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Cross-reference to related agg'lication

[0001]. This application claims benefit of, and 'priority from, Singapore patent
application Numbers 200906546-7, filed on 30 September 2009 and 201000140-2,
filed on-9 January 2010 the contents of both of which are incorporated herein by

reference.

Field of the Invention

[0002]. The present invention relates to a nuclear receptor protein and the use of
such proteins in methods of reprogramming a differentiated cell to a pluripotent

state.

Background Art

[0003]. Stem cell treatments are a type of cell therapy that introduces new cells
into damaged tissue in order to treat a disease or injury. The ability of pluripotent
cells to self—rehew and differentiate into a range of different cell types offers a large ‘
potential to culture tissues that can replace diseased and damaged tissues in the

body, without the risk of rejection.

[0004]. A number of stem cell treatments exist, although most are still
experimental and/or costly, with the notable. exception of bone marrow
transplantation. Medical researchers anticipate one day being able to use cells
derived from adulf somatic cells to treat cancer, diabetes, neurological disorders
such as Parkinson'’s disease, Huntington’s diséase, Alzheimer’'s, dementia, as well

as cardiac failure and muscle damage, along with many others.



[0004] . A nunber of stemcell treatnents exist, although nost are still
experinmental and/or costly, with the notable exception of bone marrow
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neur ol ogi cal disorders such as Parkinson's di sease, Huntington's disease,
Al zheiner's, denenti-a, as well as cardiac failure and nuscle damage, al ong
with many others. WD 2011/040887PCT/ SG2010/ 000372 [0005]. The reversion of
somatic cells to pI uripotent cells is commonly referred to as
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[ 0009] . Nucl ear receptors have the ability to directly bind to DNA and
regul ate the expression of adjacent genes. Nuclear receptors are nodular in
struct ur evendiioeesai n speci fi c domai ns such as DNA bi ndipog/sdaom@iono3yDBD) and
Li gand bi nding domain (LBD). They are generally classified into two broad
cl asses according to their mechani smof action and subcellular distribution
in the absence of ligand. The 48 known human nucl ear receptors have been
further categorized into subfamlies based on the sequence honol ogy of the
proteins. Subf amly 5 includes two nuclear receptors, Nr5al, also known as
steroid t !

recept oﬁwlllr 5a§&£ gésagbggé\)éa ‘?‘BQF@ (g% rﬁb"g ﬁog{]g‘(’ﬁ%ﬂ@" Hgﬁé&%l\llxnb ndi ng
domai n (fa@a) prdtlemmfethe =071 rﬁay'ntlyt Octph erpressioaanustebe plosely regealatedidgenous

| d f Nr5 Un t | t whi ch-
fusct s o B oo GG sy Sisse iteiRalRin Bh T 2ol FFE, 4 bhlhe
( Gal ar n@@plicdted fit tumhorigehB8ie)of dalult GRirm Ealie! E&ﬁ}pr@@ﬁﬁe@ébn of Shenfartor inf the

I nvention [00010]. The present invention seeks provi de alter natl ve
t r anscr iaguft gnice aeﬁcheenafﬁumt frcause tt\e forpation et GY%P'@WCn‘ﬁ?'Hﬂﬂ§ 8te skin

rePrOgr%ﬁH‘rH@Pﬁ‘n&' FHEneSUtingl Sgsaﬁ ia rbQuIRdPrdth! iPinRRlassli tﬁ&ﬁf SARP -
show t hat nucl ear receptors and sunoylation nutants o ar receptors
are abl @opuolation andttbe qpregulgtmmoftﬂsamrmeahscnmlowthmghnbetrmmmtmucqfear
receptors rTal;r/ %e%,@ to replace Cct4 in the derivation of pluripotent stem
cells i ety ‘3' © 6 Accor dingly one aspect of the present |nvent| on

provi de t for |ndu i.ng,. pl uri pot ent ste | ] rising
t he stezg&{%]e tkg? uref(ﬂbeség 'Q thﬁ (ﬁr Ht%SB Ofst Ibt//q?E ﬁyé | e that
encodes cti¢dl a0 PRainRAning pttﬁﬁio@éndyrpfméllbanqnélrcmaé hﬁeuca& ESGCs. AMheughn t he
pol ynucl eoti de encoding a transcription factor conprises § nucl ear receptor

and one NgHratpreganitorsells NPGR) express asigh deval of epPgerQyls gexe, ectopic

Kriippel acko e f S gt ell to
be a pl S?‘"Eé(?tg'é’ht QJF:e ot {%%%&3% ggrrtglt r;g(?mttésﬂpg%t qgeﬁt Ftéeﬁ?%ﬂ\%gﬁﬁﬁonhﬁrlgvr dés an

expr essrobaelvet:@rmsumﬁw that Qgt4 isppivgtad il iwariirg pluripotency énsomatiepells: from

subfam | e I i otide
cequoncd! 286 TENT SN Sdely FanagdpuB Aty B FEDARARN e orefifaiblied”) 1Y
8 or a tmagmptionakiactss have peény peamirtetictooDtrittél@ iPST gébgratiohynucl eot i des
conprising a nucl eoti de sequence capabl e of hybridising selectively to the

nucl eot r[mgaequam?@rsebepms hav§lﬂ@ blerC}o drre&lﬁ(?)rhﬂ) tN@NB,anﬂE@gUBt&I)O. 5 or
SEQ ID or .a fragment: ex po epti de . 10; :
o1y nuc N P RIBSSIEN o FHIRGoat GRer SR TRE OB PR BRETAS TURTLHUEL AT | ses t he
sequenC@oﬁ@in Qpécng‘d@rﬁgds[sdﬂﬂ asZDN%EQnngNQamém (BED) dnd\Bgafid Ptdihg NO. 7,

NO. 1lor a hom)lgcg variant, derivative or fragrrent
t her eof demwra(lrﬁ?ﬁay Téey ae generally clagsified intartwedbread riassesi 3acoehing 4@t or

sel ecte § gen the nyc
am 1y a5t Aficfafish 86 efuod snbibeeal kP dARbRlor IR e posbrpell Ml

expr essiloe 68 ls'mvm pmlnyatumte:tﬁardeceptoasmmte bekeh. furl[heﬂmat@gormdt ndo aspect

of the |nv royi des,a nmethod for induci ng ot e cells in
Ol tro°i sbEB AR LPE R Fequiice, Romote It il ProBRS R K coq of
a pluri ol wids tﬁ/‘oermdtﬁﬂreéérﬁatsn’wwatcmw kaowg abhﬂer@icﬂjg%nﬁffactaﬁdl(ﬁﬂ)mg cells
froman individual donor: culturing the cells in vitro; intr gqlilr%lqrt] ah
the

pol ynucPeatNrga2y Rimilag e qiaer nugleay: BPiors: o2 Rassessraligan

cul tur e gohfaed LBDS hindPa! mstcbﬁratrrgdeoﬁrmqgsm Howsver, BeingNah asrbRAn

conprises a nuc ear receptor and one or nore transcription factor selected

f r om f r onclgactecegtanethelendogenous kearidscefdirSgememainsaunkmpwnt simiikg mast genes to

i nduce I e | ent t i pogent cell

to the DUEeEF roedriadouhish tghGh 8 s, Nifhs dF il dg Hfia ONR' A%hS
monomeric state (Galarneau, L. et al. (1996) Mol Cell Biol 16, 3853-65).



[ 00015]. Anot her aspect of the invention provides a nethod of naking
pluripotent stemcell lines conprises: culturing cells in vitro;

i nt roduciwg 2a11pabssnucl eoti de that encodes a transcri pti @0TS&0100003120 t he
cell in the culture, wherein the pol ynucl eoti de encodes a transcription
factor. conprising a nuclear receptor and one or nore transcription factor
sel'ected fromfroma Sox gene, Kruppel-like factor gene or an nyc famly of
genes to induce the cell to be a pluripotent cell; passaging the pluri
potent cells to maintain the cell line. [00016]. O her aspects of the

i nvention include those appgf%awopupeem&@}t jlled in the art with

reference to the descriptiorn gures o e preferred enbodi nents.
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nuclear receptor and one or more transcription f_actor selected from a Sox gene,
Kriippel-like factor gene or an myc family of genes to induce the cell to be a

| pluripotent cell.

- [00013]. Another aspect of the invention provides an expression vector comprising
a polynucleotide of a nuclear receptor from subfamily 5 selected from: (a)
polynucleotides comprising the nucleotide sequence set out in SEQ ID NO. 1, SEQ
ID NO. 3, SEQ ID NO. 5 or SEQ ID NO. 8 or a fragment expressing polypeptide
SEQ ID NO. 10; (b) polynucleotides comprising a nucleotide Seque’nCe capable
pf hybridising selectively to the nucleotide sequence set out in SEQ ID NO. 1, SEQ
ID NO. 3, SEQ ID NO. 5 or SEQ ID NO. 8-or a fragment expressing polypeptide
SEQ ID NO. 10; (c) pplynucleotides encoding a nuclear recepfor polypeptide
which comprises the sequence set out in SEQ ID NO. 2, SEQ ID NO. 4, SEQ ID NO.. |
6 SEQ ID NO. 7, .SEQ ID NO. 9, SEQ ID NO. 110r a homologue, variant, derivative
or fragment thereof containing SEQ ID NO. 10; and one or more transcription factor
selected from a Sox gene, Kriippel-like factor gene or a gene from the myc family
operably linked to a regulatory sequence capable of directing expression .of said |

polynucleotide in a host cell.



(d) Ceneration of iPSC colonies after retroviral transduction of Pou5f/-GFP
MEFs with Nr5a2, Sox2 and Kl f4. Phase contrast inmage is showmn. (e) iPSC
col oni es W0 2d11ane88Pou5f / - G-P- posi ti ve when vi ewed under PATSIGaa@®8@EENC e

m croscope, indicating the reactivation of endogenous Pou5f1l. (f) N2SK

i PSCs expressed al kal i ne phosphatase. (g) Expression of Nanog in N2SK

I PSCs. (h) Nuclei in g were counterstained with Hoechst. (i) SSEA-1
expression in N2SK i PSCs. (j) Cells in i were stained with Hoechst to

i ndicate nuclei. Scale bars represent 200 pmin d-f and 50 pmin g-j.
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individual donor; culturing the cells in vitro; introducing a polynucleotide that encodes

a transcription factor into the cell in the culturé, wherein the polynucleotide encodes

a transcription factor comprises a nuclear receptof and one or more transcription

factor selected from from a Sox gene, Kriippel-like factor gene or an myc family of

genes to induce the cell to be a pluripotent cell; introducing the pluripotent cell to the

patient in need of a _pIuripptent stem cell treatment.

[00015]. Another aspect of the invention provides a method of making pluripotent
stem cell lines comprises: culturing cells in vitro; introducing a polynucleotide that
encodes a transcription factor into the cell in the culture, wherein the polynucleotide
encodes a tfanscription :factor comprising a nucleaf receptor and one or more
transcription factor selected from from a Sox gene, Krippel-like factor gene or an
myc family of genes to induce the cell to be a plunpotent cell; passaging the

pluripotent cells to maintain the cell line.

[00016]. Other aspects of the invention include those apparent to a person skilled

in the art with reference to the description and figures of the preferred embodiments.

Brief Description of the Drawings

Figure 1. Nr5a2 enhances reprogramming efﬁcien¢y and can reprogram MEFs with
Sox2-and Kif4, with or without c-Myc. | |
(a) Screen of 18 nuclear receptor s for the enhancement of MEF reprogramming
with Oct4, Sox2, Kif4 and c-Myc (OSKM). Graph depicts the fold change of nhumber
of Pou5f1-GFP-positive colonies generated from each nuclear factor in conjunction
with OSKM with respect.to the OSKM (control). Data represent mean + s.e.m. of
three retrovirus-mediated transduction experiments (n=3).

(b) Reprogramming enhancers, Nr1i2 and Nr5a2 were tested for their ability to
replace Sox2, KIf4 and Oct4 in the reprdgramming of MEFs. A quantitation of GFP-



(b) Heatrmap generated fromthe biological replicate mcroarray data in a
di spl ays the expression profile of 1,000 ESC associ ated and MEF-associ at ed
genes. Gwenoriapogmsent s downr egul ati on of gene expressi eUTSIG20®/006302
represents upregul ation of gene expression with respect to MEFs. Figure 3.
Epi genetic states of Nr5a2-reprogramred cells. (a) Pou5fl and Nanog
pronoter nethylation analysis of Nr5a2-reporgranrned cells: Bisulphite
genom ¢ sequenci ng was perfornmed to analyze the nethylation status of the
pronoter region of Pou5f1 and Nanog i n ESCs, MEFs and Nr 5a2- r epr ogr amred
cells ( N # : ) ndom
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| ndependent exper ments (n=3). Figure 4. N2S can generate nouse
chi naer aeere mtroduced to MEFs. Data represent mean +sem of three retrovirus-mediated

x21

transduction experiments (n=3). ,
(d) Generation of iPSC colonies after retroviral transduction of Pou5f1-GFP MEFs
with Nr5a2, Sox2 and Kif4. Phase contrast image is shown.
(e) iPSC colonies in d are Poubf1-GFP-positive when viewed under a fluorescence
microscope, indicating the reactivation of endogenous Pou5f1.
(f) N2SK iPSCs expressed alkaline phosphatase. '
(g) Expression of Nanog in N,SK iPSCs.
(h) Nuclei in g were counterstained with Hoechst.
(i) SSEA-1 expression in N2SK iPSCs. _
(i) Cells in i were stained with Hoechst to indicate nuclei. Scale bars represent 200
umin d-f and 50 ym in gj. ‘
Figure 2. Global expression profiling of NrSa2-reprogrammed cells.
(a)-CerreIation analysis (46,643 probes) was carried out to cluster the transcriptome
of ESCs, iPSCs (OSKM, N2SKM #A5, N2SK #B3 and N>SK #B11) and MEFs (actin-
GFP and Pou5f1-GFP). OSKM iPSCs were derived from the retroviral mtroductlon of
Oct4, Sox2, Kif4 and c-Myc to MEFs.
(b) Heatmap generated from the biological repllcate mlcroarray datain a dlsplays the
' expression profile of 1,000 ESC-associated and MEF-associated genes. Green
represents downregulétion of gene expression while red represents upregulation of
gene expression with respect to MEFs. )
Figure 3. Epigenetic states of Nr5a2-_reprografnmed cells.
(a) Pou5f1 and Nanog promoter methylation analysis of Nr5a2¥reporgrammed cells.
Bisulphite genomic sequencing was performed to analyze the fnethylation status of .
the promoter region of Pou5f1 and Nanog in ESCs, MEFs and Nr5a2-reprogr,ammed'
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(a) Brightheld image of the male gonad di ssected fromthe E13.5 N2SK #B3
chimaeric enbryo. (b) GFP fluorescence imge of a. Positive GFP signals
wer e obsewpedil/modgshe gonads, indicating gernline incorpecatscanoeboszhe
Nr5a2-reprogramred cells. (c) N2SK #B11 adult chi maer as.

Nr 5a2-r eprogramed cel |'s, derived from 12952/ SV Pou5f 1- GFP MEFs were -

m croinjected into BG(Cg) Tyrc-2J/J enbryos and generated chinaeras with
m xed fur coat color. Figure 5. Expression of viral constructs harboring
the screened nucl ear receptor genes verified‘by PCR anplification of cDNA
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Al kal | ngpehampbRbAgEs. expreSS| on in N2SKM i PSCs. (d) Nanog expression in

N2SKM i PSCs.
(b) Bivalent chromatin marks in Nr5a2-reprogrammed cells. Following ChIP assay,

quantitative real-time PCR was performed to analyze the enrichment of trimethylated
histone H3K4 and H3K27 chromatin marks in ESCs, MEFs and Nr5a2-
reprogrammed cells. Data represents Logz enrichment for reported bivalent gene
loci (Zfpm2, Sox21, Pax$5, Lbx1h, Evx1 and Dix). Data shown are mean * s.e.m. of |
three independent experiments (n=3). ‘
Figure 4. NZSK iPSCs can generate mouse chimaeras.

~ (a) Brightfield image of the male gonad dlssected from the E13.5 N.SK #B3
chimaeric embryo. ‘
(b) GFP fluorescence image of a. Positive GFP signals were obser\)ed in the
gonads, indicating germline incorporation of the Nr5a2-reprogrammed cells. ' v
(c) N2SK #B11 adult chimaeras. Nr5a2-reprogramrhed cells, derived from 129S2/SV
Pou5f1-GFP MEFs were microinjected into B6(Cg)-Tyr®2//J embryos and generated

chimaeras with mixed fur coat color.

Figure 5. Expression of viral constructs harboring the screened nuclear receptor |
genes verified by PCR amplification of cDNA with a virus specific primér and a gene-
specific primer. '

Figure 6. Nr5a2 reprograms MEFs with Sox2, KIf4 and 'c-Myc. _
(a) Phase contrast image of iPSC colonies derived;from the retroviral tranéduction of
Poubf1-GFP MEFs with Nf5a2, Sox2, Kif4 and c-Myc. ’ |
(b) Fluorescence image of a show the restoration of endogenous Pou5f1 in Nr5a2-
reprogrammed cells.

(c) Alkaline phosphatase expression in N2SKM iPSCs.

(d) Nanog expression in N2SKM iPSCs. |

(e) Nuclei in d are counterstained with Hoechst.

(f) Expression of SSEA-1 in N2SKM iPSCs.



(e) Nuclei in d are counterstained with Hoechst. (f) Expression of SSEA-1
I n N2SKM i PSCs. (g) Cells inf are stained with Hoechst to mark nuclei.
(h) A scrwerronfosbdse ot her nuclear receptor s for their a&birlsiceyioooxrepl ace
Cct4. MEFs were co-transduced with SKM viruses and viruses encodi ng each of
t he nucl ear receptor . SKM+Nr5a2 were used as a positive control. Control
experiment represents transduction of MEFs with only SKM viruses. Nunber of
GFP-positive colonies was counted on 14 dpi. Data represent nean s.e.m of
three retrovirusnedi ated transduction experinents (n=3). (i) Adult nouse

chi maer t f cr N2SKM #A5 1 PSCs derived from
12982/ s@%g’gﬁéﬁ% I\?ﬁﬁéc&i Q/ﬁh%f@%ﬁf%%%}@%cgé Scal e bars represent 200 pm
in a-c gndASSErgen ofi thik gtheringidlear ?ecéiamyetfyptrmuamlhtgetoo'epmce @otdl WMERs of

Nr 5a2-r epr ogrammed, cel |l s N2SKM # N2SK #B3, and S 11 i PSC line
N ool 2y BB s et ity SN ISER) SRS, PHERinh eS8 OIS THEERT at i o

of retreyidptbr gesm+mr55§2weﬁ@xased<lés4 @rﬁbm%ohﬂowréaa’tréle NEaﬁm%med

cells. PCR was perforned enom o harvested fromE Fs and i PSCs

\évu th ad\venrsse@tpetaaﬁsd@cmn @é wathg@nl«y Bk virusesp Nuraber Qisféﬁﬂ mwsve/\er e
erive ﬁg‘\??‘a@r?; P?% ‘oli edtéﬁriﬁ Ihat g&{éﬁrﬁ m%# + QLA o?%?e Kttt

c- Myc. ication of a r'egl on ene was per or ne
t he saanﬁateddransdad:tmwexpentﬂmts:mnmoI panel

(i) Adult mouse chimaera generated from the microinjection of N2SKM #A5 iPSCs
derived from 129S2/SV Poubf1-GFP MEFs into C57BL/6J embryos. Scale bars
represent 200 ym in a-c and 50 ym in d-g. - | ’

Figure 7. Kafyotypi’c and genotypic analysis of Nr5a2-reprogrammed cells.

- (a) N2SKM #A5, N2SK #B3 and N2SK #B11 iPSC lines displayed normal male
karyotype. ‘

(b) PCR verified the genomic integration of retroviral genes, Nr5a2, Sox2, Kif4 and
c-Myc in Nr5a2-reprogrammed cells. PCR was performed on genomic ;DNA
harvested from ESCs, MEFs and iPSCs with a viral-specific primer ahd a ,gené
specific primer. OSKM iPSCs were derived from the viral transduction of MEFs with

"Oct4, Sox2, KIf4 and c-Myc. PCR amplification of a region of the p27 gene was
performed on all the samples and is shown in the control panel.‘

Figure 8. Nr5a2-reprogrammed cells differentiate into lineages of the three major -
germ layers in the in vitro and in vivo differentiation assays.

- (a) Embryoid body-mediated in vitro differentiation assay showed that Nr5a2-
reprogrammed cells could differentiate into cells of the three major embryoniC
Iineages; Cells differentiated from Nr5a2-reprogramemd cells stained pritive for
Gata-4 (endoderm), Nestin (ectoderm) and a-Smooth Musde Actin (mesoderm). -
Differentiation markers were stained red and Hoechst dye counterstained the nuclei
blue.

(b) Nr5a2—reprogramméd cells differentiated into tissues of the three primary germ
layers in the teratoma éssay. Teratomas sectioned and sf_ained with Mallory’s

tetrachrome revealed ectodermal tissue (neural ectoderm), mesodermal tissue



Figure 8. Nr5a2-reprogrammed cells differentiate into |ineages of the three
maj or germlayers in the in vitro and in vivo differentiation assays. (a)
Enbr yoi d wodytimmossat ed in vitro differentiati on assay sirowsd20tabosxe 5a2-
reprogramed cells could differentiate into cells of the three major
enbryonic lineages. Cells differentiated from Nr5a2-reprogranend cells

st ai ned: positive for Gata-4 (endoderm, Nestin (ectoderm and a-Snmooth
Muscl e Actin (nesodern). Differentiation nmarkers were stained red and -
Hoechst dye count erstai ned the nucl ei. bI ue. (b) Nr5a2-reprogramred cells

a1 o e AR SnfdR5 URE BdobB AR RELIBE AL bEhroplc Las

terat omg assa era S sectl| etrdchrome
reveal e®Boatd baisrrepiesemsﬂ;mapﬁnmw aindeﬁf.l,mdenh mesodermal tissue (mnuscle

and cartl,l age d .endoder mal_, ti t el jum and pancreatic cell
Scal e baﬁ’gu%e%i '\Zgéﬂtreﬂwrﬁrﬁ?"\ﬁ#ssﬂﬁ ﬁapﬁﬁﬂ B I}‘—qu Gure 9Io Nr 5al Ireprogrzns
MEFs W Y(h) Resa4 eKﬂ\éﬂcéE'mé?eMéfénc (cﬁ)reblf hgnmﬂs Odae bl Kifansnd ef

reprogranm ng with 0c4, Sox2, Klf4 and cts the fold change

of nunbMYciGraphseerits. s fald vahapgp of egm @héaf aﬁ’@eﬁfhczpfl -RPsitiye jgolonies
conj unmdeﬂ@ré%(? 'ﬂoﬁﬁgMéﬂf infkdnfiei6h vHr\ éQgMF@W ‘5%{3‘ t&tHe o@%wmgéd‘r‘mfopse“t

mean s.’e.m ST et roviT Us-nedi at ed 't rans I on experinents (‘n=3)
(b) Nr5ddataegprasest r@ead +i memmfnblmecgtramﬁﬂmmediate&mnswtﬂmn experiments
investig d for its ability to replace Sox2, Kif4 and Cct4 by.

co-t r andtm fng Nr5al in conjunction with OKM OSM and SKM respectively.

Contr ol (B)<N€5’a1nﬁ§plai:e‘él€0©t4nﬁftfﬁ@féﬁ?dgﬁurﬁrhlr@@ﬂM@M Nr5eKMas @tvestigatedesr i n t he
absence of Nr5al. Data reé)resent nmean m of three retrovirus-nediated

t r ansdudiiabiite i Epiareneexa, kdig)and Petd lF)hﬁ% @r apsAucing Nrogh ecungsioe Wil oni es
gener at gskiir IV %dtﬂMrr%%ch\!tNeﬁJ Gdritfes ¥pérhimBnkf wErHpérfortddd \Mﬂf DRML N

Nr5al, Sox2. Klf4 and c-Myc.

~ OSM or SKM retroviruses in the absence of Nr5a1. Data represent mean £ s.e.m. of
three retrovirus-mediated transduction experiments (n=3).
(c) Phase contrast image of iPSC colonies generated from the thé_ retroviral
transduction of Pou5f1-GFP MEFs with Nrba1, Sox2, KIf4 and c-Myc.4 v |
(d) Fluorescence image of Poub5f1-GFP-positive N1SKM iPSC colonies in c.
(e) Nr5a1-reprogrammed cells stained posiﬁve for alkaline phosphatase.
(f) Nanog was expressed in Nr5a1-reprogrammed cells
(g) Hoechst staining of f indicates nuclei.
(h) Nr5a1-reprogrammed cells stained positive for SSEA-1
(i) Cells in h were stained with Hoechst to indicate nuclei.
(i) Normal male karyotype of a Nr5a1-reprogrammed cell line |
(k) E.mbryoid. body-mediated in vitro differentiation assay performed on. Nr5a1- _
reprogrammed cells show that it can differentiate to cells of the three major -
embryonic lineages. Differentiated cells stained - positive fdr Gatad (en’dod'erm), -
Nestin (ectoderm) and a-Smooth Muscle Actin (mesoderm). Lineage markers were
stained red and nuclei were stained blue with Hoechst. Scale bars represent 200 um
in c-e and 50 um in f-i. | . '
Figure 10. Nr5a2 and Nr5a1 together boost reprogramming of MEFs with Sox2, Kif4
and c-Myc.Introduction of both Nr5a2 and Nr5a1 in conjunctioh with Sox2, KIf4 and

c-Myc enhances the number of GFP-positive colonies generated as compared to -
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(d) Fluorescence i nmage of Poubf/-GFP-positive NLSKM i PSC colonies in c.
(e) Nr5al-reprogrammed cells stained positive for al kaline phosphat ase.
(f) Nanogwoasiaupssessed in Nr5al-reprogranmed cells (gpciiseetstoostzai ni ng

of f indicates nuclei. (h) N5al-reprogrammed cells stained positive for
SSEA-1_ (i) Cells in h were stained with Hoechst to indicate nuclei. U
Nor mal mal e karyotype of a Nr5al-reprogramed cell line (k) Enbryoid

body-nediated in vitro differentiation assay perforned on Nrb5al-
reprogramed cells showthat it can differentiate to cells of the three

maj or 0 tad
(eJndoder eVn EL'Q?'J NFE ?'SB' rrl{ e{rgnéa@r?ggf«ﬁﬁ&]scl g’%kﬂg peQ’?neré%Pge‘fv%rgrth%ngage
mar ker s tramsdusticai ofeMErl-‘esdwalm@nttheeSKqusesaled ropresent trieaboestesm. obcal e
bars repﬁeseni 200 u 50 umi.n f- b<gure 10. Nr5a2 and Nrb5al

F o0t hothigBioR B Beriled Fanef iR RPrReain =3kt 4
Figure 11. DNA binding domain (DBD) is important for Nr5a2 to reprogram MEFs

whereas ligand binding domain (LBD) of Nr5a2 is dispensable for its function as a
reprogramming factor. | o |

(a) Western analysis of cell extracts harvested from 293-T cells transfected with -
either retroviral vectors encoding Nr5a2 WT, Nr5a2 A368M (LBD mutant) and Nr5a2
G190V, P191A (DNA mﬁtant) showed equal expression of Nr5a2 protein. 293-T
cells transfected with retroviral vectors harboring the GFP gene was used as a
negative control. Western blot of actin was performed as a loading control.

. (b) Analysis of Nr5a2 mutants for ability to retain its function as a reprogramming
factor. Pou5f1-GFP MEFs were transduced with SKM viruses and viruses encoding
either Nr5a2 WT, Nr5a2 A368M or Nr5a2 G190V, P191A. Control experiment »
denotes infection of MEFs with only SKM vnruses Data represent mean % s.e.m. of
three retrovnrus mediated transduction expenments (n=3).

. Figure 12. Nr5a2 reprograms MEFs with Sox2, KIf4 and with or without c-Myc -

(A) Screen of 19 nuclear receptors for the enhancement of OSKM reprogramming. -'
Graph depicts fold change of number of GFP-positive colonies generated from each :
‘nuclear receptor togethef with OSKM with respect to OSKM (control).

(B) Kinetics of OSKM repfogramming with either Nr5a2 or Nr1i2.

(C) Reprogramming assay of reprogrammlng enhancers Nr1i2 and Nr5a2 for their
ability to replace Sox2, Kif4 -and Oct4. For control experiments, the respectlve
combinations of retrowruses were added without Nr5a2 or Nrii2.. _

(D) Number of GFP-positive colonies generated from the reprogramming of MEFs -
with Nr5a2, Sox2 and Kif4. For control experiment, only SK. retroviruses were
introduced: Data in A to D represent mean * s.e.m. of three retrovirus-mediated
transduction experiments (h =3).

(E) Generation of iPSC colonies after retroviral transduction of Pou5f1-GFP MEFs

with Nr5a2, Sox2 and KIf4. Phase contrast image is shown
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and c- Myci ntroduction of both Nr5a2 and Nr5al in conjunction with Sox2,

Kif 4 and c- Myc enhances the nunber of GFP-positive col onies generated as
conpar ed wo 20ianms8sei t her Nr5a2 or Nr5al is transduced wpPCh/SERO0/0@I2 r Ol

experiment was the transduction of MEFs with only, the SKMviruses. Data
represent mean s.e.m of three retrovirus-nedi ated transduction -

experinments (n=3). Figure 11. DNA binding domain (DBD) is inportant for

Nr5a2 to reprogram MEFs whereas |igand binding domain (LBD) of Nr5a2 is

di spensabl e for its function as a reprogranm ng factor. (a) Western

anal ysi Qg % g}%? ith

ei t her f?gvﬁﬂréa Ve %trc’:FFg | ng r{__)\% %rﬁeg%h%%%a EEEBC?&( rﬁ)ie) and
Nr 5a2 G]r&ﬁéétm@]tﬁéﬁeédﬂ\détiombﬁemdowmd’w@hl expressi on of Nr5a2 protein.
293-T ¢ ected with retroyiral vectors harboring the GFP gene was
used as?é ﬁé%gaﬁsésc%ﬁf‘?%ﬁs ay@if‘@r‘%oﬁﬁ%ﬁ 33 actin was perfornmed as a

| oadi ng(ppgy‘g,@gs,on(&p}qa@,@glmw SKaPSdsHa2 mutants for ability to retain its
function as aro granm ng factor. Poub5fl-GFP MEFS were transduced with

SKM Vi rl(nléé@cmw MQrgé:@uetﬁf@@mgi with Heechgtsa2 WI, Nr5a2 A368M.or Nr5a2
G190V, I@%A@&&Qgsﬂ ﬁs_gr@n‘:;.ségnot es infection of MEFs with only SKM

Vi ruses re resen s.e.m of three retrovirus-nedi at ed
t r ansdu¢k) GQllseupbwene stame(dwwﬂm Hdeichst te indicater ducleir Spaledrarasepresent®@th Sox 2,

Kif4 and wit r wi.thout c-Mc (A Screen of 19 nuclear receptors for the
enhanoeff8ht" %ﬁ&&@/’é‘b%@'@m ng. Graph depicts fold change of nunber of
G-P- posilt) Beightiiefhiidaggeskitiad aflaler gonad cdissestée arorhethePE13.5 ASKeB3M t h
OSKM wi t h, respect to OSKM (control).

chimaeric embryo

(M) GFP fluorescence image of L. Positive GFP signals were observed in the

. gonads, indicating germline incorporation of Nr5a2-reprogrammed cells.
(N) N2SK #B11 adult chimaera generated from Nr5a2-reprogrammed cells derived '
from F1 (12982/SV x Pou5f1-GFP) MEFs whlch were microinjected into B6(Cg)-
Tyr®?/J embryos.
(O) Offsprings generated from'the matlng of NZSK #B11 adult chlmaera ‘with an ,
albino B6(Cg)-Tyr?'/J mouse. Agouti and black offsprings are indicative of germllne :

transmission of the Nr5a2-reprogrammed cells.

Figure 13. Nr5ail-mediated reprogramming and the effect of mutations on |
reprogramming capability of Nr5a2 . - | |
(A) Nr5a1 enhances the reprogramming efficiency with OSKM. Graph depicts fold‘ '
change of number of GFP-positive coloniés generated from Nr5af1 in conjunction

- with OSKM with respect to the control (OSKM). ‘ ‘
(B) Nr5a1 replaces Oct4 in the reprogramming of MEFs Nr5a1 was |nvest|gated for
its ability to replace Sox2, KIf4 and Oct4 by co-transducing Nr5a1 in conjunction with
OKM, OSM or SKM, respectively. Control experiments were performed with OKM,
OSM or SKM retroviruses in the absence of Nr5a1.
(C) Phase contrast image of iPSC colonies generated‘ from the retroviral
transduction of-Pou5f1-GFP MEFs with Nr5a1 and SKM. | |
(D) GFP-positive N;SKM iPSC colonies in C. |
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(B) Kinetics of OSKMreprogramming with either Nr5a2 or Nrli2. (C

Repr ogramm ng assay of reprogramm ng enhancers Nrli2 and Nr5a2 for their
ability tworeplmess7Sox2, Kif4 and Cct4. For control expectsent®/oodidie
respective conbinations of retroviruses were added w thout Nr5a2 or Nrili2..
(D) “Nunmber of GFP-positive col onies generated fromthe reprogramring of
MEFs with Nr5a2, Sox2 and KIf4. For control experinment, only SK :
retroviruses were introduced. Data in Ato D represent nean s.e.m of
three retrovirus-nedi ated transduction experinents (n=3). (E) CGeneration

of 1 PSC Ezgﬂg%ﬁ?ﬁ%&rnﬁﬁ% ceir él?lneh@d%ﬁﬂ)é%f Qmaﬁﬁﬁﬁﬁbﬁiﬂﬁgééomz.s wth

Nr 5a2, ase contrast 1nmage 1S s lonies in E
are GFP- (EbNuhogexpMslomle\hﬁﬂatmetwngeamﬂnedroeﬂsence m croscope, indicating
the rea ti f. end nous PouS5f1L. (G N2SK i PSCs expresses al kaline
phosphaﬁ?&y1 Bﬂ)sq QA Biicate NG i n N2SK i PSCs. (1) Nuclei in Hwere

count er YH3NrS&H -Yéﬁrbgﬂdfhﬂﬁbé lcells stained positive for SSEA-1
() Hoechst staining of H indicates nuclei.
(J) PCR verification of genomic integration of retrowral gene Nr5at1-in a N:SKM line.
N The control panel shows PCR amplification of a region of the p21 gene.
(K) Normal karyotype of a Nr5a1-reprogrammed line. |
(L) EB- mediated in vitro differentiation assay performed on Nr5a1-reprogrammed
cells. Differentiated cells stained positive for Gata4 (endoderm), Nestin (ectoderm)
and a-Smooth Muscle Actin (mesoderm). Lineage markers were stained red and

~ nuclei were stained blue with Hoechst.

(M) Teratoma assay of Nr5a1-reprogrammed cells. Scale bars represent 200 ym in
C-E, 100 yum in L and 50 ym in F-l, M.
(N) PCR verification of viral transcript expression of Nanog, Sall4, Stat3, Zfx,

' chcp2l.1 , KiIf2, KIf5, N-Myc and Esrrb. 3 _
(O) Screen of transcription factors that bind fo Pou5f1 regulatory regions in
combination with SKM. Control represents transduction of only SKM viruses into
MEFs. Nr5a1 and Nr5a2 with SKM were used as positive controls. |
(P) Western analysis of cell extracts harvested from 293-T cells transfected with
either retroviral vectors encoding Nr5a2 WT, Nr5a2 A368M and Nr5a2 G190V,
P191A. 293-T cells transfected with retroviral vector harboring the GFP gene was

~ used as a negative control. _ ' :

(Q) SKM reprogramming wnth Nr5a2 ligand and DNA binding mutants. Pou5f1 GFP
MEFs were transduced with SKM viruses and viruses encodmg either Nr5a2 WT,
Nr5a2 A368M or Nr5a2 G190V, P191A. Control experiment.denotes infection df
MEFs with only SKM viruses. | '
(R) Western analysis of cell extracts harvested from 293-T cells transfected with
either retroviral vectors encoding Nr5a2 WT, Nr5a2 2KR and Nr5a2 5KR. 293-T cells
transfected with retroviral vector not harboring any gene waé used as a negative

control.
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(J) SSEA-1 expression in N2SK i PSCs. (K) Cells in J were stained with
Hoechst to indicate nuclei. Scale bars represent 200 pmin E.G and 50 pmin
H K (L)wBroohisbssel d i mage of the nmale gonad di ssect edptrsmifeodstd. 5 N2SK
#B3 chimaeric enbryo. (M GFP fluorescence inmage of L. Positive GFP

signal s were observed in the gonads, indicating gernline incorporation. of
Nr5a2-reprogramed cells. (N) N2SK #B11 adult chi naera generated from
Nr5a2-reprogramed cells derived fromFl (129S2/ SV x Pou5f 1- GFP) MEFs whi ch
were mcroinjected into B6(Cg)- Tyrc-2J/J enbryos. (0) O fsprings generat ed

f th h 2J/J
mouse.  SbaSKM 8PmeRalinlig i Niner SUNE il U8l Bien ol <73
of dt{lﬁ Nﬁfféetﬂyr{efpmwf stan‘ﬂet dnlyed)SKM fngeese Graph epitts faidiicharge bepumdeaofi & £a1
an e effect o i ons on reprogranmi ca r

enhance&h t%@o?'gﬁ?o‘gﬁf@%ﬁ?n%e'@’?ﬁe& B'HES/ taﬁ’ Hpe%g pgbe’Jé’b‘t’r'f%dg"ﬁ:/J\lt@é%%I‘&%hangg
of nunbessiain (ifuseROsid W@sé‘sobﬁ'ébcﬁ %Héf Nrsslz A PINNS 28 2KIRN o NS A2 BKiFPN Wi t h
OSKM wi th respect to the control .aé Nr'5al replaces Cct4 in the

r epr ogr avithi regpest tartiat ofNihe gontiak Daﬁ&%ﬁr% eR ans} Sirepressnt MeantbSePl ace
Sox2, K ﬂmré@%tf&}nﬁ&q}{n?@g dd FRRELOY e%eér%eht'g g?i unction with KM~ OSM or

SKM respectively experinents re per fred with O<|Vl OSM-or SKM
retroviruses in the absence of Nrb5al.

Figure 14. Genome-wide mapping of Nr5a2 binding sites

(A) Motif of Nr5a2 generated by the de novo motif discovery algorithm MEME which
scans for overrepresented sequences of NrSa2-bound sites.

(B) Heat map depicting the co-occurrence of Nr5a2 and other transcription factors.
Each square in the heat map denotes the frequency of »co-localization between two
transcription factors (red represents less frequently co-localized and yellow
represents more frequently co-localized). Transcription factors' have been clustered
along both axes based on the similarity in their co-localization with other factors.
Transcription factors demarcated by the blue box tend to co-localize with Nr5a2

(C) Genes important in various cellular roles such as maintenance of ESC |dent|ty

and cell proliferation that are bound by Nr5a2, Sox2 and Kif4.

Figure 15. Nanog is a downstream target of Nr5a2 in reprogramming .
(A) Nr5a2 binds to the Nanog enhancer during the reprogramming of MEFs. ChIP
assay was performed on MEFs 8 days after being co-transduced with OSKM and
HA-Nr5a2 viruses. Quantitative real-time PCR was performed to analyze the
enrichment of HA-Nr5a2 on the Nanog enhancer using an anti-HA antibody. Data :
shown are mean + s.e.m. of biological duplicates. - ERE
(B) Fold change in expression levels of Nanog in OSKM + Nr5a2 reprogramming )
cells as compared to OSKM reprogramming cells based on time-course (3, 7 and 1:1
dpi) biological triplicate rhicroarray data (mean £ s.e.m). Fold change in expression

levels of ESC-relevant genes, Gdf3 and Zic3 were also included in the graph.
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(C Phase contrast inmage of i PSC col onies generated fromthe retroviral
transduction of Pou5f1-G-FP MEFs with Nr5al and SKM (D) GFP-positive N SKM
I PSC col ombdes11/00$87 (E) Nr5al-reprogramed cel |l s stai red/spasiotobess2 f or

al kal i ne phosphat ase. (F) Nanog expression in Nr5al-reprogrammed cells (G
Hoechst staining of F indicates nuclei. (H Nr5al-reprogrammed cells -

stai ned positive for SSEA-1 (I) Hoechst staining of H indicates nuclei:

(J) PCR verification of genomc integration of retroviral gene Nr5al in a

Ni SKM ['i ne. The control panel shows PCR anplification of a region of the

p2l ge‘n?C) Time-course fold change of endogenous Pou5f1 mRNA levels in OSKM + Nrba2 =
or OSKM-infected MEFs with respect to uninfected MEFs. : |
(D) Time-course fold change of endogenous Nanog mRNA levels in OSKM + Nr5a2
or OSKM-infected MEFs with respect to uninfected MEFs. Real-time quantltatlve -
PCR data in C-D are mean * s.e.m of biological triplicate samples
(E) Real-time quantitative PCR verification of Nr5a2 mRNA level in ESCs after
Nr5a2 shRNA knockdown. Control ESCs were transfected with a shRNA construct
targeting the luciferase gene. ' | ' R
(F) Western analyses of Nr5a2 protein expression in ESCs after introduction of:j'
knockdown construct targeting Nr5a2. Nr5a2 protein was targeted with an antibody
specific to Nr5a2.
(G) shRNA knockdown of Nr5a2 in OSKM reprogramming. Pou5f1 RNAi with OSKM
is used as a positive knockdown control while luciferase RNAI is used as a negative
knockdown control. Nanog or Mtf2 was introduced to investigate their ability to :
rescue the knockdown effects
" (H) Reprogramming with OSKM in addition to both Nr5a2 and Nanog. Graph deplcts B -
fold change of number of GFP-positive colonies with respect to control. Datain E, G -
and H are mean + s.e.m. of three independent experiments (n=3). | |
Figure 16. Nr5a2 reprograms MEFs with Sox2, KIf4 and c-Myc' _
(A) Schematic representation of the transgenic Poubf1-Enhanced Green Fldorescent
Protein (EGFP) reporter construct in MEFs. Expression of EGFP is under the control
of Pou5f1 regulatory regions, which include the Pou5f1 distal enhancer and Pou5f1
promoter (Szabo et al., 2002). ' .
(B) Tunel assay of Nr5a2 and Nr1i2-infected MEFs. Graph shows peroéntage of |
' tunel-positive cells after fluorescence activated cell sorting (FACS) analjSis. MEFs
were infected with retroviruses encoding either no gene (pMX), Nr1i2 (pMX—Nr1 i2)or .
Nr5a2 (pMX-Nr5a2). For positive control, uninfected MEFs wére subjected to DNase
1 treatment prior to Tunel labeling. Data represent mean + s.e.m. of three retrovirus-
mediated transduction experiments (n=3).
(C) Phase contrast imagé of iPSC colonies derived from the retroviral transduction of
Pou5f1-GFP MEFs with Nr5a2, Sox2, Kif4 and c-My.c.
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(K) Normal karyotype of a Nr5al-reprogranmmed line. (L) EB-nediated in
vitro differentiation assay performed on Nr5al-reprogramed cells.

Di f f er entwet2et/;aedshs stai ned positive for Gata4d (endoderayrSGhe®iones72
(ectoderm and a-Snoboth Miuscle Actin (nesodern). Lineage markers were
stained red and nuclei were stained blue w th Hoechst. (M Teratonma assay
of Nr5al-reprogramed cells. Scale bars represent 200 pmin CE, 100 pmin
L and 50 pmin F-1, M (N} PCR verification of viral transcript expression
of Nanog, Sall4, Stat3, Zfx, Tcfcp2ll, Kif2, Kif5, N Myc and Esrrb. (0)

Screen i pLi: t hi I . N@GH QNS in
conbi nat PoEAERCegRhrMRghEr oS Besblbelch EEHIchshBHy PRl g Rt

I nt o MEfrgprolyrdramedrolidr 5a2 with SKM were used as positive controls. (P)
Western | ysis of cell extracts harv ed from293-T cells transfected
w e oi (ELRIAIR pipsaliataes uresune JINFSRM BSET. “ N 502 A363M and r 502
GL90V, REPlAnog 8Rpresshlis NoSRISIFsEsed with retroviral vector harboring the
GFP gene was uSed as a negative control. (Q SKMreprogramrmng with Nrb5a2

li gand 4G4 NODRRi il h@re gownleestaised mith3flaeatsh MEFs were transduced with SKM
Vi ruseséxg%élllersgﬁ)ﬁsofgg@ﬁhggrg\%tsmfpé\[@az WI, Nr5a2 A368M or Nr5a2 Gl90V,

P191A. exper i ment es Infection of MEFs with only SKM viruses.
(R VestBrQelsrinlH ares sainedelith ¢idechst to markv/eudleid Scatenb@8Fepresent 200 um

transf ect 8dI§WI t% eit herF [ etroviral vectors encoding Nr5a2 W,  Nr5a2 2KR and
Nr5a2 SHRCBERIPOMPIRFrl ansfected with retroviral vector not harboring any

gene vagJuséden of dtHer Griclad? réesptéml for their ability to replace Oct4. MEFs were co-
transduced with SKM viruses and viruses éncoding each of the nuclear receptor.
SKM + NrSéZ was used as a positive control. Control experiment represents
transduction of MEFs with only SKM viruses. Number of GFP-positive colonies was
counted on 14 dpi. Data represent mean * s.e.m. of three retrovirus-mediated
transduction experiments (n=3). -
(K) Karyotypic analysis of N2SKM #A5, N,SK #B3 and N2SK #B11 iPSC lines. _
(L) Genotypic analysis of Nr5a2-reprogrammed cells. PCR verification of genomic .
integration of retroviral genes, Nr5a2, Sox2, Kif4 and c-Myc in Nr532-reprogrammed :
cells was performed on genomic DNA harvested from ESCs, MEFs and iPSCs with |
a viral-specific primer and a gene-speéiﬁc primer.' OSKM iPSCs were dérived from i
the viral transduction of MEFs with Oct4, Sox2, KIf4 and c-Myc. PCR amplification of
a region of the p21 gene was performed on all samples and is shown in the control
panel. _ , } ‘_
(M) Adult mouse chimaera generated from the microinjection of N,SKM #A5 iPSCs -
derived from F1 (129S2/SV x Pou5f1-GFP) MEFs into C57BL/6J embryos. ‘

~ Figure 17. Nr5a2-reprogrammed cells differentiate into lineages of the thfee majdr'

germ layers in the in vitro and in vivo differentiation assays, and global éxpressioh .
profiling and epigenetic state of Nr5a2-reprogrammed cells o : .
(A) Embryoid body (EB)—médiated in vitro differentiation assay showed that Nr5a2-
reprogrammed cells could differentiate into cells of the thf_ee major embryonic
lineages. Cells differentiated from Nr5a2-reprogramemd cells stained positive for '

Gata-4 (endoderm), Nestin (ectoderm) and a-Smooth Muscle Actin (mesoderm).
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(S) OSKM reprogramm ng with Nr5a2 SUMO nutants. Control experinent denotes
I nfection of MEFs with only OSKM viruses. G aph depicts fold change of
nunber ofwORPtipaesssti ve col oni es generated fromthe i nfeetcrsc2ofobsadf | - G-P
MEFs with OSKM viruses and viruses encoding either Nr5a2 WI, Nr5a2 2KR or
Nr5a2 5KR with respect to that of the control. Data in A-B, 0, Qand S
represent nmean s.e.m of three retrovirus-nmnedi ated transduction -
experiments (n=3). Figure 14. Genone-w de mappi ng of Nr5a2 binding sites
(A) Motif of Nr5a2 generated by the de novo notif discovery al gorithm MEME

. dep Rt RR0 el REPERE FRFE SFinaF R BAS Hiont AV ofiR e e by (TS

Each sqbhree in the heat map denotes the frequency of co-localization

bet ween ranscription, fagctor red represents | frequent | -
co- | ocalBy Bepaziiryeabiiod sels Sifectiilel FROTREHES o 25 ks hritay gorm
Transcr igqekdNnf et firtonfy &aseagn TeratdiRisededtiontd BRA hstared WaReMalbntdie
simlarity in their co-localization with other factors. Transcription

f act or s teleaehireme eteviepladh ecldesmpb tissua d(negiral o ectodarmks e measerenpala lissug C)
i~ : | . . _ DS ,
Cdont i ¢ JR05|8Hnd CartiBpHad Aot fial @568 (GMebiiRITH M BRAGEAEE oBR, ,

Fi gur e StaleNzars gepresaentdtihsmriednandib@emm ofBNr5a2 in reprogramming (A)
Nr5a2 bipnds to, t.he Nanpo cer . duying the repr.oaranm of MEEs. ChiP
assay wiS) GRIPIAIRR ENBHYSREAC B RIobes WaF caRied oM 10 EUH e SFNRETROBS M and
HA- Nr 5a3f ES0sS (RS CENO8KIM, NJISKM #2E, N,EKEABEBnid:, SEE#B 01 st MERs@Icliae t he

enri chnent_of HA-Nr5a2 on the Nanog enhancer using an anti.-HA anti body.
Dat a sh&fif® an@Feat{-GEFP:. m of biol ogical duplicates. (B) Fold change in

o oK o A o M e Tl ot [0 R T e B R o proReTpar e
bi ol ogi ok, 000 ESCeansociated and MiFtassacigtashgenes. Genes werel sel%itﬁggba?red

eXpr 25 bRolaiftbRnBls SPGb RSN B888tnd BodsrAMEAIREFYShE ihieosdri uded
by average expression ratio and mean-centered to the Poubf1-GFP MEF signal.
Green represents downregulation of gene expression while red represents -

upregulation of gene expréssion with respect to Pou5f1-GFP MEFs.

(E) Poubf1 and Nanog promoter methylation analeis of Nr5a2-reprogramméd:cells. E
Bisulfite genomic sequencing was performed to énalyze methylation status of the
promoter region of Poubf1 and Nanog in ESC's,jMEFs and Nr5a2-repr¢'grammed. .
cells. For each cell line, ten random clones were sequenced and the results are
displayed in circles in which open circles represent unmethylated CpG diriUcIeotides i

while red circles represent methylated CpG dinucleotides.

(F) Bivalent chromatin marks in Nr5a2-reprogrammed cells. Following ChIP assay,
quantitative real-time PCR was performed to analyze the enrichment of trifnethylated_ _
- histone H3K4 and -H3K27 chromatin marks in ESCs, MEFs and 'Nr5a2} ‘
reprogrammed cells. Data represents Log; enﬁchment for repoﬁed bivalle'nt gene
loci (Zfpm2, Sox21, Pax5, Lbx1h, Evx1 and DIx). Data shown are mean + s.e.m. of

three independent experiments (n=3).

Figure 18. ChlP-seq binding profiles of Nr5a2, Sox2 and KIf4 to common target

genes
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(C Tinme-course fold change of endogenous Pou5f1 nRNA | evels in OSKM +
Nr5a2 or OSKMinfected MEFs with respect to uninfected MEFs. (D)

Ti me- courwe 2bnldogsnange of endogenous Nanog nRNA | evel sPCH/SG3KNI0803% 5a2 or
OSKM i nfected MEFs with respect to uninfected MEFs. Real -tine quantitative
PCR data in GD are ‘mean - s.e.mof biological triplicate samples.. (E)
Real -tine quantitative PCR verification of Nr5a2 nRNA | evel i'n ESCs after
Nr5a2 shRNA knockdown. Control ESCs were transfected with a shRNA construct
targeting the luciferase gene. (F) Western analyses of Nr5a2 protein

expr ess t. al |

N Baz. - IFEGH eatE o ERES Vo LT YR 1 ARF DL AR N2 pihBASS
shRyA ktmgktédvqtsy ah Tﬁagnemfﬁﬂﬁﬂlbbd%brmla?m? @Ilﬁéf&RmNAi _SHAhaﬂ-'@d\/l is
used as ﬁfé%‘oél i ve knoc o)vvr} contro | ciferas I s _used as a
negati vé Rdgdm i & ﬂB’ﬁo‘?"dP"el\ﬁ’?ﬁ BG regresAlEs |'§at-e
their abiddeliNisa2 R6EHEWhBRKNOREERARY Ripresdrits enlibherRiir @2 PrbRih.W t h OSKM
in additi'on to both Nr5a2 and Nanog. G aph depicts fold change of nunber of

GFP- posgéy Hin@iRG OPicfifeshiol INFEEDPEShxd kPRIt ESthAdn" tdrgeC qiiiésH BiHee Mean
s.e.m of" three”i hdependent experinments (n=3). Figure 16 Nr'5a2 reprograns

VEFs wi tranSuiptioniactor trivd Nr5ag.cSox2andKidnkingds te anrleghemcatanérﬁedffreﬂﬁwal

tonos P oBpfied SR 5 AN “Nalibl SRirg HAL IHERE diiEbflor R Jip8idto
r egul at oely Sprelggmetmn gémesh suohlaﬂde—Mpe RoMyt lardd sgealesemhalneérmauﬂdm;%f 1
pronnter za

T r 5a2 f d
Rire" o BRDes saliuar Sagasnot Shen B3oaeg7? Sthed bintitr Bt df dadibfit ' ©
activat gt t@&ﬁécnﬁﬁbﬁ fatdor foARS3e %?Qét)@érﬁ}s fMrrDurelReht drREbreEiodstChiP-seq

retroviruses encoding either no gene (pMX), Nrli2 (pMX-Nrli2) or Nr5a2
( pPMX- Nr 8Bglysesrtishesbef ali, \?Qoﬁbﬁ'terQﬁP'CtGﬁ|"hfr@:l?leﬂamwﬂere subj ected to DNase
1 treatnment prior to Tunel |abeling. Data represent mean s.e.m of three
ret r ovi Detailed Bisclosurensducti on experinents (n=3). '

[00017]. The present invention derives from our discovery that nuclear receptofs,
preferably members of thé_nuclear receptor subfamily 5 are able to replace Oct4 in

the derivation of iPSCs from somatic cells in vitro. Further orphan nuclear receptor
Nr5a2 (also known as Lrh-1) is also able to enhance the efficiency of reprogramming -
with OSKM. Hence, we were interested in testing the reprogramming capaCity of '
Nr5a2 with mutated lysine residues, using aﬁmutant construct with Mo lysine .-
residues mutated (2KR) and another with five lysine residues mutated (5KR).I' |
Western analysis showed that the WT and mutant constructs expressze'd similar -
levels of protein (Figure 13R). Strikingly, the OSKM reprogramming assay revealed
that the 2KR mutant boosted reprogramming efficiency to at least 7-fo|d as
cdmpared to the 4-fold énhancement achieved by the WT (Figure 1>38). ‘When the'> "
SKR mutant was introdubed, reprogramming efficiency was further augfnented to
almost 11-fold (Figure 13S). These results suggest that the concbmitant prevention

of subcellular localization and the enhanced transcriptional activity brought about by

the SUMO site mutatior)s,'could trigger a gfeatef induction of reprogrérhming by  .
Nr5a2. The nuclear receptor subfamily 5 -reprogrammed cells are positivé3for ESC- -
specific markers, are able to form teratomas comprising tissues of the three lineages

and give rise to chimaeras. Taken together, our study shows that transcription
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(C Phase contrast inmage of iPSC col onies derived fromthe retroviral

transduction of Pou5fl1-G-P MEFs with Nr5a2, Sox2, Kl f4 and c- Myc.
FI uor escewoeoimmgs7of C shows the restoration of endogerouscRenw®bds7zn
Nr 5a2-
i PSCs.. . _
counterstained with Hoechst. (H) Expression of SSEA-1 in N2SKM i PSCs.
Cells in Hare stained with Hoechst to mark nuclei.

(D

reprogrammed cells. (E) Al kaline phosphatase expression in N2SKM

(F) Nanog expression in N2SKMiPSCs. (G Nuclei in F are

Scal e bars represent

(1)

200 pmin GE and 50 pmin F-1. (J) Screen. of ot her nucl ear receptors for

their abilily uhPelét%B'f’bC tén écé"%& G f‘sd tRieskM Y1hE sfs and
509 A

Vi ruses encodi ng

e nuc recepto

was USG -as a

positi vee@epwrrscés m(imnltant)faomfpem remogranapmgsent s transduct i on of l\/EFs Wi th

only SKM viruses.

introducing a polynucleotide that encodes a transcription factor mte the cell in the

culture, wherein the polynucleotide encodes a transcription factor comprises a

nuclear receptor and one or more transcription factor selected from a Sox gene, -

Kriippel-like factor gene or a gene from the myc family to induce the cell to be a

pluripotent cell.

[00019]. Nuclear receptors have the ability to directly bind to DNA and fegulate the

expression of adjacent genes. Nuclear receptors are modular in structure and

contain specific domains such as DNA binding domain (DBD) and Ligand binding

domainl (LBD). In a preferred embodiment the nuclear receptor comprises one of the

nuclear receptors listed in table 1. Preferably the nuclear receptor comprises a

‘nuclear receptor from ‘subfamily 5. The nuclear receptors in subfarhily'5 include

Nr5a1 and Nr5a2. In a preferred embodiment the nuclear receptor compr_ises Nr5a2

or a sumoylated mutant thereof.

[00020]. There are 20 human SOX genes and around 30 Sox genes |n total have .
been identified. A Sox gene is a transcription factor that binds to the mlnor groove |n ;
DNA. Sox stand for_Sry-related HMG box. A Sox gene is characterlzed by a
sequence called the HMG (high mobility group) box. This HMG box is a DNA binding -
domain that is highly conserved throughout eukaryotic species.'The Sox family has
no singular function, and many members possess the ability to r'egulafe several
different aspects of development. Sox genes include SOX1 involved in ea;ly.»:
A development of the central nervous system, Sox2 and Sox3 involved in the transition -
of epithelial granule cells in the cerebellum to their migratory state, Sox 5jin‘vo|lved |n | _
the regulation of embryonic development and in the determination of the cell fate as |

well as many other Sox genes known to those skilled in the art. Preferably the Sox

gene comprises Sox 2, Sox 1 and Sox 5. In a preferred embodiment the Sox gene is

selected from the group of Sox 2, Sox 1 and Sox 5.
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Nurmber of GFP-positive colonies was counted on 14 dpl.
Dat a remoens‘EB]I Orahe basts of tHe hbows; thetpreséntlisvemtitinaproidesaa sdethbd dor -

experinme é 32 .
ucmg pIu ipotent stem cells i in vitro comprising the steps of: culturing cells in vitro; :



(K) Karyotypic anal ysis of N2SKM #A5, N2SK #B3 and N2SK #B11 i PSC |i nes.
(L) Genotypic analysis of Nr5a2-reprogranmed cells. PCR verification of
genomi ¢ iwbegriat4dgsm of retroviral genes, Nr5a2, Sox2, Kpt4/sgndiomeddyz in
Nr5a2-reprogranmmed cells was perforned on genom ¢ DNA harvested from ESCs,
MEFs and i PSCs with a viral-specific primer and a gene-specific priner.
OSKM i PSCs were derived fromthe viral transduction of MEFs with Cct4,
Sox2, Klf4 and c-Myc. PCR anplification of a region of the p21 gene was
performed on all sanples and is shown in the control panel. (M Adult

nouse chj a egat fie ' 0f. N2 AF S,.derived
from i 1986505, B KR TnclG ey, (b iatpabiiof ARG IR g
Nr 5a2- r ehacapteniseed byethelr thrééeCystt iHis2 zin¢ dirngens doestedfatt thee (Chrternimag or
germlayers in,the jn vitro and in vivo differentiation assays,, and gl obal
Oxpr e SSRSEAEH b ol cdregERbiTk. S rdloyd fatiaastits e dclapel (a
Enbryoi gikBoditors:BKe FedkaFed KLF3Y IKLIFY, KIF ST RIt6,2KLPP, REFBY KiFonad Rimat
Nr5a2- reprogrammed cells could differentiate into cells of the three nmjor
m

enbr yonikLATiTnKhEd2, Kgel 3.Kldf 14, &l KLEWO s ordfh Nt G dp arpsptes hedipant
st ai ned r : r . o h
Wiacl o ALY RrCpUE G tatfth tcfnorPREXIEL Rie OORH. In &£ ShACRER erfiBbunenlt |
Hoechst Kthippadiketfactet s sedectedh fromuthieegrop o€ kif4,(KFR axd3dfd- r epr ogr ammed cel | s
differentiated into tissues of the three primary germlayers in the ,

t er at on§00022]y . Mye rfamilyesf gerds oomgrises] tranacrigtbrwfadboryhwhichy ‘centait itlae hr one

reveal e er mal j sSsue ral ectoderm. soder nal i ssue, (muscl e and
car 1 s loRRis HeRi Sopiathe tsing o PinRer TRma Wih deuiy: o GENeS) |

Scal e baigudéP NeRI§Btank?0-NMye igenés.aitd aStefsftdd embodirkentObier §é@é ifdin anal ysi s
(46,643 probes) was carried out to cluster the transcriptonme of ESCs, i PSCs

(oskM  dsdamivscomprisesgs My d-Mysr A8Mye. Hha Pigfesred-grmboedimens the gene
Pou5f 1- y Iya%| Heghel dr8b LRR-IVE QfiVcYhFelyd n C di spl ays
t he exp?ezos?aslth(?nmg%%—!ﬁﬁ% o) %&%E{%Es%eadssg%i at ergl‘ya_’nd I\)/IEF- eao(sjgocY%t ed genes.
Genes %l ected based on fold differences of expression in ESCs and
Pou5f 1- Fs and were sorted by average expression ratio and-.

nmean- ce t - F. Sl I | ation

o gene 100828, The Beseht vEpfon el prdlv iR o vEHBP BofBREAO S paNARLREEM °

wi t h r egbée inventiriny $6riex@rpl&BRsexpression vector comprising a polynucleotide of the
-invention, operably linked to regulatory sequences capable of directing expression of

said polynucleotide in a host cell.

[00024]. Any nuclear receptor nucleic acid sbe’cimen, in purified or h(:)n-puriﬁéd‘j

form, can be utilised as the starting nucleic acid or acids.

[00025]. PCR is one such process that may be used to amplify isolated nuclear
receptor sequences. This technique may amplify, for example, DNA" or RNA,
-including messenger RNA, wherein DNA or RNA may be single stranded or double
stranded. In the event that RNA is to be used as a template, enzymes, and/or -
conditions optimal for reverse transcribing the template to DNA would befu‘tilized. In .
addition, a DNA-RNA hybrid that contains one strand of each may be utilized. A
mixture of nucleic acids may also be employed, or the nucleic acids produced in:‘a '
previous amplification reaction described herein, using the same or different primers"

may be so utilised.
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(E) Pou5f1l and Nanog pronoter nethylation analysis of Nr5a2-reprogramed
cells. Bisulfite genom c sequencing was performed to anal yze nethyl ation
st at us ofwohe1pruossot er regi on of Pou5f1 and Nanog i n ES@ejy/skkéis/oasd2
Nr5a2-reprogramred cells. For each cell line, ten random cl ones were
sequenced and the results are displayed in circles in which open circles
represent unmethyl ated CpG dinucl eotides while red circles represent
met hyl at ed CpG di nucl eoti.des. (F) Bivalent chromatin nmarks in

Nr 5a2-r eprogramred cells. Foll ow ng ChIP assay, quantitative. real-tlne PCR

s

r epr esemnusldio g2ideorrdantvee pteseaot nt&;ﬂgretsenidlscmﬂé encleiraeid| s r(ha(tZIhqa Bﬁecufﬁmx 2 1,

Pax5, Lbx1lh, Evx1l hown . nean s.e.m

| ndonendeitenss sondiites e sl BRI TRt aetessdnt bPsRtuence;
Nr5a2, See anplifidd 4s presepttimifialy2ir0at preferm; it(rhy & b mirforifeactibn 3G - was
Ioaded into lane 1 and endogenous Nr5a2 protein was targeted by an ‘

Nr 5a2- s FOEIRIeX Miruiep SHGh as gontainedin wiale hunas @NG: Nr5a2 3HA-tagged (three
HA tags in tandem) stable cell |line was | oaded. Upper band represents:
3HAt aggJQOWHazDMdutélmd Weesie aay bowextraetad ff%rpleelacéfn SAMBPIgo§eGHas bieoda2

rotein. i et
Penee, izshPmtenal RAoHLE 41 to INBLp vaKE B Golthigied Ry6RTRé 20

pl uri potléﬂrleyemmttesbsdmplerimhotgmmspsmfm atsm?mb!éftlteat&larb@@relﬁmﬂgf icatiorB.
These: tra SCri actors . also.bind to cell rolif.er nes such as
e, | AN s Blat A BuRtive Bonsh fecal; SLatii kel hetinpieg B
senescertﬁ@sé#@lb %ﬁ‘ndB@@ipése The/dpisepire HeEtramyspbf maqiuotéuctabﬂ(s) This .
transcription factor tqQ these tar g et genes. fromour current and Erew ous

Chl P- sedysit@Apd Bycleisasid denaturing strmsto %zfn@se@mdcie@@r?tﬁ thastrands wilkallgybwn.
Det ai | e%n%lﬁ%éfﬂﬁwoeoc{cgp%& mdfeereBMpent i nvention derives from our

di scovery that nuclear receptors, pref erably menbers of the nucl ear

recept orpg GO%]agTHé/déoWrﬁ)oﬁQH@ urt;}@h gﬁ%‘é&wm dcP ARETH AndUTIES afd™SCs

fromso tlc cells in'vitro an nucl’ear r'eceptor Nr5a2 (al so
known asaddetl-t0) thessyatisesisiphisture, eﬂmmaﬁﬁewebt tegethesywish themrisgeramin ng

th OSKM t
of ' e SasrbRe A alEs L et RLEG b il A PR SN AR, fP TV
| ysi ne rdegrebseS ffmhaémﬂht (12t6?)0anﬂhum$otpi‘@‘erahly froh vetol 4!smnatesesAﬂe|eB1|smt at ed

5KR) . t h dt the WI d t t t d
ST ar Neeliag Pepan i SpRoR g AIBwedrp. cdgl: MTGILIS PrFEDRS e P TBBAm g
assay r %yﬁﬁa@gt.ématrotth@ cébiRdHiditE |§%Q§é@%nreﬁﬁfr9|9ﬂé’tgfagéﬂt drfdfiicang Yhe 0 at

| east 7 as conpared to the 4-fold enhancenent achi-eved by: the W
( Fi gur e PLig®y. exwwprt reactixR(¢aked herqiasagent for nelymerizafiemyr anehihegeastion:i ency

was fur Hé‘%ﬁo\ﬁé@ (fi.ﬁi Jrﬂe?lcaﬂélilo%?lkﬁ&hﬂ it 'f_ﬁ Hﬁel Oca%?erﬁ%lsﬁolgﬁ%\ﬁ%ﬁor?UQQeSt

that the concom prevention cel l zatlo
enhanceadnay almx:bepaddmhltogaiheww\myl thamiﬁw Eﬂagentsbyf it He I&aN/Btabllee rilisat i ons

could trj reat i.nductio reprogra Nr 5a ucI ear

Cacept o vaiERid SEhedRSl e laR Crp oG B POt YePherfua U ' ¢

mar ker s ,terﬂbéramhrbﬁatio@efvﬂﬁm ey &gentasr selymetisaticg ho Rbiges furictiohe Thusdor -

| i neages and give rise to chinmaeras. Taken together, our stud)é r?ows t hat

t r anscr i¥aMpie. if DNA polymerase is used as the agent, the temperature is generally no -
greater than about 40 degree C. Most convenlently the reaction occurs at room -

temperéture.
[00029]. Primers direct ampliﬁcatio_n of a target pblynucleotide (eg nucléar receptbjrA' '
such as subfamily 5). Primers used should be of sufficient length and appropriate =

sequence to . provide initiation of polyrmerisation. Environmental conditions

conducive to synthesis include the presence of nucleoside triphosphates and an
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factors unrelated to Cct4 can replace Cct4 and highlights the rol es of

nucl ear receptors as inportant factors in reprogramm ng. [00018]. On the
basi s of wbeoahavsy the present invention provides a nerbogchonbesdaci ng
pluripotent stemcells in vitro conprising the steps of: culturing cells in
vitro; introducing a polynucl eotide that encodes a transcription factor
into the cell in the culture, wherein the polynucl eoti de encodes a
transcription factor conprises a nucl ear receptor and one or nore
transcription factor selected froma Sox gene, Kruppel-Ilike factor gene or

a gene fr q |y j _ i patant. cebl.
Co8015) 2R {dRBoRHierdiihy sach, a8 PG pplifndiise. Srt 2EufplelbirhRials G
regul at @H.he expressi on of adjacent genes.. Nuclear receptors are nodular in
structure and contain specific domains such as DNA bi ndi ng domain (DBD) and
Li gand ippo0B0)g Prawiersn 4reBlprefelably pingfecrstehdedbdoli maakimume efficierey lirecept or
conprises gne of the nuclear receptors Iisted in table 1. Preferab t he
nucl ear aFEg'gﬁ?Qﬂ"v(pb‘ﬁﬁﬁysg%%au{ﬁlﬁcﬁt epeéta?ﬁaefsrt@?a%b?@ﬁﬂ%/"@y blsnépéhu_cl ear
recept Ok@atdy &3'BERATatY tive istahds Bebdre aeird UisBE X8 2prepBre? eRleRbRAN SrddapROdI Ment
t he nucl ear receptor conprises Nr5a2 or a sunoylated nutant thereof.

[ 00020] Primeseshauld be stffisientlsipogienerimea il syathasis3d nosleagseespton of theal have

been identifjed. e i ranscrinti f aet Vo1l he
minor gipuof, ey, SXendR” phdubss RIS ehodtiel BE B, It Mgl Tof
char act polynmeztization. Jbeusacelength ofla tphienddMall (depghd wolnbny fadiorsupiclusing Thi s
HMG box,is a: bi ndi ng_domai n that is highl nserved. t hr oughout .. .-
eukaryolt‘?rﬂpgrﬁg@biéesp%e @tfﬁ ?%th%hé:?"m?s& guﬁﬁgo?ﬁ%%&@n,pr, RSmyly,
nmenber s tyncAIys Bohtam aARL20 tor hidré eaLd@b RIS Valihaugh | fhie§r Adly a6pRfH Fewbr =
devel opnment. Sox genes include SOX1 involved in early devel opment of the

cent r al "HEleQHERS.syst em Sox2 and Sox3 involved in the transition of

epithelial glranul.e cells in the cerebellumto their mgratory state, Sox 5
i nvol vel09G3HnPriragis showd ber designgd i Peajsylstaptialy: ceRalement#ry to each

det erm 'gﬁ'%{uggbf.ofhet EGCIESJ 'reé?g%@efgﬁ?l{@h{chgé%@%u%@ér ¥ M@H@? tk%f,)‘ﬂgéoiol

t hose sKi In the art. 0X gene conpri ses 0X
and Sox pEmerrs musp befseifffoiehtlyrdosaplementarihto Bylxridjsewithdheie respestivé stvamdshe

group of Sox 2. .S0X ne. S . 211 . The Kr - i ct famly
ot anuBPEn s haf Blowie focat ¥ Bplmertafio 1 BRFommL1f i eleses 1 s
zinc 1 fgeprimers ahedidihavésuflicient domyslementarity evdthbtheaShagt|y seguencesd
KLFS.  KARRNRhS Mitehe) WonaRe ABS i Boan kBRI SrigIRcatok oI MgFas,
KLF14, Kidebtor &ﬁg,ﬁicégnégé:qhgncé_n a preferred enbodi nent .t he- Kruppel -1 ke
factor conprises klf4, klf2 or klf5. In a preferred enbodi nent. the - .

Kt uppel 10d092)! aSidinucbofigh CEIbrsT N e GHveRoR! dehdibyed! T2 gRd BORE.
[00022] 7 Myc'famly of genes conprises transcription factors;. which contain
t he bHLAMpiificatios prosess thatde pnienzyryaticaheimeeaztippdngt produces exgenandial | y of

enes | d - . r r Lapnt -t ene
7rom t naarpEs. of 85188 oend KepHRHES reldly@ B e ERGRE By tEpe
ﬁl—nbl\/;di manvolvicdle ‘gwgealfyr, @nstm?néwwmﬂg%rgbmplaprﬁabthMeI me_egatl\/bf(_f)gstmr}:d ofi
¢, L-Myc and C Mc. Vectors 23] . e _present inpventjon al.so
br ovi e e RERicheceBlig: e §oaHaEPyE T A E FORHIEMRAER LS BIF PAY e ampl o
an expr egsstfihd/ € AnfAka d phim@ratdaeNaturdeAttldie &did FblRwdd bR ixtehsion
operably linked to regul atory sequences capable of directi ngl expressjon of

sai d poMthuan eseyae, isHch asolte lasge fragment of DNA polymerase | (Klenow) and
nucleotides, results in newly synthesised + and - strands containing_’ the target

nuclear receptor gene séqUence. Because these newly synthesized sequences are
also templates, repeated cycles of denaturing, primer ‘annealing, and ‘extension
results in exponential production of the region (i.e., the nuclear receptor gene

sequence) defined by the primers. The product of the chain reaction is a discreet
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[ 00024]. Any nucl ear receptor nucleic acid specinen, in purified or
non-purified form can be utilised as the starting nucleic acid or acids.

[ 00025] . WORoi1m4083¢ such process that may be used to anplrfsg®»ebarzd

nucl ear receptor sequences. This technique may anplify, for exanple, DNA or
RNA, including nmessenger RNA, wherein DNA or RNA nay be single stranded or
doubl e stranded. In the event that RNA is to be used as a tenpl ate,
enzynes, and/or, conditions optimal for reverse transcribing the tenplate
to DNA vvoul d be uti lized. In addition, a DNA-RNA hybrid that contains one
strand 4 cl.el ' By al.sp. be
enpl oye lﬁ] )éil‘lnl(;:lmat:elzr@s Ipr o@sﬁbﬂa'ﬁﬁqé %#e%ﬁo%gﬁyﬁ%EP ? hﬁ%rg’_ :
reacti oremtﬂe;wd bed herein, using the same or different pri rrers nmy be so
utilised. [00026]. The specific nucleic acid sequence to be anplified, may
be a fr400038]. oDligorustsotide pmmefsmna;cbept@ane@memg any suitableymethad, ducker et e

nucl eic acid, so.that the s eC|f|c S enc onstitutes the entire nucleic
acid. | 2% SoRuENtRnEDsapsPhaligster candd qphaRpBoigstar eRPRs oo | Utgmated

i ni tial lembdtimeRts thefedf Mh drie $Fh mOﬁ.alfémambbaﬁﬁémtoalemylm@spﬁafaemdnwt ure,
such as contained in whole human DNA. [00027]. DNA utilized herein may be

ext r act é&fie UFedas smw gwignials agd dpayke §V@B§S|Z€3d asdeomiatheprt. | ung tissue
and the like by a variety of techniques known in the art. If the extracted
sanpl e 1188034t Theagentrfor p@wmertsahqryrwbemmmm@%m@mm@sh aill wi t h
an anou e f n c

rrenbrangénéglpnt héa 5‘&%%;»% ﬁﬁé %(ta@(e%(')ésjgoefa F‘(;%rr giétlegr&g epﬁaed%’rand'} s) of the
nucl ei c emzymi(es) Su'l[bble é:yzym@ dord tmsuqiwposacmdudke:nﬁiruexalgplet &p ¢ali ONFose and

separate estr will allo on,to occu ch nmore readily.
ohona] Pobilierass ly Kian, fredmeantet e poib VA Mo iaes. Relbreratestukieg b
are addedvérgettb‘&mgtyatds@smﬁh@ ¥hyfes Cird\ading GisHtata0l¥ erizynRgelieethvéd h the
prinmers, in adequate anounts and the resulting solution is heated to about

90 degr @Bagymes gphigh grerfamT primen @Kension after1beiRg neibiacted e temparaturesm 1 t o
4 m nut %afrcﬁéfrﬁlya%wétgd h@athile Rehk al idrf)e sBieh Uid %%OEOQH&M LSRR -

which is prefe the priner ri‘di zati on e cooled mxture is
added arenawpeoplihfaclbtaé@@nmbinatloefcﬁfemel mugleatidesrinntbe prepengiagner éadermon

(cal | ed yheraiflr” BHEALIOh QroBALL TR 236 e Blfhrl B, £5AP AR SoBlhgred to

occur u ron for yrrerl zat'ion may
al so be getdedqtiegss hadleisidcid stk'aind)tGenenaﬁy,gbets?niﬁeslstwlllsbehamrateuattthe3' Thi s
synt hesi s ( ccur at p.to a

r anplification) re .Ct e erat
C Uer aehP ST TEPURPC AN REDSASEnD g, iierlian daitd Bie RnpSIErad il s
Thus, f%&nméaﬁnéﬁmnbfesDbb%d@@In\grmbmémevss)fwmemeh sagent, the terrper ature
i's general ly no greater than about 40 degree C. st conveniently the

reacti ofoeuaB]! STHY neMYs|AiMSEalH UibledrORkeBlor Bfaﬂaeraﬁdd.lté %hqp@émémﬁncatl on

of a target polynucleotide nucl ear receptor such as sub

Pri mer s nusleit sanidi| strayed owills &@ﬂm c@efpublergitandgdd ngipedpr vader S*B@H')él?@lg to
d
o ool g PIBETZSAT oy T SOBES it LGP, v

€ presence o osphat es"an agent
for pol pnegessat i on, such as DNA pol ynerase, and a suitable tenperature and
pH. _ i Z
[00036]. The steps of denaturing, annealing, and extension product synthesis can -

be repeated as often as needed to amplify the target polymorphic gene sequence
nucleic acid sequence to the extent necessary. The amount of the specific nucleic -
acid sequence produced will accumulate in-an exponential fashion. This may also be

achieve via real time PCR as known in the art.

[00037]. Preferably, the method of amplifying nuclear receptor is by PCR, as
described herein or real time PCR and as is commonly used by'those of ordinary
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[00030]. Prinmers are preferably single stranded for maxi mumefficiency in
anplification, but may be double stranded. If double stranded, prinmers nmay
be first woeatigdodso separate the strands before bei ng uped/scaoregaz e
extension products. Priners should be sufficiently long to prinme the

synt hesi s of nuclear receptor of the invention, into extension products in
t he presence of the.inducing agent for polynerization. The exact |ength of
a primer will depend on many factors, including tenperature, buffer, and
nucl eoti de conposition. Aigonucleotide prinmers will typically contain
12-20 or e t [ S I S.
oo0sny SR EBUAL Ol eR ve el bl ARYITERYR TRlvB dho PUBLCHNE BRY LS, |
each st ralsulbefenpgieyetlad bmg asthepiuwieayeeceptor geqlmrmecp\mmﬁed ByhPERmesing -t hat

the priners nust be.suff.icientl dise with helr
eepact ey S iirbloR oRas RS Brairal By e elbgelie FBpstb  y BUFh Sat i on
to perf qiit@ndtive O bRflifidations syétafhsorhdﬂﬁdié §lh'tolé|ré1 rﬁﬁtvﬁnﬁﬁﬁftdﬂséﬂﬂ-sustamed
conpl enmentarity with the 5 "and 3' sequences flan mgm;t!he nmut-ati on to

hybri di $eauae¢eIgRlisaten vﬂ@ﬁmb@gwith aoﬂtqrbﬁewerlcﬁé)f Afrintegesd pngra -
genomi ¢ J@eg nﬁgggcgé%ers{eopg rtptége' HEWRORNIE imb! (BN M &@@alﬂﬁé"?ﬂé I-on

enpl oye rcation pr cess that is an enzynat ain
react i orRNAatfoltwcﬁdhbgsreaoemmmsmptqsamolymeezmg mngestean;quﬁelaNA

relativ the n rrber ti.on i hvol ve T on [, mer
Wit be A PLRER vAqd aBRfRaRh: Tl itleie Hhl’ Rrabionf® Paled or
gene s ewmeaﬁmd (NASBA) hetiich usesni@versentranscriptionendd 371 RNAE pblymerasend.
Anneal i ng the primers to denatured nucleic¢c acid fol I@ggﬁ %/qqeétenm on wth

an enzydd 'Eﬁ%qﬁoé%tef o | PEimRIs 1tp dgrash its Y Cling SpleMRer R Wilh
nucl eot iRy DNRSEH RNA dhd AN whENGiTHRS] SfflarnpRfiés to $0% GIpfSs RARMB0MIGD t he

target nuclear receptor gene sequence. Because these newy synthesized
sequencdringtes. al Adtetnativelt e@JCIGPlépéGldecPa@y(hGESaTDP'lf@é‘naWur“igﬁgon pactvated

anneall t ion
o ! HmoBRioR AT, EAT oMl forh  SHABTGBU BBRAE WEPs Sl
pr oduct tlodt tsh@actiailynsmgtecstramields aaddpartiatetdouble-strandedti dAdplifieation tis

R g LAty X
such as apilfieaidrrisalo® R aeD M. TRE (A8 réplidabd 8gabaTtAEbE UtiNRIdBHSttathing

aut omat ed enbodi nents thereof. I n one such automated enmbodi ment,

di et hyl #RoBMb sagvenaecsaliade MR\ @s%ppm%emaﬁtém io @ BINA sgguepce of
synt hesiigefbsfSUBGY Wixing Wike a6 mpk th%ﬂkbna_ heNAGRRE ifOk rﬂBieYﬁ%{ 'a?ﬁéﬁgﬁ” may
[ e synt

be any corrpound or system whic ction to acconp esi s
of pri mihe speeimsns npRiNAsang, bunnlel adtivajingntheneaplicase tttamoeyéheytagsakmg ‘this

t of
DU POS  SeeA” o i MRlofer T8l B Bl RS fochniglb e UL eIF . ©
enzynes, reactmhudjcr@)f h;e@ksstb;almbmgetwq' rdifferently atheled razh\zemaﬁfa;/\lseqmrpw bbrm
rimer exten n after su ed to tenperatures s i ¢ie
Pl evat eSEGSE diat St cavalpaty pandbd dor gbde 16 RS Fhabi, oF e Cobhaudis y e
Wl fagehhémdes irf @TBampld, CfBrrﬁm?téﬂEhéw%@éil dese irBpaiP&hBIro PEctioh Rjo form
the prinmer extension gcro ucts that are conplenentary to each nucl ear -

r ecept onugieife asit aRIPltCation) tachniguieduses Ave. coamiemn ansk targat-pReGIEC wi | |
be i ni tig e n 1ot e dhrgct i on
al ong thgb(?r%@%m{dlé ﬁ?%‘%dga'uﬁtll sf%l%emg g}e%%&atgﬂd I;)brés%(lc?rr'lg Ir?n ecul es
of di ffenuellebtldmg! geompﬁﬁmﬂﬁ]ammﬁyetargmeﬁ ssqudness s Al 2shadecgap iseparates
strand it S mentary nucl ei and wll forma . . .

doubl - 305 alibS RN BEE, Hal ot tof JrG Bidane loins L8Py mimising. . and
thi's hyhppiflal DNSe6pdin) NissiguRid apislifisaidn byestrire arplacefHMd Hctivativh st eps
of denaturing, anneal |hg%ppand extension product synthesis canh be repeated

as of t ekSBA) Hétigess a & fimer (qeptaininged [RSPYRIEIPRHTIte iRin BingHqwBhcedticl ei ¢
aci d sequeffgidh s ?ﬁﬁqmat ﬂﬁ&??&ﬁ'ﬂr%ﬁet DRA. SADINA re%h/tnlﬁ a?s?(ﬂﬁ’ilﬂc ihe ;Q#F' eic

aci d-sequence produce accumu e I n an expone shi on. IS may
al so beohtte prrer dppositel theiovertaog with kulfurrcantaining adenine analogs. Hincll is
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[ 00037]. Preferably, the nethod of anplifying nuclear receptor is by PCR
as described herein or real tine PCR and as is commonly used by those of
ordi nary WORD11/04D887t he art. Alternative nmethods of anpl PCIS&R2010M0035¥e been
descri bed and can al so be enpl oyed as | ong as the nucl ear receptor sequence
anplified by PCR using prinmers of the invention is simlarly anplified by
the alternative nmeans. Such alternative anplification systens include but
are not limted to self-sustained sequence replication, which begins with a
short sequence of RNA of interest and a T7 pronoter. Reverse transcriptase
copi es e FMNyt 'dMyPcGHe! iﬁe%ﬁngﬁﬁé@gﬁ@ 38“'&\ DI9A | pINRA % ertﬁéfffa%ﬁs 5 .
transcriptase polynerizing a second stran DNA. "Anot her nuclerc acid

anpl i f i expnuciease activite erdensuat dhe sits of sﬂﬂ@uﬂ%eabdsbwlaaph polymeriza, -

(oor po e BRpliBY BB, SRS BpA Ll 2 LA R B BB AP B hees o i o1
ei ther RAnere ﬂMﬁeﬁ@DAlmwtﬁca@ gﬁeawrtthan 1oénr@|caapipnf¢amnt in ZABusogti 35

within 60 to 90 m nutes. Alternat nucl ei c_ acid can be anplified: by
[ gat | oeats et LKEGR A5 | GR. BDAoes Aet (Rsuite I gh anesHaPese it et

tenpl at % c‘fII Ancth&aRp I?ﬁda'ﬁBﬁ PQI@In USefQRh{thé methsd BEII% |§I/éﬁ’tﬂﬁ|ﬁ§ tREAB

ubl e- stranded fication is initiated ating a cDNA to

parti al

t he prorﬁépbﬁaftﬁ Systene. étthmmh EEIQR\MStthe rpreferesd meaihed Cérﬁrnph catien dﬁth% 108
to 109 ¢ h | e I i RNA
sequencé’wceg ?'l’dﬁﬁ%-ﬁtﬁgo "mgc%%gf' egrrge(%?) %r 8&?&% allﬁxﬁ{é li’l)(e %tr‘i'%%%gfre‘lgerf? Q'I est.
Upon m seqgendeshasadeseniped jn tHeanbﬂimdlothﬁé\Iﬁwbntlm its corrpl enment anong the
speci nen's nRNAs and bi nds, activating the replicase to copy the tag-al ong
sequenc ¢06038]ntRulgnicledtides hufrthe usveritionaaay banpcofpotateddnta @arboorgbimant | gase

hai ti LCR ks b fferent|y |abel ed hal f
CeauoncEsicapR: YPER! foRaniadian, iMnel DotloRla Shisn! ¥BA0E IRY b ERbEence

of the %emphgyoa;(%ﬁeétweé yiten? redbgifed MY Thé thestNaveIldingthe Hiend&pai
chain reaction nucl eic acid anplification technlque uses two

conpl enﬁﬁtyapyleamp te@rsgémgsﬁb'@cdwcedoppkygﬁmdeaoandjév"br%@ferqmy adso ingdidebst abl e
I

Par ot oe0dich 4P Gan Bl Buil P, ARon LodREEL doemny iR Mihe i s,
and the patyaepiidé sneoding ciegmertie Epgpessiomivektong may indiudehlZor epainple, Nirc| ei ¢
acid a I|f|c N strand di spl.acenent. activation t|||zesashort
o i rrer- BORPLPh et 25 Ao ho gy dePTitinB i B AR Bt ApIEERE D e
5' end thakoligtdientss, tapashotelan énlﬁ&lkelbdnyjrmm%ﬁyl progesging Iim‘onﬁatiorof the
priner opposite the over hanq wi th sul d_\yr cont ai ni,.n adem ne anal ogs. Hincl|

is addétebubudhiap EhesomaINGIRY Jfitese RIMIASRYGEA SHES APBIHAIRRYIGHRN st hat

| acks 5traﬁ@ﬁﬁhﬁ%?mﬁf‘a%rvéédﬁeﬁeéé?r&dﬁhmﬂsﬁdbﬁlélrgf sécﬂ%n&%kkﬂﬁ‘ﬂzﬂﬁﬁi ns to
pol ymeri ze I spl aci ng the initial priner strand downstream and building a
new onesmalshnayr glse be ingudedhwhase . appmppriated whethelr Semea native nedear o| d
anplifi e es not
requi re?‘?ér‘]é e?n%?ll‘rro% g?ha ure&%&% s ﬁom%r% réfé nggﬁfoﬁp%@%

usef ul onretlhtedmpbbm whldl"lIailownhernromm iosm'ohe aC®sBapellinnembratest and thlst hough
PCR is the pre od o, ificati n|f t he invention se, ot her
et hods RaiR s Eeliita) dBeoiBgy. sl Poctoreacit hrerale by Shoais it seBdaey
descri bestonibih&et teshdigedivell RARovAetHe 40 [ 00038] . Pol ynucl eoti des of the
invention may be incorporated into a reconbinant replicable vector for

intr odupom 14 P aBpI‘Hb‘FifatéJ9Idmot§HthdV6t¢1b9rn%cé§é(ar§(mc€&| $SqUEPEBS ViR b
replication Systemrecogni zed by t host, including the intended -

pol ynucBelgtiedesocas tedper flinclienalda m%b‘:’?io?'ﬂ)étﬁy ipeludanwhen pPPEpPERts: #MMSe al so

i ncl ude n r o} [ on to ces
oper abl e FARCCERSeRed Ty 3Gl HeRbplol ek NGB, ¢ SERIBREDS oy
i ncl udecofbinatiraspf eell hmesnam@enpmfssnoemecﬁns |ane| knowaum dnmaﬂud\ﬂgny egafucat i ng
sequence RS nd expr.essi on ontrol n,_enhancer
and nec¥§é‘8ﬁ/ 'ﬁqﬂ‘&l@k'i"ﬁg ig5k A gt?stf’@@% I?ugtg VPI‘%@S ﬁ?tﬁgﬁﬂﬁ si tes,
RNA spl New Ehglafd Bislhbs.deidyetjd llﬁtédht aAd ottrviea@sqvfrbmotéra%hch esIthe afpoTac
sequences, and mRNA stabilizing sequences. |ocalization signals nay also be
i ncl uded where appropriate, whether froma native nuclear receptor protein
or fromother receptors or fromsecr#ted pol ypeptides of the sane or

rel ated species, which allow the protein to nove across cell nenbranes, and
thus attain its functi onal topol ogy. Such vectors may be prepared by neans
of standard reconbi nant techni ques well known in the art. [00039]. An
appropriate pronoter and other necessary vector sequences will be selected
so as to be functional in the host, and may include, when appropriate,
those natur aI I y assom at ed W|th nucl ear recept or genes. Exarrpl es of

o o v o L



and phage pronoters, tRNA pronoters and glycolytic enzynme pronoters may be
used in prokaryotic hosts. Useful yeast pronoters include pronopter regions
for netalWwot2h1g4e88i, 3- phosphogl ycerate ki nase or ot her PGIIBGAIWI0DES72nzy mes
such as enol ase or gl yceral dehyde- 3- phosphat e dehydr ogenase, enzynes
responsi ble for naltose and gal actose utilization, and others. Vectors and
pronoters suitable for use in yeast expression are known. Appropriate
non-native manmual i an pronoters mght include the early and | ate pronoters
from SV40 or pronoters derived fromnurine Mol oney | eukem a virus, nouse

Lot M S SRR B 85rs STV ey HEREABG T 1S

or pol yona. I on, onstruct na
(e.g., DeER)insprokbryptienhastpl dsefpl yeasif promwtgrsninchusle prometee regions for. . -

[ h d h ' | , gy 0]. Wil
aton oxSreUTBRGEL 1 5P BOSHR P oPESI 4B o Bostrb OBL S YRR AL U 4% 1 cat o
by bei ngnbrser éredlycstaiddHyded®pRospieite tdehytirsjenast| enbymetrossishsitié [foknown
in the art. [00041]. Expression and cloning vectors will |ikely contain a
sel ect aMatasgr At galacipsgeutiizabien. ANt Oftass ei VPSR PIPTOITS éP&?éjﬁl Obr
growt h ofednhRakt egbﬂgféigﬁlrh;wm.\Mﬁd?obﬂaevr%méﬁvemﬁnmhsm%rﬁétewI- s

gene ensures ‘growt y those host cells that express the inserts.
Typi cal mighkificlusle thenearlyaoddateppsrectaes fraat S¥p0cempwmeoters dervre: from

ant i bi ot ol r i C._S a il i '
met hot r i'b("grﬁ‘ee,' “@(ﬁéngy l)|§&()(§éonﬁ‘r'*sl gﬁr@%’t ﬂgoﬁf(sgt ?%'gﬁ?@%% i cél\ﬁedrbcisggéapc{frg @Suss? prl y
cri ti caladentvirusnil sboviie papillbmial wirdsr onpalgomiein additian, thegcanstroet mayebe

di ng D-al ani for Bacilli. hai ce of. th
Sl oct abBed RBySrUpIEb IR (- RHERbee o PURBIRIONRT SF 1N P8 PR r s 1 or

di fferempe rﬁQ&é.?@%‘bp@riaté‘éﬁMﬁhdéﬂ anBetRét expr&S¥idr Lontldl @ey@shcdss cont ai ni ng
the nucleic acids of interest can be transcribed in vitro, and the

resul tipgodde} iWhi@duaeeExpratfoh VecldPS mayaepliciite WatdrmokituMy, iRy 9dg.aled 9. . by

injection, or the vectors can be introduced direct| ¥) into host cells by

net hods relicate by haingrinsertechinto thehoenorna of the pesideelly byrmetheds yeall ksowde| | ul ar
host, i rI'H:{ Léldérpg el ectroporation; transfection enploying calciumchloride,
rubi di um cm ori de, cal ci um phosphate, DEAE-dextran, or other substances;

Mt ects o0y, TG IRE clonb BB Wl (KBl 4 BRERICRARE! o LS o
int rﬁdugbherqmb?mgga pxdtqinuﬁoesal;@rgtefer irs]mtvb/a:j be gl'rgygth afed hoﬁycedirtlpaln?ﬂn:&di]c knovxg
t L, | Inter a . those escri pe apov W r erre
tohor eminbe el e o Ghos ok fis g8he erires amrin kD Wk noRt PBfR cea
nucl ei ¢ tigti sipresss tid pertael W%iaéleséleaﬁun genés sncbdé | prerinsthapra)oesifeof such

cells. Polvnucl eotides [00043]. An isolated nuclear receptor.nucleic. acid
mol ecul EeSistanee cloo SBHDIRKES roreithery exie yksiancpse R 8dAMRICH(N: | BEEMYEBept or

pol ypeph?éiﬁotrgﬁe ”lalﬁ:'.;ebf cﬁﬁiﬁerﬂ@hﬁ%ﬂk&r&ﬂi@r jetRRengidg, WCteEGpag! ditgapabl

of encoding a nctl ona ear receptor polypeptide listed'in table 1.
Pr ef er aipufrientss noticvailablaciromnodmplexe mastimr € gasthe 9eoe eencagingl -alaaine:  of

encodi n cl gar, e r famly jeavariant .

anal og. TR 8 BA-nEhP cnblR I e sshg e kel fuf Eadlon e
may i nclhogecalnind appiprittedmarkdss farldifficreatihasts @re ovell nbantin the agnal og, .

i ncluding fragnents, thereof that includes the DNA binding domain (DBD) and

]g)r an ﬁ‘[@dolﬂ]j qm&mb@.c&m?nin@i ?agh&leac;acmﬁa iate?eﬂl%mbéelgglse?bemlnect id
romthe group consisting of: (a nol ecul es set out_in -1,
5 5. | Vi, Adoe TeeHlNg AL Rlioturac iU ths hSboRh uGHItowDMeRats.
mol ecul gg;ot Wh}é’&ﬁ@h! & #@ Je%tdr@%a% i?gb&%oe&ir E/li:;il%dadtsﬁ céfS bPmethods

hybri di 1e fragments t hereof ;. nol eCul es at encode an
expr esswell knewrt inethenanbowbichvary glepeodingrev thaitype efngelbdart hastf ipekigisiong DNA

oot ude SigRoRBrHRN; uehFefd T Sr R B ERARREE, Aiiulrboifioe WARLHCT
5 8 or phesptete o PEAEagXtrahs drhetanf sabstanees; Sk@roprdjéatile Obombardment;

lipofection; infection (where the vector is an infectious agent, such as a retroviral

25



[ 00045]. A polynucleotide is said to "encode" a polypeptide if, inits
native state or when nmani pul ated by nethods well known to those skilled in
the art, WO 20H/040887t r anscri bed and/or translated to pro@CESGRHE/ONRNA f or
and/ or the polypeptide or a fragnent thereof. The anti-sense strand is the
conpl enent of such a nucleic acid, and the encodi ng sequence can be deduced
there-from [00046]. An "isolated" or "substantially pure" nucleic acid
(e.g., an RNA, DNA or a mxed polynmer) is one which is substantially
separated fromother cellular conponents which naturally acconpany a
native \4iBMheICaE Biifer Hethbdt Cihe fitr8ductidn G RETIyRRIGITRES HAD: thETHat Ot her
human g ‘equences and protein rme ACes a nucl.ei ¢ ac
sequence:ebrbypanytmethodhqtoms the ant, irehudirg) |hMM|a1mosamsamtbe;d ‘alave; rWIIhg
environnent, a i ncl udes,rec nblnanu es.'a d chem cal ly
aynt hes DRUBTeLTES] BJIETBIN S tegs L BIAPDy: o FoML e bk Sverben PEPafcet.c

Syst ems nubféiD4ditls dedbibetidiel 6% &pd hifard &518Is6 GALIGHS the' progeRy BAsuctEeslil or -

gene," "nucl ear receptor nucleic acids" or " nuclear receptor
pol ynucl&p{dmot,gggh refer to a polynucl eotide that contains speci fic
domai ns such as bi ndi ng dormain (DBD) and the activation donain.

Furt her roddusy. r&h %olhfédanﬁé]b)if“ﬂé&ﬂﬂéﬂ ﬂﬁckf@b@ﬂcﬁﬂﬂe&ﬂé’t@'dﬁclbsﬁ qéhiém tabl e

1. Preferably the nucleic acid nolecule conprises a nucleic acid capabl e of

encodi ngneleeule| typicallycepeastest omuslesr areaepta, pglvpsptl% J heanugleic asid
ana 09; hdIGLAE! AmbhadaR Snuc?é.cg%%n@ftbrﬁog %ncol fbnsChEOkar S Of

subfamly may 1 n e any one |c variant, or
anal og, receptodpolgpdptiagristadsin tablenutRrafesabli ¢he obticietcacid mdlenids coman)NA

bi ndi ng d tivat d
refer {6 SHERPST GRPRNSA SRiCAG o ISR PoRpioh TR mteanal Beef el oot t or
exanpl e vikiam2 oZKRalagt m@l@@dd‘fr&ﬁ@aht@ Néredf The BoQehPrédéptats df €0bFadlily SThese

terms, when applied to a nucleic acid, refer to a nucleic aC|d t hat encodes

a nucl edPay @wpﬁ%@nw%%twréﬁ Nragh@it an gl ogliantnaraanales. perding |
I ncl udi %gngerﬂs ’thereB? flat il the @Nﬂ%&ﬁ@om&@mgs af8 o lahtivatldie

nucleic a resent 1T nvention w | 0SSess a sequence that is
ei t her demmcSpemfmally) prqmﬂmi aret DNA ryOlepmeISaaeIQQbe@frﬁm thezgroup epasistingcept or

Feoopt ofroi i, Mifedlit S BUCH $EQ b, NORY €24 B BlofehBd Fagiteel o
nug | ga\rNI thereepsach raﬁlosgﬁuﬂ)dﬁd ;??éb)lmm myleﬁumsetmtldwbndueSEQHeDDNtES 1i
The coariRlecdaraRtRs it Tapmants Bceetsenade) B Fieqtm,

subf am kNat%r@ddﬁéBﬁMgké’ssﬁﬁQféﬂH&cﬁrmﬁo A Sediidritel BAcEIEABY astiydof esience
shown in SE and 4 [00049] A nucleic acid or fragnment thereof

is sub@rﬁlﬁinQIQNAmﬁPQig%us ("or substantially similar") to another if,
when optimally alig nedhévmth appropriate nucl eotide insertions or

del et i 0l@0044]t Prefrsrast HaNAnueolecwles c pecqrding tta mn%mﬂwy@eaﬁw ‘there

i's nucl de
bases (oS BOMPASRY e Sehingd Sd o RASEGUONOSHOS & BN hse

prefer alﬁrlagrruants theseofetchtasBEQ IBINONtG.e preferably at |east about 95- 98% of
t he nucl eoti de bases. Exanples of coding sequence for working substantially

honol og@mmfﬂ].agﬁmptyaualleetlwmaldrtoSEﬁbddb"Mfﬁolypepﬁﬁe B, lnatsjnﬂl\m stateg be am no
aci d Se(a\/"heerr]\c%a?mpp%mw nby m%thods wall Ehowh to’ those S(j(ﬂ%dt in |the art, it can be -

transcribed and/or translated to produce the mRNA for and/or the polypeptide ora
fragment thereof. The anti-sense strand is the complement of such a nucleic acid,
and the encoding sequence can be deduced there-from. _ '
[00046]. An "isolated" or "substantially pure” nucleic acid (e.g., an RNA, _DNA or a
mixed polymer) is one which is substantially separated from other cellular -
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[ 00050]. Alternatively, substantial honology or (identity) exists when a
nucl eic acid or fragnment thereof will hybridise to another nucleic acid (or
a conpl enEAt2aryo48887and t her eof ) under sel ective hybri di ETISGROOOAEET2 i ons,
to a strand, or to its conplenent. Selectivity of hybridisation exists when
hybridi sation that is substantially nore selective than total |ack of
specificity occurs. Typically, selective hybridisation will occur when
there is at |east ‘about 55% identity over a stretch of at |east about 14
nucl eoti des, preferably at |east about 65% nore preferably at |east about
75% an H%h f : I 0 I f I
conpar i g;gn, nS H%@i@ﬁiﬂu%ﬁyﬁghﬁg?# gﬁ% hgrﬁﬁ?gt%ﬁgtsahcgﬁarb?ﬂ@ggﬁ/ i n
enmbodi neibosomies) pafmenades, oy athet hgnah gehoate sequencedand prdteins. The.

nucl eoti,des, ysual |y at l.east, about 20 nuc|eoti des e al | t.least
Bbout 24T ertieben.8 Rlaif 4 SRR R HEIEE ind o BRT SRR HgfLis ©

t ypi cal Inatahlly @asdirringarvirdament,| &t indfriesaiedombitiait @bl Jorasd Dbls isotdtesit 36
or nore nucl eoti des. [0005%@ Thus, pol ynucl‘ eotides of the inventjion -

pref er afing eagENcAlly| sygthes r?é?@% &rePRBlogs, biolggicall g ssynt %e‘%)r@( erably
at | eastheR0¥I04B0R sPSEnis0 the sequences shown in the sequence |istings:
herein. Mdrre preferably there is at |east 95% nore preferably at | east

doosr i pagoRe, NUEIER | ttBolR THoRsYekfishBe > RICHR rebSplhgbid, o IniBdlear.

describ pol ypepti des. A rred sequence cofrpari.son program
is the G3®Epsaueibic Bids'f ot "pmugleam resepior bpelyhedleslidel heackefrefer tacdri ng

mat ri x . | for i ica u i d or
each m@m&ﬁ%@%é@e&gﬁ%sﬁﬁ c@ e%f%%ﬂg %g’r%l-%%ybf\fs}‘ B@ﬂ%g]ggrp%@ {Pﬁggl t gap
ext ensi aindp e ldctivation thimin.eml‘theuctrmyt refer t{)g60|5dlynl_1d:lecl)tidc:£ teateheade of dt he
resent inventjion, a hongl ogous sequence is tgken to include a nuc|eotide
gequenc@r‘?&ﬁlrt?h"ﬁ?%déﬂtﬁr@%s"t (I)-%G,er y T ngFleinasin Joniectle 9°’BP%?et§r36I"§|eé‘f | east
95 or 9%¥d EspHbIE F eﬂ&o&ihg AAUEBarfdcdpld? Rdm QuBfarily beagtalldfc vafant16p. 200,
300, 500 or 1000 nucleotides with the nucl ecai des sequences set out in SEQ
| D. NOs:analogg inciuding fragments, gy mputantsathererimbhe guictass teeenrtgrsi ofgubjamiy

consi der, F t i f G EREN ﬁgﬁlﬁg

conti guosﬁg‘ayln'lhglgagm é%%%én@gégkm%ﬁppi eaﬁeésil@entl af’ ?’g?ﬁ?ﬁg’ ﬁj&nctl on of

t he pr offiigmentds, ermutants thenecfstbat ingludesitha BINA ibindisg goerair {DBPY) @ndrared

pol ypepti des. of .the. invention.c rise a contiguous n havi reater
P han” 50 achvish obMein. b ROTSY T dRipaF afbyh et R aonPEa i 85 a8 h0gaf 050
honol ogyonéttudvitholysifierresides in@tatadofor ekamphe NESH2EZKR Ssetbud i BEQRI® Mpept i de

sequences SEQ I D NOS: 10, or 11 which encode amino acids 1 to 499, 1 to

560, 1 tlPTAPAIBNGED | D NOS: 6, 7 or 9 respectively. Preferred

pol ynucl eotides may alternatively or in addition conprise a contjguous
sequencd00R48lngrhasestesns: whan @pplied to gsnycleisagigyJigitrolgya fyclaife aS'Qq‘E‘éIﬂ'ce of
SEQ I D : 0 0 i4a0 indksnt 1 of@g?,e 58O vai 0- 462,
700 to popodes adhudednFodplitt SHE%§‘|) N%szf@agj,@t’ 3?’9110 fho. fu ?hets‘gfg_é?’iq%’iﬁ Y,

Pr ef er r éntluding.ct.g., peotein fusionsr sungylaiedtmutant pedeletiensiohe nucleircacids oDNA

bi ndi ng ' he [ i mai p.. [[00053]. Nucl eatide
sequencggeoglgr?gg%étgﬁe%g y VFé'F ?%%%%gi% ér)lét}%"l(égg?i tl(gl%‘ts '?n&ﬁ%g&j#@ﬁiﬁgghﬂrgﬁ'er ably
at | eastsuB$tanfiflly 4iniladbCto 4 Ofataral Hilearclteeepiot eendodirige gghé. ortGonertaving - t he
shorter the | ength of the_ polynucleotide, the, greater the honol ogy.required
o obt alHPSENEAL PEORGHE Za R GG RAPIY. STRAGINS BORRIT R de. o
the i nveRdre8N CPRS| &dding®fsdqfishcddabr e it | rReEpER SpolipeptRieP frdher I ed
that the %identity is greater than 75% preferably greater than 90% or 95%
conpar egubfamily hearhugaver in SEIBr NAK | 2@t Wity tim eeune acid seauenaee

sequencephi Stii hey Richa- v, |3, 14 I i d
hvent | ShowR by SEQ"Ef Nds; 67 P b 1 STPE bRy dilieneay (6 sinolidfed 1
% i dent inugleao ngeaptar pélypeptide fnarol sedfamibyc 6Erershownl inoSEQelD Bi&ifiehasd et out

in the se nce .listings hereipn ma el for anpl e greater than 50%
prefer at’f‘f'@{g?@&?'ﬁ? a{“"rqa%qé'ﬁnf)‘? SQ%W}{T gg@%%&oﬁqcﬁ%am d hybridisation will
be affected by such conditions as salt concentration, tenperature, or
organic solvents, in addition to the base conposition, |length of the

conpl enentary strands, and the nunber of nucl eoti de base m smat ches bet ween
t he hybridi zi ng nucleic acids, as wi?1 be readily appreciated by those
skilled in the art. Stringent tenperature conditions will generally include
tenperatures in excess of 30 degrees C., typically in excess of 37 degrees
C., and preferably in excess of 45 degrees C. Stringent salt conditions
will ordinarily be I ess than 1000 mM typically |ess than 500 MM and
preferably | ess than 200 M However, the conbination of paraneters is nuch
nore inportant than the neasure of any single paraneter. An exanple of

-, = o ~r— o~ A NSNS A NN~ ~ - 1~



[ 00055]. The "pol ynucl eotide" conpositions of this invention include RNA
cDNA, genom c DNA, synthetic forns, and m xed polyners, both sense and
ant i sensewopurdes87and nay be chemically or bi ochem cal PETS6A010/06¢B7dr may
contain non-natural or derivatized nucleotide bases, as will be readily
appreci ated by those skilled in the art. Such nodifications include, for
exanpl e, labels, nethylation, substitution of one or nore of the naturally
occurring nucleotides with an anal og, internucleotide nodifications such as
unchar ged | i nkages (e.g., nethyl phosphonates, phosphotriesters,
phospho S digl b wo(m
phospho ﬂﬁdat es, ﬁe gr%rd?rtaﬁp?)egttgﬂg@&ﬁ 'S ,%gﬁgﬁg nrgzlrgg[)llo ous( e.(é).r,

pol ypeptsubeta)'ntlallmtsundal“)attoranotheg if, aldmrmolm,mqihymabgmd (with. yapposnsiade or s,

al kyl ato o ed S|te nd difl ha
anoner i CuRlseRtR IRaebfidrs Stgie A et B R usfele ebRERE cofisferngMely o
mmc petraRdy; |t|$§r’el|§l¢|$mle6tlélé1@bt‘1u@4md ideptityan kit fehst ebautom‘a’ wiahedusleatidéace Vi a
hydr ogen bondi ng and ot her chen cal mteracho&ﬁ\s Sg 88 ecules re known
in the A3eeandsyaly|aideastrahoud, (At wore Mgually At (aast RORYLEY be PrefR

substit tf h t he fodo
Pol vpept T dhcuq BOREE) &, froR eferatly qtdcesc bane of 93”“5%"2‘818?“2‘;@8%“’? e

present basesntixampies eofatcading t seguenre néoraovarkinge sebstantali hasaelogedept or

in an a a d i DG e v tants
or homﬁ@%egtg%%%%u/ﬁ 'iélaﬁ% or po#ypég’t i ’desa §Sﬁ'%'ﬁeﬂeu %@@n %ﬁ%ggn%cl ude
f r agmentshiowndn SEQ INOE2, 01f 6f @ldndl @twgth nucl ear receptor pol ypepti des,
particularly fragments or derivatives having substantiall y t he sane or

eﬂhanCeqomsﬂlogﬁ‘lmﬁam@y,\SUbStannghmolo@&rorr(Eimﬂty()rex[mé whentd ded(glk:m:dldjge 0
t hose co i sing the 0.acj d sequences 7 1
1% o BRomepL etneminybadIse 18 AT s bie SORBT AGOMPIS PeRREnEEad por oo
such_as o) RildeP sepé&tlvéhygﬁdlsétlmbbh&%ﬁé |&S é"‘sﬁ‘ﬁﬁﬂ r icltoPid b@ﬁfﬂérﬂ&t
consists of amno acids 1 fo 0, 499, 1 to 560 to 462,

of the Selemiviliaef bﬁ*@ﬂ@ﬁiﬁi@f\sﬁ’éwﬁﬁ a@hQSE(DMdeN@BOH othaly is 6sub;st'cmtlaby more
t h
Sea 1 o KAty indt el fck 3k ik 8FBLATIEapi0a, SRAIERD SbhdRREEH vill>] 2>

of ani necaai whearisernetis &t deastadbenit 566 idbndity neer a estretcht of at tepet:abomt 143ngt h

f th . th i de I id oncl
i thin Pheedipes wpBralY B G5 ppdit 6B Pk BreRihLrLls Bl aadi e hert “t o

or excl yasstnpréfdrabigt Bpneastf abdsm 00by/ PERE | AgtH ©f IRvrAcBYS, ccghym;ud ahs ons
acetyl atjons, phosphorylations, and the i ke | ncl uded, wi thin t

def i ni t id§RcrRed, may bg,oveplenaessitialehas: @d ipFartaimembpoginents wih ear#aﬁ og of
an am n@geig &ﬂem{ W 50.1edQ aBd@ Rl Middtiaks) %hanﬁcbta@aap aufis2p etc. ),

pol ypeptides wth substituted Iinkages as well ‘as other nodifications known
in the aucleotides mereuusudlly atrigastoaboidtad aucigotidesitynierlly aloigesBaboyt28 he
cont ext r n ¢} u e e nclude
an am nsUsisbided BRRT Lt b s 3OS RRY SREpTeraii Rt Ieet "

pr ef er alabpubt36 beawtre Abcleoti®Bd% i dentical at the amino acid | evel over at

| east 20, 50, 100, 200, 300 or 400 anmino acids with the anmino acid - -
sequenc¢e0esA]. Ofius, polyRGriebtidésf the iAverttion/preferably laveldt.least 7546t more ar ,

h | b d d t t.to t - of
e seqpesiembinahitsh Bed abGeprieraply ot ifest shik haRolsd haf eBPhC& ch s
the DNAshbWH'lﬁghéi‘é@ahéh@hﬁ??@gﬂ{é?elﬁf M&?écd?efe?’aﬁﬁ%ér@ idGt 1ddst @5% hdore -

activation domain an exa which is SEQID NGO 11 rather. than | ess
i mport amefﬁéﬁb@ht?édleﬁﬁfg 9§% ubﬂm@bgyudﬂlu@@ottdee hprrwgy ISPAYAaRgoR™ Ay ke BD) .

Preferr e

navi ng SORARA ERLAAER0EY seidhe 5 BAKERGRI brferied BBRUGHAM SoRBBHESTE | 5,
or 90% Ipoograogy, the GG@(Wlscommm Bestffi t@mgrarradesimbeﬂ bekey . TheNfaul? scdrind, 7,

9, 10 or_11. [00059 r preferred ept i des c r.s ont i quous
sequencéné%l @{ﬁt ﬁ{fn iooé%' ég ﬁg A)rILHﬁlﬁﬂngy, ‘gf Sﬁﬁ ?&No

4, 6, 7, 9,10 or 11 Al t hough honol ogy can al so be considered. in terms of
simlarity (i.e. amno acid residues having sinmilar chenical

properti es/functl ons), in the context of the present invention it is
preferred to express hom)l ogy in ter# of sequence identity. The terms.
"substantial honol ogy" or "substantial identity", when referring to

pol ypepti des, indicate that the polypeptide or protein in question exhi bits
at | east about 70%identity with an entire naturally-occurring protein or a

portion thereof, usually at |east about 80%identity, and preferably at
| east about 90 or 95% i dentity.



[ 00060] . Honol ogy conparisons can be conducted by eye, or nore usually,
with the aid of readily avail abl e sequence conpari son prograns. These
comer ci avbyoaveaogsabl e conput er prograns can cal cul at e ¥chombogyidhet ween
two or nore sequences. [00061]. Percentage (% honol ogy may be cal cul ated
over contiguous sequences, i.e. one sequence is aligned with the other
sequence and each am no acid in one sequence directly conpared wth the
corresponding amno acid in the other seguence, one residue at a tine. This
is called an "ungapped" alignnent Typi cal Iy, such ungapped alignnents are

perfor r i r e less
Phan_ 50 RIS affelE G HEetofigabtay 1SA30, Sl iy FLR baP AN D,
and congentinis -Bebheach hiicléetides to take into consi deratl on that, for
exanpl-e, in an otherw se identical pair of sequences, one |nsert| on or

del et or\owsz] aauike contexf of thepregen inventian) @Ihbmiagws sIeQubﬁcé)lsttabeth toof
alignnment, thus potentially result]

when a @Idsla anuglestide ?%QLEEP?OWH'EBQ'SCéhg e R-of >7 B On%‘i]{ae @t'ggl ad

conpar i ppsterdpiyatfoadt gsqﬁsgss;a%ﬁtraapépméc@mﬂm h&B'Ie@él'cﬁl@F%'f"iéastt gt sbake
into consideration possible insertions and del etions w thout .penali sr ng

undul y t108, 80@r 300, $hor 4§00 Swslestidesivdth the aucleetidas WU%@% tseh@ut ifps" in
e =eaupis SpAARTE! ol nd 1] BaBIEP! ebBEY BB RNy bOYARkerp v

t hese nore conple S assi ena at’ occurs
in the alithorespett toothbatregibos dfrtbemaencmﬂmt erfcorddezmntrgabuamoo acidls, a

| t h f f| ect i gh
7ol at oqREGNHEB e 10ty e RN B LORR RS Hheisorelit rtBEe Mt ihwe:
score t aseif n\érglhbogﬁﬁ?; s%ces%iéféﬁe@@brmtrées af theliPémtin sorbpesk t hat

charge a relatively cost for the existence of qq p and a smaller
penal ty af §Pnfé9i{9hlss§9§ké%ﬂ$‘@nﬂ13ﬂ@§| girater, thar 9dyp 60TAY /% hﬁ@OIﬁ@!’: Befonl y

d h 9 f
use ga Tyblgw%eéyép qﬁhﬂl—t?@ gga@5pgp 4 oeﬁoer'O!Q Otoc&%sd’r Hfo‘?é’lutﬁgthe

optlms nts wth fewer _ progr ans w the gap
penal t i escleotithes sequénaes. em@dﬂ\gapplypepi@e peqﬂemc%dSE@ i@eN@Se 1@efoaul t

val ues whe such soft n X | when

using t M@ %cﬁ‘%‘%c%'ﬁ‘é’i %8% %ac1k§) §g§ Jggo %g?p% bﬁq‘gﬁje\!@% 6 g?@ 9Senal ty

1E g(r) 0221] resépglctud?ly teﬁtéféﬂféd poﬁynul:%og}dﬁs migaaltenndtlvél%rfmrme;xtdittlclﬁ'xbemrl_se a .
culation o xi mum % hopol o ore rs r equi es e

pr oduct contigousSeHHENTE N HHY'P%rHFEﬁrer thap; géy %H %CBqu;d}ér'é‘?’T‘%'H q‘ﬁ

penal Ui 88quéhce ot SEQADIORBYEShr BHRA GHBOUBS afiihé Yl O 49910ht@96@I1 fmrrent

is the W sconsin Bestfit package (University of Wsconsin, U.S. A

bover cuftbat 400 018 or X 1 SPA ISEELTBINGR: £ e 10 Bt b Fespesiivelyher

sof t war r hr{%rl. t HRIME imted
to, the%é‘%_f%@%} pac %gegc?dﬁgﬁeiusu!}éﬁorﬁ? W?ﬁéé@ggjg é’@ﬁc Q%p'P@rA 9@@“ ASTA
(At schuldogtad (DBII})Q@d thie aditviatiolBdomajn.403- 410) and the GENEWORKS suite of
conparison tools. Both BLAST and FASTA are avail able for offline and online

sear chi [@p0533c Nuciedtizle séquences 18@9preierablypat)éeast - ﬁan'uoleatlﬁé)s in Hevgther it
is preferred t S 5]. At gh the final %
ol coiars prefBratis e st P 3.4, S Dt at, Alcieee o A GebBBLL el
is typi g@d khortért thbareﬁgtrpaf #e pblynadlesdd)i the g?raarerqnmma@gy rédi'lﬁieﬂatb a
scaled simlarity score matrix i's generally used that assigns scores to

each paPPW'%ée@@ bytyislizatione ropreqURsy cWhers applynueipotide gl ieinyventian,
di stanc SRS Cngh Skl %L@%;réordémme'arer&% treag! e A-fderiR2 igrat ri x

- the de t rratrlx surte of
progr arrgre“meretmlhl 75%s preferably greater than 90% or 95% compared with the nuclear
receptor nucleotide sequences set out in the sequence Ilstrngs herein. Conversely, - _
. where a polynucleotide of the invention consists of, for example, greater than 50 or

100 nucleotides, the % identity compared with the nuclear receptor nucleotide
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either the public default values or a custom synbol conparison table if
supplied (see user manual for further details). It is preferred to use the
publ i c daveubti/medsmes for the GCG package, or in the caveTsG20iness72
software, the default matrix, such as BLOSUMG2. [00066]. Once the software
has pr.oduced an opti nal allgnnent it is possible to cal culate % honol ogy,
preferably % sequence identity. The software typically does this as part of
t he sequence conparison and generates a nunerical result [00067]. Nucl ear
receptor pol ypeptide honol ogues include those having the am no acid

sequenc ere [

anot hor B A<l off e SRlBn G iR TR B oL BB L0 RaE I A B ErhE

bi ol ogi ¢lsdn 58%]| prdfgrabfy dgreaterthae 80 ©r 76%.epr ogr am a di fferentl ated cell to a
pluripotent state. A nuclear receptor polypeptide honol ogue according-to
the inveoooss). Nedieicaadis hysidiéationr aiinbeosaffgstedt by stichhcamditiarfs aesaltri no
acids listed in table 1. Preferably the nuclear receptor is from subfam|ly
5 and piceRERHEAoN,IRMRRIalES CRRragRIc akants. IR @MGItogylodhe RagR FoBResEieN: he
SequenC%dgqﬁnaf ttfe! %oﬁnp?éﬁ@ﬂaﬁ?'&raﬁﬁﬂueﬁﬁ& #R MUithbér oPERUEIBONGE Baset, 6,

7, 9, 10 or anmpl €s of nucl ear receptor ponPeptlde honol ogues wi t hin
t he scopmsmatcmlee heﬂweem thenhybridizidg nusteicacids, as wd beqe@lyeamremdl oy NOS:

2, 4, 647 1
Zupat ¢ e SridE i ipk et Sfer tbnafadte TBHEBREIN dorkial fRAAYCS 1o
S“ESt it liﬁrﬁgel\atl:rﬁs Iueexcea; of( 80 degreesr Cintymicalyyioi xeess oﬁsmdwremr:d,w:d_ |t st |
substi t ut al an ; one_or_nore ar |n| res | upstlitute
with hi Sreiarany ihkeass o s ebrar 6 SRS Sag canlips il ArdnArkBRdRER | <
substi t gl 1000 hmi, y@bi@anmese{ R6%00 e aheq:brzéferauyl leas thak expOmMr ot ei n”

or " nuclear receptor poly tide" refers to a protein or polypeptide

encoded F@;Nea/ehdb%@mhl@@m Pfametersds amich Mg iraperéandthan hehEraasuteer eof .
Pr ef tid
re eral&>én§/%&Ié"b%lrﬁﬂéterrec/@rme%ﬁ@fe)b’f?'sﬂmg%ﬁt hgtgrl?ée £8or| EGRRHiGHS goéf@ysp i de”

refers to a ein or eptl Isted™n tab More prefera t he
"nucl ealandé)cb@Sﬁ(brSﬁ@Hﬂ 151M Nag@i) @815 Meedituor cipaleyple gtG)de” refers to a
protein or polypeptide of the subfamly 5. The nucl ear receptors of ’
subf am I[QO(ES&}ByTHmmqlwmcmo}ldeheoufpoNﬁﬁas ohoFsa'[tlventimnjnokata' RNAs eBNAnts or

fragnments ther Al Ln uded a teins enco by DNA that hybridize
inaer neEnoBre B, syriieten (oM ] FriBhe PeRerse e Senbe ohy Bitetien,

nucl ei ¢ sgahds andl eap el Ehérﬂlo@ll?cbrpﬁlbhfﬁ@mdad?Sn@dlféd adremzy E@itaineven- by
antisera to the nucl ear receptor proteln S

modi f i cAelusalsobderivatizashnycleglide hasesqas Wil P%ereﬁﬁﬁaepr%q‘ﬁ}eﬂﬂ?mhm
nucl ear gkifie@AhOtheP kY RN Afsdifiatibh@ GRBIDHE, e eRapid)| rébeer qnémpet.antl ally

honol ogous to primary structural sequence but which i'nclude, e.§., In. vivo
or in vsubﬁltuﬁmnbéanea:rdm@r@@ﬁém crmturﬁtbmoppwmgomclmtldm wﬁh |&ﬁb@ﬁ@@9at e
unusuaI"ﬁ nﬂ&e%ﬂgg f%@hcgﬂﬂ{ aEﬁO ﬁkH%@edfoﬁn suqﬂg ?Fed
site nuta i ons acet ion, car oxyla |on Sphor |on rycosy ation,

ubi qui tlphe$prmmatésabphospmotmesger,s V\pl’ndspuhadrrmdntei;l d:asbamatésvaatc (),us:harggdratl C

di ficat di | killed in th
o i DAy (3. nabrertorGiated c PRAGIPYBtRtESe S e Pohaedl st et s or
| abel s ysgf, lpblyfp@btléég)hmwbﬂ@&ﬁ§ Ig@@e atblinek pevraler) et ohelatorendikiyRedryde
radi oactive i sotopes such as 32 gands which bind to |.abel ed antlllgands

(e.g., aHmoyigtadsite nutarts Ansomedifi eéHlé\'f?Q%i(?rés@éma apemesc nuglaigasidsgn
antili e i 0 bel ed
M gand- s sd B3 S AARCHIILCEIL WA WA, poRIEGRIGEC debe!

conj ugability tei bindtthea peslgeatedssecmelncewla dydiagenetonglingiadd otbén ettgraical -

i nstrunent at t.had | abel in are no the
art. [ OBearIoNE. SH Bilecles Aiadyiniin RAhERE s iR Bl el Esmaie Pesdink ¢ cn
of am Nvhigh geptecse dun@geﬁ sabstitetasfor grvgphbiev inkayeseivetheC backbgmeusf e no
acids, often at |east about seven to nine contiguous anm no acids, typically
at | easMoleRIR- nine to 13 contiguous amino acids and, nost preferably, at

| east about 20 to 30 or nore contiguous am no acids. [00071]. Preferred

pol ypepEolypeptides he i nvention have substantially similar function to wild

type full length nuclear transcription factor. Preferred pol ynucl eotides of
the invention encode pol ypeptides halfi ng substantially simlar function to
wild type full l.ength nuclear transcription factor. "Substantially simlar

function” refers to the function of a nucleic acid or pol ypeptide

honol ogue, variant, derivative or fragnment of nuclear receptor with
reference to the wild-type nuclear receptor nucleic acid or wild-type
nucl ear receptor polypeptide to reprogramre somatic cells in accordance
wi th the assays described herein.



Conpositions of the Invention [00072]. Polyeptides produced according to
the invention can be admnistered to somatic cells for reprogrammng in the
form of owoposimissns. [00073]. Thus, the present inventipom/sahew/on@rates to
conposi tions including pharmaceutical conpositions conprising a
therapeutically effective amount of a a nuclear receptor polypeptide and
one or nore transcription factor pol ypeptide selected froma Sox

pol ypeptide, Kruppel-like factor polypeptide or a polypeptide fromthe nyc
famly.. As used herein a conpound will be therapeutically effective if it

i bl I f
e i nvdf958Y LER] BT fuoBEPtecEpfl aciyricbitiet of the BiEsRt IvERTBSRale 3T, P
(wher e Vaastr 8% camirice Jacials, cérispdes aonacleard receptor mrmwimmar opartibglarly a =~
ext enpor aneo in

par at.i o f sterile ctabl e solutio nd or one or
ot o DA ABPE GDHG CRISRC: VAt e s i BEORayehe NeltRr dreaPtor
encapsul gygfbptides iIdP I TRFentien 28SH $ﬁcl£ndi@'frragirﬁe"m§ RAHt déatiges of il 1&g ane.
Al ternatively or in addition such preparations may contain constituents of

sel f - asdwielaar ngegrnter spelveertides. t partisularly; dragmenths 96r desvaties ¢ havie@! | ul ar
menbrang, EfanﬂH@e the S4B &r L&&%ﬁcé@%ﬁ%@f&a‘i 'é’-H?.f/ estru%“hﬁ&l%HF E‘reé@&oft orage

and nust e preserved agai nst e con natin ctive action
m cr oor geiypepides oitiue, thbse cemanping,thé aatino aaldeami]ubquﬂ of $BQAPENOSTIZe -

di
et &b BB g BaaRhemiagR drdBr APy g RO RRRS | qui o
pol yet hythéreef Slicicas SEAND NIOS: 10 e 11sm;iaatliximarm mbf&rﬁéﬂ poigp@stide (ﬁmilsts

veget abl e oils. The pro er fluidity can tai ned, far exanp y the

use of #f@ipeAgids o K60, flde S50 F%499e&|t9rﬁf%9 P 497 Qféhﬂtaéwaﬁc%"%f t he
requir E%Baéﬁéé? %ﬁo%zefs eEd s Nese 20f4 o, SPRF U RILpRBEVEN &r'lﬂleﬁé afhnts,

surfactant's. Preventing the action of mcroorgani sns In the compositions of
t he i nvédwmalegues erdragments oipeeaitdistgh astSEQ P HNOS! 1‘39.rm‘/1dr antifungal agents,
for exanpl e, parabens, chlorobutanol, phenol, sorbic acid, thinerosal and
the Ii ke[OOO&Y]na'H}e degas’palypeptide” trefG}JSelfOelaalwIOB/err ohcamigle iacidsoand #gent s,

for exa Qr_so hloride. P n a i o]

injecta q&"’@b"ﬁg%f 98?% ngg t%qgr%l?Bﬁgmgt;%%tﬂb@‘eﬁﬁeB%g@Bf’ ntﬂp?reé%é)tg%gsi tions
of agentaligopeptidesarabpitgins @ne inchidek aithinetheadefimittumnoiha pobipeptidé.e Tasl

P ncor porta AU IRES AT (ol SHELIOBTEORFCRUREof 06 PBIYPERUAIIoN Frarmele.

i ncor po r

appr opr Igﬁ}c%sﬁahaﬁ@t a&\étgﬁt.eﬁyebﬁbscfmorylaﬁoﬁ hahd 1tRET R, emcrideaUWRAR @tk above,
as required, tered sterilization. Generall i/ di spersions are

pr epar ed’eﬁwt‘pﬁ@tﬁe p’@f examglet, pelypeplidess cortaiing pne gr mare \analagefedl) aming nt o a
sterile a\‘:ﬁJq ﬁ!:lﬁ | &dh Ak Raldis Qﬂlsaitiéij %hﬁr‘?(‘?rﬁﬂo%n e@@g ﬁe%ﬁindbg%l fpaui red
ed a ase’ 0

ot her |ngre |en from ose’ enurer at ove n-{he sterl

powder s substittites hﬂquasai's well @s ather madificatiens kbbwnsolthe iarh doth rmatlp'aw erred
met hods 01:j erg%{J qt}ll on are vacuumdrying and freeze-drying, to yield a
powder MY fi ¥°i°ﬁtj'i“é‘8r ent plus any addltl onal deS| red |ngred| ent from

previ ou%%&ﬁerl tﬁe c{)rlﬂte?({ efjthg%lrlejéeln rlln\;[er}m?on a homologous sequence is taken to ;j ’
include an amino acid sequence which is at vleast 60, 70, 80_ or 90%‘ |dent|cal,':_'
preferably at least 95 or 98% identical at the amino acid level over at Ieiasvt 20, 50, :
100, 200, 300 or 400 amino acids with the amino acid sequences set outin SEQ ID.
Nos 2, 4, 6, 7, 9, 10 or 11. In particular, homology should typically be considered
with respect to those regions of the sequehce known to be essential for fhje function |
of the protein such as the DNA binding domain an example of which is SEQ ID NO:
10 or the activation domain an example of which is SEQ ID NO: 11 rather than less .

important neighbouring isequences such as the ligand bindihg domain (LBD).
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[00077]. Biologically acceptable carriers and/or diluents may al so include
any and all solvents, dispersion nedia, antibacterials and/or antifungals,

i sot oni c wodorbmoesspt i on del ayi ng agents and the |ike. TireTsseowfoossazh nedi a
and agents for culture is well known in the art. Except insofar as any
conventional nedia or agent is inconpatible with the active pol ypepti de,
use thereof in the conpositions is contenplated. [00078]. Polypeptides can
al so be delivered by protein delivery nmethods known in the art such as
transfection as descri bed above, macronol.ecul e delivery vehicles and ot her

met hods thoe kid Led.] r 0Q0 |t may be

for useFJl( Frgs V%?R?H?% éﬂoi‘%ﬁ i"i‘);@é{’]’? C%AL%%JG’ % @}&Ehg e%ﬁa?:oﬁrrp ti'gn

?f t[lﬁ Igtreater: tmsmt So][ 63h6r rm%o?ub&td%gy ahore preferaby greateehharasanmechagent
or e treatnment o egenerative dise re eqU|re

Met hod §PMO cF%Q“%PDF]%%PEﬁF‘"&%F?'QS ng%@ﬁﬁ‘ﬁpﬁ'ﬁ :}egr ﬁelﬁt [@b%{)

enbodi ment of the present invention resides in a nethod for JndUC|ng

pl uri po{@ﬂf’ 93+ Othek|nrefermed, pplygeptifas, SOMPRSE o 1 SAWIGYPUS, Sf?@HPE%‘?réTﬂV"TQ)r

treati ngg@atgﬁmaﬁn&o | 80, rkﬁ?dorofo% rmrﬂabgweﬁsm ﬁﬁ‘r\f&'d 4 'e23i, ' nfg 6PHRI i Si ng

t he ste Isolating 'cells froman individual donor; culturing-the
cel | s i Althoughy homelegyd gan rajse beotgnsidsredtin derrns aif simi ity (i . BminG @cidt i on

fact or th t
Lo W Balfh sl e AL ARG bab gy AL B LepRashres o
tS r alnscr isrwegﬁm fitalst preferréd tb eskpressThbmolayyoirp tesme2of Kefdence Mentity<TiHg - K1f 5,
ox|l , $Sox5,, ,t,ln uce t uri cell;
"t ol "sHBS A oBTaey < PURRSR R IGRnIEn uheR rBEind o BOIBIRRRRS ont
st em cejddiddtéah#EMe polypeptide or protein in question exhibits at least about 70% -
identity with an entire naturally-occurring protein or a portion thereof, usually at least

about 80% identity, and preferably at least about 90 or 95% identity.

[00060]. Homology comparisons can be conducted by eye, or more usually, with
the aid of readily available sequence comparison programs. These commercially
available computer programs can calculate % homology between two or more

sequences.

[00061]. Percentage (%) homology may be calculated over contiguous sequences,

i.e. one sequence is aligned with the other sequence and each amino acid in one
sequence directly compared with the corresponding amino acid inr-ithe‘ other -
sequence, one residue at a time. This is called an “ungapped” alignment.. Typically,
such ungapped alignments are performed only over a relatively short.fhumbe_r. of

residues (for example less than 50 contiguous amino aC|ds)

[00062]. Although this is a very simple and conS|stent method it fa|Is to take mtofl
consideration that, for example, in an otherwise identical pair of sequences one
insertion or deletion will cause the following amino acid residues to be. put out of'j'
alignment, thus potentially resulﬁng in a large reduction in % homology when a .
~ global alignment is performed. Consequently, most sequence comparison methods
are designed to produce optimal alignments that take into consideretion possible |

insertions and deletions without penalising unduly the overall homology score. Thji's |
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[00081]. "Treatnment"” and "treat"” and synonyns thereof refer to both
therapeutic treatnent and prophylactic or preventative neasures, wherein

t he obj eawoizs1tvaaogsrevent or sl ow down (| essen) a degeneretriseceo@@nas7ti on.
Those in need of such treatnent include those already diagnosed with
stroke, cancer, diabetes, neurol ogical disorders such as Parkinson's

di sease, Huntington's disease, Al zheiner's, denentia, as well as cardiac
failure and nuscl e danage, along with many others. [00082]. As used herein
a "therapeutically effective anount” of a conpound will be an anount of

Gegener 3 Poletef BVt B8 T 0P etiehbe BTN &1 Ro dpaimsS T8 ")

pat ent . hoamidg®s and administration of cells of the |nvent|on may be
determ ned by one of ordinary skill in the art. An effective anmount of the

cel I's t qoouBIINTHOVEEr! itssapRIdré cRImplexviméthdep eidignf Yapepenalties” wwpesch he
t herapeutic Obj ectives, the route of adm nistration, and_the. condl tion of

t he mam@aP.thateeswsHpIthe alionment sgcthab e dhe pamer numbet RE idasitical amingyj ust

t he dos a d | a eq o] In the
opti mal %g gr arbgesgtag?:ﬁée%‘ }égg?ﬁ\%r\%g\ggg]a% ggrvgf asb%?ﬂ%%zo%l ulrrltléﬁ%tﬁg%t h@ﬂ%ﬁs of

the i nveelate@lneas betveaath the twecopipaged sequeraesdoril ashieve ashigbeksgese than -

o) o poPeRi ) B ELodod! ABTRS et P THC SR HRLEH Bl RS VA el g

pl uri potheght csiteﬁairdbéleﬁlsteme obrpyap eand aud;mallerngenaﬂyl forieachi sulsequent
i nt roduci n&u%u‘pﬁ@/nuc qQti.de that encode %ranscrl Bt i on fact OF\ into the
|

cel | in"eH P& %H@%&PW{RH %HF? 83RRe9H8Y Systafdighi 9aR on

factor oanRlkies e@maofw&iw@é ;freee@é csftmse@rm.g%em Qwith fa@/er | gApsRMoaet or
selected fromthe group So)(2, KI1f K1f 2, K1f5, Soxl Sox5, N-nyc

and L- nﬁbgmmenmepeéamﬁe"@\wthe tg@ptmer@ltpﬁsm tpﬁ)mqitﬁeee Howeygsshisi prgferrad
pluri poiefke ¢t bidtduft VERIEY Jh8n Ushg"&idh edfﬂl?are%ll Eeﬂe@ﬁ%r&ﬁﬁ&é}lsons. For

example when using the GCG Wisconsin Bestfit package (see below) the default

gap penalty for amino acid sequences is -12 for a gap and -4 for each extension.

[00064]. Calculation of maximum % homology therefore firstly 'requires the
production of an optimal alignment, taking into consideration gap penalties. A
suitable computer program for carrying out such an alignment is the GCG Wisconsin
Bestfit package (University of Wisconsin, U.S.A.; Devereux et al., 1984, Nucleic
Acids Research 12:387). Examples of other software that can perform sequence .
comparisons include, but are not limited to, the BLAST package (see Ausubel et al.,
1999 ibid — Chapter 18), FASTA (Atschul et al., 1990, J. Mol. Biol., 403-410) and the
GENEWORKS suite of comparison tools. Both BLAST and FASTA are avallable for» R
offline and online searching (see Ausubel et al 1999 jbid, pages 7- 58 to 7 60) .

However it is preferred to use the GCG Bestfit program

[00065]. Although the final % homology can be measured in terms of identity, the
alignment process itself is typically not based on an all-or-nothing pair cemparisen.
Instead, a scaled similarity score matrix is generally used that assigns scores to -
each pairwise comparison based on chemical similarity or evelutionary dietance. An |
example of such a matrix commonly used is the BLOSUM62 matrix - the default

matrix for the BLAST suite of programs. GCG Wisconsin programs generally use
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[00085]. A "cell", as used herein, refers to a biol ogical sanple obtained

froma tissue in the body, or frombody fluid. Frequently the cell wll be
a "clini oab2samabssy” which is a sanple derived froma paCcrsceo®swods’as a
fine needl e biopsy sanple. A "cell" may also include cells isolated from

fluids such as blood, serumand the like. Cell sanples can be isolated and
obtained fromtissues fromlung, bladder, brain, uterus, cervix, colon,
rectum esophagus, nouth, head, nuscle, heart, skin, Kkidney, breast, ovary,
neck, pancreas, prostate, testis, |iver gonads, stomach or from any ot her

organ or e I: I es

or a0 O AR BTE MR ALK binbi e RBBEl s ke ele! ©2,
sanpl es usaymbaauélrfonfurthenrietails).nbis mefmredatoluwl the poblit deﬁaruulm.reseimrum from
any org r fluid. Cell sanples can be obtained us procedures
such as i BackRge, q{eghlt@e bf ‘ﬁﬁs?F cgh%roéo ?F%cﬂ]eoﬁilegqq"tt H"kéu‘:brh%s cells
are to mdgmqgg_sed in a manner that allows culturing and reprogranmng of
the cells. Accordingly, cells obtained froma subject, -donor or individual

are i depddo6ey2shiick tHEBoftWHRAhas Prideddd Hh ptintd! éhlgﬁmetnw i i§ PO88iBle taThe

i PSC s 1 be cultured as known in the art on a relevant cul ture nmedi-a such
as an acalctiate % homwlegy, poeigraily Ohseauence identity: Thefsnftwase dypisallyodoesedi cal

{1 eat Teflis o BEnCRING sBere BARSARER dioulbrSRLSl AlmdRantaliens as known in

the art he ce S nuous ure nedia may contain

nutrien ncl ude
arout - 10006330 Micheh 2 thﬁ*’ﬁBBfg%nﬂ&ehé@ ol S IhOAE 1 W aihd 0°
preferr edrdedménowtﬂwer&ﬁ émeldn‘ DS BF EMET: éﬁ@ﬂéﬂd@ﬁmgﬂﬁstrﬁﬁpd (vrgtmamtiothgr .
capacity of nucl ear et 00088 nucl ear.re tors
(Tabl e PR Ecidayhigh r?é'g 'E)tH ﬂ{’ %@?%‘%&%&éﬁﬁ Péoq?giﬁ?l %fgﬁﬂt g nce
the ef f hfdlsditey tdfepré§rant haiiferadtiathl e t&@ﬂﬁluﬁmten&tbf@bmﬁrcedr V&Esptomhi ch
contai n an endogenous Pou5fl-GFP reporter were used t he screen.

Repr ogr BetypePlige-homaleguysy siceprding, to dBﬁt'ﬂV?'@lebwqfﬁ@bbk@ﬁés@ RErERNEP as a
resul t Baa{ltméf\ﬁﬂl‘r A O?Thrffarrﬁrlf@aélhg?efe%dinqgli@” ﬁ:e?erés hé FHucl -Q?‘?eﬁ&ftﬁren was

conduct each nucl ear receptor retrovirally uce e Cct4
(0), Soisz‘rcérﬁ)subfaﬁily 6and lHafbrabIWtas(GW psnceu's@sgreatms anmimw;th @nyranesf 1-

GFP—posr vecoonle sre I t oA eChi dpi ).

Transcr i t)t e§&ﬂ“§§§?6 erB Eﬂ ?gﬂ“ﬁégﬁ%& géaquepgg%%f8&9@%@@2@?‘?%@, §I zb

verified, Wﬁg I 1§)Exa|ﬁ1iméi bhhaclear eesptor pbrypeﬂtudérabnmngmesrvmhmthwsdmw |

receptor rli al so known as ane X r r a 5 al so

known a8f fheyayentiondpelyde thgamnp gcrg%teﬁuggnce Rﬁggga& go;ﬁ Z}eﬁhgnég' ﬂi 'ﬁ

if B' ](}l)eﬁwrﬁgsreugg&égg?é%?hﬂﬂe(a%aﬁi%% Rebidued B UBSHIM PRIt @lutaric 3c.a and
(5) one %r more |s></)leucme resrdues is substituted with leucine; (c) one or more -
glycine or valine residues is substituted with alanine; (d) one or more arginine
residues is substituted with histidine; or (e) one or more tyrosine or phenyIaIanlne i
resrdues is substituted with tryptophan. S ' |

[00068]. Preferably “nuclear receptor protein”- or " nuclear receptor Qelypepti_de" o
refers to a protein or polypeptide encoded by eznuclear recepter geneiféeQUence, :
variants or fragmente"thereof. Preferably the “nuclear receptor protein” or "nuclear
receptor polypeptide" refers to a protein or polypeptide listed in table 1. More
preferably the “nuclear receptor protein" or" neclear receptor polypeptide” refers to a .
protein or polypeptide of the subfamily 5. The nuclear receptors of subfamily 5 may :
include any one of Nr5a2, Nr5a1 or any variants mutants or fregments thereof. Also |

included are proteins encoded by DNA that hybrid_ize under high or low stringency
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Table 1: List of nuclear receptor s screened for enhancers of
reprogramm ng. Nucl ear receptor s (NRs) Functions NrObl (Daxl)

Transcri pyvoanifeesgser, transcriptional repressor of several/scacionasrs72
receptors Nrlbl (Rara) Transcription factor, regulator of Cct4 Nr1b3 (Rarg)

conditions, to nuclear receptor encoding nucleic acids and closely related

polypeptides or proteins retrieved by antisera to the nuclear réceptor protein(s).

[00069]. "Protein modifications or fragments" are provided by the présenf invention :
for nuclear receptor polypeptides or'vfragments thereof which are substantially .
hombl_ogous to primary structural sequence but Which include, e.g., in vi\Zd or in vitro
chemical and biochemical modifications or which  incorporate unusual amino ;aCid's.
Such modifications include, for example, sumoylated site mutations acetylation,
carboxylation, phosphorylation, egCoéyIation,' ubiquitination, labeling, . é.g., with
radionuclides, and various enzymatic modifications, as will be readily appreciated by -
those well skilled in the art. A variety of methods for labeling polypeptides and of
substituents or labels useful for such purposes are well known in the art, and include
radioactive isotopes such as P, ligands which bind to labeled antiligands (e.g.,
antibodies), fluorophores, chemilurﬁinescent agenté, “enzymes, and antiligands'
which can serve as specific binding pair members for a labeled ligand. The choice of
Iébel depends on the sensitivity required, ease of conjugation with the primer,
stability requirements, and available instrumentation. Methods of labeling

polypeptides are well known in the art.

[00070]. A polypeptide "fragment,” "portion" or "segment” is a stretch of amino acid
residues of at least about five to seven contiguous amino acids, often at least about -
seven to nine contiguous amino acids, typically at least about nine to 13 contiguous
amino acids and, most preferably, at least about 20 to 30 or more contigu_bus amiho

acids.

[00071]. Preferred polypeptides of the inventio:n fhave substa‘ntiallyj simi:l:ar: fuhcti.c:)h
to wild type full length nuclear transcription factOrf. Preferred polynucleo{idés of the =
invention encode polypeptides having substantially similar function to wild type ﬁjl:l :
length nuclear transcription factor. “Substantially similar function” refers to the -
function of a nucleic acid' or polypeptide homologue, variant, derivative or fragment -
of nuclear recéptor with reference to the wild-type nuclear receptor nucI_eic acid or '
wild-type nuclear receptor polypeptide to reprogramme somatic cells in accordance

with the assays described herein.
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Transcription factor, regulator of Oct4 Nrl1dl (Rev-erba) Transcription
factor, regulator of circardian and netabolic pathways Nr1h2 (Lxrb)
Transcri pyvoaniffmedser, regul ator of |ipid and chol est er olpclrecromioass7s Nr 1h3
(Lxra) Transcription factor, regulator of lipid and chol esterol honeostasis
VD 2011/ 040887PCT/ SG2010/ 000372 ‘ : o ‘

Compositions of the Ihvention

[00072]. Polyeptides produced according to the invention can be administered to

somatic cells for reprogramming in the form of compositions.

[00073]. Thus, the present invention also relates to compositions" including
pharmaceutical compositions comprising a therapeutlcally effective amount of a a'»i_
nuclear receptor polypeptide and one or more transcription - factor polypeptldeﬁfi
selected from a Sox polypeptlde Kriippel-like factor polypeptlde ora ponpeptlde
from the myc famlly As used herein a compound will be therapeutlcally effectlve if

itis able to reprogrammlng somatic cells in vitro.

[00074]. Composntlons of the invention suitable for injectable use include sterile -
aqueous solutions.(where water soluble) or dispersions and sterile powders for the
extemporaneous preparation of sterile injectable sdlutions and or one or more |
carrier. Alternatively, injectable solutions may be delivered encapsulated in.
Ii'posomes to assist their transport across cell membrane. Alternatively or in addition
such preparations may contain constituents of self-assembling pore structures fo
facilitate transport across the cellular membrane. It must be stable under the
conditions of manufacture and storage and must _be p_reserved against the
contaminating/destructive action of microorganisms such as, for exampl-e, bacteria

and fungi.

[00075]. The carrier can be a solvent or dispersion medium containing, f'o_rf
example, water, efhanol, polyol (for example, glycerol, propylene glycol and quuidrﬁv
polyethylene glycol, and the like), suitable mixtures thereof, and \/egetabie oils. Thefil .
proper fluidity can be maintained, for example, by the use of a coatlng such as, forf ?3
example, lecithin, by the maintenance of the required particle size in the case of
dispersion and by the use of surfactants. Preventlng the action of mlcroorganlsm_s |n‘  |
the compositions of the invention is achieved by adding antibacte:rial and/br
antifungal agents, for example, parabens, chlorobutanol, - phenol, sorbic acid,;
thimerosal and the like: In many cases, it will be preferable to include isotonic

agents, for e'xample, sugars or sodium chloride.'ProIonged abSorption of the .
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Nrl il (vdr) Transcription factor, nediator of vitamn D Nl i2 (Pxr)
Transcription factor, regulator of cytochronme P450 Nrl 13 (Car)
Transcri pyvoaniffeacgser , regul ator of cytochrone P450 Nrl f lpcCRoRe/000372
Transcription factor, regulator of netabolic homeostasis Nr2al (Hnf4a)

injectable compositions can be brought about by the use in the compositions of

agents delaying ,absorption', for example, aluminum monostearate and gelatin.

'[00076]. Sterile injectable solutions are prepared by incorporating. the active .
polypeptides in the required amount ih the appropriate solvent with several of the |
other ingredients enumerated above, as required, followed by filtered sterilizatio'ri ‘
Generally, dispersions are prepared by mcorporatlng the vanous stenllzed actlve:ff
ingredient into a sterile vehlcle which contains the basic dispersion medlum and the - -
required other ingredients from those enumerated above. In the case of sterlle‘:i
powders for the preparation of sterile injectable solutions, the preferred methods of
preparatiori are vacuum drying and freeze-drying, to yield a powder of the active .
ingredient plus any additional desired ingredient from previously sterile-filtered |

solution thereof.

[00077]. Biologically acceptable carriers and/or diluents may also include any and
all solvents, _dispersion' media, antibacterials and/or antifungals, isotonic and
absorption delaying agents and the like. The use of such media a'nd.'agents for
culture is well known in the art. Except insofar as eny conventional media or agent is’-
incompatible with the active polypeptide, use thereof in the compositions is

_contemplated.

[00078]. Polypeptides can also be delivered by protein delivery methode known in -
the art such as transfection as described above, macromolecule delivery vehicles .

and other methods known to those skilled in the art.

[00079]. The compositions may be for use in reprogramming somatici Cells Use_i
includes use of a composition of the invention for the preparation of a plunpotent cell -
as a medicament for the treatment of degeneratlve dlseases where new cells are?j'g ’

required.

Method of inducing pluripotent cells for use in treatment

[00080]. An embodiment of the present invention resides in a method fer inducing .
pluripotent stem cells in vitro in the manufacture of a medicament for treating a i

patient in need of a pluripotent stem cell treatment comprising the steps of: isolating
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Transcription factor, regulator of liver-specific genes Nr2bl (Rxra)
Transcription factor, role in ESC differentiation to cardi onyocyte Nr2el
(TIx) Trawmeep14pesi factor, role in neurogenesis Nr2e3 PPRISG20HANEEGR | ption
factor, transcriptional repressor of cone-specific genes Nr2f6 (Ear2)
Transcription factor, transcriptional repressor of IL-17 in T-cells

cells from an individual donor; culturing the cells in vitro; introducing a polynucleotide
that encodes a transCription factor into the cell in the culture, wherein the.
polynucleotide encodes a transcription factor comprises a nuclear receptor and one
or more transcription factor selected from the group Sox2, Kif4, c-Myc, Kif2, KIf5, .
Sox1, Sox5, N-myc and L-myc to induce the cell to be a plunpotent cell; mtroducmg .

the pluripotent cell to the patient in need of a plunpotent stem cell treatment

[00081]. "Treatment" and “treat” and synonyms thereof refer to both therapeutlc.f'
treatment and prophylactic or preventative measures, whereln the object is tOj:.‘
prevent or slow down (lessen) a degenerativé éondit_ion. Those in neéd' of such -
treatment include those already diagnosed with stroke, cancer, diabetes,
neurological disorders such as Parkinson’s disease, Huntington's disease,
Alzheimer's, dementia, as well as cardiac failure and muscle damage, along with

many others.

[00082]. As used herein a “therapeutically effective amount” of a compound.will be
an amount of cells that are capable of preventing or at least slowing -down
(Iesséning) a degenerative condition, in -particulér i'ncreasing the Iifesban of the
patent. Dosages and administration of cells of the invention may be determined by
one of ordinary skill in the art. An effective amount of the cells to be employed -
therapeutically will depend, for example, upon the therapeutic objectives, the route
of administration, and the condition of the mammal. Accordingly, it will be necessary
for the therapist to adjust the dosage and modify the route of administration as

required to obtain the optimal therapeutic effect.

[00083]. Preferably, the pluripotent cells of the |nvent|on are used in neurologlcal .
disorders such as Parklnson s disease, Huntlngton s disease, Alzhelmers dementla j_

or stroke.

Induced pluripotent stem cell lines

[00084].' In one embodiment the method of making pluripotent stem cell lines :

comprises: culturing cells in vitro; introducing a polynucleotide that encodes a
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Nr3bl (Esrra) Transcription factor, role in osteobl ast devel opnment Nr3b2
(Esrrb) Transcription factor, self-renewal regulator, reprogrammng factor
Nr3b3 ( Eswogpiifosessscri ption factor, reprogrami ng fact orciNsGa@iofobesiz 1)
Transcription factor, activator of Cct4

transcription factor into the cell in the culture, wherein the polynucleotidé encodes a
transcription factor corﬁprises a nuclear receptor and one or more transcription
factor selected from the group Sox2, Kif4, c-Myc, Klif2, KIf5, Sox1, Sox5, N-myc and
L-myc to induce the cell to be a pluripotent cell; passaging the pluripotent cells to -

maintain the cell line.

Cell Preparation V

[00085]. A "cell", as used herein, refers to a biological s‘ampie obtaihed 'f‘rom:a:'-
tissue in the body, or from body fluid. Frequently the cell will be a "clinical sample,j"j: :
which is a sample derived from a patient such as a fine needle biopsy sample: A |
"cell" may also include cells isolated from fluids such as blood, serum and the like. -
Cell samples can be isolated and obtained from tissues from lung, bladder, brain,
uterus, cervix, colon, rectum, esophagus, mouth, head, muscle, heart, skin, kidney,

breést, ovary, neck, pancreas, prostate, testis, liver gonads, stomach or from any

other organ or tissue known to those skilled in the art.

[00086]. Cell samples are obtained from the body and include cells and -
‘extracellular matter. Cell samplés may be from thans or non human animals. Cell
samples can be from any organ or fluid. Cell samples.can be obtained using known
procedures, such as excision, a needle biopsy, blood extraction or the like. The cells -
are to be processed in a manner that allows culturing and reprogramming of the
cells. Accordingly, cells obtained from a subject, donor or individual are ideally -

washed then immediately cultured.
Cell culture

[00087]. The:iPSC’s may be cultured as known in the art on a rele\@rjt cultjure:i:
media such as an artificial medium to grow the cells in vitro for rfesearch}or'm:edi‘c':él :
treatment. The cells may be passaged thoughéeﬁveral generations as kﬁ¢Wn'in,th¢
art to keep the cells continuous. The culture media may contain nufrients to nourish
and support the cells. Culture medium may also include growth factors added to -

produce desired changes in the cells.

Examples of preferred embodiments
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[ 00089]. W next sought to investigate if these enhancers of reprogranm ng
could replace the core reprogranm ng factors. As c-Mc was previously shown
to be di swensallsessior reprogranmm ng we did not investi gate/sGhel0/000372

repl aceability of c-M/c but instead investigated the ability of these two
nucl ear receptors.in replacing any of the CSK trio. Strikingly, when

Pou5fl - GFP MEFs were transduced with Nr5a2 and SKM viruses,

Pou5H GFP- posi tive colonies (23.7 3.5 per 100,000 MEFs pl ated) were
observed by 14 dpi (Fig. |Ib and Fig. 6a-b). This denpnstrates that besides

augnment i REpfoRPAA "'ﬁ-’%& it6 Tof hGLiBAF YeceBipgeNOUs Nr5a2 coul d al so replace
exogenous COct4 -nlt e é%prgogramnan%gécg : V%FS. We refer to these cells that

h b o@r i , a - i PSCs.
These. ool oar ok 0 SRR 8t at redbors SF el Th v b mal b EE o
al kal i nenyshearp redepiars (thial). cotidd ,enkanog thEi gfficiishcg) ofameprogiatmmirg=i Mouéé - g) .
00090] . G .t hat G- MyC.] i spensabl e for reprogranm were al so
bl e to GERIRRG Fisfatens] yRFR tRRh Ra;edBRentrs FAEkG VT Wporiat:
Nr5a2 anderBKused is @e acksirl. Répraghamimed MEFS waey pbatively ddéntiiel P00
MVEFs plated) than_that of N2SKM | PSCsaiFl . lc-e). These three-factor :

Nr 5a2- 1 epPEgTsiomel Gl B anfesult of dpaetly i@ng% the sitengedBou &l Pl B reperter2 SKM

| P3Cs. | NASKo : g Lno. ; al oy
Nanog (F o Seohwas SbAGEe it ¥aen AloRar Bros i eRpRnaly Bansdicla i |
wer e Cytﬂﬂ@&@@gi(@é’l Box2168), Jdd(Kan @nd leaMiic (M) birukes.yBhiey freqaéngy ofoPoBSf1¢ Fi g.

(st ed <ot S53e S3PRER et LRBTHE A F0R STRNBREUS B oD TRAngERt

repr ogr eaxpezbsicr dfsalivke melédrirecertbf gonstiicts Wag bRt wirifiedt(FR) 59fFrof ths
reprogramed w th I\clgg‘a% [) 009 % G obal gene expression profiling of -

Nr 5a2- r 5P Whieuna that b grps P NYFiear recePieryriiz (alae kgewe@sPregpans si on
of these r&SptoMasrpkhd NréaZ K ' ' 22-11R1KH O ed
el 111 e RBAKA S g E Tafo MFehr B IEF | &epl RmObgar LR el
ESCs andbigtocenancedbe effigiengyof reprageamming (as.comnased to theaD$KM cortralhl ed
that Nr %Igijg 1 re simlar to ESCs and OSKM i PSCs t han
VEFs (F?fgg'.zz'gaﬂaqlg(?l ad its?%‘%d,"%l’)rl]@%?p%?essi on profiling showed a conconitant
upr egihpjel pn of ESC-associ ated genes and a downregul ation of MEF-associated
genes 1n Nr5a2-reprogrammed cells (Fig. 2b). Taken together, the expression

Conver: aracltRERpoRe 8 SRRRRA 1fietBrRbR bt ailcnci ng was per for med
to inv ﬁhb&%ﬁ%‘%ﬁfg( s_seit"’(;@%ﬁs‘@ us of the Poubf1l and Nanog pronoter|s in

Nr 5a2-y eprogra Ar Sret hyl ati on anal ysis reveal ed that |the
Poubf 1 QQ, pronot ers Nr5a2- reprogramed. cells were Targely
unnet hylﬂ@égﬁ%ﬁ?b. 3a) and %@gsgfq%ppgggtpﬁ%ﬁpngtfonal repressor of several

nuclear receptors

Nr1b1 (Rara) .| Transcription factor, regulator of Oct4
Nr1b3 (Rarg) Transcription factor, regulator of Oct4
| Nr1d1 (Rev-erbé) | Transcription factor, regulator of circardian andfmetabOI_icv |
pathways - | ]
Nr1h2 (Lxrb) Transcription factor, regulator of lipid énd choié’s,:tefol

" homeostasis

Nr1h3 (Lxra) Transcription factor, regulator of Iip_id and cholésterol

homeostasis
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ESCs, whereas the Pou5f1 and Nanog pronoter regions of MEFs were
hyper nmet hyl ated. We al so expl ored the bival ent domain patterns of Nr5a2-

reprog

r amvoadotigl4bgsy Cur

results showed that Nr5a2-repro@Carscaalonedl’s

possessed both active H3K4ne3 and repressive H3K27ne3 chromatin

nodi fications on six genes (Zfpn2, Sox21, Pax5, Lbxih,
These. results are consistent with that of ESCs, mhlch har bor

unli ke differentiated ceIIs whi ch have resolved to
[00094] ‘
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result shows that both factors i ndeed had an additive effectlve on .

reprogramm ng efficiency when introduced together.

Desi gn of nucl ear

recept d00089JgMArE Bext sought to investigate if these enhancers of reprogrammlng could

replace the core reprogramming factors. As c-Myc was prewously shown to bei o

- dispensable for reprogramming we did not investigate the replaceablllty of c-Myc but‘” '

instead investigated the ability of these two nuclear receptors m,replacmg_anﬂy of the -
OSK trio. Strikingly, when Pou5f1-GFP MEFs were transduced with Nr5a2 and SKM
viruses, Pou5f1-GFP-positive colonies (23.7 + 3.5 per 100,000 MEFs plated) were' -

observed by 14 dpi (Fig.

augmenting reprogrammin

1b and Fig. 6a-b). This demonstrates that besides

g efficiency, exogenous Nr5a2 could -also replace
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[00098]. Simlar to other nuclear receptors, Nr5a2 possesses a |ligand

bi ndi ng domain (LBD) and a DNA bi nding domain (DBD). However, being an

or phan nuPear1/04e88&pt or, t he endogenous |igands of Nr5aPCTEGAINHOWBHTKNOWN.
Unl i ke nost nucl ear receptors which function as diners, Nr5a2 is able. to
bind DNA in its nononeric state. W |nvest|gated t he functlonal i nportance
of the LBD and DBD of Nr5a2 in the reprogrammng of MEFs without Cct4. W
mut ated a specific residue to a bul kier residue (A368M that fills the
cavity of Nr5a2 LBD so as to disrupt the binding of putative |igands. Next,

t i Vih
\c\ﬁngesseggﬁn@%gﬁn@%em?gfbﬁo M%esu Ialglnwz% '(r%ﬁ%'ﬁ%dt g%%ggééh%nﬁ%Saz DNA
bi ndi ng baeh ireptogrartAmeshwith ridrba2n $ox2s #f4varsd leeMye qseNf;SKMad’S(ﬁerElbgse '
Pou5fl - GFP _MEFs t duc th I d
V|Olrjuses cg El?deg W‘rj? ge?‘?ﬁ& w@ﬁ%ﬂe@ﬂeo'l%smNra rzgt Kf?é@a X rﬁﬁggz oﬁu?ﬁ%ﬁ
G190V, Bﬂ.ggﬁd}&@a@:@w@mana@gﬁgrm.apahangp(an(F@an.ged out to ensure that

the retroviral vectors expressed equivalent |evel of Nr5a2 protein (Fig.

11a) . Opgogoeil!cives h@at/ d- b i$ ARspdhsatle KEEXdPrdGramming, wetwdecag@sa@ré e

nunber of fornmed Pou5 ositive colonies as conpared to the W (Flg

11b). THPEerERiR8ES frqratPcmr% Eﬁﬁ]&hatdmreatgaasqt@sﬂd@ﬂauﬁﬁtM%&c@r&S

d ' t
| he " SEbeshiobh B8 RdoDErBiitn 12302 U Blr 150906 MRS BistbgfBentnacet ! o
i nt r odude8KM tiRSSIEM(FigL g1 c-e)l.bjl'hesfer threérfavton Maehepmgragmady cefls Ne®a2 DBD

t tf f, t
or ooy rgBf 18 e 85 in 8BTS PeE e S T 585, NESRAERGR Spingr st ng
pr ocess farmalkdiing phbaphatabe geighef), Nugog (Rl 1dih) ahd SSEBL1i(Figctiyki al for the
reprogramm ng function of Nr5a2 while Iigand binding is dispensable for its

rol e i n[oCU19.9 NrSERREprogPARRL. céRepwess aytogegetidallp éﬂrd‘bfz%doéndxlrsﬁaﬁml ® the
first -reported instance of _transcription factors that are_able to bypass

the neefefaryadyrisdllyAmat{g. fp)sipadditior.graosisinteg@tions of fg reseReiSe of
Gt 4 exp{rggég\g rd s dnd ﬁ%&ﬁe%&@ﬂéﬁoﬁ%@k%ﬂt@éen%é@ﬂﬂ@ﬁ Nt§§2L shown
to be able to to both the proximal enhancer and proxi mal pronoter
regi onsrenromedaattswegueaﬁed (ﬁlgﬂb)n t he epi bl ast stage of nouse
enbryoni ¢ devel oprrent Hence as an Oct4 regul ator, exogeneus Nr5a2 may be
suf fi ci &harg alion of ealikr mediwith¥r682i on and substitute for
exogenous Cct4 in the reprogramrl ng process of MEFs. Although Nr5al is not
expr ess {aD092]. nﬂlebalES@ﬂe expessiona pesfiliogt 4f eNﬁaQsmpmg@mm@drs@lbnh\r%mnal

|1 d .t 1 1 1t t4
et ogr BRpTaed 18R &f felhratl bl lon bt ot TSPk AT ol f BRGF e ¢ 1"
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I 0OCcess A | S no ransc r Ul a wever en
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col oni eéhar%eereeaecrte@er(éi?at;as.@%veatwmat NS 85-Peprb rdnsmaet@nervtém rhél not

all Oct4 requlators are able to replace Oct4 in t eneration of | PSCs.

[ 000100pimilan tg lnifes and cQﬁKMtlﬁ’ér‘»)quth@m MEEsdhigo2a)- In dhe expessiopr -

r epr ogr '. &[ra‘;i h Nr 5a2
and Nr SEELHﬁla b(fv§ en "%ﬁ*&“lé‘a ?élg%:t?(ser‘r)\c% f C’?éér&dﬂr}gm#&%s
convent dowategiﬂnhonfak:l\/tﬁl—'sass@dalgétgmes wveNrﬁamrelpmgmmnmﬂ a;allsuﬁEngpébt) ed dual

rol e of _n receptor s i.n bot n and nedi ati r epr.o rrmng
VETHoDSTPETR IRt D SkRiEsibe Fhties il AUpaeTPaRaraEEe (RIS e M

i t ony chpthESCamidesbnVehtidrg @8IKMIiPSBel becco” s nodi fi ed Eagl e medi um ( DIVEM
G bco), supplenented with 15% heat-inactivated fetal bovine serum (FBS;

G bco) oob%? N@&ka%rr&eceamérﬂm%wae?éﬁém td3ireRligate- m&%@myrauon -

/ 3- mer capt oet hanol (G bco amne (G bco), 0.1 '

non- essé&@lil%tpfﬁm/ﬁ@u@fél@ (I@mprowemlwri%@mmmmeq eﬁtlﬁc@romrlooo U

ml-1 of e 2-RdIR e ed from
E13.5 eﬁltéﬂ": @rﬁm%i u?é‘% ?Zéslcﬁebfgbgﬁe\?ﬁgus?ﬁgg IYE§§1 ce 1iI 29‘(5)%‘; 10 cm
pl ates vepregrananed eetl:edremtetrgél& tpgnethylamdt(mg/bea)eamd)weraIsrmrlmttorthatsmfng

Li pof ectam ne 2000 (Invitrogen) according to the manufacturer's
instructions. [000102]. Mouse nol ecul ar genetics. MEFs were isol ated from
Pou5f| - GFP transgenic mce and acti M2GFP transgenic mce (Jackson's | ab,
stock no. 004654 and 003516). Pou5f/-GFP and actin- GFP MEFs were harvested
fromE13.5 enbryos derived fromthe intercross between nmale Pou5fl-GFP nal e
mce and fermale wild-type 129S2/SV and the intercross between actin-GFP
mce and fenale wild type CD1L mce, respectively. 8-12 i PSCs were

m croinjected into C57BU6J and B6(Cg)-Tyrc-2J/J enbryos that were obtained
at the 8- ceII stage Mcr0| nj ected enbryos were transferred to the OVI duct
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[ 000103]. Retrovirus packaging and infection. cDNA sequences of Nr5a2 and
other factors were PCR anplified fromeither nouse ESC cDNA or commerci al

pl asm ds WOpen/Bpesgyst ens). Nr5a2 nutants were PCR anpl PETEG2000M03he
appropriate priners. Anplified coding sequences were verified by sequencing
and cloned into MWLV-based pMXs retroviral vector. Retroviruses were
generated as descri bed previously 1. For i PSC generation, equal anounts of
viruses encoding the different factors were introduced to MEFs at-70%

conf |l uence i n DVEM containing 15% FBS and 6.ng nil-1 polybrene.. At 1 dpi,

medi um Q‘g%e Oy F _pgrdi t r S to
MEF feeders 'an 9?§t utrr%de?%&f% 3295 All’grPo Q%P@%ﬁgldﬁc\gﬁt y%lﬁ%gﬂgﬁﬁtg as
descri béypemesthylatddy fWe caleal dxplenedath thivaiant Slobtaidapattérns caf tNnSe2nedi um

t KSR d bed [y, 041 . RNA
C anacr rBReBRRRdGEIR OHESDLS Shate na AR Rbrodiinriatt (A RS { Y01 02
IBi sul p?%ﬂm D@sznﬁm@t mﬂcﬁprmﬂ'?mé%s:hm?ahmhhécﬁﬁéati?atstech wit h t he
r|n nodirtTrcatl on | na accorailn (0] nuf acturer' S
I U PBAS (ZIr s eroh datoh L BXh okt Brh BB ile TRASS Iresuls BtP poR

and cl O%Hﬂéfé'hp Wil tHAtres- ESBQDQ/IYéﬁtrPer&’ 'mstht CRESRALIRMbRRGHIBAS S dnlikd h t he

f or war ML3 reverse prfiners. |0 06] . Primer sequences used in the

PCR anpdifferentisitech celis whishhaysreselven mﬁb‘wrmhmma%m maski ons are
5' ATGGGTTGAAATATTGGGTTTATTTA, 5' CCACCCTCTAACCTTAACCTCTAAC and 5' - GA 1111
ACCAMCCBAM@WWM(EBO mediated dxf@rgntlatlon and teratoma formatlon i

assays were carried out to test the pluripotency of the Nr5a2-reprogrammed cells
Nr5a2-reprogrammed cells were indeed plunpotent as they could be in vitro .
differentiated into cells of the three major germ layers (endoderm, ectoderm and

mesoderm) (Fig. 8a) and form teratomas that consisted of differentiated tissue -

originating from the three major germ layers (Fig. 8b).

[00095]. A more stringent assay for pluripotency was perfofmed whereby Nr5a2-
reprogrammed cells were microinjected into 8-cell stage wild-type C57BL/6J or
B6(Cg)-Tyr"2//J (B6-albino) embryos. As the Nr5a2-reprogrammed cells were
“derived from Pou5f1-GFP MEFs, GFP expression should be observed in the gonads
due to high levels of endogenous Oct4 expression in the gonads. As expected,
E13.5 embryo displayed GFP-expression in the gonads (Fig. 4a§b). More -
importantly, live-born chimaeras were generated from both NSKM (Fig. 6i) and
N2SK lines (Fig. 4c).

Characterisation of ceIIs reprogrammed wnth Nr5a1

'[00096]. Nr5a1, also known as ster0|dogen|c factor 1 (Sf1), belongs to the same
nuclear receptor subfamily 5 as Nr5a2. Hence we were mterested to examlne if
Nr5a1 was able to both enhance the efficiency of reprogrammlng and replace Oct4
Nr5a1 enhanced reprogra.mmlng efficiency (Flg._ 9a) but to a ‘Iesser .extent thanf:_
Nr5a2. Next, we investigated if Nr5a1 could replaee any of the core repfegfamming v :
factors (O, S and K). Similar to Nr5a2, Nr5a1 was unable to replace Sox2 and Kif4.
Interestingly, MEFs transduced with Nr5a1 and SKM viruses geherated Pou5f1-GFP '
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[ 000107]. Karyotvping. iPSCs were treated with colcem d (Invitrogen) and
harvest ed by standard hypotonic treatnent and fixed with nethanol:acetic
acid (3: yO28l/dess7were air-dried before G band karyotypChgG2010000303] .
Genot vpi ng. Each PCR anplification reaction was performed with 300 ng of
genonic DNA harvested fromeither i PSCs, ESCs, MEFs or enbryo. Sense priner
sequence: 5'- GACGGCATCGCAGCTTGGATACAC. Anti sense prinmer sequences are:
Nr5a2: 5' - GACCCAATAGCTGTAAGICCATG Sox2: 5' - GCTTCAGCTCCGICTCCATCATGIT .
K1f 4: 5' - GCCATGTCAGACTCGCCAGG c- Myc: 5' - TCGTCGCAGATGAAATAGGECTG

positive iPSC colonies (Fig. 9b-d). We refer to these reprogrammed MEFs as‘
N1SKM iPSCs. These Nr5a1-reprogrammed cells express alkaline phosphatas_e
(Fig. 9e), Nanog (Fig. 9f-g) and SSEA-1 (Fig. 9h-i). In addition, these karyotypically
normal N:SKM iPSCs (Fig 9j) could be in vitro differentiated to lineages of the three
different germ layers (Fig. 9k). The independent demonstration of reprogramming -
with Nr5a1 shows that both members of the Nr5a subfamily indeed possess simiiar

reprogramming properties.

[00097]. Next, we examined if the addition of both Nr5a2 and Nr5a1 vyo;;ld boost .
the efficiency of reprogramming without Oct4. Hence, Pou5f1-GFP MEFs were co--
transduced with Nr5a2, Nr5a1 and SKM viruses.zlnterestingly, the addifioﬁ of both o
Nr5a2 and Nr5a1 with SKM' was able to increase the number of Pbu5f1-GFP.f
- positive colonies by about 3-fold with respect to Nr5a2 and SKM (Fig. 10). This
result shows that both factors indeed had an additive effective on reprogramming |

efficiency when introduced together.

Design of nuclear receptor fragments

[00098]. Similar to other nuclear receptors, Nr5a2 possesses a Iigand binding
domain (LBD) and a DNA binding domain (DBD). However, being an orphan nuclear
receptor, the endogenous ligands of Nr5a2 remains unknown. Unlike moét nuclear
receptors which function as dimers, Nrba2 is able to bind DNA in its mdnomeric _
state. We investigated the functional importance of the LBD and DBD of Nr5a2 in the
reprogramming of MEFs without Oct4. We mutated a specific residue to a bulkier
residue (A368M) that fills the cavity of Nr5a2 LBD so as to disrupt the binding of .
putative ligands. Next, we created a DBD mutant with a double mutation (G190V, '
P191A) in the conserved.th-F1 domain that would result in a marked decrease _i'n '
Nr5a2 DNA binding activify. A reprogramming assay was hence performéd whereby
Pou5f1-GFP MEFs transduced with SKM v_iruseé were also fréhsduced W|th yiruséé
encoded with either wildtype (WT) Nr5a2, A368M Nr5a2 mutant or G190V, P191A
Nr5a2 mutant. Western analysis was carried out to ensure that the retroVi'r:aI vecfors
expressed equivalent level of Nr5a2 protein (Fig. 11a). Our results shdw that the
Nr5a2 LBD mutant did not decrease the number of formed Pou5f1-GFP positive
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Cct 4: 5' - CCAATACCTCTGAGCCTGGTCCGAT. [000109]. EB-nediated in vitro
differentiation. For EB formation, i PSCs were trypsinized and cultured in
Pet ri - di sSWOf2011/04087days in i PSC culture nediumin the alBS&S6GR019f0003'F and
f1-mercaptoethanol. EBs were transferred to gelatin-coated plates and
cultured for 5-6 days with the addition of 1 pMretinoic acid (Signm).
Sanpl es were fixed in 4% par af or madehyde, perneabilized with 1%triton
X-100, blocked with 8% FBS, and stained with anti-Gata-4 (1:100, sc-25310,
Santa Cruz), anti-Nestin (1:100, sc-58813, Santa Cruz) or anti-a-Snpoth

Seconga g et $o eal 1 ORI T IRASERLERE ATt ddat

| nvi t rogepbogf@hhﬂ\!g?dabt}br shdependendf oft Iigamw(ﬂlmimgﬂ i ¢dodeastt thete 4088, a

| nvitrog 0 Terato rvest :

tr;:om mfa%ﬁae{a %‘?I-lf'Phé %'ﬂﬂ'@ Fﬁo&@fﬂc(g PRSI CQ? "Y‘?FTWEGEZ\YFPEZRPH'. n

0. 9% salh@ant Wa8 iRfro@iced Witk KM IPRPaND) Oml‘é@%oW%l et 816 mHdyy aneRBaRy into
each dorsal flank of avertinanesthetized SCID nice. Teratonmas were

di ssect d3BRfis dmpertantwesiropelebigringdobite NHSleAr rereapiali ¢ BrOSIE PRIFANGSES or e
smn?ﬁdﬁ/:aﬂggloﬂs ?%r#; chad qb! |hma@qﬁg%€réc§jréﬁ1ﬂﬁ3@8§%g8ﬁ%fg”qaﬁéﬁf ned

rorre as previousl escri
| mrunof Itug:etber;am:showdhaBttm@BE)md alsial fonéhe nepogearamings fuaictiom gf NrégZs

Itured q gt t fixed with 4% parafor madehyde,
per moab /SRS PIRIRS A Sne R b B Tel i onoBES AT (of bf ocking,

| d with b 1 F B :
2l oo Rk Aol B NSRS BB T RRRR Fon R RS o, o
568 conjtmbﬁauoiﬂfdctdrglﬂwarélab’f@% blypads tHeosead fir eXog¥Rold Betd. MBa2 is -

conjugated anti-nouse |1gM (1:2000, [nvitrogen), respectively. Nucl e| wer'e
t hen coursRansitie fer thetmai of gt ﬁr@@%ﬁ?s'OW'Raﬁ% MMNSSp R

det ect i | r i (6 NBRACHS
(Chemi Cgﬁ) %?Hg%r{l% Hsét%erﬁg @na ysi 58 %ter 4 ﬁhtarfgng?gﬁﬁ%nrbr&hal
cells mmnhahyemhd/\pnomrmlFmomerereg(onsafml%uﬁm ceginatecOotdtin the epiblast

i nhi bitor_ cocktail (Ro el n . gcon e

Br adf or P129% 8 “!8‘{53 ﬁé@) \%OWIUS oﬁe@%r %%yaq{] p%? vvaéﬁﬁagg%l%eyehﬁu% 10%
SDS- pol wWr6ag | raay te g&fcuemdtot indasé endedenhcusaOatd pxpmb-odu ared’ dtbstitabei fde
menbrane (MI|ipore The nmenbrane was bl ockegﬁqy__ g ski %4< Af

bl ocki nfXOgRROYs MCthdR e SEBERIEAMRING REPESRSY O ar BY

Abcam QixpAdtiskdaft infbusk EHYL, #Cacdtfhfes @ﬁi&ae@rééélorﬁlrlh”ﬁfdusénéhib%r@ for 1

h, washed vvlth PBST and i ncubated with either horse-radish perOX| dase

( HRP) - c;@mm@;aae@e&mand alitis t is| g@n§r§t€m§owthsdtszcﬂmllty skt eplgcgz)Ogd in
HRP- conj (o] I 1:500 ely.
A tor wiSRoREamAHd. JAcRh tart 10K oniyable ol e %‘%@?‘%‘EQ% ting
Lumi nol dipee;ssmmsaaismre@am@ Oc{@tﬁﬂthé&}aprc@namnaeg@yoce@m Balldsiayasknewr:

056 f or naiemeRgel POttt & QB bbaverpuRell B it ving wes ik s "
quenchedskmt Virubds maVIRBUGET-GFP %hl&lvéyéb@dirﬂés wesre olsseireed ¢datantbtcstiowrst i n

extracts were i munoprecipitated with antij-H3K4ne3 (ab858 j or .
oht| L renes s Moteoriny Mat sk &)l QS 10Ul=IaTs SRS 1o ronBer Qe ANAISE os

wer e perq PePRidndt iP§€yi ousl y descri bed'. [000114]. M croarrav anal ySsi s
Reverse transcription of nmRNAs har vest ed from rouse ESCs, iPSCs (OSKM-

NG TR R N (o%%t'é}ﬁzgc%ﬁ\dﬁgéﬁééntg?ohe"‘%r

perfor replicat'e mcroarray ta was generated for each
cel | | i weprograragsng Sérstomatlcl\,bellse 16 additiars swe ralSe show thatebféh dWrsa21and -

Pho. 11 OWERY Pt Bpafat Aoy el of el bl W 3hE cBRERGinAY '

sel ect edolpafRtoren ARogsihkr, cwacna\/&wahyowaeafaermeaaecrtedsdl(aSAMe of inuelean: fol d

change (FC)<0.6_ for
recéptor s in both enhancing and mediating reprogramming.

45



downregul ated, FC>1.5 for upregul ated; q val ue<2% and detection
probability greater than 0.95 in all sanples. Screen of nuclear receptors
reveal s twetoNrokbg87and Nr5a2 can enhance reprogranmm ng etfisGzenoyoizp00115] .
We carried out a screen of 19 nuclear receptors (Table 1) for their ability
to enhance reprogramm ng efficiency. MEFS containing a Pou5f1-G-P reporter
(Figure 12A) (Feng et al., 2009a) were used to identify putative i PSC

col oni es, based on the reactivation of the Pou5f1 gene. W transfected each
nucl ear receptor retrovirally along with Qct4 (0), Sox2 (S), Kif4 (K), and
c- Myc %hdé%r oviruses. The frequency of G-P-positive col oni es was v
deterM 14 days post infection (dpi). Transcript expr essi on of all
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12J and 12K).
(Open Biosystems). Nr5a2 mutants were PCR amplified with the appropnate

prlmers. Amplified coding sequences were verified by sequencmg and cloned into

MMLV-based pMXs retroviral vector. Retroviruses were generated as ':described:

prevuously For iPSC generation, equal amounts of viruses encodlng the dlfferent' o

factors were introduced to MEFs at 70% confluence in DMEM contammg 15% FBSA o
- and 6 ng mlI"! polybrene. At 1 dpi, medium was changed to fresh MEF medlum At 2"

dpi, cells were passaged to MEF feeders and cultured for 6 days in cultur_e medium
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[000118]. Nr5a2-reprogrammed cells were karyotypically normal (Figure 16K)
and genom c integrations of the respective viruses into the genom c DNA
wer e ver iwbediianossshowed no evi dence of Oct4 transgene ipotrsgretiooss7d Fi gur e
16L). Both enbryoid body-nedi ated differentiation and teratoma formation
assays were carried out to test the .pluripotency of the Nr5a2-reprogranmed
cells. Nr5a2-reprogramred cells were indeed pluripotent as they could be in
vitro differentiated into cells of the three major germlayers (Figure 17A)
and formteratomas that consisted of differentiated tissue originating’from

5 LB AL SH0A kUL o fIRGR 4 B0

ni cr oi njcaltiirecnedium EorttainingsK8Beasdeéstribyd pr&hgdRipI or B6( Cg) - Tyrc- 2J/ J o
(B6- al bi no) enbryos. As the Nr5a2-reprogranmmed cells were derived from

Pou5f 1- @00 1ETRNE StEactioh! iverst sahsorptiofndeypamtitaine rédMtinkee POR1alls due

to high levels of endogenous Cct4 expression (Figures 12L and 12M. In
addi t i oleseiRes 8RS chi nmeras were generated from bot h 'N2SKM (Figure 16M

and N2SK lines (Figure 12N). Mire inportantly, the N2SK line is gernline
conpet el Qm%é_é_m@_g:aem&_ﬁw Seponpg INA wastisulphitarireated with
Nr5a2- r Ry O™ DRAR! InfodifiddtiBRS kit psightay<Mbcétling! N8 StHe “Hanufabimsps

instructions. Promoter regions of Pou5f1 and Nanog were amplified by PCR and

cloned into the pCR2.1-TOPO vector (Invitrogen) and sequenced W|th the M13

forward and M13 reverse primers.

[000106]. Primer sequences used in the PCR amplification of the Pou5f1 and Nanog

promoter regions are

5’-ATGGGTTGAAATATTGGGTTTATTTA,
5CCACCCTCTAACCTTAACCTCTAAC and
5-GATTTTGTAGGTGGGATTAATTGTGAATTT,
'5’-ACCAAAAAAACCCACACTCATATCAATATA respectively.

[000107]. Ka[y' otyging iPSCs were treated with colcemid (Invitrogen) and harvested
by standard hypotonic treatment and fixed with methanol acetlc acnd (3 1) Slides .

‘were air-dried before G- band karyotyping.

[000108]. Genotyping. Each PCR amplification reaction was performed with 300 ng
of genomic DNA harvested from either iPSCs, ESCs, MEFs or embryo.

Sense primer sequence: 5-GACGGCATCGCAGCTTGGATACAC.

Antisense primer sequences are:
Nr5a2: 5-GACGCAATAGCTGTAAGTCCATG

Sox2: 5-GCTTCAGCTCCGTCTCCATCATGTT
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EB formati on yes yes yes EB differentiation to cells of three germyes yes
yes
WO 2011/040887 PCT/SG2010/000372

Klf4: 5-GCCATGTCAGACTCGCCAGG
c-Myc: 5-TCGTCGCAGATGAAATAGGGCTG

Oct4: 5-CCAATACCTCTGAGCCTGGTCCGAT.

[000109]. EB-mediated in_vitro_differentiation. For EB formation, iPSCs. were

trypsinized and cultured in Petri-dish for 4-5 days in iPSC culture medium in the

absence of LIF and B-mercaptoethanol. EBs were transferred to gelatin-coatedv'
plates and cultured for 5-6 days with the addition of 1 uM retinoic acid (Sigma). |
Samples were fixed in 4% paraformadehyde, permeabilized with 1% triton X-100,
blocked with 8% FBS, and stained with anti-Gata-4 (1:100, sc-25310, Santa Cruz), -
anti-Nestin (1:100, sc-58813, Santa Cruz) or anti-a-Smooth Muscle Actin (1:100
ab18460, Abcam). Samples were then stained with the secondary antlbody, Alexa
Fluor 546 conjugated anti-mouse (1:1000, Invutrogen) followed by stalnlng of the

nuclei with Hoechst (1 4000 Invitrogen).

[000110]. Teratoma _assay. iPSCs were harvested by trypsinization and -

resuspended to a concentration of 1x107 cells ml™ in 0.9% saline. 100 ul of the cell
suspension was injected subcutaneously into each dorsal flank of avertin-
anesthetized SCID mice. Teratomas were dissected after 3-4 weeks, weighted and |
fixed in Bouin's solution, before embedding in parafilm. Paraﬁlm-embedded tissde

was sectioned and stained with Mallory’s Tetrachrome as previously described?.

[000111]. Immunofluorescence microscopy and' alkaline phosphatase' ‘staininq'

iPSCs cultured on gelatin-coated cover slips were fixed with 4% paraformadehyde
permeablized in 1% triton X-100, blocked with 8% FBS. After bIockmg, samples -
were stained with anti-Nanog (1:50, RCABOOOZPF, CosmoBio) or anti-SSEA-1 .
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Teratoma formati on consisting of tissues fromthree germyes yes yes Gonad
I ncorporation yes yes
WO 2011/040887 PCT/SG2010/000372

(1:200, MAB4301, Chemicon), before staining with Alexa Fluor 568 conjugated anti
rabbit (1:300, Invitrogen) or Alexa Fluor 546 conjugated anti-mouse IgM (1:2000,
Invitrogen), respectively. Nuclei were then counterstained with Hoechst (lnvitrogeh).’ ;
Alkaline phosphatase detection was performed using a commercial ESC':

characterization kit (Chemicon).

[000112]. Western analysis. After 48 h transfection, 293-T cells were lysed with
RIPA buffer (Pierce) supplemented with protease inhibitor cocktail (Roche). Protein B

concentration was measured with a Bradford assay kit (Bio-Rad). 50 ug of cell lysate -
was resolved on a 10% SDS-polyacrylamide gel and transferred to a polyvinylidine

difluoride membrane (Millipore). The membrane"was blocked with 5%"skim mil'k
After blocking, the blot was incubated with either anti-Nr5a2 (1 2000 ab18293 -
Abcam) or anti-actin (1:2000, sc-1616, Santa- Cruz) primary antlbodles for 1 h,
washed with PBST and incubated with elther_horse -radish peroxidase (HRP)-
conjugated anti-rabbit IgG (1:5000, sc-2004, Santa Cruz) or HRP-conjugated anti-
goat IgG (1:5000, sc-2768, Santa Cruz), respectively. After washing with PBST,

vsignal”s were detected using the Western Blotting Luminol Reagents (Santa Cruz).

[000113]. ChIP assay. ChlP assays were performed as described previously27. In
short, cells were crosslinked with 1% formaldehyde for 10 min at room temperature
and the formaldehyde Was quenched with 125 mM glycine. Cell Iysates were
sonicated and chromatin extracts were immunoprecipitated with ant'i:-vH‘3K4me3_
(ab8580, Abcam) or anti-H3K27me3 (07-449, Millipore) antibodies. Quantitative

PCR analyses were performed as previously described’.

[000114]. Microarray analysis. Reverse transcription of mRNAs harvested from
mouse ESCs, iPSCs (OSKM, N,SKM #A5, N,SK #B3 and #811) and MEFs (actin- -

GFP and Pou5f1-GFP) was performed. Two biological replicate microarray data was -

generated for each cell line. Arrays (Sentrix Mouse-6 Expression BeadChip version o
1.1) processed according to the manufacturer’s instructions were scanned'with 'the o
lllumina microarray platform. Differentially expressed genes were selected based on- :
Significance Analysis of Microarrays (SAM) cnterla fold change (FC)<0 6 for :
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yes Chinaeras yes yes yes Gernline transm ssion no no

WO 2011/040887 PCT/SG2010/000372

downregulated FC>1.5 for upregulated; q value<2%, and detectlon probablllty

greater than 0.95 in all samples

~ Screen of nuclear receptors reveals that Nr1i2 and Nr5a2 can enhance

reprogramming efficiency

[000115]. We carried out a screen of 19 nuclear receptors (Table 1 ) for their ability
to enhance reprogramming efficiency. MEFs containing a Poub5f1-GFP reporter
(Figure 12A) (Feng et al., 2009a) were used to identify putative iPSC colonies, ’
based on the reactivation of the Pou5f1 gene. We transfected each nuclear reeeptor 3
retrovirally along with Oct4 (O), Sox2 (S), KIf4 (K), and c-Myc (M) retroviruses. The
frequency of GFP-positive colonies was determined at 14 days post-infection (dpi). .
Transcript expression of all the nuclear receptbr:constructs wa_s veriﬁet‘j:(‘data not
shown). From this screen, we found that both orphan nuclear receptors, Nr1i2 (also
known as pregnane X receptor, Pxr) and Nr5a2 (also known as liver receptor |
homolog-1, Lrh-1), can enhance the efficiency of reprogramrhing (as compared to |
OSKM control) by 2.7 and 4.0-fold, respectively (Figure 12A). Addition of Nr5a2 also
enhanced the kinetics of OSKM reprogramming with GFP expression detectable
three days earlier than in the case of conventional four factor reprogramming (Figure
12B). Cell viability assays confirmed that both Nr1i2 and Nr5a2 do not induce cell
death (Figure 16B). | ' : |

Nr5a2 can replace Oct4 in the reprogramnting of MEFs to iPSCs

[000116]. We next investigated if Nr1i2 and Nr5a2 could replace the core .
reprogramming factors in addition to enhancing reprogramming efficiencies. As c-
Myc has already been demonstrated to be dispensable for reprogramming _
(Nakagawa et al., 2008; Wernig et al, 2008), we did not investigate the
replaceability of c-Myc but instead tested the ability of these two nuclear reCeptors in
_replacing any of the OSK trio. Nr1i2 was unable to replace O, S or K, and Nr5a2 was
unable to replace S or K (Figure 12C). Strlklngly, when Pou5f1 GFP MEFs were .

transduced with Nr5a2 and SKM viruses, GFP- posmve colonles (237 - 3. 5 per'?.:'j _

100,000 MEFs p|ated) were observed by 14 dpi (Flgure 12C; Flgures 16C and 160)
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yes Table Legend yes denotes iPSC |Iine passing assay and no denotes no
germine transm ssi on was observed. Expression and epigenetic profiling of
Nr 5a2- r epwognamass7cel | s cl osely resenbl e ESCs [ 000120] pcEschedo/ogene
expression profiling of Nr5a2-reprogramed cells was perfornmed and

hi erarchical clustering of the microarray data reveal ed that Nr5a2-
reprogramred cells were nore simlar to ESCs and OSKM i PSCs t han MEFs
(Figure 17C). In addition, expression profiling showed a conconitant

upregul ati on of ESC-associ ated genes and a downregul ati on of MEF-associ at ed

genes | il 3aionC ARSI AINRIAEEd Srf A R olcPhemplif Ut bnoy N ROt €

nmet hyl at'i on-anal ysis rev nog pr
Nr 5a2- r &r6ag rcanitedlso ebbtacamxegbaom IOct4invviet teferatoettieéEicglis dahét?t@veabelerwer e

simlar regrobpaa}nm%]d WIE‘ICEII'Sa\% S%x%o K?t)zipaln%r ﬂ/l;}chaes RII g}ahelrﬂ%cd egel%% cgn?es? s of
could be stably passaged long-term and stained positive for alkaline phosphatase
(Figure 16E), Nanog (Figures 16F and 16G) and SSEA-1 (Figures 16H and 16l).
The other 18 nuclear receptors were also tested for their ability to replace Oct4.

However, unlike Nr5a2, none were able to replace Oct4 (Figure 16J).

[000117]. Given that c-Myc is dispensable for reprogramming, we were aleo able to
generate iPSCs from Poubf1-GFP MEFs that were transduced with Nr5a2 and SK ?
viruses, albeit at a lower efficiency (2.3 + 0.6 per 100,000 MEFs plated) than that of =
N.SKM combination (Figures 12D-12F). These three-factor Nr5a2- reprogrammedf'
cells are referred to as N>SK iPSCs. Similar to NZSKM iPSCs, N2SK |PSCs stalned'
positive for alkaline phosphatase (Flgure 12G) Nanog (Flgures 12H and 121) and
SSEA-1 (Figures 12J and 12K).

[000118]. Nr5a2 -reprogrammed cells were karyotypically normal (Flgure 16K) -and
genomic integrations of the respective viruses into the genomic DNA were verified
and showed no evidence of Oct4 transgene integration (Figure 16L). Both embryoid
~body-mediated dlfferentlatlon and teratoma formation assays were carned out to test
the pIurlpotency of the Nr5a2-reprogrammed ceIIs Nr5a2-reprogrammed ceIIs were
indeed pluripotent as they could be in vitro differentiated into cells of the _three major -
germ layers (Figure 17A) and form teratomas that consisted of differentiated tissue

originating from the three major germ layers (Figure 17B).

[000119]. A more stringent assay for pluripotency was performed whereby Nr5a2-
reprogrammed cells were microinjected into 8-cell stage wild-type C57BL/6J er
B6(Cg)-Tyr*?/J (B6-albino) embryos. As the Nr5a2-reprogrammed cells were -
derived from Pou5f1-GFP MEFs, E13.5 embryos displayed GFP expression .in the B
gonads due to high levels of endogenous Oct4 expression (Figures 12L and 12M) "
In addition, live-born chimaeras were generated from both N2$KM (F|gure 16M) and :
N2SK lines (Figure 12N). More importantly, the _stK line is germllne.competen_t
(Figure 120, Table 2). | B :
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Nr5a2-reprogramred cells. Qur results indicated that Nr5a2-reprogramred
cells possessed both active H3K4ne3 and repressive H3K27ne3 chromatin

nodi fi catWone11{®@Psgdre 17F) which were simlar to that ofPCESG2010Mpe372Z| ose
fam |y nmenber Nr5al can al so enhance reprogranm ng efficiency and repl ace
Oct4 [000122]. Cosely related nenbers of the sane fam ly of transcription
factors can replace each other in the context of reprogranmm ng (Feng et

al ., 2009a; Nakagawa et al., 2008). As both Nr5al (al so known as

steroi dogenic factor 1, Sf1) and Nr5a2 belong to the sanme nucl ear receptor
subfamly V, we were interested to examne if Nr5al was able to both
enhance the efficiency of reprogramm ng and replace Oct4. Nr5al enhanced
reprogramm ng efficiency (Figure 13A) but to a | esser extent than Nr5a2

(Fi gur #abeA). Plugpatenayeassaysof iNgaa2-teprogramsmedeslis.d repl ace any of the core
reprogrammng factors (0, S and K). Simlar to Nr5a2, Nr5al was unable to
replace S and K but it was able to replace Oct4 (Figure 13B). W refer to
t hese ~-G-P-positive+PSC—cotontes—(Frgures—13Cand—13D—as—N-SKM+PSCs.
These Nr5al-Linepr ogr anred#AGe(N.SK&Kpr ess #BX@ISK) phosp#Bt b@eSKHi gure 13E),
Nanog (Figures—13F-anrd—136—anrd—SSEA 1 {Fgures—13Hand—331)—We—verified

t he genonEp formhatidrat i on of wyegal Nr5al i el SKM i PSCs anged ound no evi dence
of vi F NV e NS a2 goRom e A egr o oS gure -

kar yot VB differentiationad Ni SKM i PSCs (Figure 13K) could be differentiated in
vitro to Isiégea es of the th¥8® different ¥§&rmlayers (Fi¥tte 13L) and form
t er at onBRISHINECGE ti ssues of the three different |ineages (Figure 13M).
The derrlpnstrat on of reprogranm ng-wth Nr5al shows that both nenbers of
the Nr5ErREAXINTAIPRJeed possess similar reprograming properties. O her
transcichpisony bPgdspes that lesd Pousfl regsl atory regiongesare unable to
repl ace exogenous QOct4 in reprogramm ng [000123]. Nr5a2 has been shown to
bi nd bot fiomibregra@siMml enhancer and proxinml pronmoter regions of ‘Pou5f1 and
regul ate PoubtT1l in the epiblast stage of nouse enbryoni c devel opnent (CGu et
al ., 26952d IREHROTAQN| enbr YBS display a¥e8ss of Oct4 e¥§tession in the
epi bl asts (GQu et al., 2005) and die between E6.5 and E7.5 (GQu et al., 2005;
Pare et _alCNIMAGHS . Ther ef 0¥8S part of t ¥&Snechani sm of Y§%a2 in repl aci ng
exogenous Cct4 may be explained by the findings that Nrb5aZ directly

regul at es aiB¥ileand acts upstream of Pousf 1.

transmission

I—-I=‘=L"--‘.'-_"-“_\‘I-E‘-—.".‘EYA aa aVa A A 2 1) These

yes

Table Legend yes denotes iPSC line passing assay and no denotes ho germline

transmission was observed.

Exbression and epigenetic profiling of Nr5a2-reprogrammed celis closely reSembIe :
ESCs ' '

[000120]. Global gene expression profiling of Nr5a2-reprogrammed cells was |
performed and hierarchical clustering of the microarray data revealed that Nr5a2-
reprogrammed cells were more similar to ESCs and OSKM iPSCs than MEFs
(Figure 17C). In addition, expression profiling showed a concomitant upregl_jlation of
ESC-associated genes and a downregulation of MEF-associated genes in Nr5a2; o

reprogrammed cells (Figure 17D).

- [000121]. Next, promoter methylation analysis revealed that the Pou5f1 a:n:d, Nanog -
promoters of Nr5a2-reprogrammed cells were largely unmethylated (Figure 17E)

and were similar to that of ESCs. We also explored the bivalent domain patterns of‘ :
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[000124]. W went on to investigate if other transcription factors that
bind to the Pou5f1 pronoter or enhancer region could also replace Cct4 in
t he repr ogoanmimgsef MEFS. Hence, we tested nine other PCaEsRII0PLITN
factors (Nanog, Sall4, Stat3, Zfx, Tcfcp2ll, Kif2, K1f5, N Myc, Esrrb) that
bind to the Pou5f1 regulatory regions (Chen et al., 2008). Expression of
the respective viral transcripts was verified (Figure 13N). Qur results
reveal ed that none of these transcription factors was able to replace Cct4
in the SKM conbi nation (Figure 130). This result shows that not al I
transcri h i e

epl ace Nepa eh et Bt B O K@U iAok S Gihitgn (s

Nr 5al . epossesseﬂuebom theinre alH:!Nlmye:’. 0 anelpl sepressivel. Hm@mneﬁh rutprethatnmt y “of

Nr 5a2 |s i ortant for i inre ereas Ilgand binding is
| ess so s (Ryghe é%ﬁ)t‘ﬁfﬁ'ﬁﬁl’ﬂﬁrerﬂfgtl‘ggp zﬁ%‘c‘ﬁ%% Nr5a2 possesses a

| i gand ndi_n nd.a DNA bin dOfTB.I n (DBD wever, being
an orphglmerﬂegég?g‘ﬁé‘d@é{'ae "ﬁ'ﬁé" SABAEA éﬁBE"QfP 52& &DWW unknown.
Ve i ”Vesddd}%b%tébﬁti unctional inportance of I i gand bi ndi ng and DNA bi ndi ng
of Nr5a2 in reprogranmng wthout Cct4. W nutated a specific residue to a

bul ki er 10 :f)bg%u@éégwat{e@%e@bét fbfrféngés%btf&nmt N chﬁﬁbﬁ@a&érst @ali st upt

t he bln I ng putative |1 gands et al 2003 created a
DNA bi ndéplgceneaahtothvértin the doontsixé Oﬁmmogtammw@engmtsam?ooaat Nek%@ﬂmr ved

Ftz-F1 i t
heti it o o 2posiS s ith hral talsp' Kholl 85 RiaBBERRR ThakD 4 SERRRIBL 19 | |
ensur e thelingt tocthe samte outleat ressptar subfamily 44 ek eﬁm waﬁmtstetdhm/ekammfe iNr 5a§

t ow t.ha e i gan
D ot ng %?ﬁ‘eﬂa%oq EXs bollkehieaice DR BT eaa ST o A pe ard epIc OEY! ool us
as conpred lephdhést Vé}ﬁo?%mﬁ#@mméﬁbﬁ(ﬁguﬂ@@A) Bt ® é%ﬁb&téﬁﬁ&ﬁaﬁ he

ability of Nr5a2 to function as a reprogranm ng factor is |ndependent of

li gand HraR rﬂjlgureh 128dnke¥ls twe investigaiad 1hNipahwerld replager Aoy of ihe kerdunber
f GFP- d
0! gur eﬁ%%@t&%gg%”aﬁd"k N ﬁfﬂ%r%\ﬁ @éé“ r981 ’%W%o rEgiaguce

w th SK ntoeher owt inding 1s
cruci al §amd Khaut ntelpasogblartmrqgamu Rxt4 (ﬁ'lgmfe ‘N}BS)aW@MeldaéhéS@@tﬁP positiveng i s

caphct t T Bochie e TR ES 1. 9, SYPRnAE oS RIPhCiFRES T Timsks NiBgh ™ "
mut at ed rémgmnnh@al cbllsSexprésstgall@hniut piidsphateser (Kigurs 1 BE),WNahog i(FRgurési dues

nmut at ed (2KR) and another with five |lysjne resjdues nutated (5KR). \\stern
anal ysi §S§h60\%d Q(Islbta"tdhgw -Antfiguegnt S Boﬁﬁf’r ué'g V@% diedqths gengmi¢ evel s

of prot ‘ﬁ«\t@ﬁ;( Fbﬁlﬂfe’vnr@WrSaﬂﬁ INGISRA YRS EBearfdSIdVindems @Uidentt i b Bousey eal ed
that the R nmut ant boosted reprogramming efficiency to at |east 7-fold as

conpar e@ndovital eNeba2o ganemitaifearationsidfigire d1d)). (Theseukaryetypically Igymalpen
t he 5KR f

augrrent gﬁ% malgrr%ét(F@%Fé)qﬁg??EF@ﬁl?ée%%#g%% ﬁt@sﬁ]ﬁye%%geﬂh%hﬁa? t he
concom ﬂeffarerpirgmamtlams qFlgnuéc‘éiU)uirat f¢m&énaknna$r¢ommlstdgetlssumnoéme
transcrl t|on tivit ou the si;te nmutations cquld
tr 1 gger thres et Tndaass SRS a0 e bR anns 25 eelRALPING 9 i ng
anal ysi Nr9é1 Nhotd tHat BS¥ts herdbbes lof t@éhﬁfsat RapfaiaySinleb@upsdsess - simAO5) |

there is no known target gene for Nr5a2 in pluripotent cells. To this end,
we perfé?ﬁf@graé"@mﬁﬂfépﬁﬂ'&é mappi ng study of Nr5a2 in ESCs by enpl oyi ng
chromatin i munopreci pitation seq_uenmggf (Chl F - seq), technol ogi;eéTabl e 3).
Ve cr eafhentrangsriptiogfaetars thathingBewsfdiregulat ommenﬂrasayna '

fied b t bl ot j
N Bao- oS Eepk SXBoeRRAS OOt e B BMIRE 5 L ound chr ormt | n v enri ched
th t j : ith
e o IgvERs P 0aM g S b B8 ARy %@é@t%@éﬂ:f' "
14A) . - Mpramotepaegians | of, Pousf1pand negudateo PoabiTr inethee epibidsy sstage: @f enbase t hat

552 SR SERl ol D M, PR eg e ol Bl

Nanog- Oct4 Sox2 cluster (Chen et al., 2008). As Nr5a2 works |n concert W th

Sox2 and Kl f4 to reprogram MEFs to i PSCs,
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we investigated if these three transcription factors share sim/lar binding
targets. Interestingly, we found that all three transcription factors bind
target gewe0tH088dr e pi votal for nmai ntenance of ESC i d@RTISGRO®0IB7AS
Pou5f 1, Nanog, Tbx3, Klf2 and K1f5 (Figure 14C, Figure 18B). Nanog is a
target of Nr5a2 [000128]. Nanog is inportant in ESCs as it governs the
gateway to a ground state |level of pluripotency (Silva et al., 2009). To
confirmthat Nanog is a target of Nr5a2 during reprogranmm ng, we introduced
exogenous HA-tagged Nr5a2 into MEFs. Chl P experinent showed that Nr5a2 was

i ndeed ; . ! i ' Akt AS
Nanog. | SXPesslch 1h'ife WRLiGSSROB . 2005 dnd B BERVHER 6 AEETE (ot 22
we i nvesl.i gadEPareeetrabl 2004). Ndneogfoien panteofdba eechanism op Noda2imiepipdingt

i nvol ves._Nr5a2. . found ., that /Nan expr ion ji.ner s .when - Nr was
|t 1 ot xR0R s, HEt, PR b S pPB Rt 1R FhRIrER AL 1RRE AT R SeR ™
Pou5f 1 iMeisenans atts upstiedin 6 Péusind as Nanog when Nr5a2 is introduced with
OSKM during reprogranm ng (Figure 15C and 15D). As Nanog is inportant in

the tr amom?. Wevaedisoh 18 iRlvestigats ibther atapsCiptiomfatora! that BifPlo thée
enhancenent__of reprogramm ng eff] ci enC}/ brought about by the introduction

of Nr5afouR{! p@metehar enhangerrediop RISAJGPIaced8atddn thaEeprogi@Miig ed t o

know i f oN W@fbm@t&e@a ife Bﬁ%trﬁﬁpﬁa‘%tm%@mw%? sale seftsorfed a

knockdown of Nr concurrently w e I ntroductron o %KMto VEFs. The
Nr5a2 sfRfe2Kinddilddifa, deoMyc, berbhet bindeottbe rRaubft regrdatans eggiomNChen

D o AR I S oA A4 e BRI, o 098 >
(]Ifi gglr gdg@hggltsgz?éaﬂm: E‘Zatkmggmes;\l&angcrﬁgﬁslg?faﬁ?ré ?vageabreﬁthit L?Iamigct i on
ﬁ/‘f f2, a qt%di@p ew?%f LOMpinglian r(%“é%l E&Sg j;‘—g%gﬁsﬁhé?}oé‘@ué{ﬂ?toﬁof Eglp 9

col oni-egrahbériptiof fhefars tHA BN MO PoNBE ufatdbl) Fedfdhsecd fepi@slIOctPlh | N

reprogramm ng efficiency br ought about by Nr5aZ2 knockdown, 'Nanog was unabl e
to rescleprogeaminge tHense, Pias? aneh e icirsenfanklygmesbes cNrba hase asiqueyiny

additio Nr5a2 with OSKM was abl e to produce nore-
GFP- posmé?{/aea@gﬁ%%g% ?&%’Nr 5a2 WD 2011/ 040887PCT/ SG2010/ 000372 al one

ith G5 E : eIy ; ot that Nan [
e of - IA BRAE skt oA (s 1A Elnt o RRF ol iert o8RRI, armi ng o

MEFs i nwhiereas liganddiinding isHesesbancenent of reprogranm ng efficiency.
[ 000130]. Herein, we show that reprogramm ng with Nr5a2 or Nr5al is able to
bypass {[000125¢Similar d¢x ogtheo ukiclaar drecépiors] aNeba2n possesseshat ligandaBindingct | ons

i Sti I ith S d.Kif 4 t Cct 4 t diate th
oy ceosAtma sl e s Bigins domeu DG Howeke? Hhganorahatndaipe’t o |
r epr ogr asaepistS thdNBRraoyérduse HQEIRIZOGIS NP3 Perh QB EliMi@Towh. tWeKhi?ést?@Cbcﬁ?rM’C

(data not shown). Besides bel ng_ an upstream activator of Poubfl (Gu et al.,
2005) , fyrwgionaligporiangs of igand bindingarnchDNAWRigdingrofiNrsa2 i fePragearamiig of
ground s iviogt i (,Si -1 : Ja F gpduct i on
by Nr Saytﬁggtl i%tvgg rﬁﬂ@%dcgu%gﬁcoﬁb@ gpt?uarf?’gg?eerﬁgg&se@egﬁg Pﬁr{ﬂlgtt ﬁlvigs

f ound t M caibyrdf tNrba2 LB so akitd disrdpfftie bingling ohputative ligendst (Sablin e2abo;

Mier ot oS0 A gk o BRA s OEME LB A8 8 Bl BT S
i mpor t a9t A) getheotonsepver) FayF1 Ripmain that would result in a marked decrease in
the DNA binding activity of Nr5a2 (Solomon et al., 2005). Western analysis was
performed to ensure that these retroviral vectors expresséd equivalen,tglevels of
Nr5a2 protein (Figure 13P); Our reprogramming assays show that the Nr5a2 Iigand 'I;
binding mutant did not decrease the number of formed ‘GFP-positive c:b.lqnies as
~ compared to wildtype (WT) Nr5a2 (Figure 13Q). This suggests that the ability of

~ Nr5a2 to function as a reprogramming factor is ihdependent of ligand :bi.n:ding.' In :
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[000131]. In summary, our study provides an exanple of exogenous Cct4-free
code for the reprogramm ng of somatic cells. W also show that both Nr5a2
and Nr5aIwenrnelidlhss7t o enhance the efficiency of reprogr FiSGZOMI0DI372 he
conventional four factors. Altogether, we have uncovered an unexpected dual
rol'e of nuclear receptors in both enhancing and medi ating reprogranmmi ng.
Cell culture and transfection [000132]. iPSCs were cultured on mtonycin
C-treated MEF feeders as previously described (Feng et al., 2009a). MeEFs
were isolated fromE13.5 enbryos and cultured as described previously (Feng

et al., 2R09&) gr? ZsCaeld(téta%fg%??r{ldcﬁ‘iaﬁflﬁ%%dn%BQr F“é'FFp%%sl'il%ré?)Ydrﬁé’é o

vect or using ectam n nvitrogen) according t
manuf aclwheenrt’he NnSach[hNA birking Rivtantewas imtmodoted wathFBM(Erigure 1SQY). Taken. vver e

oL 1e] Bk P AR T BT 68 o el o

post - ”N‘rSéEQ\me@é‘as @mun&ﬁgu@a@pénm Pou5f 1. -5
. GAAGGATGTGGTTCGAGTA- 3', luciferase: 5 - GATGAAATGGGTAAGTACA -3', and

N 5a2: NrsEEAMFGASHOAATE HGrs exhibiPeAREAn8ER ke rﬂﬁﬂﬂﬁ@lcdiiaii{t al l'ing of
the Nr5a2 ChlP- sée% data (8,023 427 uniquely rrapp'gotlfgt ags) .was carried out

usi ng Miégp14e)we pte‘étﬂdlﬁ\é'#é&%%ré?ﬁmi %aéé@ltﬁoﬁ‘iﬁSHQ&Kﬁh WRGRitaE Mg ed.
The control anti-HA P-seq rary contai ned 13, 001, 272 uni guel y mapped

tags. Efesidursl waing f% nméaet Fersiruct | th ot Iysingeresisiugs niutated (2KR) eand t ool
MEME usif tr%Qng'P o%%etgﬁgége &ﬁ)? WALEHD ﬁﬂﬁl@%@%mv@?f {Pathd ence
y 0V I'n

anal ysi s stu ng sites wt sites of
ot her i W‘ﬁraadmtnmtalmcomqjltucm expeessed \wigilare lfvetsred matéinN(EgareCI*ﬂISR)seq

M cr oar S19Raa e O5KEh SadoararRivl eeth BB A PRRR kansfl ) om
mouse Eg§pro rd?ﬁﬁﬁwg( mﬁi&hcw&swéééw -folSKs iéaihpamb #Bh) 4401d dvifamcémeht n- GFP

and Poub5f 1- erformed. Two bi ol ogi cal i cat e m croa}r:mjallé‘3 ata was
gener at @Gh'PMPd eax hth@eIWTI (Figurerch3SH Whshr e o‘iK pwtantywaso ing

sanpl esyg %é?ﬂrhﬁfﬁ efﬁcid”c&%@?uﬁfﬁérea&lgﬁﬁgnteﬁr foaﬁﬁn&?’eﬁ-fdld (M@jﬂﬁ@ 13S).

Expressi on BeadChi'p versi on 1.1) proceSsed according to the manuf acturer S
i nst r uctTiheae results ss@gﬁafetbat/\ihercqﬂfrewtlanumavanmrcobarbtt@yulpr !ﬂoab:aﬁon and

ff I I
D81 B4 el nga P RS ERE P LATLES RIS SUMENLIG Sl Ve
ulolregul a?ald triggerad geeaternéictionraf rdplogearmmingbybaba.i ty greater than 0.95 in
a sanpl es _

Genome-wide binding analysis of Nr5a2 in ESCs

[000127]. Other than Pou5f1 (Gu et al., 2005), there is no known 'target gene for
Nr5a2 in pl.uripotent cells. To this end, we performed a genome—Wide mapping study -
of Nr5a2 in ESCs by employing chromatin imrhuhoprecipitation sequenéihg (ChIF’-
seq) technology (Table 3). We created a stable ESC cell line expressinngA-tagged

- Nr5a2 and the expression of HA-tagged Nr5a2 protein was veriﬁed:by Wjestern blot -
using a Nr5a2-specific antibody (Figure 18A). Nr5a2-bound chromatin was enriched -
with an anti-HA-tag antibody. We used the de novo motif discdvery algorithm MEME
and uncovered a known Nr5a2 motif enriched in our dataset (Figure 14A). More ,
importantly, our pairwise co-occurrence analyses revealed that Nr5a2 tends to co- -
localize with Nanog, Oct4, Sox2, Smad1 and Esrrb (Figure 14B). This result N
associates Nr5a2 with the previously reported Nanog -Oct4- Sox2 cluster (Chen et aI
2008). As Nr5a2 works in concert with Sox2 and KIf4 to reprogram MEFs to |PSCs
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CEO accession codes [000135]. Mcroarray and Chl P-seq data are accessible
at the CEO dat abase under accession nunbers GSE19023 and GSE19019,

respect i WEDRO11M30882 nol ecul ar genetics [000136]. MEFs WECE/SGRoI040eA2f r om
Pou5f 1- GFP transgeni c m ce and actin-G-P transgenic mce (JAX | aboratory,
stock no. 004654 and 003516). PouS5f1-GFP and actin-GFP MEFs were harvested
fromEL13.5 enbryos derived fromthe intercross between nmal e Pou5fl-GFP nal e
mce and female wild-type 129S2/SV and the intercross between actin-G-P
mce and female wild type CD1L mce, respectively. 8- 12 i PSCs were

m croi nject ki l/ and = TV, Ish 2PV bt ai ned
at the ﬁi@&sgﬁgg% y %ér%ﬁ?{j%gcyggééé%?@/-o%e%% eS{llta r ansl?‘gér:rr E@ﬁ%ng"‘ﬁrge%\./i duct
of EO. 5 Intemstioglye yeafound| thatCalthre€irapsBrptidnefaatars birchtarget genasnthay age wer e

harvested at ([E13.5 and ass f.or.G-P expression,,in t S. W Lh-a
{1 wor oo S0Yete! 1 v BBRet RERRGap Bhunyste S8R dyalipd D Rt artl Ko ®
B6( Cg) - Trigare294@; Figare 18BRssay for gernline contribution. Al animal work
was performed according to | ACUC guidelines. Retrovirus constructs, -

packagi Nariveflisi gt 6ANFSAP137] . cDNA sequences of Nr5a2 and other factors
were PCR anplified fromeither nouse ESC cDNA or commercial plasm ds (Open

Bi osyst ;ﬂ@m-zlg.%égﬂmlﬂgﬁﬁﬁar@ﬂn E‘Si?s?asc"i!'\@\}&ﬁ@fﬂégét%ﬁg 614 Jrourt2 SRk and
5KR: K173R, 1 3R~ K289R K329R, K389R) were anplified from donated -
const r udevel piralugipetengy (Silpmebdpl., 2PCNL Tpiceafiem dhat Mreesishaitargehat BRda2 wer e

PCR anply f.L ed_ ' L er |ﬁm | $d ' u S were
verifi eghbbsg%é%&t‘ﬁg]iw @ﬁéﬁ@éﬂ %’EW@ asedcijégle\}/)g{%gﬂ b@\%?gﬁ egfcﬁeo’r .
shRNA kreapérinent sioowed tbats Nvdazh wialseindeed boeodi teether Nanog renhagcemdunrg e
transferred fromthe. pSUPER purq,vector .to th vect.or, el I QYjLLlses
wero goRERPERMEIGEFP deR e NATGEI 2 ae AL MR a2 PR FacRand WS = 5
cel I s wgFigutef188t efigitel hsANXweeinvesligalee thBardrdf Nlahde iFHegesrdextAbf er 48
h of infection, FACs was performto quantify the proportion of GFP-positive
cel |'s. KepBgrangming s doxeivgs dWived- Wik feund (hak A@ngag ?i%%%%l'ﬂ}”&@%‘%ibed
(Ti scor Rirane 0 Nugragr NEE s Ui URS! | cul ate
t he armgm% nO]Edrf\?;%Zr l%a%ng‘g@gg to gcrﬁ?g%%régﬁﬁnﬁyt;i Elgis(ﬁd&g:‘w?)ngit ixE(;ﬁCt(éﬁ/bD of 5
(Par k etendbgen@BORYuSTFincreasss igensimilar tand asiNerag w%e@@lrﬁ@ isnistradeeed ent

factors C ' e, d: ofi#f t R 9% .conf ein
DVEM con @i Q.SW Q%&‘%@ﬁ?ﬁmﬁ{& ﬁ@&'fepo y%ﬂgnﬁd\gp §1ﬁécﬂ)9790'é)rr'eﬁﬁilaﬂdr#§/aﬂg '
changed titetrinsition téwarntscthepludgoténtdstate (Silviasetvalr, 2008} sthg ezhhaacéfaEnt ebder s
and cul trgrgrggrafn?r{“lin% gﬁllXisenE)r/] b%{.lgthltl ra%oHF g)'/ H‘@ introduction of Nr5a2 may be in part

facilitated by Nanog.

[000129]. Next, we wanted to know if Nr5a2 was important in the'reprogrérnming of
MEFs. We performed a knockdown of Nr5a2 concurrently with the introduction of
OSKM to MEFs. The Nr5a2 shRNA knockdowh construct was able to réduce the
Nr5a2 mRNA and protein expression in mou_sé ESCs (Figure 15E and .15F).‘
Depletion of Nr5a2 during reprogramming resulted in a redur:tion in the number of
colonies (Figure 15G). vaportantIy, exogenous Nanog was able to rescue thé*
reduction of colonies caused by the knockdown of Nr5a2 (Figure 15G). Unlike
Nanog, Mtf2, an independent factor was not able to rescue the reduction in colonies
(Figure 15G). Though Nanog was able to rescue the reduction in reprogramming
efficiency brought about by Nr5a2 knockdown, Nanog was unable to rescue thé. i
effects of Pou5f1 knockdown (Figure 15G). Interestingly, addition of both Nanog and
Nr5a2 with OSKM was able to produce more GFP-positive colonies thén Nr5a2;
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contai ning FBS foll owed by an additional 5-15 days in culture nedium

contai ning KSR RNA extraction, reverse transcription and quantitative

real -ti mewBGRA0B138] . Methods are as described previ owslrsceéengosst al .,
2009). Bisulfite genom c sequencing [000139]. Genonic DNA was
bisulfite-treated with the InprintT™M DNA nodification kit (Sigma) according
to the manufacturer's instructions. Pronoter regions of Pou5f1 and Nanog
were anplified by PCR and cloned into the pCR2. 1- TOPO vector (Invitrogen)
and sequence verified with the ML3 forward and ML3 reverse primers. Priner

e e A Tl TP TaEa hGaar. DS FEMAL L8B4 RBPRaREGTE! o
CCACCCI Gﬁé%‘f?@mér fhgﬁfﬂéﬁi%r% amdt ST NS S AMEEGAIGrANFTIAG GMMEHs &1 ; 5' -
ACCAAAAAAACCCACA CATATCAATX‘?’A— a,gge;tespect ively. Kar y%?t ypi % [0001840]

i PSCs wahich it mdaatewtheweelmr@emamt of FRAregr@GUAING Qf@‘?'@@%)t ed by standard
hypotonic treatnment, and fixed wi th nmethanol:acetic acid %?éé SI | des wer e
ci§ PRiR

ai r-dri (@DOIS0Prherairbane shaw dhatprepjogrespingpwit) NowRL 91 ]Nr
anpl i fi ﬁﬁé%ongﬁs%é%&%Mﬁ%ugr ‘?4""&}? 398 Miike Qﬁﬂprﬂr@')a%nﬁﬁéﬂs%t ed

fromei
synergistically with Sox2 and Kif4 to replace exogenous Oct4 to mediate the

successful reprogramming of MEFs. Other than MEFs, we were also able to
reprogram mouse NPCs with exogenous Nr5a2 together with Kif4 and c-fMyc (data
not shown). Besides being an upstream activator of Pou5f1 (Gu et al., 2005), Nrba2
also works in part through Nanog, an important mediator of ground state
pluripotency in ESCs (Silva et al., 2009), and Nanog induction by Nr5a2 facilitates
the acquisition of pluripotency. Recently, it was found that chemicals that inhibit Tgf- :
B signaling (Ichida et al., 2009; Mahefali and Hochedlinger' 2009) induces Nanog to
replace exogenous Sox2 in the reprogrammmg of MEFs (Ichida et al., 2009) Hence,

Nanog is indeed an |mportant target of reprogramming.

[0001 31]. In summary, our study provides an example of exogenous Oct4-free code ,
for the reprogramming of somatic cells. We also show that both Nr5a2 and Nr5a1
are able to enhance the efficiency of reprogramming with the conventional four -
factors. Altogether, we have uncovered an unexpected dual role of nuc|ear'receptors ,

in both enhancing and mediating reprogramming.
Cell culture and transfection

[000132]. iPSCs were cultured on mitomycin C-treated MEF feeders as’fpfeviously v
described (Feng et al., 2009a). MEFs were isolated from E13.5 embryos and
cultured as described previously (Feng et al., 2009a). 293-T cells were transfected '
with each pMX retroviral vector using Lipofectamine 2000 (Invitrogen) according to

the manufacturer’s protocol. For RNAi experiments, shRNA constructs that were
cloned into the pSUPER.puro vector were transfected with lipofectamine into ESCS. L

Cells were selected with 1 g ml" of puromycin 16 h post—transfeCtion. shRNA
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Sense prinmer sequence: 5'-GACGECATCGCAGCTTGGATACAC-3'. Antisense primer
sequences are: Nrb5a2: 5' - GACGCAATAGCCTGTAAGICCATG 3' Sox2:

5' - CCTTCASORCG@USBCCATCATGIT- 3" Ki1f 4: 5' - GCCATGT CAGACT CBCTAGH13/000302 MyC:

5' - TCGTCGCAGATGAAATAGGECCTG 3" Poubf 1: 5" - CCAATACCTCTGAGCCTGGTCCGAT- 3' .
EB-nediated in vitro differentiation [000142]. For EB formation, i PSCs were
trypsinized and cultured in Petri-dish for 4-5 days in i PSC cul ture nmedi um
in the absence of LIF and fl-nercaptoethanol. EBs were transferred to

gel atin-coated plates and cultured for 5-6 days with the addition of 1 pM

per moab PASEPeR, (HeLsLoP R on ox. T90A G AR TEG] (o R AR ™ e et wi ¢
anti Gat GATGAAATGGGTARGINTA SBinhnd Arsed: 5 BCAAGESTICTGAATIDAAAC3' 58813,
Santa Cruz) or anti-a-Snmooth Muscle Actin (1:100, ab18460, Abcam . Sanples

wer e t h@nhlpiseigahlyéish the secondary antibody, Al exa Fluor 546 conjugated
anti-nouse (1:1000, Invitrogen) followed by staining of the nuclei with

Hoechst [§00183PPedkneilling dinthe Negat @mp%‘égadatbocwazﬂ@hzzi UriRgiselyanapped vest ed
by trypsinization and resuspended to 1x107 cells m-1 in 0.9%saline. 100
pl of ttRgsdevas sasigdraitorsing MAGSvith @ BuRuR sHioHuURl Jei9nard S=40 asaksl

weeks, “viss RPhord el dnfiFla ORI Spa ry CORRINEY &0 Fara hiquely er =
par af f i mappedataps.nEeritieett owtifs swue identifieddry thee deamyosmatifidiscavery toal | ory' s
et raChWﬁEaﬁsngr 92%)'09655 ls%qggr?&ersi geenqel(e\éaglq the dCtITIBtsl%qn peglgsgoéo-ocdurrence
analysis to study overlap of Nr5a2 binding sites with binding sites of other important
transcription- factors was performed with NrSa2 ChlP-seq data a’nd data set - -

generated from our previous study (Chen et al., 2008).
Microai’ray analysis

[000134]. Reverse transcription of mRNA harvested from mouse ESCS,' iPSCs
(OSKM, N,SKM #A5, NoSK #B3 and #B811) and MEFs (actin-GFP and Pou5f1-GFP)
was performed. Two biological replicate microarray data was generated for each cell _
line. For microarray of OSKM + Nr5a2 and OSKM samples, biological triplicates
were used. Arrays (Sentrix Mouse-6 Expreséion BeadChip version 1.1) processed

according to the manufacturer's instructions were scanned with the lllumina -
microarray platform. Differentially expressed genes were selected based on -
Significance Analysis of Microarrays criteria: fold change (FC)<0.6 for |
downregulated, FC>1.5 for upregulated; q value < 0.02; and detection‘_-fprobability_'

greater than 0.95 in all samples.
GEO adcession codes

[000135]. Microarray and ChlP-seq data are accessible at the GEO database under
accession numbers GSE19023 and GSE19019, respectively.

Mouse molecular genetics

[000136]. MEFs were isolated from Poubf1-GFP transgenic mice and actin-GFP
transgenic mice (JAX laboratory, stock no. 004654 and 003516). Pou5f1-GFP and -
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| mmunof | uor escence m croscopy and al kal i ne phosphat ase stai ning [000144].
| PSCs cultured on gelatin-coated cover slips were fixed with 4%

par af or neNIOIRYH&4088&r neabl i zed in 1%triton X-100 and bl 8CKSE6G20M0t0h03324-BS.
After blocking, sanples were stained with anti-Nanog (1:50, RCABOOO2PF,
CosnoBi 0) or anti-SSEA-1 (1:200, MAB4301, Chenicon), before staining with
Al exa Fluor 568 conjugated anti rabbit (1:300, Invitrogen) or Al exa Fl uor
546 conjugated anti-nouse 1gM (1:2000, |nvitrogen), respectively. Nuclei
were then counterstained with Hoechst (lnvitrogen). Alkaline phosphatase

det ecti %B NS AP dﬁllﬂé WRite Lﬁsdrﬂébtéd GRIMTE 13, @'enﬁﬁ?o§ lfRFi3Ed FFdnd Fhé Gitekdrbss

(Chem con according to the manufacturer protocol. Western anal ysis
[ 000145betvasn. aler Row5fé<eFRi maleRnive (auidt éem@lm wﬂ@éypes Jdgpbefatand wWie h

oo bt elivelh dtifl e iiER B BRI Wia SR ﬁﬂsa‘%e TedBAUERTLG o
10%§5§§2°ﬁ8mrwwmm¥ﬁ§b t&?]dﬁdaﬁgmsmmfcﬁgfg&p?ﬁ? Rt K
T ook entaed ol Bp Brgel HeaSr i REanBeey e PROs WerE tARsTatecbloghs ayidusbeh

Sant a Cggzg psalifibprlgRant F3: @8R, x ab3A3198.) f@ﬁé@s Ql‘hu%@bhcaé‘rhblgoélwgf@o

sc- 1616, Santa Cruz primary anti bodies for h, washed BST and

i ncubat barvested eitt a3.5h@nde assaNesh f@"er@&?d&’s@f essirp) in dbej aepadsd il ia nouse
I gG (1: it 2004,
Sgntc(at Crﬁg‘g’%s?)%ﬁ%gé‘l'é“sgﬁ maa,raflﬁ:grﬁ%?t 'Seteﬁ%l‘%@g% a'bg’%z%gaé&cs@ht P uz).

respect mied Yo agdayefor geshlmgcmtnhutRBS'All anigabiverkvarae peefoerned dicoerding tde
Vst ern AE&JQ@L?“ n ILum nol Reagents (Santa Cruz). Tunel assay [000146]. MEFs
were inf H‘eF‘espect i ve vi ruses and infection media was replaced with

fresh N§$ medi a afterk’éﬁ 4] atévested for tunel assay 78 h after
i nf ect i BErovifUS GRSt cBﬁ?'ﬁﬁ'"glﬁﬂ A" MEFs were subjected to DNase 1

Anbi on r bef ore ceI : | abel i d

8 Corme odds3H EBNA S5aiPiees 8T NrBaRer atied Briots st Ao SRBES TOR) o
| abel i “QvthéfeH&JééEfE%GUQDﬂN ?f ESmmBRSalR psHSiLS - (csinaer Eié§f§terh§90éﬂﬁh Chl P
assays were perforned as descri bed previ ousl et-al., 2006 '

gener al segugnogsyef éVf§ﬁ35§UMﬁ2e@U€ﬁ"tt$l (2R oK 3 emﬂ‘ @nd1 6KR: n2<373'300m
t 5 | |
e o R dabhe (DR RIS, M oA o E L MARLIE i G

| ysates were’sonica Xtracts were | nmunopreci
ant i - H3EUBG0Q eS80, ligindaand 2MA | biktdiKg 7moBant® vete P CRI ampfiied withr thaant | -

(o ot ov AERISPY o Sittel OB Efaing? 420bhESe Werd VEHALF by ERuERRGRSHd e
.cloned into MMLV-based pMX retroviral vector. shRNA knockdown constructs with
their respective promoter regions were transferred from the pSUPER .puro vector to -
the pMX vector. Retroviruses were generated as described previouSIy (Takahashi
and Yamanaka, 2006). 3T3 cells were infected with pMX retroviruses harboring the
GFP gene. After 48 h of infection, FACs was perform to duantify the proportiOn o_f
GFP-positive cells. Number of transducing units was calculated as :'p'reviously
described (Tiscornia et al., 2006). Number of transducing units was used to calculate -
the amount of virus needed to achieve a multiplicity of infection (MOI) of 5 (Park et
al., 2008). For iPSC generétion, virurses encoding the different factors each with a
MOI of 5 were introduced to MEFs at 70% confluence in DMEM containing 15% FBS
and 6 ng mI"' polybrene. At 1 dpi, medium was changed to fresh MEF medium. At 2

dpi, cells were passaged to MEF feeders and cultured for 6 days in culture medium
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[000148]. Those skilled in the art will appreciate that the invention
descri bed herein is susceptible to variations and nodifications other than
t hose speX¥Df20UIAl4D887descri bed. The invention includes al PCEBGRONWANIELT on and
modi fications. The invention also includes all of the steps, features,,
formul ati ons and conpounds referred to or indicated in the specification,

i ndi vidually or coll'-ectively and any and all conbinations or any two or
nore of the steps or features. [000149]. Each docunent, reference, patent
application or patent cited in this text is expressly incorporated herein
in theiry, t S d
consi der e &E'I“h? h%’sé‘r,%fgﬁé‘d;gpgﬁ} ta H@?ﬁﬁﬁlr@a@e?(%ﬁainhg%lltlfragr\’lgglg ﬁ?rrecgﬁl%ﬂ“ﬁ@
referend@SRpatent application or patent cited in this text is not repeated
inthis text is nerely for reasons of conciseness. [000150]. Any :
manuf actRNAexiraction; oeverse sransesiptiont anch quaptitative reaptiond PER i ons, and
product sheets for any products nentioned herein or in any docunent

[ ncorpor[&b@etB&]yMeﬁfodsemeasMseiibed prezidushye(lengret at.p20@9)ed herei n by _
reference, and may be enployed in the practice of the invention. [000151].
The pr e®Bisulfitagenbntic segueatirigp be limted.in scope by any of- the specific
enbodi ments described herein. These enbodi ments are intended for the

]pur polse [OOO‘BQQIItgéhéMﬁﬂgNAMwb&ulf&lutreéledﬂmtﬂ ;hﬁempmnT“éD]onﬁodiacamn kit

ormul at{ons an t hods are cl ear Wit hin_ the eotelvntnas
descri bég'gﬁ'é?)e?ﬁ?on‘?'%d%t?? m?ﬂ'éf%PTWérrﬁ |"b?§"”&@9%§|'§ Her é?gio?%? i éﬁﬁe one
or nor e F@NAdneg wé}él%'fn;ﬂmadswq:CRoaﬁ@reléﬁéd qntoetrsa pCR2.ANUSPOf vi@btes
wi Il be understood to include all values within the range, including the

val ues dbwitiagen) end seangeceﬁﬁmfamwuesthad{lb%@matré ardeM grigueraRi itmerdad t o

;gjeaignt %la[%te %éug%%l cﬁ%mﬁﬂmgﬂ%unﬁeoyo #ﬁ? ran b%%l%]

Thr gughmeglonkn S speaidicati oﬁ-AT@G&HGMAEAﬂ'ﬂ'SQGﬂSﬁ?TFﬁA-@I _her}{\n SoH I ][ hg

2% ot oSBT AR CHE T RATREIT ARG and ok ed i nt eger | or group of i m'egelri
e TP

ot ed  AaEAT! TiF ARG BRI AN G OARTE 159 1 The ol 2 me mnaror o

par agr amAAAAKﬂA@@@A@&CTmCAA$ATA-3’OFH§ve§Wb% conprising" and the
l'i ke can have the meani ng attrlbuted toit in US. Patent |law, e.g., they

can rrearKa 6fyjpifgs” . "included”, "including”, and the |ike; and that terns
such as "consisting essentially of and "consists essentially of have the

meani ng [66¢1401SPSICR W&?éntl'éhtéﬂ %ltf%b%hla 3(an1@o§bn) HaPVYestéd CbW E@ndatenent s

not explicitly recited, but exclude elenments that "are found i'n the prior
art or tiRetonic eeatmenbaand:fixad with enetbreelacesiciagid (3:0. Shﬁ'éSlWﬁf@rﬁ'rr@ﬂﬁd R

before G-band karyotyping.
Genotyping

[000141]. Each PCR amplification reaction was performed with 300 ng of |
genomic DNA harvested from either iPSCs, ESCs, MEFs or embryo. . |

Sense primer sequence: 5’ -GACGGCATCGCAGCTI'GGATACAC-3’.
Antisense primer sequences are:

Nr5a2: 5-GACGCAATAGCTGTAAGTCCATG-3'

Sox2: 5’-GCTTCAGCTCCGTCTCCATCATG,TT-3'

Kif4: 5-GCCATGTCAGACTCGCCAGG-3'

60



[000154]. O her definitions for selected terns used herein may be found
within the detailed description of the invention and apply throughout.

Unl ess otWer2el1440882f i ned, all other scientific and techRCE&G20W008372sed
herei n have the sane nmeaning as comonly understood to one of ordinary

skill in the art to which the invention belongs. [000155] . Wile the
i nvention has been described with reference to specific nmethods and
enbodi ments, it will be appreciated that various nodifications and changes

may be made without departing fromthe invention. Cainms: 1. a nethod for

I nduci n%_p}gg:{g?,pmgmb@m?%mfm?@ém@rrpri sing the steps of: . a) -

cul turing sinvitro; I ntroduci ng a pol ynucl eotide that encodes a

L anSor B & IS RATACCTATEARRIITAATER AL Ur e, wherein the '

pol ynucl eot1 de encodi ng the transcription factor conprises a nucl ear

receptorﬁ@-ﬁ%ﬁﬁ%&’fn Wfoediﬁ‘lre?éﬁt%tiicmi on factor selected froma Sox gene,
I Ke"Tactor gene or

Kt - Opel - . a gene fromthe nyc famly to induce the cell
pol ynucBegf4A XA iEmatonc PR WRTR Pl el el b i i for 45 5
The net kfagts dh iPE@ dullureheedium iheheabyensd ebLikiandng-atkirogptobthanol: | EBs
receptor conpll es B UGk EAnoLESLS A RS ALY Sy wih FATSALSY
of 1 uM retinoic acid (Sigma). Samples were fixed in 4% paraformadehyde,"
permeabilized with 1% triton X-100, blocked with 8% FBS, and stained with anti-
Gata-4 (1:100, sc-25310, Santa Cruz), anti-Nestin (1:100, sc-58813, Santa Cruz) or
anti-a-Smooth Muscle Actin (1:100, ab18460, Abcém). Samples were then stained
with the secondary antibody, Alexa Fluor 546 conjugated anti-mouse (1:1000, :
Invitrogen) followed by staining of the nuclei with Hoechst (1:4000, Invitrogen).

Teratoma assay

[000143]. iPSCs were harvested by trypsinizatioh and resuspended to :_‘1x10.7 cells -
,ml‘_1 in 0.9% saline. 100 ul of the cell suspension was injected subcutanéou'sly into

each dorsal flank of avertin-anesthetized SCID mice. Teratomas were diséected |
after 3-4 weeks, weighted and fixed in Bouin’s solution, before embedding in -
paraffin. Paraffin-embedded tissue was sectioned and stained with': Mallory’s;

Tétrachrome as previously described (Wang and Lufkin, 2000).
Immunofluorescence microscopy and alkaline phosphatase staining

[000144]. iPSCs cultured on gelatin-coated cover slips were fixed with 4%
paraformadehyde, perme_ablized in 1% triton,X-100 and blocked With 8%’:FBS;. After» '_
blocking, samples were stained with anti-Nanog'(i :50, RCABOOOZPF, CO:s'moBio) ()r.'
anti-SSEA-1 (1:200, MAB4301, Chemicon), before staining with Alexa Fluor 568.
conjugated anti rabbit (1:300, Invitrogen) or Alexa Fluor 546 conjugated anti-mouse
IgM (1:2000, Invitrogen), réspectively. Nuclei were then counterstained with Hoechst
(Invitrogen). Alkaline phosphatase detection was performed using a c¢mmercial

ESC characterization kit (Chemicon) according to the manufacturer’s protb(:ol.
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4. The nmethod of claim3 wherein the nuclear receptor fromsubfamly 5
conprises SEQ ID NO. 10. 5. The nethod of claim3 wherein the nuclear
recept or Woem1g4pd8am |y 5 conprises SEQ ID NO 1, SEQ | BCROG2@0/08BQR | D NO.
5 or SEQID NO 8. 6. The nethod of claim3 wherein the nuclear receptor
fromsubfam |y 5 encodes a pol ypeptide selected fromSEQ ID NO 2, SEQID
NO 4, SEQID NO 6 SEQ ID NO 7, SEQIDN09 SEQ ID NO. 10 or SEQ ID
NO. 11. 7. An expression vector conprising a polynucl eotide of a nuclear
receptor and one or nore transcription factor selected froma Sox gene,

Kr uppel -ng@r;,%gwsigene or a gene fromthe nyc famly operably linked to a
regul atory sequence capabl e of directing expression of said polynucleotide

pol ynuo RRSFF45): Coll weRe IS i RIPat BpEF (Plor) R PrlertiORes il icase
2011/ 040mBme@ma|1qmbe)7Z’l@ta‘hecm)qentrabomnﬂa%aneaswed cwm ra Bradforéi n t he
pol ynuc'aes%;:\)'/ ﬂ‘? (§%9I3g<i1)r.]%0tprbeof cell lysate was resolved on a 10% SDS-polyacrylamide
gel and transferred to a polyvinylidine dlﬂuonde membrane (Millipore). The.
membrane was blocked with 5% skim milk. After blocking, the blot waé incubated .
with either anti-HA (1:2000, sc-7392, Santa Cruz), anti-Nr5a2 (1:2000.,T .ab18293,
Abcam) or anti-actin (1:2000, sc-1616, Santa-Cruz) primary antibodives'for 1 h‘,
washed with- PBST and incubated with elther horse-radlsh peroxidase (HRP)-
conjugated anti- -mouse IgG (1:5000, 1858413 Pierce), HRP-conjugated rabbit 1gG
(1:5000, sc-2004, Santa Cruz) or HRP-conjugated anti-goat 1gG (1:5000, sc-2768,
Santa Cruz), respectively. After washing with PBST, signals were detected using the |

Western Blotting Luminol Reagents (Santa'Cruz).
Tunel assay

[000146]. MEFs were infected with respective Viruses and infection f"ne‘dvia Was :
replaced with fresh MEF media after 24 h. Cells wére harvested for tunel assay 78 h

after infection. For positive control, uninfected MEFs were subjected to DNase 1
(Ambion) treatment before cell labeling. Tunel labeling was performed using a
commerC|aI kit according to the manufacturer’s protocol (Roche). After labeling, cells -

were subjected to FACS analysis.
ChIP assay

[000147]. ChIP assays wére performed as described previously (Loh et ali, 2006). In
general, cells were crosslinked with 1% formaldehyde for 10 min “at room R
temperature and the formaldehyde was quenchédzwith 125 mM glycine. Cé" Iysatés .
were sonicated and chromatin extracts were immunoprecipitated with ahti;H3K4me3 3
(ab8580, Abcam), anti-H3K27me3 (07-449, Millipore) or anti-HA (sc-7392, Santa
Cruz) antibodies. Quantitative PCR analyses were performed as previously
described (Feng et al., 2009). |
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nucl ear

receptor conprises a nuclear receptor fromsubfamly 5 or a

sunoyl ated nutant thereof. 10. The expression vector of claim9 wherei

nucl ear

rEegptigHog87om subfam ly 5 conprises SEQ | D NO POT/SGR2017190372

n the

expression vector of claim9 wherein the nuclear receptor fromsubfamly 5
corrprlses SEQ ID NO 1, SEQ ID NO '3, SEQID NO. 5.0or SEQ ID.NO. 8.
expressi on vector of cI aim9 wherein the nucl ear receptor from subf am ly 5
encodes a pol ypeptide selected fromSEQ ID NO. 2, SEQ 1D NO. 4, SEQ ID NO
6 SEQIDNO 7, .SEQID NO9, SEQID NO. 10 or SEQ ID NO 11. 13.The
expr essi Qﬂoyﬁitﬁﬁo&f siaiied PNBeCdrt (iPhPEreéiate that the invéhioh HelsBibdd Réfeifent of

a degeneratlve di sorder.

is susceptible to variations and modifications other than those specrf ically described.

12. The

The invention includes all such variation and modifications. The invention also -

_includes all of the steps, features, formulations and compounds' referred to or

indicated in the specification, individually or collectively and any and all combinations

or any two or more of the steps or features.

[000149]. Each document reference, patent appllcatlon or patent cited in thls text |s
expressly incorporated herein in their entirety by reference, which means that it
should be read and considered by the reader as part of this text. That the
document, reference, patent application or patent cited in this text is not repeated in

this text is merely for reasons of conciseness.

[000150]. Any manufacturer’s instructions, descriptions, product specifications, and

product sheets for any products mentioned herein or in any document incorporated _

by reference herein, are hereby mcorporated herein by reference and may be

employed in the practice of the invention.

[000151]. The present invention is not to be limited in scope by any of the specific

embodiments described herein. These embodiments are intended for the purpose
of exemplification only. Functionally equivalent products, formulations and methods

are clearly within the scope of the invention as described herein.

[000152]. The invention described herein may include one or more range,of values .

(eg size, concentration etc). A range of values will be understood to include all

values within the range, including the values defining the range, and Values adjacent

to the range which lead to the same or substantlally the same outcome as the values" :

immediately adjacent to that value which defines. the boundary to the range

[000153]. Throughout this specification, unless the context requires otherwise, the |

word "comprise" or variations such as "comprises" or "comprising”, will be

understood to imply the inclusion of a stated integer or group of integers but not the

exclusion of any other integer or group of integers. It is also noted that in this

disclosure and particularly in the claims -and/or paragraphs, terms such as
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14. The method of claim 1l wherein the polynucleotide is introduced to the

cell in culture by the vector of any one of clainms 7 to 12. 15. A nethod
for inducwagoplu4psspot ent stemcells for treating a pati @T/SGAWOLEBTDI a
pluripotent stemcell treatnment conprising the steps of: . a)

i solating cells froman individual donor; b) culturing the cells - in vitro;
c) introducing a polynucleotide that encodes a transcription factor into
the cell in the culture, wherein the polynucl eoti de encodes a transcription
factor conprises.a nuclear receptor and one or nore transcription factor

sel ect edg Jrﬁﬁr”%éé” S%nﬂﬁi%@?” K&érbgﬁéih ‘éﬂf@tﬁé‘ﬂ%é’&argﬁaﬁ tHe AedflMg :Et'frgﬁ’ﬂté&‘e nyc

famly to i duce the cel uri potent

i nt r odudo tgntWS. pﬂatemtdawemg cthdy can meanpindledas’; fi nde@eﬂ”ofmaluplngr i pod ent
stemcel, ] trea t.hod.Qf - C 1 e otide
encodes tl?)%hk%fér'ﬁ@ahﬁ%rﬁé ?u? p?%r?5 ﬁﬁn&%%eﬁhafyaﬁfearn? %hg&#ﬁ%&ﬂ;&%h d of

cl ai lrn_lbf’\/\hweeglﬁe trheargngyawnbedlttbdmeancmdum |?§tennw eearg. re@pbchforrpri ses
2u$r8ylygt% St ggﬁl&l@ cnted Cuteeiizlu%gcel\gr%gﬁtst gtm arseu 0[1%@ in ¥he pnor art or

that affect a ba5|c or novel characteristic of the invention.

[000154]. Other defi n|t|ons for selected terms used herein may be found within the
detailed description of the invention and apply throughout. Unless othenmse
defined, all other scientific and technical terms used herein have the same meéning ‘
as commonly understood to one of ordinary skill in the art to which the invention

belongs.

[000155]. While the invention has been described with reference to specific methods
and 'embodiments, it will be appreciated that various modifications and changes may |

be made without departing from the invention.
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18. The nmethod of claim 17 wherein the nuclear receptor fromsubfamly 5
conpri ses a pol ynucl eotide expressing SEQ ID NO 10. 19. The nethod of
cl ai m 17 wbensaioogshe nucl ear receptor fromsubfamly 5 eorpG2eemH0@72
pol ynucl eotide of SEQID NO 1, SEQID NO 3, SEQID NO. 5 or SEQ ID NO 8..
20. The nethod of claim 17 wherein the nuclear receptor from'subfamly 5
encodes a pol ypeptide selected fromSEQ ID NO 2, SEQID NO 4, SEQ ID NO
6 SEQIDNO 7, .SEQIDNO. 9, SEQID NO. 10 or SEQ ID NO. 11. 21. A use of
the vector of any one of clains 7 to 12 for the preparation of a nedi canent
for the treatnent of a degenerative di sorder. 22. A nmethod of making
pl uri ptaims: stemcell |ines conprising: - a) culturing. ceIIS|n
vitro; b) introducing a pol ynucl eotide that encodes a
transcri pt 1.omnfedadforindusingpludpsdtent stetrheeltsuhvitraecompesing the steps of: ‘
pol ynucl eoti de encodes a transcription factor conprising a nuclear receptor
and one or nal)ecultuangcellpin wirof act or sel ected froma Sox gene, KrOpel-like
factor gene or a gene fromthe nyc famly to induce the cell to be a
pl uripotent ®¢lihtrodurdng a polynucleptigeatisatoemmdesea pramstiipticenfacter into the -
(r:rglngﬁ ?;Pn;h:cﬁﬁh{ @lglrcwtggeemt’tﬁremmg%o ylncl)ngeftJ%e goél ﬂg%hmqraﬁscrlp%%lfgct&@l 's
comprises a nuclear receptor and one or -more transcription factor selected
from a Sox gene, Kriippel-like factor gene or a gene from the myc family to -

induce the cell to be a pluripotent cell.

2. The method. of claim 1 wherein the polynucieotide encodes one of the nuclear

receptor listed in table 1.

3. The method of claim 1 wherein the polynucleotide encoding the nuclear receptor

comprises a nuclear receptor from subfamily 5 or a sumoylated mutant thereof.

4. The method of claim 3 wherein the nuclear receptor from subfamily 5 comprises SEQ
ID NO. 10. ' |

5. The method of claim 3 wherein the nuclear receptor from subfamily 5 comprises SEQ
ID NO. 1, SEQ ID NO. 3, SEQ ID NO. 5 or SEQ ID NO. 8.

6. The method of claim 3 wherein the nuclear receptor from subfamily 5 encodes a
polypeptide selected from SEQ ID NO. 2, SEQ ID NO. 4, SEQ ID NO. 6 SEQID NO. 7,
.SEQID NO. 9, SEQ ID NO. 10 or SEQ ID NO. 11.

7. An expression vector comprising a polynucleotide of a nuclear r_eeeptor and
one or more transcription factor selected from a Sox gene, Krippel-like factor 'gene or ’a .
gene from the myc family operably linked to a regulatory sequenee capable of _directin'g

expression of said polynucleotide in a host cell.

8. The expression vector of claim 7 wherein the polynucleotide encodes one of the

nuclear receptor listed in table 1.
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pol ypeptide and one or nore transcription factor pol ypeptide selected from
a Sox pol ypeptide, Kt-Qpel-like factor pol ypeptide or a pol ypeptide from

t he nyc fwoi2by/o4@887 The conposition of claim23 wherei npCiisGaowloeds2
receptor polypeptide is one of the nuclear receptors listed in table 1. 25.
The conposition of claim23 wherein the nuclear receptor polypeptide
conprises a nuclear -receptor fromsubfanmly 5 or a sunpyl ated nut ant
thereof. 26: The conposition of claim25 wherein the nuclear receptor

pol ypeptide fromsubfamly 5 is selected fromSEQ ID NO 2, SEQ ID NO 4, SEQ

D NCb_6 SEﬁ]é ngwgszion'vgggr loPcllgﬁn gl wﬁggﬂ Re%l%c‘f’é’otﬁ'@%r’}cgdmatﬂl&'

nuclear receptor comprises a nuclear receptor from subfamily 5 or a sumoylated mutant .

= thereof.

10.  The expression vector of claim 9 wherein the nuclear receptor from 5qbfamily 5.
comprises SEQ ID NO. 10.

11.  The expression vector of claim 9 wherein the nuclear recep{or froh subfamily 5 -
" comprises SEQ ID NO. 1, SEQ ID NO. 3, SEQ IDNO. 50or SEQID NO. 8.. - '

12. The exp'ression vector of claim 9 wherein the nuclear receptor from subf__amily 5
encodes a polypeptide selected from SEQ ID NO. 2, SEQ ID NO. 4, SEQ ID NO. 6 SEQ -
ID NO. 7, .SEQ ID NO. 9, SEQ ID NO. 10 or SEQ ID NO. 11.

13. The expression vector of any one of claims 7 to 12 for use in the treatment of a

degenerative disorder.

14. The method of claim 1 wherein the polynucleotide is introduced to the cell in culture

by the vector of any one of claims 7 to 12.

15. A method for inducing pluripotent stem cells -fdr treating a patient in:,need of a

pluripotent stem cell treatment comprising the steps of:
a) isolating cells from an individual donor; |
b) culturing the cells in vitro;

c) introducing a polynucleotide that encodes a transcription factor into the cell
in the culture, wherein the polynucleotide encodes a transcription factor cofnprises a
nuclear receptor and one or more trahscription factor selected from a »ASox gene,
Krippel-like factor gene or a gene from the myc family to induce the céli to be a |

pluripotent cell;

d) introducing the pluripotent cell to the patient in need of a pluripotent stem

cell treatment.

16. The method of claim 15 wherein the polynucleotide enCode_s one of the nuclear

receptor listed in table 1.
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17. The method of claim 15 wherein the ponnucIeOtide encoding the nuclear receptor .
comprises a polynucleotide encoding a nuclear receptor from subfamily 5 or a .

sumoylated mutant thereof. =

18. The method of claim 17 wherein the nuclear receptor from subfamily 5 comprises Va

polynucleotide expressing SEQ ID NO. 10.

19. The method of claim 17 wherein the nuclear receptor from subfamily 5 comprises a ‘
polynucleotide of SEQ ID NO. 1, SEQ ID NO. 3, SEQID NO. 5or SEQ ID NO. 8. '

20. The method of claim 17 wherein the nuclear receptor from subfamily 5 eiiCOdes a
polypeptide selected from SEQ ID NO. 2, SEQ ID NO. 4, SEQ ID NO. 6 SEQ ID NO. 7,
.SEQID NO. 9, SEQID NO. 10 or SEQ ID NO. 11. . :

21. A use of the vector'of any one of claims 7 to 12 for the preparation of a medicament

for the treatment of a degenerative disorder.
22 A method of making pluripotent stem cell lines comprising:
a) culturing cells in vitro;

b) introducing a polynucleotide that encodesfa transcription factor into-the cell
in the culture, wherein the polynucleotide encodes a.transcription factor comprising a
nuclear receptor and one or more transcription faetor selected from a Sox gene, -
Krippel-like factor gene or a gene from the myc family to induce the cell to be a

pluripotent cell; and
c) passaging the pluripotent cells to maintain the cell line.

- 23. A composition for reprogramming somatic cells comprising a nuclear receptor '
polypeptide and one or more transcription factor polypeptide selected from a Sox
polypeptide, Krippel-like factor polypeptide or a polypeptide from the myc family.

24. The composition of claim 23 wherein the nuclear receptor polypeptide is ’6n‘e of the. -
nuclear receptors listed in table 1. »

25. The composition of claim 23 wherein the nuclear receptoi polypeptide comprises a

nuclear receptor from subfamily 5 or a sumoylated mutant thereof.
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The. composmon of claim:: the' 0
subfamlly 5 is selected from SEQ ID NO 2 SEQ ID NO 4, SEQ |D NO 6 SEQ ID NO
7 SEQ |DNO 9, SEQ ID NO. 100rSEQIDNO 11 |




