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[004] The multitude of cells such as cells of the human or animal body is generated
through the process of differentiation. It was previoﬁsly surmised that as stem cells
differentiate, they lose their ability to make cell fate decision and become more restricted in

25 their potential. However, the developmentally restricted state of differentiated somatic cells
can also be reversed to a pluripotent state through several strategies of reprogramming (for
an introduction see Jaenisch, R., & Young, R., Cell (2008) 132, 567-582; cf. also Fig. 1).
Among these methods are somatic cell nuclear transfer using enucleated unfertilised oocyte,
fusion of differentiated cells with pluripotent cells and treatment of differentiated cells using

30 extracts derived from pluripotent cells (Lewitzky, M. & Yamanaka, S., Cuwrr. .Opin.
Biotechnol. (2007) 18, 467-473). The somatic cell nuclear transfer has in the meantime also
been applied to a fertilized embryo as a recipient (WQ 2008103462).
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[007] The ability of embryonic stem cells to readily differentiate furthermore continues
to pose a major practical challenge. In order to maintain embryonic stem cells in a pluripotent
state, their differentiating during handling and growing in culture has to be prevented. For

this reason they are traditionally cultured in the presence of fetal calf serum on a layer of
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[012] In a third aspect the invention provides a method of identifying a candidate

compound capable of effecting de-differentiation of an at least partially differentiated cell or

a method of maintaining pluripotency and/or self-renewing characteristics of an
undifferentiated cell. The method includes introducing the compound into a cell that is

25 capable of expressing an Err protein, or a functional fragment thereof. The method further
includes determining the expression of the Err protein. An increased expression of the Err
protein is an indication that the compound is capable of effecting de-differentiation of an at

least partially differentiated cell or of maintaining pluripotency and/or self-renewing

characteristics of an undifferentiated cell.

30 [013] In a fourth aspect the invention provides an in-vitro method of identifying a
compound that is capable of effecting de-differentiation of an at least partially differentiated
cell or of maintaining pluripotency and/or self-renewing characteristics of an undifferentiated

cell. The method includes contacting the compound, an Err protein, or a functional fragment
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25 endogenous Oct4 indicated by GFP expression was induced by Esrrb, Oct4, Sox2 and c-Myc

spediﬁcally in iPS colonies, but not in the surrounding fibroblastic cells (Figures 2g & 2h).

Shown are colonies formed at day 3 after the first passage from a 14 dpi sample. In Fig 2i the

efficiency of Esrrb in mediating reprogramming is compared to KIf4 using Pousfl-GFP

MEF. Shown are the numbers of GFP positive colonies induced by Esmb or Kif4 in

30 conjunction with Oct4, Sox2 and cMyc at 14 dpi. iPS: induced pluripotent stem cells; dpi:
days post infection; Bars: 200 pm (Fig. 2a, Fig. 2b, Fig. 2g, Fig. 2h); 100 um (Figures 2¢-f).

[018] Figure 3 depicts a global gene-expression analysis of the Esrrb reprogrammed

cells. Correlation analysis (46643 transcrnipts) was performed to cluster gene expression in
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30 indicates that the expression of endogenous Pou’f! gene was restored specifically in the
reprogrammed cells, but not in the surrounding fibroblastic cells. Fig. Se depicts alkaline
phosphatase expression in Esrrg reprogrammed cells. Fig. 5f depicts Nanog expression in
Esrrg reprogrammed cells. To mark nuclei in Fig. 5f cells were stained with Hoechst (Fig.

5g). Fig. 5h shows the expression of the ES cell specific surface antigen SSEA-1 in Esrrg

t



6 reprogramred cells. To mark nuclei in Fig. 5h cells were stained

w th Hoechst (Fig. Si). Esrrg reprogranmed cells can differentiate

into three major enbryonic lineages in EBnediated differentiation

(Fig. Si). Waogiiskerenti ated cells expressed Nestin ( n@GAHGZ008/000407

ectoderm, cc-Snmooth Muscle Actin (nesgﬂern) or Gata-4 (endodern.

Al'l lineage markers 5 were stained red and nuclei were

](c:ount er strap 'rﬂgﬂnbhdrﬂecemisth% nQeic hedlel ikiTeg. cSmseg wak Isgmgar\ertlgmamt (altilg. 5i).
rom Actin-G-P MEFs, wi.th GFP e ess) on.i ndi.cate een, si.gnal s..
H o Sk dpE BRI e o P RO R o HF e A SAEE OBl eages in
Mal | ory' ERmédiaed dfferesiaon! (F. 0fj).SThe Idff@entReAPLEE &pesl M@tm (ncural

differentiation of repragﬁanned cells into various tissues deri

from al | eCde@)ppTrapsfh ﬁlrelf’a‘r‘)f/‘@K?eSGﬁPMSG%tWG\Lﬁ“@é?’F’BSﬁHHHw?%? markers
neur gl  eg}REefRed JEQd Qﬁ?ﬁﬁ@& rvl?gre cUn@Rdain @ SRASLM HBE M TR RE¥A @Sls were

cells (endoderm . The scal e bars represent 100 %m in Figures 5c-eg,
and Fi g. sperasgd fgm HatE g MEFs fwith GHR ¢xmegsiorsipdicated bprcmqn sl Bigs 5k
illustra p
o o g MayE] OB RoReBuDlALLRY BBl g o
br oad r anggioptd tsamslsrwhwct theddiffersntiatios athregrograainoed g@lsmntcaym@s(tmstgas
6a) . t ekl

ed%%{)deﬁ% all ﬁﬁ’é %ﬁ%{l éél'lﬁ%uxj-: Jﬂ%&n"&%ﬁ%g%ﬁ& 3y %gurfaféctodenn

pl uri pot m cr ol nj
genébat e (emmdmn};shloam(mdsodmé an@hbpaﬂicgﬂts,acteﬂEchﬂodmdx) o"ﬁlmescabobaah reposént

under st cr e for EGET exRphnessi Fi res show t he

bri ght fﬁéﬁ&qwgég%e?%?' ?néﬁfﬁ’gbgb &n%%re dhl‘ﬁsv e extensive

i ncor porati @leﬁagﬁﬁpﬁ pﬂl%kt}dtéée 168! B Geﬁr%@raﬁi?r&d&ekhlfs %P@rﬁ{%otﬁitglﬂsﬁﬁ
6g-h show the distribution of EG-P-positive cells in parasagittal

sect i ons reprogremmer; cr@élfsﬁ@coarﬁyrtyo%to IE@IEP %S’VQS ol etibute te avhrged yanga et
extensiv i d

repr esen?ig%)e?r?%%lr{%&sjggg er [ veéﬂf‘ én t hr g% %F?ﬁgg%r&geepmgrmea
( ecidder nellniines deergressaied domguriragnt &y mlﬁelml@trelll oy Rgelbatggmouse embryos to
Abbr evi a e n g | [ )
i nclor a; ArRRe e, VIR el ool e E8)s Gt | ifed indER mgsero
sonite. aﬁ{n@zcz]e for fiTd @cprdsbzustlﬁgqrestsa-h aho*Esher mmgi@ldanmesg &melsembryos;
encodi ng resf 84 gosrh%v} the O%x\{gn%\}e ?(? I)ra{rgrP eo\??éGFlp nghgé) CEIE Yy the chlmenc
repr ogra ng and ‘epi gene 1At 0 &6 m croarray

anal yses embrwspEighes g shownbasiistrebugenef EGIPgssition cclhamgzasasagrttal sections

e o abs pRR By RRREE SR L8 fua Ha ot BRIR RUGHIRN oRfle an

bot h t hetiesuet aod offads Esd aie r@lpmkeateﬁdnctshdw deNeddefromadll thire m30r gahohyers

o Pdi CLENTREOERET £ PTET Shigf ABHPES PR e AP e one e AL
M croar r @y, fveegdut dBReiclaRIH; theff H DimIbadiQrMe hadtgss; NE, mateeitediugS O, otic

cel |l -associ t and reprogranmm ng genes at different days, suggesting
t he regui"%ﬁ‘?&nsdéf’mﬁgrrb on these genes. Red indicates increased

oxbiEeei on BFARREEE 7GRN (R SRR B0 BORR 08 At GCRA of
| evel s wetlBremewnl, celntipoteatyt crelsthgwmltia'g r ande lepigenaticc mdifeatid. gliimee Aourse
depicts a 1&89%'% g&‘%}}fﬁﬁ w;e%l Ser o [d Dl g%cel | {Seﬁs'és[]rar?@)‘jt & &r?fgr}éléféea%

its expr8§5|on 0op. regu

genes i nufitvBard RHMEWE I{BdgC éa)ofrhp Irrmrpmm@nmm akding @hbsphetass@AL) stiisiag
It Er g? etplr, ansszwﬁcgr \ n‘klgg gaé‘hattl:&lg rp%m?l for%o?no etéo\xll oyanrde slil'rlr-ba Elgplggcp Galls. RI\{)?el éﬁgtdthe
30 -colony morphology and alkaline phosphatase expression was maintained at day 2, indicating

that the ES cells remained undifferentiated. Shown are Microarray heatmaps depicting
expression changes of selected ES cell-associated and reprogramming genes at different days,
suggesting the regulation of Esrtb on these genes. Red indicates increased expression

compared to control samples, whereas green means decreased expression. The genes



[23] Figure 8 depicts Esrrb reprogrammed MEF with Oct4 and Sox2,

w thout c-Myc,. 1 PS clones recovered fromEsrrb Oct4 and Sox2

i nfected MEF mai ntai ned ES-1i ke norphol ogy on feeders (Fig. 8a), and
stably expr¥9I¢RA3ET g. 8b), Nartog (Fig. 8c) and SSEA- 1P GRo0HEY407
Figures 8d and 8f show the counterstaingng with Hoechst. In the
Pou5f1- 10 GFP MEF, Esrrb, Oct4 and Sox2 triggered the GFP expression
spﬂ:i fi Cagkptesisfbni IBzIc aletninesn chnttred ab shcfjw tthedr feldtive whehgeg Figude gbl depictsca
cells, indicgating the stor ,on of endogenous Cct4 ig. 8 I g.
oy i PR ol Folf of BReR kS R gl RO S R T eptssein tufinghseqhack
conpar ed IdeKE§rﬂ) @%th%btﬁfréglﬁfE’géﬁEmvSﬁ@m M&idtchedfphRipdieaty sdhelf-

positive colonies induced by Esrrb or KLlf4 in conj unction with Cct4
and Sox2 Hnewal ghjese jthrse iraigeraitpn factass \flsop pesiftel s reslale | gapes dpyolved in
days post dopf@hidiy; Bars: 200 pm (Figures 8a,b,g,h); 100 /cm
(Figures 80 t?. [24] Figure 9 illustrates the verification of the
reprogr amrec[ﬂl&}lmgmierﬂadegimd Herelsl rdpyodramninkd MBR with SexlaminSox?; Mithout c-Mye,.

Fi 9 S OS

(oS and Pt Chpes R YPtel o PO om0 cP Uit Sor s StESis o MEFn g eCARge E ke

S:NEA\ 4, Sf)XﬂlOﬁﬂfﬂlC@y cﬂilz))fseewlﬁ (Fiz. tsgys,alg;r,s@n@ m&:ﬂeﬁe@;gdsm |N‘@og¢ﬁ§w8i:}1 and
| SOl a r | ells. an SaCs O chnlnera, ennryos 1 g,

9c).. F%@:j\ lpﬁm Bg)- f@@ﬁ%sp%f%d %@ﬁhpw tﬁwuateaﬁtmmswg%ﬁb #ﬂgiﬂpﬁhs%of‘@’é

in B9 cel G%"PLMEPQEMECEW Brdssk2tifighaead %XEFPSS-‘xﬁ)ﬁa@ﬂoﬁ BRYCEHANE IS P8Vddldties,

the T2G browser show ng fhe binding of Esrrb, Oct4, Sox2 and nock

Chl P cont P¥l “°z§1m tiﬂ§rsfu50'erﬂ!@g fiprphiastigpslls, mejcgting the restozefien pEppglogsnpus Octd
10c) , Nan %S& Fié)c@h) bl S 8? Fhe efﬁ&&ﬂ:y oPOXstrb( Ei thedikdlfl rzlk%érafiﬂlﬁg is

109) and ene oci. The cluster density (in green)

shows thecqsvwﬁrqfe ﬁlesw@ ucfﬁé -Ag P BEF Athorp apptbermmeront GF Ppagitive colonies
| NVENTI O\inducehzl%] EiE cffekﬂ@qﬁ &fn nB€or Wtﬁn@&t@ ndnﬂr%)&aﬁegfi ?‘)ﬂn iPS: induced

nmodul ating t he danount of an estrogen rel ated receptor prot el n,
i ncliidi ngplnﬁwﬁrétafemg cplisy dpy plags gpsirinfeptipny Beest 20O mtﬁﬁ@reaSw Slid 09 gm

cell, p@gﬁgg qz cell or a stemcell. Illustrative exanples of a
swtable protein include, but are not limted to, Esrrb, Esrrd

and Esrrg. [#24] Figirei Nshitsted theanédficatdn ﬁﬂqiee@prcmﬁ&meal #igtd NPuad by

| i gand-regul ated transc iop factors, whjch activates transcription
i n the abSureOh SPF swﬁ FobieErs Sagni OhEhe a e ke Yotyoertoy 5ol s
DNA bl ndi oscgm)mnwm(b)mamgg;&m}agv@gma&m@&% 8)&45'[3’0619%% c-

receptors, with which they share |dent|cal target respanse el enents

and “dor egivaibihs ZeramRe A detegitinsing @%Mlﬁb@%.l&%ﬂtﬂ%ﬁ%ﬂl’% &8l Yobk sacs

t he cl ass(gmkm.ggzeinb%ggﬁ%?gé- estradiol. Synthetic estrogenic
conpounds such as di'ethyl'stilbestrol and 4-hydroxytamoxifen (OHT) act

as inverse MMI&efkﬂr déplias Esn‘ba@t:ﬂyamteﬁ;dxerlﬁndmg qbrcﬁilusptn BB cells using the
Err- coact t or i nte ctions scrl act i v i on

o o GRHBERh ehonBky oo et 5 FRRTLH e 2 WaSStredivitk i tingingof
enhanced ByriEOctg)Sok2iansd ,rndi:RCCH'ﬂPE:oﬁﬁd :Erﬁ'srrrbr(mgelms) ifaﬂﬁ(mgemlﬁmw (Fig.
zggrBSZan%ie (Aoflg '10d), Sa?gtf (Fig. l%e) Sox {Flg Aﬁ]?) Tbx.? (Fig. 1§g) and ;c%) %ﬂ‘;g

10h) gene loci. The cluster density (in green) shows the profile of the binding.

DETAILED DESCRIPTION OF THE INVENTION

[026] The methods of the invention are based on modulating the amount of an esfrogen

related receptor (Err) protein, including modulating its expression, in a cell, such as a

30 somatic cell, a progenitor cell or a stem cell. Illustrative examples of a suitable Err protein
include, but are not limited to, Esrtb, Esrrd and Estrg. Err proteins are a family of nuclear
receptors acting as ligand-regulated transcﬁption factors, which activates transcription in the

absence of ligand. They have a high sequence similarity in the DNA binding domain with



[027) The estrogen-rel ated receptor al pha (Esrra) protein, also
termed ESRLI, Errl, Nr3bl, Estrra and ERRa, is regarded as a key

regul ator of mtochondrial biogenesis. It has 10 al so been

i npl i cat ed V8@ 282484867 cal regul ator of oxidative netabol iRGHSGROMPIRIR
and terned a potential target for the agtivation in the treatnment of
met abol i ¢ di sease (Hyatt, SSM, et al., .T. Med Chem (2007) 50, 26,
6 I7 22-67 24&5(1;0@6}2 &}Scéﬂﬁﬁs Lestithogettich ehat efatee¢éuptiodt a3gdt Esdspdnse pélexfnexhtﬁl and
al so terne tn ERRB, . ERRE3, ERR?, ERRI 32, ESRL2 an

been sugg%f%?%’zﬂ 9y nagtewst Hayveyen Erp prgiins fﬁe‘é?t iTHyond © ‘é‘%&ﬁ‘ﬁ-‘i‘%ﬁé IWﬁ‘d 17B-
et al., TheadioBSyhifetidetiopalic efmpdufBdsuchaelie 13(1%@%91 2824-h} 8o JiBSbxifen

Esrrb has further been suggested as a mar ker or enbryonic stemcells
(Zhou, Q (OD) agt as ipyeee Ragristnéordthe a1 tagly mepthgrs) by disrupsipg Err-coactivator

16438 164141&‘}act16ﬂ§ Wr&%@hﬂ%nﬁﬁ&tﬂv% off Hﬁgxﬂcrgteﬁés @ hﬁpoﬁﬁﬁh&mﬁﬁe @eﬂ:tor (HIF)
| nportant gene regul ator in enbryonic Stemcells, and it has further

been suggtasteen foyng o be enbigngel buEsy prateinsnapdidiFemnd & prpteins hayribasaishepmto
di rect taﬂ‘ tcoﬂi:lex@@?%é(),‘%@b ﬁ@@' RN, A é& %!'34%%90%’1053@23#81’2 FROBE

Nat|. Acad.  Set PUSA 1643 SS 'spectronmetTic
anal ysi s an@bzaf] fﬂhelés;tomﬁﬂefatddaﬁeb@mrhﬂpﬁa (Elsma lpfrd;teﬁl talye tfs@:lid’dfalismm OErrd,

conpl ex e Esrr d Nano %i an ture .Cell

Bi ol ogy ?’3 ) Estya @@Fﬁ%@e&%ﬂ as aﬂey Eﬁg"]&}(’“’ 1(9? ndogloyyeemgsis- It has
364-1368) . alddoy@RM Splitled 3R BritADidelieRy of OkidatiRl MetABIRACIHABCleSHn8 Rrmed a
cells both Cct-4 and Nanog have been found to be expressed, but not

Essrb ( Ketobential tapgey for thoartiyation in thetgsatipe of mﬁbdé%dle%egiyaitasl\é etal, J.

379- 385) . Madiehi mbmmmqg #Pslg79oubt on both the utility of Essrb as
a universal stem cell marker and on the general inportance of Essrb

as a gene r §p8l dhe r:str@B edatech rechgionfy (Bdrivg praseitwto teahet Ezgnb\,dim SERR,

popul at i X n ed. enbryoni c, stem ce

P Gend 5 Bk ERRER apf QTRIRD b o, PG REHR By ey hesting

expriéssi qofit, REWS, el ! Thadbgdricph Uﬁlﬁ‘n&l&@‘flﬂfnﬁml Feretitst (A0GS) SQ]‘ imm
have found e be .hetero

30 stem cel e us pr.ess

O mosal o I Sihet REoh Bk Riiol B e R Or i TG LRty R EAD o S

of esrrb ddadt fie LeA009UI0A] 42N 6433- 564@3) @e&&@mr{gﬂﬁaideﬁﬁe‘dﬁﬁ&mha Esstb as

i sof orns of, the estro en related rece % ng { otein, also

ter med EF%QS““PE‘F‘?‘V ge latqz iny 41 3“’°R° ?Pé 24 ‘%@%ﬁ é’fE’i@‘EﬁeS‘?%‘&tbe

gl ffe]E l rhddola@ndaﬁﬂ%ﬁng){ogéth&*xhtl{\lah&lsélhglaharél@l@géi%f Gty 85 kO an@NuBE €Zhou,
een found i n nouse

2008101 36867 PeAl SAPO D04 1 Lo (198N 4 e 464380K6d s Mashsgpotrometic

Esrrg hasan@l‘r%‘rﬁg ah® lalffﬂuﬁy%&ﬁﬁc@txo%ﬂ?a% ﬁdeﬁtiﬁé‘&ﬁi&tfgﬁnzftﬁh o B%oﬁﬂa[éﬁ' MQ&H'B&H%}
and hornonally active agent bi sphenol as wel 4- a- cuny enoI

( Mat sushiand Namog (E4ang| J., eBplocMesntec ael! M"B{ @@H?ki@)a?—”lReg%garWhngs et al,
Communi Ce}&d:&%ﬁgb@é}% 33@-’3660@% odlder, imh@hdPimb®ichl &P@Q&glméenchymai stem

4-chl oro-3-me has en shown to associ at e
cells both Oct 4 and Nanog have been found to be expressed, but not Essrb (Kermani, AT,

25 et al., Rejuvenation Res (2008) 11, 2, 379-385). This finding has cast doubt on both the
utility of Essrb as a universal stem cell marker and on the general importance of Esstb as a
gene regulator. Based on the hypothesis that heterogenous cell populations exist in
undifferentiated embryonic stem cells Carter et al. (Gene Expression Patterns (2008) 8, 181-
198) have examined expression patterns of transcription factors in cultures of embryonic

30 stem cells. They have found esrtb to be heterogeneously expressed (“mosaic-in-colony™),

thereby again casting doubt on a universal role of esrtb in the gene regulation of stem cells,

[029] Different isoforms of the estrogen related receptor y (Estrg) protein, also termed
ERR3, Erry, NR3B3, FLJ16023, KIAA0832 and DKFZp781L1617, that differ in the length

of their N-terminal domains, have for example been found in mouse and human, where they



5 stabilize the |igand-binding domain of Esrrg (Abad, MC., et al.,
Journal of Steroid Biochem stry & Mol ecul ar Bi ol ogy (2008) 108,
44-54), conpeting for the inverse agoni st 4- hydroxytanoxifen. Hence,
bi sphenol AV@a¥Whé&seegar ded as an i nverse antagoni st of PEISGIISHDRHED
it reverses deactivation by 4-hydroxytapoxifen to the originally high
basal activation state in a dose-dependent manner (Liu, X , et al.

FEBS (200Hgveedn tdoéd 1o8dris. | 4 D IWirg\Wai beexfﬁmmatdﬁbesa bpeifid moguort for e
hi ghly expressed.in ovarian.cancer cel es ,and can Esrrb

Coul o’ onl Srioaraice apbdRrHOmIG A G HMIEAnA ph WL o8 e pialenol

anal yzed (vtbushitha, ASlet ai Bzodhenm ath@ph}(f%@DEéseﬁ@h Chmfnsfrhlionsd @00 373,
therefore currently uncl ear Wnethei Esrrhb c%g %a%éa ‘;ole in the
devel opreffts-63)ciglar to b F’@f’ll'fhé ohios P Iy perah hesliesn showynyto associate and
consisder adtaiRzd ﬂx@hgmlhaangrwmdm g, Eéihlgt (A‘lSHd haen, tound HarRe opfsteroid
partlcular rel evance in 15 iatio breast cancer, (Orsett]

B., et alBiochmisinsé Mefaean B'@foge&%@é) 1Q8266é)4),975mpzt4@f0r thednveyse agonist 4-
[31] The ReeS8RmdMeRMNILRR, bi%pﬁ‘é%ﬁﬁl R ok hegﬁalerdpxs' a§1' Perkd BethOhid RRtEsrg,
t he orphan nuclear receptors o he Err famly wo in conjunction

wi th Cct 4sin®ok pevarses éeativation hréﬂhﬂh@iwaeign é@rﬂiengiwfaliym basalcegtivation
such as npiis¢, £ eya% érfaeﬁt'xl? %5 ., 491, 'ﬁ?sscﬁgb@ 278 6346%351).

reprograrmed cells are sim expre55| on pi geneti ¢ si gnat ures
of embryoni ¢o3o§ Whlfeﬂﬁdrﬁt haé\Be@maﬁH R mgngaarprss@éu i dvlridricdnuért AR Mines and

factors (transc tio ctor chro difjers
co- expregeptﬁrgsstliﬁé@ ' &?@V&)e\ﬂsﬁw Msn%gghﬂo ' W)ﬁlﬁs%m&eef analyzed
enbr yoni gshihbp 0B as s MolVETed. (36WBYRY, 4&78467?% ¥s thB@fdeé buldérdlyQindiels Whther

was able to induce the fornatlon of ES cell-like cells (Esrrb was

sel ect ed Zsgrbacquithplex arplerip e dAwidlapmeny of sgecery Esrreabasipyevieusly bepn iy igto

1). The fdoﬁﬁﬂ&gﬁom% é&ﬂetﬁch?ro@i‘hﬁé eRlt dof\west @i 8 %eéf PAEMIIAURlevance in
Suggestlons nore in enb ry oinic stem cel Esrrb tar etS

manyl gen@sqqﬁ@ﬂ\)‘éﬁl brpasseﬂnﬁerr(&ﬁ%qnalfi q@aursrgfafzefﬁwaécpforfwrg@a@@.% 1439 -
regul ati o j gene expression. This further suggests that Err
proteins may nmedi at e reprogramm ng through up-regul ati on of enbryonic
SL em (ES) cgi3y Srﬁecprésbxﬁ 19%1@1&;1 id bssed pvahé galior@nsﬁx% lﬁﬁd&iﬂg ﬂﬁétstﬁe ofphiatt aluelsar
that it |s OSSI 0 m somati ¢ S.Syc S use .
1 br obl adEeePRRS &1 i G PR ye BoRn gl Wihogleis PRth B FALTO Romegiats
LT 11 nks bfiegRnithiah QA sofREE REDE, Sutld a6 etk @meg}ohicr ﬁﬂb@gﬁta,nm RS cells. Err
[ 32]. . The present inv nt rs' fjndings.further. prqovi de an e ﬂg}natl on

f or 2Pr evitERIQSAEYLEY; SrlIR (FBAR SHMATTHERFU B FRIBGIEPS Sighatess £ YOG gfem
| vanova, s, Af exdin IMBM £isoBd &) lﬂﬁﬁheﬁaéioé:‘{ﬁhnsbﬂﬁtm:i fat@eh ﬁﬂrdhﬁar@a?tm

one of 10 gene g uct the depl eti on of whic neans _of

2009/ 136987 PEyEEeY 008 IoTHEthes féﬁPNA““h@F@cS@é? @%11 ?‘MYQHE\K%H“SEF“’RB@%?

ES cells ﬁ‘d?thM 9%13?&5%9@5@%@0@?rﬁ&@E%’%%ot&H%sﬂf) whad 20RNS iRIRE e Hrhfi®on
depl etion of which réesulted in ndrphol 0ogi cal changes characteristic

of differdMiS egli-lp eadis|(Esranovap selectert asp kprespriatrrosprberadfdha En (amily, see

(i bi Y- ,
N L e
been f ourtbatt in | eogheydisice stame sells, aRstrf daqgetg om@nﬂ @nqﬁ igoflYedr émt sebftrenewal,

cells 6 r

el MR sl LT oS B iy Th o ol e
ar r est i ngretaik onayr mvéaw mgrografnﬁmmg rihnoagh oprrc@’ulaaou eff lembayppicghin By cbid
used in the. BEt hod for

somati c c,sg?cfl %Igergzs g@} %oré eﬁ%l{lg ﬁls%-’r cages that it Xpossxbie t repx%cg?arr? Sorfiatic

30 cells such as mouse fibroblasts in a manner independent of KIf transcription factors, and it

links these nuclear receptors to somatic cell reprogramming,

[032] The present inventors’ findings further provide an explanation for previous data in
knockdown studies on targets of Oct4 and Nanog. Ivanova, N., et al. (Nature (2006) 442,
533-538) identified Esrrb as one of 10 gene product the depletion of which, by means of



10 enbodinents the cell is a hybrid cell of a stemcell and a
somatic cell. The cell may be of any origin and of any
differentiation status. The cell may for instance be entirely

di fferenti ¥eamdtgsshy extent differentiated or undiff erREWIGHEALCHT
enbodi nents where the cell is undifferggtiated the nmethod of the
invention is typically a nethod of maintaining pluripotency,

i ncl udi NgsHRN A 47ekceaGYIfaenewal bf MBudetS PalsERGitro. FhfilkerMaRARINY Wils 6fe of 19
forming all 15  cell éﬁges of the orqgnlsn1- where applicabl e, and/or
lefipp of gs

sel f - r ene#fiPrefHerate SthighheeSyiedein mpergholegir f@*aﬁ%ﬁ%ophgﬁaa@sisuc of

Usual |y su@gfereatigiftlgl cdlis a%@ lblsfkdéff ﬂﬁﬁlﬁﬁ%l’@%ﬁﬁta@@ IaJ:t:v:t? d a& Eoi§ O CQt lal.,
e.g. an enbryonic stem a trophagbl ast stem cél

ext r aembryerte (%ef’éffﬁ?c@ppﬁ) é8g4 4h! éﬁQ)} tWQt 20R8AR1£83 Flﬂat qliérfio@ﬁ dhyl mguse
of a5 u ndérﬁﬁr?ﬁx’ﬁ@%ﬂeﬁit&ﬁs ﬁﬁlé bebﬁ‘ fhidd % ﬁs@%’iéﬁﬁé@é”l and %hrp&ﬁé/ﬁlé's of%lffcrcnt}alted

bl astonmer, and an 1 nner cell nmass cel 20[ 034] An exanple of a ce
that is achaﬁtﬁﬂxsafs;ermeatmnfewlixas@us@éﬂ is a progenitor cell (Fig. 1,
center). A pro?enltor cell, which may be unipotent or_ nultipotent,

has a capaci933]{T5e dprpseat dnvantion Dravidesa mefhwds fand wsppeofopreyentinganghibiting,

l'imted aetﬂéshﬁé’arﬁ/or%@\}érsx h RN atMal 31 k. A‘Iwmme[é%eq}sédﬂrthg H{em?ﬁrof the

exanples of a partially df fterentiated cel'l i ncl but are
limted tioverdiopr dberaslr mey| for instanceghes mespmetic| cellhat aha@ndheeeqadipéd gome

the 19t 29& r)é\%%fxﬁeﬂtg }He%eﬁqmgﬁﬁ(g célpogé stelfnocreﬁ"a]ﬂ? aasg ng{é E&P'ﬁ{ c%il nga e of

neM/bIood neage-restricted stemc sonmati ¢ st
cel | . Exaanpl esglof arsimtfazm}'e diftmentiatiorc estdtus, Thecbelbepayodier anmsennotbe enurely

I d Bl
I ;/?p:]gcytcgffgmrl cf) l?cl %ﬁ} exte%t n ré%xlrtrzgleg §l‘ Lndlﬁ’frentla)[ergé) ﬂ'llo ngl{od’zmcnts whtare tline cell

cell, a Iaerlatdlfmeryiaez,d o mdﬁlpdsﬁ thel in,velalouie&etypfcyhﬁla ceklod af maintaining
eplthellah cel l t hel i al

chondr ocy e Rscney e GREd g &R 1AL & eyl e Cappoifhy ot tgging an
ast riscyt eseliayparfi the oegdnlism anvtesa)pmﬂgdﬁb alﬂ}’dr ,Sel-réntsin e ci@z&dzdter(sﬁcsgof the

snmoot h nmuscl e.cel. | a, S ancreati.c bet

oo "M R ¢ dof® gt RS, i ek artel T o eBBana Sl it B stgm
rrpnocyt e, ceﬂﬂﬂg aammwﬁb eRMm cﬁﬂ%(h trcﬁhtﬂﬂdm‘s'tbm delﬂ lahd ﬂﬁye:haaeﬁxbge):nic s@ém asly,
t1ssue, such a or |n SKI n een a lver,
ooyt on 3t e O FRERe Kuplel oh AN i By lﬁ?lag? p gt cél, an
spl een, hjoagdes blaféaed, atdan inB&tdell tlade cell hynus, nuscle,

2009/ 136867PCT/ SG2008/ 000407 11 connective tissue, bone, cartilage,

vas@@l ar ti BBéhADWaampLe 0§y@clbthanf@urrattiaﬂlbfslﬁmntiated[cel:Bi'ﬁla fihgenitet telb@g. 1,
be obtai %%gt‘%xgr 1# ﬁ: %ﬁﬂmf LN Jién rlﬁ%ts r&ﬁ*ggdtén?‘ orTQl% t%)g ent n@é Q ¢ n%ficity to

directly t a respective
such as alifferestid mpsy spncxfia: tybc)oﬂceﬂaamﬁladxmxtetd zﬂnﬂyy af sabf- ﬂmav\ealbwhmh it cannot

derived froma t and b ur .

or oune ¢ e, Bihes RN B £ PR pdE il vO hellsf finited 10, o
enbodi nerprecutsoe celd) i.e. rmyte:lnecdilnthhuﬂmdemlo@em&stheostmnwhma it tis p@Eymited to
ins nce resent | ooqd.or, i n of or. anls
The2Rost (GPERAHIH KR o neRe et 1o 8 irer e Ru et Sl R a i
anyholrJ garst@m:au Qﬁimlﬁl@Iea dmgmtagw gﬂ:ﬁutﬁracllﬁﬁmﬂm}eﬂght, aré bl@lhllrg&editcf 4 ﬁbroba@t a
anphi |a ile, a.bir clu a rodent species,

an i nvert &Lﬁ&:i@ph%ﬁﬁ %ﬂmﬂgait@ g f&a&%%@ 3 PemGHte, a

i ncl udes d%ndhtwf DS k&@tﬁﬂ)‘éy’tesaﬁ Ao Edl, Qr m@@%}?ma@rceﬁ B @pithelial cell, an
Exanpl es of, mammal s i ncl ude, but are not limte a rat, a nouse,

a rabbi t episdenpal fel, a5 ?jldoaegﬂmeﬂr @ Fhongraeyies & gpmulys \9@}1 & negrahjcallyaedaal cell,

doggga g%tastr@cy@ he8rdife d@llgan V\Rﬁ‘dg%%ﬂta misdOEdK@: a 3mBBhaARNRle &ll or a
chi npanzee and human. ere the method of the Invention Is

i nt ended sk@e%bmugcé@jcqlla,ra @anpfeég@mt@ e¢ll, eanglanciyte, a hematepodsticiceld aniigeyte, a
rise to g IRipiage, S MBHobte Gllla mARYHESLEN A UmR! dell Y oS AT ahftissue,

such as for instance skin, kidney, spleen, adrenal, liver, lung, ovary, pancreas, uterus,

stomach, colon, small intestine, spleen, bladder, prostate, testicular, thymus, muscle,



20(0371 A cell used in a nethod of the present invention is typically
capabl e of expressing at |east one En protein in that it includes a
nucl ei ¢ acid sequence encoding an Err protein, generally in the form
of a functiWAarogéwe’ of the En protein (whet her endogend¥g/5§2008/000407
het er ol ogous). I n sone enbodi ments the,¢ell is capable of expressing
all En proteins. In sonme enbodi mnents the cell is expressing one or
nore Err gimab®ivesissueldhedartiiffd, RascHar fidue) hearBRY¢ OF ndubil tisdud, SONE
enbodi ments the cell is expressing all Err proteins. In sone

enbodi ment s [€35 The ceireay bs pbleined or déwved: fish eamy ehosndiggmmou$he gahmay be
encodi ng retein are functional | ctive and,expressi

e pr ot etket fah BBl Exhed R bEAT i P i BRRIEARL Bk Epapg or 2
aci d seqdﬁnmbsmqﬂe.ddw dsvchaye bear derfved flonoh elbﬂSOrgarxﬁsrﬁ and tubeepiehyy been
i nactd ve. one of .th nbodi nent s En, protein is neverthel es
expr dssodredl Bl s SHBTED b p Sen Bhetherio i Rt Hbiaett e
encEdl Ing @l Iﬁybdoihehﬁedhﬁ’@ghosbergmﬂﬁrﬁ?ﬁktfh?d‘mtﬁliﬁstﬁﬁéﬁ& éseﬁtemmb}aa@br in an
t echnol og t ance ans o anu ei c aci

typical | TR alg 9"‘83}"8? °§$5‘PF'§ E.Ee qst E‘Fgrm‘ﬁ‘in ghgle( s QF%‘(?dHEIQ‘S\‘}@med
It may i Nméhbé ahe Bafisesueh Y9 R hateekanita, £1U51§:Hﬁl sHSILaPa YiSHE LAl anifhian, a
contains a promter effective to initiate transcription in the

respect | \FéPth‘B»s‘E bedy p mapaely sicludinged mslgah FsicsH ah By ety spesicsy P A the
In 190 200813SERAREHIHARRGHAAIA T, 1ol ksadk CAMifhiliBS B FSADLor a plant
invention also relates to the use of such a nucleic acid nol écul e

e.g. a rcspewlesad masngp inchide. huhareagblimijed ea stsomarss, wahtt,|atgulmapagaa
Err prot g | I S f

= hucl of Qaamich Fhafler o YIE 4Gl B0 aital 81B1E0a b2, b Rebialt, 3 nikEl s
of an agemcaqwenhmaaazmd@émm for nmodul ating the differentiation
status 5 of a cell, in particular for effecting de-differentiation

of an at | 361 Yherq thempetand afdhainyention ds weandedio beoisad K prggenitor cell, ie.
pl urjispot ency Ands 9i§e &eé ﬁ)afu?@ﬁﬁﬁa‘ﬁg cﬁlh %ﬁﬁﬁ;dag%h@&'c%ﬁ nfd b%rﬁsed in, tlns method of
undi fferenti ated™ cel m™ vect or el ates

singl e orth@mymt@nsﬁﬂﬁﬁﬂléﬁf’ﬁiwféﬂﬁ arogAuitir selds melude.riuit areuios htm]taé tccalﬁumeal
transfec 0 I e

cell gené)(wgehgIJ c?eglgu rﬁioa%gu fllgé‘%sntgtra'I anﬂlsw'e {ﬁg&%o gpgﬁﬁe%{h& gio %ltor
cut and tchids, efigoddndewyiczudgendor @qﬂarretm@aormnttowe!lh rdematoppietio progenitor
enzymes. Ap assortment of nucleic acid vectors, restriction enzymes,
and the know edge of the nucl eotide sequences cut by restriction

enzypes ar eﬁﬂﬁﬁpﬂl de}l B¥Rid 2RkBod of hBPsReRkhvdnGen igtyhidAlPEdpabléoh bar@sig
aci d nol ecij e encodi nq an Err protein can be inserted into a vector

by cutti i ®HePnFET BFOHNIA ﬂ?@éé&lﬁﬂ&@%&rﬂt@!ﬂ@ﬁ%@ SEIENES Gieeding an far pipépin,
pi eces t Q@RS in IR [f&%{?]oﬂhﬁmwddm 'eBROOP IR Er@provie dwhehs! BndogBidik Sor
to a nucleic dcid sequence needed for gene sequence expression.
Pr onot er heEilegms) dr pomesimtodiamtssthe 8!l af ganiblengt expressing allefr rrofeink n
t0 per SoRsms khitoRfinddls HaCee i ckfresslid bR 6o BANDrSM%ns, §¥h SXBIY, Fsrrd
i n prokar ylgt es, ° ﬁn pr om)% eri reg{egn é;:ont grlnns0 {) b %ﬁ] ronot er &vﬁsgh
di rééts tandor rﬁsmgatlnmnm eRiwpdiments sibe i gslli wnyxmsss:ngl pll der tivetepNAln some
sequence r i n 0 Sy
o ot SR O of A e, M inie Shdcachidll Bence ncly Mk
sequencegyratenare Buctpndilyiagtive aitdi @prassmg theeriSre projeinGh Iasdmt embsliatcantsne
such as t he TAT. a ng n i ke
040 T (o, Pl BUER SEONERGR, ElaRERCEE ik Ml e
aci d nol danetienally iaaytivpobisioireef dlmef ergbodihedsn an Errgitotam is ne@hheiessrapm;i
dou%e st rﬁaor}rqeadhetero?ogous s agtérlleonA tl'neﬁarrﬁogous gene encoding an Emr protein may be
introduced by means of recombinant technology, for instance by means of a nucleic acid
molecule, typically as a vector carrying an Eir protein gene (cf. also below). It may in this
regard be advantageous to further use a vector that contains a promoter effective to initiate

transcription in the respective host cell (whether of endogenous or heterologous origin). In



25 Nucleic acids include for instance DNA nol ecul es, RNA nol ecul es,
anal ogues of the DNA or RNA generated using nucl eotide anal ogues or
using nucleic acid chem stry, | ocked nucleic acid nol ecules (LNA),
pepti de nucWVeizg948¢8d7 nol ecul es (PNA) and tect o- RNA nol ecROTEG208/0§0407
Liu, B., et al., Am Chem Soc. (2004) 526, 4076-4077). A PNA

nol ecule is a nucleic acid nolecule in which the backbone is a
pseudope ptmﬂ&gmatthepregdnamvantmgﬂgo refdfes tP B8 ascbMatlya nE%Mc geidedclédule, Basa

a charge neutral backb in COHV ?st to for ex r. RNA
b

Nevert hel é"éBﬁCt‘l’!‘RlAYeF’é’f’c ﬁéB‘T‘E"’SB’fg SPRuLS ntity P’gé%tEefEé’ﬁ?}F‘@n@n¥ ¢l The
and subst aRbhiddd dseRIMRSSQTRIY deYofRUS £htclat héld SidIanis e g H%sp@c%v@ chtor in
DNA or RNA (to which PNA is considered a structural mmc)

nol ecul e Hggmapufgshire pbep ment shdkHonmediranent fpmpduiating the ﬁﬂ”&éﬁnﬁé@%@#us
CA' and 0gfa cifhhrtiQidFor éf?ectlgé é@@ﬁ'ﬁrernhﬁl%d JF aft afNehs B%ﬂaﬂ?dlfferennated cell
2009/ 136867PCTfS 008/ 000407 configuration, providing the

respect i ver mm@erun@phmpwe@pmngm ﬁelﬁtmp@mg@mtpmws aian yngiffesensiated cell.

resi st ance. N e an

backbone. - DU TRy eBe ol Bive e By AOHME sEiied gitoiahausigly

single or nﬁwble&hatcraarbe&ﬁnsfsue@ it LRy ﬁld&@pid:aﬁaﬂﬂmﬂﬁn or gldeﬁﬂ?iénﬂ}Cchll
synthetic DNA a _5co mer . of

synt hetic en
and RNA, 6?’1"5%3& e@éble-étf@desm‘églﬁéeé irplecylfcqenibe cagmiy thergby linearized

furter ”Dﬁﬁ)ncﬁéhttﬁhrﬂ VAR reR@icHb R bnYits CRA a8 rARA SRR QEctH8, tektticash
to an affinity eaq% or a | abel. [41] Many nucl eoti de anal ogues are
S

known andenzinepeandsa knawiedee pbitho gueitotidn sequepess qub Py TRSHGETE BRZyRES are
anal ogue {egqify MH4GLEILL HRsE Wi i th0aR Amndiibib %@iﬁ'n%lecﬁﬁe ér%dz!ng% %?Fﬁ‘mtem
t he base, sugar, or phosphate noieties. As an illustrative exanple,
substi t ut w@rbwsez’ted@%o a1(peios by duttingdhe ¥eoRIAvi 1epiription erzypes/pnd Hgaing the
resi dues #\,ﬁj gte@1 lnprove the in vivo stability of the respective
RNA. Modifications at the base noiety include natural and synthetic
nodi 3 cat i one3RfThe.tere ";ﬁom@i&ﬂ‘ as &éﬁd(ﬂbrfefrﬁfﬁéﬁs 10 W miudleicicidoyeghticd indeded for
bases, such as uracil - P’ oxant hi n-9-y and 2-am noadenin-9-yl,
as wel | aBGSRIYHFT FEPIEs OHoﬁm&g’r‘?rrﬁeE‘Pﬂ%"%ﬂogb?ﬁga%‘S’Bég QLBangTh &yt are’well

nucl eoti dﬂlcﬁﬂﬁﬂoq:&kb@ﬁs S8 oEIndBe mwmﬁa%ntbﬂmmsumﬂ/@raﬁ@le RefeRaryotes, the
i nclude 3-nitro- pyrrol e and 5-nitroindole. Universal bases are

able to frew%ﬁrbe?g@npmtawPptanvleopmot%aéwclisa@@%&a@f iiRig el of RNA

often c antraﬁﬁcxgﬁmﬂh B@@eWaE thel PR AR @hl&l&l Gen TRALIbE® k1O RN S UFill shishal
for instance O et hoxyet hyl , e. to achi eve uni que properties

suchtlas i pathesis dgitigtipn- e§“°§*t &’&qlﬁtyll normpally] inplyde Sheseehpgaicading ssequences

met hod Or i ysKeRGHAN Sithtioh %fttﬂaﬁsdrﬂa‘{l%ﬁ‘tah@ remhmtkdﬁd@&h 20tHeNEA BANMRY caﬁﬁng
activity of an Err protein, functional fragment thereof, in

cel | . Theseguansecehd Sﬂiwﬂméﬂémﬁrmﬁﬁy for instance be Esrrb, Esrrd or

i Che col | (RLTIRAE P atERin i, atst b APtk g s P RS Eh ey

i nt er act i gRsible tn@ghtationrsatieasn sx\hgtemmﬂﬁdic keitge a@mﬂe&i @f gedonfbaiition Gkereof.
Esrr dzﬁ Esrrb ave bee ]‘ound o act gNans tion via the

estr gen 5‘8 ﬁ‘% s gjckids ip Neyfgo 9 =taﬁ‘91|°5¥“’d of ShsnBhié

response & REEN elhéﬂat@d Gﬁﬁhgt ﬁdcmdtmslanﬁazag&dsm hifigNnudle- acﬁmh@rbﬁﬁ?,cmcsaéd
a ligand (X e, Mol ecul ar Endocrl nol ogy 1999

2151- 216AucleEs apig) HW&@U%ééthﬁaomﬁp‘m Begleig sckl i3 nél?ﬁ deckIRNA
as sft4, 3brebdiks {)e?(iu;r %Epa|a1 (33@4»1 aft*henﬁ Soc E{Eozﬁﬂ) 126 M@ab@%mf A PNA molecule

Endocr i noI ogy RR reqgul atory
el enent iif & mclgie @ﬁétrmle@fle whlch( @9@&@@03@ ipst psqméomd@' &afeersthan a sugar.

d h 0

Tl (NBepbAghaRA' ey vl SR8y ORI Ry 8P Gl o
6756 6768)r, R&NA.oNeherthehass, | BNA neccapabic oﬂ\lhxaﬁrelwmg mﬂrﬂaa&brmlemwﬁgryoﬁnd
DAX-1 wasg 88 SERGLothdi DR nf@Be Shid bRt hsPR% QIR R'HER @ WRkh PNA

is considered a structural mimic). An LNA molecule has a modified RNA. backbone with a
methylene bridge between C4' and O2', which locks the furanose ring in a N-type



WO 2009/ 136867PCT/ SG2008/ 000407 14 Eur. J. Biochem (2002) 269, 16,
4089- 4097) . [043] In sone enbodi nents increasing the activity of
the Err protein in the cell includes formng a conpl ex between the
Err protei ivaaed3emat t her protein or enhanci ng the for neRGIFG2H8/090OM
a conplex. Typically the protein with ich the Err protein fornms a
conplex is also 5 a nuclear protein. I'n this regard other nuclear

recept or seon@hiRtibn, RO dmgliRe Rsfedfitd MbleBNE ¥ith a‘h@ﬁ@dhﬁleﬂ@ﬁbﬁ@_ B&d’&ﬁfc%ase

found to act as transcriptional coactivators of Esrra and

(i bid). PegiRgnesndplikeafhA pplcedesn kN4 moleee hasoy harged ha@qbema I%Nﬁ or RNA

function agy 88 o@%&ﬁdfﬁ%'o?gyﬁtﬁ&ic%ngﬁi arfeShbP b8 B E%rrcﬁuﬁlé%&aﬁieg Such nucleic
Zuer cher, Vy Jour nal Medi ¢l nal em stry (2005) 48,

3107- 3109%Acid fen bere: éi?é‘é& @Rlﬂé,dsmﬁ@h@ﬁm genomitiPNido s sthm: Bhh, a
PGC- Ip ( "@f% ks 8 A QA ’ohé(gg\?ke% SR &Y. Alfegﬂgl_%tt&eernu'cielc fdrrﬁlz;

exanpl es e actl vat'or Srrg are coact vat o suc

as transceongan mn—mttn@t mecligotidy arfabaguey ar@l/qy b dink et tpmo@ﬂitutye@gprt a)hbei.

i nteraction ‘?‘{i | n 1, steroid receptor coactivator rr@l ified in
t

breast canc&4U Many nyelgesign analogyes A kgowp AR4| Ca&o‘?enf‘i?ﬂr‘& £ methodsed she

(see e.g. mma' AQluclebtide 2400 8ue i§ H&hél)aatldetcohﬁlﬂiﬁ EfollifichtinSat E‘&Qﬁd’tﬂlce the
that Esrrg activity has furthernore been shown to depend on the

response EFeniiges drpiosphate migiesgas ap jilpstiativeyssample n rsubgigutiopaeiod'sSOH

of Egag2 @Elﬁués%'f%ﬂ@fmtﬁ 2ok Q4R ?H%@sﬁ&’tf@smo%ttb% 96y he er Vz§@§t§b1hty
(Hent schke et al pr n sonme enbodi nmen

i ncreasi if tha gesneetiva RN%fM?ﬁg)CEFqﬂSmtdh%b?ﬁq moieheinskide Iiarﬁl@‘ﬁhd@%syﬂthetlc
forming g, (ﬁﬁ&ltﬁ?ﬁs Behveeq, LherH, ikl ;ahnn@&dp nﬁ%@%y%Q su%hs‘: a%?s

exanpl es of a conpound activating an Efr pr ot i nclu £ 3re no
linmted thypoxangepdidendad- mmadmdn -Oah, a8 Gietl@s garnpmmregm{)mram@heambbwde
mol ecul ar aﬁﬁ' @h‘%er%ﬁ&@&hﬁ: a'ﬂgll g& sgrve as uLQ/?éLI B%sése%plﬁ%}s'ay ?as}eé)}ﬂcluge P-nltro-
nolecular wei ght™ organi ¢ nol 8cul’e surtable as an agoni st 1 gand for
Esrrl maypyfote dndsi-aoandols. dntvetsgbasssydrenklsito fowi o baseypairtwiﬂh azy otber lmse.

fl avone a of l avo hyt t
of a cor %&é%%ﬁﬁf?}%ﬂﬁ@s ?Ciﬁ r%?yb%ecr??mr}?gg“é?"d}lar y%'%ﬁl%gl | de%9?0¥t§oﬁpg% %’
a 6- menbdpethstaneg?'-0O- nmthqubth;mlz egetcdarhievatunigme préfertis suth as incetsedauplex
exanpl e o ﬁPﬂ t4 hydr oxybenzoi ¢ acid aryl hydrazide is 4-hydroxybenzoic

acid 2[[Zf &t hyl am no) phenyl i met hyl | ene] hydr azi de (Chem cal

Abstracts %4%?1@%01413 ébodfth&fs iﬁ”&%o&%ﬁﬂ@la&?&?% gtgggn‘%‘ﬁon Preludes
Bi oor gani c dicinal Chemstry Letters (2005

Zuer@her inggaping the agiivity ooy Bel Pr@fﬁmwétiﬁcﬂl%mﬂ@t‘féﬁﬁfwt @qms)thqsell The
3107- 310%&3 E@l@aﬁﬁ%oéﬂphfa aff)].' Hta ég@ﬁé nglrggﬁgr@ or '%.sf‘rgr §'$5me embodiments

|IIustrat|ve exanple Is y roxybenzoi c
[ 4- ( 1- metihgreastigythy pefanty] qfrﬂz@ Eylmﬁel}lhydhmﬁlbl@d@dﬂssnmmmm&s:m@asmg

al so knowp, es g?ézﬂtgrac%\?“ r#rbt‘éﬁx%ﬁﬁ a a@ic agw]t%rﬁe Ieﬂcgaés?ra and

Esrrb. Exanp suita avo e and 1sofl avone rogens
i ncl ude, Hsub haV%bmthﬁudmtaemvatmathGmmth@ Bstihedh response element and via the

BSOS RGP Bpbly el RetiagiBREL, Bpte Pl
smal | er aki;eand: of Bligand4{Xid, W . hycdaﬂ piplecatan BrdocyiBology (1999) 13, 2151- 2162) Esxrgl
2009/ 136% Eeen s}gug%rq 908 z/a.cgwate response elements such as sft4, SF-1RE, and TREpal (Sanyal, S.,

et al., Molecular Endocrinology (2004) 18, 2, 312-325) as well as an ERR regulatory

element in the promoter of DAX-1 (dosage-sensitive sex reversal, adrenal hypoplasia critical

30 region, on chromosome X, gene 1), (NROB1) (Park, Y.-Y., et al., Nucleic Acids Research

(2005) 33, 21, 6756-6768), an orphan nuclear receptor. Nuclear immunoreactivity of DAX-1

was detected in breast cancer tissues and overexpression of Esrrg was observed in three out

of nine cases {(ibid.). Esrrg2 was found to bind to e.g. the DR-0 element of the human

BPDGF promoter and an extended halfsite of the lactoferrin promoter (Hentschke, M, et al.,



15 (flavone), also been reported to activate Esrrb (Suetsugi, M, et
al ., Mol ecul ar Cancer Research (2003) 1,981-991). [46] For Esrra
and Esrrg so far no conpounds have been identified that act as
activators Y89 26096B686T n parti cul ar as agoni sts. However, HFOEHGROGHONMIT
of an inverse agonist - such 5 conpoundg with an overall inhibitory
effect are for instance known for both Esrra and Esrrg - may be taken
as an act Fvatl Bckdn. (2002) 26Na6]4088-469T). protein. As an illustrative
exanpl e, bisphenol A as well as 4-a-cunyl phenol activate Esrrg by

repl aci ng 4-1¥43 o gyme mokpdimentsprredsing dzecactividy eSthedir profaiminsths Rélhimckdes
al ., 200855, om éﬁﬂ&%@&l th@‘Epl:%rf)lfe{ﬁra%lH.%rﬂﬁ&&r&@ﬁ%‘r%ﬂhzﬁﬂiﬂgﬂﬂ@fﬁaﬁon
antagoni st of "Esrrg as it Is capable of increasing Esrrg activity
(supra, Loisuthaepmalex, TRy theiprotein witl mthidrthe Ee, proteirciermb e cemplex iscalso

that in vj f. _recen 3 I . Ll ., set, al o

b ol 3 Cohfiligh 8650t iYRESN SR Bud By fecchBls, BRIPY and ™ (o syl extent -

in the fuBRCela aSdACTROWpmUfnoisd toaiyt dshwanschiptiorsd dodcti vatorseif enla aeiclerd (figd).

to th t i nyenti 47] | nbodi tsS | i

bt vi ty PR, gsafFRs GGt pad iftheribrd SH0R SFORIRE FBPiT A S DT, A

]E)Et Wﬁen t1 SFEsnibrang Beirgi(see ﬁeg Fusichey Woit, @t g, Gone! @"Mén‘:agﬁavr(dzeme (2005) 48,
urt ner rotel n an the co oun e as I.ne

Tty at B8, Soderintss FRIRRE0E) Chtuk o Ay Bapa TR b (BRpsscie o

t he mPNPoaMNAR04; B RRRRZDuSrAE ExRAAIZY loF dangbid \dfivatod eof B e, P160

4- hydr oxybenzoic acid (3- rret_h%{I - benzyl | den%hﬁgam de (DY162), .4-

hydr oxybefPAEH IS S&CJE 4s H@PWP-‘%H‘EW@@W& 8 ‘i“iﬁ'ém%‘m’%%ep dnteraction

4- hydr oxyReR#P1 , Gtedsill deceproftdidlivdidt 10 ahEﬁlfﬁea-iu biRthh&Re) A LZ1sBLactivating
(DY164) have been found to activate Esrrb (US 20 2006/0189825). .In
this regafigna geinfeeiat (ASDrseons ataayal eb pht 204 sprpe It s @otsd 1y this regard

conpound @g ﬂﬁfgtcﬁdﬁl@ﬁg HaD QMhenBod be@Dho¥n HNRPEROYS HRATEHnSX BERERS that it
for increasin The

' | The activity of an Err protein in a cel]. )
i nveldt i onbindss Gbigen&ngl orymors aetevgtors of frerrgd argfurtiegpesonelgdédpm serum and

i ncr easi nrgti&ngceyﬁqyg#%légemg{(@& aﬁ.hﬁjoé,g&?éa?'.t e quantity of an Err

protein in a c i nvention’als ates to the use of such a
conpound i N[043¢ INBoMK afboliRemth ifeadiglg e, acHliGhobihe Ennprdiciniiaht celf @Eludes

25i ncreasjng.the differentiation_status of a cell. In sone
enbodi nen{”E’q’t“ﬁea Sempiexe YetaReh g ERePRlSN apd2 &Wdofg“{[?‘d@ l%?“f‘mgles of a
protein ignlold aélivaMn@Bn Ent RoRI POIGE, bat PRS0k liadikldab,| Dpedtide, a;ly\;agtoid, an
nodi fication such_as gsphoryl ation (Trenbla et al., | .

p y, AM,

Enda® i ndhoregsiggmecsls and a laygaajgapar wepghtopganie modifulfent s the activity
and/ or the t_of t.he, Err opr L0 din the |..4.S I .
sunoyl at i onfdyér ?* 2C r?éﬁf'e %’fw 518%(0 ﬁ%le{g'%ﬁh '8 aﬁ(aﬁﬁeicﬁf-ersgqaﬁgasa Lnlgggo?ll}/sé%lgand
(SUMD) pribt elfsnrh( inlyd fJr. ifstanca Bencd Bdrydgpxhbanzoloe ecid s iolvhwlorzivie, a flavone
sunoyl at e nd thereby thejr trapnscriptional activi.ty negatively..
Todul at e PRBTEE S iravan PRSPk oSt micikk, A58 opeiiboing +
i nvent i orhyidesxybasioiGicidwylaoidrazide)is Bpichinea Emienfiepdderding, i.8 dHeazanelderivative.
i ncl ydes al |l .ow an alteratjon of a posttrans| ational ification .
o’ Ao A BRI adpled 4 - ShvoRBETAvst §P ot i ARy Bo R heia
sunoy| at i p[T4-(hithylapiis@bh&iyDatiyReidhydiEi 200 di2eBATREE s B2 878004, Gifso
16 sunoyl ati on only occurs on the correspondi r}gap_h_osph;)ry_l atfd Er
protein. known as DY 131 or GSK 9089 (Yu, D., Bioorganic & Medicinal Chemistry Letters {2005)

15, 1311-1313; Zuercher, W.J., et al., Journal of Medicinal Chemistry (2005) 48, 3107-3109;

US patent application 2006/ 0189825). A further illustrative example is 4-hydroxybenzoic

30 acid [[4-(1-methylethyl)phenylimethylenelhydrazide (CAS-No 101574-65-6), also known as

GSK 4716, which has likewise been found to activate Esrth. Examples of suitable flavone

A

and isoflavone phytoestrogens include, but are not limited to, Genistein (5,7,4-
trihydroxyisoflavone), Daidzein (7,4 -dihydroxyisoflavone), Biochanin A (5,7-dihydroxy-4’-

methoxyisoflavone), which have, as well as to a smaller extent, 6,3°,4’-trihydroxyflavone



[49] In sonme enbodinments the cell is not expressing the one or nore
Err proteins of interest, or it is not expressing any Err protein. In
such enbodi nents the nethod of the invention may include activating
one or nor aVeAWHEWEEUsS genes encodi ng one or nore Err  PCGISER2848/480407 n
some enbodi ments the nethod of the invegtion includes introducing
into the cell a nucleic acid nolecule, typically a heterol ogous :
nucl ei ¢ a@ladond)| sievllbeer SeHpEa] to @BGRNE EIrrBN(Shéttugdy M. ebalCapRlcgladCancer

al | owi ng gxpressij f same in the cell. The nmethod in such

enbodi rren‘?"s‘e?rﬁﬁirpg's) ?#@h@g& expressing the heterol ogous Err protein.
[50] A neth ' t ' [ her...i :
reasur i ng. ¢ ROrOL§EPEGEN A 38 ce BN Bl bleh AP MR agagivators
i nst ance dseswsbhirepedichiyr detageniitni Hgwevee, mpldvementf ofRMA imwersec agondst — such

transcrib f .gene that.hs under the control of t.he respecti

pro rm%tC er. C%g] pr?eh?#o‘g’ﬂg grﬁfgr‘ﬁeﬁ%]@nﬂlg éaryi ‘%Fef; Ha® S?[t m q§n0fa fowy %%rgjd’ &’eﬁ%)mc CE
RNA t 0 cDNAaydiengkenesens aactivgﬁmscﬁ iri:ptra@eftmdﬁﬁr lpeoteiau Ak iafi?llos‘trati?e exddiyle,
nol ecul es_.t @ a .f] uorescen e. e_.an sis is typically perforne
o For m P meRub F CrOL kg SRS S Rlp Bore b B e el B Rrea ten,
are 15 ositiviedeaddivhigs ®eap |(Batseshimaret ials La0E; aufR) ERBpING) ACKA REHEOPeen
arrays fromAtfypetri x. O her npeans of determ.ning, gene expressi on of
an Err prf%f*%ﬁeﬂa?{ HEYPTRE @MtagRiist F BSTrats If isifrpable efgncrstsingdingd ashivyupTs, Liv

arrays, amdl. et hipad)l FetiReabre! it BB BOkyRIca 98t (el J7986ht 8Ystal data (e.g.
(RT- PCR) . * 51] In sonme enbodinents it may be advant ageous or . )
desired tRAlRd 1ifitato GétleClorp (&) dp2.dds 4372383 Perctivators van migentified in
sone enmbqeld iRk SSuchRomBblHad fhadfhehite ubéﬁ’ﬁ@ﬁ&ﬂo%ﬁdﬁ@l@ltﬁé’pre%ﬁt invention.
i nclude the conparison of obtained results wth those of one or nore
control nmeafM7Eeste enfhodimantCinotensing e astivignefithe BRprotsial it dee @fiMincludes
condi t1 on& i eiEmeRh ARt ETHIORT B EaAB SR BY & GsPRebr  Grrutig
respéct i \peotgianad decdipoudl iy bdey defited sbove. As BRREAIOL ex@asied, @B brdsénce
not encodfngPalY ehPeptiraihoChn’ Bie GarAgon o SHRIHOE Gnard Chibayidene
prot ei n. hydrazid® 3D YT5e), Hohyars¥yBérYoict 9d @3 Riefyl-BénzahddnejHyiraafdevinvala), sa-
e e e A G b S kS S b roanace
GenPept  Z8eRgbisphte3- %gﬁﬁegh{(dm&@&m%i) Thve/ BecnTOWIdIR) actifit 428 BUS
(hunman), 095718 ghunan_, NP_ 001008516 (rat), XP 001162698

( chfpan 288y 0188828 In Briretsgard St prracshiyentipnzalsoylatexto thy1se 9figsompound as

(pl at ypugkscrikbn 449 B 2he OR @leSBbve ritadl0kanmpied /fof ﬁﬂ'e@ﬁg@}he activity of an Err
XP_001333980 (zebrafish), ABF65992 (sout hern vole), X _0019280%6 ]

(pig), a®raieininaselhHRipeption dsmigesneily relatestofErped of asempoued for inseusing
Zhou et @le activity Shd/dr thERSIQ Rk ti%"%tf %tﬁﬂig(&pgﬁg ce%.lTh%invérﬁ%nSa?s@relates

I'l'lustrative exanples of Esrrg ar n protein o .
Uni Pr ot | GBINSviiss 9fpudh a soopewidon theomapeagos, oftancagenta seplit @sre predicamentofor

\&)R%%SQI #ﬁg&%@gg&ﬁ Qgétgggé%%%%g%{?l Pr ot KB/ Swi ss- Prot accessi on No.

se protein o CB/ Swi ssProt accessi on No.

P62509, t heoasyt Infoaietintbo@imdded the QbtkBlySidfy 1R @iluRs GRSeHQT tho ErrifdieikGs
t he XenopusF(grot ein of UniProtlCB/. TrEMBL. accession No. A411T9, the

zebr af i s HFOPBamalisratigniobs sestessslatipnalmodiicatienssush asehoseiped rtiondemiiay,

horse pralpl n§ 1 MBNERRIcrAsK e8P P2 SN0570X649 OhAQARAnb o BRL 4RO 4Aity
XP 001489702 and’ XP_001489611. _

and/or the amount of the Err protein in the cell is modulated by sumoylation, attachment of

30 the small ubiquitin-related modifier (SUMO) protein (ibid.). Esrra and Esrrg have been

shown to be sumoylated and thereby their transcriptional activity negatively modulated

(ibid.). Thus in some embodiments of the method of the invention increasing the activity of

the Err protein in the cell includes allowing an alteration of a postiranslational modification

to occur, such as an alteration of phosphorylation and/or sumoylation. In typical embodiments



[53] Illustrative exanples of Esrra are the human protein of

Uni Prot | CB/ Swi ss- Prot accession No. P11474, the dog protein of

Uni Prot1 03/ Swi ss-Prot accession No. QGQWH5, the nouse protein with
Uni Pr ot | CB/VYRRYELAFEET accessi on No. 008580, the rat pr otPSITBGRPASHO0407
Uni Prot | CB/ Swi ss-Prot No. QIV7, the gnopus protein of

Uni Prot | CB/ Tr EMBL accession 10No. AQJ and the zebrafish protein of

Uni Pr ot KBéunddylRiVBh oaBCRealsof thidcdPsading Phos h&4latdderr pRd&IRds and uses

according to the present invention may her include assessing the
armount or t l{e4%id isvine yerblodimmeatsothe well é& @trexpresﬂxm the, ongrorahore ar proteins of

di f t. f t t
cor  Bor i 550 SRELIAITRN IR afleh R D, BERGhAE el BB gg e
be assessmgentivh[H5bincile aativating ond ormoferand@fentas fenied eAcodtlgl onery nicvé Err

exanpl e be assessed b ans o a ch. as an. ..
rmurog! BT, Tyme PR b R obRE S Tuc nradysinginorghe el
cel | being nidleit 86l aebuls hypigilya HeteedOQiug ﬁﬁlﬂéimacﬁflndﬂ@&tﬂca@&iaﬂay leA¢oding an
|nununogl bulin ma |nt oduced into the cell st ance

i
f ol I owi ng Eéﬁﬁt@%i‘b'? Pl"lglﬁtqfoﬂ OBfing REPrESIOP AfehoAARe ‘“ﬁ?ecﬂgt'@'@t meHodni, such

then be c@nbddtlesifurthbr MbMBeOdxpR¥siNg ﬂh@hethﬂ&vlc%@ﬁ?]iﬁ"ﬁ?&din”ent s the
detection may 20 be carried out in vitro or exanple on a cell

extract or ¢@80] A ymshbeé accféuhhg o the aiveatopnenayeyrtheraheldde mbasotingihb erpsssson

HPL 0 ro t one rescence, correl tl 0 ctr.osc or. a
R R e R R S
"ant i bodytholgevles ahdsyriliedf fom 4 gemnhatmnmltbdawntfml odl the megpeetite poarceafl A

t b di th | Lin-1j )
ot onaneBad SorBoRl g g T SEI G Dot et RN & oS pemecowres
gabbf (r]I agnedisSrip tags\é aha a]gm@ﬁ;ég 8f ﬂ@b@mmollbcﬁ‘éf: iEchgglli_meseenfl ggd;whz analysis is
| abodl es a | e | a et a ett
437- 441) , yalé@kbeﬁﬁ% %é%ﬁeo ED“F%EN%PW‘YJ‘SB‘PWS BEDY 395% 5&§|kﬂs are

Met higds  (cd@dorcidllP avAiBbR4forandaet @he@lﬁ]@leﬂ% Eﬁlb@@ﬁb)@%&iﬂ@ﬂymdmﬂ Other
et al., Trends BjotechnoL (2003), |1 4-490). An_exanpl e of

pr ot ei nad@?ﬂﬁ‘é ofj GREETmIPLRS IE8R4 FEPTGISION 9 rﬁﬁluﬁagqratsm rigludey butr 35p diof aﬁgfefl do,

a 30 nmutgisankisside ahayk, B yiRRHali AR G- iR Pol ynke6s3| ¢ A Rédctivn (RIOPCR).
2003/02946 WO 2005/ 0192547 WO 2005/ 019255;" WD 2005/ 019256; Best e et

al., Proc. EMI] In mnlﬁdmemﬁmi%waﬂﬁgmﬂm&em%ﬁp calihrqje)gaielenpr,essmn

el at | nasBasOoet aedbPr BRebT I tmb Tt T aeBaR s wenian difpraly
| i p@6al i rinclode thé yeopeison of pbmmes rasaltuwiah tHosgafmhdaorndmmg;oﬁtmleﬁeabﬁraments

can be ied so that th 0 selecte ein.

5000, 1360 Be T Bl bR T ey st o ek e SR b i pgasurement

non- | i mi titsBH Iemymdﬁmmnﬁlubhh@ﬁth@mmeﬁ ﬁﬂdb?mh&hllbﬂ gkangplEnd efpﬂ:semn of the

so-cal |l ed ubod| es see 96/ 23879) ott@ﬁl ns based on, t he afn Xll‘l n
0 utated

scaf f ol d TETRSERKF ge“E? CULgt eflﬂi“?ﬁ‘%f’%a CEAPFTFEEANL 1§ dhe gse

1435- 1448prmRlof bespettivet @dnk) ﬂﬁe&@rﬂ{;ﬁe@l gbné MQ 29ding4kA8r prétbif, B SHcBUMS a
described by Skerra Mt Recognit. (2000) 13, 167-187), 5 AdNect i ns,

t et PanectioRdUnippald e PRidN pept 0i ds. Avi ners cont ai n so cal | ed

A-domai ns t Ve I
sur f ace recE%?l)r S %%&eﬁ%ﬁ@%ﬁo&ft opy‘}t&’wﬁaf” ﬂ?c'iﬁ% ?1&5%} b aﬁgg%m
23, 1556-iddf6it),.alldloete aifithes respletivy Ed froteim Hlusoativie mxmhplbumﬁisnb are the proteins
fibronecti ontain threg | ered f
o) St P el Ng® BalusClubiR, AATIHEEEE, AR 191k (truman),
%‘ur rent @an@(rjn(hmaa , ONBCHOTIOL®RYS (ROOKP_DT11606%8 E(EB:hlpaa&e) XP_ 001100608
etr nect erive ect i
R eV T AR A RN BIE T C - NG e P P A A AR R
engi neer Qanle&h) Cb@'ﬂO?%MUQkéb@af(shP'ﬁCB%SQ@(%b@th% vdl‘é)l xip G@@Z@@S@ @82), as
protein li ands, are ollgo N- al kyI) |ycines that djffer fr
well as hERRb2-A10 and short-form h B, both described by Zhou et al (/. Clin.
Endocrinol. & Metab. (2006) 91, 2, 569-579). Iljustrative examples of Esrrg are the human

protein of UniProtKB/Swiss-Prot accession No. P62508, the orangutan protein of



15 cell perneability than peptides (see e.g. Kwon, Y.-U., and

Kodadek, T., J. Am Chem Soc. (2007) 129, 1508-1509). Were desired,
a nodi fying agent may be used that further increases the affinity of
the respectWQlW3@6Y for any or a certain form class E/SEOFWPH2L
matter. 10571 Assessing the activity ofi7an Err protein may include a
measur enent of the binding 20 of the protein to nucleic acid target
sequences Unsimtll\(Bf&asu—Pm‘cmb&smW d. (:(DSMMZaIﬂmemeieypmfbns PE AUl B® AOR/SHiss-

hot ocheny, ¢ hot t ri i enz, i
Pher nody nbit £t ABot 75Dt ot 18 petan ch U Ep T e PisnaeEsibe Ne- BoSto,
spectros Cﬁﬁlﬁiendpjmbﬂemkfla@hmmﬂysﬁﬁm @&ﬁ:@ l@rﬁl I N§6. Qiﬂﬂ‘gifth@z%braﬁsh protein of
spectrosc ust ei chwille, P., Anny,
Blpophys Q%ﬁé}?%zt TEUBL Ehian %5961%534 andl 15 HOBE EHFIER PT FerPray apcgssion
for inst aneeXBS0qpedeONER 6RAUSST8sXP| G014BI2 AR PUEE 48b6 phot oact i ve,
fl uorescent, radioactive or enzymatl C labels respéectively are
exanpl es for{ﬂﬁiidﬂmnw exaniiplesod Beitra iacg ﬁream:mdmgromrh oﬁridfinbmz&ﬁmiss-l’mt

det ection Iustr tlv r.es
quant um d%cggsgr]r)g@é eﬁéﬁz oyegog L 1%8?%’5)%% S\Yfl?/so r‘hﬂﬁ S
e.g. Li dkmr:: miuSe predeinabith UGiProtKBYSWAsOPaE abcsiion Sel bostﬂ, aigy rat 208eih with

25.1.1- 2 1 00 30. cb2501s36) .. A fur r_30 .

i |l ust ra r‘g@%"f@ %’i‘ot fqﬂeéégé}’l%h%?ﬂ’é’i’%ﬁ@w&o myf‘\}%gﬂé' E@%‘r BSAeFRPn
t he Mel | oM. fA(ummnhe Fobeifieh Protéin bNEniPrétRIBE THENMIBL 2k dt0si GENE 122537,

conpl ementati on nmet hod. A general overview on the use of fluorescent

probes has H&¢h The vesthesls sadeusss aggordipgrinuthe RessentBinygiips . méR Ga@er Iclude
417- 44) Y tho

ot het T Py modh o e SARSIIRL L AROE Eit Bl OB e e coresponging
met hod of funeswsal fragment(s) ¢fi thel Errg:raztbm@) ifcthe cel\dhe amount or the activity of any Err

2009/ 1363924393??&%’%&% eél(%z g,e protein to a nucleic acid sequence is

a surfac Hsmon resomance techni gue such as l|ocalized surface

pl asypon res WEPQ"ﬁe fifloht oERS Brr p-fetem‘?ﬁ a@kli m ?’?@ﬂ é!(ﬁl'nﬁﬁ b@%d&&@ H%%eans of an
(2008) 614 182- 189). Sone of these ne i ncl ude

addi t i onaﬂﬂhé%lyaﬁualﬂ AHAD IEBHISbEED, S B8y BF GonPEAILIP @JhEsdn cRRLE the el
detail, %ﬁi@%ﬁ%s&l@(edt% H?ea ?rflcr%mlgéfﬁ%m CRMYtha8Q1far © b"ﬁﬁnama% be

probe 5 or an imunoglobulin wth™an aftached enzyne, reacti o

cat al ysednigduged o theaeel, fos instaree &ltasting peimpabilisatian o@xmmiiemgmbame The
net hod u%c%tx@rh{nﬂg hRA%GkI %ﬁeh %Q@An ?LPQJr Bx %%Baﬁmas%}n% %B@é ﬂeﬁ&ttﬁg RhOLGs! IiYay

is an electr oretic no t assa

enmbddi rrerbtemmqﬁlewmel VT cf¢1d¢mg1pﬂﬂ)om heell mxermtunrceil d}zslauad 8suclug sabsigng may
the diff e nt i t us of
cel l canq{](ggaée%gé hé%gg ;igg]gé c}g %%meﬁgéﬂggije;rﬁgléc%oéoggﬁég%aééc P 178 3
phenot ypendiifed fayla@rbyomhmammdftha&ntcekqnquesenced artisan is able to
assess mnute chan es in the differentiation status by nonitoring

cel I 's phenl®Pfhihe fFra “autfhody” senerbly Fpiers t a/imEnes P ed fvgmanfctéﬁrpofsor

macr onol gC WrALin&RBEE Hindifd aREIESId Nwitii LRBhld- kS diRGcaat %xém les of
change of differentiation status. Ranman_m crospectroscopy or P

spedPr os éispymbinant) fmmyrogiehulia feemeptsase BIb Segmenty, @wfea@mwtqmsglwham Fv
assessi NG bhend! I;JP%?] &ftitoalek Otﬁabo]cﬁess(g])ﬁfd%é 53 ettgag' %‘8‘%? Q%[tgw Qoo €43 7321[41)

(Biochimca et |op ysi ca Acta (200 rexa

recent | y deeabodiss (3fpeel H-Tel &, shaowl of Gopynaleginel Merbeds ﬁ@Dm)dBrag 88 94) and
assessi n%ﬁ)ﬁepgglln?ﬁrzﬁ)ihﬁbd]%sewte i%' Qp aﬁnpreggsl E;o&ecg (1[ O@U@Qi?' %0). ég}

i nfrared or noni enbryoni’c St e Eer éré
t he sane exanpini efus protevbaddoes damd:@ nmhecufe witheinimuaglobukeliks efudnm«ms is a

ass sed. 9 Afuthe

2225852y G50 o BT SURIP 5l BebFEPO U e B R0RS 0 185

mar ker OWOWOMOﬁEESeWDaZQOGMIQZ%t Bestefet al.cBhde, NatIChcad. 1504 KES4 (1999) 96, -

typicall XS&S-?&(H).U %Bcﬁ{ng,ts%lc}rx]hs ;Il_’l% bcllllillii urfd}/nga;;srot%m? Itl;cef lgaurngaarxlatrlie%%r{)glgl g&g&n%e-
associated lipocalin, human Apolipoprotein D, human tear lipocalin, or glycodelin, posses

natural ligand-binding sites that can be modified so that they bind to selected small protein



25 status of a cell. In this case a conbination of different markers,
each wth a different profile with regard to the differentiation
status where it is expressed, can be used to assess the

di f ferenti avpamvgsestus of a cell. If for exanple a firstPamsdeess/ 000407
indicates a stemcell or a progenitor qﬁ and a second nmarker
indicates a progenitor cell or a fibroblast, the presence of both

markers nRYiond kn6@h Sisehapfefd e@mbpﬁorpﬁinktmgl ékaﬁapfdd rcIf "[%fthéir' ﬁr@feﬂﬁ&ée‘d? bﬁ1d1ng
protein may be 30 present in onl %/@fartl cularly hig | ow ampunt s

during cemplerples segdled glukodieg(sqg ?@(?3137c9élnr0*ﬁlﬂﬁfbéﬁeéln% theiaglkyrén saaffeld
A conbin %vaL@ %PHPeﬁro‘PJm %&E}in%r(éo tﬂ% @i F}e i f;s) %P%@&%ﬁéihﬁé bdaffold

inthis regard can agal’n be used to as essf erent 1 on status

of a cel | (WOSHISLERI4A)] the iproteidy descrmlpddusSkerradd| et Recogoitt2AD)i18n 1 @ 187),
several f . f of=]

ot TRINELDs! GBS 4GS 5 A Sl h e R b
| evel , f ovccui\d 60LY QBﬁB&MdWB&@@@H@?XI affacx savpbtersbibilmeais, et ah,

ant i body r it th xpression level
of e nell AR B Biobbr ol R, JEET 56t} AR RSlg Rl R P BB ol ik
expr essi dﬂbroﬁemnpe:rmaan mHatdops that oirebe emgn@mﬂeﬂoahhmuﬂo@mblmabike binding to

Exanp! s @ G RS- & RIS G th Delian BB ani T i STes5®

assagsed Pdradectins r&hkf@d fr6in thélﬁslﬁiicﬁfleemﬁﬂdd i chimedi @protein) flikawize bdntain loop

i nclude, but are ot [im 0 Cct 4, Tbx3

Eras, 1(1FBOnKyry -tmeflscnfgia%@aﬂat f&a*feeréﬁ&%eﬁfe%m@ﬁw%@) Pepioids,

€} 12h3 Hesibh erU&bt fote £k, ardBy -dNel & thA i by fdodn pkRt3dds in th
Rab2b, Rbgsuhc Resa%St éltlgg UtfalJf %‘G; 2C gggcm ptS 31 or thg65 s 1n that

met hyl at i B Si€¢ shaia 1%@%8%}9%@#& BitrogFRaer r@éﬁa}gf a. epiogn aigpy, Peptoids are

Sall4, T |
E?v5 Qﬂuoal@i@hstaﬁf ﬁ)sﬁro@aﬁsagﬁ leﬂetg d@&%ngﬁﬁﬁ%@@@m@%h%%lmu@ﬁﬁher

Nr 532, Nrcgli Pe@%@lllt}fe&*ﬁ@ﬁ?ep%’ﬁdw e.grdswon, f-df- sﬂﬂ%f’qiad%c'? ap2bm-degm. Soc.
Z1p553. Theu X PiceSfs0RN) s08). AvRbi! dlsibd] ©imHiTheBEKE ey BY B84 Gt fuftfler

out using standard techni'ques such as mcroarray hybri'di zati on.

exanpl e dncrgasgs iegrfinisy of harespaetiveaneigivdor sty endpeety Bumpelass gte. n@” target
quantitatjyue.ternms can be found in European patent application EP 1
477 571. 15 0601 In sone enbodi ments assessing the differentiation
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calorimetry. Yet another example of a suitable method of measuring the binding of an Err
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Il lustrative exanple, the expression of a marker protein may be used
to assess the differentiation status of a cell. The expression of the
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30[ 064] Where of the invention been used
dedi f f er &pigally @plhléarlprmua Tougyaliy enel @rff%mmarup@ meanker o e@t@@ [mayshenprly

used Lo BEraN i Sepeabeifl FERY P Gt T st of S8R Mokt

accor di nghet markbremianbemressnt ey feyepalected phasgyechurarctentipg of certiar diffenauntiation
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2009/ 136&6tﬁﬁeg'dr$ﬂ(}:ﬁ8/cﬁﬂﬁéﬁﬁatiﬁﬁ status where it is expressed, can be used to assess the

differentiation status of a cell. If for example a first marker indicates a stem cell or a

=

progenitor cell and a second marker indicates a progenitor cell or a fibroblast, the presence
of both markers may indicate a progenitor cell. In a further alternative a protein may be
30 present in only particularly high or low amounts during certain stages, i.e. at a certain cell
differentiation status. A combination of a number of markers with different characteristics in
this regard can again be used to assess the differentiation status of a cell. Generally it is
advantageous to select a combination of several markers for assessing the differentiation

status of a cell. The presence of a marker protein may be detected on the protein level, for



used to provide cells of a selected cell type. As an illustrative
exanpl e, human hematopoietic stemcells may be used in nedical
treatnents requiring bone marrow transplantation. Cells obtained
accordi ng 0 eHe1iMeenti on may be put to use in treati n@OTEHGR008400407
physi ol ogi cal conditions and di seases, ,8. 9., neurodegenerative
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i nduced pluripotent stemcells, disease specific plurjpotent cel

li nes me%P%&f& TR{GERRTEY o B be pigech ke e’E@E?rﬂﬂ“cRI@P IiResiarqueRiifatiyg tpapscan
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factor ([Copsiitiogs mayplsp bgsalected fY ageipectivefonlp! mpasHigmsnt iB spshHNAY:
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cel | s i nbping\ehpracdgThis Coriral maasurpment gna rraﬁta@%bg/@mmd @tt@hﬁlwt ﬂw same

Theret of Gime h3Gind ArrdfRed 308 A el assERdA 0P BR0%n 2 d:%kfb}zﬁe%d it QHidiCthe

art will apprecia ] ating, inclu mai nt al ni ng,
pl uri pot emeyntsand/asthe adtivity efiens mgmotvaEla@tcécms,tqrc(s) bﬁct@nsltfmmwet(k) afone
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30 [061] In some embodiments a pre-defined threshold value is set to define differentiation

'—_)

and de-differentiation, respectively. If the two assessments, i.e. "sample", in which the
amount and/or activity of the Err protein is increased, and "control" measurement, differ in
such a way that the difference between the detenmined values that indicate/characterize the

differentiation status of a cell is greater than the pre-defined threshold value, dedifferentia-



[067] Adult stemcells, although not pluripotent |ike enbryonic stem
cells, have been shown to be capable of self-renewal and to be of a
plasticity rendering their devel opnental 5 capabilities conparable to
t hose of t WeOa¥WPa3aseat ure pl uri potent enbryoni c st em c@KISGIHS/0HFIT
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mai nt ai ni figh PlsWebP 2UBARY. ATGA AusERivedxaRABM 18 eﬁﬁéés@&{ &f 4 flahie? pR:Tterﬁ ey
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see also Rando, T.A , Nature Medicine [2005] 11, 8, 829- 831). .
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sufficiently undifferentiated cell state, the obtained cells, typically stem-like cells, may for

instance be used to obtain any desired differentiated cell type. Hence, a method according to
the invention may serve a large variety of therapeutic usages. Such cells may for example be

used in regenerative medicine with the advantage that cells from the same individual can be



[70] In some enbodi nents a nethod according to the invention includes
adm ni stering a conmpound that nodul ates the expression and/or the
activity of an Err protein to the cell or 10 to the host organismin
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30 (CM). Nevertheless, even under carefully controlled conditions embryonic stem cells may
undergo spontaneous differentiation during in-vitro propagation. Leukaemia inhibitory factor

(LIF), a factor mediating self-renewal in mouse embryonic stem cells, has also been found to

inhibit differentiation of mouse embryonic stem cells, but it does not replace the role of

feeder cells in preventing differentiation of human embryonic stem cells. Therefore, those



10[ 075] For injection, the conmpound may be fornul ated i n aqueous
solutions, for instance in physiologically conpatible buffers such as
Hanks's solution, Ringer's solution, or physiological saline buffer.
For transmMOsely13@nt ni strati on, penetrants appropri at e rQI/SGrmodamdoer
to be perneated are used in the formul 3ti on. Such penetrants are
generally known in the art. For oral admnistration, the conpound can
be fornul gl feadé |aq RWincasphontdand Heettoa f@fch{dﬂﬁlaﬁﬁﬁp%%g’“xﬂaﬁmainmg,
pharmaceutical ly acceptable carriers well known in the art. Such
carriers BHEBItENGYHEdEppbIRIGWIngcharpgensonefa sem cell pea signifigard fraproggment.

tablets, pil dr agees, gapsules, |iquid s, .syru sl yrries
suspensi ons [é{m Atd;‘i’g ﬁ?’ﬂecfeﬁsf’oa?tﬁ%‘fgil not ﬁgﬁg’f’fi’t}hﬂg@ eglbﬁ'yélﬂcgﬁ?mtc H%ehave been
tr ealt _eg. shown 6 Jbe Aapabipaf a?imﬂezvfrao Ihnd)_foa]iaq oBzepI@ah:iﬂgl&emag Ikt dbﬁel@ﬁﬁigﬂftgl
a so exci pi.ent, optional rinding a resulting mxture, a
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excipients are, in particular, fillers such as sugars, including

| act ose, %%E??Eﬂﬂguhannitol, or sorbitol; cellulose preparations such

as, for exa I .ze star . Wheat. starch. .. [l tarch of &
starch, gel i@lSﬁ ,Tha e ord fﬁaﬁrﬂ%tﬁtngﬁgﬂﬁ@{m@g :iu'{dlfj r Osglg-,réne%lgg chapacEe%tst?cs of the
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and/ ol yvi nyl rol idan PVP). ILf desir a disintegrati agent
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pol yet hyl ene glycol, and/aor titaniumdioxide, |acquer_solutions, and
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to characterize different conbinations of active conpound doses. )
[78] A priessheherlbhinehaie avakablpios reseaepuinnses deescs2-Hee NMBemap Emberonic

used oraldiynm M4 ﬁ@%}%l%ﬁt@iﬁ&%&%&@.%@@%%h@@giwa%ﬂﬁn@@%lﬂsriaiafsp), such
capsul es nmade a(ggiatln, as well as soft, seal ed capsul eS nmade of
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suitable I quids, such as tatty oils; Tiquid paraftin, or [1qul

pol yet hylextra-fefhlyicashies. ushalladscardeingt tattlabAdultzgen aely mise fad dstinceAbé isolated
formul ati for I 1Ny i hqul - e d it

for suoh S nite B e RUROSHE RAGRETR & W8t s "RRASE DA C ol 3
may t ake Bhe 940y on adiposalitsegBonndlpBengetxl.{ Meruldatiesteinel onseards (A0GR) 45,
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10.1038/nature07404), from teeth, from blood from the placenta and umbilical cord left over

after birth, or from myofibers, to which stem cells and progenitor cells are associated as so

called “satellite cells” (Collins, C.A., et al. Cell [2005] 122, 289-301, see also Rando, T.A.,

Nature Medicine [2005] 11, 8, 829 - 831). Progenitor cells may also be isolated from blood

30 and from a variety of tissues, such as neural tissue, the subventricular zone, pancreas, the

retina, the periosteum or endothel.

[069] The term “stem cell” as used herein refers to any stem cell and also includes a so
called cancer stem cell. Many types of cancer have been found to include such cancer stem

cells, which are characterized by their self-renewing capacity and differentiation ability. A



i nvention are conveniently delivered in the formof an aerosol spray
presentation from pressurized packs or a nebuliser, with the use of a
sui tabl e propellant, e.g., dichlorodifluoronethane,

tri chl or of IW92H¥EEMANe, dichl orotetrafl uoroet hane, car bofCTHFE@LRISAB067
ot her suitable gas. In the case of a pﬁﬁssurized aerosol the dosage
unit may be determ ned by providing a 15 valve to deliver a netered

anount . Gaaewhif® oIREidRAShdW BRE Mo cafcerfare GRInal drd rhey repfe@eﬂt fhefrogeny of a
i nhal er or insufflator may be fornul ated containing a powder i x of

the conpoife sangerstean celheridewsd withthacagacity je majan Jemepr ergythsKayispy et al.
[80] The (mm;@tembsmxz b sf R HARL Rf ek BhplP PLEREELE 3L ﬁgﬁﬂlﬁlioﬁt Highil QRribhed

i nj ecti on, . O| us 1nj ection or ‘continuous i nfusion.
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dlsper3|ng a g [81] An illustrative exanple of a suitable
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wat er, baFHE xejgagnaf-'f:ﬁ%ca@asr%ﬁam&? ingthatthey, agggionif ioghe gell ppmammal being
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suppositories or retention enenas, cont al ni ng convent1 onal

Supposi t GPSFPERY SATIGE HS o3 @swasuehlt‘@fr fesed splwlipn.gFyamplesied. physiolegiqally

I'n addi tiefupl@1d hﬁnE&rﬁelhae 'b%ﬁ%rsdﬁx%ﬁrdsbﬁ%sﬂ'ia%” aﬁ@zk,yané Rhef PR Deids;
may al so be fornu ated as a dep otbgre paration. Such |long acting

f or Al at iaptexidenys insluding srcerbia eadiplpvwsmoleslan teighb flegs &an@kawplféremdues)

subcut an
e SOUE ALERTUER ) g, LILGETIS G g oo
pol ymar i @obyrmens sirch ph pbiyeingipyepliding; mmp ae»daﬁmheasgycamﬁ, emmrmne,rﬁspafame

accept abl ) O n S % %#
SCCCPL DLy g RERR Ly BB M A g
further abpess, rnzhmosemmrdemmnspphﬁlatdgsag;:ntsesmbdisoﬁDTAeratzgafryikn@oa such as
conpe und mannitol or sorbitol; salt-forming counterions such as sodium; and/or nonionic surfactants

such as TWEEN®, polyethylene glycol (PEG), and PLURONICS®.

[072] Suitable routes of administration may, for example, include depot, oral, rectal,
transmucosal, or intestinal administration; parenteral delivery, including intramuscular,
subcutaneous, intravenous, inframedullary injections, as well as intrathecal, direct

30 intraventricular, intraperitoneal, intranasal, or intraocular injections. The compound may also
be administered in a local rather than systemic manner, for example, via injection of the

compound directly into a tissue, for example in a depot or sustained release formulation.

[073] Furthermore, one may administer the drug in a targeted drug delivery system, for

example, in a liposome coated with tumor-specific antibody. The liposomes will be targeted



10 capabl e of effecting de-differentiation of-a cell. Such nethods
may include allow ng an interaction, including the formation of a
conpl ex, between the conpound and the Err protein. In one enbodi nent
t he net hod wgoep/misBeide det er mi ni ng whet her t he conpound PEITISER2608/08440
as prevents, reduces or enhances, the 5.:5“ mati on of a conpl ex between
an Err protein and one or both of Nanog and Oct4. In a further

embodi menp ahd ?ak@i?ﬁﬁ‘%c‘tz@&& By e tieleah N RS Hhetor esls dsateREPOUNd
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in-vitro nmdthod may include addi ng t
25 cellulose, and/or polyvinylpyrrolidone (PVP) If desired, a disintegrating agent may be added,
such as the cross-linked polyviny! pyrrolidone, agar, or alginic acid or a salt thereof such as

sodium alginate.

[077) Dragee cores are provided with suitable coatings. For this purpose, concentrated

sugar solutions may be used, which may optionally contain gum arabic, talc, polyvinyl

30 pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer sohutions,
and suitable organic solvents or solvent mixtures. Dyestuffs or pigments may be added to the

tablets or dragee coatings for identification or to characterize different combinations of

active compound doses.

[078] A preparation that includes a compound described above can be used orally



10 test tube a conmpound that is suspected to be capabl e of nodul ating
the conplex formation of an Err protein, or a filnctional fragnent
thereof, and at | east one of Nanog and Cct4. The nethod nmay further

i ncl ude ad@vooem¥8Err protein, or a functional fragnmentPQIVEE2ewf00040D
the test tube. The nethod may al so inczgde addi ng Nanog or Cct4 to
the test tube. In sone enbodi nents both Nanog and Cct4 are added to

the test jhsi@e pddhet dByulSemadietediREe @]l ad 30 seaREURPHIR! hide JiN@Yatin
may al so be added before, together with or after adding the Err

prot ei n ta@dinRlasticzer. gt as glyFerRber 1R toketifoRpshdl crpRlas 8N £PNiBY the 2¢thie
for mat i onpgkdidn GAPhENixREE Wi fiRke sEEH aP"186de bAMdrsNSPT a@ ek Qfes, Caldfor
The method al so includes detecting the formation of this _conplex. As
expl ai nedubrirguis suehes trlsommapnesiien steatis and mpHienalliesjatilizestdn pedticapgiles, the
us' n a . + . . . -
L8 AR SHBER B BRI AL GEARTLF S LTSS by i i
[ 89] The HarafBmt porliquid fpelyethsdenel Blyseols.aim ciddifionhetabdizerswimey horpdded. All
limting : Yol bt ' '

o o GRS o BB 90 B e R 5P iton
conposi t ikensbuotal neimiesiratmarbe comessitionst ey $gkeothe sfoepsof mbéde ot Ilgzenges

existing or later to be. devel oped that perform substantially the sane
function 8@%%%‘?8\/@“5?@??%@ T‘y the sane 25 result as the

cor ngspondi gy PEG RInARK TGOS RS0 $RCEdnRRAndefor ke AR rdihK RYMNE Prdtnt
utilized according to the present invention. Exanples Cell culture

and tr anshestipppre copgpienty debivares dnthes fopar f anlaeigpddsnsgy presentation from
gel ati n- i i Q) i dj; _
G b0 Sl PGS HisEaR B TRhid S o Popaplf B  a bkl
(FBS; CCB@Danetrighigrafiior @nethansagicletotetnghorpeh8E0rarbon digkidegr athaniuiteble
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pasdége ewbeyoelivg alaeseredRapprayr Eapssls gedl Icartriddds 4f @nd. Bdlatmw dereuseSn an

WD 2009/ 136867PC 08/ 7 .S, wer.e . ' [
G-t roat ed <8 TSy PP donfited EioipE eCidel i O B aRe -
cel | nmedisuitabdegbwies basgesuely @ lyct@se-or 3taddys. MEFs were isol ated from
13.5 d.p.c errbr¥os by di ssociation with 0.05%trypsin at 37C for 10
nmm and cul t 98&Thecompaund raye eanelatied fergpapmter g gidpinigastioahycnicctiqn, e.2.,
this stugy. ot Hrefod/er SoiiribidTiRon. FORRAGSS 16 AR bRH) bCHelctRd in
senescencé MeFs Trom CD', B6, 1291B6, Actin-OFF, ActinGFP/CDI, )
Pou8P| - GupjtHgsage &amh v, BeEpulps of i Bltidnse pgingigyyath ynaddad preservative. A

study. Tr, I : - Welyg t%g] .
per f gr rreg @%ﬁg%Eﬁgggg%fgl%g@%%gggﬁsnﬁtg fpggsz%%’ %dgltll:or iog Sm}(ﬁ%ﬁms in oily or
manuf act agegous véhigdes, aod mamsont®in fefrhylatony, apents sualifasshspendidg, sighilézing and/or
transfect ' ES cells on 60 mm plates for RNA and protein
extracti gﬁsgegﬁg%géfﬁ?dn of 10 alkali ISle phosphat ase, whi (F:)h i's

i ndi cative mnthﬁimgﬂaﬁxfd‘@cm?td FHaditsi@toemolhti 615foe Bhrlefteradagmbdtiati6is an
out using a conmercial ES Cell Characterization Kit from Chem con. .
Pur 8ftyci Ra{esuE sl ytien pebeiaghvaeEnpopiol vaer-splubly fogmy Additionplly spsppesipns
at a Con%?mera%ﬁir@ébéﬂ;ﬁou@l@niaWé Blepa@R A BRIrBERkOGH fRictidn 5ipbnsti¥ SSuitable

prior to harvesting. i ) ) . . i
lipophilic solvents or vehicles include fatty oils such as sesame o1l, or synthetic fatty acid

esters, such as ethyl oleate or triglycerides, or liposomes. Aqueous injection suspensions

 may contain substances that increase the viscosity of the suspension, such as sodium

30 carboxymethyl cellulose, sorbitol, or dextran. Optionally, the suspension may also contain
suitable stabilizers or agents that increase the solubility of the compounds to allow for the

preparation of highly concentrated solutions.

[082] The active ingredient may also be in powder form for constitution with a suitable

vehicle, e.g., sterile pyrogen-free water, before use. The compounds may also be formulated



RNA extraction, reverse transcription and quantitative real-tinme PCR
15[ 091] Total RNA was extracted using TRl zol Reagent (Invitrogen) and
purified wwth the RNAeasy M ni Kit (Q agen). Reverse transcription
was per f or e 2008{1A@F6Super S cript 11 Kit (Invitrogen). DNXT/SG2008/600407
contam nati on was renoved by DNase (AmLon) treatnent, ‘and the RNA
was further purified by an RNAeasy col imm (Q agen). Quantitative PCR

anal yses yergtflechapstbnk nsﬂ'cﬁalas t JuPPositeHfg o NrefBkiofRbmMa69 Q0. Seaneias
Detection System and SYBR 20 G een Master M x as _descri bed.” For al l

the pri metesvertiogal ippositarihases S§P‘h%ﬁ f@c?ﬁmb@r Qﬁlﬂeftglbéceﬂiiﬁht size. In
all our con ev tran ase gna
et eored. LI ARARSD & IRl latdnd QRSB BERF s, RledingleE jayypiso be
differ egt fohﬂmgfbg&sm‘ ddf;ﬁt p@bhlsnon;igggls ﬁqigemﬁ@g fdrﬁfumioz asl g’gg lﬁsErdlhﬁmsﬂaBWby
are s described in Loh et 5 W

co i (mer PR eRhsu il R issaE) PoUorsemeeplar iniHon.
t ransgenl'phlm Cfer (cl@ﬁabﬁ: rth§ deﬁ%ou@so%yme OfAmdiateandi@O4bhible polymerxc or

respectively) were used F isolation., B6 mce were used . fo
mi croi nj eBrghobiRapateRaly &fgr BRRRIG 2R g SARISIHN B 6??3{’*@913]01%19%0%?“31&383
Esrrb andehf@k af §atifgs séﬂ%l% deAPdrivkd ?&e@cﬁxﬁﬁl‘e”&%aﬁ%}?@&hﬁle@é’lt PCR and

30 cloned into MLV based pMXs retroviral  vector e retroviruses
wer e gener a{08d] as adfastheri dapebt hiye Tndeativas priovidad a Yasthoh bA u(eaﬁfjﬁ;g s epmadund

T0| duce i P eq nts o u ing differe
Factl s oEPROIE FhI T ER i GEPIPORH B2 S6li PG e T8 gsfe fbwing an
20?9{) 13685%1:2]‘@? bﬁmﬁcﬁﬁ@ﬁﬁéf&gnaﬁen EB&:@P@M GJ@ﬂieah I&leﬂgmﬁ;oﬁﬁd #6d the Err protein.
poyren After 24 medi um were .c dto fres e
fol | owi n d’é‘§ e(“?"é‘ﬁ} IffF%h‘ifée‘P%‘/ oplude %{ “‘8g Whetheg t n&?rf"ﬂ?@ﬁ“‘?‘i;‘gﬁé% such
The cul t Ltfsg)ré!\@ﬁtst R8BI &ihahR8Ghé Rirmiflon &k cbdied BetWBdiSA Erdpfo@lid and one
cul ture nedi um | nmunofl ourescence & i nmunochem stry
or both of Nanog and Oct4. In a further embodiment the méthod includes determining
15 whether the compound modulates, including enhances, reduces or prevents, the transcription

factor activity of the Err protein.

[085] In sorme embeodiments a respective method includes infroducing the compound into

a cell capable of expressing one or more Err proteins, or (a) functional fragment(s) of one or

more Eir protein(s), and determining the expression of the Err protein(s) (see above for

20 details). An increased expression of a respective Err protein is an indication that the
corresponding compound is capable of effecting de-differentiation of an at least partially
differentiated cell or of maintaining pluripotency and/or self-renewing characteristics of an

undifferentiated cell,

[086] The formation of this complex may be carried out using a suitable spectroscopic,

25 photochemical, photometric, fluorometric, radiological, enzymatic or thermodynamic method.
Tlustrative examples are the detection by surface plasmon resonance (e.g. Biacore®-
technology), nuclear magnetic resonance or crystallization and subsequent X-ray analysis.

An example of a spectroscopic detection method is fluorescence correlation spectroscopy
(Thompson, N.L., et al. Curr. Opin. Struct. Biol. [2002] 12, 5, 634-641). A photochemical

30 method is for instance photochemical cross-linking. The use of photoactive, fluorescent,
radioactive or enzymatic labels respectively are examples for photometric, fluorometric,

radiological and enzymatic detection methods (see also above).

[087] In some embodiments such a method is an in-vifre method. It may include

contacting the compound, an Err protein, or a functional fragment thereof, and Nanog or
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[089] The invention is further illustrated by the following non limiting examples. As one
of ordinary skill in the art will readily appreciate from the disclosure of the present invention,
other compositions of matter, means, uses, methods, or steps, presently existing or later to be
developed that performm substantially the same function or achieve substantially the same

25 result as the corresponding exemplary embodiments described herein may likewise be

utilized according to the present invention.

Examples

Cell culture and transfection

[090] Mouse ES cells were cultured on gelatin-coated dishes in Dulbecco’s modified

30 Eagle medium (DMEM; GIBCO), supplemented with 15% heat-inactivated fetal bovine
serum (FBS; GIBCO), 0.055 mM S-mercaptoethanol (GIBCO}), 2 mM L-glutamine, 0.1 mM

MEM nonessential amino acid, 5,000 units/ml penicillin/streptomycin and 1,000 units/mi} of

LIF (Chemicon) and passage every 2 ~ 3 days. Reprogrammed cells, V6.4 and R1 mouse ES



Bi sulfite Sequencing 5[0981 Bisulfite treatment of DNA was perforned
with the Inprint TM DNA Modification Kit (Sigm) aCcording to

manuf acture's instruction. Anplified products were purified by using
gel filtratwonoensassms, cloned into the pCR2.1 vector (|PCUVSGROTPEOR)4p7
and sequenced with ML3 forward and revgése prinmers. Prinmers that were
used for anplifying Nanog pronoter had“the sequence:

S - GATTTT@@%%I%TWBT@%%@nhdas%bé%nﬁ%réﬁast (MEF{) feeders in
5' - ACCAAAAAAACCCACACTCATATCAATATA (SEQ I D NG . Primers that were

usedf or artpt Y4 B odl Wwedismond massash eweY) d ericdays’ MEFs were isolated from 13.5 d.p.c
ATGGGTT TEGGELIALT: 0)..a : :
5 - mﬁ%ﬁ?ﬁ%ﬂ%@@@ﬁ%@ #3ES, for, 10, min 3o spitgsed, in
anpl i fi casPdiBMAMEMroonething200sE/mj gso@mign. dertbisistidPNte estd bidFe dvifhim i
MEFs 5 ES. p%?éagés’ toé?ﬁ;ﬁdcr%glgcafi% se%gpcreﬁge. %ﬂ% ?&ﬁ %151? 'Bﬁ,e?fd}Bg,eﬁ&H-B?P, K'&?m
sense priner-use or anplifying had e Tol'l'ow’ ng’ Seéquence:

5' - GACGGCHIRICDACCHESEATIIIRE HBECh4vE Den used At itbe iRS ipdictien sn uhisdsthidy.

g.nP #&%@%ﬁ?@%vﬁ% ue-ns%%%. ;Eés?rﬁ sr {vta?s performed using Lipgfectamine
5' - TGTAGRGAGELT A PECEAGInAG (malifatteNOinsBictak Briefly, 1.5 pug of plasmids were
TCC .( SEQ
6

g- :CCAATAGI-T&&]*%M égggoﬁlﬁg%@%%})ﬂf:\wﬁmtein extraction. Detection of

S' - T TCARGHAEhEspRAASCAVHT is( idfdatite MOthShondbdvbiftiated state of ES cells, was

5'-TCGTCGCAGATGAAATAGGGCTG(,SE%IDNQ 7). . . ) ) X
carried out using a2 commercial ES Cell Characterization Kit from Chemicon. Puromycin
(Sigma) selection was introduced 1 day after transfection at a concentration of 0.8 pug/ml,

and maintained for 2 to 6 days prior to harvesting.

RNA extraction, reverse transcription and quantitative real-time PCR

15 [091] Total RNA was extracted using TRIzol Reagent (Invitrogen) and purified with the
RNAeasy Mini Kit {Qiagen). Reverse transcription was performed using SuperScript Il Kit
(Invitrogen). DNA contamination was removed by DNase (Ambion) treatment, and the RNA
was further purified by an RNAeasy column (Qiagen). Quantitative PCR analyses were
performed in real time using an ABI PRISM 7900 Sequence Detection System and SYBR

20 Green Master Mix as described. For all the primers used, each gave a single product of the
right size. In all our controls lacking reverse transcriptase, no signal was detected. Each
RNAI experiment was repeated at least 3 times with different batches of ES cells. The
sequences targeted by Estrb shRNA are as described in Loh et al (2006, supra).

Mice

25 [692] Wild type CD1 mice, B6 mice, Actin-EGFP transgenic mice and Pousfi-EGFP
transgenic mice (Jackson’s Lab, Stock No 003516 and 004654 respectively) were used for

MEEF isolation. B6 mice were used for microinjection.
Retrovirus packaging and infection

[093] CDSs of Estrb and other factors were amplified from mouse ES cells by PCR and
30 cloned into MMLV based pMXs retroviral vector. The retroviruses were generated as
described by Takahashi and Yamanaka (2006, supra). To induce iPS cells, equal amounts of

viruses encoding different factors were applied on MEF at 50~70% confluence in 15%



M croarray anal ysis [ 1001 nmRNAs derived fromcells were reverse
transcri bed, |abel ed and anal yzed using Illumna mcroarray platform
(Sentrix Mouuse-6 Expression BeadChip v1.1). Arrays were processed as
per manuf acY@p®p/1¥sémstructi ons. The mieroarray data werRETaeabispedoby
SAM 30Generation of Esrrb repro, ra cells WO
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wi t b5 PouBluclki @kile coeperstamedwitthHEsmgoxylnt 4, Sox2 20 and c-Myc and the
present inventors were able to induce G-P, al kaline phosphat ase,
Nanog and SSEAl positive cells (SBandkSr (ﬁ,}pin?har acterization of the
reprogramed cells [ 1031 To further c%ar erize the Esrrb

r epr ogr anmgdosietdls, wis @ﬁté&mdco@eﬂﬁ@&”&ﬂ eitoRE théti a@ havenddt by erahiied

transcri ptone .of two ES cell - es, thre dceII-Il es
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Biosciences, Catalogue number 5170C and which is a modification of M16 Embryo Culture
Medium) and injected into 8 cell stage B6 mouse embryos. The embryos were then allowed

to develop to test for the ability of iPS cells to incorporate into the animals.

25 Chromatin Immuneprecipitation (ChIP) assay

[097] ChIP assays were carried out as previously described. Briefly, cells were cross-
linked with 1% formaldehyde for 10 min at room temperature and formaldehyde was then
inactivated by the addition of 125 mM glycine. Chromatin extracts containing DNA
fragments with an average size of 500 bp were immunoprecipitated using anti-H3K4me3

30 (Abcam) or anti-H3K27me3 (Upstate Biotech) antibodies. For all ChIP experiments,
quantitative PCR analyses were performed in real-time using the ABI PRISM 7900 sequence

detection system and SYBR green master mix as previously described. Relative occupancy
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25 prese éﬁsegﬂﬁnef Ed ki tafrfﬁ‘!’xg)ﬁf?? %Qg’t“%é%q uchls, L1 ssues of the
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Sox2: 5-GCTTCAGCTCCGTCTCCATCATGTT (SEQ ID NO: 6)
25 cMye: 5-TCGTCGCAGATGAAATAGGGCTG (SEQ ID NO: 7)

Microarray analysis

[160] mRNAs derived from cells were reverse transcribed, labeled and analyzed using
[llumina microarray platform (Sentrix Mouse-6 Expression BeadChip v1.1). Arrays were

processed as per manufacturer’s instructions. The microarray data were analyzed by SAM.

30 Generation of Esrrb reprogrammed cells

[101} Using direct reprogramming of genetically unmodified fibroblasts as described
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30 Epigenetic status of the reprogrammed cells

[104] ES cell-specific genes such as Nanog and PouJ3fi are highly expressed in ES cells
and their promoter regions are deficient in DNA methylation. In MEFs, these genes are

silenced and their promoters acquire DNA methylation. Previous work has shown that
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i nvention are described &SIELEGREOR 6d| cells aregpuripatent hose skilled in
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Mar | cush whré %HCroinf’e%tem !B%el?lsélgy'(:i@’?}B%G embryos. As the OSCE reprogrammed cells

20 were derived from MEFs with actin-GFP reporter, they are GEP positive. Before introducing
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these cells into the blastocysts, the present inventors first established that the OSCE#8 and
OSCE#13 cell-lines had normal karyotype (see Fig. 9a, b). Following imjection into
blastocysts, the OSCE#8 and OSCE#13 cell-lines contributed to mouse embryos as the 9.5
d.p.c. embryos showed mosaic incorporation of the GFP labeled cells (Fig. 6a-f). The
25 presence of the four retroviruses in the york sac tissues of the chimeric embryos was further
confirmed by PCR detection assay (see Fig. 9¢). Immunostaining of the embryos also
indicated that the GFP-positive cells contributed to all tissues (Fig. 6g-1). Hence, the OSCE

reprogrammed cells are pluripotent and able to differentiate in vivo into the three lineages.

[107] Esﬁb has been shown to be involved in the maintenance of the self-renewing state

30 of ES cells (Ivanova, N. et al.; Nawure (2006) 442, 533-538; Loh, Y.H, et al., Nat. Genet.
(2006) 38, 431-440). Thus far, reprogramming factors (Oct4, Sox2, K1f2, K1f4, KIf5, n-Myc

and c-Myce) are involved in up-regulating ES cell-specific genes (Ivanova et al., 2006, supra;

Loh et al., 2006, supra; Boiani, M. & Scholer, H.R., Nar Rev Mol Cell Biol (2005) 6, 872-384;



1. A nethod of effecting de-differentiation of an at |east partially
differentiated cell or of maintaining at |east one of pluripotency
and self-renewi ng characteristics of an 5Sundifferentiated cell, the
met hod conp¥030444348atr easi ng t he anmount or the activity REF/ER008/000407
estrogen-rel ated receptor (Err) protei gé or a functional fragnent

I

thereof, in the cell. 2. The nethod of aiml, wherein the Err
' f
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f ragnment
2, the morphology of the ES cells depleted of Esrrb was similar to ES cells transfected with

control plasmid expressing shRNA against luciferase (Fig. 6a); these cells also stained
15 positive for alkaline phosphatase. Despite maintaining these ES cell characteristics, the
expression of Esrb bound genes which encode for key regulators of ES cells (Sox2, Nanog,
Sall4 Tcll, Thx3, Eras, Kif4, Kif5) were already reduced {Figure 6a). After 4 days and 6
days, the Esrrb depleted ES cells were already differentiated with distinct morphology and
loss of alkaline phosphatase staining. The data showed that Esrrb is up-regulating genes
20 associated with ES cell state. As reprogramming of MEFs by Esrrb requires Oct4 and Sox2,
genes were identified which are bound Esrrb, Oct4 and Sox2 (Fig. 10). Interestingly, they
include genes which encode for regulators of pluripotency (Sox2, Nanog, Sall4), self-renewal
regulators (7cll, Tbx3) and reprogramming factors (Kif4, KIf5) (Fig. 7b). This may provide

some explanation as to why Esrrb can work with Oct4 and Sox2 in the reprogramming.

25 [108] Using affinity purification and mass spectrometry, Esirb was found in a complex
that contained Nanog and Oct4 (Wang et al, 2006, supra; Liang et al., 2008, supra). It is
possible that in addition to regulating common target genes, protein-protein interactions
between these transcription factors may be important for activating the ES cell-specific gene
expression program in somatic cells. It is of interest to test whether other components of the

30 Nanog and Oct4 complexes have reprogramming functions. Previous work on the
reprogramnming of MEFs to iPS cells highlights a critical role of KIf4 in remodeling cell fate.
The above result shows that K1f4 can be replaced by Esrrb. Without being bound by theory
the data obtained with ES cells (supra) provide evidence that the three transcription factors

Esrtb, Oct4 and Sox2 target common genes which are either critical for maintenance of ES



2511. The method of any one of clainms 1 - 5, wherein increasing the
activity of the Err protein in the cell conprises nodul ating the

I nteraction of the Err protein with a nucleic acid target sequence.
37 12. The webtdod3as7 cl aim 11, wherein the nucl ei c aci d BEVER008/000407
sequence conprises an estrogen response_el enent or a palindromc
thyroid hornone response el enent. 13. ¥he nethod of any one of clains

1 -5, V\/ner in in easL thg ?tIVIt of .th protein in the cell
conpri ses“HOPhifg A ¢ ﬁ%f’%‘? Ba Ao ﬁ@“ﬁ?g%gmf he En- protein and 5a
protein, (ii) the En protein and a conpound, and (iii) the Err
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peptide, a peptoid, an inorganic nolecule an | 'ow nol ecul ar wei ght
or gani ¢ nikewulog gen@algknowkrdgeret hod of claim 14, wherein the Err

prot inis erel and ere e |l.ow nol e

o 6 ot Do abeanBgoR, RraRieRoithel ereiR nily SR he Peachiftc, iy s
phyt oest rgaite atlardelement! &VelBQemd ViRRaiohOgteimitdifons, The: §Rtifies1y0fisclosed
claim 13 or 14, wherein the roteln is one of GR Pl SRC-1a, ACTR and
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any one of clains - wherein increasing the activity of the Err
protein i ﬁomn@Sf@ePT f@mﬁmgegfllhbtr widersipodrio anpkyrthe jnshision of a stated integer or

postyly ansd&idsOBAlintRd: friut adk ARe Wxclulibn B ay Ol MndeRerO6f Wroup of integers.
Additionally, the terms and expressions employed herein have been used as terms of

description and not of limitation, and there is no intention in the use of such terms and

expressions of excluding any equivalents of the features shown and described or portions

thereof, but it is recognized that various modifications are possible within the scope of the

15 invention claimed. Thus, it should be understood that although the present invention has
been specifically disclosed by exemplary embodiments and optional features, modification

and variation of the inventions embodied therein herein disclosed may be resorted to by

those skilled in the art, and that such modifications and variations are considered to be within

the scope of this invention.

20 [111} The invention has been described broadly and generically herein. Each of the
narrower species and subgeneric groupings falling within the generic disclosure also form
part of the invention. This includes the generic description of the invention with a proviso or
negative limitation removing any subject matter from the genus, regardless of whether or not

the excised material is specifically recited herein.

25 [112]} Other embodiments are within the following claims. In addition, where features or
aspects of the invention are described in terms of Markush groups, those skilled in the art
will recognize that the invention is also thereby described in terms of any individual member

or subgroup of members of the Markush group.



2019. The nethod of claim 18, wherein the posttransl ational

nodi fication is one of phosphorylation, sunoylation and a conbination
thereof. 20. The nethod of any one of clainms 1 - 19, further

conpri sing assessing one of: (i) the amgunt or the activity of the
Err protejn, f iLopnal fragnment thereof, in the cell, and
25(i?) tﬁtﬁéggéﬁﬁ%éﬂgﬁhg? arker of the differentiation status in the
cell. 21. The nethod of claim 20, wherein the marker of the
differentiation status_in the cell is: (i) the expression of one of

Nanog, Octl4, Agasthod afeffestingrde-iffergntigtionzpian atyeaspartialfmdiffkengated cell or of

Baf 250a, B : @:{ﬁf} s -

Myodl , 38%@@“%&? @%%tgkfggg%l rtglgc,y agdis %&?fﬁlaﬁ%?&ﬁ%ps%rﬁ%%{ég%%
Stat3, U fl ,unbiffapiatahetll/fHehdhodeoniprising ierenstigiheaidonnt &t tAt a&tivefy of an
the pronoter of one_of Nanog, t4, Sox2, Sall4d, Tcl 1, Tbx3, Eras

Kif 2, Kif4, %&rPS?n-ﬁéﬁt%t?a?ptgd@%m%?mmﬁl phiqns] frageni gheregfy prige cell.
5Hes6, Jub, Mf2, Myodl, Nnycl, Notch4, Nr5a2, Nrg2, Qx2, Rab2b,

Ropsuh, RestThethathdd ofklhim 1,[6h@BIRGhEBH pfétBRIS onddF anT]f!s’?'rbr?B&% alEsrrd

claim 20, wherein assessing the anmount ‘and/or activity of the Err
prot ei n conprpEsamElswdswigwotele anount and/or activity over a period
of tine. 23. The nethod of claim 20, wherein assessing the
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23,10 urt her srempoLf Octiand@axari ng the result of the neasurenent of Err
gene expression with that of a control neasurenent.

4. The method of any one of claims I - 3, wherein the at least partially differentiated cell
is one of a terminally differentiated somatic cell, a precursor cell, a lineage-restricted

stem cell, a somatic stem cell and a progenitor cell.

5. The method of any one of claims 1 - 3, wherein the undifferentiated cell is one of a

15 stem cell, a germ cell, an oocyte, a blastomer, and an inner cell mass cell.

6. The method of any one of claims 1 - 5, wherein increasing the amount of the Err

protein in the cell comprises increasing the expression of the Err protein.

7. The method of claim 6, wherein the expression of the Err protein is increased by means

of a nucleic acid molecule.

20 8. The method of claim 7, wherein the nucleic acid molecule is a heterologous nucleic

acid molecule.
9. The method of claims 7 or 8, wherein the nucleic acid molecule is RNA or DNA.

10. The method of any one of claims 7 - 9, wherein the nucleic acid molecule comprises a

sequence encoding an Err protein or a functional fragment thereof.

25 11. The method of any one of claims 1 - 5, wherein increasing the activity of the Err
protein in the cell comprises modulating the interaction of the Err protein with a

nucleic acid target sequence.



25. The nethod of claim 24, wherein the control neasurenent conprises
the use of conditions that do at |east essentially not nodul ate Err
gene expression. 1526. The nethod of claim 20, wherein assessing the
presence of a marker of the differenti@vion status in the cel

conpri se SUr i i an and/ or, th activity of the marker
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2028. The nethod of claim 27, wherein the host organismis one of a

m croorganism a fish, an anphlblan a bird and a mammual . 29. The
met hod of3.c| HiemeBod ahemesns afivkime |1| 51, whercireinauersing theawtivitolibe Err
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adi pose cel I3 pl@tdiﬁﬁ%ﬁﬁ@lh)@i’fﬁﬂ)mf&ﬁ hnd a'ﬂébrﬁlﬂjuhb Sdridalii)akeé Err padteind® protein and a
epi dermal cell, a chondrocyte a hepatocyte, a cumulus cell, a neural
cell, a gIldPnH@PP an astrocyte, a cardiac cell, an esophageal cel I,
a nuscle cell, a pancreatic beta cell, a nelanocyte a hematopoietic
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nethod of any one o nthe cell 1s c

31. The net hdc phtidd, aipeptoRl] anmcﬁgamcmmtncubl and adohwinm]sdudari wgla organic
conmpound that nho ulates at | east one of the expression and the
activity of BH®HCprotein. 32. A nmethod of identifying a candidate
conpound capabl e of effecting de-differentiation of an at | east

partg al | y5.diTHeah@Rbd af @6int ©4, lwitieif thed T BicAdiAi%h Bdrkt prid i€ Ay whReeihQhe
sel f- 5renew ng characterlstlcs of an undifferentiated cell, the

met hod Corrprlpmrﬁ@eq:qlﬂrrv@@g@, qaganic molecule is a 4-hydroxybenzoic acid aryl hydrazide, a
flavone phytoestrogen and an isoflavone phytoestrogen.

16. The method of claim 13 or 14, wherein the protein is one of GRIP1, SRC-1a, ACTR

and a PPAR gamma coactivator.

15 17. The method of claim 16, wherein the PPAR gamma coactivator is one of PGC-1o. and
PGC-1p.

18. The method of any one of claims 1 - 5, wherein increasing the activity of the Err
protein in the cell comprises allowing an alteration of a posttranslational modification

of the Err protein to occur.

20 19. The method of claim 18, wherein the posttranslational modification is one of

phosphorylation, sumoylation and a combination thereof.

20. The method of any one of claims 1 - 19, further comprising assessing one of:
(1) the amount or the activity of the Err protein, or a functional fragment thereof, in the
cell, and

25 (11) the presence of a marker of the differentiation status in the cell.

21. The method of claim 20, wherein the marker of the differentiation status in the cell is:
(i) the expression of one of Nanog, Oct4, Sox2, Sall4, Tcl1, Tbx3, Eras, KIf2, K1f4,
KI5, Baf250a, BC031441, Eno3, Etv5, Gm1739, Gtf2h3, Hes6, Jub, Mtf2, Myodl,



the conpound into a cell capable of expressing an Err protein, or a
functional fragnent thereof, and determ ning the expression of the
En- protein, wherein an increased expression of the En protein is an
i ndi cation that the conpound is capabl ggof effecting
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characteri sti cgdoffpgsms,wpdi fferentiated cell. 33. The method of claim
32, wherein the Err protein is an Esnb protein or an Esrrg protein.
34. An i n- vi(ily the metindaticof statdeof thé prompter cfomp of hdneg i, Sosl, SHiteTting

de-di fferenti atji qon_of | all | fferent] Il 0 f
mai nt ai ni ng platl?’f%pgfaéngé}zglggjﬂggﬁéﬁﬁﬁd@né\%}sﬁgj'{:lhgpﬂgt[ﬁéﬁg_‘?q]ﬁ 90f3tf§(h§)’
undi§ f er ent i atgekec Ald, MiEN QIHRI NREL PN B, NMESERNREIORY, RALNE Rbpsuh,
conpound, an En protein, or a functional fragment thereof, and at

| east one of NagrbPtatAdUdEs TcfapdeeandiZipiide facilitation of the

formation of a conplex between the Err protein and at | east one of

do- bt ofknt 1o BACERE Ghirh 08, Adfin ATPMP e Ty SRERRNE S SGR EBY o

mai nt ai ni ng @bteireashprizes antssilgithe pobemteydan detdalyf oveen pyidiof time.
characteristics of an 20undifferentiated cell. 35. The nethod of

claim34,_caopprising: .(a) ding to a test tube a ¢ ound that is __ .
suspect et o%éﬂe%ﬁgsf Sl %ﬁvo‘?ﬂlﬂﬁf%%?iaﬁﬁs%l%t GHoMBLOT BT REArRRIngR thiceis
profei n, or Rnfiashi aRaturn H@Qﬁpr&ﬁ@ﬁfh‘%ﬁfthe EH%r&Ein!iﬁﬂ?etcePne of Nanog

and Cct4, 25(b) adding the Err protein, or a functional fragnment
thereof, to the test tube, (c) adding at |east one of Nanog and Cct4
to the t2t Thevecthaddf ¢ldim datfochéregmphising gouipenmpihe xesuliofitiici moeasured@:nt

The net hod o‘g‘fﬁcrlr im 35, wher emlétt%?gdet%ﬁti on is Egrfor med by a

sui tabl e spectto %ngpqngesﬁﬂ%'%t ICOMEH R EHREPIES 1 uoronmetri c,

radi ol ogi cal, enzymatic or 30t her nodynam c met hod.
25. The method of claim 24, wherein the control measurement comprises the use of

conditions that do at least essentially not modulate Err gene expression.

15 26. The method of claim 20, wherein assessing the presence of a marker of the
differentiation status in the cell comprises measuring the expression and/or the activity

of the marker over a period of time.

27. Themethod of any one of claims 1 - 26, wherein the cell is obtained from or is

comprised in a host organism.

20 28. The method of claim 27, wherein the host organism is one of a microorganism, a fish,

an amphibian, a bird and a mammal.

29, The method of claim 28, wherein the cell is a mammalian somatic cell selected from

the group consisting of a fibroblast, a myeloid cell, a B lymphocyte, a T lymphocyte, a

dendritic cell, a keratinocyte, an adipose cell, a mesenchymal cell, an epithelial cell, an
25 epidermal cell, a chondrocyte, a hepatocyte, a cumulus cell, a neural cell, a glial cell,
an astrocyte, a cardiac cell, an esophageal cell, a muscle cell, a pancreatic beta cell, a

melanocyte, a hematopoietic cell, a macrophage, a monocyte, and a mononuclear cell.

30. The method of any one of claims 1 - 29, wherein the cell is cultured.



40 37. The met hod of any one of clains 34-36, wherein the Err protein
Is one of an Esrrb protein, an Esrrd protein and an Esrrg protein.
38. The use of a nucleic acid nol ecule and/or a conpound t hat

i ncreases the absolute quantity of an Bor protein in a cell, in the

fact f t. f ffecting.de- bdifferentiation,gQf an _at
east parti al I OGIHPR S SHITGR £l e FImBHSINGRAEHSTHG oNopBE Bk jrodilates

and/ or sel f - 4@EARVMIIAAREGFERTOnShi 8% LhivAP oPRFEHpBSeRL | ated cel . 39.
The use of claim 38, wherein the Err protein is one of an Esab

protein, an Esrrd protein and an Esrrg protein. ) o
32. A method of identifying a candidate compound capable of effecting de-differentiation

of an at least partially differentiated cell or of maintaining pluripotency and/or self-

5 renewing characteristics of an undifferentiated cell, the method comprising introducing
the compound into a cell capable of expressing an Err protein, or a functional fragment
thereof, and determining the expression of the Err protein, wherein an increased
expression of the Err protein is an indication that the compound is capable of effecting
de-differentiation of an at least partially differentiated cell or of maintaining at least

10 one of pluripotency and self-renewing characteristics of an undifferentiated cell.
33. The method of claim 32, wherein the Err protein is an Esrrb protein or an Esrrg protein.

34, An in-vitro method of identifying a compound capable of effecting de-differentiation
of an at least partially differentiated cell or of maintaining pluripotency and/or self-
renewing characteristics of an undifferentiated cell, the method comprising contacting

15 the compound, an Err protein, or a functional fragment thereof, and at least one of
Nanog and Oct4, wherein the facilitation of the formation of a complex between the
Err protein and at least one of Nanog and Oct4 indicates that the compound is capable
of effecting de-differentiation of an at least partially differentiated cell or of
maintaining at least one of pluripotency and self-renewing characteristics of an

20 undifferentiated cell.

35. The method of claim 34, comprising:

(a) adding to a test tube a compound that is suspected to be capable of modulating the
complex formation of an Eir protein, or a functional fragment thereof, and at least
one of Nanog and Oct4,

25 (b) adding the Err protein, or a functional fragment thereof, to the test tube,

(c) adding at least one of Nanog and Oct4 to the test tube, and

(d) detecting the said complex formation.

36. The method of claim 35, wherein the detection is performed by a suitable
spectroscopic, photochemical, photometric, fluorometric, radiological, enzymatic or

30 thermodynamic method.



37.

38.

39.

40
The method of any one of claims 34-36, wherein the Err protein is one of an Esrrb

protein, an Estrd protein and an Esirg protein.

The use of a nucleic acid molecule and/or a compound that increases the absolute
quantity of an Err protein in a cell, in the manufacture of an agent for effecting de-
differentiation of an at least partially differentiated cell or maintaining pluripotency

and/or self-renewing characteristics of an undifferentiated cell.

The use of claim 38, wherein the Err protein is one of an Estrb protein, an Esrrd protein

and an Esrrg protein.



