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The pluripotency of mouse embryonic stem cells (ESCs) and their ability to
differentiate into cells from all three germ layers makes embryonic stem cells an ideal
source of cells for regenerative therapy for many diseases and tissue injuries (Keller,
Genes Dev. 2005;19:1129-1155; Wobus and Boheler, Physiol Rev. 2005;85:635-678).
However, this very property of embryonic stem cells also poses a unique challenge, i.e.
generating the appropriate cell types for the treatment of a specific diseased or injured
tissue in sufficient quantity and homogeneity to ensure therapeutic efficacy, and inhibiting
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Figure 1B. Expression of pluripotency-associated genes in hESC-MSC. Transcript

levels are measured by Tagman-based quantitative RT-PCR and normalized to that of
hESC. The transcript level in hESC is derived from the average of HUES9 and H1 hESC

lines.



Figure IF. Genom c DNA analysis by PCR for the

presence of human Alu and npbuse c-inos repeat
wG@ewaeemses. Figure 1G Chronosonmal anal ysis of PGIESD0&100232

by G banding (top panel) and Spectral Karyotyping

(SKY) (middle panel). Inversion of chronmsome 9 shown

|n bottom panel. Figures 4A-2B. Surface antigen

Hu %géultrlg ﬁ%esgﬁ CE&)% Hx%l}l) St &Er%g&gg%“ﬁg@ﬁ%g egjes in HuE89 and

H1 BERE yioes, HuBIBHEESS Edauié H1c hESGMUSEcaltnisy aad]EM mouse
ES@Hﬁ‘é yzed on a C,yan LX (Dako North Anmerica, Inc.,
Carpinteri a, i nstrument using WnMI software.

Nonspem fic fI upr escence | det er

of Hgwe 1k Reapl |SUE~F%P§%16{ Wangp Ht%t%@%‘gﬁg%@%ﬁ Eﬂ‘%%%d galafﬁn‘
embvaaaL; HER ktagRtichadis@gionk bﬂlﬂﬂﬁe)ﬁﬁur oSS afdr @mdplantation with
...H ESC- e.passaged twice in serum
elthgruﬁsﬁfﬁ%ztosﬁi’r:\\gﬁﬁég?w%@f ore being anal yzed in

paral lel with BM M5Cs by FACS analysis. Figures

3A-E3gire DX, fAdkadineinkpshatase a¢iviigdn FumapgiiEs I EHS (ching. snaape E14

ESE NHGEShst embHRAE! §Oo8HkNRIENEsE R atPRERIENESI S and
ost eogeneS| s ‘using standard ‘protocols. Figure 3A

Adi oge y 14 after I ng adi nes

el TEUaNE- GeamhIsd R oraTEHFIs av GEFLICE (b SryheF BEenFy Al and
1n01E§€AFbjmfiNﬁeeatse@l&mceZ;. and dayl4 are neasured by Tagnman

quantitative RT-PCR Al values are normalized to that

Of IRl CEE b honBR 4l ¥E AR AT buEhe tbgpﬁ%%%%d

Spe@%lé@gycmpmg (BN pidiipae) Elyergion oighramosome 9 shown in bottom
pantl ssue-derived MSCs (BM MSC and ad-MsSC) as measured
by Tagman quantltatlve RT-PCR. Al values are

||Zggl_%%0:f2§ ce %ntgeééﬁg% lb.‘/éﬁgr%%%%gul? i) Day

21 after inducing chondrogenesis, cells are stained
f orFiguiet2eo glufSanisl ByE&P E3and b1 1482 hESENSamdHuESI hESCs, and

muﬁ%&‘iﬁ&@ggﬁtﬂbﬁ%ﬁé?{s’c tfé)edgloééll‘g‘g?enst&}{&? 1d anaH%lec‘P &n gn yan LX (Dako

l on ass grecan
NoplpAmpiRpAng: Ca@g/ntvﬂ%u{a‘\) @ﬁwaenéﬂém&éﬂ ayliabsafivare dirpspecific
ﬂu&ys%eﬁdetﬁaéﬁéﬁnﬁérd BERcubbtionVetsifiBardeR allGlidtR ithasbtyse-inBRthed
iij) Relative PPARynRNA | evels in HUES9
anEde@ww C@lﬁpﬂ@?r derivative MsSC cell cultures

(HUESS. E1, HUES9.E3 and H .E2) and adult

ti s&geredm IHuES ONECand JIBES VBELER G -MIOVBER) pansaged awiee élserum-

con?%wﬁ%ﬁﬁ%% ql?e%cfhg( ?éfb%’ %ﬁ%@gfék *{1 %agird(}eé? 1ﬁ’1rl?M—MSCs by FACS

anaf¥siseogenesis i) Day 21 after inducing chondrogenesn S,
cells are stained for mneralization by von Kossa

StA «'Eig urek i3é\'?§, [0, leﬁ%l@raﬁaﬁ t@f Hhssglggaﬂ{mﬁﬁm ?smhare gﬁcﬁlced to
an on al opr.o a an
undyEgp Ao o5 oS Lo (ot SR pudtRf |

vaI ues are nor rral [ zed to t hat of HUESS. E1 '
Figure 3A. Adipogenesis. i) Day 14 after inducing adipogenesis, cells are stained

for oil droplets by oil red; ii) PPARy mRNA at day 7 and day14 are measured by Tagman
quantitative RT-PCR. All values are normalized to that of HUES9.E1; iii) Relative PPARy
mRNA levels in HuES9 and HI hESCs, their derivative MSC cell cultures ( HUES9.E1,
HuES9.E3 and H1.E2) and adult tissue-derived MSCs (BM-MSC and ad-MSC) as
measured by Taqgman quantitative RT-PCR. All values are normalized to that of
HuES9.El.
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Figures 5A-5D. Positive and negative sorting for generation of hRESC-MSC.
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MSCs as feeders for propagation of other cell types

In preferred embodiments, the embryonic stem cell culture comprises a human

embryonic stem cell (hESC) culture.

In a one embodiment, a method of generating mesenchymal stem cells (MSC)
comprises trypsinizing and propagating hESCs without feeder support in media
supplemented with FGF2 and optionally PDGF AB before sorting for CD105+CD24-
cells.
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example, if the dispersing agent is a protease such as trypsin, the medium may contain a
protein, such as a serum protein, which will mop up the activity of the protease. In a
particular example, 3 ml of serum containing cell culture medium is added to the flask to
make up a total of 4 mls. The cells may be pipetted to dislodge or disperse the cells.
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Preferably, the cells are cultured as a monolayer or in the absence of feeder cells.
According to preferred embodiments of the methods described here, the embryonic stem
cells are cultured in the absence of feeder cells to establish mesenchymal stem cells
(MSCQC).
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Invitrogen- Gibco (Grand Island, New York).



cul ture nmedium and replating. WO 2007/ 027156

PCT/ S&006/ 000232 13 The net hods and conpositions
waemcoehed here may therefore conprise passagi PQI/SGINNG/000232

splitting during culture. Preferably, the cells in the

cell culture are split at a ratio of 1:2 or nore,

preferably 1:3, nore prefergply 1:4, 1:5 or nore. The
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abbwgtSnelm. MSCs and ES cells. WO 2007/ 027156
PCT/ SG2006/ 000232

SPLITTING CELLS

Cells in culture will generally continue growing until confluence, when contact
inhibition causes cessation of cell division and growth. Such cells may then be dissociated
from the substrate or flask, and “split”, subcultured or passaged, by dilution into tissue

culture medium and replating.



14 The selection or sorting step of our nethod may

positively select for nesenchymal stemcells based on
wao b®7expsessi on of antigens. Such antigens nmayP@ESG2006/000232

identified by, for exanple, conparing the gene

expression profiles of hESCs and hESCMSCs as descri bed
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e N © 85s9eigled gyface; ngw&g nda?%&ﬁﬁrﬁ ahfp héghip genressed in
ES callshyclmas RS QyrardrtBeit b;qmesfsitﬁﬁrél Otrifi ROy F&QS'aﬁalPE&@ The
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a selectable marker for isolating MSCS from ES cells such as hESC. Accordingly, the
selection or sorting step preferably employs antigens which are differentially expressed
between MSCs and ES cells.



In preferred enbodi nents, the nesenchymal stemcells
and cell lines (or the differentiated cells derived
wo e@moehiesr) do not di splay one or nore charactB€T/SG2006/000232
of enbryonic stemcells. Preferred such
characteristics include expression of the OCT4 gene
and al kal i ne phosphat ase ad#ivity. Preferably, the
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dominant oncogene, or by mutation are therefore not required in the methods described

here for making mesenchymal stem cells.



BC069929, AK051758), Sox17 (CGenBank Accession nos: NM

011441, D49474, L29085, AK004781), Sox2 (GenBank
wae@emsilon nos: NM 01 1443, U31967, AB108673),PCT/SG2006/000232

Brachyury (NM 009309, X51683), TDGF1 ( GenBank

Accession nos: NM 011562, MB7321) and Tie-2 (GenBank
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In a preferred enbodi nent, the progenitor cell line is

derived or established in the absence of co-culture,
wee@feeabl y in the absence of feeder cells. PredEsamioy)00232

t he absence of co-culture selects against enbryonic

stein cells. In preferred enbodi nents, the progenitor
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teratoma when transplanted to a recipient animal,
preferably an i nmune conprom sed recipient aninmal,

wee@feeabl y after 3 weeks, nore preferably aftB€T/2G2006/600232
nonths. Preferably, the enbryonic stemcell or
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stern (ES) cell; (b) deriving a

progenrtor cell fromthe enbryonlc stemcell; and (c)

est @hd sedfiengwal-prpnoges icomitiores| thayl ¢qm@prfsp(gmwt|hen rich media. More
pre?grﬁgg Mhe 9{)1’ Pe%lalval %1%1 fng Iag ﬁ&%mo'ﬁgfnsg ?Hﬁin@%@lls in the absence

- enew.

of Ikt Brj:ﬂerﬁlaly &p é@l,‘f-mr@g\{aﬂyrog@t@g@gnqhgpnb%rgleISﬁxaalanassages

P1e@ér51§l§ rtﬁ@Eélﬁ?&ﬁvféﬁbﬂoﬁd’c@g‘c@ﬁﬂltl@rféttfommé able@stn 2(sEH1 passages.
Pre erab y the differentiated cell is an
end t he

or cepatry et E A e bl et zedBE poteptial compared
to @B eﬁ&tmm/sttem cvid. hrefevitdy tlee progeetor celt linels| lmeagﬁerestmcted

O R A B YR pyeentnsne

PCT/ SG2006/ 000232 19 The net hods a E osrtlons ¢
des Brafeyablyhidie stepenf darlglélgmrflfrﬁéf‘rm%ﬁ% fage nal?rfsﬁér‘ step o
haﬂfemgryoﬁmt@ﬁ c6ll heontiphofisit eihapbaddfterniaton tsa gfecific

hn@gprsg“@mrga% S e
emfbgrm(gwtgrmlnmlge enbnyymmsmnsteém’oéeﬂabkj'ethre\ﬁeﬁls argrrergeyrdt fspm
ly furth
iR T RRRRL ol B RIER BT APERR. Lt ot on of
enbryonic stemcells towards a sp ecrfrc desired o
| i n@eferably, thenemgeingof therpels Som hreage FRSEIH AR PR Otiepnditions

cofn {m{s'cﬁs% gBreS AR eﬁﬁ oi@fboﬁfﬂ%?e%lﬁ%@@bﬂmdeﬁmmhesof
atl ve proge an I scoura
BRI BTPrT L SRBIEy O T B DU S TFRE D edy eyt o 6 dass

may conprise pronDtlng the grow h or proFagatlon of a
spedn fatetferrddl dmela:glanerﬁts ithe progsuitor OeHl five displays rguerd expression of

or 38 not k&Ran! all)‘? pr%ls Sthbt N8R9L8SE LT AL & LRkalindBiosPRatase activity.

Preferably, the progenitor cell line displays reduced expression of a pluripotency
marker compared to an embryonic stem cell from which it is derived, the pluripotency
marker preferably selected from the group consisting of: Nanog, BMP4, FGF. 5, Oct4, Sox-
2 and Utf1.



made by exposing the cells to conditions that pronote

the differentiation of those |ineages of interest.
wo-0078xAMpl e, the enbryonic stemcells my be BXPS6HEU6/000232

to growth factors or small nolecul es such as |igands

that pronote or enable differentiation. Thus, the

nmet hods descri bed here for tabl i shing enbryonic stem

cell-derived cell 1lines of Specific |lineages

pr eflgpasfryed ermdai@ﬁelas &heprogémmhan ¢1héhgd1§iplﬁ§ Sﬁ@@ﬂ thadel The

foffwiag SR AieS  GTb S g PR el PR S ke shan 0

gesdrafporiss(bg aa‘fq ashbstantipldy stablp keetyee i cledmpesine dumber when
meﬁfﬁtgﬁled}_ VSl cu‘i’tru?éc 5 able¥st 10 %‘éner sygzz hgved Sfﬂs&ﬁldél?y Qhble gene
el.r descendants are trarsient ed to

CXPHePYiQ BH TR PHrRegHaR & g@eé’vﬁh@ﬂr onne nt The choi ce of

t he net hod of enhancing or biasing differentiation

¥m | IPﬁﬂBWt}Q@rogdﬂﬁpﬁ p%pliiﬁei does @bl subbtasRgE 1ﬁﬂudeﬁ‘bﬁﬁa&§3ﬁl of

or ich it is desired.t roduce.progenitor cel

reryPipa"heH bl el 5t il ool R b Sqromised
reaipicitcusn appietusblyaiterd waskspmousgdfeianly afiérfX erfembnths.

cells. Endodernaal Progenitor Cells Were it is

desip;g¢rab g, me%ﬁ}&&{l@ Eﬁﬂlt deﬂtdr g%é@flltmﬂylﬁﬁ' i§ p ot Bthalian,

cel | s toward endoder ngl tissues
PrefiaRly Bousg ﬁbf%ﬁ@ BHIYPHC ﬁtﬁgl q@él orr@rqa@an%rrf&l line.
di saggregated (see later). The di saggregated enbryoid
bod iP@SfeﬂiBLy e Iﬁdmﬁedcélbhmar nigrised acéloshelinl slop@stodkell line,

r eof, tha i,nduce oder nal . .
e SR A RS SR AR 1R o RS Hh Blogrnitgr eel fige may
conpLigtsa nmetmhlﬁndmrommtomell:m preferblyetivdSodd ctidine.
retinoic acid. WD 2007/ 027156 PCT/ SG2006/ 000232 20

Hemaf appd @ﬁlb@dlﬁféﬁtsEﬂﬁ%aﬁéd ﬁil‘thgf &Ql%ﬂs%@fhe@?éﬂ St (PddrReng a
ere I t is bi as
d1 IFLFt%ﬁteﬂif% thegirogsniioy sﬁfhnest em cells towards

hemat opoi eti c or endothelial |ineages, the
di s@geferrgbt 8 peodganytor celblih ie propapyted forex rastedgdnerations prior to
mé%f A&O[actors or drugs or conbinations thereof that
uce hennatop0|et|c or endothelial differentiation.
Exa es of such growth factors and drugs include
&q::pro&ic@gpnetg of g:mg:ating@_cﬁffe@n‘g}ath(ﬂ bfremj an embryonic stem
(ESN&I“’QQQ@&h&d écﬁn rlvfr%péﬁﬂé dror CAl Hh@ﬁoﬁﬁﬁ@ é@bRonic

| et al ro e |tor
Steﬁaﬁeél Rbeping. edﬂé%%qngar% I1enandich Rerrang giicisHed cell
froaihieyposdenitst @i lirzel | s t owar ds car di ac nmesoder m or
skel etal myobl ast |ineages, the disaggregated enbryoid

bodi e quéro%}(%eﬁ)%qgéﬁgg %’81%191[18%% rtej ﬁ%(/l?ﬁ rﬁf enq}grggﬁ'lc g{em (ES)

conbi nat
celg @) deriingry proigamitordict fieme thei eathrmmc Eﬁ@rﬂ@ﬂ pandofc) ssli@hilshmg a

p1c§§eﬁi’561n:eEIQE1ECffo§n tlﬁ oGS cdIN & ‘Hzﬁﬁhg)g 2 I@){‘cge?l‘g %gel sg:éeg:ted based

éors and testostero

On'F%é e s fé‘ﬁle%y conprise plating the
differentiating cells in arich nedia. In such
errbﬁdhielm’&mlﬁ(ﬁi, mepsiacificatly pe apmifet pareratingla difftreatiat@tall from an

em rﬂ};oln(i: t(];nq r(Egj’ i p'retfgrgibﬁ/,e{hleSc'lifferentiated cell is an endothelial cell or a
mesenchymal cell. More preferably, the differentiated cell is an adipocyte or an osteocyte.

We provide a progenitor cell line produced by a method according to any

preceding aspect of the invention.



whi ch can then be cloned. Formation of Enbryoid Bodies

I n sone enbodi nents, the differentiation-enhancing
wae@p/ozaspri ses formati on of enbryoi d bodi es PCD8G2006/000232

enbryonic stemcells. Enbryoid bodi es, and nethods for

making them are known in the art. The term "enbryoid

body" refers to spheroid colgnies seen in culture

produced by the grom h of enbryonic stemcells in

s us [Thn siatiods B cympadsitiad @Scrl‘r&ﬂelefef m#y xledl figet ccbmp@@ further

stegpgvh ?xeen%l%? fﬁ}hgffacﬁps cﬁ‘rb%altac{yns gﬁ{iﬁl\/@%@%{ Tl or

€S correspon $ G observe
SCfﬁthgﬁl‘bCﬁb errbryo Preferably, the enbryoid bodies are
generated by plating out enbryonic stemcells onto

semBigohd Difpsiraniopr ef erably methyl cel | ul ose nedia as
described in Limet al, Blood. 1997;90: 1291-1299.

Pr eﬁ@f)@@éryed enﬁlﬂﬁnﬁéﬁ% i ﬁeQQQ'f&S%&EﬁtlﬁgE%?%nﬁ: sttéin @ell derived

g g odlnents nbryo
proe e d%e@%a Snemé'w nggges PAIPIRGLYL H’éthef&é?ﬁ%’éﬁ%srﬁ ifsgpipg of biasing
differentiagian bf ahb@fomc&tfgn celb;ytoﬁzafds agpaaﬁe dé)sﬁl e?lﬂiy‘lbﬁglerbr lineage of
n_order to s from ea
it D BB Rl Poul i oo Gt AL Gk o £SR8al o
puistied elrogeldt@rcbbsianﬁem@ummﬂls poragaticpichbriwis stag w@lls.
putative progenitor cell for the desired speC|f|c

l'i ngag ?n*st-E 1ﬁ5&0&§1'1 e 'ﬁ?éin&?ngctﬁé‘ SHRHR Dy B a tf?ﬂ of a specific

. norp 0 t"he ceII ress ers
lingage .OI% ﬁlggteﬁbﬁfee@%ﬁ %ﬁge&‘%? ?ql %“{fsé’ SP&& fq g?,srn%flpqereﬁgmay be
madayy aklsaz;uigetha sells foeosditosethapgohiotecthp diffeentiafion ©€tHoSe lineages

07/ 027156 CT/S 006/ 000232
of BF B Rluafe MR ARl B S RGN B tor o
smplpmol¢ralagessih eﬁhmé@ﬂfat profiateagmabkydiiferipintive.
cultured, or further choosing steps conducted thereon.

| n hes, ehd ﬁ@ﬂﬁﬁ?eéycﬁﬁé& Rore H}%stabhshm% em‘svrgomc stem cell-derived cell

ere tlatlon e nC|n |
&@Fﬁg ¢ Yinegess g ?ra 9 3 sgen %f %@lﬁ@ﬁmg éﬁ%rmaalﬁn of

embfybﬁw BER colty ﬂ‘oWaﬁﬁ&Mﬁkp@ﬁﬁ@ Uh&dge VRiefeﬁia’thQﬂé Qidfereniblion-

coura tion,o
enl g S R b roB R SRR RD P B TR B8 EpRL §erably, he
embryloniersteri nellher thiis descendahtscoe trandiantly eapoded éal diffecaitiation-
eM&%ﬁB@%ﬁQﬂﬁﬁnetR'Ch Medi a Alternatlvely or !n
dition, such conditions conprise plating in rich
nmedia. The term"rich nmedia" as used in this docunent

i s iTRE eRRIetIot Bemathad qignhuneing oihieving diffstrotintéon wilk depgnd on

theRpedifit adll Yneapd O intBditFoCANRAIiSIE e 8RIRH tcﬁiuc@jdltofgbﬁgfr%ells The
a

requi.red. for graowth of t rel evant ce Prefe
peds i B SBHE el ForR B sibigh oy b osed for
diffeoemprceléses substantially all the nutrients required

for such growh. Most preferably, the rich nmedi um

SUP@ﬂﬁ&ﬁme{fﬂEkﬁﬁmﬂﬁg «encourages grow h of the

rel evant ce In h|g ly preferred enbodinents, the

rel Ml itG€hdsi ﬂe& t(?bl.gg Qﬂﬁpénttlgﬁol%ﬁf émﬁ{l{‘pﬁc @lréﬁq?&éﬁ‘ﬁowards

ogenltor ce
engpdgimightyres D@Eww,tfﬁr Boplegmbrvigbediesmay befpmedend ed

d1s)i\gr§1tl':‘ga‘ce'%p(‘}{@FJC B, Thi @'dfsaég%ég’dﬁd élﬁﬂry@ﬁ%@ﬁés%aﬂ@ é’i@o%‘ td$rowth
ai ni ne oet hanol , In erre

facg%%@dﬁalﬁg% 9lsconzlﬂgqtpqn§ gle g&@g epdpdepy {fgrgnhatlon Examples

of addigtovathehctgrsamt [rugs include actlvm A, FGF4, dexamethasone and retinoic

acid.



regul ators or hornones that allow, pronote or
encourage growth of enbryonic stemcells, such as

wo ewkmilse | nhi bitory Factor (LIF). Accordi ng tPCESGH06/000232
enbodi nents, continued propagation will selectively
enrich for progenitor cells which can then be cl oned.
Long- Term Mai nt enance in Cabture Preferably, the
net hods descri bed here invol ve culturlng t he enbryonic
st efgredppajeticonnad leqotheliss BengsaitersCelr more than one
generation. Preferably, the cells are cultured for

mor@n thepithes hang véhepp s devirerisy iag didisrentiatiomplembrypnio gtem

ellmvﬁir&ﬁ?eﬁha?i&améw& chBgmelR0 ,hnev%res thé Bﬁﬁ]g%@gatéﬂ)érﬁbﬂybﬂrbodles
nore than 1 nor e

s R0 oW PR 56D % SHBPiFR BT ORRE §Lﬁ$ e ar
hentatepoiticlor khdwtkelimh diffeecntiation dixaegpldsart siich Srowdh fattorSand drugs

inclﬁge é%-%sggﬁ-égn sll%% P@%]ﬁ?@ %r“%l}r%%iggn 'thréﬁ%boﬁg ttﬁlg TNFa. and
rap@@eydis in culture will generally continue growi ng until
confl uence, when contact 1nhibition causes cessati on

O Clilttac o/ aARS ANt Dobla PokfiidoP CORY then be
d|SSOC|ated fromthe substrate or flask, and "split"

o OpgSIa it PRI Sig m’a&%ﬁ?"égf TR R Sk

cel brqy@é@lﬁ qa@qhaweﬁ%deﬁwr shelptak I@V%blaﬁé 15 BRAEE B BE ¢ lseggrggﬂte,d[ embryoid
boddslé rmawgaece;xbbwdq«) grdv@ffedtamloy dhgébr as@biplibds tBéredf that in@uce

carcﬁaqsme%ﬂde{% ggglge}ﬂgl 1‘{1&(}%\%&? Sﬁgeé% gmma @2& E}Pifszagaflﬂggromﬁi factors

andpirogsesdudodesiastetiragonen irthikiongo P AR Y euibtestofterone or its analogs.

confluent culture of a cell line, in inoculating into
c o n Pusgﬁcg{ecwgé ﬁgf cblﬁ{)ﬁéél nﬁl%ﬁgﬂggge Hﬁﬁar%itf&%h% Hatd olh a nrilChonrledla In

suck empedigepisy eentinued PipPagatios iHselsalivebnenrs @F pl@éamwé cells

whitRYal@¥e¥E€tlonB®€ nai ntai ned for a | arge nunber of
generations based on their capacity to self renew. On

th b tabl i shed that " E
(. iy PEREP B BR a1 ©) cel 1o derived directly

sED A RtameS i e iRt hbiangig S SamPRRS Tormation of
emhwd)lti bodief lfﬂ@&yembl@/onmrstem ¢ells'lEmibrym'1d bodied, andntettrode for making
thed! 8‘}4\'1 E(gW{l '11{] ahmfrer X ™m J%Hltb {1 130 il éfg?st t%l hérBﬁlecotl(nﬁes seen in

e or after a er
cultnmmeduq@ﬂ bgélirﬁegrawtlb pEemigponig é@m ¢fdlsdn sespprsien. M@Old bodies

are 8Emikeaekll 1&1:‘5 ealﬁfth@ﬁlsﬁﬂﬂ%n 2kl il ﬁ%edﬁhé Qﬂ‘fearaﬁbél 8 sp‘éblﬁ'a cell

somati c only ass ali dn
tyPES %gspwﬁﬁa@afrn@qswe@ Pi‘i%t?lﬁ} Béemtre: espre Bl o godies ar
genei&'tddtb@ri Platigy cfut Eﬁﬂbﬁ}mﬁc swh hé)ll]ﬁ orith eemi-esidi hedienirefeeubly

metﬁw@%@d%{e@% %ﬁs Ele},rsglg R‘@l%dd ﬁg& o(r)l 1\%/'9 -1299. Preferably,
ﬂwemﬂmwﬂ@%mh@ﬂncbmwgesadh6a@yiMdnur cells or tunour cel
lines, viral infection of a cell line with

tr alﬂfs%l{'félﬁgodﬁn%ﬂ’éet%e%%?ycﬁ@b les%egzh@/ i@, séﬂ—dtéﬁn]g the
transfection e@pmilth speci al | oil adapt ed” vectors, suc

comppae\pghs {Fagy Bieh o &4 B a%"é’&ﬁFe?Fé@’Péim gdmpy @eorgfa* to

remaRé t@esll{ RomDineBes fetrtioflprom&ing cbndi@nser, 57,
287-289, 1988), telonerase (Bodnar-A-G et cal .,

SCi ﬁneé'gﬁté%% 318 Bn gfelkeﬁ e%boﬁ%nen%szgon?pnses ef%%) U cﬁ&{gﬁ{é S}Llﬂgtive
progenitor cell for the desired specific lineage. The choosing may be conducted based on
morphology of the cell, or by expression or markers, etc. Gene expression profiling or

antigen profiling may also be used to choose specific progenitor cells which are of a



human papillomavirus (U. S. Pat. No. 5,376, 542),

i ntroduction of a dom nant oncogene, or by nutation
wa@e@7okmsef ore not required in the nmethods deseei/bem06/000232

here for making progenitor cell lines. According to

preferred enbodi nents of the nmethods described here,

progenitor cells may be pnopagated w t hout

transformation for nore than 50 generations. In

desipeceliiempe dlheatbssdi pvigatitvs progesitpr adidhi therdesiedd speerdly lipeage may
thePbERABREEL Dy RHEE bHUotsﬁ@ét BdoMcRQUberedd. ansf or mati on as

progenitor ce ['1nes. e progenitor cells and

pro enitor cell lines are prefera i n
orefeed ewhosiments; Ge dHGFItELFRT ﬁ(*gf 5}%&? Rifelleyahy
exp@ﬁhﬁ alffelréhtﬁﬁhg bellsl talconditibeywhick enaturagepalfirenayfal gf putagve

al rm.laye r
e I
mayprefghhly cpopese culiGhaindbe ehseses Qfgoa:mltpreugefﬁ«rcfe@ ﬁelt§e(5¢esa ove).

In preferred enbodi nents, the progenitor cells and
cel b 1@9@ (or the differentiated cells derived from
then% not di splay one or nore characteristics of

| ncﬁﬁ}fgﬁébﬁveﬁ% &y ERifich, sﬁ&{ecfo%ﬁftﬁ)‘ﬁs %é‘rﬁﬁnﬁﬂﬁﬁﬁ% ﬁirﬂc?ltrh@cﬁa The

ession o

termp (Jo g g@d@@j @S peef/intiip deruwnp 3921nte/2§ cgwo‘rgg;ﬁ g glggla vs}uch 1s nutrient
ricl2®f éﬂ!ﬂa’bbﬁ/ SLEJhQﬁ&ﬁz@bdrﬂpnsteB @sd@ﬁ'@@ entriedts reghited fongrowth of the

exhi ssi on. of
relee/ﬁ%trcgbt E]re gl?Li H%Flfi @fcoﬁfaﬂﬁ f,eﬁ%@ele?)re prgg‘e?%bly, it comprises
subplatitialpodlbthe ytrizniseeguireddor slebgrovbdMost preferstdy, thetiel mediuvm

sl s LOE LSS D0 B (ICKR o3t S0 Bl

rogeni e net hods descrl f
emh@hmears;athpr@lﬁwebﬁrlylsr@mrogqndﬁb?qllg@rﬁ Rutatpiediageapioy celt pfgnterest.

An F&?{Qiﬂ?f%' Jf' ‘arrlc@r%écﬁmﬁhﬂ)l\/{m itk 2500 AEQ Uiglubdiﬂw E’L&pplemented with
0 njil or Jmmunodef] ci e{é ]JJ ﬁ%l ani mal mn aptoethanol.
205 Al (O ST ST AR oS L 2 ARE 0T g

parental enbryonic stemcells which results in tunour
for mapnemmred eRrbeflimi, yucht i medindeesomipompiiseaidstional growth

regu;e?tm 1dle£1Jl p\{ha{]ﬁgc{w ?ﬁ]{g ﬂ@fe o'r%nc?ou?%e%{)‘:'{g?ﬁlscg eg’gbr%%ng&gfn cells,

progeni tor
mxmawﬁmnhnm@dh@bﬁwvé%cﬁrGﬂghged peri ods of
inplantation, preferably greater than 2 weeks, nore

pr eh@railng 8 rs@éH &ﬁbdd'h%@ntg coftdispropapation il eeﬂabiv}ely enrich for
greater th Det.ai | ed protocols for

PK@@HBHFFB% g&*ﬂ?n Hﬂl re set out in the Exanpl es.

Progenitor cells rrade by the nethods descri bed here

ar e Lahgsdepn Meniakdngce di €pliane one or nore of the

follow ng characteristics. They have a substantially

st abkefersBlyy ticypehads desaihed deat ibyolehedhwingrthe embtyenic stem cells
o TEB AR TP RSy S SHL AN St s o
maseithen dntiosd thynéa,amp@ thamtS, @%p? é@@. 29nmeag the rl AfﬂP Hhan 50, more

th-9eRehRtd @n 49, 96REHAT 5@ MorBYhdnMios, f'ﬁ%rdﬁﬁaﬁl 20t akork Rigan 500 or
expfession | eyels. one.or

e w300 anerg o o e e gel LBEBEY Bombintab a2 3 4.5
6, .39, $0.ani i2.ciant4 yrspeomenoas po ofgieﬁ()tbir 106@1200] f0boremore
leneration and a progenitor cell in the next
gelgf‘é HESti on. Preferabl y, the set of genes conprises one
or nore, a subset, or all of, the follow ng: cerberus
( GeRin n adtes silbgeneealy uiiogogewingarys tewiience, when contact

1111‘16‘5 Q%ﬁ%&%)es cessation of cell division and growth. Such cells may then be dissociated
from the substrate or flask, and “split” or passaged, by dilution into tissue culture medium



FABP ( GenBank Accession nos: NM 007980, M55034,

AY523818, AY523819), Foxa2 (GenBank Accession nos:
WORM00ADAEG, X74937, L10409), Gata-1 (GenBank ApCESG2006/000232

nos: NMD08089, X15763, BC052653), Gata-4 (CGenBank

Accession nos: NM 008092, AF179424, U85046, MB8339,

AB075549), Hesxl (GenBank Agcession nos: NM 010420,

X80040, W40720, AK082831), HNF4a (GenBank Accession
andResatidgMIBe @ﬁfgbmtdﬁ&ﬁﬂi fay tIB@‘B&Z[Bi(pa,ssagedi,l ar splediBingiculture;

o ARS8, A 0 00 RO SEBEREIP 1

or nfud THe1teB8 “pasvizes §8sisnvBzahy Prosepsnssing indeldng ep akigok of a

conﬁﬁ&ﬁ%ﬁltﬁ’ﬂ% i ‘a%ell INME O 38331 atit(B 248 fresh M43, anBGV AR the line
Runx| ( GenBank Acces%| on .nos: NM 009821, D26532,
untibegrEiisnee onagEHARY oP8NEd7 (GenBank Accession nos:

NM 011441, D49474, L29085, AK004781), Sox2 (GenBank
Ac C"El&Splﬁ Penitos celMMeBived 4¢btérd1n§ﬂogﬁé’ meplB)]j@ gexaibed here may however

B -
ST LIPG04 sty s o o
the afheebaidoit has SeernpiabligeniohatXsyesd’ (lﬁam@m Emefé%)maﬂc cells
der@gﬁ)ﬁgggtﬂr) ﬁoﬁ@@n%@@aﬁs‘ﬁ?ﬁe%‘c REh 6252 B06h80023R, su814r sdihtic cells

describ ena t roduct i on  of
b e it e SE8 PCUHE (5 GUamPLER. BBV b SOt grq g
1nd§5ﬂirf1f.e¢§r ®0t Wil edineedly Sose i ablilitg oorpralifeatel codatide after a certain
escendant s of eni t. »
nmdlé ﬁﬁ‘beﬁ"i‘t"onSf OEP%aeﬁ 8% rel?lg b%%dé@glen gg{p af&% %ﬁh 50
genemitlbss T ctuch aereatinotella merrogbites paghreed Adinaifadyavgrger of times.
transformng treatnment or genetic alteration. Such

cl Oﬂﬁéergﬁ ¢&nd gmgénllﬂﬁ\é%llé"@& aBRAS Wﬁ&lﬁéﬁ&%ﬁé’iﬁﬁ a¥ithout the

en re substantiall et
1qu@@ﬁ§1}té@[ trqr@%qrg@%%r’éms %& p)FalmR;f, Xﬁlﬁg’&ﬁ | foginatgon treatments such
as REieh Wl&hhﬂdnoﬁehfse@ péltsysanh as i cdlslor tgmawecellilides, viral infection

of %l?egt:hr&r\g&]é 1312) Blg,-l;{qe sesrutrc@l a? §99§ rﬁd}g‘@rH?Q} nll>r H’?mul Gansfection
w1tﬁespecm=lly ddapted pecigen suabiras dled $840 yecdor, copHBigEg a sg;,qu@@p jof the large
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production of progenitor cells, which may of course be made to differentiate using
methods known in the art. Thus, any uses of differentiated cells will equally attach to those

progenitor cells for which they are sources.

Progenitor cells produced by the methods and compositions described here may be
used for, or for the preparation of a pharmaceutical composition for, the treatment of a
disease. Such disease may comprise a disease treatable by regenerative therapy, including
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hate! ®]gi@ner Rhe r ﬁMthéﬁﬁéntSﬁﬁNes%ﬁébﬁe vhesee @RS biological

expressi qn. cor tion coefficie or
PGS SRR e SR o R RE e bf Bl LN TS gl oh thtibination
preffgably it He feamef o coetitiased mﬂsdlmh; ghy by utedss stpydemeitthke activity

of, St @5@4 sp&eg@%%fd' | tforteﬁ‘é i PGB0k Gp%%anéx%ﬁ% Jd&&{; ng%‘rrrgf'evemmg

Sucéil&afrelﬁse\@uch as 1 m)nth apart In other enmbodinents, the
gene expressi on WO 2007/ 027156 PCT/ SG2006/ 000232 30

The 201 gene products expressed by the hESC-MSCs are shown to activate
important signalling pathways in cardiovascular biology, bone development and
hematopoiesis such as Jak-STAT, MAPK, Toll-like receptor, TGF-beta signalling and
mTOR signaling pathways. Accordingly, the hESC-MSCs, proteins expressed by them,
etc, may be used to prevent or treat a disease in which any of these signalling pathways is



correlation coefficient between any two or nore
i sol ates of nesenchymal stemcells is greater than
wO280/02p6€f erably greater than 0.95. Preferabl BCT/86206/000232
gene expression correlation coefficients are in such
ranges for cells which have undergone the sel ection
or sorting procedure describgd above. Preferably, the
. gene expression correlation coefficient between the
ln‘f?EYeélf Px Yhege getiplogy éwyolyss efie patloye ddftcts insmlyame sy miose dfthese
sg@ammg@@mg@§& Thus, as shown in the Exanples, the
correlation coefficient shows a high degree of
S'"E%ﬁéé%y bet ween five nmesenchymal stemcell cultures

h )
~obt kP §1E SF POrapTobins oeredifiane e MeCadeseribed here,
inabfdinghin the fies of cahdBibnad thetheman de widdfod tHRGamieBurposes as the BM-

MEONg _correlation coefficient between
tecﬂﬁ?@%ﬁdlﬁéggpl cates of a RNA sanpl e anal ysed one

non&h @%Eart is between 0.97 and 0.98. Accordingly, we
pr oVPaEEPETMg Grenayrisaolre wred ep saurens famanymfiierpiotansesecreted or

exgretsed by \Whting, s AR S BRtia Fh Al o 1§Itmh,6}5an@éule}1rgﬁﬂﬂ!é kdblds therein.
W{)ﬁar eef er abl\){ h rmger][guié%?vm .each other. T I sol ates
SELPEBYOP 0N S P dyetaoh ERoRurRg § Bl DRI 2 Shens 51 &y of
Expmnples [18 to A, thehiettasl dohgrisingtodtaigihg a heROEBHSIaL %}’cem cell as
[ : nogenei t ween .t he..

e B BE P SRR B ol TEnePorid from the
meggnsbypal wies esd.auefseblielomsuntdivingo Mai@sthantseidhgmal stem cell is
grov@hgs or cell types. In particular, conparisons may be

made with nesenchyrnal stein cells derived by other

nmet hods, such as bone-nmarrow derived nesenchynmal stem

HOMOGENEIE A MBCs) . I n preferred enbodi ments, the MSCs
obtai ned by the nmethods and conpositions descri bed

her &1 dpefirey cnlgeieesxthe essewhypabdtéh feeﬂ\hﬂ)m_ﬁu%eﬂ by the method
i i . [ i cal. w .
e P 0 IR ey A D s sy
megagichenalhstesm celb@YIBCe clones igplatgd iy teacprotms] giovod highelepee of
infiRAY & i8entRY Sfi@reablh YtheF RAbly
o ér egyt er1 t’ﬂ}ajr}} (1) 7, W tt h gﬁ/{eﬁ/{g&gﬁ&%ﬁrggcaﬁgg[’é g%{%‘?h t he
Exagpl.es ai rw.se canparisjon of gene expression
bet REARELY R Wentt JedhcmErd S R ke o paes Resbmeastred by one or
mopoghatagtdristiss. fmal pteffiereel dnﬁhﬁd‘ﬂhduaﬂhle BMnbSLie s&?ifﬁﬂ cﬁﬁdéﬂﬁ@?l in gene
i B rrelation coefficjent
b8, PRSI GRS b of B Becsbiumeaom cels
seleotpd byethp sxpshadesxhiltisaibslentialyddemsicallersimily: gent akpression profiles,
that BUHIEAL QLS i ' i
e van .m?fnaﬂﬁliﬁ%”%??‘@r@ﬁ%“ﬁ%ﬁ%%?%%% | RO Ty o] @i they
are ERBIHEE Ha TR SEPT NI G f tisamesenelymest SivEneisfigaietpd exhibit
substantiallyeitiéstidanont Jigiler @me REpressich plogieRce of a candidate
nmol ecul e, and identifying if the presence of the

nol I ef fect. on the rocess. For, exanpl e,

R e R e
Prefesabdy opome-ve e genequbfiingriagohdictsladins fa egemiple, weay
hybEiashat Of exdfact i |
LIS R S S v g
extiapiraati Ot iEh nie CRNAS Wiieh Jshybddiseciaranseray ship ernsising a
plulityi 6fttieht b@juchies TRMER eyt g&iod® PR@rhblly OthERih P Bomprises NCBI
Reference Sequence (RefSeq) genes, which are well characterised genes validated,
annotated and curated on an ongoing basis by National Center for Biotechnology

Information (NCBI) staff and collaborators.



In preferred enbodi nents, we also provide a cell,
preferably a nesenchynmal stem cell, obtainable
w@ewonziithg to the nmethod. Hitherto, preparati oPGT/862006/000232
mesenchymal stemcells were either too inpure, or not
substantially phenotypically simlar or identical
(e.g., with respect to genggexpression), or were not
suitable for clinical purposes as they are produced
by rkeanheapressiobstivagn saoamed i direm ammpareelaemgemafyssespﬂware Ina
{ [
proféiréd &Hbédih%nta%%tﬁilgr@ti/ of 1ae%ﬁ})’e&vr§‘r%ﬁé E%essg& &gff%gledgis

rise.to sybstantiall eparations
“odaliRrprHicietor Sk llnsaWﬁSc%hlah@ogplmwlaﬁoqfﬁcus@rémwm two
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o SRR B BBl s Tt R e et RyratmEdicetes a
lowdrgrepyf simitatitydebtweerttbs pritdye of pereaixpressing in the two samples.
N&hh fl?d“ﬂ%ﬁtlﬂ tﬂe%nall?&e{%sr@ﬁ%b%% eﬁ‘a#%'ggﬁ tlféﬂs s (1nclud%r§

exanp f:)r ovid renti at
lﬂtaléﬁlfa&é@;ﬁt gptiakhiah plase hios sndiberkeruad bisskeriordp ci«':tta\ﬂéalalysIS
further provide differentiated cells obtainable by

suclConetaiod sestsCak knbih & theReteint TR EUL D-10R .60 PEYVERs test as

e Gl Bufiile PR Er&Rerdity (208 el el Boghand
Applienttves.riaatBo i Telda, emﬂ 5B 8B42336DT (e SatSodti, el 006N
Elécwmfctiﬁim s mﬁééﬁqﬂﬁal%e&a?p%t\% }ge met hods

descri ecreasing the

hitgdrww stptseft. Comf@lxz%/bp@ kistathastechtanlt Refaserci as inede toal§hojasteh et al.,
2008 SCEbReEe fi: Bmleﬁoﬁc%ﬁ% n%l)@al iRRIOR IR DS eI AL BMRY

S a nmposj.t.i ons_descri bed
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combsEdcisydeadrited ie Kdojdsehieabl, mprker s of a cell. They may
al so or instead be used for down-regul ati ng

exp ' ! 0 rkers. of
Fl?ﬁl%ﬁe‘i’fed%]}nlﬁhgﬂerﬁ PegfsoH sLI%slt gsnc}é)%glg%‘c% gleri%e %P%aé§/on ]
CO%@a%e@efﬁ?lMeﬁthfrylaaﬂn 9@66 cleetapalkﬁ mdishtes pn idasticalgene
expredsadnbaigrsel f-renewal or differentiation of a stem
cell. Such a method conprises performng a nethod

candl Gteerst B n e 40N b sah ol Fatin FruBars

ExfiteesioreB basidhin matl mnmismsnnmﬂludﬁﬁa:BeﬁSdatMrﬁJOHBMeﬁraﬂy the data

s B 8, NG e BNy L
Diggioeds HiShanlt s¥ill e clsanionthe eaadedaiweayenibosartyi suitalile chiphad
scahﬁi%@thﬁﬁmal @fmd RIMivRE By Eh bRSufsQl doPWiaREr n?ea%réﬁ?ﬁ‘t? may be used

treatlﬁg )f, re eneratlve er apy, car | acC
10 IS SIRERH W @P%ee%i%esswmﬁo sease, WO 2007/ 027156

PCT/ S&006/ 000232 32 burns, degenerative di sease such
as Hre&mﬂ&lg,sthe ,gbﬂdmdpmmoa cdtrSl@ﬁS@coe‘?ﬁcﬂkﬁtﬁfé&ﬂe&l Ay IR IR lates as

pre %fler en (% téylvﬁ% (ﬁ me%ressitgg%egl;eg ﬁw&ﬁ%ﬂpﬁeéerﬁglﬁ%%ager than 0.70,
lnomelsefeir@@dgﬂqeﬁeeth@arﬁ) e meseprefayablp greater dtap 85, more preferably
greSRATHRA 0198l kst ﬁf@ﬁ?&b@ﬁhoﬁes%b@'@ di agnostic, and

therapeutlc purposes e uses are generally wel |

kn int
n some em odunents tiJe method d%scubed here generates mesenchymal stem

cells whose gene expression correlation coefficient between any two or more isolates of
mesenchymal stem cells so obtained is in the same order as, or slightly less than, the
correlation coefficient between technical replicates of the same RNA sample, performed a

period of time apart such as 1 month apart. In other embodiments, the gene expression



described briefly here. For exanple, stein cells may

be used to generate nmesenchymal stemcells and
walpdof7eeand i at ed cel | popul ati ons for regener at PESG2006/000232

t herapy. Mesenchymal stein cells and differentiated

cells may be made by ex vivo expansion or directly

adm ni stered into a patiengg They may al so be used

for the re-popul ati on of damaged tissue follow ng
cotrelatiomcoethicisnt thvgmcanly ewo ofF nfoad isbiats WE snedErchiymar bm@slls is

glég?éftﬁ’a &%@ﬁﬂgfgmfbrj%rﬁ{g . GV bljses or  depressions during

Feconst i'C surgery. Chondrocytes may be
used for cartilage repair while osteocytes may be
used'r¢lsrabbb e geap axpressinecorelasionleppiicientseare iestich ranggs)éor cells

wiidh bR uRBEReds 1 @@e@m&%oh;r%}ﬁo&%ﬁfé dé@&%éa%%vmefeﬁbly, the
differentiated .into an

e cell es and
RO Luon aoe B enCetvesits B et oL ol eretmeply al
isdldted, is ini seslueangeei n ceII derivatives may be used as
sources of nesenchymal stein cells and differentiated

c e' | ag s S}lg\%}&l‘il{ ﬁ%tﬁ%%le%f e %8&91‘?1{1@5 !:(}ée?ﬁmgﬁt, S hz%hc&gl ee of

sn‘éltl@lty Betavean diak Ilrseselfcfbvmab%@mwblé culityepebtaised vith & oonrelation
co@Fﬁc%?E&@'@é’rﬂﬁJur st 8leNinc€bf 6. 9@91% tefdng %\%{Ho a6.64 cGﬁtHs% the

COESlﬁE%ﬁl CO plgﬁteq?g\rgéqt@% Cel gqp g%e%gqrmg mmpl?e ana?ysed one month

apdﬂhﬂﬁﬁ@ﬂﬁ“hQ%dmt@DBS may be nade by the nethods and
conpositions described here. It will be evident that

ltorg %‘%@F&?@@&a@%%r%@{@%} 4 *n%ﬁi%d%?igﬁ %%ﬁ{jg r\ﬂﬁgeﬁ%}%)ﬂ?atf 's?ep{ 08is
whdehuars subssantially singlag o fc@n@ml i(pregerahlig h@tgomlon@dmth( paslyother. The

1sd1£’[e§ ﬂ%fe%ﬂl?r dibp a rﬁﬁ%dk’ﬁfbﬁl Sne@ichleslionbigted cells
equally at to thoSe mesenchymal stemcells

for whi ey.. are g urces. .Mesen, steipn cells,

hind AR br e it S DO ERiedN desn o8y P e HOGCELREY between
tha‘:xsmfates iof MSTSs ﬂﬁﬁ ¢hd inetholip hemoagnelite mesedsd oy gssesed batween such
isiiEs BRERRGALIOT, Ol GpRDATIRAGHA E3hoa ROTPASY bl AL i,
m@el@nhg@ah gemrogHs é@ﬂt\@d byyothes gesikadst sugh as henamyprow erlved
1nés@1?(!h'3*gia[‘§iel?16€eﬁb @Mf—I@I'Sbé .8n Mé}?edr@ﬁﬂda\ﬁ’ngi@ Qﬁcsﬁ/ISGg‘dU@amed by

bur ns, enera ve ase such

th%llr“ @1@3%%11 Nl%RPé}tWéF %SC&P%%Q% 13P§0’I@| 578 ﬁxgre%ﬁl@e%@éle which is
suﬁﬂle& to &f@@lcﬁgaﬂ@@rwnh/\br ideariedlavith ABMEMIE ThusPthe MK Of obtained may
sh%% 988F§O§P%%ﬁ01€]§53 %%3% gx r%slgson cg‘tgg{ﬂ%%rgﬁ gll)rgg:rab?y greater

thaneG @ nublgrably steaentheell7, Withe3MFMACshe WO 2007/ 027156
PCT/ S&2006/ 000232 33 enbryonic stemcell in which the

”Esqnﬁgya@%hoéﬁ ?rmJﬁ;xlalﬂéﬁeso}peh 15‘@901%[?%%031 géh@gx ession between

oni C teln col ony,
thr@ﬁ QW%B?H eaﬁlw ST M G provgasiops prd thike mﬁmdéw&Bl\’bMSC

sai@Ple btel folid iobesi@aaUWth b @ErreldbnEd SR oFiome, FGF2; (d)
optlonally deriving a differentiated cell fromthe

RyEETORY VBB o sTEesP ¥ RRE, tnt i ot od cel |

into a patient. The mediumnay optionally contain
PDGOuBetitds mast dledlse weey toesteatifyl fuyathye regeatofsgf mesenchymal stem

cell BsrhB8Hh Aot e BryBAR SRINP Be1Rf THEREMEAY FRbive conducting the methods
described for production of mesenchymal stem cells in the presence and absence of a
candidate molecule, and identifying if the presence of the molecule has any effect on the
process. For example, a molecule which accelerates the production of mesenchymal stem

cells may be used as a positive regulator of mesenchymal stem cell formation. Conversely,



or endothelial markers of a cell. Alternatively, or in

addition, they may be used for down- regul ating
wezpresason of stein cell or pluripotency nmar ke€ES©1006/000232

cell. We further provide a nethod according to any

precedi ng aspect of the invention for the production

of a progenitor cell line og;a differentiated cell for

the treatnment of, or the preparation of a
a pdladul@saithirealdscnpestdsican bé ednsideeed dreiahibent ofdhesedtlymal stem
ce@ﬁnl & the followng: a disease treatable by

géﬁ'?%tlve t herapy, cardiac failure, bone marrow

dlsease skin di sease, burns, degenerative disease

sucin pesferredirmbosimats. ves atee p@vmemﬁeprefem@l:rlk g pnaklymal stem
ce@'&@ﬁ%l@%oﬁﬁt@@ the %t}%dsﬁltﬁé gc%)a?atféhg Bﬁﬁq@%'cﬁlﬁﬂ stem cells

e e, g paS A ener e pBaSEal (%, with
res@bcftft@ peit dxpiessiony |ok Sveresius Buidebld R ld‘hﬁnahﬂ purposes as they are produced

oy LSS P TR RS S HE S B B e
invteptiomghigstth givs rxgg Qtl:fuﬂs’@d’_tlallbél 00 _pmmfmm@ranogs pbmesenchymal stem
1G€
C"mﬁ“eﬂ?{%‘%ﬁ g P IR AT IR IR e 1
ell lines as described, and deriving .
d| f 1 pEHEP R VEesEaPg ZPIOCEh ?mg%um%élfﬁg@@ﬁ@wﬁ%% the rgpghod
co@@tibigg GB@ehinya trh:@eﬂmyllﬁaﬁﬁmﬁ aell 6y ﬁmﬂﬁhdd @%sorﬁ%ﬂ&fef@hﬁ Gind

dlt?%%ﬁ?gg% al?eﬁggsi&nglgiﬁl? at e:iilpggre amd)ies, e é)rggl & fgremethods of
diffirérfttiogta adipecytes) t@nmncaws aBy ofseoayted ecta.cWe fdlitlmey pravide
dlﬂ‘%&it@({&ﬂ§ ogﬁ§‘fé)51eb(§ﬂsggfg En%thora?yCél?ﬁllléé%d% orf? Elﬁﬂ ﬂles%flchymal

uncti ona

stegf cellgand ékffea@}t@@éeilﬁ aepeso rrpgided. sThederrycel Umeda@ﬁ:@y refers to
cellBatt@d e nRaftinet laad @wmﬂeﬂulttlﬁ@nalﬁhsrplay% iRREY L Sr indefinite life
store and synthesize fat for energy, therma
SPHegul ati on and cushi oni ng agai nst nechani cal shock ii)
cardi onyocytes: the functional nuscle cell type of the
hearlhe tealiodaldesaasbed heteanaybleratontomtd with dsérgasamgithe activity of
7 2
mf(ﬁ%trt](g gglgdttée le%éﬁél%?gé{é SAI% é%% 1b€<§:|;f @%@@9?2% ﬁ’%ﬁlnqﬂcdrbérllted by
refgigpeq. | age for joints, ear canals, trachea,
epiglottis, l|arynx, the discs between vertebrae and
Usebe ends of ribs iv) fibroblast: a connective or
support cell found wthin nDst tissues of the body
Fi brobl ast s, provide ap inst support
nel 8 TERE SIS ShiPohnt Ry pHEu e AERE eaTErly BafiabRe
expressi@r o roesendunial or viddikgiat meskers. oftaneellf Theyt inanalso oeinistead be
usédyﬂ%? gﬁvn tr@%ﬁétingeerngéﬁ%n TRKER c%g%%?'ﬁﬁﬁ)‘% Hlec&l%)l(é 59/ 891 The

estroying re 1s°a

mqﬂé}sﬂs @nﬁpwgp@%ws desgrsredihgeertngy be wsed te rf@nawlh@@msca@ﬁble of
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t he oha e..t hat nakes
copiists SRaPETRE o 15ahpd AERERE B At SR ATl B e PRgsengEefa
cafidaael mofegulel and teterhehing anleéiettbgeoeti c cel ls are

The methods and compositions described here may also be used for the production
of a progenitor cell line or a differentiated cell for the treatment of, or the preparation of a
pharmaceutical composition for the treatment of, any one of the following: a disease

treatable by regenerative therapy, cardiac failure, bone marrow disease, skin disease,



found within the |liver, spleen, bone marrow and

support tissues surrounding the fe tus in the wonb.
waoRioy/oemecyt e: the functional cell type of nmuseCESG2006/000232

viii) neuron: the functional cell type of the brain

that is specialized in conducting inpulses ix)

osteobl ast: the functional ggll type responsible for

maki ng bone x) islet cell: the functional cell of the
bupasndegeasrativadis¢ase sudpoisitetes, Alheinetiseliseng, Phkdnsohs,disease and
Ca&!rcogon gastrin and somatostatin. Together, these

‘ecul es regul ate a nunber of processes including

carbohydrate and fat netabolism blood glucose |evels
and Meseachyswaé igt osHs anchdidferensiated sele madesrgrdipg to the methods

deﬁ&@gﬁ\ﬁ%% bShEM ok i ANOF E¥ drinERIEINY 1&56@211@5@6%& d1agnost1c
nch stem.cell s and dlff]gre‘gu(ated cells

an 6%}1 @PW@O%% DRSE HoTLTe gemeral b vahia ¢ %%‘atfl?%&l“ be
defreibed beyflpherased for a variety of comrercially
i nportant research, diagnostic, and therapeutic
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pafsfi TG a@sodﬂousep?fﬂhtgls?gg{)}g{ Shear fngatd S e WFowin trauma.

descrlbed i n Handbook of Experinental |munol ogy (Weir
& BlThok\eeipocytesisr faf tiGues svay thiRreft@o alay terusédrufild ip gyvities or

deé@? 13})/1%?%&%@8085% ?‘/e )or gﬁgﬁc g\fgé&? d% Eoc#f@%ﬁqlsgékor
Nidaegeppiavbily osteasyies pnaqy heaishdh fqgidp@ge rapeis| Vegmesenchymal stem cells
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thel%?%ﬁfﬁ’d?%@? 1136 BPROSSY e?ﬁﬂ for I soI ation and

Charact eri zat i on (R E. Farrell, Academ c Press,
199 &m brediNé steinbredls }ancPthEhdtsmhsstélﬁ@m Iderigatikas tag be edsl as sources

of E‘l‘ég&ﬂﬁ 1,ngf sgaﬁ )celf%gl) & H%%Fxﬁ%@@l:?l@%ﬁlofh@ 't1%§téréeglltl Bk dé;éelnerative
digsasse Bmh asribiabitcs, pleheine]sadisopses Batl@@omrdlwgee, iets. dtenycells, for

ex&f I%Qﬁ‘dyrlﬁb L@;@&i ad ﬁ&@dé%‘f‘iﬂe%erﬁ:ﬂ%?ﬂnhpﬁ&h‘é@ﬁs andﬂlﬁ&%nﬁﬁ‘t@d cells for
uses

nmesenc emce
NIG pr S lifse@r e@mugotilﬁ@w g%rscem%ew IiCﬁ meseRohEmatieng;cells and

diffeebigtisitedocelis laydotiedde Hyrthé hicthode andresthposTiivas eseived yiom!
stem cells and differentiated cells may in particular

be lfts\ﬁﬂ lg Vl&yl?tl{é%ﬁf%%&h{)c%nan? g'lpagllag{ly&% %IS aﬁl?eae enable the

COI’TpOS sease

prqﬁatytl@bﬁﬁmp@@claflnaius@@as@ISt whishatdyeoflppurse e madaite déferentlate

usthB S ARYs LinBFh YAt 'tlﬁgirf; ghdi %ﬁy h@sl o‘f IaBrrerDRRE RIS QW1 egually attach
| Sease, ski.n di se Ssgéw?i egener ative di sea
Z

to theenmggenghypalsiam tgeyoq% EYYECS. Par ki nson' s
di sease, etc and cancer. As shown in the Exanples, the

mes ulsbydtBinab stem cetlk had difteenbytetiRellaplotioets Wrtle methods and
compgsn it or%s.t deécrtl e‘a%%%e%%gﬁ? Hseerdggrh %g god'%fl%rlesgragcr)n IOP Y Bl%e{r&l%!:eutical
compos1t10n for, the treatment of a disease. Such disease may comprise a disease treatable
by regenerative therapy, including cardiac failure, bone marrow disease, skin disease,
burns, degenerative disease such as diabetes, Alzheimer’s disease, Parkinson’s disease, etc

and cancer.

We therefore describe a method of treatment of a disease comprising: (a) providing
an embryonic stem (ES) cell; (b) establishing a mesenchymal stem cell line from the



mesenchymal stemcells (BM MSCs). Therefore, the

mesenchymal stemcells, and any differentiated cells
woraee/02Teem t hese, may be used in any of the  PCT/SG2006/000232

applications for which BM MSCs are known to be used,

or in which it is possible for themto be used. DRUG
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ma H nﬁ&ﬁ@dsﬁ% df'g%%larall&u el eci for ¥1§C laec{n re‘;{g%s\%ﬁoﬁ of m%senchymal

ration
or ﬁe@qngerlel anegkers efsa eadl. Byterdtively, artie nddlboméhenmhy hebsesltferniown-
re%l g prediibh 6F QB! c%tl%‘ij phf tpbﬁ‘:nby mdhlet£s€Ndeel 1 s, and
hen "determ ni ng any phenotypi c ch ange t hat results
accqrdi.ng to delrable criteria for rther culture
and Wie Bttt PYidet PEtof aeeordntd: wy Igr@ inggsped S gt invention
fomhefoiddlun@oméf apsgadtyy ol liné e digfetemtiard cell for the treatment of, or

the éﬁ%’c‘?&t 61%{ ﬁ%n%%éu‘ﬁg%m%%m 135 901 tﬁe gge?tment %/ %raf one of the

anscr I on O rs,
fol&mmgm diseash aeatable bunegpnerabve ﬂxegmbfycaedapq: skiead bone mhgew

diedel Skin é&%&def bnb,| @B80Sative Mchse sTPh 8CHhBethd) t1&15’1’1&3‘:11‘351 s @sease,

g ctivat the receptors, transcription factors
AePO8| SgCﬁ%ﬂaﬁ%alC\an@ow 027156 PCT/ S&2006/ 000232 36
nol ecul es may be used to nodul ate differentiation and
gr ??Hé hlise @r@iﬁdméifff@edmyiﬁ’&ﬂ cell gfﬁducﬁl bysa ARthod according to any
[ ce Particul ar screening
precedllrl aaReCJE)%%st%g u?veflhglfo the testing of pharmaceutical
conpounds in drug research. The reader is referred
DigesmaI4ATED GEbbe st andard textbook "In vitro Methods
i n Pharmaceutical Research", Academ c Press, 1997, and

U Sfo@ﬁen‘uM@d celﬁs .0 @l@r}mneﬁﬁl d@ﬁ“:ﬂenﬁla&ed Bﬁlsgﬁﬁ? balderived from

descripti eens ere |
thefgeesAERmal s %ﬁiﬁsr?g sl e rateses mgfoaﬁe Balieradgsgribed. We
thqmdsfafemhaﬂmel méthodofop guredastmgeiﬂ{émhm@ted callg] the sneticmiziebmipriging

ge%é?tm%ﬂ&gseeglgwmﬁ ?e% ge? s o% cgﬂ { Ees algede (ia%ﬁ)'%a daantd derlvr% H ﬂ“d rentiated

celifhizerotthgse, lmmn@malhwnaleteaccalb |1mz3decb6/ thmr@etb@kis gnd pmpasgions
de@trltbédl Héirefi‘lk?elyeoe difrefcBae @ RO WAL £ G ORRAI1 8fheWah uk’é&lt Iro?ﬁfe%rposes
ells or cells treated wth  an 1 nert conpound)
ei"ﬁ’@ﬁ -correlating the effect of the conpound w th the
observed change. The screening nmay be done, for
ex ar]D:iffeLenﬂiltEcﬂl e¢llsbekiab eeytbb enaelonpeutdicigits tidasettloddestibed here

.effect on certain cell types,
maé/rmcg%(i raa cgfhlgeqj{? d &&. gned to have effects
el sewhere may have uni ntended side effects. Two or
nor & aflipayytec dhe foncticnst eddl typmoidenior adipdssrtissiy thad idofonidg

tthhéHbuE ﬁl% lﬁ)ﬁ&/ (‘bfleﬂf}fulﬁiemhletsﬁﬂe@ﬁ%o)éy@§ st® n.;ghﬂ’lleéﬂé fat for

det ect ug--drug I nteraction
en%lgyﬂg 1@5@1 rqgg{qtlgﬁ§n @W%@ag}sémechamcal shock

ii) cardiomyocytes: the functional muscle cell type of the heart that allows it to
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and cDNA libraries that are specific for the differentiated phenotype. General techniques
used in raising, purifying and modifying antibodies, and their use in immunoassays and
immunoisolation methods are described in Handbook of Experimental Immunology (Weir
& Blackwell, eds.); Current Protocols in Immunology (Coligan et al., eds.); and Methods
of Immunological Analysis (Masseyeff et al., eds., Weinheim: VCH Verlags GmbH).

General techniques involved in preparation of mRNA and ¢cDNA libraries are described in
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STEM CELLS As used in this docunent, the term"stem
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TISSUE REGENERATION

Mesenchymal stem cells and differentiated cells made according to the methods
and compositions described here may also be used for tissue reconstitution or regeneration
in a human patient in need thereof. The cells are administered in a manner that permits
them to graft to the intended tissue site and reconstitute or regenerate the functionally
deficient area.

For example, the methods and compositions described here may be used to

modulate the differentiation of stem cells. Mesenchymal stem cells and differentiated cells
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such as methotrexate. The term “cytotoxic agent” as used herein refers to a substance that

inhibits or prevents the function of cells and/or causes destruction of cells. The term is
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STgﬁléLSLL%f nore than one connective tissue type, such as

one, cartilage, tendon, liganment, and derms. They

are obtai ned from bone mar row or periosteum Also . ..

r epdystused Hy Biscdncement. dhsrfen | geim cald erplers g peththat on division faces
twHESRIGINERAL cPtiem:a8d dfughteV\E21RYaR bd 4fentiedlas tise drididd cell (self-

nesenchymal emcells.isol.ated fro rinheral.. bl ood..
rerg A A BRLr S TRt F oGt SER UL I PG g aton)
ThesteSceadlr is GMdr&BFe capblo 0f b&iing nepor vther pedhwas @ fisghenmathway

o BRI PAbRLAL 6P o DR A0Y, SRS Bl v
areyeot gocpamad ydli Epgndaied andere eblege pendeec prdlsrad wEer Syngs.
conditioned culture nedia. Stemcells of any

ver toehs aties SRR 16 AthiRelovsaeht thAChbkas tdipdtdht S cells,
cells from ;...as e non- human pri mat es,

humans; L1 a
lgEYiRSH Pemlend T pRSH i Cld of her non- human
mamal s such as rodents, mce, rats, etc. Anobngst the
st efotpbilest SrentGddlse for use in this invention are
primate pluripotent stem (pPS) cells derived from
ti sqle térar fretdpatiidcely estato angll shzch has tle fotasgiabylstome any

f . : . . r1ng
g 34 s B BPRAD f LERVEA AR Y P D,
Thus, the only totipotent cells are the fertilized egg and the first 4 or so cells produced by

its cleavage.



cultures or established lines of enbryonic stemcells.
MEDI A AND FEEDER CELLS Media for isolating and

w@e@pagasé ng pl uri potent stein cells can have BClS©1006/000232
several different fornulas, as long as the cells
obt ai ned have the desired characteristics, and can be
propagated further. WO 2007?@27156 PCT/ S&006/ 000232
42 Suitable sources are as follows: Dul becco's
nodiRlueporEadiies Geledi um (DVEM), G bco# 11965- 092;
Knockout Dul becco's nodified Eagl es nedi um (KO DVEM ,
G bCPREDPSRN SEBY ceATDamMuk stpihutals] wih tKd fatattibb @39 ab2aty

I
exyagynleryonip ﬁmmlgglpesgﬂgqh paxefdgm/@:} from Ftkg:grophoblast Several types of

plL@iMQﬁl@%ﬁ&ﬂ@%gve FeeaBlhy@l y serumcontaining enbryonic
stem (ES) nmediumis nmade with 80% DMVEM (typically KO

20% leglefl ned fetal bovine serum (FBS) not heat
|na R ReEg non-essential amno acids, 1 nM

tam ne, 1 nmM bet a- nmer capt oet hanol ... The
e TN S ?%@ cehe mey B deplared i Ea s ol gss (M) of the
bldstreger whithns thewesgk of eﬁéf}td)mcfde@éloﬁlﬂibﬁWlﬂ&rﬁnﬁﬂﬁmt(cﬁSjccurs
mediumis nmade with 80% KO DVEM 20% serum

repl ﬁg}g non-essential amno acids, 1 nM

L- gl}&? ;E‘,EGengFég?yll nM bet a- mer capt oet hanol . An

ef f 3 T i

B D 8 PR P P R 5 s
abpietygtusehan 2 weeks. Just before use, human bFGF is

added to a final concentration of 4 ng/nL (Bodnar et

al ., /385 6mc Cof-Binokpicelpat i onal  Patent Publication WO
99/ 20741). In a preferred enbodi nent, the nedi a

C Onn?flﬁlﬁ‘?@mt(m%f?&ha @@%\ée‘l‘lﬁ ﬁia@ be ﬁid?é’té& 108LRr% BAFGnomas, a tumor

Gran and, E 2 gpe nted with 10% seru
th%t&ﬁFaé@élﬁh}ﬁPcc%H’i HEQRAVE # I Anlise Feofirstivin dhyarapgrally
anBepIoMOA K )threB 0@ theke fypELof plipdtem g édlBan onlytarisblated from

en}_trr}/?anrl]éj N‘e@f Evggs%rgk d%%ggg /V‘gl‘ 1(15%%&&@@# @ng ér%l{en%p\’n 1?19.}% drt which
prepeopthgset BuripotemieR]lsridinudiffersoniataigni ng 90% DVEM

(G bco#11965-092), 10% FBS (Hycl one#30071-03), and 2

"M ol Wi ReewEFs are propagated in T150 flasks

(Com ng#430825), splitting the cells 1:2 every other

day AMJM}E‘[?% o ? %Jh;lplﬁ%%% g vihgy S?fylrﬁés SRR ﬁéﬁ%}{al SIEQI and the

prepare t aer sarelrralae
blegd fQrgingsteie C‘?l}ﬁh‘i"]ﬁip]{l aysrihe aqtgfle gpm@ﬁnqm@n penepprrow transplantation.

Tt@y@hh@sgt@n QEll lt;rp@.e alteadngo thaphﬁcflpaltféb@ﬁre?df@lﬁﬂﬁlﬁcal Bovaederived stem

ni, c st m cel
ceffy At 1T oo bt gt g8t HERogy into functional,
mdralspaiatided relhtypecddtoagh khe dxactuinatbeoof el t3pesde tinated bE.the type
5% gelatin per well overnight, and plated

Of\é{eirﬂcewé%o irradi ated nEFs per well. Feeder cell

| ayers are typi caIIy used 5 h to 4 days after

pl atMWQPOWﬁ@STﬁ’é(ﬂ% is replaced with fresh human

enbryoni c stem (hES) nedi um just before seeding p

cel IMultipeistt stewreslls ane tegisteur pallg but easyondy diffezentiage latcea limited

nuh{b%wt B&dFSﬁéka%l@ Rhd B@rzeqﬂaan&f t@&rﬁﬁ!ﬁb ﬁ{&dqyota%%dbag that give
ia an cu ure

to the ce t
1135 49 ek g cghs eé%fqe%lood but not to other types of céells Mu‘i‘tlpotent stem cells are
found in adult animals. It is thought that every organ in the body (brain, liver) contains

them where they can replace dead or damaged cells.



types referred to in the previous section are provided

in the references cited. EMBRYONI C STEM CELLS
wepdrpense stein cells can be isolated from bl BCI/S6396/800232

of menbers of the primate species (Thonson et al.,

Proc. Natl. Acad. Sci. USA 92:7844, 1995). Human

enmbryoni ¢ WO 2007/ 027156 PCI(# SG&2006/ 000232 43 stem

(hES) cells can be prepared tfrom hunman bl ast ocyst

cel N\ethsdsf chivecttdsihgsigueslls deSaowndd tiyard, haasadudd the use of

al.. (U S. Pat .. 5.8 780, Sci en 2 998:
stafip w55pd i D S ad R G o0 G oL
mad¢cuddr bidllaginalgedBinotues b.g. RER3RD; PR B0d Boutbérnyblothingan

bl ast ocysts are obtai ned from human in vivo

pr eiTRiARLRL 198rph§]|%{(§ép§iffe@nt:§sr Rahby 8hymukife ¥)Hr|fp|9tent stem cells

fertlllzed (1Vv %os can bé used, or one ce
diffiy A Fhelesyprspeien e’éﬁ N bEsaf£6H sHrTee anfigens) (sisy akprshe
ArfiBodigs eorehe Rientifiddtioh BE pemtell matR&s incl@BRY thetdtagSpecific

Enfitintio st it ] 8RR 8 A R Lapor gt p Rlfhen 1-60
an$ 9: &14TR13998>)0 TRAas8or sy be phtained svminmpcially ferd@otpdalfrom
Cheﬂl cronqm%? mﬁ{g?@%ﬁ@c’:ﬂla 'é&lﬁéAf feTtﬂ‘?nuiB 10%?hét9&ioﬁil%f these

[fast oc expos
an‘i@g@ﬁ asiag e@t@ﬁ@}lal apﬁéoqhﬁhbas k@én wvlq*ﬁéx yieg tg rcbaruagfénaq @lﬁr@?ﬁem
stebd 881N Sé:mﬁﬁbu M. et hi10bgYHNES @gyﬁméarraes@xmﬂﬁnémaet al.

e A N SR

Reuhimef B.Enesal. (20DVEMatan Biexgdosbgytl@: a9%464; Hikrddatsond. Kofet. al

tr (.G ' .
AR ACATRAETEN L PR, [ B0 SUBSRRAPEDL 5-10)
1975) . After two further washes in DVMEM |ysed
SOURGEHOESTEM GFLISe| | s are renpved fromthe intact inner
cell nmass (ICM by gentle pipetting, and the | CM

pl atsesh esllEFvafieasen esl amﬂﬁna WicRide Ind 21145 @m-hmnngr
cell mass-derive ou s are g SS ab% % J
e B WER e BB T TEGf P DA herd 17 producing
mesaghemialistefrcels pitbdiffesnéatedcélér ed saline (PBS) with 1
mV EDTA, by exposure to dispase or trypsin, or by '
[ C i
) eplrbgtg e%ﬁolﬁg n%gﬂl %?% e S'Jﬁé"fnhg ipRtdmt GERR s‘?@fﬁ%@ﬂs &ﬁﬁn&hﬁﬂm brain

|um Di ssoci ated cells are

tispugp Ual- &t Y¥p. Sitdh., %gé@@rtsma%wg eUFGheasts BB IpIRPE? cerebisl
hefnfsphel¥B.Aly lS”PataN@s @@tﬂr motmﬁ(sr 84908 53n¥port BHelBE bOMmammalian neural

s SR NI ARE €
nethions froimddahrdsrolf marﬂlmnﬂm), mallmdoueapzhlaﬂéﬁl stemmaﬂlyow(:t 9&/6@33¢ and
WERKIgy 50 FRIRALP0N Soin) BehELEahenn GOMROR.
oligaddndramyte- WTQPHTQ erﬂcuwgrﬁl, @@l hneag@mtrtqtﬂbn@ﬁ@ra} ﬁfﬁCP}TSQISeH}S Pat.

cﬁ%ld 8@'9%156?%%6[1&? bleREleYls obldel ﬁ%Yr?EJMbl%/oﬁme%&lB%aﬂ%nd cultured
rre psi ni zati on, exp ogqureto eccos PBS

withyp TRGUEY C%%Pféﬁl%ﬁﬂlé}?o%%afé% ki la%mvxﬁet FugmRiogesFpne, and
seRF A gréWihii@ersl V col | agenase (. about. 200 U/ ni;
or by selection of individual colonies by

G| bco)
Cr, fe, Z
ar o TP et SRR e &) tnd B RS et ey,
ex¢i&Q)issue by pedfasiobwith mepapregrifte sompination df edllagenase ead | s
hyaluronidase. Alternatively, EP 0 953 633 Al reports isolating liver cells by preparing

minced human liver tissue, resuspending concentrated tissue cells in a growth medium and
expanding the cells in culture. The growth medium comprises glucose, insulin, transferrin,
T,, FCS, and various tissue extracts that allow the hepatocytes to grow without malignant



present in human fetal material taken about 8-11 weeks

after the |ast nenstrual period. Suitable preparation
woreionoeasar e descri bed in Shanblott et al., Precr/S¢zws/000232

Acad. Sci. USA 95:13726, 1998 and U.S. Pat. No.

6, 090, 622. WD 2007/ 027156 PCT/ SG2006/ 000232 44

Briefly, genital ridges aresfinsed with isotonic

buffer, then placed into O.A_}L nm. 0.05%trypsin/0.53 mM
tragsfdirhatddnDTAe S@Il[suh itlonliveBlke) thauitht €idonitaih @peclaliFed ells 1nclud1ng

hvgﬂ%-‘%fch?’ma ells Igﬁ;gf?er c?:leﬂ:g gfﬁgls({;) ﬁ%et tg%t?lgltilll}}rl? ur?i%lf c%ﬁg%ﬁl’g]ghum
alsg Prwggspeedlsarefemd talas (therBtablasts”ton Eovadloellt”) Bhabhame thG
caﬂcﬁg&@dﬁ‘ﬁ%&ﬁg’cé 1ﬁtoa51§#l?ﬂlatu'1:‘9h ﬁ'ﬁ&%\%@ ol 1&69%{% gL E.

ucose, odlu i car

RO@%%%%J ﬁ?ﬁi“g K0T ¢ %1\& so @arr?rét%mc%?l%BgérWIO 1998;

LatBRle) al., L atberoResl 885N 10BR.); 1 nM sodi um pyruvate
(BRL); 1000-2000 UinL human reconbi nant | eukeni a

h f [m_hu
ecom TN RS Bl epots Bkt iuB e ng PR br et
heigatopgicty stesm@r progavitooeglsolith Pai. ol 6% BYS8Dyepoktis haman
heﬁhfo‘?f)ﬁ% LY tﬂQMlQ%Q 1 ﬁ%g"itw%%%sg%n% nglo%p@foﬁ)?l atts rH‘Q'th media to

ur oni dase/ col

leﬁjé?rafeéhem AR JHES UNS PR el 15 5oRaTES cinatbied @l digafor oulturing
huingh Abmepeietialelld 4 thEiNpileahrséis AYSS Paf. Blo 61036354 AeschHBS a

e P a e Dsmal b et Badfe peligt | on, (0- 01%

col | agenase type IV, all from Sigma prepared in EG
gr oM. B. PrsdNawd),486 35951@9@13' lsomagzoeahsgoguliaticusheftheghah rhesenchymal

steﬁlvc?cm@ g %aﬁhg?&elﬁﬁ&f 1§{%5tieﬁ's of MbrHARE B?@e &{n@ct?ve?’usgl‘xe tyBE, such as

gr owt | um an onto a
bom Gatijags; tendeu, |ligameat, @nc%@ﬁrtneﬁ dhpy alte@@taam@ 5018 (PapeR grarrow or

peMbdidind ASldb rgRfel drdulthay®ndRibns heade expeﬁidl 1ﬁes@ﬁéﬁymgﬂe gtem cells.

St 815 R 8 B T B TR 2 S o

indgvidnalatieaitd oith gduwtiafattersfsaelles §-@31 oSEUI-CSIFL VQ ATSE795 reports

- ]
adfgz‘g%&: e?fsv%g S{Ggg% F%ﬁ"alngl %Qﬁ%ﬁsag{bgtah{ﬁﬂgolfreeo&{taﬁg{o&%@F Ll ﬁeﬁ cells.
Theserostls teposiagle cs be expindedandgulisredzio ppodigg Sormomesand conditioned
Culglglg\ﬁgéaw{redl um transferring each well to one well of
24-wel |l culture dish previously prepared with

|rr |at TO noyse fibrobl asts s are

ool SR AR5 e PR OSB! Tt rhastem cely from
hunmng) e het)yas aondiustaa primatdshddtrestie lahsn s, dive s elt, \wad other non-

-4 passages.

bRt s A sttt A et BB P ReNEWAL Stein

cells which are self-renewing may be identified by

var Aeuengybla sternesils spiable fs use in thisgpventigrpsreprimate pluripotent
steHPG'pIPBgE&Wderﬂvngrﬁ’Bﬁf‘ths%ﬁ@ﬁ?ﬁ% aftére esﬂaﬁbﬁ% GUEIRES bbrakteg;xt or fetal or

uch ein cell referably di ay increase

em@%“é?s%ﬁis%t £ e HmSﬁBEB% g@@é‘;&niNon%Fé’Pé% g¥pngples are primary
culenps esstabiisiodd laty of aaboonivsten ofllsEl k- 1, Tie-2 and

c ki t is decreased. Stein cells which are

ﬂ%:%&; er ably display a shortened cell
cycle conpare O stein cells which are not
sel f-renew n?
Media for isolating and propagating pluripotent stem cells can have any of several

different formulas, as long as the cells obtained have the desired characteristics, and can

be propagated further.



WD 2007/ 027156 PCT/ S&006/ 000232 45 For exanple, in

the two di nensions of a standard m croscopi c i nmage,
wheovan27186br yoni ¢ stem cel I's di splay hi gh PCT/SG2006/000232

nucl ear/cytoplasmc ratios in the plane of the image,

prom nent nucleoli, and conpact colony formation with

poorly discernable cell jungtions. Cell lines can be

karyot yped using a standard bandi ng techni que

(avaultablk odtedm@d¥s fotlowal Dﬁlbe@ﬂo%‘ﬁ@&iﬂe@%alg@bme‘dhﬁﬁ (DMEM),

iR bR R oSt sihaifod byic metim AR RN

Giped#il D820 & o8 mMd:r-ghtymias, Giboos 08902 ¥.amineess¢aiahaming acid
solu Hgﬁ GRER1 }’Pzﬂi @?(F B 1&810%%& ?l ngmlr%ﬁ\/ﬁﬁf@ a8 v &Bbinant

ex ressed

bafﬁlF ﬁb{@l@be@Vﬁh éaqﬁerr(kEGE) &1@@#&, g%iﬁ -03% Beemplagy s@msipniaining
enfbRfbnREstEt8 (B ST AUdS RinAleSHit 4% @MHMJ(t%l@QI}CIQb DMEM) 20%
deﬁﬁ?ﬂﬂ@@ DS ing B (FEIS) R LR it Dyl R grtar Ao acids,

1 mBf ketwwaminanshdehz yie-Hetarkedaptoeiiaad SEieymediom ivdiltesdsand stored
at 2%8%( @éseé’ g(lérrH a ge% i AU lisTg {%X?% e@rﬁh&g c%{e l%g %Qﬂlum 1s

mardeweﬂls@% KA EMENL a@% O rapéacn@emm&emh/kmes‘smlal amino acids,

1 8K [vftam%eaﬂ& ($1 nﬂﬁtbeta'\lﬂerc 86 BarfB0AH @ffeétWets@ﬁﬁn replacement is
St age- speci f ryoni c antigens

et ai
Glgw#rl 03387 e rpddiamig tﬁ"@ﬁ%ﬂ« yorrat 4 é@gneesté o longer than 2
welRd. IJb:Qd)Ieﬁﬁfe fier, hObEAbREarkeidied e a @ival doabtrarafion ot tg/mL (Bodnar

St udi L. doma esda Ml.).

ot B X Er SR CBh P e Pate Y AU ERET P SRR e | poci e
deS|gnated Tra-1-60 and Tra-1-81 (Andrews et al., Cel
Li ndeperferrdhembaimeTe e metimponaprises Kmockout RIMEM media

(I&%%Een@%@brax‘f@ﬁ%deﬂpﬁlmkf sﬁﬁp@éﬂl&ﬁed ithr894 epinf 2 ¥cement

| negatjve and positive. are
e EAP g iR ot e, NOPkr b ST (Givifipn-Gibeo,
Grged IssandIN¥wtY @k @88 depmi PDGRAB (BrobctSBobky Hill, New Jersey).
Tra-1-60, and Tra-1-81 expression and i ncreased

CADISERL RPN 8RR BEheR AR omaping g pMEM
(Gitep# 1/]| 9t6§ ;0B 1@% tBA (Hecldm#éeﬁ”éld%)y afd RmM ghhtemwl n@Fs are
pr e@egaed 41/@[3596 ah Q% r(f@ &'ﬂmﬁ;zs? gh&ﬂag @héj&e\l’l% '1013&\7%,9y Wit hday with

as a Su S rate escC
A Akl Sqllseubesmiuato e pEPREShe bresrn %&éﬁa@r@ﬂlﬁ pre)irradiated

at B0 Mhibis bﬁﬂif&@’ubﬁ b@tr@nﬁiteymhm Sfhipyrtbed faseFsaigt support
hu géh{b\é}?qﬂ?%n amljzg 1;.]5?9%&,{)60"0 rtafi% gfterv%ggé a(f)at& n$1étw%j cua}{llre plates
(sUshiae Releon2ih@) 2f2lcbated B9 pqubstiorma 39 degreee Ccivdthl lymL 0. 5% gelatin

pe@(t 1 o?:ea)xjtnf‘gh% 7’15}8 %TW ?riztﬁ 3%%@%&d§ﬁ ﬁ%@@iﬁf VQ(P tf%%&ér%@ll layers

areTebishGEEd TV tore @ﬁ@ffsgplatlmﬂ hemegap |1su@pla@d with fresh human
entoriblio €8m @Sﬁﬁe@uﬁ%ﬁh@t%éf&% seddiel d;ﬁgf&?sl s). hTERT

expression can also be evaluate he nMRNA | evel by

PCR.. The .L| Tel 0TAGGG. TM  hTERT
UACPFIHER; £ IR eer SnGHS S KowacHY 146 p85m75d)
app®paxtalyl abbieirpooni cdlladypy Média amcba&ﬁute:fecknuqmsfespaﬂﬁlar cell

typeg ng{ngezc? f10 1161 tﬁgg{e%g 9e6<,jt1(88 gés}%owégd 1n%§ F&‘e%%h@s%-ﬁjeg\l

EMBRYONIC STEM CELLS

Embryonic stem cells can be isolated from blastocysts of members of the primate
species (Thomson et al., Proc. Natl. Acad. Sci. USA 92:7844, 1995). Human embryonic



Differentiating cells, including nesenchymal stem

cells and differentiated cells derived fromthese,
w@e@eeAabd y di spl ay enhanced dephosphoryl at i onP@f/S@®08mR0232

| and / or S6K1l. They preferably display decreased

expression of Oct4 and/ or SSEA 1. Preferably,

expression of any one or of Flk-1, Tie-2 and

c-kit is increased. Prefera y, expression of any one
stefir (hES) eclBfcaBibaprepared, frodfr Bumae blastocgsd delibusing i pechaijued

descrlgrc? gg%gom%o% S g%lé | esr{:%ﬂ eheé%é%é%cwnc%%‘ﬁd lqgf5 199§ (tiurr Top.

Destléml S8t 13§ ﬁf\hlfé%) anféRn@bmsﬁlef aly D Bg)tech 18:39 ,2000.
Differentiating stemcells, i.e., cells which have

G PR SR At o R o an
Ditdertenatebndt y ymoct%rtwﬁ oV Smbrs san kg fo. B or Gl human
emrbe,rot; icam baéxliarlaasmrth@blacﬂoaysg stage (Bungss ett), Han Reprodd: 706,
t.,;are no I mt a ter
o8l o Bl bt PoSIBHREL A G384 B3P0 ang o2 i
(Gardperes sbdF el Stenhafr%&‘k sl%%ﬂd&m@ﬁﬁt that develap ary selgeiedior
em%?‘y%ﬁﬁ:ss%lﬁ @el@?&@laﬂﬁh ele@ gpué?éla fsl?gmgw?ﬂtrb ?'@Astocysts by brief

properties o e ce VIVO I n genera
CxERPIodp ¥ OTAsY (Hgmat dhe d smicr SellynpssenaFgdSelpied By imgrosurgery, in

whil e bkt s@]taré H9os&d {o 4 ype dﬂ\ﬁtﬁcﬁ{bﬂ rﬁbﬁlhﬁrtf hiahn Bil€cht@l] antiserum
ere

Forci i, i atsdtbt S ByRUES BRgiishes i DML ang spesato a 11
diltityeof Guiacapigcompbamhdnt (@ibsoefor 8 ehihuteh(seh Siolter ¢tal.t Proc. Natl.

Ac?& Ak S@SR%Z %'05? efﬁ@? Il@t%r Qo tﬁﬁ‘t}fey GRAsibsGE HMEM llysjaa\ﬁ% hectoderm

exanp SIn _expression
celisegp &mcsvedtfmit iegpiact inper e llmaés (T& M by g@élsmtm ﬁ the ICM

plaidt &h REFth&Qer tiybfserentiating stein cell, and a general
descrl ption of "various cell types is pr ovi ded bel ow.

t t tiate
i t P A6 R i ST marrFh RE PG et e disgrinidgpip clumps
e1tknerr byestpodfurd aneitiymehd naghesiusiiiee phbsphatebufsredybalak (PBS) with 1

mM l%ﬂr%%{/@re%&pggﬁrg %lﬁé%% S’E ﬂggs(u?: dq‘%r?éé;lgﬁgmdlésematl%n W1th a

mlmomp@ttn a(iwlxgn replotedraacnBl i fipdh wedigin. @M@ﬁl@teé@yﬂ%@e replated on
mlﬁqge&er 165084 ﬁqie%h'eﬁftirﬁ)n‘?é stA4ES | Besikd, ahe Gbmrfor colony

yonic stein cel characteristic
formgiiPh Colpuiet SO Tiaine BraIBFreBrEd Moo e nBHialheselected
by ediafopieet, iiédhanichllpdisacigndiganiliinps aad depieted.ambryonic stem cell-

likE ! %gﬁkéo&{)é)yt 1? Shargag%ﬁeélrag PXllpficgtecioCo es c}Ylﬂl %%%%nl&? o % ﬁllec?eus to
cytoplashanidesnd Frominey angee. Resdting emnbetanpgstwe @r:kisme élaam routinely
spl eev%xS)elg 2 ﬁéeﬁgb}bgné)&@%'éﬂiaﬂgn UpGud AHEILAGE PBS (w1thout

eca ase or rgrc neuronsg _can

calciganey mpgresiyn Hrdowiie 2ineM @@Tébﬁépow&@r%&w ﬁ@léagenase
ag&ﬂ 200 mﬁmLO Gﬂﬁdb') Q8 by @el?btﬁ)h@fl/ﬂc&ﬁaual B IdtedshyahickdpigetRsClump
%3& g(ﬁ gd dorcg)? erentlatlngllver cells
smF%@T & 815t (liver progenitors);
al bum n, -anti t rypsin, glucose-6-phosphat ase,

Em;manhcﬁlml\pﬂfﬁmﬁct ivity, transferrin,
asi al ogl ycoprotein receptor, and gl ycogen storage

(hepg ?Mlﬁﬁ%r nfc!ern %r) c@lﬁaﬂ%&ﬁh‘é& AN/ pr \Folmordlal germ cells

transferase e epl el'iu een
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Delmgtion Kit, Cat. s7707; Intergen Co., Purchase N.Y.; or TeloTAGGG.TM. Telomerase
PCR ELISA plus, Cat. 2,013,89; Roche Diagnostics, Indianapolis). hTERT expression can
also be evaluated at the mRNA level by RT-PCR. The LightCycler TeloTAGGG.TM.
hTERT quantification kit (Cat. 3,012,344; Roche Diagnostics) is available commercially
for research purposes.
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Markers of interest for differentiated or differentiating liver cells include alpha-
fetoprotein (liver progenitors); albumin, a;-antitrypsin, glucose-6-phosphatase,
cytochrome p450 activity, transferrin, asialoglycoprotein receptor, and glycogen storage
(hepatocytes); CK7, CK19, and gamma-glutamyl transferase (bile epithelium). It has been
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Derivation of hESC-MSC (mesenchymal stem cells)

E

Hues9 and H1 hESCs are grown as previously described &7,

To differentiate hESCs, a confluent 6 cm plate of hESCs is trypsinized for 3 mins,
37°C, neutralized, centrifuged and resuspended in Knockout DMEM media (Invitrogen-
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Transplantation studies
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To compare the surface antigen profile of these cells to that of BM-MSCs,
HuES9.E1, HuES9.E3 and H1.E1 are grown in the same BM-MSC culture media
supplemented with 10% fetal calf serum for two passages. Despite the change in culture
condition, HUES9.E1, HUES9.E3 and H1.E1 continued to be CD29+, CD44+, CD49a+,
CD105+, CD166+ and CD34-, CD45- (Figure 2B; data not shown for H1.E1 ) and are
largely similar to that of BM-MSCs. An exception is CD49a which had a much lower
expression in BM-MSCs. These data indicated that the hESC-MSCs exhibited
characteristic BM-MSC surface antigen profiles that are stable and are not significantly
influenced by changes in their microenvironment.
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the c%ilg%)FlEIMeoa‘oA%zagn&stgﬁ%wth its role as important transcription factor in
adlpogen651s , PPARy mRNA in the hESC derived MSCs which is about 10-100 fold

higher than that in their respective parental ESC lines increased by a further 2 fold (Figure
3A).

Chondrogeneiss or the formation of cartilage is also efficient with >90% of cells
producing proteoglycan in extracellular matrix as detected by alcian blue staining (Figure
3B) and ~20% of the cells being immunoreactive for collagen II. Transcript level of
aggrecan, an cartilage-specific extracellular matrix protein is also increased’? (Figure 3B).
However, transcript level of collagen II, another cartilage-specific extracellular matrix
protein is decreased despite the presence of collagen Il immunoreactivity in the matrix.
The reason is not known but some mRNAS particularly those with AU-rich elements are
known to be destabilized when translated'*">.

When HuES9.E1 cells are induced to undergo osteogenesis or the formation of
bone, expression of bone-specific alkaline phosphatase (ALP) and bone sialoprotein
(BSP)'is upregulated by 2-3 fold (Figure 3C). However, mineralization, a more advanced
stage of bone formation'” as determined by von Kossa staining is poor (Figure 3C). There

is <1% positive staining in the differentiated culture.
Example 5. Gene Expression Profile

Gene expression profiling of the hESC-MSCs are performed to 1) assess the
relatedness of hESC-MSC cultures with adult tissue-derived MSCs using BM-MSCs and
adipose derived (ad)-MSCs from three different individuals, and three human ESC lines;
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Classification of these genes into different biological processes revealed that the
frequency of genes in some of the biological processes are significantly over or under
represented (p<0.01) when compared to the reference list consisting of 23481 genes in
NCBI: H. sapiens gene database. For example, there are an overrepresentation of genes in
metabolic processes that are likely to be important for growth and self-renewal of putative
stem cells. These processes include basal metabolic processes for catabolic and anabolic
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I 132 gene products identified by LC M5/ M5 had
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the 72 gene products identified by anti body array had
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2007/ 027156 PCT/ SG2006/ 000232 72 known to contain

AU- diapdurelf enebidy drhat caused rapi d degradation of the

MRNA during translation (22,23). Mre sensitive

gRT- PCR assays are therefore perfornmed. 42 of the 72

genayPlomideEisgeeisivangam y sel ected and tested. 36 or

86% of the 42 gene products have
A B C D E F G H

1 POS POS NEG NEG Angiogenin EGF ENA-78 b FGF
2 | POS POS NEG NEG Angiogenin | EGF ENA-78 | bFGF
3 | GRO IFN-0 IGF-I IL-6 IL-8 LEPTIN MCP-1 | PDGF-BB
4 | GRO IFN-0 IGF-1 IL-6 IL-8 LEPTIN MCP-1 PDGF-BB
5 | PIGF RANTES TGF-0h TIMP-1 TIMP-2 Thrombopoietin VEGF VEGF-D
6 PIGF RANTES TGF-0O1 TIMP-1 TIMP-2 Thrombopoietin VEGF VEGF-D
7 | BLANK BLANK BLANK BLANK BLANK BLANK Neg POS
8 | BLANK BLANK BLANK BLANK BLANK BLANK Neg POS




detectabl e transcri pt

transcripts are detectable by Illum na BeadArray.

addi t

| evel s by Il um na BeadArray,
t r aRagBiolt Hlimye CéelykioBAnPbdly(Avadnt B E3) .
(78% gene products that did

ion, all

15 t hat

| evel s as defined as having a
normal i zed & value of <35 (Table E3 below). This
woe@guensy is simlar to 88% frequency obser verlCT/862006/000232
gene products identified by LC M5/ M5 and whose gene

have

tectabl e transcri pt
det ect abl e
21 of 27

al so have

In

not have detectable

transcript levels by Jllumna BeadArray have
t ranscrBpt| | évell detectdbl @ by gRTGPCR (Habl e IE3). ¢ K L
] Tu a|BgadArr ) Tl . | BRNF | Eotaxin
1] 7408 poe ORERR CHACY Ty TR 1 6851 GSTAT bioe | By oo | ="
2| F08D 360928 NG CXWEA pLED 14008 | Gpe-CXCraX HEED' 16883 | ot | FO5T
HotaxiCXElaball>L O, 19. 9 LTTA, 2L 16.0 LIB LKL Lympho i
| 193 44 Q) LB S| neaéc%g 556“ 1HC|>C:1‘R i%%‘x g 123 1%%\4 ;:9?0 tactin_| MCPT
o] 9D | T8Y3) cem2 MveRo >GRO 5. 1964 (1 4-3BGEBZASL(ODLE5.|18-10 | ehe | mcp-1
INFRSETT QD 12,7816 < K 4 CUl
| BPh T 7a Mo S LIMR 7 [T WAt B 5% | P | e
6| RCP-CCLMB-3<|@Er-80. 88C RIMIGCLSMRLCDVRAR QMP-RB2| BB | <MIKED | MPIF-1 | NAP2
4 3% RARTE [CSDR- SLEHX- 2[3. <11 7 5
7| B T L D 25, Q4 1626] CRE 11 EOK P AR [ epEd sang ) BLanK | pos
3| 28at] R | CPT0 | <BD PFarc |28:ckL| di2Bx <IBOMICPBIATK | BLAND | BLANK | POS
RayBio® Matrix Metalloproteinases Antibody Array I
A B c D E F G H
1] Pos POS NEG NEG MMP-1 | MMP-2 | MMP-3 | MMP-8
2| Pos POS NEG NEG MMP-1 | MMP-2 | MMP-3 | MMP-8
3| MMP9 | MMP-10 | MMP-13 | TIMP-1 | TIMP-2 | TIMP-3 | TIMP-4 POS
4| MMP-9 | MMP-10 | MMP-13 | TIMP-1 | TIMP-2 | TIMP-3 | TIMP-4 POS
RayBio® Human Cytokine Antibody Array I
A B c D E F G H
1| pos | Pos | NEG | NEG | GosF | Sv | GRO | GROa
2| pos | Pos | NEG | NEG | GGSF | Si | GRO | GROd
3| IL1a | L2 IL-3 IL-5 IL-6 IL-7 IL-8 IL-10
4| ta | L2 IL-3 IL-5 IL-6 IL-7 IL-8 IL-10
5| s | was | Ny | mept | mop2 | mops | mic | RANTE
6| w3 | was | Ny | mcPt | mop2 | mops | mic | RAUTE
7| TGF-p1 | TNF-a | TNF-8 | BLANK | BLANK | BLANK | BLANK | POS
8 | TGF-g1 | TNF-a | TNF-B | BLANK | BLANK | BLANK | BLANK | POS
RayBio® Human Cytokine Antibody Array V
A B C D E F G H 1 J K L




WO 2007/ 027156 PCT/ S&006/ 000232 73 30 1L13 <LOD

14.96 31 1L16 <LOD 32.98 32 IL2 <LOD 31.87 33 IL3
wek@D03A524 34 1L7 <LOD 22.3 35 TGFB 1 <LOD RO1/6G2008600232

TNF <LOD 31.72 37 CCL15 <LOD >35 38 CCL16 <LOD >35

39 CXCL13 <LOD >35 40 | FNG <LOD >35 41 VEGF <LOD >35

42 XCL1 <LOD >35 Table E3. gyantitative RT-PCR assay

for the presence of transcripts. 42 of the 72 gene
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26. FGF-4 FGF4 GI_4503700; 27. FGF-6 FGE6 GI_10337586; 28. FGF-7 FGF7
GI_15147344; 29, FGF-9 FGF9 GI 4503706-S; 30. Fit 3 Ligand FLT3LG GI_38455415-
S; 31. GDNF GDNF GI_40549410; 32. GCP-2 GOLGA4 GI_45359854-S; 33. HGF HGF
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IGFBP-1 IGFBP1 GI_4504614-S; 37. IGFBP-2 IGFBP2 GI_10835156-S; 38. IGFBP-4
IGFBP4 GI_10835020-S; 39. IL-10 IL10 GI_24430216-S; 40. IL.-12p40p70 TL12B

GI 24497437-S; 41, TL-13 IL13 GI_26787977-S; 42. TL-16 TL.16 G 27262654-A; 43. IL-
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Therefore in the final tally, a total of 201 unique gene products are identified (Table E2

below).

ACTA1 CD44 CXCL5* GLRX IL16* PFN1 TIMP2
ACTA2 CD109 CXCL11* | GOLGA4 K-ALPHA-1 | PGK1 TIMP3
ACTB CDH2 CXCL12* GOLPH2 KDR PGK2 TIMP4
ACTC CDH11 CXCL13t | GSN KITLG PIGF TMSB4X
ACTG1 CDH13 CXCR3* GSTP1 LAMCA PLAU TMSL3
ACTG2 CFH/HF1 CYR61 HGF LEP PLEC1 TMSL6
ADAM11 CFL1 DOCKS HNRPCL1 LGALS1 PPIA TNF*
AGRN CLSTN1 DOCK10 HNRPF LGALS3BP | PRDX1 TNFRSF11B*
ALCAM COL1A1 ECMT1 HNT LIF PRDX5 TPI1
ANG COL1A2 EEF1G HSPAS8 LMNA PSAP TPM4
ANP32B COL3A1 EGF HSPE1 LOX PSME1 TUBA3
ANXA2 COL4A1 ENO1 HSPG2 LTBP1 PTK? TUBA6
ARHGDIA | COL4A2 ENO1B IFNG* LUM QSCN6 TXN
B2M COL5A1 ENO2 IGF1 MDH2 RTN4 TXNRD1
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Example 10. Analysis of Proteome of Human ESC-derived MSCs (hESC-MSCs):
Verification by Genome Wide-Gene Expression Analysis

Comparison of the 201 gene products to a genome-wide gene expression profile of
the hESC-MSCs generated by hybridizing total RNA to a [llumina BeadArray revealed
that 134 or 67% of the gene products had gene transcript levels that are present at above
the limit of detection (LOD) with a 99% confidence (Table E2). While 115 or 88% of the
132 gene products identified by LC MS/MS had detectable transcript levels (Table E2), 27
or 38% of the 72 gene products identified by antibody array had detectable transcript
levels and 45 or 62% had no detectable transcript level (Table E2). Probes for two of the
gene products, ENO1B and SVEP1 are not present on the [llumina BeadArray. It is

possible that transcript levels for most of the 72 gene may be too low in abundance for

detection by Illumina BeadArray as mRNAs encoding for cytokines/chemokines are
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The 58 biological processes could be approximated into three major groups:
metabolism, defense response and tissue differentiation while the 30 pathways could be
broadly categorized into: receptor binding, signal transduction, cell-cell interaction, cell
migration, immune response and metabolism (Figure 8, Figure 9). The postulated
biological processes and pathways both suggest that the secreted proteins have a major
impact on the cellular metabolism that will modulate energy production, breakdown,
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Example 12. Analysis of Proteome of Human ESC-derived MSCs (hRESC-MSCs):

Discussion

MSCs have been used in pre-clinical and clinical trials to treat a myriad of diseases
(3-5,24-27). However the underlying mechanism has remained imprecisely understood.
Although MSCs have to potential to differentiate into numerous cell type e.g. endothelial
cells, cardiomyctes, chondrocytes that can potentially repair or regenerate damaged
tissues, the therapeutic effects of MSCs cannot be solely mediated by generation of MSC-
derived reparative cell types as differentiation of MSCs is generally too inefficient to
mediate tissue repair or restore tissue function. It has been increasingly proposed that
some of the therapeutic effects of MSCs may be mediated by paracrine factors secreted by
MSCs (8). Here we describe the composition of the secreted proteome of hESC-MSCs
through a combination of two techniques, LC-LC-MS and antibody arrays.

Although shot-gun proteomic analysis by LC-LC-MS is a sensitive technique and
has high throughput capability, it is difficult to detect small proteins/peptides that include
most of the cytokines, chemokines and growth factors. This is partially mitigated by the
use of antibody arrays. The qualitative proteomic profile of the MSC secretion using the
two techniques is highly reproducible. Proteins identified by LC MS/MS are present in
two independently prepared batches of CM while those identified by antibody array are
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Aside from these generic pathways associated with cytokines and chemokines,
computational analysis also predicted that the secreted proteins regulate many processes
involved in vascularization, hematopoiesis and skeletal development. Coincidentally, most
reported MSC-mediated tissue repair or regeneration are associated with cardiovascular,
hematopoietic and musculoskeletal tissues (3-5,24-27). Pathway analysis further
uncovered candidate pathways that may be involved in mediating some of the paracrine
effects of MSCs. In fact, many of these candidate pathways have already been implicated
in many aspects of cardiovascular, hematopoietic and musculoskeletal biology. For
example, Jak-STAT signaling is associated with cardioprotection (28), hematopoiesis
(29,30), and skeletal repair and remodelling (31,32); MAPK signaling plays a crucial role
in many aspects of cardiovascular responses (33,34), skeletal repair and remodelling
(32,35), and hematopoiesis (36); Toll-like receptor signalling has been implicated in the
initiation and progression of cardiovascular pathologies (37), and modulation of innate and
adaptive immunity (38); TGF-beta signalling is critical in correct heart development
cardiac remodeling, progression to heart failure and vascularization (39-41) hematopoiesis
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hESC-derived MSCs, however, have several advantages over adult tissue-derived
MSCs. The use of hESC cell lines as a tissue source of MSC constitutes an infinitely
renewable and expansible tissue source, and enhances the reproducible and consistent
batch to batch preparation of MSCs and therefore CM in a clinically compliant manner. It
also boosts the scalability of preparing CM and the potential of developing low cost off-
the-shelf therapeutics. In addition, the development of a serum-free chemically defined
medium for the preparation of hESC-derived MSC CM reduces confounding and variable
contaminants associated with complex media supplements such as serum or serum
replacement media. Therefore, our elucidation of the CM is very relevant for the

translation of MSC-based biologics towards clinical applications.

Example 13. Listing of 201 Genes in each of the S8 Biological Processes

Alcohol Metabolism
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Blood Vessel Morphogenesis

GI 11321596-S KDR

kinase insert domain receptor (a type III receptor tyrosine kinase)

GI 30172563-S VEGF

vascular endothelial growth factor

GI 28610153-S IL3

interleukin 8

GI 42716312-S ANG

angiogenin, ribonuclease, RNase A family, 5

GI 10337586-S FGF6

fibroblast growth factor 6

Bone Remodeling

GI _27262662-A CDHI11

cadherin 11, type 2, OB-cadherin (osteoblast)

GI_5902810-A BMP1
BMPI

bone morphogenetic protein 1

GI_4507170-S SPARC

secreted protein, acidic, cysteine-rich (osteonectin)

Carbohydrate Metabolism

GI_16507966-S ENO2

enolase 2 (gamma, neuronal)

GI_16507965-S ENOI

enolase 1, (alpha)

GI 22095338-S PGK1

phosphoglycerate kinase 1

GI 31543396-S PGK2

phosphoglycerate kinase 2

GI_21735620-S MDH?2

malate dehydrogenase 2, NAD (mitochondrial)

GI_26024330-S TPI1

triosephosphate isomerase 1

Catabolism

GI_16507966-S ENO2

enolase 2 (gamma, neuronal)

GI_16507965-S ENO1

enolase 1, (alpha)

GI 22095338-S PGK1

phosphoglycerate kinase 1

GI 31543396-S PGK2

phosphoglycerate kinase 2

Gl 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)
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phosphoglycerate kinase 2

GI 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

GI_26024330-S TPI1

triosephosphate isomerase 1

Cellular Macromolecule Catabolism

GI_16507966-S ENO2

enolase 2 (gamma, neuronal)

GI _16507965-S ENO1

enolase 1, (alpha)

GI 22095338-S PGK1

phosphoglycerate kinase 1

GI 31543396-S PGK2

phosphoglycerate kinase 2

GI 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

GI 26024330-S TPI1

triosephosphate isomerase 1

Chemotaxis

Gl 27262654-A 1L16

interleukin 16 (lymphocyte chemoattractant factor)

GI 22538807-A CCL23 chemokine (C-C motif) ligand 23

GI 34335180-A CCL15 chemokine (C-C motif) ligand 15

GI 40316922-1 CXCL12 chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1)
GI 41872613-S CXCLS chemokine (C-X-C motif) ligand 5

GI 22538812-S CCL2 chemokine (C-C motif) ligand 2

GI 4504098-S CXCR3 chemokine (C-X-C motif) receptor 3

GI 22538399-S CCL11 chemokine {(C-C motif) ligand 11

Gl 5453576-S CXCL13 chemokine (C-X-C motif) ligand 13 (B-cell chemoattractant)

GI 22538815-S CCL3

chemokine (C-C motif) ligand 8§

Gl _34222286-S CYRG1

cysteine-rich, angiogenic inducer, 61

GI_4506832-S CCL1

chemokine (C-C motif) ligand 1

GI 28610153-S IL8

interleukin 8

GI _22538800-S CCL.16

chemokine (C-C motif) ligand 16

GI1_14790145-S CXCL11

chemokine (C-X-C motif) ligand 11
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interleukin 10

GI 28610153-S IL8

interleukin 8

GI 11321596-S KDR

kinase insert domain receptor (a type III receptor tyrosine kinase)

GI_4580419-A KITLG KIT ligand

GI 6006018-S LIF leukemia inhibitory factor (cholinergic differentiation factor)
GI_7262388-S PCOLCE procollagen C-endopeptidase enhancer

GI 4507170-S SPARC secreted protein, acidic, cysteine-rich (osteonectin)

GI 10863872-S TGFBI1 transforming growth factor, beta 1 (Camurati-Engelmann disease)
GI 4507470-S TGFBR3 transforming growth factor, beta receptor III (betaglycan, 300kDa)

GI_40317625-S THBS1

thrombospondin 1

GI_40805871-S THPO

thrombopoietin (myeloproliferative leukemia virus oncogene ligand,
megakaryocyte growth and development factor)

GI _4507508-S TIMP1

TIMP metallopeptidase inhibitor 1

Gl 30172563-S VEGF

vascular endothelial growth factor

Energy Derivation by Oxida

tion of Organic Compounds

GI_16507966-S ENO2

enolase 2 (gamma, neuronal)

GI 16507965-S ENOI

enolase 1, (alpha)

GI 22095338-S PGK1

phosphoglycerate kinase 1

Gl 31543396-S PGK2

phosphoglycerate kinase 2

Gl 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

Gl 26024330-S TPI1

triosephosphate isomerase 1

Exocytosis

GI 22538815-S CCL8

chemokine (C-C motif) ligand 8

GI 22538813-S CCL5

chemokine (C-C motif) ligand 5
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| GI_26024330-S TPI1 triosephosphate isomerase 1
Glycolysis
GI 16507966-S ENO2 enolase 2 (gamma, neuronal)
GI 16507965-S ENO1 enolase 1, (alpha)
GI 22095338-S PGKI1 phosphoglycerate kinase 1
GI 31543396-S PGK2 phosphoglycerate kinase 2
GI 21735620-S MDH2 malate dehydrogenase 2, NAD (mitochondrial)
GI 26024330-S TPI1 triosephosphate isomerase 1

Heat Generation

GI 27894305-S IL1B interleukin 1, beta

GI 27894329-S IL1A interleukin 1, alpha

Hemopoiesis

Gl 27262662-A CSF1 colony stimulating factor 1 (macrophage)
Gl 4580419-A KITLG KIT ligand

GI 24430216-SIL10 interleukin 10

Hemopoietic or Lymphoid Organ Development

GI 27262662-A CSF1 colony stimulating factor 1 (macrophage)

GI 4580419-A KITLG KIT ligand

GI 24430216-S IL10 interfeukin 10
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GI 31542249-S CIR complement component 1, r subcomponent

GI 22538429-A CTSB cathepsin B

GI 16507965-S ENOI1 enolase 1, (alpha)

GI _16507966-S ENO2 enolase 2 (gamma, neuronal)

GI 33859834-S HGF hepatocyte growth factor (hepapoietin A; scatter factor)
Gl 21735620-S MDH2 malate dehydrogenase 2, NAD (mitochondrial)

GI 13027798-S MMP1 matrix metallopeptidase 1 (interstitial collagenase)

GI 4505204-S MMP10 matrix metallopeptidase 10 (stromelysin 2)

GI 13027796-S MMP13 matrix metallopeptidase 13 (collagenase 3)

GI 13027803-S MMP3 matrix metallopeptidase 3 (stromelysin 1, progelatinase)

GI1_4826835-S MMP9

matrix metallopeptidase 9 (gelatinase B, 92kDa gelatinase, 92kDa type
IV collagenase)

GI 22095338-S PGK1

phosphoglycerate kinase 1

GI_31543396-S PGK2

phosphoglycerate kinase 2

GI_4505862-S PLAU

plasminogen activator, urokinase

GI1 26024330-S TPII

triosephosphate isomerase 1

Macromolecule Catabolism

GI_16507966-S ENO2

enolase 2 (gamma, neuronal)

GI_16507965-S ENO1

enolase 1, (alpha)

GI 22095338-S PGK1

phosphoglycerate kinase 1

GI_31543396-S PGK2

phosphoglycerate kinase 2

GI 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

triosephosphate isomerase 1

GI 26024330-S TPI1
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Gl 27265862 A AR 13- [ B, GTBh Chdngrid Ctedpiken™OL 1 1)

G -AKITLG KIT ligand

GI 5902810-A BMP1 bone morphogenetic protein 1

GI 11321596-S KDR kinase insert domain receptor (a type III receptor tyrosine kinase)
GI 30172563-S VEGF vascular endothelial growth factor

GI 28610153-S IL8 interleukin §

GI 4507170-S SPARC secreted protein, acidic, cysteine-rich (osteonectin)

Gl 42716312-S ANG angiogenin, ribonuclease, RNase A family, 5

GI 24430216-S IL10 interleukin 10

Gl 10337586-S FGF6 fibroblast growth factor 6

Organ Morphogenesis

GI 11321596-S KDR kinase insert domain receptor (a type III receptor tyrosine kinase)
GI 30172563-S VEGF vascular endothelial growth factor

GI 28610153-SIL8 interleukin 8

GI 42716312-S ANG angiogenin, ribonuclease, RNase A family, 5

GI 10337586-S FGF6 fibroblast growth factor 6

Ossification
Gl 27262662-A CDH11 cadherin 11, type 2, OB-cadherin (osteoblast)

GI 5902810-A BMP1 bone morphogenetic protein 1

GI 4507170-S SPARC secreted protein, acidic, cysteine-rich (osteonectin)
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cysteine-rich,
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alnchkRok®d (C XLAWEHBBTzand @ ¥melanoma growth stimulating

activity, alpha)

GI_27894329-SIL1A

interleukin 1, alpha

GI 22547151-S CCL26

chemokine (C-C motif) ligand 26

GI 4506852-S XCL1

chemokine (C motif) ligand 1

Response to Biotic Stimulus

GI 27894305-SIL1B

interleukin 1, beta

Gl _27894329-SIL1A

interleukin 1, alpha

Response to Chemical Stimu

lus

Gl 27262654-A1L16 interleukin 16 (lymphocyte chemoattractant factor)
GI 22538807-A CCL23 chemokine (C-C motif) ligand 23
GI 34335180-A CCL15 chemokine (C-C motif) ligand 15

GI_40316922-1 CXCL12

chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1)

GI 41872613-S CXCL5

chemokine (C-X-C motif) ligand 5

GI 22538812-S CCL2 chemokine (C-C motif) ligand 2

GI 4504098-S CXCR3 chemokine (C-X-C motif) receptor 3

GI1 22538399-S CCL11 chemokine (C-C motif) ligand 11

GI 5453576-S CXCL13 chemokine (C-X-C motif) ligand 13 (B-cell chemoatiractant)
Gl 22538815-S CCLS chemokine (C-C motif) ligand 8

GI 34222286-S CYR61 cysteine-rich, angiogenic inducer, 61

GI 4506832-S CCL1 chemokine (C-C motif) ligand 1
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Gl 225388

chemokine (C-C motif) ligand 2

GI_4504098-S CXCR3

chemokine (C-X-C motif) receptor 3

GI_22538399-S CCL11

chemokine (C-C motif) ligand 11

GI_5453576-S CXCLI13

chemokine (C-X-C motif) ligand 13 (B-cell chemoattractant)

GI_22538815-S CCL8§

chemokine (C-C motif) ligand 8

GI_34222286-S CYR61

cysteine-rich, angiogenic inducer, 61

GI_4506832-S CCL1

chemokine (C-C motif) ligand 1

GI 28610153-S IL.8

interleukin 8

GI_22538800-S CCL16

chemokine (C-C motif) ligand 16

GI_14790145-S CXCL11

chemokine (C-X-C motif) ligand 11

GI 22165426-S CCL24

chemokine (C-C motif) ligand 24

GI_22538813-S CCL5

chemokine (C-C motif) ligand 5

GI_27894305-S IL1B

interleukin 1, beta

GI_13435401-S CCL7

chemokine (C-C motif) ligand 7

GI 4505862-S PLAU

plasminogen activator, urokinase

G1_4504152-S CXCL1

chemokine (C-X-C motif) ligand 1 (melanoma growth stimulating
activity, alpha)

GI 27894329-SIL1A

interleukin 1, alpha

GI_22547151-S CCL26

chemokine (C-C motif) ligand 26

GI _4506852-S XCL1

chemokine (C motif) ligand 1

Response to Pest, Pathogen or Parasite

GI_27894305-S IL1B

interleukin 1, beta

GI_27894329-S IL1A

interleukin 1, alpha

Response to Stimulus

GI_27262654-A IL16

interleukin 16 (lymphocyte chemoattractant factor)

Gl 22538807-A CCL23

chemokine (C-C motif) ligand 23
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GI_4505862-S PLAU

plasminogen activator, urokinase

GI_27894329-SIL1A

interleukin 1, alpha

Response to Wounding

GI 27894305-S IL1B

interleukin 1, beta

GI 4505862-S PLAU

plasminogen activator, urokinase

Gl 27894329-S IL1A

interleukin 1, alpha

Secretion

Gl 22538815-S CCL8

chemokine (C-C motif) ligand 8

GI 22538813-S CCLS5

chemokine (C-C motif) ligand 5

Secretory Pathway

GI 22538815-S CCL38

chemokine (C-C motif) ligand §

GI_22538813-5 CCL5

chemokine (C-C motif) ligand 5

Skeletal Development

GI_27262662-A CDHI11

cadherin 11, type 2, OB-cadherin (osteoblast)

GI_5902810-A BMP1
BMP1

bone morphogenetic protein 1

GI_4507170-S SPARC

secreted protein, acidic, cysteine-rich (osteonectin)

Taxis

Gl 27262654-A IL16

interleukin 16 (lymphocyte chemoattractant factor)

GI 22538807-A CCL23

chemokine (C-C motif) ligand 23
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Tissue Development

GI 27262662-A CDHI11

cadherin 11, type 2, OB-cadherin (osteoblast)

GI_5902810-A BMP1
BMP1

bone morphogenetic protein 1

GI 4507170-S SPARC

secreted protein, acidic, cysteine-rich (osteonectin)

Vasulogenesis

GI _30172563-S VEGF

vascular endothelial growth factor

Vasculature Development

GI_11321596-S KDR

kinase insert domain receptor (a type III receptor tyrosine kinase)

GI_30172563-S VEGF

vascular endothelial growth factor

GI 28610153-SIL8

interleukin 8

GI_42716312-S ANG

angiogenin, ribonuclease, RNase A family, 5

GI_10337586-S FGF6

fibroblast growth factor 6

Example 14. Listing of 201 Genes in Each of the 30 Pathways

Antigen processing and prese

ntation - Homo sapiens (human)

G]_22538429-A CTSB

cathepsin B

GI_37704380-S B2M

beta-2-microglobulin

GI 24234685-A HSPAS

heat shock 70kDa protein 8
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receptor s

GI 9845497-S LAMCI1

laminin, gamma 1 (formerly LAMB?2)

GI_16554581-S COL5A3

collagen, type V, alpha 3

GI 40317625-S THBSI1

thrombospondin 1

Citrate cycle (TCA cycle) - Homo sapiens (human)

Gl _4504374-S CFH1/HF1

complement factor H

GIL 21735620-S MDH?2

malate dehydrogenase 2, NAD (mitochondrial)

Complement and coagulation cascades - Homo sapiens (human)

GI_4505862-S PLAU

plasminogen activator, urokinase

GI_4504374-S CFH1/HF1

complement factor H

GI_31542249-S C1R

complement component 1, r subcomponent

Cytokine-cytokine receptor inte

raction - Homo sapiens (human)

GI 4506832-S CCL1

chemokine (C-C motif) ligand 1

GI 22538399-S CCL11

chemokine (C-C motif) ligand 11

GI 34335180-A CCL15

chemokine (C-C motif) ligand 15

GI_22538800-S CCL16

chemokine (C-C motif) ligand 16

Gl 22538812-S CCL2

chemokine (C-C motif) ligand 2

GI 22538807-A CCL23

chemokine (C-C motif) ligand 23

GI_22165426-S CCL24

chemokine (C-C motif) ligand 24

GI 22547151-S CCL26

chemokine (C-C motif) ligand 26

GI 22538813-S CCL5

chemokine (C-C motif) ligand 5
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GI _10863872-S TGFBI1

transforming growth factor, beta 1 (Camurati-Engelmann disease)

Gl _4507462-S TGFB2

transforming growth factor, beta 2

GI_40805871-S THPO

thrombopoietin (myeloproliferative leukemia virus oncogene ligand,
megakaryocyte growth and development factor)

GI_4507508-S TIMP1

TIMP metallopeptidase inhibitor 1

GI_25952110-S TNF

tumor necrosis factor (TNF superfamily, member 2)

GI_22547122-S TNFRSF11B

tumor necrosis factor receptor superfamily, member 11b
(osteoprotegerin)

GI 30172563-S VEGF

vascular endothelial growth factor

GI_4506852-8 XCL1

chemokine (C motif) ligand 1

ECM-receptor interaction - Homo sapiens (human)

GI_9845497-S LAMCI

laminin, gamma 1 (formerly LAMB2)

Gl _14719826-S COL1A1

collagen, type I, alpha 1

Gl _21536289-S COL1A2

collagen, type I, alpha 2

GI_15149480-S COL3Al

collagen, type III, alpha 1 (Ehlers-Danlos syndrome type IV, autosomal
dominant)

GI_45580690-S COL4A1

collagen, type IV, alpha 1

GI_17986276-S COL4A2

collagen, type IV, alpha 2

GI_16554578-S COLS5A1

collagen, type V, alpha 1

GI_16554580-S COLSA2

collagen, type V, alpha 2
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GI _14719826-S COL1ALl

collagen, type I, alpha 1

GI 21536289-S COL1A2

collagen, type I, alpha 2

GI_15149480-S COL3Al

collagen, type III, alpha 1 (Ehlers-Danlos syndrome type IV, autosomal
dominant)

GI _45580690-S COL4ALl

collagen, type IV, alpha 1

GI_17986276-S COL4A2

collagen, type IV, alpha 2

GI_16554578-S COL5A1

collagen, type V, alpha 1

GI_16554580-S COLSA2

collagen, type V, alpha 2

GI_16554581-8 COL5A3

collagen, type V, alpha 3

GI_15011912-S COL6AL1

collagen, type VI, alpha 1

GI_17402876-A COL6A2

collagen, type VI, alpha 2

GI _17149810-A COL6A3

collagen, type VI, alpha 3

GI 6031163-S EGF

epidermal growth factor (beta-urogastrone)

GI_4503744-S FLNA

filamin A, alpha (actin binding protein 280)

G1_16933543-A FN1

fibronectin 1

GI _33859834-S HGF

hepatocyte growth factor (hepapoietin A; scatter factor)

GI _19923111-S IGF1

insulin-like growth factor 1 (somatomedin C)

GI_10834983-S IL6

interleukin 6 (interferon, beta 2)

GI_11321596-S KDR

kinase insert domain receptor (a type III receptor tyrosine kinase)

GI_9845497-S LAMC1

laminin, gamma 1 (formerly LAMB2)

GI_15451785-A PDGFB

platelet-derived growth factor beta polypeptide (simian sarcoma viral (v-
sis) oncogene homolog)

GI _15451788-S PDGFRB

platelet-derived growth factor receptor, beta polypeptide

GI_40317625-S THBSI

thrombospondin 1

Gl _30172563-S VEGF

vascular endothelial growth factor

Gap junction - Homo sapiens (human)
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Inositol metabolism - Homo sapiens (human)
GI 26024330-S TPI1 triosephosphate isomerase 1

Insulin signaling pathway -
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Gl_40805871-S THPO thrombopoietin (myeloproliferative leukemia virus oncogene ligand,
megakaryocyte growth and development factor)

GI 32455261-A PRDX5 peroxiredoxin 5

mTOR signaling pathway - Homo sapiens (human)
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Phenylalanine metabolism - Homo sapiens (human)
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GI 27437029-§ CSF2

"colony stlmulatm‘gj factor 2 (granulocyte-maérophage)

GI_10835170-S IFNG

interferon, gamma

GI _24430216-S IL10

interleukin 10

GI_28178860-S IL2

interleukin 2

GI_41281560-S CLSTN1

calsyntenin 1

TGF-beta signaling pathway - Homo sapiens (human)

GI 4557730-S LTBP]

latent transforming growth factor beta binding protein 1

GI 40317625-S THBS1

thrombospondin 1

GI_10863872-S TGFBI1

transforming growth factor, beta 1 (Camurati-Engelmann disease)

GI_4507462-S TGFB2

transforming growth factor, beta 2

GI_25952110-S TNF

tumor necrosis factor (TNF superfamily, member 2)

GI_10835170-S IFNG

interferon, gamma

Tight junction - Homo sapiens

human)

GI_5016088-S ACTB

actin, beta

GI_10938011-S ACTC

actin, alpha, cardiac muscle

GI_11038618-S ACTG!

actin, gamma 1

GI 22507396-S MYH9

myosin, heavy polypeptide 9, non-muscle
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WD 2007/ 027156 PCT/ SG2006/ 000232 102 CLAIMS 1. A
nmet hod of obtaining a nesenchynmal stemcell (MSC), the
woredohoerisonpri sing providing a cell obtai ned PYT/SG2006/000232
di spersing a enbryonic stem (ES) cell colony, or a
descendent thereof, and propagating the cell in the
absence of co-culture in a¥@rumfree nmedi um
conprising FG-2. 2. A nmethod according to Caim1l, in
whi ch the enbryonic stemcell colony is a human
CLerg yoni ¢ stemcell colony (hESC). 3. A nethod
accor di ng to daiml or 2, in which the enbryonic stem

1. gi lcjgr 13& Mesh Xf 61%?mﬂir%5ﬁ‘35%ﬁg rs)ﬁléatl IgteH %ﬁﬁ@@s (tlﬁ the'%‘n%gg Qanprlslng

proyishigst EOQIW@E)@PE ﬁﬁgerswg@@mbmq stemeES) edll ealemn or a descendent
the%’ﬁ ra)/l@ @t@a@&tﬁf@ tﬁ@ kb1 i IRESsen¥¥ SALLENRSE M d¥etBh @ medium

s out. 5. A nethod according to any
cot &‘%éjl%gﬁg cl a| m in which the absence of co-culture

conprl ses culturing the cells without a feeder cell
2. | ayémetBod dccoatingtb Gatorl dinnghitio teremipy@de siemgeet! @iony is a

hurhﬁ ééiﬂfrn'ggnﬂclg%rf%l Cdlﬁ“(}p fmeRAgated on a cul ture

according to any precedlng

cI aim in which the culture substrate conprises
3. gel Atnyihobeccpidirgto Glaim L Lhidvaiek Bredimyyenc sim cell colony is

dispure@editngyssi@i m in which the serumfree nmedi um
conprl ses FGF2 at a concentration of about 5ng/n1 9.

ccor any. cedi,n | ai
- therdat i FERERER TR BrERS i e Belaggoritgists dispersing
a ccpﬁbtfeetndbﬂepfhﬂman covbvgyemia s oellsothESE) stithSrygpsim prick @o plating the
cell@®thod according to any preceding claim in which the
serumfree nmediumis supplenented with serum

repl ac t media. 11. A nethod according to any

©pr eééla?t@%qca¥4wg forny i eording & ledy InsWhicl ﬂsembﬁ%ncz oi cQusBlture
con@;ﬁfsfeé tifiringthé ealRSitHont §GedMReRQEr 027156

PCT/ SG2006/ 000232 103 12. A nethod accordi ng to any

I eC e%tﬁ%d :géclgfncfgﬁs% nx}/r:i)a%c%crit he uglgrrprliu?@% gls pro%agated ona

culfpret)‘pdvgfaated cells based on expression of a cell
surface marker. 13. A nethod according to Caim12, in

7. Whi ghndthed é&@ﬁﬁ@ﬁy |p1<§:%§1?ﬁg ¢Blih, InSwiABR ﬁierl%‘{’turebs)ﬁbstl rate
se ectl an el évat ed expressi on of one or
COI%ISésgg?g%éeq?ﬂﬁ?ers sel ected fromthe group
consi sting of. ANPEP (CD13; LAPI; PEPN; gpl 50:
8. NM A@detbdi dicprdaddGo anfi:ceRvg It:lkz[ﬁh R CBEGBum free medium

ommdsgé)ﬁéﬂ?g atd mn%%éat‘logl Nab 5’1!@/1111

9. A method according to any preceding claim, in which the serum free medium

further comprises PDGF AB, preferably at a concentration of about 5ng/ml.

10. A method according to any preceding claim, in which the serum free medium is
supplemented with serum replacement media.

11. A method according to any preceding claim, in which the cells are split 1:4 when

confluent by trypsinising.



NMD02977.1); TRPV2 (VRL; VRL1; VRL-1; M3C12549:
NM 016113.3); RAMP1 (: NM 005855.1); F2RL2 (PAR3:
WORMOA1036 2) ; NTSRL (NTR NM 002531.1); GABRABRCT/SG2006/000232
NM 000807.1); SLC16A4 (MCT4: NWVD04696.1); | TGA4
(CD49D:  NMD00885. 2); NCAMR2 ( NCAMRI ; M3C51008:
NM 004540.2); ILIRL (P80;i¢d R ILIRA CDI21A; D2S 1473;
| L- 1R-al pha: NM 000877.2); PDGFRA (CD140A; PDGFR2:
12. NMADB6TH06 aggordiugap/many PRI daim, NNOg0B8Ren JomigErAhe step of

e 3 T SRR GRS S50 ot
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14. 3T magrdpRaEingNNE 3306 E an) 13, IlfLWh}IFhBhe mﬁsai@r){womprlses

CDid— 1B dsloh MR DAY 4601 18NN 018725, 2) ;. SORL1 WO
07/ 027156 PCT/ SG2006/ 000232 104 (LR11; LRP9; SORLA;

ngorAl 1 GPVBB B: .NM 005278, 2
15, R RIG O STIRTTN Y 0B B B L B Campises
CD T ceddMnOlumbey. 1) _002526A )met hod according to any of

Clainms 12 to 16, in which the surface marker
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CD24 (CD24A: NM_013230.1); CLDN3 (RVP1;HRVP1;CPE-R2;CPETR2:
NM_001306.2); TACSTD1 (EGP;KSA;M4S1;MK-1;EGP40;MIC18; TROP1;Ep-
CAM;hEGP-2;C017-1A;GA733-2: NM_002354.1); HTR3A (HTR3: NM_000869.1);
FGFR4 (TKF;JTK2: NM_022963.1); ADCY1 (: NM_021116.1); FGFR3
(ACH;CEK2;JTK4;HSFGFR3EX: NM_022965.1); IL17RB
(CRL4;EVI27;IL17BR;IL17RH1;MGC5245: NM_018725.2); SORL1



20. A nethod according to any of Clains 12 to 19, in
whi ch the nmesenchymal stem cell is selected by
wo bawonzasence activated cell sorting (FACS). 2BCT/$G2006/000232
met hod according to any preceding claim in which the
cells are passaged for fewer than 35 generations. 22.
A nmet hod accor di ng to any poscedi ng cl ai m i n which
the cells are ({at ed for about 14 day
(LRQ)}'&R@P&‘@%LA@@ gelt A7 1eihi)E 003505.2); RAEIVRGR (M’éBoWL@SEESfi 2);

KCNSW% RYVecadiGD48l alm_00P M )chhd NED S (LY ARET: et 01 TAR(2).
(hESC) col ony conprises a huESQ col ony 24. A met hod

17. SoaPEHE SOuTiPEaBrR S s 121 ey e alfge movissc
compobesyD249 A cchssimt Nouibacsbt @il 323G 0. any precedi ng cl ai m
in which the nesenchymal stemcell (MSC) obtained

1g. di %Pln%ﬂﬁ)daacé&ﬁfn%qg aﬁ;%% @ﬁﬂn?[?fd 12 ifMnedh thém%@é’ncﬁ&mal stem
preferab D44+, CD49a and e+

cell Epttntd btk ier cetaihicicasa 81056 C et hod

according to any preceding claim in which the
19. mresenethodakcatizpto ahy of CMS@ HJEH Eﬁ g dhhébhst aeserghymal stem

ted S| f 9 or ra ald . of
col FEHERY RRTIRY @Rl Al IR PogaB S0k Bl
according to any preceding claim in which the
20. medenethpeeiccetimigrio gay pf Clalsc] 2 bt %iim ediichi thp ngyenchymal stem

cell ﬁ@é@%@é&@%&%é&% a@fweﬁ&?cé?fso%{ﬂ:ﬁﬁ‘fﬁf erably all, of
NOG and SOX2. 28. A nethod according to any

precedi.ng claim .in which,.the mesen ein cell

L (VBB ACHIEME 18 BRAPSCHEn R ERAA BY it spisase piSaged for
fewmhaphfaga&mtmtl vity. WD 2007/ 027156 PCT/ SG2006/ 000232

105 29. A nethod according to any preceding claim in

22. AT LEGRIE IRy pReEIe Ry, iy M ACLBAE phcefha for
aboglcldoteds, n@eﬁewbbh@wrpb%é?diaﬁ@ claim in which the cell

culture obtained is negative for nouse-specific c-nos

23. I epeaietitRAGENARS ta Rty maedm% glgﬁg gg ng {@gﬁbg]d;ﬁc @b cell

<11E%¢)2%03§|Wﬁ§0%?efgﬁ%§$ h}1ﬁ§%\ﬁﬁﬁ8ﬂy ‘the mesenchymal stem cel |

(MsSC) obtained is capable of undergoi ng osteogenesis,
24. adi4ogddsicsordingdh eny pegedieg tleim, ipvéfig thb leynbrpgmabitemekll
i AL} t yt es, adi pocytes or
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27. A method according to any preceding claim, in which the mesenchymal stem cell
(MSC) obtained displays a reduced expression of one or more, preferably all, of OCT4,
NANOG and SOX2.

28. A method according to any preceding claim, in which the mesenchymal stem cell
(MSC) obtained displays no detectable alkaline phosphatase activity.
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39. A method according to Claim 38, in which the differentiated mesenchymal cell is a
osteocyte, an adipocyte or a chondrocyte.
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46. A method according to Claim 43 or 44, in which the disease selected from the

group consisting of: cardiac failure, bone marrow disease, skin disease, burns and

degenerative diseases such as diabetes, Alzheimer’s disease, Parkinson’s disease and

cancer.

47. A method of conditioning a cell culture medium, the method comprising culturing
a mesenchymal stem cell, mesenchymal stem cell line or differentiated mesenchymal stem
cell obtained by a method according to any of Claims 1 to 39 in a cell culture medium and
optionally isolating the cell culture medium.

48. A conditioned medium obtainable by a method according to Claim 47.

49. A method of obtaining a polypeptide as set out in any of Examples 10 to 14, the
method comprising obtaining a mesenchymal stem cell, mesenchymal stem cell line or
differentiated mesenchymal stem cell according to any of Claims 1 to 39 and isolating said
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polypeptide from the mesenchymal stem cell, mesenchymal stem cell line or differentiated
mesenchymal stem cell.

50.  Use of a conditioned medium according to Claim 48 in a method of treatment of a
disease in an individual.

51. A method of obtaining a cell culture substantially as hereinbefore described with
reference to and as shown in Figures 1 to 9 of the accompanying drawings.

52. A method of obtaining a mesenchymal stem cell substantially as hereinbefore

described with reference to and as shown in Figures 1 to 9 of the accompanying drawings.

53. A method of obtaining a cell culture substantially as hereinbefore described with

reference to and as shown in Figures 1 to 9 of the accompanying drawings.

54. A cell culture, mesenchymal stem cell, mesenchymal stem cell line or a
differentiated mesenchymal cell substantially as hereinbefore described with reference to
and as shown in Figures 1 to 9 of the accompanying drawings.



