Dl FFERENTI ATI ON OF HUMAN EMBRYONI C STEM CELLS CROSS REFERENCE TO RELATED
APPLI CATI ON [ 0001] The present invention clains priority to application
serial nuwben11@li®86, 923, filed July 20, 2009. FlIELD OFPCHESRNUEAMBDEON

[ 0002] The present invention provides a nmethod for | owering blood glucose
| evel s in an animal by transplanting a popul ati on of pancreatic endocrine
precursor cells into an ani mal. BACKGROUND [ 0003] Advances in

cell -repl acenent therapy for Type | diabetes nellitus and a shortage of

transpl ant abl e i shatFERENTEODON @FHORMEN EVMBIREONIO SIS CRILYIevel opi ng
sources of insulin-producing cells, or 13 ceIIs appropriate for

engraftnent. One app . 13 cells from

pl uri pot ent sten1ce|fﬁaﬁgﬂbﬁFEg&mgﬁﬁ%gighgﬁg% en %%%? emcells.
[0004] I n vertebrate enbryonic devel opnent, a pluripotent cell gives rise to
a gr[eo@]of ﬂmlﬁrsen:tdmwnﬁ&i ¢lgints prieetyge spplicaiparsria echba &t 226,0%% ditkdrIoly and
endoder m ng(ﬂgocess known as gastrul ation. Tissues such as, for exanple,
t hyroi d, th pancreas, gut, and liver, will develop fromthe endoderm
via an internedi ate stage. The internmediate stage in this process is the
formati on of definitive endoderhD OFfTHEINVENAAODDer m cel | s express a
nunber of markers, such as, for exanple, HNF3 beta, GATA4, M XL1l, CXCR4 and

SOK1fgqd| 000RIFALIRLAQ I&I%m@sﬂﬂg&fl&ﬁ@r AR LIS L LG AL | on of

def ve endoderm | n ancreatic end pancreatic
endoder m extpfrtwsplam'mgpa)npulamlotf pahvorenaldobinmrgoiyorogestle jnt(PDD(élmmaln t he
absence of PDX1, the pancreas fails to devel op beyond the formation of
ventral and dorsal buds. Thus, PDglL &kereisign marks a critical step in
pancreati c organogenesis. The rrature pancr eas contains, anong ot her cell

types, exocrine tissue and endocrine tissue. Exocrine and endocrine tissues
ar i sl8083 om Adenegs fif edlleigplaepmicahtheyhpipten & yiesgh disbeten sstspsrand pehortage of

2011/ 011300@%&1%&8&%@%@1@gerhan5 have focused interest on developing sources of

insulin-producing cells, or B cells, appropriate for engraftment. One approach is the
generation of functional B cells from pluripotent stem cells, such as, for example,

embryonic stem cells.

[0004] In vertebrate embryonic development, a pluripotent cell gives rise to a group of cells
comprising three germ layers (ectoderm, mesoderm, and endoderm) in a process known
as gastrulation. Tissues such as, for example, thyroid, thymus, pancreas, gut, and liver,
will develop from the endoderm, via an intermediate stage. The intermediate stage in this
process is the formation of definitive endoderm. Definitive endoderm cells express a
number of markers, such as, for example, HNF3 beta, GATA4, MIXL1, CXCR4 and
SOX17.

[0005] Formation of the pancreas arises from the differentiation of definitive endoderm into
pancreatic endoderm. Cells of the pancreatic endoderm express the pancreatic-duodenal
homeobox gene, PDX1. In the absence of PDX1, the pancreas fails to develop beyond
the formation of ventral and dorsal buds. Thus, PDX1 expression marks a critical step in
pancreatic organogenesis. The mature pancreas contains, among other cell types,
exocrine tissue and endocrine tissue. Exocrine and endocrine tissues arise from the

differentiation of pancreatic endoderm.



[ 0006] Cel | s bearing the features of islet cells have reportedly been
derived fromenbryonic cells of the nouse. For exanple, Lunelsky et al.
(Sci ence WO20113883002001) report differentiati on of nbuseCEdsey0MIISIGt em
cells to insulin-secreting structures simlar to pancreatic islets. Soria
et al. (D abetes 49: 157, 2000) report that insulin-secreting cells derived
from nouse enbryonic stemcells nornmalize glycema in

str e[m) ot 0@&1@%5}%%‘@&%@9@; iRt 6@11§ BaverRREd1Y @e&lrtfénee@ﬁmh EmbiyBhlicicct al .

(PNAS 16105 02) disclose that treatnent of nouse enbryonic stem
cel I's with ok Bpwser Eowalﬁnls»slpmnﬂlskwmh Peicscdd9Rd389. 2¥Dgavn2) produced

cells that gpsemblied oﬁrﬁo&%'eh%ryohfé@%ﬁ] defls ﬁl)rlﬁéu'ﬂﬁ e&é‘tﬁ%&lrﬁctu@& Yimgayk et al.

(PNAS 100: 998 2003) reports the generation of insulin-producing cells from
nmouse enbr ymmreatglémﬁ c 8oriiaget abﬁ@lﬁb@t@ﬂ49v1é[7y2(199bﬂee<§sihn@nwélnﬁecr{bmwllﬂvl cal | ef

et al. rep c%etg%?& fgh BB%& é?ﬁ’drforﬁ&ét&n can n%ﬁ%fzégﬁaé@g 11{38 oL OB0h-iffuc&fTPr yoni ¢

stemcells orm positive pancreatic t|n0|c acid is nost
ef fecti ve adiabeniduoadeng PDX1 expressi on when added to cuI tures at day four of
enbryonic stemcell differentiation during a period corresponding to the

endal?f) ﬁaStl'hLb'né‘E% 1d, Rroki ng?ﬁgﬁ%{ A9od. %f’d%e% I)ﬁ‘&cﬁs%]that%%&’[ﬁ)em JrARQL0] M yazaki

eports a uée e C stemce I ne over-expressing Pdxl. Their
results sho&m‘ftrhatlc mmg@ho’ush lﬁ’]dhitore&W@s@lomslcﬂ@&kinyseeﬁhﬁéﬁftﬂ@a) mrhduced(pr essi on
of insulin, ucokinase neur ogeni n3, p48, Pax6, and HNF6
genes in th%ﬁg{eﬂgtﬁ%?e%ﬁédgj ferentiated cells (Di abetes 53: 1030, 2004).
[ 0010] Skoudy et al. reports that activin A (a menber of the TG-13
supel0pefti | yin w@thgwhmpbsBIVWGZ@)epﬂieé@ﬂ@%1Q§T99€8x23(2§}3i) reportethe pangtation genes ( p48

and anyl ase),q ﬁﬂgae c[hgﬁgfhlﬁe}‘ro%ﬂl%ﬁs‘e(eﬁ@ﬁo’mc BSHEIR corR Rl 94128%9&?&1%&4*0“56

enbryoni c stem e maxi na was observed activin A
They al so observed that the expression |evel of insulin and Pdxl nmRNA was
not 99N ct eMlCl@S}efreé@fr reopids thetiretinolsgehaan reglalg tharommitent wepmbyewebtedd i n an

i ncreased | (%Yl? o) fgi bﬂglégﬁwdpcéah%atic%dg&ﬁn 1Rét§109 %%Ct St e:ﬁ%?thve aflg 2004)

[0011] Shiraki et al e effects of grow ors
speci fi cal II}admrthWél cipffsepewhemiddohtoghltenbatylenifor of enbrgeli¢ semeelb PDX1
positive ce&1

or opor 1 on S sREK AR RA R B il FROPOREUA Y VBB 0 00E )

WO 2011/ 011(313:(11@@3’/5@%1)20(05042390

[00010] Miyazaki et al. reports a mouse embryonic stem cell line over-expressing Pdx1. Their
results show that exogenous Pdx1 expression clearly enhanced the expression of insulin,
somatostatin, glucokinase, neurogenin3, p48, Pax6, and HNF6 genes in the resulting

differentiated cells (Diabetes 53: 1030, 2004).

[0010] Skoudy et al. reports that activin A (a member of the TGF-B superfamily) upregulates the
expression of exocrine pancreatic genes (p48 and amylase) and endocrine genes (Pdx1,
insulin, and glucagon) in mouse embryonic stem cells. The maximal effect was observed
using InM activin A. They also observed that the expression level of insulin and Pdx1
mRNA was not affected by retinoic acid; however, 3nM FGF7 treatment resulted in an

increased level of the transcript for Pdx1 (Biochem. J. 379: 749, 2004).

[0011] Shiraki et al. studied the effects of growth factors that specifically enhance differentiation
of embryonic stem cells into PDX1 positive cells. They observed that TGF-p2
reproducibly yielded a higher proportion of PDX1 positive cells (Genes Cells. 2005 Jun;
10(6): 503-16.).



[0012] Gordon et al. denonstrated the induction of brachyury [positive]/HNF3
beta [positive] endodermcells from nouse enbryonic stemcells in the
absence ovOozerwmmiznd in the presence of activin al ong wpCh/tsroto/ki3bé t or of
Wht signaling (US 2006/ 0003446A1). [0013] Gordon et al. (PNAS, Vol 103, page
16806, 2006) states "Wht and TGF-beta/ nodal/ activin signaling

simul taneously were required for the generation of the anterior primtive

stre@li2) [@M&WW%&onﬁﬁ%d@ﬂ%qﬁ&cm@ﬂbrﬁhyﬁ??ﬁdéﬁ%ﬁHﬁF?B&tQ?ﬂolsuﬂéjve' opnent

may not exactly mmc the devel opnental programin her mammal s, such as,
for exanpl end rg8lls qrmm}lwrbsml%iﬁerweﬂs|1%@Pab5@acee1ﬁs¢ry@r@mé isthem cel | s

from human Bl.aslR%85 (96! £168 ARG AARALGRBOMEBANes Gearhart and

cowor ker s rived human e ryonl C germ (hEG™ cell Tines fromfetal gonadal
ti ssue (Shanblott et al. Acad. Sci. USA 95:13726, 1998).
Unl i [R@1¥pusEordpmeigb PRASt \é% 1<9é4 nage 1@@&6&90%% pe hrtepd ACEPeraf pofial/

di fferentiafctipg sﬁg'nﬁmlg%lr{?lynaﬁwug ?Hé?@re&ﬁﬁ’éa fbletﬁggéﬂeﬁatlbﬂbf B LR Yor pRfGE®R (LI F),
human enbryonic stemcells nmusf be naintai ned under very special conditions

(U.S. Pat. 82k, 200, 806; WO 99/20741; WO 01/51616). [0016] D Anpbur et al .
descri bes the production of enriched cultures of human enbryonic stem

cel loges)i vedowWakt, Meh¥Re %@&%@Erﬁbﬂtyﬂmé Bt%m%ﬁ%@%fo%nféflt Bay i Bx R AN EERALr at i on of
activin and [ ow serum (Nature Bi of echnol ogy Tr anspl antl ng these

cel I s underthe feveloparey! Rf@gf@ln|1@h1@herrmaé@n%1%§uﬂhtaéd‘0t ekagiptef Byreasi at i on into
nore mature cells with characteristics of sone endodermal organs. Human

enbrpei¥|C stiRmsebd 4l Q%Iét%&nlﬂ'?&m@étéﬁq‘é@lls%@ﬂﬁﬁzm Bgkdcsste aRich& Jartiher
dlfferentlated i nto PDX1 ive cells after addition of FG-10 (US

2005/ 026655WAR) . anemep}lw agfl caorkernderied hpnet @rneliogym-(hB4) cellzgn -

1401 (2006) )5S hidhGStal goibddl B%Ee AEURbRRSH 2 pdic Nefi Slthal &ch. Yx A5 PELBE, t hat
converts human enbryonic stem (hES) cells to endocrine cells capable of

synt hesi zi nP9Bheigikaeroses dnebriomaiierasellsnshich ean byinirvapion fromahiereytetieg n,

pancreatic i, creatic
or ganogen es‘?@b%s) 93 ?fﬁ‘g@??ﬂ% %2{(%15 ?ﬁlrl%%)?%% %g%%irhes e n%‘??‘h’gmé et}é?lnc%%f} ?v e
endoder m gumtst bebeingmoddedenvepyapena apiditian dddePan ldnd.200@06¢rWoe precur sor en

2011/ 011300KC HSR800 B4B R0 e YO

[0016] D’Amour et al. describes the production of enriched cultures of human embryonic stem
cell-derived definitive endoderm in the presence of a high concentration of activin and
low serum (Nature Biotechnology 2005). Transplanting these cells under the kidney
capsule of mice resulted in differentiation into more mature cells with characteristics of
some endodermal organs. Human embryonic stem cell-derived definitive endoderm cells
can be further differentiated into PDX1 positive cells after addition of FGF-10 (US
2005/0266554A1).

[0017] D’Amour ef al. (Nature Biotechnology - 24, 1392 - 1401 (2006)) states: “We have
developed a differentiation process that converts human embryonic stem (hES) cells to
endocrine cells capable of synthesizing the pancreatic hormones insulin, glucagon,
somatostatin, pancreatic polypeptide and ghrelin. This process mimics iz vivo pancreatic
organogenesis by directing cells through stages resembling definitive endoderm, gut-tube
endoderm, pancreatic endoderm and endocrine precursor en route to cells that express

endocrine hormones”.



[0018] I n anot her exanple, Fisk et al. reports a systemfor producing
pancreatic islet cells fromhuman enbryonic stemcells (US2006/ 0040387A1).
In this caseepihiesodi fferentiati on pathway was di vi ded i RCoO/UShe180423P@gES.
Human enbryonic stemcells were first differentiated to endodermusing a
conbi nati on of sodium butyrate and activin A. The cells were then cultured
with TG--P antagoni sts such as Noggin in conbination with EG- or

bet a@gid)ul | A shOhSQRSHAE SRl L. 9@%&5 b VRt&Eok Brodddife faERhRakedichif g5@nti ation
was i nduced by nicotinam de. %0 19] I n one exanpl e, Benvenistry et al.

states: "Wehusgsnembaenicram elle fUR0PEK8RA b Ipthisicaen Hienliédensitperessi on of
pancreatic e CRed 18608 Snto 'tﬂ?gél-’s%geé? N@had BBt bl GERNLARSIQORARY require

additional signals that are only present 1n vivo" (Benvenistry et al, Stem
Cel | s 2006; diffgrentgpal ta g@Wylern] GORO] dombantivhel soduaripiaate UBL@O8IMGR4The1 07 AL
clainms a ne IF C C P i i sing: a)
obt ai ni ng aéeggglflfet eéllt% g%ggwﬁgg% g@@&%&nﬁﬁgﬁﬁ%gogglg,lﬁg%élﬁ%ﬁggﬁﬁlng the cell
wi t h nedi a Eohbabatdcaidplinitgbenglagciial] puditercakits. tThe toelidal digereati@mniwasul i n.
[0021] Ther ef JAFEN Qertclenasti&é | remains a significant need to devel op

condi tions for et abP1 Ehi ng pluripotent stemcell lines that can be
expanded to address the current clinical needs, while retaining the

pot 019 tlo cdi £Xmmdn Bemteaisiny o/ pates €3 ndndiobatiover-cetesgon pldtiteat i ¢

hor none exp i | r C el roone. reti l1s. W have
aken an al CORRsl AyEELE or SheRARCLABLRR TBNELE SPREHLpRGidtandl ol T ng
human enbr yoquic sltitiond eighds thotvae dnlp presene at o ¢ Badoenismeered ] Sten CEUMVARY

[0022] I n O mhodi the present invention provides a nethod for
| oweri ng bP%§§H%W§%g§@%P%vels in an animal by transplanting a popul ati on of

pancreatic endocrine precursor cells into an animal BRI EF DESCRI PTI ON OF
THE [DAAN NG8B 2h0b@3fEinglar @S2D08KidAd 0T Akbcleinfseonetdd fdi producanta dslisledt medi a on
the expr esss!egrréte(sjgnsm%%m]pri i%%“ %l ob{f‘a)lﬂing a cell that does not produce insulin; and, b)

incubating the cell with media containing high glucose, wherein the cell secretes insulin.

[0021] Therefore, there still remains a significant need to develop conditions for establishing
pluripotent stem cell lines that can be expanded to address the current clinical needs,
while retaining the potential to differentiate into pancreatic endocrine cells, pancreatic
hormone expressing cells, or pancreatic hormone secreting cells. We have taken an
alternative approach to improve the efficiency of differentiating human embryonic stem

cells toward pancreatic endocrine cells.
SUMMARY

[0022] In one embodiment, the present invention provides a method for lowering blood glucose
levels in an animal by transplanting a population of pancreatic endocrine precursor cells

into an animal.



PDX1 (panel b), PTFl1l al pha (panel c) and NGN3 (panel d). Duplicate sanples
were collected at stage 4, day 3 for real-tinme PCR analysis. The plots

repr esentwbabd/iimsacti on for each gene relative to the PWENSE@B/042390

[ 0024] Fi gure 2 shows i nmunofl uorescence i mages of the pancreatic marker
PDX1 (panel a and b), NKX6.1 (panel c and d), CDX2 (panel e and f) and
NGN3 (panel g and h) for cells treated wwth DVEM F12 (panel a, ¢, e and Q)
and cells treated w th pPEWWHEcRIpdgoseoraanebrAwiNGgg and h) at stage 4
day 3, treated as described in Exanple 1. [0025] Figure 3 shows the
expre55|on of PDX1 (p neI a), NKX6.1 (panel PTF1 al pha (panel _c), NG\3
(pan@P2d) = Paxs L eparehe sfech yliNgesas bzsaé Blaﬁléwnfl)e eF‘P’E’iﬁ%“?a‘?fﬁ‘ﬂQéé gfpae@ 4.5
treated accangi pﬁnm,) thhe | m@gﬁﬁemﬁﬁméﬁg (pddclENADRpRakd-salpRY WeRt € sanpl es
were collected for real-tinme anal ysis at the indicated tinmes. The plots
represent follectedigees brlay dforggdiingdieR ausfyatsi Jbe PletStr%eSéktpfp@§§4t@Horbf genes
at stage 3d@yesth &qu@hﬁhggngﬂEgppmﬁ t he expression of insulin (INS),

gl ucagon (GCG), é GN3, MAFB and NEUROD in cells treated
according to the rrethods descrlbed in Exanple 2. Duplicate sarrpl es were

col 1188344 l5eue dahoyy iFEnupeioiprsenrs |1f§age?rH%thEP%RC§eaP‘éﬁlﬁ‘é<§'él?1‘PX¥ greaclizddtict i on

for each ge@eNK%qt(bm&aldtdjecﬁmwﬁaleogﬁd@)‘anq@\rms @taneﬁtg%@h Brofayis4. The
light gray bars represent data from sanples taken fromcells harvested at

stage 3 daytrated Tt RMERM/GI2Apanshp. §;¢@&@§é¢\@ell§a@ate¢ WD AR Hegh glugoser from
cell's har V‘E@Er%qua& f%ﬁfl@%t Sa AV da3-3, E@ﬁedbis%é‘crll?@cr % BxgRpggent data from

sanpl es taken fromc vested at stage 5 day 5. [0027] Figure 5 panel a
shows the expression of PDX1 NKX6.1, NG\, and PTF1 alpha in cells treated
accofilg tHZeRa shevHbesinaesienr PHRRXT frapdam¥ieXa] (maph) a5 alphameas wer e

col | ect ed fgrnegalphine, PO ahaliokR 1k xebagRr Boh FmpE0e RlIokSuepr esent

fol d i nducti'on for each gene relative to the expression of genes of

Tr eat nent  gAcoUPing rﬁethaﬁneﬁwégéesm@éyn Exaﬂmi@2 | Paplicagsaypplpayerc celincted éeit  dat a
from sanpl eg, it akep-f EI?JE‘ES?S @éa‘ﬁ%sthﬁeq frh@{;“ f('}ﬁ) g ent(f%ld‘?ﬁu%ﬁﬂ{ fordacll OUP-
en ata a S harv

The white bars repres m sanpl es romce ested from
the T2 (treaneehtivl)o e oxypessibhef ghackatgrgy3drarls represent data from sanpl es
taken fromcells harvested fromthe T3 (treatnent 3) group. The bl ack bars

repr[@?{ﬁt dgy Wsﬁ&(bsstﬁgp;léo‘?ésg&ﬁl%Pl'ﬂlefn({ﬁ‘ll e%?%‘ég‘?é )%@5)(‘? fighe T4

(trea nt 4y group. Pan shows I ns |n incells
treated acchBelBNYALFS ani &EHRGD dsceleteatédredoriling E(t‘lmpieélogs d@upﬂed@lat e sanpl es

stage 4, dep ey Bt il Sr 0l f R FERSRR byl rhos obh Gene
relative t crepﬂa&nefo;bdr ipdwitionm fcmfea@@wa@re@ftiva' toethe m)msmgm oﬁgtnamae s‘(ag’e j dat4.st age 4
day 3. [00 se stl 5%I ease

c
ki netics of %P%rfl}ég%rs EFpreersle O(C:lallﬂl (rt:rgmpsrae ur sagr ceft C%q@r\'e&e#)l caalg?y Thown are
the |evel s ofTHeuduengriy pepteptigent yataﬁbm)salﬁﬁlesmahﬂimaéltséllarvgitetbnsmge4
adm ni strat Xi S |nd| the ani mal . nu r._and days
Dot -t ranopti: THFBS6FE: Garacts Gk S o LERL TR e FiifeR S . pept i de
rel ease Ki n@lyiscs of transpl ant ed endocrine precursor cells. Specifically
shovvn are the |l evels of human C peptide (y-axis) 60 m nutes after glucose

ar VL obBT AT o Fhts BT Cvbiver SRR mR RN R G HoSfn
nunber and wayksd ap@ﬁdmg toaRs pbands. deé@ma&)]nl-'ﬂ;gmp& B Blptivge gnptaserst i rml ated of
human G peptolllectec{ feor reeaalstlmcle( b@ﬁ naﬁ?sisp a];t S‘Ealég 2 %E}l Z? n’h?edplots represent fold induction

for each gene relative to the expression of genes of Treatment group one at stage 4 day 3.

The light grey bars represent data from samples taken from cells harvested from the T1

(treatment 1) group. The white bars represent data from samples taken from cells

harvested from the T2 (treatment 2) group. The dark grey bars represent data from

samples taken from cells harvested from the T3 (treatment 3) group. The black bars

represent data from samples taken from cells harvested from the T4 (treatment 4) group.
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endocrine precursor cells. Specifically shown are the | evels of human
C-peptide (y-axis) 60 mnutes after glucose adm nistration. The x-axis
i ndi cat eswohetianiyml nunber and days post-transpl ant. [ @03AJSEIIQOIBI® shows
gl ucose stimulated of human C-peptide rel ease kinetics of transpl anted
endocrine precursor cells. Specifically shown are the |evels of human
C-peptide (y-axis) 60 mnutes after glucose adm nistration (panel a), and

the levels Mnelmws (reRePLAER o@%{smﬁrﬁm%ﬂg @Jaﬁe%rac&lr&iﬁg%%@ﬁmmsst ration
(panel b). The x-axis indicates the ani mal nunber and days post-transpl ant.

[ 0032] Fi gur@esqr@)eé Hotesplaut e listte punrlesetere eollecied for crabdpreiPdR analyaiagle
kinetics Ofstégfe%rtﬁg?h%m ;ﬂ%)e&ﬂég sftalga% Mﬁ@&sﬁé) Gk bRts réﬂ%é‘eh{ fofBhletishown are

the | evel s human C- 0 mnutes after glucose

admi ni strat ﬁoowctl getreatla@ye to éhvobxmesub eeresof Treaiment Soprepia (dé) Hefet € and
after gIUCQ%§3adninistration (panel b). The x-axis indicates the aninmal
nunber and yS post-transplant. WO 2011/ 011300PCT/ US2010/ 042390
[00335Flgure 11 shows the norphol ogi cal and i nmunof!| uorescence anal ysis of

gr af 0028 np| IEgurs bwbekselprese stimhitehiumay (Cpangidafsirgsd Iriaetics ef raabpladed i ons shown
in a) stai ”ein'E_chr n%rré%g:’;fmgﬂycé aﬁcﬁ{}t h%ﬁ‘a@@ﬁ’e 1%'? fhla)naébaq Eﬁd&’( f.9f) CK19 and

PDX1. [0034 ol ogi cal |nnunof orescence
anal ysi s of 6(gnafites s%mgh@gsegﬂmumemlbmﬂhenswg mdlaattds tht egagbmnger Srdveeks

(panel a), 9 mg%gm%gﬁp b) and 13 weeks (panel c¢) post inplant. Panel d
shows the nor phol ogl and i nmunof | uorescence anal ysis of graft sanples

st ai ned for'PDX1 and insulin at 13 weeks post inplant. Panel e shows the
mor plfBIMgi ciburaidhewmalnob¢ tondyekeideman hyestide wicagriafcticsefiphedantwdai ned f or

10035] For ¢t o oo SRR nbTph e ol Fubiih EIRP U1RE e ai | ed
descrlpt|omibhmuheaﬂmwﬁmmwonnmsmdnmmdemﬂahamimhéﬂébbfbmmmglsqb@ect|ons t hat

descri be or IIu r cert embhodi nent ations of the
present i rWbeeﬁ re 8% f%e glluﬂclas ] mlnls it onu(E)and b): nit?le LR Thicatls R aenma(l:l hBLY

and days post-transplant.

[0030] Figure 8 shows glucose stimulated of human C-peptide release kinetics of transplanted
endocrine precursor cells. Specifically shown are the levels of human C-peptide (y-axis)
60 minutes after glucose administration. The x-axis indicates the animal number and

days post-transplant.

[0031] Figure 9 shows glucose stimulated of human C-peptide release kinetics of transplanted
endocrine precursor cells. Specifically shown are the levels of human C-peptide (y-axis)
60 minutes after glucose administration (panel a), and the levels of human C-peptide
before and after glucose administration (panel b). The x-axis indicates the animal number

and days post-transplant.

[0032] Figure 10 shows glucose stimulated of human C-peptide release kinetics of transplanted
endocrine precursor cells. Specifically shown are the levels of human C-peptide (y-axis)
60 minutes after glucose administration (panel a), and the levels of human C-peptide
before and after glucose administration (panel b). The x-axis indicates the animal number

and days post-transplant.



[0036] Stem cells are undifferentiated cells defined by their ability at the
single cell level to both self-renew and differentiate to produce progeny
cells, iebudivigimel f -renewi ng progenitors, non-renew ngCprusgenios3ps, and
termnally differentiated cells. Stemcells are also characterized by their
ability to differentiate in vitro into functional cells of various cel
lineages fromnultiple germlayers (endoderm nesoderm and ectoderm, as
vel I1oag1t 0 Bhye 11 kiffvstie ﬁlb@w@gcgfanmlmmﬁoﬁ&reﬂael UGS of Qhtk %m& 3
transplantatlon and to contribute substantially to nost, 1f not al

tissues fol Veskb pept implenst Misrogimphs Tmpssriakspetions sfopoan patieping &rfhgma o
classified Bucnghibafifue ARTBNAlnPREeRbahg PoX1(1) totipotent, meaning
able to give rise ryonlc and extraenbryonic cell types; (2)

pluri potent, meaning able to give rise to all enbryonic cell types; (3)

mul t OB ent Eigwe dArirsdb wopBolggicd apd gumpneflgorsspsacsranalysic of graff pavdises but al |
W thin a pagdih&UbAnsdiinSay hw%?ﬁ%ﬂ3w@&§ §M§|Rﬁh%ﬁégﬁMﬁB?ﬂthQ&w%¥a”D|e
hemat opoi etic stemcells (HSC) can produce progeny I ncl ude HSC (self-
renewal ), bﬂp@@dicmumméﬂ@t riagelalshoivs tie perrhelogmabyerimpupefluossgense | cel | types
and el enent t I t ood);

(4) oligop o%a%tlsg%raﬂk%g@ ﬁaedofglgif?/)gf ?I?ds'ﬁggl{qg agwn‘g?%gﬁestr r%tegﬁlse%set of
cel | I|neagéswsmammnMdﬂgmﬁemmnmmmnﬂmmﬁbﬂsewamdwaﬁgﬂﬁhwmpbeﬂﬁmmhﬁmn|ng abl e
to give ri | i e , Spermat ogenic stemcells).
[0038]D'fféﬁ%ggpg?%oggFQJ E“Pdgg%glgéﬁmﬁlch an unspeci al i zed
("uncommtted") or |ess specialized cell acquires the features of a

speci ali zed cell such as, for DEGRNBED DESQGRIDEIQN|| or a nuscle cell. A

differentiated or differentiation-induced cell is one that has taken on a
or €f1CI aﬂ’dr%ﬁﬁty(of(d%m&rg edd hofiBSdy AMmiatibt, theldlBilld MRAGRIRLr @ CEl | . The
term"conm t , when applledtothe process of differentiation, refers to

a cell thatmmslomsoh@é@elatmthp foHewii Silseasions taf d@ﬁpr@aphmvwwe&a@m nt where,
e 1O Pl GHIBUANGES: aifictohl o PROBLOPI Gy Fer entfate |t nto
specific ce f type or subset of "cel I cannot under nor mal
circunstances, differentiate |nto a dlfferent ceII type or revert to a less
differentiated cell type. De-differ difinfiongn refers to the process by which
a cell reverts to a | ess specialized (or committed) position within the

l'i ne@ess)of Qchbils arfendiF&ehARURLIN dchiR&I By RERAASIQ Tt fe SRbL cOeflfiesSbihe
heredity of the cell, i.e., which cells it came fromand what cells it can
give rise tw!f-rampy nddifiyentiste tapidrge nivssepeelibpacleding sehFiepswing her edi t ary
scheme of deyelABTERh. il gragernﬁ&fs' Al Ginefly hiMRAGSCIRGK! Slofn dERL kT refers
to a charactefistic specifical associated With phenotype of cells of
a |ineage oflsa qhaléﬁte@zedémdh%raabllmetq;bﬁ‘@remt@teazgSféisvslntOtfenqﬂlpmflé@lémf vatduen of an
unconmi tt ed, ng

mar kers chareggltngr%te és){rlgljcizleﬁcl) ﬁ;{]ﬁg& g“elg}%erg {1@0&1@6 %%{r%gngh%éd%rﬁ%‘gagsage 1
cells", or fb%!\agsewtissm olimeliphegean iy crsgdlemang wanspglhitstianapd eseintigpust | east
one of t he f ng. mar k GATA4, HNE3 C, CER1, Noda
FGF8, Brach ggmﬁal TO%lﬁ%oﬁgggmwsﬁ?gpgﬁﬁnmﬁﬁﬁin%gﬁﬁ%bggﬁesodernln

(EQVES) , DKK4 FGF17 GATA6, CXCR4, G- Kit, CD99, or OIX2. Cells expressing
mar k@031 c haStamcelts at ¢1@ssszedfohehedelfei/qi®nmawl evtdmdléamﬂl)it@te)a@et meedingleblprimiti ve

t k | d
et it ve. Lol & A Y bR FRNCE s TERARARERL MERbL B ETY
of the pancuogatemse erdooienyonlid c@ﬂag:eﬁ,,@mullusadnthmemng abteetb grvs risotocel | s
expressing a set 8% 18%6?9 lf%uttaﬁe 1tfhln a %a‘% gar tl(%slug or f’%l é{h§$101§?1031 sg%%g"r%l ﬁe PTF1

al pha, HNF6 "% expressi
pancreatic (édsrda@dﬁpslmﬂemamgletm nah udd (HS(TMaaqird)dnceptdgd@rtmtmlldds Hserimtive

gut tube c and St eIIs 0 expr essi ng
mar ker s chads%@tr ﬂﬁ Ce{ trﬁgeﬁlc 18819 eélt B’i‘?@@%‘i‘) %‘ldl *}%%SL@’@ used
elements (e. g., platelets) that are normal components of the blood); (4) ohgopotent

meaning able to give rise to a more restricted subset of cell lineages than multipotent stem



herein, refers to cells expressing at |east one of the follow ng markers:
NEUROD, |SL1, PDX1, NKX6.1, MAFB, insulin, glucagon, or somatostatin. Cells
expressi yorartkai®ochar acteri sti ¢ of the pancreatic endecriuseoiionsage

i ncl ude pancreatic endocrine cells, pancreatic hornone expressing cells,
and pancreatic hornone secreting cells, and cells of the 13-cell |ineage.
[0042] "Definitive endodernt, as used herein, refers to cells which bear the
charact eri sghiCan@{5)aRipbRn@hksliRPaid @BivRe &P Qlég‘ks_&elﬂufeamegast rulation and
which formthe gastrointestinal tract and its derivatives. Definitive
endoder m celPrEnaEogshiesi¥mMasls)f ol | owi ng mar kers: HNF3 beta, GATA4, SOX17,

Cer berus, OIX2, goosecoid, CKit, CD99, and M XL1. [0043]"Markers", as used
her ejgp3g)ar epfeednBhtfonacihg pRiceRBY YidRitah @BspiBh LY | BSicddticaner fif ferential |y
expressed in a cell of interest. In this context, differential expression
means an i npPEdied crlearariradhe fatpiss pa weciptincr ¢!l whlaa fassteRlsdderével for a
negative NBLKQka mlge A8 OChdRI RV & didrediRBoMRIEEY BYR!BE thafds dah

pol ypeptide is sufficiently higher or lower in the cells of interest

conpar ed t oot hele spesidliged Sepapmittad pesiionciitliin B linpage péa eelk deidmi dent i fi ed
and di sti ngyished. fr.om.q al.ls IR Gie A 18t t hods known
in the art.%F@%%%f“Pancréggﬁégeﬁ Sggﬁﬁ%gégﬁ%p,Cgfeﬁggﬁcf%a?#é or none

expr essi ng wedeeded insheusidatetietian pathwafte p poinbwhere einlergapadl cecufstanggy #ssi ng at
| east one of..the.fal ' - gl | i tin, and
pancreatic %%V%%%%@ﬁ%g&%?%ﬂag?ﬂggﬁ%Pgagggwéﬁ%Egkgﬁgg%g@%%?gﬁé8%% ", as
used her ei nudef mraltcdrc@mstactd, ddfeemmtiate @t a diffetdnecdlafpavrtrewee tenttsder m | | neage

t hat expres and which.can further differentiate intqg cel of the
bndocr e’ o B RS DSt ARG § bR el BLREA S

hor none- exps lesspagalized (o8 cormndedy paiop metbin tBolincagd bt ceinAeuisaditicfear, @rt | at e
into as na different cell, .tissue. and/or organ es as conpared to | ess
speci 11 can 1B Hfaeen s EstedsrTR v G Untoddne s Bagnd Bemael ik n as POX
posi tive pakas g3k SveAdadeTm BRhsof al Q0 ARLesHRNGIIBAHICa R@ETRABCREIRIICT NQ

cell", as used herein, refers to a cell ca ablg of producinq at. | east one

of the foll lﬁ@n%ﬁ%ﬁéfgrzenﬁm@a-| priincgacreegnme feESP &CPHACHHEC pancr eat i ¢
pol ypept i deypediBOdiflasfoainet @dhitke HRATPRRS K Fhilinbage BF Infer@ atdS@f bB gLl N,
refers to a cell capable of secreting at |east one of the follow ng

hor nones: i Rgeressrhe ¢iffgieatimsion osyhencommattadieell inhe Bagses elinieteshol ypept i de.

[0039] “Cells expressing markers characteristic of the definitive endoderm lineage”, or “Stage 1
cells”, or “Stage 17, as used herein, refers to cells expressing at least one of the following
markers: SOX-17, GATA4, HNF3 beta, GSC, CER1, Nodal, FGF8, Brachyury, Mix-like
homeobox protein, FGF4 CD48, eomesodermin (EOMES), DKK4, FGF17, GATAS®,
CXCR4, C-Kit, CD99, or OTX2. Cells expressing markers characteristic of the definitive
endoderm lineage include primitive streak precursor cells, primitive streak cells,

mesendoderm cells and definitive endoderm cells.

[0040] “Cells expressing markers characteristic of the pancreatic endoderm lineage”, as used
herein, refers to cells expressing at least one of the following markers: PDX1, HNF-1
beta, PTF1 alpha, HNF6, or HB9. Cells expressing markers characteristic of the
pancreatic endoderm lineage include pancreatic endoderm cells, primitive gut tube cells,

and posterior foregut cells.

[0041] “Cells expressing markers characteristic of the pancreatic endocrine lineage”, as used

herein, refers to cells expressing at least one of the following markers: NEUROD, ISLI1,



| sol ati on, Expansion and Culture of Pluripotent Stem Cells Characterization
of Pluripotent Stem Cells [0048] Pluripotent stemcells nmay express one or
nore of twe 28tizgesospeci fic enbryoni ¢ antigens (SSEA) 3 anu/us$01ai0d23pmr ker s
det ect abl e usi ng anti bodi es designated Tra-1-60 and Tra-1- 81 (Thonson et
al ., Science 282:1145, 1998). Differentiation of pluripotent stemcells in
vitro results in the loss of SSEA-4, Tra- 1-60, and Tra-1-81 expression (if
present) anshkNNERE ¢ MRXB! BSFHn0NuomIElsrlatodifll B! SRFdsaheMabMr i pot ent
stemcells typically have al kali ne phosphatase activity, which can be

det ect ed bychpiagierigjicton geqangreatigicndpcang lnpess Belies RraRRpeE cndedting kell. devel opi ng
wi th Vecto rpaﬁ@t@at%oﬁn&%@%ﬂgﬁsﬁ% c)eﬁ% ﬁgﬁé}l%fe%éjho%oﬁ&%fﬂgﬁﬂ WEAC LHA BliisbYect f’r

Laborat ori es, Burlingane ferentiated pluripotent stemcells
al so typi cah¢ f-celkpngs Oct-4 and TERT, as detected by RT-PCR [0049] Anot her
desirabl e phenotype of propagated pluripotent stemcells is a potential to
di fT@OA | BlG ook @ cfiflaksfrOhs REA ndilih GG BLINAAAES dhe RRLALIRAr TS Oder m
and ectodermti ssues. uf i potency of pluripotent stemcells can be
confirmed, dedsamsumnipine thelspiblasf dcing ggtoklibsandnviocisovetie wenbitaeidal tract

| mmunodef i cj ant ( KA. Byl Ll NG 09 LeraL AMBSIANAL LLALI W(ng 4%

par af or nal de yae, and’t hen exam ni ng% emni St ol ogl c ]iny or evidence of
cel | types batpmATel, S8OKXe2 Cpebamns, BFXP2sgooMcblr Gatit, VEIYY, andIMIXIdot ency nay be
determ ned by the creation of enbryoid bodi es and assessing the enbryoid
bodi or , e : Cl . W t e germ nal

| ay e[r%g‘?“"f] [ ooé\giqﬁér}%pgsg‘gg (glc]i&%fl{]% {; %lgcg %%%@?@r%%gﬁdq%&n%gﬁgg? p%rg kar yot yped

usi ng a st aditfercotiaBy leaprelisedyintaseH f opteeesanid ticio npaexe dliffacpiabéxipsdagon kaingot ypes

of the correspandl,fd, Brd LS, SPECHER 1nd' gk o IFRLEABL S04 0y R0k Ak, GRL! S That
have a "norna ﬁg?yotyp%,a"p Whi' e i REais atchﬁrt The'Eefl §" 58 eupl Oi d, "wherein

all human cluenbidersothempirkesaistcicdet sar@blypaitide éadnlficically &ichet or Gouices of
Pl uri pot ent. Efi?enhCeél S £0051 THe tﬁ eslof | ur i ot]in{. stem ci)l | s that may
be used i ncPitfeCestHBITSHEGPRICH LSO rcﬁllﬁaF‘icﬁélPé CRePi8Es e from tissue
formed aft eidegigiet atd @inghRBEddLEINNGthr RHEHISYDR 0 a {ArfeSEr &R kaGyn MOr

exanpl e, a blastocyst), enbryonic tissue, or fetal tissue taken any tine
during gest@¢™én, typically but not necessarily before approxi mately 10-12
weeks gestation. Non-limting exanples are established |ines of human
enbrigosi|c stPandreRicleBd@FindieoNe orepiicyatic Borg@hdtpedstitg cEICR vas) hebad, exanpl e

t he human enPr%oni c ste&\ C?H lines Hl, H7, afnﬁi HO ]QWCeI lé‘ﬁ Al so

cont enpl at 4GSl gpabli el ewksyas #ilgisonsror theifallyiae PYBIEPE: Bvlitng t he
initial est@tdapsl)IBRstoR4tinSitilahérgalcipepeftiasuch cells, in which case the
source cells would be primary pluripotent cells taken directly fromthe

sour issyes. Also suitable are cells taken froma pluripote stem cel |
DopulBtlon RISy SRRTDS BEciTie Eb: SHSEhRETBror Gt Reree S Ee sur t abl e
are mut ant JufirRiRe endudy@lieasd @0 kBlebscd NGBS ,and Walth@sn fukt@ér E@pfabRlae, inBCA v
o I e b U gL out o e o pencrosie (96 holooncs St &M o€t 1

expressing cells. Endocrine precursor cells cannot differentiate into as many different
cell, tissue and/or organ types as compared to less specifically differentiated definitive

endoderm lineage cells, such as PDX1 positive pancreatic endoderm cells.

[0046] “Pancreatic hormone producing cell”, as used herein, refers to a cell capable of producing
at least one of the following hormones: insulin, glucagon, somatostatin, and pancreatic

polypeptide.

[0047] “Pancreatic hormone secreting cell” as used herein, refers to a cell capable of secreting at
least one of the following hormones: insulin, glucagon, somatostatin, and pancreatic

polypeptide.



et al. (US. Pat. No. 5,843,780; Science 282:1145, 1998; Curr. Top. Dev.
Biol. 38:133 ff., 1998; Proc. Natl. Acad. Sci. U S. A 92:7844, 1995).

Cul ture oVoORbuwrdaipavent Stem Cells [0053] 1 n one enbodi nerCT/ysbawiopsspent stem
cells are typically cultured on a | ayer of feeder cells that support the
pluripotent stemcells in various ways. Alternatively, pluripotent stem
cells are cultured in a culture systemthat is essentially free of feeder

cell's, but nonethel §&darfMDRLpdnRioR ank iiBfudd bOMuBpodhtSieRUARt Stemcells
wi t hout undergoi ng substantial differentiation. The growth of pluripotent

stemcells in feeder-free culture without differentiation is supported
usi ng a medi um condi t i oned B HEBIPSARIEN Wi t h anot her cel | type.
Alternatively, the growth of pluripotent stemcells in feeder-free culture

\[Ni t Ho?m;] di fplefigsadnit e:bimgns’ @?}?M@mg ibr&:d)r WSoirIGF the ﬁkg&rﬁﬁealﬁd ymisteddinadigsizdi um
0054] For e , ubi no el a Nat ur e Bi ot echno - 399 - 404
(2000)) anﬁﬁgﬁgwﬁiéﬁd aaﬂie@e\te@ﬁfe@ CROCH %@%m@%ﬁ&%%d 7?{6'.1' 5391,
pp. 1145 - d14Rdmsinee LoSRich&2uUl145re9Df TRifetEtRAbe o plsd Rt &bih cbiisigs from
human bl ast ocysts usi nq a mouse enbryonic fibroblast feeder cell |ayer.

(

[ 0055] Ri chai@ restltsdp thelas ofipelapis T 1-68.48d55% 1-3p gongpssopalf REped Wdpanel  of

el even di f figeenbd ByBGioRGESIEA T eAdifraBstiRePI@Rlen! GHBLIsGRliall AYGRS S T or
their abilit 0 support human pluripotent stemcell culture. Richards et

t
al, stat es:alﬁ,mﬁahpseh%%%ﬁivwswl@'@h eaa|be dptepfedbyfixipg the gelrvifdtiet  ski n
fibrobl ast aj C I p remain
pl uri pot entI';'a. i Oggdg]hﬁé&%ﬂgztg%%??gﬁg% f@ﬁ'&@%‘? %gq aI%‘%ll Silut‘r)%%{ef%gdteg%%gguce medi a
t hat supporthe masufegtarar (Y cofor paliomierees pPwrhingsotedralif. $ tlndifoedntiatedl plufipeteier - f r ee
culture. T ' [ bl ast-1i ke cell
| i nes obt arsﬁ%ngge%lirsgi%bg}%gﬁagg%pg&g ?)s?%gndﬁ'g?%? gg%ﬁ??%?%%%%m enbryoni c stem
cells. US20020072117 al so discloses the use of the cell lines as a primary

f eed8P4%Bel | AnctlesdesifabloHignorypanbpiepscatsd ahpipeteniaanycadls isd potBtiekp Cel | s 23:
1221-1227, ZR0R ).l 1? lc%ﬁ?é%arﬂqy%g) gérm}clrfaﬁ }a&&?z @l ?ﬁl%%]ogér&%lﬂi Qodlran .
pI uri potent stemcells on feeder ce yers aerive rom hunman enbr yoni c
st em cel | s.tissues. Pluripotency of pluripotent stem cells can be confirmed, for example, by

injecting cells into severe combined immunodeficient (SCID) mice, fixing the teratomas

that form using 4% paraformaldehyde, and then examining them histologically for

evidence of cell types from the three germ layers. Alternatively, pluripotency may be

determined by the creation of embryoid bodies and assessing the embryoid bodies for the

presence of markers associated with the three germinal layers.

[0050] Propagated pluripotent stem cell lines may be karyotyped using a standard G-banding
technique and compared to published karyotypes of the corresponding primate species. It
is desirable to obtain cells that have a "normal karyotype," which means that the cells are

euploid, wherein all human chromosomes are present and not noticeably altered.
Sources of Pluripotent Stem Cells

[0051] The types of pluripotent stem cells that may be used include established lines of
pluripotent cells derived from tissue formed after gestation, including pre-embryonic
tissue (such as, for example, a blastocyst), embryonic tissue, or fetal tissue taken any time
during gestation, typically but not necessarily before approximately 10-12 weeks
gestation. Non-limiting examples are established lines of human embryonic stem cells or

human embryonic germ cells, such as, for example the human embryonic stem cell lines
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[ 0058] I n anot her exanple, Stojkovic et al (Stem Cells 2005 23: 306-314,
2005) disclose a feeder cell systemderived fromthe spontaneous

di f f er entwatoariefoohuman enbryoni c stem cell s. [ 0059] | npaTfuseatomu23exanpl e,
Myanoto et al (Stem Cells 22: 433-440, 2004) disclose a source of feeder
cells obtained fromhuman placenta. [0060] Amt et al (Biol. Reprod 68:
2150- 2156, 2003) discloses a feeder cell layer derived from human foreskin.

[0061] I n angt her aﬁ%ﬁﬁ?\k’ﬁ?ellb %W@cﬁte%{plﬁéd i %e%‘tl@%ok%o?x@ons%ﬁﬂn@ﬂ&los&@oa

di scl ose a feeder cel er from human postnatal foreskin fibroblasts.

[ 0062] U5664%0a8 ﬂmlalélﬁlﬁ@b iykE e s1ahilizafion e puchcplls. Brveihcast theseuies e
pl uri pot ent ..t G0hIIRERmGS! diiolbol GAUBK iREUE HbRYRGOURBGGEL Ak NES uSef ul

for production of such 5642048 st ates I's invention includes
mesenchy nmal sugeide fifclselishiepstiont kpludrdtent bemessll ppruddtioe dlr¢adg wulanist pdld ¢ ti ssue

or differengigleds EeEa%lmca ?%s%%ﬁab?é H0h e a:}{g‘e LA s‘? m 81l éé grsuch cell

| i nes, processing rom ng stemce using the condi’'tioned nedia
are descri bedfoamdnipld, B@ﬂa(&dsaﬁentkﬂlwdﬁéo\.l osure." [0063] 1 n anot her
exanpl e, W2005014799 di scl oses conditioned nmedi um for the maintenance,

pr ol ['0@?{] at B%né‘%ﬂb@dlﬁl&ﬁ Jﬁ{‘;‘; h%}ﬂb%ngfstegg%@ghﬂe%ﬁ)wﬁl%h 28 s R GHhdhdn, st ates:

"The ture ne I n-accor present “invention is
condi t i onedetlpy (UﬁePfuer 5s8 1780 wrenec2d2vli 141§, 199 8;rfunri. ffep daivl Biol.i3R:13aft.i cul ar,

t hose diffejRpt a i N genic hepat ocyt es, nanmed MVH
(Met Muri nefgﬁlgb% %g\%tﬂ §9w F%Dﬂgﬁ]a% ngé:?%g hgg exanple, Xu et al (StemCells

22: 972-980, 2004) d| scl oses conditi oned nedi um obt ai ned from human
enbryoni ¢ stem cel | derivati VadutdiPlivippeenh&en (géneti cal |y nodified to over
express human tel omerase reverse transcri ptase.

[0053] In one embodiment, pluripotent stem cells are typically cultured on a layer of feeder cells
that support the pluripotent stem cells in various ways. Alternatively, pluripotent stem
cells are cultured in a culture system that is essentially free of feeder cells, but
nonetheless supports proliferation of pluripotent stem cells without undergoing
substantial differentiation. The growth of pluripotent stem cells in feeder-free culture
without differentiation is supported using a medium conditioned by culturing previously
with another cell type. Alternatively, the growth of pluripotent stem cells in feeder-free

culture without differentiation is supported using a chemically defined medium.

[0054] For example, Reubinoff er al (Nature Biotechnology 18: 399 - 404 (2000)) and Thompson
et al (Science 6 November 1998: Vol. 282. no. 5391, pp. 1145 — 1147) disclose the
culture of pluripotent stem cell lines from human blastocysts using a mouse embryonic

fibroblast feeder cell layer.

[0055] Richards et al, (Stem Cells 21: 546-556, 2003) evaluated a panel of eleven different
human adult, fetal and neonatal feeder cell layers for their ability to support human
pluripotent stem cell culture. Richards et al/, states: “human embryonic stem cell lines
cultured on adult skin fibroblast feeders retain human embryonic stem cell morphology

and remain pluripotent”.

[0056] US20020072117 discloses cell lines that produce media that support the growth of
primate pluripotent stem cells in feeder-free culture. The cell lines employed are

mesenchymal and fibroblast-like cell lines obtained from embryonic tissue or
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WD 2011/ 011300PCT/ US2010/ 042390 [0065] I n anot her exanpl e, US20070010011

di scl oses a chemcally defined culture nediumfor the maintenance of

pl uri pot emD 28t1@miel | s. [ 0066] An alternative cul ture sy®CEMSeMOI0¢3330

serum free medi um suppl enented with growth factors capable of pronoting the
proliferation of enbryonic stemcells. For exanple, Cheon et al (Bi oReprod
DA :10. 1095/ bi ol reprod. 105. 046870, Cctober 19, 2005) disclose a

feeder - f r eey;e@hkiRd FRR ity bIME SeRNEHE 20020761 78R RRLG (R REEaL! S are.
mai ntai ned in unconditioned serumreplacenent (SR) nedi um suppl emented with
di fferent gicdlngs fsadivrasy teadrapelelapsr t ri ggeri ng enmbryoni ¢ stem cel
self-renewal . [0067]1n anot her exanple, Levenstein et al (Stem Cells 24:
568-19647 20@6hoHiskhase, Wethds ke ctinest oma- ey Mmooy disdlReOhetho¥as:
enbryonic stemcells in the absence of fibroblasts or conditioned medi um
usi ng nedi ahgipppitemeiowd ohhvRappgmotd sfeBicels ansetdseselidrvsipiesived 5oD050
148070 di sc @883 nfryHRichegh Qfiscul turing human enbryonic stemcells in
defined nedia without serumand wi thout fibroblast feeder cells, the nethod
conprising: culturing the stemcells in a culture nmedi um containing

al buP3l aninRgothes amply; Stoikp e ¢ ai Hem&icls 2000 23ed¥r3 100} dipdessrarfeadcior
transferrin.aubaih bthRd (¥ theGdhtaBlfs UIRKRIAOr hRSH ddorsshsibhtig, the
culture nedium essentially free of mammalian fetal serum and containing at

| east about 100 ng/m of a fibroblast gromh factor capable of activating a
fibri8B¥4 st HrdWiheT exode Mivypelr e (Pemdintlyf2: AR 290 risclpomt et or i s
supplied fr@macaR¥baM-QEBRAMuAADILMSS. a fibroblast feeder |ayer, the

medi um supported the proliferation of stemcells in an undifferentiated
state without feeder cells or_conditioned nmediu 0069] I n anot her exanpl e,
Us2088ea S efipid Biebdteorod aler e Shadha %"@ﬁ%ﬁ|ar26w[e&izﬁ§kla¥qrﬂgl@égﬁ%e| I's,

i ncl udi ng un@iadfrecamt i ated primate prinordial stemcells. In solution, the
nmedia is substantially isotonic as conpared to the stemcells being

andt B o0 Fthet Somhls s ! SRR GeIdn b4 da0 P e Adead ety S0

support subgjamohAtiuman padhdtiigseadi abeBlags.owt h of the prinordial stemcells.
[ 0070] I n anot her exanpl e, U56800480 states "In one enbodi nent, a cel

cubsiIbGH ol SRRl it Pe ey B Pe Sl BRI TGRS | o
osnoti c pregfuintfeede@We€O AL MdcchdisbCusBRUfoH Brddhdionios siehve@tal ve t o support
the growth 8%6 4r2(i)4r{3astt§és(:j¢"rfili\s{?nc\lfer%oinqgcrhg(ie?lrneggng}@nga larllds ﬁbr-(l)_l?lgst— i%es icé:ll lines
obtained from embryonic tissue or differentiated from embryonic stem cells. Methods for
deriving such cell lines, processing media, and growing stem cells using the conditioned

media are described and illustrated in this disclosure.”

[0063] In another example, W02005014799 discloses conditioned medium for the maintenance,
proliferation and differentiation of mammalian cells. W02005014799 states: “The
culture medium produced in accordance with the present invention is conditioned by the
cell secretion activity of murine cells; in particular, those differentiated and immortalized

transgenic hepatocytes, named MMH (Met Murine Hepatocyte).”

[0064] In another example, Xu ef al (Stem Cells 22: 972-980, 2004) discloses conditioned
medium obtained from human embryonic stem cell derivatives that have been genetically

modified to over express human telomerase reverse transcriptase.
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mediumis conbined with a nutrient serumeffective to support the growh of
primate-derived prinordial stemcells and a substrate selected fromthe
group comsp2img1dh feeder cells and an extracel | ul ar nRCTIUS2@0ME3HENT
derived fromfeeder cells. The medium further includes non-essential am no
acids, an anti-oxidant, and a first growth factor selected fromthe group
consi sting of nucl eosides and a pyruvate salt."” [0071]1n another exanpl e,
US20,96¢57 44 98 2nSth&8mple | IS 000 AORCHisARSs d SNBal1P Beic@¥hidRS mBdiiRtrhod of
culturing primate enbryonic stemcells. One cultures the stemcells in a
cul ture ess@aprBiIgnceosplugpotertfierl Gellh fetal serum (preferably al so
essentially free of any aninmal serun) and in the presence of fibrobl ast

gr oWobed] act 8k afidd@iive SultiPRAieBG nipl BNsuBAWGRd/tnh &lpplcRRfted Wth gfbwith br obl ast
feeder layer. In a Preferre_d form the fibrobl ast Feeder | ayer, previously
requi red t ofegiascapallepf prospatiag the reelifergien ofiegbryonifetcayicalinEeesamply. by t he

addi tion of cigldhibi cﬁgﬁﬁkeﬁﬂogml1@?1?)99&9}{\6&0&.?(,%?@687"0, DRQE&] omadst wtdiher ,
exanpl e, W2005065354 di scl oses a defined, Isotonic culture nediumthat is

essent i al | ya feedegtdice. fspram-Gigpdrubtaiieyhstérp axwhiel ppbriyenip gemagellsarp ggataitpddd un  b.
an anount | Ci yﬁ)g . gqr. . 1

undi fferen?l::ngtplg Onr%&r:’gérinﬁé%?%%mge S%%@%W%}?%%ﬁ?”@ﬁ?ﬁéﬁ%ﬁﬁguffi ci ent
t o support fWgetomtchpabie of tlepeang ¢raliry gnicsichn célbsedfveneatadd mamal i an st em cel | s;
and d. an amount of ascorbic acid sufficient to support growth of
subsipdet! 2 huniRdiddapentdvel e ih RAUSTLELESH Sood) ARZRLI BeRBRGET

exanpl e, W2005086845 di scl oses a nethod for nalntenance of an

undi f f er ent thatoad-teymemyitergiof hurgen anbreenioders oekyrin dicnbscasqpafdibnaplastssorem cel | to
a nmenber of 3 1 r r-. TG--P) famly of proteins,
a nmenber ofCO%IEIEOIHdE}?%jE%gSBgF%gwﬁﬁ%&é%@%&&(vﬁ@ﬁ%m |y of proteins, or
nicotinamde (NIC) in an anount sufficient to maintain the cell in an

undi 0P&} ent inapelbersxample {6¥2085@1dB9 T0cdiwhscemmethed ofcuttining humagembepaica desi red
resul t. [0044] Ihg iﬂiéﬂn'e&’ %Eﬁ%i@%&%@ﬁl %na v&lﬁxutﬁgﬁ’dl@s& £d QLR @18 Sikf,abl e

cul ture substrat_e. n one enbo I ment, e sui e (_:ulture éu_strate is an
ext racel | ul @mpmaing:i cultoargarbn e celésua b calsyre pdiuancantlngg dthose adend ved from

basement mefbrane of &'ﬁ%&l!fﬁ%’leis%l{@ t%%g%rrfﬂfor %9&?%& Q) tluﬁecé{lleeasﬁ ne
receptor-Iligand couplings.’ I'n one enbodi nent, fie" surtapr e ¢ul fire
substr at e iissulADRIGHIGupBawtt.che Giltnkansinm essMABRY Gt F memaalénl fetbl e

preparation from Engel breth-Hol m rmtu cells t els at room
enper at ur i Prpgptecs et bl 1P R HERBori iy B acfifesbable of

2011/ 01130046V tidp2 Aibedl4 2@ 80 th fAQ i €dahigy reedpliarawidrinl kirrgrovath fackoréonponent s
and conponent mxtures are suitable as an alternative. endi n n the
Col 1 typo. BUPHEFALHG § MufSsodis tnst By ob R Pt freTF P BHOEC: IR,

pr ot eogl ycagtoliRAtiae bf stem bgRat anumlitfdraltigted 8@ witeul fekRr cellk @N&nAftiohdd vari ous
conbi nations. [0076] The pluripotent stemcells nay be plated onto the
substrate iM4H"8yitabl e distribution and in the presence of a medi um t hat
pronotes cell survival, propagation, and retention of the desirable
char[@669r i Slia@stherAkhmplbES$200hE3a4ETiicEIstLHddfRbEMmbdia hiehinitan@fibg stadht ent i on

;[ (r)] E Eg Zrete dcleﬂg, 1r90|1118dtirliz<gl 1Pnlgl11;tjfe?g]ntigtgg prcir%gte&)reigl%lr(iiﬁ Stbe?n c%ﬁg.ell;lrglolﬂtelgn, l?}}(e n?g]d?a i(s)f skill
substantially isotonic as compared to the stem cells being cultured. In a given culture, the
particular medium comprises a base medium and an amount of each of bFGF, insulin, and
ascorbic acid necessary to support substantially undifferentiated growth of the primordial

stem cells.

[0070] In another example, US6800480 states “In one embodiment, a cell culture medium for
growing primate-derived primordial stem cells in a substantially undifferentiated state is
provided which includes a low osmotic pressure, low endotoxin basic medium that is

effective to support the growth of primate-derived primordial stem cells. The basic
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[0077] Sui tabl e culture nedia may be made fromthe foll ow ng conponents,
such as, for exanple, Dul becco's nodified Eagle's nedium (DVEM), G bco #
11965- 092woKnoakoash Dul becco' s nodified Eagl e' s nedi um PKOUSMEM0423® bco
#10829-018; Ham s F12/50% DVEM basal nedium 200 mM L-gl utam ne, G bco #
15039-027; non-essential am no acid solution, G bco 11140-050;

P- mer capt oet hanol, Sigma # Mr522; hunman reconbi nant basic fibroblast growth
factor ( bFCiEédlur@mb&%ﬁle&%am I&%%nt Jé%ﬁr@ﬁfécme @fsuﬁ)@?ﬂﬁ@é&)\vﬁl &FeRmed ne
Precursor Cells [0078]1n one enbodi nent, resent rnvention provides a
met hod for (srigelieimedishyien edisiaad e nehsbnte ﬁ@e %lgr%'élcpﬁﬁls%éﬁf)%?@ng t he
steps 0f: acaliCld dilditofthit hRAk EhpShATREL fom RedcbAer @AY t he
pluripotent stemcells into cells expressing markers characteristic of the
definitive frbededydes n(meesg@ltlabamlm fdidsy amaritisaxidegt, einda Gt growdxipetessi ng

mar kers ch t age into cells

expr essi ngasrﬁge?%gygﬁlc % %@ﬁg?ﬁd%&lk%&de@%ﬁcﬁ?@@ﬁa&é Sreaﬁdoder m | i neage, and
d. Differentiating the expressi n mar kers characteristic of the pancreatic

enddd@7hh | | Weagher oieoplpdnRioadié @m@r i“Heongragneaityomvediopprovidesa
[ 0079] Pl uri pot&nke cﬁhﬁmgﬁo‘ﬁnﬁe aﬁﬁ&ﬁgé Serh QLU SHe cﬂlufr%%etr?%gﬁagis vention

i ncl ude, for exa uman yonic stem ce H code:
WA09), the dudtmreswnmllyd‘mwf sremabel fetall pamem Kirefedb a(bﬂ@ctesenwji)ee of iy human
enbryoni ¢ st N 7 ryoni c stem
cell line & aj%%&“é’? fnléc{:ig % L% O%%FOR} V@qs%ﬁht %ﬁgﬂﬁ‘?% > rﬁ%glfﬁ he pr esent

i nvention aéroerceethlesthamm‘st ae‘idqzwld& featlerllgastln@meefafredtfhan ftiod fitowblag favderker s

characteri stl c of nt S |1s: A Connexi n43,
Connexi nas. sEisev B AR et Bt g e gines SRR 1Ty A
1-60, Tra ladaihon[oﬂﬁﬂﬂdwmﬁlbﬁib&scgiawadh@dsn stic of the definitive endoderm

| i neage are sel ected fromthe group consisting of 50X17 GATA4, HNF3 bet a,

S(?crr:é[go ér min a%%%%%%&&@f@éﬂ@;m g&%ﬁﬂ%ls k%{?ﬂﬁg‘s IS%O% ul tf%l?gdlu %:45T X2.

Sui t abl e foarssamﬁﬂly ﬁeedeh&e@areis@nﬁn frea eoipriing: 8. aaaaezdlniedtulnaﬂa axpiesses at | east

one aspect WK WBPCEAPPT LB ool G it AR wen o0 1

char act eri sdellg, coa‘m atﬂitemd@ffmmlh lswfﬁcﬁmdo&wm lgtoveRgesubStarftiafy uidiffereiasddr eak
precursor cell. In an al terggte aspect, a cel l%‘éﬂ essing markers

char act er | SPRFRMafansHEn chllp;an AL AT A figntdo sHbeer gtdeh o cel 1. In

an al t er nat @basPROY undff&ehtat@inasaiangteiBdcker s characteristic of the
definitive endodermlineage is a definitive endodermcell. [0081] Markers

;?3@8’} ?r I SItn anot c];r e&gr%ple 8@08884%nddsc o(saésrg rlnét odaf%r mam%na?r?cl eft ed from the

undifferentiated stem cell, said method comprising exposing a stem cell to a member of
the transforming growth factor-beta (TGF-f) family of proteins, a member of the
fibroblast growth factor (FGF) family of proteins, or nicotinamide (NIC) in an amount
sufficient to maintain the cell in an undifferentiated state for a sufficient amount of time

to achieve a desired result.

[0074] The pluripotent stem cells may be plated onto a suitable culture substrate. In one
embodiment, the suitable culture substrate is an extracellular matrix component, such as,
for example, those derived from basement membrane or that may form part of adhesion
molecule receptor-ligand couplings. In one embodiment, the suitable culture substrate is
MATRIGEL® (Becton Dickenson). MATRIGEL® is a soluble preparation from
Engelbreth-Holm Swarm tumor cells that gels at room temperature to form a reconstituted

basement membrane.
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consi sting of PDX1, HNFl1l beta, HNF6, HB9 and PROX1. Suitable for use in the
present invention is a cell that expresses at |east one of the markers

char act erwet2oci/ai3obhe pancreati c endoderm | ineage. | n omETASp@oO413p0 t he
present invention, a cell expressing markers characteristic of the
pancreatic endodermlineage is a pancreatic endodermcell. [0082] Markers
characteristic of pancreatic endocrine precursor cells are selected from

the @ppyp C@ﬁi@ﬂ bt mh{%%omb&@éﬁtsland NGRS ARt nhiDhdes aPeQ%ﬂeabléDM NKX2. 2, or

ARX.  Suitable for use in the present invention is a cell that expresses at
| east one oflterabvard?wpenrdingpinihg etlbiypshding Ryplifgestedr Bitmay léﬂw@damwel precur sor

cell's. For ”ﬁﬁrb&guﬁ’f prétldhRai PSS h ral}(%{lffa% SnEFIRNRE ‘?c{de%? lnCva%ut he

Definitive Endoderm Li neage [0083] l'uripotent stemcells may be
di f f er ent i aoabinatives. cel | s expressing markers characteristic of the
definitive endodermlineage by any nethod in the art or by any nethod

Prop@efs | MidYisigoR¥eath efis n‘{é@t%%ialéa(ﬁnmg E’ﬂ(rét@%oals%%@ §§91b[19&13ﬁlh For

exanpl e, pluripotent stemcells my be differentiated into cells expressing
mar ker s chaihdlenepsengej of a@iedtumthelfafr@rnot?ﬁ@ﬁélsem@h@rqmqtlﬁwér%&@naf g to the

met hods di S(gelgy?% éjc}faﬁcgrlf%ﬁgu%fl%es@l:hardél?eh%c% bﬁlle?tt FrSBQQJ‘eﬁEXtt%@i}p? go5tﬁ4 - 1541

(2005) . exa , uripotent stem Cel erenti at ed
into cel I S @chn@élstlﬂhglqmmlieatrsre@xhb(r‘tmdteemistdbyQn‘eOtf hlelldetﬁlﬁ pitt i ve endoderm
| i neage according to the nethods disclosed in Shinozaki et al, Devel opnent

131, 108#R1 -st@6R a0 ﬁl)eiha LR986LEaL frgfﬁqmoﬁowﬁlg REh PR susth fsnTo?a I's may be

di fferent iated into cells expressing
example, Dulbecco's modified Eagle's medlum (DMEM) Gibco # 11965-092; Knockout

Dulbecco's modified Eagle's medium (KO DMEM), Gibco #10829-018; Ham's F12/50%
DMEM basal medium; 200 mM L-glutamine, Gibco # 15039-027; non-essential amino
acid solution, Gibco 11140-050; B-mercaptoethanol, Sigma # M7522; human
recombinant basic fibroblast growth factor (bFGF), Gibco # 13256-029.

Formation of Pancreatic Endocrine Precursor Cells

[0078] In one embodiment, the present invention provides a method for producing pancreatic

endocrine precursor cells, comprising the steps of:
a. Culturing pluripotent stem cells,

b. Differentiating the pluripotent stem cells into cells expressing markers

characteristic of the definitive endoderm lineage,

c. Differentiating the cells expressing markers characteristic of the definitive
endoderm lineage into cells expressing markers characteristic of the pancreatic

endoderm lineage, and

d. Differentiating the expressing markers characteristic of the pancreatic endoderm

lineage into pancreatic endocrine precursor cells.

[0079] Pluripotent stem cells suitable for use in the present invention include, for example, the
human embryonic stem cell line H9 (NIH code: WAQ09), the human embryonic stem cell
line H1 (NIH code: WAO1), the human embryonic stem cell line H7 (NIH code: WAOQ7),
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characteristic of the definitive endodermlineage according to the nethods
disclosed in McLean et al, Stem Cells 25, 29 - 38 (2007). [0087] For

exanpl e, wOwoipoiwnt stemcells may be differentiated i RCO/USRID4BIPr essi ng
mar kers characteristic of the definitive endodermlineage according to the
met hods di sclosed in D Amour et al, Nature Biotechnol ogy 24, 1392 - 1401
(2006). [0088] For exanple, pluripotent stemcells may be differentiated

into cells ﬁfanﬁmamrﬂwo&%rs%npmr@etsm)@(@&aﬁg $h@ecthealdy dultvtc RRdQder m
lineage by culturing the pluri Eotent stemcells in nedium contai ni ng

activin A |1ﬁﬂ@eﬁ§esabtsléw‘@éowe§@ dbat cxiess atlgrst ang ¢fghe felow@p markgis h activin A
and serum and then o‘%BiuhHBt'eﬁ{Qeﬁé‘eAﬁéd}b TR, éﬁa'f&@)@)ﬁ cﬂﬁlﬁ Seium of a

di fferent concentration. An exanple this nmethod is di sc osed in Nature
Bi ot echnol dggnngnds 9844, S@K&lNz(r@&dﬂ)ERT[ Uagg]wzes@fpmsw trlirpdtoent stem
cells may bg,dififerentiated into cells expressing markers characteristic of
the definitive endoderm lineage by culturing the pluripotent stemcells in
medi um containing activin Ain the absence of serum then culturing the

cel | 18081t h Metkpssicharacteistip obthe defingtivegndedsan linenge aistselagtpdiiom e %&lﬁhpl e of

this met ho%h?istﬂalgso?'s%ﬁ@' GRTRY, Wﬂet?ﬁ@ %N@{Jlg&%l E‘G%tseﬁﬁ ix2005.

[ 0090] For exa ["uri pot ent’ stem cé ferenti d into cells
expr essi ng lniwrﬂomesquhmtacil"e(ﬁlf%@i)& ebmedoderdherf GEQMES/)@D&MQBGFM IGAlesge by

culturing thec {ih,e K OEBYY %{; %&e'shﬁ%%é‘foﬁﬁ%'M%ﬁ;%%:ﬁé&{xﬁgoﬁl%'cé’ﬂ fl, A and a

Wit ligand in sence of serum en remnovi and and
cul turing tdxpresek hisleast driv aclicl rarkerAchirdcleriser efithe dhﬁnékfaﬁmodemf 1111dages Inethod is

di sclosed in Natu Bi ot echnol 24, 1392

2015/ 011300BEN ST 1B S5 50BN BE £F LIRS PR ARG e cel 1 may
be di ff er endefiattied endwarm:laielage 1€X}pflﬁl$tmel’sgeamd’ré©®f59r ahlamast dtetimitd Speat, at he
definitiveedodermlln treating otent stemcells

Socordi ng. (BIEREeREBIE et TR Brtdo bRl FRasbR Ser . No.

11/ 736, 908, m@s‘éﬁdc@@@dcdﬂo Th-bif SREAI: ashRE -a OO ERE nxamharac@tisticiopaicent stem
cells may be differentiated i nto el.l's expressing markers characteristic of
the defi ni t{sHBIYRaYPLFH Mcagsya Bé"ﬁlYeeeé‘ dodegmere pluri potent stemcells

according to the nmethods disclosed in US patent application Ser. No.
11/ 7[0881311, Masksis @h@ektérdtit bf @Spaftreatii€ndoderm lineage are selected from the group

consisting of PDX1, HNF1 beta, HNF6, HB9 and PROX1. Suitable for use in the present
invention is a cell that expresses at least one of the markers characteristic of the
pancreatic endoderm lineage. In one aspect of the present invention, a cell expressing

markers characteristic of the pancreatic endoderm lineage is a pancreatic endoderm cell.

[0082] Markers characteristic of pancreatic endocrine precursor cells are selected from the group
consisting of NGN3, NKX6.1, NeuroD, ISL1, PDX1, PAX4, NKX2.2, or ARX. Suitable
for use in the present invention is a cell that expresses at least one of the markers

characteristic of pancreatic endocrine precursor cells.

Formation of Cells Expressing Markers Characteristic of the Definitive Endoderm

Lineage

[0083] Pluripotent stem cells may be differentiated into cells expressing markers characteristic of
the definitive endoderm lineage by any method in the art or by any method proposed in

this invention.
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[ 0093] For exanple, pluripotent stemcells may be differentiated into cells
expressing markers characteristic of the definitive endoderm|ineage by
treati ng wheopluariopot ent stemcells according to the nerhods2diosdeizosed i n
US patent application Ser. No. 60/990,529. [0094] For exanple, pluripotent
stemcells may be differentiated into cells expressing nmarkers
characteristic of the definitive endoderml|ineage by treating the

pl ur[b@szf],entF&tegﬁqq@,Iph&ifaféﬁpmﬁ B by 1R @i FAERERRES il &Ik 03%EksinB nidskeRat ent
application Ser. No. 61/076, 889. g§595]For exanpl e, pluripotent stemcells
may be di f f@p@aterigicad therfieBnigieg enslodsiprlmsagerngeaigink ertse Brtpdicdivtased inc of t he

def i ni ti ve SOURIFLIN NAERISEnbIERELNGI] hesplupdpotent stem cel ls

according to the nethods disclosed in US patent application Ser. No.
61/ 076, 900. [0096] For exanple, pluripotent stemcells may be differentiated
i nt 08811 s B srade. mipripateRean eqlls mey b diffrontiated intpeelly sFp IRV oder m

| i neage bY.&ﬁﬁ@&hﬂ&(kﬁ%cEhMﬁL@&M%&%mﬁh@ﬂ%ﬁ@&h&ngﬁﬂﬁéHkﬁ@d#&a%ﬂ&iﬁethOdS
di scl osed in US patent gigjlcatlon Ser. . 61/076,908. [0097] For exanpl e,

pl uri pot ent Shinaakiced) Beypigpnisat Wil fe&rledtdh28)i nto cel I's expressing markers
characteristic of the definitive endodermlineage by treating the
p'Urm@@ﬂ?ntﬁﬁk§ﬂhﬂ&bh§i@&ﬁﬂﬁ&hHQBBQW%E%HﬁE&mggéhﬁﬁ&Qk@ﬁﬁ@mhﬁ;&ﬁkﬂ@?ent
application Ser. No. 6f/076h915. Char acterization of Cells Expressing

Mar ker s Chaghaeeeterististof gheglefipibue erapdarmlingeecraeisdiag i the metigds digdee] Mor nat i on

of cells ex&mg&&@pg’gg&&gm@2§Q@[%gkgf'ﬁtic of the definitive endoderm
ed Dy

| i neage may be determn testing for the presence of the nmarkers before
and after following a particular protocol. Pluripotent stemcells typically

do ni8P8%dx pries sxamiie phutPRIASstenTRYs mayibe diffesitipad inyhcedls cpressing ragers cel |'s i s
det ect ed whgh eRlilR PERIRAibiAVESROLESS RSN according to the methods disclosed in

D’Amour et al, Nature Biotechnology 24, 1392 — 1401 (20006).

[0088] For example, pluripotent stem cells may be differentiated into cells expressing markers
characteristic of the definitive endoderm lineage by culturing the pluripotent stem cells in
medium containing activin A in the absence of serum, then culturing the cells with activin
A and serum, and then culturing the cells with activin A and serum of a different
concentration. An example of this method is disclosed in Nature Biotechnology 23, 1534

_ 1541 (2005).

[0089] For example, pluripotent stem cells may be differentiated into cells expressing markers
characteristic of the definitive endoderm lineage by culturing the pluripotent stem cells in
medium containing activin A in the absence of serum, then culturing the cells with activin
A with serum of another concentration. An example of this method is disclosed in D’

Amour et al, Nature Biotechnology, 2005.

[0090] For example, pluripotent stem cells may be differentiated into cells expressing markers
characteristic of the definitive endoderm lineage by culturing the pluripotent stem cells in
medium containing activin A and a Wnt ligand in the absence of serum, then removing
the Wnt ligand and culturing the cells with activin A with serum. An example of this

method is disclosed in Nature Biotechnology 24, 1392 - 1401 (2006).
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WO 2011/ 011300PCT/ US2010/ 042390 [ 0099] The efficiency of differentiation may
be determ ned by exposing a treated cell population to an agent (such as an
ant i body)wohati/apsei fi cal |y recogni zes a protein marker PeEXISesiome3py cel | s
expressing markers characteristic of the definitive endoderm i neage.

[ 0100] Met hods for assessing expression of protein and nucleic acid nmarkers
in cultured or isolated cells are standard in the art. These include

quaqﬁomt | VEr lcQUEHIS, %mrfpaﬁﬁ%np&@@ %lap%nmaﬁ@te@ bR Bl 8A5tds AR il PCR)
thern blots, in sSitu %[ di zati on (see, g., Current Protocols in
1

bl ecul ar  Bilgragigystcal dlslinigye gndodermdincagedy IYG%R%II@I%IEW?()@M stigicellfimunoassays
such as | m@é@&’?inﬁ&&ﬁl@%{&lﬁ)ﬁé RN § Ss letelﬁ%g ARGAs TR rl'lﬂ’lj? P(\Aes'[ ern

blotting, and markers that are accessible In intact ce flow
cytomet ry aavsikyeslite L{fFI@s®)In¢.see, e.g., Harlow and Lane, Using Antibodies: A
Laboratory Manual, New York: Cold Spring Harbor Laboratory Press (1998)).

[ Olo[lbbﬁ}ar aﬁ&r%&éxﬁﬁlé ‘fﬂhr%@teHﬂ dinh RA %Ez bR IR GRhded RS &n\@/@kﬂreéémmrﬁe@s those
skilled'in the art ditional Characteristics of pluripotent stem

cell's cont |qh@@cne@st1§e>f theehefinifiy eendoggrpprlingegednttregtingthe pluripotent kemseelline| ude, for

exanple, t CRI PTO,
FOXDB, @n%ﬁﬁ?ﬁ%%t@o%ﬁé}%ﬁg& LS g%t%t abﬂgcaml éeﬁ%” TR Zrpas,
SSEA- 3, SSEAsidnedTo &if¢S@0,Indra 1-81. [0102] After treating pluripotent stem
cells with the nethods of the present invention, the differentiated cells

may [BGoAur | Edr@tadie, gﬂﬂ}gi {eﬂtgst EJIE% g%egﬁi‘elrenﬂgtg&'ht% tHR ehﬁeg‘%‘fﬁg%‘ﬁ@rs (such as

an anti body) that s |ca recogni zes a proteln mar such as CXCR4,
expressed bshawelerigicax {d}eeigﬁnlnge sralodemdingtezrbadicetiigsthe plugpotert stetetllni t i ve

endoderm | 'el%‘é@rﬁﬁﬁ é&z %e 11_08§‘d19310s bl §s Eﬁtﬁt%ﬁ@xcgﬁod\%‘ﬁ\% %0@2@%%” eristic of

t he Pancreatic I'neage from ressin ers
Characteristic of the Definitive Endoderm Li neage [0103] Cell's expressing
mar ki@ c halracrannle miluripefent sem edls inpeily thie diTesadiatge mie ¢dlln esryessivg ynapleers

differenti aéh%%cfgﬂ§t8 oq’?rlel Rl &1%[%!16991 lﬁ%%%?ﬁretgﬂ%r HE lﬁflflgoﬁ%ﬂt gte&fceflg"e

pancreatic en ermlineage by any ne y any net hod
proposed i mectéridmgitmthe miethods difdd@d jiFoB p@xmmplblé,ati@eﬂ;drﬁ\l@mmé@@%%g mar ker s
characteristic of the definitive endoderm|ineage

[0095] For example, pluripotent stem cells may be differentiated into cells expressing markers
characteristic of the definitive endoderm lineage by treating the pluripotent stem cells

according to the methods disclosed in US patent application Ser. No. 61/076,900.

[0096] For example, pluripotent stem cells may be differentiated into cells expressing markers
characteristic of the definitive endoderm lineage by treating the pluripotent stem cells

according to the methods disclosed in US patent application Ser. No. 61/076,908.

[0097] For example, pluripotent stem cells may be differentiated into cells expressing markers
characteristic of the definitive endoderm lineage by treating the pluripotent stem cells

according to the methods disclosed in US patent application Ser. No. 61/076,915.

Characterization of Cells Expressing Markers Characteristic of the Definitive Endoderm

Lineage

[0098] Formation of cells expressing markers characteristic of the definitive endoderm lineage
may be determined by testing for the presence of the markers before and after following a
particular protocol. Pluripotent stem cells typically do not express such markers. Thus,

differentiation of pluripotent cells is detected when cells begin to express them.
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may be differentiated into cells expressing markers characteristic of the
pancreati c endoderm | i neage according to the nmethods disclosed in D Arour
et al, NaworeiBiisioechnol ogy 24, 1392 - 1401 (2006). WO PCT/US2010/042390
2011/ 011300PCT/ US2010/ 042390 [ 0105] For exanpl e, cells expressing markers
characteristic of the definitive endodermlineage are further
differentiated into cells expressing nmarkers characteristic of the

pancipesi ¢ ﬁﬁd&ﬁ&éﬂ; N3 &n@eeﬁmatiaﬁ n{a&%ehbt@ﬂnlh&po}c&bbssngem&a%%ngoﬁmerul@ﬁr S

characterlstlc of definitive éndoderml|ineage wth a fibroblast growh
factor and B 28 Gy a@uagmdvh@atﬁa@qﬁﬂ@yyrqqﬁgrbze@erprmeaévepmﬁﬁdne t hen

r enovi ng thgyc{gﬁgb;&fy%ggﬁghﬁfk@fsrbﬂa&&&sftk%E‘fi’i@d@ﬁ&n&r&\ﬁﬂkrﬁq%&&% and

KAAD- cycl opam ne and stbsequently culturing the cells in medi um containing
retinoic acid, a fibrobl ast gromﬁh factor and KAAD-c clopanlne An exanpl e
of tIRQ0] ret Methodssforssesping Bpreshionss HP@lfﬂnétne@ﬁlﬁéfléwr@ﬂs ingaigped 0r1401 (20086) .

[0106]In Oﬂﬁﬂﬁﬁ@éﬁka%%u&ﬁﬁd%{ﬁ§§9tTh&gﬁﬁhmgaum@@ﬂ&émﬁéﬁe@ﬁé&ﬂﬁ%@arkers
characteristic of the definitive endodermlineage are further

di ff er ent i arcdandraeshaie rqagtiond Bl ¥ Stnyorarkblet, ishdr hdrihizaten Gewr-gt he
pancreatic @ﬁ}f’e%ﬂglf ofcbis gﬁgﬂf‘ecm?ry&%f ggg bdi Q?azc%s' §od%’%ﬂ£ﬁ§1ﬁéﬂ)gldﬁﬁr ker s

characteristic of the tive e ern1 Inéage Wwthreti c acid and at
| east one fmbmmbwﬁsbSgﬁummmnma@nMWd&mﬂmhmpbmsoﬂﬁmﬁmmdn@wnabﬁbﬁwnng to the

rLrF]E ggg:.n di S&Bt?lﬁ?,%&% gjjr H%lrl%%t filtlard ?ésmﬁ%t ﬁ?ntac?gglls ,nflg\&v CIE'PI\J/fe ng ngl%s 8 ?: signed to

n one aspec I‘on,
expr essi ng (radsesse,cleaticioerang ILame oking Immti(eﬁesn i Laberaecmlebamrh Newneage are

pancr eat i ¢ ootk srrriabe; CByRrERIOME ColIs oxproseing markers

characteristic of the definitive endodermlineage with retinoic acid and at
| easi01@iie fChmabﬁm@mcgpMWthﬁa®MGWHSmwV@H930Wmdnb@wwkﬂbdhah@@tdhmg to the

met hods di S'fddl 10[1%fb§]a<f Sristics oefn tlurlé)%{yn{ eanil Iﬁ&ﬁ c§r%1nue Plollge 1&ent1?1z(?.’ ﬁljjr]i%qt?a %SI gned to

Li feScan, Inc. n one as resen nventron
expressi ng mmmkﬂrmm&hamahmeﬁbsbmmpmhheEQndehnmfbMMﬁn&mdedﬁeﬁﬂ%wngage are

pancr eat | ¢ SO B PhEaSRY By EF BRI eSO T & Dbt Seertd Fafkers
char act eri stTEl, gfFPehasdati, SSEAve Tendedaran 8ineage according to the nethods

di scl osed in US patent application Ser. No. 60/990,529. Characterization of
Pancreat i ¢ .Endoder m Li neage

I ers ract
(01081 P kR Bt dita Bt Ehu Be B PR ePleal  SRE Y PRETe ar e viol |
known to t hdifferestkatdd cells maly bdygurdict by axsiagditrtehtomedil pupiilkgorsioahagacisach stic of
t he pancreatic end df n1|iqe e continue tao be identifi These rkers
can be. usecith “REMAY F RS HE TEERIE f PEATR AATRET S 4. SFRSThe
present i nvigndell9exph@viag thafideBrodivattatiid of the d6Hiiiveenib®rliapget | es

Formation of Cells Expressing Markers Characteristic of the Pancreatic Endoderm
Lineage from Cells Expressing Markers Characteristic of the Definitive Endoderm

Lineage

[0103] Cells expressing markers characteristic of the definitive endoderm linecage may be
differentiated into cells expressing markers characteristic of the pancreatic endoderm

lineage by any method in the art or by any method proposed in this invention.

[0104] For example, cells expressing markers characteristic of the definitive endoderm lineage
may be differentiated into cells expressing markers characteristic of the pancreatic
endoderm lineage according to the methods disclosed in D’ Amour ef al, Nature

Biotechnology 24, 1392 - 1401 (2006).
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characteristic of the pancreatic endoderm|ineage. Pancreatic endoderm

| i neage specific markers include the expression of one or nore

transcri pypaniffEcioor s such as, for exanple, HLXB9, PTF1lrairfisa10@izd99 HNF6,
HNF- 1 beta. [0110] The efficiency of differentiation nmay be determ ned by
exposing a treated cell population to an agent (such as an anti body) that
specifically recognizes a protein marker expressed by cells expressing

mar K@i §5) Char ek fhiis bils Qbrebdify MARES %ﬁéré&erf‘sﬂ@@dﬁé H@ﬂnlltn»%@g@ode{&ﬂaeugé\/ét hods
for assessing expression of protein and nucleic acid markers in cultured or

i sol ated cedrf Suirgheediffergpfipgaddnto sehlsrxpigpsing mikers chasedtaiic eftibnpaneigetice rever se
transcript ae?ﬁo&%ﬁﬁ@e[g@st%/ t?&ﬁh@thé eaklek ssﬁdéj’%lf R cha[r\gafetn's"t‘?d'& tlpé Rty N Situ

hybri di zat i on gse , Curtent Protocol’s 1n Ml ecular Biology (Ausubel
et al., edsend hsﬂaquIveﬂn@rﬁtmblasamwlrﬁmnwslsrbﬁy@dg@l@ﬁ siggaling pathway

| munohi St o e 68l ABIALIAL SN0 ncheeho ANEe TRHAH AhraiSherBPat L ng, and

for markers at are In intact ce owctorretry anal ysi s
(FACS) (s eegrowthq‘aqtoﬂ-md Ko Ruegclozmene dddisnigreduenilpodivesg tha ctlsbonetiomy Manual ,

New Yor k: Col S' au) Mes % For maf i
Pancr eat i ¢ EAFONTS S8 r%CéUrasﬁct))FO% Flav h)r/%%o ‘@ diy RIS ixamgi
Char act er i sdfitiis efethotiés FaivsedatN aurEBiocanstogi zneagaez [1@(]1122]0[)61) one aspect of

the present invention, cells expressing markers characteristic of the

panc[{(}%gir ¢ %ﬂ@gs%ga‘of'th{%fp%%@m%{v%ﬂt%lf Eeﬁ{ %xﬁeres% gqna!ﬂ?etré’clﬁ%gt%hﬁ%t feSndocri ne

precurs urrn 8r's characteristic
of the pancdeéiattwe emimdelﬂelnrteage are géen dlfferenhaltmhmmplllseaxpn‘smtg marktrsa f act or

bl f hi bi hi
R A S s T VR A e ST

Noggi n may dharavsgdical the deﬁmaemrrdaﬂermrlmfeﬁgmw1&1bemn01c1ﬂﬁlp@1dmiletm oaebout
50011,g/mM ._.In one e nls used at acocntratlo

Toong) o BT RroGb Pl B e St SepRin f dieaptiBrS kP RALE B bi ¢ or
i's ALKS i nhpaaint gplitdtioq Sat. buoomm,9o®,aasmgﬁddri5me$t!ab,l1h@.r Il may be used at a
concentration fromabout 0.1p.Mto about 1011, M In one enbodi ment, ALK5

I nhi [Bi(]jﬁr | fn oineS asup%:cet%f ﬁle presgrgt rllr(l:veegttlornagéllo re]:xlg)r];ssmg n’lal}{l(ers characteristic of the
definitive endoderm lineage are further differentiated into cells expressing markers
characteristic of the pancreatic endoderm lineage, by treating the cells expressing markers
characteristic of the definitive endoderm lineage with retinoic acid and at least one
fibroblast growth factor for a period of time, according to the methods disclosed in US
patent application Ser. No. 11/779,311, assigned to LifeScan, Inc.

[0108] In one aspect of the present invention, cells expressing markers characteristic of the
definitive endoderm lineage are further differentiated into cells expressing markers
characteristic of the pancreatic endoderm lineage, by treating the cells expressing markers
characteristic of the definitive endoderm lineage according to the methods disclosed in

US patent application Ser. No. 60/990,529.

Characterization of Cells Expressing Markers Characteristic of the Pancreatic Endoderm

Lineage

[0109] Markers characteristic of the pancreatic endoderm lineage are well known to those skilled
in the art, and additional markers characteristic of the pancreatic endoderm lineage
continue to be identified. These markers can be used to confirm that the cells treated in

accordance with the present invention have differentiated to acquire the properties
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[0115] I n one enbodi ment, the nediumis DVEM containing 4500ng/ 1 gl ucose and
1% B27. [0116] 1 n one enbodinent, the cells are cultured in the culture

medi um f owoaboutiifoour days. WO 2011/ 011300PCT/ US2010/ 042830 Sp@20733ne
efficiency of differentiation my be determ ned by exposing a treated cel
popul ation to an agent (such as an anti body) that specifically recognizes a
protein marker expressed by pancreatic endocrine precursor cells.

[0118] Met ho@ﬁrateﬁstestﬁ%ﬁaaﬂ&ea% Rh&RIOIn@ke PFAERAR: &HS’deﬁH%h@dg@ speid markers
in cultured or isolated |l's are standard in the art. These include
quantit at i v@arkery diclide theamr@?smptﬁ@ée prdngrﬁréﬁaa%ptaqﬂafaﬁorﬁ suhias JAr PRTPICR) |

Nort hern bIHL§B9QﬂTq5h%ahM9g1QHéﬂ;H@@~f e, e.g., Current Protocols in

Mol ecul ar Biology (Ausubel et al., eds. 2001 supplenent)) and i nmunoassays
such as i munohi st ochemi cal anaIyS|s of sectioned material, Western

bl ot O1HY, ahte atlaricncy ok diffsreptipgion ity bs deteuaingsl by Gxposing Regated il gopuation

cytonetry agah¥%sing (S(lm a(ﬁ‘&ﬁy} tﬁatg;pemm[l Qéelogﬂ&s L 3RSRein WahgeHatsidodi es: A
Laborat ory Manual, New York: Co Sprin rbor Laboratory Press (1998)).

[ 0119] Char aot@Hs @mr%enefnaﬁqe@rqhy@@terrrﬁtw@f arerqagic gpdodepg] linckglown t o t hose
skilled in the art, and additional characteristics of pluripotent stem

cel I g agnt 'Wﬁo&s@o%ssés@ﬁ@&iﬂrés@i@n oPILM{eirpﬁlh%ﬁéleléfa&H‘nﬁﬁlelrs 1%&1'&95&01‘ nclude, for
exanpl e, the exgre55|on one or nore of the follow ng: ABC&X, CRIPTO

FOXD3, Connexitadicells @sritradird asthe extTAhesg elxizlde KBGO IRERTC TR Aptasg FPA2,
SSEA- 3, SSE}%% ﬁnerg-se%h%n ﬁg thTlr(ﬂT]Pﬁﬂj NLIQHB%Qﬂ)lAISt Bk flﬁﬂfd‘izqg?rp skl %%Ot ent stem

cells with the methods of the present 1nvention, erentrated cells
may be puri€urext Pyptasely dsMalyculat Bielee (A eabdl ep@peﬂ%@ﬁ)%rﬁup@emwtmm (such as

an anti body, 4 %%ssig%ﬁéhfa!sQBEhXoﬂls?ﬁ%%lc%ﬁ%a si oPste‘c?Mherﬁ-Pt%?ht wrlEh, as CXCR4,

expressed by cell's “expressin ers c eristic € pancreatic
endoderntl|Memggan@ﬁﬂ2mﬂwhﬂkamsnwhamabnennatc@bpﬂmthﬂmpancmebtmc endoder m

| i neage are ted fr the roup, consi.sti.ng,qf . PDX1 NF4 beta PTF1
al pha, HNF6' Fﬁﬁﬁgge?ﬂ? %ﬁ%gfw “&difp nebﬁém oF ntlﬁ%delesl ‘F‘lﬁtaﬁorae(r e%/ﬂ;n invention is a
cell that eXpkeGSsdSpaig Haast Laboetd§ Picke(1688)ker s characterlstlc of the

pancreatic endodermlineage. In one aspect of the present i nvention, a cel

expressi ng rkers charact |c of , t he at| odernt eage is a
pancr oat | eRAuTEPRALRERTEE S G ek AR B G BGSR M DEROC
endocri ne precursor ceKManaﬂewsemeheBduﬁmﬂmﬂhﬁb&gmdhpa@en5|stlng of NGN3,

NKX6. 1, NEURCD, |SL1, PDX1, PAX4, NKX2.2, PAX6 or ARX

[0112] In one aspect of the present invention, cells expressing markers characteristic of the
pancreatic endoderm lineage are differentiated into pancreatic endocrine precursor cells,
by culturing the cells expressing markers characteristic of the pancreatic endoderm
lineage in medium supplemented with a factor capable of inhibiting BMP and a TGF-f

receptor I kinase inhibitor.

[0113] In one embodiment, the factor capable of inhibiting BMP is noggin. Noggin may be used
at a concentration from about 100pg/ml to about 500ug/ml. In one embodiment, noggin

is used at a concentration of 100ng/ml.

[0114] In one embodiment, the TGF-f receptor I kinase inhibitor is ALKS inhibitor II
(Calbiochem, Ca). ALKS inhibitor II may be used at a concentration from about 0.1uM

to about 10uM. In one embodiment, ALKS inhibitor II is used at a concentration of 1uM.
[0115] In one embodiment, the medium is DMEM containing 4500mg/1 glucose and 1% B27.

[0116] In one embodiment, the cells are cultured in the culture medium for about four days.
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Formation of Cells Expressing Markers Characteristic of the Pancreatic
Endocri ne Lineage from Pancreatic Endocrine Precursor Cells WO

2011/ 011390RCT/dg010/ 042390 [0123] I n one enbodi ment, paotrEsation4Bp@ocri ne
precursor cells, produced by the nethods of the present invention nay be
further differentiated into cells expressing markers characteristic of the
pancreatic endocrine |lineage. [0124] Pancreatic endocrine precursor cells

may fpergi f fefcamtididcedr iR GRloh $na§ 0 UERShiRGl WXE%@ £RAMRACERpbRlidionOf the
pancreatic endocrine |ineage by any nethod in the art or by any nethod
proposed i norhpgent Hyehisiagantifady phptspeciiselyrpicagnizes g Oraen merkeherdresiade

precursor C@ﬂﬂaﬁg@ﬁk@n&&‘i‘in@Bﬁ:@ﬁ@ér'&gllst.0 the nmethods of the present invention
I [

are further erentiated into cells expressing markers characteristic of
t he ﬁancreatic endocrine |ineage, by culturing the pancreatic endocrine
precllisr Mptheds far rsspingreueieian Af prgteisadd dveleiq acid askereitsyitHed ¢the nedi um

contai ni ng eN&RALANs 4redflasH RS @ URNThate Feldal Gl G tatiDE G ELd SadsBifiRAI UM
containing exendin 1, 1G-1 and HG-. An exanple of this method is disclosed

in D Anmpurpaymeipse chep teetii (BT tHhoNodern blobei s{iohdsldrationiempie,
pancreati c @&Pe%ﬁﬂofb‘%ol?%%‘dk%ﬁ&r §i%iog§ { LB DL 3GCopH sﬂgpl%rﬁerﬂﬁ,eanﬁet hods of
the present invention are further erentiated into cells €xpressing
mar ker s chamunmessssysisachol imhmengaveshemicalanelysio of sepigoned mategiel, Wytegul t uri ng

t he pancr eat;i r.i rsor._cell.s.j i dm i.ni.ng .DAPT
(o gnaral aribin BARRI WD SO Qe CRle 3 ikl B M SAOMBLUSASNEATT. | ose
in D Anour(FACSalsee, Neg ,UHagloBi antl €einn) O ng WntiBADG: A[IAbedjoRoMaruad iyzive,

pancreati c gndogcri.ne.precur cells _obtained according to the nethods of
t he presenf§?gv§ﬂ9$8ﬁg%§%%1@%@8@%”%???%¢§%§}ated into cells expressing
mar kers characteristic of the pancreatic endocrine |ineage, by culturing

t he [0adr e afharacemidtesrof peripotentstesoeells adelvelliknowe di thosesbiitdinthagt.eréndi n 4. An
exanpl e of this hod is disclosed in D. Anour et, al, . e.
51 ot echnol oy OaGbHa e e) GFrREEH o S PR Bl B epon
precur sor cedrh selbldrdier @dluale cor ekamglet e thy@edi o6 dise or more of the following:
ABCG?2, CRIPTO, FOXD3, Connexind3, Connexin4d5, OCT4, SOX2, Nanog, hTERT,

UTF1, ZFP42, SSEA-3, SSEA-4, Tra 1-60, Tra 1-81.

[0120] After treating pluripotent stem cells with the methods of the present invention, the
differentiated cells may be purified by exposing a treated cell population to an agent (such
as an antibody) that specifically recognizes a protein marker, such as CXCR4, expressed

by cells expressing markers characteristic of the pancreatic endoderm lineage.

[0121] Markers characteristic of the pancreatic endoderm lineage are selected from the group
consisting of PDX1, HNF-1 beta, PTF1 alpha, HNF6, HB9 and PROX1. Suitable for use
in the present invention is a cell that expresses at least one of the markers characteristic of
the pancreatic endoderm lineage. In one aspect of the present invention, a cell expressing

markers characteristic of the pancreatic endoderm lineage is a pancreatic endoderm cell.

[0122] Markers characteristic of pancreatic endocrine precursor cells are selected from the group

consisting of NGN3, NKX6.1, NEUROD, ISL1, PDX1, PAX4, NKX2.2, PAX6 or ARX.

Formation of Cells Expressing Markers Characteristic of the Pancreatic Endocrine

Lineage from Pancreatic Endocrine Precursor Cells
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of the present invention are further differentiated into cells expressing
mar kers characteristic of the pancreatic endocrine |ineage, by treating the
pancr eat iwoendgatione precursor cells with a factor that PcmhisShews413b@e Not ch
si gnaling pathway, according to the nethods disclosed in US patent
application Ser. No. 11/736,908, assigned to LifeScan, Inc. [0129]For
exanple pancreati c endocrine precursor cells obtained according to the

met heess)of e %@&ﬁﬁént'ﬁh\&&@&tlc@ﬂd@&ﬁe EféEﬁljét%rceH’s! f)lfoﬁﬁ&ﬁtb&@ﬁeerﬂeth&fs%fﬁl%l I's
expressing markers characteristic of pancreati c endocrine |ineage, by
treating tHECEANBY@HR @aﬁéh@la@tﬁlprrﬁéffw@@mdwp cells| oxpreggieimakeract or t hat
i nhibits th&laugtreﬁgwsdf%q;ah&gmg%m% lni%‘égé?rd' ng to the methods disclosed in
US patent application Ser. . 11/779, 31 assigned to LifeScan, Inc.
[ 0130] For exanpl e, pancreatlc endocri ne ecursor cells obtalned accordi ng
to tINE24ket Hgasreatc qupecrise @EcspEon il emey ngfﬁrémﬁyﬁidtlﬁf@rceléﬁ PPEsEME Matked into
cell's expr e&%}a&gnﬂﬁrdfﬁ{e%aﬁé}@s&@%@cfchﬁé lifeaf byl 4§ RANKIE Belaft 0@89%‘5}’ I ne
| i neage, by treating the pancreatic endocri'ne precursor cells wth a factor
t hat i nhi bi metheduropsedin tBis gantiag pat hway, according to the nethods
di sclosed in US patent application Ser. No. 60/953,178, assigned to
Li fe’[ﬁi?ﬁg |G ex:[n%@%hf&éau@)ééd&hﬁe prQ@dFé‘o‘% 88siBtafiRE A& S BHRCHERQs ofel | s
obtain according to the methods of the present invention are further
di f f er ent i athedreranf mverion gredigshaes difforgtipiad kae eclls pressing maglkey cehgraciepgic
pancreatic mﬁi,ﬂ&d I t
precursor cells \li/lmh{ta%mén %?i%iiggm(%% H&%%%L?rg%ttg%ﬁgl% E@e@ﬁ&s@agg&%%ﬂcggst hway,
accor di ng tio mademnmneantrddeg ecadih dstben icmow@g plet reestium ppitdiniag cxmd8elandNo.
60/ 990, 529, uﬁ%ﬁh&@lﬁ%mmg A ERRER mdd; ”lﬁncéngélﬁ'ﬁ%%?efnﬁﬁﬁsléﬂain%%@ﬁ | gfic of the
pancreati c endocr | age are se ecte group consi'sting of
NEUROD, | SLekampX1 ;thlsl\lmwﬁodb,s dirAded iPRXAMANGNSy/, Natd e BKO@:hRologn 260fe
enbodi ment, a pancreati c endocrine cell is capable of expressing at |east
one he I d
panc[‘rahﬁtl c If)ogle% pt| awé%ggg&cflhé@gédr%g8&!5?\)83&1%@8?%2%%t(aﬁl]ineégéﬁtﬂ?dgg)@l s a cell
t hat expr es@esreaﬁnt Ineagion erecfufier tdtféremaaﬂcé g0 cﬂiﬂalemrt:seing marlmrmhataherlmzncr eatic
endocrine | n
expr 6651 ng R danerebh A% B8 ARGk Hy e e BN RSB SuS i blnge 15 a
pancreati c iemedom cuatagehd DA]’mesllgmaeﬁrlémh M(Bmdd)exdnd'm 4c A d examyplelod thas

Cel T may be e RORGPEARIE" RorC bt PR 0l oty gbAI5) T one aspect of the

present invention, the pancreatic endocrine cell is a cell expressing
mar kiétZ7]ch aF(aceK:anple;miancrcﬂftic thdvcOnctdurdor ndb@btaindd ealotdiextortiessethglsmwiir ker s

char act eri splc .0 e .0 ce%J SS PDX1. and at Ieast ne of the
fol |l owi ng t?laﬂrse%ernltl Vle%lr?n Y nhergq%%{]-u N%&e%ﬁ 1%‘.1 HNF3
beta, MAFA, oﬂ?l&e)@hncmmt drdoBine lmea(gae)yaapmtg thd patnbteatpr@ﬂmine Ipfwmﬂ(bﬂoeﬂs a cell
expressing rmreléﬁlrn;sco%?a?rll‘ir?‘g et:x%rnclhstl %n exam&g og' t%ns metilocf is HISC sed 1nD ]rh%ug e%l x

al, Nature Biotechnology, 2006.

[0128] For example, cells pancreatic endocrine precursor cells obtained according to the methods
of the present invention are further differentiated into cells expressing markers
characteristic of the pancreatic endocrine lineage, by treating the pancreatic endocrine
precursor cells with a factor that inhibits the Notch signaling pathway, according to the
methods disclosed in US patent application Ser. No. 11/736,908, assigned to LifeScan,

Inc.

[0129] For example, pancreatic endocrine precursor cells obtained according to the methods of

the present invention are further differentiated into cells expressing markers characteristic

23



WO 2011/ 011300PCT/ US2010/ 042390 [0134] I n one aspect, the present invention
provides a nethod for treating a patient suffering from or at risk of
devel opi g0 20ppaii3odi abet es. | n one enbodi nent, the net hedTiuseawesoo
culturing pluripotent stemcells, differentiating the pluripotent stem
cells invitrointo a 3-cell lineage, and inplanting the cells of a 3-cell
lineage into a patient. In an alternate enbodi nent, the nmethod invol ves

cul turing pliykd RALRRAc SHEMNE Bhéage, Hslzlﬁfeaﬁ{gemé bRt énfascrmewécgﬂsﬁ@hs stem
cells in vitrointo pancreatic endocrine precursor cells, d inplanting

t he pancr eatitica Bgigs et HhibEy de Nothrigaalingathyay, %C%élﬂlgéh‘the H{eﬁmég] In yet
another aspghosed [H1Ss bR BAIRRIAIQK LS 1 7018l NAdieh Ol olIfRBLNNGA Pati ent
suffering from or at risk of developing, Typé 27diabetes. 1n one

enbodi nent, the nmethod involves cul turi nq pl uripotent stemcells,

di f 18It i aFarsereme PANGIFatS ShdasHNGRIEFATE FELS obRingH pecording tg the methedsiof | i neage,
and i npl antt'h@&e%éﬂ?m@@ﬂtioﬁ aRf fufh 3 YARkdn bl GRIG 1 @iﬁ?es@m@%a‘rl?e?stchalla@teﬁﬂlc

al ternate enbodi nent, the nmethod involves culturing pluripotent stemcells,
differenti aceﬁtlirﬁg)améatpl andoquine dptagetbariicatang the panciertia @dpcmr@ ppraneeessts c

endocri ne rine

ot cour sor ouT A ERE usehh i ARNol TR AT RERERER b R et can be
further tredscdacdintBS pﬁhaﬁ ppd satidncyek. Nag 600 §3, 613, mswa@iwdébstdnalnﬁ acilitate
the survival and function of the transplanted cells. These agents may

i ncl f Ofor € B dbori AR 11stoBe o méiBgl g NG _
TG [\fgji” Oé%dﬁ]gmé %g%dé%ﬁ phogen C&E)S'r%(r)? éelstr?g m-ggccprdlﬁgm bt &AS% 6,

-11, -12, atil‘lclpnes_@) invéitipn atsl mshergrfmnhaﬁeéeﬁ@creéls mxrwbﬁdmg@armmhetaenemmn ved
growt h fact % | | ctor
a1, 1) e e RO okt bl By Byl Sl RGL0CT 00
vascul ar endiol méicioathatighibitiér Noed sgndwgpaﬂmaymccqr&iﬁg@ the piegiodt r ophi n,

endot hel i n, .apon ers. Other ar ds.can. i nclude, for
xanpl o, 1 ST RAR Gor gl s ST R D e PR R 1 G P T and 2
m neti body, Exendin-4, retinoic acid, parathyroid hornone, MAPK i nhi bitors,
suchl0&32] foMamlawbareqter@@qpbuhﬂd@ccﬁaécbrmtgetﬂlei ImedgeSre Ricbleil @thm}ghp cation
2004/ 020990 p&ﬁﬁtaét 0 %0373 The

pl uri potentcloé1 gt%gcoéﬁ ﬁn@’lgﬁiﬁguﬁf‘ér en ?ga&i’ ﬁ‘fﬂggﬁéﬁ%sa FI n- pr%) uci ng cell
prior to transpibadt@bi opaicitc endoedicick it capdbic af cgpessinfg at lcestodbftbat , t he

pl uri pot ent ﬁtem ﬁel | s are ful mé di fferﬁn{%ateg I ntot.3-§el I § prior to
transpl ant all' SRR RPERCY P SHE2E0R YIRS Y PHEEILPUYEBEI%nt stem cel I s
may be tr anSytablett@dise fitthe ﬂeieﬁminpérﬁﬂh il amealﬂaama;cﬁrésﬁ@raemétahceﬁftm mpiéetsi al |y
differentlaﬁthéj st.ate.. Further. differer tlatlon % place.in the

reci pi ent 25§y IHT s oBRESHiCERPEHPO 350 P@T‘i’%@% eﬂ’fe\?lentétwa%tﬂ)é‘r mcells

or, alternaddVekyresshnadrRal titrRRgioGes i CRintBaticdndoddint Ehekat iseelayieredid cel | s,
may be inpl anted as_dispersed. cells or forned into cl usters t hat may be

i nfused int® 9%16ﬁ%lbaﬁecpabw%twenw;ﬂﬁe ookl Pt Bt RAPEICHHic hoapone-Gratps s prOV| ded
i n bi oconpadeliblagieAgaV A Akl Rndedi FRIdEInS SIRAL o2 (RAERHR HIRRceBERGRD! e

devi ces or encapsul ated to protect from host inmune response. Cells nmay be
i mpl anted i%%tlo an appropriate site in a recipient. The inplantation sites

i nclude, for exanple, the liver, natural pancreas, renal subcapsul ar space,
ONMENYIB] Pelhiche APEFof 8id E&S@entwﬁ% pandidaB8 bhddRsinSdeANBL LIl Rpressing

subcut aneous pocket. [0139] To enhance further di fferentiation, survival or
activity ofmpierschastcigisbeiolhe P scll bnrage i deell cxprestieg markery cheragieristionk h
factors, a [ fl ered
before, si %1% ? g%lg(@g%g yg{ﬂret%ﬂ%s P(])jr){i ar’ ? IHT%{She aoggl?nl s Wlﬁ? |rt} Sﬁsggﬁg%whfg&grtsl l's. In
certain enmbNGNAEMNKSX2.YMNKKh 1. NCTROD, EilLe, HNF3 bete:d«[AEAleAXé,raele%em he

adm nistered cells tj n vivo.. These factors can he secreted. b¥ OFenous

cel I's and eX54ReG" Adhs e ARy SHILY @8l SEuesHiDs PRI Faraftgiig 9 3’8 ¢&l'l's can be
i nduced to lqiegéqugﬁtcb@te by any conbi nati on of endogenous and exogenously
adm ni stered growh factors known in the art.

Therapies
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[ 0140] The anount of cells used in inplantati on depends on a nunber of
various factors including the patient's condition and response to the

t her apy, woaovaniise determ ned by one skilled in the ar®PCT[US2¢1bjok1390NeE
aspect, this invention provides a nethod for treating a patient suffering
from or at risk of devel oping diabetes. This nethod involves culturing
pluripotent stemcells, differentiating the cultured cells in vitro into a

3- calbl3d)i ne@gte asfis@éi ﬂh@ﬁféﬁéﬁ%ﬁ&ﬂtﬁg p}ctwdeg@hﬂeamu@&&reauﬁggﬁa%eglsaﬁaﬁi onal
support. The cell's can be nmaintained in vitro on this support prior to

i mpl ant at i oo @t Hivkeo T declaping, Typed dhiabges. vialope embrdigensgbe medehimPieng t he
cells can beydhkEobliodTLARLRL i atd it ool lhqpRlagn Vi tro

culturing. The support can optionally i ncorpor at ed | east one
phar maceut i eHllingagerand timplantingcthd ¢eﬂlapé%8fﬂéh@aga/mtpeﬂ pagipi- irumaeliermt%f t he

transpl ant ed¢ald e dldhdrdSUPROL! cuﬂ@rﬁn% éJhtﬂgo%te?{Jét&ﬁ‘Pélﬁ élﬁéne}ﬂéa%n fife PUrpOSES

of the present Invéntion include tiss ates, conduits arriers, and
reservoi rs plsafant ftom ctlisss u@roriefoaiancreatia ep@Ctmezmbalrsor ssihst dndtimplaamd nat ur al

materi al s Iﬂeg?wﬁmf%e%%an$H¥mumo &ﬁngﬁaa%§§|§ hydrogels textiles, and
nonwoven struttures been Use™ A vitro and in vivo to

reconstruct or regenerate biological tissue, as well as to deliver
chenf13dt i cInafgeermﬁlef @pedt.rthis oivagtian pseides gmottdd, forareatisgii pabh@uffolringjs e in

practicing f t he
materi al s f%gé %ﬁﬁd%wgmq%é?g§ ﬁ&ﬁ%% %Q%{ %m§§%% ent §§%§§<§%§

Pat ent 5, 56&1,1‘[61:’[@ pltidtenPatt@retllsS difeEn830\g the ﬁun@@&nﬁﬂbmﬁﬁlﬂ‘ﬁﬁ y@EQintold.fS. Pat ent
6, 534, 084, U Pat ent. 306,424, U.S ent 6, 365 t ent

6. 599, 323, llg‘“eaﬁﬁt%ﬁt‘m% ﬁ s&ls pf SopffiRts gy aAEfaa“Flﬁc A TiTessBar 0062753
A, US. Paetrﬂjm1n4en5517e RE8ahidvAl S, cul?ﬂir%r]ﬂurﬁ),o&ﬁﬂstﬁﬂgells[ Q&3 ading dfem a support
incorporateq W@ %%pac eut.i cal %fnt ﬁharnac§ﬁt|cal Fgent can be
m xed Wi th I?Pfép%%’it YRBECIT GEiodROprIGFTE 8“?08?{%‘? §EHE cdfippdripta

Al t er nat i vehy paere@i@éiiBeaistpr&aksof@8nintcoHpdtidnde coated onto a fabricated
support, preferably in the presence of a pharnaceutical carrier. The

phar utical ent es iquid, a finely di d solid, or
Py WREEE S B eyt el ssriier Bhp iR Sl el ShPie"iis he. added
tlo t he suppt@nii)ttfa¢1mataltﬁeegulr~]\tlmamceﬂuﬁam of c@rafdpldnted cplhbam?@ee;gh?t@mhy agent. In an
al ternate enbodi t he port is inc rated. with a t one

pharnaceutNEQPg%gﬁﬁBﬂWﬂ@ﬂﬁﬁrRﬂga “HHEW’&#?B ﬁ%@lﬁﬁ% @H@% as, for
exanpl e comaﬁ@splﬂﬁ@ﬁé AsRthsiBMP-5-3,Pat ens, -6, 5091;8@8@1 B@rfbﬂdedaegrawﬂport may
be |ncorporated W t | east. one pharnaceutlcal ngpund that is an

ant i - apopt offtersclomdotridrteletutervesssrov rfagdqam and @é’nﬁla iFyEchiplattdsed in U. S.

Pat ent 6, 79i%s1ﬁﬁ%ro&tﬁ¥é&1r-(@ FE’J}??Wh H'i?a‘)éreﬁhﬁ%n@fctdr@@@@@E@tﬁd8 W hpt | east
one pharmaceuti cal npound is an inhibitor of fibrosi's, such’'as, for

exanpl e, commeédqih@lel Yelgrived amwh fmierd NEGE), piriotmphin, endothelin, among

others. Other pharmaceutical compounds can include, for example, nicotinamide,
glucagon like peptide-I (GLP-1) and II, GLP-1 and 2 mimetibody, Exendin-4, retinoic
acid, parathyroid hormone, MAPK inhibitors, such as, for example, compounds disclosed
in U.S. Published Application 2004/0209901 and U.S. Published Application
2004/0132729.

[0137] The pluripotent stem cells may be differentiated into an insulin-producing cell prior to
transplantation into a recipient. In a specific embodiment, the pluripotent stem cells are
fully differentiated into B-cells, prior to transplantation into a recipient. Alternatively, the
pluripotent stem cells may be transplanted into a recipient in an undifferentiated or

partially differentiated state. Further differentiation may take place in the recipient.
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[ 0146] The support may al so be incorporated wth at | east one pharnaceuti cal
conpound that is capable of enhanci ng angi ogenesis, such as, for exanple,
conmpoundswoizecllasi®d i n U. S. Published Application 2004/ #22032@0am390. S.
Publ i shed Application 2004/0209901. [0147] The support may al so be
incorporated with at |east one pharmaceutical compound that is an

i nmunosuppr essi ve conpound, such as, for exanple, conpounds disclosed in

U. S.jos8h! | sb&thitRRhiSREH @&m%@,%é&we@@§anc£éaa;é§]d1§b&msaég@%f,tauaﬁymiy?9 be

incorporated with at | east one pharmaceutical conmpound that is a growth
factor, suctllagnaythsimalentapedisnesateqlls opformpdintuaustqrs thappybe infisedigiong

TG--fl 1, : i I - = a , -1,
T 115 Ghe AfliporRPDen RGRANRH PGB B BRoVidEN T focgimbaritle dietadatfts - 71

growt h f actredympeaic sapreris.BRrous nan-dégsedapicslvipdsas mecapsutaies to mrajecd fwom hostct or

(1G=-1, 11); iLf [ AL - -0, -8 =10, 5),
vascul ar eﬁg%@ﬁg%%gghge Pﬁﬁ%ﬁﬁ%@ Bg%%&éﬁg?ééﬁaﬁﬁﬁﬁeégﬁyﬁ'p? %%fﬁg%hin,
endot hel i n, inphorgontitee iwludex faeexapiply thadigert hatabl poapourds solaapsutee| ude, f or
exanpl e, nigoll nalde: pperhAbdug Ble facker daaliPba glucagan |i ke
pepti de-1 (%f?ii SRR AP Shet Bo y,’aﬁaﬁr, %&en I'n-4, nodal
noggi n, NGHockat i noi ¢ acid, parathyroid hornone, tenascin-C, tropoelastin,
t hronbi n-derived peptides, cathelicidins, defensins, |amnin, biological

pept; o L0l el |- par.i-n-hi ndi i i:

Pt O, T ATyt iR NERAN: D Bt AADIFRIRIIE Sl cACIRINEL e

i nhi bi t or s, fastochsuals as growthexa@ons) aatioxadanpoarnds-irdlasmhadse dgdnts, tinde Publ i shed

Application 2004/0209901 .and U. S. Puyblishe l.i.cation,.2004/0132729.

Do The T DR RGRADERR: SRt o Ryy R sk ARG PR SRR D AP Rl Tos o

scaf f ol d cagertbi@ cabbiiewved, drywthitactas pieluélicgkelpo differoangato theadhligstand cellk e

scaffold. Cells. can. enter jnto t scaffold simple diffusion (J

o ur - sary SR B Gy b tel Bu gafbietus ol aht Bl s e M ave been

]gllevelkorJﬁd t&g@ﬁsz@tnﬁﬁgﬁl_ﬁlﬁe(ﬁéeﬂlg_ﬁéned’é(i%{d&ﬁd @gﬁﬂferaﬁﬁwmny E@ﬁ?iﬁmﬁmk‘le_, spi _nger
asks have heen used in seeding of chondrocytes onto pol yglycolic aci

scaffol ds (HegBet7of .exwesﬁ%slﬁaz@!(ﬂz)l?terf@gt%faetfw@))w “NE‘B?‘ﬁer appr oach for

seeding cells is the use of centrifugation, which yields mninmmstress to

fj he [?em§d H@dlniﬁauaﬂ’tﬁgelﬂma&t'ﬁiﬁmgaﬁdﬁ@gd@éféds(bhaﬁﬁmbeﬂ:tﬁﬁfamlfzﬂi)t(ﬁs Yang et al.
evel oped a cel | seeding netho . Bi onmed. ter. Res. 55(3):. 379-86
(2001)), re‘P‘élP?IB%I&F@a%eélgééﬂtdﬂti@&éiﬁ%ﬂﬁ? tocths thesapyngp F*}nz%q(etﬁﬁﬂ@eéx .

[ 0150] The psRsRIMEd inntMemntion is further illustrated, but not limted by, the
foll owi ng exanpl es. EXAMPLES Exanple 1 Formation of a Popul ation of

Pan00@§|ic ndocrine Pr.ecursor Cﬁlls. E%é%llC&lls of th%fhunPn enbryoni c
ste | 1108C MPoGel TR EEVIEE ReE [ reahige agatient sullering trom, orat
risk of developing diabetes. This method involves culturing pluripotent stem cells,
differentiating the cultured cells iz vitro into a B-cell lineage, and incorporating the cells
into a three-dimensional support. The cells can be maintained iz vitro on this support
prior to implantation into the patient. Alternatively, the support containing the cells can
be directly implanted in the patient without additional in vitro culturing. The support can
optionally be incorporated with at least one pharmaceutical agent that facilitates the

survival and function of the transplanted cells.

[0142] Support materials suitable for use for purposes of the present invention include tissue
templates, conduits, barriers, and reservoirs useful for tissue repair. In particular,
synthetic and natural materials in the form of foams, sponges, gels, hydrogels, textiles,
and nonwoven structures, which have been used in vitro and in vivo to reconstruct or

regenerate biological tissue, as well as to deliver chemotactic agents for inducing tissue
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plates (1:30 dilution), and differentiated into pancreatic endocrine
precursor cells using the follow ng protocol: a. RPM nedi um

( Cat al ogue928t@0Q130bNVi t rogen, Ca) suppl emented w t h 2% BEANUSSHDAII3GH
152401, MP Bionedical, Chio), and 100 ng/m activin A (R&D Systens, M)
plus 20 ng/mM WNT-3a (Catal og# 1324-WN- 002, R&D Systens, M\) plus 8 ng/ni
of bFGF (Catal og# 100-18B, PeproTech, NJ), for one day followed by

treat ment \;%rmthREMm%wfar R @aﬁmg%le Wetﬁlbds?o%@%s@mn&eﬁﬁomgémoract ivin A
pl us 8 ng/ FGF for an additional two days tage 1), then b. DMVEM F12

( Cat al ogue#E¥3Bl,; the mpferiply gsplosaddy V.2 Ppga. 470 néﬁn?at%ﬁm? a3 ﬂih‘i -ee days

(Stage 2), ph&RsSGe7 R4 18, ‘P’Qﬁen@%@'%ﬂ‘a@'sawté}ﬂ%%% 550, ik, T%Qh% 3401 € used
suppl enented with 1% B27 (#17504-044, Tnvitrogen, CA + ng/ m FGF

0. 251AM Oy cl SpBrftm 6 J0RANDL % 238808 36:0a0blSc et 6389.335. 345, FaPRot | ol & aci d
(RAY) (Si 9”96?151\@83 U%loglf]:ﬁg{l&i‘AIg) aig%‘{&%ﬁh/é(%z dPA?%?gE’LIBE‘r%]emrN%‘%ﬁ boh,d oW days

(Stage 3) erent medi a | ndicate were used,
suppl enent elthtanit 6433.089B27 (1 nvitrogen, CA) + 100 ng/m Noggin + |i AM ALK5
inhibitor Il (Catal og# 616452, Cal biochem Ca) for three days (Stage 4).

Tabl [@14‘3] Baﬁ@%or%@hﬁpo&%&%r'ﬁ%d \ﬁﬁlﬁ Qbh%géeﬁtiéaﬁtfegﬁ, t}@ph%a@é@ﬁﬂe&éent

can be mixed with the polymer solution prior to forming the support. Alternatively, a
pharmaceutical agent could be coated onto a fabricated support, preferably in the
presence of a pharmaceutical carrier. The pharmaceutical agent may be present as a
liquid, a finely divided solid, or any other appropriate physical form. Alternatively,
excipients may be added to the support to alter the release rate of the pharmaceutical
agent. In an alternate embodiment, the support is incorporated with at least one
pharmaceutical compound that is an anti-inflammatory compound, such as, for example

compounds disclosed in U.S. Patent 6,509,369.

[0144] The support may be incorporated with at least one pharmaceutical compound that is an
anti-apoptotic compound, such as, for example, compounds disclosed in U.S. Patent

6,793,945.

[0145] The support may also be incorporated with at least one pharmaceutical compound that is
an inhibitor of fibrosis, such as, for example, compounds disclosed in U.S. Patent
6,331,298.

[0146] The support may also be incorporated with at least one pharmaceutical compound that is
capable of enhancing angiogenesis, such as, for example, compounds disclosed in U.S.

Published Application 2004/0220393 and U.S. Published Application 2004/0209901.

[0147] The support may also be incorporated with at least one pharmaceutical compound that is
an immunosuppressive compound, such as, for example, compounds disclosed in U.S.

Published Application 2004/0171623.

[0148] The support may also be incorporated with at least one pharmaceutical compound that is a
growth factor, such as, for example, members of the TGF-P family, including TGF-B1, 2,
and 3, bone morphogenic proteins (BMP-2, -3,-4, -5, -6, -7, -11, -12, and -13), fibroblast
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(I'nvitrogen, CA) Treatnment 1 DMEM (H gh d ucose) DMEM (H gh 4 ucose)
11995-040 Treatnent 2 DMEM (Low d ucose) DMVEM (Low G ucose) 10567-014
Tr eat mentw® 2€MRI11IBVRL 11530- 037 Treat nent 4 DVEM F12 PCT/US2010/042390

growth factors-1 and -2, platelet-derived growth factor-AA, and —BB, platelet rich
plasma, insulin growth factor (IGF-I, IT) growth differentiation factor (GDF-5, -6, -8, -10,
-15), vascular endothelial cell-derived growth factor (VEGF), pleiotrophin, endothelin,
among others. Other pharmaceutical compounds can include, for example, nicotinamide,
hypoxia inducible factor 1-alpha, glucagon like peptide-I1 (GLP-1), GLP-1 and GLP-2
mimetibody, and II, Exendin-4, nodal, noggin, NGF, retinoic acid, parathyroid hormone,
tenascin-C, tropoelastin, thrombin-derived peptides, cathelicidins, defensins, laminin,
biological peptides containing cell- and heparin-binding domains of adhesive
extracellular matrix proteins such as fibronectin and vitronectin, MAPK inhibitors, such
as, for example, compounds disclosed in U.S. Published Application 2004/0209901 and
U.S. Published Application 2004/0132729.

[0149] The incorporation of the cells of the present invention into a scaffold can be achieved by
the simple depositing of cells onto the scaffold. Cells can enter into the scaffold by
simple diffusion (J. Pediatr. Surg. 23 (1 Pt 2): 3-9 (1988)). Several other approaches have
been developed to enhance the efficiency of cell seeding. For example, spinner flasks
have been used in seeding of chondrocytes onto polyglycolic acid scaffolds (Biotechnol.
Prog. 14(2): 193-202 (1998)). Another approach for seeding cells is the use of
centrifugation, which yields minimum stress to the seeded cells and enhances seeding
efficiency. For example, Yang e al. developed a cell seeding method (J.Biomed. Mater.

Res. 55(3): 379-86 (2001)), referred to as Centrifugational Cell Immobilization (CCI).
[0150] The present invention is further illustrated, but not limited by, the following examples.
EXAMPLES
Example 1
Formation of a Population of Pancreatic Endocrine Precursor Cells.

[0151] Cells of the human embryonic stem cell line H1 were cultured on MATRIGEL-coated
plates (1:30 dilution), and differentiated into pancreatic endocrine precursor cells using

the following protocol:

a. RPMI medium (Catalogue#22400, Invitrogen, Ca) supplemented with 2% BSA
(Catalog# 152401, MP Biomedical, Ohio), and 100 ng/ml activin A (R&D
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DMVEM F12 11039-021 [0152]Cultures were sanpled in duplicate at stage four
day three of differentiation and anal yzed for expression of pancreatic

mar kers wsoregiwveaaiooti me PCR. I n parallel, stage four, dagTiuse@e/0¢23ba ures
were fixed and stained for the follow ng proteins: NKX6.1 (Catal ogue#
F64A6B4, Devel opnental Studies Hybridoma Bank, University of lowa), PDX1,
NGN3 and CDX2. [0153] Stage four, day three sanples, cultured in DVEM nedi um

(treatment 1 andtERatvr 182011 qu)s o) @Qﬂwﬁmﬁﬁi&m@ {i§ases in the
level of NKX6.1, "NGAZ a Pﬁu @ exagde&s%n by PCR (Fi urg 1) conpar ed

to cells cul turédNy Pﬂumﬂz@bﬁ@?&maﬂ\@ﬁwﬁ 18B g0 Tegh, oY), @VFQIPGGW eat ment 3,
Table 1). No di fBl%g@éﬂ%?%rehtﬁlehﬂ?uﬂ RVRI nRlia %n@ﬁ@d%ﬁﬂ?ﬁ g@sdngtpé@rved in
the cultures teste However, | mMunocyt ochem stry revealed that cells
cultured in DVEMEMIZctwnAuys Sng/at @@F@debfrrtaddﬁloo#l tPpMayséipeebsihay cel | s

al so expressed CDX2, a marker for gut endoderm (Figure 2, panel a and e).

In contrast, BhQ)MEM/Islzt(C% ?%#1@33@'\@\4 IB%QA @I)M%\Esgkeﬂs@ngﬁﬂ’%@? kgn of PDX1
positive cell's and posi tive cells igure 2, panel b and f), wherein a
| ar ge proporti orhig¢ dﬂ?@)@a@@rfb%l ng cel I s did not express CDX2. [0154]In
addition, cells expressing PDX1 that were obtained fromcells treated in

DMVEM al so expk egsneehee%6al %edﬁ%ncﬁ@a@é@l ih 'TalglbgWe?e 1?sed %Qpﬁl&n&@:@v@fh fohgoPDX1
positive cells al so expressed NKX6.1 by the end of stage 4 (Figure 2 panel

d) and 20 to 30%bB04A, MO&@OS@MV@OGQMEGB%FW@SMQWWW dukaD2, panel

h). However, n cells
cultured in DIVEM%@EC%&%&%?%’S& ongblgﬂgﬁ%flc ac%fa(ﬁé&gé%a o o served in
cells cultured ing/mIMEMOEJR (RI& OI¥RktemE AN ot Fiug U4y (Qtagepﬁnﬁibn g), however, the
expression of NKX6.1 was not observed in cells treated in either DVEM F12
or CVMRL nediu ( ur a ese data t, i fferent
basal nedi um H?ac % ? '%as?lhlgedg;aelﬁglf n%gfgldwr? & gnﬁup%l i ga‘fvllﬂtl:tﬂgnB oderm
cel | popul ati Onilani;bgblﬁ mg MMgBﬂZ\Ioggmpru}s/[aAHQﬂnﬂlhﬂlbr nocexpgesses PDXL
and CDX2 was generat ed, use f DVEM resul ted in a popul ation that
expressed PDX1 a@ﬁ@“ﬁ%r&ﬁlblf"h%tcabgoﬂﬂﬁ‘iﬂ WxES)-CDX2. Further, the data
suggests that the expression of pancreatic gene expression was increased by
i ncreasing the glucose concentration ofadidhe cul ture nmedium See Figure 1
and Figure 2 Exanple 2 Direct Differentiati on of Human Enbryonic Stem Cell s
t o Pancreati ¢—Endoerife

Basal Media Basal Media Cataloguc#

(Stage 3) (Stage 4) (Invitrogen, CA)

Treatment 1 | DMEM (High Glucose) | DMEM (High Glucose) 11995-040

Treatment 2 | DMEM (Low Glucose) | DMEM (Low Glucose) 10567-014

Treatment 3 CMRL CMRL 11530-037

Treatment 4 DMEM/F12 DMEM/F12 11039-021

[0152] Cultures were sampled in duplicate at stage four day three of differentiation and analyzed
for expression of pancreatic markers using real-time PCR. In parallel, stage four, day

three cultures were fixed and stained for the following proteins: NKX6.1 (Cataloguc#
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Precursor Cells. WD 2011/011300PCT/ US2010/ 042390 [0156] Cells of the human
enbryonic stemcell line HL were cultured on MATRI GEL-coated plates (1:30
di I uti on)woand/dijoherenti ated i nto pancreati c endocri nePprasarison23oel | s
using the follow ng protocol: a. RPM nedi um (Cat al ogue #22400, |nvitrogen,
Ca) supplenmented wth 2% BSA (Catal og# 152401, MP Bi onedi cal, GChio), and
100 ng/m activin A (R& Systens, MN) plus 20 ng/m WNT-3a (Catal og#

1324- VW 0021:645{%@4Sye%ref‘ogﬁlemmmdn&myt&de%@ameﬁjnbf%y(o% @@%1%1\3388

PeproTech, NJ), for one day followed by treatment with RPM nedi a
suppl enent edddWR%2-296 BSA and 100 ng/m activin A plus 8 ng/m of bFGF for
an additional two days (Stage 1), then b. DMEM F12 (Catal ogue#11330,

| nvifpysxyen, St%@fﬂiulza/ﬁya%e ’é‘ar%@esngdlﬂﬂredF%MEMrméde@ e@%t { strg@idone 2.t hen c.
(high Iucose) 1% B27 (Invitrogen %\! FGF7 + 0.251.i M

m
Q/cl opamn nelabigalarshe W%l“@Eﬁ/P*RétnFWéﬁeéma ? IFVEIRA WPJFi@éphﬁg/ n  of

Noggi n (R &y ; (high
gl ucose) +8élgge§%§& I nvllz'g\ﬁ\%u rg(ri:j cdé%d Fedd@yélsQtﬁhﬁg@ﬁ?k&%}ﬁ@@fﬁe?%ﬂgﬁ% K5

i nhi bitor |%®blethertNB# (6%111@23 wl%l)oéi@edﬁferw)% mghe eyl @6PRYY sxirssinge 4) |

R s R R o R T e T e AT I

for five dagr@tul(GStna@MW/F 12 om&vqnm latgﬁrre@wveqnebfé’@éﬁl expireNneP$ 1116:<at e each day
from st age pe?‘%d%ﬁ)?% ggﬁglger qu ut %%Xde?m?f’ §?Ile n%%%tek?@ec?ﬂ?ﬁ?n@ yzed for

expression 5? pancreatic nmar usI ng € cells
ent ered st agls deatal id DAV roediune pe)asied @‘sepﬁ’fa)(dn ofNIKDX61 fosétivel cElTsl-‘a:hda]m{‘ih was

observed (Fi e ane | n, addi tion, i cant

b regul at (RTSE e BERRaer RS ks Borbs-tas iy EsBel S bEI i qure 3
panel s d-f)cellPdddhot NsXRs 2D&xnd NEUROD, are directly regul ated by NGN3, which
suggests that the pancreatic endodermini ti ated the commtnent to the

pancl:ﬂ?@{]l C &N 8 %Brll réellsI elxnreé\:g‘ PI££ i]' 8 \gel:“lr%to {ne %rforfn%lé snttréa { |1r(1) Bl\@nj t {1
ancreati c endocri'ne CUI’ r ce rornto i1nsulin EXpI’ESSI ng cells
was achi eveﬁptbyseﬂhﬁ(mtil At gBn m‘F1gur$GF§01t3 6()§ocﬁ‘plﬁecﬂDX hpositivie@el]s ddaggi N and
expressed NKX6.1 by the end of stage 4 (Figure 2 panel d) and 20 to 30% of the PDX1
positive cells expressed NGN3 (Figure 2, panel h). However, co-expression of NKX6.1
and NGN3 was not observed in cells cultured in DMEM. The co-expression of PDX1
and NGN3 was also observed in cells cultured in DMEM/F12 or CMRL medium (Figure
2, panel g), however, the expression of NKX6.1 was not observed in cells treated in either

DMEM/F12 or CMRL medium (Figure 2, panel c).

[0155] These data suggest that different basal medium facilitate the generation of different
pancreatic endoderm cell populations: By using DMEM/F12, a population that co-
expresses PDX1 and CDX2 was generated, while the use of DMEM resulted in a
population that expressed PDX1 and NKX6.1, but did not express CDX2. Further, the
data suggests that the expression of pancreatic gene expression was increased by

increasing the glucose concentration of the culture medium. See Figure 1 and Figure 2
Example 2

Direct Differentiation of Human Embryonic Stem Cells to Pancreatic Endocrine

Precursor Cells.
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Betacellulin. As shown in Figure 4, a significant increase in insulin
expressi on was observed following the addition of AIkS inhibitor Il (a

TGF- 13 rewepbowolidvhi bi tor), Noggi n and Betacel | ul i n for PCIUS2akaps$239NGN3 and
PAX4 expression |levels declined, while the | evel of expression of PDX1,
NKX6.1 MAFB and NEUROD remai ned constant. Exanple 3 An Alternate Method for
the Direct Differentiation of Human Enbryonic Stem Cells to Pancreatic

Endq@isege REQGWE 8RMufAgh bifibrybMd 99k tBil SineN @RIl e Gﬁ M ATl er nati ve
met hod for differentiating human enbryonic stemcells to pancreatic

endocrine prlaeut S9rdsluiien) ragd diffeseritintefl Bite Bancreptiq AosTHKIPEICEEPT GHls TXFbet a
receptor fat%ko)@omﬁg%&%&ﬁr with a | ow dose of exogenous retinoid, for
exanple retinol (vitamn A), which may be present in nmedia supplenents such

as B27. [0160] Cells of the human enbryonic stemcell line Hl at §)assages 45
were cul t ur ed2oRIMTREdoED (CHdlpes BP0 Bvitreep () suppleasyted with 2¢fi BSAr ent i at ed

into pancreatic @thl%g#Hﬁopﬁ\ﬁﬁ%ﬁoﬁﬁerdm%ﬁkﬂh%)%m% BQ&IE&!thM‘(I@&DDFOt ocol : a.
RPM nedi um suppl emented wth 2% BSA, "and a(lﬂ #dg% activin A plus 20 ng/m
afay)g

WNT-3a plus 8 ng’&yﬁﬁpm@)fMHFmFs 20 mgzﬁmIWﬁ\éT Bl VOY-002. s pSritterpi. t h RPM
medi a suppl enent I /'m of bFGF
for an additiona da Iﬁ?@@: (bf)ﬂa@%#gggrr?%% %@Jgf% %g%ng 50 ng/ m
I(:GF7 for three d‘alweéifblyalgetrr@)lt Wlﬂh&HMJ:med)WEMp(létﬂlag}tediitth%BﬁAﬁnd.w(Bﬂ

I nvitrogen, F K%AB .
Retinoic acid (ﬁ&@l%gtévq rTI1rlﬁls ml qu?%]r% f:p }o-%nrl\éd?é %Lﬁ?@?gé}%éet gﬁ? age 3) or
d. DMEM (high gl ucose) + 1%827 (Inwtrogen CA) + 50 ng/m FG-7 + 0.25 p. M
Cycl opanm ne- KAADEMY 12 (gateloRedtil hdilc Inygioger, RA)* Q%BS@M(AH%EI FQRY Birt or  +

Noggi n 10Ong/ mL s.(Treatnment 2, Stage 3), or e. DMEM (high
gl ucose) + 1% Bﬁﬂf %?Jﬁl\gl ta%a% thé ) + 50 ng/m FGF7 + 0.25 p. M Cycl opam ne-

KAAD + 1 p. M Al k5 i nhi bltor + 100 ng/ M Noggin for four days (Treatnent 3,
Stage 3), or c¢. DMEM (high glucose) + 1% B27 (Invitrogen, CA) + 50 ng/ml FGF7 +0.25 uM

Cyclopamine- KAAD + 2 uM Retinoic acid (RA) (Sigma, MO) + 100 ng/ml of
Noggin (R & D Systems, MN) for four days (Stage 3), then

d. DMEM (high glucose) + 1% B27 (Invitrogen, CA) + 100 ng/ml Noggin + 1 uM
ALKS inhibitor II (Catalog# 616452, Calbiochem, Ca) for three days (Stage 4),
then

¢. DMEM (high glucose)+0.5% ITS (Invitrogen, CA)+0.1%BSA + 1 uM Alk5
inhibitor IT + 100 ng/ml Noggin + 20 ng/ml Betacellulin (R&D Systems, MN) for
five days (Stage 5).

[0157] Cultures were sampled in duplicate each day from stage 2 day 3 to stage four day 3 of
differentiation and analyzed for expression of pancreatic markers using real-time PCR.
After the cells entered stage 4, a dramatic increase of PDX1, NKX6.1 and PTF1 alpha
was observed (Figure 3, panels a, b and ¢). In addition, a significant up-regulation of
NGN3, PAX4, NKX2.2 and NEUROD was also observed (Figure 3, panels d-f). PAX4,
NKX2.2 and NEUROD, are directly regulated by NGN3, which suggests that the

pancreatic endoderm initiated the commitment to the pancreatic endocrine lineage.

[0158] Further differentiation of the pancreatic endocrine precursor cells in vitro into insulin

expressing cells was achieved by the addition of a TGF-f receptor inhibitor, Noggin and
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f. DMEM (high glucose) + 1% B27 (Invitrogen, CA) + 50 ng/m FGF7 + 0.25 [i M
Cycl opami ne- KAAD + 2 [i M Retinoic acid (RA)+ 100ng/ mLNoggi n for four days
(Treat rerwo4p118t1ad9e 3), then g. DMEM (hi gh glucose) + 1®CBAR2§100¥I30e 0gen,
CA) + 100 ng/m Noggin + 1 [i MALKS inhibitor Il for eight days (Stage 4).
[0161] Cul tures were sanpled in duplicate on day 3 and day 8 of stage 4 of
differentiation, and anal yzed for expression of pancreatic markers using

real -time RSRuceiAkB2A:Theah mgu@h a@ﬁéﬂlﬁca%t(ﬁ&%%%'lﬁ‘glsﬂﬁfé&ﬁfém&h@ﬁsam eristic
of the pancreatic endoderm | |neag§ i n nmedi um suppl enented with FG-7, Noggin

and Cycl opashsereed foigwing Mickedditinn phi tkd anhilpitog hid a WGEHD erethesrinkibitor i deginet i noi c
d (0.1 f NGN3
aci d ( [' B%tac&ﬁlhﬁ)f&%% sf ngﬁﬁ&%ﬂéf%iﬁegglg 'iejlgtgmgd(Whﬂl@ﬁ{g?n 0

and continu regul ation pane

Tr eat nent BIeaaﬂndf ﬂﬁ)resa‘hleoﬂ Byel, N X ek praass aniNIOPTR NONSmwas] sinsttar i n cel | s
treated with a high dose (2[iM of retinoic acid (Figure 5, panel a,
Treatment 4 respectively). These datg., ﬁﬂ’g‘?§8t that the addition of Al k5
inhibitor Il is sufficient to induce t ormation of pancreatic endocrine

progenitor cells, when cells expressing markers characteristic of the
pancreatic entibdbternaty Methgd ferr the Divegt Rilfeygntiatimepi/iiumap dimbrapric 881 opani ne-

KAAD. See Figure 5, pan% %&tﬁ%mp’rﬁéﬁtﬁi&%m FQ{%\B was observed in

cells treated with a | ow ose retinoic acl in the absence of
Al k5 inhibitor Il gFI gure 5, panel a, Treatnent 1). The pancreatic

endd@iHe cBEhif examyp erﬁteawbgﬁratqﬁ en alisyasive ﬁ@ﬁpﬁéﬁtdlﬁﬁ%ﬂéla@éﬁm@rﬁnwnﬂor m
insulin ex ps&&ﬁ éél@% ﬁﬁﬂc{fﬁ tid é}ld&rhlre%recuct%grs 'ﬁ'slﬁg & 5OnhiBRRE! (aR innAISF & 1‘?15 BEEHQB

expr essi ng cel fornmed expressed I nsulin | owi ng treatnent wt
(high gl uco@ea)reeeptd%fmlm(tpgmhqrM@t@@dow@ﬁee oﬁerictmnwg/remnomo@@pwmplelrepnw ALK5

i nhi bit I A f O f P t
endocr e prielPeS Y P8 pRATRLfrd upoihl LR BT o1 ¢ ot om cel |

line HL at assagLfeSs 45 were cultured on MATRI GEL-coated plates (1:30
di | u0iei) ﬁla ofihehamem etnbiy enic pamsclb dinet éatnassageidordrhelpredour sor cel |'s

using the f Ll*gd‘t activin A
+20 ng/ m - EE§8&9§ I%%Qé 031&985% one gﬂtla%ﬁ%?ﬁ%n r%gp%ﬂraggrgﬁnent W th
RPM nedi a BFGQ%OBMSHSlm@ﬂlerng(rwmamptowln A+ 8 ng/m of bFGF for an
additional tw days (Stage 1), then b. DVEM F12 + 2% BSA + 50 ng/m FG-7

for three dayg (@hﬁﬂﬁe&&m s &n&ﬂe&&ﬁ{\&ﬂ&t& %quéﬁgitﬂ &c{i)vﬁ?,l _PTus% ng/
FGF7 + 0.251.1 M Cycl opam ne Reti noi ¢ aci d 100 ng/m of

Noggi n for four ngaylsWiNStlagelusy ng/tnlh eﬁaFGF for one day followed by treatment with
RPMI media supplemented with 2% BSA and 100 ng/ml activin A plus 8 ng/ml of

bFGF for an additional two days (Stage 1), then
b. DMEM/F12 + 2% BSA + 50 ng/ml FGF7 for three days (Stage 2), then

c. DMEM (high glucose) + 1% B27 (Invitrogen, CA) + 50 ng/ml FGF7 + 0.25 uM
Cyclopamine- KAAD + 0.1 puM Retinoic acid (RA)+100 ng/ml Noggin for four
days (Treatmentl, Stage 3), or

d. DMEM (high glucose) + 1% B27 (Invitrogen, CA) + 50 ng/ml FGF7 + 0.25 uM
Cyclopamine- KAAD + 0.1 uM Retinoic acid (RA) + 1 uM AIkS inhibitor +
Noggin 100ng/ml for four days (Treatment 2, Stage 3), or

¢. DMEM (high glucose) + 1% B27 (Invitrogen, CA) + 50 ng/ml FGF7 + 0.25 uM
Cyclopamine- KAAD + 1 uM AIKS inhibitor + 100 ng/ml Noggin for four days
(Treatment 3, Stage 3), or
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d. DVEM Hi gh glucose + 1% B27 + 100 ng/m Noggin + 11.1M ALKS5 inhibitor 11
for three days (Stage 4). [0164] The above nethod (nethod 1) of culturing
t he cel | swonrouvtiiamowas used for the transpl antations i nPamiusad10Mes98, 11,
14, 17, 20 and 23. See Figure 6. [0165]An alternate differentiation
protocol was also tested, wherein cells of the human enbryonic stem cell
line HL at passages 45 were cultured on MATRI GEL-coated plates (1:30

dilution), an i [ Lnb : ' | G cells
usi ng the fol I'o&q\%ﬂr/{gﬁ%@o%(ﬂg?%?g)an @%ﬁ@%ﬁ%&r}iﬁgwg@%@ﬁgg?ng/fzfjﬂ%\gcti vin A

+20 ng/ M VNT- 3&yeloBamgenKASD -HFEM RamowreiddB ) d0dngind dNdgyintfpe@atiment wi t h

RPM nedia + 2% BSA(T+ 00 Qg%tm 3ﬁcthi vin A+ 8 ng/m of bFGF for an

addi tional two daysTrEmBge* e dA Y. DVEM F12 + 2% BSA + 50 ng/m FGF7
for three days (Stage 2), then c. DVEM hi gh-glucose)+ 1% B27 + 50 ng/ m
FGF7 + 0. 251. gMIMEMojhiaghigheKAAD 19 B17 (IisMrEeh) G8) € 1eigin{ Régginr+1Q0 ng/ M of

Noggi n+Al k5 inhihitor |l 1. or four days (stage 3), then d. DVEM

( hi gh- gl ucose) ﬁb%%/%oﬁbl!?ltgrr%é%orﬁ&%ﬁflayf\l@ﬁeﬁ‘lAl k5 inhibitor Il 11.1Mfor three
days (stage 4). [0166]Cells at the end of stage four were nechanically
scor[@tol)si nQulaurcs-wire gingpdsl ip dygeictte oaday 3 aililsdagBerittaye 4 vidifrentiagidn,tand

non- adher ent B’l s for .culture overnL%ht . Th res]g(hﬁant aggregates were
col l ected, %f Z‘%@F BRATHED OUBRE ST Y B PERECRTTS britcel |'s were

transpl anted into the kidney capsule of an imruno-conpromn sed m ce
(SCipiey) nasmentkificsllsmepilesihg mekdre dha2icteniticefl thapanogatiduadedrindineagevi t ro was

ueeq o0 (g LOANSRL AN 8 PU5BEBh, AE B IR RRE, R TIRESY v

al so t est ed aheitebifhe€ Riw dosOfctihbie adltl (®NM) or no exogenous retinoic acid, induced
the expression of NGN3 and continued up regulation of PDX1 and NKX6.1 (Figure 5,
panel a, Treatment 3 and 4). The level of expression of NGN3 was similar in cells treated
with a high dose (2uM) of retinoic acid (Figure 5, panel a, Treatment 4 respectively).
These data suggest that the addition of AlkS inhibitor II is sufficient to induce the
formation of pancreatic endocrine progenitor cells, when cells expressing markers
characteristic of the pancreatic endoderm lineage are treated with FGF7, Noggin and
Cyclopamine- KAAD. See Figure 5, panel a, where no expression of NGN3 was
observed in cells treated with a low dose of retinoic acid (0.1uM) in the absence of Alk5
inhibitor I (Figure 5, panel a, Treatment 1). The pancreatic endocrine cells formed by
the above treatment were competent to form insulin expressing cells iz vitro. See Figure
5, panel b, wherein the NGN3 expressing cells formed expressed insulin following
treatment with DMEM (high glucose) + 1% B27 (Invitrogen, CA) + 100 ng/ml Noggin +
1 uM ALKS inhibitor II for eight days.

Example 4
In Vivo Maturation of Pancreatic Endocrine Precursor Cells.

[0163] Cells of the human embryonic stem cell line H1 at passages 45 were cultured on
MATRIGEL-coated plates (1:30 dilution), and differentiated into pancreatic endocrine

precursor cells using the following protocol:
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enbryonic stemcell line HL at passages 45 were cultured on MATRI GEL- coat ed
plates (1:30 dilution), and differentiated into pancreatic endocrine

precur sorwoebliwiu®ong the foll ow ng protocol: a. RPM medirarseeiaSseB9A + 100
ng/m activin A +20 ng/m VWNT-3a + 8 ng/m of bFG- for one day foll owed by
treatment with RPM nedia + 2% BSA + 100 ng/m activin A+ 8 ng/m of bFGF
for an additional two days (Stage 1), then b. DMEMF12 + 2% BSA + 50 ng/m
FG-7 for threg d@mrﬁ§ﬁﬁge22%BsAh%oqlg/nQvakwﬁAngzaﬁgm@wNm;@@nymr days in
DMEM hi gh- gl ucose{)+ 1% B27 + 50 ng/ FGF7 + 0. cl opam ne- KAAD +
0.1 u..M Retinoi% EGF@T(ORNMY@EWW/%W@NN&@&PW/@Q@@ %.Hﬁﬁtbﬂoq iiou..M
(stage 3), then hmQUeh GV 90c/eh UPOIRED ror MERIidAI it 04 sHBYS), (hage 4)
[0168] Cel | s at the end of stage four were nechanically scored using a 1-m
gl ass pipette and subsequent IS\é/ﬁntransferred to non-adherent plates for

cul ture over nPgfiM W@%*e%ﬁlﬁ T o4pgme§at esorwpedays($etrddhcand aggr egat es,

containing 5 to 8 mllion cells were transplanted into the kidney capsul e
of an i mmuno- gomNeN-BRM JMce& « BFIE BXo dRHISEs F7Th0§5FM ORAfaimichod 3) of
culturing the cells invitro was used for the trans ntatlons in Ani mal

Nos. 294, 295, ZQ‘SADEQZNMS@ém@pgudéR@)+[101)1®1]nb@f1‘é@ggeﬂrﬁqafoer dyk fagerdi at i on
prot ocol was al tested wherein cells of the human enbryonic stem cell
line HL at passages 45 were cultured on MATRI GEL-coated plates (1:30
dilution), and differentiated into pancreatic endocrine precursor cells
using the fol HO\DMEMpH@lcghmbse 1al % RRNH 1986 digtnthNei2z&onBSALM A0S mdibmtor Bct i vin A
+20 ng/ M WNT- 3 ra%@gg of \bFG- for one day followed by treatnment with
RPM nedia + 2%%@3{63 L ‘7@1 activin A+ 8 ng/m of bFG- for an

addi tional two days (Stage 1) then b. DVEM F12 + 2% BSA + 50 ng/m FG-7
for [Ohede d“él;esaboﬁtlaqho@()meﬂtokielmoﬁcultﬁhhgthe'r:cril;; it Weroofeals lusedfforthé our days in

DVEM hi gh- Iuc + 1% B27 N 5 / Cycl opam ne- KAAD +
0.1 1..EM R&THS oﬁ%:tloé%l d‘g%lﬁ& Oxlgg 3?d?\]g g| n inhibitor Il 1

1.. EM (stage 3), then d. DMEM ( hi gh- gI ucose) +19827+ 100 ng/ m of
Nogdi0heSN k 5AR alkeripite differentiation proiidol was dtorteteddaereinstlhgd tif) human

embryonic stem cell line H1 at passages 45 were cultured on MATRIGEL-coated plates
(1:30 dilution), and differentiated into pancreatic endocrine precursor cells using the

following protocol:

a. RPMI medium + 2% BSA + 100 ng/ml activin A + 20 ng/ml WNT-3a + 8 ng/ml
of bFGF for one day followed by treatment with RPMI media + 2% BSA + 100
ng/ml activin A + 8 ng/ml of bFGF for an additional two days (Stage 1), then

b. DMEM/F12 + 2% BSA + 50 ng/ml FGF7 for three days (Stage 2), then

c. DMEM(high-glucose)t+ 1% B27 + 50 ng/ml FGF7 + 0.25 uM Cyclopamine-
KAAD + 2 uM Retinoic acid (RA) + 100 ng/ml of Noggin+AlkS inhibitor IT 1
uM for four days (stage 3), then

d. DMEM (high-glucose) + 1% B27 +100 ng/ml Noggint+Alk5 inhibitor IT 1 uM for
three days (stage 4).

[0166] Cells at the end of stage four were mechanically scored using a 1-ml glass pipette and
subsequently transferred to non-adherent plates for culture overnight. The resultant

aggregates were collected, and aggregates, containing 5 to 8 million cells were
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[0170] Cell s at the end of stage four were nechanically scored using a 1-m
gl ass pipette and subsequently transferred to non-adherent plates for

cul ture owernighi3ooThe resul tant aggregates were col | ecPeu/usand/oazyge egat es,
containing 5 to 8 mllion cells were transplanted into the kidney capsul e
of an i mmuno-conprom sed mce (SCl D/ Bg) nouse. This nmethod (nethod 4) of
culturing the cells in vitro was used for the transplantations in Aninal

Nos. 336, 338spldf in®ARe kidfkd: capfife Flad WaBiuo- ccnafs}sme@mﬁ@%@nda%édsé\n

alternate differentiation protocol was also tested, wherein cells of the
human enbr yBHs medpdfmeskad 2)(of pdtuping dic cplisss aiwsvassisgbiorthe (resplaaitions in

VATR! GEL- coafifel RbasER{clir30s it utdamlay@naflh{ { ugnt  ated into pancreatic

endocrine precursor cells using t | owi ng protocol: a. RPM nedium +2%
BSA + 100 ng/ml activin A +20 ng/m WNT-3a + 8 ng/m of bFGF for one day
fol |8 byAn ﬁ@l@%@eﬁffewﬂqﬁwmmw%wwsp teggdpmherginpglls fghefumgdt i vin A + 8

ng/ m of bRGh{&fic %@Qﬂhﬂe‘}@ﬂﬁ a§s‘é}§bsq§)6a%re(c§ﬁt%§ oﬁMATI@l@ELbcoa%Mé: 12 + 2%
BSA + 50 ng/m "~ FG-7 for reeé) Stage 2), then c. Culturing the cells

for four da@s%oudniuml\w(nﬁudgffﬁrgmlef@@gég panyrﬁ@wdwsﬁ prageiPr qelbrgsing the 25 1. . EM

Cycl opam nefol_%éﬁg Fﬁb P ng/m of Noggi n+Al kS inhibitor Il 1 1..EM (stage
3), then d I gh- gI ucose) +19827+100 ng/ m Noggi n+Al k5 i nh| bitor 11

(stage 4). [0172 CeI | s at the end of stage four were nechani cal_ng/y scored
using a 1-m gl &Mpngiym g %ﬂasédb@@qlﬁ@ﬁtawwﬂﬁah%qw%w}i%%bﬁ @ter ent

plates for cul t%SFGF?&%QH&}/‘foT&glegy%Waﬁ%Ewﬁgﬂﬁ)%%egﬁW%S(Aolll&f:t ed, and

aggregates, containing 5 n cells were transplanted into the
ki dney capsul e oi/malrcityiminod ogmbrbbli e tr ai edlit{@d tHoBgYs (Ftags &), theThi s met hod
(method 5) of culturing the cells in vitro was used for the

transpl antat i anl)Mﬁl\mzmai%m+§§§g/§§?G§$9or%ge 3 (sk®)fhgure 10, panels

a and b. [0173]Five to six- vveeko mal e sci d-bel ge mtce
(C, B-1gh-1bpobnsTacjw, eicl Y N7)
c. Culturing the cells for four days in DMEM(high-glucose)+ 1% B27 + 50 ng/ml
FGF7 + 0.25 uM Cyclopamine- KAAD + 0.1 uM Retinoic acid (RA) + 100 ng/ml

of Noggin+AlkS inhibitor I 1 uM (stage 3), then
d. DMEM (high-glucose) +1%B27 for three days (stage 4).

[0168] Cells at the end of stage four were mechanically scored using a 1-ml glass pipette and
subsequently transferred to non-adherent plates for culture overnight. The resultant
aggregates were collected, and aggregates, containing 5 to 8 million cells were
transplanted into the kidney capsule of an immuno-compromised mice (SCID/Bg) mouse.
This method (method 3) of culturing the cells in vitro was used for the transplantations in

Animal Nos. 294, 295, 296, 297. See Figure 8.

[0169] An alternate differentiation protocol was also tested, wherein cells of the human
embryonic stem cell line H1 at passages 45 were cultured on MATRIGEL-coated plates
(1:30 dilution), and differentiated into pancreatic endocrine precursor cells using the

following protocol:

a. RPMI medium + 2% BSA + 100 ng/ml activin A + 20 ng/ml WNT-3a + 8 ng/ml
of bFGF for one day followed by treatment with RPMI media + 2% BSA + 100
ng/ml activin A + 8 ng/ml of bFGF for an additional two days (Stage 1), then
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wer e purchased from Taconic Farns. M ce were housed in mcroisolator cages
with free access to sterilized food and water. In preparation for surgery,
m ce wer ewpdentdiijoed by ear tagging and their body wei girCTrasas0nezso@and
their bl ood glucose determ ne by a hand held gl uconeter (One Touch,
LifeScan). [0174] M ce were anesthetized with a m xture of isolflurane and
oxygen and the surgical site was shaved with snmall animal clippers. Mce

were dosed wiph MEMM@M&%W@Q%@H@P%@%QM% a/aypgﬁa pgrddd vely. The

surgical site was prepared with successive washes o % 1 sopropyl al cohol

and 10% povi done;iodide. [0175]Cells at the end of stage four re briefly
treated with Frd/HHries *355@5 fer urffia%mrw&%%@g%rﬁhl%s&mh%iBéam559rg@eﬂred usi ng

a 1-m gl ass pi geifze- @ndl, SUBRRPUGHL X ATRNEfi g1vi RetitoR RNRBAher@Mo/HRI at es

for culture overnight. During the preoperative preparation of the mce, the
cel | s were cent raf Noggd+AkS anhibir M1 iV ¢stadedgehenube and nost of the

super nat ant renoved, |eaving just enough to collect the pellet of cells.
The cel l's wer I o LBl n - A i s pi pette
and the pi pet fe st A B 31 SRR Mo R KB BTN BT
The excess nedi dombsedaspanset). | eavi ng a packed cell preparation for
transplant. [0176] For transplantation, a 24G x3/4" |1.V. catheter was used
to r at Ki sul n ) . Th at heter
was PhOH At aEy e SR R R S b S BTl Ge T

ki dney. ThesuPagudtlpitjpatftresditd pomadhephadetds for cuftuye owertighe. Hhdreafltahthe cat het er
and the 5 mlli on cel | S d%ﬁpegsed fromthe ﬁ%g)ﬁoté e. {.hr o:ﬂ h the catheter
under the KIS§IF&YCLEPS GPE KAt q&EeFeH SucPE V SPAIOBETEYEE the ki dney.
The ki dney wapsultel inasthskidhgapduldofan linwuheoparanise@mica USEIyBgndodsbe ki dney
was returned.its original, anatom cal sition. In rallel, cell aggregates
Cont ai ni n_ DitrEmpoHT 4 ShERETE el o i Sel Bl Raesrbet g Bosr: b
pi pette ti pAanifkAENGDN3RY, 36@\Bu0 32 e SpuFighasegantk@mmdber aCyte, Inc (Irvine,
CA). The device was seal ed by nedi cal adhesive silicone type A (Dow
Corning, Caf#129109). .after. the | oadin and i nmpl ant ed subcut aneously into
St VB b PR inRistioh Afog P aniiio it WPRsE Yl iR cont i muous
sut ures usi dgbrorfic stérd el lir il dthpassadds A5 Gle@s@ttutatl bh MWIRIGBL-¢daged pMise wer e
dosed with 1.0 ng. kg Metacam subcut aneousl pst-operatively. The nouse
was r eaneo(llf386WJr“tl?1’8’ a&ﬁé@f%@gﬁfag ampaélﬁea%%@%mﬁ@rq09r89re°<98w1¥g the

[ 0177] Fol | omiipgink hasel:ant ati on, mce were wei ghed once per week and bl ood
gl ucose neasured twice a week. At various intervals follow ng

transpl antation, mce were d i th / kg gl ucose bl.ood drawn via
the retro-orbftaf 'rﬁffé\‘ﬁ%é %{?ﬁggéﬁ%ﬂgﬁl&}%ﬁ%\gn%hg‘b%%ms ﬁ?\@g??ﬁﬁ “ﬁ&’i‘lo

m crof uge tubes EePGRIfGHNGdR BIENE BIERHhenolvith RP&ITinkbdiaFhe. Hseod 10@ms
centrifuged and the pl as | aced into a second m crofsg(ge tube and frozen

ma

on dry ice and t8&W agtlwéwgflg/néeﬁoﬁ.ﬁﬁ for ampddatipngl tyederdetege dhiheiias
performed. Human c-peptide | evels were determ ned using the Mercodi a/ ALPCO
Di agnoti cs U br amaBsi/E i2ve2% 8320t 56leg/blL FEAT (ealiredNtuys BladePHukEO0L, Al pco

Di agnostics, NH) according to the manufacturer's instructions. [0178] Hurman

C- peptide was d cted.in i mal seru r as 4 ter

Cr Anopl ant at 6 Gdirbr B BB PR R R ol 2 b, ¢ he
ani mal s were fasta@d f @5 gbaufcichamal- RAAD -af Eig/whb o gginblAveTinEiBRg 18
(pre-glucose) was withdrawn retro-orbitally. Each aninal then received an
i ntraperitoneal litlyléttdecn thisse of about 3g/ kg of glucose in 30% dextrose
sol ution, and bl ood was w thdrawn at about 60 m nutes post glucose
infusion. Thegs @MW%hsﬁl%ﬁé}t@%szWpfmtr%ﬁnlt}ll@%gﬁﬁ@ﬂﬂ ifhibMrAt@Rge 4).
centrifugation in mcro-containers. The ELI SA anal ysis was per]gormed on
duplicated 25 pi of serumusing an ultra-sensitive human specific C peptide
ELI SRRl at selehire k! olgtreeP Rt EgnSChalicitls Searet i d 8l eipyPipeiRandiet ect i on

of human C pepyLdelyiRNGRIes nd@thckRBplhibdfos 8AREE bRMidE. R icvigdnd rom t he
grafted cells. [01%9] Low serum | evel s of human C peIo ide (less than 0.5

ng/ m) wer eAZGELET Wefc pﬁllqc@gp@ﬁ§ggrpgﬁtes, containing 5 to 8 mil

transplanted into the kidney capsule of an immuno-compromised mice (SCID/Bg) mouse.

ion cells were
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gl ucose stinulation in all animals that received grafts containing
pancreati c endocrine precursor cells, 60 days after transpl antati on.

Bet ween twio 20no/tin3vee nont hs post-transpl antati on, gl ucogeTaiseemoioazsed hurman
serum | evel increased rapidly in those animals (Figures 6 to 10). In
general, those animals receiving cell cluster grafts also responded to
glucose (Figures 7 panel b, 9 panel b and 10 panel b). [0180]Hi stol ogi cal
exam nat i onTi9f mghad Erﬁetﬁ@rs\é et aeriat t}fé'cfalflsezk @ﬁ% WdsMBe PR} sraﬁs%%h@&; ih he
presence of human cells under the m ce dney capsul e (as detected using
human nucl eArimghpgéss. %3t7a33ﬁl3ﬂ§§343 §£€éFlﬁgugqj¥eraf!Fls 4aEAdl s a and b. Cells
transpl anted under the kidney capsul e were observed to form duct-1i ke
strugimmies ik RaiNRENSol@ R scidRi@ntiad ron.igSeechgier- k< pamelna. The
number of the duct-like structures increased with time. Mst of the

duct - | | ke sveraerghased BomtTarmedr imghMicvershgredpyaicrapglaor geect mith fice 11,

panel TRES&s BHIGERLFrbiRd M&@r Hﬁﬁﬁbﬁ%dncfoﬁﬁﬁ 'n'ﬂ@e RELGILERL el | s vere
capable of differentiati ng further in vivo. [0181]Si nce PDX1l expression in

ducts is ingbreang amcbtﬂlelgb@cb'wglnglepw@ewﬂﬁmr%mﬂmlwpﬁ%cbsermh@tbyw@m ual |y

formthe en&?&élhﬁ g@ﬁmchtL fsEanexpression of PDX1 with either insulin
or glucagon in"the grafts was eter% ned I nsulin and gl ucagon expressing

cells were observed in grafts as early as three weeks post-transpl ant
( Fi gt ®112 Migarere apsthaiized wish 2 engaierdl el fhismgepdipxyesbsishe figeied sitsWeter e

formed whengthe FRhh it BALAL O8O diNEdibhadb HipiHEe. A

signi ficant nunber insulin positive cells were In the graft
around 10- v@éwtanemlmmmperawm e stuigesal sits wap preparsd Wntheucv@eslsilvs waxds essed

PDX1 and NKgg@ 1@«5&%‘% glc&i%larﬁ@fbe) %Q)i%nlh&ﬁf% data correlate with the
d t

C- pepti de expre55|o ate reporte ove 20 weeks, the nunber of
insulin positive cells |ncreased significantly, such that si gni ficant
nunbl8tSlof Gillgt &e eed vistags fuspreexis ésrgfitwg\’vltmémgfmﬂ digerse fefdiveanimges n t he

ft. Most 2 I
O Nioxo, 1 PR Y REF I %] B P SRSt e M Fort 2 P
NKX6. 1 haveadberent plagdiot @dtuteawbmghe nigfring thé pl‘c@petahere nebIeEmartle i,
gl ucose- st | gl ak il AR iFL £358 8L TRLNLE RERB. SF e AA71 1 1 2

n exp at were

separate co I's re el ved

differenti altemdvctdoleahnag ﬂmlenoﬁg}stb agl&ef tha pelion oRIVEM HikZcllaweo lcdlilecg:dtimotahe

nmet hods desgr.i.b d i\ Exampl e 1. .human. C- pe e was n the

ser um of _arGHR PoHD hat SR i OB T AL PRI RGN Pee rront hs
post transpelintoakitiomy ghavity el exP&Rnedd wanispaitsleadhempkedceiinal ysi s di d
not reveal the expression of insulin, PDX1 or NKX6.1l. However, a

si gni fi cantPSREEAIION [T A % gon positive cells were observed in the graft
three nonth after transplantation. Exanple 5 Hi stol ogi cal Exam nation of

G af[0876] [ Ollﬁﬁ]tﬂah@)ﬂantaﬂg]il,w468«3am Watdtlerer ofas geedfid genb@aty éstkithe§ caprulani mal s

;i;ﬁ;?’;ng t “ggl%%}eﬁ %%@‘é‘%&%ﬁ&%@%gﬁ%ggss&gnnhvance uncFer ﬂle ﬁ(cc{nleyp ce%sﬁlg tdp revious

the distal pole of the kidney. The Pos-D pipette tip was placed firmly in the hub of the

catheter and the 5 million cells dispensed from the pipette through the catheter under the

kidney capsule and delivered to the distal pole of the kidney. The kidney capsule was

sealed with a low temperature cautery and the kidney was returned its original anatomical

position. In parallel, cell aggregates containing 5 million cells were loaded into the 50-ul

device using Post-D pipette tip. The 50-ul devices were purchased from TheraCyte, Inc

(Irvine, CA). The device was sealed by medical adhesive silicone type A (Dow Corning,
Cat#129109) after the loading, and implanted subcutaneously into SICD/Bg mice (animal

Nos.3 and 4). The muscle was closed with continuous sutures using 5-0 vicryl and the

skin closed with wound clips. Mice were dosed with 1.0 mg.kg Metacam subcutaneously
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[0184] The grafts fromthe animals treated in the previous exanple, were

di ssected fromthe animals and washed with PBS-/- (not containing My++ and
Ca++, | nwonogen)3ow ce, and then transferred to 4% par aCorusadidainsde/ PBS
and fixed for about 2-3 hours at 4C, and the PBS (-) was changed after 1
hour. The grafts were then equilibrated in 30% sucrose/ PBS (-) overnight at
4C and nounted into OCT conpound (SAKURA, #4583) and frozen with dry ice.

The graft tissReMNEYE TR molsetvis 1ndVcd HoM (RS RES 4iaNGwal ®rMRst at, and
sections were stored at -80C. [0185] For analysis, the frozen sections were

al l onwed to *#&® to roomtenperature, and once thawed the sections were
washed with PBS 2 tinmes, in Shandon slide cassettes. The tissue sections

wer e[OP’ﬁf] maﬂ!ll'obvlr%drawsﬁlihtz{?ﬁ§+rﬁrc5 %E;ErWél%{éd BndeQfer ROKEnABIRE olc®el Owed by a 2nid

PBS wash. The sections were then incubated with a bl ocking solution
cont ai ni ng MBI EKERA Wetk i PRBOUSTHENVAK el oV ingeiraaspIpiDa: BEFePsFe 4t 1 hour

at room t enpgyf ?Eﬁ}kfg @lucdd28p BhPBISL NG %8 Hlth ORYRFHita EITRNSH nAN@Ys t*BMox%né’aS hes
with 2nml PBS. The sections were I ncubated again in the Shandon slrd

cassettes o%leqond grctien intpanigiafipgettphes pentaraing a amell poens of happiig thwéql@ddu | ut ed

in 4% chi Ck&r‘ cefri d%ﬁﬁ@k@?ﬁlgﬁg%&{ﬁ%é&ﬂd %ér@fu%ﬁb@&ﬂd%z)én &?H#Pr%ed' es the

sides were t en wa ree tinmes. e sections e again
i ncubat ed i adttina sShahd e30)°€luntdiehuoas sgicpiR: aatay vee peitfempér Bimarec-pertide t he

i at d t bod 4‘V f bout
P o b e e AR R e DR DRERREN PlocbidsSr 200!

they were remswedafNasoidrRrHEhantps] DidgnsassEH) eorint towient ed with

Vect ashi el d C%Et ai nj ng DAPI . Additional antibodies to other markers typical
of pancr eat PEWASIHYYHEYUEi ng cel I's were anal yzed including transcription
factors PDX1. See Table 2 below. Table 2: Antibodies to pancreatic hornones
and [01z8)scriphand-pbtilk ovas ddadttdiadyinkdd sdrulad edriyen 4Rveokd der tramplahtationRabbi t

and increased over time. By the end of three months, the animals were fasted for about
15-20 hrs, after which a blood sample (pre-glucose) was withdrawn retro-orbitally. Each
animal then received an intraperitoneal injection dose of about 3g/kg of glucose in 30%
dextrose solution, and blood was withdrawn at about 60 minutes post glucose infusion.
The serum was separated from the blood cells through centrifugation in micro-containers.
The ELISA analysis was performed on duplicated 25 pl of serum using an ultra-sensitive
human specific C-peptide ELISA plates (Cat No. 80-CPTHU-EO1, Alpco Diagnostics,
NH). The detection of human C-peptide indicates that insulin secretion is derived from

the grafted cells.

[0179] Low serum levels of human C-peptide (less than 0.5 ng/ml) were detected in response to
glucose stimulation in all animals that received grafts containing pancreatic endocrine
precursor cells, 60 days after transplantation. Between two to three months post-
transplantation, glucose-stimulated human serum level increased rapidly in those animals
(Figures 6 to 10). In general, those animals receiving cell cluster grafts also responded to

glucose (Figures 7 panel b, 9 panel b and 10 panel b).

[0180] Histological examination of grafts harvested at different time points revealed the presence
of human cells under the mice kidney capsule (as detected using human nuclear antigen
staining). See Figure 11, panels a and b. Cells transplanted under the kidney capsule

were observed to form duct-like structures three weeks after implantation. See Figure 11,
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1: 100 Cell Signaling PDX1 Goat 1:100 Santa Cruz WO
2011/ 011300PCT/ US2010/ 042390 d ucagon Muse 1:100 Sigma CK19 Muse 1:100
WO 2011/011300 PCT/US2010/042390

panel a. The number of the duct-like structures increased with time. Most of the duct-
like structures contained high levels of PDX1 and CK19 (Figure 11, panel b). This
suggests that the pancreatic endocrine precursor cells were capable of differentiating

further in vivo.

[0181] Since PDX1 expression in ducts is important for specifying progenitor populations that
eventually form the endocrine pancreas, the co-expression of PDX1 with either insulin or
glucagon in the grafts was determined. Insulin and glucagon expressing cells were
observed in grafts as early as three weeks post-transplant (Figure 12, panel a). Most of
endocrine hormonal expressing cells were formed when the PDX1 cells migrated out of
the duct structure. A significant number of insulin positive cells were detected in the
graft around 10-week time point; most of the insulin positive cells expressed PDX1 and
NKX6.1 (Figure 12, panel b). These data correlate with the C-peptide expression date
reported above. At 20 weeks, the number of insulin positive cells increased significantly,
such that significant numbers of single cells, solely expressing insulin were detected in
the graft. Most insulin expressing cells also expressed PDX1 (Figure 12, panel c),
NKX6.1 (Figure 12, panel b), and NEUROD (Figure 12, panel ¢). PDX1 and NKX6.1
have been reported to be beneficial to the maintenance of glucose-stimulated insulin

release of mature beta cells.

[0182] In a separate control experiment, animals received cells that were differentiated to the end
of stage four in DMEM/F12, according to the methods described in Example 1. No
human C-peptide was observed in the serum of any of the animals that received the cells,
for up to three months post transplantation. Further, PCR and immunohistochemistry
analysis did not reveal the expression of insulin, PDX1 or NKX6.1. However, a
significant amount of glucagon positive cells were observed in the graft three month after

transplantation.
Example 5
Histological Examination of Grafts.

[0183] Histological examination of grafts harvested from animals receiving transplants were

preformed substantially as described in previous example.
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Dako

[0187] Publ i cations cited throughout this docunment are hereby

I ncorporated by reference in their entirety. Al though the various aspects
of the inwenpilenidvave been illustrated above by refereneeTius2evansbes and

preferred enbodi nents,

it will be appreciated that the scope of the

i nvention is defined not by the foregoing description but by the foll ow ng

clains properly construed under

rrerwaftsqronh 2B tRhRath Gk PEOREs é;@mfoles wefd @Recdl Hokh thRY
transplantlng a

[b184)

ani mal .

[0185]

[0186]

principles of patent law. What

ul ation of pancreatic endocrine precursor cells
animals an washed with PBS-/- (not containing Mg++ and Ca++, Invitrogen) twice, and

then transferred to 4% paraformaldehyde/PBS and fixed for about 2-3 hours at 4°C, and
the PBS (-) was changed after 1 hour. The grafts were then equilibrated in 30%
sucrose/PBS (-) overnight at 4°C and mounted into OCT compound (SAKURA, #4583)
and frozen with dry ice. The graft tissues were cut into 10 micron sections using a

cryostat, and sections were stored at —80°C.

For analysis, the frozen sections were allowed to thaw to room temperature, and once
thawed the sections were washed with PBS 2 times, in Shandon slide cassettes. The
tissue sections were permeabilized with PBS+0.5% Triton-X for 20 minutes, followed by

a 2ml PBS wash. The sections were then incubated with a blocking solution containing

4% chicken serum/PBS. The slides were incubated for about 1 hour at room temperature.

The blocking solution was removed away by 3 washes with 2ml PBS. The sections were
incubated again in the Shandon slide cassettes overnight at 4°C with the primary

antibodies, which were diluted in 4% chicken serum.

After incubation with the primary antibodies the sides were then washed with 2ml PBS
three times. The sections were again incubated in the Shandon slide cassettes at room
temperature with the appropriate secondary antibodies, diluted in 4% chicken serum.
After about 30min to one hour, the sections were washed with 2ml PBS 3 times before
they were removed from the Shandon slide cassettes and mounted with Vectashield
containing DAPI. Additional antibodies to other markers typical of pancreatic hormone

secreting cells were analyzed including transcription factors PDX1. See Table 2 below.

Table 2: Antibodies to pancreatic hormones and transcription factors

is clained

into the

Antibody Host Dilution Provider
Insulin Rabbit 1:100 Cell Signaling
PDX1 Goat 1:100 Santa Cruz
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WO 2011/011300 PCT/US2010/042390

Glucagon Mouse 1:100 Sigma

CK19 Mouse 1:100 Dako

Publications cited throughout this document are hereby incorporated by reference in their
entirety. Although the various aspects of the invention have been illustrated above by
reference to examples and preferred embodiments, it will be appreciated that the scope of
the invention is defined not by the foregoing description but by the following claims

properly construed under principles of patent law.
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What is claimed is:

1. A method for lowering blood glucose levels in an animal by transplanting a

population of pancreatic endocrine precursor cells into the animal.

42



