WO 2011/ 010966PCT/ SG2010/ 000275 1 PRE- NATAL MESENCHYMAL STEM CELLS FI ELD
The present invention relates to the fields of devel opnent, cell biol ogy,

mol ecul arywBiglAdyosgnd genetics. Mire particularly, the ippgyRabi@moselates to
a nmethod of deriving nesenchymal stemcells fromfetal stemcells.

BACKGROUND Stemcells, unlike differentiated cells have the capacity
to divide and either self-renew or differentiate into phenotypically and
functionally different daughter cells (Keller, Genes Dev. 2005;

19: 1129- 1155; Wbbus and Bohel er, Physi ol Rev. 2005; 85: 635-678; W/les, 10
Met hods in Enzynol ogy. BBBINAT# SHENCHYMALSTEM Cliliditvds Mol Med. 2005;
105: 359- 368). - Mesenchymal stemcells (MSCs) are nultipotent stem
cells thghghgve a limted but robust potential to differentiate into
mesenchymal cel |l types, e.g. adi pocytes, chondrocytes and osteocytes, wth

negligi bl e ri SpheQresert inv@ftdnirelateBtd 08.field\PAeldlapapitacelidtiolopy haslebdan used
to treat nuscul oskeletal injurjies, inprove cardiac function_ in, .
car di ovaduelpay arf] gegties. Mnge anmicplgrlys e inyenten efgtesto gsmethod of deriving

graftSVGGﬁ&QﬁﬁﬁﬁhlQkﬁﬂ%ﬁgﬁ%pbﬁgﬁg$ ikranspl antations are either

aut ol ogous_or rmrune- conpat ogenei c transpl antations, since MSCs can
be easily harvested from accessible adult tissues such as bone marrow,

adi pose tBAGKGROUNIhrd bl ood and expanded ex vivo. Therefore, host inmmune 20
rejection of transplanted MSCs i.s easily circumented, . n recent
years, NBC traN¥prshy sole T RErps a0 5 thecappenAgElivifie and fitteREs/ e
treating gigik&Lanke ﬁko;ﬁ?eaefygman tLhe rRAsKAIY d?ﬁfeaaﬁ%ghémaﬁm@ﬂ@@ Genes
controversial 2-113. Sone por¥s have suggested that factors secreted by
M5Cs 11 viRave20@%pohsl%bl St dYotusend Behelpe diygol Ref P8 063 ab T8 Wieenesi s 12,

ZtSﬁ(T S l)l ﬁ(z:tréér%tsmlé%z%go oig)Q tlﬁﬁﬁ,ﬁ? :9&&-5?8; é‘lﬁ)_i ]é? al; A/}e?hcog?ﬂ}o? Ailerclzj. 56(}/5? ﬂ%:l" 59-

368).

Mesenchymal stem cells (MSCs) are multipotent stem cells that have a limited but
robust potential to differentiate into mesenchymal cell types, e.g. adipocytes, chondrocytes

and osteocytes, with negligible risk of teratoma formation.

15 MSC transplantation has been used to treat musculoskeletal injuries, improve cardiac
function in cardiovascular disease and ameliorate the severity of graft-versus-host-disease 'l
Most MSC transplantations are either autologous or immune-compatible allogeneic
transplantations, since MSCs can be easily harvested from accessible adult tissues such as
bone marrow, adipose tissues, cord blood and expanded ex vivo. Therefore, host immune

20  rejection of transplanted MSCs is easily circumvented.

~ Inrecent years, MSC transplantations have demonstrated therapeutic efficacy in
treating different diseases but the underlying mechanism has been controversial 210 Some
reports have suggested that factors secreted by MSCs ' were responsible for the therapeutic

10, 14-19
b

effect on arteriogenesis '%, stem cell crypt in the intestine 13 ischemic injury and

25  hematopoiesis 2*2'.

More recently, it was demonstrated that intramyocardial administration of cultured
media conditioned by rat Akt-transformed BM-MSCs reduces ventricular remodeling and
improves cardiac function in a rodent model of myocardial ischemia 19; Secretion from

untransformed rat BM-MSCs, however, was not cardioprotective ‘. It was subsequently



More recently, it was denonstrated that intranyocardial adm nistration of
cultured nedia conditioned by rat Akt-transforned BM MSCs reduces

vent ri culwo 20emmosksi ng and i nproves cardi ac function inparrsodentoosmsiel of
nyocardi al ischema I. Secretion fromuntransfornmed rat BM MSCs, however,
was not cardioprotective 17. It was subskquently WO

2011/ 010966PCT/ SG2010/ 000275 2 denonstrated that the major nedi ator of
cardioprotection in the secretion of Akt-transfornmed BM MSCs was Sfp2 whose
expressi on was a direct consequence_ of Akt overexpression the resultin
upr egul atqemnﬁrat%qﬂ@aﬁﬁs RO TAGHLoDOL cardigriatosien i ismﬂ%r\é‘n (TR cent
B VECS GaMDascRLduhe RO RpFalisn WaY § dEGIBhicAleRidlor 904 b ferbepriRilif dndd 1O
produce cardi oprotective secretion. Gthers have also reported 'simlar '
obser vat itM@sQlﬁn§UpNgmtiorv\éfthed’é3KIpythmayrﬁznst rated that human MSCs deri ved
from human enbryonic stemcells (hESC- MSCs) 24 secrete > 200 proteins 25
and that a bol Nl j _Pﬁﬁﬁga L4 mediuym (CM 5
m nut es prior osesr’i(g[;pg‘e%v Eiélﬁ%%ldgg%éﬁa% F@gﬁ?%pre ucgwg%({gpg{lggglzggf%% % and
i mpr o¥ed seatddrabutfconkt beanodifiedtopprgdaredarntiopretentidedecrtiomy/@tharsdiase also

i schem a-re erfusjonb%NI/R L ury 26. The present invention is based
on the dé SHRilYPOPHXRUSe di fferent devel opmental stage from whi ch MSCs
are derived i.e. enbryonic versus adult, is inportant for the 15production
of cardi qummeRYive secretion. W denonstrate that secretion of MSCs
derived directly from another non-adult tissue, such as fetal tissue, is
similarly cardVepcenéy démenstiated ththupmiae MSGoderivied frpembuman embrybnicistaem MSC

cul tures, Fl i~ 21D, F3 and .F3%i om L i | b)... kid [ d
ver ¢ 1iopls {RESaMSGo Frpinaopto B0kine ™ npa b boliR atpmiie g ATHERCY) The
Exanmpbes MsOpbsidiidied nfdiurh HERD 5 ainates WROB tof repérfisidrggk fitntlyredwed irffhica of
a 20 MSC. The Exanpl es al so show that these fetal MSCs wae highl

prol i f er aide\hy GfelanthisproxesqaedippRineienBedPie and Mouse medeliof nayq model  of
I schem a/if eRet I 3L A0sbRIMER) injury .

The present invention is based on the demonstration that the different developmental
stage from which MSCs are derived i.e. embryonic versus adult, is important for the
15  production of cardioprotective secretion. We demonstrate that secretion of MSCs derived

directly from another non-adult tissue, such as fetal tissue, is similarly cardioprotective.

The Examples show the generation of five MSC cultures, Fllb, F1ki, F21b, F31b and
F3li from lirﬁb (Ib), kidney (ki) and liver (li) tissues of three fetuses in three independent
experiments. The Examples demonstrate that these fetal MSCs fulfil the defining criteria of a
20  MSC. The Examples also show that these fetal MSCs wae highly proliferative and their

secretion reduced infarct size in a mouse model of ischemia/reperfusion injury.

According to a 1™ aspect of the present invention, we provide a pre-natal mesenchymal
stem cell. The pre-natal mesenchymal stem cell may be obtainable from a pre-natal tissue
such as a foetal tissue. We further provide a descendent of such a mesenchymal stem cell, a .

25  cell culture or a cell line comprising either.

The pre-natal mesenchymal stem cell, cell culture or cell line may comprise a cell line
F11b. The pre-natal mesenchymal stem cell, cell culture or cell line may comprise a cell line

F2lb, a cell line F31b, a cell line F1ki or a cell line F3Ii.



According to a 1st aspect of the present invention, we provide a pre-natal

mesenchymal stemcell. The pre-natal nmesenchynmal stemcell may be

obt ai nablwofanmisepr e- nat al ti ssue such as a foetal tispgesceeiofovstrher
provi de a descendent of such a nesenchyrmal stemcell, a 25cell culture or a
cell line conprising either. The pre-natal nmesenchynmal stem cell,

cell culture or cell line my conprise a cell |line F 1 |Ib. The pre-natal
mesenchymal stemcell, cell culture or cell line may conprise a cell line
F21b, a cell line F31b, a cell line Flki or a cell line F31i. WD

2011/ 010966 PCTihs@oaAbpeFRchymal stem cefh gelprwiuig prsellhinsdphsamprisst em cel | ,
cell cul tcufd??ﬁ%te&?\té actily .]anggcagﬁc%%feéﬁvé: iiﬁltg H{r?gtb%%géa g% ﬁﬁ% %n\ﬁhgeymoa_é]%f

cardi oprotective activit e ‘assaye use acute
nyocar di akutemiyarcatdiad mnfarskiby (AMI). The pre-natal nesenchynmal stem cell,

cell culture or cell line may be obtai nable by a nmethod which conprises
provi ding a prg- § I | : i,th a
bl asti ¢ sur f acde Hirgabn Bt ey o1 SRl SaREhPLuiblre 54 2 T A, GORAGHAL oY

ti ssué mayeth&l whichwenhptisesgabnddimgtapré-nataplissat. Theue-hawkbtissue may bElventaetedod

may further conprise culturing the nesenchymal stemcell in a serumfree
medi um Pith aplagtf W%@e-ﬂélsmﬁwrafévmbﬁﬁmicgﬁs CapRtef b heur PaRLiEE M b h

as Knockqybwd@ I MaM B dhdPlastitiusraf@y be suppl emented with 10% serum
repl acenent nedia. It may be supplenmented with non-essential am no aci ds.

It may be supplenented with 10 ng/m FGF2. It may be suppl enented with
10ng/ Ml Reconbihsamgthed mav further comprggculfuring fisirasrenthymalsiem osh1n gserum free

13- mer capf Qet R ser -I;E't el Er?e'dﬂ.gﬁ ﬁlag%%?ﬁgé‘yémh-ﬁée%ghg%; +ediﬁ'ﬁ| s'ucl?‘izgl KHb&ofit

cell line may be suc at t pr nat al nesen stem ce di spl ays
one df mMDMEM mietimnt. dhisonaynbe suppicacingrd with ¢68% s¢hen mpcemantahedie demah peaal

stem cel | di spl ay one or .nore norphqgl ogi cal characteristics,of
resenchy THPPICHEHF R BRSO SHUA Shiap AEtan SRy B SUgPREEe i GRBHFGE 2 dhor |
at confl yeRoE subplefRNteld MtHIFRgf AT REJ3eh bikhne B ATa8 HGITNRhRABE Supidnierded with
fibroblasti'c phenotype. The pre-natal nmesenchymal stemvcell, cell culture

or cel |l 155pM premerpeptesthansl.e of 20 adhering to plastic. The pre-nat al
mesenchymal stemcell, cell culture or cell line may display an average

popul ati on doqmeip?@nithfﬁe&}hcl%%flé’l@% ddl, kAl &ﬁfd}@Hf &ell lﬂé‘:ein&}lf be firh@hat the pre-

mesenchymal stem'cell, cell culture or cell Iine may display a surface
anti dén matal imesercbyrmpal g¢m gelésisplags pwmorohoreoé ther fotowmg charahtesisticst The prfe-t he

fol | ow ng: 9 4,  CH4 9 CD105, CD16 MAC. . |t may display a
educed JPLBERER SRR ST e ey b s or o ER shargsTEAST S5 DR
CD34 and rfdémchy A€ steieNftSich ARASAEHN SR may BRlude |ﬂn%%1@)ﬁh{ whohl btéoafleenselt
i ne may be CD29+, CD44+, CD49a+ CD49e+, . 105+, | 166+, MHC |+, CD34-
and CD45 may include forming an adherent monolayer with a fibroblastic phenotype. '
The pre-natal mesenchymal stem cell, cell culture or cell line may be capable of
20  adhering to plastic. The pre-natal mesenchymal stem cell, cell culture or cell line may display
an average population doubling time of between 72 to 96 hours. The pre-natal mesenchymal
stem.cell, cell culture or cell line may display a surface antigen profile comprising expression
of one or more, such as all, of the following: CD29, CD44, CD49a, CD49e, CD105, CD166,
MHC 1. It may display a reduced or absent expression of one or more of the following: HLA-
25 DR, CD34 and CD45. The pre-natal mesenchymal stem cell, cell culture or cell line may be
CD29+, CD44+, CD49a+ CD49e+, CD105+, CD166+, MHC I+, CD34 and CD45 .

The pre-natal 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

pre-natal mesenchymal stem cell, cell culture or cell line may display a reduced expression of



The pre-natal mesenchymal stemcell, cell culture or cell line may display
a reduced expression of one or nore, such as all, of HESX1, POUFL5, SOX-2,
UTF- 1 andwdRPddiodkbe pre-natal nesenchymal stem cell, cellyscabiowoe7eor cel

i ne may display a reduced expression of WD 2011/010966PCT/ SG2010/ 000275 4
one or nore, such as all, of OCT4, NANO@ and SOX2. The pre-natal

mesenchymal stemcell, cell culture or cell line may display no detectable
al kal i ne phosphatase activity. The pre-natal nmesenchymal stem cel

cell culture or cell line ma ntainable in cell culture for gre er

Chan 10, o6.or Sre.aushots HlbpbObAleNAN GHiand e The T ey
cell, celdy Ghlly P el V\ﬁee}nla 'dlsﬁﬁglrh% E%{ﬁ%leaetl?éﬁ?étpﬂﬂérﬂ alabyagivith! € karyotype

or chronosone nu for at least 10
generations. The pre-natal nesenchynal stemcell, cell culture or cell line
may be such t Hde pre-ngabmesraehymstcaneslarely culhag eecalbinesnapbe Brintainahle a
when tra I I i rise
an 1 rmunee SRR fordeel Bk PO SR mof dEpdr i PR p @ Hel inc BN AT
10weeRs, s&nt Eblas:elaénhlarre dr tell $hennay have aTdmbstpntmllyasteaalle kmrgﬁypdnymﬂrombmma:el |,
cell culture or cell |ine may be such t @gnot te%gfogenlc

i npl ant edumbesyhen paigained in cell-pylurs for 3¢ ‘EaéT hedyehldbl |, cel |

cul ture %es%ﬁ’él-)gn{a'l Bem'RY, 841 SR SRl 1ink nﬁa?y geedat lh‘é?ltfdgés ﬁ@%ﬁﬁs’tﬁ‘@i‘ﬁﬁyf Ic

c- nos repeat quences and positive for human specific alu repeat

sequenc esndubhdorprationaf siratves eviehraabplantediocetekipiang il Eherrecipientatimal i ne

may be capabl e of 15under goi ng ost eogenes Loy enesi s

chondr og&PEsTOmPISE AR “&Elueg 8’5’"3fedg'%flpgptmlpﬁf Tﬁ’ﬁ %enc?gtné%ctiﬁ after 3

adi pagyt &fecRS, sGOIPRUME YIS m&hﬁs Ahe phahahl mBsedsMaBlemsdetiltdbddlitureal dell
culture or cell line may have a substantlally stabl e gene expression
pattern flingmmaycieesugh thefittnet ipeategeniq when mydaiedin ¢l migésenchynal stem cel |,
cell culture or cell line my be such that any two 20 or nore, such as al
mesenchymal st fehhal &eée%bﬁsaml%t&ycélh RellBUINRE oEdN 1M mayBS bithlthatlid iy
identical gene expression profiles. It may be such that the gene expression
cor r el at inggativedbf moligespepidic\weraos @ngattsweoeesmd@omm ézrélsm@n Smfémlﬂyﬁmat
stemcells obtal re ter an. 0. t hat
any two SFIYOFE: E @%@Qéﬁl?“n‘f 81%?% lsceungﬁe (‘1%11 n"??yti |GP ﬁm? glf nabl e
by thes meindedomp®stdpericain! ddipdgénsdisiod cﬂhbn&bgl:ﬁé@i‘s]; mbhlas capable cﬁ‘iﬁtﬁex’eﬁuimg@nous)

with each other. It may be such that the gene expressjion correlati
into osteocytes, adipocytes or chondrocytes. The pre-natal mesenchymal stem cell cell culture

or cell line may have a substantially stable gene expression pattern from generation to

generation.

The pre-natal mesenchymal stem cell, cell culture or cell line may be such that any two
20  or more, such as all, mesenchymal stem cells obtainable by the methdd exhibit substantially
identical gene expression profiles. It may be such that the gene expression correlation
coefficient between any two or more isolates of mesenchymal stem cells obtained by the
method is greater than 0.9. It may be such that any two or more, such as all, isolates of
mesenchymal stem cells obtainable by the method are substantially similar or identical (such
25  as homogenous) with each other. It may be such that the gene expression correlation
coefficient between a mesenchymal stem cell obtainable by the method and cells of a parental

culture is greater than 0.8.

The pre-natal mesenchymal stem cell, cell culture or cell line may comprise a
mammalian, such as a mouse or human, pre-natal mesenchymal stem ce'll,‘cell culture or cell

30 line.



coefficient between a nesenchymal stem cell obtainable by the nethod and

cells of a parental culture is greater than 0.8. The pre-nata
mesenchynwmb 28t@meel |, cell culture or cell line may cowrprisseom/ooemal i an
such as a nouse or hunman, pre-natal nesenchymal stemcell, cell culture or
cell 30line. WD 2011/010966PCT/ S&2010/ 0D0275 5 There is provided,
according to a 2nd aspect of the present invention, a conditioned nedi um
conpri sing medi um conditioned by a pre-natal nesenchymal stemcell, cel
culture or cell line as described above. rovi de, according.to a

. \ Ve pro
3rd aspect of Eheee ismEaddqd, pepeding éna 23 aspact piihe PrsentaRvesatin). acqRduionsd a|
nmesenchy . i V. I |51 I
b1 ol 0gi caT i BB Aking AecifiR SChREhAU ForR Mo AEREICRL AR i o Tl S0fure
bi ol ogi calr calt lin¥ s gesofibaal ghoee.nat al nesenchynmal stem cell conditioned nmedi um
(MSC-CM, for exanple cardioprotection. As a 4th aspect of the
present inventy,on, there | ovid - . 2
Cel 1 cul tur o, WamroyhabedrdnBieY 3natheRL bl e B TERERE B ERhES b o
for use ipie-nathDmessnbbgmalfstdni e€ll aRddscrifedabdisarisedmptistngdit Sasenertiylopieal
selected fromthe group consisting of: cardiac failure, bone marrow
di sease, @RPWYd?fsadﬁ?@?gbﬁ’FF@chﬁHal(fé@é et %l‘"*?d’\?é a@@%&%@écgﬂ%o%prﬂilﬁ%t es,

Al zhei merp, sefll SrenT@iIoNEHOnS AGEASRISCAME for aRipkESSiopoRabAt €d Wi th

accunul at1on of protein aggregates or Inhtracelfular or extracellular
| esi ons; Huntingdop's disease and al coholic liver disease. 15The disease
may be sel ect et 3 #oAsReRoighe pissens isicatiom dhese 1s prpvided o prernatalmagserghymal 5

cut aneousy, WOUNH c. cgﬁrg%e‘ﬂgg‘ﬁgio %élqgtﬁ)(?l@&] ?r{edilﬂrl}~| g{%ﬂﬁél@ Logit E)g* %ﬂl & yse ina

dermatiti's, psdrirasis, con verruca, ngl ong, skin cancer,
at opil® danerasd of scatiBeitadta diseasnThe dishasemay tprseleated fetno e gloweaswistiogibfineous
T cell lynphoma, ulceration, a pathol qgical, condition charagcterised b

i 1 al | GRIR B g B R AR S AR ASRERRTFANS GiF SO g o
chroni ¢ t4iaRus, ASRRRR sNEscafic PHAiMGn sl dMest, SarRRH ol BeEscssbdidted wah, renal
ischemc Injury, cystic fibrosis, sinusitis and rhinitis or an orthopaedic
di sease. accumulatidinef poteimaggutgatese ftacailasereaxiraediiular desianscHprtingdonsel |

l'i ne, cowi ti oned rr(ﬁ)giugl] or .Earti cle may be used to aid wound healing, scar
reduct i orfSBEAGAUCHHLIE UNT 4i588%e graft or bone marrow transpl antati on.

25The pre-natal nesenchymal stemcell, cell culture, cell line, conditioned
medi Ud or par tThel diseasymby besaectediromghe groap sonagsigat: myocandakipfuttion, an of a

pat hway sel ected from an e or.nore of the follow ng:, cytoskel etal
Pegul at i GBSO OURroR dermalelbeic st § frmBlqloRe Jria P e rrggasts
| nf | ammatdonay 16RMA! AlrRia entdhg Bk, RElofd, Shih @Kkhdee, atoie abrniagitip a8 dnoeddisdass;
si gnal i ng pat hway, EGF receptor signali nﬂ pat hway, angi ogenesis, .
pl asmi nogidwonic granulomatous disease, cutaneous T cell lymphoma, ulceration, a pathological
condition characterised by initial injury inducing inflammation and immune dysregulation
20 leading to chronic tissue remodeling including fibrosis and loss of function, renal ischemic

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

The pre-natal mesenchymal stem cell, cell culture, cell line, conditioned medium or
particle may be used to aid wound healing, scar reduction, bone formation, a bone graft or

bone marrow transplantation.

25 The pre-natal mesenchymal stem cell, cell culture, cell line, conditioned medium or
particle may be used to regulate or assist in the regulation of a pathway selected from any one
or more of the following: cytoskeletal regulation by Rho GTPase, cell cycle, integrin
signalling pathway, Inflammation mediated by chemokine & cytokine signaling pathway,

FGF signaling pathway, EGF receptor sighaling pathway, angiogenesis, plasminogen



WO 2011/ 010966PCT/ SG2010/ 000275 6 activating cascade, bl ood coagul ation,

gl ycol ysis, ubiquitin proteasone pathway, de novo purine biosynthesis, TCA
cycl e, pheoybalamese bi osynt hesis, hene bi osynthesis. pcT/SGI®/0pses nat al
mesenchymal stemcell, cell culture, cell line, conditioned nmedium or
particle may be used in the regulation of processes including any one or
nore of the follow ng: cell structure and notility, cell structure, cel
comuni cation, cell notility, cell adhesion, endocytosis, mtosis,
exocytosi.s, cytokinesis, cell cycle, imunity and defense,

cyt oki ne/aemmgica@_aﬁ@dﬂ%&dé@agwﬁ&ms glycolysisy whinuiga Prieasams Paftwnsls yovo

gr anul ocyf 6 MBRlsAtfickid, TR e, phidAnshile Blod] RAest, 983k bREynth¥goki ne and
chenokin? nggpatgg sf@nallﬁé %5&?&@@;12?955 traﬁsductio%? extracel | ul ar
matri x protein-mediated signaling, growmh factor 10honmeostasis, receptor
protei n tyrosikhe me-patgkmesegpimal gtephedlhagl] cebire, cglhise, corditivasdmsgdium or
signalin Lec . i L OnN& i K- STAT
cascade, ARGt bR Ao B Bk At h e phTBREHERL b EC S

r espofise folldwing: alllaftiuctuge ardieviefility et situcturg celd semmunizatiote rcail dexidityg paknt |
skel etal devel opnent, angi ogenesi s, .nuscle devel o nt, nuscle ntraction,
prot ei n RENEHY), £B Cé(fﬂﬁlsnﬁ‘éff)?‘?’c?éf’?ﬁﬂs,ls’p?VB’tké’tS’P?s‘?eél,‘g’g@p‘r“b‘flg ‘W‘P%‘I‘g‘?? e

Protel N ComRImsHRRBEIHEIntediA kA nfetdphatd PRdial ARk RuIBERE ST N
traffic, other protein targeting and |ocalization, am no acfd netabolism
protei n maokated mewimsity, pigendnedidiedisignating.icytakinesand chemokine medizgedongnadingt e

et abol | SRRy PR HansBRP A B RRE b S e L RAB O DB e an o
et ahol | $medhAL récptbr PrEMY1ocint kinabé SighERNA faftes s &dingihesib@nsddadtédnal

regul ation, 20 nmRNA splicing. ) The pre-natal mesenchynal stem cell,
cel | cul tigneling kil swifaf@,re@@mqueﬁﬁ@h&mﬁramdélﬁtler%SEAP%@sq&ée,used in the

SUPDLY, 064 15 5 AL 00BN B O 6l 5L S |

i ne, > cyt oki ne,
ext r acel ldelélopmedtal proceddsl mesddetth devdlaprment, skeletut davedpriem] angingendsikg r

extracel lularf matrix, 25extracelluylar matrix glycoprotein, protease, .
met al | oprwissledevelgpment. prustle sauteactigy, SawametaRRlis g mﬁ%l{flla?tqulp PYals.

| nhi Bi5t O, SHM o ifend? ;ﬁ,ﬁstaﬁ%smi I3 Ridnly, A5heAERALEIARR, inHEEARR PRAERRraffic,
per oxl dase, chaperone, chapgronln, ng 70 tam |y chaperone, ofher

chaper onasher pyateingargeting andrivteizeticm dmsymadid matbolige) moteirckibsyntesisi pudtany
protein, i hoacyl -t RNA synt he e, |lyase, ..isonerase, other jsopnerase, ATP
Byt hase SR HUETES: Fearoih e e oy B GG REHESFEhSOREG ahtor
sel ect @it pbRINcHRIRCME@bOIRGT, ipiriRé HtaBelis Sk alie & phkHatd Metabolism,
cytoskel etal protein, non-notor actin binding protein, actin and actin

rel at ed pitemén metabakis.iaming apid bigsynibesis, pre-mRNA processing, translational regulation,

20 mRNA splicing.

The pre-natal mesenchymal stem cell, cell culture, cell line, conditioned medium or
particle may be used in the supply of functions including any one or more of the following:
signaling molecule, chemokine, growth factor, cytokine, interleukin, other cytokine,
extracellular matrix, extracellular matrix structural protein, other extracellular matrix,

25  extracellular matrix glycoprotein, protease, metalloprotease, other proteases, protease
inhibitor, metalloprdtease inhibitor, serine protease inhibitor, oxidoreductase, dehydrogenase,
peroxidase, chaperone, chaperonin, Hsp 70 family chaperone, 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
30 regulator, select regulatory molecule, actin binding cytoskeletal protein,‘cytoskeletal protein,

non-motor actin binding protein, actin and actin related protein, annexin, tubulin, cell



WD 2011/ 010966PCT/ SG2010/ 000275 7 adhesi on nol ecul e, actin bindi ng notor
protein, internediate filanment, ribonucleoprotein, ribosomal protein,
transl at i\ 2bA%16966 Ot her RNA-bi ndi ng protein, histone, peglsgagidlobsrk el at ed
protein, vesicle coat protein. We provide, according to a 5th aspect
of the present invention, a delivery systemfor delivering a conditioned
medi um or particle, conprising a source of conditioned nmediumor particle
as descri bed above together with a di spenser operable to deliver the
conditioned mediumor particle to a target. The present invention, in
a 6th as @éb@snorpmgwdesaw@rbmdﬂ@g metor proteine mtesmggiate, flamensy sberHclaPEOteiBt hod of
deliveri nd|t 0 i ect
of the. proSE abklne RERARRLHE R ouBF Bl bl BolcB hons; PRl e

di f f er entpréteiddvésiseoedryrmeincel |, the met hod conprising providing a
pre-natal nmesenchymal stemcell, cell culture or cell line as described

above and diff rent| senc ten1 | ture
or cell line int8 AN 0%?‘%5‘% gooag‘?]a?ga&);}'@? Breg‘?%énvgﬁ? Nl chéﬁ%rery SX%E{J“cf(éfdl ng
t 0 ans58t kieAS@Rfpta @WnditidBed fn%&ﬁﬁﬁ of PutEElE | dpridhgl mtdéebfaoﬂulﬁmrdaﬁédlameﬂ

mesenchynmal cell obtainable by such a method. provide, according
to a 9th past;s&@s dsscriied abavetegetber with pisparsceopsratle t%@?%wsgﬂﬁcen iighsst i sing a
pre-natal p*ggkt§5q gell, cell culture, cell line, conditioned

medi um or" par e as set ut above or a conditioned medium as descri bed,

together with a 20phar maceutical | y acceptabl e excipient or carrier.
There is provilhedresent invessionainecd Vasppctaprogides s pescuse i suehea felivephgystem in

| nventi on, ahgefsp@e%%n%%&u&l {6t e B bafidlddfafafpfl! UL 1N Tt N0

conprising cu nesench stemc , cell culture or
cell line as described in a cell culture nmedi um and optionally isolating -
the d@l1 cultdne 7n@dpfmtmf@5/mesam lmmrttuoastﬂae@tls BII‘OV!d@é ajmethed PoOebtaingd ovi de a

met hod of t of di,seas |S|n r

mesenchy rgéiitferg? @FTCHC@qul?l Eut t?‘u oGS "Sln %@%@g %egtap%%l&!ﬁl rcnh}(')rflal
particl e sgsn &4l c@lﬂlizul&b@%ﬁcﬁmﬁl@&rﬂemrﬁkﬂhh@@: érid&hﬁ?&r%th@théTp&amd]y mal stem
cell, cell culture, cell Iine, conditioned nediumor particle into a

pati ent. mesenchymal stem cell, cell culture or cell line into an osteocyte, an adipocyte or a

chondrocyte.

15 According to an 8" aspect of the present invention, we provide a differentiated

mesenchymal cell obtainable by such a method.

We provide, according to a 9™ aspect of the invention, a pharmaceutical composition
comprising a pre-natal mesenchymal stem cell, cell culture, cell line, conditioned medium or
particle as set out above or a conditioned medium as described, together with a

20  pharmaceutically acceptable excipient or carrier.

There is provided, in accordance with a 10™ aspect of the present invention, a method
of conditioning a cell culture medium, the method comprising culturing a pre-natal
mesenchymal stem cell, cell culture or cell line as described in a cell culture medlum and

optionally isolating the cell culture medium.

25 As an 11" aspect of the invention, we provide a method of treatment of a disease
comprising obtaining a pre-natal mesenchymal stem cell, cell culture, cell line, conditioned
medium or particle as set out above and administering the pre-natal mesenchymal stem cell,

cell culture, cell line, conditioned medium or particle into a patient.



WO 2011/ 010966PCT/ SG2010/ 000275 8 The di sease may be selected fromthe
di seases set out in the 3rd aspect of the invention. The practice of the

present iWvaniilAbei || enpl oy, unless otherw se indicat ggq/seamopnsi-onal
t echni ques of chem stry, nol ecul ar biol ogy, m crobiology, reconbi nant
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Current Protocols in Ml ecul ar Biology, ch. 9, 13, and 16, John Wley &

Sons, New Yor kppehbratice oBthe?s?@sentvagr\ftﬁgt\ﬁlﬁ%mﬂ&d ufles&GRBrwidSRficalellA

| sol ati on and Sequenm ng sential 10 Techni quies, John Wley & Sons; J. I\/l
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Ramal cri Shia): §e31°ﬁa]i Srareg Oghng] @%gﬁgé@%?%g ewe I t’%&r %em'al Mar cel
Dekkgp, 158N 0824 n0Ghey 9:)30:1%“?’ Mep&aparfaefamew@nmz AJo0REEHBES

Reagent s, Qi her Reference Tools for Use at the Bench, Edited Jane
Roskamns a‘dhebridzzmﬁan RBudnepks afd BeyctiCy| ket Uniyetsidy Borss: Mbb muwlton)sa}m

87969- 630 fot |  texts t
refer enceOlS@ﬂf‘%cﬁOtfﬁ%S%ﬁ% er”%ﬁ@%@f’ﬁéfi%ﬂ%%sguﬁew?o[gﬁor 3 dzjergm showi ng
char act errbamlsergmm Ketrdlis ¥Enmblody EONAXakicBIE Pakth: (Syﬁﬂkszk*aﬁﬂPkﬁﬁ&Jls)

Cel I ul ar r phol ogy” under phase contrast. Representative inmages of the five

di ffer entAWB@sf of N4 Methsls imFazynelpey. fepdersic Rress; PswmAtibofieA &ﬁhoxmqah ey
2248 it A S PR SRR SRR,
of the SESpimgﬂ{a’rbbrfleibkiﬁa,toryW&s@ﬂlSBN)O-&QQ@%Zﬁ%W%BQ&ZXiﬂaboratory Manual by
Ed Harlow (Editor), David Lane (Editor) (1988, Cold Spring Harbor Laboratory Press, ISBN
0-87969-314-2), 1855. Handbook of Drug Screening, edited by Ramakrishna Seethala,
Prabhavathi B. Fernandes (2001, New York, NY, Marcel Dekker, ISBN 0-8247-0562-9); and
20  Lab Ref: A Handbook of Recipes, Reagents, and Other Reference Topls for Use at the Bench,
Edited Jane Roskams and Linda Rodgers, 2002, Cold Spring Harbor Laboratory, ISBN 0-
87969-630-3. Each of these general texts is herein incorporated by reference.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is a diagram showing characterisation of fetal MSC cultures.

25 Figure 1A (left hand panels). Cellular morphology under phase contrast. -
Representative images of the five different MSCs, F11b (p8) and F1ki (p8) derived from the
limb and kidney tissues of the same fetus; F21Ib (p8) derived from the limb of a second fetus;
and F31b (p8) and F3li (p8) derived from the limb and liver tissues of the same third fetus.

Figure 1B (right hand panels). Karyotype analysis by G-banding was performed each
30 of the fetal MSC cultures, F1lb (p10) F2Ib (p10), F31b (p10), F1ki (p12), and F1li (p12).



9 Figure 2 is a diagram show ng tel onerase activity in hESC- MsCs and
fetal MSCs. Relative telonerase activity was neasured by real tine

quanti t atyweeoi@ipugeri ¢ repeat anplification protocol. ThicgsaR6Bobessd assay
gquantifies product generated in vitro by telonerase activity present in the
sanples. The relative telonerase activity which is directly proportional to
t he anobunt of tel onmerase products was assessed by the threshold cycle
nunber (or Ct value) for one ug protein cell |lysate. Hues9.El referred to a
previously described hESCM5Cs |ine and HEK is a human enbryoni c ki dney cell
line. The Ot Jagwe 2fipp diagedm shaveing iabanerpesactiviy ireblpS €-MSEnandoiepd M¥efes,

P16, P18, Rlﬁiéllvgl?glgme%g aétpv ! v@a%rrgg%&f%? bEJr? gl%t nHBﬁOe %?JmérYéPregéﬁsag?S P20

and P22. sSay was orne or eac assa 10Fi gure '3

is a di aglhﬁmfﬁblﬁkm ISlgtd?fBr K‘ﬁfs PCK- theﬂgssaQ:ﬁumﬁ)ﬁ&b&dﬁu&ﬁ@leﬁﬁed&ﬁbztw bpl2 were
stained with a specific ant] bod con ugat ed.to a fluorescent d%b%gnd
anal yzed ‘glpmemesactidiygpesent indhg Wi‘éi? less A eedatiyedelgmersapaaatypyhich subectyn of

simlar Gello BbdditPthg atfoufk ea;x%g%bgdagagox $6sciRAPG R Rre afdl c?@fé'rﬁxfnbef Q)

Rel ative transcrl ption eve wer e asure usi
quant i t at(ov€t Rlud)TR: oﬂeﬁgayroalmthysmﬁ{mEch refered toed previousig dmambséhE:EGas

t he baseli .0r c r.ison. a ms oW

di ffer entMgﬁ? Iﬂﬂe ?ﬂdoﬁggd %E@én eff@f%ﬂm X/\E’Tl@‘qe gh%g Fﬂﬁ&é&g@ml MSCs
0st e0genggishe ALhIPRAUNLS passaitd, BINPAS OHAPESI snd théd B Hﬁ§§9®gﬂfﬂ§§ie$ne(aﬁl feHIr €
4A), adi pogenesis (Figure 4B) and chondrogenesis (Figure 4C), the

di f f er enttivatpeshages, P20 ard B2 {Ihie nesdy wias petformedoiadeplqatd for eqhipasgageand Al ci an
bl ue, respectively. Images of differentiated 20 fetal MSCs as represented

by dijpf erenti aiigdeR3dh dl\A@Q%n MowiflP ni&rls@g,mﬁun(gam CBT) F1fh g/fges A pl$ oapplz @gf@m

showi ng gene expression analysis. Total RNA was prepared in techni cal
repl i cat etaifiedomitlda fpesiforantibady eergugatdd tBlal fluofestent dye and pradyzedbylHACH 10, p14

o o bl Bt iRt o SR bl el B ot o

Hues9. E1 {fdid mdzemebretload datiBbdiby (e} Relaﬁ%\k?aﬁsmm@ﬂebemmﬂﬁ AR SOMged
for mcroarray analysis on the SentriXx HumanRef-8 Expressi on BeadChip

Ver SI on 3vqre measrechusingiguantigdiye BleBOR. WAY 3, ahwmageambreonie slsmi iHs fropiap stof
al | rrplagghevs@arsal %F&gljflﬁ‘ﬁﬁf’ y a shift to the 75th percentile, basel i ne
an

transforne 'sanpl es, and a heatmap of correl ation between

pairs of array plotted. 30Figure 6 is a diagram show ng cardioprotective
secretion V\oszm_ﬂos.@geemrﬁlswogdrf&mwrﬁeoqgf fetal MSGs. %@%Mﬁ@s wergtidused i n

cul ture ym,c9 d|t| [iref0 Was
cepar at eqd Shteeq BEuteRLE B Rbe HeniralR o bEREN Edner oelsre S e 0

proteins a o@eﬂxe@i%qﬁcguwmeﬁﬁﬂ dh@ﬂ@rogenesw (Fi@u@ut(e) . difféshiated &diBtwereal ysi s
of the conditioned di um described in ampunt of proteins | oaded

vere 4, ﬁemeﬁ@v%aom@ﬁs&gﬁam &upBed F%Awan blue re%ne@tmeév dmaggsiiiidsrenyaied (| )

as, asper i A
(=100 doll PEESa0 e fleah, Mirte iRt NOCs) 1R FRENEEIGS) ' anc

Fl ki - M5Cs (nné%l Sal i ne_treat nent resulted in 34 53. 3% i nfarction, whereas
condi ti oned mEAEYEis HIABESCSIMBASE SF19 GORSEEN AAYY HF KiABNA ves prerseed i

21. 23' S%te%lcél?‘reﬁ/%ates from different passages of F1lb (p10, p12, p14), F1ki (p10, p14, p16),
F2lb-(p10, pl2, p14), F3lb (p10, p12, p14) aﬁd F3li (p10, p16), and from two technical
replicates of the previously described hRESC-MSCs line, Hues9.E1 (p19). 750ng of

25  biotinylated cRNA from each sample were used for microarray analysis on the Sentrix
HumanRef-8 Expression BeadChip Version 3 (Illumina, Inc., San Diego, CA). The gene
expression profile of all samples were normalized by a shift to the 75th percentile, baseline
transformed to median of all samples, and a heatmap of correlation between pairs of array

plotted.

30 Figure 6 is a diagram showing cardioprotective secretion



10and 19.92.6% respectively. Figure 6D. AAR as a percentage of the

|l eft ventricle (LV), show ng the anmobunt of endangered nyocardiumafter M/R
injury. Avbaninmes were affected to the sane extent bypChscoperiailrye
procedure, resulting in 39.42.0% of AAR anong the groups. Each bar
represents Mean SEM 15Figure 7 is a dilegram showi ng cardi oprotective
HPLC-i sol ated m croparticles. Figure 7A. HPLC fractionati on and dynam c
light scattering of FI Ib CMand NCM FlIb CM and NCM were fractionated on

a HPLC using B| 0Sep . S400Q, 7.8 mMmx 30 cm .o_I um, T onent s _i b CM
or NCM wer e elFigus 6(?% Prptaiaginyltyre mi"‘ﬁ’n H@%@%@éﬁ@%@?@? EIISI‘EF!P’ .
The el utipqp; Joes, WAS sép%ﬁﬁécﬁ&ﬂ £ 4809, §PS-PAGE lohdBet@e] 4 stifddt Wih siblr THRo

el uent was nonitored wth an UV-visible detector Set at 220 rimand |ight
scat t er i pgotsingmate nadedciolehdtland. The sol i d rhonmbus represented |ight

scattering si gnal as neasur ed i n vol t age. Figure 7B. The el uted
fractions, oS { t el 0% of
t he i nput vol l}:tlnéJ rggi ﬁg\?\feg% equ @ﬁoﬁtﬂ@&éndﬁfﬁn‘él &e%gggggﬁtngg)by gel

25el eft r aphoanesd moteind leddad mede 4 tth 16 ahd/ &6 pg, respectitilgure 7C. I nfarct size
(I'S) as a percentage of the area at risk (AAR) upon treatnment with saline

Sn 23 30q r o adige SO iarPlGrd IS {5 nekdinties o2 A6 ATRRIGART 3 Wolnftor |

a 17.43. W/f@tﬁdhﬁné& JIE) Q¥mdicibadd medlumffwxﬁlhESCZMSOsQﬁ:pm);FMBJMSCS {#4B6) and
2011/ 010966PCT/ SGZOlO/ 000275 11 ' 34 e 7D.. AAR as g percqglgdta e.of the
lef t vendlkeMBUsi(y70)- SHlénG tfﬁj‘tl’flﬁg reswlsdhin #t-SehdaipRrdionaybeses edr M/R

injury. Aldsanis ﬁEgeﬁ\ﬁ%gé ﬂ g%c; %ﬂkquems%gma oY1 élE?z. 390¢ Z%%W%

procedure, resulting In anong the groups.
r epr é8entaad VBAnSKRMA, rédpdetivieBD DESCRI PTI ON PRE- NATAL NESENCHYNAL STEM CELLS
We describe a mesenchymal stemcell which is derivable froma pre-natal

cell. Such a fﬁ%ﬁ‘g §§ fgaegﬁ;ekggrmh@eﬁ%ﬁﬁfcreeqi@t sHoWihg h% ‘&H{T@f"t as a

"pre-natal nese ra nmesenchym em ce tal ned by
t he net hed&r@e&drmyhﬁdrdlmmtaﬁmsl\/Idem.tAll hfifiuds were-afifatt@l tm:EhIeIsalfne ertenhbych t he

mesenchymal stemcell is derjved Yy C se a foetal cell h as a
cadaveri ¢hg eReraiive papqedurpyespifag i 5%@%8%%%%% the gropps E@?h #cond

trinmesten.foehalMmesll selhe foetal cell may conprise a cell of any suitable
age, for exanple up to 2, 4, 8, 16 or 24 weeks.

15 Figure 7 is a diagram showing cardioprotective HPLC-isolated microparticles.

Figure 7A. HPLC fractionation and dynamic light scattering of F11b CM and NCM.
F1lb CM and NCM were fractionated on a HPLC using BioSep $4000, 7.8 mmx 30 cm
column. The components in F1l1b CM or NCM were eluted with 150 mM of NaCl in 20 mM
phosphate buffer, pH 7.2. The elution mode was isocratic and the run time was 40 minutes.
20  The eluent was monitored with an UV-visible detector set at 220 nm and light scattering
signal was collected. The solid rhombus represented light scattering signal as measured in

voltage.

Figure 7B. The eluted fractions, F1 to F12 were collected, their volumes were adjusted
to 10% of the input volume of CM and equal volume of F1-F12 were separated by gel

25  electrophoresis and stained with silver.

Figure 7C. Infarct size (IS) as a percentage of the area at risk (AAR) upon treatment
with saline (n=10), F11b CM (n=6) and HPLC F1 (n=6). Saline-treated mice had a 34.5+3.3%
relative infarct size while F11b CM- and HPLC F1-treated mice had a 17.4+3.7% and

18.1£2.0% relative infarct size, respectively.



The foetal cell may conprise a cell fromany tissue such as a linb cell, a
ki dney cell or 15a liver cell. The pre-natal cell fromwhich the
mesenchynmb 28timeel | i s derived may be conprised in a Pcsseeo10bbe7si ssue
may be derived froma cadaveric foetus. The nesenchymal stemcell may
conprise a manmalian, primate or human résenchymal stemcell. The
mesenchymal stemcell line nmay conprise an Fllb, F21b, F31b, F 1 ki or F3I
cell line. 20We further provide a nedlun1mhich is conditioned by culture of
the pre-natal nmesenchynmal stemcells. Such a conditioned neﬂﬁyn1|s rFferred

toin this docﬁaa%rﬁﬂDasMaR apg e?raﬁlaﬁg%fstbﬁkqﬁty‘f?&rﬂ%q nY)e Ehawing Hisi amamE e
medi unt ae'ﬁq%ﬂrg%tegﬁﬁg&dapcﬁgm' dttef N/flylbﬁfurgeﬁ; 'a}nr{?&ﬁé (e a\fﬁacfeﬁ% lsaffe Q¥tedE b

particle se y a pre-natal stem cel conpri sing at

| east onethdoopﬂralgdeqabchumpeesuymgfm a9.pt&09éa¢mﬁwmlxghb¢rgﬂoup$ diackcbhd . W
refer to 25such %§@E ,¢cle in this docunent as a "pre-natal nesenchynal

st em cel I"CHEFE h a particle is described in further detail bel ow,
and a summary follows. WD 2011/010966PCT/ SG2010/ 000275 12 ,

car di 6pr decdiLpn DESORIPEIGEN nat al nesenchymal stemcell particle may be
capabl e of- reducing infarct size. Reduction of infarct nmay be assayed
I N a NMOUFRENARA QD MEXISICHYMANSIGEM CkBls | schem a and reperfusion injury. 5The
pre-natal mesenchymal stemcell particle may be capabl e of reducing

oxi dati ve st r e&s desthibe aeuksendhymabstemdietl attiisteissierieatde fram dpreamsdyeldl Sushan in

vitro assay of h -
é/sercl)chyn}/aii ste cellpn%yo e re?en(eqztg %2 thIISn ol’lc(l:u(:i‘%ntc aeslaI “pge-natgl mesenchymal stem

cell” or a mesenchymal stem cell obtained by the methods described in this document.

10 The pre-natal cell from which the mesenchymal stem cell is derived may comprise a
foetal cell, such as a cadaveric foetal cell. The foetal cell may comprise a first or second
trimester foetal cell. The foetal cell may comprise a cell of any suitable age, for example up to

2,4,8,160r24 weeks.

The foetal cell may comprise a cell from any tissue such as a limb cell, a kidney cell or
15  aliver 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.

The mesenchymal stem cell line may comprise an F1lb, F21Ib, F31b, F1ki or F3li cell

line.

20 We further provide a medium which is conditioned by culture of the pre-natal
mesenchymal stem cells. Such a conditioned medium is referred to in this document as a “pre-

natal mesenchymal stem cell conditioned medium” and is described in further detail below.

We further provide a particle secreted by a pre-natal mesenchymal stem cell and
comprising at least one biological property of a pre-natal mesenchymal stem cell. We refer to
25  such a particle in this document as a “pre-natal mesenchymal stem cell particle”. Such a

particle is described in further detail below, and a summary follows.

The biological property may comprise a biological activity of a pre_-natal mesenchymal

stem cell conditioned medium (MSC—CM). The biological activity may comprise



The pre-natal mesenchymal stemcell particle conprise a vesicle. The
pre-natal nesenchymal stemcell particle may conprise an exosone. 10The

pre-nat alywgasanhaigeal stemcell particle may contai n at pk¢Rebo169%020%
proteins in an pre-natal nesenchymal stemcell conditioned medi um ( MSC- CM

The pre-natal nmesenchymal stem cell partipcle may conprise a conpl ex of

nol ecul ar wei ght >100 kDa. The conpl ex of nol ecul ar wei ght > 100 kDa may
conprise proteins of <100 kDa. The particle may conprise a conpl ex of

nol ecul ar wei ght > 300 kDa. The 15 conpl ex of nol ecul ar weight > 100 kDa
may conprdasBopotedmdhefpresngalomgachymal stenT¢rdl pariicle arax|berva pleducing em
cell part.icle may conprise a conplex of nolecul ar weight > 1000 kDa. The
parti cl elﬂé?tﬁg\?e a size of between 2 nmand 200 nm The pre-nat al
mesenchymal stemcell particle may have a size of between 50rimand 150 nm
The pre-natal Remetiohyhmfarsttneay eedskaypdrin h clauseraypip anvalehoiny ecandiabischessn
between 50 nm apd. 100 nm 20The size of the pre-natal nesenchymal stem cell
particle %&lﬁmféga’@fléwmyned by filtration against a 0.21AMfilter and
concentration against a nenbrane with a nol ecul ar weight cut-off of 10 kDa.
The sisze of t HEheyre-natat alesemebpmnalyemtbelspatcicandy paapatde ef redycibg odistativeri ned
by el ectron m croscopy. The pre-natal senchymal stem cel | rticle my
conpri se S&reﬁﬁyEP6%&%O§W%§36F6?WQY§WWG LR 1A yir ﬂﬁ?ae%’ﬁ%ﬁ&rgge’h

hydr odyn?grgxia L5)-fdub&d vmeaRadbout 30 nm and about 70 nm It may be
bet ween about 40 nm and about 60 nm such as between about 45 nm and about

55 nm The pre-natal nesenchymal stemcell particle may c rise a
hydr odynanmi ¢ rﬂéﬁ Rig-ngfal “\?\fﬁ@%’l@?@%@é@& 1@@?@%{‘%@?9%?@%%%“‘@5_ nm The
hydr Odyn%&n&lﬁ%ﬂ%ﬁgp%ell%rmé RlaYcBRPriad &&R6mei f fraction or dynamc |ight

scattering. re-natal hesenchymal stemcell particle nmay conprise

a lipid selected fromthe group consisting of: phosphol. pi phosphat i. dyl
serif®, phosphbia riginatahmssenshymalap et PaiFleaay Gongain §tHF’%égﬁ%’eq ipRotelns in

ceram defanl R TRVietel| h.%%&nh%;%l%@én?%lﬁ@o%&tﬁcﬁ{eein&%%ﬁurﬁ holsesegpol - The

chol est erol™-phosp Ipidratio nmay be greater than 0.3-0.4 (nol/nol). The
pre-natal nesenchymal stemcell particle may conprise a lipid raft.

¢ he
pre-natal nesehesradatal mepsnebymalsiam cell parfigly rpay Ganapsisg Blcémp?‘FXerﬁn‘?l%‘iﬂ-[{‘,‘

part 1 or o BRI TRE FO AR EholetRr e, 1D LERSAA A EREST | o
subst ant i <00k D Mht particlethgy confrisexesngilext dfanoioéidarvapghtveB@hkBa.sieci f i ed,
mﬁ?i ]E;E?Cc%l%? L2 9121331%”\%2%{{?; 186 Eﬂ]a (r:nei\ilylcogl%rritsé grlo%\eiglss of < ?@6 E]ga.Wi tha
| The pre-natal mesenchymal stem cell particle may comprise a complex of molecular
weight > 1000 kDa.The particle may have a size of between 2 nm and 200 nm. The pre-natal

mesenchymal stem cell particle may have a size of between 50nm and 150 nm. The pre-natal

mesenchymal stem cell particle may have a size of between between 50 nm and 100 nm.

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

determined by electron microscopy.

The pre-natal mesenchymal stem cell particle may comprise a hydrodynamic radius of
25  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 about

55 nm. The pre-natal mesenchymal stem cell particle may comprise a hYdrodynamic radius of



The pre-natal nmesenchymal stemcell particle may be sensitive to

cycl odextrin, preferably 20 nM cycl odextrin. The pre-natal nesenchynmal stem
cel I partywel811MAYche such 15t hat treatment with cycl odeythrisg6@45655
substantial dissolution of the conpl exes specifi ed. The pre-nat al
mesenchymal stemcell particle may conpriBse ri bonucleic acid (RNA). The
particle may have an absorbance ratio of 1.9 (260:280 nn). The pre-natal
mesenchymal stemcell particle may conprise a surface antigen selected from
t he group consisting of: CD9, CD109 and thy-1. 20We further describe a

net hod ofa plﬂfo'iﬂmllnljh@ahYﬂF@YﬂM ragipis sppytherdeterminadh ydpser giffractianeorglynggaiccr i bed
above, Fgrp?éanggn%orrprl sing isolating the pre-natal nesenchynmal stem cel I
particle oma pre-natal nmesenchynmal stemcell conditioned nmedi um

(MSC- QM . The method may conprise separating the pre-natal
mesenchynal st%meinatabmﬁsqn@hﬁnalrsmm e‘tlheartlelsrmyrf@mmsgaél@ sstectas| fear ther
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sel ectsed dhohre, Tshhﬁg&hgiﬁi?n s&lamids, @beoiipid, Eb@bmmepaeﬁondsncmmsl gatected from
t he conpositions set out above. The bi ol ogi cal activi t}/ may be sel ected

from t he dbplssisealwhpsnielipidiratie may be garater dpa 3-0.4gol/mol The’pre-natal

2011/ 010 ] thgr describe a nethod of

pr oduci ngﬁgg %%P{& gﬁﬁ%héélar C(s)rtngrrhyégae{ﬁapggtl cl e as descri bed above.

The nethod may conprise obtaining a pre-natal nesenchynmal stem cell

condi ti oned nediewis-npsbmesgnchymalisigm eelhparticle wﬁ@emqhahlﬁ Hynarhiengsydetrgen
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mesenchymal stem cel | condi medi um to e excl usion chromat ography.
A TSK @a{%ﬂe%ﬂmg@v\mwfgedx RSF- natglr@ﬁs s et StRertoleg Bt

col um May;ibe nEIRIRY §lergdite et hod may conprise sel ecting LV absor bent
fractions, for exanple, "at 220 nm that exhibit dynamc light scattering.
The 10dynam c light scattering be det ected by a quasi-elastic |ight

scattering (Qﬁls)pr%@@bmsfencmal &el Wf{?dééli‘ﬁyrt?essén%wq OrlegextFict i ons
whi ch el
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W furth armaceutlc conpositi rrsing a pre-natal
meserlShy rthit tehtmant @lith qyaiotlexiha casses| &ﬂlstanbekillswgmohexf thei Qdm;ﬂexes specified.
e

pharmaceutical |y acceptable 15exci pi ent, diluent or carrier.

further provi dlehe glﬂaﬁ g};rﬁ | sty QQFME sk riBBhldIGE Seid éRﬁI%Sh a
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particle for t reparati on, of a pharnmaceu osition for t
treat mntsmcﬂpa@r@@swy CHIWREISF @rSHHGC PHigH frgR %%r@uafogseﬁélﬁgée? €D,
pre- nat alcpRgenenyyml stemcell particle in a met hod of. treatnent of a
di sease in an indivi dual .

20 We further describe a method of producing a pre-natal mesenchymal stem cell particle

as described above, the method comprising isolating the pre-natal mesenchymal stem cell

partfcle from a pre-natal mesenchymal stem cell conditioned medium (MSC-CM).

The method may comprise separating the pre-natal mesenchymal stem cell particle
from other components based on molecular weight, size, shape, composition or biological

25  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.



The di sease may be selected fromthe group consisting of: cardiac failure,
bone marrow di sease, skin disease, burns and degenerative di seases such as
di abet es,wl6i10%%' S di sease, Parkinson's di sease and ggi&ehe10R80€
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20 We further provide for the use of such a pre-natal mesenchymal stem cell particle in a

method of treatment of a disease in an individual.

The disease may be selected from the group consisting of: cardiac failure, bone
marrow disease, skin disease, burns and degenerative diseases such as diabetes, Alzheimer’s

disease, Parkinson’s disease and cancer.

25 The disease may be selected from the group consisting of: myocardial infarction, a
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



vitam n netabolism am no acid biosynthesis, pre-nRNA processing,

transl ational regulation, nRNA splicing; or (iii) in the supply of

functi onswoneimdossg any one or nore of the follow ng: sipgmalicho@ooezecul e,
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extracellular matrix, 30extracellular matrix glycoprotein, protease,
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| yase, ot her éﬂ%nﬁ@bwwymﬁlé cue eell pastielamsypersedia aid woynd pealingnsang
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in diameter. Such conp rticles may.therefore be use r

t her apeutheE‘erPé%ﬁXcheFlﬁ’cd‘S %]I[?a O3 3.1’6?5‘%%%8{4]‘6‘% TR PeLL &BF ofﬁ‘fg cells

t hemsel veglowing: celf@i‘ﬁcﬁﬁ@aﬂ&h@ﬁh@e%mﬁﬁf{ﬂé c8ll @8Rl calied, lcelt nRsilitg BRI exes
or exosones may be used for a variety of purposes, such as treatnent or

prevent i cdhésion, @adqnymlSQmmqgg,rqxogytggag:g@kmﬁ, eedl oygle, Bemueity and defenseac

e O AP B T R e B g o o
Pr e- nat a|méﬁi‘éiedll ﬁﬂm{Iﬁllty Sigand- ﬁﬁﬂiaﬁedaﬁgrﬁﬁﬁg,rdyhﬂtﬁhd andtdhiesmoKline unsitedsiyndiidng

obtained in a nunber of ways. For exanp they may be .derjved froEn
pre- nat alpathveayy, ggnaﬁﬁ@n&}t@tl%te&raﬁql@& énatrlx proteln -mediated signaling, growth factor

homeostasis, receptor protein tyrosine kinase signaling pathway, cell adhesion-mediated

signaling, cell surface receptor mediated signal transduction, JAK-STAT cascade,
antioxidatioh and free radical removal, homeostasis, stress response, blood clotting,

20  developmental processes, mesoderm development, skeletal development, angiogenesis,
muscle development, muscle contraction, protein metabolism and modification, proteolysis,
protein folding, protein complex assembly, amino acid activation, intracellular protein traffic,
other protein targeting and localization, amino acid metabolism, protein biosynthesis, protein
disulfide-isomerase reaction, carbohydrate metabolism, glycolysis, pentose-phosphate shunt,

25  other polysaccharide metabolism, purine metabolism, regulation of phosphate metabolism,
vitamin metabolism; amino acid biosynthesis, pre-mRNA processing, translational regulation,
mRNA splicing; or (iii) in the supply of functions including any one or more of the following:
signaling molecule, chemokine, growth factor, cytokine, interleukin, other cytokine,
extracellular matrix, extracellular matrix structural protein, other extracellular matrix,

30  extracellular matrix glycoprotein, protease, metalloprotease, other proteésgs, protease

inhibitor, metalloprotease inhibitor, serine protease inhibitor, oxidoreductase, dehydrogenase,



25such as a foetal tissue, may be processed, such as by dissection, mncing
or washing, or any conbination thereof. The nesenchynmal stemcell may be
derived fwemhpUflweg ti ssue based on any suitable proper@ﬁT/Ss}zglmm@@ﬁ
preferential adhesion. For exanple, the nesenchymal stemcell nmay be

sel ected based on its ability to adherel6o a substrate. The substrate may
for exanple conprise WO 2011/010966PCT/ SG2010/ 000275 17 pl asti c.
Accordingly, the nmesenchynmal stemcell may be derived frompre-natal tissue
by allow ng the nesenchymal stemcells in the pre-natal tissue nmass to
adher e t pepixadase.chapesens, shapepanipdie, 70 familyichaprsonmpthsechaparoaes, éhnthet@%ﬁssel

w th one or . nore pl
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culture. 8 t ur e Il
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any suita ppI ement, such.as s cement tc.
The ser urfit SATEREI TRt facie oo %@%ﬁtﬂa@ilwowﬁm% maéulahgﬁ%atef
sui t abl e foRGENEG@AL b&ﬂtpw&ﬂ as 10% EGF where present, may be included at
any suitable concentration such as 5, 10, 15 or 20 ng/m FGF2, where

present, may he included any suitable ncentrati on such as
20 ng/m . 1BA Wﬁéﬁhﬁremde&%&eﬂewﬁ%ﬁym Qe ﬁga&lgrwreda?meﬁal V@aﬁ%{?fa

mesenghy na|) p §ftﬁ!;ee E6th ﬁsng}gx sGREPbf 58-al nfe@éﬂcﬂWanstelﬂ_ kel f)h'xltlblértgéetﬁ@%wﬂ?a

cultured in“elther free or serumcontaihing culture nedium
confl uentdxsptehwropd:rahheé@dcﬂmerﬁ@m&stéagleajtafgﬂt exanpl e by trypsinizing and
then splitting such as at 1:4 on a gel atini zed tissue culture plate.

Serum free CUIW%I ﬁﬁ»iﬂoé&)&i IR oPSu sﬂéﬂﬁﬁlﬁ%éthmémgh R]artlcle

suppl emented w 0 serumrep ac nmedi a, non-essenti al
aci ds, l1lQomgdrget. FGF2, 10ng/ nml Reconbi nant Hurran EGF and 551. 1M
[ 3- mer capt oet hanol . Serum cont ai ni ng cul ture nedi um may be made up of DMVEM

nigh gl ucose vivt bl ATHOBxHPIBL BAPBSRIdeRADRG] JithTeAl MEmbRIY Cl N,

Lgl ut am ne, non- essen ral am no serum | nstead of
or |r]5adChatdlopToteOtl‘EGcffecBDﬁ}?)ughyed:ﬂetedIMQh canplbeesof HS(]{I@O mlnylnabalmetels Suct be

established in the ahsence of -cul tur uch as in the . a ce of feeder
Cel I's.  FOPMPINES GUPEHAES My drerglo Reiih Fore PR metas, TBUBRE 4Ty ed wi t hout
a feeder GRlibprbR¥6n, inf PlaSe bSthe 88T thbRtVdd. f ur ther detai beI ow.
The bre-natal mesenchymal stem cell particles, complexes or exosomes may be used-
for a variety of purposes, such as treatment or prevention for cardiac or heart diseases such as

20  ischaemia, cardiac inflammation or heart failure. They may also be used for repair following

perfusion injury.

DERIVATION OF PRE-NATAL MESENCHYMAL STEM CELLS

Pre-natal mesenchymal stem cells as described in this document may be obtained in a
number of ways. For example, they may be derived from pre-natal tissue. The pre-natal tissue,
25  such as a foetal tissue, may be processed, such as by dissection, mincing or washing, or any

combination thereof.

The mesenchymal stem cell may be derived from such a tissue based on any suitable
property, such as preferential adhesion. For example, the mesenchymal stem cell may be

selected based on its ability to adhere to a substrate. The substrate may for example comprise



The nesenchymal stemcell may be derived by optionally selecting a
nmesenchymal stemcell fromother cells based on expression of a cel
surface mmokerioiesmedescri bed in further 30detail bel ow. pENSGaelolooerRy
therefore optionally be selected by detecting el evated expression of WO
2011/ 010966PCT/ SG2010/ 000275 18 for exanpl e CD 105 (Accession Number

NM 000118.1) or CD73 (Accession Nunmber NM 002526.1), or both. The cell may
be further optionally selected by detecting a reduced expressi on of CD24
(Accessi on Nunmber NM 013230.1). Thus, the mesenchynal stemcell may be
obt ai ned Pistischeserdingly s e mesenchymal gem geld map beaistivedrgm Prfr'ﬁétahﬂ%séﬁghy nal
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mesenchymal stem cells. They may satisfy any one or nore of the

mor phol odihey npiyéreadlppied taadhetatodhé sunfice of theeressgl. ddwmest of thepsernatel tissaat i fy
mesenchymal stemcells .9, ‘as known i.n.the art e properties on

char act et l?ecrgmr?ﬁffl’ [SHCEs Beweshing (b@nth‘ilé tflﬁ% 'él}(r?lﬁeotﬁsﬁ\lg%lg‘éﬁsépv P8P O%el 1 ul ar
Ther apy. walh@psft)16aias a h{)ﬂﬂ@%eﬂwycai &Muady, one or nore characteristics as set
out in Domnici et 15al (2006). Morphol ogy The nesenchynal stemcells

obt ai ned by t net hods and .conposi ti ons,descri bed_ her exhi bi.t
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di splay a 20typical fingerprint whorl at confl uency. The nesenchymal

stem cel Issrupbteplasementayediannk @R, BaRaetnThaseromaipplacenent medivm, wharaprasent,
R G A T

They may n-aver ag ur ation dou 6

hours. Thgcled¥d diahy Suitable @nb@iratien slich2% 10, 135502001l @GF2, oherkPré@n)00

cells per cnR. 25Antigen Praofile )
may be included at'any suitable concentration such as 5, 10, 15 or 20 ng/ml. .

15 A specific 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-
containing culture medium. When confluent, the cultures may be passaged for example by
trypsinizing and then splitting such as at 1:4 on a gelatinized tissue culture plate. Serum-free
culture medium may be made up of Knockout DMEM medium supplemented with 10%

20 serum replacement media, non-essential amino acids, 10 ng/ml FGF2, 10ng/ml Recombinant
Human EGF and 55uM B-mercaptoethanol. Serum-containing culture medium may be made
up of DMEM- high glucose without glutamine supplemented with penicillin-streptomycin, L-
glutamine, non-essential amino acids and 10% fetal calf serum. Instead of, or in addition to

EGF, PDGF may be used.

25 The culture may comprise or be established in the absence of co-culture, such as in the
absence of feeder cells. For this purpose, the mesenchymal stem cell may be cultured without

a feeder cell layer. This is described in further detail below.

The mesenchymal stem cell may be derived by optionally selecting a mesenchymal
stem cell from other cells based on expression of a cell surface marker, as described in further

30 detail below. The cell may therefore optionally be selected by detecting elevated expression of



Furthernore, the mesenchymal stemcells obtained may display a surface
antigen profile which is simlar or identical to mesenchymal stem cells.

WO 2011/ G8366RF¥d6e32010/ 000275 19 The nmesenchymalpcsisenh ®RbéSs

obtai ned by the nethods described here may | ack or display reduced
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may be 2 foi erasploGBi 05 6Acdenssign Nomber IM_0001 § §rbsor| (GWEY (AencemneN@mhgar ed to

:nb[ zglmcgw]ﬁt ﬁ@éaﬁ h’ Oréja l-f g@S cgﬁ{n%g %Ifb&?lopg ySnEBCtea era‘e&:c 1%pr %{ Spl ay

expr essi Qipfksionsf QD2WA@C®@§61KNEJ&1b@SN¢MII(HBE}D w. trhummamawmatsm el | s.
These may |nclude expression of any one or_nore of the 10 follow.n CD29,

CD44, MR, beaibieed QOIdeingibriE IS pibesh are ERU O3 104 ol hereewsAehyalSiest &l
cellss m’%& P X amly 1§$@Mﬁ$&g %81?%&%%&86‘&(:\/ SRR tagﬁr ”gha@@ﬁrfg&em@i effOr €

mar ker's se a senc ression i's asso senchynal

cell's. Thind mdythtee spleeteddlydluoresarce lytiedtedséedirsoctalg (F AGS) ot immghetic cellotatg or

| ack of eﬁﬁ%e55|on of any one or nore of HLA-DR CD34 and CD45. The
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CD44+, CD49a+ CD49e+, CD105+, CD166+, MHC |+, CD34 and CD45 cells.
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in vitro. me enbodi nents, the nesenchymal stemcells 30 obtained may
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WO 2011/ 010966PCT/ SG2010/ 000275

Morphology

The mesenchymal stem cells obtained by the methods and compositions described

here may exhibit one or more morphological characteristics of mesenchymal stem cells.

The mesenchymal stem cells obtained by the methods described here may display a

20  typical fingerprint whorl at confluency.

The mesenchymal stem cells obtained may form an adherent monolayer with a

fibroblastic phenotype. The mesenchymal stem cell may be capable of adhering to plastic.

They may have an average population doubling time of between 72 to 96 hours. The

optimal culture may be at 25% to 85% confluency or 15-50,000 cells per cm’.

25 Antigen Profile
Furthermore, the mesenchymal stem cells obtained may display a surface antigen

profile which is similar or identical to mesenchymal stem cells.



20 karyotype. The nesenchymal stemcells may be capabl e of undergoi ng at
| east 20-30 popul ation doublings while nmaintaining a normal diploid

kar yot ypeyohii15aiRkesenbodi nents, the nmesenchymal stem celpkg/sdheiloddr7a St abl e
gene expression and surface antigen profile throughout this tinme. The

mesenchymal stem cells obtained may be d@ch that they do not display any
defects, such as chronosonal aberrations and/or alterations in gene
expression. In sonme enbodi ments, such defects are not evident until after.
10 passages, such as after 13 passages, for exanple after 15 passages.
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or 0.9. The gene expression correlation coefficient between a mesenchymal
st em cel Imesgneliymed stepn eehle mpwtfhoexampde stsCedpgdym@bsens gxessionf afrang Raerpr e

d i bed in W2007/,027157 WD2007/ 027156 . h
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mesenchy rgé F&tmlebﬁc@maabte@ctenyniap dispeiyiredudad yr bk 98 bgdragionadflayy ®heot ar
or identica q(ﬁSUCh as honogenous) with each other. This is described in
mor e det dnerejof Hip-DRe G 3hangb 134y The pre-natal mesenchymal stem cells may in particular

15 comprise CD29+, CD44+, CD49a+ CD49¢e+, CD105+, CD166+, MHC I+, CD34 and
CD45 cells.

The .mesenchymal stem cell may be negative for mouse-specific c-mos repeat
sequences and positive for human specific alu repeat sequences. It may be capable of
undergoing ény one or more of osteogenesis, adipogenesis or chondrogenesis, and in

20  particular it may be capable of differentiating into any one or more of osteocytes, adipocytes

or chondrocytes.

Differentiation Potential
The mesenchymal stem cells obtained may be differentiated into any mesenchymal
lineage, using methods known in the art and described below. Thus, the mesenchymal stem
25  cells obtained by the methods and compositions described here may display a differentiation

potential that include adipogenesis, chondrogenesis and osteogenesis ’

Proliferative Capacity
The mesenchymal stem cells obtained as described, e.g., hESC-MSCs, can have a
substantial proliferative capacity i vitro. In some embodiments, the mesenchymal stem cells

30 obtained may undergo at least 10 popufation doublings while maintaining a normal diploid



WO 2011/ 010966PCT/ SG2010/ 000275 21 Tel onmerase Activity The
mesenchymal stemcells so derived may conprise telonerase activity. The
t el omer aswoaotiioiddey nay be el evated or up-regul at ed conmparsd20w/0a00eent r ol

cell such as a cell which is not a mesenchymal stemcell. For exanple, the
control cell may conprise a differentiat2€d cell, such as a differentiated
cell in the nesenchymal |ineage, for exanple, an osteocyte, adi pocyte or
chondr ocyt e. Tel onerase activity may be determ ned by neans known in

the art, for exapple, using TRAP acti vi as Kimet al,, i ence
bog: 2011 Kapisuyne. The ficgtrah e Al caly i b pAaB el e ere pinab east APT S

Tel one E;I?)_F%Eigﬁ%&min@ WhilC@taintdiffid/a ndrﬁ;aﬁafgfd?d Qé’riro HIT6RBRE eMb¥dim@is, 10
Tel oTA M Tel onerase PCR ELI SAplus, Cat. 2,013, 89; Roche Di agnostics,

| ndi anapché sieserielifERAl stomp celéssdisplayca ptable gendexpeessionaand gudacetantigerRpiatileevel by
RT- PCR. The Li}(ﬂﬂtﬂ%ﬁ' er Tel oTAGGG TM hTERT quantification kit (Cat.
3, 012, 34471088 Jiostics) is available comercially for research

pur poses. For exanple, relative telonerase activity may be neasured by real
time Quantit atTheendsshelyomtstem cedlp obtairsdmhayf becsach that thegptdogwt disfilay sany

gPCR- based _.assa uantifies product generated.in vitro by tel operase
Aot vi Ty TaTe Meh Shinmastigl ST b Rl Rl i dshe edretsting I i ch i s
directly £iRRhéAtQRAEN dd¥edtd BreHIPENIHe funti PATRITE 0 PaaPEQ Sithias affBY 1 PPassssesssed
by the threshold cycle nunber (or G value) for one lig protein cell

| ysat e. Hoeeenmple aligrddpassges. pr evi ousl y descri bed hESC-MSCs |ine and HEK is
a human enbryonic kidney cell line. The & value for 20 each fetal MSCs may
be taken as a gmagdesy nul tiple passages, for exanple, 2, 3, 4 etc
passages. The passages may for exanple conprise three passages, such as
P16, 1P18, and Fegnesenehymid sicorrells pbigied snaysdismara highdsgres pf tnéormitn Itay  be
fpr tvo poqﬁ]esr%go%ﬁs tl?euﬁgﬁegéhirgg s%%jcé?l% bta-me% t?(ﬁﬁ%}/fgéﬁ% é)t?g- Raf JO?IFJEE Pnagm tiple
times, such as i triplicate, Tor each passage. Sp C|P|c_exanp e’of a

t el omer asdispi®t @t oranorapdubbds & plupaliny| afemiform bh distiia rchhasteri &F hieat arsshacddy mal
stemcells, derived by the nethods described here may have a G val ue, as
assayed byithseach otheielhsydnaydisplay gpe pigpgre, %@WS§§1‘EBI¥% Oﬁl‘ﬁ’r‘é’nﬁr"rﬁl‘iﬁ“@?t nor e.

The O Vgég%{%;:fég%triéée&gt%e AP h 6hePeSREBymAL e &R Such39 aMunt¥R'efbrythi®”

nore or
15  stem cell derived mesenchymal stem cells (hESC-MSCs), as for example described in

W02007/027157 or WO2007/027156.

For example, the mesenchymal stem cells méy be such that any two or more, such as
all, mesenchymal stem cells selected by the method exhibit substantially identical gene
expression profiles. The gene expression correlation coefficient between any two or more

20  isolates of mesenchymal stem cells obtained by the method may be gfeater than 0.8, such as
greater than 0.85 or 0.9. The gene expression correlation coefficient between any two or more
different passages, such as successive passages, of mesenchymal stem cells obtained by the
method may be greater than 0.8, such as greéter than 0.85 or 0.9. The gene expression
correlation coefficient between a mesenchymal stem cell obtained by the method and hESC-

25  MSCs, such as for example described in W02007/027157 or W0O2007/027156, may be
greater than 0.8, such as greater than 0.85 or 0.9.

Any two or more, such as all, isolates of mesenchymal stem cells obtained by the

- method may be substantially similar or identical (such as homogenous) with each other.

This is described in more detail in the section below.



WD 2011/ 010966PCT/ S&2010/ 000275 22 Cardi oprotective Ability The
nmesenchymal stemcell so derived or a nmedium conditioned by such a cell may
conpri se woendimpowsecti ve ability, as described in the Brxamghes/obhs
cardi oprotection may conprise restoration or naintenance of cardiac
function during ischem a and/or reperfugilon. Car di oprotecti on may be
assayed in any suitable nodel system such as a nouse nodel of acute
nyocardi al infarction (AM). In such an assay, AM is induced in mce by
permanent ligation of the |eft anterior descending coronary artery as
described in ¥ e4€Y ) yung Lim S, El-Oakley RM Tang TP, ZA AL, et
al . (2004) M ogpHéRhchyMakehd @lisisd dédiedeRAPdplisdRlsMicrade Astaidy1 Thabl e and
hi ghly reproduci bl e experinental nodel. Cardiovasc Pathol 13: 91- 1097. 100
il of 10elkmsomseeetivitnmay boeldvatederup-regulatosh compaend-te arsantrologl guekorh aenll
(control) e as_descr| venis. th dpi ni r Lce via an
st o pUMe: prasadrarand BB SN epR Menaihd A b ey
funct ison diffefehefed ealL sudhsasasdiffsadatby cdfRin thé hesenshgkal lirkhge, for example, an
15Car di oprotecti on nay al so be assayed in.a pig/ nouse nodel of nyocardi al
i schem a/astegeytepsdivaeyfenrcRpndragyiey (Timers L, Lim S K, Arslan F, et al.
Reducti on of nyocardial infarct size by human nmesenchynmal stem cell
condi ti oned mer|etierasy f0ivIER MayRRsR & mihed 29 Q¥cahs krOwd &vthe attNfor Bk emple Siyng
injury is induced by a tenporary occlusion of the |eft circunflex artery in
pi g or t HERARBctivityrassaye(Kim gt ghveriense 2668041, 18P 7 asing gicommesciplly ayalahle kit
20r eper f ysd J i . I.hed .al so
be. used {aRPRereRIM R Gl apamAkah 190 CRERHOT 1R fleh L, FRONEe NEV.. 81
and tle OFder AMGGRTMjTelomermd HICREEESA phis) Qate?,al 2189 ;R adie Miagprostiesct i on i n
different. c¢linical indications. The sench stem cel
er i ved ddaniRatiel TR GprheR %‘yalé‘héﬁe‘éf‘l%‘%? atﬁ@%,ﬂl@%&&ﬁ%ﬁi-ﬂ&ﬁofhe
alleviati i i) i j . i I
of 1 schery B G S S ER 55 5 R P Sy
pr ot ocol if availabapmmercially fopesasbtiwpesedhi | ity of pre-natal nmesenchynal
stemcell conditioned nediumfollows. M may be induced by 30 m nutes
occl usi on of | J . : i ' te it
Ut Ur o, Subsequt BRI BIHRhkt i D T B P LB BT o
15  telomeric repeat amplification protocol. This QPCR-based assay quantifies product generated

in vitro by telomerase activity present in the samples. The relative telomerase activity which is
directly proportional to the amount of telomerase products may be assessed by the threshold
cycle number (or Ct value) for one pg protein cell lysate. Hues9.E1 refers to a previously
described hESC-MSCs line and HEK is a human embryonic kidney cell line. The Ct value for
20  each fetal MSCs may be taken as a mean for multiple passages, for example, 2, 3, 4 etc
passages. The passages may for example comprise three passages, such as P16, P18, and P20.
For the control c¢lls, such as Hues9.E1 the mean may be for two passages, such as P20 and

P22.-The assay may be performed multiple times, such as in triplicate, for each passage.
A specific example of a telomerase detection method is provided in the Examples.

25 The mesenchymal stem cells derived by the methods described 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.



initiated by releasing the suture. Five m nutes before reperfusion, mce
may be intravenously infused with 200 pi saline diluted conditioned nedi um
cont ai ni ngo2opg1pseet ei n for Hues9. E1 (hESC- MSC) CM or 15QTRG20M000@75 f or
fetal MSC CMvia the tail vein. Control animals may be infused with 200 p
saline. After 24 hours reperfusion, infa3fct size (1S) as a percentage of
the area at risk (AAR) nay be assessed using Evans' blue dye injection and
TTC staining as described previously in reference 26. Briefly, just
bef ore exci sian 3f t he he%rt for analysis, the LCA may be re-ligated as in
the inducti on (¥9RRIGHVa A0EDAns bl ue dye may be infused into the aorta and

the AAR may behdefdstfghyl §tbR R1188 dBfVedSdral MeHuRob¥i@bied B} siRhdAyell nddie
heart may then be exciSed and cross 10 sections of the heart may be stained

wi t h TTCCconipribs eardipprodgctive ability, 83 deseeibed mdhplixammutesibe sardienrotegiipremay
myocar di ug| ﬁs@%},to?alﬁ%h%%danﬁsﬁa%fc% YLcdilihe d;ﬁ%uébr?l@ PR EAIYE ReARide

area of non- I'um no eto
defined by the area not stained by Evans' que dye. Infarct Size 15The
mesenghymal stGandiopiotection thayibeassayed i anydiiizhle modek systamd sish aswohousegeadel may

h
0% or S s oo E bl AU 1 LR an gy RTAS ndBud S TRke B pBBMER" ™

nore or TiHeH offhE &fCad s idscshdifig @Broaniyideny fvdesédbedrin Shket TelléaMa Yung
non- condi ti oned nmedi um or saline. Assay for Infarct Size 20Infarct _size may

for exanpi@ HE-QaklaydtMy SangTP %Afz%h Ieb% (290A:Mpyeerrdial infarctigpsin tbff p§7BL/§J
1
oxcl 1 on ok Ny BRI LSOO CRLIEN SErk IR Catelai 18t

i nfugéd ®©frough the coronary systemto delineate the area at risk (AAR).
The heart is then excised, the LV is isolated and cut into 5 slices from

apex to base. r m
chloride (TTC, 16@5‘ ot % %ﬁ"ﬁ‘rt%héé%%&c{gw" éhz“‘gd‘%‘;ercr‘r@%%ﬁ‘t"ﬁé‘fﬁ‘ I“la{ﬁols) in
37C Sor em&ﬁiﬂrol)uﬁziw as(dl:é’crﬁ)eg/abm}él-ilg Bea aﬂnﬂrﬁstBre@/th tiéaRide Pddan @&intfdic pohbp/. 4) for
15 mnutes to discrimnate infarct tissue fron1V|abIe nmyocar di um

2011/ 0109EsEEay thesupndnr yowopst g next T2hqury fleeg fundiion i f@ﬁ% myge 1 ﬁ%ﬂegﬁeg\gés
infarct YRS &@ék@llﬁt@xi ed as a percentage of the AAR and of the LV.

Oxi dative Stress he mesenchynmal stem cells produced by the nethod
described here may be Qapable of reducing oxi dative Stress.

15 Cardioprotection may also be assayed in a pig/mouse model of myocardial
ischemia/reperfusion (MI/R) injury (Timmers L, Lim S-K, Arslan F, et al. Reduction of
myocardial infarct size by human mesenchymal stem cell conditioned medium. Stem Cell
Research. 2008;1:129-137). 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

20  reperfusion.

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

essentially evaluate cardioprotection in different clinical indications.

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

25  capable of alleviating reperfusion injury. This may be assayed using a porcine model of

ischemia-reperfusion as described in W0O2008/020815.

A brief protocol for assaying cardioprotective ability of pre-natal mesenchymal stem
cell conditioned medium follows. MI may be induced by 30 minutes océlusion of left

coronary artery (LCA) by ligating the aftery with a suture. Subsequent reperfusion may be



The oxidative stress may be reduced by 10% or nore, 20% or nore, 25% or
nmore, 30% or nore, 40%or nore, 50% or nore, 60% or nore or 70% or nore
conpar ed wbt2b11@anowei mal that is treated with a non- condiptirsoeadhorwesk7sim or
sal i ne. The reduction of oxidative stress may be assayed in an
in vitro assay of hydrogen 10peroxi de (P202)-induced cell death. Assay for
Oxi dative Stress The reduction of oxidative stress may for exanple be
assayed using an in vitro assay of hydrogen peroxi de (H202)-induced cell
death. In summary, hydr I‘OXI de %Q%Oér nmedi at ed oxi da&) ve stres is
i nduced iPUAGHEN rele%ﬁk%gﬁ k- Eyeraing ¢ TEPERBTIPR-{CE BaY HCARIFAVERUS
Trypan bl; S@M h'3H@ u sdﬂueanudee %Kﬂﬂl&em&ﬁhlc%nﬁfﬁn% DU RGeS ¥ fifleso E1
conditi on medi um of mesench stem cel with saline as a control) and
treated \(hE&C-EMSGZ) CM 6200 ng)pnotmiufne faali M&C G/M g4 thedsil vl Comtial ninalymiay

assessed us Bl ue. ex nat 12. 24 ours after 202
rr oat mente e wib 00 Bl e SRt e p it s e AS) A8 SeBli

an insvi e é’f“é§é‘tyr1§kf(A2Qg\|ﬂa)OKé 83tdsedusihg EVANO bRi¢idga i j¥@iohtan8 I Q& ¥inlg S@, be
assayed as follows. Pigs are treated wth the particle, conditioned medl um

or nesendisaribred previnushiin refgranRe 3@ i ne as a control). Tissue sections of pig
heart are obtai ned. Nucl ear oxidative stress in tissue sections of treated

and untreat ed gl just sef&etéinse@l JP¥heSndahd6: aﬂnmo&feewA%yf&rrqumuée% DNA.
The tissue sections are assayed for intense nuclear staining indicative of

DNA OXi daluq oductivg afischemia; Evasshlvedys mpi ho gdwsidtigto Theaartesnd dhe AdR mephe

cells pr by the thod rih re be siml tical
(such as ‘glé‘/%'ﬁﬁe glnﬁfig’y%%ﬁ% %?% S l‘gaﬁeaﬁe%l%% %ﬂlexmfeecﬁ%n@e ?SS( VBCO)
WO 2001/ QeaRn6 BEHe Her® hidy MG 2isedAbitle Wm@evlawingb@ddﬂam ik fseueﬁeéd)spirmay show
a high dvgﬁee of simlarity or identity wth each other, whether

phenot ypivatlenpngrable peggrdiaun is not staigedd Relativeyintarctistre mavt §e measutsd ag sheguer by
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t he cl ones may ar or enti I N gene expression.

be such mbaitama&bymvanm’ btnerdeyerresenchyrral stemcells selected by the met hod

exhi bi t substanti ally identical or simlar gene expression profiles, that

is to say, CIQ él&g\}l on of the identity of genes expressed and the |evel

to which they dre expressed For exanple, substantially all of the

nesenghymal  stlenoeskhchyimmbbtatant|lvaylesxd drid medibsianditiaheéd/by siehtai aellimayr

simlar gene_ expressio
%ave the ability to reguge mIFarct size. The infarct size may be reduced by 10% or more, 20%

or more, 30% or more, 40% or more, 50% or more, 60% or more or 70% or more compared

with an animal that is treated with a non-conditioned medium or saline.

Assay for Infarct Size

20 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

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.
25  Thesslices are incubated in 1% triphenyltetrazolium chloride (TTC, Sigma-Aldrich Chemicals,
Zwijndrecht, the Netherlands) in 37°C Sorensen buffer (13.6 g/l KH,PO4 + 17.8 g/L NaH

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

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



10Honogenei ty of gene expression may be neasured by a nunber of nethods.
Genone- wi de gene profiling may be conducted using, for exanple, array
hybri di saypom@fio®st racted RNA as described in the Exanpbesg20@ioge27R’RNA may
be extracted and converted into cDNA, which is hybridised to an array chip
conprising a plurality of gene sequenceg4from a rel evant genone. The array
may conpri se NCBI Reference Sequence (Ref Seq) genes, which are well
15characteri sed genes val i dated, annotated and curated on an ongoi nhg basis
by National Center for Biotechnology Information (NCBlI) staff and

col | abor @pueetion for the v@iglt of kher dised, orfatse siae isrralralatideas apeycentagn obthedfiBar ed
usi ng anaalngs'kﬁléio\;tware. In one enbodinent, the simlarity or identity of
gene expresglon hay be expressed as a "correlation coefficient”. In such
nmeasures, a high correlation coefficient between two 20sanpl es indicates a
hi gh degree ofOgdativediriessy bet ween the pattern of gene expression in the two
sanpl es. Convexs r i i_clept

i ndi cates a Iglrv}vlegé%sre ré%lyg% Wgti%fr%r'i ‘{CQ% ?{ofllggee Jg‘% Hﬁ%lg&p%e?‘?ﬁeer%ﬁq%ﬁ%@ gge &%gessi on
in the twdraholgesiddNoe sr¢sssati on may be conducted to renpve systematic
variations. or bias (including intensity bias, spatial bias, plate bias and
background bi rior to data.anakysis. 25Carrel atl.on te wn in
the art and iﬁliﬁ)et?%éda lvﬁ'-s.tlreéqgfnagnb& rgi%;%%x.@ /Qtoers ?re(,?ésd 385(%@%28%%%@%’

exanpl e Hiob4 or thore€40%Wir Gikdre, 0% 62R0f) 60%tcrinh@t b 30%Menfrel Sodpated with an
Applications. StatSoft, Tulsa, OK, .ISBN 1884233597 (also StatSoft, Inc.
(2006) . EnEealthativtreated With pognrendifopsd medjipmLor sahne. st at Soft . WEB:
http://ww. statsoft. conitextbool dstathome. htnl). Reference is nmade to

Khoj ast eh et 3the,red¥@on of oSUSPW sBi@sd tay ByRgskyddah ah he viner 438dy afalydesgenf WO
2011/ 010966PCT/ SG2010/ 000275 26 array CGH data, BMC Bioi nformatics 2005,

6: 2740 ArperaxidesbOasduendrasiglenthn coefficient (1CC) nay al so be conduct ed,
as described in Khojasteh et al, supra. For exanple, a Pearson's test may
be conduct ed tQ8epeChiLrde Bgadsson' s correlation coefficient. A correlation
coefficient of 1.0 indicates an identical gene expression pattern. 5For
such pur poses,Theredusprm ofayidpiaversjisss mpy & exampledspssaygd pRIRG ARE vigo assay

Expr essi ' J I ' I ] ' / .0.khe dat a
oy be. oxt PESRLGH bASRAE (TETRRTLARsG h SRR AOGORE bOBARE R0

(111 um nanediated oGdatie stges is GAjuckiBi) hunhdn lenkdmib € EM eells and el eviabdlities however
that any suitab)e chip d scanni har re.a of twar.e (whi.ch outputs a
cor r dPat imen R LrypAR gﬂlﬁﬁcb‘@oﬂs Hmf"bgggg‘&&? i 4¢ FPW“‘Bf(baEfgﬁ’é‘ﬂbxpressi on

conditioned medium or mesenchymal stem cell (with saline as a control) and 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,0, treatment.

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

25 stress.

Homogeneity

The mesenchymal stem cells produced by the method described here may be similar or

identical (such as homogenous) in nature. That is to say, mesenchymal stem cell (MSC)



10profile. The gene expression correlation coefficient between any
two isolates as for exanple neasured by the above neans nay be 0.65 or

nore. TheygenfR¥kEessi on correl ation coefficient may bec®iséQo@food®Ee, such
as 0.80 or nore, such as 0.85 or nore, such as 0.90 or nore. The
coefficient may be 0.91 or nore, 0.92 or25nore, 0.93 or nore, 0.94 or nore,
0.95 or 15nore, 0.96 or nore, 0.97 or nore, 0.98 or nore, 0.99 or nore or
1.0. In sonme enbodi nents, the method descri bed here generates
mesenchymal stem cells whose gene expression correl ation coefficient

bet ween’ aignesigplased hpthe preferelieay Sowmkigh dpgrea pf simalarityeen idensity withgasied i s
inthe s or. ¢l: i than, the correl ation coefficient
bet ween ?ggﬁhﬁggﬁmﬁggP&§g?gg9§#&¥ﬁgﬁ§§ne RNA sanpl e, perfornmed a 20 period
of time apart such as 1 nonth apart. For exanple, the gene expression
correl ation codmilagheenidensityaas bsspugedyor nurabes of sy aprbsmegsupsdsrne,afal
stemcells may_be ch . . 0 nor e,
Such as 0100 pEisPalcS Fl SBnple, HHETHRS abvile Bhuderia IngEnoBresgion

0. 93 6r IMHeametBodhadbeROEIEthatar§SGworor Miore meferi¥ymnl sierh eelldselbtedrbynthe e, 0. 98

or nore, 0.99 or nore or 1.0, 25The gene expressiqgn correlation

coef fi ci aRethograxhibis substagtjally idspiead of gmilapgene expresHoR BRLIEH et 53R &Y Re
derivati t Al ' [

expr asi aumERARGIAR EnaP bl ks B PERIaR HEICTS RECHRNRAT arc SRR For
as al | i sxhaipkes substantibidy alh ofthe mesempgmal stoid c204 bH RICIBHPEHIISERDIONII2 75 27
Thus, as.ahomn in.the Exanpl es, the EPrreIation coefficient shows a high
degree ofideitiea] asimyjay s FPfESesenchynal stem cel | cul t ures
obt ai ned. The correlation value of the gene expression profile between

di f f dioent pasddgasgakiteat fereldxptesdon magbe aheaasured by aGughbe bEmethode IGenbme-

val ue of the gene ressi on ofi] e.between the five cultures.is greater
han® 0. 9. ide ane proBliParmigity coRbieaRitia N gromp Fapri i ieer ot pighicd
mesenchy nal ASL RV G lell $n WRIFSH MR, PHESRRAL LS by exdtddiddaind @bniiRBtABRDNAUCH

as honogenous) with each other. The isolates nay display a near identical
gene exprekish orhybridised to andarrayedhip eemprising # plugalita bf génsrrogreaneés yordaegelevdd

above (i.e., h eneity betwee i sol at es of chynal : st em cel

From t he SFPRBa) FATTRuEHETbDay Bf BERREE SEu e iRER SRl ShERAT b5 ot s
and qgisherchgfictesis@d g&irk balidaR&IS anrotatediind E@ithtdd on 60 BRESihS Bakis BRNatdéhal@date t h
mesenchymal stemcells derived by other nethods, such as a human ESC- MsC

cul tur e (froBiasschnplogy dafogmatiqn l) statippd gollabpralsts. or W2007/ 027156). In
sonme enbodi nents, therefore, the nesenchymal stem cells obtained by the

net hods and con@Rsdxph<Rsion B6seth BafplBemay HeheanipafANRindRa RSB isefiwRfeOfd | e
which is simlar to, honpbgenous Mﬁ?h, or identical with 15 such a human
ESC- M5C carletemrhwdinignisthe sinalanis enidegtits of genergxprdspion sry dierexareseed asidow a
correlatign _coefficigent of XRr.essi f eat ch as
greater t ﬁgﬁe@ﬁ%{l C(')seuf?:1 leréts‘ Iél ?Sglg]? én%agﬁgshgb?g?l, C%érue gdltiﬁgs? Ségfrﬁé%?' glr)eqwg%nn .8, such
as gr@at edaniplaindicfes 8Bighidebres BE BindlaftBawESChbattertlof deme dxipadssion amthee as
descri bed in W2007/ 027157 or W2007/027156) . Thus, as_shown in the
Exanpl es, tWoaiampleseConyeity. gilow correlgtiorceshicigntheteandvpesamples indicates a low

i ndepende | 3 - e . 0. i -human
50 NBC. ot Srhifly BETcRRR polfERESTROHE Brprpiot T (ROBPRs, RO ARG
coef fi ci ety bé cgrdaatedito temarve Gy @emPREvAdATiAhs MESENGHYMAhg BifEnsitChias, PaudlURES

AND CELL LI NE . . .
CE ll)'ias, pElte bias and background bias) prior to data analysis.

25 Correlation'fests are known in the art and include a T-test and Pearson’s tést, as
described in for example Hill, T. & Lewicki, P. (2006). Statistics: Methods and Applications.
StatSoft, Tulsa, OK, ISBN: 1884233597 (also StatSoft, Inc. (2006). Electronic Statistics

- Textbook. Tulsa, OK: StatSoft. WEB: http://www.statsoft.com/textbook/stathome.html).

Reference is made to Khojasteh et al., 2005, A stepwise framework for the normalization of



It will be evident that such a nesenchynmal stemcell that is obtained by
the nmet hods descri bed here may be nmaintained as a cell or developed into a

cel | cul twoeonmoiemeeel | 1ine. 25Accordingly, in this doceoesGodndoxmker e
appropriate, the term"nesenchymal stemcell” should be taken also to
include reference to a corresponding cel26 culture, i.e., a nesenchymal stem
cell culture or a corresponding cell line, i.e., a nmesenchymal stem cell
line. I'n general, the nesenchymal stemcell, cell culture or cell line may
be maintained in culture in the sane or sinilar condition and culture

medi a as HEVLE A% Biginferanatipa £0Gh 6:2 KoM dntia-elperorses 61960275
28 PRE- éygpl V\é further

provi deNgTéngohﬁgtgghqﬂE%&gon %@h@g Et?re of the pre- nat al
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suppl ene e activity In place o the pre-natal Tesenchymal stem
cel | 40 f gmofilee purpose of for 15 exanple treating or preventing a di sease.
Thus, where it is stated that t he mesenchymal stem cells obtained by the

met hods descrihgad%ettsfé orP ﬁa‘%ﬁ%n cgﬁfﬁ%leﬂ%ét%&?ﬂ 3, TNy BQ8Rs o ad tortrtéﬁlptae

evident that ne con such mesench stem ce
equal l'y uﬁeaiurfedrbytthaabqyrﬂrtmnema@dmdl G5 armeate nElH gmnermprremometdfelzh;onany

suitable ne od For | e 20 made b turin senc

stem cel I“soef ‘%“Hﬁ’éhh.‘?rq( éﬁoﬁssﬁgaéép%%cﬂﬁlnt%?’éuﬁ%é@ Of Bler Sn&b Qﬁlﬂ‘i ned
l'engt h of bleMehe ARYEIMGRLY B 0.0PbPRER, 0f02RIr BRAE, (105 6:ORBe! 0.9 niBREli0YB Hray
be enpl oyed, including the "Conditionéd Medi um Preparation Protocol" set

out Heél ovmore, 0.96 or Woee, PeFearahgneal. 98 pemroree 0199 arayore ar p&r ti cul ar conpri se
those produced by any of the nmethods described in this document. The

condi ti oned mar@t OfumeWUodﬁﬂémr t}&enéxemw RERIbALRerE BoRGAEE RsdihihA &S eqEhy el

stem cel | s, escribed in the
whose gene expression correlation coefﬁc1ent between any two or more isolates of

mesenchymal stem cells so obtained is in the same order as, or slightly less than, the
correlation coefficient between technical replicates of the same RNA sample, performed a

20  period of time apart such as 1 month apart. For example, the gene expression correlation
coefficient between any two or more isolates of 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
or more, 0.92 or more, 0.93 or more, 0.94 or more, 0.95 or more, 0.96 or more, 0.97 or more,

0.98 or more, 0.99 or more or 1.0.

25 The gene expression correlation coefficients may be in such ranges for cells which
have undergone the derivation, selection or sorting procedure described above. The gene
expression correlation coefficient between the majority of isolates, such as all isolates, may be

in such ranges.



A particul ar exanple of a protocol for producing conditioned nedium which
Is not intended to be limting, is as follows. WO

2011/ 010966ReT/036GR910/ 000275 29 Pre-Natal Mesenchymal StemsGediootiensliti oned
Medi um Pr eparati on Protocol The secretion may be prepared by grow ng
the pre-natal, such as foetal, MSCs in &7chem cally defined serumfree
culture nediumfor three days as descri bed above and in the Exanples, and
also in reference 25. 80% confluent cultures nmay be washed three tines with
PBS, and then cultured overnight in a chemcally defined ne%;un1consisting
of DVEM medi a Thusrasushopndn e bxampisspihecparipbon gpafficigntghows a high degree of

| nsul i n-Tg -enrin: ' ' il
Recombi nantn e g ThERAPERI AL fmd ik (01 (RERERRAL, THEBomoTbacn vty Oh
P- mer captthe péranxipresvien pragiie betheen differant psssages of learh dudtuveas Igeshtar tiame). 9.i Tres

with PBS and fresh chem cally defined I um hen be added I di um
10 Comportomelarip e ob Bledene B FiAT Mol st tie v chI RG0S efeaiyr dhan %

mai ntained in this mediumfor three days. This conditioned nedium (CM may
then e col | ecAedrdifiglss wé paiideyfor e ntethddug@enanting maseaohymiletndellsiwiish usi ng

tangential flow filtration wth cut-off of 100.lc at Qri ys,
Goet t i ngele SubskantiaNy siawlar ek lgﬁliltrqa%\édbeﬁ RahegeRPRD NP ERRR éﬁeaofrélsesq%w PRY er .

The condi&igfgggegnég;q&éﬁﬁbg%gnp@xﬁgggmiﬂ}oﬁllgerapy as is, or after one or nore
treatment 15steps. For exanple, the conditioned nediummy be UV treated,

filter sterilised, etc. One or nore purification steps nmay be, enployed. In
particul ar, tHes wethas theomiemae domogsieiylesiiied abe v @8, hepeaneifinbriavasy the

di al ysi s nigélaﬂéé Bflla%éényﬁﬁw%{an Eé?fs_tﬁﬁﬁméllﬁethS eharggggeﬁmmy*afso%rag@égéédat ed

usi ng nenbrane ultrafiltration with a nom naf ecular weirght rmt (NWMAL)
of fdo exmimpten stikh isPRisrant loethep velposes!l dtgws.rinlpadicular,t dongpadeansmeat be made

exanpl e, treatnenf or preventjon dj,sease, .a dgsage, of c Ltianed medi um
conpri si n‘ﬁ‘i%’-“?%@chﬁjmﬁlrsg‘?‘é Fﬁpsl‘i?ﬁvﬁ‘g{%Bh?r (Bgﬁ@ﬁf S a%aeh‘é{a?ﬂ ﬁ$€1¥$§§u ¥€a
pati ent idoRefpRiasdsdribed BRIVEIN07/0RRES NYTWO B DByl soideMn{bioklmdrdXT! CLE
We describe a particle which is derivable froma pre-natal nesenchynmal stem
cel | 25( NBa@pforsubhmgsenghymallstenm sellsatbéginasbyt e inrethasls endl eempesitionsglescribed
pre-nat q”lere 1§p Q)(f: Q gr?el ex%&e%g?o%%lr(l)ﬁle which is similar to, homogenous with, or identical with
15  such a human ESC-MSC culture. Thus, the 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, such as greater than 0.9, as with such a human ESC-

MSC culture (for example as described in W02007/027157 or W02007/027156).

Thus, as shown in the Examples, pairwise comparision of gene expression between
20 five independently derived pre-natal mesenchymal stem cell populations and human ESC-

MSC culture samples are found to be similar with a correlation coefficient of greater than 0.9.

PRE-NATAL MESENCHYMAL STEM CELL CULTURES AND CELL LINES

It will be evident that such a 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.

25 Accordingly, in this document, and where appropriate, the term “mesenchymal stem
cell” should be taken also to include reference to a corresponding cell culture, i.e., a
mesenchymal stem cell culture or a corresponding cell line, i.e., a mesenchymal stem cell line.
In general, the mesenchymal stem c-ell, cell culture or cell line may be maintained in culture in

the same or similar conditions and culture media as described above for derivation.



particle". The pre-natal nesenchymal stemcell particle may be derivable
fromthe pre-natal MSC by any of several neans, for exanple by secretion,
buddi ng owodbspaosal fromthe pre- natal MSC. For exanpler/schelopo@snat al
mesenchymal stemcell particle nay be produced, WO

2011/ 010966PCT/ SG2010/ 000275 30 exuded, 28m tted or shed fromthe pre-natal
MSC. Where the pre-natal MSCis in cell culture, the pre-natal nesenchynal

stemcell particle nay be secreted into the ceI | culture medi um The
pre-natal_ mnmesench stemcell particle ma Pgartl cular conprise a
vesi cl e. PRfeNpTAL "ES%NCHEW ¢ ERY QFN"B&T‘ ERUM may conprise an
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herei n. mesenchViul Blefir defik al rres_enchyrral stemcell particle may conprise
vesicles or a flattened sphere Iim'ted by a Iipid bi | ayer. The pre-natal

mesenchymal stem cel | art rise rireters 100 nm . The

pre-natal nes nh?r?ﬁp IP "f‘)f? RSP b?lxc{%}e(?ﬁ%ﬁ?s&db%ddl ng
of the endRsiRl sRERd Bp@he pw%aﬁ[ &eg@kg}mmea&mhe &m&@h ImddRirh ntdye may
have a density gf - 1. and may fl oat on sucrose gradientsS. The

pr e- nat alconmsmmohﬂ/mhosrtmﬂlﬁaéed 0fpth¢ mes,dnehymyl stem eelts, Evedamplecpalypeptides| and
sphi ngonyel j id raft rkers suc tilli nd t he
SFe prot i asiBecbBhIE tr ARSI SHERS ST he fordlioneh fredfn,
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cells or pre-natal nesenchymal stemcell conditioned nediu C-CM, such

as a protm¢diummmpgyabe we &t placeef, gpadditianctos ¢ tp ﬁépqier@erﬁalaeameméﬂwalﬁﬁeén gellsal
MSC-
W -mgr}{ser%\é fﬁ’lﬁp&lgﬁél Celffnf Rhick :fxgel@‘nglc\?%l Cﬁ\@g cells are sWfathe ?(}f'ugg i

pr e-nat al rresench maf part nMprises one or noré genes
or gene poaditiohsd xfnedmadnayrslmrlﬁ-ly]bst adedNBGhapurpesdi um whi ch is conditioned by
culture 20 of pre natal MSCs. The pre-natal nesenchymal stemcell particle
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nmesenchymal stem &er par I'natTtons Mol ecul es

conpr i sedhédRyl Bictudingiglpacticathr ipfotpias bi ol peptide nedyrtr wed ﬁxﬂuppl@nmndm may be
used to sugpl enent the activity of, or in place of, {ghe pre-na MBCs or

medi um cASHVHEY oherinRlaga Ry, }?Pé’ffha%tall mesasachymep! stemecellsy iop the IB‘FPQSSP?@{arrpI e
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cell partic ise a cytos ic protein found I n cytoskel’eton e.g.
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Conditioned medium may be made by any suitable method. For example, it may be
20  made by culturing 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 mesenchymal stem cells may in particular comprise those produced by any of the
methods described in this document. The conditioned medium will comprise polypeptides

25  secreted by the mesenchymal stem cells, as described in the Examples.

A particular examplé of a protocol for producing conditioned medium, which is not

intended to be limiting, is as follows.

An example protocol for preparing conditioned medium from pre-natal mesenchymal

stem cells may comprise a “Conditioned Medium Preparation Protocol”, which is as follows:



30 kinases, and enol ase-1 and the famly of tetraspanins e.g. CD9, CD63,
CD81 and CD82. In WD 2011/ 010966PCT/ SG2010/ 000275 31 particul ar, the

pre-nat alywgBsanhaigral stemcell particle may conprise operRG20M080275
tetraspanins. The pre-natal nesenchymal stemcell particles may conprise

MRNA and/ or m cr oRNA. The term "padticle” as used in this docunent
may be taken to nean a discrete entity. The particle may be sonethi ng that
is isolatable froma pre-natal mesenchymal stemcell (prenatal MSC) or ,
pre-natal nesenchymal stemcell conditioned nmedium (pre-natal MSC-CM . The
pre-nat al nesePreH\atel Meseagioal \Stegnt el Eoadifigyedledivmdyispangrian feetogq! | east an
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mesenchymal stemcell particle may have an t he bi ol ogical_ activities of

f
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correspond to a biological property or activity of a pre-natal nesenchynal
stem 25cel | conditioned pedi um Aclgr%rdi ngl t he ,pre-ﬁat al rresenchgmal {st em

cel | particl e Hhscoagiispsdmediya Hay P@dﬂpﬁ%@?y&éllsﬂﬂr BT ALY nre e i es
of agr e-s%ts?#(gréggﬁpfegu t bnditisHRCREdiumIRLY b eﬁye@‘ea%giﬁule@ {iRedakelon& CM -

The condi trone ure medi umsuch“as a Pre-Natal Mesenchynal Stem

Cel | Condhoreqeificatioh steps (npayebeNan by ST Eivicutary theecooditianerbaiedip ngayl beur i ng a

gr g-elnﬁt ?: qqggg)geﬁafs ggﬂﬁr{%{@;&)gmiﬁ%ié ox( ﬁ{rgﬁfgr%hgrll. Pl\é?g(émgle,d the (ﬁ%ﬁgu%] }naty %Eé\r eof or
concentrated using membrane ultrafiltration with a nominal molecular weight limit (NMWL)

of for example 3K.

20 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

may be administered to a patient in need of such treatment.

PRE-NATAL MESENCHYMAL STEM CELL PARTICLE

We describe a particle which is derivable from a pre-natal mesenchymal stem cell
25  (MSC). Such a particle is referred to in this document as a “pre-natal mesenchymal stem cell

particle”.

The pre-natal mesenchymal stem cell particle may be derivable from the pre-natal
-~ MSC by any of several means, for example by secretion, budding or dispersal from the pre-

natal MSC. For example, the pre-natal mesenchymal stem cell particle may be produced,



WO 2011/ 010966PCT/ SG2010/ 000275 32 in a cell culture nmedium and isolating
the cell culture nedium The pre-natal nmesenchynal stemcell may be
produced Wy 29111668SS conprising obtaining a cell by di $p¢/sehi@/0802Ebryonic
stem (ES) cell colony. The cell, or a descendent thereof, nay be propagated
in the absence of co-culture in a serum3bree nmedi um conprising FG-2. ‘
Further details are provided el sewhere in this docunent. Isolation of

Pre- Natal Mesenchymal Stem Cell Particle The pre-natal MSC particle.
may be produced or isolated in ,a nunber of ways. Such a nethod nmay
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tangential forgg frklnbfalideShcRYmall stdr@téll barfitleQhay comprise vesicle&6f a AX@HRY €,
filtration with a menbrane of” a suitable nolecul ar weight or size cutoff,
20 as deswheredianited hyrrelipid dilgeers Bhe prbinatal mesengby gk sten selhhartielejmay ¢nnaprise
docunent, ,.may, _be T L ' [ I ' red or
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col ump chiheart BEdaRMHf thd@idosxadlitheénbriahg The gié-aatabmesnthyindl dtedheddhpirige aphy
(I-1PLC) with various colums may be used. The colums nay be. size
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We provide a pre-natal mesenchymal stem cell particle which comprises one or more
genes or gene products found in pre-natal MSCs or medium which is conditioned by culture
20  of pre-natal MSCs. The pre-natal mesenchymal stem cell particle may comprise molecules
secreted by the pre-natal MSC. Such a pre-natal mesenchymal stem cell particle, and
combinations of any of the molecules comprised therein, including in particular proteins or
polybeptides, may be used to supplement thé activity of, or in place of, the pre-natal MSCs or
medium conditioned by the pre-natal MSCs for the purpose of for example treating or

25  preventing a disease.

The pre-natal mesenchymal stem cell particle may comprise a cytosolic protein found
in cytoskeleton e.g. tubulin, actin and actin-binding proteins, intracellular membrane fusions
and transport €.g. annexins and rab proteins, signal transduction proteins e.g. protein kinases,
14-3-3 and heterotrimeric G proteins, metabolic enzymes e.g. peroxidasés,_ pyruvate and lipid

30 kinases, and enolase-1 and the family of tetraspanins e.g. CD9, CD63, CD81 and CD82. In



5A pre-natal nmesenchymal stemcell particle may be produced by culturing
mesenchymal stemcells in a nediumto condition it. The pre-natal

mesenchyngb 2:8f@use! | S may conprise HUES9. E1 cel | s. The pggdicdéfofiBdr7gonpri se
DVMEM The DVEM nmay be such that it does not conprise phenol red. The nedi um

may be supplenented with insulin, transf3érrin, or selenoprotein (ITS), or
any conbination thereof. It may conprise FGF2. It may 10 conpri se PDG- AB.
The concentration of FGF2 may be about 5 ng/m FG-2. The concentration of
PDG- AB may be about 5 ng/m . The nedium may conprise

gl ut ani nepetivudar) the presnatelpnesepciymad stenr ¢etirpesitl o Bak §AVPrisOINeMyNYE mbi nat i on

t her eof . The.cel | be .cul tured f .3, A5 7, 8,
0. 10 dayEPenby drepsy gt R B SR e bed sufoigminaandr T 50

obt ai ned hyrgraparating the cells fromthe 15 nedium The conditioned nmedi um
may be centrifuged, for exanple at 500 g. it may be concentrated by

filtration thrqugh a.nemrane. The, nenbr ane, may, C. rpse a>

nenbrane. The 13!9&8?13 | %a_r\‘g‘ge r’r@%’ilsﬁ_ﬁfw oecuglgﬁtcxg_ﬂfp%?aggn g_‘rgﬁf?n %ég?rlgtr?ekesl% r
NDOre. 5 The ph§cl€ A bE somMethinpRd b B isoRYaBIe ok 16 inatad nekéi¢hgmalhvtanmetib gsraphy
such as HPL(E The condi ti oned nmedi um may be separ at ed bégSl ze excl usion.

Any si ze najad MSCorr prenptakmesanghymal xensegl hegnditiongd ynediiny trgrnatat M6 e,

a TSK CGuagd col u . . .

oy be_ oy inE e el pT e ey beiEtp R Pl e e B
such as gab-nagl MSC oEptedaad MSGCM. THY phasphaiesenbhf halrstam ¢l pGclaivhayf beNaCl
at pH 7.2. The chromatography system may be ilibrated at. a flow of
0.5 m / nitRsPorpibledpy@nd fammh ges ﬁlﬁvtaﬂea‘ilbé@eﬁta‘tfia@%w E‘B%t&ﬂ”ﬁ& e EP‘“%%me
be uspd L ohL A1 RRIICNRFOPE I hE oA meSLRRY Ao iRUII PrRIAHTEABEla f or
dynamc |1 5 t scattering (DLS) using a quasi-elaStic |ight scattering :
(QELS) dedubstitote.(or biologidat subsstitatey fowthe hreanatal MG @dr pre-estdi MPEC-GYnami ¢ | ght
scattering may be retai ned. For exanple, a fraction which is produced by

the general i 35fIRCIAGH;BRAY Eell BICIILE bl 85: i Ioh e hEBALKIGON

time of 11-13 m es, suc m nut es und to exhibit dynamc
2011/ 010966p:Ts Bt prOaaSIS84or prephatabMSG-EM mgy b pat tolusef particles in
this peak is about 55-65 nm Such fractions conprise pre-natal MSC

IESHIETLIN < L ) A ORI N T

PARTI CLES pre-na parti es ed 1n this doCunent
may be depreviatatthebenchi@alsiemoelbrTheprerahtabmdsenblyy aal stesucdlbfprecleasyshave a

We therefaore describe a delivery systemf delivering a, pre-natal, MSC
parti cl e Helogicabpoped . spe ?ﬁasblalé’(gl?ﬁé‘?ﬁ“’f%qé’et%ﬂ?@@iai ge qn,c_hiprf"‘glﬁeé? & gan,
ani mal body;q¢ n{apr%ge aﬁthée%lagéamQaaiﬁ&roftaalp?anatama THE b¥e-Satsit em t o
deliver pre-nata C particles to a target. ' ) .
mesenchymal stem cell particle may for example have a therapeutic or restorative activity of |

an pre-natal MSC.

20 The Examples show that media conditioned by pre-natal MSCs (such as pre-natal
mesenchymal stem cell conditioned media or pre-natal MSC-CM, as described below)
comprise biological activities of pre-natal MSC and are capable of substituting for the pre-
natal MSCs themselves. The biological property or biological activity of an pre-natal MSC
may therefore correspond to a biological property or activity of a pre-natal mesenchymal stem

25  cell conditioned medium. Accordingly, the pre-natal mesenchymal stem cell part.icle may
comprise one or more biological properties or activities of a pre-natal mesenchymal stem cell

conditioned medium (pre-natal MSC-CM).

The conditioned cell culture medium such as a Pre-Natal Mesenchymal Stem Cell
Conditioned Medium (pre-Natal MSC-CM) may be obtained by culturing a pre-natal

30 mesenchymal stem cell (pre-natal MSC), a descendent thereof or a cell line derived therefrom



The delivery system nmay conprise a source of pre-natal MSC particles, such
as a 10 container containing the pre-natal MSC particles. The delivery

syst em mayoeonuio®é a di spenser for dispensing the pre-raraic2MBo@asticl es
to a target. Accordingly, we provide a delivery systemfor delivering
a pre-natal MSC particle, conprising a Sdurce of pre-natal MSC particles as
described in this docunent together with a di spenser operable to deliver
the pre-natal MSC particles to a target. 15We further provide for the use.

of such a deljvery systemin. a nethod elivering.pre- natal M

par t1 ol ean pgeloxlairgatettum and igsifimgdhs ol el BpR MEGRTUART Vs g FREPES T 0 ¢ he
body are Jdyows] iy bErodfubed B4 ptddtds e kiging‘bﬁala@rﬁng 2YEIDbE alspelsing S _

cat het hers (i ncluding perfusionh cathet ﬁers such as those described in

Uni t ed Steattegorbastemt(ES) ¢dbcdony,. The celb amaplessendeni ghededf] may pe peophgated in thech
as those described 20in.United States Patent. .7 019, . Delivery,to
The. | ungeDBmon bt st i Baeri (e iy e REPH e T Ao Py detal P I cved
usi ngsf orelRwHBRI if tidls Ae&mhenspr ay, puffer, inhaler, etc as known in the art
(for exanple as shown in United States Design Patent D544, 957.

Delivery to the kidne achj ev usi.ng . an.intra-aortic renal
delivery cat hgf@?{’o’ﬁ@iysﬁLTSWégp jﬁﬁ?f c%’g??%feﬂé{ie[? Al ed States Patent
7,241, 273. The Jir&—nﬁ\ﬂal MSuEp£ti¢ld ey belpréducbé oPRblateduh amudet yewyyssBae 4l be

configurable to deliver the required anount of pre-natal MSC particles at
t he appr dpsthed may gemprisg isolptingihg particls fHemiadyernaigt mesanchyraglstgan eell (ppgonatal

2011/ 010 c : e- nat . j : for
exanpl o DGl Bprepel el Sordpise isplatink Vie BRenim ASC YRHARE b 35 oRY O
per f U8i omesenghyenah sl ceNSGnghtiphedchediumepreeatalVIBCi@O¥).avenously to stabili ze
at heroscl erotic plagues or reduce inflanmmation in the plaques. The

pre-natal MSC.par &%ﬁ&&?l\dﬁé@%@l? Engagz Ob‘%:f?éolét@c? f&rfleﬁg%grﬁ'ﬂy &Et}aﬁosre%{ydif%h B{m-

septic shock by i'fntravenou e-na BC particles
may be usesbclandd ddngponestd basdionihy pr@ieetytof e mé-naadMSC partivleeForxampleathebe
achi eved by chronic intracoronary or intramyocardially perfusion of .
prenat al PuBEaBEMSCcpastcle gy dearalated hisad o ﬂgolﬁqu?qr&%gf&, ﬂé%ﬁ@anea?qrﬁmtwrhe

pr e- nat alorl}@g% antibglifs my be used for the treatnent or prevention of |ung
i nfl anmati on %} I ntranasal delivery. The pre-natal MSC particles may be

used for the treatnent or prevention _of 10dermatol ogical conditions e.g.
psorildsis. Londetenditigasd medipmgpay,befilered or sasceptzated o1 Rath duging, @righin) Py ed

using trafgdaliRlo Brakfiol B k@RpRER M tildrda hitfugh IMEhbRRe, 6r &HERRIY €
one with a size or molecular weight cut-off. It may be subject to tanggntial force filtration or

ultrafiltration.

) For example, filtration with a membrane of a suitable molecular weight or size cutoff,

20  as described in the Assays for Molecular Weight elsewhere in this document, may be used.

The conditioned medium, optionally filtered or concentrated or both, may be subject to
further separation means, such as column chfomatography. For example, high performance
liquid chromatography (HPLC) with various columns may be used. The columns may be size

exclusion columns or binding columns.

25 One or more properties or biological activities of the pre-natal MSC particle may be
used to track its activity during fractionation of the pre-natal mesenchymal stem cell
- conditioned medium (pre-natal MSC-CM). As an example, light scattering, refractive index,

dynamic light scattering or UV-visible detectors may be used to follow the pre-natal MSC



It wll be evident that the delivery nethod will depend on the particul ar
organ to which the pre-natal MSC particles is to be delivered, and the
skill ed psoon/mndsk be abl e to determ ne which neans toprenrglcayioaoens di ngly.
15As an exanple, in the treatnment of cardiac inflammtion, the pre-natal
MSC particles may be delivered for exangPe to the cardiac tissue (i.e.,
myocar di um pericardium or endocardium by direct intracoronary injection
t hrough the chest wall or using standard percutaneous catheter based :

nmet hods under. f | .uor oscopi i dance.for djirect i nject. into ti h
as the mPBEIGH [FR GAMPIS AERPUIC ATYIRHMER o FrdioBIATGRE BcHVIgmBLbHUEAT0

whi ch istglgj(lﬂ%e‘{cﬁegyaﬁy‘qﬁgﬁa@@qbﬂi%,l unen. Any variety of coronary catheter,
or a perfusion catheter, nay be used to adm nister the pre-natal MSC -

particles. Alternatively the pre-natal MC parti cl may be ¢ or
i npr egnat ed orﬁ& fglﬁ‘é‘ﬁ‘t“gtpﬁ%“} S BT $h5¢ IC(?B?IBH]&’C@%%’%@FT“E‘WK_ NANCE AS
CELL CUL%&@I&%@B&%H%}M@A suth @9k ekdsonEB¥aye fiahesl and naintained as a

cell culture. The cells may be plated onto a culture vessel or

substrate such as a gelatinized plate. The cells y be grown and
propadat ed Wi t%Bth%“ﬂén%F’&’é( stgm C@ﬁ-P@mcﬁfhmé%’ b%Pg’%}‘c‘?‘hbX ?’r@t“élﬁgence of

feeder cehlsgocn W) A0l ABRRGTHIEAAARG2TR: B AA isbhchyhids kb, &L

culture nay be"grown in-a serum T um may suppl enment ed
by one omayocompmrise WSO aulls. BhecthedismepaydeymmiseddMdivivh TheddMEM @i be such

fibrobl as rowh factor 2. (FGF2) ~and gptionally platelet-derived growh
Factor. AR BrsSs Agh ORI Shénal 5rbiTae SHANR Tod G gPRRICmSRFR R st
25ng/ ML QfandfehsH, Bt seldddpraibinl (Brd)Not 415 ©lbinatieh thbrgoMAYndYeofiPrist FOF2. It may
subcul tured when confl uent. They may be split by/ng% sui t abl e neans,

such 18s tcompriseRDGE AB. The/gaicentraiagiof hgTFamoay kexibeut hgg BhiThe ratio may
gglr’r}:)r : ;Sﬁ é:]:)géen(t:’r)é&(r)? !)feP]%-Gﬂ"Aﬂ_rr]n%yrE%Sa Q&t@/rr{rgafhll.sfh%nr}lgﬁllnlnsm%;a gon?p%is@%ﬁuqax%in@? das a
penicillin-streptomycin or b-mercaptoethanol, or any combination thereof.

The cells may bq cultured for about 1,2, 3,4, 5,6, 7, 8,9, 10 days or more, for
example 3 days. The conditioned medium may be obtained by separating the cells from the

15  medium. The conditioned medium may be centrifuged, for example at 500 g. it may be
concentrated by filtration through a membrane. The membrane may comprise a > 1000 kDa

membrame. The conditioned medium may be concentrated about 50 times or more.

The éonditioned medium may be subject to liquid chromatography such as HPLC. The
) conditioned medium may be separated by size exclusion. Any size exclusion matrix such as
20  Sepharose may be used. As an example, a TSK Guard column SWXL, 6 x 40 mm or a TSK
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
25  the progress of elutibn. Fractions may be examined for dynamic light scattering (DLS) using a

quasi-elastic light scattering (QELS) detector.

Fractions which are found to exhibit dynamic light scattering may be retained. For
example, 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



ABSENCE OF CO- CULTURE 10l n sone enbodi nents, our nethods involve culturing
cells in the absence of co- culture. The term "co-culture" refers to
a m xt ur ewofinvmome nore di fferent kinds of cells that way/soo®ooyms
together, for exanple, stromal feeder cells. Thus, in typical ES cell
culture, the inner surface of the cultuBé dish is usually coated 15 with a
feeder | ayer of nouse enbryonic skin cells that have been treated so they
wi |l not divide. The feeder |ayer provides an adherent surface to enable

the ES ce|lls to att iti ee rcells rel ease

nutrient lgihhﬁcétt?”r‘!‘& Ftrh?fg’%‘?‘é‘g?sdﬁlt&ﬁ ﬂ“ﬁﬁg‘“ﬁé ‘gsq‘?ﬂ‘ hfEctipRs CODTISG out h.

In the "‘3& ! gélmsgﬁe&aa%zn%& Qeqpﬁdla@sdsdaﬁagexgseﬁlegresenchyrral stemcells
20 culture

may be In the absence of such co-culture. Thus, the cells nmay

be cultured as a rmno in the absence of feeder cel I S. The
mesenchy RELIYERKPE ERE %WM@CCEMUF%HS on a culture substrate The cul ture

substrate may . conpri se ssu cuI ves such as The
vessel may be ’ﬁ&egi?‘? 83‘%@8%[‘?@ @8 eﬁ%f egdn aTl%fl‘é‘iTn}?Hf B4y 3R &e@)Ye(SWd{?r{H

gel at kni $Rehahios aHinat BbdHbLal) sibledRdns.exanpl e protocol for the gelatin
coating of  dishes follows. solution of 0.1%gelatin in distilled water is

made and autoglaved..  Th stored omtenp. The tom.
ti ssue cul tur e%klﬂlﬂ?ﬁeff’ge cteé?fﬁé’o&ih"f:ﬁ’ %Yﬁfs"%r Q‘%f"ﬁ“%lalw‘? B?lta'alﬁg%i Q?E'L’J‘g%f‘%d for
5- 15mi n. de&Qb%Q%;(MﬁﬁPg(o%%&épée@pazs@ SEaRARyA bgaj( f hiin@bdy!, akes are
ready to use. Medium shoul d be added before addi ng cells to prevent
hypot oni anéthedssor Gl FREFTVBDItan to deliver hes-nataldv ﬁmlclqstt@mtareﬁl s may be
cultured in a nedium which nmay conprise a serumfree nedium The term
"serumfree megjeaiel; syaemrma';ﬁcoq@driseﬁ%&ﬂeé Bf Hl%ma@al\mg@ ?ahﬁlefsrs%@h qf aSerum
proteins, e.g., fetal "calf serum Serumfree nmedia are known 1n the art,
and dfe Gtesta'rriebeazhtaioingethapwl-mtalMSB pRaictest Ehexdedi@erylsystennmap ¢ GBI R34 .
Serumfre .e_cammer ci al | ila or exanple, G bco-BRL
(1 nvi troéﬁsrﬁ’fnseig@l‘ SPEBY e 1 REE ™ Wéhmfﬁ’fpf}gsé)r %L free, in that it may
| ack proteins, hydrol ysates,

Accordingly, we prov1de a delivery system for delivering a pre-natal MSC particle,

comprlsmg a source of pre-natal MSC particles as described in this document together with a

dispenser operable to deliver the pre-natal MSC particles to a target.

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

natal MSC particles to a target.

Delivery systems for delivering fluid into the body are known in the art, and include
injection, surgical drips, cathethers (including perfusion cathethers) such as those described in
United States Patent 6,139,524, for example, drug delivery catheters such as those described

20  in United States Patent 7,122,019. |

Delivery to the lungs or nasal passages, including intranasal delivery, may be achieved
using for example a nasal spray, puffer, inhaler, etc as known in the art (for example as shown

in United States Design Patent D544,957.

Delivery to the kidneys may be achieved using an intra-aortic renal delivery catheter,

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

It will be evident that the pafticula_r delivery should be configurable to deliver the
required amount of pre-natal MSC particles at the appropriate interval, in order to achieve

optimal treatment.



and conponents of unknown conposition. The serumfree nedia nmay conprise
chem call y-defined nedia in which all conponents have a known chem cal

st ruct ur ewoGhamitemb! y- def i ned serumfree nedi a may be uped/saaoiotoogrevi des a
conpl etely defined systemwhich elimnates variability allows for inproved
reproduci bility and nore consistent perB8rmance, and 15decreases
possibility of contam nation by adventitious agents. The serumfree
medi a may conpri se Knockout DVEM nedia (Invitrogen-G bco, Gand |sland, New

Yor k) . The serunr&{%%}e nedi a may be SUP Iemsgto(e5 wi th one or nore
conponent s, suc PASTR RANGETHEN Orr?éﬁl‘inﬁ,eq’gtus _ REARER PR PEFVEpRN
exanpl e, opYiheddiderosRyHeRL ﬁerf&gﬂﬁll SEIrmhtal NS SatiERI Ay %enoﬁ@fmﬁmmgk@ the

suppl emented wth 10% serum repl acenent nedia fromlnvitrogen- G bco (G and
| sl and, NahiliverakherosCROWIHIFAET ORreduce inflamitatios én thaplagaes. ribadipernatal MSC

mesenchynal,. stemcells are cultured may c rLse..on r..nore arowth. .
factors, PATIFIHEY Uiy Qithe traprisioripevapRERist Fapie ook by il heffusioe
EGF, 25 TG--a, FG, NGF, Erythropoietin, TG-—-b, 1G-1 and IG-1I1. The
growt b fact or Theyre-oapl MSE particledrnag be gsedvibhthe aichtmren® of pieF@tion thdearedi um

may al so contaj.n ot her growh factaors such as epidernmal grow h.factar (EGF)
o bl at eitGTECIY B BF SRRk GO BRI AR oF TRy BPr T B S SR Pre-
factors ahe kMBWPartiBles Rfre@ird rerﬂ&&&@@hh%r%&arﬁ%‘lﬂfd. T8e pH-hdtill MECGRIIGes N a
medi um conprising both FGF2 and E WO 2011/ 010966PCT/ SG2010/ 000275 38

FGF2 is anay kpeuss&ertthe treatmenig@mirevention pblyas iinflammetionchyr itrarashl delivemt or t hat
is expressed at low levels in many tissues and cell types and reaches high

concent r at i ONsryehrhALVRThRIidI faY Be ufed T dr hatreR@RIMt biPrel&Riodbfi N a
mul titude of physiol ogic and pat hol'ogic processes, includi nSg l'i mb
dev ellBpmeletmatalogicabemdifions e\gopsadiabieall onggermadelivenyrof prgmeatel MSG-paticleanaye

obt ai ned ,co rcially, for ex le fromlnvitro -Gb Grandg 1,sl and, New
Tor i) 1 o R Ry ot teanSer AN ek BaR debles BBRFR: SLRGfort BB A0 O

a wide range of cell types including fibroblasts, smooth nuscle and
connective ti dswdl brBBHgnt whait the debiverympasbetiwd! depedd ne thegfarticadarehgdante whiehed

the A chain and, B, in,. can be present a BB 10 hgnodiners, or _as an
A het or gt ettt piiefed R oe Mefi5ereh, BRI ulest e P B AR B R of
13. 3 kDa whiglhakeinsad émbloylacBofdimilyt: PDG- AB nmay be obtained commercially,

for exanple from Peprotech (Rocky Hill, New Jersey). Epi dermal growt h

factQr or EGF js a gromh factor tha ll.ays an i nportant rol e in the
_reguﬁgti on of AN C%F@mmthﬁrn@f‘meg 8%?%%‘?35}@"3?%& é‘ﬁjtplr%ﬁl?tﬁ%? Qﬁf‘hﬂfﬁng to
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wthin the cell - arise in intracellular calcium
20  inserted into a bodily lumen.

Any variety of coronary catheter, or a perfusion catheter, may be used to administer
the pfe—natal MSC particles. Alternatively the pre-natal MSC particles may be coated or

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

MAINTENANCE AS CELL CULTURE

25 The mesenchymal stem cells may be plated and maintained as a cell culture.

The cells may be plated onto a culture vessel or substrate such as a gelatinized plate.
The cells may be grown and propagated without the presence of co-culture, e.g., in the

absence of feeder cells.



20l evel s, increased glycolysis and protein synthesis, and increases in the
expression of certain genes including the gene for EGFR - that ultimately
| ead to GRB20ymiibeesi s and cell proliferation. EGF may becelkicain®do2rs
commercially froma nunber of manufacturers. The growm h factor(s),
such as EG-, FG-2 and optionally PDGF AB6 may be present in the nedium at
concentrations of about 100 pg/m, about 500 pg/m, about 1 ng/m, about 2
25 ng/m, about 3 ng/m, about 4 ng/m or about 5 ng/m. In sone :
enmbodi nents, the nediun1contﬁins FG-2 at about 20 ng/m .. The medi um na

al so cont ai n Bdp, celly anthg selhculpe may bg grgpymdn mmfﬁem@mihwﬁﬂm e

culture wdl shpg%&%ﬁ@h 'bg onO B hﬁ%@%ﬁg@ﬁ&gﬁréjﬁfchlas %gigg#ngaﬁ GwthHE&0r Ehact

30i nhi bi t1 on tauses cessation o VI SI on wt h. Such cel'ls may
t hen be ditzsblastarewth M@oLD (RGEY)GA6 optdnal@zddclc00078 gidwthrfactot AB (FWXEHE r at e

or flask, and Isplit", _supculfture r S , dilution into tiss

cul ture > @hfor SRl |5a_%}|3'ﬁg l 6ng/ mE lgwgﬂréf‘l‘%%g]s 2%@ 8%%%???' gﬁi@ Cﬁllllzss’('ilgﬁ%ed
here BBy dNQLRHR Myt SEsubRSIRAEN Wlen B6nfRithi.tting during culture. The
cells in the cell culture may be split at a ratio of 1:2 or nore, such as

1:3, 1:4, 1:5 or nore. The term" sage" designates the process consisting
in taking an alheyueay RerspAt ByARY eéﬁ?at“&rsé“:]bf‘g egtent ‘i"iﬂhg}'pﬁ“ﬁ YH8EI28E 0 ng

into fresPygpgl 4he spfctalid nfa chlﬁa;igtgf(;,rggarh% Bq-4¢ntil confluence or saturation
i s obtained. LECTI ON, SCREENING OR S NG STEP In sone

enbodi nents, the derivation nethod nﬁy further, conpri.se a selection or
10sorting st eptherpesenshymdl sieayells may bedpaipained g agg]é Rthymal stem cel | s.
The sel ection or sorting step nay conprise sel ecting mesenchynmal stemcells
(M5O fr amdpveE@F QoGiliTogecel | cul ture by neans of one or nore surface
antigen markers. The use of a selection or sorting step may further enhance
t he d0ri ngencyinadms entbodignemty] oseinethbdomvelve culturing gellf ar thembsmebipfied- st em
cells and )/ furthernore potentially reduce possible 15contam nation from
t he starﬁWﬁ§Qmaterial. This may then further reduce the risk of teratom
formati on and further increase the clinical relevance of the protocol we
descri be. The term “co-culture” refers to a mixture of two or more different kinds of cells that

may be grown together, for example, stromal feeder cells.

Thus, in typical ES cell culture, the inner surface of the culture dish is usually coated
15  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
grow. In addition, the feeder cells release nutrients into the culture medium which may be

required for ES cell growth.

In the methods and compositions described here, the mesenchymal stem cells may be
20  cultured in the absence of such co-culture. Thus, the cells may be cultured as a monolayer or

in the absence of feeder cells.

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.

25 An example protocol for the gelatin coating of dishes follows. A solution of 0.1%
gelatin in distilled water is made and autoclaved. This may be stored at room temp. The

bottom of a tissue culture dish is covered with the gelatin solution and incubated for 5-15min.



A nunber of nethods are known for selection or sorting based on antigen
expression, and any of these may be used in the selection or sorting step

descri bedybeof/o1bss exanpl e, the selection or sorting mpyrRe8GhHoEred by
means of fluorescence activated cell sorting (FACS). 20Thus, as known in

the art, FACS involves exposing cells t@&7a reporter, such as a | abelled
anti body, which binds to and | abel s anti gens expressed by the cell. Methods
of production of antibodies and | abelling thereof to formreporters are
known in the art, and described for exanple in Harl ow and Lane, The cells

are t hen Remeveradinandiplacmesady dmpire Megiune shadd be added hefqre addipg gelisden

ot her ba ~ higfRekd i ng. 25The sorting may be based on any number of
surface g‘ﬁgY‘“’g‘gH (r)lolvvﬁ%or' suspected to be associated with nesenchynal stem

cells. WD 2011/ 010966PCT/ SG2010/ 000275 40 Alternatively, or in

addi ti on, SERiM EREEMEMA or sorting step may negatively sel ect agai nst
antigens based on surface antigens that are not nesenchynal stem cells.

For exanpl e, COFMgscyciyamalsiem ellsmaynsautpeeddppaeadiyn ¥ chompy PPk er

ei thers onghhs fRAMheddim! N Conjunction with CD 105 as a positive sel ectable
mar ker for.1solating mesenchymal stem cells. MAI NTENANCE OF SELF- RENEWAL
The nesenchynmal stemcells may he able to nmintain self-renewal w fhout the
requi rement f ofhatesmsssvmeisedpedighipay C@‘BP“WHMUB‘,WI{%%WPWQH% fre? phssryR

t r eat ment h.gs j | e ' : h : | s or
tunour c¢ eqsr Pt%ﬁéh%g',’ fJ\}élﬂfég Fl\r%% rés tion %% %géd?g%ff kﬁ?ﬁg lnantht% %ﬁf ?Igfﬁr% ;rdfgn&r:lg e% i%rru ses
such as SathpldEBJS PiRehts1S,43T11¥9 hnd t516a8hHB ¢ cSdrom-frtet ihedip exei calimyereid Hpt ed

vectors, su as the Sv40 vect.or i-sing a sequence of the large T

anti gen (%?ﬁ%?le %8% Txamp e, G ‘%0'@%85‘?%%“)57, 287-289, 1988), tel onerase

(Bodnar-A-G et.al., Science (1998) 279: p. 349-52) or a vector conprising

DNA sl@quences Tie sehenftcemnediamay be peotein tiee ibl.that iRaty labk prat&bs, iy Brobykdjes,

i ntroduction of a donj nant oncogeneg, by nutation, are therefore no

requi r ed gnd components g% mﬂ(nown com%ogltio .erhe s%rum-free me&a may compr?se c em?cahy-
defined media in which all components have a known chemical structure. Chemically-defined
serum-free media may be used as it provides a completely defined system which eliminates
variability allows for improved reproducibility and more consistent performance, and

15  decreases possibility of contamination by adventitious agents.

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-
20  free media may for example be supplemented with 10% serum replacement media from

Invitrogen- Gibco (Grand Island, New York).

GROWTH FACTOR

The serum-free medium in mesenchymal stem cells are cultured may comprise one or
more growth factors. A number of growth factors are known in the art, including PDGF, EGF,
25  TGF-a, FGF, NGF, Erythropoietin, TGF-b, IGF-I and IGF-II.

The growth factor may comprise fibroblast growth factor 2 (FGF2). The medium may
also contain other growth factors such as epidermal growth factor (EGF) or .platelet-derived
growth factor AB (PDGF AB). Both of these growth factors are known in the art. The method

may comprise culturing cells in a medium comprising both FGF2 and EGF.



t he met hods descri bed here for making nesenchymal stem cells. The
mesenchymal stemcells and cell lines (or the differentiated cells derived
from t henyomav/Agsguch that they do not display one or perRcehfesbsri stics
of enbryonic stemcells. Such characteristics may include expression of the
OCT4 gene, the SSEA-4 gene, the 20 Tral 380 gene and al kal i ne phosphat ase
activity. The nesenchymal stemcell may exhibit reduced expression of one
or nore characteristic markers of pluripotency. Such pluripotency markers.
may i nclude Nano BMP4, FGF5, Cct4, Sox-2 and Utfl, etc I\/bsenchyrral
stemcells rraoFé‘rlg?wStaﬁéldﬁépmw witogenie; angioaeric.raag ngarofepbic faeiot thetrs ¢ or
non-ter at e
such thateg{g%%e% C?g'imp etvglgﬁég‘éﬁ??g eg%&l c Qs?or m?iﬁ%ﬁgﬁlﬁh S&]{xﬁ'g{lérﬁ 1%)%11?
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The |mTune@::%Irlr]p om sgg% ¢ |m*rur%o I en h(gst anll g%‘?{smlaf gorrprl sg a SCID
nmouse or YorRag 1 -/- nouse. The ceII may be such that a recipient animal,
into which a mesenchymal stemcell is transforned, does not show teratoma
formation for t hs,
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embr Yeni qeaiddith&s ok as 1 A B KRS BhRP B thSHPOLFaABYS bY. S'Idﬁaqloﬁgdﬁn&‘ Fi8teif\
three 10 weeks when enbryonic stemcell-derived tunors are about 1 cmin

di aret er ,consisténgcéfylided kl§a énchain and 12508 IcbainnP PG FB nfay)bernbtrngd comahercialgs nm
em ssi on) r n it (Quantum Dot Corp, Hayward,
are |fﬂf %’%afrg’ fr%n PR eéé‘n%{ Cg%héﬁ-&k?err;'ecrgﬁyllf- derived teratoma. Three days

Iat er, the mce are euthanized with an overdose of anest h.esi a and the 15
tunors are rerkpidamaligewth faste oa E&H is aegowth fastopthatiplay vl idgioytdet ratedndhe/ o

sectioned at, 20 ! t hi cknes The s ns..a ayed for peca

i munor eéﬁ%‘l‘l?lti“ilv)fmv,l ‘?"‘5& fetratboélc ?ffa‘(%ﬁeé’flﬁ{?{b@hg AR ept@é E“’IF&’ ni a)
fol 1 qyed Hymid E@qubumsamq;réteiabmh S hminoddciBRbidhethind(tkiee Mtfdiblecldrecul a,
California), and counterstained with DAPI. The sections are anal yzed by

conf ocal dm&ﬁ@sw EGB rets br binging wish Sighedfinisy tosapideryalk grewrhefanion secaet@ér i bed
here are rfagﬁ*@ o%Qhe qﬁpsu%cé) %ﬁad Sim egﬁtﬂ% IBHSSI(E BJOItQWtyr}gmﬁQ Rlnasd ﬁ:':u'vﬁ;/ o? the The

mesenchy emce e rral
receptor. The tyrosine kinase activity, in turn, 1n1t1ates a signal transduction cascade that

results in a variety of biochemical changes within the cell - a rise in intracellular calcium
) 20 levels, increased glycolysis and protein synthesis, and increases in the expression of certain
genes including the gene for EGFR - that ultimately lead to DNA synthesis and cell

proliferation. EGF may be obtained commercially from a number of manufacturers.

The growth factor(s), such as EGF, FGF2 and optionally PDGF AB, may be present in
the medium at concentrations of about 100 pg/ml, about 500 pg/ml, about 1 ng/ml, about 2
25 ng/ml, about 3 ng/ml, about 4 ng/ml or about 5 ng/ml. In some embodiments, the medium
contains FGF2 at about 20 ng/ml. The medium may also contain EGF, such as at about 20

ng/ml.

SPLITTING CELLS

Cells in culture will generally continue growing until confluence, when contact

30 inhibition causes cessation of cell division and growth. Such cells may then be dissociated



cell culture for a prolonged period, such as greater than 40 generati ons.
They nmay have a substantially stable karyotype as assessed by chronosone
nunber, syehoiAfoeEBI Ntained in cell culture for at |eagprke200m6623%1 ONS.
They al so may di splay a substantially stable gene 25expression pattern from
generation to generation. By this we negn that the expression | evels one or
nore, such as substantially all, of a chosen set of genes does not vary
significantly between a nesenchynal stemcells in one generation and
mesenchynmal stemcells in the next generation. WD o

2011/ 010968PAF Sbstctor0lakysdf ZphiGs subkpitwed 9Bpassaged Oudilutipsagig tsue culture
AY523819) ecﬁ?ﬁ(l%%dgé ar&%ank Accession nos: NM 010446, X74937, L10409), Gata-1
( GenBank SR ARG XRIAE 008089, X15763, BC(b2653), Gata-4 (CGenBank
Accessi on nos: NM 008092, AF179424, U35046, MB8339, AB075549), Hesxl

( GenBank AccesBieanethods: aniigo01posifions kS, hereida therglp@aR8ise passagifg.aor

GenBanl d i. : M 008261, 9015, B 9220),, c-ki}t, (GnBank
hocoosi oPliGE Rine s, TNoohes TRvel sABg HEOFSTIRA a4k 9b LG o BEpayets
BCO52457,3sAKN A 99 or mbeFRae &Wﬁgésk%g ,deMBr£83the 957con§gi5g3fﬁaﬁl}inﬁ ert 4
(GenBank Accession nos: NM 013633, 2437, MB4381, BC068268), Runx

( GenBank aliguetsfiacenflaent civro@f8 2ell linp as wcuting oue freshymedings gnd ingyuturing

( GenBank ' . 4 74, 129085, AK004781), Sox2

( GenBank ' CARE B ot dtOR by %%r%ﬁé’ %@i&% AB108673) . Brachyury (NM 009309,
X51683), TDGF1 (GenBank Accession nos: NM 011562, MB7321) and Tie-2

( GenBank YE3E6THIN SCREENINGMROIGRDOG STEP553, X71426, D13738, BCO650824). The

met hods descri bed here enabl e the production of nesenchymal stemcells as
vel | 15as di f flasemeicabedimests, the diivatienmrhpd sy dpahercoppsisen sdfttionsr

rreserighyrgg{,ti,%;s@éa tPhrer 508t sPlecCoPRRLendRpRANGRN e 0f a cel |l refers to

descendant s the cells which have not undergone substantially any
transform ng treatnment or genetic alteration, Such clonal descendants have

not under gone Hisssleation o sogéntoieR-men spgBEseaclcnb Beasnchunphstga reis GAPEY
I denti Calfr(%nq tﬁehcfri _ﬁz{tﬁg}]ceﬁ% bure %X}n?%lrl?gf@xget Hmor? gﬁlg?%gdnggé% gﬁgﬁ% 'TKQEL St em

cell. The term senthymal ste Oshoul to 1 nclude
cel I i nessettetionw edsdrtingstee man dinyira kensdneentteastdiggenty ef sortimsanicdelectidbn st em cel |
l'ines, and vice ¥er sa. |LONG TERM MNAI IXI’ENANCIE | N CULTURE1 -
specificity tor mesenchymal stem cells and may furthermore potentially reduce possible
15  contamination from the starting material. This may then further reduce the risk of teratoma

formation and further increase the clinical relevance of the protocol we describe.

A number of methods are known for selection or sorting based on antigen expression,
and any of these may be used in the selection or sorting step described here. For example, the
selection or éorting may be achieved by means of fluorescence activated cell sorting (FACS).

20  Thus, as known in the art, FACS involves exposing cells to a reporter, such as a labelled
antibody, which binds to and labels antigens expressed by the cell. Methods of production of
antibodies and labelling thereof to form reporters are known in the art, and described for
example in Harlow and Lane. The cells are then passed through a FACS machine, which sorts

the cells from each other based on the labelling.

25 The sorting may be based on any number of surface antigens known or suspected to be

associated with mesenchymal stem cells.

The selection or sorting step may positively select for mesenchymal stem cells based

on the expression of antigens which are identified as expressed on mesenchymal stem cells.



The net hods descri bed here involve culturing the nmesenchymal stemcells or
their descendants for nore than one generation. 25For exanple, the cells
may be cuvbuoewibws nore than 5, nore than 10, nore tharctsc20mreozzhan 20,
nore than 25, nore than 50, nore than 40, nore than 45, nore than 50, nore
than 100, nore than 200, nore than 500 @0 nore 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
nore generations. W) 2011/010966PCT/ SG2010/ 000275 43 |

cul ture will. gblrepatively. obH addiong hselegtiamen qort&ﬂﬂ%@ax@ege\m§ selgpitagsinst

i nhibiti i Such cells may

t hen be gﬁsgom a?%%&?ég%'c?ﬁ%@%gﬁaak ﬁyg%%&g&ﬁaﬁﬁ%gg{“ or passaged,
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ratio of of in &P)ilﬁ'fctﬁﬁ'mh %séieétagl'é niRk&: for' Sla{l %[erféh%ﬁ ge"
desi gnat es fe protess consi s |ng 5P |ng an aliquot o nfluen
cul tuse otenacel® | |ine, in inoculati ng into fresh medi um and in culturing

the line until confluence or saturation is obtained. The nmesenchymal stem

cells der*x%&g&g&%&&&ﬁ%ggt hods described here nay however be

mai nt ai ne arge nu generations. On the other hand, it has

been 10est abl 'ﬁ%@gesteﬂ Alymdd SfeiPdeils hlay®e abl b mRRShR! meﬁaﬂﬁt\hﬁ%uﬁ:@x’el S

derived direct rom n organi sm are not imortal. In other words, such
somatic credluisentmvﬁ)rarahsﬁ@rmad)d ife span in culture (they are m)rtal) They
will not continue growing indefinitely,; but will ultimtely |ose the

ability to pr Omusefo@hasng;sle %%%%r@]ts éa&ahﬁtgewpﬁfu%n OeRSmAldraNsed O

reaching a "crisis pha 'such ce |e a ter about 50 generations. Thus,
such 19onadells swhlds $ummyr cetlh yr tnmolib cglbbBsageidal anflectnint eth celirtnerwitf trarfomsing

i thout - CRBRPCRR PERWAD. 1B FBSTetErHUrT, Batiised it el d ot

transf or ngkh Qé"thE rsﬁﬂﬂo%%% c&HPﬂsﬁé afsétﬁieﬁ& o th& lar g8 ﬁhﬁédnS(RdDCBHr? eBAlGIBras
tunmour cells or tunour ines, viral infection of a cell line with

tranf or mJn§awetr,Lf$7e§8'éQ&9|, 1988 5\l omemsn(Badpat-Ar G Hetial/, S.Clellqea(h%%é@f/ Pan 3¢P17)

20speci al | y adapted vect SVAQ v [ a sequence
of he | FgStib kSR BN sSllEpe S pmthumn b iEhaky OIS B"g3 *Odc

1988)15 t & yresaysin(rbOdbiah of\a @onﬂianﬁbnoog&ﬁ‘d onbe mulf8 Jar2th@iefgre nddRqbided @r a
vect or conprising DNA sequences of the human papiflomavirus (U S. Pat. No.

5, 376, 542he meﬁmdédﬁﬁ?ﬂb%h@? for ygfing mssensREBylestRan celfs- by nut ation are
therefore not required in the nmethods described here for maki ng nesenchynal

25stemcel | | lm:smesenchymai\@téﬁf@ml@gna Qelt hicesnet the dsffetesiutdddals defieed from
mesenchymal stem—cells ntgi; be propagated w thout transformation for nore

t han 50 gbem} wey basuch thatdberde $ ng, orypRie FRayasienstiea of ehBROBK Y may be

priopagat ed el qul%Il' ﬁér%tgt P{st?ngnay M\%’é e @sgl%il%'f'ﬁ?et O?W g %ﬁ%@%ﬁ%né L cel |

lines. ThHe HBSENC S“aRd nesenchy s ‘may be
| i nea@ge Tral-60 gene and alkaline phosphatase activity. The mesenchymal stem cell may exhibit

reduced expression of one or more characteristic markers of pluripotency. Such pluripotency

markers may include Nanog, BMP4, FGF5, Oct4, Sox-2 and Utf], etc

Mesenchymal stem cells made by the methods described here may be non-tumorigenic

or non-teratogenic or both.

25 Accordingly, the mesenchymal stem cells may be such that they do not substantially
induce formation of teratoma when transplanted to a recipient animal. The mesenchymal stem
- cells may be such that when implanted into an immune compromised or immunodeficient host

animal do not result in tumours.



30restricted. In particular, they may be such that they are not capabl e of
giving rise to all three germlayers. In sone enbodi nents, the nmesenchymal
st em cel Iwol2ongRo9way be non-pluripotent. WO 2011/ 010966PTRGEINIR7O00275
44 We further provide a conposition conprising a plurality of cells,
wherein a majority of the cells are nesdhchynal stemcells. For exanple, at
| east 60% of the cells may conprise nesenchymal stemcells. In addition, we
provi de an isol ated nesenchymal stemcell. The termcell line nay be taken
to refer to cells that can be nmaintained and grown in culture and display
an imortal orThef@epieAt anmal may eoyapriseNdmaRing cpppropasgdrecipient agimal gkt eone
of meseng ShpiorfiSed Sr iARh@H JAEHciBY HoSCardHRb! Hel DSE D b s B be
anal ysed. eeﬁégﬁnéﬁynafrg.eﬁ¥QEF?s Jﬁhsrgﬁtgﬁﬁia ﬁéVe an ex%ression
profile witigdh/-irsouk®. Bliendellanayt e suchthadh remsientcnymal] ings whicbel thesenshyaiml atem
hESC- M5Cs descri hed i.n. WD2007/ 027157 or. WD200¢/ 027 . _Thu nmesench

ot om ool 11 QU FFERTI 158 TREXRBETRS FAVBSE G PrALUaE PTR SgBGruch a5
sim | arity&gs ! 2B homRY TERIWAE ifplaftalon. THE rhéd@hdhyalal brefnYcell® nf§ Bethich
paracrine factors. Accordingly, the mesenchynmal stém cells described here
may be ugbat theyrdamt fpum poswmirs after\pnolongedasGoNpaisimplartiation, susbe giratarthaned i n
W2007/ 027157 .or ¥WZQO7QQ%7&§6 are . ésq&}gpugﬁlﬁgg gthnltal mesenchynma

st em cel "ty CbE A EeuETH 83?18?sea§%s ofc et a &flsnl ef ense response,
and tissue differentiation including vascul arization, henmatopoiesis and
skel et al develApgeteiled protoophfes umeyigenicgy testingfotonts. i nvol ves any one or nore
of these biological processes. Simlarly, the proteins expressed, such as
secreted, by tfqoPLArRRKRIst céIE%ﬁ?&QH il BB S ofisly 34t $IDhick AL three
conbi nation, such as I'n the formof a conditioned nedium nay be used to
suppli®menteekh evhas embistopicdtem cellderi pddaomoos gre abaut grom madiaheter seeseichynial st em
cells, for th rpose. of for exanpl ating.or preventing SuC i seases.
The pre- ﬁ&‘%Fﬁ}?@M@ﬁVng@fcéﬂ?%W%ﬁ% e ﬁ@bsalopgusé%?@éﬁagk?@g(ﬂ%{ﬁ l'i ng

pat hways ey RitQOATRHIAD ot h A¥ywdr8 EA FREHieOBE Hto BREMBYGEOPRIESIIS Ssuch
as Jak-STAI,]%aPK?Q§5 ToII-Iﬁﬁg r%%eptor,ﬂTGF}beta signalling and nmTOR

si gnal i nglepsehiggdtemaThus, the pre-natal nesenchymal stemcells, proteins
expressed by them etc, may be used to prevent or treat a disease in which
any of these sjigaadlysiteRaldMRY ard SuthdAYRH\th arfdveydtRs 8f ARksitebigdxd tHavol ves

one or nore defects’in any one or nore of these signalling pathways.
15  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-pecam1
(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.

20 Mesenchymal stem cells made by the methods described here are may also display one
or more of the following characteristics. The mesenchymal stem cells may be maintainable in
cell culture for a prolonged period, such as greater 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

25  expression pattern ffom generation to generation. By this we mean that the expre.ssion levels
one or more, such as substantially all, of a chosen set of genes does not vary significantly
between a mesenchymal stem cells in one generation and mesenchymal stem cells in the next

- generation.

The set of genes may comprise one or more, a subset, or all of, the following: cerberus

30 (GenBank Accession nos: NM_009887, AF031896, AF035579), FABP (GenBank Accession



WO 2011/ 010966PCT/ SG2010/ 000275 45 Accordingly, pre-natal nmesenchynal
stemcells may be used to treat cardiac failure, bone marrow di sease, skin
di sease, WohosyAasdegenerative di seases such as di abet egq/s6héfdbé®E ' S

di sease, Parkinson's di sease and cancer. Pre-natal nesenchyrmal stemcells
may al so be used to treat nyocardial inf4@rction, a cutaneous wound, a
dermat ol ogi ¢ di sorder, a dermatol ogical |esion, dermatitis, psoriasis,
condyl oma, verruca, hemangi oma, kel oid, skin cancer, atopic dermatitis,
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ul cerat i gws: H%@Oﬁ%ﬁ%@’l@é)ﬁ%@ﬁéﬁ&1(8nAé(r533&1c9t)e1FQXS@(ﬂGblyBanlﬁ AGegbsiompaest y

i nduci ng ,i mat | t|on l.eadin ssue
renodel i 'h@ﬁgg' zﬂ?lbrog é uncsﬁgﬁno?gﬁ O@Q@ g%?%hh
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processesviNel L3N g380y7, mﬂo%mDBPacH;urWﬁM @by, N 1688), TDTF gniand
motility, cel'l stfucturé, cell communication, cell nDtlllty cel | adhesi on,

endocyt osAaession nasi NM eld662.0987%32 13 pudKierd €FenBapks [Accesionenosi NiL813690and

def ense, i mmuni ty, macrophage-nedi at ed
innunityff%%ﬁ a%z‘@%@?ﬁ§zggﬁﬂ$§9§£ﬁnunity, | i gand- nedi at ed si gnal i ng,

cyt oki ne and chenoki ne nedi at ed si gnaling pathway, signal transduction,

ext racel | ul ar Tretméthogy deserivedried: ertable thé gmdhctmy ofgn@ﬂn@YMS'@m tedmrenvellsi s,

rece ein.t ne, ki nase .si nalln hesi 0 |ated
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response, blood clotting, 30 devel opnental processes, nesoderm devel opnent,

skel et al substantinbiyeany transfgrmoige ieginent ongsnetic altganas Spdrrisagloiesyandany bave

not undergone substantial genomic changes are substantially genetically identical to the parent

cell, or an ancestor, such as the mesenchymal stem cell. The term “mesenchymal stem cells”
20  should also be taken to include cell lines derived from mesenchymal stem cells, i.e.,

mesenchymal stem cell lines, and vice versa.

LONG-TERM MAINTENANCE IN CULTURE

The methods described here involve culturing the mesenchymal stem cells or their

descendants for more than one generation.

25 For example, the cells may be cultured for more than 5, more than 10, more than 15,
more than 20, more than 25, more than 50, more than 40, more than 45, more than 50, more
than 100, more than 200, more than 500 or more than 800 generations. In particular, the cell

~ lines may be maintained for 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40,
45, 50, 75, 100, 200, 500 or more génerati_ons.
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antigen (R. D. Berry et al., Br. J. Cancer, 57, 287-289, 1988), telomerase (Bodnar-A-G. et.al.,

Science (1998) 279: p. 349-52) or a vector comprising DNA sequences of the human
papillomavirus (U.S. Pat. No. 5,376,542), introduction of a dominant oncogene, or by
mutation are therefore not required in the methods described here for making mesenchymal

25  stem cell lines.

According to the methods described here, mesenchymal stem cells may be propagated
without transformation for more than 50 generations. In some embodiments, the mesenchymal
stem cells may be propagated indefinitely and without transformation as mesenchymal stem
cell lines. The mesenchymal stem cells and mesenchymal stem cells lines may be lineage

30  restricted. In particular, they may be such that they are not capable of giving rise to all three

germ layers. In some embodiments, the mesenchymal stem cells lines may be non-pluripotent.



Accordingly, such a conditioned nmedium may be used to treat cardiac
failure, bone marrow di sease, skin disease, burns and degenerative di seases
such as dwvebkeiwaosshl zhei mer' s di sease, Parkinson's di sepee/sgnchopanoer .

Such a conditioned nmedium nmay al so be used to treat nyocardial infarction,
a cutaneous wound, a dernatol ogic disordér, a dernmatol ogical |esion, '
dermatitis, psoriasis, 10condyl oma, verruca, hemangi oma, kel oid, skin
cancer, atopic dermatitis, Behcet disease, chronic granul onatous disease,
cutaneous T cel) lynmphoma, ulceration, a pathologi.cal_.cqnditian .
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muscul osliﬁl etal .devel opnent, etc. 20Such a conposition may be used for any
pur pose t SEAYTI UG E medi um may be used. Unless the context dictates

therwi se, th "congiti pund t i
onl'y cei 1 cul t L aisalf b SRR AE b Oy BE e ERod Uil
conpri si g amalsét. nore, such as substantially all, the pol ypeptides which

are present in the conditioned nedium 25Furthernore, any one or nore

proteins secreted fromth se mah.stemcells d i - hncl udi ng
in the form o?f ‘&%‘H%%e{‘ ¥ ag S{érrgn |eglll,g lt1l}lr}lralsf bﬁaénetﬁlrsgel %‘%erant%i)%ssglﬁg%ﬁ%ﬁ%%shédsh qgs t he
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pre-natal nesench stemcells may al so be used as sources for any of the
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such as froma i ' ich the nesench 11 S )
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st emigel | gjtghtai ned by the nethods described in this docunent may be used
for the treatnent of dermatol ogi c di sorders.

The pre-natal mesenchymal stem cells may be used to treat diseases of metabolism,
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 pre-natal

20  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 place of, the pre-natal mesenchymal

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

The pre-natal mesenchymal stem cells may be used to activate signalling pathways in
cardiovascular biology, bone development and hematopoiesis such as Jak-STAT, MAPK,
25  Toll-like receptor, TGF-beta signalling and mTOR signaling pathways. Thus, thé pre-natal
mesenchymal stem cells, proteins expressed by them, etc, may be used to prevent or treat a
disease in which any of these signalling pathways is involved, or whose aetiology involves

one or more defects in any one or more of these signalling pathways.



Therefore the topical application of such conditioned nedi um on cutaneous
wounds or dermatol ogical |esions or disorders such as dermatitis or

psori asi swonprieMesecheal i ng and reduces scarring. |t showtd/saghemoo®7nt ai n
honeost asi s. The conditi oned nmedi um may be 10 delivered in |ipo sone-based
emul sion, gel or cream fornul ati ons and4part of standard wound dressing.
The conditioned nmedium nay al so be used as a supplenent in cosnetic

ski ncare product to pronote skin repair and healing. A suitable

ani mal nodel to test the efficac f such conpditioned nmedi um on cutaneous
disorders is dGepiiRglygyema %‘%ﬁ'ﬁlf‘?’?li stem E%ﬁdmyahee'&?é tQ BRicardiag fafireo

mce i s eht Hapd AsealodRndisddsd beAtslah& Hedeérativedidbase BEichiaks Miabeed. 1 g of Bl o
t 5in 100111 of PBS or PBS alone are applied to 1lcnR gauze and patched to.

t he ski n Alizhdimar’s dmeaspaParkinselr’ e distasg afidnarichr. Nephew) . Thi s procedure is
repeated tw ce over .a period of 50 days. CM and NCM are then applied to

| cn2 gauze aanrQ-ﬁ%_%lr‘ﬁ%setnghyflﬁﬁ. s§é§+ BelRSnACASS b@&&fﬂgggﬁ Iﬁﬁ{cla}’d?a{ﬁfﬁﬁﬂtti%! 4 od of
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neutral forpalin imediately. As nd Allergy. . ja conditioned by
'he. pr - FAIGHOMES BN prim DV IPE- S5 5786 By dremaibiotbed dbepicbed | n
this docyfriic faNulbaténsdistae, &lighcbheRicBR WmpHonds LeRtidAth plthGbgival Ast hima
is a conplex disease with an equal |y conplex etiol ogy caused by a poorly

25char actcenditien characterised didnitiel iaidy enducing nnfammptigrpandomynunprlysiegylgtion ng
pat hol ogy is | ne.dysregul afi.on.l eadi ng, to._chronl ¢.knfl. i . the
B Wy e EHRVENRLS Mnlee in SRS RpoSs F05RE Sr hBLUATTEN, Rendloic

nmusclle nagjanadsticibreds sthuditid@ad thinitis of at sithepaedicdiseasenat ri x protei ns and
subsequently, reduced lung function. WD 2011/010966PCT/ SG2010/ 000275 49

Current therapies include dul atin everal factors or.signali at hways
6 0 “the o THRT e rtseisea R Bund oM il eREledt Bt toRpfoh. o Rne Blafl

r ecept or srbhoddharrewarinbplh@etied & mualiviRmallG-- 13 and EGF [ A76, A77] and the

| L6 pathway [A78]. The CM by hESCMSCs has been predicted to have bi ol ogical

LIRS G T R R I WIS
scar ring ghditidAd By SRH@Fesenchymal stem cells in the regulation of pathways including any one
15  or more of the following: cytoskeletal regulation by Rho GTPase, cell cycle, integrin
signalling 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, heme biosynthesis.

20 We provide also for the use of mesenchymal stem cells obtained herein or medium
conditioned by such mesenchymal stem cells in the regulation of processes including any one
or more of the following: cell structure and motility, cell structure, cell communication, cell
motility, cell adhesion, endocytosis, mitosis, exocytosis, cytokinesis, cell cycle, immunity and
defense, cytokine/chemokine mediated immunity, macrophage-mediated immunity,

25 granulocyte-mediatéd immunity, ligand-mediated signaling, cytokine and chemokine
mediated signaling pathway, signal transduction, extracellular matrix protein-mediated
signaling, growth factor homeostasis, recéptor protein tyrosine kinase signaling pathway, cell
adhesion-mediated signaling, cell surface receptor mediated signal transduction, JAK-STAT
cascade, antioxidation and free radical removal, homeostasis, stress response, blood clotting,

30 developmental processes, mesoderm dévelopment, skeletal development, angiogenesis,



To investigate the effects of such conditioned nedium (CM and the

non- condi ti oned nmedium (NCM on chronic airway inflammtion and airway,

epi cut anewoBIEANBIGEI zat i on of mce are perforned as desecirsedodmosss|[ A72,
A73] After 50 days, the patched m ce are l1lOanesthetized and receive

i ntranasal challenge with 50 pg of Blo t#65 for three consecutive days.
Twenty-four hours after the | ast dose, airway hyperresponsivensess (AHR) is
measured using invasive BUXCO [A79]. The mice are anesthetized and given

condi ti oned nmedi um or non-conditi oned nedi um | nt ranasal I for thre
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nodel . Briefly,” sensitization of nave mce is done by adoptive transfer of
2.5 x 106viBion me&lbgbsm gmigo b hl@ﬂ}’hﬁhe$lﬁbtm9nﬁ€1ﬂ86§f9cels$1n&é@ﬁ51ﬁﬁm regpipdion,
mce are tized and intranasal (IN) challenged with 50 lig of Blot 5
for threemgm g’ﬁlnigve days. Twenty-four hours after the last IN challenge,
ai rway hyperresponsivensess (AHR) is nmeasured using invasive BUXCO [ A79] .
The mce are tWerfuer praddafor tlzea@e@ﬁmegfrmhwnajl\ﬂt@n cplinetitzinediprrsial dr ynedypm

three consecutive, da BAL dis collected. at h er
the | ast BRGTENET bl aGEnceald S o e notn{ ab by hgWiod i Spf bt

| ungspar qn&ﬂew@hé/\follbwir%%@ﬁmﬂgahb@aﬁiefdheﬂiekine glﬁmmfaato@p@td)@xh@mméukm
anal ysi s. In clinical practice, the use of CMto treat |up

di sease rmberwetcé@rm akteacelwlar mar extracolylyr mayrw twetur aricinertberxtiasel
[ ABO- 86] . "matrix, 58113%!:1%891?&? %ﬁ%gﬂ'&ﬁ 0;9&%25% ﬁx%ta%ﬂ:%‘iea@é ke (f)?oteases protease

inhibitor, metalloprotease inhibitor, serme protease inhibitor, oxidoreductase, dehydrogenase,
peroxidase, chaperone, chaperonin, Hsp 70 family chaperone, other chaperones, synthetase,
15  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
adhesion molecule, actin binding motor protein, intermediate filament, ribonucleoprotein, ‘
20  ribosomal protein, translation factor, other RNA-binding protein, histone, calmodulin related

protein, vesicle coat protein.

Furthermore, the mesenchymal stem cells obtained herein or medium conditioned by
such 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.
25  Similarly, the proteins expressed by the 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
place of, the mesenchymal stem cells, for the purpose of for example treating or preventing

such diseases.

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

and hematopoiesis such as Jak-STAT, MAPK, Toll-like receptor, TGF-beta signalling and



Medi a conditioned by the pre-natal nesenchymal stemcells obtained by the
nmet hods described in this docunent may be used for the treatnent of other

di seases.wonoganessal , we predict that such conditioned wedisegmwiomosrseful in
restoring Shonmeotstasis and pronoting tissue repair in pathol ogical
conditions where the initial injury inddded inflammation and i mmne
dysregul ation |l eads to chronic tissue renodeling that includes fibrosis and
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adhesi on,SIWbF‘{)gff@rﬂh‘Y‘?yén and differentiation to initiate 15 vascul ari zati on
and ultimtely new bone formation [ AB7-90]. Based on the conputation
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15 The conditioned medium may be used to aid wound healing, scar reduction, bone

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

In particular, the conditioned medium may be used to regulate the processes involved
in vascularisation, hematology (specifically immune processes) or musculoskeletal

development, etc.

20 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 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.

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

- purposes as the hESC-MSCs as described in W02007/027157 or WO2007/027156.

The pre-natal 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



WD 2011/ 010966PCT/ SG2010/ 000275 51 Bone Marrow Transpl antati on VBCs
have been shown to enhance bone marrow transplantation [ A95] and aneliorate
graft verwoohaabeedi sease. Transpl antation of MSCs has Ilpegscatiownozo

i nprove the outconme of allogeneic transplantation by pronoting

hemat opoi etic engraftnent [A96] and |im48 ng GVHD [ A97, A98]. It is

postul ated that MSCs nedi ate these effects through the enhancenent of the
hemat opoi eitic stemcell niche [A99] and the induction of tol erance and
reduce GVHD, rejection_ of allogeneic tissue transplant_and nodul ati on of
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i ntravenous i nfusi f 6}!\@ r induction of immune tolerance to transpl anted
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post - Br anspl anVedihepaditionddbARhe PreSEASEndsbii¢isy nma siemode)isabtasted iy ¢ld insthods
descri bed, here nay .be used for trea t or prevention of. heart disease.
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affecting the heart. As of 2007, it is the |eading cause of death in the
Uni ted St at es, THengfbrentle tdpidahaipplradon/\éf wish cknditioneg mediup@nsotanemerwouwdds or

seconds in the United States al one. Heart di.sease .includes 20 any of the
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A suitable animal model to test the efficacy of such conditioned medium on cutaneous
disorders is a mouse model of dermatitis. Epicutaneous sensitization of mice is performed as
15  described earlier [A72, A73]. Briefly, 50ug of Blo t 5 in 100ul of PBS or PBS alone are
applied to 1cm? gauze and patched to the skin with a transparent dressing (Smith Nephew).
This procedure is repeated twice over a period of 50 days. CM and NCM are then applied to

1cm?2 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

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

Asthma and Allergy

Media conditioned by the pre-natal mesenchymal stem cells obtained by the methods

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

Asthma is a complex disease with an equally complex etiology caused by a poorly

25  characterized set of genetic and environmental factors. The resulting pathology is immune
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.



Car di onyopat hy Cardi onyopathy is the deterioration of the function of the
myocardium (i.e., the actual heart nuscle) for any reason. People with
car di onyopetby/anmesof ten at risk of arrhythm a 30 and/ opcsisddern/ooesi ac
deat h. Extrinsic cardionyopathies - cardi onyopat hies where the WO

2011/ 010966PCT/ SGR010/ 000275 52 primary 49at hol ogy i s outside the myocardi um
itself conprise the majority of cardi onmyopathies . By far the nobst conmon
cause of a cardionyopathy is ischenia. The Wrld Health Organi zation
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i s thickened, |ch can obstruct oo ow and prevent the heart from
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has faile proper rom appear anc
when vi evesditioned hediuneiianasatly Ggrthree consecutlve days. Twenty- four hours after the last
dose, airway hyperresponsivensess (AHR) is measured. BAL fluid is collected after another
15  twenty-four hours. Following bronchoalveolar lavage collection, lungs are fixed with 10%

neutralized formalin.

To investigate the the effects of CM and the NCM on acute airway inflammation and

airway.

A Blot t 5 specific Th2 cell line which secretes high level of IL-4, IL-5, IL-13 and wifh

20  undetectable level of IFN-y, is used to establish a mouse allergy modél. Briefly, sensitization
of naive mice is done by adoptive transfer of 2.5 x 10° Blo t 5 specific Th2 cells intravenously
in each mouse. These mice are anesthetized and intranasal (IN) chall.enged with 50 ug of Blo t
5 for three consecutive days. Twenty-four hours after the last IN challenge, airway
hyperresponsivensess (AHR) is measured using invasive BUXCO [A79]. The mice are then

25  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

analysis.

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

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



25Car di ovascul ar Di sease Car di ovascul ar di sease is any of a nunber
of specific diseases that affect the heart itself and/or the blood vessel
system espeoi@ibyset he veins and arteries |eading to anecfsemwioneo275\0
2011/ 010966PCT/ SG2010/ 000275 53 heart. Research on di sease di nor phi sm
suggests that wonen who suffer w th cardlovascul ar di sease usually suffer
fromforns that affect the bl ood vessels while nen usually suffer from
forns that affect the heart nuscle itself. Known or associated causes of
cardi ovascul ar _di sease include diabetes nellitus, hypertension,

hyper honmocyst é?HenPEea5¢d hyper chol est erol eni a. Types of cardi ovascul ar

di sease i ncl udgedh REARESARIITHS pleSitdtAMdsendigfal sttS@AS Bbtained by HRCRABMBHS
heart di sease is disease of 'the heart itself, characterized by reduced

bl ood suplsksritted in Has doqgnest m@n be usrsiclor thewreatmant of atheediseases hat supply t he
oxygen and the nutrients gets stopped and the heart will not get enough of

the oxygen andpnthf.Buivel Ratlic Adut J:c%nditﬁﬁﬁé@%e‘dﬁln!ﬂs RERPiPR3bIAY- Heart

Fai l ure art failure, also cal I'ed congestive heart failUre (or CHF),
and c6ngdemeotstasaratidprorhating tisu¢ EPRY in pathelogiealdiondisions hWhtregheimited imjuryf r om

any structuyral .or functional cardiac disorder that inpairs the.,.ability of
T hear ddse ifarg oA S Y ER TR Shicods B Honit PG St RE Btbhout
t he body.in&adesTibroRO A ElobSofFuh@idnt Oehe? HistiiRs irictifte rénall &scRémichgjubgaystic
Hypertensive Heart Di sease Hypertensi ve heart di sease is heart

di sease ddhiess siyskisghd Breigid. pressure, especially | ocalised hi gh bl ood
pressure. Conditions that can be caused by hypertensive heart disease

i ncl ude: Ieft(y@mhkygylar hypertrophy, -coronary heart disease, (Congestive)
heart failure, 20hypertensive cardi onyopat hy, cardiac arrhythm as

i nf| dfmat ory H¥edia candidersd, byehe pre-natal mqsapqhymekstemyceHe abtaingd o1 daeempthods ves
i nf | anmatd 00k if s @&%Heprﬁm u?é?ldllof{htettﬁﬁtrﬁéxﬁ %Pﬁrtﬁ(gfeﬁf?:'“m r&'&%' t.
a ayer of the

Endocarditis conprises 1n ion of the Inner eart, the

Current therapeutic strategies for repair of musculoskeletal tissue often include the use
of a biomaterial (ceramics or polymers) not only to provide mechanical support but also as a
scaffold td promote cell migration, cell adhesion, proliferation and differentiation to initiate
15  vascularization and ultimately new bone formation [A87-90]. Based on the computation
analysis of such conditioned medium, incorporation of CM into the scaffold design may

enhance cell migration, proliferation, adhesion, skeletal differentiation and vascularization of

the scaffold..

To test the effect of CM on bone regeneration in defects that would otherwise have led
20  to atrophic nonunions, New Zealand white rabbits receive a 15-mm critical size defect on one
radius [A91], which is filled with a suitable matrix such as a collagen sponge or hydrogel
coated with either CM or NCM. Radiographs are obtained every 3 weeks. After 6 or 12
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

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

To test the effects of CM on 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
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].



endocardi um The nost common structures involved are the heart val ves.

I nfl anmat ory cardi onegaly. Myocarditis conprises inflammtion of the
myocar di wwp 20h@1msscul ar part of 25the heart. Val vul ar peasG20ionease

Val vul ar heart disease is disease process that affects one or nore val ves
of the heart. The valves in the right siSde of the heart are the tricuspid
val ve and the pul nonic valve. The WD 2011/010966PCT/ SG2010/ 000275 54
valves in the left side of the heart are the mtral valve and the aortic
val ve. Included are aortic valve stenosis, mitral valve prol apse and
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HEART DISEASE

15 The mesenchymal stem cells described here may be used for treatment or prevention

of heart disease.

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

20  any of the following.

Coronary Heart Disease
Coronary artery disease is a disease of the artery caused by the accumulation of
atheromatous plaques within the walls of the arteries that supply the myocardium. Angina
pectoris (chest pain) and myocardial infarction (heart attack) are symptoms of and conditions
25  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 deterioration of the function of the myocardium (i.e., the actual
heart muscle) for any reason. People with cardiomyopathy are often at risk of arrhythmia

30  and/or sudden cardiac death. Extrinsic cardiomyopathies - cardiomyopathies where the



In addition, we describe a process for producing differentiated cells, the
nmet hod conpri si ng obtaining a nesenchymal stemcell by a nethod as

descri bedwbenaimnessand differentiating the nesenchynmal stremscedionod20s
exanple, we provide for nethods of 25differentiating to adi pocytes,
chondrocytes and osteocytes, etc. W fubRher provide differentiated cells
obt ai nabl e by such nethods. Cell lines made from such nesenchymal stem
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enlarged and the pumping function is diminished)

Hypertrophic cardiomyopathy (HCM or HOCM, a genetic disorder caused by various
15 mutations in genes encoding sarcomeric proteins. In HCM the heart muscle is thickened,

which can obstruct blood flow and prevent the heart from functioning properly),

Arrhythmogenic right ventricular cardiomyopathy (ARVC, which arises from an
electrical disturbance of the heart in which heart muscle is replaced by fibrous scar tissue. The

right ventricle is generally most affected)

- 20 . 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

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

25 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



They may al so be used for the re-popul ati on of damaged tissue foll ow ng

t rauma. Thus, adi pocytes or fat tissues nay therefrommay be used to
fill up owmwizbiaows depressions during reconstructive orpcplsalbiomosus gery.
Chondrocytes may be used for cartilage repair while osteocytes may be used
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burns, degenerative di sease such as diabetes, zhei mer' s di sease,

Par kil@soreventialestop be#ding. and cancer. DI FFERENTI ATED CELLS Differenti at ed
cells, such as termnally differentiated cells, may be derived fromthe 15
mesenchynal stg, rgp%lllgreor cell lines made according to the nethods

descri bed. W theretore disclose nethods for generating differentiated
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15 throughout the body. Cor pulmonale is a failure of the right side of the heart.

Hypertensive Heart Disease

_Hypertensive heart disease is heart disease caused 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,

20  hypertensive cardiomyopathy, cardiac arrhythmias, 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

25  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



20D fferentiated cells which nay be nade according to the nethods descri bed
here may include any or all of the follow ng: I ) adi pocyte: the
functi onavoeiloibype of fat, or adi pose tissue, that isptoscedotomoeaghout
the body, particularly under the skin. Adipocytes store and synthesize fat
for energy, thermal regulation and cushi3dni ng agai nst mechani cal shock
25i1) cardiomyocytes: the functional nuscle cell type of the heart that
allows it to beat continuously and rhythnically iii) chondrocyte: the
functional cell ti pe that nmakes cartilage for joints al s, trachea,
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secr et i orgog¢ess.d or hxamplesmplecule which accelerates the production of mesenchymal stem cells
may be used as a positive regulator of mesenchymal stem cell formation. Conversely, a
molecule which retards the process can be considered an inhibitor of mesenchymal stem cell

formation.

15 We also provide a cell, such as a mesenchymal stem cell, obtainable according to the
method. Preparations of mesenchymal stem cells may be either too impure, or not
substantially phenotypically similar or identical (e.g., with respect to gene expression), or may
not be suitable for clinical purposes if they are produced by methods involving co-culture or
presence of serum. With culture according to the invention, this can give rise to substantially

20 100% pure preparations of mesenchymal‘ stem cells which are similar or identical (such as

homogenous) to each other.

In addition, we describe a process for producing differentiated cells, the method
comprising obtaining a mesenchymal stem cell by a method as described herein, and
differentiating the mesenchymal stem cell. For example, we provide for methods of

25 differentiating to adipocytes, chondrocytes and osteocytes, etc. We further provide
differentiated cells obtainable by such methods. Cell lines made from such mesenchymal stem
cells and differentiated cells are also provided. The term cell line may refer to cells that can be

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



USES OF MESENCHYMAL STEM CELLS AND DI FFERENTI ATED CELLS Mesenchynal
stemcells and differentiated cells nmade according to the nethods and 20

conposi t iWe2ofasedskbed here may be used for a variety opceREBHBDOGSY
i nportant research, diagnostic, and therapeutic purposes. For
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anti bodies and cDNA |ibraries that are specific for the differentiated
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are descrW$fsd i n Handbook of Experimental |munology (Wir & Blackwell,
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drug screeni g(? and therapeutic applications. These and other uses of
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mesenchynma m ce erentiated cells nade fromthese, may
be used in any of the applications for which hESCnesenchymal- stemcells are
known to be ud¥esenehymal sigm ediisiand idiffesersisiasi aslls srade Aegerdiag krethg sraghodsRUG

SCREFI%" N%escribed here can be used for a variety of commercially important research, diagnostic, and
therapeutic purposes. These uses are generally well known in the art, but will be described

briefly here.

For example, stem cells may be used to generate mesenchymal stem cells and
differentiated cell populations for regenerative therapy. Mesenchymal stem cells and
20 differentiated cells may be made by ex vivo expansion or directly administered into a patient.

They may also be used for the re-population of damaged tissue following trauma.

Thus, adipocytes or fat tissues may therefrom may be used to fill up cavities or
depressions during reconstructive or plastic surgery. Chondrocytes may be used for cartilage
repair while osteocytes may be used for bone repair. The mesenchymal stem cells made by the

25  methods and compo-sitions described here may be differentiated into any of these cell types

and used for the purposes described.

Mesenchymal stem cells and differentiated cells produced by the methods described in
this document may be used for the fre_atment of degenerative diseases such as diabetes,
Alzheimer’s disease, Parkinson’s disease, etc. Stem cells, for example may be used as sources

30  of mesenchymal stem cells and differentiated cells for NK or dendritic cells for



Mesenchymal stemcells and differentiated cells nmade according to the

nmet hods and 20conpositions described here nay al so be used to screen for
factors (woQbiaaosel vents, snmall nol ecul e drugs, pepti desp/sgabipmouedeoti des,
and the like) or environnmental conditions (such as culture conditions or
mani pul ation) that affect the characteristics of mesenchymal stemcells or
differentiated cells. In sone applications, nesenchymal stemcells and
differentiated cells are used to 25screen factors that pronote maturation,

or pronote proliferation and naintenance of such cells in. |ong:term

cul Lur 6. ITBRURGREFAIGIOT Gl AN MERTH AT AR5 60 BHTSarel e P Lear e
tested bymafidhy e nii@MBds AndBSAPEHICHRIdesdrt kel S Oor differentiated cells in
different well’s, and then determ ni ng any phenotypic change that results, -

according to deslrgg%e criterja for further culture a e of 't cells.

: ul d L
WO 2011/ 010966 Sevidentsa shemegods and C%HOF'W@P%{&?S&PQ%#F;@ 8&@%&% on
prof i 1 NGBy A SRR IRhy ALAILA ELhs wich lhf BP{;)%E%'Q@ 2158 o FerBRDEsims ed to

identify Tteceptors, transcription factors,” an nal rng nol ecul es that are
uni qué orméthgdd knoswpinebsad Thust dnyasecal diferetipaed €élls Willggnally, attachitd theosd ecul e
i nhibitors: or activgtori for E@E{rece tors, transcription factors and

si gnal i nghfsPelymmal SErRSFIs o, ll?yr?ﬁ‘gfﬂué‘feé‘ di fferentiation and properties

of mesenchymal stemcells and differentiated cells. Parti cul ar
screeni ng appl Mesenchyrsalrsednatellstand tdiffere e iitedglle prqaluaedimyc the tmathddsandpounds i n

drug research.. The reagder is referre enerally to the stapdard textbook
T Ol £ GOBOHSRES A PRSI HREE B e Ao et er e PRpaHUA o PPBSEIACTSH  and

U.S. Pat.cNhosrioH 36, GkaeatrBént Wb diskSsel H&HIBRAERMaf 8S®pHRE 4 GiBeRE tditiBle by
screens el sewhere in this docunment. Assessnment of the activity of

10candi dakgenshaivedcanyi, daludingrpdiad filye doa¢ marromdisenss skiordiiensen jumke
differentjated cell.s with, the.candi dat e cgonmpound,,deternining . a change in
the. nor SRR R ear RS Ay BECS G ED SRR b E RO PP B fL *f ha

is attrikdahedl e to the conpound (conpared with untreated cells or cells
treated with an inert conpound), and then correlating the effect of the

conpound @Ath t he obsg{ved change. 15The screening may be done, for
exanpl e, IFFRRENPALER SELL Re conpound i s designed to have a pharmacol ogi ca

etfect on cer i rifialed KRS SuciPls RESANERrEAMRRL R FR UG B he

effects el sewhere nay have  uninte or nore drugs can
be t et ednédencloihil Reehi ells(Obyelt ifidsi hadegicvbrdingtth ehecrtbthadeddstébeds Watht@fieous| y

or sequentially), to detect possible drug--drug interacti.on effects. In
some app! (ilgcé@ﬁedﬂ%tpoc&sofﬁbgwagmgrdétl %reptéaé%@llpﬁilg pg:mosgs comprising generating

mesenchymal stem cells or cell lines as described, and deriving differentiated cells from these.
The mesenchymal stem cells made by the methods and compositions described here may be

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

20 Differentiated cells which may be made according to the methods described here may

include any or all of the following:

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

regulation and cushioning against mechanical shock

25 ii) cardiomyocytes: the functional muscle cell type of the heart that allows it to beat
continuously and rhythmically

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

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



20f or potential toxicity (Castell et al., pp. 375-410 in "In vitro Methods
i n Pharmaceuti cal Research,” Academ c Press, 1997). Cytotoxicity can be
det er m nesloi201thevski r st i nstance by the effect on cell yicalighitoypossirvi val ,
nor phol ogy, and expression or release of certain markers, receptors or
enzynes. Effects of a drug on chronpson®/ DNA can be determ ned by

measuri ng DNA synthesis or repair. [3FI]Jthym dine or BrdU incorporation,
especially at 25unscheduled tines in the cell cycle, or above the |evel
required for cell replication, is consistent with.a drug effect. Unwanted
effects can alEbibiblsia comsstivs o sppar gyl Buad avithihmgreifispsal cheabRgy;

det er mi ngel, Y| ARLAMIAS fn PREGARe sTRSor! KAIBI tb helpthSTuRbot® céi yYesbess (PP
375-410 in lfe5I16r(il vitro I\/Etﬁods [ ﬁsﬁﬂg} maceut i caIe pReseelllr C(I’)l, " cAcg emc Press, -
1997) f orspéaific begangeebon a¢nrently. WO 2011/ 010966PCT/ SG2010/ 000275 60 TI SSUE
REGENERATI ON Mesenchymal stemcells and differentiated cells nade
according to )hgRbARLINERAGRIPOSI tybeOP ufiARE! {PRARR! SR R AtoREyME e
for tissue reconstitution or regeneration in a human patient 1 n nee

t her e6f . ni¢tebddel wasteg destagimgnied bodaeilnaml welameing thedt copstitoents, andelm t o gr af t
to the intended tissue site and reconstitute or regenerate the functionally
defi ci entSYAEss °¥pr°tem5|:%F &k%!’i?ﬂﬁ]l R34e et hods and conpositions descri bed
here may be used to nodulate the differentiation of stemcells. Mesenchynal
st em cel | s andviphdnhaomriéticatetidthe dluhionalyce ey pesthalt thales biwsluHemagpoetr icelds
such as for the growing of skin f1s. dul ation of .stem.cell

di  f er enta&{qua Wty B@gqeg%alaﬁaw i uts%é%?fg%fé@ém%&t%m%m% eedpunst W or
tissues, ({Q&;{Qr Scf;}&“[ B RAr&W and ¥tpodSisSiBRifo Rfe tus in tH¥BS&ABhY Bl
stemcells and differentiated cell's made by the nethods and conpositions
descri bed here ymay be used for the treatment of cancer. The

t er md0" cancer "vid gyocignthe fepttonalegell tyrefdpusglescri be the physi ol ogi cal
condition in 15 mammals that is typically characterized by unregul ated cell
growt h. Exanpl\ek) @uréd figcunttisilalietd] 19pé ofghe bk tHat ¥ speclalizd ig asaiudtng,

| ynphone, bl astoma, sarcoma, and | eukem a. More particul ar exanpl es
of such dEWEBES incl ude squanmous cell cancer, snall-cell lung cancer,
non-smal |l cell lung cancer, gastric cancer, pancreatic cancer, glial cell
tumors such asxgbdteubiaas i Runaiichaedll §bt bispamitsls fsr malehybeR! cancer, ovarian
cancer, liver cancer, 20bl adder cancer, hepatona, breast cancer, colon

cancer, colore | cancer., endanefri.gl . . o
X T“1ﬁet ceﬂ: {he functional ceh of the pancreas that is responsible for secreting insulin,

15 glucogon, gastrin and somatostatin. Together, these molecules regulate a number of processes
including carbohydrate and fat metabolism, blood glucose levels and acid secretions into the

stomach.

USES OF MESENCHYMAL STEM CELLS AND DIFFERENTIATED CELLS

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

diagnostic, and therapeutic purposes.

For example, populations of differentiated cells may be used to prepare antibodies and
cDNA libraries tha't‘are specific for the differentiated phenotype. G_eneral techniciues used in
raising, purifying and modifying antibodies, and their use in immurioassays and

25  immunoisolation methods are described in Handbook of Experimental Immunology (Weir &
- Blackwell, eds.); Current Protocols in Immunology (Coligan et al., eds.); and Methods of
Immunological Analysis (Masseyeff et al., eds., Weinheim: VCH Verlags.GmbH). General
techniques involved in preparation of rﬁRNA and cDNA libraries are described in RNA



carcinoma, salivary gland carcinoma, kidney cancer, renal cancer, prostate
cancer, vulval cancer, thyroid cancer, hepatic carcinoma and various types
of head awmdwaelowancer. Further exanples are solid tumecTsaneeroens! udi ng
col on cancer, breast cancer, |lung cancer and prostrate cancer,
hemat opoi eti ¢ nal i gnanci es including | edReni as and | ynphonas, Hodgkin's
25di sease, aplastic anem a, skin cancer and fam liar adenomat ous pol yposis.
Further exanples include brain neoplasns col orect al neoplasns br east

neopl asns, cervix neo asns | asns, ver neo

neopl asnmeviethadrlp@igt it ﬂ%ﬁp’é}’sﬁélde Horh@HJpJF]éasrﬁ%en flgslftcg gpl asns,
skin neopd @3PRic P! nm)aénmqabﬁwmt&%mm & DRREN, %@ PHR$ARa Press); and
t rophobl astic neop asis, | opi an’ t ube neopl asns, rectal neopl asns,

col oni c lf&mpﬂl(amh‘@pnﬂﬁwkl(ﬂnﬂi)& ﬂxe‘cqsesagds 2@10mm¢tlwbolpim@m¢owmllmp@laﬁwsoi d
neopl asns. ?ﬁ ﬁt canﬁﬁ pro e WO 201 “91096EPCT/S 010/ 000275 61
Cancer . BmRIOaRY SAfadpr et SRECeEeTg ARd T RC SISOl | gnant
nelanona | eukaem a, |ynpyhoma, ovarian cancer, cervical cancer and biliary
t ract 5car ci norfthese andadtber usecodfiirdesstnchymal stefiheellsese diffeyeraiatesltoels areldescrebed

di fferent.iated ccordln 0 the nethods and, conp Sltl

descri bednﬁﬁgﬁ'@ a‘é‘? if’]g’a’ﬁ'é %%@qrﬁgb%‘hﬁ%ﬁ?“%%t}af F}‘?S%PYIBQHIS? Efeqﬁds such
as endostafriln@ich &M8intiatphRicalar %h%do%f the &mailoﬂrof@ aRhdren@Reut i C
agent. For exanple, drugs such as such as adrianycin, daunonycin,

ci s- pl at icomppsigion fursheiscatmario, diseaseo Sueledisense atay sooiptise a disease sreatable by

vincristine, and n i met abolites,.su nethotrex ot oxi c
boon - aeneftite kYT bPRRe SRaRd filufSn T, DR ISR pOHEO! DXL
functipon deferefdtive disedécOsuck asigi@betes %lihé@xhbﬂ@d@éaw Q?akl&nso'ﬁhﬁdlts@fsén dtsaridnt ended

to include radioactive isotopes (e.g. I, Y, Pr), 10chenot herapeutic agents,
and toxi ¥8N&ich as enzymatically active toxins of bacterial, fungal, plant
or animal origin, or fragnents thereof Al so, the term incl udes
oncogene prodygd dhownGs tReE dd theﬂﬁéd@hé 1 seHcdells mddb ®y hemethods and
ansarnyci ns disclosed in WO 4] 22867; -bIS arylanlno) benzoi c acid

deri vat i empgpisenodeseribed fere mgazﬂar@r?dqwa?hmwemwsrfa| HEfaR embgyaRic stem

derivati k3 dgf'1§e Iggﬁ%gcl&e}gmﬁ' Ste%bg“g%%%%‘?ﬂ‘ggcgé%& XAI&%‘&QQ%SCHIB%&]@JI i m _de

deri vati ves “as t bi ndi ng of
a tynesi FWOIQOOIHSMIBO or VEO20@W0R AISE] Tigerefules tHeahesepelningil Btefrsedis\dd4y 07913,

for exanple). A "chenotherapeutic agent” is a c cal . conpound u in
the treatditifrenigatedenlis spadedsomiicss may wﬁ%fmaé}yafgé@ ARpliggtignsdoy Wb gesc

Adri amyc 'Iﬂese{;@gﬁ{a'}' Blefl (1) 3re lﬂo%rte e 3G, oﬁ §1 Whith 1t@k)9§lﬂi'@fd’i‘rﬂ?é?h RPsd eled.
(Ara-C), Cyclophospham de, Thiotepa, Busulfan, 20Cytoxin, Taxol

Met hot r exat e, Clsplatln Mel phal an, V'nblastlne Bl eonycin, Etoposide,
| f osf anmi dARUGSH ¢BHNING C, M toxantrone, Vincristine, VP-16, Vinorelbine,

Car bopl at d Da Ca i
act i onycl h, NFEGRpEral Stem R ch dFeschtoa e g egt Ao Be e Mophads apg
4, 6750187&mpwgltlgﬂsadl(%@rll§é%e?é Hﬁ% als8bRISEH 1! skfeef B AMBEsAEEkh as3DNeRIIREAIl NE

t herapi es (such as diethylstilbestrol (DES), Tanoxifen,
molecule drugs, peptides, polynucleotides, and the llke) or environmental conditions (such as

culture conditions or manipulation) that affect the characteristics of mesenchymal stem cells

or differentiated cells.

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

culture and use of the cells.



25LHRH ant agoni zi ng drugs, progestins, anti-progestins etc). EXAMPLES
Exanple 1. Derivation of Fetal Tissue Derived-MsCs WO

2011/ 010966BCH/($63010/ 000275 62 Si ngapor e Bi oet hi cs Advipswg2@omnazs ee 27
whi ch stated that the decision to donate the fetal tissue nust be nmade

i ndependently from any decision to abort59 Only patients who have

al ready consented to Term nation of Pregnancy (TOP) in KKH Qutpati ent
Clinic are recruited. Recruitnent is carried out in strict adherence to KKH

IRB's regul ations to ensure patient' ghts and pr.ivacy, pr ov
confidenti al c%mlpgavwngfnpaﬁprﬁa%l?rewpﬁgng af mgsenghypaksten sﬂkse%g defge%ql%?ff ary

donati on. ceﬁ aly Bk uk&d B 1dé19§9;é§g{)ﬂo£§ ?rﬁnscﬁ?ﬁbﬁ?fagﬂ)% aH4 Elgﬁamsmal@eulwthm aer

(16 and be are excl ude I ents I cal bl erms are al so
excl uded.unlde caﬂmglﬂyedxprwed neuhsseaueﬁs cﬁﬂetlﬁcﬂgdndsmsmgiémozbdculytlehlbiterspir astic

bottl es and sent. t Uth h t f L t f
Dol oo PR B S REE GRacriRaap Ber s et Seutins ran Sty Pelydels o

di ssegt ednomasb afttcr&MREiSh ahd Eﬁ)‘feﬂti@s st ﬁi%één@hﬁﬁélls&@n céﬂs%ﬁ@affé}@ﬂld@é@&ﬂg in
DVEM nmedi um suppl enent ed wit 0% serum repl acenent nmedi um EG- (20 ri g/ rrfL)

and FGF2 (20 Ti hnI to attac i C |ssuec |.ture di.shes for

hours. Under thT4cHlsateeniss aplpbg@g g&f&%é ?Fﬁsﬂ’@g g f“ifr“f‘%zl CBmiPQuHCFS n
adher encedragre%ﬁéﬁ lﬁe%weaiseréfe%a gBherhMetoltht asARS te@&%oﬁd‘h?(/@rotMeﬂlb& in
plastic culture dish. The large tissue pieces are then washed off | eaving a

honogenoWRhapehdeuticdl Researchihd cadsintis Peass, 1987 rvndi (SdPatt N0 55,8804 Eonds wehasther

on 7 onohi8ic2) deRandiEri €UE e P hert it ik af GRSl Mp dPEATIT o

the fiet a'caP@@ﬁtet;fﬂaﬁﬁ’ch@@dél esmp&hapdemeheinvanes ashisiamyg irsdifferedtatee cEigy rred
usi ng adi pogeni ¢, chondrogenic and osteogenic hMSC Differentiation

Bul | et Ki twith the spaditiate 6pgappunsia determaingcany \change, in (s maephglogy ke nphenpwipe,
| nstruct '&%@% éga‘;@ 5&&59@&9&'}95&&%& §ol@?ort§19r gapo@&d (g&%g&a QdfNRiteaRd

Labor at ory, el oner ase t| Vi oner ase
activity defls oeesdld iedtet ywithvdaR0en céimpeund) eamd therrm)rmmmg ithea¢ fface o2the ebmppund

repeat anplification t I usi i fi i
V\ége rrvelththeo Sewedghra%ggco assay using a nodified nethod as descri bed by

15 The screening may be done, for example, either because the compound is designed to
have a pharmacological effect on certain cell types, or because a compound designed to have
effects elsewhere may have unintended side effects. Two or more drugs can be tested in
combination (by combining with the cells either simultaneously or sequentially), to detect
possible drlig--drug interaction effects. In some applications, compounds are screened initially

)20 for potential toxicity (Castell et al., pp. 375-410 in “In vitro Methods in Pharmaceutical
Research,” Academic Press, 1997). Cytotoxicity can be determined in the first instance by the
effect on cell viability, survival, morphology, and expression or release of certain markers,
receptors or enzymes. Effects of a drug on chromosomal DNA can be determined by
measuring DNA synthesis or repair. [*H]thymidine or BrdU incorporation, especially at

25  unscheduled times in the cell cycle, or above the level required for cell rephcatxon is
consistent with a drug effect. Unwanted effects can also include unusual rates of sister
chromatid exchange, determined by metaphase spread. The reader is referred to A. Vickers
(PP 375-410 in “In vitro Methods in Pharmaceutical Research,” Academic Press, 1997) for

- further elaboration.



H et al 28. Briefly, 3 mllion cells are harvested and cell lysate is
prepared using a commercially avail able mammalian cell extraction kit (Cat

K269- 500y 28 1@bgssoNn. Si ngapore). The conposition of tlp@TfS@;ggﬁm@ngor t he
PCR anplification is 1 lig of protein cell lysate, 10111 of

2011/ 010966PCT/ SG2010/ 000275 63 X SYBR @&een Super M x ( Cat 170 8880,

Bi oRad, Singapore) with 0.1 g of TS priner (5 - AATCCGITCGAGCAGACTT-3'), 0.1
Rg of ACX prinmer (5 - GCGCGEH CTTACC] 3CTAACC-3') and 10mM EGTA in a total
volume of 25 [At The reaction is first incubated at 25 Cfor 20 min to

al | ow t hdISHEOREGENERATONhe cel | |ysate to 5elongate the TS priners

foll owed by 2 n i ncubati on at to. i |vatetel rreraeactlwt and
denature the d\TPSﬁE?%Ym ey B e agfgr‘fﬂt@ el madppfoordiag e prefiqdsand o

cycl es ofcoRmobitibN de3BrisRRIMaf Ao B8 ubed RF t195Q1e§@&>9§‘tﬂ§tlon or reger{&’ﬁlornq{uﬁt lve
telonerase activity iIs assessed against that of HEK cells usSing t

t hr eshol dluugaolpatlcmnmecqc(tbcred T\ha lcelés) aré edminigtergd pr mmnmrdhatlpetryssaﬁlem t00
B s L 85 S50 2 BlPe B aR Pyl fehpeBiinGeopahl acps o

tryspinized for 5 mnutes, centrifuged, resuspended in culture nedia and
i ncubat ed i n &obagdmpleahe methads endlcehpdsitions dasmmibed hemtﬁ@@ud&%&ﬁbdulate

i ncubat or cel l.s e the | | ect ed t 2‘V FBS.

" exn 05 chs dMErETatian Of e Bl S ao B OB b b e PR Felhnfy B e
nonocl onghr @RhLé @&?’h&% qg%ﬁa? ﬁ)rt witkgl & skt ¥ fs. Rito dutidedtistentbdIPS- FI TC,
CD166- PE, CD73-Fl C%S 5- FIgTC (Phar M ngen, San Diego, CA) for

60 nin ordlﬁfcrentlatlon mayAlfette,spd iﬁvrdh%htomgmeemm% agificialQegnog Oamﬁuﬁ%@uﬁp‘ended in
2% F | f| scence is determ ned by incubation of simlar

cel | I%gl [ (ﬁ’ %l?e?%s’tsﬁ %{é)‘%g mat ched nmouse 20 nonocl onal anti bodi es

(Phar M ngen, San Di ego, CA). Data are anal yzed by.collecting 20, 000 events
on a BD FACKERLi bur TM Fl ow Cyt onet er (BD B| oscences San Jose, CA)

i nstrunment using CELLQuest software. g.:ant itative RT-PCR
Mesenchymal stem cells and dlfferentlated 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
15 ~mammals that is typically characterized by unregulated cell growth. Examples of cancer

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

More particular examples of such cancers include squamous cell cancer, small-cell
lung cancer, non-small cell lung cancer, gastric cancer, pancreatic cancer, glial cell tumors
such as glioblastoma and neurofibromatosis, cervical cancer, ovarian cancer, liver cancer,

20  bladder cancer, hepatoma, breast cancer, colon cancer, colorectal cancer, endometrial
carcinoma, salivary gland carcinoma, kidney cancer, renal cancer, prostate cancer, vulval
cancer, thyroid cancer, hepatic carcinoma and various types of head and neck cancer. Further
examples are solid tumor cancer including colon cancer, breast cancer, lung cancer and
prostrate cancer, hematopoietic malignancies including leukemias and lymphomas, Hodgkin’s

25  disease, aplastic anémia, skin cancer and familiar adenomatous polyposis. Further examples
include brain neoplasms, colorectal neoplasms, breast neoplasms, cervix neoplasms, eye
neoplasms, liver neoplasms, lung neoplasms, pancreatic neoplasms, ovarian neoplasms,

~ prostatic neoplasms, skin neoplasms, testicular neoplasms, neoplasms, bone neoplasms,
trophoblastic neoplasms, fallopian tube neoplasms, rectal neoplasms, colonic neoplasms,

30  kidney neoplasms, stomach neoplasms, and parathyroid neoplasms. Breast cancer, prostate



Total RNA is extracted fromcells using TRl zol g LS Reagent (Invitrogen

Cor poration, 25Carlsbad, CA) according to manufacturer's instruction.

Tot al RNAvbot@iyRst €d to cDNA using the Hi gh Capacity ¢BNAGRENRIGSS
Transcription Kit (Applied Biosystens Inc., Foster City, CA) that is based
on oligo-dT prined reverse transcriptioml Real time PCRis perfornmed on a
StepOneTM Pl us Real -Tinme PCR WO 2011/ 010966PCT/ SG2010/ 000275 64 System
(Applied Biosystens Inc, Foster City, CA) using 2X Fast SYBR(r) G een
Master M x (Applied Biosystens Inc, Foster City, CA) according to .

nmanuf act AeBeErsPANAESaTI¢IEaNICHI COlpFRsta) canesr. durfggancgrTmaligant melanoma, leukaemia,

are 5 - TR PR AR P el AR S B AR R S g P e

5. Illum na Gene Chip Analysis Total RNA is prepared in technical
triplicates fridmmi¢sthehyarnd sigamsesdlgend differintiatsd(cglipmage accopsting to the meghodsp12,

pld, p16). .F2lb (.pl0, . pl 14) . F31b,(pl0,. pl2,.pnk4 d_E31i ),
Phd 1 F omashsomBetiirmdeRrfieatid mal 50 pf Bt inBEniloh s hnficlont o aRER

| i ne, 510HYea@odmtin(4al Ahgios@id of cRdWxicsagents ve thatbtherapdudiciagyhtaF ercexamply, usi ng
the Illumna RNA Anplification Kit (Amhion, Inc., Austin, TX) according to
t he nmanufdiegsuiueh assuehas adiiygpycin, dappemysing GeplstiBumpgtppesids, tagogere and

hybri di z 1]135‘3'15 > o R nReRAER Wl .
(rHlum ngaﬂ(ﬁtlﬁgggﬁ an Iﬁﬁéeﬂg%gﬁy@?%ﬁ{}\ggﬁlg@ gﬁ%‘hgdganm ngﬁgtfg'e%%{elr%ﬁr ?fi‘gtoxw
accor di ngigent” ab esetithetdih efersao BealokBinge ke ifhilfits arpravahts tHhBindaeraofareds andiby zed
usi ng Genespring GX 10 tile normalization.is perforned by a ift to
75t per CaRyESIBSruEHaN PheHof e duliRdd B BORS BfeRetins BROPEY T b Hhe
medi g9 OofchahbtiRApRhtSagehsa Bxis s&@%s%ﬁ%nﬁf@il¥%b§v@t@§in%§ b&dtétidPl Rhgal,
Hybridization o For SDS-PAGE analysis, total proteins in Cl\/%are :
separ at eclam odanigsd SMSAOpOiragmanyd thatedd gel s and stained with silver.

For western blot hybridization, after separation on a SDS-PAGE, the _
proteins are eAl@&,EBQ{%hﬂtiﬁanég%eog%ne FS RO O MRIGn IR HHiBiRGs, LRI adgDr ane i s
bl ocked, incubated wth the primary anti-hdman anti bodi es that i ncluded

1: 60 di | Hi¢yshic ahsarmygss disetasediPOW QL 94/828GT; 111 2-bistarydémino) benzain dcidoBgivativess 6

diTution d?gclonsgh!?neEﬁ%bbgﬁl; %ﬁldi%ﬁilzn%qplghalﬂgzthll-qOon%fdemgt?v%s ?s%lo?sg&, 1%%’1?%80831;

15  4,5-bis(arylamino)-phthalimide derivatives as disclosed in EP 516598; or peptides which

inhibit binding of a tyrosine kinase to a SH2-containing substrate protein (see WO 94/07913,
for example). A “chemotherapeutic agent” is a chemical corhpound useful in the treatment of
cancer. Examples of chemotherapeutic agents include Adriamycin, Doxorubicin, 5-
Fluorouracil. (5-FU), Cytosine arabinoside (Ara-C), Cyclophosphamide, Thiotepa, Busulfan,
20  Cytoxin, Taxol, Methotrexate, Cisplatin, Melphalan, Vinblastine, Bleomycin, Etoposide,
Ifosfamide, Mitomycin C, Mitoxantrone, Vincristine, VP-16, Vinorelbine, Carboplatin,
Teniposide, Daunomycin, Carminomycin, Aminopterin, Dactinomycin, Mitomycins,
Nicotinamide, Esperamicins (see U.S. Pat. No. 4,675,187), Melphalan and other related
nitrogen mustards, and endocrine therapies (such as diethylstilbestrol (DES), Tamoxifen,

25  LHRH antagonizing drugs, progestins, anti-progestins etc).

EXAMPLES

Example 1. Derivation of Fetal Tissue Derived-MSCs

The collection of fetal tissue is carried out under a KK Women’s and Children’s

Hospital (KKH) IRB approved protocol (EC200804062) in-accordance with guidelines from



25ki nase (PK), 1:60 dilution of nouse anti-SOD-1 or 1:60 dilution of goat
anti-TSP-1. The blot is then incubated with a horseradish

per oxi dasweeoupliedssecondary anti body. The secondary antichsdrem/ooses are
1: 1250 or 1:1364 dilution of goat anti-nouse 1gG or 1:1364 dilution of
donkey anti-goat 1gG WO 2011/ 010966PCH2SG2010/ 000275 65 Al

anti bodi es are obtained from Santa Cruz Bi ot echnol ogy, Santa Cruz, CA
except nouse anti-PK which is from Abeam I nc. Canbridge MA The blot is

t hen i ncuyhat ed t h  HRP: nhan d chenhl ni hesc trate (,Therno her
Sei ont |11 BOERre BTN Cameey W tatfﬁtﬂﬁft SR PRSI 7
HPLC Pur i fdsg@iiSibeqhad¥ ifddpeAddntly! fRin any declsmewdb%hrurmnt setup consi Sted Of
aliquid chronatography systemw th a ‘binary punp, an auto i nj ector,

t her nost at ed col unm .oven,and a ,UV- V|S|ble det ect.or , ope ed b Class VP
sof tware from @HyPaHsHs viP favsRlrsAy crgsspsd 1o isalﬁyatwﬂ@ TREBAEY @@d

col ums ugee @ﬁtﬁat}_eﬁlﬁ( GHAY He FRMHMA. R hitmBntXs 453ri0d bﬁﬂg st tzﬁﬁr&ﬁk t@ﬂ{ﬁ@@

SWKL, 7.8 X nm from Tosoh Corporation (Tokyo, Japan e followng

det ecor sIRBhwguBm(ms yreanseie patientismights Qdtprivaby, (and e ammdmonﬁdmm)al and CELS
(dynamc |i tterln recconn ect ed ies follo t UV-visi bl e
e oot or coyfiBERt bt huPLEFRIERRER brvolghind Sondinro ShsoEiHor at  on
(Cal i f or nibRornkédhyes, eseﬁlaawsaemeés%g g6d Byminde (RS detiih ) ateEoluded Thicheyp@ment s
of the sanple are separated by size exclusion i.e. the |arger nol ecul es

wi |l el utreedied] preblerearg glolcgeluded.-ecul es. The el uent buffer used is 20 nM
phosphate buffer with 150 mM of NaCl at pH 7.2. This buffer is filtered

through a por eri #Bried s&cﬂfnéamae@@olxéeﬂas&gstcfa@gteﬁﬁ plastid Bl ah@ st usthe The
chronato§1aphy systemis equilibrated at flowrate of 0.5 mM/mn until

t he d0gndiospital Depart@enttafdiabprataty Medagineg foal fwll Batheltoetﬁtabtrxammatt@gs AppirepriatdThe

'[28U\2/-5\C/:I Sl.ﬁtilclec%sd? fe?%ﬁtllssnl%)e areS 1sse§%g,r2v§05he rs?:v%pat t&nheg 1r(1: S fmsaflge %r?@edhqr%d e}%lhcberdat ed

The vol urig DMEMRRYi@N ﬁjp@lkhfédtddaﬂge 0% rs&ﬁﬁhﬁ&pla@exi;&ﬁ rﬁ)ejdlurﬁhEGFXEU AgipaRdC
radi us, Rh_is conputed the QELS and Dawn_ 8 detectors. The hi ghest count
rate (Hz)F@K2 @Qeghehito aﬁ@b tp plastig Hpsug suliyre dishes fos 2AA8droursn &ndetfhisat ed
conmponent | r t her
char act erc?zg%tlﬁgﬁl{d?ﬁgv@é? a@la%?i\eﬁ%&er%gé t‘ﬁ&gh%%‘%‘?g% %Jr@q{éfrgdﬁﬂ %} ‘fé‘?é’éfé}ﬁ icles
f or Q4r ditspuastagd adisre to the plastic culture dish.

The large tissue pieces are then washed off leaving a homogenous cell culture. The
cells are maintained at 25-80% confluency or 15-50,000 cells per cm? and are split 1:4 at

confluency by trypsinization. On reaching 2% 10’ cells, the culture is designated P1.

Differentiation of the fetal MSCs to adipocytes, chondrocytes and osteocytes is
20  performed using adipogenic, chondrogenic and osteogenic hMSC Differentiation BulletKits,
respectively (Lonza, Walkersville, MD) as per manufacturer’ instructions. Karyotyping by G-
banding is performed at the Cytogenetics Laboratory, KKH.

Example 2. Telomerase Activity

Relative telomerase activity is measured by SYBR® Green real time quahtitative
25  telomeric repeat amplification protocol assay using a modified method as described by Wege

H. etal 2.

Briefly, 3 million cells are harvested and cell lysate is prepared using a commercially
available mammalian cell extraction kit (Cat K269-500-1, BioVision, Singapore). The
composition of the reagents for the PCR amplification is 1 pug of protein cell lysate, 10 pl of 2



The secretion is prepared by growing the fetal MSCs in a chemcally defined
serumfree culture mediumfor three days as described25. WO

2011/ 0109¢6ReH/03636910/ 000275 66 This CMis coll ecipegiscshdobdzred by
centrifugation, concentrated 50 tines using tangential flow filtration with

MN cut - of f of 100 kDa (Satorius, Goetti®gen, Germany) and sterilized by
filtration through a 220 nmfilter. The CMis tested in a nouse nodel of

i schenmi a and reperfusion inj ury M is induced by 30 mnutes |eft coronary
artery (LCA) occlusion and su sequent gg% usion. Five mnutes before

r eper f usi*oR, Brﬁ@éeearsélpﬁfdw’ﬁ(%ﬁéﬂ%lg 8Q, A SigerorEdith A- Siag PhES @rimsr 63 - oM
for fet alhECCUQUREEUBACTILEY ﬁof‘ﬂﬁ?&“‘ﬁ% athe tail vern O ST

Control me@tﬁ}[@rﬁm@d]gemg@@h Y4 10mMEGTE in AtdtrvoRfndetzsull grer f usi on,
infarct size (1S) as a percentage of the area at risk (AAR) is assessed

usi ng Evap@tloml stjyleubaﬁ?@@t%é’ﬁ tand0 mdToallomatibaitelgmeraselingbe celblysate évi ousl y

26. anp t aki stica na S Two oCc Dunnett is
e ed to Tidhette it £ pPicERlorohRY ¥ ok RatGof WA Ao SR 18 BNET ™ L
coeffi CI eaﬁwgf arfifdeafiigd the peiimedd. TAY tdl@rnaasee@@edctusarﬁﬂlﬁ’@m}sp@Rcf&r 4@®tyR1dson
test. 15 Exarrele 10. Cenerati ng MSCs Cul tures from Human Fetal Ti ssues

f

Ve gener 88 “Eiforc3Qiscondsiand 69SCript Il sesprds. | inb (FI b, F21b, F31b), ki dney

(F 1 ki) and liver (F3 1li) tissues of three fetuses in three independent

experiment s usiheGelb@@RIomerad 228V MslakREscdtiohink@hSUTHREK eallAsitemer | bed
above and in 24. Briefly, the cultures are cultured in either serumfree or

ser um conbrgshaldgydanembe (ooRkwilwehfovhea peveinicalh htsatet he cul t ures are
passaged by trypsinizing and then splitting at 1:4 on a gelatinized tissue

cultype Mxahnfple A Sufted AMSATRAAGHES are obtained from Invitrogen.
Serumfree culture nediumis madé up of Knockout DVEM nedi um suppl enent ed

with 10% serum repl acegg‘g di a, .non-essential am no %gl ds, .10 ng/mM FG-2,
10ng/ ml ReconBiREFIONe o& ARfigsas P Haldptapecenia PSln&;@ng%rmn ni ng
culture nediumis made up of 25 DMEM high glucose w thout glutam ne

suppl ement ed vwrlfef@enemfe@ylsblmes wresommyes; dshntmged BuBEend6d fir @GR nkdik addi NO
acids and 10% fetal calf seru gg) nous culture of putative

fi br obl adtcubpted inmbactesia) cylteg deﬁliltf%i hpwentai (e 3¥e2 HgHbateE The celiscarp| ast i c
culture ﬂle%hconwg% dR¥Sif H% ddlvaliRlidh 244 B8Y ezssﬂroecaisaa%eeﬂﬁﬂ ”nd&gét%& \WiihZ&on bt Ssue

Culturepates 1S O rvation IS consistent Wt
char ast erthsfollowddg ddnfiszated@nonoclonal antibodies: CD29-PE, CD44-FITC, CD49a-PE CD49e-
PE, CD105-FITC, CD166-PE, CD73-FITC, CD34-FITC, CD45-FITC (PharMingen, San

Diego, CA) for 60 min on ice.

After incubation, cells are washed and resuspended in 2% FBS. Nonspecific
fluorescence is determined by incubation of similar cell aliquots with isotype-matched mouse
20  monoclonal antibodies (PharMingen, San Diego, CA). Data are analyzed by collecting 20,000
events on a BD FACSCalibur™ Flow Cytometer (BD Bioscences, San Jose, CA) instrument
using CELLQuest software.

Example 4. Quantitative RT-PCR

Total RNA is extracted from cells using TRIzol® LS Reagent (Invitrogen Corporation,

25  Carlsbad, CA) according to manufacturer’s instruction.

Total RNA is converted to cDNA using the High Capacity cDNA Reverse
Transcription Kit (Applied Biosystems Inc., Foster City, CA) that is based on oligo-dT primed

reverse transcription. Real time PCR is performed on a StepOne™ Plus Real-Time PCR



WO 2011/ 010966PCT/ SG2010/ 000275 67 adherence to plastic. The |large tissue
pi eces are then washed off |eaving a bonogenous cell culture. This
procedur ewdopanbmened on five different fetal tissues ecirgicnatioog7sr om

three fetuses in three independent experinents. As shown in Figure
1A, each tinme, a honpbgenous culture is O#tained of putative MSCs that form
a typical fingerprint whorl at confl uency. The cultures are

designated P1 when 2 x 107 cells are generated. The average popul ation
doubling time of all five cultures are between 72 to 96 hpurs and is nost
opt 1 el SySE (gehies Blassis BB iAs Foey Tl bl Son FedlS PR resaattiaMEel |
coul d be (KBEH&@BI&@%&:HS GRNE bRy, @Al)ta%&dfngrto flanbBtflerXdnRARSBAC AL a 1.4
split. The karyotype of all five ¢ultures at 10 pl0-12 is normal i.e. 46 XX
or 46XY gsintkes for GiEHarb Y’ -BGEAAAGA GES AADBOGTIG A glimed SBAAG CGG BAG

Gt o m ndl GG A By et 5 S £ -G bAAROBRGA A CREAT 1 D assages
in eash afGGOedANRANAAGAEAGAGERTI. val ent to that of the previously
descri bed Hues9. E1l hESC-MSCs 24. This is shown in Figure 2. 15 Exanple 11.

Assessnent- of Fet Cul tures as MSCs . The five putative MSC cul tures
deri ved ;ﬁ"éfﬁﬂlﬁgaﬁi“f‘?'gg efhip $d according to the I SCT nini nal
criteria for the definition of human MSCs 29. Al'l five presunptive

MSC cul tures detd\RNA s mrapdrbd aetectiufiéad téplicafes fionedifferent passages ofi Fplbapl 0,c
culture dighes as_ a mano| ayer of adherent i e-shaped cel | a hown in
Fi gure 1/52_13,21.(}&0@??},1%(}51 ’EL‘E;\BS@(’ %g{b éllﬁ Fflav%ﬁﬁr]ggl}ﬁ%]tq’ vgiwé@ E‘Eﬂs F3l éklﬁderi ved
fr.om thr Gaebhd BRI @iHHRGS rdiEatdd bt FOBRLiouHAeritc ST (R3¢%ihe, CDLOSY,
CD166, MHC T+, CD34 and CD45 as represented by F 1 | b MCs. Ve

obsel0ed Huea?.EFI(p1%®. MSCs are HLA-DRI but the remaining four cultures are
HLADR-. In contrast to previous reports 30-42, these fetal MSCs |i ke

Tral-60 as. excogts KL EA B bRERgRY RaeR AL o Ml RRAKicciaifr
Kit (Ambion, Inc., Austin, TX) according to the manufacturer's directions. 750ng of the
biotinylated cRNA are hybridized to the Sentrix HumanRef-8 Expression BeadChip Versi.on 3
(Illumina, Inc., San Diego, CA), washing and scanning are performed according to the

15  Illumina BeadStation 500x manual. The data are analyzed using Genespring GX 10. Quantile
normalization is performed by a shift to 75" percentile, and the normalized data are baseline

transformed to the median of all samples.
Example 6. SDS-PAGE Analysis and Western Blot Hybridization

For SDS-PAGE analysis, total proteins in CM are separated oh 4-12% SDS-

20  polyacrylamide gels and stained with silver.

For western blot hybridization, after separation on a SDS-PAGE, the proteins are
electroblotted onto a nitrocellulose membrane. The membrane is blocked, incubated with the
primary anti-human antibodies that included 1:60 dilution of mouse anti-CD9, 1: 60 dilution
of mouse anti-CD81, 1:56 dilution of mouse anti-Alix, 1:200 dilution of mouse ahti-pyruvate

25  kinase (PK), 1:60 dilution of mouse anti-SOD-1 or 1:60 dilution of goat anti-TSP-1. The blot
is then incubated with a horseradish peroxidase-coupled secondary antibody. The secondary |
. antibodies used are 1:1250 or 1:1364 dilution of goat anti-mouse IgG or 1:1364 dilution of
donkey anti-goat IgG. '



WO 2011/ 010966PCT/ SG2010/ 000275 68 presunptive fetal MSC cultures could be
I nduced to differentiate to osteobl asts, adi pocytes and chondrobl asts in

vitro. Thyofydbseen in Figure 4. Exanple 12. Gene EXpr @ggjseRoffodérs e
Genone-w de gene expression profiling of the fetal M5SCs and hESC- MSCs are

S5performed using mcroarray hybridisati @) to assess (1) the rel at edness
anong the five fetal MSC cultures derived fromthree different tissues with
hESC- M5Cs; (2) the rel atedness between the fetal MSC cul tures and

hESC- M5Cs. .. M.croarray hébri di zation are perforned in duplicate on
Sentrix Human 48enEbqdigsase ebtaimegiaacyana Gaizdiigiechnqlegy, $antaLrur.feA excoph

Di ego, C‘At}xoﬁ’s%iaﬁg-%hgéhqg‘f%ﬂpA%arﬁ ﬂ{cggiragxﬁrf&gg%ﬁf‘\eme lﬁgtlsig T SnQfbaldd&yitfeC

cul tures. ene expression et ween ent passages of
each cul tHRB;enbatcad eherhihéminescentcaubstmte 1 lermb dlisheeScietdic Thet aValtibais My

hESC- M5Cs i.s, hi ghl imJlJar with a correlation value of >0.9. This is shown
in Fi gur@ng.th@(%?%%/eéft?§.x'@f§1%prot ective Activity of Secretion 15Secretion
by two of the fetal MSC cultures, FI |b and FIki are tested for

car di opr dienhpled. HPLQ Puyification aDMHeropackidlesof nyocardi al i schem a and
reperfusion injury as previously described 26. Briefly, the cultures

are grown in C Lcal ly define | um. the secreti.on harvested as we
e pr evi ous Y ROESkin Se 8 RSB WA Moot SLueR IR A BRREE, 55, o
f rom bot hpunhp, lah aaednfetior, aabemaiserdd dddimbyven dnded UVtvsiblendgteetor@pertatidrts the
resol ved on a one-D SDS- PAGE appear simlar to_each other, to that of

Hues9. E1 hesscYReeitwargdrom Shimagdzy (erporatim (Kyelp, daenved from fetal |inb

tissues of a different sex. This is shown in Figure 6A. However,

the rel ative amgdadsatdgraphp@oiunis BEDLRITSK Guaid RfunTSEWIXL, 30040 mrChid
25and CD9 are different anong all the secretions, as shown in_Figure 6B.
10  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) are connected in series following the UV-visible detector. The last three detectors
are from Wyatt Technology Corporation (California, USA) and are operated by the ASTRA

software.

15 The components of the sample are separated by size exclusion i.e. the larger molecules
will elute before the smaller molecules. The eluent buffer used is 20 mM phosphate buffer
with 150 mM of NaCl at pH 7.2. This buffer is filtered through a pore size of 0.1 um and
degassed for 15 minutes before use. The chromatography system is equilibrated at a flow rate
of 0.5 ml/min until the signal in Dawn 8 stabilized at around 0.3 detector voltage units. The

20  UV-visible detector is set at 220 nm and the column is oven equilibrated to 25°C. The elution

mode is isocratic and the run time is 40 minutes.

The volume of sample injected ranged from 50 to 100 pl. The hydrodynamic radius, |
Rh is computed by the QELS and Dawn 8 detectors. The highest count rate (Hz) at the peak
apex is taken as the Rh. Peaks of the separated components visualized at 220 nm are collected

25  as fractions for further characterization studies.
Example 8. Testing Secretions and Microparticles for Cardioprotection

The secretion is prepared by growing the fetal MSCs in a chemically defined serum

free culture medium for three days as described?.
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CM Conditioned nediumfromF 1 I b, Flki and hESC M5Cs reduced infarct size

(1'S) w thyo0%1d8fsand 39% respectively (p<0.05). This ipgragwdoosr7El gur e
6C. The area at risk (AAR) as a percentage of the left

ventricular (LV) wall is simlar in all 66the mce tested, as shown in
Figure 6D. Exanple 15. Mcroparticles Mediate the Cardi oprotective Effects
of the Secretion We had previously shown that the cardi oprotection

effects of secretion fromhESCVMSCs are nedi ated by | arge conpl exes of
-1000kDa26. = This CM isgoleated: glapidied by pﬁ@rl@gatlen,wewn@@wgﬁ@)@é@es ysinghe
secretion_of | . { L t i Fon on
2rPLC corentaliie ShiRantElsin MBPolRl e 0 IDEEARIR Glalied, CEpfiSAIIATT ©
not the NeMligéd by filirafibh through a 2IMesilier VEhef CMIGE kedted, in BImdse bvdeedfdschemia

represent secretions fromthe MSCs. In a size_exclusion fractionation ere
| ar ger n@ngERRCEYsIgn ajury, MIds f@gs%%fbx phminges I corpmary artgey }%?%Sr%a%| y

prot esns gj,fuef egﬁ%pgmﬁan.tﬁvfﬁﬁ&%é %@&g rb S s &%enir@ingsavér{@gfyi iffidLd @ith

Proteins Int astest eluting raction contalned proteins t

spanned 200 ethsaline dilMfesf@eltqoutairong B gtppote, foll HuesOsEig (e MITsACM bel §i vg ei ns
in F1 are in_ |arge e es. (Figure 7B) i copfi.rmthis, sizes of
nol ecul egrqtg,mﬁg@?efq@/i?é;é@{ poHingPrtdr o HRI g1 wip @WP& @0 j ght scattering
anal ysis which has detection range of 1 to 1000 rim The sizes of nolecul es
in fractions Ebntol fmimalsaré fuded tva thoZONAwslited ATRr dé heuriretfusiondinfiast size

| ight scattering analysis. 20 In sPi te of the wide MW spectrum of proteins
in Fl, tKE)asadcreniast ebihe atcaiah sk (AARY 15 aspessed using Evans nbleg dyoimirséapad o
be deper m ] Walek d m c radi us of 50-65 gm by dynam c |ight
scat ?gri ?ﬁ%ﬁ@%@fﬁe%b@d%@?@%mﬁ nistered to the nouse nodel of nouse
nodel of nyocardial ischem areperfusion injury as described above, these
HPLC- pur iExagwpledcPapistieal Anadysieduced i nfarct 25size at <1/i o dosage of the
secretion (Figure 7C and Figure 7D). Exanple 14. D scussion The
trophi c ef f ectiyv@ivaMBEEOVRaRER padtthat DURneRisai¥ed totlesttthd giffcheicel &l RIFAET xS

consequences of myocardi al ischem a have been inplicated in several studies
11. between groups. Correlation coefficient of each pairs of array is assessed using Pearson

=X D

correlation test.
15 Example 10. Generating MSCs Cultures from Human Fetal Tissues

We generated five MSC cultures from fetal limb (F11b, F21b, F31b), kidney (F1ki) and
liver (F3li) tissues of three fetuses in three independent experiments using feeder- and serum-

.. . . 24
free culture condition as described above and in <°.

Briefly, the cultures are cultured in eithér serum-free or serum-containing culture
20  medium. When confluent, the cultures are passaged by trypsinizing and then splitting at 1:4 on
a gelatinized tissue culture plate. All medium components are obtained from Invitrogen.
Serum-free culture medium is made up of Knockout DMEM medium supplemented with 10%
serum replacement media, non-essential amino acids, 10 ng/ml FGF2, 10ng/ml Recombinant
Human EGF and 55‘pM B—mercaptoethanol.. Serum-containing culture medium is made up of
25  DMEM- high glucose without glutamine supplemented with penicillin-streptomycin, L-

glutamine, non-essential amino acids and 10% fetal calf serum.

A homogenous culture of putative fibroblast-like MSCs migrated out of the tissues and
adhered to the plastic culture dish, two days after fetal tissues are plated on gelatinized tissue

culture plates. This observation is consistent with the defining characteristic of MSCs i.e.
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i schem ¢ myocardi um has been shown to induce several tissue responses such
as an i noyeasatiweeducti on of angi ogenic factors and degpgaesshodpept 0si s 43
that were better explained by secretion of paracrine factors than by
differentiation of MSCs, the so-called p@racrine hypot hesis. Gnecchi
et al denonstrated that culture nedi um conditioned by Akt-transforned
BMVSCs was as effective as transplantation of the cells thensel ves 10 but

t hat . secretion fromuntransformed rat BM MSCs was not as cardi oprotective
as that fadhgreare toplastics Sherdsmepisuamcees rre $igp geshadpft lepuing mheomagereuseste in
t he bi ol ogj Yy f i . BM MSCs
may be du(gh@gé' tT%gstﬂJke‘%/ée BGB‘S %ﬁgﬁ%toggfé&%@ﬁ?%? %ﬁ?ﬁggnéﬁgﬁ% {/rglgﬁ%ié}e\?er sus -
adul t . Tofetlstemthree indeptndeneexgaridieasr ot ecti ve secretion of hESC-MsCs is a
bona fide property of non-adult human MSCs, we derived human MSCs directly

fromfetal hu I.SS ike - t e fetal. Cs fulfill.ed the
basic criteri QR ?(S)lﬁov%géseﬁ%g%&ér’ F%@i&gg@:ﬁo@qgﬁﬁ@sﬂ% ronal bngldé){ mealg}’e

Cel | ulsar MS€xsalmy &% a Tipival Adfapeat wisorpatashfleenchave a typical 15MSCs-1|i ke
surface antigen profile as defined by the presence of surface antigens such

CD29, CD44,CD4 CcH49 5 , C | d th b f
2ar face anti ge?llée %@@ﬁes e a‘%%%d %ﬁg}ﬁe%%?@ﬁfy; 2%-%§?fa§|t%‘d?%‘ia%‘§s?g%?§| 0l\/BCs

di f f er ent poplultion Potklitg tahe bhall fivdelltif@sarabiheer 128 96 helro Bl RIRGHE SpEmand
ost eogenesi s. | rresopecti ve of their tissue of ,origin, the five fetal MSC
cul tures RfEvesnedp-80%eoaflagnsy ond 5-56.000 sellrerer Mt Rheeells geldibgupginteimed ées have

a nearly (i -1\ Sd r.of | i,
apr 53! oAb AP (et 50 BRQALPE TR Teallofioe H1Eh 18 S urer ot o
hESC-15Csp10HLEs ofrihal i Ehé§ Xdeord@EY esjdetbinyingd by GFeamdinigy s siowrlie$9gurd 1Bnd had
hi gh | evel s of telonerase activity. Most inportantly, the secretion
by MsSCs derive i f tiel | i L i Ny .

o gni 11 cant 1y S Eeireme 1y SR 1 LR acviey WL APSC LR i BB ERE 1 on
injury, sandghshvengpetdetitiat tl@mérasd acpvitpbvdrahired @assaghslih eAdh(S the five cultules is
concl usi on, . show that both enbryoni¢c stemcell and fefal tissue derived
MSCs prooqﬂeév\g@@f fgﬁ‘r‘lﬁt & Preylously degaribgd HugsiEL RESCMeSs “ 1 dhiis shqwisingy e an
al ternatimgeel | source for secretion that can reduce infarct size after

i schem a/reperfusion injury.

15 Example 11. Assessment of Fetal Cultures as MSCs

The five putative MSC cultures derived from fetal tissues are assessed according to the

ISCT minimal criteria for the definition of human MSCs .

All five presumptive MSC cultures derived from three different fetuses are grown on

plastic culture dishes as a monolayer of adherent spindle-shaped cells, as shown in Figure 1A.

20 Figure 3A shows that all five presumptive MSC cultures derived from three different
fetuses are all CD29", CD44", CD49a* CD49¢", CD105", CD166", MHC I*, CD34 ™ and
CD45  as represented by F11b MSCs.

We observed that F11b MSCs are HLA-DR" but the remaining four cultures are HLA-
DR™. In contrast to previous reports ***?, these fetal MSCs like hESC-MSCs did not express
25  pluripotency-associated proteins Oct4, SSEA-4, Tral-60 as exemplified by F11b MSCs. This

is shown in Figure 3B

However, transcripts of OCT4 and SOX2 are readily detected by real time PCR but
their levels are at least ten times lower than those in hES3 human ESCs (Figure 3C). All five
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observation that the cardioprotective effect of secretion from hESC MsSCs
was nmedi avedobynibsege >1000 kDa conpl exes26, we denonst patrgschimiooi2ne
cardioprotective effects of secretion fromfetal MSCs are al so nedi ated by
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Expression BeadChip version 3 (Illumina, Inc., San Diego, CA) using RNA from two or three

10  different passages of the MSC cultures.

The gene expression profile between different passages of each culture, between the
five cultures or between each fetal MSCs and hESC-MSC:s is highly similar with a correlation

value of >0.9. This is shown in Figure 5.
Example 13. Cardioprotective Activity of Secretion

15 Secretion by two of the fetal MSC cultures, F11b and F1ki are tested for
cardioprotective activity in a mouse model of myocardial ischemia and reperfusibn injury as

previously described %,

Briefly, the cultures are grown in a chemically defined medium and the secretion

harvested as we have previously described .

20 . The gross protein composition of secretion from both F11b and F1ki as determined by
silver staining of proteins resolved on a one-D SDS-PAGE appear similar to each other, to
that of Hues9.E1 hESC-MSCs and also to that from F3Ib derived from fetal limb tissues of a

different sex. This is shown in Figure 6A.

However, the relative abundance of specific proteins such as TSP-1, SOD-1, CD81

25  and CD9 are different among all the secretions, as shown in Figure 6B.

Nevertheless, the secretion from either F11b or F1ki when administered to a mouse

model of myocardial ischemia-reperfusion injury significantly reduced infarct size to the same
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We had previously shown that the cardioprotection effects of secretion from hESC-

MSCs are mediated by large complexes of ~1 000kDa”®.

To determine if there are such complexes in the secretion of the fetal MSCs, the CM is
10  fractionated by size exclusion on a HPLC column. We observed five fractions that are present

in the CM but not the NCM (Figure 7A).

These five fractions, F1-F5 therefore represent secretions from the MSCs. In a size
exclusion fractionation where larger molecules are eluted faster than smaller ones, we observe
that only proteins in fraction F2 to F5 followed this principle of fractionation. Proteins in the

15 fastest eluting F1 fraction contained proteins that spanned in entire MW spectrum of F2 to F5.

This suggested that the proteins in F1 are in large aggregates (Figure 7B).

To confirm this, sizes of molecules in the five fractions are determined by dynamic -
light scattering analysis which has detection range of 1 to 1000 nm. The sizes of molecules in
fractions F2 to F5 are too heterogenous to be determined by dynamic light scattering analysis.

20  In spite of the wide MW spectrum of proteins in F1, the size of molecules in F1 fraction is
sufficiently homogenous to be determined as having a hydrodynamic radius of 50-65 nm by

dynamic light scattering analysis.

When administered to the mouse model of mouse model of myocardial ischemia-
reperfusion injury as described above, these HPLC-purified microparticles reduced infarct

25  size at <'/;o dosage of the secretion (Figure 7C and Figure 7D).
Example 14. Discussion

The trophic effects of MSCs transplantation on ameliorating the deleterious

consequences of myocardial ischemia have been implicated in several studies ''.
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15  MSCs-like surface antigen profile as defined by the presence of surface antigens such as

CD29, CD44, CD49a, CD49¢, CD105, CD166, MHC I and the absence of surface antigens
such as HLA-DR, CD34 and CD45 4496 and a typical MSCs differentiation potential that

includes adipogenesis, chondrogenesis and osteogenesis.

Irrespective of their tissue of origin, the five fetal MSC cultures derived from different
20 tissues of three individual fetuses have a nearly identical genome-wide gene expression
profile. Their gene expression profiles were also similar to that of the previously described
hESC-MSCs, Hues9.E1. They were as equally proliferative as Hues9.E1 and had high levels

of telomerase activity.

Most importantly, the secretion by MSCs derived from different tissues i.e. limb and
25  kidney tissues significantly reduced infarct size in a mouse model of ischemia/reperfusion

injury, suggesting that this is typical for non-adult MSCs.

In conclusion, we show that both embryonic stem cell and fetal tissue derived MSCs
produce cardioprotective secretion, and that these fetal cells are an alternative cell source for

secretion that can reduce infarct size after ischemia/reperfusion injury.
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claim in which the pre-natal mesenchymal stemcell has one or nore, such
as all, of the follow ng characteristics: (a) one or nore
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10. A pre-natal nesenchymal stemcell, cell culture, cell line, conditioned
medi um or particle according to any preceding claimfor use in: (a) a

nmet hod ofwbnheflgiede Oof a disease, in which the disease pgrRehé®igsh7Er om the
group consisting of: cardiac failure, bone marrow 15 di sease, skin disease,
burns and degenerative di seases such as 8 abetes, Al zheiner's di sease, '
Par ki nson' s di sease, cancer, a disease associated with accunul ati on of
protein aggregates or intracellular, or extracellular |esions; Huntingdon's
di sease and al cohalic liver disease; ) a nethod of treatnent of a

e, (b f treal
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granul omat ous di sease, ,cutaneous T cell |ynphoma, ulceration, a
pathologﬂegﬂpgﬁﬁ%ﬁFﬁﬁﬂbXH§%§B?brised by initial injury inducing
i nfl ammation and i nmune dysregul ation | eading to chronic tissue renodeling
i ncl udi ng fi brvgicusandlifies®noind varatioayof the desdcribsdmethiods ari sysyem efithé i C
fibrosis, sinusitis and rhinitis or an orthopaedi ¢ di sease; 25(c) to aid
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processes including any one or nore of the follow ng: cell structure and
motility, cell structure, cell communication, cell motility, cell adhesion
endocytosis, mtosis, exocytosis, cytokinesis, cell cycle, imunity and
def ense, cytoki ne/ chenoki ne nediated 5 i munity, macrophage-nedi at ed
i mmunity, granul ocyte-nediated i munity, |igand-nediated signaling,
cyt oki ne and chenoki ne nedi ated signaling pathway, signal transduction,
extracellular matrix protein-medi ated signaling, growth factor honeostasis,
receptor protein tyrosine kinase signaling pathway, cell adhesion-nedi ated
signaling, cell surface receptor nediated signal transduction, JAK-STAT
cascade, antioxidation and free radical renoval, 10honeostasis, stress
response, bl ood clotting, devel opnmental processes, nesoderm devel opnent,
skel etal devel opnent, angi ogenesis, nuscle devel opnent, nuscle contraction,
protein nmetabolismand nodification, proteolysis, protein folding, protein
conpl ex assenbly, am no acid activation, intracellular protein traffic,
other protein targeting and |localization, amno acid netabolism protein
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processing, translational regulation, nmRNA splicing; or (f) the supply of
functions including any one or nore of 8he follow ng: signaling nolecule,
chenoki ne, growth factor, cytokine, interleukin, other cytokine,

extracel lular matrix, 20extracellular matrix structural protein, other
extracellylar matrix, extracellular matrix glycoprotein, protease,

met al | opr e, ot her proteases, protease inhibitor, netall oprotease

i nhibitor, serine protease inhibitor, oxidoreductase, dehydrogenase,
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chaperones, synthetase, synthase and synthetase, select calcium binding
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ATP'syntQ%ﬁq, hydr at ase, transam nase, other |yase, other enzyne regul ator,
sel ect regufatory nol ecul e, actin binding cytoskel etal protein,
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protein,lmﬁ%gg[e coat protein. 3011. A delivery systemfor delivering a
conditioned nediumor a particle, conprising a source of conditioned nmedi um

according to daim8 or a source of a particle according to WO
2011/ 010966 PCH st /maerchynibstomaicth ¢l adfarenarcelliling agcadding énSaimdpenZabl e

to deli .th ndi ti d di . ticle to.a t . 0 12..Us f
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condnoiongﬁxﬂﬁmnuﬂmﬂﬁma(ganyicIe to a target. 513. A nethod of obtaining a

differentiated mesenchymal cell, the nethod conprising providing a
pre-natal mesenchymal stemcell, cell culture or cell Iin&»according to any
of O ai m# 1 td pregpptalangsershomal stemiglly ¢rdl qultareprres] ling sesnedipade Clamnh, 2or| |

cell cul tu J i q R [ aoTodV s hdisfsopgr ocyt e.
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to daim9, together with a pharnaceutically acceptabl e excipient or
carrner. s, A pre-natal mesenchymal stem cell, cell culture or cell line according to Claim 4, in

which the method further comprises (d) culturing the mesenchymal stem cell in a serum free
medium, thé serum free medium such as comprising serum-free culture medium such as
Knockout DMEM medium supplemented with 10% serum replacement media, non-essential
amino acids, 10 ng/ml FGF2, 10ng/ml Recombinant Human EGF and 55uM -

20  mercaptoethanol.

6. A pre-natal mesenchymal stem cell, cell culture or cell line according to any preceding
claim, in which the pre-natal mesenchymal stem cell has one or more, such as all, of the

following characteristics:

(a) one or more morphological characteristics of mesenchymal stem cells, such as
25 fingerprint whorl at confluency or forming an adherent monolayer with a fibroblastic

phenotype
(b) is capable of adhering to plastié;

(c) displays an average population doubling time of between 72 to 96 hours;



16. A nmethod of conditioning a cell culture nmedium the nethod conprising
culturing a 15pre-natal nesenchymal stemcell, cell culture or cell line
accor di ngvoeoampowé Clains 1 to 7 in a cell culture nedipgmsandiompézzonal |y
isolating the cell culture nmedium 17. A nethod of treatment of a disease
conprising obtaining a pre-natal nesenclgmal stemcell, cell culture or

cell line according to any of Clains 1 to 7, a conditioned nedi um accordi ng
to Claim8, or a particle according to Claim9, and adm ni stering the
pre-natal 20mesenchymal stemcell, cell culture, cell Ijine, conditioned
medi um or par t(ribdléplam 3 sWTaes eNgRn Profilg COMPRSING SYPISESIQN eLANGETMQSE: SHChAY eas e

according to %abmhﬁoumnghtﬁbg téﬁmﬁ'(ﬁf@%ecﬁ%é eémdse@:ﬂlrs@rmtm db

set out in Calm re-’nat nmesenc temcell’ cell cul ture
or cell line, wﬂnnhdm«nimdibmmiexprpsqmdf mb@rndméomefolky’ungrﬁLAdl)RoﬂDaﬂ

compost £ on_ or b o eRER £0R0 <G BeF kAT DSk o RBETGPIo G e
\c/iVIth sef erencgt epapdagscpagwn in Figures 1 to 7 of the acconpanying
rawm ngs.

(e) displays a reduced expression of one or more, such as all, of HESX1, POUFLS,
SOX-2, UTF-1and ZFP42;

(f) displays a reduced expression of one or more, such as all, of OCT4, NANOG and
SOX2;
10 (g) displays no detectable alkaline phosphatase activity;

(h) is maintainable in cell culture for greater than 10, 20, 30, 40 or more generations;

(i) have a substantially stable karyotype or chromosome number when maintained in

cell culture for at least 10 generaﬁons;

(j) does not substantially induce formation of teratoma when transplanted to a recipient
15 animal, such as an immune compromised recipient animal, such as after 3 weeks, more

such as after 2 to 9 months;
(k) is not teratogenic when implanted in SCID mice;

(1) is negative for mouse-specific c-mos repeat sequences and positive for human

specific alu repeat sequences;

20 (m) is capable of undergoing osteogenesis, adipogenesis or chondrogenesis, such as

capable of differentiating into osteocytes, adipocytes or chondrocytes;
(n) have a substantially stable gene expression pattern from generation to generation;

(o) any two or more, such as all, mesenchymal stem cells obtainable by the method

exhibit substantially identical gene expression profiles;

25 (p) the gene expression correlation coefficient between any two or more isolates of

mesenchymal stem cells obtained by the method is greater than 0.9;

(q) any two or more, such as all, isolates of mesenchymal stem cells obtainable by the

method are substantially similar or identical (such as homogenous) with each other;
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(r) the gene expression correlation coefficient between a mesenchymal stem cell

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

7. A pre-natal mesenchymal stem cell, cell culture or cell line according to any preceding
claim, which comprises a mammalian, such as mouse or human, pre-natal mesenchymal stem

cell, cell culture or cell line.

8. A conditioned medium comprising medium conditioned by a pre-natal mesenchymal

stem cell, cell culture or cell line according to any preceding claim.

9. A particle secreted by a pre-natal mesenchymal stem cell according to any of Claims 1
to 7 and comprising at least one biological property of a pre-natal mesenchymal stem cell such
as a biological activity of a pre-natal mesenchymal stem cell conditioned medium (MSC-CM),

for example cardioprotection.

10. A pre-natal mesenchymal stem céll, cell culture, cell line, conditioned medium or
particle according to any preceding claim for use in: (a) a method of treatment of a disease, in
which the disease is 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, a disease associated with accumulation of protein aggregates or
intracellular or extracellular lesions; Huntingdon’s disease and alcoholic liver disease; (b) a
method of treatment of a disease, in which the disease is selected from the group consisting |
of: myocardial infarction, a cutaneous wound, a dermatologic disordér, a dermatological
lesion, dermatitis, psoriasis, condyloma, verruca, hemangioma, keloid, skin cancer, atopic
dermatitis, Behcet disease, chroni.c 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 injury, cystic fibrosis, sinusitis and rhinitis or an orthopaedic disease;
(¢) to aid wound healing, scar reduction, bone formation, a bone graft or bone marrow
transplantation; (d) to regulate or assist in the regulation of a pathway selected from any one
or more of the following: cytoskeletal regulation by Rho GTPase, cell cycle, integrin
signalling pathway, Inflammation mediated by chemokine & cytokine signaling pathway,
FGF signaling pathway, EGF receptor sighaling pathway, angiogenesis, plasminogen

activating cascade, blood coagulation, glycolysis, ubiquitin proteasome pathway, de novo
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purine biosynthesis, TCA cycle, phenylalanine biosynthesis, heme biosynthesis; (e) the
regulatioh of processes including any one or more of the following: cell structure and motility,
cell structure, cell communication, cell motility, cell adhesion, endocytosis, mitosis,
exocytosis, cytokinesis, cell cycle, immunity and defense, cytokine/chemokine mediated
immunity, macrophage-mediated immunity, granulocyte-mediated iMunity, ligand-mediated
signaling, cytokine and chemokiné mediated signaling pathway, signal transduction,
extracellular matrix protein-mediated signaling, growth factor homeostasis, receptor protein
tyrosine kinase signaling pathway, cell adhesion-mediated signaliﬁg, cell surface receptor.
mediated signal transduction, JAK-STAT cascade, antioxidation and free radical removal,
homeostasis, stress response, blood clotting, developmental processes, mesoderm
development, skeletal development, angiogenesis, muscle development, muscle contraction,
protein metabolism and modification, proteolysis, protein folding, protein complex assembly,
amino acid activation, intracellular protein traffic, other protein targeting ar-ld. localization,
amino acid metabolism, protein biosynthesis, protein disulfide-isomerase reaction,
carbohydrate metabolism, glycolysis, pentose-phosphate shunt, other polysaécharide
metabolism, purine metabolism, regulation of phosphate metabolism, vitamin metabolism,
amino acid biosynthesis, pre-mRNA processing, translational regulation, mRNA splicing; or
(f) the supply of functions including any one or more of the following: signaling molecule,
chemokine, growth factor, cytokine, interleukin, other cytokine, extracellular matrix,
extracellular matrix structural protein, other extracellular matrix, extracellular matrix
glycoprotein, protease, metalloprotease, other proteases, protease inhibitor, metalloprotease
inhibitor, serine protease inhibitor, oxidoreductase, dehydrogenase, peroxidase, chaperone,
chaperonin, Hsp 70 family chaperone, 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 cytoskeletal protein, cytoskeletal protein, 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.

11. A delivery system for delivering a conditioned medium or a particle; comprising a

source of conditioned medium according to Claim 8 or a source of a partiéle according to
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Claim 9 together with a dispenser operable to deliver the conditioned medium or particle to a

target.

12.  Use of a delivery system according to Claim 11 in a method of delivering a

conditioned medium or a particle to a target.

13. A method of obtaining a differentiated mesenchymal cell, the method comprising
providing a pre-natal mesenchymal stem cell, cell culture or cell line according to any of
Claims 1 to 7 and differentiating the pre-natal mesenchymal stem éell, cell culture or cell line

into an osteocyte, an adipocyte or a chondrocyte.
14. A differentiated mesenchymal cell obtainable by a method according to Claim 13.

15. A pharmaceutical composition comprising a pre-natal mesenchymal stem cell, cell
culture or cell line according to any of Claims 1 to 7, a conditioned medium according to
Claim 8, or a particle according to Claim 9, together with a pharmaceutically acceptable

excipient or carrier.

16. A method of conditioning a cell culture medium, the method comprising culturing a
pre-natal mesenchymal stem cell, cell culture or cell line according to any of Claims 1 to 7 in

a cell culture medium and optionally isolating the cell culture medium.

17. A method of treatment of a disease comprising obtaining a pre-natal mesenchymal
stem cell, cell culture or cell line according to any of Claims 1 to 7, a conditioned medium
according to Claim 8, or a particle according to Claim 9, and administering the pre-natal

mesenchymal stem cell, cell culture, cell line, conditioned medium or particle into a patient.

18. A method of treatment of a disease according to Claim 17, in which the disease is

selected from the diseases set out in Claim 10.

19. A pre-natal mesenchymal stem cell, cell culture or cell line, conditioned medium,
particle, delivery system, method of obtaining a differentiated cell, a differentiated cell,
pharmaceutical composition or method of treatment substantially as hereinbefore described

with reference to and as shown in Figures 1 to 7 of the accompanying drawings.



