WD 2009/ 041984PCT/ US2007/ 080589 METHODS FOR
I NCREASI NG DEFI NI TI VE ENDODERM PRODUCTI ON  SEQUENCE

LI STI NG [ 0001] The present application is being filed
WO200MY1%Et h a Sequence Listing in el ectroni c PCAAIFER07/080589

The Sequence Listing is provided as a file entitled

CYTHERA_60VPC_SEQ TXT, created Septenber 24, 2007,

which is 9 Kb in size. The information in the

electronic format of the Sequence Listing is

I ncorporated herein by reference in its entirety.
MHEHIODS FOR INNRINSIONG DEHINITREE fiN3@ERMPRODUC TION

relates to the fields of nedicine and cell biol ogy.

In particular, the present invention relates to

met hods conpri si ngSEQUUENERILISTINGCt i on of definitive
endoder m and caonpagsitions thereof. BACKGROUND
[0001] | pooBhe-pieasnt gPrIkGapen irieing idsd along w%@wua@em%me&ecﬁonw

format. Sﬁh%ngefqgacecﬁgﬂnfg ANBrofiHRE YRY D& @'Eﬁﬁ oVPE SSEQ.TXT,

first isolatedin culture wthout fibro eedeTs
created Septemden24, BOAGsviach & 9 Kbiasirp. dhd infotrmation hn cdm @stironic format of

7 L at Tho Reubi nof f and
the SequbiEERliRe | REAH ot hbkin Bl Rkencl IR e fe ot " an B
and EG cells using n1tot|cally I nactivated nouse

f eeder | ayers nof f 000; Shanbl ott et
“al. 1998y Thoﬁgﬁi’t‘ggl'fﬁ{gb@‘ 04] Two

[0002] ?r Opﬂie; bRSert Nl el Cre R SRDEIGNLE HIRME Eﬁd Rell biology. In

uniquely suited to cell therapy applications
particulary the pipsgnt wsertinserclatng to meethas cpmyprising aHicienh preduttwgeot definitive

or prolonged periods. Pluripotency
endOdemFﬁud&)fﬂﬂamg’%gﬂ{%%efab| lity of hESCs to differentiate

to derlvatlves of all three (3) primary germ |l ayers
(endoderm nesoderm [ ich, in turn, form
all somatic cell typgg&gggﬁﬁg%ﬂﬁ?ure organi smin

[0003] addifni@ih bl‘&n?éfkﬁﬁﬁ&ﬁ reéng)istich ASSHR§odie s@m P eem ﬂ)d embryonic

and_germ cel onMng to the large variety of ce
germ (ch)ﬁs@% erafirshaselaed gbcqlwr%m@ﬁé}bmbéw fRgderEST1994 (Bongso etal,

1994) anf %ﬁyﬁ 1a‘s41%e&lé§‘a{gl§4:§f1'9b’r) Of 41! &?%&B&off annghamblott

I‘O UC at very fici’enci es. I Mpr ovi
establlshadlmneﬁﬁouslcahmys of hdinae fElSe‘cdlch(ﬁfceHEumn@mltoncabl& ih&8@sted mouse

feeder layg{s r&xg&% aq], 2606 &%ﬁ{ﬁglgags gl 1988 I'ﬂlomsorll fetf a?r; %gé)a ted

| ve
[0004] Two properties that make human embryonic stem cells (hESCs) uniquely suited to

cell therapy applications are pluripotence and the ability to maintain these cells in culture for
prolonged periods. Pluripotency is defined by the ability of hESCs to differenfiate to derivatives
of all three (3) primary germ layers (endoderm, mesoderm, ectoderm) which, in turn, form ail
somatic cell types of the mature organism in addition to extraembryonic tissues (e.g. placenta)
and germ cells. Owing to the large variety of cell types that may arise in differentiating hESC
cultures, the vast majority of cell types are produced at very low efficiencies. Hence, improving
the efficiency of directed differentiation of hESCs, or conversion of the hESCs fo various

differentiated derivatives, is advantageous.



SUMVARY [0005]In a first aspect, there is provided an
in vitro conposition conprising a TGFB superfaml|y
growt h factor and an antagoni st of E-cadherin, said
ant agoni st of E-cadherin bound to

E- cadheri n- expressi ng human enbryonic stemcells,
wherein the binding of the antagonist inhibits
adhesi on between said enbryonic stemcells. [0005a]ln
a second aspect, there is provided a cell culture

con‘prisinga%ﬁm rfamly growh factor, a

cal ci um bi ndi ~and E- cadherin- expressing human

[0005] ©MDr AN %ﬁs?%ﬁ?%t? flebeSis ipRoAd & ihd Mﬁvﬂ%@in@ﬁéiti%‘@&ﬁbﬁbiﬁ{@ TGFB
ca in e

| cium ng agent is bound to calciumions in t ]
superfangily} roveth nfiactiotiamd taneanédgpnish lof Bi-tddhgrindses iapiasorsteleR-cadherin

said emhryonic-.stemcells. [0005b]In.one enbadi t
bound (3 - GoSaps S TOPHe BT U IR s Srding of the
anfagonTEnARGs b eslRYBRERGid Aebriisiib Betnl egls.endoder m

production by contacting an agent with a human _
[0005a] enbr yiond cesandmespebt, thérESE) providedra ceh @ilipre spmpusingig TCIB

erein.the culture.conprj.ses at, Le E- '
supertandife G0t goeioh 14 Bt ei i et BT BRalk RPLRhL tman
embryoré B EQIsEnCANETrE Indurh hhEeiathasl dus tiides bpgt ¢ebbund to
and inhibits adhesion of the E-cadherin expressing

calcium gueis|in the cuhoteraedive) therehydntibiting pdhgsionthegeqniraidpadiryonic stem
1 culture in a second nedium conprising a growh factor

CellS- of .the Nodal / Activin subgroup of the TGF/ 3

[0005b] SUPemf@Ricbodinien ebiheidictsas thgrade bravidadve /e mitotartnod for -

increasing(j% @'egél%?/g %Eclilcﬁjrg]p)é [p? 0 ugeulgg Pﬁ g%tgc%i:zrl% faﬁ%ggr.}t oq?iﬁ} a ?Jlrn%] %mbrycmic
stem cell (ST ichi¥dr8 tn 2Arsk@RAfunt sfrkiethefcultire cempfisey apleasi va¢ Eanadherin

of a'cell derived froma hunman e [%o[‘gl c,stemc
s

X | .
expressing rrEBCpndywheseR SBE | 4850a SHleasEely nbipy cafhern o g E-cadherin
expressin@ Qi tank :'irnllia‘i]bg%‘ lagg'efsﬁmngld HAE- cHRER] &pPég;ﬁng @emtio RinBfher 'i:éll;‘ and

Xtrace ciumions in the medium
differentiafinf the e $Q it Guitgret fre ah &SOnd unedinte jomprisiegcdy| growve, factor of the

.. measuying production of.the differenti.at cell i

Nodal/Acfig PR BE0T LY ~aEAP Y REF BT iRk BT o P ©F)

productiofli fferentiated cell in the presence of the agent is :
~~increased as conpared to production of the

[0006] g f f larasnthienewbodimient ofithe disclapyetbercst profiged gapthod for
aoeee fhere I nei cat:| ; . ' ' s
aciok AR 0000, A28 BPELLE 4 MIBERHBM: cnbroni
stem cell (HEBQT b$icbhtactinigrn HERIE hethe prasemte wE At ageht intreculifuscinediumewherein
) -~ there is provided.an.in vifiro conpasdtion.cont gkt
the agent hj1d iy splP LY e e e iR A R B St in
the cultur€XRELSIISro88dtion MR @ferehi@ed edll inahEpresaRs oftthLugent, wherein
enbryoni c stemcell (hESC), and whereln binding of

production 9é thendiffsemitisted tcs!l tipndhe resencntghs deBEY cERsedopfetqrEired to
' productiof fof the dFr S ARy BeKPHESBsde ©8/the agent, thereby indicating an agent
capable of increasing production of a human embryonic derived cell. '
[0007] Sﬁll, in another embodiment of the disclosure, there is provided an in vitro

composition containing an antagonist specifically binding to an E-cadhenn expressing cell,
wherein the cell comprises a human embryonic stem cell (hESC), and wherein binding of the

antagonist to the cell inhibits cellular adhesion of the E-cadherin expressing cell.
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10008] I n anot her enbodi ment of the disclosure, there
is provided a cell culture containing calcium binding
agent and an E-cadherin expressing cell in a culture
medi um wherein the cell conprises a human enbryonic
stemcell (hESC), and wherein the agent binds to
extracellular calciumions in the culture nmedi um
[0009] I n still another enbdlnent of the disclosure,
there i s provi identifying an

a met ho
[0008] £ cadRénP eﬁ%ﬂ?‘glpe’&tﬁ’f&ﬁ‘g §OPES: theye Brusovidedg cell culture containing
al AR
G cmmp pti Q éﬂtsgigigglyn}i%a%gllng& %C&F%@Q} Elr %&rclgm{ \}r}éerem the cell
comprisgay »hn@alh eghryshic siem celi(hdS @)y ahd wheesiEtheaadent ﬁnnds to extracellular

SR |l ecting a nenber of the peptide
Ca“"““Ff§H5&§“H%H8FW " the Ecadherin peptide wherein the

| [0009] af fi Mty @hothreenibriBedt of sheadistlosabe ticrofs prbahed a LRANG of
t hat ofdg native honotypic E-cadherin peptide.
identifying g4 &t sadbesinipgnsy b o6 antmgonast By Areviding@reptide Abrarnbased oo hESCs
d | 1 C
and an Eg%tdh‘??lg ér%ld% :kg{/elg @Qd%@g%cfeénl%ﬂr%g fgrr%%ﬁ? h@nﬁ% (I)nr%!l aﬂimty binding
to the Ec@ggmls pergide: @latbhémtmgea( preessi o tllmpqmderi"ﬁrrg{rgrhmdmg @t the E-

cuminGEhi o PR TR B bR 5P oy o i

di fferentiating said E-cadherin-:expressi ng hunan
enbryonic stemcells by contacting said cells with a
-medi um conprising a growth factor of the
Nodal / Acti vi n subgroup of thé TGFB superfam |y of
grom h factors, thereby increasing the production of
definitive endoder m [0012] 2. The nethod of paragraph
I, wherein the agent binds E-cadherin. [0013]3. The
met hod of paragraph 2, wherein the agent is an

ant agoni st of E-cadherin. 1001414. The nethod of

par agraph 3, wherein the antagoni st i's a polyclona
or a nonoclonal E-cadherin antibody. wherein the
agent is a peptide or peptide anal og.
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[0015] 5. The nethod of paragraph 1 wherein the agent
is a peptide or a peptide anal og. [0016] 6. The net hod
of paragraph 5, wherein the peptide is an E-cadherin
peptide corresponding to an E-cadherin extracellular
domai n at am no acid residues 600-700 of human E-
cadherin (SEQ ID NO 1). [0017]7. The nethod .of

par agraph 1,- wherein the agent is a calciumion

chelator. [0018] 8. The nethod of paragraph 7, wherein
chelator is selected fromthe group

h
OmOtm@EC&dﬁéAH%’?p%lthyl enedi ani net etraacetic aci d (EDTA),

consistin
et hyl enegl ycol tetraacetic acid (EGTA), 1,10

[0010] phenantisy dikdleied Hiksh el enet ri ani nepent aacet ate
(DTPA), hydroxyethyl et hyl enedi am netriacetic acid

10011 (HEEDTA), di am nocycl ohexanetetra, acetic acid (CDTA),
I I1,2- BES@LI&M%MW? HICi’EaEIﬁg Neﬂﬁnﬁ\*/d\bﬂd@tiérﬂﬂﬁr%ﬁlh&wn compnsing
har maceut % acceptable salts

EIA
providifi ufl ket i Blcsy AU ROGITRRE & 8@?‘%’#?“38 hypasy embryonic stem
cells, therely En}ubaﬁhgradheamrﬁsshdﬂ@&udﬁaih @lfﬁ? ¥iap! &G t%megc% lother: and
dlfferen\% nr% g with said agent in a rst rre um “and
AP BIAFRETST RS bupar saibAnisstem Celll'ﬁbbjy oomitacting said cells
ith a Sh&ie | e ted i di u
Wi @ [ 0020] idgh@%ﬁiggngtégﬁih ?ickcgrgfgrapﬁaoﬁﬁ%ﬁ% nﬁ’%%lﬂ’d‘)f the TGFB

superfarpily of erawthi factoisstheieby eroeafamng teprédict o Sﬂ&l{ﬂiﬁlﬁ%%!iﬁ
d for identifying an agent capa

[0012] [ 002#]0 :iihg Snlleﬁléoc‘:)? arpgnl Whereirthe pgentypinds E-cadherin,

[0013] 20095B04H8 Sl d#2RBFApA30R8Srein the agent is an antagomst of B-cadherin,
{0014] 4. The method of paragraph 3, wherein the antagonist 1s a polyclonal or a
monoclonal E-cadherin antibody. wherein the agent 1s a peptide or peptide analog.

[0015] 5. The method of paragréph 1 wherein the agent is a peptide or a peptide analog.
[0016] 6. The method of paragraph 5, wherein the peptide is an E-cadherin peptide

corresponding to an E-cadherin extracellular domain at amino acid residues 600-700 of human E-

cadherin (SEQ 1D NO: 1.

[0017] 7. The method of paragraph 1, wherein the agent is a calcium jon chelator.

[0018] 8. The method of paragraph 7, wherein the calcium ion chelator is selected from

the group consisting of ethylenediaminetetraacetic acid (EDTA), ethyleneglycoltetraaceuc acid
- (EGTA), L10  phenanthroline, dlethylenemammepentaacetate - (DTPA),

hydroxyethylethylenediaminetriacetic acid (HEEDTA), diaminocyclohexanetetraacetic acid
(CDTA), 12-B1s(2—ammophenoxy)ethane-N-,N,N N'-tetraacetic  acid (BAPTA), and
pharmaceutically acceptable salts thereof.

[6019] 9. The method of paragraph 1, wherein said E—cadhenn -expressing human
, embryomc stem cells are provided with said agent in a first medium, and wherein said E-
cadhenn—expressmg human embzyomc stemn cells are differentiated in a second medium.

[0020] | 10. The method of paragraph 1, wherein sald first medium is different from said

second medium.
[0021] 11. A method for identifying an agent capable of increasing production of a cell
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derived froma human enbryonic stemcell, said nethod
conprising providing a candi date agent to a human
enbryonic stemcell culture; differentiating the -
WOROMEM1%Mbr yoni ¢ stemcell in a culture nedi BI/US2007/080589
conprising a differentiation factor known to be
capabl e of pronoting the differentiation of said
human enbryonic stemcells; and determn ni ng whet her
t he candi date agent increases the production of cells
differentiated fromsaid human enbryonic stemcells
derived fioym @dumpan iendpritdne: pem deit t satinmethod cdrhyei seay pratidthgeedahdidate agent
h in sati)d cell cul Lure _rgi#eded W th the candi date :
to a humgn cmbryenig isien, cell) qeliyrgn differepiipting g humagerlyyprac sfpny cell in a

culture héeTBN SHMNLR & EffelhERlon GMior UnBwhNRt bd)agpaBRt oP @enoting the
provided with said candi date agent but has been

differentiati e plowpidipurpan; ereby et sty qell it idaterainineawhegher she qapdidate agent
increases\‘l:vﬁ{el &Hh&f&leofp(:a}’s' d réﬂti‘é.{%dt#?&af%ﬂg 'hqﬁltaﬁae?lgg?c:né? Istem cells by

ereln greater pro uction o renti S In
comparirghtbe paiductoan ofudiferenizatedi ecllsvin tshidtdel colurd ipdavi dedagiehn theamndidate
0 red t e production pof differentiated,cells . in
agent to (iR FREHEfor! & st eRIARH G Bf's Rl (6T FRE IR Shlin® hel has ot
been proﬁﬁaIlMth gﬂﬂ@_ﬁﬁ@&at? Bgdnt bﬁlﬁhag %B@ﬂ ﬁaditfi wigle the hsiallﬁe KeEasaRiation factor
€ production _o a ce ' eriv [ rom a u n . .
as the celi ey moaﬂf@é Myith the gansidese ageRe Wiéf%g’e@?r Iafaig%@lpa gh differentiated
cells in éﬂ@%ﬁ'd%lthﬁeﬁ)r@{rifdﬁéf e it éaﬁ&idﬁt@céfg@ﬁt hsscx%rx__&ﬁ&i"\{d"thfeaﬁﬁwcﬁon of
of the Nodal / of the TGl 3

] of Activin subgrou
differentigigderclain the. ceflondigiel got prh@idntguaﬁﬂ;dhgfcath?d@g pagyh iridicates that the

. Y i r ' ' initive.
candidare IEhhedod€ i RE0N b S0 RPNk B Bl e i
[0022] et htdl TiHe pathad)ofiphragdaph ville mdiereint e differehtidtionaactor is a growth
antagoni st .of human E- cadherin, [0025]15. The nethod
factor of @PNP%@JA@%% subgrouprfe it HGEFR SUREEBAELYi s a synt heti ¢

conp ] t . . .
o1 corpesd hOREBLF oA B PRl e
endoderni eelMirtdeovatpelosedfi on conpri si ng an ant agoni st of

o241 £ afih et RS b e fbronh, P WHErf B heent s an agpquist of human E-

cadherinwher ei n the binding of the antagonist inhibits

adhesi gn betvvee? said enbryonic stemcells. [0028]18.
[0025] The torhssiethodiot prrapaphdilapherdin thegespids A synietic compound.

o S T 5 1 e GRE ST gl
[6027] wher Bl dAmafr tigrasiompOSiBiof comerisingnan antagonist of E-cadherin specifically
bound to an E-cadherin-expressing human embryonic stem cells, wherein the binding of the
antagonist inhibits adhesion between said embryonic stem cells. '
[0028] 18. The composition of paragraph 17, wherein the antagonist is a polyclonal or a
monoclonal E-cadherin antibody.

[0029] 19. The composition of paragraph 17, wherein at least 10% of the human
embryonic stem cells are not adhered to other human embryonic stem cells.

[0030] 20. The composition of paragraph 17, wherein at least 50% of the human

embryonic stem cells are not adhered to other human embryonic stem cells.

[0031] 21. A cell culture comprising a calcium-binding agent and E-cadherin-expressing
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enbryonic stemcells are not adhered to other human
enbryonic stemcells. [0030] 20. The conposition of
par agraph 17, wherein at |east 50% of the hunan
WO st c stem cells are not adhered to ot hd&CTRHAI/080589
enbryonic stemcells. [0031]21. A cell culture
conprising a cal cium bi ndi ng agent and
E- cadheri n-expressing WO :
2009/ 041984PCT/ US2007/ 080589 human enbryoni c stem
cells in a culture nedium wherein the
human emalf@hwﬁt_émh ﬂlsrig a&%&ﬂiﬂe gﬂi@ﬁlhﬂ,uglﬁbréiﬁ ﬂwddr?imbﬁmﬁl%b dgentiB®ound to
. culture ium there inhibiting a si on between
calcium 1085 dn éli‘ﬁagg’é‘nfﬁ Blediuginthathss! {Peféngoydhgsion hetwegn paid §Fbpagic stem
cells. Oof paragraph 19, wherein the cal cium binding agent is

sel ected fromthe group consisting of
[0032] et hy P2k calhcnl@trep?a%r@mplc1%oﬁfh¢re(itEthwﬂ,cium binding agent is selected

e R
acid  (BFPA), hydooxyehbydnetrbljdeeneddiatiiyiontirinmivepéintasactad  (DTPA),
rvarory SRl i RRG o9 FedARRLD N R Bl heesc aci
(CDTA)aci ﬂz@ﬁﬁ’:ﬁﬁﬁncgﬂhg%’m@%hﬁﬁ%MNW%%a@&F&ptﬁm e @APPA), and

t hereof . [0033] e conposition of paragraph 21,
pharmaceyisplyy pcetable salts thegogfof t he hunman enbryonic stem

[0033] ce!! §3.afrg%gé§fn£§§{?%%@ ;Sa?rap%& en1h ir?'EPrlé(a%Pil%ﬁ"b?%e human

cells. e co I'tion of paragraph
embryonishseme tellsare hat adher&D8h alierthnmah embryosivtamonélls. st em

cell s, are not adhered to other, hupan.enbryonig, st
100341 cep | 2616 B8RSR il AGestu e MERYT A e 5076 of The human
embryonic-sted Blsiafe @g Qihdéd @ ot hagan efibryORITkdnS b,
[0035] 25. A method of identifying an E-cadherin agonist or antagonist comprising

providing a peptide library of peptides derived from hESCs and an E-cadherin peptide; screening
said peptide library for peptides having high affinity binding to the E-cadherin peptide; and
selecting a member of the peptide library binding to the E-cadherin peptide wherein the affinity
of the member is equivalent to or higher than that of a native homotypic E-cadherin peptide.
[0036] 26. An in vitro method for increasing definitive endoderm (DE) production
comprising contacting an agent with a human embryonic stem cell (hRESC) culture in a first
medium, wherein the culture comprises at least one E-cadherin expressing cell, and wherein the
agent selectively binds to E-cadherin on the E-cadherin expressing cell and inhibits contact of the
E-cadherin expressing cell to another cell; and differentiating the hESC culture in a second
medium comprising a growth factor of the Nodal/Activin subgroup of the TGF[ superfamily,
thereby increasing DE production. _

[0037] 27. The method of paragraph 26, wherein the agent is an agonist or an antagonist.

[0038] 28. The method of paragraph 26, wherein the agent is a peptide or peptide analog.
[0039] 29. The method of paragraph 27, wherein the antagonist is a polyclonal or a

monoclonal E-cadherin antibody.

[0040] 30. The method of paragraph 28, wherein the peptide is an E-cadherin peptide
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providing a peptide library of peptides derived from
hESCs and an E-cadherin peptide; screening said
peptide library for peptides having high affinity
WO+t o t he E-cadherin peptide; and sel e®CTAE2@P7/080589
menber of the peptide library binding to the
E- cadherin peptide wherein the affinity of the nenber
is equivalent to or higher than that of a native
honot ypi ¢ E-cadherin peptide. [0036]26. An in vitro
met hod for increasing definitive endoderm ( DE)
correspopdingltocdn 0adberip E:k&;id&guleri)c:mtf(w}i]ﬁ hﬂ?niaﬁ laé?ig essidues B[M;-EOO of human E-
. ryoni c stemce ESC) culture in a first
cmeﬂﬂ%ﬂaﬂlﬁ% rein the culture conprises at |east one
[0041] E- cagies imetRodPfR MR ifEhd agddD daphBRS & iRcrkidnA88Mlction of a cell
i sel ectively binds to 'E-cadhérin on the E-cadherin
derived &ppr asyimag embivoaisdstemhielli (ESE0reomyrisiie eangacting a hESC in the
B (o B N . .
presence g G Q08 2 S RL RS AR Bhoretn @ B BIna B Bl alcium fons.
in the megioumpyr diferegtizingribevblBS teltstio theodultilembifidal Atmeasuring production of

..~ Subaroup .of. the TGFI 3, superfam l.y, thereby ingreasin )
 the diffeiggr el R 1S cpgos S SEenh o i BEP BB Sy G Bl cell i
the presedbe6Rthd abdie i PldeRhsddSes ABmPERN itd brodlictAh FMth@didRicntiated cell in the

[ Q038] 28. The net hod of paragraph 26, wherein the

absence phche agsnta thasphy dedientingedt i2gent asrRpllg. off DOSBHRY. Prydustion of a
diﬁerenﬁ%%}i?%?d&fveﬁq{oﬂgﬁ ﬁ%a‘%g%'ﬁ RLeLp the antagonist is a

onal or a nonoc E-cadherin anti body.
[0042] [ 00483.30e rdteodef Froagrath amdgreapthe 28turetmeadainn firther comprises a

epti.de i s, an E-.cadherin ' WO, .
srowth fghef 81@;%1 ‘Hgglz%wmfpdg«g’ébggﬁv&%mﬂm ng to an
[0043] E-cashertienmemby 8 §latdsrh HORHReiRkh AHiRRNASEE cell is a definitive
resi dues 600- 700 of human Ecadherin (SEQ ID NO 1),
endodern} crdlardemvativerfeerefd for i dentifying an agent capabl e
of ipgcreasi ct] of el | rived. from a
|0044] huma%g eﬁ%r@%%?% E)f“s)?ag%r%pgﬁl, zvvﬁx%rg% tlhg a e“:fl}: isd cgaécrurg ion chelator.
[0045] cont 3% tThagethddkcSParagradph 84 pwikseinaie: efcian i@pehelatdris slected from

the groupggcler{sg{:jgg ﬁg&g{%g&hﬁ{jﬁq?%%ggg ﬁ%ﬁ%Dﬁfe@? %];ﬁy%neglycoltetraacetic acid
(EGTA), dbiciifietriaatihdpenia @t REIDTOIN S Hyﬁrc}x?&hﬁ%%:l_éﬁ&iiﬂﬁi‘%ﬁi%eﬁc acid
: neasuring production of the differentiated cell

d
(HEEDTR}, Diemigpeisighesanstetppeetia gad , (GRBAbI i 2gPio@ermnepheppxy)ethane-

NNN Nl 868 BARTRY flphatfholliRailf 8260080 OlisififegIoNt

IS I NCrease npare O proauction of t
[0046] di f ¥ éntinatiedcanpdsition cohprisibg ementagdnidt specifpally binding to an E-
cutein SGESR L16aLLTS 20, S38 CoNGBLE O 0t E2510 1550 an
wherein Blhdg fviicy @agorit! fo. the cell inhibits cellular adhesion of the E-cadherin
expressing cell.
[0047] 37. The composition of paragraph 36, wherein the antagonist is a polyclonal or a
monoclonal E-cadherin antibody.
[0048] 38. A cell culture comprising a calcium binding agent and an E-cadherin
- expressing cell in a culture medium, wherein the cell 60mprises a human embryonic stem cell
(hESC), and wherein the agent binds to extracellular calcium ions in the culture medium.

[0049] 39. The cell culture of paragraph 38, wherein the calcium binding agent is selected
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[0042] 32. The method of paragraph 31, wherein the
culture medium further conprises a growth factor of
t he Nodal / Activin subgroup of the TGF13 superfamly.
[ 0043] 33. The nethod of paragraph 31, wherein the
differentiated cell is a definitive endodermcell or
derivative thereof [0044]34. The nethod of paragraph
31, wherein the agent is a calciumion chelator.

[ 0045] 35. The net hod of- paragraph 34, wherein the

calciumian chelator.is. selected f.ro u .
from the g censiigng© sﬂﬁﬁ?ﬁ%mnﬁﬁfrﬁw& Paa&ﬂb&g?a%ﬁiﬁ Eﬁéb‘ﬁﬂsteﬁaaceﬂc
acid (E@Hi%’hyl o et dnfhéRAME A ADNPA( @éﬁ}oxyethylethylenedxamlnefnaceuc

etri am nepent aacet at e

acid (HERR ok Piaonippecivpremeigirasrchieadid EFA& 2 Bip(3 AMBEDPRgnoxy)ethane-
NN NG RRDAAE ARG Sl PAGRICGIARY RedPREE e et aci
[0050] ( BAPI9) , Aamethphaofnidenifying ainl §-cadiesipt aohist salattagonist comprising
\ t her eq 046] 36. | 1D, vitro o osition co r|3|

providing g @H%bgﬁ éeﬁ'lwﬁég%ﬁ apd Sfip Papiide; Seraiiag i peptide

library f&%m $hiAde %ﬁgﬂ af iR bR gtth QhéiEldadI%ﬁEEerbﬁ&eS sé'!ecfﬂh%%ﬂnember of
yoni ¢ stemcel |l  (hESC), and wherein binding o0

the pepttdhéﬂ:aﬁwdg@dmgttOttbe tHheadbetil pepfifiebwhereinethp Lﬂfﬁtha@m@u wember is
f 71.37. Th

equivaleft Orth% 1F'hon 0 {);{‘a?agf%??%%’g@& %\Elédrhgnhggﬁéﬂe ant ago(ren st

[0051] i s a Additenad nmbOQImeatsrtcﬁﬂm:}bremt discloath @iyl Bd BealYin United

States PrayRn et AR Al Nt P> S ceur gDV ER DO, flea

Decemberytmt B0e3; M. Wbvibel SPdiert NS tishtonC RIRbESEW 566, F3MRAttled PDX1
nbryonic_stemcel |l (hESC), and wherein the agent

EHRES&M@@N@ BERMclalletl dhpsid 28400/ UkhS: Brayisienal B@e@ﬂnpl}ﬁtﬂon Number
60/586 Sgﬁgérng?% the cal ci ugj%i ndi nggggelﬁ%@lligfggqggg SYLATION OF

DEFINITIVE ENDODERM, filed July 9, 2004; U.S. Prov151ona1 Patent Apphcatlon Number
© 60/587,942, entitled CHEMOKINE CELL SURF.AC_E RECEPTOR FOR THE ISOLATION OF
DEFINITIVE ENDODERM, filed July 14, 2004; U.8. Patent Appliéation Number 11/021,618,
entiﬁed DEFINITIVE ENDODERM, filed December 23, 2004; U.S. Patent Application Number
11/165,305, entitled METHODS FOR IDENTIFYING FACTORS FOR DIFFERENTIATING
~ DEFINITIVE ENDODERM, filed June 23, 2OOS;- and U.S. Provisional Patent Application No.
| 60/736,598, entitled MARKERS OF DEFINITIVE ENDODERM, filed November 14, 2005.
[0052] ‘These and other aspects of the disclosure as well as various advantages and
' utiIities,. will be more apparent with reference to the detailed description of the preferred

embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS
[0053] Figure 1 is the deduced amino acid .sequence of human B-cadherin. Signature E-
cadherin motifs are bolded and underlined: The first amino acid of the mature protein is
underlined twice.

[0054] Figures 2A- C are flow cytometry dot plots of hESC-derived cells that have been
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fromthe group consisting of
et hyl enedi am netetraacetic acid (EDTA),
Et hyl enegl ycol tetraaceti c acid (EGTA),
WO/ 4ia8dénet ri ami nepent aacet ate ( DTPA), PCT/US2007/080589
Hydr oxyet hyl et hyl enedi am netri aceti c acid ( HEEDTA),
Di am nocycl ohexanet etraacetic acid (CDTA),
1, 2- Bi s(2- am nophenoxy) et haneN, N, N, N-t etraacetic acid
(BAPTA), and pharmaceutically acceptable salts
t hereof [0050]40. A nmethod of identifying an
treated tEdifﬁa#bmra’temoa@dﬁmts{e endodartnacplin ipet-tocatipent Svithgari- lanthaii Eg:adherin
eptide |jbrary based on |i ESCs_and an E-cadhe
(5Hg/meéﬁ‘i éledéEF‘ééhﬂH%feicﬁméV pepegatrd CXERAraptpedy. a@’éﬁ’f“% 2AB&C
(top left %@ﬂf&ﬁg sﬂb\gnh ]b&]tlt)ﬂ oPLA g 2t T XER4 FoGiadd 'i%ﬁlb analysis.
e; selecting a nenber of the peptide | éﬁy
[00S5] bi ndF@rdS@A-&aEr bzadttharts rshq»elpgl thle mikisAclewels h)é certain markers as

detected % {219%% thEaﬁ'l@ g%n%e 5 1§;/ 6&% al e eaﬁechoBlfiﬁ’E éentita{éatg definitive
endoderrfl Q@Esl}ilédgi it thotedtmexfeDwidh I@Bﬂiﬂhﬁm@lﬁ EI-dEiﬁhﬂ{rﬁS 8pécifically shown are the
found_in Unlted St at es

di scl osure also b
mRNA 1oxuhicE 8 Bl e KBTI Bh FiS, T NANOGGHIG: 5), and OCT4
(FIG. BDEnThé L&%\%Fohblhﬂél iN& NP RMys fiidl 26 3@%@?%@? respectwely, no
U.S. Provisional Patent Application Nunb
AB - no guji-beBarpETadianini antibedyPDX1 EXPRESS| NG ENDODERV f| | ed

s %l Bt I e P i

. detected RECEFRIRORN FRERCT H'EnleSCdeAE' K Hake BEEEJI ﬁdha:féd/E) itk to definitive

filed July.9,2004; U. ent
endodermgef s i ateine SRR TS SpoRACH e e RENA levels of
WRF H FI NG
NODAL 51, SO SR ) AL TR T,
abbreviatigns [areciadicatad pgFeblops 1E$@21enmﬂamﬂeﬁ9mtcpléd’ftﬁﬁ RB ¥ wyh no calcium

il 3 S t
ot o R | SRS g BB LRl i A

and W25|-DBENE/BYWXGaEACTORS FOR DI FFERENTI ATI NG DEFI NI TI VE
ENDODERM fil ed June 23, 2005; and U.S. Provisiona
Pat ent Application No. 60/736,598, entitled MARKERS
OF DEFI NWETXEH.EDNSESRNIPTIOR OINewnhevESFIOR005.
100521Th e and ot her aspects of the disclosure as

[0057] e |Aé:§u fege & erlvahimeg s vel pem entitrmed gastrujgion oggurs 2-3 weeks

after feﬁiﬁ'ﬁﬁtﬁ)ﬂap@%ﬂ%muow ik téxfr&ﬁ&f; oA Sdigusdst A elt%s tlme that the three

descri ption of preferred enbodi nents.
primary ngB@RreFSr maﬁrﬂl-‘spﬁﬂﬁe@mwngd)dseﬁtml gGre @pﬂnquméDev 11, 384-

392 (ZOnge enw tg ﬂetg:m)n / %aln%ggphg&fsgﬁgﬁb ."The ectoderm is

ure e’rln S are

responmbllmfbe It]he mdtual'l' ﬁﬁmﬁumrs bf theloner actetingd off fhe bowd§ tridethe entire nervous
lLined, t Figures 2A-. C a

t 054
system “ggrgwe% By % ens ShpighE Fiupd e G g e istira e derived
from the iR%BIQRE 'DerQ\%Oé}ﬂﬁ@&ﬁrgﬁ@e@fﬁé&@g%?éQﬁpﬁ@& that is responsible for

formation of the entire gut tube which includes the esophagus, stomach and small and large

intestines, and the organs which derive from the gut tube such as the lungs, liver, thymus,
parathyroid and thyroid glands, gall bladder and pancreas [Grapin-Botton and Melton, 7rends
Genet 16, 124-130 (2000); Kimelman and Griffin, Curr Opin Genet Dev 10, 350-356 (2000);
Tremblay et al., Development 127, 3079-3090 (2000); Wells and Melton, Annu Rev Cell Dev
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treated to differentiate to definitive endodermcells
post-treatnent with anti-human E-cadherin (5ftg/nlL)
and | abel ed using a fluorescently conjugated CXCR4
WORANMEWY. Figures 2A, B & C (top |eft quadr REEUSSHBRE0S89

the proportion of cells that are CXCR4 positive
follow ng anal ysis. [0055] Figures 3A-D are bar charts
showing the it-111NA | evels of certain markers as
detected by QPCR in hESC derived cells that have been
treated to differentiate to definitive endodermcells

Biol 15, #9970 0Wil990)t Véeisnamit Maitbly Aetelopmenan2 E- CHAHSEME (2000)]. A very

1mportan§ Ag %mfegc?ng !5 @3 ?}ovvn agq:Séwbeg%) '\ﬁgjﬁg\é‘v? [_ep%f)@quﬁé ‘&El c%mpletely

separate G@I&ge( &t Ealls3tmed PEMMIRY BiYdodbdn® N STHRY ﬁnmﬁﬂflecéﬁd@&%rﬁhsls primarily
follows: |d and 3d - days. 1 and 3, respectively;

responmbABfor fRgnation; of gt mbreaHissHes, alp i parnpebes ‘FIFW &gdoderm

I
porions 0y 81085 (SRR AR AR gnorne
[0058] cel | Putihggadtanatiobethe proest efiddfmitilief dngdpdertni fotmeatiom begins with a

cltlar SISy 68) Y RS Mol enp R bRl B b fgderm o
endodemé)l:h@até%rouﬁh%mtwwre( ERACHhe bhimitidBitrard Defiliiéendoderm is
FIG  4Q) he abbreviations  are indicated. as

derived ff%‘ql Folln el e ot i fthe GG eertion opgsstreak prdhiqugh the node

(a spemaﬁ;%d“sﬁh&hfé@t@ﬁ@aﬂ?&m ofp t§§stré'ék rﬁF iol oceurs, definitive
- cal ci um and nmagnesi um |V|n

endoderns pepwiass fiph theymest e, mm@w m&lx@ascammmtmecﬁénﬁmn of the
57] A crucial stage in early human
p°ﬂaunggggﬁgpgﬁh%g'erned gastrul ati on occurs 2-3 weeks
[0059] af t eWhilemiot int@alingto b&&irrdub;aaﬂ;op\am&ﬂw(ﬂhemeitys believed that E-
. signifjcant because it this time that the three |
cadherin W%WCS‘&P Rf Fl&@ Sstgiaed iy inhibiripg %@%ﬁhdiwge&rﬁ%@tlauon
of the celid#t 18d0.2Aceor@kly, Citdin EREE oPmMé p}ésenﬁﬁéenn%ﬁ @elﬁt% Q9 &%eints which
Schoenwol f and m th, Methods Ml Biol 135, 11
bind to Frgaghenn o lakleasitasgdi-padhsrin érsm@-ﬁmgﬁeél f%rexmnleevre RESGI In some
lan y
embodlmg%t'é,:}?é h%eﬁtsﬁrjm& B eUE V\E as ; aﬂy{‘lear ?dh%gﬁ Itggg%lgﬂgd’ that the

ervous syste
binding of lFetagherin decsebes @i‘idlaoadtMmon andrec tdsules ini ceB sasmalimgeevents, thereby

s S PG RRIS 5 A K2 SRERLTOE] e o

hESCs. Dﬂfeﬂatpe@fs &tftht ipeeseﬁttmfz@n@ﬁtreimb@ Hetheds fob GdeatlBind ARnts which
hagus, stomach and smal| and | arge intestines

selectively sprancsy iad mﬁccﬁtdhgm nsl/qr aintirondhicgio: expraseing gelh and which
binding 1ﬂcli‘@aséz Qéﬁic}én erB@RbR ¥E Fﬁqrcﬂﬁ‘ fesbyroid

er and pancreas [ G apin-Botton and
[0060] l\/bl tz’éslmhough éhﬁciﬁ)ll@arnl@ dqsenptlmmlfﬁ@c(eéw@)prefhﬁfrc:bbm’aendlmnnt of the

Cenet Dev .1 50- 356. Q0
present bt OB bSGIRChgo ety £02 35388k B uipocy o DE
productiovétdns hE8d s Melsh@nid bAmaderRewd ek thiDdescriidn is 111ustrat1ve only and is
009/.041984PCT/ US2007/ 080589 Bi o] 15, 393- 410 (1999) ;
not intendgg) tp Jimyh henieppe At pEURsRAETIION 2 Fhusy s ugedest sepef)fe present
inventionArelREY td 'TH@%@:B%IS" b Re&dt®Te $hoslsboRResBSidAe ‘éﬁ)?f‘ epithelial
the definitive endodermand the conpl etély separa
mtefaCUOIlS rﬁ@ég@céﬂaté efifferentiatiand pF‘i’rmeK&mIel%e Hoedensts tikle selectively and
L I
spemficaleﬁlml It(lf %n il k?‘[o'&hia’? %;l/lg%l?c éélsoglﬁ)gﬂgﬁﬂtﬂlﬁ Ea?d%enn homophilic
or hetergphilicetdl-tcacedl vostaes,abnd ridodese miiferdnitiatin @ﬁi(ﬁdﬂﬁy (e.g., increase
pl acental yolk sac and the extracellular matrix
materi al of Reichert's negbrane [ 0058] During
gastrul ation, the process of definitive endoderm
formati on begins with a cellular mgration event in
whi ch nesendodermcells (cells conpetent to form
mesoder m or endodern) mgrate through a structure
called the prinmtive streak. Definitive endodermis
derived fromcells, which mgrate through the
anterior portion of the streak and through the node




present invention, nanely, conpositions and nethods

for increasing the efficiency of DE production from

hESCs, it shoul d be understood that this description

WO 2869041984t rati ve only and is not intended to PCGTHAS2007/G80589

scope of the present invention. Thus, in its broadest

sense, the present invention relates to the discovery

that agents (e.g., antagonists), which disrupt

epithelial interactions and facilitate

differentiation. For exanple, antagonists that
differentmeibe efficicatyofaefingpeehfiodeah).y bind to E-cadherin,

modul at e .cel | ul ar adhesjon, by. i nhi biting E-cadherjn )
[0061] hom)bﬁ? eAResyE TAkTERh B pelscwith ofhsr ceh hoginbas and hsfgrotvpic)
and betweBg baBSMdthé bekaRliat hﬁﬂ‘lxeglﬁjé CHEOE YolbLinda wideARASE processes
) . WO 2009/ 041984PCT1US20071080589 di fferenti ation )
includingyf for cxamplp, aeeudpfonnpt deeel comrotrd rivpcesfesnewiiriaion of the immune

. . ot ol ) _ '

ostem, B GBI LSRRk CLRI UNBHHSS by g g cot v
another el tth@netypivland hetatatypic)piray a cuifade @almatrot. d&:llilar adhssida is regulated

yariety of processes.incl udin for. ex l e,
by specifig giieyort frfocolfs, Srtisthinpalicn Pifouidtion B il preligler to the
intracellfl frematARLEE., SaiheAM thanThtdrabTBithheBEEeS P theapgosing cell or surface.

netastafls. Cel | ul ar adhesion is the binding of a )
Such adhgsion pglegilgy peer alse | tpredomeReplrY diutheemelcalgpihey tgpognize are

d "i8arRs'® Wk A& AP binfer- g1 ‘cOfhe! i

j[erme rlg%]ﬂgls atk_%d by _BS pgg? %‘?%Iﬁgdrggéglwg% rm?%gbg g’sﬁle\/\ﬁ? dc,y hOf cell adhesion
involves el hardhgsiom piotdimy angtthomolecars thatthexbind¢®! | ul ar to t he

intr | pl.ar trix. e .8,. cadherins_that interact .
foos21 1 | A Toast e TR o st SOGM ACpE0RE e “oFhgions: he
integrins atheesidberingind cthit asleatig:. dt $ondrall avitksiohe eRENES dreaidhsmembrane

. the nolecul es they recognize are ternmed "ligands” ,
proteins («Swa BIFER PhEsiracitiaf 4 Aiaclop Py WHR 28 racellufpg matrix or
cellular @hipdderdf 2 @@him@ANEAL ABmbiNVPhNGRs ¥R belPARESIAR and a cytoplasmic

_ proteins and the nol ecul es that they bind to.
domain fpryoBRchng Withone phineee dytaskelptekcagipoagtiesi on nol ecul es

medi . ' ract s b he I S .
foos] 120 S TARERE |<PLELAC BAOTLT: ek ek WEALICRZeg iy, of adhesion
- receptorsmimtegrinsesre aglecdprataiankevndinerp maichi oentaihi € hon@whightly-aysociated

extracel lular domain for interacting wth an ) ,
ocand B sulymib JBeTe rogt IFas Fugiost & PN ﬁﬂfﬁ”ﬁgﬁtkﬂ%’n B subunits which
. ' i led.- . .
cn i g SO RGP S 08 i
chains ar€ydpablks ef piifihg a6 epef BlCBMIGIP Tdim 4 MR bubFamily.
represent one of the best characterized famlies of
[0064]  adhelslesting ateehfanily of Rursgiembsangrolgpuleso gERsesspd on the surface of
I, @€l e i t@h O > he! - ' :

oy 385081 5 S ACED 001413 BAEENEN PSSR o
with strugtuislifiomeolagm do ealyintm kapanderitIectins ufrillosvedtbviych demaindainrologous to

. f or t least twenty different. i rin | ecul es .
epidermal Gropfh Bl orole GRS YortsGiobies R EAmulhs eSS ighe ound in
complemaE rp@ﬂitbﬂgg)rm@eltﬂﬁ. Ei[ilglodiﬁfzt]ﬁgefhfdhés_%rﬂfbaépﬁmﬁ @sf fn@@r’ltﬁd&}i% a hydrophobic

ain supfamnily. electins are a famly o
transmenBpas SHBHY A SORGH R ASRAT R PEYE &l on the surface of
00651 | euk L sat ' Cirj
O ot o e P At R e Thplay an
importanigolejo ther estabhshrtns gpd meinsenapéaohintersetidentonbeationsibgtween cells of
foll . | gQu pider gl .gro :
the same e QUGB PSR! [ COUR OB, LSoBRUIRL Ry 9L miotogy
simlar to sequences founﬁ%in conpl enent regul atory
proteins. Each of these adhesion receptors is
inserted via a hydrophobi c transnenbrane donmai n and
possesses a short cytoplasmc tail. [0065] The
cadherins constitute a superfamly that share a basic
structure. They play an inportant role in the
est abl i shnent and mai ntenance of intercellular
connections between cells of



the same type (honotypic; reviewed in Geiger B. et
al. (1992) Annual Review of Cell Biology WO
2009/ 041984PCT/ US2007/ 080589 8:307; Kemler R (1993)
WOR0MHL98# n Gastroent erol ogy 9: 317; Takei chi WCT(USQ@Q)80589
Annual Revi ew of Bi ochem 59:237; Takeichi M (1991)
Sci ence 251: 1451; Bussenakers, M et al (1993) Mol.
Biol. Rep. 17 (2), 123-128). The cadherins are
synt hesi zed as precursors that are cleaved during
post-transl ational processing. The mature cadherins
8:307; Kamer® {1998) dhaidh imGlasesdnasolblgy O3 17;MCdkertai NEKHJQO)/ﬁh}yual Review
a sin

[.1 ul |
of Buochy L e PSSl M DG OBl 12 R SLTOke, L AmS IRl 81 005) o
Biol. Refs: 5!@"(@?' 11R35128). The THMEBIY ‘Qféoéyﬁﬂﬁés&&i a’%%ﬁsbu?stopseﬁlat dr@kleaved during

exanpl e, epithelial cadherin, E-cadherin, Is a

post-tranglaonabgracessinendig rraitt@reg%ﬁb@rmsweusmgb( phadrs sedeckes Whjch include
k

relatlvel)pll'arotegggﬁ’%ﬁ Sg?r? n? ' sﬁ;{ﬁ% L@sr&% &)}"agie ﬁ%ﬂaﬁq ﬁ@c lz‘ies;mc tail. The

membersanfi the caibidin muesim KdnhdFogylto GEKOThEY. RGE exnpls e{iinhnlhfal cadherin,

o s, TR R S 5000 O 2 e of

epithelialCébHE. @ﬁs@iﬂlﬂiefscet%? %ﬁﬁﬁ&%erﬂfe th@Uhe hAnfkré HOmAERQdREInBnino acid
LDRE and DXNDN, which are bol ded/underlined in FIG

sequence)(FIGy & SR IIDCHRs éavﬁeabWﬁgé hq)rrwl@a@ﬁetmhwanllhcadhenn and about

67% to N%&ﬁéﬁ'ﬂl Wlthntl @l‘ﬂﬁ% akas/ ggﬁlrcH Qie?our to five
, oug In dlva ent cal ¢crumand

amino acgdmém ymbé)XlﬁDHd Wlnle’ba'eelmiwundbrhh@d irc Bihé) are well conserved

amons S5H00. ST U0 SSENRU ETRRIREET P,
thought tﬁlbﬁﬁﬁdleﬂbnt(mﬁilﬁﬁ iaf@ iy gerRrally Belipled a6 BE @)sential for cadherin function.
§ep t hel | @é and N- ( neural cadherin), the
Two addigigpalpiess WL Cerskae o Bt ceed RGO thegperbigpe. Among the
classical Q&lﬂéhﬁﬂ)ﬁae f]@(ﬂl@é’éﬁfﬁ) biy - (Eﬂ?ﬁleﬁé}ﬁ S‘zlnd éi‘l?ﬁ* kath@fin), ﬁ{e cytoplasmic
ecto-, domain (Takei chi 90) nual Revi éw of
domain qepigiethe highest );reewfdl%mlw efglinvceddw thet firafcesittagelinlar, or ecto-,

domsin FBRELR SRR, ByNANLALSTPIAR: 00100 Wi o

intracellul dst nddini 20 .coffeing - ECBI@@I phésphodlated froltd Vigal do qﬁbﬁ&hﬁ] binding and
which participates in regulation of actin-containing
therefore (g (cadhasinefuastiqn; |Betreertenin Tae aodiied &0 ocaikait, owhich parumpates in
ou n

resieiof 3 SLATL AL k88l ALY D3P 048 i vinding
sites thro(uchQi%)thél' rammmts atid fegednce Bussenlabey, B 35173) Supraf) @eemlaeR. (1993)
Trends st char éh@ﬁd function of E-cadhelin are

rends in} tions, i.e. each class will only

[0066] bi ndl“ﬁeﬁbe&@dﬁ@ﬁt&ﬁ:n@éd ﬁﬁ@u&%@ cAdhefn %%mﬁ‘ﬁyfpld\iﬁ@éﬂﬁ%ﬁé Ne. each

wi Il bind only to another N-cadherin nol ecul e.

class willgakypbigd to mepthess ofjbe pame flass sugh o% @&C@ﬁle@@ Wil§ bindaanly to another
N-cadherf*Rbfege ! ﬁ%aﬁ&na‘ 1&% e&ﬁcﬁf%@jﬁs :’brfl‘ et ﬁlld &#@3‘3 qhel" Sime type of

~cluster and "sti o et
cadherin mhlecde ¢aidlte ckuxlpr ask' isngk"ctogétberelnnng glq:)eh)pm‘ent; adtiie k:elhs expressmg

| ec S (he eroty te t arate
aitferent Pypdg el Boffng, B E Bubbuinidsend f REERE 11 it gencrally
believed &t E@@ehdes |nﬁlthdjE(l,'Bll BxtedcelliBC @shah Yard Bed¥Biy@icemediate homotypic

ypic (i cadheri n-to-cadherin) binding.
(e, Cad%w&pfﬁ Gaghegiag é‘r“il t SWRRPIYHSEPERES BT WIS Bart £ he iFhcadherin
molecule q@}eﬁfé%cﬁwitﬁ a c@ﬁ‘h%%ﬁ&tn bhick Fhd BIRMRAL %1&:91 W%t 1498 68%n used to
t he” P-cadherin lecu g have been used t
20091041984PCT1U82007/OSO?ﬁQ identify the am no acid
portions of post-translatifonally processed cadherin
that are required for biological activity. In
particul ar, Nose et al. (1990) report that an HAY
tripeptide sequence is essential for honotypic
cadherin binding. Nose et al. (1990) Cell 61:147.
Furt her, Takeichi report that the am no acid residues
flanklng the HAY tripeptide sequence also contribute



WO 2009/ 041984PCT/ US2007/ 080589 t hat has one or nore
sequences related to, or derived from the amno acid
sequence of the extracellular domain of E-cadherin.
WOREP/IBApl e, an E-cadherin derived peptide ®&A/USR#NI/080589
to an E-cadherin-expressing cell (honotypic) or to an
E- cadherin cognate of a non-E-cadherin expressing
cell (heterotypic). [0069] When used in connection
with an E-cadherin, the term"fragnment"” or "portion"
means any non-zero anmount of the full length
identify E&ecaaﬂm? aéid ppalopp @pﬁtpbcta:ranhlnumaﬁﬁzqmmsbee rehdicifahitire tdaRired for
ra nmeans at st 5%
blOlOglCEIﬁ @gg‘flty6% ]éllég}los?%t aLt(?P%(gSrtepcg“%haélan ?—g% ﬁ?@@gyggtsequence is
essential | f8ARbmMdRYic SHdhb@dBindink’INARE elt%ﬂs(twg(gof@elﬁtil |1$ﬂ3tFuiltﬁe@ Takeichi
at least 14% at |east 15% at |east 16% at | east
report thﬁ?%e aitnnp eagist repBies ﬂtmlfle&sﬂne Hgoy trpeptidasequeang, alse contribute to

19 t ast
homotypi s{gzeggmtgt ast % (ygldﬁ??%g%% 145&15 A ?%w’%w of the
1iteratur628%cams theta sdse@E9odimtted ezasundkﬁ,%ndaig b&&smn-ﬁﬂa%atedt adhesion has

focused of Fiogs 10 afoans B mlhapi wnfeiping fodhedf mefiofg fmormic cel

adhesion38bhowdh Hodbipi 4B %ndRdrinl iaRedctiddare &Iellloﬁ@z%&eﬂge%z hﬁle attention has
| east 43% at |east 44%_ at | east 45% at | east 46%

been diregted e, gy Rz ang ?téfé@ﬂ’l%%%dhéﬂnI”@S@P“%%Wlaﬁmﬂéaélt sHowed that
E-cadh rﬁpi %cafibl 2

i Oy Srplte b fast 220 PR kot ll o o
non-E—cadherlneImd 58 xdifigrentearst ndpgBicadhterip @mssﬁ@%ellaypel (A@E?tix Biol 2002

0 0
21(6): 52#5 }4; t\@'& e S[t : é; Ps%g%:’lgetg%t&ﬁ%d%?ngl}%ﬁ %{thA' /%ﬁnnégwressed on
nonnleukaty'tlb-eatsﬂs Ebﬁ%d ah béhsﬁih&ﬁ% aWhlit&mStet 7dl%suggestsefat heterotypic
72% 73% | east 74% | east 75% at
mterac"“ﬂ“%aléefweféﬁ ~Cafiheriog gn 7‘7%3“51? %’famﬂs% may heeHope pomymon than
' ongnﬂbﬁhoﬁ st 80% at |east 81% at | east 82% at | east
83% at | east 84% at |east 85% at |east 86% at o
[0067] | eashcardipglit althongh nggigtending tnbe begsh byeny patcul@otipory, it is
: | g¢ % e 2 S 39 o

believed 3.&%% Eg:?&lfeggls%le %‘5 Jd ﬁiﬁh gacs(q h%gg}o %g téaf;lz aoé{%erg%%bﬁgfthmr directed
differentibtdas tto 9 éfer atelll epss. 98B?hpravmﬂ ahdloe amtre8@do efficidney f off |directed

aitrns S8 RE 5 5 DR R S ORI . b

inhibiting HROTRdEIlRE T RIBEsioe BOTHESES. PARtdEREIyO et i aspects of the present
extracel lul ar E-cadherin _domain(s), as well

inventionfpiAfls 691’&113953110@51 and, metheds fggmqrg@mgﬁ}éq qfégle@cfy QfﬁgE production from
1fa ts. For exanple, an isolated
hESCSb;I%%E[m in ‘ggégﬂ"g‘% [ g obt ai ned by isolating the
extracel l ul ar cl eavage product of E-cadherin that
Defimitions esults foll ow ng exposure of epithelial cells to
-‘-‘——]%-ryp5| nin the presence of divalent calcium Trypsin
[0068] cI eama@ﬁ: yBbdisemNoR Ry Dxvbitinglther8Qs bedvidddr RlaRAt agehts which

herin containing a portion of the extracell ul ar
amagomz& %. mhFE‘lEé" YT §elbﬁfi‘ft ?‘@‘8?18? %“Yﬂe’éf]-:eﬁdg@fbéﬁfﬁﬁ@%%ls €8>
hESCs, RMmaAfkNOmagintk SREMERER:C e £2RRANGHhNE bédthsic %h%ﬁédﬁay and
occurri nlEg proteolytic cleavage site of E-cadherin.

specificalfyobind ]tp rE-easkerie etsprassirenedls, ohehepirande nondiradhedn ligands which

se1ecﬁvelg§@g‘/sg§%%aj[1§ ﬁ#%%@,ﬂﬁé@@?&t X@@%ES'A% ordHlE o one aspect of the

inventionathiechgenit 10 lai bypeptidey thrsbe pna gbﬁﬁ)cﬁe fteerdit oh allﬁ)rﬁﬁﬂd)faat polypeptide
foll ow ng cl eavage from a Iarger pol ypepti de or a
peptide that is synthesizgg usi ng sol ution
and/ or solid phase peptid syntheS|s nmet hods as
di sclosed in, for exanple, U S. Pat. No. 5,120, 830,
the entire contents of which are incorporated herein
by reference. [00721As used herein, the term "peptide
anal og" refers to a peptide which shares a common
structural feature with the nolecule to which it is
deened to be an anal og. Peptide anal ogs incl ude




present invention, for exanple, reconbi nant fusion
protein fragnents corresponding to specific am no
acid regions of E-cadherin are commercially
WO 4385 e. For exanpl e, E-cadherin peptide PCAGIHBHTHB0S8Y
corresponding to am no aci ds about 600-707 (AbCam;
smal l er synthetic peptides, such as S ALLLLL QV S
SW. (SEQ ID NO 2), corresponding to anm no acid
resi dues 9-21 (MA1l-06303), and the peptide
PGFDAESYTFTVPR (SEQ I D NO 3), corresponding to am no
that has @aé tr e le@ueendé:- rb&téci\&é.-dgﬁﬁﬁ@d frbﬁmtii’é funfiriot ak:id sequence of the
cl uded. are

extracell oRea en %rﬁﬁﬁh?s)‘g‘bl or(%aplp]ﬁ, @@,E%Af% %{%@; PeRtisie cgn bind to an

E—cadherﬁf—é; sfsin§| bl Phdrh ﬁig) 0BGk kh extidhesh | doakte f 610 nﬁ‘(ﬁltﬁ—cadhenn
of E-cadherin derived fromtryptic digestion of A-4

expressing el fheieovaicdar ci norra cells. Antibodies to MAl- 06302

dete " ny
o0y 9 BR8P 5B 130 KRR o i
means anyeavag@oohmbing 80-thh £t Nage IEHcafhedanpd)lypepﬁde In preferred

herin, rom he cell surface
embodiniehfiofig gy { FogBrmotaEres abjFadconty 15t Duatlsgst 7%, a
least 8% fﬁﬁ@@tt 9% at'f&rsﬂﬂlw PatUéusS] 196,2at %asﬁiZ% &?&&3])3% naf I%ﬁﬁt 14%, at least
o 5 I( - 1580-1583. Accordin conmrer ci a )é .
15%, at 15@/% Iséblaé eastddeihet 1sastpkRyei M dest °b%t I%éaoﬁ’nattlﬁ@t 1%, at least
00 I w7 t ol Vel .74
22%. at l@%g:ﬁgg&? afjﬁzarﬁ %4%" a??ﬁ{?gt' %r/t Aéléé%{s?g% a ?Ll)fl ag‘m%i ylezlzjsrt] I28/ at Jeast
29%, at lﬁasagﬁ%naslebgt 3§é’nara¢lﬂastg32&iraatﬂ@st B%pﬂﬂeﬁseM%aatdbmés% at least

o of | g [ nc o
s, o Bl 60 L G0 B B0 SRR A e a2, e
43%, at |EMBU4Y0 at Bit 3SVHROTeastA 696 £ lersf 4 Bgn@néast 38% VD least 49% at least
. 2009/ 041984PCT/ US2007/ 080589 particul ar | gﬁusef 9
50%, at 18@@5%%@3" eﬁ“é@r{‘éraﬁ aﬁ953 76 8381 e a#ttisash R % Satégasg ﬁﬁ/o at least

57%, at 1§£s'i:$§%' B8R0 Gt [N 60, CPNAS 51% aﬁt'l@a%t 6&9@0%41:4& 63%, at least
appreci ated by those skil in the art that

wi | |
64%, at lvw ﬁé%s ahigat footatar toasl &fo.tah deast @%gﬁulwgt ¥t altdeasar"n’fa% at least
71%, at IQ{{;‘[ REPL hldl%as@r'}%l/ g?leﬁsqnﬂl@’e mga%t %%hgcul%as %@‘%r Iiﬂ lg%t 95‘%”5‘( least
the essential nature of the Tnventlon.
78%, at ltdse 7PBphi ldas 80% hleastrdl & tat tﬂast(ﬁ% bﬁl@pteﬂﬁ% Iacbdal;ty84% at ieast

o5 s REE S, SEFISHA P Pk s B, 0,

92%, at 16@! 0394 aOlleadt (9989) Gt 10AGTBRAli b a¥t 94%, dtdedsNdENOIRdedshet%, at least
tides include conservative substituti ons, as well

98%, andai’é RFic¥e plpe ﬁéb@n%tb@p?aébequpcéﬂ??@iﬂ ®r ot ei ns and/ or
mat r et s t
00701 75 G Tk, ERUPLETL 9 50l SHERREL Syt e
thereof, emdmc;e@ rpemadi@cmﬂ the (axtrgcellulae yHrctdbetin rostainigmos mﬂl as) funetionally

cquivalen) b0 Bnoss, kot PR SRlsraby ol Biftwene isoared E-

cadherin bé}ﬁtﬂbllﬁl @btabfed tiyeisblan@p theosktraddlRge cdiftagy frodudi®if Etherin that
Ogl coupling a peptide are known and_avail abl e to one
results fofowgted Prgeyrestdi erithebalt ¢ells 4p ttrYPF’@OWS‘]hMTQ%@EP Aiplgnt calcium.

Trypsin dé&@agee)ﬁéms M&?ﬁrbﬂﬁﬁ{éw 8¢ ﬁB' ﬁ‘ { oPERbAINEnRMaBhg a portion of
fers to a eptl e anao retains funCtlon

the ext:ra@rllaé)dgmﬁlne Thgm Cthlsanrtgwéﬂrb’g)rp@rrgérpgm(@ s ainramib 1ap1|dg;equence
t
comsrort) QR B AUREH PPRRFRLAR,SFb o rer

[0071] cel |In sbmeembodialdnys, e@whvat Einblated @bptﬁ&s'aﬁﬁémﬂﬁa €lbned expression
E-cadherin are identified, for exanple, inin vitro
screeni ng assays that neaigre the ability of the
pepti de anal og to inhibit E-cadherinnedi ated adhesi on
bet ween cells. Such assays are predictive of the
ability of a nolecule to inhibit this adhesion in
vivo. Accordingly, a "functionally equival ent peptide
anal og" of E-cadherin includes, but is not limted
to, the extracellular domain of E-cadherin, fragnments
of the extracellular domain and peptide anal ogs of




acid sequence in relation to that structure in
simlar polypeptides. In view of such information,
one of ordinary skill in the art may predict the
WOPtaBht of ani no acid residues of a pol yp®6HIUH2007/080589
with respect to its three dinensional structure. In
certain enbodi nents, one skilled in the art may
choose to not nake radical changes to am no acid
resi dues predicted to be on the surface of the
protein, since such residues may be involved in
product effqrarclenicid ot eigatitlestidey péptiol tvehichnis li @taedRliowing cleavage from
Moreover, one skjlled.in the art may .generate test
a larger PAIYPERdE’ Ofgh BERTHIo A SsFRUIPE2EH 6 U SQURGR PpET aplid phase
peptide SntRSHS MélR&dsr fddRBbRA RCitsE &asipidiers STIPa:. s, ME3IARhe entire
then be screened using activity assays known in the
contents gf whickgrerincaporaed Seeinbyefaesd t o gat her i nformation
abou ' vl i $ i.f one. :
10072] GP0Chs el B, 28 (B CoenfiE 2EHBEPHRp b £Pbride bich shares o
commonrsgecida feasal withd thenmdbkstle ay edhiclutde siceabd yo beduncedpg. Peptide

.0r, ynsui.t abl e acti,vi,t var, ants with such a.chan .
analogs g R it Uit e S et By BRAPRE fomains
of E-cadigtin) Eb@ﬁlefsr@'ﬁlﬁ(tﬂﬂﬁal_f QothdiAG) EXPestith B8 I Sini @B Erafltlehts @€ functional

. in the art can readily determne the am ngo acjds L
domain(s)p pRIgPE FagBent 9f B SELEIN OF Brrdeis Add pefusaceLa insdiylca fragayent which
i | . i .

s not coftulY i) AT UL R Iy Bl QL T MIchE of Al PR riants).
Unique fragmehts g5t esliacsignatunf’ ofgbe gemtaory protain ooy whicBetbeyvangl defived. A

i 38 i pefnd ) EPISA0S 18 P22 L g, .,
5, 6,7, 8 Bhd® hminiosdcidg id ledipth] des@étfiyelZhou et al, 1978, Adv.

(00731 o 7500 MdftonRBh¢ B Guiiack Bs4edoes DaUeCHB Frapmagssed in the
present ithAfen, BbPBMDIe, Yecodbisf fdfsh prdRIERYShent€ @(ﬁzﬁééﬁ:&fding to specific
] programs are currently available to assist with ) )
amino acys} eegions ioh §-esdessinorre pommeraiallyravaildie  Het trampls, E-cadherin peptide

r ] e S .
reamenEEGEEL A, SPRADAPLYLSIESALTO) EARSREE AT LIRS,
such as StAatL havie QaV SRWeh¢SEQAIBDN 01 3), afrregpaaiirey totahrm adibresidues 9-21

106336 g plien ol DB LY VRKIRATE N el somgpoonding to
amino acld'Rsidned ¥0-45 SHIAUCHA303) ol AFRHE HloRedpemy] dash BRRABE B8R MAI-

predictabi]lity of secgndary structure, including the
06301 ang & & k06302 embrasces (H5riy BigReaeenia. pbich pepaffiaey ued ~80 kD
i ! ey : , C4n. i
il 5 okt Syt B Sl gl of Mol A i
carcinoma| celld. 9 9Antil@dias. tocOMA GOt dBedl an ApFeYuBIQY I20akDa E-cadherin

. there are limted, WO 2009/ 984PCT/ 00 058
protein. FHERERRE Bete,d 4 dolFOERORE T STEVIRY 8 A5y BBV Spppelutar
domain of lﬁa&ﬁdhﬂgeframﬁhé telC a{rfa’cbel Ii’ﬂ’?j@pr@&fidéa@h{nﬁtétfdﬁﬁ@f patiezdnaRfense by
. resol ved, structura pr. Iction. w econe
acting as d GehQY i BPI%y- @daé@uéi‘faeet %@Wgﬁ}éﬁ fgfgn% pi3del S80-1583.
Accordin@aLQEmbRE1Y 48 5il 00 ERQBRhdrHepPhdesS ca 8 ufHARERE thods describe
anal ogous t0 those of the tenplate peptide. These

herein. Alqseaiively, nomoperstinage skibnp dim art £ae readiyredentifepripeefragments by

_ ; r " o Yol
searching PyBFAE SomiBler ARG ARELFiq i oleBl A5 Gon L g Genbark
(Los Alamo8 Qsticamidl dboanisriest UHA), EMIBIZ, ox) SWIBH-PBEIN A 3biidiiz2@agment is

whi ch are incorporated herein by reference for any

pur pose. Such conpounds arg of ten devel oped with the

aid of conputerized nol ec ?ar nodel i ng. Peptide

mnmetics that are structurally simlar to

therapeutically useful peptides may be used to

produce a simlar therapeutic or prophylactic effect.

Generally, peptidom netics are structurally simlar

to a paradi gm pol ypeptide (i.e., a polypeptide that

has a bi ochem cal property or pharmacol ogi ca



WO 2009/ 041984PCT/ US2007/ 080589 whi ch is transfected
or otherw se genetically altered to express the
bi ndi ng partner. [0081] The agent or peptide descri bed
Whaoed4a9%an al so be a "ligand", which refers ®©r/ea¥nos0s59
nol ecul e that binds to another, e.g., a soluble
nol ecul e that binds to a receptor. A ligand as
enconpassed herein can be a heterotypic E-cadherin
cognate, a functionally equival ent peptide fragnment
or anal og of the isolated heterotypic E-cadherin
particul 29 gRafue , foP xanl€] ih Rxbladf€hldibabhil BAPSESSLNG %chs%ning genomic
i so] ated heterotypic cognate or its functionally
DNA or gbNA/Jfiraigs. pepti de fragment or anal og. Sinply, at
| eas ' ' - L s herein, .a .
[0074]_ cel | Fte‘gig“reoeéség%%%%%basdﬁe?? nmg%§{%@g (%Istﬁgsv ﬁp?%clgb%fﬁg@ons of the
foregoing pepdide end omseptdé amadegstoan bEnmde héthowt depdieAE fromahé eBaid] nature
. sgribed herein binds.to the receptor E:-cadherin.
o the infihuff 5 of BEmRIE IFe BertHER £f HaiovriieR seb be breriiealy reactve with a

- cadherinsek eai Evaliiteri) dh@ thesdChrbvadhg ¥-caiR@B2ArbA B3RS to its cognate or
t he agent described herein includées a

lioand enb%diggent S,. . . 0 -
1gand. Aggerdinely, At fsqintgaded fhat pepfides dndwdenernservetiveobstitaonsFes well as
th FRbSleditd HhE S} | | GhHEQr LgS 0,1 *
o%e pe_‘?)ﬁtﬁr aclgi ? l_,lf|: ar goigrrgite%%o%d@}clg%ﬁg% r%% %glg‘ﬂgdettou%esgﬁq fUpport (g,
polymernig begsl mégrotifasielatesrotbdadn)y a syrsicemslctde . gdkayholetignpet hemocyanin),
: C tiary struct of the extracellul ar .
« toxin (GECAPAFLY HBbbEHB (¥ g2 st b Sl ot Gt sl pighin the
teachingst bibthe infentivdi NEiese siatll dthérnmebdhedabt calfplibatd ﬁéfb%ﬂde Hdl¥nown and
iTabl ?esi . ased. . po%?the tertiary structure of a
avaable %%%?c?( PIEcEin thgart.s of ten possible to identify a
[0075] bi ndAnGiséEgéeih, Wi 6 Sfuh Libal | LGah
! : activi ts. Fromthis infor %ﬁ%ﬁ%qp@%ﬁ%g@n@%%&%@%r refors 0 2
peptide apgpgp dhat detainni furctione furdexatpleyisnilc at anaog s caphbieaf inhibiting the

indi [y STV alt . ble of binding to.it_c be o
g BG83 GEBA0L ) 10 000k 5 AR v
another c¢Jb F@tegicgg@deqmvaténrt] peptldle atlhiegﬁﬁﬁli—vidh)éﬂ@ﬁretihﬁltﬂﬁﬁs,gfﬁi Sfample, in
— dgand o ich w t as_conpetitive inhibitors
in vitro sg{eeltuﬁg aﬁsggseglag?neg?urp |tg%ﬁ@ﬁtypi’€%d{ep6ﬁ&? gfalcyefq Wi}@ptvg—cadhenn-
mediated Eiftcboid@ betwebDOSB] BilchSAREs RFEOSESSR% ofthd RS L ﬁf)dl%ﬁleett(? inhibit

) definitive endodermis achieved by providing t
this adhegipr gy ¢80t Acgrrdinely. 2 gloasionails cavivalent pepsidg @Anlag” of E-cadherin

includes, PAPGE @ linfitdd t(?}nth@n%'éelﬁﬂy h&h%ﬂt of &-&F %1%, ﬁfragments of the

differentiation'to definitive endoderm
extracellufag dpmein aid neptded @riGessofithe ExtrackNulwhdatiniargovidef tat fherpeptide

t ction of, definitive endoderm are sel ected .
fragm eI_ltSf %lgdmgﬁﬁ%él\%ég a‘faip%bi:lf i ‘g wﬂg}m 0gr tipeen ﬁ’%‘n@“e E-cadherin
expressingcef ér vah. diAlfiaee heteid, | '@BnRHQEES $8%o LA sﬁlBs‘i’i‘Mtibn" refers to an

amino acii@Shor LS S ]chjged fromthe gquup consisting o o
© aciffHRIun pYIch goen Mgt 4 e AeRverdiTes ohsike yharasteristics of the

peptide inGVIOVH thefaGih® hci¥RbBRnanM i94hRE WWHsed Al %b%fﬁg@dpg{s%f Arfno acids

. useful for the production of definitive e
include subgiitptions) madecarmenigst tiefidivishial aminoraciss oddss dw, following groups: i)

L i Ratsi . of .t:he -1 i_oned growth "
M. 11 o) RS AR GRSl PR B RS SR8 B Dapa v
andD. [ 0084] Al so, as used herein, "exogenously added,"

[0076] Com%ﬁﬁ%rslallsl;lccr)]neasskgfegmﬁnh g Catlr? rcsa.'n review structure-function studies

identifying residues in similar polypeptides that are important for activity or structure. In view of

15



differentiation factors, and the like, in the context

of cultures or conditioned nedia, refers to growth

factors that are added to the cultures or nedia to

WOAp4adnt any conpounds or growth factors tRCIVOS200/7/080589

al ready be present in the culture or nedia. For

exanple, gromh factors of the invention include but -

are not limted to a "retinoid", which refers to

retinol, retinal or retinoic acid as well as

derivatives of any of these conpounds. In a preferred
such a cenipardkone e, skilked airﬁiann@incbrle&cf i ifpbhaeid.aming ﬁ@iwtrbmdues in a

or also inc|ludes. a FGF famly gromh factor,"” "a

protein 1 PR 5 BT S EN e IPREHSF GPAeor Sricure in simila
proteins. oMY Ml RASH 18 Q’Mﬂﬁyf@f) F&rchfaﬁf@ah%’ sindiffr Qﬁ%t acﬁf‘%}égl:tutlons for such

sel ected fromthe group consisting of
predictedigppprtapt@mino meyesi -6, FGF7, FGF8, FGF9 FGF10,

[0077] Egié)n E@%@ in @%%can@ﬁ’alyﬁ%éfghmﬁ?l6 Fg:ﬁlhﬁic%wd amino

acid sequembodi reiatios to "thaGstricnmel iy sgﬁ@mﬂblipapﬁdm In viéw of such information,
of the

one of orfin L 1oy e pleAngR nging asyeuiusac a polypeptide

with respfe&Qb@tl’s tiray Hingenfi0nA | sQ e YL ANt &'itafd&ﬂﬁﬂddﬁﬂerﬁé Bht ALnéPinthe art may
menmber of the fibroblast growh factor famly

choose tq B@I\QQTJWF@ picplechipages to amynecidresidies predicted e de porthe mtace of the
protein, Hh(f,ef ﬁfcﬁ%éﬁﬁésgﬂggge %M:fl?é?iofneﬁxﬁepm:‘%gmn‘feﬂén%ng %c}i‘ ather molecules.

definitive en rmce ove- nentl one

Moreovef, aaneoslksller & hreosrit cheay gcnetatte test | iaBaig® comainitghe sg’rgbel\lfahuno acid
uItu s at. cancentrati ons

subsivi it Uk RO GEPE RSO CPE Kb R o VR et s sviy

assays kmﬁmtmmﬁe at. Subk vaitiem el Besused telgithétiikforBatRAGBERT Witable variants.
rocesses, the above-nentioned growth

I
For exa“fpi%t @8241%%%]&?}@‘5 dhat 4 fhange te el parbeHlarpringtacid residue resulted in
destroyedS Qﬁ@@sﬁﬁaﬁ@t féaﬁcé?lf (ﬁtuﬂsﬁ@a‘ﬂle aboHE, @aﬁ&étmmﬂlaguc%heéséhange can be

about 10°n , | east about "25 ng
avoided. gloptherspo /hasedam InEymati atb gather2g fng)zi wheh eutihe @speriments, one

skilled ma%out éagl regcgbmi?te]g%m% eas%m%g a%idsz ng’rmel’“s@%sui:u?ggi should be

avoided egthendom®(® imgdmbinatain widasthemdaotatiodsD00 ng/ m , at | east

about 2000 ng/m., .at |east.about 3000 ng/m_, at |east .
00781 Spoub SRR nfgf teigatifig, pyblizarions iave BRSO HBIER oofhe nsedction of
seconda.r;t l@ﬁhﬁbt@*éOlSEe 2080, ol CubA0BH] )mBﬁ)?Jc%aWWZQrélQ?e@%% dOfl, 1974,

e differentiation of pluripotent stemcell’s

chheml«sf@f 1HP23-965: rhmycrs rabn 191 §wcbwstabé%2hbm (Qh@d eglabvh%ifi Adb.
Enzymol R@QF Qiréasa 1, SOy Pk flﬁé) Thde Ca?' Jt 7'§uArt115J ey Ewc% 2#%{1} 251-27¢;

helr ‘a dltlon For “exanp
and ChOlC ah abel Yendicgdysni L mérﬁfﬁbftﬁﬂt Mmeovzm,y pom;lnﬂeﬁ pilogmantay®, currently

available ago u%lstt {7}{} %ggu%bg%?) ucia@(/ éﬁu@ggafy %ngabo L %Tog\f%e}ecg% secondary

structure i3based upbi Gostalogy @fodale tF dreRarfifl¥ StwaffoRipeptiRE br proteins that have
tion, In a preferred process, the growh factors

2 Sequencarlgéfhﬂah%ﬁ/%aatgfb%ﬁ aly iy BOYm P SiFitagity gRaerthani 9% cfien hays similar
structural Wﬂlﬁﬁé%@%wyf M%%H[ %Q‘é %ﬁi&%g& %?1&9 hgowded enhanced

defintive endodermcell s can
predictabififih rof o picendare ratwieturs  insluding uhe qmmnaalnmuglbereduﬁcﬁﬂids within a

: -ser . [ cert C nd
e S W AT S SELL LA A0 11
been suggested Bretn @ Qdal; /1997, FOHrreQaNE #G1. Bl THG-376) that there are a limited
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differentiati on processes, the serum concentration of
the medi um can be | ess than about 0.05% (v/v), less
t han about 0.1% (v/v), |less than about 0.2% (v/v),
WO 280%404198%4n about 0.3% (v/v), |ess than about FETA%2007/080589
(v/v), less than about 0.5% (v/v), less than about
0.6% (v/v), less than about 0.7% (v/v), |ess than
about 0.8% (v/v), less than about 0.9% (v/v), |ess
t han about 1% (v/v), less than about 2% (v/v), |ess
t han about 3% (v/v), less than about 4% (v/v), |ess

number difahlsdbayfivenpo(ypeptide drgmsteintmd thitaube & Wifiool MImbd@FS structures
t han about 8% (vl/v), less

t han_ahout 7% (v/yV). Ie
have beep ﬁ%tgn‘?lvgg’oﬁﬁlc@%l E)de%tlon e?W&‘B‘B‘&R 1@%“{ Wc%ate | ess
[0079] thansahoythedtnfd ﬁﬂéﬂ% in@ludbEaSn-pOAIe AR with) gi'(fep\éﬁf& -anhBgous to
sone processes, Initive endodermcells
those of whe Higmplaie paptidsr Thiesth tipes 6y nm-pepila cempoend an: terinkd "peptide
1y \/ n | I [
mimeic S SepREQSRTAEE" SIEEURIL LRI ILREL 1S Gl R Friner
1985, 71KSpcens amat Evans etfal.BZé?S?S Uppkd ridiedn. ar 229 ngec 4re calpoidted herein

0.1%v/v to about 20%v/v. |In other enbqdi pents,. th .
by. referigh 1t 10 PR ter n ikl FEMREBAS Boupri DHECHBS SHEb Ty ad of

computer%ﬁ mbleaBa] | Ho&PRR WpEESSASMERNs dhdtl FEenith@firdlS  similar to
uman definitjive endodermcells from hESCs
therape%ﬁa%lf stsell ipaptidsh may peusedhtcemradrcs h el eherapaiticser praphylactic
effect. G@ﬁlé}all)p ée@%?%iﬁ%?e%ﬁ? a%f ﬂnﬁb‘ﬁﬂlﬂ £ rsiglg%]ﬁg dd p?rgrlgﬁlzt FJ)] eé)tlde (e, a
polypepti’dh ethste hasmac biockamticalt pmpertgayn umagnwl;@ﬁday actatydased ks human
r to pronote cel. | urV|vaI In prefe )
anibods, Fhf B Ghel WG B EARAs BRtene Ry by plnRief Flped from:
CH2 NHenamnegm -CEU—GHIZS; 403140}@{@51 ahd ttdhe), abeowize, AHEHNONA2-, and -
suppl ement conpri si ng

croso., A N absence
i FSFPAdOVel KRR H stRpaticrsybstigation of pge ghBeFRamino acids
of a conRhsuRSeHiRnaO dyidbs ?)'lﬁrﬁm%f acilBPHR B rr%? $ Smg?lhug%d"lpla@e of L-

or insulin-like growth factors is
lysine) mglols vied: it agstaim embgdymentsafa generdie aigre smbimpe;szldes Jn addition,
. Yeofit f ti L tur
I T L T
sequence e'aiiafctjnrmm e getﬂemt@ub}cmetﬁm& krmwmlfn tBedirt (Rﬁae'aSwadsch 1992, Ann.

. out 2%d t he.course of differentiatio
Rev. Biociicon 1k PRPHUASLRIBOL HIcGRre EEARLPUEOHROLEIATPIE, by adding
internal cpSIFiat AéiAURS cATabIEI foﬁﬁm@@ﬁt@dﬂﬁ%%%ﬁﬁﬁd’e%ﬂd&@s WARh cyclize the

production of definitive endodermcells from
peptide. enbryonic stemcells are further described in U S.

Pat e t e
[0080] DEF|I|Q\|§| %%%@ﬁél%f M | éggﬁ%/e Q)g%rcg&l‘?% P‘%‘%hoegﬁea)trge gr protein
that is prmnem QAﬂthcthrlouna INpreviier cdll].t@t?arBBﬂrlnchmpechﬁmiﬂy recognizes and

inds o XN, B L Ml AR CELLR k5 . o cxampe,

Whittard ieD @RI F@H@é@nh@&ﬁ’d‘crﬁ ihRESH 80GE dxBmbh§) helitjpiCtd&tte of E-
~ WD 2009/ 041984PCT/ US2007/ 080589 Met hods’ f or

cadherin. Hyteretpicrrsoes of Eiopdhesinchael elserﬁﬂpasor@agemsom Iarvd‘rco adhesion assays

j: ' : [ atlo
for screcriE L AR HBRARY S o B ST HEQU P P bRl o o
molecularf horaryhiES@ber) 16 diddutate tiei iateeattibn mm&%ﬁmgpdﬁﬁm Typlcally, the
binding PRSP A% B8 Pispare BOTHG R SH0et PO s bEand-receptor mediated
mechanis@li Thecantimbed cele Whidhymeurhl P B H&ES6sa bihdii tﬂaﬁnérabh&{n be a cell
than in vivo. [0091] One enbodlnent of the present
invention relates to an |gTV|tro met hod for
i ncreasing definitive endoderm production by
provi ding an agent to a cell culture conprising
Ecadheri n- expressi ng human enbryonic stemcells. hi
such enbodi nents, the agent inhibits adhesion of the
E- cadheri n-expressing cells to each other. Under such
condi tions, the Ecadherin-expressing human enbryonic
stemcells are then differentiated by contacting the



[ 0093] O her enbodi nents of the present invention
relate to in vitro nethods for increasing the
production of definitive endoderm as descri bed above
WO 194t he provided agent is a netal ion cHRETAIS2#07/080589
In a preferred enbodi nent, the netal ion chelator is
a calciumion chelator. Calciumion chelators are
able to bind calciumin a selective way. That is, the
cal cium chel ators have higher affinity for cal cium
than for any other netal ions. Binding to calciumis
which is jrendfeneiee diifureisgremsichibxatiered tgeopps, thebiniling anndie
affe Led %¥ H, ot her ions or co-ordi na;i on to_,
[0081] proti fage PBP%I&I ediegerid %Eersﬁnd@é ojke 3 ljeayd’s hiphgefers to any
- molecul 2t binBE itd Bhotdie e%alepbd!ﬁﬁle méﬁi@fhaﬁﬁﬁdg QB! B&eptor. A ligand as
concentrations ar€ related by a dissociatton
encompagssA diceam carkpe & l(e{e@gp;]: B-@dbérat evgnate, o functionally equlvalent peptide

fragmentR&h Eﬁa@éé{) |r ﬁadtl J%gﬁ%ﬂ ] ?3?})1& ltgcatléﬁeéﬁri ﬁ}‘é{ e ro(}\llﬁ\% cel'i ?fac%llularly

expresmr%hﬁﬁﬁkﬂﬁt@dhﬁ&ﬁﬁ@ﬁb US@EWbﬂ&@S’&meﬁﬂljﬁ&pyvdl@t tpjejt‘)lmﬂe fragment or
I f the Kci
analog. §gTy i et qreEPdIUE S BHE oA Biret Qe e ehaipising B Sadnerin
on the cellNGHbekeal sy SR QE la 2PcBRbEE fcadifeeh I Hickch,th (I A d@seﬂbed herein
et hyl enegl ycol tetraacetic acid (EGTA): however,

binds to the Fecpeion Fpradberift e dn eharefegen embegdimant; A remrcmlm@ selectively
and/orsp%élﬁ@allgvS those selected fromthe group consisting of

_ 1, henant hrol i ne, di et hyl eneti am nepent aacet at e
[0082] ( DTP) sontwejnbndj«eelttyl th¢ hgdne desdiiberd hertiniiadeddsa midlc acid and its

HEED di am cl ohexanget et r etic acid TA
doduced o QissaliaP TR EYiRS S RARLR GPRED (PrefPhiisapTiE stracelula
domain of EFAdhIACIAY be aﬁbd&h%GmE@teﬂBﬁ;Gd miodelidpesyEeme to predlct the secondary
conbi nat i ?ns of such chelators and salts of such

and tertiagy, grugtyr of therFiacdiubgg domel. Sesnrpimputer-besekwstsas are well known

to those &l Fr@Qk§ Ak il RE SRt Rl Bhe WEidd BTdd Jpofrind Rrd structure of a
presence of EDTA. The pr esence of EDTA'In the culture

receptor peaitin, iteiguelten possible e ddantist iaobindiig Gagieni whish s esmhted in its

bloioglcal\/%n%@ Eig?&t I!hé nf;ﬁ'ﬁ%‘%?’ﬁ%fgé g“ag{hﬁrc ?g}?ll?ol'l]lag% xr?vhbc}{ Iuéé or mimic

this strucoire amﬁbiuwhmb atd bapabla dfdnisding et I‘ta:an be rativhelae 6bd1gﬂe&r]nythls way,
hel at or s known to

r ,cal ciu ne X
new com3piep atp §F SAREEnal VR Gl AFTY KPS OB P fEnd or which
will act a§ @rEpediive frhitiiceNétl the AREPtHNE 1Gahei UM chel ators

descri bed herein are onIy illTustrative exanples and
are not neant to be linmti ng. Binding of calcium
Producticd BLSivE ﬁga,%l’nl n function, which decreases
ng and/ or affects cell si gnal i ng. _
[0083] 100943bmemssesrbbﬂfemﬂrmlsn of defhntiyereadeddrmiinwendvied by providing

o e ST BESUAh B HEBL o ot e
promote &1?%1"6?1{1&{0%&3 efifitl 0 %n&"& @33 Vpg}ofﬁggsoc{f '{FéjTFﬁgtsﬁfert%m which

i um However, in pre erre I ments,
are usefulfoc m&tpemduumetxpf dxstBi thvgp dntindaatmeimasqy@mdcfrm éra Nadal/Actévie or BMP
um and the

subgroupg ?[%/ 8%@%?%5%%%1 ﬁﬁl ﬁfegggépgnﬁo%égﬁ%sr e grﬂ fagtor 1s seIected from the

group coriBBEag oM BIAkis), aéthen fAl il achRiRl BIMAdFitibnhiie rt@éﬂ%rowﬂpfé!c&)'ﬁ &nt3a and
secaond medium I n other enbodi nents, the first medi um

other Wnj famijymemprs aze uspl & dbmprofusdion it éxirigve endedereells. In certain

i 0 Y, e
itcn OB SRl ST LE APV g o b

inventlon there is provigded an in vitro nethod for
increasing definitive endoderm producti on and/ or

i ncreasing production of a cell derived froma human
enbryonic stemcell (hESC) by contacting an agent
with a human enbryonic stemcell (hESC) culture in a
first nmedium wherein the culture conprises at | east
one E-cadherin expressing cell, and wherein the agent
sel ectively binds to E-cadherin on the E-cadherin




[ 0097] Met hods for producing anti bodi es those can

sel ectively and specifically bind to one or nore

E- cadherin pol ypepti de epitopes, particularly

wepog/opest uni que to an E-cadherin pol ypepti dep@fsa007/080589

peptide (e.g., signature or uni que sequences), are

di scl osed herein or are otherw se well known and

routine in the art. Such antibodi es can be pol ycl ona

ant i bodi es or nonocl onal anti bodies (mAbs), and can

be humani zed or chineric antibodies, single chain
used. anti bodies, anti idiotypic antibodies, and

epitope-binding fragments of any of the above,
[0034) i hc| Ydsmgs ubest herempimgetralslyf :ldaigugcé I’cbmi;:)mE(cﬁtﬁuﬁ?_ as growth faciors,
; . r nt roduce a Fab expressiop
ciferent i TRIS Bl e KD B PneD VUG B e of g animmedi, rfers o

growth fattersdbitent adied ab the QamiRadrindiRd ¥PRPhicHRES aﬂércca tﬁgi?l%snor growth

. Ecadherin, pol ypepti.des, including variant
factors t%ag " e%’ie?%}g © BigRinE i s polsireif e -of gfxgaples grapitle factars of the
inventiors aitlude bus eft AR irhiR® o+ RiiAdien af; iTic LD retino:

: %ﬁtivityu Thus,lfhe antibodfgé‘ggﬂ@ égﬁg?kpgggqﬁgﬁiormmnom
acid as wefl s demivativeseftayiof thssnenmppuadsl eqreesed emboditit the retinoid is

inoi | Wi j e i ncreas i rect,
S L L O
factor” ogfimietnbei efsthe Hibrolast graveth Fagadfetifyn is imeahtUdi FGE 88 ected from the
- her | arj.ant E- herin nutant, various host
eroup e G E B CRERF3cHCh) FAFacPbA WOPK BGFS. FORS, FOFIO
FGF11, EGRUL)eFGR NAFFPEIFGELS, Mamant HoH1YPeRiF 8 FGYas | fﬁgzo, FGF21,
e

or rtjon thereof. Such host animals can irclu
RG22 g FGER. oy somensrakefiments, FGH familyrgrowth faotdr,P &b dibroblast growth

factor” oMafeRBer 8V ARLBIasR i ? eab e -
innunologicaj_resébn ggaag%%%d%%ﬁbbﬁﬁgﬁgaﬁ%§?NWhjhaorha“ng
homologygdégrdunclion simibtir g kiewn metbki ofithefibloblastgrewtidacor family.

(congt.et inco te m ner els such as .
f008s] o el 38 0 of Ploce e o e Eseniians Snlvapoient stem
cells to defyratveaidotienm cgilsyitherubevaleided JRSHFRHOR Sre PRI 85 the cells
M)ﬂmit0|| quIS|ons, keyhol. e hlnpet henocyani n, B

5, $ropp T ate BRFSENS dR dh calfyrgs ais eangentrations se@icientatet sromote
differenti@lihofog 18RS i3RQY/ S 8

sl 85 Y0 BRSSO o st o o
processesy ihp gonvarnsieasdaromtiafactsirnate present ittheadth euliure at a concentration of
1 i Ing pektion t eqf to a

at least ab\ﬁ;}g!r fli’ g%?ltl,oa? ?erarlatfeg)r(])teF gde%??l&ea? ﬁeg]st atbﬂgtrﬁﬁlém,iag#agé}ﬁogéo ng/ml, at
least aboup 7 & pgind dat Usistaboan 100 tigiol, ap tdaydpts 108 ml, HAGER AbSut 300 ng/ml,

Qnt.ai ni n || . peptides of jnterest as the

at least abSQOAGRQURE of [ bR 002 Declepst obrng: 196 ae o lomgatstt 2000
ng/mi, at BEQ dbBuNB00 Ig/mDXNRNs( LN P00 sas/

than ab 1) DXN%HF% (am nto acids 3 -{’%%gYeg%l %ﬁé?%%%/ﬁ o more

ana m&gﬁooﬂﬁ@ﬂ-and the like (FIG 1). The pol ypeptide or a

0086] Pept ; L Ayl ' an _be derived ..
10361 from tg ?ga#g 1?;%%%%Q%:DI\IA %?ﬁ% erﬁagg{%s?ﬁfpﬁgt Pis® erﬂr?aﬁ%ﬁ’ndeﬁmu"e
endoderm heellso el ghoesmentiened agmoieh factotsebr, rérhovd@Siro@d theSUAD culture

pnl yusedocarriers that can be chem cally coupled
subsequen? wﬁig a%%lg?ﬁ’. qEoT example, tﬁ%%qqgh ?qcrq%%acn W%Wﬁ@n about one
day, about twor deyb,odbabii thredd@aisNEbowe FaUN il WHbEL, fideed AR UshohPYR! &ys, about
seven da an@ ot h {%ﬁgs descri bed above or otherw se known in
Y AR P & 30guIBe3yS Oy plegyt tededapy afpss pheird ditiont Frempreferred
process, thed $eivth TackdFE R ré Mot Qs 58! de%@ Qﬁ?ﬂ_ﬁ&ls i can be
collected. If desired, polyclonal or fonoct ona
anti bodi es can be purified, for exanple, by binding
to and elution froma nmatlPi x to which the pol ypeptide
or a peptide to which the antibodies were raised is
bound. Any of various techniques commonly used in
i mmunol ogy for purification and/or concentration of
pol ycl onal anti bodi es, as well as nonocl onal
anti bodi es, can be used (see for exanple, Coligan, et
al., Unit 9, Current Protocols in Imunol ogy, WI ey




[ 00102] Mbnocl onal anti bodi es can be isol ated and
purified from hybridoma cultures by a variety of
wel | -establ i shed techni ques. Such isolation
Wa 2whidi1ggdes i ncl ude affinity chromatography V‘i’éﬁUszoo7/080589
Protei n- A Sephar ose, size-exclusion chromatograph y,
and i on-exchange chromat ography (see Coligan et al.
sections 2.7.1-2.7.12 and sections 2.9.1-2.9. 3;
Barnes et al., Purification of |innmunoglobulin G
(1g@, in Methods in Ml ecular Biology, Vol. 10,
[0087] pageCulfarel Qf dbfinepe @ncfc’fd@ﬁﬁ" cdifi2) be P%ﬁg&%%%m@gqngc stem cells

vitro and in vivo mul tlp Ication o
in medigm ostaining redvaet sonml omno isbwdi. e@xﬂexeomiﬂ cldAe¥Rotiditions, serum

oS5 AT 08 01 N BHE T T e e o

differentintiioh graessss, Mmd sérumdcdﬁagitﬁtxb@ dr um Iﬁ@fi@Mca@ be @Mtha]n(ssz@mt 0.05%
uppl enent e manmal i an serum

|
(70, 153 SRR 1 R0R Y, 1o LR RODBR O o) s APl 3% (v, L than
about 0. %va‘ 1&@%@1 MR osswwb/%mékfs%h-&#%uﬁp g@ogﬂﬁélé@ Hl%ﬁ bout 0.7%

i toneal exudate cells, spleen ce
V), leﬁééqnoag:ﬁgtg(ég % (@Qdges qhgm about ¥i%h v/p), sk tas abeltalth Wafh); less than
about ZWE’W@) Fb@§ {hBe Q%Lﬁ?@%’g e?ﬂ%al?zrtlb ?4‘1’/ %%lc;ﬁ%rg%o%‘?“/ V), less

[ arge anount dest™

yi
than abo@cégfb év/h)/ kess thomabau 784 (m)u_, Iess than abmit swowvg deﬁlthanbébout 9% (v/v),

react or

e o REORSSURROT B, L B0 S L LRt el L

processeg defimifipeehdodénn Callstaed SrowMUhikidat k&é&h'o@%ihﬁuﬁ’ée}llﬂn f%'i‘acgﬁlent In
4l oth carri ed o{gﬁt by injecting cell clones into mamm

SHIL othen LGRS P inglve %@Helﬁfhéelﬂ)%a@ngrowellmﬂxe eareg,sence of B27. " In such
processess YRHJEREGralibk SF }1’2@ l%?neﬁ{ %‘fél]t%n ﬁg&t AR9AY ﬁd %8'3'881“; 20%

tunors. QOptionall pri msd
viv. In Oﬁyl”d%‘&ﬁlﬂb@ﬁs tmel o}ndoddrm csl]lsztre gﬁwqarmsheaﬂsence of B27.

thees
tetr ri,or. ta injection. After one
ouss| Y LRRILALSEPTRTOL Bk b ih S A5 Fom
hESCs, drféaremzaneldls‘ mainddnie the dyschtdlbflseplim tahe iR Bsence of msuhn and/or
SO anti bodi es of the present

odi ment
msmm'mgen%%ﬁﬂ %H“’& aRuRe e oy of diffRransishomhe primrgpecentration may be

graduauyaﬁtﬂebs@dl i Sord R pRIm 1€ GRBGLBHE Seif S|
difF n(g eut | caI I Esg% ul &%l bod? egﬁriv%’mbat}g%)ﬁ%feggdn eglg()dlmems’
eren’uzftg)a 66 te defimitie endopdegmn qdh;be agytiged ml the absence of serum and in

the absenééﬁ%_l%%%}%ﬁ%%ﬁ?&@hhgﬂ% 1&?1111? #]b 1ns t—fil?eggr(%rs The absence of

serum andighsgne®, of 39Glemant icomprsiag inyak mmailﬁﬂhlh:?r@m favtors is mamtamed
be

ef eence. ([ 00104 E-cadherin antib can al so
for about(} Iro Jé/be ?? %al[*? a]f%d}:ﬁfﬂﬁlr AGFm %ﬁ@ép%waqdde the differentiating cell
culture ovEf)ﬂhQ/cﬁérES SABTTEIHEZH6H / RERRRed @tﬂ%(ﬁﬁ’igﬂ{ts tht @'@{yeﬁt?ﬂmn of serum
d ¢ a Lonal nti bodi es are produced by transferrin
0¢s no em @O it the F‘PL&fSQj‘éft erertiatgnr egi ons from heavy
0089] andpel V, a f munog|
fo08o]  BTHLIDhe SiabBOE EGIE L SATORER LL AR Bt
processes Ffrfhp Produstihnent definitive chradvemareKs freqi entay@fic bl 81y aRefurther

dsrivs P SR o 1 A5 I BOL A SOTRERT I S

filed Deqgembent23al 20040 bdr@ma 8S SPakmt @%g!r/]ifgztrdglnt ?gnﬁchﬂhslimggg ???6837 t Lénuﬂed

Il tant regions. q
EXPAN S@%%W Llpd. $ed Reslemben?dai2hes, sheedisclosures

f which a6l6i566 et al., Proc.
o At m%g%glhégx}%%gk%glggsg&ﬁ%gg; which is

i ncorporated herein by reference. Techniques for
produci ng humani zed nonoéPonal anti bodies are
descri bed, for exanple, by Jones et al., Nature,
321: 522, 1986; Riechrnann et al., Nature 332: 323,
1988; Verhoeyen et al., Science 239: 1534, 1988;
Carter et al., Proc. Natl. Acad Sci. USA, 89:4285,
1992; Sandhu, Git. Rev. Biotech. 12:437, 1992; and
Singer et al., J Inmunol. 150 2844 1993 mhlch are




WO 2009/ 041984PCT/ US2007/ 080589 be obt ai ned by pepsin

or papai n digestion of whole antibodi es by

conventional methods. For exanple, antibody fragments
WO/ Be¥8pr oduced by enzymati c cl eavage of antrCham2es/080589

with pepsin to provide a 55 fragnent denoted F(alf

)2. This fragnment can be further cleaved using a

thiol reducing agent, and optionally a bl ocking group

for the sul fhydryl groups resulting fromcl eavage of

di sul fide |inkages, to produce 3.55 Fab' nonoval ent

fragnments. Alternatively, an enzymatic cl eavage using

pepsin produces two, nonoval ent Fab' fragments and an
L fasiae debmitiye endodenmy peodugtion, anddorpereasing  priogegtion of hESC-

d
-

derived ¥poBIAET . bY Gol denberg, U.S. Pat. Nos. 4,036, 945
and 4, , 647, and references contained therein, each
[0090] of whb aled herpine Gdepoed froth hE$@s,'h “brpducet droam hESCs 2 Edifferentiated
0 i f, et .al .. Arch. Biochem, Bjophys,
from hE%@? Z%c’b‘oiglr%‘%s?f—ggﬁegr (’}e'HBP%%Lﬁ%JrﬂH o eq?gf:aﬁ?fg ’egﬂ%%sg?ns refer to the ‘
productidndelardiffereitiasdd. cell Mpiel TrotRESO® I vido 4dfer tHAGH 3ivand
Coligan e ., at sections 2.8.1-2.8.10 and
[0091] 57 (Oie 2?&]@%)@_" ofrb? RiBYERb #RYeBHO, Ie@los figy ant Wégi mgthod for
increasin% d6inifve SRIAERT bx%ﬁu&fonnﬁlaﬁ%vi&r 'ratﬁf]‘a Irn?c CtF) Qrddh qgl@lﬂ%é %l)l%ﬂfising E-

_ Tight-heavy chaln fragments, eavage O
cadherin-pxpigssingt Bumasy ewbiyenicestgmnesllisc, Inchushi aralodimentyehetagent inhibits

o b [ : d,. Rprovided.the fragnepts

wsion F 0 BB DS B Y L BHLEC L0 JATSARBL S e -
cadherin-expressogyhuniadGehfi8y dnic feageotistase thenydiffsentatedassa@siRting®the cells

. of .VH and VL chains, for exanple, which can be
with 2 meding COmERisogs & S PHiba fackr af the Plodal/Aquin subgreup ofithe TGFB
superfamiPof Gyo 974\ ¥ L 980 %i

prtan 54 G2 oSS s Bt
embryonig eels slfuntsetiathave nohlesen cahtasiad withithehgengrtisd pretiyaien of definitive

o S A AR e

[0092] Thede ssiélﬁgflnﬁodhraénlﬂs, aind aganttat diseg bnllrdgtt@ EnGadhéiny) Agd6scribed

v e B B s e OB ST

E-cadherif QB &etsefh DVioddhtlohPONKE FeQlithdf: 2dtREos tfﬁv\ﬁkq{:@lbgr Gh R Dreferred
|1 C I S

. is inserted into an _expression vector,
embodimeyiyh, Sbeykeradherin artegenitcd 4 nentida dros pepddllanglpgh By example, the

: L T >0 nan cel ] s, synthesize a singl :
pepie 1 0 AR TRAT GBI IR 8l PP i
amino acid wesiduesi 60k 700l Huatanditsadherin (BRQIIB N1 Fvs are
00951 L5058 S SRR, pBLALAL St g AL A, 1,
increasingShé prdRcRdPoARBinitil 838 dodendNg [defiibed abov@-w%eré?@ﬂl%?ﬁoﬁ@ed agent
. 4,946, 778, Pack et al., Bi oTechnology 11:1271, 1993, ~
1s a metalyjoq ehetpter, Inse preferrad gmpodinteg Lo meiah deth eheldtor in vfcalgium ion
helator. &Ric] | &GP ), SR8 i
. ETLLEON SEOREEs 11 0 FEPLAG TR 0B ci
chelators havstlighes affinitynforrghlciuec dgnifor eny othert méthl man Bieding to calcium is

i constructi.n en encodi.ng,the CDR of an.
performed B e QGG § 18 S BRI EY Biraprdbrasr sopprafition o
proteins, lipidaypice Thb prdteislg atrbriblk EEIBAE C ITAE BalEi8AC thePitol #hd complex

synt hesi.ze the yariahle region WO .
concentratis i 514 h BTy DROBAPD SOBREI Ko (R b [Chelator] ) / [{Chelator-
Ca complex |5 Wheﬂ@y_ . | 10 ; e i .

b O e M b S R ARG Dt Rl lof s « e

(1991). [00110] The above qethods are nerely

illustrative and other net'hods of anti body production

are known in the art and available to one of ordinary

skill in the art, which nethods are enbodied in the

present invention Methods of nonitoring the

production of definitive endoderm and/or a

hESC- deri ved cell population [00111] Al so provi ded

herein, is a nethod of nonitoring the production of




produced by the processes described herein express

the CXCR4 and CER mar ker gene, thereby producing the

CXCR4 and CER gene product. As expl ained in our
WOoeNG4p?84 U. S. Patent Applicati on No. 11/ 021 PET8]52¢0G680589

principal markers defining the early DE cell include

but are not limted to FOXA2, CER, GSC, N cadherin,

CXCR4 and SOX17, and by the absence of WO

20091041984PCT/ US2007/ 080589 si gni fi cant expression

of certain other markers, such as SOX1, SOX7,

tendencyt f&r: g;ra‘d%crmﬂmﬁl) n If 9 K4 Sgg;@ and ad hl%hehrﬁ eit ap ra(izloﬁai ifﬁ;uty chelator.
r et er rkers o
Preferted o oAU v GTEABHe HFe BNA0e nIETReNE 3L GSEEDTA) | and
ethylenegfi: téiraad¥ic a@& T;f)@ﬁ@wevm} %@dapQ%cPa%ed [HaP b} ASetal ion
ated above, | east one marker of definitive
chelatorse ngitsHe g these fﬁ@le@X@Rﬂm@e rfhe  Sueup CEmBtigenel ehﬂbdé@n@throhne
diethyl en%ﬁ'i éﬂeﬁﬁ&&t&‘f{ ﬂﬂ‘gﬂg; %yﬁr%%g&flpﬂ Eth?ﬁgécﬁm}uln gt?i'age L(P &-IEED TA),

SMDALLT act an
diaminoogdCRéxanetezcetic i ractdhe (@DTAY, arlez—Bs(z-mmdphamobp)emhm-N,N,N’,N‘-

.M gratj f hemat ppoet Is to the bone rr.ow,
ttrancetf A (LAY ol . BF R ieiceiore FPEAET iogt Shelators and
salts of sﬁ{cﬂi dh‘élaﬁochﬁﬂdléo BekeBEK égeiebdrlb@ﬂdﬁ@téd dlﬁ'&%ﬁﬂﬁi%n of DE from

C., and Broxneyer, .. Leukocyte Biol

hESCs i ”6 ﬂ1ﬂsp{6§g§9)q ERRa C reﬁ@@@mf diDhh dp the ﬁelfmren%edaas regguces the
il t h t 92T

concentr: cg‘@dg fins tp?éseltlt %\éﬁ%ﬂ{:eléecﬁtr 751&3\1/211;1]0 7(,34 & El) T:thleved by using

- EGTA. &Imémt mothiode of ehélegngpr bmd(:ngesr FavihGingt tﬁlmmnEioet exlira- or intra-

v.. Bi.ol o 213, 442-A56 th ression
ettty g kst Sheb Stk b THREETTHR g2 g atniy
chelators% -chlciufh efficiznily and R @kdinie ichelktors descrited Kﬁféyﬁ fre E?mgi illustrative
6-15 (1999)], were deIJ eated during ear

exampleSd%ﬂﬁe?rsm% cagtol® Belipetng:  Bindipy Hesalfinre AT eadherin function,
which de%&%&é&%&l biRdiaE afd/bofTdch R \RhARENt becane apparent

when it was denonstrated that 1f €1ther gene was
[0094] di srlmpomt mpbadiraentgefthe prdsert ihwengan.athe step ofi providangithe agent to

the E—ca%pﬁﬁ?e@%ég WGQILBIXB{?% gm c%fl% t%eld etﬁg]r‘@yﬂg%r&tlaﬁgn step can be

performeli &t thel satng .mddb@i atloweterain. preferrod stbadiments hhae E@&@M’lni-&pressmg

s <o S R S TR R R R B SR 8 o B

in a secdadi MEdiamC O kAAE ieAMoincRNASIR AFPLREIIn®As AMerémd fBdrh Yhe second
hybrj di zation net hodol ogies. In the gastrulathﬁ
~medium. embrdimentptherfirgg gedipmrig ﬂl?pﬁ@@&raé thegsepndmpdipm except that
2V imtive-streak
e sccon M NESodhok NGRS DRBORAY OByl 1 v L1
[0095] endoheaﬁlhh othersotexdmentsl ot nm@mboggahere inpoedied an 7 vitro method
In E7

. [es this time.
for incre RN hloerL PEeRe A EPLRUPUE S BSEPLA geccl derived
from a hﬂnmghi dhﬁ:trydm[jclz\ggnaﬁﬁ (%S?@%nﬁfﬁﬂ%ﬁa@gt Wfih‘dlh&ﬁﬁﬁ @hbryonic stem
enaoderm at et a \' I Ol O
cell (WESE)xulines in12§oy jmediv vhgreinnibe %E”’i?e‘?qn@"ﬁ%atul@éﬂ 95g E-cadherin

expressing| éeflle rat {Nﬁéﬂeﬁ‘lg iRl HednP QbR ve %“f Ik Ris EpP £ ndiiae oﬁ%ﬁB‘E cadherin
mar ker gene, (Efe55|on of CR4 can be nonitored in

expressing rqglr artdolrﬂlﬂmka ko od die Eradhotn defressing edl tndodiesrnell; and
d1fferent1§tﬁg i ﬁggbt Lﬁgﬁé l %{hoggcfoaﬁl ﬁ1 Xleme@%%? Illrg g)e(lgll'o%vth factor of the

escrib ress

Nodal/Acﬁﬁriihe Eu@dﬁdiﬁ bf tBé TEIF RupdREniB) C{ﬁéiﬁiﬁynlﬂzdﬁé‘dsﬂ@ B&hinithkt endoderm

not limted to, SOX17, MDCL1l, GATA4, H1F3b, GSC,

FGF17, WW, CALCR, FOXQi, R, CWKORL and WO

2009/ 041984PCT/ US2007/ 080589 CRLP1. In ot her

processes, expression of the both the CXCR4 narker

gene and the OCT4 marker gene, i s nonitored.

Addi tional ly, because DE cells express the CXCR4

mar ker gene at a | evel higher than that of the AFP,

SPARC or Thronbonodulin (TM marker genes, the

expression of these genes can al so be nonitored and




[00116] Still, wvarious nethods can be utilized for
guantifying the presence of the selected nmarkers.
For neasuring the anmobunt of a nolecule that is
WORteHMh184 a conveni ent nethod is to | abel a PEITEEZ005/080589
-~ wth a detectable noiety, which may be fl uorescent,
| um nescent, radioactive, enzymatically active, etc.,
particularly a nolecule specific for binding to the
paranmeter with high affinity. Fluorescent noieties
are readily available for |labeling virtually any
productidm mnliﬂrf@mdnl whcticd oflectalirderived frﬁlﬁlalhumaﬁb aembryonicdstem cek:)ll (h(,;ESC).
| nmuno orescent noieties_can be directed to bjin .
[0096] ¢ &Pvﬁkn&lys FR e Pt difethRsnpRItion) ts agsatrenaple of selectively
binding EQnem !lﬁﬁlﬁn% £0 SAKRAEh P HFLSnge B4l 1zh®-cadherin polyclonal or a
-modi ficafions Tike phosphoiylation. Individual -
monoclopd gptiblesy. gkroused deeeim shectgrm Beelestigely dindeton Gpecifically binds," when
: r i b I [ ne
used in MGGl B AR IncRytina W BREEE QRROT i HeBER means that dhe
antibodyramdi thev astigen) @nepitepe) dave (alG9Driafioe rdsstdit aif et Heat about 1x 107,

generallyﬁ%gl%;rz%:d'?? 81)....sThus e genet i cal

B anti bodi es.c b |y
PR aliod o 1195 By B vt d 90 e ERIER arfeast about
1x 107°4r18ds! Mbthbed £ @denBBRRN Bhd 8Ll s4HAR ah Bt bR HavRROS8Rired specificity
paraneters nmay, be neasured using other than
f

are well tiyngypeaaderontinaieithe atdpesg fauewmpiniistoss ayd deenniApibedies: A

LaboratofSMa&E" ) . int
soricFENERU ARG 5507 IS, S i o st

[0097] | muNsteda e, pradacing hetitedies dhose nzy relettovetye anhsmpuidisally bind to

- The quapti.tation of nucleic acids, especiall .
one. or i€ SRR bR Pepdle, Pprgs TffulRly, SEBPE Fynllds ap Ercadherin
polypeptillaespeptide (0, dRafere & ubiyjud ydatbrbeR)ake Aibclo8EdIirelH S are otherwise

t hat ,depend on the _sequence of nucleic acid

well knoyp and sptigedn thecthnPefhetibadieserd Ysdrdyrbengb antiedien or monoclonal

antibodiel §AANbEP AndRhh 86 huAaniEd br BRnRELAnAIRK, Eiﬁg@@h&ﬂ%ﬁbodies, anti
See, for exanple, Current Protocols 1n MfTecular

idiotypic Bnighasiing, anslrpifiope-bading] fragments of roi of thic abpve igdwding, Nemexample,

i Bl O 5B SRR oo RV LSRRI s

antibodie9 42 be 1365 fdr2exaamik, Ghére detectibn of FOQIhedtepappepsides, or mutant E-

. 51(3):313.24. .. WD 20 04.1984PCT/ US2007/.080589. . . ;
cadherin &BH&B%E%%F% dndudipg P{ﬂ%ﬂ%%ﬂ%% PElyRERHdeS oY IpEh £41 b {1y  biological
sample, drQ@d b lusaterop MROGhhIFEn 6 abnben D FR&RMEAA RMRAYT AMhus, the antibodies

relates to an in vitro conposition conprising an
can be utdigedipdnhibit Fofadberimbinding and dewease eainhipitsslinlgr edhesian and thereby
increase &e@%ﬁ%ﬁ?&&ﬁﬁ PR BPRESG, human enbryoni ¢ stem cells. In

such conpositions, the binding of the antagoni st
[0098] i nhiorttke prddedicomfetivmbes thicbiedrior eadieris) moludelgl aa. E-cadherin

. cordi ngl conpositions. of th resent jnventi.on .
variant of RS Nant SABPSORTC AT 40 b0 EOmE T e PUABHEOR wih an E-
cadherin béigpdptidss matand Se§heplidovadibntl 885 iporHoth@tofl eRfch Kanimals can
. at |least 25% at |east 30% at _|east 35% at |east
include byiye ngt lipedsto, rabbats, mpice, agd rats o Yariays adagantswanbe yeed to increase
. i 0, | . 0, 2094 . .
e it gt |GEFLIPE B EPRE ol it o
Freund’s ¢@9npete and [iecmotpleje)e atineralt gein s@hoasoflumingmhiydaexide, surface active
' . calls.a t_adhered to .other hunan

sbsanc SN G0 8oL BBy AR eGPk DLoRUTER: koho
limpet h@neyyatih] @iniebpheabl, sandd peketihllyo ussfiie hufed | Aljivantsheich as BCG

cul ture depends on, anong other things, the

ant agoni stic efficacy and §he concentration of the

agent supplied to the celfculture. In a preferred

enbodi nent, the antagonist is a polyclonal or a

nonocl onal E-cadherin anti body. [00118] O her

enbodi nents of the present invention included cel

cul tures conprising a calciumbinding agent and

E- cadheri n- expressi ng human enbryonic stemcells in a

culture medium In such cultures, the cal ci um bi ndi ng



[00120] I n sone enbodi nents of the present invention,
candi dat e agents can be obtai ned from conbi natori al
synthetic chem cal l|ibraries. Generation of
WOsMiHEt ori al synthetic chenical |ibraries iPCTUSRI07/080589
known in the art. Alternatively, a natural product
chemcal library or a library of biological nolecules
generated by reconbi nant DNA or cell extraction
processes can be utilized to obtain candi date agents.
Procedures for generating each of the above libraries
(Bacillusa aémetwod+Guerdn)ion Cohgebadteriun®Pdrizdh) n anot her enbodi nent
of the.invention, there is provided a nethod for _
[0099] den?\iﬂfl{ﬁqﬁ@s T%ﬁt Bige it 28 &pepdhentopolyRieFda o mgPifcoRATEen direof, or
to a varigft @ reRhdt g@gﬁdlé’ A thd RVLR AUSHR beSITRpaY bﬁn%mpintact polypeptide or
: 20091041984PCT/ US2007/ 080589 stem cel | (HESC) by _
fragmentg spmtaigingngnadl peptides af inkseyirae dhmisemerfiziap antgant eign IDRE (amino
. Wht U i r e t. bingds, .
s 2288 IO, TP @AFRLTSF I o 0 1 w0 1),
DXNDNZPSf (aprino tacals i 367-313e ohBEQ dDI NOx €l)j BAWearclitHeulilee (FIG.1). The
easur i roduction of the.differenfi.at cell jn
polypepth % drneBd L 15 e fn Sl be g A PG sl DNA or
chemical Gyhthedi€ bl 34:eBe 6Q1jhedtdll ohecapli@sRae®, Ffdetingl. aRRcom$only used
. i ncreased as. conpared to production of the ) :
carriers Yak £ty Bpichamisally coppled to Hae pertdecinckide thesholgdisepet hemocyanin,
thyroglothfi&! 5Wnd Rflirf aftuften qgmﬂ.grsﬁt%k i ARG Blrers d ' i
ymg(_)pr o’ductrll on (# auﬁurfan_ e ry%lpi C gerfs\?%éie%blgaﬁk}gtgh%ﬁhemse
known inf e agc rBerdonpied prlyagusitesir pepindt/ is theantsed) ninshenied the animal and

. - heri [ 22] The esent _invention.al.so .
sniserunf R BT, BRI P SRS pa e purified, or
example, ggdﬁlia(ﬁﬁg m{] ang rhARafiok akéfyatmg ﬁ)/ivﬂiichl @eﬁnc@%ﬂbﬁ&tﬁoﬂ d fepeliy to which

. sed on., an n E-cagherin peptide; screenlng
the antibadich jvesg ﬁilﬁ%%elscﬁ)%wgr $0y 6 Varipus teshRigySS NGy P i BRunology

for purifiBtidia08/oF CorftcRftrdEronasdtRlyclbnReRlibeGes, A8 Welels ddoB@na antibodies,
menber of the peptide I'ibrary binding to the

can be used {gagHor Pranipt Celiganheiradi Wnithfs GirfenhProjocets in Hemmantegy, Wiley
. . i t. ' t.of a native
Inerscieric, 199 VALE o GlpchallB Bbrc A kel9D5) * timan £5 cel 1

[00100] ar e Amteidibtypoitedhnolepy roan dssaged @nprodacee avinagoiia) antibodies that
.. det%ct agent s thqt affeﬁt hﬁgc cellalar adQF i on and
mimic af fOHANE o 13 o BRI B b AR IChPLG OTEREBY P HHPORY ipale To a first
monoclonafhihtiofy &fill 8%y BindRY doMaiksithd Bpet VirRbRUEHOS Ehat is the image of
i ncl udi ng toxicol ogy testln%, i mmungassays_for
0@

the epitope houRd b thei gt MpECeloRTNgRtivey. of Arehodiegrefuthg, invention include
i £ f: i AL i I AR EYE .10
oo HESALL LNV AT RO
antibodies that speeifieailygnd tcd mdenkBeadhesingolypkpiolaror peptpleydon thereof.
t hat, enconpass nu ou hem cal sses rimcjl.y
001011 G TS R B o G RISt ot ok Eno bl Pneesiled'n e a
(see, for appled Granak aig Profefioh A€ PeBtloalt SntRBE/ @ Tniitindbhdhical Protocols

i.ch may i ncl ude_organonetallic nolecules, inorganic .
(Manson»%goewrﬁ% -> (Hement Brese fiicedigen et al . Produghen pigtplyconal Antisera

in Rabbit€ Q(gH@J RKicbh AgncRls. Bpentet PRI SR BaRGRNY U%i&ﬁwgﬁ.l (1992),

) organi ¢ nol ecul es conprising functional gr
which arerjgeesperatey hersin by refioengedl Thepeparet droaSmopentanat antibotligs likewise
: 0 ngdj i Ly 4 nGglude l,eas n_... .
s convliHORRD RRTULA, Bk Bl 366158510 whcn
incorporafed dgredm by yefatente asé, dwoColigantee af ungkd asedons 2e9110a@.7). Briefly,
groups. The candi date agents often conprise cyclica
carbon or heterocyclic stéﬁctures and/ or aronmatic or
pol yaromati c structures stbstituted with one or nore
of the above functional groups. Candi date agents are
al so found anong bi onol ecul es, including peptides,
pol ynucl eoti des, saccharides, fatty acids, steroids,
purines, pyrimdines, derivatives, structural anal ogs
or conbi nations thereof [00125] Agents which are
useful for nodul ation of cellular adhesion include



limted to agonists and/or antagonists that bind to

the receptor E-cadherin or E-cadherin. As used

herein, the term "agonist" refers to an agent or

waziav/egssdhat bi nds productively to a recept orp@mgs2007/080589

mmcs its biological activity. The term "antagoni st”

refers to an agent that binds to receptors but does

not provoke the normal biol ogical response. An agent

as described herein in detail includes polypeptides,

pepti des and functional fragnents or portions
monocidnblesblodied tan 3% SHRHRE B?qnﬁaﬂl\g%mce[\gﬂl}%%om(ﬁ%ﬁ% rising an

i n¢l udi ng candi date agents, are obtained from qe
antigen, \yghfyggth 6ﬂ°f9§9fmed€samﬂh@¢wm‘0dgcuonﬁwa1ememgfa Eymnismhph removmg

Yo ous ,means

the Spieég{/%)lr@%%ﬁ gi P %gg %‘usalh: gi % wélgdcgt; hefdsTyelgpa éeU\ﬁ H)eproduce

hybridomasy p]@nylgolhe chygmhmmasc (sal'pmrrgdlsosmvm(:dlmﬂs gﬂat%r@déﬁﬂe%ﬁb@&es to the
oti des an

0] onu
antigen, SRR Qb ARE ST B pEbyoT Girses of na ura
[00102] CoerMtﬁndSlohzﬂ ahﬁBocﬁ@deﬁthfe 106E® bh Ppuritfed T h tﬁl hy Alflres by a
uce

g &ﬁ‘lr acts .are avail able or readl ly pro
variety o H&ﬁgﬁt pdtechnifiugsaPudhrisalginnrteehnicucs include difinétgt chromatography
with ProtdilA2KERRAr R0 dsﬁ@?ﬂﬁ%%&ﬂﬁﬁ %’bﬁla{ %Fa%h% dango o%hemdctghrcgro%lhatography

conventi onal” che SI C
(see Coligampisal., sactionay?. bbzlﬂsleajambsqonmalmm Bahey etaell Purification of

o 86 0 ORI TR SRR BRI TP 7101 man

Press 199@)9“ MethddsooS in sivehaals irA0Nb &i}mlﬁﬁlicaﬁbﬂf)blf%&bﬁ’c[bma cells expressing
terification, amdification, etc. produce
monoclt)@?

pdkadies | are wel-dgevn to 6192(7}%@@4&%%% SMyIEpistion iy vitro can be
carried obtl ial spghwlalcumet invddiy SLQ% Q%B&CBQGM ﬁ@cﬁ E%@e%ediﬁﬁs MEM) or

ne and usually a plurality of usual
RPMI lﬁf“h mediniy @ewwﬂy\ﬁmmﬂe@lwdsby ammlm eermyesnth asTheeal calf serum or

i lxﬁgﬁggﬁd RYelely to the, agent
e e Basur e Oanéﬁgﬁ&ﬁ%i dﬂ%éeva tat ed HV“%%H%%??§%H“¥8” exudate
cells, spleest eqlisn bene ulatrome lac@phages.n Ribéudior SANGLo @ﬂ&n@@sﬁlﬂi&ely pure
obt aj ned wi.th ot her

anibody Blspr 3R iefy VAl todig g ikaldte demirsbamsibogies. Laree

scale hyb€idora® aditil ¥ti Obanbbe cdrbdout By hbRo dg@ﬁ@hé" Eﬂs?énsﬁﬁl dbutdlin an airlift
culture, The agents may be added in a flowthroug

reactor, ’é’y@t SHLINOUS, SHTTCE AFRACHORt OF nily tmAObibized oort |enwmpsd oell culture.
Multiplicadn€h Nl ééﬁlb%’caﬁ’%'d?ﬂ bg nggﬁl‘h% & d %s RO BAHES 19, g po%?%pahble

or increnentally, to a W Se static SO
with the gagepiyeelish reugyrgysiemice, wo fdusé gsoveth eoﬂJmﬁody\vbﬁfdﬁmﬁg &umors.

ol ogl cal I ut r.al ution, the ot her .
Optionalt, %, BIEI:OLRILERet Wil 4 et BRheialn il qush aeristane
tetramethjﬂpmadeﬁdnel mdr&opﬁm&l O\Pﬂertdhe 16 8hied weeRd, [tRNVRIES RY hbSoclonal
tibody i econd. n a S#gtga’fﬁ-ag tion method, a bolus of the
antibody ?E?PV‘E,I Y, apgaly o] une of medi um
[00103] SUT TOYHAE ra:ﬁlbbbi%éh?é 'aﬁub@& SVE&E éseﬁqgﬁ%%gactah %%Sde%ved from

t he conponents of fhe culture diums
subhumangyipgje arfibgdies Erenernlteiiniques fier raxsm;gtthmpeoﬁcaumsm am].bodles in

akons 8 EERIRE o 50 RO By S B 58 pnicse

No. WO ?UDH.%Q Py dosman agelnt/af. of Wanadr| 9613161019901 whidk lakdRicorporated
herein b regk%l‘letlonal conponents, such as preservatlves t hat
y ﬁlﬁﬁve a significant effect on the overall
[00104] f or mal Bich@ierin TRy RhLMIRMd QbMEddtdans "ﬁlﬂf%uzce'ﬁ" monoclonal
essentially of a biologically active conmpoun
physi ol ogi cally acceptable carrier, e.g. water,
ethanol, DMBO, etc. However, if a conpound i's quuid
wi thout a solvent, the fornulati on may consi st
essentially of the conpound itself [O01301A plurality
of assays may be run in parallel wth different agent

concentrations to



obtain a differential response to the various

concentrations. As known in the art, determ ning the

ef fective concentration of an agent typically uses a

WO 2008841084 concentrations resulting from 1: 10, p@Fubiteisosse

| og scale, dilutions. The concentrations may be '

further refined wwth a second series of dilutions, if

necessary. Typically, one of these concentrations

serves as a negative control, i.e. at zero

concentration or below the | evel of detection of the
antibodyEMimHized! MOGnAEIRY bhEh RHRRCERET GrbRRLf b%g et&%sfeﬁﬂ{g mouse

does, not give a detectable change'in tﬁe phenot ype.
complemengpriy 1dagaiminingyspgiens fipnudisevsi bed light vaiisble vhaion, ofathe mouse
i d E he in .reference.fo .
mmuno 8o Il AR B BB R e Ch T B in he

framewotrlp reghenspdsths moking [churstmparts. oThenbe/of Aftilody oriSnents derived from
RUPTI ON OQF

._Lat end tq be.limti .. EXAMPLE.1 D ) )
humaniz LM‘%&OK%H%@%F&%%&T P@?‘Eﬂﬂﬂ]’ CErPEephCcrisageisd  with  the
immunogdidyC o ONuire DEdnishil |r\d§oﬂﬂD®EéﬂMai OR4RRJd "R cloning murine

hESCs; CyT203) were

) ryonic . stemcells .
immun"éggfl E—’:‘i‘ﬁqbgf’t g‘a}niﬂﬁs # é‘%ﬁctl'éedd doy axaninle tshB@ddedinet (4bE)Proc. Natl.

Acad. S$§i0UsAbYYIEsR; y ti gt described i :
“ . [17 Amour et él?l.g@g,o‘é%ﬁ llil?? 1%%?&3%%}%0}% reugg)?l{gge e—’nﬁ‘, nTeChmques for
producingyhpmgpizedmoapclomd estitities Brodesctived) for 244mly; ekl , Natre,

S T TN T, C—

1988; Carreriet @t j Esac. Biarkideyy. SundUSAegensat BB2h SaRihe thiY RN, Biotech.

i m S) cell s re i.ntai ned on npuse e_rrbr yo
12:437, ORI Saberred Ghor irapepl P835ER 21905, whih aye Peorporated hercin by
referenceDVEM F12 (Medi at ech) suppl emented with 20% KnockQut
serum repl acenent (G bco), 1 rnM nonessential am no

[00105] i dénr(l@dgﬁgd)f thenyentimmxal s ancled) derived from human antibody fragments

. i CiLLi N-(G 0. 55 nM

ottt GFRSCbI AL BRSNS TGS s B e, o . Mot

A Compamigrate M@?lﬁ)de ﬁ&lﬁn@g}m]m Nol A, ipagmllllg,}/\mmﬁdf?@r &Oall N&nn. Rev.
gr.o ture medium at 10- 25 tnl ta help. .

tmmunol SEA, 189 e AR HEPRP UL GtlerbY TlireepleClnging and expression

vectors thabare abdfMl PRFAGER: Ahurkiadtindidebedtulih phade 1&&%@&)’1@%%11(3:1.
days. Before initiating differenti atpl on, [TES

[00106} 500 dnoaiigpmpentibgdias oot/ 880%’%111 oeentioneanebeg deraredafrom a human

monoclor] Ia8fibM8Sh shbh R (EeDER):; Snic mi
inonf)c o fferdgﬁfi g,{u g%.' aiﬁﬁﬁégﬁ 9('3 I\/g%%ugte g?ﬁéﬁs%%ﬁgeglﬁeﬁ}l%edﬂwttmve been
engineered " oaprastyceppntific Ihbinah st enipciespondO agiketic abillenp® In this
. A AV concentratj.ons.of defined EBS. . . i
tecl.lmQue( ﬂy@%g%% %f¥heA d:rﬁninlgcﬁgy f:g,(? hglﬂ@oa]gégmﬁa 1%H@Qeggnmpggls of mice
derived fromsenetagedc stamtdalt lihes thbt bataid Sidetddl digdupd s 6p thle@hé8¥R_nous heavy
ferentjatjon experinments 113S

andlightlfe}dngSt gjf [ > . .
ERAHR d9ft r AP SHESERBICMISH.cA By RthRs12e hugtan 2@ tikodies, ppsifiorfor human
antigens, §fths @i Bar’e flsed 38 Prdduddn gfhﬁ) ! f i

5 . Reconbi nant huma?n agtri -\1/li n %gg% V\ﬁ?ggéc\?\ee@éhgg?g %%Seweth‘)ds
for obtainipg, humam agfjediess fromhirasc@tamipt ateedesndbal by iGreaeet al, Narure

s,  BOUR0nHE8 LN, 85 PTG L BT . o7

(1994), eathwbf Which ishiecdrpomated dayei b Jef@atecul tured for 3 days.
The rrecei.ved no E-cacl herin anti body

ot.he wo pl at

001071 "¢ ALYy feBnfndbERe iiienipn enon peswed By prsispivic Brdlysis of
an antibodyr ¢ aly"eR Plessi v A Qo | | i |

gi tzl’t])gr "i’r ypLE (I nvi tc?gjgrgﬁ 62%25 ﬁg%lf gl‘r&' %g%g’?gzgggnems can

(I'nnovative Cell Technol ogi es #AT104) at 37 C. The

cells were washed in PBS4ki th 10% FBS to renove

enzyme. Cells were pelleted and resuspended in PBS

with 3%BS (buffer) to bl ock nonspecific antibody

bi nding. Cells were | abel ed with CXCR4- PE conj ugat ed

anti body (R&D Systens) at 10 pL per approximtely

1x106 cells for 20 mnutes at roomtenperature. Cells

were washed in buffer and resuspended in buffer at-




cadherin on an E-cadherin expressing cell increases
the efficiency of definitive endoderm production of
the E-cadherin cell in the presence of strong nodal
WOoHMHEBs, for exanple, Activin WO PCT/CS2007/080589
2009/ 041984PCT/ US2007/ 080589 EXAMPLE 2 ANTI - HUMAN
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primer (5 to 3"), ACAACTACTTTTTCACA TCGT (SEQ |
complememntY)dete@Emimgipg ¢CPR).nEDR peptides $mynimal recogmition umts") can be
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dependent on the dose of antibody provided. That is,
| evel s of expression directly depended on the anount
or concentration of anti-human E-cadherin added to
W@ pwsiouosur e medi um (e.g., 0.2, 1 and 5 ug/ mMyper/@oo7/esosso
exanpl e, CXCR4 | evels were i ncreased at 3 days wth
anti body treatnents at 1 1..t.g/nlL or 51.tg/nL of
anti-human E-cadherin, whereas, sanples treated MAth
0.2 1..iginiL had CXCR4 expression |evels
substantlally simlar to those observed in the
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Methods SEPRIRPRING®-BLR are well known in the art. Other methods which are known in the

art can also be used to quantitate marker gene expression. For example, the expression of a

marker gene product can be detected by using antibodies specific for the marker gene product of
interest. In certain processes, the expression of marker genes characteristic of definitive
endoderm as well as the lack of significant expression of marker genes characteristic of hESCs
and other cell types is determined.

[00112] As described further in the Examples below, the definitive endoderm cells
produced by the processes described herein express the CXCR4 and CER marker gene, thereby
producing the CXCR4 and CER gene product. As explained in our previous U.S. Patent
Application No. 11/021,618, the principal markers defining the early DE cell include but are not
limited to FOXA2, CER, GSC, N-cadherin, CXCR4 and SOX17, and by the absence of
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brachyury (BRACH), nodal (NODAL) and cerberus (CER)

indicates that the addition of EDTA WO

2009/ 041984PCT/ US2007/ 080589 facilitated the

WQirpd/enendt i ati on to nesendoderm as i ndi cat edpdyus2007/080589

| evel s of BRACH (FIG 4A) and NODAL (FIG 4B), and

definitive endoderm as indicated by |evels of CER

(FIG 4C). There was about a two-fold increase in

gene expression for nesendoderm markers, and about a

threefold increase in expression for the DE marker in
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| ] e‘gq afte ,tﬁlé plﬁr ase %ﬂ?rﬁ? g%@t%’%b%gtﬁﬁ%hénokme receptor
messenger RE{A-gatcted iring safip eastrlaging embrgs (7. 5y usbrar acnihisasion of RNase
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213,442_@6C(mp¢9)j_actor and an ant agoni st of E-cadherin, said
ant agoni st of E-cadherin bound to
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eLel e, PR t he ant agoni st inhi bit )
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not adhered to other human enbryonic stem cells.
4. The conposition of claim1l, wherein at |east 50%
of the human enbryonic stemcells are not adhered to
WH06¥p41p84man enbryoni ¢ stem cel | s. 5. Feeed2007/080589
cul ture conprising a TG 3 superfam |y growth factor,
a cal ci um bi ndi ng agent and E-cadheri n-expressing
human enbryonic stemcells in a culture nedium _
wherein the cal ci um bi nding agent is bound to cal ci um
ions in the culture nmedium thereby inhibiting
CRIP1. abinethitoprob&skave @Rpedich 8fMeyBoth Ghé (BT IELaBker cene and She OCT4
The ceIPr culture of claimb5, wherein the cal ¢cium
marker gene, s mgniteretht Additioaaly be@user Bhceleexgpress ﬁl)ede]@Ré. triankpr gene at a
I elgpagely,C
fevel hlg{er etlhget%ﬁ 5%1 oﬁl?eg?gac et c aci Q%%EME‘PJ@ &T)M) marker genes, the
eXpresm@h@%témergeoea 8, 2l teet inyhicored andareuieat rAaeaipértmentation that that
described REEA) . hydroxyet hyl et hyl enedi ami netriacetic acid
|——|)|A) di am nocycl ohexanet etraacetic acid (CDTA),

[00115} 1, 2- Bi s{IRbaappro@hed akat) &bheasen N DR Nid @ﬁd(ﬂ@ﬁﬁ{l'délls does not
aci d (BAPTA),. and ghar maceuti cal ly acceptabl e sal
preclude g, sxgression of S0%177haScaeh, definitivee cedodermaieils produced by the

processe&’\kt%‘sﬁﬂﬁdaﬁer&ﬁa%il %%ﬁﬁnatlfgt gﬁ%@%n S%%y CRERD but will not

cells are not adhered t ryoni c stem
substantialdy ¢?§3I'GSSAFP TMB SPARE orPDXEul t ur e of cI aim6, wherein

ceI | s ar
[00116] at | § er egl{%% ae?anh HE%RE oni C prepence of the selected

markers. 9"or fﬁh&uﬂﬁgﬂ&ﬁrﬁomﬂ o0 moleaulatdat 1W51€§eﬁt 3 c%ﬂiréi‘uéﬁ%eﬁmd is to label

perfam.|l rowt h factar corrprlses Activin A
a moleculg With 2 UeSFRILS Tl i THAVL be IORSFoR. s WHnGraRL3 radioactive,

enzymatiSaligedctiadlieley, paftRMabyfAabREIE OFBRIA Y8 binding to the parameter with high

affinity. Fluorescent moieties are readily available for labeling virtually any biomolecule,

structure, or cell type. Immunofluorescent moieties can be directed to bind not only to specific
proteins but also specific conformations, cleavage products, or site modifications like
phosphorylation. Individual peptides and proteins can be engineered to autofluoresce, e.g. by
expressing them as green fluorescent protein chimeras inside cells (for a review see Jones et al.
(1999) Trends Biotechnol. 17(12):477 81). Thus, antibodies can be genetically modified to
provide a fluorescent dye as part of their structure. Depending upon the label chosen, parameters
may be measured using other than fluorescent labels, using such immunoassay techniques as
radiocimmunoassay (RIA) or enzyme linked immunosorbance assay (ELISA), homogeneous
enzyme immunoassays, and related non-enzymatic techniques. The quantitation of nucleic acids,
especially messenger RNAs, is also of interest as a parameter. These can be measured by
hybridization techniques that depend on the sequence of nucleic acid nucleotides. Techniques
include polymerase chain reaction methods as well as gene array techniques. See, for example,
Current Protocols in Molecular Biology, Ausubel et al., eds, Iohh Wiley & Sons, New York,
N.Y., 2000; Freeman et al. (1999) Biotechniques 26(1):112 225; Kawamoto et al, (1999) Genome
Res 9(12):1305 12; and Chen et al. (1998) Genomics 51(3):313 24.
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Activin B. 11. The conposition of claim1,
wherein said TGFI 3 superfam |y grow h factor .
conpri ses Nodal . 12. The conposition of claim
WOR0094a9%i n sai d conposition further conpri saCTMBIAT080589
definitive endodermcells. 13. The cell
culture of claimb5, wherein said TGF13 superfamly
growt h factor conprises Activin A 14. The
cell culture of claimb5, wherein said TG-B
superfam |y growth factor conprises Ac vin B.
Composilions Jmlﬁm@ﬂdmm'%rﬁ@ﬁt@m@@llﬁnah%5 wherein said TG-13
superfamly growth_ factor conprises Nodal . 16.
[00117] The G| erplbpcment off thl priesAnt invgntipeirplatsitd asel viro composition
I [ fi Qi t
compnmﬁg' ah%@agt)ﬁiﬁtt &eE_?Q&H%EE s?%c%%géggﬁbgﬂg o‘lf‘ gié E!ac\!a%h%[lm \Aﬁpréssmlg human
embryong:aﬁng@:ng, Is uspel fcampbgrtlcgrsomehblhdmg(nf thoaptap@es iahibits adhesion

between %eeng'gb 1c sré cl\&lzgﬁ ai /f:\(éltr 11%/&|1£rc2>Ub gﬁpﬁs q@igresentsmve-{lgon include

IOﬂO

human embmm‘casmxﬂ; yelpeudkd vﬂmﬁ@ ﬁt 1@&msv/a $618as8 10882501 5% 8 least 20%,
P su The cell culture of claim

ot least 25906 G SRR 0 B 905t &% s o Igosy 5%k M Fast 65, ot least 559%, at.
least 60% Oﬁnéds%%aaﬂsﬁb%%%t 1%51;& 7%"%3'%& ie“&tgo% Nt SO ds@ %‘Eéeast 90%, at

The cell culture of claimb5, wheréin sai
least 95% l&"ﬁ@i flepst erpatgr than 195V aof 616 lowrar érslegonic menberllsaire nbieadhered to

other hurbeMf eﬁﬁ%ﬁﬁl’ﬁ@em cells in the cell culture. The proportion of cells adhered to other

cells in the culture depends on, among other things, the antagonistic efficacy and the

concentration of the agent supplied to the cell culture. In a preferred embodiment, the antagonist
is a polyclonal or a monoclonal E-cadherin antibody.

[00118] Other embodiments of the present invention included cell cultures comprising a
calcium-binding agent and E—cadherin—expressing human embryonic stem cells in a culture
medium. In such cultures, ﬂ’le calcium-binding agent is bound to calcium ions in the culture
medium, thereby inhibiting adhesion betWeen the embryonic stem cells. Accordingly,
compositions of the present invention include human embryonic stem cell cultures wherein at
least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least 35%, at least
40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95% or at least greater than 95% of the
human embryonic stem cells are not adhered to other human embryonic stem cells in the cell
culture. In preferred embodiments, the calcium binding agent is selected from the group
consisting of ethylenediaminetetraacetic acid (EDTA), ethyleneglycoltetraacetic acid (EGTA),
1,10 phenanthroline, diethylenetriaminepentaacetate (DTPA),
hydroxyethylethylenediaminetriacetic acid (HEEDTA), diaminocyclohexanetetraacetic acid
(CDTA),  1,2-Bis(Z-aminophenoxy)ethane-N,N,N' N'-tetraacetic  acid (BAPTA), and

pharmaceutically acceptable salts thereof.
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CYTHERA_060VPC_SEQ TxT SEQUENCE LI STI NG <110> Al an

Agul ni ck Kevin D Anour Enmmanuel E. Baet ge <120>

METHODS FOR | NCREASI NG DEFI NI TI VE ENDODERM PRODUCTI ON

WOLPIHIBYTHERA. 060VPC <140> Unassi gned <141> PGdfGSa07ia80589

<150> 11/ 860, 494 <151> 2007-09-24 <160> 10 <170>

Fast SEQ for Wndows Version 4.0 <210> 1 <211> 882

<212> PRT <213> Honp sapiens <400> 1 Met Ay Pro Trp
Ser Arg Ser Leu Ser Ala Leu Leu Leu Leu Leu G n

Methods for identifying an E-cadherin an agent capable of increasing production of cell derived

from a human embryonic stem cell

{00119] Some embodiments of the present invention relate to methods for identifying an
agent capable of increasing production of a cell derived from a human embryonic stem cell. In
these embodiments, a candidate agent is provided to a human embryonic stem cell culture. The
human embryonic stem cell culture is then differentiated in a culture medium comprising a
differentiation factor known to be capable of promoting the differentiation of said human
embryonic stem cells. For example, human embryonic stem cells can be differentiated to
definitive endoderm in medium lacking insulin like growth faétor receptor agonists (or
containing low levels of such molecules) and in the presence of activin A. Other factors capable
of promoting the differentiation of human embryonic stem cells are known in the art. After
differentiation has occurred, it can be determined whether the candidate agent increases the
production of cells differentiated from the human embryonic stem cells by comparing the
production of differentiated cells in the cell culture provided with the candidate agent to the
production of differentiated cells in a human embryonic stem cell culture that has not been
provided with the candidate agent but which has been treated with the same differentiation factor
(differentiated under substantially the same conditions) as the cell culture provided with the
candidate agent. Greater production of differentiated cells in the cell culture provided with the
candidate agent as compared to the production of differentiated cells in the cell culture not
provided with the candidate agent indicates that the candidate agent increases the production of a
cell derived from a human embryonic cell.

[060126] In some embodiments of the present invention, candidate agents can be obtained
from combinatorial synthetic chemical libraries. Generation of combinatorial synthetic chemical |
libraries is well known in the art. Alternatively, a natural product chemical library or a library of
biological molecules generated by recombinant DNA or cell extraction processes can be utilized
to obtain candidate agents. Procedures for generating each of the above libraries are routine in
the art.

[00121] In another embodiment of the invention, there is provided a method for

identifying an agent capable of increasing production of a cell derived from & human embryonic

32



151015 val Ser Ser Trp Leu Cys G n Gu Pro Qu Pro

Cys Hs Pro Ay Phe 202530 Asp Ala A u Ser Tyr Thr

Phe Thr val Pro Arg Arg H's Leu Gu Arg 354045 dy

worogsnmbsiLeu Ay Arg Val Asn Phe A u Asp Cys mmnggggsgg

Arg A n 505560 Arg Thr Ala Tyr Phe Ser Leu Asp Thr

Arg Phe Lys val @y Thr Asp 65707580 Ay Val Ile Thr

Val Lys Arg Pro Leu Arg Phe His Asn Pro Gn Ile

859095 Hi s Phe Leu Val Tyr Ala Trp Asp Ser Thr Tyr

Arg Lys Phe Ser Thr 100105110 Lys Val Thr Leu Asn Thr

stem celMBESG) by ldbstadiing A HESOLEPREIR oPhPaddnPin a culture medium, wherein
the agent binds to extracellular calcium ions in the medium; differentiating the hESC culture in
the culture; measuring production of the differentiated cell in the presence of the agent, wherein
production of the differentiated cell in the presence of the agent is increased as compared to
production of the differentiated cell in the absence of the agent, thereby indicating an agent

- capable of increasing production of a human embryonic derived cell.

Methods for screening for agonists and/or antagonists of E-cadherin

[00122] The present invention also provides a method for identifying an E-cadherin
agonist or antagonist by providing a peptide library based on hESCs and an E-cadherin peptide;
screening said peptide library for agents having high affinity binding to the E-cadherin peptide;
and selecting a member of the peptide library binding to the E-cadherin peptide wherein the
affinity of the member is equivalent or higher than that of a native homotypic E-cadherin peptide.
[00123] Human ES cells are useful for in vitro assays and screening to detect agents that
affect hESC cellular adhesion and increase production of definitive endoderm. A wide variety of
assays may be used for this purpose, including toxicology testing, immunoassays for protein
binding; determination of cell growth, differentiation and functional activity, production of
hormones; and the like.

[00124] Agents of interest for screening include known and unknown compounds- that
encompass numerous chemical classes, primarily organic molecules (e.g., polypeptides, peptides,
peptide analogs, peptide variants and/or mutants), which may include organometallic molecules,
inorganic molecules, genetic sequences, etc. In addition to complex biological agents, candidate
agents include organic molecules comprising functional groups necessary for structural
interactions, particularly hydrogen bonding, and typically include at least an amine, carbonyl,
hydroxyl or carboxyl group, frequently at least two of the functional chemical groups. The
candidate agents often comprise cyclical carbon or heterocyclic structures and/or aromatic or
polyaromatic structures substituted with one or more of the above functional groups. Candidate
agents are also found among biomolecules, including peptides, polynucleotides, saccharides,
fatty acids, steroids, purines, pyrimidines, derivatives, structural analogs or combinations thereof,

[00125] Agents which are useful for modulation of cellular adhesion include but are not
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115120125 G n Ala Ser Val Ser Ay Ile dn Ala Gu. Leu
Leu Thr Phe Pro Asn 130135140 Ser Ser Pro Ay Leu Arg
Arg An Lys Arg Asp Trp Val Ile Pro Pro 145 150 155
wagemniiessSer Cys Pro Gu Asn Gu Lys Ay Pro P@ﬁUEio&msosw

Lys Asn Leu Val 165170175 A n Ile Lys Ser Asn

Lys Au @y Lys Val Phe Tyr Ser I1le 180185190 Thr Gly
Gn Ay Ala Asp Thr Pro Pro Val Ay Val Phe Ile lIle

G u 195200205 Arg Gu Thr Gy Trp Leu Lys Val Thr Qu
Pro Leu Asp Arg A u Arg 210215220 Ile Ala Thr Tyr Thr

e S a0y e il R AR Pty i ar Psprip. As used
herein, thye, termajagqmipt” Aelprs@prangent or analog that binds productively to a receptor and
mimics its biological activity. The term * ‘antagonist” refers to an agent that binds to receptors but
does not provoke the normal biological response. An agent as described herein in detail includes
polypeptides, peptides and functional fragments or portions thereof, and as described above.
[00126] Compounds, including candidate agents, are obtained from a wide variety of
sources including libraries of synthetic or natura) compounds. For example, numerous means are
available for random and directed synthesis of a wide variety of organic compounds, including
biomolecules, expression of randomized oligonucleotides and oligopeptides. Alternatively,
libraries of natural compounds in the form of bacterial, fungal, plant and animal extracts are
available or readily produced. Additionally, natural or synthetically produced libraries and
compounds are readily modified through conventional chemical, physical and biochemical
means, and may be used to produce combinatorial libraries. Known pharmacological agents may
be subjected to directed or random chemical modifications, such as acylation, alkylation,
esterification, amidification, etc. to produce structural analogs.

[00127] Agents are screened for biological éctivity by adding the agent to at least one and
usually a plurality of cell samples, usually in conjunction with cells lacking the agent. The
change in parameters in rtesponse to the agent is measured, and the result evaluated by
comparison to reference cultures, ¢.g. in the presence and absence of the agent, obtained with
other agents, etc.

[00128] The agents are conveniently added in solution, or readily soluble form, to the
medium of cells in culture. The agents may be added in a flow-through system, as a stream,
intermittent or continuous, or alternatively, adding a bolus of the compound, singly or
incrementally, to an otherwise static solution. In a How-through system, two fluids are used,
where one is a physiologically neutral solution, and the other is the same solution with the test
compound added. The first fluid is passed over the cells, followed by the second. In a single
solution method, a bolus of the test compound is added to the volume of medium surrounding the
cells. The overall concentrations of the components of the culture medium should not change
significantly with the addition of the bolus, or between the two solufions in a flow through
method.
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245250255 Asp Asn Lys Pro GQu Phe Thr A n Gu Val Phe
Lys Ay Ser Val Met 260265270 Qu Ay Ala Leu Pro Ay
Thr Ser Val Met Gu Val Thr Ala Thr Asp 275280285 Al a

wWomey/Aaps4iAsp Val Asn Thr Tyr Asn Ala Ala |l e gd-puddhrososse
Thr 11 e 290295300 Leu Ser A n Asp Pro Gu Leu Pro Asp
Lys Asn Met Phe Thr 1le Asn 305310315320 Page 1

CYTHERA 060VPC _SEQ TxT Arg Asn Thr Ay Val Ile Ser

val Val Thr Thr Ay Leu Asp Arg G u 325330335
[00129] Preferred agent formulations do not include additional components, such as
preservatives, that may have a significant effect on the overall formulation. Thus preferred
formulations consist essentially of a biologically active compound and a physiologically
acceptable carrier, e.g. water, ethanol, DMSO, etc. However, if a compound is liquid without a
solvent, the formulation may consist essentially of the compound itself.
[60130] A plurality of assays may be run in parallel with different agent concentrations to
obtain a differential response to the various concentrations. As known in the art, determining the
effective concentration of an agent typically uses a range of concentrations resulting from 1:10,
or other log scale, dilutions. The concentrations may be further refined with a second series of
dilutions, if necessary. Typically, one of these concentrations serves as a negative control, i.e. at
zero concentration or below the level of detection of the agent or at or below the concentration of
agent that does not give a detectable change in the phenotype.
[00131] Having generally described this invention, a further undefstahding can be obtained
by reference to certain specific examples which are provided herein for purposes of illustration

only, and are not intended to be limiting,

EXAMPLE 1
DISRUPTION OF CELTLULAR ADHERANCE OF PLURIPOTENT CEILLS INCREASES
_ PRODUCTION OF DEFINITIVE ENDODERM
[00132] Human embryonic stem cells (hESCs; CyT203) were differentiated in vitro to
definitive endoderm (DE) for about 2-3 days substantially as described in D’ Amour et al. 2005
Nat Biotechnol. 23:1534-41, D'Amour et al. 2006 Nat Biotechnol. 24(11):1392-401 and U.S.
Patent Application Publication Number 2007/0154984, which are herein incorporated in their

entireties. Briefly, undifferentiated human embryonic stem (hES) cells were maintained on
mouse embryo fibroblast feeder layers (Specialty Media) in DMEM/F12 (Mediatech)
supplemented with 20% KnockOut serum replacement (Gibco), 1 mM nonessential amino acids
(Gibco), Glutamax (Gibeo), penicillin/streptomyein  (Gibco), 0.55 mM 2-mercaptoethanol
(Gibco) and 4 ng/ml recombinant human FGFE2 (R&D Systems). Activin A was added to the
growth culture medium at 10-25 ng/ml to help maintain undifferentiated growth. Cultures were
manually passaged at 1:4-1:10 split ratio every 5-7 days. Before initiating differentiation, hES
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Ser Phe Pro Thr Tyr Thr Leu val Val Gn Ala Ala Asp

Leu Gn Ay 340345350 Au Gy Leu Ser Thr Thr Ala Thr
Ala Val Ile Thr Val Thr Asp Thr 355360365 Asn Asp Asn

WOR009/¢%19841 | e Phe Asn Pro Thr Thr Tyr Lys Gy FETAISCd7/080589

370375380 Pro Gu Asn Gu Ala Asn val Val Ile Thr Thr
Leu Lys Val Thr Asp 385 390 395 400 Ala Asp Ala Pro

Asn Thr Pro Ala Trp Au Ala Val Tyr Thr Ile Leu
405410415 Asn Asp Asp Ay Gy G n Phe val Val Thr Thr
Asn Pro Val Asn Asn 420425430 Asp Gy Ile Leu Lys Thr

cells werl givenysshriaf yvakleih PB%/Pf(&Hao%J G IEY vsle)‘esdlﬁefénﬂﬁé&ﬂiofﬂﬂﬁl @/I@dlatech)
supplemegfcgfi . e Leg@glggﬁ\é)%kmﬁllu?/st\rle%tor;lr;én A?SO \{1ag|/m£/allct155no A and varying
concentrations of defined FBS (HyClone). Additionally, 0.2% BSA and 25ng/mL Wnt3a was
added on the first day (d1) of differentiation. In most differentiation experiments FBS
concentrations were 0% for the first 24 h, 0.2% for the second 24 h, and 0.2% for the third 24h.
Recombinant human activin A and Wnt3a were purchased from R&D Systems. Three 60mm
plates were utilized. One plate was treated with a mouse anti-human E-cadherin antibody
(Zymed Cat. No.13-1700) at 5 ug /mL for the first day (d1) and cultured for 3 days. The other
two plates received no E-cadherin antibody treatment (controls). After the three (3) day
treatment, hES-derived cells were dissociated using either TrypLE (Invitrogen #12563-011) or
Accutase (Innovative Cell Technologies #AT104) at 37 °C. The cells were washed in PBS with
10% FBS to remove enzyme. Cells were pelleted and resuspended in PBS with 3%FBS {(buffer)
to block nonspecific antibody binding. Cells were labeled with CXCR4-PE conjugated antibody
(R&D Systems) at 10 pL. per approximately 1x10% cells for 20 minutes at room temperature,
Cells were washed in buffer and resuspended in buffer at approx. 3-5 x 10° cells/ml. Cells were
analyzed using a FACSCalibur (BD Bioscience).

[00133] As described in D'Amour et al. 2005 and U.S. Patent Application Publication No.
2007/0154984 supra, CXCR4 expression permits isolation of definitive endoderm. The
chemokine receptor CXCR4 is expressed in the definitive endoderm and mesoderm but not in
primitive endoderm/visceral endoderm. Tt was previously shown that hES-derived cell cultures
exposed to activin A and lower levels of FBS have an increase in CXCR4 mRNA, which
corresponds to the increase in other definitive endoderm markers, for example, see Figure 5 of .
D'Amour et al. The percentage of CXCR4 positive cells in the two plates not receiving E-
cadherin antibody treatment was approximately 70% and 76% (FIGS. 2A and 2B, respectively).
In contrast, the plate receiving the E-cadherin antibody treatment had approximately 93%
CXCRA4 positive cells (FIG. 1C). Approximately 25,000 cells were analyzed per sample.

[00134] In view of the foregoing data, treatment of hESCs with an agent that binds E-
cadberin on an E-cadherin expressing cell increases the efficiency of definitive endoderm
production of the E-cadherin cell in the presence of strong nodal agonists, for example, Activin

A
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Ser Leu Thr Thr Ser Thr Ala Thr Val Thr Val Asp Val

Leu Asp Val 465470475480 Asn G u Ala Pro Il e Phe Val

Pro Pro Gu Lys Arg Val Qu Val Ser 485490495 A u Asp

wopgeeiaigB4val Ay Gn Qu Ile Thr Ser Tyr Thr PATAISEMT/080589

G u 500505510 Pro Asp Thr Phe net Qu Gn Lys Ile Thr
Tyr Arg Ile Trp Arg Asp 515520525 Thr Ala Asn Trp Leu
GQu lle Asn Pro Asp Thr Ay Ala Ile Ser Thr 530535540
Arg Ala Qu Leu Asp Arg G u Asp Phe Gu His Val Lys

Asn Ser Thr 545550555560 Tyr Thr Ala Leu Ile Ile Al a
Thr Asp Asn Ay Ser ProxXyafpixa Thr 565570575

ANTI-HUMAN E-CADHERIN TREATMENT INCREASES THE EXPRESSION OF
DEFINITIVE ENDODERM CELL SURFACE MARKERS
[00135] Cell cultures and culture conditions were substantially similar to those described
above in Example 1 and in D'Amour et al. 2005 supra, including addition of 0.2% BSA. Nine

tissue culture plates (35mm) of hESCs (CyT203) were differentiated to definitive endoderm for
three (3) days. Two (2) plates were treated with anti-human E-cadherin (Zymed Cat. No. 13-
1700) at 5 pg/mL on the first day (d1). One plate did not receive anti-human E-cadherin
(control). Six (6) plates were treated with anti-human E-cadherin (Zymed Cat. No. 13-5700) for
the first (d1) or the first two (d1 and d2) days at concentration of 5, 1, or 0.2 ng/ mL.

[00136] To determine cell surface marker expression, small samples of cells were
harvested from differentiating plates, and total RNA was isolated from duplicate or triplicate
samples with a 6100 nucleic acid extractor (Applied Biosystems) and 100-500 ng was used for
reverse transcription with iScript cDNA synthesis kit (Bio-Rad). PCR reactions were run in
duplicate using 1/40th of the cDNA per reaction and 400 nM forward and reverse primers with
QuantiTect SYBR Green master mix (Qiagen). Alternatively, QuantiTect Primer Assays
(Qiagen) were used according to the manufacturer’s instructions. Real-time PCR was performed
using the Rotor Gene 3000 (Corbett Research). Relative quantification was performed in relation
to a standard curve. The standard curve was created using a mixture of total RNA samples from
various fetal human endoderm tissues and differentiated hES cells, and 1 ug was used per cDNA
reaction in creating the standard curve. Quantified valﬁes for each gene of interest were
normalized against the input determined by two housekeeping genes (CYCG and GUSB or TBP).
After normalization, the samples were plotted relative to the lowest detectable sample in the
dataset and the standard deviation of four- or six- gene expression measurements was reported.
Primer sequences: CXCR4 forward primer (5° to 3°), CACCGCATCTGGAGAACCA (SEQ 1D
NO: 3); CXCR4 reverse primer (5’ to 3”), GCCCATTTCCTCGGTGTAGTT (SEQ ID NO: 4);
OCT4 forward primer (5> to 3°), TGGGCTCGAGAAGGATGTG (SEQ ID NO: 5); OCT4
reverse primer (5 to 3”), GCATAGTCGCTGCTTGATCG (SEQ ID NO: 6), CER forward
primer (5’ to 37), ACAACTACTTTTTCACAGCCTTCGT (SEQ ID NO: 7); CER reverse primer
(5° t0 37), CCACGACTTGCCCAGCAT (SEQ ID NO: 8); NANOG forward primer (5° to 3°),
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Gy Thr Ay Thr Leu Leu Leu Ile Leu Ser Asp Val Asn

Asp Asn Al'a 580585590 Pro Ile Pro Qu Pro Arg Thr Ile

Phe Phe Cys G u Arg Asn Pro Lys 595600605 Pro G n Val
WQ 2089/04d984l e 11 e Asp Ala Asp Leu Pro Pro Asn Pdmus3esr/sosse

610615620 Pro Phe Thr Ala Gu Leu Thr Hs Ay Al a Ser

Ala Asn Trp Thr |Ile 625630635640 G n Tyr Asn Asp Pro

Thr Gn Qu Ser Ile Ile Leu Lys Pro Lys Met 645650655

Ala Leu Gu Val Gy Asp Tyr Lys Ile Asn Leu Lys Leu
Met Asp Asn 660665670 G n Asn Lys Asp G n Val Thr Thr

GCAAAIGETATIC M TERAGARGEC CFEQABINGY ), SdPRABARS Reverse primer (5° to 3°),
CCATGGAGGAGGGAAGAGGA (SEQ ID NO: 10).

[60137] As can be seen in Figure 3, the levels of cell surface marker expression were
dependent on the dose of antibody provided. That is, levels of expression directly depended on
the amount or concentration of anti-human E-cadherin added to the culture medium (eg, 02,1
and 5 pg/mL). For example, CXCR4 levels were increased at 3 days with antibody treatments at
1 ug/mL or Spg/mL of anti-human E-cadherin, whereas, samples treated with 0.2 ug/mL had
CXCR4 expression levels substantially similar to those observed in the control samples (FIG.
3A). Another marker expressed in definitive endoderm is CERBERUS (CER). This marker was
strongly upregulated after one day of E-cadherin antibody treatm eﬂt and the upreguation was also
dose-dependent (FIG. 3B).

[00138] To determine the relative percentage of cells expressing Oct4 and Nanog,
- transcription factors required to maintain the hESC pluripotency and self-renewal, OCT4 and
NANOG expression in the definitive endoderm cultures were analyzed. Figures 3C and 3D
demonstrate that NANOG and OCT4 hESC expression levels were decreased with anti-human E-
cadherin treatment, and at time periods typical of definitive endoderm formation (D'Amour et.al
2005, supra). '

EXAMPLE 3
DECREASED LEVELS OF EXTRACELLULAR CALCIUM INCREASES PRODUCTION OF
DEFINITIVE ENDODERM CELLS
. [00139] Cell cultures and culture conditions were substantially similar to that described
above and in D’Amour et al. 2005 and 2006 supra. Briefly, three 60 mm plates of hESCs
(CyT203 p36) were differentiated for about 18 hr using activin A (100 ng/ml) and Wnt3a (25
ng/ml) in RPMI without FBS. Samples of undifferentiated hESCs were taken prior to the start of

the differentiation procedure. Plates were briefly washed with 2 ml of PBS either containing Ca®*
or Mg”* or without Ca*" and Mg®* (PBS™). In addition, the one plate which was washed with
PBS™ also received ethylenediamine tetraacetic acid (EDTA) at 0.075 mM to reduce the
concentration of Ca™* jons present in the media. Analysis by real-time PCR for expression of

brachyury (BRACH), nodal (NODAL) and cerberus (CER) indicates that the addition of EDTA
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uG@y Ala Ala dy VvVal Cys Arg Lys Ala G n Pro Val
u Ala Gy 690695700 Leu Gn Ile Pro Ala lle Leu Gy
e Leu Ay Ay Ile Leu Ala Leu 705 710 715 720 Leu
WO 200/9489%41 | e Leu Leu Leu Leu Leu Phe Leu Ar g PAR{IS2#05/080589
Ala Val 725730735 Val Lys Qu Pro Leu Leu Pro Pro Qu
Asp Asp Thr Arg Asp Asn val 740745750 Tyr Tyr Tyr Asp
GQu dudy dy dy u Qu Asp Gn Asp Phe Asp
755760765 Leu Ser G n Leu Hs Arg Ay Leu Asp Ala Arg
Pro Qu Val Thr Arg 770775780 Asn Asp Val Ala Pro Thr
facilitatetl ebe deflereBetationato ésendvdgmlyds ihdivated by NVQISH@IQQGHE(BI@ 4A) and

nopALZEf 48, B seflmomdsderm, a indidared By fevels o R BE o). There

was about a two-fold increase in gene expression for mesendoderm markers, and about a three-

fold increase in expression for the DE marker in EDTA-treated cells. These data indicate that the
reduction of extracellular calcium in the culture media in vitro was sufficient to increase efficient
production of definitive endoderm from hESCs as compared to the no treatment control cultures.
[00140] In addition to EDTA, it will be appreciated that other calcium ion chelators can be
used, including but not limited to, ethyleneglycoltetraacetic acid (EGTA), 1,10 phenanthroline,
diethylenetriaminepentaacetate (DTPA), hydroxyethylethylenediaminetriacetic acid (HEEDTA),
Diaminocyclohexanetetraacetic acid (CDTA), 1,2-Bis(2-aminophenoxy)ethane-N, N N',N'-
tetraacetic acid (BAPTA), and pharmaceutically acceptable salts thereof.

[00141] The methods and compositions described herein are presently representative of
preferred embodiments and are exemplary and are not intended as limitations on the scope of the
invention. Changes therein and other uses will occur to those skilled in the art which are
encompassed within the spirit of the invention and are defined by the scope of the disclosure.
Accordingly, it will be apparent to one skilled in the art that varying substitutions and
modifications may be made to the invention disclosed herein without departing from the scope
and spirit of the invention.

[00242] As used in the claims below and throughout this disclosure, by the phrase
“consisting essentially of” is meant including any elements listed after the phrase, and limited to
other elements that do not interfere with or contribute to the activity or action specified in the
disclosure for the listed elements. Thus, the phrase “consisting essentially of” indicates that the
listed elements are required or mandatory, but that other elements are optional and may or may
not be present depending upon whether or not they affect the activity or action of the listed

elements.
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Ala Ala Asp Thr Asp Pro Thr Ala Pro Pro Tyr Asp Ser
Leu Leu val 820825830 Phe Asp Tyr Au Gy Ser Ay Ser
GQu Ala Ala Ser Leu Ser Ser Leu 835840845 Asn Ser Ser
G u Ser Asp Lys Asp G n Asp Tyr Asp Tyr Leu Asn GQu
850855860 Page 2 CcYTHERA 060vPc_sEQ TXT Trp Gy Asn
Arg Phe Lys Lys Leu Ala AS Met Tyr Ay Ay Ay Qu
865 870 875 880 Asp Asp <210> 2 <211> 13 <212> PRT
<213> Artificial Sequence

CLAIMS:

1. An in vifro composition comprising a TGFp superfamily growth factor and an antagonist
of E-cadherin, said antagonist of E-cadherin bound to E-cadherin-expressing human embryonic stem
cells, wherein the binding of the antagonist inhibits adhesion between said embryonic stem cells.

2. The composition of claim 1, wherein the antagonist is a polyclonal or a monoclonal E-
cadherin antibody.

3. The composition of claim 1, wherein at least 10% of the human embryonic stem cells are
not adhered to other human embryonic stem cells.

4. The composition of claim 1, wherein at least 50% of the human embryonic stem cells are
not adhered to other human embryonic stem cells.

5. A cell culture comprising a TGFP superfamily growth factor, a calcium-binding agent
and E-cadherin-expressing human embryonic stem cells in a culture medium, wherein the calcium-
binding agent is bound to calcium ions in the culture medium, thereby inhibiting adhesion between said
embryonic stem cells.

6. The cell culture of claim 5, wherein the calcium binding agent is selected from the group
consisting of ethylenediaminetetraacetic acid (EDTA), ethyleneglycoltetraacetic acid (EGTA), 1,10
phenanthroline, diethylenetriaminepentaacetate (DTPA), hydroxyethylethylenediaminetriacetic acid
(HEEDTA), diaminocyclohexanetetraacetic acid (CDTA), 1,2-Bis(2-aminophenoxy)ethane-N,N,N'N'-
tetraacetic acid (BAPTA), and pharmaceutically acceptable salts thereof,

7. The cell culture of claim 6, wherein at least 10% of the human embryonic stem cells are
not adhered to other human embryonic stem cells.

8. The cell culture of claim 6, wherein at least 50% of the human embryonic stem cells are

not adhered to other human embryonic stem cells.

9. The composition of claim 1, wherein said TGFB superfamily growth factor comprises
Activin A.

10. The composition of claim 1, wherein said TGFB superfamily growth factor comprises
Activin B.

11. The composition of claim 1, wherein said TGFB superfamily growth factor comprises

Nodal.
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<220> <223> Synthetic Peptide <400> 2 Ser Ala Leu Leu
Leu Leu Leu @ n val.- Ser Ser Trp Leu 1510 <210> 3
<211> 14 <212> PRT <213> Artificial Sequence <220>
<223> Synthetic Peptide <400> 3 Pro.dy Phe Asp Al a
G u Ser Tyr Thr Phe Thr Val Pro Arg 1510

12. The composition of claim 1, wherein said composition further comprises human

© definitive endoderm cells.

13. The cell culture of claim 5, wherein said TGFB superfamily growth factor comprises
Activin A. ' '

4. The cell culture of claim 5, wherein said TGFB superfamily growth factor comprises
Activin B. a

15. The cell culture of claim 5, wherein said TGFR superfamily growth factor comprises
Nodal, | -

16. The cell culture of claim 5, wherein said cell culture further comprises human definitive
endoderm cells. - ‘ | ' _

17. The composition of claim 1, wherein said TGFB superfamily growth factor comprises a
member of the Nodal/Activin subgroup. _

18. The composition of claim 1, wherein said TGFB superfamily growth factor comprises a
_ member of the BMP subgroup. N 7

19. The cell culture of claim 5, wherein said TGEB superfamily growth factor comprises a
memiber of the Nodal/Activin subgroup. ‘

20. The cell cuiture of claim 5, wherein said TGFB superfamily growth factor comprises a
member of the BMP subgroup.
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<210> 4 <211> 19 <212> DNA <213> Artificial Sequence
<220> <223> Prinmer <400> 4 caccgcatct ggagaacca <210>
5 <211> 19 <212> DNA <213> Artificial Sequence <220>
<223> Priner

CYTHERA_060VPC_SEQ.TXT
SEQUENCE LISTING

<110> Alan Agulnick
Kevin D'Amour
Emmanuel E. Baetge

<120> -METHODS FOR INCREASING DEFINITIVE
ENDODERM PRODUCTICN

<130> CYTHERA.QGOVPC

<140> Unassigned
<141> Herewith

<150> 11/860,494
<151> 2007-09-24

<160> 10
<170> FastSEQ for windows Version 4.0

<210> 1

<211> 882

<212> PRT

<213> Homo sapiens

<400> 1 _
Mit Gly Pro Trp Sgr Arg Ser Leu Ser QAa Leu Leu Leu Leu igu Gln
val Ser Ser Trp Leu Cys GIn Glu Pro Glu Pro Cys His Pro Gly Phe
20 : 25 30
Asp Ala g%u Ser Tyr Thr Phe Tgr val Pro Arg Arg gés Leu Glu Arg
4
Gly ?59 val Leu Gly Arg gg1 Asn Phe Glu Asp g%s Thr Gly Arg GlIn
Arg Thr Ala Tyr Phe Ser Leu Asp Thr Arg Phe Lys val Gly Thr Asp
65 70 75 ' 80
Gly val 1le Thr §%1 Lys Arg Pro Leu Sgg Phe His Asn Pro ggn Ile
His Phe Leu val Tyr Ala Trp Asp Ser Thr Tyr Arg Lys Phe Ser Thr
100 105 110
Lys val Thr Leu Asn Thr val Gly His His His Arg Pro Pro Pro His
115 120 125
Gln Ala Ser val Ser Gly Ile Gln Ala Glu Leu Leu Thr Phe Pro Asn
130 135 140
Sser Ser Pro Gly Leu Arg Arg GIn Lys Arg Asp Trp val Ile Pro Pro
145 150 155 160
Ile Ser Cys Pro Glu Ash Glu Lys Gly Pro Phe Pro Lys Asn Leu val
165 170 175
Gln Ile Lys Ser Asn Lys Asp Lys Glu Gly Lys val Phe Tyr Ser Ile
180 185 190
Thr Gly GIn Gly Ala Asp Thr Pro Pro val Gly val Phe ITe Ile Glu
195 200 205
Arg Glu Thr Gly Trp Leu Lys val Thr Glu Pro Leu Asp Arg Glu Arg
210 215 220
Ile Ala Thr Tyr Thr Leu Phe Ser His Ala val Ser Ser Asn Gly Asn
225 230 235 240
Ala val Glu Asp Pro Met Glu Ile Leu Ile Thr val Thr Asp Gln Asn
245 250 255
Asp Asn Lys Prg Glu Phe Thr GlIn Glu val Phe Lys Gly Ser val Met
260 265 270
Glu Gly Ala Leu Pro Gly Thr Ser val Met Glu val Thr Ala Thr Asp
275 280 285
Ala Asp Asp Asp val Asn Thr Tyr Asn Ala Ala Ile Ala Tyr Thr Ile
290 295 300
Leu Ser Gln Asp Pro Glu Leu Pro Asp Lys Ash Met Phe Thr Ile Asn
305 310 315 320
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<400> 5 tgggctcgag aaggatgtg <210> 6 <211> 20 <212>
DNA <213> Artificial Sequence <220> <223> Pri mer
<400> 6 gcatagtcgc tgcttgatcg20 <210> 7 <211> 25
<212> DNA CYTHERA_060VPC_SEQ TXT

CYTHERA_Q60VPC_SEQ.TXT
Arg Asn Thr Gly val Ile ser val val Thr Thr Gly Leu Asp Arg Glu
325 330 335
Ser Phe Pro Thr Tyr Thr Leu val val GIn Ala Ala Asp Leu Gln Gly
340 345 350
Glu Gly Leu ser Thr Thr Ala Thr Ala val 1le Thr val Thr Asp Thr
355 360 365
Asn Asp Asn Pro Pro Ile Phe Asn Pro Thr Thr Tyr Lys Gly GIn val
370 375 380
Pro Glu Asn Glu Ala Asn val val Ile Thr Thr Leu Lys val Thr Asp
385 390 395 400
Ala Asp Ala Pro Asn Thr Pro Ala Trp Glu Ala val Tyr Thr Ile Leu
405 410 415
Asn Asp Asp Gly Gly Gin Phe val val Thr Thr Asn Pro val Asn Asnh
420 425 430
Asp Gly Ile Leu Lys Thr Ala Lys Gly Leu Asp Phe Glu Ala Lys GIn
435 440 445
GIn Tyr Ile Leu His val Ala val Thr Asn val val Pro Phe Glu val
450 455 460
ser Leu Thr Thr Ser Thr Ala Thr val Thr val Asp val Leu Asp val
465 470 475 480
Asn Glu Ala Pro Ile phe val Pro Pro Glu Lys Arg val Glu val ser
485 490 495
Glu Asp Phe Gly val Gly Gln Glu Ile Thr ser Tyr Thr Ala Gln Glu
500 505 510
Pro Asp Thr Phe Met Glu GIn Lys Ile Thr Tyr Arg Ile Trp Arg Asp
515 520 525
Thr Ala Asn Trp Leu Glu Ile Asn Pro Asp Thr Gly Ala Ile ser Thr
530 535 540
Arg Ala Glu Leu Asp Arg Glu Asp Phe Glu His val Lys Asn Ser Thr
545 550 555 560
“Tyr Thr Ala Leu Ile Ile Ala Thr Asp Asn Gly Ser Pro val Ala Thr
565 570 575
Gly Thr Gly Thr Leu Leu Leu Ile Leu Ser Asp val Asn Asp Asn Ala
580 585 590
Pro Ile Pro Glu Pro Arg Thr Ile Phe Phe Cys Glu Arg Asn Pro Lys
595 600 605
Pro GIn val Ile Asn Ile ITe Asp Ala Asp Leu Pro Pro Asn Thr Ser
610 615 620
Pro Phe Thr Ala Glu Leu Thr His Gly Ala Ser Ala Asn Trp Thr Ile
625 630 635 640
GIn Tyr Asn Asp Pro Thr GIn Glu Ser Tle Tle Leu Lys Pro Lys Met
645 650 655
Ala Leu Glu val Gly Asp Tyr Lys Ile Asn Leu Lys Leu Met Asp Asn
660 665 670 .
GIn Asn Lys Asp GIn val Thr Thr Leu Glu val Ser val Cys Asp Cys
675 680 685
Glu Gly Ala Ala Gly val Cys Arg Lys Ala GIn pro val Glu Ala Gly
690 695 700 '
Leu Gln Ile Pro Ala Ile Leu Gly Ile Leu Gly Gly Ile Leu Ala Leu
705 710 715 720
Leu Ile Leu Tle Leu Leu Leu Leu Leu Phe Leu Arg Arg Arg Ala val
725 730 735
val Lys Glu Pro Leu Leu Pro Pro Glu Asp Asp Thr Arg Asp Asn val
740 745 750
Tyr Tyr Tyr Asp Glu Glu Gly Gly Gly Glu Glu Asp Gln Asp Phe Asp
755 760 765
Leu Ser Gln Leu His Arg Gly Leu Asp Ala Arg Pro Glu val Thr Arg
770 775 780
Asn Asp val Ala Pro Thr Leu Met Ser val Pro Arg Tyr Leu Pro Arg
785 790 795 800
Pro Ala Asn Pro Asp Glu Ile Gly Asn Phe Ile Asp Glu Asn Leu Lys
805 810 815
Ala Ala Asp Thr Asp Pro Thr Ala Pro Pro Tyr Asp Ser Leu Leu val
820 825 830
Phe Asp Tyr Glu Gly Ser Gly Ser Glu Ala Ala Ser Leu Ser Ser Leu
835 840 845
Asn ser Ser Glu Ser Asp Lys Asp GIn Asp Tyr Asp Tyr Leu Ash Glu
850 855 860
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<213> Artificial Sequence <220> <223> Priner <400> 7
acaactactt tttcacagcc ttcgt25 <210> 8 <211> 18 <212>
DNA <213> Artificial Sequence <220> <223> Pri ner
<400> 8 ccacgacttg cccagcat 18 <210> 9

CYTHERA_O60VPC_SEQ.TXT
Trp Gly Asn Arg Phe Lys Lys Leu Ala Asp Met Tyr Gly Gly Gly Glu
865 870 875 880

AsSp Asp

<210> 2

<211> 13

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Peptide

<400> 2
Ser Ala Leu Leu teu Leu Leu Gln val Ser Ser Trp Leu
1 5

<210> 3

<211> 14

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Peptide

<400> 3 )
Pio Gly Phe Asp Ala Glu Ser Tyr Thr Pge Thr val Pro Arg
5 1

<210> 4

<211> 1

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 4
caccgcatct ggagaacca 19

<210> 5

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 5
tgggctcgag aaggatgtg 19

<210> 6

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 6
gcatagtcge tgcttgatcg 20

<210> 7
<211> 25
<212> DNA
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<211> 23 <212> DNA <213> Artificial Sequence <220>
<223> Prinmer <400> 9 gcaaatgtct tctgctgaga tgc23
<210> 10 <211> 20 <212> DNA <213> Artificial Sequence
<220> <223> Prinmer <400> 10 ccat ggagga gggaagaggaz20

] CYTHERA_OG60VPC_SEQ.TXT
<213> Artificial Ssequence

<220>
<223> Primer

- <400> 7
acaactactt tttcacagec ttecgt 25

<210> 8

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 8
ccacgacttg cccagcat 18

<210> 9

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 9
gcaaatgtct tctgctgaga tgc 23

<210> 10

<211> 20

<212> DNA

<213> Artificial Sequence

«<220>
<223> Primer

<400> 10
ccatggagga gggaagagga 20
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