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[ 0004] 2. General Background and State of the Art: [0005]1t has been
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reprogramed by ectopic expression of transcription factors (Lowy et
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[0002] 1. Field of the Invention:

{0003] The present application relates to the field of inducing pluripotency in cells,

[0004] 2. General Background and State of the Art:

[0005] Tt has been demonstrated, in mouse and human, that somatic cells can be
reprogrammed by ectopic expression of transcription factors (Lowry et al., 2008; Maherali et al.,
2007; Nakagawa et al., 2008; Okita et al., 2007; Park et al., 2008; Takahashi et al., 2006;
Takahashi and Yamanaka, 2006; Wernig et al., 2007; Yu et al.,, 2006) to become pluripotent.
The generation of induced pluripotent stem (iPS) cells holds great promise for the realization of
truly personalized regenerative medicine (Yamanaka, 2007; Jaenish and Young, 2008) because
stem cells derived from a patient’s own skin cell can be used to generate cells and tissues to
repair damage caused by disease or aging. Forced expression of combinations of the transcription
factors, Oct4, Sox2, Kif4 and c-Myc or Octd, Sox2, Nanog and Lin28 have been shown to cause
mature cells to revert to the pluripotent state.

[0006]  In earlier studies, the transcription factors were expressed using multiple viral vectors
(Takahashi and Yamanaka, 2006; Okita et al., 2007; Mabherali et al., 2007; Wernig et al., 2007;
Takahashi et al., 2006;Yu et al., 2006; Park et al., 2008). The use of multiple vectors presented a
problem because of multiple integration events, which could lead to increased risk of
oncogenicity (Takahashi and Yamanaka, 2006; Aoi et al., 2008). Researchers have tried to
overcome this problem by using single vector systems (Sommer et al., 2009), excisable vectors
(Kaji et al., 2009; Soldner et al., 2009; Woltjen et al., 2009}, non-integrating vectors {Stadtfeld et
al., 2009; Yu et al., 2009) and transient transfections (Okita et al.,, 2009). However, these

methods are extremely inefficient at achieving epigenetic reprogramming.



(Takahashi and Yamanaka, 2006; Ocita et al., 2007; Mherali et al.,
2007; Wernig et al., 2007; Takahashi et al., 2006;Yu et al., 2006;
Park et al., 2008). The use of nultiple vectors presented a problem
because of nultiple integration events, which could lead to increased
ri sk of oncogenicity (Takahashi and Yanmanaka, 2006; Aoi et al.,
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may al SO species that increases MUCI* activity. The biological species may be a gene or a protein. The

protein may be preferably a MUC* ligand, preferably the ligand is NM23. The protein may also



WO 2010/ 042891PCT/ US2009/ 060272 be an anti body, preferably bi-val ent
anti body that specifically recognizes the PSMGFR sequence of MJCl *.

I n anot her aspect, the chem cal species may be a small nol ecul e.
Preferably, the small nol ecul e may enhance the transcription of MJCL,
its cl eavage enzynme, or NMR3. Preferably, the cleavage enzyne may be
MWP- 16, MVP- Wb mroodB¥M 17. Further, the small nol ecul ecmesgomndance

cl eavage of MJCI. The small nolecule may be a phorbol ester. [0011]1In
anot her aspect, the gene above may encode MJCL or MJCLl*, or an
effective fragnment thereof, or a ligand of MJCLl*, such as but not
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I nvent i on addativalalwidecele at increases expression of gene products that induce pluripotency, such as
but not limited to a melecule that increases expression of OCT4, SOX2, NANOG, KLF4 or
LIN28, preferably of OCT4, and SOX2.
[0013] These and other objects of the invention will be more fully understood from the
following description of the invention, the referenced drawings attached hereto and the claims

appended hereto.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The present invention will become more fully understood from the detailed
description given herein below, and the accompanying drawings which are given by way of
illustration only, and thus are not limitative of the present invention, and wherein;

[0015] FIGURES 1A-1F show that MUC1* increases growth rate. A. Clonogenic assay
shows that transfecting rat fibroblasts (3Y1) with MUC1* increases growth rate but MUC1 (full-
length) does not; B. MUC1* activity increases survival. Breast cancer cells that have acquired
resistance to TAXOL® do so by increasing MUC1* expression, Treatment with anti-MUC1* Fab
reverses acquired resistance to TAXOL®-induced cell death; C. Ligand-induced dimerization of
MUCI1* extracellular domain stimulates growth. The addition of bivalent anti-MUC1#*
antibodies stimulates the growth of MUC1*-positive cells. Blocking with the anti-MUC1# (mv)
Fab inhibits cell growth. Bell-shaped growth curve is characteristic of receptor dimerization.
Growth of control MUCI-negative HEK 293 cells was not affected; D. Suppression of MUCI#,
using specific siRNA, abolishes the growth stimulatory effects of adding a MUC1* dimerizing
ligand; E. NM23 is the native MUCL* activating ligand. NM23 stimulates growth of MUC*-



[ 0015] FI GURES 1A-1F show that MJCl* increases growh rate. A

Cl onogeni ¢ assay shows that transfecting rat fibroblasts (3Y1l) with
MJCI * i ncreases growh rate but MJCL (full-length) does not; B. MJCl*
activity increases survival. Breast cancer cells that have acquired
resistance to TAXCL(r) do so by increasing MJC | * expression.
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TAXO01, -i nduced cell death; C. Ligand-induced dinerization of MJCL(r)
extracel lul ar donmain stinulates gromh. The addition of bival ent
anti-MJC1l* anti bodies stinulates the growmh of MJCl*-positive cells.
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essentially 100% pluripotent colonies after 5 weeks growh in m ninal
medi a wi t hout adding WD 2010/ 042891PCT1US20091060272 bFGF or

condi ti oned nedi a. Colonies were grown on matrigel. The sane results
wer e obtai ned when NM23 or NMR3 S120G nutant was used to activate
MUC1l*. Panels A-D are photos of wells where cell growth nedi um was
suppl ement edwa 2voemndi ti oned nedi um from fi brobl ast Perpueevcebhs

pl us either anti-MJC1l* or bFG-. Panels E-H are photos of wells where
stemcells were cultured in mniml nediumplus either anti-MJCL* or
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DETAI LED DESCRI PTI OF THE PREFERRED EMBODI MENTS [ 0021] I n the

present aPi9Ptlc at FIGHRES 4A-6BrsHow pliptosgyidenging that MUCET sansloentds int the sicteys of
and a pl uedki A ¥+ @iy @thfﬁmm%alm%fedtﬁ%@ﬂh&?ﬁﬁc%ﬂed HAUE BE AT
activity" refers to directly or ‘indirect]
The photos show that, initially, MUCI* is uniformly distributed on the cell surface. However,
after 40 minutes, MUCL* is concentrated in the nucleus. For comparison cells were also stained
with a fluorescently labeled antibody (green) that recognizes EEA1, which remains uniformly
distributed in cytoplasm throughout the experiment. A. photo of cells taken at time zero; B.

photo of cells taken 40 minutes after the addition of the Fab of anti-MUC1#,

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0021] In the present application, “a™ and “an” are used to refer to both single and a plurality
of objects.

[0022] As used herein, “increasing MUCL* activity” refers to directly or indirectly
increasing MUCI1¥* signaling, and includes without limitation the dimerization of MUCI1*
receptor and also increased production of MUCIL* by cleavage of the MUC] receptor. MUC1*
activity may be also increased by higher transcriptional expression of MUCI receptor, which is
further cleaved and dimerized. Therefore, in one aspect, MUCI#* activity may be increased by a
higher activity of the effector molecule that dimerizes MUCI*, or the higher activity of the

cleavage molecule that cleaves MUCI so that MUCI* is formed, or increased expression of the



i ncreasi ng MJUCL* signaling, and includes without Iimtation the

di meri zation of MJCl* receptor and al so i ncreased production of MJCL*
by cl eavage of the MJCL receptor. MJCL* activity nay be al so

i ncreased by hi gher transcriptional expression of MJC receptor,
which is further cleaved and dinerized. Therefore, in one aspect, MJIC
| * activity mpeolse4isyicr eased by a higher activity of pémUséch/emrior

nol ecul e that dinmerizes MJCL*, or the higher activity of the cleavage
nol ecul e that cleaves MUC | so that MJC1l* is fornmed, or increased
expression of the WD 2010/042891PCT/ US2009/ 060272 MUG | . Therefore,
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[0023]As RO Qgtgvgk "MJG | Gowth Factor Receptor” (MGFR) is a
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"Primary Segueswee@bnetehaynivli@dificitiont, bnckag foexdigdse piosghory{aRGMelyR)sylagdner s
to pepti dgna}s g&ﬁ,nce t hat defines nost or all of the MGFR in sone
n

cases, ctional variants and fragments of the peptide sequence.
The PSMGEE#024 dedd mesd el SEG i yINSe@rencanef  #iel MUGH ¢ Gioortia| Fastar Ragepor'and

fragments ﬁsﬂ%f%ﬂefé]@\/d 1&@:Q¥quhﬂu=: %?&eﬁ“@l r‘l'l’t%t afall%m}@%@ﬁi gl some cases, and
substltutlons up 6, 10, 11, 12,

13, 14, 1Bwnetigal vmmntsr\sd wnensrof ﬁe)velaﬁaﬁwenawhr% HSM@EB w@ﬁu@ wSEQHPNo

acid addl NOEU‘SH(DJII ffiiehal Offnt ani &0%@11@%61'65@13%5 @ﬁymlt@&b? vﬁﬁ%défQJmno acid
C-term nus. "functignal bove cont ext

R LS RS G ST SRR T

bind to, ﬁlfd!@hri}ehmaey Salsqx& @infnio Qah hdditiond ﬁ’l‘d&l@ﬁion\f\hlﬁ 19,20 ai 1@};aﬂdﬁmhﬁ'sauhcl/01 c

oot ve kel PO k! (BRSO U BBl B ol B
regli ons ofragmentehay, 2 ityob epedifaslly Hedtte.ca otlleowet epwdlcbsintesac vith,hat
gi fr mhpgptﬁldéllﬂomf‘lldﬂ I ¥R i ith,h

the pepti ﬁ@mggnr%]:ﬁ V\Fét ﬁﬁal%ﬁcptoh& %em% %leﬂldagy 1n§e?:]c?"g ‘?}%%& Io“f%E

sel f - aggr ega ot'her identica e exa
of a PSIVGF‘ G e pey bandingrigphabntel idendied] areions fof pther PEiERRvlpRlst idtaticok tOSEQ

NO 6 is ShE@ndeReNQuéh mwhine rbeﬂldfefrﬁ'tﬂ&ulfef QAL PER d Eﬂel\mli@y RYad ad MLtUQf@gelﬁn
- SPY- sequence instead of 't 025] As used her el

refers t o4& (SFGE ddeptich peptits @ONP‘E‘%% N RXAPRIE (PE it %WGB% Hhat H%\ta
t he ext r aa@édobdl akriflo oEthé PSIIGER @anfae at $50Q SopPTsissEedDalo s heniB SV R6REQ

I D NG 5). % ﬁig used,. her 1* as |atq€1ifactors" refers to
agents tha g |1)f Y l'éfi‘ldf“\?é‘f' éépq'rrfbeﬂlﬁ‘inﬁ @Stfaﬁégﬁ‘ﬁfq i'ty of, or nodul ate
t he expr e@92an odis uvkdCGiEfein, MIOC ¥ asfenas ét &UT lgbtein Svith el Nt @emiiast thidetited
limtatiop S ffect di |zat|o .
bch BISRE SQﬁl 'E'i?h%’ﬁ f{(ﬁﬁ 15).
i ncreased’ ﬁrog O "fa]%fj& LT c%c avage o o B¢ Irgé'(%ptor,
agents t hB)DZ(i]ncr@alged M;xyl’“MUCI>c assocmted factors” refels to agents that modify, activate,
modulate the activity of, or modulate the expression of MUCI*, MUCI* associated factors
include, without limitation, agents that affect dimerization of MUCI* receptor, increased

production of MUCI#*, induce cleavage of the MUCI receptor, agents that increase MUCT#



WD 2010/ 042891PCT/ US2009/ 060272 activity by higher transcriptional
expression of MJCL receptor, which is further cleaved and di neri zed.

[ 0027] As used herein, "effective amount” is an anount sufficient to
ef fect beneficial or desired clinical or biochemcal results. An
effective anount can be adm nistered one or nore times. For purposes
of this invemdomossn ef fective anount of an inhi bitopcoestmosdagzi s an
anmpunt that is sufficient to induce or maintain pluripotency of a
cell or activate MJG 1* [0028] As used herein, "fragnments" or
"functional derivatives" refers to biologically active am no acid

sequence V@l hidetah APt spRlsich e MGE 1 ¥Bepkdr RNESisFlirtHeL SI8RLO by Of
the present invention, as well as covalent no i fications, i ncl udi ng

deri vat i v&889E19ai ned by reaction with organic derlvat|2|ng agents,
post - t r angdat]i onat uﬁﬁdlbﬁein@&tfﬂeﬁﬂs amdetl 4adnl Mqufﬂazemompaﬁe&tejemﬁDus

| d d h "
P g g‘gr rsmldgs(li’:}ﬁ(f chnbcaln%{abé%c emlgzij lesg%péﬂ] cit]ﬁggm%%lgézﬁflie ag[nfrv:geb?d A& 01 mores
coval ent | yimes. Forrpapeies nf thig itventian,mp efig-tibennsuttiof asinkibion kymyeptd islen anven
used in c @M}%ﬁ&%‘?%r g & Rl otf'g@elﬁsﬂ% Rediudia ot her

context, sou e bound by
anot her nfﬂOéﬂul eASNFSFlh heypigh Traghénsi” toy | Turntiotal d@\'biutes Trefers| tp tiofogigaltygctive

nat ural opy,ip ra@lh%@knéelvgmq dn@iraMlks” of Qhe @au% @aa\{lwgr I%E%geﬁeofhw bag Lo
MJUCL or MJCL* or a dinerizing |ligand for used herein,

t he term TYpEeRfascll 3 Byaiers modigradipns, msluamaélﬁmfﬂammaw%m Hgetioaadth on

bet ween t\ﬁ@aﬂ@lﬂ@ﬁzhﬁzﬂﬁé,m@rﬁ{ %@Eﬂ%iaﬁorﬁ?ﬁl&ﬁﬁd&u@ﬁ &RUAREOVIHTRINBGKIn8ccous
i mrunoreactine with anaég @g or a non- antlbody |l i gand reacting
ch a

with anot REY™FH AR s NM23 specifically binding with
MJCI * or amaﬂntlmmdymmeﬂmngwmm”hkﬁﬁ momwamﬁkﬁmwbnggﬁnaymmnmbmdjmg to

\I\//Lngt l)r 9I’ ,$pec1iL1c:tlI£'%n}%ll:ova]gr'ijtfy of tr: am]en}l%to a Hlol%cu?e suth asp a pc}i)r(]p%gtlde 0\rWlhen used in

certain context, ligand may mclude antibody. In other context, “ligand” may refer to a molecule
sought to be bound by another molecule with high affinity, such as but not limited to a natural or
vnnatural ligand for MUCL* or a cleaving enzyme binding to MUCI1 or MUCL* or a dimerizing
ligand for MUCT*,
[0030]  As used herein, the term "specifically binds" refers to a non-random binding reaction
between two molecules, for example between an antibody molecule immunoreacting with an
antigen, or a non-antibody ligand reacting with another polypeptide, such as NM23 specifically
binding with MUC1* or an antibody binding to MUC1* or a cleaving enzyme binding to MUC1
or MUC1#

[0631] As used herein, "vector”, "polynucieotide vector”,

W n

construct” and "polynucleotide
construct” are used interchangeably herein. A polynucleotide vector of this invention may be in
any of several forms, including, but not limited to, RNA, DNA, RNA encapsulated in a retroviral
coat, DNA encapsulated in an adenovirus coat, DNA packaged in another viral or viral-like form
(such as herpes simplex, and adeno-associated virus (AAV)), DNA encapsulated in liposomes,
DNA complexed with polylysine, complexed with synthetic polycationic molecules, complexed
with compounds such as polyethylene glycol (PEG) to immunologically "mask" the molecule
and/or increase half-life, or conjugated to a non-viral protein. Preferably, the polynucleotide is

DNA. As used herein, "DNA" includes not only bases A, T, C, and G, but also includes any of



construct™ are used interchangeably herein. A polynucleotide vector
of this invention may be in any of several forns, including, but not
limted to, RNA, DNA, RNA encapsulated in a retroviral coat, DNA
encapsul ated in an adenovirus coat, DNA packaged in another viral or
viral-l1ike form (such as herpes sinplex, and adeno-associ ated virus
(AAV)), DNA emcapsuwsated in |iposones, DNA conpl exed witis@ebiiysi ne,
conpl exed with synthetic polycationic nolecules, conplexed with
conmpounds such as pol yet hyl ene glycol (PEG to immnol ogically "mask"
t he nol ecul e and/or increase half-life, or conjugated to a non-viral

pr olt eijn. Efreﬁfaed]@:laloy motified ﬁﬂhyﬁuﬁdqe%&qdamig 8s %latéﬁndé;ﬁeﬁﬁdiieglﬁﬁt%weonw
I ncl udes not._.on, € ut al so I nclude
2010/ 04289t ‘t‘?é%%b“ﬁ %‘6‘2‘?? ]{fg%%’r"-? afgﬁ‘af’% Bt R PSS PP ese

bases, suelenasvatetivphadedunt)alckad potl@mides.nt errucl eoti de nodi fi cati ons
such as u rg Tihi oates, use of sugar anal ogs, and
nodi fi ed gﬁgﬁore%qf'%"rcﬁg%?%ﬁ acfg‘gone structures, such as pol yam des.

[ 0032] Seqi¥d¥e LAstazmgs Freease 'bémtlcltfo(ﬁ@fs&]mhrce@artm a4, Ige cus gheyf follow the
nucl eot i de, SyrBOLS e RRvibH3A d82T25CA aik RO¥ufeq! LAY R e0mUaNE EoN
set forth in W PO gtandardé]g " 5, nl 2 “Fabf e 1l \Aﬁge?&ls o

r epr esent 8 rqpreggntse: Cﬁor%mlé@é‘ﬁtl%aalc Clﬂplteseé'isa?f IS ACPES Y S §t & IqIeents@;  r
represent g @ndy refreschtslc@Pr.€SENtS € or g; wrepresents a or t and vy
represents c or t. MIPGTQSPFF LLLLL TVL TV VIGSGHAS ST PGGEKETSAT
QRSSVPSS ﬁ‘-‘“EP%WE‘K/rrL%é‘&T SEHIBEREE B TTTE cor PET APRPEPATEES FNAY S

VPVTRPAL ABEEEH é%”%zﬁﬁﬁ §
APDTRPAP s RBA

APDTRPAP RPABGS

APDTRPAP e

APDTRPAPG@pJﬁPf@E‘%éP&B&\} R ABSPRI2 c!g iy VAN %%%v&ﬁ;gr Ag

APDT RPAPGp J ARZRAES; ABSSRdANIRAD R oy AP DIERRABS: of ARBAKRNT 5 S
APDTRPAPG$PJMH@H@B&HN&D&B@REMMH&MQWAE@;ST&BBAHMSS
APDTRPAPGRr JARRAGG\VI:S PARBITRP APGOR HARBAIENMAS AP D TRIPARSS, AREAFKAL 18
APDTRPAPGE: IARRAESVAES cARDIRPABRCSR H ARIEAHGNED cAPD TRPARSS, JARRAFKAEK TS
APDTRPAPGEr TARRAEGVIZS PARDTRPAPGER HARRAHGTES cAPD IRPARGS> JAARRAFKAERS S
APDTRPAPGE: OPRARGVIAES A APDTRRAPCS, ARSRPALKRARS VAP DIERPAPAS: ST ARPRHEVTS
APDTRPAPGEP TAPRABRGVIAES AAPDTRREPGCS ARARPAMARCST ARIDTRRARSS TAPPRHGEGUTS
APDT RPAPGEF TTAPRREGVIAES AAPTTRRARPTS. AEARPAGARGRT ARDTRPASS TAPEXKGVES
APDTRPAPGSF T APRREES\VIFS FAPEM RP APGSR PARPR AR HSV AP BERINAPES: T ARPRAHBYTS
APDNRPAL &ESSESRASPYRINVAVENASSA SEEAR SHOPHREAISAREAT TP TTPASHEST KPR&STHES
PSHHSD TPTTIASHENF ?@FBRBSEG“rﬁﬁEFWETNWSB?% TD‘SYW @FﬁMFS@Fl I

S NLQFNS SFESEPSLY FEY RD VRPL SENIE: FI il ISDVS
VQLTLAFRE ;j;’g CIKTEA: \9@%&—‘%%@@@@&/\5

S

IG]IGLL{:

v eliv

| ALLVLV YVP PS
STDRSPYE ‘8%‘?8% B‘é"§“
full -1 engfFrefse (Muci n 1 precursor Genbank Accessi on

nunber FLLLL ID NGO 2)
MIPGT ®PFéf%4‘J®>SPFFLLLLLTVE£EQT %%éé%F %f 3@PFFLLLLLTVLT WTGE SEQ

MTPGT
D NO 4 MTPGTQSPFFLLLLLTVLT VVIG (SEQ ID NO: 4)

SEQ ID NOS:2, 3 and 4 describe N-terminal MUC-1 signaling sequence for directing MUCI1
receptor and truncated isoforms to cell membrane surface. Up to 3 amino acid residues may be
absent at C-terminal end as indicated by variants in SEQ ID NOS:2, 3 and 4.

GTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGAGVPGWGIALLVLVCVLVALA
IVYLIALAVCQCRRENYGQLDIFPARDTYHPMSEYPTYHTHGRYVPPSSTDRSPYEKVSAGNGGS
SLSYTNPAVARAASANL (SEQ ID NO:5) describes a truncated MUC receptor isoform having



SEQ I D NCS: 2, 3 and 4 describe N-term nal MJC-1 signaling sequence
for directing MJCL receptor and truncated isoforns to cell nenbrane
surface. Up to 3 amno acid residues may be absent at C-term nal end
as indicated by variants in SEQ ID NCS: 2, 3 and 4. GI | NVHDVE
TQFNQYKTEAASRYNLT | SDVSVSDVPFPFSAQSGAGVPGAG ALLVLVCVLVALA | VYL |
ALAVCQCRRKNY@QLrolos#HRARD TYHPMS EYPTYHTHGRYVPP S S TDRSAYEIYEAEDHIGES
SL SYTNPAVAAASANL (SEQ I D NO 5) describes a truncated MJCL receptor

i sof onia having WO 2010/ 042891PCT/ US2009/ 060272 nat - PSMGFR at its
N-term nus and including the transnmenbrane and cytopl asm ¢ sequences
of a full nhiepsgtdFRMUENr@EBIRE M inclaliink MHRMmEQEMNENINT EASBRMN sEqdences of a
SDVSVSDVPERRRSAGESC] HcetdrD NO 6) descri bes Native Primary Sequence of
the MUCl G owt h Factor Receptor (nat-PSMEFR - an exanpl e of

"PSMGFR") 6T Ty HWWinDYEIQRNEN KTHEAASRYINESK shvSEMSSDVR ESRESAQREA) deSirie:sl D
NO 7) desohie@sinhBtSeyeenddrdf mamMUSeGde hdRctof Recdpeor MICRS NG BRM- n &agibBlof
Recept or (PRMGHSMEFR - An exanpl e of "PSM&EFR'), having a single am no
acid deletion at the NNtermnus of SEQID NG 6). GT

| NVHDVET QE NOWHOREAABRYNIITE A SIS DY SYS/ PVPRFPFPISAQS 82 GEQ IBEQ: 7 DieNabe)

descr i bes Na@RPtinhagyriegucorralf the MUGINGrowth Hatter Reatpitor naPPSMEFE — B3agsmnpdeof Of
the MUC1 GSMEFR Trdetiog 2 {Rexbeegtior acliaigiengn a¢ thh rteednus b&HEQ I YO ar - PSMGFR
- An exanple of "PSMGFR'). T | NVHDVETQFNQYKTEAASPYNLT |
SDVSVSDVPFPRSADSEAQT ISEG TE B NINLI | SRESSCPV DRy SAGPY2 (SEQBN @ Bladescyibgsi ant
of the naf$RW fimctional yariSe gfibneativoPrimdne Sedudte it HC FGetvol Fiioe Berepspr
havi ng enh#ifrgethaseedisiabilityyvarFAMOPEMATRxampp ole XAMBER of " PSMGFR") ,

having a single amino acid deletion at the Cternm nus of SEQ ID
NO: 8 TINVHDVETQFNQYKTEAASPYNLTISDVSVSDVPFPFSAQSGA (SEQ ID NO: 9) describes

t gt cagt gccyocdusagahetian ﬁfb Q‘éft&hg‘iﬂtl%ﬂtc‘é%‘f‘d fEreale Bactee Begepter

t at gagcgab%“&@é@@ﬁ@éﬁ‘&@&%(g @fcggdéfg cynaé gt eging
gcccct at gadH ‘ff‘é‘lﬁ%%@‘f"&e&’ agcct ctcttacacaaacccagcagtg
gcagccgcttct actt ID NO 10 descrl bes MJC | cytoplasnic
domai n-nub? EGYICde ﬁ%% ET o s il
SS TDRSPY gggggcctc ctifiagze}acccggcag g
cytopl as 8agccr§% E'c Q\gc@?? ﬁga%l } describes MUC cytoplasmic domain

nucleotide sequence.

CQCRRENYGQLDIFPARDTYHPMSEYPTYHTHGRYVPPSSTDRSPYEKVSAGNGGSSLSYTNPAV
AAASANL (SEQ ID NO:11) describes MUC] cytoplasmic domain amino acid sequence.

gagatcctgagacaatgaatcatagtgaaagattegttttcattgcagagtggtatgatccaaat
gcttcacttcttcgacgttatgagecttttattttaceccaggggatggatctgttgaaatgeatga
tgtaaagaatcatcgcacctttttaaagcggaccaaatatgataacctgcacttggaagatttat
ttataggcaacaaagtgaatgtctitttctecgacaactggtattaattgactatggggatcaatat
acagctcgccagctgggcagtaggaaagaaaaaacgctagceccctaattaaaccagatgecaatate
aaaggctggagaaataattgaaataataaacaaagcetggatttactataaccaaactcaaaatga
tgatgctticaaggaaagaagcattggattttcatgtagatcaccagtcaagaccetttttcaat
gagctgateccagtttattacaactggtectattattgecatggagattttaagagatgatgetat
atgtgaatggaaaagactgctygggacctgcaaactctggagtggcacgcacagatgctictgaaa
gcattagagccctctttggaacagatggcataagaaatgcagegcatggecctgattettttget
tctgcggccagagaaatggagtigtttittecettcaagtggaggttgtgggecggcaaacactge
taaatttactasattgtacctgttgcattgttaaaccccatgetgtcagtgaaggtatgttgaata
cactatattcagtacattttgttaataggagagcaatgtttattttcttgatgtactttatgtat
agaaaataa (SEQ ID NO:12) describes NME7 nucleotide sequeitce (NME7: GENBANK
ACCESSION AB209049).



gagat cct gagacaat gaat cat agt gaaagatt cgttttcatt gcagagt ggt at gat ccaaat
gcttcacttcttcgacgttatgagettttattttacccaggggat ggatct gttgaaat gcatga
t gt aaagaat cat cgcacctttttaaagcggaccaaat at gat aacct gcactt ggaagattt at
ttat aggcaacaaagt gaatgtcttttct cgacaact ggt att aatt gact at ggggat caat at
acagct cgccagct gggcagt aggaaagaaaaaacgct agccct aat t aaaccagat gcaat at ¢
aaaggct ggagaaatantiigaaat aat aaacaaagct ggat t t act at aaccaPcrI@xa@LYa
t gat gct t t caaggaaagaagcatt ggat t tt cat gt agat caccagt caagacccttttt caat
gagct gatccagtttattacaact ggtcctattattgccat ggagattttaagagat gat gct at
at gt gaat ggaaaagact gct gggacct gcaaact ct ggagt ggcacgcacagat gct t ct gaaa

gcat t agagoeE et EgaRrayd DA L& gRiaatyy G g gD YRt gak T oAkt g »
t ct gcggccagsgaaatisggagl 1G0T TARC G RiskaTr g 0 SiRHAT G K BERITEQ D A CE LF0M
t aaat t t ac MAAREELLACEVRHASRFEAT YR TI0AA ATCRICAME CLRPDAAQE WRRAG G B IV G B4 FES
cact at at t RgL BTG RVBAHGEAE BARFEGEY B LRARFS CECERANTAKE TITGE BCHRHAF B HEMUNT
agaaaat aa L{f SEQVNRRAKIO FI2Y FEFC (3 H5e B NVE?) desrcibesdiNIEleans mopegise@efIVET :
GENBANK ACUHBB|GHWEXBHOA0LBYSIONWB229010)Y. 042891 PCT/ US2009/ 060272 DPE

TMNH SERFVF | AEWYDPNASL LRRYELLFYPGDG SVEMHDVKNHRTFLKRTKYDNLHLEDLF
G\KVNVF SREEYVEITRYEINPARDE CESRRERTE AL tF RPEY I 2GRATFC UCCF £ ¢t CaRRACHRP 2|
TKLKMM M. tSRERIRAZOF AV S RPFANEIEFEF 4 ETFEP 9 qQ9al/Ea paccagatggggtecagegyy
L RDDAI CEMRFEEK?E&NQG&&Q?HB&S&?%9Cgtt tgagcagaaaggattccgecttgttggtctgaaattce
| RAL FHD@M@BWF{EWE@P%%@@ A AR CTNEEE 2 F VKPIAVSERGINIONT
LYSVHFVNRI%AR)ECH%L 9f§ gfd‘é‘?scccra‘t B%"scﬁﬂﬁﬁ?g%‘-’rﬁcﬁii 2q 1§

sequence gcagactccaagcctgggaccatccgt
q atacaa g aaca ac t %tt t ca
at gt got a ﬁg &9; g %g%tcﬁ @%a%%ggg ffeis gﬁiﬁgi%@
me
cagaaagga

tacaggaac at 601? "
cgcct St gaaa tc
at gcaagctt ccgaagat cttctcaaggaac

ttc

gt ct t gt ggds
ct acgtt gacct gaaggaccgt ccattctttgc

cggcct ggt gaaad AGAL B 299906 UARSHTES & AbaGl e R0 NG HRRR O %

t gaagacgogeLaaak &8l oal %PHSEAIAGR AACREL JLRGAL SSRGS MOGSREABEREGTI R
ggagact t CLgp@iACARY A QUG INYIRGAEL At AGREL OSFRShaRl v & i SORaSs.
gaaggagat ggaedtigt aiginb h&édeqeh&as8nati19aERIANKICATEIAN EAotpAgaact
ggatctatgaatga (SEQ I D NO 14) describes NWMR3-HL nucl eoti de sequence
(NVR3- H1: a2 GRNBANK-ARCRSSE ONRAR487 33 £ c MBdc g8T 43 Mt QEERRIcaSgct gt ga
SCDTGT VANECERIy ala At KRIKSREI MR g b ¢ t Rt ECKEFRIYGE & ccagat ggggt ccageggy
MQASEDL L KEHYMItKDERRAGE WKdEddd c &5t CRAMANMYNE (o VEISERY My (g g ENPAL: SKRGT
| R CDFCI QvGRNlagic t HESDSYESAEKE ch G WWRHREEL MY TECALINAL Y Ec ¢ SkEQat Do tN@IotS5)
NVR3- H desertidhesazmatiacetacid csegureryge a g NMRBaEI g t CERBANIKS ACTESSItCN
AF487339)tgaagacgggccgagtcatgctcggggagaccaaccctgcagactccaagcctgggaccatccgt
at ggt gct aeam%,qtéét:waat@g ag e poch eI TAEGH e BRGTGEe T CBar EY i wage s eI
tacaggaac@é%%@é‘éé&‘i@t 5 té@ét:‘t:‘%ﬂftg@ et agdacedya g@@@@@é@%@ﬁ@t
gtcttgt gg £adeHa %%é %@ﬂ‘r‘éb@@@@ Mytapglyeleatiga sarnee

at gcaagct B 41RO Sl A %”?’ gacct gaaggaccgtccattctttgc

cggcct ggt gaaat acat cactca ggccggt agt t gccat
2 '?u S L R L S %(%%g??
P ?3@ It%? &sa%j%g a“%éﬁ‘é%;?g&{g i EM
A e TR

gaaggagat
ggatctatg
nce (NMR3-HI : GENBANK ACCESSI ON AF487339).
atg tacaacatga tggagacgga gctgaagecyg ccgggeocgce agcaaacttc

L getal

4

ol

nucl eoti d

gggygdgcgge
ggaccgcgte
gatggcccag
gtggaaactt
agcgctgcac

ggcggcaact
aagcggccca
gagaacceca
ttgtcggaga
atgaaggagc

ccaccgegygce
tgaatgecett
agatgcacaa

ggcggecggoe
catggtgtgy
ctcggagatc

cggagaageg gecgtteatco

acccggatta

taasataccgg

-10-

ggcaaccaga
tceecgeggge
agcaagcgcc
gacgaggcta
ccececggegga

aaaacagccc
agecggegeaa
tgaggcgcega
agcggctgcg
aaaccaagac



MVLL S TL d VFQGEGPPI S SCDTGTMANCERTF | Al KPDGVQRGALVCE |

| KRFEQKGERLVGLKE MQASEDL LKEHYVDLKDRPFFAGLVKYNVH S
GPWAMWEGLNWKTGRVMLGE TNPAD SKPGT | R GDFCI QVGRNI | HGGEDSVE SAEKE
| GCWFHPEELVDYT SCAQNW YE (SEQ I D NO 17) descri bes NMR3-H1 SI 20G
mut ant am no aci d sequence (NWR3-Hl: GENBANK ACCESSI ON AF487339). atg
t acaacat ga t §ugeddddl gct gaagccg ccgggcccgcec agcaaact t BCHRIue0degc
ggcggcaact ccaccgcggc ggcggccggc ggcaaccaga aaaacagccc ggaccgcegtc
aagcggccca tgaatgectt catggtgtgg tcccgecggge agcggcgcaa gatggcccag
gagaacccca agat gcacaa ctcggagat c agcaagcgcc tgggcgccga gt ggaaactt

t t gt cggagactggedraageguftegit calac s gadyagget wRGeggudgrgeay Copobgaatcay
at gaaggagcaasgeifgat vagdtagaraceEygcecerygehgerasaceaagaeaciN@gcgcatgga
2010/ 0428%PETFISZ00H VBRRT2 IEEeayera§laedffditaagicaacatgetaggeccaget
cggcgggct JIEEBRRAEECEYTPRCGHE FHGEC @@ﬁé @@@q‘?@@g@%@@@t@%ta@%@@wa
ggcgt gaacCCEabtIREgE I EaE eIy S E“a%t cﬁ CHE 2% CAtgat e
gggct accc g@’é cc gg"'gf' ﬂﬁ%tatt CoHrEy e %%f" @g%% QE %?99
gt gagcgcc gﬁc JEESE FREES ‘icc 6% c‘f% graE 388 e
tgtcctact & ca gg%g @888? 839% cc‘EI:ga 88t t9<98 £

cagctccag% g E gg @g@t C&? B8
gacat gat cq chl% E cgnc cfét : ot t¢acs
ccagagcgg ,Q@%%ﬁ ut ¢ fch?“ca (SEQ I D
NO 18) degSCI‘I )es 2 nucl eotl de sequence
(50%2: EN@%E‘&%}?&@ET%‘%&‘&%@QM A SRR AGFIIRN S9HRRIIRAGHRECT
agcccat 90@mﬁ%%&@%ﬁﬁ@ﬁ%@ﬁfi@%Dﬁﬂf@ﬁ%&ﬁﬁ&ﬁ@%@k%%ﬁ bk FGERBRAFLRG
cacacat gt gr,»PAANMES Sk IPREPEX I ORI FAMNRC MR IN PporperNABGA QMY
PDRVKRPMNARMANGRGERRVAQE NP IS 1 s ySRb T KaMaY Kb md s vOR SR PrlvTs s sE
DEAKRL RAL SMMWWWA%M%&HME@QSGPVPGTXAINGTLPLSHM (SEQ ID

Y SYNRDENGXREHRCERNIIGA

L L APCGNSMNSAVEMAB SEadNCOBN DX A (
PMHRYDVSANGRYNSNG6)S SQTYMNGSPTYSMSYS PGVALGSMGSVVKSEASS SPPWT S S

SH SRAPCQAGDLRDM SMYLPGAEVPEPAAPSRL HVEQHYQSGPVEGTAI NGTLPLSHM ( SEQ | D
NO 19) desggidigschcurarych0oyant igeaticdcgagitenceaddsoX2ySNBANK ggec
ACCESSI ONabiy B38t063g9ccagggcigggttgateccteggacctggetaagetteccaaggeectectggag
at ggcgggaecaceigyget teayaotitgooutct agyst cted atag gt gapag eyt gat gggecy
aggggggccggagtieggytt gigurgacote g ot ggeeaage vt tasaaggeastte ot gy
ggccaggaategect§ge qcﬁ@‘g@%@?6@9‘39}%99@%@@@@9@%%@9@%@@@@@&9@
ccgt at gagﬂﬁ%‘f‘ij—tcg‘}@@ GERHHH LHHEGIGIgHed Eggﬁ@%@a%g

aggcggct t gEeEHGE & & % §ot E) {ee €
gggcct cce 689 ‘?: 8 F‘ EICLl i
ggcgg g%‘ii?ég %?gacg @?%‘g Yyaag iﬁt
caaaacccg 8?%‘{? E@E 8 S GEEARESS 'E g
cct gaagcaggg Caa% guatat atat % 8%%%%“(3
tatttgggagg 98 %9?33& 8 @a
aacat gt gt ggggat d,hgi

{ cagoagat af BiARAdLe0 @egéaqﬁtggg@&&cc e

accgagt gagagaaragesgaraasgtd &EEE@&Q&%@EQ@%@%@@@&&%% tQa%%%é@c_%t%t
agccacat Cgg§4paeagsd 11399e5caageag0aL et LGt HPALES HRRECOACE ¢
ccagaaggyegaacdat eaaacadcaafiat 06a43Re JagAaaaL L t (50 8 NOMe) 8381Hed C

ct tt ct cagggggrocaahglkatt tdgeaitet ggccccagggecccat ttt ggt accccaggcet at
gggagccct cactt cact gcact gt act cct cggt ccctttccct gagggggaagcecctttcecccce

t gt ct ct gt mECKaGheAPUTGEetenTratgerditvoaaart gachSEpd IDpNR Ry vdesaropbe s
Human OCT#veRmHceat s vsequenceLE MABHEAS: IIRARSNSDGASPEPCTVTPGAVKLEKEKLE
SPPPGGCEDARHEREP GYWRRR T F ISEQERRCGRGY I GPRGUERGAEARGE EQ PRCRPEALQLSFK
PYEFCGGVANETRGYCGUE N POENETS QR ECEATYGYESNSDGA SRERCEVTRGAVKC EREKIOE T
QNPEESQD FRRIQREL BCFARY FRCORIOKFRGSPORBYGE DEFFRGVE IEERVEBD FLACRAEA TOIGSFK
NMCKL RPL L GRERFEEADSBIENEEEE 3 = ECKAEL TUOSQMRKIRKEEQ 8 NO:21) describes Human OCT4
ENRVRGN\L ENbiFe @CPIREL@Q | S H | AQQL GLEKDVWWRVWFCNRRQKGKRS S S
DYAQREDFEAAG SPE S GGPVSFPLAPGP HFGTPGY GSPHFTALYS
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at ggccaacct ggagcgcacct t cat cgccat caagccggacggcgt gcagcgcggcect ggt ggg
cgagat cat caagcgct t cgagcagaagggat t ccgcct cgt ggccat gaagtt cct ccgggect

ct gaagaacacct gaagcagcact acat t gacct gaaagaccgaccattcttccct gggct ggtg
aagt acat gaact cagggccggt t gt ggccat ggt ct gggaggggct gaacgt ggt gaagacagg
ccgagt gat gct wypmyagmercaat ccagcagat t caaagccaggcaccat t cetguggacdtet
gcat t caggt t ggcaggaacat cat t cat ggcagt gat t cagt aaaaagt gct gaaaaagaaat c
agcct at ggt t t aagcct gaagaact ggt t gact acaagt ct t gt gct cat gact gggt ct at ga at
a a (SEQ I D NO 22) describes NWR3-H2 nucl eoti de sequence ( NM23-H2:
GENBANK ACCESSI ON AK313448). MANLERTF I A | KPDGVQRGALVCE |

| KRFEQKGFRL YAMlcRASER oK@k DK DREFRRGhgccggacggegtgcagegeggectggtggg
VKYM\SGPVVAMANEG L NYYEIERYNME GERYPADSKRET c b REIIECo bic AUGRMNY t | HdEESDSWIKSAEK
E | SLWKREELMIKSCAHDAKPYES ¢ BEQChDENO 28 addecohbes- tNVRG-HZoant a9
aci d sequéageaqaNvR3Cc1dPHIICENBANKIACCESSE ONAKI ¥R acytggtgaagacagy

at ggct gt c&68@ ét*@%qqgéea@%qattpé@m@tc@@Wégwggémaaa@wt
gaagacact GEgt eFHJE APt AFoeeeyittase 6% QﬂFSEBﬁﬁéﬁg
gacttcccc@&@?tﬁﬁﬂ?&& 986%&%%&F? At E%;ﬁﬁ%% EE%E?a
gagagcgcc gty 5‘33 E

cgaggagtt éctggactttattctctccaattcgctgacccatcctccgg
agt cagt gg tc cctcctcttc cgt.caccgt cgagcage
S ol i s

cgt ggcgcece 5

ctcccttca%%%ﬁ_ _3&%%%%%% g g : t g%@&%ﬁ% % e
cggccagaatt ggactcgyt gt acattceyccgtagéa cgcagccgccaggtggcgggctgat

gggcaagttcg xeiofeloTolmeloleb gl t=Tolote [of oXeTot Moo ]e gﬁﬁggé-ﬁg; 88 9& a
sl R e
CCgccgcgcag ot 9eLeeaqdal ¢ aagLdggag 59?@&&&%&&& g
aCCCCCtCt%ég&ﬁﬁkﬁgﬁéﬁﬁ%ggQ&ﬂﬂﬁkgeéﬁﬁﬁﬁéSéiéﬁﬁﬁﬁ QQQQ@Q&Q&Q@%&&%&%C
gcaggact acgssgaecechgagitCt t 8agpaagdgHtda86836rd09AGLEfLLCLIC eI G g
ccgctt cct agegafizheeqd eC6aGENIGH UL RAL hacatat 6£t dRChgestgateagalyc
gcagccgcaagteorgeageieratt accragagpittat gecacecgotdRobtgepdBeeagossdy
agcccaagcc@a@y@@ggg@m@g@@@@g@ggcmggaaatamaqggmgcamt:tgtmtgg
t acgcgggctygcgygtaaaactidyaeadagagiicogatct caaggeasattbgtyaage sanatyg
aggt gagaaasetda@mee Aty PROgact gifgae ot gicggat (ryaadt ¢ TQPECc el cagat gaan t
t gaccaggc 889 Rt aa i cas geuicac cIRISOGE E el g coagay crIFEco yegiaa
tt t t ccaggtEPRRECAEEITPEEEE B RTAEGIATRGHL RN LI BROICE- NP4 RCIICIIT

descr i bes SREEF AT FGGCH82 3 FHTEATE TIREFFY I (EERBRANK JXECESSI LONIIcIctag
AF022184) accccctectcagcaatggccaccggcecggctgecacacgactteccectggggcgygeageicccea

MAVSDALLP%??%%@P%@%R’? ié‘r\mggeg WW@&@WM?WE
ggéGgGgA '&ﬁ gccgc cgﬁggﬁgcaagaggﬁt‘atgccacccggttcctgca gccaggggss
| RAGNDPGVAPSTG ‘ ] : e gtoat

| PPQOPQPPCITA el Sgbes 31 ceeacac
PPRTCPKI K \3‘;. A LR AN

\F(),I&EEG:G(H'?HE J° LEYQ 'f EEE’%F’ '3 &l CD

| FetENEK
GHRPFQCQKCDRA WO 501 /045891PCT/ U82009/ 060272 FSRSD?—|LALHM<RHF ( SEQ
| D NO: 25) vAesoli i bess 1lakér A0k 1. AGAEh cRIRAMEG & niskhulrdy 1 SENBANKA AGESS! ON

AF022184) gsAGAGAACGGSNLAPLPRRETEEFNDLLDLDFILSNSLTHPPESVAATVSSSASASSSSSPSSS
GPASAPSTCSFTYPIRAGNDPGVAPGGTGGGLLYGRESAPPPTAPFNLADINDVSPSGGFVAELL
RPELDPVYIPPQQOPQPPGGGLMGKFVLKASLSAPGSEYGSPSVISVTKGSPDGSHPVVVAPYNGG
PPRTCPKIKQEAVSSCTHLGAGPPLSNGHRPAAHDFPLGROLPSRTTPTLGLEEVLSSRDCEPAL
PLPPGFHPHPGPNYPSFLPDOMQPQVPPLHYQELMPPGSCMPEEPKPKRGRRSWPRKRTATHTCD
YAGCGKTYTKSSHLKAHLRTHTGEKPYHCDWDGCGWKFARSDELTRHYRKHTGHRPFQCQKCORA

-12-



atggatttttttcgggt agt ggaaaaccagcagcct cccgcgacgat gcccct caacgttagcett
caccaacaggaact at gacct cgact acgact cggt gcagccgt attt ct act gcgacgaggagg
agaactt ct accagcagcagcagcagagcgagct gcagcccccggcgecccagcgaggat at ct gg
aagaaatt cgagct gct gcccaccccgceccct gt cccct ageccgecgcet ccgggcet ct get cgec
ctcctacgttgcggt cacacccttctcccttcggggagacaacgacggcggt ggcgggagcett ct
ccacggccgaccagcmggsgat ggt gaccgagct gct gggaggagacat ggt geremesagagdodtzc
at ct gcgacccggacgacgagacctt cat caaaaacat cat cat ccaggact gt at gt ggagcgg
cttctcggccgccgccaagct cgt ct cagagaagct ggcct cct accaggct gcgcgcaaagaca
gcggcagcccgaaccccgcccgecggccacagcegt ct gect ccacct ccagcett gt acct gcaggat
ct gagcgccgeagoiai o agRMIDGERADAELT HaatHegBLEL itifCaiaearbGi(RBRE gacag
cagct cgccGEABANK SCOESSIOg dFagaed)ccagecgectt ct ct ccgtcct cggattct ct ge
t ct cct cgacggagt cct ccccgcagggcagceccccgagceccct ggt gct ccat gaggagacaccg
cccaccaccaggagogact ct gaggaggaataagaagai-gaggaagaasd cgat gt taidot e gt ¢
ggaaaagaggeag@izget gycaadaagyt cagagi oitggat caoctict i gotcygaggseagageayg
aacct cct cacagecaer gyl Tore aeHggh geTargt cé guacagat cage acHEantzaegcag
gcgcct cccresariicggaaggrtuateriagetgeedagaggyiagaagttygacagi et aghegee
cct gagacaGafewrfcaagasticgaanat ifcac edgcore adtcCeredpusact grpyagaatigt

tcaagaggc@89%%55@&8%@¥6@H@@% @éﬁ@ﬁﬁ@ﬁg@ age%%ﬁﬁa@ RAFCEERTERTC
gccct gogt Gat tHFACEES e SE8tyaaasy EEE S5¢ tHICE eI

aaaagccacg g%?ﬁ%ﬁfgﬁ G Eg &gﬁﬁgﬁ 8 E%%ﬁ%‘ﬁ?%%&%ﬁ%E ; &ggﬁggg
tgtt 2
3 it ég &f@g adcis?

/IA\D N(S)S|26O)\I agtc §Cgc cgcaagactcc gcqgce t ct cgtcc cggattectetge

NDEERVVE E) g r‘ﬁr‘rcra c“r'rri"crcrfcct Fg ﬁ .

CDPDDETF LNkt dotk LV YRR @%@fwgg 2 dSgcn

SLYLQD L gcgecctccecect ccact cggaaqgactat cct gctgccaagagggtcaagttEﬁ:a\zﬁgtcagagt

SAAASEC! DRSWARYBLNRSSIRKSCASGRSSARRRISESd29]
PTTSSDSEEECQ F=higk EVAMSMIaK RE ARGt RSSO AR IRIKE RS ot KRGS EHCHNYA : APP
S TRKDYPAAKEMKIDBYEM QL b o SINRIKEF GRRS SET EIK RETd-dN\= ERGRRNE L KRSHE 5
ALRDQ PEL EANEICARKY d HEISAT A J 1 SYQAEREQISE b SRl RKRREQC KHKL QG RNSEA £ SEQ
| D NO 27) tdesscigbescasdepgazgaato gasd ahcseguenee céas Mrgya GENBAMKgcy
ACCESS| ON(SBQID0Y2:29) describes c-Mye nucleotide sequence (c-Myc:GENBANK ACCESSION

atgggctccéﬁgﬂﬁﬁﬁaccagcagtttgcaggtggctgcgccaaggcggcagaagaggcgcccga

ggaggcgcce ac cc c c cct caget get geacggt gcgggeat ct
gtaagtggtggﬁgg’ @ §E§§ ggV@%ﬁi 2EEENEC g _ %E%%gw
ct cgaccccEl R é Hﬁf& @ﬁ? P Y?% F
gaaggaggg it goaatvéate D
t caccggac : ] S i
F

aagcgcaga

Caaget goCALeEaae e e AT e 3
gL ooe SoBE s g&gg;&g&qmq&mﬁ&%&&%ﬁ%&ﬁ .

E % aa WO
2010/ 042884 HECEIRN

gaagaaatccacagccctaccctgctcccggaggcacagaat (SEQ I D NO 28) descri bes

élv gﬁ%qucggﬁg&e@%&ag@cé zegtgé%@ &M %ﬁgﬁm

DPPVDVFVHESK o t lYEEERS gl by KA gl  SAKQEE St da RYE I NG dgtcgeg
GSERRPKGKc SMQ cé BRAIAIGY INGE (80t PHAIEKE RRQRKKEHRGRgSa dgggt tecggagett
SHWASCPL §A£XJGRBSAL XA EX B Rid=ts t EEL RSP TR h £IARN a 6 SEQ dobc DYy Q) cdesardiches
LI N28 ani hoe@givdcserpigneet {tilchid Ba t HeeNBANG ACTESR] d@aha AF2E088)at gcag
aagcgcagatcaaaaggagacaggtgctacaactgtggaggtctagatcatcatgccaaggaatyg
caagctgccaccccagceccaagaagtgecacttectgeccagagecatcagecatatgotagecteat
gtccgetgaaggeccageagggecctagtgecacagggaaagecaacctactttegagaggaagaa
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at gt ct cccgccccaagaccct cccgtt gt ct cct get cccect get cacgcet cggcaccgegct
cgcct ccct cgget cggecccaaagcagcagcet t cagccccgaagcect gget acagcaat at gget
acct gcct cccggggacct acgt acccacacacagcgct caccccagt cact ct cagcggcecat ¢
gct gccat gcagaagttttacggctt gcaagt aacaggcaaagct gat gcagacaccat gaaggc
catgaggcgccccc at t gt t ccagacaagt t t ggggct gagat caaggccaat gt t cgaa
- ggaagcgct acgt gﬁ%ggtctcaaatggcaacataatgaaatcactttcfﬁ%ﬁ?@g %

t acacccccaaggt gggcgagt at gecacat acgaggccat t cgcaaggcegt t ccgegt gt ggga
gagt gccacaccact gcgct t ccgcgaggt gecct at gcct acat ccgt gagggccat gagaagce

aggccgacatcatgatcttctttgccgagggcttccatggcgaca cac cccttcgatg t gag
ggcggcttcf%%% ﬂ8¥ E%T%EFFE% EE%%ﬁﬁgégéggE§g tfeptigect ¢

tgccga?cc t %ﬁﬁﬁﬁfiﬁﬁﬁﬁﬁtfﬁﬁéyﬁ t Zﬂ?@f?gtggctgigf
acgagc at gcce ct cgageat t ccagt gacccct cggccat cat ggcacce
33%%%%% e o

t E ai tgggtgg %%%ﬁﬁﬁ E
ctgttcctga gacacc
gtggccatg ggcadgﬁagcggfggﬁfggd%cggg aggaat aa
ccaagt gat gga gg acccaa cccat gccagttctggcggggcctgcctgcgtccatca
acaCtQCCt%EQ@EE%%@G@&&%&%Q8@9&%&%9%5%3&%EE&é%ﬁ%%gégﬂﬁQQQSEQéé@%ﬁ%géééct
gatgaggcgEsgé&Qﬂﬁégﬁé kac agcarattago9aget 98090CLge
cgacaagat tgat actge ﬁa%@%%a&%@&@@éa% @%@%E@Eéét%&&@&@a@gééé&a%
agt act accgtt §&ragpagaaget CagaQeagt &0ALANSYAILACEESLAFLASEAHCAGH &

t gggaagggahs&&;tg@qg&@é@%@qg@@gﬁ&@a&émﬁggg&%ga@gmgb%@%@%@@daa
ct acaaggggaasaaatac ggaaabicAacaasLaleagcigragehiagaaccogasacessat
agt cagccctgagyggact ggaiggyei geagat egyGaggeayge c ggadgag gogati-aagounsga
gagacggagghgatcateatdgaggt ggaugaggaaggc jgcggygcygicgagegogget geggige
ggt gct gecegbgrtaget getiqpcte ttigyiogct guRgyt gogtrtt goamtctt ot ttchb tagang
gccat gggacgerrafgepzataget et GiCq & corpayrrectige t grradg i e e8E ¢ddtc

NO 30) desef¢drescIMVPIS tAbe EHEItdedTdGhant eRMPIL:a L CENBANK EACCESSICON

BC064803) 2CUSFARRPSREYCE PEITIYGT A ABICEACHE: 9SF-C SPEAVE O GHUIPPERYFFH T

QRSPQ SL Eﬁ@@qggwﬁ"a“"'e ENATGRADAET NMANRRPRCGTPERKFEAE I P KINRRRFSAL Ot
QGLKWOHNE F2 5389t H ???ﬁﬂ%&ﬁ?ﬁ&??ﬁ??qgaﬁR%@?%ﬁﬁEa§§FHQERFP$§ﬂ9¥R?C?gqﬁﬁt

GHEKQAD | ?ttﬁfﬁﬁ HE5C8 RFﬁFt gggaactttgacacc
HFDSAEPWI VRN : 2 tC%gt ggcgggtgagqaataz
YQWWDTENF ODRR T 1§

DD VA 35 F§ g cgagg;gtgzctzz
NTAYE\R,\KWP &8 acct cttccgtggaaaca
DAALF N %Ft C v alccegaa aacatcaaa te
SPROSFINCSDRMERIEYAGHK S SREDRG S A bl |

BYER
| EVDEEG{I¥%éi%%@v¥&£SﬂdabtéﬁﬁaggvﬁtéﬁéﬁaiBE%&%BBBB#@@&&Q%@&&&E@@gg cccea
2010/ 042894 RGH-US2HARSA608F2 goh SER IRt Ny bl c 8e58aigh €52 3L 4+ pigag
aci d sequeagegghiiPieht cCEENBANK gACEESSh Ok Bfd064863)gcggt gagegeggetgeegt
at gat ct t agycacattcageagtygaagacgyidtggattdngbgead Gachegoegt gt tddgkc
ct t gcaaacgtt et gyatdtatatattget acagict ggggaac guagragt atddrcasEQyg
aggt t t ggt Nac8pdesgibasdg el Aocieb e agpgare (MEE L CEYRANGT AACR DY BFOE4803).
gcagagaccat gcagt ct gccct agct gccat gcageagt t ct at ggcat t aacat gacaggaaa
agt ggacagieRAERCSBEL I RELERRTAIASHAMRECEE GRRATE §OY G AP DYRTTRGAESGAG |
gt agct ccadNIEFIat alidgbay @5@5?@@5?@%&%@&@ JRIEEyadet gglaye aeadgny
cacat cact ¥ e FEat bddase E R GHERD BT AEREAGBYTRIREE
t cgccgt gcEERHAFAE BEG gga éF@PS@EY PY% é @W%E@P% HGPgE
aat t agaaad? iy 85%%3?5?@5 @%?F‘ Y& ?ﬁﬁﬁ JSECT
) t

agct ct cccl LY %%%X
aggagat ac T%
acttatttc -a9cag é% Xt

act gccat cat ggct cca accag aca ggaaacagacaac CaAact ace aa gat ga
tttacagggcat ccagaaaat at at ggt ccacct gacaagat t cct ccacct acaagacct ct ac
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pl uri potent state. The genes that code for transcription factors
OCT4, SOX2, KLF4, NANOG cMYC and LIN28 or the proteins thensel ves
can be introduced into somatic cells and cause a reversion to the

pl uri potent state. Many of these pluripotency factors were previously
t hought of as oncogenes. C-Mc is a well known oncogene and
simlarly, KTFMmHﬂgmﬂ%en shown to induce dyspl asi a ( FBSYERNEP6ZR2
2005). OCT4 was identified as the gold standard for identifying

pluri potent stemcells. The presence of OCT4 in the nucl eus indicates
that the cell is pluripotent and its absence indicates that the cel
has ent er éFQ %Neﬁﬂ)rfsf%lh%sﬂ\éwwnmw@ssgqua@fe (VIAIPhE GESRAYK ABFBSHIEN

di fferent B&P8*8PHt o any cel |l type. Recently, it became known that OCT4
is also present in the nucleus of many cancer cells, but not in

nor mal rnaF HQEF ¢ PﬁﬁﬁﬁﬂgaF%@%ﬁﬂ?&?%a?QQSEH? - SO t Het a
cl eaved f8 t gﬁa chﬁF&f?f aa ,
is a powerf Cm@ﬁa?a 8?23t£§§ Ciziﬁ% Ca " C%ﬁ] ﬁgCgCtCt
esti mat ed gz talgﬁggct E qa‘%t;c ggc % é }agta It
is also ex aaa éﬁ

cells (Hi %b&@t@.ﬁtct@ ca gaa g’ t

and MJCL* -agsasuiatee: %@E@E@g&%aﬂ@cﬁﬂaﬁ%c@ﬁ%@ﬁt%a@X&@ﬂ:&%@g&{ﬁg
the i nduchi@faqazRBGdiLR30E66: 1 gBh Lt ROLENCH QL + A tRBPENGE- LR85 ggac

ef fi ci encygefctdrduet it gphbidPRIGeREY: t ti@036] tHaet praselt gdnreBlhfit g9
enconpasseggasdtagcMGR L gassaniaayededaghat scr Bk she dotak tete PpProyeidig
factors, genestthatgenradectdienncbfgmmaticimigget B abbatt@fabegicddrei r
expr essi oprtyoatpdtosstorat tprevest s tgbha i gReyacft genet atdtagt ddlRga
cel | s. W thaymwhowncddgabaat Jlagayect doork profagehecdMdChet t ansenbrane
protein - chipyEit gccEecaragripaitagromtdroatyarccreceptprt thedgarediad @y

t he gr owt RCBFIFGTRCRIATEEF 2R Cpl ot i FrcantIstagp AceE s cty g grapad g

t he i nt er &8#$35iF Chet et CMUCIBCIELRIHCBILL Bt it caoAed GraaRegt i 98693 9Faii ng
| i gand, NER3 ISP IEB-PATAF POt %ﬁﬂ?aéﬁ%ﬁﬁcééP?%ﬁ%iﬂﬁk?%%%céFg%ﬁtCCt
2008) whi 8Ht?ﬁf&aéa?%%ttttﬁ‘é?a a}*ﬁtég %atqﬂﬁﬁ a?%tt@FﬂfF SERPSRAGRP PR EACY .
Nve3 is alPide ?%ﬁa Hi@ge ga&F‘aCC ‘é@gal b

NOS: 12-17° 1> Add] 396, (?gt §g§grﬁalc9f ag? Czcga =
g%;ttec ?g‘-’ xﬁQ%tctc@ﬁ§3 ég S 4

El ar Iprte (Ii & agda gg tta

as been shoywn .t @ﬁ Ga %[E

2009) Th@é@éé%lra Gat c@gcgiﬁ% cgﬁi& t rgQQJ: é%t&ga%%@
g DG LOR Lo C

pl uri pot eptssi@t-eadtddatBh Oy L8 csh@g ree 218 o8k c14aks 3
oncogene, ¥ dRcAttdGakkpecdfiarasspiicat ety eakt hyddes kst ¢ dald 2886 duic@n,
stinul ati eagtdcabtkddaaalygaetddietqdibdtatt g ityab £t caBt drd¥dedigt gggt

anti body, gaGEQUBNESE32) BEcAIRPMIMG 103 5eoRllced defle AMPI G BRINBIWNK, ACCESSION
i ncreasesasedomurvi val (Mahanta et al., 2008). NANOG expression

i nduces pluripotency; the tunor suppressor p53 suppresses Nanog

expr essi onI(IIins TeRRIAFVHH 2O ELOTLMO 12T 0 OH2R 9T REW IR ENIH 060RMRA RS
Ther ef or eAETHES ARARQIFYG T NANBGDRET I DWVHHERCEY FPL URE I3 € DRBK R YR LT @Qlgee or
el i m nat edI DB IKHPPRESOPATRIFERRAADVVEROPIL TRHEVY Y e(pINSERRD T2 IBR$GrBGaci d
f ragnment §$Pﬁﬂﬁ§Gﬁ{KEﬁAdVP@Rﬁ¥ﬁ§ﬁﬁ&FQSﬂEPWFhﬁmBN@DGNDLHM§§VhEﬁQﬁA$EEWWBNDB be
present i APHETHUENERY B P IREEF CIERIGPEDHHETPE RPYF BIFRHES IRy ADRBKHEEKP
pronnterCE?QRTG@PS¥RGAKP§®@E§;FNThéI%ﬂﬂ?ﬁﬁ%?%ﬁﬁﬁéwgVRNFRﬁﬁpGﬁPMQéFHFWRQ%QREnt
of MJCL RN ERCNEHERAC @g%g%@fpmﬂééﬁ HE TS BS A WWEBHEF At Fon

with ot heg%?l&ﬁquﬂ_%%\;ve\ZG PRI HGC T CE B AT S N I e ¥ BFE ERTT AN e ELHVPEC

cel l gene PRVESHHSE WH&T%‘%E}%;@%%@%&E%%%@%TW
t | | 1 cnce

Bﬁdg;?reéa&ﬁggﬁggﬁg¥§§§§%§ rs di scl ose that MJCL*

translocaﬁﬁ to t nuc Exanples 1 and 9, and Figure 6) and

t herefore %”uséﬁ 8%% ?”W *1EHmbi nation with ot her

pIuripotency i nducing factors to induce or enhance i PS cel
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to the introduction of the genes or gene products for MJC1* or MJCL*
associ ated factors to mature cells or sonewhat differentiated cells
Wi Il induce pluripotency or stemness in those cells or their
progeny. The present application describes their use for naintaining
pluripotency in stemcells. Agents that affect expression of MJC1* or
MUC1* associ ateediofastiors can be added in conbi nati on wt/bs2000060t70

repl ace one or nore genes or gene products that are already known to
i nduce pluripotency including OCT4, SOX2, |CLF4, NANOG, c-nyc and

LI N28. [0039] Forced expression of conbinations of the transcription
factors, (DI!]S&] SDX@S rd€dritd disnched ME s@fiatiOeélld , caSbx 2prodamegd an@vdrd 1Bk

have been use tur |s t r ver t
Coar e T pRRRE e CAUS ST oGe (B Reriplor G DR s RLH NARIC
factors t MXC mmrdhﬁ)@fi P theippadisnibymseleepdaa the snttotheed mnamiiptdlo andofauslout

dent1 11 o bAoA C AR 8 Rp St e iyl M oy e o
the MUCL pf enepgeaes. -ty if a wslbkgovemencosanomdisintily, d<1f4Heelam3hc(er\rE?r)duce

promot er. ¢M¥B3a (Bds&P cKROWRoBS Niviu msldaﬁlﬁt/d W&E%ofddﬂﬁﬁél& 'fﬁdldelﬁ}fyjﬁohe
present inventor, as the activatin Irgan 1 ' (Mahant a et "al
QUS 1@1}11 s

2008) . NVEFipens stem celfsy Theiprpgencs Qﬁfdhﬁs@kzs WERSteBi nd

to the pr @Iﬁﬂ)ﬁbelbbefl&rmm thatvhd &&h hmnctreacﬁﬂeqmrelmﬁteh Brok&s hdGd RAYRGLable
enzyne of bi nd t moter sites for

NOG al so
cl eavage & Flﬁrglal\e/l\/ﬁﬁ ,‘”’-l\ﬁ\?éé,ypel\%gf’@y’ ABRRITS KpoMn tg?ilfk%"'l*éalﬁo PESSAME 152 ( a
MUCL cl eavedges ef mympedancehOAN} EﬁShﬁt mABAMl]:&namdeHAD}Wlﬁ&ent SoRBtoB recahtly Of

t hese cle Vi | ated t.q enh

VUL to ¢ RCH el PR HEARECE Bt iong DO S 1 AR ORE e
et al, 208Bpywerfud@g@ihdastorpeceptprobig IWPK“»W pmateemngtml‘i@ @ts*elm tgwbi @pcers
whi ch onl yr £¥RE §S S080) EnCh@aVie hsd QLB R 1M rundEdnicr fo?l;t% rtqgr t stem

dinerization of iIts extracellular dorraln stimulate rovvt I bit

di f f er ent FAE i (BHitE 1o Rl t220%¢ Thy presepipipgyntionT fpdades tefMIé(ét*sanrléYlECh"t h’isewtsl by

di neri zi nﬂlcfoh.&ls Melead the@dds eapBlih thah fElaRRInBucHS] HnldBRE ofipllh
Ant i - MUCL* ti b d reconbr nant NVR3, or a nutant NWR3 (% ) that
pr ef er ent foeﬂ“ qncq B¢ Flcigicx et mdveies RIUgPOteey- - 2003) . | nhi bition of MJCL*

extracel | [d036] dOITﬁIpEbsuﬁ ﬁmgnfblﬂenmp@v@aluang MAT L aWOIGtEd fadbrs Welsichl 1ﬁilﬁt&|

vvrthrn hour ndi cat e .asignific

dj
"st er nnes8® %ln f2 tmb’ gfmeb &ag " It e G éﬂ“ala gﬁegg’cb?ffte&“ 661 ?‘Plegl\‘?bé'i " e‘l‘?e
pronot er anighpadvs dletcrﬁﬁmdfmey pfrmtltew B c¢lhchlhem/agen gnzy neyed SOXf atrd

I\IANm b n 7 ;ITD S 1 media {53
ext racel | UGt Sy bl ) MBES Pl oo BERAQ5 Skl AR meoiass
t he pl uri pEWENREPoleecs: aﬂ@(]?l‘ktl,POtQ@XEm @H%l IW\R@J;} the @tmwamleet\e@cpﬂ\@é@i on

of MUIC |, elifa&liGheaYRG%nE RZWAR RO Heahd NMEE is YRl RP1pEER e AR (ﬁrkltm}r e
of WD 2010/.042891PCT/ 1352009/ 060272 t he qenes or gene products

have al r eddy045e erhichidiFrtesghat HirurRaE™aY iy Griver! dorgjrr @aﬁncmeNMgwadeandoW

t ransf ect hdﬁgattsrreugeﬂewmranm rt ﬁlqctuoa)r(gEQlIe NE €2-Pr 2duLt23). firadddillal t its

al one or | add|t| 0|tsce een and r acti vat
| i gands, l\‘lrlaé R = alf-’ri’ “”erllﬁ“llﬁméayaﬂw‘é“n‘f’ d’éll}b”t"lra{‘(‘ %‘?"H%W‘z%@{] %é been
PSMGFR epﬁﬁowpﬁo mﬁudb’hl@nslcnplron MﬂGMyc (D@ﬂéﬂﬂeﬁrﬁt 4.0 pEe). harefateg addiknigINMZE fon
E)Pe ¢ ﬂ‘ret ¢ ?‘aﬁlsf @cp going c0nvemgpgo dt]l}e {e)lgllr:}‘g)rt]e%gaat ge;a O\fiﬁeetﬁ%_lbénggtﬁ 81p t(t:al l‘lecztlan% Ith%n
si gnal seqmbndesocamee vgulvemna@nSE@ t@m alth riftze In radrcetmmr. Gm‘nulatlon of
cont enpl af @k h R f o

1 @yt eittlléﬁel\m?%efnnh rla‘?xlaleqp Ri-fue I\éhglgod %Mvapeg thn{ :ﬂﬂﬁaﬁ(ﬁe“ ng

ext ended by up to nin ami no acids Without Substant i
the eff ecPlO]éfPIatlfH'e@é‘W@ér‘l’lélsChO?CI@Efﬁédbfl“@d‘(ﬂéfT‘éahaMU@P’} @QWBNMW&SIO@EQ

D NO 5 apducéaihddteficp MR e ¥igrRe8) bis %pp.a%manoa ape&%%retml lﬂyzom)
conprised of the sequences given in SE 7, are

preferred. [0042]MJD , MJC *, or associated factors |ncI udr ng t hose
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with a gene that encodes the MJC | protein, which aids in inducing
stemcell-like features and in sonme cases induces progeny to becone
pluripotent stein cells. In another aspect of the invention, a gene
for MIUC1l* is transfected into cells to induce a return to a stem
cell-like state and in sone cases induce actual pluripotent stem
cells. Each &020h&4280JC1 or MJCL* genes may be i ntrodueetivzenderzcel |
al one or in conbination with other genes that aid in inducing

pl uii potency or stemcell-like characteristics. For exanple, DNA
encodi ng MJCL or preferentially MUC I* is introduced to the cell

al ong wi t Mhesafereprhenoded fof NANO@emnemdidiat plefijgadey GI:IeduceEB@(qumiMNG&y

LI N28, KLFE4 1d/ a tr uncat d f.ar

pr ef er ent |Sléqpfe§£'ﬂiﬁ%tla*gn wggtma%s)fplesfe(a?zl n1 Faﬁglf 3 thea]YrH(%n c%ﬁmm
genes encaadl (N@JC@@'F”ZT,) h@Oen shiiN@Ge pagyeht i NQSucqeﬁu ofettancat cells M)ﬂf‘;’)t biridp to
anot her emghqgdy BRocer B eeacqgavggrh@ abf: m&&@%ﬁﬁ{nmaaﬁfm of MUE-CD
preferentially , IS transfecte somatic ce |bro asts,
or other é@ﬂuag ‘3}‘0&1“0?1@5%@ AQylrres bekted dh sryibOETeR, WidCHEEr PRiipYencygduaingvy ¢
( Takahas h'fac%;s 8 linduce2f? Orbhnce el 3 de¥atioNAwENRE QKlE RI%EMES no@-E’cg[eg}fon& oS

activatin 1(i;and NWP3 or the §1200 nut ant of are transfected
into cell att”& Aghicias AU spetiesnay. thayplesemaypipdyee NP@E%re?rﬁg’;eCE?eThe present
t r ansf ect @demdioBigeltnk tat MUTer tlgﬁlﬂﬁﬁes%lﬁhnﬁ&um}-ﬁmpl&QMd 9M&|@Qureléb VI8,

KLF4 d/ d St L1-1i
S mct o aBieree Mg onk B0 P B Y PR GBS ipan gy

2010/ 0428 9idhaGF/IRB20NFRB602 12 supporMbfGliis mppyrosah, Sichab Beeh igpnsddabdt edheiangeaes
cells an h teristics
in the ce 1%10%? X\.‘n%]%t ;8% Eﬁfl%oge%é}? gﬁn plekﬂgg?& J§1Ep?lg% &F Mﬂé 1? av og Cﬁnéysme
wi || di mepidias igrmdtivapieslizaed NYRE éB@)h?e CMJC?.@W et ad S bmdstOfthﬂMUQ:ins
that prompfgoRf aamqmoatwplémwfhkaeﬁmr WFM@FP' ﬁSso&P%ZHA%G bidkdi oy

factors such as nucleic acid lgErOt el ns, t&)rot eins or small
nol ecul es heRRf23proranisr Ginen Bt PUaldiivitief! fwuemﬂenmem hESEs algip phe target of
afssccn at edlle|f1<a}e§1@1ﬁ;ﬁnea£)eoehm wodusad tHapth@ &'tl::)dimﬁ&l dfnguce, i&: Qa&ﬁcth@ﬁdc&tﬂecs
of stemcells or tur uri pot ency or _exanpl e

genes or §EHAESH 5\&[8(8 t#oMU%ﬂJC%“H E“E‘ﬁﬁ%ﬁﬁ%‘k Ligkdo 123 i dsuse o2,
MVP9, MVPla@acaAEMM dr S&ll— af thApAMICTSy 4deﬁﬁﬁw+ Aldrifogendykibduchib ERVEY S0 UBYTR)
ADAM TS16, hAIQ@Me b nono 8 are introduced to cells to induce

pl uri potency 0 51 chafact eri stics. [ 0045] I n anot her enbodi nent,
non- pr ot e[Qﬁ-ﬂdgenTls pafﬁ@t adeididn tipclosed hayel wagentd mgemahode ritnahdre MHE!1*, for

i nducti OnmgllflcugJ ﬂflgﬂpgfghé?rlﬁxellsl:ﬁ{eseel)é%msq cI pl@t}]&ﬂ%fqu!e B%I‘uﬁl{:e me(? opeg!:y L
2-nmyristate 13-acet at il ecu I nc ses

cl eavage #mafgCL Htaﬁumif In( W@?IhPSaPFté’f thy invenpiom Fhey 4rf»1 ugdetoginpese ﬂ@f
the i nventsigBncy PRk BStRlendySin aﬁdﬁéﬂceﬁ@ If @ét aﬁothm%re&%lf ng lmmvo%rtﬁeyon
to pluripotency to i nduce or increase the effici ency o

gener at i off® “feéG%@T'P*ﬁma’ﬁaﬂfﬁlércelgx&mawatql? Hh dsanehst aspest fé’rt'aedﬂqunﬁhwum
or MJCLl* at escadsianibi aiffsRnmtibng nc;elbihsl aspiRf dFalle ifveltiddDIhess tdagentsidad dothasgt s,
or sonewhat differentiated Cﬁ | rqut? i nduce pluripotency either alone
or in conBfHEH SN HAHE HRMEL B HSEEe or mai ntain

pl uri pot ef06§8] FoFhe exavapioe, 1ml§ea)r1evmﬁr@ oﬁffenhﬁatgﬁneas ﬁﬁmmdnrmg s@aildke
SOX2, NA l nd/ o c are tran

fi br obl a’;‘%ﬁ a(%tr%“{;@%%yr Khﬁflufmg tulﬁ'en ey E' {%rdzf{C " IS ceeﬂEjrggréeeqr%euengf

| i gands t hraductzdbat vﬁqcethk/ﬁmesmn MICREL* @drrlaraﬁsecmtpirmtgp rMUCg*ansds otgfaved
MUCL* ar e, & &fd ﬁgl-sm&ﬁ\ma,epg a&ﬁrﬂa@él erpeds q&@&at?aafa%lg%ﬁ% fitde WS

anti body 1s added to cel hat have been transfecte genes t hat

i nf | uenceligiqd te. f5ll-leppib MUG: sepangs they dravcoMtChl MPChb actipiating figqnds end| disg,
[0047] I Bandd:Rfi& fad6ks BAOOEL ARk pre YR 3 KaINWR 37 tliC 1 NMBR 1 RnticR s ANVl S

introduced to cells, as the gene that encodes it, as the protein
itself or as a protein bearing a | eader sequence such as a
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WD 2010/ 042891PCT/ US2009/ 060272 al ., 2008). NWR3 al so i nduces the
transcription of c-MC (Dexheiner at al., 2009) and repl aces the need
for c-MYC. NMR3 is added exogenously either in its native state to
activate the MJUCLl* grom h factor receptor or with a poly arginine
tract to facilitate entry into the cell and nucl eus where it induces
C- MYC expr essiooioobd¥®3 (NVE) nay be added as the encoscTgszoacdosnc
acid, or as the expressed protein with or without a nodification that
facilitates entry into the cell. NME-HL, -H2 or -7 can be used in
their native state or in nmutant forns that favor the dineric state,
such as t hethSl2Qctut ot the gened 804E] hBdRRELNEUCES PEMUCOF adsr@atddya@sts toon,

a bivalent_antibhody t nd xtracel.l ul ar donmai n .of *
CpoverRy PR el T RS PRl Rt GRS ety
t hem are adﬁiedplbgﬁnwllﬁi’p}emmpglmtmgicsmbdsshdlmsa ﬁodmmetaxpingpiupmt@n}zyn,stem

i I fain
ol 1 pot ey Sponk ahit Ui Borbiify bNES BRI iELRE) BOGY o Be FRILE,
MUC1 or Mo@nbingtign eithyctr ithigplsgegine ohmong genes ¢l ece mu%sethnaumhaﬁdyymown to

occurri ng@%&@@&&@%ﬁmh@b@%@& RERERANOJ, Bl BuRT cel | - 11 ke
characteristics have been added have al ready ‘entered the

di f f er ent {%8%on Jresd sgyesgipn ﬁ%ﬂ?mb@a@PiePfﬁh%@?“F%lpﬂTrO%%@f &t §o12pKIf4 and

i Indum gg BJWcIoDQ)EﬂDSQkZMOb&]dI 780 UCIREn Gdwh RecaS @ Rat@E clis i RIENG the
pl asm ds

viral vector driven or adenovirus
vectors oPluﬁﬁ‘i?e“it Fﬁ‘%é"rbagf‘“aﬁb a‘bdrYWﬁalian%O@é) ﬁi“‘gr?ﬁ thetpaseripgion FAsiors pat gpduce
vect or, Oplugffenod h:@ﬁlatﬁsyﬂié &mstltpabn f)faibbﬂtlatcﬁiﬁ%elldﬂAxﬁdigﬁhds@ﬁelefsevﬁ:heﬂl&
genes intq the de ir case ferenti al
o achi ovaernenSF FARGR svie APl aborREY aRE°Bent pd SoBs S S he
i nt roduci qumomtotléﬂﬁ§0tmm SIANES biad teethe NN@& (NME’/')rm@lh@eicNmB Gadsoor
genes t haky SRGAARMENEMprel i) LRI T ROGORRATRER:. qeﬁ]%sact%w RaRLlr

here for the induction'o teristi'cs or pl ui‘i potency
that can MBIGIEsMakaat chy- %Wé) YR iproiingting haalafbofﬁ\fl‘é@léﬂ ﬁ§T4 @dtSﬁBQZ bofh

their nat bie it tpfonttter TRAIMPEE which fvel RRRES hSERIUENEIES 2 SUGPYRSof MUCI.
poly-arginine tracts to allow entry into . the cells. The products of

these gen&&I4iSQX2 o lgf\gpﬁsalsooq‘ndo‘f’ Wé?m%? G151 175 CRTPEHE P HRSS rWP ZiIMR%.0ne
or nore ofumMie, pDASUTIISI, ostDArherstzur anahvect edvgenesavageenk i), qmmadrm@

cells to i ur| oLenc r other stemcell |ik

char act er fa‘@?‘:ﬂggg dogg)f]wf 2é orgf %fe he%tc TEFC BR“BENBEY E‘f é{P‘e¥‘Bat"’d to
intr oduceerﬁlym.‘c Iretcieavagg eyl @ubdrMHQI ‘sfpech to inbkeglulies:ncyt @ niainghircie (Boyer
st ern-nessg, dE?‘t ure or differentiated cells (Lyssiotis et al. 2009).
I n one aspect of the invention, small nolecules are added to cells
that eit héW4Qi r duripyeviops Wﬁ&i“ri@@mbwmﬁﬂdtamaeﬂswhiph ey expirgst fhopleofed dmes
that i ndugeyployr ireh € Rdved e me%;atl&a%%s, exSiBRA1ar rﬁeln%ﬁ WhifiSlad ba,nmh and

directly or i ndirectl’y increase the production of MJCI* are-adde In
one i nst ahleléut difffsndationg(Hikita et al.,, 2008). These effects were achieved by dimerizing the

MUCIL* extracellular domain using either a bivalent Anti-MUCI* antibody, recombinant NM23,

or a mutant NM23 (S120G) that preferentially forms dimers (Kim et al., 2003). Inhibition of
MUC1* extracellular domain using the monovalent Anti-MUCI1* Fab was lethal within hours.
These findings indicate that MUC1* is a significant “stemness”™ factor, In addition, OCT4 and
SOX2 bind to the MUC]1 gene promoter and also to the promoter of its cleavage enzynies. SOX2
and NANOG bind to the NM23 (NME7) promoter. Since blocking the extracellular domain of
MUCT* are lethal to hESCs, it follows that the pluripotency genes, OCT4, SOX2, and NANOG,

are induce expression of MUCI, its cleavage enzyme and its activating ligand. One or more of
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WO 2010/ 042891PCT/ US2009/ 060272 nol ecul es i ncrease cl eavage of MJCL
to the MJC1* form which is a characteristic of stemcells. Phorbol
ester, for exanple, is a small nolecule that increases cleavage of
MJUC1 to MJUCLl*, so when added to cells, it pronotes induction or

mai nt enance of pluripotent state by generating MJC | *. [0052] P53,

whi ch is al swoammesais a t unor suppressor, pronotes apopuse®p/s627kt
woul d therefore be advantageous to inhibit p53 when culturing stem
cells or inducing pluripotency in somatic or other cells. The present
i nvention anticipates using p53 suppressors along with other reagents
and net hods sefies bhe:né piveutts tid hive ali@iybeah BhoSkh@indes $luﬁpot¢£rﬁ¢ tidiebe Ieplaced

stemli ke, or ur|0 t ent char cte |§t|cs b sed b
nunber of bﬁé‘f“ﬁ ea““ nal't “ntd ecu esﬁlg OdmﬁB‘f @ﬁh elo ﬁ’hi‘% o8 ' e
pr o- apopt ekieeetfzpo¢ssandfor prﬁi_sat(nStlrbmm EMEAI NMEQUOBIMEH? oKomantivedy bt
al ., ;999)iin@epgestt%q,§ﬁ§ e§?$ﬂe‘3f‘ﬂdé’l Adeq«to cells to increase

efficiency o uction l'uri potency or to maintain stemness. In
a preferr é@nbods theset whpas Siﬂﬂim b theay 2y Emildedsigikloveguenfes Hhigeine% thegy

gene prodygehisaddiade t@ﬁﬁﬁﬂ&k@t’&e%&t Ry Mkicd o ﬂl@loléﬁia' @arpﬂés ignal
limted to the MIC1 o %nes or ‘gene products, their

act i vat i n&FPFgends ca’ﬁ'éi ap ﬁéprch OFi7efy eThe ripsFRYes, CO“F@B@M thah drepdterigelhod
for suppressiings PARCECHhY bé Yrukdatell RE le@BSHRd thh upeiol hifd 81 GYhif adidd Aikeog

pl uri poten or i nt ai ni stemness is by the introduction of the
MUCL* pr of@%‘ﬁm%””@@f’% %FE?%P @ dhesergraes\guedne p I\;OPB‘F%W‘%ar?"%” e SEd Py
addi ng onN&: mtlyalﬂahglwhbmexﬂi‘a’caﬁﬂm ti@mdirais edseittiall ecorriptiseyd of M eqtidnees@Bed in | t
has been preSS| on of the cytoplasmc tail,

al one, %@%5?%‘6%&815 n&%)meple Ufted inits translocation to the

nucl eus \NHQ#E i tMUgS, MUOh%Iortem%oblandifat:mr%tihequfﬁhqmpbm #pve, Fneststisteddi es
coul d not de,eh i ie enehdes MG, da R He W& b Hﬁ)po{eﬁ%?!nﬁt gQquéfi% inf8

present invention is also drawn to the repre sion
ect opi ¢ eRPARSHIFHI tOMAMYCI  to i ncrease the efficiency of inducing

pluripote [UD¥3]O I RS tsglmitlc' KB SRRSO SHids & tah@ germMKEh gblz@l@ RrelEinstected )
i ntroduced |nsert|qg he gene into the cell, by addi the protein
g,tha MERH

itself ex wéﬁaﬁlg Ryt o Frese WhighaKs yiptusing sten gel- ]ilk§ f‘Ei’ﬂt‘?Sé‘ﬁ%inl y
nodi fied wicag@s pohots fo @i totRcdniedUiripot Qo] cliNe IR &5 & AkpettRY BB trverioh,S

not to be |im.t .SCO by th eci fic enbodi descri bed
ot et ot AERR S T SR e Bl 3R st & fon B ROl TS TGS 1B ¢ o
t hose deseaseshizduchexehinplwigolenbetero nellafoelr enthet MUChoseMBKit leeds inny thee

art from I‘nlﬂgducgf tg%yc@lgalgr?& docf H &Hbﬁlﬁtl&qﬂﬁ%&% l;gﬁ%nt)ﬁtqgl 1!1 11%#{{11% plurlggt%ra:g d

nodi fications are 1 nten ﬁe SCOEO
cl ai ns. Thiesteipdelldilk ehgragizasipd. Eer eareplo DNy aadoding MHSH ofpréfereniiolly MUCOhisof

the preseptodlded QB adithyitPsneRY mbRYor 8 aleﬁeg‘rﬁa?én'c&ﬂ oc™B0x2, NANOG,
2010/ 042891PU1U82009106@72 EXAMPLES [ 0G55] Exa 1. MUCI* @I‘ onot es

growt h anB™28{ KLEfeadfer ¢ éf@?spﬁﬁé’é@dﬁae%‘]c m gf HEtI é&ef@F'ﬁﬁHﬁg ™,
growt h ( clt@Rifec@d A FIb@BhstOhlofid RIOBERSEodi 00TE FBLY, NANOG, and LIN28

{Yu et al., 2007). In another embodiment, DNA encoding a truncated form of MUCI,
preferentially MUCI1*, is transfected into somatic cells, fibroblasts, or other cells, along with
genes encoding OCT4, SOX2, KLF4, and c-Myc (Takahashi et al.,, 2007), Similarly, DNA
encoding MUCT* and/or its activating ligand, NM23 or the S120G mutant of NM23, are
transfected into cells to induce pluripotency. MUC1* and/or NM23 may be transfected along
with other genes such as OCT4, SOX2, NANOG, LIN28, KLF4, and/or c-Myc to induce

pluripotency or stem cell-like characteristics. DNA encoding antibodies that recognize MUC1*
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clones of 3Y1 cells transfected with either full-length MJCL (SEQ I D
NGO 1), MII*1 jio (SEQID NO5) or enpty vector were plated at 1000
cells per 60mm dish in DMVEM nedia containing 10% fetal bovine serum
penicillin/streptonycin and 418 (600 fig/m). Cells were grown for 9
days and then fixed in 4% paraf ormal dehyde for 15 m nutes at room

t enper at ur e. Wi whessmer e washed with water and then srearveedswort 1%
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Di shes were washed three tines with water and allowed to dry
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intracellular antigens. Primary anti bodies were diluted in block and
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Bi ot echnol ogy, 1:50 dilution), MJC1* (M nerva, 1:250 dilution), or
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of stimulating the gromh of stemcells using a bival ent anti-MJCL*
anti body, NM23, NMR3- nutant, or bFGF. hESCs were dissociated with
trypsin and seeded in 8-well chanber slides pre-coated with Mtrigel
at a cell density of 8.2x 104 cells/well. Media was changed and

anti bodies or wild type or nutant NM23 proteins were added every

ot her day at wWa2wghe4spincentrati ons of 80Ong/ mlL for Anti P&AAGREsesseizbody,
inMfor wld type reconbi nant NM23 or nmutant (S120G NWR3, or

reconbi nant bFGF at a final concentration of 4ng/nml in 'mniml stem
cell medium (hESC nedia wi thout feeder-conditioned nmedium. Cells
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cul tured igRrfd@bdRvaiiRAhA 1§ Dhivft pYEGKS Q@M erORAl &4 lmcmegiﬁ Oﬂgﬁéncy in
col ony appeared Number of col oni es. Morphol ogy M ni mal St ém

G owt h Medieptigopether sREsywEEPresen ivgltigh Ia%tg.lpates using p53 suppressors along with other

reagents and methods of the invention to maintain stem-ness or induce stem-like or pluripotent
characteristics. P53 can be suppressed by a number of methods. Small molecules such as
Pifithrin-p inhibits the pro-apoptotic effects of p53 (Strom, et al,, 2006 Sep; Komarov, et al.,
1999) and thus are optionally added to cells to increase efficiency of induction of pluripotency or
to maintain stem-ness. In a preferred embodiment, p53 inhibitors are used along with genes or
gene products that up-regulate MUC! or MUCI#, including but not limited to the MUCI or
MUCI* genes or gene products, their activating ligands and their cleavage enzymes.

[0053] Another method for suppressing p53 activity to increase the efficiency of inducing
pluripotency or maintaining stem-ness is by the introduction of the MUCI1* protein to cell
cultures. The MUCI* protein can be moedified by adding on a pely-arginine tract to facilitate
entry into the cell. It has been reported that the overexpression of the cytoplasmic tail, alone, of
MUCI (MUCI1-CD) resulted in its translocation to the nucleus where it was found to bind to the
p53 promoter. These studies could not determine whether MUCI-CD down or up-regulated p53.
The present invention is also drawn to the repression of p53 by the ectopic expression of
MUCI*, to increase the efficiency of inducing pluripotency or other stem-like characteristics.
MUCI* can be introduced by inserting the gene into the cell, by adding the protein itself
exogenously or by adding the MUCL* protein that is optionally modified with a poly-arginine
tract.

[0054]  The present invention is not to be limited in scope by the specific embodiments
described herein. Indeed, various modifications of the invention in addition to those described
herein will become apparent to those skilled in the art from the foregoing description and
accompanying figures. Such modifications are intended to fall within the scope of the appended
claims. The following examples are offered by way of illustration of the present invention, and

not by way of limitation.
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2 large undifferentiated colonies in 1 of 1 wells; centers of

col oni es appear to begin to differentiate during week 3; by end of
week 4, nost of each colony remains undifferentiated NW23- S1200

mut ant 1nM Week 2 7 colonies 7 large undifferentiated colonies in 1
of 1 wells; centers of colonies appear to begin to differentiate
during week 3o ow/ersgh of week 4, nost of each col ony pemes208/060272

undi fferentiated anti- MJC1* 80 ng/m Wek 2 5 colonies 7 | arge

undi fferentiated colonies in 1 of 2 wells; centers of col oni es appear
to begin to differentiate during week 3; by end of week 4, nost of
each colony remains undifferentiated bFG-F 4 ng/ m

EXAMPLES

[0055] Example 1. MUCI* promotes growth and cell death resistance.

[0056] MUC1* promotes clonogenic growth (colony expansion) of fibroblasts. Single cell
clones of 3Y1 cells transfected with either full-length MUCI (SEQ ID NO:1), MUC1#;;9 (SEQ
ID NO:5) or empty vector were plated at 1000 cells per 60mm dish in DMEM media containing
10% fetal bovine serum, penicillin/streptomyein and G418 (600 pg/ml). Cells were grown for 9
days and then fixed in 4% paraformaldehyde for 15 minutes at room temperature. Dishes were
washed with water and then stained with 1% crystal violet in 70% methanol for 20 minutes at
room temperature. Dishes were washed three times with water and allowed to dry overnight at
room temperature and photographed. Figure 1A shows that the amount of crystal violet that is
absorbed (an indicator of cell number) is much higher where MUCI* single cell clones #3 and
#44 are growing. In contrast, cells that transfected with full-length MUC1 (single cell clones #8
and #17) showed no growth rate increase over cells transfected with the empty vector. This
shows that the cleaved form, MUCL#, confers a growth and/or survival advantage and not the
full-length protein.

[0057] Example 2. Anti-MUCI1* Fab blocks resistance to cell death by TAXOL® in
trastuzumab  (HERCEPTIN®)-resistant  cells (made resistant by cultwre in  lug/ml
HERCEPTIN®). Fessler et al., 2009 reported that HERCEPTIN® resistant cells are also resistant
to TAXOL®, doxorubicin and cyclophosphamide. As reported, these drug resistant cancer cells
achieve resistance by overexpressing MUCL*. The following experiment showed that blocking
the PSMGFR portion of the MUCI1* extracellular domain reversed acquired drug resistance in
cancer cells. Parental (BT474) or resistant (BTResl) cells were plated at a density of 10,000
cells/well in 96 well plates, 4 wells/condition. The following day, Anti-MUC1* Fab, control Fab,
or no Fab were added to cells in the presence or absence of TAXOL® (Paclitaxel Sigma T7191).
Two days later, cells were resuspended in 50 pl trypsin, and counted in the presence of trypan
blue. Percent cell death was calculated as percent trypan blue uptake. BT474 cells underwent cell
death in response to TAXOL® under each condition, and BTRes1 cells only underwent cell death
in the presence of MUCI* antibody (Figure 1B).

[0058]  Example 3. MUCI* acts as a growth factor receptor, and is activated by dimerization

of its extracellular domain using an artificial (anti-MUC1* antibody) or its natural ligand, NM23
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(NME). MUCI*-positive ZR-75-30 cells, 6000/well, or control (MUC-negative) HEK293 celis
4000/well, were plated in 96 well plates. The following day, zero hour cell counts were taken,
and different concentrations of anti-MUC1* antibody or Fab were added in medium with low
(0.1%) serum every 24 or 48 hours. After several days of incubation, cells were resuspended in
trypsin and counted, and percent normalized growth was calculated. Stimulation of ZR-75-30
cells, shown as a bell-shaped curve, as is demonstrated for ligand-induced growth stimulation,
but not HEK293 cells (Figure 1C). In a similar experiment, using MUC1*-positive T47D breast
cancer cells stably transfected with siRNA targeting MUCI, or control siRNA, stimulation of
growth only occurred with control-transfected cells, further demonstrating specificity of antibody
(Figure 1D). Identical results were demonstrated for MUC1#’s natural ligand, NM23 (Figure
1E).

[0059] Example 4. NM23 binds specifically to the PSMGFR peptide which is comprised
essentially of the extracellular domain of MUCI*. Binding was measured by Surface Plasmon
Resonance, using a Biacore3000 instrument and BiaEvalvation software. Histidine-tagged
MUC1*| | gecd (SEQ 1D NO:5) or irrelevant peptide (HHHHHH-
SSSSGSSSSGSSSSGGRGDSGRGDS - SEQ ID NO:34) were immobilized on separate flow
channels of 5.7% NTA-Ni"" SAM-coated SPR chips, prepared in our lab as described in
Mahanta et al. 2008. 35 pL plugs of NM23, purified bovine or recombinant human, were injected
into a constant flow streamn of 5SuL/minute and sensograms were recorded. NM23 purified from
bovine liver (Sigma N-2635) was diluted in PBS alone. Affinities were measured over a wide
range of concentrations using a 1:1 Langmuir model. Actual affinities may vary as first order
kinetics cannot adequately describe this system, (Figure 1F),

[0060] Example 5. MUCI* Growth Factor Receptor and its ligand NM23 are on
undifferentiated hESC, but not differentiated hESC. Human embryonic stem cells in the
undifferentiated (pluripotent) state or in the newly differentiating state were analyzed by
immunocytochemistry (ICC). Human embryonic stem cells (hESCs) were manually dissected
and plated in 8-well chamber slides (Nunc) that had been pre-coated with matrigel. For
undifferentiated cells, cells were fixed 5-7 days after plating. For differentiated cells, bFGF was
removed from the culture medium 5-7 days after plating and cells were allowed to differentiate
for 14 days before fixation. Cells were washed with PBS prior to fixation with 4%

paraformaldehyde in 0.1M cacodylate buffer for 15 minutes at 4°C. Cells were blocked for 1
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[ 0067] Exanpl e 9. MJCL1l* transl ocates to nucleus of cells. Anti-MJCL*
nonocl onal Ab was | abeled in vitro with Al exa 555 dye, and bound at
4C to HCT-116 cells (MJCl-negative) transfected with MJCLl*, that had
been washed in cold PBS, at 4C. After 20 min, cells were washed tw ce
in cold PBS, and cells were either fixed in 4%paraforrra| dehyde, or
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growt h i nHinBilatien. yEgﬁ‘sr\&q @ypsg@ispﬂjlated and seeded in 8-well chamber slides pre-coated with

matrigel at 4 x 10" cells/well. Media was changed and antibodies added every other day at a final
concentration of 1 pg/ml for bivalent anti-MUCI* until discrete colonies were visible. Culture
conditions include ‘minimal stem cell medium® (hESC media without feeder-conditioned
medium) and Hs27-conditioned medium, with and without bFGF supplementation. For each
condition, cells were grown in quadruplicate. Cells were washed with PBS and fixed, and OCT4
immunostaining was conducted as described above. Figure 4, panels A-D are photos of cells

grown over matrigel and conditioned medium from fibroblast feeder cells added. Panels E-H are
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enhanced stem cell growth, while blocking the extracellular domain of MUCI*, with the anti-
MUC!* Fab, resulting in total stem cell death.
[0665] Example 8. A long-term stem cell growth experiment was done to compare the effects
of stimulating the growth of stem cells using a bivalent anti-MUCI* antibody, NM23, NM23-
mutant, or bFGF. hESCs were dissociated with trypsin and seeded in 8-well chamber slides pre-
coated with Matrigel at a cell density of 8.2x10" cells/well. Media was changed and antibodies or
wild type or mutant NM23 proteins were added every other day at final concentrations of
80ng/ml for Anti-MUC1* antibody, 1nM for wild type recombinant NM23 or mutant (S$120G)
NM23, or recombinant bEGF at a final concentration of 4ng/ml in ‘minimal stem cell medium’
(hESC media without feeder-conditioned medium). Cells were also grown as a control in
minimal stem cell medium with 30% conditioned medium from Hs27 fibroblasts and 4ng/ml
recombinant bEGF (Peprotech #100-18B). Results of this experiment show that MUC1*
ligands do a better job of stimulating growth in minimal media of pluripotent colonies than does
conditioned media plus bFGF, the ‘normal’ growth medium of these cells on Matrigel. Table 1

details the results.



transcription of c-nyc (Dexheiner et al.,
NMR3 is introduced to cells undergoing conversion to
by exogenously

such

need for

i PS by transfection of the encoding nucleic acids or
adding the protein itself which nay be nodified with sequences,
as a polyArginine tract, to aid in cellular entry. NW3, wild type or

mut ant S120GWarvatvopeef ers di mer formation,

c-myc.

2009) and elimnates the

i s added t BCHiBs2fE060272

fibroblasts that have been transfected with OCT4, SOX2 and KLF4. The

efficienc
NVE- H2 or

y of

i PS cel

generation i s enhanced.
NME- 7) enhances the induction or

[ 0078] NMR3 ( NME- H1,
mai nt enance of

pluripotency. NM23 is introduced along wth previously identified

pl uri pote
as wel |

c Dokt °F

C%&H 21, hFE@EL

I SCl OoSse

uP .QHum

erel

“Fag OCT4, SOX2,

Pl

| CLF4,
Identlflcatlon

of a new
associ at 4
mai ntai n
or to req

6bpeﬂset
gorfdiéanor

pl uri pot ¢

| ace aone

Beelplagr i pd‘ﬂtenhey

5 edl@ys0] ML
apneasd t o

Qr _nore

Golonies |
i nprove

f the nI

dﬂbnﬂmkwhai |nclude MJC1*
ntroduced to cells to i nduce or
the efficiency of

iri patency gene set conprised of

i PSc formati an

f&f ruct ¢

nt al

OCT4, SOX2finiggl Sam Coll Gorip’ s

MJC Is ig

fi brobl agt
ncy genes

pl uri pot e

4 NMZnst ef

al ong

-t i on

(or thei

(‘I‘lf\

EVsek 2 Wo 23190498

wi th conbi nati ons

r gene p

\l Fal

ylwgm'ﬁgﬁ%” e I it & gl

; F::'fﬁ °°§°BW@P§

%ﬁ’i é?jd‘gf@’?m'@‘ie
re ¥
TioT AU UQd'. kl en

é?m‘ESIO t67h; ps

Cfﬂlh

1at

col ony f o+
cell s gen
det ecti on
1-60 TRA

LEAVAN]

ed.
) plut
gL T

CI III

=Wty

potency n

RA 2-4916E

ar ker s,
(alkalin

g ?“%?elr%ﬁF

[4' H5
o

GO
éf Y ta“i:drﬁ%
0 ggg &

P& ue WEe
col%ny I

Resul t ant
to diffen
endoderm
det ection

a1
at e

to
u§¥ﬁg a

V IuolL
aﬁ%ng t he |t

derm) . Thi
Nt i bodi es

7_

%{“}:ofo}'ﬁes

S |s det
agai nst

such

ec%,roﬂ’} teRBmS Fffe% ﬁatéaar ers,

Srd é-}{cpﬂa%b %nd[ 33;1?&9 l\%‘ml | eaChl b
fcfelgtgrg Qléf g;ﬁfe Qa??o tggﬁ%ocgﬁ&gﬂtlate
k

CD34 or
cyt oker at

<

Hﬁ@#@ mu
hdml 9 fo

SCleacti
r

of or eSS

endoder m det ecti

OGEL B, REt ectTon, GATA-4 Or
on, and Nestin or beta-II

t ubul|i

for ectoug&ﬂhaete

CWedie A Yedioniae T [ MRk il difdddate IR RE abl y
anti - MUCE L

Yol ek d W) Hs 2795 B8 P Pals C.AJdded o further

enhance f

BﬁGF nduc
ng/ml

Wedk DIy

isNT enanc

6 RdstiPhiteleitRted BOYniesREFERENCES

[0067]

Example 9. MUCI* translocates to nucleus of cells.

Anti-MUCI* monoclonal Ab

was labeled in vitro with Alexa 555 dye, and bound at 4C to HCT-116 cells (MUCL-negative)
transfected with MUCI1#, that had been washed in cold PBS, at 4C. After 20 min, cells were

washed twice in cold PBS, and cells were either fixed in 4% paraformaldehyde, or incubated

with pre-warmed growth medium. Cells were washed after 40 minutes, and fixed with 4%
paraformaldehyde for Sminutes, then blocked and permeabilized with 2.5%, BSA 2.5% FBS and
0.1% NP-40 in PBS. Endosomes were stained using an anti-EEA1 antibody (Cell Signaling
Technologies, 24118} and Alexa 488 (Invitrogen 1:200) (Fig. 6).

[0068]

factor or co-factor.

[0069]

Example 10. MUCI* translocates to the nucleus where it functions as a transcription

It was previously reported in the scientific literature that an artificially expressed

peptide, corresponding to the cytoplasmic domain of MUC1 (MUCI1-CD), translocated to the
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[0081] Aoi, T. et al. Science 321, 699-702 (2008). [0082] Boyer L. A.
et al. Cell 122, 947-956 (2005) [0083] Dexhei mer at al. Ml Cancer
Ther 8, 1363-1377 (2009) [0084] Fessler S. et al. Breast Cancer Res
Treat. May 5. (2009) [0085] Foster. K W et al. Oncoeene 24,

1491- 1500 (2005 @%0086]H|klta et al. PLoS ONE 3, e3312 (2008
[ 0087] Huang, YO 20¥{*2&M ~ Cancer Res., 65(22):10413-22 (%’%%5;2009060272

[ 0088] Huangfu D. et al. Nat Biotechnol 26, 795-797 (2008) (a)

[ 0089] Huangfu D. et al. Nat Biotechnol 26, 1269-1275 (2008) (b)

[ 0090] Jaeni sch, R and Young. R Cell 132, 567- 58{g§2008) [ 0091] K 4
K., et al nuglws (Heangss: #72905»75th2@099€in@199?] teatdenf - 16D dound IRghg, pe

460(7259) 1pi10]1ﬂ)Qer Qite((%p, Nal. 2007). The Wei et al., 2007, report did not however determine whether
in this capacity, the MUCI1-CD up- or down-regulated transcription of p53. To induce or
maintain stemness or pluripotency, it is desirable to suppress p53 (Maimets, et al.,, 2008).
Further, the forced expression of the cytoplasmic domain of MUCI, alone, does not comrespond
to any naturally occurring state or cleavage state of MUCL. We therefore sought to determine
whether or not it was actually MUC1*, which is a marker of pluripotency. that is translocated to
the nucleus.

[06070] A polyclonal antibody, anti-MUCI#*, that recognizes the PSMGFR epitope on
MUCT* but not the same epitope when MUCI is full-length (Mahanta et al 2008) was used to
stain human embryonic stem cells according to the methods of Hikita et al (2008). Embryonic
stem cells exclusively express MUCT* but not full-length MUC1. Immunocytochemistry showed
that MUCI1#* was often detected in the nuclel of embryonic stem cells. A fluorescently tagged
anti-MUC1* Fab fragment was incubated with cells that had been transfected with MUC1* or
the empty vector, Excess Fab was removed, and cells were either washed at 4° C in PBS and
fixed in paraformaldehyde, or incubated with prewarmed medium at 37° C for 10 min, 25 min,
or 40 min to facilitate receptor internalization before paraformaldehyde fixation. Cells were
moved to 4° C to stop receptor internalization at various timepoints. The Fab bound specifically
to MUC ] *-transfected cells, and not to vector-transfected cells (data not shown). Figure 6 shows
that after 40 minutes, MUC1#* is translocated to the nucleus of the cell.

[0071]  Example 11. Inhibit p53 and its pro-apoptotic and growth inhibitory effects, using
MUC]1-associated factors, to increase the efficiency of generating iPS (induced pluripotent stem)
cells.

[0072] The small molecule Nutlin increases activity of p53 by interfering with the interaction
between p33 and its natural inhibitor hDM2 (Vassilev et al., 2004) . The induction of p53 activity
by Nuilin drives the differentiation of human embryonic stem cells (Maimets, et al., 2008).
Similarly, overexpression of p53 in embryonic stem cells inhibits hESC growth, most likely
through the induction of apoptosis (Maimets, et al., 2008). In p53-null mice, the establishment
of primary tumors was enhanced (Zhou et al., 2000). Thus, interfering with p53 activity

increases the efficiency of establishing iPS cell lines.
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[0093]Kim et al. Bi ochem Bi ophys Res Commun 307: 281-289 (2003)

[ 0094] Komarov, et al. Science 285(5434), 1733-7 (1999) [0095]Lin T et
al. Nat Cell Biol 7, 165-171 (2005) [0096] Lowy, WE. et al. Proc.
Natl. Acad. Sci. USA 105, 2883-2888 (2008). [0097]Lyssiotis et al.
Proc Natl Acad Sci USA 106, 8912-8917 (2009) [0098] Mnhanta et al.
PLoS ONE 3, &03m/¢3008) WD 2010/ 042891PCT1US20091060Q17%s2009/060272

[ 0099] Maherali, N et a]. Cell StemCell 1, 55-70 (2007). [00100]
Maimes T et al., Oncogene 27, 5277-5287 (2008) [00101] Nakagawa, M
etal. Nature Biotechnol 26, 101-106 (2008) [00102] Ckita, K et al.
Nat ur e 44800731 3- Blrhg(tRONEDishin&d DBvelGRS tides Ksird a &hbre s8C bEf@EoBRR, genes,

011055 (1090 RSOl ey DIIBE Al 000
small molecule Nutlin and then by introducing MUCIL*, MUCI* is introduced to cells
undergoing induction of pluripotency by: 1) transfecting DNA that encodes MUC1#; and b) by
adding a recombinant MUC1¥ protein that has been modified with a poly-arginine tract to
efficiently enter the cell.

[0074] The core set of pluripotency genes was transfected into dermal fibroblasts. However,
the exogenous expression of the direct or indirect gene products into dermal fibroblasts or other
mature cells is also anticipated. The invention also anticipates that the addition of MUCI,
MUC1* or associated factors can eliminate some, or all, of the core set of pluripotency factors.
[0075] Induction of pluripotency is also enhanced when a peptide corresponding to the
cytoplasmic tail of MUCI is exogenously added to cells undergoing conversion to pluripotency.
Optionally, MUCI-CD is modified with a leader sequence such as a poly-Arginine tract that
allows the peptide to enter the cell.

[0076]  Example 12. The introduction of MUCI-related proteins enhances pluripotency by
inducing transcription of c-myc and by activating MUC1*,

[0077] c¢-Myc has been shown to enhance the induction of pluripotency. NM23 induces
transcription of c-myc (Dexheimer et al., 2009) and eliminates the need for c-myc. NM23 is
introduced to cells undergoing conversion to iPS by transfection of the encoding nucleic acids or
by exogenously adding the protein itself which may be modified with sequences, such as a poly-
Arginine tract, to aid in cellular entry. NM23, wild type or mutant S120G that prefers dimer
formation, is added to dermal fibroblasts that have been transfected with OCT4, $OX2 and
KLF4. The efficiency of iPS cell generation is enhanced.

[0078] NM23 (NME-H1, NME-H2 or NME-7) enhances the induction or maintenance of
pluripotency. NM23 is introduced along with previously identified pluripotency factors,
including but not limited to OCT4, SOX2, KLF4, as well as others disclosed herein.

[0079] Example 13. Identification of a new core set of pluripotency factors that include
MUCI1#* associated factors

[0080] MUCI* is introduced to cells to induce or maintain pluripotency or to improve the
efficiency of iPSc formation or to replace one or more of the pluripotency gene set comprised of

OCT4, SOX2, KLF4. A DNA construct containing nucleic acid encoding MUCT* is transfected

-20-



[ 00106] Sol dner F., et al. Cell 136:964-977 (2009) [00107] Somer C A
et al., StemCells, 27(3), 543-9 (2009) [00108] Stadtfeld M, et al.
Sci ence 322, 945-949 (2009) [00109] Strom et al. Nat Chem Biol.
2(9):474-9 (2006) [00110] Takahashi, K. & Yamanaka, S. Cell 126,
663-676 (2006). [00111] Takahashi, K. et al. Cell 131, 861-872 (2007).
[00112] That QAR08 al . J Bi ol Chem 274, 3386- 3394PCRUBHP/0§020113]
Vassilev L. T. et al., Science 303, 844-848. (2004) [00114] Wi etal.
Cancer Res 67, 1853-1858 (2007) [00115] Wem g, M etal. Nature 448,
318-324 (2007). [00116] Wemig M et al. Cell StemCell 2, 10-12
(2008) [ OOIMﬁ]ﬂmbﬁbl]'O@ﬂﬁtKalonDewiﬂabomhidatiwe)ﬂtﬁ@ab?)@fﬁm?ﬁ/t@m(dZ@OQf) PO Eh8)

oRnes €1 C Y 11 2 1 a 1
\nglrrgﬂggaé f§1 17 Jthtf@rnge&d z Th§%ff%% c(y &Oﬁk Jofzﬁ}ﬂfc?nea@cﬁ N d]e_gI i vy

1917- 1920 SQIXRAIYE [ @elmb% bé,ctna] cellmnelazei Bthen 39l 20190 apized 2by
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equi val en endo%gmtapng ecﬁgc%ﬁai'l)f iﬁisqgg)e?e%imrlrlgg' Eys i1191]c1un%H11601'gsc%\1/1te &tteict?o% using antibodies
against germline-specific markers, such as CD34 or smooth muscle actin for mesoderm
detection, GATA-4 or cytokeratin 19 for endoderm detection, and Nestin or beta-III tubulin for
ectoderm detection. A MUCI* activating ligand, preferably anti-MUCI1* antibody or NM23

(NME), is optionally added to further enhance the induction or maintenance of pluripotency.
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equi valents are intended to be enconpassed in the scope of the
clainms. In the clains: 1. A nethod for inducing or maintaining
pluripotency in a cell conprising contacting the cell with a

bi ol ogi cal or chem cal species that increases MJCLl* activity by

i ncreasi ng MYXOR'EEYssi on, i ncreasing expression of PEEURPEAPAHe
enzynmes or by dinerizing MUCI*. 2. Anethod as in Caim1, wherein
the biol ogical species is a gene. 3. Anethod as in Gaim1l, wherein
t he bi ol ogi cal species is a protein. 4. A nethod as in CaimS3,
wher ei n t HQ09k ot Miakerglis Neet bl Gelhttern Ball |.d6@3®&s MUCL*. 5. A nethod as

in dai mmw%ermngsheﬂm GARSkeSTNBR by by di tner ¢ form 6. A

met hod as | n aim4, wherein the protein Is an anti body t hat

recogni zed0HAH %ﬁwas%ﬁéhélémﬁf&%@d 26.201-A06:2090d as in Caim 1,
wher ei n t hg1shienprial KSpealase 443, A 3simldoompl ecul e.
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[00123]  All of the references cited herein are incorporated by reference in their entirety,

dosk oo ch s

[00124] Those skilled in the art will recognize, or be able to ascertain wsing no more than

routine experimentation, many equivalents to the specific embodiments of the invention
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8. Anethod as in Claim?7, wherein the small nol ecul e enhances the
transm ption of MJCL, its cleavage enzyne, or NM3. 9. A nethod as
in Claim8, wherein the cl eavage enzyne is MW-16, MWP-14 or ADAM 17.
10. A nethod as in Claim?7, wherein the snmall nol ecul e enhances

cl eavage of MJCI. 11.A nethod as in Claim 10, wherein the snall

mol ecul e is PHOPHOBEster. A nethod as in daim2, RREPEIHRE gene
encodes MJCL. A nethod as in Claim?2, wherein the gene encodes MJCl*.
A nmethod as in Uaim2, wherein the gene encodes a |ligand of MJUCl*. A
method as in Caim14, wherein the ligand is a MJC1l* anti body or

NVR3. A mépasiigaliyslescribed) hgrein. Suckyprpivalents pigantpded ©ibg epeomprsssiin de segpe of

ef fecti ve (e nt
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16. thereof. 17. A method as in Claim16, wherein the fragnent is
the cytoplasmc tail. 18. The nethod according to claim11, thither
conprising contacting the cell with a nol ecul e that increases
expressi on of gene products that induce pluripotency. 19. A nethod
as in Caim1l18, wherein the nol ecul e i ncreases expressi on of OCT4,
SOX2, NANOG KLF4 or LIN28. 20. The nethod as in Claim19, -wherein
t he nol ecul e i ncreases expression of OCT4, and SOX2. 21. The nethod

according to claim1, wherein the cell is somatic or nmature cell.
22. The method according to claim1, wherein the cell is immture
cel | . 2Aathefisimget hod according to claim22, wherein the cell is

sonmewhat 1. differe ”Ex' n?ertﬁo% fglg’llmliucing or maintaining pluripotency in a cell comprising

contacting the cell with a biological or chemical species that increases MUCI* activity by

increasing MUCI expression, increasing expression of its cleavage enzymes or by dimerizing

MUCT1*.

2. A method as in Claim 1, wherein the biological species is a gene.

3. A method as in Claim 1, wherein the bioclogical species is a protein.

4. A methed as in Claim 3, wherein the protei.n is a ligand that dimerizes MUC1*.
5. A methoed as in Claim 4, wherein the ligand is NM23 in its dimeric form.

6. A method as in Claim 4, wherein the protein is an antibody that recognizes

the PSMGFR sequence of MUCI*.

7. A method as in Claim 1, wherein the chemical species is a small molecule.

8. A method as in Claim 7, wherein the small molecule enhances the transcription of

MUCI, its cleavage enzyme, or NM23.

9. A method as in Claim 8, wherein the cleavage enzyme is MMP-16, MMP-14 or
ADAM-17.

10. A method as in Claim 7, wherein the small molecule enhances cleavage of
MUCI.

Il A method as in Claim 10, wherein the small molecule is phorbol ester.
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12. A method as in Claim 2, wherein the gene encodes MUC]1.

13. A method as in Claim 2, wherein the gene encodes MUC1*,

14, A method as in Claim 2, wherein the gene encodes a ligand of MUCI*,

15. A method as in Claim 14, wherein the ligand is a MUC1* antibody or NM23.
16. A method as in Claim 3, wherein the protein is MUC1* or an effective fragment
thereof.

17. A method as in Claim 16, wherein the fragment is the cytoplasmic tail.

18. The method according to claim 1, further comprising contacting the cell with a

molecule that increases expression of gene products that induce pluripotency.

19, A method as in Claim 18, wherein the molecule increases expression of OCT4,

SOX2, NANOG, KLF4 or LIN28.

20. The method as in Claim 19, wherein the molecule increases expression of OCT4,
and SOX2.
21. The method according to claim 1, wherein the cell is somatic or mature cell.

22, The method according to claim 1, wherein the cell is immature cell.

23.  The method according to claim 22, wherein the cell is somewhat differentiated cell.
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