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Pluripotent stem cells that are derived from the inner cell mass of a blastocyst are referred to as
embryonic stem cells, while stem cells derived from primordial germ cells of the developing
gonadal ridge are referred to as embryonic germ cells (Shamblott et al., (1998) Proc. Natl. Acad.
Sci. U.S.A. 95(23):13726-31). Embryonic stem ('ES) cells have been derived from the inner cell
mass (ICM) of mammalian blastocysts (Evans and Kaufman, (1981) Nature, 292(5819):151-9;
Martin, (1981) Proc. Natl. Acad. Sci. U.S.A., 78:7634-8). These cells are pluripotent, and are
capable of developing into any organ or tissue type. ES cells are capable of proliferating in vitro
in an undifferentiated state, maintaining a normal karyotype through prolonged culture, and
maintaining the potential to differentiate into derivatives of all three embryonic germ layers (i.e.,
mesoderm, ectoderm and endoderm) (Ttskovitz—Eldor et al., (2000) Mol. Med., 6(2):88-95).
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matches that of human ES cells and human EC cells, Undifferentiated human ES express globo-

series cell surface markers such as stage specific embryonic antigens (SSEAs), for example
SSEA-3 and SSEA-4, as well as tumor recognition antigens, for example TRA-1-60 and TRA-1-
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order for the potential therapeutic applications of human ES cell technology to become reality,

techniques must enable the production of enriched human ES-cell-derived specialized cell types
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Figurd el 1§ enasc ofi phasércontrast photomicrographs demonstrating the morphology of

undifferentiated hESC colonies at different passages starting from passage 10 up to passage 30.
Photograph 3.1 shows a compact hESC colony at passage 10 on healthy looking MEF cells,
which not only provide nutrition to the ES cells but also facilitate their maintenance in an
undifferentiated state. Photograph 3.2 shows an hESC colony at passage 15. Photograph 3.3
shows the hESC at passage 20. Photograph 3.4, taken at a higher magnification (200X),

demonstrates at passage 30 the distinct cell borders, high nucleus to cytoplasm ratio, and
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Figure 12 shows an evaluation of the in vitro differentiation potential of Relicell™ hES1. Phase
contrast micrographs of examples of cells of different phenotypes differentiated under suitable in

vitro conditions from undifferentiated human ES cells through embryoid bodies formation as
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of the followng enzymss wer e, det er m

ed
followipg @nmmsoaetre ﬁeteﬁa% bpirghemicakmethors) EF%‘?H%/ SeRi glytamate oxalo-
er 1 (BCTum R 123 vate -transferas
acetate ?glﬁ&mfle pyr at e amﬁa;t% t?ans%un} a%gﬁlna ) Panaglun%. ansierase
(SGPTWPK{@EII Craliphias ph@dphstase( (AID); m&iﬁhn@hﬁe]acﬂ@te dehydragenase (LDH).
dehydrogenase (LDH). Figure 14 shows the establishment
FigureOi4 ndd6e S &elbliskiasitves rﬂitﬁtsatE&th&leﬁsechmepattoww as an in vitro

hepat ot oxi ci ty nodel Hepat ocyt es re diff ent
hepatotoxgmﬁyrma@% éégn%?%s amere %&ﬁ%ﬁ@t@%%aame T ol exposed to

cuton SLERRRIA 0% C F o AL, 4 SR EE A e (NAC,
an ant{o&ﬂdht (230M).s letels Imé theltbﬁuwmg SITFYAE SVaKe r@tamtlrmdnbyt ddpchemical

methodsh RRnElch: ST Rt RGP ToP SRpH: AEPAPRERMEESCATB O CF

THE | NVENTI ON The present disclosure is directed to
the establishnent of well-characterized human ES cel |

lines in terns of their unique identit sel f renewal
capaci ty DRTATEERI¥ESCRIPEHO qlﬂdi’EﬂtHlaFN\\/’iErN Ni cul ar,

human ES cell |ines are generated which have
The prevenpdistibase ishditectadeo e ¢stahiisbment ofievdll-gharactatized human ES cell lines

generatin eu c tr at nme oJe
in terméd)g Gi;eé{ wy ueo{t} gﬁleeswa f?ﬁ’%ﬁ?ﬁ 8]5(& glétci[cuudn gﬁ Eé)t%n%al parttcular
humano?S nafl gpRaldd tgene%tew IvHil ha®y p@pBeies Gha e @atte;mastyu wsll suited for
a particular group of individuals. Such human
generatmg thelrame'sc treqfmenis der & speckienopiiletipe of FeEpientsahhis @@Eulﬁ%on may be
art i C 0 [ n
based QB Ct}at gal%l %ﬂurugléf a(% e%gl% i@ Qﬁer c nét%g o?%s %‘rﬁg{eﬂﬁf %tddf) Sf individuals.
Such Husitet EQR&l lingemeyrotisr cﬁﬁil&té’ﬂstlam arESadmhtagem’wythbteparttcular population
identified as having certain advaptages for treatin

for vagaps i apnlieatiopy purltasofFll demesemeell 1Byader RBnSGRTAS d" functional
genonﬁ(g Pend hﬁr?l?n w&ell@sm%?hﬁ? Ridn ﬁ@& %s ‘Tﬂfavﬁgréeﬁhiﬁ ad@hf@bes for treating a

stoconmpatibility c human
particdl@uemdtdnaidentifeeds by Idbmee)m gmet&m prdperttea,nsm:ﬂn atSethsapresence of certain

major éggmo&ép%ggf il&f! Icg%éng\@(tﬁt@ar elgg,l ﬁval eTeukBQytte ahtigens (HLA), or short

tandem repeat (STR) identifiers, which are prevalent in the population of interest. Isolating

human ES cells with one or more common genetic properties with the general population
increases the likelihood that these ES cells can be used to develop therapeutic applications or
other informatian that will generally benefit that population. For example, the more

histocompatible the human ES cells are with the general population of interest, the more likely
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human ES cells with one or nore common genetic
properties with the general population increases the
wo 2dogloedsedd t hat these ES cells can be used t oPAERIN0@000169
therapeutic applications or other information that
will generally benefit that popul ation. For exanple,
the nore histoconpatible the human ES cells are with
t he general population of interest, the nore I|ikel y

kT T A N

embodpments b popuationef éterest is @riadiampopslatisthe popul ation of
interest is the Indian population. The MHC is a region

The MBIC isheregion ofitiseciiore 64dine dunfdninh NI oMUCIO BARS, wa‘&h%fé divided into
ed into_three categorles class I, cla

three 03{??&0’8{3%&8% I iclass [ andrelass 1Lt Ha hymens the MHC glases genes mclude HLA-
|
o L A A S
(GOlub@IEiaGreem,QQP,l, Imm’mmdbgggyﬁ& Spnibysis, Hrsorsd EStien n(dha%%rtIISQnMHC class I
and ol L I?% %fé &g class_ |1l nol ecules bind
5800 leciish binthieetios Maepeod Gl srlsr fFignERgaEns, e nspected on
the celdfs@rfh&isBEat B}%ﬁ%cy‘c&@e THES, thedy Eﬂ%ﬁf&ug}! c-r%x 1%&9& ¥EfSar or humoral

Thus, these ‘nol ecul es can stinulate ce
lmmummﬁaCbl(Geannw%t 1Cablk7 §: Z8-289)n, CofDlete ﬁ&idluct hnes are commercially

avaﬂab?é5 fgxl8 §g) atsg}rg?]egﬁél o%g :il%q‘igélagﬁﬁs ,_ﬁ A%I’ w#&lﬁd ]%%B3 DRB4,

DRBS,PDQB.I ]QQBDFBPADP&@, DPBB3.B %1%8 & lcelpgeéls V%%ﬁnetm factors such

and DPBl. By identifying [1nes w
as, for ggﬁgp}ec}lﬁ@cql@eg,, arg noré prevelcanisl e gemma]albdpaallm;n, the cell lines
can be Vﬁ%é& rﬁlle ngeggpeﬁég\é%%%&gge ‘{wﬁb elr}{e?éal?ﬁ%?& %1} e target population.

For ex4mplat H@mferretdhaﬁbmilﬂnbntbﬁ‘ tl’(Brp@eselﬁtf &sdlbstee isrthféaﬁrdtt@ rg@ﬁératmg human
ES lf;]:ﬁu' %@é&% Far. exanpl e f?r ef erred enbodi nent of
Col AEH e @ Righgspareentagedpl marks. tsuchy @ dmmunagetstioemarkers, in
commdeowsi! the | 34 i is Wi
ey he AR pbARAIG W DR, REIEENhE Bs ool tine. This win
reduce he hsk lo8 immdheejguionl «tthempétiniraatmernts deihvedl Sohahe &S cells in the
gman ES cell line. This will reduce the risk of

une reJ ection of therapeut| c treatnments derived
. ES.cells i.n the ul ation. For exanpl e,

For exgfnfl, Sdist of e GbEidrarivbpLHLA piiends st peb licin populaion
have rekBfled\a ’h‘ié]l dRdirate WQ@ftﬁh'}?ﬂA ANBNE if ﬁl\éf ﬁ!&@ﬂat?o r iexample, Mehra

occurrence of certain HLA alleles I n
et al., ROP1eXisss Antigdnk r58(6)et024, . qbs¢ROM Ap ufﬁlespaa&dl%nldvsg ﬁ@@uency of HLA-

served n unexpect ed| frequency of
a*020P(58% “b%ﬂiﬂkg’b 5 10 ConRaSt 40 TP ARG iz, Westors Gavcastns n whom it

constitites 95%Sdffthé3EﬂJA0R2|r SR Thi CRKERAAE dPals Th “ﬁﬂép
caonstitutes 95% of Bft) he HLA-A2 r epert%??g Thi rtatnce Of dentifying

human ESgiglliges that aregenralidestoeorprsiols with it pdhlanlmvpﬁﬁtloa |o|f interest,
lines that are generally histoconpatible with the
Humanpi$ icelis optsuprasent disolosimet are gatticulatiyrmivatifoevak ldae af sthgal unique

t discl re are particularly advantageous due
propert{%o Eer%ﬁu %%&E properties of these cells, which:

(1) Are capable of differentiating into a variety of tissue types, belonging to all three germ

populat1

layers (endoderm, ectoderm, and mesoderm);

@) Are self-renewing and capable of propagating in culture for at least about 40 to about 100

passages or more while maintaining pluripotency, high telomerase activity, and normal
karyotype;
13



(1) Are capable of differentiating into a variety of
ti ssue types, belonging to all three germ |ayers
w@ eovdogssin ect oderm and nesodern); (2) Are PCT/IN2006/000169
sel f-renewi ng and capabl e of propagating in culture
for at |east about 40 to about 100 passages or nore
whi | e mai ntai ning pluripotency, high tel onerase
activity, and normal karyotype 13 WD 2007/ 020655
PCT/ 1 N2006/ 000169 _( 3). g Zﬁ$ e of form ng enbryoid
(3)  puwsiceRaliEpsiprmingjenhyycid bedigs ue HLA allele, vvhi ch
W || provide better matching to recipients durin
@ t]?(&ﬁqsplaawawq B4 allels, whicacvidpisupsisl katics maéqhnp&m ggeipjents during

];tﬁ%lls SRR i%?rg 5%18&?8 g#%?ff%x%f é)%ﬂ V\%tg %% a%ﬁqu% ?% ﬁldé%[}l FBp8lation; |
A P R —

|I@Qi FhitsP fgatfréﬂ%ﬁlan{a@bn%fl abR1desR0dpdRlagioh atients, for example an
ounds or exanple small nol ecules and drugs, for
tIhdIanPOBIﬂﬁm on the cell population, cell toxicity,
or nodul ati on of gene or protein expression; and (7)
(6) Gam be wsktd asream campeuntlst fureexampio ﬁme}htm@in@lﬂes and, drugs, for their

s‘%{?&? ¥h%gq?f}%opu$agr nd Eé Xém%yh 853{%@19? gene ot 1¥rote1n expression;

Cagdi onyocytes, neur ons pancreatic isl et cel | S, or
ot her cellular types derived from human ES cel I's of

(D t@ﬁl Har §@Nhs GinS ﬁit&ib.‘t‘i\ee 16\ RALEAtRRARLA Yikh eﬂ‘oﬁfc’it?dmodels for drug

human ES cel T 1 ne, ch is described herein, t he

RekiabelisnT Mo E®xicityc etuldlelSJ meing)Vefnd axampleal hepai(ogrt@ﬁ) cardlomyocytes
Differentiatjon,74:81-90,. inc orate
RS, e e ot ot YRR L oty Mipe S oets of he
thesdaliiselbalre.Center for Cel | Sciences (NCCS), Pune,
I'ndia, and w Il be deposited in an international

loet i ™
A partg%@#}ﬁi' é fe¥red HURInCES leell 1178, G/ﬁﬂ:heé %%&H%& Iﬁelleﬁ’[ gk $hePRelicell™ hES1

ace nmarkers such as SSEA-3
cell hrEF{MéhdﬁDst AN OV Diff@dntiation 7dr8d ek mqgtpomted hcnemby reference). This

et s SR AR B8 At LRI ) AL i,

will bé"&p@s@t%d%%&hteﬁfdtlohéiled%pofsﬁtoﬁs maiseclClndd¥xges high levels of cell
flngerprlntlng éSTR anal ?,/ISIS Exam nation of the in
surfacy imarkers|ise¢here AEEALI, o¥S b tde Tt Al -68% apth TR Acétd 1, the,wanscription factor

Oct-4 O%g%m% h%é?en%tatﬁg,ﬁind' {eldrﬁ%r?%ap?gfseceﬁfhr@ %*éa%r fé%rﬁlﬁé t1(91'yotype in long-
term dubtufd snd Aada dieipat ddewtier hd k@/ealeﬂllgf DBlAfiggergrihiing by STR analysis.

Examlsg’&g%gg% rp%%%?ﬁqaaﬂ%{g%%uggﬁpoger@m pﬁnea?cgﬁelme demonstrated that it is

capabl?I éﬁ/b @g#‘éfﬁgé G098 "n@fbé M Jie dafw&ﬁy&r’?{els 'E%ﬁ&eatlc islets, and

bl ast ocy stage of a manmal i an “enbryo.
hepatdcptedilefoetls belomgiboth mesm inkedptmyrand ehdodermulimgagesespectively.

Human ES cells of the present disclosure are generated from the inner cell mass (ICM) of the
blastocyst stage of a mammalian embryo. In preferred embodiments, the pluripotent human ES
cells are capable of self-regeneration and can give rise to cells of all three lineages (ectoderm,
mesoderm and endoderm). As used herein, the phrase “pluripotent human ES cells” refers to
cells that are derived from the ICM of the blastocyst stage of a mammalian embryo. Pluripotent

cells are.capable of self-regeneration and differentiation to cells of all three lineages. As used
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“pluripotent human ES cells" refers to cells that are

derived fromthe I CM of the bl astocyst stage of a
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hree [i ;RS
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rstoo RN The ALy ik ek el ERS Gl Y B o

cultum%n theLRERAn My b&ﬁlﬁ&isnﬁutabﬁf F0aFTRéMRABS) - InlAedition, the in vivo
tro differentiation potential of ES cells can be

differerdiation poteatiddfHBS cellakanba hyvmrky injscting thegells ReWimiseons
suitable for differentiation. In addition, the in vivo
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commiii] o BRAEHE: PradREH S D S Loy %St thddeRim). Pluripotent
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h sel f ren ca f
ot T BOSTSERR HPRCL Yt ROGRGE gl SRR PR of
methodi%@[ﬂ'khoﬂﬁ 16l Uh@. GRilledVihtthe Arta saehl 4s i7d visd liértilizaticm, gatmacytoplasmic
The isol ated bl astocyst fraom which hu ,E%Hcgl | ar % 1
sperm mmtlane@dmplml rnseRic dl CBrjalR cRpeREReIES ¢ tsadugpap ES cells are

grown 1,o %}rlrm;hr%&né %Btso%la% dil sqgclh@llng hutalot 1in3td8 R0, 8R0tsd Mitridhic fibroblasts,

1 on, racto sm c spermlnjectlon and
humanczﬁziﬂr?@rm tﬁlbacrtﬁésw or ﬂibroblemld{emeﬁﬂﬁeﬂvevhﬁnd)m aduhduingoltigsusd. In other
uman ES cel |

grovvn i ¢ fibrobl ast
embOdb‘éWt% the By ﬁ% cel X ggd‘¥3¥ erﬁ?Bﬂ‘g “Brbr yoni ¢
fibroblasts, human errbryonl c fjprobl ast g ) . . d
A popilaion bt dtman KBS ceellp sdf'@éfﬁii viserns PlgROSKH, 125h dgssibed in the preferre

embodhhg'rﬁy désy sﬁéé:gggerrnaﬁc:%e Eﬁs, iAdM&dihy Bﬁﬂ"ncﬁ%n‘h?édl %, &ce4, Nanog,

con |t| ons. A popul ation of
Rexl, Buxnan FES4;:€tﬂ1 sThiel;, iCripeb If, nA;Bﬁ:(BJz,aBpwyhTERTagomm -fhegpnnexin-45.

Humarlhgﬁfgg‘f Ig %rgl?nfoggzr(gr%q rg g‘%lﬂ%‘é@lcw s%%&: ﬁ@ferelnl?l {1 é:8ﬁ§ c§uch as Keratin 5,

7 1,ybD @Aﬂ\m lcardiac acti
Keratu%%geramég%mﬁqﬁg‘gr}{ %arﬁ]%?l n- 43 wlg)fr\]/tnsgmﬂry% 1Q car e At

(mesodeBmdeGIAT Aty ATAR, IéNEf%@anHM‘\eﬁ@t% redbuieine pnd PP éf(endodeml) The

ferentiated cel s Keratin t
humarscED SE1G A OVGERES ol NBFRCACOERRTEY FCE B Sl TSR e hic antigon 3
(SSEA’X’KF @SEW%O@-%C@ ﬁoﬁlﬁﬁtﬁ n 1 wsqmmm) @mm sAm;z;t-4 E-cadherin,
F-4al pha, HNF-3beta, albumn, and PDX 1 (endode
ConneXire 4Rurand Eglkeling sphesgltasgpr eﬁpé@ﬁlpns&‘?‘fe NRAr L%r Qetec"ed by

s Q4 ST TR AP By 95 o s o

the prebE#rdiscidsurd by frnovﬂe(iﬁﬁﬂhﬂbllenmmght into early embryonic development

In certain embodiments of the present disclosure, isolated human ES cells are cultured in a

nutrient medium, preferably which comprises growth factors, and maintained by manual
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Connexi n- 43, and al kal i ne phosphat ase. Expression
| evel s may be detected by inmmunocytochem stry. The
wezxdaoensi68® nol ecul ar characterizati on of the hPOEIN2ES/000169

cell lines of the present disclosure nay provide

i nval uabl e insight into early enbryoni c devel opnent.

In certain enbodi nents of the present disclosure,

i sol ated human ES cells are cultured in a nutrient

[ I ke |8 rowth fa rs nd

P S e Bl P B el tha in 6ot surtace
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t hr ou [ si gnal i ng pat

t he activa
specifigiflj of some griovgh daetdrs isaestocte s pgtaimeelt types. eGepvithdactors may be used

o S R 00 L s
such a$ @eGiohnk,Chdphtddlytes OBRAIBHYHE s, BetaOkRts, ShERBSI &L %gteﬂﬁ?st, myocytes,
a

certain cell types. Gowh fa_ctors may be uUsed t

and thg;like. AR exampletad B eplli perdie pentags 80Yd RMEM/Fr 1ikil6% ES-tested FBS, 5%
[ ' to2 . di | ate | vari,o l.i neage h

serum NS0, 1R ELLEAAPLATC LGN 9 HBSERCRIBELS o 154 o

mercaptéehatohcirign] hoslag HHGIShnd 190gMl @Smanandikble iﬂhhﬁtogy%ctor (LIF).
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papuatispassaginedhe GeHsris pivantasseies oveydheoreazmendy usdd method of

. ar o i ne ¢ G.BGO) . 0.1% het.a
BB b S ORI RAE AR or e o
line. Maigkwaic ofhthi biotmalykdrputymr off 4. bél) line Thienpoetahotbr ofs use in therapeutic

OSrrsanual |y passaging the cells is advantageous over the
purp %Ommnly used net hod of passagi ng by enzymatic

e nt, because it helps to maintain the genetic
Prefer%{eaﬁﬁct?@s &? i erewnt diloRee Wit dvigindevelst of Relomerasmectivity as
I : i { R tant.. [ e LN 4 ..
s YO B AR el ONOE A i P v o
the high sel§eertewdti sapaoitypbtherchilbof thhipgdsedtalialcuas fok at RERMLBSE 40 passages

. activit ssessed, b non-r adi oacti ve PCR-based

in culeBy orePiedira A dpaeh ADRHE MRS SaR. Al L mP e AN Aofeast about 100
assagdshi@t ditGR. SEAd hirBREr@ kelGANaF

passag S resent disclosure f oer at %l%ﬂggﬁr%%ggt%eisg{dsglggéugggﬁ klaﬂ/otypes and

show ng gresgelicratipn én gremesaaisyeven afierant yedrdnculd@epassages,

and nost prefeéerable at |east about 100 passages in
The presgnt diselosiirefuinhmn desEBbeethesurlso clpradteisios W phs $eman ES cells as

-1 NQr. upl .old, kar.yot s and show no gross .
cvidendBigPly RO KALAOUHPES, 300 oo AUOUNG BL83 et insom celbued
transpldniAtion Berapies. TheeLRbitdoaIresidetily H:E)E'H@& el@%léﬁtrs'if?% dellGme by STR

uni gge characteristics of the hudman ES cells as
genotyping depcdy bseomneAimprita8TR tsyysiralgiields Andlydingigganetit ysaping, linkage

-pl ' le in stemcell - based . .
ey B 8y AR, LTS s el s poses
HLA ahdSdRntypes, epkiah adll greviBa bsttdrmitbing QREAE tMspiitation for the Indian

genotypi ng has al so becone inportant in several fields
populatigfe| udi ng: genetic mapping, |inkage analysis, and

human identity testing. The presently disclosed human
The humgndé rells pfetheyesatdisclosuneiere pluripotent in nature, and have the ability to

differentiate into representatives of all three germ layers in vivo. When injected into SCID mice,
human ES cells differentiate into cells derived from all three embryonic germ layers including,

but not limited to, bone, cartilage, smooth muscle, striated muscle, hematopoietic cells
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HLA and STR types, which will provide better matching
during transplantation for the Indian population. The
whova02@6S cel | s of the present disclosure are PCT/IN2006/000169

pluripotent in nature, and have the ability to
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growthnfagtorsrandtikir stmipleaidngs inay bginvestightedt he det er ni nati on of
the fate of ES cells. Further, the differentiation of
In one Eﬁb_th@lblbﬁ géﬂﬂi@ﬁﬁB%,%ﬂsﬁﬂﬁ@iﬁ@tgg@ﬁga&é‘lé@%{bv@ﬂﬁbQﬁﬂ&@ﬁ%@é for 10-14
.Ssujt abl.e r.owt ctors_and their su enents nma e
days if Y S SHROMILIAC Thet BBt conctaien snt, pHgesms et of linoage specific
ker§ YOHE RS KRR EYaLiLS 52 | HoNg Rz Sl
ke B KRR s OBt 181 BN [ RIS oy, Mo,
MyoD.g ABI:, sardispyactinpimesedams eGATA4, AT@aGINE palphd,i ENF-3p, albumin and
rkers \su as Keratin 5, Keratin 15, Keratin 18,
PoX1 JRIASHERD T B Mol oS ki f s of ajromiabApaskers clearly
demonstaitehi tA€ difekdritiaflioR pOGRHADf tHeMAhn P& TN+ i
HNF- 313, al bunin PGt d (endoder my . 1Tﬁeéliﬁéna {4 Wherein at least

80% oftnp dkserdigtegcelis smay hsfnenions,c0eHi% maydbemardiemyoayteza80-90% may be
di ff ti.at] tentjal .of the,.
hepetofSIDRL A0 AR L EAACLURL AR BRL D . e

differentiat cell e neurons, 30-50% may
tn corefy efpi5cilslso B s S aqba Permuip g g et fosien compounds,
for exafipid) Qfteltayolben ol @akd, Forctil SfredORaRE|
a:‘;ﬂ(l%liture co%diti ons. I% coertali n an%%d?ﬂgﬂtgg%%%%hu%ncompoums

can alsgdecssrqesed) & cqelltonicits rsimodwiatiopeof exprbssion.s dn @direr embodiments, the
xanm| || ol ecul d o
human SATBATGSclosedhrBNAMRY Be 30T o s 364 sfifudnind ibficismbiology of

development, functional genomics, as well as the generation of differentiated cells for use in

therapeutic or prophylactic transplantation, treatment, drug screening, or in vitro drug discovery.
For example, the human ES cells can be used for genomic analysis, to produce mRNA, cDNA,
or genomic libraries, to produce specific polyclonal or monoclonal antibodies, including, but not

limited to, humanized monoclonal antibodies (WO 01/51616, specifically incorporated herein by
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can al so be screened for cell toxicity or nodul ation

of expression. In other enbodi nents, the human ES
wa@elr®2@sscl osed herein nay be used to study tPET/IN2006/000169

cel lul ar and nol ecul ar bi ol ogy of devel opnent,

functional genomics, as well as the generation of

differentiated cells for use in therapeutic or

prophylactic transplantation, treatnent, drug

referencnle HuiACTES oF (1 SHRCBEy é@%@ﬁ%ﬁm%@ﬁ A BpBically active
molecﬁl@so O En nﬁ?ﬁcelfsm\% wedll a§3 e&ggﬂ & Itlsﬁfe§rﬂé~§fedt %herefrom such as

uce specific polyclonal monocl onal anti bodi es,
pharmao&uhcaﬂl cogppomnds rint drulgi reseazch. t oTheh dest riommbunds e | binkogically active

e B 5 12 L 210 SR8 LS IERSROL A, o e

source§. FRERAGEN cel%rcahoalﬁﬁ@ﬁibdft@ rscﬂe@@ fefthestss(stdh &4 &hal #dlecule drugs,
t est compounds or bi ol O%I cally active nolecules on

peptidé¢s eotiflgss  andsthgelike)aor c,eenqhgom (Juchsafe sel epyliueg) conditions or

i A5 5) ERPARA D Qs SR 8 PRI, B iretisin

of hurr[ﬁﬁ']if&wll@&lts&'ﬁﬁ@ibe@)eﬂiﬁy cbl@aﬂfﬁﬂsuedjpei or example, from
pl ants, plant-based extracts, or synthetic sources.

Recentl¥l nEﬁ@ ubof @dehﬁc&@mn%ﬁi@oi@gy y&8skch Bas GEGEFepofied (PEHIN & al, (2004)
(Such as small nolecul e 3 epti des

Tox1cqio|S;znu696>at2416é§) aﬁ@etmerwh ®Bingo emfﬁdoﬁ isteis cedsichews applied to

e cEAVLL5F 00 0D, g BUARLETS) . AGE e i

mﬂ1mftefdl§3rdhﬁefaﬁbﬁ rabﬂﬁjr Jﬂiﬁbtlcﬁff tgemefatEShaalellypes] ald/afnommeadﬂy available
specific cell ti ssue_types. Recentlé t he use of
sourcestdnmea|cP o) M’é@d’b’dﬁégﬁ@/ff?f@%t@&% of Fedsu B8 el fpohapatgeytes has been
t 2 I
R 202308 59089 i PR LA s
as an trDvm’fooscreBﬁinggmoddvibk \peE:nfmlodrug leendidates hasenqrtrbqaa rdxteaswely studied.

ared to i.e., unlimted
Based fiPAReERSE NI ‘%/SFW isc e ?&%&%@ﬁg ke BS cells may
prove GE(? U: al iREGe aﬁ@glaﬁvér% SorlvRAaY 1Yol RRIc ?(%r BOWIE Bor Hrug metabolism
human cells). le invitro differentiation of nouse
and tofiSity efullss.t o hepat ocytes has been reported (Hanmazaki
et al., 2001; Jones et al., 2002), the utility of
The ptlesedistilésues dadcrivte dhehegadDEP @d- deals'e@rhepatowttsr (1)) study xenobiotic-
screenln nodel for pote tlal dr ug,. candi dat

inducqdiRe BipGG %ma%lef 1 pEslegi il TRtgE e ROt imited to,
serumg‘)%{ﬁﬁm iy CRlrhvate h%ﬁﬁﬁ&@r&ﬁs@@ra&en d §&aM NPluf@nade> oxalo-acetate

prove to be a suitable aI ernative to
aminotremsferatel (B@OT).n alkialine phosphatasy (4@ end olactdtey éehydrogenase (LDH)
oo 50 B ot B S e R PR o sy oy
this cdIERPE O PhrEisulby SHalidsnitee FOioRIcHS tedtingHee8lse the characterization tests at
hepat ot oxi city by neasurenent of the rel ease of

the celnlay rmaslepwlat, wad fynctinpel jeyel 4 valledefingd, highrpayeentages of hepatocytes

can bgl %fﬁgtca 1§ ggré \éaglg%g?an%lé]ocetg%ﬁan%oc{lﬁ% 43 célgféeg a %%tUWtes are clearly

dlstmg’liléé%)lenw&wh%ﬂﬁtﬁ‘saﬁecéﬁhiﬁbn aﬁﬁ@iaiedovhai 8 mﬁah& qbbplgemas@ee Kulkarni
L . t hough the application is not Ii
and KgWgFlEstlémllheE@PPﬂé'@kﬁ splk dseiyed ﬁonbmogftetfa@rﬁ@mc stem cells: A novel

in vith® )ﬂeﬁbtgyoxmty model for drug screening, 2006, Toxicology In Vitro (in press),

incorporated herein by reference). This concept may be employed as an alternative to
conventional in vitro toxicity models for drug metabolism and toxicity studies, using the human

ES-cell-derived hepatocytes of the present disclosure.
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this cell type is particularly well-suited for
toxicity testing because the characterization tests at
wo b@7ozidebal ar, nol ecul ar, and functional | evel Per/aN20ed/000169
defined, high percentages of hepatocytes can be
efficiently derived fromES cells, norphol ogically,
and hepatocytes are clearly distinguishable, which
reduces the conf usi on associ at ed with a m xed
e Kul k anna, Fkunctional.
Bhedlsy St REuES) MEbqRBREY PORE ST b aipme. (BC) cels.

Putatlvéthﬁfﬂaﬁ el ®ils 'ﬁia!?QH&Jeforé Be Zﬂ!ﬂa&e{c@erﬁ@@ Y M WhSlbsy ansiethe feﬁ}ﬁressmn of
ug screening, 2006, Toxicol o@ﬁgl n Vitro (in press

cell surfmompl(kmast @rdrdvéaristin ofyuman F@ Aﬂﬁit@nelémemtwaﬁym@@ ES cells
|
mey o BB L) BB, B o RS bt ramples o

1dent1f)‘éhg1 dhesoteristica16f hiligarBYBElls EESaclilbweer i ved hepat ocyt es
of the present disclosure. 18 WD 2007/ 020655

a) MOP;I;EE)(I&@QG@@ Q0P BrorphtIBy ESh@Rhd ESSEss fsaaila ©3 bwd ftinct from,
uripotent hunan enbryonal carcinoma (EC) cells.
mouse PElS atdlise MotanmBsgse and shtmayn tHfercello rh@Vb ethe hehagastesistie dgatures of

und1ffeﬁ%1n%geldp ! 12 10 gglé ang. tEyPlg /g}%lt% e lratﬁ)%' lpr&HirnEﬁC fiucleoli, and

compaé’td&il&ﬂyoﬂﬁ{ﬂaﬁon P Ut d:dl@medW UlehﬁmEﬁS E%lcklds areaflatiee than mouse ES cell
characteri zed by devel opnental potential, karyotype

coloniegnznd indiyidual F¥ Vell%@@rhﬁleé%l Y&lstlngab? hed-f yi ng
characteristics of human ES cells are as foll ows.
b) CelMurfine| moagkersthe human i eebrlpkesii sy prssenh disalosws it éllsu%ct ifepm mouse

5 o Rt SO B, ERp By Pt o

One séctQﬁTngéﬁpmf celURdFick ahaRérk At &@Howh @B1the Stage-spedific Binghyonic antigens
lasm c ratios, pram nent nucl eoI i, and

nucl ear/c
(SSEAQ dnipaeueh cﬁlyser #itigsns ove. diffgtentigliopamaessed bR impnpisTsus mouse ES
I It C n
. S5 8 APH S LR, 5 oo crban e ot
was clﬁeéﬂ as urﬁcaﬁﬁfermmhet becabsditriens Hedn eatdnsivelyestodied had reported in the
ﬁ)@gn d| sc S distjnct fro mouse ES cel l
hterat‘F‘F> eSBRY e Bedgp Selic e of certai n cell

urface mar kers descrl bed, bel ow. § a
MOUS@gE%/ eellsi (BiSl 10 @rq usedas acositiye eertEolifer R é‘§dtaﬁé negative control for
St S c nt
sSEAS) SSEASPANL Lo it 4 S0 OB nih SSERN] Bl omsion
of thev;&{:ﬁzgy drmmsfendégtr I'?nﬂbd’d?, amhshbsat#]lba ’\crplf%be Rgruzrfanrcselidnmmdmgwﬁh unrelated
antibodies for the anti
speciffithe ARHECHESBIRS B 08 I EIcOHPPOTE Beiiest Pl gh 4% pare

ex o¥Es¥rist gt ahiRNgSERPORIEESEA-4 At tentl t
foma]lgia?gre at%%gélogﬁ Sé{n& gellg g)rlran EC cell lines ma cobneSlSueé,ley present of

humareEC welld. DJW&MaE& oENTERAES CI1AIP1 gelds ingéo asulls ipdhg loisyef SSEA-3,

contr.o or -1,..and _as. a n tiv 0 r
soea S0 01 p2an T 0RO SRRl g o s
glycol PROSSEXEL . COM EStensts i Hakeli Bfesitdt@hmonde Edeclpy iwiithexpress SSEA-1,
Secondary anti body and substitution of a primary

and neifhet BSE-dinoh St atldhoughdbs Finehipy of ARses|aufigens is unknovin, their
shared é(lpregmg}l %ﬁ%ga%%mﬁf gt ea%dfh%uaﬁ"ﬁ@ Qefid %bﬁ?a%fose embryological

similarity. Alkaline phosphatase will also be present on all human ES cells. A successful human

Humanh

ES cell culture of the present disclosure will correlate with these cell surface markers found in

other established human ES cell lines.
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formal dehyde. The gl obo-series glycolipids SSEA-3 and
SSEA-4 are consistently present on human EC cells.
wrdo7memnat i ati on of NTERA-2 CL.D cells in vitPOI/IN2006/000169

results in the | oss of SSEA-3, SSEA-4, TRA-1-60, and

TRA- 1- 81 expression and the increased expression of

the lacto-series glycolipid SSEA-1. This contrasts

with undifferentiated nouse ES cells, which express

v‘%ﬁﬁrﬁn— 29 A - 4. hough the _ ..
) Def unct %ngﬁl f ?ﬁgsﬁgh %%%ﬁgensoé}%q{ﬂ’ﬁfﬁgﬁnﬁ ]%%?éeeltuf Olflglﬁea?rgﬁent disclosure
are plaxipetestsi oWhby iReltedeltT NEQIES iceeh! sucasgful UnBRarEES cell line will

..~ _Cells suggest s | os nbryological simlarity. )
differchfigis %e&g‘ﬁ 6‘5{%& fam g Fresf W@C&%@émer%mcwﬁn&i (hoaps cartilage,
smootEPgRlel, StriaftdSHEERS SInll hdMiTBFbiet 3 H A8t

. present éliascl osure wl | correnl3 ia%tsceéh\%i(t&.[ﬁgt eté%ﬁéelggr’l E’ljﬁﬁmve gut and
respiraiery feaiecliven (cadedetmmguians, glich eellsebainfullliciése dndtootnbuds (ectoderm).
cell lines. 19 WD 2007/ 020655 PCT/ |1 N2006/ 000169 c)
d) Karystppe Sweressiil pohamES akll binet havatrmmmal loryaypesn BothiXBand XY cells

. ES.cells of . the present disclqsure _are pluripotent.

lines SRR 4o et She PARBASERS oS en Taen ESo gt Bresrilbe Bstontrest t the

abnorrB&ll kar}dti®e Wuhl in dvhiLr ot ée"l’l"s,ewhﬁiioarf %gfi%dj%havgﬁnfte[n%ﬁsly arising
all three enbryonic germlayers 1 ncluding: bone,

humarncggrin el gumorsgiasetoparpineuias), Altidugh éanondarived handn EC cell lines have

somme JRIHRRSN S hebS ATTRRISLE) iy NS r LA o e e
aneuplo@l. | Thud)divinahoks icell fes aRd HupRhNEOULE (Rt %@istin%l)shed by the

ryotype: Successful human ES cell |ines have nor

normal karyefyPeseloundin hussn FSdcekivlings|and the pbrosmehkarpetypes found in human

ngert l. ip human ES cell lines. .
BC ing By B BT e (bR R S SR B chpfisic of ta
species arefpuesent 4@ Ik nst bedni whicastdy digsred.eThé homhal karyotype of a human ES
15 spont afgtgouglli y At.isin human germ cel | tunors
cell lineg Speeestybatt Sr‘fSﬁi@;W tirstiaprmal ddlereptigiioned human EC
cell lines have sonme properties in common with ES

©) Imporfality:nkamogal cellsmare Eepable |of| ¢ongisuetsr indefinite replicetion i vitro.
ContinBh preAEAR 1ol TR e SRR A N ot

i nes can
as prineaty yelf ppleses witholuti thishitopertyEGilas |cbnﬂiﬂd®&§1?f Aeldé B this length of time.
Pref: %ﬂ,n r mal Egrgqffygg? foynd in human EC |ines. By )
referabfi papan, £5 Eallsp B | donfigus e ol iRee 48 vih EWss GRpwpriate culture

conditiBey foRllbngef HRhambSfehS bhE vﬁ{%lngii ine g&%ﬁg@:@?&%ﬁ to contribute

and have not been noticea altere
to all thepeyentlypeniofgemn hayees Elis desblopmientel potgupés teah fhatdektvnstrated by the

. . ..CEe i i.l.l reflect norpal differentiation. e)_. .
injectf e S0IR B e, Bl €7 s pEot et PO Bfo @b FaRLiStR SCID mice
and thénigdetblopicaBy eRRhinG@! the Reduling fufRrs. ARRGUAYSH otypic chalnges can occur

roliferation for |onger than one year of culture

randondy, pifh, praknzedi cylese by majorifytafl hurgan ESscefls isheuly maihtain a normal
| - ' ty fail. t i | :
ko 1 P BB el iy SRRl begtotion o

the telamdrhse aizhine aotivitnoufthechudial ES @eld & the latkd itﬁ)%dg "¥h8fropagation. High
an “one

rgiori ate culture conditions for |onger
levels %%P CLAYe A LY arapsseairtedivih erdhrpbisrasion durips embtyiocalc deyelopment
andwiﬁ%ﬂlruia{%é{%ﬁnat gaﬁhlcaﬁ&;ﬁee enbryoni c germ | ayers. This

devel opnental potential can be denonstrated by the
f) Cultare conditions: Growth factor requirements to prevent differentiation are different for

human ES cell lines of the present disclosure than for mouse ES cell lines. For mouse ES cells,

the determination that LIF is able to support their self-renewal and proliferation as
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injection of ES cells that have been cultured for a
prol onged period (over a year) into SCID mce and

wo ba@n/oiest ol ogi cal ly exami ning the resulting tERODIN2006/000169
Al t hough karyotypi c changes can occur randomy, wth
prol onged culture, the majority of human ES cells
should maintain a normal karyotype for |onger than a
year of conti nuous culture. This can be denonstrated

. JBLase er
undiTRn S LSO B s SRS 308 oo Rl st o pneortitarey, L7
does nbt gfem tcehaneSthxsfabﬂﬁj/WEf FSPecd @b hviinhy w&uacsﬁt@%sa(y&fés et al. (1998);
B BQH %549 proliferation during enbryoni c devel opnent
ongse, Fielwi($4002 84arat r ansf or mat i on and cancers. f) Culture
conditions: Gowh factor requirements to prevent
Alterngfivelser gnreat ofohumee fgpdare riagludingr buh mariuﬁ&dcecb | htunae ssmbryonic

r iscl han .f or
L T LN A R
origin, ics* @ty eoritinationp ahéredhendy b&hubed ﬁﬂﬁi&%reébﬁﬂ disclosure as a substitute to
rolifer Zfﬁ‘fé)n as 20 WD 2007/ 020655 PCT/ | N2006/ 000169
mouse (RPIPRIClvedert dNELY| insofdst tthceramskimean &5 eadlsdevith dlss objective of

develoging kédfRhle gﬁ%g}ffégy For%n%r{ Egacleﬁl éﬁlttﬂ‘egf I%eq/%ﬁﬁelg%t the culture of

seémto have this a respec
humandi§ ¢ellsuvithoue Eeders m&emld bt 1chla.l Ndi&ﬁﬂi}) woulBahig etingiat@h p0551ble source

PN TR T KT
of ES fcklprediduss tpart bRy &ir%eﬁkge? chlQngogBﬁBﬁ’é/& Medfuldt 'E%%Imouse embryo

cells, stronal célls of various a origin,
fibroblessiiith supronisthe veelifertationey hbman Hticdlls cultarepoasthe textracellular matrix

Preparagly\/él:;\@aﬁgég @%y?pgﬁgvr% bt ﬁtb a@ngusq? ste ?g%r%/ O&J{q%}égn?eerdeetr a , 2001).

AlthouQ}b)J it prowidel soflRy olaeHbdlJadvaniass, f theCacBY I h AP im ftHé condltloned
mn ES cell cultures). Nevert hel ess, the culture
medium, hagnetsyet dieps idgniifeds 2nd dbisrappyrseh daibe to ¢limiinateudhe p0831b111ty of

contamPHt¥n W Fukilt Sndd) EI?&LE%E&O‘;}HEQSS sibl'e source of

exogenous cont am 7 potenti al pathogens, it

g) Dift\é@ﬁtg}t@% a?f{%% lflflé’ lhgﬁe : g\g}eggég{wlgchtswg BicC roblasts and
allowedm)dgrom for am ﬁ@él@%ft%ﬂ@d}ﬂ@mé bHRBhRS(L.S., %ritﬂnu&{rb‘?}p&wenhﬁ $he culture

g liferation of human ES cells cultured on
surface ) yhymans |BS sells ofpthe; Rresgmt asplesuren ﬁpqvmnpmg;éy differentiate into neurons,

o TRy RTEOER 8 B R Phe v

cell typasiwamfoagb&pteﬂfh@' sofiqueatifact CRT-PORrTaﬂdhﬁuﬁﬁ{&ﬁobl@éiﬁ@try using genes

um has et been identified, and this approach
Spemﬁcf%‘rpgrstaﬁ %ﬂdf%tt%ﬁ’ceﬁéwp?&%%‘? ROEiof {teFest. cont ami nat i on

m, muri ne endogenous retroviruses.
h) D‘f%F?‘Pté?té‘ﬁtﬁt%Pl egllst i aegenerative mﬂnancu gfsmes ES\h@aﬂSng)\ﬂme present

R0 i br d.to ow for
disclostts Igg? z:lt}]\‘é t @?&%%h?egﬁﬁg&g%%f terce ?’%ephen S RuBiS ybsmg such

techmquezwmay Benctdie apuid popalativrrofackliredesiempd Site éail 8 infddfd into, vor
ent | scl osure spont anequsly di fferentl ate into

examplf @ aesd GRFATS ARy OY. hapak FUYeBAG R darier vt diseases o
conditidr! @hclE 8L, But NG HBELE S ﬁe%?&ﬁ@gce'npllaﬁvé A seéggg, 1%%/8&1?&‘3 %farcuon,

congestive heart failure, liver failure, and diabetes. Examples of neuro-degenerative diseases,
include but are not limited to, stroke, spinal cord injury, Parkinson’s disease, Alzheimer’s
disease, multiple sclerosis and the like. Therefore, differentiated human ES cells possess

enormous potential in cell transplantation for cell replacement therapy or tissue regeneration. In
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cell types can be detected by sem quantitati ve RT-PCR
and i mmunocyt ochem stry using genes specific priners
wape7antesdhodi es to the respective gene of i nt ePEFIN206K000169

Differentiated stemcells in regenerative nedici ne:

Human ES cells of the present disclosure may be

i nduced to differentiate into particular phenotypes in

vitro. Usi ng such techniques may generate a pure

l.ati anhe

addmolf rﬁo g emzed I%Q%S rés)%gt & ?éll)su&é/ B bé"géeg:hs %n i rvgglé:lle for various
therapeb.’r!'lcbai:]!lbfyac’cﬁbI etblécdjeds )Foﬁaxmpleﬁsmcﬁc geaed mugp belidskasak toovarious sites

condi tions, such_ as, but not alrl]L(;;strl c ed. to

of the hymandhodageraerably ipecellp are-gepstic afpd gk dgliveseg jo the target site

ive heart failure, liver failure, and diabetes.
forgen%xﬁ{égggﬁ{es of neuro-degenerative di seases, include but

i) Diff%gpgflﬁeglo#eg tafelgs g disl.% gﬁ%mﬁx | Dad ﬁé}rggeﬁﬁ‘ésu "l?’h %ﬁesent disclosure

prov1de§ ¢hé& pessisilignst dsheg Hunke. ES hdlseindr their dhiqhe cepmbllay ¢a differentiate into
human ES cel | s possess . enor nou ot ent

the cells sofs pllathrer ilmages  (ccirderme Ghese {ng h!%r’r%ﬁﬁé}%a? ?qu phgpgaceutical
1nterveﬁt§%{‘asn§{da1:élpg slell réssaég* f%}gﬁ%gocﬂé&%g@%dp fal ‘(HW@Q@’&?Q@&@I% Another

tion ed by the present disclosure
aspect edntheeptesad disclasucarproddes; ehi gppertinity varussuthese differentiated cells

.the apeut cal ly active nolecul es. For e )
ot P S LR S TR S e AR, and et 1o
screen b%d&%@éﬁgﬁé’o’cwé’ hRfI&uRR! forieRarfifle] Sro8d @erBen Ftdnc plahybased extracts

mani pu d and deweredtothetarget site for gene
and syntheticagyurcds) Dief s‘ceaeem@m@tb@ld saehe wegd o deyelop rnagel drug molecules for

reeni ng .and thera . Thy n
oS 5SRO BE UL bRt S BIARETAGREL Uit Huningen
dlseaset Bﬁﬁfaclél'i‘éo%&s Gafpeiek hhd Kegatic dis%is&& entiate into t he
I's of all three | i neages (ectoderm nesoderm and

Along gﬁxﬁﬁ%ﬁgq{ﬂ& ﬁse@@'&:@l@@@ﬁ‘&éd é)atdcwéﬁ e tidedns sy xenobiotic-induced

based assays for drug discovery and in vifro
hepatotomidityi iy Hteeslrﬂ:mglt ofirtbe medease f pagymest 1rlch1éhq§s Sykpet Yimited to, serum

glutamgylefséz}lrerﬁ%aﬁ %qurérg%rgsengsgﬁﬁﬁ{j%eug’ t% t%a.&n ?e‘?aée aminotransferase
(SGO”I')e dIkanad p«ﬁséﬂhatas@ ATPP B Gy as dehyﬁcﬁagemsd estHp olceus of the present

beta-isléts to screen various bhiological active

discloswrs] eew|ladss, b awed kaFpidy, dliuaéé@wé%rm op (InPpedmemp dea] isoforms -
1nclud1§ %Cﬁo% 11@'?%1 t%-‘/ﬁt'r'ﬁmc% SO, ecul 3 TOFERY, Ry PRiINAAd CYP3A4,

e use o develop’ “for
and to @dnitidy Sneh Beabeie@)ading analftival eechnighes, inPladinignbwmog limited to, high

reror oo omp oo AIECES: B b hagES oscopy 1.
MS), aﬁh%ﬁ@e@ogla{%& ghzgﬁd% He&oby(Gellrsgler i ved hepat ocytes

use b| otic-1nduced hepatotoxicity

The ce@g det o%d“l%;)?ﬁ% ;&eég%t didfoshld c%ﬁ%fsg?lfg nL§tQ(£ ng‘;%nér%ﬂ@ B¥h polyclonal and

serum ruvat e
monocisfah Gmtibadiss efdirasﬁle(c S&%ﬁch sethemapghtic potengal, preferably for generating

oxal o-acet ate am notransferas N ,. al kal i ne
humanigedgpenrachenal aibpgiies ot %E@aé@enb%ff’(ﬁﬂ HESE: (LDH) .

Cells of the present disclosure can al sg@é)e used to. .
The foﬁpw;g evamplesete sbided gudemenstste riyieBeh pBRpdimgE of the invention. It

should ge apprec1ated by those of skill in the art that the techniques disclosed in the examples
which follow represent techniques discovered by the inventor to function well in the practice of
the invention, and thus can be considered to constitute preferred modes for its practice.

However, those of skill in the art should, in light of the present disclosure, appreciate that many
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including, but not Iimted to, CYP1Al, CYP2A6, CYP2BS6,

CYP2C9, CYP2El, and CYP3A4, and to identify drug
waoredodlozdest e(s) using anal ytical techniques i ncP@QmiINggG)6/000169

but not limted to, high performance |liquid

chr omat ography (HPLC), |iquid chronmatography-nass

spectroscopy (LG M), and gas chronat ography- nmass

spectroscopy (GC-Ms). The cells derived by the present

cunsdl 561654 00,5050, U B BELELA R, e o s

result wﬁh&mt departing fioer thp epitit andebpndi tak invenader abl y for
generating humani zed nonocl onal anti bodies for the

treatment of various diseases. The follow ng exanpl es

are included to denonstrate preferred enbodi nents of
EXAMPEEiIInvention. It should be appreciated by those of

skill in the art that the techni ques disclosed in the

The pr@s’éﬁﬂ&laﬁ?ple WhkiobeshRd #ﬁﬁé:ﬁ&&f (ﬁso?eﬁioc&gtg% LAYSS rt@l%gt\é?er{ ed

ythelnventor to tron we eprac

1 and thus can be considered to
1)Iso{l:on Bi‘a‘é ‘{%preferred nodes for its practice. However,

Blasta 303 %? ‘oS pb bt SRsT el B ot e wsepoot soures.  These
blastocst§t0 &) 22655 afeE HonNERORA QPRLER ferllBRE %?els ?&F%ogﬁﬁ%#og or from in

the. di scl osed ipe0|f|c enbodi nent s and
vitro fertilizagipn s{I)iF) atfor rexgmipte, v@mbmm fawidized | iy donventidnel insemination,

mtracyﬁ)?leafss{er%% ggxarrpﬁﬁ&gﬁg Q(gplﬁs %?rg.p ﬁXA Winan hFag%)cyst are obtained from

couplezb badowmy stis bgy’lunffanlyl daratef méirlslu'pl@d Ef@Bry0s. 1) The§ObRbiyBY are used for
| ast oc laés Bl ast ocyst stage enbr yos (bl astocysts) my
rescarcl PUFRGSES ALEF FIBRAE VERFEEY SplBgEy sensentrfemethese couples or donors.

at c n
Altema@llg??flt ‘Bféﬁﬁ)&?%?‘é}?aﬁa&rlﬁrgiel L erns?eﬁnorf ea Qo\ﬁ?%‘u% cell or ceé]lo pucleus into an
enucledted podyite af Ihtuma(II dtﬁ)on(lﬁmaneomgml wl'uchr‘rb ﬁb!@ﬁstfrﬁ\ﬁlhﬂeﬂlté edvelop to the

onvent,i o I nsem nati on, |ntr ytopl asm c sperm
R R TR T R .
embryoR BVIBEN @frd £9BpresWd BSinQarlPRA § aﬂ@@llef\%djfbt Hib¥e to %gvelop into a

donate their sur&l us enbryos. These enbryos are us

blastocysstagecaseliyen Breiepble dlastdcgsts af guod inmgyphwlogitaneradedare used in the
les o

h
PR ESORSH LLAMADESSAERIE! S8t S eapoen. T

developfiert fHoRH e Blastbeyat asite Ak déHSmasJ%t@IHa{?ary QRERBtE Ghe species,
uman or. _non-human origin, which is then

and ares‘t’?lﬁﬂl%%ép thoseiet/dilh in the arth Embiyas exscapdiurestiageedioh gonditions that
I erv
t Y,
maintaid PR SLE cHBRl: SRR A R QR85 gg ind Bongso,
(1999), @ach 1moxp@teathamdbglréfamde)t o0 continue to develop into
a blastocyst stage enbryo. Preferably, blastocysts of
InstitutigaaldEiiuspb@hagiteadppeival fad bbtalhse befdre ifiBatigd Stsﬁﬁft studies disclosed

dlsclosurg for exanple, blastocysts in which t
herein ysipgehurpan plagiQests. sPrje] annéqmé (WasTaleen ﬁi@nemb]mumlt dagiors for the

donatioR 945 ﬁlgb‘%rﬁﬁlﬁr%%f tlﬁ? %t&dgeaf’te'i] pclguon 0 nfe}%hty teatnlents. The

accor he "speci
protocol generally used to obtain viable embryos from infertility patients is described below:

2) In vitro Fertilization

For IVF, a woman first must undergo pituitary suppression treatment down regulation with a
GnRH agonist such as Leuprolein Acetate (Lupron). This treatment is followed by controlled
ovarian hyperstimulation with injection of Gonadotrophin (hMG) for 7-12 days, during which
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and are well known to those of skill in the art.
Enbryos are cultured in nedi um conditions that
worionaiess sur vi val and enhance devel oprment i nt BCT/IN2006/000169
bl ast ocyst stage enbryos (Fong and Bongso, (1999),
each incorporated herein by reference). Institutional
Et hics Conm ttee approval was obtai ned before
initiation of any studi es di scl osed herein using

o YR s S Bl 0, S0PEB, Mokt ovsionis

triggere&Inby M@@atﬁ@dcutahnﬁjestidmw hCGeItO ,000iUe(Profasiy fwhenf &r ]teasltldnjc or more
treatments. The protocol generally used to obtain
follicleg prgp Semaniprdjaetes om i nfertility patients is described
below. 2) In vitro Fertilization For IVF, a woman
3) OocyterRetrienak andhBecoyeryptftimbeioy suppression treat ment
down regulation with a GiRH agoni st such as
Oocytemepe\can e rachiseedtty follignlasngspirahoms af ridalqrieirsi gnder ultrasonography

et ] 2l EIBESASE U2 A0 YRS B 69 . o
oocﬁe%&ﬁmﬁ&é&@@&ﬁﬁ@m Bsh/ |W8Q€1‘t@ﬁ@d®acy’c§§ ()ZMPN) qfer plate are

follicles is nonitored b uItrasono
transfepecésnwést I mdipbFlepvage medive, (Rujnn 6 flaage P‘g‘w @a%?mpharma Cat.
# ARTJVM%WT egslgz hgﬁ eclfn!n?%te%fmr}ﬁn rilc &eltgxo g{ Y ng)bg;n%ﬁjvl}onment at 37°C

until d%@ma@ﬁ rday3), t@@%ﬁ@g@@ﬁé&l@ﬁdb cﬁmgeﬂie@ﬂelay 30 bldstbyst asedium (QA
cyte re rieval is achieved b folllcular aspiratio

Blastomesri\ﬂe@@nh@ag@ Bigpharma ¢ty 4 ddhbd PaPhyeriases e @Vage medium and the

Ferti | f
ot BRI STEEREE"Y B, BB BEPAIG lps. Nesi s
replacddfévléﬁyf 6theedayt 0Afedrwenightlcultue, dlesslmbrjfmwélerrna)ﬂltoz@ﬁvmually under a

oocytes (2 P er plate are,  transfer

dlssectmg %fcr@qc(eaeva s v eI BiOSSBT REAP GRPRacloped into a
) Beathos ed herein

momla e;[gm{lan; o as%cﬁéﬁg% or lu)lrma%a{@gs/?c% T iLs o disclosed b
may be3"z§61atedrﬁ*orh tlbayioila rpedayhedlattduysicdtagevage nmedi umi s

changed. On day 3, blastocyst nmedium (QA Bl astocytes

Medi um ( Sage Bi opharma Cat. # ART-1029)) repl aces the

cl eavage nmedi um and the enbryos are cultured until

day 5 to day 7, when expanded bl astocysts are
EXAM’PLEIZned Mediumis replaced every other day. After

overni ght culture, the enbryos were nonitored visuall
The prosede exampldidiskses the deiatios edp storapefimausg embryoniofhyoblast (feeder)

consi dered successful if the enbryo devel oped into a
cells. m)r ul a or well expanded bl astocyst (Figures 1.1 and

2). human ES cells as_disc|losed herein nmay be

D ProF%’c‘ﬂ“&%"éd’ PFE:SHWM%?%‘?Q‘??%TQ)@ to the bl ast ocyst

stage. EXAMPLE 2 The present examl e discl ses {1
Mousedembwanicofibuotpstst ( ey b aRieineadrere rﬁl‘éfe i%Y/oBlagk gmice or other

su1tab1(3fs?r%gl%.r )in £8lihirative method, a mouse at 13.5 days of pregnancy/days post coitum

(dpc) is sacrificed by cervical dislocation. The abdomen of the mouse is swabbed with 70%
Isopropanol followed by a small incision. The viscera is exposed by pulling apart the abdominal
skin in opposite directions. The uterus filled with embryos is seen in the posterior abdominal
cavity. The uterus is dissected out with sterile forceps and scissors and placed into 50 ml screw
capped conical centrifuge tube containing 20 ml of sterile Dulbecco’s phosphate buffered saline,
Ca- and Mg-free (GIBCO-BRL, Cat No.14190-144). Uteri containing embryos are dissected out

from all the pregnant animals sacrificed. The uteri are then washed 5-6 times in sterile
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1) Procurenment of Pregnant M ce and D ssection Muse
enbryoni c fibroblasts (MEFs) may be obtai ned from
wo i eehe€57 Bl ack m ce or other suitabl e straP@BEIN2005/000169
an illustrative nethod, a nouse at 13.5 days of
pregnancy/ days post coitum (dpc) is sacrificed by
cervical dislocation. The abdonen of the nouse is
swabbed with 70% Isopropanol followed by a smal |
LOGL S e S pul apart .t he
Do) 3886 ALl RAERR B DB RBRE oo e
embrybs b.ﬂeérzhrwsteﬂ veittbihy Gslpl of seeit) pbidtddordees kel s&srsoﬁ%e Mheddhe placenta,
%he uterus is di ssected out with steril
membfad]re@B Soft fissues aredemeveshd pl aced into 50 M scr ew
pped coni cal centrifuge tube containing 20 m of
Z)Stagkn&qflh@c&]?l%'éﬂ’@é s phosphate buffered saline, Ca- and
My-free (G BCO BRL, Cat No.14190-144). Ueri
Mousg embmyps ﬁWgstMrty}dsr the disdécting ahierbseopte. Staging af thettiGuse embryos can
r | i fi Th ri _ar hen shed
be dor% aggé}ﬁﬂlt stglg‘n éfrqsfacgger@nr ed. Ogbg%egé%égggchearte dgscnbed by Theiler in «
The HoGH My2866A0804H Mokl Hee h
sal ine, Ca- and My-free, F%glﬁ; gg g@@gﬁlg‘é‘?ﬂ{){a%d “”% by reference).

Theiler’s é?ﬂt%]@b&]&’?é@p Broad fie distisgwsh wiann imhertdnd Iphases cfteerly ldevelopment and
t he, pl acent a

must B ngd'rg Qe f 59 Hl%%%& q)ly o%ers? Ofrof aqr,]ngw%sg I n b%t a@pﬁ% nBIpber or those

ane a SSUES a

characmmsamedmspms endDhviy ¢$9980) D&Y agm@ym 64, hﬁcorporated herein by
P ct| n% gu croscope. .Staging of the nouse enbryos
re efel@ﬁn O R thecsemedgesigtiornl ag¢ mavediffenin 'Ehell't stageant demelopment. The
tages TQDEniged '
stages e%rll_ibusggr ?bol]@{es B AL ]? ?@%ﬁﬁ%ﬁ&%@ R?f (#Jt(% %&gg)x CBA mice,
1nbred( ChHt dﬂ@:{kr atiex] dvelr ethar bioselef eiaat e)ramﬁ Tfrhe | mbstSacceptable stages for
many i nporta

. L | are too br adto i Sti
obtaerglﬁ ggezlgrs ggrqlgp(bsg ?1 § is; Fhsiler sfpge %Jeand 22. Theiler
stage ﬂuﬁplﬁm@ﬁt%ﬁhbd’r&tgg%&"% 5-01 dﬁé(aéﬂ?il frre SE5S stﬁgEQes'EagBo This stage is

somte nunber, or those characteristics us
identifigd pyrrpy pateriarg g@;ente@efvot-plamm%mlﬂﬂﬂé <Bb®w hmt otrish rSaltoexd of whiskers

L T P

dlstallsss;@gme r Ehapnisegel 20Ys FRvREzaNg DRYHS vith 2 QR
ybrids of %57 Bl acE@;ﬁ(zCB m c% I nb re(%lecsgbggoqlf dpe, and

the 56+ éP é%mlta s@eet hbe distiperishing feptares ol $his atags areThgalipssparated fingers, an
indentA4oa HYekatned gﬁ@g?ﬁwf terlgp@t%'leﬁigs i [;)2?5%12?6 gtg{l]ga% boges of limbs

ur pose of row ng

and haa 'fQMlER‘S 111- thei peetoaalsjr)]eﬂgg ;ﬁ% 5tx1uﬁk iﬂ'@tl@ﬂ@(? tOt\M:It fé%%rés%(tgﬁd@ﬁle absence of
nd the offite, stage is stage is

open e¥e F]?ﬁlc} P@ﬁf%bﬁswra%m t8¢ cenhalie FRgianst oot - pl at e,

identifiable el bow and wist, 5 rows of whiskers and
3) Pm%fswgafwc%mﬁ% urbi | i cal hernia. Additionally,

hair follicles are absent and fingers are distally

The eﬁsbamrmre furthgsi HTQCFGS@ﬂdUeﬁI‘EQdIS@dIQg dgmhe@dd‘oﬁswécﬂbjdakt ,Vlsceral organs

f 0 56- 60
under 4 Y080 ok 4% ORS00 vas e
transfemcsm the lspha %Gﬁlmfswrﬂ@F&ndﬁH andl RO E, dﬁﬂog&bb%tﬁ%@help of sterile
digits of the posterior toot-plate, e ‘presence
curved OFISFQRg Bl Bunesd mpsspis then transferred 1nto a 50 ml conical centrifuge tube
containing approximately 15-20 ml of 0.25% Trypsin-EDTA (GIBCO-BRL, Catalog No. 25200-
056), pre-warmed at 37°C. The minced mass was then triturated 3-4 times in the Trypsin-EDTA
solution with the help of a 10 ml pipette and passed 2-3 times though a 20 ml syringe fitted to a

18 gauge needle. The cell suspension was then incubated for 10-15 minutes at 37°C. The cell
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and hair follicles in the pectoral, pelvic and trunk
regions. Other features include the absence of open
wey@iogssand hair follicles present in the cepbel/iN2006/000169
regions. 3) Processing of Mce Enbryos The enbryos
were further processed by first discarding the head
followed by all visceral organs under the dissecting
m croscope with the help of sterile pointed forceps.
S o WO f itfat sinfin@he BelP@ispension
Suqmn%ﬁ??@%?@%g%betrnggﬁﬂgﬁgggﬁéggg%g?%%e??ﬁhﬁ?%h_the hel p P )
was insfivatt@by hdling 20 wd of soinpkete medid (¥ %riDvdleagcong saodified Begle’s medium-

o o B A AP s
0.1 ml\Ilrﬂ AVikda BOHBRE1 &feakiof WiR- firddigQflate@ 38 tissue-culture flask.
pre-war

d at 37C. The m nced mass was then triturated .
ThereaBer thd catls ware tghevi uyplkconfEEIA, vt mediorchangeneene aksngge day with
. .of a 1Q m pipette and passed 2-3 tines though a 20 m
periodigyqnifgEng i tted to a 18 gauge needle. The cel |
suspension was then_jncubated for 10-15 mnutes at
4) Fregng of feusedimbryonigFibreblastio0655 PCT/ 1 N2006/ 000169

suspensi on was once again triturated through 0 W .
Freezing glethe eellsTwvas denepasi qonfliencydn dispring @&Eﬁ&u%%ﬂnseaaé 60% Fetal bovine
| hactd valed ddi O thiaOf B Lefls (RO nded in
Semm’&}ﬁ%é%%lgbsanﬁg?ipgﬁ gﬂgﬂggéel ré;@gxahe%%ﬁ*@éﬁ%h G ucose. 1_e(5q'<l)}csnpe .
compldte hitkliabadi then setddnvith frebkihg Ghadizain the ratidd NonTlis Seeting kuspension

am no acids and, 0.1 nM (3- r capt oet han ..and the .
was g FISpeESR hd TONITHRETPT A 070 ek ot PRRE e o e B et These viels

were t%e%ﬁs?%ed inﬁmﬁfﬁﬁxﬁgé{é ténltr Z&gﬁ%ﬁ gsanere grown until

uency, Wt change every alternate day with

I adi c rtoring. 4) Freezing of Muse Enbryonic
5) Q“‘ﬁﬁ%’?ﬁﬁ?gg reezing of the cells was done at

onfl uen in freezi nedia ¢ rised
every GO HEFRE b DESHEE TEEBEBR ER S g AT rown on e
MEF fbf §93dshghs. T8 pelebSofRiatifitaRuIpRiltachsbdismentngflceitieal parameters like
media and then m xed with freezi ngF,medl ain the.ratio

t .
morphotogicalradysis efothe tymansi® sell sploniga dFieHEss 2l SpdHeBdexReesion of ES
inte cr i al. ceRtR 5 rid i s
cell mg%f:rls by %gglbe?xg?t?; &q\l\g\.}ré??% eag]ld ?ﬁg,rlgg P?%I@ ?],ﬁgllljx{@dji&) #28 sterility ch.eck
by enddtdxigelmfepldsengedtimgmause quaifie@feddefs watiused i idvkefmg, passaging,

Every batch_of eders _are qualified by exam ning
and mpjpieirngthe &elipdl t S 1i58lld%8een grown on the MEF for 5
passages. The process of qualification involves
assessnent of critical paraneters |ike norphol ogical
anal ysis of the human ES cell colonies (Figures 2.1
EXAMBHEZ 2), expression of ES cell markers by
I mmunochem stry (Figures 2.3 and 2.4), RT-PCR (Fi gsjre
The pRésdn} ediabls tiesciibés the dbdeationlayd enddemsmce oblmiman/Bd pelss ma
testing. Only qualified feeders were used for

1) Inaiﬁﬁégit?ﬂ ﬁlml Plla_ﬁﬁg 30 Méuse ExibryonioWibroblag (FealerpCeliel | Tm
ce I ne.

The feeder cells stored in liquid nitrogen were thawed and cultured as needed. The vials were
thawed by placing the frozen vials in a 37°C water bath until the contents were semi-thawed.
The contents were then collected in a tube and mixed with warm media to dilute the
cryoprotectant. The cells were pelleted, resuspended, and plated in fresh MEF media (90%
Dulbecco’s modified Eagle’s medium-High Glucose (GIBCO), 10% Fetal bovine serum
(Hyclone), 1 mM L-Glutamine (GIBCO), 1% Non-Essential amino aqids (GIBCO) and 0.1 mM

26



EXAMPLE 3 The present exanpl e describes the derivation

and mai ntenance of human ES cells. 1) Inactivation
w@nah7B@ts ng of Mouse Enbryoni c Fi brobl ast ( FeRdPIN2006/000169

Cells The feeder cells stored in liquid nitrogen were

t hawed and cul tured as needed. The vials were thawed

by placing the frozen vials in a 37C water bath until

the contents were sem -thawed. The contents were then

| ub d d with d
B- M St Ui i ofett Gfire et cones theraatiperecbed apnfluence, they
were feﬁéy fRORMEati ndr}fél RS Gekd 1rfaE§\2§ ud\n;ﬁﬂ\gﬁagr@%t&gq%eatxmm or by gamma

becco's nodified Eagle's
1rrad1qt(gngd®re th@‘?Z’@lFSeWaﬂe lbmtlvaEdshyr lhmnorr(ybmcc ar@fment f8Mwo and half hours.
% Non- Essenti_al. am no

IOnQ?EgE%? rrq&ypﬁ:%l C%XaBH%ed gr %ctﬂ%rpp@é gé5g and 5% COQ_I dThe cells were then
washeBGE/rA2O06 BP0d:E e{&enﬁbépéﬂqﬁﬁgﬁl?ap% aﬁ@ah@ﬁ’%&nsﬁﬁed using enzymes

. tissue culture flasks. Once the |'s reac
like trgpsiniEiidfse; h@ﬂq@ylls Wereethen a;@ynteda land pleted ard 095 g¥latinized plates at a

conss LS OB XA LU B S SR 8 ¢ o,

These Watéd Wermyhemmséa for RAINEOF isolited MEnANES balst hour s.
[Ong/mM of Mtonmycin C was used for inactivation at

2) ICMAsoRtign 5% C2. The cells were then washed several
times for conplete renmoval of Mtonycin C and then

To 1so‘le[té/ m%ﬁﬁt HSGHAG APPSR, g'll'xb#éee{ﬁbréyég ?}1%1911% @od@aesse%ployed on day

wer e t hen tounted an
6 of thge,elnd:trymwlbme (ﬂlgtressl and 3). Ehmzmt—pe@lhmdl vk dfzedfed 1794) 5% pronase for

about §RieE P EERES edy e oRamioTonBhirae GimsOMER) ol e humen BS
cell cudfurd Sediaineghel Yires 1%5111‘21@{1& §0ns?s)ts J) %WEW%T@IBCO with glucose

isolate |CM w thout risking c 0SS

4500medlak \I3 7 Bt tgsted Al (ylers, dﬁ&Ab;ﬁ% &eemxdayplaﬁemfm t(GEBCO, #10828-

029, SRR SHAEEELIY Shob 000, 0 S0REL 08 .10 b

mercapt&thamﬁ (Sl@ﬁﬁ) pﬂn@ﬁrﬂ%@xﬁhﬂ‘bft@l@ (R DysyisRafh h¥al @1%/1'}@5 an Leukemia
cel | s. 'ILE uman ES ceII culture nmedi umused 1n ﬁm
inhibitpy, fiog (S1eis| After 6r dasoshoMEN Flaep (@ BEparad From ofher cels by

mechaﬁicla!lccﬁﬁ%maﬁ&pgﬁfﬁ rl'{ﬁelﬁo]p%ﬂgcgh% ;&E%gvzlgr%%déag%ﬁérg%fﬂate%%e) d fresh feeder

Serum repl ace

cell 1amae¢§e$htm@dmmrwasmdém d solution (G BCO), 1nM
' glutam ne (@ BCO), 0.1% beta nercaptoethanol (Sigm),

3) CultinggrindMuwnabP4Fsaging 3f Rusisni ESCenignd | Ong/ m human
Leukem a inhibitory factor (Sigma). After 7 days, the

SubsedueM @hitaginpast ﬂ%p@héﬁ‘ﬁgerftira&@ Bb1Bfies Chd SoRY by, cuttllnéMhe colonies

nmechani cal dissociation with a m cropi pette.

systematigaty ML‘H@M Foept Hi&eelbrusing the sharpewlge of acghids- ﬁuﬂy«é micropipette

(Flgur%?sj sg&?&n%n o %E@%n%gq %ﬁ@#p eggg@ggfe&@ og]the colony. As

soon af tilee lnhiph fdefaeliﬁdl the Gve2® pdikie@ pVBYS tHeateIMi o ipdtRIHila bore size
slightly glgger tﬁan the size of the clump) attached with a mouth aspiration set and transferred to

a fresh fibroblast feeder layer. The culture system was maintained at a constant temperature of
37°C by placing it in a 5% CO, incubator. The cell line Relicell™ hES1 has been grown for 40
passages in vitro and the cell line still consist primarily of cells with the morphology of human
ES cells.

4) Cryopreservation of human ES Cells
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systematically in clunps of about 100 cells using the

sharp edge of a glass-pulled mcropipette (Figure 4).
w@Elgorieeh was done to renove any unwant ed PCT/IN2006/000169

differentiated areas of the colony. As soon as the

cl unps detached they were picked up by the sane

m cropipette (wth a bore size slightly bigger than

the size of the clunp) attached with a nouth

Three-?a;’)p bidalhodr SfkifrabatiditARShen B8 dithiePwlleasbd o QRIMBSIES colonies

ayer. The culture system was nmaintained at a
along wﬂhﬁtea(hcdet taypewerewubingd smal Qidsys wiing s pedl soranpar. allsgs dopoells were

collec:tiaé1 gﬁgg %sgeﬁil%ggglbgcgo %ié‘lgi g b%@ﬁ%l)w ?]?Eugll 841 ?ﬁo@eﬁa@ 3 minutes. The
supemﬁttahi Was it odt.i The lvbNmQﬂ‘ ofek!csll Wellét Witemeasupdadndgysuspended in

human™ ES cells. 4) Cy reservat|on of human ES
ES me¢@| odring thyvolgoz /upAo C—ﬁ oigme of freezmg medium, which

B

(Sigma)l as byl ®ddéto ﬂ&ylﬂs V)Ht suspehsiom tvithsvedsioral eeEngisiOhgnps of ES
a cell scrapper.

[ Il ected
e eSS 11 e 16y (LR & SO GG D 8 v
The Vlfaﬁrwgfe R o €§ole&_ F’ﬁ cﬁfﬁﬁ? LR B inYRentaRBY (RERE) BUB0°CTARI stored in

vol unme of the ce et was neasured and resuspended
liquid iitroge ﬂmasnbm dep i reglmhqaosbthawestmpvab)hﬁ' of the frogerx human ES cells
me_of freezing medi um which included
was fo%d/éﬂg@ ?b@ﬁ *PBE%fHycl one, USA), 20% ES nedi um and
20% DVsSO HYBRI MAX (Sigma), was gently added to the
hES cel |l suspension with occasional swirling. Cunps
of ES cells were transferred into a 1.2 m cryo-via
EXAMREEgE- Nunc, USA) cont ai ni ng freezing medium The
vials were sIOV\Ay cooled ("1"c/mn) in a freezing
The presemt exameple (ISirapterizes dleawafaﬁ(ﬂmmaoﬁ@cpeﬂﬁ l'i quid
nitrogen the next day. On revival, post-thaw
1) Gersdratiow abEmibiryoidBddies frozen human ES cells was found
to be about 50% or nore. EXAMPLE 4 The present exarrpl e
To gerdi@e BHsethe 2@ah BS ¢didoddrdes headro bESithel duSmto 3‘.1)13.11 pleces manually or
Gener ati on_ of Enbryoi d Bodi es To generate EBs,
dissockRURIAES b PlecOR H A a dtPoiBor Svith tallBesnas of FyBn EDTA. Here,

the hu?‘r%l s E%?‘é@lﬁnﬁ?%?é E¥ Rhnual Siﬁfbcé nﬁa{lpgl] ebddtBr $ABoid body formation.

eces by enzymatic treatne a enase “or
The srhalj{ piices EEI'EAheﬂ—hms;ferrdd‘nm lElemduEﬁ (&@%IDMEMEI—@&(%@(B with glucose

sso0n TRBAE kT 5 P R BEE S B o, 025028

1% ngges'ér@rﬂ WQ%MLEIO%Z (GBBE0 1 mm t gluﬁhiﬂﬁeo g6ibco), and 0.1% beta
15% ES tested FBS (Hy cl one, USA), 5% Serum

mercap@pthan@n(éngmq)latm besterialogizal plags, for agereeatiens chig egll aggregates were

atow GRS ARE AR 125 WP TGl RS s, o s

generd@L b9 thid ntdhBivere! Glattdried agiigagihiapand Ttdedubdrlmarkers at different
aggregates were
days m%gspegsmn cultures, for examplé, 0 day, 6 days, 10 days, and 14 days (Figures 9.1 to 9.4)

to evaluate the in vitro differentiation potential of the human ES cell line.
2) Immunocytochemistry

The cells grown in 2-well chamber slides (Becton Dickinson, USA) were fixed in freshly
prepared 4% paraformaldehyde and permeabilized with 0.2 % Triton X-100 in PBS. The non-

specific binding sites were blocked with 1% bovine serum albumin in PBS. The cells were then
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allowed to growin this nmediumfor 10-14 days with

nmedi a change every 3 days. The EBs generated by this
woreaohogheser e characteri zed using cel lul ar and POI/ER00000169

markers at different days in suspension cultures, for

exanple, 0 day, 6 days, 10 days, and 14 days (Fi gures

9.1 t0 9.4) to evaluate the in vitro differentiation

potential of the human ES cell |ine. 2)

. chepicst h T ] [ I er
mcuba{ﬁm{)&ﬁ{%gcgtﬂogd%%l n%gprﬁﬁ EJ%A?IEI\Ner e f:Ungn in fgﬂeégjﬂsg a panel of
und1ff¢%1ﬁtaﬁdestelﬁ%eﬂiamaﬂ«&rmo¢ie¢syﬁei-3m,dS&EAfﬁeﬁEA—ﬁed"M ﬂ’r&l) TRA-1-81,

% Triton X-100 The non ific
clkaling S Aie BERE Wi TP DSB TN LGRSt h 1 2 well as o
group RBIiffdlRtifed nsark@s &utNel ned®h 11383402866 muscle actin, brachyury
PCT/ 1 N2006/ 000169 i ncubated overnig t at 4Cwith a
(Mesoqb&mﬁqu}FPamncﬂ kﬁ)@?A4 Uindgderim) S(Fm;:tqqo]d) 1 o g&ral Cfable I sets forth the

relevaxgg%&];j%serg ?gqxﬁﬁ\e %(gl | tk?éﬁcpsﬁafed%d :%r/lc%lbated with the

approﬁ@ia&smfmmsaed Qamﬁ@ ran‘c‘lBodyEat @a@lﬁ %mpbrmfeefoa Naonz éethe dark. Next,
Figures 5.1 to roup of
cells wir¢ e@méqrstringd MhalP ! élvgaeh Séﬁmﬁes%ﬁg @Hltlaaeﬂlﬁ)ceﬂs were observed

under %@%}fgf@ég ?J&groﬁgc}ﬂfglNélgc?rg &*gé ?60@'\{?5&%&% 10 oﬁgg% areas. The

humarf BS blld mressai SYBAL3, SSE-H STRA- 160 mﬂb&lduaaé Qﬁfﬁ-éd which is typical

Cells were t d.and ncubat
of o L S L e S A0 e A 1 o Ve g BS clls s
exhibifeQ B WHos nﬁtgﬁasq]: a@ h@ etiBEncd@by- ﬂd&é‘srcenceclﬁidr&cw EFigure 5.8).
count er st-al (lug/m; "Sigma). After
Furthenpthe l # nigy HBIsestem@dl pl)smaﬁeb' fob diffeverdiation mgrkqs such as nestin (ectoderm),

oot SESRS 5 REOREH P B ERR R g 10

expr essed SSEA—3 SS - 60, . TRA- 1- 81, and
Oct 4, which is Tapleck |Det6'1R‘ff\ °é§58é?‘11 as well as

f)fﬁleaa'ﬁ L GRPTEXT - “Mlah{ffagfb tér ) - fie DiR%0n sed

eI I S ited al kal1 ne phosphat gse activity as
~craod hy £l iy ~d

e by o e e NIRY (P ST

(AR 2PN
OoT ¢ |_y|U|

i 39BAdnt i ation narl elfg%céflﬁﬁraggerﬁ@gqqlﬂt ect oderij®
sBFAr3nuscl e actin) (Ghamisphr(atfriyy 7, GATA4, and
ARFSEA&ddoderm) (Figure 10). Table 1: Detjails of
mRAods@s used Nang of the antibody Manufacturer

FT'I

(@]

OrfpALR; used Oct-3/ 4 Santacruz, USA 1:(100 SSEA-1 ES

ceAMﬁ.E@ﬂﬁ&hﬂtéséau on Ifi tM1: 40 SSEA-3 (|Chem con; Cat

TR oY 4 TRA T T USRT 1:200
Connexin 43 Santacruz, USA 1:200
Nestin Chemicon, USA 1:200
Smooth muscle actin Santacruz, USA 1:100
GATA4 Santacruz, USA 1:100

3) Gene Expression Analysis by RT-PCR

Total RNA from the human ES cells disclosed herein was isolated by TRIzol method
(Invitrogen) according to the manufacturer’s protocol. 1 pg of RNA treated with RNase-OUT
ribonuclease inhibitor (Invitrogen) was used for cDNA synthesis. Reverse-transcription using
Superscript reverse transcriptase-II (Invitrogen) and Oligo dT (Invitrogen) to prime the reaction

also was carried out. PCR primers were selected to distinguish between ¢cDNA and genomic
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Al kal i ne phosphat ase E-cadherin Santacruz, USA 1:200
Connexi n 43 Santacruz, USA 1:200 Nestin Chem con, USA
wda 2800206800t h nuscl e actin Santacruz, USA 1: 1P01/1mN31¢eb0169

Santacruz, USA 1:100 3) Gene Expression Anal ysis by
RT- PCR Total RNA fromthe human ES cells discl osed
herein was isolated by TRIzol nethod (Invitrogen)
according to the manufacturer's protocol. 1 .tg of RNA

DNA by Hoe gga‘é“@fq?lal,%s%g g&:Tc;f& bo% e‘:rgﬁtfﬁf’xﬁg'g N0 R ODNA wes amplified by
ptmFRIE885 LERSF 4R Qb NG SUBERCRAR! U8, S U an
approf{rlaty i drirngren) Tthe pxprmﬂnh efrmacanap nof ahaaberwawas: arveluatkd, including

undiTGER et 31 ORTE NG Eh 2800 GbONBBEPaN NS GOOTRo L. ThyL,

CriptoPNABDGU %b;gﬁs,' TERY @Hﬁhexa{-nm @&ﬁlekﬁlws fa08 1%&%%%&&% markers
exons. 1l of cDNA ain

. Was a fied b msr ase c
such ascerniin, m@mp 16 KgatingBrBoek Nel (o m@demmmazamm A1, MyoD,

HANDE ¥y o Ssadlh o B G, AP AFNF -+ RS RlS bumin, and

PDX1@H@5&e&h NThie ste‘ﬁi fIRhCBE | detdils I@frtﬁe Fﬁﬁllarsaswcan the genes, PCR was
ex| , Sox-2, FGF4 ufl, tol, ABCRX2

performséafgr 3y EYeies, consiniez of 48 lmélﬁbd@éﬁﬁ@mﬁtz% 8 1| pisgtggollowed by

35 cyc%%e ;fltﬁa %Ifgpg(,)ggé’c%&dss m%wg%{ﬁg &%ﬂg{%} t%.g} Of é/‘hérsge&%g gene primer for 45
seconddy01d, 72|° H‘ﬁNDl ,migatedi B laﬂtcgale (Wassfolﬂ@m‘@ by Gﬁﬁﬂ’élextékﬁﬁz’n at 72°C for 5
. HNF-4a a, HNF-3bet a, um n PDXl endoder ) . .
minutamp] oo Rain TROEERe. (hecels 81 MElof daie TSPTARES SRR jednjpambiguous
exp res%ﬁ)‘ﬁ H e of ge %ﬁ@sa%émat@& Wlﬁﬁgﬂgﬁxg?&a%{ %cﬁﬁﬁig@ct 4, Nano% Rex-1, Sox-2,

consi sting nintial uralon at 94 C
Criptortj RGFd, Thy1l, &l AtBCGBHDIEBﬂﬁl asi BTERLC S well 39 garepwatien proteins such

thea eall t enp .ure t.he respective gene,.
o5 CoRRTTraN GuieRBebn QuERy 0BT IE 31 iRl s oTAch qag used os 2
negati¢y @J)rﬁrd&@%eﬂé et Sy tﬂ”éye@ré‘s‘sﬂdﬁ'of axy 6fthle@matkers? Harthef, tfe expression
m nutes. The human ES cells, at earl¥ as wel| as late
1

profilpefsarseydeustivg histoftastgesngtatas tg dingage spagitie diffesentigtion wapevaluated with

0 day,cé {igy nefﬁla Ssocﬁlj_?ggre ng% Bg’(?”g&f ?Ipf%?é/ T&%@Z&b.uﬁﬁ)&%ﬂem expression of
carly-dthdd sctABER, m@[@ﬁ@&ke Agatih 5 Kleratas1 Sveld Kasitigdp fann6tdagnto 14-days

. proteins such as Connexin-43 and Connexin-45 (Fig %t‘i
of d1ffgre@ﬁat1%wp%ol§yrveﬁ.|gpﬂ@@l}ss IntgggsHAS. WRers 3 nggxaressmn of these markers

on th@?gﬁqag\s/og c?im ; Bf?étlo hgel\éfé' % eé%r;(%?%gﬁf&@ﬁﬁﬁ%&?( féf S@?Y and NFH

ers. sion pro
were presenthenlgt én ¢hd |1Q‘E1 day tg erﬁbdaye bﬁtdeﬁﬂerentldtuoneﬁ“gglre 11). Among the
tion vva . eval uat

mesodipe lnegesiipues Mo gl bEie aus i tahs VAR Gy gBieg wniformly
throughbut G0N HrStrERlveCIBSCSS dAferBitiation. Other mesodermal markers, including

brachyury, HAND1, MyoD and cardiac-actin, demonstrated weak or no expression in the human

ES cells (Figure 11). Similarly, early endodermal cell markers, including AFP, HNF-4a and
HNF-3f, exhibited an expression on the 6" and 10 day of cell aggregate formation, while
GATA4 levels demonstrated a transient increase from the 10™-day up until the 14™-day of
suspension culture (Figure 11). Very weak expressions were detected with the markers for
mature hepatocytes, pancreatic islet cells, albumin and PDX1 respectively, thereby indicating the

absence of mature endodermal derivatives (Figure 11).
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earl|ly-stage ectodermal markers like Keratin 5, Keratin
15 and Keratin 18 from 6-days to 14-days of
waldo7eemst | ati on was observed in the EBs. | nteP@FIN20gs/000169
there was no expression of these markers on the
Ot h-day of differentiation and the | ate-stage
neur oect oder mal markers Sox-1 and NFH were present
only on the 10th-day to 14th-day of differentiation

(Figure 11). ARG DARROSH Rkrd dsagage markers,
Mexl, a pre- card| ac transcription factor

Genexpr essed uni f or mPyimértwequegeut t he progresswlenm}lg Expected
of |differentiation. Oher nesodermal narkers, temp Product
i ngl uding brachyury, HAND 1, MyoD and car di|acdag)n,| size (bp)
deronstrated weak or no expression in the hyman ES

cefTs (Figure IT). Simlarly, early endodernal cell
markers, including AFBOUSHHECDIRE SFF  HINF- 3 (3,

GAPTRE! “TGXXG@'TC%}@M@&T FEGYLP G&i SHWIDLOTh [day got 892
cel orggregate tormation whi | e TA4 | evels

denonstrated a transient increase fromthe 10t h-day uyp

unt|pi- CAEQT@WﬁA&GT%@%@E&mI&@@ (Fi gure 11)|.

Yery weak expressions were detected wih the markers
for nmature hepat onlegtenbﬁeréEm% 8| et cel ls,

a-bun T dicat Thg 247
OCt'gbséiﬁggAgA WGAﬁlgxger%ﬂ%Tﬁga{s?\?ensﬁ(Fl gurggll).

30 2007/ 020655 PCT/ 1 N2006/ 000169 Table R: Detaills

of pr-CMG&HCA@(hEFMA%TG§§§t}éﬁS%Q RNe#i ng

Nan% ﬂg g Eggsc;ggcxgggxg\g; jﬁTm‘ﬁcﬂs IBEG IO MieY:5) 52 262
swmm@wmmmmfi@ 3 SERQ IPN@&O) B92 NO 1))

AT CECEREEATCACETECACCAC=S >
RexjF;I u |S’gt eré 3O::(t 2 N > 306

5' - GEAM @@MS@)@E%&? D47  NO 3

[ il ANCCOCAOCLAALACTT-ALAL

Soxg. v &r‘?&m mRB&g)I DU NU 4) Natgpg 448

ID NO5) 52 262
5' - GAGSIETTGACEFCTAGBTAGCHIERGESEQ 19D NO 6) Rexl

AL AN AT ANANA

g [ »]¢} C’)SB) 272
e e R LT I e |

cccsce@amxmmm@ﬂ@@@@q@ﬂdsﬁ IBNQ:AB)

FGF4 |5”— CTACAACGCCTACGAGTCCTACA-3’ (SEQ ID NO:13) 53 370
5’.GTTGCACCAGAAAAGTCAGAGTTG-3" (SEQ ID NO:14)
ABCG2 |5°-GITTATCCGTGGTGTGTCTGG-3’ (SEQ ID NO:15) 62 684
5’.CTGAGCTATAGAGGCCTGGG-3’ (SEQ ID NO:16)
Dppa5 |5'-ATGGGAACTCTCCCGGCACG-3’ (SEQ ID NO:17) 62 353
5*.TCACTTCATCCAAGGGCCTA-3’ (SEQ ID NO:18)
Utfl  |5’-ACCAGCTGCTGACCTITGAAC-3’ (SEQ ID NO:19) 60 230
5 TTGAACGTACCCAAGAACGA-3’ (SEQ ID NO:20)
Criptol |5-ACAGAACCTGCTGCCTGAAT-3’ (SEQ ID NO:21) 62 217
5’ ATCACAGCCGGGTAGAAATG-3’ (SEQ ID NO:22) -
hTERT |5-AGCTATGCCCGGACCTCTAT -3’ (SEQ ID NO:23) 60 165

5°-GCCTGCAGCAGGAGGATCTT-3’ (SEQ ID NO:24)
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5' -
CAT

WEAGTHESECAGT TTGI CTCTGAGCA- 3

CTACAACGCCTACGAGT CCTACA- 3!
- GTTGCACCAGAAAAGTCAGAGTITG 3" (S
- GTTTATCCGTGGTGIGICTGG 3'
- CTGAGCTATAGAGECCTAEEG 3!

5!
5!
5!

TCGECGCCGEEGAGATACAT- 3!
GAGAATACCAGCAGI TCACCCA- 3'

(SEQ |
( SEQ
( SEQ

( SEQ |

NO,
NO
13) 53

( SEQ |

( SE NO. 16)
AT SN AN T oo A Q! !\I()- 1

62

NO 10) Thyl
y 11) 55 272 &
12) FEET/IN2606/600169

5!

370

D NO 14) ABCG2
NO 15) 62 684

Dppas

353

Geg ]
5 -
5 -

[l
4

FECGAACTCT
TCACTTCATCCAAGG%?AS%‘I"
ACCAGCTGCTGACCTTGAAG- 3'

TTGAACGTACCCAAGAACGA-3' (SEQ I D
\CAGAACCTCCTGCCTGAAT-3" ( QFO 1D

QID
A 1. D
\{IIJ
B0 1D
(SEQ I D 60
Ori
62

IO

Ut f Annealing

23temp
p{dég C)
217

Expected
Product
size (bp)

5' -
ql

ATCACACI:CCII;TAGAAA@% ﬁinc{i%@rdt%é\'o 22)

hTERT
NO 23) 60 165

43200

Ann

Connegﬂn 'S

CCTATACCCGGACCT

SAGTEG @CGQSEQ@ED} EID)\ID@S) 31

D!%Q\erm P 533?@?‘&%

[ @s%@@fi%ﬁ%ﬁ/ﬁ
ali nn Expect e 4

sequence

VO 64
(bp)

295

Conn
455'
43

G| TR AICEAATGAGG TRCADAGAACA-3’ (SEQ ID NO 27)

EA@WTCATCM%A(Sgﬁg@Z% ﬁlg)

P6)

64
64 295

819

Con
64

nexi n 5' - CTATGCAAT W&S ( SEQ

19 45 5' - CCCTGAT

(SEQ I D NG 28)

I D NO 27

Keratigt
5 1
5 1

s

60
Ke

ratin 15

60
161

161

Kerati15 15 |GA
5 1
E 1

CACACTCIGGAGEIIEIGGA-3( GBQ ][lINNGﬂBl)

TP SR

62
Ke
60

ratin 18

19662
164

196

Keratim 1 8

SGTAT-T m-mm)
5’-GAGAGGAGACCACCATCGCC—3 (SEQ ID NO:34)

L

60

164

Sox-1

5’-TACAGCCCCATCTCCAACTC-3’ (SEQ ID NO:35)
5’-GCTCCGACTTCACCAGAGAG-3’ (SEQ ID NO:36)

60

201

NFH

5’-TGAACACAGACGCTATGCGCTCAG-3’ (SEQ ID NO:37)

5’-CACCTTTATGTGAGTGGACACAGAG-3’ (SEQ ID NO:38)

58

400

Mesodermal markers

Brachyury

5’-TAAGGTGGATCTTCAGGTAGC-3’ (SEQ ID NO:39)
5’-CATCTCATTGGTGAGCTCCCT-3’ (SEQ ID NO:40)

60

251

MyoD

5°’-GTCGAGCCTAGACTGCCTGT-3’ (SEQ ID NO:41)
5’-GGTATATCGGGTTGGGGTTC-3’ (SEQ ID NO:42)

60

217

Msx1

5’-CCTTCCCTTTAACCCTCACAC-3’ (SEQ ID NO:43)
5’-CCGATTTCTCTGCGCTTTTC-3’ (SEQ ID NO:44)

62

287

HANDI1

5 ’-GCCTAGCCACCACTGCGCTTTTC-B" (SEQ ID NO:45)
5°-CGGCTCACTGGTTTAACTCC-3’ (SEQ ID NO:46)

62

389

Cardiac-
Actin

5’-TCTATGAGGGCTACGCTTTG-3’ (SEQ ID NO:47)
*|5’-CCTGACTGGAAGGTAGATGG-3’ (SEQ ID NO:48)

50

630

Endodermal markers

5’-AGAACCTGTCACAAGCTGTG-3’ (SEQ ID NO:49)
5’-GACAGCAAGCTGAGGATGTC-3’ (SEQ ID NO:50)

62

377
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Sox-1 5

- TACAGCCCCATCTCCAACTC- 3

5' - GCTCCGACTTCACCAGAGAG- 3!

WG 200TEWEACAGACGCTATGCCCTCAG 3
5' - CACCTTTATGTGAGI GGACACAGAG- 3'
mar kers Brachyury
5' - TAAGGTGGATCTTCAGGTAGC- 3'
5' - CATCTCATTGGTGAGCTCCCT- 3'

Mesoder mal

(SEQ I D NO 36) NFH

(SEQ | DNO 39) 60 251
(SEQ I D NO 40) MyoD

an..0q4 7

(SEQ I D NG 35) 60 201

(SEQ | D NO 37) pGBINMO@6/000169
(SEQ | D NG 38)

o - GI CGAGCCTAGACT Tl - Q D NO41) 66
Gele o ATATCROGTT ”%-s%““% S 1D NQ 42) Ny Aunealing B]:;ngcte;i
5' - CCTTCCCTTTAACCCTCACAC-3"' (SEQ I D NO 43) 63 o demp ‘roduc
5 - CCGATTTCTCTGCGCTTTTC- 3' (SEQ I D NO 44) HANDI(deg C) | size (bp)
[ “\f:("l'A CACTCCCOCTTIIT O 2 (CEN. | B |\h 4}:\ R') 289
GATZ 7raves T SRIPBN®G U6) Carldi ac? 680
5'- 'ISC’WAGMTEGTG}C L WIHDN&@Z}H 50 63\0
PN ACATCS—3- L SEO-|-D-NOQI48
AN T R O R e T GfG 350(sEQ 501
I D @G@TMHMC(E}GWWTGT C3 {(SEQ ID
HNE N _G %AA éxg x T_ l, aYaYayi 000169 (.nnns
%!;e{ Ter sequénce nn?q)ﬁ% @ﬁ@ﬁg ) pr odiyct fdeg| 237
C s MK@MGT@AKAACE‘GCKWEEQ@M@GAGC 3 (SEQID
N FeETeaToC-3- (SEQ-HD
Albugeg S T R ARG & "SEQH D 450
NG 0 501 5'-GGITTGTTTCTCGGGTTGA-3" (SEQ I D
NO APA@@@B@%GCGATWGKGAG@QX@EQGI &@58)(SEQ 1 D
AC ')' L[ CEI\ [ )
R
FDRG Bor A Bam Ao Ehe ¢ AACC|3' fBEQ | 362
| D 58&GBEGHTMIBTCAICCHEEASEQARIMATKIN CACCATAGG 3" ( SEQ
r58)
Table 3: Summary of gene expression analysis
Serial | Name of the gene Observed expression
Number ——TW
Relicell’ "hES1 | BGO01 human ES cell HEF
line, as reported in
(Brimble, et. al., 2004, supra)
, Housekeeping gene
1. GAPDH ¥ n T
Pluripotent stem cell markers
2. Oct-3/4 n -
3. Nanog + + _
4. Rex1 + T R
5. TDGF1 + + -
6. Thyl n NR m
7. Sox-2 + + _
8. FGF4 + N—R -
9. Utf] n T -
10. ABCG2 + + -
11. Dppa5 + + +
12. Cripto + + -
13. TERT ¥ ¥ -
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PDX1 5' - GTCCTGGAGGAGCCCAAC-3' (SEQ I D NO 59) 62 362

5' - GCAGTCCTGCTCAGCCTC- 3" (SEQ I D NG 60) Table 3:
wemmeossdf gene expression anal ysis Serial Na@BEIN2006/000169

t he gene Cbserved expression Nunber Relicell hES1 BGOL

human ES cell HEF line, as reported in (Brinble, et.

al ., 2004, supra) Housekeeping gene 1. GAPDH + .+ +

Pl uri pot ent stem cell markers 2. Cct-3/4 + + - 3.

|\nnnn 1

+———=

Seria) uNalgg)gf th,geﬁpe % 8 FGF4 + NRMﬁéserUEdf ?xpfegl_smry 10.

NumbgBo® + + - 11. DppaHeal™hES12 BV Bumah ES cell 3| 1ERAEF
+ 1 - 33 WD 2007/ 020655 PCT/ | N20Og0Q0kE8 ey | 3| Name

of {the gene Cbseryed expressio e c hES1
BGDL human ES celll HEF _1i ne, @Mrﬂggoegtegb%n&?ljgr nbl e

et. al., 2004, SuDra)G%GﬁBcﬁo%ﬁﬁéﬁgﬂﬁ proteins 14.

Connexin 43 + + - + - Ectoder nal

14. maf keasexinicel | aggr egattes + -

15. Connexin 45 + -+ -

Ectodermal markers in cell aggregates

16. Keratin 8 + + -
17. Keratin 15 + + -
18. Keratin 18 + + -
19. NFH + + -
20. Sox-1 + + -

Mesodermal markers in cell aggregates

21. Brachyury + + -
22, MyoD + + -
23. Msx1 + + +
24. HAND1 + + -
25. C-actin ' - + -

Endodermal markers in cell aggregates

26. GATA4 + + -
217. AFP + + -
28. HNF4a - NR -
29. HNF3b + + -
30. Albumin - NR -
31. PDX1 + + -
4) HLA Typing

Since the spectrum of HLA antigens expressed on human ES cells is a clinically relevant
characteristic, the HLA profile of the ReliCell™ hES1 cell line was generated. Briefly, HLA
DNA typing was performed by utilizing an adopted hybridization of PCR-amplified DNA with
sequence specific oligonucleotide probes (SSOP) as the primary technology for HLA typing
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16. Keratin 8 + + - 17. Keratin 15 + + - 18. Keratin
18 + + - 19. NFH + + - 20. Sox-1 + + - Mesoder mal
worooRee®si n cel | aggregates 21. Brachyury + + PCREN2006/000169
MyoD + + - 23. Msxl + + + 24. HAND | + + - 25,
Cactin - + - Endodermal markers in cell aggregates
26. GATA4 + + - 27. AFP + + - 28. HNF4a - NR - 29.
HNF3b + + - 30. Albumin - NR - 31. PDX1 + + - 4) HLA
[ f
(Tepnef YRLB8eZ QAPplatfn "Rty NILLEAL, 1007 BBASRES fRiformed to
analyz€tha HHA -2y, FIA-S, Hilve-GHHA ApDBE, land BILA-PEQBRIIci.Cel | TM hES1
cell line was generated. Briefly, HLA DNA typing was
p?“rl__\)formlad]c by utilizing an T4 ed hybr| di zation of
_amlified DNA wWith s fa
bl i gonucl eot déLfbonbeé‘l(As?‘%D)ma%Ct ﬁe }M'Drﬁﬂ/ HLA-DQBI
[RGGNCRENIY T pA*GHLA t)BJ‘BGI)Qj 341 WO 20Q®7/ 020655 | 05
PCHA-N2066/-0p01 89— Tepnet—jfecodesgCorporatigm
Wt henshawe, %\{/anchester. UK) . Assays were perfornmed to
anal yze the HLA-A, HLA-B, BLA-C, HLA- DRB, and HLA- DB
| oci. Table 4 HLA-A HLA-B HLA- C HLA- DRB1 HLA- DQB1
As shoRel inCRible NEBE 1ALQE dBSDAAT It IRIR AN Y 1ES13E110iheGtprogents a range

of HL A cgmreryiinibees By ine 3 St S STkl a1 R mm.
5) STR Typing

DNA fingerprints of the ReliCell™ hES1 cell line were generated. Loci analyzed for STR
analysis included D5S818, D13S317, D7S820, D16S539, vWA, THO1, Amelogenin, TP0X and
CSF1P0 (multiplex-PCR-based PowerPlex 1.2 kit (Promega, Madison, WI, USA)). Loci
analyzed include D5S818, D13S317, D75820, D16S539, vWA, THO1, Amelogenin, TPOX and
CSF1P0, and the results are shown in Table 5. All of the loci included in this set are true tetra-
nucleotide repeats. The amplicons were separated by electrophoresis and analyzed using
Genotyper® 2.0 software from Applied Biosystems. From the study of these nine STR loci, it is
clear that the cell line is derived from an embryo of Indian origin, which is different from the cell
lines reported so far. These fingerprinting results also provide useful information of the cell lines

after distribution of the cell line.

Table 5
D5S818 | D13S317 D7S820 | D16S539 | VWA | THO1 TPOX CSF1P0 | Amelogenin
11,12 10, 11 9,12 11,12 18 9 10, 11 10, 11 X

6) Karyotype

Karyotyping of the isolated human ES cells was performed using standard methods of colcemid
arrest and G-banding technique. Briefly, human ES cells cultured in a 60 mm culture dishes
until 60% confluenct. The cells were incubated with ethidium bromide (12ug/ml) for 40 mins at
37°C, 5% CO,, followed by colcemid (120ng/mL) treatment for 40 minutes. Next, the cells were
dissociated with pre-warmed 0.25% trypsin-EDTA. The cells were then collected by
centrifugation, resuspended in hypotonic KClI solution (0.075 M) for 15 minutes, and fixed in
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of HLA haplotypes with alleles HLA-A HLA-B, HLA-C

HLA- DRB1, and HLA-D@Bl. 5) STR Typing DNA fingerprints
w@boorlozosRel | Cel | TM hES 1 cel |l |ine were gener aP@mIN20@2000169

anal yzed for STR analysis included D5S818, D135317,

D7S820, D165539, vWA, THO1, Anel ogenin, TPOX and

CSF1PO (nmul ti pl ex- PCR-based PowerPlex 1.2 kit

(Promega, Madison, W, USA)). Loci analyzed include

Carnoy? ﬁ%&t@ve ERR3 bieti nﬁ@%%tha'ﬁ%ﬁ 39539, M\éﬁé@haspi’gfeads were prepared on wet

ogenin, TPOX a CSF1IPO™ "dand 't restlts are
glass mﬁmmopm stides, eaif drigkd) boked lak 908Ci for ranl hoel 4nd Ghrssas stamlng was

B 48 LS ) B35 BRI e
1magesGQ&@tc ﬁcﬁfefdﬁ)sm% tHe Q@fdv‘lﬁérﬁd&ftﬂﬂhﬁ@ﬁk ispflerBi OSyst ens.

Fromt study of these nine STR loci, it is clear
that the cell line is derived froman enbryo of Indian
origin, which is different fromthe cell Iines

far. These fingerprinting results al so
ﬂTe]&lﬁ%\%ﬁgggu eful information of the cell lines after

A tel%%tg%b%t%’gg%%f\ﬁi&f cel | I|ne '[agl e D5S8%80ﬁle(€S "}Pﬁ‘ard TRAP

(Teloxﬂe@asélRaae&tZA;ﬂplﬂﬂbaﬁSnﬁprl@ocbll (Zﬁbngle%l@)(ztfw)ygw ees., 10(1):71-7 and
Karyoty of the isolated human ES cel
Rublagsurt g 1900505 Jasin Q5PGIReEd D6 00t Derint 2 TR telomerase

detec’u@ﬁ] t%}b fn?c%n o Cgtﬁ%ogr%gb g%(%@sh}ﬂ%% ﬁ%ﬂé%?l 56-70 colonies of the

uredTn a b6

humancasfdeue rWetre pEnete@ eint styvedr esin1 000l e MK (CHAPRIgisiBuffer. The cell
br om de u for 40 mins at .  37C, 5% Q02,
SUSPenﬁl@Flllé\ﬂoé@ blfng’bIYélé ruditer Yo mesibetpd in gt AQ nHipwtes gud then centrifuged

for 20 8}1%11 \/\ggtnlejmtgz%tﬂ}lt%r ;'ﬂ;fr;hse: Sﬁlp‘é’%ﬁl%ﬂt %ss cfqulﬂ? o\%eer\%m eeng({' %ored at -80°C. The

total pEéih BpdsediibtedGRM 4 Bwam*bﬂd%sayr EBheSRRMER kel A3sA)YRES Fetfcemed using
KCl solution (0.075 M for 15 mnutes, and fixed in

1-6 g3 totel egoPt. cHesEsadbeTed Na0Dss 60vabe negativrogoniroly foateaqheassay For

o I BEHI 0JTERARFhy bl T0BE B AR SALTS i

and TAQ Iﬁﬂym&@b'@ ecatdiff ¢o faringfuchions0. Hegt, Beetdibegiat Riaf@dded and the
was performed. Twent a:dyaytrnata phases were fully

total reaahgrowlpm WS mgintained atfud. BXADOratenr B@B@p@t@ndvas performed (94°C

o 5| TR0 P, A, B B P B, s v

electropBSreRRY 50 MBS HSIJAT R E@l‘y§ RRiide 9@1%1&513@@% 400 volts until the
Sstandard TRAP ( Tel onerase Anpl i fication)

xylenemyandcdyle franerhed tab. tlur@sz@bth)e e@titd rLRelsng‘chl Ofhe) get1wag then stained
with 13@99,}15% {)5,1? §§ S‘g‘é%%Rgb%&%@&(ﬁéﬁ%qubﬁ%%eg%V@iogqﬂoc.é%m), visualized
under a UV transilluminator, and photographed using a gel documentation system. The relative
quantitation of the telomerase product generated (TPG) was done according to the method of
Zhang et al. (2003). The TPB is explained by the formula: TPG = { [ (TP-B)/ T 1]/ [(R8-B)/
RI] }. Where, TP is telomerase product generated in test extract; B is telomerase product
generated in Blank lysis buffer; R8 is telomerase product generated in Quantification standard,
TSR8 control template; TI is Internal control of test extract; and RI is Internal control of
quantification standard, TSR8 control template. Figure 8 shows high telomerase activity of
ReliCell™ hES1 at passage 37, with NTERA-2 hEC cells as a positive control and MEF as the

negative control.
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detection kit by Chem con, USA (Catal og No.S7700).

Approxi mately, 50-70 colonies of the human ES cells
wowooe/opsbs et ed and | ysed using 200 | of 1X CHARSI/IN2®O®000169

buffer. The cell suspension in 1X CHAPS |ysis buffer

was i ncubated in ice for 30 mnutes and then

centrifuged for 20 mnutes at 12,000 g at 4C. The

supernatant was qui ckly frozen and stored at -80C. The

T™RE§nest i mated using a Bradford assay.
S)Sterﬁ%%d% aege assay was performed using 1-6 g of

Extens1xg tb%%teﬁzﬁt 4 ﬁm%ﬁ@s%tor ea@%r\ﬂﬂ{n%g osn I&Ficd 1881l cultures. The

Ve con assay. or t el onerase PCR, i
cultured bverdmﬁlhﬁﬂy rﬂl@&ﬂt@éd md%mbﬁ:dd b1y4&lﬂd1m;l g4aﬂ&3FsPandI' E!Aléays of incubation.

Addltlopgp][ly,, qagénqo%;@t qngﬁg]@o %Qsl%ﬁgeggf S em%%g[_? hgdkssay for each
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culture. ?’Vl\%ﬁféf epeogggxése@z@fe' el Wtﬁ@aﬁreﬁb@b@hﬂﬁﬁg?aﬂﬁﬁeﬁs including

reaction was performed (94C
HIV-1, $80endduman TS EpmpBaraphioVidsy VHoHSY3, HEV35EBYe CA4V, Hepatitis B

) The PCR. ucts were electrophoresed on a 12. 5% non-
Virus agg %&PEW%Q}S

Pyacryl ami de vertical gel at 400 volts
until_the _ xylene-cyanol dye front reached two thirds
9) Terajpmaforgatione run | ength. The gel was then stained

with 1:5000 dilution of SYBR_ GREEN | dye (Mbl ecul
Adult rmdebeee RCE aﬁ@ﬁgfomergomfppnam%%dy 2 8¢ upidigrentiaigd human ES cell

suspensdgré E§ llblrﬁ 1(9’?&8{5 SQ&%K%‘}Z v eI 5@9 1ﬁ't§'a5ﬁga1ﬁ’1ngﬁintramu]§culaﬂy After

rrenta ion 8y Ive quantitation o
injectionh €he Qinmrvmeke@t (imlaﬁtmgﬁltmahﬁﬁdr (o'ﬁPG)gewa"ﬁh&}te reages were housed in

according to the method of n 0 he
special pnpnplsispiRiors IneE Ve aPHéDOP%PIﬁdFJ% torp A%t 13! o "r‘%gkéa fLﬂ apimals were
sacr1ﬁc|e11 véltl{ 488 verBse/ of d{@tlm}ne Y6 bk H D. ) 8nd We%irﬁ@ﬁdmlly perfused with

uct generated in tes extTacts Bis tel omerase
heparnp saidwc(O 1 (jpepa?rnaured) 9 fro BrbmR ﬂoygwsd oo 4%r para"grm@ldehyde prepared in

s QUL e SHE P LS LD VAL LR b s vt

parafornideble fonk&Fith @68 &ereseanﬁhé?hnh@r Wai eédtidhec (20 0AY) Wing a cyro-
quantificatron standard, TSR3 control tenplate. Figure

mlcrot@nshm seritighs tvesroraofleeed st gelatinycested sladdsCe T ipmpsgections were

stained Ymgﬁiq a%ﬂ)&y%w@o\’&ﬁ A calg nega‘lf}lﬁ\%e co}“? gfboﬁ%z&\slﬁtﬂs\‘b%longmg to the

three %%71%9&@65&0&555/ IN2Q0&H) ORl6Ehdo8grnSt d?1gtlrbt7y shows the results of this
ho en Testing Extensive bacteyial r&g@ql t&?g%esm 1
cxperimate AlLATBIhEEPOMeRH Ve CREEH PYMOHERing es}n E stitutiona
H!.’i?# gs were routinely nonitored and reported at
ammal}@ﬁﬁour i days and 21 days of ‘incubation.

10) Esﬁi{i{]’sg ong {éf ﬁg'o(if%]?o xi}‘}gﬁ (feq]ﬁ%sr %gctﬁ&%ﬁ{\tgg‘rfg{p%tocytes From

MousdES Ty, the cultures wer e screened for the presence
of human pat hogens including H V-1, H V-2, Human

Mouse | ESeddlls Lyrére hatteRphihted YhioUBepatdcltes 5 \Vhe fdﬁﬂa?uonEBK/ ;EEENM a medium
Hepatitis B Virus and Hepatitis C Virus. 9) Ter
withoueddFmAifisn4 days in suspension, 15-20 EBs were plated onto 35 mm culture dishes pre-
coated with 1% matrigel (BD Biosciences, USA), and allowed to differentiate for 20-25 days.
Concentration of growth factors, cytokines (e.g., bone morphogenetic proteins (BMP2 and
BMP4), hepatocyte growth factor (HGF), acidic-fibroblast growth factor (aFGF), and basic-FGF
(bFGF)) and corticosteroids (e.g., dexamethasone) were optimized for hepatic differentiation.
The differentiated cells obtained were confirmed to be hepatocytes by checking the positive

expression of hepatic markers by RT-PCR and immunocytochemistry. HepG2, a human
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Adult nude mce were used for teratoma formation
study. The undifferentiated human ES cell suspension
W@ 2002020853 | i on cells per aninmal) was injected PEL/AN2a06/000169

animal intramuscularly. After injection, the ani mal

was kept in an individual filter top cage. These cages

were housed in special animal isolators to prevent

any possible infection. After 8-10 weeks, the aninals

r ackdic Wi 1.0e .

el BRGSO S8R SRS LR i) e s
as a posipiaeidongal toneptiizé the pa@patdtokivity). Hodéls dhdeiegn Hiffdrawiattd ES cells.

by 4% par af or mal dehyde prepared in phosphate buffered
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miniteéj 54 if?\éef}(zge%heﬂcﬁnf" YBanREF 8. 954 hw.%%aqu% LN 2004 on these

ucr ose. e tunor was sectionéd ((Z0 um) using & cyro-
observationsyt @ eq% adwbe seft CGnsndeare expdduectieet ofi 180 min were selected for

exper L R TSy L SEELL e M0 e ). et

prepar8d ¢ DPBIAEHRBRE! US AhebeaginsdFHI1CAL iR of e Mncubation period,
| ayers, ectoderm nesoderm and endoderm Figure 7

superngtaotevas bellactediant sentfifugeidsat 188 sm g minstds.. diingdpernatant was used

exper i r rri ut . f o}yl om,ng th I del L nes
to der GEREG SOPT. ST, PoREHd Shp fefis. bned St oot ot sorape,
and thEsE1R BhdpsididMvadEolleBtet iif bR eplrddbAtehel CTHiycdMEiebentldnVehs centrifuged
Differentiated Hepatocytes From Muse ES Cells Muse

at 200@gpradpr 4 mipranddhe el peliet stas disselved weidht i of MEPER Lysig duffer (Pierce,
USA)%ﬁ{}JTB{e.inO&t%hﬁ%%n,i n a medium without LIF. After 4
ays |

n suspension, 15-20 EBs were plated onto 35 nm

| ture dishe - coated wit.h 19 [
The ool it 45 e Tor R 2ufEFpllaion B BT BT 4P e LDH tevets
per the? BradbfadRys:s préose MdrBGR afd SHOMMHERHE R &it9(Banul.) were used, and for

cytoki nes (e.g., bone norphogenetic proteins (BMP2 and
LDH sdral.P, HE g@t{s mgrgwtwere a8¢dbr Thefemples were analyzed using a Konelab-

. i dhc-fi ast. . , d i C-
201 iyl (AR RinREE D, SAHEL MARR) . B IRBR ol Biprossed as
units/Idfr m zed for hepatic differentiation. The
differentiated cells obtained were confirned to be
0.6 % E0Ig tcagset eisndd¥epehdsk int@edsBLinPOSOT $&PTE PSR! [OMHAEvels, indicating
. hepati c markers by RT-PCR and i nmunocytochem stry.
increasipg Ggpatgcyig Aemagesvitntinyg o¥ayroen g elpesy aiNbesemEpnIs Was seen at 180
min. Pgeg%éﬁlgﬁrt 324{]4@{%3&?@ xgt!!tfegfa% altcfsr’_c]eg ag%glﬁzhlggg&c%gqgg increase in the
releasg of ithidse @engyamdst OThik dndipatesritize prétecatmeqd tvdthoX-adetyjcysteitel revents the
based on differentjiated ES cells. Hep& cells were
hepatogyis, g?@"éﬁﬂilbﬁé{sgr{vg)g‘?%}?’a period of time (30, 90,
120, 150, 180 and 240 minites) and in a
dose-dependent manner (0.1% 0.3% 0.6 % and 1.0%.
Based on these observations, a 0.6% dose of CCl4 and
EXAMRBLEx$posure time of 180 min were selected for
experinments with hepatocytes differentiated from npuse
The prESent ekéraple demop@iatdsFhe i 61ra Jjffer@fbtionpstentialay Retidell N hES1.
DPBS (G bco-BRL, USA) containing 5% FBS. At the end of
To initifte differebigdtionnhiaesd B, cells were induced to undergo EB formation in suspension

culture by mechanically desegregating the colonies into small to medium size pieces consisting
of 100-150 cells on bacteriological dishes for 6-14 days without feeder layers in a basal medium

without LIF. The age of the EBs for differentiation induction into different phenotypes
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supernatant was coll ected and centrifuged at 1000 rpm
for 2 mnutes.. This supernatant was used to
waledognmics® SGOT, SGPT, LDH and ALP | evel s. ThePCEIN2906/000169

wer e di sl odged using a cell scraper, and the cel

suspensi on was collected in an eppendorf tube. This

cell suspension was centrifuged at 2000 rpmfor 4

rrin and the cel | peIIet was di ssolved in 200 | of

M PER I s buff e | e
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N-acetyl steine prevents the hepatocyte danage

confirm Rerread dé%,%ereﬁia&lopﬁ gure 13). EXAMPLE 4 The present

exanpl e denonstrates the in V|tro dlffﬁ tiati

Mesodpwgﬁdlfﬁqrematm Adier ievMrniiay of Bl 8y qlg s vere Sceded onto 35 mm

tissue cul% L& ﬁl%ﬂgsﬁidng nR QB ERn &R hﬁe -t Wﬂgg‘l%’%élgtm (Sigma, USA) in
Orhation i h suspensi on
80% UMEmlﬁb&alshypleiﬁ&&gd e@hthS&’gFBBel%aiomnssamal mnmqsamql |1mM glutamine,
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beatm%%ﬁ% ) h@? ??ﬁ’?%ﬁl m@ﬁ?&i—m d% L itrerbhibation NRilte@e idicdthe of cardiac

efentiation i nduction into different
musclqahﬁ‘fwdsryiaésn \8& mmﬂxammn@sbspd}m pxeoBtionof gultures under a phase

contraggllg?cg %598 é@atﬁe 8% a%gac fwﬁt%ac(éi?lﬁl ag‘gagggzm‘iﬁlhﬁle EBs were

mechaﬁi%@ﬁj/ His’é’ec‘?@rﬁ%ﬁ{gsa stbrile ig@asg%aue@ p@%ﬁﬁ&ﬁﬁ&%&&ter%’mﬁ%cope and plated
Neuroectodermal differentiation: To determ

onto geiatimedatdd afwelhehpmherad mlasseplidesi e R Ragkidee rléﬁnla&k)e for further
nIo neurons a multi-step protocol was followed.
precursors were selected by incubating 6 day

Endmgeé'mag Mﬁﬂenﬁﬁr&ﬁ{p fél':?plélgggeg I;g]ﬁcrﬁﬁ Ul #egé;%t%%&? tﬂ@y&assfggleprotocol of

Segev Qt”-:eh” 'iié’o Upis gemived Wo tday it GEEs1 G/ plht)edamxﬂo ESme plastic tissue
(10 ) The differentiation step invol Vﬁd t he /12,
culturg @iﬁb@ea[Nmfc Roskildea Rpranadoy pich gravwe i @qdium ] gopgaining DMEM F

msuhrf éf& g‘f V\}é&k%@g pg@ S%@ﬁh éﬁdx?y)t Q_% (PR%tathine (all from

ron o chem con),
Gibco} Wik ROR@blefRhl oMBIHgAN] ofVBEbrentit E(Sg@habyAfter one week, the cells were

i munof | our escence analysis to
dissociated with 0.05% Trypsin-EDTA (G1bco-Inv1trogen) and re-plated onto 35 mm plastic
tissue culture dishes (Nunc, Roskilde, Denmark), precoated with 0.1% gelatin at a cell

concentration of 2x10° cell/ml, in medium II containing DMEM F/12, 500 pg/ml insulin, 10,000

charac

ug/ml transferrin, 0.63 pg/ml progesterone, 1.611 pg/ml putrascine, and 0.52 pg/ml of selenite
with N2 and B27 supplement (both from Gibco), and 1 mM L-Glutamine and 10 ng/ml of bFGF
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confirmneuronal differentiation. Mesodernal
differentiation: After generation of EBs, 8-day-old

wEBn 70665 seeded onto 35 mm tissue cul ture di BEIEEN2006/000169
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m cros e for e .th 45 da tact co ct,i
culturg, plais () REdcn oL RGt, s maiEs) [P o R nsr S dasdiag: Ma, USA) and
allowéélsﬂorkﬁﬂ%re%h%'fo?2913€5c§ay§’k&i hﬁedmealaﬁlt Shtdimd g NS gmgh glucose), 10%
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precoated with 0.1%gel atin at

endode@a?é efﬁter #fiar giagfment watp ewityre dishes %&m%ﬁaﬁ% of ITSEn media, EBs
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precursors nalsmi audtureinoh 192 Em&dgd oh tisfuesailtmrd plates wird-boasikl wittl PBRyZ1-ornithine

su ment ot r .bco and 1 L G ut am ne and
and gt Fioped Eeded &8 bag o bHBa0RE8s Bl 1pB68 PBbEEg orPhology
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pancreatic islet-like clusters was nonitored an

bFGF zsd addisionofi d’@erﬁmﬂﬁmdh@m sthwesy: afils xhibiserdiie st inpyrenal appearance

with pg:lg(fefsg SUCh tlgﬁecf) %Oelal%ora glsE%Xm\%E it P o%%{(g geconfiaryganches (Figure

12.1). pHﬁﬁIrdcﬁ nhhﬁﬁ‘abﬁamﬁ@ ﬂmmdrxhatt Bi8se &MEC\)JeIBrlﬁﬁmﬁioﬁéhcw.fé o the neuron-
1% matri geI (BD_Bi osci ences Bedf ord,  MA,  USA) .and
specifig profiy nasker YIAE 2 (Fisutee 3.2k  Smeg el gimensipns pad fsigntghions are key

detern?%%\/? bf b&&a@'\éﬁ%&%&lﬁb %euﬁfb%&}rac‘l Sp]r%{é%lé:s% hutriad B8 AH-8&ived cardiac

non-essential am no acl
colonieS wees staﬁiedetﬂpan’mhec@@lylmﬁﬁractufgeq:a&sowmtedgltxﬁ'md fat treecqwgrowth of the

£Bs dpige Pt U it diereotiption PEveni2sD) dFbeR raBrgogiomtey showed
the p&geﬁ)ce OFARITRL H@ 1 (dPard ()0,208Herdehn, ( Blndon®, A, USA), a cardiac

the growth f actors ar e from R&D Bi osyst ens).
spemﬂmpnotﬁgn thee ipmvolvdd of thei regwatéont ofhearding mukele contraction in differentiated

EBs (Figure 12.4). After expansion of pancreatic progenitor cells, pancreatic islet-like clusters

(l)

were observed, which was confirmed by immunostaining with the PDX-1 marker (Figures 12.5
and 12.6).. After 15-18 days of differentiation, the cluster of oval- shaped cells seen was

indicative of hepatocyte differentiation. AFP, an early endoderm-specific marker, was detected
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cultures were nonitored for appearance of oval shaped
cells. For further characterization, 2-well chanber

W@ koodesoesdNt ai ni ng day-20 differenti ated cel | SPEEIN2006/000169
anal yzed. The differentiation potential of the cel
line into cells of nmultiple phenotypes was examn ned.
EBs fornmed fromthe human ES cell col onies were
i nduced i nto neuroectodermal, nesodernal and
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’ext ensi hin a week. These neural precursors
All of tﬂ@g&n‘éb'%ﬁé}{ ea?xtd'rﬂeﬁ?d Qi el Befelird ééﬁebéﬁhlaﬁélé&i Bledhed without undue
re-c -ornithine and ['am nin
expennmavaionpﬁ dighbofiitie qbrasentldliwtmmm Wiuulecme poogesieisandymethods of this
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skill in met HefaYRlriBbns ﬁaE}GEe @1?}918@ dglie d@ﬁlpafsmdhi &@v@frrhemdmld in the steps

nmedi a, these cells exhibited a typical neurona
or in thapgenanobsteps ofthp mstheds dsscribad her@m withewt departing from the concept,

t d
it o AU 35, Ay L B AR OB R, s
are chehﬁ@a‘ll%f &eﬂ)ﬂy@m\lﬂi@ll{y FElRA BAC bé ¥ebstitutéd ﬁ)rr’thel agents described herein to
speci f protel n marker NAP-2 (Fl ure 12. Z ngnce

achlevec‘éllelsamermrsgmd@fsre&lﬂtﬁ Al spetnsimilas sehstitytes an IS apparent to
r e

those oo il B35 77 4cst K Wieig 8 S NERN B BARELT B Rhtion
Spont aneously contracting areas were identified at the
outgrowth of the EBs during the 15-18 days of
differentiation (Figure 12.3). Further,
i mmunochem stry showed the presence of cardiac
troponin-1 (cTnl) (1:200, Chem con, Tenecul a, CA,
USA), a cardiac specific protein that is involved in
the regul ation of cardiac nuscle contraction in
differentiated EBs (Figure 12.4). After expansion of
pancreatic progenitor cells, pancreatic islet-Ilike
clusters were observed, which was confirnmed by
I mmunostaining wwth the PDX-1 marker (Figures 12.5
and 12.6). After 15-18 days of differentiation, the
cluster of oval- shaped cells seen was indicative of
hepat ocyte differentiation. AFP, an early
endoder m speci fic marker, was detected 40 WO
2007/ 020655 PCT/ 1 N2006/ 000169 after 15-days of
differentiation. Further, inmunostaining using CK18
confirmed the presence of keratin, which is
appropriate for hepatoblasts (Figures 12.7 and 12. 8).
Al'l of the conpositions and net hods di scl osed herein
can be made and executed wi t hout undue
experinmentation in light of the present disclosure.
Wil e the conpositions and nethods of this invention
have been described in terns of preferred enbodi nents,
it will be apparent to those of skill in the art that
vari ations may be applied to the conpositions and/or
met hods and in the steps or in the sequence of steps
of the nethods described herein w thout departing from
the concept, spirit and scope of the invention. Mre
specifically, it will be apparent that certain agents
t hat
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10.

11.

12.

are chemcally or physiologically related may be
substituted for the agents descri bed herein to

waekhpwes:s he sane or simlar results. Al suchPEI/IN20aE000169

substitutes and nodifications apparent to those

skilled in the art are deened to be within the spirit,

scope and concept of the invention. 41 WO 2007/ 020655

PCT/ 1 N2006/ 000169 CLAIMS 1. A purified preparation of

pl uri potent human enbryonicq sitM§ cel |'s, wherein the

cells conprise: (i) the ability to differentiate to

dar h¥afidd BRpRhti6 @P%&fﬁotéﬁsfﬁﬂ%”ém_@&gnﬁcstté}ﬂe&gb, wherein the cells
tissues, (ii) a normal karyotype, (iri) the. ability

t eomppmygagate in an in vitro culture for at |east about

28 Pas B98I0 kil 0P 0E MR oLl NI . and cctoderm

prepar gésued) of claim 1, wherein the cells conprise two

or, more of the HLA alleles in Table 4. 3. The

pkibpar app@rel Saryetyagm 1, wherein the cells conprise

t hr.ee e

157, B B Al LSyl TR s s,

f Guy oonemreorefof tHecinlaf lahitoel e antigen (FAIA ))alidles bn TAB1e 4.
preparation of claim1l, wherein the cells conprise all

ofTh¢ pephiafioabf €higs 1, whekaill tBe dells mpliRe tws 6PRbAL 6fQhe PILA alleles in
claim1, wherein the preparation will proliferate in -
ahablg4vitro culture for over one year. 7. The

preparation of claim1l, wherein the cells are

| Wh¢ ptepeutiénr ofrelding fl ewheneirathie regllsvbempriseithtes roe dnare ofi the HLA alleles
fhlb&ﬁogl st feeder layer. 8. The preparation of claim

7 F& n the fibroblast feeder layer is a hunman

fipr obl ast. feeder_ |ayer. 9. e preparation of cl|aj )
1B Rep@ntion HETRID 1ot (R el colagies Ko of cHEA alleles in

firkweldl ast feeder layer. 10. The preparation of claim
1, wherein the cells are inhibited from

LSS LA W AT N e
85 BEGRRA LR R o o an il

for over one year.

The preparation of claim 1, wherein the cells are inhibited from differentiating when

cultured on a fibroblast feeder layer.

The preparation of claim 7, wherein the fibroblast feeder layer is a human fibroblast

feeder layer.

The preparation of claim 7, wherein the fibroblast feeder layer is a mouse fibroblast

feéder layer.

The preparation of claim 1, wherein the cells are inhibited from differentiating when

cultured in a feeder-free in vitro culture.

The preparation of claim 1, wherein the preparation remains substantially

- undifferentiated after 40 passages in culture.

The preparation of claim 1, wherein the preparation remains substantially

undifferentiated after 100 passages in culture.
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13.

14.

15.

16.

17.

18.

19.
20.

21.

12. The preparation of claim1, wherein the
preparation remains substantially wundifferentiated

w@bkaoen289® passages in culture. 42 WD 2007/ 020BGHIN2006/000169

PCT/ 1 N2006/ 000169 13. The preparation of claim1,
wherein the cells further conprise one or nore of the
short tandemrepeat loci in Table 5. 14. The
preparation of claiml1, mherein the cells further

c ris r..nor.e t.h t andem.repeat | oc
;IR HP kP oBEIaiR S phort Ty Qs et RO PSE BREPERRE of the stort
tmdslﬁlré@aﬂuémhqrabmrl se three or nore of the short
tandem repeat loci in Table 5. 16. The preparation of

CirRé ?i'egaara’lﬂ@@ bftRih e vﬂﬁfélﬁ tﬁ&&e‘ll@ %rtl?e@ @Bﬁipﬁ?e ?Jvcl) oPtndr&8f the short
shor andem a1peat oci in Tab

ptaagem agreaiogifindlablerh. 1, wher ei n the ceI I S are positive
for the SSEA-3 and SSEA-4 markers. 18. The
pTep areptiation of cleinail rwhereiththeekells funther edrhysrisarthrep s intdre ef the short

for the T TRA-1- 81 markers. 19. The
p%@ﬂ%fpé?ﬂe@ Oﬁfln%agfgl wherein the cells express
al kal i ne phosphat ase. 20.. The preparation of c| ai
E? SrspaeHen oé claimel pyhersingthg el 1%5&1@ §PIPEFGAD P£§]ée short tandem

h&ci e gation of claim1l1, wherein the cells are
‘z]ﬁ?% CI orm ng enbryoi d bodies when placed in

S¥RE ‘Bf&)lm%ﬂor? Wk LHES 1 %gherem the cells are posmve for the SSEA-3 and SSEA-4

markers.

The preparation of claim 1, wherein the cells are positive for the TRA-1-60, and TRA-1-

81 markers.
The preparation of claim 1, wherein the cells express alkaline phosphatase.
The preparation of claim 1, wherein the cells express high levels of telomerase.

The preparation of claim 1, wherein the cells are capable of forming embryoid bodies

when placed in suspension culture.
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