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Enbr yoNbiapplieabld. ES) cel | s have been derived fromthe inner cell nass
(ICM of mammal i an bl astocysts (Evans and Kaufman, (1981) Nature,
292(5819):151-9; Mart REFERENIN TR acMidedfiche Appdndisti . U. S. A,
78:7634-8). These cells are pluripotent, and are capable of

devel opbtragpliedbde.any organ or tissue type. ES cells are capabl e of
proliferating in vitro in an undifferentiated state, maintaining a
nor mal karyotype t hr ougBACBGRYENDOQF MHERINEBNTION nt ai ni ng t he
potential to differentiate into derivatives of all three enbryonic
germlayers (i.e., nesoderm ectoderm and endodern) (Itskovitz-El dor
et al., (2000 :88-95). 1 WD 2007/ 020655

Mol . Med., %2
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the characterization of isolated human ES cell lines, thereby demonstrating their in vitro

differentiation potential and their prospective use in cell therapy and drug screening.

2. DESCRIPTION OF RELATED ART

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 CES) cells have been derived from the inner cell
mass (JCM) of mammalian blastocysts (Evans and Kaufman, (1981) Nature, 292(5819):151-9;
Martin, (1981) Proc. Natl. Acad. Sci, U.8.A., 78:7634-8). These cells are pluripotent, and are
capable of developing into any organ or tissus 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) (Itskovitz—Eldor et al., (2000) Mol. Med., 6(2):88-95).
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cultured in the presence of fibroblast feeder layers and leukemia inhibitory factor (LIF).

Although research with mouse ES cells facilitates the understanding of developmental processes

and genetic diseases, significant differences in human and mouse development limit the use of
mouse ES cells as a model of human development, The morphology, cell surface markers and
growth requirements of ES cells derived from other species are significantly different than for
mouse ES cells. Further, mouse and human embryos differ significantly in temporal expression
of embryonic genes, such as in the formation of the egg cylinder versus the embryonic disc
(Kaufman, The Atlas of Mouse Development; London; Academic Press, 1992), in the proposed
derivation of some early lineages (O’Rahilly and Muller; Developmental stages in Human

Embryos, Washington; Carnegie Institution of Washington, 1987), in the structure and function
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Brunswi ck; Rutgers, 1987), in growh factor requirenents for
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human bl ast ocysts (Reubinoff et al., (2000) supra%{
()31}
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hurman bl @asiboeydicamehtiiRassahl aadPagaisimnoe,dif8de Bideds,vadhe other hand, are thought to
retain greater developmental potential because they are derived from normal embryonic cells in

vitro, without the selective pressures of the teratocarcinoma environment.

The first human pluripotent ES cell line was published in 1998 (Thomson et al., (1998) supra).
A few years later, human embryonic stem cell lines (*human ES cell lines™) were established
from human blastocysts (Reubinoff et al., (2000) supra). To date, the majority of described
human ES cell lines have been derived from day 5 to day 8 blastocysts produced for clinical
purposes after in vifro fertilization (IVF) or intracytoplasmic sperm injection (ICSI). In addition,
the isolation of ICM from the morula (day 4 embryo) stage has also been reported (Giles et al.,
1993). '



fromhuman in vivo pre-inplantation enbryos or from NF enbryos,
intracytoplasmc sperm injection, ooplasmtransfer, or other nethods
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al ., (1998) supra, and Reubinoff et at, (2000) supra (each
incorporated herein by reference), whol e enbryo-culture nethod, or by
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Hum. Reprod. 4(6):706-13; Gardner, ef al., (1998), Fert. and Sterility, 69(1):84-8), each of which

is incorporated herein by reference.

Methods of maintaining human ES cells in an undifferentiated pluripotent state include but are
ﬁot limited to culturing the cells in th_e presence of a feeder layer, under feeder-free conditions, in
the presence of conditioned medium, and/or on an exira-cellular matrix supplemented with
serum or conditioned medium. The feeder layers may be, for example, y-irradiated or
mitomycin-C treated mouse embryonic fibroblast (MEF) cells or human fibroblast cells. When
cultured in a standard culture environment in the absence of a feeder layer, human ES cells may
rapidly differentiate or fail to survive. Unlike murine ES cells, the presence of exogenously
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WD 2007/ 02065.5 PCT/ 1 N2006/ 000169 added LI F does not prevent
differentiation of human ES cells. Feeder cell layers are used to
provide a Ry§sRemMmekisonnent (or niche) to prevent stem C?H/ﬁquuf(%ﬁmo
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based on%%gﬁl%%n{s%? § m é}ﬁléa{% Pﬂsn@g}tﬂn;?eeﬁﬁlﬁﬁ 8?1%"1# & of tspyse of haman ES cells

transform rtioant Ifsah:ettoli all oBibdd relef
matri x ha hugalag bﬂeyen [E‘:S y mg&ﬁm Itgﬁgf ai) I(ﬂZngg)gS RF@pa%‘&fé tﬁ’m'fahgg’so&ﬁgfidxﬁalve
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of undi f cﬁfememht ained ohﬂﬁfﬁ-ﬁuﬁ& &8dih. SMBR: BUTRR &%ﬁ%@i&s&&ché@%p%%mm
on O unan

matri ces conti nui Detai | ed characteri zati
i ncl ude NSy P hampan K ealis| s nonenntratad lopciik bility dv erqw &S vadls| urder sdtum

anal ysi sg@ffedddp e edtadtden 1ef ¢ (;)E ‘t:cy gﬂsﬁre aefégtﬁe? 38 %Hﬂfo_oﬂmgﬁg%éﬁ*ﬁ growth of

tel omerase activity, genetl c st particu
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d f
UL T R
human EGeeelttial (Al &f er Q‘Zﬁﬂflﬁt %iioh'v!{@ﬁbcﬁsi’ﬂ@?()Wﬁ&FS) 9! BPBratiS rdfexﬁetgi&is for

surf ace ers auch as, st ecific enbryonic antigens
for ex ar%ﬂ 1on and propagation o undlf erentiated human ES cells on human feeders or feeder-free

matrices continues.

Detailed characterization of human ES cells may include analysis at the cellular and molecular
level, as well as an analysis of the regulation of cell cycle, expression of high telomerase activity,
genetic stability, particular HLA and STR. types, and differentiation potential under in vitro and
in vivo conditions. The profile of surface antigens displayed in undifferentiated human ES cells
maiches 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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SSEA- 3 and SSEA-4, as well as tunor recognition antigens, for exanple
TRA-1-60 and TRA-1- 5 WD 2007/ 020655 PCT/ |1 N2006/ 000169 81. In
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transcription factor OCT-4, E-cadherin and the gap junction protein
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insight into devel opnental events, canno
syst ens degdpraimial patsaiial of thesecdlly affiet polopdd iterthat beogxaofinddUneRroBRrough

cell s t gnSRERAAdCor nlMFRUE ident i epe targets, which can be
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several . gel | p hus .and Bohel er, (2005), Physiol. Rev.,

85(2) 6&@'—“@?.1&%@‘5&&%”%@? ipte developmental evenzs, which cannot be studied in explant
systems. Screens based on the in vitro differentiation of human ES cells to specific lineages can
identify gene targets, which can be used to design or reprogram tissue generation or regeneration,
as well as identify teratogenic or toxic compounds. Replacement of non-functional cells, tissues,
or organs using ES cell technology may offer a therapeutic treatment in the case of degenerative
diseases like Parkinsons disease, stroke,l cardiac ischemia, hepatic failure, juvenile-onset diabetes
mellitus, or other diseases or conditions that result from the death or dystunction of one or
several cell types (Wobus and Boheler, (2005), Physiol. Rev., 85(2):635-8). Nevertheless, in
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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An embodiment of the present disclosure is directed to a purified preparation of pluripotent

human ES cells, wherein the cells comprise:

(1) the ability to differentiate to derivatives of endoderm, mesoderm, and ectoderm tissues,
(ii)  anormal karyotype, ‘

(i)  the ability to propagate in an in vitro culture for at least about 25 passages, and

(iv)  one or more of the HLA alleles set forth in Table 4.

The preparation of pluripotent human ES cells may further comprise any number of the HLA
alleles set forth in Table 4. Preferably, the cells comprise the entire HLA profile set forth in
Table 4. The human ES cells of the present disclosure preferably have one or more of the

additional characteristics that have been identified with human ES cells. For example, the



addi ti onal characteristics that have been identified with human ES
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criteria, for exanp E tential recipients will have to be matched

for suitallsles ammmr@@ﬂy f it fhe PoRIBFINN oA dFrerAst HSheveare prasert in tlegsbabonkl0%,
the i denﬁd"/%,' ﬁ)‘%,'ﬂr@%, %%,SGUI‘}], M'@VE%%?&J 95b4 S&RAPRAS19LPAL population of interest.

The population of interest may be based on nationality, ethnicity, or genetic characteristics of a
particular group of individuals.. Those of skill in the art are aware of HLA alleles that are
commonly found in various populations of interest. Potential transplantation therapies with cells,
tissues or organs derived from human ES cells will be. governed by typical HLA matching
criteria, for example potelntial recipients will have to be matched for suitable HLA loci with the
donor human ES cell line. Therefore, the identification of such human ES cell lines has great

potential value for therapeutic treatments,
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aci’l
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Relicell™ hESI cells at progressive days of plating upon MEF layers in a media containing
human LIF (10ng/ml). The ICM attached after day 1 of plating and gradually expanded on the
MEF cells after up to 12 days. At day 12, a human ES cell colony is isolated and passaged to

propagate the cell line. Panel 1: day 1 of plating; Panel 2: day 4 of plating; Panel 3: day 5 of
plating; Panel 4: day 6 of plating; Panel 5: day 8 of plating; and Panel 6: day 12 of plating.

Figure 4 is a set of phase-contrast 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 nuirition 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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shows the hESC at passage 20. Photograph 3.4, taken at a higher
magni fi cation (200X), denonstrates at passage 30 the distinct cell
borders, hivahiusloetss to cytoplasmratio, and 9 WO 2003&%@&%0016
PCTI 1 N2006/ 000169 prom nent nucleoli of undifferentiated hESC. The
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derivati on (Tntestl nal epithelium;
gene is mdlcauve of the high self- renewal capacity of the human ES cell line. GAPDH

is used as a housekeeping gene control. Details of the primers used to amplify the

undifferentiated genes are provided in Table 1.

Figure 7 shows an analysis of a teratoma formed after the injection of ReliCell™ hES] cells into
a SCID mouse. A pluripotent hESC line will differentiate into cells derived from all three
embryonic germ layers when injected into SCID mice. Panel A: low power view of the
teratoma; Panel B: demonstration of endoderm derivation (intestinal epithelium); Panels C and
D: demonstration of ectoderm derivation (neural tissue); and Panels E and F: demonstration of

mesoderm derivation (blood cells and bone, respectively).
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D: denonstration of ectodermderivation (neural tissue); and Panels E
and F: denonstration of nesodermderivation (blood cells and bone,
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i ncludin Keratin Keratin 15, Keratin 18, NFH, Sox-

1
(ect oderlfy a'(l%)l@é‘r awmpoth\w MiSHR a0y dNpeyuera Qi SRruRasiaiing respectively

(rresoder(ﬁeso G b AFPank sBpﬂowwﬁd & Abrsriang) sk BB dhning
(endoder ot ograp denonstrates MRNA | evel s of the
Bfl”gﬁs%rreﬁél’fﬁ

af or esai rdSpnetrW:bfr @nﬂwd_@mlbl dherdly canfigmipg tae Balgntivedisnpsedror the
thereby 4 R i«‘]l% cﬁll]ﬁéée{edo pililEELE0 E@h&%ﬁ&gé Riloh 608 indehes RHIRBoJES

cel | I|ne n I I neages. were used as a negative

control Flglgl% %Qus %Sdllﬂéleeg.tlﬁ befle Qﬂﬂés?i%ﬁ SPL G oﬂﬁ@%&%@&ﬁ&’ markers indicative
of cells derived from the three germ layers present in embryoid bodies (passage 32) generated
from Relicell™ human ES1 cell line, including: (1) Keratin 8, Keratin 15, Keratin 18, NFH, Sox-
1 (ectoderm); (2) Brachyury, MyoD, Msx1, HAND], cardiac actin (mesoderm); and (3) GATA-
4, AFP, HNF-3b, HNF-4a, albumin, and PDX1 (endoderm). The photograph demonstrates high
mRNA levels of the aforesaid markers from day 10 to day 14 of embryoid body formation,
thereby indicating in vitro differentiation potential of the human ES cell line into all three
lineages. HEF cells were used as a negative control, and GAPDH was used as a housekeeping

gene control.

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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Figure 12 shows an evaluation of the in vitro differentiation
potential of Relicell TM hES 1. Phase contrast m crographs of

exanpl es ofw@elohB00ds di fferent phenotypes differentiat edcpidsisnonisce
suitable in vitro conditions fromundifferentiated human ES celrfs

t hrough enbryoid bodies formation as |11 WO 2007/ 020655

PCT/ 1 N2006/ 000169 foll ows: Panel A: neurons with nultiple processes;
Panel C. cardionyocytes; Panel E: pancreatic-islet; and Panel G

oval sh d hepat gbl,ast s n..addi t..on, i 0 AN : . .
G Tt er oREISFod TABT & s b Ot et o AR R T YalSlonbgfRe: panel B
mar ker s parlepentic-ifket; MAPP#iel Panehl dhapedciapdioblasts.r ip edditied, ;imRamedtaifing of these

PDX- 1; Panel, H. CK18._ Figurg 13 sho a.graphi cal_ repy. ation...
of the SipredsHivEpam Ak St R R fendith &P pShisRD:
t et r achbgfiiad erohShiR ) PanelF: PaK-OUmdlFan® H:wxasyal s. I'n addition, |evels
of the followng enzynes were determ ned by biochem cal nethods:

Panel Apigige U bwé anBipBicakabRsend@Rindif eheaddipbalré 3N BlefGASE hdpafdcitinoma cell
Panel B: serum gl utanmate . yruvat e ani no-tr_ans_fer%lsfe (%r:‘,“_); garlel C’Eh
al kal i nEaphtss BH: %%ﬁraehlem% (RAY) Panarriys {me (BEE e hyH rdgEnRs 8V i) the

Fi gure k1 3000enthis GRlealld SR Bl tlchiBidgiendR &elranslef ¢Reh glutamate oxalo-

hepatocytes as an in vitro hepafotoxicity nodel. Hepatocytes were
di f f er entdtatt eaminotienshness e(SGOBe| Panchrid sstpos ehitameate CirBGiF amino-transferase

tetrach i 9 .0 C.

2t achl s b phfl BBl ARG, (1 e 2B K s Ssdee. A
soor - PRI Sl 8, A o ek RS PR o HBRG p88 oviro
DESCRI PRebtaEicif-nddbVENEp By s evgre elitimentidied cras uneuse £ pellscand expesed to
t he establishnent. o Ll-chayracterized human.ES cel |l -4 '

of t hei PRURI AUESF gt (e GEri PLrvAr e am peaif of N &fTi et 81O
Eot ent i ah.ax{[&ibxﬂazj&it':]@?uh@r , ievélbl_nﬁrthE$?Mﬂfihg :enf.g@Se' _ tsaw&]?gcmmm’ eédbyf(/v!:ioclhemical
ave properties r artic - SUui eratin

t her age&{o‘?ﬂé"dﬁ gécrﬂqlrg’r‘ntggqefé?a%?ﬁ bpg{;’?&r %mﬁmﬁéﬂﬁ%a{}ﬁgﬁe?béé%ﬁen_t s. '?’hi s
popul ati on may be based on nationality, ethnicity, or genetic
characteristics of a particular group of individuals. Such human ES

cell lines may offer characteristi n V. at

particul ar popul ati onDEgéﬂﬁ@ rwﬁégﬁi%ﬁqq%%%mﬁﬁ@ﬁel I

repl acenent therapy, drug. screenjng, d fungtional enomi cs. _The. ..
e T e
treating, &rmRaF el e RRBIHy AL fQBndvite BipatilyashalyrGerdafibA pateRed.i B particular,
properties, such as the presence of certain _major histoconpati bil |é¥or

conpl ex hamag)EScplblises 2 avasraiee RBElY beyeamepegiésishpt-ara)partigplagly grql-suited
tandem r g%f?&%%in%( ﬁg%edtﬁ%gﬂefﬁrﬁr a(:?l %h%ﬁg@ﬁﬁaﬁn@%fﬁé@ﬂ&ntﬁ NTEB@opulation may be

popul at i"on est. Isolating " n"ES cells Wth one or nore
conmon geset b nptiopbiy kéeicity or gdvetieehmsrcdrisperpel amerisular group of individuals.

Such human ES cell lines may offer characteristics and advantages to that particular population

for various applications such as cell replacement therapy, drug screening, and functional
genomics. The human ES cells may be identified as having certain advantages for treating a
particular population identified by certain genetic properties, such as the presence of certain
major histocompatibility complex (MHC) alleles, human leukocyte antigens (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 ini‘ormati(;n 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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i ncreases the |ikelihood that these ES cells can be used to devel op
t herapeutic applications or other information that will generally

benefit tha{opmpleais on. For exanple, the nore hi Stoco?@ﬁﬁz@%ﬁm&@@
human ES cells are with the general popul ation of interest, the nore

likely 12 WD 2007/ 020055 PCT/ 1 N2006/ 000169 that the ES cells can be
used to generate therapeutic treatnents. In particularly preferred
enbodi nents, the population of interest is the Indian popul ation. The

MHC i s amppetieons feit R r t.al ni HLA or . MHC genes, Wwhich
are divided i'ent o thr %le%ga@gaégé){%%%&gltgésr@ﬁ%c REEnty %13"&‘61]"5]%? Prgferred
| n hunan@obadifsentithagopsietion efaniesssi is thetddiatihdyuldionHLA- B and HLA- C,
while the MHC class Il genes include HLA-DP, HLA-DQ and HLA-DR

(Gol ub akit MiHKel a regiont of therplumobagye cobtaBying Heal & MSeeend, Wlich k@ ¥ivided into
Fr agant oo NE ! I8 ool Wlalt 33t 1 B, B MUE b senss ince HLA
i A e SR R
Compl et £ Sl Ciden, 49T ImmpBolngy & gm@w%&%%@d’gi%@hm@i 18y MHC class T
DOAL, DCBL, DPAL. - and 0PBL. B s éﬁg?j*%@f*éﬂ%@%ﬁﬁﬁﬁ T e on

DQAL,
fact o?gé%ff sudacer by T dyrgphacies. HTRug | theseanoleidsceanastisnuiase eclpieval lemioral
in the gengmalatpepubailen, A .0 derive .

t her apeutic treat rre“_iﬁlt s t F1611t9 ?{/}mq%eﬁletééz%?%jef(?og@lg\g/ﬁ?%%h oSy Ay Gpmercially
gppu: at i%Hlablegr wrinalleclassioph BLer Jostl ireividing Eceﬂ, Ch}‘DlimeDEeraﬁ e)‘maﬁ, DRB4,
i scl os g n . cell. lines that have a
i gher - e D A DR MR g B GRIL o b seiot fobior sush
common vtz exanpledillad afid puivatdhoare trivan prvalende Meygdnsial fopRtkibENES ciSines

cell i I i ]l duce the, ri of | ne rejection of

t her apelr}%? ](::)g_tl:.& F@atwé% s{h 3??@8&#%#%%@ Vgg%qﬁg G%Jﬁ"t’cvﬁén thedpgrteropuigtion.
For exarpt examstladi psfontd bhbodmis ¢ el lflodire - Ardohl ReSerkiheiifran
North I@ﬁl an ﬁg%)ug?% on gftglge reveal ed a hi gh occurrence o c_ertgl n -
HLA al | &PeeH K% h%’&ﬁ Enberpaiags f iprrkers\iish as immumogenetio @GaRers, in
Ti ssue Aohhgansith #{bhdke 12965 BfaM requ .
of HLA AL 0201 (3, 8 iﬁm%sliaan |ndieag?a§’§bﬂfﬂgq§%%§§ Bt ERCA B CREY win

di st ri b&i6H tigemaH{sherapaptio imertmenisalesitéd fromsh® 5%ocefls trhiae
HLA- A2 pepgsiig.re. This exanple signals the inportance of identifying
human ES cell lines that are generally histoconpatible with the

L TS A 838 BT 0S5 BT s
pr oper t PBE 16¥eal3bs bisk epqusrencehifatrtain HL A\nielesaip it opdlattivf fHor @Ryt Mhra
into a ¥ia£li.,et§lﬂ0 BfTiEsju§ %%géﬁépﬁﬁ):ﬁ%lff? %%L‘en dt £ %préc@erd?f lo%f%rgauency of HLA-
A*0201 (3.8%) in Asian Indians, in contrast to its distribution in Western Caucasions in whom it
constitutes 95% of the HLA-A2 repertoire. This example signals the importance of identifying

human ES cell lines that are generally histocompatible with the patient population of interest,

Human ES cells of the present disclosure are particularly advantageous due to several unique

properties of these cells, which:

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

layers (endoderm, ectoderm, and mesoderm);

(2)  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;
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| ayers (endoderm ectoderm and nesoderm; (2) Are self-renewi ng and
capabl e of propagating in culture for at |east about 40 to about 100
passages or nore while maintaining pluripotency, high tel onerase

activit and nor nal aryotype; . 3) capabl e of formng
enbr yoi(éj bod%@§a?%%?€}épﬁ)ng%£§¥%‘é%8&ﬁﬁﬁ%§5 HLA al l el e, which will
provi degbet tlﬂ:rssﬁ?taclﬂﬁgtg: 11 A" 8Gd1P] §BR WA prhGide %ﬁé&ﬁﬁh@ﬁfr@ ’l!ololrécib%tsaduring

sel ect ed popul ation of patients, for exanple an Indian popul ation;
(5) Possess teansplagtagors oo rtseleatied populepentf pRSTRY, foygrampih i ndiinl fopulation;

provi de  better matchin 0, .recipient ring tr.anspl,antati for.a.

e oct dd portHisier ainshe shon i whre: S EREHB aihieh Rl 3RO G0 et Hpidhine o
(6) Can be usagich &firReRarzPPRALGHFor hQkletaMbelaisR ol paatasUlcesxafile an
drugs, for their effect on the cell population, cell toxicity, or

modul ati on dhdigemepdatigpyot ei n expression; and (7) Can be used as an

al ternative tQ gconventional in vitr XI.Cl | s dr ug :
et abol Chm arh PORra 1o, SQon B, L alnble, JRAF i ioc@ls itirags, for thei
car di onyocyteffect o €ier @liSpopiadtioneadll ©xicitly edr medllstions! gnearr peetkinudx@ression;
types derived fromhuman ES cells of the present disclosure. A
particul arl y'mﬁr eferred human ES cell line, which is described herein,

is the i e i : al,. -

Differ e@? i a’flé %An-g'%ﬁ%? éso ,aﬁi %L]lit:%ﬁrl%cg%a%d:%@ﬁgérr;g?%alb{? ¢ g%%?%ﬁ}:lé .mgl%ﬁlss for drug
cell i ne hasecthedisndepdsiokaitywstutiet,hesihat farnetan@dat bepadiaryteSelchrdiomyocytes,
Sci ences (NCCS), Pune, I.ndia, and was osited with th

i nt er nat i onal*RASORATCEFAYC BALISEH-1 Pﬂs&ﬁﬁgﬁﬁa&ﬁw%&n&ﬁq fremc i B el of the
("ATCC"), 108QdrUniMeegéty Blvd., Manassas, Virgina. This cell line
expresses high levels of cell surface markers such as SSEA- 3, SSE@R]4,
TRA- 1- 68, pagtivallafRprefe8td huventhShodtingtwiieh fsatssoibeddieredy, ialthkaRelesll ™ hES 1

phosphat ase d.telo ceakhi s, cel |, L retain r mal, kar.yot :
T ongtetgie e Al e A0 RLR i PR 06 1000 o oBTed B i Siskh Tois
fi nger pgdintren@s B¥endposttal wish the NAoanl OtidrIr Ol Skiended (MICUSY, Pune, India, and
differentiation potential of this cell line denonstrated that it is

capabl ewgf dgfovitdigwith Be tedaanl degagitery nmthoing , A e ainonyecgiil@ss Collection
pancreatic sl etg @n_d he&gt te-1ike cells belonging to ectoderm
mes oder i Taid)-dNEBLEP TS ) bcgé?/lar,laéga@e ¥$%&ly. Human ES cells of the
present . discl.osure are generated from the inpner cell &l of
The: ol J0a) b aater A Amher! <0 Bhary B ffbrar s, SHa?l

ryo. prefér
enmbodi nﬁ@\—sl’—tﬁ(}, g%d M—Il Bﬂt, %t trahn%%&io%%actor Oct-4, alkaline phosphatase, and telomerase.
This cell line retains normal karyotype in long-

term culture and has a distinct identity as revealed by DNA fingerprinting by STR analysis.
Examination of the in vitro differentiation potential of this cell line demonstrated that it is
capable of giving rise to dopaminergic neurons, cardiomyocytes, pancreatic islets, and

hepatoéyte—like cells belonging to ectoderm, mesoderm, and endoderm lineages, respectively.

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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cells are capable of self-regeneration and can give rise to cells of
all three lineages (ectoderm nesoderm and endoderm). As used

herei n, thev@hinasmssspl uri potent human ES cel |l s" refers p@rmb&slsodokhat
are derived fromthe ICM of the bl astocyst stage of a nanmalian
enbryo. Pluripotent cells are capable of self-regeneration and
differentiation to cells of all three |ineages. As used 14 WO

2007/ 020655 PCT/ 1N2006/ 000169 herein the term"differentiation"
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nunber @bth irettoas! inethlo, knewreman dhoset skiuitseehtivithithecdls tissusuwiorges. iThe
vitro fertiljzation, .intracytopl asmc, sperm.njectio (o]
{r anat et BErRR fof Rkl 61 38T STusE R uo R o R0 of
gr own ORneedds Yl _ndwrbtoolbbasikiledl ihshé ae) sidh g in biste featlizhion, fecheytoplasmic
nouse enbryonic fibrobl asts, uman enbryoni ¢ fibrobl asts.or
T br obl 9 Plegtieth AP SRRRES anotorh S SRPARHE OLSaEeR AR G cells e
enbodi MgRESy of BRLIARTIUESH16:@ LIS iAE18diAE, A not1ERedf 1B eEBtse fehfd@yonic fibroblasts,
conditions. A population of human ES cells derived from bl ast chls{@fc’gher
k

as descrhiuped emprionis fHeblayty eyiibraplagdikawallsderivyd frawsadgls dumen Hsypg

f ES - nel udi LT ., Rexl,
o E5 Caban g Wachet o8 oL it
Connexi %ﬁg)%) 1T iTaR lﬁ&&e?bscéﬂﬁ DOLe@XRIE SaBREKE! & ALRABEGT & iugd pfef@fed

differe ed cell s, such as Keratin 5, Keratin 15, Keratin 18
Sox- 1, NEMofisuintselexprpss specifihynariers WSS celloyimoludingpy notdimigidde, Qetrd. AVanog,

(resote g, GATA QAR HE (2,00, (b AR s, B dins
such as HimgeRs peitd dd notexbreyomikeanhigetariSic of S§EAerBlpied SSimsych as Keratin 5,
Ejgg{jh;ﬁ?%gt% H,?gereﬁﬂ'f f89 §QX~J[,- IQPH((SGIO%EHJE)-; %(r)a?chyu-lr_yl?'%\‘ﬁs]iﬂ %yo%}sﬁ})l, cardiac actin
(mesoderm); GATA4, AFP, HINF-4alpha, HNF-3beta, albumin, and PDX 1 (endoderm). The
human ES cells also express cell surface markers such as stage specific embryonic antigen 3
(SSEA-3), SSEA-4, tumor-recognition antigen 1-60 (“TRA-1-60), TRA-1-81, Oct-4, B-cadherin,
Connexin- 43, and alkaline phosphatase. Expression levels may be detected by
immunocytochemistry. The extensive molecular characterization of the human ES cell lines of

the present disclosure may provide invaluable insight 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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present P:éigfg%%’%’stgrgece?lgro aﬁ_‘el RaE agglﬂfurﬁ(?ﬂb‘%s@%@éwei%oﬁ tglorpgrese appiviy as
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about 100 ,.passages in culture. The human ES cells also prefer
pOSSess eolﬁlglﬁf‘géj%ﬁ?%’i‘l&a%ﬁ“y &t g’ﬁé%nsa?fdhe BROW docloresfr at leest abdub A0 passages
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further describes the unique characterist s as

evi denc@ASSREEs il puliwey Erverpan BY cellsialotpyefembly ansdeysesmal aupled Raryatges and

rol e insps@nd 6RLd sIRASRY in bHBR i i es, The exploitation

of tandemy rg%eat ed el énnrent s%gr?%?tﬁgéngag{%%%%%p% tura'enot ypi ng has

al so beqeRB,;dBROHLANMrd L ] di.ng.. genetic mappi.n
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di scl osé&wd hy ES Acaid STRrigsng odbasgpinmingiyees play a pivotal role in stem cell-based
transplantation therapies. The exploitation of tandemly repeated elements in the genome by STR

genotyping has also become important in several fields including: genetic mapping, linkage
analysis, and human identity testing. The presently disclosed human ES cell lines possess unique
HLA and STR types, which will provide better matching during transplantation for the Indian
population.

The human ES cells of the present disclosure are 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

16



HLA and STR types, which will provide better matchi ng during
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cells derived fromall three enbryonic germlayers including, but

not limted to, bone, cartilage, snmooth nuscle, striated nuscle,

henat Opodnﬁisbdbnﬁ}? liver, psithe o2 &dd R3NRARy E}iﬂ{ &Q:?/ Gr?e%&lgerégfceﬂg)hw

liver, and respiratory epi
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slet cells. an
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their dg}e%rﬁlfge‘a‘m 8%?? 2epaps i%ﬂ YBPs: FeaR %ﬁr@ﬁoéi@l spas, tnetopngng hellsj Hea cells,
t he det eartidtaiiugdle ekl had faheretc E%tcgejll'ss nd Lé('r{bgfmd ola%s Eﬁld their detailed

dlfferenhlatlon of ES cells into swedpenoty rou
enpl oy mEATAGFTZEPR apperrovideieliabls dosighs iatedthe h:bte efnﬂmt fatendy EP @ells.

i nvesti gatgel the f en |on a tes

re ol | et o PRe R £ oo IS il oS RN B RD e

LI F. Th&B fReinepet beir sunplagptsonsy & 1a*eist1gwfted1| neage speC| fic markers

such as Keratin 5, Keratin 15, Keratin 18, Sox-1, NFH (ectodernm),

Br achy uly on/eethod afigsmratisgNEBs, sospenkiar agecdgats élf%md,&ﬂrﬂa difedhidte TFFD-14

HNF- 4al , I endode . The unambi guous
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the di f figrlent hurhisoKpatrefit Kabtiofl 5 e 0850kS, 0#H (dctdd@em) BfacBRATAISe,
i ated cells may be ‘neurons;

wh sow f the dif
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their eBiBaf tQifbRnetd cdlO BBk ISR ons! BE: SQ%QMQ%dmmyocytes, 80-90% may be

hepatocytes, and 40-60% may be pancreatic cells, depending on the culture conditions.

In certain embodiments, the human ES cells described herein may be used to screen compounds,
for example, small molecules and drugs, for their effect on the cell population. The compounds
can also be screened for cell toxicity or modulation of expression. In other embodiments, the
human ES cells disclosed herein may be used to study the cellular and molecular biology 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 ati on of expression.
I n other enbodi nents, the human ES cells disclosed herein may be

used to stugy.freggl | ul ar and nol ecul ar bi ol ogy of de W’ :
functional genom cs, as well as the generation of di ffeygﬁﬁ%a é m6?

cells for use in therapeutic or prophylactic transplantation,
treatnment, drug screening, or in vitro drug discovery. For exanple,
the human ES cells can be used for genom c analysis, to produce nRNA,

cDNA, or genomc libraries, to produce specific polyclonal, or, )
nmonoc| onkieTese) 15 dieeteresintor yide rﬁfrf‘)ecmf didfereny fost carewnds unrkipiogiselly active

nonocl on | badj 1 S Liid cal 34 LNQQENOr er
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has beenTsapar ked (9ayelaz®t athe, o&&%mFT%bﬁplof sBGh - oells, when applied to
79(2):214-23). The overwhel mi ng benefit of stemcells, when applied

to toxi®sicelygy. exbeselomy Bivirt Baidpe prpglies praaicti ©s riBayabegag gells (e,
., : yes it i | . Ot o
pri y m&dgf?&ﬂf&aﬁén £biti : fﬂgéet{cm:ccg ns @ o'rq%e?géw&, M Ja hﬁB}lEJ readily available

plasticity to generate othe es, a e readily avail abl e
sour ce ofoumermdhumet tedls). Whileén vitroditferentidiiff efitopitse &S astls &f hapetogdesii@s been

cells to : n t [ . :

ot b, CubEn CaAR, 008, B66R 1ol GROL, 3hhed TRIRARS of Bkadlitneead nodGEes
i n vitroasar éenirngeredeg node]l frotpetntiadl droy cgdilated ihdaheisbdea sxrotivdhe endied.
extensively . studied. Basged on er.j nent i th nmouse.ES cell

hepat ocy DB¥4 GBrEPETBEF Pom ROUSeE e ise MIGIORHGS BRIFVE OmGEo%° & follp Py
al t er nat pe@e tObE QRIEIMY Afeahative ty cbiventtadxl &iizto HREEySMbEdls thr Wehg metabolism
nmet abol i er and toxicity studies. The present disclosure describes

the use 8148 digfer i ved hepat ocytes to study xenobiotic- induced

hepat ot oxj city by, neasurenment of the release of enzymes including, . .
but not FperPreEeRt tdﬁclos%fsr%ﬁ?rdqeat%wﬁeeofpw OV HEPOPERS foe%ta‘g‘/exembwm

(SOPT), s@nsAbibRIRe bgméagn@ﬁ@&t%tf% r@}@hé@%reﬁaﬁﬁe%riﬁasdi%%% hot limited to,
al kal i ne phosphatase (ALP), and | actate dehydrodgenase (L )
Al t houghsarWe ZHptneat iPgRvEe roringimapdeeset ASUBThg sESnE e Eluiamalq \@@lo-acetate

hepat ocy LG ofsreisH désid'@l“ )E Qi Yphosphatase (ALP), and lactate dehydrogenase (LDH).
Although the application is not limited to using ES cell-derived hepatocytes for studying toxicity,

this cell type is particulaﬂjr well-suited for toxicity testing because the characterization tests at
the cellular, molecular, and functional level are well defined, high percentages of hepatocytes
can be efficiently derived from ES cells, morphologically, and hepatocytes are clearly
distinguishable, which reduces the confusion associated with a mixed population (see Kulkarni
and Khanna, Functional hepatocyte-like cells derived from mouse embryonic stem cells: A novel
in vitro hepatotoxicity model for drug screening, 2006, Toxicology In Vitro (in press),
incorporated herein by reference). This concept may be employed as an alternative tfo
conventional in vitro toxicity models for drg 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 the cellular, nolecular, and

functional Weyhoskeg wel | defined, high percentages of pgpatg M%ﬁ%
can be efficiently derived fromES cells, nDrphoIogicaIF zﬁi ’

hepat ocytes are clearly distinguishable, which reduces the conf usi on
associated wth a m xed popul ati on (see Kul kami and Khanna,
Functi onal hepatocyte-like cells derived from nouse enbryonic stem

cells: nove vi.t r o .hepat ot, XICIt for dru scr.een
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cells share features wt uri otent human ‘enbryonal carcinoma (

cel l's. lﬁ%ﬂlﬁlﬂ&@l@mﬁﬁﬂ%sfg Srﬁ‘;lls'[arpeasévl&vg be characterized by
nnrphology and by the expression of cell surface markers
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mouse arg el phfrioh . nel PHLRE, of by PRERE alpis i ROLY B can
undi f f ercehinieas and isdietuad @Sl calls wintte hsiyhlisinghigad/ cyt opI asm c rat| 0s,
prom nent nucleoli, and conpact colony formation. But col onies of
human ES)aedll surfice nfalrRérseA Huben BS0dsH@inkSf the lpkesentatiehises, is disithet from mouse
individ .cel.ls .can, be ea5|l stl U|she Cel | surfacge

mar ker s: bpled | e Presencs ot ¢pigtos e GrL siebict raas G optow.

from muse seESf @Blchligid REs sm@c@ctnaﬂexg REKRVES 8N FigeARSENE emBiyosie lah@ddis
cell surface markers described bel ow, One set of ycol i pid cel

sur f ace (FaFREA Shyogelk Aowkhess a@#ﬁéﬂ%@@gcaff%rag@ilv.eép@ﬁﬂﬁgmmv@aamersaé Aguse ES

( SSEA) JceHé" r Q4 Qhn fe 1&'&%%& éﬁﬁé Q@tib%dﬁﬁ GorGhd Eu%[g%i%' q*ﬂemm-%@@m R¥11 line
human ver sus nouse ES ell's, and can be identified using antibodies

for the vast¢hgeant a5 a ]Th%tIWTEmBFDQ bepaugy it des pedn eréensivgly dbee anchzeperted in the
osit studi ed and reported
o h'evqft%%@%%%%%&? Btid b R TaaRR e ALY o :

'T'hes may be used as
SSEA 1. aieEs G (58 13re bleale 8 B A% R SSRAYE, R Rl R conzol for
TRA- 1- BESM-B;G‘%SEMI TRA-R6Qatnid VIR o018 r @tberirmdinadlege:tivbsshtoﬂs ingfud¢ hmission
BT 8 SEOIPLY (ANLIDUE, BAOSELLANAOD: Rl Y 0 B
fol | ow ngedifiziyt i Blkatifie @Etbsipﬁatwd Rayt Y @akéted following fixation of cells with 4% para-
formaldehyde. The globo-series glycolipids SSEA-3 and SSEA-4 are consistently present on
human EC cells. Differentiation of NTERA-2 CL.D1 cells in vifro results in the loss 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 mouse ES cells, which express SSEA-1,
and neither SSEA-3 nor SSEA-4. Although the function of these antigens is unknown, their
shared expression by Relicell™ hES] cells and human EC cells suggests a close embryological
similarity. Alkaline phosphatase will also be present on all human ES cells. A successful human
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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f or mal dehyde. The gl obo-series glycolipids SSEA-3 and SSEA-4 are
consistently present on human EC cells. Differentiation of NTERA-2

CL. D1 cell sygshovidoesa results in the | oss of SSEA- 3, széffﬂvzonﬁmomao
TRA- 1- 60, and TRA-1-81 expression and the increased expression of the

| acto-series glycolipid SSEA-1. This contrasts with undifferentiated
nouse ES cells, which express SSEA-1, and neither SSEA-3 nor SSEA-4.
Al t hough the function of these antigens is unknown, their shared
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replication in v Conti nued proliferation for [onger than one

tro.
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cel | culptefe@BlyWHLAWIES BEi%s A el & Lol i Ly, divide for

this length _o? time. Pref erpglgﬁ??ﬁ%ﬁrrg}nb?g?%%?p% %H?ﬁﬁlggfn PRIORE IS, culture
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cont i o o tirse Sl ecBB BIEEL A e B S0l i B2 0 e B by he
pot ent i &eetign obESdelinihst irat beknboplttaed for a prolonged period (over a year) into SCID mice
and then histologically examining the resulting tumors, Although karyotypic changes can occur
randomly with prolonged culture, the majority of human ES cells should maintain a normal
karyotype for longer than a year of continuous culture. This can be demonstrated by detection of
the telomerase enzyme activity of the human ES cells at the later stages of propagation. High

levels of telomerase activity are associated with cell proliferation during embryonic development

and with cell transformation and cancers.

f) Culture 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
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SEPE- di scl osure than for nouse ES cell lines.

h) Differentiated stem cells in regenerative medicine: Human ES cells of the present
disclosure may be induced to differentiate into particular phenotypes in vitro. Using such
techniques may generate a pure population of a desired cell type, which can be injected into, vor
example a damaged organ to repair injury. Such injury may be due to various diseases or
conditions, such as, but not restricted to neuro-degenerative diseases, myocardial infarction,
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 quantitative RT-PCR and
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1 e nge SrPBOYREs oGRS e st R oo Rme s Sios R ot f pyfbeted dHhfSs
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toxicity testing. Another_  aspect of the present disclosure praqyides
an oppor BTt dfseees veh 2hedE emﬁj%r%aﬁ@%ﬂnesddlé@fs?ss A??hﬁi'f’i“ﬁdi ‘{153,&?% g%lungwon
i mi ted gisense N@RiAN@Lora&, | Babee@ kAl KDL HERSes, hepat ocyt es and
beta-islets to screen various biological active nolecules, for

exanpl e A1308Ri1de 1hate thobi§eOBy REIRDETRA I8 Eh1EY ek kS usedE sBM tdaRdHiGic-induced
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dru
mol ecul depaaipxiciaby sussswpoed s shatrisrsast enzgmepinahding, butapat it tg, sorum
di sease %guté%g%tg ggﬁg&e%ﬁhﬁ-g@&%a@gg@ﬁg L0Rm SBEARCoxafRE@aBCaminotransferase

di sorde S and pati c di seases. ong simlar |lines, nouse

ES cel | {8@0T)edkdip athosyitse (AER) axkhcts dehydpzsnasrodildill. Calla pfdhe present
hepatotgxicity b asur nt _of, t S ; y ' ' .
e e
(SGPT) , istudiimg, Gt harlimedwalCdPadet GVE2A6) QTP2RM STEI249e CYPIEQMnd CYP3A4,

al kal i ne _phosphat ase (ALP)..and l.act at e. dehydr ogenase. : of .

he. pr 66eht> KATLH| BuarEA U LbE e PO GetHy G, hdas B e o hieh

i nduct i QR:feimaBYd A0 oR4eLrabBO (IPIXE), liquid chromatography-mass spectroscopy (LC-
MS), and gas chromatography-mass spectroscopy (GC-MS).

The cells derived by the present disclosure can also be used for generation of both polyclonal and
monoclonal antibodies for either research or therapeutic potential, preferably for generating

humanized monoclonal antibodies for the treatment of various discases.

The following examples are included to demonstrate preferred embodiments of the invention. It
should be appreciated 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 limted to, CYP1Al, CYP2A6, CYP2B6, CYP2C9,
CYP2ElI, and CYP3A4, and to identify drug netabolite(s) using
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di scl osure, appreciate that many 22 WD 2007/020655 PCT/ 1 N2006/ 000169
changes tdmolbngBbstocpsts he di scl osed specific enbodi nents and still
obtain a like or simlar result wthout departing fromthe spirit

and scopBlagbcyshetain\eatttryasn(blisXepdth Endy TOEsdMES Tl @XM ofisSGLAS © Thegse
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i solated from [ecovered invivo fertilized grel npl I'on enbryos,

or from PREVPPIEEY 3R iRLstione 9T PRI trpesferhx diwpiae, blendrystoare obtained from
fertili zedply of 8608 in8 RAlun ) iR g oAt toplasm.c, sper m

i nj ecti on, or oopl asm t ransf er %%?n%%?gﬂlsl{agg%s kS gir?é@es%ﬁ?gﬁyﬁ%ﬁefursﬁc}rfor
coupl es 612D ABFROSGhe ey Fegiting wiriften] emch Vel withyi consm filots thesebéonples of A6ERs.

enbr yos i - es after acquiri witten and
vol unt ary con?g%t E%tgc Sﬁ%@%%%;gg%{eggo oF ™ 8?18{350 g B‘Bﬁgﬁ fsflepipleus into an
bl ast ocyasuelesier otnytedef hweeh by nar-mnsduesrighf, vehicto Bt se@liaterto @8bdiop to the

nucl eus nu t.ed oqcyte, of hymap or_non-human origin,

whi ch T OTRGH dyas) ;ri"ggbl?sg“&%@e‘is%dp R R Besopryepressrgge or Tt from

bl ast ocyesibsyos sedchmayreatrgaprdsamed Begreatlicy SRECERAT VB ed & cdBSid o c{e(fgg]}) into a
t an earlier stage and all owe 0

enbryos L ch re cryopreserved
cont |y nu eb\g's GXI%\\I?%IEB 6”"[%(‘@ §f§%§b§5§tf§@§p§w&, phgrodampivfiologiprlegredeait yised in the
bl ast ocysésentafiscliz0s, fRERAANIOINEMcyfl BlEHAK ﬁmﬁﬁ{%ﬂ o b5 vFépf’d%ﬁegéspsedl The

di scl os\L;lrée, for exanple, blastocysts in which f nner ce
wel | deVErdpeeent vheothddy dlasirish end therione celhenast aill verystccaingtitéhe spoeits,

cel | massid Welviel Vot rAB GRS 79kt On 1RGwS RERESY are cultured in medium conditions that

maintain survival and enhance development into blastocyst stage embryos (Fong and Bongso,

(1999), each incorporated herein by reference).

Institutional Ethics Committee approval was obtained before initiation of any studies disclosed
herein using human blastocysts. Prior written consent was taken from individual donors for the
donation of surplus embryos for this study afier completion of infertility treatments. The
protoco] generally used to obtain viable embryos from infertility patients is described below;

2) In vitro Fertilization

For IVF, a woman first must undergo pitvitary suppression treatment down regulation with a
GnRI agonist such as Leuprolein Acetate (Lupron). This treatment is followed by controlled
ovarian hyperstimulation with injection of Gonadotrophin (hWMG) for 7-12 days, during which
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and are well known to those of skill in the art. Enbryos are cul tured
in medium conditions that maintain survival and enhance devel opnent
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fertilize ocytes (2 er plate are .transferred.,i .75 - m
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i 2. On day 2, t S. .
changed SMEFYO8 57 @}m@ﬂa@%é@'g torqige 7w MiheinEpapfledshlaigyets aiathiangd SdgHum is
Bi ophar nB,i{ead evety HREr 4829 ke’ RBInRGLSuIERE 1 @RFRkOwEE HdAibRD skl under a
enbryos‘are cultured until day 5 to day 7, when expanded bl astocysts
are obt dispasting mietpseaps. sTheriajseratenivesongideret ayccepaiil 14he @pbryy devisloged into a
culture y. i . i YN0 J I :
i cr osc BEELE of FRDRBRIRIRNS AR\ T 484 1y WiBln s IS 3R B berein
devel opedyibatwlaed fwon theamanlamHgk toechpblagedysbdtast ocyst (Figures- 1.1 and
1.2). human ES cells as disclosed hereinn may be isolated fromthe
norul a stage to the bl astocyst stage. EXAMPLE 2 The present exanple
di scl oses the derivation and storage of nouse enbryonic fibrobl ast
(feeder) cells.

EXAMPLE 2
The present example discloses the derivation and storage of mouse embryonic fibroblast (feeder)

cells.
1) Procurement of Pregnant Mice and Dissection

Mouse embryonic fibroblasts (MEFs) may be obtained from inbred C57 Black mice or other
suitable strains. In an illustrative 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) Procurenent of Pregnant M ce and Di ssection Muse enbryonic
fibroblasts (MEF5) may be obtained frominbred C57 Black mce or

ot her sui W&nﬁ‘;@z}nf%i ns. In an illustrative nethod, a g})@&g@%w’l@gﬁ

days of pregnhanc éf’ays post coitum (dpc) is sacrifice

di sl ocati on. The abdomen of the nouse is swabbed with 70%

| sopropanol followed by a small incision. The viscera is exposed by
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(G BCO BRF™ ’@?mﬁt}o AE845S BEAPMOY9er i contai ni ng enbryos are di ssect ed
out fr0551 |1, th&/ﬁre nant animals sacrificed. The uteri are then
washed 5%@>'f§Res! ificeskmpryos 24 WD 2007/ 020655 PCT/ 1N2006/ 000169

Dul beccoI'PA?) %ho phate buffered saline, Ca- and My-free, inside a

| ami nar 8 S 2, gagedrisdlgiose diseecting missaseopen Stheitief the mpusd embryos can
steril e, bindthedrdins PSR LSt t he ,.pl agent. g
menbrane and Sof t ﬂt:?% ssues g"?oef% gtee?r%’(\}g%I.n%%ée%{}g&fr?gu%?arﬁfﬁ%s@n%%yﬁﬂmm
Mouse enbieyHeusgdowsenddas fnrddpuse Hevdiopme? (IgoMiacapaers heRimb) Aferice).
t he nous : .ding t.o a variet f criteria,
the Mmoot baner s Rano® B RERRNERy e et of ca g Fispsent and
Mouse: AnhsisherefpreNpusppbmested prertitets, (di3Bahplel BADhRAbE! ShiRehBhdar, RY those

ref erenc I ' riteria are road.tq distingui sh many

i nport anctff.iﬁ)ﬂﬁ1 ﬁtg%%%& g? tgdebj?’r ﬁ?wa%@réqa]aﬁ% @98%” g)evm]' $$(4) FeYSet incopmerated fierein by
suppl enesfestichy Eobhes of thcsaneXas@lithal 8 hayuihe '

those characteristics used hy Downs g%d aggvi S Enlg%%gtatg%é)\?g%ﬁ{pmegi The
118( 4) : TA58° BEo8nZed Y P3evmsmdiavas is apglicahle fo F & hylridsmefisioRlacs XA mice,
sane geshiabd s bRge HBy, Sid HAE: LR APLkiest 0 0 fie 408

st ages gﬁc&%ni e%i by Downs and rDavfslPiefglatg%p i cgbrrggteﬁég%&lﬁﬁéefgarb}f’dga%e? for
C57 Bl ackt et & thq pgpesy ofarpwinedtotman Eecella frdT tetileestagel Xisali 92, Theiler

o st T, s AT e e
Thei | er HiEHLDY 1235110, dpbriof fod-ret, Gdgeifible Ebckr il dis, 508 bhehiskss

52-55 sqpi j e i | dentified. by an anterior,

i ndent e%@%&lﬁlﬁg@gézgd%ﬁﬁ@g e é%‘cg% sty B %{h,c?@ FoRRBY andfingrisrase
and a clditallyyepqpar dihtilanrsbigh 22 & rebegnivied as Addpé,iveieah kange BT shOLS 5l 65a
ecoan 180 o0 PR, R st didenli R e vese gsciivebened Sueson
soni te stdegietion berwaiss ighg of st Rgtefiertovt-SateOfnd ik DAL A0 Ghinst 8k lidos

separ at ed Li.nﬁ)r , .an_indentation between digits of the poSterior
f oot - pl 4phai g@??emﬁ]i‘ee%‘i'é% - BFEViE anbirediiesiont  Pihabfeatures include the absence of

open eyelids and hair follicles present in the cephalic regions.
3) Processing of Mice Embryos

The embryos were further processed by first discarding the head followed by all visceral organs
under the dissecting microscope with the help of sterile pointed forceps. The carcass was then
transferred into the lid of a 96 mm sterile petridish and minced properly with the help of sterile
curved scissors. The minced mass is then transferred into a 50 m! 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 m! pipette and passed 2-3 times though a 20 m! 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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Rel i cel |, Te NEgiding le'RebibABMHES cell tine.

EXAMPLE 3
The present example describes the derivation and maintenance of human ES cells.
1) Inactivation and Plating of Mouse Embryonic Fibroblast (Feeder) Cells

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 comtents 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 ac?ids (GIBCO) and 0.1 mM
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mai nt enance of human ES cells. 1) Inactivation and Pl ati ng of Muse
Enbryoni c @@Efﬁﬁbﬁﬁa (Feeder) Cells The feeder cells St%ﬁﬂuh({«lnhrhﬂ)m d
nitrogen were thawed and cultured as needed. The vials were e
by placing the frozen vials in a 37C water bath until the contents
were sem -thawed. The contents were then collected in a tube and
mxed with warmnmedia to dilute the cryoprotectant. The cells were

pel | et ed suspe deq, and plated in fresh MEF nedia (90% Dul becco's
nodi f i edBEé’gﬁf%aP BH?@B‘? JrierieghindissitoadtutefIBle) Ontoteretiakedobed qaflsdte they

(O B0y e is i o A TS St AR 5D B Rt Hegmen or by garomma
Mer capt oBtadéaien. EBregithe)dells wete inasuivated by Migorfifos Kstrea@Ra® FoioGaH Ih8IF hours.

reached re.ready for. in ivation. The cells were
i nact i vaf? %@%ygm co%}%écl?)rq: E\Q,%e‘?seegtfﬁ%ﬁ%c%vlag%a@gn%ndi e &2at Therpellapre then
the cel | washed geverd titiey dtredmpletdMetromyicinMiortycaat %@Eheh%p&ﬁ%e@@%gﬁk%nes
hour s. d for inactivation at 37C an

. [ M i.n C
o6 ccp. THERETTEDfr MBI ey i SRV LAn I ELome 0 Boaphbtied pls o

removal afncéttatioy of A28k 1@hdellshad. THERSINES DI £ ; i
trypsi n-EDTA. . These cells were then count eg) and pllgte {Eg%% %Jyd&%(%‘%S% CO..

gel at i ni Z50° plaifs dereifenpsed i plating 8f isslatcdhumanES tollst cel | s/ cn@. The
cells me%w?t (?d,and i ncubated at 37C and 5% CQ2. These plates were
t hen us afifhhg of isolated human ES cells. 2) ICMIsolation To
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3) Culturing and Manual Passaging of human ES Cells

Subsequent passaging of the undifferentiated colonies was done by | cutting the colonies
systematically in clumps of about 100 cells using the sharp edge of a glass-pulled micropipette
(Figure 4). Selection was done to remove any unwanted differentiated areas o'f the colony. As
soon as the clumps detached they were picked up by the same microl;;ipette {(with a bore size
slightly bigger than 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 vifro and the cell line still consist primarily of cells with the morphology of human
ES celis.

4) Cryopreservation of human ES Cells
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bore size slightly bigger than the size of the clunp) attached with
a nouth aspiration set and transferred to a fresh fibroblast feeder

| ayer. The culture system was nai ntai ned at a constant tenperature of
37C by ' [Py g - B 0 . |1 licel lLIM . .
nEst hacBEeRd ol kel R EHBRRS oORRS s dopd rdeef B S plopies
consi st ghengrmith thy fetledeter sved dub it ematbpipbesiusigy a 0éll fvwapmer. HSne eelcslls Wore
Cryopreservatjon of hu ES | s, 27 2007/ 020655 .

PO | N> GO T3 Sl Lo afPrOTHES GE6HRUARS BB eT 2008 i ninss. The
col oni essupeheantSed dpifatdd @R2Z Thg volaleCsd B td@bpelia! RNOmPdstitdtne résegrfded in
| ayer were cg,t into snal| pieces isin a cel afcrapper. Then, the .
cel I's weremeeig e SEpB SRR RelP; -2 i 5 hiext ah pRYe URJBDE O &epalmepdighg which
spun at 20R%d aws B %sﬁétm (HyoRne, UPLY, POVARY miBiemAsR] 284 190 HYBRIRIAX

volune of the cell pellet was neasured and resuspended in ES nedia

t o bri ndSigma)wesugaatly pdded to 5 1S collesusperngionavjihatccasiinghewisling r Glampn gf ES

medi um ' i 9 t est ( | . %, .
medi um - St 25 TR O e BRoRe) (ke THE O colfihing SN CpEe eom.
cel | susiendilomen sitwiycoalsd ¢rifk/meinl il 4 frepzingl conainen(SigEsn) toe3(°€ andsored in

transfer I . CryO-Vj - Nunc. ... lUSA).. ¢ ainin

freezi nd{qr%rgdd#lgrkgen%%élgﬁyﬁa S v%’l"eéivg" 8%{1%%8%3’&?@ c%nt’ll‘1 %?rg%eﬁl %uma% ES cells

freezi ngvasdbhiual tode ahdit §0E Jor bwr80C and stored in |iquid nitrogen the

next day. On revival, post-thaw survivability of the frozen human ES

cells was found to be about 50% or nore. EXAMPLE 4 The present

exanpl e characterizes the isolated human ES cells. 1) Generation of

Enbr yoi diBavilgskE 40 generate EBs, the human ES cell colonies need to

be either cut into small pieces manually or dissociated into small

pi eces Dhegneynixhmplechatet@ives Wetitolaal hagerESellor trypsin EDTA. Here,

the human ES cell colonies were cut manually into small pieces for

enbr yoi d)mhgrdtivnrdlEingbryoid Bwelisal | pi eces were then transferred in

EB nmedi um (80% DVEM F-12 (G bco, with glucose 4500ng(L), 15%ES

t est ed FBSdnkleed BRS theliuAjan ERoeBamnlonidseptdocimsither(dat Be® smatl Pi828-nRB8ally or

1% nonessent.i al, .am no _acid solutiop (G bco),..1 | utam ne (G ),

and 0. 19%i58¢igred P éﬁ’ﬁﬂ@@ﬁﬁ%ﬁb?@@iabﬁé‘)"ﬁm’teﬁ‘)‘B’é%gmﬂg%ﬂaé%%msﬁ%]sig- fige,

aggr egatth® Aumdh ESCRillcoraits 8aad &8 efuelly into small pieces for embryoid body formation.
The small pieces were then trausferred in EB medium (80% DMEM/F-12 (Gibco, with glucose
4500mg/L), 15% ES tested FBS (Hyclone, USA), 5% Serum replacement (Gibco, #10828-028),

1% nonessential amino acid solution (Gibco), ImM glutamine (Gibco), and 0.1% beta

mercaptoethanol (Sigma)) to bacteriological plates for aggregation. The cell aggregates were
allowed to grow in this medium for 10-14 days with media change every 3 days. The EBs
generated by this method were characterized using cellular and molecular markers at different
days in suspension 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 grow in this nmediumfor 10-14 days with nmedi a change every
3 days. The EBs generated by this nethod were characterized using

cellular a ar markers at different days in s I _
cul tures, ?@r@i@ﬁp%e 0 day, 6 days, 10 days, and 14 ga@?%‘b?”gﬂmﬁgs
9.1to 9.4) to evaluate the in vitro differentiation potential of

the human ES cell line. 2) Imunocytochem stry The cells grown in
2-wel | chanber slides (Becton Di ckinson, USA) were fixed in freshly

prepar ed 4% par af or nal de errreablll ed wvith 0..2 % Jrito
B 300"+ pseaBe i, AR Tl BRI Rl Shotob R bt et ot
bovi } ne s;gm;ﬁmaahﬁudmuam dibtl)]PBSrécefEhﬂlcE&Js Iﬁm-war SSEAen SSEB- WQZﬁ@I@?ﬁB&M
PCT/ 1N20Q6/,000169 i ncubated qgvern I at 4C. w A primary_anti
Usi ng . eHednq@iasaketess, GAHEKDSP it oren eradtiet (BRus ot 10 S dearal & o
such as gthity & differabded matiREdsich IﬁﬁeslanG(@ctoIBﬂr) 1s8doth mhdeRd hdﬂlﬁ brachyury

phosphatase, Connexin 43, E-cadherin were ana gur es

5.8) as (ereders), £AFPy et SHFAH Endadsrp) @'E%’ﬁf’snﬂ}ié‘? éogﬂrc HTgkle ﬁe@’tsl ﬁ‘?ﬁh the

( Ect oder,gm. | ra s
(ot odextl BUBRIP JPUBE | BABGHL it 2C i (MRS g @it

r el evantapprepadt §113- lobrled asvondroyl ewtibods eicmoz@étmsermffefor hdauniashedariantiext,
i ncubat i3 ed
roomt e%%légrl\%%rﬁ rcé ersﬁ%@% gﬁﬂril | %ﬁ[ Eg@’r%fgﬁ hexj?ﬁé? ce ]gé’[‘mtgérn %élﬁ‘%%)’e Hserved

count er stha¢mefluasedcbneDARRtrogdopg/Qvikon Felipwr)E60PY toervalwaisritmnmgpopdshtere aedab.s The
wer e observe upnder a f (o 1.Gr, O | kon | j pse.E6QQ). .

o o R s S Bhaetd S9E 3SR TR RO PRA M) Ba B B3 RiGE Pl
ESEA- 3, §$§Ezﬁa14ES'E% is GO ad %&%@Eﬂ; an&.ﬂldmgmﬁr% (Fivkire B)é,i Bhel hupiap s cetif also

uman ES ¢ as E-cadherin, an exi n-4 ure

e EgxEBid alkins PHRBIRGE 20 i VKBRS 08 SR ety {Eteire 5
evi dencegiy fﬂeqqrcﬁ§%%%1ﬁ9d%fo‘§ﬁ1@@$for(cﬂf&hﬁtﬁh5n ﬁﬁarkerﬁifchfa@hestlh &:tckérm),
day EBs st ai ned g[m tively f erentiati ogn _markers such as, _nestin

( ect odersmpoth BsktaRtimmbsePEIE EnpIpdemy ey o yand v dgrdadprmiiense L0nd
AFP (endoderm (Figure 10). Table 1: Details of antibodies used Nane
of the antibody Manuf act ur eXablellyDetalls pamdibodies usgds Sant acruz, USA

’:l

1: 100 SSEA- rzat 40 $S con,;
Gat # sorooL| SRER O e pERBRRLCT T T, S Hlchurky ~ Dituiod el
Oct-3/4 Santacruz, USA 1:100
SSEA-1 ES cell characterization kit 1:40
SSEA-3 (Chemicon; Cat # SCRO01)
SSEA-4
TRA-1-60
TRA-1-81
Alkaline phosphatase
E-cadherin Santacruz, USA 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 ¢DNA synthesis. Reverse-franscription using
Superscript reverse transcriptase-Il (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 Connexin 43
Sant acruz, USA 1:200 Nestin Chem con, USA 1:200 Srmoth muscl e actin
Sant acruz,wg%ﬂmgfqg) GATA4 Santacruz, USA 1:100 3) g@@%on
Anal ysis by RT-PCR Total RNA fromthe human ES cells d| sc osed{ erein
was isolated by TRl zol nmethod (Invitrogen) according to the

manuf acturer's protocol. 1 gg of RNA treated wth RNase- QUT

ri bonucl ease inhibitor (Invitrogen) was used for cDNA synthesis.
Reverse-transcription using Superscn(gff reverse transcriptase-||

(1 nvi t r Sgehby aisimecndigiguel privens soepidg don differeprasnes. t hul plefdhpores ampi§ed by

cona and"Bonenr B S TR (SRR A F RS U 0B B By end

i ndi vi duapromatﬁep@nszpecimb cexfpassiaii f ¢fe pe rdrragxofh snariferd wifs eRlNtadasincluding

ot or lalbserRgt P32 S0l LSACH Rk OGTat BlP, 4899 PORK B oy

expr essiCriptdf, ABCE2Z r]agpaﬁmei’ k@w:mem&:%em&ﬂ O@inegin-dsnaddiineage specific markers

Fard, | LR SRS RGN 15 RSO, | DA, NFEHTeioRe o : Mad: MooD.

Connexi EA9D1 aogkdlac @ (nkpeRinh), GABAKEKSP, m«:fmaa@anmwet@,, alb@hm! and
15, Ker% i n 18 SOX - 1 NFH (ect oder g‘! Brachyury HAND1,

o i o ot fenviodRemie Tafle 2Pt AieAcaiRn 45 mersfﬁmgﬁ&%genamﬁws

and PD)ﬁérf&z%{b@%?B%ycléga@érﬁm@ngs 8t & ifnarai heﬂahﬁaﬂdﬁta@ph@c Fbr 1 B fiMBKEd by
For all the genes, r(dper ormed for 35 cycles, consisting of an
S

initial 3dendeuetad’ é?nfoaﬁo spgorgs; the amephing fempgraieoiidhe 1g5pects gspe pamenior 45
94 C for, ec%ﬁgﬁz%&?*ﬂﬁ% %)tr *i%mf’e‘ﬂtg 2%%& ?%} é@%&%ﬁ'&&qﬁﬁ% a}ﬁx?al LE=h 81{ At“f%" 8ahes

pri mer £ seconds and m nut e cyc
foll oweclmbtytea f Threa huesat a‘&sp@ih at ¢7ly @sfwall Bs laie passeses, Ehlabmdmmnﬂﬁguous

h.
ot oo BprERid ofDeel Bt LonBPost M eI Bl Ber i RS cHARTOL YOSt S0,
Cct -4, Naipogl, FREX; l[‘hylS@k‘ElZABCEQI, ﬁlppé.i abRTER T sl well dsfdap JAREGR prdi}iﬁﬁd’nch

and hTERT as wel rote h nnexi

aonnoxt A fsanptiis A CaRabas Gasd €l 17 35 D e M vads & a
negat i vVewegdnt cohtrol\MRER deﬂﬂ@bﬂmefexﬁr%l@@ra@ﬁ & BbseGharRéy. Mehetﬁ@expressm
markers. Further, the expression_ profile of an exhaustive i st of

genes r @refileat anerapgivg élsfé)é gencs rdated for lieagsrspaiiioditiniratiaion wascsdugpd with
0 day, @ #3Y§da}d 1@%?8 aﬁ@% 44y gavery @ikRs 1 ( BlopRe I endislabbordhion of

Consi st ent exXpr essi on
early-stage ectodermal markers like Keratin 5, Keratin 15 and Keratin 18 from 6-days to 14-days

of differentiation was observed in the EBs. Interesting, there was no expression of these markers
on the 0™-day of differentiation and the late-stage neuroectodermal markers Sox-1 and NFH
were present only on the 10™-day to 14%-day of differentiation (Figure 11). Among the
mesodermal lineage markers, Msx1, a pre-cardiac transeription factor, was expressed uniformly
throughout the progressive days of differentiation. Other mesodermal markers, including
brachyury, HAND1, MyoD and cardiac-actin, demonstrated weak or no expression in the human
ES cells (Figure 11). Similatly, early endodermal cell markers, including AFP, HNF-4¢ and
HINF-3pB, exhibited an expression on the 6™ and 10" day of cell aggregate formation, while
GATA4 levels demonstrated a transient increase from the IO‘h-day up until the 14th-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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early-stage ectodermal markers like Keratin 5, Keratin 15 and Keratin
18 from 6-days to 14-days of differentiation was observed in the
EBs. Inter ere was no expression of these mar

Ot h- day Ofﬁﬁlltﬂ]p%?(ghf‘l ation and the | ate-stage neuroecto gﬁﬁéﬁgﬂ)&)?@ers
Sox-1 and NFH were present only on the 10 h-day to 14t h-day of
differentiation (Figure 11). Anong the nesodernal |ineage markers,
Msxl, a pre-cardiac transcription factor, was expressed uniformy

t hroughout the progressive f n. O her nesoder mal
mar kers, including br achyu‘fiL yl%lzlAhﬁg?ts %ﬁ%tﬁsa'} gar di ac-actin,
denonst(r agatk weak or no expr Esimiedequentdie human ES celAnseflingyixpected
11). Siimlarly, early endodermal cell markers, includijngteffy, H\foddet
and HNF-3(3, exhibited an expression on the 6th and 10tdegdaly |ofizeqkp)
aggregdate fornption, while GATA4 Ievel s denpnstratedia transilent
increage fromthe 10t h-day up un}g t he. 14t h-day of suspension
cultureg (Figure 11). Very weak e %L}’sglgegf’]gﬁge%re detected with the

mar ker S GAPDHNBL-UGE AGSTaGoaETes ACOSATTEaGTs’ (38D cel I|s, &) bunji n 88hd

PDX1 respectivpioyl) thereby indicating the absence of |mature
endoderimal der|yat,i i ?: E g%%s g}-‘,5
oo 1006/ 0ooree e IRpETLHIERpL HeAZPAlR CRAISPO | o b i ek
sequence Anneal i ng Expect ed &MM&% C) size (bp)
Housekeepi ng_gene GAPDH 5' - TTGGI-3'_(SEQ | D 60
892 NQ 1Pcist - BECATGABGPFACAZCHNAGCTESHSERDONO 2)  Ff uri potZéht
stemcell mar kéf@ﬁ)OCt 4 5' CGATGAAGCTGGAGAAGGAGAAGCTG 3" (SEQ | D 58
247 NG 3) 5’ - CANRERCRACGRRGACAFGTERTE s (SRADAR|4) Nanog
5' - CCT CCATEATCTCCITATTICA-3' (SEQ.LD NO QRO
5' - CAGGTYarop O FEETFETREATERET GTCEBEG T NGRS TRNQS) 52 262
3" - GCGTACGCAAA| TT@%@E@@%@&C@T@T&I@A@MG B’ CSEQ:{D &O: :6)
5' - CAGCATCCTAAACA AGAAT- 23— ( SEQ-]
OOCCCGACGREHAT RGEACE ARG oA SRR 56 306
5’-CAGCAT CCTAAACAGCTCGCAGAAT-S (SEQ D NO:8)
Sox2 157- CCCCCGGCGGCAATAGCA -3’ (SEQ ID NO:9) 55 448
5'- TCGGCGCCGGGGAGATACAT-3’ (SEQ ID NO:10)
Thyl [5° CATGAGAATACCAGCAGTTCACCCA-3’ (SEQ ID NO:11) 55 272
5° CACTTGACCAGTITTGTCTCTGAGCA-3’ (SEQ ID NO:12)
FGF 4 |5”~CTACAACGCCTACGAGTCCTACA-3’ (SEQ ID NO:13) 53 370
5°-GTTGCACCAGAAAAGTCAGAGTTG-3’ (SEQ ID NO:14)
ABCG2 |5-GTTTATCCGTGGTGTGTCTGG-3’ (SEQ ID NO:15) 62 684
5’-CTGAGCTATAGAGGCCTGGG-3’ (SEQ ID NO:16)
Dppa5 |S-ATGGGAACTCTCCCGGCACG-3’ (SEQ ID NO:17) 62 333
5. TCACTTCATCCAAGGGCCTA-3’ (SEQ ID NO:18)
Utfl  |5°-ACCAGCTGCTGACCTTGAAC-3’ (SEQ ID NC: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'-

TCGGCGCCGGEGAGATACAT- 3!
CATGAGAATACCAGCAGT TCACCCA- 3'

CACTTGA GAGCA- 3'
CFACAAC%%@ACA- 3" (SEQ ID NG

(SEQ I D NO 10) Thyl 5'
(SEQ I D NO 11) 55 272 5
(SEQ I D NO 12) -TG F4 5"

13) 53 370

"PCT/IN2006/000169

5' - GTTGCACCAGAAAAGTCAGAGTTG 3' (SEQ I D NO: 14) ABCGR2
5' - GTTTATCCGTGGTGTGTCTGG 3'  (SEQ | DNO 15) 62 684
5' - CTGAGCTATAGAGGCCTGGG-3' (SEQ I D Ng 113)l E‘é’piiq
5| _ATw'\ r":‘G‘L ACC; 3' LQI:{'\ |D N .
5 - TCACHT [ AGGGCCTA: 3 ( S@@npqu@enq}g) Ut fl Annealing | Expected
5' - ACCAGCTGCTGACCTTGAAC- 3'  (SEQ | D NO 19) 60 230 temp | Product
5' - TTGAACGTACCTAAGAACGA- 3' (SEQ | D NO 20) Criptol (deg C) | size (bp)
5' - ACA FOCCTGAAF-3- (SEQDNO 21) 62 217
5' - ATCACAGCCGOGTAGAAATG: 3 ( SEQd mt%%)pr %Jg
5' - AGCT \'rrY‘f‘r‘r:{‘A’(‘f‘T("TAT =3' (SEQ D NO 23 165
5' - GOCTGEATERAEA Cﬁ%@f?@ﬁ@@@@%@ (@ELQ WNQ@GY/ 0R0658 s
PCT/ 1N2006 OOJBQSA&TEEFG@IIIE&EI‘CAS?GG@FQ@;ﬁ B&gm 8.2 Ef tieg tem
Product HEE P Al N AN, unecti.aon I"ﬂ ]l NS
5 - TACCA T O BRSPS C TESAS A AR S5FER MM NOF) 3 64 319
5' - GAATT CTCGT T AT X ISBAERECEACT SEQAGDINGEZSD NDBg)exi n
5' - CTATGECAAT GCOCTCEARACAACA—3—(-SEQ+DB-Ne-—27)—64-819.. 45 _
5' - CCCTGATTTGCTACTGGCAGT- 3' (SEQ%tEIldi@aer&&rkE@t oder mal markers Keratin
APV LN OO AL fal nl Nl | .16
8 5 - fe&é ) I'\_l\@ 20\ 6
5 TGATEI TG GOABTE ﬁ?Q@m%9P] 15 60 T61
5' - CACAGTCTGCT W@CQGG@EQFWJM @Ep mz«zam .
5'-%%2;@2%& B "" c 2EST reexs 0 EZ} +o 62 196
5' - GGAGGTGGAA
5 - GAGAGGAGACC% A%@E%M@Gﬁé 6SHQ ID NO:32)
Keratin 18 5’-GGAGGTGGAAGCCGAAGTAT-3" (SEQ ID NO-33) 60 164
5’-GAGAGGAGACCACCATCGCC-3’ (SEQ I NO:34)
Sox-1 |5-TACAGCCCCATCTCCAACTC3’ (SEQ ID NO=35) 60 201
5°-GCTCCGACTTCACCAGAGAG-3’ (SEQ ID NO:36)
NFH  |5-TGAACACAGACGCTATGCGCTCAG-3’ (SEQ IDNO37) 58 400
5’-CACCTITATGTGAGTGGACACAGAG-3’ (SEQ ID NO:38)
Mesodermal markers
Brachyury |5-TAAGGTGGATCTTCAGGTAGC-3" (SEQ ID NO:39) 60 251
5°-CATCTCATTGGTGAGCTCCCT-3’ (SEQ ID NO:40)
MyoD  |5-GTCGAGCCTAGACTGCCTGT-3° (SEQ ID NOW 1) 60 217
5’-GGTATATCGGGTTGGGGTTC-3’ (SEQ ID NO:42)
Msxl  |5-CCTTCCCTTTAACCCTCACAC-3" (SEQ ID NOW3) 62 287
5-CCGATTTCTCTGCGCTTTTC-3’ (SEQ ID NO:44)
HAND! [5-GCCTAGCCACCACTGCGCTITTC-3’ (SEQ ID NO43) 62 389
' 5°-CGGCTCACTGGTTTAACTCC-3* (SEQ ID NO:46)
Cardiao- |5*-TCTATGAGGGCTACGCTITG-3’ (SEQ ID NO47) 50 630
At 5, CCTGACTGGAAGGTAGATGG-3’ (SEQ ID NO:48)
Endodermal markers
AFP  |S-AGAACCTGTCACAAGCTGTG-3 (SEQ ID NO-40) 62 577
5’-GACAGCAAGCTGAGGATGTC-3* (SEQ ID NO:50)
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Sox-1 5' - TACAGCCCCATCTCCAACTC- 3' (SE I D NG 35) 60 201
5' - GCTCCGACTTCACCAGAGAG 3' (SEQ I D 36) NFH

5' - TGAACA kS CAG 3' (SE QID NO 37) 58 400
5' - CACCTTTATGTGAGIGGACACAGAG 3' (SEQ I D NO 38) Mesoder

Brachyury 5' - TAAGGTGGATCTTCAGGT GGC—B'

(SEQ I D NG 39) 60 251

PCITIIN%O&IOO[H@
mal  mar Ker s

5' - CATCTCATTGGTGAGCTCCCT- 3" (SEQ | D NO 40) MyoD
5' - GTCGAGCCTAGACTGECCTGT - 3 (SEQIDNO41) 60 217
5' - GGTATAT TGEGGT TG 3¢ P-NOA2)—vext n
5' - CCTTQCCT T TAACCCTCACAC- 3' Z\'E of SW%) 62 287 Annealing | Expected
5' - COGATTTCTCTGCGCTTTTC- 3" (SEQ | D NO 44) HAND | 5' - GOCTASEEAC | Axethag
CCTTTTC|3' (SEQ I D NO. 45) 62 389 5' - CGGCTCACTGGTTTAACTCIdeg C)( $mize|lep)
NGO 46) c%ﬂ*‘fﬁ@‘ SQ::T(:,IFNFATA A FF6-3 L SEO-1 D -NO 47\ 50 630
Actin § ACT GGAACGTA EESFBDR&[O\%S) Endbderifal rar k& s
APP 15' - AGAACCT @%W@@T@@CT@@E@B DSRQIMO:82 577
5' - GACACEANAGTIH AT CANG T G ARG AT NI 780 om ng 6671628655 501
PCT/ 1 N2Q06/ 0001‘%9 _gﬁn riner. se ence Annea ng Expect ed t eny
Product | (deg @ "&F TC@.‘&?A" SPRIBINGAGGCAGTGAGAGS- 3' (| SEQ
| DNOL 51) HER-2b69)- @cm@pa %&p@;@sj DN 52)5BNF4ati=
5' - TCTCATGI TGAAK 501
o | oI T R ng'e?éé%??‘légﬁ%%g@ 35bk a
5' - GACAAGHEATA (RGNACTG R CAASER AT I HACGS RBE ID 58 450
5' - ACAG]AGTGGAAN@EBEGAG- 3'  (SEQ | D NO. 56) Al buni n
5' - CCTT mwgmm&@%ﬁm%%ﬁﬁ%ﬁ» &8 m NG s‘%?
PDX1 |5’-GTCCTGGAGGAGCCCAAC-3’ (SEQ ID NO:5%) 62 362
3’-GCAGTCCTGCTCAGGCTC-3’ (SEQ ID NO:6 )]
Table 3: Summary of gene expression analysis
Serial | Name of the gene Observed expression
Number Tt
Relicell’ hES1 | BGO1 human ES cell HEF
line, as reported in
(Brimble, et. al., 2004, supra)
4 Housekeeping gene
i, GAPDH ¥ T ¥
Pluripotent stem cell markers
2. OCt"3/4 + + i
3. Nanog + + N
4. Rexl + + .
3. TBGF1 + + -
6. Thyl + NR +
7. Sox-2 + + N
8. FGF4 ; R -
9, Utfl + - -
10. ABCG2 + + -
11. Dppas + + T
12. Cripto + + -
i3 TERT + + -
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5' - CAGCAGTCAGCCATTTCACCATAGG- 3' (SEQ I D NO 58) PDX1
5' - GTCCTGGAGGAGCCCAAC- 3" (SEQ I D NG 59) 62 362
5' - GCAGT (#s5C 3" (SEQ I'D NO: 60) Table 3: Sum"rarly ﬂfm%‘?’}aﬁnm
expression analysis Serial Nane of the gene Cbserved expressi
Nunber Relicell hES1 BG1 human ES cell FIEF |ine, as reported in
(Brinble, et. at, 2004, supra) Housekeeping gene 1. |GAPDH + + +
Pluripotent stemcell markers 2. Oct-3/4 + + - 3. Nanog + + - 4. Rexl
+ + - § Twl + 4 6 Th\ll + NR =+ 7 SoX-2 -+ ah Q EGE4-—+=_NR (O
Utfl + | Serig | Afmepofghegene; | popas + + +Obfervedexpyession + - 13 TERT
+ + - 33NwBbYIOp7/ 020655 PCT/ T APy o RS cdl T he
Cbserved expregsi on Nunber Relicell hESL)BGyl. hurapEpicel | HEF
line, as reporfed in (Brinble, et. al., :Qé}f}nblesyg[ %04 &P J unction
proteing_14 nnexin 43 + +!- 15 Conne
Gap junction proteins
14, Connexin 43 -+ -
15. Connexin 45 + -
Ectodermal markers in cell aggregates
16, Keratin 8 + -
17, Keratin 15 + + -
18. Keratin 18 + + -
15. NFH + + -
20. Sox-1 + + -
Mesodermal markers in cell aggregates
21, Brachyury + + -
22. MyoD + + -
23, Msxl + + +
24. HANDI + + -
25. C-actin - + -
Endodermal markers in cell aggregates
26. GATA4 + + -
27. AFP + + -
28. HiNFda - NR -
25. HINF3b + + -
30, Albumin - NR, R
31. PDX1 + n -
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 techmology for HLA typing
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Ect odermal markers in cell aggregates 16. Keratin 8 + + - 17. Keratin
15 + + - 18. Keratin 18 + + - 19. NFH + + - 20. Sox-1 + + -

Mesoder mal By n cell aggregates 21. Brachyury +

O My RGeS D O B T 5 e Betin S T RenbRpaes

markers in cell aggregates 26. GATA4 + + - 27. AFP + + - 28. HNF4a -
NR - 29. HNF3b + + - 30. Albumn - NR - 31. PDX1 + + - 4) HLA Typing
Since the spectrum of HLA antigens expressed on human ES cells is a
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hES1 A*01 BY5601 01 01 D@ 02TAS 04010571 05

As shown in Table 4, the results document that the ReliCell™ hES1 cell line represents a range
of HLA haplotypes with alleles HLA-A, HLA-B, HLA-C, HLA-DRBI1, and HLA-DQBI.

5) STR Typing

DNA fingerprints of the ReliCell™ hES1 cell line were generated. Loci analyzed for STR
analysis included D5S818, D138317, D78820, D168539, vWA, THO1, Amelogenin, TP0X and
CSF1P0 (multiplex-PCR-based PowerPlex 1.2 kit (Promega, Madison, WI, USA)). Loci
analyzed include D5S818, D133317, D78820, D168539, vWA, THO1, Amelogenin, TP0X 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 informatior of the cell lines
after distribution of the cell line.

Table 5
D58818 { D138317 | D78820 ; D168539 | 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 colcemnid
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
cenirifugation, resuspended in hypotonic KCI solution (0.075 M) for 15 minutes, and fixed in
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As shown in Table 4, the results docunent that the ReliCell TM hES 1

cell line represents a range of HLA haplotypes with alleles HLA-A
HLA- B, HLA; ok 1, and HLA-DQB1l. 5) STR Typing DNA fingerprints
of the Rel P&f%@l*’éﬂ cell line were generated. Loci arfaiff2@i§/0904¢?

STR anal ysis included D5S818, D13S317, D7S820, D16S539, vWA, THOL,
Anel ogeni n, TPOX and CSF1PO (nulti pl ex- PCR-based PowerPlex 1.2 kit
(Pronega, Madison, W, USA)). Loci analyzed include D5S818, D135317,

D7S820, D165539. v THO1, . Anel ogenin, . and CSF1PO, and th
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Res., 1Q&&)TA(] pdlymlehse according to kit instructions0. Next, the cell extract was added and the
total reaction volume was maintained at 50 pl. A two-step PCR reaction was performed (94°C
for 30 seconds and 59°C for 30 seconds) for 33 to 35 cycles. The PCR products were
electrophoresed on a 12.5% non- denaturing polyacrylamide vertical gel at 400 volts until the
Xylene-cyénol dye front reached two thirds of the entire run length. The gel was then stained
with 1:5000 dilution of SYBR GREEN I dye (Molecular Probes, Catalog No.S-7567), 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)/ T1I]/ [(R8-B)/
RI} }. Where, TP is telomerase product generated in test extract; B is telomerase product
generated in Blank lysis buffer; RS 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, TSRS control template. Figure 8 shows high telomerase activity of
ReliCell™ hES] at passage 37, with NTERA-2 hEC cells as a positive control and MEF as the

negative control.
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Rubi ano et al. (2003), Mem Inst. Oswaldo Cruz., 98(5):693-5) using a
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animal ethics committee.

10) Establishment of In vifro Hepatotoxicity Model Using Differentiated Hepatocytes From
Mouse ES Cells

Mouse ES cells were differentiated into hepatocytes by the formation of EBs in a medium
without LIF. After 4 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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9) Teratonma Formation Adult nude mce were used for teratom

formati on study. The undifferentiated human ES cell suspension (5-10
mllion c imal) was injected into an ani nal

i nt ranuscﬁwgrsﬁnwz%ﬁ??er i njection, the animal was kept RGTIR06/000169
individual filter top cage. These cages were housed in speci al

animal isolators to prevent any possible infection. After 8-10 weeks,
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hepatocyte damage induced by CCly (Figure 13).

EXAMPLE 4
The present example demonstrates the iz vitro differentiation potential of Relicell™hES1.

To initiate differentiation, human ES 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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prepared in DPBS (G bco-BRL, USA) containing 5% FBS. At the end of
t he incubation period supernatant was coll ected and centrifuged at

1000 rpm f Thi s supernatant was used to ]
SCOT, SGF‘T"Q,E)I_Z%'-17rﬁ’2mﬁE ALP | evels. The cells were disl odgé)g’%hg nﬁ}é&ﬁmgel I

scraper, and the cell suspension was collected in an eppendorf tube.
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characterization.
Endodermal differentiation: To induce pancreatic differentiation, the classical protocol of
Segev et al., (2004), was followed. 10 day-old EBs were plated onto 35 mm plastic tissue
culture plates (Nunc, Roskilde, Denmark) and grown in medium I containing DMEM F/12,
insulin (10 ng/Y), transferrin (6.7ng/l), selenium (5.5 mg/l) and 1mM L-glutamine (all from
Gibco), with a supplement of 5 pg/ml of Fibronectin (Sigma). After one week, the cells were
dissociated with 0.05% Trypsin-EDTA (Gibco-Invitrogen) 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 ug/ml insulin, 10,000
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 Gibeo), and 1 mM L-Glutamine and 10 ng/ml of bFGF
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2 (1: 200, chemicon), a neuronal cell marker, was eval uated by
i mrunof | ourescence analysis to confirmneuronal differentiation.
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12.1). Indirect imtnunostaining showed that these cells were immunoreactive to the neuron- -
specific protein marker MAP-2 (Figure 12.2). Since cell dimensions and orientations are key
determinants of cardiac cell networks, the structural properties of human ES cell-derived cardiac
colonies were studied. Spontaneously contracting areas were identified at the outgrowth of the
EBs during the 15-18 days of differentiation (Figure 12.3). Further, immunochemistry showed
the presence of cardiac troponin-I (cTnl) (1:200, Chemicon, Temecula, CA, USA), a cardiac
specific protein that is involved in the regulation of cardiac muscle contraction in differentiated
EBs (Figure 12.4). After expansion of pancreatic progenitor cells, pancreatic islet-like clusters
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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(Al the growth factors are from R& Bi osystens). During the period
of differentiation, the cultures were nonitored for appearance of
oval shap For further characterization, 2-well r
slides con gﬁﬁkﬁgmﬁﬁy-Zo differentiated cells were anaﬂ§§§ggﬂgﬁgmg
differentiation potential of the cell line into cells of nmultiple
phenot ypes was exam ned. EBs formed fromthe human ES cell col onies
were induced into neuroectodermal, nesodermal and endodermal fate
after attachnment onto culture dishes. On the addition of ITSFn nedi a,
EBs stadier &xtdpisoifidiféarentiztion. afwithere remuprstiining viipg KA ponfirped fhegresence of
ext ensi - W, 11 Solissy é%ﬁ??}%zﬁq gywhen cultured in
N2 nedﬁ%ﬁéﬁyﬁﬁggSgﬂ@gﬁﬁé?gagﬁgt%s prgﬁ%%ate mnt% %oly-l-prnithine
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assumed neuronal “nor phol'ogy, ~devel opi ng brpolar and nulti-pol ar _
ext ensiexpsihtmritionds Uighed the presmnivdiskesurdp Svihile thé derapesitioss andymeEodayf this
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i mrunost gi ni ng showed that. t hes ells. e i nor eactive, to the
neur on-oréﬁgf& %%ﬂ%e“ﬁ? 8t SFRF %@Ftﬁﬁﬁiiﬁleﬁ"rtﬁgﬁ a&e@"@% Gelrtpg R e Concept,
di Mensi 98 Aldcdel FRhAIvaRIBNAT HokayeciHelg! HiwIRDE Spirert &iab cérerit addnts that
networ ks, the structural properties of human ES cell-derived,cgrdiac

col oni e feeraicalbyen Rysiolggziratia rriasers Mgy b sehsittsd i dhecapentidegeribed herein to
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differentiation (Figure 12.3). Further, inmmunochem stry showed '

pr esencibossfskilled di e attraspdaeingd fo HecHithiy the spisigGeopeafcensapt of EivdeYAnEon. 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 confirned by i munostaining 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

i ndi cative of hepatocyte 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,

i nmunost ai ni ng usi ng CK18 confirmed the presence of keratin, which
is appropriate for hepatoblasts (Figures 12.7 and 12.8). Al of the
conpositions and net hods di scl osed herein can be nmade 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 enbodinents, it will be apparent to
those of skill in the art that variations nmay be applied to the
conpositions and/or nmethods and in the steps or in the sequence of
steps of the nethods described herein w thout departing fromthe
concept, :
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spirit and scope of the invention. Mre specifically, it will be
apparent that certain agents that are chemcally or physiologically
rel ated may be substituted for the agents described herein to

achieve the same or simlar results. Al such simlar substitutes and
nodi fications apparent to those skilled in the art are deened to be
within the spirit, scope and concept CbAlMBe invention. 41 CLAIMS |.
A purified preparation of pluripotent human enbryonic stemcell |ine
wherein the cells conprise four or nore of the HLA alleles in Table
4. 2. The preparation of claim1l, wherein the cells conprise all of

t he HLA dl | el éspurified gldperadon oBpluiipeemphepat ahbgoniotteal @iintink,whatedt ik Bells
the preparation will, proliferate in an in vitro culture for over one
year. 4. The B?IBBréSFaf?'gd’ﬁ”B’Fe%fﬁg‘?HLﬁ‘,aﬂﬁ}ﬁ%WéFa:ti}et“he preparation renains
substantially_ undifferentiated after 100 passages in culture. 5. The
prepar at i%on of ¢ PEPHAUON lfskaieil nwhergindly sels sqmnrise pll b Higtballles ipTating
short tandem repeat |oci in Table 5. 6. The preparation of claim1l,
wherei n the céhf Brepagieon Heslaupill whgreingheiprefasation tviidpeol featedept inaitio/edure
of endoderm d ectodermtissues. 7. The preparation of
claiml, Mergﬁﬁﬁggﬁ%@g%ﬂl s have the ability to maintain a nornal

karyot YPG: 42The preparation of claim 1, wherein the preparation remains substantially

undifferentiated after 100 passages in culture.

5. The preparation of claim 1, wherein the cells further comprise all of the short tandem

repeat loci in Table 5,

6. The preparation of claim 1, wherein the cells have the ability to differentiate to

derivatives of endoderm, mesoderm and ectoderm tissues,

7. The preparation of claim I, wherein the cells have the ability to maintain a normal

karyotype.
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