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BACKGROUND OF THE | NVENTI ON [0002] Stemcells are often classified as
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10differentiation potential which is total: it gives rise to all the
different types of cells in the body. A fertilized egg cell is an

o0 to any cel | (SO RECREEROEQBFbaRR R mE L AP ER AT, Ser m
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sources for cell trans n t herapi es. However, human ESCs are

al so associated with ethic Q%@I'r e of human
enbryos and rejection reacgﬁgm{) I %Eg%ivtgﬁlﬁrlgﬁspl antation. It
may be posmoP] estm @Yeieomen tiagHdias JiipdtehyorghRpoRi. nfgtqmlpurrenmlemnhas
stern_cells directly froma patient's Somtlﬁgﬁéflls Tha
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studi es haveée recentl retrovi rus-nedi ated transfection

with four gwatﬁ%@ranwﬂbwm abt@@b@dy(@m'e@frm tiggze majrzeratgll dayrap@y an

whi ch are_hi ghly.expressed in ESCs, into nmouse fibroblasts has
resulted I'n g%neratlon of induced pIurlpotent sten1(|PS) cells. See,
Takahashi naka, S., 25| nduct, on of ern _ce
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embryos and rejection reactions after allogenic transplantation. It may be possible to
overcome these issues by generating pluripotent stem cells directly from a patient's somatic

20 cells. That somatic cell nuclei acquire an embryonic stem-like status by fusion with ESCs
suggests the existence of ‘pluripotency-inducing’ factors. Previous studies have recently
shown that retrovirus-mediated transfection with four transcription factors (Oct-3/4, Sox2,
KLF4 and c-Myc), which are highly expressed in ESCs, into mouse fibroblasts has resulted in
generation of induced pluripotent stem (iPS} cells. See, Takahashi, K. & Yamanaka, S.

25  Induction of pluripotent stem cells from mouse embryonic and adult fibroblast cultures by
defined factors. Cell 126, 663-676 (2006); Okita, K., Ichisaka, T. & Yamanaka, S. Generation
of germline-competent induced pluripotent stem cells. Nature 448, 313-317 (2007); Wernig,
M. et al. In vitro reprogramming of fibroblasts into a pluripotent ES-cell-like state. Nafure
448, 318-324 (2007); Maherali, N. ef al. Directly reprogrammed fibroblasts show global

30 epigenetic remodeling and widespread tissue contribution. Cell Stem Cell 1, 55-70 (2007);

Meissner, A., Wemig, M. & Jaenisch, R. Direct reprogramming of genetically unmodified
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vi r aPy teraeHiERrEnt B croieheRBEtRiihl v and/ or specifically

expressed in mouse or human enbryonic stem (ES) cells, in

repr o&f anth0REl botrrcenblrsektnustnfivaine dotied genetisianinuiation die wigal transduction
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mani pul ation and | ow ef ncy/ sl ow ki netics. Recent sgf udi es have 20
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fibrobl asbﬁere@@%s}csmﬂ@dle@h& 1P3,CSHQ -Sk2, I(I%Q@zﬁﬂ)a é\/?-@f Jébﬂ&étve@hﬁtmlntdﬁﬁlduced
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However, the reprogramming efficiency was substantially reduced with also much slower

reprogrammiing kinetics in the absence of cMye.

BRIEF SUMMARY OF THE INVENTION
[0005] The present invention provides methods for screening for agents that induce
30 reprogramming or dedifferentiation of mammalian cells into pluripotent stem cells. In some

embodiments, the method comprises,



30reprogramm ng or dedifferentiation of mammalian cells into

pl uri pote I n some enbodi ments, the method &R,
WO 2009/1?&2%@§g¥ﬁﬁg2009/037429 a) |ntrodUC|ng at Ieagtgone %?ﬁiﬁut

not all of, an Cct polypeptide, a Kl f polypeptide, a Myc pol ypepti de,
and a Soxa)pol ypélpbthdxmg ﬂtittastrtma{)ﬁIburiqu@tleﬁtanéEt pdym&ptig@m&lép@ypeptlde a

transf ect tactin ransf.ect

library o?p&i’ﬁyﬁpﬂ a 0’5‘;1’05’8‘}*8 ’“ %P@Hgmé‘gtﬁiigc? 5 “e‘%tf" F%“Srf“l"?d

pl uri pot epdlisst ei n ceII characterlstlcs and d)correlating the

devel opnment of stem cell characteristics with a particul ar agent from

the |ibr apy, t h@d‘n%@t'n"' gﬁ%hiﬂété@ce@@w@tﬁ%@ﬁm&ﬁ{'@fdl%ﬂeﬁwlﬁ@ﬁtg‘s [0006] In

dedi fferentiation of cells into pIurlpotent stein cel

sSone e odi nent s ste ntr

ooy ol o Sres I AL R kL S el A BB E ana o
all of, ol eptlde a Klf tide, a 0 tide, and
a Sox pol § ereptl n%{aﬁ 1{%‘?1‘81%‘“%8??‘5‘8t°@‘]2€“36%3|@1’§“°9[‘6'§837 ayfﬁwq@&ﬁ@t from
embodi meny jibedk e F?he%ébyq@éﬂﬁ'f}hﬁ@% éxg!t’éhftﬁ%ﬁhﬂ%te@%e&@f@&hu&ﬂﬁ o@f:elist?}% not
all of, an exogenous Cct pol ypepti , an exogenous | CIf pol ypepti de,

an exogen@@ypwwﬁsﬁa¥vﬂéptlde and an exogenous Sox pol ypeptide into
the non-pluripotent cells. 15100081 In sone enbodi nents, the
parti cul afpoagenin someletbadiarentsOstdibHQonhatitedisrodfiogBhe drmeeo B‘fq)ression

mbodi ts, st t r oduci t t
Thto the  baped RRedherimaii Liepreetpoupayalr &2 s iiyeauddanat | o
pol y- nucl gayp@ﬁd@raqwb Ry Rpadd, Bﬁaes&xm dfbmW}ﬁé fdiplhhgor@itedigi n 1S

sel ect ed omthe group consisting of t pol ypeptlde a Klf

pol ypepti gifg7 M’s%n@cé 1%§%e'rﬁest p@‘rQQ:oﬂl §9€§ nﬂmdﬁgﬁpﬁ 05t o;?ertq ﬁtﬁ'ﬁotl 2111 of,

remai ni ng- nenbers of the rou intro u%e into
100101 | naserngemt Odi prémegudfsﬂepxcg)‘:nmrﬁdﬁmémptldﬂ, am@mnm:gmi\hrcee
expr essi on casigtte into the on cassette

co y%eé) s afd an FXogenous (§8}8P ol pe Wg 150 th ealgl:-hl].I'l gteat

npri ses’d ynuc &0 o % e ERPTBHOPESE “lher ei n t he
d fr h t f tide,

B0 110l JBBBL  Fifos cpecimipp p PRt Seaian i Geeesiofy FUBIRE and ¢ he

remai ni ng 25nember of the group is not introduced into the cells.
{0009] In some embodiments, step a) comprises introducing two expression cassettes into

the cells, wherein each expression cassette comprises a polynucleotide encoding a different
protein, wherein the protein is selected from the group consisting of an Oct polypeptide, a KIf
polypeptide, a Myc polypeptide, and a Sox polypeptide, and the remaining members of the

20 group are not introduced into the cells.

[0010] In some embodiments, step a) comprises introducing three expression cassettes
into the cells, wherein each expression cassette comprises a polynucleotide encoding a
different protein, wherein the protein is selected from the group consisting of an Oct
polypeptide, a KIf polypeptide, a Myc polypeptide, and a Sox polypeptide, and the remaining

25  member of the group is not introduced into the cells.

[0011] In some embodiments, the cells are human cells. In some embodiments, the cells
are non-human mammalian cells. In some embodiments, the non-pluripotent cells are
progenitor cells. In some embodiments, the progenitor cells are neural progenitor cells, skin

progenitor cells or hair follicle progenitor cells.



100111 I n sone enbodi ments, the cells are hunman cells. In sone

enbodi ment\gg 2hPRR1E | S are non-human mammal i an cell's. bpr8Q8Bo/ 037429
enbodi nents, the non-pluripotent cells are progenitor cells. In sone

enbodi ments, the progenitor cells are neural progenitor cells, skin
pr ogeni t of0082] | b sgpeigaibpdipignisi @p Ocppdyrentidois Qs fhe Kif pydypeptide is KIf 4, the

v R S s T

pol ypepti i -Myc, and the Sox po eptide is Sox2. [0013] The

P ebnt i MO S st Breiinnans pe st PRBirt S ofe i fy el cels
mammal i anw@p iphgipdebistddh bl ataeitistik € soaRl dmbeiddcatt Bk infkiicdTombAseome
enbodi nents, the nethod conprises 5 a)contacting cells with a

MAPK/ ERK kj nase, LRI it mlt( AP R 2Pl 4

cel | sE}Bs |§)|nhi bi %gg@@%hﬁgaﬁhhaqgﬁ%p uri %g{a%% st@%ﬁlﬁ)ggﬁﬁg #lg{%ggﬁnﬁ}{ed;
and b) screenplngpdthe celtms aditedd erd Erowfloof ghiripotepostemtcelitie proomitdd; and
characteristics. [0014] In sone enbodi nents, the nethod conprises

contacti ng) t he egtdnfgwhd tondacleldREidy fir plhirip@enenleli@hath@esdiep a);
10and, follow ng step b), selecting an agent that induces pluripotent

stem cel | {dﬁﬁﬁfdhps’&n -"éﬁlbrogﬁﬁéllﬁs,sth@fmeﬁ%oﬁréo}ﬁ%srise[s0015] In sone
s, I'l's I'l's.

enbodi nen he ce are human ce n sone enbodi nents, the

cells are use, ..do COW, ..Di at _and non- human primate cells.
£0016] I nc Ui s Sas it s BpLofents piord Mg 8 < 00328001, 15[ 0017]
Th . . I . h ; : .

ol | ot oAt SRR SIS e e B! i STeAe el Esed PR e
embodi mentgyid dteieppt hod conprises, a) introducing one or nore of an
Oct polypeptide, a KIf pol ypeptide, a Myc pol ypeptide, and a Sox

oL YPEPt RIS, 08 A B 63t SARLABERE s ol

are mouse, dog, cow, pig, rat and non-human primate cells.
{0016} In some embodiments, the MEK inhibitor 1s PD0325901.

I5  [0017] The present invention also provides methods of producing induced pluripotent stem

cells from mammalian non-pluripotent cells. In some embodiments, the method comprises,

a) introducing one or more of an Oct polypeptide, a Kif polypeptide, a Myc

polypeptide, and a Sox polypeptide into the non- pluripotent cells;

b) contacting the cells with an agent that inhibits H3K9 methylation or promotes H3K9

20  demethylation, thereby producing induced pluripotent stem cells.

[0018] Insone embodiments, step a) comprises contacting the non-pluripotent cells with
one or more exogenous polypeptides selected from a Kif polypeptide, an Oct polypeptide, a
Myec polypeptide, and a Sox polypeptide. In some embodiments, step a) comprises at least

two (e.g., 2, 3, 4, 5, or more) cycles oft

25 1 contacting the non-pluripotent cells with one or more exogenous polypeptides
selected from a KIf polypeptide, an Oct polypeptide, a Myc polypeptide, and a Sox
polypeptide;

ii. followed by culturing the cells in the absence of the exogenous polypeptides.



20demet hyl ation, thereby producing induced pluripotent stein cells.
[0018] In ﬁg%gﬁmﬁpi nments, step a) conprises contacti pgri ft‘)owosuzg
non-pluripotent cells with one or nore exogenous pol ypepti

selected froma KIf polypeptide, an Oct pol ypeptide, a Myc

pol ypept i H819]anth sam8gebpdinepepti¢rod compysrintmibang ararsnore exppesaipn
conprises_a

251 " cont adtrHst RReipR et ads rEos i BRE YR B e
pol ypept i Sespdgicptdeidtdthomm plﬁripo;aﬁd otfiepti de, an COct pol ypeptide, a
Myc pol ypeptide, and a Sox pol ypeptide; followed by culturing the
cells in gﬁb@@ bEERER e@lboliiRnRXRYRRAHIE fRBeY PR AEESoreen D the contacted cells
2009/ 1174 /U82009/037429 I0019] I n sone enbodi nents, step a)
conpr i esfarpluripeiget s emlcheracigpsticsexpr essi on cassettes for expr essi on
of a KIf polypeptide, an COct pol ypeptide, a Myc pol ypeptide, and a
Sox pol yp@eeijdeln sohe ebibedinents, pl axpi epsibzecﬁsseme Ifbrexpressior| ffGAWT)ct polysepnge

enmbodi nents, the net hod further co ree the cont ac
Col s B oP A BT B e L A cr s A Pr e At RN B fon-

enbodlnenp§wm@@mﬁ%mge55|on cassette for expression of an Cct
pol ypepti de and an expression cassette for expression of a Sox

pol ypept i gﬁv n%t;]eld é&hﬁ%ﬂ’rﬁ%&ﬁheg{%t &e‘ixﬂn%dﬂ&ﬂ%&tﬁp&cﬂ@ie rB0 infi64d 5%(%'1&991?@11011

sonme enbo e I ntroduting step sintro ng into the
non- 10 pphunpmtlam:tﬂmelos TIONEENPIESSTON easest(ps &8 skpnssoasd etildspdiypeptide and an

expressio a tide and an, Oct I ptid

expr ossi ot Bebtde PR SR el AN SR S ERF, e 1 s
not i ntr ogotepptitl@is@ot MEodekd tto (HEQRAZL I n sone enbodi ments, the Kif

pol ypeptide 1s KIf4 and the COct pol ypeptide is Cct4. [0024] In sone

embodi menfgpz3f e, é&‘ﬁﬁ eRibeBinRate Mt Kﬁﬁljchﬁ)eﬁﬁ& i8 KR tahn g ﬂﬁﬁbdtﬁolyé&{tﬁg ?s@ctf]l n
some enbodi nents, the non-pluripotent cells are fibroblast cel

[0026] In L@Q?Faﬁ@%' Wﬁa%%zetn{le ik Q&E—pﬁﬁpgﬁéﬂ{ c%ﬁﬂ@@m%ﬁ?c c%[% © for

EXpI‘ESSI (0] Nor “an- expr essi n cas e

expre Kl f pon eptide are ntroduc d
non-p B’&?Iéht Inpsgpegmbodinientgtys Fpu-pRregiTt SHbY8| 3§t C#fﬁe

introdu0|n step is perforned in vivo. In sonlc 20 enbodi ments, the
i ntroduci HY26L e sosmesarbpdingrats, inpithar pR BXPIESORETSSEE fobaprespipnaf arbiyess,

the met hoﬁt ];rg't[ B hor %ﬁ@%ﬂe&%ﬁr caSReRE RS %&;51?%@%%{ LSk g@%ﬁﬁﬁﬁb Entioduced into

pl uri pote tem cel aracteristics odi nent
t he non- pthemiopgiwipotegedefls are obt ai ned from an anl mal ; and the
i nduced pluripotent stern cells are differentiated into a desired

cell typef0o027] Insomeembodiments, the introducing step is performed in vivo. In some

20 embodiments, the introducing step is performed in vitro.
{0028] In some embodiments, the method further comprises,
c) selecting cells that exhibit pluripotent stem cell characteristics.

{0029] In some embodiments, the non-pluripotent cells are obtained from an animal; and

the induced pluripotent stem cells are differentiated into a desired cell type.

25  j6030] Insome embodiments, the desired cell type is tntroduced into the animal. In some
embodiments, the animal is a human. In some embodiments, the animal is a non-human

animal.

[0031] In some embodiments, the selected cells do not comprise an exogenous expression

cassette for expression of Octd.



25[0030] In sonme enbodi nents, the desired cell type is introduced
into the apbgaﬁnrhg)sone enbodlnents the animal is a PHﬁ%@ﬂm%&wiﬁnﬁ
n sone

enbodi nent's e animal is a non- hunan ani mal . [ 0031]
enbodi ments, the selected cells do not conprise an exogenous _
expr essi owoaa]s shtsomefeoboéinene st egendinhOas 43K9WBthylation. In some embodiments,

2009/1174 9PCT/ .0 9 enbodi nents, the agent
inhibits H@ﬁ.al ﬁV?%FFgéﬁgIWL@%%gké%gggﬁggﬁ t he agent that
inhibits H3K9 neth | ation is Bl X0 294 [0033{ n sone gqgodlnegﬁ
the cel I 510883 hiiragiecaibpdiments. Sefulsraramaet %, Insprae gppdments, thg gells

nmouse cel g mduE‘e &@@Ii%ﬁf%@&ﬂﬁ%@ﬁ}%ntst fig nﬂﬂPhtﬁbb‘tEl'ttQQﬂ?ﬁE pfogkhifr 818, In
progeni tor cell 5sone enbodi nent s he progenitor ceils are

neur al 5 prmﬁlﬂmdlmfeﬁﬂ, ghe pro@3utpr ¢atls swrsuahbioginientadls. t he i nt roduci ng
step conprises introducing a first vector conprising a pronoter

oper abl y {G0adjedIison@ ehibb8imeaspihe dRioducitpsseddntpristiatrbducaie expr essi on
cassette conprising a polynucl eotide encodi ng Kif4; a second

vect or CORBFs $ERG cBmBFANPE BfonRR8 0alhMy inRkRE atfRsi@x e &RINLa X RE, SRSHEAN
cassette, the 10second expression casSette conprising a

pol ynucl eotpression aesseiierrgmBising a apkmupleatide encpdeedifonpri sing a
pronoter operably linked to a third expression cassette, the third
expressiomsmma&e&ﬂncemp@ﬁhgép@n@&m@bqﬂﬂghﬁhﬂhdesemmédﬁngmbmmmsam the

0035] | ts, the vect t | ! 5
bdenont 1 aF OB GRS oL BRI e GG | Py Tsroed Greopie SBsaRdl

expression vectors. 15[0036] The present i nvention also conprises a
mi xt ure of BT eI BINgs DApHOEROREERbH linkisdf0 3 hKF I8k prassigpiegssette, the third

met hyl at r&@toﬁ%%&&%nﬁ%§%wg%HﬁfHﬂéc@lﬁEQﬂbodﬁ‘!@%rﬁ&@ the cells express

at | east one or nore of pept1 de, KT polypeptlde a Sox

pol ypepti p |de and/ or ,

Feast onelpsfo b gl ekl S e d U5Phn 2L el P Biba it
pol ypept i siendadtn@xage plastaidooeppolnpeptdssien verds.an exogenous Myc
20pol ypeptide. [0037] In sone enbodi nents, the cells conprise a

firstsseqmae) amfe hicndink88RARI0BhpSAER E%ﬁ%%f@@a%%ﬁaﬁ celtsdfah hgdnt
expressi on cassette conprising a pronoter operably linked to a

pol ynucl et gbibépnEHSHP mepthylation oppropysegstH ke, denisthvipsionrivhessip fhegsiiovgrpress

cassette e ;

ncodi ng SRS bRl nde Br 105 S BRI s gh DGk 3 So iR PR PR A1y

conpri si ngolgpgptiderandior op ér adnitagt tvith kiddast onccorpdry niiol exogéndes Sntgmilipeptide,
an exogenous Kif polypeptide, an exogenous Sox polypeptide, and an exogenous Myc

20 polypeptide.

0037} In some embodiments, the cells comprise a first, second and third recombinant
expression cassette, the first expression cassette comprising a promoter operably linked to a
polynucleotide encoding a KIf polypeptide, the second expression cassette comprising a
promoter operably linked to a polynucleotide encoding a Sox polypeptide; and the third

25  expression cassette comprising a promoter operably linked to a polynucleotide encoding a

Myc polypeptide.

[0038] In some embodiments, the agent inhibits H3K9 methylation. In some embodiments,

the agent that inhibits H3K9 methylation is BIX01294.

{0039] In some embodiments, the cells comprise one or more retroviral, lentiviral,

30 adenoviral, non-viral plasmid, or episomal expression vector, the one or more retroviral,



Myc pol ypeptide. [0038] In sone enbodi nents, the agent inhibits H3K9
met hyl at i ) enbodi nents, the agent that inhibi H3K!

nmet hyl ati o Og@ﬁ%§%§81294. [ 0039] In sone enbodi nents, ?hi“%%wg3mﬂ9
conprise one or nore retroviral, lentiviral, 30adenoviral, non-viral
pl asm d, atiepilsdemivirels poesisdl @iasmal; bogpisohtaéexphesion vemsecol®tisioy tedlrst,
WO 2009/1174%gg@£ﬁg 2009/ 037429 lentiviral, adenoviral, non-viral

pl asnmi d, OF°%pt CRRPFER §3%8Cvect or conprising the first, second
and third expression cassette. [0040] In sone enbodi nents, the

m xture cHWPE shssoxerepbedimegiscibasnvaihig comprisespdirstoseenad and|tleipt tegpyiggl,,
adenovi r aj,.:; - Vi i i . en| i.on.Vv

First ret ol EhaR ViRl A0 EXRLET Pl BE i redghfal
epi sonkl kExpriedsidamvwel hor-vicd pismsd, ngetisvenal expsdssion prassioonprisiag detfire;
the second retroviral, .lentiviral, adenavirgl, naon-viral plasmd, or
b somal  EEES s e Sreond sy br st edtisi s LB PR R ot ¢ o
and the t bhisdindl etpresdiohdketol @Mipriving dle seed@RQYeEsidn cab@tie;\Wni &e tRik@sM d,
or episomal expression vector conprising the third expression o
casset t e. FHOFER4EMMiEL SEFROVEHDRI HEhPIasTUdher PBPal HPESHAMIGTI® 6PIBrising,
sone enbogieABRf Swprdsibn 6RLdie. are nmouse cells. In sone enbodiments, the
cells conprise progenitor cells. In sone enbodi nents, the progenitor

cells,are a i el | ski r.o itor cells..or hajr

Fol |1 4 e 88t ot BrRERpLRenk e BeysBs AR Q3R b timE bRy Bon it g
pol ypept i gie nicisdtdils 4fn dohe dibodpehypépteldeohprice Migenitbbautiel Inw@mBS0oXx

pol ypeptide is Sox2. [0043] The present invention also provides for a
manmal i ane‘BB‘PqS‘IPE‘3tS=t‘ ro ‘&h’g‘@ﬂ&ﬁ@ll’g‘?‘l‘éﬂlﬁf’%?é‘@bc%’ SRR PRYHY “6&5 g hair
protein sefieds fdeddi@Mmdilge group consisting of an Oct pol ypeptide, a
Kl f pol ypeptide, a Myc pol ypeptide, and a Sox pol ypepti de, wherein:

the cell 8351 NALoRRANBSAATLY S KR StsheRliad § 8% 4 AN c;l% 68 isth8ye
% t %% %d Esﬁy f@ Lad

group, wherel e proteln not expres enddgeno expres
from RNA asnctbel 8ok plyrephét m1Sokdbgous reconbi nant expressi on cassette
present in the cell, wherein the cell expresses endogenously or

het er ol ogpweaBy EBehreht nhentios talsp tovaRp Fdrdenarhfigiak|cEliEPihyxRpédedeus]yt he
Myc pol ypepti de, %gd di e_Sox pol ypeptide; and expression of the
protein f PORFPHE! T OPE POYBIGE LS Ed ffoghihe gxuprpsivtiag af tsOptpolypeptide, a

repr ogr angi gL pepiRoi 8 HERbERE R QfSok?@iygé‘ﬂtide,f\{rl%?éiﬁz tROR1IRIE hot ent
cell to a pluripotent 75stémcell. [0044] 'Tn sone enbodi ments, the
Cct  pol ypeploreeusly expsessat leponkpioteyppiipe pronpevlieseixife paoteip et qupressed

pol ypgpt i [ - g [ 150 -
Erbod ey ioEfile i oo Rtd M, RRA AOATR LR eei®iprbllaf Mesor
Myc pol ypepsitaeraad intdeeelh wgous thy celk prigssesndoge@odsipal hepegvgadslyanch a

Kl f polypeptide In s e di.nment. t Cct, 30..pol ide Is t4,

the k1" bEPGn DRt PO R R RFER e, dofybEt e e bR BBt PolRer e

Sox pol ypepl éx@eeséisn Sk protein from the heterologous expression cassette results in
reprogramming or dedifferentiation of the cell from a non-pluripotent cell to a pluripotent

25  stem cell.

[0044] In some embodiments, the Oct polypeptide is Oct 4, the KIf polypeptide is KIf 4, the
Myc polypeptide is c-Myc, and the Sox polypeptide is Sox2. In some embodiments, the cell
endogenously expresses a Sox polypeptide and a Myc polypeptide and heterologously
expresses an Oct polypeptide and a Klf polypeptide. In some embodiments, the Oct

30 polypeptide is Oct4, the KIf polypeptide is KIf 4, the Myc polypeptide is ¢-Myc, and the Sox
polypeptide 1s Sox2.



WO 2009/ 117439PCT/ US2009/ 037429 [ 0045] The present invention al so

provi des f i nducing Cct4 expression in a I {
enbodi nent 62&@ 7rgﬁgfhod conprising, contacting the cel ?%@%"Q@%ﬁm

that inhibits H3KO nethylati on or pronotes H3K9 denet hyl ati on,
t her eby i [0duS]) nThGutdnexpeesds aBo piavidelh éoraedtiods bf iﬁiﬂ%l}g Oet4 sypression in a

enmbodi rrent t he cel 0 ot e ess Oct4 i mmedi ate ior to
o Ser T AL T omg oS R DT @ronesd ecssyren e coll wih hbfesol et
are not phMiHAEBRD rkedhylftion!od pRRTRes iR Batioh NBerEB) haudk ot duced
to pluripotency after the contacting step. 0047] The present

i nvent i onegressiopinoiiegds met hods for i nducing non-pluripotent cells
into pluripotent cells. In sonme enbodi nents, the nethod conprises
contacfi n{pﬂ&ﬁ}e howeme k@b diniepst dhateltédes sow'xphas@@eaﬂ ommetirelygg@ntesthe hat

i nduce plur otenc O]fand/ or ‘%.roduchng fx ressi on cassett s |nt r
celI's to &35HES 513/ e”’P?i‘Ee ImeRi§ 0 S (hat BSEaNEsed fRaPEr W‘Rcﬁeé] 8% | s
are not cH dorte@shtfinfeagd@e cabldrsinanddtdpluspdtbiyaner bt tarhads tep.a
solid culture surface. in some enbodi nments, the nethod furt her

conpri sesy @Qﬁﬁe*ﬁhé‘%féeﬁﬁn %}Ritoﬁ%kﬁg c&ﬁjﬂ% gwﬁﬁ’aﬂs R #dBak ﬁ{i‘xf gﬁn&;?&&&%’eils mto

characteristics 0048 In so odinents, the ce e attach
to the sobliudpoehttcelis Is amﬁaclebwnantmﬂl@m@thai camatrises contahBng bk eou| ar

t et her,, sel ctedf rou con t|n of matrl .
ext radbi | e EpShnePh B e SR BB TR I BRaedvcive ang
col | agen. el0&491 chBetso into eiglrell tm?aﬂjéﬁss ptlblemedmt adidengurioespcy, oitptdis e
t he steps 0 on cassettes
expr essi oﬁe?{ﬁfar%ﬂz%f:‘p %ﬂd%‘%ﬁ‘?%‘gﬁ ﬂﬂ’f(f@ﬁ? arp gt B%‘L |ad§8fi dg "CS‘“&me In

pol ypept i gine @RishddnSeX tRAhyRRPMHAS cbﬂ;bﬂsetsfaaeaﬂ@fm@bwmd@é&@ng fozel |'s;
b) contacting the cells with an agent that i nhibits H3K9 net hyl ati on

or pronot BeripEry sgapgellipfractessiost her eby produci ng i nduced pl uri pot ent
stein cells. [0050] The present invention also provides nethods of
pr odut$ ng [GMﬂlJcédsopiewmbpdhmts e ealiscad h@ch&chmlmﬁ&bﬂllame surface by a

non-pl uri pat ent ¢ I

50y bont aeisaey et e bR B oA REE PR B MG R QP8
four or metekel@fiar matrix (ECM) or EGV aaglegtiahinad, fibrikedin sndH3K9eeiet hyl ati on
or pronotes H3K9 denethylation (including but not |im ted to Bl X); an

L-type Caj (ﬁ)ﬂg{'nﬁ{ so%&%ﬂb%ﬁm(énﬁc{h'égbﬁgctﬂutsteg‘%mbl‘;é@s Elﬁ‘:@te?@oﬁayK) an
activator he cAMP pat hway (i ncl udi ng but not

forskol i n)a) introducing one or more expression cassettes for expression of a Kif polypeptide, an

20 Oct polypeptide, a Myc polypeptide, and a Sox polypeptide into the non- phiripotent ceils;

b) contacting the cells with an agent that inhibits H3K9 methylation or promotes H3K9

demethylation, thereby producing induced pluripotent stem cells.

{0050] The present invention also provides methods of producing induced pluripotent stem

cells from mammalian non-pluripotent cells. In some embodiments, the method comprises
25 a) contacting the cells with at least one {(e.g., one, two, three, four or more) of®

an agent that inhibits H3K9 methylation or promotes H3K9 demethylation
(including but not limited to BIX);

an L-type Ca channel agonist (including but not limited to BayK);

an activator of the cAMP pathway (including but not limited to forskolin);



WO 2009/ 117439PCT/ US2009/ 037429 DNA net hyl transf er ase

( DNMT) im\!vBiz%]cBFn Lycl uding but not limted to RGLO8 oL .p7R%356120
nucl ear receptor ligand (including but not limted to dexarret?‘uasone);

a GSK3 inhibitor (including but not limted to CHH R99021); Da MEK
i nhi bi tor, DNA nzetli@rdrEferase CRMAD AvdilKer (intliding but nok hmitedtiong
but not :\Bﬁ bgd 1o 131542, A83-01, or

2-(3-(6- ﬁy PV e 2- y1) - 1H pyrazol - 4-y1) - 1, 5- napht hyri di ne) ,

a HDAC inhibitor (including but not limted to TSA, VPA, sodium
butyrate, SAHA et c)tuclspicreaqyis ligand @nshidge: by notdinaiied g donamgiiasang);

i nduced pluripotent stemcells. 100511 In sone enbodi nents, the
met hod further conpr@&SiEsinhdnteefindydithentconiaiceded CEERPROA yr

pl uri potent stemcell characteristics. 100521 In sone

enbodi frent s, the neidied igkiGpsd ses 15a)contacting the cells with: i.an
agent that inhibits H3KO nethylation or pronotes H3K9 denet hyl ati on;

and iiand agent Selagf%ﬁ?refc&gﬂp{z&ﬂ% gPllﬂalri'ntB% ggéi?&iﬁé Bﬁ%ogﬁi&g%%’ thSRUBFs4GAA.

channel agonist (in ng not o Bay n activator
of the cABROpatrBv@y{6-Naaytipsdidig2ylit | Hrpyrakolab-glpd, Straphtbysdind)j n) ;
DNA i net hyl transferase (DNMI) inhibitor (including but not limted to

RGLO8 or 5-aza-C); sMDWERRhbREGRHRIINIbaaR LnlifRe ks AgVBAILsoBRin hititkieed
t o dexamnet hasone); a GSK3 inhibitor (:I ncluding but not Iimted to
CHI R990215AHA 9EKaRdhi bi t or,

10 an Erk inhibitor,
thereby producing induced pluripotent stem cells.

[0051] In some embodiments, the method further comprises screening the contacted cells

for pluripotent stem cell characteristics.
[0052] In some embodiments, the method comprises
IS5 a) contacting the cells with:

i.  an agent that inhibits H3K9 methylation or promotes H3K9 demethylation;

and
ii.  and agent selected from the group consisting of
an L-type Ca channel agonist (inchuding but not limited to BayK);
20 an activator of the cAMP pathway (including but not limited to forskolin);

DNA methyltransferase (DNMT) inhibitor (including but not limited to
RG108 or 5-aza-C);

nuclear receptor ligand (including but not limited to dexamethasone);
a GSK3 inhibitor (including but not limited to CHIR99021);

25 a MEK inhibitor,



WO 2009/ 117439PCT/ US2009/ 037429 a TGF13 receptor/ ALKS
i nhi bi tor but not limted to SB431542, A83-
\ﬁrh’}ﬁdgy“ cgj& I n- gFJﬁ

2. (3-(6- Met 2-y1)- | H-pyrazol -4-y1)-1. 5-nap /§J§%O§§f?]3gj{9

a HDAC inhibitor (including but not limted to TSA, VPA, sodium
butyrate, SAHA et c)s TG@RfiirebamorEAKKCS mhibirot GucludiDB8 hot Iimsaine SB431542, A-

oxpr 081 of-het PR Y DI By Lo FRBYTae. an ot

pol ypeptide, a Myc pol ypeptide, and/or a Sox poly tide into the
non- pluripotent celfiBAC uﬂnbﬁm[(@@@dmglbnt%Qsﬂﬁéll@m'&fge‘rﬁlf&,somfn@tm@lte,
Cct 4 areg %Sﬁfsu into the cells (and optionally, 10 Myc and Sox
are not). }[3‘ e present i nvention al so provides m xtures of
nannal'an cells and %% Sqﬁt one (e.g., one, two, three, four or

mor e) . an agentcHEIHRIbI ¢ s H3K9 met hyl ati on or pronotes H3K9
denet hyI ation, an L-type Ca channel oni st; 15an activator of the
CAVP pat hifg§3] Dﬁwomensz#m&wf@ﬁa@élcvé )Cﬁ’IﬁlPﬁSB‘Ftor nucl ear
receptor ligand; a GSK3 inhibitor; a MEK inhibitor, a TG-13
receptor/BLK5 i imluiothildimgqnea)r hibﬁ(}adprﬁsi;iblh tassqtteaﬁm ea;nediiokz of A ibpdiyreptide, an

[0056] In o pn?ypepnc% al yrcl:tp%lype;glide an 01 b ngplpep%iﬁg into the non- pluripotent cells.

[0054] In some embodiments, K1f4 and Oct 4 are introduced into the cells (and optionally,
16 Myc and Sox are not).

[0055] The present invention also provides mixtures of mammalian cells and at least one

(e.g., one, two, three, four or more) of ;
an agent that inhibits H3K 9 methylation or promotes H3K9 demethylation,
an L-type Ca channel agonist;
15 an activator of the cAMP pathway;
DNA methyltransferase (DNMT) inhibitor;
nuclear receptor ligand,
a GSK3 inhibitor;
a MEX inhibitor,
20 a TGFp receptor/ALKS inhibitor,
a HDAC inhibitor; and
an Erk inhibitor,
[0056] In some embodiments, the mixture comprises

i.  anagent that inhibits H3K9 methylation or promotes H3K9 demethylation,
25 and

ii.  an agent selected from the group consisting of

10



i .an agent that inhibits H3K9 nethylation or pronotes H3K9
denet hyl at | nd an agent selected fromthe group

10 WO Zodgg%Tyﬁgggén L-type Ca channel agonist; an acfﬁgﬁggﬁ&%g’ ﬁ;

CAMP pat hway; DNA net hyl transferase (DNMI) inhibitor; nuclear
receptor |igand; SanGSKpeCabhdintlozpnist; VEK i nhi bitor, a TGH[ 3
receptor/ ALK5 inhibitor, a HDAC inhibitor; and an Erk inhibitor.

PCT/ US2009/ 037429  LQLRORLbr i SMEpAIRAHI ments, the cells conprise a
het er ol ogous expression cassette for expression of an Cct pol ypeptide

and a heterolog,ougaﬁﬁgﬁgﬁaﬁgge&ggﬁ@ﬁ%g?mgﬁﬁg%pre33|on of a Sox

pol ypeptide. [00581 1Th sone enpo ecells are

non-pluripotent cells. In sonme enpodi nents, the cells are fibrobl ast
cells nuclear receptor ligand;

3 a GSK3 inhibitor;
a MEK inhibitor,
a TGF [} receptor/ALKS inhibitor,
a HDAC inhibitor; and
an Erk mhibitor.

10 {0057] In some embodiments, the cells comprise a heterologous expression cassette for
expression of an Oct polypeptide and a heterologous expression cassette for expression of a

Sox polypeptide.

[0058] In some embodiments, the cells are non-pluripotent cells. In some embodiments,

the cells are fibroblast cells,

15  {0059] Insome embodiments, neither an expression cassette for expression of a Myc
polypeptide nor an expression cassette for expression of a Kif polypeptide are introduced into

the non-pluripotent cells.

[0060] The present invention also provides compositions comprising an agent that inhibits

H3K9 methylation and an agent selected from the group consisting of
20 an L-type Ca channel agonist;
an activator of the cAMP pathway;
DNA methyltransferase (DNMT) inhibitor;
nuclear receptor ligand;
a GSK3 inhibitor;
25 a MEK inhibitor,

a TGFP receptor/ALKS inhibitor,

11



15[ 0059] In sone enbodi nents, neither an expression cassette for

expressio f Lyl.yc pol ypeptide nor an expression ca
expressioﬁwgﬁm%ﬂk%%ypolypeptide are introduced into th28$&%ﬁm&&ﬁ{w

non-pl uri potent cells. [0060] The present invention also provides
conposi ti ons conprislibgCanhiagensnd hat i nhibits H3K9 net hyl ati on and
an agent selected fromthe group consisting of 20an L-type Ca channel
agoni st; an acti vatreRinditi®c CAMP pat hway; DNA net hyl transf erase
(DNMT) inhibitor; nuclear receptor ligand; a GSK3 inhibitor; 75a MEK

S nhi bl t T i b N
5305/31gzgggngggiﬁggﬁg@gﬁgéh§§ﬁ3&%kpﬁ‘f%ﬁ?“r; QEnd an Erk inhibitor.
0061] Th t i ti. i.d ki t i Si t
that 1 nhi bi Lo FaREHEPHPABTOR Ry TSRO RE Piakes BARY oracy g ahd
5ii.an_agent selected fromthe group consisting of an L-type Ca
channef aloni st an ggenbselacted diom B LoHB CorMIN 8t hway; DNA

nmet hyl transferase (DNIvIT) inhibitor; nuclear receptor |igand,
an L-type Ca channel agonist;

an activator of the cAMP pathway;
DNA methyltransferase (DNMT) mhibitor;
nuclear receptor ligand,;

10 a GSK3 inhibitor;
a MEK inhibitor,
a TGF receptor/ALKS inhibitor,
a HDAC inhibitor; and
an Erk inhibitor.

15 {0062] Insomeembodiments, the kits firther comprise mammalian cells.

{0063] Some embodiments of the invention are set forth in claim format directly below:

I A method of producing induced pluripotent stem cells from mammalian non-

pluripotent cells, the method comprising,

a) introducing one or more of an Oct polypeptide, a KIf polypeptide, a Myc
20 polypeptide, and a Sox polypeptide into the non- pluripotent cells;

b) contacting the cells with an agent that inhibits H3K9 methylation or promotes H3K9

demethylation, thereby producing induced pluripotent stem cells.

2. The method of claim I, wherein step a) comprises contacting the non-pluripotent
cells with one or more exogenous polypeptides selected from a KIf polypeptide, an Oct

25  polypeptide, a Myc polypeptide, and a Sox polypeptide.

3. The method of claim 2, wherein step a) comprises at least two cycles of’

12



10a GSK3 inhibitor; a MEK inhibitor, a TGl E1 receptor/ALKS

i nhi bi tor, ibitor; and an Erk inhibitor. 15[0
enbodlnenﬂgszgﬁ%gk??s further conpri se manmal i an cellsggﬁbﬁégTﬁg
enbodi ments of die invention are set forth in claimformat directly
bel ow. 1.A net honllt&i;flngﬁh@eiun‘-phlglpoﬂauhmﬁﬂwnh ond poh@n exagermseelypsptidepm

it oduct G BHdT KR Rr iR wloc bRgRat S eIk By Baser ce, o

Myc 70pol ypembhtige, and a Sox pol ypeptl de into the non- pluripotent
cells; b) contacting the cells with an agent that inhibits H3K9
met hyl atign or RAIGAES @)%ahk%&saa%@@ﬂmlﬂ?m@émeBhﬁé%pabeﬁ&g%gi Bflidefiduced
pluripotent stem cell Thg method of claim1 ere| tpep a)
conprises, cont ne. or nore
exoperous” pol ypll m%&%é‘ & ﬁ%ﬂ&& AR o Bt D
pol ypept i eigressioMyassfaeb yqaeppne@b&m AR& [ Bpddgpepnad, ¥p ept patgpepBdel haiyeet hod
of claim 2, wherein, step ggrls s at east tw? cycles of: WO
2009/ 117 480EPIiaebdPes T}Z@PP G Ee PP HE U[IWQTeHb G131 uri potent cells
w th one or nore exogenous pol ypeptides selected froma Kl f
pol ypepti &e, anThmletg@d gdpny devheminvpcexpsksipeprssede forgnpressiot an Oct
Eitéﬁﬁﬁbéﬁ’ﬁmeyﬁhé @%ﬁgﬁl QWrefid it UEdeRG e REE&I D ra Bok BEyPORADES ifodub&
10 into the non-plunpotent cells.

6. The method of claim I, wherein the introducing step comprises introducing into the
non-pluripotent cells one or more expression cassettes for expression of a KLF polypeptide

and an Oct polypeptide, wherein an expression cassette for a Myc polypeptide and/or a Sox

polypeptide is not introduced into the cells.

15 7. The method of any of claims 1-6, wherein the KIf polypeptide is KIf4 and the Oct
polypeptide is Oct4.
8. The method of any of claims 1-7, wherein the non-pharipotent cells are somatic
cells.
9. The method of any of claims 1-7, wherein the non-pluripotent cells are fibroblast
20 cells.
10. The method of any of claims 1-7, wherein neither an expression cassette for

expression of a Myc polypeptide nor an expression cassette for expression of a KIif

polypeptide are introduced iuto the non-pluripotent cells.

1L The method of any of claims 1-10, wherein the introducing step is performed in
25 vivo.

12, The method of any of claims 1-10, wherein the introducing step is performed in

VI{ro.

13. The method of claim any of claims 1-12, further comprising,

c) selecting cells that exhibit pluripotent stem cell characteristics.

13



5 4. The nethod of claim1, wherein step a) conprises introducing one
or nore e |.on.cassettes for expression of a KIf p [ 0€,,,an
Cct po|yp§%§§@§b9§“kyc pol ypepti de, and a Sox polypept?ééegﬁ@%Q?R%
non- pluripotent cells. 5. The method of claim1l, wherein an

expr essi oh.cassEhdeethad omproéslaingn - of, varreGctie pot-ppepttecdeebaade abained
expressi o casse12$ fgr expression of a Sox polypeptide are

i nt r oduced® G ArE?-18% non- pl uri potent cells. 6. The method of claim
1, wherein the introducing step conprises introducing into the

non- pl ur i o istreeddippten segrcehpiie dg&mﬂéé@ﬁi o ¢ desred £8ktYPSr  expr essi on
of a KLF polypeptide and an Cct pol ypepti de, wherein an expression
cassette for a Mrmphddphptindd, ehdtianhadeSosd @il typep tiitebdudes ixrothe animal.
introduced into the cells. 157. The nmethod of any of clainms 1-6,

whereif the Kl f TROWREPHT dbn 5, Khédinahdadihel 98 hulgl ypeptide is Cct4.
8 . The method of any of clains 1-7, wherein the non-pluripotent cells

are somat {£ cel : h f . : J 1T - 7. -wherein the
non-pluri%ﬁtent#%%ﬁ$@o%ggg?ﬁﬁgbgﬁgg?igg%gﬁﬁgg5ﬂ?gﬁt ’é”%ﬁ?hod of any
of claims,]1-7, erein, nei.t.her. an expfessi cassette for expression
of a e Hol ypebtt HEbRbP Step P BEETaRe Bl Bler Faio Exprasal B o
KI f pol ypegkdseien adseetielTbr @@rssioh bnb@4t he non-pluripotent cells. 11.
The net hod of any of clains 1-10, wherein the introducing step is

per f or msd}jé.n_ ' S¥) & Qethod 8F anya,@ cﬁﬁ%shﬁé[ Per@f heQket iR HadPmeWPBE&L N
uci forned |

the intro ng step Is pe nvitro. 1I3. The nethod of claim

any of,clains 1-:12 urther. c i Si C l.ect.in | s..that .
ki b1 “pRtr pot Beb$he S O RSl 6 B ki S hidal Bbn
2009/ 117489RGTHLS2009/ 037429 14. The net hod of any of clainms 1-13,

wherein the non-pluripotent cells are obtained froman animal; and
21 The method of any of claims 1-20, wherein the cells are human cells.

22 The method of any of claims 1-20, wherein the cells are mouse dog, cow, pig, rat

and non-human primate cells.

15 23, The method of claim any of claims 1-22, wherein the non-pluripotent cells are

progenitor cells.

24, The method of claim 23, wherein the progenitor cells are neural progenitor cells,

skin progenitor cells or hair follicle progenitor cells.

25. The method of any of claims I or 4-24, wherein the introducing step comprises

20  introducing

a first vector comprising a promoter operably lnked to a first expression cassette, the first

expression cassette comprising a polynucleotide encoding K1f4;

a second vector comprising a promoter operably linked to a second expression cassette, the

second expression cassette comprising a polynucleotide encoding Sox2; and

25 athird vector comprising a promoter operably linked to a third expression cassette, the third

expression cassette comprising a polynucleotide encoding c-Myec.

14



t he i nduced pluripotent stern cells are differentiated into a desired

cell typeJ@%é&mﬁIhﬁ)nEthOd of claim 14, wherein the degqgﬁgﬂﬁgkngype

is introd o the animal. 516. The net hod of claim

the animal is a human. 17. The nmethod of claim 15, wherein the

ani mal i s2@ nonTheumahodof ok, any d8claiftsd aret2igdhefeincthavertdi8are whtevanln

t he selected .cells not co an exogenous SSion cassette
for expre$SEiy ?6‘1‘16[@&{@11 nonrygra T%‘ ﬁe?‘h%’bso ]%Ie%hl?flesf)’f’n @F‘%‘?fﬁs 1-8, wherein
the agent_inhibits H3K9 methyl ation. 10 20.The nethod of claim 19,
wherein tHe ageftnaingtiof seriepingonasos Het HYMAI pACRENEIOE teditferentiation

The met hogf Jﬁ&lﬁﬁﬂ%’an%elisc n?d ﬁﬁ é}ot%(? iter‘gn@ﬁéa'ﬂ{é Iﬁel:?ﬁocp Ilp?ls ke human cells.

22. The net any o Wwherein t s are nouse

dog, cow, plg, rat ,and non- huna e.ce 152

cl ai many¥of cl B rﬂgucingzaé i 8fn R&t Wﬁ §hap Hﬁﬁ?% e@ﬁ@ glfi&%ﬁegm?e a
progeni t oxfye @bﬂyFepnaér .ahbQ S@ﬁbbgﬁe}ﬁxﬁe Glt@hén-gldripabie cellsto Eherds ogaictedr
cells are neural progenitor skin progenitor cells or hair
follicle ﬁ?%genitor cells. 25The nmethod of any of clains 1 or 4-24,
wherein the introducing step conprises 20introducing a first vector
conpri sing a promgctng thp eradfeoped deHkmdh litwary of difsrengagensssi on cassette,
the first expression cassette conprising a polynucl eotide encodi ng
KIf4; a second seehii tkompticet aglisdoppionmitarn sepaeibhayraditrisked ahd a
second expression cassette, the second expression cassette conprising

a pol ypuckgeot i d@orf%%@g &Iﬁwe%zsﬁmrﬁe#st&ﬁ Rell Dokl 1RGN tHCLFARd1$dr AferR from
pronoter operably linked to a third expression cassette, the third
the library, thereby identifying an awent that stimulates dedifferentiation of cells into

pluripotent stem cells.

28, The method of claim 27, wherein step a) comprises introducing one or more
expression casseties for expression of the at least one of, but not all of, an Oct polypeptide, a

15 Klfpolypeptide, a Myc polypeptide, and a Sox polypeptide into the non-pluripotent cells.

29. The method of claim 27, wherein step a) comprises introducing at least one of, but
not all of, an exogenous Oct polypeptide, an exogenous KIf polypeptide, an exogenous Myc

polypeptide, and an exogenous Sox polypeptide into the non-pluripotent cells.

30. The method of any of claims 27-29, wherein the particular agent is between 50-
20 1500 daltons.

31 The method of claim 27, wherein step a) comprises introducing two expression
cassettes into the cells, wherein each expression cassette comprises a polynucieotide
encoding a different protein, wherein the protein is selected from the group consisting of an
Oct polypeptide, a KIf polypeptide, a Myc polypeptide, and a Sox polypeptide, and the

25 remaining members of the group are not introduced into the cells.

32. The method of claim 27, wherein step a) comprises introducing three expression
cassettes into the cells, wherein each expression cassette comprises a polynucleotide
encoding a different protein, wherein the protein is selected from the group consisting of an
Oct polypeptide, a KIf polypeptide, a Myc polypeptide, and a Sox polypeptide, and the

30  remaining member of the group is not introduced into the cells.
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expression cassette conprising a polynucl eotide encoding c-Mec.

2009/ 1174 09/ 037429 26. The nethod of claiman

or 4-25, ﬁg%{ #% 'e vectors are retrovi ral, lentivi ra?“*‘?’@é’g"ﬂ@%z’q?z&
non-viral plasmd, or episomal expression vectors. 27.A method for
screeni ng3j.or agenmsthbdaf anyrnduasns Bpd D gharem the cals adetdinfaherBnt | ati on
of mammalian cells into pluripotent stemcells, the nethod

conpri si ngy  5a) THE ,OEHE bGhyR) clafRSi7- W‘%fh@ﬂcem tﬂb‘tzelﬁ%'e IiﬂnLhu‘ﬁ{an rfhuk¥an
pol ypeptide, a Kl f pol ypepty a Myc pol ypeptide, and a Sox

pol ypepti erdlsi nt o non- pl uri pot ent cells to generate transfected cells;
b) contacting the transfected cells to a library of different agents;
c) screenihg t hEhcaothadtbedhyetklagnd 2734 hbetepothe ndn-glugpotedlcklls are progenitor
char ac% eriezlisi cs; and 10d)correl ating the devel opment of stem cell
char act er fs % cs with a particular agent fromthe library, thereby
identifyin agent that stinmulates dedifferentiation of cells into
pl uri pot ehg st efbeapthad oDgdaimny, wherswdhoproataiont Ot ara e piesstiepcells,
conpr i sesgin fogﬁufawa|s%9ﬁmp?our@5 oggitor EXRT €SST 0N cassel Les for

expression o east one o ut not all of, an Cct

Db 88 o R e RV BS R Hhsfue i Y SRRV BE B SunsBRh R G

27, wher epdlysdptifle BKIEQ TR M€ ollypéptidel isci-Mgc ald kiRask paligemide ubettxznot
all of, an exogenous Cct pol ypeptide, an exogenous Kl f polypeptide,
an expgengys Mg pOhYPEREIE8ne Rﬂ%aﬂﬂm@%ﬁ’%ﬂ%& ﬁ%o‘?é’ﬁ'tyt%l%ﬂc' e into
the non-pluripotent cells. 307 The met hod of any of clains 27-29,
wher ei n t Pergstarisiicuthametlpdrrompysingt ween 50- 201500 dal t ons.

a) contacting cells with a MAPK/ERK kinase (MEK) inhibitor such that growth of

non-pluripotent cells is inhibited and growth of pluripotent stem cells is promoted; and
b screening the contacted cells for pluripotent stem cell characteristics.

15 39 The method of claim 38, comprising,
contacting the cells with a library of agents prior to step a);

and, following step b), selecting an agent that induces pluripotent stem cell based on the

results of step b).
40. The method of any of claims 38-39, wherein the cells are human celis.

20 41 The method of any of claims 38-39, wherein the cells are mouse, dog, cow, pig, rat

and non-human primate cells.
42. The method of any of claims 38-41, wherein the MEX inhibitor is PD0325901.

43, A mixture of mammalian cells and an agent that inhibits H3K9 methylation or

promotes H3K9 demethylation, wherein the cells:

25  express at least one or more of an Oct polypeptide, a KIf polypeptide, a Sox polypeptide, and
a Myc polypeptide; and/or
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31. The method of claim27, wherein step a) conprises introducing two
expression_cassettes into the cells, wherein each expr jon cassette
conprisesqggﬁﬁpﬁﬁﬁ%feotide encodi ng a different proteiﬁ?%&ﬁgw%&ﬁf he
protein is selected fromthe group consisting of an Cct pol ypepti de,

a Kl f pol ypeptorde: wath byleagp ohy/@andrt dean adderuSOxt fudipepédy ndexoganas Kite

25renainin%.nen2ers of thefﬁ%ou are not introducggggn 0 the cells.
32. The mePP¥EFPIRe.aR SXOHEDGUS SREPRPFPILEHYC AT SXRATRIYSSEE FUNREBHFei ng
t hree expression cassettes into the cells, wherein each expression
cassette ébnpri Shemixteleyplaitt bmhgewinthe odlisrrgmarien 4 fist, egrongast thirg,

wherein t 0. 1s.:sel d fromthe group consisting of an Cct
polypeptig%?ﬁgﬁﬁﬁfg%g%vgéﬁgggg, a Myc pol ypeptide, and a Sox

pol ypeptide,. and the 30 remai ni ng nenber of th r.o is.not, .

Pt Dancele e P RBRre s D eG ISP IO8 RamBg clegide The
met hod of eMingta KOF fdlfiFepéde, 32, Wherein the cells are human cells.

34. The nethod of any OP clains 27-33, wherein the cells are

non- hu nanh%gmh ieqlg}esgﬁ,l,ﬁcgsseﬁé%i]?pygﬁg %&&9&31059@%)95@%?1@ gof"el %&Z[Fﬁéde

wherein t non- pluri potent ¢ are “progenitor
met hod of emdodinga3Bx polyeeeidn; avke progenitor cells are neura
progenitor cells, skin progenitor cells or hair follicle progenitor

celI's.  3the tfikBexpishion cRbet@RYmPfisifd Apinotef va&ablyiiak& 18 alpbBnditotide

pol ypeptide is Cct4, the KIf polypeptide is KIf 4, the Myc
polypégtiﬁémﬁ§g@jwvd¥ﬂﬁﬁau¢%e Sox pol ypeptide is Sox2. 1038.A net hod
of screening for manmmalian cells with pluripotent stem cel

char act er #8t i csThe¢ mextyre of ot dolqpns 43-A¢, whesdin denpten inhnytsdEI %smethylaticn.
MAPK/ ERK ki nase (1vlEK) inhibitor such that growth of non-pluripotent
cell's is aahi bi teemamdd gf ity Qivhplelir thp ade@nthasihbibis H8KD metiSlapon ot ed,

and BIX012%4,

47, The mixture of any of claims 43-46, wherein the cells comprise one or more
15 retroviral, lentiviral, adenoviral, non-viral plasmid, or episomal expression vector, the one or
more retroviral, lentiviral, adenoviral, non-viral plasmid, or episomal expression vector

comprising the first, second and third expression cassette.

48. The mixture of claim 47, comprising a first, second and third retroviral, lentiviral,

adenoviral, non-viral plasmid, or episomal expression vector,

20  the first retroviral, lentiviral, adenoviral, non-viral plasmid, or episomal expression vector

comprising the first expression cassette;

the second retroviral, lentiviral, adenoviral, non-viral plasmid, or episomal expression vector

comprising the second expression cassette; and

the third retroviral, lentiviral, adenoviral, non-viral plasmid, or episomal expression vector

25  comprising the third expression cassette.
49, The mixture of claim any of claims 43-48, wherein the cells are human cells.

50. The mixture of claim any of claims 43-48, wherein the cells are mouse dog, cow,

pig, rat and non-human primate cells.
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b) screening the contacted cells for pluripotent stem cel

characterL@bics. 1539. The net hod of clai m 38, conprisingT gontacting
the cells ﬁwwgrﬁﬁbrary of agents prior to step a); ah JU%%W@Nﬁ%g
step b), selecting an agent that induces pluripotent stemcell based

on the results The b@pe by anydd cEias 4650 athetdn b YelBfcofipaibdio3intdeells.
wherein the cells are human cells. 2041. The nethod of any of clains

38-39, whegein thentlll 3f ahsh SOYErei 88 prosior Qélgmﬁlﬁmgﬁgaggﬂf& aifzan
hod of f cl 38-41 K

primate cells. The metho any of clal ns -41, erei n tthe Me

i nhi bi t or skis pREPSERE A or 48 Rllrilxpgenitof callarmal i an cel | s and an agent
that inhibits H3KO nethylation or pronotes H3K9 denet hyl ati on,

wherei n the cel The mdhax pr €sim aly dfeRahs 49182, arherddd e Gif wibyeptide is KIf 4, the

pol ypeptide, a Klf. polypeptide, a Sox polypeptide, and a Myc

pol ype tiH@FP8h3ﬂ6¥m1W%£%@G@ﬂﬂ%#%@gp@TF@@%O®§W@S7429 are in contact
with at |east one or nore of an exogenous Cct pol ypeptide, an
exogenous3Kl f pdlygepeigacll that endogeeotls egusssprolt goetvne @éa prptadn salected

el s compyHanP Bl aRsaR of b Speifl MR RouforB e MIGIBHR LAk

cassett e, S&t peypeptidd, expressi on cassette conprising a pronoter
operably linked to a pol ynucl eotide encoding a KIf pol ypeptide, the
second exph&smt On cassette conprising a pronoter operably linked to a
pol ynucl eoti de encodi ng a Sox pol ypepti de; and

10 the cell does not endogenously express at least one protein of the group, wherein the protein
not expressed endogenously is expressed from RNA encoded by a heterologous recombinant

expression cassette present in the cell,

the cell expresses endogenously or heterologously each of the Oct polypeptide, the KIf

polypeptide, the Myc polypeptide, and the Sox poiypeptide; and

15 expression of the protein from the heterologous expression cassette results in reprogramming

or dedifferentiation of the cell from a non-pluripotent cell to a pluripotent stem cell.

55. The cell of claim 54, wherein the Oct polypeptide is Oct 4, the Kif polypeptide is
Kif 4, the Myc polypeptide is c-Myc, and the Sox polypeptide is Sox2.

56, The cell of any of claims 54-55, wherein the cell endogenously expresses a Sox
20 polypeptide and a Myc polypeptide and heterologously expresses an Oct polypeptide and a
Klf polypeptide.

57. The cell of claim 56, wherein the Oct polypeptide is Oct4, the KIf polypeptide is KIf
4, the Myc polypeptide is c-Myc, and the Sox polypeptide is Sox2.

38. A method of inducing Oct4 expression in a cell, the method comprising,

25  contacting the cell with an agent that inhibits H3K9 methylation or promotes H3K9

demethylation, thereby inducing Oct4 expression in the cell.

39. The method of claim 58, wherein the cell does not express Oct4 immediately prior

to the contacting step,
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the third expression cassette conprising a pronoter operably |inked
to a poly 10 encodi ng a Myc pol ypepti de. e
of any of 2&%57%%) 44, wherein the agent inhibits I—ISKSCEBEI?H%/%%#%R
46. The nethod of claim45, wherein the agent that inhibits H3K9

met hyl ati@h i s BheXQdiR&Hof ang 1 cliines 585G, uherenf thawolls diat eleabmectdBard Got

wherein t ecellts orrprlse one or nore 15retroviral, lentiviral,
adenovi r AP WIRHERLGPSa) bl asmid, or epi somal expression vector, the one
or nore retroviral, I enti vi raI adenoviral, non-viral plasm d or

epi somal @kpr es?h%‘ﬁetb@t@ﬁﬂﬂ}’@éﬁlﬁmﬂssﬁw pherey thgseilsﬁ&lawe@ﬁbpiﬁmw@cy

expr essi Oﬁté} g{a&h . The m xture of claim47, conprising a

first, secon thi'rdretroviral, lentiviral, adenovi ral, non-viral
I , i t. h f t t

Puns Tt ol Che SRR S5 e Ao Bt Bl 8Bk

vect or copmpriidag the first expression cassette; the second

retroviral, lentiviral, adenoviral, non-viral plasmd, or episonal
expressio 0 ; I
ChD” vy SRALRSAClSOBIL RN L1 ARGERS 48588 AR RAEDL ot

epi sonal empdm opreguot casseﬁﬁ&mtmdle séthigo erpeess piotednsethptried st phyipotency,

cassette. i, xt U AL s, £ é’haﬂﬁed tIé‘Q%Ei?d %&%8

I
cells ar ew %rﬁ%ﬁh%ceeluf ate nogﬁﬂgﬁem%ex eﬁ?e\eﬂso crar man

wher et thefacel | s are nouse dog, cow, pig, rat and non-hunman prinmate
cells. WD 2009/ 117439PCT/ 1JS2009/ 037429 51. The m xture of any of

claims 43650, Wigs Bbtod BEc1£B! éﬁuﬁ%&ﬁh@@eil@%%@tﬁ&ﬁe@"to gelbisd cultﬁl% sutih®
m xture of claimb51, wherein the progenitor cells are neural

progeni t oby e&tofesulagieihar, greonelntas tetbesisklected fommithe gromp possisting Jgeninigebran

cells. extéé Ilﬂ-alt}gm{? )?&%1\?{ (ﬂ%(@\d%}}ﬂb%q 111?1 13)&1@&1114§hd5c%11a%er ein the

Kl f pol ypepti e ypebtl e is c-Mc,” and the Sox
pol ypepti i at, endo eno,

by beves e 1 b Pated dFeitinn PR R RaLf Eontasliif Mot F R g F pbos ofclim 1
consi $$ i ngr @dimddecfRbepohypapti de, a KIf pol ypeptide, a Myc

pol ypepti de, and a Sox pol ypepti de,

65. A method of producing induced pluripotent stem cells from mammalian non-

pluripotent cells, the method comprising,
a) contacting the cells with at least two of:
an agent that inhibits H3K9 methylation or promotes H3K9 demethylation;
20 an L-type Ca channel agonist;
an activator of the cAMP pathway;
DNA methyltransferase (DNMT) inhibitor;
a nuclear receptor ligand,;
a GSK3 inlubitor;
25 a MEX inhibitor;
a TGFP receptor/ALKS inhibitor;

a HDAC mhibitor; and
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wherein: 10the cell does not endogenously express at |east one
protein of roup, wherein die protein not expresse usly
i's expresggéqﬁpgﬁﬁ%&A encoded by a heterol ogous reconb?ﬁ@ﬂgﬂgﬁ&gﬂg
expressi on cassette present in the cell, the cell expresses
endogenousl y or hetaaredt mgibitst,y each of the COct pol ypeptide, the KIf
pol ypepti de, the Myc pol ypeptide, and the Sox pol ypeptide- and

15expr essiheieb9hrddh@n@imabh@dpifRmut ienbealer ol ogous expression cassette
results in reprogramm ng or dedifferentiation of the cell froma

non- phui ppt ent rd : cell of
clain154,&%here?ﬁi#ﬁ%g%gﬁﬁ%gV¥g§%§i éﬁégﬂ%gﬁkgsq%ﬁgmﬁﬁggpolypeptide
is KIf 4, the c.pal ypeptide. . s.,c-Mcc, .and the Sox pol ypeptide is
Sox2. 56% TheN%Ewgnﬁgﬁﬁﬁ?iﬁ?mbW§?ﬁg%@4ﬁ55, wherein the cel
endogenousl y expresses a Sox pol ypeptide and a Myc pol ypepti de and
het er of ogousl y expré@ggen ﬂﬁlh11’@8«1“5égll{)?ﬁé?ibﬁﬁ@naﬁd?ﬂ@lwsf}%‘g‘? yilagion;
57. The cgldy of claim&56, wherein the Gct polypeptide is Oct4, the
KIf polypeptide is KIf 4, the Myc pol ypeptide is c-Myc, and the Sox
pol ypeptide is Sox2. , 58, A nethod of induci. t4 expression in a
cell, the nethoﬂ‘céWﬂ????ﬁﬁ?£%§%%5#5§WWW6mpﬂgg¥ | with an agent that
i nhibits H3K9 net hyl ation _or pronotes H3K9 denet hyl ati on, thereby

i nduci ng Oct 4 expr 8di-tyie (A chgpmelagppist, 59, The net hod of cl ai m 58,
wherein the cell does not express Cct4 imrediately prior to the
contacting step. \ADaR00Qrb eIRRCTHAIBRAOI/ 037429 60. The nethod of
any of clains 58-59, wherein die cells that are contacted are not
pluri pptent cells. DOA.methgramished (ORVAN Miiog] ai ms 58- 59, wherein
the cells are induced to pluripotency after the contacting step.
562. A method for indygicRGenQf:Righid: potent cells into pluripotent
cells, the method conprising, =~

a GSK3 inhibitor;
a MEX inhibitor;
a TGF[ receptor/ALKS inhibitor;
15 a HDAC inhibitor; and
an erk inhibitor,
67. The method of claim 65 or 66, further comprising

b) introducing one or more expression cassettes for expression of a KIf polypeptide, an

Oct polypeptide, a Myc polypeptide, and/or a Sox polypeptide into the non- pluripotent cells.

20 68. The method of any of claims 65-67, wherein K1f4 and Oct 4 are introduced into the
cells.
69. A mixture of mammalian cells and at least two of

an agent that inhibits H3K9 methylation or promotes H3K9 demethylation,
an L-type Ca channel agonist;

25 an activator of the cAMP pathway;

20



contacting the non-phui potent cells with one or nore agents that

i nduce plqﬁg5€§§9§¥oand/or intrpducing expression cassg¢ ﬁﬁﬂ'ﬂ&ﬁm9||s

cells to ex teins that induce pluripotency, wh

are not cultured on feeder cells and the cells are attached to a
solid cul ture 10surBMe&encthy®@nsiEime (BVRAY imdfbiol;ai m 62, wherein the
cells are attached to the solid culture surface by a nol ecul ar

tether, the nol eculafclegthepiabagted formthe group consisting of
natrlgel an extracel lular matrirx (ECM or ECM anal og, |ami nin,
f|bronect|n and c 'é@@?ﬂh lt(34 The met hod of claim 62, wherein the
contacting step conprlses t%e 'steps of claim1l1, 15or clalns dependent
on claiml1l. 65. A ER &ﬂg producing induced pltuipotent stemcells
from mammal i an nonﬁl JBUBYR™ cel |'s, the method conpri sing,
a)contacting the cells with at Ieast two of: an
agent § hat |nh|b|tSfP@W@wnEﬂm#$%K$GﬁﬂmprpronDtes H3K9 der net hyl ati on;
20an L-type Ca channel agonist; an activator of the cAMP pat hway; DNA
met hyl transf erase (NMAY inkibitdi 4@ ; a nucl ear receptor |igand; a GSK3
i nhibitor; 25a MEK inhibitor; a TGF13 receptor/ALK5 inhibitor; a HDAC
i nhi bitor; and WO %QQ%(%ﬂ%ﬂ%QPCT/U82009/037429 an ark |nh|b|tor

t her eby prodUC|ng induced pluripotent stemcells. 66. The method of

claim 65, 7(\f\her ell"f-'e nux?urg ?F Elgﬁ% édﬂ' GdteiPmé gl%rle c%ﬁlpnses

i.  anagent that inhibits H3K9 methylation or promotes H3K9 demethylation,
10 and

ii.  an agent selected from the group consisting of
an L-type Ca channel agonist;
an activator of the cAMP pathway;
DNA methyltransferase (DNMT) inhibitor;
15 a nuclear receptor ligand;
a GSK3 inhibitor;
a MEK inhibitor;
a TGFp receptor/ALKS inhibitor;
a HDAC inhibitor; and
20 an erk inhibitor.

71, The mixture of any of claims 63-70, wherein the cells comprise a heterologous
expression cassette for expression of an Oct polypeptide and a heterologous expression

cassette for expression of a Sox polypeptide
72, The mixture of any of claims 69-71, wherein the cells are non-pluripotent cells.

25 T3, The mixture of any of claims 69-72, wherein the cells are fibroblast cells.
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a)contacting the cells with at least two of: an agent that inhibits

H3K9 net hy\'ﬁ\!@ﬁ#}@ﬂﬁgs} pronot es H3K9 denet hyl ation; and aﬁﬂ@ﬁ?ﬁ%@%ﬁ”ﬁ;

sel ected fr e group consisting of an L-type Ca cha

an activator of the cAMP pat hway; 10DNA net hyl transferase (DNM)

i nhi bi t or 74.a nuChemixture oépiyarf claimgaéd 73, aviEskBndithbi 0 dxpressian ddsdétte for
inhibitor; a TGFP_.receptor/ALK5 inhibitar; 15a HDAC inhi bi . and an
ark i nhi bPYGFSIoR 9 1 R SR RO AOL LR 6 8L e AP RBIS A F s ng
b) i nt r odughipGepBNE e intFBALIEXB RS uGRESeEdRS for expression of a
Kl f pol ypeptide, an Cct pol ypeptide, a Myc pol ypeptide, and/or a Sox

o o1 ar ms G- 67 ShEe R R B oSFRE S v oduced into the
cells. . 69. A mxture of mstwlm’rall i?n | s dﬁat | east two of an agent
that ihhibits H3KO SR M %?ﬁgﬁ’dﬂ%}ﬁﬂe 8Kk9 denet hyl ation, an
L-type Ca channel aaoni st; )
an L-type Ca channel agonist;
an activator of the cAMP pathway;
DNA methyltransferase (DNMT) inhibitor;
a nuclear receptor ligand;
10 a GSK3 inhibitor;
a MEK inhibitor;
a TGFP receptor/ALKS inhibitor;
a HDAC inhibitor; and
an erk mhibitor.
15 76, The composition of claim 75, comprising
i.  an agent that inhibits H3K9 methylation and
ii.  an agent selected from the group consisting of
an L-type Ca channel agonist;
an activator of the cAMP pathway;
20 DNA methyltransferase (DNMT) inhibitor;
a nuclear receptor ligand;
a GSK3 mhibitor;
a MEK inhibitor;

a TGFP receptor/ALKS inhibitor;

25 a HDAC inhibitor; and
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25an activator of the cAMI pat hway; WD 2009/ 117439PCT/ US2009/ 037429

DNA et hyl se (DNMT) inhibitor; a nuclear rece I d. a
GSK3 i nhi b\i%{)g&ihgﬁ%EK inhibitor; 5a TGFI 3 receptor/ALKgaf’E{FAOBg@g%? a
HDAC i nhibitor; and all erk inhibitor. 70. The m xture of claim 69,
wherei n the m xt ur enednjphibitess: an agent that inhibits H3K9

met hyl ati on or pronotes H3K9 denet hyl ation, 10 and an agent sel ected

fromthe group gansbahtifds ofleAPdedfype Ca channel agonist; an
activator of the cAMP pat hway; DNA net hyl transf er ase

(DNMT) i nhi bitor; éﬁ%ﬁgﬂ%a‘?ﬁﬂbﬁﬁﬁﬁ@ﬁﬁ tfl)'g?c nd; a GSK3 inhibitor; a

MEK inhibitor; a T receptor nni of; a HDAC inhibitor; and

an L-type Ca channel agonist;

L

an activator of the cAMP pathway;
DNA methyltransferase (DNMT) inhibitor;
a nuclear receptor ligand;
a GSK3 inhibitor;
a MEK inhibitor;
10 a TGFE receptor/ALKS inhibitor;
a HDAC inhibitor; and
an erk inhibitor.
78. The kit of clatm 77, comprising
i.  anagent that inhibits H3K9 methylation and
15 ii.  anagent selected from the group consisting of
an L-type Ca channel agonist;
an activator of the cAMP pathway;
DNA methyltransferase (DNMT) nhibitor;
a nuclear receptor ligand;
20 a GSK3 inhibitor,
a MEK inhibitor;
a TGF receptor/ALKS inhibitor;
a HDAC mhibitor; and

an erk inhibitor.

23



20an erk inhibitor. 71. The m xture of any of clains 69-70, wherein

the cells |.SE het er ol ogous expressi on cassette sj.on
of an Cct §g§%é§ﬁﬁge and a het erol ogous expression caggéwgéﬁéﬁaig
expression of a Sox polypeptide 72. The m xture of any of clains
69-71, whetei n tThekicefdld@mdi7er M8 fuphdircbpeiignt mamhlalan &H¢.3. The m xture
of any of clainms 69-72, wherein the cells are fibroblast cells. WO
2009/ 117489641/ H8R0B8bQ3AEA90f héinvditRnRFiN b CRaOk0iR B Yed@ins G #leitiR9- 73,
wherei n neither an expression cassette for expression o# a Myc

pol ypept i #®@lisgionan expressi on cassette for expression of a Klf

pol ypeptide are introduced into the non-pluripotent cells. 75. A
conposition conprising at |east two of: 5an agent that inhibits H3K9

nmet hyl ati on; an L-type che 'éﬁﬁﬁ¥ .St ' r of the cAW

pat hway; DNA nethyltrangﬁgiigﬁﬁg _ 5$ﬁﬁ?EﬁEJﬁ§A§*ﬁ§§|ear recept or

l'igand; 1Qmec§SKBigubdi idmREation dYEFS LdMRitkind QEfined p?ﬁﬂﬁ*{" RGP HP6 SNkl cells

inhibitor; a HDAC inhibitor; and an_erk inhibitor. 1576.The

conposi ti b Ost4/Kl4 virnlsansdgetion andhBIX01294 trapfapmnts Agomppmiosiof thepgrber

met hyl ati QRGAP;pS cell colonies generated from 3.5%10* primary OG2 neural progenitor cells by
retroviral transduction of Octd/K1f4/Sox2/c-Myc, Octd/K1f4/Sox2, or Oct4/K1f4 with or

10 without BIX01294 treatinent, .

{0066} Figure 2 Generation of iPS cells from primary neural progenitor cells by
Klf4/Sox2/c-Mye viral transduction and BEX01294 treatment. The number of GFP+iPS
cell colonies generated from 3.5% 10% primary OG2 neural progenitor cells by retroviral

transduction of KIf4/Sox2/c-Myc with or without BIX01294 treatment.

15 0067} Figure 3. Generation of OK2B iPSCs from primary OG2 MEFs. Bar graph
showing the average number of GFP” colony induced from OG2-MEFs in 3 independent
experiments. This graph shows data for OG2 MEF cells transduced with 4 factors (Oct4,
Klf4, Sox2, and cMyc; 4F); transduced with OK. (OK); transduced with OK and treated with
T uM BIX (OK+BIX); transduced with OK and treated with 1 pM BIX +2 pM BayK

20 (OK+BIX+BayK); transduced with OK and treated with 1 uM BIX + 0.04 uM RG108

(OK+BIX+RG108), n=3, error bar represents standard deviation as calculated with Excel.

{0068] Figure 4. OK2B iPSCs have a transcriptional profile simiar to the one of
mESCs. (A) RT-PCR analysis of OK2B iPSCs indicated they express genes specific to
pluripotent mESCs. R1 mESCs were used as positive control while OG2 MEFs were used as
25 negative control. GAPDH was used as loading control. (B) Bisulfite sequencing revealed that
OK2B 1PSCs” nanog promoter is demethylated, further suggesting a reactivation of
endogenous genes specific to mESCs. Schematic depiction of the cytosine present in the
region of the Nanog promoter that was amplified for this analysis. Open circle indicates

demethylated cytosine, while filled/black circle indicates methylated cytosine.

30 [0069] FigureS. Treatment with BEX, BayK or a combination of both does not

increase the proliferation of mES cells. Scatter graph showing R mES cell number after
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ii. an agent selected fromthe group consisting of an L-type Ca

channel a ctlvator of the cAWP pat hway; DNA ‘
met hyl t raﬁggeﬁ&glsléﬂ i nhibitor; a nuclear receptor FT"ngiﬁ]g%mgu&sm

i nhibitor; a MEK i nhi b| tor a TG-P receptor/ALK5 inhibitor; 25a HDAC
i nhi bi tornemdltﬁmmﬁgﬂ(ﬂ:dﬁﬁ)&% aM Bl i intv BIK and aZ&mbiAatidntofdbompri si ng

at | east two_of I nhi bits H3K9 net hyl ati on;
Ca channe{%a“ﬁﬁ%} gaﬁhf‘a%tqfsé‘t%"rplW"&Sﬁé‘d%fﬂﬁﬁ E%HW/&?/‘C“@%&"‘ Vexeel 162

net hyl t r agsfiaras alffemmvaé SAiRid ©F acl n@meﬁtaerOIﬁK%a@a o gantuladGSK3
inhibitor; a MEK inhibitor; 10a TG-P receptor/ALK5 inhibitor; a HDAC

i nhi bi torHSl%HteﬁnnEKq@]l nhibitor. 78. The kit of claim 77, conprising

5 {0070] Figure 6. RT-PCR analysis for Sox2 expression after compound treatment.
OG27/ROSA26™ (0G2) MEFs were treated with DMSQ (control), 1 M BIX, 2 pM BayK,
and a combination of both for 6 days. RNA was then extracted using Qiagen RNAeasy Mini
Kit. Sox2 expression was assessed through semi-quantitative PCR. OK2B iPSCs p37 and R1

were used as positive control, GAPDH as loading control.

10 DEFINITIONS
[0071] An "Oct polypeptide" refers to any of the naturally-occurring members of Octomer
family of transcription factors, or variants thereof that maintain transcription factor activity,
simifar (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

15  the naturally occurring family member, and optionally comprising a transcriptional activation
domain. Exemplary Oct polypeptides include, e.g., Oct3/4 (referred to herein as "Oct4"),
which contains the POU domain. See, Ryan, A K. & Rosenfeld, M.G. Genes Dev. 11, 1207
1225 (1997). In some embodiments, variants have at least 90% amino acid sequence identity
across their whole sequence compared to a naturally occurring Oct polypeptide family

20  member such as to those listed above.

[0072] A "KIf polypeptide" refers to any of the naturally-occurring members of the family
of Kriippel-like factors (KIfs), zinc-finger proteins that contain amino acid sequences similar
to those of the Drosophila embryonic pattern regulator Kriippel, or variants of the naturaily-
occurring members that maintain transcription factor activity similar (within at least 50% ,

25  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 optionally comprising a transcriptional activation domain. See, Dang, D.T.,
Pevsner, J. & Yang, V.W.. Cell Biol. 32, 1103-1121 (2000). Exemplary KIf family members
include, e.g., KIft, Kif4, and KIf5, each of which have been shown to be able to replace each

30 other to result in iPS cells. See, Nakagawa, ef al., Nature Biotechnology 26:101 - 106 (2007).
Inn some embodiments, variants have at least 90% amino acid sequence identity across their

whole sequence compared to a naturally occurring Kif polypeptide family member such as to



i .an agent that inhibits H3K9 nethylation and 15ii.an agent sel ected
fromthe 1si sting of an L-type Ca channel agonjst.

activator Qgﬁﬁféf)ﬂ%\w P pat hway; DNA net hyl transferase t’gﬁk’/ﬁ‘fbﬂ”"”m
inhibitor; a nuclear receptor ligand; 20a GSK3 inhibitor; a

MEKi nhi bi those; liseed BGB¥e3 Tosthe pttent AAIRSpattiepiidenis desribidACréimhi dainthe replaad

an erk inhibitar. 2009/ 11 PCT/ 1 009/ 037429 79..The kit..0
claim 77 ‘SPE?%gSSf'%rﬁﬁErl?bﬂdWB? e@ﬁ?ﬁé%ﬁ#ﬁ?%ﬂ et s#m?%%law ‘%E“ﬁlé’?
enbodi menkegeinfis dqngily M@l dsr vk bl ERE, lieasiader@miarsy wadiep@icof the
entire application. 5BRI EF DESCRI PTI ON THE DRAW NGS 10065] Figure

1 Generat @?34!?{(%;‘ cﬁﬁg)lpégtfdreQfgéé}?;xw‘!ﬁ%aé)ﬁcfihgﬁ\%ﬁ%ggﬂn?lmé?l'it%gse&‘.tﬁ%(dyc

cells by vVi'r ransducti’on an reat nent.
conpar§ sofanulfy (sdece. auAtieikanyf S.GF Biters P8. ¥@l Rew dod {Ted/Bigle hi€B atoddl (006 or

3.58104 ' 00 [ . it || s by. i.ral o o
vt ansduct TSRO EI A BB pSRER G s B S ssapeipr e
with or 18 9rt ety BloXphaQ4o theetlses Alated RHGRIlY ficgtiing fanibGemembdéd on of

i PS cells fromprimary neural progepitor cells by Klf4/ Sox2/c- M .
Virtal tr PR FORRHSEE KOToMme LT UaHIOME COTHE FhiNbRTBHY esepiting panily

member, and optionally comprising a transcriptional activation domain. Exemplary Myc

10 polypeptides include, e.g., c-Myc, N-Myc and L-Myc. In some embodiments, variants have
at least 90% amino acid sequence identity across their whole sequence compared to a

naturally occurring Myc polypeptide family member such as to those listed above.

[0074] A "Sox polypeptide" refers to any of the naturally-occurring members of the SRY-
related HMG-box (Sox) transcription factors, characterized by the presence of the high-

15 mobility group (HMG) domain, 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 meniber, and optionally comprising a transcriptional activation
domain. See, e.g., Dang, D.T., ef al., Int. J. Biochem. Cell Biol. 32:1103-1121 (2000).

20  Exemplary Sox polypeptides include, e.g., Sox1, Sox2, Sox3, Sox15, or Sox18, each of
which have been shown to be able to replace each other to result in iPS cells. See,
Nakagawa, ef al., Nature Biotechnology 26:101 - 106 (2007). In some embodiments, variants
have at least 90% amino acid sequence identity across their whole sequence compared to a

naturally occurring Sox polypeptide family member such as to those listed above.

25 [0675}] "H3K9" refers to histone H3 lysine 9. H3K9 can be di-methylated at K9. See, e.g.,
Kubicek, ef al., Mol. (ell473-481 (2007).

[0076] The term "pluripotent” or "pluripotency" refers to cells with the ability to give rise
to progeny that can undergo differentiation, under the appropriate conditions, into cell types
that collectively demonstrate characteristics associated with cell lineages from all of the three

30  germinal layers (endoderm, mesoderm, and ectoderm). Pluripotent stem cells can contribute
to many or all tissues of a prenatal, postnatal or adult animal. A standard art-accepted test,

such as the ability to form a teratoma in 8-12 week old SCID mice, can be used to establish
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cell colonies generated from 3.58104 primary 002 neural progenitor
cell's by retr transducti on of K1f4/ Sox2/c-Mc w

Bl X01294 t‘reéa 157@‘59 15 [0067] Figure 3. Ceneration of &E@gmwé@gﬁyrom
primary 0621YEEFS Bar graph showi ng the average nunmber of GFP col ony
i nduced fthe pilﬁ)i@teh@Fd aicall dopuidepeindenver idapEichiment &ailhis phgipaeht séowas]
data for q cells t ansgﬁoc%ke &h 4 facliors (Cct4, K f4, Sox2,
and cMyc; Cﬁ‘%ﬂe”ts?céﬁgla[}é% L RRFIPOIERLERS uced with OK and
treated with I pM BI X (OK+BI X) ; transduced with OK and treated with 1
i.tM BIX mo?’ﬂln)f)%@wf%ﬂew% Derpagiryics” refaite ghragengehoface iRt t r eat ed
with | aM QK+ o

represent @S%stggﬁg Q%‘&me\% s??%%%isé%ﬁﬂ%ﬁeg@léﬁ%ﬂﬁg Eg? EIEEF dp %emﬁhgbr e
4. 01(213canrsdyehdiferatinteamseder geiappabrige ofnditens,iintiolcalt types thitecod eivelfy

nESCs. (A of OK2B . i ndi at e e press . genes
Cooor i1 o el iRt R oo A R ing itk B SR B AR 9508
control Wehli&ief, ZnédEEéhn\[\l&r[cBectlﬁieﬂn)asa phinigg@iit sven wmaﬂbtenﬁéplﬂxipm@tﬁon or
used as | oadi ng cont Bi sul fite seguencing ré Ied t hat ’B

i PSCs' nal3a“pronst & Cﬁt“émd’@ tRjPnstol dnolaciar Marke fgnRis pligpajent stem ce

reacti vat {afhcRiis@RdFeLAMDIJRRNEM lﬁﬁﬁﬁdtédt SiefnQ e TFSGPess RABLIRInIC and
depiction of the cytosine present in the region of the Nanog pronoter

t hat Was epipmpily dl of e mapess GemthesfoBowigpapn dimignelistndfilead L 4, TRA-1-
d t hyl d
cytosi e, T3 TEASIME Alp, SBEL B AGf UTpeL KRC REL A InIRARNE. Teh

conbi nat i mnrghblogm‘s hssd@asd woth pluippeassen balspreodlsd muagiaton stof oaES cel | s.
Scatter g aph,.showi ng Rl inES cell nunber after WO

2009/ 1174 1182009/ 037429 treatment with DVBO (control), 2 p,M
BayK, 1 )thil Bl X and a conbination of both (BayK+BlI X). n=3. The
error bar 0078lr Eagisim SbimaSaserbancaiding o 48 CRmmeR P it the aibye dpnotag

si gni {4 caglieehdd (ﬁ'rn%f&%le‘é’atﬁ)tlgpﬁ@'&%zzfegﬁn@&%tawﬂ%@ﬁl{@@ﬁ a %% 'tﬁﬂntuﬂial
DVBO as cal culated using t-test in Excel. 5[ 0070] Figure RT-P

anal ysi s m@mbeéxr@ ‘é@@ﬁléé‘@ﬂohlba&rteercarwnhué@t ipdt are pettlingied to, combmatorlai

Bix 2 p R e R p Rt AR bW A v t e

extract ed Rl\lete Sox2 exp i on was .assessed
Ehr ough- s LA P Imw ﬁ@x BB st Tsro e e Bege J8E
pOSI ti ve @entﬂegioiynmp@ldeesmbﬁse@hmgcleefaerseiuen&eqﬁEﬁiuhtt (e [R@E1] An

" refers to any of the naturally-occurrlng menber s of

epti
oct o nE f a?mutﬂe@fldt B ah Epp PHET thak thet g wiagh i isrieaally fod: e 8+ sqpaspied
mai ntai N ELANSEkhidd s@!ﬂ.teﬁlé&,tvﬂfh @GEd tf'tytp\(aal@ hdh! ?an(lﬁ‘ﬂ{ IhaRurélor laéﬁﬁ’&:ht @P%

80% or 90% activity) conpared to the cl oses ed nat’ur al
occur ri ngedgighdus withrbesleotde sppkygee plthddschdbiypically wgobin preasity. tH@e

DI b1l 00, TR lend DL 0L OGH LA 000 G DETREL 0 G e

optionall tional  act
Oct pol ypeptmﬂezﬁdmnmﬂmdﬁelceclg Oct 3/4 (referred to herein as
"Cct4"), which contains the POU donai n. See, Ryan, A K. & Rosenfeld,

MG &enesoBey . "Bilresdid éassdiR? Berbrd 407 belyh&le‘éﬁt@ccﬁiﬁ?@ﬂt@'ﬁ%i%lﬁ@ter\/ﬁrrdt@@t S

have at Ieast 90% am no aci d sequence |dent|@(t/ across their whole
sequence ESHIFEITEERIRYCE oReraRly APksd te @ seduenereneRdingpdPPEbt i de fami |y

[0081] The terms "promoter” and "expression control sequence” are used herein to refer to
an array of nucleic acid control sequences that direct transcription of a nucleic acid. Asused
herein, a promoter includes necessary nucleic acid sequences near the start site of

30 transcription, such as, in the case of a polymerase I type promoter, a TATA element. A
promoter aiso optionally mcludes distal enhancer or repressor elements, which can be located

as much as several thousand base pairs from the start site of transcription. Prontoters include
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70 nmenber such as to those |isted above. [00721 A "KIf pol ypeptide"

refers to natural | y-occurring nenbers of th 1 f
Krti ppel - I\?Eeo@étl:?gfs (KIfs), zinc-finger proteins tha?ci}:@ﬁ%ég%\ﬁézr?’i no

acid sequences simlar to those of the Drosophila enbryonic pattern
regul at or cdestifuppednd imdtlt:ihiﬁf piambgrsofA t doestiteti vel atdngpmds:upnoim@a tewbacsve
that maintajn transcri n [ activi simla t.hi t | east
5056 , 25000 BGOSR Py A RRaRE el i b Bitadls

nat ur al | ypmwm a0 G afcﬁ*FE 1h1¥181f@}|?b8ﬂimentd] lot POle}peRhiaREuIEQIIP ITHS itdith '@berably
| east the )gl\lA bi ndi ng_ domai n the naturally occurring famly
menber edptsfeng 3 @Jﬂe&wﬂii P%fgbeawwameﬁ%wcﬁaamsw GOREP} %ﬁuence

domai ns  Sageh 4BMBromBler -or aff! o?ﬂx%ﬁscuﬂhm&ta&%f‘gmdﬂ{c\ﬂes)Qﬁfﬂse@)&i nucﬁ% acid
1103-1121(2000)." Exenpl ary K famly nbers i"'ncl ude,

K1f 4, andsauese, whestin gie wmﬁe@qmﬂmmb@@wnsm@mtmfﬁnﬁﬁerpam ef t? @nmcé@t acaé
each 30ot Is See, Nakagawa, et al."Yature

Bi ot echnoP&eéeﬁﬁcglghfgqlrﬁe S&%’gdfgﬁg% I n sone enbodi nents, variants have
at | east d sequence, i dentity acros the sequence
Compared TS ni BRERIoBO R R I BEpRICHS Tt 158 SHo AR 5ot

as to MQ}:%D&%&&&%%P@IM&S%&@%@W BiduRea6st Lis bedr RRAVIR sal@ sbili€e, is
extent a KLF@‘pdf peptide is described herein, it can be replaced w'th
I§C Lo

an Es$?b. PR 1 liwrigmaém@dﬂwﬁa% hetesplogausHEXRICHSigNAIagIsED T ?d@ll is an
enbodi neng, gsglggll ?ﬁg £t6d fht! egdc%g:g@dg J}a/g[;giﬁﬁw?ﬁ%sf &Jﬂ fé?%x pl ?5911,{: n

t he pl ace y pepti

any of t hhnlwdtt@nmlticyld@sﬁtlummengomntyeprsssgm viebter Mjter Brhanﬁrbyloegmé DNALg.
Adhi kary, g 635- 645 (2005)),
or var anbde et BrMobialir PR p GuBionel Bt v ¢y
simlar (W|th| n | east 50% 80% or 90%act|V|ty) conpared to the
cl osest moﬁ%]edTﬁ%EeﬂP%tlalgﬁl‘tOE’bd?%t FOTBPFUAh TeiET A MYEomPogd Ysetuy Pt i des

Conpr it §i Ng:rédnide@RsYs a&en@%ewmdmgg&%@% of ctheidak Hf&@hl'dé@ﬁ?&ﬂfdr i ng
fam |y nmenber, "and opti onal ﬂ})l‘l sing a transcriptional activation

domai n. E%ezﬁqﬁ%ma}l M@C@Q)Slﬁbﬁwée d@glymmdadeq,,epgmde ecapantibadsigec and
L-Myc. &HJPCDQ' ]ﬂﬁﬁt R TA\/@BL‘I O%tﬁmH@c}/ Sindfe- sltrﬁf?t&td Eoive: PGMC%HS Id

sequence h ent|ty dtross’therr e seduefice conpared~to a naf'urally
occur ri ngasensp XN/pepiall dehitfiamy RMAmmtIe RMNALaitagyheg etchjoseoligosdcelshride, a

above. 1A 580X PO i d refers to an

o ur al |y o Le PO R GR i i et b mplegylgr weisht of
tr gnlso.m i ptekOthak HE000 c$a1toﬁmcrr&aarﬁple,zles§ than aobﬁ a@nefsmo%ezoouj dilhes e @l betvlden
mobility ria ereof that. maintain
transcri pgé S50t éewo%%a %ﬁ’qﬂy -3 Oaiﬂﬂ%% (i FeobormeRd cagdg,in Hgdormyet a
90% act i Vijbily S8R 8685buhs, kS 261aQ8RSInatoBhBdr 95hd0 R Al &blaYy &9@&5&&&91
fam |y menber, or polypeptides conprising at |east the 'DNA-bi nding

donai n of suffieienaangesl Fiy/eemﬁ uFest pempantls 3re pptiarelly linked toplusimalaltyer, e.g
COMPT | 3 iy g B35 LGRS B LOR ORI 35 5l Hooncs,
25 addressable compounds, and other functional moieties. Conventionally, new chemical
entities with useful properties are generated by identifying a test compound (called a “lead
conpound”) with some desirable property or activity, e.g., ability to induce pluripotency
under certain conditions such as are described herein, creating variants of the lead compound,
and evaluating the property and activity of those variant compounds. Often, high throughput

30  screening (HTS) methods are employed for such an analysis.

[0084] The terms "nucleic acid" and "polynucleotide” are used interchangeably herein to

refer to deoxyribonucleotides or ribonucleotides and polymers thereof in either single- or
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20Exempl ary Sox pol ypeptides include, e.g., Soxl, Sox2, Sox3, Soxl5,
or Sox18, i ch have been shown to be abI eto [
other to r\gggmgﬂlflﬁggl]PS cells. See, Nakagawa, et alL, Nat %?PAJ%&&E}&Q

Bi ot echnol ogy 26: 101 - 106 (2007). In sone enbodi nents, variants have
at | east @0ffeasnandeddioin Beguenmeonpisssiniylemarids sorttdiging kudval mw%q’dence

conpared to,a naturall curri So ol ypept i de f er suc

co o notiidts 87 b batbi ry s PlREes RER Al Faa g s fliine
9. H3K9 cafi he- rﬂtmﬂl@/tchhhi@hg dviath B0 smﬁﬁ‘@ bin€ing pr oplgtﬂéb gehe ref@Eno%'nuciM@t
Cel1473-481 (2007). [00761 The term "pluripotent” or "pluripotency'
refers toQdIapd “Wcélﬁf@c meabalized toyr gy @ila g éhetréfetﬁns@wopﬁ%t Egaimples
under go dif sfu@l'i %tldu@tulc%e VRS llhﬁﬁxﬁpﬁlﬁﬁﬂﬁdﬁﬂlﬁwaf@% %ﬂh&%ﬁ]’ldﬂk&t ﬁet‘ﬁ?ﬂhl
types that collectively denpnstrate characteristics associ at ed

cel | |i nepltpsghanpismchiral-mofthylipbosphewntes3d Cyeethiy hrionhelyaidss, pepitfiocharlnic acids
nmesoder m An )ect oderm. Pluripotent stemcells can contribute to
many or aﬁ 'ssues of a prenatal, postnatal or adult animal. A

st andard edtest uc as t.he abi y.to forma teratoma in

8-12 wee kﬂ’g%ﬂ S P antl&%mse g u%gfa'tlfl aré)élf:llgiﬂ aeidisequppe also encompasses
2009/ 117486 t4(H4SBAA A&y e fns ft‘l%ré%ﬂ*(@ Qo&e@:@ﬁd‘até’tocﬁan%%skm@:@ﬂg lagd i on,

however identification of various pluripotent stern cel

char atl er Fpnlemendiay susecepats el ds ths searcaes explicifly peicareed. Si:@rqﬁgally[ 00771
"Pl uri pot l & Q

o P LA NBASELEEL 631 7B SHAELETE il

ability tgosgmn@fnneser mmeptietgem@pralih)atodalsoasubﬂmiedg‘othdnr&écébasntancﬁbn on,

under the,a riat. to ca ctl
ormonst r st Rt Rufh SRR BE it e 4R B B EE ML o
t he t hr eeBgrdhienabod: 260836508 @rﬁ*@ﬁ@{oﬁsohﬁﬁﬁ@deﬂm Camdarafatsa@arqg)(w&)ﬁ
pluripotent stern cell characteristic. Expression or non-expression

of cefs ai HogONBIAM RS 0 valld et ‘@ odiBkd e F e%t@ss?dnscﬁ oPééfMtF%te%Ed to
stemcel |l characteristics. For exanple, human pluripotent stem cel

expr ess atefqrétaminbsf@%acta/ﬁuﬂgwbmpﬁ'éﬁamlyolacmles I@ﬁpepmelméeméﬁ@ ni&imztvﬁ@

fol | ow ng,, , 1,
TRA 2- 401 BIE T AT B Nals B etshEhion SRRy g Pl e i B8 ol iRadag
Cel | nor ppdyngiesdgssgciigindyg agmm:hs phiagemas, end thetrdmmokl axchnneneaxbs olhe
pluripotent stein cell rlst 0 Theter I|brar
used acco{}b‘}lnﬁmf‘lﬂ)aﬁof s “&18%15{6 “?} Oé?g%fld: aﬁafaﬁ‘ér ﬁ%’]b”'loﬁs Petiste gt ¢8- vl
15col b@ct exphesdibn BPbIAE 0, @artialdPbi t0RAEY blaclo Etﬁﬂ:ﬂhtlcﬁﬁbr?ﬂﬂée@é uﬂ'af:tﬁt@} gagedy n
such a way that individual nmepbers can %g identified. Libraries._ can
i ncl ude, BRFfeash ETSYERG 515 ACHYAN0E, NeSBiendreeIsItLe, e Exgulats he agtvay of

natural pRRdkatised iapfeﬁﬁl'o%‘ﬁn ea'nQntﬁgcﬂﬁétéjeAéﬂvlﬂfo?sr Ar€8oentsQ0f ALy Anduce or
"reconbi nant” pol ynucl eotidei’s a pol ynucl eotide that iIs not inits

native st agteatedhaexprastien plid gasudied g eraonpr bisé o, atimulelecivetease, open,
sequence nof, ﬂJe %Eﬁﬂta\'ﬁ; e@ﬁh&f a%nv&fon tp ﬁrcﬁ%g’%)ﬂfmgﬁ aec%f&d %eds%uz% B e%%‘a%”

other thant rom
nucl edf i déeseﬁquemfdsscvﬂmmtaugat ;mhteut (ot yi;modmg Ipy[ynmleumdp)r agj mmnysts n

nature, of,adj acent éor co uous Wit ucl eo uen es wt

oni on -t MoRPRRRTT A R o BiER P Ml TaRih PRt S SR Eele e

i ssue cansbsi eHean@Umiolbgled aN@iRldis andthe Giks &i’a’ﬂﬁ;ﬁ@ud’n&@@ﬁﬁﬁr@e@hls&é &h one

or nore additional nucleic acid. . _
antagonists). Such assays for inhibitors and activators include, e.g., applying putative
modulator compounds to cells expressing the described target protein and then determining

30  the functional effects on the described target protein activity, as described above, Samples or

assays comprising described target protein that are treated with a potential activator, inhibitor,

or modulator are compared to control samples without the inhibitor, activator, or modulator

to examine the extent of effect. Control samples (untreated with modulators) are assigned a
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[ 0080] "Expression cassette" refers to a polynucl eotide conprising a
pronoter QLo9hbRI7se9ul atory sequence operably Iinked perasifasnse
encodi ng a protein. [0081] The ternms "pronoter” and "expression
control sequence" are used herein to refer to an array of nucleic
aci d cont rebtive agiiyén gelge phHi0%ei Inkibitionod a desciiprd teigeafroginris athedved abpmlthe
As used her.ej er | S 021 .CHaG| pces
near the SHg vl BEELEhe LR HERRARA SRlkally SE L2700, SRY T
pol ymer as&ctivhtibly pixthp dexonbelrtargat pTATA iehdbiemad whén fhe atbii@raiak sdative to the

optionally incl di st ancer or_re ssor el nts hi can
be | ocat et ﬂggﬁﬁgg‘ﬁ’za@ﬂgg%g@p% ﬁBWﬁﬂzgégé&ﬁa‘fop%égﬁa QFHQO@'{’]Q‘?({% Site
of transchbRtbi@pr. Pronoters include WO 2009/117439PCT/ US2009/ 037429
constitutive and inducible pronoters. A "constitutive" pronoter is a
pronoter that is active under nost environnmental and devel opnent al
conditions. An "induci y | &5‘?}? A S active
under environnent al orbggéﬁgghﬁmflﬁpg'%. Igj?lftoé‘\lrjm "operably

| i nked" r&fers bwroduéfiomcti onal |inkage between a nucleic acid
expression control sequence 5 (such as a pronoter, or array of
transcri ptoosTy f dled gesebi inGdnfign S5 Bae&) indiaek, en $: candsing disedveryatitdmall
sequence, wherein the expression control sequence directs

transt? i pEPERUBYMBhee 1EE Fepisdiceicss Peds FABCRENIbR A I8wdddn triggering

sequence. inhﬁ)&ﬁ%iuriﬁoiéhﬁét&ﬁ QLIRGALS. B&AUERSE. asQes@ibed Bl RFQ REM DAHG BeC
acid", as used herein, is one that originates froma source forellgg)

to the pa'ifﬁliﬂ@@ﬁ'z'i!ﬁ’ith @§tn_alé @qlqculsrtl,mt irfdufqdonethyiaticnanfeheslysipesed vpige 9 (13
10rodi i eg, fr %&T‘eiﬂﬁuﬁﬁ@ Hro PRl QLR mdfkSe th?[% %}%%iﬁ%@iy.qgﬁh{ﬁsi é@‘a“@%?s%n%n
ce a en

cassette in a I'S an exptession casse isS no ogenous
to the pamtihginaasfelsestbr HAKP), when cexanylte a maningiliag céll mkeddclt Kif4, c-Myc and

nucl eptid uences from an.expression.vector rather than

chro 33ong?x%“%,geeb‘eeixﬂrﬁsﬁeg]ﬁﬁ%tsf‘ mgmfsﬁ@fifg%l%@ﬁlg S%Pb‘??@f'er, bei ng
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descri bed,efghbiveibnpReRl: pﬁ%?an%méflﬂﬁ AR R sSmafl T AEQRD L0 GOARALRE

(e.g., a small nolecule such™as a drug), a polypeptide (e.g., a
pepti de othatieplase transelption dackue previously Bipwigo ge esspra] faripaduction of pluripotent
doubl e- st I - ) ' ] lsense RNA,
SO oL AN BB O Pl BV SLR5H Bbh L 50
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ol tons. PEERLRRacy D A0 s tenioas e oatet BaPPint ke ghe
bet ween St #30ranb@Ptidh @ ior?he 20600 0@ BORRIvERE lioRsy belhtdefi@8ltto replace
conmpound can be in the formof a library of test compounds, such as a

combi nat ot fegprspyicibar2ee of sy aicpskaolseues deshy. shlesreaneatsomgtge
of di ver sidey of 1R $burTINQ WS nAll %‘ac@&fuleg’ At hyndd:eed él%ﬁ’sfgnﬁaﬂ%ﬂl E¥d thus the

partner, e.g., targeti nfg@corrpoun.s, rescue conpounds, dinerization
conpo&hdspotentmbpidogémgeitestapd dWA inseligul dhte hegbtomosanpovuHdertheahelp de her

functi onale iRl il b &Sin1eLAR%E Uk 2RAL! Yo mdENe GRS S s

{0089} The present invention also provides induced pluripotent cells in which at least some
of the iPS transcription factors are expressed at endogenous or lower levels and nevertheless
are pluripotent. This invention is based, in part, on the discovery that certain cells that

30  endogenously express Sox2 can be induced to plurtpotency by introduction and heterologous

expression of only Oct4 and KIf4.



entities with useful properties are generated by identifying a test
conpound (\96%0%17339 | ead conpound”) with sone desirabl Fcﬂﬁ%%@hz?r
activity, e.g., ability to induce pluripotency under certail
conditions such as are described herein, creating variants of t he
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vari ant efo Oten
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eoxyri bonyc eotl es.or ribonucl eoti 0 t hereof in
ei ther si Py ©etigmd Kigh iDigar pluriests f wgez@o?gyr 7ot 5910 BbtE 230 peieraet
form 4rh ewhﬁ’m%ﬁQQQﬂﬁﬁ%ﬁﬁa@%&hﬁatﬁﬁ' 88 di)%ﬁa@l'y%s%%lﬁﬁ&%wﬁﬂ &l 18t hite
anal ogs or nodified backbone residues or Iinkages are
synt het i cof andi-tivardgivpedemnel prpnishad agforton af ﬂpﬁ&gtw I@félevmys f BGYA whi ch
have sim f
wni oh ar e auy Rafit-aR BRARES b R02R bl L AP IER L HTARAnABIGh oMK
nucl eot i diahibitkix ditelimented havelio &matl dgs comisihaitbes ofagetts wtchl as miGSH inbibjtor

(F:) P"Of g|h0 roth Oﬁéﬁggﬂlﬁgﬁgp nor ég?(dna}h@f%ﬁqg %%Wpﬁqg%y%gtg\%?or or a GSK inhibitor

pepti de- nmil o) @mpinﬂﬁmbPMm)and 10086k G @bisite) BRIMesvcliftidagihed, a
particul ar. nucl ei ¢ acid sequence al so. enconpasses _caonservat i vel

nodi fi ed REFPYRRCY 11 frils deferqiegoysly cyagsinelibalerd ShOsdoE? PLRYPBAs 13(4 and
10conpl engRt gl e\flym@@@m a@'fé)rlﬁﬁmﬁéheof%a%aager%thtal%&nttwceus are
i ndi cat ed. Spec? ical generate codon substitdti ons may be
achi eved tm}m@émehdtlﬂlmnéedbéngeslemnnmﬂcwﬂﬁ)w@dtohilmtail]v)b@fﬁmimuw one
or nore s '
and/ or degAxd%igéﬁ%g?lgg{p'es T2 es(’a?eg\/%%sé fh lﬁ{é?fs\; I'tﬁ HEthn&o} ﬁifg‘é&g%&%%ﬁi the
19: 5081 ( d,_ﬁ:ﬁ@) 1s G @ ukae ef aredgent tiat uﬂlﬂmt H3Kh mﬁhy%@n,%%ty@éﬂ‘ﬁ chdia8b) ;
Rossol ini ., Ml. Cell. obes .1

"1 nhi bi to?%"“‘ﬁ? ﬂaé‘ft?\i‘é‘wfﬁle “AS’%P %Yulﬂ Q“’* h&? rag ?é%@l\giﬁ%glrﬂllﬁm a
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for expr eibibar, @H%@llﬂhiblﬁmﬁmd@l geEdvipbiddon ar get protein (or encodi ng
pol ynucl eoti de), e.g., ligands, agonists, antagonists, and their
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desensitize, or down regul ate the activity of the described target
prot ein, @Ct’dato‘f aﬂb%gw?s&aéllwwe%%@?@ylar@%s ferged PAN haiphibgoga nuglgigyce

or acti valg.the; Sxer RSSO nfhof AFER G ATGRS rRbALEA DO T L

stinul ate, i'ncreas€, open, acti'vate, tate ance activat’i on
or prot eaﬁ@ﬂmimihﬁmtbmor aIEETh/lllhﬂu,tOIS MEKun}utatow farpxaregial) :alubxt 26vtile of non-iP3

2C5| Vl’% g oﬁ?ilgt §1§1% I’shnb tgtnéo%gl pror 5t81%eJr(§]\vt ahd stnlg:lggeltpiloqgrgmm ng o 11?50cellls etﬂéreby
enriching a particular cell mixture for cells with pluripotent stem cell characteristics.

1L Induction of pluripotent stem cells
A, Heterologous/Endogencus expression

36 [0092] Insome embodiments of the invention, non-pluripotent cells are identified that

endogenously express at least one (and optionally, two or three of) proteins from the group
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I ntroduction [ 0087] The present invention is based d[part on
sur pr i&i nBoHiIBEERspigN ﬁmfh&ubeﬂqamﬁymr@m@mﬁ 2 pﬂﬁl;tpfb@ltgelb NSEMET i ¢ the
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pl uripotent stem ce escr
her ei n, Cotlidedmnt fve nbrlepialcedhdoderin pa)esnmhlcem) heeadean phrgenitoe delsde.g.,

nethylatlon f the.his ne 3 ) ( Thus, . for exanpl e,
51 03204, PSRBT S8 En? piatehiBE orlist ERT dropsonsol blERRR 1 one
v\rrﬁt hK| t g_?gl@@ﬁﬁ@l\; eellfsQéd 1%58 gm%‘tﬁb@ﬁ?ﬁﬁéﬁn&@i &ds bﬁ% @eui’mmﬁ%bﬂl@ﬂ c€iB). LIC«EIIE

ic c an 0 as  been expressed, results in induction
of pltti pﬁiﬂéﬁt@f&féﬁeeﬂefstﬁ &t the tysaforrsrade reaégmeetl%eﬁéwﬁseeeﬁe gell Lines for

i nterestipgkbh ofﬁ@@fﬁbl§ﬁépﬁ&keam ﬁ)]}qie];ﬂwet Qx&yetﬁo%eﬁfde%ﬁ% @Rd its

i nvol vement in cell progranm ng so shows smal| nol ecul es can
be i dent i PolEREptiARer yaderadung eed s*eﬂsup@ucgﬁprfoa@mm@ﬂmaémn&elm Bhéwn to
be essent G 1 el d 1.5, e of
part 1 cul oty oGl 2k Bty Wil DB o SAEMIAG e MR

20i ntrod umﬂumd)sﬂefciﬂgrmédhq:ﬂe geigeofTeote tshamipted fastorsghatsicdyse qx;&eﬂsécy
differentia edc | s derived from.the i P

cel | 26 npBlogensify et o hE o GRRd o By to T RN ER Fibdl | s
transcri phétedlcizogd xpesHiayef thee ittap eogdn egprastd idbb@suslyt may be
beneficial to replace these factors with other |ess or non-oncogenic

nol ecul eSFOGE&’]r t REEhovrEiR RCEIRMesOdonRURs Qe 6RGRA1 Hbeddi®r LN and BGHORSS
with small nolecules that do not require fTansformati on (and thus the

25pot ent i &latagiee Sipsmi cas e exueedoftomRiniotrsey by bﬁemhg@ueeﬁere@mmf&%wd
Wil furt hey oHﬁJ R Odehz%gé{ﬁ?esttﬁh‘? sBR i{?d lpllyg pl%?é?gse Encﬁllﬂg?y § I:tfagﬁ i3 p%tems

therapies 1 nv
25  need notall be overexpressed (e.g., using a high expression viral vector) to achieve

pluripotency. Instead, some of these proteins can be expressed at endogenous or even lower
detectable levels and still be eligible for conversion to pluripotent cells by heterologous
expression of other members of the group. Thus, in some embodiments of the invention,
cells are identified that endogenously express a Sox polypeptide and/or a Myc polypeptide,
30 and an Oct polypeptide and a KIf polypeptide is heterologously expressed in the cell, thereby
inducing conversion of the cell into a pluripotent cell. In some embodiments, cells are
identified that endogenously express an Oct polypeptide and/or a Kif polypeptide and/or a
Myc polypeptide, and a Sox polypeptide is heterclogously expressed in the cell, thereby
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[ 0089] The present invention also provides induced pluripotent cells

in which aggheasigpme of the i PS transcription factor§c§ﬁ@ﬂﬁ§gﬁ%%sed
at endogenous or |ower |evels and nevertheless are pluripotent. IS

invention is based, in part, on the discovery that certain cells that
30endogentidstiye esnyeisivg oSdhezel o beluripefeniagilt Opponatly podld (Ehanpy al., Nat
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express a Sox polypeptide (e.g., Sox2) can be induced to pluripotency
usi ng t hejgydNOHsficRinct BEInHNBAED Arpdi@icy 8XadtRlifad Rl tRYSna¥k: SRRt R&
i nduced by introduction of only Oct4 and K1f4 into nonlEQErlgopent
cells {e. é} inchusigp gbhsklucrag e pelsipate. Gy @ear e VAEL SV HWLER T dsithagbnt
that inhi it 4H vl at: ; w@] I 0 L4 A, at
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CAMP pat hedls with tDNfoteatshdmsebas)faad/asiey (eDINNY expndsiibn bhp53 (a.gn by kBAFA).

receptor agonist, a bl bitor, - or inhibitor. The inventors
have aIsoggbﬁﬂd%?ﬁ%fE§§%%P§2WT€H£°6?£36%ﬁ®555uch as a GSK i nhi bitor
and a HDAC i nhibitor; or a GSK inhibitor and a cAVP pat hway
activator; or a GSK inhibitor 10 and an ALK5 inhibitor (with and

Wi thout a @a inhibitor) are effective in inducing pluripotency in
cel | sthet Br ol ogdumisyriptigpr EadoinBro@gnst al one, or Cct 4/ Sox2 or

Sox2/ K1f 4. Accordingly, the invention provides for m xtures of cells

and agent §099hene etaitdicheeah lashuaiber dftntbodimeytsn@thedhtbitipPin@bleL@irbuction
(e.g., are non-sten1ﬁells% and oEtion%I[y het er ol ogousl|

or
endogenoutl §edk BossROIgePHIsS 18P felfsaihsrsby {idupipg plurRpercyce %/'n: sHdA S

Kif 4, anddpuhgsdt dold) dinbaddRAE s holySeyB irPs a BRI @nbmPRsAftMuckidlAdf a
i nhi bit H3K9 nethééatlon, an L-type Ca channel agonist; an activator

of the AvPIpAtcHAE]e CENDYRSABE Ry MPTeErBTeat Aas{ERMIC 4 geliapi insieing

nucl eas r I - L ahl bk or: [ i.nhi b :
Feceptor | AURE" Phhh Pl firoducktie palhepliinto Indlef o Aah Rl e ihtion
[0091] Asfrdinsbuspedsibn cassdrer Abelnatively,vae cmvisibden aaks@epno pbiypsptidevel

nmet hods of. screening 20f cel I. it | uripotent stern,.cell .

char act er fise ReLotRy e RatTong Sue B B G PR Lt iR £ Rseety o the

i nhi bi t or celEby @ageitier bhditfeientinbiibds tHIKKO noEihhyth@lnktiotuctian of a poipicEatide
channel agoni st; an actlyalor of the cAMP pat hway; a DNA

met hyl t r anPeig ke ROBRRYYS nhi bitor; a nucl ear receptor |igand; a GSK3
inhibitor; a MEK inhibitor, a TGP receptor/ALKS inhibitor, a HDAC

i nhi b?® or {00871 aAcEringlyhioppryosmbadizrent ahihpinventon dessribes herpingefeirivigieither

0121 O AR ERASEL R S B AEONSI TR L B0

cel | ni xt apelypeptide &itd s cedl, itshpildbé poteendodsba theqetdeniGheméot elss strresly
provides for exogenous introduction of the polvpeptide as a protein into the cell. Therefore,
in some embodiments, mammalian non-pluripotent cells are induced to pluripotency by a)

25  exogenously introducing one or more of a Kif polypeptide, an Oct polypeptide, a Myc
polypeptide, and/or a Sox polypeptide into the non- pluripotent cells; and optionally b)
contacting the cells with one or more of a MEXK inhibitor, an agent that inhibits H3K9
methylation, an L-type Ca channel agonist; an activator of the cAMP pathway; a DNA
methyliransferase (DNMT) inhibitor; a nuclear receptor ligand; a GSK3 inhibitor; a MEK

30  inhibitor, a TGF[} receptor/ALKS inhibitor, a HDAC inhibitor; or an Erk inhibitor, thereby

producing induced pluripotent stem cells.



I nduction of pluripotent stemcells A Heterol ogousfEndogenous

expressi onggQhfdA92ke I N sone enbodi ments of the inventi @pyysaeosseszize
non-pluripotent cells are identified that endogenously express at

| east onem%and optionally, two or three of) proteins fromthe group
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re-progragm ng and/or..de- differentiation.into pluripatent ceIJ

oot onal | 50T O RETF cUERaap e S PRt i B e axdgp can
agent § hatheh BB et foubliBirdthiyinalid @fls, a8 séredié Corbd: ﬁig?d’hﬂﬂlhwaﬂ@&'@t
an acti vator of, the cAMP, pat hway; a DNA _net hyItransferase I\JEK

i nhi bi t or $ifigrsatig@dptopbuinsicst cqﬁﬁe?@ﬁanaﬂa iR PIGSRRGIST 0% of meTREka

i nhi bi tor mhﬁ)lt-gg: Fab&s aRt %{bﬁgﬁ@Kb%llyﬂ liti%'h’anaL %a'c'ﬂg'ﬂmt@l d Rkt Qﬁgétﬂrator
an Erk inhibitdr. 00931 It is bellieve y type of ma I an

non- pl uri pﬁhenﬁl\fﬁ’epaithvc?ema Dé@sm@ehtedsfﬂme (mﬁ\dﬁl lehﬂmtetxpne@wmeatnd

The start PRoEPSE i e Sk HlbeRTERp Eepbua RadRipufys ADAT ©

progemnd t ofmhetol: or kinEHUdBibitbut are not limted to, endoderm progenitor
cells, mesoderm progenitor cells (e.g., nuscle progenitor cells, bone

progeni t ofgg6f | ﬁz soll e%%oﬁﬁ&g%n&él@ LeQEédu?iLd tl:@Fgld%Qén%gﬁ a{fl‘és@g%;{t or

cells (e.qg., epidermal tissue progenitor cells aRd neur progeni tor
cells). lemepﬁamsle:ﬁma Mipe pqihmedﬁsptéaﬁtessemndtm anrivee polypeptidamdoeKIf

Lgﬁsiple% t : g&%%ﬂu'&?g éégengus?e Brg u:e M/the cé]f )%/bﬁ%%r ihc%i( Ll%%gill\%gsg% ofthe cetll into
pol ypept i deluoipotoyt aeﬁeht Sofn}el eﬂlgaodﬁiidn& vdlls Iazerlddim'xed ti;mt mmgﬁfouﬂﬁbkptéﬁfahon

ot Fa” AU ETenE o 3 RILRBr P RIE YR i b epe s

t hese gengsgeldd@BAntdROSTHIRE deliNthbRBT RISk a(inv@fsﬂ)nréﬁthe@éﬂ) LRS 8 §hkripotent
20endogenously can then be expressed heterologously to i nduce

pl uri pot eﬁ@ly w t hout heterol ogous expression of those factors already
expressed endogenously. [0094] As shown in the Exanples, sone cells
(e.g., neiiap] pﬁmnbuscinu@blhii@ ta“mdmﬂsipbp@@limsta&e(ldm @cnioin aahoumi)e)r ocEan
be |nduced |nt(5)uep ur i

Q1 4 ont s el G PR R Eea iR SURRAUE R IPLERR Rl o TR P

Cct ap@l Ktdnditiodt & 4i®w for introduction of the proteins into the cell. In some embodiments, the
exogenous proteins comprise the transcription factor polypeptide of interest linked (e.g.,
linked as a fusion protein or otherwise covalently or non-covalently linked)to a polypeptide
that enhances the ability of the transcription factor to enter the cell (and optionally the cell

nucleus).

25 [0101}] Examples of polypeptide sequences that enhance transport across membranes
include, but are not limited to, the Drosophila homeoprotein antennapedia transcription
protein (AntHD) (Joliot et al., New Biol. 3: 1121-34,1991 ; Joliot et al,, Proc. Natl. Acad. Sci.
USA, 88: 1864-8,1991 ; Le Roux et al., Proc. Natl. Acad. Sci. USA, 90: 9120-4,1993), the
herpes simplex virus structural protein VP22 (Elliott and O'Hare, Cell 88: 223-33,1997); the

30  HIV-I transcriptional activator TAT protein (Green and Loewenstein, Cell 55; 1179-1188,
1988 ; Frankel and Pabo, Cell 55: 1 289-1193, 1988); delivery enhancing transporters such as
described in US Patent No. 6,730,293 {including but not limited to an peptide sequence
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25need not all be overexpressed (e.g., using a high expression viral
vector) tQygshigyAsd! uri potency. Instead, sonme of thesgcpielsidgsan
be expressed at endogenous or even | ower detectable |evels and stil
be eligible for conversion to pluripotent cells by heterol ogous
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t hereby i nduci ng conver sj on.,of the |l into a pluripotent cell. In
Sone. exbol R ErgBIeG e R i St i bl uefhte an
Cct  pod ypgipihd@e@behObutahddifacidy pLethédeorainel/sath & thd/garpaipiioe Pididde,
and a Sox pol ypeptide is heteroJoSOUSIy expressed in the cell,
thereby $ErPdderEy ayfisimtsytivoiaisthe solylyanitn gt Bethereleses of the

cell into a pluripotent cell. Optionally, Sall4 (Zhang etal., Nat
Cel | Bl ot [0802]0) Inlsbing 2B o(iRROB) the amschpticaxprtesmdybepindey dessribdd lengin are

all of Myg, Kif4, .and, SOx2. fficien f.ln tion to
o1 ur § pot res kR et 87 B bk SR e S S BB s on
i n non- pl gaklpldde Engene@bddSLipHiectembne). Dnaother adematief, thelhsdripti&V/&0tor TERT

(either by introdpction of an expressjon cassette encodi ng these gene
produty s, PIfetisyFag gﬁ%?lpﬁgtegﬁéo%glwsg ‘b\ﬁeftW ‘PH@‘?‘F}F%{D&? ﬁ‘% W%Fg ﬁ%lgl ves)
and/ or by reducing expression of p53 (e.g., by siRNA). See, e.g.,
Zhao, et al®1931Cens glst:t@ﬁtﬁi igghe Exp0upies. hg pvetondpve i:‘p@nth.lm“frlaﬁ%mrp@ﬁg cghs with
Fact or Pr %%’aﬂ&ri@&?@ého 01?}%@‘3845%@ tl{},q%\?énﬂon fr @H@Pcﬁe'a Qﬁfiocgqpf?)gf r{@ﬁlte%eﬁ’g.
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a cel ks angolipghtiae, agd/36eIMN REFiepiide, WRRTRBY ehilg patbds bhigcdlagon of the cells in

pol ypeptides into the cell by transcription and transl ation fromthe
expr essi ofd#wéa%,egéet phe oger Qs mpse pRAEPapTidesn dn e RGBS thefyek ogiBRasion
pol ypept i danhGhd ®ithod R RReftidRE oM siadpdat@mhotsh de sl dien&elime @R 0T
that is not produced by the cell) into the celi by a nunber of

di f f er ent PerEHEd orshiicicgolengbs ofiven (e thatncobiions vithgnd without proteins) to
pol ynucl egfti 4 i i : lr. AC Wl 1

R R A

i nt ro@dict GSK ioliibeompoldipdiithbda innbitorpcandiel incholed itmtmpdeectfioencyfof e
expressi on gassette encoding a polypeptide into a cell, it should be
understoogmﬁwgt t he present invention also expressly provides for
exogenous introduction of the polypeptide as a protein into the cell.
Therefore, in some enbodi ments, nmanmmal i an non-pluripotent cells are

i nduced to pluripotency by a) 25 exogenously introducing one or nore
of a KIf folypepmiaanoleawlOepiasehypedtiPIitranserigongadtyysept i de, and/or a
Sox pol ypeptide into the non- pluripotent cells; and optionally b)
cont act i ngpiche aedoh embicBingsne oftheivantiofn, aaceVekpreshd (ehda@enomdly cagent

R 0, ol B S B RIS SR e

i nhi bi tor M3 JAHekRRE, HRGERKOFolpedtidle 08 ARKS 11 AN Bidf Blese)AndEontacted
with at least one agent, wherein the agent is sufficient to result in induction of the cell info a
pluripotent stem cell in the absence of expression of one or more of the remaining non-
expressed proteins, i.e., any of the Oct polypeptide, the Kif polypeptide, the Myc polypeptide,

30 orthe Sox polypeptide not expressed in the cell.

L
th



30 inhibitor, a TGFP receptor/ALK5 inhibitor, a HDAC inhibitor; or an
Er k i nhi bi,gr hgseby produci ng i nduced pIurlpotent S WO
2000/ 1174 38R hBE e Y B oo [0098] In some enbodi ment ?Wmﬁ&ﬁﬁm
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of ) protei nt
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a pluripotent cell. In sone enbodi nents, cells are identified that
endogenou %{ﬁﬁ]expﬁﬁ%§ sAfll :h{bl@ltes PSH Mﬁ)%’kte' tﬁi@efﬁ&q{j@ ofd pibdesd¥et gd?l%i%h@' e
and/or a eptide, and ol ypeptide i s exogenously

i nt roducepllurlnot@ltitéeléSe(lelg li’%qﬂébf*qrnmlﬁgmemefé¢f§p1@ncw1ﬂohelamfwtedfm 0
a pluripo olr tide
"nto a condink fislimg G CYAAHIRB A AORE bbbl BOMHRE! | C° an
si mply bed@wlq)meawbﬁpmrmhmxmeﬁs onedent a tiayr cgmipawltb 8 simnbdeor @6e@notetsi ons

to allow for introd f te|n5|nto | . I n sone
enbodt henthotii BRlGRiBHLTp Al Sefiet. Shiroc e BHEM &L TR IeGHR fiscecy
pol ypept i ge nqﬁlbtrrtif@m@bteht M@get(eﬁit@i by dp aﬂﬂf@@br@socassf(a gl QHardasiag e hufiber
ot herwi se coval ently non- coval ed)to | ypepticl e that

enhances Hi%2i5H) e gﬁl@r‘ b3kl e@?ﬁéﬂ%?%t 08r{° fz%(ooéo% e@nmpafqaiéo génplar

(and opti ans%iexfmsc@?sm{olutme%ﬁﬁw%;ec&éi01011 Exanpl es of pol ypeptide
sequences that enhance transport across nenbranes include, but are

not limt I
[oansort pfflar?” Al QS oRa SR lNTAR 0Pk BEIRARSHCIr, Sox2, and
1121- 384, 1982 cadbé indtcedto phripotarc@cby fdaitelr conaaitlg tiGadells WHAan B@nt that inhibits
1864- 8, 19 - Le Roux et al,., Proc. Natl. Acad.. Sci.. ,USA, ,90:

5120- 4 1054 LR SRLOR Trlarol S cum et L IRtieg il bombpund that
(ElTi ot t pRepékiddran bERldhcedDy cdridetdd, b9 PhiripotencedO Mlitd-ah agent that 1nh1b|1ts

transcriptional activator TAT protein (G een and Loewenstein,

55: 1179- 1388 meflodgasion apd Hymednetign @f ethiss Occhbilpnes:e. ,Flémtaispgetm@ms)a
delivery enhangi dgrd&iRnS RRICHByDetiEN G5 ;Q)@ﬁféét‘l&egr d méﬁlﬁ%@ﬁﬁg} o4

6, 730, 293 (i ncl udi ng but not I'imted to an peptide se
25 with Kif4, Cells that can be induced to pluripotency include, but are not limited to, neural

progenitor cells and fibroblasts. Agents that inhibit H3K9 methylation include agents that
inhibit methylases {(also known as methyl transferases) that target H3K9. For example, G%a
histone methyltransferase methylates H3K9 and inhibition of G9a histone methyltransferase
is known to reduce methylation of H3K9. See, e.g., Kubicek, ef al., Mol. Cell 473-481

30 (2007). Anexample of a G9a histone methyltransferase useful according to the methods of
the invention is BIX01294 (see, e.g., Kubicek, ef al., Mol. Celi473-481 (2007)), or salts,
hydrates, isoforms, racemates, solvates and prodrug forms thereof. Bix01294 is displayed

below:



WO 2009/ 117439PCT/ US2009/ 037429 conprising at |east 7-25 contiguous
ar gi ni nes) rcially avail able PenetratinThl 1, and

t he EXatogwggg?ngﬁggctors ("DPVs") of the Véctocell(r)egﬁéégggﬁ?ﬁ
avail able fromDaitos S. A of Paris, France. See al so, W) 2005/ 084158
and WO 2007/ 123667 anth adéiiti onal transporters described therein. Not
only can these protei ss through the 5plasma nenbrane but the
attachnent of other pr I ns, such as the transcription factors
descri bed herein, ff'C|ent to stinulate the cellular uptake of

t hese conpl exes. mub sonme enbodi nents, the transcription factor
polypeptldes des kgébd h n are exogenously i ntroduced as part of a

| i posoi ne, d*cock \ai | j such as commercially avail abl e Fugene6
and Llpofect In an er alternative, the transcription factor
10proteins can be nlcroinjected or otherwi se directly introduced into
the target cell. [ As discussed in the Exanples, the inventors

have found that incubation of cells with the transcription factor
pol ypeptides of the invention for extended periods is toxic to the
cel | s. Th&éreBoOe]%tdomppuels eﬁﬂleipmsanﬁmxcentian :ﬂm’ idelsdé e seiit?.t lgrdnéitést sotates

i ncubati on f_ 0 mammal i an cel f
ol ypopt | B PraftoBEime P A neBRerar ppaifo Bt P U oM POTS) BRibe
pol ypepti ﬂ@:dsvm& Prcbmidted, YRBeRIMPR! Rt RfisdieuRaL ih@Ridek! EdhrE/bhS N

t he absence of the one or nore oT peptides. In some enbodi nents, the

cycl e of 1%@%@&9@1@9%@%59&"%%th%ﬁﬁopt? REE ey et Faneranie fiat ed
for 2, 3, cfnprind @f th@ EJreE'Q{t ﬁnrehtﬁ'ﬂ?nscaﬂﬁg HeR- B@&EP&HSR@S fﬁﬁne? W b nGhERL 5161’(—:0{"

Iengths of tinme .e., the incubations wth prot el ns

achi eve t h’eﬁddé\@él tbpmouaﬁ optha prgsert erveniow dag be YarE-sasengem Z-igomeg.or a
VEK |nh|b§&g&nﬁﬂﬂ Qe #0CGSK i nhi bi tor and/or TG-beta inhibitor) can be
i ncluded to |np ove e f|C|ency of the nethod. C. Small nol ecul e

repl acene PS trans n factors, [ 0104 ne enbodi nents
et TR SE AR A F R S SR A LR
at | east Qfﬁtﬁ)gﬂff%tiﬁt@w%@étﬁﬂfnﬁﬂsf&ﬁ@rnﬁ@ sE¥stral® @ ¥ H@lﬂﬁélQ)%meﬁlyﬁrﬁnsferases is S-
pol ypepti de, MN pol ypepti de, and a Sox pol ypeptide (e.g | east

1, 2, or @deapsyxlﬁ@éféqm%ﬁ{éﬁ\@ UBHiE R B G Raginapnty, Shecazerihat a@ehﬂs 13K
wherein t henaBent isias AUfhiisk eﬁienﬁﬂm&%%wl bndifbsiRAUE! 5@ Areor [iRGe 6! |

into a pluripotent stemcell In the absence of expfession of one’ or
nore of thethylimaiadéneging O éxpiedagin, mebSedmwlfhoelopyw EADHhén @ber

pol ypept ' Sbocfl pgnt.tl< tlﬁe a%‘sg:ntﬁﬂeﬁ%l}ﬂﬁ% H5 I{qam%ylap 10 YR %t‘ c%%ipet%%)t 1 §}t\% oRY"

pol ypepti de no

15 histone methyl transferase.
{6109] The resulting pluripotent cells (from heterologous expression and/or smatl molecule
"replacement™) can develop into many or all of the three major tissue types: endoderm (e.g.,
interior gut lining), mesoderm (e.g., muscle, bone, blood), and ectoderm (e.g., epidermal
tissues and nervous systemy), but, optionally, may show restrictions to their developmental

20 potential (e.g., they may not form placental tissue, or other cell types of a defined lineage).
The cells can be human or non-human (e.g., primate, rat, mouse, rabbit, bovine, dog, cat, pig,

etc.).

{0110] In other embodiments, BIX01294, or other agents that inhibit H3K9 methylation or
promote H3K9 demethylation can be used to induce phuripotency in cells that were
25  previously not pluripotent. In some embodiments, an agent that inhibits H3K9 methylation is

used to induce Octd expression in cells, or at least alterations in Oct4 promoter DNA

37



WD 2009/ 117439PCT/ US2009/ 037429 [0105] As shovvn in the Exanples,
contacti ”valﬂﬁwﬁf"hb with certain agents can "conpl erren;,CT/ggm[,@@L,gge
what is generally otherw se understood as a necessary expression of
one of these proteins to result in phuipotent cells. By contacting a
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t he prot el i
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e
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A B A A S i e R R S i
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ol ur | pot e%lfmgo FIB cells w1 h an ei%;nt tﬁ%t i eﬁ?s%ﬂﬁme@y%éo% gptgoel ﬁy 8%%01{[3%%1& the
pl uri pot etlls e&ihl e ?yltnﬁte dfaaift}ﬁe dayhafmﬂpg%afi iuxto?vamlmﬂtmcmmmnmay,
process wi t hou e s nmoj ecul e ernatj vely, in..
Conb! nat | BRA e Sian e DhPATCRNE ofe bilEr esren Rubor: %7 kAT e ant

cel I's gengfad livhy: ﬁT@ﬁ:’Btfe@e? AAINOEED R0l § HDHAC InhHiBASE RYELNBhBIADEr
inagiven tine period 3/ | east 10% 50% 100% 200% 500% etec.

conpar ed twberaingiaeh ¢carpopn gamféuctsedaiws@nwm higficienthe imspravd theeifisateyt

[0107] A51 )ﬁﬁalogol?rggome edlstg:gw n%rqgld% c’nb?&? tﬁxs EQ aglf t(?cttp !} qgoo"il%c 4/K 4, or

expr ess C can

furthes cBo2aCK4 mg fhdier habdoh)o\zmsﬂ%e@ﬂesa@bntthettfmtpimﬂ]‘h)tdnt tels Ir&mmg in
met hyl atlo wi t hqu eter(r)FJ ous ex ressug‘ of ﬁeed it has
been’  ountdeish Pl PRTerEIo R cBuR Ra ideBys Baseited

non- pl urlgutent cells with an a ent that inhibits H3K9 rrethyl ation
and i nt r otflél)i oRhemvetemapveadto fqund thdhg eompinatign phy GEKpkipitor and an

i nt roduci : :
oo Vo R BBl CSRARNERS, 90 sRalCpRELARRY o PGSR g

can be i nadudéHStighipian lcmpmﬂwcty plunipbtaniey, anly wf m@n@ @bempn fbtoblsts or
neur allZ apl’ E&%ﬁ‘ﬁotcogs ela% gx hetsp g} ha’? 6&9 af% 1% sOct SB I’f‘l%leﬁl @JL nott sl@vn In

met hyTat i Oh" i nci ude ag ARI DIt rre a8e%
met hyl t r aghsd Eﬁﬂlit&ﬁlﬁﬁ@nti Elabn-phihgeféuﬂ'c@]{% infakd Ga(}ﬁﬁmbcﬁenc@aa hhleﬁlb(‘b ﬂﬁnpnsinﬂ

net hyl t ransf erase met hyl at es nd. i.nhi pbition st one
ot hyl £ aHETE S oo ENB AT ot b 8GR TR bPo AP GnaliaRes Ciingthy
Kubi cek, ediisadish onVRE merd df aﬂl?r?/ﬁ@@a BRana2Q@dist: ﬁﬂa&%é’tﬂp&ﬁh@éAﬂP@aﬁma}g

hi stone net hyl transferase useful accordi n to the nethods of the

i nvent i onPN& Bptj@lirzg@fm@geé@l\il\g'fbnﬂnb}(%p@g@ear a¢cepior ligayd; 2 GaX3 anbitpga
g)rzggzggg § MEL RIEs® ﬂl{l ﬂ)ZtPréo 7 % gefﬁdé%qj@ 1b1t{)12>§/e & Fﬂlutﬁt%k%%x? %rl?l{ﬁﬂlbltm
2009/ 1174398€ 4382 608)7/c08d #d8cluded in an amount sufficient in improve the efficiency of
induction. In other embodiments, a non-pluripotent cell is induced to pluripotency in a
method comprising contacting the non-pluripotent celis with a TGF[} receptor/ALKS
inhibitor, optionally also contacting the cells with one or more of an L-type Ca channel
30  agonist; an activator of the cAMP pathway; a DNA methyltransferase (DNMT) inhibtitor; a
nuclear receptor ligand; a GSK3 inhibitor; a MEK inhibitor, a HDAC inhibitor; or an Erk
inhibitor, wherein each compound is included in an amount sufficient in improve the

efficiency of induction. [n other embodiments, a non-pluripotent cell is induced to



The Bi x01294 conpounds of the present invention also include the

salts, hydgghep 1A% vates and prodrug forms. Bi x01294 Eg?@@fo%ﬁo%mw
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three major tissue types. endoderm (e.g., interior gut |1 ni ng),

mesoder m (ibgor; opais Efkeinhibiserewhtsineagh compdurdisourdyder! (eanpmouspidteienlin
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to their DR ORGNTUTeRAS) BT 1ol 8RB0 en ERRGR TN RE, St bR
ti ssue, oto mmr’n;@nenc}ehi a mlthe& cmpranrge:bmaerdngl thmmagﬁ)mpdlfhe celisl vigh @s@nthbe&
human or ovj ne

narorn BRI s G et Sshish a b Bbigl. 3 Lobhe CoMnsaR s

agent s t ha agdeRNthix ihhibig93 10 bl b0 An QELNRER BP R cHRKOpARiBE Bynat | on
can be used to induce pluripotency in cells that were 25previ ou_%l@y
not pluri @é%hélﬁansfmses(éﬁw&wwnﬁ!eﬁpsclewec&g@nilgqnﬁae GSKRiibiikitr B

met hyl ati %@edt&/@l{gg1r%?o(1)fﬁ§9§?]§%ﬁi§l%1%?&%ﬁ%rﬁ) thid tﬂtoﬁ%ﬂe?&m &ch %mfnﬁ@ﬁtls

alterations in
included in an amount sufficient in improve the efficiency of induction. In some

embodiments as described in this paragraph, Oct4 only, or Octd/K1f4, or Sox2/K1f4 are
20  further heterologously expressed in the non-pluripotent cells resulting in induction of

pluripotency following contacting with agents as described herein.

[0112] Exemplary L-type calcium channel agonists include, but are not limited to,
BayK8644 (see, e.g., Schramm, ef al., Nature 303:535-537 (1983)), Dehydrodidermnin B
(see, e.g., US Patent No. 6,030,943), FPL 64176 (FPL) (see, e.g., Liwang, ef al.,

25 Newropharmacology 45:281-292 (2003)), S(+)-PN 202-791 (see, e.g., Kennedy, et al.,
Newroscience 49:937-44 (1992)) and CGP 48506 (see, e.g., Chahine, ef al., Canadian
Journal of Physiolegy and Pharmacology 81:135-141 (2003)).

[0113] Exemplary activators of the cAMP pathway include, but are not limited to, forskolin
(see, e.g., Liang, el al., Endocrinology 146: 4437-4444 (2005)), FSH (see, Liang, supra),
30 milrinone (see, Liang, supra), cilostanude (see, Liang, supra), rolipram (see, Liang, supra),

dbcAMP (see, Liang, supra) and 8-Br-cAMP (see, Liang, supra).
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e.g., Schetdmglid, @l’fb,Wﬁt/B-5ﬁ'émm|§éﬂlufﬁjé Mﬁﬁ@@cﬁexﬁﬁﬁm@nﬁ%ﬁlﬁ@ﬁ% chreatitut’ -
deoxyc%(tl di ne (5-aza-CdR) (se hu, G inical Medicinal

Cheni $¢r yphf039t611%e&@96ttv2t¥@3¥9r exa@eiEt aaﬁﬁﬁéﬂ}(@é@ actavages cMygREPTeRgAn A e
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[0117] Inhibitors of MEK can include antibodies to, dominant negative variants of, and

30 siRNA and antisense nucleic acids that suppress expression of, MEK. Specific examples of
MEK inhibitors include, but are not limited to, PD0325901, (see, e.g., Rinehart, ef al.,
Journal of Clinical Oncology 22: 4456-4462 (2004)), PD98059 (available, e.g., from Cell
Signaling Technology), U0126 (available, for example, from Cell Signaling Technology), SL
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Nat ure | nmunol ogy 6;777-784 (2005)), AR A014418 (see,
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e.g., Chi mrb@bmgp@ndewe@g][ ‘BeioBY &f-r{Cancer ,Sczeﬁce 96(11) 91-800 (2005}, and

commercially available from, e.g., Toicris Bioscience); 2-(3-(6-Methylpyridin-2-yI}-1H-
pyrazol-4-yl)-1,5-naphthyridine, Wnt3a/BIO (see, e.g., Dalton, ef al.,, W02008/094597,
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h
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TG beta receptor .inhibitors itors of SMAD 2/3 p hos%hovw atio
i nhi bi t or §-ZofCaHac; Wér‘é’&%ﬂlWJémrw@e%ﬁelsmﬁfarm%h BI85 (se6, 2.z,

acti vapor g agany St bs/Hi) @11(%%1’ rel in 7 %f@x@ﬁcrew{@}{]bm (see, Goh,

categori zati ons descri bed below'are nerely” for organi zati onal
pur poses amdaprie goherslit Hic dlabat keeel ayturinatant detlsrhove mh@thlatmmctmlasom and

aff ect ONGiffredlialfed C-Ql?s h%fg 108 Itns one acet%f?ttl% ﬁist(%%%cét?l fort RIRY mvoﬁfecr]mny
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[0121] TGF beta receptor inhibitors can include antibodies to,

dom nant nggahdoMer¥ari ants of and si RNA or antisense ”iﬂﬁjr/%!sﬁmﬂ"}&"r%
that target TG beta receptors. Specific exanples of inhibitors
include but are not linmted to SU5416; . o -~

2- ( 5- benzbistongpd PNAgnetsylgtionzeguigtiony it spmesspherimeents, ERAQ nhitmstirglitaipr

Irrglt gfr %%@Q%@g%@@@ﬁ%@%pgﬁﬁgr d?l IAgPrldzjor()gAT_Aé?i)loﬁS LY550410;

NPC. 30345IVKF b SHp 8K iR o 8o VIEBaRYes o8, 7. 7l Dicogie”

3,5, 7, 21, #4penioahyzioayy Gbeoeqee, LMD ki), Faqg@zourasewﬂ@g,ﬁoh&i%o siekybl e
TBR2- Fc and anti sense transfected tunor cells that tar&é}g beta

r ecept dr sPeIEIssEve 2(g: 245760 $2008 Pk sunitaeb Gee, e M, e SIS0

13(18) 52 7 , ca
52(2) 329%%1?8%%88@%9“%15%? ng&aﬁe%%e%a 1 efﬂéﬁﬁdnﬁgﬁg}s‘%%ﬁg‘l@ﬁ h,
12: 4393- 4pQopR0pRYe, Ma, V@?QD@QM&W@&QP@TM{MM@W&?QS@{: M2 2Ypra).

I nhi bitors of SIVIAD 2/3 phosphorylation can include anti bodies to,
dom nant [UAQAL | PRcy/EDIeanbscaietidkhvabbdmsiansdicadintehe céiadd/ of thatellsafaget
SMAD2 or SMAD3. Specific exanpl es of |ﬂrl1 itors include PD169316;
SB203580: bagp c&gigg@wiﬂ'_t}@@gg RFMOKAZERS,- eaqfﬁs can be optionally screen for

3,5, 71¢ ﬁnar&%%ﬁé%ﬂb%gﬂeﬁtvs@éﬁ?c&m&k[@% 1d€1§ g Fhdde celmgﬁﬁhﬂﬁllé'thatme

supra; Kam nska, supra; 5Shi manul ci, el cdogene 26: 3311- 3320

(2007); aplrireiento I%ach qetls eah be, @Pt%ﬁé@@solatﬁtmlpdmﬂm celbsraaid pisdshfurther as

reference cl%]a I nhi bi tors of the interaction of SMAD 2/3 and

smad4 can’ e anti bodi es to, dom nant negative variants of and

anti sense ucle i ds that K target SMAD2, SMAD3 and/or smad4.

Speci fi c €xanpl ’é’""? "PYTBf4%Sr s of the interaction of SMAD 2/3 and

SIsAAD4 include 10 but are not limted to Trx-SARA, Trx-xFoxH b and

Tr x- LefI [§128le | A ugpd hersip, "nqsyplatipotent fRilsd Frderta npgwRlig veils (g @B 08N d

Zhao, . I ( )

o124 ac PR GRe iy aampled sPA B Rl Rl eg ettt el s okt

linmted tCﬁlianExamldese@? difsrenimadrralit inpleda birvae vetrinstedso,cbllaman anisiusense

nucl ei ¢ aci t S ecific e es of

i nhi bi tor gs;el%?]eglfpo b n%t xgaar%%v I%@I? ﬁ?(ef%{a% 1%'\@[?6 %%zlss \?%ncg p%_gﬁp%erai( nggé

ol i gonucl Exdmpsley celf Spes inelugde, bui ark nyrazmmd to éibrcﬁilasts Lo 3id4 th0bRmg,

St ei nbrecher, etal US200511920 th incorporated herein by

r ef erence“ﬁuf‘f%ﬁ%ﬁc’bﬁﬁté‘rﬁﬂear SRS Tlcﬁ f-bi tors can include antibodies

that bind, dom nant negative variants of, and si RNA and antisense

nucl e?® af18%l t eomesrdedinepacyherpaGn¢iFidusiit trbs tpaied slilidee repitingr e

ggbr lnlalm E) rlb&ent-g%, (He hcﬁt‘iﬁﬁél@%kﬂ rﬂ-piléﬁrgtentecegs are'%géiptg iéene%(t!e E}fu?lpotent
cells according to the methods of the invention.

[0130] Cells can be from, e.g., humans or non-human mammals. Exemplary non-human
mammals include, but are not limited to, mice, rats, cats, dogs, rabbits, guinea pigs, hamsters,

25  sheep, pigs, horses, and bovines.

w. Transformation

{0131] This invention relies on routine techniques in the field of recombinant genetics.
Basic texts disclosing the general methods of use in this invention include Sambrook ef al.,

30 Molecular Cloning, A Laboratory Manual (31d ed. 2001); Kriegler, Gene Transfer and



Phannacol m 150: 829-831 (2007)), VPA (valproic acid) (see, e.g.,
Munster, @&§o3boo19A%y Nal of Cdinical Oncol ogy 25:185 (dei%sm&ﬁéﬁby
sodi um butyrate (NaBu) (see, e.g., Han, et at, |Immunology Letters
108: 143- 150 (20071LL SAHA (subero | ani | i de hydroxanlc acid or

vor i nost afypreses; Adlagoraia|Maprald YH); andNaeigrelarqanisca Mobica st iBédogy
Cncology 0 25sodi um phenyl butyrate (see, e.g., Core,
et al. déﬂ%ﬁ@ﬁ ééé%%%&@%@}6361-6369 (2006)) depS|pept|de (FR901228,
FK228) (s t al ., Curren

3(3): 187- @332]( 28’0‘@ e en{bpg]ﬂ:g% 8 th% §HSRAes f’é“ee ang ptj)tem ﬁ'elm{esgegtls rgf: same.
PNAS 98( 1¥ortekadgle(i2@@blide celMEhded, erma&s%amﬁ@o a,%t@lo@@éulatorth@gemqpa hgarl
(CHAP 1) (see, Furumai supra), MB- 275 (see, ., Camnci, et at,
V020087 12693 usedne sy aathelpgheingpaucs lme?hércelhce) ), LBH589 (see, e.g.,
30 Goh, et at, W2008/108741 incorporated herein by reference) and
PXD101 (s EE33}Goh wig hpapp)reciatcﬁ tgetnelreaft twa:tortlme grlotﬂinal ar¢ emlequahsad iupfoteé!nt
cells have_ nore stone %1: ? € q ﬁ

| ess hi st &ife Ofé&“é‘i‘li}F 8’%3‘%5ﬁ‘°“|9f ¥ eﬁéa% ‘f5§7‘ ?‘“c?ﬁa‘?‘% al 88" ?%%F&Pk?é%"‘f ‘F?Ss%
2009/ 1174396prédS200H1 O ¢ Ptilldsst patgciarthid MNAresBdNyHs @it 0 beogud.at i on.

I n sone enbodi nents, HDAC inhibitors facilitate activation of
silenced pluripotency genes. [0126] Exenplary ERIC inhibitors include
PDO8059 (see, e.g., Zhu, et al., Oncogene 23:4984-4992 (2004)), U0126
(see, % suprg% (f%gzép4 (see, e.g., Onhori, Drug News 5Perspective
21(5) 1%a58250 (51389 Sitinib (see, e.g. e, el at, US2008004287

i ncorporated herein by reference rafenlb

Vandet ani §¢%eeln W&a‘%ﬂﬁf’%‘)“e“ﬁa%ﬂb%’ﬁgBe‘(f%‘e‘é co ‘%‘G%/?‘H)“Se ‘gtﬁaf‘?fﬁl B2
(see, M, h@sﬂ@é’lﬁ)ln kAT LB d ¢8R cHRainBy Pép%):on :ﬁlQlje%ﬁﬂroQ@@%n&?&Wlﬁ@ﬁern
cassettes have beén introduced into the cells and/or the cel have
been cont &xtved figm spediefeconivatide withthe hngegellgre ttsnéub@mnectleaﬁntbéhese hosts.
optionall ix‘hé&éc @aﬁ Qr ﬁ}QIe%H t%ﬁfsﬁ?ef bShEE 5 Qhrkflp U RALEN léfa?réfb@%i'e%f

t her eby |dent| in a mxture ? are ur

Such t&l | growlmgbm,endtymc ealaﬂph & transfmhaececbil‘sr omthe ot her cel I s and
used further as appropriate. Non-pluripotent cells [0128] As used
herein, "non-pluripotent cells"” refer to mammualian cells that are not
15pl uripotent cells. Exanples of such cells include differentiated
cells as gell ag;R[og8pistor cells. Exanples of differentiated cells
include, but are not limted to, cells froma tissue selected from
Eg gfrp Fg:; CS?]S fy.'epaeb‘;;lkt? lo?%.m éun Vi %setb nlfgét c%.l'ls] o%lé%ttei’?‘gtquts Qv?arr:_espelg?orl 91'3edi teocf)
hepat ocyt aslocyingighhdstisegnelinninst el rgaammﬂmpxes;tmtg@si Ssablansh

T-cel |s. . . . . C
5(? efficiently have made them attractive candidates for the transfer of foreign nucleic acids into
cells (e.g., mammalian cells). Non-limiting examples of virus vectors that may be used to

deliver a nucleic acid of the present invention are described below.

1. Adenoviral Vectors

25  }0136] A particular method for delivery of the nucleic acid involves the use of an
adenovirus expression vector. Although adenovirus vectors are known to have a low capacity
for integration into genomnic DNA, this feature is counterbalanced by the high efficiency of
gene transfer afforded by these vectors. "Adenovirus expression vector” is meant to include

those constructs containing adenovirus sequences sufficient to (a) support packaging of the
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20[ 0129] In sonme enbodi nents where an individual is to be treated
with the neguldlpdsp! uripotent cells, the individual'speMis009/037429
non- pl uri pot ent ce?ls are used to generate pluripotent ceIFs
according to the nethods of the invention. [0130] Cells can be
from e. gconstmpramds(byto vibmathlyrraprepemiiahsor Eengsiifr spnptoist Hahkes baemaletied
netude, - B i Alad BT 6 d ordth 6ol ABendt 1 045 1k AR e
gui nea pi gs, hansters, sheep, gs, horses, and bovines.

| V. Tr ansf grandi¢d ONA viruf, QL343 subbiimtibmyfades pircesalfiadaoomal A i foreign
techniques in the field of reconpinant gepetjcs. i.C. t

(i Scl o1 nepaRESyEHar b R HBHE 8b Sromaran § RPeyA0ERY B S TPl
Sanbrook et al., 30 Mol ecular doning, A Laboratog Manual (3rd ed.
2001) ;5 Kriegler, Gene Transfer and WD 2009/ 117439PCT/ US2009/ 037429
Expression: A Laboratoly Manual (1990); and Current Protocols in
Mol ecul ar Bi ol oy (MweMeetoret al ., eds., 1994)). [01321 In sone
enbodi nents, the species of cell and protein to be expressed is the

same. For (@3amies nicleiGacimsebERlrbdicsd USEhe call IRMSR1A6HR0hQGstddS
introduced into the cell. If a human 5cell is used, a human orthol og

i s i nt rodifestrction. dnorenseccieqnpleciamelByienciesiiayq baga reppprcdiei ctl svptemrasingher e
two or mﬁ&n@xﬁﬂfs%b@ée % gﬁte{g@ (ﬁétegér%@%%gﬁb}&f@zi&%} 117&63!1?16”7, 19841t QLB e

expressi on cassett e used. For eXanp ere ‘one eXpression
cassetf e #ls Hroc BxpdeskSchilibd | X B 16094-pes I s CurelpbiAfematy B¥2-6).141-64,
expressi o sgette can .U 0 .A Plasm d Vect or ' .

cortarn o airoasS AR iRy v R R e QR b

t r ansf or nfraqueast ofdétkiratidinengénan atfectpbadidiny edkohss @aib@it ke for
replicon @qd coQtroI.se uences m@icg are qenived from echﬁg N
conpat i bl lERPLEARES iyS thapwnalian ells, Rop APl dhisEs FORTSHM 17y EH@se ™ Top
hosts. ThenMeELOEmAH0!, G88:9Y-120 11991k &f 1i0h Dbty coeriil khedSnérBiidid 248 use
sequences which are capabl e of 15providin?i§henotypic selection in

t r anstdr melrAdey vectorpasgdesaribbion b SsPqLaims. 1 3hed ad|4 1%7.36F. caelh ngprgorated

Vi ruses tﬂm%ﬁﬁﬁg&k&ﬁ&is or enter cells via receptor-nedi ated
endocytosis, a to Integrate into host cell genone and express viral
genes stably and 20efficiently have nade them attractive candi dates
for the transfer of foreign nucleic acids into cells (e.g., manmali an
cells). Non-lim_ting exanples of virus vectors that may be used to
del i ver a nucl el dgﬁﬁnﬁﬁ VBEoBY esent i nvention are described bel ow.
Adenoviral Vectors 25[0136] A particular nethod for delivery of the
nucl ei ¢ ali1a8} nRetrorerisasihavaprenuse ag gene delivery vectors due to their ability to integrate

20 their genes into the host genome, transferring a large amount of foreign genetic material,
infecting a broad spectrum of species and cell types and of being packaged in special cell-
lines (Miller et al., Am. J Clin. Oncol., 15(3):216-221, 1992).

{0139} In order to construct a retroviral vector, a nucleic acid {e.g., one encoding gene of
interest) is inserted into the viral genome in the place of certain viral sequences to produce a
25  virus that is replication-defective. To produce virions, a packaging cell line containing the
gag, pol, and env genes but without the LTR and packaging components is constructed
(Mann et al., Cell, 33:153-159, 1983). When a recombinant plasmid containing a cDNA|
together with the retroviral LTR and packaging sequences is introduced into a special cell
line (e.g., by calcium phosphate precipitation for example), the packaging sequence allows
30 the RNA transcript of the recombinant plasmid to be packaged into viral particles, which are

then secreted into the culture media (Nicolas and Rubinstein, In: Vectors: A survey of
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adenovirus expression vector. Although adenovirus vectors are known
to have a {@WosaRaghty for integration into genoinic DNALBioS/037420
feature is counterbal anced by the high efficiency of gene trans:f er
afforded by these vectors. "Adenovirus expression vector" is neant to
i ncl ude t Heswulgpplering Feaors and Gbinsey. Ruligosd amd@eyquren@e&@uhémcu ent
to (a) su aghng,of 0]

const 1 uct AR C Hh el o) ety el S H R e RN e
const r uct Pieham Ihess, [ipe é49- t&&)m% anem (M@Mlédgé%if%ﬁhéﬂgeﬁtﬁﬁa c
organi zati o denovi rus, a lin doubl e- st randed D{AlA
virus, alfg m‘é’aﬁ TR E?POV%?%%‘S;SIF%&Q e%‘fd SRfEmakly FogeesRIgdyFickpsed
forei gp seguencemsip ReotukebiblsbiNausogifedla. broa@af@h&?rof tél thé’sOH@Qé(ver
200( 2) : 535- 546, 1992%%lp 5 AAV Vectors [0137] The nucleic acid may

i nt r oduced5ERFIONAAG SERIE lexRresSing trriealivRolies Hissirgsien of hoghesils (Raskind et ai

| ncr easedvturogjﬁf@;q&%gef%zl enci es have been reported in cell

syst ens usi ng “adenovirus colipl ed systens (Kelleher and Vos,

S i HABh i x e ARG e 8 5
13(2- 3) : 14dpeb4ag, 339941:;}@ envActRIdn aS0&had with Fé]gﬁlﬂ@ry( MHicthisl ﬂxlﬂfétﬂint LagivirdE
vector systemas it has requency of_jntegration and it can

i nf ect? noMeHS AG YFé)”%]@WPén H‘F%Ué“ﬁa‘%}" ﬁ@n}pge %E*?}Ieg?loﬁ"é’éqer FEH3258):263-

genes i nt 9¢7TB00RIZLERG @l Azs Naf ,%xe@%;mls@) 97&1 st75 S92 Bkt Gl (WMCZ ka,
Carr Top Mcrol Vol Panana& 15 in vivo. t ai

concer ni n@f@hﬁ"deﬁ%f’aﬁ%nt@nﬁﬂtu@@ ﬁ@dﬁ 5&%’!\ 5\1%%,1(35% Same exunpled dfed | n
U S Pat. rp

reference. elhl%zltn lrsg{l/‘ijhg&lt E?I(Q)l;ijgﬁ %ﬁdgfi@%&cly ?\g%(ﬁu;ﬁg{s} lhglii/gb ?‘dhl? nuan
gene deli hamynaﬁbﬁtlcmtsf due: 51/. Lketivirahidckars @rav‘edneemgeegtaaﬂéyﬁﬁﬂtﬁMw r
genes.into_ th transferrin | arge amount of fo

Gonet 1 et bRt 5; HPE BF R feRPo et kit imtofs et dur SHueLRa: e

t ypes anddeétebdeiahige paokagebioloticapesifal cell-lines (Mller et al., Am
cf. (.lin. Oncol., 15(3):216-221, 1992). [0139] In order to construct
a retrovi [(ﬁhlI‘/eﬁE%xbll?anméﬁ!:@fa‘Fv&%rga&%aﬁhbie &f?ﬂ’eﬁn%%gh @%1&?{%?&]8 and can
interest) is inserted into the viral genonie int | ace certain
viral seqbeweddonttetpnoiiscadax 25vigcosiransir amcbenpeqs!sm@afmlm@@ﬁcb@t}uanees
To produc S, i the a ,
and. env gg(r)]re xﬁ%ﬁl@ 1ec%@ﬁ%§?ﬂx‘tx@%ﬁ%§b&é !)fqﬁ’{(egt? agﬂocrﬁocﬂgid ¥ vgi%reﬁ)l a
const 2Qict sdta()ﬂvé:pmceﬂ isgransfegtedivith n%oﬂ;ﬁ&re]y’é&prsk%jﬁ)]g tﬁéh;ea(agmc functions,

nbi t DNA th I
[?%Oanh "o Bndly R bt EhEel o of ik b g et i SepteaNo et e
(e.qg., byuﬁﬁﬁaﬁtawﬁllﬁﬁﬂﬁ@fﬂfe@encﬁ r@ 1Pyt @tdeOe FQRBMBXAMRYRS by lillge of the

packaglng seguence  al | ows
envelope protein with an antibody or a particular ligand for targeting to a receptor of a

particular cell-type. By inserting a sequence (including a regulatory region) of interest into
25  the viral vector, along with another gene which encodes the ligand for a receptor on a specific

target cell, for example, the vector is now target-specific.

iv, Delivery Using Modified Viruses

[0142] A nucleic acid to be delivered may be housed within an infective virus that has been
30  engineered to express a specific binding ligand. The virus particle will thus bind specifically
to the cognate receptors of the target cell and deliver the contents to the cell. A novel

approach designed to allow specific targeting of retrovirus vectors was developed based on
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30the RNA transcript of the reconbinant plasm d to be packaged into

viral partyygl.gs/ 194 ch are then secreted into the cult ge@,aBMbEs7420
(Ni colas and Rubinstein, In: Vectors: A survey of WO

2009/ 117439PCT/ 152009/ 037429 nol ecul ar cl oning vectors and their
uses, Rodfieghepicaliaodidentan af a rergyirus byithmedivaraal Bl aldrotase resjstues to the

494-513 9 t

forkc P ermieay @59 s %ﬂ@%@ﬁh%@%@ﬂhmﬁﬁgﬁﬁ%ﬁ% déelf’?“%%ﬁe vEY 159,
1983). ThaathcqnmomUampkmg t he reconbi nant retroviruses is then
col l ected, optionally concentrated, and used 5 for gene transfer.

Retrovir a[omspt anhsthad Hpatatietolter gbﬁlfo&ﬁﬁec@ml@hﬁaa eM@ihBisyvRidesiBhdd ih YRR
However , |nt§grat|on and stabl e expression typically involves the

di vi si on Blotingated afhodies pepinet peptiayirayjenvelqpesfteigyind aainsyp speagic 61@75)
[01401 Leptimbip&s u%em@mbeasesm%é 9&1@&&8&&%%& Yo ;ganea%cy tu'sﬁa

the conmon retroviral genes gag, poi, and env, contafn othé n
Wi th regubtspgvidinfRarreudt, dred Maihwilovy!. M@hﬁﬁ\?ﬂ?%%%Oiﬁ@@ﬁ dfs51gamebm¢sl

59(2)\(/\“5 2'58) 5%%‘5?{1%5@% E%gg%&rt%ﬁﬁ? %@Eh ag an&l FE%S Iggnt C %nhgep ?:ierhonstrated the
15(9) : 871uBkSipn 31939‘731'163} afifemae el that bdre?ch((sg)sm@ﬁ:é hntodedA® with 98 é¢otldpiS. virus

Pat . 6,.013, 516 994, 136). Sone exanples of lentivins
incIuE@ NG ‘Hmﬁﬁ%uﬂgggflciency Viruses: H V-1, H V-2 and the

Sim an Innunodef|C|ency Virus: SIV. Lentiviral vectors have been
generated by nmultiply 15attenuating the H V virul ence genes, for
exanpl e, the genes env, vif, vpr, vpu and nef are del eted naking the
vect or bi 61 ogi c¥ettgr Palieery p0d €t TRecdovivaataomt | entiviral vectors are
capabl e of infecting non-dividing cells and can be used for both in

vivo and @N4¥] VQm%[b&néth@d@%ﬁfuc&ﬂﬁhcﬁ?@ﬁ@r?y|f@1’fh&Efoﬂﬂzﬁioﬁ'o‘?a@éll d tissue or an
sequences. For exanpl e, reconbinant lentivirus capabl e of |nfect|ng a

non- di vi dPIRARIEBIEPT Wik &t bithe rsoiinyanipr arefbsitved & 1ﬂcl|u§e YiFHRF Ay tesahag) Bh
two ofs nD{)vﬁch%%@i'é§ ERIEN Wﬁ)hﬁn B@‘ﬁ'llﬁ%gllldgg n{tHQEEIl QQQSUer@QFBﬁGaﬁ%Q asPOl

and env, as well as rev and tat is described U.
5, 994, 136despnl¢qdr1}§mﬂa¢m m&@erkrbymrt@ﬁ@r@m@:@nar@slelinm;hetaar @eth mbigods

reconbi napf vl rblﬁ? a:@%o!dlihm% eﬁEec{ &%Vg p‘é?b?\%s&flgg E)lr %% W.ctﬁ nai?s ecfth ! body

or a particular ar e 0 a rece a particu
cell-t ype(WE&;omemsie,r&crengp a&tewerseé (Qsadﬁalﬂlmgﬂﬁﬁmﬁgaj MIW&)BZBE’MG&B of

AR TR R A T P RTENT

exanpbe, Péitei\w(stgea 628, SR 2t7Ar ets; 19pes 740 M8, §.V36,80, byer y3siang s1o,

Mbdi 1 ed vS%éJ 466 and 5,580,859, each incorporated herein by reference), including microinjection
(Harland and Weintraub, J. Cell Biol., 101:1094-1099, 1985; U.S. Pat. No. 5,789,215,
incorporated herein by reference); by electroporation (U.S. Pat. No. 5,384,253, incorporated
herein by reference; Tur-Kaspa et al., Mol Cell Biol., 6:716-718, 1986; Potter et al., Proc.

25 Nat'l Acad. Sci. USA, 81:7161-7165, 1984); by calcium phosphate precipitation (Graham and
Van Der Eb, Virology, 52:456-467, 1973; Chen and Qkayama, Mol. Cell Biol., 7(8):2745-
2752, 1987, Rippe et al., Mol. Cell Biol., 10:689-695, 1990}; by using DEAE-dextran
followed by polyethylene glycol (Gopal, Mol. Cell Biol., 5:1188-1190, 1985); by direct sonic
loading (Fechheimer et al., Proc. Nat'l Acad. Sci. USA, 84:8463-8467, 1987); by liposome

30  mediated transfection (Nicolau and Sene, Biochim. Biophys. Acta, 721:185-190, 1982; Fraley
et al., Proc. Nat'l Acad. Sci. UUSA, 76:3348-3352, 1979; Nicolau et al., Methods Enzymol.,

149:157-176, 1987; Wong et al., Gene, 10:87-94, 1980; Kaneda et al,, Science, 243:375-378,
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[ 01421 A nucleic acid to be delivered may be housed within an
infective wphhb®if3gd has been 30engi neered to express g SodbF5.420

bi nding ligand. The virus particle will thus bind speci F?@gl I)}’ to the
cognate receptors of the target cell and deliver the contents to the

g )
cel | . A nd¥E Kalopt dlacdPidle Shgnedd & B 043P 6ty 18pBaind ieceptarpedipiad ramsfection
retroviru S S, Red ) iol. Che . )
2009/ 1174@@%@% NI ,g%get@gg S%Z%g%g?“ F’r‘u@v VLB S 402:4429-4432,

ret rovi r ussdsy. enbleinchreoad lhe@cdht referenot); biaicding sembmsiichudsutlomethedsvi r al
envel ope. This nodification can permt the specific infection of

hepat ocytes via sial ogl ycoprotein receptors. 101431 Anot her approach
to targeting of reconbinant retroviruses was designed in which

5bi oti%‘lyl pt ed a };}npr?;?“ [ ceﬁgai nst a retroviral envel ope protein and
agai nst a speciTic cH ¢ receptor were used. The antibodies were

coupl ed vj he_biotin,. conponents by using streptavidin (Roux_ et al.,
roc. - Nat 4145k agelisde be inde d tSQ?‘%‘?@B@U@ngE@‘%? ' accRidHig 1A ATy Bedpekiown
agai nst Ny R arki SLREAWRAEIIRE Lid e ORPHEX g ChBRGal APD &BS&n Lhil 3:595-605
antigens, they denonstrated the infection of a variety of human cells
t hat bor e(30A8ke surface antigens with an ecotropic virus 10in vitro
(Roux et al., 1989). C. Vector Delivery and Cell Transformation 101441
Sui t abl e [ad6jodk door entboli@ieatsaihe deltbeld mdmyedfio cotacansth deadat detin Biengplary
cel I, ti.ssue or. an.organi smfar us .th the current invention are
ol i etla {87 ielimdiet bHCHs 7o umipe R bty s Ve Uy O TRRPES
(e.g., DNAMEEpdibeMedbaOstGRGkingddels 8n &Rlidr celds & kSGMLInQRe &N OF gani sm
as described herein or as would be known to one of ordinary skill in

th t. afct , thPY ‘ ;3 7 | .
e ar RHY ”ﬁ%%ﬁﬁ%gigeglﬂqg, th Q‘:'élis%l}eecﬂsi'l?{:ed i fﬂe%?%*%ﬁﬁ%g{e?%l{sl Cells,

del i very of suc y ex vivo transfection
Sci ence, M4xaRdd caBUGattatBBOlirehbtela sahid cBaire surface(e.dNat anttere plate), e.g., via

326:711-7 | onal ith Fugene6 (Roche). or Lipofecyam ne
(i nvi 1 ogBRp It bRt Rpistet B ORGS0 G0 Bl bl AN
g : 2481(5) 1 %ggha\}é ,aﬁﬁ&}llgﬂ@ter Efﬁé&(ﬁt ch ﬁﬂmd@tﬁg 2y fd2poténcd @&.,&J@ealtéi'gﬁ&&n% Geland

: : , ,each, incorporated herein ref.erence), including
i or ol ni olSTR PERPIEHAY eI AR A BRRChe oy R st ybipiigeao0,
1985; U. Scorfjired th®effitied@Pof2tRrwish CRMMAN RN IR Rt BY ciff.e8 8R ERNer BYs.
el ectroporation (U.S. Pat. No. 5,384,253, incorporated herein b

r ef er enceExerpplamkaagiecular tehiers inglyfe, bogire negjligpited g npatpgef vy exqopiulapgatiz

et al., Prmey) Eoi\e 2Acad . SG _ : - ; i um
phosphat e(%% i pi tg{l&l}%“‘n’ l?%rmg ;ﬂr%r (iadr%cgllﬁSh vgﬁ@%%%@%ﬁ?o&&?fg ofggié?theS%?qﬁcé%Ev%Gl

1973; 2ChewbivdogDicaybarthis is4108-linGehg ligaod that i@ malaa ks cayiBysed 887tach
Ri ppe et . I Q; - 695 40y using,.
DA, doxct futs g SR sfecs,, Midthors i Bt 078 Joais 3 Spig speinge e

5:1188- 11Béhwili@a8e)4rt. by di rect sonic | oading (Fechheiner et al., Proc.
Nat'| Acad. Sci. USA, 84:8463-8467, 1987); by |iposorne 30nedi at ed

t1 Er9 ggsf Ect [02a8)( NAS @éedn 8idl-ORMhg" Mdibh, #odils (BLORIIMSd b\pludipotérd 28ndiR0d
; Frale
by glny method in the art, including, but not limited to the methods described in this

25  application.

VI Uses for pluripotent cells

[0149] The present invention allows for the further study and development of stem cell
technologies, including but not limited to, prophylactic or therapeutic uses. For example, in

30 some embodiments, cells of the invention (either pluripotent cells or cells induced to

N
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et al., Proc. Nat'l Acad. 5 ci. USA, 76:3348-3352, 1979; N colau et
al ., Methogg',dnsyukyot, 149:157-176, 1987; Wong et al . p-ER8%09/037420
10: 87-94, 1980; Kaneda et al., Science, 243:375-378, WO

2009/ 117439PCT1US20091037429 1989; Kato et al., Thiot Chem

266: 3361- ddkEntiatoalppe adesiied eelpfatn) aredtiresuest ipicdndividoals sreediberasd Wi,

Bi ochem s \

262: 4429- ﬁﬁ%‘ﬂ*“@&@%‘ﬁﬁ% ?‘%@"é‘r‘%ﬁggg%m%m%% of e 3y ca5ve el
conbi nat i tpe.ofr suekniediheds, ths céﬂs@bﬁl driginatlg obfaiiee Ini a;blbﬁsfyllfﬁc]m Eielridmdual;

be induced .to pl.uripotenc |t red di t hod
onovn 1 PR DR EAY R B b r iR R e b e e 1
ci at, 5 Ceblanple MteRIphrtidiaP&esH&bpI02E08) cell) and B @inshRAnSOBRK into the

enbodlnents the cells are culturéd in contact with feeder cells.
Exenpl ar yindpiduahdp see pabpdipengdhe ¢slfs arreensiiselly mpgifiedpies o thsiobl ast
cells, e. gmndqgg§gn§ﬁﬁgMﬁﬁhglflbroblast (MEF) cells. Methods of
culturlng cel ﬁs on feeder cells is known in the art. [0147] I n sone
eOenJIDFSI, men (ﬁg{)]; n& 581116 E:é}]l)Ogléllegtét %8 g élalpa ell)t cgffsi %enfngpe acc rchao Eutlg? me ods of
surface ( the@uvendorCaié bubsequphiy @luced t@formyfoenpld, (ﬁéluhtapmét&i (l@tem/pra'gbﬁitor)
inventors have found that cultyring cells induced ta plurjpotenc
15havé a ﬁﬁ%hﬂ%@é@ﬂ@f@sﬁt@%ﬁ g opRpalY.Ee 3@%11&?%6% %nwh & Shitype
a greaterg e{ﬁtCIll@lﬂ o, oﬁ@dde§d1@@ﬁése¥t@) Bﬁé&féaﬂ@%&ﬁcéé)g ,‘Q’ﬂ%&nﬁa@ﬁro@&h{& cél &

attached directly to the solid turing surface conpared
effici encpaﬂ@feab‘t rlwnge»\imeﬁém&celéﬁ),l lyamtp@é%e@ar@évElsgulﬁrt{atﬁmax@e@wﬁ aellsd

on feeder & c!a?chmﬁf&f&%k UndodBLEE 1U1nc}om1n§§c§e ée{l@gﬁﬂﬁalégﬁ el € not

limted t matri an extrace ar matrix anal ogs,

| am ni n, onecti.n ol.l a se of int art however
00 will Idelgi)'g Skt gt mefiRes PERRowL e pransioe Attt anaibop 1 BBt Yy

ol ecut escdRntbdesusadell Gpad tRGH-LAltNg listofae® dpa@kns EHlRE%ons Wedchipglg f or
initial attachment of the tethers to the solid surface are known_in

the art. Tethedyopmdygiagdiffisranfptometsiemgeringto waiops el fateg fljowsi g SpRatent

i nduced t pyipichidRQs. %@@7’/0285!@9‘5 '2’0@%%1)4@1 2@0?/05@#769dzobﬁi02¥ﬁ7§”
including, but not Iimted he net hods descri bed

95app! | ca@@wpza%smwel@ﬁm aeevpsfwams 2e0V@l41703; @msqmaés present

invention allows for the further study and devel opnent of stem cel
t echnol ogitas?] i Aclatiekyrnd dhettsesrmhy ba mmdlwehtddlyy ipragioyidig ahd eptdnally targeting,

thera ut| uses. in 30s0 enbodi.nents, cells .of the
Pt I DR Rl A S TR S O
2009/ 11743:@!?1@{54 H52008/03/0429c1did ber eahbaaea@nguddERainhes dahle, f at e)
are introduced into individuals in need thereof i ncl udi ng but not

linited teerehrAldnipregion chsyiptiNe Bapcwar Giangem BasareAl lBfardiengiagiise, fatygs ue,
or cell tmpfsmc bist iR IE@S’géaErfrﬁiﬁmonta nﬁﬁlyée%aa[n%naﬁhgRxﬂagtllt}’ai ghhahngd

|nab|0psy roman 1 ndivid lntopurlpotenc
descr i beddfseasaiagthme phepatiii B f,hwen@hm?@@) ,tlmpanttsﬁbﬁi@mdaazaeex fa hohc hepatitis

25 (liver damage) , hepatic cirrhosis (liver damage), hepatic insufficiency (liver damage) ,

any

pancreatitis, diabetes mellitus, Crohn disease, inflammatory colitis, IgA glomerulonephritis,
glomernlonephritis, renal insufficiency, decubitus, burn, sutural wound, laceration, incised
wound, bite wound, dermatitis, cicatricial keloid, keloid, diabetic ulcer, arterial ulcer and

venous ulcer.

30 [0153] The polypeptides described herein (e.g., one or more of a KIf polypeptide, an Oct
polypeptide, a Myc polypeptide, and a Sox polypeptide) are themselves useful therapeutic

agents alone, or in combination as described herein. For example, the polypeptides, or

N
p—



S5exanples into a particul ar desired progenitor cell) and then

transpl antygg ,pRGK4knt 0 the individual. In sonme enbod|n§@f§$ﬂmggmﬁglls
are genetically nodified prior to their introduction into

i ndi vidual . [0150] In sonme enbodi nents, the pluripotent ceIIs
gener at edcqa%mf@nh@eme@f ereaisefist oo erdueing tissae famaastand fua cen kaassvsierselty

10009 L oFUBTO o OTRLEPBL B LU R b

10cel I s, neura opt1ona
di fferent mael&ﬁbncseddlmmstsmdho ais indiiiduppleevaeci a‘tmk n’éhnvorgsn,ssue damage to an

ol i godendr tes e pancreati,c.ce ndocr i ne pr.o enitor
cel [ or  pureva gt hot i REREK B LS Figme ant Gy e e Rt Bayraend ivd s e
car di OS/aSEML > Aidde§ ! @MeRE, GERALTET ¢ C8l Budn ol ForGRiE)IONM @6)E 8bodiments,
endothellal cells, smoth nuscle cells), retinal cells, etc. 101511 A

vari ety oficsempgHds afiBe kyauiFpnres effsshveingtuarerniamtion sigs Biersriusion
pl uri pot eﬂ)tlio% c%@ﬁ%l l"ﬁmé h)‘i’otgﬁ%'f Eﬂ%qn\%% 1!)11 &%Q}%sddmﬁlﬂggd [o‘ lmhudﬁas Lrﬂ st

of recent pate pub icatio descri bi ng net I 'nduci ng
di f f er ent iisk wfdnvmf; Isvem getioshavahel, eardkeu Sirgiddrly, § atogssn piothe owentiay.cgn be

2007] 025007 69 486 h 3380 R o e ROV T 5. SRR 4103
2007/ 0 3424t8iac fiddd2] A variety of diseases may be aneliorated by
introduction, and optionally targeting, 70of pluripotent cells of the

i nventiongd184p PRE ddehidliddcribed l'i’é'r@iﬁ @ Sé%%ﬁgent&ﬁﬁ'ﬁﬂhﬁ% 19K S S@ARBon: an L-
resulting fromtissue injury includé, but are not limted to,

neur odegeher Seichanngl agenisis an acsivalor of the ah MPqathorey: ©BAY métiwménsf%@s@ul ar

di S€ease, gyﬁﬁﬁgﬂh‘%tt& %ﬁ?\%&%ﬂﬁ%%@%@g%}f CC{]ﬁf.lgl LH]!n&tOLCJc{' %F}glt ra%?' Ve

| ung di se nonar |nters pul'monary
di sease, asthomALKE pibifor, s HDACiiMdbitcdasragdik mhﬁ:etpa) ot IaBo Gse(fmlltlveaapeunc

damag alco olic . hepatitis 25(liver da atl cirrhosis
CTToIEY o egbnlote oot it FR e R bl gt s e aey, FortxiopBa e preats
di abet es pRidnitindSionGhoRBEr Ble ST T Ireﬂﬁ&m&@ﬂz}{n@@ah& th%s cdrdA administered
gl ornendonephritis, glonerulonephrltls r enal |nsuff|C|ency,

decubi t usto gk ameBereigy ol Prowsahisu dweat Inpameiepbpdianniroaiigentsf the
wound, defrtddiiiSa ddn%hl%t%kfd' t§hA nd‘fﬁ%ﬁt gmﬁiﬁ‘?bpa}]t‘?rsk digR&ld fest¥ Bflage to.an

arterial ulcer and venous ulcer e pol ypeptides deScri bed
her ei n ( eingernalerganoknteroaleygrins inckide, o iy peplindes toghrai@epanpishy fisgrt inthetinea

Myc p% yp?t?l% lggneyg&qﬁeglt &mﬁi?llﬁyeo %b bur)x P].a {u? %g'r e(::fr SE %e§1§1§ el'ﬂ&)odxmexlg o’r

t her apeut I ¢ “agen orie, ination as &reéin
exanpl e, theegpnod yfrkpinv dﬁﬁm afH eﬂ‘ectwe in reducing infarction size in reperfusion following

ischemia. Thus, an agent of the mvention can be administered to mdividuals at risk of
having, having, or who have had, a stroke. Similarly, an agent of the invention can be
administered to individuals at risk of having, having, or who have had, a heart attack or

25  cardiac damage.

[0155] Active compounds described herein also include the salts, hydrates, solvates and
prodrug forms thereof. The compounds of the present invention also include the isomers and
metabolites thereof. Certain compounds of the present invention possess asymumetric carbon
atoms {optical centers} or double bonds; the racemates, diastereomers, geomelric isomers and
30 individual isomers are all intended to be encompassed within the scope of the present
invention. For example, the compound of the present invention can be the R-isomer or the S-
tsomer, or a mixture thereof. In addition, the compound of the present invention can be the

E-isomer or the Z-isomer, or a combination thereof.
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WO 2009/ 117439PCT/ US2009/ 037429 conbi nati ons thereof, are useful for
reduci ng tg,§SHp,fAaRge and thus can be adm nistered topEi‘E}@ioogmsuw
anel iorate, or prevent tissue damage. |In some enbodi ments, a compou

of the invention is admnistered to an individual having, or at ri sk
of havi ng{%fés uBhadmneeytically aseepiahtesnitad! toy gadic campoandrad! toy grasest invention
ISPﬁln;dekl %lré];szf}%rfgl é&grl)tbas%%gzﬁ%eCf%czR1oﬁlc shlt %lcﬁ Bsﬁ@%&lb e%,n'd\é alm' 2%&:@(%&%?&3:
in some esdebds swinis, lithibe, @@m@mu*ndacmfn hlhgwsﬂaueast wolhasmenefitasckl lisy &uchs
reduci ng infarction S|Y§e in reperfu |on fol lowing ischema. Thus, a

protein of MPREUT, FERRTRERRAARIYS déﬁﬁ ?\‘P’%‘P‘é‘l‘”é’dm’c i ndi vidual s at risk

of hav4 ngmst'(ﬁydrﬂﬂaméﬁ{yim&h?laééﬁmbﬂgm sBitSUh Qdﬁﬁe e@bdﬂnh@ﬂt& )fhe ﬁeé@ﬁﬂh@én’ﬁoﬁ)f
the invention can be ‘adm nistered to individuals at risk havi ng,

havi ng, oProvides hiabedrpeidoride Snléahtotbartea@radlmentﬁmlwvwca@deﬁeﬁ%le@me[ 0154]
The agent ed herein (e.g., an agent that inhibits H3K9
nmet hyl atlg}&g&?&@g pe Ca channel agoni st; an activator of the cAWP

Toana, atdgil s mﬁﬁis%%%ﬂﬁ&eras R e A e e

i nhi bi t or grganitAGnidWeida] é@rhy@échmcaeiﬁ B bk €00 ackd, SnaddiS Qi 96f dKo
t herapeutic l5agents al one, in combination with each other as

descr i hedPeseidk povigssia l@)?‘&r%‘?%% sich@s Ryl SOnsHFutesaIREi of e sHHE eher eof
are useful for reducing tissue damage and thus can be adm nistered to
treat, antlip8) alhks natralfonveriithe iamesndianangeregbreraedizy wﬁtf@dhgrélntsslt W'ah a

aunt Of t Qaese OPX (51 Bl&(ﬂSOI%{%ﬁég&){}l tcglg‘iggl ntd i Q‘, COH\%‘H&C‘)I% nr?e‘%v :l‘p%?arent fOl m
risk of haVlng ti SSud B an ernal” orga nterna

i ncl ude, biithe amﬁpa'mati cad cﬂrffexeﬁiom ohe \kmaumlt}ﬁansmeestald plweical prajieetst) sneh as

20l ung, Ki heart, unding, e.g., by bumor cut. For ex | e
"1 some kUG HmPUR Phieh g ODenrs Fe il ol e blca o B Reet Ry e

reducifng bdrhRugl FQMhShESoskdoMBPRE{MBIn08bal | oW ng i schem a. Thus, an
agent of the invention can be adm nistered to individuals at rlsk of

having, haykeg, T4 céf%b%nﬁ'@sv?ﬂ eseflt 1 g%n‘?i £ canmteTh A" ¥ava Qtﬁ%gﬁ{é{hoﬁg the

i nvention' can be admnistered %o Individuals at Fi avin
havi ng, oknaxhmtolvaw ef sl.kawzn the e et Catrprebknsor (Bsaidal dwaforrdamg&ch{u@ﬂ%]

Sol vat es HHA br by P Phact AEPERT HHG-A BN BiRubIGp o Skl

i nvent i onc@hsndt usiﬁdtlﬂﬂexelps@ai&ﬁﬁveaﬁax,net abolites thereof. Certain
conmpounds of the present invention possess asymetric carbon atons

(optie@l pABbEr Rhmﬁﬁstﬁﬁ%’ bﬁcelil@ Bﬁj&mﬁoﬁﬁdsrc@m@ ﬁé’emqlé Behf 0?%@%}?&3

geonetric isoners and 30i ndividual ‘isonmers are all intended to be
enconpass&enialy Hied fehiatreduspe phfrmasevtisples Ehe pliaﬁvmm@ﬁ cormysitionanphe,
the conmpoyngd,of 4h&o )ﬁ§€ﬁ£‘élna'11§w&ﬂﬁéa?l@ taB@ &uﬁ% ﬁﬂﬂaﬁﬁ&%{ u& ly "a{]t%ptable
5-isomer, or a m tur 'n add € conp ound
present i rarees aEnietaninbe in feet 5-ths pamcr:ulmrcommesﬂen lmilmdmlmstead as well as by
conbi nat | e paglcular xglethod used to administer the composition. Accordingly, there are a wide

25  variety of suitable formulations of pharmaceutical compositions of the present invention (see,

e.g., Remington's Pharmaceutical Sciences, 17" ed. 1985)).

{0161] Formulations suitable for administration include aqueous and non-aqueous
solutions, isotonic sterile solutions, which can contain antioxidants, buffers, bacteriostats, and
solutes that render the formulation isotonic, and aqueous and non-aqueous sterile suspensions
30  that can include suspending agents, solubilizers, thickening agents, stabilizers, and
preservatives. In the practice of this invention, compositions can be administered, for

example, orally, nasally, topically, intravenously, intraperitoneally, intrathecally or into the
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WO 2009/ 117439PCT/ US2009/ 037429 [ 0156] Pharnmaceutically acceptabl e
salts of t{g 280hes6 compounds of the present inventiong @h%’ﬁﬁ%%ﬁn9
formed wth bases, nanely cationic salts such as al kal i al 1 ne
earth nmetal salts, such as sodium lithium potassium calcium
magnesi ungyeds-eubl Eyadrop anitction)s dhe Srmslatipnses campermide pgn be presented in unit-
trimethyl zamp [ [ )

tri e ( by ol SRTERHRo s SR BTRIL HEh 80y it and vis, Seluisns wdspepeniinns
present i candwrtpreraredrioon siasletphedéry draomis anid deblgab i the kind ptelvemsly described.
enbodi nen t he co nd. is.ellipticine hydroch rlde [0157]

S ar Ty T e duaR RS bt Rt S enEp Yk Rat PEdvsor gant ¢
carboxylic and organic sulfonic acids, e.g., hydrochloric acid,

met hanes ul®6al ¢ Thedese admmesiaedioiapatigpten Aleonteafridhs BREpIpyItgs shauld be
basic gro t

[0158] e e S Aoy bt £ h 8RR i, 52, T B

cont act i ngenditensdikite svxbjted;t é‘ hbastan:drdo&detbl &ndny sdleat wrikgde[phaf (pmmtety of
conmpound .n the conv nne ent . f or und
con’at 11 el EREY GRienahey oERE s edm R Pty T sy SR
properti ephysidCirtiany, and tiet of thypdtiRnp aidin SQIsMBRcOmbttiordk fllesthersdug. MEhe
salts_are eq%h alent to the par ent fOEﬁ]Qf the 15conpound for Hpe‘
pur pos®s Ffe pike foseglsatvii | dbemgped Pohs Bfstete: RGHpAIR Gyl pppadverse
present i El‘eh?«@ffé&{‘tlﬁtadac@ﬁpaﬂ?‘ﬁ% AAVhist¥aioh 8F ¥ pAficiRiBRESulNR WBcthioin@ne of
skill in the art (see Conprehensive Organic Thansformati ons R chard
C. Lar ockpartiggm)subjepfe Agininikirationican baccamnplishied riagpmgleas diidedidasas. ot her
met hods of naking the conpounds are useful in the present invention.
70[ 0160] Adm nistration of cells or compounds described herein is by
any of the routes normally used for introducing pharmaceuticals. The

phar maceuygal CQUIRMAR %%’d; Q{glém?flmrr Bﬁmw)ﬂ% n%br%? SVBY cAOMRE SRR
pharmaceutical Iy acce e carrier. naceutlcally accept abl e

carri g S f(ﬁgSfjetrﬁwe%]e%gm\ gntl%? rovl?é/es tﬂpr mf-TQ 0% ’f’chz%r m@%@a@hé ltlg\?ncg ei ng

adm nisSte partic ni ster
t he corrpoéneplnoa‘i ondotibe (ﬂnmgrg/uaﬂshgnmna?:mwa(:w de (Rbydypeptiye, afKiBpalymblide,

O T e O R T A
[0161] Formyodfpepritie, S S obyrephdead ORI vaifer iy D doﬂﬁédéfi:@nﬁ@ W ReLF R RS

non- aqueous solutions, isotonic sterile saolutions can_contaln

ant i oxi daftepluppetecells (Bakagap ol giad Nagrd Béasealres 26, Hai 1% RIE7): M¥sanig,

formubati gn, Méi%féf"AC CAMyafpeQUS. AR RUAGHERYS S16NbI @0%}&%‘?9“5' ons
30t hat can incl udée suspendlng agents, solubilizers, th|c eni'ng

agent s, selaphdtivelyrimproyn thepilegency af mg@wnlt@phmeotpmcafct ice of this
invention conpositions can be adm nistered, for exanple, orally,
nasal |y, {ﬂmup ald yome antbodineney gl methodt b@p@fsiehﬂﬂﬂabihg pnd diima@at bggadsiop

to th 2009/ 117439PCT/ 1JS2009/ 0374 e.g., d
o Tt PeSasHe R BRpiaiHn Chat G ot e DRSS AL mogreipe sfatiderd kB P
uni t - cl 0sgoi9pepib,tal MIKOSRyHPAHCAnEPRERY dlﬁiie‘ﬁtxdéﬁif&hoﬁ%ﬂ@fﬂb@éﬁ't @eﬂsa@generate

vials. Solutions and suspensi ons can prepared fromsteri|

powders, greshpredsellypebsegispdy sonctipg élel@iaﬁ%fe%?fbwlétfsa Wbragy ok ﬁhi&wt agemes;
modul at or %égéj?ﬁh% 1«.590nt9a%te%1 @11&0? ﬁ{l gteﬁ]t%teﬂiaéetﬂ Q(Bgra@tet%tfacﬁlaaﬁ]&goéﬁ )%Qfl

drug. 5[0 e dose admni's d to a patient e conte
t he presedé¢velapwent mf(stﬁnsmmwrab!enstlcs with a pamcular agent from the library, thereby

identifying an agent that stimulates dedifferentiation of cells into pluripotent stem cells. In
some emboduments, the cells are contacted with at least one of an agent that inhibits H3K9
30 methylation; an L-type Ca channel agonist; an activator of the cAMP pathway; a DNA
methyltransferase (DNMT) inhibitor; a nuclear receptor ligand; a GSK3 inhibitor; a MEK
inhibitor, a TGF[ receptor/ALKS inhibitor, a HDAC inhibitor; or an Erk inhibitor as well as
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sufficient to induce a beneficial response in the subject over tine,

i.e., to aggLi@9iphs @ condition of the subject. The 0%&%&20@9@%29

| evel for any patient will depend on a variety of factors i1ncluding
the efficacy of the specific nodul ator enployed, the age, body
wei ght, phiesiraire members p§2 startimdieetle of othM@gpmtiubm to 1é¢n1|xfmhbr'ipo@§nbﬂre

combi n_at ' Qrd}%{cﬁs 8§t 191%r WAL BN S e 19R14 ﬁ%l?éot%ltﬂc nﬁ!ﬁ%?e Wby Pe

det er mi ne 2 exXISTence, Cnatur e, verse
si de-eff epltlﬁpdthatcelmmphw ohde.cadni2 g, 9t § at o od))‘anampxarthat GHitdrs H3K9

conpound or  vect or arti c | ar .subj ect atl on c
acconpl i sHEGYFHEH &M hg Givee B clogsl a8en o SLE T vigpt O g rﬁ’ﬁ‘hf”‘c'ﬂ’ %@%

that i 51dUﬁn@thl?1uldﬁéf&§§ee(m\§’fﬁﬂhi‘5ﬁb a 48M el oREpRE h%ﬂ@l@gh TebiRE-eSaBK
|nvent| on provides for nethods of screening f or agents that can

"r epl ace" inbibetonf TS reesproriApE S inhihger ¢ PDAChinhieton 08 aif Erkanhibiger aget

ol ypept ! B8yiaBy | e PIPRRLIAG: @ WC bolypept de, and a Sox
pol ypepti or a erna Irvely' can repl ace an Cct poI ypept| de, a KlIf

ol ypepti a Sox tide in cel ecessar
'PO ?gpfog&éﬁﬂc eﬂ“’sa“eﬁtts o %‘F E‘gip i%‘faé‘ﬁ:te age F’lpglf%l ‘?g% tbéqr]ogx tur g
Bi oi echnogq# 1su@h0a1.1 a]pQ&eﬁlz.QlQZr) nuéf@ma&ld o2k %ﬁbzﬁ@nﬁﬁbagéﬁs wﬁﬁ&sﬁx‘ijm J.

P. & Jaenisc R Stem Ce 2, 10- 12 2 or alternatively
i mpr oVt plentea ir@i%nl@yar@fpeph@nﬁcﬁﬁﬁnﬁqlb’ q@mh@w@aiéﬁ@pomﬂ@%museﬁ agdne

enbodi e n{ac?tent}ahgfremaﬁn @eda%szﬁ,? %P%he%ﬁ el Qﬁ%%?ﬁl gﬁ)@t‘lﬁtﬁﬂ ﬂP(ftﬁldf it %? n

cassettes tor expression 'east one o
pol ypept i dissolewdkh ﬁqmomw@mambe(pspamwchb@Cyb&spd)l sdbitiongvae aseSoi[*he assavs are

pol ypeptide.into non ur|pote enerate 25Lr ansf ect.

Col |05 P SRR SR s B oS A PubPRE R b B Eh R o
differ ent cagRubhes et El@;emrﬂgnhi’t@mﬁ@@ioaﬁﬁa@ﬁ vitedll fe fylcaldy Hiniippiradl (8g.em
cell characteri f\tﬂp and corr | at | ng’ﬁ{{he de\sel opH%nt of ,st(ﬁg\ ctgll
char aét er PaPREr P%S%I“E‘éﬁ‘?titﬁr %{FS g IoAFSEKY)t Hev! B RBRTGCIAtEH BREEETe are
i denti fyi pAnRRIERE&DLS dHRAficaS EdrpHulie SacHREH S di ane il Bdui OM®f AGRIch $Sd D&Ws,
pluripotent stemcells. In sone embodi nents, the cells are contacted

with at | dEd Sighe- fblﬂfi%lh(séd@ﬁts Mieht Flulyh( baniilsa-Adchersiga deeliikaBushs, an

L-type Ca g& %&%& an activator of the cAMP pat hway; a DNA
met hyl trans er ase)a? i nhi bitor; a nuclear receptor |igand; a GSK3

: 22: B: E 8; {OlgdvEﬁi slg?r{%l e%ﬁ;g?eﬂl l];%ﬂy\él% S ttssgrre/v@ig 15136{110 Sll?ll\f(t)lgé pl()?"ldli_li'll:(?fpi\ic
2009/ 1&748&&%&&5&@9&&@&%@%@@%&@ PanEnifE FesSmpibeaoSitidianeEecul e
or other agent library to identify a library_ nenber that induces or

npr oves FRASETEHAZENS (PRIl ACPRL oI IR s of R (RS PIER L Seh of

nonpl uri pet&ink&ial §he@ﬁ9alﬁ5rah@§i’satre @08 sde€enbd in olle o?mogb aséa @s@éscﬁ@é@
of ) an agent that inhibits H3KO nethylation; ga channel

agoni st; Aheredmctoiidentidy those lithary ewvmeﬁa(pmyar cézelmﬁl S@ﬁ@cmlsvb@w%éﬁ%e

(DNMT) in a MEK

i nhi bitor ms@ %’%Ei %?g}éag%) é}[s 1&%&@'&5’1{?’:& glh%aﬂqndlﬁmgiﬁﬁ? %HE)Q I}IQEH or an

Erk iahi br:hanaictarsecspn(wllsdhﬂ expreﬂshenqartasﬁmtallquvm@atqmlypeptide aKlf
polypeptide, a Myc polypeptide, and a Sox polypeptide.

{0167} A combinatorial chemical library is a collection of diverse chemical compounds

generated by either chemical synthesis or biological synthesis, by combining a number of

chemical “building blocks” such as reagents. For example, a linear combinatorial chemical
30  library such as a polypeptide library is formed by combining a set of chemical building

blocks (amino acids) in every possible way for a given compound length (i.e., the number of

n
L



[0165] The agents in the library can be any small cheni cal corrpound

or a biol Gito tJty, such as a protein, sugar, nuclgj I
l'ipid. Tyg'lgga Ig,?ﬂtdest agents w || be smal | 10 chem ca?tﬁgﬁ@g 3Z'gzgand

pepti des. Essentially any chem cal rrﬁound can be used as a
pot ent i al amaigeneids in 'tméymstsmnwbumd)e ipanof dbamical ctdmmgndsrmsbe of ten

conmpounds (#B]%Elﬁ&ftﬂroggh guc%l c%m\ggxgtmi.lﬁi G3UG olf%hemlca SI gﬁie)g)%?é) ecially

DMSO- base ons are use e as a s are O screen

| ar ge che | Libraries by autompting the assay. steps .and ovi di ng
corrpoundsmf 168 g‘ﬁyﬂf@&mﬁéﬂuséﬁ?m@%@ﬁ@@lbﬁf%@é%g?gm brafiess Bel @5 YERi0l y

run in papgd cﬁ*ski(lﬁn%aarﬂ S0l B BEiR4th A LhdMEATBLSar RDind1uaE Yut 58 hoPh Ak S0,
in robotic assa be appreciated that there are man

suppl i®er SPQPItld%héﬁﬁl%ﬂw%éﬁpb}u%&mm h@l%ﬂf‘ﬁn@ur@ die/ (8Pt Frejulle; 3ME§7-493
Al drich (8 ot APl [d.C [

Ao (oo kgl o, 87y A4l () LHES M TR
[0166] | nclsaomnl divboily ifemtiss, cahiafzh bt hswiu oguthesdinteesnincigdaybtthochsot limitod we
provi ding_a_ 20conbi ri.al. c i ptide library c ini.ng. a
PRI T G G T BRI Do R R ey LT
to repl acw®om20842}, hendoMDiPoDE@ES e.g RCNPUMRAINTS. WOBL/000SI cal
libraries" are then screened I.n one or nore assays, as descri bed

herei )t BETZRRIBRSPIYS tafodeS) TR0y 498 mh bk diversemers é’tﬂhﬁ hyfrafRiesal
speci es Oﬁeﬁymﬁeaﬁéé‘é)d élﬂit%hdéé' (%b@yer a.destned shar %Q@S‘A Gt 6R9-6913

activity, i.e., such as i1nducing pluripotent stem cel

25char act €POPAY idrylogous pplypeptides (Hegiprw wsals draderh m‘rernoffmal 14:6568 (IRA2)XDct
pol ypepti N :

Dot yoent | R b AREHL A el BRBF Bhl P 0 2. P e,
of di ver s8ow mmmwmam@ndmggmagm i;mﬂesdsmésmﬁhmmhcl hbmnéne(@:hm

bl ookl St e isagimt 9o baF SRLRPE) BuBhaieCh (bt Ral cigre 20130

chemni cal B@b3hrani: §$1ﬁx yaﬁmaamﬁétmmtﬂ gell Lidp! AIQkgl ShdnRSHBES bYo4)),
conbi ni ng a_ set &)f chem cal buil ding ll)JI ocks (am no acids) in every

possi bl e MEEIF o abr@nme%wbﬂn%ers@ﬁaﬁﬁam@ok A e S degriclp acid
2009/ 1174R3GRCTILIS20094 03 P4R% @ﬂMBZ%hﬁ%d MibRrRO YRR B8 oHOIRA IR e

M1lions of chen caf” conpounds can hesi zed thriough~such
conmbi nat oBioadciimisdingHBF3Ehlti (¢ 3%6) lsod PAT 96116%&753 cefiwhgdptembegsas Gt on

and sggeepin ) 0 [ !

fhose b - Lkt Hiek PP gt AR RGBT Rbe nirS 188t 3051 S cb i

i ncl ude, bwtecale&braoies {swnetge(ﬂaenzmdlammM Bt CRERY, Tes] §, pae,33¢1993); U. S.

Patent 5, sto'gfenmgd UFéer‘éteht %9 élBSPﬁP azohg;uones an metatznazanones %J S. Patent
5,549,974; pyrrolidines, U.S. Patents 5,525,735 and 5,519,134; morpholino compounds, U.S.
Patent 5,506,337; benzodiazepines, 5,288,514, and the like).

25  [0169] Devices for the preparation of combinatorial libraries are commercially avatlable
(see, e.g., 357 MPS, 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
(see, e.g., ComGenex, Princeton, N.J, Tripos, Inc., St. Louis, MO, 3D Pharmaceuticals,

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

{0170} Cells contacted with the agents, and optionally expressing some but not all of an Oct

polypeptide, a Kif polypeptide, a Myc polypeptide, and a Sox polypeptide (e.g., combinations

N
foa



(1991) and Houghton et at, Nature 354:84-88 (1991)). Q her

chem striggohffongaRer ating chemcal diversity |ibrari e§cf,%§2094/03@429e
used. Such chem stries include, but are not limted to: peptol

(e.g., PCT Publication No. WO 91/ 19766% encoded peptides (e.g., PCT
Publ i cat i errra0vwesy fgeasjan Qo pelypepbide-adflf golmespsd¢. e My pad@EpRlh kackaseon
No. WD 92 i

di ver sorreé&%g%&ﬁe) Jag% Zb(r%'(tg %ng%]lgegf @ﬁgé%e%yge#nogg hﬁ%étedmgs t% ﬁ:l’g)g ?%o%%%
et al., Pfooene mnoremaqtotemtem h&%iﬁ&sﬁﬁ&&sGﬁﬁﬁale&G&ﬁﬁu ba/d‘iaa;ghecgbms
pol ypepti des .(Ha iﬁar et,al., J .lArrer. Soc. 114:6568 1%1992))
nonpept i dﬁ?"sﬁoé’ﬁ’ﬂ%d i {“? Resseqepsil wit %@@reéaa? ‘F%Fe&‘ier‘fam(’w?@@ﬁ? Hhn et
al ., .15 AsehentCReWn 1596 actihfed 9 ﬁi?m?@téﬁ s(e%@&zma g ptl@ﬂﬂlyoﬁhﬁhhﬁt &hﬁ%ﬁllé}

synt heses of smal conmpound libraries (Chen 1l5et at, Aner

Soc. 116: oEeai bdeiyo a@ﬂkrcg?@éeaqrw&waWégld@Wb&lnﬁker Eor @W@@Iezeﬁetfg@lée
(1993)), & | 77.
59: 658 (1994)) ep%ucﬁggf}ggy %@%@%@%&Z‘é& seepgAdusE"g&‘? f‘“ﬂéralé’ﬁepglﬁﬁ‘%@
Sanbr ook, kziwn tstbpaa)vateﬂelpphtdgotﬂuabm iocladd, duf arbretlinesd (6 dkid, élagog, U. S.

Pat ent 5, ntib |.i brarie se e.d. hn et a
ot e B SSRADAY A0 PR e%@%ﬁéﬁﬁ@ﬁ%&éﬁb&ﬁ&%ﬁ*&y B el other
car bohydr plugpdtehircall hagkef{syeg., b?ﬁlﬁmgnoﬂdo'reaf@c@tetcalas ammemen the art,

TR o e g W R LU T

page 33( 1933 holoks xeRfleds, U S. Patent 5,569, 588, th| azol i d| nones
and net at hi azanones, U. S. Patent 5,549,974; pyrrolidines,

CoL et S 0130 VA ARdaR R s RN NR FOTIRURS o i“ﬁ’i%\??w

Devi ces f bmaienMﬁﬁ)egdablatﬂ @he ofvervasthrvafoond dht the pressmces! B¥EK mhlbitor

| | MPS, 390
Toch, 1T oul U BRI SRRy TR R 0 - R AR PR O
Bi osyst enphmE@sﬁt@fenQeuy TEb\e {10 ERrdPbrd SnagMfilet thp O8ignal BefthoOsctben MRy alldvid

addi ti on, _nuner oys conbl natorial libraries are t hensel ves

conmer c. a qrywaﬁe/sf?%fnaﬁq agd sesiive deigetionof gpgiiiethat ipfuc sRpresmanming of coflsipfgs
| nc. pliApPbiSat sM:ﬁ ceﬁp Rhandegrut (squqtﬁ,m}?fﬁ@ﬁ 28 ke iR Kot not

Bi OSCI ences Col unb MD, etc. 1701 Cells contacted with

agent s, ah@lf@bm BH%MJ?O Jeﬁépﬁ‘ e rbgmﬁ‘mwbm Crsertdininion ?"aﬁ?amﬁw"%’} 5(4)

bol Yhanti o1 G0 R R Lo e e PR LRt RGBT o o

one, two Biophimreg PEIOSAFP @1l Siplalipepedhdelpgy); iﬁidenpbioytbiem:'r}dlmmiaaswé

Govel opreheer hPuPT ARV e R SRS D g G Qi Ty V01 PHRE T o o

pl uri pot eaosEenmdelD oarEISart, embsd btéss. | nitial screens can be
designed by transformng the cells to be screened with an expression
cassette conprising pronoter 5elenents known to be activated in

pl uri pot ent stemcells (optionally, but not other cells) operably

| i nke sel abl e or otherw se identifiable marker. For exanpl e,
a det &et ag?‘g ﬁcﬁif’ WHEE as GFP or other reporter system can be used.
Exenpl ary pronoter el enents known to be activated in pluripotent.
cells i nc[(ﬁa%], Batisgyseed-srein.ithg prawnt gventigp movmgﬁg&uon—plunpo entcellsma

mixture with one or more compound selected from the group consisting of an agent that

“‘"5

inhibits H3K9 methylation; an L-type Ca channel agonist; an activator of the cAMP pathway;

a DNA methyltransferase (DNMT) inhibitor; a nuclear receptor ligand; a GSK3 inhibitor; a
30 MEK inhibitor, a TGF receptor/ALKS5 inhibitor, a HDAC inhibitor; or an Erk inhibitor. In

some embodiments, the compound is in the mixture at a concentration sufficient to induce or

improve efficiency of induction to pluripotency. For example, in some embodiments, the

57



SSEA1 and ALP pronoter sequences. Cells can al so be screened for

expr essi oRygho@ligse 10pl uri potent cell nmarkers (e.g., B¥rwsio00037429

i mmundl uor escence, etc.) as are known in the art, including, but not
limted to Nanog, SSEA1 and ALP. In sone enbodlnents cel | hol ogy
is exam n@unpc[uoglwaly in arcoseeniratiornefit ReRitls) N¥heg.calllpast hrld, Kk ﬂQﬂOequoﬁ or
t he prese

b 1)
found tha Rgﬁv@%g@ﬁ%@gﬁ@% %@adl W?ngpgSF%‘gg Tt lsm}%r?h O?{?}Ho%vi J}E’VE

i nhi biti obetwéelgmm hnd10000 mMpl ursbmo embbddicehts shamikises amlimd sowheaf vessel

wt h f | t t . Thi ff . th f f
Taronal Cof e B b HETLAT buDie g sief e BT reRerte SasEantr e tbf

detectjo n a&f oﬁ&%ﬂhﬁal} Hakom SHBRTIMERE, OB @M hiegsolite CRh S ki@l (human or
pIurlpotent stemcells, A wde varlety of MEK inhibitors are known,

i ncl udi ngt®ukumRY. nl3ced inde)a Fesselppatmtsdvithang a1 mereomprpshas<issrribeq hegpin,
Current Ophlidp chiphd: Jﬁ%éﬁﬁ&ﬁlﬁx‘%ﬁb{ur@é 4d %:%Qnﬁgpmgéﬁed(bgapé}& the MEle or a

I nhi bitor U0126 (Pronega) RRY- 886 ( 4) (Array Bi opharm);
PD98059 ( déferensimgmall D;ptgmwﬁrﬂnlﬂtﬁw)is hea'nétemtmndattdrﬂ t0-baeamyd soprirtiuldreell
(Us Patengm hgagOB 420). OQther MEK inhibitors are described in,
e.g., US Ea{ % 6 696, 440 and WD 04/ 045617, anong ot hers. 25
VIM Cel | nlxtures As di scussed herei resent invention
provi d&s 18r7>hofts 5*13 & %é?m%ewﬁ Fﬁthﬁfénwf TSR E" GIPTRSIO8

conpound %!;e%tf&%eierraag&ﬁ%xﬁé@m TR bhd & Bdre 8NaPOBHolypBitidel DREBI TS
H3K9 nethyl ation; an L-type Ca channel agonist; an activator of the

cAVP pat hmﬁypepadmomh@mtﬁaﬁgql e KiEnolyrERidE) Th pownesmelndiments, (el celly do not
oot o MBS e g BNt IO W Posscht TR Bhice, cols

sone enbodithentvg] 10Ltt vechooppeundcasseitenart ngefih for erand¢, sarecomcmahodtason
suffigLent to | duce or inprove efficiency of induction to
pIurlg%teH F @Xanple in sone enbodi nents, the WO

2009/ 117439PCT/ 1J82009/ 037429 conpounds .are_in a concentration of at
| east 0. 11H7¢4 | Exargples %ftnope%lgltlpqteﬂtf@ls ingiere thesgglescriberblereinyinalagng Btiet

e.g., betyggsiQ, éeimﬁ\élm Ahgud QR0 v bﬁmegnanokxefsmﬁeéﬁel%tam%%& f&QQQ@ and

nM e. g., between M and 10000 nM I n some enbodi nents,
m xt ures a@reahﬁwiblogﬁ}cnﬁﬁ@vﬂélmﬁwes {neluge, bupare agt limigsito, %@bfﬁsﬁdu sh,

etc. ). :hgﬁjatdcpt@ %@%b?ﬂg%ﬁl h%teafﬁgﬁs %@Je!)ﬁ s?sr 31(1 f%lf’st ed cells (not

S5part o n sone € I nment's, ce are isolated from

| h | aced | d
one- 0P ot AT SR s e éel#?f%l%ﬁiwvli?-?ﬁpt&% Bio Calt) o

subsequent YoettihbLingiditaNeK 9 fettg@ioh Yinclhufigg bt haakd 1000 1264 S@ifea OF
a different aninal gftlonally after the cells have been stinul ated

t o becone ccam%mgl is@gqt @@ |af leggp pae @framlr H@g&@ channel agonist; an activator of the
cAMP pathway; a DNA methyltransferase (DNMT) inhibitor; a nuclear receptor ligand; a

GSK3 inhibitor; a MEK inhibitor, a TGFP receptor/ALKS5 inhibitor, a HDAC inhibitor; or an
25  Erk inhibitor. In some inchiding but not limited to embodiments, the agent and at least one
compound listed above is at a concentration as described above. Such mixtures are useful,

for example, as "pre-mixes" for induction of pluripotency in cells.

IX. Kits

30 [0176] The present invention also provides kits, e.g., for use in inducing or improving

efficiency of induction of pluripotency in cells. Such kits can comprise one of more

in
o0



10101731 As expl ained herein, in sone enbodi nents, the cells conprise
an expressyghofpasssste for het er ol ogous expression of akrhRaRbeRns or
nore of an Oct pol ypeptide, a M/c pol ypeptide, a Sox polypeptide and
a K f polypeptide. In some enmbodi nents, the cells do not include an
expr essi ofPreREEe s¢lectedyTaR ﬁwg@ipwws@fngtqf an @t theg/ishibpR3BH metifylation; an
pol ypepti r C

st al |t 5T et ohic an kRt or B AN BUES B AR BB
Exanpl es @NRAD inhilitor; |mtcaaxt;ea@kdr3ignm b GHE 3t ihiab Rorgle MAH heibibe aaIGER

i ncl udi ng but Q&ég|lﬂlted to 8?"5 roma fissue selected, from bone

marrow, sKECFRIOSREKS {uhibiondfiRACHBRbYGraan 8 Bk aphifiior-plepRe eppbedments, the
Exenpl ar yki@se&dmlw@ﬁﬁageﬁ%mﬁmwaz@ Brefh ?Panbxﬁ fhdi€fing 9ut nt)i 1‘%9&! @%tzﬁ

hepat ocyt es, nyo | ast S, heurons, ost eobl ast S, ost eoc asts,
T-cel | s. Qb{%l%ila serendmoawevnd (senreate dronixed wish pgmﬂvdb@hxbtt&ﬁai(@s (with,

or option ﬂeh%la%ﬁg)rkgfékte& ngu 1nsegt 1e%£t ol ofﬂledf' tt}gae E%(chbaﬂ{‘%% g:f;l%t agtwator of the

nmet hyl ati on (i nc t not 11m ound
sel ect ed tABIR mthwagas DNGneeth|tramsfiradey(PEINCR) ichibivmeh nagmustzptoalngand, a

activator e, CAWP t hyl nsf.er ase .

i nhi bi t or Ggg%f@e?lé% %‘/@?iﬁr@%q ﬁ&gfw ieﬁpﬁé@ﬁ%ﬁml Wro%H mﬁmn or an
i nhi bitg or priginiliGRb3 receptor/ ALKS inhibitor, a HDAC inhibitor; or an
25 Erk inhibitor. In some including but not limted to embodi nents,

the agent {tﬁqg} fn d ﬁi%seﬂnb%ﬁﬁeg%g@%{% fu(l:'t:l]g p%?éj N it %Ete?tuclel,ls. f%ﬁampies of

concentration as descri Fures a
exanpl e, as pﬂmxpotmb«eﬁé irfchmde khmdud&scmmd}klem ttrciygltednne yotilimicd b, cells from a

I X. Kits 30[017 T, esent inv ntio | so rov1des its, e.g., for
use hi 1 nEUOF RQEESH Fofb PO M R : SRR BRor P g R petsrd Hgbenoy
in cells. ERBflalyicks tygaineRER Hub e AbSiBted B BrMBhists, hepatocytes, myoblasts,
2009/ 117439PCT/ 1JS2009/ 037429 con%ound selected fromthe group

consi $t i nBEBPDSapstepglast. asteaelasthangft¢llzko met hyl ation; an L-type Ca
channel agonist; an activator of the cAl V1P pathway; a DNA

met hyl transferase (DN VIT) inhibitor a nucl ear receptor ligand; a
GSK3 i nhibitor; a MEK inhibitor, %S?ﬁéptgceptor/ALKS inhibitor, a
HDAC i nhi bitor; or an Erk i nhi bi t or n-sofe enbodi nents, the 5kits
conprise an agent that inhibits H3KO nethyl ation (|nclud|ng but not
limted t8£ £101294) and a second conpound (separate or mxed with

agent t hafg hghi %&adk@éﬁ% ﬁ?%@ﬁhﬁﬁ)h@ﬁl}t csdﬁlrﬁa%c?@n%ﬂtfﬁ%t%%ﬂ&?%nc%ﬁm A

an L-type Ca channel an activat

met hyEQ r aﬁslfsenﬁg@l femm gicMaickind €ct4 @ionhﬂﬂﬂieaal Kot eb,t@il lllilg%ﬁﬁdﬁ}?’fe@@m
i nhi bi tor TGF13 rece LK5 hi blt

i nhi bitor® anoaenME}l%e f%%é)%aﬁ]%ﬁﬂgoE%?CIEucyigi%lfH{ 01t com m%m nen t 'fvo alfl.hoacpes
kits furt bm wmmmmee A defined lprodepiadrent type Ibh@d oExlmm!t:es flaf cenain accessible

-pluripotent cells include those described herejn, incl ng b not

it ed t Boggrgeston s oy pulRaty Gered  FOMIbISHA SHF PhO ORI sehe

skel et al  P3iskdueing pBkripbleAS i dRM ehenBEi o REAdenB] ROFbe BXAMPARE Yo ARl siuch

t ypes_i ncl ude, but are not limted to, fibrobl ast s, hepat ocyt es,

myobl &3t s procemtor cells might be more efficiently reproarammed and/or with less genétic
manipulations; the other approach was to screen small molecules that may be able to replace

viral integration of specific transcription factor and/or promote reprogramming process.

{6179] Among various adult stem/progenitor cells that are accessible from different tissues,
we initially focused our efforts on neural progenitor cells for the following reasons: (i) In

30 contrast to heterogeneous primary fibroblast culture (e.g., MEF) which may contain various
types of stem/progenitor cells, neural progenitor cells are relatively defined population of

cells and can be clonally expanded under chemically defined conditions. (ii) Neural

N
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15neurons, osteoblasts, osteoclasts, and T-cells. EXAMPLE Exanple 1
[0178] TowapdadoHentd fyi ng conditions that can replace YrtRkoooom37420

t ransduction OP oncogenic 70 transcription factors (e.g. cMyc an
Oct4 (Hochedlinger, K et al., Celll2l, 465-477 (2005)) and enhance
r epr ogr anpiogepitet fdllsicadngpnonaly espiggthapetitic Escpasies (e Fbk heitSoaR), ethidhwo
approacheg; - }ne_a defined.nor e el | e d
ont ho. nofi SRR s 4l | SR AP B SRRl S R Rt
endogenougiiyNexpirpesgenadr @By dreon desy @lpraang cells nidyderidied foin geredsshayr

i onced Bertnbe CubK. S8t Rttt Potoey bslBE 3o EAR, FEvert oMy

r epr ogs anNeg-@p@lernon 221 118s18 29 @I@K})@nﬂ@iﬂaﬂ&@d% @RS ThdrB@red Hé¥@Ied neural
approach was to screen small nol ecules that na% be able to repl ace
e

viral int Bgeatiopeellsrensprentaniexcatieatisedel prstesntofagddresi abayrifusstiqns dhot e
repr ogranmy I 110 : it i

ol 1 5% ha PR RERRES g s A LB REHED, R BrRERpL S
f ocused odefingfl f@r¢esofgrunabpmogdnitpr ayle riat om beelstdsinthigh thhveglimilt kawinngye

reasons: (4 n 30 rast to.heterogengoyus, prinar i | ast.

ot ture (Ehde R R a R R TR R B R g ESPRRGip

st eml( D pg&@b%ﬁrunleial cbﬁt;rolrmeureaﬂtv)ct@fe'ggl@mﬁ €lemeas, Isgacgrrﬁsge kat l%]wgbwn ?FM@@ed
popul ati on of cells apd can be clonally expande nder chem cally,
defi ned cOBYH DI ?@Hé‘.}ﬂr@?&ﬁrew&&%ro a W%@FP??@WF@SQU@%%@%‘?@S is
progeni t oeg abfiRdFNSRGENAYS! FLWR‘E?%?{&%@%O@%}%S@%l ANESi{ e Prepsier!

or Sox2), which, although is at |ower |evel than overexpression,

m ght be &ty €Y aat Qfloret gedriae diy SHPSIT A002)) cguf fapifitangeiaeidd aspryoistentioror
cells or Sox gene expressing cells may be isolated fromother tissues
(Fernandef186¢ Jhe teporedr nadbral prijamiteceleivereBieodragy uing 41082 e4AIABh{R004) ;
Seaberg, R M_et. .al., .5Natur iofechnol . 22, 1115-1124 (2004)) and
oxpanita Pirerpt i FrishidPE i Corlrth B Sha sioart hrgeRh figh telinan 4

repr esent claieNigelk il memEsICIBY ShaidinAHHBER e aDRYiEn AbEShéQRGThN
reprogram ng praqocess/ mechani sm To establish an unlimted i

hl
r epr oduci BT Rk iahioy St deedty 8er st days. lleyehby Wfﬁ&lrewsfow'éign é%fﬁ

be used i E\Jblgé@@nttsgﬁé:llﬁgﬂggﬁg SCRA0S s Wen GRS 8] LQakdsh MERCs@pldn8td with
neural progenitor cells that contain a G-P-1 RES-Puro/ G P reporter

under cont¥ agmbpf bifel et BGT eymprrlaiey fos orerem mssagesitdedayEJbs resatimp @eural

r OWN,4 N r it i j tiati [ u
opul 201 ofteBr LA hRkeh Rt o oS b Bl B A RERBRAR, g
al ., PLoSwBrealonfii3peda® 88GIFR00&atve ambpmehiciasekitees \Gakh datrgédrogepoeitcells
activit Yi . L. et al.,.Nat 416,. 545-548 (2002 can .
Foaci 11t a bRt mgholtier 5 erfiitioP e 4801 R Motk Rt chb T combinations
progeni t obf folt, kigedVer BvaiEMBd RuLHcls, flodeivB) treBi Al dab@lted felRRAEOCOI
by differentiating the Oct4-G P nESCs grown in nonol ayer on qelatln
in a cheni¢aifyp! @] megcHedrUr ArCHedTHTE spllocHon He tipisd fowciblora@r um
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compound conditions that generated more green colonies than the corresponding gene-only

conditions were picked as primary hits. To further confirm these primary hit conditions, we
30 chose to use a late passage of mouse CNS neural progenitor cells (Do, J. T. et al., Stem Cells

25, 1013-1020 (2007)) that were derived from fetal brain of 0G2™/ROSA26"" transgenic

mice {which contain an Oct4-GFP reporter) and expanded in monolayer under the same

neural CDM condition as the above with 10 ng/ml of bFGF and EGF. Such cells truly from a
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assayed by the ability of identifying the i PS cell colonies, which is
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charact er be’qﬁ%dté&lﬂ% GSQPhid Rk bﬁl&l tiabgaul:tp& R LignASRetat B 18y (XidleAntt
K1f4 viral transduction wth simultaneous Bl X01294 tr eat ment are

20nor Bhol BgRbalogically. dinstiperilyiang by Amidsypluypatenst nsiler epoessiogy mar ker
eXpr essi Ofalfk Rl B oﬁ{ag%g gho A8 A8 LPSALARld RHIaL RG] PS cel Ls

and the cl assi e ques Ion s whether expreSS|on of

woul d bo. DIBer Baf ReieY FanefRrPiER Ry 8 o ot e R PR St

recent repidegeasly dgeigttively, @oulges e hakddiith WralndrRBigart kalsf meMRstingly,
fibroblasts have shown 25 whil e exogenous expression_of Kl f4 and cMyc

are funct i%ﬁﬁF@WO%%B%@%S@H\WWWW% gl sgm hipbladshayg skﬁwn
Cct4 and RAALesReRs te;apl@s%wﬁa%mqu SRk 8fe HAQIhALY exBiRbEBNEHil Rahdehly

studies. Interestingly, found that "viral transduction of KIf4,
Sox2, andLechwesmwfrﬁzﬂtf arbRKe SBINO 6 Aequitedsonfan fromalpivblizisd Sfcestlof

et 4 exDrﬁﬁ&%@?ﬂt&%&ﬁ%bﬁ%e e Vir ;\I@I{}?ﬁ lin &FK@T sél% ‘Q’R& varuﬁ'

transducti on of suc ree ors one fa UCG any
simultaneous BIX01294 ueatment in the absence of Oct4 expression can also generate iPS

cells (Fig. 2) while viral transduction of such three factors/KSM alone failed to produce any
30 1PS cell colony under our assay conditions. Similarly, such KSM-BIX01294 generated iPS

cells can be stably expanded and long-term self-renew on MEF feeders in the conventional

mESC growth conditions over passages without BIX01294, mamtain the characteristic mESC

morphologies, homogenously express typical pluripotency markers, including ALP, Oct4,
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col oni es nl‘?g 158&%%‘1‘*?1@’ PropRfies HRYRrarasials r?ﬁi BEPIBENEE RS gellg leadings torarger
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somatic cells, whil OnMESCs such restriction for growth and

i nhi biti owe@fmlwhﬁl\@{ﬁﬁ%lmiﬁ @qaﬁlﬂ%r@ﬂ%&q}ahpmmsﬁmnﬂg@natw cells, while
(cont 59 DukEREs 13 bELR OderrRAiBR bl £ R ch O Byt drRAs€ Blsb s Alererl B fia]
The results presente er of 1 nmportant inplications.
(1) The IGMBES@m@ogabmugteﬁpﬂmssthmhmnefmeﬂﬁamﬂauaﬂexpression) of
critical genes required for reprogranm ng by (tissue-specific

progeni t o[oi8sjoNBhd @sgpkented hdiehsilafduglbends ifnot @R iR atid}R. (1) The lower
25cor respondi ng exogenous gene expression via viral transduction for

gener at i n§9OPBORRPIPECssIPp layel{dianoyeewTattion) Pleirist! arresdequited §or of
generati ng fd%%nﬁﬂﬂn&g%yf(ﬁégﬂé SREEL 'p?og‘éﬁltdrfsdﬁ%n@ geﬂs%ia%f tgzesﬂﬁfc'x&lt to replace the

nanlpulatlon by exploiting practically” accessible cel
endogéhousdrieseondingssogaaptsdenc palessiontvia G tarsdwation @or@n@’stmg i8S aells. This

intrinsi Cp5111t§ W& ﬁ%ﬁﬁ\h{fé ﬂa&é@y%@géﬁ&atiﬁg\ﬁbé@eﬂg lf.llJ()%l‘ngoglﬁtiC cells using less genetic

manipulation by exploiting practically accessible cells that endogenously express certain
relevant reprogramming genes via an intrinsic tissue specificity and/or ex vivo culture
manipulation. (2) This is a proof-of-principle demonstration that small molecules can be

30 identified from rationally designed cell-based screens to functionally replace viral
transduction of certain transcription factor(s), improve reprogranmuming efficiency, or serve as
a selection condition in generating iPS cells. Not only may such pharmacological approach

for replacing specific genetic manipulation substantially reduce risks associated with
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Conti et Methedsnti, L. et al., PLoS Biol. 3, e283 (2005)). Briefiy,
tri ESCs were plated onto a 0. 1% gel atin-coated dish at 1x104

cel | sEen2 {4186k hdeweah progenritarucsll colune ewinl o0y DMEUS PR draved romdikigs

50% Neur oBag gl Q‘&%i tfiths %c g?é dN%o R P80 84 fepolitt & BLAMEY (CRl LU T AR

and differentiate
Biol. 3,283 (2005)). Briefly, mESCS were plated onto a 0.1% gelatin-coated dish at 1x10*

cells/cm® in the neural induction medium (50% DMEM/F12 basal medium, 50% Neurobasal
medium, 0.5X N2, 0.5X B27, 1X Glutamax, 50 ug/mi BSA) and differentiated for 7-8 days.
30 The formed neural rosettes were then trypsinized into single cells and replated into an Ultra-
Low Attachment dish (Corning) to form neurosphere in the neural progenitor cell expansion
medium (DMEM/F12, IX N2, 10 ng/ml bFGF, 10 ng/ml EGF, 50ug/ml BSA). After three

days in suspension neurospheres were re-attached to a gelatin-coated dish and further
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30The formed neural rosettes were then trypsinized into single cells

and repl atyof 2hddf1psgn U tra- Low Attachnment dish (Cbrnlpg}ﬁgﬂm@&ﬁgb
neur osphere in the neural progenitor cell expansion nmedi um ( DVEM

| x N2, 10 ng/m bFG, 10 ng|n1 EGF, 5Qug/ mlL BSA). After three days |n
suspensi ofiffReenfeeh s fdsdaye beforedheyt weie Risther prssaze@inaingle cefaprdierashn and

further og@g&e/ 3)% éﬁ?‘%ﬁ g';{teld%gglgg glqgg fﬂ%?al cgqfel%cﬁ%l'l Q}ﬁ%ﬂsx&?&e&m@l fgﬂyx%l

before the passaged In sin
nDnoIayer}éqmgwgﬂtln coated dlshes in the neural progenitor cel
expansi on nedi um for over 5-6 passages. [0187] Neurospheres from

brai ns of (0187)5 Neurdépheresl REmRERALE! lQ@toh@tSfome/@@ﬁ H@t@i‘%zy’ﬁ*‘&% &mses
generated as previously described

1013- 1020%¢rzagryryted g pevipysly deser ﬂteér@éxJ \’,Da%t aén @@ééﬁé{aﬁ éﬂiz?yh%}i (8%9”4))5/
di ssoci at ?Hef’l\iu A ﬁ@?@? algge%@kén J&hc c_rlli}grogﬁ HEa%B Qézs@é!ﬂi?&t’h%rﬂ

Lakes, cell's were fur uri entrifudatio
0.9 M sucndsemesh (Faksun; IHES&lmiaHSON@ Nomran®IIWﬂreéntﬂllar mulzti%dﬂﬁﬁcenmleB@l

Soeenar ot 44 Pubi R TR PUE GRS B P B P Wit
i n nonol a’goemmn @&haemmwaatrmdr %bﬁfhéﬁaijspeﬂsm tcm&mhadeunaltg;ﬂg&@lah@r ceI | |
apov ni exper, nt.s were pprove

expan diu scrlbe
and pi¢ f oft ﬁgﬁlﬂs@ YoIEHR ﬁ@vaﬁs’*“ﬁ W AR oYY w&?aé@fqoeﬁﬁd éi?nfﬁféll iﬂﬁé@u@f P@ﬁ@ntor
Gover nnentedxpMaionRhamak a§@&bﬁ5e)d,ab&eer Kﬁﬂz‘:{al e{(&m&hs%& kdvidg and

transducti on. The murine cDNAs for Sox2 and c-M/c 15 were
cl oned i np@fartied paveding tetireodmipgl Pr\sb‘eeétl@;r Gmd@llmyté pf the &g verpmewi dred Hepck

The pMX- %§§g Qﬁ&&gé}ral vectors were obtai ned from Addgene. The
virus pro UctTon and transduction were performed as descri bed2-3.

101891 i P I duction from neural I SC d rived
oo DISEL ReHEUFIA R B dif P RE SRR s e kiR P ¢ He

Matri gel (vdieafoneBRuBIHRPIMETV edovgalkad: frdwelified By fhadRhgaThepMXXhOH
cells/well in the neural progenitaor cell_expansion nmedia. After one

day t hesel®eya Vaglps werspldapedelion ddesmst ?I&Fv‘{‘% Sradgptignaag ﬁ?@%ﬁ‘twﬂoawﬂffe
the nedi umWases hangadheinso the i nESC growth nedia [DVEM 5% PBS, 10%
KSR, | x non-essential amno acids (G bco), 2 nM L-glutam ne (G bco),

0.1 mMp p n nit h
or ui t houlU B o E30 £t ESP he BAER gt bl SCpraf PLERRLY o2
appear ed ﬁﬁuaﬂk&ﬁdﬁmgénmawsmu&nﬂﬂm&deu@bmhgﬂlﬁum BﬁdBmxmamdﬁdommi&EEﬂ
f eeder,,. cel t he .i nE romﬂh nedi a, Char a ter zat
hosay 20 * ables i ot 90 SelbBRTcR At B erir FGPatr ) DGt A Py these
Phosphat a&ﬂls%ﬁ ©€Ads i ellilith (PSS Qﬂbverﬁ%hi SndMBie enclieelad dhaddéd into the
parafornaldeh de, washed three tines PBS, and then incubated._in

PBS cont alihoErovoperia ¥ 6% 1585 (1@,/09%%1} IFAan-EeTmRE A0 agislikEipeo) 2

serum (Jagfs Q%lﬁt%ﬂfé?@ﬁ%@?qu;hdf ﬁ)fnel%Q Bt tBarRl ((!?19 hEIPeRALMTEr The
cells were then incubated wth primary antib verni ght at 4C

nouse ant [ClestigonabvitherdyithowbBEE0 1aA¢ [&SSSEM) @ﬁ?ﬂab@uve iP$:colb oplogerppeared
Cr .
G2 5" SRk, s S8 r B AOR RATASRRETLLSROCRLERLARR A i

ant i - Pdx| gfolvt2@@diaf rom Dr. C. Wight), nouse anti-f3111-tubulin
anti body (1:500, Covance), nouse anti-cardiac troponin T (1:200,

DSHB) , raldiiob] athhrkddition ashiRadY (Ovas MNrfRheRSRitAGed BQlhes Wer e
Alkaline Phosphatase Detection Kit (Chemicon). Cells were fixed in 4% paraformaldehyde,
washed three times by PBS, and then incubated in PBS containing 0.3% TritonX-100

30 (Sigma) and 10% normal donkey serum (Jackson ImmunoResearch) for 30 min at room
temperature. The cells were then incubated with primary antibody overnight at 4°C: mouse

anti-Oct4 antibody, mouse anti-SSEAT antibody (1:200, Santa Cruz), rabbit anti-Sox2



further incubated with secondary anti bodi es: Al exa Fluro555 donkey

ant i - mousyhgbasRi7asN\ exa Fl uro555 donkey anti-rabbit | pgfptlonfdie
Invitrogen) for 30 mn at RT. Nuclei were det ect ed by DAPI (Sigm)

st ai ni ng. Imaaies were captured by N kon TE2000- [0191] Aggregation
of i PS ceitibody (i208ohberpicen, Bhiyt wsNanoesn@@cﬁyéAhﬁmé) af@@rté dul (4308,

chi mer &, © Bt COMFES R0y Rl pbh P R oo, £p BRLS, RoRP e FRRYAC
wer e cuI t tiopeakin B (2@, BﬂH{Bp),sramﬁt dﬁﬁ%bﬁﬁneaimbud}((M@p&ftuw@eﬁmyea@w&m
il. f. -2 ft rt .treatnent of
Crypsi n BT eScRBalRd St ety apfg s Bt Flurds gt SR ARRrs G0 o
zona- f§ eeAeix8Flur€35|dogkay 2y A Sabbil 1901 1 560 |In\€!ﬁ‘®ge)dpﬁn 30 i e G B ANU1E Ry dr S
cells were cul tured _overnight at 37C, 5% CCP. gregated bl astocysts

devel opeddqteif b BAPL Séga) Stakies. \Aexaée%\vea%&p@#% Nmoa TERBQer i ne

horn of a 2.5 dpc pseudopregnant recipient. 15 Exanple 2 [0192]
Somati c cHIIPE cAsgisgationdeldBY céilstwitfpmna'rfpcﬁteenhlyss el odls here dgBB@ytedintith

a conbi na u |on f act ar s Qct 4/ Sox2/.K1f 4/ ¢- Myc ,.or
ot So o RORsEoel Rt RSBl B RS e R R b S
patient spebiybs (CBé«ZBFIl}Sﬂlfshéd ﬁ‘a’ﬂIfﬂﬂzﬂestdmeﬁaﬁﬁbﬁe_t@cwnﬁkdﬁﬁﬁﬁﬁbdlhps of KSOM
Do 201 fher SHUHET CAAE S 4P SR, CEas A acieDs Ot neaiment
ef fi ci encys @Rdinwidrathd&nNQMBrankoLeOhal 1hQ[bdreﬁ9% BXRinfigNBHa-AbOMER-dRgUr al
progenitor cells gNPCs) transduced with Oct4/Klf4 can be repro r ammed

into i PSCmbr -celpuiryesqazeazstedyith Bhelertauilyredsysmisght gt 37°C, 5%

Sy, weCl denenrrad g OB e P PRSIy ™ ©

BayK8644, uteha&hcemabzh’é,é dpepseugwmegmmge@pxeﬂﬁ COct 4/ K1f 4 transduced nouse
enbryonic fibroblasts, which do not endogenously express the factors
essential for reprogramm ng. This study denonstrates that small

mol ecu} esExainnkeif i ed t hr ough a phenotypi c screen can conpensate for

viral tra ti f .

erogr amiog L pfaftccfd bn tE R B S SHaR <@ R ra @l IR nion
smal | nol etivhesansantioe fcaee CupEBe2/ I e-Mc B QardPsd oINS, oBitiai n

i PSCs from a. genera i neage, 1n which.none.of the TFs deened
cosont | o PEBIEFAESRbGE o EEHGn Aol SR RIS e OIS el
Hence, nouseradppiiciiiods. fldrolkl, astegal (3MEE$1)S rmm forshd apfronditoge a smal |
nol ecul e that coul d repl ace one {J)f t hese

2000/ 1474 0508 QOB FHoE FAvERES FAoRIEEs S Sicigey G EAReng
m ght | eaghde@atlole AlsdeRhinbd S0k ARuAT pE8aSILAL I RAPIG Y &nsduced with Octd/KIf4

can be reprogrammed into iPSCs. However, NPCs express Sox2 endogenously, possibly
facilitating reprogramming in the absence of exogenous Sox2. In this study, we identified a
small molecule combination, BIX-01294 and BayK 8644, that enables reprogramming of

25 Oct4/Klf4 transduced mouse embryonic fibroblasts, which do not endogenously express the
factors essential for reprogramming. This study demonstrates that small molecules identified
through a phenotypic screen can compensate for viral transduction of critical factors, such as

Sox2, and improve reprogramming efficiency.

[0193] This example is aimed to assess if small molecules can replace specific viral
30 transduction to obtain 1PSCs from a general cell lineage, in which none of the TFs deemed
essential for reprogramming, Oct4, Sox2 and K1f4, are expressed. Hence, mouse embryonic

fibroblasts (MEFs) were used. Finding a small molecule that could replace one of these TFs

66



involved in this process. Such chem cal strategy m ght be nore

anenabl e fyp 2hdagsAaReuUti c application. Consequently, Wepsef8R086k 80
col l ection of known drugs to identify small nol ecul es that can enabl e

t he generation of iPSCs from MEFS transduced with OK, and thus,
Scoul d colpbnEdraionsf MiTercpigramyringpiaht ipd iethp idegtficion Theesaighpatheays

di fferent t, t
it h By kRS EF RN RFI QB el RN ol bl focE TR DR b i

al ., Nat ua;m,hcaﬁm ﬁﬁs&ﬁﬁ%tl@lﬁegygem@s cdivetiof ofdinewndstgs &f fewtfy wmall Bayk
was of inte

t  because exerts in._cel
o anal i ng"BEERg S Al R oltuE FitSigh LRy Tl UL el 6 O nd s
nmodi f i gat 't(QﬂItSconllLteni;eﬁe for Kellyektdigbxd dS\{eSexﬁaﬁﬁﬁo@fTlﬁ&l@ﬁﬂl@@lﬁh&nt ﬁbﬂéﬁs as
BayK or activat Wit signalin
Cel | St enP%@“l“e‘? %Qﬂﬁ%tgﬂlﬁtmg)b)naﬂe%ﬁ @%b Bavlfgéa4 fl%ﬁ%adufs éhmmel

reprogr a”mla&n'aﬂoﬁstr(@&ﬁarﬁxﬂew £d £ RBRARER0S: @?5353"?3('1%331 £ @eldr A8 most
directly at the epigenetic |evel causing hi st one nodification.

Sone of t ﬁ”é‘@éwé pRYydrveasiof inteyet bpeapse ihensets #p .eféwtjypsbe@n is¢rdherene bng

facilitat

cor |t o Peckilfs! £BBELATIOABARREE Renditih el 4 hsenl upeblhiciloe of

al ., Nat Bb@telej’audias%fﬁ&&cﬁ@(foré 2008 Wntarzdalbly padacy {Mdisoe A. et al., Cell
M kkel 454: 49- 08 01941, Thi t

e e g DB S Bl BT g SRSt e S5

phenot ypi faseh 6RA neddtulee astRdlidkayedt ﬁ‘:#igéﬁét% 6RIPARHmATNA of hitlge Vi r al
t ransducti on of anot her critical i PSC TF, Sox2, which is not

endogenou¥P§iEaite 5B of Hiess W esBeticsnedifigs havaadieady teen giovgrp ffapiitate thse

i npor t ant re@%zﬁxﬁlﬁﬁk p%es;shﬁltch %ﬁBbt (STP'\eCe%'Ble (%Wrﬂ%%ﬂﬁemzlﬂzs%‘ﬁ@idé)@h' y
make to the discovéry of new nol ecul’ar targets and rechani sns

i nvol V&d ya#pieemsid (é@ﬂ&fﬂtﬂ(ﬂtélglﬁéfaﬁitmcbtt@s%ﬁé@%l&?m%)}@Fiﬁogxaamﬁmﬁg.
Results ENet e t he di scovery of snall
BT YAl AL ERnLERdone) Liorea

nol ecul es re rog ng when transduced with only

two TFs. 51._Unno edfromEl 14 e f the
129 i o HIPL”LTHE Protm: hey Hemersires Rt e epdacat B sreb
Matrigel pliendtypitb0kel ednl & to cBectdiehr dBlpendatedbehantaltaameaest bk
XK (retrowral vect ors expressing Oct4 and Kl f4) alone. Wthin 14-21

days, tre&ital EeCIld, verte whidhds segnieeno iy apprawr an Baroblrste oMeFioEe. ithat
had dpg cﬂ@fm@ﬁ@ﬂlb ﬁhmaﬁpco‘apm }i&pihﬁt éﬁa@mﬁ dulle &ﬁg@ wﬁpévg ol LR gy
and were |l ve uri pO ency nar er a I ne hat ase
(ALP) . Sudnacmytcrfam‘s’dm&@dlac sirgess ypeimeschedsmonigived m@mmsh@ltdd blologlcal

non- conpagt L e weakly positive for ALP expression.
These col r?lcgesgésl%ﬁ{: Fﬁﬁfﬁ I%Hlm ed within 21 days after viral

transductégn and were d| ffl cuIt to expand. Therefore, WO
2009/ 1174368/ US2009/ 037429

Phenotypic screen leads to the discovery of small molecules that enable MEF

25 reprogramming when transduced with only fwo TFs.
[0195] Unmodified MEFs derived from E13-14 embryos of the 129 mice were used for the
initial screen. MEFs were plated on Matrigel at 3.5x10" cells/well of a 6-well plate and
transduced with OK (retroviral vectors expressing Oct4 and K1f4) alone. Within 14-21 days,
treated cells were assessed for the appearance of colonies that had the characteristic

30  embryonic stem cell (ESC) colony morphology and were positive for the pluripotency marker
alkaline phosphatase (ALP). Such OK-transduced cells generated only a few small non-
compact colonies, which were weakly positive for ALP expression. These colonies initially

appeared within 21 days after viral transduction and were difficult to expand. Therefore,
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such assay system offered a cl ean background for the identification
of small npbegddheasdavi ng desirabl e reprogramm ng i ndugipghsasshMidy-
Using this system conpounds froma library of around 2000 known
smal | nol ecul es (see Experimental Procedures bel ow) were screened and
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(-2 colonies). Further characterization of these primary i PSC
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30 reproducibly enabled reprogramming as compared to OK alone, with 2.5+0.7 colonies per
3.5x10" cells. There was a further significant improvement in the reprogramming efficiency
when OG2 MEFs transduced with OK were treated with the combination of BIX (2 uM) and
BayK (2 pM), where we observed 7.7+1.5 colonies per 3.5x10" cells (Fig. 3). Treatment of
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two geses,.;, 0K dik@ conjunction with BDZ BayK treatnment are
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functi ona lar 10to t assi ¢ MESCs ‘ 0J The
studi e pl88h: By At o kAR BRe G b R S R ER S on
that snal tramoligonk a@salgsnwikecatriteiniut. f Red WaseRirdddd fasia DK BARS cgied %)assage
Dner s P e G XA IRO s Hue S b OIS
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preci 3¢ afitfa fanpbl egliseammEdl ceBs waieobtaied dtonpihe Sese Exwengios yenibus (GEO)
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25  :correlation (Pearson); linkage method: centroid; gene ordering: by cluster tightness). p value
for OK2B iPSC versus MEF cells: 0.84; OK2B iPSC versus mES cells: 0.96. p values were

obtained using a Pearson correlation test.

OR28 iPSCs differentiate into cells from all three germ layers and contribute to germline
fransnission.

30  {0199] OK2B iPSCs could efficiently form embryoid bodies (EB) in suspension, which
could differentiate into endodermal cells (Albumin and Pdx 1), mesodermal cells/cardiac

muscle cells (CT3) and ectodermal cells/neurons (BII-tubulin, Tuj1), derivatives of the three
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of th i ti .b | f il
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whi ch have t.ta nd_nmechani sps of action, such, as RGLO8
coul d be B%?g|t%hﬂfe6f[]drwa&g*ﬂ5§w3%w&gﬁia?%hUHgnafw (f%i@e%%lmﬁaﬁd} Fliggpee-

obser y@t i RutrichateBay Sluriolell & cﬁ&it@traieﬁﬁg c@&lf)l'efélyt Mleﬁﬁ%aﬁy apgeufic
L-type cal ci um channel agoni st (Schramm

303: 535- 5gnd{tipag BX wap ﬁﬂg@@@sldﬁ@pﬁeégnéﬁhww@er@%m aneeﬁ@yﬂmlstor for G9a
intriguin dtasé HOBiGR! €leum g{ﬁ?%ﬁ' 5. @7@648113 %)L ghﬂéﬁ%' grfs%o m to reduce

intracellu processes I n ferent tiss pressure
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Fur ¢ hor moraere Sy RER 3R ot RE et B i are i Cu ppeErRoh

agoni 83 s, reépreétdihiygh\Baglific mechanism for epigenetic silencing of embryonic genes such as
Oct4 and Rex1 (Feldman, N. et al., Nar Cell Biol, 8:188-194 (2006)). Furtherniore, it was
also demonstrated that knock-down of G9a can assist in fusion-based reprogramming of adult
neuronal cells (Ma, DX. et al., Sfem Cells, 26:2131-2141 (2008)). It is therefore fitting that
we previously observed that BIX can facilitate the generation of iPSCs from NPCs

30  transduced with either OK or KIf4/Sox2/c-Myec (Shi, Y. et al., Cell Stem Cell, 2:525-528

(2008)), snggesting that it can compensate for the exogenous expression of Sox2 or Oct4.
However, NPCs already express significant levels of Sox2, which might cause these cells to

be more susceptible to reprogramming in the conditions mentioned above. This present study
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valproic acid (Huangfu, D. et al., Nat Biotechnol, 26:795-797 (2008)) and 5’azacytidine
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ant i - Nanogndwli G@fhoufdideanEMIE Calblcahdn (StgdieddAAyOUSE anti - Sox2
(1:200) (MIlipore), rabbit anti-Pdxl (1:200) (a kind gift fromDr.

C. Wi ght %QZOBPU§§m§ﬂft ﬂ’»’@gﬁdﬂ/ﬂ’a—ggﬁptﬁrﬂm@éﬂrée}l &ﬁ(@@ﬂié*(/@@Qaﬂ&§c£§?'?§51%gh)

Products [ nc Denver, PA), nouse antl-cardiac troponin

(1:200) ( Wélm&lﬁ%pmsﬂ&wa@ (HyBri L BrrsciBagen, BadfarheMBhtaneadglishys atfa
15 oWy ! QURILE Y 5 ﬂda‘):?:lrs d% g%lg of'a{% 'W eﬁlplpa[t' ’f]w én%%@ﬁ hour ?Eageirgt??sé éells were

anti bodi es were Al exa donkey “a
(1:500) (trmwdtlcredg)ecr)uaht\bmh éeﬁnﬁén@rodﬁnﬁsheﬁ?%yw%)mg (TSiepuras AhdkeeiCigurs

st ai ning. | ed, usin TE2000- U/ cite
120 Bxry I Be et bR RS S ‘?Bﬁi@t“%ﬁfﬁlﬂé&%‘%d%é‘tu%ﬁs@aﬁg

assay 20[ 0@QHS- mﬁwssmnmmmoﬁtrsmi eSletennd 1CPButMhaxC ﬁ‘%'l\dnLé?.Qe‘hml
usi ng the RNeasy Pl us ni Kit {n_conbination with SAshr edder. The

RNA was c%‘ﬁ’v?@raf’é‘& PR LB 8¢ PR ETIIERO )R €t EmMYPW@BlEtSﬁad

Her cules, )i f 3 i mers
previ ousl 3%u§|d?§sﬂﬁteé§§’?%mgg§’§% Téﬁ@c%af tgi) g Wlllggragéﬁliﬁ %rgg (%“éOO?)

Takahashi Profuctawere Vepinhvaitmges C arI@@ﬂl CA;L@c@em@me&mel(t@aeﬁ) Pnaked same day,

Pl ati num [ %{@éﬁ%ﬁ%@ Iﬁ?l)%é)(l%\%rti’dﬁﬁ F&%B%l%ﬂloacoNF%x%g cyel %Dthg E]llcsi agﬁﬁmwe

PCR machi ne ation assa rom
| VI EFs anuer@Keu Peas! .’( phk Sagepol(] tresmbs waasomtﬁmbeaf@doumdn@, tHeeeMOWere

oi Sul 11 t oSt aBIkg Suie AL v Bt AT oo G kbl ot
Researth £ scrdadn AN@E, B1X was added to the mESC medium 1 day after transduction. Five
days later, in addition to 1 uM BIX, individual small molecule from the known drug
collection was added to each well, at a range between 0.5 and 2 uM. Mouse ESC media with
defined small molecules was refreshed every three days until colonies with a similar
morphology to mESCs were observed, which was usually between 14-21 days after
25  transduction. In addition to the confirmed compounds as indicated in the text, primary hits
from the second synergist screen that were not further followed up also include PD173074,
reversine, 5’azacytidine, pluripotin, and dexamethasone. Further characterization studies and
repeats were carried either on primary 12982/SvPasCrlf or ROSA26/0G2* MEFs. When
ROSA26'“/0G2" MEFs were used, the iPSC colonies could also be identified through GFP
30 expression, as a marker of Oct4 expression. Once iPSC colonies were identified, they were
picked for expansion on MEF feeder cells in mESC medium. Some colonies were expanded
in the presence of the MEK inhibitor, PD0325901 at concentration of 0.5-2 M to further

confirm their pluripotentiality.
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30 CA). The treated DNA was then used to anmplify sequences of

i nterest. Woiznwrs74esed for pronoter fragnent anplifi catcomwsyeey/es7as
previ ously pubI i shed (BI eI I och R et aI , Stein Cells, 24:2007-2013
(2006)) . }' }1 } 5T agme (Efpe | oned using the TOPO TA

cl oni ng K {””f%""} §Eqeer é¥ ﬁ” 't ’H’\?’ (] S”CSHB“%equencu ng was done. WO

2009/ 1174RRR&T/ msz&alaﬁ@@\?féls%&%ggémwmg t@ahilRésrevts iR rgaQRa-vEnE e
enbryos 102091 i PSCs were regat ed wi th denuded post-conpacted

oi ght - cel MK Ey BRsHIAFE Deies TG LR AL HBRFle 2 EVBRAGHIPESCNES BREY. Ealsivere
enmbryos ( BeSBELY, C%%fsnﬁeim g4 ﬁlﬁﬁ'té(s%f%loﬁlste}ﬁﬁergtuﬁe( af,aﬁmas%y& w@ﬁs' n

m crodrops of KSOM nmedi um ({10% FCS) under m neral ol
i PSCs filon wak thep izgubated wHdedkingbudfen@i) e}ﬁ‘ffqi?lyps?(nm&és@nmh«wedl)aw

Lranst of ! eyl b SO L A0R RO Ah DR N EPNRLE S LN pEE L STBLYDS

Ei ght - cel ryos aggr tured o

37C, 5%CR0 mhggRaydites \m ahtotysliased widt prilearg hogledy oranight ghtc ﬁnaBB
st age wer ransferred into on rine horn of a 2.5 d .

DS eudopr e BB CEID B P TS e bR ARG SeoRUSY fibady i B fo
femal e CD45-8h hfin kYR PRHSES antbddials v&l@hrmuﬂgmlhcb&lﬂ@lﬂ@@b)t(%tta @hﬁé FI
enbryos obt ained fromthis natural mating of chineric nous

wi | d- 1§ peBifstrbeciant drgeianiired Gy, J@eﬁﬁe@pﬁﬁésﬁﬁérﬁb PO Pana C&Zaﬁlp@flu@mgy

anal ysi s ) Sia i n
S antard e apRDNT RAGTL SO bER (T HIFSRI LD, BEL IR EIL 02,

grown in @dﬁmtefc)elahﬁsamewxlrfé@ﬂ@) (erkingedifatiiom IPIMO Wipght)emoimrmdtiﬂlﬂé CA)
for 2 dayﬁléﬂ'ﬁ%&?@?ﬁﬁ %Moir ocy esea(iI a llozhll %sdln bnver ()'fgd&?ngl%&(s%%m St

repl acenen n essentl any no ac
penicilli ﬁbpmme"p(@moc(n ﬂOG)QD]:vdflﬁ;ﬁmd?lta‘iSﬁxﬁ&iﬁﬂ%ﬁﬁ@ﬂ@Baﬂ}{l&feﬂEﬂbmy@WOfESC

alified Nuc eosl, S Um LIP | 1'i por al |
Srjodu is Wé‘rae P rﬁ‘iﬂ If\%lbh‘éé’ﬁ“" @QWFBMSMBC%‘}?@@’pﬁm&H%?SeW%Eﬁﬁ% nfad) .
20 RNA f r prioghspdbgiad antt@iduse WasbiilRG (I S0bplteeabzh) NRNQA8YdMcRid b|[§i t
(Q agen, VaI encia, CA). Total RNA sanples were anplified and | abe

using theD KPS igaanidiioh) SriwHisn IEASRICERICARIEC] Ysifg oNikomEslinse TEZHO0- U"Pﬁe
anpl i fi ede E@%'%éﬁﬁméﬁé UG8 2 bBSBBRICoBishaeiniA dibuse Genome 430

2.0 Arrays (Affynmetrix analysi s was per usi ng hierarchical
clusteri n#‘],(mrssgn | og- transfor med, row- centered val ues) using
GenePatte ¥ de 25 web at: broadmitedu/ cancer/softwar el).

Prol i beer a[{iZO‘VI} aRslaywiESuReC 2bmIPIEY Bdpbat @ deldliR @ik alld INERAPRE Mini
6-wel | gﬁes at. .a densi.t o Eji%3103 cells/well in cor‘rBI ete. nES cell

medi a. Uport REPT bington SHHE T5e Ry was qopuered)tp DN ™ eat ed

eit Per }M I%?%%Dl\%ﬂé Sgﬁﬁl@dlﬁ?ﬁ(lt ZBRRM Baydilesa0d) asm3ThERah bPHebific Rt was
in tri | cate
P done using primers previously published (Takahashi, K. et al., Cel/, 131:861-872 (2007);
Takahashi, K. and Yamanaka, S., Cell, 126:663-676 (2006}) and Platinum PCR SuperMix

25 (Invitrogen) on a Mastercycler ep gradient PCR machine (Eppendorf).

Methylation assay
[0208] DNA from R1, OG2 MEFs and OK iPSCs (passage 10) cells was isolated using the
Non Organic DNA Isolation Kit {(Millipore). The DNA was then treated for bisulfite
sequencing with the EZ DNA Methylation-Gold KitTM (Zymo Research Corp., Orange,

30 CA). The treated DNA was then used to amplify sequences of interest. Primers used for
promoter fragment amplification were as previously published (Blelloch, R. et al., Siem Cells,
24:2007-2013 (2006)). The resulting fragments were cloned using the TOPO TA cloning Kit

for sequencing (Invitrogen) and sequencing was done.
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30 48 hours, the cells were detached using trypsin, and counted using
a henocyt owet2es9/11Fsypan bl ue (Sigma-Aldrich, Stiouis, MONusamvsed
for dead cell exclusion. WD 2009/ 117439PCT/ US2009/ 037429 Assessnent
of 80X2 expressi.on r conpound treat ment OG2A7ROSA26+1" | MEFs were
pl at ed on?’gg'é'-g‘\f\feqnl"fg{)‘g@e"’gé)gg’“a'g s"’i"fbfr”‘%)gf 3.4x104 cells per well. On

the fol | oy8209] diPSCstwhee akdgatedenif deneRl @dstWolnpadddhekell kivhBnfhryds to
til M BayK, and a conbination of both, in trizﬁlpl icate, for 6 days. The
medi a wasP'@FrAgEKEYS SHimasy. Sishrpedl sresSBAERT Werare Hashed frem frudiratted
usi ng t he; BNAeasy cdMuRid ifkkdicrb&dh S OMRBRMEIS B1 (b4 RASFEidRL J(l%{égagg%.t Bfamps

RNA was performed using the iScriptm cDNA Synthesis Kit _
Her cul &s, oORPCs Afpld delleiaficnshogfireamtoy el opsinSoxclwasn ahdrimnsfeirerdinto

rimers previ ' C Tak o ndpiaaKita, K . Nakagawa

W "and Varade sbuRithe ghchep LRRIRRNpo miginis Bk s ahREERRAR

front fi biRSflsaste aututadroesmighast 37 Of B6CQ;. 30Gete ROFD]astakahaahdevelsped Rad
Yamanaka, . 006) . 10l nduction of pluripotent emce]ls from muse
oo yont c MG AAEE ETFBBIHES TR e a e R e A BP ST R e PIB,
663- 676) @it A @kl OhiMaBaR SuReddvhXh 4 fohitld COOQMY-1PR: AolVBS KekE¥ainaia( 1)
ep gradient PCR machi ne (Eppendorf). Exanple 3 1 %02101 Thi s exanpl e

denond? r athwsvedplt six id spbEyas wbameddigrahisantued maging pf ¢himengaensegnd sid-
factor prLeiNScd Sers Wl fd i &RhoGUEE:RlWr i potency. Cene

Constructi n:] [“E)ZX%Ll':’IE nelr%%(ggeggt 0 léﬂt all(énm?l?e' hi gh |l evel protein
expressiog, in.E,coli . all four human TF gene codon regi on were

optim zedg?'f"lstg{'h(ws&t man and G WHatfield (1989). PNAS. vol.

2086. pp: 3BAO3A3Ind sandichluinhlybes Rgidips S besdiZetstatiiafig-tBNAn gl eebased
/| PCR gene assenbling technology (Danilo R Casimr, Peter E Wight &

H Jane Dy@gg}.{,m(,.;tﬁg,z)l sieot ructure. Vol .5. pp: 1407- 1412.).
Pol y- ar gi ni ne ta‘g: IgSGGGGSPGRRRRRRRRRRR was added to each protein

C-t er b¥ naPKi2R i88ss yrre@mumpinanmpepsS skl medip o pelarie Adlindra CeNefdal. CA)
and ol | S eers el DA R A o R B WalsPrify
sites for l1@rGuannaxekpNesss@ntial baddv i@ spanétillin/streptomycin, 0.1 mM B-
mercaptoethanol, 1% EmbryoMax ESC Qualified Nucleosides (Millipore), and 10° U/m! LIF
(Millipore)] (all products were from [nvitrogen, Carlsbad, CA, except where mentioned).
20 RNA from duplicate wells was then isolated using RNAeasy Mini Kit {Qiagen, Valencia,
CA). Total RNA samples were amplified and labeled using the MessageAmyp II-Biotin
Enhanced Kit (Ambion, Austin, TX). The amplified labeled samples were then hybridized to
Mouse Genome 430 2.0 Arrays (Affymetrix) and analysis was performed using hierarchical

clustering (Pearson, log-transformed, row-centered values) using GenePattern (world wide

25  web at: broad.mit.edu/ cancer/software/).

Proliferation assay

mES R1 cells were plated onto gelatin-coated 6-well plates at a density of 2x10° cellsfwell in

complete mES cell media. Upon cell attachment, app. 12 hours, the cells were treated either

with DMSO, T uM BIX, 2 pM BayK, and a combination of both, in triplicate. At 15, 24 and
30 48 hours, the cells were detached using trypsin, and counted using a hemocytometer. Trypan

blue (Sigma-Aldrich, St.Louis, MO) was used for dead cell exclusion.
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were verified with DNA sequence, then transforned into BL21start
conpet ent vl 1089/fi0830r econmbi nant protein production usi r;g;T,Uszgogmuzg
aut o-i nducti on medi um overni ght (St udi er FW (2005) Protein Expr

Puri f. 41(/112- %)t igé ein aration 30 [0212]

Escheri chi "881’ " {‘%Eﬁj"’ié&"l rehER ﬁ‘é"f’ﬁ’l’%d with pET-Cct 4- PTD
("PTD" refOsps"/ROSPREtNREL «ra@@%dlﬁ%% 1489 at aQETm%Q%% ART® cells per well,
pET- K1f 4- PTD, and pET-c- Myc- WD 2009/ 117 39PCT/ US2009/ 037428 PID
separ at el {n thpEliowenggslas: the ?ﬁl‘é%ﬁrfefs@lt@mlm\@@;é L BN, 2 el BayK and a

Pur 11 ot oR R a0k P, b ¥ ik iR S B0 e e

and thé pratheielswawthen iselftod denl he Hﬂ%@ﬁybﬁ:ﬂl{i@i@é@éﬁ) Bi\ﬂver!\éltr%scﬁptldnrbf
X. Mol ecul,ar ]%ncer her ﬁeutl cs. 7, 4420-1429, June 1, 2008. doi:
10. 1158/ 1555374655 Per ? SIRg e 1Scripl 2 SORIA Syntipsis\kt (BjgRadgHergulep,iCAX.

Prot ei n Expiggshith c&@ﬂdd%@ﬁd fslsaﬁz wsn Yelsing
W, Medyns klgﬂi‘f Lu do ul‘im. %rliﬁgﬁﬁéﬁg&cm Ehéheggg%agﬁml

Vol . 11, 550825808, NA&@&@‘E‘: M., 32@6591&“%@2513?0@9 ileducsion & Wotijotaositmicailng
an expres t 1 Luria I
Broth con?ﬂg?ﬁﬂr}lgﬁﬁg‘rzg%ﬁbmg E?eﬁﬁw %9’5%%9&5* aﬂ’a?g 2att a&éﬂ%ﬁ%@%?
=0. 6, 14 0ahdhuagin Hpbaipotsnt Gerh otlfsdran MBTE. eniinmrmaedﬂd&dmi@ﬁ&@ﬁbﬂ @bthedbpy

centrifug Re d.t haw cycl es.
The i ncl uglé%%ﬁ’fa gscte?l 21 e’aésééﬁ\?z}vghﬁgiﬂlé‘%}tpgﬁt% Tz@é( "ftFPéﬁwidl’Pﬁ er
cont ai ni ngf[azﬁmgmlei“/dp dradiay PCBAnachiine(Epfadorf)1 % Tri t onX- 100 (pH8. 0) and
dissolved in a buffer containing 8 nol/L urea, 0.1 nol/L Tris, 1

mol /L glycine, 1 mol/L EDTA, 10 mol /L b-mercaptoethanol, 10 mmol /L
DTT, 1 mml /L reduced glutathione, 0.1 15mwol /L oxi di zed gl ut at hi one
(pH 10) wth a A280 nm = 2.0. The solubilized inclusion bodies were
ref ol ded wiih Qgrapi d dilution nethod as described (Lin XL, Lin YZ
Tang 1] @ Enzympl 1994, 241. 195-224; Lin X, Koelsh G, W.S,
Downs ' D laés e’f?awée Jemaisisatendint ingybadonsofi mangnaliapgetls wily ramsssgion

1560; Ki M¥a¥thr Q@é’iﬁﬁs Ryrrilinto nﬁltuc@#)lun Incy. BI ochem 2002. 269: 5669
-77; Mchelle LaFevre Ber nt, and Xinli Lin. (2008).

Mol ecul ar erapeutl cs. 7. pp 1420 1429). The refol ded
protein Getle EBNGAI) d by N2- ultrafiltration and purified by size
excl usi on 0 to r Sephacry] S 300. The endotoxin
concent raoﬁgh i ﬁgg%/ta %)‘“tn'gglhﬁg? AF iRt BRSSSiRISIn Eesodi, alhionr howmUTF gene
Most ref omoﬁ&%ﬁ@ @er@@ﬁﬂlﬁﬁd NAVES AQHRkh kidGay Ha?f?e?& 1989y, ﬁgﬂfsﬁiol

a

[0214] Refold proteins were concentrated using tan ent’i
filtrelioftPHeedr178d). and fy-lomstls synthesived veiniNAmlignhesgr B6Ryent t h a

Super dex- gSQQanJ(,qgmug ?%e Brfgar PP{e§%%Iqmy& H'\HﬁeDand (ﬁﬁ@{]l rmed

usi ng SDS- PAGE. dsts wer e” grown in I um
suppl emenbEdtwe t\Fplé by 10611482 ). Rely-DgindreSax IBI@IT@G&RGRRRRRRRRRRR was

Sbovey f ofoRd B Hf piofeit CRERYEN Ao SRRk A P 0B o Friraddea
Lredl a w Emwc%@?jme) ammﬁ "ﬂh:: fheldl)lﬂA&f&g%hths%nf(@%ﬂ(’ 1ISdeﬂzéha galsﬂs;éZand
our S a ou [ ed a nunb , Or
mor e) %\1‘ ‘PF%@S IR A %%0%, B N o RSl PG BT ASEIEST . Feloplasmid
weeks. Atwélbee@fidl With Dmksseﬂﬁéhb@%enttﬁ%sigﬂﬁédiﬁfo%mEt%rtqsgnﬁét%tr?:@ﬁs &P

contain pluripotent cells
recombinant protein productlon using auto-induction medium overnight (Studier FW, (2005)

Protein Expr Purif. 41(1). Pp: 207-234)).

Protein preparation

30 {0212} Escherichia coli BL21(DE3) cells were transformed with pET-Oct4-PTD (“PTD”
refers to protein transduction domain), pET-Sox2-PTD, pET-KIf4-PTD, and pET-c-Myc-
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WO 2009/ 117439PCT/ US2009/ 037429 col ony nor phol ogy and mar ker
expressi orwhdavainet shown). Notably, it was found thatpcmmatoaﬂnww
i ncubati on of the cells with the transcription factors (i,

wi t hout t ‘?@éfﬁlg od w t hout .t he oten%% %xmtﬁthe
cel I's. SFR*“ t‘%@B‘&B’s%PVSSI%BR np SSipR aé‘%?rf& YRR Mefodhat ed
with NI EK(Sl’lﬁthél'tH WP RRISHRAN) adhRlrBicaeaK4i (o) 2092 340HIRIMADodies
5and/ or TGFbeta inhibitor (SB431542) and t he gr esence of these agents

i nproved BeRiselubiiEyd airldhe peEinsoreraiisardatcriord gralieyrp SMntu Sefdlan X.
[02161 Th@m@é&%ﬁcmme@%ﬁﬁe Pi24.089 fifle i idé%t&@tﬁ; ﬁh@/wﬁ/?w on

but not tolimt I1ts sco her variants of the invention wlf be
readi |y apfpdywhi Dt duan¥l. dfiv,oF diWiaSy&dkinl X. Rrotemiapidasian tﬂlchiﬁmts:meon Vol.

enconpassgﬁi 3B¥ 455'6\4 HB@@P E}\Pouc\& dwgiyns’ﬁl baggl]l CIT t )9%’?[,1 %t %918 Is(’:angtlzr

Genbank sé&qguences, i'ons crted h
her eby i nawemrxamedibﬁ%efsenemstz w85 |S CLAIMED IS: 1. An in vitro
or ex vivo nethod of producing induced pluripotent stemcells from

manmmal i an[m@ﬂ% ;Hﬂ)& @péoﬁ%neﬁlkﬂgsm &Besﬁ&{ ;n%lmgwmmo@maea 11ﬁ<9 NoBGHd Y
the cells w |'east one of:” an agent that inhibit

met hyl at ohllepﬁ%ﬁﬁ@h COBNOIng éfmwwamdwd veifh :LQOWQHL @T@ hhﬁé@nm =0.6,
agoni § ?g(?r%ﬂe}{ %l%rho%[ s &t 19 CAMR - RAL BWRY e éR’%y@@ Gta{i](?r[;?{lcg{h?%gﬂ%l\l

(DNMT a nuclear receptor [igan
i nhi bi tor sub@cT@Sﬁlea(eeqntidraAmd;d@sﬁﬂ&uﬂmlﬂma, bodickiDAG sediveipivtasiied earetdsian

erk inhibitopr ere u0| g ced p 1t | 5.

o The et KR rHE: S teiE 2580 At (0RERyR b oo Mt F ERE B e ous
po: ypept i geﬁ)meeh@@beﬂerfcmmlﬁﬂwe @bDlUﬁre@QIlShﬁ)ULrlglsgf mnﬁ)l/g}dclycme 1 mmol/L
pol ypepti an ol ypepti eptide, and/or a Sox

pol ypept i & %ﬂ%l}?@%ﬁ%ﬁwt}a@w@d@ nee?l%syf 3, ooy Lyedycsd 8#“”&3&0% 0d
met hogs of A AAUGEE ARERAe BT G)Rﬂh@eﬂﬁuﬁ Igﬁrgczed 'I?ne Eélﬁmlﬁqﬁa{léxﬁ‘bodles
non- pluripotent cells, the method nprisin introd u0|ng one or

g’

nmore ex oge'n@usﬁ)bbﬂy&p@pitrﬁﬁréshis@crleetté@ﬂ fﬁSrct@mrtbhg (IgnéilpLeb‘ﬁga ‘Bangd g Mofthodan
Cct pol yp : I I d .

ol ypept | BERT 4of, &4 RS YRR X0 Ry LY RS BRERED JBeh B0 T ¥ roc
non- pl ur i Potl éwhd SaliSA. \&001131 9a”[nlfégen]ﬁ6t)ﬂénn YfﬁthwnstH@’KQ el Hiplrd thiorhemr

Gt am col 1 802 28T GBRL oM ape el SR pl SO Eln, ROUFLERIS

at | egst CﬂﬁbeﬁYEéng&uﬁés aqm B0 1AgoY e REJId4 gistedot 8 Rbncealrdted ¥¢ ND- one
or nore exogenous | ypept i des sel ected fromthe group consistin of

a K f pol J{yaptiegen a%ﬁiﬂ 4 BY PR BHSTISHS, ChEigRsTEY ypep CrRite AR d 0%

pol ypept i geford:l J:d?ﬁé@gramfn ﬁlL{JaEﬁrléf H8teinBeffltof wab lers?%aﬁ‘@m%@fl\ﬁsh?efold
exogenous pol ypeptid or (i contacting the non-pluripotent cells

with an en@gfelmml@drav@sﬂhﬂpb@tat tanid>magiméxogenous Sox pol ypept i de.
5. The nmethod of claim 3, wherein the non-pluripotent cells are
somati c c@l2fid] Refolded proteins were concentrated using tangential flow filtration, purified using

25  size exclusion chromatography with a Superdex-200 column (XK26x850-mm, GE,
Piscataway, NJ), and confirmed using SDS-PAGE.

[0215] Mouse fibroblasts were grown in mESC medium supplemented with 8 pg/ml of
either Oct4/Sox2/K1f4 or Oct4/Sox2/KIf4/Myc (all proteins comprising poly-Arg as
described above) for 6-8 hours, washed, and incubated for 2-3 days in mESC media without

30  the above-listed transcription factors. This (4-12 hours with, 1-3 days without) was repeated
a number (1, 2, 3, 4, or more) of times and then the cells were cultures in mESC for two

weeks. At the end of this period, the cultures were determined to contain pluripotent cells by
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6. The nethod of claim3, wherein the non-pluripotent cells are

pr ogeni t or woedobs117489 The met hod of claim 3, wherein the pgrdise@dns 7429
pluripotent stemcells are differentiated into a desired cell type.
8. The nethod of cl aj ns erein the agent that inhibjts. H3K

met by ac 1 SROPergR Rl PSR RetetSatRBR ok i ngorbb s aniaund fa

i nduce r epsiaghaiviigon b tedéfshatant ratstOmioalfaden (b Ukitkal 813 day period
mammal i an cells into, pluripotent stemcells, the nmethod conprising,
a) | nt r odBEHAY the PIPEEHS VHE 0% to thygellp o Vil it wits noprecessaiyetio ellsarare

POl yPept i 4nefResXQBRBOWSH Ktk RAIMREPIDHAS50AY - QS0 i
polypeptide?eang an expgeﬁous SOX po ypeptﬁazqﬁﬁto t gﬁﬁ%%%FE?F%??%ﬂt
cel | s; 3b) aedor Hekletgnhihsor(SR4PIYR] pditenpressetd of these agdnitshingproved fificiency
di fferent ; reeni 1he .contacted cells for pluripotent
sten1ce||a%%§§%%?%%%%$ %gﬁogﬁgnpg?uggs?elating t he devel opnent of
stemcell characteristics with a particular agent fromthe library,
thereby identifying an agent that stinulates dedifferentiation of

cells int kur it Syai NH - Glal : ein
PANbYr TROLRL eﬁatlﬁﬂréscaeéc glﬁ,rlsdé%o ;Eﬁzﬂﬁg%gveﬁm%_bﬂt Bt % w\éﬁ%%

step (b) conprises contacting ce with a ERK ki nase ( )
i nhi bi t or sepehOthsavargnsl edrverben pillivd reetiyrmpparent|te opesof andindry skl im thet

gr owt hy of J . I i t L f.claim
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vi vo m xt sgqeemrks,pownis) andippeheapplicrionsdiied hereel dre haslsy mcorpgert b heftrence.
i nhibits H3K9 nethylaflon or pronotes |I-13K9 denet hyl ati on, wherein
the cells: are in contact with at | east one or nore of an exogenous
Cct pol ypeptide, an exogenous Kl f pol ypeptide, an exogenous Sox

pol ypepti de, and an exogenous Myc pol ypeptide. 13. The m xture of
claim 12, wherein the agent that inhibits H3K9 nethylation is

Bl X-01294. 14. An in vitro or ex vivo m xture of non-pluripotent
manmal i an cells and at | east one of an agent that inhibits |I-13K9
met hyl ati on or pronotes H3K9 denet hylation, an L-type Ca channel
agoni st; an activator of the cAMP pat hway;.DNA net hyl transferase
(DNMI) inhibitor; a nuclear receptor ligand; a GSK3 inhibitor; a MEK
inhibitor; a TG-p receptor/ALK5 inhibitor; a HDAC inhibitor; and an
erk inhibitor.
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15. The mixture of claim14, wherein one or nobre exogenous

pol ypeptides sel ected fromthe group consisting of: a K f polypepale,

an Cct pol ypeptide, a Myc polypeptide, and a Sox pol ypeptide have

been introduced into the non-pluripotent cells. 16.A conposition

conprising: (a) at |least one of: an agent that inhibits ::BKg P

met hyl at i on; gisCa channel agonist; an activator of the c

pat hway; mﬁﬁ{s%%ﬁahﬁerase (DNMI) inhibitor; a nuclear receptor

| i gand; a GSK3 | fyhin H¥ioctoowxvivamdyEiKofiprichd itdoeed P@ipafﬁt%ldé@mﬁmahmaﬁéqlﬁfﬁn- "
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nor e pol ypepi Q@Nﬁﬁgtﬁs%:% rafer (Qﬁﬁ) RS MBe&QEb%ﬂo_ﬁiEjnh&@é?ks in itcPﬂja MEK

pol ypept i denhigitor; OCEFEp0EMOpRHE inblitor; HDACGhDPIEE, Hilep brk Ei@biordfdkb@p&iiding induced

pol ypept i dePPFUASRT ¢lconpri sing at least two of: (i) an agent that

i nhi bits H3K9 nmetlavle@dd i) hrolind inRdbu R Stor S&! S&LEs Jo@&g@id%ﬂ% S AHP

consi sting ok gaup chrsttyper: LAl h@piaen agpdipsptide, Afve adbpépid] H/oRisot figpepidd/P

pat hway; DNACHErpylleipeaisrier ase (DNMT) inhibitor; a nuclear receptor

i gand; a GSK3 i i RloloPEcunemdEloroRRIcR] ibEen ofhiod G Berd SEGBH AhhmdMrtSBn-

i nhi bitor; autiBACedinte bbtﬁcﬂ&dmpﬁeﬂé, aflifroQic gbd@gﬂri&'eteﬁfgenous polypeptides selected from
ihe group consisting of: an Oct polypeptide, a KIf polypeptide, a Myc polypeptide, and a Sox polypeptide

into the non-pluripatent celis; b) contacting the non-pluripotent cells with an agent that inhibits H3K9
methylation or pramotes H3K9 demethylation, thereby producing induced pluripotent stem cells,

4, ‘The method of claim 3, wherein step a) comprises:
(i} at least two cycles of contacting the non-pluripotent cells with one or more EX0genous
polypeptides selected from the group consisting of: a KIf polypeptide, an Oct polypeptide, a Myc
polypeptide, and a Sox polypeptide; followed by culturing the cells in the absence of the exogenous
polypeptides; or

(i1} contacting the non-pluripotent cells with 2n exogenous Oct polypaptide and an-exogenous Sox

polypeptide,
5. The method of claim 3, wherein the non-pluripotent cells are somatic cells.
6. The method of claim 3, wherein the nen-pluripotent cells are progenitor cells.
7. The methad of claim 3, wherein the induced pluripotent stem cells are differentiated into a desired
cell type.
8. The method of claim 3, wherein the agent that inhibits H3K0 methylation is BIX-01294.
8, A methad for screening for agents that induce reprogramming or dedifferentiation of non-pluripotent

marnmalian cells into pluripotent stem cells, the method comprising,
aj Intraducing at least one of, but not all of, an exogenous Qct polypeptide, an exogenous Ki
polypeptide, an exogenous Myc polypeptide, and an exogenous Sox polypeptide into the non-
pluripotent cells;
b} contacting the non-pluripotent cells to a library of different agents;
c) screening the contacted cells for pluripotent stem cell characteristics; and

d} correlating the development of stem cell characteristics with a particular agent from the library,
thereby identifying an agent that stimulates dedifferentiation of cells into piuripotent stem cells.

10. The method of ¢laim 9, wherein step {b) comprises contacting celfs with a MAPK/ERK kinase

{MEK) inhibitar such that growth of non-pluripotent cells is inhibited and growth of pluripotent stem cells is
promoted. ’

1. The method of claim 10, wherein the MEK inhibitor is PD0325901.
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12. A in vitro or ex vivo mixture of non-pluripotent mammalian cells and an agent that inhibits H3K8
methylation or promotes H3K9 demethylation, wherein the cells: are in contact with at least one or more of
an exogenous Oct polypeptide, an exegenous KIf polypeptide, an exogenous Sox polypeptide, and an
exogenous Myc polypeptide.

13. The mixture of claim 12, wherein the agent that inhibits H3KQ methylation is BIX-012094.,

14, An in vitro or ex vive mixture of non-piuripotent mammalian cells and at least one of an agent that
inhibits H3K9 methylation or promotes H3K9 demethylation, an L-type Ca channel agonist; an activator of
the cAMP pathway;-DNA methyltransferase (DNMT) inhibitor; a nuclear receptor ligand; 2 GSK3 inhibitor; 2
MEK inhibitor; a TGFP recepiorfALKS irhibitor; 2 HDAC inhibitor; and an erk inhibitor.

18. The mixure of claim 14, wherein one or more exogenots polypepiides selected from the group
consisting of: a Kif polypeptide, an Oct polypeptide, a Myc polypeptide, and a Sox polypeptide have been
introduced into the non-pluripotent cells,

16. A composition comprising:

{a} at least one of: an agent that inhibits H3K9 methylation; an L-type Ca channel agonist; an
activator of the cAMP pathway; DNA methyltransferase (DNMT) inhibiior; a nuclear receptor ligand;
a GSK3 inhibitor; a MEK inhibitor; a TGFB receptor/ALKS inhibitor; a HDAG inhibitor; and an erk
inhibitor; and

(b) one or more polypeptides selected from the group consisting of: a Kif polypeptide, an Oct
polypeptide, a Myc polypeptide, and a Sox polypeptids.

17. A kit comprising at least two of: (i) an agent that inhibits H3K9 meihylation and (i} an agent
selected from the group consisting of an L-fype Ca channel agonist; an activator of the cAMP pathway; DNA
methyitransferase (DNMT) inhibitor; & nuclear recaptor ligand; a GSK3 inhibitor; @ MEK inhibitor; a TGFR
receptor/ ALKE inhibitor; a HDAC inhibitor: and an erk inhibitor. .
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