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In preferred enbodi nents, the enbryonic stem cell

culture conprises a human enbryonic stemcell (hESC)
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SR Rb Dot DL TR Ra ™ 6o [Re PY S PR egapt above, and
diffigyenbiatinghthaicpld dultbweqreesenalyimal sttmceéxmmﬂsglcﬂlymm stem cell line.

I nvitrogen-G bco (G and Island, New York).

Pl at gk ﬁuth%ﬁéc\lgﬂth@’p%ﬂ ifrentioh, thé @%:ﬁro'vﬁle@a@@ltl 8htell line

mito for a wide range of cell types including
oftpipa Blbéiéltr%et ahBorhoRhiBEre and connective tissue.

PDG-, which is conposed of a diner of two chains

t er rmd: [h’h‘@ldA abadingaod 58 aspeat of the presbet 1m@aem,ta @sthdd\of

[muq%ur fbro U e cfBry S AiB heﬁle Odle 3 campisih a) providing a

%B&ﬁ%%e OO RO MG AT I S orﬁ‘%p %gné gyoviding
erhBry8nkDa A chal n and 12.2 B chal n PDGF AB may be

obt ai ned commercially, for exanple from Peprotech

(Rocky Hill, New Jersey). The growt h factor(s).
preferably FG-2 and optionally PDG- AB, are preferably
present in the nmedium at concentrations of about

100pg/ M, preferably about 500pg/m, preferably about

I ng/ M, preferably about 2ng/m, preferably about

3ng/ m, preferably about 4ng/m, nost preferably about
5ng/m. In pr eferred enbodl ments, the rredl um cont ai ns
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19 inplantation of parental enbryonic stemcells which
results in tunour formation. Preferably, the inmmune
conprom sed or inmunodeficient host animal is a SCID
nouse or a Ragl -1- nouse. Preferably, the nmesenchyma
stemcells do not fornrtunnurs after prol onged periods
of inplantation, preferably greater than 2 weeks, nore

SBRSS TP GG B0 DOReB AP ESE ol B 1R Mo

drrspnmgirqeﬂer(r)on the absericie of a§¢eélesl@vero (it) ib perupelr@medin ésthe presence
oif‘mlef‘qmmﬁthe%%ﬁce Gl {r%%%trgﬁ dnded @I RaeSsa Qéﬁ&ﬂﬂut@lﬂerefrom
here ‘are al so preferably display one or nore of
foll gwi ng characteristics.. They substantlally
st ab%é‘s iAo s 8% featire 95%%%??@@6@ nunber,
preferably when maintained in cell culture for at
| easThd prespmn énvahii@ansn a §hespea, o vides henabhohy diak ptogynitor cell line,

m%%%ﬁﬂﬁ%l osﬁén# Xelis‘r&g!er?cp?r%g?st%ﬁ Q%lﬁ?ﬁe 8pd1ﬁ%l;etnﬁ%tﬁd E"r(eg{;:lﬂchymal stem

ener enera
eglx(rht@g ahlg Ry p@quql%i asset g ah@,\fee or @flréff(?éqnérg}e&i cell derived therefrom, for

uUR S trdiho o1l tveadthént o@E dBseSROFRNIiSEse ﬁfay%@@@l@ct@@ ﬁ%mnt% group
bet ween a _ nmese S enrce s in

C%\%EX@%H B onin BRRS SHEFYhiSCase: ShiGrRe Pimsgad dasgrerative

digeney saich andiabetes, Alkedher abiksgase, tfhleklﬂﬁtn sodlscgiemeﬁd cancer. The

rise ,
oEP R RS S 0 S gt
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ACCGIS}Sd Phadpestof NN &é%{lﬁweﬁ%lﬁ thére is bAAIRID us&dF 8ndesenchymal
ankusﬁcces& on no

8089, X15763,
PESTS Cf LRBaRe e BOLT6R Cﬁ@smeﬁﬁr/r‘fer 55 st 3 Hecniae
me&nokGnal vBB334] obABATESE B9 h mdteskset ()\(i‘ﬁ&IbBamkl tAe peepaiation of a

BBl S PR 0030 RT3 s B e

besetgoted firam Hamgrome eensistiog ofi serdiagadereolyme mayogsdisease, skin
JAYR3GAR0, arBAREEEM v e QAT h BORREL3A 1 BGRR24 A scase,

A 046795 P Ra (NM 011058, Mp7683, MB4607

Py %rogé)seaseem cf8hBank Accession nos: NM 013633,

X52437, MB4381, BC068268). Runxl (GenBank Accession

nos: AbbdroiBg 82 an 8'MagEa,f t(BRCPBRIR &veAh@D 1WegB)yidSayhfmaceutical

S RTS8 o o,

m@@ngmnamme@l?@e orglifferptiated NRMNOlnoRYStenxes beigyinable by a
mHH@E Ls 6ERABMY  ABEARS! With Qﬁ%rnm%@l%g'l goceggglg 21dipRAfor carrier.
Ti e-2 (GenBank AcceSS|on nos:

X714 DL3738, BCO50824 The net hods, des

her e%g*n%{BY‘ CAEOrPISdRes) 6‘ﬁp€i§f of the INERYNLI2 ‘%‘?‘Eﬂ‘f‘&é?olnglmmng a
calisculteld madiunh, fHeanahdd edneystisiegd dtLSLuI‘Ml@ hdiesemipmabprogératvaleell line,

t : :

mg%%gﬁpﬂ-ﬁg\g{e‘?n lel We%g&%P%gﬁ%%rﬁ Icgfrﬂelﬁg P{c, gltffg;regrgl%t%g F;xggg%chy@]al stem
callhebtained by e\medwdrva\:ret avdebansde pgolh eulturp stedium and gptmnglly

mBﬁﬁHgﬁgQg“qu&@@ﬁ&ﬂﬁﬂt or genetic alteration. Such
clonal descendants have not undergone substantla

genofj c chan es.are substanti al enet j cal
|denir"?f5|15 R'8 ‘fiﬁ‘é Ip3Fopqangg yith ao‘r(’% g%pegﬁeé@r eysent invention,
cqdéfemedimedijunt betamablewgrsuch strethodel | (save wi th reduced
pot ency). The term -nesenchymal stem cells" shoul d
al so preferably be taken to include cell lines derived
from nmesenchymal stemcells, i.e., nesenchymal stem
cell lines, and vice versa. DERI VATI ON OF PROGENI TOR
CELLS In preferred enbodi nents, the nethods
descri bed here may enpl oy further steps to select or
screen for mesenchymal stem cells. Such further
steps may take place prior to the steps described
above, in between such steps, or after these steps.
The further steps may be in fact be conducted
|ndependently, and may specrflcally conprlse derrvrng

. P~




There is provided a nethod conprising: (a) providing

an enbryonic stem (ES) cell; (b) deriving a progenitor

cell fromthe enbryonic stemcell; and (c)

establishing a progenitor cell line fromthe

progenitor cell, in which progenitor cells are

sel ected based on their abiﬁity to self-renew.

The nethod may specifically be used for generating a

di f f &5 emd | Aaspciodthe inventicanwe phywdaw wethod wl pE@)ningd polypeptide
asy sreﬁf)@[rlﬁghyy of E{Eﬁnﬂég f(?lroelqt H@trﬁgh&@&dmﬁﬁ%lr?%btﬁﬁ%ﬁ%@%és@hchymal

) nmesench ell. Mre pref
pr&grm@r v el 1B, dersews r'"raést%m cgtli peEpty ! stgm %F%Itlguégrtdéfferenuated
mv\&npmﬁalti&nacamgem dbove &Rl Isolaiinesaid polypadidoyroa et hod

G BRSS! B SR by kool BEFR Ry st

cdllurt her conpri se further st eps whi ch enpl oy ot her
factors or characteristics of such MSCs for selection

or SWee;f‘rQhBQ REorBeNo aPPQa%&gt (9' tflé ﬁfv@ﬁ‘t‘idrﬁ'ﬁﬂe@&s provided 4
preferred enbodi nents, the netho

eneratin
C%\ﬁiﬁwsﬁ FTt’?d%H?Sé@P?d 2oV e (I ASHIbY @ﬁt@é@?érértmem ﬁfgasdléﬁrase in an
indpedial.i c |1i neages preferably further conprises a first
step of biasing differentiation of enbryonic stem

BR F|]§E§c9<wg§o? A\b&ége& red |ineage or |ineage of
—Tﬁieresff—énr—néiﬁggg—nay—aIso conprise a second step

of encoura sel f-renewal utative progenitor
ceIIE@HW@lgrHgdgmﬁgﬂﬁywﬂﬁ@oﬁb ¢ ewltwes-enbr yoni c
stem cel |l s. The first step may conprise

pr oNpPiiguRdl A. r(ﬁel@urz@\md?me @RREPhdseBomfasd speci fic

| i neage of interest. D'f er ent progenrtor cell lines
of speci f]

i nt erest

xpobiils 1 eBRRER DL gk fnshbo TRk BB FeSasc. Transerip

led’el‘s firraeasieedibynl agmantbeses quanegtayes RGFPChaed e@mallzcﬁ to that of
eet¥ants$} £ GERY MME@ &l &?{rl)r% (BN PR DFRRTRD 4n H1 hESC

gromﬁ actors or snal ecul es such as ligands that
'@%onnte or enabl e dlfferentlatlon Thus, the

net hods descri bed here for establishing enbryonic stem

cel | Figard Medvegérh blldtaaslysi fc&nﬁmﬁﬁdmcyia@mm genes in HuES9 and

HE RSP oS B BsP e bl G TRSC R Elb e Bl Bouse

EPCdimer abl y, the differentiation-enhancing step is
carried out for a predeterm ned period of time. Thus,

pr ef pioak! M. Hdha1 KIRAPLARE Frar%tpfa'ﬁ‘tfﬁi%h lo$ Hi’l'ESt) RRY HuESY.E1. Paraffin-

descen S are transi ent eXpo
ergbgddgd gﬁ%fieﬁ%n&ﬁﬁi EAFT SRELI g © ﬁhw%fﬂ% momhs after trgngglantation with
eiciee HOE SOE 1t (hwp) e HBE9 ghot@ni)anci ng or bi asi ng
differentiation wi || depend on the specific cel

l'ine r [ t. i 0

or OQE%S{ ok Ce%?l e ﬁll:\r?e&{atawé] agtrl/ {2/ i hﬁ@gﬁﬂl{}fﬁs §q ﬁﬁe ﬁ#}%ge El14
EBE lmmaneussfenbingoniafibeob Sh@ﬂlﬁbhfsew iandh Bk 9 ihid - used for

different cells. Endodermal Progenitor Cells

Wher gighfe 115 GLRSMICONCaAl AR BYi PR F§hd Bleb@iRe 8F human Alu and
mppggﬁonlc stem cel | s towards "endoder mal types of

THES T9PERL SEXHREFe, enbryoi d bodi es may be forned
and di saggregated (see |later). The di saggregated
enbr jiguck H&)dﬂlﬁremnmmdianelxsloséﬂuﬁw @ﬂ dwt@r-bhabh@(tsp panel) and

e B T SR TS0 AR OROEOMTY v

paheligs i nclude activin A FGF4, dexamethasone and
retinoic acid. Hematopoietic and Endot hel i al
Pr ogeigutc@ 2 ACEB | Surface antiden pro¥elimdi BleFAO8AMalyyikere it is
desired to bias dlfferentlatlon of enbryonic stem
cell s towards henat opoi etic or endothelial |ineages,
t he di saggregated enbryoi d bodi es may be exposed to
grow h factors or drugs or conbi nations thereof that
i nduce hematopoietic or endothelial differentiation.
Exanples of such growth factors and drugs |nclude
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Cells in culture wll generally continue grow ng until

confl uence, when contact inhibition causes cessation

of cell division and growmh. Such cells nmay then be

di ssoci ated fromthe substrate or flask, and "split"

or passaged, by dilution into tissue culture nedi um

and replating. The progenit&r cells may therefore be

pass r r f I

opl ﬁ%ﬁ% 2R Hlf&"éd E %Egﬁ%g%ﬂhw 1§fz h@ @ 1\% fi‘i’ Efgb%s’ﬂs and
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NORR AN G SInE NEaRfiAERS T ALtk Fhdr? 951h@ Wik IGsofivadd. INUABecific

of a confluent. c ture of el ] in inoculatin
flporessepceis HEIEBINGMPY i ?trpncqﬂsvmlarﬁgptah@uqt% HER R malched
moastf thossetehabsintibatligs.at i on i s obt ai ned. The

progenitor cells derived according to the nethods

descﬁ rgEFedzﬁ“ﬁl?Es@Bﬁl d"‘ﬁ%ﬁﬁ9 g) hE@{:ngtE‘SI% pJaQi(alg@d v@ﬁ Ifh serum-
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ccméalﬁmg éii‘évMngqdneebQ:foWéqelrtgaﬁmdlymd mrraisalbéefrrihé%MdﬂSCs hed ACS
afd@fs. "normal - (i.e., untransfornmed somatic) cells
deri ved directly froman organismare not inmortal. In

othe sonmt.i C I vV, imted |ife

o panFighies dnr 3 S derayRirtol Sy BT i) Gl b Rt afeed o
uielendd atigoggnesid, nigoridnalehedis arel gstedgabesis Usingutdnidamdt febipcols.

| ose the ability to proliferate or divide after a

Cg: |t f;‘ll gr :ﬁgse nﬁgg ??Q}e g?%ﬁgpﬁduc%oe[ﬁ[?&g%% @ells are stained
fog @Héirr%alifté 553 O'IT%él) Fdidy aRRNA at day é1and dapht aspmpagied by Tagman

ql%ﬁ%‘a%% @kTapthmtl%qluey af@e{orﬁsllgeuw&&at of HUESY. mpqqls R@Fahye PPARy
the 9en|tor cells are able to nmaintain self-
S

elstipHuESand EHdRSCe dheir dernetiye MRG s¢l! CU#M%S ( H'&?S9 El,
H@Eamb @nd lem anl aalsﬁ assetdeved MSaS r(rBM-Msw@xm @SMSC) as

fu5|o i mort al. ch as tu
Tt ot HBGGAYS BT o8y FHRCRE aOTRIzEs fibidete
HnESﬁEdrn1ng viruses such as Sv40 EBV HBV or HTLV-1,
transfection with specially adapted vectors, such as

the ﬁgﬂ% ﬁ@%d&%%slssl)g%yaz 1%%&9%%@111% h&nﬁo AEYE cklls are

anti
stpiged gg@rotg%ggans by pé}p@rlg%(l?fgmdmnwngea@tp /iy to collagen type I

u§@g @m@ bak8® S%ua&taﬂom%ss@mr) Spr elQ’Eln an¥ epmzly rrfRNmralt aaw@ and
uences O e uman .p S
dfmd‘* ake %?@useﬂzlp {4 AR B ﬂﬁ@m % H‘ES B eﬁ@ﬁ@ed to that of

HQES®¥ 1 i) Reladirve aYﬂDeIRtyl’ﬂﬂUQfAdé‘&mthli]BﬂﬂrfdGﬂﬂ hESGd)éheir derivative

s .des r oge I ce

M SRS TR0l Kred TP of Pl SRE0hl RonSigive pscs
(BMtMOOsindedevIBOpak measeredmx'OMmmcquamahm@ RERCReAIl values are
n&%gmggpkqgmwﬁqﬁgg®1%ransfornation for nore than 50

generations. In preferred enbodi ments, the progenitor

cell's may be propagated indefinitely and wi t hout

t r anEiRYFet-i GYeogENgSisdy PAY b raft%lmriuq%%lgon nqggnesis, cells are stained
fop mg@ﬁllidﬂlbn(b?Moﬁ Kav3sh paiagieniis ane&:ﬁieblﬂclaﬂl&aﬂimabﬁosphatase (ALP)

efera l1n I ricted c red to th
oL R SRS et i Lo FB AR RERE rkamape
quentitatiap R1-RCRf Ajivalueg areimemblazed|td tHahoEldulged. B | ayers.
In highly preferred enbodi nents, the progenitor cel
l'ine I g e < tent. Characteristics
of PF%S%%ﬂ?b?ﬁ Gﬁﬁg&pRQQOH%ﬁakggferred enbodi nment s.
the progenitor cells and cell lines (or the
differentiated cells derived fromthem do not display
one or nore characteristics of enbryonic stemcells.
Preferred such characteristics include expression of
the OCT4 gene and al kal i ne phosphatase activity.
Preferably, the progenitor cell line exhibits reduced
expression of one or nore characteristic markers of
pl uri potency. Such pluripotency markers are descri bed
in further detail below, but include Nanog, BMP4,
FGFS Cbt4 Sox 2 and tlrlf/ Progenltor ceIIs
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We therefore describe a nethod of treatnent of a
di sease conprising: (a) providing an enbryonic stem

(ES) cell; (b) establishing a progenitor cell Iine
fromthe enbryonic stemcell in which the progenitor
~cell line is selected based on its ability to

self-renemr (d) optionally é%r|V|ng a differentiated

cel l ?JQA r]%e%haggamcfug{erlﬁg lolf eig ?S@?d %ﬂr@s %'%eee hESC-MSC cultures

adwrm

erin
cafistifing SRERESSH | CHNFSY R cand Tt 2.chtee BMMSC samples, three ad-MSC
A NRAGTRRICSTESS 10Fs CREAUNEDS MSES9. H1 and b, MSCs

obt ai ned by the nethods and conp05|t|ons descri bed

here ref sati sf'. the. norphol o
and FHE: fb Girviss oahs s Ar Beat s PRt isaand
BMMS@S klafu)/\rmdi betwémn ESC-MRTs amd SOk (righitgr ence. t he
nmesenchymal stem cells obtained by the nethods and
conp SA )
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i ncl H@areom ka8 65, dlﬁéleﬁearlaftéxpr@kdd gedts CDABIL, drfﬁa@ﬁde) in

nhERe RCR R Mk r Bl S P ErEn PR e g g - or under

repesemed (@l 0 1) by @aggs, higldy agprossed otlsE XOOASCS or BMeMSCIs are grouped
' | ow. Thus, the MSCs obtained by the
mﬂﬂ%ﬁggaﬁghgg%gﬁgosrtrons descri bed here may display a
differentiation potential that include adi pogenesis,
chonbiegssidss 3. Besthssind sigenivsisertog for generatigg of hESC-MSC.
mesenchymal stem cells obtained as described, e.g.,
hESCFigB@SA danC Hawaty s HuES@.EthrajS%Ebzhﬂdeer El‘zih‘ESC MSCs, HUES9

. di t
FRLERb e Ebbkftnid MO BHRERRECHIN, Salnb ndnaged for the
pm@qug Pt CR2A on adoydn 1i X giRakehNomh Awmienicai Ine.nGampinteniayglA) instrument
ughgl\hﬂrﬁ[ﬁ%Bﬁ gefg‘lglnf Bl @Qkéﬁce&%%&%&&;ﬁéﬁfﬁg&oaﬁﬁﬁ of similar
ced baJrsrumgﬁlthmmy@em’fqmmﬂuﬁ@m@nﬁ%%?éran 9slissi d
karyotype. In preferred enbodi ments, the MSCs displ ay

a st Bigug QEI’Bi)rlﬁingferSD1@6+§®D2M€fi§ﬁ6nﬁlﬂﬁﬂ3@%&lﬁﬁhﬁtihlaﬁe been
t hr.ou

. r ef.er abl th
P g s etk Ciony ey THBRUR PP ek O R PDGE and P2
farlonomeslo @D 1 (fde CORA+ oglls reprddentedah (e axe sadeted for geltge.
expression. In preferred enbodi nents, such defects are

not gpi,Alest paitide &H&FlSJ@O@%@ @%@ssuﬁf&ft\%&t@y 1@hd 84ch of the

13 passages, nore Ere erably after 15 passages.
ofherR4 FRIRITEROT 0 Q4Pne” Exanpl es descri be

experinments to anal yse the proteone of human

ESC- Higlatevsol Fvﬁﬁﬁse( d’dﬁﬁﬁﬂ&@@f) gene 3dpression be@s‘ie@mm4 kcOltures and
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Of | S|n1 adu one narrt o
ardﬂeBl\/lrb@QVB@sSI(Bwnm@s))fQ#Hese resul ts denonstrate that
the MSCs derived by our nethods have significant
biological simlarities to their bone marrow derived
counterparts, e.g., in their ability to secrete
paracrine factors. Accordingly, the hESC- MSCs nmay be
used for any purpose for which BMMSCs are suitable.
We further provide a nediumwhich is conditioned by
cul ture of hESC-MSCs. Such a conditioned nedi um
conpri ses nol ecul es secreted by the hESC MSC,
|nclud|ng 201 unrque gene products Such a condrtroned
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34 Thus, as shown in the Exanples, the
correlation coefficient shows a high degree of
simlarity between five nmesenchymal stemcell cultures
obtained, with a correlation coefficient between four
of the Ilnes of 0.96 and the one with 0.90; in
contrast, the correlation coBfficient between

techyy ﬁ@% , PRRLGALISS:s Of g BV SRIRLEL AIAEYSRT MSE culture. 80%

cqm@egmtdﬂlr@%lil ol pHiovasdee weshed risnesonitioPByetvdiveadi aygrnight in a
cHERRENY f&éﬁﬁéd &R L WIDNIEM Rie8HRAIRNE pilnbyredlafl | ar

or |dent|c refer with each ot
N e Ay Ot e PV A o S
st&ﬁpﬂfnﬁ:}&m antl [(prmadredpeoethanol. ThAgulks ar@shdnhénseéd tires riaks with PBS
an(dl,]tgorfJ E:lge% \évqgi e%&efd ;ﬁbov (An zﬁ{q’rlljop ofm)%cﬁg] gretr mgi%dvﬁ%n% 48
argl| Bohdyes, aeeibiged ab&0mgend slm:srmpﬁ@@laat 9. 2a1nfdlt€t§cd1éﬂ ud:ef tl@ media

% gm&grlsons may be nade

“gé?ﬁﬁhigiﬁ%ﬁ@%&bﬁﬁfgﬁ§ge Pgﬂwgrlve by ot her nethods,

such_as bone- narrOM/derlved nesenchynal stemcells

( BM Vgexs) 7. Antibpdyaprgay: Etne el gppiioncd (A qumes-copditangd gnedia
NoMY Reinbfake@dsittan Ra@l@ﬂ@)eytbkme ABSEy Mpads ARbRIIfHE &Pl ay

A EieE A S B (R i NBrefe T B ke o gach gy s
ligBl0On thbEarmplds. ilpdisg oﬁ\hgam:ls ta geaificantibabfif vsuaired ofing HRP-
bBEY EhmiRl: ﬁg'scgﬁbeoafs e?ﬂ#&g}tt&g uQes%f eQ l‘?rfn@&@paln)f 1sa alysed An

reater t reater t .
nBscsored as presepﬁu a mggalghgr\ﬁ,ppqt an ﬂheéﬂg;ggrﬁm: ggbrldlzed with CM but

aH?,élrhtrdHl th& H:}@H’@@édl Whtﬂ TNGK/[ DefagraX RhAFss 6N hRIbp@ABnttHat®Ees of CM
dﬁﬁ&@fndent tﬁ ﬁﬁhE C- MSC popul ati ons and three

an o [b:\ amfBR4re found to be similar with
a correlation coefficient of 0.72. REGUATORS OF
VESEREHNAD i Siii i ddE {12 O @hviAfo@hEts into biofgicatrptdeestss. g 201

ge%le§9retb?asyi‘?gﬁi 1r¥t9 dlf?e‘?{l‘ft 'bic)ioﬁge{l %‘i‘éc\és Sek ﬁgtl}llle ﬁ(ﬁ’ El%ss‘?ficatlon system 58

emce rom enb ryoni c st
blekﬂgrcel PrPﬁ"eSS‘?ﬁe‘bﬁtc?ds oygivepgEnisdriy e fiaguank Ohetss ersthe secretory

pldesﬁrel rBRdvé & thFregusty anthef, eﬁ&Sﬁ @Qiraralzraée C%ll@t’éﬁ (ﬁelrrl enigene
ggﬁﬁ ce ar % abs nce gizg Iﬁg !
F??ﬁ gnk pVitfiaep- b? HSEhR 05 pregl "éea'rrse H’ééor%ﬁ?}‘ps

meﬁbﬂem1mhﬁmBENppmcesmiuﬁmedeﬁﬁﬂpheona nol ecul e whi ch
accel erates the production of nesenchymal stemcells

may Pgy ?e{‘é&ﬁ?}ﬁﬁb@u(ﬂpﬁ Zgoﬁné @%HL&E fHto {ﬂhwsfse W&EZUﬁEenes are

stem ornmati on
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respect to gene expression), or were not suitable for
clinical purposes as they are produced 35 by nethods
D i ture or presence of serum Wth
culture according to the invention, this can give rise
OBoA BuRSs MesENaHV MALBI¥MOOEELAM$@Y at | ons of nmesenchynal
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such nmethods. Cell lines made from such nmesenchynma
stern ceIIs and dlfferentlated cells are al so
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iii) chondrocyte: the functional cell type that makes
cartilage for joints, ear canals, trachea, epiglottis.
| arynx, the discs between vertebrae and the ends of
ribs iv) fibroblast: a connective or support
cell found within nost tissues of the body.
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t herapy, including cardiac failure, bone narrow

di sease, skin disease, burns, degenerative disease
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Exanpl es, the mesenchymal stem cells nade by the
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The mesenchymal stemcells and differentiated cells
made according to the nethods and conpositions
descri bed here may al so be used in conbination with
anti cancer agents such as endostatin and angiostatin
or cytotoxic agents or chemtherapeutic agent. For
exanpl e, drugs such as such‘as adrianycin, daunonycin,
l
pr%'\ @' F !3 ﬁ%éfﬂl eﬁtt(g gﬁ(\?}\l %gir ll)ettstt%?(&lldergtﬁgiQBr? Bgrnaa@igb an blology of MSC
thgulaeﬁ rer@alﬁeﬂme@tm%ﬁsete ifhiresesi pidespicad ehiigal agé ntecha@al
apphestidigtein refers to a substance that inhibits or
prevents the function of cells and/or causes
dest tion of. cells. The termis intended to includ
o DU GaFSfd drope R SET S gpiersicn Bdicap s e
repearhent odadult ossussles urhMSE's émaiyiied] ioe lekapeatid appdicaionsns
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bls(arylanrno) benzoi c aC|d derivatives discl osed
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PAEEREEEE % ﬂﬁ“é@b TEM-ELh é’(Lé’F ani no) - pht hal i ni de
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£ e WD 94/07913, for
dé%%%%§ﬂ§§hﬁkﬁ9 eﬁgﬁiéﬁggéﬁ??% gg%§§$ is a chemca
conpound useful in t e treatnment of cancer. Exanple
of chRHEPPRPRISSIAM col Lephoysminegrersse AdpEhrelany (CBwan Ca,
K Danaaskaba €, IMCMEthi Lantieurak iWithSer Ukt al QOO D& ivation of embryonic

s BT PER Pyl Pepn s FERREIAR AR 138 35F8fr g 1 ESC
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i n .
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progenitors of nore specialised cell types
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extraenbryoni c menbranes (e.g.. placenta). Thus, the
onl ylnrsefeped embodigients. theanathed ¢amprises dispereing asnufluaneplate of

htfrhir?émﬁl? Bhic %f%n?@élis% 1fhr t?fbéﬁ%dkﬁath{gsth@ taRVREe-

Pl uri potent Stem Cel Pl uri potent stemcells"
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differentiated cell in the body. However, they cannot
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of pluripotent stemcells have been found. Enbryonic
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U S. Pat. No. 5,486, 359 reports honobgeneous

popul ati ons of human nesenchymal stemcells that can
differentiate into cells of nore than one connective
ti ssue type, such as bone, cartilage, tendon,

i ganent, and derm s. They are obtained from bone
marr ow or periosteum Al so rléported are culture

di

e e i e S
agpiratetp eiisipEeirEsihratied. iofubiatien. ﬂa@g@g quenghéte \ietspeding and
aleh u@%%" 11@%%&”@3)6&0% i$adapted FronPMeFRIdricNRaB 06 X4l Diego

iR esioTah P fr B resr R B B oo cel | <. These

cells reportedly can be expanded and cultured to
pr odlicthe hgpirmine stepntle aedai it axpiatdou lgenerallymedicared from the vessel,
%‘1 gﬁa Jn %e ngcs%% { % & lsaﬁieqﬁ)%c?antﬁ%q lﬂ]?r?éj%’(?rdexample 5-10

are'’s from

m&fonf hbnﬁweémmg~hldom¢fﬁ@bbnﬁrm&@n Ja vanstMek;; Ferrrkample, the
c@tsmeary BROMY ARt hR ERh Snd Habndfuni BAEPRBS, Inthe &ypiiﬁl&@uon step, an

ste eIIs sui tabl.e for
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% DMSI@FS AL SpTdiRsSTRHt be pade %‘f%?{ﬁ“tégléb‘ﬁ‘f‘%l or
exaMpI tRCtdlis maly B‘é'\r‘eieegéd’izﬁ]tamfif@lut@ﬁdn@ 155 diMtion. In a particular
ef fect.i
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Differentiating cells, including nesenchymal stem
cells and differentiated cells derived fromthese,
preferably display enhanced dephosphoryl ati on of
4E-BP1 and / or S6K1. They preferably display
decreased expression of Cct4 and/or SSEA-1.
Preferably, expression of aﬂﬂ one or nore of Fl k-1,

Ti e- "%hé’jl geqls ma o t Ilgtfxli ?r(ftrg%acsu gre vl?:rsseeler au%lst¥at ex r e%lsgl;l: atmllzed
of any one o [ ac nes n an

plescpﬁemlkynther@@llsa@rsgdown sod @pma&eéll wighamh thetpresence of co-culture,
egeh{ﬁ&%ggy&@gfﬁggg%gﬁply di spl ay a | enghtened cel

cycle conpared to stemcells which are not

sel f Differentiatin temcells

col | TGS el slgrpas #WNGR A arRnE R Fichis
smtelnmyeddn‘y diefor @fcea proaith davtarasudhens dibastaast grdvatk dactor 2 (FGF2)

n hen it e
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cedl;sm[l theicg |cnl§lln1g@ee praferablesplor slphwtt@r@d t104 when confluent, by treatment
with & B6ihewhshtld M Bflatimy. Phol ogi cal features, detection

or quantitation of expressed cell narkers and

enz nat|§ a t|V|t gene expression and determ nation
ABFENGFOK (R PBHHT properties of the cells in vivo. In
general, differentiating stemcells will have one or

nor elrf léglnlu pegfeméd ¢rhipodimknts t gup enepmids invicdvet dvdtufinga¢lls in the
%E?%%tco%fulthﬁeTgé { Frﬁr ggtchﬁﬁrkﬂ%f% 9&? ﬁﬁxtufe (ﬁf twotoli] ?nori: different

erentiated ce For exa

kingsef Gedls shagprerews égethep far @wmpéq |str9mialcﬁﬁiecie§ cg hs t he

process of differentiating to such a cell will have
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astrocytes; galactocerebroside (GalC) or nmyelin basic

pr ot gi 3P) ; aracteristic of oli odendr tes,

Ot relerpbli bt ofIRae EUGH G mpee Bt BETERE RBTRAHE SF feeder cels
Aecdvdipgnd presereach epgodsnemest the methvels desceibed hére, thé embryoalc stem
TSRO A SROR AR o B cieh ek B el st cels
(MPeyeni tors, respectlvely Cells can also be tested

for secretion of characteristic biologically active

substmagtefesred Emboemml, Eh,e d@%&ﬂat&& OF @ishddGe ¥ddr ity 6i@0 ste cells

ct| | utam c_aci . .
ong et i D S ol e B hBSeis ey gmpie a tissue
culdenvéskéledichys piPettudish. diheokssdbmay He partoongd. s preferred
A
cAiORGRLS: p8 Lol Bl UL BRX UG faé%e'eaﬁ't“f%’?.'*‘%%*e%ﬁ@‘ge plte
cells include al phafetoprotein (liver progenitors
al bufin§xample pretpeq] Jorsthe gelgiin eeptivg of gwb@;SpfiQﬁpageA solutlon of 0.1%

gélh‘tirpﬁlhﬁﬂmédﬁéb%} i2ffaldy hddyautddlARAf BRiE nfdy be stored at room temp. The
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tra g%@?%%&gﬁhﬁgg?%ﬁﬁé§ﬁ§4 al pha (Li et al., Genes
Dev. 14:464, 2000). Markers independent of FINF-4
al pha expression include al pha] -antitrypsin,
al pha-fetoprotein, apoE, glucokinase, insulin growth
factors 1 and 2, IGF-1 receptor, insulin receptor, and
| eptin. Markers dependent on HNF-4 al pha expression
i ncl ude al bum n, apoAl, apoAll, apoB, apoClll, apoCI
al dol ase B, phenyl al ani ne hydroxyl ase, L-type fatty
aC|d blndlng proteln transferrln retinol binding
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Cell surface antigens on hESC- MSCs, and hESCs are
anal yzed using FACS. The cells are tryspinized for 5
m nutes, centrifuged, resuspended in culture nedia and
i ncubated in a bacterial culture dish for 2-3 hours in
a 37C, 5% CQ2 incubator. Cell surface antigens on
hESC- M5Cs and hESCs are anal?zed by FACS. The
| J psinized for 1 mnute, centrifuged,
S&ﬁj %g@ %?ﬁhé fixed in 4% par af or mal dehyde for 0.5
hour at roon1tenperature washed and bl ocked in 2%CS
for Bhaediswmgratestondiwagicantsd paburoaictemn calli aracplgfed in a medium

whichXd P&l $ adé@ni-hehmeigupat ed with each of the
follomnng conjugated nonocl onal anti bodi es: CD24- PE,

oI BETSET Ce erTEraY Epe vl i MG it fre of
sdaure gooteida)e.g.ofctd Oalfisarsmabemonired wagieaet kirosyn in the art, and are
dégté ﬁerd fioP QMI WU?CPQ feh® 48 t’@%ﬁﬁ% émq}ﬂeé}%ﬁ@eﬁg@lqe&lg are

nspecu uorescence is _detefn ne

cqragisilly swaidablesfram; for exampleopibgerdiR (Inyitrogen).

i sot ype- mat ched nouse nnnoclonal anti bodi es
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08068ie klection or sorting step may comprise selecting mesenchymal stem cells
(MSC) from the cell culture by means of one or more surface antigen markers. The use of
a selection or sorting step further enhances the stringency of sorting and selection
specificity for MSCs and furthermore potentially reduces possible contamination from
embryonic stem cells such as hESCs and other hESC-derivatives from the starting
material. This would then further reduce the risk of teratoma formation and further

increase the clinical relevance of the protocol we describe.

A number of methods are known for selection or sorting based on antigen
expression, and any of these may be used in the selection or sorting step described here. In
particularly preferred embodiments, the selection or sorting is achieved by means of
fluorescence activated cell sorting (FACS). Thus, as known in the art, FACS involves
exposing cells to a reporter, such as a labelled antibody, which binds to and labels antigens
expressed by the cell. Methods of production of antibodies and labelling thereof to form
reporters are known in the art, and described for example in Harlow and Lane. The cells
are then passed through a FACS machine, which sorts the cells from each other based on

the labelling.

We have realised that while a number of candidate surface antigens known to be
associated with MSCs e.g. CD105, CD73, ANPEP, ITGA4 (CD49d), PDGFRA, some of
the MSC associated surface antigens e.g. CD29 and CD49e are also highly expressed in
ES cells such as hESCs and their expression are verified by FACS analysis. The
association of a surface antigen with MSCs may not be sufficient to qualify the antigen as
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.

The selection or sorting step of our method may positively select for mesenchymal
stem cells based on the expression of antigens. Such antigens may be identified by, for
example, comparing the gene expression profiles of hESCs and hESCMSCs as described
in the Examples. In particular embodiments, the selection or sorting may specifically make

use of any of the antigens shown in Table E1A and E1B below.

[n preferred embodiments, the selection or sorting step of our method may
positively select for mesenchymal stem cells based on the expression of antigens which

are identified as expressed on MSCs, but not expressed on ES cells such as hESCs.

Thus, as shown in the Examples, we demonstrate that CD73 is highly expressed on
MSCs®, while being not highly expressed on hESCs (Figure 4A). Furthermore, as the
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relative to hESC (Figure 3, table), the use of either CD73 or CD105 (or both) as selectable
marker for putative MSCs will be equally effective in sorting for putative MSCs generated

by differentiating hESCs.

Alternatively, or in addition, the selection or sorting step may negatively select
against antigens based on surface antigens that are highly expressed as surface antigen on
embryonic stem cells (ES cells) such as hESCs, and not mesenchymal stem cells e.g.,
hESC-MSC. Selection or sorting may be based on known or previously identified hESC-
specific surface antigens such as MIBP, ITGB1BP3 and PODXL**, and CD24.

The Examples show that FACS analysis confirms the expression of CD24 on
hESC but not hESC-MSCs. Therefore, CD24 may be used as a negative selection or
sorting marker either on its own, or in conjunction with CD105 as a positive selectable

marker for isolating putative MSCs from differentiating hESC cultures.

Importantly, the mesenchymal stem cells are able to maintain self-renewal without
the requirement for transformation. Thus, for example, known transformation treatments
such as fusion with immortalised cells such as tumour cells or tumour cell lines, viral
infection of a cell line with tranforming viruses such as SV40, EBV, HBV or HTLV-1,
transfection with specially adapted vectors, such as the SV40 vector comprising a
sequence of the large T antigen (R. D. Berry et al., Br. J. Cancer, 57, 287-289, 1988),
telomerase (Bodnar-A-G. et.al., Science (1998) 279: p. 349-52) or a vector comprising
DNA sequences of the human papillomavirus (U.S. Pat. No. 5,376,542), introduction of a
dominant oncogene, or by mutation are therefore not required in the methods described

here for making mesenchymal stem cells.

In preferred embodiments, the mesenchymal stem cells and cell lines (or the
differentiated cells derived from them) do not display one or more characteristics of
embryonic stem cells. Preferred such characteristics include expression of the OCT4 gene
and alkaline phosphatase activity. Preferably, the mesenchymal stem cell exhibits reduced
expression of one or more characteristic markers of pluripotency. Such pluripotency
markers are described in further detail below, but include Nanog. BMP4, FGF5, Oct4,
Sox-2 and Utf].

Mesenchymal stem cells made by the methods described here are preferably non-
tumorigenic. Preferably, the mesenchymal stem cells when implanted into an immune

compromised or immunodeficient host animal do not result in tumours, compared to
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Preferably, the immune compromised or immunodeficient host animal is a SCID mouse or
a Ragl -/- mouse. Preferably, the mesenchymal stem cells do not form tumours after
prolonged periods of implantation, preferably greater than 2 weeks, more preferably
greater than 2 months, most preferably greater than 9 months. Detailed protocols for

tumourigenicity testing are set out in the Examples.

Mesenchymal stem cells made by the methods described here are also preferably
display one or more of the following characteristics. They have a substantially stable
karyotype as assessed by chromosome number, preferably when maintained in cell culture
for at least 10 generations. They also preferably display a substantially stable gene
expression pattern from generation to generation. By this we mean that the expression
levels one or more, preferably substantially all, of a chosen set of genes does not vary
significantly between a mesenchymal stem cells in one generation and mesenchymal stem

cells in the next generation.

Preferably, the set of genes comprises one or more, a subset, or all of, the
following: cerberus (GenBank Accession nos: NM_009887, AF031896, AF035579),
FABP (GenBank Accession nos: NM_ 007980, M65034, AY523818, AY523819), Foxa2
(GenBank Accession nos: NM_ 010446, X74937, L10409), Gata-1 (GenBank Accession
nos: NM_008089, X15763, BC052653), Gata-4 (GenBank Accession nos: NM_008092,
AF179424, U85046, M98339, AB(075549), Hesx1 (GenBank Accession nos: NM_ 010420,
X80040, U40720, AK082831). HNF4a (GenBank Accession nos: NM 008261, D29015,
BC039220), c-kit (GenBank Accession nos: NM_021099. Y00864, AY 536430,
BC075716, AK047010, BC026713, BC052457. AK046795), PDGFRo (NM_011058,
M57683, M84607, BC053036), Oct4 (GenBank Accession nos: NM_ 013633, X52437,
M34381, BC068268), Runx1 (GenBank Accession nos: NM_ 009821, D26532,
BC069929, AK051758), Sox17 (GenBank Accession nos: NM_ 011441, D49474, 1.29085,
AKO004781), Sox2 (GenBank Accession nos: NM 011443, U31967, AB108673),
Brachyury (NM_009309, X51683), TDGF1 (GenBank Accession nos: NM_ 011562,
M87321) and Tie-2 (GenBank Accession nos: NM_013690, X67553, X71426, D13738,
BC050824).

The methods described here enable the production of mesenchymal stem cells as
well as differentiated cells, which comprise clonal descendants of mesenchymal stem
cells. The term “clonal descendant™ of a cell refers to descendants of the cells which have
not undergone substantially any transforming treatment or genetic alteration. Such clonal

descendants have not undergone substantial genomic changes are substantially genetically
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regoceRlgwiency). The term “mesenchymal stem cells” should also preferably be taken to
include cell lines derived from mesenchymal stem cells, i.e., mesenchymal stem cell lines,

and vice versa.
DERIVATION OF PROGENITOR CELLS

In preferred embodiments, the methods described here may employ further steps to

select or screen for mesenchymal stem cells.

Such further steps may take place prior to the steps described above, in between
such steps, or after these steps. The further steps may be in fact be conducted
independently, and may specifically comprise deriving one or more progenitor cells or cell

lines from the ES cells.

We therefore disclose an alternative method of deriving mesenchymal stem cells.
The method comprises: (a) providing an embryonic stem (ES) cell; and (b) establishing a
progenitor cell line from the embryonic stem cell; in which the progenitor cell line is

selected based on its ability to self-renew.

However, preferably, the methods are conducted together. Thus, for example, our
methods may comprise deriving progenitor cells or progenitor cell lines from the
embryonic stem cell prior to, during, or after the dispersal step or the propagation step.
Thus, the method may for example comprise obtaining a mesenchymal stem cell (MSC)
by providing a cell obtained by dispersing a embryonic stem (ES) cell colony, or a
descendent thereof, deriving one or more progenitor cells or progenitor cell lines from the
embryonic stem cell and propagating the cell in the absence of co-culture in a serum free

medium comprising FGF2.

Preferably. the progenitor cell line is selected based on its ability to self-renew, or

the method may select against somatic cells based on their inability to self-renew, or both.

In a preferred embodiment, the progenitor cell line is derived or established in the
absence of co-culture, preferably in the absence of feeder cells. Preferably, the absence of

co-culture selects against embryonic stem cells.

In preferred embodiments, the progenitor cell line is established without
transformation. The progenitor cell line may be established by exposing embryonic stem

cells or their descendants to conditions which promote self-renewal of putative progenitor
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cardiac mesoderm or skeletal myoblast differentiation. Examples of such growth factors

and drugs include dexamethasone, inhibitors of PPARYy and testosterone or its analogs.

The second step may comprise plating the differentiating cells in a rich media. In
such embodiments, continued propagation will selectively enrich for progenitor cells

which can then be cloned.

Formation of Embryoid Bodies

In some embodiments, the differentiation-enhancing step comprises formation of
embryoid bodies from embryonic stem cells. Embryoid bodies, and methods for making
them, are known in the art. The term “embryoid body” refers to spheroid colonies seen in
culture produced by the growth of embryonic stem cells in suspension. Embryoid bodies
are of mixed cell types, and the distribution and timing of the appearance of specific cell
types corresponds to that observed within the embryo. Preferably, the embryoid bodies are
generated by plating out embryonic stem cells onto semi-solid media, preferably
methylcellulose media as described in Lim et al, Blood. 1997;90:1291-1299. Preferably,
the embryoid bodies are between 3 to 6 days old.

In such embodiments, the embryoid body is disaggregated, i.e., separating the
component cells from each other, e.g., by collagenase or trypsin treatment, in order to

remove the cells from lineage restriction-promoting conditions.

The method in preferred embodiments comprises a step of choosing a putative
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
desired lineage. The chosen putative progenitor cell for the desired specific lineage may

then be cultured, or further choosing steps conducted thereon.

In preferred embodiments, the differentiation-enhancing step is followed by
exposing differentiating cells to conditions which encourage self-renewal of putative
progenitor cells and discourage the propagation of embryonic stem cells. Such conditions

may preferably comprise culture in the absence of co-culture or feeder cells (see above).

Rich Media

Alternatively, or in addition, such conditions comprise plating in rich media. The
term “rich media” as used in this document is intended to refer to media which is nutrient

rich. Preferably, such media comprises essential nutrients required for growth of the
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relevant cell. Preferably, the rich media contain serum. More preferably, it comprises
substantially all the nutrients required for such growth. Most preferably, the rich medium
supports, promotes and encourages growth of the relevant cells. in highly preferred
embodiments, the relevant cell is a progenitor cell or a putative progenitor cell of interest.
An example of a rich medium is DMEM with 4500 mg/l D-glucose, supplemented with

20% fetal calf serum, non essential amino acids, L-glutamine and p-mercaptoethanol.

In preferred embodiments, such rich media does not comprise additional growth
regulators or hormones that allow, promote or encourage growth of embryonic stem cells,

such as Leukemia Inhibitory Factor (LIF).

According to such embodiments, continued propagation will selectively enrich for

progenitor cells which can then be cloned.

Long-Term Maintenance in Culture

Preferably, the methods described here involve culturing the embryonic stem cells
or their descendants for more than one generation. Preferably, the cells are cultured for
more than 5, more than 10, more than 15, more than 20, more than 25, more than 50, more
than 40, more than 45, more than 50, more than 100, more than 200, more than 500 or
more than 800 generations. In particular, the cell lines may be maintained for 1, 2, 3, 4, 5,
6,7.8,9,10,11,12, 13, 14, 15, 20, 25, 30, 35, 40, 45, 50, 75, 100, 200, 500 or more

generations.

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” or passaged, by dilution into tissue culture medium
and replating. The progenitor cells may therefore be passaged, or split during culture;
preferably they are split at a ratio of 1:2 or more, preferably 1:3, more preferably 1:4, 1:5
or more. The term “passage™ designates the process consisting in taking an aliquot of a
confluent culture of a cell line, in inoculating into fresh medium, and in culturing the line

until confluence or saturation is obtained.

The progenitor cells derived according to the methods described here may however
be maintained for a large number of generations, based on their capacity to self-renew. On
the other hand, it has been established that “normal” (i.e., untransformed somatic) cells
derived directly from an organism are not immortal. In other words, such somatic cells
have a limited life span in culture (they are mortal). They will not continue growing
indefinitely, but will ultimately lose the ability to proliferate or divide after a certain
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number of generations. On reaching a “crisis phase” such cells die after about 50

generations. Thus, such somatic cells may only be passaged a limited number of times.

Importantly, the progenitor cells are able to maintain self-renewal without the
requirement for transformation. Thus, for example, known transformation treatments such
as fusion with immortalised cells such as tumour cells or tumour cell lines, viral infection
of a cell line with tranforming viruses such as SV40. EBV, HBV or HTLV-1, transfection
with specially adapted vectors, such as the SV40 vector comprising a sequence of the large
T antigen (R. D. Berry et al.. Br. J. Cancer, 57, 287-289, 1988). telomerase (Bodnar-A-G.
et.al., Science (1998) 279: p. 349-52) or a vector comprising DNA sequences of the
human papillomavirus (U.S. Pat. No. 5.376,542), introduction of a dominant oncogene, or
by mutation are therefore not required in the methods described here for making

progenitor cell lines.

According to preferred embodiments of the methods described here, progenitor
cells may be propagated without transformation for more than 50 generations. In preferred
embodiments, the progenitor cells may be propagated indefinitely and without
transformation as progenitor cell lines. The progenitor cells and progenitor cell lines are
preferably lineage restricted compared to their parental embryonic stem cells. In particular,
they are not capable of giving rise to all three germ layers. In highly preferred

embodiments, the progenitor cell lines are preferably non-pluripotent.

Characteristics of Progenitor Cells

In preferred embodiments. the progenitor cells and cell lines (or the differentiated
cells derived from them) do not display one or more characteristics of embryonic stem
cells. Preferred such characteristics include expression of the OCT+4 gene and alkaline
phosphatase activity. Preferably, the progenitor cell line exhibits reduced expression of
one or more characteristic markers of pluripotency. Such pluripotency markers are
described in further detail below, but include Nanog, BMP4, FGF3, Oct4, Sox-2 and Ulf].

Progenitor cells made by the methods described here are preferably non-
tumorigenic. Preferably, the progenitor cells when implanted into an immune
compromised or immunodeficient host animal do not result in tumours, compared to
implantation of parental embryonic stem cells which results in tumour formation.
Preferably, the immune compromised or immunodeficient host animal is a SCID mouse or
a Ragl -/- mouse. Preferably, the progenitor cells do not form tumours after prolonged

periods of implantation, preferably greater than 2 weeks, more preferably greater than 2
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months, most preferably greater than 9 months. Detailed protocols for tumourigenicity

testing are set out in the Examples.

Progenitor cells made by the methods described here are also preferably display
one or more of the following characteristics. They have a substantially stable karyotype as
assessed by chromosome number, preferably when maintained in cell culture for at least
10 generations. They also preferably display a substantially stable gene expression pattern
from generation to generation. By this we mean that the expression levels one or more,
preferably substantially all, of a chosen set of genes does not vary significantly between a

progenitor cell in one generation and a progenitor cell in the next generation.

Preferably, the set of genes comprises one or more, a subset, or all of, the
following: cerberus (GenBank Accession nos: NM_ 009887, AF031896, AF035579),
FABP (GenBank Accession nos: NM_ 007980, M65034, AY523818, AY523819), Foxa2
(GenBank Accession nos: NM 010446, X74937, L.10409), Gata-1 (GenBank Accession
nos: NM_008089, X15763, BC052653), Gata-4 (GenBank Accession nos: NM_008092,
AF179424, U85046, M98339, AB075549), Hesx1 (GenBank Accession nos: NM_010420,
X80040, U40720, AK082831), HNF4a (GenBank Accession nos: NM_008261, D29015,
BC039220), c-kit (GenBank Accession nos: NM_021099, Y00864, AY536430,
BC075716, AK047010, BC026713, BC052457, AK046795), PDGFRa (NM_011058,
M57683, M84607, BC053036), Oct4 (GenBank Accession nos: NM_013633, X52437,
M34381, BC068268), Runx1 (GenBank Accession nos: NM_009821, D26532,
BC069929. AK051758), Sox17 (GenBank Accession nos: NM_011441, D49474, 1.29085,
AKO004781), Sox2 (GenBank Accession nos: NM 011443, U31967. AB108673),
Brachyury (NM_009309, X51683), TDGF1 (GenBank Accession nos: NM_011562,
M87321) and Tie-2 (GenBank Accession nos: NM_ 013690, X67553, X71426, D13738,
BC050824).

The methods described here enable the production of progenitor cells and
progenitor cell lines as well as differentiated cells, which comprise clonal descendants of
progenitor cells. The term “clonal descendant™ of a cell refers to descendants of the cells
which have not undergone substantially any transforming treatment or genetic alteration.
Such clonal descendants have not undergone substantial genomic changes are substantially
genetically identical to the parent cell, or an ancestor, preferably, the embryonic stem cell
(save with reduced potency). The term “progenitor cell” should also preferably be taken to

include cell lines derived from progenitor cells, i.e., progenitor cell lines, and vice versa.
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Regulators of Self-Renewal and Differentiation

Our methods may also be used to identify putative regulators of self-renewal or
differentiation. The methods involve conducting the methods described for production of
progenitor cell lines or differentiated 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 progenitor cells or
differentiated cells may be used as a positive regulator of differentiation (or alternatively
as an inhibitor of self-renewal). Conversely, a molecule which retards the process can be

considered an inhibitor of differentiation or a promoter of self-renewal.

In preferred embodiments, we also provide a cell, preferably a progenitor, of a
selected lineage, obtainable according to the method. Hitherto, preparations of progenitors
were too impure for certainty as to whether any chosen cell was a progenitor cell. With
culture according to the invention that can give rise to substantially 100% pure

preparations of progenitors, isolation of a single progenitor is achieved.

We further provide in preferred embodiments a composition comprising a plurality
of cells, wherein a majority of the cells are progenitor cells of a selected lineage.
Preferably, at least 60% of the cells are progenitor cells of the selected lineage. More
preferably, at least 60% of the cells are progenitor cells. In addition, the invention provides
an isolated progenitor cell. The term cell line preferably refers to cells that can be

maintained and grown in culture and display an immortal or indefinite life span.

The methods described here may be combined with decreasing the activity of
mTOR to promote differentiation, as described in US 60/609,216, herein incorporated by

reference.

Uses of Progenitor Cells

Our methods are capable of producing of progenitor cells and cell lines of various

types.

For example, we disclose a method of making peripheral blood progenitor cells
(PBPC), neuronal progenitor cells, haematopoeitic progenitor cells, myeloid progenitor
cells, epithelial progenitor cells, bone marrow stromal cells, skeletal muscle progenitor
cells, pancreatic islet progenitor cells, mesenchymal progenitor cells, cardiac mesodermal
stem cells, lung epithelial progenitor cells, liver progenitors, and endodermal progenitor

cells.
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Progenitor cells made according to the methods described here can be used for a
variety of commercially important research, diagnostic, and therapeutic purposes. These

uses are generally well known in the art, but will be described briefly here.

For example, stem cells may be used to generate progenitor cell populations for
regenerative therapy. Progenitor cells may be made by ex vivo expansion or directly
administered into a patient. They may also be used for the re-population of damaged tissue

following trauma.

Thus, hematopoietic progenitor cells may be used for bone marrow replacement,
while cardiac progenitor cells may be used for cardiac failure patients. Skin progenitor
cells may be employed for growing skin grafts for patients and endothelial progenitor cells

for endothelization of artificial prosthetics such as stents or artificial hearts.

Embryonic stem cells and their tissue stem cell derivatives may be used as sources
of progenitor cells for the treatment of degenerative diseases such as diabetes, Alzheimer’s
disease, Parkinson’s disease, etc. Stem cells, for example may be used as sources of
progenitors for NK or dendritic cells for immunotherapy for cancer, which progenitors

may be made by the methods and compositions described here.

It will be evident that the methods and compositions described here enable the
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
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 progenitor cell line from the embryonic
stem cell in which the progenitor cell line is selected based on its ability to self-renew; (d)
optionally deriving a differentiated cell from the progenitor cell line; and (e) administering

the progenitor cell line or the differentiated cell into a patient.
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CHARACTERISTICS OF OBTAINED MSCs

The MSCs obtained by the methods and compositions described here preferably
satisfy the morphologic, phenotypic and functional criteria commonly used to identify
MSCs 9, as known in the art. For ease of reference. the mesenchymal stem cells obtained
by the methods and compositions described here, particularly as derived from human

embroynic stem cells, may be referred to as “hESC-MSC”s.

Thus, the MSCs obtained by the methods and compositions described here may
preferably exhibit one or more morphological characteristics of mesenchymal stem cells.
For example, the MSCs obtained may form an adherent monolayer with a fibroblastic

phenotype.

Furthermore, the MSCs obtained may preferably display a surface antigen profile
which is similar or identical to mesenchymal stem cells. Thus, the surface antigen profile
of the MSCs obtained may include one or more, preferably all, of CD29+, CD44+, CD49a
and e+, CD105+, CD166+ and CD34-, CD45- """

The MSCs obtained may be differentiated into any mesenchymal lineage, using
methods known in the art and described below. Thus, the MSCs obtained by the methods
and compositions described here may display a differentiation potential that include

. . . .9
adipogenesis, chondrogenesis and osteogenesis .

The mesenchymal stem cells obtained as described, e.g., hRESC-MSCs, can have a
substantial proliferative capacity in vitro. In some embodiments, the mesenchymal stem
cells obtained may undergo at least 10 population doublings while maintaining a normal
diploid karyotype. Preferably, however, the MSCs are capable of undergoing at least 20-
30 population doublings while maintaining a normal diploid karyotype. In preferred
embodiments, the MSCs display a stable gene expression and surface antigen profile

throughout this time.

Preferably, the MSCs obtained do not display any defects, such as chromosomal
aberrations and/or alterations in gene expression. In preferred embodiments, such defects
are not evident until after 10 passages, preferably after 13 passages, more preferably after

15 passages.
HESC-MSC PROTEOME

The Examples describe experiments to analyse the proteome of human ESC-
derived MSCs (hESC-MSCs).
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As shown in Examples 7 to 15, the hESC-MSCs have an expression profile which
is similar to that of adult bone marrow derived MSCs (BM-MSCs). These results
demonstrate that the MSCs derived by our methods have significant biological similarities
to their bone marrow derived counterparts, e.g., in their ability to secrete paracrine factors.
Accordingly, the hESC-MSCs may be used for any purpose for which BM-MSCs are

suitable.

We further provide a medium which is conditioned by culture of hESC-MSCs.
Such a conditioned medium comprises molecules secreted by the hESC-MSC, including
201 unique gene products. Such a conditioned medium, and combinations of any of the
molecules comprised therein, including in particular proteins or polypeptides, may be used
to supplement the activity of, or in place of, the hESC-MSC:s, for the purpose of for

example treating or preventing a disease.

Analysis of the proteome of the hESC-MSCs shows that the proteins expressed are
involved in three biological processes: metabolism, defense response, and tissue
differentiation including vascularization, hematopoiesis and skeletal development.
Accordingly, the hESC-MSCs may be used to treat diseases which these functions may
have a role in, or whose repair or treatment involves any one or more of these biological
processes. Similarly, the proteins expressed by the hRESC-MSCs, singly or in combination,
preferably in the form of a conditioned medium, may be used to supplement the activity
of. or in place of. the hRESC-MSC:s, for the purpose of for example treating or preventing

such diseases.

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-MSC:s, proteins expressed by them,
etc, may be used to prevent or treat a disease in which any of these signalling pathways is
involved, or whose actiology involves one or more defects in any one or more of these

signalling pathways.

Furthermore, any one or more proteins secreted from the MSCs described here,
including in the form of conditioned media, may be used for the same purposes as the BM-
MSCs described herein.

The hESC-MSCs may also be used as sources for any of the proteins secreted or
expressed by them, as listed in the in Examples 10 to 14, particularly the tables therein.

We therefore provide for a method of producing a polypeptide as shown in any of
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Examples 10 to 14, the method comprising obtaining a mesenchymal stem cell as
described, culturing the mesenchymal stem cell and isolating the polypeptide from the
mesenchymal stem cell, preferably from a medium in which the mesenchymal stem cell is

growing.
HOMOGENEITY

In a preferred embodiment, the mesenchymal stem cells produced by the method
described here are similar or identical (preferably homogenous) in nature. That is to say,
mesenchymal stem cell (MSC) clones isolated by the protocol show a high degree of

similarity or identity with each other, whether phenotypically or otherwise..

Similarity or identity may be gauged by a number of ways and measured by one or
more characteristics. In a preferred embodiment, the clones are similar or identical in gene
expression. Preferably, the method is such that any two or more mesenchymal stem cells
selected by the method exhibit substantially identical or similar gene expression profiles,
that is to say, a combination of the identity of genes expressed and the level to which they
are expressed. Preferably, substantially all of the mesenchymal stem cells isolated exhibit

substantially identical or similar gene expression profiles.

Homogeneity of gene expression may be measured by a number of methods.
Preferably, genome-wide gene profiling is conducted using, for example, array
hybridisation of extracted RNA as described in the Examples. Total RNA may be
extracted and converted into cDNA, which is hybridised to an array chip comprising a
plurality of gene sequences from a relevant genome. Preferably, the array comprises 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.

Gene expression between samples is then compared using analysis software. In a
preferred embodiment, the similarity or identity of gene expression expressed as a
“correlation coefficient”. In such measures, a high correlation coefficient between two
samples indicates a high degree of similarity between the pattern of gene expression in the
two samples. Conversely, a low correlation coefficient between two samples indicates a
low degree of similarity between the pattern of gene expression in the two samples.
Normalisation may be conducted to remove systematic variations or bias (including

intensity bias, spatial bias, plate bias and background bias) prior to data analysis.
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Correlation tests are known in the art and include a T-test and Pearson’s test, as
described in for example Hill, T. & Lewicki, P. (2006). Sratistics: Methods and
Applications. StatSoft, Tulsa, OK, ISBN: 1884233597 (also StatSoft, Inc. (2006).
Electronic Statistics Textbook. Tulsa, OK: StatSoft. WEB:
http://www statsoft.com/textbook/stathome.html). Reference is made to Khojasteh et al.,
2005, A stepwise framework for the normalization of array CGH data, BMC
Bioinformatics 2005, 6:274. An Intra-class correlation coefficient (ICC) may also be

conducted, as described in Khojasteh et al, supra.

In preferred embodiments, a Pearson’s test is conducted to generate a Pearson’s
correlation coefficient. A correlation coefficient of 1.0 indicates an identical gene

expression pattern.

In a preferred embodiment, the cDNA is hybridised to a Sentrix HumanRef-8
Expression BeadChip and scanned using a [llumina BeadStation 500x. Preferably, the data
is extracted, normalised and analysed using Illumina BeadStudio (Illumina, Inc, San
Diego, CA, USA). It will be clear to the reader however that any suitable chip and
scanning hardware and software (which outputs a correlation measurement) may be used

to assay similarity of gene expression profile.

Preferably, the gene expression correlation coefficient between any two isolates as
preferably measured by the above means is greater than 0.65, preferably greater than 0.70,
more preferably greater than 0.80, more preferably greater than 0.85, more preferably
greater than 0.90, most preferably more than 0.95..

In some embodiments, the method described 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
correlation coefficient between any two or more isolates of mesenchymal stem cells is

greater than 0.90, preferably greater than 0.95.

Preferably, the gene expression correlation coefficients are in such ranges for cells
which have undergone the selection or sorting procedure described above. Preferably, the
gene expression correlation coefficient between the majority of isolates, preferably all

isolates, is in such ranges.
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Thus, as shown in the Examples, the correlation coefficient shows a high degree of
similarity between five mesenchymal stem cell cultures obtained, with a correlation
coefficient between four of the lines of 0.96 and the one with 0.90; in contrast, the
correlation coefficient between technical replicates of a RNA sample analysed one month
apart is between 0.97 and 0.98.

Accordingly, we provide for a method of generating mesenchymal stem cells
which are substantially similar or identical (preferably homogenous) with each other. The

isolates preferably display a near identical gene expression profile.

As well as the “internal” homogeneity described above (i.e., homogeneity between
the isolates of MSCs from the method), homogeneity may also be assessed between such
isolates and other cells or cell types. In particular, comparisons may be made with
mesenchymal stem cells derived by other methods, such as bone-marrow derived
mesenchymal stem cells (BM-MSCs). In preferred embodiments, the MSCs obtained by
the methods and compositions described here display a gene expression profile which is
similar to, homogenous with, or identical with a BM-MSC. Thus, the MSCs obtained may
show a correlation coefficient of gene expression of greater than 0.5, preferably greater
than 0.6, preferably greater than 0.7, with BM-MSCs.

Thus, as shown in the Examples, pairwise comparision of gene expression between
three independently derived hESC-MSC populations and three individual BM-MSC

samples are found to be similar with a correlation coefficient of 0.72.
REGULATORS OF MESENCHYMAL STEM CELL FORMATION

Our methods may also be used to identify putative regulators of mesenchymal stem
cell formation from embryonic stem cells. The methods involve 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,
a molecule which retards the process can be considered an inhibitor of mesenchymal stem

cell formation.

In preferred embodiments, we also provide a cell, preferably a mesenchymal stem
cell, obtainable according to the method. Hitherto, preparations of mesenchymal stem cells
were either too impure, or not substantially phenotypically similar or identical (e.g., with

respect to gene expression), or were not suitable for clinical purposes as they are produced
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by methods involving co-culture or presence of serum. With culture according to the
invention, this can give rise to substantially 100% pure preparations of mesenchymal stem

cells which are similar or identical (preferably homogenous) to each other.

In addition, we describe a process for producing differentiated cells, the method
comprising obtaining a mesenchymal stem cell by a method as described herein, and
differentiating the mesenchymal stem cell. For example, we provide for methods of
differentiating to adipocytes, chondrocytes and osteocytes, etc. We further provide
differentiated cells obtainable by such methods. Cell lines made from such mesenchymal
stem cells and differentiated cells are also provided. The term cell line preferably refers to
cells that can be maintained and grown in culture and display an immortal or indefinite life

span.

The methods described here may be combined with decreasing the activity of
mTOR to promote differentiation, as described in US 60/609,216, herein incorporated by

reference.
USES

The methods and compositions described here may be used for up-regulating
expression of mesenchymal or endothelial markers of a cell. They may also or instead be
used for down-regulating expression of stem cell or pluripotency markers of a cell. The
methods and compositions described here may be used to identify an agent capable of
promoting or retarding self-renewal or differentiation of a stem cell. Such a method
comprises performing a method according to any preceding claim in the presence of a

candidate molecule, and determining an effect thereon.

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

cancer.

Mesenchymal stem cells and differentiated cells made according to the methods
described here can be used for a variety of commercially important research, diagnostic,
and therapeutic purposes. These uses are generally well known in the art, but will be

described briefly here.



31GBP- 4 IL-16 IP-10 [IF LIGHT MCP-4 MF M P-3a
NAP-2 NT-3 I GFBP- 3 8 NT-4 OGsteopr otegerin PARC Pl G-
TG b2 TG--b3 TIMP-1 TIMP-2 NEG PUS PUS NT-4 72
of the cytokines/growmh factors are found to be
reproduci bly secreted by HuESQ El MSCs in at | east
three of four |ndependently repared CM and not in

N 2 R B3 RO BRSO s

dlﬁfereAhgqed)gelhpqrpubatl@ne;fomggene@mge ghergpy. BosFmcRDNA stem cells and
dlﬁepe%ﬂg-@@ ZQ% rﬁasy Be H‘la@@% ggﬁllo g&%ﬁggﬁ %1?’31r§t1§5ddm%95@?9dr]nto a

paile@ I hecm alsp bzzls%‘@oﬁle g pomﬂpthn eicdamaged 99%185‘811(2”‘88 frauma.
9. Ck138-1 CCL23 d 22538807-A; 10. Eotaxin-2 CCL24 G
2216886 addpochles drditashuts naGChetbiréain @5%7ﬂs5d +&Sfill b cavities or

OSSR Eho B IE s e Rl T b et for
caplilRgoBpair yvhllg@stewt@gnaMQSeéfomgwm $he nigsencligpal stem cells
m% & n?ezﬁ]t?dZQﬁ§ cor’]igosn': 61%%%&1%5 %el@fgzg—l;e $rirB6828 int any of
&RO- - TAC CXCL11
th@ﬂ% W&@ﬂéuseﬁl or %19FDUE{P ef?f 40316923 22. BLC
CXCLI 3 3 5453576-S; 23. ENA-78 CXCL5 G 41872613-S;
24. EdbdOncXEERs c€lls ahdQHODBssE st2tm. ceBderiitivethal Dt 16&t &; sources

o S oyl i o DERERR
disosaneh 85 digbeteiAlZIRimergadiseart. Fatki@n Gi%s5 £6- Sgm @ils, for
x‘é@l}!’i H@E@edﬁ@%ﬂ%é@of mésen %}a@; [\tﬁ%&ﬁéaﬁ ditRARAERE <S5 for
NEdgés&%l@e"%or e gy Toj cansers $hich @Se@@yma&;ﬁeﬁa oflls and
dlff@EBF?iteﬂibelﬂsﬁﬁébﬁﬂérdee By the InfidtiidtsZnt GhiBP3si bns1dS3hkd hefe;
|G-BP-4 | GFBP4 3 10835020-S; 39. IL-10 1L 10 G

. g BB T Ao herd dnable the

predeaRe 3 mEsentympl st¢rm cells, avhagh oI Resede matle tp differentiate
uéukg ReBod 2URUBIMINSart Hhus) dryAistd-oF HferdHilA8POIs il £Gually attach
23 1L3 2 41691@ %é IL-6 IL6 G 10834983-
t04 ose|mesenqhymagtomeely ichygey pleSQUICER §  28610153- S;
50. SCF KITLG G 4580419-A; 51. LEPTIN LEP
Gl458(é9chhonalsZem kdlfs antl [iffdre@GdaDcd8s rodnded iyl the Midthdds and

ciRR e Seepbit Er N or o lbe PesphogtBy o bl hageutica

cqusiziomw@ thg) trepgoeR 80 3 dScaB8Sudivsagsaupy canpdsedsease treatable
ehetitfve F%ﬁé?@pﬁm@&ﬁ@ gagrgrac @eglurég @@Eé %n%@q: &ag skm disease,
15 51785-A. 61. Pl G- i%ﬁ A84 | 3
ur@-érfg@eramsésssw Su@zaas dre#ﬂ@zA BRer - %e@m)zr 1s0g 4 discase, etc
anfhsaaedopoi etin THPO G 40805871-S: 65. TIMP-1 TIMPL G
4507508-S; 66. TIMP-2 TIMP2 G 9257247-S; 67. TIMP-3

Tl W@ﬁ&e%ﬁoﬁﬁz&égéa%@ggﬁg olf%{P atﬂr&ﬂ Jé/lig 491%336 g&%ﬁ&sﬁmgs ;(a) providing
arrmmﬂsm Bteg (ER54lY; J(b?e@blmmng\aﬁmemmwte@@w2'5163:03,1 the
enfBryoki¥ FRAPEACH VhidiHht nfdsetP9RBPLem cell is obtained by dispersing a

embryonic stem (ES) cell colony, or a descendent thereof, and propagating the cell in the

absence of co-culture in a serum free medium comprising FGF2; (d) optionally deriving a
differentiated cell from the mesenchymal stem cell line; and (¢) administering the
mesenchymal stem cell line or the differentiated cell into a patient. The medium may
optionally contain PDGF AB.
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therefore disclose methods for generating differentiated cells, the methods comprising
generating mesenchymal stem cells or cell lines as described, and deriving differentiated
cells from these. The mesenchymal stem cells made by the methods and compositions

described here may be differentiated into any of these cell types and used for the purposes
described.

Differentiated cells which may be made according to the methods described here
may include any or all of the following:

i) adipocyte: the functional cell type of fat, or adipose tissue, that is found
throughout the body, particularly under the skin. Adipocytes store and synthesize fat for

energy, thermal regulation and cushioning against mechanical shock

i) cardiomyocytes: the functional muscle cell type of the heart that allows it to

beat continuously and rhythmically

iii) chondrocyte: the functional cell type that makes cartilage for joints, ear canals,

trachea, epiglottis, larynx, the discs between vertebrae and the ends of ribs

iv) fibroblast: a connective or support cell found within most tissues of the body.
Fibroblasts provide an instructive support scaffold to help the functional cell types of a

specific organ perform correctly.
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v) hepatocyte: the functional cell type of the liver that makes enzymes for
detoxifying metabolic waste, destroying red blood cells and reclaiming their constituents,

and the synthesis of proteins for the blood plasma

vi) hematopoietic cell: the functional cell type that makes blood. Hematopoietic
cells are found within the bone marrow of adults. In the fetus, hematopoietic cells are
found within the liver, spleen, bone marrow and support tissues surrounding the fe tus in
the womb.

vii) myocyte: the functional cell type of muscles

viii) neuron: the functional cell type of the brain that is specialized in conducting

impulses
ix) osteoblast: the functional cell type responsible for making bone

x) islet cell: the functional cell of the pancreas that is responsible for secreting
insulin, glucogon, gastrin and somatostatin. Together, these molecules regulate a number
of processes including carbohydrate and fat metabolism, blood glucose levels and acid

secretions into the stomach.
USES OF MESENCHYMAL STEM CELLS AND DIFFERENTIATED CELLS

Mesenchymal stem cells and differentiated cells made according to the methods
and compositions described here may be used for a variety of commercially important

research, diagnostic, and therapeutic purposes.

For example, populations of differentiated cells may be used to prepare antibodies
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
RNA Methodologies: A Laboratory Guide for Isolation and Characterization (R. E.
Farrell, Academic Press, 1998); cDNA Library Protocols (Cowell & Austin, eds., Humana
Press); and Functional Genomics (Hunt & Livesey, eds., 2000). Relatively homogeneous
cell populations are particularly suited for use in drug screening and therapeutic

applications.



COL] A2 EEF | G HSPA8 LMNA PSAP TPWA ANP32B COL3Al1 EGF
HSPE | LOX PSME1 TUBA3 AN XA2 COL4A | ENO1 HSP&X2 LTBP
I PTK7 TUBA6 ARHGD1A COL4A2 ENOLB | FNG LUM QSCN6 TXN
B2M COL5A | ENO2 |1 GF1 MDF12 RTN4A TXNRD | BDNF* COL5A2

39

These and other uses of mesenchymal stem cells and differentiated cells are
described in further detail below, and elsewhere in this document. The mesenchymal stem
cells and differentiated cells may in particular be used for the preparation of a
pharmaceutical composition for the treatment of 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.

As shown in the Examples, the mesenchymal stem cells made by the methods and
compositions described here have similar or identical properties to bone marrow derived
mesenchymal stem cells (BM-MSCs). Therefore, the mesenchymal stem cells, and any
differentiated cells made from these, may be used in any of the applications for which

BM-MSCs are known to be used, or in which it is possible for them to be used.
DRUG SCREENING

Mesenchymal stem cells and differentiated cells made according to the methods
and compositions described here may also be used to screen for factors (such as solvents,
small molecule drugs, peptides, polynucleotides, and the like) or environmental conditions
(such as culture conditions or manipulation) that affect the characteristics of mesenchymal

stem cells or differentiated cells.

In some applications, mesenchymal stem cells and differentiated cells are used to
screen factors that promote maturation, or promote proliferation and maintenance of such
cells in long-term culture. For example, candidate maturation factors or growth factors are
tested by adding them to mesenchymal stem cells or differentiated cells in different wells,
and then determining any phenotypic change that results, according to desirable criteria for

further culture and use of the cells.

Furthermore, gene expression profiling of mesenchymal stem cells and
differentiated cells may be used to identify receptors, transcription factors, and signaling
molecules that are unique or highly expressed in these cells. Specific ligands, small
molecule inhibitors or activators for the receptors, transcription factors and signaling
molecules may be used to modulate differentiation and properties of mesenchymal stem
cells and differentiated cells.

Particular screening applications relate to the testing of pharmaceutical compounds
in drug research. The reader is referred generally to the standard textbook “In vitro
Methods in Pharmaceutical Research”, Academic Press, 1997, and U.S. Pat. No.
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5,030,015), as well as the general description of drug screens elsewhere in this document.
Assessment of the activity of candidate pharmaceutical compounds generally involves
combining the differentiated cells with the candidate compound, determining any change
in the morphology, marker phenotype, or metabolic activity of the cells that is attributable
to the compound (compared with untreated cells or cells treated with an inert compound),

and then correlating the effect of the compound with the observed change.

The screening may be done, for example, either because the compound is designed
to have a pharmacological effect on certain cell types. or because a compound designed to
have effects elsewhere may have unintended side effects. Two or more drugs can be tested
in combination (by combining with the cells either simultaneously or sequentially), to
detect possible drug--drug interaction effects. In some applications, compounds are
screened initially for potential toxicity (Castell et al., pp. 375-410 in “In vitro Methods in
Pharmaceutical Research,” Academic Press, 1997). Cytotoxicity can be determined in the
first instance by the effect on cell viability, survival, morphology, and expression or
release of certain markers, receptors or enzymes. Effects of a drug on chromosomal DNA
can be determined by measuring DNA synthesis or repair. [’H]thymidine or BrdU
incorporation, especially at unscheduled times in the cell cycle, or above the level required
for cell replication, is consistent with a drug effect. Unwanted effects can also include
unusual rates of sister chromatid exchange, determined by metaphase spread. The reader is
referred to A. Vickers (PP 375-410 in “In vitro Methods in Pharmaceutical Research,”
Academic Press, 1997) for further elaboration.

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
may be used for tissue engineering, such as for the growing of skin grafts. Modulation of
stem cell differentiation may be used for the bioengineering of artificial organs or tissues,

or for prosthetics, such as stents.
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CANCER

Mesenchymal stem cells and differentiated cells made by the methods and
compositions described here may be used for the treatment of cancer.

The terms “cancer” and “cancerous” refer to or describe the physiological
condition in mammals that is typically characterized by unregulated cell growth. Examples
of cancer include but are not limited to, carcinoma, lymphoma, blastoma, sarcoma, and

leukemia.

More particular examples of such cancers include squamous cell cancer, small-cell
lung cancer, non-small cell lung cancer, gastric cancer, pancreatic cancer, glial cell tumors
such as glioblastoma and neurofibromatosis, cervical cancer, ovarian cancer, liver cancer,
bladder cancer, hepatoma, breast cancer, colon cancer, colorectal cancer, endometrial
carcinoma, salivary gland carcinoma, kidney cancer, renal cancer, prostate cancer, vulval
cancer, thyroid cancer, hepatic carcinoma and various types of head and neck cancer.
Further examples are solid tumor cancer including colon cancer, breast cancer, lung cancer
and prostrate cancer, hematopoietic malignancies including leukemias and lymphomas,
Hodgkin’s disease, aplastic anemia, skin cancer and familiar adenomatous polyposis.
Further examples include brain neoplasms, colorectal neoplasms, breast neoplasms, cervix
neoplasms, eye neoplasms, liver neoplasms, lung neoplasms, pancreatic neoplasms,
ovarian neoplasms, prostatic neoplasms, skin neoplasms, testicular neoplasms, neoplasms,
bone neoplasms, trophoblastic neoplasms, fallopian tube neoplasms, rectal neoplasms,
colonic neoplasms, kidney neoplasms, stomach neoplasms, and parathyroid neoplasms.
Breast cancer, prostate cancer, pancreatic cancer, colorectal cancer, lung cancer, malignant
melanoma, leukaemia, lympyhoma, ovarian cancer, cervical cancer and biliary tract

carcinoma are also included.

The mesenchymal stem cells and differentiated cells made according to the
methods and compositions described here may also be used in combination with
anticancer agents such as endostatin and angiostatin or cytotoxic agents or
chemotherapeutic agent. For example, drugs such as such as adriamycin, daunomycin, cis-
platinum, etoposide, taxol, taxotere and alkaloids, such as vincristine, and antimetabolites
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
intended to include radioactive isotopes (e.g. I, Y, Pr), chemotherapeutic agents, and
toxins such as enzymatically active toxins of bacterial, fungal, plant or animal origin, or
fragments thereof.
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Also, the term includes oncogene product/tyrosine kinase inhibitors, such as the
bicyclic ansamycins disclosed in WO 94/22867; 1,2-bis(arylamino) benzoic acid
derivatives disclosed in EP 600832; 6.7-diamino-phthalazin-1-one derivatives disclosed in
EP 600831; 4,5-bis(arylamino)-phthalimide derivatives as disclosed in EP 516598; or
peptides which inhibit binding of a tyrosine kinase to a SH2-containing substrate protein
(see WO 94/07913, for example). A “chemotherapeutic agent™ is a chemical compound
useful in the treatment of cancer. Examples of chemotherapeutic agents include
Adriamycin, Doxorubicin, 5-Fluorouracil (5-FU), Cytosine arabinoside (Ara-C).
Cyclophosphamide, Thiotepa, Busulfan, Cytoxin, Taxol, Methotrexate. Cisplatin.
Melphalan, Vinblastine, Bleomycin. Etoposide, Ifosfamide. Mitomycin C, Mitoxantrone,
Vincristine, VP-16, Vinorelbine, Carboplatin, Teniposide, Daunomycin, Carminomycin,
Aminopterin, Dactinomycin, Mitomycins, Nicotinamide. Esperamicins (see U.S. Pat. No.
4,675,187), Melphalan and other related nitrogen mustards, and endocrine therapies (such
as diethylstilbestrol (DES), Tamoxifen, LHRH antagonizing drugs, progestins, anti-

progestins etc).
STEM CELLS

As used in this document, the term “‘stem cell” refers to a cell that on division faces
two developmental options: the daughter cells can be identical to the original cell (self-
renewal) or they may be the progenitors of more specialised cell types (differentiation).
The stem cell is therefore capable of adopting one or other pathway (a further pathway
exists in which one of each cell type can be formed). Stem cells are therefore cells which

are not terminally differentiated and are able to produce cells of other types.

Stem cells as referred to in this document may include totipotent stem cells,

pluripotent stem cells. and multipotent stem cells.

Totipotent Stem Cells

The term “totipotent™ cell refers to a cell which has the potential to become any
cell type in the adult body, or any cell of the extraembryonic membranes (e.g.. placenta).
Thus, the only totipotent cells are the fertilized egg and the first 4 or so cells produced by

its cleavage.

Pluripotent Stem Cells

“Pluripotent stem cells™ are true stem cells, with the potential to make any

differentiated cell in the body. However, they cannot contribute to making the



TIMP | 75 conbi ned and represented by their gene
synbol . Transcript | evel for each gene is assessed
usi ng a high throughput 111 um na BeadArray. 29
of these gene products nanely. ENA-78, FG--4, FG--7,
FGF-9, GCP-2. GCSF, GM CSF. GRO-a, HCC- 4, HG-.

| GFBP-1, | GFBP-2, |GFBP-4. f$-113, IL-6, IL-8, |P-10,

- - ' :
exggpnhignertis WAk OB BLEARE Lo Bt el ey of
pluepaentstem ecllsdazebeastfedndy adult tissue derived MSCs

(13.16,19-21). Four other proteins that are reported
to benssoneRl®Rdn by/adul t tissue derived MSCs, nanely
| GFBP-3, M P-3a, Oncostatin Mand TG 133 (see above)

are PabrRhRIRGH (E8) QUK ndyHe 81t LroBEIME iticPEYPidss (ICM) of the
Exanpl e 1Q.. Anal ys| §. of Prot%g( of Hupan. ESC-deri ved
blmw@&w@'@.g OO %W@am Rl e ccurs.
Expressi on Anal ysi s Conpari son of the 201 gene
pr odbimbryotiz Gergetidive- wi de gene expression profile of
t he hESC- MSCs generated by hybridizing total RNAto a
[ |1 uBinbey oBeaGiknT @G )reellealag te tdoddtedlBdmahe firé@oredr to ke gonads in
n roducts had gene transcript |levels that are
abofigg fths B ove e i e e ettt on (LOD) with a
99% confidence (Table E2). Wiile 115 or 88% of the 132
genelppaauetcrrgengiGaled by LC MS/ MB had detect abl e
transcript levels (Table E2), 27 or 38% of the 72 gene
pr odb@bsy ongrrreinpad (bG) eslsinydie is9lpiad foanteriecarainginas. a tumor

thhf RREGEMAMy dcBX8liSa d4T aGetu® A%R1NRAnO rsdRY S Ql‘ie?hir@ usually
evel abl e.E2).. Probes the

transcgrii I I for two
AR b AT TrRODBeS PSR R 8P 0kt plvied from
erhbryonic na f@eaddue a. cah be iggovposisiultbe. Meaiods menigomingn the art which
| evel . f . .y be too lowin
P8 ?Jnﬁ ggéﬁ%: gfu{ 1@? t%hte%clelcsi lggglnglﬁg?geﬁp%ﬁ@na BeadArray as nRNAs
encodi ng for_ cytoki nes/ chenoki nes are known to contain
AU- r ¢l eerfedtbs t hat caused rapid degradation of the
MRNA during translation (22, 23). . More sensitive
RT- dwit sfemppls eeraptisger widg varigiy of drhee inclugingyfeurenal. plin and the
bIg6M forRfiRAUEH TeBd RhicARAOME Ycthr! @aiRHed g bbRSthetow 3@n&lantation.
86% of the 4 geneggﬁodﬁéts have detg;taq%§ ragﬁfrjgé
T‘i‘eéeiar@r SISt RS A I iPE RN PRIEALTS S diRiica) gprdedegived stem
celisbAuladibe cEBs bml muure Bohh & the édpoenary and iistheibody intto figk%onal,
fre ney. 10 [V for n r o i | £ .
ks T A SRS el e HES P ROMED B LPBReS SRR o e e
ofid¢mwelheh®@emdArray. In addition, all 15 that have
detectabl e transcript levels by Illum na BeadArray,

al sophaupSekeei@llse transcript | evels by gRT- PCR
(Table E3). 21 of 27 (78% gene products that did not

I'B‘aV glxglﬁp%@érﬁglleﬁlt Je'[l@ﬁl%qme{%ttelﬁ @é’llfsl lig.lt t@% (tkﬂl%:dmvégéhtiatRe Tin‘g) a limited
ea ray ve transcrip eve et ectanl.e - .
RRRS tm&-%r%a@&eéﬁg bBhecpsian sprighs el tbospbsiyeels tat give
riéeGb&11theE2IBQf 2 HoddXilt hoPloldthek4y i3 ob c€IKCMutipditéaD stbn &3ls are
fongz ﬁﬁcall‘dlsul?alﬁgnjal%.gl’t 1gs%h§ught that every organ in the body (brain, liver) contains

them where they can replace dead or damaged cells.

Methods of characterising stem cells are known in the art, and include the use of
standard assay methods such as clonal assay, flow cytometry, long-term culture and
molecular biological techniques e.g. PCR, RT-PCR and Southern blotting.
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In addition to morphological differences, human and murine pluripotent stem cells
differ in their expression of a number of cell surface antigens (stem cell markers).
Antibodies for the identification of stem cell markers including the Stage-Specific
Embryonic Antigens 1 and 4 (SSEA-1 and SSEA-4) and Tumor Rejection Antigen 1-60
and 1-81 (TRA-1-60, TRA-1-81) may be obtained commercially, for example from
Chemicon International, Inc (Temecula, CA, USA). The immunological detection of these
antigens using monoclonal antibodies has been widely used to characterize pluripotent
stem cells (Shamblott M.J. et. al. (1998) PNAS 95: 13726-13731; Schuldiner M. et. al.
(2000). PNAS 97: 11307 - 11312; Thomson J.A. et. al. (1998). Science 282: 1145-1147;
Reubinoff B.E. et. al. (2000). Nature Biotechnology 18: 399-404; Henderson J.K. et. al.
(2002). Stem Cells 20: 329-337; Pera M. et. al. (2000). J. Cell Science 113: 5-10.).

SOURCES OF STEM CELLS

Stem cells of various types, which may include the following non-limiting
examples, may be used in the methods and compositions described here for producing

mesenchymal stem cells and differentiated cells.

U.S. Pat. No. 5,851,832 reports multipotent neural stem cells obtained from brain
tissue. U.S. Pat. No. 5,766,948 reports producing neuroblasts from newborn cerebral
hemispheres. U.S. Pat. Nos. 5,654,183 and 5,849,553 report the use of mammalian neural
crest stem cells. U.S. Pat. No. 6,040,180 reports in vitro generation of differentiated
neurons from cultures of mammalian multipotential CNS stem cells. WO 98/50526 and
WO 99/01159 report generation and isolation of neuroepithelial stem cells,
oligodendrocyte-astrocyte precursors, and lineage-restricted neuronal precursbrs. U.S. Pat.
No. 5,968,829 reports neural stem cells obtained from embryonic forebrain and cultured
with a medium comprising glucose, transferrin, insulin, selenium, progesterone, and

several other growth factors.

Primary liver cell cultures can be obtained from human biopsy or surgically
excised tissue by perfusion with an appropriate combination of collagenase and
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,
T3, FCS, and various tissue extracts that allow the hepatocytes to grow without malignant
transformation. The cells in the liver are thought to contain specialized cells including
liver parenchymal cells, Kupfter cells, sinusoidal endothelium, and bile duct epithelium,
and also precursor cells (referred to as “hepatoblasts” or “oval cells”) that have the

capacity to differentiate into both mature hepatocytes or biliary epithelial cells (L. E.
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Rogler, Am. J. Pathol. 150:591, 1997; M. Alison, Current Opin. Cell Biol. 10:710, 1998;
Lazaro et al., Cancer Res. 58:514, 1998).

U.S. Pat. No. 5,192,553 reports methods for isolating human neonatal or fetal
hematopoietic stem or progenitor cells. U.S. Pat. No. 5,716,827 reports human
hematopoietic cells that are Thy-1 positive progenitors, and appropriate growth media to
regenerate them in vitro. U.S. Pat. No. 5,635,387 reports a method and device for culturing
human hematopoietic cells and their precursors. U.S. Pat. No. 6,015,554 describes a

method of reconstituting human lymphoid and dendritic cells.

U.S. Pat. No. 5,486,359 reports homogeneous populations of human mesenchymal
stem cells that can differentiate into cells of more than one connective tissue type, such as
bone, cartilage, tendon, ligament, and dermis. They are obtained from bone marrow or
periosteum. Also reported are culture conditions used to expand mesenchymal stem cells.
WO 99/01145 reports human mesenchymal stem cells isolated from peripheral blood of
individuals treated with growth factors such as G-CSF or GM-CSF. WO 00/53795 reports
adipose-derived stem cells and lattices, substantially free of adipocytes and red cells.
These cells reportedly can be expanded and cultured to produce hormones and conditioned

culture media.

Stem cells of any vertebrate species can be used. Included are stem cells from
humans; as well as non-human primates, domestic animals, livestock, and other non-

human mammals such as rodents, mice, rats, etc.

Amongst the stem cells suitable for use in this invention are primate pluripotent
stem (pPS) cells derived from tissue formed after gestation, such as a blastocyst, or fetal or
embryonic tissue taken any time during gestation. Non-limiting examples are primary

cultures or established lines of embryonic stem cells.

MEDIA AND FEEDER CELLS

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.

Suitable sources are as follows: Dulbecco’s modified Eagles medium (DMEM),
Gibco#11965-092; Knockout Dulbecco’s modified Eagles medium (KO DMEM),
Gibco#10829-018; 200 mM L-glutamine, Gibco#15039-027; non-essential amino acid
solution, Gibco 11140-050; beta-mercaptoethanol, Sigma#M7522; human recombinant
basic fibroblast growth factor (bFGF), Gibco#13256-029. Exemplary serum-containing
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embryonic stem (ES) medium is made with 80% DMEM (typically KO DMEM), 20%
defined fetal bovine serum (FBS) not heat inactivated, 0.1 mM non-essential amino acids,
1 mM L-glutamine, and 0.1 mM beta-mercaptoethanol. The medium is filtered and stored
at 4 degrees C for no longer than 2 weeks. Serum-free embryonic stem (ES) medium is
made with 80% KO DMEM, 20% serum replacement, 0.1 mM non-essential amino acids,
1 mM L-glutamine, and 0.1 mM beta-mercaptoethanol. An effective serum replacement is
Gibco#10828-028. The medium is filtered and stored at 4 degrees C for no longer than 2
weeks. Just before use, human bFGF is added to a final concentration of 4 ng/mL (Bodnar
et al., Geron Corp, International Patent Publication WO 99/20741).

In a preferred embodiment, the media comprises Knockout DMEM media
(Invitrogen-Gibco, Grand Island, New York), supplemented with 10% serum replacement
media (Invitrogen- Gibco, Grand Island, New York), Sng/ml FGF2 (Invitrogen-Gibco,
Grand Island, New York) and Sng/ml PDGF AB (Peprotech, Rocky Hill, New Jersey).

Feeder cells (where used) are propagated in mEF medium, containing 90% DMEM
(Gibco#11965-092), 10% FBS (Hyclone#30071-03), and 2 mM glutamine. mEFs are
propagated in T150 flasks (Coming#430825), splitting the cells 1:2 every other day with
trypsin, keeping the cells subconfluent. To prepare the feeder cell layer, cells are irradiated
at a dose to inhibit proliferation but permit synthesis of important factors that support
human embryonic stem cells (.about.4000 rads gamma irradiation). Six-well culture plates
(such as Falcon#304) are coated by incubation at 37 degrees C. with 1 mL 0.5% gelatin
per well overnight, and plated with 375,000 irradiated mEFs per well. Feeder cell layers
are typically used 5 h to 4 days after plating. The medium is replaced with fresh human

embryonic stem (hES) medium just before seeding pPS cells.

Conditions for culturing other stem cells are known, and can be optimized
appropriately according to the cell type. Media and culture techniques for particular cell
types referred to in the previous section are provided in the references cited.

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
stem (hES) cells can be prepared from human blastocyst cells using the techniques
described by Thomson et al. (U.S. Pat. No. 5,843,780; Science 282:1145, 1998; Curr. Top.
Dev. Biol. 38:133 ff., 1998) and Reubinoff et al, Nature Biotech. 18:399,2000.
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embryos. Alternatively, in v1tr0 fertlllzed (IVF) embryos can be used, or one cell human
embryos can be expanded to the blastocyst stage (Bongso et al., Hum Reprod 4: 706,
1989). Human embryos are cultured to the blastocyst stage in G1.2 and G2.2 medium
(Gardner et al., Fertil. Steril. 69:84, 1998). Blastocysts that develop are selected for
embryonic stem cell isolation. The zona pellucida is removed from blastocysts by brief
exposure to pronase (Sigma). The inner cell masses are isolated by immunosurgery, in
which blastocysts are exposed to a 1:50 dilution of rabbit anti-human spleen cell antiserum
for 30 minutes, then washed for 5 minutes three times in DMEM, and exposed to a 1:5
dilution of Guinea pig complement (Gibco) for 3 minutes (see Solter et al., Proc. Natl.
Acad. Sci. USA 72:5099, 1975). After two further washes in DMEM, lysed trophectoderm
cells are removed from the intact inner cell mass (ICM) by gentle pipetting, and the ICM

plated on mEF feeder layers.

After 9 to 15 days, inner cell mass-derived outgrowths are dissociated into clumps
either by exposure to calcium and magnesium-free phosphate-buffered saline (PBS) with 1
mM EDTA, by exposure to dispase or trypsin, or by mechanical dissociation with a
micropipette; and then replated on mEF in fresh medium. Dissociated cells are replated on
mEF feeder layers in fresh embryonic stem (ES) medium, and observed for colony
formation. Colonies demonstrating undifferentiated morphology are individually selected
by micropipette, mechanically dissociated into clumps, and replated. embryonic stem cell-
like morphology is characterized as compact colonies with apparently high nucleus to
cytoplasm ratio and prominent nucleoli. Resulting embryonic stem cells are then routinely
split every 1-2 weeks by brief trypsinization, exposure to Dulbecco’s PBS (without
calcium or magnesium and with 2 mM EDTA), exposure to type I'V collagenase
(.about.200 U/mL; Gibco) or by selection of individual colonies by micropipette. Clump

sizes of about 50 to 100 cells are optimal.
EMBRYONIC GERM CELLS

Human Embryonic Germ (hEG) cells can be prepared from primordial germ cells
present in human fetal material taken about 8-11 weeks after the last menstrual period.
Suitable preparation methods are described in Shamblott et al., Proc. Natl. Acad. Sci. USA
95:13726, 1998 and U.S. Pat. No. 6,090,622.

Briefly, genital ridges are rinsed with isotonic buffer, then placed into 0.1 mL
0.05% trypsin/0.53 mM sodium EDTA solution (BRL) and cut into <I mm’ chunks. The
tissue is then pipetted through a 100/uL tip to further disaggregate the cells. It is incubated
at 37 degrees C. for about 5 min, then about 3.5 mL EG growth medium is added. EG
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forskolin, inactivated with 5000 rad y-irradiation. Suitable feeders are STO cells (ATCC
Accession No. CRL 1503). 0.2 mL of primary germ cell (PGC) suspension is added to
cach of the wells. The first passage is conducted after 7-10 days in EG growth medium,
transferring each well to one well of a 24-well culture dish previously prepared with
irradiated STO mouse fibroblasts. The cells are cultured with daily replacement of
medium until cell morphology consistent with EG cells are observed. typically after 7-30

days or 1-4 passages.
SELF-RENEWAL AND DIFFERENTIATION
SELF-RENEWAL

Stem cells which are self-renewing may be identified by various means known in

the art, for example. morphology, immunohistochemistry, molecular biology, etc.

Such stem cells preferably display increased expression of Oct4 and/or SSEA-1.
Preferably, expression of any one or more of Flk-1. Tie-2 and c-kit is decreased. Stem
cells which are self-renewing preferably display a shortened cell cycle compared to stem

cells which are not self-renewing.

For example, in the two dimensions of a standard microscopic image, human
embryonic stem cells display high nuclear/cytoplasmic ratios in the plane of the image,
prominent nucleoli, and compact colony formation with poorly discemable cell junctions.

Cell lines can be karyotyped using a standard G-banding technique (available at many
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Cytogenetics Lab at Oakland Calif.) and compared to published human karyotypes.

Human embryonic stem and human embryonic germ cells may also be
characterized by expressed cell markers. In general, the tissue-specific markers discussed
in this disclosure can be detected using a suitable immunological technique--such as flow
cytometry for membrane-bound markers, immunohistochemistry for intracellular markers,
and enzyme-linked immunoassay, for markers secreted into the medium. The expression
of protein markers can also be detected at the mRNA level by reverse transcriptase-PCR
using marker-specific primers. See U.S. Pat. No. 5,843,780 for further details.

Stage-specific embryonic antigens (SSEA) are characteristic of certain embryonic
cell types. Antibodies for SSEA markers are available from the Developmental Studies
Hybridoma Bank (Bethesda Md.). Other useful markers are detectable using antibodies
designated Tra-1-60 and Tra-1-81 (Andrews et al., Cell Linesfrom Human Gern Cell
Tumors, in E. J. Robertson, 1987, supra). Human embryonic stem cells are typically
SSEA-1 negative and SSEA-4 positive. hEG cells are typically SSEA-1 positive.
Differentiation of pPS cells in vitro results in the loss of SSEA-4, Tra-1-60, and Tra-1-81
expression and increased expression of SSEA-1. pPS cells can also be characterized by the
presence of alkaline phosphatase activity, which can be detected by fixing the cells with
4% paraformaldehyde, and then developing with Vector Red as a substrate, as described

by the manufacturer (Vector Laboratories, Burlingame Calif.).

Embryonic stem cells are also typically telomerase positive and OCT-4 positive.
Telomerase activity can be determined using TRAP activity assay (Kim et al., Science
266:2011, 1997), using a commercially available kit (TRAPeze. RTM. XK Telomerase
Detection 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.
DIFFERENTIATION

Differentiating cells, including mesenchymal stem cells and differentiated cells
derived from these, preferably display enhanced dephosphorylation of 4E-BP1 and / or
S6K 1. They preferably display decreased expression of Oct4 and/or SSEA-1. Preferably,
expression of any one or more of Flk-1, Tie-2 and c-kit is increased. Preferably,

expression of any one or more of Brachyury, AFP, nestin and nurrl expression increased.
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stem cells which are not self-renewing.

Differentiating stem cells, i.e., cells which have started to, or are committed to a
pathway of differentiation can be characterized according to a number of phenotypic
criteria, including in particular transcript changes. The criteria include but are not limited
to characterization of morphological features, detection or quantitation of expressed cell
markers and enzymatic activity, gene expression and determination of the functional
properties of the cells in vivo. In general, differentiating stem cells will have one or more
features of the cell type which is the final product of the differentiation process, i.e., the
differentiated cell. For example, if the target cell type is a muscle cell, a stem cell which is
in the process of differentiating to such a cell will have for example a feature of myosin

expression.

In many respects, therefore, the criteria will depend on the fate of the

differentiating stem cell, and a general description of various cell types is provided below.

Markers of interest for differentiated or differentiating neural cells include beta-
tubulin EIII or neurofilament, characteristic of neurons; glial fibrillary acidic protein
(GFAP), present in astrocytes; galactocerebroside (GalC) or myelin basic protein (MBP);
characteristic of oligodendrocytes; OCT-4, characteristic of undifferentiated human
embryonic stem cells; nestin, characteristic of neural precursors and other cells. A2B5 and
NCAM are characteristic of glial progenitors and neural progenitors, respectively. Cells
can also be tested for secretion of characteristic biologically active substances. For
example, GABA-secreting neurons can be identified by production of glutamic acid
decarboxylase or GABA. Dopaminergic neurons can be identified by production of dopa

decarboxylase, dopamine, or tyrosine hydroxylase.

Markers of interest for differentiated or différentiating liver cells include alpha-
fetoprotein (liver progenitors); albumin, oj-antitrypsin, glucose-6-phosphatase,
cytochrome p450 activity, transferrin, asialoglycoprotein receptor, and glycogen storage
(hepatocytes); CK7, CK19, and gamma-glutamy]l transferase (bile epithelium). It has been
reported that hepatocyte differentiation requires the transcription factor BNF-4 alpha (Li et
al., Genes Dev. 14:464, 2000). Markers independent of HNF-4 alpha expression include
alpha, -antitrypsin, alpha-fetoprotein, apoE, glucokinase, insulin growth factors 1 and 2,
IGF-1 receptor, insulin receptor, and leptin. Markers dependent on HNF-4 alpha
expression include albumin, apoAl, apoAll, apoB, apoCllIl, apoClIl, aldolase B,
phenylalanine hydroxylase, L-type fatty acid binding protein, transferrin, retinol binding
protein, and erythropoietin (EPO).
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Cell types in mixed cell populations derived from pPS cells can be recognized by
characteristic morphology and the markers they express. For skeletal muscle: myoD,
myogenin, and myf-5. For endothelial cells: PECAM (platelet endothelial cell adhesion
molecule), Flk-1, tie-1, tie-2, vascular endothelial (VE) cadherin, MECA-32, and MEC-
14.7. For smooth muscle cells: specific myosin heavy chain. For cardiomyocytes: GATA-
4, Nkx2.5, cardiac troponin I, alpha-myosin heavy chain, and ANF. For pancreatic cells,
pdx and insulin secretion. For hematopoietic cells and their progenitors: GATA-1, CD34,
ACI133, -major globulin, and (3-major globulin like gene PH1.

Certain tissue-specific markers listed in this disclosure or known in the art can be
detected by immunological techniques--such as flow immunocytochemistry for cell-
surface markers, immunohistochemistry (for example, of fixed cells or tissue sections) for
intracellular or cell-surface markers, Western blot analysis of cellular extracts, and
enzyme-linked immunoassay, for cellular extracts or products secreted into the medium.
The expression of tissue-specific gene products can also be detected at the mRNA level by
Northern blot analysis, dot-blot hybridization analysis, or by reverse transcriptase initiated
polymerase chain reaction (RT-PCR) using sequence-specific primers in standard
amplification methods. Sequence data for the particular markers listed in this disclosure
can be obtained from public databases such as GenBank (URL

www.ncbi.nlm.nih.gov:80/entrez).

EXAMPLES
Example 1. Methods

Derivation of hESC-MSC (mesenchymal stem cells)

Hues9 and H1 hESCs are grown as previously described *.

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-
Gibco, Grand Island, New York), supplemented with 10% serum replacement media
(Invitrogen- Gibco, Grand Island, New York). Sng/ml FGF2 (Invitrogen-Gibco, Grand
Island, New York), and 5ng/ml PDGF AB (Peprotech, Rocky Hill, New Jersey) on a

gelatinized 10 cm plate. The cells are trypsinized when confluent and split 1:4.

Sorting for CD105+ and CD24- is performed one week after hESCs have been
trypsinized. The differentiating hESCs are trypsinized for 3 mins, neutralized, centrifuged,

resuspended in the culture media and then plated on bacterial culture dish. After 2 hours at
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CD24-PE and CD105-FITC (PharMingen, San Diego, California) for 90 mins at room

temperature.

The cells are then washed with PBS and sorted on a FACS Aria using FACS Diva
software (BD Biosciences Pharmingen, San Diego, CA). BM MSCs are prepared as
previously described®®. The cells are cultured in DMEM supplemented with penicillin-

streptomycin-glutamine, non--essential amino acids and 10% fetal calf serum (Invitrogen-
Gibco, Grand Island, New York)

Differentiation into adipocytes, chondrocytes and osteocytes is performed as
previously described’. Oil red, alcian blue and von Kossa staining is performed using
standard techniques. Immunoreactivity for collagen type II is performed on
paraformaldehyde fixed, paraffin-embedded sections using a goat anti-collagen a1 Type II
and donkey anti-goat IgG antibody conjugated with HRP (Santa Cruz, Santa Cruz,
California).

Karyotyping

Cells received at about 80% confluence in Petri dish. Cells are treated with
colcemid for mitotic arrest and harvested by standard hypotonic treatment and methanol:
acetic acid (3:1) fixation. Slides are prepared by standard air drying method and
hybridized with SKY paint probe (ASI). Post hybridization washes are performed
according to the protocols provided by the manufacturer and established in our laboratory.
20-30 metaphase cells per culture were are. The karyotype of each culture is representative

of >80% metaphase cells.

Transplantation studies

2x10° cells are resuspended in 30pl of saline and transferred into the renal
subcapsular space as previously described?’ After four months, the mice are sacrificed and
the kidneys are removed, fixed in 4% paraformaldehyde, paraffin-embedded, sectioned at
4 uM and stained with H&E.

Western Blot analysis

Standard procedures are used”®. Briefly, cells are lysed in RIPA buffer and
centrifuged at 14,000 rpm for 15 minutes at 4 °C. 20ug supernatant is denatured. separated
on 10 SDS-polyacrylamide gel. electro-blotted onto a nitrocellulose membrane and
membrane is incubated sequentially with a primary antibody, then either a HRP
conjugated-secondary antibody or a biotinylated secondary antibody followed by
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Rockford. IL).

Primary antibodies used are 1:200 dilution of anti-OCT4, anti-SOX-2 and f-actin
(Santa Cruz Biotechnology, CA), Secondary antibodies are HRP-conjugated goat anti-

rabbit, rabbit anti-goat and rabbit antimouse.

PCR

Genomic PCR for mouse- and human-specific repeat sequences are performed as
previously described®. Genomic PCR for mouse- and human-specific repeat sequences are
performed as previously described®. Real time RT-PCR is performed by reverse
transcribing 1 pg of total RNA using a High Capacity cDNA Archive Kit (Applied
Biosystems, Foster City, CA). The cDNA is diluted 10x in water and amplified by
Tagman primers (Applied Biosystems, Foster City, CA) for 40 cycles.

Surface antigen analysis

Cell surface antigens on hESC-MSCs, and hESCs are analyzed using FACS. The
cells are tryspinized for 5 minutes, centrifuged, resuspended in culture media and

incubated in a bacterial culture dish for 2-3 hours in a 37°C. 5% CO? incubator. Cell
surface antigens on hESC-MSCs and hESCs are analyzed by FACS.

The cells are trypsinized for 1 minute, centrifuged, washed with PBS, fixed in 4%
paraformaldehyde for 0.5 hour at room temperature, washed and blocked in 2%FCS for
0.5 hour at room temperature with agitation. 1.5x10cells are then incubated with each of
the following conjugated monoclonal antibodies: CD24-PE, CD29-PE. CD44-FITC,
CD49a-PE, CD49¢-PE, CD105-FITC, CD166-PE, CD34-FITC, CD45-FITC
(PharMingen, San Diego, CA) for 90 mins at room temperature.

After incubation, cells are washed and resuspended in PBS. Nonspecific
fluorescence is determined by incubation of similar cell aliquots with isotype-matched
mouse monoclonal antibodies (PharMingen, San Diego, CA). Data are analyzed by
collecting 20,000 events on a Cyan LX (Dako North America, Inc., Carpinteria, CA)
instrument using WinMDI software. Nonspecific fluorescence is determined by incubation
of similar cell aliquots with isotype-matched mouse monoclonal antibodies(PharMingen,
San Diego, CA), or with secondary antibody alone.
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Total RNA (2 pg) from 3 samples'each of primary BM and adipose-derived MSCs,
from two biological replicates of HUES9.E1, HUES9.E3, HUES9.E1 and three
undifferentiated hESC lines, H1, Hes3 and HUESY are cnverted to biotinylated cRNA
using the [llumina RNA Amplification Kit (Ambion, Inc., Austin, TX) according to the

manufacturer’s directions.

Samples are purified using the RNeasy kit (Qiagen, Valencia, CA). Hybridization
to the Sentrix HumanRef-8 Expression BeadChip (Illumina, Inc., San Diego, CA),
washing and scanning are performed according to the Illumina BeadStation 500x manual.
The data are extracted, normalized and analyzed using Illumina BeadStudio provided by
the manufacturer. Transcript signals that are below the limit of detection (LOD) at 99%

confidence are eliminated as genes not expressed.
Example 2. Generating MSC Cultures from Human ES Cell Lines

When hESC colonies are dispersed by trypsin and then passaged on gelatinized
tissue culture plates in the absence of feeder, and in serum-free media that is supplemented
with serum replacement media, FGF2 and optionally PDGF AB, a culture of fibroblast-
like cells which is similar or identical (preferably homogenous) to each other is generated

within two weeks.

The cultures have a fibroblastic cellular morphology that resembled BM-MSCs
(Figure 1A). Dispersing hESC colonies by collagenase is not efficient in generating these
fibroblast-like cells.

Two polyclonal cultures, huES9.E1 and huES9.E3, are independently generated
from huES9 ESC line, while the third, H1.E2 is generated from H1 ESC line. Expression
of several pluripotency-associated genes is generally reduced. For example, transcript
levels of HESXI, POUFLS, SOX-2, UTF-1 and ZFP42 are >10" fold below that in the
hESCs (Figure 1B). Protein levels of OCT4, NANOG and SOX2 are also reduced (Figure
1C). As typified by huES9.EL1, these cells did not have detectable alkaline phosphatase
activity (Figure 1D).

Unlike its parental HUES9 cells, renal subcapsular transplantation of 1x10°
HuES9.E1 cells in immune compromised SCID mice did not induce the formation of a
teratoma during a four-month observation period (Figure 1E). To assess the possibility that

these cells are contaminated or fused with mouse feeder cells ¥, these cultures are tested
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human specific alu repeat sequences (Figure 1F).

The average population doubling time of HUES9.E1, HUES9.E3 and H1.E2 are 72,
72 and 120 hours respectively. Population doubling time is highly dependent on cell
density and is most optimal at between 30-80% confluency. After about 80 population
doublings, HUES9.E1 have a 46 XX inv(9)(p13q12 karyotype. The chromosome 9
inversion originated from the parental huES9 hESC line®. HUES9.E3 also have 46 XX
inv(9)(p13q12 karyotype while H1.E1 has a 46, XY karyotype after 36 and 32 population
doubling time. We observed that the cells began to manifest abnormal, nonclonal
chromosomal aberrations in ~10-30% of cells after about 35 population doublings (data

not shown) and cells are not used after 35 population doublings.
Example 3. Surface Antigen Profile

Surface antigen profiling of HUES9.E1, HUES9.E3 and H1.E2 by FACS analysis
revealed a surface antigen profile that is qualitatively similar to that defined for BMMSCs
i.e. CD29+, CD44+, CD49a and e+, CD105+, CD166+ and CD34-, CD45- *'" (Figure 2A)
The intensity of fluorescent labelling and distribution of labelled cells varied with each of
the hESC-MSC cultures (Figure 2A).

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.

Example 4. Differentiation Potential of hESC-MSC: Adipogenesis, Chondrogenesis

and Osteogenesis

As all of the surface antigens associated with MSCs are also expressed on many
other cell types and the expression of these surface antigens are variable, identification of
presumptive MSCs have traditionally relies on functional parameters °. It is reported that
the default differentiation pathway of MSCs in culture is osteogenesis with varying
degrees of adipogenesis and chondrogenesis °.
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Adipocytic differentiation is highly efficient with oil droplets observed in >99% of
the cells (Figure 3A). Consistent with its role as important transcription factor in
adipogenesis'?, 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 II 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;
2) assess the relatedness between each of the three hESC-MSC cultures; 3) compare the
similarity and differences between MSCs derived from hESC and those derived from BM.

Labeled ¢cDNA prepared from total RNA RNA are hybridized to [llumina
BeadArray containing about 24,000 unique features. Hierarchical clustering of expressed
genes in three hESC-MSC cultures i.e. HUES9.E1, HUES9.E3 and H1.E2, three BM-MSC
samples and three adipose derived (ad)-MSC samples revealed that the gene expression
profile of hESC- MSCs is more closely related to that of adult tissue-derived MSCs,
namely BM-MSC and ad-MSC than to their parent hESCs (Figure 4A).
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Interestingly, MSCs clustered according to their tissue of origin, and this can be
further demarcated into adult versus embryonic tissue as suggested by the clustering of ad-
MSCs and BMMSC s as a distinct group from hESC-MSCs. Pairwise comparison of gene
expression between hESC-MSCs and BM-MSCs revealed a correlation coefficient of 0.72
suggesting that while there is significant conservation of gene expression in both hESC-
MSCs and BM-MSC:s, there are also significant differences (Figure 4B). Pairwise
comparison between hESC-MSCs and hESCs confirmed the distinction of hRESC-MSCs
from hESCs with a low correlation coefficient of 0.65 (Figure 4C).

To assess the relatedness between each of the three hESC-MSC cultures,
HuES9.E1, H1.E2 and HUES9.E3 are each compared to the same reference consisting of
HuES9.E1, H1.E2 and HuES9.E3. The correlation coefficients of HuES9.E1, H1.E2 and
HuES9.E3 to the same reference are virtually identical i.e. 0.93, 0.95 and 0.93,
respectively suggesting that HuES9.E1, H1.E2 and HUES9.E3 are highly similar (Figure
40).

Of 8699 and 8505 genes that are expressed above the limit of detection at 99%
confidence level in hESC-MSC and BM-MSC, respectively, 6376 genes are expressed in
both hESC-MSCs and BM-MSCs at <2.0 fold difference. As these genes are likely to
provide insights into the fundamental biology of MSCs, we examine the biological
processes that are driven by these genes. Of the 6376 commonly expressed genes, 4,064

are found in the Panther classified gene list (March 2006; http://www.pantherdb.org/).

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
activities, biosynthesis of secretory products that require extensive post-translational

modifications e.g. glycosylation, and cellular proliferation (Figure 4C).

Consistent with their mesenchymal potential, there is also an under-representation
of genes involved in ectoderm differentiation particularly neural development. The gene
expression analysis also suggested that MAPKKK signalling is prominent in both BM-
MSC and hESC-MSCs. MAPKKK signalling which consists of at least three subfamilies,
namely the classical MAPK (also known as ERK), stress-activated protein kinase/c-Jun N-

terminal kinase (JNK) and p38 kinase, are associated with proliferation, differentiation,
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1. 17Grrihér ddaly SPY th! péel KPBression profiles of hESC-MSC and BM-MSC
revealed that 1142 and 1134 genes are expressed at >2.0 fold in hESC-MSC and BM-
MSC, respectively. Of these, 738 and 880 genes respectively. are located in Panther
classified gene list (March 2006; http://www.pantherdb.org/) and classified into biological
processes. Biological processes that are significantly over- or under-represented (p<0.01)
when compared to the reference list of 23481 genes in NCBI: H. sapiens gene database are

selected.

Genes that are preferentially expressed in BM-MSCs are clustered in biological
processes that are involved in metabolic processes, cell structure, differentiation and
.signa]ling while preferentially expressed hESC-MSC genes are clustered in those
processes involved in proliferation, differentiation, immunity and signal transduction
(Figure 3C). The over-representation of genes in biological processes associated with
proliferation is consistent with the higher proliferative capacity of hESC-MSC over BM-
MSC.

Although highly expressed genes in either hESC-MSC or BM-MSC are over-
represented in the general categories of differentiation and signalling, the specific
biological processes within each category are differently represented in hESC-MSC and
BM-MSC. For example, differentiation processes that are associated with early embryonic
development such as embryogenesis and segmentation are over-represented in hRESC-MSC
while those associated with late embryonic development e.g. skeletal development and
muscle development are overrepresented in BM-MSC. Similarily, extracellular matrix
protein-mediated signalling and MAPKKK cascade are overrepresented in BM-MSC.
Together, these observations suggest that differentiation potential and signalling pathway
utilisation in hESC-MSC and BM-MSC may not be identical.

Example 5. Distinguishing Surface Markers for hESCs and hESC-Derived MSCs for
Isolating of Single Cell-Derived MSC Population

The genome-wide gene expression is queried for highly expressed genes in either
hESC-MSC or hESC that encode for membrane proteins to facilitate the isolation of MSCs
from differentiating hESCs. From a list of top 20 highly expressed genes encoding for
putative membrane proteins in either hRESC-MSCs or hESCs, candidate genes are selected
for which antibodies against their gene product is commercially available (Table E1A and

E1B below). Among those candidate genes that are highly expressed in hESC derived
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TRPV2 187.90 NM 016113.3 | VRL;VRL1;VRL-1;MGC12549
RAMPI 182.30 NM 005855.1
F2RL2 152.03 NM 004101.2 | PAR3
NTSRI1 141.15 NM 002531.1 | NTR

GABRA2 122.05 NM_000807.1

SLC16A4 106.60 NM 004696.1 | MCT4

ITGA4 103.60 NM_000885.2 | CD49D

NCAM?2 93.31 NM _004540.2 | NCAM21;MGC51008

ILiR1 86.80 NM _000877.2 | P8O;IL1R;IL1RA;CD121A;D2S1473;IL-1R-
alpha
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Table E1A. Highly expressed membrane proteins in hESC-derived MSC over
hESC
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Table E1B. Highly expressed membrane proteins in hESC over hESC-derived

MSC
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isolates reveal a near identical gene expression profile that is comparable to that observed

for technical replicates using the same RNA samples.

Examples 7 to 15 describe experiments to analyse the proteome of human ESC-
derived MSCs (hESC-MSCs). In these experiments, a chemically defined serum-free
culture media is conditioned by human ESC-derived MSCs (hESC-MSCs) is analysed
using a clinically compliant protocol. The conditioned media is analyzed by
multidimensional protein identification technology (MuDPIT) and cytokine antibody array

analysis, and reveals the presence of 201 unique gene products.

86-88% of these gene products have detectable transcript levels by microarray or
» gqRT-PCR assays. Computational analysis predicts that these gene products will
significantly drive three major groups of biological processes: metabolism, defense
response, and tissue differentiation including vascularization, hematopoiesis and skeletal
development. It also predicts that the 201 gene products 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.

Example 7. Analysis of Proteome of Human ESC-derived MSCs (hESC-MSCs):
Materials and Methods

Preparation of Conditioned Media

HuES9.E1 cells are cultured as described above. 80% confluent HUES9.E1 cell
cultures are washed 3 times with PBS, cultured overnight in a chemically defined media
consisting of DMEM media without phenol red (Catalog 31053; Invitrogen-Gibco, Grand
Island, New York) and supplemented with ITS (Invitrogen-Gibco, Grand Island, New
York), Sng/ml FGF2 (Invitrogen-Gibco, Grand Island, New York), 5Sng/ml PDGF AB
(Peprotech, Rocky Hill, New Jersey) glutamine-penicillin-streptomycin and -
mercaptoethanol. The cultures are then rinsed three times with PBS and then replaced with

fresh defined media. After three days, the media are collected, centrifuged at 500xg and
the supernatant is 0.2 filtered. For LC MS/MS analysis, the conditioned media is placed
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| One ml of conditioned or non-conditoned media is assayed for the presence of
cytokines and other proteins using RayBio® Cytokine Antibody Arrays according to

manufacturer’s instruction (RayBio Norcross,GA).

LC MS/MS Analysis

Proteins in two ml of dialyzed conditioned (CM) or non-conditioned media (NCM)
are reduced, alkylated, and tryptic digested as described { Washburn, 2001 #2997}. The
samples are then desalted by passing the digested mixture through a conditioned Sep-Pak
C-18 SPE cartridge (Waters, Milford, MA, USA), washed twice with a 3% acetonitrile
(ACN) (JT Baker, Phillipsburg, NJ) and 0.1% formic acid (FA) buffer, and eluted with a
70% ACN and 0.1% FA buffer. The eluted samples are then dehydrated by speedvac to
about 10% of their initial volumes and adjusted to 50 pl with 0.1% formic acid. The
samples are kept at 4 °C prior to LC-MS/MS analysis.

The desalted peptide mixture is analyzed by MudPIT with a LC-MS/MS system
(LTQ, ThermoFinnign, San Jose, CA, USA). The sample is loaded into a strong cation
exchange (SCX) column (Biobasic SCX, Sum, Thermo Electron, San Jose, USA) and
fractioned by 6 salt steps with 50 ul of buffers (0, 2, 5, 10, 100, and 1000 mM of
ammonium chloride in a 5% ACN and 0.1% FA) in first dimension. The peptides eluted
from SCX column are concentrated and desalted in a Zorbax peptide trap (Agilent, Pola
Alto, CA, USA). The second dimensional chromatographic separation is carried out with a
home-packed nanobored C18 column (75um i.d x 10cm, Sum particles) directly into a
pico-frit nanospray tip (New Objective, Wubrun, MA, USA), operating at a flow rate of
200 nL/min with a 120 min gradient.

The LTQ is operated in a data-dependent mode by performing MS/MS scans for
the 3 of the most intense peaks from each MS scan. For each experiment, ms/ms (dta)
spectra of the 6 salt steps are combined into a single mascot generic file by a home-written
program. Protein identification is achieved by searching the combined data against the IPI
human protein database via an in-house Mascot server. The search parameters are: a

maximum of 2 missed cleavages using trypsin; fixed modification is
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Bioinformatics

The validated proteins are collated by removing the background proteins identified
in the non-conditioned medium. The IPI identifier of each protein is then converted to
gene symbol by using the protein cross-reference table. Gene products are classified into
the different biological processes or pathways of the GO classification system Gene
Ontology (GO) classification on GeneSpring GX7.3 Expression Analysis (Agilent
Technologies, Palo Alto, CA).and then comparing the frequency of genes in each process
or pathway to that in the Genbank human genome database, those processes of pathways
with significantly higher gene frequency (p<0.05) are assumed to be significantly
modulated by the secretion of MSC.

GRT-PCR

Total RNA is extracted from HUES9.E1 cells with Trizol Reagent (Gibco-BRL)
and purified over a spin column (Nucleospin RNA II System, Macherey-Nagel GmbH
&Co., Diiren, Germany) according to the manufacturers’ protocol. 1 pg total RNA is
converted to cDNA with random primers in a 50 pl reaction volume using a High Capacity
c¢DNA Archive Kit (Applied Biosystems, Foster City, CA, USA). The cDNA is diluted
with distilled water to a volume of 100 pl. 1 pl is used for each primer set in a pathway-
specific RT? Profiler PCR Arrays (SuperArray, Frederick, USA) according to the
manufacturer’s protocol. The plates used for the analysis are: Chemokines & Receptors
PCR Array (cat. no. APH-022), NFkB Signaling Pathway PCR Array (cat. no. APH-025),
Inflammatory Cytokines & Receptors PCR Array (cat. no. APH-011), Common Cytokine
PCR Array (cat. no. APH-021), JAK / STAT Signaling Pathway PCR Array (cat. no.
APH-039).
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Bﬁnt@:aﬁ@eﬁ%ﬂ:%tﬁ%zMSCs can be propagated in this minimal media for at least
a week. The next day, the cell culture is again washed three times with PBS, and incubated
with the fresh defined media.

The media is collected after three days of conditioning. The conditioned media
(CM) is always analyzed or processed in paralled with an equivalent volume of non-
condtioned media (NCM). For LC MS/MS analysis, the media is concentrated ~10x
before extensive dialysis against 0.9% saline as described in the materials and methods.
The average protein concentration of concentrated CM and NCM are 98.0 + 17.9 pg/ml
and 41.6 + 1.2 pg/ml (n=3), respectively. The conditioning of media by MSCs is
monitored by running aliquots of the media on protein gels. Protein composition of the
media increased in complexity with time (Figure 6). The CM had a more complex protein
composition than NCM.

Example 9. Analysis of Proteome of Human ESC-derived MSCs (hESC-MSCs):
Analysis of MSC Conditioned Media by LC MS/MS and Antibody Array

L.C MS/MS analysis identified 250 proteins that are present in two independently
prepared batches of CM, but not in a similarly processed NCM. These are:

1. IPI00021428 Actin, alpha skeletal muscle; 2. [PI00414057 Actin alpha 1
skeletal muscle protein; 3. IPI00008603 Actin, aortic smooth muscle; 4. IP100021439
Actin, cytoplasmic 1; 5. IP100023006 Actin, alpha cardiac; 6. IP1I00021440 Actin,
cytoplasmic 2; 7. IP100025416 Actin, gamma-enteric smooth muscle; 8. [P100479925
agrin; 9. IPI00015102 CD166 antigen precursor; 10. IPI00007423 Acidic leucine-rich
nuclear phosphoprotein 32 family member B; 11. [P1I00413331 36 kDa protein; 12.
[P100412577 34 kDa protein; 13. IPI00413506 33 kDa protein; 14. IP100418169
Hypothetical protein DKFZp686P03159; 15. IPI00003815 Rho GDP-dissociation inhibitor
1; 16. IP100004656 Beta-2-microglobulin precursor; 17. IP100218042 Splice [soform
BMP1-5 of Bone morphogenetic protein 1 precursor; 18. IPI00009054 Splice Isoform
BMP1-3 of Bone morphogenetic protein 1 precursor; 19. IPI00014021 Splice Isoform
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Complement factor H precursor; 32. IPI00012011 Cofilin, non-muscle isoform; 33.
IPI00007257 calsyntenin 1 isoform 2; 34. [P100218539 Splice Isoform B of Collagen
alpha-1(XI) chain precursor; 35. [P100477350 Collagen, type XI, alpha 1; 36.
IP100329573 Splice Isoform Long of Collagen alpha-1(XII) chain precursor; 37.
IP100221384 Splice Isoform Short of Collagen alpha-1(XII) chain precursor; 38.
IP100400935 Collagen alpha-1(XVI) chain precursor; 39. IP100297646 Collagen alpha-
1(I) chain precursor; 40. IP100164755 Prepro-alpha2(I) collagen precursor; 41.
IP100304962 Collagen alpha-2(I) chain precursor; 42. IPI00021033 Collagen alpha-1(11I)
chain precursor; 43. IPI00167087 COL3A1 protein; 44. IP100021034 Collagen alpha-
1(IV) chain precursor; 45. IP100479324 alpha 2 type IV collagen preproprotein; 46.
IP100306322 Collagen alpha-2(IV) chain precursor; 47. IP100303313 Collagen alpha-1(V)
chain precursor; 48. IP100477611 184 kDa protein; 49. IP100293881 COLSA?2 protein; 50.
IP100018279 Collagen alpha-3(V) chain precursor; 51. [P100291136 Collagen alpha-1(VI)
chain precursor; 52. IP100304840 Splice Isoform 2C2 of Collagen alpha-2(VI) chain
precursor; 53. [P100220613 Splice Isoform 2C2A of Collagen alpha-2(VI) chain
precursor: 54. IP100022200 alpha 3 type VI collagen isoform 1 precursor; 55.
IP100072918 alpha 3 type VI collagen isoform 4 precursor; 56. IP100220701 Splice
Isoform 2 of Collagen alpha-3(VI) chain precursor; 57. IP100072917 alpha 3 type VI
collagen isoform 3 precursor; 58. IP100021828 Cystatin B; 59. IP100007778 Di-N-

- acetylchitobiase precursor; 60. IP100295741 Cathepsin B precursor;

61. IP100299219 Protein CYR61 precursor; 62. IP100514900 42 kDa protein; 63.
IP100333770 Similar to Dedicator of cytokinesis protein 10 ; 64. IP100478332 Similar to
Dedicator of cytokinesis protein 9 ; 65. IPI00000875 Elongation factor 1-gamma; 66.
[P100465248 Alpha-enolase; 67. IPI00013769 Alpha-enolase, lung specific; 68.
IP100216171 Gamma-enolase; 69. IP100218803 Splice Isoform B of Fibulin-1 precursor;
70. IP100296537 Splice Isoform C of Fibulin-1 precursor; 71. IP100328113 Fibrillin-1
precursor; 72. IPI00019439 fibrillin 2 precursor; 73. IPI00385645 Splice Isoform 2 of
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Glutaredoxin-1; 88. IPI00171411 Golgi phosphoprotein 2; 89. IP100026314 Gelsolin

precursor;

90. 1P100219757 Glutathione S-transferase P; 91. IPI00027569 Heterogeneous
nuclear ribonucleoprotein C-like 1; 92. IP100003881 HNRPF protein; 93. IP100442294
Splice Isoform 1 of Neurotrimin precursor; 94. IPI00003865 Splice Isoform 1 of Heat
shock cognate 71 kDa protein; 95. IP100037070 Splice Isoform 2 of Heat shock cognate
71 kDa protein; 96. IP100220362 10 kDa heat shock protein, mitochondrial; 97.
IP100024284 Basement membrane-specific heparan sulfate proteoglycan core protein
precursor; 98. IP100297284 Insulin-like growth factor binding protein 2 precursor; 99.
[P100297284 Insulin-like growth factor binding protein 2 precursor ; 100. IP100029236
Insulin-like growth factor binding protein 5 precursor; 101. IP100029236 Insulin-like
growth factor binding protein 5 precursor ; 102, IP100029235 Insulin-like growth factor
binding protein 6 precursor; 103. IP100029235 Insulin-like growth factor binding protein 6
precursor ; 104. IPI00016915 Insulin-like growth factor binding protein 7 precursor; 105.
[P1I00016915 Insulin-like growth factor binding protein 7 precursor ; 106. IP100328163 K-
ALPHA-1 protein; 107. IPI00021396 Vascular endothelial growth factor receptor 2
precursor ; 108. IP100298281 Laminin gamma-1 chain precursor; 109. IP100219219
Galectin-1; 110. IP100023673 Galectin-3 binding protein precursor; 111. IP100021405
Splice Isoform A of Lamin-A/C; 112. IP100216953 Splice Isoform ADeltal0 of Lamin-
A/C; 113.1P100180173 PREDICTED: similar to tropomyosin 4; 114. [P100401614
PREDICTED: similar to FKSG30: 115. IP100374397 PREDICTED: similar to
tropomyosin 4; 116. IP100374732 PREDICTED: similar to PPIA protein; 117.
[P100402104 PREDICTED: similar to peptidylprolyl isomerase A isoform 1; cyclophilin
A; peptidyl-pro; 118. IP100455415 PREDICTED: similar to Heterogeneous nuclear
ribonucleoprotein C-like dJ845024.4; 119. IP100454722 PREDICTED: similar to
Phosphatidylethanolamine-binding protein; 120. [P100454852 PREDICTED: similar to

Teratocarcinoma-derived growth factor 1 ;
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(cholinergic differentiation factor) Gl _7262388-S
PCOLCE procol | agen C- endopepti dase enhancer G
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1P{ 00211 944PistspRdt)dy (Sthan6RAABS BmSinE Proteint il 94 ¢PIIOSPIEBBProcollagen
C-iefc’lgcgrp‘:"erpagaese Ienha%)((:grcﬂ)r%glilrgorgl3&%?1?0%&@_0% l%%‘glatelet-derived growth
factor receptor precursor ; 136. IP100216691 Profilin-1; 137. [P100169383
Phosphoglycerate kinase 1; 138. IP100219568 Phosphoglycerate kinase, testis specific;
139. IP100296180 Urokinase-type plasminogen activator precursor; 140. IP100215943
Splice Isoform 3 of Plectin 1; 141. IP100215942 Splice Isoform 2 of Plectin 1; 142.
IP100014898 Splice Isoform 1 of Plectin 1; 143. IP100398777 plectin 1 isoform 8; 144.
IP100398776 plectin 1 isoform 7; 145. IPI00186711 plectin 1 isoform 6; 146. IP100420096
plectin 1 isoform 3; 147. IP1I00398779 plectin 1 isoform 11; 148. IP100398778 plectin 1
isoform 10; 149. IP100398002 plectin 1 isoform 1; 150. IPI00419585 Peptidyl-prolyl cis-

trans isomerase A;

151. IP100472718 peptidylprolyl isomerase A isoform 2; 152. IP100000874
Peroxiredoxin-1; 153. IP100024915 Peroxiredoxin-5, mitochondrial precursor; 154.
IP100375306 peroxiredoxin 5 precursor, isoform b: 155. IP100012503 Splice Isoform Sap-
mu-0 of Proactivator polypeptide precursor; 156. IP100374179 proteasome activator
subunit 1 isoform 2; 157. IPI00030154 Proteasome activator complex subunit 1; 158.
IP100168812 PTK?7 protein tyrosine kinase 7 isoform d precursor; 159. IP100419941
PTK7 protein tyrosine kinase 7 isoform a precursor; 160. [P1I00003590 Quiescin Q6,
isoform a; 161. IP100015916 Bone-derived growth factor (Fragment); 162. IP100015916
Bone-derived growth factor ; 163. IP100298289 Splice [soform 2 of Reticulon-4; 164.
[P100021766 Splice Isoform 1 of Reticulon-4; 165. IPI00013895 Calgizzarin; 166.
IP100010402 Hypothetical protein; 167. IP100218733 Superoxide dismutase; 168.
[P100014572 SPARC precursor; 169. IP1I00005614 Splice [soform Long of Spectrin beta
chain, brain 1; 170. IPI00008780 Stanniocalcin-2 precursor; 171. IP100301288 SEL-OB
protein; 172. IP100216138 Transgelin; 173. IPI00018219 Transforming growth factor-
beta-induced protein ig-h3 precursor ; 174. IP100304865 transforming growth factor, beta
receptor II1 "; 175. IP100296099 Thrombospondin-1 precursor; 176. IP100032292



chenokine (CG-C notif) ligand 8 G 22538813-S CCL5
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ILIB interleukin 1. beta G 27894329-S ILIA
interleukin I. alpha Generation of Precursor

l\/bt abolites and Energy G 16507966-S ENO2 enol ase 2
(ganma, neuronal) G 1650798%- S ENO1 enol ase 1,

e

preargs 6P @19@2&08&& @Oéll@ tilr‘b deAakbd0 80RFhymosin-like 3;
(mtochondrial) G 26024330-S TP11 tri osephosphate

I sOMEgoaHE 0029968 3 OS] (etPabed 003 M2 18 (FRRa96 68 S 1 BIY0R65028

Rt SORRE T NI IONCIL 7 L T R
TrlosephBpbat3 BOmetasPAL3 . FHOGMIOITY Femroatyesikidnase 1RI0BR 16975 Splice

(gf%?r%}oég%gfr{agrxlarg}j(jsu@p%gﬁg%g%% %gpé‘ﬁ%aﬂ6;5 TWm alpha-3 chain; 186.
[P100218343 Tubulin alpha-6 chain; 187. IP100216298 Thioredoxin; 188. IP100472175
CDNA FLJ46672 fis, clone TRACH3009008, highly similar to Thioredoxin reductase;
189. IP100450472 Ubiquitin-conjugating enzyme E2I; 190. IPI00018352 Ubiquitin
carboxyl-terminal hydrolase isozyme L.1; 191. IP100010207 Ubiquitin-fold modifier 1
precursor; 192. IP100260630 URB; 193. IP100021263 14-3-3 protein zeta/delta; 194.
IP100642991 Hypothetical protein DKFZp686F10164; 195. IP100470919 Hypothetical
protein DKFZp686K08164; 196. [IP1I00719088 collagen, type VI, alpha 1 precursor; 197.
IP100654685 Similar to SPARC precursor; 198. IP100641961 Collagen, type XII, alpha 1;
199. IP100645849 Extracellular matrix protein 1; 200. IPI00554786 Thioredoxin reductase
1; 201. IP100645018 Plasminogen activator, urokinase; 202. IP100552339 Tissue inhibitor
of metalloproteinase 1; 203. IP1I00642997 Actin, cytoplasmic 2; 204. IP100719778 Similar
to Annexin A2; 205. IP100647915 Transgelin 2; 206. IP100552815 Collagen, type V,
alpha 1; 207. IP100552981 CDNA PSEC0266 fis, clone NT2RP3003649, highly similar to
Homo sapiens fibulin-1D mRNA; 208. IPI00180776 29 kDa protein; 209. IP100552416
Filamin A, alpha;

210. IP100640698 Actin, gamma-enteric smooth muscle; 211. [P100514530 Actin,
alpha 1, skeletal muscle; 212. [P100556442 Insulin-like growth factor binding protein 2
variant (Fragment); 213. IP100513782 Gelsolin; 214. IP100478731 29 kDa protein; 215.
[P100396479 24 kDa protein; 216. IP100334627 39 kDa protein; 217. IP100555762 PTK7
protein tyrosine kinase 7 isoform a variant (Fragment); 218. IP100658202 97 kDa protein;
219. IP100006273 CYRG61 protein; 220. IPI00719405 TMSLG6 protein; 221. IPI00658096
Thymosin beta-4; 222. IP100376163 5 kDa protein; 223. IP100556217 Fibrillin 1 variant
(Fragment); 224. IP100514817 Similar to Lamin A/C; 225. IP100644087 Progerin; 226.
[P100655812 Rhabdomyosarcoma antigen MU-RMS-40.12; 227. IP100604517 Similar to
Nucleolin; 228. IP100444262 CDNA FLJ45706 fis, clone FEBRA2028457, highly similar
to Nucleolin; 229. IP100412473 Protein; 230. IP100414489 Protein; 231. IP100411463
Protein; 232. IP100556415 Transgelin variant (Fragment); 233. [P100718825 Calmodulin;
234. 1P100478156 17 kDa protein; 235. [P100386621 CALM3 protein; 236. IP100647001
Acidic; 237. IP100642650 Similar to Stanniocalcin 2 precursor; 238. IP100641471
Collagen-like protein; 239. [P100514669 SH3 domain binding glutamic acid-rich protein
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growTh factor receptor 3 variant ; 250. IP100552545 Dedicator of cytokinesis protein 8.

Together, these 250 proteins are encoded by 132 unique known genes: ACTAL;
COLS5A2; HSPAS; PSAP; ACTA2; COL5A3; HSPE1; PSMEI; ACTB; COL6A1;
HSPG2; PTK7; ACTC; COL6A2; IGFBP2; QSCN6; ACTGI1; COL6A3; IGFBPS; RTN4,
ACTG2; CSTB; IGFBP6; S100A11; AGRN; CTBS; IGFBP7; SH3BGRL3; ALCAM,;
CTSB; K-ALPHA-1; SOD1; ANP32B; CYR61; KDR; SPARC; ANXA2; DOCKI10;
LAMCI; SPTBN1; ARHGDIA; DOCKS8; LGALS1; STC2; B2M; ECM1; LGALS3BP;
SVEP1; BMP1; EEF1G; LMNA; TAGLN ; Cl4orf166; ENO1; LOX; TAGLN2; C1R;
ENOI1B; LTBP1; TGFBI; CALM1; ENO2; LUM; TGFBR3; CD109; FBLN1; MDH2;
THBS1; CD44; FBN1; MRC2; TIMP1; CDH11; FBN2; MYH11; TIMP2; CDH13;
FGF17; MYH9; TMSB4X; CDH2; FGFR2; NCL; TMSL3; CFH/HF1; FLLJ21918; NPM1;
TMSL6; CFLI1; FLNA; PBP; TPI1; CLSTNI1; FN1; PCOLCE; TPM4; COL11AT1; FSTL1;
PDGFRB; TUBA3; COL12A1; GALNTS; PFN1; TUBA6; COL16A1; GLRX; PGK1;
TXN; COL1A1; GOLPH2; PGK2; TXNRD1; COL1A2; GSN; PLAU; UBE2I; COL3A1;
GSTPI1; PLEC1; UCHL1; COL4A1; HNRPCLI1; PPIA; UFM1; COL4A2; HNRPF;
PRDX1; URB; COL5A1; HNT; PRDXS; YWHAZ.

There are 32 unknown proteins: IP100642991 Hypothetical protein
DKFZp686F10164; IP100470919 Hypothetical protein DKFZp686K08164; IP100654685
Similar to SPARC precursor; IP1I00719778 Similar to Annexin A2; IP100552981 CDNA
PSECO0266 fis, clone NT2RP3003649, highly similar to Homo sapiens fibulin-1D mRNA;
[P100180776 29 kDa protein; IPI00478731 29 kDa protein; [P100396479 24 kDa protein;
[P100334627 39 kDa protein; IP100658202 97 kDa protein; IP100376163 5 kDa protein;
[P100514817 Similar to Lamin A/C; IP100644087 Progerin; IP1I00655812
Rhabdomyosarcoma antigen MU-RMS-40.12; [P100604517 Similar to Nucleolin;
[P100444262 CDNA FLJ45706 fis, clone FEBRA2028457, highly similar to Nucleolin;
[P100412473 Protein; IP100414489 Protein; IP100411463 Protein; IP100478156 17 kDa
protein; [P100386621 CALM3 protein; IP100647001 Acidic; IP100642650 Similar to
Stanniocalcin 2 precursor; IP100641471 Collagen-like protein; IPI00514669 SH3 domain
binding glutamic acid-rich protein like 3; IPI00003734 Putative S100 calcium-binding
protein H NHO0456N16.1; IP100029574 11 kDa protein; IP100654821 hypothetical protein
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MSCs have been shown to secrete a broad spectrum of cytokines and growth
factors that affect cells on their vicinity®. Many of these factors are small molecules that
are not easily detectable during shot-gun L.C MS/MS analysis. Therefore, the CM and
NCM are also analyzed by hybridization to 5 different antibody arrays that together
carried antibodies against 101 cytokines/growth factors (See also Figure 7).

Layout of antibody arrays

RayBio® Angiogenesis array |

A B C D E F G H
1 | POS POS NEG NEG Angiogenin | EGF ENA-78 | bFGF
2 | POS POS NEG NEG Angiogenin | EGF ENA-78 | bFGF
3 | GRO IFN- g IGF-I 1L-6 1L-8 LEPTIN MCP-1 PDGF-BB
4 | GRO IFN- g 1GF-I IL-6 1.-8 LEPTIN MCP-1 PDGF-BB
5 PIGF RANTES TGF-bl TIMP-1 TIMP-2 Thrombopoietin VEGF VEGF-D
6 | PIGF RANTES | TGF-bl 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

RayBio® Human Chemokine Antibody Array I

A B C D E F G H I J K L

1| pos POS NEG NEG BLC CCL28 | Ckb8-1 | CTACK ngu ENA-78 | Eotaxin E‘“;’““'

2| pos POS NEG NEG BLC CCL28 | Ckbs-1 | CTACK cx6(:|_1 ENA-78 | Eotaxin EO“;““'

3| Fotaxin- | Fractalki | 50p 5 1 Gro | GROa | mec4 | 1309 | 1-TAC IL-8 ip-10 | DYmPho 1 yiep g
3 ne tactin

4| Fotaxin- | Fractalki - op ) | Gro | GROa | HCC4 | 1309 | 1-TAC IL-8 oo | Lymeho o yep
3 ne tactin

s| McP2 | MCP-3 | MCP-4 | MDC MIG MIP-1a | MIP-1b | MIP-Id | MIP-3a | MIP-3b | MPIF-1 | NAP2

6| mMcp2 | mMcp3 | mcpa | MDC MIG | MIP-la | MIP-Ib | MIP-ld | MIP-3a | MIP-3b | MPIF-1 | NAP2

RANTE .
7| PARC S SDF-1a | SDF-1b | TARC | TECK | BLANK | BLANK | BLANK | BLAND | BLANK | POS
8| PARC RA';'TE SDF-1a | SDF-1b | TARC | TECK | BLANK | BLANK | BLANK | BLAND | BLANK | POS
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RayBio® Human Cytokine Antibody Array 1
A B c D E F G H
} . . GM-
1 POS POS NEG NEG GCSF oSF GRO GROw
2| pos POS NEG NEG GCSF (G:’;'F GRO GROu
3| 11a IL-2 IL-3 IL-5 IL-6 (L-7 iL-8 IL-10
4| Ii-la 1L-2 IL-3 IL-5 IL-6 IL-7 IL-8 1L-10
5| 113 IL-15 IFN-g | MCP-1 | MCP-2 | MCP-3 MIG RAE'TE
6| IL-13 IL-15 [FN-g | MCP-1 | MCP-2 | MCP-3 MIG RA’S“TE
7| TGFBl | TNF-a | TNF-Bp | BLANK | BLANK | BLANK | BLANK POS
8 | TGFBI | TNF-a | TNF-$ | BLANK | BLANK | BLANK | BLANK POS
RayBio® Human Cytokine Antibody Array V

A B C D E F G H 1 J K L
1| ros POS POS POS NEG NEG | ENA-78 | GCSF g:L GRO | GRO-a POS
2| 1-309 IL-1a IL-1b IL-2 IL-3 IL-4 IL-5 1L-6 IL-7 IL-8 IL-10 1-309
3| 12 IL-13 (L-15 IFN MCP-1 | MCP2 | MCP-3 | MCSF MDC MIG Mip-1p | 12

p40p70 i i "8 i i M- ‘ . p40p70

4| MiIp-1d RA;JTE SCF SDF-1 | TARC | TGF-bl | TNF-a | TNF-b EGF IGF-1 A"ngi'[?ge MIP-1d
5 Oqcoslal Thr(_)m_b VEGF PDGF- LEPTIN BDNE BLC Ckb81 Eotaxin Eotaxin- Eote:xm- Or_]coslat

in M opoietin BB 2 3 in M
6| FGF-4 | FGF6 | FGF-7 | FGF-9 Fie3 ) Fractalki | Gop s | GDNF ur | 'GFBP- | IGFBP- | et

Ligand ne 1 2

7 '(’FJBP' 'GF4BP' IL-16 IP-10 LIF LIGHT | MCP-4 MIF MIP-3a | NAP-22 NT-3 'G';BP'

., Osteopr . )
B| NT4 | oo | PARC PIGF | TGF-b2 | TGF-b3 | TIMP-1 | TIMP2 | NEG POS POS NT-4

72 of the cytokines/growth factors are found to be reproducibly secreted by

HuES9.E1 MSCs in at least three of four independently prepared CM and not in NCM. 72
proteins identified by antibody array (Name GeneSymbol GenelD): 1. MDC ADAMI1 1
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phosphogl ycerate ki nase 1 31543396- S PCK2
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ur oKl nase

4. t1r3108§efdhlo§hhlé%832s&n§e Eaipxim CCAL LA 588310% 6 BHEI GGl S
GE3435786 9667, 1N @ @B 2283489aMaVICREUCODRIGT £3538812-S; 9.

YL IPACTE toel el SRS o
COhos ph xP5YTET1a8 el X RAMEES COLS A7 3253381 § ISDMCIvAICIe7

Gf'? ﬂ‘%&‘i’%ﬁﬁemp %@L(Srﬂ}f 99?3%&‘?%531% m%%“lﬁp 252638661 16.

GMREDb ﬂa{ﬁle2%i798%151 é?‘n @°SH 6567 8623 3FNES, 1§nBtaa§18<HE CX3CL1
Gl 9308%56-5199" oRA-) CRC1L6EP 4365r0-ENYL e exe1h1 GI 14790145-S;

21(_%|DD AL AP 33 PR AR PR Y K ELA556 . BFSKuA 78
CXCLS GI_41872613-S; 24. IP-10 CXCR3 GI_4504098-S; 25. EGF EGF GI_6031163-S;
26. FGF-4 FGF4 GI_4503700; 27. FGF-6 FGF6 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
GI_33859834-S; 34. IFN-y IFNG GI_10835170-S; 35. IGF-1 IGF1 GI_19923111-S; 36.
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 IL.12B

GI _24497437-S;41. IL-13 IL13 GI_26787977-S; 42. 1L-16 IL16 GI_27262654-A; 43. IL-
laIL1A GI 27894329-S; 44. IL-1B IL1B GI _27894305-S; 45. IL-2 IL2 GI_28178860-S;
46.1L-3 IL3 GI 28416914-S; 47. IL.-6 IL6 GI_10834983-S; 48. [L-7 IL7 GI_28610152-S;
49. 1L-8 IL8 GI_28610153-S; 50. SCF KITLG GI_4580419-A; 51. LEPTIN LEP
GI_4557714-S; 52. LIF LIF GI_6006018-S; 53. MIF MIF GI_4505184-S; 54. MMP-1
MMPI1 GI_13027798-S; 55. MMP-10 MMP10 GI_4505204-S; 56. MMP-13 MMP13

GI _13027796-S; 57. MMP 3 MMP3 GI _13027803-S; 58. MMP-9 MMP9 GI_4826835-S;
59. PARC PARC GI 24307990; 60. PDGF-BB PDGFB GI_15451785-A; 61. PIGF PIGF
GI_27894289-A; 62. TGF-f1 TGFB1 GI_10863872; 63. TGF-f2 TGFB2 GI_4507462-S;
64. Thrombopoietin THPO GI_40805871-S; 65. TIMP-1 TIMP1 GI_4507508-S; 66.
TIMP-2 TIMP2 GI_9257247-S; 67. TIMP-3 TIMP3 GI_21536431-S; 68. TIMP-4 TIMP4
GI_4507514-S; 69. TNF-a TNF GI 25952110; 70. Osteoprotegerin TNFRSF11B
GI_22547122-S; 71. VEGF VEGF Gl _30172563-S; 72. Lymphotactin XCL1

Gl _4506852-S.

29 proteins not detected by antibody array (Name GeneSymbol GenelD): b FGF
CCL23 GI_22538807-A; MCP-4 CCL13 GI 22538799-S; TARC CCL17 GI_22538801-
S; MIP-3b CCL19 GI_22165424-S; MIP-3a CCL20 GI_4759075-S; MPIF-1 CCL23
Gl _22538807-A; TECK CCL25 GI _22538797-A; CTACK CCL27 GI_22165428-S;
CCL28 CCL28 GI_22538810-A; MIP-1b CCL4 GI_4506844-S; SDF-1a CXCL12
GI_40316923-1; SDF-1b CXCL12 GI_40316923-I; CXCL16 CXCL16 GI_11545764-S;
MIG CXCL9 GI_4505186-S; MIP-1a CXCR6 GI_5730105-S; IGFBP-3 IGFBP3
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sti nH!)\%\i/erI],gorﬁ??gQﬁe ﬂwéﬁ@& rngﬁlaBQ@F BP2, TIMP1 and TIMP? are also
detected by LC MS/MS analysis, possibly because many of cytokines and growth factors
are small molecules and are not detectable during conventional LC MS/MS analysis.

The lists of 132 and 72 gene products identified by LC MS/MS and antibody array
analysis respectively have 3 common genes, namely IGFBP2, TIMP1 and TIMP2.
Therefore in the final tally, a total of 201 unique gene products are identified (Table E2

below).

ACTAI CD44 CXCLS* GLRX IL16* PFNI TIMP2
ACTA2 CD109 CXCL11* GOLGA4 K-ALPHA-I PGKI TIMP3
ACTB CDH2 CXCLI12* GOLPH2 KDR PGK2 TIMP4
ACTC CDHI1 CXCLI13t | GSN KITLG PIGF TMSB4X
ACTGI CDH13 CXCR3* GSTPI LAMCI PLAU TMSL3
ACTG2 CFH/HF1 CYRG61 HGF LEP PLECI TMSL6
ADAMII CFL1 DOCKS HNRPCLI LGALSI PPIA TNF*
AGRN CLSTNI DOCK 10 HNRPF LGALS3BP | PRDXI TNFRSFLIB*
ALCAM COLIAI ECMI HNT LIF PRDXS5 TPII
ANG COLI1A2 EEFI1G HSPAS LMNA PSAP TPM4
ANP32B COL3AIl EGF HSPE | LOX PSMEI TUBA3
ANXA2 COL4AI ENOI HSPG2 LTBP] PTK7 TUBA6
ARHGDIA COL4A2 ENOIB IFNGt LUM QSCN6 TXN
B2M COLSAI ENO2 IGF1 MDH2 RTN4 TXNRDI
BDNF* COL5A2 FBLNI IGFBPI MIF* S100A11 UBE2I
BMPI COL5A3 FBNI 1GFBP2 MMP] SH3BGRL3 [ UCHLI
Cl4ort166 COL6AI FBN2 IGFBP4 MMP3* SOD1 UFMI
CIR COL6A2 FGF4 IGFBPS MMP9 SPARC URB
CALMI COL6A3 FGF6 IGFBP6 MMP10 SPTBNI VEGF+t
CCLI1 COL!I1AL FGF7 IGFBP7 MMPI13 STC2 XCLI1
CCL2 COLI2AI FGF9 IL1A* MRC2 SVEP]I YWHAZ
CCLS COLI6A1 FGF17 IL1B* MYHII TAGLN

CCL7 CSF1* FGFR2 IL2* MYH9 TAGLN2

CCLS8 CSF2* FLJ21918 IL3* NCL TGFBI

CCL11 CSF3* FLNA 1L6* NPMI TGFB2*

CCLI15 CSTB FLT3LG IL7* PARC TGFBI*

CCLI16 CTBS FNI IL8* PBP TGFBR3

CCL23 CTSB FSTLI IL10* PCOLCE THBSI

CCL24 CX3CL1* GALNTS IL12B* PDGFB THPO

CCL26 CXCLI1* GDNF 1L13* PDGFRB TIMP1

Table E2. Alphabetical list of 201 unique gene products identified by LC-MS/MS
and antibody array. The proteins identified by LC-MS/MS and antibody array are
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present in our list of 201 gene products.

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
known to contain AU-rich elements that caused rapid degradation of the mRNA during
translation (22,23). '

More sensitive qRT-PCR assays are therefore performed. 42 of the 72 gene
products are randomly selected and tested. 36 or 86% of the 42 gene products have
detectable transcript levels as defined as having a normalized C, value of <35 (Table E3
below). This frequency is similar to 88% frequency observed for gene products identified
by LC MS/MS and whose gene transcripts are detectable by I[llumina BeadArray. In
addition, all 15 that have detectable transcript levels by Illumina BeadArray, also have
detectable transcript levels by qRT-PCR (Table E3). 21 of 27 (78%) gene products that did
not have detectable transcript levels by Illumina BeadArray have transcript level
detectable by qRT-PCR (Table E3).

Symbol Illumina BeadArray | Normalized C;
L BDNF >LOD 13.38




G 5902810- A BMP1 bone norphogenetic protein 1 G
4507170- S SPARC secreted protein, acidic,
cysteine-rich (osteonectin) Phosphate Metabolismd
22095338- S PK1 phosphogl ycerate kinase 1 d
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403169R2- 1 |CXAXKA Ehenpki ne ¥IR-C notif) |1ilg8hd 12
(stronpl cel |l -@dgciged |f act or>I1QDA 418726131 KITXCL5
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chenmok| ne (G CppiT) [T gand.pgoyl 4504098- 51 TXPR3
chenokfme fiC X ):Lélut rf—Tec tg 3G 1225383985 S CCh |
1 chenpki Ag S oth—-ganas ki —-a 545357%-'5.}) €XEeh3
chenok}-ne{C-X-C 9ot H)—gand—13 (B-cel .
chenoattr 48t ant MII" >LOD 16.23

B MMP3 >LOD 15.96

14 TGFB2 >LOD 15.16

15| TNFRSF11B >L.OD 12.28

16 CCLI1 <LOD 34.67

17 CCL11. <LOD 26.13

18 CCL23 <LOD 37.33

19 CCL24 <LOD 10.82

20 CCL26 <LOD 30.38

21 CCLS <LOD 27.97

22 CSFi <L.OD 14.35

23 CSF2 <LOD 23.92

24 CSF3 <LOD 32.47

251 CX3CLI <LOD 25.04

260 CXCLI1 <LOD 22.38

27 CXCR3 <LOD 28.41

28 IL.10 <LOD 274

29 IL12B <LOD 22.17

30 IL13 <LOD 14.96

30 IL16 <L.OD 32.98

32 IL2 <LOD 31.87

33 IL3 <LOD 32.24

34 IL7 <LOD 22.3

35 TGFBI1 <LOD 10.63

36 TNF <LOD 31.72

37 CCL15 <LOD >35

38 CCL16 <LOD >35

3  CXCL13 <LOD >35

40 IFNG <LOD >35

41 VEGF <LOD >35

42 XCL1 <LOD >35

Table E3. Quantitative RT-PCR assay for the presence of transcripts. 42 of the 72
gene producits identified by antibody array are randomly selected for qRT-PCR analysis.
12 gene products have transcript levels that are above the limit of detection (LOD) at 99%
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and pathways accorclilmg to the (ﬁeng tEjantologv (GO). The frequency of unique genes in the
secreted MSC proteome associated with each process or pathway is then compared to the
gene-frequency for the respective pathway or process in a database collated from Unigene,
Entrez and GenBank. Significantly higher frequencies of genes (p<0.05) are associated

with 58 biological processes and 30 pathways.

Biological processes classified by GO modulated by the 201 unique gene products:

# % # %
GO Biological Processes genes genes p-value
(ref) (ref) (expt) (expt)
1. G0:42221: response to chemical stimulus 130 0.53 23 11.56 | 2.50E-24
2. GO:42330: taxis 130 0.53 23 11.56 | 2.50E-24
3. GO0:6935: chemotaxis 130 0.53 23 11.56 | 2.50E-24
4. GO:9605: response to external stimulus 157 0.65 24 12.06 | 9.45E-24
5. GO:50896: response to stimulus 158 0.650 24 12.06 | 1.11E-23
6. GO:9628: response to abiotic stimulus 150 0.62 23 11.56 | 7.83E-23
7. GO:48513: organ development 116 0.48 11 5.53 | 3.06E-09
8. GO:7275: development 827 3.40 23 11.56 | 3.27E-07
9. GO:16052: carbohydrate catabolism 51 0.21 6 3.02 | 3.66E-06
10. GO:19320: hexose catabolism 51 0.21 6 3.02 | 3.66E-06
11. (G0:44248: cellular catabolism 51 0.21 6 3.02 | 3.66E-06
12. (G0:44265: cellular macromolecule catabolism 51 0.21 6 3.02 | 3.66E-06
13, (G0:44275: cellular carbohydrate catabolism 51 0.21 6 3.02 | 3.66E-06
14. G0:46164: alcohol catabolism 51 0.21 6 3.02 | 3.66E-06
15. G0:46365: monosaccharide catabolism 51 0.21 6 3.02 | 3.66E-06
16. GO0:6007: glucose catabolism 51 0.21 6 3.02 | 3.66E-06
17. G0:6096: glycolysis 51 0.21 6 3.02 | 3.66E-06
18. GO:9057: macromolecule catabolism 51 0.21 6 3.02 | 3.66E-06
19. GO:9056: catabolism 53 0.22 6 3.02 | 4.60E-06
20. CGO(?n[])(S)Eﬁgs energy derivation by oxidation of organic 65 027 6 302 | 1.53E-05
21. GO:19318: hexose metabolism 65 0.27 6 3.02 | 1.53E-05
22. GO:44262: cellular carbohydrate metabolism 65 0.27 6 3.02 | 1.53E-05
23. GO:5975: carbohydrate metabolism 65 0.27 6 3.02 | 1.53E-05
24. G0:5996: monosaccharide metabolism 65 0.27 6 3.02 | 1.53E-05
25. GO:6006: glucose metabolism 65 0.27 6 3.02 | 1.53E-05
26. GO:6066: alcohol metabolism 65 0.27 6 3.02 | 1.53E-05
27. GO:6091: generation of precursor metabolites and energ 65 0.27 6 3.02 | 1.53E-05
28. G0:6092: main pathways of carbohydrate metabolism 65 0.27 6 3.02 | 1.53E-05




Response to Chemical Stinulus G 27262654-A ILI6
interleukin 16 (lynphocyte chenpattractant factor) G
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k: S s 01 N@% G ﬁe 1.51 | 6.18E-05
(C Q2i nt A ah1kiZn 1.01 | 6.64E-05
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381 47 SOVAHTSePXEE (olexterthd hiokd SIW@U'PC- X- C npt 2f ) 199%4and211] Ol | 6.64E-05
39921 69498 S rosporshennkine (C-C notif) 211 gARY p4a2@ | 1ol | 6.64E-05
40925 393 Bfl@mpdory fsenveski ne (C- C motif) PRighadd!s| 2 | LOL | 664E-05
41. GO0:6955: immune response 2 0.01 2 1.01 | 6.64E-05
42, G0O:9607: response to biotic stimulus 2 0.01 2 1.01 | 6.64E-05
43. GO:9613: response to pest, pathogen or parasite 2 0.01 2 1.01 6.64E-05
44. GO:9887: organ morphogenesis 53 0.22 5 2.51 | 7.23E-05
45. GO:1659: thermoregulation 3 0.01 2 1.01 1.98E-04
46. GO:30097: hemopoiesis 26 0.11 3 1.51 | 1.22E-03
47. G0:48534: hemopoietic or lymphoid organ development 26 0.11 3 1.51 | 1.22E-03
48. GO:1501: skeletal development 38 0.16 3 1.51 | 3.67E-03
49, GO:1503: ossification 38 0.16 3 1.51 | 3.67E-03
50. GO:31214: biomineral formation 38 0.16 3 1.51 | 3.67E-03
51. G0O:46849: bone remodeling 38 0.16 3 1.51 | 3.67E-03
52. GO:6793: phosphorus metabolism 13 0.05 2 1.01 | 4.88E-03
53. GO:6796: phosphate metabolism 13 0.05 2 1.01 | 4.88E-03
54. GO:9888: tissue development 54 0.22 3 1.51 | 9.82E-03
55. GO:45045: secretory pathway 34 0.14 2 1.01 | 3.14E-02
56. GO:6887: exocytosis 34 0.14 2 1.01 | 3.14E-02
57. G0O:46903: secretion 36 0.15 2 1.01 | 3.49E-02
58. GO:1570: vasculogenesis 5 0.02 1 0.50 | 4.02E-02
GO Pathways p-value
1. Cytokine-cytokine receptor interaction 4.97E-47
2. ECM-receptor interaction 3.21E-17
3. Jak-STAT signaling pathway 1.19E-10
4. MAPK signaling pathway 1.19E-08
5. Toll-like receptor signaling pathway 1.34E-05
6. TGF-beta signaling pathway 0.000292
7. mTOR signaling pathway 0.0143
8. Fcepsilon Rl signaling pathway 0.00267
9. Epithelial cell signaling in Helicobacter pylori infection 0.0183
10. Cell Communication 1.17E-17
11. Gap junction 0.00077
12. Tight junction 0.0459
13. Focal adhesion 1.54E-21




G _13435401-S CCL7 chenmokine (GC notif) ligand 7 G
4505862- S PLAU pl asni nogen activator, urokinase G
4504152-S CXCL1 chenokine (CX-C notif) ligand 1
(el anoma growt h stinulating activity, alpha) G
27894329-S ILIA interleukin_1, alpha G 22547151-S
Pi aand 26 G 4506852- S

CCL26 chenoki ne (C—C not | f)

A%*Re‘gb‘lzdb%fa’dﬁ% &R '-,Lp'n'pg,. g .l. ”K_ebPU”be U072 65613
E'}s “Lelkocy téDfTénTs Hbo‘ﬁ%naﬂ’ irdipp2 0o ATEI6 Tntert c“"'_ 3 881205
\l_ynp uu_ytc bIICIIUG. Factant—Ffact Gi’) G—22538801A
CCL23 chenpkine (G-C notif) |igand 23 G- 34335180-A
Crb 1 SompleR RRY FRAsIRtioR cpsdPs ) | | gand 15 G 40316999458
CXELAMDicetsssekiniad presexaiennnt i £) | i aand 12 (st r ordl0!92

ced| Anperiived factor 1) 90 G 41872613-S CXCL5 | 0.00648

chenbkdimecrCsidpaligmetivg) |igand 5 G 22538812- S | CORE66

c henadaianpoifticcdD Imedge f ) |1 gand 2 G 4504098-S CXCR32E-14

chemokine (G X-C mot17) receptor 3 GI_225383997S CCL1T

C@EFFRJ@E n(ﬁabkttbs ,}.,e“m[ I T) I gana 11 G 5455570- 5 CARUlghroe

Lljgll@dﬁgowﬁxétbh XA Croti )1 gallu I3—(B-telt 0.000257

e R R At dcogthesh 2 0588155 €CLS 0.00106
24, Stilbene, coumarine and lignin biosynthesis 0.00348
25. Phenylalanine metabolism 0.00488
26. Phenylalanine, tyrosine and tryptophan biosynthesis 0.00567
27. Methane metabolism 0.00739
28. Reductive carboxylate cycle (CO2 fixation) 0.00739
29. Inositol metabolism 0.0163
30. Citrate cycle (TCA cycle) 0.0404

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,
biosynthesis and secretion of macromolecules, processes essential for the removal of

damaged tissues and regeneration of new tissues (Figure 8, Figure 9).

Consistent with the predominant presence of cytokines and chemokines in the
MSC-conditioned media, the analysis also predicted that the secreted factors could elicit
many cellular responses that are dependent on external stimuli .e.g. chemotaxis, taxis and
many immune responses (Figure 8). Notably, the conditioned media could also induce
biological processes that are important in tissue differentiation particularly processes that
promote vascularization, hematopoiesis and bone development (Figure 8). In those
pathways predicted to be modulated by the secreted proteome, receptor-mediated binding
of cytokine and ECM pathways are consistent with the predominance of cytokines and
ECM components in the secreted proteome (Figure 9). The main signal transduction
pathways that could be activated by the secreted proteome include Jak-STAT signaling
pathway, MAPK signaling pathway, Toll-like receptor signaling pathway, TGF-beta
signaling pathway, mTOR signaling pathway, Fc epsilon Rl signaling pathway and
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(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
present in at least three of four independently prepared batches of CM. The resulting
proteomic profile of secretion by hESC-MSCs included almost all the factors that are
previously reportedly secreted by adult tissue-derived MSCs (13,16,19-21) as well as
many others that have not been described. The robustness of the proteomic profiling is
further substantiated by the detection of transcripts for 86-88% of gene products in the

proteomic profile using a high throughput microarray-based gene expression analysis.

To evaluate and assess the potential functions of the MSC secretion on a global
scale, we utilized the more readily available computational tools for gene expression
analysis, based on gene products rather than on post-translationally modified proteins.
Consistent with the predominance of cytokines and chemokines in the secretion,
computational analysis predicted many processes and pathways that are generally
associated with the functions of cytokines and chemokines such as chemotaxis, taxis,
cellular response to external stimuli, breakdown, biosynthesis and secretion of

macromolecules, cytokine-cytokine receptor interactions, cell-cell communication, and
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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
(42), formation and remodelling of bone and cartilage (27,43) as well as general wound
healing (44); and mTOR as an important regulator of cell growth and proliferation plays a

non-specific yet critical role in both normal physiology and diseases (45-47).

In conclusion, our analysis of the secreted proteome in hESC-derived MSCs which
includes many of the cytokines reportedly secreted by adult tissue-derived MSCs suggests
that the secreted proteome could potentially exert modulating effects on tissue repair and
regeneration particularly in the cardiovascular, hematopoietic and musculoskeletal tissues,
and therefore provide molecular support for a MSC-mediated paracrine effect on tissue
repair and regeneration in MSC transplantation studies. This secreted proteome also
uncovered many highly testable hypotheses for the molecular mechanisms in MSC-
mediated tissue repair and also potential “druggable™ targets to modulate tissue repair and
regeneration. The significant similarity between hESC-derived MSCs and adult tissue-
derived MSCs suggest that conditioned media of either MSC cultures are likely to have

similar biological activities.
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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 58 Biological Processes

Alcohol Metabolism

Gl 16507966-S ENO2

enolase 2 (gamma, neuronal)

GI1_16507965-S ENOI

enolase [, (alpha)

Gl 22095338-S PGK

phosphoglycerate kinase |

Gl 31543396-S PGK2

_phosphoglycerate kinase 2

Gl 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

GI 26024330-S TPII

triosephosphate isomerase |

Angiogenesis

GI 11321596-S KDR

kinase insert domain receptor (a type Il 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

Gl 10337586-S FGFo6

fibroblast growth factor 6

Biomineral Formation

Gl 27262662-A CDHI 1

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

Gl 5902810-A BMPI

bone morphogenetic protein 1

Gl _4507170-S SPARC

secreted protein, acidic, cysteine-rich (osteonectin)

Blood Vessel Devolopment

Gl 11321596-S KDR

kinase insert domain receptor (a type 1l receptor tyrosine kinase)

GI_30172563-S VEGF

vascular endothelial growth factor

GI _28610153-S1L8

interleukin 8
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Gl 27262662-A CDHI 1

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

Gl _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)

Gl 22095338-S PGK} phosphoglycerate kinase |

Gl 31543396-S PGK2 phosphoglycerate kinase 2

GI 21735620-S MDH2 malate dehydrogenase 2, NAD (mitochondrial)

GI 26024330-S TPII

triosephosphate isomerase 1

Catabolism

GI_16507966-S ENO2

enolase 2 (gamma, neuronal)

Gl _16507965-S ENO!

enolase |, (alpha)

Gl _22095338-S PGKI1

phosphoglycerate kinase 1

Gl 31543396-S PGK2

phosphoglycerate kinase 2

Gl _21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

Gl 26024330-S TPII

triosephosphate isomerase 1

Cellular Carbohydrate Catabolism

Gl _16507966-S ENO2 enolase 2 (gamma, neuronal)
Gl 16507965-S ENOI enolase |, (alpha)
Gl _22095338-S PGK1 phosphoglycerate kinase 1

Gl 31543396-S PGK2 phosphoglycerate kinase 2
Gl 21735620-S MDH2 malate dehydrogenase 2, NAD (mitochondrial)
GI_26024330-S TPI1 triosephosphate isomerase 1

Cellular Carbohydrate Metabolism

Gl 16507966-S ENO2

enolase 2 (gamma, neuronal)

GI_16507965-S ENOI1

enolase 1, (alpha)

Gl 22095338-S PGKI1

phosphoglycerate kinase |

Gl 31543396-S PGK2

phosphoglycerate kinase 2

Gl 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

GI 26024330-S TPI11

triosephosphate isomerase 1

Cellular Catabolism

Gl 16507966-S ENO2

enolase 2 (gamma, neuronal)

Gl _16507965-S ENOI

enolase 1, (alpha)
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Gl 31543396-S PGK2

phosphoglycerate kinase 2

Gl 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

Gl 26024330-S TPI1

triosephosphate isomerase |

Chemotaxis

Gl 27262654-A 1L16

interleukin 16 (lymphocyte chemoattractant factor)

Gl 22538807-A CCL23

chemokine (C-C motif) ligand 23

Gl 34335180-A CCLI15

chemokine (C-C motif) ligand 15

Gl 40316922-1 CXCL12

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

Gl _41872613-S CXCLS

chemokine (C-X-C motif) ligand 5

Gl 22538812-S CCL2

chemokine (C-C motif) ligand 2

Gl _4504098-S CXCR3

chemokine (C-X-C motif) receptor 3

Gl 22538399-S CCL11

chemokine (C-C motif) ligand [}

Gl 5453576-S CXCL13

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

Gl 22538815-S CCLS

chemokine (C-C motif) ligand 8

Gl 34222286-S CYR61

cysteine-rich, angiogenic inducer, 61

Gl _4506832-S CCLI

chemokine (C-C motif) ligand |

GI 28610153-S1L§

interleukin 8

Gl 22538800-S CCL16

chemokine (C-C motif) ligand 16

GI 14790145-S CXCL11

chemokine (C-X-C motif) ligand 11

Gl 22165426-S CCL24

chemokine (C-C motif) ligand 24

Gl 22538813-S CCLS

chemokine (C-C motif) ligand 5

Gl 13435401-S CCL7

chemokine (C-C motif) ligand 7

Gl 4505862-S PLAU

plasminogen activator, urokinase

GI_4504152-S CXCLI

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

GI 27894329-S ILIA

interleukin I, alpha

Gl 22547151-S CCL26

chemokine (C-C motif) ligand 26

Gl 4506852-S XCLI

chemokine (C motif) ligand 1

Defense Response

Gl 27894305-SILIB

interleukin 1, beta

Gl 27894329-S IL1A

interleukin 1, alpha

Development

Gl 42716312-S ANG

angiogenin, ribonuclease, RNase A family, §

Gl 5902810-A BMPI

bone morphogenetic protein |

Gl _27262662-A CDHI11

cadherin 1 I, type 2, OB-cadherin (osteoblast)

Gl 27262662-A CSF1

colony stimulating factor 1 (macrophage)

Gl 27437029-S CSF2

colony stimulating factor 2 (granulocyte-macrophage)

Gl 27437048-A CSF3

colony stimulating factor 3 (granulocyte)

Gl 34222286-S CYRGI

cysteine-rich, angiogenic inducer, 61
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Gl 40317625-S THBSI

thrombospondm 1

GI 40805871-S THPO

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

GI 4507508-S TIMPI

TIMP metallopeptidase inhibitor 1

Gl 30172563-S VEGF

vascular endothelial growth factor

Energy Derivation by Oxida

tion of Organic Compounds

Gl _16507966-S ENO2

enolase 2 (gamma, neuronal)

Gl 16507965-S ENO|I

enolase I, (alpha)

Gl 22095338-S PGKI

phosphoglycerate kinase 1

Gl 31543396-S PGK2

phosphoglycerate kinase 2

Gl 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

Gl 26024330-S TPI11

triosephosphate isomerase |

Exocytosis

Gl _22538815-S CCLS8

chemokine (C-C motif) ligand 8

GI 22538813-S CCL5

chemokine (C-C motif) ligand §

Fever

Gl 27894305-SILIB

interleukin 1, beta

GI 27894329-SIL1A

interleukin 1. alpha

Generation of Precursor Me

tabolites and Energy

GI _16507966-S ENO2

enolase 2 (gamma, neuronal)

GI _16507965-S ENOI

enolase |, (alpha)

Gl 22095338-S PGKI

phosphoglycerate kinase 1

Gl _31543396-S PGK2

phosphoglycerate kinase 2

GI 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

GI 26024330-S TPII

triosephosphate isomerase |

Glucose Catabolism

Gl _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

GI 21735620-S MDH2 malate dehydrogenase 2. NAD (mitochondrial)
Gl 26024330-S TPI1 triosephosphate isomerase |

Glucose Metabolism
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Gl 16507966-S ENO2 enolase 2 (gamm’a, neuronal)
GI_16507965-S ENOI enolase 1, (alpha)
Gl _22095338-S PGKI phosphoglycerate kinase |
Gl 31543396-S PGK2 phosphoglycerate kinase 2
Gl 21735620-S MDH2 malate dehydrogenase 2, NAD (mitochondrial)
Gl 26024330-S TPII triosephosphate isomerase 1

Heat Generation
Gl 27894305-S ILIB interleukin 1, beta
Gl 27894329-SIL1A interleukin 1, alpha

Hemopoiesis

Gl 27262662-A CSF1 colony stimulating factor 1 (macrophage)
Gl 4580419-A KITLG KIT ligand
Gl 24430216-S IL10 interleukin 10

Hemopoietic or Lymphoid Organ Development

Gl _27262662-A CSF1 colony stimulating factor 1 (macrophage)
Gl 4580419-A KITLG KIT ligand
Gl 24430216-S IL10 interleukin 10

Hexose Catabolism

Gl 16507966-S ENO2 enolase 2 (gamma, neuronal)

Gl _16507965-S ENOI enolase |, (alpha)

GI1_22095338-S PGKI1 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

Hexose Metabolism

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

GI_16507965-S ENOI enolase 1, (alpha)

Gl 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 |

Immune Response
GI 27894305-S IL1B interleukin 1, beta

Gl _27894329-SIL1A interleukin 1, alpha

Inflammatory Response
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Gl 21735620-S MDH2 malate dehydrogenase 2, NAD (mitochondrial)

Gl 13027798-S MMPI matrix metallopeptidase | (interstitial collagenase)

Gl _4505204-S MMP10 matrix metallopeptidase 0 (stromelysin 2)

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

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

matrix metallopeptidase 9 (gelatinase B, 92kDa gelatinase, 92kDa type

Gl_4826835-S MMP9
— 1V collagenase)

Gl 22095338-S PGKI phosphoglycerate kinase |

Gl 31543396-S PGK2 phosphoglycerate kinase 2

Gl _4505862-S PLAU plasminogen activator, urokinase
Gl 26024330-S TPI1 triosephosphate isomerase |

Macromolecule Catabolism

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

Gl 16507965-S ENOI enolase 1, (alpha)

Gl 22095338-S PGK1 phosphoglycerate kinase |

Gl 31543396-S PGK2 phosphoglycerate kinase 2

Gl 21735620-S MDH2 malate dehydrogenase 2, NAD (mitochondrial)
Gl 26024330-S TPI triosephosphate isomerase |

Main Pathways of Carbohydrate Metabolism

Gl 16507966-S ENO2 enolase 2 (gamma, neuronal)

Gl _16507965-S ENO| enolase 1, (alpha)

Gl 22095338-S PGKI phosphoglycerate kinase |

Gl 31543396-S PGK2 phosphoglycerate kinase 2

Gl 21735620-S MDH2 malate dehydrogenase 2, NAD (mitochondrial)
Gl 26024330-S TPI1 triosephosphate isomerase |

Monosaccharide Catabolism

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

Gl 16507965-S ENOI enolase |, (alpha)

Gl 22095338-S PGK1 phosphoglycerate kinase 1

Gl 31543396-S PGK2 phosphoglycerate kinase 2

GI 21735620-S MDH2 malate dehydrogenase 2, NAD (mitochondrial)
Gl 26024330-S TPII triosephosphate isomerase |

Monosaccharide Metabolism

GI 16507966-S ENO2 enolase 2 (gamma, neuronal)
GI _16507965-S ENOI enolase 1, (alpha)
Gl 22095338-S PGK1 phosphoglycerate kinase |

Gl _31543396-S PGK2 phosphoglycerate kinase 2
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Gl 4507170-S SPARC

secreted protein, acidic, cysteine-rich (osteonectin)

Gl 42716312-S ANG

angiogenin, ribonuclease, RNase A family, §

Gl 24430216-SIL10

interleukin 10

Gl 10337586-S FGF6

fibroblast growth factor 6

Organ Morphogenesis

GI _11321596-S KDR

kinase insert domain receptor (a type 111 receptor tyrosine kinase)

Gl 30172563-S VEGF

vascular endothelial growth factor

GI 28610153-S IL8

interleukin 8

Gl 42716312-S ANG

angiogenin, ribonuclease, RNase A family, §

Gl _10337586-S FGF6

fibroblast growth factor 6

Ossification

Gl 27262662-A CDHI 1

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

Gl 5902810-A BMPI

bone morphogenetic protein 1

Gl _4507170-S SPARC

secreted protein, acidic, cysteine-rich (osteonectin)

Phosphate Metabolism

Gl _22095338-S PGK

phosphoglycerate kinase 1

Gl 31543396-S PGK2

phosphoglycerate kinase 2

Phosphorus Metabolism

GI_22095338-S PGK1

phosphoglycerate kinase 1

GI 31543396-S PGK2

phosphoglycerate kinase 2

Response to Abiotic Stimulu

Gl 27262654-A IL16

interleukin 16 (lymphocyte chemoattractant factor)

Gl 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)

Gl 41872613-S CXCLS5

chemokine (C-X-C motif) ligand 5

Gl 22538812-S CCL2

chemokine (C-C motif) ligand 2

Gl 4504098-S CXCR3

chemokine (C-X-C motif) receptor 3

GI 22538399-S CCLI11

chemokine (C-C motif) ligand 11

Gl _5453576-S CXCL13

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

Gl 22538815-S CCL8

chemokine (C-C motif) ligand 8

Gl 34222286-S CYRGI

cysteine-rich, angiogenic inducer, 61

Gl 4506832-S CCLI

chemokine (C-C motif) ligand |

GI 28610153-S1L8

interleukin 8




colony stinmulating factor 2 (granul ocyte-macrophage)
G 27437048- A CSF3 colony stinulating factor 3
(granul ocyte) A 4506856-S CX3CL1 chenokine (G X3-C
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Response to Chemical Stimulus

Gl _27262654-A IL16 interleukin 16 (lymphocyte chemoattractant factor)

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

Gl 34335180-A CCLI5 chemokine (C-C motif) ligand 15

Gl 40316922-1 CXCLI12 chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1)
Gl 41872613-S CXCL5 chemokine (C-X-C motif) ligand §

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

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

Gl 22538399-S CCLI11 chemokine (C-C motif) ligand 11

Gl 5453576-S CXCL13 chemokine (C-X-C motif) ligand 13 (B-cell chemoattractant)
Gl 22538815-S CCL8 chemokine (C-C motif) ligand §

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

Gl 4506832-S CCL1 chemokine (C-C motif) ligand |

Gl 28610153-SIL8 interleukin §

Gl 22538800-S CCL16 chemokine (C-C motif) ligand 16

Gl 14790145-S CXCLI11 chemokine (C-X-C motif) ligand 11

Gl 22165426-S CCL24 chemokine (C-C motif) ligand 24

Gl 22538813-S CCLS chemokine (C-C motif) ligand 5

Gl 13435401-S CCL7 chemokine (C-C motif) ligand 7

Gl 4505862-S PLAU plasminogen activator, urokinase

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

Gl 4504152-S CXCL1 -
- activity, alpha)

GI 27894329-S IL1A interleukin 1, alpha
Gl 22547151-S CCL26 chemokine (C-C motif) ligand 26
Gl 4506852-S XCLI1 chemokine (C motif) ligand |

Response to External Biotic Stimulus

Gl 27894305-S ILIB interleukin 1. beta

GI 27894329-S IL1A interleukin 1, alpha

Response to External Stimulus

Gl _27262654-A IL16 interleukin 16 (lymphocyte chemoattractant factor)
Gl 22538807-A CCL23 chemokine (C-C motif) ligand 23
Gl _34335180-A CCLI15 chemokine (C-C motif) ligand 15

Gl 40316922-1CXCL12 chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1)
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Gl _4504152-S CXCLI

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

Gl 27894329-S IL1A

interleukin 1, alpha

Gl 22547151-S CCL26

chemokine (C-C motif) ligand 26

Gl 4506852-S XCLI

chemokine (C motif) ligand 1

Response to Pest, Pathogen or Parasite

Gl 27894305-SILIB

interleukin 1, beta

GI_27894329-S IL1A

interleukin 1, alpha

Response to Stimulus

Gl 27262654-A IL16

interleukin 16 (lymphocyte chemoattractant factor)

Gl 22538807-A CCL23

chemokine (C-C motif) ligand 23

Gl _34335180-A CCLI15

chemokine (C-C motif) ligand 15

Gl 40316922-1 CXCL12

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

Gl 41872613-S CXCLS

chemokine (C-X-C motif) ligand 5

Gl 22538812-S CCL2

chemokine (C-C motif) ligand 2

Gl 4504098-S CXCR3

chemokine (C-X-C motif) receptor 3

Gl 22538399-S CCLI11

chemokine (C-C motif) ligand 11

Gl 5453576-S CXCLI3

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

Gl 22538815-S CCL8

chemokine (C-C motif) ligand 8

Gl 34222286-S CYRGI

cysteine-rich, angiogenic inducer, 61

Gl 4506832-S CCLI

chemokine (C-C motif) ligand |

Gl 28610153-SIL8§

interleukin 8

Gl 22538800-S CCL16

chemokine (C-C motif) ligand 16

GI _14790145-S CXCLI11

chemokine (C-X-C motif) ligand 11

Gl 22165426-S CCL24

chemokine (C-C motif) ligand 24

Gl 22538813-S CCL5

chemokine (C-C motif) ligand 5

Gl 27894305-SILIB

interleukin 1, beta

GI 13435401-S CCL7

chemokine (C-C motif) ligand 7

Gl 4505862-S PLAU

plasminogen activator, urokinase

Gl _4504152-S CXCL1

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

GI 27894329-S IL1A

interleukin 1, alpha

Gl 22547151-S CCL26

chemokine (C-C motif) ligand 26
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Secretion

Gl 22538815-S CCL8

chemokine (C-C motif) ligand §

Gl 22538813-S CCLS

chemokine (C-C motif) ligand 5

Secretory Pathway

Gl 22538815-S CCL8

chemokine (C-C motif) ligand 8§

Gl 22538813-S CCLS

chemokine (C-C motif) ligand 5

Skeletal Development

Gl 27262662-A CDHI |

cadherin 1 1, type 2, OB-cadherin (osteoblast)

GI_5902810-A BMPI
BMPI

bone m

orphogenetic protein 1

GI1_4507170-S SPARC

secreted protein, acidic, cysteine-rich (osteonectin)

Taxis

Gl 27262654-A IL16

interleu

kin 16 (lymphocyte chemoattractant factor)

GI 22538807-A CCL23

chemokine (C-C motif) ligand 23

Gl 34335180-A CCLI5

chemokine (C-C motif) ligand 15

Gl 40316922-1CXCL12

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

Gl 41872613-S CXCL5

chemokine (C-X-C motif) ligand 5

Gl 22538812-S CCL2

chemokine (C-C motif) ligand 2

Gl_4504098-S CXCR3

chemokine (C-X-C motif) receptor 3

Gl 22538399-S CCLI11

chemokine (C-C motif) ligand 1|

Gl _5453576-S CXCL13

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

Gl 22538815-S CCL8

chemokine (C-C motif) ligand §

Gl 34222286-S CYRG6I

cysteine-rich, angiogenic inducer, 61

Gl 4506832-S CCLI

chemokine (C-C motif) ligand 1

GI 28610153-S 1L.8

interleu

kin 8

Gl 22538800-S CCL16

chemokine (C-C motif) ligand 16

Gl _14790145-S CXCL11

chemokine (C-X-C motif) ligand 11

Gl 22165426-S CCL24

chemokine (C-C motif) ligand 24

Gl 22538813-S CCLS5

chemokine (C-C motif) ligand 5

GI 13435401-S CCL7

chemokine (C-C motif) ligand 7

GI 4505862-S PLAU

plasminogen activator, urokinase

G1_4504152-S CXCLI

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

alpha)

Gl 27894329-S IL1A

interleu

kin 1, alpha

Gl 22547151-S CCL26

chemokine (C-C motif) ligand 26

Gl _4506852-S XCL1

chemokine (C motif) ligand |




G 74275 16-S HSP& heparan sul fate proteoglycan 2
(perlecan) A 21361192-S CD44 CD44 antigen (hom ng
function and Indian bl ood group systen) Epi t hel i al

cell signaling in
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Hel i cobacter pylori infection - Honp
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Vasulogenesis
Gl _30172563-S VEGF | vascular endothelial growth factor
Vasculature Development
Gl 11321596-S KDR kinase insert domain receptor (a type IlI receptor tyrosine kinase)
Gl 30172563-S VEGF vascular endothelial growth factor
Gl 28610153-S1L8 interleukin 8
Gl 42716312-S ANG angiogenin, ribonuclease, RNase A family. 5
Gl 10337586-S FGF6 fibroblast growth factor 6

Example 14. Listing of 201

Genes in Each of the 30 Pathways

Antigen processing and presentation - Homo sapiens (human)

Gl 22538429-A CTSB

cathepsin B

Gl _37704380-S B2M

beta-2-microglobulin

Gl 24234685-A HSPAS

heat shock 70kDa protein 8

Gl 30581139-A PSMEI

proteasome (prosome, macropain) activator subunit 1 (PA28 alpha)

Apoptosis - Homo sapiens (hum

an)

Gl 41281560-S CLSTNI

calsyntenin |

Gl 28416914-S IL3

interleukin 3 (colony-stimulating factor. multiple)

Gl 27894329-S IL1A

interleukin 1, alpha

Gl 27894305-S IL1B

interleukin 1, beta

GI_25952110-S TNF

tumor necrosis factor (TNF superfamily, member 2)

Carbon fixation - Homo sapiens (human)

Gl _21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

Gl 26024330-S TPI1

triosephosphate isomerase |

Gl 22095338-S PGKI

phosphoglycerate kinase 1

GI 31543396-S PGK2

phosphoglycerate kinase 2

Cell Communication - Homo sa

iens (human)

Gl 27436944-A LMNA

lamin A/C

Gl 5016088-S ACTB

actin, beta

GI 10938011-S ACTC

actin, alpha, cardiac muscle

GI 11038618-S ACTGI

actin, gamma |

Gl 14719826-S COLIAI

collagen, type I, alpha 1

GI 21536289-S COL1A2

collagen. type I, alpha 2

GI1_15149480-S COL3AI1

collagen, type IIl. alpha 1 (Ehlers-Danlos syndrome type 1V, autosomal
dominant)




actin. ganma 1 4
G 18375521 - A COLI
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|fr‘ajgfu le (TCA cyc'Ue
Gl 4%504374-S CFH1/HF]1

complement factor H

Gl 21735620-S MDH2

malate dehydrogenase 2. NAD (mitochondrial)

Complement and coagulation cascades -

Homo sapiens (human)

GI_4505862-S PLAU

plasminogen activator, urokinase

Gl 4504374-S CFH1/HF1

complement factor H

Gl 31542249-S CIR

complement component 1, r subcomponent

Cytokine-cytokine receptor interaction - Homo sapiens (human)

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

Gl 22538399-S CCLI11 chemokine (C-C motif) ligand 11

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

Gl 22538800-S CCL16 chemokine (C-C motif) ligand 16

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

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

Gl 22165426-S CCL24 chemokine (C-C motif) ligand 24

Gl 22547151-S CCL26 chemokine (C-C motif) ligand 26

Gl 22538813-S CCL5 chemokine (C-C motif) ligand 5

Gl 13435401-S CCL7 chemokine (C-C motif) ligand 7

Gl 22538815-S CCLS8 chemokine (C-C motif) ligand 8

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

Gl _27437029-S CSF2 colony stimulating factor 2 (granulocyte-macrophage)

Gl 27437048-A CSF3 colony stimulating factor 3 (granulocyte)

Gl 4506856-S CX3CL1 chemokine (C-X3-C motif) ligand 1

GI_4504152-S CXCLI chemokine (C-X-C motif) ligand 1 (melanoma growth stimulating
activity, alpha)

GI 14790145-S CXCL11 chemokine (C-X-C motif) ligand 11

Gl 40316922-1 CXCL12 chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1)

Gl 5453576-S CXCLI13 chemokine (C-X-C motif) ligand 13 (B-cell chemoattractant)

GI 41872613-S CXCL5 chemokine (C-X-C motif) ligand §

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

Gl 6031163-S EGF epidermal growth factor (beta-urogastrone)

GI _38455415-S FLT3LG fms-related tyrosine kinase 3 ligand

GI 33859834-S HGF hepatocyte growth factor (hepapoietin A; scatter factor)

GI 10835170-S IFNG interferon, gamma

Gl 24430216-SI1L10 interleukin 10

Gl 24497437-S 1L12B interleukin 12B (natural killer cell stimulatory factor 2, cytotoxic

lymphocyte maturation factor 2, p40)

GI 26787977-S 1L 13

interleukin 13

GI 27894329-S IL1A

interleukin I, alpha

Gl 27894305-SILIB

interleukin 1, beta

GI 28178860-S IL2

interleukin 2
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9% 110-S TNF

tumor necrosis factor (TNF superfamily, member 2)

S TR S ENO
Gl _22547122-S TNFRSF11B

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

Gl _30172563-S VEGF

vascular endothelial growth factor

GI_4506852-S XCLI

chemokine (C motif) ligand |

ECM-receptor interaction - Hom

o sapiens (human)

Gl 9845497-S LAMCI laminin, gamma | (formerly LAMB2)

Gl 14719826-S COLIAI collagen, type |, alpha 1

Gl 21536289-S COLIA2 collagen, type I, alpha 2

GI1_15149480-S COL3AI collagen, type 111, alpha 1 (Ehlers-Danlos syndrome type 1V, autosomal
dominant)

Gl 45580690-S COL4Al collagen, type 1V, alpha |

Gl _17986276-S COL4A2 collagen, type 1V, alpha 2

Gl _16554578-S COLSAI collagen, type V, alpha |

GI 16554580-S COL5A2 collagen, type V, alpha 2

Gl _15011912-S COL6A1 collagen, type VI, alpha 1

Gl 17402876-A COL6A2 collagen, type VI, alpha 2

Gl 17149810-A COL6A3 collagen, type V1, alpha 3

Gl _18375521-A COL11Al collagen, type XI. alpha 1

Gl 16554581-S COLSA3 collagen, type V, alpha 3

Gl _16933543-A FNI fibronectin |

Gl 40317625-S THBSI thrombospondin |

Gl 7427516-S HSPG2 heparan sulfate proteoglycan 2 (perlecan)

Gl 21361192-S CD44 CD44 antigen (homing function and Indian blood group system)

Epithelial cell signaling in Helico

bacter pylori infection - Homo sapiens (human)

GI 22538813-S CCL5

chemokine (C-C motif) ligand 5

Gl 4504152-S CXCLI

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

Gl 28610153-SIL8

interleukin 8

Fc epsilon Rl signaling pathway - Homo sapiens (human)

Gl 25952110-S TNF

tumor necrosis factor (TNF superfamily, member 2)

Gl 26787977-SIL13

interleukin 13

Gl 27437029-S CSF2

colony stimulating factor 2 (granulocyte-macrophage)

GI 41281560-S CLSTN!

calsyntenin 1

GI 28416914-SIL3

interleukin 3 (colony-stimulating factor, multiple)

Focal adhesion - Homo sapiens (human)
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Gl 16
GI 1501 1912-S COL6AI

heqllagenstyns Yialpha? ol pha G 27894305- S
col] Aype V. alpha 3’

collageh,vfype VI, alpha |

GI1 _17402876-A COL6A2

collagen, type VI, alpha 2

Gl 17149810-A COL6A3

collagen, type VI, alpha 3

Gl 6031163-S EGF

epidermal growth factor (beta-urogastrone)

GI 4503744-S FLNA

filamin A, alpha (actin binding protein 280)

Gl _16933543-A FNI

fibronectin |

Gl 33859834-S HGF

hepatocyte growth factor (hepapoietin A; scatter factor)

GI _19923111-S IGFI

insulin-like growth factor | (somatomedin C)

Gl 10834983-S IL6

interleukin 6 (interferon, beta 2)

Gl 11321596-S KDR

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

GI_9845497-S LAMCI

laminin, gamma 1 (formerly LAMB2)

GI_15451785-A PDGFB

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

G! 15451788-S PDGFRB

platelet-derived growth factor receptor, beta polypeptide

Gl _40317625-S THBSI

thrombospondin |

GI_30172563-S VEGF

vascular endothelial growth factor

Gap junction - Homo sapiens (h

uman)

GI _5174476-S K-ALPHA-I tubulin, alpha, ubiquitous

Gl 17986282-S TUBA3 tubulin, alpha 3

Gl 31880337-S TUBAG6 tubulin, alpha 6

Gl 15451788-S PDGFRB platelet-derived growth factor receptor, beta polypeptide

GI 6031163-S EGF epidermal growth factor (beta-urogastrone)

GI1_15451785-A PDGFB platelet-derived growth factor beta polypeptide (simian sarcoma viral (v-

sis) oncogene homolog)

Glycolysis or Gluconeogenesis -

Homo sapiens (human)

Gl _16507965-S ENOI

enolase |, (alpha)

Gl _16507966-S ENO2

enolase 2 (gamma, neuronal)

GI 26024330-S TP11

triosephosphate isomerase 1

Gl 22095338-S PGK]

phosphoglycerate kinase |

GI 31543396-S PGK2

phosphoglycerate kinase 2

Hematopoietic cell lineage - Homo sapiens (human)

GI 21361192-S CD44

CD44 antigen (homing function and Indian blood group system)

Gl 4503744-S FLNA

filamin A, alpha (actin binding protein 280)

GI_40805871-S THPO

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

GI 4507508-S TIMPI

TIMP metallopeptidase inhibitor 1

Gl 25952110-S TNF

tumor necrosis factor (TNF superfamily, member 2)

Gl 27262662-A CSF1

colony stimulating factor 1 (macrophage)

Gl 27437048-A CSF3

colony stimulating factor 3 (granulocyte)
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Insulin signaling pathway -
Homo sapiens (human)

GI 31377794-S CALMI

calmodulin | (phosphorylase kinase, delta)

GI 41281560-S CLSTNI

calsyntenin |

Jak-STAT signaling pathway - Homo sapiens (human)

GI 41281560-S CLSTNI

calsyntenin |

Gl 27437029-S CSF2

colony stimulating factor 2 (granulocyte-macrophage)

GI 27437048-A CSF3

colony stimulating factor 3 (granulocyte)

GI _10835170-S IFNG

interferon, gamma

GI 24430216-S IL10

interleukin 10

GI _24497437-S IL12B

interleukin 12B (natural killer cell stimulatory factor 2, cytotoxic
lymphocyte maturation factor 2, p40)

GI 26787977-S IL13

interleukin 13

Gl 28178860-S IL2

interleukin 2

Gl 28416914-S 1L3

interleukin 3 (colony-stimulating factor, multiple)

Gl _10834983-S IL6

interleukin 6 (interferon, beta 2)

Gl 28610152-S IL7

interleukin 7

GI_4557714-S LEP

leptin (obesity homolog, mouse)

Gl _6006018-S LIF

leukemia inhibitory factor (cholinergic differentiation factor)

Gl 40805871-S THPO

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

Gl _4507508-S TIMP1

TIMP metallopeptidase inhibitor |

Leukocyte transendothelial mig

ration - Homo sapiens (human)

Gl 4826835-S MMP9

matrix metallopeptidase 9 (gelatinase B, 92kDa gelatinase, 92kDa type
1V collagenase)

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

Gl 28610153-SIL8 interleukin 8

Gl 40316922-1 CXCL12 chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1)
Gl _41281560-S CLSTNI calsyntenin 1|

Gl 5016088-S ACTB actin, beta

GI1 10938011-S ACTC actin, alpha, cardiac muscle

Gl 11038618-S ACTGI actin, gamma |

MAPK signaling pathway - Homo sapiens (human)

GI_34106709-A BDNF

brain-derived neurotrophic factor

GI_6031163-S EGF

epidermal growth factor (beta-urogastrone)

Gl 4503692-S FGF17

fibroblast growth factor 17

GI_4503700-S FGF4

fibroblast growth factor 4 (heparin secretory transforming protein 1,
Kaposi sarcoma oncogene)

Gl _10337586-S FGF6

fibroblast growth factor 6

Gl _15147344-S FGF7

fibroblast growth factor 7 (keratinocyte growth factor)

Gl 4503706-S FGF9

fibroblast growth factor 9 (glia-activating factor)
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Methane metabolism - Homo sa

piens (human)

GI_40805871-S THPO

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

Gl 32455261-A PRDXS

peroxiredoxin 5

mTOR signaling pathway -

Homo sapiens (human)

Gl 30172563-S VEGF

vascular endothelial growth factor

Gl 41281560-S CLSTNI

calsyntenin 1|

GI _19923111-S IGF1

insulin-like growth factor 1 (somatomedin C)

Phenylalanine, tyrosine and try

tophan biosynthesis - Homo sapiens (human)

GI_16507965-S ENO'

enolase 1, (alpha)

GI 16507966-S ENO2

enolase 2 (gamma, neuronal)

Phenylalanine metabolism - Homo sapiens (human)

Gl 4505184-S MIF

macrophage migration inhibitory factor (glycosylation-inhibiting factor)

GI 40805871-S THPO

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

GI 32455261-A PRDXS

peroxiredoxin 5

Regulation of actin cytoskeleton

- Homo sapiens (human)

Gl 5016088-S ACTB actin, beta

GI _10938011-S ACTC actin, alpha, cardiac muscle

GI 11038618-S ACTGI actin, gamma |

GI 5031634-S CFLI cofilin 1 (non-muscle)

Gl 41281560-S CLSTNI calsyntenin 1

Gl 6031163-S EGF epidermal growth factor (beta-urogastrone)

Gl _4503692-S FGF17 fibroblast growth factor 17

GI 4503700-S FGF4 fibroblast growth factor 4 (heparin secretory transforming protein 1,
Kaposi sarcoma oncogene)

Gl _10337586-S FGF6 fibroblast growth factor 6

Gl _15147344-S FGF7 fibroblast growth factor 7 (keratinocyte growth factor)

Gl _4503706-S FGF9 fibroblast growth factor 9 (glia-activating factor)

Gl _13186266-A FGFR2 fibroblast growth factor receptor 2 (bacteria-expressed kinase,
keratinocyte growth factor receptor, craniofacial dysostosis 1, Crouzon
syndrome, Pfeiffer syndrome. Jackson-Weiss syndrome)

Gl 16933543-A FNI fibronectin |

Gl 38044287-A GSN gelsolin (amyloidosis, Finnish type)

Gl 22507396-S MYH9 myosin, heavy polypeptide 9, non-muscle

Gl 15451785-A PDGFB platelet-derived growth factor beta polypeptide (simian sarcoma viral (v-
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TGF-beta signaling pathway -

Homo sapiens (human)

GI _4557730-S LTBP1

latent transforming growth factor beta binding protein |

Gl 40317625-S THBSI

thrombospondin |

Gl 10863872-S TGFBI

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)

Gl 5016088-S ACTB

actin, beta

Gl _10938011-S ACTC

actin, alpha, cardiac muscle

Gl 11038618-S ACTGI

actin, gamma |

Gl 22507396-S MYH9

myosin, heavy polypeptide 9, non-muscle

Toll-like receptor signaling pathway -

Homo sapiens (human)

Gl 14790145-S CXCL11

chemokine (C-X-C motif) ligand 11

Gl 28610153-S1L8

interleukin 8

Gl 24497437-S IL12B

interleukin [2B (natural killer cell stimulatory factor 2, cytotoxic
lymphocyte maturation factor 2, p40)

GI 27894305-SILIB

interleukin 1, beta

Gl _41281560-S CLSTNI

calsyntenin |

Gl _10834983-SIL6

interleukin 6 (interferon, beta 2)

Gl 22538813-S CCL5

chemokine (C-C motif) ligand 5

Gl 25952110-S TNF

tumor necrosis factor (TNF superfamily, member 2)

Type 1 diabetes mellitus - Homo

sapiens (human)

Gl 24497437-SIL12B

interleukin 12B (natural killer cell stimulatory factor 2, cytotoxic
lymphocyte maturation factor 2, p40)

GI _28178860-S 1L2

interleukin 2

GI _10835170-S IFNG

interferon, gamma

Gl 27894329-S ILTA

interleukin 1, alpha

GI _27894305-SIL1B

interleukin 1, beta

Gl 25952110-S TNF

tumor necrosis factor (TNF superfamily, member 2)
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20. A pharmaceutical conposition conprising a
mesenchymal progenitor cell |ine, nesenchymal stem
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mesenchy stem mese ell 1ine,
di ffer en?@gf%ﬂmﬁ‘ﬁ E’ﬁé‘?ﬁ?f?a'l“t ?B?v‘hsecﬂéf‘ P%Eg}rgf erenti at ed

cell, use or conditioned nedium substantially as
her ei nbef@i)andesadrselved{ watdfomeftenemeke to and as shown
in Figures 1 to 9 of the acconpanying draw ngs.

(d) deriving a cell culture therefrom.

17. A method according to Claim 16, which further comprises a feature set out in any
of Claims 1 to 12.

18. A mesenchymal progenitor cell line, mesenchymal stem cell, mesenchymal stem
cell line or differentiated mesenchymal stem cell obtainable by a method according to any
of Claims 1 to 14, or a differentiated cell derived therefrom, for use in a method of
treatment of a disease preferably 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. the method comprising
administering the mesenchymal stem cell, mesenchymal stem cell line or the differentiated
cell into a patient.

19. Use of a mesenchymal progenitor cell line, mesenchymal stem cell, mesenchymal
stem cell line or differentiated mesenchymal stem cell obtainable by a method according
to any of Claims 1 to 14 in the preparation of a medicament for the treatment or prevention
of a disease, preferably 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, in an individual.
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20. A pharmaceutical composition comprising a mesenchymal progenitor cell line,
mesenchymal stem cell, mesenchymal stem cell line or differentiated mesenchymal stem
cell obtainable by a method according to any of Claims 1 to 14, together with a

pharmaceutically acceptable excipient or carrier.

21. A method of conditioning a cell culture medium, the method comprising culturing
a mesenchymal progenitor cell line, mesenchymal stem cell, mesenchymal stem cell line
or differentiated mesenchymal stem cell obtained by a method according to any of Claims

1 to 16 in a cell culture medium and optionally isolating the cell culture medium.
22. A conditioned medium obtainable by a method according to Claim 21.

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

mesenchymal stem cell line or differentiated mesenchymal stem cell.

24. A conditioned medium according to Claim 22 for use in a method of treatment of a

disease in an individual.

25. A method, mesenchymal progenitor cell line, mesenchymal stem cell,
mesenchymal stem cell line, differentiated mesenchymal stem cell, differentiated cell, use
or conditioned medium substantially as hereinbefore described with reference to and as

shown in Figures 1 to 9 of the accompanying drawings.



