WO 2011/ 053257PCT/ SG2010/ 000422 1 METHODS OF MONI TORI NG CELLULAR STATES

FI ELD The present invention relates to the fields of nedicine, cell
bi ol ogy, wol2ecmisaas7bi ol ogy and genetics. This inventi onpcelsazes/ ob@2t he
field of medicine. In particular, it relates to nethods of nonitoring the
physi ol ogi cal or pathol ogical state of d4 cell or organism The invention
also relates to the diagnosis and treatnent of diseases such as cancer.

Reference is made t oMIMTHODSOF MONAIGRIN GRELEOLAR SiANES s 60/ 713, 992,
12/ 065, 549, 12/ 065, 551, 60/ 878,222, 12/ 377,398, 61/ 066, 671, 61/227, 865 and

61/ 257, 1&1. 10 Reference is also made to International Patent Application
Nunbers 2005/ 003206, PCT/ SG2006/ 000233, PCT/ SG006/ 000232,

PCT/ SG2007/ 00 a PCT/S 09/ 00p062. . The far.egoi n t ion
Pt oaon dooonbrpr3pttvebfiof BRPLRaBa s otmpdishRrsel SRk HoBR Al Gtk g
appl i cat b genchibs: Tl ingerdiohirelBtel hethp TRRRSUédIEInef each of the foregoI ng
applications (' appl i cati on and artlcl e cited docunents'), and any

manuf act urer' tructl on 50r cts r

ot B T TmBHOGHAE s 1S SRS L APRE e BRF PR S Ghlsete Sy o
the appl beatklPpr &?Qm%tns‘é ﬁv@dtfo%qtlél‘)%léf@% fhe dMdgolIS P cdthiell Fafidhed herein
by reference. hernore, all docunents cited 1n this text, and all

docunent §u‘thatSeC@nQﬂf reference in docunments cited in this text and any
manuf acturer's ‘instructions or catal ogues for any products C|ted or

mentioned in RakSedc@Xd mAde Io"UMRR HACHPRBAt AWIRRYor NGRbARKAIATY,9ont 0 this 20
text, are hereby incorporated herein by reference. Docunents i ncor por at ed

by r ef er éﬁ@éiﬁﬁ?d 2&’0ﬁ5é5t1e6@/ 8?)8,2%?(;926@5@83;@%0&@(&1636H2%§6i)@ndJ@é%l51 khe
pr aC r e Rﬁge[r;[:nr%i? !?ltrs](\)/ glra]t%ié ntemaﬁ naﬂ;a,?ent %ﬁ}ma%v%tlﬁtgmlpéfs ﬁé‘rf‘(ﬁﬁﬂﬁﬁ dd3§86 this

text Pé pri o cord st aspect

of the pPEIESG2006EIREHPCTEGROGI/OGR32, F@TASGIOO?/OOM%&HIMH/QG%O%OGIK)&% of
a cell, t}he met hod conpri sing est;abl ishing, for a selected mcroRNA (nm RNA)

The foregoing applications, and each document cited or referenced in each of the
present and foregoing applications, including during the érosecution of each of the foregoing
applications (‘application and article cited documents?), and any manufacturer’s instructions

15  or catalogues for any products cited or mentioned in each of the foregoing applications and
articles and in any of the application and article cited documents, are hereby incorporated
herein by reference. Furthermore, all documents cited in this text, and all documents cited or
reference in documents cited in this text, and any manufacturer’s instructions or catalogues for
any products cited or mentioned in this text or in any document hereby incorporated into this

20 text, are hereby incorporated herein by reference. Documents incorporated by reference into
this text or any teachings therein may be used in the practice of this invention. Documents

- incorporated by reference into this text are not admitted to be prior art.

SUMMARY

According to a 1% aspect of the present invention, we provide a method of monitoring
25  the state of a cell, the method comprising establishing, for a selected microRNA (miRNA)
species secreted by the cell, a ratio of: (a) a precursor form of the miRNA species (pre-
miRNA); to (b) a mature form of the miRNA species (mature miRNA); in which the pre- to

mature miRNA ratio so established is indicative of the state of the cell.

The cell may be comprised in a cell mass, tissue, organ or organism and the pre- to

30 mature miRNA ratio is indicative of the state of the respective cell mass, tissue, organ or



species secreted by the cell, a ratio of: (a) a precursor formof the m RNA
species (prem RNA); to (b) a mature form of the m RNA species (mature

m RNA) ; iWOwh11¢03325he pre- to mature m RNA rati o so est alBCII&86a¢i10j080422

i ndicative of the state of the cell. The cell may be conprised in
a cell mass, tissue, organ or organismand the pre- to 30mature mi RNA ratio
is indicative of the state of the respective cell mass, tissue, organ or

WO 2011/ 0rgabiPThe SERNL5EH0R4 2dhyDbeaogmnisatin ckbsonesRbretedéyiths catibandiahe
conprised in exosones secreted by the cell and.the nethod conpri se

obt ai ni n@eSERGMAY BUBPRE CDIHNIAE SUGHAXAEPTPT AN APBHNIAR ATarHiSAr and Bt Iorme Ak

m RNA s pegd SRIVRGHES EOHErefiBf. THO SRRy B8 o8RRI RSN h AR of @ BEgAnfM. an
organi.sm The organism may conprise the cell. The sanple nmay conprise a

bl ood . sarfhk @rganissemayncempyisethe aclt dlhiesamplermpdyecamnprise @rblewsl wpld, @ serum The
pre- }50 mat ur e m'lRNA ralti Q ma,%1 be elstabl i shed by hybridisation to an array
conpr P si AARSCH iy spmplet 4 ERE SIS h ahl e of binding to and di stingui shing
bet ween precursor and nmature fornms of the m RNA species. The pre- to mature
m RNA rati o ndhelpec-as trmbire shiRN Aosatip @y Hei asmbpsted bpriybadisitainto me aohy on
(RT-PCR). 10The net hod conpri se establ.ishing,q. prof.il.e conprising a

bl ur a1 SOBPrRE PG asiL eSS TORR PRAE b Bt ta 2 fiiheighiSs SQUPEL Pttt
speci es, agdaRnirB fHRlIN R RIRNASpEdiat Ehépret BEMERKE miRNA Rfi@fial ®e RBMbIXRed
established by hybridisation to an array conprising a plurality of probes
capabl e d?IYrtﬁlﬂmmlyme@m@m@ﬁﬁg}m@m@bet ween precursor and nmature forns
of the plurality of the selected m RNA species. 15The state of the cell may
conpipse a phygk @by 8ddpise StbhsiAS RApfofild caisristngs plualit@of pre- to
differentiation state, a devel opnment state or a netabolic state or a

pat hol ogineaduire sniRNA ragios lforaspluralifysefzskected miBN Anspegivarcadh slagative ohithe stage of

di abeti c state.,an idmune. di sor.der . stat.e. ..a neurodegenerative di.sorde
Ctare. alfeRUoTasProrlRs bt sRhiRE B AV BuBE W GEGRRIGH AR AORRRATSE |
pr ovi ded préies edphbROofiinding tcandsdiftiiguishing e tvidet pestiurdon wighinh ke foampef thed: (a)
for 20 detecting a change in state of a cell, the nethod conprising

det ect i n@lwali Hhghe selectedppiBNA spegicure ni RNA ratio of the cell (or a
profile conprising such a ratio), in which such a change indicates a change
in state of th@eGRtd of tHecHI MMy démpRse PpHiBidaHcA Sfate Slichlisiashil RYclt Rate,a cel |
isin a particular state, the nethod conprising conparing a pre- to mature
m RNA r atdifierentiatinn statd. p devglopment statg & acipatabelig sige et nataog)atca tat@j sugh as pr e-
to mature.m t] of: [ i,Si: io) of a cell
cnown 1 0 dauiey i thhuntiscs it d RaBe AL sl oRel Budetd O B FE L g
t he st at meafodegeneragiaadisordet ktetenmt hrwdgadaptaicsa oancolvnaktateny agumanpdtatef§ r om or
of that organism perform ng a nethod according to any precedi ng clai mon

the sample. aRReRStBRVIAN Aotdife B 238 aGlect S hRAAH: Hlehti G Y: Ra) bP

. V1
mature m RNA ratio therenyd

20  detecting a change in state of a cell, the method comprising detecting a change in a pre- to
‘mature miRNA ratio of the cell (or a profile comprising such a ratio), in which such a change
. indicates a change in state of the cell. We provide for a method for establishing that a cell is in
a particular state, the method comprising comparing a pre- to mature miRNA ratio of the cell
(or a profile comprising such a ratio) with a pre- to mature miRNA ratio (or a profile
25  comprising such a ratio) of a cell known to be in that particular state. We provide for a method
of monitoring the state of an organism, the method comprising obtaining a sample from or of
-that organism, performing a method according to any preceding claim on the sample, and
establishing the state of the organism from the pre- to mature miRNA ratio thereby obtained.
We pfovide for a method of detecting a disease in an organism, the method comprising
30  obtaining a sample from or of that organism, performing a method according to any preceding

claim on the sample, and comparing the pre- to mature miRNA ratio thereby obtained with a



We provide for a nethod of detecting a disease in an organism the nethod
conprising 30 obtaining a sanple fromor of that organism performng a

met hod acwordimg32zsé@ any preceding claimon the sanple, REWSCIMHAPI42Y t he
pre- to mature m RNA ratio thereby obtained with a WO

2011/ 053257PCT/ S&010/ 000422 3 pre- to Aature miRNA ratio of a sanple known
to be of or froma diseased organism W provide for a nethod of treatnent
or preveptd-anmaturamiRNaaato bfla sample gaows m bd dtorfeinh adiseast organisgn. dEe ect i ng
a disease in an organi smas set out above, and adm nistering a treatnent
for that PERvadsatoBa msthadeot Sreguming A Preven“onﬂﬁé%é‘@ﬁe &) s e methgd enchy mal
stem cel |, &pm diB&inpl Ali&3isOn 4l G gffibth 288 oBLABIVE SHIMANIMSEARS b HeBitknbt AL €
and avtrva(r)ls orn%g stg!?e. l%?g tnrahsgormag stgte may conmprise a %-nyc .

t r ansf or fiedhattdidease Ohlee origamist®RNA nmay conpri se hsa-1et-7b m croRNA (m RBase
Accessi on Number: MLO000063). The ratio may be 2.8 higher in a transfornmed
st at es conpar e 130 "cORbrisd AhRsenfRYmAEH BT IMSCH THEREARI IR B

possi bl e. 10V§h%?%lgp‘§g,cgg%gg% dfﬂnae tco nell 3r aspdect gf the present invention,
an arr ay comppse an uigraasfptrmeddtate ynd b transftbenal sate.dleacmsfocmed stagabdyecapfprise

bi nding to and di sti ngui shi het n precursor. and ture r f a
pl ural igt9 C@tpyqﬁrm%{)rgiﬁgéf%f‘s lﬁ'lg m“’“’% HBX‘LCH‘[’J’QEIE)%}&SL&HS?%WE“ ?‘gge@%nti on,

there.i s REANoALALIFEMICTH00EIP The M hdlebesSt 8 Rfuhef in 4 @dnsRirMéd dHalcompared
mesenchymal stemcell (MsC); and ((b) i nt'roduci ng an oncogene into 15 the
mesenchy tei nemaksiats. Any gombmatipy of thgabevrmay be possiblthi ch t he transfor ned
mesenchynmal stemcell does not secrete a gene product of the oncogene into

a meghum in WREHrohidel socBfdM¥to a 3™ aspedidE HRYTOLBNEYVERYONC ATRIrAyS EorfipriBitez a The
mesenchymal stemcell (MsSC) may conprise an established cell” |ine such as
huES9.. E1 pluFiléy ivf sedieih poid|segiennescaaphbl¢ MBindimgyto bed distingrashing batweeropretursor

cord. '20The transf or ned enchyn stem cell may be capabl e of bypassing
senescen@%&m?ﬁ’éefmg’ESPﬁ%Itﬁé’géﬂmwemﬁ'em cell. may have an increased
proliferation rate as conpared to a mesenchynal stemcell that has not been
transforned. Rse 4'r@psdtof tedreestinvéntivnl thstedspuoidedrayethad eomprising thes ed

popul ation doubling .time such.as 24 hou .compared ta a _nesench I

st em cel PPHE ?‘Héggﬂéltng t?é’é?‘?e{“f}ﬁ'ﬂ?% BtFWect?ils(M@t ?fhdr:@? B%@BUH%% i Bﬁ%ﬁ?ﬁ%/ HE? em
25 cebl  RRYmbRYEnyRhl sRET QASE dhdrSyORRisfy M i8Gh Whidhithé fasdomRaidatleseActimal
mesenchymal stem'cell that has not been transformned. V& praovi de,

accor di ngterocedl doen netsserete agene peoduckeldhe ongpgang ingha medinst Wowhigh itds 85Vl ng a
conditioned nedium the nmethod conprising the steps set out above, followed

by cul turing tig ohécRaé RaYRIMPESEAGHE Mhe HEQRRLIRShA] stedi cdl AESCEMEE Bdmprise
thereof, in a cell culture mediumto 30 condition it, and separating the
condi t i onedsthblished bell lineasweh a5 heldS B b.chhehyesgnchymahstesi ¢ell (MSC) may be derived

from umbilical cord.

20 The transformed mesenchymal stem cell may be capable of bypassing senescence. The
transformed mesenchymal stem cell may have an increased proliferation rate as compared to a
| mesenchymal stem cell that has not been transformed. The transformed mesenchymal stem
cell may have a decreased population doubling time such as 24 hours, as compared to a
mesenchymal stem cell that has not been transformed. The transformed mesenchymal stem
25  cell may have an increased telomerase activity as compared to a mesenchynial stem cell that

has not been transformed.

~ We provide, according to a th aspect of the present invention, a method of providing a
conditioned medium, the method comprising the steps set out above, followed by culturing the
transformed mesenchymal stem cell, or a descendent thereof, in a cell culture medium to

30  condition it, and separating the conditioned from the transformed mesenchymal stem cell.



WO 2011/ 053257PCT/ SG2010/ 000422 4 The present invention, in a 6th
aspect, provides a nethod of providing an exosone, the nmethod conpri sing:
(a) obtaiwDrgLIs3senchymal stem cell conditioned nmedi uRCTNEICNPIBY a

met hod according to Caim12; (b) concentrating the nmesenchymal stem cell
condi ti oned nedium for exanple by ultrdfiltration over a >1000 kDa
menbrane; (c) subjecting the 5 concentrated mesenchymal stem cell

condi ti oned negk Ewesm ifVehtioR Xif lauS e ct rovide DOMmamby of pmmla@arusmgma, the TSK
GQuard colum SWKL, 6 x 40 mmor a TSK gel (4000 SWKL, 7.8 x.300 nmm col um;
and (d) geathod qomprisnga () obwing o ﬂ%@qcah@al fteyp cabk a%ﬂlféoneétmezizan AMSCHAD

exhi bi t t i ght
ot teri o) it Bl RERICRI B oRLARe AR AP RCrbly A L PL AR el

f r act i onsnediingoeéxingplevby hlnaﬁttfmmntowem +1008 ld)a herhbrabd; (0) subjeeting thech as 12
mnutes. In a 7th aspe t o{ theﬁﬁresent invention,. there.is provided a

met hodl ofOReapaie mfszn ma vier S6H pengitionsthsRedivm &nsize Rl yiaTHIHOBRRERPEY ng
obt ai ni ngyé, m%qwmk GlaPAtAInh SWRNdb kiR d}%dlrsm%ém@@o@l\@wm AR x

exosome by a nethod set out above and admi xi ng the CM or exosomne, as
t he case 3ffynrhepluwing Anda(d) hdc@axgellwlabwrbgnti@@@&pnsaﬁllr@xwlm & 220 nm Yt | uent .

phar oGt P BORB O FaRCay St elestedby el AR el oo TR o

a mesenc i@ stef @Ifsdxhmpl@nipribdPeleatingdfr &bt Whithielae Withiasetention time of
cardi oprat ection. "The condl ti oned nmedi um exo sone or pharnaceuti cal

conpd8i t iléni3rrmipuiss, shapl emimuteseduci ng i nfarct size for exanple 20 as
assayed in a nmouse or pig nodel of myocardial ischenma and reperfusion
injury. The copdiftiagRetonBepHitntenReEoR, thére MBHoNRIEE H netiRld &%ﬁﬁﬁhglaon nmay
be capable of reducing oxidative stress for exanple as assaye inanin

Vi tr o asghyresiceviicat eqrepospianohicarethadiramrisingoiaiging | mesgachtymal pleagicdi ng to
an 8th asgp "R t rtal

mesenchyma 'I%? lger%n&%ﬁug (a cona}ltqr%ﬁegg&maﬁm@ Q&gﬁ{(’g%@é}%ﬁgﬁ agla aHarmal eut i cal
conposi t INSC@iNair 8RbEotnebys tie thxedsaydss ovithegshaahaseaticallyecpepaatie Ca&nexf ott he
present invention will enploy, unless otherw se indicated, conventi onal
techrk?qué‘élu‘%ﬁt chem stry, nol ecul ar bi ol ogy, m crobiol ogy, reconbi nant DNA
and i nmunol ogy, which are within the capabilities of a person of ordinary
skill in the damktransformed mesenchymal stem cell, the conditioned medium, exosome or

pharmaceutical composition may comprise at least one biological property of a mesenchymal
stem cell. The biological property may comprise cardioprotection. The conditioned medium,
exosome or pharrnacéutical composition may be capable of reducing infarct size for example
20  asassayed in a mouse or pig model of myocardial ischemia and reperfusion injury. The
- conditioned medium, exosome or pharmaceutical composition may be capable of reducing
| oxidative stress for example as assayed in an in vitro assay of hydrogen peroxide (H;0,)-

- induced cell death.

According to an 8" aspect of the present invention, we provide an immortalised
25  mesenchymal stem cell, a conditioned medium, an exosome or a pharmaceutical composition

obtainable by methods described above.

The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of chemistry, molecular biology, microbiology, recombinant DNA
and immunology, which are within the capabilities of a person of ordinary skill in the art.

30  Such techniques are explained in the literature. See, for example, J. Sambrook, E. F. Fritsch,

and T. Maniatis, 1989, Molecular Cloning: A Laboratory Manual, Second Edition, Books 1-3,



30Such techniques are explained in the literature. See, for exanple, J.
Sanbrook, E. F. Fritsch, and T. Maniatis, 1989, Mol ecular Coning: A
Labor at oryONBHY(&B357Second Editi on, Books 1-3, WO PCT/SG2010/000422

2011/ 053257PCT/ SG2010/ 000422 5 CoI d Spring Harbor Laboratory Press;
Ausubel, F. M et al. (1995 and periodi @ suppl enents; Current Prot ocol s in
Mol ecul ar Biology, ch. 9, 13, and 16, John Wley & Sons New York, N.Y.);
B. Roe, Xol€Spiitg HarboahabotatotiaPuess; HaBthel [INM s al. Q1995mnarpdn&ﬂ1q|sepmemglts

E tial Tech Joh & S P M Ge
Too0." | n g Aploealt s Beb R prnY. Khaninsclredy A kSR Sy ey
Press; My ﬁaRBe (JEékatbﬁreé anél%‘kahg 1 S3RN AR5 LHEN %@S@ﬁéhé %AEAP Semed 1 cal

Approach I'rT Press; D. ) ey and J. E. Dahlberg, 199 Met hods of
Enzynol odyzchrquuksstorhudk’ﬂe:)e&FSmB JAM %omldwsllJamanﬂ’lPhbJchaH%ﬁ,aM)&wa of DNA

Vanuar: POPCUGHEoB, SIS R Prachir B Par P e - CAHSEART o
(1999, C@lﬁkoﬁ%lk&lﬂz’el?/nﬁl@fzboﬁ Plu@cbfé& E%Wac?{ 8% Presé; SBVOS. 1044 E 7Dahlberg,

Ant i bodi es:” A Laboratory Manual Har I ow (Edi tor) David Lane (Editor)
(1988, CdP82.3deods efdrapnologys dPlé{ztl §fryctpr€e§@rt A eyis @rbBloswehdnglysis ghs.

o o T Bl RodRdt £5Aetogl ARt FRTPS ﬁP@%ﬁ%%%@%@"&@“%ﬁS‘ Lab
Ref: A Hand@ablePrebcdteod pasy, ERead ¢hirlow, madldmtdme,r ERBhdoe(te99T GoldSprarg Use at
t he Bench 15 Edited Jane Roskams and Linda Ro gers 002 &1% aéi@écfg

Har bdP L dhsbertledgratorediess- [SBPOBS/Bafo 41T Aniibpdicy b ke é‘i‘?@f

h f -
LT | i RS SR B S

di agr ans 8§369\7{3 h@-Zb rl&6s.fidandhooloof DfugHiegEenMgCedirdbyRana Hﬁhna:ﬁﬁtlmhaal ysi s of

{1 ansi oclHPYEROPBIeASEES (1901 iy ek T hMABFLRCEIBEN CRptkesE Oy ang

DNA was fIrEB'Reffl A Handbotk m&g? @6, atid (e rReFEreBcATGbIEFR WS at the Bench
respectively. The expected fragrrent size for the endogenous C gene

was 1.19kb Esitgd fane Roskams ammd@@@dg% 2001 Cald Spoing blasbas d-apejgtasy.d8Ba0by t he
anplifie t | Mor phol o of
T ohe ec TR AR EMRTAAE SGRE0 [RRne SR B MRerfy LD PRD 00
Quantitative RT PCR was perforrred on RNA from dlfferent passages of El -nyc
21. 1 and RHEE L RES c-nyc nRNA. The relative nmyc-transcript

| evel was nornal i zed to that i.n GFP- MSCs. . WO 2011/ 053257PCT/ SC%OlO/ 000422
Figure 1A, Figure 1B, Figure 1C, Figure 1D, Figure 1E and Figure 1F are diagrams

showing transformation of hESC-MSC.

20 Figure 1A. PCR analysis of cellular DNA from myc-fransfected HuES9.E1 MSCs (E1-
' ‘myc 21.1), GFP transfected HUES9.E1 MSCs (E1-GFP) and the parental MSCs, HUES9.E1
(E1). DNA was amplified using primers specific for exon 2 and exon 3, respectively. The
- expected PCR fragment size for the endogenous myc gene was1.7kb and for the transfected

myc cDNA was 0.36kb as represented by the amplified fragment from the myc-lentivirus.
25 Figure 1B. Cell Morphology of transfected MSCs as observed under light microscopy.

Figure 1C. Quantitative RT-PCR was performed on RNA from different passages of
‘El-myc 21.1 and GFP-MSC:s for the level of c-myc mRNA. The relative myc-transcript level
was normalized to that in GFP-MSCs.

Figure 1D. Relative telomerase activity. 1 pg of cell lysate protein was first used to

30 extend a TS primer by telomerase activity and the telomerase product was then quantitated by



6 real time PCR The O value represented the anount of telonerase product
and was therefore indirectly proportional to telonerase activity in the

| ysat e. Rvouona/b2s57Kar yot pye anal ysis of El-nyc 16. 3 by pGrisandiorngos22
Figure 1F. Rate of cell cycling. Cells were | abelled with CFDA and their
fl uorescence was nonitored over time by 6l ow cytonetry. The | oss of
cellular fluorescence at each tine point was used to cal cul ate the nunber

of cell diMitih®PCRNhe ChealGSldpfesBRyEthd RERBOReRMERS pfddaethndrwddthereion S
and Met hods. Figure 2 is a diagram show ng surface antigen profiling.

HUES9. E1 iadigectly pagrorti@iabtovslomesgse acyity indbe Wistth a speci fic anti body
conjugated to a fluorescent- dye and anal yzed by 10 FACS. The fl uorescence

of El-nyc 16. Fipas 1B RaAHRIBaKSk b8 ERm{d 1603 BpCrparingf cells at plé or pé.
Nonspeci fic fluorescence was assessed by incubating the cells with

i sotype-mat ch nmoyse,_npnacl onal.. antibodi e . Fi e 3 Figure 3B and
i our 6 3C ar o TRUEH IR AP RE it eri by sragstsHec vith 1A aafipela Hlipoae
MBCs. sMBGRasiR6MitdrEPbhe? infeDoyuflsie b melry Il Ut RRUIBPARABSIeAcRaéBRe
15stained with von Kossa st'ain; (Figure 3B) chondrogenesis and then stained

wi th Al cipaintbyasarsed © qlauiata e naibgoeleedsiivisinh dhas the cely bavegingergone piis9EL
M5Cs wer e, exposed adi nesi,s i nduction nmedium for. two days.

Fi gure 4&65?%533%%%&%30@%%8@8“40 are di agrans show ng gene expression
anal ysis. RNA from Hus9El and El -nmyc 16.3 MSCs were hybridized to Sentrix
HumanRef - 8 20 Higwedss admgBea dighvipg Venfase antigeraprdfibing [Huhsd. Bl arkdaltstygdios and

Genespri 10. . . .. Fiqur.e 4A. Pairw se rison o ene _exprassi on
bot veon HISES YR staedpithpePatfi damed? shing et AR RS al e Hon nfiy Bty

Fi qune 48 209, Ficdiceséénce RARTHER: 8613hs itlse avkfube GeMAsr fluvaéscé@iedf cells at p16
over -expressed by > 2-fold and 226 under-expressed genes that were

under - ex pr@§sNanipgcific flupggsgericn was assgesed by fecubatinscthe gellsewish isolpednaiehedy

PANTHER qh&gkkﬁnﬁkkmgﬁnﬁgaﬁgyed‘frequency of genes for each bi ol ogi cal
process i.n each gene set was conpared with the reference frequency which,

in this case is the frequency of genes for that, biological process in the
NCBI dat abase.Figuesé., Fidus¢ 8B iand Figiro e gsediagimms showas difirentiatign eh Eyssceeds

the ref CrHdE -Ifnryg 968 %gc‘s""l\%gc‘s"‘ w%reinguc%g t& {Jﬁde(fé)(p Ef'l 1&%’5 %g) %gtggéefnleglggrtnd then
15  stained with von Kossa stain; (Figure 3B) chondrogenesis and then stained with Alcian blue;
(Figure 3C) adipogenesis where E1-myc 16.3 and Hus9E1 MSCs were exposed to

adipogenesis induction medium for two days.

Figure 4A, Figure 4B and Figure 4C are diagrams showing gene expression analysis.
RNA from Hus9E1 and E1-myc 16.3 MSCs were hybridized to Sentrix HumanRef-8
20 ‘Expression BeadChip Version 3 and analysed by Beadstudio and Genespring GX 10.

Figure 4A. Pairwise comparison of gene expression between HUES9.E1 and E1-myc

16.3 MSCs using Beadstudio analysis.

Figure 4B and Figure 4C. PANTHER analysis. 161 genes that were over-expressed by
> 2-fold and 226 under-expressed genes that were under-expressed by > 2-fold in El-myc
25  16.3 MSCs were analyzed using PANTHER algorithm. The observed frequency of genes for
l each biological process in each gerje set was compared with the reference frequency which, in
this case is the frequency of genes for that Biological process in the NCBI database. Those
biological processes whose observed frequency exceeds the reference frequency with a p <

0.05 are considered significant.



WD 2011/ 053257PCT/ SG2010/ 000422 7 Figure 5A, Figure 5B and Figure 5C are
di agrans showi ng anal ysis of secretion. Fi gure 5A. Western bl ot

anal ysi s.wBnotaisess7f rom cel | |ysate, conditioned nmedi umpCT¥G20@w00422
HPLC-purifi ed exosonmes of ElI MSCs or El nyc- MSCs were separated on SDS- PAGE
and probed with anti-nyc, anti-Actin, and anti-CD9 antibodi es. 5Fi gure 5B.
HPLC fractionation and dynamc |ight scattering of CMfrom El nyc- MSC. CM

was fracti onatigurens A3 Figdké s B ahd §igdrOSe preifiitams shBvifiPanalpéls 6Meciioin. The
conponents in CMwere eluted with 20 mM phosphate buffer with 150 nM of
NaCl at pH 7. 2.. tion de .was j socr dthe r

i nut es. The” digiSAesERPIE VS Pragis Botrost s cob ot iRy R,

el uting pedHPRSphARA %@Jnﬁé@@klbwngbiEMwMScesrwag seﬂ?ﬁﬁecﬂ 885BstPAGEL | NY
peak (arrow) was collected for testing in mouse nodel

| scheni a/and perliedsyidantinmnijg,yanti-Actin, arlﬂdgﬁrGD@@ntlbociaea ig HPLC- purified

exosones was adm ni stered intravenously to a nouse nodel of acute

nyocardi al /i sqh%ﬁfbessr e1Pe (f fedti®Ratio ahd)dyhaMR 11Hh0 sdaBeriRESPCHI fr&BE IhiELIISC.
Infarct size as a percentage of the area at risk (AAR% upon treat nment

with sal iGM \(lzn;im)lona@i @mﬂi’r&é?susmgnm@rep H§e0R7. 81m(m>t§9 cays@lumvddges from
El myc 16. 3 r}ts n @9!2 erf 2 utéacfj w1t rl% p% %&eIGbuﬁfaer & thsl|56€fnl(/1| o%é\?%j)at m ce

treat ed WI exosone or OSONME Was . 2%

and 22.6 7.%. ﬂ%eldtﬁﬁlpﬂ@del W iyocadtit dndehd rdn&hﬂé Wie40 nfiauted. The ZRSntwedse
si gni fi cantlédéomer than the relative infarct size of 385 Fig’OMA)I n
G

sal i ne- t regiibeddos &V pheortmnge ard Ve Haeh elufiag peak Wasthgy an dight i s a

di agr m e ntyggg, Slled lysi s of
cel'l u?ar SS%% @gomi@n{/&%?rﬁgg gﬁi A%Q °{/%‘9§Hr6“%@£t r ansE g(?tnggal\%Cs

( GFP- NBC)lsdlnmla/fe@equ@nhmIryNBCs_ HUES9. E1 (MSC). DNA was anplified using
primers specific for exon2 and exon 3, respectively. The expected PCR

fragnent size . nsf ect ed
rye cONA wao 0 BUREC: SSMENPLCYRARES cARmaliRs harb AR PR e IR 68" o Ra
from nyc-méifse neodelHiacutdifipodaadialdsaiymiarfei¥érfusion injurfifiyes mendtes befos mﬁérfusion '
Mor phol o y of hESC-MSCs after tpansfecti.on S9. E1 ESCMS e 22
wer b ¢ r adbfeRtses 49 taﬁaéwﬁ@t@g@@e 2450 BB oA PRAMgeataeRt Wif i inb BEtge
The mBr phabQ@esAfork ETHc 21 I%ESH@VE%BE&&%CH&E'E'I Wa68 @RFPRMRIndiRaeN. Tﬁeght
m croscopy 30after transfection at passage 22 and then one passage |ater at
passage 2a8lative infarct size (IS/AAR) in mice treated with E1-myc 21.1 exosome or E1-myc 16.3

exosome was 23.4 + 8.2%, and 22.6 + 4.5%, respectively and their relative infarct sizes were

significantly lower than the relative infarct size of 38.5 +5.6% in saline-treated mice (p<0.001

- and p<0.002, respectively).

20 Figure 6 is a diagram showing transformation of hESC-MSC. Figure 6 shows PCR

‘analysis of cellular DNA from myc-transfected MSCs (myc-MSC), GFP transfected MSCs

. (GFP-MSC) and the parental MSCs, HuES9.E1 (MSC). DNA was amplified using primers
specific for exon2 and exon 3, respectively. The expected PCR fragment size for the

endogenous myc gene was 1.7kb and for the transfected myc cDNA was 0.36kb.

25 Figure 7 shows quantitative RT-PCR performed on RNA from myc-MSCs or GFP-
MSCs for c-myc mRNA.

Figure 8 shows cell Morphology of hESC-MSC:s after transfection. HuES9.E1 ESC-
MSC:s at passage 22 were transfected with either c-myc or GFP containing lentiviral vectors.
The morphology of c-myc or GFP transfected cells were observed under light microscopy

30  after transfection at passage 22 and then one passage later at passage 23.
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activity. 1 Rg of cell |lysate protein was first used to extend a TS pri ner
by tel omeweelassisvity and the tel onerase product was t lpem/sgaemntondsar ed by
real time PCR. The C value which represented the anount of tel onerase
product was therefore indirectly proportd onal to telonerase activity in the

| ysate. Figure 10 is a diagram show ng ratio of precursor to mature
m RNA i n cel | Fsgre 8tshows reCuivt tlemomsk aum'lviipnhixg pbewdldy kate piotdie wap&r&t usal toMSCs
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and 10 mehaneferchisdir¢atly-propariivRbasielomarasssictvitNmrthelysat 0000063) and
hsa-1et-7g m RNA cal cul at ed. Figure 11 is a diagram show ng the

desi gy of pri L§e 19id aﬂ&Q% aﬁyshBMﬂ?ﬂ'aMo bPprBuRér B nEMte miRNA in cell seEiclibhe 12

is a di agrams OW ng t esign of priners to identify precursor forns of
15 mi RNACulture mediugwoedﬁ;@neckb)aelmeagmamakmﬁsmg mylceM8E's ivpre drventddaextsactasl
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di fferent di seases but the underlying 25mechani sm has been controversi al
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[11], stemRo®A.l crypt in the intestine [12], ischemic |njury
[9, 13 14, 15,16, 17, 18], and hemat opoi esis [19,20]. In support of this
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Figure 13 is a diagram showing the design of primers to identify mature forms of

miRNA.

DETAILED DESCRIPTION

Mesenchymal stem cells (MSCs) are multipotent stem cells that have a limited but
20 - robust potential to differentiate into mesenchymal cell types, e.g. adipocytes, chondrocytes
 and osteocytes, with negligible risk of teratoma formation. MSC transplantation has been used
to treat musculoskeletal injuries, improve cardiac function in cardiovascular disease and
ameliorate the severity of graft-versus-host-disease [1]. In recent years, MSC transplantations
have demonstrated therapeutic efficacy in treating different diseases but the underlying
25  mechanism has been controversial [2,3,4,5,6,7,8,9]. Some reports have suggésted that factors
secreted by MSCs [10] were responsible for the therapeutic effect on arteriogenesis [11], stem
| cell crypt in the intestine [12], ischemic injury [9,13,14,15,16,17,18], and hematopoiesis
[19,20]. In sﬁpport of this paracrine hypothesis, many studies have observed that MSCs
secrete cytokines, chemokines and growth factors that could potentially repair injured cardiac
30 tissue mainly through cardiac and vascular tissue growth and regeneration [21,22]. This

paracrine hypothesis could potentially provide for a non-cell based alternative for using MSC



30tissue mainly through cardiac and vascul ar ti ssue growh and regeneration
[ 21, 22]. This paracrine hypothesis could potentially provide for a non-cell
based al twonatiosgesfor usi ng MSC WD 2011/ 053257PCT/ SG02013004@2D0@22 N

treat nent of cardiovascul ar di sease [23]. Non-cell based therapies as
opposed to cell-based therapies are gené&rally easier to manufacture and are
safer as they are non-viable and do not elicit imune rejection. We
have prevh @ésthénflerRrsibiatadr dibake pzsp NG c4TEBHsEdtHeEHpikistas Oppekel Yo catbbaredy mal
stemcells (MSCs) that were derived from human enbryonic stemcells or

fetal tidheesies s gomcrally casisyteimprefeeisre andarnederastheyrarppor-yiagleand do not

i schem a/ ury and reduce infarct size in both pig and nouse
nodel s ofeﬁ?ﬁfﬁnﬂﬁjég@e& 5, 26, 271. Subsequent studi es denonstrated that this
cardi oprot ecti on was nedi ated by exosomes or nicroparticles of about
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demonstrated that these cells could be grown in a chemically defined during the production

- and harvest of exosomes and these exosomes could be purified by HPLC to generate a
population of homogenously sized particles [25,26,27]. Another advantage is that these cells

25  were derived from hESC, an infinitely expansible cell source.

While hESC-MSCs are alsb highly expansible in culture, they unlike their parental
" hESC can undergo only a finite nﬁmber of cell divisions before their growth is arrested and
'they senesce. Therefore there will be a need to constantly derive new batches of MSCs from
hESCs to replenish the cell source of exosomes with each derivation necéssitating recurring
30 costof derivation, testing and validation. To circumvent this need for re-derivation and ensure
an infinite supply of identical MSCs for commercially sustainable production of exosomes as

therapeutic agents or delivery vehicle, we explore the use of oncogenic transformation to



10 bypass senescence. Oncogenic transformation could potentially alter the
cell biology and affect the production or the properties of the exosones.
It was preEQi20ugdls§2sieported that transfection of v-nyc g@Q#/SGaow/opeal NMSCs
imortalized the cells but did not alter the fundanent characteristics of
these MBCs [30].. Here we transfected alfentiviral vector with the c-nyc
gene which encodes for the MYC protein into the previously described
huES9. E1 blypéss skikdtenat. Progage tradsfamehtiba cb@ldgmmlﬂpalerM@mlabgy ahd ne and
three independently derived cl onal | i nes, respectively exam ned
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through derlvatl on from hESCs and i ncur &@rrl ng costs for_testing apd
val i dft i ¢nd gpteatiaiio difipreieintoXskRacHteeehO cYtegandeostqocyiepy khe Secretion o

i mor tal igat s s ehg eﬂgashﬁe&er&ws% esfana fh&ﬁé}ﬁbéﬁu&ﬁe%; BPtHese
conproni sing the production o erapeutica ficacl ous exosones.

Myc- t r anskosome wmstedmgeIn;ousemedtilcﬁdn}tdqadmnwhcraia/rhm.m@muw (MI/Rapor

di fferences. belyng redu @9 pl asti c adherence, faster growth, failure to
senesce, AFRAPEhsdese ?r%iff hression and 1oss of in vitro adi pogenic potential-
that technically rendered the transformed cells as non- 25 MSCs.

Nevert hel SFORMEDMES teva@EEos ned MSCs were able to reduce

relative infarct size in a nouse nodel of ocardi al ischem aireperfusion
i nj uy i ndi catlxegomésear seereted pdipidivesiclss fromo arngsﬁimrlagbmﬁe@cm@l@m was

preserved refore firs rovi de f n ne ymal
stem cel I Hsrqlg Cr%s#sgg%ab ﬁ%gleﬁ’vrhtto USTEMeE IISCEIeI% ﬁreg‘gﬁgl Habl e oI{r]

deri vabl enfril rimielmﬁle%hmlhestemc:e Iake, ncsu@ﬂim&sy a@absabltenafgefsemmmdmuw th a
suitabl e transform ng agent, such as an onco%ene urt her provide a
descenderff thsse sxesamss MoskraYiFRIgPIcRISBRER, FFRIE QM%Cctérqugh&ewuoncfmm ure or a

cell 11 ngraeun | Nddtfonof E&H RV blcH.n this document
as 'transforne g %gﬁegﬁp‘gﬁé’ﬁggwg’&%?%oooﬁﬁf 11 mesenc?‘nymal stemcel |l s’
or a transforned nmesenchymal stem cells_ obtained by the methods described
in t R0s docundiare we investigate if c-myc immortalization of hESC-MSC would circumvent this

‘constraint without compromising the production of therapeutlcally efficacious exosomes.
Myc-transformed MSCs largely resembled the parental hESC-MSCs with major differences
* being reduced plastic adherence, faster growth, failure to senesce, increased myc expression
and loss of in vitro adipogenic potential that technically rendered the transformed cells as non-
25  MSCs. Nevertheless, exosomes from myc-transformed MSCs were able to reduce relative
infarct size in a mouse model of myocardial ischemia/reperfusion injury indicating that the

capacity for producing therapeutic exosomes was preserved.

We therefore first provide for a transformed mesenchymal stem cell. The transformed
mesenchymel stem cell may be obtainable or derivable from a mesenchymal stem cell, such as
30 by transformation with a suitable transforming agent, such as an oncogene. We further provide
a descendent of such a transformed mesenchymal stem cell, a cell culture or a cell line

comprising either. Such cells may be referred to in this document as ‘transformed



We therefore describe a nethod conprising the steps of: (a) providing a
mesenchymal stemcell (MSC); and (b) introducing an oncogene into the
mesenchy 8D 2811605825¢1 | to thereby transformit; in whi chPCR8G2014/089432 ned
mesenchymal stemcell does not secrete a gene product of the oncogene into
a mediumin which it is grown. The oncogkne may conprise c-nyc. The
mesenchymal stemcell (MSC) may conprise an established cell |ine such as
huES9. E1.mék6ridhe makstemaelistadr aztaasfocraéd meddnchy malystdne cel Brabrankdf byothe urettidds cal
cord. ﬂbg.tran formed nesenchyrnal stemcell may be capabl e of

bypassi ngle&&ivs HbWEéiﬁgnfﬁhpared to a nesenchymal stemcell that has not
been transforned. The transformed nesenchymal stemcell have an increased
prol i ;er at ijon Vﬁat}ﬁreﬁt’sremmrﬂfeeﬂnéthoﬁcmw&ﬁﬁ&{epsbEI(h)(:;ﬁbbidtdg&imé@ﬁch}@ﬁalbeen
transforned. The transforned senchymal stem cell y have a 15 decreased
popul at i éwnaeﬁjbql\fl%%);tapﬁ#ﬂﬂ%%@glgm Jrgegese o dismeseaeminal slemeHerBsTEY st em
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may have an increase telonerase activity as conpare 0 a nmesenchynal stem
cel | thatof iesoneogenbario atmedishon mhikh it is growhe descri be a met hod of provi di ng
a conditioned nedium the nethod conprising the steps set out above,

fol | oned by cqmgghbﬁgn%ﬁﬁzg%gﬁfﬁgg_ mesenchymal stemcell, or a

20descendent thereof cult'ure nediumto condition it, and
separating the conditioned fromthe transforned nmesenchymal stem cell.

W further deddeimssenchymahgemeell gMSH) maygompriss as esigblishedcallingswch as
conprisi@%Esg%h obtai ning a nesenchynmal stemcell conditioned nmedi um
(MSC-CM by a nethod as set out above; (b) concentrating the nesenchynal
stem cell conditioned nedium for exanple by 25ultrafiltration over a >1000
kDa f€nbrane; Themesenghsmal sigmiael (MS6a erayrbetdsaved Semchybitiral soedn cel |

condi'tioned nediumto size exclusion chromatography, such as using a a TSK .

Guard col um  §¥ksan§foxmAPmB¥BnelyrRal 5k 881 mbsHBOCapa¥¥lof b?g%si?g%@&s&!ﬁc@ Qs um;

and (d) selecting UV absorbant fractions, for exanple, 0 nm that
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scatterin LS): .ln hch ste d), .for 2011/ 053257 [ SG2010/ 000422
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of 11- 13 stEnficdlethat 18 @bt B®entnsfortiéd The transfornvil thevehbigimalerat ¢ddemay haichod of
preparing a pharnmaceutical conpositjion, the nethod conprising obtaining a
mesené hy Mgreased poplptiondowhling Simecsuskas Hhhquuses conpassd @ aypessaehyaral siem

above Or (@ hXASYIEn RnBoRNPA: RincFne WiesBRAY FaR A8kl 1L B iR QM or

exosone, as the case nmy a phar naceut y accep e carrier or
di | uent . telomerase activity as compared to a mesenchymal stem cell that has not been transformed.
We describe a method of providing a conditioned medium, the method comprising the
. steps set out above, followed by culturing the transformed mesenchymal stem cell, or a
20.  descendent thereof, in a cell culture medium to condition it, and separating the conditioned

. from the transformed mesenchymal stem cell.

We further describe a method of providing an exosome, the method comprising: (a)
obtaining a mesenchymal stem cell conditioned medium (MSC-CM) by a method as set out
above; (b) concentrating the mesenchymal stem cell conditioned medium, for example by

25  ultrafiltration over a >1000 kDa mémbrane; (c) subjecting the concentrated mesenchymal
stem cell conditioned medium to size exclusion chromatography, such as using a a TSK Guard
~ column SWXL, 6 x 40 mm or a TSK gel G4000 SWXL, 7.8 x 300 mm column; and (d)
selecting UV absorbant fractions, for example, at 220 nm, that exhibit dynamic light

scattering, such as detected by a quasi-elastic light scattering (QELS); in which step (d) for



The condi ti oned nmedi um exosone or pharnmaceutical conposition nmay conprise
at | east one biological property of a rnesenchymal stemcell such as a

bi ol ogi cavoaetiiosdisy of a rnesenchymal stem cell conditi eoedcredioonmn?2
(MSC-CVM, for exanple cardioprotection. 10The conditioned nedium exosone
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bone nar mssenchimapstemcall p@rrdlilweénnqdwn&m%CM)ofor examplg candiopreigeliomt i on 250f
a pathmay sel.ected fromany one or nore of the follow ng: cytoskel etal

regulgti on by TREQ,SHEGRA m&Rhh, &6Sbe of ﬂﬁﬁﬂlﬁéé’ﬂltx@él&@ﬁ{pbklﬂgn F}ﬁlkmé’%ﬁpable of
| nfl ammati on nmedi at ed by chenpki ne & cyt oki ne signaling pat FGF

Si gnal i ngedvaingviafarct Bzg f(preqz(epmbrasgls@ﬁaql imympusereiayg medef; g@r{@gﬁdgal 1schem1a

or ot ensoAle AEHRID" B BuBRE s Hefl sEFARRLE bR RGeSl Bk BHakid

bi osynt hessin ﬁﬁbamybfﬁwagéiﬁser@mdé {(H,0) ,ihdubai_,cfeelgiehmtl on of pr ocesses
I ncl udi ng any one or nore of the following: cell structure and notility,
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15 - treating: a dlsease 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, cancer, myocardial infarction, a cutaneous wound, a dermatologic
disorder, a dermatolbgical lesion, dermatitis, psoriasis, condyloma, verruca, hemangioma,
keloid, skin cancer, atopic dermatitis, Behcet disease, chronic granulomatous disease,
20  cutaneous T cell lymphoma, ulceration, a pathological condition characterised by initial injury
| inducing inflammation and immune dysregulation leading to chronic tissue remodeling
- including fibrosis and loss of function, renal ischemic injury, cystic fibrosis, sinusitis and
rhinitis or an orthopaedic disease or may be used to aid wound healing, scar reduction, bone
formation, a bone graft or bone marrow transplantation in an individual, or (i) in the regulation
25 ofa pathway selected from any oﬁe or more of the following: cytoskeletal regulation by Rho
GTPase, cell cycle, integrin _signallihg pathway, Inflammation mediated by chemokine &
-cytokine signaling pathway, FGF signaling pathway, EGF receptor signaling pathway,
angiogenesis, plasminogen activating cascade, blood coagulation, glycolysis, ubiquitin
proteasome pathway, de novo purine biosynthesis, TCA cycle, phenylalanine biosynthesis,
30  heme biosynthesis; (ii) in the regulation of processes including any one or more of the

following: cell structure and motility, cell structure, cell communication, cell motility, cell



13 adhesi on, endocytosis, mtosis, exocytosis, cytokinesis, cell cycle,
imunity and defense, cytokine/chenokine nediated i munity,

macr ophag®oreti/eas2sd | mmuni ty, granul ocyt e-nedi ated i MuRCTEG2010/000422

| i gand- nedi at ed si gnaling, cytokine and chenoki ne nmedi at ed si gnaling

pat hway, signal transduction, extracelldBar matrix protein-nediated
signaling, growh factor honeostasis, receptor protein tyrosine kinase

si gnal i ngadhesﬁdmvaydocy&isls mithss, eaveytesds, aly oitiesignalliaygle, mehiniguardateéensecept or
medi at ed si transduc JAK- STAT cascade, ,anti oxi dation and free
radi cal ¥ ° CROKIES §’E“£’I§?lt%d gyl nlaé?ﬁg?&eeme%‘ﬁ?édm&‘l&l% gignulocyte-
devel op

Covel oP TRk ARRRRE TealER QMR ARURLORIERIne SHEEhALOeNS O
and nodi fpathﬂayomgnqinmnsbllcy@l,sxtra_@llplaotrmtrrx protedi- n@dlap;ﬁd(mglahng,(gmw&b&actor
assenbl y, ctivation trace | ar_pr ot er af.fic, ,other

o ot oo thartBRtevy resRter GESiF Pk i senadiof aaftii st AdieSion-GiedRied

bi osynt hesgnahnga Icell Sirfacdirsdébior (ﬁﬂediafiélf@%lﬁﬁ SahRIaclid) TAKCSTRTRYMsHaa4, €
met abol i sm_ gl ycol ysi s, pentose-phosphate shunt, other pol ysaccharr de

met abol i @ntlomatrqm@nﬁlﬁte&bedlpfslﬁ?mpe@moaﬁ%lQSIefstrssﬁor§me bleadadlestingm  vi t ani n
e A A O D R R TR S SR R i
any one Qnusamrc&vabpmbﬁ fxmlsdleworrtgwnsm gjﬂaleinrrgetmﬁdleﬁudxﬁl medifiemion)protedhyaiy; h
factor, -cytokine, interleukin, other cytokine, extracellular mat r.i x

ext r d0el INMptgin friding, prafein semplex asssmhlniaming agid activatipndairacailyfar pratin krafﬁc
extracel | I

o ot aager A prdTBl ke A GORGAH STy, BLOKEARFmeBY R ARERLARSG R Groten,
i nhi bi't Ordlsutlfxdeelxsomdnaeet gadjong edrhdnaigee aw@,bolaﬁnpgymlysiawntoedqplpspmte shunt,
chaperonin, Hsp 70 fam| aper one, er. cha rones S synt hase
and syn idieseaystshardle mlBaT BRH e B YL R AL PO S ae.
lyase, ‘i so@ERfiR#8iabolidhe antif® B8H BFRynthddTs, %y@hlm& proveshim, afslatidndNegilafiés e
other lyase, other enzynme regul ator, select regul atory nol ecul e, actin

bi ndilAg yRYAlplieing! orpf/ldtlerhe sueylb/dﬁlfmcelpm inghuding any aneer moroef the followingidi ng
Do s il AR UL RAA! SR BBl ey AUHE M Brie i i oy Ik, 25anest o
nDlecule % fotor procein, i nte Y

ri bonucl eapacliaian maltm)bemﬁmllum ﬁta&imstntcnamlraeimathfeﬁe;ttmcellmmﬁtan\lA bi ndi ng
protein, histone, calnodulin related protein, vesicle coat protein.

Ve furt hextraeelluler patringlyaonspiel, Prierseuerllonioignses 0toRs E@l@@seéberareﬁ%?or e by a
met hod a OVGidowr

obt ai nabﬁ%ﬁgaop%ta%% a‘géset I%EtSEQ éeg%aggfn?%rn?he [bg"éésdé‘??‘ e aexos rrrlfelse

obt ai2fiab lpermrydaae robapenoheg shapetoniny tHsplyOfemily Wiaodit, 0h82haPG NSRRI R0422
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synthase and synthetase, select calcium binding protein, aminoacyl-tRNA synthetase, lyase,
- isomerase, other isomerase, ATP synthase, hydratase, transaminase, other lyase, other enzyme
regulator, select regulatory molecule, actin binding cytoskeletal protein, cytoskeletal protein,
- non-motor actin binding protein, actin and actin related protein, annexin, tubulin, cell
25 adhesion molecule, actin binding motor protein, intermediate filament, ribonucleoprotein,
ribosomal protein, translation factor, other RNA-binding pretein, histone, calmodulin related

protein, vesicle coat protein.

We further describe an immortalised mesenchymal stem cell obtainable by a method

as set out-above.
30 - We further describe a conditioned medium obtainable by a method as set out above.

We further describe aexosome obtainable by a method as set out above.



We further describe a pharmaceutical conposition obtainable by a nethod as
set out above. W further describe a delivery systemfor delivering a

condi t i o0 26HdiS82F7 an exo sonme or a pharmaceuti cal comPOEFISG2OM/00&RRPri Si Nng
a source of conditioned nmedium as set out above, a source of an exosone as
set out above, or a source of a phar macéht i cal corrp05|t|on as set out
above, together with a di spenser operable to deliver the conditioned

medi um  exosonke firthehdesaribea pharmiacaicplawintosition obuirableduta mydhod as sdient
descri be _ he use of a delivery systemas set out above in a nmethod of

del i veri A§°% condi ti oned medi um exosome or a pharmaceuti cal conposition to
a target. 10The transfornmed nesenchymal stemcell, cell culture or cell
line may conpWs further désopboi ddivievesyatem far dyliveTing awnditiopubmedmlwen activity
may be assayed in nouse,. deI of .acute ocar di al rctl g

Tho ¢r anSr O RaDBEHHAGH SOBRYSTH: CoBRTTng aspupbobsongianed Ml wb

obt ai nablygt Movk rmﬁ&r@aﬂgx&oﬁ&%%@mbo@t 6 Skirde Xl FiaRAscdAicaAny neans.
The nmesenchymal stemcell 15 cell from whi ch the transforned mesenchymal

st em cel lcoingogiten gesgt patyabeventegether avith asdisneakdr @parablerie Hykredr the comdiiongd  f or
exanpl e LV d from , etal cell, such as a
cadaveri gnefd ar el Cor & h%%g%gpgch&gggﬁlﬁ%* oattgr&ege source. The nesenchymal
stem ceI_I nay be obtai ned or derived froman enbryonic stemcell line, or a
foetal cell |\M@fur$end¢sanbeythenlh@0fa éﬁrisfremm@nr@sﬁemutwhave @taelnctb@d pf may be

established froma stemcell
mesenchy :@ﬁildve&ngrﬁ ‘i/:m%%lu MR &?%T%Cgﬁ%g? i nlqgons em ?e 'I

enbryoni c stem cel I I i ne as descrl bed in for exanple, V\02007/ 027157 or
WD2000/ 027156 The transfoifhel mmdmhlgakmtenmeélnvdbwltumyr @Illslmeb@a}efsmmﬂsﬁs hed from
a pre-na cel | or._secand

PP est o ArdiciFarpiad vy, 19 B bradfve AtV R may b8 ablal &b in gPESIRGde] of

sui t abl eaa‘g@m}foeard%aﬂmcﬁompqp@) 2, 4, 8, 16 or 24 weeks. The foetal cell
may conprise a cell fromany tissue such as a lLinb ceII a ki dney cell or a

liver cell. cel | whi | |
dle\rll ved may bg%fgﬁ‘?ﬁ?tjf}’é"é Ii“ﬁS%ECIfy n}? ﬁeﬁ]ec?lrg‘g@gesenc H‘edlé?y ]?/:e(bb%felfl%l?}? §y
d
cadaveri ¢ah@eihng am@seﬂa@ﬁmmﬁedeu%méaw mﬁeﬁg%%@%g%%/ 000422 s

pri mate or human nmesenchymal stem cel

The #et hedll lfmgn Which mtrmm@ eleé@nchmmialmgem lgell msbewechwlcompém A quitable 5
f f
SErUm 1T GO 'y}%ln o%:tg Fﬁ%@gﬁ% ank 3@ AR O BY ex%gg%';ﬂc tert ceIt!EF 8Et§fa%e}(fllu E‘% re

medi um sUCH & heat Om  Thi e fa errerit e

serum r epk acadmsdiic fotil @cll bi anyeythdrsuitatylp tissie @bmde \Mliehne‘seﬁbl@m semadellanayno
acids. It ma%/ be supplenented with 10 ng/nl FGF2.
- be obtained or derlved from an embryonic stem cell line, or a foetal cell line. Similarly, the

transformed mesenchymal stem cell may be established from a mesenchymal stem cell line.

20 For example, the mesenchymal stem cell may be established from an embryonic stem
cell or embryonic stem cell line as described in for example, W02007/027157 or
- WO02007/027156.

The mesenchymal stem cell may also be established from a pre-natal cell, such as a
foetal cell which is a first or second trimester foetal cell. The foetal cell may comprise a cell of
25  any suitable age, for example up to 2, 4, 8, 16 or 24 weeks. The foetal cell may comprise a cell
_from any tissue such as a limb cell, a kidney cell or a liver cell. The pre-natal cell from which
the mesenchymal stem cell is derived may be comprised in a tissue. The tissue may be derived
from a cadaveric foetus. The mesenchymal stem cell may comprise a mammalian, primate or

human mesenchymal stem cell.



5 may be supplenented with 10ng/ nl Reconbi nant Human EGF. It may be

suppl enented with 5511M 13- ner capt oet hanol . The transforned
mesenchymsiD 2811¢05825¢1 | , cell culture or cell |ine my bePSuSG201400420e
transf or ned masenchyrral stemcell displays one or nore of the foll ow ng
characteristics. The transformed mesenchynal stemcell may display one or
nore nor phol ogi cal characteristics of 10nmesenchymal stemcells. Such a
characteri sti d“hem)ethdtbﬂnayiﬁlrfhengnﬁnmsermlmimng theahesexahfyimabstem.cell in asgrumnftdeude
formng an adherent nonol ayer with a fi.brobl astlc henot

t r ansf or MY RSHI CRIHRITSS YL may cempiseerEse s tﬁrglme‘ﬁ)‘ﬂéu#aaiﬁ Khockgiabl e
of adher 'HMEM’mQhﬁﬁ{ rms miebd i@gfe&&mea%@wmm}epﬁ&&ﬁb&%édla GErhhy 6ol ture

or cell Iine may display an avefage popul ation doub time of between 72
to 96 houulsplemhaed wahslbOfeﬂmtlalEamaeaody riama)sbenmmnéqunt@bwth a0 lng/mml&(?dﬁ del |

o e, Se ot 38 SiptgHeARE0 fbiPh Bt ERIR A BR800

166, M—ICsls uM p-m@Yaplo&iRdndy, @ reduced or absent expression of one or nore of
the foll ovm ng: HLA-DR, CD34 and CD45. The transfornmed nmesenchymal stem
cell, cell cul

105+, CD 166+ Tthlléllr—feé tr %mﬁﬁqﬁyéiﬁ%ﬁﬂl%eﬂ%%hQUIP’rr%ﬂrs‘lk'e(B%dn%l%eeWEﬁm “Stem

cell, Ce'tﬂan%hﬁéﬂ'ﬁe%cl&ﬂﬁél st &I NAYpISY sSale dY nibré BElthe F6lIE¥RE SBarh@brigics Mg or
nore, .such as al ESX1, PQJFLSp SOX-2, UTF-1 and ZFP42. The

t ransf or mem@‘n@hWﬂhﬁmlétﬁ%@qll may:display: ghe or mogs mewhplogjcabchagagtegistps ofy a

redu géd exe% S | 0pstem ceﬂ S S%c a(laractgrli'sﬁp rﬁ%ye% fuge ?E“ﬁ%;r e wwpﬁoﬂﬁgenﬁg@

The trans I’T'ESGI’]C em ce

di spl ay rmaydﬁéle&é ﬁbﬁlﬁlgadlkzﬁihbfeﬁt pboslpyatvtea ﬁbxtoblusﬁqphenotype The transforned .
mesenchymal stemcell, cell culture or cell line may be maintainable in

cell culture ter t han 10, .2 eneratio

t ransf or ned rré@&%ﬂ?i ds?lg?ﬁnﬁl@fwal SEQ feq uél? ﬁ@{eur%(r)r Cel fne e b yallzllg@g

subst ant iaghdrihgSth plistic Kieteinyfoemed nﬁgbn@hyrﬁmmnreemueﬁpeﬁlumeeﬂcmm&myned in
cell culture for at |east 10 qgml nerations. The transfornmed nesenchymal stem
cel |, celdispiaylanaverage pepulation doubliag time of hetwveen 42 to Po hos: Fhettrangiormed

2011/ 1953%§e7s€1g[1/y§1§?8&8/ c%ﬁ @iz ulture or cell line may display a surface antigen profile

comprising expression of one or more, such as all, of the following: CD29, CD44, CD49a,
CD49¢, CD105, CD166, MHC 1. It may display a reduced or absent expression of one or more
of the following: HLA-DR, CD34 and CD45. The transformed mesenchymal stem cell, cell
~ culture of cell line rriay be CD29+, CD44+, CD49a+ CD49e+, CD105+, CD166+, MHC I+,
20 CD34 and CD45 .

The transformed mesenchymal stem cell, cell culture or cell line may display a
reduced expression of one or more, such as all, of HESX1, POUFLS, SOX-2, UTF-1 and
~ ZFP42. The transformed mesenchymal stem cell, cell culture or cell line may display a
reduced expression of one or more, such as all, of OCT4, NANOG and SOX2. The
25 transformed mesenchymal stem cell, cell culture or cell line may display no detectable

alkaline phosphatase activity.

The transformed mesénchymal stem cell, cell culture or cell line may be maintainable
in cell culture for greater than 10, 20, 30, 40 or more generations. The transformed
mesenchymal stem cell, cell culture or cell line may have a substantially stable karyotype or

30 chromosome number when maintained in cell culture for at least 10 generations. The

transformed mesenchymal stem cell, cell culture or cell line may be such that it does not



16 substantially induce formation of teratoma when transplanted to a
reci pient animal. The recipient aninmal nmay conprise an i mmune conprom sed
reci pi entwardhls325The tine period may be after 3 weeks, PSTSG269/080422r 2 t o

9 nonths. The transforned nmesenchymal stemcell, cell culture or cell line
may be such that it not teratogenic whehbdinplanted in SCI D nice. The
transforned nmesenchynmal stemcell, cell culture or cell |line may be such

that it isabstagially welube formatisieoteetdrhia when ramsplapab asedpiencatmaln@hposi tive
for human specific alu repeat sequences. The transforned r&genchyrral stem
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ost eocytes ocytes or roc tes. The transformed rnesenchynal stem
cell, .celckll i:@ld:tubk)ucdl lime ey be suchehatayndﬁmr@togerwmmnnplantbgl isPaH) migene
expression pattern fromgeneration to generation. The transforned
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or nore, such as %ﬁl} transt rresenc stem ceI l'e by the
nmet hod exlegdiivie feuinsnwﬁpeaﬁby rakanpéat aéqugnmas and pogs& fon hpunalh speetfic diu repryt be
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i sol ates of transforned nesenchymal stem cells obtainable by the method are

subst ant uatbloytﬁgcms, adipoeytesiurehprdipeyten dhe Henyfommganesanghymal heaerell, ealher . 1t
t hat |
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parent al getidritisre i S greater than 0.8. The transfor med nmesenchynmal
stemcell, cell culture or ceII l'ine may corrprlse a mammal i an, such as a
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condi t i-oRgkd ob¥nore %5&1{ i, ehfFemEISAae al Steoelie bbtairablel byahié ieftpdor cel |
line as described above. Also provided for is a particle secreted by a

Itransf or r%hlbrféybmrﬁgaﬂmlde@ﬂéahg@m expressipaguefilse dt mapbe sughdhatdhggsniesi ng at
sashsong g,!eeél GifiatRl Oc%sffﬁécyen;eket@ve § ASAR SEflor B REREI Y RInsRERRA COI | such

as a i 0l3 rans senchyma stemc condi ti oned
medi um ( Nﬁ@eﬁWymai Qtém&‘)eﬂﬁfplbt&medi bditlepmehed isi greaterThase 9 alt enayawcuctbthat any
further detail bel ovi(1
two or more, such as all, isolates of transformed mesenchymal stem cells obtainable by the
method are substantially similar or identical (such as homogenous) with each other. It may be
~ such that the gene expression correlation coefficient between a transformed mesenchymal

20  stem cell obtainable by the method and cells of a parental culture is greater than 0.8.

The transformed mesenchymal stem cell, cell culture or cell line may comprise a
mammalian, such as a mouse or human, transformed mesenchYmal stem cell, cell culture or

~ cell line.

- We further provide for a cénditioned medium comprising medium conditioned by a
25  transformed mesenchymal stem cell, cell culture or cell line as described above. Also provided
for is a particle secreted by a transformed mesenchymal stem cell as described above and
-comprising at least one biological property of a transformed mesenchymal stem cell such as a
biological activity of a transformed mesenchymal stem cell conditioned medium (MSC-CM),

for example cardioprotection. These are described in further detail below.

30 We also provide for a transformed mesenchymal stem cell, cell culture, cell line,

conditioned medium or particle as set out above for use in a method of treatment of a disease.



WO 2011/ 053257PCT/ SG2010/ 000422 17 The di sease may be selected fromthe
group consisting of: cardiac failure, bone marrow di sease, skin disease,
burns andWwOegueB2fi ve di seases such as di abetes, Al zhePG#EISG01908& AT e,

Par ki nson' s di sease, cancer, a disease associated with accunul ati on of
protein aggregates or intracellular or é%Xtracellular |esions; Huntingdon's
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particle cﬁﬁﬂnéograhaﬂsﬁhafoqs HREAE a&ﬁarf%uﬁ? 218 lyniphohlaCulc@tibild PithoMgiéal Pat hway
sel ected fromany one or nore of the foll owng: cytoskel etal regul ation by

Rho GTPasenditien & arwmesed ibpitiigjal injusy idating m@mnﬁmwdllmmsrmﬂam| at ed
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bi osynt hesi s, TCA cycle, phenyl al ani ne bi osynt hesi s, herre bi osynt hesi s.

The transfor ture ine,  condi t| oned
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signalling pathway, Inflammation mediated by chemokine & cytokine signaling pathway,
" FGF signaling pathway, EGF receptor signaling pathway, angiogenesis, plasminogen
20  activating cascade, blood coagulation, glycolysis, ubiquitin proteasome pathway, de novo

| -purine biosynthesis, TCA cycle, phenylalanine biosynthesis, heme biosynthesis.

The transformed mesenchymal stem cell, cell culture, cell line, conditioned medium or
particle may be used in the regulation of processes including any one or more of the
following: cell structure and motility, cell structure, cell communication, cell motility, cell

25  adhesion, endocytosis, mitosis, exocytosis, cytokinesis, cell cycle, immunity and defense,
cytokine/chemokine mediated immunity, macrophage-mediated immunity, granulocyte-
-mediated immunity, ligand-mediated signaling, cytokine and chemokine mediated signaling
pathway, signal transduction, extracellular matrix protein-mediated signaling, growth factor
homeostasis, receptor protein tyrosine kinase signaling pathway, cell adhesion-mediated

30 signaling, cell surface receptor mediated signal transduction, JAK-STAT cascade,

antioxidation and free radical removal, homeostasis, stress response, blood clotting,



30signaling, cell surface receptor nediated signal transduction, JAK-STAT
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ri bonucl eoprotein tein, tra ti.on er RNA- bi ndi ng
pr ot ei n, ihhibitanmetatlaprovchsd inlhibitek abenk pxrotﬁaea mhlbvteslomlcb)r@tuatasqg dohwdrogenase,

Also rOV|ded|s del i ve ering a,conditioned
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descri bedyapseniegrhBbEse, @éléa cﬁlcﬂf;’l‘ijbﬁlﬁﬁ@%ﬂéteﬁpﬁﬁlﬂma@ylttmwnﬂ%as% N ase

condltloned medi um or particle to a targ@f further provide for
t he use d$ongarass, athdreﬂsomenaye yidt symthiage, by as@,drmaramwweﬁml_ya& etwdFraysited

ot ai i ngeatpkrepelreedubl Aglsameripsa e o uEleRR pRAG SRG KPR BRI

provi di ngloﬂ-rhét@f\ﬁtﬁhﬂmﬁﬂn fi, ¢ A land h&ih 1ekRitdd, proid, aﬁmﬁxﬁn}ltlﬁalﬂlh el | line as
30 descri bed above and ferentiating the transforned nmesenchymal stem

cel | 20celadhesion mplecyle, @élmbmctui*&mpmr@r pingigtcamediats filamentgibenugsicaprotein,

chondr 0CyfiRsomal protein, translation factor, other RNA-binding protein, histone, calmodulin related

‘protein, vesicle coat protein.

Also provided is a delivery system for delivering a conditioned medium or particle,
comprising a source of conditioned medium or particle as described above together with a

25  dispenser operable to deliver the conditioned medium or particle to a target.

We further provide for the use of such a delivery system in a method of delivering a

conditioned medium or particle to a target.

There is also provided a method of obtaining a differentiated mesenchymal cell, the
method comprising providing a transformed mesenchymal stem cell, cell culture or cell line as
30  described above and differentiating the transformed mesenchymal stem cell, cell culture or

cell line into an osteocyte, an adipocyte or a chondrocyte.
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a conditioned nmedi um as described, together with a pharmaceutically
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medi ugn or . pafticle into a patient. The disease may be selected fromthe
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t |east ' ‘ Exanp! ft f or ni
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sar cooB @RAEFIANR] fbefdemda keacel cél culfutd @8] libe,Woaditidbn<BRedid® orParidieis , P.

et al. (1988) Proc. Natl. Acad. Sci. USA 85:3255-3259, and Snyder, E.. Y. et
al . 25( 1992ut akgve apd admimstyring thy tigpsfornedmeseneiee steascally e¢ll gdltue celd hipe.and

neur of i bchﬁHiHOr(eﬁ%@dIBﬂ@r?artﬁIe Mo a $ab29d) Science 254:1153-1160), (3)

menbr ane oncogenes such as neu and ret (Aaronson, A S. A (1991) Science
254:1153-1161), (4) tunor suppressor genes such as nutant p53 and nutant Rb
(retinobl ast orkp dispaserimat e se?@.cteA.frqrn@mcyses&%ﬁb@ltzsqvq138- 1146), and (5)
ot her transform ng genes such as Notch dom nant negative (Coffman, C. R et
al . OBTAINING TRANSFORMED MESENCHYMAL STEM CELLS

15 Transformed mesenchymal stem cells may be obtained or derived using the methods
and compositions described here from a mesenchymal stem cell, such as by genetic
engineering. The genetic engineering may comprise transformation with a suitable

transforming agent, such as an oncogene.

We therefore describe methods for immortalizirig or transforming such cell lines by
20  transfecting a mesenchymal stem cells with a vector comprising at least one transforming

- gene.

Examples of transforming genes include: (1) nuclear oncogenes such as v-myc, N-
myc, T antigen and Ewing’s sarcoma oncogene (Fredericksen et al. (1988) Neuron 1:439-448;
Bartlett, P. et al. (1988) Proc. Natl. Acad. Sci. USA 85:3255-3259, and Sny(ier, E. Y. etal

25 (1992) Cell 68:33-51), (2) cytoplasmic oncogenes such as ber-abl and neurofibromin

.‘(Solomon, E. et al. (1991) Science 254:1153-1160), (3) membrane oncogenes such as neu and
ret (Aaronsdn, A.S. A. (1991) Science 254:1153-1161), (4) tumor suppressor genes such as
mutant p53 and mutant Rb (retinoblastoma) (Weinberg, R. A. (1991) Science 254:1138-1146),
and (5) other transforming genes such as Notch dominant negative (Coffman, C. R. et al.

30 (1993) Cell 23:659-671). Examples of oncogenes include v-myc and the SV40 T antigen.
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expressed a selectable marker gene.

In another embodiment, the foreign DNA may be introduced using the technique of
calcium-phosphate-mediated transfection. A calcium-phosphate precipitate containing DNA
20  encoding the gene(s) of interest, such a transforming gene, is prepared using the technique of
Wigler et al. (1979) Proc. Natl. Acad. Sci. USA 76:1373-1376. Cultures of the mesenchymal
| stem cell are established in tissue culture dishes. Twenty four hours after plating the cells, the
- calcium phosphate precipitate containing approximately 20 ug/ml of the foreign DNA is
' édded. The cells are incubated at room temperature for 20 minutes. Tissue culture medium
25  containing 30 uM chloroquine is added and the cells are incubated overnight at 37° C.
Followiﬁg transfection, the cells are analyzed for the uptake and expression of the foreign
DNA. The cells may be subjected to selection conditions which select for cells that have taken

“up and expressed a selectable marker gene.

As used herein, the term ‘non-transformed cells’ means cells which are able to grow in
30  vitro without the need to immortalize the cells by introduction of a virus or portions of a viral
genome containing an oncogene(s) which confers altered growth properties upon cells by

virtue of the expression of viral genes within the transformed cells. These viral genes typically
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grow indefinitely in culture. 'Transformation refers to the (I;;eneratl on of
a transf ammeutatieation but preferably not the transformation of cells. Immortalized cells may be such

20  that they grow indefinitely in culture but do not cause tumors when introduced into animals.

As used herein, the term ‘transformed cell’ refers to a cell having a transforming gene
introduced into it and having the ability to grow indefinitely in culture. ‘Transformation’

' refers to the generation of a transformed cell.

TRANSFORMED MESENCHYMAL STEM CELL CULTURES AND CELL LINES

25 It will be evident that such a transformed mesenchymal stem cell that is obtained by
the methods described here may be maintained as a cell or developed into a cell culture or a

~cell line.

Accordingly, in this document, and where appropriate, the term ‘transformed
mesenchymal stem cell’ should be taken also to include reference to a corresponding cell
30 culture, i.e., a transformed mesenchymal stem cell culture or a corresponding cell line, i.e., a

transformed mesenchymal stem cell line. In general, the transformed mesenchymal stem cell,



TRANSFORMVED MESENCHYMAL STEM CELL CULTURES AND CELL LINES 251t will be
evident that such a transfornmed nesenchymal stemcell that is obtained by
t he net hold® 2d89$83156ed here may be nmintai ned as a cell @CTHEREIOPEA2i nto a
cell culture or a cell line. Accordingly, in this docunent, and where
appropriate, the term'transfornmed nesedéhymal stemcell' should be taken
also to include reference to a corresponding cell 30culture, i.e., a
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i.e., .a tr,amsfor d nesench%)gal stemcell line. In general, the transforned
mesenchy rfdftUSReAIR 83 descriid 2heYa fsglsB¥A 9T/ SG2010/ 000422 22 cel | cul ture or
cell line may be maintained in culture in the sane or simlar conditions

and cul t UFrANSRORMEBM BSINTHYMECL S0V €ELDIC oI roaED MEDITRANSFORVED
MESENCHYMAL STEM CELL CONDI TI ONED MEDI UM W further provide a medi um which
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condi ti oned diumis referred to.i.n this.docunent as.a.'.transforned
mesendhy TRFCRTRALEF celndiieh dsopdititunediumds reemeslio iR gundooiment i,
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secreted, excreted; rel éased, or otherw se produced by the transforned

mesenchyrbglovst em cel | s. The conditioned medi um 10 nmay -conpri se one or nore
nol ecul es of the transformed nesenchynmal stemcells, for exanple,

pol ypepti des, qidfhebhdiAchdSmedidnmRAYInirRe ntleRQECERAP:RYCtEY, rabdtRd Or
nol ecul es. The. condi ti oned nedi um rray al so conprise one or nore activities
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media may simlarly be used for that purpose. Such_a conditiopned nedi um
and conbi gtcoadisiopdd madiupy maalseeprapiifccsie O mMore aiyities of the transformed

‘mesenchymal stem cells. The conditioned medium may be used in place of, in addition to, or
to supplement the transformed mesenchymal stem cells themselves. Thus, any purpose for
15  which transformed mesenchymal stem cells are suitable for use in, conditioned media may

similarly be used for that purpose.

~ 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 transformed mesenchymal stem cells, for the purpose of for
20  example treating or preventing a disease. Thus, where it is stated that the transformed
“mesenchymal stem cells obtained by the methods described here may be used for a particular
- purpose, it will be evident that media conditioned by such transformed mesenchymal stem

cells may be equally used for that purpose.

Conditioned medium may be made by any suitable method. For example, it may be
25  made by culturing transformed mesenchymal stem cells in a medium, such as a cell culture
medium, for a predetermined length of time. Any number of methods of preparing conditioned
‘medium may be employed, including the ‘Conditioned Medium Preparation Protocol’ set out

below.

The transformed mesenchymal stem cells may in particular comprise those produced

30 by any of the methods described in this document. The conditioned medium will comprise
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not intquggﬂﬁg“ge limting, is as follows. An exanpl e protocol for
pr epar.i ng conéltlbned medi um from transforned t nesenchynal stem cells may
conprise a ' Conditioned Medium Preparation Protocol', which is as follows:
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chem cal 'y elifed serumfree culture mediumfor three days as descri bed

abovgeand in tfig EX200 Ry \%@?%p%}eg%y' gri'O\M?%QB@{}&r%f(?rﬁled&Qg@é:ﬂm dHéRfitalgul tur es

may be washed three tines BS, “and then cultured overnight in a
cheni cal |defided samad freectulinnecuemburs tfortyresfdaphE\dasertbied abhp vehand ingheegmplesy

suppl enented, wi.th 1 X | In-Transferrin-Selenopyrofein,.10ng/

Recorb| ndih a8 R R SO ART AT GLBISD T IE SR ey YA PBS, and

gl ut am nehgedilkidd dVRnHEKEGRh AV GicAlly 88headT8ddldn ¥BAGS R AT DMBM media Withat -
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obtained from Invitrogen. The cultures may be maintained in this medium for three days. This
conditioned medium (CM) may then be collected, clarified by centrifugation, concentrated 50
20 times using tangential flow filtration with MW cut-off of 100 kDa (Satorius, Goettingen,
Germany) and sterilized by filtration through a 220 nm filter.

The conditioned medium may be used in therapy as is, or after one or more treatment
steps. For example, the conditioned medium may be UV treated, filter sterilised, etc. One or
more purification steps may be employed. In particular, the -conditioned media may be

25  concentrated, for example by dialysis or ultrafiltration. For example, the medium may be
concentrated using membrane ultrafiltration with a nominal molecular weight limit (NMWL)

“of for example 3K.

For the purposes described in this document, for example, treatment or prevention of
disease, a dosage of conditioned medium comprising15-750 mg protein/100 kg body weight

30 may be administered to a patient in need of such treatment.
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properties of the exosones described herein. 15The transforned nesenchynal
stem cell par tyfel if:nSRYmEP MRS Ry iASkdnh €81 niae&ﬁa@tih?aﬁféu&pb&hsﬂée dNdsRek. by a
lipid bilayer. The transforned mesenchynal stem Cell particle may conprise
di anet er slteftrapSfotr0ed mesenthemalrstans £l paticlewsayrmompriat as exesomel Thpmansfaimed may
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mesenchy FRFCRtYRa Sem g4, IRy ¢ DAYERTPYSF BY PE O 1PTCTHE g/ mi and

may -f | oatpreperesicitanee dsadlbLdseribeliRreif). transformed nesenchynal stem cel |
particle nmay be enriched in chol esterol and sphingonyelin, and lipid raft

mar ker.s such GWVL, .GwB, flotjllin and the.src protein kingse Lyn. Th
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mesenchymal stem cerI condi t'i oned nedi um (transformed MSC , such as a

protei n clempaise diamstare ofod0-sYbrmf The ransfBmed enasenphs el stew cribeasiclemambs or ned
MSC-CM  The . CONPLi S€ fo i RNA. i
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genes or @gpartRlOnEg hsve Ddundity of L1.80s floongel MrCemap flonksh ittosh geddinss. The
conditioned by culture of transforned MSCs. The transforned rrgsenchyrral
st em28el |tra‘51§fogm§ql gleﬁgl)chy;r@hlrﬁtqtg gell particle may be enriched in cholesterol an

" sphingomyelin, and lipid raft markers such as GM1, GM3, flotillin and the src protein kinase

Lyn. The transformed mesenchymal stem cell particle may comprise one or more proteins
present in trahsformed mesenchymal stem cells or transformed mesenchymal stem cell
, conditioned medium (transformed MSC-CM), such as a protein characteristic or specific to
25  the transformed MSC or transformed MSC-CM. They may comprise RNA, for example
miRNA.

We provide a transformed mesenchymal stem cell particle which comprises one or
more genes or gene pfoducts found in transformed MSCs or medium which is conditioned by
culture of transformed MSCs. The transformed mesenchymal stem cell particle may comprise

30 molecules secreted by the transformed MSC. Such a transformed mesenchymal stem cell

particle, and combinations of any of the molecules comprised therein, including in particular



30 nol ecul es secreted by the transfornmed MSC. Such a transforned
mesenchymal stemcell particle, and conbinations of any of the nol ecul es
conpri sedWwORBTIAISAS7i ncl udi ng in particular WO 2011/ 05326TBGH18@2G2D/ 000422
25 proteins or polypeptides, nmay be used to supplenent the activity of, or
in place of, the transfor med MSCs or medbum conditi oned by the transf or med
MSCs for the purpose of for exanple treating or preventing a di sease.
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The transformed mesenchymal stem cell partlcle may be used for any of the

: therapeutic purposes that the transformed MSC or transformed MSC-CM may be put to use.

The transformed mesenchymal stem cell particle may comprise at least one property of
a transformed mesenchymal stem cell. The transformed mesenchymal stem cell particle may
25  have a biological property, such as a biological activity. The transformed mesenchymal stem
cell particle may have any of the biological activities of an transformed MSC. The
- transformed mesenchymal stem cell particle may for example have a therapeutic or restorative
activity of an transformed MSC. The biological activity may comprise cardioprotection. The
transformed mesenchymal stem cell particle may be capable of reducing infarct size.
30  Reduction of infarct may be assayed in a mouse or pig model of myocardial ischemia and

reperfusion injury.



26 The transformed nesenchymal stemcell particle may be capabl e of

reduci ng oxi dative stress. The reduction of oxidative stress may be assayed
in an i n WoR2po/@sxay of hydrogen peroxi de (H202)-i nduce®CESIG20189a9422 The
transfornmed nmesenchymal stemcell particle conprise a vesicle. The
transformed nmesenchynmal stemcell parti dbe nmay conprise an exosone.
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15 - transformed mesenchymal stem cell particle may have a size of between 50nm and 150 nm.

The transformed mesenchymal stem cell particle may have a size of between between 50 nm

and 100 nm.

The size of the transformed mesenchymal stem cell particle may be determined by
filtration against a 0.2uM filter and concentration against a membrane with a molecular
20 - weight cut-off of 10 kDa. The size of the transformed mesenchymal stem cell particle may be

determined by electron microscopy.

The transformed mesenchymal stem cell particle may comprise a hydrodynamic radius
of below 100 nm. It may comprise a hydrodynamic radius of between about 30 nm and about
70 nm. It may be between about 40 nm and about 60 nm, such as between about 45 nm and
25  about 55 nm. The transformed mesenchymal stem cell particle- may comprise a hydrodynamic
-radius of about 50 nm. The hydrodynamic radius may be determined by laser diffraction or

dynamic light scattering.

The transformed mesenchymal stem cell particle may comprise a lipid selected from
the group consisting of: phospholipid, phosphatidy] serine, phosphatidyl inositol, phosphatidy!

30 choline, shingomyelin, ceramides, glycolipid, cerebroside, steroids, cholesterol. The



WD 2011/ 053257PCT/ SG2010/ 000422 27 chol esterol -phospholipid ratio may be
greater than 0.3-0.4 (nol/nol). The transfornmed nmesenchymal stem cell
particl e WAROLNPIS7se a |ipid raft. The transfor mBGTisE2er®PAAB]l St em
cell particle may be insoluble in non-ionic detergent, such as Triton-X100.
The transforned nesenchymal stemcell p&fticle may be such that proteins of
t he nol ecul ar wei ghts specified substantially remain in the conpl exes of
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bi ol ogi cal activity nay be sel ected fromthe biological activiti es set out
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detect ed ®Y).a quasi-elastic |ight scattering (QELS) detector. The nethod
may conprise collecting fractions which elute with a retention tinme of

11-13 m nut es, TIRYGLHES mhy cBinpHEESeparating the transformed mesenchymal stem cell particle

20 - from other components based on molecular weight, size, shape, composition or biological

activity.

The weight may be selected from the weights set out above. The size may be selected
from the sizes set out above. The composition may be selected from the compositions set out

above. The biological activity may be selected from the biological activities set out above.

25 We further describe a method of producing a transformed mesenchymal stem cell
| particle as described above. The method may comprise obtaining a transformed mesenchymal
stem cell conditioned medium (MSC-CM). It may comprise concentrating the transformed
mesenchymal stem cell conditioned medium. The transformed mesenchymal stem cell
conditioned medium may be concentrated by ultrafiltration over a >1000 kDa membrane. The

30  method may comprise subjecting the concentrated transformed mesenchymal stem cell



We further provide a pharmaceutical composition conprising a transforned
mesenchymal stemcell particle as described together with a
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provi de such a transfornmed nesenchymal stemcell particle or such a

phar maceuti cal conposition for use in a2fethod of treating a disease.
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The disease may be selected from the group consisting of: myocardial infarction, a
20 “cutaneous wound, a dermatologic disorder, a dermatological lesion, dermatitis, psoriasis,

. condyloma, verruca, hemangioma, keloid, skin cancer, atopic dermatitis, Behcet disease,
chronic granulomatous disease, cutaneous T cell lymphoma, ulceration, a pathological
condition characterised by initial injury inducing inflammation and immune dysregulation
leading to chronic tissue remodeling including fibrosis and loss of function,.renal ischemic

25  injury, cystic fibrosis, sinusitis and rhinitis or an orthopaedic disease.

The transformed mesenchymal stem cell particle may be used to aid wound healing,

scar reduction, bone formation, a bone graft or bone marrow transplantation in an individual.

The transformed mesenchymal stem cell particle may be used (i) in the regulation of a

pathway selected from any one or more of the following: cytoskeletal regulation by Rho
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'50-1 m-in arret er corrp exes or parti ere ore be
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cells the 10Th sfor sench . stem cel | ar icles, .

ol exosmBNASHlicisie ar Gl e el gt e iaps Mebin o e o ke o b6 foTving

treat mentg; ahag ﬁm&meoeh&@amﬁ@ ?dv@tﬁ fwtomeﬂakmenﬁeﬂ%@ansama c?fokir&c haeni a,

cardi ac i nfl anmati on or heart fg | ure. ffwma al so be used for repair
yre

f ol | owi ngextreed]lvddr amatiix elmycell\@mreatmoﬁmm teluy otheapxifaseilar MBOX, (such as
}\/rsacf] gwor gegra‘g%@ﬁ:'c}r% Iy g}y%\%?ro p((’ot%a%eic Iglgtg E)llaor(f)) case, gﬁ-ler pro erasetsr Srr(])§ea9r med
25  inhibitor, metalloprotease 1nh1b1tor serine protease inhibitor, oxidoreductase, dehydrogenase,
peroxidase, chaperone, chaperonin, Hsp 70 family chaperorie, other chaperones, synthetase,
synthase and synthetase, select calcium binding protein, aminoacyl-tRNA synthetase, lyase,
isomerase, other isomerase, ATP synthase, hydratase, transaminase, other lyase, other enzyme
regulator, select regulatory molecule, actin binding cytoskeletél protein, cytoskeletal protein,
30  non-motor actin binding protein, actin and actin related protein, annexin, tubulin, cell
adhesion molecule, actin binding motor protein, intermediate filament, ribonucleoprotein,
ribosomal protein, translation factor, other RNA-binding protein, histone, calmodulin related

protein, vesicle coat protein.



activities of transfornmed MSC and are capable of substituting for the
transforned MSCs t hensel ves. The bi ol ogical property or biological activity
of an tr aWeRBIERSKWEC may t herefore correspond to a bi olP6FiS6a0109pER2rt Yy oOr
activity of a transfornmed nmesenchymal stemcell conditioned medi um
Accordingly, the transformed mesenchymaBOstem cell particle may 20 conprise
one or nore biological properties or activities of a transforned
mesenchymal stWenfareer providdt for @ deliverne Sijrstﬁm (drrdehisdriongrettanyBCmelmesenchymallhe
condi ti oned ce cul ture nedlun1suc transf orned Mesen St em Cel
Condi t i orfédn R@LPW eﬁoaﬁgasmgr?ewuws fa ﬁ@e%ﬁaﬁ%a@yceﬁ@%ﬁw iRgether
transfor Wath HRRGORLYERIaLH GGl ihé béxﬁ@l%fté?ﬁ'i@rget'vsc) a descendent t her eof

or acell l'1ne-derived 25therefromin a cell culture medium and isolating
the cell culture nmedium  The transforned nes nchymal stem cell may be
produced by a 5P SEEE PeRyisryss oh I delineRigy sierdn 2 righerl QielvPrRg apaBiey oni ¢
stenlgESkogq&gepolony The cell, 'or a descendent thereof, may be propagated

in the absenc& of co-culture in a serumfree medi um corrpr|5| ng FGF2.
Further details are provided el sewhere in this docunent.
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mesenchyrf&t's condi ti oned nedium (transfornmed MSC-CM. The
transfornmed MSC partlcle may be isolated for exanple by being separated

f romigon- ass oci}attmﬂsibﬁnabﬁemmhasle;@hno celbpartige gempiexes ot dx@sémhesmadpbered MSC
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or subsequent to separation. For exanple, It may iltered through a
menbr ane,fol@wing)parfpsien oyerywi t h a si ze or nol ecul ar melght cut-off. It may
be subj ect to tangential force filtration or ultrafiltration.

For exanpl e, t f i r
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chr omat oghaRfYves Hﬁkeﬁ)lomgtcal y@pew& lﬁ@l'ogﬁﬂﬁac'ﬁ%fy B?a&ﬁ%forﬂé@ MotwEys may be

Si ze E,‘XC| usi on- col ums. or bi ndi ng col ums
therefore correspond to a biological property or act1v1ty of a transformed mesenchymal stem

cell conditioned medium. Accordingly, the transformed mesenchymal stem cell particle may
20  comprise one or more biological properties or activities of a transformed mesenchymal stem

cell conditioned medium (transformed MSC-CM).

The conditioned cell culture medium such as a transformed Mesenchymal Stem Cell
Conditioned Medium (transformed MSC-CM) may be obtained by culturing a transformed
mesenchymal stem cell (transformed MSC), a descendent thereof or a cell line derived
25  therefrom in a cell culture medium; and isolating the cell culture medium. The transformed
mesenchymal stem cell may be produced by a process comprising obtaining a cell by
| dispersing a embryonic stem (ES) cell colony. The cell, or a descendent thereof, may be
propagated in the absence of co-culture in a serum free medium comprising FGF2. Further

details are provided elsewhere in this document.



200ne or nore properties or biological activities of the transfornmed MSC
particle may be used to track its activity during fractionation of the

t ransf or 0 20m98Bhymal stem cel | condi ti oned nedi um (t rarscasmdody5C- CM) .
As an exanmple, light scattering, refractive index, dynamc |ight scattering
or UV-visible detectors may be used to Bdbllow the transforned MSC
particles. For exanple, a therapeutic activity such as cardi oprotective

acti vi ty 1seya NONIFIBENSFORMEDM ESEM HAGIA1YS M CULL PARKIAGE | onat i on.
The foll ow ng paragraphs provide a specific exanple of how a transforned

M5C nesenchyndlhestaasfoaatd M3dT partitle nsaydle ppsdiead exsslated imayutmdendf wayseSuch

A transforne senchymal . stemcell parficle may be produced by cul turing
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9, 10 dayBapR! cémpssitidrdr tiapPAlactvikays. The conditioned nmedi um may be

obt ai ned by separating the cells fromthe nmedium The conditioned nedi um

nma centrifuyged, .f.or exanpl e at, 500 it may be, 1 oncentrated b
(T eRGe Ton i gRhdiResEaREm reiebe Blinra pbcanip e it 5o poR e
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nmor e: 'he conditioned nedi um maty be subject to |liquid chromatography
such as e @ithehezeeonmidlecWaredeighiciutraftntiyndycbesbigetiodengentialiforse ditization ain.
Any size. ?X%JI{“%Sioon matri x such as Sepharose may be used. As an exanple, a
TSK Guar & EDFEAPISWKL, 6 x 40 mmor a TSK 15 gel G4000 SWKL, 7.8 x 300 mm
may . be enpl oyed. The eluent buffer may conprise any physiol ogi cal nmedi um
such as sal i neForlexample, rgtion sathzOmevbraine of b avitablarhblecular weightor s autoffa Cl
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be used to track the progress of elution. Fractions nmay be exam ned for
dynani ¢ |i ght TBeabnditiongl a8litn, ogtionglly fikogd @s cermleasated of bagghimacht subjdon tp
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| i ght sca&xelesippgolumyes of hindingsehumest es in this peak is about 55-65 nm Such
fractions conprise '

20 - One or more properties or biological activities of the transformed MSC particle may be

B used to track its activity during fractionation of the transformed mesenchymal stem cell
conditioned medium (transformed MSC-CM). As an example, light scattering, refractive
index, dynamic light scattering or UV-visible detectors may be used to follow the transformed
MSC particles. For example, a therapeutic activity such as cardioprotective activity may be

25  used to track the activity during fractionation.

The following paragraphs provide a specific example of how a transformed MSC

mesenchymal stem cell particle such as an exosome may be obtained. -

A transformed mesenchymal stem cell barticle may be produced by culturing
transformed mesenchymal stem cells in a medium to condition it. The transformed

30 mesenchymal stem cells may comprise transformed HUES9.E1 cells. The medium may



25 transformed MSC nesenchynmal stemcell particles such as exosones.

DELI VERY OF TRANSFORMED MSC PARTI CLES The transformed MSC particles
as descriWweaowssd’s docunent may be delivered to the hBERMFGENI0ANRRI body
by any suitabl e neans. We therefore describe a delivery system
for delivering a transformed MSC particPeé as 30described in this docunent
to a target cell, tissue, organ, animl body or human body, and nethods for
using t he:odmhse/BMEMy@heDMIﬁvIdndty besuch lthanstfdmem dvBprisaphémol exl. The meﬂﬂmget
WO 2011/ 053257PCT/ SG2010/.000422 33 dellver¥,$ysten1na qFrlse a
source of™dy% Brmeate P F%’%Sfe‘?ﬂc‘i’f SS ngprofsi ilferor 2By eAmh

transf or nededbfe ol éo‘nﬁJrfsé FGEREIdRly Q6Riptise Pmﬁai‘h& OSREAFRioR ot 'Fmrlﬁe%f for
dlspen5|ng the transfornmed MSC particles to a target Accordi ngly, we
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f t f t i bed
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parti cl eghdréofa t arget. e further provi de for the use of such a
del i very system in a nmethod of deli veri ng transformed MSC particles to a

t t. Deli ' d '
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6, 139,524, for exanple, drug delivery catheters such as those described in
Uni t ed Strmdégnpﬂneeqwdmom@rr@mm may be centiiugpdsdpr/examplhiat 309|ﬁg§ 83y brasal

passgges coh@e% ra%d fb? ltrr];[u{oa oulgh (gel én\{l?rgl ei( Tﬂg)ﬁle%r emngg ?&F %erllg> E&f 18553”'3' €

a nasal spray, RETAS known exanp e as
shown 15Iﬂilenl1,15rainedT It cﬁindﬁloﬂe@ tr@dluﬁ‘ﬁinaﬁ be D&Mn@ﬁ%d about 50 tibeksi Iov afoye.t 0 t he
ki dneys may be achleved using an intra-aortic renal delivery catheter, such

as that descri Uni t ed,.St at es, Pat e 24 | t e
as that  descr hed bpbRld SdsshaheonPabeal Gt R Bucersnty suct do 10, B8
requi r ed can@itibhedrheditmnadyobeRpalited Hyaide excRSioa! AhY6iza pRi1GH6H Mhkix sitkayal

I n order to achieve 20 opt| treatnment. The transformed MSC particles may'
for exam:ﬁeé Fasejuaybe vedt Asap pempien TR Guard column SWXL, 6 x 40 mm or a TSK

15 gel. G4000 SWXL, 7.8 x 300 mm may be employed. The eluent buffer may comprise any
- physiological medium such as saline. It may comprise 20 mM phosphate buffer with 150 mM
of NaCl at pH 7.2. The chromatography system may be equilibrated at a flow rate of 0.5
ml/min. The elution mode may be isocratic. UV absorbance at 220 nm may be used to track
the pr_ogréss of elutidn. Fractions may be examined for dynamic light scattering (DLS) using a

20  quasi-elastic light scattering (QELS) detector.

Fractions which are found to exhibit dynamic light scattering may be retained. For
exarﬁple, a fraction which is produced by the general method as described above, and which
elutes with a retention time of 11-13 minutes, such as 12 minutes, is found to exhibit dynamic
light scattering. The ry, of particles in this peak is about 55-65 nm. Such fractions comprise

25  transformed MSC mesenchymal stem cell particles such as exosomes.

DELIVERY OF TRANSFORMED MSC PARTICLES

The transformed MSC particles as described in this document may be delivered to the

human or animal body by any suitable means.

We therefore describe a delivery system for delivering a transformed MSC particle as
30  described in this document to a target cell, tissue, organ, animal body or human body, and

methods for using the delivery system to deliver transformed MSC particles to a target.



prevention of atherosclerosis. Here, perfusion of transformed MSC particles
may be done intravenously to stabilize atherosclerotic plaques or reduce

i nf | ammatwonreiwssise pl aques. The transformed MSC parti clres/scayiomeosased for
the treatnment or prevention of septic shock by 25i ntravenous perfusion. The
transfornmed MSC particles may be used f88 the treatnent or prevention of
heart failure. This may be achi eved by chronic intracoronary or

i ntramyocar di alfHe)ﬁeB%rz YHEan r@Jy dobripiat Qlsomde YarRfdriicd NESC a%'tircﬁzfs audhasa
renodel i ng or retard heart’ l'ure. The transfornmed MSC
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parti cl es digpehserdpedbleity delpebr tianchnkfoemsd MS@ partickes @a wtdet. be abl eto
determ ne which neans to enploy accordingly. As an exanple, in the

treat nent of i nfl transfornmed VBC 1 r es. may be
del i ver ed forc\gﬁg'ffﬁ]eépfod”‘faﬁgghﬁ %8& pgéﬁgvc(riy Sggemﬁ’il?)g}f%%lﬂﬂd%bew'@ardl um
or endOCQfaﬂgf@[—ﬂlechsbﬁgﬁﬁ&legﬁtd‘@fgéf onary injection through the chest wall or
using standard percutaneous cat heter based methods under fI uor oscopi ¢

gui dance for rect injecti into sue such., as i um.or
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may be used to adm nister the transformed MSC particles. Alternatively the

transfor @dtemtmi’atﬁlﬁlﬁels”rﬁ% foe extrapledirug deliysreeptbaterd sueh a5 thoserdeserihed i s

pl aced i TAI Nl NG MESENCHYMAL STEM CELLS ( MSC)
The trang?gjrn(rf}géciig&%%a\(%%%q?zg%m cells described here nay be isolated or

produced 20 from rresench mal stemcells. Mesenchymal stemcells suitable
for use in t hdgiveguotthohings ot nasrlpasvagesd meésbmg:m;rmsalsdeélmmemas braghipeednade
by any net hod. known artl cu ar

o opagat M EdoL SR f afsAE et pufer el REEL D hitnd T Bl Bagyile B oY
col onyg, Gk Unitdé SeeerdBaign Pee 055449971 he absence of co-culture in a serum
free nmedium conprising FG-2. As a further exanple, nmesenchynmal stemcells
may be Delivery to the kidneys may be achieved using an intra-aortic renal delivery catheter,

such as that described in United States Patent 7,241,273‘.

It will be evident that the particular delivery should be configurable to deliver the
. required amount of transformed MSC particles at the appropriate interval, in order to achieve

20  optimal treatment.

The transformed MSC particles may for example be used for the treatment or
prevention of atherosclerosis. Here, perfusion of transformed MSC particles may be done
intravenously to stabilize atherosclerotic plaques or reduce inflammation in the plaques. The
transformed MSC particles may be used for the treatment or prevention of eeptic shock by

25  intravenous perfusion.

The transformed MSC particles may be used for the treatment or. prevention of heart
failure. This may be achieved by chronic intracoronary or intramyocardially perfusion of

transformed MSC particles to retard remodeling or retard heart failure. The transformed MSC



25derived frompre-natal tissue. The pre-natal tissue, such as a foetal

ti ssue, nmay be processed, such as by dissection, mncing or washing, or any
conbi nat i\ 20HAS8257. - Each of these is described in fuPCR8G208t080422i n t he
sections below. WD 2011/053257PCT/ SG2010/ 000422 35 Mesenchymal Stem Cells
from Enbryonic Stem Cel|l Sources Jhe prior art nethods of obtaining
mesenchymal stemcells (MSC) or MSC-like cells fromhESCs involve either

t r ansf ectpafitledfmd#y teused férahoredtmset dreveventon oBlAg iifpinassiohbhERFnagsne i nt o
differentjating hESCs (Xu et al. ,- 2004) or coculture with nouse OP9 cell
l'ine (BardBBY‘i"Yet al ., 2005). The .use of exogenous genetic material and
mouse cells in these derivation protocols introduces unacceptable risks of

t unor i geni ci t \Theftrah&tbAéd MSMpariceomapbé GsddTbedkinRutndgenprevention of The
mssenchyrral stemcells may be derived by the use of a clinically relevant

and r epr dgteatplogical eongitions £8r Psosigpintliong tenmsleleryoef transtormed MY(s Drkclgs
hombggnoys d\é%%salgylefaqgﬁlsga&angm n{)ﬂl’f@r%gcﬁ&?ﬂéég%'u'ﬁﬂl ﬁ%%sa% itibMisdeQava. . the

nmet hod conpri se spersing a enbryonit stem colony into cells.
The cells are then plated out and propagated. The cells are pr opagat ed in

t he absence oflt wil '@Qﬁ%ldﬁﬂéthaﬁ thg dslivennmetleed wildepend endheiparticylar opgapie ydch
growth f i t?a'i S orﬁﬂFgﬁﬁC piu%tcpes (ilse l:;[eodeﬂpérga %nﬁ?l? Q(?l@rgg?elrso% ?i]b%%lble%o( MSCs) .

Thus, the pr UI re serum I's or genetic
mani puI atdefgintSaiich meqwtbempllcgsa&cﬂmlmg;b)ul at| ons and time, and is therefore
hi ghly scal able. The protocol may be used for the isol at| on of MSCs from

two different hESC | in 9. an ' Human
ES cel |l deri V&SW PEeEgBIHﬁ/Er&%t)meng?gaﬁdelgpglﬁtrh%gat%n tlliqll:: S an e(#(j@n%ggl tions
descnpbegahRled nadyebe duliReded fbryexainpld @rthd cardia dssw (i) medardiant, pcardi@BvMECS) .

20The enbryoni¢c stemcell culture nmay corrprl e a human_enbryoni c. stem cel |
( hESC) c@n5WIum) by dirgqt infrasqeonanpjaiectigsnthro iﬁ%% rhsgt wall @b\‘%‘i‘%ﬁt?ﬁ‘fb‘

nmesenc h y ) r i ESCs
e S
AB bef or eissersucings the Irn)@dﬂﬁitm ifusi@l ofsan inhibitor.from a stent or catheter which is

inserted into a bodily lumen.

15 - Any variety of coronary catheter, or a perfusion catheter, may be used to administer
the transformed MSC particles. Alternatively the transformed MSC particles may be coated or

impregnated on a stent that is placed in a coronary vessel.

OBTAINING MESENCHYMAL STEM CELLS (MSC)

The transformed mesenchymal stem cells described here may be isolated or produced
20 from mesenchymal stem cells. Mesenchymal stem cells suitable for use in the production of

~ transformed mesenchymal stem cells may be made by any method known in the art.

In particular, MSCs may be made by propagating a cell obtained by dispersing a
embryonic stem (ES) cell colony, or a descendent thereof, in the absence of co-culture in a
serum free medium comprising FGF2. As a further example, mesenchymal stem cells may be
25  derived from pre-natal tissue. The pre-natal tissue, such as a foetal tissue, may be processed,

"such as by dissection, mincing or washing, or any combination thereof. -

Each of these is described in further detail in the sections below.



25The nmet hod may conprise sorting for CD 105+, CD24- cells fromtrypsinized
hESCs one week after feeder-free propagation in a nedia supplenented with
FGF2 and wpt20origBisy PDGF AB wi || generate to generate aPRESG2MBAOEE? |
culture in which at |east sone, such as substantially all, or all cells are
simlar or identical (such as honpbgenous) to each other. The
MSCs produced by this nethod may be used to produce nesenchymal stem cell
30 condi ti onedved: a(lIS@ﬁ}CMsfrém embNUmASlemeC ] Soaycede i sol ated. WO
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cell colony nmay conprise a huES9 col ony (Cowan CA, Klinmanskaya |, MMahon
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lines frag I sts 35 356) ,Qr H1 ESC
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JJ, et alderiy ro%@blfs)fﬁfb(ﬁc@&ﬁb&?tdbld-ﬂﬂk@%fEﬂﬂiﬁdrilg,%dlcftfr o irfedtidn oBlkagdzZo6Hst S.
SC|ence 282: 11 1147 he cells in the col ony may be

di saggrega&éﬂowagéﬁ@persed to a substantial extent, i.e., 10at |east into
clunps. The colony may be di saggregated or di spersed to the extent that all

the cells in thR H&eRMY Al Stefi A5 thayibeYerivdd 1y GeuSOyf 4 auﬁ@mlr@k%m and
di saggregated. The di saggregation may be achieved with a di Sg/}ﬁ si ng agent.

The dis percsnodgmblgmtoxerd)fmbéolamg Himtlgr erhdentical (saghnas homsigepasadihg at | east
Some §nbrl}/ glori% %etlf rer\}\t}_lart]ma gbcs) "M gfg{lg %’éﬁ% dﬂet%@%l%%ryég dgbgﬂe&ﬁg? Ing :gent

my C a en FSrupt eS| on ween A
col ony, CHmlb?(BMe EthC((EJSb selbeslody into cells The cells are then plated out and propagated. The
cells are propagated in the absence of co-culture in a serum free medium comprising fibroblast

growth factor 2 (FGF2), in order to obtain mesenchymal stem cells (MSCs).

Thus, the protocol does not require serum, use of mouse cells or genetic manipulations
15  and requires less manipulations and time, and is therefore highly scalable. The protocol may
be used for the isolation of MSCs from two different hESC lines, HuES9 and H-1 and also a
third one, Hes-3. Human ES cell derived MSCs (hESC-MSCs) obtained by the methods and
compositions described here are remarkably similar to bone-marrow derived MSCs (BM-

MSCs).

20 The embryonic stem cell culture may comprise a human embryonic stem cell (hESC)

. culture.

In a one embodiment, a method of generating mesenchymal stem cells (MSC)
comprises trypsinizing and propagating hESCs without feeder support in media supplemented
with FGF2 and optionally PDGF AB before sorting for CD105+CD24- cells.

25 The method may comprise sorting for CD105+, CD24- cells from tfypsinized hESCs
one week after feeder-free propagation in a media supplemented with FGF2 and optionally
' PDGF AB will generate to generate a hESC-MSC cell culture in which at least some, such as

substantially all, or all cells are similar or identical (such as homogenous) to each other.

The MSCs produced by this method may be used to produce mesenchymal stem cell
30 conditioned medium (MSC-CM), from which the s may be isolated.



substrate, or both. The dispersing agent may conprise a protease. The
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centrifuged and resuspended in medium before plating out.

20 | The method may comprise dispersing a confluent plate of human embryonic stem cells

with trypsin and plating the cells out.

The disaggregation may comprise at least some of the following sequence of steps:
aspiration, rinsing, trypsinization, incubation, dislodging, quenching, re-seeding and
aliquoting. The following protocol iS adapted from the Hedrick Lab, UC San Diego

25  (http://hedricklab.ucsd.edu/Protocol/COSCell.html).

In the aspiration step, the media is aspirated or generally removed from the vessel,
such as a flask. In the rinsing step, the cells are rinsed with a volume, for example 5-10 mls, of
a buffered medium, which is may be free from Ca*" and Mg**. For example, the cells may be

-rinsed with calcium and magnesium free PBS. In the trypsinization step, an amount of



20di lution fromfor exanple a 75cn2 flask. In the aliquoting step, the
cells may be aliquoted into new di shes or whatever split ratio is desired,
and nedi avaQdE@53257 In a specific enbodi nent, the MmBECHSG20M@DUdRS t he
followi ng steps: human ES cells are first grown suspended i n non- adher ent
manner to form enbryoid bodies (EBs). 5370 day old EBs are then trypsinized
before plating as adherent cells on gelatine coated tissue culture
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any swtagy“eltﬁggﬁ}%acesuch as treatnment with trypsin, vvashl ng and replating.
The split ratio may conprise for 1l0exanple 1:4. The mesenchymal stemcells

may be maintained as a cell line. Absence of Cul ture SO
embodi ment s, daihs@ienekiae s6pc vluwg of pedivgn E@Fcfﬁ%d torthg ﬂekaﬁgeﬁegFUm may.

cul t Y08 comprise a neutralising agent to stop_the action of the dispersing agent. For example, if the

dispersing agent is a protease such as trypsin, the medium may contain a protein, such as a
serum protein, which will mop up the activity of the protease. In a particular example, 3 ml of
“serum containing cell culture medium is added to the flask to make up a total of 4 mls. The

cells may be pipetted to dislodge or disperse the cells.

15 ' In the re-seeding step, the cells are re-seeded into fresh culture vessels and fresh
| medium added. A number of re-seedings may be made at different split ratios. For example,
the cells may be reseeded at 1/15 dilution and 1/5 dilution. In a particular example, the cells
may be re-seeded by adding 1 drop of cells into a 25cmi flask and 3 drops into another to re-
seed the culture, and 7-8 mls media is then added to each to provide for 1/15 dilution and 1/5
20  dilution from for example a 75cm? flask. In the aliquoting steb, the cells may be aliquoted into

- new dishes or whatever split ratio is desired, and media added.

In a specific embodiment, the method includes the following steps: human ES cells are
first grown suspended in non-adherent manner to form embryoid bodies (EBs). 5-10 day old
EBs are then trypsinized before plating as adherent cells on gelatine coated tissue culture

| 25  plates.

Maintenance as Cell Culture

The cells such as the disaggregated cells or the mesenchymal stem cells may be plated

and maintained as a cell culture.
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medi um whi ch may conprise a serumfree nedium The nesenchymal stemcells
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term'serumfree nedia” may conprise cell culture nedia whjch is_free of
serum In some embodiments, our methods 1nvolve culturmg cells in the absence of co-
culture.
15 The term ‘co-culture’ refers to a mixture of two or more different kinds of cells that

are grown together, for example, $tromal feeder cells.

Thus, in typical ES cell culture, the inner surface of the culture dish is usually coated
- with a feeder layer of mouse embryonic skin cells that have been treated so they will not
divide. The feeder layer provides an adherent surface to enable the ES cells to attach and
20 . grow. In addition, the feeder cells release nutrients into the culture medium which are required
| for ES cell growth. In the methods and compositions described here, the ES and MSC cells

may be cultured in the absence of such co-culture.

The cells may be cultured as a monolayer or in the absence of feeder cells. The
embryonic stem cells may be cultured in the absence of feeder cells to establish mesenchymal

25  stem cells (MSC). The MSCs themselves may be cultured in the absence of feeder cells.

The dissociated or diséggregated embryonic stem cells may be plated directly onto a
culture substrate. The mesenchymal stem cells may be cultured on a culture substrate. The
culture substrate may comprise a tissue culture vessel, such as a Petri dish. The vessel may be

pre-treated. The cells may be plated onto, and grow on, a gelatinised tissue culture plate.



proteins, e.g., fetal calf serum Serumfree nedia are known in the art,
and are described for exanple in US Patents 5,631,159 and 5, 661, 034.
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. defined media in which all components have a known chemical structure. Chemically-defined
serum-free media is advantageous as it provides a completely defined system which
eliminates variability allows for improved reproducibilify and more consistent performance,

and decreases possibility of contamination by adventitious agents.

20 The serum-free media may comprise Knockout DMEM media (Invitrogen-Gibco,

Grand Island, New York).

The serum-free media may be supplemented with one or more components, such as
serum replacement media, at a concentration of for example, 5%, 10%, 15%, etc. The serum-
free media may comprise or be supplemented with 10% serum replacement media from

25  Invitrogen- Gibco (Grand Island, New York).

Growth Factor
The serum-free medium in which the dissociated or disaggregated embryonic stem
cells are cultured may comprise one or more growth factors. The serum-free medium in

mesenchymal stem cells are cultured may comprise one or more growth factors. A number of
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FGF2 may be obtained commercially, for example from Invitrogen-Gibco (Grand Island, New

York).

20 . Platelet Derived Growth Factor (PDGF) is a potent mitogen for a wide range of cell
types including fibroblasts, smooth muscle and connective tissue. PDGF, which is composed
of a dimer of two chains termed the A chain and B chain, can be present as AA or BB
homodimers or as an AB heterodimer. Human PDGF-AB is a 25.5 kDa homodimer protein
consisting of 13.3 kDa A chain and 12.2 B chain. PDGF AB may be obtained commercially,

25  for example from Peprotech (Rocky Hill, New Jersey). ‘

Epide'rmal growth fabtor or EGF is a growth factor that plays an important role in the
regulation of cell growth, proliferation, and differentiation by binding to its receptor EGFR.
Human EGF is a 6045-Da protein with 53 amino acid residues and three intramolecular
disulfide bonds. EGF acts by binding with high affinity to epidermal growth factor receptor

30 (EGFR) on the cell surface and stimulating the intrinsic protein-tyrosine kinase activity of the
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15 medium and replating.

The methods and compositions described here may therefore comprise passaging, or
splitting during culture. The cells in the cell culture may be split at a ratio of 1:2 or more, such
as 1:3, such as 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

20  culturing the line until confluence or saturation is obtained.

Selection, Screening or Sorting Step
The method may further comprise a selection or sorting step, to further isolate or select

for mesenchymal stem cells.

The selection or sorting step may comprise selecting mesenchymal stem cells (MSC)
25  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

30 describe.
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sufficient to qualify the antl%en as .a sel ectabl e marker, 15f i sol ati ng
MSCs f r oringtany ef thesesiiay, bg usedimhe selectipripiipring stppedeseriad hess Tglﬁ selsFtqnRy st ep

rcrzlyl g-_er' %Xrt&@%%ﬂé@zrc‘?@vﬁ@bﬁﬁ?eaﬂé b ﬁdo?&%él?ée'a%?%w &ﬁlss% MafsSagnd ES

[ ection or sorting step of our y 05|t|vely
sel ect f dmownse ey EACS iemlved dxpokiag eelistn atrhpomax,muels 8s$ mlabelﬂecbmltubgéy;s Such

anti gens I dent.ifi for a sion

profi ‘g?aglhggéﬁ aﬁ%”ﬁ@%d%ns ‘f’ﬁﬁ’“ﬁé‘ﬁ?yc@f:ﬁ?l?%etéﬂ%gﬂl On Pﬁ%’ﬁ ﬁ@ét i on
or sor t | ngd Wuﬁ.@&ﬁ&%ﬂélfbﬁfn fé%aeﬂd%ﬁ‘e iova i tRS ark,n@d ABScrBEN %r%ﬁ@fﬁﬁlel in Table
El A and EI B be he selection or sorting step of our method may

posi ti velHarlet sk Lansr Theerdls erytran passediheeighs BrsE taghing hwhieh peressthe 6fllsof
anti gens | ch | de | fie essed Y u oL. .ex d on ES
cells suctwn I':Oé%sr dﬂ?t% (lja ﬂllnéh yerél%tpl)‘?e 2{% 'ﬁgtélagh ﬁ%‘?%%lﬁ)%fg‘iﬁﬁg not

hi ghly exmﬁe@s)e,dayabe aﬁﬁsgedmohthalsand CD 105 are highly expressed
surface antigens in MSCs and are anong the top 20 hi ghly expressed surface

antigens in hESC MSCs rel.ative.to eit 730rCD105
(or 8§t h) as s Fgﬁ‘fearﬁfﬂéseprgli’%&ﬁ“lf:&r “8&15? V‘é‘d?\‘%%s uﬁﬁaf rgléeléscﬁé W& ecti ve
i n sorti ngsdcRiedOWHRMSEs é\@(@DmmeAMPd[T634QODI49d)I Bgdmome\ame
2011/ 053257PCT/ S&G2010/ 000422 43 stemcells (ES cells) such as hESCs, and

not meseddBGmasociatedsueiars antigens ¢.2HERZ2 pmtCD4Re @@t%l@ﬁnghly SOPTEPSHE IR cBlls
based on ens such
based o PN AN S L Ak IFSsCRBRA e LARRBLH
expr essi aarfade £atigén oithNESCs tiay noobe hiflscedBOgualify the antigen as a selectable marker
15 for isolating MSCs from ES cells such as hESC. Accordingly, the selection or sorting step

may employ antigens which are differentially expressed between MSCs and ES cells.

The selection or sorting stép 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. In particular

20  embodiments, the selection or sorting may specifically make use of any of the antigens shown

in Table E1A and E1B below.

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.

25 CD?73 is highly expressed on MSCs, while being not highly expressed on hESCs. Both
CD73 and CD105 are highly expressed surface antigens in MSCs and are among the top 20
- highly expressed surface antigens in hESC-MSCs relative to hESC, 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.

30 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



Therefore, CD24 may be used as a negative selection or sorting marker
either onits own, or in conjunction with CD 105 as a positive sel ectable
mar ker f oWOi280/&@835Ag put ati ve MSCs from di fferenti ati ngPRESG2e000u22sS.
Mesenchynmal Stem Cells from Pre-Natal Sources The nesenchymal stem cells,
from which the transfornmed mesenchymal 43emcells.10 may be nade, may be
derived frompre-natal tissue. The pre-natal tissue, such as a foetal
tissue, rmyn&I&lsmESfcelweabhasuﬂ}S(asaﬂﬁyndmmpmal stemrellngg OhESEMBGg, or any

conbi natiop thereof., The sench stem cel | rived fro such a
pr e- nat al eFeFE%‘h%r JPREMEY b ‘gﬁ ce e BW%%P’E‘}HE%“F lg"g%’éﬁgéggﬁrsé’ie%‘ﬁéﬁt‘
adhesi on.,nfiehs Q¥R MBI, N GER BPAGHY POIDRL &Md&ahl4. may 15be sel ected based on
its ablllty to adhere to a substrate. The substrate may for exanple

conprise pl astl C. ordi ngly, the nesen em cel | ma e derived
from pre- nat alFAGS SWOQEPBWI}?@XPWéSI%g P%Hﬁﬁ"E§p&W E%tl %qeise

pr e- nat alrpkle3sE 6C RS tha gq’ae%g&? amcaétlécﬁon Epgorﬁﬁ% thallet Qi@l?e? onliR®wi, 884

may be placed onh a ves more plastic surfaces. Such a vessel
may co rrprcbsjenetlomuknttIuCD 108 asebosﬁim sek»cmivi;fl marzket fog ssodatingputative M3E=frofhe
vessel a? g%thsb ni.sed. The mesenchymal stemcells may be allowed to
mgrate rS?tl 'R urr?ﬁss ~They may be allowed to adhere to the
surface of the vessel. The rest of the pre-natal tissue may be renoved,
such as by \/\/as\}thsa;gc@fnblStﬂmﬁallsp‘ﬂmBw-NamlSMreest| ssue pieces may then be

washed of f, V|n a. ho enou el | re. The tissue e cul,tured
in any sui tabl egF n@”ﬁ%ﬂngg Wogegﬁg‘héﬁl%?ﬂsg dﬁsgb&m%'\/ﬁﬁtﬁf IS The
medi gon Mayayh rﬁmpheg@eugﬁvé@ frdin PRUn bl i, ThS PpRPhAAEREue, Stk hsasfos@l Um
repl acerrent medi um , etc. The serumreplacenment nmedi um where

present , tigse. may |bﬁ@rq9@%sad,§pclan§/bssdme&we ngipping of washing, of gan ceisbingign EGF,
wher e p”’t‘l?? s may be included at any suitable concentration such as 5, 10,
15 or. ng/m. FGF2, where present, may be included at any suitable
concentratl on such as 5, 10, 15 or 20 ng/m. WO

2011/ 053257 PCihearseBhgmekstom 441l cwytheiderived fromssuelea peadhaiehtissnyhasedomamuent |

the. cul tuyr b ass t tlng
such as. SPpIGREpety SERERTRE LA AREROE, it chintBR. L HeRhcillal 28R oBF b
medi um Mg sblectsdBased pnafs akitiog tooadhefE N sobgiiatsThe pabsearh®dfonexdmple% ser um
repl acenent nedi a,  non-essential amino acgids, 10 ng/m FGF2, 1Ong/ ml

Recombi n&AMPHEHRIAStiEGA ceqtdingly, thognesspehyisiah éﬁeﬁla"‘r?éll maydes dsHived fiom) Wﬁ@t"’é ulture
W Eh pen e D L R B e S HPR AR 2006
fetal calFor gas purpodenticgmshieahay be placedauiod vaseel with d&Eror nRDEPlasay surfaces <Sdch
| a vessel may comprise a culture vessel, for example a tissue culture plate. The vessel may be
20  gelatinised. The mesenchymal stem cells may be allowed to migrate out of the tissue mass.
- They may be allowed to adhere to the surface of the vessel. Tﬁe rest of the pre-natal tissue

may be removed, such as by washing off. Thus, the bulk of the tissue pieces may then be

washed off, leaving a homogenous cell culture.

The tissue may be cultured in any suitable medium, such as Dulbecco’s Modified
25  Eagle Medium. The medium may be supplemented with any suitable supplement, such as
serum replacement medium, EGF, FGF2, etc. The serum replacement medium, where present,
- may be included at any suiteble concentration such as 10%. EGF, where present, may be
included at any suitable concentration such as 5, 10, 15 or 20 ng/ml. FGF2, where present,

may be included at any suitable concentration such as 5, 10, 15 or 20 ng/ml.

30 A spéciﬁc protocol which may be used for deriving pre-natal mesenchymal stem cells

may comprise the following. The cultures may be cultured in either serum-free or serum-



The culture may conprise or be established in the absence of co-culture,
such as in the 10 absence of feeder cells. For this purpose, the
mesenchymsiD 2811605825¢1 | nay be cultured without a feeder @ENISGReWOP042This s
described in further detail bel ow. The nmesenchynmal stemcell may be
derived by optionally selecting a nesendthynal stemcell fromother cells
based on expression of a cell surface marker, as described in further

detai | beabawinidheultted medimyn: Wikenafonflacropthe ouladreymhyp be phssageddobyxatigtieby i ng
el evated expression of 15 for egaﬁple CD 10E@§Acgession Nu erGgNI08$118.1)A
or CD73 (MPeBEnEMNIALHRItNg Bishsse! lif on geekyired fissue cultyre plate. REHEKer
opt i onal | y§@! ehiGH iy BEh&EL L Bnd RIMISAERX RleBRS QUbpRim At F RIS hAD
Nunber NM 013230.1). Thus, the nesenchymal stemcell nay be obtai ned by

sel ect i ngeplacenat medishnerhessemtialBmir@GaeidSDRA ng/mi € he $@ngdiny Ra¢onshinant dbimannay
be sel.ect b Il ing the.cel.l . with an.antibody against the propriate
our fade. ek Gieho ST RamikoblBBGE St s LY RRARU ey b SRR

sorting (IH¥IEN- High FRESRIWIEhuE blutseihé suieldnhddes) witkchORAGHER IR i -
TRANSFORVED I\/ESE%\ICE??/AL_ SITEI_\/I %EI,;L‘S » TheWIt r ansf o; rredeﬁnengrllqhyrral stem
cel | s obteutpainepyon-piserital Aainy agids and HPYsietdl sl serume Istsad ohar én addjtien Wp| ay

one or m q@le ' characteristics of nmesenchymal stem 25cells.
They rra;%s(%’i sty g{r? %grlllgéddr nore of the norphol ogi c, phenotypic and

functiional criteria commonly used to identify nesenchymal stemcells 9, as

known in the abhecuithre mayoprarpriseor be esiahlished wrthe ahsescarficoraltyre, seohi asdy they

The lpternpation o]l far. Ul ar pakt i ; .
o spi' Dy " GREnsp OFlse e o B Hipbid Ble ritRhGRtal WORRRIhE bl diIRY )
WO 2011/ Qhf3eder REN [a$6R ThB/ 10 QéséziBedtn fivhhgrldetadidhelow. The transforned
mesenchymal stem cells obtai ned by the nmethods and conpositions descri bed

ner e T, XL B R R S0k DSEAAY SR SR
descri bedtdnets] from dthdRERYbaed ¥Pkgibssidnngerellistifacdairke s dexofibedeindyrther
detail below. The cell may therefore optionally be selected by detecting elevated expression of
15 forvexample CD105 (Accession Number NM_000118.1) or CD73 (Accession Number
' NM_002526.1), or both. The cell may be further optionally selected by detecting a reduced
expression of CD24 (Accession Number NM_013230.1). Thus, the mesenchymal stem cell
may be obtained by selecting for cells which are CD105+ CD24-. The mesenchymal stem cell
may be selected by lébelli_ng the cell with an antibody against the appropriate surface antigen
20  and may be selected by fluorescence activated cell sorting (FACS) or magnetic cell sorting
((MACS).

CHARACTERISTICS OF TRANSFORMED MESENCHYMAL STEM CELLS

The transformed mesenchymal stem cells obtained by the methods and compositions

described here may display one or more properties or characteristics of mesenchymal stem
25  cells.

They may satisfy any one or more of the morphologic, phenotypic and functional
“criteria commonly used to identify mesenchymal stem cells °, as known in the art. The
properties or characteristics may be as defined by The International Society for Cellular

Therapy. In particular, they may display one or more characteristics as set out in Dominici et
30  al (2006).



The transformed nmesenchymal stemcells obtained may forth an adherent

nonol ayer with a fibroblastic phenotype. The transfornmed nesenchymal stem
cell nmay WO 20HpBBISE of adhering to plastic. 10They nmay RE¥SGAMIANE22ge
popul ation doubling tinme of between 72 to 96 hours. The optimal culture may
be at 25%to 85% confl uency or 15-50,0085cells per cn2. Antigen Profile
Furthernore, the transfornmed nmesenchymal stem cells obtained may display a
surface anti geopholbgye which is similar or identical to mesenchymal stem

cells, 15The transforned nesench | st el.l s .obtai ned b he net hods
descri bed herd hﬁéﬂﬁnﬁfr&{?ﬂedo‘?‘eﬁnglﬁf SWQB?@Q&’%@J&F@Q@ %WeﬁPdéﬁ%‘s ErmpRsHEons

pl Ur i POt QREYHIRhER maySUEIbiBchedr it nfbrplSREAcd RildclRaks 6P melQlcngranils at
t he pol ypeptll gg %\/n’éy.s TLbely r?a; di spl a tre{nsgri p(t: elxprsesrsnieoncofmone or
both of ©&ll% and SOX2, but at reduced |l evels conpared to enbryonic stem
cells such as hES3 human ESCs. The |evels of expression may be 2 ti nes
lowner s 5 tines h%qiglh%ﬁﬁe eseRchy iR StenPUETs oBfaitlA'Hy (RO MRMES dbLriBIPhe My
stemcells. The obtained transtorned nesenchynmal "stemcells may display a
't ypi- cal 'dispB@-d tykieakfingegumt aviorlge nofhwehéy.e. They may for exanpl e show
expressi on of one or nore markers associated with mesenchymal stemcells.

These may i ncl I ' o r i ng: ,
Dis, Ao, Ao BRTRENERPh R AR eI GRS Ry R s bk ondiier

st em cel vatinafibdoblastixplranbtyps Hiw traadformdd oresalchpnil step cel$ siaphe chpabhgofone or
nore mar I;gﬁs.\/\hos? absence of expression is associated with nesenchynal

st em cel PENCHAZIC PIASHE ¢ r ansf or med mesenchymal stem cells may di spl ay
reduced or | ack of expression of any one or nore of HLA-DR CD34 and CD45.

The tloansf or mdtheyasgriahy smhvesigerpopalation deybling tinar ¢ff betiveen T2oto196i lwarsCIDRO +,
%1765%8%&? gel:{)’gy ggég%}/’o A(BCE? o?:grtﬂuel\x/llgg olr TS-S&B%& cgl?s ;?err]%m@.DZLS cells. WO

Antigen Profile

Furthermore, the transformed mesenchymal stem' cells obtained may display a surface

antigen profile which is similar or identical to mesenchymal stem cells.

15 ' The transformed mesenchymal stem cells obtained by the methods described here may
lack or display reduced expression of one or more pluripotenéy marker, such as of Oct-4,
SSEA-4 and TRal-60, for example at the polypeptide level. They may display transcript
expression of one or both of OCT4 and SOX2, but at reduced levels compared to embryonic
stem cells such as hES3 human ESCs. The levels of expression may be 2 times lower, 5 times

20 . lower or 10 times lower or more compared to embryonic stem cells.

The obtained transformed mesenchymal stem cells may display a ‘typical’ MSC-like
surface antigen profile. They may for example show expression of one or more markers
associated with mesenchymal stem éells. These may include expression of any one or more of
the following: CD29, CD44, CD49a, CD49¢, CD105, CD166, MHC 1. The transformed

25 mesenchymal stem cells may for example show reduced or absent expression of any one or
. more markers whose absencé of expression is associated with mesenchymal stem cells. Thus,
the transformed mesenchymal stem cells may display reduced or lack of expression of any one
or more of HLA-DR, CD34 and CD45. The transformed mesenchymal stem cells may in
particular comprise CD29+, CD44+, CD49a+ CD49e+, CD105+, CD166+, MHC I+, CD34
30 and CD45 cells.



The transfornmed nmesenchymal stemcell may be negative for nouse-specific
c-nos repeat sequences and positive for human specific alu repeat
sequencesWoIRD1WE§2He capabl e of ~undergoi ng any one or mMBCE/SGRIYHPEBYenesi s,
adi pogenesi s or chondrogenesis, "and in particular-it may be capabl e of
differentiating into any one or nore of4@steocytes, adipocytes 5or
chondrocytes. Differentiation Potenti al The transfornmed nmesenchymal
stem cel | s obtTak madsfoByediesint iy Bichbédldnayn bOnepayiverks emaisy-spdcifid nemge,
usi ng nmet hods known in the art and described bel ow. Thus, the transforned
mesenchy AeReakiegnsnces pad pasitinearhuman weciiEUiorReal SeaueBisoLimaydi<anae Pl bed

10her & ”%de&?éiﬂg%gy Bndb 6t RbLARsRO ﬁésist&%oﬁ&s%aﬁﬁs%umgenesl S,
chondr.ogenesfs and osteogenesis 9. Proliferative Capacity The

t r ansf or pedicoias émedyytreadapshle of ddferentiotin ginteeahyasneche siare b€ dstecrytes sadeparytes
substgntial ﬁé@liferative capacity in vitro. In sonme enbodi nents, the

t ransf or REER %ﬁ%ﬁyn&l stemcell s 150btai ned may undergo at |east 10
popul ati on doublings while maintaining a normal diploid karyotype. The
transf orned n@&ighehyaridn Ritenialel |'s may be capabl e of undergoi ng at | east

20- 30 popul ation doublings whil-e i ntaini ng.a nornal ..di pl i d karyotype. In
some enbodi me r'l[?@ fra{lﬁlg)“??(glﬁgff%?wqaﬁ%%ﬁe&lﬁf %ne&%ﬁn%eq!&ggaﬁ%tﬁ? 530 én}ét abl e
gene exphessidPmaDincagé RER methb@ahoMnah itetart AHAOLEGEVBE] Beloive ThusiRhe 20The
transfornmed nmesenchymal stemcells obtained may be such that they do not

di spl ay anysfaenetmssenghpapal steneenlls pbtained|bydhe methodsard eptapasitions descabedns i n
. dene . - o PEeT e
art er 10 hER3ha aighiy 3 fffer SRS BEGhSa (S G RS, PRnaeE ard"

passages .ostdogangsindi ty 25The transformed mesenchynal stem cells obtained nay
di splay a high degree of uniformty. In other words, the transforned

mesenchymal st m; gl%§(?pggined fromdifferent sources nmay display one or
nore, such as’a ﬁ%dyafi ﬁ, Bt uniformor distinct characteristics that are
shared wi th edts tahsfermed MEcAtHyh4) SERADIMSHEGERAHS (d84HHER can have a substantial
~ proliferative capacity in vitro. In some embodiments, the transformed mesenchymal stem cells
15  obtained may undergo at least 10 population doublings while maintaining a normal diploid

karyotype. The transformed mesenchymal stem cells may be capable of undergoing at least

20-30 population doublings while maintaining a normal diploid karyotype. In some

embodiments, the transformed mesenchymal stem cells display a stable gene expression and

surface antigen proﬁle throughout this time.

20 The transformed mesenchymal stem cells obtained may be such that they do not
.display any defects, such as chromosomal aberrations and/or alterations in gene expression. In
some embodiments, such defects are not evident until after 10 passages, such as after 13

| passages, for example after 15 passages.

Homogeneity
25 The transformed mesenchymal stem cells obtained may display a high degree of
uniformity. In other words, the transformed mesenchymal stem cells obtained from different
sources may display one or rhore, such as a plural_ity, of uniform or distinct characteristics that

are shared with each other.

They may display one or more, such as a plurality, of uniform or distinct

30 characteristics that are shared with other mesenchymal stem cells, such as a human embryonic



47 stemcell derived nesenchymal stemcells (hESC-MsSCs), as for exanple
described in W2007/027157 or W2007/027156. The transfornmed
mesenchy msiD 28t140825¢| | s produced by the net hod descri bed PRESS20M@popia2 si m | ar
or idéntical (such as honobgenous) in nature. That is to say, transforned
mesenchymal stem cell clones isolated by7t he protocol nay show a high ,
degree of simlarity or identity wth each other, whether phenotypically or

ot her wi s&tem cell derflefinedéndhymar sterl@Bll$ (hESTRYISTR), gaug%staﬂapleadewmaﬁn of ways
and neasur ed r nore characteristics. For exanple, the clones may be

simlar oquﬁﬁ'}l(f)?—yéﬁ or WEe/@kpessi on. For exanple, the transformed
mesenchymal stemcells may be such that any two or nore, 10 such as all,
transformed negRAERAYTRhedRPBERYhA sRinP8éikgRoded BE tHEh&@ed Bxdetibéd here may
substantially sim/lar or identical gene expression profiles, that is to
say, a cdesimiar qsmd@tw@lr{@lthaéhpmgemsb@n@@r@@mwé@a%ﬁr@n%fﬁ@ﬂqdeve| to

whi ch th 0l r t

bet wedn S50ty TP SERREH clohRE - BERE 15 RE BRAOAT o5 BN B AR of Pty

obt ai ned d@yddnlney WBhbatﬂluﬂfmt bhethergiticastypieally Oc @herswieh as 15gr eat er than 0. 85
or 0.9. The gene expression correlation coefficient between any two or nore
di fferent pas suc essw assaqges, ~of trans chynmal
stemcells obfsgﬁﬁgratyb(ﬂ; ?‘Wg%’ m% 86’2 agnruea eétr)f‘fvﬁ}ésa éas‘snrugg% gglég)?eat er

than 0. 8 meére clafcteriftRs Jestex@xPleCs iclohes Ay Gk 3initid of iehfiéat irepénelepitesion.a
transfornmed nesenchynmal stem cell obtained by the nethod and hESC- MsCs,

such as fhor cxampls) he érégafelinnf‘éidn?%enwm?vemﬂsmadrbezecwgb@wtwmwremy be
greatgr than,0,f ’traﬁéfglqn&fsmgsreﬁa{ alts{%ﬂpceg%gﬁodﬁ e(Pb}QH'le éxéethod mgﬁgﬂaﬁﬁal

gene ‘expression nmay be neasured by a nu Genonew de gen
profi | i ngimisr dmde:mnaitgehedxp:sssrtgl, pri)ﬁ)ll&s &haim,)toes,ay,aaf caanbihgtiomi afitlsaidentty of

extracted RNA as CI’IF F? H‘QB | es. Totdal RNA may be extracted and
convertetﬁep?ﬁ‘?ﬁ‘pli anghthe V?lsto ‘il]ttl}F% 85 array chip conmprising a
plurality of gene seq.uences froma relevant 25 genone. The array nmay
conpri se NCBI Ref@neameﬁﬁmmmmtxoﬂeéﬁﬁqaengmmeen asdyitol oameravisolates of

O ey e i s bRl PR SRR L

col | 3Bor 4§ than 0.85 or FONEhEFNHRR] afegﬁoxpé‘ér}‘@ﬁfbn%@mc%t BEwebh &Ry Ro &anpRr ed
usi ng anal ysis software. In One enbodi ment, the simlarity or identity of

gene ‘exp rChﬁfsneonasmgeb eu@xqsrseseeedvapaaa{&@, Qfdrameﬁoanetbmemehjmdl Sé;fmn cellsi n such
nmeasur es or on coeffl Ween icates a
o dogiSEBIES: e PR R EENet et Dk MR are T TR B PO R e vo
WO 2011/ QR3rR4bEEorEREbHY BB R4t between a transformed mesenchymal stem cell obtained by
the method and hESC-MSCs, such as for example described in W0O2007/027157 or |
20 'WO02007/027156, may be greater than 0.8, such as greater than 0.85 or 0.9.

Homogeneity of gene expression may be measured by a number of methods. Genome-
wide gene profiling may be 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
25  genome. The array may comprise 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 may then be compared using analysis software. In
one embodiment, the similarity or identity of gene expression may be expressed as a
30 ‘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



48 sanpl es. Conversely, a low correlation coefficient between two sanpl es
indicates a | ow degree of simlarity between the pattern of gene expression
in the t\WO2amyIsexs? Normal i sati on may be conducted to r @6Hs626pHvEnRt i c
variations or bias (including intensity bias, spatial bias, plate bias and
background bias) prior to data anal ysis48Correl ation tests are known in the
art and include a T-test and Pearson's test, as described in for exanple
Hill, T. s&mpkwi Cdtiversely, & 200 69rrelBidat dogtficiant bbiican tso samplépipdicatt hdms .

Stat Soft, Tulsa, OK,. SBN. 1884233597 (al so Stat Soft, Inc. (2%)6). ..

El ect r onidggrse &f pigtlagiyy hetWeeibik PatSIR 94 SSRIEXPIISHORE} the tyggamples. Normalisation
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arr ay CGHiadaplate M8 backdronnhbiag privd @bdatBariilybis. An | ntra-cl ass correl ation
coefficient (1CC) may al so be conducted, as described in Khojasteh et al,
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Pearson's correlation coefficrent. correlation coefficient of 1.0
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Diego, CA, USA). It w be clear to the reader however that any suitable
chi p and Referamierigymiade twkhejastehietsabs 2ORY, o steaishrenepurkdorahe aormalaationof

207hdgor i Bl G SRR Sl Far o b S R SR s

for exangl@Cymap ke be byndubRdpdiaiescritedns Kijastkok eDalffuppa. nore. The gene
expression correlation coefficient may be 0.70 or nore, such as 0.80 or

nmore, such as 0.85 or, noge, such.as Q.90 qr e.. The coefficient be
0.91 or nore, ,F%_r 5?‘8?13%#6@?505. Sgﬁsté?ay&bercé’flgbc.tg(g{oo%en% ARV Socron}%aglg’?é 0. 96
or nore, cdeffilicat. ABéreslatibnXdeficidlbe1.0Gndlatey anidetical gdhe@xptbdion parteen.

enbodi nents, the nethod described here generates transfornmed nesenchynal

stem cel | s whqgse ne expressi correl ati on efficie be any two or
nore i-sol at es(i:sé’f S‘?&%@?Q}Eﬁggﬂ ?@@Mﬂﬂlﬁ%ﬁy%ﬁéﬁ‘?ﬁ g%? Egntg% %‘B‘?ﬁfgr}%@r " oPhe
same 18" dg¥eadChipnd StArBBd L¥ink 8 IBurhitdBealdHiBtiGOS00X. Thé 8Mta &RE Helckirgtitd,bet ween
technical replicates of the sane RNA sanple, performed a period of tine

apart sucdiermalised goderelysdusing Fduming depd Studion(dluyeing, lagpraaddirgmh WorVehhdi on
5 o B P pE P TGO g

Tor €, nore, or nore,
such as Q@wARh@utpid £corfdigtionifit 2 Grkided 324y MRGKe SR 458/ PMAAR fene expression
profile.
20 The gene expression correlation coefficient between any two isolates as for example

measured by the above means may be 0.65 or more. The gene expression correlation
- coefficient may be 0.70 or more, such as 0.80 or more, such as 0.85 or more, such as 0.90 or
more. The coefficient may be 0.91 or more, 0.92 or more, 0.93 or more, 0.94 or more, 095 or

more, 0.96 or more, 0.97 or more, 0.98 or more, 0.99 or more or 1.0.

25 In some embodiments, the method described here generates transformed mesenchymal
stem cells whose gene expression correlation coefficient between any two or more isolates of
| transformed 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. For example, the gene expression correlation
30  coefficient between any two or more isolates of transformed mesenchymal stem cells may be

0.70 or more, such as 0.80 or more, such as 0.85 or more, such as 0.90 or more. The



coefficient may be 0.91 ornore, 0.92 or nore, 0.93 or nore, 0.94 or nore,
0.95 or nore, 0.96 or nore, 0.97 or nore, 0.98 or nore, 0.99 or nore or

1. 0. The Wyore11&spr5@ssi on correl ati on coefficients nmay b&CISGRUON4ANges f or
cel I s ‘'which have undergone the derivation, selection or sorting procedure
descri bed above. The gene expression 00149el ation coefficient between the
maj ori-ty of isolates, such as all isolates, may be in such ranges.

Accor di nglogffictent magi\bi:(malf @rmere@ohorimofe, QOB e atdreid). 94 amnadrer 0S onames) OlHoBI
stemcells which are substantially mlar or jdentical (such as
hormgeno&’:f)m‘%?’t(h 'Z%rc‘ﬂo'iﬁ‘t ﬁggo“ﬂ‘i’ée’ s%ﬁ%rt“é%rer?ﬁ v-Odi spl ay a near identical gene
expreSS|on profile. 10As well as the 'internal' honogeneity described above
(i.e., hom)genﬂietgenbeimeﬁibrid@ereiwohabﬁﬁcﬁﬁtstm@rwmrsﬁeldraﬁg&etbﬁwmhish em

cel I s froamthe_ nethod), honobgeneity nmay al so be as esse et n such

i sol at es aNel ue@%qneébff flerivatiop selectignerssorting pragedurg deserib &‘\?A@@Gr%n?my be

d t-
ESC M CaPRar o (f ar Tt R b e VRSt 3t S b 395y Sues. duheumn

WD2007/ 04 56@) ranges. sone 15 enbodi ments, therefore, the transforned
mesenchynmal stemcells obtained by the methods and conpositions described

here di spl ay

with, or |den'??‘ %gﬂﬁvﬁq ?’n E(Sdf‘{% fﬁfjﬁglﬁk@g\gf%%rbﬁﬁre &%esg}ﬁﬁ?%rggﬂ or med
nmesenchy nells shihatesdbstaatialb me:danwd&hmal @uduasrtenatgenoust edthfeach ether. dhe gene
expressi an of %&e%t e@t han 0. ?uch as gr.eat erfthan 0.6, such as greater
than 0. 7,15Qgfehmax disp tae‘}eaﬂﬁiﬁﬂt“@ BeneAXPLUAN BOTG-eat er than 0.9, as with
such a human ESC- MSC cul t ur e (for exanple as described in W2007/ 027157 or
W20Q0/ 027156)As Well agrhe aimeeridt hothdgentite déscabal above di. ygsempyeinl bestveen thel | s
so derived may conprise tel onerase acti . The tel onerase activity may be
el evated 1591&1%05 foxmed mesenshywal %tenéefi%%mdhe E‘S?Llﬁ(’dk@%‘&ﬁe%tyén%yeﬁ o i ch

is not a [Ty, o19\Y I I cal hipaRBohsGRPHd S€
a differ edfgl%%at ed Vg%:nlS?Elg{tfg%%assang%gl{e%?égfsregr%tclegtt}teﬂggcg%;tlcg atrccg) r%sencshyrral

| i neage, thade eilampbachymalotine odistderivediby othyt methiods; suetdasoriyunean ESC-MSC

Tel onmer ase act Vlt t f or

exanp e LR FrroapmB s SE i od b oo a7 o or WERDA0Rr LS. Bishine' T607)

usi ngsa Cecﬁmaairﬁérﬁé ltheréfosd, k@&@swmea%&aﬁﬁgﬂa@tﬂ Wellodbtdiat Db eethgisect i on
Kit, Cat. s7707; Intergen Co., Purchas or Tel oTAGSG TM_ Tel oner ase

PCR ELI S@n@cggl,poggpns desgriteddre displpea penggypsassien profigpwhich is similar to,

2011/ 0533 ZIF%E(](%I%%Q%O o? 24641 Wth such a human ESC-MSC culture. Thus, the transformed

mesenchymal stem cells obtained may show a correlation coefficient of gene expression of
~ greater than 0.5, such as greater than 0.6, such as greater than 0.7, such as greater than 0.8,
20  such as greater than 0.9, as with such a human ESC-MSC culture (for example as described in
-W02007/027157 or WO2007/027156).

Telomerase Activity
The transformed mesenchymal stem cells so derived may comprise telomerase
activity. The telomerase activity may be elevated or up-regulated compared to a control cell
25  such as a cell which is not a mesenchymal stem cell. For example, the control cell may
| comprise a differentiated cell, such as a differentiated cell in the mesenchymal lineage, for

.example, an osteocyte, adipocyte or chondrocyte.

Telomerase activity may be determined by means known in the art, for example, using

TRAP activity assay (Kim et al., Science 266:2011, 1997), using a commercially available kit

30 (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,



| ndi anapolis). hTERT expression can al so be evaluated at the nRNA | evel by

RT- PCR. The Li ghtCycler Tel oTAGGG TM hTERT quantification kit (Cat.

3,012, 34MV0ROIME3B7agnost i cs) i s avail abl e conmer ci al | y PEBSGREHA4CH

pur poses. For exanple, relative telonerase activity may be neasured by real

time quantitative 5Steloneric repeat anpbffication protocol. This qPCR-based

assay quantifies product generated in vitro by telonerase activity present

in the Saﬂmhmhﬂj‘lBTERW&E({)BBSSlbIGbMﬁ(ﬁB@e\&hIaIMIaiityheWﬁRNlA ieSelChyrIéT:-ﬂ)QR The

proportiqgnal to the amunt of telomerase produyc be a sess t he
icd) ﬁlt@sabrfi@(%/lg

t hr eshol d-1g¥tEyelendipind AQGs T hIhiR equangficy M itde PFheI ’§‘§’c‘ tics)
Hues9. E1 ;¢ E\; %ﬁletcgnﬁe?flﬁl\{ﬂr ?&'? KardRHaFdoB&d hESC MsCs line and HEK i s a human
e

enbr yoni c ney C I ne. e O value for 10 each fet al l\/BCs may be

taken as a nean for nmultiple passages for exanpl e, , et c passages.
The passages My cxuRPlestslable telomeasesastiviy E@Yﬁﬁs@&&&d b&EF@IH“H? quaglitapis  and

P20. FEkor :

passages, I8meRe Rl BB HoRcBR TIHAEIC balcl S B Ao s Pipd Rl ptued.
such as iimvitrd tpl ﬁehmteeasefaotiviqapzhsqnaﬁsthgeamp\lesﬂ"émrélanveebebmmrasecabtmt)t whiohes ase
det ecti on hod is, provided in, the Exanples, 15The, nesenc ells
or ved_ ByereriepRist B RO Gy Radstme) bhGeaaed BY te BT by

such a ”%&Eﬂ@%un%%r@ﬁ(ﬁﬂzalﬁ@)’ﬁ)r oﬁélﬁg'pﬁﬁelg@eﬂ)lysﬂi@rﬁu% A re®rs 04 %’ eviblsly Ct

val ue may be for exanple or or nore, 30 or nore, 31 or nore or

32 or rmrdescrﬂzkxd hESQaMSEs dufne Sad HElF(em a\mmaﬁremhrytancs kldncuecbllrﬂame Abé Chsalus farm
ceII e n n sel f-r newal.., 20The transfor senchynal
stemifel I §°blh T0GpG TR be ke o5 e TR ahaHiple FeaHERL T SXaBP Iy o rlin t hom
may be syg gésatrh& @ééa%éa T fofl bSh Y c OSSR thi¥R pRssafa! achek P36] RIS, aid P20.

enbryoni ¢ stem cel uch characteristics may inc ude expression of the

OCT4 gendor theecossehcdlsg@nb as Hyesf Iathe n@@n@wéoeafﬁat\m RaEFage® sphibaphdt ande
acti Vi 1y polNpnIEIENHIY TR be ,ggag@dgﬁﬁl ipRmE IRk i GESE G BIfTALAR.Of one

or nore charac TR ur potenc uri

mar kers may i nclude Nanog, BMP4, FGFS Oct4 Sox 2 and Uth , etc
Transformed neseprsifimeampleaeh &:télomrméétebt}ort methed iswrgvided yethe Fxamplese may
be non-tunorigenic or non-teratogenic or both. Accordingly, the transforned

mesenghymal  stapr&khchydRY sm RHS Bedi@ibylthehhedRd9@Escribed here may have a Ct
| value, as assayed by such a method, of 25 or more, such as 26 or more or 27 or more. The Ct

value may be for example 28 or more, 29 or more, 30 or more, 31 or more or 32 or more.

Maintenance of Self-Renewal

The transformed mesenchymal stem cells may be able to maintain self-renewal.

20 The transformed mesenchymal stem cells and cell lines (or the differentiated cells

| derived from them) may be such that they do not display one or more characteristics of
embryonic stem cells. Such characteristics may include expression of the OCT4 gene, the
SSEA-4 gene, the Tral-60 gene and alkaline phosphatase activity. The mesenchymal stem cell
may exhibit reduced expression of one or more characteristic markers of pluripotency. Such

25  pluripotency markers may include Nanog, BMP4, FGF35, Oct4, Sox-2 and Utf], etc

Transformed mesenchymal stem cells made by the methods described here may be

non-tumorigenic or non-teratogenic or both.

Accordingly, the transformed mesenchymal stem cells. may be such that they do not

substantially induce formation of teratoma when transplanted to a recipient animal. The



substantially induce formation of teratoma when transplanted to a recipient
animal. The WD 2011/ 053257PCT/ SG2010/ 000422 51 transforned
mesenchyméiD,2811405825¢1 | s may be such t hat when inpl ant ed PETSGAN00ANANE
conprom sed or inmunodeficient host aninmal do not result in tunmours. The
reci pient ani nal may conprise an i mmuneStonproni sed recipient aninmal. The

i mune conprom sed or i munodeficient host aninmal may conprise a SCI D nouse

or a 5Ragtansforméduesencilyifaleednh cétRymbebessich thdd athen implahted éitd affinfhe i nto
whi ch a transformed nmesenchymal stem.cel| is transfornmed, does not show
teratona GPB?PH%INS%OITW@"é’ﬁx‘flﬁ’é}ll@smm%ﬂ%ﬁmf? IR {EROUS 3 weeks, or 2 to 9
nont hs, follow ng inplantation. The transfornmed nesenchymal stemcells may

be such that theyedpicnCinihel iy} cotbptist aafifngfunp comPrREfidedREipR@Ss aiinal. The
i npl antation, such as greater than 2 weeks, for exanple greater than 2

nont hs, JTENNgsoppeurised aummuedofigienithest anmnalapay saupprise 38 dH mpgse or a

t unouki g&pj . Gi | t el N 3 | G 15 I

t rans%l a;i{yé éﬁ%%uﬁéatll{e}%&gl%i [ ntsgc%ﬁal?)g%&gge}éﬁ{% 11-‘t%H’r %@%@bg %{/ﬁ?llgétﬁrmee ryonic
st em cel Iméenidhyatdl stamuel iatrensihraietd, does miot shoth tarasdrea fortations fovmrsailable period
mesenchymgl stemcells | abeled wt t(r) nanocrystals (655 nm em ssion)
using a 1 tigesyehas ¢ Wel@p&&%g}qnﬂg%?lpwyg}g}&%}mtﬁﬁ T&)Féﬂ‘s %}F\%ar d, CA)
are inj ech&dniihi) bilm QNPMAY B Sudt R tﬁ@*}h() 8t foMR furhSiird hREEBprolonged peH¥US 8f
days later, t m ce are euthanized wt’h an overdose of anesthesia and the
t unor s arimptaatativedsuci ke gteaten than Jrweekis fetlexamplegrsaten than Rehelths dechaasdzreater
cryoagct i Ene§ att 20 [tmthickness. The sections are assayed for pecaml

i r edBN IMPPSsi ng rat anit-pecani 20 (Pharmingen, San Di ego,
California) foll owed by FITC-conjugated rabbit anti-rat anti body (Chem con,
Tenecul a, Cal iA detailad protued! o um@rigenicite testing folloABl . The sections are

anal yzed by confocal m croscopy. Transforned nmesenchynmal stemcells

made by the ngthgds, gi;cisltﬁﬁrg cAIRTafe ﬁérgpf@{fd%hﬁ&t%is%ﬁ% nt® @@Ilg Imi Irﬁ tRfect e

foll owi ng characteri sti e trans mesenchy stem 25cell s may be
mai nt ai naldeks wher embryouict stere célbdedveadrtomorsged alpert il @d) inslimhetas trgndatneed t han
40 mesenchymal stem cells labeled with Qdot® nanocrystals (655 nm emission) using a

15 Qtracker® Cell Labeling Kit (Quantum Dot Corp, Hayward, CA) are injected into the

embryonic stem cell-derived teratoma.

Three days later, the mice are euthanized with an overdose of anesthesia and the
~ tumors are removed; The tumors are fixed in 4% paraformaldehyde and cryosectioned at 20
um thickness. The sections are assayed for pecam-1 immunoreactivity using rat anit-pecaml
20  (Pharmingen, San Diego, California) followed by FITC-conjugated rabbit anti-rat antibody
| (Chemicon, Temecula, California), and counterstained with DAPI. The sections are analyzed

by confocal microscopy.

Transformed mesenchymal stem cells made by the methods described here are may

also display one or more of the following characteristics. The transformed mesenchymal stem
25  cells may be maintainable in cell culture for a prolonged period, such as gréater than 40

generations. They may have a substantially stable karyotype as assessed by chromosome

“ number, such when maintained in cell culture for at least 10 generations. They also may

display a substantially stable gene expression pattern from generation to generation. By this

we mean that the expression levels one or more, such as substantially all, of a chosen set of
30  genes does not vary significantly between a transformed mesenchymal stem cells in one

generation and transformed mesenchymal stem cells in the next generation.



generations. They may have a substantially stable karyotype as assessed by
chronosone nunber, such when maintained in cell culture for at |east 10
gener at i ONO.20MKe§254] so nay di splay a substantially stabPETHERGI0ORGIZ2ZSSI ON
pattern fromgeneration to generation. By this we nmean that the expression
| evel s one or nore, such as substantialﬁg all, of a chosen set of 30 genes
does not vary significantly between a transfornmed nesenchymal stemcells in
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whi ch conpri se-clonal descen s of tra or hy. temcells.
The term! 0 B3 dea kafoal Og@;}t:),a‘?feewuw @3@95“?@9533§€ﬁf%aaﬁﬁbiﬂﬁwian&| I's
whi ch haveQioRAENIP] 1 SR MENRDE PAldyTiany dehBASE RESHsHEn ho& NNIEGE3690,
genetic alteration. 20 Such cl onal” descendants have not undergone

substlant iX47562n¥M426cRaH8s B&08084Dst antial |y genetically identical to the

parent cell, or an ancestor, such as the transforned mesenchymal stem cell.
The term ' trangf.qy &dsra%§é§ib%l@1&&%'en§$1@@ﬂ&ﬁbh&éﬁoﬁ%@%&f@ﬂnﬁfa h&chésRihl s@m
include cell lines derived fromtransfornmed nesenchymal stemcells, i.e.,

t r ansf or wells assselhahdiffetentistedecdds, whichmemprian dovalclesaendards of2BdnsfogmEdr m

Mai nt enance in Culture The, trapsforned,nesenchymal stem cel] | s or

thei - dodCSrREMTE! HED SSUs e (T gl Syt s SHoryands tsETidanie sl o
exanmpl e, ckiewhRh/havaRot dergbhd Sib8@Andiflly 4 teanbfdaRing, trédBfiéht bP aéheli@ altbffien.t han
15, nore than 20, nore than 25, nore than 50, nore than 40, nore than 45,

nor e 20harBush clonak desgmdaiia haveo®t updergonciahstag gernmeic changes al substaiadlyt han
800 generat i,ons. : .part icul.ar j j i , 2,
500 4955 bl Gy ide by e PaRlpy oA G G hhocyipRSTRYE Ryl ffncsimat
75, 100, st®celb0Be tdrmniragsfoinal @édectsymal stem cells’ should also be taken to include cell

" lines derived from transformed mesenchymal stem cells, i.e., transformed mesenchymal stem

cell lines, and vice versa.

25 Long-Term Maintenance in Culture
The transformed mesenchymal stem cells or their descendants may be cultured for

more than one generation.

For example, the cells may be cultured for more than 5, more than 10, more than 15,
more than 20, more than 25, morefthan 50, more than 40, more than 45, more than 50, more
30 than A1 00, 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.



WO 2011/ 053257PCT/ SG2010/ 000422 53 Cells in culture will generally
continue growi ng until confluence, when contact inhibition causes cessation
of cell dw0i28119133%Ad growt h. Such cells nmay then be di s®6TIS&REW/0P¢43M t he
substrate or flask, and "split' or passaged, by dilution into tissue

cul ture nedium and replating. The cultubdd cells may therefore be passaged,
or split during culture. They may be 5 split at a ratio of 1:2 or nore,
such as 1:3 orCélis4a cdlire oVil] gricgallyldvatihes glowpaseal eonfliescgeicasohtaet process
consisting in taking an aliquot of .a confluent culture of a cell line, in

i nocul at ilpbitionsanses sessatian Arrell didsipmand growith. fych gells mapethgh e dissesigtedience
or sat.urat] i J and Cenlitd f - tem:cel

der  ved A R e T e
for a | arrgplatingriide colturgé nelisahaythsref@a bt Ipessagdie or spitduring cuiase. lhlop @y be
establ.i shed that .' n ' (i.e., untransformed sonmgtic) cells derived

11 0Bl SPHLhAIHIG PELA e MAL-Suetbes T hb] fa S QBT nEE tish dessals bl .

cel I's havge grokbéd¥ichfSstinglif tAR ad liquetof HEeRfIubRN It ARG Fnl, inTx!f&_ﬁla‘(‘i‘rlF' hot
continue grow ng indefinitely, but wll ultimately lose the ability To-
prol i f er dnte foash anediude, anfltie culturingrthaline wniilisenflughce ensaturatiamis ob@nedeachi ng a
‘crisiis phase' such cells die after about 50 generations. Thus, such
somatic cells mxrﬁeﬁoﬁnmnééneﬁ%ﬁm% Bellsi dtil Elad¥BPlRY 10¥he MefRAs described
According to the nethods described here, transformed nesenchymal stemcells
may be priopagay bowéwr bamraintaineh fG@ largn anmbeefgen¢natigmn®ndhdodienieandsit hahe

t ransf.or ned nech . Ste el | s, my. be propagated . ndefinite as

{1 andPor egn FERTRER Rl OREM B& 1 PrrreeiRe RS TS AkRT BEIE IR o om
cel | s andrbdrids bRrHoR tnABEEIN GhymB! weidsBusle bdriatR el 15 BgvalYmbed lifepa®th
restricted. In particular, they may be such that they are not capabl e of

gi vi ng ricsturedtheyare meeal). gesn Willyet eontinge gioneng ideiniiglyitbut wilh pltipaselx desened
mesenchyngl _ist:-em ' MAY - ' - : -

pr ovi do. ale AT EREral AR TRUORS ARG BF Elfoations, On i b Malsie
of the cqlhhse’ an¢h duils divcdfierabows 50 penehtiens. Bars, suchrsphatic edlislreasonlpb8o of t he
cells _may cona&i,e,zg ng@gq&hynal stemcells. In addition, we provide an

i sol dPed RFERE ﬁ;ﬁﬁ? SPRRFCHIMeSThe termcell line may be taken to refer to
cells that can be maintained and grown in culture and display an imortal

or indefinite Adchbalispanhe GARIIORRNEET hfE, tABkiorh¥d mesenchymal stekhi€ells may be
transforned nmesenchymal stemcell so _derived or. a nedium conditioned by

such a 30¥epagaiedyoristhae>tesgrasiopbiaseme embediments, thedragglepreded in the
Exanpl es 'mggaﬁclﬁ?r{ag E@er&ilg ﬁ{a'y%@ propagated indefinitely-as transformed mesenchymal stem

cell lines. The transformed mesenchymal stem cells and transformed mesenchymal stem cells

20 lines may be lineage restricted. In particular, they may be such that they are not capable of
- giving rise to all three germ layers. In some embodiments, the transformed mesenchymal stem

cells lines may be non-pluripotent.

We further provide a composition comprising a plurality of cells, wherein a majority
of the cells are mesenchymal stem cells..For example, at least 60% of the cells may comprise
25  mesenchymal stem cells. In addition, we provide an isolated mesenchymal stem cell. The term
~ cell line may be taken to refer to cells that can be maintained and grown in éulture and display

an immortal or indefinite life span.

CARDIOPROTECTIVE ABILITY

The transformed mesenchymal stem cell so derived or a medium conditioned by such a

30 cell may comprise cardioprotective ability, as described in the Examples. The cardioprotection



WO 2011/ 053257PCT/ SG2010/ 000422 54 may conprise restoration or maintenance
of cardiac function during ischem a and/or reperfusion.

Car di opr ovOepP114133258y be assayed in any suitabl e nodel sPSTSGRIWEOONR22s a
nouse nodel of acute myocardial infarction (AM). In such an assay, AM is
induced in mce by permanent ligation of4the left anterior descending
coronary artery as described in Salto-Tellez M Yung LimsS, El-QCakley RM

Tang TP, n@k oBinprigé redtorat{ocaQR aiddaare of edrdiad figictibh dorindlistieni€ad®Bbs 6J nouse:
a quantifiable and highly reproduci bl e experi nental nodel.. Cardi ovasc

Pat hol 13epetfysion7. 100 [t1 of 10 X concentrated conditioned nedi um or

non- condi ti oned nedi um 10 (control) made as descri bed above is then

admi ni st ered Qardibgrot¥ciéh M baBssageiiniady Ruitgbldmadedyatmt firhjab g whduise MRidol
over the next 72 hours. Heart function in these mce is assessed by
t hree weekacutemypcardial mfasphion @Dokn svsly ampssay pAMA ésiagucediip micgby;permaaent

foe wee prard: . _ . oS ayea o L s K
Al g MRS hElot! AFRTUECETARE DAY bl Backilih SANSTRIS M, Vb
mesenchy iith S5 Ep/OakilyIRMpTahigt TR ATE i al 2064 vy QakdialRefectiontin HROOSTBL/6]

1:129-137). In this_assay, .injury is jnduced by a te rary occlusion of
the | ef t MqusgdrAvaBkiiahle ardhighly serodicibly expeamenial m?cﬁbﬁp%ﬁi‘a@yﬂﬁ&dm
of occlughon to initiate reperfusion. The cardioprotection assays descri bed

above may al so be used to test for 20cardioprotection especially in chronic

i schem a. This and the other M/R i n,'{éiury nodel essentially eva({,uate
car di opr ot ect i18% 1 pf H) Krcepesntratedicapdifipngdediym;as pen-conditionegaediiin s f or ned

mesenghy '(@Jntx%gqﬁa(fégjs’ldes%?ib?@ﬁﬁd%qs enadﬁﬁﬁ%gegu@&{h@irﬁfbepﬁdmmmﬂeguﬁpcelI or

a particle 1solated therefrom may be capa of alleviating reperfusion
i njury. TPhiced atethe heubes yeipedeuthe ngxta/ 2dwmucs. Mearrfighetionfin thesshmiveas asspwsed bgi on

as descri i n W2008/ 020815. 25A brief protocol for assaying
car di opré’?@ﬂ?‘f%ew%%ﬁ%%’try of mesenchymal stemcell (including transforned

mesenchymal stemcell) conditionéed nediumfollows. M may be induced by 30
m nut es occl uslaediogbtectdri map nlsnbe yssaytdinya gipdusdmodelgefimyrgatdid artery with

a suture. Subsequent.re usion may be initiate el [ the_.suture.
Five m niBEpara sy RaRy (hEvectrky it ST altto o RpARSRAT w th' 200
| A sgbi nenydichidiat thiaRndid bPRGHar e SREhHAAIGRIM 8d1NédHditidnkd hi2dRIQSM delr
Hues9. E1 (hESC-MSC) CM or” 150 lig protein for fetal WO
2011/ 053Rs3REh. & 10290384R In this assay, injury is induced by a temporary occlusion of the

left circumflex artery in pig or the LAD in mouse followed by removal of occlusion to initiate

reperfusion.

The cardioprotection assays described above may also be used to test for -
20  cardioprotection especially in chronic ischemia. This and the other MI/R injury model

essentially evaluate cardioprotection in different clinical indications.

The transformed mesenchymal stem cell so derived or a medium conditioned by such a
cell or a particle isolated therefrom may be capable of alleviating reperfusion injury. This may

be assayed using a porcine model of ischemia-reperfusion as described in W02008/020815.

25 A brief protocol for assaying cardioprotective ability of mesenchymal stem cell
- (including transformed mesenchymal stem cell) conditioned medium follows. MI may bé
induced by 30 minutes occlusion 6f left coronary artery (LCA) by ligating the artery with a
suture. Subsequent reperfusion méy'be initiated by releasing the suture. Five minutes before
reperfusion, mice may be intravenously infused with 200 pl saline diluted conditionéd

30 medium containing 3 pg protein for Hues9.E1 (hESC-MSC) CM or 150 pg protein for fetal



55 MSC CMvia the tail vein: Control aninmals may be infused with 200 gl
saline. After 24 hours reperfusion, infarct size (IS) as a percentage of

t he area wb 20i19063(5AAR) may be assessed using Evans' bl uectge2omnjoee2 on and
TTC staining as described previously in reference 26. Briefly, just
bef ore excision of the heart for anal ysps, the LCA may be re-ligated as in
the i nduction of ischema, Evans blue dye may be infused into the aorta and

the AAR magc ooV def hmPefl Rin [dwitdl SAmARmA! R 1ﬂﬁﬂe@%xt§\2@05ﬁll s:hldéeAﬁMxeM Hh8s
heart may then be excised and cross sections of the heart nmay be stained

Wi th TTCrepﬁ@bﬂoe, nfe@@amm(Lﬁ%apg psteaitagelof thd atpp armsk (AR map the apsgbied using
nmyocar di st.al ne Lve. | nfa Si,ze as the
area of lrllég]ﬁn Xi at}g' dey enyflggéor Oan gﬁ#f%ftamfnﬁ Scbnbe?f&wo‘?/sgil Vrgﬁfe %%% de] AAR ri sk

defined by the area 10not stained by Evans bl ue -dye. Infarct Size
The transfor n@dleﬂusj@atcbvﬁmlexgsmnpé thelhegn fotemalyeid, e L4 Avady bare-bgaied romed by

such cel | have ilit reduce. i.nf ar ct .si ze. C |ze
s oS  Dns indition O s fianthans bR RHREniB6Fig0 e ajd e MARuRly 8455,
or nore, d6ffedVy thehraQot 4@ by FRAR’ blie@9BPPlcSIkat rhdy !bn B@b}fﬁ?dedtah@brds§
treated with a non-conditioned nediumor saline. Assay for Infarct Slze

| nf arct sectiensraf/the bearemambe staned ysdul d- M@bkgnywrdlbmlls)ww Fask byoHT
Just
ot ont ed il ofAHHK DGl A58 dined Mot SitalckOE ﬂrbe#'%%ﬁl‘fgkﬁﬁhﬁ&Zeﬁs

bl ue dye o'fﬁoxil-nfabmdyddafdmghlot ftained bg ATON@layive ysthe MAR ridie defivesltty thbarear ea at
ri sk ) The hg is then excised, the LV is isolated and cut
intol sInPE%%m?q’BYTE&% F d¥&se. The slices are incubated in 1%

triphenyl tetrazolium chloride (TTC Si gma- Al drich Chemicals, Zw jndrecht,

the Net herl andﬁf)zrdtmza?C Sor ensen buffer (13.6 g/L KH2PO4 + 17.8 g/L Na21l-|
PO4 2H20, p

for tes to discr |nf ct tissue from
vi abl e myocar Pl n s e BB o GBSO B b PR e enditipagd ARSI
slide; . they iy %@é tHR8fity B &Qﬁ'&aih%?ct‘édz%hrl%ﬁ?aréttm’e'rﬁky B dha vyotodh opr ea by
use of digital planinetry software (Ilmage J). After correction ' for the

wei ght ofmarb,208h prmsre, BHFoar anore, 4086 psmord, &0t oatrabrasodo pemoenerai§do of mpree AAR
and ?g t cgmpared WVQ aznoa]ﬁ}r/ngﬁ gt F eatedS v(s:-/'?tg ]a(%l/og%%ﬁgx%oggd I%(Iil(ljllar'{[ (I)rvsg'\llmset ress

Assay for Infarct Size

Infarct size may for example be assayed using the following method.

Just prior to excision of the heart, the LCxCA (pigs) or LCA (mice) is religated at
exactly the same spot as for the induction of the MI. Evans blue dye is infused through the
20 . coronary system to delineate the area at risk (AAR).

The heart is then excised, the LV is isolated and cut into 5 slices from apex to base.
~ The slices are incubated in 1% triphenyltetrazolium chloride (TTC, Sigma-Aldrich Chemicals,
Zwijndrecht, the Netherlands) in 37°C Sérensen buffer (13.6 g/ KH,PO4 + 17.8 g/L NaH

PO, - 2H,0, pH 7.4) for 15 minutes to discriminate infarct tissue from viable myocardium.

25 All slices are scanned from both sides, and in each slide, the infarct area is compared
| with area at risk and the total area by use of digital planimetry software (Image J). After
" correction for the weight of the slices, infarct size is calculated as a percentage of the AAR
and of the LV. '



The transfornmed nmesenchymal stemcells produced by the nethod descri bed
here may be capabl e of reducing oxidative stress. The oxidative
stress nmayoReives®sced by 10% or nore, 20% or nore, 25% BCTIHGRE10/080G22 or
nore, 40% or nore, 50% or nore, 60% or nore or 70% or nore conpared with an
animal that is treated with a non-condi 6oned nedi um or sali ne. The
reduction of oxidative stress nay be assayed in an in vitro assay of
hydrogen per ox0xgur(id9e}s i nduced ceII deat h. Assay for Oxi dative Stress

10The reducti of oxidative stre or using an in
Vi tro aesay oflMeyarogEReboF R Ba el randicn B e T SR e hetarsy

hydr ogen b@%'%hggglggf&g{gggg oxiiRtlcatgeh. oxi dative stress is induced in hurran

| eukemic CEM cel I's and cell viability is nonitored by Trypan

bl ue- excl usi on.. | euken ¢ ,CE e incubgted Wt h ondi ti oned
medi um or traﬁ@mx Vﬁﬂé@ﬁw&ﬁlfh&{céﬁl’%&? o QT RQTRy ?g)a(e PREIOLS 237989161 ) and
15t regt eqowt b g, M‘Mo‘r"ﬁ% &dIHSI% 9@%%&1}&0\55013’?6%% moQ@J:(L mydréPivithay 1S

assessed ‘using TIrypan B exc usi on at , ours after H202
t r eat mentanimal that isTieatedewtitle & inon-cofidibemedanédremsr sggw. may further be assayed
using-an in vivo assay of DNA oxidation. In vivo oxidative stress may al so

be assayed as I ﬂwg I i I ¢hditLoned
medi um or trar;[;hgg%ne orﬁgi;g)ﬁgﬂf\% SFI{Q'%?% %ﬁ#&e%hﬁﬁpﬁfl?rﬁggzg% g gnt rol).
Ti ssue sgetdxides HoOpindudedaetl daath obt ai ned. Nucl ear oxidative stress in

ti ssue sections of treated and untreated pigs is quantified by 8-0HIG

i nmunost ai nin A The tissue sections are assayed for

i nt ense nucl e%‘rs%if 8?%%’;’?%% ¢ative of DNA oxidation and oxidative stress.
USES105Tr ansf diweedurtse nﬁ&wdaivesstrem &} fos ezaroipldibe fassapert isngah wolilrg assaye

according_to.the nethqd e n be used for a var. e
cormer of STHyRTLPTERG: Tk tpecrel YT FE s amaS: Rt Rputar ept B,
These Us §fedit&d 8GRI stiéssi8 kUM hnnt B eié CEMIEeIWiant cbe viBHRy ised
briefly here. = WD 2011/ 053257PCT/ SG2010/ 000422 57
‘monitored by Trypan blue-exclusion. Human leukemic CEM cells are incubated with
conditioned medium or transformed mesenchymal stem cell (with saline as a control) and

15  treated with 50 .uM H,0, to induce oxidative stress. Cell viability is assessed using Trypan
Blue exclusion at 12, 24, 36 and 48 hours after H,O, treatment.

The reduction of oxidative stress may further be assayed using an in vivo assay of
DNA oxidation. I vivo oxidative stress may also be assayed as follows. Pigs are treated with
the particle, conditioned medium or transformed mesenchymal stem cell (with saline as a
20 - control). Tissue sections of pig heart are obtained. Nuclear oxidative stress in tissue sections
| of treated and untreated pigs is quantified by 8-OHdG immundstaining for oxidized DNA.
. The tissue sections are assayed for intense nuclear staining indicative of DNA oxidation and

oxidative stress.

USES

25 Transformed mesenchymal stem cells and differentiated cells made éccording 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.

Mesenchymal stem cells and differentiated cell populations may be used for

30 regenerative therapy. Mesenchymal stem cells, such as transformed mesenchymal stem cells



and differentiated cells nmade therefrom may be nade by ex vivo expansion
or directly admnistered into a patient. They nay al so be used for the

re- popul awpangis3zdamaged ti ssue foll owi ng trauna. PTHES201000pId2 Yyt es or
fat tissues may therefrommy be used to fill up cavities or depressions
during reconstructive or plastic surger$?7 Chondrocytes may be used for
cartilage repair while osteocytes nay be used for bone repair. The

t ransf or mRd ditesaniatedrells siadenheadfiomn, pebdniaddisy axatiineipansion codipesdit i ons
descri bed here may be differentiated jnto any of these. cel] tyg?eé,and used

for the ﬁdmﬂaﬁé@dé’é@@rﬂaﬁ%‘&: TW@%@%H@%&%@&%@P@W SelapiagebissHer e nay

be used ffgmo\;,ig?trgﬁﬁg.ucti onof a l10differentiated cell for the treatnent of,
or the preparation of a pharnmaceutical conposition for the treatnent of,
any one of the follow ng: a disease treatable by regenerative therapy,
cardi ac f ai | urlBus.;3diocyigs pPofat Hsssenmay thepgfrpny may De aisedyigriHkup epvifisser at i ve

di seage i nel ; i ' i :

cancer. TPBsR s e e b B P ot ter 10 R PR e

pr oduced répairt wiilenstdoogies ifay da disabfop bsnd tepais. Thesansfoededmesencbymidestans eellsf or ,
or for the preparation of, a pharmaceuti.cal, conpositian for, the tr nent
of o ci sk by A melsd e Sk PRy Arctba hee B8 e i et i) e A0BL | ve
therapy, cbmgpdshbukarish 6 phipobddRscritede marrow di sease, skin di sease,
burns, degenerative disease such as di abetes, Al zheiner's disease,

Par ki nson's disease, etc and cancer. 20Stem cells, fqr. exanple may be used
as sources of Tﬁ‘ﬁé‘é"ﬁwﬁ&@ C%B%}%‘é}sl@sﬁ%ﬁa gF‘fef‘B?yelj’ﬁ ?Sggé%f tﬁ%g})ogu?téﬂn R or
dendn pt i Qlifg&bhituddlell HFMB AeRGIAPYS, BPfhe%é}%%tion‘Mi"a?Baﬁ%@ﬁk%Y@&h SHtRIR foe! | S
and differentiated cells may be rmade by the nmethods and conpositions
descri bedhdtagagmenttofydnylonb ef thei fdBowvinghadisedse tigatabledy regrhemting dwrapyoeaydiac

descri bed .here enable the 25 production of ,transforped nesench | stem
CoT s e e DR hSeass) sRinaitrei, imps bR RS oA S B tmonn i n
the art. AlPSmeR§isetsePadkinstn’§ dic€RE bind @thceel s Wi ll equally attach to

those transformed nesenchymal stemcells for which they are sources.
Dl FFERENTI ATE

CELLS Differentj d cells,,such as,term nall
di fferent | at od EBfEed megenshyaat TvRdels o SHEabiies SHISTTHeRE e BeerOna
st emi6el lafid @6mp&itions REFbIBUEredRHBLIRE fér00f 108 tHEYrERlsti dhesTarghaffaceutiéal
2011/ 053257P SG2010/ 000422 i ) ) )
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.

20 Stem cells, for example may be used as sources of mesenchymal stem cells and
differentiated cells for NK or dendritic cells for immunotherapy for cancer, which
- mesenchymal stem cells and differentiated cells may be made by the methods and

compositions described here.

It will be evident that the methods and compositions described here enable the
25  production of transformed mesenchymal stem cells, which may of course be made to
differentiate using methods known in the art. Thus, any uses of differentiated cells will

'l equally attach to those transformed mesenchymal stem cells for which they are sources.

DIFFERENTIATED CELLS

Differentiated cells, such as terminally differentiated cells, may be derived from the

30 transformed mesenchymal stem cells or cell lines made according to the methods described.



58 We therefore disclose nethods for generating differentiated cells, the
nmet hods conprising generating transfornmed nesenchymal stemcells or cell

| i nes as WO011/45827 and deriving differentiated cell s fPORISGASHSHI04The
transforned nmesenchyrmal stemcells made by the nmethods and conpositions
described here may be differentiated i nb® any of these cell types and used
5for the purposes descri bed. Differentiated cells which nay be made
accordi ngvt %e&étﬁrdﬂiﬁdl&@&namrfblb@i&ehﬁh difeerertiaéddudits,aliymethods torapridite

fol | owi ng: i) adipoc t he tfunctional cell pe of fat or

adi pose t&eBYaEdng trmfom@dm %vmabﬂgn&etls errelldingg as ‘ﬂfé?‘t‘e’/ pogd derivigier t he
KL PR e PRt BB Sy THB Fah Gl mE BhetfAR] Sibm LNSITRL b}t gibad | on
and cushi oni ng ani cal car onyocy

f unct i onaind I@Uﬁlpbsatlmﬁ;l desctryqeé hefe hinebddiffetentihtat uab lamyvsf these eelldgpds and used
conti guo%srﬂ%l and rh hmc 1i1) chondrocyte: the functional cell
t ype Phat RQ&‘rpé’é‘? epciths for joints, ear canals, trachea, epiglottis,

| arynx, the discs between vertebrae and the ends of ribs 15iv) fibrobl ast:
a connective ®iffetippated celtd whith g beinidderncemrdingtio #eurahads deberitieddigre may

Fi brobl ast s (Erow de aog rgiructi ve support scaffold to help the functional
cel typé%CB apygaliofithe 191lgWener f orm correct 1 y. : v) hepatocyte:
the functional cell type of the liver that makes enzymes for detoxifying
met abol i ¢ WaStl)éaczjiﬁ@ﬁftd’:ﬂ)é ﬂilgctﬁﬁﬁl &Hll&?ﬁe oftfat, or adigoseatisbad, than @ fohrd throughout
constituents, and the 20synthesi.s of proteins for the bl ood

Vi) hemattb‘?JB‘i"bt partiglpyly “t“iﬁ! ﬂi"hﬂ‘é‘t |Acﬂ*\3‘?°y£f‘élstor?9 syghesizadatder %eb%’gglemal
Hemat;gpoi,g dl&tuﬁ@indscuéﬁxﬁﬁng‘égﬂn l&hgh(l;gp(ne marrow of adults. In the
fetus, henatopoietic ce oun w thin the Ilver spl een, bone marrow
and support ti ssues surrounding the fe tus jnt

nyocyte: the fillfardiemueyies) the fynsdionl myssle cel %ﬁflﬂi“) h‘?‘i‘é‘dh@}r?'llotvﬁéttf’\t{?ﬁ%ttl onal
cel | typecoﬁﬁm%dﬁ@lfy%a'rﬁ&t Fcrallgs specialized in conducting inpul ses iXx)

ost eobl ast unctiona type responsi ble for nmaki ng bone WO
2011/.053257PCT/ SG2010/ 000422
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

15 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.

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

20 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

25 | 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



59 x) islet cell: the functional cell of the pancreas that is
responsi ble for secreting insulin, glucogon, gastrin and somatostatin.
Toget her ,WOReB&SM N ecul es regul ate a nunber of processe®CIIBCRUGI0NG22

car bohydrate and fat netabolism blood glucose |evels and acid secretions
into the stomach. USES OF TRANSFORVED MBSENCHYMAL STEM CELLS AND

DI FFERENTI ATED CELLS Transfornmed nesenchynmal stemcells and
di fferenti at eq) gspdtlcellnthe urzeiondl deln of the pafi@easahitasifesparditio fapesdrttingimsulin,
descri bed here may be used for _.a variety, of conmercially inportant

r esear ch,glefogeh@astyia and sematratatin dingether, these gwlecules reguated nRmbErRf Aregestis of
od = AN et .
Lrrer entlh&ﬁcﬁ% ?%%P%;&?tﬁ ah& fdf'l' ?‘ge(flabtoﬂsrﬂrﬁg&% glélg{)}ie'lm ﬁelglnafgglgﬁel%g%nltd fearies

that are speci e di rentiate ype. gues used
in raisisgpmgehrifying and nodi fying antibodies, and their use in
i mmunoassays and i mmunoi sol ati on net hods are descri bed in Handbook of

undt oy it G TAr B WkienE (NG i) CpEESaly DRFERERIAEBIGRRSS | 0. o
(Masseyeff et ﬁénsfoﬁ%-mesmggﬂl\%i Ea%:]m\é@hk YR bid@fenfARhlbellSTRARS RLorlingl BERNI ques

involved in preparation of d cDNA |ibraries are described 1n RNA
Met hodol oggtkads aad catmppsitionrsydeskrited herrmaysbe aseddor avatieOhalr ecommaerciallyi on (R E.
Farrell, .Academic Pr Escﬁ 19&8)' ‘n;%DNA Lﬁbrar sePr otocols (Cowel |l & Austin,
eds. , HurlRRATEY ssgseh, diaenofiicand ICraneliie BYIRASSSy int & Li vesey, eds., 2000).
Rel ativel y honbgeneous cell popul ations are particularly suited for use in
drug screeni ngoarsamples mpelations efphffercatiated sells2Maphkesused talprepare aniilywkessind

transforn 2senchymal  stem.cel |, di.f ferentiated cells . are descr.i bed
e AP e N TR en b e Shit i el e P s Eateral et ek B o
nmesenchy rRking! ARG Rlahd iR idel #Ei86dib R bAE (@ Uss imRyminbapslt hed!l ar be used
for the preparation of a pharmaceutical conposition for the treatnent of

di sease. iBnumoiplatiars methods ersdssersheddn bag of Experipprialpnmenplogyr QY ¢iy &

t her apy, d4:0G) udi ng ¢ i failur i.sga .SKJ i.sgase,
pur ne.” adaheiee P B Ao Bebd i migRRRPRICAlaf RTS8 3 kst

Par ki nsornsnhofopict Analysis dMadsseqaert et al., eds., Weinhben:tVEHSV @lage GmbdbeGehoraial
stem cell s made by the nethods and conposjtiaons. described here g§¥§ simlar
or i dént itedmiqyespplved dn PISPHAHEMO AN Adibeanss aprdssgrbeda &N hy mal

stem cel | ForleidER ) abdrAorPE AR S 856G SATd CRfadisli M0 ) Fadeif, or 30
W2007/ Oé\?itég %{er'gﬁo?e,r tﬁgét r ansf or?red mesenc?]ymla[ st gﬁ cells,” and any
di f f er entActlediccRrksss 1988JecDN Arhibraes Broterals (Sewel &d Austimegs.oflumhea Press); and
appli cat If%rr]lgtic];n%i G\éllrl]cl)rgpqs Sr?trkg Ii]ﬁlvrggel:y,SeEise.,raOOO). Relatively homogeneous cell populations

. are particularly suited for use in drug screening and therapeutic applications.

20 These and other uses of transformed mesenchymal stem cells and differentiated cells
are described in further detail below, and elsewhere in this document. The transformed
- mesenchymal stem cells and differentiated cells may in particular be used for the preparation
ofa pharmacéutical composition for the treatment of disease. Such disease may comprise a
disease treatable by regenerative therapy, including cardiac failure, bone marrow disease, skin
25 disease, burns, degenerative disease such as diabetes, Alzheimer’s disease, Parkinson’s

disease, etc and cancer.

The transformed mesenchyrhal stem cells made by the methods and compositions

described here have similar or identical properties to human émbryonic stem cell derived

~ mesenchymal stem cells (hESC-MSCs), for example as described in W02007/027157 or
30 W02007/027156. Therefore, the transformed mesenchymal stem cells, and any differentiated

cells made from these, may be used in any of the applications for which mesenchymal stem



WD 2011/ 053257PCT/ SG2010/ 000422 60 cells such as hESC-nesenChynmal stem
cells are known to be Used, or in which it is possible for themto be used.
DRUG SCRBMI2NG/0F823Msf or med mesenchynal stem cel | s and diPErSGantojoare2l cel | s
made according to the nethods and conpositions described here may al so be
used to screen for factors (such as sol 9énts, small nol ecul e drugs,

pepti des, polynucleotides, and the like) or environnmental conditions (such
as cul t urcells ardiab hBSE-mésehEHyniil k@i @ily atelaiowalth ®etusdd)or phakiak itds pedsitds of
transfornmed nesenchymal stemcells or differentiated cells. In sonme

appl i cat ifehthemitp Ha 4Bk ned nesenchynmal stemcells and differentiated cells
are 10 used to screen factors that pronote maturation, or pronote

prolifer ap@pSerReeNRGNt enance of such cells in long-termcul ture. For
exanpl.e, candidate maturation factors or gromh factors are tested by
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may be used to nodul ate differentiation and properties of transformed

mesenchynal stlesome hpslications? Gdnsformredrmésanayned btem, cells and diffgrentietet gells are
screenin licatioons relate to .the testing of ceuti,cal. oupds in
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U. S. Pat. 5, 030,015), as well as the general descrlégtl on of dr

ug
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25candi da c I t he a
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~ used to modulate differentiation and properties of transformed mesenchymal stem cells and

20  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. 5,030,015), as well as the

general description of drug screens elsewhere in this document. Assessment of the activity of

25 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 célls treated with an inert compound), and then correlating the effect of the compound

with the observed change.

30 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
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15 Transformed 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 reconstitufe or regenerate the functionally

deficient area.

20 For example, the methods and compositions described here may be used to modulate
~ the differentiation of stem cells. Transformed 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.

2$ CANCER

Transformed 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

30  include but are not limited to, carcinoma, lymphoma, blastoma, sarcoma, and leukemia.



More particul ar exanpl es of such cancers include squanous cell cancer,
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isotopes (e.g. I, Y, Pr), chemotherapeutic agents, and toxins such as enzymatically active

25  toxins of bacterial, fungal, plant or animal origin, or fragments thereof.

Also, the term includes oncogene product/tyrosine kinase inhibitors, such as the
bicyélic 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
30 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-



Cytoxin, Taxol, Methotrexate, Ci splatin, Ml phalan, Vinblastine, Bleonycin,
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Accordingly, the transformed mesenchymal stem cells described here may be used for

any purpose for which hESC-MSCs such as those described in W02007/027157 or
W02007/027156 are suitable.

“The transformed mesenchymal stem cells may be used to treat diseases of metabolism,
20  defense response, and tissue differentiation including vascularization, hematopoiesis and
skeletal development, or whose repair or treatment involves any one or more of these
- biological processes. Similarly, the proteins expressed, such as secreted, by the transformed
mesenchymal stem cells, singly or in combination, such as in the form of a conditioned
medium, may be used to supplement the activity of, or in pface of, the transformed

25  mesenchymal stem cells, for the purpose of for example treating or preventing such diseases.

_ The transformed mesenchymal stem cells may be used to activate signalling pathways
in cardiovascular biology, bone development and hematopoiesis such as Jak-STAT, MAPK,
Toll-like reéeptor, TGF-beta signalling and mTOR signaling pathways. Thus, the transformed
mesenchymal stem cells, proteins expressed by them, etc, may be used to prevent or treat a

30 disease in which any of these signalling pathways is involved, or whose aetiology involves

one or more defects in any one or more of these signalling pathways.
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25 macrophage-mediated immunity, granulocyte-mediated immunity, ligand-mediated signaling,
cytokine and chemokine mediated signaling pathway, signal transduction, extracellular matrix
-protein-mediated signaling, growth factor homeostasis, receptor protein tyrosine kinase
51gnalmg pathway, cell adhesion-mediated signaling, cell surface receptor mediated signal
transduction, JAK-STAT cascade, antioxidation and free radical removal, homeostasis, stress

30 response, blood clotting, developmental processes, mesoderm development, skeletal

development, angiogenesis, muscle development, muscle contraction, protein metabolism and
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Furthermore, the transformed mesenchymal stem cells obtained herein or medium
conditioned by such transformed mesenchymal stem cells 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 transformed mesenchymal
25 stem cells, singly or in combination, such as in the form of a conditioned medium, may be
used to supplement the activity of, or in place of, the transformed mesenchymal stem cells, for

the purpose of for example treating or preventing such diseases.

The gene products expressed by the transformed mesenchymal stem cells obtained
herein may be used to activate important signalling pathways in cardiovascular biology, bone

30  development and hematopoiesis such as Jak-STAT, MAPK, Toll-like receptor, TGF-beta
signalling and mTOR signaling pathways. Accordingly, the hESC-MSCs, proteins expressed

by them, etc, may be used to prevent or treat a disease in which any of these signalling
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15 - In particular, the conditioned medium may be used to regulate the processes involved

in vascularisation, hematology (specifically immune processes) or musculoskeletal

development, etc.

Such a composition may be used for any purpose the conditioned medium may be
used. Unless the context dictates otherwise, the term ‘conditioned medium’ should be taken to
20 - include not only cell culture medium exposed to MSCs as well as such a composition
| comprising one or more, such as substantially all, the polypeptides which are present in the

conditioned medium.

Furthermore, any one or more proteins secreted from the transformed mesenchymal
stem cells described here, including in the form of conditioned media, may be used for the

25  same purposes as the hESC-MSCs as described in W0O2007/027157 or W02007/027156.

The transformed mesenchymal stem cells may also be used as sources for any of the
proteins secreted or expressed by them. We therefore provide for a method of producing a
polypeptide comprising obtaining a transformed mesenchymal stem cell as described,

culturing the transformed mesenchymal stem cell and isolating the polypeptide from the
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[ A78] . Tdisoivrbip amkBGe model Uikt aide Epile@EhSERGLMYtDA0dR Bf mice is performed as
’ described earlier [A72, A73]. Briefly, 50ug of Blo t 5 in 100ul of PBS or PBS alone are
15  applied to 1cm?® gauze and patched to the skin with a transparent dressing (Smith Nephew).
This procedure is repeatéd twice over a period of 50 days. CM and NCM are then applied to

lecm2 gauze and patched to the skin as described above for varying period of time.

For histological examination of skin inflammation, specimens are obtained from the

patched skins and fixed in 10% buffered neutral formalin immediately.

20 - Asthma and Allergy
o Media conditioned by the transformed mesenchymal stem cells obtained by the

~ methods described in this document may be used for the treatment of asthma and allergy.

- Asthma i.s a complex disease with an equally complex etiology caused by a poorly
characterized set of genetic and environmental factors. The resulting pathology is immune

25  dysregulation leading to chronic inflammation of the airways and subepithelial fibrosis
characterized by increase in smooth muscle mass and increased deposition of extracellular

matrix proteins and subsequently, reduced lung function.

Current therapies include modulating several factors or signaling pathways e.g. the
ECM, integrins, and mesenchymal cell function [A74], toll-like receptors [A75], growth
30 factors such as TGF-B and EGF [A76, A77] and the IL6 pathway [A78]. The CM by hESC-
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di seases. WD 2011/053257PCT/ SG2010/ 000422 .
! A Blott5 spec?ﬁc Th2 ce 1?ne which secretes high level of IL-4, IL-5, IL-13 and with

undetectable level of IFN-y, is used to establish a mouse allergy model. Briefly, sensitization
of naive mice is done by adoptive transfer of 2.5 x 10° Blot5 specific Th2 cells intravenously

~ in each mouse. These mice are anesthetized and intranasal (IN) challenged with 50 pg of Blo t

20 5 for three consecutive days. Twénty-four hours after the last IN challenge, airway
| “hyperresponsivensess (AHR) is measured using invasive BUXCO [A79]. The mice are then
anesthetized and given CM or NCM intranasally for three consecutive days. BAL fluid is

| collected at forty-eight hours after the last Blo t 5 challenge. Following bronchoalveolar

lavage collection, lungs are fixed With 10% neutralized formalin for histopathological

25  analysis.

In clinical practice, the use of CM to treat lung disease may be administered

-effectively using standard aerosol therapy [A80-86].

Other Diseases
Media conditioned by the transformed mesenchymal stem cells obtained by the

30  methods described in this document may be used for the treatment of other diseases.
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through E&‘Su&d?ﬁ'@ﬁ&ﬁ%%, I@éw kgﬁand white rabbits receive a 15-mm critical size defect on one
radius [A91], which is filled with a suitable matrix suchas a collagen sponge or hydrogel
coated with either CM or NCM. Radiographs are obtained every 3 weeks. After 6 or 12
20  weeks, animals are killed. New bone is measured by microCT scans and vascularity is
" measured using anti-CD31 staining of endothelial cells in the implant. There should be

increased vascularity at the least initially and also increased new bone formation.

~ To test the effects of CM 6n cartilage repair, a rabbit model of osteochondral injury
[A92] is used. CM is coated on a suitable scaffold such as collagen or hydrogel and implanted
25  into 3-mm osteochondral knee defects [A93]. For clinical applications, CM may be used by
incorporating the CM into existing scaffolds or bone grafts [A94].

Bone Marrow Transplantation

MSCs have been shown to enhance bone marrow transplantation [A95] and ameliorate

graft versus host disease. Transplantation of MSCs has been shown to improve the outcome of

30  allogeneic trénsplantation by promoting hematopoietic engraftment [A96] and limiting GVHD
[A97, A98]. It is postulated that MSCs mediate these effects through the enhancement of the
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Heart disease is an umbrella term for a variety for different diseases affecting the heart.
As of 2007, it is the leading cause of death in the United States, England, Canada and Wales,
killing one person every 34 seconds in the United States alone. Heart disease includes any of

15 the following.

Coronary Heart Disease
Coronary artery disease is a disease of the artery caused by the accumulation of
atheromafous plaqueé within the walls of the arteries that supply the myocardium. Angina
pectoris (chest pain) and myocardial infarction (heart attack) are symptoms of and conditions
20 . caused by coronary heart disease. Over 459,000 Americans die of coronary heart disease
.every year. In the United Kingdom, 101,000 deaths annually are due to coronary heart disease.

Cardiomyopathy
| Cardiomyopathy is the detérioration of the function of the myocardium (i.e., the actual
heart muscle) for any reason. People with cardiomyopathy are often at risk of arrhythmia
25  and/or sudden cardiac death. Extrinsic cardiomyopathies - card'iomyopathies" where the
primary pathology is outside the myocardium itself comprise the majority of

'cardiomyopathies. By far the most common cause of a cardiorriyopathy is ischemia.

The World Health Organization includes as specific cardiomyopathies: Alcoholic

cardiomyopathy, coronary artery disease, congenital heart disease, nutritional diseases
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15  right ventricle is generally most affeéted)

| Restrictive cardiomyopathy (RCM, which is the least common cardiomyopathy. The
~ walls of the ventricles are stiff, but may not be thickened, and resist the normal filling of the

heart with blood).

Noncompaction Cardiomyopathy - the left ventricle wall has failed to properly grow

20 - from birth and such has a spongy appearance when viewed during an echocardiogram.

Cardiovascular Disease

Cardiovascular disease is any of a number of specific diseases that affect the heart
itself and/or the blood vessel system, especially the veins and arteries leading to and from the
heart. Research on disease dimorphism suggests that women who suffer with cardiovascular

25  disease usually suffer from forms that affect the blood vessels while men usually suffer from
forms that affect the heart muscle itself. Known or associated causes of cardiovascular disease

include diabetes mellitus, hypertension, hyperhomocysteinemia and hypercholesterolemia.

Types of cardiovascular disease include atherosclerosis
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Endocarditis conprises Inflanmation of the 1nn the heart, the
endocar di um The nost conmon structures involved are the heart val ves.
I nfl ammat ory dAwdriensvsalioart ffssese ditis conprises inflammtion of the

myocardium t h—fyﬂ&l@ﬁﬂ@ﬁeaﬂ%ﬁea@ is 184 &isBRBchused by high blood pressure, especially

localised high blood pressure. Conditions that can be caused by hypertensive heart disease
include: left ventricular hypertrophy, coronary heart disease, (Congestive) heart failure,

15  hypertensive cardiomyopathy, cardiac érrhythmias, inflammatory heart disease, etc.

Inflammatory heart disease involves inflammation of the heart muscle and/or the tissue
surrounding it. Endocarditis comprises inflammation of the inner layer of the heart, the
endocardium. The most common structures involved are the heart valves. Inflammatory

- cardiomegaly. Myocarditis comprises inflammation of the myocardium, the muscular part of

20  the heart.

Valvular Heart Disease
~ Valvular heart disease is disease process that affects one or more valves of the heart.
The valves in the right side of the heart are the tricuspid valve and the pulmonic valve. The
valves in the left side of the heart are the mitral valve and the aortic valve. Included are aortic

25  valve stenosis, mitral valve prolapse and valvular cardiomyopathy.

[The above text is adapted from Heart disease. (2009, February 3). In Wikipedia, The
'Free Encyclopedia. Retrieved 06:33, February 20, 2009, from
http://en.wikipedia.org/w/index.php?title=Heart_disease&oldid=268290924]



Val vul ar Heart Di sease Val vul ar heart disease is disease process that
affects one or nore valves of the heart. The valves in the right side of

t he hear tWenre11(3825fri cuspi d val ve and the pul noni c val vECT/BGE0WAPNAES i n t he
|l eft side of the heart are the mtral valve and the aortic valve. |ncluded
are aortic 25valve stenosis, mtral val V& prol apse and val vul ar

car di onyopat hy. [ The above text is adapted from Heart di sease.

(2009, FerevMNTERE MIRNYRAMOdi a, The Free Encycl opedi a. Retrieved 06: 33,
February 20, 2009, from : ,
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WO 2011/ 053257PCT/ SG2010/ 000422 73. PRE- /| MATURE RATI.O Ve al so
denonst r £hEEEH dERFD @%&%@%ww PCFH'e*B?ECfo‘,\@gIéSf Suﬁﬁ"é?%}bf% SYuhWRGR tBe RTENA
changes  deRRRIMMINANatidranst B selfs 8 nfekdr to MNoBRGAhB Sate oflell. @ rati o, which
we termthe "pre-/mature mRNA ratio'. may be used . as a marker to nonitor

th L at f | .. The EX | [ titat] RT- PCR
(GRT-PR)  analtpetsamplesshoyoSauceatients By HCR A EECRIRT T Scbiirbimes
(MBCs)  dgrdr¥ed flohPRe ARy & RnLY 8dlisg ME@TUESddSrdh BRfrhn 6@BHNR MiRass Such

m RNAs are Eresent_ predom nantly.in the precursor (pre)- mRNA formw th no
det ect abl(eE$@yesintayh mpRNdwr SuchpniRN A gxiprestiipsedonpinandbyaimshepreewreorr(@re)o of

pre- to nmabyure.ni RNA for, hsa-let-7b. (m RBase AceessSi-on Nunber : 000006:3)
Pha hea. MRRNA ety R e @ERRE el PR B mRES R0 LA SR B SRRRE®
relative pr@ tb hidkure MiRINEA fohbB1e0db (hiiOB &0 dh ctOsbibnt NifberhMIDEN0068 SRt ish et v .
We show in the Exanples that MSCs transformed with a c-ng%ene do_not

O

senedfe dadmiBResermeeessiorpiumpere MIPR0MAA) inetheexgsams relpty |in e qelp BRkr ase
activity. g : I : -time RT-PCR analysis that, relative to
t he secrég%@g%ﬂ%ﬁ%ﬁgﬁg@%@' the ratio 15 of pre- to mature mRNA in
the myc-transfornmed MSC secretion for hsa-let-7b m RNA (m RBase Accession

Nunber : MLOO0OB&Show in tha Exampled they MB (s trangtosmedivithifec-my A 8enadmept Serrsce at i o
of pre- t 1 r ~ -4 j i a of
transfor rfagfl ?%H{u%stgbﬁy?r%% alng %%édst%?li hg%me? gtt%lf)%@gdp(gg& e éﬁfeﬁie&ﬁ‘ ?lgﬂr e
document usiag tealgimd RAFATR aysitha) telMBE toithidsearztion bp genranal MSCs, ke meibl s

to di splay an oncogeni.c state; in such an oncogeni.c state, the ratjo of
precl? SortpE- famghEe RERNAG ey Rps prdSE skeetisn sk é?rmlR%ﬁ‘%oooo_m)
I's i ncrei‘&?ﬁaasfe%&készcgll IFQmB&'?MI@@OO%@f isRRGEIES BY 218%iMBL WnGhdeMel Bind/hem RNA

in an untranstorned . Accordingly, the ratio of precursor to mafure
hsa- | et - Tatio e toi tRiMrermaR N fardsetI¢te/ groiRN A is wivhangedagenessiltafat e of a
cell. 25'e[he%frati 0 of precursor to mature m RNA for other m RNA species is
al so obsdPPEGIpYIOn-

hsa-let-7b is described in detail elsewhere in this document.

20 - . Thus, transformation of MSC with an oncogené causes the cells to display an
oncogenic state; in such an oncogénic state, the ratio of precursor to mature hsa-let-7b miRNA
- (miRBase Accession Number: MI0000063) is increased, relative to the ratio of precursor to
mature hsa-let-7b miRNA in an uﬁtransfomed cell. Accordingly, the ratio of precursor to

mature hsa-let-7b miRNA miRNA may be used to monitor the oncogenic state of a cell.

25 The ratio of precursor to mature miRNA for other miRNA species is also observed to
‘be changed as a result of the transformation. Accordingly, the pre- to mature miRNA ratio of
these other miRNA species may be used, altematively, or in addition to, the pre- to mature

miRNA ratio of hsa-let-7b miRNA, as a marker for oncogenic transformation.

We find that the ratio of precursor to mature miRNA for certain miRNA species is

30 changed as a result of a change of a cellular state, e.g., a change of a physiological state or a



be changed as a result of the transformation. Accordingly, the pre- to
mature m RNA ratio of these other m RNA species nay be used, alternatively,
or in addwOi20n/a58257t he pre- to mature m RNA rati o of hsRCTSG2TH/0A4RNA, as a
mar ker for oncogenic transformtion. W find that the ratio of
precursor to mature mi RNA for certain m/®RNA species is 30changed as a
result of a change of a cellular state, e.g., a change of a physiol ogi cal
st at e or changd@f2GhihioDigic FRET HiSCR s iR en/plo/ismibasicab ftate tp atpathobugicad |
sate, or a transition between a physiological state to a pathol ogi cal
state. Sl Accordi ngly, cellular changes of state nmay be nonitored by
monitoring the pre- to mature m RNA ratio of these nmi RNAs. 5W describe a
met hod of noniAobidiggly vellslntitangés of stad may bhenomitoredbyanofitarisignige pre- to

establishing, for_ a selected roRNA (m RNA) species secreted by the cell,
a ratio d’F@tur(eé’}IR%]‘ApFaél?Lﬂfé%‘?se%nk&A&f the m RNA species (pre-miRNA); to (b) a
mat ure formof the m RNA species (mature nmiRNA); in which the pre- to

mat ure m RNA g desceibe e dictidd sflifshiloging it @t by & céll, thadethibatempfisinfie cel | .
10The cell may_be conprised in _a cell_umass, tissue, organ or organjism The
bre- o isaebRDine BUR selfcicd TP RMAHERN AL Phesies pearried By Siecheli a 78 Hle@pact | ve
cell mas I . 0, )l 1 i 0 rised in
exosonps PESHEE Hm S ATRRNAYHRERL R miRRIAT, B B R R ™ euich
exosones spedesqlntaniraimiBNg)emwisioh therpote-namaterempiRMNA cetiotsoeestablishieRMAndpative s
therefrom. The pre- to mature m RNA rati o may be established by

hybri di s&fﬁwtﬁtgogweﬁuay conpri sing nucleic acid sequences capabl e of

bi ndi ng to and di stingui shing between precursor and mature forns of the

m RNAOspeci es.The cell may be comipeisgd #r-a detl mass UissudliolddA or atganismayi hogreedd abl i shed

by real tinme polynerase chain 20 .reaction - PCR) . . The .net hod ma
cgrrpr i se ”é%%“&g‘l“i%\fﬁ FRjlo M infigaﬁﬁr‘bff'#% ?tﬁﬁ(‘ggﬂﬁ {fﬁéqcpy?cedlf massalssig, Grgdn

m RNA r atg.9sid®r a plurality of selected m RNA species, each indicative of
the state of the cell. ‘

The miRNA species may be comprised in exosomes secreted by the cell. The method
may comprise obtaining such exosomes and obtaining precursor and mature forms of the

15 - miRNA species therefrom.

The pre- to mature miRNA ratio may be established by hybridisation to an array
-comprising nucleic acid sequences capable of binding to and distinguishing between precursor

- and mature forms of the miRNA species.

The pre- to mature miRNA ratio may be established by real time polymerase chain

20 “reaction (RT-PCR).

The method may comprise establishing a profile comprising a plurality of pre- to
mature miRNA ratios for a plurality of selected miRNA species, each indicative of the state of

the cell.

The method may comprise establishing a profile compﬁsing a plurality of pre- to
25 .mature miRNA ratios for a piurality of selected miRNA species, the profile being established
by hybridisation to an array comprising a plurality of probes capable of binding to and
distinguishing between precursor and mature forms of the plurality of the selected miRNA

species.



The met hod may conprise establishing a profile conprising a plurality of
pre- to 25mature mRNA ratios for a plurality of selected m RNA species,

t he profiWwe 208/033258st abl i shed by hybridi sation to an ar PEJ/SCGeMONER2hg a
plurality of probes capable of binding to and distinguishing between
precursor and mature fornms of the pl ural7§ty of the selected m RNA speci es.
WD 2011/ 053257PCT/ SG010/ 000422 75 The exosones may be obtained from
a sanpl e of arTtereyasinesmayhbecsbtainghfiomm ol ¢fsworgansm.evhich Ptganisanpl e may
conpri se a blood, sanpl.e, a serum sanpl e, saliva sanple or .a _uri.ne sanple.
The. st at GOBPERINEEN] Ty mBlRIPsbtt  Hlosiampl 3 stbrbsanple saliV St
cycl e st &ra.urme@hhbRr enti ati on state, a devel opnent state or a netabolic
state. The state of the cell may conprise a pathol ogical state, such

as a di sease ate, a.hu di sease state, a.diabetic.state, an i ne
di sorder stat ifheétaﬁ%_a#‘g‘agggﬁﬁwf?w&“d? g@?&ﬁ?glgﬁléf‘%ﬁ sug %&%&&P{P‘S S@egtae, a
cancekousyifféeh@atih statd, WlRVEIopthaktQtate or a metabi¥ic dthte! her describe a nethod as
set out above for detecting a change in state of a cell, 10 the nethod

ising detecti : h in ) - ] i RNA i f th I 1
(o profi | o Hre o e caLEy SOmREGH PathelopRF RS AR & LASHGE PP oat o5 a
change | %ﬁ{aﬂt(ﬁ?eﬁge {tdi€, epcﬁﬁlgetic state, an WamiuHE BRBFdeHRiaE! 4 RSurddeBRhdaGAdiscér Out

above for establishing that a cell is in a particul ar state, the method _
conpri si rstateanparcegegicstyie.e-cancerpes Yate ont RMouratales of the cell (or a profile
conprising such a ratio) with a pre- to mature mRNA ratio (or a profile

15conpri si ng %?%I‘Zheg ﬁ%%ctﬁkg gfn(ljé]j‘h&ﬁals! set AR WBoTefoP Betk AlirgAthaREe fnl Eéé 8f a SdIRL €.

We further descr monitoring the state of an organi sm t he
met hdé cahpmetiodgoniptisingidelgctngsachpinge iir opreoto matutdmiRNAgati shithe pelt (asani ng a

met hod as sgt out .above .on the.sample, .and, establ.i shing_ the. stat f the
organi's mprr?ﬁﬁcf’ﬁlé’nﬁlpg-su‘flba W&Pg H’éwﬁ? chyaghapicy ﬁ%‘i‘%%?f OBPEFRHE Ttae%% gf/@efc %lrl t her
describe a nethod of detecting a disease in an organism the nethod

conpri si ng obtWe funtlger descaibp hendthahasoet aft abbwat fooesahlisbing thaafestng mgp a net hod

as set out above on the sanpple, .and conmparing the pre- | tur '

Fati o t haEH RS HreRehC B ane e RO SOUE A e own
to be of @f,pfAiR @orﬁbﬁs@@gsﬁﬂhgrrgﬁta!vﬁmapre_- to maturdRiKNALRES g&%ﬁﬁéﬁl@e a net hod
of treatment or prevention of a disease in an organism 25 the nethod

conprlidsi mympwisingtsuelya ratip) sbasell knpvemtodiega thas particeler sfatég to C ai m 14, and
admnistering a treatnent for that disease to the organism The cell

may conprise awBS@ ¥IRbe 3HEAhGE médiREhg tHQats bhe sredhistd) theGitthodray
conprise an untransfornmed state and a transfornmed state, such as a c-nyc
t r ansf or nethpsisatgenbtaining a sample from or of that organism, performing a method as set out

above on the sample, and establishing the state of the organism from the pre- to mature

miRNA ratio thereby obtained.

20 |  We further describe a method of detecting a disease in an organism, the method
. comprising obtaining a sample from or of that organism, performing a method as set out
above on the sample, and comparing the pre- to mature miRNA ratio thereby obtained with a

pre- to mature miRNA ratio of a sample known to be of or from a diseased organism.

We further describe a method of treatment or prevention of a disease in an organism,
25  the method comprising detecting a disease in an organism according to Claim 14, and

-administering a treatment for that disease to the organism.

The cell may comprise a mesenchymal stem cell (MSC). The states of the cell may

comprise an untransformed state and a transformed state, such as a c-myc transformed state.



WO 2011/ 053257PCT/ SG2010/ 000422 76 The m croRNA may conprise hsa-let-7b

m croRNA. The ratio may be 2.8 higher in a transforned state conpared to a
nor mal stwM0De011A3§25¢onbi nati on of the above may be possi IPC&SG2010/00042¢
further describe an-array conprising a plurality of nucleic acid sequences
capabl e of binding to and dlstanU|sh|n@6betmeen precursor and mature forns
of a plurality of m RNA species.. HSA-LET-7B hsa-1 et-7b has m RBASE

accessi OITha WiBRIRNA B9 Q0fpiisEher-leB 3R mi@bRKIA. s rithembhpbé 2\8ilighes @flaience:
>hsa-let-7b M 0000063 10

CGGGEGEUGA naty AGA 3
ACAACCUACUGCCUUCCCUG Pre- hsa-let-7b has the follow ng structure:

ucagggcagugaugvéﬁnﬁwgagﬁnaéag&%@Mﬁﬁquwﬂ@gyﬂgumni&&ikk&i&i&&&ﬁ@&i@k@&%&i11
guc cc uuc € guc auc € aac auauc aa uagaaggcuccccg 20Mature hsa- Iet 7b has

t he ni RB&$bindingde and distingiehing baTenpEowsorAg matareffgrmuof apjusdigi
>hsa- Let - 7h . M MAT0000063 UGAGGUAGUAGGUUGUGUGGUU
HSA-LET-7B

hsa-let-7b has miRBASE accession number MI0000063. Pre- hsa-let-7b has the

following sequence:

>hsa-let-7b MI0000063
10 CGGGGUGAGGUAGUAGGUUGUGUGGUUUCAGGGCAGUGAUGUUGCCCCUCGGAAGAUAACUAU
ACAACCUACUGCCUUCCCUG

Pre- hsa-let-7b has the following structure:

u. ucagggcagugaug
15 cgggg : u
T III|||||I|||II||I|II|
guccc auauca u
- uagaaggcuccccg
20 Mature hsa-let-7b has the miRBase accession nhumber MIMATO0000063 and the

following sequence:

>hsa-let-7b MIMAT0000063
UGAGGUAGUAGGUUGUGUGGUU

25 * hsa-let-7b is described in detail in the following publications: "Identification of novel
| genes coding for small expressed RNAs" Lagos-Quintana M, Rauhut R, Lendeckel W, Tuschl
T. Science. 294:853-858(2001); "Reduced accumulation of specific microRNAs in colorectal
neoplasia" Michael MZ, O' Connor SM, van Holst Pellekaan NG, Young GP, James RJ. Mol
.Cancer Res. 1:882-891(2003); "Altered expression profiles of microRNAs during TPA-
30 induced differentiation of HL-60 cells" Kasashima K, Nakamura Y, Kozu T. Biochem
| Biophys Res Commun. 322:403-410(2004); "A mammalian rhicroRNA expression atlas based
on small RNA library sequencing" Landgraf P, Rusu M, Sheridan R, Sewer A, Iovino N,
Aravin A, Pfeffer S, Rice A, Kamphorst AO, Landthaler M, Lin C, Socci ND, Hermida L,



25hsa-let-7b is described in detail in the follow ng publications:
"ldentification of novel genes coding for small expressed RNAs"

Lagos- Quiwoana/a25sRauhut R, Lendeckel W Tuschl T. Sci eRC&/SG2010/000422
294: 853-858(2001); "Reduced accunul ati on of specific mcroRNAs in

col orectal neoplasia" Mchael MZ, 0' Cordhor SM van HoI st Pel | ekaan NG
Young -GP, Janes RJ. Mbl Cancer Res. 1:882-891(2003); "Altered expression
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Her m da IRes 66 (11404063P3Y. PCT/ SGZOlO/ 000422 77 Fulci V, Chiaretti S, Foa R,
Schliwka J, Fuchs U, - Novosel A, Miller RU, Scherner B, Bissels U, |nnman J,

Phan 9 %m%F@%LLULM&%@l 1414(2007) and "Patterns of known and novel

RNAS "1 n man cervi cal cancer" Lui WO Pour mand N, Patterson BK, Fire

A Cancer Res ALSr BB ROMRREA04d corifdNdonShesehbld bR tBd AreEto mature AFRRAI Ng

to the nmethods and conpositions described here, the pre- to mature m RNA
rati o mayatiemay &d usesl towrinitor VarmuS(@aléulmeqHaugﬁrof@mges .of states. Such
cel lullar changes of state may conprise changes of physiol ogical states,

such as a suer%l:émﬁylrdhsn I State RSP édihﬁ‘r&]e)éhaﬂgéﬁ‘bfﬂﬁysﬁﬂo%ﬂ%ﬁ s such a8t Ur e

m RNA ratio of an m RNA 10%peci es ndy be used to nonitor the GL state, an M
state, a cell cgtlatsmten AceorBingtya nengbring thelpre- to mature ﬁhBNz’h;a@lp@if eginuBN/Ast at e may

Fart 4o SRt RS el o BonRp e CUctuSi Ml R SR P RS sCal b ™ T

differentiated or un-differentiated. It may be used for exanple to detect
t he pl uri pot erlithe phfsialogiehal statbimaympnipmscladi:ffdrmttdﬁbmsﬂatev\,{mmherwads,eheb piies taa
stemcell eII a differentia 15cell, o he cell is
t er i nal |f9ataﬁefIWH%%f n gi ‘%%er‘?tﬂsénay s {Pn‘%t‘im&}%‘? ‘Bp?fb?rcaa“le ¥ ate may
conpri se &ff@l@ﬂﬁt&pmakfe&haaﬁd Ol nfd9 B8 SRINRR bR mSiE ad&etect MtSplufipfemfyeof at O

mature M RNA ratio of an m RNA species nay be used to determne if a cell

is of or celolmay bemvsedtordetecs whetbers cadliagetent exdk ar whetherea enll is palifécrentiating
neon t5aI ng ﬁtﬁr e’tﬁ geermlmasrﬁp, d‘;fgrré;[ltlaﬁéc?tfr&lém gage a juvenile state or

st age, an adolesce state or 20stage, an adult

state or stage etc. MONI TOR NG G: PATHOLOQ CAL STATES
The physiological state may comprise a developmental state or developmental stage.

Thus, the pre- to mature miRNA ratio of an miRNA species may be used to determine if a cell
- is of or from an embryonic state or stage, foetal state or stage, a neonatal state or stage, an
infant state or stage, a juvenile state or stage, a toddler state or stage, an adolescent state or

20 stage, an adult state or stage etc.

MONITORING OF PATHOLOGICAL STATES

The cellular state may comprise a pathological state, such as a disease state. Thus, the
pre- to mature miRNA ratio of an miRNA species may be used to monitor a pathological state

of a cell, or a change of a normal state to a pathological state.

25 The pre- to mature miRNA ratio may be used to detect whether the cell is in a normal
'(undiseased) state or a diseased state. It may be used to monitor the progression of a cell from
a normal, undiseased state to a diseased state. It may be used to monitor the stage of disease of
the cell. The disease may comprise any of the variety of diseases an organism suffers or may

suffer.



The cellular state nmay conprise a pathol ogical state, such as a di sease
state. Thus, the pre- to mature M RNA ratio of an m RNA species nmay be used
t o noni t WORPASBE2I 0gi cal state of a cell, or a change #CT&GAOKMAI42Bt ate tO
a pathol ogical state. 25The pre- 'to nmature m RNA ratio may be used to
detect whether the cell is in a normal 78ndi seased) state or a di seased
state. It nmay be used to nonitor the progression of a cell froma nornal
undi seased st ah gedepalgthdidieasathts inal @ompiisd@ly die odatrle bOhypefttdphic t he stage

of disease of the cell. The disease nmay conprise any of the varjety of

di seases caqthapwﬂgn{)gcﬁqrfaé pgdqurdﬁhsya@ma; amyotrqghic lateral sclerosis, dizziness;
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any one or pertrophic- cardi’omyopat cteria ocarditis,
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al zhei mer di sease, angina pectoris, rectal diseases or arrhythnogenic
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anyl oi-dosi s, gnore ia, anxiety, autism brain neoplasns, central 10nervous
syst em diimsmsedsficiaicy syndrgine antyddidesis anarexiy awdety sautising brajrandoppsaing, centralist
diseiﬁes, central nervous system:] feﬁ}i ns oIorEQ%fl.n qfla ns
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state may conprise any one or nore of communi cation disorders, .

at her oscingpRasmss, cwbwﬁn@&s comgiogic@ldagsthmachinplabdisordes. Bus 98 sa¥ix neoplasms.

di sease, attention deficit 15di sorder, brain injuries, cataract, ulcerative
colitis, cumipgkidyRade stidhallicERDESS Sy b nforé bbésHEmEnicateedignraas; al
disabilities, eat[ng.dlsordersh erysipel as, fibronyal gia, decubitus ulcer,
di abet es athergshlesasifa blirdnepse cansidiasis sharcpiymare Hisease, grohn disease.tattentienedsfieiti t i on
di sor der di abetic foat or encephalitis. Th i nprise
any She SisoblsP i nlbiR sBlafl HFRMRE by R BB R T RETRI L0 F
down syndibedsis, dbadeprasital elivabititias, ichiisg disyrdeReapsipalas fibteraghlga) deeabing, ulcer,
dengue, dyslexia, endonetriosis, fabry's disease, gastroenteritis, .

depr essi @ibey.mpntysema ss¢herehia cel indpgtions.dplligylits deglutitien diserdersoéiabgiitageal
reflux, g QP@B%%th%?aSG, hemat ol ogi ¢ di seases, hirschsprung di sease,

hydr ocephal us, %yperthyroidisnl,gingivitis, henophi l i a, histiocytosis,

hyper hi drosi s, hypogl yceni a, gl aucona, hepatitis and hiyv_
The disease state may comprise any one or more of esophageal diseases, food

20  hypersensitivity, dementia, down syndrome, japanese encephalitis, eye neoplasms, food

4 -poiédning, dengue, dyslexia, endofnetriosis, fabry’s diseaée, gastroenteritis, depression,
dystonia, epilepsy, chronic fatigue syndrome, gastroesophageal reflux, gaucher’s disease,
hematologic diseases, hirschsprung disease, hydrocephalus, hyperthyroidism, gingivitis,
hemophilia, histiocytosis, hyperhidrosis, hypoglycemia, glaucoma, hepatitis and hiv

25  infections.

The disease state may comprise any one or more of hyperoxaluria, hypothyroidism,
-glycogen storage disease, hepatolenticular degeneration, hodgkin disease, hypersensitivity,
immunologic deficiency syndromes, headache, hernia, holt-oram syndrome, hypertension,
impotence, congestive heart failuré, herpes genitalis, huntington’s disease, pulmonary

30 hypertension, incontinence, infertility, leukemia, systemic lupus erythematosus,



25i nf ecti ons. The di sease state may conprise any one or nore of
hyper oxal uri a, hypothyroidism glycogen storage di sease, hepatol enticul ar
degener atwonpiinssgki n di sease, hypersensitivity, inmunolrogisG2a®fobeizency
syndrones, headache, hernia, holt-oram syndronme, hypertension, inpotence,
congestive heart failure, herpes genital9s, huntington' s di sease, pul nonary
30hypertension, incontinence, infertility, |eukema, system c |upus

er yt hematogugymy c%@s 2ZBdrkAQeR R bR ﬁﬁ%&&%@@%ﬁ&oﬁ%sﬂﬁ%ﬁfé@&ﬁ@ fnaldRYral
retardation, |n l'ammation, " |iver neoplasns, |yne disease, malaria or inborn
errors ofinbes eieisiof metabnlismi sease state state may conprise any one or nore
of inflammatory bowel diseases, long qt syndrome, |ynphangi onyomat osis,
measl es, migr %eﬁlseagafsw@a;@,mm@naﬁﬁg aRy’a‘bﬁb or M&%Qﬁ%m%h%%dm@%& h
abnornalltles | atex al l ergy, obstructive |ung diseases, |ynphong,

meni ngi t ileng qumbomy,slampharglotus@natoslsIm@sbsyfmgrame lfrfﬂuenda dewdeckpaine may
conprise,an ne or nore of ned a ratian

renopius ey EelREs ot ARt RARE W AR, oo SRESER R Shen

syndr 0IeSymgledn@R fenligitls, fucOpdlgdabetiaridodts 0P lepedHs. peptl ¢ ulcer, nyasthenia
gravi s, nausea, osteoporosis, 1l0panic disorder, persian gulf syndrone

nmyel oma, acou neuroma, otitis nedia, para enyl ket gnuri a,
nyeloproliferj%FééwﬁF§%¥%E?§coﬁW§f eog $3ﬁﬂﬂ%88ﬁg - BECYAT ki nson

di sease. degeneralidf, HbfHRER, Audlp Eméfoﬁ@rﬂ?ﬂidcﬁﬁr ayKtro ?Hﬁ‘ 18y ofBRiA pin syndromes,
pheochronncytona ‘nyocardlal i seases, portuni stic infections, pain, pars

planitis ostpmymrmsupmream geonlnﬁmapemnmulqenfmyasthem EraVHEBBIaL QSIEPPETSISe

20T ORGY: RANBLRL el AEANPS AR S R3S 0cRlsAGHEoRE SR by HBHIRAAT o

prion-di seases, I zophrenia, S

pol i onyelphéﬂ)&ket@mﬁt ﬁlfyél@pﬂilﬁﬁaﬁ‘%dlsdr&a'p,l ydfa@imyis tavafiin AecpharBSr psnklinsbﬁder e,
sjogren's_ syndrone or polynyal gia rheumati ca. The di sease state may
conpri se %8/¥Cne or nore of prostatic neoplasns, restless |egs, 20
scoliosis, skin diseases, postpolionyelitis syndrone, psoriasis, retinal

di seases, SCUITHY dissidelstddeMal a6Mprisddrs e O hitus oLptirdtlirofidsytofmapmgscardial
retlnoblastona sex di sorders, sleep disorders, pregnancy, rare diseases,
sar coi doéi%aseg,éma{twystt%%ﬁw&a 8aingpaye plapidis, Blwb%mréerﬁdw‘?%iwh igfaggtiogy nal

cord 5 nj ll’l'éfeﬁﬁa -Ic_x ﬁc 9&8 égptﬁ%%trtr@ dﬁg%){seg,%fc'uﬁﬁls%g@? Sogfm W&rﬁg‘utls, prion

stutterlng,
dlseases, reﬂex sympathetic dystrophy, schizophrenia, shyness, poliomyelitis, prostatic

diseases, respiratory tract diseases, scleroderma, sjogren’s syndrome or polymyalgia

rheumatica.

The disease state may comprise any one or more of prostatic neoplasms, restless legs,
20 . scoliosis, skin diseases, postpoliomyelitis syndrome, psoriasis, retinal diseases, scurvy, skin
neoplasms, precancerous conditions, rabies, retinoblastoma, sex disorders, sleep disorders,
. pregnancy, rare diseases, sarcoidosis, sexually transmitted diseases, spasmodic torticollis or

spinal cord injuries.

The disease state may comprise any one or more of stuttering, testicular neoplasms,
25  trichotillomania, urinary tract, infections, spinal dystaphism, substance-related disorders,
thalassemia, trigeminal neuralgia, urogenital diseases, spinocerebellar degeneration, sudden
'. infant death, thrombosis, tuberculosis, vascular diseases, strabismus, suicide, tinnitus,
tuberous sclerosis, virus diseases, post-traumatic stress disorders, syringomyelia, tourette

syndrome, turner’s syndrome or vision disorders.



25trichotillomania, urinary tract, infections, spinal dystaphism

subst ance-rel ated di sorders, thalassem a, trigem nal neural gia, urogenital
di seases,WophHAS8SEbel | ar degenerati on, sudden infant de&TISG2010M00MMBDSI S,

t ubercul osi s, vascul ar di seases, strabisnus, suicide, tinnitus, tuberous
sclerosis, virus diseases, post-traunmatBe stress disorders, syringonyelia,
tourette syndrone, turner's syndrone or vision disorders. WO

2011/ 053257PCT/hS@2d2asd $104id7 cBfprise any otiReracte af psyshelbgicateyresonpri se any
one or nore of psychol ogi cal  stress, .tenporaqmandi Qul ar joi.nt dysfunction
syndr ome,! termpolEMaRgiD bulgr jong,dysfunetinm YRdIE; traglinta HEnary dORiingnesy arRftge,

di sease, voficKHPolieE %HM 0sRBEIHOPRY. HabiEAAIihRBGonsIaigEs e (FsteSt em
neopl-asns, bone neopl asns, vul var ases, ectopic pregnancy, tick-borne
di seases neopladmag bsymnboqyimmsa'gﬂvug disehdes) @ﬁmlsmgnm tickrigirogdinesses niaafanor

urticaria S bsor on sy ndr ones wounds. and in

e oRCe R ERE, SRR e M B o R P ob b SR Pt dent
nultlpIeSyﬂﬁahﬁgbr@@mﬁh@hgmgunmgl22|ness hydronephrosis, yellow fever,

neur ogeni ¢ arthropathy, hepat ocel | ul ar carci noma, pl eonor phi c adenons,
vater's anpul | meckel ' s diverti.cul um 10ker at us skin, S

bui | di ng. oy ndriQFEISeE IS5 ey §PBRHERR Gne REMTE Ob L oKBEH LA EuTiRn

bi | e ducteh&glcatdchsitiohp r&zﬂ@s@ﬂm‘yaﬂﬁkﬂ%ﬁs diefERIBer, RMRYehRIarthfpagava
syndronme, sinusitis, Tadius fractures, osteitis deformans, trophoblastic
neopl asmiepapesiiatassancinoma, plueomeadwmgieaﬂma,cwt@is anptlenoesks!’s nirv@rtmubé@\,s e

st at Yol rls .an Ne 1oL ulRLE of, vari cqse veins, .creutzf ldt j akob 15
oy ndr B, <GB e dek buldhEpndroli, spoldFic denes. MR nose

di seases ,neeﬂ@pathp rwﬁnh@d bild @Jb@&ﬂculﬂ%@ﬁﬁﬁbﬁmyng@ﬂfgwm&a@es mqsehbbué@rcada seases,
crypt0000005|s herpes zoster, fallopjan tube neoplasns, infection,

ar r hyt hnisgn rgmsc%g@%f%in@rfga@eges ﬁ@emééiﬁﬁmmaéwtvmmc ngeplpines. The

di sease s, <ﬁoﬁﬁ%dﬁ%ﬁ%&ﬁ W20 QindtRr e of al coholic hepatitis,
parasitic di seases, pIH%ItIS cryptococcal neningitis, intracranial
aneurysm grief calcull, pi gnent ed 20 nevus, rectal neqgpl asns, coses,
hemangi oma, cdihgissasecase a@momﬁyy@mf | Qe wesge 6 aricqes Veivs ﬁTe@Mﬁ%‘g%/ -jgkol dney
neopl3s t es,

br oy 13 doatPrblRy babachl! BidaGis e iBhen i8R yHIRBRRRe dRhidh) ol BEA02
state rrayllmsrpné@eolaﬂ,wmanma Vestlbularf dlS@EéS)g@pt(mochOSBaMpemsﬁaf dalidpést i nal

henorr hage, adepocar.cinoma, toxi¢ utees seborrheic
ker at 0S| ubedgepe@ﬁlya ipfecuon, g &ﬁh%%atré?@g W&g?fé‘n BEPFTogENe Wmas, Skabies.

neopl asns, chi ckenpox, cholecystitis or chondrona. The di sease state
nmay conprise dhy diseasetstatériiag compliscimrorelorinifre of alosisoli@@partitispparasitic
par at hyroj d neopl asns, spermatic cord.torsion, adenonmm, |ichen planus,  anal

gl and nedprasissalRngrgryRiecoseal Feangitis ERTIat ansupysm, grigh galouli, "pigmented
neur gfi braiR! A6 ne&)]}fggﬁl&a}ﬂ%e%é@s SRARRSonR, Q&Bn@lh\«!ﬁ@f‘sﬂﬁﬁls@wgﬁmgglg heulitis,

carcl noms, 'y pancr eatit | asl s, regnancy co I catlons
- nephrocalcinosis, kidney neoplasms, vitamins, carcinoid tumor, celiac disease, pituitary

diseases, brain death, biliary tract diseases or prostatitis.

The disease state may comprise any one or more of iatrogenic disease, gastrointestinal
- hemorrhage, adenocarcinoma, toxic megacolon, amputees, seborrheic keratosis, osteomyelitis,

25  barrett esophagus, hemorrhage, stomach neoplasms, chickenpox, cholecystitis or chondroma.

The disease state may comprise any one or more of bacterial infections and mycoses,
| parathyroid neoplasms, spermatic cord torsion, adenoma, lichen planus, anal gland neoplasms,
lipoma, tinea pedis, alcoholic liver diseases, neurofibromatoses, lymphatic diseases, elder
abuse, eczema, diverticulitis, carcinoma, pancreatitis, amebiasis, pregnancy complications,

30 pyelonephritis, infectious mononucleosis or aneurysm.



30pyel onephritis, infectious nononucl eosis or aneurysm WO

2011/ 053257PCT/ SG2010/ 000422 81 In particular, the disease state nmay
conpri se WOANBAR3®7such as di abetes, inmune di sorders, RETSGAGYHAERAL | ve
di sorders or cancers or tunmours. Thus, the pre- to mature m RNA ratio may
be used to nonitor the cellular state oBla cell of an organi smwhich is
suffering, or is prone to suffering, any of the diseases |listed above.

It wil | be apph partistlaf] thddibedst stateahdy ¢omyprise aclivepsd suehl as diabetts, fatane t i ssue
mass, an or organism \Were this is the case, the precursor to mature
T RNA T 59Ty NBRrOflesseal Ve diSRIdRESE CaRGRTSRIAITP B Ty e P Malirest at e,
the statg,@ig go&h biusell 1SRRIt GBRS celRIEANOBE DEAPSY aamr%ﬁlémmbht@e cel
is conprlsed oso ES 10Exosones are secreted mcroparticles of 30-100
TI M i n disaffetieg, ot isgironestoesuffening, ady ef e adiseases bistod abateeased by reticul ocytes
(1A). They are essentially phospholipid vesicle containing both protein and

RNA. . I

“?&’1 | iEE\E]eY
|nclua|ng thogggo zﬁ@ﬁ%?%%%g@ﬁ%@c%?rg bé?%&gh%%19$& P%?%ng% g Ih%ét
cells, T oc@nﬁsn aWblerpltlds &l the ejse athel pcdcufBBnmnhaareahrRng irgtad may bgused(to nt esti nal
epit heli cells, hman neur r cells, tunor cel
| i nes (tﬁlégeéml“ﬁc'l ltmﬁ?ﬂm‘ﬂlt&‘ﬁbaﬁ‘iﬁaﬁ eé@fq %t]tl‘?rgis&)‘?ﬁéqls\‘%??ﬁs ¢ 81878 OT he| anomm
celI's; OWRkiniih GAVRICRHBEcefgs tehprik@d sperm (reviewed (2A)). However, their
functions Femain poorly understood Recent studies have indicated that t hey
may pIayE? role in health and di seases such as tunor netastasis, in antigen
present atEI¥OAHE i n transnlttlng i nfectious agents 20(3A 4A). The

bi ogepesi s of .exosones eeds thr | e. h| | at gd |1 ul
o ocdlses  t nat RIS SRGET Biorer B p M OER T i B il Chosoma
mul ti vesididebadred@rbeaelcadddBs) retibuloniad (1A% THRY Iard:ésaémﬁnsalpha@ﬁolﬁsmsmle

(endosomal sorting conplex required for transport)-nedi ated | ateral
segregat icoptagmng bth pratejs aah&N/wwar d buddi ng of the endosomal 25 nenbrane

(5A) - As such highly regul ated cellul ar processes are generally
sensi tive to EREERSs dr&ndWEknBWH 3 B¢ S@rdied bpmaﬂ;a&élpiypes ﬁlaludﬁig&h&e(bff t he
cell, it is conceivable that biogenesis of exosone w |

haematological origin (B cells, dendritic cells, mast cells, T cells and platelets) and of

15 nohhaematological origin (intestinal epithelial cells, Schwann cells, neuronal cells, tumor
cells, tumor cell lines (these include murine microglial célls, mesothelioma cells, melanoma
cells, ovarian carcinoma cells), and sperm (reviewed (2A)). However, their functions remain
podrly understood. Recent studies have indicated that they may play a role in health and
diseqses such as tumor metastasis, in antigen presentation and in transmitting infectious agents

20 (3A,4A).

The biogenesis of exosomes proceeds through multiple highly regulated cellular
processes that includes the formation of intraluminal vesicles in endosomal multivesicular
bodies (MVBs) through the well characterized ESCRT (endosomal sorting complex required
for transport)-mediated lateral segregation of the cargo and inward budding of the endosomal

25 membrane (5A).

' As such highly regulated cellular processes are generally sensitive to changes in the
physiological or pathological state of the cell, it is conceivable that biogenesis of exosome will
also be affected in tandem, and that these effects would be manifested in the quantity or

composition of the exosomes.



al so be affected in tandem and that these effects would be manifested in
the quantity or conposition of the exosones. WO

2011/ 053280RCN/863010/ 000422 82 It is generally pPETHGROII0N&RI22 at

| east ‘a fraction of exosones secreted by cells in our body are rel eased
into the circulation. Indeed, exosones 88 easily accessible bodily fluids
such as bl ood and urine have been found to originate frommany cell types
(2A) and it Pals istpeaeralf prumnbdithacatrieast afiacgpreofexosmmhesandeted byreedem oved

m croRNA profiles in tunpr patients were 5simlar (6A) Tagether, .these
char act erfiogy aesrelrared inforthe gyl fipne kdsetnexosomes in F%?gléj é%%@?l&e hﬁéﬁﬁu@ﬁnﬂ‘
bi omar ker : - Al i ;

exosorml St md vring bl CoRHTRIRS oK. fh Rk L e (BB L Pt o
bot h bei rshoeuabaairedatirg diosomalkead surhor-detived aseroRNY profiies ip taumerprtiests ofere

urinary exoso d pee rqfiled. f.or potential biomarkers (8A.11A). 10
Exosonal sﬁ@’ﬁ%ﬁr{ﬁ-zl\t}ﬁﬁgggeﬂﬁgei %@Fﬂc‘fﬂs & Qe MWgSF?WQ§I Al REREIoTs or
det ect-i ngdafifyiag bich@Xers (TA).Y (12A). BI OLOE CAL SAMPLE The net hods and
conpositions described here involve the ratio of precursor to mature

m RNA of secreted by a cell, in order itor its state. ni.ent |,
the ratio may ‘B8 sy Rath Bﬂ?tﬁlﬁﬂ?‘ilw@?‘g’l%‘@?%arl pé‘gﬁlﬂf énczg%: ‘E?’%XY
secr et i ong,i@ such8s GBhd and blood ardhBitEbeifiEevafilated o8 HiGHARkES €6k difeasd)(N)JERE SM

the sanple may conprise any nunber of things, including, but not limted
to, bodi Iprotepmiatof Giinery wapsamesihad best profileditedpatentiabbisowrkeindhbdyngeal

secretions, uri .se | yoph,..sal iva nal_.an i ti.ons,
per,sgli ra{}?s’iﬁ)ﬁogﬁl(r}? eglélpﬁé% Eggotfeeé F?@BQF‘%S %H?lveg}udlén' sb %OM%B&M%X{F%&B %:
EXGOSOMES kidney infoxpglomgs nay be prepared using a nunmber of nethods known to

the person skilled in the art. 'In general, the nedium containing cellular
secreti Og?'ggv%ﬁb(g’?%@?un in a centrifuge at 1000 rpm The supernatant is then

concentr M Bl trofiltration menbrane with a 1000 kDa nol ecul ar

wei ght -cut - Of'f”lt‘kﬁegﬁ‘été?&sr%hi c\éﬁlp\gsia[)ng s@l%dtﬂe%'ian%e a?etrﬁﬂél of orG(O%%RmQGB

describes a ne preparing nmenbrane vesi cl.es suc S exosones usli ng
col um chhiRMoA of serpdiyd b oslbiresrderety nadistor e stpreefamediently e tdie macbai que

d i_bed, i : . . .
esc r1|5 © delterll‘m?r%e% be}'\/ttal?ilng gb?(ﬁ%gical sample comprising secretions of the cell.

Where the cell is comprised in an organism, the sample may comprise any number of
things, including, but not limited to, bodily fluids (including, but not limited to, blood,
nasopharyngeal secretions, urine, serum, lymph, saliva, anal and vaginal secretions,

perspiration and semen, of virtually any organism.

20  PREPARATION OF EXOSOMES

Exosomes may be prepared using a number of methods known to the person skilled in
" the art. In general, the medium containing cellular secretions may be spun in a centrifuge at
1000 rpm. The supernatant is then concentrated against a ultrofiltration membrane with a 1000

kDa molecular weight cut-off.

25 Alternatively or in addition, US Patent number 6,899,863 describes a method of

_preparing membrane vesicles such as exosomes using column chromatography.
Exosomes may also be prepared using the technique described in Sze et al (17A).

This protocol may be briefly sﬁmmarised as follow: to harvest MSC secretion, 80% of

the confluent HuES9.E1 cultures are washed with phoshate-buffered saline (PBS), transferred



WO 2011/ 053257PCT/ SG2010/ 000422 83 to a chem cally defined, serumfree

cul ture nedium for an overni ght incubation, washed with PBS and cultured in
fresh, chE@20dl0s§25defi ned, serumfree cul ture nmedi um f oPC3/SGaYW/000422 The
condi tioned nedi um whi ch contains MSC secretion is collected, clarified by
centrifugation, concentrated 50 times u8dng 100-kDa MW cutoff
ultrafiltration nenbranes (Satorius) and sterilized by filtration through a
220- nm f ith b@hemically défided! §dhern-fetetcalthRtnétiem fodn errtifhtiRédbadsn, fvaishédwitAt i ng
and prepari ng exosones is set out elsewhere in this document. PREPARATI ON
OF M RNASE madeenltyeeg 1pdreph.ehamically definedx ssumteecyitiesdnediunder 24a$pl e from
cel lular 10 secretions by any of a nunber of neans known to the person

skilled in thert@rdondiiBn&KABTLR Whik 66:2hin§ MSPERRANNYcATicRASCAdiddobys
RNA i's isolated fromconditioned nedium by adding three volunmes of Trizol

LS (I nvi teogéwgation, coneenyitedrad) tonescusig HA0JHM sitoft walikehpr Bempgnche
extragthgm%ﬁﬁggghggﬁh%: .Qgﬁﬂ?$aﬁgﬁ$§éiﬁkﬁéﬁﬂ%ﬁpl' 15Total RNA and snal

RNAs are puri using Tr nvi e m rVana m RNA | sol ation Kit:
(Appl i edBi osystens), respectively. RNA is quantitated using

Quant -i TTM Ri bb&rthendeniledrdeserptiantof meihads fergsolptinghend preparipggxespmessgsset

agar ose ge } % gl yoxal or 15% Novex Tri s-borate-EDTA (TBE)-urea
gel s (Ing?%Fgég%?%%g%gﬁg%g%%%%ated RNA in the gels are visualized by

et hi dium brom de (EB) staining. Alternatively, or in addition, conditioned
medi um | PREPARATIONRE MIRNASh equal vol une of PBS, cell lysis buffer
(Biovision), 40 _nmM cycl odextrin (Sigma-Aldrich) or 4000 U mM phospholi pase
A2 (Si gma- Al drini@iAsinag bepregared drom exasemesspiectsd farmramplnirem cgigat ent h

vol'ung Ofgerefof iy TR S S e ROER s IRD6R Fo Hetclof Skilleg iff BieArd RRURALER for
at %. e ~ mntﬁlT |

anot her mn NAS are extracte rizol LS and
separ at ecprotocdlHer fiparingaaiRPeAsfdllomsowed by EB st ai ni ng.
RNA is isolated from conditioned medium by adding three volumes of Trizol LS
(Invitrogen) to one volume of conditioned medium and c.'ompleting the extraction according to

the manufacturer’s protocol.

15 Total RNA and small RNAs are purified using Trizol (Invitrogen) and mirVana
miRNA Isolation Kit (AppliedBiosystems), respectively.

RNA is quantitated using Quant-iTTM RiboGreen RNA Assay Kit (Invitrogen) and
resolved on 1.5% agarose gel con- taining 8% glyoxal or 15% Novex Tris—borate—-EDTA

- (TBE)-urea gels (Invitrogen).
20 The separated RNA in the gels are visualized by ethidium bromide (EB) staining.

Alternatively, or in addition, conditioned medium is pre-incubated with equal volume
of PBS, cell lysis buffer (Biovision), 40 mM cyclodextrin (Sigma-Aldrich) or 4000 U/ml
phospholipase A2 (Sigma-Aldrich) at 37°C for 30 min followed by addition of one-tenth
volume of a 1-mg/ml RNase A (Roche). These mixtures are then incubated for another 5 min
25 - at 37°C. The RNAs are extracted with Trizol LS and separated on the TBE—urea gels followed
| by EB staining. -



WO 2011/ 053257PCT/ SG2010/ 000422 84 QUANTI TATI ON OF PRECURSOR M RNA AND
MATURE M RNA The Exanpl es describe in detail a protocol for preparing
and i sol WORgIIWSERNA t hat nay be used with the nethods aRETEGAPOSMRDNS
descri'bed here. Mcro RNA for use in the nmethods and conpositions described
here may al so be prepared using a nunbeB4of nethods known to the person
skilled in the art. For exanple, mcro RNAs nay be detected and

quant i t at@uiNETADIONEIRRKGEURSORNORN AND MATURE MERNAN, a nodi fied I nvader(r)
assay, real-tinme PCR, |ooped-priner RT-PCR and array hybridi sation, etc.
These t echni qués Examplissiesdribedn detaikapeotoest 401 proparing anesglasmginm@Nok that

mcroRNAsS in a s | e, may .be done in order, to, identify a .

quant 1 t adter SR By e L Cmumatiant drreEpier oGS RN Trassin e sucn
a ser Vi cendtBoddrad ic8@@osiodsUes@RAMeR: théy 866 BOFRPparediin @SRDRESSmEMONs

Nort hern hybridi zati on has been used to detect and quantitate m RNAs, as
descr Pbednpwn(te fie nersoaskidled ipthgart. Genes & Devel opnent 17: 991- 1008) .

Al ternatively, RNAse protection may be used for this purpose. Probes for
RNase prot ect iR e2difpIBahicRERNARRAY B EeddctddandBjiaR@atkd usiagd %e%déh_@iﬂg,h
conventional nmeans known to the person skilled in the art. A kit such as

t he m r vayathermhyxidirtiona raodifed lvedo® assayarebsioe RER dperaderrinerdet-PANRL550,
Anbi on, N ' : i fqr thi
our pose. RTaka! pPARKELE e HS R gestibedRpAE WARRCL (210

2004. RNA 10:1153- 1161 may also be used to detect and quantitate m RNAs.
The nodified ISequeieingafgaigraRiNAs B spowle ineybe dene inanddrito identiyandr api d mi RNA
assay ,whi.ch e used. successfully in th R l.ysi ' using as

| ttlxg adluapf! E%Yf%ﬁaec ﬁe s lrec%(m‘.ltiﬂttéfl OERW%L ags lﬁév% agfel, e)f‘élg%lscel |s.
Thi s assgyovided P eLardiple WG Sditntes alrwndcdetdnseedonii. RNAs differing by a
single nucl eotide and between precursor and mature m RNAs. The | nvader

m RNA assay, which c erfornmed in, unfractipnat detgrgent Jlysates
uses fluores cﬁ%ﬁ“eﬂbﬁﬁ’é%@ﬁop hasr#efpé’tg?d[ t@rgegqcﬁﬂﬁqugﬁﬁgﬁ@g?’gg dg%clr@e’%% h
i ncubat i qimt LMeral A008VGaes i Depeohéi!1 7092l 08B R AMeriatively PRI ASE FRdt&Siohn

hi gh- t hroughput screeni ng anal yses. Detection and guantitation of

pr eﬁ ur sormay trned for thigmurroser Repbes fay Ripssprptectirmins Merther BYRjidispion sty be
Tehorty ARRTubleh B o R Sact et SRR by T st R0

det ect i ngniavighal® ngiBRNAK Ptabe iGugstmmition Kigxd 1 H5EECatdoguemuribar AL S SPapnibdorysed

wi th t- he Anl%tl_igg%slos?frs]t%ms, uszt%}%ga%%ﬁ?%/y (e?)zugélé) fo?tolggl%rpose.

A modified Invader® assay, as described by Allawi, H. T. et al. 2004. RNA 10:1153-
1161 may also be used to detect and quantitate miRNAs. Thé modified Invader assay is a
20  quantitative, sensitive, and rapid miRNA assay which may be used successfully in the analysis
of miRNAs, using as little as 50-100 ng of total cellular RNA or as few as 1,000 lysed cells.
~ This assay is capable of discriminating between miRNAs differing by a single nucleotide and
between precursor and mature miRNAs. The Invader miRNA assay, which can be performed
in unfractionated detergent lysates, uses fluorescence detection in microtiter plates and
25  requires only 2-3 h incubation time, allowing for parallel analysis of multiple samples in high-

throughput screening analyses.

Detection and quantitation of precursor miRNA and mature miRNA may also be
achieved through various methods known in the art such as described in US Patent No.
7,601,495 (Chen). Furthermore, the Examples describe in detail a protocol for detecting and

30 quantitating mature and precursor miRNA that may be used with the methods and



85 conpositions described here. The nethod of US Patent No. 7,601, 495
(Chen) is suitable for mature m RNA A nunber of kits are also

avai | abl ewoemmmusgisal |y for detecting and quantitating pretscaomn/and:2 mat ure
m RNA - and may be used. An exanple of such a kit is the mrPrem erTM

m croRNA Isolation Kit (Catal ogue nunmbeB8S SNC10 and SNC50, Sigma-Aldrich,
St. Louis, Mssouri, USA). Another kit that may be used for isolating and
prepar i NgofipbiifonssdesiebdMoe) a0 srrtiddoor SPateht 3. 1,600 15 Nohéid QdthbleAaP1 on,
Appl i ed Bi osystens, Austin, Texas, USA). For exanple, m RNA detection and
quant i t atpawema NS perforned using the 10 mi RCURY LNATM Uni versal RT

m cr oRNA PCR (Exiqon). This conprises a ready to use panel containing

pr e- al i quot ed AThehBENE KRERr e d0 R /ai1SRE SothmeRBANBE HetBeRgRindlq@antiteiA 1S
added and PCR master. m x are added to the well's and real -tinme PCR profiling

of up-t o Prarser sndbrRAce MEBNAeand amyebeaused FAn peampleief sHch adiNA tRaaahrenger e

PCR, EBEuman | +1.1 . tal ggue . i , baek,
penrark) TR kol cediibe A ARG TRER SHEaR ot AR Se g off

( Cat al oguissuiiih €1S A308A6Ber I ihgomaPbSusededbigelstinDamipredringaiRIeA ised,
dependi ng _on the detection equi pnent. As an alternative, the.

i r VanaT eper® N ireKid Catalagys No AM1831. ) mbiga. Applid BigsystemsHustin,
Appl i ed BiQsy B, Austin, Texas, USA) may be used to detect and
quantitate n’ . 20 LOOPED- PRI MER RT-PCR As an exanple, a real-tine
guantitation nethod terned | ooped-prinmer RT-PCR may be used for_ accurate
and sensitive F@é@w@pl@ﬁnwwﬁéﬁ@nﬁm@m%%n@x daperfermediipedhe

di scrjym i RN i ~hfer: J i e
nucl elgti S@hgrilg{ gg‘t ween %ﬁ?ﬂe m w&'}lgtgégﬁ}qt&%}g@ﬁrdggﬁ% . e%%fe%d%wlg;fe ,

m RNA i s panelicbhahifg prratiglioted edcroRINAs POR prignarisetyam 384vvBNRARs plates.i cOIN Kiit

(Cat al ogue ,nunb ML560 or AML561, Anbi gn, | .ed Biosyst.ens, Ausiin,
Texas, aged %drel;&ﬁ r&ﬂﬁ%%ﬁ&?%@ﬁ%ﬁ@ el ?@Q@F&%{ﬁe PCROERTERPf wol B0 “The
assay "I NGhidRNAYRay be aciERBSEith& 8 R réRIRANEPItd VUke POR, PRINVIFSASG-+GDAI N
reaction. The reverse transcription step 30 conprises stemloop reverse

transcri pili.pn(Catalogucinumbst 208600 olpxigin ArS, Madback;, Deamada loe thetroicraRINA Ready-
2011/1953%(?-@?5/&, u]r'r(l)a/nop%gélzlglliggl .R (Catalogue number 203602, Exiqon A/S, Vedbaek,
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As an alternative, the mirVana™ qRT-PCR miRNA Detection Kit (Catalogue No
AM1558, Ambion, Applied Biosystems, Austin, Texas, USA) may be used to detect and
- quantitate miRNA.

20 . LooPED-PRIMER RT-PCR

As an example, a real-time quantitation method termed looped-primer RT-PCR may
- be used for accurate and sensitive detection of mature miRNAs. This assay is capable of
discriminating between two miRNAs that differ by as little as a single nucleotide and between

mature miRNAs and their precursors.

25 In brief, miRNA is purified from cultured cells using mirVana miRNA Isolation Kit
(Catalogue number AM1560 or AM1561, Ambion, Applied Biosystems, Austin, Texas,
USA).

A real time polymerase chain reaction is then carried out. The assay includes two
steps, reverse transcription and polymerase chain reaction. The reverse transcription step

30  comprises stem-loop reverse transcription, in which stem-loop RT primers are annealed to
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ICROARRAY ANALYSIS

miRNA detection and quantitation may also be performed by microarray hybridisation.

15 © An example protocol which may be used follows:
The RNAs were labeled with Cy5 or Cy3 and hybridized with the preloaded probes.

The data in éach experiment are analyzed using standard data analysis that includes the
determination of detectable signals, calculation of signal intensities and calculation of
 differential ratios. First, the background is subtracted. Background is determined using a
20  regression-based background mapping method. The regression is performed on 5-25% of the

S

lowest intensity data points excluding blank spots.
Raw data matrices are then subtracted by the background matrix.

With background subtractioh, Cy3/CyS5 channel normalization is carried out using a

LOWESS (locally weighted regression) method on the background-subtracted data.

25 The normalization removes system-related variations, such as sample amount
variations, different labeling dyes and signal gain differences of scanners so that biological

variations can be faithfully revealed.
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MICROARRAYS

We describe sets comprising nucleic acid sequences capable of specifically binding to,

~ and distinguishing between, precursor and mature forms of each of the miRNAs listed above.

The sets of nucleic acids sequences may conveniently be arranged in an ordered
25  manner. They may be attached to a substrate. For example, a microarray comprising such sets

of nucleic acids may be provided.

The microarray may comprise a set of primers or probes capable of hybridising to
abnd detecting precursor forms of the microRNA, as well as a set of primers or probes capable

of hybridising to and detecting mature forms of the microRNA.

30 The construction of such a microarray may make use of the list of miRNA transcripts

listed in Sanger miRBase Release 10.1.
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anplified from pMXs-hc-MC [32] using prinmers PTDnyc (5 GAA TTC GAA TGC

CCC 20 T@reAPo MATUREMBRNARATIDIROGEE (5 CTC GAG CGC ACA AGA GIT CCG TAG C
3'"). The anplified fragnent was inserted into pDrive vector and sequenced.

The c-nyc fraguematively atiigedditon andeteriminiag tiesratdo ¥ipleirsor to datire aiRNA afjment
L0 B LA E o L gested pLpCRu vect B LT COTRaLL O € RRe (] patech
Packagi ng ¥l PsEICERARARRA YWokeS bl RIS the state of the cell may also be
~ established. Changes to such a profile may be monitored as a means to monitor the state of a
cell. The profile may be established by any means known in the art, such as by hybridisation
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20  precursor and mature forms of the plurality of the selected miRNA species.

OTHER USES

We describe a method for detecting a change in state of a cell. The method comprises
detecting a change in a pre- to mature miRNA ratio of the cell (or a profile comprising such a

ratio), in which such a change indicates a change in state of the cell.

25 We describe a method for establishing that a cell is in a particular state. The method
.comprises comparing a pre- to mature miRNA ratio of the cell (or a profile comprising such a
ratio) with a pre- to mature miRNA ratio (or a profile comprising such a ratio) of a cell known

to be in that particular state.

We describe a method of monitoring the state of an organism. The method comprises

30 obtaining a sample from or of that organism, establishing the pre- to mature mi-RNA ratio of
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Oyt ogenet | os Eapawiaary IS rer et HRoRdic fartioraion 2R mreeRene R ErBer ace
activity ExamplesR@lta05 \i8schibk HEBIR DE a PEd-invdtlind RN ATRARUSs @ndtkerSY BiRbnitoBkiRe N
real time quantitative teloneric repeat anplification protocol assay using

a nodi f i stithefitesdl as described by Wege 20H. et al [33]. Briefly, 3 mllion
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90s. The relative telonerase activity was assessed agai nst that of HEK293
3’). The amplified fragment was inserted into pDrive vector and sequenced. The c-myc

fragment was digested and cloned as a Xhol(filled)/EcoR1 fragment into a Smal/EcoR1
digested pLVX-puro vector with compatible ends (Clontech, www.clontech.com). Lentiviral
particles were produced using Lenti-X HT Packaging System (Clontech, www.clontech.com)
25  according to the manufacturer’s protocol. Viral titer was determined using l;y a Lenti-X™
~gRT-PCR titration kit (Clontech, www.clontech.com). The HuES9.E1 hESC-MSCs [24] that
| were infected at passage 21 were plated at 10° cells per 10 cm dish and infected with viruses
ata MOI=54 in the presence of 4 pg/ml polybrene for overnight. The next day, culture medium
was replaced with fresh medium. Selection began 48 hours after infection by replacing the
30 culture medium with one containing puromycin (2 pg/ml). After three days of selection, cells

were expanded as per human ESC-derived huES9.E1 MSCs and these cells were pooled to
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cycles of 94C, 15s: cle of 95C, 15s, 3060C 60s, 95C, 15s
with pri r%’fa"\%lfé E"“P Fengi\’r[etgf’ii%'gfelﬁ%r%e WYY, ¢ ranscript on the

St epOnePl us Real -Ti mre PCR system (Applied Bi osystens,

www. appl i edbi qeglstiverlomeass @dtivity was measured by SYBR® Green real time quantitative

* telomeric repeat amplification protocol assay using a modified method as described by Wege
20  H.etal [33]. Briefly, .3 million cells were harvested and cell lysate was prepared using a
- commercially available mammalian cell extraction kit (Cat K269-500-1, BioVision,
www.biovision.com). The composition of the reagents for the PCR amplification was 1 pg of
| protein cell lysate, 10 ul of 2 X SYBR Green Super Mix (Cat 170-8880, BioRad, Singapore)
, with 0.1ug of TS primer (5’-AATCCGTCGAGCAGACTT-3%), 0.1 ug of ACX primer (5°-
25 GCGCGG[CTTACC]J3CTAACC-3") and 10mM EGTA in a total volume of 25pl. The
reaction was first incubated at 25°C for 20 min to allow the telomerase in the cell lysate to
elongate the TS primers followed by 2 min incubation at 95°C to inactivate telomerase activity
and denature the primers. The telomerase product was amplified by PCR for 40 cycles of
95°C, 30s; 60°C, 90s. The relative telomerase activity was assessed against that of HEK293
30  cells using the threshold cycle number (or Ct value) for 1 pg protein cell lysate.
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30wer e saptlls a/beadhélyccsllezedeoanmﬁ;gﬂh wasleed in 38 FBS g2 b6x 15 keltuivers thenl incublatede
bef th | 1
erore Vaﬂ?g;(l:h o? the following conjugated monoclonal antibodies: CD29-PE, CDA44-FITC,
CD49a-PE, CD49¢-PE, CD105-FITC, CD166-PE, CD73-FITC, CD34-FITC, CD45-FITC,
HLADR-PE, and MHC1-PE (PharMingen, San Diego, CA) for 60 min on ice. After
20  incubation, cells were washed and resuspended in 2% FBS. Nonspecific fluorescence was
- 'determined by incubation of similar cell aliquots with isotype-matched mouse monoclonal
~ antibodies (PharMingen, San Diego, CA). Data were analyzed’by collecting 20,000 events on
a BD FACSCalibur™ Flow Cytometer (BD Biosciences, San Jose, CA) instrument using

CELLQuest software.
25  Example 5. Materials and Methods - Analysis of RNA by gqRT-PCR

) Relative myc transcript level in the cells was determined using QRT-PCR. 20ng RNA
from GFP-MSC (p17) and E1myc-MSC (p24, p27, p29) was converted to cDNA using a
High-Capacity c¢DNA Reverse Transcription Kit (ABI, USA). The cDNA was then amplified
by one cycle of 94, 10 min; 40 cycles of 94°C, 15s; 60°C, 60s and one cycle of 95°C, 135s,

30  60°C 60s, 95°C, 15s with primer sets specific for either myc or actin transcript on the
StepOnePlus Real-Time PCR system (Applied Biosystems, www.appliedbiosystems.com.sg).
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2011/ 053{5r1715 g}gtesc%gl]é%l,oga%?azéru%?CA) followed by HRP-enhanced chemiluminescent substrate

20  (Thermo Fisher Scientific Inc, Waltham, MA) and then exposed to an X-ray film.
Example 8. Materials and Methods - HPLC purification of microparticles

The instrument setup consisted of a liquid chrorhatography system with a binary pump,
an auto injector, a thermostated column oven and a UV-visible detector operated by the Class
VP software from Shimadzu Corporation (Kyoto, Japan). The Chromatography columns used
25  were TSK Guard column SWXL, 6 x 40 mm and TSK gel G4000 SWXL, 7.8 x 300 mm from
. Tosoh Corporation (Tokyo, .Japan).The following detectors, Dawn 8 (light scattering), Optilab
(refractive index) and QELS (dynamic light scattering) were connected in series following the
UV-visible detector. The last three detectors were from Wyatt Technology Corporation
(California, USA) and were operated by the ASTRA software. The components of the sample

30  were separated by size exclusion i.e. the larger molecules will elute before the smaller



percentage of the area at risk (AAR) was assessed using Evans' blue dye
injection and TTC staining as described previously [27]. Exanple 10.
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20  fresh chemically defined medium for another three days to produce the conditioned medium.

'This CM was collected and clarified by centrifugation at 500 x g. The clarified CM
concentrated 50 times by reducing its volume by a factor of 50 using a tangential flow
- filtration system with membrane MW cut-off of 100 kDa (Satorius, Goettingen, Germany).
The use of a membrane MW cut-off of 100 kDa allow molecules with MW of less 100 kDa to
25  pass through the filter resulting a preferential loss of molecules less than 100 kDa. The
concentrated CM was then sterilized by filtration through a 220 nm filter.

The CM was tested in a mouse model of ischemia and reperfusion injury. MI was
| induced by 30 minutes left coronary artery (LCA) occlusion and subsequent reperfusion. Five
minutes before reperfusion, mice were intravenously infused with 200 pl saline solution of
30  0.3pg exosome protein purified from culture medium conditioned by myc-MSCs. Control

animals were infused with 200 ul saline. After 24 hours reperfusion, infarct size (IS) as a



Exanpl e 12. Results - Assessnment of myc-MSCs The nyc-MSC cul ture were
assessed according to the ISCT mnimal criteria for the definition of human
MBCs [ 31]WOAS811¢1582%7ved earlier (Figure 1C), the cultureP@l$Gaoto/oaeRzre to
pl astic culture dishes as well as their untransfornmed MSCs especially at
confl uency when the cells started to foP8clusters instead of adhering to
the ptastic dish as a nonol ayer. The surface antigen profile of the
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except in their negative expressjion of MHC I. The cells were CD29+, CD44+,
CD49a+ 1Gtm@é&<}eseﬁ?%irprm9%f27¢mas+, MHC | , HLA-DR, CD34 and CD45
(Figure 2). The in vitro differentiation potential of both polyclonal

El - nyc 2Exhnijle 100viatdrivioandMethedsLBtatistial ahalpsis was next exam ned (Figure
3). Both cell lines differentiated readily into chondrocytes and osteocytes
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transport, cell ul aL amno acid %nd derivati v&: r'ﬂet ablo e dotr ocess,

pol yph osﬂﬂ gppirast to their parental cells, the myc-transtormed cells proliferated faster with a

25  population doubling time of 13 hours versus a population doubling time of 19 hours in
untransformed MSCs. The average cell cycle time was decreased from 19 hours to 11 hours
- using CFDA cell labelling as previously described [35] (Figure 1F). The transformed cells

effectively bypassed senescence and continued to maintain their proliferative rates for at least
another 20 passages. The transformed cells were smaller and rounder in shape with prominent

30 nuclei. These cells also lost contact inhibition resulting in the formation of cell clusters



catabolic process, and protein nmetabolic process. There were 4

under -represented processes: vesicle-nediated transport, exocytosis, cell
surface rEoeptigs3lsinked signal transduction, and i mmunePEFSGRMOPNGICESS
(Figure 4B). In the 226 downregul ated genes, there were 37 over- and one
under - represent ed bi ol ogi cal processes @Figure 4C). 15For the up-regul ated
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that unlike a previous report where myc transformation was observed not to alter the

20  fundamental characteristics of MSCs [29], we observed here that c-myc transformation

- affected a defining property of MSCs i.e. the potential to undergo adipogenesis
Example 13. Results - Gene expression profile

Genome-wide gene expression profiling of myc-transformed MSCs and their parental
MSCs by microarray hybridisation was performed to assess the relatedness between the cell
25  types. Microarray hybridization were performed in duplicate on Sentrix Human Ref-8
Expression BeadChip version 3 (Illumina, Inc., San Diego, CA) using RNA from E1-myc
-16.3 MSCs at p4, p7, and p8, and from the parental HuES9-E1 MSCs at p15 and p16. The
gene expression profile among different passages of E1-myc 16.3 MSCs or among different
passages of the parental HuESI9-E:1 MSCs was highly similar with a correlation value greater
30  than 0.98. The corrrelation coefficient, r* between E1-myc 16.1 MSCs and parental HUES9-E1
MSCs was also relatively high at 0.92 (Figure 4A). A total of 161 genes was upregulated and



nouse respectively (Figure 5C). The area at risk (AAR) as a perceni age of

| eft ventricular (LV) area in El -nyc 21.1 exo sone, El-nmyc 16.3 exo sone
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and 40.8 11.8% respectively. The relative infarct size (IS/AAR) in mce
treated with El-myc 21.1 exosone or El-Hfc 16.3 exosone was 23.4 8.2% and
22.6 4.5% respectively and their relative infarct sizes were
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cel | s - suoksicleamedihted tcrehdpertnexdeptogins cdlldutfiatd edertoelidk8dFigminranaduations axdi a f or

t he definition of human Cs - .30 re technically not MSCs. Despjte
the | o5 TBIMUUHPRITRFREE I ABY 19 s Fid GRyresiik ienabiE S S L QN Aifec
to secr et&e%@é@%’ﬁésédﬂ&ibiﬁ&)‘éicﬁl Hrodlis& (Fifueé 4¢).si ze in a nouse nodel of

I schem a/reperfusion injury. However, we noted.that the anount of exosones
WO 2011/ 053257PCT/ SG010/ 000422 102 sgghreet ed. by, each cell \ﬁas reduced after
t ran_slméor mat i orFos the ‘fﬂﬂegu@E?GI%?_“ﬁ% MRgE Gl & @SWC%?%‘W?&?FEEFGPY‘} PEYFeRYed Wit gher
prolifer géeh&%u&% orPint FOf iftr8dsiddeRimads BF HUBO1iE &tlvit) §BSENdiPiohGhl Svek®r t he
har vest exosones. Therefore c-nyc transformati oh represents a practical
st r at-egy donsistastuwitintheatbsérméd incteaseslgepIpyoliftratien hetiviigr Thdrendsr-oehaesentsd of

exosones either as therapeutic agents . .
processes, namely ve518e-med1atecptranspon, exocytosis suggested that exosome production

might not be affected. For the down-regulated genes, the 37 over-represented processes could
20  be broadly classified into processes that are associated with adhesion, differentiation,
communication, immune response, cell death and metabolism. These processes were also
- consistent with some of our observations of the myc-transduced MSCs, namely reduced

adherence to plastic, loss of adipogenic'differentiation potential and loss of MHC I expression.
Example 14. Results - Cardioprotective activity of secretion

25 The loss of adipogenic potential in myc-transformed MSC indicated that other aspects
of the characteristics of ESC-derived MSCs such as the production of thera;-)eutic €X0somes
might also be compromised by the transformation. We had previously demonstrated that

” exosomes secreted by ESC-derived MSCs was protective in a mouse model of myocardial
ischemia and reperfusion injury [27]. To test if this aspect was compromised, the transformed

30 cells were grown in a chemically deﬁned medium, the conditioned culture medium (CM)

| harvested and exosomes were purified as previously described [34,38]. Despite increased c-

myc transcript and protein levels in the transformed, c-myc protein was not detectable in the



50r delivery vehicles. In addition, the increased proliferative rate
reduces the tinme for cell production and thereby reduces production costs.
Exanpl e 1O 2MHIEB35E] s and Met hods: Construction and Pr o®G&SIGEMo®P04@2 ncyc
and GFP Lentiviral Vectors The c-nyc cDNA sequence was anplified
from pMXs- hc- MYC (15A) using prinmers 10ddnt ai ni ng either Xhol or EcoRl
restriction site. The anplified fragnment was then cut with Xhol or

EcoRl andCMlaaadrified exaores (HgaRI5 A) éBl’ierIi{E]L@ @rdtemt;iruﬂile alf theaCMowas sirhNa¢-tpur o
(Clontech MMM/C|OntECh com reconbln ctor was the
sequencedh e @Miﬁiof‘hﬁ“%tl??é‘sfoé@%%ﬁ M‘%‘%"q ﬁ@}ﬂé’ét f‘eﬁﬁtﬁ}.e}%ngg@ﬁc{l% l es were

produced g g Ileéﬂabn ;ﬁnkfl;fﬁ‘e&hq%ﬂﬂu@%ﬁmn&qlgﬂ v@&term%éwl%pmts%akcom

accordlng to e manu turer's protoco ter was determ ned
usi ng -by ravdamdtthe(iwbqﬁé" oPgRtities that ere within @@lydradgodmicwadinctaope eLH0-65min.

Exanpl_e Mat eri al s and tho tion of

HUES9E1 HE§CP‘ U, WeyRptingly Bagg%fb ?5‘3@? of e HOSPELPhi '?“H of sprqitioneds

cont ai ni Qﬂed%gneHPnefplﬁled BY Ssoffes Hoh élﬂféf‘ngfﬁ‘ﬁ: 21.1 or E1-T0}R 1&€] Was Mehifisilred ed
at 106 cells per 10 cmdish. The next da cells infected with viruses

at a MO 8 thermotre mpodst eﬁmeowdlalllsqumrqmrfym@ inury\aé p dpsage of 0.3 or 0.4pg per

cul ture nedi um wa next

(21" 1o oSt B e R AR Sl TR e P RS R RL EpbrkGfledl e RVGARMED
t r ansgengLwaareaqn Bil riga2 hy eﬁcﬁﬁbhﬂef Ey-lnf}@ Memamm%ﬂme&atxg: sered édntropgiopr S
for exon2 and 3 res ectlve CCATE§§§§¥3¥J¥JS 3' and.5' -
Wwo 2091/ mzsvﬁfmaﬁ Gt Gl 6 3k bt & dberelayginfarpiize

(éongb;' gg? one CyC %&%%tgi \géh %*mMInI exGsoméDr 9 -Rfc P6Sexdsome W 3.4 80s; 72

8.2%, and 22.6 + 4.5%, respectlvely and their relative infarct sizes were significantly lower
than the relative infarct size of 38.5 _i5.6% in saline-treated mice (p<0.001 and p<0.002,

respectively).
15  Example 15. Discussion

This report descrlbes the transformation of human ESC derived MSCs by over-
expression of a c-myc gene. This transformation enabled the cells to bypass senescence,
increase telomerase activity and enhance proliferation. Generally, genome-wide gene

. expression between the transformed cells versus their parental cells was conserved with a
20  correlation coefficient of 0.92 The transformed cells also have the characteristic surface
“antigen profile: CD29", CD44", CD49a" CD49e", CD105%, CD166", MHC 1™, HLA-DR",
CD34  and CD45 . Although the transformed cells fulfilled most of fundamental requisites in
ISCT minimal criteria for the definition of human MSCs [3 1]," they nevertheless have an
altered MSC phenotype. They exhibited reduced adherence to plastic and failed to undergo
25  adipogenesis which ironically was reported to be most robust émong the three fundamental
MSC differentiation potentials in the human ESC-derived MSCs [24]. Therefore, in contrast
to a previous report [29] that observed no fundamental changes in MSC properties after myc
- transformation, we observed some fundamental changes in myc-transformed cells such that
the cells ho longer fulfilled the ISCT minimal criteria for the definition of human MSCs [31]
30  and are technically not MSCs. Despite the loss of a defining MSC property, the myc-
transformed cells continued to secrete exosomes that could reduce infarct size in a mouse

model of ischemia/reperfusion injury. However, we noted that the amount of exosomes



The PCR products were resolved on a 1% agarose gel. Exanple 18. Materials
and Met hods: Tel onerase Activity Rel ative tel onerase activity was
measur ed Wy 26MBRE2Isy Green real tinme quantitative tel omerCe/SGRERADI422
anplification protocol assay using a nodified method as described by Wege

H eta! (16A). Briefly, 3 mllim?2 cells were harvested and cell

|l ysate was prepared using a commercially available mammalian cell

extracti Qgeriel b§/ Gath &26Rao8nckd dBePYhrskHhatid biviisRio AN Bl AABq Y - _The
conposition of the reagents for the PCR anplification was 1 pg of protein

cel | | ysaompendatqd fooby theighepprodiferativeSateer byl platingzat a highegedbdensity Raeklls

Si ngapor ith 0.1%1.tg of T rd ner (5 -AAT CGAGCAGACTT- 3. 0.1 |.ig of
A or 1 mabr s ik etdhatien PR mb B b et S paciogl s
of 254 1%hb@idgamGhfigite M?@lyf dffcetls forehedprotbtidh of 8kosbfes ithdas tikralebOv\agddnes
telonerase in the cell lysate to elongate the TS priners followed bé 2 mm

i ncubat i o dgkiveypechieles. A edditian.dhe ticeasgdopralifseativeiraty redygesdbn smerfer ¢4l
primers. .. dqucti arTcg efe%if%ﬁ?fc oA Ghsivas anplified by PCR for 40 cycles
aeectiprandfer Bpdiicy frolitionspa

of 95C, he r tive telonerase activity was assessed

agai nst that of HEK cells usi ng the thr eshol d 20cycl e nunber (or Q val ue)
for 1 gg Evampled6cMaterjalsand Meathedss Gonstruction and Bredugtign of ctaeys and GFP
Preparat i i tioned Medi um Cont ai ni ng Exosones Condi ti oned
medi um (C'J?‘/{J't&nggpgrggﬁggr ed fromHUES9. E1 MSC, (c-rirlyc)MsSC and (GFP) MSC as

described previously (17A). 25Briefly, 80% confluent HUES9. El cultures were
washed with PB3e ctmuansDNA sequense avas amplifiad frpmelYXsdg-MI&r UA) psiag oumers e

medi ym for_an.overni ght ;i t . ed with PBS and cultured in fresh
chem’lig]al Icfn%é’?rll%eel o g@? {J!r)npﬁérgeig r%csgﬁ%tho\r/r\%%}rgrbdi umfor 3 days. WO
2011/ 053257PCT/ SG2010/ 000422 104 The CM whi ch cont ai ned MSC secretion

was col | -ect ed, Thelamplified dragymesewas themgattwidnXhelondieeR] andedosd infeXhoki ng
100- kDa cutoff ultraf.iltratiop nbr S artori sartorius.con,
Ao stor eoRY hbteret lbita) yk bt BV FRPROICS e SLL oM p 20 Lo 1. SOT) .

and Methods: Isolation of RNA RNA was isolated from CM by addi ng
t hr ee vol unmes Tfe rdeandohed Bcfdr rwas tthangrenguensedita qonfitm dhgerecomhined myosequentei e

of CM and c |.eting the extraction accogdi to th nuf gcturer's

or ot ocol LerviRl Dppfes Wt PSSt RRG D R SRR U ng
Trizab (lvaviid @AM coMcédtiling it 8RMmERMct@efls piotdanaT™ m RNA | sol ation Kit
(Appl i ed Bi osystens,

Viral titer was determined using by a Lenti-X"™ gRT-PCR titration kit (Clontech,

www.clontech.com).
Example 17. Materials and Methods: Transformation of MSC

HuES9.E1 hESC-MSCs (14A) at passage 22 were infected with lentivirus containing

20 either a c-myc or GFP transgene.

The cells were plated at 10° cells per 10 cm dish. The next day, the cells infected with

viruses at a MOI=5 in the presence of 4 pg/ml polybrene overnight.

The culture medium was replaced the next day and selection with pliromycin (2 pg/ml)

began 48 hours after infection.

25 Insertion of the c-myc or GFP transgene was confirmed by amplifiying genomic DNA

using specific primers for exon2 and 3 respectively: 5°-

GCCCCTGGTGCTCCATGAGGAGACACC’-3” and 5°-



10ww. appl i edbi osystens. com sg), respectively. RNA was quantitated using
Quant-i TTM R boGreen(r) RNA Assay Kit (Ilnvitrogen, www.invitrogen.com and
resol ved wo 28115/38@gar ose gel contai ning 8% gl yoxal or 1p¢irSceerofn)42dBE- Ur ea
Gels (Invitrogen, wwv. invitrogen.con). The separated RNA in the gels was

vi suali zed by ethidiumbrom de (EB) stai03i ng. For 15sone experinents, CM
was pre-incubated with equal volune of PBS, cell lysis buffer (BioVision,

wwv. bi ov mmmmbm%nMem@m@g uinBer(F¥ B 88ndNisHsi vedie ofd cytlOS0A o in; 32
phosphol i pase A2 (Si Al drich, ww. m(grraal drich.com at 37C for 30

m nut es fCotlepNe byl é@f@&r@soﬁ °Ch P08 and/enegrslesif 72 °C, #ImLRNase A (Roche
Appl i ed Sci ence, www. rocheappl i ed-sci ence.con). 20These m xtures were then

i ncubat ed for qu@q:tdjg§roau‘g{g WetEssbe B loorh%a}ﬂw%emere extracted with Trizol
LS and separated on the TBE-urea gels foll owed y EB stai ning. Exanple 21.

Mat erial s, and Mef hods: , Anal ysi s 0 Rel ative nyc
transcri éftxamgﬁg Maf%@l%%‘l‘{@[“\%‘ésd rﬂ%"d‘ﬁfoé Niffg gqRT-PCR 20rig RNA from
GFP- M5C (pl7) and cnyc-MSC (p24, p27, p29) was converted to cDNA using a
H gh- 25 Capacﬁﬁjzatwmomméﬂ? @Q@lvntymemdapwd)hy RIYIBR®gireengea)time quantitatifae ¢ DNA

was then téaln}%le}uf: ' eat gl%ati Cll)r%g)g Sy &Sg%gg& H]fgﬂ'%d %oedsasoc{esc%%%fi bgﬁﬁe 60C

60s and onhe Cy el S spe
for eitheél. enquIGA) actl n transcript on the StepOnePl us Real Ti me PCR syst em
(Appli.ed Bi osystens, ww. appl i edbi osystens. com sg).

gpll/ 053257P%%0/E0042 YZ)L{%% glarvegmz\E [m% ﬁgemfl%a%g&nﬁr set i'sTO

det ect. W&bﬂﬁ&rﬂhl%ahlﬁblh@ﬁn@ﬁalﬁﬁlcel]leth@oﬁﬂ”@tl (CaRKA69S0€- 1cBivwAsibed i nto cDNA
and resuspended in 15 using TagMan mi croRNA Reverse Transcription Kit
(Appl Ped"BV‘d 1%%°°‘R£Nv appl i edbi osyst ems. com sg) according to

manufact urer’ s protocol .

* The composition of the reagents for the PCR amplification was 1 pg of protein cell
lysate, 10 ul of 2 X SYBR Green Suber Mix (Cat 170-8880, BioRad, Singapore) with 0.1pg of
TS primer (5’-AATCCGTCGAGCAGACTT-3’),‘ 0.1 ug éf ACX primer (5°-
GCGCGG[CTTACC]3CTAACC-3’) and 10mM EGTA in a total volume of 25pl.

15 The reaction was first incubated at 25°C for 20 min to allow the telomerase in the cell
lysate to elongate the TS primers followed by 2 min incubation at 95°C to inactivate

telomerase activity and denature the primers.

The telomerase product was amplified by PCR for 40 cycles of 95°C, 30s; 60°C, 90s.
.The relative telomerase activity was assessed against that of HEK cells using the threshold

20  cycle number (or Ct value) for 1 pug protein cell lysate.

Example 19. Materials and Methods: Preparation of Conditioned Medium Containing

Exosomes

Conditioned medium (CM) was prepared from HuES9.E1 MSC, (c-myc)MSC and
(GFP)MSC as described previously (17A).

- 25 Briefly, 80% confluent HuES9.E1 cultures were washed with PBS, transferred to a
chemically defined, serum-free culture medium for an overnight incubation, washed with PBS

and cultured in fresh chemically defined, serum-free culture medium for 3 days.



PCR reaction for each RNA sanple was perfornmed in triplicate, wwth 1 pl
cDNA and 10 gl of TagMan 2X Universal PCR Master M x (Applied Biosysterns,
www. appl i WORPDH8IS8NE. com sg) in 20 pl reaction vol une PRTEGIHWHONE2 Pl us
Real ti me PCR system (Applied Biosystens, ww. appliedbi osystens.com sg).
10The thermal cycling parameters were ok cycle of 95C, 10 minutes foll owed
by 40 cycles of 95C, 15 seconds and then one cycle of 60C, 60 seconds.

The priners usgd G/Mrvﬁllalﬁqi‘rMnmmﬁcrehemvdaebo%nte(dgalhnﬂai ¥ys sayrifuBatdi) 378,

Appl i edBi osyst ens) and hsa- | d Bi t
waw. appl .cea%%nggvg@ ﬁ%ne@mngg@b K5 MW Bute fp{sﬁréfﬁ%?weme@éfa@a {SgHogRs:

pre-m RNAG, %Applﬂ ecgﬁpsadﬁesft&ﬂ%é b Fftthtién thGuEk h 0BLml Rk Pr ess 8 Sof tware

Version 3.0 osystems as previ ously descrl bed (18A). For
conversi Qn to CDNA, rig RNA sanpl e was denatured with 10 pnol of

th
the | owerExsmple20; MaEFrPiS ?)‘Fd ?@&'&?430#%!%% 80C for 5 m nutes. The

RNA and | ower prinmer were then annealed at 60C for 5 m nutes and then

cool eg t0 r 0OMN&RREIMAERToRIEM byeriangQRred wbfudtes ofi WHiRZolL L Dhvitrches e
i nhibitor, and the Thernoscript reverse transcriptase (Ilnvitro

WWW | nvi t‘Y‘M‘géWltf@gﬁn eeapdo gaeselups of £ and perBRlcHYE th@éxmwpéequ@g.to thee

reaction d for 45 mnutes at 60C followed by 5 m nutes
i ncubat i 612&:% %@Eg Q&%R)%E PCR was then performed using 1110th of the

reaction mx containing cDNA with a 25 SYBR green PCR Master. M x
(Appl i edBi osy SoshRNA andemall RNAssfsemn dMSG svermpurifieggysing Trizol (Invitrogen,

2011/ 053257PC%"41 Gzeqllc%/m OO(Ai f\h}%g’ooﬁggN% ?f;?g)? %ﬁ)ﬁ}ﬁg@ & stgﬁg let-7b

pre- mR NN na. sanger. ac. uk) were

5' TGAGGT. m@'ﬁﬁﬁﬁﬁﬁﬁﬁs caﬂdgﬁ 'TéSpEAEIAGT. AGGT TGTATAG3' For
hsa-| et-7g pre-m RNA (Accession- nunber M 0000137,

http://mcro t.he
B AT 2RSS el e R TR R MBS Aoy Kit Imyigossy,
Mat er i al WGnWEbﬁ@ﬁﬁ)m)%atré@Neﬁain 1A5% lay sriose &il abntairimgaik%%ﬂ}gﬂaf orckvce was

anal yzed using Student's t-test. le 23. Results: Transforrmation of MSC
by Cyrryc Naver g"l"é}]%-é‘]rga Gels (Inv1trogen wwgvp invitrogen.com).

The separated RNA in the gels was visualized by ethidium bromide (EB) staining. For
15  some experiments, CM was pre-incubated with equal volume of PBS, cell lysis buffer
(BioVision, www.biovision.com), 40 mM cyclodextrin (Sigma-Aldrich) or 4,000 U/ml
phospholipase A2 (Sigma-Aldrich, www.sigmaaldrich.cdm) at 37°C for 30 minutes followed
by addition of '/;o™ volume of a Img/ml RNase A (Roche Applied Science, www.roche-

applied-science.com).

20 | These mixtures were then incubated for another 5 minutes at 37°C. The RNAs were

- extracted with Trizol LS and separated on the TBE-urea gels followed by EB staining.
Example 21. Materials and Methods: Analysis of RNA by qRT-PCR

Relative myc transcript level in the cells was determined using qRT-PCR. 20ng RNA
from GFP-MSC (p17) and cmyc-MSC (p24, p27, p29) was converted to cDNA using a High-
25 .Capacity cDNA Reverse Transcription Kit (ABI, USA).

The cDNA was then ampliﬁed by one cycle of 94, 10 min; 40 cycles of 94°C, 15s;
60°C, 60s and one cycle of 95°C, 15s, 60°C 60s, 95°C, 15s with primer sets specific for either
myc or actin transcript on the StepOnePlus Real-Time PCR system (Applied Biosystems,

www.appliedbiosystems.com.sg).



10hESC- M5Cs coul d be extensively propagated in culture up to passage 25 at
a 1l:4 split before they start undergoi ng senescence. HUES9. E1

hESC- NSCsWP221M88237t r ansfected with either a c-nyc genePOl/S&2@BRIGEhe via a
l entiviral vector (Figure 6). As expected, c-myc transfected MSCs

(nyc- MSCs) expressed higher level of c-Hpc nRNA t han GFP-transfected MSCs
(GFP-MsCs) (Figure 7). 15At p23 or one passage after transfection, G-P-MsC
cul ture exhi biThednyrespeeifi peinet Beria s t-€O0CHTCSCTGIOTHIC BG COG-8” drlded’t ened
cells with few proliferating or dividing cells. In contrast, myc-MC

cul ture AGMAHG T@W@@é&ﬁgg@ﬁ%ﬁ%f}ér-i stics: loss of contact inhibition and
nunmerous small proliferating cells. I nstead of growi ng as an
adher ent' nonolaydtect MAGr&/BERNACIHNMSC a8 OM.OA @Ssidll RNAORereiconeeteduhtar | ayers

(Figure CI)DN - Unli ke the GFP-MSCs or the parental NSCs, tel onerase
acti vi ty DiNArped igsepengded lgilémlvﬁleafr@ﬂlylamngﬁ@ﬁ%?smrée YyansqriphiRpiket 24,
Resul &s: (Kgéfi&l ﬁi{o)sfgtéarﬁs W\V@P}?}ﬁ&bfﬁéﬁﬁ&%lﬁ.@ ct:&rdﬁ'%] {8 PahuPRAN &P OBt B,

We have previously repdrted that ative tothe cellular m RNA popul ati on,
secreted 25 mi RNA popul ation had a high ratio of pre- to mature nm RNA for

at least two mGR\mactionster eachHNAsampleavasarerfpgmed mngriplicatgypyith 1 ul cDNA and
2011/ 053257R . :Ne L fransformation
affectiedjzlt%mls%}:lrlgqlg% %‘?‘gﬁg’é%?@ﬁ%l}daétﬁé‘\ﬁgégﬁ@?‘{d%@%{ﬁ%, secret ed RNAs
were prepavethpplialbicyittms.eomigd) ind0spindadtionvethniyinr/StepdiiesPlas & catyimeNBHRs ,
respectively. antitative RT-PCR vYas ,)erfor med. C-nmyc transformation
i ncr easedYitF@ (Hpaled Blogieins it B Hedblasy SePs-AER:SBkt - 7b and not for
hsa-let-7g m RNAs (Figure 10). The ratio of hsa-let-7b.pre- to nature
m RNAQwas i ncrigesksnial eyolidg patatheterd wereameeselatof 0§°E 12.08intiek dollovexdeysio.
To determine if this_change in ratio s due tg) a change in pre-, mature or
both 10 fYRRRCF 27& 45 seropfpanddhensene gy cls of ¢ 500 HREE: | evel s were
determ ned by gRT- PCR. Exanple 25. Discussion :

L The primers used were TagMan primers: hsa-let-7b (Cat AB Assay ID_000378,

AppliedBiosystems) and hsa-let-7g (Applied Biosystems, www.appliedbiosystems.com.sg).

For qRT'-PCR detection of pre-miRNAs, the primers were designed using Primer
15 Express ® Software Version 3.0 (AppliedBiosystems) as previously described (18A).

- For conversion to cDNA, 10 ng of the RNA sample was denatured with 10 pmol of the

~ lower primer in a 12 pl reaction volume at 80°C for 5 minutes.

The RNA and lower primer weré then annealed at 60°C for 5 minutes and then cooled

-to room temperature.

20 5X reaction buffer, INTPs, DTT, RNase inhibitor, and the Thermoscript reverse
transcriptase (Invitrogen, www.invitrogen.com) were added as recommended by the
manufacturer. The reaction mix was incubated for 45 minutes at 60°C followed by 5 minutes

incubation at 85°C.

PCR was then performed using ly 10"' of the reaction mix containing cDNA with a

25 'SYBR green PCR Master. Mix (AppliedBiosystems) in 20 pl reaction volume.

The PCR parameters were one cycle of 15 seconds at 95°C and 40 cycles of 1 minute

at 60°C. PCR reactions were performed in triplicate.



W have previously denonstrated that hESC- MSCs secrete RNA-contai ni ng
exosones (Chen et al., in press). Usi ng cul ture medi um conditi oned
by these WOI2DH/053%370bserved that this CM contai ned 15RNRCESGApWEPER2d i n
chol esterol -ri ch phospholipid vesicles and contained mainly small RNAs with
no detectable RNAs greater than 500 nt.106 The exosomal small RNAs

i nclude m RNAs, sone ribosomal RNA degradative internedi ates and nost

possi bly, ot h%miﬂﬁ@édueﬂ&@ fmdcbang-m\#ics rmm\JmQAcdeb@ommbabumamm nt act
MRNAs or ribosomal RNAs present in cell 20MBC _exosonal m RNAs wer e

pr edoni né‘ﬁpl/@llFWrﬂaﬁéﬂ&*@éﬁ‘&W@q%EQMMG%%ETGE%Q@% fat the pre- to
mat ur e @ cafatAgsexosomal RNAs such as hsa-let-7b and
hsa- Iet Aﬁd}gﬁgﬁ?f(ﬁcant l'y eﬁtgeeded that in cellular RNA Her e,
we postul ated that the pre- to mature miRNA ratio was likely to be

nodul at ed by FReh§sHeETSPEgnERINAdACssiRB NBGbeMIQA0 37.0f the cells. WD
2011/ 953 0] | ective alteration in ratio
of prg- %gz%%é'r%g%n%%\ﬁ Eﬁ@%&%{%rs?ﬂuﬁﬂ%s%enge adapted to extend the
current Pr@TAGIAGI TTATACUAGT HHCAGGEES’ cind SUGGOAGT GGOCTRIA C AGRRAS )
profiles as predictive and prognostic nmarkers for cancer (13A) (6A).

The use - W t S ecret.ed or circulating

m RNAS wi 11" R{p(i 25 g%s'%isqﬂgin ({(ﬁvggct:%ﬁf)%nenﬁt% the present qualitative
profiling of ci rcuI ating m RNAs, mnimze variations inherent in biological
sanpl es and s Stesistica) sigpiicanseomas, analygedusing 8ludgntisictedase the robust ness of

bi omarkers based on pre- to mature m RNA rati o. REFERENCES 1.
Le Bl anc anfi $£10R01H AAMmERRH MGGy SLATE QRhhzenii00r €55 tovar d
prom se. 10Cyt ot herapy 7: - M nguel | Erices A (2006)

Mesenchynal stem cells a the tre trrent of cardi ac di sease. i ol
(MayWBod) 231hE§G-M§Cs coulﬂ be extensiyely Pannachie | !Bﬂﬁtuéemto maafa@eﬁa? %gé‘ﬂ’ht

I\/Esenchy%gforégh%ggﬁﬁldngelfggf GRhdbafeer €generative therapy. Handb Exp
Phar macol :  105- ASdel -Latif A Bolli R Tleyjeh IM Montori VM

Perin EC, et al 200 Adult bone narrow deri ved. cells for cardi repair:
a systematic r}B\ﬁSé\ﬁlali‘éﬁ(FrM%psaW% ‘V%‘Fér.an#P‘E,‘ﬁ‘?WﬂPéFtherl\?eﬁWGgen@S@ §g§ gen

via a lentiviral vector (Figure 6). As expected, c-myc transfected MSCs (myc-MSCs)
expressed higher level of c-myc mRNA than GFP-transfected MSCs (GFP-MSCs) (Figure 7).

15 At p23 or one passage after transfection, GFP-MSC culture exhibited senescence
characteristics: larger and more flattened cells with few proliferating or dividing cells. In
contrast, myc-MSC culture exhibited oncogenic characteristics: loss of contact inhibition and

numerous small proliferating cells.

Instead of growing as an adherent monolayer, myc-MSCs formed aggregates with

20 . multi-cellular layers (Figure 8).

Unlike the GFP-MSCs or the parental MSCs, telomerase activity in myc-MSCs was
significantly higher (Figure 9).

Example 24. Results: Ratio of Pre- to Mature microRNA is Altered on Transformation

~ We have previously reported that relative to the cellular miRNA population, secreted
- 25  miRNA population had a high ratio of pre- to mature miRNA for at least two miRNAs, hsa-
let-7b and hsa-let-7g miRNAs.
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115 CLAIMS 1. A nethod of nmonitoring the state of a cell, the nethod
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(a) for detecting a change in state of a cell, the nethod conprising
detecting a change in a pre- to mature mRNA ratio of the cell (or a
profile cORAIISAF7such a ratio), in which such a chang@Cir{sgretesi2z change
in state of the cell; (b) for establishing that a cell is in a particular
state, the nethod conprising conparing H3pre- to mature m RNA ratio of the
cell (or a profile conprising such a ratio) with a pre- to mature m RNA
ratio (or a priafl. Leins QMlyieSEN Susi¥Bo,aK .t Khia0WapTam K.e$dltokNeliva, Mo, Ihie, T.vM ] hat
state of an organisn% t he met hod
8

particul ar state; c) of nmonitoring the st ) i

conpri si &gla@mamyﬂNnélé)aé&apré\dfa LetnfoH..dfm; Rag! 4br@ah)drivaten ot GliRgaly met hod
accor di ”QHL{R 1Y MY Q@)i%h@,‘ EboAL BitfRa S RER s‘?g}eﬁpﬁbﬁs}:'%@,m%he. _
state of eporgamsm romthe pre- to mature m ratio thereby obtained;

(d) of det3écting a disease in an organism the nethod conprising obtaining
a sanple fromor of that organism performng a nethod according to any

precedi ng cl ai,m,0r-. . an g NGl HinhP ey } ratio
theregy obt ai nlregldAf%lt{a&%éas’ggkr%pll}%bqﬁa%?l%?’Iﬁi’%?\lﬁihf'éﬁgl%ajglgéza "saHnsrr) %’%% to
36 of ‘or Kurhipag Hli(36639 Ritrovigasimsdintedgend 3nstdr ahd esprossidn conipg gosverfubroodd a
i sease i.n_an organi sm the pethod_co ising detecting a disease in an
organi-sm%@&ﬁ‘ﬁi‘aﬂ@e?‘ﬁm@&)@xpﬁﬂ"‘%ﬁrﬁﬁi @é‘rlm - a treatnment for that disease
to the organism 207.A method according to any preceding claim in which:
(a) the cell cempWe&RsHa GRS H. Bf ErncEM. ahdBen, M.A) (2008) SYBReGreof t he
cell conmprise an untransforned state and a transfornmed _state, such as a

c- nyc -t r drdlftERerelpmagrigirepeat amphifigation prejpsol ferdhe Fapidquantificatign of gelgmeraggna

(m RBgse 'c,'%%%zfaﬁié\ly&a@kédgM,@QQG:B); or (d) the ratio is 2.8 higher in a

transtorned state conpared to a normal state; or any conbination thereof.

258. A-array conprising a pluralit / of nucleic acid sequences capabl e of
bi nding to and7d- %?»r%ﬁiaéﬁi[ﬂﬁlfb&-%ebﬁh BrleclthiaoVay dan. s 4hao. HorYre: 855-a

pluralit f R i es B sy - e .
Bt ovt i ne et SE G SV SRR G URA0) ERGQEing ihSR on pRcome -
i nt o the ofthaman byiseyonsd @em cellddeticed heseathyntal atesf @illm Mbl Celh Prdteaiics, tée
transform%g g%ggnchynal stem cell does not secrete a gene product of the
oncogeneli P 30 nediumin which it is growmm. WO
2011/ 053257PCT/ SG2010/ 000422 '

15 18A. Schmittgen, T.D., Jiang, J., Liu, Q. and Yang, L. (2004) A high-throughput

method to monitor the expression of microRNA precursors. Nucleic Acids Res, 32, €43.

Each of the applications and patents mentioned in this document, and each document
- cited or referenced in each of the above applications and patents, including during the
prosecution of each of the applications and patents (‘application cited documents’) and any
20 - manufacturer’s instructions or catalogues for any products cited or mentioned in each of the
a applications and patents and in any of the application cited documents, are hereby
incorporated herein by reference. Furthermore, all documents cited in this text, and all
documents cited or referenced in documents cited in this text, and any manufacturer’s
instructions or catalogues for any products cited or mentioned in this text, are hereby

25 incorporated herein by reference. >

Various modifications and variations of the described methods and system of the
invention will be apparent to those skilled in the art without departing from the scope and
spirit of the invention. Although the invention has been described in connection with specific
preferred embodiments, it should be understood that the invention as claimed should not be

30  unduly limited to such specific embodiments. Indeed, various modifications of the described



117 10. A nethod according to daim9, in which: (a) the oncogene conprises
c-nyc; (b) the nesenchymal stemcell (MSC) conprises an established cel

i ne suchwa0WBSB7EL; or (c) the nmesenchynmal stem cel | PCHBSGROIO®HGE? | ved
fromunbilical cord. 11. A nethod according to Claim9 or 10, in which
transformed mesenchymal stemcell: (a) lil4 capabl e of bypassing senescence;
(b) has an increased proliferation rate; (c) has a decreased popul ation
doubl i ng niddee fdi"lb@hyﬁng oafthe Wesltlomwh(dﬁ)ar@ abviais 110 nhdise akitldd iremoleeulas Biology

activity; as conpare mesenchy stemc¢c t hat has not been

transfor r?ééelati‘iﬁﬂdﬁﬁ%{i@“g? tﬁr‘lﬁ\ﬂ”&}‘?\ eaSCBP.Fn%ﬁ ‘FBIﬁE’éF medi um the nethod
conprising the steps set out in daim9, 10 or 11, followed by cul turing
t he transfornmed nmesenchymal stemcell, or a 10descendent thereof, in a cel
culture nediumto condition it, and separating the conditioned fromthe
transfornmed nmesenchymal stemcell. 13. A nethod of providing an exosone, the

met hod conprising: (a) obtaining a nesenchynmal stemcell conditioned nmedi um
(MSC-CM by a nethod according to Caim12; (b) concentrating the
mesenchynmal stemcell conditioned nmedium for exanple by 15 ultrafiltration
over a >1000 kDa menbrane; (c) subjecting the concentrated nesenchymal stem
cell conditioned nediumto size exclusion chromatography, such as using a a
TSK Guard colum SWKL, 6 x 40 nmor a TSK gel 4000 SWKL, 7.8 x 300 mm
colum; and (d) selecting UV absorbant fractions, for exanple, at 220 nm

t hat exhibit dynamic-light scattering, such as detected by a quasi-elastic

| i ght scattering (CELS); in which step (d) for 20exanple conprises
collecting fractions which elute with a retention tinme of 11-13 m nutes,
such as 12 m nutes. 14. A nethod of preparing a pharmaceutical conposition,

t he nethod conpr|3|ng



obt ai ning a nmesenchymal stemcell conditioned nmedium (MSC-CM by a nethod
according to Claim1l2 or an exosone by a nethod according to Caim 13 and
adm xi ng wbeoMABsBNM or 25exosone, as the case may be, WPCH/S&2010/000422

pharmaceutically acceptable carrier or diluent. 15. A nethod according to

any preceding claim in which transforndd mesenchymal stemcell, the
condi ti oned nedi um exosone or pharmaceutical conposition conprises at
| east onghiimkogi cal property of a nesenchymal stemcell, for exanple

cardi oprotection, or in whi'ch the conditioned nedium exo sone or
phar maceut i calA metipdeff tricaitoting thapall & adell; hduadthgl ¢comprising Stabdiskiag ffor a
exanpl e as assayed_in a nouse or, pig node ~ischem a. and

. | of ocardi. al
r eper f us PRIRCtCITOR N BRI DpeadeptsEisieshe Cilg%‘ raHe 915;39) pregyserfosm of

capable @fe rhﬁsmisp&i%%mA 16 6% &%r@fsmf%@xﬁimﬁ%g ed Bha@ltei N Vitro

assay -of hydrogen peroxide (H202)-1'nduced cell death. 16. An inmortalised
meseng hy mERNgY)ein which tietyired toaimdterchyi RN Arptiocd establshdd ngintizatiyeadfith® state®@for

11, a condit :“oned medi um obt ai nabl e by a nmethod according to Claim12, an
exosone i'nabl e by a nmethod according to Caim 13 or a pharnaceuti cal
conposition obtainable by a nethod according to aim114. 17. A nethod,
array, ianort & mstdd aesediopyn€laimtle i which; (ay tediell iocreprised inuatelbmessone or

ot er enc st e SEOSHEAR ¥ 1S G BanauiE IV S rata s b SR P B ngs.
- _respective cell mass, tissue, organ _or_-organism, or (b) the miRNA species is comprised in
10 exosomes secreted by the cell and the method comprises obtaining such exosomes and
obtaining precursor and mature forms of the miRNA species therefrom, in which for example
the exosomes are obtained from a sample of an organism, which organism comprises the cell,
the sample for example comprising a blood sample, a serum sample, a saliva sample or a urine

sample.

15 3. A method according to Claim 1 or 2, in which: (a) the pre- to mature miRNA ratio is
established by hybridisation to an array comprising nucleic acid sequences capable of binding
to and distinguishing between precursor and mature forms of the miRNA species, or (b) the

pre- to mature miRNA ratio is established by real time polymerase chain reaction (RT-PCR).

4. A method according to Claim I, 2 or 3, which comprises establishing a profile
20  comprising a plurality of pre- to mature miRNA ratios for a plurality of selected miRNA
‘species, each indicative of the state 6f the cell, such as by hybridisation to an array comprising
~ a plurality of probes capable of binding to and distinguishing between precursor and mature

forms of the plurality of the selected miRNA species.

5. A method according to any preceding claim, in which the state of the cell comprises a
25 physiological state, such as a cell cycle state, a differentiation state, a development state or a

metabolic state or a pathological state, such as a disease state, a human disease state, a diabetic

“state, an immune disorder state, a neurodegenerative disorder state, an oncogenic state, a

cancerous state or a tumour state.

6. A method:
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(a) for detecting a change in state of a cell, the method comprising detecting a change
in a pre- to mature miRNA ratio of the cell (or a profile comprising such a ratio), in

which such a change indicates a change in state of the cell;

(b) for establishing that a cell is in a particular state, the method comprising comparing
a pre- to mature miRNA ratio of the cell (or a profile comprising such a ratio) with a
pre-to mature miRNA ratio (or a profile comprising such a ratio) of a cell known to be

in that particular state;

(c) of monitoring the state bf;an organism, the method comprising obtaining a sample
from or of that organism, p'erfonning a method according to any preceding claim on
the sample, and establishing the state of the organism from the pre- to mature miRNA

ratio thereby obtained;

(d) of detecting a disease in an organism, the method comprising obtaining a sample
from or of that organism, performing a method according to any precéding claim on
the sample, and‘comparing the pre- to mature miRNA ratio thereby obtained with a
pre- to mature miRNA ratio of a sample known to be of or from a diseased organism;

or

(e) of treatment or prevention of a disease in an organism, the method comprising
detecting a disease in an organism according to (d), and administering a treatment for

that disease to the organism.

7. A method according to any preceding claim, in which: (a) the cell comprises a

-mesenchymal stem cell (MSC); (b) the states of the cell comprise an untransformed state and a

transformed state, such as a c-myc transformed state; (c) the microRNA comprises hsa-let-7b
microRNA (miRBase Accession Number: M10000063); or (d)‘ the ratio is 2.8 higher in a

transformed state compared to a normal state; or any combination thereof.

8. A array comprising a plurality of nucleic acid sequences capable of binding to and

distinguishing between precursor and mature forms of a plurality of miRNA species.

'. 9. A method comprising the steps of: (a) providing a mesenchymal stem cell (MSC); and

(b) introducing an oncogene into the mesenchymal stem cell to thereby transform it; in which
the transformed mesenchymal stem cell does not secrete a gene product of the oncogene into a

medium in which it is grown.
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10. A method according to Claim 9, in which: (a) the oncogene comprises c-myc; (b) the
mesenchymal stem cell (MSC) comprises an established cell line such as huES9.E1; or (c) the

mesenchymal stem cell (MSC) is derived from umbilical cord.

11. A method according to Claim 9 or 10, in which transformed mesenchymal stem cell:
(a) is capable of bypassing senescence; (b) has an increased proliferation rate; (c) has a
decreased population doubling timé such as 24 hours; or (d) has an increased telomerase

activity; as compe@red to a mesenchymal stem cell that has not been transformed.

12. : A method of providing a conditioned medium, the method comprising the steps set out
in Claim 9, 10 or 11, followed by culturing the transformed rhesenchymal stem cell, or a
descendent thereof, in a cell culture medium to condition it, and separating the conditioned

from the transformed mesenchymal stem cell.

13. A method of providing an exosome, the method comprising: (a) obtaining a .
fnesenchymal stem cell conditioned medium (MSC-CM) by a method according to Claim 12;
(b) concentrating the mesenchymal stem cell conditioned medium, for example by
ultrafiltration oVer a>1000 kDa membrane; (c) subjecting the concentrated mesenchymal
stem cell conditioned medium to size exclusion chromatdgraphy, such as using a a TSK Guard
column SWXL, 6 x 40 mm or a TSK gel G4000 SWXL, 7.8 x 300 mm column; and (d)
selecting UV absorbant fractions, for example, at 220 nrh, that exhibit dynamic light
scattering, such as detected by a quasi-elastic light scattering (QELS); in which step (d) for

example comprises collecting fractions which elute with a retention time of 11-13 minutes,

-such as 12 minutes.

- 14. A method of preparing a pharmaceutical composition, the method comprising

obtaining a mesenchymal stem cell conditioned medium (MSC-CM) by a method according to
Claim 12 or an exosome by a method according to Claim 13 and admixing the MSC-CM or

exosome, as the case may be, with a pharmaceutically acceptable carrier or diluent.

15. A method according to any preceding claim, in which transformed mesenchymal stem

cell, the conditioned medium, exosome or pharmaceutical composition comprises at least one

biological pfoperty of a mesenchymal stem cell, for example cardioprotection, or in which the
conditioned medium, exosome or pharmaceutical composition is capable of reducing infarct

size for example as assayed in a mouse or pig model of myocardial ischemia and reperfusion
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injury, or which is capable of reducing oxidative stress for example as assayed in an in vitro

assay of hydrogen peroxide (H,0O,)-induced cell death.

| 16. An immortalised mesenchymal stem cell obtainable by a method according to Claim 9,

10or1 1, a conditioned medium obtainable by a method according to Claim 12, an exosome
obtainable by a method according to Claim 13 or a pharmaceutical composition obtainable by

a method according to Claim 14.

17.. Agjmethod,’ array, immortalisg:d mesenchymal stem cell, conditioned medium, exosome
or pharmaceutical composition substantially as hereinbefore described with reference to and

‘as shown in Figures 1 to 13 of the accompanying drawings. :



