@flabewxﬁéﬁs.om%eé hMISYR “ﬁmsmﬁé RIRdGbr frbipecinar ti cul ar

sub-popul ation in order to achieve an efficacious treatnent nodality. To
address t RIMUNREENg. gr thgnige ob? variablesgociall afrioteinjasias it inverRiiolesyisde ” have
t25be|©tn_ t Hhe?!értb %n&b@r&gg@@aﬁa@t {h¥éSe HETLEQPSRIRIHM ST axs;bléwmfggzgg?zg N MAb
o antigepns o
STRO- 3 {é"S‘F?Pﬁ@ “"E‘M“?‘%%WR%%‘}?@W ﬁ"ﬂi&?‘g %W‘#?Gg ‘%QE‘E opeedicux, 2003
#809}, Chialfing Fl‘HusItheeuselﬁels 2tid phrtishiarly amaw#uz}sxansm rfe@hodto 2009 #357),
LNGFR/ CD2 V cul ture
expansi onge\}\?% }}18 CSrZaggg‘l?@ﬁ’%‘gﬁagE@“‘i%g{‘ agél@q%a'{%bqg%gesol chaga, 2005
#15; Wal shsubzomoatms Lee, 2009 #376} and m)re recently the use of ‘
pl atgl et -derived products {Avanzini, 2009 #326; Capel li, 2007 #510; Doucet,
2005 #55; Kocaoener, 2007 #549; Schal | moser, 2007 #516; Vo 2006 #561} and
defined sp¥EsHst3tegiesiemployad ta ggnerateidSGatppgiinioahuss; el °§3‘E%’rf§‘?'@té’“rbé‘s ear ch
into theswr@tdr@b&gplaﬁw fohtméd WI&%ﬁlﬁy@aﬂvcﬁéﬁ)@ﬁél&nmrk&thhéﬁ'te—mlérﬁétbnpl ace. 35

O the t ets tio 1+brj b | at h

been ShowiHE Becemis ROV i B syniom s B Ran ey PLGoet MBPR B 07 0% 1004
#740} but matiow {Capdan, 28GO #58Gohthos 1003 $91Fittemgep RO P saitis, 201 00BI0R). ast , HS- 2
t r eatrent t nﬁﬁﬁ ollferatlon
of RO 11;5%%@%@9 gasﬁem(%pe t g]@%%%% %Q{ehm},sgdu@ﬁﬁégf&%g%n It er only one
passage. {laresl. P00G:#435¢ ﬁfEFb g fach Swh Fiany hMﬁ%F@’Qa‘" BU‘P'é‘@'J‘F wen isplated@ndt her

increase §gkurdiRPerhi, 0808 £33 RAsuch ré?féle‘g’f’e@%é féqu%&f%aﬁé’ll@ﬁv fYRe @Qt/lvb eplicated
with standard culéure condi ti ons c sett V\/ner

| ar ge- scaPPBIPAALNE rPaB‘F“‘ﬁW\%’@épqpé“af‘%'d\‘?l °r“é°d 19 BCWFﬁRr‘F%ﬁC‘B‘F? ﬁ'%aé'(t,‘ Bus dose,
t he presemeodalief. ThiGddrews this rgedad tange eﬁlrscletuddmndmxbzhnsncm rhéthved almgebatthve Mor eover

be 3% sottargie yRRaFEiEbeElednr bRl 7 b of thy AflaefiLC DTN, C°
val ue { Catbuhtaungzlumsmaaqpenmlncﬂ@éa 736, Gmm;imls 39461400 RERO-3 {Gronthos,
2007 #755} CD49a {Rider, 2007 #508;Deschaseaux, 2003 #3809}, CD146 {Filshie, 1998
#751:Shi, 2003 #747}, SSEA4 {Gang, 2009 #357}, LNGFR/CD271 {Jones, 2008 #8339} '
and VCAM-1 {Gronthos, 2003 #9}, culture expansion with factors such as FGF-2
30 {Solchaga, 2010 #769;Solchaga, 2005 #15;Walsh, 2000 #18;Lee, 2009 #376} and more
recently the use of platelet-derived products {Avanzini, 2009 #326;Capelli, 2007
#510;Doucet, 2005 #55,Kocacemer, 2007 #549;Schallmoser, 2007 #516;Vogel, 2006
#561} and defined specialty medias {Hudson, 2010 #270}. Despite extensive research
into these strategies, their widespread acceptance is yet to take place.
35

Of the targets for immunoselection, the STRO-1+bright subpopulation has been shown to
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defects treated with HS-2-expanded hMSCs showed greatly inproved bone
repair, with the transplanted cells surviving within the defect site for up
to 7 week¥O2RHEBT9, appreci abl e new bone fornmati on was PEBSSRVION0MS1 ear | y
as 3 weeks post transplantation but without the treatnment variability we -
have previously reported {Rai, 2010 #155). The 15use of HS-2 to expand the
hMSCs al so precluded the need to predifferentiate the cells, a strategy

that appegign fq clonaé&v@strbw tdI (Y @ﬁ{aﬁomﬁossqm M?bét thihedped i cul ar note
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| ow 25HLA® , soinpalrin
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of honpgene articu suited to Use in regenerative
medi ci ne. 0f3@h @‘t'mtgﬁwc‘(ﬁﬁ@ﬁb%ﬁ kwmlb@dm pyresef geacEng fastorsewhighd purifi ed

thrqggh acongibueto Q'felﬁ’iﬁérhpéiﬁlhﬁghé §ibre DE0Y S} Andecaesitiealsizzd bone
chr omat ogr aphi c st ep: recl ude i nf ectl ous aﬂ.ﬁ”t S such as baﬁt eria,

viruses afRieqhs treated Wl”?]“@t?r‘i?’&‘é@‘i’edt'ﬂ\"%?%?'@“f‘? SFAY fmprgyadhane repdin With o g | i ent
to a rang@e GhndplandOeAIS SuEing Withiadhe aéfecttseief@ublﬂer wekksy Natadlyl e and

Che Cal | e S5 AR P R A B0 00 pOR B 10 1
bi onedi cabut wptpbut«tmrm:;ent'vlaeabjsseweha\rdam‘evmusly reded {Rab2pa0H1 EHMSTDe
Prepar at | Qs el 3o SQH fﬁemﬂsﬁs%rﬁé%ﬂdé%r} e ﬁ&&%lﬁ%.ﬁe@&ﬁ‘e@nﬁé byig, potenti al

shoul’d advantage therr future clinica Icatio enent ary Met hods
5Cel | as s%tsaéegyéhaigpae@MNpmhgelmew&W@s i $Q0e w@%ﬁéﬁéﬁamcwﬁf RSy
passage, @pthedpie é&neﬁfr@“brﬁéfséélé @iba?@%ﬂbﬁmuﬁﬁéténtﬂﬂﬁﬁ@i&nﬁbﬂ-ﬂ@-zdet erm ned
usi ng the Vi acount ﬁ__fgent % software. For a%@ :ﬁ of sgrfaoe
mar kers, %@PP&"‘?\W@&“%“ t”P?Fﬁsﬁe NBY BURPSHBRreSSIYE (3BRY! pdes 1¥8-5sA and
10% hurranzcmr#asa) ,anrab&tyﬁp&t@ﬂﬁtomﬂte&tnﬂh thighgr chehtes of sEBBal RUVBECSen@er0R % NaN3)
and ncub@qq%sxet h nouse anti-STRO-1 (R&D Systens) or 10nmouse | gM control

0

( Cat ag) d by PE-conjugatect goat anti nouse-IgM (Caltag) or with
PE- conj ugat ed mouse anti human CD49a, CD73, CD105 (all BD bioscience) and

an 1gG CO@)UQ?’\OL(S%I* BGhs bg@{ éh%vM@(S ?eghﬂ?é’hiﬁgélsléﬁ?&efué%gmgevent s using

t he Guava tware. For cel C e anal YSLS, he cel were serunmstarved

and t he n¥RFOSQAFRRRYEY. %@6;#15%%-‘-%%9“)‘) %@é&%é’aﬁ ‘tst‘ﬂ%tefrf‘y% PIRP JEtF3Sft er t he
time poi niheir Aeidgen&t), ww\hmbot#ma}%ndnpléd%&‘iéslezbE&Twandﬁnmds iow i ce cold

et hz%”O' ﬂEE—D?Qt gxrp?éjss%tn {éo lrg&)tu ou, 560%'#%'25}9 SO |m;%(ae|rgng It% c‘ig‘lcal use. In contrast,
we show that continuous supplementation with HS-2 similarly regulates hMSC self-
renewal yet greatly improves the level of homogeneity, making it particularly suited to use

in regenerative medicine.

30 These highly charged HS molecules can be extracted and purified through a series of
well-established enzymatic, chemical and chromatographic steps that preciude infectious
agents such as bacteria, viruses and prions. In contrast to protein growth factors, HS is
resilient to a range of bioprocessing procedures, being thermally stable‘and chemically
resistant {Luong-Van, 2007 #854;L.uong-Van, 2006 #855}, making it well suited not only

35 as a culture supplement but for a range of biomedical applications. The use of HS-2 to

50



wer e washed once in staining buffer (see above), stained in a BD RNaseA/ P
staining solution (BD Bioscience) and anal yzed usi ng the Guava software.
For apoptWwei281145889s, cells were cultured for 8 days bePOT&SG20I8/08048t essi on
of annexin and AAD-7 were neasured using the Guava software. 20
Differentiation assays. For adi pogenic differentiation, cells were seeded
(18,000 cells/cnm2) in 12-well plates and cultured to confluence at which

time medi @rem%xsbﬁdméctpﬂap@euueﬁ&m@reaa&éatreemag‘ee.erwh@sdpfénmegém}dnvgI ucose)
with or wthout (control) pM dexanpet hazone, 10 pMinsulin, 20 pM

i ndonet haRqtefEiabHiPu PIVAA thS"fL%‘HBGFW' 3pplisgiont hy| xant hi ne and cul tured for
28 days and stained with oil-red-O For osteogenic differentiation, cells

wer e seedgd éS,OgO &ella/cnﬁ) in 12-wel| plates for 24 h, then changed into
mai nt ena 902 wi thout (control) 10 nM dexanet hazone, 10 nM
p- gl Bcer ot:elpmgm@ BEUAYA RGA-96 bénchtopdlolvalyemidiehbisgyest mssagel and ed for 28

chondr ogef Do e ol oBadéoie AulrBPis e ySBlrbBE: BURFRRMARITEX o)1 crea i
chondr ogemagermadd aof(\neamtﬁoear)alwwsw surfacgi markers, ¢alo wereotnypsin@edlenked - 33 i n

15 m tubg dded,
mount eduang g?%lﬁéégéar% éﬁ? ?{%P%h%ﬁg%éﬁega}aﬁg&iﬁégﬁglbﬁﬁe aﬁd
hi st ol ogy(FBSe 2%, 0428 NﬁNﬂ ﬁéd mesbatedrwith moysaarthPtROIHRER Syéterr@gabnd to

t he 1get hoglgugf IgM'coﬁﬁ'olgdZ gﬁbﬂoﬁéd b@é-ﬁ&ﬁ@ﬁﬁécﬁéda@ﬂntﬁ?ﬁ@@é’é IgRNCaltad) ©f al RNA
was i sol at ed_at daé/ essi on andalllyzed by

5I|nea 1fi'c._gene

quant i t at VifePepiu %?%T"HP??ga"QﬁH‘”H" 9(%9@'37%3(:!'% da'géglbéﬂsﬁ'la?@) gpda
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PFA e in PB in water st
G 1 - Red- o et o (31 cuclhatan SERTRIF el KR Siande Gl okd aodteB T L
Red st ai npregipushedidssritesl; thendry peinizéchafeBe timeqints meatioreAAwaghed haicerdm, washed
and (gt ai ngdsf a%%%‘%T?l fxdd'n fte é%’rﬁéthgrﬁ:r KL £t6r‘éd(a§h9i'@r)t it stafdi -liixed\@e‘ﬂéed again
and air-drre phosphat ase stal ni ng was ormed using the
| eukocyt ewarleweﬁshﬁéorpﬂe?d@ﬁﬁmr@s@ffﬁi Eeg gpfyﬁh)staiwl%w%mt‘ﬁ'@*\%rﬁﬁ'%& urer's

instructi wﬁron?gﬁiﬁseﬁﬁéé? aﬁ@'ahﬁ&ééd%rr@ tw@@bﬁ@ JoftwBBSFasbobiosie Gsédys4% PFA,
enbedded in O

| ass sl des. d nmount ed
chondr ocy?eélsﬂef‘?j‘égt“(ﬁgg‘ér Bs‘ijadﬁ Efpr R‘Fﬁgﬁ&?'% a&l"ﬁ’f 'éﬁ"%?gg Wi'Si ned cells-
wer e l0anmeysieed msingathe QupvapssfivBXédl m croscope. FGF2 ELISA. Cells were
pl at.ed at 3,000/ cn2 and cultured in mai ntenance nedium (DVEM 1 g/
gl ucose, 10% FCS, 2 mM L-glutam ne, 50 U nl penicillin and 50 Wn
strept ony@lffﬁyentl@ftonﬁsehirys Fasaqamgea@rdlﬁ@r@mecefbwms@dth&%Q@pon medi a and

mat rix 15pauag, g%qwenﬁna\f&ra%drc%ﬁw@@b mﬁuanGE%t \lvﬁnéﬁhﬁlemwﬁcnaagéw an FGF2
Quanti ki ne ELI in_accord h the manufacturer's (r?]\datl ons (R&D

Syst ens) . foradipogvipimanieRangs MeAR (F P M) Slugese ih F Y"Q)Eo‘-li’@-?““ bt HM RNA from
carry-on géNatetiasone2dD PRCIHE iR, mmwmﬁbﬁ@biaaiaésnu\mspw Bfisopdtylsi ng a

N I h - ). 2 . | et hed with
PBS, 25 r S PER ARG 3P HOGFRLRr £ vy =09 s By BEERCoTeBhE: on. o
resuspendeiﬁenentl:ﬁ'bn z@lls wé/éne\deEde]jg(@r()OOa;attklctmfez|rH\2ANellsmihias611 24RNequal ity and
concent  abi-ABed A ASAERSRL 0l Bif oRGERoART) (R LERrARSEE| RN USi N0

Super scri pt rase (Tnvitrog en manuf act urer's
r econmmendBglyeers!- P'Fqsg'llﬁf% and2% h@/m Ltﬁﬁ@%&#ﬁﬂh%@haﬁ% cutwres &5 28 days ansr

quant it at iuReffh affahifRSoraiiéing ARRBhNELL FeEsHBM@Eenic differentiation, cells
30 (250,000 celisitube) were pelleted in chondrogenic media (Cambrex) with or without
(control) 10 ng/ml TGF-B3 in 15 ml tubes and cultured for 28 days where cells were fixed,
embedded, mounted and stained with H&E and alcian blue. Details on s{aining and
histology are described in the Supplementary Methods which correspond to the methods
of Liet al'. For all differentiati-on experiments, total RNA was isolated at day 28 and
35 lineage specific gene expression analyzed by quantitative PCR.
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25usi ng Primer express (Applied Biosystens) and synthesized by Proligo.
Probe sequences were nodified to dual |abeled LNA (FAM BHQ 1) hybridi zation
probes, (WO2he&78mbl e upper case letters in the probe sequsceew/siens LNA
nucl eoti des). Dual | abeled M3 (VICTI AMRA) | abeled 18S rRNA priner probes
were used as control for all reactions. Al PCR reaction products were

anal yzed by agarose gel electrophoresis and sequenced to 30verify the

speci fi ci spinfg énB'@-l:ﬁBiBby @?I[ReoE@%Ha rmwftmgny:t@hu@ cBfRvére azkhédin(PE3 4Md tot al )
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ection, o ertor n rwar
o0, nnRauERen P e PR ST Pad. Melltdh i iot il A gl el oot
wer e sper f stainedifar B0 trin jpl 0.27% elizadn rexh(SA¥BIa) ArH 4.h Wad@d sgainend eirdgedct i on

t t . 95C
Foll oved DReE RSttt Sing Y3 Sbstnddbeiicibe oyl ke Bhodfadbel ° O70
72C for 4I0t (Ségma) Rdlbwtnlulae mpmfe@sneo’ﬁlratﬁmqtlgnm&hen@famé@p%llewﬂm washeini zi ng
the 2(-O0Chps YAk HEs .Rh%t SRR Mﬁc%( M&LUM@& bR gféfss ;l%'ésafuéemﬂotl plied

by 106. SSln% ar val ue deconposition forns basis for a linear

proj ect i oMowtedchppdepse stigrsgvere ﬁ@weﬂé‘ﬂﬂé@fﬁ ANdaivian B'H%ISté'B%‘t%e"P N&I® capt ur es

t he 1gaxi NaHaz84 8h BRIONMpURIES&AHhicloBedpee ori gi nal data (that is, a principal
conmponents anal ysis). 10Local | y- Wi ght ed Regressi on (LOESS) normalization

for StemCell Array Data. Intensity neasurenents which are derived from
gene hybrF@Fz &Usz\nebmedetpmémlamjomzahe colfureningweditendnce oegdium at i ons

e e ey P AR ST g

genes. fons n cessl of the chip
i nt ensi t i stB?thm)@"&mmmysiasmndeleunus metkiods’, thseppruhe@a aad maliixt o scal i ng

I Nt efsi ti &Jngirﬁelﬂ§®§%§%ﬁ%&e<ﬂ+ﬁmFﬂl'e@él@Fn%Q@Lﬁedl Dsifly B FEFZ @lubffkides to fit an

additive ?lne 0g- transfornmed gene intensity values using a
LOESS smobkIRfriyasaertyithiis manytaciyersdacamperieliesd&3Rr-Jystams used to infer
differential expression. W first exam ned the effects of varying the

e, SN0 BB S S PP R A WA Jgugh compari sors
adipocytes and osteoblasts were purified using a Nucleospin Il kit (Macherey-Nagel).

20 Chondrocyte pellets were washed with PBS, treated with collagenase Il & 1V, collected by
centrifugation, resuspended in Trizol (Invitrogen) and the RNA isolated. RNA quality and
concentration was assessed and 0.5 ug used for reverse transcription using Superscript
11 polymerase (invitrogen) as per the manufacturer's recommendations. Figure 25 shows
the Tagman primer/probes used for quantitat‘ive PCR. Primers and probes were designed

25 using Primer express (Applied Biosystems) and synthesized by Proligo. Probe sequences
were modified to dual labeled LNA (FAM/BHQ-1) hybridization probes, (in the table upper
case letters in the probe sequences shows LNA nucleotides). Dual labeled MGB
(VIC/TAMRA) labeled 18S rRNA primer probes were used as control for all reactions. All
PCR reaction products were analyzed by agarose gel electrophoresis and sequenced to

30 verify the specificity of the amplicon. Each quantitative PCR reaction (20 pl total) |
contained 80 ng cDNA (see materials and methods), 300 mM forward and reverse primer,
250 uM probe (100 uM Collagen2a1 probe was the only exception) and 10 pi Taq'man
Universal master mix (Applied Biosystems). Detection of 18S rRNA was performed in a
similar way using 50 nM forward and 50 nM re\)erse primer and 100 nM probe.

35 Quantitative PCR reactions were performed in triplicates on an ABI Prism 7000 sequence

. detection system (Applied Biosystems), with an initial 10 min activation step at 95°C
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curvature of data plots were observed for ranges of 0.2 a 0.8. A
conservative value, a = 0.2, was then selected and applied to all arrays.
MA pl ot s wewvenlo78mPy a noderate degree of shift in the pCoiSGe@emotEByure 27
for Ctr)-d21 vs Crl-d32) with effects that are nore pronounced for extrene
values of differential expression (Fig 27- 29). 25 Singular Val ue

Deconposi tion of Stem Cell Array Data. The gene expression mcroarray data

used in t@mdea&nsrdyes%ﬁgsat%rmo%c%a@@&lmal: &ﬁ@a&qo%ebaﬁ@izMr hundr eds
of genes and théir co-expressions. Despite this seemn &0 em}\g nost of
nd

the i rrpor‘l‘h*?ﬂc RelplERXReSPIAR SRiIFAVET® ﬁa‘GP'PtPQ PéRpTaaliziRg t we dAIUpEOH

controls gfaé}kqgmew@mvgmeggf @s@ﬂuﬁmm,e@i)ysoerrpl e and fundanental patterns.
We wish to discover the nost informative patterns (or singular vectors)

within the dataset and use themto derive robust definitions for the
ef f egt s ofintiffard/afie detemnpositis through si ngul ar val ue deconposition. A

trix, t {
e el B SRR PPk e s BOP PR BBl oo 21
the rows spade thavcaptabs the nigxémes infamatier present itythe originblelatalthatissai s fir st
pr e- proc @ﬁ\%ﬂip%ﬁ?%héﬂgabglﬁsgovarl ance matrix prior to singular value

deconposi e matrix 1s deconposed as follows: A=U SV vivo(m,)
(arn) (mar) (1) where Sis a diagonal matrix consisting of the singular

val ygs ( ﬁ%all))-%fgh@tﬁég)'eséfonﬁééssﬁﬁﬁ%ﬁ%ﬂ&h@r 5tcANCOPARayODatd) Intedd§ COl umms
of Uand V are resp ectlve%t e singular vectors CO;P&SP‘S)O”O“ ng ho t he

mat ri ces REANrepRNtsawhich as derivedfiem Qe%ﬁ' Eyb(B'F"tzﬂtdﬂj‘oq’?éF lpgies ayf o ﬁ'ét

proj ect i ofibjecBo vanitionk AErSs thegjens amp§thgt mmmetamhbmmm@ngdﬁsw 17 = AV
=US( 2) The orti on of variance a t.he ecthl vect ors,

var, | l{\ﬂlgrlpgﬁ (9F8esgl %ﬁ? ‘ES?/SS & ip varations necessqated agjustments of

intensities to a common distribution. A widely used alternative to scaling intensities by a

15 constant global difference in hybridization is to fit an additive linear-model to the log-
transformed gene intensity values using a LOESS smoothing function®. The fitted
-intensities are then used to infer differential expression.

We first examined the effects of varying the neighborhood parameter, « , on the

20 smoothing function through comparisons between controls. No radical shifts in the
curvature of data plots were observed for ranges of 0.2 < o <0.8. A conservative value,
a = 0.2, was then selected and applied to all arrays. MA plots reveal only a moderate
degree of shift in the plot (See Figure 27 for Ctri-d21 vs Cirl-d32) with effects that are
more pronounced for extreme values of differential expression (Fig 27-29).

25 | "
Singular Value Decomposition of Stem Cell Array Data. The gene expression microarray
data used in these experiments are high-dimensional datasets involving hundreds of
genes and their co-expressions. Despite this seeming complexity, most of the important
molecular information differentiating between HS-2 and-controls actually exist as a

30 number of simple and fundamental patterns. We wish to discover the most informative
patterns (or singular vectors) within the datasét and use them to derive robust definitions

for the effects of HS-2 on stemness through singular value decomposition.

A rhatrix, A, which represents stem cell array data consisting of m separate experimental

35 conditions (treatments of heparan sulfate vs controls) on the rows and n variables (genes
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Each singul ar value therefore represents the anmpbunt of variation associ ated
with each singular vector (sets of genes) that distinguishes between the
sanpl es. WachiigospPonent of the singular vector, the factror/SiGoadiongs] are
therefore an expression of the inportance 20of each gene in the
distinction: =vti(4) Where py is the contribution of the ith gene
to the j-th conponent and vu is the i-th 25conponent of the j-th singular
vector. Prewvi ; t ' hi . tor
{oadings. (B ey arERRL Qa2 ARl Drel DRl RREahhg s bhEnAAINRh bAF
sinmilar ctashevieryaie desomposition’ | Thamatiix ipldeeamyased as BYyws:Sever al  groups of
potential sternness markers were defined based on positions 30in the

| oadi ng plot. W exam ned the efficacy of using the top 90th-percentile

di stant genes byl reddnst Hicting the SVD usi gt only these genes. The score
pl ot reveal ed d™Cl e4F' "™ BEPBAration of HS-2 and control in all 3 sanples
(Fig.530). These results support the useful ness of SVD for separation and
cl assification_ of sagples. Stability of SVD Projection Scaores Assessed by

L : d1Ly . ;
Statisti cathef@eSanpripgenal MatrX $ansistng of thesingrlany el «er sAD S MetBr ddess, we
per f or med o) | dat 4 f th \/ ni. au atistica
resanpl i ng(%?%%gésl té? F%'Lsgég% {)Jfg@é*}?%%oq‘f%rﬁasucgftﬁ?a@s\y gg}g?%lréﬁ%eysﬁlgg ?‘g‘rj\%{ ures and
cl ust er i ngreetofsemiresimmd g totne Puiricasod dsandA4datBattall apd Mt age bdodooal t he

ci stance BELHERN.A RfldioR] co8MBRe R ByBPpuRials: an SVD proj ection on

the first P singular ctors s given the“fol [owm ng Euclidean netric in
RP : 190 1/p O L OP = (El Cai(5) . .

C=USVV =4V =US ‘ @)
The proportion of variance associated with the first t vectors, Var,, is therefore given by:

1

34

15 } . Var, ==L — . (3)

t i /%i
=1

’ anh singular value therefore represehts the amount of variation associated with each
singular vector (sets of genes) that distinguishes between the samples. Each component
of the singular vector, the factor loadings, are therefore an expression of the importance

20 - of each gene in the distinction:
D =V, , (4)

Where p, is the contribution of the ith gene to the j-th component and v, is the i-th

25  component of the j-th singular vector. -

Previous research has shown that genes with the highest factor loadings (Figure 28) are

greatly distanced from the origin. and share similar characteristics in 2-D loading plots

(F ig.- 30). Several groups of potential stemness markers were defined based on positions
30 in the loading plot. We examined the efficacy of using the top 90™-percentile distant

genes by reconstructing the SVD using only these genes. The score piot revealed a clear
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r i=1 This netric avoids errors produced by arbitrary changes in the sign
of eigenvectors of any particular axes resulting fromaxis reflections when
raw proj ewoizon/gswees are used5. As 15t he Ei gen val ues @CTiSleeofoionsts 2

si ngul ar vectors constitute approxi mately 70% of variance, we have chosen P
= 2. Gene expression neasurenents may often be affected by errors

i n]'E Iroduced during capture of lumnence intensities |leading to an artificial
inflation h W aTe PRV ' ' ' n-systematic
fashi on. - F3egags P2 ol g St (B e Pl e T

vari ous tvsefitinasaof SYR dertseppratiomenst clagsificaion of 53mBRIe€s-on and their effects on
sternness therefore requires the derivation of a statistical framework for
estimation of variance in projection scores in the presence of outliers. W
formal |y woallyoh SVRiRoigetonatcrms A(Sﬁ%%SﬁePytSFfa'ﬁﬂ%ééesaeﬁaffﬁ%ﬁ? agfioBai nst

r andgni y- ggmmgahakerd &rdjeninass wa pdridemetbars sdditfonal vafidetipabatveSvViDc boot strap' .

The met hod t el | f int t, i ol

of Vi ol at FETEGH RGP AP RRPraRIOf 1 5 LB AEls (e TR er RS, o t bty

gdver ;sel ysigria’t@ei allnrl Jﬂ?stermtyéﬁeeﬁsl ' mia’sedmi svmacdaras.eﬂ« sqipabaiddros fentbe has t herefore
een foung suitable for a i cat ' t 'S |

expr essi o%gt?.@ce. b . ??’bwyﬁ’@ﬁg‘ﬁség?légang(EPed%RBWb\égrgqsﬂe%\ﬁ?BE?% ?S'P ‘I%[',nthggpsgonst ruct

A" by 30d5"§wgﬁ'lgr Wicldis 5RleAGS Trolldiify BuclidesPRBMEIMAP (5) for a total of B

iterations. ven the conputationally intensive nature of the SVD, we have
chos@n B =1000. A parallel boxplot of the di stribution of L* for each
sanple with respect to Ctrl d[z; shows a§</papproxi mat e normal distribution

(Fig. 31). We derived egtimat ef tdePpercentiligs of a Student's
ﬁlr |E?i zlété'ncdg's', b

t-statistic for each pai T*, as followsl|: T = L* -*L (6)
This metric avoids errors produced by arbitrary-changes in the sign of éigenvectors of any

0O-

particular axes resulting from axis reflections when raw projection scores are used®. As
15 the Eigen values of the first 2 singular vectors constitute approximately 70% of variance,

we have chosen P = 2.

Gene expression measurements may often be affected by errors introduced during
capture of luminence intensities leading to an artificial inflation or deflation of individual

20 intensity values in a non-systematic fashion. To determine the significance of clustering
effects for the various treatment conditions under an SVD projection and their effects on
stemness therefore requires the derivation of a statistical framework for estimation of
variance in projection scores in the presence of outliers. We formally modeled this
variation (rather than base comparisons against randomly-generated data®) through the

25 use of a non-parametric bootstrap’. The method more accurately approximates
parameters of interest, is tolerant of violations of normality and equivariance assumptions
in real data that adversely affect other parametric multivariate approaches and has

therefore been found suitable for application under diverse contexts in gene
expression®®. Following an established procedure™, given 4, we construct 4" by
30 drawing with replacement the a,.', computing (5) for a total of B iterations. Given the

computationally intensive nature of the SVD, we have chosen B =1000.
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A A 5Were L, a, r and a* are the observed values of L, its standard
error, a bootstrap estimate of L and its correspondi ng bootstrap standard
error estwomba/a7e®pecti vely. The percentiles, T*(0 95) &au/SG2(10/00&iB81 ,
therefore give the bootstrap-t approxi mate confidence intervals: 10 LE[A A
*(0.95) A) L-crT ,L-aT* j (7) Boot st rapped confidence estimates for L
are listed in Figure 32. Al mathematical conputations were inplenented in

MATLAB ( Mat C g . = 0r Q) -2-d32 or
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of earlier passages indicates an effect of HS-2 treatnments on preservation
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Bootstrapped confidence estimates for L are listed in Figure 32. All mathematical
computations were implemented in MATLAB (Mathworks Inc, Natick, MA) and R (www.r-
project.org). HS-2-d32 or even HS-2-d45 bootstrap intervals are much smaller with

15 respect to Ctrl-d21 than any other treatments. The results indicate that clustering effects
on SVD scores are robust even in the presence of noise. Overall, this supports the notion
that the clustering of HS-2 samples with controls of earlier passages indicates an effect of

HS-2 treatments on preservation of stemness.
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speed of fracture repair obtained through treatnent with nmesenchymal stem
cells obtained by culture in the absence of HS-2. 154. Mesenchymal stem

cel | s obtwprred/dyg79gul ture in the presence of HS-2 for u®eTiSG2aorveedsod of
treatment of bone fracture. 5. A pharmaceutical conposition conprising
mesenchymal stern cells obtained by culture in the presence of HS-2,

wherei n the pharmaceutical conposition is for use in a 20net hod of
treatment of bone fracture. 6. The nmesenchymal stemcells of claim4 or
phar maceu{:' cal conposition of claim5 wherein the mesenchymal stemcells or
phar maceu {at'ﬁ?' conposition conprising nesenchymal stemcells are/is for use
in a nmethod of treatnent conprising enhanced 25nmesenchynmal stem cell

nmedi ated fracture .r ' t euti cal
conposi ti E)'n ac‘g%er%i"ﬁe%g"t“%‘ygﬁag?t?n'lgg U%@?%F%?@I%%hog%%ﬁh &r%spg%sceﬁeg mélilrﬁgt em cel |
medi &t ed 2 indbé maeufaetpes of aguedicamses for therteeatment of bhanetftastuspeed of fracture
repair relative to the speed of fracture repair 300btai ned through :
treatment with nesenchymal stem cells obtained by culture in the absence of
HS-2. 8.2.A bi Heotssaf Faime! whptelrihe fredispmsttizior yse Bragpelbpd gf ¢phereSat er i al

and nmesengRydihymsi@nt &Il MePRESfFrEQGe¥pdiul ture in the presence of HS-2. 35
WO 2011/ 078799PCT/ SG2010/ 000481 9. The inplant or prosthesis of claim8

wherein the inplant or prosthesis is coated with nmesenchymal stemcells

obt aipned ¥y cuftelse of Blairh2whérmane entincéiBmasenchinalBeen celphadiste@r prost hesi s
of claim i

in the.inplant th ds 5 f ith
o o BT P ey L [RGB L, 1,
met hod of sdeed f fiactare e peirabrieddheugmipéatmentovithonessnbimana steirheelisret hod

conpri sing. the. -%%g;' ols Lidpregnating a biomaterial with :
rresenchyrrg?tgltsqueﬁiglgﬁu%fsmo tat%sggc(f fyégg'l ture in the presence of HS-2. 10

15 4, Mesenchymal stem cells obtained by cuiture in the presence of HS-2 for use in a

method of freatment of bone fracture.

5. A pharmaceutical composition comprising mesenchymal stem cells obtained by
culture in the presence of HS-2, wherein the pharmaceutical composition is for use ina

20 method of treatment of bone fracture.

6. The mesenchymal stem cells of claim 4 or pharmaceutical composition of claim 5
wherein the mesenchymal stem cells or pharmaceutical composition comprising
mesenchymal stem cells arefis for use in a method of treatment comprising enhanced

25 mesenchymal stem cell mediated fracture repair.

7. The mesenchymal'stem cells or pharmaceutical composition according to claim 6
wherein the enhanced mesenchymal stem cell mediated fracture repair comprises
improvement in the speed of fracture repair relative to the speed of fracture repair

30 obtained through treatment with mesenchymal stem cells obtained by culture in the
absence of HS-2. '

8. A biocompatible implant or prosthesis comprising a biomaterial and mesenchymal

stem cells obtained by culture in the presence of HS-2.
35

58



12. A method of treating bone fracture in a subject, the nethod conprising
admnistration to the subject of a therapeutically effective anount of
mesenchymsiD 20t10T819¢l | s obt ai ned by culture in the presercE/SGRole8o@s1

1513. The nethod of claim 12 wherein the nethod is a nethod of enhanced
mesenchymal stemcell nediated fracture repair, the method involving

| nprovenent in the speed of fracture repair relative to the speed of

fracture sepai tdiiphdSihrofhaioRt claif BUIRAYN WelRpBRCABRRINERE iSicfCe! | o

obt ai ned by culture In e absence of HS-2. 14. The nethod of claim 12 or
13 wher ei Withegenchymalgiarmralisobtaingd tyrculiwe dhibg presene ¥i%el I's, the net hod
conprises culturing stemcells in contact with HS-2 so as to produce said

t herapeutically effective amount of nesenchymal stemcells, .15. The net hod
of claim1% fui['?erfg}p'at'?b?ﬁﬂ’?%t% ?fl?%"gtséfﬂ"eb‘?'" ?ht?r"??ﬂllaﬁtt‘?rr?&sgﬁsﬁ IS

25t hey apeihprégated v@thf rRedeniigy nistent cell$ obamed by yaitire BittkeTpiesdrice oHSR.

phar maceuti cal conposition conprising nmesenchymal stem cells obtained by
culture in the presence of HS-2 and a pharmaceutically acceptable carrier,
adj uvant ot. di Awetiiod offeemirgra tibempatibledopantioc atosthesipabé methedi s admi ni st er ed
to the supj : I erein the
nmet hod co%’ﬁ%éng:ig%%egpg%%ﬁ%gﬂpﬁée%%n%ﬁgﬁé‘eﬁélﬂmﬁpéﬂgﬁ 5%‘%& maceut i cal
conposi t'i eellstobtainedbysulture frothe drasgneenef HS-dct ure. 17. The nmet hod of any one of
claifgg 12 to 15 wherein adm nistration of the 35nmesenchymal stemcells or
pharmaceutical conposition conprises injecti h%ﬁt he mesenchymal stemcells

or phar madeut i fAethadrRbgsrtinadiene feeiute is 8 ipubietl MEMRINGALAWESI G act ure.  18. A
met hod of agmptratitg tb GResubjeaCsfd tRerapeicailyifetlive dnitintidftnisdnehyrmar stémng

surgi cal | I npl.anting.a bioconpatible ipnoplant or prosthesis into tissue of
t he subj eg‘f'ga?{gpa&egﬂl"ﬁ%‘ﬂﬁm ﬁﬁ p%%«?"%% ?fi*%g'pf racture, which inplant or

prosthesis conprises a biomaterial and nesenchymal stem cells obtained by .

cul Ly e | Byt Neril RERAASr Ghi! 3 dherdif ineREnBR I WPefba 6 GHndhcd Wherein the

i mpl ant or prosthesis I's coa ) o .
mesenchymal stem cell mediated fracture repair, the method involving improvement in

the speed of fracture repair relative to the speed of fracture repair obtained through

treatment with mesehchymal stem cells obtained by culture in the absence of HS-2.

20 14.  The method of claim 12 or 13 wherein prior to administration of mesenchymal
stem cells, the method comprises culturing stem cells in contact with HS-2 so as to

produce said therapeutically effective amount of mesenchymal stem cells.

15.  The method of claim 14 further comprising the step of formulating said

25 therapeutically effective amount of mesenchymal stem cells as a pharmaceutical
composition comprising mesenchymal stem cells obtained by culture in the presence of
HS-2 and a pharmaceutically acceptable carrier, adjuvant or diluent, wherein the

pharmaceutical composition is administered to the subject.
30 16. The method of any one of claims 12 to 15 wherein the method comprises
administering the mesenchymal stem cells or pharmaceutical composition to tissue

surrounding the fracture.

17.  The method of any one of claims 12 to 15 wherein administration of the

35 mesenchymal stem cells or pharmaceutical composition comprises injecting the
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10nmesenchymal stemcells obtained by culture in the presence of HS-2. 20.
The nmethod of claim 18 wherein the inplant or prosthesis is inpregnated
wi t h nesewohlynal7s®vem cel | s obtained by culture in the pCEsencw/00648HS- 2.

10

mesenchymal stem cells or pharmaceutical composition into tissue surrounding the

fracture.

18. A'method of treating bone fracture in a subject, the method comprising surgically
implanting a biocompatible implant or prosthesis into tissue of the subject at or

surrounding the site of fracture, which implant or prosthesis comprises a biomaterial and

. mesenchymal stem cells obtained by culture in the presence of HS-2.

19. The method of claim 18 wherein the implant or prosthesis is coated with
mesenchymal stem celis obtained by culture in the presence of HS-2.

20. The method of claim 18 wherein the implant or prosthesis is impregnated with

mesenchymal stem cells obtained by culture in the presence of HS-2.
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