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L e

pronote the differentiation of stem cells.
particul ar, the present i nventl on provi des an r oved

met hod for the 5 formation!of pancreatic endo IHWW”"”’”’II”’
and/ or pancreatic hornone secreting cells.
of the art Stemcells, with their capability for *G00002*
self-regeneration in vitro and their ability to
produce di f f gyiethodedfaiiferentiatingS8tem Bllsbe useful for
replacing the function of 10 aging or failing cells
i nearly any organ system Cell-replacenent therapy
Fie the INNESWoNy treat many illnesses such as
cardi ovascul ar di seases, autoi mmune di seases,
T e 2R P AR | pRo By orontiatin of stem
cellex imphdicufarathi pessent imentiooguriodides anuirepraved method for the
anel i ofated through,the u of stemcells. IDDMis a
forjatien, 8k Pangealic, Fadedes agdlsy PanElAlE AT RS TRiLCells.
due to insufficient secretion of the hornone insulin
by the pancreas. In the absence of this hornone, the
Badiarigurd otthelartare not able to absorb glucose fromthe
bl ood stream causing an accunulation in the blood.

Ste'r?r? ﬂ’é‘swm ttltﬂefj gﬁ%iﬁl& %é%&ﬁtrgé{aﬁé?akl% |W|t9 and their ability to

i‘cat’i ons, oacl

prodnde smﬁ@entuaiwl céll sgRae, mdy deeuseful 26r r@;ﬁlaomgathbyfmdon of
utation. \Wile nedications such as injectable

ag%@u|f¢'Hn@ﬁ&"%Fhr‘eﬁ5hpégv3%Q@ﬁ' system. Soell- Eﬁp&@f@m%%t thgrapy may
be LYE tb QF&? gll% §é? 566/ S?érP%VBQé 9y H@e%%eg éut%fmmune

'eads to re uce Ity o e an presents
diseaspgs, Ciabmtes mstetmorbasdcarmars hedltunng.ar e costs. 25
Restoration of function with inplants of functional

e BT AR e Bt g v
coll@®edured dr ingeliorated through the use of stem cells. IDDM is a disease

characterized by elevated blood glucose due to insufficient secretion of the

hormone insulin by the pancreas. In the absence of this hormone, the body's
cells are not able to absorb glucose from the blood stream causing an
accumulation in the blood. Persons with diabetes are at risk for major
complications, including diabetic ketoacidosis, end-stage renal disease, diabetic

retinopathy and amputation.

While medications such as injectable insulin and oral hypoglycemics allow
diabetics to live longer, diabetes remains the third major killer, leads to reduced
quality of life and presents a significant burden to direct health care costs.
Restoration of function with implants of functional insulin-secreting pancreatic
beta cells is a promising treatment approach. However, the limiting factor in this
approach is the availability of an islet source that is safe, reproducible, and

abundant. Furthermore, currently available implants are linked to life-long
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approach is the availability of an islet source that
is safe, reproduci ble, and abundant. Furthernore,
currently available inplants are linked to life-long 2
I mmunosuppr essi on which i s expensive and not al ways
effective. Gther problens include the variability and
| ow yield of islets obtained via dissociation, and
the enzymatic and physical damage that may occur as a
result of the isolation process. In addition, there
are issues of immune rejection and current 5 concerns
W th xenotranspl antation using porcine islets. A
imMrRPSSdUpIpRedidn t WhRHKENS 08RpHEREE MidbhatRalays OcfisiiReat ©ther
functional Rcells fromstemcells and maintain them

problems inchideotheuwrrighility eesh Ipwgyigldaefeisiets optaireghvia dissociation,

o35 55055 L e APRRAY SE2A SO0 v

isolatibh @recdsso i addition, feretdre igsseluhimimons rafectibe and current
net hods provided are inefficient. Carrying out the
congefowih senptiarerlasiadiop Using persing isleisonl y a smal |

popul ation of the stemcells differentiating into

A fodamid ng) iofghdotne e BrabiLhsSSUBREARIEI KncuB & colls

prior art S thus 1 to consistent
fropaatemcedllararcemiairtginetheor inyvibbdfomuse @xtreatingndlapetesy Attempts

t f ti | di ff tiat | | .
to TREEY 3 JeRbIPEE oiarescliAde 1 it NOZPORUEHE2  and
chggg'lf/r(‘g'?fgﬂ.hﬂo%%r, neddmosnd oF tﬁ&&?éfé%cf@&tsm%?ﬂoﬁp 8he or

: romstemcells. However, nost of _
motm Aisladyentages ashthe metbheds prodded msalineffielept.eSairpingnaut the

el 4R A UE, AUt PhSI T i o

diffeRemtibing Mo FuhEBSRAIN cbEIEneit bitd tHRBhBY®dactive. The prior art
significant need to develop 20 conditions for

methadshithuhi fall & eppnsistently ndslda martiedar meellestypefieer tield an
h [ {04 W A .
oxERAERT10v Perceadibt & ghlicior AfEfinal 68 el THeRdis also
a leindbdesearcielthat Bnddoms tOMemaMkacthle?beﬁnmemqﬂ &asfomg\gtion of
apnd/ qr_, secreting cells. Sunmary of t i nventi on
fungfiend)r sBfie M cHeroRelidrBegue” et Pb AT eCoasbie Thad the
indLBtidRIdF | IRBLI SRPRIESHAS may require additional signals that are only

present in vivo and that are not completely characterised.

For the forgoing reasons, there still remains a significant need to develop
conditions for establishing stem cell lines that can be expanded to address the
current clinical needs, while retaining the potential to differentiate into
pancreatic endoderm cells and/or pancreatic hormone expressing and/or

secreting cells.

Summary of the invention

The present invention addresses the problems above and in particular provides
new and/or improved methods to differentiate stem cells in vitro towards
pancreatic endocrine cells, capable of secreting insulin in a well-regulated

fashion. The present invention takes an alternative approach to the methods of
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new and/or inproved nethods to differentiate stem
cells in vitro towards pancreatic endocrine cells,
capabl e of secreting insulin in a well-regul ated
fashi on. The present invention takes an alternative
approach to the nethods of 3 the prior art in
inmproving the efficiency of differentiating human
enbryonic stem cells towards pancreatic endocrine
cells. According to a first aspect, the present

i nvention provides at |east one nethod for
differentiating stemcells into cells expressing

the Griee Rir imeingRowhythe @ffidiencypoSdifieferitfating Munsah BEHBrGhic stem
stemcells in the presence of at |east one

cellstowards PQHC&Pa%?WQG””e(Qﬁ"SeuI turing the stemcells
obtained fromstep (a) in at |least one first nedium

Accg)ggi}ﬂﬁ:tt%:%grﬁtaé = gtrtfr}]ggg)é?é”rﬂqng@iﬂcs‘ﬁ @cﬁtcte%l 3 t%hf‘one method

for atifferentiating ctest epll jtoi nelle expeesdsirgnC-peptidel curprising the
conprising at least Activin A, (d) culturing the cells

SteB$PLi ned fromstep (c) in at |east one third medi um
conprising at | east one fibroblast growth factor

E)Cﬁ)lturlhgtsltéml cellgGh thd Prdsenas &f at Iéa%ﬂéhe QRGatallI& hafrix;
of hedge og S|gnaII|ng to obtain cells 15 expressing

Pdx-1; and (e) culturl%the cell's obtained fromstep
(R)cultyriag thes stersneeliso btainad drem stgmﬁa) i raj least sy first

of,c [ f n
ceﬁpbaméﬁpéogé%ﬁ%aééx{éﬁ 0 f)'e%gcli eCtS)M uctlsnébt%jﬂ ldeﬂmtlve
I n gradddeemnl @dlls; t he net hod according to the invention

may be a two-dinmensional 20 (2D) nethod of

ifferenti t|o I n the method f t he present )
? furigg t ieells qbitaipg Jrome ster (Reniat IBastone segand medium

nMedidmpid @it%gégAgf,v,ﬁtAl east BMP4 and Activin A (step
b) may be Tor at |east 3 days. The culturing of the

cells in the second nmedi um conprising Activin A (step

€J) eudipripe the eells pbiained from stemmye) tnoal7 leisy one third medium
comprising at least one fibroblast growth factor (FGF), retinoic acid (RA)
and at least one inhibitor of hedgehog signalling to obtain cells

expressing Pdx-1; and

(e) culturing the cells obtained from step (d) in at least one fourth medium
comprising at least one inhibitor of notch signalling to differentiate cells

expressing Pdx-1 to C-peptide producing cells.

In particular, the method according to the invention may be a two-dimensional
(2D) method of differentiation.

In the method of the present invention, the culturing of the cells in the first
medium comprising of at least BMP4 and Activin A (step b) may be for at least 3
days. The culturing of the cells in the second medium comprising Activin A (step

c) may be in the range from 4 days to 7 days.
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4 1In the nethod of the present invention, the
concentration of BMP4 nay be in the range of 10-200
ng/m. In particular, it may be in the range of 40-60
ng/mM and nore in particular it may be about 50
ng/m. 5 In the nethod of the present invention, the
concentration of Activin A nay be in the range of
10-200 ng/m . In particular4 in the range of 40-60
ng/m and nore in particular, it may be about 50
ng/m . In the nethod of the present invention, FGF
may be FGF2, FGF10 and/or FGF18, the inhibitor of

In thedgethog ofitige prdSeng mﬁ@u&iohethé/&‘éﬁcbnﬁaﬁé@bf BMthtacyrb@fn the
not ch si mma Secretase 10 | nhibitor

rangp GhaI9r200 Do nqnoqﬂrtﬁula& emayhein Hie sngeoeic#0-60 ng/ml and
mofy # ?é%”'%{ Wa\"ﬁe%%%SQ"'g?'“EEQCSPLLZLL o vention:

ni coti nam de nmay be added together with the inhibitor
n BBl b8 e er S i o o einAorsy be i
thetrﬁﬁ fo?%@”éod Hgﬁrﬂajorpeartlwl%r SheRe ??ﬁé@o?ﬁd é@enilﬁh %ﬁh‘%ﬁore in

any onic stemce
pard:leunas |tcmayadh§a| absutedd awg/ing. InFthet hethod loé the epresemt inwention,

oSl PR B AR 7 MR BRUSE of BiBhes Sanatin

mayse SANTS Srd/brinhiBHor iof riB?cYn s@haﬁﬁbeﬁb?doe Ua‘?r%b@ecretase
roup consisting of MATRIGELTM™ growth factor-reduced

InhNaitPRIGEL PAPT.dmi FPﬁFhCU|ahdh€|lbhlbﬁ@E:Of notchosigaaliinglinay be used

at PoShREmBRREY ke o BBt GRLE  PHE ab PeRietbid "ol resen

invehEdn, "RIdtiad@dedichd e RN tddileldo Fogitheit &M &hé Sinhibiter of notch
cells expressing markers characteristic of endoderm

sngnalheag*aefefﬁ@f a@wﬁ@etw@htm eighednhibiten ofcnatel sighglling.

| east one cell popul ation prepared accordlng to the

In ﬂhBVrﬁth'erbf tHQ prg%ﬁtl?ﬁvé?{ti%ﬁeﬂfées FJ‘ ?%I tbeogéief:l% tﬁ’c?}rg any

teste conpari ng |at|on 0
of erbryonic stelme cpHsas‘eetaé stemal calbs, eorcad witf sterrecelfsac&mhher the stem

| erein at ait one d| ference in the c[hffertentl ati on
ce snmtaMge eégcgﬁ rogy agyo uman mouse, primate or rat origin.

In the method of the present invention, the extracellular matrix may be selected
from the group consisting of MATRIGEL™, growth factor-reduced
MATRIGEL™, laminin, and fibronectin.

According to another aspect, the present invention provides at least one method
of identifying at least one factor that modulates differentiation of stem cells into
cells expressing markers characteristic of endoderm lineage comprising the

steps of:

(a) culturing at least one cell population prepared according to the invention, in

the presence of at least one factor to be tested; and

(b) comparing differentiation of the cells in the presence and absence of the

factor, wherein at least one difference in the differentiation in the presence of
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the factor is indicative of identification of at |east
one factor that nodul ates the differentiation of the
cells. In particular, the markers characteristic of
t he endoderm | i neage conprises at |east Sox1l7 and
FoxA2. 5 According to another aspect, the present
i nvention provides at |east one nethod of identifying
at | east one factor that noelul ates differentiation of
stemcells into cells expressing Pdx-1 conprising the
steps of: (a) culturing at | east one cell popul ation
prepared according to the invention, in the presence
the Factot id Rrfidatvecoffidehtficdtions dtasagidone fsttdOtha®modulates the
_conparing differentiation of the cells in the presence
differeatigtieeatthegtelishe factor, wherein a difference in
the presence of the factor is indicative of
' LEiatd . 0 : I :
In 04kt (158 hefefs sherd g 0P e 6h Qhadrhf find2gy Bhfises a
leastrdxigr amds porA2. t he present invention provides at
| east one nethod of identifying at | east one factor

t hat dul ates dif entiation of stemcells into 15
Aocoating TR Ao Bis anpeptiing Pieapre BENiPD o BYRF PLISA! ORe Method
of i§&RIingf at 1683t 6 FabitbNthatmdRisles Uifereplibtitio BY s @Blis into

preparéed according to the invention, in the presence
cellsfexpregsing Pdsrlecomprisingttbe istepseaft ed; and (b) conpari ng

differentiation of the cells in the presence and
. t f aGt ' if . W the .. .
(@) SPRERRE 2P lse T Roor Bl Bloy 4T Bitbafed acbFi R B e nl&ntion, i
theipilesande ofadtiioastdnedftactaras tbetasteddaahdr t hat nodul at es
the differentiation of the cells. Brief description

of the figures Figure 1 shows a schematic
(b) coprarisg: diflegentitonnef the Fele & ther@resancengnd absence of the

factonY SiHdr8i: al WiffePBRES Siﬁswehﬁ)_r iSRS OF el Eéfftc'ﬁrngs liRGicative of

cell's 1n the presence o I bronectin and then
identificaation gpf o éeast bhs faitoh thgvPdoduidteadhe differanfiationadf the cells.

| east 3 25 days. The cells are then treated with

Activin A for at | t 4 days before the 6 ells are
Acqitiing 8 AnolerArs L dRe retent TrsntiPh, ArpKdas at legss 88 rethod
of i@ENif9HY MNehst ohe faktedtHat monssteeadifferdhyiatio e af &M cefls into

the cells with Retinoic Acid (RA), at | east
cells expressing Pdx-1 and C-peptide comprising the steps of:

(a) culturing at least one cell population prepared according to the invention, in

the presence of at least one factor to be tested; and

(b) comparing differentiation of the cells in the presence and absence of the
factor, wherein a difference in the presence of the factor is indicative of

identification of at least one factor that modulates the differentiation of the cells.

Brief description of the figures

Figure 1 shows a schematic representation of the method of the present
invention. It comprises the steps of culturing the cells in the presence of
fibronectin and then treating the cells with BMP4 and Activin A for at least 3

days. The cells are then treated with Activin A for at least 4 days before the
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one Fi broblast Gowh Factor (FGF), and at | east one

i nhi bitor of Hedgehog signalling, for exanple SANT-1,
for at least 6 days. The Pdx-1 expressing cells 5 are
then treated with an inhibitor of Notch Signalling in
the presence or absence of Nicotinamde to further
differentiate the cells to G peptide and Pdx-1
producing cells. Figure 2A &hows that Sox17 expression
is induced the quickest when the stem cell cultures
were pul sed with BMP4 conpared to cells that were
treated with 10 only Activin A Sox17 induction

cellaparardifiéranhiftedote SNt af r@@o@@ﬁnshhéﬁ?é ym&rp%essuon is
with the 3 day BMP4 pul se conpared to

indereed i esetcellz byrizeatmeant of i galls wﬁbéaetg%chEb FRA L) least
on 3F?Jrggfgfs %erWtIJ\ Zipdcg%} Qﬂﬁﬁé g}?d %? I%ac‘sée rtll%é/ig?r gy\mset%%ehog

sigrfsilingy,ifor éxampla/SASHXﬂ.?fdi%tSemm days. tTHeDPEE—ﬁék;ﬁr@géMg cells
expressed unti 6 indicating a 15 relatively
areﬁ@e% treatsd WitF@'QH%E'th PbNogdreignalligarie thespegransetarabsence

et o turRbPwifathuat! REPERNs 18 €Lf %Sth%’e BJJIoecﬁdx-

expression gra uaI y I'NCreases
prodlOcing cells. conditions. Figure 3A, B and C show t he
results of alimted tinme-course experinent perforned

[ )i S-3, ESI014, ES| 7 d ES1035.
Figi R shgws el Soxif Sadiesamis Pired te fiipsest whan the stem
cellS¢dIRNES "wér@dblﬂééd) ‘Wll‘Plf BMZO%@%J e céﬁ’é 'thatCNéFéJfrééted with

wer e pul sed . There appears t
onlgjAgtivin d’anSOKhErIBdB@IQm appaerSei@rt&QO atﬂstSmeﬁ?aod slightly

s i e S MBS Y B SE s

exprégpioe o Box1t7 ap@@@r&sm bédin §8¢3eof difréhtiHliohl WABA the cells
i ncrease in the expreSS| on of FoOxA2 on daé 10 of 25
R

werg; BNbF’Heawlﬁa@ .f@rn?» saysaltanpgars that e fhe cells brplegswith Adgivin A
onlgo§6‘ict e Gt e fg" elétron r#lyce?g{ésgerdeiﬁﬁlfﬁ?ﬁgg@ rﬁM;D iting a

corrpare to o
relfilely leisapglp aifferehiatidrnpaece.i s a si gni ficant decr ease in

the expression of Cct4 on days 3, 6, 10 and 12 of

Figgre 28 Hions il e BMILTR £ MBA) Sk b (AnBaer lo, Bradly affect

FoXATEekre85ioheIRLN igradualy ihéredses up to day 10 in all conditions.

Figure 3A, B and C show the results of a limited time-course experiment
performed using cell lines HES-3, ESI014, ESI017 and ESI035. In Figure 3A, it

appears that there is indeed a stronger induction of Sox17 when the cell

" cultures were pulsed with BMP4. There appears to be a significant increase in

the expression of Sox17 on days 3, 6, 10 and 12 when the cells were treated
with BMP4 and Activin A compared to only Activin A. In Figure 3B, it appears
that there is a significant increase in the expression of FoxA2 on day 10 of
differentiation and a slight increase in expression of FoxA2 on day 6 and day 12
in cells treated with BMP4 and Activin A compared to only Activin A. In Figure
3C, it appears that there is a significant decrease in the expression of Oct4 on
days 3, 6, 10 and 12 of differentiation when the cells were treated with BMP4
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second time-course it was not possible to determine if
Sox17 expression was also earlier as well as
stronger. Treatnent of the cells wi th knockout serum
repl acenent (KOSR) was used as a negative control. 5
Fi gures 4A and 4B show the sanme field of view
Hoechst-stained cell nuclei are shown in Figure 4A
whil e Figure 4B shows cells’stained for Pdx-1 protein.
For the stained cells, fields of view were
phot ogr aphed at random across the well based on the
DAPI channel. The nunber of nuclei and Pdx-1
andREIGRSA NEbrSared toVehl9 A&Rin MRrDat Ity theusivet résolation of this
bl i nded manner. The nmain bias in the counting 10 was
seqond timerpeurse tayas oy ipewsiblai ta detrrming dabexti? @xprassion was

a|s<$. éérﬁerv‘ﬁ% QNéIP%sdﬁﬂar?qetroTrgétﬁé gé"f' t?\% n%?lféawltgﬁ%?c‘ig)u erum

i he Were he cO

- repladesierit (KOSRiswas ugee ws dhegutiveSdnt®l. C and D show t he

effect of initial differentiation conditions on day

18 of diffe tiation by _neasuring the Pdx-1
Flgesea‘ééﬁns'rﬂé ﬁnpwﬁieéanpey fieldeaf v'eufs Hosghsatsstalnsdeall nuclei are

sho'%ﬁilﬂ'ﬁﬂ: éq%?éj AAEle! ﬁ?ﬂﬁ?hBV d(/v%&éllsagl%?r?éoefotrlﬂ)%‘l E) efein For

four 't nes thefe is a expression o
thevstaimetheellse fiekiswefr detwr watee Ohmagnapwaﬂ ramdbmcadross the well

f the first 3 d f diff tiat It als
vaseel .t M AR k@l STRE nmtst Fausiel T P rvoressipgscells
we@meﬁ%bh@alfy Esuntéd Wﬁ%hﬂfﬂeg'rﬁéﬁﬁéfnwhétmﬁﬂ bif®f$tHeO¢ounting
result in the sane effect in all four cell |ines.

wag thatsfome fields of ofgwe biaddp maodrsherd@doas thencells waeotoo dense to

s 5 SR e b e THE A Er o

|eag{5ﬁétdsqfvaé3E2 on the inducti on of expression of
Pdx- 1. Figure 6A and B show t he i nmunohi st ocheni cal

esults of two a 96- wel late in
Flgete 88nPn& A0¢ Deﬁ*ﬁ%\etth%@ffﬁﬁt af ﬁlﬂtfaﬁﬁi"‘gerremmlqrh@@rmonmn day

1 o By LA 1 PRT SOISHTS 5LTER s

ES4035skB6uA49s EBi0§ht ambbiHE S-Soraspettivély.clh appears that in all four

ooy B 2 i, M A2 el ekt it
ngﬁ{@mgﬁgagtmxm MYl fifdt & GayBRbh HiifPEMtiatioX I 81881 dfpears that
the addition of FGF2 at d|fferent stages during the first 9 days of differentiation
does not result in the same effect in all four cell lines. Therefore, the effect of
the addition of FGF2 varies, dependent on the cell line used. There is thus no
conclusion then can be derived with regard to the effect of FGF2 on the

induction of expression of Pdx-1.

Figure 6A and B show the immunohistochemical results of two wells of a 96-
well plate in a screening for effective maturation growth factors that bring about
differentiation in cell lines ESI035, ESI049 and ESI051. The cells with C-peptide
expression are shown as bright dots, some of which are highlighted with black
arrows. These cells with C-peptide expression are p_rominent amidst the cells

surrounding them which are mainly Pdx-1 expressing cells. The Pdx-1
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expressing cells are shown as grey dots or masses. As
can be seen, only a snmall nunber of cells are
C-peptide positive. At nost, there were approxi nately

30 C-peptide positive cells in each well. In nost
cases, there were less than 5 G- peptide positive
cells in each well. These C-peptide positive cells

were found 5 i ndependent of8the growth factors added.
Therefore, none of the added growh factors had any
consi stent effect on C peptide expression or even
Pdx-1 expression. Figure 7A and B show t he
expressimy telis echahoonl as epey ddtobr gssasl | Astdant b¥jeen, only a
treated with 50 ng/m Activin A and 50 ng/m BMP4 for
smajl gumber of reliearen-PertiderragitvenAtunest. Bierayyare arproximately

20 EABRIBLIe B4 ga0) S 8 g DB ek o

C-p8ptiie positive cEllsrifelichwelhditiede C-pepiddpositivei adliswesre found

oSSBT B s b T Bl aron

factordiRid An goﬁ%i@f@n‘i'aé’ﬁegdtlgn ot.—éé}ﬁid@' E&@fe%@%nato'r 0?ver1°‘%°dx-1
can be seén, there are a signiticant 15 nunber o

exp@egsign.i de positive cells when the cells were fixed at
day 21 of culture. The cells expressing C peptide can

R R R T A ——

tredt@6 Ubitts 50f ng/inle ABRVih & Mind GOORGINM BRIF£ToMSi da@f Fsllowed by
concentration in the induction of Pdx-1 in stemcells.

treatment enith 59 pg/ml pictiviasA foroapsthee 31 daiis Fhat @t—:ll;s wege then
cur§R8Y T o Aol Bl Gl STATHHSR, oBEGH 823 h SRTh anc

10 coiic Bidotimbintide obr A dagedwivizh walofdllloded by iRhbithd of Notch
) %t_ ai | eg@gescri ption of the invention Biblioggraphic
signaling inkesColisrny Bifeaddiion 10é oypeddtM BT Bastiedaselnbibitor

| i en: i.st.ed i 0 list_ of . .r

X fiof a0 A8 oCHABI BUH, S CAfE o et théte 1%.a Ygpificant
number ef dopeptide giositiven cbllbiwhgr dbdi eelisewvereerfized atsday 21 of
cultn?é.ei'l’?e c'el?s(,: %Qgroersgltn%dcpp}/eprti%]:aeéaenngee 'se%n as bright spots and some

are further highlighted with black arrows.

Figure 8 shows the results of an experiment to optimize retinoic acid
concentration in the induction of Pdx-1 in stem cells. The results of 2 plates,
plate 1 and plate 2 are shown. In both plates the highest percentage of Pdx-1
positive cells per well is observed when the concentration of RA used was
about 3.0 to 6.3 yM.

Detailed description of the invention

Bibliographic references mentioned in the present specification are for
convenience listed in the form of a list of references and added at the end of the
examples. The whole content of such bibliographic references is herein

incorporated by reference.
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Definitions For convenience, certain terns enployed in
the specification, exanples and appended clains are
collected here. 5 "Activin A" is a protein that plays
aroleincell proliferation, differentiation,
apopt osi s, netabolism honeostasis, immune response,
wound repair, and endocrine function, and is produced
in the gonads, pituitary gl@nd, placenta and ot her
organs. As with other nenbers of the TG--R
superfamly, activins interact 10 with two types of
cell surface transnenbrane receptors (Types | and I1)
Defititiéhs have intrinsic serine/threonine kinase
activities in their cytoplasnic domai ns. Bone
Mor phogenetic Protein 4 ("BMP4") is a secreted

coP AL SIS O B A e o

ap;iedd@dodlams BPsolleicted el ved i n bone and cartil age
devel opnent, specifically 15 tooth and linb
devel opment and fracture repair. During verteberate

“ACRURY é@nibﬁmant il Ol{RﬁFrHIaysBlgpflol Sin’ € I\“[:erﬁ’feFé}[ rH?fferentlatlon

establis orsal- 'ventral axis, the
apaiesisf imetabolisrof mmnmmalslaj ugmuneceéd;mnand/vmhmd repalr and

initiation of esoderm formati on durjn tion.
endqSriEdUnaUR and Baragres, MR PTadS. pEw?ﬁ{ga?@wﬁ placenta and
oth@?BFdé#s AslWith %tfﬁar%é‘ﬁb@rsoﬁfl‘rf]ﬂedﬁ? M‘Hér‘?é}nllﬁ activins interact

Il ber at ed when the proinsu ecu e s
WItbmwgzm;pes af Icgellcsluefavedranslmnmbl’anel iaceatars (Tppes il dadi Ih) which
- tj d : :
na; oS, serinehrPen BB dnsterra i BitbE oplassyiidomaips.
i ncreasing bl ood glucose Ievels. Therefore, an

Boh@ Wigr@hegefetic p&nbindae (IBMHEUT)ag td YedrerROpblypaRtidd Beldfging to
increase in insulin production. Even though they

the M RherawP 1B ipdatasrd G osipssfamibeobyidnaling gtakines. It

likd BV Bf\ﬁ’sbqump?lygﬁfﬁeﬁ arnﬁuEgﬁllaq%qﬁlél/éIB h%nt specifically
processed and = eli nl nat e B> PPe

tooth pentllrﬂle dwelwmmfﬁcbr‘ayfrabmréurdmysDun@ weetebbeate embryonic

half-life tide is out m nu ared to
dexspignk BFl5A S AR Hofen PRl REREnt O b8 amraary dorsal-
ver?thegﬁ?x@s tHBI ShebifieaRbn A bﬁmb%apb@ﬂﬂs&élﬁoanén@sthe initiation of
mesoderm formation during gastrulation.

“C-peptide” is the abbreviation for "connecting peptide". It is a stable peptide
which is liberated when the proinsulin molecule is enzymatically cleaved into
insulin and C-peptide in beta-cells. Both insulin and C-peptide are
simultaneously released into the blood in response to increasing blood glucose
levels. Therefore, an increase in C-peptide is directly proportional to an increase
in insulin production. Even though they are produced at the same rate, C-
peptide and insulin leave the body by different routes. Insulin is processed and
eliminated mostly by the liver, while C-peptide is removed by the kidneys.
Since the half-life of C-peptide is about 30 minutes compared to 5 minutes for
insulin, normally there is about 5 times as much C-peptide in the bloodstream

as insulin.
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10 Fibroblast Gowh Factors ("FGF") are a famly of

secreted signaling nolecules inplicated in cel

patterning, proliferation, differentiation, and

survival in a wide range of tissues. There are

currently 20 identified manmmal i an FGFs that are

expressed t hroughout enbryonic devel opnent and in the

adult, and are 5 inplicatedOin a nunber of

pat hol ogi cal conditions. A detailed description of the

FGF famly can be found in W?2004/011621. "FGF2" is a

menber of the FGF famly and is present in basenent
FibrodExst Twth Fxétdrd (tPGFSUMNsl eahey balseeaetédiegib auhgrmolecmes

matri x of blood vessels. It sta nmbr ane-bound
impligaigdds aellepattersingo pselifaeatiope gi aﬂentlattonh@@dbwwvabm a wide

L G g e T

exp‘aeéswajattﬁrcd:ggbaﬂlérgbqaamwr&bm;jmeﬁteendF@FZthet fadelt and are
medi ating the formati on of new bl ood vessels,

impliealedsis & AYMbesof %mleg@ﬁbgpedltlomed@a%@ ﬁeqscylptlon of the
Feﬁgﬁgfﬁan%f% mﬁgéﬁv@&}gob%@l%ﬁg famly of signaling

ules rate many inportant short-and
| ong-range patterning processes during invertebrate
“‘FGHR] iy ar inebter eof dee HGH femily akd ispresent itbdgeimegt membranes

o R o U AN
meﬁ‘ﬁiré‘rlié/ bbUth%se%ﬁ@eJﬂé atHdpe t e rﬁd’OSlEnal r’ki@kidtrde""hlts'ﬁ%@: been

gut [ adder, i central nervous~system uret
hypamemmdartbaxts dLLT[DlgabdtH wyandDihiealing fafunernial H;sﬂumnandrtdmor

rtoli, cell .ecur rs and essed in
devEdprant, (i aBiGR i ReBaBl, shibhat1efitif "Sifyples” dctivates
FGFRhihust raegistihgtthe flehatiors bBRaWi Blgo® ¥ebyély, Mprékesd kndwn as
hi ghly conserved cell signaling syst em present i n nost

angiggenesis-| ul ar organi sns. Notch signaling is one of
the smal |l nunbers of signaling pathways 25 frequently

HARERODerar B RN TRIRR (8L 1 RRRMRo, Sl " sonaling

molee:hlescﬂhmh:ormred'rdteatrianysirbponhsmtnghosteamt dorsg-ramge patterning
procegaensdSdtﬁrllqﬁagt %rv%rtg[)rasfentan%n &er?ebra! gej\yeflggr%ent Mammalian
Hedgehog proteins include Sonic Hedgehog (Shh), Indian Hedgehog (thh), and
Desert Hedgehog (Dhh). Shh is expressed mainly in the epithelia in the tooth,
hair, whisker, gut, bladder, limb, central nervous system, urethra, vas deferens,
and lung, Dhh is found in Schwann and Sertoli cell precursors and Ihh is

expressed in gut and cartilage.

“Notch Signaling Inhibitors” are inhibitors of the Notch signaling pathway which

is a highly conserved cell signaling system present in most multicellular

: erganisms. Notch signaling is one of the small numbers of signaling pathways

frequently used during the development of metazoans to control different cell

- fate decisions. It mediates local cell-cell communications by using receptors

and ligands that are present on the cell surface.
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11 "COct-4" is a nmenber of the POU domain
transcription factor famly and is wdely regarded as
a hall mark of pluripotent stemcells. The relationship
of Cct-4 to pluripotent stemcells is indicated by
its tightly restricted expression to wundifferentiated
pluripotent stemcells. Upon differentiation to
somatic |ineages, 5 the exprlession of Cct-4 di sappears
rapidly. "Pdx-I" as used herein refers to a
homeodomai n transcription factor inplicated in
pancreas devel opnent al so known as |IPF-1, IDX-1 and

"Odvriyiéd a membbr of e POU-dbfaX BafseigtibrofackrTamitand is widely
beta-cel | -s Fe0|f|c enes, such as genes encoding

regpriad pA,a ihallmarkef | rmpqienw@m icgHs. ﬁr@trglatlanahlmkqfeogt 4 to

oofiel ST RS 1 SR M ee simppssan t

undifférentiatedl platipotendBterg @rilst Upbn differsatiation tdeeg®Bbag lineages,
(Shh) si gnal [ Egcjaat hway by binding directly to
thegypresaioraaf ) S@P%@f%ﬁifﬂ)’rel ative of G
pr ot ei n- coupl ed receptors. SANT-1 equi potently
v i i b achivit
P05 BRIty %ol VL ot i
in peroreasptevelopohenh ase ekrdwrerds WBRiL IRMVelandmMddyi4. Pdx-1

corfty Bt eppression,af PALGAAHF el SRsRIscais, Slghnas genes

encﬁi indillini $sIEC YA d&&ﬁégﬂﬂ%u@l@@rmmw 1. Pdx-1 defines
devel opment and 1 s invol I n the determ nation of

panaseatic aelklingagecdifferantiationpat t er ni ng during early
vertebrate devel opmant During the | ate stage of 20

AP RS e M, o A AL SHEPY B Soni

Hefigetodg csnhmlgllmlmmmthWagrw bindingodiesatlyas &uobtfmaﬂf(smo) a
fibrobl ast rowth facaors and bone m)rphogene

disianbrelahve of FoBrolp- d SHNIc & equdpot gty ndipits the
acthRicR F BJIR Wi vi}l%rtgge%%r@{co Eﬁfcei‘.;r%oto rmrmal s, preferably
manmal's”suc L7 kew se, "patient" or

"subject" to be treated by t he net hod of t he
“Shhnviera secretethmosphogen hed hashbeem iroplicated finirsenesahiemsbryonic

devle%opmental processes. It displays inductive, proliferative, neurotrophic, and
neuroprotective properties. Shh signaling is required throughout embryonic
development and is involved in the determination of cell fate and embryonic
patterning during early vertebrate development. During the late stage of
developrhent, Shh is involved in the proper formation of a variety of tissues and
organs. Shh also functions with other signaling molecules such as the fibroblast
growth factors and bone morphogenetic protein to mediate developmental

processes.

As used herein the term "animal” refers to mammails, preferably mammals such
as humans. Likewise, a "patient" or "subject" to be treated by the method of the

invention can mean either a human or non-human animal.
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The term"adult stemcell" is used to refer to any

mul ti potent stemcell derived from non-enbryonic
tissue, including fetal, juvenile, and adult tissue.
Stemcells have been isolated froma w de variety of
adult tissues including blood, bone marrow, brain,

ol factory epithelium skin, pancreas, skeletal nuscle,
and cardiac 5 nmuscle. Each18f these stemcells can be
characteri zed based on gene expression, factor
responsi veness, and norphology in culture. The term
"Cells expressing markers characteristic of the

Theledrib'dduestent edieT i udddeaasger ﬁﬁaﬁﬁﬁ%lh?ﬂit@hﬂ steph @efl defived
cells expressing at |east one of the follow ng

fromenagee@bnmic tissuezimaudingigial.Jupenile, and@dulitissuensdem, cells

o Bl ISl A Sl o BRI R R Gb| Mb! bone
mafedWAbfain (HEMory@pithieliuD8Rin, panéie¥s, skdletal aiuscle; @indscardiac
expressing markers characteristic of the pancreatic

mug@Bodedsh afi Hiesge'stam gelisy aaer &en charasterized kased on gene

- i i rkers:
xRS ek e GRerERR. o piboh Qo th By e T
term"cells expressing markers characteristic of the
Thep dern efells empdesgirhg]enankemeagaracwismedf theer el'eﬁni_tieé arsloderm
inc Sl ERPEHT RSl oFES rEiShsPla i BkRlng e otowng
mahi@fs4s0MaN7 SGATIE4! HNMBab&E, GSOeCkHdNodae! FSF8, Brachyury,
expressing markers characteristic of the pancreatic

Mixe itk homeobioxnpepjeini dixide Ffaind rCRe8c eomrradenairc EOMES),

OKRIEEREF SoRTHENSEA TR 6P o Paney ot

lineage. "Definitive endoderm as used herein refers
Thée dermel"tellsrbxpressiagrmaliers characterstics bf te pancedatis endoderm

. arising fromthe epiblast during gastrulation an .
ineggeq 1S wasch g @%@ﬁ & feks Expentsihcagt leastiong ot ihe following

maﬁ?e{r%:"lﬁai-Y,EI—"rNF-[PSétiaE‘PfﬁFVIGaISEQ,QQRlFE%,C&' 14Bo. express the
ol 'om ng markers: HNF-3 beta, GATA-4, SOX-17,

Cerberus, 25 goosecoid, GKit, CD99, and MxII..
The pefnf écellr expriesaingi markers mhesacteristih oé the peaceeatiseendocrine
. formation cell s, expressin mar ker s, known t e .
inigleh 2. ek hoféin Lo ¥ £33 BrordiomiBh ittt B following
mafkerSENGNB3, NeuroD, Islet- 1, Pdx-I, NKX6.1, Pax-4, Ngn-3, PTF-I alpha or

C-peptide. Cells expressing markers characteristic of the pancreatic endocrine

lineage include pancreatic endocrine cells, pancreatic hormone expressing

cells, and pancreatic hormone secreting cells, and cells of the R-cell lineage.

"Definitive endoderm” as used herein refers to cells which bear the
characteristics of cells arising from the epiblast during gastrulation and which
form the gastrointestinal tract and its derivatives. Definitive endoderm cells
express the following markers: HNF-3 beta, GATA-4, SOX-17, Cerberus,
goosecoid, C-Kit, CD99, and MixI1.

"Differentiation” in the present context means the formation of cells expressing

markers known to be associated with cells that are more specialized and closer
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to becomng termnally differentiated cells incapable
of further division or differentiation. For exanple,
in a pancreatic context, differentiation can be seen
as the progression of pancreatic endoderm maturing
into functional hornone secreting endocrine cells. 5
The term "enbryonic stemcell” is used to refer to the
pluripotent stemcells of 'Bhe inner cell nass of the
enbryoni ¢ bl astocyst (see US Patent Nos. 5843780,
6200806). Such cells can simlarly be obtained from
the inner cell mass of blastocysts derived from
to bBeemhing eelninallg | differdntiatrf &ellé Sieapable ©X afiipther diﬁsmn or
Pat ent Nos 5945577, 5994619, 6235970). 10 As use
differeptiation.tfipr exarmlag@ a prngreatic| C%@xtneﬁferw@laﬁ@necm be seen

as ﬂ{ﬁ F)p:?qr%gé bn 6f ancrlﬂi’gﬂ& I%nd‘a@%e l*%gug@?lg&é gﬂ%@ﬁ%am‘a‘mone

can r'se to
secpétmgasndddnmeo&dllb. vv| thin a hereditary schene of
devel opment and differentiation. A |ineage-specific

b5 Hernesl R, b EEFLOhPoblan st o
the grfmér”éélf ﬁr%%s%?dh&@?n&%%%lla&t@cﬁ%éé LtJé?EPatéﬁt Nos. 5843780,

fferentiation of an"uncommtted cell to the |ineage
6209806t SrebtcellFhean similarly bel obtanmqwm rtbé énpet celt ehhss of

o) tlve ene ex res |on for.the. transcription
blagth VB el il EomEle G Rleleaf wfiSrerc(sBR; 10" BbniBley US
PatBAf b8 5@%5WC$%461&.}3'6Q3997@P| ypeptide nol ecules that

are differentially expressed in a cell of |nterest I n

this context, differential 20 expression neans

As psed bgealn, thevineags” of ayeell defiresthiadesredity Oétfwe@qzlba@ednlhlch
cell%: ‘?tvgzimé‘?forﬁ' a'ﬁﬁ%ét\’@ellggf Jg%ﬁ glv-ghr‘cr‘séj{‘abt ef‘?‘ltealme%gleec\’feé c8i places

rker nuclerc acl peptide |
thesqélf |V¢|tmntbyhdmeglitary cschbmseloﬂ de\tdh@pmeht sarmtf difféarentstion. A

IneB AR APECTICRAES TElRER S P BT AAN SN EPorgF b AP PPiatd with the

pheotfe ©F!delisUst Bgllri’ébgTeOBf @nt\é?ééteéﬂd HanMBk NGk 'fé‘%%e‘s@ the

the art. 25 "Matri | aborati ve Research,
differeptidfion dfalvwconvmlteda:eﬂdnﬁheakneage(ohmhareﬂ mat r i x and
associ ated materials derived as an extract of nurine

ThéJ ?@rﬁv?n@tncleﬂq m%gﬁg 5§{$9% \?}) rl:%ﬂs Otk ip%tsitir\]/g é)éneed %&nbr%%rs]ltow for the

transcription factor Pdx-1 and C-peptide.

The term "markers" as used herein are nucleic acid or polypeptide molecules
that are differentially expressed in a cell of interest. In this context, differential
expression means an increased level for a positive marker and a decreased
level for a negative marker. The detectable level of the marker nucleic acid or
polypeptide is sufficiently higher or lower in the cells of interest compared to
other cells, such that the cell of interest Can be identified and distinguished from

other cells using any of a variety of methods known in the art.

“Matrigel™” (Collaborative Research, Inc. , Bedford, Mass. ) is a complex
mixture of matrix and associated materials derived as an extract of murine

basement membrane proteins, consisting predominantly of laminin, collagen IV,
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heparin sul fate proteoglycan, and ni dogen and
entactin, and was prepared from the EHS tunor

(KIei nman et al, (1986) Biochem stry 25: 312-318). The
terns "pancreatic endocrine cell™ or "pancreatic

hor none expressing cell"” as used herein refer to a
cell capable of expressing at |east one of the
following 5 hormones: insdfin, glucagon,

somat ostatin, and pancreatic polypeptide. The term
"pancreati c hornone secreting cell"” as used herein
refers to a cell capable of secreting at | east one of

hephafif sulfatedprdl8odl9tam el nidBgeh iahd @{tu@tag erhd was prepared from
somat ostatin, and 8ancreat| Cc pol ypepti

the: Eﬂ’i%ﬂim@f dtleipan g alcél%@)ﬁmhﬁmléﬁx@ﬁ §18e?r1|8)nunber

10 "Stemcel Il s" are undifferentiated cells defined by

Thée gﬁkﬁs ngQnIcPééf (?(Pfgm%' [*€rC ?ahcréag%erlnoﬂ%rl%owpreesﬂng’ cell”

new and ren late uce progeny
as used helienyrefeetd aroeﬂ e)alpaglqoofoagpqmesmng at heast veeeafithg following

rogenjtors, and term nall erenti ated, cel |
horBoDB g Boafary SE aRbER: Sl PBYCTeRES PONPEPIS t o
differentiate in vitro into functional cells of

The/ ?érh@uﬁar%ﬁbbtl& IHoPRBAS §éd?€ﬂ|r'|'@“cbllp|a§ UsedIREFBIH B¥RITS to a cell
(endoderm nesoderm and ectodern), as well as to give

capableof secneting iaideast ong of thefallowing hpenenes insulimgglucagon,
tran I ant(ixtl on_and ti\(f’cont“ bute substantially to

t8§ Nt Al lpagf.:reatlpl thSI | owi ng injection into

bl astocysts. Stemcells are classified by their

"Prolfgritiopmeiticdted @hdntreake &s cell Aumbet. potent, 20
neaning able to give rise to all enbryonic and

~extra on| ceII_ ty es: (2) | urj potent, meaning
Sigh £ote Fevandifierentiated '%@W BYLBPY aBjjat thesingle cell
Iev%ﬂjolt bBe §8Ff—-renéwaéﬁd‘@|ffﬁ?bﬁtléte © H%ddc%ep&%eﬁység?%eﬁn&udmg

I neages, but all wthin a particula i ssue
selferegamwingr pntqggndow@ cabnggeewmg(fmrog&ratqjse, and terminally

.hemat emcIIs rodu r.pgeny, ..

iSRRI 1<RS: ke <. Srendleal phamdtiEad i 389F Hbiity to

diffeptibtec ire dit@) irﬂ@ﬁ@h@ﬁﬂndwfdwgrbftwrﬁ)u%né’elﬁhhe@gﬂsl frowP @sultiple
and elenents (e.g., platelets) that are nornal

gerguipyene fesdedernmhemprederm and) egprdgapbtaswellns e @ive rise to
ussEBhSef SO, SR RS R SR 8 e
substarntiiignd maostgif nopalhhiseué9 fdioweng irjection intsblagtoeysel |
i neage (e.qg.

Stem cells are classified by their developmental potential as: (1) totipotent,
meaning able to give rise to all embryonic and extraembryonic cell types; (2)
pluripotent, meaning able to give rise to all embryonic cell types; (3) multipotent,
meaning able to give rise to a subset of cell lineages, but all within a particular
tissue, organ, or physiological system (for example, hematopoietic stem cells
(HSC) can produce progeny that include HSC (self- renewal), blood cell
restricted oligopotent progenitors and all cell types and elements (e.g., platelets)
that are normal components of the blood); (4) oligopotent, meaning able to give

rise to a more restricted subset of cell lineages than muItipbtent stem cells; and
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spermat ogenic stemcells). The term"tissue" refers to
a group or layer of simlarly specialized cells which
toget her performcertain special functions. 5 The term
"two-di nensional (2D)" refers to a 2D culture system
for differentiating stemcells into pancreatic and/or
pancreati c endocrine |ineages. It involves culturing
cells on flat plastic-ware18d can result in a
nonol ayer of adherent <cells or layers of cells that
may be several cells thick. The term
"three-dinensional (3D)" refers to a 3D culture system
(5)t mbofeeﬁermé%nglgbtéﬂrt@e gileBilsd apala edivdle OBERNfifeddtat(e.g.
normal cells in vivo experience where they are
spes@ainaanit stesueellinded by ot her cells, rrenbr anes,
fibrous layers and adhesion proteins. |nvolves
3 b I d
The bt et PErefE 0 8 ouprts Byghgfgéb'%*ﬁﬁds@é@%v. el which

togethies perfokh ideetdin spédial fanttiond.! appreci ate that the
pr esent invention nmay be 15 practised w thout undue

er ation a ding to t net hod |ve ein..
The HEm P RaEensBoRh e sothrt . AR EaleamBlers Toe SuprFipting
stel'nn ckli® ikl paREesic Shy/BP ﬁ%fncféé'—ﬂ@ Bhab&HH ﬁmbagéé aﬂdﬁWEilves

bi ot echnol ogy and nol ecul'ar bi ol ogy text
culvniagassiiscen dlat tpiesticrwarenand reamresadt int Bemenokayer oﬁladidaerent
a net hod ieh, i 20 optim sed for differentiation of
colf gk of Spli il eniCoE Ry B A Bickpt | de- and or
Pdx-1. The nmethod conprising the steps of: (a)

Thé tritifthir@-GinfsAsieNdI § 3D relfgrsitb @F 8DCRuIRFe 8YsteRPHat P8Sembles
extracellular matrix; (b) culturing the stemcells

threm dimensional @nvipepments that nermakeells Brdve exeenerw@dwbme they
t
aro PR b2l 885 T el ot ABLY oy anc

adheslidrs podteimisn didmfml&es sduﬁpnﬁ@)the reedls ih ehsde-dinee st deaffolds

um co | east tl\unA (d) culturing
tha Ff'gle&éﬁ pQr %" P!ﬂﬂyﬁ@p '@V"P‘H at least one third

medi um
A person skilied in the art will appreciate that the present invention may be

practised without undue experimentation according to the method given herein.
The methods, techniques and chemicals are as described in the references
given or from protocols in standard biotechnology and molecular biology text
books.

In one aspect of the present invention, there is provided a method which is
optimised for differentiation of stem cells into cells expressing C-peptide and/or

Pdx-1. The method comprising the steps of:
(a) culturing stem cells in the presence of at least one extracellular matrix;

(b) culturing the stem cells obtained from step (a) in at least one first
medium comprising at least BMP4 and Activin A to obtain definitive

endoderm cells;
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conprising at | east one fibroblast growh factor
(FGF), retinoic acid (RA) 5 and at | east one
i nhi bitor of hedgehog signalling to obtain cells
expressing Pdx-1; and (e) culturing the cells obtained
fromstep (d) in at |east one fourth nmedi um
conprising at |east one inhibitor of notch signalling
to differentiate cells expgBessing Pdx-1 to C peptide
producing cells. 10 The stemcells nmay be of human,
nouse, primate or rat origin. In particular, the stem
cells may be of human origin. The stemcells may be
88| antueielgfthemels bbbdinedror 3tep 8)EIM ftabast orieetétorid ATBdium
cells, or adult stemcells. In particular, the stem
celGamprging at lﬁaséﬁﬁtlyﬁﬁrﬁc origin. More in parti cuI ar
the stemcells may be human enmbryonic stemcells.
fere a I f u r

et SRR LR FORT st 1B i af Bas? o b
f eestanprigihat amlasistbméﬂbmﬂhési drowthufaetor FOR), retiewihacid (RA)
i nvention are described in W2004/ 011621 Ii;t he whol e.
corfht e One; dnhikiereiqf NREBENREY a¢ignakjpg to obtain cells
refg,{ BEEha PHIET - SiRm cells may then be harvested. For

n‘pﬁ% t%e stémcells may be harvested by treatnent
vvlth coI | agenase |V 20 when they becone confluent. In
b culemingrthet ¢&llsc@btamada§yomestbar (dpdn adi leastdene fourtf medium

RIS SR MROTE IR SH000  aaraye o

| ncoxpressihg Pdwy1 ke Cepaptir) prodlgingatensst ed cel I's nmay
al so be passed through at 1east one cell strainer to

retain the |large colony fragnents. The pore size of
The ptene &ells Mayabe of Sumasd Meyse, pemate gsdat origio. ipartigular, the

ste%e@qngpﬂbgqq Jan bhg In particular, the cell

al ner ave a pore size of about 100 NM 17
The | arge coI ony fragnments nay be cultured in the
Thqmsteremmlscﬁawbeeseleate&i framaany rmitenhbtrymhiccﬁerrayeltae fetal stem

el ect up |st RI GEL rowmh .
celR o ¥t SR AIRTIE BErdRat, dhPrstam &R ool efibryonic
ondlﬁ RRF irpplém&ma? hﬁels@éraebells%@ﬁuefhmm@ﬁwbrmﬁc 8Rm cells.

cultured in the presence of lamnin or fibronectin.

The undifferentiated stem cells may first be cultured in at least one medium

comprising feeders. The feeders that may be suitable for use in the present

invention are described in WO2004/011621 (the wholé content of which is

herein incorporated by reference). The stem cells may then be harvested. For
example, the stem cells may be harvested by treatment with collagenase IV
when they become confluent. In particular, the cells may be harvested on day 7
after passage according to the method described in WO2006/083782 (the

whole content of which is herein incorporated by reference).

The harvested cells may also be passed through at least one cell strainer to
retain the large colony fragments. The pore size of the cell strainers used may
be about 100 uM, 70 uM, 40 uM and the like. In particular, the ceil strainer may
have a pore size of about 100 pM.
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5 More in particular, the stemcells may be cultured
in the presence of fibronectin for at |east 2 days
substantially in the absence of feeders. The stem
‘cells may be differentiated into cells expressing

mar kers characteristic of endoderm i neage by
culturing the stemcells in the presence of BMP4 and
Activin A In particular, tlfe BMP4 nay be used at a
concentration in a range of 10 10 to 200 ng/m, 20-100
ng/m, 30-70 ng/m, or 40-60 ng/m . Mre in
particular, the BMP4 may be used at a concentration

Th&farg@ @elorfiOfraghehts rhag bcEdlired An ey grééférid:%eé* a@t eftracellular

concentration in a range of 10 to 200 ng/m , 20-100
maiiy whichgpay e sgjeeted fmmmgmpng;wlstlmfeMM’ RIGEL™, growth

r ’ bV t
facRE bt MATRGEC L bMutinn3ha ARRENE I padicpiar, thg Jaroe
colbme frigamerite | rhay ey cbftuﬂald trwtml présetice easamnn:e i filsronectin.

medi um conpri si ng and Activin A at

Mo i BAHICHET Gie ORI Y g SHItuse i 11 prasence oS fibgonectin
forgﬂé%st El?n%ﬁts%gbfa%lth Wetgifé'%ng o?%édg gd in at |east

secon um co O vin Afor at |east 4
days. In particular, the stem cells may be cultured in
The Bem zellsmayrtme diﬁfe'remiateximﬂd) sehge)eprteissing mafkars ¢harmacteristic

of GRS InERGs Y LGNS, e SHeihikeNs 8 tPr HSeRes GhEMPS and

Acl‘mﬁfw |8 ipagtictiiar, @RS BMP thdy e Ql%bésatt agé@Hﬁéhtrfa%%% arange of
(F retinoic acid (RA) "and | east one i nhibitor

10 &0 2ﬁ@&"@éﬂﬂ)32%1 190 41g/mh 30- MmgmeraﬂWG@GQ/mhrMbge nepasticular,
theEMEAER B2, debelat F kR arirarphor Bl 50 simltiie Antiyn pumay

be lmsed atlat cdnscemﬁatl@hnat@rbrtdéaéf 101¢o 2@0I WY/ FEB-108Md NI, 30-70
rs may have differential efficaclies in the

ng/mlawre‘bo RBt pe/ay. Maret inpparticgfars 4ae | Activimifergayele used at a

[ rentiation nethods described
coﬁ ?ra%ﬁ O?wafwjhé{rﬁlrmre 18 FGF famly nenbers may

be used at a particular step during the
Mode fih padiauilar ithen stemh celie nsae becalliusgd in at peadtiong fnst medium
use |n dlfferentlathgn of, stem

|
copBfisBaBMPA dhecAt Bt Math Soagstiration e ol shrng el Jor at
leaBE3WRQY. i n the

The stem cells may then be cultured in at least one second medium comprising
Activin A for at least 4 days. In particular, the stem cells may be cultured in the
second medium comprising Activin A for 4 to 7 days with medium changes

every 2 to 3 days.

The cells may then be cultured in at least one third medium comprising at least
one fibroblast growth factor (FGF), retinoic acid (RA) and at least one inhibitor
of hedgehog signalling. Although any FGF family member may be used to
practice the methods of this invention, in particular, FGF2, FGF10 or FGF18
may be used. It is anticipated that the various FGF family members may have
differential efficacies in the claimed methods. Multiple FGF family members may

be used during the differentiation methods described herein (e.g., two or more
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differentiation of stemcells at a concentration of
about 50 ng/m . 5 The inhibitor of hedgehog signalling
may be a Shh antagonist. In particular, the Shh

ant agoni st may be selected froma group consisting of
AY9944, Cycl opam ne, V. californicum

Cycl opam ne- KAAD, Jervi ne, Purnorpham ne, Tomati dine
with HCl and SANT-1. More i'® particular, the Shh
antagoni st may be SANT-1. For exanple, SANT-1 may be
used in the differentiation of stem 10 cells at a
concentration of about 10 NM The stemcells may be

FGrstfhtntn geinBetdmhdybe dsa@dit npHEomar st dlﬁﬁ'r_z e éﬁ’l@b@ntlatlon
ny/m RA atatyabout 3 pMn%nd SAI\I'I'G?g out

of th@rst%m qedlak tin pagtiganiFGF maydbe Hﬁe%ahglf@r@mat@nzoftsdem cells
at g%ﬁcehﬂaf?@rﬂtﬁ ‘F(% mﬁ hﬂopglul, }a‘?@m{% SFéf—'grgSy@é/ used in the

ess markers act eristi end

dlffénemmatj@n olVbteen cell_spat & icontentratidreof dfputdOkey/ml.
characteristic of the pancreati c endoderm | i neage may

il ssbeheg dasFing e SRS b, Wnadpuar, e
ShﬁbQHfag%n%M m& B?dééiabt‘éhaffﬂﬁﬁ %Vgéa mﬁt Eens?‘isﬁ’ﬁ%sof AY9944,

positiv | s may be treat h a st one
CymlommlrteorVofcahimrmbum gbydlopaming-KAAEh Jervins, t Burmdrphamine,

TRt 5 JAEE bl Bebiel b St it moy

be WTMVEFdfeé)la?nﬂéf B@(N?ﬂ-tﬂ il sk h@e@ |ﬁetﬁé'd1ﬁelférnﬂgﬁ(9r'\ ™ stem
I's conpared to the popul ation of Pdx-1 positive

celb@tlascmq'emnaéﬂmoétabngt 1@ @Mc- pept i de produc:| ng cell s
that may not be treated with the notch inhibitor.

DS S N0 Bl ST 85 0455

ng/mmhRA lababuuwhﬂvltamﬁsamhmamamuv atuM)rionoét as? B days with
| east 10 NM gartlclar ni coti nam de nmay be add

mepb’é‘éﬂ'i‘@ﬂ%ﬁﬁ\’em ys: ARiRaArtigHar, g Po‘i’é'so?t s é}age may
exp&@@s R4rRErd éﬂBrQbfe‘ﬁEtlc 159 thd @ﬁ ggérrrjr Ilﬁéﬁ?é | MBre Fértlﬁﬁbér the

e cultured in at [east one our um conprising
magkanhasaaeasticsef thehpdnicreaticermtodermdimeagermay be Rdx-at
| east 10 pM and nicotinam de at a concentration of

Tnd S8 ey PRt ®lcedlhet T he Mr oo BBling i EE i it 0

ng/&fl and SANT-1 at about 1 uM with medium changes every 2 to 3 days.

Pdx-1 positivé cells may be treated with at least one inhibitor of notch signalling
(Notch inhibitor) for at least 10 days. Treatment with the Notch inhibitor results
in increase in the population of Pdx-1 positive cells differentiating to C-peptide
producing cells compared to the population of Pdx-1 positive cells differentiating
to C-peptide producing cells that may not be treated with the notch inhibitor. In
particular the notch inhibitors may be gamma secretase inhibitor X and/or
DAPT. For example, the notch inhibitor may be used at a concentration of at
least 10 pM. In particular, nicotinamide may be added together with the notch
inhibitor, before or after the notch inhibitor.



10

15

20

25

5 pancreatic endocrine |ineage. Mdre in particular,
the marker characteristic of the pancreatic endocrine
| i neage may be C-peptide. C peptide |level nay be used
as a neasure of the presence of cells differentiated
into pancreatic endocrine cells or beta-cells.
Because man-nmade (syntheti c) i nsulin does not have C
peptide, the presence of Cl¥eptide in the
differentiating cells of the present 10 invention
confirnms that the C- peptide may be produced
substantially by differentiated beta cells. In
ThelrRder pasiestcalls iy WeeTafttirdd\ienatl Rastt bd oufth medium
provi ded at | east one nethod of identifying at |east
COrBpIiSing @asMaHacraiasal iBhbior X akacerncantigtionfofsateleast 10 uM
[ a
anogﬁdggggr m a‘fez-J EBn@éﬂFaﬁﬁﬁ Bg?ﬁgﬂtkigsrg&g%r §¢ fea (52510 dé)ys. In

|neage conprisi ng ps ©

particllayr theg edllsl @asthionstage! mayopnpaissomarkerard@racteristic of

according to the present invention, in the presence
pangreafic ¢ ””@n‘li‘qa@@t Morgfn patticutas ﬂ'led“@éketf@?é@te&ﬁlﬁ of the

pardiéatkOBRE5E aﬁhéeé e?ﬁ‘%}/ ?%'@'Bfegflgé he. éﬁetld%. feQe{ nfag be used

presence an rein a
as armaedstirecokethecprasenbe o:llo‘e‘llerchiﬁeneatlamd into iphacwaelseemrﬂ)cnne
of O, the factor of interest is.indicative of the
ool o PRIA-CalS e GHusS: A Sada, Y riats) RSN dReR NGl ave C-
pedti?d% Qhéf&égé‘ﬁé@tdf C(‘i‘-p%fptlél@elnsﬂm‘é”liﬁ%\'érﬁratlhp Sallst bF ltilné‘rpresent
factors of interest may he tir
Invmtm afonfighsf thatntheat Cgpeptiler eayn hearproduted | subséantlally by
ef f the factor of interest on the
duffgrep‘fgfeéﬂe?tgtqegﬁ of the stemcells into cells
expressing markers characteristic of 25 the endoderm

In drictieargfs By obtheOpredeREIAVENtiOTR ARt iB Pravidbe as leddiBne method
i ncrease or decrease of the markers characteristic of

of ifgetifyingorideast Prrfrfor gt enedylatss differgntiation Ké stam ivedls into
colf b esHo el b BRG] iikle ddhiio e

step$afn| ng, ELISA and/or RIA. 20 For exanple, the
mat hod for measurenment may be i munohi st ochemi cal

LS e b LSRR 20 B Sresem
invé’htfdrﬁrﬁEHé Pfds@RAce of at least one factor of interest to be tested: and

(b) comparing differentiation of the cells in the presence and absence of the
factor, wherein at least one difference in the differentiation in the presence of
the factor of interest is indicative of the identification of at least one factor that

modulates the differentiation of the stem cells.

In particular, the factors of interest may be added in the first 6 days of
differentiation. More in particular, the effect of the factor of interest on the
differentiation of the stem cells into cells expressing markers characteristic of
the endoderm lineage may be obtained by measuring at least one increase or
decrease of the markers characteristic of the endoderm lineage. More in
particular, the method for measurement may be RT-PCR, northern blot, in situ

hybridization, Western Blot, immunohistochemical staining, ELISA and/or RIA.
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I n anot her aspect of the present invention, there is
provi ded at | east one nethod 5 of identifying at

| east one factor that nodul ates differentiation of
stemcells into cells expressing markers
characteristic of pancreatic endoderm | i neage
conprising the steps of: (a) culturing at |east one
cell popul ation prepared a rding to the present
invention, in the presence of at |east one factor of
interest to be tested; and 10 (b) conparing the
differentiation of the cells in the presence and

ForaRxaRfpfe Othd NBetHodC o rMéadurbriePst mayhpe eimimahohBesdhemical
one difference in the differentiation in the presence

staging. hin fRestigilar, sthenwedlat May b stainedidat | Pridatangn Seix17 for
ac%ts?kgren fcﬂﬁ’é nuhﬁ&ﬂ nodul at es t he

|ono e stemcells. In particular,
factors may be added in days 2 to 12 of

In ahidther aspachbf the prgsent inventldn, thetd isyrevidet fat leefst ené raéthod
ofIFjﬁ%ffyactor on the differentiation of the stemcell

g alleaghone fagtay thah meduates Hiferentiation of sterp ieells into
celR2Epréddi H%gk*@r%méh'a%gﬁsﬁ@yopep J&t?é&'id“eéjncféﬂteﬁm lineage

measur 1 ng ‘at ast one 1 ncrease or decrease
comprising $he stegrsaaft eri stic of the pancreatic endoderm
| ineage. More in particular, the nmethod for

(@) (R E Jestht R AT R —
inveéhidiiféhe ﬁés@ﬁcé%ﬁé@fea@l One ’Fé&toﬁéﬂﬁi&r@st tol BteteBrd d) Afhd

for measurenent may be i mmunohi st ocheni cal staini ng
particular, the cells nmay -be stained for FoxA2

(b) &gmnﬂrmgdﬁeﬂlﬁf@fenb\emgf the cqunertegtnr@semm@i absence of the
facfarféfe{n?é}rels?t\kﬁ&elrl 3t 302 :I.thgﬁe Qﬁﬁ&%hcgfmtthg @Ff?ﬁe?ﬁlatlag in the

I nven provi ded at [eaSt one ne
preséncelenthd factar |aund|eatate ofnthefidentificatibatof b tedstione factor that

fer nt| t|on stemcells into cells expressing
mOﬂH[%% '@??%10% %?teﬁhﬁ%#seatl c endocrine |ineage

conpri si ng the steps of: 21 (a) culturing at |east

In paticGRir) fd@%?@'rﬁby% BHG@@W@@@@&@'H@Q& Glffelf'@ntfﬂti%ﬁe'ﬂﬁore in
i nvention, in the presence of | east one factor of
a

partlgulgf dbe qfﬁecb@f etor oa]rtae(cbf)‘er@ohgmn abthersiem cells into cells
exéjrggéiﬁé é#k%é‘%gzﬂaroafctél%“:ncc&J Jh% bé}lérggﬂg eRa6d&m ‘?’neage may be

absen
obtained by measuring at least one increase or decrease of the markers

characteristic of the pancreatic endoderm lineage. More in particular, the
method for measurement may be RT-PCR, northern blot, in situ hybridization,
Western Blot, immunohistochemical staining, ELISA and/or RIA. For example,
the method for measurement may be immunohistochemical staining. In
particular, the cells may be stained for FoxA2 and/or Pdx-1 for accessing

pancreatic endoderm differentiation.

In another aspect of the present invention, there is provided at least one method
of identifying at least one factor that modulates differentiation of stem celis into
cells expressing markers characteristic of pancreatic endocrine lineage

comprising the steps of:
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factor of interest, wherein at |east one difference in
the differentiation in the 5 presence of the factor
is indicative of the identification of at |east one
factor that nodulates the differentiation of the
cells. In particular, the factors may be added on day
10 and after and the cells nay be. stained for Pdx-1
and/ or C-peptide for assesding beta cel
differentiation. More in particular, the effect of
the factor on the differentiation of the stemcells
into 10 cells expressing markers characteristic of the

(a) RAUNGFiAg! 4tC iRt srd Bell | popRAdONRYepdied oddcdirding R the present
measuri ng at | east one increase or decrease of the

invertiare i thecprasgpee of 8t leasbene frctprelinteresidtodiiestadi @nd
l'ineage. For exanple, the method for neasurement may

o oo SRR 1 od SRS A g o
factmmddfointerest, Wlﬁ\enegﬂatdelésironé eferehbedn Jtﬁefd]fferentlaltlon in the
nmeasur n may. e | no st.ochem ca talnin n
prefgnes e Ihe actarus THIEHME FiheriRaacaln o mhledse ane factor that
mod ﬁﬁét(ﬂﬁgi‘aerﬁtlﬁflbﬂofw&ellsn particular, the cells
may be stail ned Pdx-1 and/ or C-pepti de for

assessing pancreatic endocrine differentiation.
In pasticuigr, Abevfagtoksr mby pedarddad orday HO and/after and theneelisanay be

|l der st ood, t
staflso, oL ] SRS Gakme AL IRE oL o By iy More
in gdrtichibE the adffedh of ARl fadter BAtthe Hiksrénatatioh BE thd Bidm R@lls into
of the present invention. EXAMPLES Standard nol ecul ar

cells; %%@%ﬁlm@mmkqwe@a(a@mstm of the pancrgatic gpdocrine lineage may

oo SEEEPSH [badiTREIADBLR! S, BEHRELLY AN 58 maker
chathoteristic oAtheibanabatly eMaoornhe likehge Fpaor exganplel B method for
Labor at or%gyl\lew Yor k (2001

meBRRPORICSY RS RTPGR| HOBSi blot i Sl BYGUAIFatan, eWester
BIOEQHmur‘lcﬂ'ﬁs Hgl%ﬁlcgqgef?mhﬁv‘mﬂ QEQ@Y/ AMEP %E?fag,ﬁtge method

rom SCe Internatio I hgapor e
for r menesEmenti vayhdreaimmunohistochemical stalnlng in particular, the
method for measurement may be immunocytochemistry. More in particular, the
cells may be stained for Pdx-1 and/or C-peptide for assessing pancreatic

endocrine differentiation.

Having now generally described the invention, the same will be more readily
understood through reference to the following examples which are provided by

way of illustration, and are not intended to be limiting of the present invention.
EXAMPLES

Standard molecular biology techniques known in the art and not specifically
described were generally followed as described in Sambrook and Russel,
Molecular Cloning: A Laboratory Manual, Cold Springs Harbor Laboratory, New
York (2001).
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5 enbryonic stemcell Iines ES1035, ES1049 and ESI 051
were used to confirmthe results obtained fromthe
HES-3 cell line. These cells were cultured on Otec
feeders in hESC nmedi um consi sting of KO- DVEM 20%
Knockout Serum Replacenent (KOSR), 1 x NEAA and 1 x
L-glutam ne. Otec feeders were obtained fromES Cell
International Pte Ltd (Sindgdpore). Ortec feeders were
10 expanded in DVEM 10% FBS and 1 x L-gl utam ne.
Feeders were irradiated to arrest cell division a

pl ated onto gel ati ne-coated plates at 2 x 104/ cnR

Exgmigle ght before the hES were plated on top of them
Al i culture reagents were obtained fromlnvitrogen.

The cells were cultured at 37Cin 5% CQ2 in a
Humanrikmbrvegic fem Gelllavfiffe i ncubat or. 15 \Wen

confluent (approxinmately 7 days after plating), human

Thé ﬁpﬁéh”émbéicﬁm sfe‘?h 'c%ll%é%téeﬁkrﬁgbawmhh@éaw |, was obtained

enase type | I nvitrogen)
frorgeES ﬁ)estlcirupmatlohfal tPte bkidr {Singapeia)gand,c eépresentatiee . human

el LSRR 2o 509 AR LT Al e

reslit e @BRAhEL WRING tﬁ@ﬂ-‘l@@g‘eél@l Ilﬁ@dTthé”c%iI@QvéfB cultured on Ortec
fibronectin coated nulti 20 well tissue culture

feegeesstin chipbat sediumft cessistris afuKQIPMEMdi 2 Kneckeutl Serum

RefBFRmenb TKERE |tk NRAA St dokpaBiie . g ectets were
obtérn@UVfranAE\g Uéllalhcbmfatldi}%ltPt%N% SingAoRY P IR fedelrs were

kers of 25 definitive endoderm were exan ned.

exmﬂdﬁd.ln DMEM B4 B aadatiyddalutaming keegderswere lrraﬂ;ated to
1 Q3,7 ! a
a3 B8 SRR Bl GERPEedhe gt 490 el Byermion
befors the hES wele platet bn topof thiernf lesulture oealgents veerelgbtained
frorﬁlemvgmqezb g{e\zllytgllsﬁ vya@r}gcgslﬁtﬁ%gt %4NM é&ztiH rée humidified
tlssﬁer@?ﬂtﬁ?@‘r&%baﬁﬂm in RPM 1640 (RPM)) for 3 days 5
owed by treatnment with Activin A (50 ng/m) in RPM
I .

When confluent (approximately 7 days after plating), human embryonic stem
cells were treated with 1 mg/ml collagenase type IV (Invitrogen) for 10 min and
then gently scraped off the surface using a cell scraper. Cells were passed
through a 100 pM strainer and the large colony fragments retained. The large
colony fragments were resuspended and re-plated on fibronectin coated multi-
well tissue culture plastic plates in fresh hES culture medium. The cells were

incubated in this medium for 2 days.
Example 2
Formation of Definitive Endoderm

The effects of Activin A with and without BMP4 on the expression of markers of
definitive endoderm were examined. Activin A and BMP4 were added to a mix
of cell lines, ESI0O17 and ESI035, of Example 1 after the cells had been washed
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2) 50 ng/m Activin A and 50 ng/m BWMP4 in RPM for

about 6 hours followed by treatnent with Activin A

(50 ng/mM) in RPM. 3) 50 ng/m Activin Ain RPM. 4)

10% KOSR in RPM (negative control). 10 The cells were

cul tured continuously and a sanpl e harvested daily.

The nmedi um was changed every 2-3 days. Real -tine PCR

was performed as described3in Exanple 9. The results

are shown in Figure 2. The conbination of Activin A

and BWMP4 evoked a time-dependent increase in the

expression of Sox17 nRNA in the m x of ES1017 and
twideSMafie RBS$ | Houpegroups ofl zellbewéid hed élatsed®fin four different

differentiation (Figure 2A). Sox1l7 expression was
condifigiged t he qui ckest when the cultures were treated

with BMP4 and Activin A conpared to cells that were

gL [SPRYY 7 A ' a

1) 50 FRURRALLIR L2 29 ik B At o LR AR FRRASREET 1 x
GludapaigMP4 NEAZe 1cn BrremeechptoethidaobichRPMiu1 648 (RAKII)) for 3 days

follPq B drRaL L MUBAAIIN b (26 NGB)4P B BPa pul sed f or

3 days. The cells treated with Activin A only, had a

2) waglnﬂﬂpét%ﬁhc&hooéo FYhIBNES In RPXIG0PAbd kS hours followed by
differentiati on when'the rel ative expression of Soxl1l7

treatawart adthi Activimai (30rng/mhgnd¥PME treated with Activin A
only thus indicated a relatively leisurely

| A . The additi f BW4 did not
) S hORDHANE AT FIE,; o or e 2datLon © i d no

to grea ct FoxA2 expression which
gradual ly increased up 25 to day 10 in all conditions
4) 1P HOSRIB)RPVhéneyativeicontrond st ronger expression  of

Sox17 within the first 3 days of differentiation

t that tivin A i 4 nbi nat | i th BMP4.
T GilE: e rulFep Eistshe A a IR (Rt g Aglh- The
me@lfum hWaBNcIRiRgeo B EnS 12631 §4)d. SREAI-GREI POR gassEfiRhEd as
Exanple 3 In order to confirmthe results of Exanple

desgribgd|in Fxeaple Ondhe dasults asephawreint Figerends per f or med
using cells lines HES-3, ESI014, ESI017 and ESI 035

Th% &ﬁ{ﬂubriﬂg%?cfﬂgbfﬁr&é\/e@aﬁ( {aﬁéﬁ%@tﬂr QUBELE thifis R pWREENE &R ase in
the expression of Sox17 mRNA in the mix of ESI0O17 and ESI035 cell lines for
the first 3 days of differentiation (Figure 2A). Sox17 expression was induced the
quickest when the cultures were treated with BMP4 and Activin A compared to
cells that were treated with only Activin A. Sox17 induction appeared to be more
sustained and slightly stronger with the 3 day BMP4 pulse compared to the 6 hr
pulse. The highest expression of Sox17 was on day 3 of differentiation when the
cells were BMP4 pulsed for 3 days. The cells treated with Activin A only, had a
weak expression of Sox17 until day 6 of the differentiation when the relative
expression of Sox17 reached its maximum. The celis treated with Activin A only
thus indicated a relatively leisurely differentiation pace. The addition of BMP4
did not appear to greatly affect FoxA2 expression which gradually increased up
to day 10 in all conditions (Figure 2B). The sustained and stronger expression

of Sox17 within the first 3 days of differentiation suggest that Activin A in
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conditions: 1) 50 ng/m Activin A and 50 ng/m BMP4 in
‘a culture nedium (2% B-27, 1 x dutamax, 1 x NEAA 1
X R-nmercaptoethanol in RPM 1640 (RPM)) for 3 days
10 followed by treatnment with Activin A (50ng/m) in
RPM 1. 2) 50 ng/m Activin Ain RPM. 3) 10% KOSR i n
-RPM  (negative control). The nedi um was changed every
2-3 days. RNA was extracted4according to Exanple 2 on
days 0, 3, 6, 10 and 12 of differentiation. This
followup 15 experinment showed that there is indeed a
stronger induction of Sox17 when the cultures were
contbihaiéh WithhBIRAIMAMplondies & fRilster IR Mor@sushindlf difaséntidtion of
the expression of Sox17 on days 3, 6, 10 and 12 when
hurpar egriryenigstemiceliate definitive epipdesnd Activin A
conpared to only Activin A. There was al so an increase
Exddipletf1€ expression of FoxA2 on day 10 of
—dﬁ?—ﬁaenti ation and a slight increase in 20 expression
of FOoxA2 on day 6 and day 12 in cells treated with
in @ed tacanfion ithe mesltsc ofrfaasgle @, anlimitéd tima-nodtse Tdrgregiment

waig Perfpriel £81gr ol fBPEnEST Polr Ui ENDO LRI B335 from
Exdrhgit ad miffeferBMatbupanef AEs Vivere tREAPAIRFed GinOMrke different
Activin A Wth the decrease in expression of COct4, a

congklids: of pl uri potency, conmbined with an increase in
the expression of 25 definitive endoderm nmarkers

1) S Ay, o0, 8L B I B ERtubRbal 2o Brar, 1 x

Glutarbay ONixCNERSN 1©RIF-mereaptbethdebl m RPE BupRPMI)) for 3 days
Treatment of the cells with knockout serum repl acenent

followessRy tigaimest with Aivine§4bPng/mib iy REML. Exanpl e 4

Fornmati on of Pancreatic Endoderm5 Growh factors

2) é,wﬁﬁg?nt%tivﬂgﬂqﬁ Rpyq di fferentiation of human enbryonic

ste s to pancreatic endoderm were added to cell

cultures. In particular, Activin A, FG2 also known
3) HLHF@ER indRPMb(regative QORIP)). and an i nhi bitor of
hedgehog

The medium was changed every 2-3 days. RNA was extracted according to
Example 2 on days 0, 3, 6, 10 and 12 of differentiation. This foliow-up
experiment showed that there is indeed a stronger induction of Sox17 when the
cultures were pulsed with BMP4 (Figure 3). There was an increase in the
expression of Sox17 on days 3, 6, 10 and 12 when the cells were treated with
BMP4 and Activin A compared to only Activin A. There was also an increase in
the expression of FoxA2 on day 10 of differentiation and a slight increase in
expression of FoxA2 on day 6 and day 12 in cells treated with BMP4 and Activin
A compared to only Activin A. There was a decrease in the expression of Oct4
on days 3, 6, 10 and 12 of differentiation when the cells were treated with BMP4
and Activin A compared to only Activin A. With the decrease in expression of
Oct4, a marker of pluripotency, combined with an increase in the expression of
definitive endoderm markers (Sox17 and FoxA2), these data suggest that the

addition of BMP4 promotes the differentiation of human embryonic stem cells to
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signal ling such as SANT-1 which are known to induce
the formati on of pancreatic endoderm were added to
cell cultures of HES-3, ESI 014, ESI017 10 and ESI 035
from Exanple 1. These cell cultures were
differentiated on parallel 24-well plates according
to the followi ng protocol. The cells were first
cultured for about 9 days i4% 50 ng/ml Activin Ain a
culture medium (2% B-27, 1 x Qutamax, 1 x NEAA, 1 x
P- mer capt oet hanol in RPM 1640 (RPM)). RPM wth
Activin A was then replaced with RPM suppl enented 15

defitiitive enadliéifn. PreaftieAl of B2 cans witho h&ANSUt lserdiereplacement

nmedi um was changed every 2-3 days. Cells were
(KPRRY wasdisedrasiayegstivg cantroler ent i ation and assayed by
RT- PCR and i nmunohi st ochem stry for the expression of

axrely Table 1 bel ow shows the results of the RT-PCR
Ex e4.
is, performed according to Exanple 9.

Triplicate PCR wells were used for each sanple. Each
Fomratineof Rénamastic&ndedesed to R-actin expression and
cal cul ated using either the nore rigorous standard

t or .t he, nor racti cal.. ACt t hod. The .
Grey factBs et 1 Rl e Biffefiation bl PRt Acembbionip stem
celi?,ytouﬁérﬁtgeéf@ eﬁ@Héér'nﬁerr@XéHdé‘éﬁthBelF caRlrest in pBRicular, Activin
results in the last three colums of Table 1 indicates

A, EG&R2 alro knownhas bEGF Iretiraic tagit GA), anshan ||nrpbmre¢ft keggehog

siofgfd oot 2 SAEal e pale MbFh, 35; Irduge” b Bl o

parﬁirea@kareﬁd@uém werer a@GleHStb &ir eemireg eofRAERCR Bslid /s, ES1017

ression = Line Total cells positive cells

anq HSI645 fromtRxpmpis i1 ] hese cell cuRuess wors difissenitedon paralie

24 36 i85 4t B4 b oM ol 053 s 10/ 3044 15 10

0.03 0.018 8.1 Tablet. Conmparison of counting Pdx-1+
The ckells ward fiRt- dRred ddryabeut Tdays ds @0t mg/ob tAxtived Afincanculture

medlum QQE}I %t thr)r(l é utgmperfor WA&qur i-rrIII%rct:aoptoethanol in RPMI
1640 (RPMI)). RPMI with Activin A was then replaced with RPMI supplemented
with 3 uM RA, 50 ng/ml FGF2 and 1 uM SANT-1. The medium was changed
every 2-3 days. Cells were harvested on day 18 of differentiation and assayed

by RT-PCR and immunohistochemistry for the expression of Pdx-1.

Table 1 below shows the results of the RT-PCR analysis, performed according
to Example 9. Triplicate PCR wells were used for each sample. Each sample
was normalised to B-actin expression and calculated using either the more
rigorous standard curve method or the more practical ACt method. The results
were then scaled by either making HES-3=1 or by using the equation
expression = 22%%%t The results in the last three columns of Table 1 indicates
that in all the cell lines tested, a small percentage of RA, FGF2 and SANT-1

treated cells expressed the Pdx-1 gene, a marker for pancreatic lineage.
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Exanple 8 are shown in Figure 4. Figure 4(A) shows the
staining of the nuclei and Figure 4(B) the staining
of the Pdx-1 expressing cells. For the stained cells,
5 fields of view were photographed at random across
the well based on the UV channel. The nuclei of the
cells were stained with Hoechst (Invitrogen/ d BCO).
The nunber of nuclei gave t28e total number of cells in
each well. The nunber of nuclei and Pdx-1 expressing
cells were then manually counted in a blinded manner.
The main bias in the counting was that sone fields of

view had to be 10 di scarsigdiascinfee celTs were too
densePdxd kgt iRegentabe i NdRTvPORIal cel beta-CThe RTOUBkpsessbor =
Lineeach Texdl kellsi nepositvesetishe (HBESPR1) at i orPCR (HES3EBas2™ 19 ve

HESstl el dysggggeoll ewsglhe resuylts of the counting ajg g! ven
ESI045qx #406¥P1 s/ Tl cel | £007Anal ysi O-8A38 1.66

ESIOSTTUNOR456LCheHopt ry revepl ed that pgatein expiegsi on
ESIgFe nRRIR9%Kkpr dd8dion. Tha&03 s, treath®i®t of th&icell

TableNeSomiphfis&iof E&r@tur@“#dﬁﬂmcéllscﬁrﬁj RMPICR dridfysis.

expression of Pdx-1 7n the cells but in song Iines
the percentage of cells that expressed the gene was
The oigsultx agblainesl Aoorpf femunsthiseehemigtrywprrfoaoedr sceerding to

Exdifible i %hwoﬁﬁ"eﬁ% 41 Flafe 2R Pl e stoinien g nucte

andJyl iré 4B il ﬁtaimq ofthe Plx-nesxprSd<idd ceﬂ_sSfFQfI’Qhe B cells,

HES-3 in 24 plates in six varg
flel%m ievs waig nmtw@phﬁg tHaRAPBY aghonk esw%ba@d on the UV

chdgﬁ ﬁ@léﬁaghmhﬁt c{o%lsg:?é’rgi %fﬁ% \4/ %c&t@rﬁﬁr@ﬁ%/yélﬁo

and da eren ure
Thersdimber O1 nuclel gavearthe totahnuxase, of]cetlsFRa eachk aygllo@hbanumhber of

RPM 6 t ed th othe )
nugd) 0 P marreeng eaBonet ST sharsal Caufted e linded
maBRanNJBE AU Yiak iR t%@yéourmﬂg WaSthatrhe Ai81dd of Vil hdd to be

AB, AF ABF, AF -2 20% KOSR 20% KOSR 20% KOSR 20% KOOSR

discaygde g @RhesslIk@are too dense to distinguish individual cells. The counts
for each cell line were the compilation of at least five fields of view. The results
of the counting are given in the first two columns of Table 1 under the heading

“Pdx+ cells/ Total cells”.

Analysis by immunohistochemistry revealed that protein expression for Pdx-1
also reflected the trends observed in the mRNA expression. That is, treatment
of the cell lines with RA, FGF2 and SANT-1 did induce the expression of Pdx-1
in the cells but in some lines the percentage of celis that expressed the gene
was low.

Example 5
Effect of early growth factors on cell lines ESI035, ESI049, ESI051 and HES-3

The effect of early differentiation factors was examined by differentiating cell
lines ESIO35, ESI049, ESIO51 and HES-3 in 24-well plates in six varying
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50ng/m FGF2 50ng/m FGF2 O
50ng/ M Act A 50ng/m Act A 50ng/m Act A 2 2% B27
50ng/mM BWMP4 50ng/ml BMP4 50ng/m FGF2 3 50ng/m Act
A4 2%B27 5 50ng/ m Act A 2% 627 2% B27 2% B27 6 50
ng/mM ActA 50 ng/m ActA 50 ng/m ActA 7 50ng/m FGF2
50ng/ m FGF2 2% B27 8 3NMRER 9 50ng/m FGF2 10 10%
KOSR 1 NM SANT-1 11 12 2% B27 2% B27 2% B27 2% B27

13 3NVRA 3NVRA 3NMRA 3NVRA 14 50ng/ m FGF2 50ng/ mi
FGF2 50ng/ m FGF2 50ng/m FGF2 15 2% B-27 1 pM SANT-1

for JardsE\Nsirg lﬂr@n&%lﬂétﬁbhéﬁfs%y and

culturéMartiNhatvektip
50 ng/m EGF 1

glfﬁ‘él?ﬂ

M SANT-1 18 30

1 50ng/m FGF2 50ng/ml FGF2 50ng/ Ml FGF2 50ng/ mi FGF2

2% B27 2% B27 2% B27 1

Tabl e 2.

Sunmmar y

Quantitatiye \R 6k rﬁﬁaéﬁl%roi\ sayetB tandcdpy 30 médiffgremgigtion. The

culyrs M,
(RPNTH Pwas auplpyeshentedavitrootied fastory slimmatrised fx tatlé € Below. The

t’r on

e

|gure

ENEAA M9y BmBRh@dthanol in RPMI 1640

Figure 5 shows the effect of different initial
megium wiaghRagrd evepndid dayss
Day | KOSR Short AA A A AB, A AB, AF ABF, AF
-2 20% KOSR 20% KOSR 20% KOSR 20% KOSR 20% KOSR 20% KOSR
-1 50ng/ml FGF2 | 50ng/ml FGF2 | 50ng/ml FGF2 | 50ng/ml FGF2 | 50ng/ml FGF2 | 50ng/ml FGF2
0 2% B27 2% B27 2% BT A
1 50ng/ml Act A | 50ng/ml Act A 50ng/m| BMPa
2 29, B27 50ng/mi BMP4 | 50ng/mi BMP4 50ng/ml FGF2
3 50ng/ml Act A
4 2% B27
50ng/ml Act A

5 9 25 B27 2% B27 2% B27
6 50 ng/ml ActA | 50 ng/ml ActA
7 50 ng/ml ActA | g5 0imI FGF2 | S0ng/ml FGF2
8 2% B27

3 UM RA
9 50ng/ml FGF2

1 uM SANT-1
10 10% KOSR
1
12 2% B27 2% B27 2% B27 2% B27
13 3uUMRA 3 UM RA 3uMRA 3 UMRA
14 50ng/ml FGF2 | 50ng/ml FGF2 | 50ng/ml FGF2 | 50ng/mi FGF2
15 2% B-27 1uM SANT-1 | 1 pM SANT-1 | 1 uM SANT-1 | 1 pM SANT-1

% B-

16 50ng/ml FGF2

50 ng/ml EGF
17 1 uM SANT-1
18
30

Table 2. Summary of early growth factors added to cell lines ESI035, ESI049,
ESI051 and HES3 during 30 days of differentiation

Figure 5 shows the results of the RT-PCR analysis, performed according to
Example 9. Figure 5 shows the effect of different initial differentiation conditions
according to Table 2 on Pdx-1 expression in the four cell lines, ES1035,
ES1049, ES1051 and HES-3. All four cell lines showed a higher expression of
Pdx-1 when the cells were treated with BMP4 and Activin A for the first 3 days
of differentiation compared to the cells that were only treated with Activin A. The
addition of FGF2 at different stages during the first 9 days of differentiation did
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10 according to Table 2 on Pdx-1 expression in the
four cell Iines, ES1035, ES1049, ES1051 and HES-3. Al
four cell lines showed a hi gher expression of Pdx-1
when the cells were treated with BMP4 and Activin A
for the first 3 days of differentiation conpared to
the cells that were only treated with Activin A The
addition of FGF2 at differe®t stages during the first
9 days of differentiation did 28 not result in the
same effect on Pdx-1 expression in all four cel
lines. As the effect of FGF2 as an early growth

notf @elRIin \thé isathel efflebdon P BB 1tédpresdibn lin 8l fosedell ifes. As the
concl usi on was derived with regard to the effect of an

effecd of y G as an GR‘Q?ZQRS’HVthtfﬁ%toéXBf'%%gieéﬁnélﬂgFﬂﬂkthP cell line used,
no &mﬁgﬁ%hﬁsv? oscﬁeérﬁ\nfech\?/g}ﬂ dptgéth%héﬁéct of an early dose of FGF2 on

kS expressi on
thefexprédsion geRdxal. so refI ected the trends observed in

MRNA expression. The nunber of ceI ' s which expressed
Pdx-1 was estinm vi sual ectjon at da
AN SR FESRRN B PR By BB onstoghe b s vealed ot pptein
exﬂ‘ré%@ﬁ Kok GRS Hendi “é“sd/"efe?lehféi‘)attﬁg WenldsAGbls¥tve TaﬁlngnRNA

in the first 10 3 days of differentiation
exmessm)al Thiej nemESlGﬁSc@lso\némbh lexpressieds Pdxdameas eslimated by

. Activi h first, 3 .d foll db

vis(§i, inspbefiof 14t BBy 18y e Rerfeitada Bt T opSifite el was

relitl\/éﬁb’ﬁlgﬁéﬁn%elrseﬁhichaﬂeI*entréé\l%dhhlﬂhﬁ%hwﬁ%’%% B1P4ReXhé first
&& tive cel Eér oxi mately 80% These results

Sr@s@lﬁﬁmlaﬂ@n t(habler 35 ubek |l0§t5$|9§@ shomed Hieatheals treated

wil R Shd A TAMRERS Sl TSR ol sl G oots wi

ActiAATA R f1%hef eextCEIdays HEAB)AY resalidd o) Highe¥t ¢ivaber of
few cells ES1049 0% O% 4% 20% 15% 10% few cell s few

Pdxd| pesitivgy cells) appximatelnBie, dhepeAsspitasoreaponded to the
results obtained from the mRNA expression thus validating the methods used.

KOSR Short AA A A AB, A AB, AF ABF, AF
0,
HES3 0% 20% 50% DEAD DEAD 90%
few cells
0 0 0 o o, 60%
ESI035 0% 3% 5% 80% 70%
few cells
0, 0, 0,
ESI049 0% 0% 4% 20% 15% 10%
_ few cells few cells few cells
ESI0S51T 0% 0% 0% DEAD DEAD DEAD

Table 3. Percentages of Pdx-1+ cells as estimated by visual inspection. “DEAD”

indicates few or no surviving cells.

Some plates were co-stained for Pdx-1 and C-peptide. No C-peptide positive
cells were found in any of the wells. Also no Pdx-1 positive cells were found in
the day 30 plate. Based on this, no RT-PCR analysis was performed for the day
30 samples. Insulin and glucagon were also assayed for the day 18 samples.
No sighificant insulin or glucagon expression was detected and thus the results

are not shown. There were also a number of wells with few or no surviving cells.
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15 Table 3. Percentages of Pdx-1+ cells as estimated
by visual inspection. "DEAD' indicates few or no
surviving cells. Sone plates were co-stained for Pdx-1
and C-peptide. No C peptide positive cells were found
in any of the wells. Also no Pdx-1 positive cells were
found in the day 30 plate. Based on this, no RT-PCR
anal ysis was perforned for 2%he day 20 30 sanpl es.
Insulin and gl ucagon were al so assayed for the day 18
sanples. No significant insulin or glucagon
expression was detected and thus the results are not

This R probaglyed Ve irepait 30 |east Uisha Tove huwidr of Welld irigaMydslated in
no surviving cells. 29 This was probably due in part

thoge wedllg axs, parallel wells eanidiaeddreattbyicellsnitial Iy plated in
those wells as parallel wells contained healthy cells.
t g : f ot i -
Tl Boe et ise, aR" 50860, MHACRE, 48 %, PERE, S8Breting
parenéatic eddbgeronlis furthey driteanced! sy coltardirg thedlicals irbthe medium

ri si B\VP4 0 / .and tivin A (50 /m
cormReIng BB 503G YL i AetrBr & B0po/BH for MABEsty days of
_ . o .
BB o By SEaticH Bty ESE s BRa Y bl for e
nexteddays sogfinate cuibaring the GelfsMn Rmedidmrsypplerréf2dawith 3 uM

pM_SANT- 1 wever, thj not sufficient to -
RAG0; BRER, PGPS BHE. bt SANIDanBipudlet. Biidtast gt sufiient to
différehftiatd fe ¥IRAY Pandreatld esndomn@@?abﬁdé PF(SHLIEHQ eaNsOf
Pancreatic Endocrine Cells The effect of maturation
grow h factors was exam ned by differentiating cell

ExamplesS ES| 035, ES1049 and ESI 051 from Exanple 1 in
96-wel | plates in two varying cultures and harvesting

'9723 %5}9{9 i ',q,ga E’Jg)ynohi stochem stry 15 on day
Fol f(?{f%{l? er e%?‘TL gtnlk@r:}.l elculture medi um (1 X

Gutamax, 1 x NEAA, 1 x R-nercaptoethanol in RPM
The @ffect RIPNNpiuratiore gsowti éastatsewvasi examires by adifferentiating cell

. Sul | sed.l b, Tabl.e | ow. The not abl.e anges, to .

lines, E%#ieegﬁgataingnEéb&‘ﬁt gﬁ%’? é}?éﬁglﬁe dNe &’ﬁ‘ﬁ?l_ealaﬁ?? in two

varyingt clfr€s iahdEaiB g thidh Sof BAaRBR! GSIAE ImneidHstoShemistry
endoder m i nduction and the addition of nicotinam de

on ey el diffesgntiation. The culture medium (1 x Glutamax, 1 x NEAA, 1 x

B-mercaptoethanol in RPMI 1640 (RPMI)) were supplemented with other factors

summarised in Table 4 below. The notable changes to the differentiation

protocol used here compared to that used in Example 4 were the shortened
period of endoderm induction and the addition of nicotinamide from day 6 of

differentiation. The medium was changed every 2-3 days.
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20 differentiati on. The medi um was changed every 2-3
days. 25 30 Day Wth BMP4 Activin Only -2 20% KOSR
20% KOSR -1 50ng/mM FGF2 50ng/ M FGF2 0 2% B27 1
50ng/ M Act A 2 50ng/m BWMP4 2% B27 3 50ng/m Act A 4
2% B27 50 ng/m ActA 5 6 2% B27 7 2% B27 3 NM RA 3
PMRA 50 n/m S 50ng/mM FGF2 FGF2 g g 1 pM SANT-1 1
NM SANT-1 20 mM Nico 20 m¥Nico 10 11 + GF. + G F.
12 13 2% B27 2% B27 14 50ng/ M FGF2 50ng/m FGF2 1 NM

SANT-1 1 pM SANT-1 15 20 MM Nico 20 nM Ni co

GF. + GF.
Day With BMP4 Activin Only
-2 20% KOSR 20% KOSR
-4 50ng/ml FGF2 | 50ng/ml FGF2
° 2% B27
1 50ng/mi Act A
2 50ng/ml BMP4 | 29, B27
3 50ng/ml Act A
) 2% B27
50 ng/ml ActA
5
6 0,
- 2% B27 2% B21
3 UM RA 50 /ml
8 SOng/ml FGF2 | Poco ng'm
9 TUMSANT1 | 4 g SANT-1
20 mM Nico .
10 +G.F 20 mM Nico
a +G.F.
1"
12
13 2% B27 2% B27
14 50ng/ml FGF2 | 50ng/ml FGF2
1 uM SANT-1 1 UM SANT-1
15 20 mM Nico 20 mM Nico
16 +G.F. + G.F.
17

Table 4. Summary of two experimental protocols used to screen for effective
maturation growth factors added to cell lines ESIO35, ESIO49 and ESI051
during 18 days of differentiation.

A list of growth factors (G.F) were tested according to the protocol described in
Table 4. These were namely, Laminin, TGF-alpha, FGF4, Activin A, TNF-alpha,
FGF10, GDF-15, BMP4, FGF18, PDGF-AB, EGF, Noggin, HGF, M-CSF, LIF,
NGF, PYY, Activin beta-B, GLP-1, DDL4, Exendin-4, Heparin, Insulin, VEGF,
Betacelluiin, Follistatin, TGF-beta and IGFIl. There were added at two time
points. Once with 3 pM RA, 50 ng/ml FGF2, 1 yM SANT-1, and 20 mM
Nicotinamide at day 6 of differentiation and another with 50 ng/mi FGF2, 1 uM
SANT-1, and 20 mM Nicotinamide at day 12 of differentiation.

The results of the analysis using immunohistochemistry performed according to
Example 8 revealed that the use of the growth factors resulted in the production
of C-peptide positive cells (Figure 6). The most C-peptide positive cells were
found in the two wells shown in Figure 6. Though these welis had the greatest
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17 Table 4. Summary of two experinental protocols used
to screen for effective maturation growh factors
added to cell |ines ES1035, ES1049 and ESI 051 during
18 days of differentiation. Alist of growth factors
(GF) were tested according to the protocol described
in 5 Table 4. These were nanely, Lam nin, TG al pha,
FGF4, Activin A, TNF-al pha,31 FGF10, GDF-15, BMP4,
FGF18, PDGF- AB, EG-, Noggin, HG-, MCSF, LIF, NG,
PYY, Activin beta-B, G.P-1, DDL4, Exendin-4, Heparin,
Insulin, VEG-, Betacellulin, Follistatin, TG Dbeta
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erbR Ry nTE e ik Pl oAl T panl Wi Mimest ol thewels

thef wehe [ed3athyn lf&et@ip@@tuumwmeséa@hﬁ rdathr WelP ETHe®eN® Heptide
according to reveal ed that the use of the

positivewCRlls wersr &ur&aotfeej Rrasemle inslependenbwf the growth factors

ado%_domtdeglgln%%g%rﬁvyvegi %Zﬁéh?er(ffé@'éfgy ounégﬁnd%)ébs" ive cells when

initietly | cultahedvin ian rhégjune chp'FismgngMIheSNO\nel b tHi@daddléd growth
reatest 31 nunber,_of C-peptide pasitive cells, th
factfiss Eagﬁrm ConsipRlcaTiast P@vé)e&rfeawlh% EcpRpiide Xhipssien L
1e5< fhl s that did not produce C peptide. At nost,
ere vvere approximately 30 C peptide positive ceI l's
|n each well and in nost of the wells, there were
The gesultsh#hus ireveaeddpat cﬂreorpoE’rixm@oe&iwesceIIs wach faend .in the

id I I f to b .
BMEACREA B MRtdse il R b6 ndi hestad ol dg Bl datgs) which
werehbt BMPestrebreedhe higaast nuMB@HQH@)béPéerﬁaQéIBledﬁ( 1 posmve
positive cells when initially cultured_in a mediu

cel@owsre dowrd pvFAMPMo treatad gl [ed &P!94 D Rerer mr@rlgss.afddX-
pode, CARTRRNG 1 4ot 68 Ine ESRE i oFER AR g founc

in BMPdateatet lvatl linerESIB8A - Thpaanie trend alckassaeadiifforend lings was
treat edogl ates for all th?b cell lines tested
I

eviagrﬁtpg}ngeA'tﬁgstwﬁbﬁp e dreghipent group albeit with less overall Pdx-1

expression. Therefore, ESI049 seemed to be the cell line that was most
sensitive to BMP4 treatment as it produced the highest number of Pdx-1

positive cells.

Example 7

In-order to increase the percentage of Pdx-1 and C-peptide producing cells, the
celis from Example 1 were rinsed twice with PBS and then cultured in a culture
medium (2% B-27, 1 x Glutamax, 1 x NEAA, 1 x B-mercaptoethanol in RPMI
1640 (RPMI)) comprising 50 ng/ml Activin A and 50 ng/mi{ BMP4 for 3 days. The
medium was then changed to a medium comprising 50 ng/ml Activin A in RPMI
and incubated for 3 days. The cells were then cultured in a medium comprising
3 UM RA, 50 ng/ml FGF2, 1 yM SANT-1 and 10 mM Nicotinamide in RPMI for 6
days with the medium changed every 2-3 days. Notch signalling in the celis was
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were not BWMP4 treated. The hi ghest nunber and
percentage of Pdx-1 positive <cells were found in BMP4

treated cell |line ES1049. There were | ess Pdx-1
positive cells found in BMP4 treated cell |ine ES1035
and even fewer were found 15 in BMP4 treated cell Iline

ESI 051. The sane trend across the different |Iines was
evident in the Activin A o2y treatnent group al beit
with |l ess overall Pdx-1 expression. Therefore, ES1049
seened to be the cell line that was nost sensitive to
BMP4 treatnent as it produced the highest nunber of

theRWhibited B§ithé \GRIdRRIN &F. Ggﬁmn@(%kﬂage lﬁh.@.t&@( éDAPT) from day
i ncrease the percentage of Pdx-1 and Ehptl

9-18rfclitferegtiation sConerntraions ovier dif EMagipeither casnroynchiesuited

in tbg%@d%ﬁ&lP?@ﬁ&ghgﬁﬂﬂ%l@)gtﬁéﬁ%ép%d% 8&4&\% endHid were

sechdwhen tivp tels WerofixedhaRRM 21 b640ItyRMgyre @npri si ng 50
ng/m Activin A and 50 ng/ml BMP4 for 3 days. The 25
nmedi um was then changed to a nmedi um conpri sing 50
ng/m Activin Ain RPM and incubated for 3 days. The
cells were then cultured in a nmediumconprising 3 pM

Exﬁgle@ ng/m FGF2, 1 pM SANT-1 and 10 nM Ni coti nam de
for 6 days with the nedi um changed every 2-3

days. Notch signalling in the cells was 32 then
Immuanobyistasdienystnhe addi ti on of Ganmma Secretase | nhibitor
X (DAPT) fromday 9-18 of di fferenti ation.

PifEREEE8 LI SNBLerb by L BRSSP g et faues.
Celoiete Yired @ 4% REACH PBS dor S(BéerliinV\WEQhé@wnheﬂﬂBS amr @cubated
. fixed at day 21 of_cultureé_jﬁgure? n@qpe

in b'ﬁﬁ'ﬂﬁ@)ﬁpﬁ-ﬁ@&@?ﬁsﬁtm of pl Qi &~ 42 26 %Mamrsxo i BBWO" 1

. KRR TS| BOeBIONTH £ POt i
blockingbsslatiod.0 Exantplemlofngrlmlrwtammodcassmm trpiofdiliiéns used
mcF%S guf]rlle% &goén - ﬂ’ctb(()q 8< 1100806)n ranBbIt antl C -peptide (Linco, 1:1,000),
goat anti-Sox17 (R & D systems, 1:100), goat anti-FoxA2 (R & D systems
1:100) and mouse anti-Oct4 (SantaCruz, 1:100). After incubation with the
primary antibody the cells were washed with PBS and incubated with the
secondary antibody diluted in blocking solution for about 2 hr at room
temperature. The secondary antibodies were fluorescently conjugated
antibodies from Jackson laboratories. In some cases double staining was
performed; for example cells were stained using guinea pig anti-Pdx-1 and
rabbit anti-C-peptide for primary antibodies followed by PE anti-guinea pig and
Fitc anti-rabbit secondary antibodies. Finally the cells were incubated for about
5 min in Hoechst stain diluted in PBS to stain the nuclei, washed with PBS and

visualised using an appropriate fluorescent microscope.

Exampie 9

RNA isolation, cDNA synthesis, and quantitative PCR (RT-PCR)
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hr. Cells were incubated overnight at 4C with the

primary antibody diluted in blocking solution.

Exanpl es of primary anti bodies and their dilutions

used include: guinea pig anti-Pdx-1 (1:10,000),

rabbit anti-C peptide (Linco, 1:1,000), goat

anti-Sox1l7 (R & D systens, 1:100), goat anti-FoxA2 (R

& D systens 15 1:100) and dSuse anti-Cct4 (SantaCruz,

1:100). After incubation with the primry antibody

the cells were washed with PBS and i ncubated with the

secondary antibody diluted in blocking solution for
TotaPRMA foRl hBSCI &t0/8rious retages of Giffeldiftiatie dkishlated using the

anti bodi es were fluorescently conjugated antibodies
QiagesrRNeasy ofit I(lyiraaes) |a_qcorqllng st@n#,ha: manyfaeturrs instructions.
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alneg usi ng gurnea plg Ahit |

andionvértee bi cBNROusipgi MBMuLah réNeree esarisuribeased (RgwPEngland

anti-guinea pig and Fitc anti-rabbit secondary
B'Oé?rhﬁ) bBeNEs rarlﬂorﬁ'ﬁl hexamer Jquimers,\aceordiegbiar dhef marwmﬂrers

in S a
msﬁ‘u Jhs’ Qmﬁ&%ﬁ%tﬁéﬁgéﬁfﬁé”@. {é\%glﬁ gﬂ'ﬂgﬁ né&:&raﬁg to the
maapfaob.per atlesmhamnssuing aanIIadaﬁqcleEEmExappk@u&aW 50 ng
olatlon uantitati ve PCR
cONRToBradien SouaIIIZ 30T BN AESSCR PUHPT AR hgodBRrareen
magté‘rfne&?md R"aHPQn(‘JV%ﬁaI |0L§AD§thbhﬁ?cﬁI@fgen RNeasy
I nvitrogen) acc d| ng to the manufacturer's

| nst ructl ons. RNA was quantified by UV absorption. 1
The following coritionsswerasised: t reat ed and converted to

CDNA using M MILV reverse transcriptase (New England 5

' ndom hexaner priners according to the

Qu%ﬁﬂaﬁ?{%%ﬁ'{@%ﬁ%ﬁnst ructions. Quantitative PCR

(RT-PCR) was performed according to the
2 xmaasteaotixir er ' $5 phstructi ons using a Bi oRad i Cycl er

wi th appr oxi mately 50 ng CDNA per reaction containing

. 250 {1M g; ]i](ﬁ r and 1 x SYBR green nmaster m X
pnrpgr%eﬁg and ' Hw‘zeed by Bi o- RAD t hernocycler. 10 The

followi ng conditions were used: Quantitative PCR
tenfiiaget | on: 25 ng

H20 to 30 pl
40 Cycles of:

30 s at 95°C - denaturation

30 s at 55°C - annealing

60 s at 72°C - extension
Analysis of gene expression

1) Cut and paste (or export) data to an excel spreadsheet.
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2 x master mx 15 pl priners (each) 100 nM tenpl ate
25 ng 15 H2Oto 30 pl 40 Cycles of: 30 s at 95C -
denaturation 30 s at 55C - annealing 60 s at 72C -
extensi on 20 Anal ysis of gene expression 1) Cut and
paste (or export) data to an excel spreadsheet. 34 2)
G aph & (Y) vs. quantity &X) of standard curves.
Convert X axis to log scal 8% Log(X). Get equation Y = -
slope * Log(X) + Y intercept. Under "options" include
equation and R2 value on chart. 3) Determ ne input of
unknown sanple using the follow ng equation (this can

2) GRphSCPNEPA. @fiantityt (O st daia cRmdsd) S¥nvertX axidtf log scale,
10(C val ue - intercept)/slope 5) Repeat this _
LogéXb Legfug@uation %;h"e slapeet hag(*dont'r Blersepigdindesx ppliers dnclude

equ\%ﬁﬁﬁgﬂd"é%ﬁéﬁ{eﬁgﬁ IA4t6) Cal cul ate the average input

e of ree replicates for the gene and the 10
internal control gene. 7) Calculate nornmalized
3) Betprmiei inpubbf yknovgesampis asing fke ffolldwing reguatf:l@ra(lihtmc::an be
normal i zed expression = I nput value average o
pr@%W@/lPﬁé%@X@%h%ead/%?%egj)é of internal control gene. 8)
Calculate the rel ative expression of your gene: Set
4) |RPE £>{ P&t vakentrgrceryBBrecondi tion as the conparison
sanple (untreated or tine = 0, for exanple). Relative
expression = Nornalized expression of

5) Reperivhisriuoredureder thentemal cantss! afgener exprassiQnd GARDH or
B_agfmt rols

6) Calculate the average input value of the three replicates for the gene and the

internal control gene.

7) Calculate normalized expression of your gene using the following equation:
normalized expression = Input value average of gene/lnput value average of

internal control gene.

8) Calculate the relative expression of your gene: Set one experimental
condition as the comparison sample (untreated or time = 0, for example).
Relative expression = Normalized expression of unknown/normalized

expression of comparison. Quality controls -

The slope of the curve you generate from the positive controls should be
roughly equal to the slope in the standard curve chart below. If not, prepare
fresh primer mix and standard curve reagents. To compare slopes, the
trendlines must be generated in the same way. The slopes generated here use

quantity in femtograms.

The Ct value of the unknown sample should be between the Ct values given by
the positive controls. Otherwise, the results are outside the sensitive range of

the assay.
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The sl ope of the curve you generate fromthe positive
controls should be roughly equal to the slope in the
standard curve chart below. If not, prepare 20 fresh
primer m x and standard curve reagents. To conpare

sl opes, the trendlines nust be generated in the sane
way. The sl opes generated here use quantity in
fentograms. The & val ue of3% he unknown sanpl e should
be between the C values given by the positive
controls. Oherwise, the results are outside the
sensitive range of 25 the assay. 35 Standard curves.

Stangarl @aRRIsAvefe yendrtel Bg ﬂlbmnpome(wwﬁc@mrlaﬂannﬁ Cflg ) of

of series of 100-fold dilufions of the tar

serimm 10arfolacldings oitheargey G ampjconda rpuge o 38 fofo 1 g

A N R

exptasgidn Was deterralnedesly thepfolisdiryequatidn: Whja)‘!zeﬂ FxPedssion =
gene/i nput of actin control), where input

(mmaﬂzfuﬂaa@%tdg%e/twt an@/‘?émséol%@) owhe(a wuoqthl'szgai@mlated as the
invEg! ?tﬁ Q?f g@ﬁéjet)nr sh% n(t: Cur@)%q.%zand@ it proept of standard

curve speciT1e pri
curpa)/slepelsédtamderdieewe).bed in W2006/ 083782 (the vvhol e
content of which is herein incorporated by reference).

The RpBERc piBeh Pl vard Btk HeRbitendn HOBsRBLf 782, Bk whote

corﬁérﬂtcﬁﬁuhlé‘ﬁ ighd@h intofcraRlEnyl reféfhcey em cel I's were
then differentiated according to Exanple 7. The

factor of interest (RA) was added across a range of 15
Exaraplectd r at i ons on days 6-12 of differentiation. The
cell's were i munostai ned according to Exanple 9 for

- tSpiess pancreatic endoderminduction. Cell
Scﬁgéf@ﬁ’\%ﬁre visualized by staining with Hoechst.

Mul tiple images of each well were automatically
The sfgmoets wesragplatekdi igto Black evalleSc fibeonentinpdoatéd,r 96-well plates

as bm l oS m n‘BeCrﬁ éAelrIIrsa gFea VTIdlfferentla%g according to
Example 7. The factor of interest (RA) was added across a range of
concentrations on days 6-12 of differentiation. The cells were immunostained
according to Example 9 for Pdx-1 to assess pancreatic endoderm induction.
Cell nuclei were visualized by staining with Hoechst. Multiple images of each
well were automatically captured using a High Content Screening platform, in
this example a Cellomics Arrayscan VTI. Using an automated spot finding
algorithm the number of nuclei and Pdx-1 positive cells were automatically
counted for each well for each concentration of RA used. Figure 8 shows the
results of 2 plates, plate 1 and plate 2. As can be seen, for both plates the
highest percentage of Pdx-1 positive cells per well was observed when the

concentration of RA used was about 3.0 to 6.3 pM.
References:

Kleinman et al, (1986) Biochemistry. 25: 312-318.



20 al gorithmthe nunber of nuclei and Pdx-1 positive
cells were automatically counted for each well for
each concentration of RA used. Figure 8 shows the
results of 2 plates, plate 1 and plate 2. As can be
seen, for both plates the highest percentage of Pdx-1
positive cells per well was observed when the
concentration of RA used wa about 3.0 to 6.3 NM 25
Ref erences: Kleinman et al, (1986) Biochem stry. 25:
312-318. 36 US 5843780 US 5945577 US 5994619 US
6200806 5 US 6235970 WO 2004/011621 WY 2007/ 127927

US 584338020 37 Cains 1. A nmethod for differentiating
stemcells into cells expressing C peptide conprising
the steps of: (a) culturing stemcells in the presence

US$948677 east one extracellular 5 matrix; (b) cul turing
the stemcells obtained fromstep (a) in at |east one

usfsgoak1gnmedi um conprising at | east BMP4 and Activin A
to obtain definitive endodermcells; (c) culturing
the cells obtained fromstep (b) in at |east one

US £2668606
5 US 6235970
WO/2004/011621

WO/2007/127927
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10 medi um conprising at |east Activin A, (d) culturing
the cells obtained fromstep (c) in at |least one third
medi um conprising at | east one fibroblast growh
factor (FGF), retinoic acid (RA) and at |east one
I nhi bitor of hedgehog signalling to obtain cells
expressing Pdx-1; and 15 (3 culturing the cells
obtai ned fromstep (d) in & |east one fourth medium
conprising at |east one inhibitor of notch signalling
to differentiate cells expressing Pdx-1 to C- peptide
producing cells. 2. The nethod according to claim1,
Clawherein the nethod is a two di nensional nethod of
differentiation. 20 3. The nmethod according to any one
of the preceding clains, wherein the culturing of the
1. celhdng O@h@ffqi'%gfef\‘i@tjﬂglrﬁt@'ﬁ‘ geltsy Ino; cells opxpyes$ing se-peptide

t hod according to any one of the
congé'rgszg |ng {él‘aalrg?rrs wherein the 25 culturing of the

cells in the second mediumin step ¢ is in the range

fr o) Acultaying steny addlysin Bt pbesefve pEtdtddasic caedextgadedlular
any one_of the preceding clains, wherein the

conced®4P on of BWP4 is in the range of 10-200ng/m .

5 6. The nethod according to any one of the preceding

cl a(lb'?FcuItWﬂﬁ? &h8 dtBm cEmNeBHiINEd iffin Gte\Gh) YH At /I‘eés‘-‘l érﬂa first
the range of 10-200ng/m . 7. The nethod accordl ng t

any orfgedium ﬁ@ﬂmﬂétﬂgdah@a@t BMi24 apdefelivin PG Ob@m@eﬁmtlve
FGF10 8. 10 8. The nethod according to any

one ofeq.ﬁye EJrPeC?é ing clains, wherein the inhibitor of
hedgehog signalling is SANT-1. 9. The net hod accordi ng

t o @hycutnengfthieheelly ebtalheg fedrai step (B)einelan Iédst odé second

i nhi bitor of notch signalling is Gamma Secretase
| nhi biMERIUR sARPPEFINgAHTeast Activin A,
(d) culturing the cells obtained from step (c) in at least one third medium
comprising at least one fibroblast growth factor (FGF), retinoic acid
(RA) and at least one inhibitor of hedgehog signalling to obtain cells

expressing Pdx-1; and

(e) culturing the cells obtained from step (d) in at least one fourth
medium comprising at least one inhibitor of notch signalling to

differentiate cells expressing Pdx-1 to C-peptide producing celis.

2. The method according to claim 1, wherein the method is a two

dimensional method of differentiation.

3. The method according to any one of the preceding claims, wherein the

culturing of the cells in the first medium in step b is for at least 3 days.

4. The method according to any one of the pfeceding claims wherein the
culturing of the celis in the second medium in step c is in the range from 4 days

to 7 days.
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10. The nethod according to any one of the preceding
clains, wherein the inhibitor of notch signalling is
used at a concentration of at |east 10NM 20 11. The
nmet hod according to any one of the preceding clains,
wherein nicotinam de is added together with, before
or after the addition of inhibitor of notch
signalling. 12. The nethod 3ccording to any one of the
precedi ng clains, wherein the 25 stemcells are
selected fromany of enbryonic stemcells, fetal stem
cells, or adult stemcells. 13. The nethod according
to any one of the preceding clains, wherein the stem
cells are selected fromany of human, nouse, prinmate
5. dhermethnd gicaording 30 anw onenhef e Hygcediogr elrimgs.t whergin the

coriRfyalah BT PRIFE B e FafedPrat@oPolnt he or oup

consi sting of MATRIGELTM grow h factor-reduced
MATRI GELTM | am nin, and fibronectin. 5 15. A method
6. of T%ﬁ‘??#‘?i’ RFcafding 4eanynene o the precading ¢laimse wherein the

corfiehtr3fisn b ALhRR Als iﬁ%ﬁ@“r&ﬁ%éf ﬁ*b-fzfo%gﬂhi. ated into
cellI's expressing markers aracteriStic of the
endoderm | i neage conprising the steps of: (a)

7. any! B n8 psSoping Bahy anelpbe HROPHS BRI FGF

is FRbF SeGF 10 RH@E180 be tested; and 10 (b)
conparing the differentiation of the cells in the

presence and absence of the factor, wherein at |east

6. b haBcoRuite il SHE B 6L oPBebod K BL S e
inhiditor 8RREEdGElfDg §i§ﬁbmﬁ%ﬁ§shw¢u| ates the
differentration of the cells. 15 16. The met hod of

claim 15, wherein the markers characteristic of the

9. ENOPHETMhbASAIBrARIRE 4 Bhe 'F35E pro&ding claims, wherein the

inhibitor of notch signalling is Gamma Secretase Inhibitor X and/or DAPT.

10. The method according to any one of the preceding claims, wherein the

inhibitor of notch signalling is used at a concentration of at ieast 10uM.

11.  The method according to any one of the preceding claims, wherein
nicotinamide is added together with, before or after the addition of inhibitor of

notch signalling.

12.  The method according to any one of the preceding claims, wherein the
stem cells are selected from any of embryonic stem cells, fetal stem cells, or

adult stem cells.

13.  The method according to any one of the preceding claims, wherein the

stem cells are selected from any of human, mouse, primate or rat origin.
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17. A nmethod of identifying at |east one factor that
nodul ates the 20 differentiation of stemcells
differentiated into cells expressing Pdx-1 conprising
the steps of: (a) culturing at |east one cel

popul ati on according to any one of clains 1 to 14, in
the presence of at |least one factor to be tested; and
(b) comparing the different3ation of the cells in the
presence and absence 25 of the factor, wherein at

| east one difference in the presence of the factor is
indicative of the identification of at |east one

14.f actiy midtabd fﬂ@;@bfdﬁﬁ?i’to tahg ol ©of eheprécdding chiimshherein the
cells. 40 18. A hod of identifying at |east one

extragetiear trnatrlxmd getacted tfrem Hief Peewmtqoasistingoof MARRIGEL™,

grogllﬁrﬁ]I &aZcrtgﬂée pthRﬁ'ﬁﬁjG EEt“Q |5,%| r% ﬁg?ﬁ({) hgr%%'g?ﬁn Px- 1

e conpri sing
cul turing at | east one ceI I popul ation accord| ng to

any one of cl ains to in the presence of at
15. et MiBOd abf oldef‘BfYH!Q t@fstleast ane (fgrtrodbrlr imgdulptes the

diffientigicnt b?t t%Fh oéel[shedlﬁé entiatdd {i tflﬁ péééeorbg@ré&‘i'ng markers

absence wherein a east
chatiaé¢teastmokthereriduoaepmeeage coimprising #w stepsios:
i nd| ative of t[]9 denti fj cati gqrg of at | east one

f ad@dCWHERS Rtdlsast oo rell PapulAtioN.ASsRTHING: kh 3By @M of the
cel ﬂr%ceélﬁg c?&ms?f’n the presence of at least one factor to be tested; and

(b) comparing the differentiation of the cells in the presence and absence
of the factor, wherein at least one difference in the differentiation in the
presence of the factor is indicative of the identification of at least one

factor that modulates the differentiation of the cells.

16. The method of claim 15, wherein the markers characteristic of the

endoderm lineage comprise at least Sox17.

17. A method of identifying at least one factor that modulates the
differentiation of stem cells differentiated into cells expressing Pdx-1comprising
the steps of: '
(a) culturing at least one cell population according to any one of claims 1
to 14, in the presence of at least one factor to be tested; and
(b) comparing the differentiation of the cells in the presence and absence
of the factor, wherein at least one difference in the presence of the factor
is indicative of the identification of at least one factor that modulates the
differentiation of the cells.
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18. A method of identifying at least one factor that modulates the
differentiation of stem'cells differentiated into cells expressing Pdx-1 and/or C-
peptide comprising the steps of:

(a) culturing at least one cell popuiation according to any one of claims 1

to 14, in the presence of at least one factor to be tested; and

(b) comparing the differentiation of the celis in the presence and absence
of the factor, wherein at least one difference in the presence of the factor
is indicative of the identification of at least one factor that modulates the

differentiation of the cells.



