METHOD FOR THE DI FFERENTI ATI ON OF HUMAN ADULT STEM CELLS | NTO :

‘I NSULI N- SECRETI NG CELLS BACKGROUND OF THE INVENTION 5 1. Field of the

I nvention The present invention relates to the induction of- human adult
stemcells to differentiate into insulin-secreting ce
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1. Field of the Invention
The present invention relates to the induction of human
adult stem céils to differentiate into insulin-secreting
cells.
10
2. Description of the Related Art
Type 1 diabetes mellitus, also termed as insulin-
dependent diabetes mellitus, is characterized by loss of
-insulin¥producing beta cells, resulting generaily from
15 autoimmune attack, of the islets of Langerhans in the pancreas
leading to a deficiency of insulin. .Insulin plays a crucial
role in homeostasis of the blood sugar level in the body.
When insulin is absent or is produced in a low amount, it
increases blood sugar level leadlng to complications in
20 various organs such as the kidneys, nerves, retina, etc. The
treatment of type 1 diabetes mellitus mostly relies on insulin
use; requiring injection over the whole life of its pétient,
insulin use is not a fundamental cure to type 1 diabetes
mellitus. On the bther hand, transplantation with an

25 exogenous  pancreas oOr beta cells cures type 1 diabetes.
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*@00002* nellitus. This neasure, however, suffers from many histol ogical
‘limtations due to the surgical transplantation from an exogenous
pancreas. For exanple, the transplanted cells may be disrupted by the
aut oi nmune reaction of the 5 recipient. Recently, many studi es have focused
on the use of stemcells in the devel opnment of therapeutics for diabetes,
of which enbryonic and adult stemcells are representative. Studies have
reported that enbryonic stemcells could be ex vivo differentiated into

i nsul i n-producing cells which were 10 found to cure hyperglycem a when
transplanted into diabetic mce [Fujikawa T, Ch SH, 'Pi L, Hatch HM Shupe
T, Peter ; (2005 r at format.ion | eads tqQ_failure_of treatnent for
type | d?gggﬁgﬁ'usinghgégrydﬁg%mggém(ﬁﬁwg%ﬁﬁﬁveaufﬁgﬁﬁin%rﬁpoddﬁFﬁﬁ cel l's.
Am J Pathoddfibgita81-1k 6 ka tDoABOULe KA. Bang 1a-8G-aFl Laz8kpBanKel iy, OG

Agul nick AD, Smart NG Moorman MA, Kroon E, Carpenter MK,  Baetge EE (2006)
Product i faromof an paxeyeablis Reikeaesexpressi Rea@Rdec! it cebhsshramdwman
enbryonic stemcells. Nat Biotechnol 24, 1392-1401]. However, enbryonic

st em cel¢sllmveayheéogyr dasropied caly priodl emtofimBlneausdarridne genedtad i on of
cancer when transplanted [Kroon E, Martinson LA Kadoya K, Bang AG Kelly
OG, EPi &9 e¥oun@SIEntRY ¢ hBRES opt Wi StrebaveG oaugne myharhe) uskguihi ck AD,

D Amour rpenter MK Baetge EE (2008) Pancreatic endoderm derived
from hurﬁ%“éﬁ%}}@ﬂ?@ §P§nﬁi€‘éﬂ%§b@¥ep§t ediegPpeysacEebpbndisgetes, of

which embryonic and adult stem cells are representative.

Studies have reported that embryonic stem cells could be ex
vivo differentiated into insulin-producing cells which were

10 found to cure hyperglycemia when transplanted into diabetic
mice [Fujikawa T, Oh SH, Pi L, Hatch HM, Shupe T, Petersen BE
(2005) Teratoma formation leads to failure of treatment for
type I diabetes using embryonic stem cell-derived insulin-
producing cells. Am J Patholl1l66, 1781-1791; D’'Amour XA, Bang

15 AG, Eliazer S, Kelly OG, Agulnick AD, Smart NG, Moorman MA,
Kroon E, Carpenter MK, Baetge EE (2006) Production of
pancreatic hormone-expressing endocrine cells from human
embryonic stem cells. Nat Biotechnol 24, 1392-1401]. However,
embryonic stem cells have the great clinical problem of
20 causing the generation of cancer when transplanted [Kroon E,
' Martinson LA, Kadoya K, Bang AG, Kelly OG, Eliazer S, Young H,
Richardson M, Sme.rt VNG, Cunningham J, Agulnick AD, D’Amour KA,
‘Carpenter MK, Baetge EE (2008) Pancreatic endoderm derived
from human embryonic stem .cells generates glucose-responsive

25 insulin-secreting cells in vivo. Nat Biotechnol. 26, 397-398].
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25 insulin-secreting cells in vivo. Nat Biotechnol. 26, 397-398] There have
‘been“reports that ectodermal progenitor cells can differentiate into
insulin-producing cells [Hori Y, Gu X, X e X, and Kim SK. - (2005)
Differentiation of insulin-producing cells fromhuman neural progenitor
cells."PLOS Med. 2, 103] 5 and that pancreatic duct epithelial cells can
differentiate into the sanme structures as those of the islets of
Cangerhans in the pancreas [Bonner-Wir S, Taneja M Wir GC,
Tatarkiewi cz K, Song KH, Sharma A and O Neil JJ (2000) .In vitro
cultivation of human islets fromexpanded ductal tissue. 10 Proc Natl Acad

Sci USA. 97, £999 %%%1 beke Jegweg gﬁap%ct@%%ﬁégf‘é%secnieﬁn otgfh%t%%ﬁ coul d

i nsulin-producing cells were obtaine rom i

i nduce tauIprqifrdr@@ribesi phest snkdidh ighd ] ergof: $cheit hauer BW
Cohen Y, LoéhenthallR, Trakhteﬁbrot E%&%§§Hﬁ?H§%§2%-wﬁgﬁ%wﬁfz@ﬁ Ml dman

15 D, Letiders, Trejdokim Far-en2dos Canst ftentiia®ioReehavhs@ i P@Iaudeasi ved
brain tunor follow ng neural stemcell transplantation in an ataxia

t el angi exstldsi afpent | burtan PheSrakdpr268i feb c&Z16(2PLo£1068029]. 10Be | atter
is not advantageous in that only a very limted anount of stemcells can
be obt aidet FRdM PenErRElC t fYStespirbrthet , cellps qaapod b namdtiafizen
enbryonictﬁiaﬁﬁécells re induced to differentiate in a nedia containing

insui i n,tt G SECHEFBGSFr B FRESTI PF bRt 13RS @ IlangerheRst act the
or opept 160 vhieh SRR nt o SRR Aokha oo ) TahBya™C " iir
GC, .Tatarkiewicz K, Song KH, Sharma A and O’'Neil JJ (2000) In
vitro éultivation of human islets from expanded ductal tissue.
10 Proc Natl Acad Sci USA. 97, 7999-8004]. The former is not
advantageous in that insulin-producing cells were obtained
from fetal Dbrain cells which could induce tumor in the
recipients [Amariglio N, Hiréhberg A, Scheithauer BW, Cohen Y,
Loewenthal R, Trakhtenbrot L, Paz N, Koren-Michowitz M, Waldman
15 D, Leidef—Trejo L, Toren A, Constantini S, Rechavi G. Donor-
derived brain tumor following néural stem cell transplantation
in an ataxia telangiectasié patient. PLoS ’Med. 2009 Feb
17;6(2): .e1000029]. The latter .is not advantageous in that
only a very limited amount of stem cells can be'obtained from
20 ductal tissues. Further, it is reported that when embryonic
stem cells are induced to differentiate in a media containing
insulin, the insulin secreted from the differentiated cells is
in fact the insulin taken from the media, as demonstrated by
the fact that a propeptide which is split inﬁo insulin and C-

25 peptide 1is not secreted [Rajagopal J, Anderson WJ, Kume S,



25 peptide is not secreted [Rajagopal J, Anderson W, Kume S, 3 Martinez
‘01, and Melton DA (2003) Insulin staining of ES cell progeny frominsulin
upt ake. Science. 299, 363; Hansson M Tonning A, Frandsen U, Petri A,

Raj agopal J, Englund MC, Heller RS, Hakansson J, Fleckner J, Skold HN,
nmelton K, Senb H, 5 and Serup P (2004) Artifactual insulin release from
differentiated enbryonic stemcells. Diabetes 53, 2603-2609]. Accordingly,
many attenpts have recently been nade to induce the differentiation
enbryonic stemcells in the absence of - insulin. There are reports on the
differentiation of stem10 cells into insulin-producing cells in the

. |4-n- i f r betacellul.in a ri.zed in
Tablo 1. B5ar . dé?hﬁﬁ?”%ﬁ%%?ﬁ‘n@%@Qéﬁcé?saﬁﬂrﬁmngasosféﬁr}%
b : It disfficud OMH C; Sd3Nn r
gigggtes-nee#ﬁqu§%8%3$¥%%§%332€p0n yyrg%%f§%%P%§%5 ﬁgﬁ’leggﬁégo Pﬁsulin
and C-papﬁﬁﬂggﬁegyltFﬁﬁQMkndhjje@@@g&atApnggﬁg?bﬁgg Qhurgggigﬁa sicemcel l's

based on human skin fibroblasts or nesenchymal stemcells. TABLE 1 20
St udi es Hullex RS0 HBkbhesemtJ atilerkaferSte mskel HSHN Nt Bel sl € N-sdfodyci ng
Cells Insulin C Peptide Cell. Reference secreted secreted
5 and Serup P (2004) Artifactual insulin release from
differentiated embryonic stem cells. Diabetes 53, 2603-2609].
Accordingly, many attempts have recently been made to induce
. the differentiation embryonic stem cells in the absence of
insulin. There are reports on the differentiation of stem
10 cells into insulin-producing cells in the presence of insulin-
line growth factors or betacellulin as summarized in Table 1,
below. Ethnic problems and cancer generation, as mentioned
above, make it difficult to wuse embryonic stem cells in
therapy for diabetes mellitus. Furthermore, only remarkably
15 low levels of insulin  and C-peptide result from

differentiation from the pluripotent stem cells based on human

skin fibroblasts or mesenchymal stem cells.

TABIE 1

20 Studies on ex vivo Differentiation of Stem Cells into Insulin-

Producing Cells

Insulin C-Peptide
Cell : Reference

secreted secreted )
Embryonic - 5ng/ug DNA Jiang et al., 2007




Enbryonic - Sng/ug DNA Jiang et al., 2007 4 StemCell ! 1) Skin 0.15 ng/ug
*Tateishi et al. Fibroblast DNA 2008 2) Mesenchymal 1.291 mJ/L 163 ng/L Li
et al., 2008 3) StemCell Jiang J, Au M Lu K Eshpeter A Korbutt G Fisk
G Majundar AS (2007) Generation of insulin-producing islet-like clusters
from human enbryonic stemcells. Stem Cells 25, 1940- 19S3. 5 2) Tatei shi

K, He J, Taranova 0, Liang G D Alessio AC,, Zhang Y (2008) Generation of
i'nsulin-secreting islet-like <clusters fromhuman skin fibroblasts. J Biol
Chem 283, 31601- 31607. 3) Li L, Li F, Q H Feng G Yuan K, Deng H, Zhou
H 10 (2008) Coexore55| on_of del and betacellulin in nesenchymal stem
cel | s dmteth p:eammt eLt he differentliation of nest|H- positive epitheliumlike
pr Ogen| tors—and panct eaticislet-like cphnl" oids. Stem Cells Devy 17 X

815- 823 .SKi5 SUMARY! OF THE | NVENTICONSI nt er9 AR afiate touglet esedr-oh

cul m natFridgodblashe present inventgnan was conducgegglgsinto a cell therjapeutic
for. thypel-—diabetes—mellitus by the present inventors. This
esenchymal - | N |
1.291 muU/L 163 ng/L ILi et al., 2008 i
Stem Cell

Y Jiang J, Au M, Lu K, Eshpeter A, Korbutt G, Fisk G,

Majumdar AS (2007) Generation of insulin-producing islet-like
clusters from human embryonic stem cells. Stem Cells 25, 1940-.
1953.

5 ? Tateishi K, He J, Taranova O, Liang G, D’Alessio AC,
Zhang Y (2008) Generation of insulin-secreting islet-like
clusters from human skin fibrobla_sts. J Biol Chem. 283, 31601-
31607.

 Li L, Li F, Qi H, Feng G, Yuan K, Deng H, Zhou H.

10 (2008) Coexpression of Pdxl and betacellulin in mesenchymal
stem cells could promote the differentiation of nestin-
positive epithelium-like progenitors and pancreatic islet-like

spheroids. Stem Cells Dev.17, 815-823.
15 SUMMARY OF THE INVENTION

Intensive and thorough research culminating in the
present invention was conducted into a cell therapeutic for

type 1 diabetes mellitus by the present inventors. This

20 research resulted in the finding that the incubation of human

adult stem cells, when made in the presence of various



20 research resulted in the finding that the incubation of human adult
‘stem’'cel | s, when nade in the presence of various 5 cytokines and growh
factors known to be effective for the differentiation into beta cells in
the nedia, and in which nmnedia the glucose concentration of the nediais
changed froma high level to a low one, allows the differentiation of
adult 5 stemcells into highly efficient insulin-producing cells.
Therefore, an object of the present inventionis to provide a nethod for
differentiating adult stemcells into insulin-secreting cells. 10 BRI EF
DESCRI PTI ON OF THE DRAW NGS The above and ot her objects, features and ot her

advant a%%nggfal {3&%&&1&‘5’%?%%%%&89 tr(r)oreecle %IC 1N erstood from

t he fol escrip n'I'n 15 conj unctro Pth e

acconpanyi f¥e dhavhigsn iRcWhikdra FLG1d 1§ théleOHhéd(;—f%, L G4 ORROLAgIAphs
showi ng cell norphol ogies after stemcells derive rom t he subcutaneous
| ayer armsdidh thhe ey@cese taEeEet-dtddl Hrerent nakieai DL Ochdmsdd ifcReer eting
cells for three weeks under various 20 conditions; FIG 2 is a bar graph
showi ng high aleogit $oofa skow edeel, abbobs ntlad t @i f S¢wnicieddisonderti \eethlfor om t he
subcut aneous | ayer around the eye were induced to differentiate into

i nsul ¥ n-S&@ CeLiLRgleeP | Bighty tafifdeimpek snanden -mepdwiigix ordilsi ons and

Therefore, an object of the present invention is to
provide a method for differentiating adult stem cells into

insulin-secreting cells.
10 BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, featurés and other
advantages of the present invention will be more clearly
understood from the following detailed description taken in

15 conjunction with the accompanying drawings, in which:

FIG. 1 1is of optical microphotographs showing cell
morphologies after stem cells derived from the subcutaneous
layer around the eye are induced to differentiate into
insulin-secreting cells for three weeks under various

20 conditioms; |

FIG. 2 1is a bar graph showing the amounts of secreted
insulin after stem cells derived from the subcutaneous layer
around the eye were induced to differentiate into insulin-
secreting cells for three weeks under various conditions and

25 exposed for 2 hours to 25 mM glucose, as measured by an



25 exposed for 2 hours to 25 nmM glucose, as neasured by an

6 enzyne-|inked

‘I mmunosor bent assay; FIG 3 is a bar graph showi ng C peptide anounts
secreted after stemcells derived fromthe subcutaneous |ayer around the

eye were induced to differentiate into insulin-secreting 5
weeks under various conditions and exposed for 2 hours to
as neasured by an enzyne-linked imunosorbent assay ; FIG
m cr ophot ogr aphs showi ng the expression of insulin, proins

cells for three
25 nmM gl ucose,
4 is of optical
ulin, CK19 and

C-peptide after 10 stemcells derived fromthe subcutaneous |ayer around
the eye were induced to differentiate into insulin-secreting cells for

three N ri (Lo s neasured by an i munocytochem ca
Sl LS N8eg

assay ; ap

of genes chargfderd std & WarPehaeldSwihgobabeg: i & OMmdlis £

after the differentiation of stém cells derived fromthe s

an agarose gel showing the 15 expression

el Ui ned

ubcut aneous

| ayer arafived tdeewyeelly odet et i Brogc ekl ngieRichsebos tiRkee VaRKSd FIG 6

is of mcrophotographs showi ng the dithizone 20 staining,

specific for

i nsul i n-greodees ngebet andetdd, tof dififerentistobinmtmednaht & - sd@rattield s

derived fromthe subcutaneous |ayer around the eye into in

sulin-secreting

cel | 5 hatf e Fordithrepenerist egndes Vanicaisweergitions and exposed for

2 hours to 25 mM glucose, as measured by an enzyme-linked

immunosorbent assay ;

FIG. 4 1s of optical microphotographs showing the

10

15

20

25

expression of insulin, proinsulin, CK19 and C-peptide after
stem cells de;ived from the subcutaneous layer around the eye
were induced to differentiate into insulin-secreting ceils for
three weeks wunder various conditions, as measured by an
immunocytochemical assay ;

FIG. 5 1s a photograph of an agarose gel showing the
expression of genes characteristic of beta cells, isolated
from the cells obtained after the differentiation of stem
cells derived from the subcutaneous layer around the eye into
insulin-secreting cells for three weeks;

FIG. 6 1is of microphotographé showing the dithizone
staining, specific for insulin-producing beta cells, of the
célls obtained after stem cells derived from the subcutaneous
layer around the eye into insulin-secreting cells had been
differentiated for three weeks;

FIG. 7 is a bar graph showing the amounts of secreted

insulin after stem cells derived from the subcutaneous layer



FIG 7 is a bar graph show ng the anpbunts of secreted 25 insulin after
'stem’'cells derived fromthe subcutaneous |ayer 7 around the eye were

i nduced to differentiate into insulin- secreting cells for three weeks
under various conditions and exposed for 2 hours to 25 nM gl ucose, as
measured by an enzyne-linked i nmunosorbent assay ; and 5 FIG 8 is a bar
graph showi ng anounts of secreted C peptide after stemcells derived from
t'he subcut aneous | ayer around the eye were induced to differentiate into
insulin- secreting cells for three weeks under various conditions and
exposed for 2 hours to 25 mM gl ucose, as neasured by an 10 enzyne-|i nked

| MunosofkeRly asisay <HPESGRRT! Ql\ali%:edTHED P%@%%ggleqt EMBODL NENTS Ths iRl esent

i nventi on was achi evéd largely through two Xperi ment's: "one éxam ni ng

the ef f egdcreafinignsdiile: lidee r@at Riedi@c gt 0N Hiitf.er eridatiens aphg anot her
where differentiation is perfornmed in the presence of betacellulin instead

of actiatposkd | foaccor Hamee ot leDnanMasypesdoddier eof meakerpresept an20

i nvention provides a nethod for ex vivo differentiation of - adult stem
cel | s i mwpYMesdinfedetmegnorpriisiits assewpri 8hdg: culturing adult stemcells
for 4 - 10 days in_a nedium containing 20 - 30 nM gl ucose, suppl enented

with & - 20%%%tal & B6viheP3®r GAPPE -ShRYime AMQWALS /0f 5secpetam C-
gl ucagonf)elpitii%e- after stem cells derived from the subcutaneous layer
around the eye were induced to differentiate into insulin-
secreting cells for three weeks under various conditions and

exposed for 2 hours to 25 mM glucose, as measured by an

10 enzyme-linked immunosorbent assay ;
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention was achieved largely through two

15 experiments: one examining the effects of insulin-like growth

factors on differentiation, and another where differentiation

is performed in the presence of betacellulin instead of
activin A.

In accordance with one aspect thereof, the present

20 invention provides a method for ex vivo differentiation of

adult stem cells into .insulin—secreting cells, comprising:

culturing adult stem cells for 4 - 10 days in a meciium

containing 20 - 30 mM glucose, supplemented with 5 - 20% fetal

bovine serum, 1 - 10 nM activin A, 5 - 20 nM glucagon-like

25 peptide-1 and 10 - 30 ng/ml fibroblast growth factor-2, and



25 peptide-1 and 10 - 30 ng/m fibroblast growth factor-2, and 8 then for
*10 - "20 days in a nediumcontaining 4 - 7 nM glucose, supplenented with 5
- 200 fetal bovine serum 5 - 20 mM nicotinamde, 1 - 10 nMactivin A, 5 -
20 nM gl ucagon-1like peptide-I, and 10 - 100 ng/m insulin-like growth
factor. 5 In detail, human adult stemcells, isolated fromthe

subcut aneous adi pose tissues around the eyes, are induced to differentiate
i'nto insulin-secreting cells for the treatnent of type 1 diabetes
nmellitus, in a mediumin the presence of cytokines and growth factors
including fibroblast gromh 10 factor-2, nicotinam de, a gl ucagon i ke

pept i de-dherAGihVhp A1ZOa&a¥§S£ﬂ'i]Aédgﬁm?Fr?%glLﬁﬁére mw(%Nucose gl ucose

shift from a high concenttation for

concent rafgpemkatea secondscul tupe. fEHHaS t¥EoShED s@%ﬁurlgﬁg mej hogdmnas
applied to three 15 groups. A control was treated for 4 - 10 days with a

medi um migattanannge 20 1- 3010vhyl weeseihn A,hes presence oflwiLin-namkede,
activin A and a glucagon-like peptide-1 (NAG, followed by 1ncubation for
10 - 20 rRBFsdenla m@hlﬁntdrﬁQalng/n@ zilnsuhmllgé uaseeh fatherpr esence of

t he sane cyt oki nes roup] as 20 described in Korean Patent

Applitation N& 99 lJ446 ?manpr%ﬂHJ&usFSfe’f‘l Ic6d- Leny , 19@gtesy fHem présent

i nventors sec its reat mrent was conducted for 4 -

10" Gay S SR aMEnEROHOR nERG=28S - B56HRM GPcAYES: naEniraHeFan Co

differentiate into insulin-secreting cells for the treatment

of type 1 diabetes mellitus, in a medium in the presence of

cytokines and growth factors including fibroblast growth

10 factor-2, nicotinamide, a glucagon-like peptide-1, activin A,

an insulin-like growth factor, etc., with a glucose shift from

a high concentration for a first culture to 'a low
concentration for a second culture.

This two-step culturing method was applied to three

15 groups. A control was>treated for 4 - 10 days with a medium

containing 20 - 30 mM glucose in the presence of nicotinamide,

activin A and a -glucagon-like peptide-1 (NAG), followed by

incubation for 10 - 20 days in a medium containing 4 - 7 mM

glucose in the presence of the same cytokines [NAG group], as

20 described in Korean Patent Application No. 2007-44663,

previously filed May, 2007 by the present inventors. For a

second group, its primary treatment was conducted for 4 - 10

days in a medium containing 20 - 30 mM glucose in combination

with fetal bovine serum, activin A, a fibroblast growth

25 factor-2 and a glucagon-like peptide-1 before the second



with fetal bovine serum activin A a fibroblast growh 25 factor-2 and a
‘gl ucagon-1i ke peptide-1 before the second 9 incubation for 10 - 20 days in
a nmediumcontaining 4 - 7 mMin conbination with fetal bovine serum

m cotinam de, activin A, a glucagon-like peptide-1 and insulin-like growh
factor-1 [NAGQ 1 group]. As for a third group, its differentiation was 5

i nduced in the same manner as that of the second group, with the exception
tthat insulin-like growh factor-2 was used instead of insulin-like growh
factor-1 in the second step. In accordance with another aspect thereof, the
present invention provides a nethod for the ex vivo differentiation of 10

adul t stiemualdisn Be Losul 20-&Bed etd nY vl cEﬁééEﬁiﬂg fhe 7“%@4
betacellulin (known to be effective for differentiatio and B27

suppl emerdmkikaeWBnasighs€edal SupPRheMeBihm| On@éé@ﬁhaﬁuéor%ttlw&s o or
differentiation and insulin secretion at high efficiency (Exanple 7) 15

To di f f ex egilbgbgondld ke speprcdel 3, dmi dehaiul int hitkdbalgrewthi sfquerdrenmed f or
1 - 7 days in a nmediumcontaining 20 - 30 nM glucose (high glucose nedi um
suppl erreﬁ‘ﬁﬁi%mﬁﬂ@%? %pépé‘rréntthlﬁffiblgé”@unst 1ge ok Af eneniati onandsan

epi der mal rowth f tor and then for 1 - 7 days in a nediumw th the 20
sane g(’:o ith é‘@m’&fpﬁserfgfﬁteffw e 1D FEFHE -

activin éy fibroblast o 0 " 126190-2: 209 JlNGR00DLILES o PeRIl Aoty
instead of insulin-like growth factdr—l in the second step.

In accordance with another aspect thereof, the present

invention provides a method for the ex vivo differentiation of

10 adult stem cells into insulin-secreting cells, featuring_the
use of betacellulin (known to be effective for
differentiation) and B27 supplement - (known as a serum
supplement) to establish conditions for differentiation and
insulin secretion at high efficiency (Example 7).

15 To differentiate adult stem cells, in detail, incubation
is performed for 1 - 7 days in a medium containing 20 - 30 mM
glucose  (high glucose  medium) supplemented with  B27
supplement, fibroblast growth factor-2, and an epidermal
growth factor and then for 1 - 7 days in a medium with the

20 same concentration of glucose, supplemented with fetal bovine
serum, activin A, fibroblast growth factor-2 and glucagon-like
peptide-1.

Afterwards, the cells are cultured for 1 - 7 days in a
medium containing 4 - 7 mM glucose (low glucose medium) in the

25 presence of cytokines and growth factors including fetal

10



Afterwards, the cells are cultured for 1 - 7 days in a nediumcontaining 4
- 7 MM gl ucose (Il ow glucose nedium) in the 25 presence of cytokines and
grow h factors including fetal 10 bovine serum activin A fibrobl ast
grow h factor-2, glucagon- |like peptide-1, and finally for 10 - 20 days in
a nmedium containing 4 - 7 nM suppl enented with fetal bovine serum
betacellulin, nicotinam de and glucagon-|like peptide-1. 5 Useful in the
present invention is DVEM (Dul becco''s nodified Eagle nmedium or DVEM F12 .
(1:1 Dul becco's nodified Eagle nmedium: Nutrient mxture F-12). A detail ed
description will be given of the induction of .10 adult stemcells to

di fferent] [ I N reting £ el h sur gl | v _obt ai ned
from su%tg@g%e%%?i éy%?gfv% o‘il}ndﬁt Ilé)%elfesl%ogg}tgwte:ﬁcﬁ%egélrsy’t ?%%féea(?égt 37C for
30 min wiikh ©ld-agenase typgihy and then cendrighygedin The giihpel | et
thus obtained is cultured in a nmedium supplenented wwth fetal bovine serum
to af f ordnaduhtingt em eell smMFauptilefreneatli atiten fotal i beviha- seafet,i ng
cells, the stemcells are cultured for 15 - 30 days in differentiation- 20
i nduci nipetraded luFinstni¢dteinzaridel podbgledagon-1tie foagmtidé-110 days in a

hi gh gl ucose _nedi um suppl enented with 5 - 200 fetal bovine serum 5 - 20
nM glﬁcagon- Ysed WeptRdetie Present nueRFiemh ASanBMEY - (Bolhgpad’ s

fi brobl aStdi%

.o factor-2 in a
mo 1egtma§1e me&auﬂ} or DMEM/F12 (1:1 Dulbecco’s modified

Eagle medium : Nutrient mixture F-12).

A detailed description will be given of the induction of
10 adult stem cells to differentiate insulin-secreting cells,

below.

The fat surgically obtained from subcutaneous layers

around the eye or the cheek is treated at 37°C for 30 min with

15 collagenase type I, and then centrifuged. The cell pellet

thus obtained is cultured in a medium supplemented with fetal
bovine serum to afford adult stem cells.

For differentiation into insuliﬁ—secreting cells, the

stem cells are cultured for 15 - 30 days in diffefentiation-

20 inducing media. First, they are incubated for the first 4 -

10 days in a high glucose medium supplemented with 5 - 20

o\®

fetal bovine serum, 5 - 20 nM glucagon-like peptide-1, 1 - 10
nM activin A and 10 - 30 ng/ml fibroblast growth factor-2 in a
collagen-coated culture dish. Thereafter, = they are

25 transferred to a low glucose medium supplemented with 5 - 20%

11



col | agen-coated culture dish. Thereafter, they are 25 transferred to a | ow
‘gl ucdése nedi um suppl enented wth 5 - 20% 11 fetal bovine serum 5 - 20 nM
nicotinamde, 5 - 20 nM glucagon-1like peptide-1, 1 10 nMactivin A, and 10
-- 100 ng/m insulin-like growth factor, followed by incubation for 10 -
20 days. 5 Upon conpletion of incubation for 15 - 30 days, the cells are
treated for 10 - 15 hours with bovine serumalbumn (BSA) in a low glucose
rredi um bef ore exposure to.a high glucose nediumfor 2 hours. The culture
thus finally obtained is quantitatively analyzed for insulin and C peptide
using an 10.enzyne-|inked i mmunosorbent assay. The differentiation

condi ti of.dgf i @)gqﬁ%lg t esent _i @@n%ﬁppnkéoéfe}g{ﬁéeo i gduce , 4 he,,

secretion of insulin an -'peptide Tn an i nprov anmount ~ as conpared to

the non-giddRientiiabi Qapeandiii on (Negat ime 289t h0kh), - M | g5t herggnere no
differences in the secrétion of 15 insulin and C peptide between the NAG 1

group (supplenanhedn-Wikk igisuchn-fackerpemdidewdy apd ieNAG-ar gip, the
use of insulin-like peptide-2 (NAG 2 group) allowed the secretion of

i nsulin B9 ght2 dag's -greater and C-peptide six tines greater than did the
use of insulin-like peptide-1 (NAG 1 group). The 20 genetic analysis of the
cel I s3di f f er eRIUESFOLFLLRE Bf ebeFidRtiom if93ullPn-| BRedpept i e TH1ddi cat ed

N , dut
Egah Cyg)e J_Dee rlpeal'?:le)d OCI:‘ 1(Opr_ol]%r %%ﬂ%scvovri“’égr E)gxsf:? el / génllamczé.lbugn\i:sn (BSA)

in a low glucose medium before exposure to a high glucose
medium for 2 Hours. The culture thus finally obtained is
quantitatively analyzed for insulin and C-peptide using an
10 enzyme-linked immunosorbent assay. The differentiation
condition defined in the present invention is found to induce
the secretion of insulin and C-peptide in an improved amount
as compared to the non-differentiation condition (negative
control) . While there were no differences in the secretién of
15. insulin and C-peptide between the NAGI1 group (supplemented
with insulin-like peptide-1) and the NAG group, the use of
insulin-like peptide-2 (NAGI2 group) allowed the secretion of
insulin eight times greater and C-peptide six times greater
than did the use of insulin-like peptide-1 (NAGI1l group). The
20 genetic analysis of the cells differentiated in the presence

of insulin-like peptide-2 indicated that ND (neuro D1l), PC

(prohormone convertase)1l/3, PC2, NGN3, Glut (Glucose
transporter) 1, Glut 2, pax4, pdxl -- all known as genes
specific for beta cells of the pancreas -- started to be

25 expressed when their differentiation was induced in the

12



transporter) 1, Qut 2, pax4, pdxl -- all known as genes specific for beta
'cel | $ of the pancreas -- started to be 25 expressed when their
differentiation was induced in the 12 culture nediumof the first step and
that nkx 6-1 and insulin genes were expressed during the incubation in the
culture mediumof the second step. Also, the cells were observed to
express CK19, proinsulin, insulin and C-peptide therein as 5 neasured by
i'mmunochenm cal staining and were strongly stained wth dithizone, a dye
specific for beta cells of the pancreas. Consequently, the nethod for
differentiating adult stemcells into insulin-secreting cells in accordance

W th the., presefeditMeRE @Rl $160PPLESSA g85ERL L ally of ad30- 3t an 10
S

: I1
culturing process in which the adult stem ce are induced to undérgo

di f f er engéradd ORetr sixgresgell GRuGIHC 08Be TBHMBaIAchhein, PEESENGA Qe
fibroblast growth factor-2, activin A and a glucagon-like peptide-1 and
then in mediow gficuse smdindndtep.t hadpeseanee 11Y GairenaPsdeveactdovi n A,

gl ucagon-like 15 peptide-1 and insulin-like growth factor-2, which is

super i orexpressheCBi?i cpepdpsolinnsdhsnléacratd od-peptidd aherénd &e the
NAG group whi ch was described in_Korean Patent Application No. 2007-44663,
fil ed5on"ﬁ resody. AMERSREMYERY, SBRIPERE NG neeTe By mFadeeds can be

20 differentiated fromadult stemcells in accordance with the present
inventidﬁﬁggcﬁﬁsﬂgﬁgg' a é&e specific for geta cells of the pancreas.

Consequently, the method for differentiating adult stem
cells into insulin-secreting cells in accordance with the
present invention is comprised essentially of a two-step

10 culturing process in which the adult stem cells are induced to
undefgo differentiation first in a high-glucose medium in the
presence of fibroblast growth factor—é, activin 2 and a
glucagon-like peptide-1 and then in a low-glucose medium in
the presence of nicotinamide, activin A, glucagon-like

15 peptide-1 and insulin-like growth factor-2, which is superior
in the efficiency of insulin secretion to that applied to the
NAG group which was described in Korean Patent Application No.
2007-44663, filed on May, 2007. o

Alternatively, efficient insulin-secreting cells can be

20 differentiated from adult stem cells in accordance with the
present invention as follows.

The adult stem cells are cultured for 1 - 7 days in a
high-glucose medium containing 20 - 30 mM glucose, 0.5X - 4X
B27 supplement, 10 - 30 ng/ml fibroblast growth factor-2 and

25 10 - 30 ng/ml epidermal growth factor, then for 1 - 7 days in

13



The adult stemcells are cultured for 1 - 7 days in a high-glucose nedium
:containing 20 - 30 mM gl ucose, 0.SX - 4X B27 supplenent, 10 .- 30 ng/m
fibroblast growh factor-2 and 25 10 - 30 ng/nm epidernmal growth factor,
t-hen for 1 - 7 days in 13 a high-glucose nmediumcontaining 20 - 30 nM
gl ucose glucose, 5 20%fetal bovine serum 1 - 10 nMactivin A, 5 - 20 nM
gl ucagon-1i ke peptide-1 and 10 - 30 ng/m fibroblast growh factor-2, and
tthen for 1 - 7 days in a | owglucose nedium 5 containing 4 - 7 nmM gl ucose,
5 - 20%fetal bovine serum 1 10 nMactivin A, 5 - 15 nM gl ucagon-Iike
peptide-1 and 10 - 30 ng/m fibrobl ast growth factor-2 and finally for 10

; 20,0008 nidh-aakeusdl Hegsen TRdumion! Ahing dggéaghég:% \ane cserum

5 - 20 mMMnicotinamde, 1 - 10 n etacel I|n fO nM

gl ucagon- | pke pephi descl:inAf ts@ruﬁi ffer entlloatﬂwnab&m? Bresence,@f v
betacellulin, the differentiated cells (BTC) were found to produce bot h

i nsulin @nd:a(g‘:cpeﬂukde repthdenlaasidx 10 mes 3Qr eaf/arl amByblbkan grdwdnt he NAG
group. 15 Therefore, the cells differentiated in the presence of B27

suppl enefactant 2hetaiet| Faen nfon |1 eu Gf dagtsal ibowi Nevegrluwosancheaidimvi N A,
respectlvelty can secrete insulin nore effectively than can the NAG group.
20 A betTEt %ﬁ’d@ﬁst‘landl hg®biI eSS eSert 3% iftiadn Nge Segllai Aed t hr ough

the follpoyifp 2xamles, ol ch arg, S8, LAt 4% pepride-1 and 10 - 30

ng/ml fibroblast growth faqtor—2, and finally for 10 - 20 days

in a 1ow—glucosé medium containing 5 - 20% fetal bovine serum,

5 - 20 mM nicotinamide, 1 - 10 ng/ml betacellulin, and 5 - 20
10 nM glucagon-like peptide-1.

After differentiation in the presence of betacellulin,
the differentiated cells (BTC) were found to produce both
insulin and C-peptide each in a six times greater amount than
did the NAG gﬁoup;

15 Therefore, the cells differentiated in the presence of
B27 supplement and betacellulin in lieu of fetal bovine serum
and activin A, respectively, <can secrete insulin more

effectively than can the NAG group.

20 A better understanding of the present invention may be
obtained through the following examples which are set forth to
illustrate, but are not to be construed as the limit of the

present invention.

25 EXAMPLE 1: Isolation of Stem Cells
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illustrate, but are not to be construed as the limt of the present
invention. 25 EXAMPLE 1: Isolation of StemCells 14 The adi pose tissue,
surgically excised fromthe subcutaneous |ayer around the eye in a plastic
‘surgery hospital with the patient's perm ssion, was treated at 37C 5 for
30 mMmn with a 0.0750 col | agenase type 1 solution and then wth the sane
vol unme of a fetal bovine serum supplenented nediumas that of the

col | agenase solution to termnate the enzyne activity. After
centrifugation, the cell pellet thus fornmed was washed twice with a

cul ture nedium and i ncubated in 10 DVEM LG suppl enented with 10% f et al

bovi ne serum EXAMPLE 2: Stem Cell Culture The stemcells obtained were
cultured for 21 days in a 15 differentiation inducing media. For this,
first, the cates aeiposeededsaten denmidiyaoliySx1&digald s/ pebh omrheol | agen-
coat ed 48-wel | plates to which a nedium containing 25 mM gl ucose

( DVEM Heubcsittppeenent ealyew t idomd ettdle beyeneiser am pdastid acirgemyA, 10 nM
gl ucagon-1like peptide-1 and 20 ng/m 20 fibroblast growh factor-2, was
added béﬂ?@étﬁgcml'i e oPa’?lel’éiaﬁ e 22T s s T wweté@att%dmete 3f7u1Ct her

cuI tu for an ._addi %ll Qna % in a nmedium cont m ucose
T S et 937 O"/C%ézj‘ﬁ?e%%‘? nléY%eerjurﬁo lﬁ: arﬂ SHam de,
P .
nM ackhvéhn éhe sa[t]nlgl g!/gﬁﬁx%onofl ka? %%%talldeBc:JLVine serum-supplemented
medium as that of the collagenase solution to terminate the
enzyme activity. After centrifugation, the cell pellet thus
formed was washed twice with a culture medium and incubated in

10 DMEM-LG supplemented with 10% fetal bovine serum.
EXAMPLE 2: Stem Cell Culture

The stem cells obtained were cultured for 21 days in a

15 differentiation inducing media. For this, first, the cells
were seeded at a density of 5x10° cells/well on collagen-
c_oated 48-well plates to which a medium. containing 25 mM
glucose (DMEM-HG), supplemented with. 10% fetal bovine serum, 4

nM activin A, 10 nM glucagon-like peptide-1 and 20 ng/ml

20 fibroblast growth factor-2, was added before incubating for 7
days. Thereafter, the cells were further cultured for an
additional 14 days in a medium containing 5.5 mM glucose
(DMEM-LG) , _supplemented with 10% fetal bovine serum, 10 mM
nicotinamide, 4. nM activin A, 10 nM glucagon-like peptide-1,

25 and 50 ng/ml insulin-like growth factor-1 or insulin-like

15



25 and 50 ng/m insulin-like growh factor-1 or insulin-like 15 growth
'fact6r-2. During incubation, the nedia were changed with fresh ones at
regular intervals of 3 - 4 days. After incubation for a total of 3 weeks,
t-he differentiation of the cells was 5 exam ned as follows. EXAVPLE 3:
Mor phol ogi cal Changes of Cells after Differentiation 10 Stemcells were

i solated fromthe subcutaneous fat around the eye and cultured, and the
rfor phol ogi cal changes thereof were nonitored. While renaining unchanged in
nor phol ogy upon incubation in nedia free of growh factors and cyt oki nes,
the stemcells were observed to undergo a norphol ogi cal change to 15 a
round fopiBwtheratpey-yere treated with growh factors and/or cytokines
such as nicotinam de, activin A and glucagon-like peptide-1 or

i nsulin-1i ke Dgirawgh ihatbatidn rehe MddiG whkre GhanyegkwScift@sH ngueet i on for
differentiation, the cells became round in norphol ogy, formng cel

cl ust er sit 2edEXAMPLIBtErvBlamafatl on of dhbe. Se@feteron mefubbAsuhi Goand C
Peptide After conpletion of the 3-week-culture, the cells were 25 treated
for 12 HOERS wPEh & |6k ucsbe nedffer¢DVENIdan) of6 the cells was

5 examined as follows.

EXAMPLE 3: Morphological Changes of Cells after

Differentiation

10 Stem cells were isolated from the subcutaneous fat around
the eye and cultured, and the morphological changes thereof
were monitored. While remaining unchanged in morphology upon
incubation in media free of growth factors and cytokines, the
stem cells Were observed to undergo a morphological change to

15 a round form when they were treated with growth factors and/or
cytokines such as nicotinamide, activin A, and glucagon-like
peptide-1 or insulin-like growth factor-1 or -2 (FIG. 1). On
week 3 aﬁter induction for differentiation, the cells became
round in morphology, forming cell clusters.

20

EXAMPLE 4: Examination of the Secretion of Insulin and C-

Peptide

After completion of the 3-week-culture, the cells were

|08
W

treated for 12 hours with a low-glucose medium (DMEM-LG)

16



suppl emented with 0.50 bovine serum al bum n. Then, the cells were exposed
for 2 hours to a DMEM HG and quantitatively analyzed for secreted insulin
usi ng enzyne-linked immunosorbent assay (FIG 2). Also, the anount of
C-peptide, 5 spliced along with insulin fromproinsulin, was al so neasured
usi ng an enzyne-|inked i munosorbent assay (FIG 3). For the enzyne-I|inked
i mmunosor bent assay of both insulin and C peptide, kits comrercially

dvail abl e from Mercodi a, Sweden, were enployed. The standard sol utions
whose concentrations 10 were al ready known and the cul tures obtai ned above
were plated in an anpbunt of 25 AL per well onto 96-well mcroplates coated

WEh MRG0k EnPBREL 080y ZhL Lol ClLAMLPOT! fifed O 'S Of

C pepti re added to the plates and 1ncu for our.  Subsequently,

i ncubat ivasrd OexB8sadn fert hoa HdVB-sl5csulst pakR-86! Wricdnquast {04t awed, by
absor bance neasurenent. Neither insulin nor C peptide was secreted from

the cel lsndlryzashi chich f f eseatreabdon Haguneh beealsirmpucednifihéd € trh@gr oups
whi ch had been cultured using the two-step nmethod of the present invention
wer e - f outnunpsorbenceabealr i(ASEL i B) andAs@0 pept adeuntart | Ctbepiide t he
group cultured in the presence _of insulin-like peptide-2 (NAG 2 group) was
neasut ePRILCEEL @I (Wit iimsydétt TEPYhProinedlfteat®y aheP CgRiINafe about

SIX RS el e AN dhd LG NG IR 2B ViR 51 PRSI Q, of
enzyme-linked immunosorbent assay of both insulin and C-
peptide, kits commercially. available from Mercodia, Sweden,
were employed. The standard solutions whose concentrations

10 were already known and the cultures obtained above were plated
in an amount of 25 uL per well onto 96-well microplates coated
with human insulin or C-peptide, after which antibodies to
insulin or C-peptide were added to the plates and incubated
for 1 hour. Subsequently, incubation for 30 min with a TMB

15 substrate solution was followed by absorbance measurement.
Neither insulin nor C-peptide was secreted from the cells in
which differentiation had not been induced while the groups
which had been cultured using the two-step method of thé
present invention were found to produce both insulin and C-

20 peptide. Particularly, the group cultured in the preserice of
insulin-like peptide-2 (NAGI2 group) was measured to secrete
insulin about eight times greater and C-peptide about six

times greater than did the NAG group.

25 EXAMPLE 5: vExpression of Proteins Specific for Insulin-
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Secreting Cells After stemcells obtained fromthe subcutaneous fat around
'the éye were induced to differentiate in the presence 5 of insulin-like
peptide-2, which was proven nost effective as nmeasured by an enzymne-Iinked
i-mmunosor bent assay, the resulting insulin-secreting cells were assayed
for the expression of CK19, insulin, Cpeptide and pro-insulin (remaining
unsplit before extracellular secretion) using an 10 i mmunocyt ochem cal
dssay (FIG 4). After the differentiation had continued for 3 weeks, the
cells were exposed for 2 hours to a high concentration of glucose, fixed
at 4C for 90 mn wth 4% paraf or mal dehyde, and washed three tines with
phosphatggggggfﬂyuééiggine. The cells were treated for 10 mn 15 with 3%
hydr ogen peroxi de to renove endogenous peroxidase, followed by incubation
at roomtenperature for 60 mn with 20 bovine serum al bum n-suppl enent-ed
PBS to bl ock background signals. The cell cultures reacted at 4C for 12
hours with difted onsen PBELOf qutaimeys aptéhodiles tabbufBRe&Hd 9(£k400), 20
C- peptide(1:500), insulin(1:500) and proinsulin(1:500). For a negative
cont r ol ,aRB8& ] rigee ofyPr vare yindiddsbdiesdibfenmedateThey tier eptessatced f or 20
mn wth each biotin-conjugated secondary antibody and hydrogen

per ox? de?k ohfEiatad 1kt adeden, WRerRoves BYOYRR Orosly ek fertive as

3, 3" -di am nobenzi dj ne 25 (DAB). Caonpared to the control in which
di f f er enPGEFY waly 18n = enzZyme-linked immunosorbent assay, the

resulting insulin-secreting cells were assayed for the
expression of CK19, insulin, C-peptide and pro-insulin
(remaining unsplit before extracellular secretion) using an
10 immunocytochemical assay (FIG. 4). After the differentiation
had continued for 3 weeks, the cells were exposed for 2 hours
to a high concentration of glucose, fixed at 4°C for 90 min
with 4% paraformaldehyde, and washed three times with
phosphate-buffered saline. The cells were treated for 10 min
15 with 3% hydrogen peroxide to remove endogenous peroxidase,
followed by incubation at room temperature for 60 min with 2%
bovine serum albumin—supplemented PBS to Dblock background
signals. The cell cultures reacted at 4°C for 12 hours with
dilutions in PBS of primary antibodies to human CK19(1:400),
20 C-peptide(1:500), insulin(1:500) and proinsulin(1:500). For a
negative control, PBS free of primary antibodies was used.
They were treated for 20 min with each biotin-conjugated
secondary antibody and hydrogen peroxide-conjugated
streptavidin, followed by coloring with 3,3’ -diaminocbenzidine

25 (DAB) . Compared to the control in which differentiation was

18



not induced, the groups treated with all nicotinamde, activin A and

‘gl ucagon-1i ke peptide were observed to have remarkably increased
expression levels of all of CK19, C-peptide, insulin and proinsulin (FIG
4). 5 EXAMPLE 6: Expression of Genes Involved in Insulin Secretion Using
reverse transcription-polynmerase chain reaction 10 (RT-PCR) , cells taken
on Days 7, 14 and 21 after stemcells derived fromthe subcutaneous |ayer
dround the eye were induced to differentiate were exam ned for the
expression of genes characteristic of insulin-secreting cells. Initially,
total RNA was isolated fromthe differentiated 15 cells. One nL of

Tri-reagest MWesiceddedntogtBepsellsidy awfefp%namcg&ﬁgmiﬁg%{ g&g{)&p&%ﬂh 200

gL of chloroform followed by incubation at roomtenpera mn

After cenindfygathgonatiked QAL iIRMedle 18pdiRed Ne SUPRS NALRNKAHIYS
formed was transferred to a new tube and m xed with 20 i sopropanol .

Cent ri f ugatiegrregt ckbre60iopmdwvrld binalf arfrenkia, pepeptidd o whihahin/56

et hanol was then added. . This suspension was again centrifuged at 14, 000
rpm f or ZH AHITENdins (PEEnadlant was drawn of f and the residual 756 ethanol
was evaporated, after which the residue was dissolved in 25 sterilized,
dei on? zed water and i ncubated at 65C for 5 min-to 19

EXAMPLE 6: Expression of Genes Involved in 1Insulin

Secretion

Using reverse transcription-polymerase chain reaction
10 (RT-PCR), cells taken on Days 7, 14 and 21 after stem cells
derived from the subcuténeous layer around the weye were
induced to differentiate were examined for the expression of
genes characteristic of insulin-secreting cells.
initially, total RNA was isolated from the differentiated
15 cells; One mL of Tri-reagent was added to the cells in a tube
and mixed thoroughly with 200 uL of chloroform, followed by
incubation at room temperature for 15 min. After
centrifugation at 14,000 rpm for 15 min, the supernatant thus
formed was transferred to a new tube and mixed with
20 isopropanol? Centrifugation at 14,000 rpm for 10 min formed a
peliet.to which 75% ethanol was then added. . This suspension
was again centrifuged. at 14,000 zrpm for 10 min. The
supernatant was drawn off and the residual 75% ethanol was
evaporated, after which the residue was dissolved in

25 sterilized, deionized water and incubated at 65°C for 5 min.to
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elute RNA. This RNA was quantitatively anal yzed by reading absorbance at
'260 "min a UV-spectrophotoneter. Total 7.5 gg of RNA was nmixed with |Xx
reaction buffer, 1 mMdNTP, 0.5 ng/m oligo-dT, 20U RNase i nhibitor and
20U M MILV. reverse 5 transcriptase, and sterile deionized water was added
to forma final volunme of 50 gL before incubation at 42C for 60 mn. PCR
was perfornmed in a mxed solution containing | x Tag buffer, 2 nM MyCl12,

0. 25U Taq .pol ynerase and 10 pnol priners each cDNA of which sequence is
conpl ementary to each gene as~ 10 shown in Table 2. PCR began with
predenaturation at 94C for 5 mn, and 35 cycles of denaturation at 94C for

30 sec, anfealmpg at Thi§SRAE! e [ RIRRLALNG GR1{ O 39,566 8Yd LXI/AF on at
72C for 30 sec, and then wi th post-el olnéaatli on§atan72% %or g mn. 15 Fifteen

AL each a¥scriveanPERapr aduchm thus obtspsetromisoicaded. alergiwith Gy | oadi ng
buffer (0.25% bronophenol blue, 0.25% xylene cyanol, 40% sucrose) on.2%
agar ose @elRNnarasuniked 80thnmin readtherpiesérte 0f mAnANTECtor.isc nigi/elld of 100
V. After _conpletion of the electrophoresis, the gels were stained with 20
et hi di urRBrImdde akPlbbsRiaqsl obnaikprar anand 12PUni MaMoEVW [Heserskoumat ,

FRANCE) .. Expression | evel of each gene was determ ned _and conpared to that
o 01§ PR e REa9e phESB Y L o R OERas Ut BAPTR, SR ContRaT. aFor

corme” LGB Rk, LA MBS R S, B R = 39

PCR was performed in a mixed solution containing 1x Tag
buffer, 2 mM MgCl,, 0.25U Taq polymerase and 10 pmol primers
each cDNA of which sequence is complementary to each gené as

10 shown in Table 2.
PCR began with predenaturation at 94°C for 5 min, and 35
_ cycles of denaturation at 94°C for 30 sec, annealing at
respective temperatures for 30 sec and extension at 72°C for
30 sec, and then with post—elongatioﬁ at 72°C for 5 min.
15 Fifteen uL each of the PCR products thus obtained was loadéd
along with 6x loading buffer (0.25% bromophenol blue, 0.25%
Xylene cyanol, 40% sucrose) on 2% agarose gel and run for 30
min in the presence of an electric field of 100 V. After
completion of the electrophoresis, the gels were Stained with
20 ethidium bromide and observed on a UV transilluminator (Vilber
loumat, FRANCE). Expression level of each gene was determined
and compared- to - that of glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) as a control. ' For comparative analysis,

data were obtained from three measurements.

25 . Primer sequences used in RT-PCR for the amplification of
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20 respective genes characteristic of

‘names,

I D NO.

(SEQ ID NO. 7)

respective genes characteristic of

5

(bp) Tenp.
(SEQ ID NO. 1) GAPDH 456 53 NM 00204 6
(SEQ ID NO 2) 5'-aaccaacacctgtgcggctc-3" (SEQ
3) insulin 320 59 J00265 5'-aagggctttattccatctctctcg- 3
NO. 4) 5'-cgtgaactccttgaact gagcag-3
.5' -tggcact cctgggacgagtttc-3

(O

I nsulin-secreting cells, th
and sizes of the PCR products are listed in Table
2 Gene Prinmer Size Annealing Note
5' -acaactttggtat cgtggaa- 3'
5' -aaattcgttgtcataccagg- 3

eir

2, below. 5 TABLE

(SEQ I D
(SEQ ID NO. 5) ngn3 211 61 AP234829
(SEQ ID NO. 6) 5'-cccatggatgaagtctacg-3

insulin-secreting cells,

their names, and sizes of the PCR products are listed in Table

2, below.
TABLE 2
. . Size Annealing
Gene Primer " Note
(bp) Temp. {°C)
5’ -acaactttggtatcgtggaa-3’
(SEQ ID NO. 1) _
GAPDH 456 53 NM 002046
5'-aaattcgttgtcataccagg-3’ ' -
(SEQ ID NO. 2) |
5’ -aaccaacacctgtgecggetc-3- ‘
. , (SEQ ID NO. 3) .
insulin 320 |59 J00265
' 5’ -aagggctttattccatcteteteg- !
i3’ (SEQ ID NO. 4) : |
?5’—cgtgaactccttgaactgagcag—3’;
(SEQ ID NO. 5) i
ngn3 211 .61 AF234829
: 5’ -tggcactcctgggacgagtttc-37 ‘
' (SEQ ID NO. 6) ‘
5’ -cccatggatgaagtctacg-3’ _ !
- (SEQ ID NO. 7) !
pdx1l _ 262 54 'NM 000209
5’ -gtcctecteetttttccac-37 i -
. (SEQ ID NO. 8) !
5’ -gaataccccccagagacctttte-3- !
(SEQ ID NO. 9) .
GK 182 61 i M90299
5’ -ggtttcttecctgageccageg-3- :
(SEQ ID NO. 10) i
5'-agcatcaatgtcctctcaacttee-
Isll 13’ (SEQ ID NO. 11) 493 - 57 'NM_002202

i5’—tgtttggcaaggcaatgacc-B’
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pdxl 5'-gtcctcctcctttttccac-3' 262 54 NM 000209 (SEQ ID NO. 8)

'5' - gaat accccccagagaccttttc-3' (SEQ ID NO 9) &K 182 61 M0299
5'-ggtttcttcctgagccagcg-3' (SEQ ID NO. 10) 5'-agcatcaatgtcctctcaacttcc-
sl 3" (SEQ ID NO 11) 493 57 NM 002202 151-tgtttggcaaggcaatgacc-3' 21
(SEQ ID NO 12) 5'-acacgagacccactttttccg-3' (SEQ ID NO 13) Nkx6.1 336 59
NM 006168 5'-tgctggacttgtgcttcttcaac-3' - (SEQ ID NO 14)
5'-agctttgcagttggtggaat-3' (SEQ ID NO 15) dut 2 300 57 NM 000340

5' - aat aagaat gcccgtgacga-3' (SEQ ID NO. 16) 5'-cagaaccaggacatgccc-3" (SEQ
D NO _17) ND 216 60 NM 002500

' (SEQ ID NO. 12) | ; |

| 5’ ~acacgagacccactttttceceg-3’ ‘

(SEQ ID NO. 13)

Nkx6 .1 ) 336 |59 _NM 006168
5’ -tgctggacttgtgcttcttcaac-3' i -

(SEQ ID NO. 14) i

5’ -agctttgcagttggtggaat-3- !

(SEQ ID NO. 15)

Glut 2 300 |57 - NM_ 000340
5’ -aataagaatgcccgtgacga-3’ -

(SEQ ID NO. 16)

5’ -cagaaccaggacatgccc-3’ (SEQ! i |

ID NO. 17) ; : i

ND [ 216 160 NM 002500
5’ -atcaaaggaagggctggtg-3" -

(SEQ ID NO. 18)

E5’—atgaacgaggacaagcgc—3’ (SEQ! ; _
ID NO. 19) | |
Glucagon 236 | 57 "NM 002054

5’ -gtaacgaaccgaccactt-3’ (SEQ -

ID NO. 20) | | l

5’ -ggctgcgetgtecategtect g-3' .

I(SEQ ID NO. 21)
!5’—ttgcgttctcggggtgccatagc—3’
(SEQ ID NO. 22) - !

SST 276 163 ‘NM;001048 ;

5’ -ctctgttactacagccactg-3’

(SEQ ID NO. 23)

PP , 261 |55 INM 002722.3 "
5>' -agtcgtaggagacagaaggt-3'’ -

(SEQ ID NO. 24) |

57-
ttggctgaaagagaacgggatacatct-
3’ (SEQ ID NO. 25)

PC1l/3 5 . ' 457 | 60 |

NM_000493.3

acttctttggtgattgctttggeggtg-
3’ (SEQ ID NO. 26)




5' - at caaaggaagggctggtg-3' - (SEQ I D NO. 18) 5'-atgaacgaggacaagcgc-3' (SEQ
1D NO 19) i G ucagon 236 57 NM 002054 5'-gtaacgaaccgaccactt-3'" (SEQ ID
NO. 20) 5'-ggctgcgctgtccatcgtecct g-3' (SEQ ID NO 21) SST 276 63 NM
001048 5'-ttgcgttctcggggtgccatage-3' - (SEQ ID NO 22)
5'-ctctgttactacagccactg-3' (SEQ ID NO. 23) PP '261 55 NM 002722.3

5' -agt cgt aggagacagaaggt-3' - (SEQ ID NO 24) 5 -

t't ggct gaaagagaacgggatacatct-. 3" (SEQ ID NO 25) PCl/3 457 60 NM 000493. 3
5 acttctttggtgattgctttggeggtg- 3" (SEQ ID NO 26) 22

5’ -gcatcaagcacagacctacactcg- 1

1
{

|3/ (SEQ ID NO. 27) 5 |

3 309 |63 NM 003594 .2
!5’—gagacacaaccacccttcatccttc—j

3’ (SEQ ID NO. 28)

PC2

5’ -ctcactgctcaagaagacatgg-3’
- (SEQ ID NO. 29)

GLUT1 : 366 |60 NM 006516.1:
5’ -ctgggtaacagggatcaaacag-3’ i '

| (SEQ ID NO. 30)

5’ -gttcccetgetgtttgttgt-37

(SEQ ID NO. 31)

GLP-1R ' 228 |55 NM002062.2
| 5" -cttggcaagtctgcatttga-3’ 1

(SEQ ID NO. 32)

57-
cacctctetgectgaggacacggtgag-
3’ (SEQ ID NO. 33)

PAX4 . 444 |63 NM 006193.1|

ctgcctcattceccaageccatacagtagtg- P
-3’ (SEQ ID NO. 34) 5 !

As is apparent from the data in FIG. 5, neuro D and islet

1, both known to play important roles in the development of
the pancreas, and glucagon, SST (somatostatin) and

5 PP(pancreatic polypeptide), all secreted by cells other than
beta cells among the endocrine cells of the pancreas, were
expressed 1in the cells in which differentiation was not
induced, but when différeﬁtiation was induced, thé cells
started to express PC2, PCl/3, GlplR, neurogenin 3, Glut2,

10 Glutl, pax4 and pdxl on Day 7 and Nkx6-1 and insulin on Day 14

and their expression levels were significantly increased on



115' - gcat caagcacagacctacactcg- 3" (SEQ ID NO 27) PC2 309 63 NM 003594. 2
'15' - gagacacaaccacccttcatccttc 3 (S D NO 28)
5' -ctcact gct caagaagacatgg-3' (SEQ ID 29) GLUT1 366 60 NM 006516. 1:
5' - ct gggt aacagggat caaacag-3' (SEQ ID NO 30) 5'-gttcccctgetgtttgttgt-3
(SEQ ID NO 31) GP-IR 228 55 NWMD02062.2 5'-cttggcaagtctgcatttga-3
I D NO. 32) 5'- cacctctctgcctgaggacacggtgag- 3' (SEQ I D NO 33) PAX4 444 63

NM 006193.1 5' ctgcctcattccaagccatacagtagtg- 3' (SEQ ID NO. 34) As is

(SEQ

apparent fromthe data in FIG 5, neuro D and islet 1, both known to play
I nportant roles in the devel opnent of the pancreas, and gl ucagon,
SST(somapestatin) and

10

15

20

EXAMPLE 7: Dithizone Staining

Insulin is known to complex with zinc ion (Zn*™) to form
hexamers. Dithizone is a zinc-chelating agent known to
selectively stain pancreatic beta cells because of their high
zinc content. For this, the cells differentiated in the
presence of insulin-like peptide-2 were subjected to dithizone
staining. To this end, 50 mg of dithizone powder was
dissolved in 5 mL of dimethyl sulfoxide (DMSO) and 10 uL of
the dithizole solution was diluted in 1 mL of the culture
medium. After being filtered through a 0.2 um nylon filter,
the dithizone staining solution was dropped onto the culture
dish and incubated at 37°C for 15 min. The cells were washed
three times with PBS and observed under an optical microscope.
As seen 1in FIG. 6, the diffefentiated cells were clearly
stained, with a deep color found in the cell clusters.

In summary, as described above, when stem cells derived
from the subcutaneous fat around the eye are primarily treated
with a high concentration of glucose in combination with
activin A, fibroblast growth factor-2 and glucagon-like
peptide-1, followed by exposure to a low concentration of
glucose in the presence of nicotinamide, activin A, glucagon-

like ©peptide-1 and insuiin—like growth factor-2, they



5 PP(pancreatic polypeptide), all secreted by cells other than beta cells
‘anong the endocrine cells of the pancreas, were expressed in the cells in
which differentiation was not- induced, but when differentiation was
i-nduced, the cells started to express PC2, PCl/3, GlplR, neurogenin 3,
Qut2, 10 Qutl, pax4 and pdxl on Day 7 and Nkx6-1 and insulin on Day 14
and their expression levels were significantly increased on 23 Day 21.
EXAMPLE 7: Dithizone Staining 5 Insulin is known to conplex with zinc ion
(Zn++) to form hexaners. Dithizone is a zinc-chelating agent known to
selectively stain pancreatic beta cells because of their high zinc

cont ent .dfffetdtitiatbbe celds dihéeloMdaiRding t heel ¥ eSQAEehOf were
insulin-like peptide-2 were subjected to dithizone 10 staining. To this

end, 50 ahipexfvedi tthi pandupewitesulias, clipgsalivedahd proinefil th net ydeasul f oxi de
(DMSO) and 10 L of the dithizole solution was diluted in 1 nL of the

cul ture quastiiiim. AflnerdBéthonf i they esknressegh genés2changtioerfaditcenf t he

di thi zone staining saolution was dropped onto the_ culture 15 dish and

i ncubat et PSFE o5 Rfn. thmePaBrFeaGers® wished 2% hPedngi meeaflivh PBS

d d der i.cal i ) i FI G .6,
11 oF or Tt carFe EREiEPBaT |y CERRAETEY L b HoBBCEORor R f n ¢ he
cel I ¢l ust&l,S3idd) cRUITBRN YreBSndesardNad, ARV 8 WPED ShEMR C&lds dsniyved

to effectively differentiate into insulin-secreting beta

cells.
10 EXAMPLE 8: Stem Cell Culture

The stem cells obtained were cultured for 21 days in a
differentiation inducing media. For this, first, the cells .
were seeded at a density of 5x10° cells/well on collagen-

15 coated 48-well plates to which a medium containing 25 mM
glucose (DMEM-HG), supplemented with 1X B27 supplement, 20
ng/ml fibroblast growth factor-2 and 20 ng/ml epidermal growth
factor, was added before incubation for 3 days. Thereafter,
the cells were further cultured for an additional 4 days in a

20 medium containing 25 mM glucose, supplemented with 10% fetal
bovine serum, 4 nM activin A, 20ng/ml fibroblast growth
factor-2 and 10 nM glucagon-like peptide-1l. Subsequently, the
cells were cultured for 3 days in a medium containing 5.5 mM
glucose (DMEM-LG), supplemented with 10% fetal bovine serum, 4

25 nM activin A, 20 ng/ml fibroblast growth factor-2 and 10 nM

25



20 from the subcutaneous fat around the eye are primarily treated wth a
‘hi gh*concentration of glucose in conbination with activin A fibroblast
grow h factor-2 and gl ucagon-like peptide-1, followed by exposure to a | ow
concentration of glucose in the presence of nicotinamde, activin A,

gl ucagon 25 |i ke peptide-1 and insulin-like growh factor-2, they 24
differentiated into insulin-secreting cells which were observed to produce
i‘nsulin, Cpeptide and proinsulin in great quantity. In addition, they
expressed genes characteristic of the beta cells of the pancreas as well

as being clearly 5 stained with dithizone. Consequently, the nethod defined

accordi e S enti ﬁg”% e

ef fecti \C%I{?% ?f é?fe{%{ ?%gh?%tg |%§%ﬁ%&§§c%£?s etd[ T celcrfé‘J SHE#IE%NVPLE 8:
St em Celdorfeuliting g sieratgldss ofivaimiad) V\’ers%.;fﬂ@nléﬁggdf Qichldays in a
differentiation inducing media. For this, first, the cells were seeded at
a densi tniaofcibrtb@decel Lo/ waMl gmucs)gd:ﬂgEﬂké_S peq@ttmé A&l 1l aigmit o which
a medi um containing 25 nM gl ucose (DVMEM HG, supplenented with 1X B27
suppl emarttaced lupghnbefobe obicadiatgoowtbrf ant add Rt ancth 120 onglayk . epi der ma
gromﬁh factor, was added before incubation for 3 days. Thereafter, the
cel I s were fUdMHHSY dpREdoRor Che Radiei BARE ah i9Hta vEg-theldiash

contai ning 25.nmV cos suppl enented with 10% f et al
ﬁé at re%uﬁar Eht le o€]3 - 4 days. OAfter incubation for

a total of 3 weeks, differentiation of the cells was examined

as follows.

10 EXAMPLE 9: Examination of the Secretion of Insulin and C-

Peptide

After completion of the 3-week-culture, the cells were

treated for 12 hours with a low-glucose medium (DMEM-LG)

15 supplemented with 0.5% bovine serum albumin. Then, the cells
were exposed for 2 hours to a DMEM-HG and quantitatively
analyzed for secreted insulin wusing an enzyme-linked
immunosorbent assay (FIG. 7). Also, the amount of C-peptide,
spliced along with insulin from proinsulin, was also measured

20 using an immunocytochemical assay (FIG. 8). For the enzyme-
linked immunosorbent assay of both insulin and C-peptide, kits
commercially available from Mercodia, Sweden, were employed.
The standard solutions whose concentrations were already known
and the cultures obtained above were plated in an amount of 25

25 uL per well onto 96-well microplates coated with human insulin

26



bovi ne serum 4 nMactivin A, 20ng/m fibroblast growmth factor-2 and 10

Ti Mgl ucagon-1like peptide-1. Subsequently, the cells were cultured for 3
days in a nediumcontaining 5.5 nM gl ucose (DMEM LG, supplenented with
¥0% fetal bovine serum 4 25 nMactivin A, 20 ng/m fibroblast growth
factor-2 and 10 nM 25 glucagon-Ilike peptide-1, and. then transferred to a
new medium containing 5.5 nM glucose (DVEM LG) suppl enented with 10 mM

ni coti nam de, 10 nM gl ucagon-1i ke peptide and 10 ng/m betacellulin before
i ncubation for an additional 10 days. 5 During incubation, the nedia were.
changed out with fresh ones at regular intervals of 3 - 4 days. After

Kk MA; I I
exarm ned” &5 TFBIToRS. G DANPCE S rSairgt [on SPERe Shoretar: o munn
and C R@'te' decllit 6 €R8PLEL 1O k] Ha«,%b%t\é@e%oeuhtﬂé@r therGsl s,

treated for 12 hours with a | ow gl ucose nedi um (DVEM LG 15 suppl errent ed
wi th 0. 200bqui nef ser UMEl duvstratEhespludioncelds saded expospd fu11g .hours to
a DVMEM HG and quantitatively analyzed for secreted insulin using an
enzyne- IHaikedingninaobatrbent fassay ©Fh G 175 . absshartde vannuasofred.pept i de,
spliced along with insulin fromproinsulin, was also neasured 20 using an

i mmr?oc%eééﬁéﬁl ééllsuéé§a91°€-”FchPeB’)'—ldFoWaﬁhéeéﬁ,?i}ﬁé fromk Ebei mrRASsdibent

h lin _and, C-peptide, Kits
assay Of h éig¥érent§atlonphgd not been induced while the groups

which had been cultured using the two-step method of the
present invention were found to produce both insulin and C-
peptide. Particularly, the group cultured in the same.manner
10 as in Example 8 was measured to secrete insulin about 6 times
greater and C-peptide about 6 times greater than that of the

NAG group.

Producing insulin and C-peptide in 7 - 8 times the amount
15 produced by the NAG group as was disclosed in Korean Patent
Application No. 2007-44663 filed on May 2007, the insulin-
secreting cells differentiated from adult stem cells in a
culture media according to the present invention, as described
hitherto, are expected to be excellent curatives for type 1

20 diabetes mellitus.

Although the preferred embodiments of the present
invention have been disclosed for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions aﬁd. substitutions are. possible, without deparﬁing

25 from the scope and spirit of the invention as disclosed in the

27



commercially available from Mercodi a, Sweden, were enployed. The standard
'sol ut'i ons whose concentrations were already known and the cultures
obt ai ned above were plated in an anount of 25 25 L per well onto 96-wel |

m cropl ates coated with human insulin 26 or C peptide, after which
antibodies to insulin or Cpeptide were added to the wells and incubated
for 1 hour. After that, 200 L of a TMB substrate solution was added to the
wells. Follow ng incubation for 30 mn, its absorbance was neasured. 5
Nei ther insulin nor C peptide was secreted fromthe cells in which
differentiation had not been induced while the groups which had been

cul t ur edy dsinpthri N gt W2 shep nethod of the present invention were found to
produce both insulin and G peptide. Particularly, the group cultured in

t he same manner 10 as in Exanple 8 was neasured to secrete insulin about 6
times - greater and C- peptide about 6 tines greater than that of the NAG
group. Producing insulin and C-peptide in 7 - 8 tines the anmobunt 15
produced by the NAG group as was di sclosed in Korean Patent Application
No. 2007-44663 filed on May 2007, the insulin- secreting cells
differentiated fromadult stemcells in a culture nmedia according to the
present invention, as described hitherto, are expected to be excellent
curatives for type 1 20 diabetes nellitus. Al though the preferred

enbodi nents of the present

28



i nventi on have been disclosed for illustrative purposes, those skilled in
‘the art will appreciate that various nodifications, additions and
substitutions are possible, wi thout departing 25 fromthe scope and spirit
of .the invention as disclosed in the 27 acconpanying clains. 28 WHAT | S
CLAIMED IS: 1. A nethod for ex vivo differentiation of human adult stem
cells into insulin-secreting cells, conprising: 5 culturing the adult stem
cells for 4 - 10 days in a nediumcontaining 20 - 30 nM gl ucose,

‘'suppl enented with 5 - 206 fetal bovine serum 1 - 10 nMactivin A, 5 - 20
nM gl ucagon-1like peptide-1 and 10 - 30 ng/m fibroblast growh factor-2;
and 10 cwiAmriggrtahermeurgured stemcells for 10 - 20 days in a nedium
containing 4 - 7 mM gl ucose, supplenmented with 5.- 206 fetal bovine serum
5 - 20 mMMnicotinanmde, 1 - 10 nMactivin A 5 - 20 nMglucagon-like - -
peptide-1, and 10 - 100 ng/m insulin-like growh factor. 15 2. The net hod
accordi ng to tl armmethefieteoirn exherives uili Tfeddankdagiont bff antman isiult
insulin-like gromh factor-2. 3." A method for ex vivo differentiation of
hunan addfe™ )16t dRteelPSUl Mt s eaAiing: sedtet i prrmdlsisg:conpri si ng

5 culturing the adult stem cells for 4 - 10 days in a
medium containing 20 - 30 mM glucose, supplemented with 5 -
20% fetal bovine serum, 1 - 10 nM activin A, 5 - 20 nM

glucagon-like peptide-1 and 10 - 30 ng/ml fibroblast growth

factor-2; and

10 culturing the cultured stem cells for 10 - 20 days in a
medium containing 4 - 7 mM glucose, supplemented with 5 - 20%
fetal bovine serum, 5 - 20 mM nicotinamide, 1 - 10 nM activin

A, 5 - 20 nM glucagon-like peptide-1l, and 10 - 100 ng/ml
insulin-like growth factor.
15
2. The method according.to claim 1, wherein the insulin-

like growth factor is insulin-like growth factor-2.

3. A method for ex vivo differentiation of human adult
20 stem cells into insulin-secreting cells, comprising
sequentially culturing the adult stem cells:
for 1 - 7 days in a medium containing 20 - 30 mM glucose,
supplemented with B27 supplement, 10 - 30 ng/ml fibroblast
growth factor-2 and 10 - 30 ng/ml epidermal growth factor;

25 for 1 - 7 days in a medium containing 20 - 30 mM glucose,

29



sequentially culturing the adult stemcells: for 1 - 7 days in a nedium
'‘containing 20 - 30 mM gl ucose, supplenented with B27 suppl enent, 10 - 30
ng/m fibroblast growh factor-2 and 10 - 30 ng/m epidermal growh
f-actor; 25 for 1 - 7 days in a nediumcontaining 20 - 30 nM gl ucose, 29
suppl emented wwth 5 - 200 fetal bovine serum 1 - 10 nM activin A 5 - 20
nM gl ucagon-1|i ke peptide-1 and 10 - 30 ng/m fibroblast growh factor-2
for 1 - 7 days in a nmediumcontaining 4 - 7 mM glucose, 5 suppl enented
with 5 - 20%fetal- bovine serum 1 - 10 nM activin A, 5 - 20. nM

gl ucagon-1li ke peptide-1 and 10 - 30 ng/m fibroblast growth factor-2; and
for 10 -supidapated avimdi gmconbsi NFRY bodiAM @Hedgase,1 Supph ersnt ed
with 5 - 200 fetal bovine serum 5 - 20 mM 10 nicotinamde, 1 - 10 ng/m
bet acel lagtiiviand, 55 -130nM glueageon-likee pepptiddel &4 10 - 30 ng/ml

fibroblast growth factor—2; :
for 1 - 7 days in a medium containing 4 - 7 mM glucose,
5 supplemented with 5 - 20% fetal bovine serum, 1 - 10 nM
activin A, 5 - 20 nM glucagon-like peptide-1 and 10 - 30 ng/ml
fibroblast growth factor-2; and
for 10 - 20 days in a medium containing 4 - 7 mM glucose,
supplemented with 5 - 20% fetal bovine serum, 5 - 20 mM

10 nicotinamide, 1 - 10 ng/ml betacellulin and 5 - 15 nM

glucagon-like peptide.
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