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However, there remains an urgent need for developing alternatives to human
pancreas donors, namely abundant sources of cultured human pancreatic B cells for
20  transplantation.
One alternative to forced expansion of post-mitotic pancreatic B cells is the
induction of differentiation of stem/progenitor cells into insulin-producing cells.
Human embryonic stem (ES) cells, derived from the inner cell mass of
blastocyst-stage embryos, are capable of unlimited proliferation in vitro while
25  maintaining their potential to differentiate into cells from the three embryonic germ
layers. The directed differentiation of embryonic stem cells has generated cells that only
produce low amounts of insulin, compared to f cells, and their potential use in
transplantation has met with ethical objections.
Human induced pluripotent stem (iPS) cells have been recently generated from
30 human somatic fibroblasts by expression of defined transcription factors. iPS cells have
also been generated from other human cell types, including CD34" cells from peripheral

blood, keratinocytes and neural stem cells.
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Other background art includes Eminli, S. et al. Nat. Genet. 41, 968-976 (2009),
Kim et al., Nature. 467, 285-290 (2010); and Polo et al., Nat. Biotechnol. 28(8), 848-855
(2010).

25 SUMMARY OF THE INVENTION

According to an aspect of some embodiments of the present invention there is
provided a method of generating pluripotent stem cells, comprising:

(a) expanding human pancreatic beta cells; and subsequently

(b) generating induced pluripotent stem (iPS) cells from the human

30  pancreatic beta cells.
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15  somatic lineage of the induced pluripotent stem cells, thereby generating cells useful for
treating a disease associated with cellular malfunction.

According to an aspect of some embodiments of the present invention there is
provided a method of generating cells useful for treating a disease associated with
cellular malfunction, the method comprising:

20 (@) expanding human somatic cells; and subsequently

(b) generating induced pluripotent stem cells from the human somatic cells,
the human somatic cells being selected according to the cells which have mal-functioned
in the disease; and

© redifferentiating the induced pluripotent stem cells towards an original
25  somatic lineage of the induced pluripotent stem cells, thereby generating cells useful for
treating a disease associated with cellular malfunction.

According to an aspect of some embodiments of the present invention there is
provided a method of generating cells useful for treating Diabetes, comprising:

(a) generating induced pluripotent stem (iPS) cells from human pancreatic

30 beta cells; and
(b) differentiating the induced pluripotent stem cells towards a pancreatic

lineage, thereby generating cells useful for treating Diabetes.
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According to some embodiments of the invention, the expanding is effected in a

15 medium comprising CMRL-1066.

According to some embodiments of the invention, the expanding is effected for
3-16 weeks.

According to some embodiments of the invention, the generating induced
pluripotent stem cells is effected by expressing in the human pancreatic beta cells at least

20 one dedifferentiating factor, wherein the dedifferentiating factor is selected from the
group consisting of K1f4, c-Myc, Oct3/4, Sox2, Nanog, and Lin28.

According to some embodiments of the invention, the generating induced
pluripotent stem cells is effected by expressing in the human pancreatic beta cells
Oct3/4, Sox2, K1f4 and c-Myc.

25 According to some embodiments of the invention, the expressing is effected by
introducing into the human pancreatic beta cells a DNA molecule encoding the at least
one dedifferentiating factor.

According to some embodiments of the invention, the expressing is effected by
introducing into the human pancreatic beta cells an RNA molecule encoding the at least

30  one dedifferentiating factor.

According to some embodiments of the invention, the human pancreatic beta

cells are a homogeneous population of human pancreatic beta cells.
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pluripotent stem cells towards a pancreatic lineage is effected by differentiating the
induced pluripotent stem cells into definitive endoderm and subsequently differentiating
the definitive endoderm cells into pancreatic progenitor cells.
According to some embodiments of the invention, the differentiating the induced
20  pluripotent stem cells into definitive endoderm is effected by culturing the induced
pluripotent stem cells in a medium comprising an agent selected from the group
consisting of activin A, IDE1 and IDE2.
According to some embodiments of the invention, the differentiating the
definitive endoderm into pancreatic progenitor cells is effected by culturing the
25  definitive endoderm in a medium comprising an agent selected from the group
consisting of keratinocyte growth factor (KGF), retinoic acid, epidermal growth factor
(EGF), nicotinamide, fibroblast growth factor (FGF), insulin like growth factor (IGF),
HGF and noggin.
According to some embodiments of the invention, the differentiating the
30  definitive endoderm into pancreatic progenitor cells is effected by culturing the
definitive endoderm in a differentiating factor selected from the group consisting of

keratinocyte growth factor (KGF), retinoic acid and noggin.
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15 According to some embodiments of the invention, the cells comprise at least two
exogenous expression constructs, wherein a first expression construct comprises a
polynucleotide encoding a Cre recombinase polypeptide operatively linked to a B cell
specific promoter; and wherein a second expression construct comprises a first
polynucleotide encoding a first detectable moiety operatively linked to a constitutive

20  promoter, the first polynucleotide being flanked by LoxP polynucleotides, the second
expression construct further comprising a second polynucleotide encoding a second
detectable moiety, the second polynucleotide being positioned 3' to the first
polynucleotide.

According to some embodiments of the invention, the disease is Diabetes.

25

Unless otherwise defined, all technical and/or scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which
the invention pertains. Although methods and materials similar or equivalent to those

30  described herein can be used in the practice or testing of embodiments of the invention,

exemplary methods and/or materials are described below. In case of conflict, the patent
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25  recombined DNA fragment (lower band). D: qPCR analysis of insulin, PDX1 and
MAFA expression in islet, BCD, and undifferentiated BiPS, PiPS, iPS and ES cells. E
Chromatin immunprecipitation (ChIP) analysis of histone H3-tail acetylation in fresh
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weeks in culture. Note that the unlabeled fraction contains unlabeled BCD cells. qPCR

30  analysis was performed on bound and input DNA with primers recognizing the promoter
regions of insulin (-275), PDX1 or MAFA. Values are mean*SD (n=3-5 donors) and are
normalized to crystallin. F-G: ChIP analysis of histone H3-tail acetylation in Islet, BCD,
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30j _tm WD 2012/ 025914PCT/ 1L2011/ 000543 11 DESCRI PTI ON OF SPECI FI C
EVMBODI MENTS OF THE | NVENTI ON The present invention, in sone
enbodi menwve 2ianeafi, relates to i nduced pluripotent stemwceattii/fioBs)
derived from human pancreatic beta cells, uses thereof and nethods of
obt ai ning sane. 5The principles and opﬁ{)ati on of the cell popul ations

o the ar SAvids T ARRS Sl sy hoo del Bl Wk She 8PABET; GBS L bt bR °or ©

| east one(wiwBofiH¥BRAbssthest he i nvention in detail, it is to be understood
that the rnvention is not necessarily limted inits apﬁ)l ication to the
details set 1B1GohH; iHustrrie globrloginggxaeestien pn BilS cell cleaep|differentiaipnt he
Exarrp! €s. in-[(}).' eceilg'voefnéfl Oﬁ'xtrées eﬁl%g\?o%ce gIm Ofapglrs WBE% eat B gfvoogm? &ift8ted
practiced or Carried out 1n vari oud ways: urman 1 nduced pl uripot ent

st em (§ PSyliffeednitiatioe 6EBHHS thtd endocsiaaptdgenited deisby expression of defi ned
transcription factors are_useful as a source Of%ffl uri potent cells which can
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be di ffer &aBIBY sells oipeesa ath/he alrippieaey eneyiwalyrest 2k lngels cemprrahie tgthose
di seases. off Bips 1PSPLATAY bl KR The!BEILIBASTENL Gol hiICAGRCL BEMNS:
systens in ordér to denonstrate generation of iPS cell [inés from human
pancr eat i Hidrsichicabeltistedrg b ESFiRfl)FeRS,1akd(BiPSTewrdls cay wpll agtwmpadcntd | BCSD

ired k f undiff tiat i pot ent | d .
G Tt er ent Pall BapRanseand oo Alciblas! BRRHGSG e aplor engisis fes 4,
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chromatin structure at 20 key beta-cell genes, together with a unique DNA
met hyl at i Batteingaathishews heattedplot amdyniseidsS rnd ASoeellodenes aptasding e Kaporsgtem
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i PS cells (Figures 2D-E). The present results suggest that the eﬁpi enetic
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t her apy. Thus, according t spect of_ the, present invention

. one_a
there is pRabXAi eff arePr‘_éﬁqmlveS@n%“er@eg‘QF’_attihﬁg Mewr PBYERC e é@ief%,m
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(endoderm), Albumin (ALB, endoderm), CD34 (mesoderm), SCL (mesoderm), desmin
20  (mesoderm), and nestin (ectoderm). Results were normalized to GAPDH. F: In-vivo
differentiation of BiPS and PiPS cell lines: Histological sections of BiPS cell-derived or
PiPS cell derived teratomas display differentiated structures of all three embryonic germ
layers, including gut-like epithelium (endoderm), adipose tissue, muscle and cartilage
(mesoderm), and rosette-like structures (ectoderm). Bar=20 pm. G: qPCR analysis of
25  beta-cell-specific gene expression in BiPS cell-derived endocrine progenitors on day 12
of the Kroon protocol. Values are mean*SE (n=6-11 different experiments), in
comparison to untreated BiPS cells (RQ=1), normalized to the GAPDH gene. H:
Immunofluorescence analysis of PDX1 expression in endocrine progenitor cells derived

from BiPS cells on day 12 of the protocol. Nuclei were stained blue with DAPIL Bar=20

30 pm.



12 (b)generating induced pluripotent stem (iPS) cells fromthe expanded
human pancreatic beta cells. As used herein, the term "pluripotent
cel " refwooimm2sigel | that has the potential to dividepcwiuzdit/ookas a | ong
period of time (e.g., greater than one year) and has the 5 unique ability
to differentiate into cells derived fromall three enbryonic germ|ayers- -

endocer m oy G0g: EEAHSE R B AL A FLy G ot em 1l o

di f f er ent fFateht —S—rravi g d|St|nCt|y

di fferent norpirgl olgﬂegalk : mwﬁtmnogﬂnc @bm@r e&HG&ﬁﬂeﬁﬂa'thd?&ﬁfn QEbMRAS tdi Nindk&@dt 0
different specific tissues. By contrast, descendants of pluripotent cells
are progr elslgpo@hystpmsqeﬂls ¢PSY derivachispom Iinhdnepanetaatic ibeta @d:lpmsemthemof amidt h
sonme cells @i’g f'abt léllhaw ng only one fate. As used herein, the
phrase " pASEIPSRPT CPBIMIB R s refers to pancreatic islet endocrine cells
whi ch are capafghe éﬁh inCHRBI Bidi GiRrativsudf thel dellr Wﬁﬁs tagcatimyaoeie Preeas e
concentrations and express t&/pl cal beta cell markers. Exanples of beta cell
mar kers | HEPRE mgyibedegenwiderstoad withireferangs 6o ithe, digwingsranfl 3reompaoming

Bet a2, NK¥2. .Ant i§AUT2 and 15PC2. Accordi ng to one enbodi ment the
pancreati c ePa cells are adult beta cells i.e. post-natal and

non- enbr yoni c. Before explbigirigsail ledse dnp amboéinidnt ob eeaineedtion iafdetdil, 4t Bxpaet of

the present invention my he of hom) engous (i purified p ncreatlc bet a
cel I's) or UMErHeRydakbdEdnYeation & nat ngcelsprdp it e ip PPRIsAtiP g bR d deBHpFEtsi ng,
anongsgd t RPRD ﬁ{eeﬁatll'o‘&m*igehé’scﬁg ibi$ o %Qﬁ@hﬁ@@ 'bg' {ap %xaﬂiﬂ‘&( 98! fvEflonSis:

Thus, for exanple, the pancreatic beta f this aspect of the present
i nvent i oncapaplelyd otfempmbsdithants drsdbaingdrpdived entdrved gutdh yaridwd wayscel | s are

typically corrp sed of the fallo : eta cells at _produce ulin;
2} Pal pha col | SHean guselrehiewth lgGrsy S el M BRRAHE SelT By | ha
produce S@fﬁi&s@ﬁinaéf BefirA0u fiscriiptiod fatdidake REACIUSE 2 RBDGE &FL plGripGbNPERksi de.
The pol ypeptide hornones (insulin, glucagon, somatostatin and pancreatic
pol ypept i wg)chu qasibg @lﬁfﬁé@@t%lnlt%a atysiadtod celd types §@rctheffr@atwmégf diseases. h@he
form S or n f I t I in
the . REpTL e fR e Qi RalRE it DR B B Sufl FoFinon BT

usi ng col ga@mme)famicéll Iads| fragh adinanpancréaticeisienpdtacyllsn@idieoes 14-@eshesebed in

U S. Pat. Appl. No. 20080014182, incorporated herein by reference. 13
reprogrammed cells acquired markers of undifferentiated pluripotent cells and can be

differentiated into cells from the three embryonic germ layers (Figures 4D, E and F).
However, the beta-cell-derived iPS (BiPS) cells maintained open chromatin structure at
20 key beta-cell genes, together with a unique DNA methylation signature that
distinguishes it from other pluripotent stem cells (Figures 1F-J). BiPS cells also
demonstrated an increased ability to differentiate into insulin-producing cells in several
differentiation assays in vitro and in vivo, compared with ES cells and isogenic non-beta
iPS cells (Figures 2D-E). The present results suggest that the epigenetic memory may
25 predispose BiPS cells to differentiate more readily into insulin producing cells. These
findings demonstrate that human iPS cell phenotype may be influenced by their cell of
origin, and suggest that their skewed differentiation potential may be advantageous for
cell replacement therapy.
Thus, according to one aspect of the present invention there is provided a method
30  of generating pluripotent stem cells, comprising:

(a) expanding human pancreatic beta cells; and subsequently



Accordi ng to anot her enbodi nent, the pancreatic beta cells of the present
invention are dispersed into a single cell suspension - e.g. by the

addi ti on wb 2btps9m or by trituration. The pancreatrimibedoauxel | s
may be further isolated so that they are substantially 5 free from other
substances (e.g., other pancreatic cel |1§’ such as al pha cells and delta

cells) that are present in.ts in-vivo énvir n . 9. by FACs sorting.
The pancreati C&Bet a SEnsratnEadugsd PHHIRGE gtem (Oiﬁﬁj\??@lsg thggspandsd human

nonaut ol oggSeatil bBta:cels.| 0geNei ¢ or xenogenei c) mammal i an donor. For

exanple, cells may be isolated froma human cadaver. 10As used herein, the
t erm " expandi ng% used bersing ¢thei teum €pkirpgtenh eelHunefeas toé cplhtivat das the Wtedial s by a
process of cell division. It wil.l  be appreciated that during t expandi ng
Phase of Khiis Hofud RF o lohe dtibe S RBRLSEs 2kl AR, ot Vo vl TS 1BF eat f
beta cel | anidielabiag @editlkatiaping R derRreaf sl ¥hieb @n®¥RAndbéteh lageRi f ect ed
for a nunber of passages such that the beta cells express a decréased

amount  of exfodame.anesodprae prd ectodern Pkuripotent cpllkaviertbupptantds! tpoifarentiate
assayed by,| %n%f ﬁ'gﬁ)g%gt%?"eﬁur é%egr c&lg Iﬁg%n% distililctfa/; dﬁfe#lgnt\?ﬁxilo%ﬁ&gggi:%alt ed

t hat the exp ing is d r an -anmoun %s about
cel | senesuslgital dhfsnctibing phieaspés Limdento diffeentpepifiatiBsuedX Bancbnag@st or
about two weeks, about three weeks, about four weeks, about five weeks,
about si xdeeendantsapl pluripeiesh Grlese PIPYETSIlYHestuged s Sl ydifisrantiaieks,

about ;410 : s, about 13 weeks, about 14
io19 ORISR S ULk b ek nAE b ekt

weeks, even a Ing to a specific enbodi nent,
t he expandi ng As used lefdiecthedphmase rtparerdatianbedd @alls"l Gefevsetksparncteaticl slebe

appreci at ed, t hat the cific t of.time will depend on th ulturin
P L1 onEobBae sollh wRER Gt pipabliohissraling Pouiin rHeongr o e ea iostn

cont enpl ag&e APHioNE Ahd BxbREs Hpfca®bRBNEHINGhaferd. h@x&égﬁ%&eﬁm EelPBladker@! | S.
According to one enbodi nent, the mediumis CVRL-1066. As used herein, the

t er m " CVRinchgesbutraed potdimited toe insehinrmdx Safife UM, BataZyNkaR|2y GIdVE? apkd by
Connagsght di cal Research Laboratories for the culture of L cells, and
i ncl udes 5 "other derivations thereof provided that the basic function of

30 CMRL is pregetoteihg tERk chitoditiadi thenphscrémiarttL talsl ate adalic bahl @lkn.eei t her
liquid or powder formfrom conpanies including G bco BRL, Gand I|sland, NY,
cat al ogueP¢fin#pial andimppeerplryonice| | and Mol ecul ar Technol ogi es, Phillipsburg

New Jersey; The isolated pancreatic beta cells of this aspect of the present invention may be

of homogeneous (i.e. purified pancreatic beta cells) or heterogeneous nature (i.e. a
20  mixed cell population corﬁprising, amongst the pancreatic beta cells, other additional
pancreatic cells).

Thus, for example, the pancreatic beta cells of this aspect of the present
invention may be comprised in isolated pancreatic islets. Islet cells are typically
comprised of the following: 1) beta cells that produce insulin; 2) alpha cells that

25  produce glucagon; 3) delta cells (or D cells) that produce somatostatin; énd/or F cells
that produce pancreatic polypeptide. The polypeptide hormones (insulin, glucagon,
somatostatin and pancreatic polypeptide) inside these cells are stored in secretory
vesicles in the form of secretory granules.

Methods of isolating islets are well known in the art. For example, islets may be

30  isolated from pancreatic tissue using collagenase and ficoll gradients. An exemplary
method is described in U.S. Pat. Appl. No. 20080014182, incorporated herein by

reference.



14 Biofluids Inc, Rockville, Maryland; Bioreclamation Inc. East Meadow, New
York; United States Biological, Swanpscott, Mssachusetts; Sigma Chem cal
Conpany, WD.20l2mss4 M ssouri; Cel | gro/ Medi at ech, Her ndorcTNER@DMOEIS €
technol ogi es, Rockville MD. 5The nmediumused to culture the beta cells may
further conprise supplenmentary consti tyents whi ch may i nprove growt h and/ or
viability thereof. These include ut are not limted to %réo h factors

(e.g. hepat ocyPEyiingt I paRthey emhadiment, W“F%’F@f‘ﬁrbeé%d’)e%sr BREPE gr owt h
factor) Sﬁxézyﬁﬂc(negg didpetsRl i lal simgE o Qﬁsgfaﬁ‘sti@rl - BQVbDPehS£IdHBn oBlriises6r (€. 9.

5.6 M) and antibirotrcs. 10Non-apoptotic culturing conditions for

pancr eat i by betmtiorl | s are known in the art - see for exanple U S. Pat.
Appl . No. 20080014182. Accordi.ng to,o mbhodi nent , ., beta cel | r assaged
every seven da egﬁI&FT?aélfchf%t \‘Kﬁ’lggeméy\}?égﬁr.t %clé‘gﬁtgﬁrfﬂ that PRy afee%@ﬁ&‘ﬂg%&bf uU.S.
Pat. Appl fredNpron? B3RP QdklfRes RARS bBRE ipandeit’ 64! Sudiys MIBhexBRNeEd d6fka 000
fold without any detectabl e apoptosis. Accordi ng t o anot her enbodi nent, the

15pancr eatdlls) thet are pedsest inne iprdsguirenmers e b ndent cells by

hi lid b .. €. I .
sLtaching 1o aripl At Sl i 8, TBAGLE Ao IAF oSl 3 N0,

1640 nedi sitblogos g.@g nilagdtiengorlde o i) apsemaRa dSupp IR RAMpleNEdl R iy %0
FBS). Follow ng the expansion of the human pancreatic beta cells (and the
20conconi b?aﬁ?lagé’rféﬁmaih@ﬁlaéfca@@’&ﬁf ferentiated cells therefrom, the present

i nven{jon cont n I nl " L pAt : h f
Acoortl ng o one SahoT A Fhe iR e RRE: Dt A8 AfleaShE e Shirioce 61 P O
cel | s at pamsdatiorBecdlsl e prowdss betadhdivisiprt olttwidl Wecappreniated that dutisg Sex

famly. . According to_ another enbodinent, the nmethod is effected b
expr essi nEFRAAGPEEISSCE! RS MEPL AN P00 BEpPIoIEY IMVGHERILF FABTAYS o t he

Cct fam | Uet@@ghsoﬂﬁi&éb dUPEE LN idt RN IPfeferably the %&ﬁéﬂﬁigis%fffeﬁ&hxfsﬁphmsér
bel onging to the Cct” famly 1 nclude, for “exanple, t3/4 (NM 013633, nouse

and NM 00@f7pdssagearsacl) thaDthel Beta Niolls 98p@4s a earsesedramivit 02867 celheprgific  Oct 6
(100 OFL41 Touce, 0 0 0063 MOl S MR B A0,
It will be appreciated that the expanding is not effected for an amount of time
which brings about cell senescence. Thus, the present invention contemplates
expanding for about two weeks, about three weeks, about four weeks, about five weeks,
about six weeks, about seven weeks, about eight weeks, about nine weeks, about 10
20  weeks, about 11 weeks, about 12 weeks, about 13 weeks, about 14 weeks, about 15
weeks or even about 16. According to a specific embodiment, the expanding is not
effected for more than about 16 weeks. It will be appreciated that the specific amount
of time will depend on the culturing conditions used and the culturing medium itself.
The present invention contemplates any medium for the expanding of the
25  pancreatic beta cells.
According to one embodiment, the medium is CMRL-1066.
As used herein, the term "CMRL 1066" refers to the serum free medium,
originally developed by Connaught Medical Research Laboratories for the culture of L
cells, and includes any other derivations thereof provided that the basic function of
30 CMRLis preserved. CMRL-1060 medium is commercially available in either liquid or
powder form from companies including Gibco BRL, Grand Island, NY, catalogue

number 11530-037; Cell and Molecular Technologies, Phillipsburg New lJersey;



a marker of undifferentiated cells (Ckanoto et al., Cell 60:461-72, 1990).
Cct3/4 is also WD 2012/ 025914PCT/ 12011/ 000543 15 reported to participate
i n the nawvotemansa4of pluripotency (Nichols et al., Cel lpcRBLBTD000943, 1998).
Exanpl es of pol ypepti des belonging to the Sox (SRY-box containing) famly
i ncl ude, for exanple Soxl (NM 009233, use and NM 005986, human), Sox3 5

(NM 009237, mpuse and NM 005634, human), Sox7 (INM 011446, nopuse and. NM
031439, hbipfhds e Rockrifieo drziand; Bipseclamation e 6oasd Mendam)Nevgoyark;

PeLL oy RS Sy M S S AOBRS e

NM 018419, ny, er exanpl e 1 ncl udes Sox2 (NM 011443, nouse
and NM 00BA@S, Misswari) CeligdModidiec, Horndeh, drotanérLiénietinotegtes, Rhekvillt hod i s
ef fected expressing in the cells four polypeptides - one belonging to
the Cct f ly, one belonging to the Sox fam |y, Nanog and 1in28.

Al ternatively, Thhg Rl askd &itﬁﬁﬁtﬁ@@el{ﬁy%eﬁ&( Blfa%st%hﬁ& domprlRe sephlESehiary
am

pol ypepti des - one belonging to the Cc m |y, one belonging to the Sox
fam |y, Kednsttuand vehitlymay iBpovp gesvsthragdion yiabdiy theseefntihgsd imgludachudaze
descri bed rein, above | he expanded .pancreatic beta cells. may b

por f o ned™ By e Pr EoRh PSS (B EPAGRR 3G B8P G B o o
Vari ous nglib&ml gedwierabsBtseidn (Bl edalCaif feeurXdi fesis boviny 86#udi)s ghicosde
present invention into the pancreatic beta cells. Such nethods are

gener al | y(ede Ser inpBrndrantibigfics.nst ance: Sambrook, J. and Russell, D. W

1989, 1992, 2 . L RQ: . i
I(—lar b0|1'0 Labor at grg%),apﬂét\g\}lggélﬁfrm&»‘ggéﬁﬁgﬁ Eﬂ %ﬁdg?@ég’&g Qéys%w%ﬁl%%éfpr e
Current Pretoes exampldVOlSE@at.aspii Noo39080DohIBAN Aeyording tSons enBaldirhermny e, M.

(1989); Chang, P. L., ed. (1995). Somati¢ CGene Therapy, CRC Pr.ess, Boca
Rat on, FI Beta Cellyare passaged (evgubievershiys #ad gefedl dyice ke ACCORLER [hslion,

Fla.; Rodyj of 5L pad _ . ) be : . f
a.; Ro {e%%ﬁgsnog sp ésfl?pﬁbaidéﬁsooﬂmbl %a(n%%%?)c beteCAIOnry B Spaniid/ey O

Mbl ecul ar ect or Thel r Uses, Butterworth-Hei neémann,  Bost on,
Mass; and65D0MEaEd vAthoat asy detedt@Ble)apofiioaiss fAccoaditlg éx pnabsi anbafimehiptisd genes

using retroviral vectars. Biotechniques 4(6),,504-512' anpd incl.ud for
oo BSEC BT Pl ek ope G ritraterdsBraten sH1S BY ALBRuBB A on.
and i nf ec{diRsuBiitde g_ieecqrmbmwerv;i;feaif_cmcgrmﬁ). In addition, see U S. Pat.
Nos. 5,464,764 and 5,487,992 Tor 'positive-negative sel ecti on 30net hods.

I ntroduct i on ofcedidingip sl shetherunkadiments thsfexphrdipg éssaffactedrindditNbho4tht o t he
pancr et R Ga Loyt Abe b5 TR b syt coes ovr
Following the expansion of the human pancreatic beta cells (and the
20 concomitant generation of dedifferentiated cells therefrom), the present invention
contemplates generating induced pluripotent stem cells therefrom.
According to one embodiment the method is effected by expressing in the cells
at least one polypeptide belonging to the Oct family or the Sox family.
According to another embodiment, the method is effected by expressing in the
25 cells at least two polypeptides — one belonging to the Oct family and one to the Sox
family.
Examples of polypeptides belonging to the Oct family include, for example,
Oct3/4 (NM_013633, mouse and NM_002701, human), Oct1A (NM_198934, mouse
and NM_002697, human), Oct6 (NM_011141, mouse and NM_002699, human), and
30 the like. Oct3/4 is a transcription factor belonging to the POU family, and is reported as
a marker of undifferentiated cells (Okamoto et al., Cell 60:461-72, 1990). Oct3/4 is also



such as |ipofection and el ectroporation offering higher efficiency of
transformati on and propagation. According to a particul ar enbodi nent,

expr essi ngot2oe/dsdisf f erenti ati ng factors descri bed her eipoTaboneodosszt he
pancreatic beta cells is perforned by retroviral transduction. 5Methods of
inducing i PS cells without viral integgation are al so contenpl ated - see

al 200 HpRed fhbiipsle §be gahants o Sietatie VRS Fh CRN SR ©

pancreati 91 b@tgg) cells may be transfect ed with nRNAs encodi ng the
dedi f ferent’i at i ng factors [Gvol et al., BBRC 394(2010): 189- 10 193;
Warren et al. Emplestoémoweptldesd?mnvg tq the 8035 (SRY fagwespperning) fimibages

549- 550].09 |ntrod ct | e
<m D el e g PERNE] R ot o2 Blise B8 BB YB3t 8o i
Zhou, H. ﬁﬁMat)09:§35'| |m&ﬁ£rrm@|NM400$ﬁl4 3Rdndn)2FRY . (NM_ 011446A3n@ifslat amded,
the present inventors have found that iPS cells derived froma 1 { i cul ar

somati c cM_A3JA29.nhnmany, PoiRedNM, B3I mpuss, apd M Q54 Rupany Sp t hat
cell LyPeqtan Ak Brduse bha SV LAY Ritnnhild S50t m@rr@rsgz@ac&iohsé YRE-

Accordi ngly, 't~ a heter ogeneous ce popul’ationi's as a starting

mat eri al N _gHrSél%,tmmalnag anP3 prefetred (emngple mokmhhs;Sopﬁl(lﬁM Om1443, peouse aad i C
cells), i nventors propose that a step of selection may be
perfor rred%%ﬂﬁf’i@ hugaBhsure that the i PS cells 200btained are derived from

a parg4 cul ar SQ@E&‘dﬁlgCt%l}let GRotfler RABSIIRRAY, CheDBEMOBES bifected by exeSah ﬁrﬂg to
one enbodi nent, the selection is effected by permanently tagging t

desi red sﬂlmllsf(uﬁlgol}(peptgdesmrt@éang@ng)@ttée6&1 If?)mléx;@hetbhbngmﬁéOtﬂech%nm ns
even when_th éﬁh"l ha(:z1 n dedifferentiated into an i PS cell. The
phrase "p n Bﬁg refers to incorporating a detectable noiety

25into, or on M@rrﬁmé@cme(a{ethddlg cfrettbs bzléﬁbretsdiﬁg intthe celatfoat pdlygeptideet y
remains in/fon the cell Irrespective of the differentiation status of the

cel | . - onpbelongingde the Qaifamiypaebelpmeingdophedentamily, &t apd cMEC-t aggi ng
|s ef Flse cted pr E?éregﬁné the H?é}éﬁltfﬁﬁngr}?tﬁgrs iRl Heft§n BoGR! i htﬁé b e}laan%@r esses

B cel I” markers e tagging Is effect no nore

t han fi vepaiayaaticobdtowellg may burpdn@)nnamcbmgemti&Omaeifparaabhy— reampleeusihgn

three days follow ng cul turing J ary nethods for manent | y
f I whatfpieeh Yt

L agi ng. pEREPBIE et cH M pg e ats LIPSO BB o
2012/ 0259314 Wﬁﬂég&ﬁ%b&ﬁ%%toﬂhe pancreatic beta cells. Such methods are generally

described in, for instance: Sambrook, J. and Russell, D. W. (1989, 1992, 2001),
20  Molecular Cloning: A Laboratory Manual, Cold Springs Harbor Laboratory, New York;
Ausubel, R. M. et al., eds. (1994, 1989). Current Protocols in Molecular Biology, John
Wiley and Sons, Baltimore, Md. (1989); Chang, P. L., ed. (1995). Somatic Gene
Therapy, CRC Press, Boca Raton, Fla.; Vega, M. A. (1995). Gene Targeting, CRC
Press, Boca Raton, Fla.; Rodriguez, R. L. and Denhardt, D. H. (1987). Vectors: A
25 Survey of Molecular Cloning Vectors and Their Uses, Butterworth-Heinemann, Boston,
Mass; and Gilboa, E. et al. (1986). Transfer and expression of cloned genes using retro-
viral vectors. Biotechniques 4(6), 504-512; and include, for example, stable or transient
transfection, lipofection, electroporation, and infection with recombinant viral vectors.
In addition, see U.S. Pat. Nos. 5,464,764 and 5,487,992 for positive-negative selection

30  methods.
Introduction of the expression constructs of the present invention into the

pancreatic beta cells by viral infection offers several advantages over other methods



In brief, the m xed popul ation including the pancreatic beta cells are
transfected with two expression constructs. The first expression construct
conpri seswe 2pooepual eot i de encoding a Cre reconbi nase pecypepii/o®ss3
operatively linked to a pancreatic beta cell specific pronoter. The Cre
reconbi nase may be fused to an 5i nduci E%e pronoter (e.g. estrogen receptor,
whi ch renders DNA reconbi nation inducibfe by tanpxi fen%r ExarrIgA es of
pancr eat i 8198 asdinofestier iand elegiroprsatinnsofeng pyghersiicigney ¢fdransformatien gl an
insulin p or : r.oant: ° 2S5i : i

conpr i seoPPppRlon® Afecite (81 HRNERa: IRRSRRAL PIRTRE IO DemERLN:
oper at i vefactdrs dksdibbd haretioabovet it ihe epapeeatit beta delie i§ perornebett by rethivarahoi et y
bei ng fl anked by LoxP pol ynucl eoti des. The second expression construct
further cHAMUEEN -3 second pol ynucl eotide encoding a second detectabl e

moi etys the segpithRYrIACROPSALND NiltduPeisditihepRboR ard Asd BéntbhpRted —

pol ynucl eotide. It will be appreciated that thetag (i.e. detectable

noi ety) mege foe eaample1Bagstlly pbpt.i 2!)98V\,{*5Cti¢ncea3ﬁ2b%4i:l€g%biﬂéhokﬁa &t pandi08at i ¢
beta cell thr ougﬁgué4 t% course of its dedifferentiation, which itself does
not i nfl ubPpAAtreaicbeta cel | viability or dedifferentiation.

According to OngteBHBOElyMRRY expaifict afaricteatic| beghtccBiNhiy g pamdfedted vaxianpl es
of tags which may be detected in pancreatic beta cells include, but are 20

not |imiteRNAs encaghing & dqdiﬁgrepﬁigm factoan £91vol 6h ahs BBRE A9H(2040: 488Nt

teins igelwdi P | j G
Pl vor dce PSR sH LAFSOANEES, CHARY 7 At BoRby SheRDIID, P SaT b o°"
EBFP2, Azg50] &, bynisebandion,of eaprotdinothesselnts (eofaiexampleARim,GRr efl ababigll CyPet )

and vel | ow fluorescent protein derivative Y Ci.trine, s, .YPet) and
Lac Zy geneSteps £l 1dgiid 40 &é‘rﬁ?‘ﬁtng?r%pg? ﬁ%pq%bgn@h%,ﬁ-i %ﬁc@%ﬁjg P% p&ﬁ%az e
tagged ma 8?-@83,3%@)9‘1' Exenpl ary net hods of isolating tagged cells

i ncl ude, %u ‘e not” linmted to nanual dissection (mcrodissection) using a

m cr oscope capasl mextfonddy thetpresgnt hoentags havegiound tlmt dBS emalls dedyessboped and
sorting using a FACS.sorter. Purified popul ations..of ILPS cell erived from
pancr éat i 84 plar supptic orUL YRR hﬁ‘éee?iiug%@r B%?E’e‘éélvatPidZ‘ifVe%?at%B?ﬁ%‘sn %glak_g%lgr di ng
to one enpodipBn iPSNeM defifed/56@ f Affefeat QffdtiGelagsh. dat e agents which
affect proliferation and/or redifferentiation of dedifferentiated,

pancreatic B céldestdingkpriph deteragsnenusact nogelation isnesedds 2 Sartingmateidl 9 ni t ed
to small 18 l.ec ) ol ypept, t Leot | (e.q.
A e S e e R A U s
cel I's der ip¥gdsd iR RapCSTaalectonaiag teghdrormee in efief feemntd dnetheald wled for

cell therapy as further described herein bel ow )
20  obfained are derived from a particular somatic cell (e.g. pancreatic beta cell).

According to one embodiment, the selection is effected by permanently tagging
the desired somatic cell (e.g. pancreatic beta ceil) such that the tag remains even when
the cell has been dedifferentiated into an iPS cell.

The phrase "permanently tagging" refers to incorporating a detectable moiety

25  into, or on the surface of, the cells such that the detectable moiety remains in/on the cell
irrespective of the differentiation status of the cell.

According to this aspect of the present invention, the tagging is effected prior to
the expansion phase, whilst the B cell still expresses B cell markers (e.g. insulin).
Typically, the tagging is effected no more than five days following culturing, and more

30  preferably no more than three days following culturing.

Two exemplary methods for permanently tagging pancreatic beta cells are

described in Example 1 herein below.



As mentioned, the present inventors have discovered that iPS cells derived
from 5 a particular somatic cell maintain open chromatin structure at
genes spewof/ksvithat somatic cell and di splay a uni quecbheoretdugdsat i on
si gnat ure. Accordingly, the present inventors contenplate that the
chromatin structure at genes specific to a particular somatic cell may be
anal yzed as well as the DNA nethyl ati o?'n7_ signature of the iPS cell in order
to select for PubH¢fctheanixpgoppfion lnclydlnmgg pangpatishetpradlsiare raesfeciede of an
i PS cell i f a i.C .cel C i,n ure of

t he PDX- 1%‘?‘0#&9 ereg(gl[r&slq%lgu I nS p%%’rmf%% afrlrl(ég E%pr%%%nyrz%%?ﬂv%ercéﬁﬁﬁg% oagen

st ruct ur epolgnudiebticiat enm@dingata Uhe reedrhbinssed polypeptider oprratipelnclisiadd ¢o ket a
cell. Met hods of anal yzing chrgomatin structure of particul ar genes
are knownP31sreafie befa CéllltSPéﬁgciHTEF‘gEfé- fggg&‘érfﬁ?(&nté‘\‘)%%eug’tab'n@ iﬁﬁég |8V s of

hi stone H3 4368y ﬁleﬂart(gg%h@é&dgﬁ reQEthEegvh%é’;llfA C}@@té@lﬁﬁﬁu%{fﬁrﬁﬁ?a@éﬁ

Kk
chromati n | mmunopr eci pi on (ChlP) ation levels nay be

anal yzed usluciglertat thmdsif&mown in the art, e.g. using Illumna' s Infinium
HumanMet hyl ati qn27 BeadChi P arr. and. b roseguengi anal ysi s.

Exenpl ary geneEX?‘HBlFS H'EE}aIlféeaiﬁﬁ @%EPC\%H@/ IB%‘@?eirsf-’g’Cg‘Eﬁi Q‘g‘a?r“’en%%@@ft?@gﬂ from
pancr eat i gn RREIRn fR\moterl G/ NG prébtepr € not limted to PDX-1, insulin, MI1H,
WDR52, NUCB1, cd40 and ZNF4A As nentioned, the i PS cells of the

present i nvent The seeopdexpeassignigonsteudt compriagsy a figst pelgnygleciideeancoding a
di seases. ..T r.esent .inventor V. existenc a Lgenetic
menor gfi nﬁrsggetg%t%@g maoéFtiy vedFy glﬁnﬂn\éﬁg% gecg g“é‘gﬁesp ‘8§‘r° ?ﬁ’rﬁ’g{ﬁ{3 %{é?trdgttae% Balggesi on in

vitro andmbave behipWiatledt b MiexPMBOWhclESid¥Bl NThAE ecbrdu Expigssicp eogst@esI ng
into iPS cells in nost of the markers anal yzed. Accordi ncgl y, the present
i nvent or sfusthepse@prisesta pemgnd rofwugleptige gneading a ssepnd deledrble aneieive thee |

have a hi i L speci fi c genes upon
redi ffer e%’[a?g(% P%lg%ﬁezdt{d% b%ﬁé%{tg)? ?%%??%p@%%?gun%ﬁdg e'st ructure of these
| oci. 30 Thuslt wilé i eppreciatad elwti tre cagnt(esrpetetsble hatoidiye nsyuibeeany t he

iPS cells for cell .therapy iis se|lected based on th articular sonptic cell
type. That PAIBPSRBEITEE CatRis S BhApIcEans eprie b ebpt e SRS o her o

i nsuli n sgcigtieAghtiopl lwhidh §iseBYdbdsCHot tlTRIcREC AR reatlObeta cell viability or

2012/ 025914PCT/ 1L2011/ 000543 19 i1 nventors propose that human beta'cells be

used as téesdiferenttationor i PS cells. In the case of neuronal diseases, the
present inventqQrs EIOQOSG thst .hurrfanllnteuron]gl tCeelihs he tused as the source
for i PS cells.FFPTINE ' 8ELH 0%15}‘68’51 © 48 £ehddt N Qgﬁf%gg’nt i nventors
propose that hgmﬁ%@%ﬂiaggwchﬁihlrﬁa;bse dgedledt pdiereadobe@ ks incRGecltlage | n
the case of |iver 5diseases, the present inventors propose that human |iver

cel | s2be wdimiled topighiumigiing preteipgenes|speh at green fluorescent proteins including
EGFP (Enhanced Green Fluorescent Protein) and GFP (Green Fluorescent Protein),

Red-2, cherry red, blue fluorescent protein (EBFP, EBFP2, Azurite, mKalamal), cyan
fluorescent protein (ECFP, Cerulean, CyPet) and yellow fluorescent protein derivatives
(YFP, Citrine, Venus, YPet) and LacZ gene.

25 Following generation of the iPS cells, iPS cells which are tagged may be
isolated. Exemplary methods of isolating tagged cells include, but are not limited to
manual dissection (microdissection) using a microscope capable of detecting the tag
(e.g. fluorescent microscope) and sorting using a FACS sorter.

Purified populations of iPS cells derived from pancreatic beta cells may be used

30 for a variety of purposes. According to one embodiment, they are used for screening
candidate agents which affect proliferation and/or redifferentiation of dedifferentiated

pancreatic B cells. Exemplary candidate agents include, but are not limited to small



Thus, according to another aspect of the present invention there is

provi ded a nethod of generating cells useful for treating a disease

associ at estownidn2sall ul ar mal function, the nethod conpri ®CmgL2011/000543

10(a) generating i nduced pluripotent stemcells fromhuman sonmatic cells
(ei ther expanded, or not expanded), thf human somatic cells being sel ected
according to the cells which have nal - %ngtioned I n the disease; and

(b) r edi f f Bpkesulest palypepHde paenit ard priyrrdleetider agentspe e SIENADWAYCERIANE BY i gi nal

somatic | f Al i gﬁ%% [ . celd ting
cells use#dt}l %Pﬁ) fg'?{?%attttﬁ a éﬁsd«?ggaggggggﬁ afe'éeﬁg (\%!Hivﬁd gggpfgﬁg%{ea?}iglrbg Eaﬁct I on.
Accor di ngcdlle asne diffdpardianeindnd usedidr loyll delrdpy arferthieeldsdribedthheinbelowat | on of

i PS cells. Accordjng to anot her enbodj.nment, the. malfunctiopning cells
t hemsel ves ar eAﬁ%thBerA’tt ePTERS PAPRIGH Y e%ﬁgoﬁeerla‘li that 2&@@(5@&“’6‘?5"%

di fferent} %Eftﬁglaplsl?lﬁl RO imsh&M eﬁéd ShiofafnstRdfukd GHbafiesClbiffcYBenay €
known in t h I 'hv | I such met hods.

i
e art andat e present ention contenplatées a
The met hosbnmdig dellvwod disphersatriguerdAf methylation sifgnatoee.cel | s and/ or cul turing
of the cells in nmedia c rising differentiating factors. |.t wll be
appr 6o ated  HAFTBERGARY PESaldrimars cpkgo iagt 26 Hrdmalib iogiere R f on
of fully glnk§ epeatitabes paghdufar doniict ¢l maydbd faangRéd ak adeicak| e 2DRIONG a
particular |ineage. According to a particular enbodi nent, iPS cells
derived fmethylssinosigaatuee ¢fethe iRfetdlkinpagerie selpgtifer pasticecd®Sically pancreati c
progepj tor cel | c€. | | s. havi r | ' e . phr ase
" pancweat I C prJI(;%%Sh |f(froerX 8@3 ’ﬁ g Hﬁ? (Ca%g rog a? gpg cglgghﬁ?‘éejtdl %ﬁrﬁ%fp T 8ier'”sl° \Rﬁtﬁc ﬁ’ar e
30not ful hy cHidohfiresthichire df ithd PDXAD pi@ablet of @lsulin py@ho®f sagenadalyddf o

differentiating towards at | east one type of pancreatic cell - e.g. beta
cel I's t haVh§jeBdt ePshtHcte iniphcetivehas sho colb soden /fm@mmcﬁ@@a%eta
cell.

Methods of analyzing chromatin structure of particular genes are known in the
15  art and include for example evaluating the levels of histone H3 acetylation, (a hallmark
of open chromatin structure), by chromatin immunoprecipitation (ChIP).

DNA methylation levels may be analyzed using methods known in the art, e.g.
using Illumina's Infinium HumanMethylation27 BeadChiP arrays and by
pyrosequencing analysis. Exemplary genes that may be analyzed when the iPS cells are

20 derived from pancreatic beta cells include, but ar¢ not limited to PDX-1, insulin,
MT1H, WDR52, NUCB]1, cd40 and ZNF4A.

As mentioned, the iPS cells of the present invention may be used in cell therapy
for the treatment of diseases.

The present inventors have proved the existence of an epigenetic memory in

25  cells derived from human beta cells during their expansion in vitro and have shown that
this memory is maintained during reprogramming into iPS cells in most of the markers
analyzed. Accordingly, the present inventors propose that iPS cells derived from a
particular somatic cell have a higher propensity to express those somatic cell specific
genes upon redifferentiation due to the relatively open chromatin structure of these loci.

30 Thus, the present invention contemplates that the source of the iPS cells for cell
therapy is selected based on the particular somatic cell type that is required. Thus, for

example, in the case of Diabetes, where insulin secreting cells are required, the present



20 cells that produce glucagon; delta cells (or D cells) that produce
somatostatin; and/or F cells that produce pancreatic polypeptide.

Typi cal | ywopamensati c progenitor cells express sone of the/1pienoiogss

mar kers that are characteristic of pancreatic lineages (e.g. G.UT2, PDX-1
Hnf3f3, PCl/3, Beta2, 5 Nkx2.2 and PC2), Typically, they do not produce

progeny of other enbry I ermla V\/n ul tured by thenselyes in
vitro, unflg'ggtoase@ﬁ‘)??s&tg%tl} g?‘élobebar Ce‘r\ig dﬁ?gfﬁr&? SOP'ECG&PW %Sb@ﬁépﬁ} ét‘?i Gf%ed t hat
it is notof faurbed disBades @BE PreSént iM@nfoRd hopWhd tRhihunlé RARMaBEIIRMeNRYE ad e
capacity of form ng nore than one t ype OF progeny, al t hough i ndi vi dual

cel | s t hathegosrasfpr ifSoeadlst Ipahfw@atqf@aphasg@mas@ﬁr, tlmepnesenmyveb@r@pmem
10Typi cal i I i i f to definitive
endoder m k:ef hml &S’dlgcecg%e% rs‘%’glfle outsx%%ect{c} turl ﬁg tH‘IB§a% PF VPh a
medi ung COGiSéas&t nhe p@fs«tﬂtllﬂveﬁtoré\bfc@b@@thaVBbMan liber ¢eiS b@&iséds adTEi¢ sBerceUbt ur ed
in a nmediumconprising small nol ecul es known to i nduce definitive endoderm
Exanpl es H1S cellsgtsmal I nol ecul es i nclude, but are not linmited to induced

definitive end i LJAL L b e 2
see Borow ak e?ﬂgﬁr @cé(gﬂngg%))ea&%%ﬁag%& ?ggégggge@kryo%g?&%h@ dﬁ I*s ‘3%1(511%/(]'1 tQEen be
cul t ured metleaddbf i genedatin f dedls ewdetidt forgtréairigons diseask ugisogatedr witk aogiludar

ker ati noc rowth fac (KCGE retinoic acid and noggin in order to
pr oduce péﬁﬁfl‘g%{’cqnc E‘N{?Qﬂ‘%m)‘@ her differentiating factors include, but

are ngg lim teg!agt 0 g&se@lﬁfﬂgakno%éaﬂﬂpm g%?ér@rstérﬁcfal}s f}bﬁlohhl'ﬁéﬂ‘ s%‘?natlt:' BaRbl ast
grow h factor i nsuln ke gr h 20 factor (IGF)

Furt her e{mttlrpd @epaoded@et aot(mtlphndi:di) fthe humalatswmmcpmlmmggseagedtascwrdmgjde but
are not 0,ACt i Vi triuretic Peptide, Betacellulin,
Bone Mor ph1 ﬁ? %fthfgp&ag? HIHPQWﬁ“%?ed 1@%%@ RESptdeni ¢ Protein (BVP-4), C
natriuretic pegi)l de rddifNenti C%Kué ehduce Ephitigotint Rtele ellsRRMWat@arPeAkinde

(CGRP-ax), Chol ecystoki nin 8- 25 am de), Chol ecystokinin octapeptide
( CCK8- sul $<m1@ualmewb1>%tha umbwdwpllarlget@ufrﬁt@m celdy. thasefast ganerasing Rellcrssfdifar s

subst ance njsol e A Dimethylsul foxide

( DVBO)” E@tmér?edag?%?% ‘%Q‘%Ex‘”%a“ﬁ“ﬁ‘%@ham "ic, FGF2, FGF7, FGFb, Gastrin
|, Gastrin Rel Aasdrﬂglgﬁenmbmt(oﬂiﬂ?ént Rialthggens Iatekﬂeﬂ’ffmt ilﬁeieiivétﬁlPoﬂ.)ES

G ucose, G.owth Hornone, Hepatocyte G owmh Factor (HGF), 1G-1, |1G-2,

I nsul i n, S@ISKGF Lact ogen, Lam nin, Leu-Enkephalin, Leukem a Inhibitory
Factor (LIF),

(. beta.-NG), %I(I%I(::(g? #ﬁ Rgghbtﬁerné}%&l}&n%% £ f@girlﬂgum Ml?%I\/F%%gr%? ssa{rrglu Hor none
Rel at ed Papthader(vietibn bf iPSRE]ls.PDGF V\D 2012/ 025914PCT/ | L2011/ 000543 21

AA+PDGF BB M Pl.acental G- Pr ogest Pr ol ac Put resci ne
D1 nydfibchl or | d¥eeiaRe G i RPN G TR * REGNS CellATP ar

Sel eni um kRREH BbartAGHdhe SRRINE 1dﬂ%ﬁg&h@&1ter§]ﬁ&@%ﬂ sﬁwmﬁbdk B intc@hod
Subst ance P, Superoxide Disnutase (SOD) G--b eta. sRII

TGF- bet a. may tinedlvé gendtie, mgdifichigaioo yheomllsean(dﬂtg)culmnogmf the/geldmin media
Intestlnal Pept.i d VI P ta

i 11 or ent rvE B SsRRgr ls. iy A R eeed BACHP sttt RS,
term " bet mayeédultdhftﬁ@F@ﬁ&atﬁ)hl SIfully ABeEhtRitd DEellsask pafiallgdiffeefltidted ekils i S
defined as any nol ecu ei ther a polypeptide or a nucleic acid expressing
the pdl ypdlpeg aeartighlag fingage.

According to a particular embodiment, iPS cells derived from pancreatic beta

cel |

cells may be differentiated into pancreatic progenitor cells i.e. cells having a pancreatic
lineage.

The phrase "pancreatic progenitor cells" refers to a population of cells which are

30 not fully differentiated into pancreatic cells, yet are committed to differentiating

towards at least one type of pancreatic cell — e.g. beta cells that produce insulin; alpha



10 involved in beta cell differentiation by functioning as a transcription
factor. The transcription factor may al so participate in additional

mechani snwodbr2aes®ad to devel opnent, netabolismor the | ipkeaLiotanses of
beta cell differentiation transcription factor include, but are not limted
to, NeuroD (GenBank Accessi on No. AAA9 480) Pax6 (GenBank Accessi on No.

AAK95849) , nBa K Acc_ i on n‘%S 2289), Nkx2.2 (.GenBgn
Accessi on T\]lgat)ﬁﬁﬁéfgg “Caﬁﬁ& ta("@g ﬂ@A %@lpé %Soﬂﬂﬁf?é‘ﬁﬁr}(ﬁ‘l’r -1
(GenBank gaganst hdde p awgﬁ&ﬁg}pe Bdex (GenBank Accession No. AAA88820) or
Ngn3 ( GenBank Acce55| on No 15822) and honol ogues or orthol ogues of

sare. TypishYy apanirtetiagepesitéroeellsreaprsss ngmb ef dhe phénodyrfi¢ erakdrs at i on

i 1 or ont T FEGH RO IEH e glc Bpfiee® Tt I, FREFRRIE Pl oy
Al ternati waky.2 sl FGQJ)?'T%idaﬂ?Stlﬁ?Cd@)dh(ﬂgpr%&ﬁ@ Py, ergeoﬁdmef"eﬁﬂﬁicﬁﬁb bermh he 1 PS

cells or definitive endodermcells differentiati therefrom In this case,
t he pol ynliyPBdvheaeculiyediby themsedyasda Vitrp an}md@lﬁfera@we@@rnrs';prqgeammndtelt t he

control ofgpgl 'a%;lgr@&ueﬂghat ?tglgbglt 1e t ATRRL (gﬁgtg??lﬁr& % IE %OrP PR q‘{age

di recting an expression o a ce ere prono

agent in theecapRStycef fosmang ahefe rhahldne tgpmioﬁp:rogemelalltho@gﬁ frdiv@adidl @kil€ chat
therefromin a .constitutive or inducjble manner. Below is a |list of
ni ne exenﬁ‘iea{?@tlﬁ?tﬁPH@BF@atﬁ%Pmigﬁ’é}Eﬂf|°ﬁ]és Ry PEPESSERtat i on of i nduced

pluripptent st gqealy ihé {PSCcets Q?@ﬁl'it‘?ﬁfy' d?fflefeﬁﬁé\?(? intb Uethitilve Qﬁd(ﬁﬁ%%}l?t ed

that the list i§ non-limting and ot her erentiation protocols are
cont enpl afby thyy bbheadogrous émtcunnnagnthmt?s ce2id in a medlﬁ’ﬁDC(ﬂ'ﬂpﬂlSlﬂg a@ivob gcol 1

is affect accor.di . D, Anmour, et al [ Nature . Biotechnol ogy,, 2006] . and
Kr oon et é.?t '[%ﬁf’ﬂ?”e&%i %gecc?nﬁél?agg?ﬁ C‘Elgﬁ 1 ﬁJB"rdb‘ﬂ)‘PaCtOéIH"ﬁéqge%alb 0??5%“ ence.
Di f f er ent k@dw©ro lﬁu@@ﬂéﬁxﬁﬂv@bﬁ‘iddd@rrﬁpfﬂxaﬁiﬁmy&TEQBE eRaMirkdle&dIsE RORMe B\
varyi ng concentrations of FBS % for the first 24 hours, 0.2 %for the

second 24alﬁoQ<Pts ligHtgd2tosindnced @@fu@npnmgnol @PEALp raadt inducesh)defimtive
| / and 25 [/ m
ot 3% or st S0 SR BoBMARLEH PhL Skl Sla R U0, Rl o

% FBS andthaﬁtble\Uu[tu&H i @QQdinigha dlffelfenﬁﬁtuigdﬂbtoks)ﬂlaludﬁlgd@y%xarh? tkerdth@cgel | s
are cultured vvlth RPM with 2 %FBS and KG- (25-50 ng/m) for 3 10 days.

The nedi uiovdh chsiRgeKeB), DItNPis @Rid1 and Bposedt P erﬁbmto RIodS) c P aTtife
0. 25 d
The- mear IR PLGrETSOEt W Endiing foclors MoIgts PG ol il 1 bpiclimal, COVS-

2: Pr ot ocgilow2h ifactaf (ﬂié}ﬂ)edxcannmmde nibrobladi grogytie facedr, (FGH) eimséléd like 26iGwth

i ncor por at ed ef erence. 15Stage 1- Confluent pluripotent stem
cells %reaﬁfﬂrmfg fillﬁ/ M 1640 nmediumwi th 1X B27, 4 nMactivin A and 1 nM

Na- butyrat e foFurlhe‘i'%XamEf&@ oragdiusen alffe%dqitﬁﬁ@& pmlﬁ&ﬁl%; tsRRMudd GAOLR27

medi um suppl enented with 4 nM activin A and utyrate. The cells
are cul t un@dimited K dctreidi AmAftal Natottesic @pﬁadda@@taceﬁmhg,emne Mepbedeni ar e

di i at d i t V _and te 20
RVt 16401 B0 Mok AR RE bt oL B e P SRR N n and
transferr e@lertn@nul CHlRitdmw @&ﬁ@mm mbﬁH@S(cditlaaﬁ)el ¢§01@é|3@td‘kﬁﬁn Wicdkgr esh

medi um every 2-3 days for two weeks. is wthheld from
the c# t uredleht Copleeyatokipiak sctaprptice (C@K&iﬂﬂé@t@d)ar@h@eﬂat desm it Sbspiénsi on

in RPM 1@%21’0@&&09@‘%&1%%?@91@' Eurﬂ%{yilge I—W tﬁex'%:r e A% oneZ%W%ﬁferanlso N Week
Dimethylsulfoxide (DMSO), EGF, Endothelin 1, Exendin 4, FGF acidic, FGF2, FGF7,
FGFb, Gastrin I, Gastrin Releasing Peptide (GRP), Glucagon-Like Peptide 1 (GLP-1),
Glucose, Growth Hormone, Hepatocyte Growth Factor (HGF), IGF-1, IGF-2, Insulin,
30  KGF, Lactogen, Laminin, Leu-Enkephalin, Leukemia Inhibitory Factor (LIF), Met-
Enkephalin, n Butyric Acid, Nerve Growth Factor (.beta.-NGF), Nicotinamide, n-n-
dimethylformamide (DMF), Parathyroid Hormone Related Peptide (Pth II RP), PDGF



Stage 4-Cell clusters are cultured with fresh RPM 1640 nmedi um cont ai ni ng
0.5 % BSA, 10 nM Nicotinam de and 50 ng/m IG- Il for 5 days and w t hout

| GF 1| fowoanoisss?2 days. Prot ocol 3: Protoecl/B201s0@biect ed
according to ShimJ.H et al, [D abetol ogia, 302007] incorporated herein by
ref erence. Pancreatic differenti ?i;l onis initiated by treating hEBs

sequentially with seru act | VI and ns retinoi EB
fO?mEltl onAAr’Wé)q&l]fEBEBarl\gb%uﬂ@Fe i"f?nf RELSIEEISo éf@%ﬂ"ﬁ’i (l’.f)‘?LrIE; 543 23

presence ??1 E}%th%érf’deabaﬁﬁhxd ﬂ?ad%édﬂ&efuorcuhhf‘e fREGY, Refiaye ATINE St@én#mnl r eat ed

hEBs are reated w 10-100 ng activin A under serumfree
condi t i onSeltoious Aeid, thmﬁla{geﬁogjaﬁwbeaxb"ﬂltypsmﬁahibEBs Swbstenger Batupgroxide

t | th f d 30 ng/ni
For 4 dayDisiase: (§OPS o B it < Par et Bafeitnen
di ssocg at ?ﬁlo%@hy%;ﬁﬁ@@mt T?ol@i;e m%asbyctﬁzfe Iﬂ)@@nﬂa'i((i’leﬁ_ i@ DeIPs, VEGF3 Vitamid iAssue

culture dish in‘insulin-transferrin-selenite S) medi um cont ai ni ng
fi bronect amd VBafimEnt) . Protocol 4: Protocol 4 is affected according

to Frandsen et 200 | V.
Human pl uri pot é‘nt’étgt glﬁ]%(i’é?r[:gtmgxlrog |81?'1p g %géﬁgfg glssgglrarbar ﬁ%lisgﬁgﬂgﬁaCtorActl vin
B 10 (50 mgé frn ibetadstdedifft @niidttoneidisyidptibnifactiog’Sasf wed | lhmml\fseieﬁned as any

Protocol 5: Protocol 5 is affected according to Tatei shi 3 , %EC 2008]
i ncor por amslecss eitheroy pelypentidsce. a nucleic agid Exrestinat cH?IWPB QY y6t éht stem

cells. is ted & "fﬁr?t 2B t n A
for 7 %ayisrwog gi ﬁlmb%)ut yr agg%ﬁqgrgggggg&)gn aig)qm at{'a %lz?]%ﬁgtllén c%ggn¥¥%tl on
of 0.1 nmMrasdcaigtor)factdt t miay shlagepdrticiphte aml hddigoml dinsslomismsedlisgicted to

col | agenase |V and transferred int Itra wat hoent. pl at e e cell
aggr egat eSCH PRI TFE lism likg4igamp) %P&?fgﬁm@ﬁ& %?J“Sﬁﬂf’ﬂ‘?

epi der mal f&f&%&uﬁ@q}uﬁ) fare Bot'@hittd WQ‘U&H(‘;D G@HBﬁiﬂ{[ AQE&%B N@cAan93ngh)100

ng/ nl noggin for ‘weeks (stage 2). At st%g , cell clusters are cultured
in suspen®ixm (Chanlaam Msmpﬁﬂcerrén‘ﬂé%% h Bz (GenBanknghefesspn d¥emml

orout 0 S5 BeghD. LR ThhRA Misiody 1K Rl B ooty

ni coti namadeesaiod M. n@/ATd11983))! 191-1 | (CenBankt Acéasivar Nol KpO0ZISe),h@d-2 days

(stage 4). Protocol 6: Protocol 6 is affected accordin tosgg et al,
[ Transl! at (@w@anke%@aﬁsew Npod¢1A§8820) poNard (O e askrAgrpsyies @Pe%@el( %} ot ocol
7: Protocg] &810%&& O(}tog gg(%sg to Chen et al, [Nature Chem cal

Bi ol ogy, 56%5? ora erel n y r ef er ence.

Polypeptide agents for promoting beta cell differentiation may be provided to

20  the iPS cells or definitive endoderm cells differentiatied therefrom per se (i.e. added to

the culture medium).  Alternatively, polynucleotides encoding same may be

administered to the iPS cells or definitive endoderm cells differentiatied therefrom. In

this case, the polynucleotide agent is ligated in a nucleic acid construct under the control

of a cis-acting regulatory element (e.g. promoter) capable of directing an expression of

25  the beta cell differentiation promoting agent in the iPS cells or definitive endoderm cells
differentiatied therefrom in a constitutive or inducible manner.

Below is a list of nine exemplary protocols for inducing differentiation of

induced pluripotent stem cells into a pancreatic lineage. It will be appreciated that the

list is non-limiting and all other differentiation protocols are contemplated by the

30  present invention.



To generate a definitive endoderm popul ation, pluripotent stemcells are

cultured on MEF feeder cells until 80-90 % confluent, then treated with 25

ng/ M Witwsea 20R&2§914100 ng/ M activin A (R&D) in advance@CRPMo1{/H0wg43t r ogene)

suppl emented 30 with 1X L-glutamne for 1d then 100 ng/m activin Ain

advanced RPM supplenented with 1XL-gIQ%am' ne and 0.2 % (v/v) fetal bovine
K

FBS, Bet . TIh ium | d.2 d | to 50 nm _FGF10
CRED) . 0. 25 mARBEL | e 1 AT o it e dpa Aol T ERnt ec
with 1X LB@tethasiops, aok]2até KBSomnd mm@énswté&ﬁolagy(,agmgji ﬁ@&g)o?atéﬁ Cell's

are then transferred to 50 ng/m FGF10, 0.25 KAAD cycl opam ne, p. M
retinoi c BIpi® hysefgreicei n DVEM suppl emented with 1XLgl ut ami ne and 1XB27

L nvi t e ed . Pt ' Yy 5.300 nM
I(L{]/VI( A;ggregg : a@ﬁ%&h%ﬁgﬁ%f&g@f ggglrll{': ati (%né{pglee\é%eg’ltﬁdg%éweﬁggﬁu 3§e%f§c?or n6 d
i n DVEM sugrping rendentranbisofIPBI (0ot otk iast 24 BouB? 0,2 BHonthe stcadedddiourd Si gma)

and 101. 1M DAPT (Sigma). At the final, stage the cells are cultured for 6 d
in OVRL (¥4 %% Ejeubsequgyidenat differgntintianyy The plusipesat stemogefls are gitused M HGF

(Bet - Haengk) 180%hepM NoH Al isfi@mr‘%%f?oééﬁr o BEé?tzaﬁahrsfﬁ ThECOIO5RIthéh 1 S

affected according to Borow ak et” a stemcells 2009] 1 ncorporated
her ei n byculefat BnBBMI with 0.2Pf0FB8 aind SictiPingdt o9l nggmi $oradrf eddigdnadcdaydi ng t o

Johannessgn Met al, [P 0Q iL.acor porat e er ei ference, For

di f f er ent V¥t gﬁ,ceﬁlﬁeaf‘[cé}%‘l@e rv%}ﬂbﬁk i %ﬂﬁ?mﬁrﬁ@?y@%%ﬂn%é ¥ 15
changg t@yaCtTingi heivh?Gis NeHabe@nd VMBI 2ata/ b BP7 RiMpledRA) RUpabenent ed
with no FBS for the first day and 0.2 % FBS the second and third day. On

days f ourcyctopemien(OFFeM) gligrans refinofst ane (dued) end Noggios(FBae/and farrlodayday
ei ght i uppl enen i % EBS.. & four onward, FGF4 (1.1
ng/grﬂ) an ere??lﬁgﬁé?%gicglgg%\q&%ﬁ&ggﬁg&d%ﬁzfg%gag#esent invention(

further cont empraioes! 2:SPloddcell 20i§|affe§l@@labédrﬂﬁl@8togﬁﬂﬁgrtﬁta‘k,dLSw@iﬁ(Edli, YOYpP the
nmet hods descri bed herein. It will be appreciated that the term
"i sol at edMCporpicslherup bydeieemess to a cel | popul ation outside the body and

does pot necesgard hY cofihifint et 'slelnf A IPIEMRAYS irf RiphiP AR AL 4Ry
with 1X B27, 4 nM activin A and 1 mM Na-butyrate for 1 day. The medium is replaced
with fresh RPMI 1640/B27 medium supplemented with 4 nM activin A and 0.5 mM
Na-butyrate. The cells are cultured in this medium for another six days.
Stage 2- The cells are dissociated with collagenase IV and scraped off the plate
20 in RPMI1640/B27 medium supplemented with 20 ng/ml EGF and 100 ng/ml Noggin
and transferred to ultra low attachment plates. The cells are fed with fresh medium
every 2-3 days for two weeks.
Stage 3- bFGF is withheld from the cultured after two weeks and cell clusters
are cultured in suspension in RPMI 1640/B27 medium supplemented with EGF and
25  Noggin for one week.
Stage 4-Cell clusters are cultured with fresh RPMI 1640 medium containing 0.5
% BSA, 10 mM Nicotinamide and 50 ng/ml IGF II for 5 days and without IGF II for
another 2 days.
Protocol 3: Protocol 3 is affected according to Shim J.H et al, [Diabetologia,
30  2007] incorporated herein by reference.
Pancreatic differentiation is initiated by treating hEBs sequentially with serum,

activin and all-trans retinoic acid during EB formation. The hEBs are cultured in the



25As nentioned, the redifferentiated cells of this aspect of the present
i nvention may be transplanted into patients in order to treat diseases.
Thus, forwexamm2s914i PS cells derived from pancreatic betaraetohso@ss
redifferentiated towards a pancreatic |ineage may be used to treat

D abetes. As used herein "D abetes” regfrs to a disease resulting either

froman absolute 30 deficiency of insulin (Type Di abet es to a
def ect i nPTeRRACHi0bSPntriesd Bo¥ne Seramu I B, fsst 4 ﬁ&?r ijfh‘? _SW%E?%F?‘%&?& are
defi ci encyefirehfadWit110-900 RE/MTRECRACA ufller REbh iffee BRAIEHANRE Kd KR wing
D abetes), 1.e., inpaired inAsulin action, in an organism The diabetic

pati ent tbOueyhaext\ e HEB3/ WAEI4RATequanilly FO0EESNOE 2t ) b sewm fal 4t i ve

i nsulin deficiency, d displ ays, among ot her t ' , vat ed
bl cod g1 LEtSe TR Aril s 36 £1Eis AR Bt Pl T MRl e et AR B L5 e
di schay gea@findif dif@cialdiandiPIas@at'4 8@ty 08100-25€ CRistees parl3siini thgueculture est i ng
t he devel opnent of a 5 disease, disorder or condition and/or causing the

r educt i ondish éminselén-transferrinrsslgniie TS medivm gpriaining fiypretade U8MbBondi tion in
an i ndi vi dual fferingelr or. .di i.td, Jdi R r or
condition. Tho erogﬁcols% F{Otclg)ér?l}l t4 he a?re?tg gm%l%?&gigiga@/alir%&gsf’ H&S??igg Rrr&e’tsﬁ{)oggl ogi es
and assaymcelpoehicChdteindyusterce. assess the devel opnent of a disease,

di sorder or condition, and simlarly, LR\g&ri oys et hé)]gol o(gi)e(i and assays
whi ch can be 10¥&8ep plyrigelsasycmifells aig prsRtiated A5 SEPBINIGPOTIEYr 0SB of a
di seagg, fgo'rsr%rgg)ris Qtﬁdeglqg%etér?ré}zoid bodies6r 43PWediQr €1 N, "transpl anting”

refers to'p ing the redi rentiated pancreatic beta cells of the
present i nvent iRrotocabisnPratoyolstiiis alffeeted caccerdingy pi datdishi ebed.a[JBET,1 20088 r apy
is effected by in'ﬁctj n u 'n% a catheter into the portal vein of the
liver, al tI}‘EB{PQFPt?f{ fFn trﬁ%&esn Gf administration are envisaged. 15As

mentioned her eipyaRANRiatibNEE PafAFsERAstGn bElFis ¢atihed of RPVE 1616 Selehaimedt i on
can be derived from either ‘autol ogous sources or from all ogenei c sources

such as hwithrBZhaul4nd! ectiviodofos. 7 GiyacSodivm-kulyieicogaddeten pay drag alfinad y t o

i nd i . t] dm ni st t d h
nave. Beoncoobraisaor o aati el b kXEF G By AR e KRS e AR RC o

cel I's. Thegifipkfmk Uveaind tidieferstd PROASSA RYv bitachn2@t placispTntell agpremtayst em or
encapsul ati ng t he non-aut ol ogous cells in_inmunoi sol

: S atrlpgag semi ger rre?bl e
menbr anescyéfied én RPMs p4dnsupplegiented with Hafe 209t pRiHema grp Wibe@Ciore
general ly ifl 1 ! i i r4\C
Veni o es’ M IEse o R ELAFRRARMEIAC e ol IR, £8 200N BRAE DAL
hol | ow f i brage Bpedllr dugsrs (@t adaged M suspersion MERPMSIL64fY supfplemeented with BB, |

25encapsul ation. Adv Drug Deliv Rev. 2000;. 42: 29-64). ._Met.hods, of

pr epa? ngzgriné/rf@y]c%‘g‘?ﬁmé%gr&%h @&&wnﬂéﬂﬁﬁﬁr&l Ezgg%lﬁgfof ﬂé’feflb'e Ff‘bqllyebjﬁr%ﬁé t hose
di scl osedyhy; ket i RENIT 1658 he BRAEAREHIBS | 00 ok i Rkgth NABENANA0 mM

al phaphenoxyci nnanyl | dene-acetyl ated pol y(allyl am ne). Bi ot echnol Bioeng.

2000, 70: niké@naBide ath&0 gg/Ml iaswinRikelgaswthJFactor UfedamaskerZofays (stage 4).

m croencapsul ati’r%rt]oc%; 6:"Botoco!l 6 ?sl la%fegtrég according to Gao et al, [Translational
Research, 2008] incorporated herein by reference.

25 Protocol 7: Protocol 7 is affected according to Chen et al, [Nature Chemical
Biology, 2009] incorporated herein by reference.

To generate a definitive endoderm population, pluripotent stem cells are

cultured on MEF feeder cells until 80-90 % confluent, then treated with 25 ng/ml Wnt3a

(R&D), 100 ng/ml activin A (R&D) in advanced RPMI (Invitrogene) supplemented

30 with 1X L-glutamine for 1d then 100 ng/ml activin A in advanced RPMI supplemented

with 1XL-glutamine and 0.2 % (v/v) fetal bovine serum (FBS, BetHaemek). The

medium is changed 2 d later to 50 ng/ml FGF10 (R&D), 0.25 mM KAAD-cyclopamine



30 genetically engi neered m croorgani sns. Ml Biotechnol. 2001, 17: 249-60,

and Lu Mz, et al., A novel cell encapsul ation nethod using photosensitive
pol y(al | wermhm2sdiphacyanoci nnanyl i deneacetate). J M cr eemappsuboos&000, 17:
245-51. WD 2012/ 025914PCT/1L2011/ 000543 26 For exanpl e,

m crocapsul es are prepared by conpl exi ?‘ﬂ nodi fied collagen with a
ter-polyngr. shell of 2- yet hyl methyl acryl ate ( HEMA) thacrylic acid
( MAA) ang&r@ o ﬁ‘g‘m&e%ﬂﬂ;dﬁﬁ S¢ entpd SYjth ilﬁfgh‘%lma B et @n?hil’a&é-%% of
2-5 PM SHGhThG! RE 3RIUARSn AN REIIS Urd ek trﬁﬁk?@l?&f‘ﬂo.%t(ﬁ%fm FOFRg 54 aRal 2-5
pmter-polynmer 5 shells 1n order to 1 npart a negativel’y charged snboth
surface aKAAD chtidpathibe, PlLds i&inoi@héd (Sbs)intDMEM Clibpleméntdd wath BXI -

Mul ti-layered m croc?(pﬁsul es for cell encapsul ation Biomaterials. 2002 23:

849- 56) . ~glutamingapd A XA Gevipeging and raltpred far 8n adfigionalt € d withneF iwithout

I hgkd | 3 j ] | t t t.
i aboros e iV TaRRbA). o ARERAZELRISE STOE R, LilsclrP aEhRA EFR TR
exanpl e, DMEMcappleireatedanitip @ XplepaamiheDy %IB27 S0yt txaldit Sigmaphmkat i on
bet ween t he pol yani ons sodi um al gi nate and sodi um cel | ul ose sul phate with

the pol ycHHMnDpdITy (Sigmay | Ahdec Qgglu stAgsithfe pelisy arcoeHiused der pnd tiReCMRdsence
fe o _ ; e ; TPrE
ror oved (o8t sFppibietil b BRBAERBERH A B3, SefijemE PG Bicfil] ©

mechani caindsiChdyg/mil IGF (BetiHagnek). properties, and in vitro activities of
encapsul ated cells ipproved when the capsul.e size was reduced froml nmto
400 pltn ( Canapﬁ’é"@.wlg‘?: Eptocol $py effecirg! aasprdinghioaieriarank gl Wﬁlﬁé‘ﬁn SPhe
control. gyfB g{@;@gatgq:he@g{me@cnc%poz; 13:783-96). Moreover, nanoporous

bi ocapsules wth I'T-controlled pore size as small as 7 nm tailored
surface chen sthroesolatd Pmtewmi Seis2dfatiedr amprimg &c i ehrapsessen M fep whd PLOS
successf u#(mb L. NTTuUnNOi sﬂ]m e bm cgeoenvi ronnents for cells (WIllianms D. Snall

i s beauti ] MAOROSHET P eI YA W opar ti cl e technol ogy in nedical devi ces.

Med Device Techrael diffdR8atick): thé- &lls Dsabrowh AntiMcehDicaE. 1 T8t | ABdibAC ol ogy
for pancreatic cell encapsulation. Expert in Biol Ther. 2002, 2: 633-46).

Exanplies @fangemhioristviph 486 inganlagdiVet342s ngenl in RPME i64Qcupplemenied with 25

h . L de, - U A oh] o
e LR ESTROTALAT 12 AR O BIER Bl

D- peni ci | REMING40 isssubpratntd, widz 200 FBErand drona dakeigheDMEM li$ xippidinented

(REM CADE. sup. R, etanercept, TNF.alpha. blockers, a biological agent that
targets afith 54%&1%%?6% day depiomarardy e od- sng/pd) and reppeic-acik CamymPsre Dr ug
(NSAI Ds) . ,d3xgnpl es of NSAIDs include, but are 30 not linted to acetyl
salicylic acid, choline magnesium salicylate, diflunisal, magnesium

sal i cad ate, sallhalpatsent swentum Bathec yomtraplathis dbadted @ell pepadidescgenteataipr of en,
f 1 urbi profen,  indopet hgcin, ketoprofen, ketorolac, meclofenamate, naproxen,
nabunet orECOTaR8 t?dq‘%nﬁ g5 485€Ps4 BYYHY 000543 27 phenyl but azone, pi roxi cam

tSlrjlalrrgggf tol Mgt (A1 bRCHHAMLAPHED thd RYRI Qéstited CaX uded RELRI 1048 180 cell

population outside the body and does not necessarily refer to & purified homogeneous

cell population.

25 As mentioned, the redifferentiated cells of this aspect of the present invention
may be transplanted into patients in order to treat diseases. Thus, for example, iPS cells
derived from pancreatic beta cells and redifferentiated towards a pancreatic lineage may
be used to treat Diabetes.

As used herein “Diabetes” refers to a disease resulting either from an absolute

30  deficiency of insulin (Type 1 Diabetes) due to a defect in the biosynthesis or production
of insulin, or a relative deficiency of insulin in the presence of insulin resistance (type 2

Diabetes), i.e., impaired insulin action, in an organism. The diabetic patient thus has



The redifferentiated pancreatic beta cells of the present invention may be
transplanted to a subject per se, or in a pharmaceutical conposition where
t hey are woized28t1th suitabl e carriers or excipients. Sieairiiazoiypoosdse agent
of the present invention nay be adm nistered to a subject per se, or in a
phar maceuti cal conposition. As u 5ed herein a "pharnmaceuti cal

di

conposition" refers to a preparation of  one or nore of the active.
ngr edi enfESOHUE oF e HEREINIHCaNCH S digNEH ERPE GHSH SURPOTS RO Signs,

physi ol Oggﬁ%tFJ f%dé"gﬁgm&e CRhEdtfafioR NotehEt BE SNicdse T thePEHROBRI Sfcedsive

phar maceuti ca ositioni1s to facilitate admnistration of a conpound
t o an or gdisclsnge of urine. Herein the term"active ingredient” refers to the

redi fferenti at pancreatic gells of the.present inventiqn accountagble for

the bi ol ogi cal %g? fpi‘éals.e %@P&af?@ﬁs,tot ngu ﬁ?gag_ésamﬁtll&%iﬁbq g‘é‘fei%qni’%?tao cdptabl e
carri e " agleasp@tsracE3tdondition aA8/6eBARRIgehE M dukén, r¥iissidnEreBRssion of a

i nterchangeably used refer to a 15carrier or a diluent that does not cause

si gni f i cadiseaser flisatdennar condiiominaniisdividual sdtesingdrombebdageosedavith.dhegi cal
, activity. and properties qf.the I N} red.co i N.the
term "ex cﬁ‘ﬁ‘r"’eﬂﬁt Blspgcﬁér% ‘Eoélgglr?nl‘ n:a[(r% g{@s ﬁtgt(g]ngne ﬂgedggg‘y?g be, Y r?a%gftog%al

conposi ti gitiodofogicshal dseasis|whish @aR08iRed td atseanthefdeaelopaichivef i rigeadt, ent .
Exanpl es, without limtation, of excipients include calcium carbonate,

cal ci um 20ispsispRacendilian, adssiBugHy s vaps ipefhedalegiey aped gssaye Whighosan be
derivativ ' - Qi Vi s

Phar ngé: eu ? ?eg atP %(L:%%rgp@g f%‘ﬁ%ﬁé&g %ﬁ%sgfé)lng)rr Z@gﬁsgﬂgnncgtg%%egﬁg r?%lfl) ngg Ioﬁg%nlﬁltzla%l}f ured by
processes wel | Aknawed ileréihe ‘aransplanting” Inferseamspoividiogveit rahferentiatedg,

di ssol ving, granul ating, .dragee-makin | evi gating,, enul si

, fyin
encapsul aPPHEatERetaGs R r?%?‘?b‘b‘fﬁ“ﬁ?‘%i HgAulialig route. %pli‘%g?'ntéeé%ut i cal
conposi t1 g tﬁe?%)aﬂ\jﬁeeffe'ateﬂfﬁpﬁﬁ«%ﬁ%ﬁ Wdola Ch@e Rl R6Nhe POMENYdiR DS thdIfivemy be

formulated 1n c entional ‘manner using one or nore physiologically
accept abl eltiparghioghes methmuisiof admyinstuition ergt envagagedauxi | i ari es, which facilitate

DroCegeing, O LS, 35k bt RS Bl LSRR I LA vy By o
adm ni str g¢ ideAv&dB8RNeither autologous sources or from allogeneic sources such as human
cadavers or donors. Since non-autologous cells are likely to induce an immune reaction
when administered to the body several approaches have been developed to reduce the
likelihood of rejection of non-autologous cells. These include either suppressing the
20  recipient immune system or encapsulating the non-autologous cells in immunoisolating,
semipermeable membranes before transplantation.

Encapsulation techniques are generally classified as microencapsulation,
involving small spherical vehicles and macroencapsulation, involving larger flat-sheet
and hollow-fiber membranes (Uludag, H. et al. Technology of mammalian cell

25  encapsulation. Adv Drug Deliv Rev. 2000; 42: 29-64).

Methods of preparing microcapsules are known in the arts and include for
example those disclosed by Lu MZ, et al., Cell encapsulation with alginate and alpha-
phenoxycinnamylidene-acetylated poly(allylamine). Biotechnol Bioeng. 2000, 70: 479-
83, Chang TM and Prakash S. Procedures for microencapsulation of enzymes, cells and

30  genetically engineered microorganisms. Mol Biotechnol. 2001, 17: 249-60, and Lu MZ,
et al., A novel cell encapsulation method using photosensitive poly(allylamine alpha-

cyanocinnamylideneacetate). J Microencapsul. 2000, 17: 245-51.



WO 2012/ 025914PCT/11L2011/ 000543 28 For injection, the active

i ngredients of the pharmaceutical conposition nay be formulated in aqueous
sol uti onswopnefesabl y in physiol ogically conpatibl e bufPeraLauchoas Hank' s
solution, Ringer's solution, or physiological salt buffer.

Typically, the pharmaceutical conpositjon is admnistered in a |ocal rather
t han 5system c_manner, for exanple, vi {injection of thg, _pgarln“aceut_i cal
conposi ti on di Feicedamplsmyicecapsylesar Rigpyad 8 camplgxingmodified collageg with

phar maceut i ca 0Sl.bi ) | her.gi b I i

par ent er _a1Ii tggh? lﬁ’l&rsq) r aelh_o%r}\? 22. %&&)%9%%0 ngylihr?jp%gtf [ gﬁ\fig{%oﬁ%ﬁﬁﬁc&ggﬁ %C#% usi on.
For mul at i Qvia Af)Qindi mfét@et methabBlatd MM AR atdudting i arapsutto gadmessoofP-Sewy. , in
ampoul es or in nultidose 10 containers with optionally, an added

pr es_elr vat Suah niftrecapsulos sin ibsrfyrthery ensapslaipé ailbadditienal (d-5 GHS 18 PYUMBESi ons
in oi or, agueaou ehi cl es, and coni ai r a | as
suspenti nf;}}eﬂét"éﬁfcfelr \z{? Hapgﬁa/%ﬁa_ |eg§ hat ?1(%;&35%%% EHH& Ao %Pﬁgﬁ%%%e@#%%l
conposi ti pidteih @hsoRSHGHCHiA!S. B8l &1l Mul@ldyered midrocipsilen o wsll sntapbilation of t he
active preparation in water-soluble form Additionally, suspensions of 15
the acti vBidmajeréads. @003 23e8A%)pr epar ed as appropriate oily or water based

i njection suspgnsi o i J hlic.s : I i ude
Fatty o 1s suchRs MEtoeRul e s BoR NP riFRl poad B, Croipl g

et hyl ol eAE) Encipsuateycieletsdiadiatretdsi tpragnen sDiabetes dlsclin] €Elier o2008uSp66SBpns may
contai n substances, which increase the viscosjty of the suspension. such as
sodi uMf caPbBX §iFRYayPs-c EPT E’F%’%le @Eﬁr‘kﬁai)ﬂ%le%?andféigrregﬁr.ed% ti@;)?fygieé:?rpwet he
suspensi o I‘H?%XQZLO% GRBLAMR SHliRblEsotiaRi AFiERE hinarsoRBAN CelIWBiCulpItE ease
the solubiTity of the active ingredients to allow for the preparation of

hi ghly cowttbnthe apatycasioh updlymethylene-co-Srmidinge bydroghloddmpo she ipasssneruif abl e
for use in lc.ont(gﬁé .0f the present invention include conpositions wherein
the acti vE'PHBYEP&fts are contained in an anount 25 effective to achieve
the intended pyrp@SK afpdfatsPaft f:élpéida}(zfsulﬁidnfﬁgfiﬁipﬁi%ii Gdleh ¥neilteedpsyles anmount

nmeans an amount of active ingredients (insulin producing cells) effective
to pr é?/enanetlﬁbdevaetlllﬁrq\?hél rantepl emeshapicahstability, GffygpnProRestics, andipet es)
or prolong.the .survival o i i e ] ' f a
her apeut A T tieF ab ErBubise Bty by 1 e e hile PRI ARKIOR, 2.

skilled impiheo a0b unp@n@apialLl. ¥t il Ihipediing®éell hieapil@tionatirodigh eizesunteolps ovi ded
herein. For any preparation used in the nethods of the invention, the

t her apeut Boahdtyr Stif Belyny Eda@BiRil3:3B3-06k e Maicopes, @anoRaaeusdbIOFaRRiei b
model s ( ewgll'-cgll_éol?éda Bgrtel §izd"a§ Shan VR ‘;Q’l}!%/ O R T lcﬁgﬁ%{r%goaﬁﬁ?’precise

20  microarchitectures were found to successfully immunoisolate microenvironments for

cells (Williams D. Small is beautiful: microparticle and nanoparticle technology in
medical devices. Med Device Technol. 1999, 10: 6-9; Desai, T.A. Microfabrication
technology for pancreatic cell encapsulation. Expert Opin Biol Ther. 2002, 2: 633-46).
Examples of immunosuppressive agents include, but are not limited to,
25  methotrexate, cyclophosphamide, cyclosporine, cyclosporin A, chloroquine,
hydroxychloroquine, sulfasalazine (sulphasalazopyrine), gold salts, D-penicillaminé,
leflunomide, azathioprine, anakinra, infliximab (REMICADE.sup.R), etanercept,
TNF.alpha. blockers, a biological agent that targets an inflammatory cytokine, and Non-
Steroidal Anti-Inflammatory Drug (NSAIDs). Examples of NSAIDs include, but are
30 not limited to acetyl salicylic acid, choline magnesium salicylate, diflunisal, magnesium
salicylate, salsalate, sodium salicylate, diclofenac, etodolac, fenoprofen, flurbiprofen,

indomethacin, ketoprofen, ketorolac, meclofenamate, naproxen, nabumetone,



29 to achieve a desired concentration or titer. Such information can be
used to nore accurately determ ne useful doses in humans. Toxicity
and t her apeubimzedifii cacy of the active ingredi ents descrichatheomsss can be
determ ned by standard pharnaceutical procedures in experinental animals.
The 5 data obtained fromthese ani nal _}udi es can be used in formulating a
range of dosage for use in human. The osage may yarK de%endi ng Kg)on t he
dosage foPRANSIWaFPBY RHEXICHB, rlindatef OXRIR SE5AMINGRASH, | [OUPEdeL Xk act
formul ati QR.... inistration and dosage can be chosen by the

i ndi vi duaﬁlrﬁf)%%g%l%:@atgir}l%g\ﬂ ew of the patient's condition. (See e.g., Fingl,
et al., 1975, The "rddi€fefincntedcminogiatial beBasels af fhhepragautinesition Omay 1bep. 1) .
10 Dosage anpunt and interval may.be adjusted i.ndivi dL{aI I% to RL ovi de cell
nunbers sBRISPEADES, t0r & SPHACCRET 6T Hgdﬂ‘ VoRtrmaceitical,eqmpasiion; Vere they are
concendr a{'r#i%’ wiESditabld&arfYES oMk bipiéatsy SiRfilaffche REGR BF el f1Bsenbitivefdéh be
estimated fromin vitro data. Dosages necessary to achieve the MEC wil |l
depend onmiapde ailuhirdbtercd 40 astledtper 8 oakda pharmacyfticalleimiositioat i on. Det ecti on

assays can be ysed det erm ne pl asma 15copcent tation f i and/ or
i nsul i n. x‘?r‘fée‘gﬁﬁﬂﬂta &Ta’anac%ﬁﬁ%a% PRSI bré%eé%kﬁ AP %%89%??0?1?‘3&
cour se, bgodepeine ablivetingiedRnBUk & diRIdIG WithaRh&heinial s@updrichis sakh hbe

affliction, the manner of adm nistration, the judgnent of the prescribing
physi ci anphysiddogichp suitable f8rrists @RS GFCHIN- iFF]iFeﬁt"iPQPF Phy? PPAITRACERHGY  pe
presented_ in a.paci i . i approved kit,
whi ch?(%myc%%%?sélor{l lgrt](gfagrﬁg?rttg)ra gﬁﬁ;&f&fn gg)\éé‘g%ﬂ??%&?g%% %R% the active

i ngredi ent. Thelepas khenByn "faive dngrogicnt” referpiol the rediffedentiateppastéaticfoolls, such
as a blister pack. The pack or di s%enser, advi ce_may be a syringe. The
syringe nal/thereseRtiavendgn deeayntable éfhesblobﬁgag%f@gt'or di spenser device may
be acconpani edpy. i B4 UGhd ONshrA QL 200 RIcH didllyON acddpRabRAC keaotie i SRRASET
may 25 al so be}fggeé%%%’dagféd @na not ?é:ﬂe}@ass%ci e}{t eddcvméﬂfah t he C(;?lt ainer in a
f or m pr es tplianadcengicallygeseptahlentaticdgehick may bk dnferahangeablyansedarcfarr i@, a use or

Soencst o SORRPGEY WG Dis ke B0 SIS s buPRaP YA ad ot
adni ni strgtlople SECHiABSICAL actiAly BhAMPrehertiBRY obethef almheliéred apmpovrld by
the U S. Food and Drug Admi nistration for prescription drugs or of an

30approved prolfigetini Hgerterm Coxpipiant’| oEere olpransiipgt asubsdpes atddsd & the

or epar ed, PhTEERGeR someiSoRaM e B T FbpeT B BB, 0°
cont ai ner Ex@rﬂFleb,abﬂllﬁdt flamititionat o rikcipiengn ihcldile atatdura ongtbohaie, cakiirf
further detail ed above. It is expected tgat_ during. the lifﬁ{:}Of a

pat en0 maphesphates Yaiaus isngara 3pdl itwresi A itarghycotaloss, Sptvatlveh GFLating Ve g daRif at i ng
i PS cell st Lﬂd Iﬁoq}ggwl%é)ﬁﬁg?@”d the present application 5is intended to
e 0

i nclude al'l” suc tec ogies a priori. As used herein the term "about"”
refers to 10 Pharmaceutical compositions of the present invention may be manufactured by

processes well known in the art, e.g., by means of conventional mixing, dissolving,
granulating, dragee-making, levigating, emulsifying, encapsulating, entrapping or
25  lyophilizing processes.

Pharmaceutical compositions for use in accordance with the present invention
thus may be formulated in conventional manner using one or more physiologically
acceptable carriers comprising excipients and auxiliaries, which facilitate processing of
the active ingredients into preparations which, can be used pharmaceutically. Proper

30 formulation is dependent upon the route of administration chosen.



The terms "conprises”, "conprising”, "includes”, "including", "having" and
their conjugates nmean "including but not limted to". The term "consisting
of means woneladsng and linmted to". 10As used herein treTirezon/domsizhod”
refers to manners, means, techniques and procedures for acconplishing a

gi ven task including, but not limted to, those manners, neans, techniques
and procedures either known to, or readfl | y devel oped from known nmanners,
means, techni ghesingastionr tbe adiveingrdigntnef thei phagnaceytical remprgitiop gnay be

phar macol pgi cal ,. bi ol ogi cal ... bi ocheni.cal. . i .

herein, tﬁ%mfl@%“?ﬂ Ty arqélﬁ‘%fsnsé’lmtloﬁl&’l %faﬁ@ga bggrl%gg’?%l(ggigi C%&Lg%h%{bé P@ﬁ?ﬁn%ﬁ% ting,
sl owi ng Ofs FIBMES §dl0Gor, Rend¥r RGHREIBH 06 pifysialopiuadlbdli uffersubst anti al |y
aneliorating clinical or aesthetical synptons %1;1 a condition or

substantial |y Breivelhs itkgphavmaggusical comnosiiongs adminigtersd 10, adogal £3thef) ) ot s

of a condition, It | i . 1 I Qi ;
o, QTS e gk B S A N oo o0
enbodi nmenirso a fMBYueatgion bea pattent.ded in conbination in a single enbodi nent.

Conversely, various featur, f the.i t,on, , whi ch i
described in tHh&e cﬂﬁf‘@%‘feﬂégiag%mﬁﬁﬁté&gv gﬂ%‘%’anf’?re{r?gﬁn%[ 238 Eoor 5’%&}/:}{8%

separ at el ¥, 9fel 2 3¥niStHHbAPLE., BY BORREHREGAPS QntidSodUnfdlin® Fdimaniioat her
descri bed}gaern{l)g_(ﬁnr?entmo*g i ﬁ’e 'g'ﬁvgnti on.j@Certai nnflea?ures délécri be([jhylion t he
cont ext oforviajecctiers ma§ drebpresemeatt i wriedosage formbee-g oitstmpewWes ek Femujtidose

features of those epbodi.nents, unless the enhodi 1S 1 i,yei. W t hout
t hose1®| efRIHRIEETS with 095??38{?{:5 Mﬁ?‘i&‘??‘%ﬁp ®as g?(;:% séogx?ﬂo'? ﬁfé%%?}élggn?w

I nventl Qns@sgeﬁ%%dsp%aruﬁénm& eirabione iAndlyasr abadoedvehitléshend! magrsconexit i on
bel ow find experinmental support .in the follow ng exanples. WD

2012/ 0259 ot POy 2@ents _@m@m@ugynmwalészms&eé/@%éiépf@mﬁ&&ﬁ%de to the
R N e G TR sy S
nomencl at ysiatisnsest thehetive @oparhtien irawateatanlle foon.e duldésnatly,| suspehsioms of ’
15  the active ingredients may be prepared as appropriate oily or water based injection
suspensions. Suitable lipophilic solvents or vehicles include fatty oils such as sesame
oil, or synthetic fatty acids esters such as ethyl oleate, triglycerides or liposomes.
Aqueous injection suspensions may contain substances, which increase the viscosity of
the suspension, such as sodium carboxymethyl cellulose; sorbitol or dextran.
20  Optionally, the suspension may also contain suitable stabilizers or agents which
increase the solubility of the active ingredients to allow for the preparation of highly
concentrated solutions.
Pharmaceutical compositions suitable for use in context of the present invention
include compositions wherein the active ingredients are contained in an amount
25  effective to achieve the intended purpose. More specifically, a therapeutically effective
amount means an amount of active ingredients (insulin producing cells) effective to
prevent, alleviate or ameliorate symptoms of a disorder (e.g., diabetes) or prolong the
survival of the subject being treated.
Determination of a therapeutically effective amount is well within the capability
30  of those skilled in the art, especially in light of the detailed disclosure provided herein.

For any preparation used in the methods of the invention, the therapeutically

effective amount or dose can be estimated from animal models (e.g. STZ diabetic mice)



5 the present invention include nol ecul ar, biochem cal, m crobiological and
reconbi nant DNA techni ques. Such techniques are thoroughly explained in the
| i t erat urwo 282m259619r exanpl e, "Ml ecul ar C oning: A | abecatinzoy1/ddvsasal "
Sanbrook et al., (1989); "Current Protocols in Ml ecular Biology" Vol unes
[-111 Ausubel, R M, ed. (1994); Ausuggel et al., "Current Protocols in

Mol ecul ar Bi oI ogy", John Wley and Saon Bal t| 1989
Perbal, "0 PPlHRYe e4lesicgd gencen thﬂ“eEhF‘éﬁI C§‘Eﬁ]i’| Hgormajlaﬁn%m% e@dté’(()ﬁ?re ?\lew

York (1988). M4t $19R (il Hse ful d Scientific American Books,
New Yor k; |Far ek el[é fn.e & Sjgg%%enorre Anal ysi s A Labor atory Manual

Serihez"l, Vol s. Texidity God dhe&pelung eHamaby of ﬂwbmmong/reﬁﬁetssiescrﬁéwl\l‘mrdin €d®98) ;
nmet hodol ogi es as. set fort S. Pat 4. 666, 828 683
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Handb opk™ daty%m frorh! thes@ec{nhﬂnﬁ: stgdleﬁcan 88 usddl@btmnulabHe b UaRoObf Ma@@'
Cells - A Manual of Basic Techni que" by Freshney, WIley-Liss, N Y. 1994)
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Edi tion), ]}‘ﬁ\dﬁ?l%t iﬁd@“ﬂgﬁaﬁ?n ‘T\Bézﬁfgl %{he ? gmﬂ}f § Utff f'# %ﬁl lgll% d(

" Sel ect ed d&ﬁg@@ﬁﬁbd thodbh b tHelihdikiduar @hy@ioﬁ@lyin,wéw OHhegfaﬁexﬁBm:oﬁdilﬁoﬁX(See NeW
York (1980); "avail abl e i munoassays are extensively described in the patent
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(518éi) 771r|<|ﬁ1ﬂﬁlﬁel’§ sﬂﬁﬂclégﬁlo tl) fiddce gﬁﬂuﬁglgcmmdE(rrﬁSlyIIrItaﬂ]eﬁﬁestiveGa]mc;ntMtxoﬂ MED). ed.
; "Nucl eic Aci ridization” s, B.. D.,.and Hggins.S. J,,
(1985); " ThaMEL will dﬁrYaFfa %Car&rﬁla&r?t&?s rHilérFé‘% beBestB]atedaﬁfd’%Emwlﬁﬁ% d%ta
'('ads (198&821%5‘91%@&%&%&{%' acfidbi 'l't'lliéa ﬁf%ﬁ%}ﬂenﬁon indivRilal EHa?RPdristics and

| mobi lize S an nzymes" | RL Press, 86); "A Practical Guide to
Mol ecul ar rdﬁt@mmgtdnmmisﬂnaiop B. De(e];ﬁ@ﬂ) assmgh dvat hodsseldn tEndsteroiiogyplavos .
1- 317, Acadenic Pr es?rp (9t ocol.s: A Guide To Methods And 30
Appl i &3t i 6RCENUHONS 2 cpeﬁflgfégn G H%go, CA (1990): Marshak et al .,

"Strategies forpPragiohiofh b Bsﬁtlb@fb Boddfnasertiariliz af course, b8 depbadet or y
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r ef er enceonghd gubjagt bging éeatedy thi Sﬁ@rﬂéﬁ' af thera@ictiogythe manner of administration,
2012/ 025934RCTI | L2014/ 000943, | 1 cician, etc.

Compositions of the present invention may, if desired, be presented in a pack or
20  dispenser device, such as an FDA approved kit, which may contain one or more unit
dosage forms containing the active ingredient. The pack may, for example, comprise
metal or plastic foil, such as a blister pack. The pack or dispenser advice may be a
syringe. The syringe may be prepacked with the cells. The pack or dispenser device
may be accompanied by instructions for administration. The pack or dispenser may
25  also be accommodated by a notice associated with the container in a form prescribed by
a governmental agency regulating the manufacture, use or sale of pharmaceuticals,
which notice is reflective of approval by the agency of the form of the compositions or
human or veterinary administration. Such notice, for example, may be of labeling
approved by the U.S. Food and Drug Administration for prescription drugs or of an
30  approved product insert. Compositions comprising a preparation of the invention

formulated in a compatible pharmaceutical carrier may also be prepared, placed in an



32 general references are provided throughout this docunment. The procedures
therein are believed to be well known in the art and are provided for the
conveni enwe 20f2/t2b|4r eader. All the information contai negctrherei/moss
i ncorporated herein by reference. 5GENERAL MATERI ALS AND METHODS Cel |
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harvested every jd4pBRidiated Hat JedaM Sfeatures of the invention, which are, for clarity,
20  described in the context of separate embodiments, may also be provided in combination
in a single embodiment. Conversely, various features of the invention, which are, for
brevity, described in the context of a single embodiment, may also be provided
separately or in any suitable subcombination or as suitable in any other described
embodiment of the invention. Certain features described in the context of various
25 embodiments are not to be considered essential features of those embodiments, unless
the embodiment is inoperative without those elements.
Various embodiments and aspects of the present invention as delineated
hereinabove and as claimed in the claims section below find experimental support in the

following examples.
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Protein Purification and Characterization - A Laboratory Course Manual" CSHL Press

(1996); all of which are incorporated by reference as if fully set forth herein. Other



20 1000-bp fragnents. The chromatin was then pre-cleared using 30 ut of

sal non sperm agarose beads (Upstate Biotechnology) for 1 hour at 4 C

| munopr ewopot2zzRsan was perforned overni ght using anti - acetiytoat/ewsss st one
H3 antibody (Upstate Biotechnol ogy). The crosslinking was reversed, and DNA
was recovered using a PCR clean-up kit _(Q agen). Eluted DNA fragnents were
used for quantitative PCR analysis witf¥ priners 25 |isted in Table 1. Al
react i onsgevera rpferdnoesrend provited girpeghoat is Hoewmenk| {Thg pipcegores thefeinggre

Cocus: Tochusedis dasbikn Shas 18 0 Srarittid BRI s e R rBRET
INS -275 GliGEARESAREEH Goiiitied (RIE&n liDindEXpB)at JAMNCAABHGIEEBAEEAAGCA (SEQ I D

NO 7) INS +5 GCTGGTITCAAGGCCTTTATTC CAGCTGGAGAACTACTGCAACTA I NS +1318 WO
2012/ 025914PCT/ 1 L2011/ 000543 35

5 GENERAL MATERIALS AND METHODS

Cell culture: Human islets were received 1-3 days following isolation. Islet
purity was 79+9%, as determined by staining with dithizone. Islets from individual
donors (age average 49+18 years) were dissociated into single cells, and beta cells were
labeled and cultured as previously described [Russ, H.A., et al., Diabetes 57, 1575-1583

10 (2008): Russ, H.A,, et al., PLoS One 4, 6417 (2009)] in CMRL 1066 (Biological
Industries, Beit Haemek, Israel) supplemented with 10 % FCS (Biological Industries,
Beit Haemek, Israel), penicillin (50 units/ml) and streptomycin (50 pg/ml) (Gibco-
Invitrogen). ES cells (H9, HUES13 and CSES2 cell lines), iPS cell lines [Pick, M. et al.
Stem Cells 11, 2686-2690 (2009); Urbach, A., et al., Cell Stem Cell 6, 407-411 (2010)],

15 PiPS and BiPS cells were maintained on mouse embryonic fibroblast (MEF) feeder layer
and cultured in standard ES cell culture medium containing KnockOut DMEM (Gibco-
Invitrogen) supplemented with 15 % KnockOut serum replacement (Gibco-Invitrogen),
2 mM L-glutamine (Sigma-Aldrich), 1:100 dilution of non-essential amino acids (Gibco-
Invitrogen), 0.1 mM B-mercaptoethanol (Sigma-Aldrich), 8 ng/ml basic fibroblast

20  growth factor (bFGF, PeproTech), penicillin (50 units/ml) and streptomycin (50 pg/ml)
(Gibco-Invitrogen). Cells were passaged enzymatically using 0.25 % trypsin (Biological
Industries, Beit Haemek, Israel). Foreskin fibroblasts were grown in DMEM
supplemented with 10% FCS (Biological Industries, Beit Haemek, Israel), penicillin (50
units/ml) and streptomycin (50 pg/ml) (Gibco-Invitrogen)

25 Cell sorting: Labeled cells were sorted using a FACS Aria cell sorter (Becton
Dickinson, San Jose, CA) as described (1,2).

Viral vector production:For beta-cell labeling, DeltaU3 virus particles for both
lineage tracing systems were produced as previously described [Russ, H.A., et al,
Diabetes 57, 1575-1583 (2008): Russ, H.A., et al., PLoS One 4, 6417 (2009)]. Briefly,

30  the lentiviral vectors pTrip RIP405 nlsCRE DeltaU3, pTrip CMV-loxP-DsRed2-loxP-
eGFP DeltaU3, pTrip RIP405 CRE-ERT2 DeltaU3 and pTrip-loxP-NEO-STOP-loxP-



C (SEQ ID NG 10) GA (SEQ ID NO 9) CGGAACGTAGCTTCCCAATA (SEQ I D NG 12)
AGAGTCGTCAAGGGTCTGGA (SEQ I D NG 11) PDX1 pronoter CTTATCCCCATGGCAACTCA ( SEQ
| D NO 14)wOBQaG3IkSGCACAGCTGITTC (SEQ | D NG 13) MAFA pr ompCe&ML2011/000543
AGCCGECTGGGEGTAGAAG (SEQ | D NGO 16) CCGTGGTACCAAAGCTGA (SEQ |1 D NO 15)
Crystallin RNA gRT- PCR anal yses;_ Total RNA was extracted using

RNAeasyTM M ni Kit (Q agen) according %30 the manufacturer's instr Lons.
One ni cr og@BERmwsire geghato-Rrusfertgonithdbe pEM LdR8-Qhend pMIP2& Plagiids ip %@é Wit h

random hexe}{g?egndocguiltgg Sggﬁ%{\gflg R Qi éveﬁ?’@ﬁcﬁﬁs h{r?n%lg,%i ptase (Promega). For

. ce .
di fferentration analy eratonmas and directe ferentiation, total

mms) i tsoI at gl velll R@ndration) ApBicgiraatalyd2i )298dcdlisewtre dranisfestedNa- fheee
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Bi osystens) | _ ea] -time PCR System (Applied Biosystens). The results
wer e nor mAmphettopic pihsnaidr aTeety dious hpirs safteattansfeetyaly thyeerisiee MEAPDHWasnd/ or

0 0 11 SRk PRSI ARLE, s B U ] v
$2gftee<2>t agélifeﬁtee;dﬁigggirb%?u%ﬁ%eqa%g.gggmm@emmw@ fetatd OfiH® f(Whatleopaudi sons.
supplemented with 8 pg/ml Polybrene (Sigma-Aldrich). Virus-containing medium was

10  then transferred to a 10-cm dish containing 2-10x10° islet cells (between passages 3-9).
Seventy two hours later, a second round of infection was performed. Four days post
infection ES cell medium was added to the infected islet cells, and mitomycin-treated
MEFs were seeded onto the dish. Between 30-40 days post infection, ES-like colonies
were picked and allowed to prdpagate in a 12-well plate. At this stage the culture was

15  defined as passage O and passaged mechanically until passage 2. Thereafter cultures
were passaged using 0.25 % trypsin. Generation of foreskin fibroblast iPS cells was
performed as previously described [Pick, M. et al. Stem Cells 11, 2686-2690 (2009);
Urbach, A., et al., Cell Stem Cell 6, 407-411 (2010)].

Karyotype analysis: Cells in log growth phase in a 10-cm plate were treated with

20  colcemid (Biological Industries, Beit Haemek, Israel) at a final concentration of 100
ng/ml, then harvested with trypsin, treated with hypotonic solution and fixed.
Metaphases were spread onto glass slides and stained with giemsa dyes (Sigma-Aldrich).
Chromosomes were classified according to the International System for Human
Cytogenetic Nomenclature. At least 20 metaphases were analyzed per each cell line.

25 DNA PCR analysis: Total genomic DNA was extracted using genomic DNA
extraction kit (RBC). PCR analysis of the integrated reporter vector of lineage-tracing
system 1 was performed as described [Russ, H.A., Diabetes 57, 1575-1583 (2008)].
Primers to detect the integrated RIP-CRE/ER fragment were: sense primer
5’GAGACAATGTCCCCTGCTGT3> (SEQ ID NO:1) and anti sense primer 5°

30 CCTGGACTTTGCTGTTTGTS3’ (SEQ ID NO:2) amplifying a 210bp product. For PCR
analysis of the integrated reporter vector of lineage-tracing system 2, the sense primer

5°"ATCCACGCTGTTTTGACCTG3" (SEQ ID NO:3) and the antisense primer



Anti sense prinmer Sense priner Gene Taqman probe Hs 03005111 gl

Hs 03005111 gl 0CT314 Tagman probe Hs 00702808 sl1 Taqman probe Hs
00702808 wo 20iM2&1kGF4 Taqnman probe Hs00173564 nm  Taqgnaprcpnoia1/000543

Hs00173564_mlL TTGCGTGAGTGTGGATGCGEA TT GGIG (SEQ | D NO 18) GGGAAATGGGAGG

GGTGCAAAAGAGG (SEQ 1D NO.17) SOX2 CCTGAATAAGCAGATCCATGG (SEQ | D NO. 20)
CATGAGTGTGGAT CCAGCTTG

10

15

20

25

S\AAGTCGTGCTG&’?‘%%AT%TB&‘:L%EQ ID NO:4) were used. This primer pair
amplifies a 1399-bp fragment from the original sequence and a 439-bp fragment from
the recombined sequence. PCR products were resolved on a 1.5 % agarose gel
containing ethidium bromide.

DNA methylation arrays: The HumanMethylation27 BeadChip comprises
27,578 array probes CpG sites representing 14,495 genes with an average of two probes
per gene. Following bisulfite conversion of 500 ng of genomic DNA (EZ-DNA
Methylation  Kit, Zymo Research  Corporation, CA, worldwidewebdot
zymoresearchdotcom), samples were whole genome amplified, enzymatically
fragmented, and 200 ng DNA was applied to BeadChips (Illumina, CA,
www.illumina.com). DNA methylation levels were scored as B values using Illumina’s
Genome studio software. Hierarchical clustering was performedy using Partek software.

Pyrosequencing analysis: Pyrosequencing was performed by EpigenDx
(Worcester, MA) using the PSQ™96HS system according to standard procedures with a
unique set of primers that were developed by EpigenDx for the CpG sites of the PDXI
promoter (Human PDX1 ADS1159) at positions (-1087) to (-849) from the cap site of
the PDX1 gene.

Chromatin immunoprecipitation (ChIP): Approximately 1.5x10°% cells were
crosslinked with formaldehyde solution, lysed and their chromatin was sonicated to 200-
1000-bp fragments. The chromatin was then pre-cleared using 30 pL of salmon sperm
agarose beads (Upstate Biotechnology) for 1 hour at 4 °C. Immunoprecipitation was
performed overnight using anti-acetylated histone H3 antibody (Upstate Biotechnology).
The crosslinking was reversed, and DNA was recovered using a PCR clean-up kit
(Qiagen). Eluted DNA fragments were used for quantitative PCR analysis with primers
listed in Table 1. All reactions were performed in triplicate with annealing at 60 °C for

40 cycles.

Table 1: Primer sets for DNA gPCR

Antisense primer Sense primer ' Locus

TCCTCAGGACCAGCGGG TGTGAGCAGGGACAGGTCTG INS -275
(SEQ ID NO:6) (SEQ ID NO:5)

GTCCAGCCACCCTGGAATC | TCAGAAGAGGCCATCAAGCA INS +5
(SEQ ID NO:8) (SEQ ID NO:7)

GCTGGTTCAAGGGCTTTATTC | CAGCTGGAGAACTACTGCAACTA | INS +1318

Taqman probe




NANOG TCTTGICTTTGCCCGITTCT (SEQ I D NO 22) TCACAGICCAGCA REX1 GGIGIT I'G
(SEQ I D NO 21) 36 Taqman probe Hs 00824723 ml Tagnman probe Hs 00824723 ml
UBC GTACWAGCHHEEAGCATCG (SEQ | D NO 24) AGCCACATCGCTC AGATALH1(/8H&)3 D

NO 23) GAPDH CCC11111CTGGAGACTAAATAA A (SEQ I D NO 26) CCCCAGGGECCCCA

35

C (SEQID NO:10) GA (SEQ ID NO:9)
CGGAACGTAGCTTCCCAATA | AGAGTCGTCAAGGGTCTGGA PDX1
(SEQ ID NO:12) (SEQ ID NO:11) promoter
CTTATCCCCATGGCAACTCA | CCTCTTCCCACAGCTGTTTC MAFA
(SEQ ID NO:14) (SEQ ID NO:13) promoter
AGCCGGCTGGGGTAGAAG CCGTGGTACCAAAGCTGA Crystallin
(SEQ ID NO:16) (SEQ ID NO:15)

RNA gRT-PCR analyses: Total RNA was extracted using RNAeasy™ Mini Kit

(Qiagen) according to the manufacturer's instructions. One microgram of total RNA

5  (DNase-treated) was reverse-transcribed with random hexamer primers using ImProm-II
reverse transcriptase (Promega). For differentiation analyses of teratomas and directed
differentiation, total RNA was isolated using Trizol (Sigma-Aldrich) and treated with
DNA-free (Ambion) to remove genomic DNA. cDNA was prepared using High
Capacity cDNA RT Kit (Applied Biosystems). qRT-PCR was carried out in triplicates

10  using Power SYBR Green or TagMan Universal PCR Master Mix (Applied Biosystems)
in 7300 Real-time PCR System (Applied Biosystems). The results were normalized to
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and/or ubiquitin C (UBC)
transcripts. Table 2 lists primer sequences. All reactions were performed with annealing

at 60 'C for 40 cycles. For undetectable transcripts, the cycle number was set to 40 for

15  comparisons.

Table 2: Primer sets for RNA qRT-PCR

Antisense primer Sense primer Gene

Taqman probe Hs 03005111_g1 Tagman probe Hs OCT3/4
03005111 g1

Tagqman probe Hs 00702808_s1 Taqgman probe Hs LIN28
00702808 sl

Tagman probe Hs00173564 m1 Tagman probe FGF4

Hs00173564 m1
TTGCGTGAGTGTGGATGGGATT | GGGAAATGGGAGG | SOX2
GGTG (SEQ ID NO:18) GGTGCAAAAGAGG
(SEQ ID NO:17)

CCTGAATAAGCAGATCCATGG | CATGAGTGTGGAT | NANOG

(SEQ ID NO:20) CCAGCTTG (SEQ ID

NO:19)
TCTTGTCTTTGCCCGTTTCT TCACAGTCCAGCA | REX1
(SEQ ID NO:22) GGTGTTTG

(SEQ ID NO:21)




OCT3/4 (Tg) 1111GGTA CC (SEQ ID NG 25) TTATCGICGACCACTGIGCTGCT G (SEQ ID
NO 28) GGCACCCCTGGCA TGGCTCTT GCGCTC (SEQ I D NG 27) SOX2 (Tg)
CCCl1111GVOGARACTAAATAA A (SEQ I D NO 30) ACGATCGTGGCCC EGEARMAGBASE ( SEQ | D
NO 29) KLF4 (Tg) CCCTTI TTCTGGAGACTAAATAA A (SEQ I D NO 32) CAACAACCGAAAA
TGCACCAG CCCCAG (SEQ ID NO 31) cwmc (ng Taqman probe Hs 00355773 ml

Taqman probe Hs 00824723_m1 Tagqman probe UBC
- Hs 00824723 ml
GTACTCAGCGGCCAGCATCG AGCCACATCGCTC | GAPDH
(SEQ ID NO:24) AGACACC (SEQID
NO:23) :
CCCTTTTTCTGGAGACTAAATAA | CCCCAGGGCCCCA | OCT3/4
A TTTTGGTA CC (SEQ | (Tg)
(SEQ ID NO:26) ID NO:25)
TTATCGTCGACCACTGTGCTGCT | GGCACCCCTGGCA | SOX2
G TGGCTCTT GGCTC | (Tg)
(SEQ ID NO:28) (SEQ ID NO:27)
CCCTTTTTCTGGAGACTAAATAA | ACGATCGTGGCCC | KLF4
A CGGAAAAGGACC | (Tg)
(SEQ ID NO:30) (SEQ ID NO:29)
CCCTTTTTCTGGAGACTAAATAA | CAACAACCGAAAA | cMyc
A TGCACCAG (Tg)
(SEQ ID NO:32) CCCCAG (SEQID
NO:31)
Taqman probe Hs 00355773 m1 Taqman probe Hs INS
00355773 m1
Tagman probe Hs_00426216_m1 Taqman probe PDX1
Hs 00426216 _ml
Taqman probe Hs_00232764_m1 Taqman probe FOXA2
Hs 00232764 ml
Tagman probe Hs 00173490 _m1 Tagman probe AFP
Hs 00173490 ml
Tagman probe Hs_00609403_m1 Taqman probe ALB
Hs 00609403 ml
Tagman probe Hs_00268434_m1 Tagman probe SCL
Hs 00268434 ml
Taqman probe Hs_00156373_m1 Tagman probe CD34
Hs 00156373 ml
Tagman probe Hs_00157258_m1 Tagman probe DES
Hs 00157258 ml
Tagman probe Hs_99999905_m1 Tagman probe GAPDH
Hs 99999905 mil (h)
Tagman probe Hs_00707120_s1 Taqman probe NESTIN
Hs 00707120 sl
Tagman probe Hs_00158126_m1 Tagman probe ) ISL1
Hs 00158126 ml
Tagman probe Hs01651425_s1 Tagman probe MAFA
Hs01651425 sl
Tagman probe Hs00165941_m1 Tagman probe TH
Hs00165941 ml
Tagman probe Hs01031536_m1 Taqman probe GCG
Hs01031536 ml
Tagman probe Hs00174949 m1 Tagman probe SST




Taqman probe Hs 00355773 ml I NS Tagman probe Hs_00426216_m Tagman probe Hs
00426216 _mnm PDX1 Tagnman probe Hs 00232764 nil Taqman probe Hs 00232764 ni
FOXA2 TagwenoprabasHs 00173490 nl Tagnman probe Hs 00173#4@@1mf1AbtesBagman
probe Hs 00609403 nml Taqman probe Hs 00609403 _ml ALB Tagman probe

Hs_00268434_ni .

Hs00174949_m1

Tagman probe Hs00237001_m1 Tagman probe PPY
Hs00237001 ml
Tagman probe Hs00420710_g1 Taqman probe AMY2A
Hs00420710 g1
Tagman probe Hs00232355_m1 Tagman probe NKX6-1
Hs00232355 ml

Alkaline phosphatase staining: Alkaline phosphatase staining was performed
using the Leukocyte Alkaline Phosphatase Kit (Sigma-Aldrich) according to the
manufacturer's instructions.

5 Immunofluorescence analyses: For immunostaining of pluripotency-related
genes and markers of differentiation of plated EBs, cells were washed twice with PBS,
crosslinked with 10% formalin solution (Biolabs) for 10 min, washed twice with PBS
and blocked for 1 hr. at room temperature with PBS containing 2% bovine serum
albumin (BSA, Sigma-Aldrich) and 0.1% Triton-X-100 (Sigma-Aldrich). Primary

10  antibodies diluted in blocking solution were added for 1 hour at room temperature. Cells
were washed and incubated for 40 min with the appropriate secondary Cy3 antibody
(1:200, Jackson Immunoresearch laboratories). The primary antibodies used were:
mouse anti-human OCT3/4 (IgG, 1:200, Santa Cruz Biotechnology), goat anti-human
SOX2 (IgG, 1:100, Santa Cruz Biotechnology), goat anti-human NANOG (IgG, 1:100,

15 R&D Systems), mouse anti-human Tra-1-60 (IgM, 1:500, Santa Cruz Biotechnology),
rabbit anti-human alpha-fetoprotein (IgG, 1:200, Dako), rabbit anti-human FOXA2
(IgG, 1:1000, Abcam), mouse anti-human Desmin (IgG, 1:200, Dako), mouse anti-
human cardiac fetal actin (IgG, 1:200, Maine Biotechnology), and goat anti-human
NCAM1 (IgG, 1:150, R&D Systems). For immunostaining of sectioned EBs (20 days)

20  and human islets, EBs or islets were fixed in 4 % paraformaldehyde (PFA) on ice for 1
hr. and 2 hrs., respectively. Following washing in PBS, EBs and islets were embedded in
Tissue Tek and snap-frozen over liquid nitrogen. Ten-um sections were cut using a
CM3050S cryostat (Leica). Sections were post-fixed for 10 minutes in 4% PFA at room
temperature, followed by washing in PBS. Sections were blocked and permeabilized for

25 20 min with 5% fetal goat serum, 1% BSA, and 0.2% saponin, and incubated overnight
at 4C° with the primary antibodies diluted in blocking solution. Primary antibodies were

mouse anti-human C-peptide (1:100, Biodesign), goat anti-human PDX1 (1:500, RnD



Taqman probe Hs_ 00268434 _ml SCL Tagman probe Hs_00156373_m Taqgnan probe
Hs 00156373 _nil CD34 Taqman probe Hs 00157258 ml Tagnan probe Hs 00157258 mil
DES Tagnmawoponmiasdis 99999905 ml Tagnan probe Hs 9999990pchiLi6ARds{3)
Taqman probe Hs 00707120 _s1 Taqman probe Hs 00707120 s| Tagman probe-' Hs
00158126 ni 38

systems), and guinea-pig anti-insulin (1:500, Dako). Slides were then washed and
incubated for 40 min with the appropriate ALEXA- conjugated secondary antibodies
(Invitrogen). DNA was stained with DAPI (Sigma-Aldrich, St.Louis, MO). Images were
taken using a Leica SP-5 confocal, Zeiss LTM 200 ApoTome, or OlympusIX70
5  microscopes. Images of fluorescent living cells were taken with a long-distance
objective on OlympusIX70 microscope.
DNA microarray analysis: Total RNA (DNase-treated) was extracted using
RNAeasy Mini Kit (Qiagen) according to the manufacturer's instructions kit
(Affymetrix, Santa Clara, CA) according to the manufacturer's protocol. Hybridization
10  to the GeneChip Human Gene 1.0 ST Arrays (Affymetrix), washing and scanning were
performed according to the manufacturer's protocol. Expression patterns were compared
between samples and hierarchical clustering expression was performed using Expander
(EXPression Analyzer and DisplayER) software.
In-vitro differentiation of ES and iPS cells: To initiate embryoid body (EB)
15  formation, a semi-confluent 10-cm plate of ES or iPS cells was harvested using trypsin,
and cell clumps were resuspended in ES cell medium without bFGF, allowed to
aggregate and transferred to one well of a non-adherent 6-well plate. After 8 days as
floating EBs, cell clumps were collected and seeded in a 12-well adherent culture dish.
After an additional 8 days of growth, adherent cells were stained for markers of the three
20 embryonic germ layers. Alternatively, EBs were allowed to undergo spontaneous
differentiation for 20 days in suspension, after which they were collected and taken for
RNA and protein analyses.
In-vivo differentiation of ES and iPS cells: A confluent 10-cm plate was
harvested using trypsin. Cells were centrifuged, and cell pellets were resuspended in 50
25 pL of iPS cell medium. The iPS or ES cells ‘were injected under the renal capsule of
SCID-Beige male mice (2-6-month-old) (Harlan, Jerusalem, Israel) as described [Russ et
al., Methods in Bioengineering, Yarmush ML, Langer RS (eds.), Artech House, in
press]. Tumors were dissected after 4 weeks following injection. A portion of the graft
was used for RNA isolation and another part was processed for paraffin embedding.
30  Sections were stained with haematoxylin and eosin. Images were acquired using a Zeiss

LTM 200 Apotome.
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Induced differentiation of ES and iPS cells: Differentiation of ES and iPS cells
into pancreas endocrine progenitor cells was induced according to the Novocell protocol
[Kroon et al., Nat. Biotechnol. 26, 443-452 (2008)] with the following modifications:
80-90 % confluent ES and iPS cell cultures were washed twice with PBS and incubated

5 in RPMI (Sigma-Aldrich) containing Activin A (PeproTech, 100 ng/ml) for 1 day.
Subsequently, the medium was changed daily for the duration bf the protocol. In the
next 2 days, cells were cultured in RPMI containing- 0.02 % FBS (vol/vol) and Activin
A (100 ng/ml). On day 4, the medium was changed to RPMI with 2% FBS (vol/vol)
and KGF (PeproTech, 25 ng/ml) for 3 days. Next, cells were incubated for 3 days in

10 RPMI with 2 % FBS (vol/vol), KAAD-cyclopamine (Calbiochem, 0.25 pM), all-trans
retinoic acid (Sigma-Aldrich, 2 uM), and Noggin (PeproTech, 50 ng/ml). The medium
was changed for the following 3 days to DMEM containing 1 % B27 (Gibco-Invitrogen,
vol/vol). Differentiated cells from a confluent 10-cm plate were harvested, and an
aliquot was taken for RNA analysis. 2.5-4 x 10° cells were injected under the renal
15  capsule of SCID male mice as indicated above. Starting 21 days post-transplantation,
graft maturation was assessed by measuring serum human C-peptide levels. Mice were
fasted for 20 hours and injected intraperitoneally with 3 g D-glucose in PBS per kg
body weight. Serum samples were collected 30 min following glucose administration
as described [Russ et al., Methods in Bioengineering, Yarmush ML, Langer RS (eds.),
20  Artech House (in press).]. Human C-peptide levels were quantified using an
ultrasensitive ELISA kit (Mercodia) according to the manufacturer’s instructions (the
assay sensitivity is set to 1.5 pmol/L). The assay cross-reactivity with insulin and
proinsulin is < 0.000 6% and <1.8 %, respectively. Mice were sacrificed at the indicated
time points, and the graft-containing kidneys were removed and analyzed as detailed
25  above for teratomas.

Statistical analysis: Significance was determined using one- or two-tailed t-test.

To approach a normal distribution of ‘the gRT-PCR data, a logarithmic transformation

was performed.
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based on the Cre/lox system, routinely used in transgenic animals. In the present

procedure, the human islet cells were infected with a mixture of two lentiviral vectors.

10 In the first system, Cre recombinase was expressed under conmtrol of the insulin

promoter, while the second system was improved by fusing Cre recombinase to the

estrogen receptor (ER), rendering DNA recombination inducible by tamoxifen. Since

the insulin promoter is expressed only in beta cells, the Cre enzyme excises the floxed

DNA region of the reporter constructs, thereby activating constitutive GFP expression

15 specifically in beta cells (Figures 1A and 1B). The genetic label is stable in all beta-cell-

derived (BCD) progeny, making it possible to determine the cellular origin of
reprogrammed cells derived from beta cells.

BCD cells undergo de-differentiation and epithelial to mesenchymal transition

following their growth in culture, as was described previously [Russ et al., Diabetes 57,

20 1575-1583 (2008); Russ et al., PLoS One 4, 6417 (2009)]. Human islet-cell cultures

containing about 20 % lineage-traced BCD cells following 3-9 weeks in culture were

transduced with retroviral vectors encoding the four pluripotency-inducing factors

OCT4, SOX2, KLF4 and cMYC. ES-like colonies were detected 3-6 weeks later with

an extremely low efficiency (0.0001%) (Figure 3A). A number of these colonies were

25  isolated and expanded for further analysis. To demonstrate the beta-cell origin of the

iPS cells, DNA PCR analysis of the integrated recombined reporter cassettes was

performed. Out of dozens of iPS cell lines established from 4 islet donors, 4 cell lines

containing only the shorter PCR product corresponding to the recombined reporter gene

(Figure 1C), were identified as true beta-celi-derived induced pluripotent stem (BiPS)

30 cells. 4 isogenic non-beta pancreatic iPS (PiPS) cell lines derived from non-beta cells

of the same donors were also obtained, as judged by the absence of a recombined

reporter gene (Figure 1C, Figure 3B) (in spite of the presence of DNA of the Cre gene
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determ ne the cellular origin of réprogramed cells derived from beta
cells. promoter was compared in BiPS, and 1PS cells by pyrosequencing analysis. BiPS cells
exhibited significantly lower DNA methylation levels, characteristic of transcribed
30 genes, in 8/13 positions analyzed, compared with iPS derived from fibroblasts cells

(Figure 1J), and PiPS cells derived from non-beta pancreatic cells which exhibited
about 25 % higher DNA methylation levels than BiPS cells. The higher DNA



BCD cells undergo de-differentiation and epithelial to nesenchynal
transition followng their growth in culture, as was described previously
[ Russ et wb.2p12Bi2aduet es 57, 20 1575-1583 (2008); Russ etrcalL201PhmSi3One 4,
e6417 (2009)]. Human islet-cell cultures containing about 20 %

l'i neage-traced BCD cells follow ng 3- 9 eks in culture were transduced

wth retroviral vectors encoding the 8 £I uri potenc &]dﬁgbsgg%act ors
OCT4, soxmethyltion layels enee, PIRE POOLED o ol lhe FRMBRIES o dReY | at er

with an e JedUfdin EblobiAtaunber of these
col oni es %v%te]r g@géhalb V\%p?%engﬁ&ﬁ‘%ﬁ%é %gg%ff% lJf:uert er anoal ysis. To
denonstrat e t h&ohdtisss el passibditn thﬂt thé ebseP& degi penetiDiilenRER ramdedrgds BsP®f t he
i ntegrated reconbined report % cassettes was f dozens of

i PS cel | fllseRermdssits fosphearedr YHrnfiation mig f6l szfﬁ%éf’ﬁloqf‘ff%‘sﬁ&%%tfa?ﬂ ng
only the §§§f ﬁntg’%uﬂﬁ ?%!ﬁhn%%fl@%&ﬁfb@élaﬁloi Beth R8I LesRrPisedly-ePal EBS gene

(Figure 1C), were identified as true beta-cell-derived induced pluripotent
st em ( Bi PS)d 8@atomes derived ﬁr@o@ﬁﬁ@eﬂdmb,emapogmm@atq BiPSpES, raunﬂ§ Sedls |ines

d df et | f th
AR A e
(i n spit ejRhlid, ORI e8¢ FOXAF mRNA ekp ﬂeb’&ﬁor@ﬁv@s gienigicay higher in both EBs and

2012/ 025914PCT/ 1 L2011/ 000543 41 from the 2 | abeling vectors). Wen foreskin
fi brobl astesatomas dermveécfxr@a RiP$ i¢ells avhgarrompared; tﬁ%eaqdrta@u’f%@ass%wé%ﬁ% DNA

reconbi na chLQr
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that the system was not affecte the reprogranm ng process
(Fi gures 8, 4 BipS cild Exad/Plulicd. (Marcaver G- paitldorproifeerc oalyl ke detected The Bi PS

cell lines_contained all_ .4 retroyiral ansgenes, .as_j.udged noni ¢ DNA
PCR ahal y?@é f]?ff"gj’a go )B‘f}%l?ﬁg éﬂ@"ﬁ %@s %ﬂ%’ﬁgﬂ a P dgaPmé‘éXI | gs niot
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15Bi PS cell clones were characterized usi nrg stringent criteria for
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mai nt ai ned a normal diploid karyot pe (Fig. 3F, 3G 5%1 Q
recengdy Bigaificapioliffetcapesivee foynd mlﬁﬁ{‘es Hiegtadermals me?ﬂemi 8 dl?ﬁl‘? 9))

t hat bona an be dist i ngui shed from partially- reprograrmed
cells by {%éuggﬁdafaggcg%géﬁof REX1, DNMI3B and Tra-1-60. Bi PS cells express

t hese markers |N?excermairoacbil for lisdekd differontiionhefnmarPBSacedls EBocprnicatic
confirmng their full  reprogram Fi gur , . 31, 4A
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hi erarchi ca uster analyses, whil er| ng markedly fromt he par ent al
BCD ce$ | s céIFitgusaiptidB, fadt@s. P]D)(lnbrﬂ@ié LhEO]XlA?eand &k by atay o? dogtes dlent

. bet ween and ES cell o_the. orre
coef fi ci e%fé&emeﬁyt he¥ %.Sﬁ?%}li‘%ﬂq pégérc%tﬁ el}diaﬁré%e P8y oéﬁfan glﬁclil% "Her ent
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cell 30lines (R2 . cells gave rise to differentiated cells from

the thr ee(mﬁﬁb]yd"mecprwnmﬂvay@r%thuﬁ tansplanted 2.5-6agddl BiPSEer ESreplrdesivedssay,

and in vi \f)gncrga 1cee\:/nldgcrr1]ne proggnltors under the renal capsule of SCID mice and measured

30  serum levels of human C-peptide following glucose challenge. Transplantation of BiPS
cell-derived pancreatic endocrine progenitor cells resulted in detectable serum levels of

human C-peptide as early as 3 weeks post-transplantation, while no human C-peptide



WO 2012/ 025914PCT/ 1L2011/ 000543 42 teratoma formati on assay (Figures 4D,
4E, 4F). Taken together, these results denponstrate that Bi PS cells are
truly repwvogoevared4pl uri potent stemcells. EXAMPLE 3 5DetCfrarmnt/h@sion of

Bi PS cells Level s of histone H3 acetylation, a hallmrk of open
chromatin structure, were eval uated by,chromatin i munoprecipitation (ChlP)
in fresh human islets, B(? ngwngEg j,ved f omflbroblc@)stsé and
ES cel | 's. VAP tRis6isA BchicearinsP B Hov b HymaachS welikved Pepaesiss safidtin
transcri pPra @nlft(ﬁ@tdﬁﬁﬁ s h S MREAo1{dvifg trhRplardtitfon Q‘%ﬂ& 2D). annRst cal |y
open chrotati n struct re on the pronoter regions of these génes, as judged
by hi stonpeprlea@elsyldatemed (Fi the HS . cet‘lhqleslvefbl gmmt@m fprweeks wialowting

mai ntained in the. insulin d ronot ers ne5|n
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H3 on the MAFA pronoter underwent 15 deacetyl ation during reprogranm ng of
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Hi er ar chi cal

stering reyeal ed uni que DNA net hyl ati on } Bi PS
cel |'s 20 feravedamplls eramuped (Fague |2ﬁSquPFé’él ¢ ABIRIRS B éeecteétff 27 §1A’3 C&ﬂs
separ g§ ed 4t hem %rraﬂg]a?ttﬂgrtnﬂé ;55%:?%:?1‘1 ?”Tl‘ﬁ%lel@ai@f hEHré‘( fdsied fuehger | ook

at the net hyl ation statu I C genes reveal ed that Bl urT pot ency
rel at ed gesmastoftatne pancteatgopﬁy;iqmdbhg’dchamyilasajmnsngpuse(ﬁrgugﬂf i hgeonfast, e
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remai ned Qﬁ(aq{/;%gtmlr@t fdulif( IE§I bprgoztE?I | s were al so detected, while being

methyl ated in fibroblasts, ast-derived i PS, and ES cells (Figure
1H). These fi ndilthgeglsuppomventinn rhas ebeenodesstibag picqaivaction merlr SPCEMICR] PS

ps obf | sByoyBBltisRh iR Qg S M BT CLs AR EOMRAS o Brididas; | T

| ower DNAwiRtHaYdpphiedintd ﬁh‘()@é skillethas aled et Atdozdiaplyt ftaiRsiatenbeat ta3émgegeall i n
8/ 13 positions anal yzed, conpared with iPS derived fromfibroblasts cells
(Fi gure 189ch alisenativpss masdificatigas pndsvpriations Hishfallovithigdhe sRist prd Rropfl $csi ch
exhi bi ted DNA net hyl ation levels than Bi PS cells. The

hi gher DNA %ﬁ%’%ﬁ%g@g%woﬂuzon/ 000543 43 nethyl ation levels in the
PDX1 pronoter Al pificaididss patensyaad g tent appl&aﬁ&scmbhmomdyn i |spedificaticar i abl e
epigenetic nmenory in i PS cel]s derived fromfibr o‘% addr ess
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perm ssi V@xtreﬁt AKEURG 1981‘(\/{(1’%1%?&&61@5!1&{‘ p'aféhpopﬁitétﬁ aﬁﬁlléaﬂﬁnwgg&ﬁﬂ&hly' dndeage,
and 5 possibly into insuliln-producing cells, expression of beta-cell genes
was anal ypefividmal EBsdanatdt ter b mmspouiacd \hecblri rbarme&r@@ecén |adqhnne,sc1tatwn or

conpari son to Pi PS, i PS, tand ES ffe nti,atio

exper i mentdnIHER0BAR2RY Aptetqngs iy lspgg)élﬁﬁtéo%ﬂﬁhé]rogbg 8 %’ef] Haf nl doision  poxt
and FOXA2 ({iRAHEXeBd sl 19 v kbl S h@Phibi 62106 e PlegdiRinventibnt o HRSeand that
teratomas derived fromBi PS cells, when conpared to EBs and teratonas
derivesl fseationheslips art pSd, thedl sEw1ld apt ke ¢qusguedasarcesmyly mitigugh bot h EBs
and teratonmas are conprised of many different cell types, which may hinder
the conclusions drawn fromtheir analysis, the present data does show
preferred differentiation into endodermin these conplex differentiated
structures. No significant differences were noted between the 4 Bi PS cell

| i nes studi ed. Moreover, C-peptide protein could only be detected in



15 EBs derived fromBi PS cells (Figure 2C). However, C-peptide protein was

not detectable in teratonas derived fromeither BiPS or ES cells (data not

shown) . IwocortmasEt t o PDX1, MAFA expression in EBs frorcBiIP®1velss$ was not
significantly different fromthat in iPS and ES cells (data not shown), in

accordance with the | ack of epigeneti c Jrenory in the MAFA pronoter (Figure
1G. Unli kﬁ é e_bheta-cell genes, no 20 significant differences were found

i n genes t@W@Dﬁ%éodern&I, and endodermal tissues (data not

shown) . Next a protocol for induced differentiation of human ES cells
into pancreatic endocrine progenitors was used [Kroon et al., Nat. '

Bi ot echnol . 261. 443A45&h¢@00&)eratiBgPBiriwitdnt sicoudadlspeorepirising: ent i at ed i nt o

endocrine progenitor cells . expressing.the beta- 25 .cell transcription
factors PDXL  {ix6. TPARGRESARY PF%‘Eig‘b‘i/bezaa%&%2%%“5’8?‘%1%“@% 4H) .

Previously, ityas Emmm hatduead ChIasAbbEntE REDET (iPS) elyEeRbin0ksidC aambatr t her
mature into beta-like cell's when grafted into mce [Kroon et al., Nat.

Bi ot echnopancp@tichalg-cg® (2008)]. The present inventors thus transplanted
2.5-4 x 106 Bi PS or ES cell-derived pancreatic endocrine progenitors under
the renal capsule of SCID m ce and neasured 30 serum | evel s of human
C-peptide fol | pw ngAghethos ef géirtdtmggells dsefulSpt acdtimpiliabaés, Borkprisiag: - deri ved
pancreatic endocrine progenitor cells resulted in detectable serumlevels
of human C pept®de axpapdingyuganpapereitic saeelSt anspl ant ati on, while no human
C peptide WO 2Q12/ 1 t I Qo

t ranspl ant ed h hg%%g&égcgéﬁtg %e#l gggéﬁgr%?%\gﬁ?ﬁﬁgﬁggcﬁigﬁe@%@ oglglr'{lia%1 ors
duri ng t hpadcraatit bétaweB&sinfiol | owi ng transpl antation (Figure 2D). Human

C pepti de was tected in the ES cell-deri.ved progenitars weeks fol | ow ng
transpl ant at i ogﬁ thg&éern,“aflﬂ%%‘%C-“g\é‘ﬁfii ﬁ@“?%t%tl %te'ae‘f‘e Sﬁﬂwﬁ a6t PBI" e Gni t ude
| over t haﬁnégk,ﬂh@eﬁ’fg&%‘riﬁﬂé%ellyﬁéjefﬁllri%f treatinpBiab&y¥el s of C-peptide detected

in BiPS derived gratts after 3-4 weeks suggest that Bi PS cell-derived
endocrine progenitor cells matured faster in vivo, conpared to ES

cell -derived endocrihe pr ni.tor._cel | t anal ysi s. 6- .

post -transpl antati O:IH? é{ieetg‘?cg&% iU ?r? rmegé%r %é‘gie%ﬁén?hn%d?sl Xﬁ%r%denﬁﬁPS
cel | -deri Mﬁdiuﬁ’f&ﬁﬁﬁriﬁ?ﬂi\ﬂﬂdl()ﬁ.gure 2E). C-peptide staining was detected
in 2/7 BiPS cell- 10 derived grafts at this time point (Figure 2F). These

grafts al so expressed gl ucagon, somatostatin, pancreatic polypeptide, and
anyl ase transcyi pt s4f Fi ) claihd) 3¢ WHefds tsnidES SRR dY&S OkRf 496
expressed det e%’t abl gg?e[\gée{flgd (%))F qtl?#elpgt her E’?I?)US?I pan@r eélfgi c transcripts

anal yzed, weelts. not insulin (Figure 2E). Although the invention has been
described in conjunction with specific 15 enbodi nents thereof, it is
evident that many alternatives, nodifications and variations wll be

apparent to thgse skl hedhddof d8infi ]Eo_r 2AGROeH 54 YendratigSintiildeari®Gpdtént

enbrace all such alternatives, nodifications and variations that fall

wi t hi n t hetesipeallstis arfiftcted omd espepegin sdié lappenpradreetiaibeta colls| atplagstianat i ons,

atents and, patent . applicatjons nmentioned in.this specifi ion, 20 are
Eer ein i ng‘Efjrl W&E‘%‘H‘EP ﬁcpﬁeﬂ)ergﬂtsia’r‘i;‘%%ﬁnge?téE{‘%‘é’lg?ﬁ%tgr nt eckeﬁgtr%%glé? FI%C8ti on,
to the sapgsixhelt K& Efo‘cl?mtj/mdeﬁzgiNahoggum Lg@gi on, patent or patent

application was specifically and individually indicated to be incorporated
herein by reference. In addition, citation or identification of any

reference in this applicati hal of . 0 . 1.SS4 t hat
such refer ence‘h’i s a@ﬁ? Imaeglfoéjo Ogs&%% %rw err?lgt% %‘%ﬁr@&%ﬁg é@cﬂglgﬁ |%§1£. 85}3 t he
ext ent thaéu@@%e&&ﬂe@rbyfvﬁgﬁés@mg iaraidibagdan pheyeasiemetd celzt ObG/4 GosRy Kéfd as

necessarily limting.
and c-Myc.

7. The method of claim 5, wherein said expressing is effected by
introducing into said human pancreatic beta cells a DNA molecule encoding said at least

one dedifferentiating factor.



WHAT IS CLAIMED 1S: 1. A nethod of generating pluripotent stemcells,

conpri si ng: (a) expandi ng human pancreatic beta cells; and
subsequenwby012/025914( b) generating i nduced pl uri potent stemi20PBhoosed | s from
said human pancreatic beta cells. 2. A nethod of generating cells useful for

treating Di abetes, conprising: ( expandi ng human pancreatic beta
cells; (b) generating. induced pluripotent stem (iPS).cells fromsaid
human pancr eat $¢ bet 8¢ c@pthad aﬂoc(ialm g’ POFIeR £ 0 HPTEEE g 1S %cfeﬂd ¢ed

pl uri pot et?ﬁro&?&ﬁ% ¢ab!sid awass ga@crpﬁi&%e%@fcms hih @28 Smolthas @RYodigm 8aiatdtng.
cells useful tor“treating Diabetes. 3. The nmethod of claim1l or 2, wherein
sai d expaledstroge idediffefentibemg fantoa nmedi um conpri si ng CVRL- 1066. 4. The net hod
of claim3, wherein said expanding is effected for 3-16 weeks. 5. The nethod
of claim1 or 2, wherein said generating induced pluripotent stemcells is

effected by expressirRgniethodaif@ldianesr Daidreiatshid highan Rakleati@beth @8isd arene
dedifferentiating factor, wherein sai d dedifferentiati ng factor is selected

from t he ghompguwasd paputajionfof kiman pangygatic tgga F1ls8. Sox2, Nanog, and Lin28.
6. The nethod of claimb5, wherein said generating induced pluripotent stem
cells is effected by expressing in said human pancreatic beta cells Cct3/4,
Sox2, Kif4 andi@- M/The heftt@ dteldi@dl of 2,04 lxireinSaidimiaei pansehdc batprcedsamg i s
effected by introducing into said human pancreatic beta cells a DNA

mol ecul e edToRyiReAdn 3 Mmigchponudation of pandedficgelsent i ating factor.

11. The method of claim 10, further comprising selecting said iPS cells

derived from human pancreatic beta cells following step (b).

12.  The method of claim 11, wherein said selecting is effected by analyzing a

chromatin structure of a promoter of an insulin or PDX-1 gene in said iPS cells.

13.  The method of claim 11, wherein said selecting is effected by analyzing a

DNA methylation status of a pancreatic beta cell specific gene.

14. The method of claim 13, wherein said pancreatic beta cell specific gene
is selected from the group consisting of insulin, MT1H, WDR52, NUCB1, ¢d40 and
PDX-1 and ZNF4A.

15.  The method of claim 11, wherein said selecting is effected by genetic

Jabeling.

16. The method of claim 2, wherein said differentiating said induced
pluripotent stem cells towards a pancreatic lineage is effected by differentiating said
induced pluripotent stem cells into definitive endoderm and subsequently differentiating

said definitive endoderm cells into pancreatic progenitor cells.



WD 2012/ 025914PCT/1L2011/ 000543 46 8. The nmethod of claimb5, wherein
said expressing is effected by introducing into said human pancreatic beta
cell s an Wwdaomi2eaul e encodi ng said at | east one dedi ff ecent.ioat/ogss act or .
9. The nethod of claiml1 or 2, wherein said human pancreatic beta cells are

a honogeneous popul ation of human pancg.}aati c beta cells. 10. The

met hod of claiml or 2, wherei ai d_human pancreatic heta cel.ls are
conprised in alfi xea“h?Jo‘EEItlh_aﬁ?i%C%fmpégpggﬁ{e?% S@‘éll Sg{fererﬁlattmg 1_?.1(5 'I*ﬁ&u‘??‘gt hod
of clai m diriphiéhi 4 CARPIIG UBENIARE R6LONIMSA! dirdcRE BElchRuder b@dniiem human
pancreat i bgta cells followng step (b). 12. The nmethod of claim 11,
wher ei n spludipsehestermgells irefaf metiveh lpmpriaingzam ggent cetastest framst thecgoug of a
pronoter of an insulin qr -1 in said iPS cells. 13. The

net hod of C‘U}Séﬁnﬁgfi?CtWﬁ%g‘e?lﬁgﬁﬁ?ﬁﬁg@?ecti ng is effected by anal yzing a DNA
met hyl ati on status of a pancreatic beta cell specific gene. 14. The
nmet hod of claim 13, wherein said pancreatic beta cell specific gene is

sel ected from ide giTbupnetbediodt ¢laign o, iwhaugin nsaidyifferentpyng s finith)g40 and

PDX-1 and_ ZNF4A. . 15,... T 0] -Cl aj 1 I ! - ting
is effect %‘bd\logf/n%elﬁ%qt ipgmfrg s !Bgogggﬁﬁ& %eﬁglé.g %ga egl}e?%\g%%gﬁhg I %l?qujf?lﬁlt erein
sai d di f f efdodeinatih O niedivgh icoshpeisiflg AU aganotselztted tfesm cehd grdupnesmistiag of
pancreatic lineage is effected by differentjating sajd i nduced pluripotent
st em cel | KeratinQsyife fEroi i \ﬁaé:tfgné%@é A RS &5&%0&?&%@3{ cﬁr?‘f’g‘r E?Fﬁ?fgt(ﬁ{% »sai d
definitive : s 4 ' : [ 7 17.
The met hof <SR AfIEE RblaS s h REE (RG] PR IRE B AL TR IOT G and

pl uri pot endggh.em cells into definitive endodermis effected by culturing
sai d induced pluripotent stemcells in a mediumconprising an agent
selected fromthe group consisting of activin A |DE1 and | DE2. 18.
The nethod of gbai M6, mwhed &ifncigidh d6divike@Eia Ndalildifite Siddtihg0&fid NekinitEre
endoderm into pancreatic progenitor cells is effected by culturing said
def i ni ti vendaddodeintn ipanereatisdipragenisom icels rig edfeciedehy wdiveag ewid rdshinitiveé gr oup

consistin f, keratipgcyte growh f e KGR), retinoj.c. acl | mal
grow h f ag?cgo#ier(r%&)a,ﬂﬁf%gﬁl?tﬂlgngﬁgtg,r Sa?%}rg%g{ozﬁ%%geg‘%rggé ﬁgﬁgééé{ngrdf?ﬁfﬁﬁog' tE\asul in
l'i ke gr owghowitREicsr (KIGHH) retii adidchnda®@pin. 19. The nethod of claim
16, wherern said differentiating said definitive endoderminto pancreatic
progenitor cells is effected by culturing said definitive endodermin a
differentiating,fact,o | Sty Laacyt e
arow h factor Ckar) * PePUGE BERr LLHTSOPRR (RaRsE e dhedial Wil
gener at i ngelhgdr walfisefion, thomethod@bmpgismgdi sease associated with cellul ar

| function, th h rising: : .
mal function, (;S matger?e(iiat;;nqgrriII:)ldu(:Sed pQuripotent stem cells from human somatic cells, said

human somatic cells being selected according to the cells which have mal-functioned in
the disease; and

(b) redifferentiating said induced pluripotent stem cells towards an original
somatic lineage of said induced pluripotent stem cells, thereby generating cells useful for

treating a disease associated with cellular malfunction.

21. A method of generating cells useful for treating a disease associated with
cellular malfunction, the method comprising:

(a) expanding human somatic cells; and subsequently

(b)  generating induced pluripotent stem cells from said human somatic cells,
said human somatic cells being selected according to the cells which have mal-

functioned in the disease; and



(a)generating induced pluripotent stemcells from human somatic cells, said
human somatic cells being selected according to the cells which have

mal - f unctwoned2mithe di sease; and (b)redifferentiatingpsairoiionesed
pluripotent stemcells towards an original somatic |ineage of said induced
pluripotent stemcells, thereby genera%{ng cells useful for treating a

di sease associated with cellul ar_ mal functjon. (ﬁé A net hod, of

generating cel(Fs us&wdifferepfiatingesdid HYugediPRERIEN L EEHCE dAVATTS OIS ar
mal funct | g&g?ﬁ) qué Ffﬂlcfﬂlﬁ%édsé(lgl?potent stem c4IR) th%?@?ggh&gtlﬁé'gaﬁ ROREdrC

cells; enerating 1n pl urfpotent stem

cells fron’ea&lgch dlwmmagsoaatedM1de¢eﬂla1arﬂmlﬁdncmnmn somatic cells being

sel ected according to the cells which have nmal functioned in the disease;
and 48 (c) redifferentiating said induced pluripotent stemcells

towards an origi nal TaORRh&d bi eﬁﬁﬁezoO& s8I WhdrBidugsRsh BlidrdiRaleeRt Dabewy cel | s,
t hereby generating cell's useful for treating a di sease associated wit h

cel | ul ar rad emeatingniPS 22119 iseficeted dwmhumimpanceatigbeacellyvher ei n when sai d
di sease i s Diabetes, said generating iPS cells is effected from human
pancreatic beta ceIIs. 23. The nethod of claim20 or 21, wherein said

human sonatic 08l frfe #Ehc BORGRANZOWS TIQPHeadih HAiD humdBONBAOERkIlS g€l S.
24. The nethod of claim?20 or 21, wherein said human somatic cells are

conprlsedhmmoﬁﬂﬁ@u%mﬁyéﬁ@@mﬁhp@%&ﬁ@@ﬁ@%“%$ hunan somatic cells. 25.
The met hod of claim 24, further conprising isolating i PS cells which have
been dedifferentiated fromsaid sel ected somatic cells. 26. The

met hod of cl ai ou25, Thbenahed séicthims20 @timg vilgredf fseidt Bundxy sanatie zelingam
chromatin struycture of a pronoter of a_specific ﬁ of said somatic cells
in saidi P‘Snﬁ’éffeld@ahetemgeif?o“sﬂ‘?@u%%% a‘bffoé’i‘%gcﬁ Swher ein said isol ating
is effected by analyzing a DNA nethyl ati on status of a specific gene of
said somatic cells in said i PS cells. 28. A nmethod of generating
cells useful f@as. tr&htimghtl abelas, 24 ofwpthes comprising isolating iPS cells which

have been dedifferentiated from said selected somatic cells.

26.  The method of claim 25, wherein said isolating is effected by analyzing a
chromatin structure of a promoter of a specific gene of said somatic cells in said iPS

cells.

27.  The method of claim 25, wherein said isolating is effected by analyzing a

DNA methylation status of a specific gene of said somatic cells in said iPS cells.

28. A method of generating cells useful for treating Diabetes, comprising:

() generating induced pluripotent stem (iPS) cells from human pancreatic

beta cells; and

(b)  differentiating said induced pluripotent stem cells towards a pancreatic

lineage, thereby generating cells useful for treating Diabetes.

29.  An isolated population of cells generated according to the method of

claim 1.



(a) generating induced pluripotent stem (iPS) cells fromhuman pancreatic
beta cells; and (b) differentiating said induced pluripotent stem
cel | s t owsodsizzpaacreatic |ineage, thereby generating eelthso0usedosis for
treating Di abetes. 29.An isol ated popul ation of cells generated according
to the nethod of 49 30. An isolated population of cells generated

di hod of claim 2. 31 An i sol LALion: of
el s goner at edbaccavuing s pEnln ph ety siferp Rl SRy ® BDHLRRI o ©

i sol ated pppdhkati on of cells of any of clainms 29-31, wherein said cells
conprise at | east two exogenous expression constructs, wherein a first
expressi on construct conprises a pol ynucl eotide encoding a Cre reconbi nase

pol ypeptide opggati gl soiawggpr}%@@egf ga;é érfé?ﬁk{lia%c&ﬁgfg){oe{ﬁe ﬁ@ﬁlgﬁh&rei n a

second expression construc I Pst pol ynucl I'de encoding a
first deterimhBe noiety operatively linked to a constitutive pronoter, said
first pol ynucl eotide being flanked by LoxP pol ynucl eoti des, said second
expression construct further conprising a second pol ynucl eoti de encoding a

second detectalhe ”q*'h@}i%%até@{)&ipﬁ%%@c %&%ﬁéﬂ@ 2063 1NGheRH ddippar 3' to

said first polynucl eot Ap ceutical composition

conpri si ngomprsd aplledsedwp ogrogenduwsnexgressiinl sorstruginy vwiferaih s digst2@xBdssimd a
pharnaceuticallﬁ acceptable arrth" . 34. nethoqfof tre tir{ﬂ1

Di abet es FAPSHUSY SOBISEH teRRIYRYAF0H0F E%W}W%i%géﬁ I eSpRbifse ngOlypepiite

t her apeut bgéhﬂiyelgflflﬂt%'t&ﬂea BREMtspeéifit NfromdRlrahid wiRRsinad isesbnal exgbdsfonof any
of clainms 30 or 31 into the subject, thereby treating D abetes in the

subj ect. construct @gnprissea dirsttpedynusisptdeenqodingl afifsh detogtalle majetyfoparafivelky

clainms 30,0 for tg freat t Qf..a.dj ci de I r

et unct | SR kol BpHRERr; 8o} BTMERRRET RELE il BF ol
polynucleotides, said second expression construct further comprising a second
polynucleotide encoding a second detectable moiety, said second polynucleotide being

positioned 3' to said first polynucleotide.

33. A pharmaceutical composition comprising the isolated population of cells

of any of claims 29-31 and a pharmaceutically acceptable carrier.
34. A method of treating Diabetes in a subject in need thereof comprising
transplanting a therapeutically effective amount of the isolated population of cells of any

of claims 30 or 31 into the subject, thereby treating Diabetes in the subject.

35.  Use of the isolated population of cells of any of claims 30 or 31 for the

treatment of a disease associated with cellular malfunction.

36. The use of claim 35, wherein said disease is Diabetes.



