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performed in the further presence of Leukemi a inhibiting factor

(LIP). [0010] In sone enbodinents, the ALKS5 inhibitor is
A-83-01. In sone enbodinents, the 10 ALK5 inhibitor is SB431542.
20 BRIEF SUMMARY OF THE INVENTION

[0005] The present invention provides for methods of culturing pluripotent cells through
at least one cell divisional. In some embodiments, the methods comprise culturing

pluripotent animal cells in the presence of a sufficient amount of:
a. an ALKS inhibitor (or other TGF/activin pathway inhibitor), and

25 b a second compound selected from one or more of a MEK inhibitor, an Erk

inhibitor, a p38 inhibitor, and an FGF receptor inhibitor; and

C. sufficient nutrients for a sufficient time, to allow for at least one cell division while

maintaining cell pluripotency.



[0011] In sone enbodi nents, the pluripotent cells are cultured
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20 [0014] Insome embodiments, the pluripotent cells are embryonic stem cells. In some

embodiments, the pluripotent cells are induced pluripotent stem cells.

[0015] In some embodiments, the cells are non-human animal cells and the method
further comprises introducing the pluripotent cells into a blastocyst, wherein the blastocyst
is from the same species of animal as the cells, and introducing the blastocyst into the uterus
25  of an animal of the same species. In some embodiments, the method comprises selecting
chimeric progeny of the animal based on the presence of a nucleic acid from the pluripotent

cells.

{0016] The present invention also provides for cultures of pluripotent mammalian cells..

In some embodiments, the cultures comprise a sufficient amount of:



[0022] The present invention also provides a cell culture nmedium In
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protein (BMP), or under inhibition of the TGFI3 and activin signaling
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inhibition of the FGF pathway. In sone enbodi nents, the isolated
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In some endydi ts, the cell is a human cell. In sone enbodi nents,
the cell is a human enbryoni c stemcell. In sone enbodi nents, the
celllsa n.iPS ce e_cell is a.rat
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phosphat asf) medium comprises a sufficient amount of?
a. an ALKS inhibitor (or other TGFp/activin pathway inhibitor), and

b. a second compound selected from one or more of a MEK inhibitor, an Erk
20  inhibitor, a p38 inhibitor, and an FGF receptor inhibitor to allow for at least one cell
division while maintaining cell pluripotency when pluripotent cells are cultured in the

medium.
[0023] In some embodiments, the medium further comprises LIF.

[0024] In some embodiments, the medium further comprises an amount of a GSK3p

25  inhibitor. In some embodiments, the GSK3p inhibitor is CHIR99021.

[0025] In some embodiments, the second compound is a MEK inhibitor. In some
embodiments, the MEK inhibitor is PD0325901.
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i nhibitor, an Erk inhibitor, or a p38 inhibitor, and (i ||) an FGF
recept?8r iM% (1 isolpied plytipetentoribof the piepint syvention 3pwsges p highemfevel of E-
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fold higher level of E-cadherin as compared to conventionally-cultured hESCs, EpiSCs and
human induced pluripotent cells. In some embodiments, the isolated pluripotent animal cell
25  expresses a higher level of markers as compared to conventionally-cultured hESCs, Epiblast

stem cells and human induced pluripotent cells, wherein the markers include Gbx2, Dppa3,
KIf4, and Rexl.

[0030] In some embodiments, the isolated pluripotent cell of the present invention is

cultured in the presence of an ALKS inhibitor, a second compound selected from a MEK
30  inhibitor, an Erk inhibitor, a p38 inhibitor, and an FGF receptor inhibitor. In some

embodiments, the isolated pluripotent cell of the present invention is obtained or obtainable

by culturing a cell in the presence of an ALKS inhibitor, and a second compound selected



20factor (LIF). [0034] In sone enbodi nents, the partially pluripotent
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[0034] In some embodiments, the partially pluripotent cell is an Epiblast stem cell.

[0035] In some embodiments, the partially pluripotent cell does not express at least one
marker selected from the group consisting of Oct4, Nanog, SSEA-1, and REX-1 and the

more fully pluripotent cell expresses one or more or all of the markers.

25 [0036] Insome embodiments, the partially pluripotent cell does not express ALP-1 and
the more fully pluripotent cell expresses ALP-1.

[0037] Insome embodiments, the epigenetic modifier is valproic acid or parnate.



25 observed three weeks after transduction (A), picked up at the

fourt h_ me%o@ﬁuﬁﬁwtsr ansduction and were stably naintai r}ecc}éﬁ.%&g{\%gﬁf
an p

cockt ai | 0.5 LI M PD0325901, 9.5 p. MA-83- 01,
CHI R99021. Such hi PSCs formed domed colonies simlar to nESCs (B).
Under such conditions, hlmwmeﬂDFeTIﬂEDRMWSand ot her

b Reca) | POl R {THSE Bt Bbies codly PRy 1 Wit Bl SRRy
(7 (O b mgat iy susiomdosras. it ouec
oo O AR PERE, Do E DS s S a e Em et D laRibbeT rasc-

fromthat pf Joﬁﬁ'qm@%e?@&%lzrvlem@ sl PEPPIRS S0 %} bt ARk ¥PFaBRRNSHS
of hiPSCs is provided (L). 010/ 077955PCT $2009/ 068274 8 | 0040]

Fi gure 4. ﬂlmwestncmahﬁn Cwbwe@ondm@n {He Imihpgasenso of 0. SefMé’BDBwa and 3
i ¥ er ont| e oo RSEL B B i R ORELOHFLT bl D, a0

nmesoder m ( chyury derivatrves 1 n Vi rans
into the S@bﬂamwedﬁferdﬂﬁﬁ‘mm(@)] Wiftodhevdrebiattinmef O\MuMIPDIBBSQ(HtfedM)f

all three I er i_ncl udi n epitheliuml!like 5str t r.e

Cbct oo m TEB0RY LT pisiV A kEe B RER LG e o n oo Snotly S E oo D),
structuy e a(nﬁﬂ“&ﬂdﬁimt 1(de)dont3g lcatohiee ufaﬂltﬂfef(h? amhrﬁﬁ&locﬁtoeﬂéaqgﬁy reffaled that
(200x). [0041] Figure 5. The effects of ferent snmall nol ecul e

conbi nat | FHS ErEXpEEHEBICHI AESE TS pRqhos &eed (ForSon? BEeSSEN-1EH) Braes) and

ri PSCs wer S

bl ate at b RERRie AF RO el RO fouf Elohfh AN RS EOluRl Messiifponof
i nhi bi t or enfogeoabs typicklgieriporinge magkess ((abutshs virdlly tensdusedgenaawere largely
performed stllgnéé'ds l ' Zgn#tgreofrrfﬂg‘(%%lgn%ls g}ﬁn?efdrapgen}e-trhﬁ? tiéxlip %?léﬁd %mtm?t

col oni es for eac "on were counte rand Vi'sua
fi el dslsandirdrh&at eftaé parentebWenp34urte())was sumari zed i n B. [0042]
Figure 6. Epi SCs differentiate in nmESC growth conditions and do not

readi ly cooyst fifurk SMHPEEShhidRudiod R dex(eﬁ)prd\%fal et Vo GHENW AD.

conpact and domed 15 colonies in conventional inESC growth nmedi um
suppl ementlgEnygostriningshowediriP$es eanlddifiarentateieienstodernt (Adbypip agd PrxiiH

(top left),,
hESR ol 1 (g B docBloBU PRI MBI L (i O ? (B ACIRANTD) 4By
negative Alzlﬁ’ztm tAIW,trgPs@Gpn fomgher)itonﬁpn SCﬁt) diifd, aflﬁﬂltcpamﬂcﬂ ofrall three fgerm
convenii ona pl.enent eq. wi e
ot sodtd P MRres R S ol i AR S TG oM ek hestbRls P i
A R e N e i

i nhi [ i nhi bitor

100 b el

(bottom r| the generation of converted cells.
Epi SCs were tryp5| nized to single cells, and plated on feeder cells

under t he H@scisdhe germméwalofe@wél i‘mESﬁ-lﬂﬁet h1P§@pp11‘éRfB91h@m@‘f filprpblasts were
di cat ed
i ndi cate t&ﬁgdr?gtgﬁg;tﬁ?%%% é‘Jag 2.3 g@glé‘gg?éﬁﬁihﬁ&eé GipEORYIGhied Qbre

foll owed b e cul t'ure was
subsed#en tdbyemezb tharteeatedkn dﬂénlranbchmtlexe (&) pmkledaurdat ehepfamdle dreéloaftea tratsdection

oo by ek g e niheindFuidbABe Sodl A RNR 0 P ERs0dy) 0 v A-83-

A-83-01 (Q)l5ar['d MM @HmdzEDS@%mSEsff@ﬁﬂadM&d%eléﬁMEmﬂmﬂtodﬁBSOs (B).
col oni es that ex ress ALP, éD These, col onies _coul d be further stably

expanded |YhdsEse @P’é%l‘ﬁlsn}é‘a Givstegosidive i P (E and other Spepabplgripggency

(A;nti CI\%/F % t) | Qr(l%@%g gDLI:)ﬂng:?gﬁ?@ ilysidbFol MrRPLBSE (eSO tidnaMh LR be

endogenous pluripotency genes (I), but the virally transduced genes were largely silenced.
Oct4 promoter of hiPSCs clones exhibited a demethylation pattern similar to
conventionally-cultured human ES cells, but is distinct from that of the parental IMR90
fibroblasts (K). A karyotype analysis of hiPSCs is provided (L).



parnate i nduced Epi SCs to form nore conpact and domed col oni es that
express A colonies could be further stably ex%:igﬁsq ,W G
or (F) mHE/IQé coﬁ’& tions. Note the ngESC-1ike domed colonies dg@
positive ALP activities. Scale bar, 50 pm WO

2010/ 0779519P¢01/ 1&5@@@9/Immastalﬁmg@md thatghe WP3Cs EpildcHectively differdniate

| CM nESC- | . te tr. ntW|t a ad'ni't s of
ALK4/ 5/ 7, R)éﬁnaﬁ%'—“ﬂ (g‘%b&“@%‘ 06@9??% @ﬁi?uhuﬁ ’pt%&@ LRTOIE s m
fromthr eqarmgﬁyptcmﬁwmdmtmﬁat afectednkslanteBintsSiha BLED HE&ChIPSKS could
cells converted from Epi SCs he pamat e/ MAMFG = condi ti on

contri but e EFr%tH’inﬁve‘?’]i“%]hf‘Fﬁm%Lﬂf pll Fhrﬁfegeamﬂ@fer%ln%@még@&reﬁn@ﬁlﬁrwge
ver et ransephaibeEdctofdrm) @?Hﬂ;@‘l&%@&ﬁ&ﬁ&fe %&ﬁcm-ggﬁ%%%ﬂgk %0 ct%%gor

ori gi nated from Par nat &/ MAVFG cel
presence dfme@dan’nh&EégRahtlbmmﬂznlﬁtﬂtlpnpd&él(werﬂuﬂ~ﬂ (268xjes. (D) An El 3.5
enbryo was exam ned by fluorescence for contribution fromthe

par nat e/ mARE4d] CcEibbrs 5t Mat effesteof diffeletbmilItrol€¥ule coritihEoRP@sinkiniténing the
cells were observed.i

Jtiple tissues of the epbryo (higher
magni fi catrilwp%%f)éflﬁ$ ey, GRRCH Wers; thpsiaizee Kyo Sipgle ¢ celfndspeded into
doubl e pos4-LikN 8l t'th"e deﬁsﬁﬂffl@@@élﬁM%llﬁ@lr@é&ﬂw@d%@ﬁtﬁ&ﬁﬁnt@?‘am ned

by real-tlrre P m’i ne markers. The results denonstrated the
speci fil é‘)@mbé‘@élpléﬁl F@ye ‘b@éfﬁ Hitter & Lifetadeing vk penirmad ¢ Bewalizaithe miPSRecolonies
Par nat e/ T 44]
Fi gure 8 Iecu ka#)%(‘:) g?%‘f’:‘%l&e}#lésggf ?a%[rl\s% ﬁcpﬁ?d]%r&gg%\%iégﬁgé &%rr%a/ 0"5 ?r%IVFG

cel I s. (Ayviasl figldnamdcby tebative nvloty yurstrowed stromegedénBs expr essi on of
pl uripotency markers, Cct4 (Geen), Nanog (Red), and SSEA-1(Red) in

Pamat e/ mANBEA2) c eft 1é1$re 6( BﬂlSEK ﬂffﬁ&ﬁﬂh@t@ iR IESIEeGbivitCcoh§NbRPENM /16 nGEREG]y
(Rex-1, Pecanl Esrrb, F'%f 4, and Fbxol5), gernmine

conpet enc é’oa‘é%bt&lg%\’g@%m@rm&e fd sMutipe EBGS B @rest ssamypaghsad Epmed ast
gene (ffsof 2bldnies %ent%%hﬁ%sc %Fﬁjwt’ﬂ RS édpﬁl\éﬁghteﬁ %!hinﬁ'%ﬁ‘a ﬂ@@%lé%&d

by sem -quantitative RT-P DPH was used as a cont
Transcri pt%%emltwlﬁdll’oacﬂm@sp 1ot BpESCs gt ap danget andrfiappudbniossin|

h dth
B ocn, | 1oy BBRA It Gldafu? G SHCE, bR b S8 holiRT
(D) Met hy In&gaton Ae[rPa;icymtgs (top righte | BpiS GandiffErghidatel inroheensonay rrtEiSﬁJgrf)wﬂE
Tet ! at o0 I R PR L GRfonfrb oS epaReGRliRe L P sprehifed m
IGQ di catped gm‘smmlumdmﬁpmﬁnwmﬁ%u IEJIP'édﬂfQ ot ﬂf/ﬂl\ﬂngﬂﬁﬁtdrYPDO@RS%lll s0.¢aM s.

nom c C |tate romfeeder-free ¢

ol SCb. RECHESBbHaED PEATA B hHREGSK S o s ok PR AP KsaMEG D Bortom rght)
i ndi cat ed,(Bf okiepiad f&m%f%a@af ébﬁ\/é'téd%eﬁ BRigls WL tr9ini ARG Sihbfe cbfis,

t he endogenous genom C | ocus encod |n8 St el a Level s I stone
¢

modi fi cat i266 plaigeran feedsr esllsindet thesmB8 eliﬁtr@tgwab@fondmpumthlsgnplwrn@d ths

o the contiealfiglmice? rtats ot BT 4 By W REHEP B AR, RELFFASTbINR 4

sim | & grdayd ¢f sehtimm&"herﬁﬁﬁise wﬁsub&ﬁ%tmdpl%mefm&ﬂ%ﬂeceé hhdexpanded

ot of ANPGRS 8 BeskSotrB i e e FlaRe Hirepie R (DN GhPHton oC T

in the thrsgRalindhy?dsMclvd ADRRGTT 1aBRMePAMESA7®.5L0M) induced EpiSCs to form
more compact and domed colonies that express ALP. (D) These colonies could be further
stably expanded in mESC growth medium supplemented with LIF and 0.5 pM A-83-01, 0.5

30 uMPDO0325901, 0.1 pM PD173074 and 3 pM CHIR99021 (mAMFG;i). (E) LSD inhibitor

parnate induced EpiSCs to form more compact and domed colonies that express ALP.
These colonies could be further stably expanded in mMFGi or (F) mAMFGi conditions.
Note the mESC-like domed colonies and positive ALP activities. Scale bar, 50 pm.




germ |l ayers, including characteristic neuronal cells (PIIl-tubulin
and MAP2a cardi onyocytes (cardiac troponi nﬂ}gﬂ .
positive), bWB giutm%éqoderm cells (Sox17 gr Al bum n positive). %E@ogfizﬂ
wer e st ai ned with DAPI. (D) BMP4 has differential effect on induction
of mes Oder[ﬁ04ﬁir Kigigurg Br &ipiBisrophyert odGNGhESEtlikeatdecly iréataht withrpdmate and

pamat o mBRPRER P ATKIEY BIE T by SBT3 HlriPrst peein chimerin

di f f er ent i fadrh @fted P& of BoMPHQIdAYRted Bk, CNEShIIa MRS (IRtd A caRBdid frohA
denmonstrated that Panmate/ mMAMFG cells share simlar differentiation

response d¥Pi¥as hrbepamalsanAMEGH F?W@WHW@WI’R)PWHS@& gdaltpicpafier
char actseri i 0.

Fi gure 10 # %r %%‘? ET%%I% s co nt r | JbgprQ%ﬁH ﬁﬁr%ﬁ%el%o%g%% color
ef fi ci ent |opiginay fifing B%mste/me Ehielsr (@ P@&gepotypn@f& thepieténce oLEFP s

contribute mat.e A i cell.s observed in gonad, brain
roar 1 anepieRd iR S TN Ry DA 85 8RR BIRSTS s e BE R eefee
adul t m ceor éanwﬂauﬁbﬁ&omhepﬁrﬁﬂé/QMMng stie that avaek 16HRd \m‘&IEGFBtanrGFPJ
five different tlgsues heant | un liver, brain, and spleen,

were anal WPPE§VH§E éfYPS?r?kb"erl"S Hspups Og@f"éﬁ’tbﬂ&{ wher@mmﬁﬁaégﬁl ation
in alljof | cthdes %%ﬁom inlFi '\EQ‘HHUA?"(E}':‘GFP/'SSERUT ddubRSHRRIve bel R iMeSonad were
confirmed that pamate/ ce

I's" could contribute to the three germ

| ayers (mdsdefed Féﬁa@a@pxﬁnan@i latne@ldeanRﬁowewnhnqm@rm]s TFhegasudts 11

Homogenous,

par nat of i EEr SR A0 R R BBl Sk Rert BURPT AR S e

condi ti onsl’arr(ak)’mlhﬂ?@(tebammmlaﬂfdﬁgﬁﬁmmmge WeretSTaBel ed wi t h GFP,
and were propagated on feeders. Immtnostaining results showed
honpgeneoyso£st priegst 8MviefectinRhandiclkationd of B8 6ymvEREKRArBatEXIAMEBEERs. (A)
Nanog Reg)gwy%nd S%F -1 (Red).. (B) Undifferentiated QOct4-positive

col oni} gpaerhemisiny showmedhgnapsreor pRresS OB Of PRrigetergyrpakemt P54 as
from si ngl( @r&ﬁ?nﬁﬁfogmé@ anzrhgggoﬂ(fe@a)q& PURER EX M?‘@eéhsf &) Lgasyc%élaﬁ of

passages after 'single cell seeding i'n ree
N2B27- cherfpesifi¢ 1M @farkﬁes @e@@ k81, decarst é?aet I 8ppa% Estom Fgf@)and Fbxol5),

hsence oft T ey Al EMAhke e SRl Sl SuAPLEIIAR o G in

seedi ng i mESCGxESCsf andeanmath/MRBIFT cblﬁwaabh@lyzﬂ:éfny Redi- qmndiatwe:)RT-Ptﬂie

gr om nt was . pdi.cated. [0048] .Fi 12.. Expression
of TR0 A AP SR P ook, P S hrane s B s Carppe

RL- mESC cglatrate/iBAMPGitellshbpeSiBat PAriaR/BRANBGNENE afeafubhirsors Bigwketd he
expression of STELLA,_  _and DAPI WO 2010/ 077955PCT/ US2009/ 068274 11
DEFI NI TI Oy Grghan Erthies toybielgpisrl rpeicaies wersuseg fag all geesrdlypaser s t o
cel I's withydth@add dn‘afy!’lsbPSngél gnd 58 pfo?ho%r@gﬁ B¥ulfiefenbRtt %g‘?{ﬂﬁﬁ}@ Ogen

differentiation, undér the appropriate conditions,”into c

that col | égd Pl@eqdwl@mmaﬁau@mﬁatmﬂn@hﬂetsd EoSeceaeetivel. (B (EiéPJf
o285 | IGIRR AhysMortfindichDd BE hBL IRLGARAPIR o/ IRATH NerBE QTS ™

and ecto uripoten em ce s can con 0 nmany or a
ti ssues ofGeaoanodDHAahverqaogﬁumpablpﬁatedlﬂumtfeaier-fmé culfwral Byrifi@s, d{l -mESCs,

art-accepted.,t est t.o.for er.at Ln 812 |
meek of o 5o B AUER s B ARbodetmimaihed iopRh By SEPch ey yine
cel | populagirin®f set BPMEEH theﬂﬁﬂ'b% nofifigdneMidlocisaht &ty S, TROIEBE hisiba
cell characteristics can also _be used to detect pluripotent cells.

Cel | 10 piadifsgtiensoyers seosesered AReGeNI2EPGIPRY- Telorerie @s pomplikodx p9ntrol
pluripotent cell that can formevery cell of the enbryo proper, e.qg.
enbyr 8Ai c [éA48n dFedurs9.aRanctiPBCshareaeridatonsd drgdoaveted Pamate/mAMFGi cells.

(A) Parnate/mAMFGi cells have similar growth rate as mESCs. R1-mESCs and

Parnate/mAMFGi cells were passaged every 3 days, and cell number was counted every 24

hr. (B) Parnate/mAMFGi cells can effectively differentiate iz vitro into cells in the three



or partially pluripotent cell that can formcells of all three germ

| ayers but bt&# od¥Bs not exhibit all the characteristi cspcolf s‘iﬁ’dm%zﬁtlfl y
pl uri pot en ‘fv ce ( , such as, for exanplee, germine transm ssion he
ability to generate a whole organism |In particular enbodinents, the
15pl uri potmyaycwfs alchﬂ[ﬂg cheractedsteasednilrehs @MDﬂﬂmﬂnmhél\zﬁ&B/zablpomtwe)

embod men S BGER T S OROTEC RS ert btem el E o "

assessed, ARbm@XFEERIe). Nmet %@tsﬂi‘&ﬁ:dfvﬂﬂﬂgth rm;)) Bmmﬂa's aﬂffewnaallseﬁe&sanon
and tet rapl Qi d enmbryo conpl enent ati on. nbodi nent s,

expr essi onngyetign gf inﬁ%ldé‘i% Pagieh e a@?yuw)mqpb@bieﬂ é@ﬁﬂﬁﬁél(ﬁéﬂ% and primitives sed
| sewh

[0050]  pi e pEehmdiR (G887 Bfbrd fioR T BRSCL RSO0 ol bR ERGARG: R1ETE)

characteri Bmo{g@ &lﬁp-\‘ilS@ edrfliontyatytd differentjatiiciungbis inpodleyer and ewemdeily defined

from ot her ce The.a IV S r 0g .Lhat. can

under go. ai FRaER Ao RuRR el Ep R B AGE L BB BT Hieh At smonsa e
types t hatRDﬁiHSéBI dndelydifferbnSén FpiSChaelolat biidradi&izas SaGiGItathithg ind
cell 1i nea%es fromall of the three 25 germ nal |ayers (endoderm
mesoder m XAWMERNEBOREPH) is a pluripotent stem cell characteristic.
Expressi on or non-expression of certain conbinations of nol ecul ar

mar kerd ar[804f]s Figirgr Dpliamwmﬁl\éﬂﬁ}wlls cartidbuied femhanr@smcmﬁﬁcenwb

human pl ur
all, o1l‘o t h%ps?rléf Eél}% Fom H?gy 'oﬁag&ngsﬁt%encgﬁ?&fmr%bq{% fiét i 8 Q{e@@l@){
SSEA- 4, TRAH4weR ob?di%ﬁedjln&mnad]' B hédH, ﬁEesnﬁh,l?ungSMkldEeyc qameFP gendtfifmg

301, Cxct4, Cel | ass ted w
o1 ur i pot orff ERSHeAaN Bk Ve Sty BBy POTGhE oA Rey lteeraton n v
char act er idifférest. tiss\d6) nAehbO1AR ORBE G LB 4D Gl dehd wid MBFRRILY geasme

identified, Libraries can include, but are not limted to,
conbi riat orl G- Fosiling defectiop gf P dateraten inal! fiye digenes of ¥ phitapicedn fous gissues

peptide |idpnahicsTonfidtahat Parnb@ERARIFCARLITs RAdYdHE bﬁf&ttbﬂﬁthée ferm layers
pol ynucl eotide that is not inits native state, e.
pol ynucl edticerdernrmpdodsar and nefedasm irdévasequence not found in nature,

or the 5polynucleotide is in a context other than that in which it is
nat ur al | y [0@4md,Figurgl]. H@meabmx@re@mmm@lﬁﬂidtmy sreeenaesnwited whi ch

it typically is i .0X n, nat dj acent I. CcO uous
with) nucl® Patiels Z‘BAS’Q% %ﬂfeﬁd‘?}u‘fiﬂ ff?edﬁilﬁF‘lc%lﬁ 0&'8}?8?5 %ﬂgh

pr oxi rmot y pa.ﬁﬁfe/IﬁAMHﬂl%elli Were IARWANGE @EP,iaf8 Were(#Bpdatted b fRdedsNt 0 a
vector, or. otherw se reconbined with one or nore addi tional nucleic

acid. 10[ GEIpOstERREsewisphaved homogencpt expecstion af GEP phdplpepateey-markers
conpr i si NGd4 NN Aibg BRec téﬁ@rssmgpgeéﬁ ) %gﬁﬁ%ﬁa@@%@%uivg REBHeL O

a sequence encoding a pro eln [ 0054] The’terns "pronoter

"expr essi clyvaloprdifaim sivgja eawete/radMEGE edistre cdiciently as Ebersinge @G%E&@ils of
nucleic a ha ct.atr ri.pti nof ei c
o oSSR M SERRS 80 LGRSkl BRRCEL el ey
s equerﬂées ané NQBD.lﬁeh&h'mamy ddfined odnditfont Basskdr] i mnﬁC)SBaﬁhte&ﬁAMBGﬂcblﬁ

case of a CP f?erg tlate% and llc>st bggl ex ;egsrlrc?r} Elrthe g)s;rrﬁ\:-g%f Eh? Pamate/mAMFGl cells were

expanded after single cells seeding in a feeder-free and N2B27-chemically defined

condition; the growth factor supplement was indicated.

[0048] Figure 12. Expression of STELLA was detected in converted pamate/mAMFGi

30  cells and R1-mESC cells, but not in EpiSCs. Immunostaining results showed the expression
of STELLA, and DAPL



pronoter also optionally includes distal enhancer or repressor

el ement s, i be | ocated as much as several thoust;trﬂ] jrs
fromthe S\}[Q'grzgﬂm(?fbg of transcription.;Pronoters include conésgﬁﬁ 8tg?ve
and i nducible promoters. A "constitutive" pronoter is a pronoter that
is active under nost environnent aI REEINGEMBIOpent al  condi tions. An

"i nduci bl er 20 ro er that, active er, ... o
envi ronrreﬁpgfy] nHH’ (?p')‘r%pr??%ﬂ% e BUFROCRE T EF%I@ 1 8‘?1}'?1““ﬂ’p‘g? apliey tp Ehedige
refers to 3pldiees ianeh unidtsa oRfeRAMER) uAded tfe DhiopAate LoRdiRERSBtRIL types
control seguence (such as a pronoter, or array oF transcription

factor bi nth*?tr?@”%qflﬁ’@é’)de@ﬁﬂﬁtfé‘tes@é@ﬁ@ﬂﬁwé pgsoplaigd wath§éb\ diaeress frometlef thet he
expressi o a n cid
R B S T N e
sequence" wnirduteliemanp bo@btwuﬂmﬂ agirenaged.i pobstpataisoradeld amigrak iAnstardardoame

or i1 1 OIS R atiP eSS iy P gk pEisedd st e be

Thus, a heised @l cagblish tﬁe(pnuﬁpaemiy ofaesl pbgulatonghds@dver 1ld6ntﬁ&a@é§pc5faﬁﬁb&n
cassette t i S not e@do genous, to the partjcular host cell, for

exanpl e by w%ﬂ ptemncet chaadigrstisptandsodediwtiedstert RivaRatend sgllse S8llon
vect orpor atggip o?éﬂ@%%oﬂﬁﬂiﬁ’xﬁﬁn@%oﬁ%o%lé&l&‘ kRl B@nfcen%a%a{ RERUS
prom)ter being Iinked to a reporter gene, "etc. 8 The terns
"agent " oreveryest of hegB\nd PreRst ot enbyignie mﬂﬁa@s@SGS, t ﬂnetmr@mpletely

or gani ¢ Conpaan PERBHERTOY SR rbee b POt B S SR Rk

(e.g., a pshibitad thy chareceensiidsed gdmplatchudivgpaern celts, {eh gs, foliNampRNgemline

doubl e- st r.anded,. sin randed,, an .o onucl epti de, ,anti sense !
smal | i nhiBPTBES ORI eﬁ?@b t°ﬁﬁwfé‘8ar"fh8hez‘3%@‘s%t - Barticylar em O‘EmemSRhlA
ol i gosigec hﬂl.iripéaﬁe,ncjﬂof a @illds ;ﬂdsaagdd! fYom bﬁﬁw@ﬁ@l&teﬁﬁy o5ty ;ﬂlﬂ%o%{%@eﬂ% a
screeni ng net hods have _a nol ecul ar_ wei ght of |less than 1

dal tons, foSTe @RaRpieat ceflosdn Sf%mersb@bme%@owm@éﬂ%y phwpotertacilons,

e.g., bet VR&EhoRAey 84 e a'é%séeﬁﬁﬂexaﬁg 2,430 ator o fon dakhalR traﬂ?ﬁis&@r?t
conpound can be in the form of rary of test corrpounds such as 'a
conbi nat orar@ tetigplopdgialyie sepiempriaiian. tih a@mp FoYodimsnts, expfepdion efilunipatayey
of diver S'&teﬂes OI?ﬁITI 6R H%@rs% ﬂ; %Eécf)a?eu}%relﬂe%? q:grtl Be edlf(ﬂis(g&s the
partner, €.g., ar@e t oun rescue conp rrerl zati on
corrpo@ﬁds,phs'imtﬁnbj'zfzngellcorrpounds addressabl e corrpounds and 10

ot her functional noieties. Conventionally, new chemcal entities with

useful prqpeEs] i ePludipbtegitsian aélbchalittarB@a! rdf 18 Ghatadiaiistics ORIt
(called a 'l ead conpound” % wi th sonme desirable property or activity,

e.g., abi I9¥eyish piHEDRENt ste sells fiomesthercally Hherabitntcgivemise to REogstthatas
are descr i fndgiclifferehiARhI Mef’ﬁi@'aﬁﬁ%?né?@ cdlARion€ a0 COMBREDEar and

eval uating the property and activit t hose vari ant conpounds.
Oten, hi ghlquﬁwdmgh@gnst@t@r@mmgst(ws)acmﬂ mothsel lipeapSs Eoml ablyod thefthiree

such a i

bol e oy RuaychRndchett il S, sl o Slefta i o Do Bitpy e
deoxyr i borhoheatitide Expressiorbomoal e pilessi@sofaadaip @bmhmaﬁoﬂsfmerr@dn‘culaﬂmarkers
ei t her singl e- d e- st ded f.orm __The term enconpasses nucl
aci ds contagq ﬁ?ﬂn‘a PPEWR Str‘?ﬁ’c"‘le ?Ia‘ge Higp-ofY e@f?“@ﬁ?f pem cell
resi dues @k fessr&w@g%om\efrmmpamns})ant behé ﬁlarldéﬁtﬂﬁr@me)foﬂ’cﬁﬁﬁg hbxnglmla
non- nat ur aI ésoccurrl n whi ch have sim | ar binding properties as

h
r ef er ence 5t SPEAS: 8SES. 94 R WHi0e AR Ar k&8 heliBefbrd 49650 ALY, 8oxda FrradhesingUTEy

to thgoreflebg@c Juglh e @mgp AR

without |imtat iR%n (ﬁlq O%or%g%lhl 0 télggﬁeso S(%slpr)ﬁi%ir am éﬁ? gkl ?rﬂ&lﬂs are
phosphonataés,plurippteatstﬂebﬁj/thapdmhmwat es, 2-0-nethyl ri bonucl eot i des,
pepti de-nucleic acids (PNAs). 25[0058] UnI ess otherw se indicated, a

parti cul anoosg! gihe téifi 'UbRLAUE 06 REGOINE AERIPASTHESPuRLOTARY &k ity 8énbdte a

collection of molecules, optionally organized and/or cataloged in such a way that individual




30deoxyi nosi ne residues (Bat zer et al., Nucleic Acid Res. 19:5081
(1991); . Biol. Chem 260:2605-2608 ( ; ‘
Rossol i ni ?’%16“’0%% CeI | . Probes 8;,91-98 (1994)). %‘}&““9’“68”‘
2010/ 077955PCT/ US2009/ 068274 14 [00591 “Inhibitors," "activators,"
and " nodul membea’ cafbedsigntifiedi bibraies ofn imclmi;iav ibluyaranet lirsigadl tbocorrireatortab
i nhibitory ul at.i S respectlvely,

i dentified h&%?r%tl?%“?#??%ra&?{&g?‘ﬁs@ E ‘? DSt essi on or
activity of a described target protein (or encodi ngﬁpol ynucl eot i de),

e.g., |igalfR] oforrembinaniypelypialectide isarelymeleptidioheslined imienative stafe,
m metics. d rs.

I nhibitors %ﬁgégglg%@[zcslé“ﬂ?ﬂ%&hgﬂses?ﬂﬁ&lﬁﬁ@?t deugipl)érye&soglfozlﬁagﬁrj n%da{‘?%é)
parti ald y polynueleatideys il a)otkltfsqt otinar then tat iorwlmlﬁt saswrillyifolnd, eg., separated

Gesensi 11 A48 bR ER SEREA i BT, BT R ron R BB edingr

protein, e:ogtlguoaﬁhag))md;do&de Aejubinas @ith which i0gPRAISy Ishat in pRoxgmityl Fgluce
or activate thE %pressmn of a qjngrlé)ed tar et protejn or b| nd to,
sti mul at e, B RE SSAUGRRE 7T 15PN b Stomed iR # V¢ ‘Ht%“)ﬂ@?i}‘{%?ﬁé@oﬁ@ﬂe@él‘tlﬁhon

or pr ot easeiohHol ddditioRel dukiclYaciGensi ti ze or up regul ate the activity
of described target protein (or encoding pol ynucl eotide), e.g.

agoni | a N
waon Sie> O ES6RsAE LSRR B o PR EA B XL e
ant i bodi eseguidotyrsequenkeoptenadty finkedtté apeqasneeichblinggmoiest. s or

antagoni sts). Such assays for inhibitors and activators include,

e.g., applposuy pme&mee-pﬂoiwmd hBteRbreSHODQIAREBsel feree! 4rd uRUMeRNSIo N6 er
the described tar rotein and then determ ning the functional

ef fects orfo fhaTedALisERcidbIgEe! sawwersThaickiedtapscrpionebenyciriviacibode.
Sanpl es or

Crented wiTh B R A Rk aG R Eld R SEL ML sl of
conparléd tt@nmmtmmlsu@aaspinetbe odse hﬁtupolvmerasmli|tipet1m¢mota1ctaT\Aéliﬁocl§memt A
nodul at or r.ol unt r eat ed
wth m)dul fﬂl{' t{gggllﬁ& ‘%a?dr?getiﬂ%{‘ltl &%Eraoét?? p\:/rléstsor de e o?’ c&‘ B

| nhi bi ti oriomed&lsaiﬁshlas bieldral thogeind pasetpairs fibs th@hmﬁﬁbﬂﬂfaﬁﬁri@ﬁ&n Promoters

activity val control is,abaout.80% ti, onal 50%
or 25, 1095 °8P3t B}l"e/%a r“x‘}’f‘;ﬂf’f%berf’%‘i‘]"‘tcﬁe A4 e&OB S P ?f liﬁlB"tO rithat
achi eved vbsdiivt Reder@idsVénvitonabiigl amaldaxtdl%ﬁndnm b&Rite2B! AAl"indacibbO Momoter
opti o%%l ly 150% optionally 200, 300% 400% 500% or 1000-3000% or
mor e H0ghd? @ PEOSTORE A IsAetivepndep gvjioamentaier dewslepraenia) regylatisn. Theterm
nat ur al | y-1ge&aM1y liRibd"eeTbe kS a ﬁnc%ﬁa@ﬁﬁfatgg BOwedn PhudididRg& Ek@éésfo‘ﬂ control
factors, or variants thereof that maintain transcription
activity, Ssqu¢eaﬁsuc(lwi8tamwmot@r Dem FOsEsBIPLipn fﬂptogbi%imgtsnt&q)ﬁw a second
conpar ed I | | curring,.fa
ool ypept i gleglgggl%%lrsl @%ﬁ&e @?é{ggs Bto o e uen%eg ec{n t13¥sctr1ﬁ OF of the"
nat ur al | ymclemracldmgrrémndimgtmnhbeﬁqondimﬂluem furt her corrprl se a
transcriptional activation 30domain. Exenplary Cct pol ypeptides
inclugs, Qquosst, Mte@olo@k‘s@dtfénce%}aﬁhet&%foggus rQéfemBamcﬁmés wed ﬁ’é?gn is one
Oct-11. e.g. Qct3/4 (referred to herein as ™ cont ai ns e PQU
donai n, aﬂl%Gnélﬁﬁtﬁ%)fra'@lacFOE@alﬁé'ﬁ’éé t%@lﬁ@éﬁvélérhm%b . P, if-fgom tb@tsame source,
Cct-2, andg Y
1507 1295 s( 18 Qﬁféﬁ??}l Sqwr ngfﬂéﬁgmgp‘f Kis @h&%fb@tﬁé i BN In Do is Bk
expression cassette that is not endogenous to the particular host cell, for example by being

linked to nucleotide sequences from an expression vector rather than chromosomal DNA,

30  being linked to a heterologous promoter, being linked to a reporter gene, etc.

[0056] The terms *“agent” or "test compound" refer to any compound useful in the

screening assays described herein. An agent can be, for example, an organic compound, a



WO 2010/ 077955PCT/ US2009/ 068274 15 vari ants have at | east 85% 90%
or 95% am ¥g Affdsegauence identity across their whol e RENEMRRes274
conpared to a naturally occurring Cctyspol ypeptide fam I'y nmenber such
as to those |isted above or such as listed in Genbank accession

nunber NP @igBptideegharpaptideoar 4y antibodp), 8 386l6it. atid((ergu HNAORMS., doBble-

pol ypept i : [ )...C& fr-om_hunan use,. f.at | ne
por ci ne, gsr?égéfﬁlégn%}ﬁ %n%rf%{gé’ a&é)?]ig?%%}ey’fﬁ% %E%E%R@*gg%?ag%m@twmwm
wi || be usRNAw tibodyhe, eipdainetigodacertiis abipid gUnmny,pkd flesd usddi @k présent
"KI f polypeptide" refers to any of the naturally-occurring nenbers of
the. 1 an | SEBPIRE PISUGER SRvecm Bl of B3 gt MR Seons Grist oPRS, et
cont ai 15 anhaP3Eo] 00BSANBNEER diths, 8., borwkBPS® 1500, 56R 1 $008@RNI02500-5000
enbryoni c pattern regulator ICriippel, or va_rlant’s of the

10nat ur al Ifi}ité%%ﬂheif corppayad sant brain thesform &f A librasmnefttest seinpoundsstidras a
activity sim: sl 9 9 9 g C ared
fo the ol codtpforlblighdbebed (38 i ot sl AR el R

pol ypept i desipoundsrarsopignalty lirkad to 4 fusiobiArtdrNelg Dgrgdangtommiundd) eescue
natural ly occurrjing fam ]l rrerrbergsg%g.can further conprise a
transcri ptiBREI S BMFEEISH CHBRRTTSS, B i 5V1 (0 1t e gomppunds, and
Yang, M. WothdedhctiBhdd moiedids. CdP2nddnali{ 2Q00hembosbomitRE With 2kl Jreyetied are
menbers i ncl ude, KI_(;QIH, K1f2, KIf3, Kf-4, Kif5, K1f6, KIf7, Klf8,
KIf9, Kin,BeRerpied by iqenfifiing aqestiogmpRidy(galled prlend creppawid by orperJesiridyle 2
and Kl f-4 Bryf PRt 0e PestliRet -] i |.S .
m ce, and ﬁrfglf aty eog ggﬁ%&e ?Cﬁﬁ%rﬁgh‘?{?@gﬁ%&%@g\%ﬁﬁ%ﬁdg E%jl%%%\?mg?%ag a4’
reduced efdepaibed bgreingaeatingagepisel theiead compimdyand eBploatingtho pogerty and
26: 101 - : dj Lants have east .85%
00% or oSN cdse vifsf O EAAC ORBR R AL Sl Pl fRRbaba
sequeride compaeddotsoclaamatalysial | y occurring Kl f pol ypeptide famly
menber such as to those |isted above or such as listed in Genbank

accession UI)B’V?)erTlﬁ/’béﬁns@Q&ﬁeié BEH'S @d¥bbKhuQEotidérdid 96edt ihRHNBELelbIl Abreindbf
pol ypepti gfs e.g., Kfl, Kf4, and KILf5) can_be from human, nouse,

er teexibonprlectidaeer rionneleadidegrlnodymers thepre! memithersyrale-@s

rat, bovi i

of prot ei owblelstrRRieH $6ith. Whi RrhRE-GRGEL i hi i
25mani pul atoed. S"II'.o tehe extent a P_(ff poﬁ‘g/%g%%llc%gild% go %J%l@gﬁ%vénﬂ%crleeﬁuﬁ?
it can be analpgneraaodifiedbaghbas residyes or likagesdwhish ept synthbiae, aatgfEdly obdurring,
pol ypept i ) bt LS L t .for. each Klf.polypeptide .
b gent gy okl SR L BilabhinfRE hrcSarisB it HE g el
in the pl acd, afd whikli i npodbpfiegl indendnaercdmAdd ty tlasferanbenuclfoidé2 ExAnples
"Myc pol ypeptide" refe any of .the. naturally-occurring nmenbers of
o Mo 30 Pl 3iglop S sgiud, YthoStiigR, Bhteshor R ER oMo AR e b L
Cel | Bi oL pho&§hbnids cHirQaRihyi pﬂfspM@fate@,@@_-ﬁl&jﬁ?l@ﬂfon{ldfl@dtid@@3 tflelhucleic
transcription factor activity simlar (within at |east 50% 80% or
90% act i viaf'&‘ilf (%ﬁar ed to the closest related naturally occurring
famly nmenber, or pol ypeptides conprising at |east the DNA-binding
domai @50f [0068] ndinlesalothgrwiscindicated, o pamtiduwjar nucleic acid sequence also encompasses

conservatively modified variants thereof (e.g., degenerate codon substitutions) and

complementary sequences, as well as the sequence explicitly indicated. Specifically,
degenerate codon substitutions may be achieved by generating sequences in which the third
position of one or more selected (or all) codons is substituted with mixed-base and/or

30  deoxyinosine residues (Batzer et al., Nucleic Acid Res. 19:5081 (1991); Ohtsuka et al., J.
Biol. Chem. 260:2605-2608 (1985); Rossolini et al., Mol. Cell. Probes 8:91-98 (1994)).



WO 2010/ 077955PCT/ US2009/ 068274 16 nmenber, and can further conprise a

transcri pty Lvation domain. Exenplary Myc polyp
I ncl ude, e"‘@%{"é"a}%% N-M/c and L-Mcy, I'n some enbodi men /l?&%@ﬂg{pﬁ%‘??‘ S

have at | east 85% 90% or 95% am no aC| d sequence identity across
t hei r whol IQO@E}quénidbitQIaﬁﬁwleetOtSd aand rfentodulatorsy of expressiongr Wa:cuvxty are used to

pol ypeptid ..rrenbr such as .to thgse.listed. .5 abov such as
sy 8" n ek DRt e BB e Ao e R i oy et vt
pol ypept i deso &l B.vivotasidys for @Rpresifonf dr @BHRLTHR de£BRBE@ tar g brotdd®tr Bfcoding
porcine, or_other cflnl mal s. nerally, the sane _species of protein

will be uSROWRFeptidepe- g Jigap a%ﬁm%@tgg%t%@nmﬁvaemamﬂan Peies. Alhe

" Sox pal ypemt "‘IH@dulé'.t@If”%c?u&eQ i ol arddABtVHRdA ﬂﬂﬂﬁftoﬂ%é‘ééehﬁ%ﬂe@ Shfibff
the SRY- 10 rel ated HMG box (Sox) transcription factor

char act er icxpr¢stign etiingicepatidey Q;‘ftotﬂllﬁeblhclgﬂmﬁandm qr;prcgeaw pﬂa(blmctwlty,
d in, tr t
ST RELE R B R T SAEER TR e —

to the cl dh@ddscmlﬁdam@et pilalbimg akl, yntogmisty, u-'ctglvﬁtam drglagmtmhﬂt e.@! induce or
pol ypepti des coppri SI Ieas{?Fé he DNA-h i.n dorral n of the

nat ur al | y 3G2WF e 5EPE W sy taa%?apaoa%n PLHIPE Stirgpigie; Gerease, open,

transcni ptacenad, rashtéadihante HogRiiBh Br protase Iﬁhlglte)r 42808y, sEdsitize ofhftegulate
Int. J Biochem Cell Biol. 32:1103- 1121 2000) . Exenpl ary Sox

pol ypept i dBasaqtivity gfidescribed tareeigwpteingpnensoding Ralynusiselide)se 252208,

Sox7, Sox ,
Sox1B, o e RIS el ool 1 skl et et nd SR e
a simlar sgfailichéreinglymelscidesx tibadids grettbe liBotha fuSgiohss sl agmismomave
al so been 0 L P |l s u th 20 | ess
ef fici encyai{)’%%s@ox%%ﬂ%e%; eﬁ% ngajét\%ras and pcth ‘?twapors %glt \é\% & 8B aSP %@;’ff

26: 10115- lﬂﬁiu(aZﬁQBmpowmss@lﬁls&m@mﬂmhé 6escﬂbd’dl t@;@btﬁx&t@ﬂﬂn&&hdn&ﬁ&tm&ﬁ?@
90% or 95% ce.identity across t uen
corr(;)ar ed (B ﬁm E‘éﬁﬁ"? gg‘?ﬁ? PARFA SR TEP I ERE ViKre 28 ‘iﬁﬁllgg}gﬁg

as to thosg atsa$d @fhRRPYRIQribed GRzc@Srotdis tHadark &ee@emﬁﬁﬁpaféﬁﬁaﬁ%bMtor
nunber CAA83435 (human Sox2). Sox pol ypeptides (e.g., Soxl

Sox3, 25Sdwbitoroer medulasyr axepopRAred tg ﬁpmﬁﬁnplﬁw&béut therinhibiser; %réwator or
porcine, Qhodidisito BB fre ERAE f%hje?!t BoRafBle lefiRd %th%&ﬁl%}s) are

wi Il be used V\nththesemeso el ng pul at ed
20101G#7 9@5@@&!1@821@095 @aswualwof 100%. Inhlbmon of a d%ﬂibcbd_tageq&ﬁ@m iPTI O\I

OF THE | cti,on The Ry es8,

in the smé gﬁ? Jél((:‘?r\l‘l’V b n%£c?g\!¥ Kape Iﬁh%é' 19 the st 0|l és E%Ola?’ aé)y 5% )

t he mai nt A% 6% oralr%i Aptﬁva&nmbf the deseelbiel tagat @rbtefrl 1u acmateanﬂmnm acﬁht;s
value relative to the control is 110%, optionally 150%, optionally 200, 300%, 400%, 500%,

or 1000-3000% or more higher.

25 [0060] An "Oct polypeptide" refers to any of the naturally-occurring members of Octamer
family of transcription factors, or variants thereof that maintain transcription factor activity,
similar (within at least 50%, 80%, or 90% activity) compared to the closest related naturally
occurring family member, or polypeptides comprising at least the DNA-binding domain of
the naturally occurring family member, and can further comprise a transcriptional activation

30  domain. Exemplary Oct polypeptides include, Oct-1, Oct-2, Oct-3/4, Oct-6, Oct-7, Oct-8,
Oct-9, and Oct-11. e.g. Oct3/4 (referred to herein as "Oct4") contains the POU domain, a
150 amino acid sequence conserved among Pit-1, Oct-1, Oct-2, and uric-86. See, Ryan,

AK. & Rosenfeld, M.G. Genes Dev. 11, 1207-1225 (1997). In some embodiments,



5 Conbination of an inhibitor of ALKS with a MAPK inhibitor (e.g., a
MVEK i nhi bi §.ar k inhibitor or a p38 inhibitor) or %2@@ ian. of
an ALK5 in ﬁ%zmo@o?w%th an FGF pat hway,d nhibitor (e.g., an o2
receptor inhibitor) allows for: mai nt enance of pl uri pot ency of
cel | s wi t hvamienys hawectt least15%5 90%e bt 9846 atbmt acal equbabe mlenhtpebmw theiel waole

5|gn|f|cantl different, fro e conventional h n oni c . stem
10cel I s or>H e&‘ﬁ%%odn%r‘?illrtlo g}ﬁ?l qucg‘ﬁﬁﬂggh P‘ﬂ%&e&lﬁ%ﬂaﬁ%ﬁ%ﬂcya@ #yg.
in US Pat eh$seMated aboeded su&h a%Q@tea@x@Geﬂﬁﬂk ze&es@ombeam@ 082662 §I(mdlé1r
to nESC characteristics; nproved efficiency and

stability SNl é%frﬁidr@%P%%Ocﬁﬁbro@tmﬁwpﬁndeﬁéqmo@@ﬁmfsannlm frara hanaiy
pl uripate nayg Y

i nhi bi '? or gﬁ %/usE ee, %éﬁéb%%%ﬁ%?er%lmdﬁg%d@én\é}ﬂ?st%l%ﬁbgfl%%mem Yyl be
i nhi bitor ltsedﬂukﬁlqapecm@afffceﬁsbmmmlpmip,tled;w ng mai nt enance of
pluripotency in part because the art to date has focused on

agoni zi ng, [0061] ant'ﬁg@ﬁly;)bptgie" tofiers T3y D s ianwaMly-6cchifrin@lheditRrs of the family
pl uri pot enc ia ag \{%) 2008/ 056173. . [ 0065] The i nvention

provi des i¥® 5{%35,3@ Hike fagtory (Kdfi-zincaingenprofeinsithag canfainaring amd ssapencey or

ot her TG:Psérﬁﬁér'tc\!%s@@ﬁth@@%sbﬂﬂla@nﬁﬂ?ﬁm@ﬁﬁteﬂf‘re tgﬂﬂng@l' by arigit 3 faeh

signal i ng pat hway 20i nhi bitor, optional conpri si | an cell
that i9 alnesurll- ?ﬂcumnﬁ@@mher&)thattmmamgrm@crmon fﬁctdmastl\bwénmlarrﬁﬂulueat to
pl uri pote L B PL.e5%8 it na t he

cul tures (rzlgér%t% /sbg‘?/rflc ﬂg&é@i&‘% e:ag‘%) c?rC?oaS§1 e%l[% 51# gccumnngEMIly
| nhi bi t or ymd¥alet oor I(dljrpé)atld@chmpnsmglaﬁemﬂﬁmmmmmdoﬂthe)ﬁa&umaﬁ be
as gener al lX kno n artd an an _incl ude, g , aﬁ)asal .medi a .
conponent s, WP%%&Hbm Er Jloan Lyrgner %T‘Uff%é]traiﬁ?é‘ tional petlyatiop dpmain-ai n
cells in pgearm@l@IBnc,yPeabﬂe@ws&fmgsww canq!amsyz qﬂomm @@bd})s HxBmPRAY
way's tg d ot herw se be .inpossib EE é
Bl e 1 Hot erE B HIERSrS GURERFYT % Gt K15, K de1Fh Rth KUPKIEHY
ther ef or e sder 1NRAr12] RigYY, KOF14SRIFEEKING, ARSRYF?, g@?ﬁﬂx@w%%@&%& RPbe and

other uses whére it is necessary or convenienf to maintain
pl uri pot erfesfors gapaglecd gergrating IR cglésrin odce and istatrdegenen KIf] pideKigRHid as well,

| |
8:’2‘25?863 it 18 ool LBRRY.. sol IR R 2 ST e A O By 28301 °1 o
.Cul t ur d96 [(LWEY. | InGeink embﬂmees wrxanqsmaw aléahst 3586, S0 brigleds amlm%Ldéﬁi ]
h bi t. TGf 3/ act th hi,bi t t ; w t
;”Nia\pl% (o stien ] b3 RS R SRt ppsien 10 & Gl g ReaoPivs K sy

i nhi bitor pbﬁ(pgpudea'ﬂ‘nﬁﬁleﬁﬁéle@bh)&s fothéseilite hb@RGr sudhQs 1iBEH GLGEHbank
maintain 5 pluri otenc f a mammalian cel | In sone enbodi nents, the

cel I's cul freye IS QP?‘&F%‘H%\%C%%%%%W@ |16]§P01ypeptldes
descri bed (.8, kive, Eff@%ﬂ?ﬁfﬁ) caArb SN Gubih, Mise | hiTbigak, b cﬂe%rrﬂtﬁw

doned colonfés in cultures, expressi on of ESC marker$
Sox2, and anm?ésg)Gem@MNn@e paRg $ppcicoafiretein \dlélrtstuagd wtth the sp¢c1etshaé c@lstbstmg

pro ot o8, WBRS. nlg]bs gex Bxtintd Ve ?b‘lgpéﬂ)lldg ig de, biég h rem it %Scée repfglceda w1tl¥an

Epi bl ast s t are inpo ANt AtT on
estrogen—related receptor beta (Essrb) polypeptide. Thus, it is 1ntended that for each KIf

polypeptide embodiment described herein, a corresponding embodiment using Essrb in the

place of a KIf4 polypeptide is equally described.

[0062] A "Myc polypeptide" refers any of the naturally-occurring members of the Myc

30 family (see, e.g., Adhikary, S. & Eilers, M. Nat. Rev. Mol. Cell Biol. 6:635-645 (2005)), or
variants thereof that maintain transcription factor activity similar (within at least 50%, 80%,
or 90% activity) compared to the closest related naturally occurring family member , or

polypeptides comprising at least the DNA-binding domain of the naturally occurring family



10Epi bl asts and Epi SCs), the ability to differentiate in vitro into
endoder m aderm and nmesodermas well as in viy i cy
char acteri‘g?%é@%gtggﬁ as the ability tg formteratona (e&&%ﬁﬁdﬁ}ag%?%
m ce) and for non-human cells, the ability to formchimeric progeny
when i nj eanhedbérndmd dah sthecyahsisandrahsopipdonat detivation doniin.ePidnyiarstMeyeUs .
Mor eover, in so enmbodi nent t cells in the cultures retain such
characteri %C{IYH?BE%S r‘w{ &b ‘é“i@'é'P Fﬁﬁ[ﬁ% é%@%@?yci E‘B Sgpne e’?fpo‘ﬁ@ﬁ@% vgriags haye

4, 5, 7, 18)ead®B59%300%) br 9% Gy cfl debudndeiRAiE aclokd MER uﬂ‘n@l&@iec%d QEES -
[0068] The cell cultures can gptionally also include one or both of a

GSk3p i nhi ¥mpgredde a nptprally sgcussipg Mya @alypeptids dansibampinbey, suches sy theseristed
of LIF j g | j - - L Egg o]

pl uri posf err:ail)log%i l's 3e. g.%lgﬁbﬁﬁﬁgﬁﬁgﬁh%g%g%@§ Ie%n W]ﬁ? fg/ch

suf fi ci entpadypspindes §4.2.| ¢-Mychparblee frore huien] niaust, e, bavine, pasine corahepw f or
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Methylpyridin-2-yl)-1H-pyrazol-4-yl)-1,5-naphthyridine] can be used as an ALKS inhibitor,
30  as described herein, for example at a concentirations of about 1.5uM. Thus in some
embodiments, cultures of the invention include 0.05-20 pM, e.g., 0.1-10 uM of TGF-B RI

Kinase Inhibitor II. In some embodiments, the cultures of the invention include 10 nM-
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reference). Without intending to limit the scope of the invention , it is believed that ALK S

25  inhibitors affect the mesenchymal to epithelial conversion/transition (MET) process.

TGFp/activin pathway is a driver for epithelial to mesenchymal transition (EMT).
Therefore, inhibiting the TGFB/activin pathway can facilitate MET (i.e. reprogramming)

Process.

[0071] Inview of the data herein showing the effect of inhibiting ALKS, it is believed that
30 inhibition of the TGFp/activin pathway will have similar effects. Thus, any inhibitor (e.g.,
upstream or downstream) of the TGFp/activin pathway can be used in combination with, or

instead of, ALK inhibitors as described in each paragraph herein. Exemplary
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( GSK3bet a qf"ﬁﬂg@ﬁ? £6:38¢4-p§74 @D%andlzhjmb ebFip ddcofshn didogy ¢/GBKEHET Z:3819-

| nhi bitor yi @? AO 14418 .

N (4- Met hoxy )-N-(5-nitro-1, 3-thiazol -2- 20yl )urea (GSK-3beta

| nhi bi

3?( Il ?éo lﬁﬂgL B?IBW’ﬁ ofll]@wap &pc&}rdg agtqudbcigrt?,d:}omugmg,gqgatlve variants of and
4- pyr azi naaus\éhsenmaml aR1d8 it EHir QN RIKIESKpRRE atnplel BE MK fhibitors WiRbudkObut

are not limited to, PD0325901, (see, e.g., Rinehart, et al., Journal of Clinical Oncology 22:



[0082] Where inhibitors of a particular gene product are described

herein, ityghoufrdde understood that the inhibitor Ca”dﬁ?{/ﬁﬁﬁdﬂgﬁ%

with an si RNA targeting the gene encogy ng the gene produc

exanpl e, the present invention provides for use of an si RNA that
i nhi bits 3®*36x4968£2104), B$9&Q§R5aﬂladalydb,ax$ mm&}ell,ﬁﬁgﬁﬁlmyﬁecbmlogy) U0126

Simlarl 38

ria(r:nep?(r)ryl gb ?)?Jsr%ﬁ“gg%g ?ehgfﬁngh?%;esc%@ﬁgbgl ﬁ?%ﬁ@ %&fﬁ foweK
RNA, E kSI mRMA rigiJRARR btaa mArRNWBiapthnEK e, e

?010/ 077r9 FCT/ U§2$9/ OGEN%? (g? blepéagt t}\éel Furt her, gﬁ:ﬁ?ﬁﬂﬁﬁgﬁ or%//\o

ant body  (Bleg o AT d of COREIV B4 (IO e 2150 MESERE S g

i nhi bi tr pﬁeﬁu%@:oﬁmrmgé&g@ RBFE &méﬁgmﬁyemﬁc@@l@ﬁ@ g gyl In

sonme enbodi nents, cells are Tnitia cultured wth an epigenetrtc
modi fier foRitBEesy ga leﬁ%t%@ﬁﬂb%@%‘é)@&%klﬁwgonatﬁé hﬂtﬁmlﬁ)r Efertmsb) sorafenib

|nclud|ng e

i nhi bi tor, S Vol %')P,B‘b’?g?’éjgﬁéﬁ’ GREoR g”‘@ &Z‘g%"“ bftg'Ors?SS g, Axitinib
recept or i(uée Bosonprandd EBK 28 B(seqy W dss hugirs), Leukem a i nhibiting Factor
(LIF), etc.). Exenplary epigenetic nodul ators include an inhibitor of

hi st one H3[|ﬂﬂ76]en@lﬁrk‘éﬁ'tl@tde@&amﬁmn&%hbfé%&fnd&fgoilﬂé %ﬂm@ﬁttﬂz‘{lleﬂﬁlhé’cfbns CI-
Exenpl ary eogg enetic nodifiers include, ., hrstone denet hyl ase

i nhi bi for s1%0&as been ewpnate pfhese bang I éhlgcal tfpﬁé% feneancerdpeavn®, Rirshitteo k.
10[ 0084] The, t
i [St one] dejgge’{ai ng(glémgﬂé' ?}BBB Qf@%@/‘tjl@?%#i? '&UOQ}Q Sfher MEI@ lmhl%ﬁo? be?n&bl

r to a co
of i nt er acavilygtedin ¢lindcahirisdsdndudielio £84352 éxee, angl, Englislyiet &ln g“rmak in

et ity ekl seRpatpa TorlsTo 0B, BRY B B a8 (ot et

renove an Geenstty @‘omnimﬂmsan mzmtcane*yzoinanﬁm@enemxgdm R PS32590¢ thlso

rore. et diairyous GaSEROEY aRaGeIRb b kimaia S8R s ABRY-128ks o

| east aboummms@ ROF1R6T66PKES €8 hiRTAZDROTY (ﬁg@kmxhv@&)o fa@eed@gc Ritn 86N
activity |s reduced bﬁ at least 95% and rmrewp | east

f
99% [ 0085 orsHvaNatigpsl dustinites ofFealtbiqoated on shet ég v\ﬁég M&é apglinjealtcialagpy,
MS- 27- 275,25 SRANAs inkbintdies bk e NatigRb gl gwstétgf%qgéalté’ﬁtdnr}he Bl %z\ﬁide a0, at

trapoxin. These inhibitors can be divi Into several asse
based on toaeger.gevelindealirials, i ncl udi ng short-chain fatty acids
(butyrates and Val proic acid), hydroxam c acids (Trichostatin A and

SAHA) 20cy qDeTI] t qﬁs@ecpkﬂodems(am QG JH andAPED) idEibitdNRarifckdS) |
and epoxi de: injn ents (trapoxin), Mst of them.inhibit HDACs
in a reverdf %‘f 3%#?8]9 aé'gE%gﬁ{l ?Y%&&‘ﬁan@nm%ﬁmﬁag%gél@és Rat rgsieide

group CapEB@leﬁﬁ@Exdxﬁﬂl&Vcﬂ‘ﬁﬁhmda‘s Akt 8hi NIndIPAGRA tJ 9B20R¥E6 (S tzP' e

i nhi bi tors_general ave a 25long aliphatic tail contalning
R

nucl eophi IHleorerigny rmgshylsyl{ingdpheayd])-Svili nyndy iFeinaidazoley SBZQ2H@0 et ve
zi nc_cent gyl ARatyeh- wwdggxgg)g&w%rg LoyHRggA -lﬂﬁa%g %‘13{%002915‘ Y 4eHPAC

inhibitors aré errergin on 0O 'St
st ructir esbuT}'Il;ﬁstlethl ¥ twazoé)oi/) Wyehtspaidnydacthytlienpdared; RIPRAI00% 657 .0X-

i of phospiior i ioaed SREAC PR KR IRV fnn bbmronu gL Resarch
MVB- 27- 275 Idingt)t RCP&&Se(SmgSﬂatMaﬁld:aﬂ QoY dguit@d t&n@jﬂrﬁﬁ @?gr)y st@ifﬁs-tazﬁh ew
ITOors a ave

cl ass of ??{;ﬁ?g HDA r}l i to . Prom sing HDAC in
entered cl 3 P‘Pé 16, NPT W dPoieqnr doslar-¢ MiS3/MKK6 inhibitors (Signal
2010/ 0779 FeBéal U5 209):3B8ALEK modulators (Signal Research Division); SB-210313 analogs;

30 SB-238039; HEP-689 (SB 235699); SB-239063; SB-239065; SB-242235 (SmithKline
Beecham Pharmaceuticals); VX-702 and VX-745 (Vertex Pharmaceuticals Inc.); AMG-548
(Amgen Inc.); Astex p38 kinase inhibitors (Astex Technology Ltd.); RPR-200765 analogs
(Aventis SA); Bayer p38 kinase inhibitors (Bayer Corp.); BIRB-796 (Boehringer Ingelheim



26 derivative LA@24, butyric acid derivative Titan, valproic acid,

M5- 27- 2751“% depsi pepti de FI C228. [0086] Histo I‘% se
inhibitors i ng lﬂocjzﬁlgnhi bitors to |ysigpe-specific denet %Q@%ﬁfw {%El;

al so known as |ysine- sg&gi fic histone denethyl ase, BHC110 and
Kl AA0601) . Plsrmageati¢eds inopielellrah RS Mo kineset inlihitddd CeMEIPORGH PEIBBR- i S

directed t s f ni 1 OF j-N Kk i hi,st.o t hy| ase,..
et vy, R RLRE el RAGS RO AR g SEO T 5 S Bkt B ine
gl st one- ?qﬁlb)z aEQdEgﬁﬁmutic&_ts;i\mPﬂﬁﬁtal@@g]hfwtbrst(LE@tFﬁﬁﬁn@NS)! Iel\éﬂillfbdd? k2l

i sease (e g.,..a rproliferative di sease such as cancer
odul at i nGMERfES SRR M e kaeomresk By 040 8¢ ALSKEHS (Monsanto
denet hyj as@o.%;|aEleﬂ()isﬁWA@fanEaIQSniE@WNMJ?(gEfﬂ9WﬂﬁP kfndid iﬂﬁ'h{?ats Iﬂﬁg Olt he

ability to affect gene regul ation by ibiting or no

i nhi bi t or sPherme AE) A O3 Ricowarmstitutgrfof Medinal RdsercipeRPR Q0P tESanRhahe-

|Bini ernati o}ﬁdélile“ﬁg"geg?“% gﬁ‘? 58%%%]8 IQ?)’S‘?%%%ﬁ%g%§?§&§9%§6%$127734
e e T
Dot uri pot e Bk e AT 000 Freklan ey aosstel G oIS s LSS

i ncl ud® a 278(48):37hia-321bo roesTestikseh, 6AdT., 90MMEI FPREMRIBIYL) UhE EPRA
cri bed abovem al )ggi t with the ceIO?(siD Suchh%}édi a fpsaeﬁt?%gtfafjl

t t .
oo o Braneszs 2R0OY N LEM CaPeY kremaoaar. s o piatasioal Chuniore
nerein, o abh sy (ouks usencae he BB AG GO eTbryonic sten

cells (e.g., human enbryonic 'stemc primate enbryonic

oo 20 Y [ HA e S ol BRI SR ER R
,(A! }:) gr n;;tt i }mk@zpletahé rs:ﬁﬁtiﬁmdipycdzuléeohquugﬁcig(w%i?wp&lﬁﬂﬂsﬁsm6),_6slub§ituted

| . n. ne e oal | ) re (0] umans rnmat es
Lt i gpmppE (TSPORRtAEa: aarTing e e Usht e J s At
f rom non- pisEsop3E3eME USBkS 5648} afyg GRAL hod BSer¥adNimiobha (%sxmvg); cel |

di vi sion Qr alternativelo\/ the cells can have been naintalned for 1,

252, 3, 4 hetsrocycliongeasiBOROE8H WD)cether wagaqosipoRRIsdV PL99EF663,

previ ous| y¥wa3odgrsss . G tain

i PSCs that were cr eg’t\gg) _lg?ée@lﬁgzlsar@%\Eoef.dgygfs(égb%kie%%Shggtﬁn%%cf@d%%&mr e

previ ous| Fpmpoxysls pehaibistitutstl idrelesonipbumis|(B865 @8 badai BaE5969K0)pr ovi ded

herein is that in addition and separate to their use in

repr ogoami0ony] tihidyitat bolrkaas ifchidevhtitiodiod 1@ deeShahesboptivd Japahie BE¥d Or

what appears to bel an | otl@];ti ni tgtkperi od. of tipme. 30[0089] The present

i nvent i on “PrEHFRS efco%m% et et SRacitle xAmplenpidErisiphihfarninshge gyt are

mor e i nhi bivt hit@BtoPEBRBO5PEEL, RET,UNN; o1l BREBE AR TERYS gzdoﬁg, Gormund
|

is in the mxture at a concentration sufficCient to induce or Inprove
ef fi ci encyfhBfsupraditi80R04 Gep lewr.iGhorie Reye Newwy Peryaective 21(5):245-250 (2008)),
2010/ 07795565t ¥2009/ 0827 ?6@ ind i en the .
conpounds are i nldég’ C hlglg’rﬁ%ragi I?I%%(ﬁfg atsqll%dggq&%%he%%%g F %E{e%‘%?’ ﬁofaagesp(lb
1, 102510@see MMaGup00mdeanibl§RONA, sivta)epagopaniietsee My, Supta), ANt see,

100000 n e. d.., het n nd 1Q0 nM. .e.q.,.between 1 M and.
10000 nMMNE)%t‘%%%%a’@.%d%e&'\ﬂég P4 O i e et iop dhat b
exanpl e, Ard8Reflorchat abe inkidi aisBeohd Jargane SRUI &hbi Rmple, ADRMIe fhbbditidiist ©
about 0.5 Rlc\Jé{ e.gw 0.25 AMto about 0.5 RM In sone enbodi nents, t he
concent r atiedHX BB 01 is 0.25 RM In sone enbodinents, the
concentration of A-83-01 is 0.5 RM CH R99021 can be used in a
concentration of about 3 RM PD325901 can be used in a concentration
of about 0.5 RM PD 173074 can be used in a concentration of about
0.1 RM In sone enbodi ments, the mxtures are in a synthetic 10vessel
(e.g., a test tube, Petri dish, etc.). Thus, in sone enbodi nents, the
cells are isol ated



cells (not part of an animal). In sone enbodinents, the cells are

i solated f odoAdksmal  (human or non-hunan), placed |nto a vessel
contacted with one or nore conpound ag; described herei nt ngo@éplﬁ?’s”
can be subsequently cultured and optionally, inserted back into the
sanme or a different aninmal, optionally after the cells have been
stinmulated to becone a 15particu|ar}q§(3 tX}; or |ineage. 100901 In
sone enbodi nents, the cells conprise dn €xp jon c@ysette for

het er ol ogous expression of at |east one o of a Cct

pol ypepti de, a Myc pol ypept

CFq

pol ypeptide. In sone enbodi s X0 noﬁﬂlnclno
expressi on cassette \té expr ¢ss a of tlhe oct, My¢d Sox |p
pol ypeptides. Cells i

ﬁﬂ expressi on cassefles are
s asescribed herein.” Il11.Cells

10091] Cells can be pluritgotent pri oinitial contact with the
inhibitors of the invention 25or th | s can be contacted with one
or nore of the inhibitors of the invention and then induced to
pluripotency (e.g., by introduction of the appropriate transcription
factors anid/vdrclhy contact with the appropriate small nolecules to

i nduce pluripotency). [0092] Any animal cells can be used in the

met hods of Rt seeledtsiefib ORdrogéy €, (4107, ©XAMRhS, CL NaSReR, AP, IR éaqgt he

Exenpl ary manmal i an cél | s incl ude,

|1
g?e f\o? T mff%@?"lgﬁﬁ}ﬁﬂrPOdélﬂ(V]sanérCSﬂ@ﬁtemﬁﬁlﬁalkﬂrqlmltha\ihgmrr@yladkyl oot
limted t ke oﬂmbl§ Spt(cﬁagy sub§l§'qu (BS/ ofit tbeﬁlre@rﬁcﬁéals 1Bhé¥yené)e%ﬁg Qeﬁecé ik f‘r

cani ne, feline, ggrlmae .g., fhesus non

WO 2010/ o#@s@m@wu 69bylged 2NR:R8whooeshy Iibdl,rhema;eeﬂt cy&k:lalkyl ased
accordi ng H:eﬁartg Ogﬁ&mq% Igéﬁ}tfotﬁglc)zz &%gt%%g%y %g&g E)b EB F?d?cia& 03F1§ﬁt€d grgm ]?10

natural | y-occurring ste can
Exenpl ary hydtaxyadslage, éih@m,lkyls Ggsabitoam Cedalkenylniedlorehhstifated-alkyd HAlY Qibkietuted-

tem cell cells are well
Enown SeSalk % (ﬁg\]ﬂ%ﬁ gf@%@f)?@f%@i&?%&&,ﬁ%g%g@)&opm -
ghsnblaleﬁ MZC(B)BH&JamRMIE?QS- ms(o?lhﬁgg%%%&B?ZG 1%%8 rTbl tt
anbl o c ca e lambl o
et al., @R@WR@@&%&B@% Qp2s, REIB GO R2, cKNBR C(O)NARRBi- BNBE(O)Rs, -
i ORISR e Bl A
\1/@2 I2339 %g%arewl@emﬂl@pﬂy pedect®] fgztmhydrggenucssallsétand Gbuc}& @B@l,éfi@m is
eeler e . . t _a
Bi ol . Repﬁco3 frefe ?gg%% g@&hhl:lynsu?gt#g gﬁ@%ﬁl tron]::‘s' n ‘ébalf ﬁeée%egdgt}:ﬁnﬁgf kYL e
de[) i vdg f [Wﬁamm&,()ﬂﬁ@zxomm K]:éIRz{ wf)érblat)mlaﬁhﬁ%%)aﬁ Hﬁﬂflb@{ e
subsequen resen at. | eas i nhi bi tor
and aﬂ Er kb%{)\FeC M&{% ﬁﬁ‘i”%&i %e Wa@‘beﬁ QSP,%P& aewaflﬁesoinf?éer"tqgﬁéﬂm“t"%% indigdual

descri ed liwneryandmiRfd ofAsdtdrd theredf: @M ﬂhﬂx‘ﬁ@ac@&i’&aﬂ%é‘d&eﬁtﬁtﬂ@&élﬁ% or
cell.s. 15Pl uri pot ency can duced, for

i nduci ng pluripote
exanpl e, QIVFtﬁg%cﬁj EE‘%F@& ob sughy CoRPERRAsIOr 6ﬁ0tfl9lé"t1@r®5@bed in WO 06/135824.

[0080] Inhibitors of the FGF signaling pathway include, but are not limited to FGF
20 receptor inhibitors. FGF receptor (FGFR) inhibitors can include antibodies to, dominant

negative variants of and antisense nucleic acids that target FGFR. Specific examples of

useful, for exanple, scr%%
[

FGEFR inhibitors include, but are not limited to, SU6668 (see, e.g., Klenke, BMC Cancer
7:49 (2007)), SU5402 (3-[3-(2-Carboxyethyl)-4-methylpyrrol-2-methylideny}]-2-
indolinone) and PD173074 (see, e.g., Bansal, et al., J. Neuro. Res. 74(4):486 — 493 (2003)).



ot herwi se induce or mmc expression of certain transcription
factors. |wwosp{f %¥bodi nents, one or nore of the foll O"lidrjrlguszoowo 8274
transcription factors are expressed epdogenously or reconbinantly
(e.g., by introduction of heterol ogous expression cassettes

expr essi ngl088H ohibitpes of GHSan prdluste antibadiesdy, domimamp hegative woihanilodgide s
for induct] : ' Lpgl b imted.t

|t roduct | a1l BRLEREVGRES i buRlel oL GKplMAP shcuce, but
expr essi onarehodimitedlas; CIOIRD902 1, QHIRA 014502 A0C4MNIBA(secpn g, KDTHM, &8 EThe

i) S B bt LB G
not |i g t eglgt Wagien, aURRlnr PRMHmdcbichi D&%@ﬂéﬁh 1@8LiRyY ézob@jjkcﬁ;z@ozs (933,69‘;5

hi stone nethyl transferase such as Bl X01294. See, e.g.,” Kubicek, et
al, ML CeWegman.s@yal, 25319763068, ¥hatip elwli, plotuen impurdlegyot: TTRE4

i nvention ] |,Z ey.el alpatidd 18 han. I\{ han 1

t he gene e@%dr%@g ?f%%:%wn@?ﬁ%ea%\gbﬁ%b%h%%?’hP\]/vlﬁ fS‘ rltgg'as%%) P%%végtggﬁ’ titfhurh Usee,
char act er i &£.i osuldeg of. | Menmheredicy! Rebearqi 48 #POB E2003))etB 415486t (he, e.g.,

i nvention | i ng.ai,n _pluri pot v I e.g.,.1, 2,
o a5, s o By Rl TR CRE R oo ens B dSes S i
i nhi bi X0or yM3RcilacBain Rdstdrih,anw(160)ne3.m01 phogpniFartii @kahlatyRMR 3 Phibitors
alternatively, upder_inhibition of the TGFI 3 and activin signaling
pat hway, i%’fﬁffﬁhl‘i f}@ﬁ bioghemypasice. g, Haken. gtaln AV AHRR/0949 %7, bereingpearparated

| nhi DT ET 0rbyGeekdie)(Eouaa bt mor it AR £22.5%) 4956 ARG e
ani mal cell's (3'(\3}.&%., human and rat cells) contacted wth an AL
i nhi bi t or (G%¥NBRbitemXY; BI6--Aetpuime\@Z A6 -Brongsatabinb 2060¢i084F8K329

doscr | bed AP KRRt p DU e B Tyl B A D B3R5 o
pat hwalyp ( eXIdl); PyFide¢8bazolpraiclopgyadienylrethgnime tomplewi GRKB hkhititor Xof); DDZD-8

barti ol cdaaea S ma gl R SRR ICRR s RER; PR S ™ ©
convent i oriadobendyBSCE, pyeidy N[ & 1]-Siadliz6le (GSK el BRIty dIEn2 uostygedl-

pl uri pote cel.l cgl fured, unaﬁr conventional conditions
di f f er ent i AP HiAGRNERE A hioge (F P13 bete Thibiter KB; alpha-ADibyomgasstophengne

Saha, et aGSKBb&RMishitod w%flARélA@344118313-(&%@&1%)@1:&&@1)@&(9%%-Lﬁ99£ﬁtyfﬁ'-
t hat conventional hESCs, Epi SCs and human induced pluripotent cells
cul turdd uhiese (E8Kvahsta IghiditocBHB; Hlo@sliyecb@e@romapiblﬂqu[aﬁ-Widin-mﬂr

11 orent | APA BTy e Toks AU beX 1Rt S J95RR Ry e

i nhi bi t or soPrors(GSK3akta Iniibitar X4 5803 HKIEAREAPEIEHP-NHR oeits Myristoylated

Dfferentiati 9:.307 04~ Pee L et al.., ENVB 26,

4744- 4755,‘8%@(38;123?"5%21@%8“%&8’ %5%1 & -Phgraiby 9'%@5"2%0‘%3'?‘%?“

addi tion, (GB&E3baw athitdos VRRWR-ACUAL 181882 115H63;Gell B4 DF286hReéidweBF GER3b
n.or rat tured escribed in the exanpl es

(e.g.,..hu ..cells cul .as . )

mai nt &n Pl F‘?tﬁfafté’ﬁgym%ﬁ%!t%ﬁs ,Lfl’a‘éFobf}’?BﬂC?efBgﬂ- 1P i Bereynd ¢ al-nk Mol 8&énce
of an i nhisgg 29r3ggf40t72§)d§g: signaling pathway (e.g., PD173074). In
contrast, hESCs, Epi SCs and human induced pluripotent cells cultured

under con kO .10 I rentia en _cont act ed .wi,t h,.PD
5074 neToE] y Wh%%@%d{)obn%% sl B B0l e ORGSR Litolhafig
173074. Thmdersibbdthartht smhitfitor ban iprreplecdd withvardiRWA thi@etihg the périclehesdlirdSthe
descri bed herein

are in state nore simlar. to. nESCs than
convent i oSS §rofftt ?ree&a‘ﬂ%(%? PEESFEELeBYRT IO HEFF fPﬁEﬁ?c%Zf&“ ﬁ‘mf} et ighibits
cel | s 30Si mkpragsidnMEICSin Plite of 84 W KB inkibRorP SaRfaty, MIE HhierdIaMe nmore
conpact and doned col ony nor phol ogy, while conventional [y-cuftured

hESCs, Epiiskitass a3 6 inkititorss HGE aecepion fihfitoesrand 81K 3P inbibgorsican besplarsd

i ity Lo B ERR Bl YRR, p i PR rrRsr BN B S BB o



hESCs, Epi SCs and hunman i nduced pluripotent cells are incapable of
i ncor por at he inner cell mass (ICM) and contri j .
Wl | - RSy,

chimerism It wll be appreciated thai; ot her ani nal cel
rat and human can be generated with simlar characteristics using the
met hods demspdchesdy.nBurdien. anEizd&lxmrgxamﬂﬁ»dgl (d.g pORkmanicdRl cliigletis ahtitdidan

e.g., dogs 0 heep, goats, nonkeys and

chi npanzee eusféé‘@@] n&i‘tgh‘? \Aglé\égg E%P%EFWGFCCPWTW§QW sh the
cells of the present invention fromconventionally-cultured hESCs,
Epi SCs and[088¥tanlni sethgeaogimentspesilsate ioglally culfioed eitdaap lepigeritic adhdifier

Dppa3, Gbx nd f XPpr.ess hi.gher | eve u

cell's of tﬁollo@%@)% Eﬁ%?%@ﬁ?@%@?gg@ﬁh@g Iﬁ'tg blﬁoﬁfgﬁﬁrgﬁﬂﬁas
conpar ed tleréihés.g., edpARES indibitog\WIEK ihKibiEaaRR ik, ¥3CishiviteRIFGESCs,
epi SCs and human i.nduced &l uri potent cells. In cont rast, many | i neage

speci fi c gEReRtor tghilyitors prel GSK 3@ynbsbitorss L eykemiziphibdingdisstor (LIEs elc,).

express at ells,
ae conpar o TR F EpigRAE 4 SRR RAE DL AP R Gk o
i nventi on. acGyatoeeftH YhnEthy latibn. U:ethiarpepi gt REE nandi fESGnelatid, 2.g., histone

o AR A L R b
75, 299-307 00 Peer et al EMBO J26, 4744-4755, 2007; Tesar

et al .1V m@ﬁ?‘é jzzﬂt?t Tistrpe degngpjase rbafter.” ['inhibitex ofdistene deaistdase bensa 3
and Kif 4 ar}ﬂDN@@ﬁ}HﬂJltd}ﬁféf&rto h QoPAChEILEE 1ﬁt@ﬁxf:ﬂ1% Wi hﬂ%égﬂgacgtﬁlaggl

cells of the invention. These rkers are highly "expresse
pl uri pot eranddehibigingjts P#?émhv adivitpn "Inﬁbrtlrgmmieeieaaetylm eeZyeHio dctnmyt‘ s,

th [ k

that 15 acirens MuBhE BRI YAIN Rl SRR, LAGRS Bk el Ropi

?Eggsf Ep: lﬁﬁsnﬂahdsohnﬁmmbodnnhmduthreﬂucpai efiiistosd deacetfagg. activitieis 9t legh | S
cilj

b e /e RSO RO o BB oabtopyt 7574, cnh il merecamtfiab ot sbpie 90%.

expr essi OrIn |o&leeb1&f@1fedfeh©5@mf&fsl<lﬁ§t$né Heabd1@laf At POl @ ucsEdY & 10kt 6396 and
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hi gher. OR¥F PIREGRRIY Dirat leatt 89%ncl ude an | CM marker Rexl. [0098] In
some enbodi nents, Gox2 is expressed in the pluripotent cells of the
i nvent i on 89834 |Sows reprsentatiye HDA@a‘émblﬁrﬁlwlddaﬁutxrh:amd MBS, Sl s,

In sone e t d nthe | u tent c S..0
the i nven%ﬁb%ma&’la kgl(lfh ‘t%ﬁ[&‘ggﬁgﬁﬁggs %pogmf oﬁj ngts f‘?‘lg‘i—éfé’élﬁé
ce: : S. 20][ n istorseveeativhdsenbaded onﬂrqnm&mﬁra@)(ﬂtl&dﬁ@dhdrﬂcﬂahﬁ%aﬂ% géltl?@h%rﬂétes and
cells of t nve at a |l ey t.hat st 2-fo of that in
Hues9 cel I%Sprf’ gl} }ngoﬁgqllctf’é;@[sgjr“ﬂ’é’rﬁﬁ‘@? Srqﬁg“)pﬂﬁh%%’ia@?ﬁnd&%l |'s of
the i nvent(d@mpbp‘ndéj GRhenia. (MY-Lhos), éﬂate%ﬂﬂtiél@loﬂtélnﬂng@gén@ MRpSSRP A&k
the inventi it Is _believed that E-cadherin | ays a role I1n the
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the active zinc center located on the bottom of HDAC binding pocket. Other HDAC
inhibitors are emerging based on modification of the listed structures. Most of the new
agents are derivatives of hydroxamic acids, including amide analogues of Trichostatin A
(TSA) and thio/phosphorus-based SAHA. Replacement of the amide linkage in MS-27-275

30 structure with a sulfonamide led to discovery of a new class of potent HDAC inhibitors.

Promising HDAC inhibitors that have entered clinical trials include hydroxamic acid



the invention, e.g., COct4, Sox2, Nanog, SSEA-1, SSEA-3, SSEA4,
TRA-1-61, J{BAW 30 and al kal i ne phosphat ase (ALP). ical
pl uri pot ent maor ;@;}9;5 or a subset of them can be usefuIJ@QOJgoeézgf
di stinguishing the pluripotent cells of the invention from

convent i onédrivtivad AUQB2A bug8Cacid Bpii@Uye Aiah, valpenc acidl ME-A 72176y S AGA eanid
cells. WD 20: v CT/ US2009/ 068274 31 [0101] Met hods known in
the art ca%%gé%@deéﬁ{ﬁggchar acterize the cells of the invention. Cene
expressi on Igé(e::_ﬁ_ can be detected, by, e.dg._, Jeal-time PCR or

real -time 1493 istong demetgylass iphipitogeipeludedphibitnrs 9lysipessnseiiicisemethglase I
ot her pr ot @ighideke khdvaastifG D ispitsc 1iGdR2d 'élaﬁ, ' ! f

t he inventflion di fferentisafsg t_g rcljc rresodeermm ilér%g’%%gpllt(ﬁﬁ@%s%@g@é to
BVP t r eat rmatermaticoshPerent Hpelicaiorciip 1 WOs0ROITH)8 iEdirGsl tamonethmisfior
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Bi ot echnol ,.20, 1261-1264, %002‘) ..10 1 V. Transformati on 10103] \Were
t r ansf or meHSEE (€S- SHPERlifIpnedlisgase sugh axgancen} by mpdiatingthe lovelgb peosen

a desired @ithd &hiRitPbf KSR Serddthlise, INGieGRIrR APBLARE 6o il i diBn, and
inhibitors of the invention (e.g., ALKS5 inhibitors, MAPK I nhibitors,

FGF patthualpe philitydp eBpe genpaedpiandiyanhipitiosies medplatngol. 81k inhitdtars dfghe
transformeg, O% 9‘%1 hﬁ\tkesimpﬂlbﬁgeﬂﬂ oféﬁtiﬁaﬂi,ﬁg ef z[l?%%go?é.!ﬁgd. LoV ng

cont acti ng. exanpl e, one advantage of t présent=inventron 18
that it all6¥d93382 (@06} anddniematiénap Patentpiuipdingtionalidss WMOR00TGR1 8891 ahd pl e

| . I f ipul atj. b t
el ect i on BPREERAk BB S Grin e R BB A DL o e"
characteri é#ﬁs ,gc;? the cells. This is useful, inter alio, faor.
gener at i on[ﬁ t SRR AR plso Pﬁ%@ea&rﬁgulij@ﬁéreét%f?r SRIRHBER out

ani malg Vio];?urﬁﬁﬂé]dﬁfrﬁﬁceﬂ_@.e@‘hé bl GURGRHN IR RAIBY &I ﬁoﬁﬁﬂﬁ'd'i«,sa%&lb e cplture

herein. 20[ 0104 his invention relies on routine techniques int
field of reeBwicHRRMRIEA e whuremadiacontentsslestiribed alivaplbdievigethe cells.

net hods Ofsdéﬁ Jdafh it Mefurlc %P&chgﬁéﬁgéf%gg?%mk et al., Ml ecular

Cl oni ng, A Laboratory Manua riegler, Gene Transfer

and EXpresghi&ii: Labqr at.or nual (1990): and Current Protocols in
Mol ecul ar S@?%Tog@s 'Y ﬂlgﬁcﬁ%fe%}e%gfeﬁm’éé%ﬁ:e?ls b Fylturesgay 6§Tle?t?f10§@ﬁe

embodi mentesbrydits gerp oslist (ks hexp eaBivefic Glenfcefls HESO), ipfinfRSdnitifonid f&m
speci of cell and protein to be expressed is the sane. For exanple,
't a Museeliort SPOnPRIEEers U ST B icells Tk atharadmplst eptipally non-
cell. If anawaﬂb?@%ﬁc siefh @@;@ AR, e Eaﬁliﬂa%ana&t%%ﬂgp@@n%ersg&&eus

the cell. 0106 t wll be appreciated that ere

proteins 4HSUsh Ipeows pmbedisgnts ihaiRSslsiare om brwany; primbtes, phteownise a5 othen
caseLl e Al i THE R B MIFE S A0S BB TER BB
can be usexthin I P2 0V SSERATT UB2AAS/06 82 %4lls can have been maintained for 1,
25 2,3,4,5,7,10, 20, or more cell divisions or passages previously as iPSCs. In other words,
the cell cultures can contain iPSCs that were created previously (e.g., a week, a month, or
more previously). One benefit of the small molecule combinations provided herein is that
in addition and separate to their use in reprogramming, they allow one to maintain a desired

pluripotency for what appears to be an indefinite period of time.

30 [0089] The present invention provides for pluripotent cells in a mixture with one or more
inhibitor as described herein. In some embodiments, the compound is in the mixture at a

concentration sufficient to induce or improve efficiency of induction to pluripotency. For



32 A Plasmd Vectors [0107] In certain enbodinents, a plasm d vector

i's cont enpisp) ftudRsssuse to transforma host cell. In gep(:f(ﬁézgo lﬁa%s?'r‘n d

vectors containing replicon and contrgl sequences which ved
from species conpatible with the host cell are used in connection
wi t h t heseectrogils in Jivee anslstdomertsy thecmimpypusdsragpiniacahdcdiratiirt & at Rast\0ell AMas

" §rast of fedt gt ol 6 B0 oG 0GR Bo ooBhib Sap Befsca i b gach 00360 nd,
certain vi gysesiwesn | AVESH 10800 SMOE g BLiGkeL R) It Ml F06RGAR IR ERS At

endocytosis, and to integrate into host cell genone and express Vi'fal
genes st abhnd JpMl, bétiveen &b aiiay pMirdibe exdnepie, at-83-8¢ tinvies waddh dlat es f or

the transfer of f.oreiLgn nucleic acids_into cells (e.qg., mamrali an
Lol ) S RofonePirAPh ot Souni uBh BxB5itEs ik o Desintto Mg B8 b ek spme
deliver a i 1 @At i ] | ow.
15 1. adenou it ihebddberiainPlFRR3 01 i I3NME e SEBGRINEE, € of

t he nucl ei congentchtipmuDAMED1tin6.5udd. CHIRPOR A earDe 1idd8 X PorR &Rl afitn YELHRT 3

Al t hough ade ir vectors are known to have a | ow capacity for

i ntegrati OM ?Fﬁ?%é%‘iﬁ%’e BRgal 10 pepacepiationd apaut Ouirle PRAV 3iTdean by useddn
adenovi r s orsdh oBRGE: 0.1 AV, ol EBtha, HEEARRASEI0 A snics
cont ai Hl ngveastd (og:i  test teley Betriatish, stuff This it sohe efrthpdBreppoite cPldCdeaibiagd

of the construct and.(b) .t timately. express tissue Qqr i
cel | - speci (feltnétl%o&)ﬁ’%‘% P{J%}Qnﬂrﬂég'ufﬁafgmﬁgg‘%%ﬁgd ﬁé}sé‘ir?ﬁs"lﬁwg\ﬁl"mal
t he genet i Gumagancnaliintin),Placadl BAOY e, contacE with onkeiof BRFe compound as
doubl e- st r(?nd d .virus, allows substitution of |arge pieces of

adenovi r al 9es91asfiRerzin nlhesels ¢in bs sukseancaty apltured andiaptipmllyninsarted dackinto,

Semi nar i nhYbdnd QAVdiFFSRHRIm A 3RtiorAR, afttPBR)eLHs h V%?]b i
SO10] o 7onmpc Aot aplna opicnd antr e PR o e Prsamulatydie becomen

may beld ntRagtipwasgell type of lreage| | usi ng adenovirus assi st ed
transfection. Increased transfection efficiencies have been reported
in cell syl80%s Insbmg embedioentsithe calspbmgrisysi expRsditietdsaie forarerdlBsous
Bi ot echni ques, .17%%' 1110- 7f 1994f; %)t t e]n 5et, al.., Proc Natl Acad Sci
USA, 89( 137PEHEM ais&asting ot mgfr 9tan UckRelypenidr 2 Mis poluyeptide, 2 Sox
polypeptide and a KIf polypeptide. In some embodiments, the cells do not include an
expression cassette to express any of the Oct, Myc, Sox of KIf polypeptides. Cells with or
20 without such expression cassettes are useful, for example, screening methods as described

herein.

m.  Cells

[0091] Cells can be pluripotent prior to initial contact with the inhibitors of the invention
25 or the cells can be contacted with one or more of the inhibitors of the invention and then

induced to pluripotency (e.g., by introduction of the appropriate transcription factors and/or

by contact with the appropriate small molecules to induce pluripotency).

{0092]  Any animal cells can be used in the methods of the invention. Thus, for example,

in some embodiments, the cells are mammalian cells. Exemplary mammalian cells include,
30 but are not limited to, human cells or non-human cells, including but not lirnited to rat,

mouse (e.g., SCID or other mice), pig, bovine, ovine, canine, feline, and primate (e.g.,

rhesus monkey, chimpanzee, etc.).



64, 1994.). Adeno-associated virus (AAV) is an attractive vector

system as {lo 5} s8i gh frequency of integration and |t f ‘
non-di vi di ng cg@@% thus making it usgful for delivery o é"h@éog h’f o]

manmal i an cells, for exanple, in tissue culture (Mizyczka, Curr Top
M cr obi ol [GﬂﬁirhoPl,urijz&BntQ:EHéL%d adcO8RNg trthe meshiodof tElemaédtanQxﬁlbeéxﬂieflg

t he generati.on.and 10 r AAV vec re des din US. Pat
Nos. oS e Bl L b R R Bl BP R PENERT

Ret rovi r al pddasatn@rsten &ﬂllﬂchﬁaté BVERMSESc SRMEeNs, ONe#BIASE SRR @ﬁr{bhyo‘ﬁfc‘y
vectors due to their ability to integrate 15 their genes |ntgo t he

host genonB®ms pedlsareavel] kywan 1560 g deiavter ok C?‘—’é’ﬂé’r&jrl b‘i?ﬁe’fh%nmtemh,él S.
infecting patbneasdsaépr%@ s%e %Wﬁlf?ﬁce%% 13%'1'99%%%@%@%2{ rb

packaged i n speci al |nes
15(3) : 216-2aw, SE9UH 95:[1312252]99|SQSMM ttal.cOrss Patdio. QO@(B«ﬁn;)Rleﬁlﬁhoffet al.,

vectof, 2 RUCBELSAY. fhol goc@-bﬁg?ﬁﬁoﬁﬁg‘?%sg S Snecet al et Bt 165388, 1994;
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ALY I A S TR A P
(Mann gt adtal., ﬁ@! Rep. r%a SHEH850971 B8Hme MMRRAIRertE G D AL a&{(c?eﬁ%cgfrom a

cont ai ni ngb DNA, get her with the retroviral "LTR and packagi ng
sequences 1§St¢%{§tr(%u@ ncé fromen Wpvedysl) thebite shbsaguently gulturdrlindbd wesence of

phosphat e pj i o

25 t he Rmﬁt%gﬂnaglcél?%% %ﬁn@ﬁ}e recrﬁ;rlﬁ%% P{Ia]:}nléfr| pl asgl‘(%gh{’]&llﬁeq%‘ag%éé@db@m%?
viral partdes¢reed hewhi.ch are then secreted into the culture nedia

(Ni col as and Rubinstein, In: Vectors: A survey of nolecul ar cloning

vectors an[ojoM]ei A ntSBé&, of RAgE hadedwaseen Eé?tmarfé ind86i8g pluapbOREHAN ells.
Butter 494-513, 1988; Tem n Tr ansf er,
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et al., Celtherwd3irnRds daimid %@ﬁ):ssmyb? R gﬁ@ﬁ@l m Ja 11;9 1 e

reconbi nant retroviruses is then collecte concent r at ed,
and used faspbogunmats, pamesfregre of@prﬁaﬂnwlag trgnsctipion fagters atsl exptessednf ect a
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However, inte I'on an ession typic
di vi si on cHmeng oel drm((rPa&‘lenphrmtfacabrs) Ekem;blmgyechﬁa’logé%oi‘%&lucﬂ&wi) :

[0113] Lenti vi ruses re C OVIr in addition to

fhe oo HOIESY Pusfidg ie e &aéhmﬁffr 2 St Ol sion® o here jRivasion

\liu th regulcassettyfo em&sfsrmtowaakas& BRCS @@3/453‘,&@ ¢ Mycaéndvrem ecl?zé eare well
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272(5259) : @aﬁ%‘? e’ﬁ%‘éﬁ %f%'fé&g?}%tc% Sfem KI&EI %ﬂ@t@dﬂ@ﬂﬂ)),, 0pt10na11y with

15(9):871- 97,
(007 gt g 4 SR O

i ncl ude t H@ethid#m ¢ mﬁi?déﬁi@ﬁm;ylm&ms sudHlay BIX0 Y- Secamd; tI<hfb1cek et
Sim a%l mgg %?fdeﬁhﬁqr%'l (\fbﬁﬂs SIV. Lentiviral vectors have been
d

generate

[0095] The pluripotent cells of the invention can be characterized by several criteria. In
addition to the gene expression, methylation, and in vifro and in vive characteristics
described herein, the pluripotent cells of the invention will maintain pluripotency over at
least one (e.g., 1,2, 3, 4, 5, 10, 20, etc.) cell divisions in the presence of leukemia inhibitory

30 factor (LIF) and bone morphogenic protein (BMP) or, alternatively, under inhibition of the
TGFp and activin signaling pathway, inhibition of the MAPK signaling pathway, and
optionally inhibition of the FGF pathway. For example, as described herein, animal cells
(e.g., human and rat cells) contacted with an ALKS inhibitor and MEK inhibitor were



10 mnul tiply attenuating the H'V virulence genes, for exanple, the
genes env, w\y vpu and nef are del eted making the vector
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t etin LI OVII US.V, v oed based. on the chem ca
ol 11 catt 7o el VLS 85 ARE« LR A EAT st s b Hondy ot
resi dues tmovhdnwﬂdﬁﬁ?n,e}mﬁﬁb@ms haWel founand] iufthelc@éu:s eﬂth@@ﬁbteﬁ_ﬁéﬂetg.,thhtﬁlg? or
specific infectiqn of 30hepatocytes via_sial ogl ycoprotein recep S.
WD 20101077658 &M@é?%%é‘%w%%xmefé]nw ipetppydhehda ot
t tii | AV |

ar getlisng daffere@eRYHh {hapteskRle 0P ¥h [HARERr Yo e HEF s%\ﬁ}g@ncg pﬂehtﬁé@gggigh PD173074).

biotinyl ated antibodieS against a retroviral e _ _
agai nst a IBgewyasi, BESES, IEPFM@mr@uwmrlmt eallsichlodedsndzer e

Proc. Nt P iaga Bl GRTRRIGERER. B Bhiats SRR " ol sl oo

agai nst najobdiffeentigte sdpmvdntadtad witlc BEHT30%4.c Thss the celixbfehessseht invention

a1 0one, AReXATRSLLAER LG LOER RN oL ghel shicelfuren cel |

(Roux 28t  abnvenfiSiHy-culfinde RESCs, Bpii§ sy hamen Gabted Pladpiat 68kl Sinilar to

g' ?E&l(n);- ]} Z]r ”%%%%?h% cgl?%cgﬁﬁes prfagegq gg/%lgﬁéﬁla\?ecra}gre%%lnlpgcﬁ r.agd fdc())nrled colony
morphology, while conventionally-cultured hESCs, EpiSCs and human induced pluripotent
cells have flat colony morphology. Like mESCs, the cells of the present invention have the
ability to give rise to all cell types in vitro, and contribute to an entire animal in vivo,

25 including germline, when placed back into blastocyts. In contrast, conventionally-cultured
hESCs, EpiSCs and human induced pluripotent cells are incapable of incorporating into the
inner cell mass (ICM) and contributing to chimerism. It will be appreciated that other
animal cells aside from rat and human can be generated with similar characteristics using
the methods described herein. Exemplary additional animal cells include e.g., dogs, cats,

30  pigs, cows, sheep, goats, monkeys and chimpanzees.

[0096] Certain markers are helpful to distinguish the cells of the present invention from
conventionally-cultured hESCs, EpiSCs and human induced pluripotent cells. For example,
Stra8, Dppa3, Gbx2, Pecam], and K1f4 express at a higher level in the human cells of the



an organismfor use with the current invention are believed to
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met hods. VC¥magker Rexlof cells 5[0118] Pluripotent cells, including
enbryonic stemcells and cells induced, or to be |nduced to

pl uri pote r[ﬁ@98¢ arnbeme ethbmdimdnta,dﬁm?dk evg:rassechlnyhermnﬂnmﬂlerk nellsrofitre inteition

art. As d s her.ei n Iur ot ent l.LIs are

cultured Wit tﬁ%ﬁ(@f lfaﬁ‘ﬂ? £ Sf%”ﬁf}%g%@& ‘E)eﬁrea h@ﬁﬁ“ﬁ“ﬁh#&lﬁﬂ%r ,

opt i orzal | )ex}ﬁﬂe*sé&d &n BOKREBoteiYels bOthe avefth dt WMevelihhiUs 6 188D 3-fBRINS that in
nponent of culture media as known in the art. In

| ud h
Il(r)lcslcj)rrg 2%}&% ?Fz{ﬁt Eﬂoswnwmw P@aﬁ%lsPﬁ@ﬁiﬁﬁf&uﬁa@aﬁmw@ms@mbment s

for cell sufeyiivaht a(l@v&thati‘é'a% ﬁﬂ@t@sfoﬁflqtﬁﬂt MeaRdsSce@Pt i Onal ly in an
i sotonic condition). An exenplary basal nedia is DMEM or a variation
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t he i nventh]:mw: aneriding] to timictheswope nﬁuhe iroantbanit s@uﬁ@.ea thak B-cadifedin plays a

enbodi , .the cultures L-. 15anal m ne.

Ul tuPs " el 1 e Pl BRrLod B Sl R e rumih hsame Cmbodiments, B-Ladherinis
expressed in the pluripotent cells of the invention at a level that is 2-fold of that in Hues9

cells.

[0100] Other typical pluripotent markers can be used for characterization of the cells of
the invention, e.g., Oct4, Sox2, Nanog, SSEA-1, SSEA-3, SSEA4, TRA-1-61, TRA-1-81,

30  and alkaline phosphatase (ALP). These typical pluripotent markers, or a subset of them, can
be useful for distinguishing the pluripotent cells of the invention from conventionaily-

cultured hESCs, EpiSCs and human induced pluripotent cells.



[0119] In sone enbodinents, the cells are cultured in contact with

f eeder cel ary feeder cells include, but are o]
frbroblast&%epﬁ%ﬁ%ﬁg nmouse enbryonj,c fibrobl ast (NEEQﬁuk?ﬂbhﬁﬂmf

X-ray inactivated CFl feeder cells. Nethods of culturing cells on

f eeder cel030i]s Mathwis knovinhie therart caB OF 0420 characaize tlendetisl bitiha frentidne

exarl o PSRRI e B P Bt Eorrd el (R ekl TeR e a
cul ture pliatdefect BRYA), ail@r By Weiteabldtlor bdkhgbteindiectiby ROk . have
found that culturing cells 1 nduced to pluripotency have a much

greater efj b![lf%]enf:% Cpﬁur e[{/ogé?lg%lfs%@ ﬂ{eQn%HB%\E?feﬁeﬂﬁé‘te td d mefod¥hift Rh&lzes in

portion of ce uri poten e cells are attache
di rect 15y trespohse to GINIR tr28mehtt Lﬁmmgltmualt}a@émmddﬁﬂemm&@s afdftivoiaanodnced

ot herw se i aldy-treat ed cel re culture

Cel s Bt Blsl il oA ook b RRtinal S githidyieBfoin e Blps gt ol

][na:) rigel, Iedrwemsamuasl m07ﬂatmnm;r(eEﬂlek | lar E@@cﬁﬁtﬂh@%ﬁﬂl@ﬁl JB005; l}|{u et al.,
i bronecti Qr co Those of ski in the art however w

recogni ze ]?‘Hﬁw’fqhng afg?gf;lﬁb%‘?“i ?Wgr ng list and that other molecul es

can be used to attach cells to a solid surface. Methods for initial

attachnment of 30 the tethers to the solid surface are known in the

art. 0/ 07 2009/ 068274 37 VI.Uses for pluripotent
O, 2 ﬁ%ﬁgp%p%

cells The |nvent|on allows for the further study and
developne m cel | i.es, .including b ot limted tq,
prophyl act I:(%e r %@F é‘ﬁﬁﬁ? ]gssarg ﬁﬁ?reg%ﬁpﬁoegen‘% LA GRS Ardgsired

cell's of theeinvransike rameffrtﬁer&ns Bdridd Ok @he G biforLofl tha@shtioR (8. REALKS
inhibitors 5of the invention or cells derived fromsuch cells and

i nduced t dnkibitgrarMdAPKankibisrediiapatioxiyy igbibiieds| anfl gpignally ESKirinaibisers) can
into indi Vﬂeq}éﬂéfﬁrﬂngi ﬂe?&g tl{en:%ﬁt?iaiﬂg Anaﬁ# HQ{ Mrﬁ%mﬂ?& fohbmntg%gnttaamg. For
i ndi vidual's 1T n née I'Ssue, “or ce

regenerati®on o
type. 15n ssamplentedidranigs, of tieepreseht isveation Lsrthq;ntrmlb{w falmhantaece of a

bi opsy fr an |nd|v ual ced into pluripote S des i bed
er o1 . g oA iR Bl e or Shds Bp e Gl S0kn B a5 and
parti cul arsusl@quarnederadﬁoﬁ bﬁge@myoﬁhleehmtaa;m thérpmn 6tarn&aéxaaé@4ﬂlcbapthe
into the |nq|vrdu al. In sone epbodi nents, the cells are genetically

modi fi ed pFPlorThipisuseit nrealigalor esnsrriion b rensgenin enipalg iaeluding generation of

some enbodinBBRBaniinbR vid shhdRed-§tkife b o IR 2t aeqeehewﬁerélﬁ the
nmet hods of the invention are subsequently induced to form for

exanpl pﬂ—%rse{n\/ t:%ﬁ %eeﬁgé BL 9 ?QL {el%ﬁlqﬁ;e% 115 ﬁ'rb rf%ec {nbn%an’agenetlcs

(stein pr gen t and optiona eren
15cel | s, §hmhtasS&aﬁbymgmsgeﬁmﬂmmﬂnﬂunﬁm&1ndhsgodﬁmdmﬁmybéﬁmbﬁm&krah

hor none- cgf Betcouti T oRapal el Bt 2 B keedlen PERe iy and

(st e progapidsgbn: Labsratdy BManudlTNSHPBAQCYI-RRs PRASERIHR Mot culeR Bidls
snmooth nuscle cells), retinal cells, etc. [0123] A variety of nethods

are known ﬁBFthﬂﬂ%r%E d94%kr enti ati on of pl uri potent stem 20cells
into desired cell types. Anon-limting Iist of recent patent
publ i @at i dé5ledursérhe embodiments, where positive expression of a protein is desired, the

species of cell and protein to be expressed is the same. For example, if a mouse cell is used,
a mouse ortholog is introduced into the cell. If a human cell is used, a human ortholog is

introduced into the cell.

[0106] It will be appreciated that where two or more proteins are to be expressed in a cell,
30  one or multiple expression cassettes can be used. For example, where one expression

cassette is to express multiple polypeptides, a polycistronic expression cassette can be used.



met hods for inducing differentiation of stemcells into various cel
fates foll WS _Patent Publication No. 2007/ 0281355;
2007 0269495 W88 HH264709:  2007) 0259423; 2007/ 0254359 TBEIBEI 1 o
2007/ 0172946; 2007/0141703; 2007/0134215. [0124] A variety of

di seases may be aneliorated by introduction, and optionally
targeting, 25of pluripotent cells of the invention to a particul ar
injured tiAssue oOPlatmBBVeteisher tissue where pluripotent cells wll
generate a benefit. Exanples of disease resulting fromtissue injury
include, bgfoRr emNefiah efbb&ithe @;a@%ﬁ%&@ﬂ@%@ﬁt&@ﬂaﬁh?&%@to ERLRM 3!
infarction, obstructive vascul ar 'di sease, nyocardl al infarction

cardi ac f aidstigedl, lm bensral.plasbdd venters ventdinmg rehlisemars coptiblrsemenyes which are

enphys » 1.0 itis. interstitial, pul ary di,sease, ..asth

nopat i 01 o e PrGR bRttt YR R v BEPR BT e noss
al cohol i ¢ Tiepatiot ta Cdriwerepticuiog ile, as Welpad inarkirigr seRats WHidhv/aE capable of
damage), hepatic hnsufti%%fncy_(liv r d ge) , pancreatitis,

di abet es rREPYIAINGLNERSIERHSRCH e Idransigpm ory colitis, IgA

gl onerul onephritis, glonerulonephritis, renal WO

2010/ 077955PCT/ US2009/ 068274 38 insufficiency, decubitus, burn,
sutural wound, |aceration, incised wound, bite wound, dermatitis,
cicatriciaB. kel oVital Redteisd, di abetic ulcer, arterial ulcer and venous
ulcer. [0125] In some enbodi ments, transgenic animals (e.g.,

non- human [a0esTal Bhe iRy eeaehANRsds o M YEtRR eRiR] cdli§ MaSeddpfonbrlattbd
with the inhibitors of the invention. Such cells can be 5 transgenic

cel I's, kno@Remytosts, pukto iriegrate intg hpsticell gepomrand expreyse/ ghgrack ek anft

i ntroduci r :\/ e j £.1 | i ‘s
Pl ur | pot entagt oy RaonERlafleri findlduts RRTS Chbrt BERRAL AR Rikids o
can be i ntaelsl{sezzdnammalian dellgsNowimitirfy axamales ofypiatsiviettersaimt mely bamekd to
subsequent ]y | nt C i 0 a receptive uterus,of. an aninmal and
Fesul 11 ng SR RRR A i bEERE ol s SR 8™ om (e
pluripqotent cells (e.g., via a selectable marker or other 10
phenotypi ¢ characteristics such as fur color). Chineric progeny can
be identified and |ines can be established that pass the
characteristics ¥e. gAdengvirabYiesdense) fromthe pluripotent cells to
progeny. Honobzygous animal |ines can be established by breeding

si bl i ng ariDbhid]s 4 paB6}larthethodifoedelivery @ffthe habdsic fdd inyeives ét usoofah any

type of transgenic animal according tp the present nethaods. enpl ary
bl rals | e ST RSA N Ve R AR Spr iy Bve & oW
Exenpl ary capiciepifsr ihtglatisteintgefomid DN, tHidHehtueh 0 BounéhBilarice€dy the &lch,
dogs, .cats, pigs, cows, sheep, goats, nonkeys and chi npanzees. [(0127]
cul t urfPng cdiaherey wf g?{l%ﬁéﬁ%%f?%ﬂ%ddwsthw vestars; HydSHPYinN eXRIRwianHigstor” is

mai nt ai ni i; S i

et eeni ng T e I iR LM @ g
scr eeni ng pefkagingrod theesongifuct andbliodstinoatelytehpressaydssusor(cell gpecifkopmetrust n,

. haﬁqe@ @%)hgcg gli[m;égr}é I&?legc&% o?mel é;e;ﬁgticto?gMZqHLI?Sread%novims, a~36

nucl ei c aq¥ ;
pl uri potent ce

kb, linear, double-stranded DNA virus, allows substitution of large pieces of adenoviral
25  DNA with foreign sequences up to 7 kb (Grunhaus et al., Seminar in Virology, 200(2):535-
546, 1992)).



or to induce a desired cellular response. Library screens can be
desi gned t for a library nenber's ability to af

essenti al l@o}ﬁ{}ﬁn esired phenotype. Exgnplary phenotypes Cﬁ?*’?“”@fs&a‘e
for exanple, cellular differentiation, apoptosis or other cell death,
cell survival, dgatBAVVeotoher phenotype in the presence of an
addi tional conpound or drug of interest, etc. 25[0128] The agents in
the |ibrarpiegn DR meKicHR ﬁaaﬁt@ﬂhsalce&mm%gu udlhg AebbAhBAbERd
entity, such as_a protein, sugar, nucleic acid or % id. Typically,

t est agenttéamﬁepmorb cmmtr@ﬁfémmfﬁ%m%@a&be&nwm@t inchel systems using
Essenti al | I e n
t he assaysa)ao | vééjﬁS ftgrﬁg@‘%mﬂ%ﬁ% ’s}#ﬁlg?]frg%u %@ﬁgt& a}t 9@9 &Bttén
be di ssol wedl. ,|Rroaafaédusd&n Uift4g 891 8): 4094 16 8,290, CivisD-Naa Sy, SIG{M)tldﬂs

M brares By 0 Al S Lo B AR A Y e B Ab e e om

any converﬁ@nén@wmegrﬁtsbnaﬁsm mﬁ:’m‘ﬁ&-ﬂﬁﬁ&ﬁ%’&ll@&hﬁé’mﬁuﬂg jtnsavarsed | el
(eg é{ﬂgcrotlter formats on mcrotiter pates in robotic assays

It will BpY € pace e marmahen eellsiipr sepple mrosspetnusdoryr e sory 3n
ar e many smpwz&rfﬁmﬁtmzchmﬁﬁig q%ﬁagyﬂpﬁvo 'lﬂagﬂgddoﬁgeréhg %&rﬁiﬁdﬂi’%ﬂds’

drich é Loui §,” MO), gma- Aldrich (St oul s
Chem klé) Biuse h tﬁ@évﬁ(ﬁ@nswq d&acr(thmhg S. BﬂkN@BrﬁLla%ﬁc?ﬂlamM F9B8348, kah

[0129] A J library is a collection of diverse
chem cal 8 %% g&){‘l%rgmb% &%% %ge by either chem cal synthesis or

bi ol ogi cal synt hesi s, by conbining a nunber of chem cal "building

bl ocks"” such as reagents. For exanple, a l|linear conbinatori al

chem cal library such as a polypeptide library is formed by conbining
a set of chem cdil bi!ﬁetr@mglgmms (amino acids) in every possible way
for a given conpound length (i.e., the nunber of amno acids in a

pol ypepti deéldd r’rﬁbamdﬁrum hiviegmemizé acmmidelitery osvpms dutsto clair atbﬁ:t;ltb integrate
synt hesi z t hr ou hconblntorlal XII’] of chem.cal buil

b1 ook oheibieRy by RO Batlfinn g e Budist PGP oot umi chr
librari es mﬁcm@dbrbm)swmhﬁn bﬂﬁﬁ&e@indsdéll Hpels Bnd $fbedigtpaciBldedlin special cell-
conbi natorl al g\ﬁ’gem c ag [ n%gg but ar(i not limted to,
pepti de | ilBES r?t ﬁ egl. S6-R191N2075  Furka, Int. J.
Pept Prat. Res. 37: 487 493 (1991) and Houghton et at, Nature

354: 84- 88 [p11391)lp order tecqonstrusii sttrovisel veolpr, a5yelnisraaidi (g, oheericoding gene of

di t cl

are not 1 iR BRrEah it dinaCodlai iy Y EhF PER AN REscullie S pis o
encodefl pemts dESis(re;:liyat,iorREfecﬁubll Tc ptodoce WDB34 BaR4gng celblirdaontaining the
bi I bl.i.cat WD .92/ 00

benzod o5 eBPEL Tl ey engs P kSR TR Sog pRiaine Somibients fswssisen as
hydant oi ngMahe 6414 ICaR, 3t 15851 5aN1th8d). [VPRni ackeSort Bl BlagthidadontafiiCa cIiVAA,
Acad. Set USA 2090:6909-6913 _(1993)), vinylogous pol ypeptides

(Hagi har a 'gether Wit theneppvirabhd i andpackeging sepenees 1gopgduced mirenerighgell
tid h 0
pept i dom rlﬁ"f% 9%74?09 g:?g)ﬁ@s?ﬁ%%%ﬁ%‘cfﬁtlaé&pﬂ)r tHE ORI E uénc ﬁ@ﬁ/s

Chem Soc. anal ogous orgdani ¢ synt
snal | Zéonﬁhﬁmm trappeipt e%thé membmanta:tlasnu todbeerackagiaé mto @mlpam@s,meqh are

popt i tyi  RaSSrEle AR RSyl dpdila Ficqib R Rifinblh, 1 Bgohed Phu )
nucl ei c acmaleduldmchmugszeétsfs@m&ﬂmxb@bs, RBeriger aﬂmDexﬁard:tI@bk StoakHam:
Butterworth, pp. 494-513, 1988; Temin, In: Gene Transfer, Kucherlapati (ed.), New York:
Plenum Press, pp. 149-188, 1986; Mann et al., Cell, 33:153-159, 1983). The media
30  containing the recombinant retroviruses is then collected, optionally concentrated, and used

for gene transfer. Retroviral vectors are able to infect a broad variety of cell types.



supra), peptide nucleic acid libraries (see, e.g., U S. Patent

5, 539, 083) libraries (see, e.g., Vaughn et at, Natur
Bi ot echnol 00%5‘{1@?%% 309-314 (1996) apd PCT/ US96/ 10287)PCTé‘é$2895’F?§?§f?hte

libraries (see, e.g., Liang et at, Science, 274:1520-1522 (1996) and
U. S. Pat enHoﬁg:er@,amBgra)ion anipdtdblooexpagssion tploalivirgolviebthadivesod sfwst RllY. |

30 benzodi page 33 (1993); isoprenoids,

u. S Pateﬁ?%§8§£ ég &Pﬁfzgyﬁ?éggﬁéﬁé)and met at hi azanones, U.S.

Pat ent 5, 549 74, pyrrolldlnes U S. Patents 5,525,735 and 5, 519, 134,
nor phol i nol iﬁ}p yITusgs gre Gpaméﬂxtre%omsesmmch,be ﬁéd;timawébq: pa@sION retroviral

5,268, 514, AR by, MO 2H0) QISFPET HERPON 008 6,88, 01311

Devi ces f ebar ation AT NAt o | raries a
commer & al leptisivalivieatotseud welk kncamgm th3&7 (sbhSor 3NpNPSaldAd wiedl ¢ Seecbem

By ooy st om2 313500052 T M ora ettt Rpteriighy L) Babas oS0kt lomer et

addi ti on, awmr@um@amm‘mlmw 1. srmw& 8083 s Teams 99&8136) Some
comer ci al | y avai I abl e 5(se nex, Princeton,

Tri pos, | rfamplgs of legfiyigus ingiyd 3hs gﬂ@mﬁr&@@u@qd@ﬁwgncyé&wm H;bﬁ('l KAV 2a0d
Bi osci encage Sﬁﬂh&ﬁ?ﬁh%od’{yﬁ)me&tyev}us WW@@%@&SE% Vﬁ‘g \éﬁ}l_é(if)l ort

successful establishnent of novel rat an be
horogeifousnyltiptyiattentating theyHIV| wirudende gere,diat exatnplsf thalgifesientivif, vpr, ypuGBId3

i nhi bitor h re.nmouse ESC characteristics
and nost .@S%F%ﬁdgn%@#@‘%ﬁ C}?réjﬁqéglgﬂf Sﬁ%ﬁ vely to chi maer as. W also
gener at ed @f\ﬁzl uma . '3 .ithLPSCs% wth "muse ESC I

char act er ilt44s, FRiydrak YResrs &F fepab! erPéF’ﬁF%inﬁé'ﬂnﬂW“@Dg gghls @ngd gan
the presengais@f fo%dﬁhhﬂhﬂv@'aﬁ@éx @NQ g@fle'?@nhﬂ%f"bﬁ?l‘ éxﬁfesm(\ﬂ#oﬂ{u@ﬁﬁ?a%dt tensy

experinents will 15 provide a framework to generate pluripotent stem

cel I's by riéppegRRiRnitdRLineghlenttims sapadtadinfogingiaqon-ditidioe cellwheniniac
enbr yqgni c

exanpl e desﬁr%ﬁ'?f g‘%{? léegl lggrﬁlésr?‘%&%downﬂgn rr]fxaa}#l1 énrtg glﬁlcg%rggég#m éﬁl{ :‘ba‘fdag&%ﬂ‘“ npﬁs’
cel | s. 20 rpoeBPagGmienditivoas wéll aree hnd aPSQ@sscibehiniBS FBA AN .65,994, 15,
Oct 41K1f 4 ansduct i and .chem cal c cktails F344. a
di pl oi d rgﬁ%ﬁ%\%ﬁ%& ﬁ‘lf%%‘eb it fg’%e“‘éeeﬁ}‘e |"?af¥é”§‘ér%%’f?8?ﬂ’ A vVirus ﬁﬁ%‘%&“ﬁ%p
Bl ot Med Eﬁﬂeloﬁbﬁﬁetﬂih%l(tﬂﬁ%])nbodw\@f@ahﬁ@mﬁig&elcfov\tatgeu@todare&@;&& ofad
Kl f4 by retrokﬁﬁé thenslit onéio NEFfeed cells_in the
convent i oRATCHEEEE fequnge SPrlufing a roen §geie of impgpyst into
posi tizee ERGital kect&Ohlons ®h H@dtﬁer%‘é@@ﬁﬁfc}{ efkolly tﬂ@)igmﬁ%ﬁi rekép’a‘&%%ct Ion
(the efficiency is about Igure 1A). Wien the ESC I

col oni es WRFEIGREEEEF! luﬁ’fﬁﬁ@n@ﬁﬁh%ﬂﬁci%ﬁwwwgeh@%ﬁm nedi um however
they quickly differentiated and |ost ESC norphol ogy (Figure 1B),
suggesting that the conventional nmESC nedi um condition i s not
sufficient to maintain the pluripotency of ri PSCs. G ven the notion

that smal | nol equl ePelivdiy D3hgtMbdified Vikdsker enti ati on-i nduci ng 30
pat hways, we and ot hers have previously identified and used snal |

(m%l: ﬁﬁ é;?‘s e?ﬂ g u %c%eg%oﬁ%%&eﬂlrgrg@}lﬁ\%g lz g%t?sgn;@ﬁtgfeu ragl?hﬁé tl\%?fhﬂt has

Bi ot efino |beq03ngmg§d Wweprese @ gecific adingiligand sThehvink paiticialwill thatbérgly and

the specifically to the cognate receptors of the target cell and deliver the contents to the cell. A
nove] approach designed to allow specific targeting of retrovirus vectors was developed
based on the chemical modification of a retrovirus by the chemical addition of lactose
residues to the viral envelope. This modification can permit the specific infection of

30  hepatocytes via sialoglycoprotein receptors.



WO 2010/ 077955PCT/ US20091068274 41 signaling differences for

mai nt ai ni f-renewal of nESC and Epi SC/ hESC, we sel ected NEK
i nhi bi torn%Bgzﬁ 17 ALK5 (the pri nci&lhe type | recept &C%ﬁSZ%G%@
signaling) inhibitor A-83-01, GSK30 inhibitor CH R99021, and FG-R

i nhi bi tor RER1§B0AActhangpioast Rdarighengdfire®hbimiht @irbfiflsedWasSd®8ished in which
nmol ecul e comi nation_on maintaining, the pluripotency of 5 riPSCs.
Usi ng conbPiRBRyIged gtibadiss agermstmmmosinal earglons protein andipg@inm 2 specifiqusits

can be shofeberk@iWRrdiedt ﬂ&éﬁﬁ@%»wem& %EII%IQP\FA? @gg%ﬁ%g{ﬁbﬁ&%é sing

spont aneous differentiation (Figure ser| passages,
cel | s gr owsirepigtlisiin (Roux etdndred dar'biaidi Sair @84 69D EWe083aheBN).Hesinail t ur e

deteri of at gg. -the nroliferati of differentiated.cells. Recent
Studi s denbirenruddbi fiaB" Bels:SuBhip o femlenc fn L Rob 9 ot SR arR
[ ngi bi tgr RIcH3Matdd the ixtfmiomflabadimy Gl ESﬁhl 43l dallé m@tlﬁjﬂ@&?ﬁdhu&;al):d dntigens with
i ndependent manner (Ying.et al., 115, 281- 292 (2003)). However,
simlar to@??@“%%ﬁw%&ff? Goupebdlad¥¥and CH R99021, incl udi ng PD
173074 (0.14M in nediumdidn't show further benefit. Because Activin
Al Nodal signaling is inportant to maintain the undifferentiated state
of hESCs and Epi SCs, but dispensable for nESC self-renewal, we then

t est ed whe€her tViectaoDiveay awd Cell ThandPbiaatb®01, CH R99021 and the
TGF-13 inhibitor A-83-01 can suppress the differentiation and pronote

sel f-ranev@l1gf SuidBESnethdds 5aRkleRMHcib delivid) SBncRIRA ARl sk $#M
PD0325901, 3 p. M CHIR99021 and 0.5 i.tM A-83-01, ri PSCs grow as a

mor e homo REVEBAISTR B Ubaith ieatbentiiavespomra belénysd i ineladevirtally ass meded
ot A kR BhRLE i G 8 DR ol bAIS iucal G0 € 001Ck s op bl GrgihiGH?!

expansi on efficiency was 0 SI Icantly 1 ncreasé
conpar i sorastdesaribed bepipion as wowld bk kRDOB 2696 b artihaGHKHRO BORE at FEgulreetbdds

Fur t her nor. ough - tsel.f not ficle t o .sustai.n .ri PSC
sel f-r enemllgfl}lgédtﬁ yalfg%?t;dngtenéilttﬁ’ dﬁﬁv%ﬁgffry P@@N&Tugh anltgy et & %B%Sé%t}@a and
coul d Ifot (Wéildonepall, é‘bzﬁﬁ;\dﬁﬁi@t&?@’tlnelﬁctg,m%ﬂeﬂﬁbﬁﬁfdtiﬁhﬁﬁoﬂe,l Fat&ﬁiﬂgﬂf@l5)3,
Mor eover , uni. que chem cal _iphibjtor cocktail_ was required for

| ong term gm-o?té‘ﬁ@ﬁéfmtgg Ug?lﬁéé{whé ‘?f%régoﬁ‘é(‘%‘”ﬁé@ﬁ“@ﬁlsu?%@lqcﬂoﬁ S,
presence afatNds, 5,05,8103289014, 5448300 5,780 s 5924, 760932181686 /61N

30 passages_wit hout obvious differentiation and decfease in '
prol i f er at3-2R7,466@nd $1780,8p% sachHneorpernish Sewsiybyanterance); melidingamieroitiedtion

one passadeafibd find WenftRGTy (@1 2D/ 101110651858 | SSTRNE bl AT HRE I um

Under this condition, riPSCs are Simlar to the ¢onventional Cs in
form iy tyip¢aspdratgd herdindxyireferense); by datttapomtiOf (g 8r Bat INK)..5,384,253, incorporated

| mmunocyt j veal hat, r| P XPr € i nESC

nar ker s, glﬁégﬁggg}e%%éf ( |rg1§$sg£ i%l',’ Mgéx l(%lgt??é%'l 8’, f%EElnga{%r ftﬁ%gﬁ’foé'

1H, G een)NarNdnaly S¢HFUGAy 8 161 71REAPZ4 ) by caltiemtgsihiardrécipitation (Gr¥ham

mar kers, such, as, S . SSEA4 -1-81. - PCR anal ysi s of four

clonal ri ‘ét{’laf‘rs'l)eeé EE:? refosnp 63&-26%5@@@%%9 My Méxé;?%ﬁé%]si on of

t he endogengym45at5av47; Bpxlet alNomBO CelllBid, 1636%0-595, 7688526y HADRAE-

Er aSC(RiFI gure 11). By using the specific BI’I mers for transgenes,

RT- PORSan dley&imsfollows by polieipdesrabiolieue Mg e iBiab, 5:1188-1190, 1985); by
direct sonic loading (Fechheimer et al., Proc. Nat'l Acad. Sci. USA, 84:8463-8467, 1987);
by liposome mediated transfection (Nicolau and Sene, Biochim. Biophys. Acta, 721:185-
190, 1982; Fraley et al., Proc. Nat'l Acad. Sci. US4, 76:3348-3352, 1979; Nicolau et al.,
Methods Enzymol., 149:157-176, 1987, Wong et al., Gene, 10:87-94, 1980; Kaneda et al.,

30 Science,243:375-378, 1989; Kato et al., J Biol. Chem., 266:3361-3364, 1991) and receptor-

mediated transfection (Wu and Wu, Biochemistry, 27:887-892, 1988; Wu and W, J. Biol.
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hurman 25 culturing surface compared the efficiency of otherwise identically-treated cells that are

cultured on feeder cells. Exemplary molecular tethers include, but are not limited to,
matrigel, an extracellular matrix (ECM), ECM analogs, laminin, fibronectin, or collagen.
Those of skill in the art however will recognize that this is a non-limiting list and that other
molecules can be used to attach cells to a solid surface. Methods for initial attachment of

30  the tethers to the solid surface are known in the art.
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WD 2010/ 077955PCT/ US2009/ 068274 -ts [0140] Cell culture and viral
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SUPPLENENTAL. EXPERI. MENTAL PROCEDURES

2010/ Gf79Fs¢ey REshipagides artibodiss) for the ablhty to modulate a pluripotent cell’s phenotype
or to induce a desired cellular response. Library screens can be designed to screen for a

library member’s ability to affect essentially any desired phenotype. Exemplary phenotypes
can include, for example, cellular differentiation, apoptosis or other cell death, cell survival,

death, or other phenotype in the presence of an additional compound or drug of interest, etc.

25 [0128] The agents in the library can be any small chemical compound, or a biological
entity, such as a protein, sugar, nucleic acid or lipid. Typically, test agents will be small
chemical molecules and peptides. Essentially any chemical compound can be used as a
potential agent in the assays of the invention, although most often compounds that can be
dissolved in aqueous or organic {especially DMSO-based) solutions are used. The assays

30  aredesigned to screen large chemical libraries by automating the assay steps and providing
compounds from any convenient source to assays, which are typically run in parailel (e.g.,

in microtiter formats on microtiter plates in robotic assays). It will be appreciated that there
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Table 1: List of prinmers information for PCR Genes Forward prinmer
Reverse pry l.ze_(bp) For RT-RCR (rat cells) Rat Cct ,
TACTGoe0e0 AR T GO TGRCARTGCTAGE /449 Rat Sox2 ARG

CGA ACCACACCATGAAGGECATTC AT 285 Rat %nog TAGCCCTGATTCTTCTA GCA 111
GCTGCAACCHOAEAT ABevidet fiiathe fRe$arati AWK CoAD AN HBAi AQL commercially available

TGAGFTC&_Q%?%%\F/IPS, 390 MPS, Advanced Chem Tech, Louisville KY, Symphony, Rainin,
Woburn, MA, 433A Applied Biosystems, Foster City, CA, 9050 Plus, Millipore, Bedford,
MA). In addition, numerous combinatorial libraries are themselves commercially available
5 (see e.g, ComGenex, Princeton, N.J., Tripos, Inc., St. Louis, MO, 3D Pharmaceuticals,

Exton, PA, Martek Biosciences, Columbia, MD, etc.).

EXAMPLES
SUMMARY: Here, we report successful establishment of novel rat iPSCs (riPSCs), which
10 can be homogenously maintained by LIF and a cocktail of ALKS inhibitor, GSK3 inhibitor
and MEK inhibitor. riPSCs share mouse ESC characteristics and most importantly can
contribute extensively to chimaeras. We also generated novel human iPSCs (hiPSCs) with
“mouse ESC-like” characteristics, which can be surprisingly maintained in culture in the
presence of MEK inhibitor and ALKS inhibitor. We propose that our experiments will
15 provide a framework to generate pluripotent stem cells by reprogramming from rats or other

species, whose authentic embryonic stem cells are still not available.

Example 1:
[0132] This example demonstrates generation and maintenance of rat pluripotent cells.

20 [0133] Generation of novel riPSCs from WB-F344 cells by Oct4/Kif4/Sox2 viral
transduction and chemical cocktails. WB-F344, a diploid rat liver progenitor cell line
(Grisham et al., Proc Soc Exp Biol Med 204, 270-279 (1993)), were transduced with Oct4,
Sox2 and KIf4 by retroviruses and then split onto MEF feeder cells in the conventional
mESC medium. Compact and alkaline phosphatase (ALP) positive ESC-like colonies were

25  observed 10 days after transduction (the efficiency is about 0.4%) (Figure 1A). When the
ESC-like colonies were picked up and sub-cultured in the same medium, however, they
quickly differentiated and lost ESC morphology (Figure 1B), suggesting that the
conventional mESC medium condition is not sufficient to maintain the pluripotency of
riPSCs. Given the notion that small molecules can inhibit key differentiation-inducing

30  pathways, we and others have previously identified and used small molecules to support
mESC se]f-fenewal in a more robust manner (Schugar et al., Gene Ther 15, 126-135 (2008);
Xu et al., Nat Biotechnol 20, 1261-1264 (2002)). Based on such chemical strategy and the



350 Rat K1f4 CAGACCTGGAAAGTGGT GO ACCTGTGITGOCCGCAGCC 283 Rat TDGF2
AACACCAA ATGTGGCC TCAL 1 1CTAGGAAAAGGCAG ATGG 511 Rat FGF-4
ToTaTeAG AP gl

GAGTGG CCTTCTTGGT TC TTA 198

GCTGCCCCTCAGCCGAC TGCTACT CACTGCCTTGTACTCCGGTA GCTG 210 Transgenic
Cct 4 COCGTEMGh TRt ol fad it AAMNCECS A bf ZEBC and EpiSC/hESC, we sclected
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MEK inhibitor PD0325901, ALKS5 (the principle type I receptor of TGF B signaling)
mmhibitor A-83-01, GSK3J inhibitor CHIR99021, and FGFR inhibitor PD173074, and tested
the effects of different small molecule combination on maintaining the pluripotency of
11iPSCs. Using combination of 0.5 pM PD0325901 and 3 uM CHIR99021, riPSCs can be
short-term maintained in culture but showing extensive spontaneous differentiation (Figure
1C). After serial passages, cells grown under this condition proliferated slower and the
culture deteriorated due to the proliferation of differentiated cells. Recent studies
demonstrated that PD0325901 combined with CHIR99021 and FGFR inhibitor PD173074
can maintain mESC pluripotency in a LIF independent manner (Ying et al., Cell 115, 281-
292 (2003)). However, similar to the combination of PD0325901and CHIR99021,
including PD173074 (0.1uM) in medium didn’t show further benefit. Because Activin
A/Nodal signaling is important to maintain the undifferentiated state of hESCs and EpiSCs,
but dispensable for mESC self-renewal, we then tested whether the combination of
PD0325901, CHIR99021 and the TGF-f inhibitor A-83-01 can suppress the differentiation
and promote self-renewal of riPSCs. Interestingly, with the combination of 0.5 pM
PD0325901, 3 uM CHIR99021 and 0.5 pM A-83-01, riPSCs grow as a more homogeneous
population and the spontaneous differentiation was substantially inhibited (Figure 1D).
Under such condition, the clonal expansion efficiency was also significantly increased in
comparison to the combination of PD0325901 and CHIR99021 (Figure 5). Furthermore,
although LIF itself was not sufficient to sustain riPSC self-renewal, only very small ALP
positive colonies were observed and could not be long-term maintained in the absence of
LIF (Figure 5). Moreover, the unique chemical inhibitor cocktail was required for long
term self-renewal of riPSCs. riPSCs have been cultured in the presence of LIF,
PD0325901, A-83-01, and CHIR99021 for more than 30 passages without obvious
differentiation and decrease in proliferation, but they lose ESC morphology and
differentiate within one passage after the chemical inhibitors are removed from the medium.
Under this condition, riPSCs are similar to the conventional mESCs in forming typical
domed colonies in culture (Figure 1E). Immunocytochemistry revealed that riPSCs express
typical mESC markers, such as Oct4 (Figure 1F), Sox2 (Figure 1G), SSEA-1 (Figure 1H,
Green), Nanog (Figure 1H Red), but are negative to the hESC markers, such as SSEA3,
SSEA4 and TRA-1-81. RT-PCR analysis of four clonal riPSC lines using rat gene primers
confirmed the expression of the endogenous rat Oct4, Sox2, Nanog, KIf4, Rex-1, TDGF2,
FGF4 and Eras (Figure 11). By using the specific primers for transgenes, RT-PCR analysis
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1I). Analysis of the methylation status of the rat Oct4 promoter showed differential
methylation between riPSCs and WB-F344 cells, riPSC clones exhibited an almost
complete demethylation pattern and is distinct from that of the parental WB-F344 cells
(Figure 1J). Notably, riPSCs share common molecular features with mESCs, especially
express Rex-1 and ALP, markers of ESCs and early epiblasts that are absent in post-
implantation stage epiblasts and EpiSCs.

[0134] The riPSCs are pluripotent stem cells ir vifro and in vivo. To examine the
developmental potential of riPSCs, in vitro differentiation assay was performed.
Immunostaining showed riPSCs could differentiate into endoderm (Albumin and Pdx1)
(Figure 2A, 2B), neuroectoderm (BIII-tubulin, Tujl) (Figure 2C) and mesoderm (brachyury)
(Figure 2D} derivatives under standard embryoid body differentiation methods. Next, we
examined riPSC’s in vive developmental potential. After transplanted into the Severe
Combined Immunodeficient (SCID) mice, riPSCs formed teratoma, which consisted of all
three germ layers including neuroepithelium-like structure (ectoderm), airway epithelium
(endoderm), cartilage-like structure (mesoderm) and smooth muscle (mesoderm) (Figure
2E~2H). Most remarkably, after injected into Brown-Norway rat (black fur) blastocysts
(n=18), three rats were born and all exhibited extensive coat-color chimerism (Figure 21).
However, no germline transmission has been detected yet. Taken together, the above results

defined our riPSCs, distinct from rat EpiSCs, as a pluripotent mESC-like rat stem cell line.

Example 2:

[0135] This example demonstrates culture media for inducing and maintaining human

pluripotent cells in a state analogous to mouse embryonic stem cells.

[0136] In contrast to mESCs, bFGF and TGFB/Activin/Nodal signaling are essential for
maintaining self-renewal of the conventional hESCs and EpiSCs. Inhibition of either
TGFp/Activin/Nodal or FGFR signals causes dramatic and rapid differentiation of hESCs
and EpiSCs under the conventional hESC culture conditions. Recently, human induced
pluripotent stem cells (hiPSCs) have been generated from fibroblasts by expression of either
Oct4, Sox2, c-Myc, and KIf4 or Oct4, Sox2, Nanog, and Lin28 under the bFGF culture
condition (Dimos et al., Science 321, 1218-1221 (2008); Lowry et al., Proc Natl Acad Sci U
S 4 105, 2883-2888 (2008); Nakagawa et al., Nat Biotechnol 26, 101-106 (2008); Takahashi
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etal., Cell 131, 861-872 (2007); Yu et al., Science 318, 1917-1920 (2007)). Such hiPSCs
closely resemble the conventional hESCs and EpiSCs in the signaling requirements for self-
renewal and cell morphology. Based on the rat studies, we explored whether a mESC-like
pluripotency state for human pluripotent stem cells could be captured and maintained.
Remarkably, we found hiPSCs could be effectively generated from IMR90 human
fibroblasts by viral expression of Oct4, Sox2, Nanog, and Lin28 in the mESC medium
containing hLIF with a similar timing and efficiency (Figure 3A, 15~20 iPS cell colonies
from 1x10° transduced cells on average) as that under the conventional condition (Yuetal,
Science 318, 1917-1920 (2007)), and subsequently selected and expanded by addition of the
chemical cocktail of ALKS5, GSK3 and MEK inhibitors. Such hiPSCs long-term and
homogenously self-renew (>>20 passages) under hLIF and the chemical cocktail of
PD0325901, A-83-01 and CHIR99021 (Figure 3B). In contrast to the conventional hESCs,
these hiPSCs formed ALP-positive domed colonies similar to mESCs (Figure 3C), were
resistant to MEK inhibitor and ALKS inhibitor, and whereas the conventional hESC line H1
differentiated rapidly under the same conditions. These hiPSCs homogenously express
typical pluripotency markers, such as Oct4, Sox2, Nanog, TRA-1-81, SSEA3 and SSEA-4
(Figure 3D-3I). RT-PCR analysis of four clonal hiPSC lines under such condition
confirmed the expression of the endogenous human Oc#4, Sox2, Nanog, Rex-1, TDGF2 and
FGF4 (Figure 3J). By using the specific primers for transgenes, RT-PCR analysis revealed
that the transduced Oct4, Sox2 and Nanog genes were largely silenced (Figure 3J).
Moreover, these hiPSCs showed similar DNA methylation patterns on Oct4 promoter as H1
human ESCs and are distinct from the parental IMR90 fibroblast (Figure 3K). Similar to
1iPSCs, the inhibitor cocktail was required for maintaining the domed colony morphology
and long term in vifro self-renewal of hiPSCs. Removing the inhibitor cocktail caused the
cells to lose colony morphology within one passage. Removing hLIF from the medium did
not show immediate/dramatic effects on the cells. However, hLIF seems to be useful for the
long-term culture of hiPSCs. When cultured in the medium containing the chemical
inhibitors but without hLIF, hiPSC cuiture deteriorates gradually and could not be
homogenously passaged beyond 10 passages. Nevertheless, the exact signaling mechanism

in self-renewal of such novel hiPSCs remains to be determined.

[0137] Importantly, immunocytochemistry confirmed that such novel hiPSCs could
differentiate into endoderm (Albumin) (Figure 4A), neuroectoderm (BIII-tubulin, Tuj1)
(Figure 4B) and mesoderm (brachyury) (Figure 4C) derivatives in vifro. Furthermore, after
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structure (endoderm) (Figure 4D), and cartilage-like structure (mesoderm) (F igure 4E).
Taken together, the above results suggested that a mESC-like human pluripotent stem cell

5  can be captured and long-term maintained.
DISCUSSION

[0138] Although embryonic stem cells have been established from mice since 1981
(Martin, G. R., Proc Natl Acad Sci U S 4 78, 7634-7638 (1981)), attempts to derive their
counterparts from other animals such as rat, have not completely succeeded (Demers et al.,

10 Cloning Stem Cells 9, 512-522 (2007); Ruhnke et al., Stem Cells 21, 428-436 (2003), 2003;
Schulze et al., Methods Mol Biol 329, 45-58 (2006); Ueda et al., “Establishment of rat
embryonic stem cells and making of chimera rats,” PLoS ONE 3, e2800 (2008)). By
combining the genetic reprogramming and chemical approach, we were able to generate
novel mESC-like rat and human pluripotent stem cells that share key characteristics of the

15 conventional mESCs in colony morphology and culture requirements/signaling responses.
Under the unique cocktail of small molecules, our stable riPSCs were capable of extensively
coniributing to chimerism in vivo. Rats are more suited for physiological and behavioral
studies and are excellent model for multigenic human diseases. However, the utilization of
this invaluable model was hindered due to the unavailability of rat stem cells that are

20 pluripotent in vivo. Our establishment of rat pluripotent cells and strategy of using the
appropriate chemical cocktails will pave the way to generate gene-targeted rats for
biomedical researches. Our hiPSCs grow more robustly and seem to represent a novel
pluripotent state that is similar to the conventional mESCs and different from the

conventional hESCs,

25 [0139] Taken together, such findings underscore the unique advantage of the chemical
approach, and pinpoint the importance of inhibiting TGF-p pathway for maintaining the
mESC-like pluripotent state of rat and human cells. Qur studies collectively provide a
framework to generate pluripotent stem cells by repro gramming or derive early ICM-stage

ESCs from rats or other species, whose embryonic stem cells are still not available.
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[0141] Human fibroblasts IMR90 (ATCC No. CCL-186) were cultured and transduced by
pSin-EF2-Puro-based lentiviruses for human Oct4, Sox2, Nanog and Lin28 (Addgene) as

15  described (Yu et al., Science 318, 1917-1920 (2007)). 24 hours later, 1x10° transduced
IMR-90 cells were seeded on the X-ray inactivated CF1 MEF feeder cells in a 100 mm dish.
24 hours later, the media was changed to mESC medium supplemented with 10° U/ml hLIF
(Millipore). After three weeks, the hiPSC colonies were observed and picked up at the
fourth week post-infection for expansion on feeder cells in the same medium containing

20 MEK inhibitor PD0325901 (0.5 pM), ALKS5 inhibitor A-83-01 (0.25 uM), and GSK3p
inhibitor CHIR99021 (3 pM).

[0142] Blastocyst Injection: The blastocysts were recovered from the uterus of Brown-
Norway (BN) females at 4.5 days post coitum. The blastocysts were placed in a drop of
HEPES under mineral oil. 8~15 riPSCs were injected into the blastocyst cavity using a

25  microinjection pipette. After injection, blastocysts were transferred to pseudo-pregnant
recipient females. All animal procedures were in accordance with the guidelines of the

National Institute of Health.
SUPPLEMENTAL DATA

[0143] The Supplemental data includes the supplemental experimental procedures, one

30 tabie and one figure.

SUPPLEMENTAL EXPERIMENTAL PROCEDURES:
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30  parnate/mAMFGi cells converted from EpiSCs regain true in vivo pluripotency. In contrast,

GFP-positive cells were only found in the yolk sac of E13.5 embryos recovered from

transplantation of pamate/mMFGi cell-aggregated morulas (Fig. 7A).
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CGAGGT CCATRATACAGI Rt Dehgenes associated with the epiblast and early germ layers such as Fgf5
and Brachyury (T) were decreased or undetectable in parnate/mAMFGi cells (Fig. 8B, 9C).
10 Furthermore, transcriptome analysis by microarray demonstrated that the converted
parnate/mAMFGi cells are much more similar to mESCs (Pearson correlation value: 0.87),
while the original EpiSCs are more distant from mESCs (Pearson correlation value: 0.74)
(Figure 8C), consistent with previous reports. To further analyze specific epigenetic changes
associated with the conversion, we examined the promoter DNA methylation of Stella and
15 Fgf4, whose expressions are closely associated with ICM properties (Hayashi et al., Cell
Stem Cell 3, 391-401, 2008; Imamura et al., BMC Dev Biol 6, 34, 2006), using bisulphite
genomic sequencing. It revealed that the promoter regions of Stella and Fgf4 were largely
unmethylated in parnate/mAMFGi cells and mESCs, but were hypermethylated in EpiSCs
(Fig. 8D). To further examine the epigenetic state of Stella, which is restricted to the mESC-
20 like state, we performed a ChIP-QPCR analysis of its promoter region in EpiSCs, converted
parnate/mAMFGi cells, and mESCs. We found that the H3K4 and H3K27 methylation
pattern of Stella in parnate/mAMFGi cells is similar to that observed in mESCs, but is
distinct from that in EpiSCs, confirming that the epigenetic status of Stefla in the converted
parnate/mAMFGi cells was switched to the mESC-like status (Fig. 8E).

25 [0155] Parnate/mAMFGi cells were also examined for their ir vitro functional properties.
They were found to have similar growth rate as mESCs (Fig. 9A). When Pamate/mAMFGi
cells were differentiated through embryoid bodies in suspension, they were able to
effectively generate cell derivatives in the three primary germ layers as shown by
immunocytochemistry, including characteristic neuronal cells (BIlI-tubulin and MAP2ab

30 positive), beating cardiomyocytes (cardiac troponin and MHC positive), and endoderm cells
(Sox17 or Albumin positive) (Fig. 9B. Because mESCs and EpiSCs/hESCs have different
responses to signaling inputs (e.g. growth factors) in self-renewal and differentiation,

conditions that were developed and work effectively for mESC differentiation may often be
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conditions may be more readily translated from mESC work to EpiSC/hESC work.

Differential response to BMP4 ireatment represents a functional assay to distinguish
5 between mESCs and EpiSCs. Consistent with the previous studies (Beddington and

Robertson, Development 105, 733-737, 1989; Czyz and Wobus, Differentiation 68, 167-
174, 2001; Qi et al., Proc Natl Acad Sci U S A 101, 6027-6032, 2004; Winnier et al., Genes
Dev 9, 2105-2116, 1995), we found that parnate/mAMFGi cells were induced to express the
mesoderm specific marker gene Brachyury (T) when treated with BMP4 as mESCs, but

10 under the same condition couldn’t give rise to trophectoderm (no induction of trophoblast
marker Cdx2) or primitive endoderm cells (Gata6) as EpiSCs, suggesting a similar in vitro
differentiation potential/response of parnate/mAMFGi cells to mESCs (Fig. 9C). To further
demonstrate this, we attempted and compared EpiSCs, converted parnate/mAMFGi cells,
and mESCs in a monolayer chemically defined directed step-wise cardiac differentiation

15 process. In this multi-step process, where BMP activity plays an essential role in the early
steps of mesoderm differentiation, we found that pamate/mAMFGi cells differentiated into
beating cardiomyocytes as efficiently as mESCs, but differentiation of EpiSCs under the
same condition hardly produced cells that expressed appropriate cardiac markers or have
characteristic beating phenotype (Fig. 9D), confirming again that parnate/mAMFGi celis are

20  functionally similar to mESCs. Moreover, a single cell survival assay also demonstrated that
pamate/mAMFGi cells clonally expand as Oct4-positive colonies as efficiently as mESCs in
feeder-free and N2/B27-chemically defined conditions, while EpiSCs survive poorly from
single cells under the same condition (Fig. 11B). These data further demonstrated that
EpiSCs could be functionally converted to the mESC-like state by pharmacological

25  manipulation that targets epigenetic modifications and differential signaling pathways

required by mESCs or EpiSCs.

[0156] Concurrent with our studies, EpiSC cells have recently been reported to convert to
a mESC-like state by overexpression of reprogramming genes (i.e. KIf4) in conjunction
with chemical compounds (Guo et al., Development 136, 1063-1069, 2009). In this study,
30 we devised a chemically defined treatment to convert stable EpiSCs to a mESC-like,
developmentally earlier pluripotency state without any genetic manipulation. Despite
studies providing evidence that epiblast-like celis exist and transition back and forth within
colony of conventional mESCs (Hayashi et al., Cell Stem Cell 3, 391-401, 2008); mESCs
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EpiSCs differentiated rapidly under the conventional mESC culture conditions and no
“spontaneously” converted mESC could be readily identified and isolated over serial

5 passages at the population or clonal level. Remarkably, we found that blockage of the TGFB
pathway or inhibition of the H3K4 demethylase LSD1 with small molecule inhibitors
induced dramatic morphological changes of EpiSCs towards mESC-like phenotypes with
activation of some ICM-specific gene expression. However, full conversion of EpiSCs to a
mESC-like state with competence to chimeric contribution can only be readily generated

10 with a combination of inhibitors of LSD1, ALKS5, MEK, FGFR, and GSK3. These
observations underscore a powerful and direct induction of reprogramming from the
developmentally later-stage EpiSCs to the ICM-stage mESCs by a synergy of signaling and
direct epigenetic modulations. It also highlights a significant role for TGFB pathway
inhibition in promoting reprogramming and sustaining true pluripotency, which further

15 supports our recent studies in generating chimerism-competent rat pluripotent cells (Li et
al,, Cell Stem Cell 4, 16-19, 2009). Collectively, our studies provide a proof-of-concept
demonstration that pluripotency-restricted EpiSCs can be readily converted to a mESC-like
state in the absence of any genetic manipulation by precise pharmacological control of
signaling pathways that distinguish the two pluripotency states and an epigenetic target

20  simultaneously, and offer a convenient experimental system to further study the mechanism.
Such method and concept may also provide an avenue for generating a new type of mESC-

like human pluripotent cell.
[0157] Experimental Procedures

[0158] Cell culture: The murine EpiSC line was a gift from Dr. Paul Tesar (Case

25  Western Reserve University). EpiSCs (line EpiSC-5, male) were maintained on irradiated
CF1 MEFs in human ESC medium supplemented with 10 ng/ml bFGF as described
previously (Tesar et al., Nature 448, 196-199, 2007). EpiSCs were passaged every 3-4 days
with 1 mg/ml collagenase type IV (Invitrogen). The R1 mESCs were cultured on irradiated
CF1 MEFs with conventional mESC growth media, which consist of Knockout DMEM

30 (Invitrogen) supplemented with 20% KSR (Invitrogen), 0.1 mM 2-ME (Sigma-Aldrich), 2
mM L-glutamine (Invitrogen), 0.1 mM NEAA (Invitrogen), and 10° units/ml recombinant
murine leukemia inhibitory factor (LIF) (ESGRO, Millipore). The mESCs and converted
cells were passaged every 3 days as a single cell suspension using 0.05% trypsin/EDTA and
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suffi ClS were resolvec? on (1.5 %) agarose gels and visualized by ethidium bromide staining. Images

were taken using Bio-Rad Gel document system. Diluted cDNA was used in each of
duplicate quantitative PCRs on a Bio-Rad real-time PCR detection system with 1Q SYBR
Green (Bio-Rad). Primers used are listed in Supplemental Table 2.

[0160] Bisulfite sequencing analysis: DNAs from R1 mESCs, EpiSCs, and

20 Parnate/mAMFGi cells were isolated using the Non Organic DNA Isolation Kit (Millipore).
The DNAs were then treated for bisulfite sequencing with the EZ DNA Methylation-Gold
Kit (Zymo Research Corp., Orange, CA). The treated DNAs were then used to amplify
sequences of interest. Primers used for promoter fragment amplification were as previously
published (Hayashi et al., Cell Stem Cell 3, 391-401, 2008; Imamura et al., BMC Dev Biol

25 6, 34,2006) and listed in Supplemental Table 2. The resulting fragments were cloned using
the TOPO TA Cloning Kit for sequencing (Invitrogen) and sequenced.

[0161] Flow cytometry and cell sorting: Adherent cells were washed twice in PBS and
then incubated for 20 minutes at 37°C in Cell Dissociation Buffer (Invitrogen). Cells were
dissociated and re-suspended in PBS + 3% normal goat serum (blocking buffer). Cells were

30  incubated for 40 minutes at 4°C with antibody anti-SSEA1 (1:50, Santa Cruz) and then
incubated with the corresponding secondary antibody followed by washing steps. Cells
were analyzed and sorted using a FACSAria cell sorter and FACSDiva software (BD
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10 up to 16 days). For directed cardiac differentiation, cells were plated on Matrigel coated
plates at 2 x 10%cm?. 24 hours after plating, cells are switched into chemically defined
medium (CDM) [consisting of RPMI 1640, 0.5x N2, 1x B27 (without Vitamin A), 0.5x
Glutamax, 0.55 mM beta-mercaptoethanol, and 1x non-essential amino acids], and treated
with 3 puM BIO (Calbiochem) and 20 ng/ml BMP-4 (R&D) for five days. Then, the medium

15 ischanged to CDM containing 100 ng/ml Dkk-1 and cells are cultured for additional five
days. At Day 11, cells are briefly trypsinized/detached (0.05% trypsin) and replated onto
gelatin coated 6-well plates in CDM with no additional growth factors, and cultured for

additional 4-6 days when beating phenotype appears in most of cardiac colonies.

[0163] Characterization assays: ALP staining was performed using the Alkaline

20  Phosphatase Detection Kit (Chemicon) as instructed by the manufacturer.
Immunocytochemistry was performed using standard protocol. Briefly, cells were fixed in
4% paraformaldehyde (Sigma-Aldrich), washed three times by PBS, and then incubated in
PBS containing 0.3% TritonX-100 (Sigma-Aldrich) and 5% normal donkey serum (Jackson
Immuno Research) for 1 hr at room temperature. The cells were then incubated with

25  primary antibody at 4°C overnight: Albumin (Abcam, AB19188, 1:200); Brachyury (Santa
Cruz, C-19, 1:200); Cardiac tropenin t antibody (CT3) (Developmental Studies Hybridoma
Bank, 1:700 ); MAP2ab (Abcam, ab5392, 1:1000); MF20 (Developmental Studies
Hybridoma Bank, 1:200); Nanog (Abcam, ab21603, 1:500); Oct4 (Santa Cruz, sc-5279,
1:100); Sox17 (R&D systems, AF1924, 1:300); SSEA1 (Santa Cruz, sc-21702, 1:100);

30  Stella (Millipore, MAB4388, 1:200); Tuj-1 (Covance, MMS-435P, 1:1000). After washing
three times with PBS, cells were incubated with appropriate Alexa Fluor conjugated
secondary antibodies (Invitrogen) for 2 hr at RT. Nuclei were detected by DAPI (Sigma)
staining. Images were captured by Zeiss HXP 120.
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10  BeadStation SOOX Systcm Manual (Illumina, San Diego, CA, USA) using the supplied
reagents and GE Healthcare Streptavidin-Cy3 staining solution. Hybridization to the
[lumina Array MouseRef-8 v2 was for 18 h at 55 °C on a BeadChip Hyb Wheel. The array
was scanned using the Illumina BeadArray Reader. All samples were prepared in two
biological replicates. Processing and analysis of the microarray data were performed with

15  the llumina BeadStudio software. The microarray data of R1-mESC cells was from our
previous studies GEO DataSet (GSM402334 and GSM402335). All raw data were
subtracted for background and normalized together using the rank invariant option. We have
deposited the microarray data of parnate/mAMFGi and EpiSCs to GEO DataSets with the
accession number (GSM402334 and GSM402335 for R1 mouse ES cells; GSE17664 for

20  parnate/mAMFGi and EpiSCs).

[0166] Real-Time PCR for chrematin immunoprecipitation (ChIP-qPCR): ChIP was
performed using a commerciaily available Magna ChIP™ G kit (catalog #17-611,
Millipore). Briefly, feeder-free cuitured 1X10° cells were fixed with 1% formaldehyde,
lysed, and sonicated to obtain 200-500 bp DNA fragments conjugated with nucleosomes.

25  The sonicated lysates were immunoprecipitated with anti-trimethyl-histone H3 lysine 4
(Millipore, Cat. #17-614, 3ul/reaction) or anti-trimethyl-histone H3 lysine 27 (Millipore,
Cat. # 17-622, 4 pg/reaction) that were in advance reacted with secondary antibodies
conjugated with magnetic beads. After incubation with each antibody for 24hr,
immunoprecipitants were recovered and DNA fragments contained were purified by

30 incubation with Proteinase K. The DNA fragments were subjected to real-time PCR.
Whole-cell lysates before incubation with antibodies were used as input. One microliter of

DNA fragments from whole lysates and immunoprecipitants were subject to real-time PCR



2 based on the presence of a nucleic acid fromthe pluri potentf_ce! | s.
120. A cul t Mripotent mammalian cells, conprisi Lclent
2 amount of: Eaﬁfmg'r?]ﬂa LK5 i nhi bitor, ang 4b.a second corrpwgggfog@#gd
fromone or nore of a MEK 5inhibitor, an Erk inhibitor, a p38

i nhi bi t or , reasignalmim@Eepreeipétpdte with mbirhdl tRabbit fngseairddQWnégmtivabodne»iaﬁmpmef
cell divisjign,while | nt ai.ni cel] L .pluripotency. 121, The culture o
Crai m 20, PORRREH SR GRea e Palenio bRt o FETim Ry - 6a
122. The cul ture of claim20, further conprising an anpunt of a GSK313
2i nhi bi t or[01643 Tafde 2 fringreused i1 B¢ 22, wherein the GSK3I3 i nhi bitor
s CH R99021 124.The culture of claim?20, wherein the second conpound

is a MEK PGedd bitor. [IP&whird culture of clai m 24 Reddgeei n t he VEK

i nhi bi t or| Fa PDPEAIDO01. 126. The culture of claim 20, wherein the

second complatpd |s a Frdtctidhederdcetroraré. The CUTT UhRTfacEdredita6Prcanc
wher e! nt rﬁra&%@ I nni ATc@ashSuanciicdhe. 128, The QUBRIEERTREAACABRTT <U;
wher ei n tNEgALKS TN PldoPloabariadoama 2- CGAGGTCCATAATTCCACTCA
Dax1 GTGGCAGGGCAGCATCCTCTACAA CAAAAGAAGCGGTACA
Estrb CGC CAT CAA ATG CGA GTA CAT GC GAATCACCATCCAGGCAC TCTG
Fbxo15/ECAT3 | TAGATTCTTGGACTTCCGTTCA ACCAAGGTCACCGCATCCAA
Fof4 CGTGGTGAGCATCTTCGGAGTGG " | CCTTCTTGGTCCGCCCGTTCTTA
FefS CTGTACTGCAGAGTGGGCATCGG GACTTCTGCGAGGCTGCGACAGG
GAPDH GTGTTCCTACCCCCAATGTGT ATTGTCATACCAGGAAATGAGCTT
Gatab ACCTTATGGCGTAGAAATGCTGAGGGTG CTGAATACTTGAGGTCACTGTTCTCGGG
Pecaml GTCATGGCCATGGTCGAGTA AGCAGGACAGGTCCAACAAC
Rex-1 TGAAAGTGAGATTAGCCCCGAG GTCCCATCCCCTTCAATAGCAC
Stella GAAACTCCTCAGAAGAAA CTCTTGTTCTCCACAGGTAC
Stra8 GCAACCAACCCAGTGATGATGG CATCTGGTCCAACAGCCTCAG
For bisulfite-sequencing PCR
Faf4 TTTAGGTTTTAAGAGTGTTGGGGAGAAGAT TACAAAACAAAAACATCAAACCCATTCTAA
Stella ATTTTGTGATTAGGGTTGGTTTAGAA CCAAAACATCCTCTTCATCTITCTTCT
Stella nest TTTTTGGAATTGGTTGGGATTG CTTCTAAAAAATTTCAAAATCCTTCATT
For ChIP-Q PCR
Stella | GATCCAGCTGGTCTGAGCTA | GTGCAGGGATCATAGGAGTG

5  Example 6: Characterization of pluripotent animal cell that replicates and maintains

pluripotency

[0168] To characterize the newly generated hiPSCs, real-time PCR was employed to
analyze the gene expression of hiPSCs. Human ES cell line, Hues9 (hES facility, Harvard
University, htip://mcb.harvard.edw/melton/hues/), was used as a control. Real-time PCR
10 analysis reveal that, as compared to Hues9 cells, hiPSCs of the present invention express
certain genes at higher levels, such as Gbx2 (5-fold), Dppa3 (2-fold) and K4 (2.5-fold).
These markers are also found to be highly expressed in mouse ES cells, but not in mouse
EpiSCs. The primers used in the real-time PCR assay are: Dppa3: 5°-
CAACCTACATCCCAGGGTCT-3’; 5’-TCAACGTCTCGGAGGAGATT-3"; Gbx2: 5°-
15  AAAGGCTTCCTGGCCAAAG-3’; 5>-TTGACTCGTCTTTCCCTTGC-3’; Klif4: 5°-
AGCCTAAATGATGGTGCTTGGT-3"; 5°>-TTGAAAACTTTGGCTTCCTTGTT-3".



129. The culture of claim 20, wherein the cells are human or rat
celI's. 130wph@igiihdssr e of claim 20, wherein the cells @& @hfoeRhe
stemcells. 131. A cell culture nmediung conprising a sufficlient anpunt
of : 2a.an ALK5 inhibitor, and 3b.a second conpound sel ected from one
or nore of [(A6%EKU4ing Imeﬂelmdﬂot annlydis kwé Imdve blst englyz thd&preskiohbf Brcadlanid in
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cultured i r& t he medium 132. The nedjium of claim 31, further

conpri si ngl0L &k e Freations PERlsPopgKides to(iflustipte theamyprtiondul nehtoRmiligi m
31, furth
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138. The medi um of claim 31, wherein the ALK5 inhibitor is A-83-01.
139. The medi um of claim 31, wherein the ALKS inhibitor is SB431542.
140. The nedium of claim 31, wherein the nmediumis in a pre-packaged,
2seal container. 141. An isolated pluripotent animl cell that

repl i cat eswainl ICHhARVIED IB: pl uri potency 3(1)in the presence of

| eukem a inhibitory factor (LIE) and 4bone norphogenic protein (BW),
or 5(2)under inhibitjion of the TGFRP and actiyvin signal|ng 6pat hway,
"nhi bi thon of the MIPK sroRSIPRgrBlERIRpnaMgtse Reteh Fller ABE) on
of t he FGHipRioAMRIke nfetbdlcompdsingm cel | . with the proviso that the

I sol ated pluripotent animal cell is not _a nurine enbryonic stemcell
(MESC) .3 42. The i solcsitednecplymipoggnt anigiahecdls in the presense ohd swifipient amaynt of:

human celI. 43. The isol gted gelkxaf; Ghal 2, Wherein the cell is a
human enbryonic 144.The isol ate celF]ﬁ i:Ai;(#r[’%cr]ﬁai m 41, wherein the cell

is ardt cell. b. a second compound selected from one or more of a MEK
6 inhibitor, an Erk inhibitor, a p38 inhibitor, and an FGF receptor inhibitor; and
7 c. sufficient nutrients for a sufficient time,
8 to allow for at least one cell division while maintaining cell
9 pluripotency.
1 2. The method of claim 1, wherein the culturing step further comprises

2 culturing the cells in the presence of an amount of a GSK3p inhibitor.
1 3. The method of claim 2, wherein the GSK3J inhibitor is CHIR99021

I 4. The method of claim 1, wherein the culturing step further comprises

2 culturing the cells in the presence of an amount of Leukemia inhibitory factor (LIF).

i 5. The method of claim 1, wherein the second compound is a MEK
2 inhibitor.
1 6. The method of claim 5, wherein the MEK inhibitor is PD0325901
7. The method of claim 1, wherein the second compound is a Erk
2 inhibitor.
1 8. The method of claim 1, wherein the culturing step is performed in the

2 further presence of LIF,

1 9. The method of claim 1, wherein the ALKS5 inhibitor is A-83-01.
1 10. The method of claim 1, wherein the ALKS inhibitor is SB431542.
1 11. The method of claim 1, wherein the pluripotent cells are cultured

2  through at least five cell divisions while maintaining cell pluripotency.



145. The i sol ated cell of claim44, wherein the cell is a rat
enbryonic stem 2cell. 66 146.The isolated cell of claim4l, wherein
the cell maintains pluripotency 2 undgr inhibition of ALKS and MEK
147. The isolated cell of claim41l, wherein the isolated pluripotent
animal 2 cell expresses a higher |evel of E-cadherin as conpared to
conventl onal | y- cul t uZed HEEGsthd@Efichimd fusthemoagkikiag dmdbdheinga i nduced

pluripojent cells. 148.The . solated cell of clajm.47, wherein the
ol at e preirpsabus i mBahF b EagiFsliond Sleiieling R Palsdf ayg
E- cadhey i nfopst leasipay &iditioalcel) i@ndibr ahily natttdiking gludiphle®ss, Epi SCs and
human i nduced pluripotent cells. 149. The isolated cell of claimA41l,

wherein the isol ated, plurjpotent anjpal_2 cell expresses a_higher
| evel B]f mar ker s asdléonpgthgfi“ _dégﬁi?%ﬂ?n‘ﬁ}&f?lyﬂgﬁ‘g{ @Hsﬂm?‘fl@ls
Epi bl ast stnegmeel ko ashaleeMBhéddEERE 1PbluFip RIS MndARdd SbmansHR t he
mar kers i nclude Gbx2, 4 Dppa3, Kl f4, and Rexl. 150. The isol ated cell

of cl ai‘m 4mltugipested-n the cell is cultured in the 2 presence of 3a.an
ALK5 i nhibitor, 4b.a second conpound sel ected fromone or nore of a

MEK inhi bitor, 5an Buk i AlkMeliRh.of 81aR39, WhRkiRkiO el 18 FPEBhuN Ritt or .
and an FGF

15.  The method of claim 1, wherein the cell is a primate, ovine, bovine,

2 feline, canine, or porcine cell.

1 16.  The method of claim 1, wherein the pluripotent cells are embryonic

2 stem cells.

17.  The method of claim 1, wherein the pluripotent cells are induced

pluripotent stem ceils.

1 18.  The method of claim 1, wherein the cells are non-human animal cells
2 and the method further comprises introducing the pluripotent cells into a blastocyst, wherein
3 the blastocyst is from the same species of animal as the cells, and introducing the blastocyst
4 into the uterus of an animal of the same species.

1 19.  The method of claim 18, selecting chimeric progeny of the animal

2 based on the presence of a nucleic acid from the pluripotent cells.

1 20. A culture of pluripotent mammalian cells, comprising a sufficient
2  amount of:

3 a. an ALKS5 inhibitor, and

4 b. a second compound selected from one or more of a MEK
5 inhibitor, an Erk inhibitor, a p38 inhibitor, and an FGF receptor inhibitor;

6 to allow for at least one cell division while maintaining cell pluripotency.

pa—y

21.  The culture of claim 20, further comprising Leukemia inhibitory
2 factor (LIF).



6receptor inhibitor. 151. A nethod of increasing the pluripotency of a
partially pluripotent 2 mammalian cell to a nore frilly pluripotent
cell, the nethod conprising, 3(a)contagcting the partially pluripotent
cell with an epigenetic nodifier 4selelcted froma histone

deacetyl ase inhibitor, an inhibitor of histone H3K4 denethylation 5
or an aktivator of HZK4 nielylnat iobolpin62® fariltee comprigng ) anoaiint of 4 GEKEHe
cel l vm'%h 1In§ﬁ>'or nore of (i) an ALKS 7inhibitor, (ii) a MEK

i nhi bi tor, "8W"FKk inhibitor, or a p38 inhibitor, and (iii) an FGF
receptor 8inhibitor and in the absence of the epigenetic nodifier,

t her ebyl generating tide nume chialrk ¥ QpkIp2, PR th@@gKaﬁsnﬁeﬁmg efike0021
the partially pluripotent mammalian cell. 52. The nmethod of claimb51,
further, conprising 67 2 %)cul turing the partially pluripotent

mammel it cel | aft erf4st eé)r € Syt ehelain 30, ayhemindbe séoapd perapound iy  MEKVEK
i nhi bi tor, ixgmitsy k i nhibitor, or a p38 inhibitor, and (iii) an 4 FGF
receptor inhibitor and (iv) a GSK3 inihibitor. 153. The net hod of any
of clainms 51 or 52, wherein culturing steps (a) 2and/or (b) and/or(c)
further! conpri ses c@Pt ur iThg celfse pheleimad4, yhetein the SR inhihitonts AR0326201
in 3 the presence of Leukem a inhibitory factor (LIF). 154.The nethod
of claim 51, wherei mgt he TRaEAILAE bYcIRhiHd, RALR the Slcbnd SorffbuR R PEAS!

stem cel | .

2 inhibitor.

1 27. The culture of claim 20, wherein the ALKS inhibitor is A-83-01.

1 28.  The culture of claim 20, wherein the ALKS5 inhibitor is SB431542.
i 29. The culture of claim 20, wherein the cells are human or rat cells.

1 30.  The culture of claim 20, wherein the cells are embryonic stem cells.
1 31. A cell culture medium, comprising a sufficient amount of:

2 a. an ALKS5 inhibitor, and

3 b. a second compound selected from one or more of a MEK
4 inhibitor, an Erk inhibitor, a p38 inhibitor, and an FGF receptor inhibitor

5 to allow for at least one cell division while maintaining cell

6 pluripotency when pluripotent cells are cultured in the medium.

pouy

32.  The medium of claim 31, further comprising Leukemia inhibitory
2 factor (LIF).

1 33. The medium of claim 31, further comprising an amount of a GSK3p
2 inhibitor.
1 34.  The medium of claim 33, wherein the GSK3p inhibitor is

2 CHIR99021



155. The method of claim51, wherein the partially pluripotent cell
does 2 not express at
consisting of Cct4, Nanog, and 3 REX-4 and the nore fully pluripotent

cel |

expresses one or

| east one marker selected fromthe group

nmore or all of the markers. 156. The net hod of

claimb51, wherein the partially pluripotent cell does 2 not express

ALP-1 dnd the nore 3l |y The medjvot efaimell, whsipindbs ssoml donipouildis. aMMEK

r%!of %L%in151, wherein the epigenetic nodifier is valproic 2acid
.t e’. 1{or.

nmet hod

or

par

1

inhibitor.

seal container.

pluripotency

stem cell.

cell.

36.

37.

38.

39.

40.

41,

(1)

(@)

The medium of claim 35, wherein the MEK inhibitor is PD0325901.

The medium of claim 31, wherein the second compound is a Erk

The medium of claim 31, wherein the ALKS inhibitor is A-83-01.
The medium of claim 31, wherein the ALKS inhibitor is SB431542.

The medium of claim 31, wherein the medium is in a pre-packaged,

An isolated pluripotent animal cell that replicates and maintains

in the presence of leukemia inhibitory factor (LIF) and
bone morphogenic protein (BMP), or

under inhibition of the TGF[ and activin signaling
pathway, inhibition of the MAPK signaling pathway, and
optionally inhibition of the FGF pathway;

with the proviso that the isolated pluripotent animal cell is not a murine

embryonic stem cell (mESC).

42.

43.

44,

45.

The isolated cell of claim 41, wherein the cell is a human cell.

The isolated cell of claim 42, wherein the cell is a human embryonic

The isolated cell of claim 41, wherein the cell is a rat cell.

The isolated cell of claim 44, wherein the cell is a rat embryonic stem
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46.  The isolated cell of claim 41, wherein the cell maintains pluripotency

under inhibition of ALKS and MEK.

47.  The isolated cell of claim 41, wherein the isolated pluripotent animal
cell expresses a higher level of E-cadherin as compared to conventionally-cultured hESCs,

Epiblast stem cells and human induced pluripotent cells.

48.  The isolated cell of claim 47, wherein the isolated pluripotent animal |
cell expresses a 2-fold higher level of E-cadherin as compared to conventionally-cultured

hESCs, EpiSCs and human induced pluripotent cells.

49.  The isolated cell of claim 41, wherein the isolated pluripotent animal
cell expresses a higher level of markers as compared to conventionally-cultured hESCs,
Epiblast stem cells and human induced pluripotent cells, wherein the markers include Gbx2,
Dppa3, KIf4, and Rex1.

50Q. The isolated cell of claim 41, wherein the cell is cultured in the
presence of
an ALKS inhibitor,
a second compound selected from one or more of a MEK inhibitor,
an Erk inhibitor, a p38 inhibitor, a GSK3 inhibitor, and an FGF

receptor inhibitor.

51. A method of increasing the pluripotency of a partially pluripotent
mammalian cell to a more fully pluripotent cell, the method comprising,

(a) contacting the partially pluripotent cell with an epigenetic modifier
selelcted from a histone deacetylase inhibitor, an inhibitor of histone H3K4 demethylation
or an activator of H3K4 methylation;

(b)  after step (a) culturing the cell with two or more of (i) an ALKS
inhibitor, (if) a MEK inhibitor, an Erk inhibitor, or a p38 inhibitor, and (iii} an FGF receptor
inhibitor and in the absence of the epigenetic modifier, thereby generating the more fully

pluripotent cell as compared to the partially pluripotent mammalian cell.

52.  The method of claim 51, further comprising
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(c) culturing the partially pluripotent mammalian cell after step (b) with
(1) an ALKS inhibitor, (ii) a MEK inhibitor, an Erk inhibitor, or a p38 inhibitor, and (iii) an
FGF receptor inhibitor and (iv) a GSK3 inihibitor.

53.  The method of any of claims 51 or 52, wherein culturing steps {a)
and/or (b) and/or (c) further comprises culturing the partially pluripotent mammalian cell in

the presence of Leukemia inhibitory factor (LIF).

54.  The method of claim 51, wherein the partially pluripotent cell is an

epiblast stem cell.

55.  The method of claim 51, wherein the partially pluripotent cell does
not express at least one marker selected from the group consisting of Oct4, Nanog, and

REX-1 and the more fully pluripotent cell expresses one or more or all of the markers.

56.  The method of claim 51, wherein the partially pluripotent cell does
not express ALP-1 and the more fully pluripotent cell expresses ALP-1.

57.  The method of claim 51, wherein the epigenetic modifier is valproic

acid or parnate.



