DESCRI PTI ON METHOD OF PRODUCI NG PANCREATI C HORMONE- PRODUCI NG CELLS
Techni cal Field [0001] The present invention relates to a production
~nmet hod of pancreatic hornone-producing cells and a nedi canent conpri sing

t he pancreatic hornone-produci ng cepks~obbtaifgd by the producti on nmethod
and the like. [0002] 10 (Background of the Invention) Pancreas has
endocri ne gl anMETHEERJOEr PReDEEING ) PEAH RIS ET iHPEMGNAnEBOLEXOBE| peLER| | s)
and is an PLgan ]g%hﬂglgn inmportant role by the both cells. Exocrine cells
mai nly play a role of Secreting digestive enzynes such as pancreatic

| i pase, 15[@0¥psin, el astase, pancreatic anylase and the |ike.

Endocrine cells play a role of segretin ancreatic hoinones, and it is
known t Kat gl uca{'@% Rresqidy OG-8 582@?@%&7—‘3 3 Rt 9T ST ods of

secret ed Lﬁ&mm@@ﬁﬁo@aﬁ&d@qg@t est aki AndiSa SRE RS A ompANGreatic d
cells, and 20 pancreatic pol ypeptide (sonetines to be abbreviated as PP in
t he presenths gevidicsdticofermeoneepretegingofePhs ceptaingdh eddwt years, it

has been éfééﬁ%ég&é&ﬁﬂééﬂyaeEEPbEgg;ggg's a stonach-secreted hornone, is

al so secr rom pancr eas. nsulin plays an inmportant role of
pronoting mddixrati on of glucose, protein synthesis, and formation and

storage of neutral fats, | owering blood glucose |evel, and nmaintaining
bl ood giuc -4 Fﬁ%ﬁhfbﬁggﬁgFéPPgn. Pancreatic glucagon plays an

important role, mRNGaN s BeHbERinENgRasdgaleidbBiabaldism)r egl atory
mechani sm as a hypergté;enlc hormone Vi a hepatic gl ycogenol ysis,
gl uconeogeFHERFBELEC t9laMEn d SKeE TnRe Ce S At 03N AL 1 H FX priedyePlayiact ven by

bi ndi ng to; t] p up secretl - variou
o mones. S e aeasonY FAeuPr il the [T eni s he 35 Batir s Bt s a
hor none secrslket edf fscametheccelibesafiveskatgmes tariyexdhgmmndreataspdripe sk

diet, kno as a satiety factor, and.reduces food.ingestion and body wei ght
G e s B A v G PROFEEBCEBotty aas Tk Uid 1 ance body

wei ght gain by regeimed ak10% gaki0B. role of secreting pancreatic
hormones, and it is known that glucagon is secreted from
pancreatic a cells, insulin is secreted from pancreatic P cells,
somatostatin is secreted from pancreatic & cells, and

20 pancreatic polypeptide (sometimes to be abbreviated as PP in
the present specification} is secreted from PP cells. In
recent years, it has been reported that ghrelin, which is a
stomach-secreted hormone, is also secreted from pancreas.
[0003]

25 Insulin plays an important role of promoting utilization
of glucose, protein synthesis, and formaticon and storage of
neutral fats, lowering bloed glucose level, and maintaining
blood glucose at a normal concentration. Pancreatic glucagon
plays an important role, along with insulin, in a sugar

30 metabolism regulatory mechanism, as a hyperglycemic hormone
via hepatic'glycogenolysis, gluconeogenesis action and the
like. Somatostatin expresses an action by binding to a
somatostatin receptor, and suppresses secretion cof various
hormones such as glucagoen, insulin and the like in the

35 pancreas. PP is a hormone secreted from the cells of islets of
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5 [0004] D abetes is a disease devel oped by insufficient insulin and
| oss of the function thereof, and difficult to cure once it is devel oped.
D abetes can be largely classified into two types of type | diabetes

mel litus (il fenendentdisabeteg) ot o QHQWIHHJ@ 4 1o ahef a3 1Rl i b

(non-insulin dependent diabetes) Type |l diabetes nellitus is a
chronic d|lsa;amajeiﬁ@ICbp@@eWmesasdaheéyt‘ﬁemﬂstll@aﬂnm@me@eaom@skp@‘@m ens

inrelati n t lifestyl blts uch ag, besi t ue to overeatin

i nacti vi tgt, it é[}suslazctey fea? éLnfgfes i-abet €8 es WI%{%% ?bso of t'en e\%‘e oﬁfed in
m ddl e- agaﬂaﬂﬁﬂjkﬁfaanﬁxﬁamyloh the diabetes patients are affected with
this type di abetes. Type | diabetes nellitus is a chronic disease

caused By % 4luction of insulin- produci ng cells by autoi mune di seases,

virus infection mngdihe like HQsEQéE’&@%@léf&&eE QFhéHffﬂE%édﬂ‘j%%uQ&nthe
body. As a treatnent nethod that can autonma |ca y control blood glucose

| evel thaﬁﬂﬁbhhnnuou%ﬁymtﬁémgésonnthhéebﬁdya@@ddx@ﬂua@ibdﬁdénﬂﬁnO@@Elents
pancr eas t{NSPLANLALION, O wPANT £LL, |3l Sl fanophantaLl an Lacperlr med

on patlents il ype di a i'S "poSsI o achi eve
25 a nor WH‘lyﬁHSDQif gﬂyigiéOSIe dievelkecbymeh@seusr éahsehin mphﬂdﬁntt ke abetes)
transpl antation techni gue has not_ been sufficiently establjshed, and the

pancredd #Mf paRs eht | LGRS vt TP b 2ispiHdmt SEPsREeRst it&fént .

Moreover, to avaighd MIURE shekest hem1teud, Qéaétchféﬁadﬁﬁléﬂgéé'&@%%lbﬁehake
an 30 |nnunosuppressant for the entire life, and the problens of the risk

of i nf ect ilwh,resiidd agicfee dios 1ogudad ., byhiﬁhuh©@Qm@ﬁeﬁ%ﬁhﬁemﬁu#ﬁIﬂ?ﬂﬁtK@nstlII
remai n. [Q005) Jﬁest le hapPl§ %ggﬁhgstégégﬂ? tdﬁ@t{'@dévéféae&nfﬁgraﬁdype |

di abetes 3 1S a et i ncl udrng teproduci ng an insulin-
produci ng iceddtiidisel, fstm@mstheccelTﬁp@eIivithatmntﬁmalpaMBemB odhdn

transpl anting .t he cell t he hod f the patient ording to this
met hod,25i S 4P P@%lﬁe“ﬁ%&céaefbi %Hgtﬁodﬁn‘gfm?% ‘b%tfﬁb% CP‘la‘lk%tfc?di tion,
since the galishwy edhe paticent wsth ewnscelbs, aifisetmi hod is al so
advantageous in terns of safety, since the problemof rejection can_be

resol ved and t h&yveskd. diedesps mellikpgwhs net ploaenierd kﬂﬁQﬁQNQﬂysed by
i nsul i n-prodycing ¢l 1% iR¢L498-BrBRELAOAGOL 81 £ 15y eNlid At FI:1GR1%s, 2

nmet hod of
virus infection and the like to terminate secretion of insulin

20 in the body. As a treatment method that can automatically
control blood glucose level that continuocusly changes in the
body and reduce bhurden on patients, éancreas transplantation
or pancreatic islet transplantation is performed on patients
with type I diabetes mellitus. While it is possible to achieve

25 a normal blood glucose level by these treatment methods, the
transplantation technique has not been sufficiently
established, and the pancreas and pancreatic islet that can be
transplanted are not sufficient. Moreover, to avoid immune
rejection to a graft, the patients need to take an

30 immunosuppressant for the entire life, and the problems of the
risk of infection, side effects caused by immunosuppressant
and the like still remain.

[0005]
One of the treatment methods tried for type I diabetes

35 mellitus is a method including reproducing an insulin-
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10 differentiating tissue stemcells of the pancreas of a patient, a nethod
of isolating cells derived fromthe pancreatic duct epitheliumof a patient
“out of body and differentiating the same and the like. Specifically, a

rethod of Jadeling gLtiereptiali o, %Ju@aaa)cmataecﬂv%  le3ch @RLNPARDCES, cel |'s
by 15 using activrn and réfinoic acid (RA)Y (patent document 1, non- patent
docunent s akd t4pnsaleethod btheioeutiigaitfHerenty atfi dheopatient.

| - duci. | . | | f h S | | 1- t
) O o PSR TnEl FO ST PP el T oo ame SRR ar ShE et Roman
i PS cel |l s dmemepphentn20 dOCWRIS o, stheed thBet hed1ef aeéf tigd et yentrdici ng

differentiation of insuli n-groduci ng cells, including introducing PDX1,
which i & lmawsetdsShethf Papbrdaht aksmhFaRiasIeTuctior teats| fédspRetle

devel Ppﬁeggn%fe the papsie sofnfi?féé@iaﬁsc%qﬁsaéo'r%sfoqrvehh%ﬂe%ﬁgomgﬁ@t and
function mai nt enance of 1 nsulin-producing cells, into ES cells, and
cultivatirngoowé cells (patent docunent 2), and the like. [0007]

However, since the insuljn-produci cells .obt ai.ned by, these hods show
considerably |o PﬁguT“‘FlﬁhB?gd’g%fi%%Jﬁq ijé}séﬂéﬁl & 8%5%8%?%5 hose of
normal panei@alicCa fekhsd bheddevetopmentief B meiihed ef refthbai eatly

obt ai ni ng insulin-producing cells that can be adopted for ap%pl i cation of
cel | tHRer &9y fegestiipbipgqtiisede Tt Hefhbt €1 ithS PHKTGEd Ho ¥ nEREASREL he

number of aogmiﬁaabb@ ¢ehh 11 Qg 3Pl PStdLAl vd £ VBlom R HO ke b ¢t BRRL Of

di abetes and the like. [Document List] [patent docunents] [patent docunent
1] JP- A- 2@09+t223660h Ppatepttiectnent @] RIBLB-ZEB4EFE <5 <hgdalpagenhe
docunent s] on- pat ent,_doc nt.-1] E. _Kr YPancreatic
endoder m 447 84% Ecg‘% Pﬁg%ﬁn S ercyloufrﬁ‘ﬁ%:éalslt émacle“ieﬂ:glgéeﬁ!grg g%ClE&

gl ucose-r egEERSLWe 1 hRSBhi BrSesRetdNgi € |1y vireg hunbat BsecBi ot eshinol ogy
(2008) Vol . 26, No.4: 443-452 [0 [non-patent docunent 2] K. A D Amour et
al ., "Pfod$diiYoACEE VhENBFEat PRI et ExHes siRTG- B d 6Ga e tettr sPPFOm

ggggnlgg*iﬁ;m@n% Sbeheakhs1"~ Nt us en B e dmalRme i(00R) F¥ekbnt 241 MR- 11
of glucagon-producing cells (o cells) from human ES cells

(non-patent document 8), a method of inducing differentiation
of pancreatic B cells from human iPS cells (non-patent

20 documents 5 - 7), a method of efficiently inducing
differentiation of insulin-producing cells, including
introducing PDX1l, which 1s known to be an important
transcription factor involved in the development of the
pancreas and also responsible for the development and function

25 maintenance of insulin-producing cells, intoc ES cells, and
cultivating the cells (patent document 2}, and the like.
[0007] _

However, since the insulin-producing cells obtained by

these methods show considerably low insulin production

3¢ efficiency as compared to those of normal pancreatic f} cells,
‘the development of a method of efficiently obtaining insulin-
producing cells that can be adopted for application of cell
therapy is still required. Furthermore, it is desired to
increase the number of obtainable cells to a practical level

35 for the treatment of diabetes and the like.
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[ non- patent docunent 3] W Jiang, "In vitro derivation of 15 functi onal

i nsulin-producing cells from human enbryonic stemcells."”, Cell Research
(2007) 17: 333-344 [non-patent docunent 4] J. H Shimet al., "D rected
di fferentigidQmeRft mig%g enbryonic stemcells towards a pancreatic cell
fate.", Diabetologia (2007) 50:1228-1238 20 [non-patent document 5] R
Maehr a et lE@atentGeivsuzensalof pluripotent stemcells frompatients with

type 1 di abetes. - PNAS 4 IJP_lz({')_G20 ). 534G 6115768- 15773 [ non- pat ent

00
docunent 6] MC. [ﬁostro e%éﬁng%t"éfage-spem i'c signaling through TGFbeta
famly nmenbers gpat@NE deguhahes?P5SUpar+eFIM 4GB and pancreati c specification
of human pluripotent stemcells.", Devel opnent (2011), 138: 861-871
[ non- pafentPUEOFHEAE APCAMeREZAnia et al ., "Production of functional

gl ucagon- secr et ipgrabphaneelbs heom Dummn wrkny e Gist empealksaticDi abet es
(2011), 60: 239-247 30 [non-patent docunent 8] T. Thatava et al.,

"| ndol act a&ndgdarm desdivatedrdinf hepant ¢EepT oo HigmrglRs genegattaso

gl ucose-responsi ve lLin-s i ng " ~Ther (201 :

353 203 30 Bmrery 5P oA Py GREL oh S BroR B T4 Ee o8 by FRS“Tavent i on
[ 0008] Biotechnololy qhpeey wblt hecpriseht 4484 on is to provide a
producti on net hod of pancreatigl hor npne- pr oduci n% cell s nore sui table for

W 5
the appli cEBRGEEeFPEREREpy] & mad? At Cort'aini g CHETPRACPLat i ¢
hor none- prduciang ieehbsnepbabRgde Hyi hbeamiQeitiatd Ak i®ee Fadn andaa nethod of

screening for a therapeutic drug for diabetes using the cells. /o Means of
Sol vi ng th@d;&xgﬂygn§tem cells.”, Nature Biotechnology (2006) Vol. 24,

No. 11: 1392-1401
[non-patent document 3] W. Jiang, “In vitro derivation of

15 functional insulin-producing cells from human embryonic stem
cells.”, Cell Research {(2007) 17: 333-344
[non-patent document 41 J. H. Shim et al., “Directed
differentiation of human embryonic stem cells towards a
pancreatic cell fate.”, Diabetologia (2007) 50:1228-1238

20 [non-patent document 5] R. Maehra et al., “Generation of
pluripotent stem cells from patients with type 1 diabetes.”,
PNAS (2009), wvol. 106, No. 37: 15768-15773
[non-patent document 6] MC. Nostro et al., “Stage-specific
signaling through TGFbeta family members and WNT regulates

25 patterning and pancreatic specification of human pluripotent
stem cells.”, Develcpment (2011), 138: Bel-871
[non-patent document 7] A. Rezania et al., “Production of
functional glucagon-secreting alpha-cells from human embryonic
stem cells.”, Diabetes (2011), 60: 239-247

30 [non-patent document 8] T. Thatava et al., “Indolactam V/GLP-
l-mediated differentiation of human iP5 cells into glucose-
respensive insulin-secreting progeny.”, Gene Ther (2011), 18:

283-293
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[ 0009] The present inventors have conducted intensive studies in
vi ew of the above-nentioned problem and found that pancreatic
hor mone- producing cells in a formnore mmcking the 15 pancreat ogenesis

(form nai rﬁuﬁdﬂﬂéﬁ% afhre b?b@ﬁ”ﬁ%oﬂﬁ% siyMcture) can be produced froma
[ he

stemcell, by serially changing ind and conbination of differentiation
i nducers a3 cultivating in a suspension state after formng a cell nass

from endodermal cells, and.the |ik which resulted.in 20 the_conpl.eti on of
moP BRI R E sk ofne T Srel matty Stk AR LRCpEaTRLE. Lon

the present invention.

the fol |l owsrgHudtllorAmehbadoaf pprhedest NG pantseatd odierimmneepneduoirag
cells, conprising subjecting stemcells to the follow ng steps (1) -
25(6) : ° (Y@ thel ePRAEFAGLCR et cefts HirTRRYedidumcEsrearRNg a Rho

ki nase in_fw{édﬂnin <t¥.))e @aﬁE?@a@icCHJ)I*I.hé!ﬁéiﬁ%dﬁ@%ﬁ'deﬁl@@t@ﬁﬁehnb%he
af orenenti one steg(l fn a mediumcontalning a 3 30 inhibitor 3) a
step of culthe vatddngtilee pethsdobaadl nedngphedecafrmeenittiooded step (2) in a

medi um cont.ai_ni_ ng. . GSK3 i nhi,bi tqr _and an_activator_ qof. activin receptor-Iike
ki nase- 4, herap(%tlé: ?1188 6P Tt g%ﬁﬁ?ﬁﬁs a‘eery %a‘:‘ssc QLrloSrh the cells obtained

in 35 the aforenentioned (3), and cultivating the cell mass in a
suspension state in a nedium gS) a step of cultivating the cells obtained
in the &f dtshtqloed vdngp the) PrAPAeHBdi um containing a retinoic acid
receptor agapigt, an inhibitor of AVP-activated protein kinase

The present inventors have conducted intensive studies in
view of the above-mentioned problem, and found that pancreatic
hormone-producing cells in a form more mimicking the

15 pancreatcgenesis (form maintaining a three-dimensional
structure) can be produced from a stem cell, by serially
changing the kind and combination of differentiation inducers
and by cultivating in a suspension state after forming a cell
mass from endodermal cells, and the like, which resulted in

20 the completion of the present inventiocn.

[0010]
Accordingly, the present invention provides the following.
[1] A method of producing pancreatic hormone-producing cells,
. comprising subjecting stem cells to the following steps (1) -

25 (6):

(1) a step of cultivating stem cells in a medium containing a
Rho kinase inhibitor

(2) a step of cultivating the cells obtained in the
aforementioned step (1) in a medium containing a GSK3

30 inhibitor
(3) a step of cultivating the cells obtained in the
aforementioned step (2) in a medium containing GSK3 inhibitor
and an éctivator of activin receptor-like kinase-4,7
(4) a step of forming a cell mass from the cells obtained in

35 the aforementicned (3), and cultivating the cell mass in a
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5 and/or activin receptor-1like kinase-2,3,6, an inhibitor of activin
receptor-|like kinase-4,5,7 and a cell gromh factor (6) a step of
cultivating the ceIIs obtained in the aforenentioned step (5); [2] the

product i org‘_[ggg, Sttla@eaggvg Igggiwgned [1], wherein 10 the activator of
tor- i vi i

activin rec e Ki nase instep (3) is activin; [3] the production
met hod of tHe aabsct\e@ |t1>émcuéneeda[:;11]1gothé[E 24¢1 Wwhergiaindde iRhohki nase i nhi bitor
in step (

(+)-(R)- tr%?%ff“teft&r%“ﬁgeﬁﬁﬁa) (R (A2 py (TR B ARG Br BEXARPYE 451

di hydr ochlyddigiod 4lychhetpr aduchh owi fet hod ZQjP-aibtlwfatbhleP&bQ‘éanﬁﬂh&@@Ed
[1] to [3], wherein the GSK3 inhibitor in steps and (i) 6-

(2)
[[ 2- [ [ 45( 20/ RCsAdpRe A§EFPEOE 41 HEE M1 0ase i i tidzoRn2 1p )l 2t0r or
pyri m di ny. 0] n i&rdl / 2
(2" Z,3rE) %Jt%rm&%olr%g:%%hh?zhgg!eo&?%égp@]5tjheaenpcr@o%guc%{lll r%g;thogag Olémy of
t he above-{fentd ateg [oI] cudnt[th]atlmget}eea ncehles r@dtianoiest 4o dheecept or agoni st
in step (5).1is ret|n0| E t he production nethod of any of the
above- ment? SHET AT P(? FB] erein the inhibitor of AMP-activated
protei n Kiasarangreduatt bii ﬂetﬂ@@péﬁrtﬂzé kb dsttagertd.odel i[N]St @Refdini s
dorsonor phin; [7] the production nmethod of any of the above-nentioned [1]
to [6p, SersitiveReT RAi BREAVIDf raeeP Vi Yo ftidase e 'kiRasEs® 435, 7 in

step (95) i 4dd+1,;3- benzodi oxol-5-y1)-5-(2-
pyridi nyl)-1H1m dazol - 2-yl | - benzani de; [8] the production nethod of any of

t he above-Entthenedodifttion method of the above-mentioned [{1] or [Z2],

wherein the Rho kinase inhibitor in step (1) is (+)-(R)-trans-
4— (l-aminoethyl) -N- (4-pyridyl) cyclohexanecarboxamide

15 dihydrochloride;
[4] the production method of any of the above-mentioned [1] to
[3], wherein the GSK3 inhibitor in steps (2) and (3) is (i) 6-
[[2-[[4-(2,4-dichlorophenyl)-5-(4-methyl-1H-imidazol-2-yl)-2-
pyrimidinyl]amino]ethyl]amino]nicotinconitrile and/or

20 (ii) (2'%,3'E)-6-bromoindirubin-3 -oxime;
[5] the production method of any of the above-mentioned [l} to
[4], wherein the retinoic acid receptor agonist in step (5) is
retinoic acid;
[6] the production method of any of the above-mentioned [1] to

25 [5], wherein the inhibitor of AMP-activated protein kinase
and/or activin receptor-like kinase-2,3,6 in step (5) is
dorsomorphin;
[7] the production method of any of the above-mentioned [1] to
[6], wherein the inhibitor of activin receptor-like kinase-

30 4,5,7 in step (5} is 4-{4-(1,3-benzodioxcl-5-yl)-5-(2-
pyridinyl)-1H-imidazol-2-yl}-benzamide;
[8] the production method of any of the above-mentioned [1] to
[7], wherein the cell growth factor in step (5) is basic
fibroblast growth factor:

35 [2] the production method cf any of the above-mentioned [1] to
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[7], wherein the cell gromh factor in step (5) is basic fibroblast growh
factor; 35 [9] the production nethod of any of the above-nentioned [1] to
[8], wherein the steps (1) - (6) do not substantially use a feeder cell;

[10] the p{ﬂduﬁﬂe?élﬁekﬂ%ds@%gém(l?f)tPQ atﬁ’(?%ﬁ)%ﬂ&%?ﬁl'é&hyygs[%7£

wherein the mediumin steps does not 5 substanti al contain a
serum []ﬂqeddnaqﬂﬂ@ductlon met hod of any of the above- nentloned [1] to
[ 10], wher the stemcel.ls are induced pluri otent sten1 eIIs

col 1 5) e orite TEREEPE Felred PE SR SulR Sl BbEERnEdl L] 10
[12] the produdt,i emeretihodhef maayuef it herahover rYE—nt(Ia:)nQIZI_)e[slhoﬁ:O [11],
wherei n the pancreatic hornone-producing cells are any sel ected fronlthe
group céné?%%ﬁﬁﬁméﬁlﬁﬁsGPPﬁabPoﬂuE?ﬁﬁmcelIs gl ucagon- produci ng cel | s,

somat ost atm]prt@l%ugreaue@hbﬁ n@BAGY e@f | £n POl &/ RERL 'a%%v%%nmeﬂ@ai 19y cell's
and ghrelin- "15 produci ng cel [ 13] a nethod of producing pancreatic

hor none- prigduciodg @@Erglncbhprssemgcshb$e@mangﬂhﬁdﬁhgﬂM&hp@@bhs sbemnhe

fol |l owi ng St ) 4 a stef r m a _ce mass from
endoder mal® Eisgés gg éUI%lva n£ t% éﬁf |ﬁe&ﬂgu58§n I'SA%state in
a nmedi um gﬁﬁd&y@ Stem Qélmthlvatlng the cells obtained in the
aforenentloned step (4') in a nediumcontaining a retinoic acid receptor

agoni st’? dr4lnfis PEPOFEARP-BREROAI®Y FRO1X FhE RRSFearn@rdi oredi Vi h

recept or - ldKg 1Ki na%ﬁe%e%nGth@npéﬂgfgﬁﬁfﬁ ﬁg%ﬁgnéﬁy IoHuR 1M@CeRrY 9%- Li ke
ki nase-4,5,7 and a cell growth factor; [14] a nedi canment "conpri sing

pancreatl@ﬂhbﬁﬁdﬁ@tgﬂoén@mngh@e@r@umﬁﬂqn$mﬁtﬂngtdﬁaqmamiu@tp@ndneuh@d of any
one of the g %Veg;ﬁ%gﬁ?) géfg&‘]m{g%p& 1s 3°sc[n§a5clos AL ?}lro fug?;@ﬁggigg for a

t her apeut ic drig FisTTg ‘Using the Cce y’ any
one or nomansirepsic polypeptide (PP)-producing cells and ghrelin-~

15 producing cells;

[13] a method of producing pancreatic hormone-producing cells,
comprising subjecting endodermal cells to the following steps
(47Y and (57):

{4") a step of forming a cell mass from endodermal cells, and

20 cultivating the cell mass in a suspension state in a medium
(67) a step of cultivating the cells cobtained in the
aforementioned step (4’) in a medium containing a retinoic
acid receptor agonist, an inhibitor of AMP-activated protein
kinase and/or activin receptor-like kinase-2,3,6, an inhibitor

25 of activin receptor-like kinase~4,5,7 and a cell growth
factor;

[14] a medicament comprising pancreatic hormone-producing
cells obtained by the production method of any one of the
above-mentioned [1] to [13];:

30 {15] a method of screening for a therapeutic drug for diabetes,
comprising using the cells obtained by any one or more steps
selected from the group consisting of the following steps (1)
- (6):

{1) a step of cultivating stem cells in a medium containing a

35 Rho kinase inhibitor



selected fromthe group consisting of the follow ng steps (1) - (6): (1)
a step of cultivating stemcells in a nediumcontaining a 35 Rho ki nase
i nhi bitor (2) a step of cultivating the cells obtained in the

af orement i ppe ) j Nt af i GRKB si ki t or (3) a
step of cu%i \c}iatssitt%g} %’#eéélgfcﬁgggg?gﬁlg% %%i%er&%@aajf or erjr“ennn[%h%ned step (2) in
a nmedi um cofit@imEmg o883 sitebki Bill ofnandnami @ctcorataoimigfg a&cGoKi3n

receptor-1j lile. kinase-4,7 (4) a step of formng a cell mass fromthe cells
obt ai ned iRt or enenti oned (3), and cultivating the cell mass in a

suspensi on st & et dmedilivi0if1§) tBe St€D Hfolenl triaatimngHiehe cel l's
obtained in the aforenentioned step (4) in a nmediumcontaining a retinoic
aci d receppiiramgorriionedasterhi(Bi t F df PVPLR GG I8 T8 Gt561°n 1khABEECENd/ or
activin r%qﬁpt Jdik€ Kinase- i 61 2R é&?& Lt Of actdvign or ecept or - i ke
ki nase-4, 5, é—:{r?\l(rjagtcela]lﬁogr owt %C?%tc%rcl)r (?LS 6) a step lg} gul tivating the

cel | s obt aified isterhefafforenent Bonedl sheps (Byom Bftfeecteldfs théalinedntnon

0011] 20A ing to. th ti hod of t t i tion,
pancr bat 1 o OPSHETET SRy (G | S nC &L ¥ OFHy 1t & 19 Heah) g Sengn &

pancr eat ogangsdrs e shetpr edusefefii@m stemcells. In addition, the cells
obtained in one or nore kinds of steps of the aforenentioned step (1) - (6)

can be setPXf & SEPeofi RY1LEVREITE EBPBRhES WS DAT KESpr ophyl axi s
and/ or tregtimnl Qf di.seases qa?f@fl DY aBNOH r@ént&%@%ﬁata! GRALABRC i g

production and/or secretion such as diabetes and the |7 ke. Furthernore,

si nce t he weldpLcof aglmipitesent inhikhtéonof AMberaisiethtfest paeitle inh&iapyef or
the treat@ﬁ&h&%fa%%%gi%i%%%%g%o%ngiﬁge%iﬁggénfﬁglé% an inhibitor of
activin receptor-like kinase-4,5,7 and a cell growth factor
15 (&) a step of cultivating the cells obtained in the

aforementioned step (5).

Effect of the Invention
[0011]

20 According to the production method of the present
invention, pancreatic hormone-producing cells in a form more
mimicking the pancreatogenesis can be produced from stem cells.
In addition, the cells obtained in one or more kinds of steps
of the aforementioned step (1) - (&) can be used for screening

25 for a compound useful for the prophylaxis and/or treatment of
diseases caused by abnormal pancreatic hormone production
and/or secretion such as diabetes and the like. Furthermore,
since the cells of the present invention can be used for cell
therapy for the treatment of such diseases and they maintain a

30 three-dimensional structure, it is more suitable for the
application to cell therapy even when compared to pancreatic
hormone-producing cells obtained according to a conventional

production method.

35 Brief Description of the Drawings
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30 three-dinensional structure, it is nore suitable for the application to
cell therapy even when conpared to pancreatic hornone-producing cells
obt ai ned according to a conventional production nmethod. 35 Brief
Descripticybégzﬂhe Drawi ngs [0012] Fig. 1 shows the results
obtained by 1 nitiating induction of differentiation fromhuman iPS cells by
usi ng various f a&ttoor &, saedsmehsuresglt hecleb@iressilpn iofitdapringi tihdecsioerak 5

mar ker ( Brachy. and an endodermal _nmar ker 0X17) every day for the first
s by e R R a8 ca TSt P s el l e’ penes
are shown fagdalgt iavel wakdasihg the expressien develpramiaikheusekespi ng gene
GAPDH. On day 3 of culture, the expression |evel of Brachyury transiently

/0 i ncr éadexE kaihd Briehewsye s 3ngnal e RPOIPIISOX I trstar 0481y )i RYPEHsEAYon day

4. {-0. h syl t gg%ﬁpél en t al. i : JSi ng an
anti - hurran@%tlhie ?%?}g%ogy,gagg ?#ea%éelﬁgTis obt al nfggj y o ngaéi %Bké@mé‘é

di fferentilaticdrs off hesprctP8ecgehssfare 4shizws amsimglaths vactvialiugsAtandhe

CHI R99021, re- Iatinqth cells _on a]ﬁ96-well é)lat tegwithgib onecti n,
and cul tur‘?%?gtetpsr‘?em@el FYSf 0P T 12 dRGUS TR itieY 77 C%ng%g-p i {i¥e c%fl s were

col ored greenrud,h thlexap488s{SAXidvién shesFGune)y @nGstiketnycl ei of cells
were col ored blue wth Hoechst 33342 (Hoechst in the Figure). 20 In

addi ti 0d, Bstaeases nédd FhGeSXREEES LOMbl PR difd KHowih TZ88EEgeY Most cel | s
vere obseryed 4.0 LXRILESSSPKL7 protein. Fig. 3 shows the results of
SOX17 expression by human i PS cells, which had been cultured in a medium
cont ai ni ng CH R3BQR21 2f shoRsdays, rasdl thenl cutrtwrad wsiesgeadt istaanAngnd 25

OHI R99021, as well _as.activin d_Bl S neasyre quanti.t ati ve RT-PCR
every day.usl:lﬁleq eaf(lpra itsli @HI“FBVEF%’é?gf algte%og e Qslﬂzt\l/%lme gcseq?ie % |t\?eln\§gl %gs to

t he expr esisiditieyelifgkranhodsekeept Ngugen e BARRH. 1 Wreirheér dasisngsChigR99021
or BIO the SOX17 expression increased over tine fromday 4 of culture, 30

and shoviedH-isTiti Parinex pHe8sPBAL pat e+t tHE HhithrDIoTadded Weth only
DMBO, the Q%L LS $i@R #hdrBRECEDE! €89€ culturing the cells for 1

day. The nuclei of SOX17-positive cells were colored green
with Alexa 488 (S0X17 in the Figure}, and the nuclei of cells
were colored blue with Hoechst 33342 (Hoechst in the Figure).
20 In addition, both stained images were combined and shown as
Merge. Most cells were observed to express SOX17 protein.

Fig. 3 shows the results of SCX17 expressicn by human iPS
cells, which had been cultured in a medium containing
CHIR99021 for 2 days, and then cultured using activin A and

25 CHIR99021, as well as activin A and BIO, as measured by
quantitative RT-PCR every day. The expression_levels of gene
are shown as relative values to the expression level of a
housekeeping gene GAPDH. Whether using CHIR2%021 or BIO, the
SOX17 expression increased over time from day 4 of culture,

30 and showed a similar expression pattern. In the control added
with only DMSO, the SOX17 expression did not increase.

Fig. 4 shows the results of the analysis of insulin
expression by the cells obtained by inducing differentiation
cf human iPS cells using activin A and CHIR99021 for 4 days,

35 plating the cells on a 96-well spheroid plate, culturing the
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Fig. 4 shows the results of the analysis of insulin expression by the cells
obt ai ned by inducing differentiation of human i PS cells using activin A and
CHI R99021 for 4 days, 35 plating the cells on a 96-well spheroid plate,

cultur1 1 1 Sl 3 S ot Uk g 1 e T S0 o

| mpr oved nc optio i'um cont ai ni ng added w
dor sonor piNEM Zietd mgitd oac médiS343d6421iaing bFGE2 T kerceafdderd elidhgi ng t he

mediumto an | nproved NMEM Zi ng tign i containing.1% B27, and
further cdtfth NeuFEEHPRYCt ‘élgm ﬁgéfﬂ%%‘ﬁi%@heqﬁef&?é = The
expr essi on-Heuelrsyy aheoere:anetshawnNIasréebatime Maldiepitiont Redexpr essi on

| evel of a housekeepi ng gene GAPDH. The expression of insulin increased
from day 1Pwfaiguinaudé PR 7v hanfAnproveer VM Heouwphy st irediia® £6Scont ai ni ng
1% B27 and.incre er, ti af ay B3 of,gulture. 1 Ekg shows
t he resm:%é%%gtﬁgﬁgﬁgﬁyéps%gg F%gh%?ﬂ'expreség%nsby theeggﬂﬁs ong%§§ 19 of
cul ture, whielsleirl ssweedatbtvai metluby todue negmhidfsrentlicatdlomfol human i PS

|l i 15 activin A R99021 f 4 days, pl.ati th | |
56 wel | JRETUITPEIN SnEurPaPling e CHTCTaP Prady: hart ARPRGERS ool s

for 8 daysrisih a2 10X BahitoRe0fndons oMMy phved Mm@M i710iC paiidn BB43LR42 and
bFGF, or a conbi nation of dorsonorphin, retinoic acid and SB431542, and

t her eaftverc@o-aidling iltg B2d  ardl ABFE9RECHEM T nel ht ¥ on InstfiXurmc 6t ai ni ng 1%
327 (IniSquhéd}éihe Figure). The expression |evels of gene are shown as

rel ative val'ues to the expression | evel of a housekeepi ng gene GAPDH. The
expressi on | evelFigf. iSnshbiws Wwas heghétsonf daye ISnafyscid tafr enppldsi ng a

conmbi nation of 25 dorsonorphin, retinoic,aci ,1§§§31542 and bFGE than _a
conbi nat | GG Sod: DenCoRae 751 Bokct d aher Sgrges Ath Yetig 420
shows t he desilds ofy iiMaMRehhuar Eseenht Shed Oh NGE Sy iaH icd NSUlising
anti body and anti-glucagon anti body, of a frozen section prepared froma
cel | meis F&pheie) @ﬁl_ddgyl_I@W@?lséOEuﬁtﬁ%S of Ptafet keI 11 Ghstldined By 26~
i nducing didfer ér%ti'a%l'ar&et,heuiem%iﬂgneﬁé asiid tdie method of tirdngd. The
insulin-positive cells were colored red with Alexa568 (Insulin in the
Figure), ttle gtaidagdiorpdsidaiyeeusehbsanerebtotoren @ff ersamdrpiiexa 488
(d ucagon in the Figure), g t.he_nyclei..of cells 35 wer.e _col.ored blue with
Hoechst 3334 It%ceca%éde'i r?Bt%Ei Sé?gﬁPé)L%Fh %ﬁd?t?%rﬁr?lrﬁﬂclloﬁ éjlél’)led i mages
wer e conbidweek@nd-siiown ras iMeige achMangnaebbs3eX4 esaidgHarsadfiterwer e f ound
within the cell mass (sphere), and a part of the cells expressed I%gagon.
20 culturing in an Improved MEM Zinc Option medium containin 3
B27 (Inisuln in the Figure). The expression levels of gene are
shown as relative wvalues Lo the expression level of a
housekeeping gene GAPDH. The expression level of insulin was
higher on day 19 of culture by using a combination of
25 dorsomorphin, retinoic acid, S5B431542 and bFGF than a
combination of dorsomorphin, retinoic acid and SB431542.
Fig. 6 shows the results of immunofluorescent staining,
using anti-insulin antibody and anti-glucagon antibody, of a
frozen section prepared from a cell mass (sphere) on day 21 of
30 culture of the cells obtained by inducing differentiation in
the same manner as in the method of Fig. 4. The insulin-
positive cells were colored red with Alexa568 (Insulin in the
Figure), the glucagon-positive cells were colored green with
Alexa 488 (Glucagon in the Figure), and the nuclei of cells

35 were colored blue with Hoechst 33342 (Hoechst in the Figure).
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Fig. 7 shows the results of the analysis of expression of 5 various
differentiation markers in the cells obtained by inducing human i PS cells-
using BD Matrigel or fibronectin as a substrate, and activin A and

CHl R99021 ptarcgndager miosL o ma. £EleLmssd SRhEfieka g LheysaLLer

further inducing ferentiation into” progenitor cells of pancreatic
hor none- M:nyyeodudanyg cells exprddmimoamenddn @elmer foned prbtuch ntheel | s.

The expressi.an | evel s of respective genes e sh as relati.ve,values to
the oxpr e&dilon Fevel (S5 oL ebkeBpPHY gote BRPOR. | ThE “BXEPEssi ShioFS&ix17
remar kabl 'y decr gaged wWshbwdi ther eashpts ot @i Ak eXRr eFskeapseobiBX3f and

NGN3 15 gradually increased until day 17 of culture. The expression of
i nsul i nsdrastiicesl ) fifgepahsadiep ohp g AnftauIc@lrd oPieé & BYi on of

expressi o ol Lgseuxan gus diifereuiiationumrkers Qvenhigeoray abnpst

the same as long as the en ermal celTs 1 nduced using BD Matrigel or
fibronectisubetrat?2) sobstrafieimeRreandeCHIR9202]1 iFitp e®dokdews: an Oathi ae of
a production .nmethod of  a ncreatj.c hor mone- prqduci n el.l ,_ which incl udes
5 Dl ep of KBRS dePPEFERC: AR oh Byt r et A€ Bspher o) from
endoder m [SitfeR rehtl adRdndeasonplodicei Bof eashers ce lpa@lcrserum habmbatai | ed
Description of the Invention %0013] . The present invention_is

expl ai #8d HEPRIE NP0 CRSWENGC TRESR e FRCIREL- G A5 E#LeRucLpEcPELEat i on

mean those?m%eré%?%'e'sgiéﬁ 456d15NoENee fh ol v SRS RRIY Giloakl ¥sspeci fied.
[ 0014] I'n the present 1 nvention, "pancreatic hornone-producing

cel | s" neamsladélvies vhduergtanthsi &xpyesoign odusel peher davise kkepipaegeThe
pancreat | SHTIEREL SEUELTE: L4 et s, FResenstantLygr oduce
differentiation, and the expressicns of PDX1 and NGN3
15 gradually increased until day 17 of culture. The expression of
insulin drastically increased from day 17 of culture. The
variation of expression of these various differentiation
markers over time was almost the same as long as the
endecdermal cells induced using BD Matrigel or fibronectin as a
20 substrate were used. 7
Fig. 8 shows an outline of a production method of a
pancreatic hormone-producing cell, which includes a step of
inducing differentiation by forming a cell mass (sphere) from
endoderm [step (4)] and does not use a feeder cell or serum.
25
Detailed Description of the Invention
[G013]
The present invention is explained in the following. The
terms used in the present specification mean those generally
30 used in the field, unless particularly specified.
[0014]
In the present invention, “pancreatic hormone-producing
cells” means cells having an ability to produce pancreatic
hormone. The pancreatic hormone-producing cells do not need to

35 constantly produce pancreatic hormone, but only needs to have
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an ability to produce pancreatic hornone. Therefore, the anopunt of the
pancreatic hornone to be produced is not particularly Iimted. Exanples of
t he pancreatic hornone include insulin, glucagon, sonatostatin, pancreatic

5 pol ypept,de and ghtel pegggfé@npgﬁﬁgé%w%meeat 16, hQERROE- produci ng

cells include 1nsulin-pro ng ce synonynous with pancreatic cells),
gl ucagon- pmududi g tékl pa(lsyaanyqohlsrmwm¢1 parey gatddpcedcelsl sipt

t ost at .| th t 6
pancr oat | CPITDAEIA 10" (BB) - BPOIGI Y THelTE RRICORPBE P BIBONEI ng cel I s

O these, lmuidenlws@dd@l ngla@hggnar@mﬁﬁmﬁ doRRatic In the
present invention, the "stemcells" nmeans cells that can be cultivated in

vitro, an@%la/@%lal@f pefeAhr gt éd- 155543500 95 @fal-heePROFERAF I ReBgERONE-
constituti pﬁﬁb&g&g' iﬂsufmlp/%&l%gereeqeﬂé %sé;}?%gﬁrgbhé)

ll

pl uri pot ent stem ells gerl ve rom prinordial germ cel ryo (EG
cel | : ProoviNdt lpacagaSdic B SeAls 1998l udbydr3A2E&>BL)ing e'.@tiuls*» deryneegmous
pl uri pote temc e. 2008, 456: 20 344- somati c

el L Bor ot B gedib prS?ik?)St%?ﬁl%%?%aHrwfc Rin g Eeitsnt o om

cells; iPg sgﬁidn@}no@@dwmuﬂapaﬁ@ﬁaatgc st et CEi ) s fdricasiie it @plgpkbsidean be
ment i oned Preferred are i PS cells, ES cells and human somatic stem cel |l s,
and norié prEE)ePreducd nppsedep| and pghyebiiproducing qeid ses P8I FRESES cel | s

derived fr;qmany \f_\,@b@h@lg@dggl@glm pPeelenally manmal, can be used.
Exanpl es of the mammal i ncClude nouse, rat, guinea pig, hamster rabbi t,

cat, dog, [$HMEed, swi ne, bovine, horse goat nmonkey and human. 30

Proferabi e examplesof e gel L5 dorived SO IR L) ov noSRECLEI G,

exanpl es of the Ps*Phc a manma
i s establighed dayl ml t:lu\laﬁvageanlﬂavwr@nMryw def aree dififlearhatibaad ES cel l's
established by cultivating_ an earl enbrg tftsdoa‘red by nuc] ear 35

et

t r anspliantidticoRloratheehditer S1Ned9a% i ¢ S S &89Ys  obt ai ned by

altering tfe9e1€.00 4t henphleAPs 08BRf cLLh FB%C@éll by [aene! Poﬁ‘:ent
engi neering. Each ES ceII can be prepared by a net ho génerally perfornmed

inthe fi eslt@nbp@éd@oﬁ@mngeﬂofaommWMMmer%Esk@ lof ebaygouEe wer e
established in 1981 Ry EVANS4eLci u s A. 1998, 95:13726-31), testis-

derived pluripotent stem cells (GS cells: Nature. 2008, 456:

20 344-9), somatic cell-derived induced pluripotent stem cells
(induced pluripotent stem cells; 1P3 cells} and human somatic
stem cells (tissue stem cells) can be mentioned. Preferred are
iPS cells, ES cells and human scmatic stem cells, and more
preferred is iPS cells.

25 [0016]

As the ES cells, ES cells derived from any warm-bloocded
animal, preferably mammal, can be used. Examples of the mammal
include mouse, rat, guinea pig, hamster, rabbit, cat, dog,
sheep, swine, bovine, horse, goat, monkey and human.

30 Preferable examples of the cells derived from human.

Specific examples of the ES cells include ES cells of a
mammal and the like, which is established by cultivating an
early embryo before implantation, ES cells established by
cultivating an early embryo prepared by nuclear

35 transplantation of the nucliei of somatic cells, and ES cells
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al. (Evans et al., 1981, Nature 292: 154-6) and Martin et al. (Martin GR
et al., 1981, Proc Natl Acad Sci 78: 7634-8) and can be purchased from for
exanpl e, Dai ni ppon Sum t ono Pharna Co., Ltd. (GCsaka, Japan). /0ES cells of

a human were est |sh in_19 Tho t n al-q,

Sci ence, vt i(lilgg?flngngg %% ﬁ%}}eﬁeﬂ%mg(rﬁ gg?l %geg?ch

I nstitutedanals it genbttla éhgmewi:led;] ar=gh, ENhdieddncallVv se opsemarddbA)y
National Institute of Health, oto Unjversit ncgthellk andtfor 15
exanpl e, @a@%%ﬁ@lﬁ‘§§§&lﬁ’r8ﬁ¥féw% t+3 %(J%ﬂeegl jre according

http:// wwe Gl dddsmesem , Sweden). [0017] As i PS cells, iPS cells
derived fromany warm bl ooded animal, preferably mammal , can be used.
Exanpl es of t he Efamealls20%i Achouee nise, e?‘%ﬁbllgﬂh%énpl@mhéh‘sﬁﬁﬁnsrﬁEbl t,

cal 09, Shechh-5W N ol fes) hogse,, 0020, . monkey 9, Ry, Breerabl ¢

exarrpl es | erfve unan iC exarrpl es of iPS
cel I s includetdel IcR.t kat ahayelaggui Pede ikt poteehSed iM8e (1681 -8% ESdcel | s
and were obtained 25 by |ntrodu0|n | ur es |nto ic c Is such as
K Gl | S BT PRE=fa rgon: | Bot IS Lt A a T EPOGRen g PeEES) 4
gene, Ki1f4 geng, - W@aggnegaﬂgnﬁoxz gene (Nat Biot echnol 2008; 26:
101-106)). Besides these, ‘a nethod wherein transgenes are further reduced
(Nat ur g0’ 2008 J@S 3ells50£720Bymeaevsns , catakt Hitechtin 1A98gPy Thomson

| o m)leclarvve t n m - e Cell
St \g-m Cel I. 5 II\qo og[%%gp%ﬂ ggl %%er%g fﬁé uf&lc’?[zl;h%g 7?r a%g%%l %tﬁl %n
factor pr&ﬂmmemmmmtealgﬁeee@f,‘ehlI&Eﬂuﬁ&l(weZﬁ@&’d%y 8; 4(5):381-4)

and the like ca be nmentioned. ,20 AIthoug Iechnl cal royement s have been
i nt ensi veIISFtIPa o Ry - thlfr@lg 8adét i BAHETho ?O?sﬁél’ceq% ‘ \ﬁ% BR&c

property ofndhe Riodycedan Py, callbso thatetsitd heyd hawe IMid izper, emey, is
equi val ent regardl ess of the Er oduction net hods, and therefore, all of such

met hodstsc @K am® igse¢aobet RerFPaaadt f 6aM nEe hbrir loFs 518 he'Sh &3&8¢ i nvent i on.
[0018] http://www.cellartis.com/, Sweden}.

[0017]
As 1PS cells, iPS cells derived from any warm-blooded
animal, preferably mammal, can be used. Examples of the mammal
20 include mouse, rat, guinea pig, hamster, rabbit, cat, dog,
sheep, swine, bovine, horse, goat, monkey and human.
Preferable examples include cells derived from human.
Specific examples of 1PS cells include cells that have
acquired multipotency like that of ES cells and were obtained
25 by introducing plural genes into somatic cells such as skin
cells and the like (e.g., iPS cells obtained by introducing
Oct3/4 gene, K1f4 gene, c-Myc gene and SoxZ gene (Nat
Biotechnol 2008; 26: 101-106)). Besides these, a method
wherein transgenes are further reduced (Nature{ 2008 Jul 31;
30 454(7204):646-50), a method utilizing low-molecular-weight
cémpounds (Cell Stem Cell. 2009 Jan 9; 4{1):16-9, Cell Stem.
Cell. 2009 Nov 6; 5(5):491-503), a method utilizing
transcription factor proteins instead of a gene (Cell Stem
Cell. 2009 May 8; 4(5):381-4) and the like can be mentioned.

35 Although technical improvements have been intensively made to
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As the somatic stemcells, one derived from human can be used. Here, the
somatic stemcells refers to cells capable of differentiation into
pancreati c hornone-producing cells, for io exanple, stemcells present in

nesenchyneihstemEfidisndeitvedst 60m pongs 188 | ovmanhdal @rghestemeekhs
present in the pancreas. 0019;1 Usi ng the nmethod of the present invention,
pancr eat i PACH Gt Adive SoldductRgt ceft sthan hrverstidasfarem vasi ous stem

cell lines h i el le liine i y i duct.iyo0 .
[0020] ' 1. T aaUsTan MeRon or aneTat e o TSR e e RS
product i omketdhioduwh trie¢éhpdeseat bavestd ofior ncheldeoduatetdno deahopr oduci ng
pancreati c rpOt one-qproduci n%.cel | s fromstemcells. The production nethod of
the present’S RASHT O "AVE6 AR udes a met hod of inducing differentiation of
cells in adess) differentiated state (stemcells) into a nore 25
differentiated state (pancreatic hornone-producing cells). [0021] The
production net hd$ éhet RemMpEésepteRngeht § oreihddiised e dfouaanngast bps (1)

% s BYESEP PPN Rt Sell ot RoTEYE Eonkg 1 2 S
af or enent idinetkrsngp. atipni aAndonpdhanegont diewmena BSKR:dimy lieflds, for(3) a
step Ofﬂfngégﬁgﬁé,n%t%%ec%ﬁhgspggggﬁgegniébééﬁ%hymal stem cells derived
from bone marrow and fat and stem cells present in the
pancreas.
[0019]
Using the method of the present invention, pancreatic
15 hormone-producing cells can be produced from various stem cell
lines such as human iPS cell line which vary in production
methods.
[0020]
1. Production method of pancreatic hormone-producing cells
20 The producticn method of the present invention includes a
method of producing pancreatic hormone-producing cells from
stem cells. The production method of the present invention
also includes a method of inducing differentiation of cells in
a less differentiated state (stem cells) intc a more
25 differentiated state (pancreatic hormone-producing cells}.
[0021]
The production method of the present invention includes
the following steps (1) - (6).
(1) a step of cultivating stem cells in a medium containing a
30 Rho kinase inhibitor
(2) a step of cultivating the cells obtained in the
aforementioned step (1) in a medium containing a GSK3
inhibitor
{3) a step of cultivating the cells obtained in the

35 aforementioned step (2) in a medium containing GSK3 inhibitor
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35 aforenentioned step (2) in a nedium containing GSK3 inhibitor and an
activator of activin receptor-like kinase-4,7 (4) a step of formng a cel
mass fromthe cells obtained in the aforenentioned (3), and cultivating the

Col ] oS il Ao ueRenaion skaLeclpsd AEANBS () dise ol jcul tivaling the
cells obtarned in the aforenentioned ste in a medi uméontaining a
retinoi c agi)d a etept off &geniisy, aavelhhidrd drraxf tANPcadtlisvabédipedt 2nn

ki nase and/ or tivin receptor-like kinase-2,3,6, an inhibitor, of activin
oot o111 RTEHENE S1sBaldl o BRI Ch ki HISE 6 L6 o5 os B2 o

cul tivating.dhesGehl stabtained hadihe af orementioned step (5) [0022] Step
(1): a step of cultivating stemcells in a nedium contai ning a Rho ki nase

i nhi bi t 6r (5TiFe s$eep ooFHEEpBABENY otRe prehhSridtdy neCep Théfere the

bel ow mentd AN SAARAER) SLBb kAT 09 1 NeedNctd:an ofind LT ebeahbaL! ga;0f the
stemcell sinto pancreatic ho ne-prod30|ng cel s, that is, the stage of
precul t ur eedsgeadirngpoofisst eancihhsbi20r [@DZP|P-activatEle psbermioeklisasa this
step may be optai ned by co-cu turg.mﬁt@.feeqS% cells or 3. eeder cel

extract . 0% REHEEHeF CEEPTORBRNS® TS Prrat Bor 60 d@lt 5%0509 ul ture,
an envi r ond@iitviin frekkphoet heke Kk DElgs®f4 c8) 1 sareBn PeQw. g2oWhkhl €at-berst em
cells in this step may be any of dispersed cells and non-dispersed cells,

di sper sied @l I35 4@ @ésFpabligating thecmpleLPrinre dispéfsed cel | s
ey SRS sg = T 2 8| rmss corst et ot
[0022] ‘
Step (1): a step of cultivating stem cells in a medium
containing a Rho kinase inhibitor
is The step corresponds to a preliminary step before the
below-mentioned step {2) initiating the induction of
differentiation of the stem cells into pancreatic hormone-
producing cells, that is, the stage of preculture (seeding) of
stem cells.
20 [0023]

The stem cells in this step may be obtained by co-culture
with feeder cells or a feeder cell extract. Here, the feeder
cell means a cell that provides, by co-culture, an environment
in which other kinds of cells can grow.

25 While the stem cells in this step may be any of dispersed
cells and non-dispersed cells, dispersed cells are desirable.

Examples of the dispersed cells include singulated cells,
and cells forming a cell mass consisting of several cells
(typically about 2 - 500, 20 - 200 or 50 — 100 cells} [as

30 explained in the below-mentioned step (4), the cell mass means
a condition of forming a mass by adhering plural cells each
other and the like], which is desirably a ceil mass in this
step.

A dispersed cell can be prepared by a method known per se.

35 Examples of such method include a treatment with a chelating
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30 explained in the bel ow-nentioned step (4), the cell mass neans a
condition of formng a mass by adhering plural cells each other and the
like], which is desirably a cell nass in this step. A di spersed

cell can be red b t 529&9 Rer, se =X a hod
i ncl ude aaﬁfeatﬁg ? ?R?A H%? s ageﬁ% (§I§E?EED¥E§?§3§é%%§§ﬂE e.g.,
trypsin, Q@blagaﬁasamdahdnﬁh3n¢$Kmxﬂam$ hexntiainigs 1sdéhpassirechéni cal

di spersion ( i ettln nd the like. The dispersed cells can be
non- adheréﬁ@eggﬁpg? gBﬂ § Bﬁ fent cells mean cells in the state free of

adhesion to CU'&Héedygﬁéeée@rc@aﬁybﬁﬁfakﬁhpnabdh@m@henbeggbl@n&@dherent
cells nean cells in an adhesion state to culture vessel or a substrate]. In

thi s stepadheriestdesiiabhearocehis ek rtdfovEtag et KESkoofeadBpséen| &0 or the
feeder cell, @ullaghseror LEIOYING W PlAC g i EeDNE) fHQﬁ‘?té‘r@@

st andi ng or mn and t renovi’ng t he supernatant) Ivate the
cells in thalkeheanmealisneéd amdidim<ciont atrteyg tRhoukitnasevenhebi vora (t hat
is, initiat i nduction of differentiation without using feeder 15 cells at
t he seedlﬁ@-§ﬁ&aFﬁ reafter). [0024] The Rho kinase inhibitor means a

substance that itRhihikssthsg, activd taedfrde ojasereTheeRBoikinase i s one
kind of small GIP-binding ﬁroteln zo (small G protein) contained in the

cat egorly dfeeGFPasellahPehthe Beerdyyr a4t g HAARE JF-GFP CEUARSST nRY
{1 DooE Nk AT g e 0 KL LSOn I RE BT L ph ool e
domai n at rneheviagboky teparnataf?nanoletivate thepceCdkl inRebe, bQBO@ﬁl
44-51 (200%%%1oned medlum,contalnlng Rho kinase inhibitor (that 13,
initiate induction of differentiation without using feeder
15 cells at the seeding and thereafter).
[0024]
The Rho kinase inhibitor means a substance that inhibits
the activity of Rho kinase.
The Rho kinase is one kind of small GTP-binding protein
20 (small G protein) contained in the category of GTPase, which
is a degrading enzyme of GTP (guanosine triphosphate), and has
a serine/threonine kinase domain at the amino terminal, a
coiled coil region in the central part and a Rho interactiing
domain at the carboxy terminal (Amano et al., Exp. Cell. Res.,
25 261, 44-51 (2000)).
Examples of the Rho kinase inhibitor to be used in this
step include 1-(5-isoquinolinesulfonyl)-2-methylpiperazine (H-
7), 1-(5-isoquinolinesulfonyl)-3-methylpiperazine (isoH-7), N-—
2—-(methylamino)ethyl-5-isoquinolinesulfonamide dihydrochloride
30 (H-8), N-(2-amincethyl)-5-iscoquinolinesulfonamide
dihydrochloride (H-9), N-[2-p-bromocinnamylamino)ethyl]-5-
isoquinolinesulfonamide dihydrpchloride (H-89), N-(2-
guanidinoethyl)~-5-isoquinolinesulfonamide hydrochloride (HA-
1004), 1-{(5-isoquinolinesulfonyl)hocmopiperazine

35 dihydrochloride (Fasudil/HA-1077), (SY-(+)-2-methyl-4-glycyl~
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Exanpl es of the Rho kinase inhibitor to be used in this step include

1- (5-isoquinolinesul fonyl)-2-net hyl pi perazi ne (H7),

1- (5-1soqui nol i nesul fonyl) - 3- net hyl pi perazi ne (i soH— 7),

N2- (et hylam Neatin LS 88k A hL@%ﬂifma?&ﬁn @qmeorl de 30 (H8),
N-(2-am noﬂyl ) - g}?isoqt(}:unol [ negu | f onam d i hydr ochl CJ)-I’I de (H9),

N- [ 2- p- br ahidwidrraanylogtideo)( éltﬂaﬂti]?% am@oﬁtjiﬂﬁﬂ-rfé@ﬂsf"tﬁrrdm"é@lﬂphybvbthl ori de
(H89), N-(2-, guani Qg ui & ) 3 hl ori de

( HA- 1004) , K (48 Fslé‘d it Py m%?%%r LLANA e ﬁ%?gchl ori de
(FasudlI/HA-lO?ﬂMmm@Shré+h12 ﬂemhgﬁeﬁagﬂycyéallable (e.g., available for

1- (4- et hyl i sogui nol i nyl-5-sul fon‘ﬁ#hom)pl per| di nai di hydroghl ori dg

(H 1152y, RARFHESS @R ﬁ&ﬁf@&a@ A oBEHY | GHETREY "dyFyEfel heéxanani de
di hydr ochicy indgdeY- 2163280 Tueperareualireomandially available (e.g.,
avail able for 5 purchase from SI GVA and Ko Pure Chem cal Industries,
Ltd.). O these, InYt217L®32t|esw paingéal and yapy efaraplagion of tWDnOtfhzin@r@tep

i ngl f Rho Ki
can be uec N Foogs]hom tcs EREEo R Gl E < ol tred in & medi um

cont ai ni ng[(RE® Jki nase i nhi bitor. Wil e the concent ration of the Rho
ki nase inhibitor in_the nediumis not JE)lcularl ted as long as it
can achi’eve a dé<i rddSef-&Br §U‘éh55%m|ﬁ§%[ i Fafefate 25 of

stem cel | s @hithed i@, kihaks 9SAEhAtLY. 0.01 - 1000 plvl preferably 0.1 -
100 pM particularl’y preferably 1.0 - 50 pM Wen Y-27632 is used as Rho

ki nase i nhi bi t oMhitlife thencencratranlpr ederidt Whsddnasegobibitor- imbout 30
PM nore pref erahhy, 3R0uhe2,0 11 8000 20 AM  Men Rasudily HRLQZY 1s

achieve a desired effect such as improvement of survival rate

15 of stem cells and the like, it is generally 0.01 - 1000 uM,
preferably 0.1 - 100 uM, particularly preferably 1.0 - 50 pM.
When Y-27632 1is used as Rho kinase inhibitor, the
concentration preferably used is about 1.0 - about 30 pM, more
preferably about 2.0 - about 20 uM. When Fasudil/HA1077 is

20 used as Rho kinase inhibitor, the concentration may be abeout
2-fold compared to the above-mentioned concentration of Y-
27632.

When plural kinds of Rho kinase inhibitors are used in

combination, each inhibitor is used at a concentration

25 appropriately increased or decreased based on the above-
mentioned concentration range.
[C0261]

The culture time in a medium containing a Rho kinase

inhibitor is not particularly limited as long as it can

30 achieve a desired effect such as improvement of survival rate
of stem cells and the like. For examplé, when the stem cell is
human iPS cell, human iPS cells are dispersed and cultured in
a medium containing Rho kinase inhibitor for about 12 hr or
longer (e.g., 12 - 72 hr), whereby the desired effect can be

35 sufficiently obtained.

17



20 used as Rho kinase inhibitor, the concentrati on may be about 2-fold
conpared to the above-nenti oned concentration of Y27632. When pl ural
ki nds of Rho kinase inhibitors are used in conbination, each inhibitor is

used at a conoeniiatan; 2y SRPERDrLaLEl doineransel gidenl eased:hasgd on

t he above-nenti oned concentration range. culture tine in
a nmedi um cint dimiarg dnRibikbmrase nohi bitiorcukamigt lgarittieculaar Lynli ast 2d as

long as it can 3Q achieve a desired effect such as inprovenent of survival
rate of SIS CEAEVANG FREFFREC BOre cxArbl & W CHE St &ih CUFT 178 human

i PS cel |, Jhyman i Becaelks1ar andi sper serke andculst piredeirabayn@dbyum cont ai ni ng
Rho kinase inhihitor for about 12 hr or longer (e.g., 12 ]_%? hr,), whereby

the desir ég &filect éaﬂx%%_SEﬂéﬂvﬁﬂgiEﬁFPypéﬁfaFﬁ%HW_éb?uF Tie density of
the stem Geld.gncbhes fRfl) U CAUALL0 Je KlRage LBl b | 95165 not

particularly I'imitéd as Tong as it can achieve a“desired effect such as

i mpr ovenertt. flEucelva)nt ateoof stefmedlys addtt BeOkLRE. - 1. 0>sLQ5r ef er abl y
about 5 1.0x101 - 1.0x107 cells/m, nore preferably about 1.0x102 - 1.0x107
cells/m, 4 HE -nor e preferably about 1.0x103 - 1.0x107 cells/m, nost
preferabl yy@aout 3.0x101 - 1.0x106 cells/m . [0027] 70The nediumto be used
inthis step is not particularly limted as long as it contains_Rho Kinase
i nhi bi tier, and iTSegaweiam Foabfedparh 4Rebhidrstah tis At gastdmééFty¥ added

with Rho kipased nf %;@ EheEeLoatLehs  nbacila0. Iehaied.L 048y sbasal
medi um f or "‘conveni ence) . i As the basal nediumto be used in this step, a
medi um f orgeprdratle BSkicBSunelibsd( Repr oCELlvaiethamgterBNVE lied g dB@I bh

redh U U 050 ISUHT L SsgRu HEN gl unl et M2 R g1
basal medium for convenience).
i5 As the basal medium to be used in this step, a medium for
primate ES/iPS cells (ReproCELL medium), BME medium, BGJb
medium, CMRI: 1066 medium, Glasgow MEM medium, Improved MEM
Zinc Option medium, IMDM medium, Medium 199 medium, Eagle MEM
medium, oMEM medium, DMEM medium, ham medium, RPMI 1640 medium,
20 Fischer’s medium, a mixture of twc or more kinds of media
optionally selected from these media and the like can be used.
The medium is not particularly limited as long as it can be
used for culturing animal cells. In this step, a medium for
primate ES cell (ReproCELL medium) is particularly desirably
25 used.
These media can be purchased from ReproCELL Inc.,
Invitrogen, SIGMA, COSMO BRIO Co., Ltd. and the like.
[0028]
As the medium to be used in this step, a medium
30 substantially free of serum and/or serum extract is preferable,
and a serum-free medium is more preferable.
In the present specification, substantially free of serum
means that the content of the serum is less than about 1
volume$%, preferably less than about 0.1 volume%, more

35 preferably less than about 0.01 volume%. A serum-free medium
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nmedi um aMEM nedi um DVEM nedi um ham medi um RPM 1640 nedium 20
Fischer's medium a m xture of two or nore kinds of nedia optionally
" selected fromthese nedia and the |i ke can be used. The nediumis not

part’ cul arl ¥, ld 0 184.35,L000n a2, 1L @%ﬁqj—%‘%é QO GMbhW iFngaani PRk, cel | s.

In this step, a nmediumTtor prinate proCELL nmedium is

particul ardnd desiedabhym25edsedith purif ik dsl omdiderdamdbecpnrohnsedrfrom
ReproCELL Inc., Invitrogen, SIGVA COSMO BIO Co., Ltd. .and the.like. [0028]
As the mediifilo tH&5HEeHF NV ERI SOER¥PE %e‘cﬁ'dm%wsg]bgfggg?fsgl Iy free of
serum and/QJp SefHagexbr agl 1i snoe ef &r abhen-mnsk awesgrem free mediumis nore
pref erabl e. In the present specification, substantially free of
serum msanPa2fdt the content of the serumis |ess than about 1 vol ume%

preferably |ess thap abont Q. 1. volugedy gpir%a%%po%ge%ngyCbg%ihhg@r@pout

0.01 volume% A 'serumfree nedium neans a iumfree of unadjusted
or unpur i frieg sxememt sandEsampthum hitted ssirtdm pepiliicedebt obde Hedée ved

conponent qr animal tissue-derived c onent (e.q. r.owt t is
consi der eI 1 Sufdder Eépégr bh¥ r%&%ﬁ%dm&?r%daﬁfg]m’ r%aft%%hgé%%di umto
be used i ndihisyest pReBBY s8k$0t 608k ak TemEitN & Pl acHiRNt SelExanm) psBef7t he
serum repl acenent include albumn (e.g., lipid rich albumn), transferrin,

fatty aol cuRilamegén PreSUPRSPTMERE acklef EintSqBIYy TePABFEMERE) eAlun), B- 27
20 suppl er}ﬁé}}ca}ﬂ%f%%tg L;@Elrfg t»tKE?%Py&e?@IPr@f eRhAGRTRM:s Zhereof. A

mer capt oet hanol”, 10 ycero or equivalents thereof. A knockout serum
r epl acenentnasiouie spuuchasedatenent nedt riogeruradidnmd Faraamingpltaegaent s can

B e TP IAR ) Py AU RTS8l listiies: L0
concent r atd 1atmA N Wahe megieuthenf cB1 2Tnsuppt eaentLiwhen Disied ppios: GuHitemdO
w% preferably 0.1 - 2 wt% ,

15 Pharma Co., Ltd. and the like.

The concentration in the medium, of B-27 supplement when
used, is 0.01 - 10 wt%, preferably 0.1 - 2 wi%.
[0030]

In this step, it is preferable to not substantially use

50 feeder cells and/or a feeder cell extract. That is, the medium
to be used in this step is preferably a medium substantially
free of feeder cells and/or a feeder cell extract, more
preferably a medium completely free of feeder cells and/or a
feeder cell extract.

25 In the present specification, substantially free of
feeder cells and/or a feeder cell extract means that the
content of the feeder cells and/or the feeder cell extract in
the medium is less than about 5 volume%, preferably less than
about 1 volume%, more preferably less than about 0.01 volume$%.

30 When the feeder cells and/or the feeder cell extract
are/is not substantially used in this step, the pancreatic
hormone-producing cells produced by the production method of
the preéent invention are less contaminated with the causative

substance of rejection (e.g., animal-derived cells).

35 [0031]
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[0030] In this step, it is preferable to not substantially use 20 feeder
cells and/or a feeder cell extract. That is, the nediumto be used in this
step is preferably a nedium substantially free of feeder cells and/or a

feeder cell extragl . 1RecPhf R8BI ¥t &8s medi W LompletRlvediRe ebihgeder
cells and/or a feeder cell extract. 251 n the present specification,

subst ant i atdcnegesiseflsedeVh e | suahd/wit vref gedeelcdll nekt pactigebasly hat
t he content. of the feeder cell s _and/or eeder | t-rract,.in.the
ubiradge JR00 8" SbPanEs b et AR Tl SR 1

mediumi s VO prefera ess an “abou vol unme%

mor e pref efdldyrd esssthan sabedt. r@b0E webdneSs BOViemitte d@eddoncel | s
and/or the feeder cel] extract are/is not substantially used . in_this step,

the panér €3t or e SSlddiePngIRBFL%e pFotuded H° I%e ot STt PO Ymet hod of

the presenfsd Vet iR fRh61hes$1690t A8 falegrai t I theicausat Lue subshance of
rejection (e.g., animal-derived cells). 35 [0031] ' The culture in
this step vesgpndmailudepdrleskaediagsiagcelitexe ef \adseldishphined rgughstul ture
vessel is not_ parti.cul arl im . ong: cel.l b tured,
cel | - adhesi V& ceulctut}%glr\%eg}sies#”irqsn{lggélgigllﬂ ;&hgé%giagég’pgéﬁcgﬁoﬁn‘%g& g)&%g%i’on 5
cul ture, andlcgdlatrgnmadhesicue plbtef emvessedlide dedianaldry sudei,f or

performng floating culture. Exanples of the culture vessel include flask,
tissue Cultrets M,erdi%ﬁyrpﬁﬁﬁgga?s]ﬂ?gt?% u]ééjjlcjlﬁz[ %t%“iesh,cﬁﬂt‘i di sh,

m cropl at &, qE SRR thiral @esBRht i Bl At 8u] Pltd i Y@ide Pl B LedhGR® Shiyde,
chanber slide, 10 schale, tube, tray, culture bag and roller bottle.
Cel | - adhestaddl cuirmgrd ives sesitgagecanehr es vesse celbdtlayr wWiaty 1an(ECH) |

supportive trat.e_su te I | X the l..ke, so as
o 1 mpr ove The Kanadends eof 1 e ear P e e Lot A e sttty o
vessel . 15kxartd emrdfadehefctheurelvesselressel adhesi on cul ture include dish,

flask, mcroplate, cell culture sheet and th i ke. . These culture vessels
may be ¥npart ed %aﬂﬁﬁﬁfdro plj#‘lei EPLYIED V%?%ﬁe%%haecg}%r?&scql&utrﬁe cell, or
coated W tih&rlde SHRPOr tIRGLSURSERBpEStSUCH 8B &@ld @genshgel aldnhd0
poly-L-lysine, poly-D-lysine, lamnin, fibronectin and the like. The cell

cul ture shkdereflbpset 6UALYTPPBRESAl TRy e iR &Ce Wdéfl s in a sheet-like
formand s, £OMRNGIAllY +2vail3BLe L5A0L:fOke SX AW e QI1CEl: (RUREY:
with cell supporting substrates such as collagen, gelatin,
zo0 poly-L-lysine, poly-D-lysine, laminin, fibronectin and the
iike. The cell culture sheet refers to a support aiming to
cultivate cells in a sheet-like form and is commercially
available from, for example, OptiCell (Nunc).
As the cell supporting substrate in this step, preferred
25 are Type I-collagen, BD Matrigel (Nippon Becton Dickinson
Company, Ltd.), fibronectin (Invitrogen) and the like, more
preferred are BD Matrigel and fibronectin, and further
preferred is fibronectin.
Examples of the culture vessel for floating culture
30 include dish, flask, microplate, tube, roller bottle and the
like. These culture vessels may be manufactured from
hydrophobic material, or coated with material preventing
adsorption of a cell and protein such as hydrogel, lipid and
the like. A culture vessel having a U- or V-shaped bottom is

35 desirably used to efficiently form cellular aggregates.
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As the cell supporting substrate in this step, preferred 25 are Type

| -col l agen, BD Matrigel (N ppon Becton D ckinson Conpany, Ltd.),
fibronectin (Invitrogen) and the like, nore preferred are BD Matrigel and
fi bronecti[rb, B%Qd further preferred is fibronectin. Exanples of the culture
vessel fortf%5dti ng culture oo include dish, flask, mcroplate, tube,

rol l er bottle anghehechikare Theseicibisirenryéssapmeyibeeigndbaetmiredf rom
hydr ophobic material, or coated with material preventin ,%ﬁﬁggﬁti on of a

cel | and prgt &5 &8ehGalbyEs, FETRFEEHF thie 19K E2TAL ¢ vessel

having a ;. 0n .\ shanedobatt om is 25idasid abdy wsed 1o 0l b&i eathy form
cel I ul ar aggregates. [8032] O her culture conditions can be

appr opr sateedlyl detceibri nedd, Fandexappbe, abdiet cif) t-urdd°Cenpeefetidel v salpmtt

particular]y limted as long as |t is_suitable for. the gultur em5
cells to t?«jéﬁsedj;h%n Zﬁgﬁgnﬁﬁajﬁfo%ocqnZfb%,akboruetf er ablei;p °éb§%fa%§3él.3§ he CO2
concent r atdrutcan -be&sabonte loxyd@¥pqrtefsr ahlegsalreutad be5% - Thes oxygen
partial pressure can be 1 - 10% [0033] Step (2): a step of cultivating the
cells obtdie®lin the 10 aforenentioned step (1) in a nedi um contai ni ng

GSK3 i nhi bity (2): a sHRbSostenisveelioramd dollowimiaitee ahotaeenti oned
step (1), and corresponds to a step of inducing differentiation of stem
cel | s imt @ fnotertiminege st dget hera viedi wh et ifsh G e d n8itBptPE) . /5

[ 0034] G363 ((gly ogen SypLhase %&pféﬁiﬁ,tﬂ@imﬂén&timd step

serine/threoni ne protei i'nase, 1s 1nvolve many si gnal pat hways
rel ating t@iherpr eductispondt gbyesogesp ant apdptios siiffEmenénatdenobist em
cells and éggﬁwéé$%s ?%%% gggggg%%aiSgéf{gstogether with the below-
mentioned step (3).
15 [0034]

GSK3 (glycogen synthase kinase 3), which is a
serine/threonine protein kinase, is involved in many signal
pathways relating to the production of glycogen and apoptosis,
maintenance of stem cells and the like. GSK3 includes isoforms

20 of GSK3ua and GSK3p which aré encoded by different genes and
have high homology at an amino acid sequence level. It is
known that GSK3 is also involved in Wnt signraling, and
inhibition of GSK3 activates Wnt signal.

Examples of the GSK3 inhibitor include GSK3a inhibitor

25 and GSK3f inhibitor. In this step, GSK3B inhibitor is
desirable.

Specific examples of the GSK3 inhibitor include CHIR98014
(2-[[2-[ (5-nitro-6-aminopyridin-2-yl)amino]ethyl]amino] -4~
(2,4-dichlorophenyl)-5-{1H-imidazol-1-yl)pyrimidine),

3p CHIR99021, Kenpaullone, AR-A0144-18, TDZD-8 {4-benzyl-Z-methyl
-1,2,4-thiadiazolidine~3,5-dione), SB216763 (3-(2,4-
dichlorophenyl}-4- (l-methyl-1H-indol-3-yl)-1H-pyrrole-2, 5~
dione), BIO, TWS-119 (3-[6-(3-aminophenyl)-7H-pyrrolol[2,3-
d]lpyrimidin-4-yloxy]phenol), SB415286 (2-(3-chloro-4-

35 hydroxyphenylamino)-3-(2-nitrophenyl) maleimide [2-[2Z,5-
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20 of GSK3a and GSK3p which are encoded by different genes and have high
honol ogy at an am no acid sequence level. It is known that GSK3 is al so
involved in Wit signaling, and inhibition of GSK3 activates Wit signal.

Exanpl es of; fhe-&3K3 (3nhingi, tr%tzll—ﬂghk'gﬁyﬁéﬂ?@l}é}ﬂr%]t—oj 52511%@;% _GRK3P

inhibitor. In this step, 3p inhibitor i1s desirable Specific
exanpl es cﬁynﬁﬂi1§§¥§|pﬂmnbﬂﬂ@Ky&atbmmgnthFBﬁndAthe like. These can be
(2-1[2-[(5-.nitro- no r|d | ) IIa - 4- .

(2, 4- di chiBHop aesn‘%}jl) O RO fgmlﬁ%% r% CH'REGGE TS
Kenpaul | ong;d AR-FAIA4AES, SEDEDCgs(4Ibenzyﬂeﬁckﬁﬁibﬁc16nces, Tocris
-1,2,4-thiadi azol i di ne-3, 5-di one), 5B216763 (3-(2, 4-

di chl or SpHRMRAGLAEY- FEERIENTI PAEBE-30Y1509 HEP% 1 0l e- 2, 5- di one), BI O,

TWE-119 (3-[6- (%@@d&q&%ﬁﬁlgnﬁ%%é0&9{3@&&4@%&“ disad: W@ yhehenol ),
SB415286 (2-(3-chloro-4 hydr oxyphenyl am no) - 3- (2-ni trophenyl ) mal ei m de
[2-]2, 5- like for GSK3 mRNA can alsc be used as GSK3 inhibitor. All of

di hydr o- 4.446 and Cﬁmgxgrgix hgn¥ligg1%oér2¢§ ogg?%ﬂ%%rg%# 3-yl ] phenyl ]

oxylat0|n1n|u hese can be purchase FOMm- AX Medchem BV,
Wako Pur e Lhemdialg ltedgsblieiedlidcumé&ngse. Li fe Sci ences, Inc., Merck
Bi osci ences, Tocris 5 hioscience, Ste@gent Si gma and the Ilke I n

addi ti df, antls@hgﬁt@FFQBﬁuBFéﬁglﬂﬁt SRRRPPBHIE tIRF 14NEMSSY GSK3 nRNA can

al so be usedeas Mtk Birt etemAHelpé { RHes CeRiSI SR 1ald Y savablabl e or
can be synthesi zed according to published docunents. 10A nmethod of using

Wt - 3A pep@$QR?Haﬂentn@@@Mmgﬂﬂﬁfierén@ndt5bn gin $tham c&kPs ﬁnP@reﬁnoderwa
cells is a 1, this rior
operabllltg ré%?%‘&@.%? %nggggg ?gC?IVI$€ %g%L éﬂbfgbl %%Ovﬁégﬁg GSK3
i nhi bi t or bywhis<chg £3KwW<inhlibcubay - weight 1 4 51 conmpolewdilar- welgﬁhe GSK3
inhibitor is preferably CH R99021 (6-1[2-[][ 4-

(2, 4- di%hl‘iﬂ“@%ﬁ’@ﬁbl) 5- (4- et hyl - 1H i m dazol - 2-y1) - 2-

pyrim dinyl | am noledak] arhnp) 8be0l snepetérdie)y WEMI9021 (6-1[2-[ [4-
((2"Z,3" E)-6-bronoi ndirubin-3"-oxinme). 20ln this step, single an any

conbi nat i o Yot iahd cserReRPE Lk Ads 4 ohe BeKrB- 1 Fihibi dasial way We 2rs ed.

pyrimidinyliamino]ethyl]amino]lnicotinonitrile) or BIO
((272,3"E)~6=-brecmoindirubin-3' -oxime).

20 In this step, single and any combinations of two or more
kinds of GSK3 inhibitors can be used.

While the concentration of GSK3 inhibitor in a medium is
appropriately determined according to the kind of the
inhibitor to be used, it is generally 0.01 - 100 uM,

25 preferably 0.1 - 10 uM. When CHIR99021 is used, the
concentration is generally 0.1 - 20 puM, preferably 1 - 5 uM,
and when BIO is used, the concentration is generally 0.01 - 5
pM, preferably 0.1 - 2 uM.

When piural kinds of GSK3 inhibitors are used in

30 combination, the amounts of each inhibitor are appropriately
increased or decreased based on the above-mentioned
concentration range.

[0035]
The medium to be used in this step is not particularly

35 limited as long as it contains GSK3 inhibitor, and is
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VWil e the concentration of GSK3 inhibitor in a mediumis appropriately
determ ned according to the kind of the inhibitor to be used, it is
generally 0.01 - 100 pM 25 preferably 0.1 - 10 pM Wen CH R99021 is used,
t he concentrati is_generally 0,1_- 2 M__nr.ef er abl ~ 5 nd when
B0 | o wedl i e EoRtRaErolo TS Geheral s B OE St Gt e BYaRR) 0T
pM Wien pladialm)ki rts caf 1 6SK3ddeahi bt csSKAarmhigeddm 30 conbi nation, the
amounts of each inhibitor are. a gro riately. i ncr,eas_Led or _decreased based on
t he above- nenti gﬁ@daE’Sﬁ@éﬁ?PE%?’g drkg%@%l ey includes BMBRegdlym t o be

used in t @S tRRE, NOMRPAN bEE U8R ] Yin 35514 BdWe UM reRNGndS ThbreeByai ns
GSK3 inhibitor, and is generally, a nediumused for cultivating stemcells

(basal medEM)ZinghiCokips mddédmw IUDIGSREIiWh Bladgm 199 mePham, Eagle
above- nent | oned hasal di um.incl u BVE, nedi u BGlbh nedi L. 1066
medi um G asyow " Hn{“eﬁﬁﬁlﬁlo\,g@ﬁ% W%'ncsrgcﬁﬂﬂ_g%eﬁe%@?%\ﬂ medi um
Medi um 19%naiidinl)mhabaglkei MoM REM™L uh$ 4 @ NEM vedi Ui s diidEN smeekidiingn, sendm f r ee
DVEM F12 nmedi um ham nedi um RPM. 1640, nedi u Fi scher's pedi um_, and m xed
medi um t et k0 1o ChPKEY TREY bERSI LHERH Ui Eo PRESsBA Ht P SPS 1779 s

not particy ariy It ed ast! %Qﬂt%uiérﬁj@mjﬁﬁﬂéa used dner aguktueanobeani mal
cells. These basal nedia can be purchased fromlInvitrogen, SIGVA Wako Pure
Cheni calo lythesthdresultede, obapnippbneshkg + ofbePRaPraaConediadcamners t he

i ke. The I i t : in I i r Ly 15 serumfree
DVENT F12. F R P 640 GEar et it Tigr Qe TRz e e on  medi um

parti cul arinduystefiesabiydser Dakfii ppoDMEMI RIGnorathiama [@O36]LtAs thd tediumto
be used ir}Litkheis step, a nedium

The basal medium to be used in this step is preferably
15 serum-free DMEM/F12 medium, RPMI 1640 medium and Improved MEM
Zinc Option medium, particularly preferably serum-free
DMEM/F12 medium.
[0036]
As the medium to be used in this step, a medium
20 substantiazlly free of serum and/or serum extract is preferable,
and a serum-free medium is more preferable.

In this step, it is preferable not to substantially use
feeder cells and/or a feeder cell extract, and more preferable
not to use feeder cells and/or a feeder cell extract at all.

25 When feeder cells and a feeder cell extract are not
substantially used, the pancreatic hormone-producing cell
produced by the production method of the present invention
contains less amount of a substance (e.g., animal-derived
cells) causing rejection.

30 [0037]

The medium to be used in this step may also contain a
serum replacement.

Examples of the serum replacement include albumin,
transferrin, fatty acid, collagen precursor, trace element

35 (e.g., zinc, selenium), B-27 supplement, N2 supplement,

23



zo substantially free of serumand/or serumextract is preferable, and a
serumfree nediumis nore preferable. In this step, it is preferable
not to substantially use feeder cells and/or a feeder cell extract, and

nmore pref 0 u Eeli_smglrt%( adeeder scel | extract at
all. 25 en fkg)élge%e%gfnl gggagggﬁ%ge’der ce I%(Ot raé—jt are not substantially
used, the gardrdatcieeolor nonegpivalening et feqr.odlibedsbyuttheepl actrctiton

nmet hod of th resent. _inyention contains |ess amunt of .a substance (e.g.,
ani mal - derq%gjc?p@@efjs)mcgﬁ%%ﬁg?@j é%t?%%.elé%sj[f'b 7 Supple"flﬁgbﬁr‘redi umto be
used in this stepemynabior60nbal in arlsemMEATeP|ECRNB-27 supplemEXanpl es
of the serumreplacenent include albumn, transferrin, fatty acid, collagen

precur ser whamasses| dsefit 035-(&0gvts i Preeta@il Byl B2 FtSuppfedemt, N2
SUpp! eMMenlye L N AEKAULSERUE baR! BE TR, SsdTBLAPLGRLRANGEN, S5TCNn, _

t hi ol gl yceroﬁ, or “equi val ents thereof. The serumreplacerrent to be used in
t hi s st ep Wakqrrefrer 8bkeyiBa27 Isdpptehesit . Likhe dericempeat iSonitpmph&hards um of

t he B-27 suppl nt 5 when used is 0.01 - 10 wt% preferably 0.1 - 2 m%
These ser L?‘r%r’e;r{gl(:eﬁ@ﬁlt §38axlgg'pur chased from Invitrogen, SIGVA Wako Pure

Chem cal Imhsstries, Ltd., Dainippon Sumtono PhalLua Co., Ltd. and the
i ke. [0038] 10Wiile the culture tenperature in this step.is not
particuParly |iMdde &5el sHytHES| Fepee @i Lh & fdilc AteRr éSoP Stem cel Is to

be used, ;.S RRAYY 391571406 1 €565 abl vi @bauts 371Gy Thecuktiykarbige is 6
- 144 hr, "preferably”12 - 72 hr, at Ts a culture tenperature of about 37C

The cul t ursmann dellils sbepei sasgdpeitl 1y @pesdtorited 14D0°8n pnefibatioly adratted
W th about37jc,c- 10% preferably 5% of CO2-

The culture time is 6 - 144 hr, preferably 12 - 72 hr, at
15 a culture temperature of about 37°C. The culture in this step
is generally performed in an incubator aerated with about 1 -
10%, preferably 5%, of CO;.
[0039]
Step (3): a step of cultivating the cells obtained in the
z0 aforementioned step {(2) in a medium containing GSK3 inhibitor
and an activator of activin receptor-like kinase-4,7

This step is performed following the aforementioned step
(2), and corresponds to a step for completing the induction of
differentiation of stem cells into endodermal cells.

25 [0040]

The activateor of activin receptor-like kinase (ALK)-4,7
used in this step is selected from the substances having an
activation action on ALK-4 and/or ALK-7.

Examples of the activator of activin receptor-like

36 kinase-4,7 used in this step include activin, Nodal and
Myostatin. All these activators are commercially available.
Of these, activin is preferable as the activator of activin
recepiocr-like kinase-4,7 used in this step.

The above-mentioned activin is a 24 kD peptidic cell

35 proliferation and differentiation factor belonging to the TGFpB
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[0039] Step (3): a step of cultivating the cells obtained in the 20
af orenentioned step (2) in a nedium containing GSK3 inhibitor and an
activator of activin receptor-1like kinase-4,7 This step is perforned

foll owi ng the aforenention S ) .GQr I ans
conpl eti ng(ttﬁwaél Slfﬁgﬁné ﬁoﬁ98§gﬁi %‘?‘gl?%gntq)atafﬂa gnnlcl f g’?l%%gggl ftgoi %t%&gﬁ%%{dser mal
cells. 25 ddGAdjtute a difbe utéiymtd® windicthivicn Meceptorll i kélRBhhse

(ALK)-4,7 ed | hi t is.selected fromthe tances _hayin
et vat] oNIEE 20N AR ABhaVor ALK 7. S Eepl da bt 8 Cadet dator T of
activin recent.or thi ke 30r&kidstaserrfsehtised iahyt bifsagtepihachpde, act iviahd

Nodal and Myostatin. All these activators are commercially available. O
these, actibsi @ids agteéRaBrelvedt HEOR Y atioimadf Y ¢Sn FBgBpt BPYFE ke

Ki nase- 4, 7ar#f%§1é. NG S50 eR uERe a%%eﬂ&%%! aned RAahkY¥blal $y2a94i kKibi1e,
peptidic ce 5 proliferation and differentiation factor beYongl ng to the
TGFO (tr drsfthesengagtowih Rats opap)idwtly mwedregiap lywosep8. subunit s

constitute a.di.nmer. vi.a _an.SS bond (Lin N. .. et al.., 9 r ,
770- Te2 e iy dei s Eronoby dburan i Spiie 6 Ty PREMLFeIth:
invention,zAme @fseacttori AS fAerBnt Gat Do@ands S A eansl yacided.n deri ¥ednprem
any ani mal such as human, nouse and the |ike can be used, .and these are

commer dialdtEmavallgpPerivedt hEeB, PERRT A A9l BF 8 ShraiyIprererapty

used. An aghiad nAerkyved frogrthe s9e @didml species as the stemcells to
be used for differentiation 1s preferably used. For exanple, io stemcells

derived from hufiilar thesednasnbratben i ¢lg amtariisatdyuedn agtivein A i s
preferable&%% ‘or—like kinase-4,7 in the medium in this step is
appropriately determined according to the kind of the

15 activator of activin receptor-like kinase-4,7, the
concentration of human activin A used as an activator of
activin receptor-like kinase-4,7 is generally 0.1 - 200 ng/ml,
preferably 5 - 150 ng/ml, particularly preferably 10 - 100
ng/ml.

20 In this step, single and any combination of two or more
kinds of activators of activin receptor-like kinase-4,7 can be
used. When plural kinds of activators are used in combination,
the amounts of each activator are appropriately increased or
decreased based on the above-mentioned concentration range. In

25 this step, an activator of activin receptor-like kinase-4,7 is
added to a medium together with GSK3 inhibitor. When stem
cells are cultured in the presence of activin and GSK3
inhibitor, the cells can be differentiated into endodermal
cells more preferably.

30 [0041]

Examples of the GSK3 inhibitor to be used in this step
include GSK3w inhibitor and GSK3p inhibitor.‘ As the GSK3
inhibitor to be used in this step, a GSK38 inhibitor is
preferable.

35 Specific examples of the GSK3 inhibitor to be used in
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Whil e the concentration of an activator of activin receptor-Ilike kinase-4,7
inthe mediumin this step is appropriately determ ned according to the
kind of the /5 activator of activin receptor-like kinase-4,7, the

concent r ation; of HUARR13GET VDA SRth &S @ B Id6a0k ndk naebirki N
receptor-like kinase-4,7 is generally 0.1 - 200 ng/m, preferably 5 - 150

ng/ m, paredenilddipdpief éhabpyorenentponery/sicr 2@n tAlsosiepthss ifla.and
any conbi i f.t i hds tivatars of .activi ptor-1like
i mase- 4. TR e8P ineRE P AT i oS ot o 2 b el e

conbi nat i atked.hewatimantise oforeaait matiioratcdr thee GEEPr oprhikteby imctleased or

decreased based on the above-mentioned concentratjon range. In 25 this
step, af &GV 3 €PP£E’PFWF‘§$%C%%J?%"FT@W %W&sdépﬁ, A ggﬁdkéaat BIfa medi um

toget her widh GBS, i-BR Bt g8 LVbEN siersalds @ite eubltucgdrbnobheypegsence
of activin and 05K3 inhibitor, the cells can be differentiated into
endoder nalusssl lis wenerplévePabl y. 280N .oaigferably lExapphis endt hke051<3

i nhi bi tor i.n_this~st [ e i-nhi bi tver _and, (51<313
i nhi bi tor .40215%%3%‘32@ f’%h? Pt%ﬁg?ogﬁge&gls%%%ﬁéaﬁ%qg ?t-rgg, aS0BT2313
i nhi bi t or dreefarefaralgl.@. -35Speci fi c exanpl es of the 051<3 inhibitor to be

used in this step include those simlar to the .GSK3 inhibitors exenplified
'n the 14f or enentiTofed SsFERP ( 25 AR S G TH € WRAEE GAPRES0S Y0P G Svihi ch

is a GSK3 yinhididoskizs iRheherabt yeusesk Wid e whencengealrrih@sn of the
GSK3 inhibitor in the 5 nediumis appropriately determ ned according to the
kind of tHehigHitisinsor reoubedusedsomhen dordontiif B9 USHT SCAERG9621 when used

is general;ly .Q.1 - p @%}[ A = c ton of BIO
when nocq hiikor BIPHbRRLEEESERLY IncrendM ANGiSaCONCEALER bAD Of D
si ngl e andhenyheorbimeationedf comcentratoren krardse .of GSK3 i nhi bitors can be
used. V\hemtﬁtr]al ki nds of inhibitors are used in conbination, the anmbunts

of eacH?i or are appropriately increased or decreased based on the

above- nent i oned 160REERt EAELONak aR@Eivd Bt WA ctivin receptor-like
kinase—-4,7 and GSK3 inhibitor may be simultaneously added to
the medium, or may be individually added tc the medium in a
staggered manner, as long as differentiation of stem cells
20 into endodermal celis can be induced. It is convenient and
preferable that an activator of activin receptor-like kinase-
4,7 and GSK3 inhibitor are simultaneously added to a medium.
[0043]
The medium to be used in this step is produced by adding
25 activator of activin receptor-like kinase-4,7 and GSK3
inhibitor to the basal medium exemplified in the
aforementioned step (2).
The medium to be used in this step may be preduced using
the same kind of basal medium as that used in the
30 aforementioned step (2), or using a different kind of basal
medium. Preferred is a medium produced using the same kind of
basal medium (e.g., serum-free DMEM/F12 medium) .
The basal medium tc be used in this step is preferably
serum-free DMEM/F12 medium, RPMI 1640 medium and Improved MEM

35 Zinc Option medium, particularly preferably serum-free
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In this step, an activator of activin receptor-I|ike kinase-4,7 and GSK3
i nhi bitor may be sinultaneously added to the nmedium or may be individually
added to the nediumin a staggered manner, as long as differentiation of

stem cel | DEE%‘ 0 ermal cells can be induced. It is conveni ent and
pr ef er abl 23 aéﬂ;nm%c%gfq\%at or of activin receptor-I|ike kinase4,7 and GSK3

i nhi bi tor poeeis)i nul t aneously added to a nedium [0043] The nedi um

to be used in this step is produced by_addi 2 ctivator of tivin
receptor-like kilfadé<Z #t5Rd &K%Siﬁﬁ%/ﬁ?{%ﬁ’fﬁg &%E?Ehgt%e?él S%ﬁélgil&iigxlé%l ified
in the af oreumit ienad shepot2)- feeder cde drdialD,t @rle mésed pire fehaB18t ep
may be produced using the sanme kind of basal nediumas that used in_the 30

af or enent itHedEstugs @2 eedrrusehys aaaif Peranfesdaid il lbgs&irefedptnpl. -
Preferred is a nediym g&;&?ﬂ ﬁegouﬁgngséaeiﬁ%%(iﬂépf Dasdli pedium (e. g.,
15 e |un%i. he bas [

serum free DVE al medi'umto be used in this
step i s prafiertahity asenurfirkee e DMeEMuUF] 2 nuE dicumerRRVExX1840t médi predadable,

| mproved MEM 35 Zi nc tion di ur articularly preferably serumfree
DVEM F12 rﬁ%&ﬂsﬁ%ﬂ%ee megﬁ“ﬁ“nlﬁhﬁgg%t%ﬁe,ﬁ?]fﬁﬂse'pr eferable not to
substantial |y usgdreadenceebbs1andharaaréeadercaEl lexddactareandtnor e
preferable 5 not to use a feeder cells and/or a feeder cell extract at all.

As t he medithftiantielldyveased t hhs BeBpreat FediURFHRIDNICAGy CPrlde of serum

and/ or ser IS P : S ree edi IS, 1Rk e
pr ef er abl %&f%&dg%gﬁggﬁgg%sg %%g%(g? ((g::felq{ﬁgeng{eact a;igwr?gltt /o
subst ant i atdrytaised,lestze apanateafi suhst anoes ptoduci mgicelll-dearddeced by t he

producti on rilt od of .the present invention contains |ess anmunt of
subst ancest{e:Y. CT'HE FddF Vel cel I s) causing rejection.

The medium to be used in this step may also contain serum
15 replacement.

Examples of the serum replacement include albumin,
transferrin, fatty acid, collagen precursor, trace element
(e.g., zinc, selenium), B-27 supplement, N2 supplement,
knockout serum replacement, 2-mercaptoethanol, 3'-

20 thiolglycerol, or equivalents thereof, with preference given
to B-27 supplement. The concentration in the medium of the B-
27 supplement when used is 0.01 - 10 wt%, preferably 0.1 - 2
wt.

While the culture temperature in this step is not

25 particularly limited as long as it is suitable for culture of
cells to be used, it is about 30 - 40°C, preferably about 37°C.

The culture time is 6 - 288 hr, preferably 12 - 124 hr,
at culture temperature of about 37°C. The culture in this step
is generally performed in an incubator aerated with about 1 -

30 10%, preferably 5%, of COs.
[0045]

In this step, induction of differentiation of stem cells
into endodermal cells is confirmed using endoderm markers.
Specificalily, the confirmation can be performed by evaluating

35 the presence or absence of expression of a protein cr gene
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The nmediumto be used in this step may al so contain serum/5 repl acenent.
Exanpl es of the serumreplacenent include albumn, transferrin, fatty acid,
col | agen precursor trace elenment (e.g., zinc, seleniunm, B-27 suppl enment,

N2 suppl e ANQGkoUe 2eh 4P LeBLBCEORM n | SARILARNOYNANO ondopo2l

t hi ol gl ycero qui val ent reof, wth preference given to
suppl ementmaﬂ}tm: jconGient eaprension tdé prediaim efart be BRAlsupplienend when used

is 0.01 - 10 wt % preferab ile the culture. te rature in
Ui step TR S8 itk aharhy L PERT BN AEY o et e Sher BRE: 1 or

cul ture ofarceldrss texdiesused, oift gbﬁea@@mbé%vaﬂ%e@w er akitycabout 37C.
The culture time is 6 - 288 hr, preferably 12 - 124 hr, at culture

t enper atsuret o1 HEGURTIFER 7R ebbt bk ke n B lepepti shgemar ket yineluds med
in an '”C%f’f @s%[]xatd%%‘é‘mﬁﬂﬁ oyt }ono‘fpd}%( Bs RS ET AL fEb o gof CC2.

[ 0045] IS step, in uctron erentlatlono stemcells into
endoder nalhamédksax )s CEAR4r tetemsknge e hdedet matariensacegpec fi)jcahbly, the

confirmati er f or ned eval uating 35 the presence or absence of
expr essi orfo(%@c% %J%Eﬂ%‘ieﬁd i) eﬁ‘2¥ “that is specifically expressed in
endoder mal [@®idjs (endoderm narker). The expression of protein can be

eval uat ed by a nethod utilizing an antigen-anti body reaction and the |ike,
and t hetexPrssin 6f Sgere céahObBIBYaf UGt LY BF % (FRIE)5 TeeM F2Png RT- PCR

and the |ike, dl@%%@l%%do‘cl ttﬂﬂe”ﬁ%?é Lpel ydeq S0L7 Wéﬂ%&%%ﬂ ngnLegi on

Y), Goosecol d (goosecol d honeobox) I&XCR4 (chenoKi ne ( C not i receptor
4) and FOXA2LY ﬁmﬂeheazdab@)asp@)zs:Lpﬁoaﬁi}it&mIStEean(dm)uma step of form ng a

cell mass (spher fr.omthe c Is 0 ed in fore ntlon 3),, and
cul tivating e BbIT iastorn L Eushoha B SUATE Ith W edhRentionad

step (3}, that have been differentiated 1nto endodermal cells,
15 namely, endodermal cells, form a cell mass, and the cell mass
is cultivated in a suspension state in a medium (re-seeding
step).
100471
In the present specification, the cell mass refers to a
20 state where plural cells are adhered and the like to each
other to form single mass (e.g., state wherein 10 or more
cells are adhered to each cther), and is a concept opposed to
an isolated cell and nearly isolated cell. The isolated cell
refers to one cell in an independent state without adhering to
25 other cell. The nearly isolated cell refers to a group of
several cells adhered to 1 or 2 other cells, or assembled by a
weak adhesion force that allows easy separation from each
other.
In this step, the cell mass refers to a state where
30 plural (e.g., 10 or more) cells (endodermal cells) obtained in
the aforementioned step (3) adhere to each other to form one
mass.
The cell mass, isolated cells and nearly isclated cells
may be distinguished by the number of the gathered cells (e.g.,

35 cell mass when 3 or meore cells gather), or may be

28



In this step, the cells obtained in the aforenentioned step (3), that have
been differentiated. into endodermal cells, 15 nanely, endodermal cells,
forma cell nmass, and the cell mass is cultivated in a suspension state in

a medi um (J6:SeRMH g 5t %g) th[eogf‘g$ bP Lhe present, specidingathopn the cel |
mass refers to 20 state where plural cells areadhered and the like to

each othemnﬂaﬁmthéﬁﬂgkelmass 0€. gell stuseewhianeiunded en gbtéceél s are
adhered to eachc%}her% gg %s 1 & concept opposed to an isolated cell and
nearly i sST&r e &S T Fh& Fsolifed cel | refers to one cell in an

i ndependent st atre rwiskheawpl «adhReh nghé os 2oe othediwsl laf Eh@eﬂ&aﬁbyabsatal@d
cell refers to a group of several cells adhered to 1 or 2 q{her cells, or

assenbl éd WY 4N MeCAARBILoRATESr ERSTFRY HF | eadf d8par at 15 THEm each

other. In e, RRcGE $8a ' &F &f Srd &1 éh StAt@ ndhene 3QsehBigl ofe. g.,
10 or nnré?htzils (gﬁdodgrn%heng é%) ob téfﬁ%h in therﬁ?opénenfloneg gtep

(3) adherexﬂd.e&tHE@Shéhamo3ﬂ6rwmon@ﬂmmﬁy be recognfpedce$| ipabsted sol at ed
cells and n y i sal_ated. ;68 d :hy u the
S o FRE SR R T oe hs A AN 1 1L RUIRER Bbot

gat hered ¢él or nor e cel her ),
di stingui ghéd bMath@sarC@rféspmm&kaﬁﬁembbﬁlah)cehESmay Ba eetaggeﬂaphaﬂar
i mge of cell suspension under an optical mcroscope and the |ike. For

exanpl €¢ h&ith@asisze (RaRi 48) O ¢ &9 S AboGCNEHSE bR SR SEREY onal

area ther gqf fo%na%oweﬁogaegﬂ tHBeEEEOL Onaf O raxam @ N skhemanedcof a
region formng one assenb y of cell is less than 300 pn2, it may be

recognlzedxa§QQﬁmkﬂe@rc@$I% or nearly isolates cells, and when it is

| ar ger thaﬂyﬁﬁg un (that is, corresponds to 3 cells), it may be recogni zed

as lo a ce Wien 10 or nore cells are adhered to each other to form

a cell mass, tharsembi@mabeateapethE@éti@nasemnmuﬂﬁurduin3QOBquﬂneionDre.

[0048]15 state means cultivating in a medium under non-adhesive
conditions. The culture under the non-adhesive conditions
means culture in a state free of adhesion to culture vessel or
substrate (e.g., using a non-adhesive multi-well plate).

The culture under the non-adhesive conditions can be

20 performed by a method known per se. Examples of such method
include a method including applying a hydrophilic substance
proteoglycan such as poly(hydroxyethylmethacrylate) and the
like to the surface of culture vessel to inhibit cellular
adhesion to substrate (Cell Struct Funct, 13, 179(1988)), and

25 a method inéluding applying a synthetic polymer compound,
which dissolves in a culture medium by coeling, to the surface
of culture vessel, allowing cells to adhere thereto, and
dissolving the synthetic polymer compound by cooling the
culture vessel to form celliular sheet (Bio Technology, 8,

30 854(1990)). These methods can be improved as necessary. For
example, to prevent loss of cells during exchange of culture
media, it is possible to once subject a culture vessel to a
centrifugation operation to forcibly attached cell mass to the

surface of the culture vessel and change the culture medium,

35 or to transfer a culture medium including cells into
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In the present specification, to culture in a suspension 15 state neans
cultivating in a nedi um under non-adhesive conditions. The culture under
t he non-adhesive conditions nmeans culture in a state free of adhesion to

culture vessel .or subsirat + Oy [ an- adhesiyve pyLtisuel | plate).
The cultufgnﬁﬁ ePg%hga%%h-gﬁ%gggvgﬂggn |t?§ﬂs caghbe %Olpe%%o%ned by a

met hod knewerpern cseanBxarphesgef tiseich: tettrochadiciude aupetrhadanhel udi ng
appl yi ng a hydrophilic substance proteoglycan such as

poly(hydrd é@ﬁylnethacrylate) and the like to the surface of culture

vessel to inhibith ¢ghkukaepadhessod torsulsta alke 1( Gakk, Shr gebtEunct, 13,
179(1988)), and 25 a nethod includi ng applying a_synthetic polyner
conpound, dittestt idinssokyes may abeurdds@ tredinimasy leosPtagretolfhenSur f ace of

cul ture vessclo SkLoNnocell vaf oadiete tiereha. 2nd diasobyingatile

synt heti ¢ "polyner con%oun cooling the culture vessel 'to formcellular
sheet (Bi @dlachrobegyin8ul3be854¢1890)). These nethods can be inproved as

necessary. For exaggie, tg E event. ] oss of cek%; dﬁning exchan e fdgulture
media, it is podSfPPeeFoChntRe sEbhiect R CitLe Fresder £848 cet' Fitugati on
operation g f0CinBky 18kt achedocel bypdss, tanthgsiskaceaphihhedtupase g

vessel and change the culture nmedium 35 or to transfer a culture nedium
i ncl udizng Aeslutsisent(@nVveERPBERugeradderafle @l ttdtce ke -cefPrespyproteln

centrifuga. rati nd. gx h t; ' [ upeg:pat ant .
[ 0049] In%%ﬁggﬁggﬁb%hggﬁggegfgrn?ﬁgggl%%ﬁf&%%§§?%gﬁﬁgg#§%E%Sgd?gggtion
enzyne maEi addedita tthegeel Ds2obt arvestinrt ik EATdY) elyneiddnad EPER (3)

doder mal_cel |.s) t each .cel | to.be.singulafed
Exanpl o 0 (RS R50r 8 pPOFLMY d GRUCToR ey RAB REFHdes BIRC4r i ot

limted tgndfypsin, collagenase, papain, dispase, 10 Accutase (Ilnvitrogen
trade -nane) and the |ike. These protein digestion enzynes are typically
used i st HQG8Hm of a trypsi nEDTA solution (e.g., 0.25%trypsin-1 mM EDTA)

by addi ng EDTA ggj%%ﬁga%€e§?2f ang, My2rte , WhI &y 1an@ dnhihi 1er $rabadigessi on
enzynmes. /5 [00 h this step, for exanple, a cell mass can be
prepar ed asflaidovisrdr dnet e ldel lobtebnaidnéd ithet kéozborerdpnEanatest ép) ( 3) .

That is, the cells obtained in the aforementioned step

{3) are subjected to floating culture in a suitable medium on

20 a culture vessel. For example, when 96-well round-bottom dish
is used as a low adhesive culture vessel, 20,000 — 400,000
cells are plated per well, and cultivated in a suitable medium
at 37°C for about 6 hr - about 10 days, preferably about 6 hr -
about 2 days, more preferably 1 day, with or without

25 transferring formed aggregates into a low adhesive 6 cm-dish
and the like. Examples of the low adhesive culture vessel
include those generally used in this technical field and
treated to be low adhesive. Examples of the culture vessel
include culture dish, culture flask, apparatus for rotary

30 culture (spinner flask etc.) and the like, specifically
spheroid plate. As the treatment to be low adhesive, a
treatment to suppress adhesion of protein and cells by forming
a covalent bond {(coating) of hydrogel is used.
[0051]

35 To be specific, in this step, the cells obtained in the
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That is, the cells obtained in the aforenentioned step (3) are subjected to
floating culture in a suitable nmediumon 20 a culture vessel. For exanple,
when 96-wel |l round-bottomdish is used as a | ow adhesive cul ture vessel,

20, 000 - 406,000 f8ldnedakecpl a¢daperpyetdd &ﬂdQMélilV%tpﬂ*@ﬂoﬂdagiﬁi:éam e
medi um at 37C for about 6 hr - about 10 da%‘rs, pref erably about hr - about

2 days, notle praef @xabiyel gaglengith of wrihowelds peanyfétri ABAf or ned
aggregat es_int.o | ow_adhesi ve.6.cmdish t he Li ke. ampl es of the | ow
adhesi ve ccu“}]’tntulrveaat edgsL1 eirngpﬁgég%%geoée%ﬁ&glalny sz ES? njg%( :T]g Cfa chni €&
field and Imeatved MEMEinowOadhesi medi bxamplasd witlt Hé AHAusepyésseht .

i ncl ude cud{i{gge] di sh, culture flask, apparatus for rotary 30 culture

(spi nner f etc.) and the |ike, specifically spheroid plate. As the

treatment to be jrownaghesiye, thet E8AL MBAEs tELISAURENESS adheSicerdobbpret ei n
and cells by formng a coval ent bond (coating) of hydrogel is used. [0051]

35To be spetiduldiviarechiia suepenshencefdse obt & fefliivy -t héhearvtbwenti®ned

step (3) . - spher0i or | e, Lty of
2x104 cel Iasrél%ﬁ%r%v%gﬁ %%gﬁ'% %%%#F(/atggdﬁ%ﬁtd%ﬁ%%nﬁﬁ%ng% g?ngng %O‘EA)Q for
1 day in afrdamprioweeiheMEbnZicnc c@ptiioa vessen @addedatinatel %8027 suppbeaent .

.5 [0052] In this step, .the cel|l mass obtained as nentioned above is
cul ti valed I AESeSi BngfLa?’Elﬁnpéaﬁ%ijl um The culture in suspension state

neans, as nenti oneshpabkevesr edbtsegiim o statesdd em afhiadhesionthatcukiure
vessel or substrate (e.g., using ,a 20 non-adhesive nulti-well plate).
Exanpl es dfediiE fsdi FRPdabéngsednrhudni shetepat madis exeawildhiedr 1n
re-plati ngehdé %&%ﬁﬁmoh%a%t di; g exerpl infdfdml Rot Be abeuengniipped step
(2). The nmediumto be used in this step nay be prepared by using the sane
ki nd of a dizgalmayedicuprebaasdt hg abbue- bentsomedkisteps @ pasalldeddpnusi ng

a different sal_.nmedi um . Si nce ipducti of different.iation.into

pancr edt’i ca%(b)cgf%r?@-oﬁfr%gﬁgfcﬁanggl P e%%n(%g peﬁj)dr med rore &f ﬁlgi%eeﬁtew,

| nproved MEMadi Aed@pin.ons teek gl dvidn agenr)i iferenetatabhyinged as the
basal nmedium for this step. The nmedium 20. can al so be fprepared according to
a known dRARFERETHR ERIBPTA-PEPIYFINg Nae bR afalehfc e HIrFTEd A9Tre1705) .

efficiently, Improved MEM Zinc Option medium (Invitrogen) is
preferably used as the basal medium for this step. The medium
20 can also be prepared according to a known document (Richter A.
et al., National Cancer (1972) 49, 1705).
[0053]
The medium to be used in this step may also contain serum
replacement. Examples of the serum replacement include albumin,
25 transferrin, fatty acid, cocllagen precursor, trace element
{(e.g., zinc, selenium), B-27 supplement, N2 supplement,
knockout serum replacement, 2Z2-mercaptoethanol, 37-
thiolglycercl, or equivalents therecf. As the serum
replacement to be used in this step, B-27 supplement is
30 preferable.
[0054]
In this step, an Improved MEM Zinc Option medium
(Invitrogen) added with B-27 supplement is particularly
preferably used. In the medium, the concentration of the B-27

35 supplement is 0.01 - 10 wt%, preferably 0.1 - 2 wt%.
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[ 0053] The nmediumto be used in this step may al so contain serum
repl acenent. Exanples of the serumrepl acenent include al bumn, 25
transferrin, fatty acid, collagen precursor, trace elenent (e.g., zinc,
seleniun),uﬁﬁﬁﬁ suppl ement, N2 suppl enent, knockout serum repl acenent,

2- mer capt oet hanol, 3'- thiolglycerol, or equivalents thereof. As the serum
{eplafenenthto he used shephi $tsteprEELalsipucantnt suds3enpief éyabse.

0054] In this ste an_|.nprove M Zi t.ion medium (lnvitroge added
W h B 27 SUSBIOFELS SnBABE| BurSr Iyt ik SPUTRTYy (5HaOFR PR ReaP bt he
concent r atdan +@f ke r8=3Z4r38eSUPPARARHE d SFbddl el Wk¥rapreterabky 0.1 -
2 wt% [0055] In this step, it is preferable not to substantially

use feeder cell ¥hgndfeedarfeedes 2ed|a Sagdtst Ccead SHREEESHr 8F&r 8BFe not to
use feede%d%?éa t%QQﬁ?[u@e&eegeéuﬁgéénﬁgt&%g{éa%dyﬂal—derivewh@@liE?der

cells and a feeder ce extfact are not su ntially used, a substance
(e.g., anigmisider iregedctébhs)scaostagned|ectd dress agomndi-ned in a | ess
anount . As the diumtao be used. in.this_ step, a _medium
substantially frp‘ée_tﬁ}ﬁ @gﬁawﬁa%? ‘é%?%n*%gtt ct° G prefsrabie, 10 and a
serum f r egBRAAHPiaS 1§D Pl effesablig. ah@056] serum eWbirkett he pukfareble,

tenperature is not particularly Iimted as long as it is suitable for
cul t ur eoofansk|d SegyThérageBedivn &5 ghoir BEiendd e preferably about 37C.

[0056]

While the culture temperature is not particularly limited

as long as it is suitable for culture of cells to be used, it
is about 30 - 40°C, preferably about 37°C.

15 The culture time is 6 - 360 hr, preferably about 1 day -
about 12 days, more preferably about 8 days.

When a cell mass is formed in a suspension state, after
formation of the cell mass, the cell mass can also be
subjected to step (5) without subjecting to floating culture.

26 In this case, the formed cell mass may be cultured in a
suspension state for 0 - 48 hr, preferably 0 - 24 hr, before
was performing step (5).

The culture in this step is generally performed in an

incubator aerated with about 1 - 10%, preferably 5%, of COs.
25 [0057]

To be specific, in this step, the cells obtained in the
aforementioned step (3) are plated on a 96-well spheroid plate,
for example, at a density of 2x10' cells per well, and
cultivated under conditions of 37°C and 5% CO; for 1 day in an

30 Improved MEM Zinc Option medium added with 1% B-27 supplement.
[CO58]

In this step (4), pancreatic hormone-producing cells can
also be produced using, as a starting material, endodermal
cells other than those obtained by the aforementioned steps

35 (1) - (3). Therefore, the present invention also provides, by
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15The culture tinme is 6 - 360 hr, preferably about 1 day - about 12 days,
nore preferably about 8 days. Wien a cell mass is forned in a
suspension state, after formation of the cell mass, the cell mass can al so

be_subj ectgd & G1abeR () AMLEBGUL: PURIACIAND d0 Jd-08LLRG CHLERLRE-20 1 thi s

case, the Torne ss"may be culture suspension state for 0 - 48
hr, preferatldnding 241he, ubéfior endwde pex¥ oranilyg ast e@p sCByrting materThk,

culture in.this step_is generall erformed in an incubator aerated wth
about 1 - P 5reFePABRYCEIRNGIC R O HUEARTIC OGBS PERARTHIE, | n
this step,cding, cebhprobtagnedrininghe @401 enmd ifonad esliepetanlacelpkat ed on
a 96-wel| spheroid plate, for exanple, at a density of 2x104 cells per

wel |, anad aa@ GwWadEatingetneofidl i BH%S ofD 37 CHRESHCOOF LRSE 10d8y in an 30

I mproved WEM;Z) C(sthteit&’f&eg?%“HéaQ&?Pex‘/‘_‘Léﬁle&%@éﬁﬁ%&bﬁ”ﬁ@&o&o@@%

In this step , pancreati c hornone- producl ng s can al so be produced
usi ng, as thestrartsiend maventabn endoderpmtsed |spagtifdcatthan)t hose obt ai ned

by the aforenentjoned steps 35 - )... Theref.ore, the present.invention
o 5o pr ovi des. | By BPSUEEaRT 5 el 0 AT e ST o R el P
hor none- predug R iegl, | Ssusi Bgaendegeniedr i€l | erafoderaiadr cengsmatreial , that

is, a production nmethod of pancreatic_ hornone-producing cells, conprising
f oLm ngoa W8N these prbaieadolEr Faf ePTYIeIGNEd AtEPFatiilng Tt hé) c8FP nass

N a SUSPENYORCS RS TRALKD LAUTELARS: [0 Bt ahlieyinat ed ase

producti on net hod the present invention in the present specification).
The pr odugtriagiuamechotethopantr pahredor oronecmprrotisianycdeldl seddbngsing a

starting terial, endodermal_cglls_pther /.o than thos btai ned by the
aforenentg%ﬁ%d*%ﬁ@pgggffn?g?éy E%% %fé%?Tﬁ?%ﬁﬁ %ﬁﬁ%ﬁ}ﬂ ﬁ3ﬁh3%s§ne nmanner as

in step (Hraftimkempredusation nethod of pancreatic hornone-producing cells
using the cells obtained in the aforenentioned step gf) as a starting

materi @. 15To B& §FePEFEIitnetpr oIV MetMId S of Ahélpr BEEREDT

invention is characterized by subjecting endodermal cells to
the following steps (4’) and (5").
(4’) a step of forming a cell mass from endodermal cells, and
cultivating the cell mass in a suspension state in a medium

20 (57) a step of cultivating the cells obtained in the
aforementioned step (4’) in a medium containing retinoic acid
receptor agonist, inhibitor of AMP-activated protein kinase
and/or activin receptor-like kinase-2,3,6, inhibitor of
activin receptor-like kinase-4,5,7 and cell growth factor

25 The step (4') can be performed in the same manner as in
the above-mentioned step (4), and step (5") can be performed
in the same manner as in the above-mentioned step ({(5).
[0059]

Pancreatic hormone-producing cells in a form more

30 mimicking the pancreatogenesis can be preoduced by this step,
more preferably, the aforementioned step (1) - (3) followed by
this step (4). Since these cells form three-dimensional
structure of a cell mass, it is considered Lo be closer to the
state in the body and more functional than the cells cultured

35 in sngle layer. Furthermore, due to the three-dimensional
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invention is characterized by subjecting endodermal cells to the follow ng
steps (4') and (5'). (4') a step of formng a cell nass from endoder nal
ceIIs and cultivating the cell nmass in a suspension state in a nmedium 20

(5') a st %rergfctﬁelet | VALLOO-L e cald s phtidined ikp bhenaler spenihpned, st ep

(4') in a"medi'um containing retinoic acid receptor agonist, inhibitor of
ANP-actlvap@dlpabuenntklma$b Eh&ﬂapyzﬁﬁ|Qﬂmpam@deppopahck@akiﬂa@@ﬁmeFii

i nhi bitor of act|V|n tor-1i k nase 5.7 and el o] tor
25The ste8r82“f188ncﬁ 5#%5%% ﬁ’fﬁ@y§§%éoﬁ§%n r°as c%19§ Heihdas!
above- nent[icosed step (4) and step (5") can be perforned in the same manner

as in the above-nentioned step (5). %QOSQ% Pancreati c hornpne- prodUC|ng
cells ih &UEr hridr e 398 rﬁfclﬁ ivpsipdneheatsy %ﬁe‘%}?gajc%‘?rg préduced by

this step, MMLe-RLEHRE béﬂeptP@g%ﬂpQﬁ%ﬁﬂﬁhﬁp%%n%hgﬁlﬁ%)reti@éléoééﬂﬁed by

this step (4). Since t ese ce formthree-di nensional structure of a cel
mass, it |rsceg>rllslrdegedlsb, benkcilwigerr tof AP -scatigaitadt peobedy shdasere

functi onal 52@%5%§ﬁ5§5525?§%%%ﬁ¥(¥% %akf%a %%Ie I%yegnhE§E£Q§L re, due to

t he t hr eeZdi se'cells’are’considered to be nore

sui t abl e e iappl reatpobrtDi kel kiddhwes-apys,as atenpanédgttowpaAntaeadi c
hor none- prodUC|ng cel |l s obtained by conventional_production nmethods. [0060]
5 Stepif5): a st bSoFt%BI??E%ﬁ§9ﬁP qu¥9x9I%§e§bP§|ﬁ€8uFﬁn9he af orenent i oned

step (4) i rEcTRALYEL COAt 3F MY d&ti NQitG 13 iheeaBt akoa8RBASE enédhi bit or
of AMP-activated protein kinase and/or activin receptor-Ilike kinase-2, 3,6,

i nhi bi t or s¢kpaddivi nanetept endddaamal m&§d54Q@l¢Uéﬁd éal p gﬂﬁmﬁhsi%%tor
10Thi s SUehGar hesRopds Lo, austen O Jaduclng. i erenthal Logyafsthe cel
a ep na

obt ai ned "%t e I 'onéd mely, en erna ultured
in a suspewrgilen state into progenltor cells of pancreatlc hor none- pr oduci ng
ceIIs.JQS[%O%%%]

The retinoic acid receptor (RAR) agonist to be used in
this step may be a naturally-occurring retinoid, or
synthesized retinoid, a retinoic acid receptor agonist
compound free of retinoid skeleton, or a naturally-occurring

20 substance having an equivalent activity. Examples of the
naturally-occurring retinoid include retinoic acid
(stereoisomers of all-trans retinoic acid (all-trans RA} and
9-cis-retinoic acid (9-cis RA) are known). A synthesized
retinoid is known in this field (US Patent No. 5,234,926, US

25 Patent No. 4,326,055 etc.). Examples of the retinoic acid
receptor agonist compound free of retinoid skeleton include
AmB80, TTNPB and AC55649. Examples of the naturally-occurring
substance include honokiol and magnolol (Annual Report of
Research Institute for Biological Function 9:55-61, 2008). The

30 RAR agonist to be used in this step is preferably retinoic
acid. While the concentration of RAR agonist in the medium is
appropriately determined according to the kind of the RAR
agonist to be used, the concentration of retinoic acid when

used is generally 0.1 - 100 uM, preferably 0.5 - 10 pM.
35 [0062]
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The retinoic acid receptor (RAR) agonist to be used in this step may be a
natural |l y-occurring retinoid, or synthesized retinoid, a retinoic acid
recept or agoni st conmpound free of retinoid skeleton, or a

nat ural | y- occur riRg ; 20 sUPsL-ane ealiavi Mg Al KOWARISRL xaekkui by, Exanpl es of
the naturally-occurring retinoid include retinoic acid (stereoisoners of

al | -trans awtiivioi cegeptiofal Lker hisa )2 ahvdd Fxibs peedndncthérdstoprcis RA)

are known). A t hesi z retinoid s, kng i i i.el Pat ent No.
5,234,926F§B§x%%£b§f8ﬁt%ﬁﬁ.gﬁ?%@6?%%%1%ﬁ%ﬁ%ﬂoﬁgéﬁﬁﬁag%d%fg?%g§9etinoic aci d
receptor agoniist-cegpedndityeenohMpeddinordtskelrettein kihade ARBBOK) TTNPB and

AC55649. Exanples of the naturally-occurring substance include honpkiol and
magnol off (AHRPANIRepaFEnef 1RBSBAFCRY | St T te For BrIrEgrESFPEGRCT T On

9:55-61, %&C}%)se The k30-,BARcagQRk St ofPolRidsad, iy ti_fﬂlihibﬁtt%ﬁﬁi scereiepably
retinoic acid. Wiile the concentration of PAR agonist in the nmediumis
appr opri atel PEMietethiivatddapcotdingkinasherkd nidiiobittiee YPARCAFORYSPt 0 be

used, the cgncentration of .retipoj CJ . . erally 0.1 - 100
pM prefeFﬁbJQH6¥%egefaoﬁwélgg bﬂ%ﬁ% 2550 iﬁén%ﬁﬁﬁgftor of
AMP- acti vateeb3ar ot ei n ki nase and/ or activin receptor-like kinase-2,3,6 to

be used in this step_is selected fron1tg§‘%foup consi Lgng of coppounds
havi ng #nhi bi t ofy*EELPYi ¥ bRC ARPTERERY HBGH B ll?ﬁ'lr]r <& OCRVPRY LV ELY
conpounds AR IARsBRLARY I ACYEL LY (20 A M ih-TIeGARI I b cklynass-—

(ALK) -2, 3,6, and conpounds having inhibitory activity on AMP-activated
prot ei n kipasieliand-iydbybatoly [Acbiaipyronidiotdvi muede dpiden-inek@-p-d-

ki nase-2, 3, 640 Conhlnatian) [ 0963k, 0Pl i8S, ohnthg eoppRURd-Oaving AVPK
i nhi bitory activity i ncrude’ dorsonor phin

(6-[4-(2- piiper idinasle- yrekhoxyppheay1¢i3ssified into some types and ALK-
pyridin-4-yl pyrazol o[ 1, 5-a] pyrim dine), araA (adeni ne-9-13-darabjn
furano§Pdé¥fﬁé7§5aﬁ@°WﬁeaFiEeBM?hEYBEt?V¥?F?Q3%ﬁﬁ%ﬁnﬁ%ekeaQﬁngég %ﬁgﬁy—has
been cl assiditadidd arxone st ¥pes aRdwAlis 5@ -3 Gugedeen yasypeBWP type |
receptor kinase, and the bel ownentioned ALK-4,5,7 is known as a TGP

super f am I5easpFen kisespt orAki GREROUNES dEipeUhdsKhavitng ARRID1BOBY
inhibitory actjnity, r in C 80 ( br (4~ .az] vi)- 3-
(guinoIinf%§§f?§§&a§%%%f%gggé?gyr%R$5?%% §%n§5tﬁ%E#ﬁ%g%%g%é%ggggqge%tioned.
Dor sonor phiduihasl ivetth yAVBK riarbil bil f pbya feyTimi girand saldK-the3 18 kienkrgbi bery
activity. As an inhibjtor of -activated ein.ki.nase and/lor,actiyin

r ecept of’- IMRE-1a1Rs e 2P 3L 8OMAGY %%Hﬁﬁﬁbzﬁﬁﬁiéfﬁﬂgépory acglv%ﬁ%s%ng
conpounds gcn bes nuriehased of-kor-8h . Togy iz 3mnhbibaseirenceaMStengent ,
Merck Biosciences and the |ike. [0064 . I'n addition, antisense

ol i gonuc! evttiidea ta PYCRRANOKIARRA B/ AVP2EE Y It RFBt il Mg k488561

ALK-2, 3,6 and 4 hey ] ike can 3l s@ Be.rsedps. i nhibitor of AMP-activated
prot ei n kinase :
These compounds can be purchased from SIGMA, Tocris
25 bioscience, Stemgent, Merck Biosciences and the like.
[0064] '

In addition, antisense oligonucleotide and siRNA of mRNA
for AMP-activated protein kinase or ALK-2,3,6 and the like can
also be used as inhibitor of AMP-activated protein kinase

30 and/or ALK-2,3,6. 1In this step, moreover, when an increase of
differentiation factors belonging to the BMP family or
secretion of theose differentiation factors, from the cells
under culture into the medium, is confirmed, antibody that

neutralizes the activity of those differentiation factors, or

35 Noggin, Chordin, Cerberus, Gremlin and the like, which are
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30 and/or ALK-2,3,6. In this step, noreover, when an increase of
differentiation factors belonging to the BMP famly or secretion of those
differentiation factors, fromthe cells under culture into the nmedium is

confirmed, anti od .that n r R 0 i{te iation
factors, (tlﬁnoé"’él %89 nB ;&ﬁorgg%n%oé&%le%ﬁg ﬁ% r%%l)ré an tat?lhgﬁslgkie)fe {\}\,ﬁ?%h are
known to kisncirt QthlBltarl afii hP-atsiextdéd proaannalisoase asddoasAER-

i nhi bitor of AMP-activated protein kinase and/or ALK2,3,6. [0065] 5Wen an
i ncrease o Jgécretion of activin exenplified in the above-nentioned step
(3) as an @gpidwator of activin receptor-like kinase-4,7 by the cells under
culture inthis step is confirnmed in the nedium an antlbody known {o
neutral sze the &&envienyipEragseven, SORTFEIM QaEct RAGWSZEBP16TbPA R o

activin totﬂenrgb%'x}e—&n%%tﬁg}lggl 898§¢%§ %Qearysﬂl%t%} 'orfh'al%ltt'LQELnOf AVP

activated protéin kinase an [ 0066] l e the
concent ratnm;ﬁj‘or&nllkahkbnaee o6f 7 AMP- alne: | ot led Lprdﬁxemmlmunr&senahhiar
activin receptor-llk ki nas

15 the di. u a riately
det er ni ned® &t rdion Emte elRl géorf‘e‘?h‘ém‘i rht b%nntec rHé’ g(e Otllj"”sl%e - t he
concentr atdé?ﬁ@ill%r %ﬂ@éemﬂlweaf useei¥5n genermdlly shak in ?dﬂopM to
preferably 0.2 - 5 pM [0067] the inhibitor of activin receptor-Iike

ki nase pALKnd 2@ @%lYlﬂothlUBéHlF nithiaCktp cIB-UPEPE u§ld56§1?2 (2-(5-
benzof 1, 3]« %&83&%,5% gégﬁe%gjafegg!&a SRRzl s/ o TRiLRYLp Y, i ne

hydrochl ori -tert-butyl-5-
(6-net hyl -@odali n-2-y1) - 1K i m dazol - 4-y1] - gui noxal i ne) , A— 83- 01

(3-(6-methyl-2-pyr.i nyl - 4- guj-nol in
pyrazol e-1 -t hi oé‘éﬁ} %#edgg %éﬁﬁgmﬁf \?(J)fj(lcgg MiEsactivated
pyrl dI nyl)pr’cﬂén{ |kli@lra%@hﬁﬁ&ilbr5a6tdﬂ]f(df@céﬂrk¢hyﬂrﬂa)[]d:,r%—sdﬂZp)Br &#zdhe) and

(2 (5 chl m&tﬁ 2G4isr G5heRPEPPREBYELYI AeleyMnaA i S EHRY fyvr iThed¥h04- ani ne)
and the |ike 08, 4! Et?' 0@%0' c30Thgser gan-becochased 5 emrSb@Epnlacris

bi osci ence, ur e em ca I ndusfries, Ltd. and the like. In addition,
anti sense vﬂiergor.umi aat |g@eeaadlls’| RNA of 26RMA, frreftebiys 07 can %l be used
as an ALK- 40(?6’7 i nhi bitor.

As the inhibitor of activin receptor-like kinase (ALK)-

26 4,5,7 to be used in this step, SB-431542, $SB-505124 (2-(5-
benzo[l, 3]dioxol-5-yl-2-tert-butyl-3H-imidazoi-4-yl)-6-
methylpyridine hydrochloride), SB-525334 (6-[2-tert-butyl-5-
(6-methyl-pyridin-2-yl)-1H-imidazol-4-yl]-quinoxaline), A-83-
01 (3-(6-methyl-2-pyridyl)-N-phenyl-4-(4-quinolinyl)-1H-

25 pyrazole-l-thiocarboxamide), GW6604, LY-580276 {(2- (6-methyl-2-
pyridinyl)-3-(4~fluorophenyl) -5, 6~dihydro-4H-pyrrolo[l, 2-
blpyrazole) and SD-208 (2-(5-chloro-2-fluorophenyl)-N-
(pyridin-4-yl)pyrido[2,3-d]pyrimidin-4-amine) and the like can
be mentioned.

30 These can be purchased from SIGMA, Tocris bioscience,
Wako Pure Chemical Industries, Ltd. and the like. In additicn,
antisense oligonucleotide and siRNA of mRNA for ALK-4,5,7 can
alsoc be used as an ALK-4,5,7 inhibitor.

[0068]
35 As the inhibitor of ALK-4,5,7 to be used in this step,
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[ 0068] 35As the inhibitor of ALK-4,5,7 to be used in this step, SB-431542
(4-[4-(1, 3-benzodi oxol-5-y1)-5-(2-pyridinyl)-1H m dazol - 2-y1] - benzam de or
~hydrate thereof) is preferable. Wiile the concentration of an inhibitor of

activin receptor4bi ke_kinasex4 i fhstde JeaihumiS-apRi aRhL 2 el y-
det erm ne —Qgggg?dkgg%%o??h%%%\%o%#bthe inhi)bi tcgr ?g be uge?j, t he
concent r atindrlacb1SB-431 542nnheidesed Hwlgemertdldnpof(). is- psefprpbpeef erably

1- 20 TI [.00 Exanpl es of the.cell. growh f r.tqo.he in this
_to step %ﬂlﬁdg%agf?ﬂggpgléﬂgb?%eﬁ al™ cé l%gETt(gJ\/\r/t %%12 %&t %?lﬁvﬁég%tﬁgpat ocyte
growt h fagtidde (HsE:e-31 envcehl tig& awddni dracitOrafpsCp)riaepiityhektakmteéd growt h
factor (EGF), various fibroblast growh factor (a/ E)FGF) %nd E‘ge like.

Parti cub afIGEoscerer fedths ki cof i Bt s Ifirw s PEctSFS¢ bERE) . 15Wiil e

t he concentratl . _the-ceklL h t kN & hgenedi 1Yy | So appropg iatel y
det erm ne Oa{l?:égr%gﬁgfgm%ogtfhgbki{g%ggg? ‘tqfﬁgﬁfgg?%rl%o&be usle%\,y t he i
concent r atdraafecfabBFGE whéh vMed is generally 1 - 200 ng/m, preferably 20 -
100 ng/m . [0070] 20This step is performed in a nmediumcontaining all 4

ki nds of ¢ rﬂ?%r}ents of the above-nentioned retinoic acid receptor agonist,
an inhi bitor of pAMRoaeki vat eHe prot Bi grditastacnd/ oo aet ueled decepisr-1ike
ki nase-2, 3,6, an i nﬁi bitor of activin receptor-1like Ki as%-4, 2V§ 9pd a cell
gr owt h actéi iPsindenvasspépr eheCTReH it CHd &@&E&&&F 25on’EEE ' an

i nhi bi tor of AMR act ivaled PLOLSEN (KENRS es @i/ Q1 12GHowith Fraeeponstike
ki nase- 2, :P 6" an-inhrbi tor of activin receptor-like kinase-4,5,7 and a cell
growt h factporthedyi ae ceildubrantbustgtaddEiGllo twieired dmdsrbiagédarevihe

nEdiun1V“tg5ctor (a/bFGF) and the like. Particularly preferred is basic
fibroblast growth factor (bFGE).

15 While the concentration of the cell growth factor in the
medium is appropriately determined according to the kind of
the factor to be used, the concentration of bFGF when used is
generally 1 - 200 ng/mi, preferably 20 - 100 ng/ml.

[0070]

20 This step is performed in a medium containing all 4 kinds
of components of the above-menticned retinoic acid receptor
agonist, an inhibitor of AMP activated protein kinase and/or
activin receptor-like kinase-2,3,6, an inhibitor of activin
receptor-like kinase-4,5,7 and a cell growth factor.

25 In this step, the retinoic acid receptor agonist, an
inhibitor of AMP activated protein kinase and/or activin
receptor-like kinase-2,3,6, an inhibitor of activin receptor-
like kinase-4,5,7 and a cell growth factor may be
simultaneously added to the medium or added to the medium with

3 specific time difference as long as differentiation into
progenitor cells of pancreatic hormone-producing cells can be
induced. The retinoic acid receptor agonist, an inhibitor of
AMP activated protein kinase and/or activin receptor-like
kinase-2,3,6, an inhibitor of activin receptor-like kinase-

35 4,5,7 and a cell growth factor are conveniently and preferably
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30 specific tine difference as long as differentiation into progenitor
cells of pancreatic hornone-producing cells can be induced. The retinoic
acid receptor agonist, an inhibitor of AMP activated protein kinase and/or

activin reeRRIPikileKbBasey2¢3. fne aed N bi tor of activin receptor-like
ki nase- 35 4,5,7 and a cell growth factor are conveniently and preferably
added si mil%Cdddously to the nedium [0071] The mediumto be used in

this step is pr (@ addi ti nai,c acid rece r nj. st
i nhi bitor of Awgﬂg g%é?égtgg %%o %%% ﬁ$ﬁg§§9§ﬁ%¥5§%a% gg?%gge% p?%?g??ke

ki nase2, 3,:6,rcarinoibi bkt dr reteptdt vadgon eceptar -intkid ikiorasé- 4MB, 7 and a cel
gromh factor, to basal ,nmedium exenplified in the afore n%ioEed step (2).
The medisurﬂc‘tt&vﬁ‘&egsBGOFﬁlPhR“%%%pa‘ﬂ%ﬁPlb@%Je‘ﬁé‘r é&%?tIOGEg%' Fg“théssane

kind of azhasal, ardiHmiBstbhesabovervBNtlongd -8R deAkindkeld) BY78and
di fferent basal nedium Since induction of differentiation into progenitor
cel | s of pareldagicevwhbr fpaeopr beueibrpalensdicah wyerpdifocfednnbhe

ef ficiently, 2.1 _Zi Option nedium (I nvitrogen) is preferably

/5 used aﬁﬂ#ee é‘g\éﬁgﬁeygf’ﬁe 58t s step. [0072] Inthis step, it is

preferabl e not Taesubdtamnttal by wsed feeddriceltdep angd/ o artpeded bel |

extract, and nnrg preferable not to use feeder cells and/or a feeder cel
t36 &l rog

0
ext r acti?at*SHE WHERSf ef RSl PHIBYSS 08 ARV PaRENEF 8 Rt

substanti ajdap U28d, o2 sYDELAACE: fLefent WHIM wRTIMED Sehts)iSAuSt Ikh
rejection is contained in a | ess anount. As the nediumto be used
in this stdpdidfrEentirsipst anke aprgoenidenicaldrumfamgnereséiom extract is

preferabl ¢, 25200 84885 HOY LLEEs MBAL U9 i15 &R Gloeealle®icient 1y,

Improved MEM Zinc Option medium (Invitrogen) is preferably

15 used as the basal medium for this step.

[0072]

In this step, it is preferable not to substantially use
feeder cells and/cr a feeder cell extract, and more preferable
not to use feeder cells and/or a feeder cell extract at all.

26 When feeder cells and a feeder cell extract are not
substantially used, a substance (e.g., animal-derived cells)
causing rejection is contained in a less amount.

As the medium to be used in this step, a medium
substantially free of serum and/or serum extract is preferable,

25 and a serum-free medium is more preferable.

[0073]

The medium to be used in this step may also contain a
serum replacement.

Examples of the serum replacement include albumin,

30 transferrin, fatty acid, collagen precursor, trace element
(e.g., zinc, selenium), B-27 supplement, NZ supplement,
knockout serum replacement, 2-mercaptoethanol, 37-
thiolglycerol, or equivalents thereof. The serum replacement
to be used in this step is preferably B-27 supplement.

25 The concentration of the serum replacement in the medium,
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[0073]

repl acene
transferr
sel eni um
2- mer capt
repl acene

an endode

about 37Cusfest, Fhich28g meneppéierdbly 46, - preserpbly nakowops

The nmediumto be used in this step may al so contain a serum

nt. Exanples of the serumreplacenment include al bumn, 30
in, fatty acid, collagen precursor, trace elenent (e.g., zinc,

- 2% -suppl t, 1 N2osyppl efentig KRackout rugn repl acgpent,
8g§ﬁ%§gﬁ,ag'ﬁg%ﬁfofglgbgrol, or1%duivalen5§§ ﬁe?gof. The serum

ntO 7@ Ibe used in this step is preferably 8-27 supplenment. 35The

concentration of  the serumrepl acenent, i n_t-he dium_., when,B27 is used,
SO0 o w0 CparerREby T oEht ESSIER by st R e HNE BRLe S

per f or med daw@adatinvat sngcabla eof taE B demer alllletdodietrall ecbol edl bare of
referably

Keub&tor

rmal cell to be 5 used, which is generally 30 - 40C"F

acrated with 17c10% preterably B3 Ofpganhon o xide. 1hO%Blodn this

step, differentiation

uct1 on ndodermal /o cells into progenitor

is

cells of paneteat wdthodnenéopr oduef gzl |55 caf barbonf digeddby eval uating

t he prese
progeni to

(mar ker for progenithet eekbs of fpaneiendt torhdmmnre-d ohb ofr eddotiagmagl | S) .

The expre
anti gerf’a
eval uat ed

mar ker inclu

q&®7 ﬁ absence of the expression of protein and gene that show
r-cel

s of pancreatic hornone-producing cells-specific expression

ssion of protein can be evaluated by the nethod utiIizing an
g

Gy e PEPERTARA  t fgllF KeL RARFIHHE & HeTenEnPEPIYEh

c@idlteéq %&%U@%Hﬂkﬁéh ngy Ry PR andy the Ightenranp! §8sehcthe

can be

HNF6 (hepat ocyte nucl ear factor 6, aka: one cut 20

homreobox Df, tPRXExppascrieat P€ andteimoerdl gsmddisdx shpvapdoghaitpke. [ 0076]

15

20

25

30

35

cells of pancreatic hormone-producing cells-specific
expression (marker for progenitor cells of pancreatic hormone-—
producing cells). The expression of protein can be evaluated
by the method utilizing an antigen-antibody reaction and the
like, and the expression of gene can be evaluated by the
method utilizing RT-~PCR and the like. Examples of the marker
include NGN3, HNF6 (hepatocyte nuclear factor 6, aka: one cut
homeobox 1), PDX1 (pancreatic and duodenal homeobox 1) and the
like.

[0076]

Step (6): a step of cultivating the cells obtained in the
aforementioned step (5}

This step corresponds to a step of inducing
differentiation of progenitor cells of pancreatic hormone-
producing cells into pancreatic ho;mone~producing cells.
[0077]

The basal medium to be used in this step may be one
exemplified in the aforementioned step (2). The basal medium
to be used in this step may be prepared by using the same kind
of a basal medium .in the above-mentioned step (3), or 11sing a
different basal medium. Since induction of differentiation
into pancreatic hormone-producing cells can be performed more

efficiently, Improved MEM Zinc Option medium (Invitrogen) is

39



Step (6): a step of cultivating the cells obtained in the aforenentioned
step (5) 25This step corresponds to a step of inducing differentiation of
progenitor cells of pancreatic hornone-producing cells into pancreatic

nor mone- proguei-ng Gelibsq LO07) whe. basals edidimit becuged In this step

may be on O exenplified in the aforenentioned step (2). The basal nedi um
to be usedUGOT8tthis step may be prepared by using the sane kind of a basa

nmedi umin the ahove:;nentjoned. te 5 Si di um
Si nce inductionq %BIng#%ﬁflé |d§ é %ﬁapéﬁ%%éggjg'hg&%%%gg%%§g§g|n%gce||s
can be perffeaiderd canne 3hdgbti gi eakdyr detpr cued AEM ZindcmOpti prefrediuhe

(I'nvitrogen) is preferably used as_the basal  nedi for this t 0078
I n thisSstéd, o ueg Sﬁeﬁ@FaB?%l%o@“@%PQHR) %ﬁHQQﬂqequ§§tF§€5e? gf*s[and/Lr

a feeder cell eyhEaCkecand FoL 8 p&ﬁcﬁeéaé%&ie@ nat; 1t @ xesecteadernegel I's and/ or
a feeder cell extract at all When feeder cells and a feeder cel

extract aﬁeﬂnﬁﬁﬂeubéﬂanUSaﬁlyauS@@Et%D%%beiahoea@emgl defilrar- getiged
cells) cau5|ng{%F&%§%E9non l§og5§%Q%%ﬂ%|a 4 %gﬁgggg serAS the nediumto be

used in tHi%"S medr um se um and/ or serum
extract is pref ersalahe madduf Serbkt fised Jrrechrum istemr e pedfiemabl e. [ 0079]

10 substantially free of serum and/or serum extract is preferable,

and a serum-free medium is more preferable.
[0079]

The medium to be used in this step may alsoc contain a
serum replacement. Examples of the serum replacement include

15 albumin {e.g., lipid rich albumin), transferrin, £fatty acid,
collagen precursor, trace element (e.g., zinc¢, selenium), B-27
supplement, N2 supplement, knockout serum replacement, 2-
mercaptoethanol, 37-thiolglycerol, or equivalents thereof. Of
these, B-27 supplement is preferable. Particularly, Improved

20 MEM Zinc Option medium (Invitrogen) added with B-27 supplement
is preferably used. The concentration of the B-27 supplement
in the medium is 0.01 - 10 wt%, preferably 0.1 - 2 wt?. In
addition, an additive to improve cell’s survival rate may be
added to the Improved MEM Zinc Option medium. Examples of such

25 additive include serum replacements such as knockout serum
replacement, N2 supplement and the like, and the like. The
concentration of the aforementioned additive in the medium is
0.01 - 10 wt%, preferably 0.1 - 2 wt%.

[0080]

30 Preferably, the medium to be used in this step does not
contain a retinoic acid receptor agonist, an inhibitor of AMP
activated protein kinase and/or activin receptor-like kinase-
2,3,6, an inhibitor of activin receptor-like kinase-4,5,7, and
a cell growth factor. Therefore, it is preferable to exchange

35 the media between step (5) and step (6).
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The nmediumto be used in this step may al so contain a serumrepl acenent.
Exanpl es of the serumreplacenent include 15 albumn (e.g., lipid rich

al bumn), transferrin, fatty acid, collagen precursor, trace elenent (e.g.,
zinc, sel e[{Ud%ﬁ)]’ 3-27 suppl enment, N2 suppl enment, knockout serum

repl acenent, 2- nercaptoethanol, 3 -thiolglycerol, or equivalents thereof.
O these, B-27 Suppl strept isspprédened|ley ratiivadliag pt Bnprétede20 MEN Zi nc

Option nedium (lnvitroge dded with 3-27 suppl nt i ref ecabl y used.
The concent? RS 6F tsﬁé@%i}?% galﬁp %?r%lﬁ < ionégﬁrg)g%ﬁtt?% i%seet%.%o %- 10 Wt %
pref er abl ypahckeat2 cwhrmbAeagdotihotng ate Hddittd e taadypwbyencekl ' s survi val

rate may be added to the |nproved MEN Zinc Option nedi um Exanples of such
25 addi Bi \Eé’»ﬁeﬁ@ll&d’e3§eruﬁp;%plmys@€ﬁu§s3ﬂrfbckﬁﬁﬁ Zerum¥lepiracenent ,

N2 suppl engnirang1theol Lkepgoand the Liks, {Hercencentiatbany9fnthe- 103,
af orenentioned additive in the nediumis 0.01 - 10 wt% preferably 0.1 - 2
W % [ 008Qjr<3@Redflar abl y oLt herhedi dhetidde used in this step does not

contain a retingic i.d ep i st.,. i nhi Ri:tor of ci . vat ed
protein kinase gﬁldfggsagf['lgéf n&ﬁr?%%%% Igtlfji %Jkogplann@éfscgzl%& 8% gﬁggﬁﬁ%ﬁlor of
activin regAutsof pkackenase- Aobndneapcbducield grldwt Hnfracpahcréhetefore, it

is preferable to exchange 35 the nedia between step (5) .and ste 6) .
[0081] 77 hormo?ﬁi‘?f?fi@ﬁgfl@ PEFHor iRl By f”c?}}fcji%ﬁ# E’é{ %t‘)a&UéGF-Par Ehg

t enper at urgpyddl-abhe offop reHLE HI §n@fg&{é’gﬁﬂ!r¥&red3ﬁld $1c@fncP@nereatibéng
hor nmone- producing cells " to be used, which is 5 general Idy 30 - 40C,
&

pr ef er abl yeddeuma3ker) f hap4shopipamerediried draploperprodugingr celasa CO2

noubator eralad Whileds: of0dt zﬁé&:&Sfﬂ?%ytrﬁé’@an@un%%%ogag};%gﬁc 'n

this step, atron 1 nductron o rogenitor cell pancreatic
hor none- prraducingg seelrksetdnin phacneatun. / Exhopierespr bdacagkeel iscate be

confiLned b val uati ng the expressjon of. proteinh and ne ancr j
MOl P L1 18 S S Ao Al et a2 91
cel | s- specifrdp rXRhes sbae 0t a FBasHHE N0 § e/ 1amuntt e pancreatii ¢ hor none

secreted in the nmedium Exanples of the marker include 15 insulin,
gl ucagon, Farddraatvgeporgpeptpdel r st o¥t th N AiPCSKRESEEESEr 0EEPR

ATP- bi ndi g Ead st 16 OB aki T HER e VR ket o RikR 1 RREE
honeobox 1)paiPA6 bppaith @ INBOROB) { nd&BEURED { aelirfogpersind: iditfifoer ént i &RKon 1),
ARX 20 f{aristaless related homecobox) and the like.

[0082]

As mentioned above, the present invention preovides a
method of producing pancreatic hormone-producing cells from
stem cells. By a similar method, i.e., a method of inducing

25 differentiation of cells in a less differentiated state into a
more differentiated state, differentiations of stem cells into
cells in various differentiated states (endodermal cell,
pancreatic duct cell, pancreatic endocrine cell, pancreatic
exocrine cell, cell progenitor common thereto etc.} can be

30 induced. The level of induced differentiation can be known by
confirming the presence or absence of expression of a protein
or gene that expresses specifically to each cell.

10083]
Using the production method of the present invention,

35 differentiation of stem cells into pancreatic hormone-
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20 (aristal ess rel ated honeobox) and the |ike. [0082] As menti oned
above, the present invention provides a nethod of producing pancreatic
hor mone- producing cells fromstemcells. By a simlar nmethod, i.e., a

met hod of 53%%%‘1@1% _%éflgi.isf tenepti @bk po Ot 6ol adde B !w%%%eg';yf feneptiated
state into a nore differentiated state, differentiations of stemcells into
cell s i n vermmus-gicbtecényi aeéds shaviesy (eralod@mnmleaddld hopaaseeati ¢ duct

cell, pancreatic endacrine.cell ancreati C_exqcri cel | |1 genitor
comon t hét%t'§ e )Cagghlgéggéocé?l uced. leecf)e(l\(?]eIl‘—ioq'%el‘er'i1 ﬁ)}:lggg' RIS
di ffer ent ipidRatar bherkoawnpbydeonid rasngs tden freseridd zer absenteobf

expression of a protein or gene that expresses pecificallﬁe%ﬁ ach cell.
%

pr ot
[0083] & for develgpigo: Remprodeeeton Frthd Girlthé Bredéen fifion, 35

di fferent iﬁqlo%_h%fragw%e%l §h&9£ﬁe@@f@r&ﬁ§icfélordﬁ%tespf oducing cells can
be efficiently i1 nduced, whereby pancreatic hornone-producing cells having

hi gh pancrigdt84d hornone secretion capability can be supplied in |arge
anmount s. e . pancreati c _hornone: pr i n can ke ;util as a tool 5
for develggiﬁ%xgﬁﬁ%ﬁﬁgaﬁgﬁ?r%ﬁé? i%%#gélﬁkgﬁkégfcanéﬁilggkhgg?ﬁ t her apy) or
a therapeutic dmug beesdhabehesnt]{O084toRidddked candrtaneanprospngsteql s of
the present invention The present [nventjon @&ﬁﬁ!des a . nedi canent

c

conpr i S n@AE ERtdCe SOFECRET RBABL HHBAUTE My & 1S PTERE br esent

i nvention); RfRAYceq Byohiiecabpyer RENLHORCUh & OdEd Y JtRIRadrOfhet ABapr esent
i nvention or production nmethod 2 of the present invention. Furthernore, the

pr esent imuéﬁﬂmo@rﬁﬁ@@mdégvgnhéqnCgpemroduction method 2 of the present
invention.

Furthermore, the present invention provides a medicament

15 (sometimes to be abbreviated as a medicament of the present
invention in the present specification) comprising progenitor
cells of pancreatic hormone-producing cells produced by the
above-mentioned production method of the present invention
(preferably steps (1) tc (5)) or production method 2 of the

20 present invention.

[0085]

In the medicament of the present invention, the
pancreatic hormone-producing cells or progenitor cells of
pancreatic hormone-producing cells are used as they are, or a

25 cell mass such as concentrated pellets and the like, by filter
filtration and the like, and the like. Furthermore, the
medicament added with a protectant such as DMSO (dimethyl
sulfoxide) and the like can also be cryopreserved. For safer
utilization as the medicament, the medicament may be subjected

30 to a treatment such as heat treatment, radiation treatment and
the like, under the conditions that denature the pathogenic
protein while maintaining its function as pancreatic hormone-
producing cells or function as progenitor cells of pancreatic
hormone-producing cells. To prevent growth of pancreatic

35 hormone-producing cells or progenitor cells of pancreatic
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15 (sonetinmes to be abbreviated as a nedicanent of the present invention in
the present specification) conprising progenitor cells of pancreatic
hor nmone- produci ng cells produced by the above-nenti oned production mnethod

of the pr %%Iorﬂe%%hhemnépési% adl YarstERsuddlndr@ €Bhh RECRE94EG! i ORe et hod
2 of the 20 present invention. [0085] In the nedi canent ©of the
present i meddts ony bhesphiestedito hortimatimrdduei sgmbérpsion i bgehie or
cells of pancreatic.hor e-produci ng. cel | s e r a 25
col | “mss R0 HE PSRBT Far e ot orafh ™ re e SuBR-pRRY R By fhf o
and the | itkeatardtt hethi ketompciher noie, tHdhd irkedi camenhodddaediwiihga

prot ectant such as DVSO (di met hyl sul foxi de) and tﬁg | i ke can,al so be
cryopr e§erVedPHEGA NgapePeteP P Lat o 9 MEdiNEAtedt 2PPRBE Qi cament may

be subj ectth3Q st And ot ERAL BEN s SUCkhAs: Aeatild,eaBRl nekadkati,onat feat ment
and the like, under the conditions that denature the pathogenic protein
whi | e mai rtcdiiviengrivgs thuativontiae gart rieatdhansy roné- praducPhgycen| sSher
function as .pr.o i I f i-C; hornone- pr Ci . To
pr event gfﬁﬁﬁﬁ;gﬁﬁgéﬁéfégt%gtgéuﬁgg%%%%%%¥%%ﬁé¥%: géﬁ%ggobgnggg%?tor cells
of pancr ealsenthdafhmaempl sduci agueeldsatiin @ @rowetl 1sor{eut hadengerssary,
the cells may be subjected . to a treatnent in conbination with the

above- FBntiGTE@ Y r 888nEREsI1¥Bich as growth suppression by pretreatment with
mtonycin @Gogrd the like, a method including 5 introducing a netabolic
enzynme gene naturally absent in mammals into the cells, adm nistering,
wher e necessaryThg neAigeneve of ughe crataw timyeaitdgnt 6Schafigeatd oY oxin

ly int l's i d | ' |
absent i n e S0 R R A e LR B R o s O P A ey apy) and

the |ike. (0@86] hthenpedboaapntaidf duiengs gsient swivent monkeg séfe,and | ow
toxic, and c be _ad 'nis&fred (transplanted) to a manmal (e.g., human,
nouse,lﬁaﬁ?IS%Fﬁg ngéwag fne, nonkey etc., 15 preferably human).

The dose (amount to be transplanted) of the medicament of

the present invention is, for example, 1x10° — 1x10%
cells/individual, preferably, 5x107 - 1x10'° cells/individual,
more preferably, 1x10° - 1x10' cells/individual. For the

20 medicament of the preseni invention, pancreatic hormone-
producing cells prepared using patient’s own cells or cells of
donor showing cytocompatibility or histocompatibility type
tolerable for the patient are preferably used. When sufficient
cells cannot be achieved due to the age, constitution and the

25 like, transplantation is also possible by embedding the cells
in a capsule such as polyethylene glycol and silicon, a porous
container and the like to avoid rejecticon. In this case,
intraperitoneal or subcutaneous transplantation is also
possible. The dose (amount to be transpianted) of the

36 medicament of the present invention can be appropriately
changed according to the age, body weight, symptom and the
like of the patients who receive the administratiocn.
[0087]

Of the medicaments of the present invention, a medicament

35 containing pancreatic hormone-producing cells enables
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The dose (amobunt to be transplanted) of the nedi canent of the present
invention is, for exanple, 1x105 - |x101 cells/individual, preferably,
5x107 - 1x1015 cells/individual, nore preferably, IxlI05 - |x101

cells/i nd?’;‘%ﬁﬂﬂtioﬁor(s %@e%@oﬂ??{afageﬁéngeé% RldE%RMNe I AV @Rk BBdy of

pancreat i ornone-produci ng cell's prepared using patient's own cells or
cells of dorigrershdw agmdyptetorpadhbitraysplatisticeonpdieiisofit gy pe

tolerable for_th atient _ar refecabl y. used. \WWen ffici s cannot

be achi evetF U f‘féjprt %k‘ea éc?agg‘%gfi ?%t‘? o%l%%ad's? hcea%qs:ﬁl?e,a tdggﬁl:g%?%%t ation

is al so passidie iy grbeddingny hercehd spamcveaips Hemmeh asopobyaidid ene

glycol and silicon, a porous container and the |ike tq avoid rgLic%ggn. I n
o]

this cage, MFdFEIntoreal26n18aben? *hbTR Y HRN &itldtS o MS©
possi bl e. The (dose (arourt 4t apbecLr anspl anted) «fpd he 3 edi-eanent gt t he

present invention can be appropriately changed according to the age, body
wei ght, sylhpiworyaed ITherikhk deotethed pandehis Wdieed@nia cudarly

adm ni strati on, 087 t i_cament.s ;

i nventi on,p%et??ercﬁ[bgé’ng}éfpeSQCon?%i%eng&g}éag?leag}%l’c%tﬁo}:%n}é‘-gg%géﬁ%ﬁﬁ% %lls
enabl es prradystdsemt( seceation) of madpamaseatdan wrmbre drogehe tbady of
patient by adm nistration (transplantatioqéHEhere f, .and is useful for the
treat neft G S il @28 r€atdEdNBYNANFERT A ?NQﬁﬁiﬁi%ﬂ1 @d&Efetion) of the

pancreati ¢, hormng..theh ﬁ)ﬁi‘gﬁ%?laﬁté‘tﬂ@ﬁ'j CEFBN L A0 NiiRRuced to
insulin-producing cells is useful for the treatnent of diabetes (type |I and

type |1, pheffarestiatgpdntoopangpeaticwie el riaasbring @sld s| apger

par ti cul arly, preferably Lype | ) O0:§ e, oLhel, hand,. el d he gedicamant s of
t he preseﬁ? i hvent ion,  a medicament co ?alnlng progenitor /0 cells of
pancr eat i c(dwrraeet)pr oduci ng cells is, after adm nistration
(transplantation) to a patient, induced to differentiate into pancreatic
hor nonetpr ng cells under suitable conditions, wherein pancreatic

hor mone i s3 prduced rseekebead) . /5 [0088] 3. Screening nethod The
present invention provides a nethod of screening for a nedi cament

(preferably therBgemriesetitugnieptdpaberesides ohpistdiaty afsistyachéngelfrs
Cou oo AT SR (03605, PRoselesi o0 dsam Al skoun onsi ot ing o
medi um contaipn ing ray RAed.nlgi masecehhsbebbained by any one or more steps
20 selected from the group consisting of the following steps (1)
- (6):
(1) a step of cultivating stem cells in a medium containing a
Rho kinase inhibitor
(2) a step of cultivating the cells obtained in the
25 aforementioned step (1) in a medium containing a GSK3
inhibitor
(3} a step of cultivating the cells obtained in the
aforementioned step (2) in a medium containing GSK3 inhibitor
and an activator of activin receptor-like kinase-4,7
30 (4) a step of forming a cell mass from the cells obtained in
the aforementioned (3), and cultivating the cell mass in a
suspension state in a medium
(5) a step of cultivating the cells obtained in the

aforementioned step (4) in a medium containing a retinoic acid

35 receptor agonist, an inhibitor of AMP-activated protein kinase
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(2) a step of cultivating the cells obtained in the 25 aforenentioned step
(1) in a nmediumcontaining a GSK3 inhibitor (3) a step of cultivating the
cells obtained in the aforenentioned step (2) in a medium containi ng GSK3

| nhi bi tor AN AF4LYAL 0L8h BELIVED LEERRION ] idke ki nAgerd dr30r(4) a

step of formng a cell nmass fromt bt'ai'néd i n"the aforenenti oned
(3), and cudttiiwiat |r|&gephereéllkenhssa$@—fh, Fs,u7spae7¢b|aor¢es'ttlalg€owhhafﬁet|@um (5)

a step of cItlvtln t he .Obtained in th afor mentioned step (4) in
a medi um cbﬁt & r?i gfr SPH%EJVE ‘?dt (?ee]c]eﬁoto i r(i’lestn tdz;ﬁ i nhi bitor of
AMP- act i vegﬁgeg{e@ttg_bﬁe[gl Base ¢ gpd/ or activin recept or-like kinase-2,3,6, an

i nhi bitor of activin receptor-like kinase-4,5,7 and a cell growh factor
(6) a stepl®B%Jultivating the cells obtained in the aforementioned step

(5). 51[0089] qp. EbE-A e H&H‘té shers () can(@))e %)&fg%meﬁfiﬂf med

in the sane nmanner as int bove- ne oned steps (

product i ortheetdaod ofnthe pancne’ahecalbmvemmmmmgblsrt@p@el (13 of {6heopresent
i nvention. /5As the cells d for the scr enln eatic
hor mone- priotfudiog icst-PE 88%@?%&9 %é t%?%eoavtelcrrgjn i onedpr}%gglgg - (6);
t he progemidiars ¢gl kseobrpapateaht-enhiodmnepr oduci ng cel | s obt ai ned via the
above-nenti oned ste 5); the endodernmal cells obtained via the
above- rfént i oned%tgﬁeﬁeéﬁ o(lag BFed NP bR SRERToREd $1EpPRESTeaES:

the cells ghtaine ntibecaekt
obtai ned via tﬁ% g})é\?gctrlrgﬁt ?%%gg g?g%i%%%qgg %rﬁﬁegﬁbggtl[laoggm g%The

screeni ng it hod &@f; the pregenitpnvestl®ref pancreatic hormone-

producing cells obtained via the above-mentioned steps (1) -
(5); the endodermal cells obtained via the above-mentioned

15 step (1) - (4) or the above-mentioned step (1} - (3); the
cells obtained wvia the above-menticned step (1) = (2); the
celis cbtained via the above-mentioned step (1) can be
mentioned.
[009C]

20 The screening method of the present invention is
specifically performed as follows (embodiment 1).
A method wherein (a) pancreatic hormone-producing cells are
cultured in the presence of a test compound and (b) pancreatic
hormone-producing cells are cultured in the absence of a test

25 compound, an intracellular pancreatic hormone expression level
and an extracellular pancreatic hormone secretion level are
each measured, and compared.

As the expression level of pancreatic hormone, an

expression level of a pancreatic hormone protein, an

30 expression level of polynucleotide (e.g., mRNA and the like)
encoding a pancreatic hormone protein and the like can be
mentioned. The expression level and secretion level of a
pancreatic hormone can be measured by a known method, for
example, the aforementioned pancreatic hormone present in a

35 cell extract, a medium and the like can be measured using an
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specifically perfoinmed as foll ows (enbodinent 1). A nethod wherein (a)
pancreati c hornone-producing cells are cultured in the presence of a test
conpound and (b) pancreatic hornone-producing cells are cultured in the

absence ofy@ fiesdy 2% CYMOURY, adBahbtEacet | Wb AfoRanaiEald o RRNIDAE a
expression | evel and an extracellul ar pancreatic hornone secretion |evel

are each rmeBrdEuEndscHesacsd. blotting panakpsispridssifomatépe] apg the
pancreati ¢ hol r’g&n% R pggﬁiioggulsegﬁ%rg{oaarﬁ(%m[eeait-i hornone protein, an
el “of : and t

30 expression |lev ~ pol ynucl éotirde (e.g. e like) .encoding a
pancreati ¢ hor ndtiee mFotreilevaidcehebti keasaned oyrentlironed methedexppressi on

| evel and secretion. | evel of creatic rnone.can b as d by. a
known et HETH k5t G B EIRETaRET oy NBRRL FEATEE s ninE BREESC i1
a 35 cell /t racts & Bdiaymardolher! kkeetildd benampasiiied esicte . an  anti body

recogni zing a pancreatic hornone and according to a nethod such as Western
bl otting anal ysifs PaRIrsAtist hegrahrd-Phedpsked gre bl mdtHodeandsl 8§6us t hereto

and the i T hrﬁg% | I +C uy ed; by @r#ﬁ]‘?ﬁ@j neifaqd, for 5
exanpl e, rt1i1leér1{reiL y ril |\zi§teido%fg %SHg:%%l ng lmstgr)m , PCR rreEQ*héod, DNA chip or
array met hochdirt imenhedearalpagousat herebomone can Aoarpreastsiec and/or

h - duci I I [ t ticularly limted it
per f or ndl A" Rt (G “HnGPEL A BT BATT & Rbrobrfe R babRareseed

and/ or /0 seaieted and eadvhe pedfokhnedc BEEONUEMnd®i1an kigima ifehod.
Exanpl es of a usabl e nedi um.include MEM nedi um cont ai ni ng about 1 - 20%

fetal bovidoWerlum [28& &rtel poring20°rup1{ioba)cet 791 - rodildr2)
[Virol Ogyi\%eég]-, %ME%PQ&%%%D][WFBW%%}M%W% um 4 J ey skour nadpnaf 1608

Ameri can cal Association vo 199, 519(1967)], ‘and 199 medi um
[ Proceedi medifunt h&hSodicetryaflop it hbe Bhot oyt aal Makdial fesomlatind, v9(1950)] .

The pH of | IS .prefer y_ahout - 8. | ture .i.s perf.ornmed at
gener al ¥y %%%u?ﬁgjoé@djdc 6 gg%u{ne %mﬂr?gr%c%%n%q P g’tolc&r?tgngor

stirring ashdaoiessayiyal?@evarphes oblt he3f est1gompoundhiengkude pepti de,
protein, antibody, nonpeptidic con‘gound, synt heti c conpound, fernentation
product, dEFLBEKtTAreSTNlYeRPPEEL © anf nalChlitddfe 16x PREEPIMEadbm. Here,

the test Q£§H§¥H¥1§n%%dh%r@bac - 40°C for about 15 hr - 5 days with
aeration and stirring as necessary.

20 Examples of the test compound include peptide, protein,
antibody, nonpeptidic compound, synthetic compound,
fermentation product, cell extract, plant extract, animal
tissue extract, plasma. Here, the test compound may form a
salt. As the salt, a salt with physiclogically acceptable acid,

25 base (e.g., alkali metal salt, alkaline earth metal salt,
aluminum salt) and the like is used. Examples of such salt
include salts with inorganic acid (e.g., hydrochloric acid,
phosphoric acid, hydrobromic acid, sulfuric acid), saits with
organic acid (e.g., acetic acid, formic acid, propionic acid,

30 fumaric acid, maleic acid, succinic acid, tartaric acid,
citric acid, malic acid, oxalic acid, benzoic acid,
methanesulfonic acid, benzenesulfonic acid), sodium salt,
potassium salt, calcium salt, magnesium salt, barium salt and
aluminum salt.

35 For example, a test compound that suppresses (inhibits)
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salt. As the salt, a salt with physiologically acceptable acid, 25 base
(e.g., alkali netal salt, alkaline earth netal salt, alumnumsalt) and the
li ke is used. Exanpl es of such salt include salts with inorganic acid
(e.g., hyq;rh%cfé!x?rr'e%s%%hdle@@ji)s@f'oéé@r@@icﬂl_lhé‘xﬁgl_()l%f@@ eaneirdacsyl furic
acid), salts with organic acid (e.g., acetic acid, formc acid, propionic
aci d, 30 fwmone aei dhenabeve-mengiore@cimi dwdiad, 1esst &4Pre abPalt éPtric

aci d, naliCeaL%ir%blpx?oitclgggdthgﬁng}%&i agldl, (RLNIRHLLOACrBE degs
benzenesulf 6 ¢ ~acrd), “sodi um Sal t° pot assi'um sal t, calcium salt, nagnesium
sal t, bar ittwmns albbuand0al, uak noomsat4d B35Rdtoexanpltdhe abbestmenipouad t hat

suppresses (i nhibits) he expression | eve r secretion |level. of,
pancrea?idkﬁorﬁﬁﬁebﬁns?hﬁcﬁﬁévﬁgn%ﬁ???ﬁﬁﬁp4es%ﬁ£/%ﬂﬁ?qegggstﬁéﬂhégbg?)20@6

preferabl y natclass bhapaabedtt 80%cmbiee Prefermblastnet nhbessnkthan about
50% as conpared to those of the above-nentioned 5 (b), can be selected as

a conpounGWKW@Fi@ap§Eé§§e$ (inhibits) expression of pancreatic hornone in
pancreatic hor mne-RrodushBgnGellse ennanced difle,pOMRAYRA 183k, ephances

t he expression [evel or secretion level of a pancreatic hornone in the
above- nentsearred ib0 (ayehyofiok bassrddainc dbmutor20%n phef ebalkymaotibesd t han

about 30% nore preferably not |ess n about % a onpared to, thpse in
t he abd?efﬁénFﬁb &4 (657 ﬁﬁﬁnbﬁb%%$¢% od BS° eié%%ﬁnﬂé% ﬁﬁ&? Eﬁﬁﬁnéggug
expressi oryoay, %@&@Ebkéﬁeﬁﬁbeﬁnﬁéﬁaléﬁsrﬁﬁéﬁﬂﬁbddt G et cempared to

hor none- produci ng cells. 15When the pancreatic hornone-producing cells are

insul i n- phedeciing téel REova-BeRpbuRer t Hak, cttaReS st h88xpression is
usef ul as A, IhelkapeibeC dhifc Qregbﬁ?@éf Hend e RANeRLLErear ic
hornnne-pr031C|ng cel'l's ‘are glucagon-producing cells, a conpound t hat
suppr essehdrimainiebiits pagktueagbn ROrrecme gssddncisg usdfiid. as a t herapeutic

drug for diabetes. [0091 . Anot her_enbodi nent of -the _screeni nmet hod
of the present %ﬁ@@nggSnLFgcﬁgﬁﬁ%ﬁ EWﬁﬁ%ﬁgf?éicﬁﬁﬂuﬁaiﬁﬁ gre Thisui¥n
hor mone- praduRicigCceklssar e eshponed tiat henlprresancesefl ia kspresetipaund and
(b) 25 pancreatic hornone-producing cells are cultured in the absence of a
test conpdndseddr @5 PefaeroRcehbaci¥Yd of % HElakahss i sWhAeRsthed, and

conpar ed gj%fm%@ag%t h%moﬁé-%gsd%&ﬁgcemr@ré le%&@%@ﬂ-{pt%ﬁ%%@ﬂ%iem lar to

the test conpounds used In 't above-nentioned enbodi'ment 1 can
ment i oned.celis,cel lcoB@orubt theti suphiss ead ot mertitcan daigpgichior med in the

in the_above-mentioned enbodi 1 methad f
veasur PG SR SOFTY APabPYE bapactt § 5t SRarT L BB YBRELATTy used i n

this fiel doganbe used and includes, for exanple, a nethod of counting cel
nunber, a nethod of _ _
Another embodiment of the screening method of the present
invention is a method wherein (a) pancreatic hormone-producing
cells are cultured in the presence of a test compound and (b)
25 pancreatic hormone-producing cells are cultured in the absence
of a test compound, a proliferative capacity of the cells is
measured, and compared (embodiment 2). As the test compound to
be used, those similar to the test compounds used in the
above-mentioned embodiment 1 can be mentioned. The cell
30 culture in this embodiment can be performed in the same manner
as in the above-mentioned embodiment 1. As a method for
measuring the proliferative capacity of cells, a method
generally used in this field can be used and includes, for
example, a method of counting cell number, a method of

35 evaluating uptake of °H, 5-bromo-2’-deoxy-uridine (BrdU) and
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35 eval uating uptake of 3H, 5-brono-2'-deoxy-uridine (BrdU) and the |ike,
ATP |l evel, conversion |l evel of tetrazolium conpound to formazan product and
the like. For exanpl e, when the pancreatic hornone-producing cells

are insul ighproduci ngceklen  a-6RHRANNGL t Nate Bi gNifd iGN cohaBeas
grow h of insulin-producing cells is useful as a therapeutic drug for
di abet es. therpuniee pamerdatcicahdr ibael pkeduci ng cells are

gl ucagon- pr oduci cells, a ¢ ound t i.gnificantly suppresses
i b B LSy or v tor T RsgoRBPBauer e der T80T e SRR R R Bt e
drug for dimbetres:1i10r0@92ling cellAnok hesmesod ittt sdfgrtilfd caareeni ng

nmet hod of the present invention is a nethod wherein (a) progenitor cells of

pancr eat’i CTHEsTe BP0 dEIc Phg 1REP ! dNaPECLEFHRA P 7 tife né€ 6f a test

conpound &k {Pe RiRISREOFocChl S8t 4D RANST 83ld paRBrERRE-PROHHSHAY Ccel s
are cultured in the absence of a test conmpound, the |evel of

di f f er ent iLddIciol ded leebirs piuapasuredodamne orflaised ¥ awbpdiumenthdy. As
the test co e se. Sim t t est nds used in
the above Mt aatadh s REse b IS ShRh I AR | drlth RS SRR Ch tore i

t hi s enmbodirehicican ded 1petikoupeduinathe saseEapmnner dasig Mdrheliabetes.

above-nentj oned enbodi nent 1. The level of differentiation of progenitor
cells of pﬂ’ﬂp(,gr%ati ¢ hornone-producing cells can be exam ned by, for

exanpl e, the presgnee OkndBaeRERt Obr CXRE eS8H&h By TR SReRl biresbAt
progenitor 25 cells of pancreatic hornone-producing cells and/or pancreatic

hor mone- prisdifdiTgredls & mexhapl eBeseinhéa hapkegesigeri fded-ltso odr ogeni t or
cells of i [ - ! i ncl .(nhewr.ogenin 3),
o’ (el TRt DR BB B e e B e ot o
hor none- priochsEmg: of las tesel odepdOndnsudi ) ghumeedtopardriesatifc

ol ypeptide, somatostatin, ghrelin, PCS roprotein convertase
by TP s e b e R SR PG T b R To BB o. Lk PAY PPBERGP G
cassette, subf addty onpebhB, MR, 1888besr 8hi £ g pgokiatase, JArAe( velak

muscul oaponeurotic fibrosarcoma oncogene honmolog A), TAPP 35 (islet anyloid
pol ypept i ded mgrFunes,| kg, compared (emppdipemp| ), - whenthRetpFbgepTPoineel | s

of pancreatd q,no[myerRLAducing el LS e PLOgEU AR L eof shngpki n-

above-mentioned embodiment 1 can be mentioned. The cell

20 culture in this embodiment can be performed in the same manner
as in the above-mentioned embodiment 1. The level of
differentiation of progenitor cells of pancreatic hormcne-
producing cells can be examined by, for example, the presence
or absence of expression cof a marker specific to progenitor

25 cells cof pancreatic hormone-producing cells and/or pancreatic
hormone-producing cells. Examples of the marker specific to
progenitor cells of pancreatic hormone-producing cells include
NGN3 (neurogenin 3}, PAX4 (paired box 4), and examples of the
marker specific to pancreatic hormone-producing cells include

30 insulin, glucagon, pancreatic polypeptide, somatostatin,
ghrelin, PCSKl (proprotein convertase subtilisin/kexin type 1),
SUR1 (sulfonylurea receptor 1, aka ATP-binding cassette, sub-
family C (CFTR/MRP}, member 8}, glucckinase, MAFA (v-maf
musculcaponeurotic fibrosarcoma oncogene homolog A), IAPP

35 (islet amyloid polypeptide) and the like.
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producing cells, a conpound that significantly enhances 5 differentiation
of progenitor cells of insulin-producing cells is useful as a therapeutic
drug for diabetes. Wen the progenitor cells of pancreatic

hor none- producing cells are progenitor cells of glucagon-producing cells, a
conmpound that significantly suppresses (inhibits) differentiation of /0
progeni tor cel | $98f egPURAGonRRRIUET Ry RIS A5 ddPuPTaBaBCEARFAPeut i

drug or danehess bilddhy ce11s AN eregiﬁc%% R 0L £t BRsggfgeni ng met hod

of the present nt1on er mal |s are /5
cul tured iprodheipgesente, od eompsmniompﬂund@andh¢bptémd@déanaesceIIs are

| tured th f_a test : fer at
i1 1 or ot 8T SEERALEE) OF PHOOTH L (R hsadlt ddoad E5HOAF SR (ERbLE ment
4). As thest eskraonpeuadthorbeetsed, dtips®SidiidnatelsQ et eStte cOMpounds

used in the 20 above-nentioned enbodi nent | can be nmentioned., The cel
cul ture i PTORES1ERBOARABAL OF APARET S DIRETINE FHOWEABINERMEP 85%in the

above-nenyfr%@%gﬁsm_m%ﬁ tod- ner?t?cfﬂﬁ g i an greasyil ng Eﬁﬁp%ﬁh'{ﬁ&@“ve

capacity a et used I n thls fi'eld can be used and

i ncl udes, sh@mlfscenahplaupgrﬁe$®@d xﬁhthnﬁ lﬂ}ﬁﬁﬁﬂenmuﬂbepn afmet hod of

evaluatln pt ak - deox Y, ur.i di ne .(Br dU) g Ehe i ke, ATP
roducin 11 1% usefu

IeveI,IBO% %ﬁ?P&ﬁOFesgiﬁﬁf ?e??%&%ﬁ@hﬁ?conpouﬁbcﬁ Fornazan prodict and the

| i ke. The tdichberant tabiaf capagiiyetods endodermal cells can be exani ned by,
for exanple t he 30 presence or absence of expression of a marker specific
to endoderl®°3del I's. Exanples of the marker specific to endodermal cells

include a-fetophabehBr BLBYHRenPePsithe KU RNALY Stthact aRt REObELSe@Nd
the like. In general, differentiation induction and culture of endodernma

cells are1®ﬁemé@hnl¢alhymdth©dcwm¢r%%ncbﬂpaﬁehwkﬂﬂﬂﬂo§@ldﬁ ﬁﬁ@odernal or

ect oder nal IIs and._cel | s_and/ or @ndggernldlfferentl%tl Hgggékﬁg%
d

syst em?pr & are&egylﬁtF FZ¥hGg° 3 Conpoun Bt S RSB £hg <& eenlng me

can be useﬁﬂneraaenemasafe@ningtbysamgnﬁdy'cﬁbdaaamﬁnESmpﬁubao9é]
medi canment etc. that protect (maintail functi on of reah
é}st 65t he

hor mone- pREQLAiERGAE &V EsOE aftl BeS BB rbf@f%ﬁ@ﬁﬁb@ r G
screeni ng Rthed of aﬁ!&lec%ﬁéﬁ&ﬁ { s idhe Aot gl enbodi gENtombolhte to

screeni ng net hod of the present

be used, those similar to the test compounds used in the

20 above-mentioned embodiment 1 can be mentioned. The cell
culture in this embodiment can be performed in the same manner
2s in the above-menticned embodiment 1. As a method for
measuring the proliferative capacity of cells, a method
generally used in this field can be used and includes, Zfor

25 example, a methed of counting cell number, a methcd of
evaluating uptake of *H, 5-bromo-2’-deoxy-uridine (BrdU) and
the like, ATP level, conversiocn level of tetrazolium compound
to formazan product and the like. The differentiation capacity
of endodermal cells can be examined by, for example, the

30 presence or absence of expression of a marker specific to
endodermal cells. Examples of the marker specific to
endodermal cells include o-fetoprotein, albumin, pepsin,
pulmonary surfactant protein and the like. In general,
differentiation induction and culture of endodermal cells are

35 technically difficult as compared to those of mesodermal or
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10 invention is a nethod wherein (a) pancreatic hornone-producing cells are
cultured in the presence of a test conpound and (b) pancreatic
hor none- producing cells are cultured in the absence of a test conpound, the

nunber or f%ﬂgag' {%ey%gb'gn&eééﬁsa gf/%sfp%hba%&)ﬁ Aeasuredy i apdyconpar ed

(enmbodi ment test conmpound to be used, those simlar to the
t est c0npquﬂdstusadsyﬂtemepzépnmadnhynudnédzembodlnempounéaﬂbb@lmﬁﬁnbbned

The cell culture in , this enb dlne can perforned in_the nner as
in the ab&Pe- REREFBHBE BRbY e 9§§x€ t Rod“for “coun |ﬁg§?%ég€|able

cells, a mgthedygengeatty used in this 20 fleld can be used and incl udes,
for exanple, a nmethod of counting cell nunber, a nethod of eval uating
upt ake of [8R2453- bronp-2'-deoxy-uridine (BrdU) and the |ike, ATP |evel,

conversion |evel, Bgn%géﬁ%%Q éﬁ?;qgggggﬁ%t tfq&ggﬁ%glgqoggﬁ&tggg she i ke.

In addition, the nu uction 25 of apoptosis can be
quantlfle@ahyxeamladﬂbtmonefpr@dmmnmgmpaﬁlaI@@nc@EI9b§ﬁ@mﬁdgbﬁnapm©¢@@ﬂcal

characteristics 0 a atlo cl a I
contractléﬁcgﬁﬁlé EPHE% Sﬁgg g#“%fa&ﬁé%t %%%HE &% Eﬁkfgﬁ
(TdT'”Ed'@k%@h@QTBme@Km@ﬂﬂ bﬁb@ﬁér&ﬁrd&ﬁﬂﬂ@imywmodebécthenp@éséhe presence
30 or absence of active caspase, and neasurenent of nucl ear stalgb with

live-cebl inveatieantsdyensiiohd a8hexiaD (37- HANEEEE FoMPET Ry PRATUEHRT | i ke,
exposur e of_ ahos Qaawths&' g PR SekdsSird agea derel abhgathananh (

m t ochondria nenbrane eavage and degradation of particular |ntracellular
protein 3@amm¢eaheclhbemoﬁs aro@m¢mmpcﬁekﬂﬁeaﬂﬁ wudguriee dal EhPupBERBBS a
met hod of ng secreti,on IeveI in & i.de and yariation
in cellul %ﬁ? nECPBPRRET al M Wi cof?gégghg'tocﬁﬁga ggoggl 2

concent r atde@ipectbet penkhkarean @@drrmrﬁpameﬂ (elnﬁbddur&ne,nﬁ@dl rms\tthea factor

known to cause disorder in 5 pancreatic hornDne prodgﬁué%
exanpl &5 iGFItameRPER}dcFPoRENBSCAct PR DS g ~ nCPWHBEPﬂa

subst ance disfze%f qof fl:lh@ %o‘%@%@ﬂ%iéﬁé@%r@ocﬁﬁtér}‘c qcndém wuese ianddt herid ke,
i s added during ce culture, and the nunber of viable cells or function of

t he cel |l s deslIneaduned, 1anﬂh¢©np®b@@lm¢ﬁﬁNm§ﬁl6&hd¥%ﬁQQH&qgoﬂﬁoﬁ@epﬁéﬁﬁc|ng
cells are insulin- produc cel | i gni, i ces
survival P FnfcfiforAl ﬁg E@ gt Oﬁégwﬁ Al & 00hG gaﬂ%$yo&nﬁ§p

ance o nsul’i n-producing cell's against a
factor knowndtdrgatse disbrdecedisf he mmw@a;amemqumr oduthng cells is
useful as a therapeutic /s drug. for diabe $# ﬁié; c The _medi canent
obt ai net HVfﬂﬁbC@@r§@nPﬁ§dn€Pﬁoan6%u?%%' aNFend SFTERT B& for mul at ed

by a conventjgnaly 1Rans napdets ng@tm&%pl&gal@dt!MganmbIﬁ amdi$ive
(e-9.. Cazggézé—Z’—deoxy—urldlne {(BrdU) and the like, ATP level,
conversion level of tetrazolium compound to formazan product
and the like. 1In addition, the number of cells after induction
25 of apoptosis can be guantified by, in addition to counting of
the cells showing morphological characteristics (chromatin
aggregation, nucleus fragmentation, cell contraction and the
iike), detection of fragmented DNA by TUNNEL (TdT-mediated
dUTP nick end labeling) method and detection of the presence
30 or absence of active caspase, and measurement of nuclear
staining with live-cell impermeant dye such as 7-AAD (7-amino-
actinomycin D) and the like, exposure of phosphatidylserine on
cell surface, depolarization of mitochondria membrane,

cleavage and degradation of particular intracellular protein

35 and the like. As a method of determining the cell function, a

50



20 flavor, excipient, preservative, stabilizer, binder). Exanples of the
dosage form of the thus-obtained preparation include oral preparations such
as tablet applied with sugar coating as necessary, capsule, elixir,

M crocaps e raRd oehfiehbkeingNde PAE €IV € BdvaAgIH SnsahAnasyl B-gept ofe and the
25 like. The content of the active ingredient in these preparations is, for

exanpl e, @ngl vagdakiom [oogs}lular memyzans eptentine rabsiefeRPrsRegOnd
addi ti ves o“%'h‘édg;llﬁ:cggsréoﬁcggﬁt Bl atdy (GQr el ¢in b%a{agﬁé%ﬁed.gum

arabic and the 3 excipl eénts such as cry | irne cel ose and the
i ke; swellin nyiagenbsdineht asa chanistarioinpwrgeatdarseadgispirdeacid and t he

| i ke; lubricants such as magnesi um stearate d the like; sweetenjng agent
Such as’ S BEGRE O SoBLEoT S EE R T A LIy oo PRy Sy s B ERmagcoty 96 S

pepper m ntoyt%ilntehe@b@iaéeag?@ém X219l | pra¥ucehesd v nand ihhe slbkeantéqui d
carriers such as f’at.s and oils, water for injection, vegetable oil (e.g.,
sesane oi Ithegglof, ohfighsegpeant srtion mF flatitng asgeht Ilecgse presphat e
buffer, saqdium ace b t i.ke; A agen g.,
et hanol , g;i(])%yl 3%53?%30#&%%%%%‘getﬁleﬂdgﬁcoﬁi; Ltﬁlgnl-n Fllg%lgg ggsﬁ?s'?é%ti ant
(e.g., pologddsbatre £8OTMLoRCOESO)e <@l Lbils ziauguagent snfe cgnpabedzy|
benzoat e, benzyl_ _al cohol

. ( ). soothing agents, (&.d., nzal koni um chl ori de,
procai 18 hydr ocKPGFi H&C ??Bb?l?%rerg%n%é?@qqu ﬁeggrsuﬁff?l bUR A
pol yet hyl ene@lieel LelREeser ¥ahhy@sd (hak ,sikpizilcaakaghehhaphesol ) ; and
anti oxi dants. 10Exanpl es of the aforementioned water for injection
survival or functional maintenance of the insulin-producing
cells against a factor known to cause disorder of the
pancreatic hormone-producing cells is useful as a therapeutic
15 drug for diabetes.
[0095]

The medicament obtained by the screening method of the
present invention can be formulated by a conventional means
and using a physiclogically acceptable additive (e.g., carrier,

20 flavor, excipient, preservative, stabilizer, binder).

Examples of the dosage form of the thus-obtained
preparation include oral preparations such as tablet applied
with sugar coating as necessary, capsule, elixir, microcapsule
and the like; and parenteral agents such as injection and the

25 like. The content of the active ingredient in these
preparations is, for example, 0.1 - 90 wt%.
[00%S6]
Examples of the aforementioned additives include binders
such as gelatin, cornstarch, tragacanth, gum arabic and the
36 like; exciplents such as crystalline cellulose and the like;
swelling agents such as cornstarch, gelatin, alginic acid and
the like; lubricants such as magnesium stearate and the like;
sweetening agents sﬁch as sucrose, lactcese, saccharin and the

like; flavors such as peppermint, Gaultheria adenothrix oil,

35 cherry and the like; ligquid carriers such as fats and oils,
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i ncl ude saline; and an isotonic solution containing glucose, D-sorbitol,
D-manni tol, sodiumchloride or the |ike. Si nce a nedi canent
(preferably therapeutic drug for diabetes) obtained by the screeni ng net hod

of the preganir 164 nvepidand, s wakeadnd LW texihc, kbssAB Be1adphmhsteied
orally or parenterally to, for exanple, a mammal (e.g., hunman, nouse, rat,
rabbi t, she@Epeawiaid,) bévifferingrsgentcate- dog,Pimanbare dnitieanz eeyium

The dose o i nt_1.S p La t.erm cording to its
acti on, thgecé%&gég%q{ﬁggsé?dsEﬁjgef‘:?géf éé(ginl%(%lﬂg Zreléﬁ o%%nzc%m'at%' tration route
and the | ideharkxXgmlresy[l@087H1263he poEgeriiyisarventlivali)s expl-dongd in

detail in the fallowng by referri to anpl.es, whic re not to be
const r uéd SEF3THAEt i (Feo- ['OBQEYSEQQ‘%B? e8 (li:%( TE(.:O?B%O)I ho‘f@tmjﬁlng
di fferentiaidon ofe RUMBRWPS1CBERSCAPED @@mrmorﬁ@)l;s soetk@Rag(1) - (3)]

I nduction of differentiation of human IPS cells into endodermal cells was
per f or ned dgenttte feold-owbsgzaekpodun chloride, mragaingdydrior8lesibs) ¢i PS

Cor| 5 OPL AN e d U TRIYS) huEn BLALAIENSun | DAL ILARO%E 880 e
preservatives (e.g., benzyl alcohol, phencl); and antioxidants.
10 Examples of the aforementioned water for injection
| include saline; and an isotonic solution containing glucose,
D-sorbitol, D-mannitel, sodium chloride or the like.
Since a medicament (preferably therapeutic drug for
diabetes) obtained by the screening method of the present
15 invention is safe and low toxic, it can be administered orally
or parenterally to, for example, a mammal (e.g., human, mouse,
rat, rabbit, sheep, swine, bovine, horse, cat, dog, monkey,
chimpanzée}.
The dose of the medicament is appropriately determined

20 according to its action, the target disecase, subject of

administration, administration route and the like.

Exampies
[0097]

25 The present invention is explained in detail in the
following by referring to Examples, which are not to be
construed as limitative.

[0098]
Example 1 (1):

30 Induction of differentiation of human iPS cells into
endodermal cells [steps (1) - (3)]

Induction of differentiation of human iPS cells into
endodermal cells was performed by the following method.
First, human iPS cells {iPS cells obtained by introducing

35 0Oct3/4gene, K1f4 gene and Sox2 gene: see Nat Biotechnol 2008;
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26: 101-106) cultured and maintained in the state of a cell mass together
with feeder cells were detached in the state of a cell mass by using a cell
di ssociation solution for primate ES cell (ReproCELL Inc.), these cells

vere transferned 18k audrdprell acgnbLifuge.dbe, and staed LeraScain. The
feeder cells were renoved by renoving the supernatant. To the human

i PS cel | s medi mogestiernvwink Eendel forfels utrse GleXbuhedy pai khe AR EDTAL
sol ution (G BCO dde n d to.di.ssoci_at i hey.

si ngul at ed €l sm\é%%e%?r ‘igiﬂ%rr%ng% V%%?%%Cl |t:l?))er s‘?e&%ﬁtggé %%i g#ﬁ%&eﬂ
seeded at Ex densi t(RepiolBKk104nce] ) stipete areel IOama dirsahsceared wntdh BD

Matrigel (N ppon Becton Dickinson Conpany, Ltd.), and culLtured at. 37C, 5%
CCp for 51 'daftl TRECEOBUAM HISR HRM W g i b B (FYetS di | ut ed

40- f ol d wifehy s @it Eres, DVENLF12g medh WS {dinwict r ogen) , at room
tenperature for 3 hr or | onger. a nmedi um for dispersion and seedi ng was

a medi um for prilwateeEBusen| 1PRepe bCEldedimentesdded tiet kenorpinye 27632,

(Wako Pur QIm .ndust i L . e day-af Ler i;ng he medi um

was excha(n?)ge °vvit% &EB}\LEI\;F}{@ %@%uérﬁglc%%]tog nﬁ ng ﬁ(ﬁ%ﬁB%?gg?ﬁh?Bﬁt or

CHI R99021 13 gwdd apndd2%sBe2dtsuppt hettie ¥ FBCO)s iand lattktured1or Thealgys.

Then t he nedi um was e? Qa%]/?ed with DVEM F12 nedi um cont ai ni ng _zli_%ti vin A (50
p

ng/ m ) AndEARIGE2 £ SBAES CdI Yhred"S oM "Edy's SCFE68o7 28 TESR% AW ne

variation g itshe 0exps E58 1 i Ancendedermadishf ecahbhali on BBIEFSigden hunman
i PS cells were cultured, the cells after differentiation induction were

recover ed @Mempon BectandDiokahs®RNACHmzmty of-twhs ,parnidf iced tuseAdgaRNea¥3,96

(Q agen). Gl syn Si hng _Ppi L bt r j (kakar a
b0 Ine. ) SRR Tt LT e (o0 e PTG d s T eRE i e vd e B0
of a pri mMatwe gellr dakutrank ¢0-Bohd hyiirly, sandi-air cen dider/mlgankdi uSOX17 was

nmeasured. The results of expression analysis are.shown.in Fig. 1. On day 3
of cul tlére(,I_nthé?ré’ﬁﬁPiSSFBnr 8@&3@&@%&3 ]F i3n(t,]rreé)§e&of18ﬁﬁ0ra{%5ﬂ5§/, and 35
the expresgidnn evel d@EkpSEXidnr ShArKadd nd ReLasef@tnd@prdprinate ES

Therefromit has been cFarl fied that the expression of endoderm marker was

ef fi ci ent IGelilndRegacGial-dineet enfded vk nt® Wt itma/iove dWpkakFure
Chemical Industries, Ltd.). One day after seeding, the medium
was exchanged with DMEM/F12 medium containing a GSK3B

20 Ainhibitor CHIR99021 (3 uM) and 2% B-27 supplement (GIBCC) and
cultured for 2 days. Then the medium was exchanged with
DMEM/F12 medium containing activin A (50 ng/ml) and CHIR99021
(1 uM) and cultured for 2 days.

[0099]

25 To examine variation in the expression of endoderm
differentiation markers when human iPS cells were cultured,
the celils after differentiation induction were recovered over
time, and total RNA fraction was purified using RNeasy96
(Ciagen). cDNA was synthesized using PrimeScriptRT reagent kit

30 (Takara Bio Inc.), gquantitative RT-PCR was performed, and the
gene expression level of a primitive streak marker Brachyury,
and an endoderm marker SOX17 was measured. The results of
expression analysis are shown in Fig. 1. On day 3 of culture,
the expression level of Brachyury increased temporarily, and

35 the expression level of S0X17 remarkably increased on day 4
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[0100] 5To exam ne the expression of SOX17 protein, imunofl uorescent
stai ning was perforned using an anti-S0X17 anti body. Endodermal cells
obtained by differentiation induction in a 100 nmdish were di ssoci ated

into singul atedgelrk$rusi ng AesUbase dl4witiQpyamat( tthadexpaeeyioseeded in a
10 fibronectin-coated 96-well plate at am of 4x104 cells, and
cul tured ANBWEEIEHAGH2T BRS1e§AyCignely i i 2 SR RG SRES2 heP T or med by

diluting fjhro (BDL+2Qzfold with DMEM F12, and standing sane at room
t enper at ur erh{ ogﬁ‘%}r‘lh?l %s)sgi culture mediumfor seedi ng, |nproved MEN Zinc

Option 15 iMEdiGdm (I nvi trogen) cont ai ni ng 1% B- 27 suppl ement was used. After
culture, 4% par - for mal, deh{yﬂe was_added #@ﬁ oS Jner e fixed by
i ncubat ’ng at r dOmCEERpEFatIFeSFBT <30 h nO H éj afPér culture were

successi ve_;_lmmﬁqﬁl@qewcbhtagtalhyﬂ@ma?@)@&rﬁﬁmé@pdbé1&1@Fh&26nt8&®xa$ a
prinmary anti body and then 20 wth Al exa488-1 abel ed secondar%/ ant i body
t

(1 nvi t r ogeMtidkedy -scEpRedeyaht oy ORI "esl Pyndéféasenhdast@ined with
Hoechst 3%%%(:&%% ehser ‘i@@! }Mnt@l@hfd; Qﬁ%e:ﬂfcﬁame%{ %%p%m@@aiegaul ts are

shown in a result, nost of e cells expressed SOX17 protein.
From t he fa:qldgamumgnst ad;zptasehaén*bla’@m@ cl @:rlrafdeedlaurhat, cickfledenni ati on

into endo | s ca e duce cuIt vat Lo I 2 days
in DNEWF%%&F& l&a&@é%ﬁ ﬁg %Q&ale/an fdf supgl er?ent t‘Lb gcae]f ur't her
for 2 daysadd JINEMrE42 arediyed) ae;i@l@dazwbb acaa?u N vheard onBI99RL, Wi t hout
using feeder cells and serum 30 [0101] Exanp Endoder m

i nduct i on 3 1EORE "PRhPBIEBFMER| by %%Hé?lrf%a‘?ﬁkmq}%(})@l BR)sL8piesy was

studied. iy DMEMéNEQ d%d%%%d%&déé}ge of %@tﬂﬂe%%e%%ltkﬁ"e the Hegium was
35 exchanged with F12 medi um cont ai ni ng CH R990 3 pM and 2% 8-27

suppl enentay @ B@@):ur&ndledmutﬂufed $©¢dm@l,aylsnprcved M%@nﬂcoﬁét\mg exchanged
w1, SN L7 PR SN B0 1, O SB028, (2 2. 05 GGR WL, 20
cont i nued Exddmdivqated,agss” ﬁﬁﬁ:h\lfdﬂrrﬁaiﬂdéﬁj}d@%"add@dzla@d She cells
were fixed by incubating at room temperature for 30 min. The
cells after culture were successively reacted with anti-human
SO0X17 antibody (AF1924, R&P) as a primary antibody and then
20 with Alexa488-labeled secondary antibody (Invitrogen) as a
secondary antibody, the cell nucleus was stained with Hoechst
33342, and observed with a fluorescence microscope. The
results are shown in Fig. 2. As a result, most of the cells
expressed SOX17 protein. From the foregoing study, it has been
25 clarified that differentiation intc endodermal cells can be
efficiently induced by cultivating for 2 days in DMEM/F12
medium added with CHIR99021 and B-27 supplement, and further
for 2 days in DMEM/F12 medium added with activin A and
CHIR99021, without using feeder cells and serum.
30 [0101]
Example 1 {2):
Endoderm induction by GSK3 inhibitor (BIO) other than
CHIRS89021 in step (Z2) was studied.
One day after seeding of human iPS cells, the medium was

35 exchanged with DMEM/F12 medium containing CHIR938021 (3 pM} and
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The ot her was exchanged wi th DVEM F12 medi um containing BIO (0.5 pM as
GSK3 i nhibitor and activin A (100 ng/m), and 2% B-27 suppl enent (d BCO,
and culture was continued (indicated as "Activin A+ BIO" in Fig. 3). /0The

level of the myerve sexpnesshen (OfBSEOXL 7andesu i i8S cebhgswere cul tured
was neasured over tinme. The results of expression analysis are shown in
Fig. 3. Wet her T#§PngOCH RO02ACHRNEID, WitHe RUERNEds g disferoptaSoay

remar kabl y-yieepsed sf y Fi G 4 e afd&j fﬂ:t%ixﬂﬁ' ar (e¥Br agPhLoN 15
pattern was o serveg. Iﬁﬁsen ggsﬁ%{g ﬁave clariftied that endé erm?Zn Ee
i nduced everd ¢ @si2AgsapChKBenhhi®GIBGR) otdret dHamr€HWRG90211L1H0802] Exanpl e

2. 20 Inductigon of differepntiation, o r.al | ls_into pancreatic
horm)ne-5pr@cﬂ?&'cr"f1 eePrs %‘ggé&n(}g)Jr-&é%% lIT‘AQEEL@I'I 3iass was formed from
cel | s differentirakedthBt-owepdedernandegatits BEeFeheldiltr tbetainduged to
differentiate into &{ogeni tor cells of pancreatic hornone-producing cells,

25 then i R& péncr 840 i esherkdnttpibier mptaqtsivin 2 (108 Rg/Bhdoderdal

cel1s Indugeq Lo dibhebahtaterhfon 100 Mudish uRle Mhesaeeated until - they
form singul ated cell's by using Accutase (Invitrogen) (trade nane). Then,

endodei mal (ig@lilcstéids per Sédtinin fedi 230 (wire Bepded -at a density of 2x104 30
cells per well in a.96-well heroid plate ((SUM T KELI.T and,
T%g l&fﬁmeof ﬁgﬁa%e?% %& res 1oq ofjggxﬁéAgkgnﬁéggﬁﬁ]%EE

culturéd at 37C 5% for rma cell” mass.

di sper si oreadndg seed aglthppaoved MM it pid animrdi TRecoatal g ngt 1% 8- 27
suppl ement was used. One day from endodermal cell seeding, the nedi um was
exchanged S¥PRFS553 OPnpRevEa L NERFZi %O‘@t]rlbrﬁ%di%m ¥BREARRI WY1 R%% B- 27

suppl enenicy g ogdded wrbh HESOEDFLM bl 1 AN, JeldoRaiC aghdKaB1PM
SB431542 (10 pM and bFG- (50 ng/'m ), and cultured under the conditions of
37C, 5% COndrsrsgddayeom Nesti dneexchafiges wasper fored ronxpagsaionf t er
CU|tur%5f%gt§e%%Y%astg%sQ%@é&U]wfﬁé results have clarified that endoderm

can be induced even by using a GSK3 inhibitor other than

CHIRSS9021.

10102]

Example 2:

20 Induction of differentiation of endodermal cells into

pancreatic hormone-producing cells [steps {(4) - (6)]

A cell mass was formed from cells differentiated into
endedermal cells, after which further induced to differentiate
intoc progenitor cells of pancreatic hormone-producing cells,

25 then into pancreatic hormone-producing cells.

Using endodermal cells induced to differentiate in a 100
mm dish were dissociated until they form singulated cells by
using Accutase (Invitrogen) (trade name). Then, endodermal
cells dispersed in a medium were seeded at a density of 2x10°

30 cells per well in a 96-well spheroid plate (SUMITOMO BAKELITE),
and cultured at 37°C, 5% CO; for 1 day to form a cell mass. As
a medium for dispersion and seeding, Improved MEM Zinc Opticn
medium containing 1% B-27 supplement was used. One day from
endodermal cell seeding, the medium was exchanged with

35 Improved MEM Zinc Option medium containing 1% B-27 supplement
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5 exchanged wth I nproved MEM Zinc Option medi um containing 1% B-27
suppl enent and the cells were further cultured. Thereafter, the nedium
- exchange was perforned every 3 days - 4 days. One day from endodeLm
seedi ng, Ccobd Saaeie Wit Woed owoir-phan1Q1combj nadt orviaf hars orpokphi,n,

retinoic acid, SB431542 and bFGE for days, the nedi.um was exchanged with

8
| nproved NEREZHEZ QR0 oM ne@CuRFESNnt AP nPAG b BY QUG EITe M8 d thRe
culture nt.i . e~resul alysi.s 4 'eo af insulin
at that \tl\?érr%r&glrnéelds}ﬁ%ﬁ ;5? Ef g§°4éézr%fé)1g>%p9 é?gi'o(rﬁeo# ﬂ%ﬁg‘%@sh%%?jn \?\J/ag’ scarcely
observed atetfwrnddiemciayt 4of Hayen cwitwud tiamwe Safiegs, t hbecexeHangewas t he

medi um wi t h_|,mpr oved .MEM_Zi nc t] di um cont ai ni.ng 1% B-27 .supplenent,
Ut dr st | Gy o MATed TPE G Hay s o e € e AL B AL dadimpl 6.
endoder mal €&l | supretesecded, tbaec20]dayetat firtHde agldigamre cul tured

usi ng a conbi nati.on of dorsonorphin, retinoic acid and SB431542 for 8 days,
the medi umiRreaE&fandds W@HWnﬁFSb@HgW?iW@W% SHEdYUm E6ai nfng 1%
B-27 supplgepent and the cells were further cultured. The results of
expression dnalysis on day 19 of 25 culture are shown in Fig. 5. The

i nsulin expressi@e showédon kighdeahuscofitay A9ilsf ware wnd twhred wakhi gat ed

using a co%l?j]ﬂ' ti,an _of rsonorphin, retjinoic acid %%43 anng , than
cul t ur €’usi ng }‘—jcto1 i ﬁéf?l%gﬁsgpog ir%%fm]f% intfe Cflnddi C a?l g%né‘” 5%42. 30
[0103] for SThienys,t ahexagdiempwakeeRckRiNgeS SiOth afmgmsuld mMEand igkucagon,

i mmunof | uorescent staini nggusi ng an_antj-insulin anti body was perforned.

One day af4Rir GhdGderFaroRERENLBEdiAgE Ao SPRYPITH, 31t ithG cvadivge
SB431542 apghs bl \welee . added 20, Bos the £8llwsweis gukt H&?Qefsgﬁo§ gays.

Then, the nedi umwas exchanged with Inproved MEM Zinc Option nedi um
cont ai ni ng-NISKIBR Atsihpltetdne and shbvared Foy. 8 dafbe Akpsessibpupe, the

cells re fli 4C faor hr I 4% p - yde, {he-.cul tured
cells %r :H{eér%lg%‘dg; 5 %Céf ecb’nﬁgg%{}%‘?i %/% u@%eﬁ#ﬁ%ﬂog%%r gop(i‘cardtéEl Ya 1%00%}t hi ck
frozen sechildn:relhefteel khewerehsugeessi viet ynedaat ed t tTmantvied NEMl i n

ant i body (LA0564, DAKO) or anti-glucagon_antibod 654, SIGVA) as a

o ey atf TEOPE IRERoHI o APELA5BSLN Abbl BEF LeVBIRIERF it bty |

(I nvi trogemafii Aiexa488rkabekedrsgacandary antdbody-d | nvitrogen) as a io
secondary anti body, and the cell nucl eus was stained with Hoechst 33342 and

observed by a flAforegpeneéiftcrastBpe: ThECIRENAL Sl manfoficededscene
Lo LA D B 92105 AoBTHeplod Sl S PRI v
partly dorsomorphin, retinoic acid and SB431542 for 8 days, the
medium was exchanged with Improved MEM Zinc Option medium
containing 1% B-27 supplement and the cells were further
cultured. The results of expression analysis on day 19 of
25 culture are shown in Fig. 5. The insulin expression showed a
high value on day 19 of culture when cultivated using a
combination of dorsomorphin, retinoic acid, SB431542 and bEGE,
than culture using a combination of dorsomorphin, retinocic
acid and SB431542.
30 [0103]
Then, to examine protein expression of insulin and
glucagon, immunofluorescent staining using an anti-insulin
antibody was performed. One day after endodermal cell seeding,

dorsomorphin, retinoic acid, SB431542 and bFGF were added and

35 the cells were cultured for 8 days. Then, the medium was
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/5 found. [0104] Exanple 3: Induction of differentiation of human i PS cell
i nto pancreatic hornone-producing cell [steps (1) - (6); Induction of
differentiation into endodermal 20 cells using BD Matrigel or fibronectin,
and i nductd:@th=0fgedi Wiehenimbabirea Ml oz pahcreaide rherimnecptaduehggigel | s]
I nduction of differentiation of_human iPS cells intgo endodelLmal cells was

per f or med By t FEPPIFIGRING FeCROEUC #1502 il i PATEEFI §u?=rﬁ‘i1ﬁ?aitﬁé‘ﬂ inthe
state of a.celd u%@emﬁﬁe}ﬁeéﬁ Q‘l’czsfl%% af gd. Lé%%'ﬁ; tzlbe I:Qr Wed cel I's

in the sane manner as in Sper sed
in a nmedi mha/\el@tyes@deeteétlsaWdeﬁséeme@fﬂE@mmﬁbeddwom@ld dﬁfesme pekdi sh

coat ed vmthflbronectl (l.nvi e and. ¢ tured t 37 5% CO2 for 1 30
day. Thé 160 FhnPdiSh usnue}d vvalgﬂong g%)% (&=l S\’/\?L% brgﬁec |£‘1 % T®d 40-fol d

W th serumddees sDVEM/FLI2agedauwith na/mtiﬁgﬁﬂ)llrﬁtadtﬁ(bl@d[yemeﬁaﬂur eakoy 3 hr
or longer. (indicated as "fibronectin” in g i Human i PS cells
di sper sed 9 A edlisARere 28édgedYatl §6§§ dé SRy 8f i5?§6@aEEI pEtHRrIBNe

100 mm di sh£0qtied whbhaBEs-Mabel 98! s&HbRROR, BERLOHIY GkinRgero.GaRPasy,
Ltd.), and cultured at 37C, 5% CO2 for 1 day. The 100 nm di sh used was one

coated w tHieBB4|9§rrliagerLedi baceddaoy f andiedsh slevwirhroges) DMEMRF12 nedi um
(! nVItrOPe@don%i[a gtlsgagtag% ﬂé’fcé”lf m% e'uoé‘%ears s%a(l('rjl%' %gftﬁd as

"Matrldg As a medi um spers on and seedi ng was
medi um fomC@dm&t 83B%2ceht (;Be@r@éﬁuby Iancfl)ucandxtﬁﬂmmd mit@opho)e276R2: (V\ako
Pure Chem cal I ndustries, i .). One day after seedi n%, t.he _nedi um was
exchanged HSH tBVER FEBURRET BRT 8BREAF nf Ryl lying are shown in Fig. e. A

number c¢f cells expressing insulin were found inside of the
sphere, and also, the cells expressing glucagon were partly
15 found.
[0104]
Example 3: Induction of differentiation cof human iP5 cell into
pancreatic hormone-producing cell
[steps (1) - (6); Induction of differentiation into endodermal
20 cells using BD Matrigel cr fibronectin, and induction of
differentiation intoc pancreatic hermone-producing cells]

Induction of differentiation of human iPS cells into
endodermal cells was performed by the following method.

First, human 1PS cells maintained in the state of a cell

25 mass were dissociated until they formed singulated cells in
the same manner as in Example 1.

Then, human iPS cells dispersed in a medium were seeded
at a density of 60x10* cells per one 100 mm dish coated with
fibronectin (Invitrogen), and cultured at 37°C, 5% CO, for 1

30 day. The 100 mm dish used was one coated with fibronectin
diluted 40-fold with serum—free DMEM/F12 medium (Invitrogen),
at rcom temperature for 3 hr or longer. (indicated as
“fibronectin” in Fig. 7)

Human 1PS cells dispersed in a medium were seeded at a

35 density of 15x10* cells per one 100 mm dish coated with BD

57



/0o GSK3p inhibitor CH R99021 (3 pM and 2% B-27 supplenent (Qd BCO and
cultured for 2 days. Then the nedi um was exchanged with DVEM F12 nedi um
containing activin A (50 ng/m) and CH R99021 (1 TIN) and cultured for 2

days. [010&lrli%AIceNkppBasBwasoh op ek hsbi heongare , manren ,asndncExanpke 2
fromthe cells differentiated into endodernmal cells, after which further
i nduced t &tdi*f/fer entiG= fogt 3 Frdgentirorlteins dsharedeariscone coated

hor mone- pﬁfﬁd;%CiB'%gMﬁj%L:Hgglt Henu{ 84 01 RansT 8ati G @gﬂmrl%r@eowgwglge! I's. 20In
the sane manner as in anpl e 2, one day from endodernmal ce seedi ng,

cel I s wer @egiirurésviirhgant onbi naedonteipeisrtsureorfishi 13, hrebirnébugaci d,
SB43154 f.or 8. the nmedium was exchanged with | nproved MEM
gi a(@.%dQEQEEd as ﬂg%{%igim B‘I_.Ié%Jt% :Aﬁ

Zinc Opti on nmedium contal hirng duce differentiation, 25 and
anal ysi s of tinmBscaumsediexpressdispafsmar ious diddierentisati padmBRkess was
perfornmed. The results gf expression_ analysis are shown in Fi

Fig. 7.
The expr eSEHBRTEF ESOREF! WRERRCTELan Rfrdo RIFR et ikey Lo @NBFKIQ%WZdecreased

al ong wi t hydichf eneat EakHoRa1 apdatder R0 expressi opnaf dggngf@élﬁ | S QQeNi tor
cell marker (PDX1) and progenitor cells of pancreatic hornone-produclng
cel | mar ké&he( NeNgyngraduaktanged easidd RFEM/F Idaynetid ugf conteanéngTae

expressio i syl ik | i pcreased framgday 17 of culture. Such
time- cghr g’esg(égr ?gﬁ%gtg%aﬁﬁgﬁ%%%esgdﬁﬂofa 235ar}3| %ﬁs S&PPELSPSH iation
mar ker s wasIacopstntiheusaneebefaeen dendodemeh cakl fednducess usidtgBRd

Matri gel as ubstrate and endodermal cells induced using_fibronectin as a
Subst Pat e" 16D RHERY 5@? PEILIB ST e MR 35Fiodict fexXtPadeday r ahe

Engel br et kHeRmoSpai M (ES) 2 NQUSE] B &Py Cel I iy the other hand,
fibronectin used in this Exanple was extracted from human pl asma by

affinity dRE8Rdt ography. Therefromit has been clarified that
"Bt acora! PLSLRR8E5 S0 ST MR DBalLs car bl ayredelen
/o [0106] from the cells differentiated into endodermal cells, after
which further induced to differentiate into progenitor cells
of pancreatic hormone-producing cells, then into pancreatic
hormone-producing cells.

20 In the same manner as in Example 2, one day from
endodermal cell seeding, cells were cultures with a
combination of dorsomorphin, retinoic acid, SB431542 and bFGF
for 8 days, the medium was exchanged with Improved MEM Zinc
Option medium containing 1% B-27 to induce differentiation,

25 and analysis of timemcéurse expression of variocus
differentiation markers was performed. The results of
expression analysis are shown in Fig. 7.

The expression of SOX17, which is an endoderm marker,
remarkably decreased along with differentiation, and the

30 expression of pancreatic progenitor cell marker (PDX1) and
progenitor cells of pancreatic hormone-producing cell marker
(NGN3) gradually increased up to day 17 of culture. The
expression of insulin drastically increased from day 17 of
culture. Such time-course variation in the expression of

35 varicus differentiation markers was almeost the same between
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By studying Examples 1 - 3 above, it has been clarified that
differentiation into pancreatic hoi none-producing cells can be induced by
usi ng the pancreas differentiation induction systemshown in Fig. 8 wherein

a sphere ihdoared1f cem i5i endedeloddn€ el Mathieyegelalss s;asepsukbueegnfor 8
days in Inmproved MEM Zi nc Option medi um containing 1% 3-27 suppl enent added
with dor sGRStostEirRAaLlr BBLASI NARTE] \BIYH SAP LA VRO 25t ReFUPRECAEE uRT s

exchanged M’éﬁt&gg'egpﬁgvﬁdbygﬁﬁzié&ﬁi U QR Rdi 4 .CoRt B g, %"g@ngeth—
suppl ement and ‘the cells are 20 cultured . The pancreatic
hor none- piHoduciSmg roel(EES pr odusedsdycanre aetliod 6f the presentamndwention are

superior in.the insulin production.level to pancreati or none- pr oduci ng
col s pfoddbaa 5y ot Er et Rots LS 2 TR A B b PP ey EST0)
Accor di ng ghestebpr agduchi on oeihed: ofrddie; pr gsentriromenti bas peaereatic
hor nmone- producing cells in a formnore 30 m m cking the_ pancreatogenesis
can be prédddédifcofatsfbhf eeprtidhiQriditiPanHEatelr ROFmPRE pr esent

i nvention Gap.penysed:far -36reeni A i S HPRAING ¥3ehlthar 1EhEseq,
prophyl axi's and/ or treatnment of di seases caused by abnormal pancreatic

hor none preduct tbr aendfoprfsBbritiogsuctEzxmnmdicbdt @ndaid -t he 35 i ke.
Furthernnr%io%ince the cell of the present invention can be used for cel
therapﬁof&r thé treatment of such di seases and maintains a

t hr ee- di nensi onaly studgitgerxamplss mor-e Suidakd, e iftohash®eappkiaatifoadt o
cell therapy even when conpared to pancreatic _hornone-producing cells

obt ai ned FheccORdTRGeRH1at LORVERET R CHRTdT VRSt REGIUCINg ™ Chi 8

appl i cati e $cbasad-en Bat £8IngPPhd GRHAGENO.4i2F 0=t i18223nf ihadct Dodapan,
the contents of which are incorporated in full herein.
system shown in Fig. 8 wherein a sphere 1s formed from
15 endedermal cells, the cells are cultured for 8 days in
Improved MEM Zinc Opticon medium containing 1% B-27 supplement
added with dorsomorphin, retinoic acid, SB431542 and bFGF,
then the medium is exchanged with Improved MEM Zinc Cption
medium containing 1% B-27 supplement and the cells are
20 cultured .

The pancreatic hormone-producing cells produced by the
method of the present invention are superior in the insulin
production level to pancreatic hormone-producing cells
produced by other methods.

25
Industrial Applicability
[0107]

According to the production methocd of the present

invention, pancreatic hormone-preoducing cells in a form more

30 mimicking the pancreatogenesis can be produced from a stem
cell. In addition, the cell of the present invention can be
used for screening for a compound useful for the prophylaxis

" and/or treatment of diseases caused by abnormal pancreatic
hormone production and/or secretion such as diabetes and the

35 like. Furthermore, since the cell of the present invention can
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Clainms 1. A nethod of produci ng pancreatic hornone-producing cells,
conprising subjecting stemcells to the followng steps (1) - (6): (1) a
step of cultivating stemcells in a nedium containing a Rho kinase

i nhibitor e s8d afos;t eplaf teehbpyatbngthbet eedtserobtai nadth Milheses
aforerrentloned step (1) in a nmediumcontaining a GSK3 jo inhibitor (3) a
step of cuid VNG ITFe ac EPFESoBLBPABHCT AL t Pl M G+ ehrentl died&ep (2) in a
medi um cont,ai fUng @%@t'h@thFf_L%aEEQnaE'oa&éll/aE}%rég y aSfdrVighereceptor-1ike
ki nase-4,7 (4) a step of ' Tormng a cell nmass fromthe cells obtained in
15 the af oremmEntdchried pE3rreandcchbrinvast pyodieinel de s Lhteiacsuspensi on
state in a rTéEOdICPn (t(:) a s%% fogg tl\r/a(th!lg 1<5r?emeet{|c§ obtained in the

af or enenit i ‘oned Jtfagp 4)a 1 UhT contar i ng a retinoic acid receptor
agoni st, an i nhlimltso@p@flléwiaﬁt wab@@le@r@m Bbai & th agep 2kaandoNcac e bA
receptor-l i ke kinase-2,3,6, an inhibitor of activin receptor-l i ke

ki nase- 4, 5 7@ &t féth,eéjl HNgPERER  f ABEoFONEBY LR F gfrith @ng ivaamerehecel | s
obt ai ned 4} tfe afementi oned step (5). 25 2. The production nethod
according to claim1, wherein the activator of activin receptor-|ike

ki nase-4,7 in step (3) is activin. 3. The production nethod according to
claim1, wherein the Rho 30 kinase inhibitor in step (1) is

(+)- (R -trans-4-(1- am noethyl)-N-(4-pyridyl)cycl ohexanecar boxam de

di hydr ochl ori de. 4. The production nethod according to claim1l1, wherein
the 35 GSK3 inhibitor in steps (2) and (3) is (i) 6-[[2-[[4-(2, 4-

60



di chl oropheny1) - 5- (4- net hyl- 1H i m dazol - 2-y1) - 2-

pyri m di nyl ] am no] et hyl Jam no] ni cotinonitrile and/or (ii)

(2'Z,3 E)-6-bronoi ndi rubin-3' -oxine. s 5. The production nethod according
to claim1, wherein the retinoic acidcngggptor agonist in step (5) is
retinoic acid. 6. The production nethod according to claim1, wherein the
i nhibitor. of AMP-activated protein kinase and/or activin |o receptor-I|ike

ki nase-2, 3, 6 4 ) i j . 7. o [
according%FoPE g?ﬁ??,g§h8¥§?ﬁ9%§§W?%ﬁ?%??g¥?£F’acf@y?ﬁgﬁggggﬁgﬁ%F?gg

ki nase- 4, 5ofhpim sdheps(b)ersing stem cells to the following steps (1) -
4-[4-(1, 3-hbenzodi ox0l-5-y1)-5-(2-pyridinyl)-1Him dazol -2-yl]- |s benzam de
8. The production method according to claimi1, wherein the cell growth

factor in ghep kp srbasieivhbieh! asdm gromih et @edi2d <Bntihaipgoduction
met hod according to claim1l, wherein the steps (1) - (6) do not
subst ant i &1y kigesg feBabites! | . 10. The production nethod according to

claiml1, rej e,25 [redi Y Sed B)s odi®)i rdees nheh substantial Iy
contain amgﬁrgkgt%elf Tﬁe progﬁ%ﬁgzﬁ%ﬁethoésé%coﬁéﬁng Fo cFain11, wherein

t he stem cddremanéionddcedepl (i} pht entmegiiom culnltaifiiPg eelGBEP, 20 enbryonic
sten1cell%€&F§r§¢IIs) or human somatic stemcells. 12 The production nethod
accor di'lg t8"*&1'ai°h 1, wherein the pancreatic hornone-producing cells are
any sel ectgy fa eephergeQuUpicensnsgt ting ©f1linsibtaingoducichg cel |'s,

gl ucagon- 35 producing cells, sonatostatin-produan%_ceIIs pancreatic

pol ypept i FEUEPENSEO86EI ARl £S5 HhdP gMEITh-SIEAIETRg BekBs inhibitor

and an activator of activin receptor-like kinase-4,7
(4) a step of forming a cell mass from the cells obtained in
15 the aforementiocned (3), and cultivating the cell mass in a
suspension state in a medium
(5) a step of cultivating the cells obtained in the
aforementioned step (4) in a medium containing a retinoic acid
receptor agonist, an inhibitor of AMP-activated protein kinase
20 and/or activin receptor-like kinase-2,3,6, an inhibitor of
| activin receptor-like kinase-4,5,7 and a cell growth factor
(6) a step of cultivating the cells obtained in the

aforementioned step (5).

25 2. The production method according to claim 1, wherein the
activator of activin receptor-like kinase-4,7 in step (3) is

activin.

3. The production method according to claim 1, wherein the Rho
30 kinase inhibitor in step (1) is (+)-(R)-trans-4-(1l-
aminoethyl)-N- (4-pyridyl)cyclohexanecarboxamide

dihydrochloride.

4. The production method according to claim 1, wherein the

35 GSK3 inhibitor in steps (2) and (3) is (1) 6-[[2-{[4-(2,4-
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13. A method of produci ng pancreatic hornone-producing cells, conprising
subj ecting endodermal cells to the following steps s (4') and (5'): (4') a
step of formng a cell nass fromendodermal cells, and cultivating the cel
Mass in a GuspensipdrRnsat-6=i(n-fe Rl thH- iﬁhdaZbEHZHyMNLZCU|tivating t he
cells obtained .in the aforenentioned s 4! a._me m contai ning a
retinoic f@”&épﬁhpéééﬁpépoéaBﬁVélam%FP ?i#éﬁ%%ﬁn%ﬁrl a€g{P§ated pro?eln

ki nase and/igry @oty i) Lgcgggﬁglhﬁ£§u$1@3§£Lé%£ﬁéS an inhibitor of activin
receptor-llke klnase 4 5,7 and a cell growth factor. 14. A medi canent

conpri sing pancreatic hornDne produci ng cells 15 obtained by the production

met hod Offfl%ﬂg f%du%%lo%Sme€h$§2Q§§$? é%ﬁ%?ﬁk%ggiqr %h%@%rﬁp%ﬂglc drug

for di aBetes, rising usin one or nore steps
sel ect ed fﬂdﬁmﬂdﬂﬁ gtﬂdprecﬂptstlmgomﬁstrmnfsﬂépnMﬂn;i$tep$1@bﬁczac1d(6)

(1) a step of cultivating stemcells in a nedium containing a Rho ki nase

i nhi bitor (2) a step of cultivating the cells obtained in the

af or ement idnegStHERdub: ibA ﬁeﬁﬁgaum:@&f@ﬂ?'w A 38K3 , 29nirbi A tae  (3) a
step of cultivating the cells obtained in the af or ement i oned step (2) in a

medi um comrmulnm@res@wﬁhﬁ@tmatgﬁopmtm i enasre endde wichivéBept or - | i ke

ki nase s eosktlaifher,ohalor s 9g;a cellcmns Lromdhe cebhenobt ained in

30 the "afore I'oné and tuf ivatin a suspen5|on
state in a medium (5) a step of cultivating the cells obtained in the

af orenentioned ste in a di.um cont ai ni n retinoi ¢ acid receptor
agoni st, ar it gﬁ‘ Péil(‘l%floﬂl\/iﬁeﬁ ?ﬁiv%?%%r%%q eﬁ% C@la&&b& r38 %ﬁﬁﬁfLSr Egtl vin
receptor‘|ﬂﬂﬁiﬂﬂt%%5%f2a%t§v1ﬁnréﬁgp£bi£ﬂlﬁg kBfddadia) g, gcept ekebi k8) is

ki nase-4,5,7 and a cell gromﬁh factor ( % a step of cultlvatln% the ceIIs

obt ai ned’ i4T ke lafoberantioned- 8tep) By (2-pyridinyl) imidazo
15 benzamide.

8. The production method according to claim 1, wherein the
cell growth factor in step (5) is basic fibroblast growth
factor.

20
9. The production method according to claim 1, wherein the

steps (1) - (6) do not substantially use a feeder cell.

10. The production method according to claim 1, wherein the
25 medium in steps (1) - (6) does not substantialliy contain a

Serum.

11 The production method according to claim 1, wherein the
stem cells are induced pluripotent stem cells (iPS cells),

30 embryonic stem cells (ES cells) or human somatic stem cells.

12 The production method according to claim 1, wherein the
pancreatic hormone-producing cells are any selected from the
group consisting of insulin-producing cells, glucagon-

35 producing cells, scmatostatin-producing cells, pancreatic
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35

polypeptide (PP)-producing cells and ghreiin-producing cells.

13. A method of prdducing pancreatic hormone-producing cells,
comprising subjecting endodermal cells to the following steps
(47) and (57):

(4') a step of forming a cell mass from endodermal cells, and
cultivating the cell mass in a suspension state in a medium
(5"} a step of cultivating the cells obtained in the
aforementioned step (47) in a medium containing a retinoic
acid receptor agonist, an inhibitor of AMP-activated protein

kinase and/or activin recepter-like kinase-2,3,6, an inhibitor

of activin receptor-like kinase-4,5,7 and a cell growth factor.

14. A medicament comprising pancreatic hormone-producing cells

obtained by the production method of claim 1 or 13.

15. A method of screening for a therapeutic drug for diabetes,
comprising using the cells obtained by any one or more steps
selected from the group consisting of the following steps (1)
- {6):

(1) a step of cultivating stem cells in a medium containing a
Rho kinase inhibitor

(2) a step of cultivating the cells obtained in the
aforementioned step (1) in a medium containing a GSX3
inhibitor

(3) a step of cultivating the cells obtained in the
aforementioned step (2) in a medium containing GSK3 inhibitor
and an activator of activin receptor-like kinase-4,7

(4) a step of forming a cell mass from the cells obtained in
the aforementioned (3), and cultivating the cell mass in a
suspension state in a medium

{5} a step of cultivating the cells obtained in the
aforementioned step (4) in a medium containing a retinoic acid
receptor agonist, an inhibitor of AMP-activated protein kinase

and/or activin receptor-like kinase-2,3,6, an inhibitor of
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activin receptor-iike kinase-4,5,7 and a cell growth factor
(6) a step of cultivating the cells obtained in the

aforementioned step (5).
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