DESCRI PT, Title of:he Invention: METHOD FOR PRODUCI NG SHEET- LI KE PANCREATI C
| SLET Technical Field ,01] The present invention relates to a
production nmethod of a sheet-like pancreatic islet having resistance to | ow
oxygen conditions, a pancreatic islet culture, and a kit for producing a
sheet-like pancreatic islet. 70 BackR§FobARBTAPY [0002] Cel | - - based
Lhorapy utlL! #00 pancienl ibylatebnhafbach AyLaRaLAR: Aiallsiey novel
approach for treating insulin dependent di abetes (D.MAs conpared. to the
total organ. transplantation of patIREas[ICansSigilet cel |l -based treatnent is
advantageqﬁs in.ggﬁt.ia_nakes mninmuminsult and stay in the hospital after
treat ment can beshdrtS9 n recent international clinical trials, it has
been reporteshthat 44% of CM patients one year after the transplantation of
islet cells successfully 20 recovered insulin production, and stably

mai nt ai ned gl ycéfi Qiestrite InMeREVER, TEWB-GRaFS AfRerdudic oy arsprranPat fon,
the survival gate of l#?%%r%%%ﬁ%pggﬂ%dhé%hﬁ f&éi&%{ﬁteocaﬂ&w degLgased to

14% It is evident, erefore, at optimzation o e conditions for
maxi m zi ngedriei diidres ext ersicoradfict hel2s trnanspd amred xdlilt [foneagedusing
necessary for,_advanci ng _the pancreatic islet-based therapy of DM
Therefore,a\ﬁﬂﬁq){ii%ﬂ %&P@rFF?éFhéaieﬁave been studied to increase the
func: tign mnekgtynHvalrtrate of pancreatic islet to he used for

transpl antati on. 30 [000] In conventional general in vitro culture
met hods of (YHtrcreatic:t, the cells in the pancreatic islet collected from

the body are deprdived, okt gﬁe?éﬁége{]twwiﬂ{?s;yﬁ@f@é)@ﬂ ClreSrI%@ A svbyonand

mai ntai ned in the form of C , and 35 therefore, they are not supplied
wi t h suf f iddwentomsdy gen aapdotnheingancveat appupeth ofp ditsaspeacs inf0004}

To sol ve the abpve-nenti oned .ftPa, a techpique. for subcutaneously

t ranspl ant %?gerédgenﬁcslrag’[a%gglels éﬁggt h%ss %oemgnarsec{(;écg)e:%ggeéo%ﬁ?)n(-)f)g?%nt docunent
1). In thits-dregdinirue,icanoifrsphatedapansrieasl et | & Bt-Hasdd eatedmenthis
trypsi n-EDTA to disperse the islet cells to a single cel|l state, the

obt ai ned pPHAGERICUSsIEt Leal| $taPa pf Af e BA" al R Pt dt €7Coated wht hhe

I'am ni h- 5, and dhe gultture-Lepparatynept Sshover ed it @206 QF20-mhaf ter
the cell. reached confluency, whereby the pancreatic islet cells can be

recover ed @siraiami frorimily- sprehdst bssuersherted [0005]4 4 athéMheant enes
E-cadherin (E£ad) 1S 3 (R g%g ngg%tg{:igr?lclaf_ Cel1e2dN8sIon o esaryily
nol ecul e: -pa ent” décurent’s <2, ?, andi's essentla.'%or |nterceFFuFar
adhesi op ardtwolreny iheumrahi proaticoibuse endryoah oy stemteenkes gEScealit)
(non_pategﬁxggggﬂenﬁgwgﬁeg?'two years after the transplantation, the
survival rate of the transplanted islet cells drastically
decreased to 14%. It is evident, therefore, that optimization
of the conditions for maximizing the life extension of the
25 transplanted cell lineage is necessary for advancing the
pancreatic islet-based therapy of DM. Therefore, various
culture methods have been studied to increase the function and
survival rate of pancreatic islet to be used for
transplantation.
30 [0003]
In conventional general in vitro culture methods of
pancreatic islet, the cells in the pancreatic islet collected
from the body are deprived of the oxygen supply system

performed in vivo and maintained in the form of a clump, and

35 therefore, they are not supplied with sufficient oxygen and the
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[ 0006] It has been reported that nouse and human ES cells can be
successfully maintained on a -vir) coated with a. fusion protein conposed
of the extracellular domain of E-cadherin. and |IgG Fc donmai n (non-patent
docunent 6) (patent docunents 1, non-patent docunents 7, 8, 9). Although
mouse ES ¢ENE e@d ifotl seEmiangblienl dhyariveats cul ture di sh coated with an

E- cad- Fc f[lb%'oqlrj protein, they maintain pluripotency and can generate a germ
I ine conpetent "chi nera nouse (non-patent docunents 7, 8). In these general
cul ture net hods Tef sESveekhs, avbea-semgl ereeldredlES,cel tecaneqgaddedr
cell-to-cell hesi on_occurs o cul ture, di to forma clunp. However, on

a a i sh
a cul turesdﬁbﬁf(%(?@&f’élalw ﬁaﬁﬁpgﬁﬁﬁyﬁ ?Iijs}r%]r?tprccﬁ i F%Che8FngP&Lcel | ed ES

cel I's can & cqudedr edoasphheyt ai€suhdh@ddj ti an, tdi &f ecentigtd ony,pf nouse ES
cells to liver cells on a culture dish coated witn a nobuse Ecad-Fc fusion

prot ei n hdsHeérdr eporredtinonspalt et dorarashtwitio)rypsbocERBA[ pat ent
docunent ] J:AAEkPRLENE SAOEURBNE S 1o WD20AR/A00R9 1 %@@ggaeﬁ%g%?gg%&mm ]

[ 0008] non-patent docunent Bicmaterials, Vv
non- pat entatdecereit. 139606 2¢l1l€ure QuiateCeldn B @llavel céappd 19627, m

non- pat ent docunent p. 399-404, 2000 3: The Journal of Cell Biol ng,vol.
148, laminin-5, and the culture temperature is lowered to 20°C for

10 20 min after the cell reached confluency, whereby the
pancreatic islet cells can be recovered as a uniformly-spread
tissue sheet.

[0005]
In the meantime, E-cadherin (E-cad) is a CaﬂFdependent

15 cell-cell adhesion molecule (non-patent documents 2, 3), and is
essential for intercellular adhesion and colony formation of
mouse embryonic stem cells (ES cell) (non-patent documents 4,
5).

[0006]

20 It has been reported that mouse and human ES cells can be
successfully maintained on a dish coated with a fusion protein
composed of the extracellular domain of E-cadherin and IgG Fc
domain (non-patent document 6) (patent documents 1, non-patent
documents 7, 8, 9). Although mouse ES cells do not form a

25 colony on a culture dish coated with an E-cad-Fc fusion protein,
they maintain pluripotency and can generate a germ line
competent chimera mouse (non-patent documents 7, 8). In these
general culture methods of ES cells, when single-celled ES
cells are added, cell-to-cell adhesion occurs con a culture dish

30 to form a clump. However, on a culture dish coated with an E-
cad-Fc fusion protein, the single-celled ES cells can be
cultured as they are. In addition, differentiation of mouse ES
cells to liver cells on a culture dish coated with a mouse E-
cad-Fc fusion protein has been reported (non-patent document

35 10).



non- pat ent docunent 4: Devel opnent, vol . 122, pp.3185-3194, 1996 non-patent
docunent 5: Stem Cell s, vol, 22, pp. 275-282, 2004 non-patent docunent

pp. 243- 245, 2003 6: Protein Engi neering,vol.6,no0. 4, non-patent. document
7: nos ONE, issue |I,elS, 2006 non-patent docunment 8: The Journal of
BlologlcaIDGW@mﬁn¢0E1E83 no. 39, pp.2646B-26476, 2008 non- pat ent
docunent tal Biology, vol.10, 60, 20 2010 non- patent
docunent %€a§¥535§¥§pﬁgggi no. 8, pp.2032- 2042, 2011 non-patent document
11: Cell Tmwangpl ant ., voI.18, no.5, p 547, 2009 25 SUWMMARY OF THE | NVENTI ON

patent document 1: WO2005/090557
5 [non-patent documents]

[0008]

'_I

non-patent document Biomaterials, vol.30, pp.5943-5949, 2009
non-patent document 2: curr Opin Cell Biol, vol.7, pp.619-627,
1995

10 non-patent document 3: The Journal of Cell Biology, vol.148,
p.399-404, 2000
non—-patent document 4: Development, vol.1l22, pp.3185-3194, 1996
non-patent document 5: Stem Cells, vol.22, pp.275-282, 2004
non-patent document 6: Protein Engineering, vol.6, no.4,

15 pp.243-245, 2003
non-patent document 7: PLos ONE, issue 1, el5, 2006
non-patent document 8: The Journal of Biological Chemistry,

vol.283, no.39, pp.26468-26476, 2008
non-patent document 9: BMC Developmental Biology, vol.10, 60,

20 2010
non-patent document 10: Biomaterials, vol.32, no.8, pp.2032-
2042, 2011
non-patent document 11: Cell Transplant., vol.18, no.5, pp.541-
547, 2009

25 SUMMARY OF THE INVENTION
Problems to be Solved by the Invention
[0009]

Conventionally, when a sheet-like pancreatic islet is

prepared by planarizing the pancreatic islet, an enzyme

30 treatment of pancreatic islet with trypsin-EDTA to give single
cells is essential to meet the physical requirements. However,
pancreatic islet has been reported to have a problem that
glucose responsiveness remarkably decreases due to the
influence of trypsin (non-patent document 11), and the sugar

35 responsiveness of the sheet-like pancreatic islet obtained by
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Probl ens to be Solved by the Invention : 00091 Conventional ly, when a
sheet-1ike pancreatic islet is prepared by planarizing the pancreatic
-islet, an enzynme so treatnent of pancreatic islet with trypsin-EDTA to
give single cells is essential to neet the physical requirenents. However,
pancr eat i clisl etethasl bheenonepdeted to dmwveeasepr obl em t hat gl ucose
responsiv%ﬂﬁﬁi remar kabl y decreases due to the influence of trypsin

(non- pat en dunent 11), and the suoar responsiveness of the sheet-like
pancreatic isl etrhebbakredtbynvéhi somretihed s censidered beopeenease. [0010]
The present invention ains to resolve the probl em of decrease of glucose

r esponsi velfessasgn@fppdvraee ar e oYl WIS Hr cditciFgVa shéelefhre phncreatic
i sl et havi i.stan ndi.t : : j he
Probl eme. FOGTLETS an Berrpt f o Salve the dhove sent Fohed Brobr o the 70
present i nvwentcorygehi cehdéulidused pancreatic islet directly as a clunp on a
non-treat | ate, w t hout t sjn treatnment. However, t.pancreatic islet
was still%%ﬁthg%fEP prgaFﬁglg%gb M did not take a sheet-like structure.

I n additi gmoitihis culture nmethod was considered to easily induce cell death
under Is | ow oxygen. conditions, since it |acks the_oxygen sugply systemto
the cells in padéréat rELPEPELEO WP £ i i Hridsem Mea tiirRed ThebPef®r et

sheet - |i k ruct i-ng S n. i bk i

oot or bl & Tutver . “unen A Shoet- ) ke pakcr ea ey s bt eoar bt ng a
gener al toipsipnoEDN 20ntteatheatplta-d ormmtdiongl @ celviosint heegtoense
responsi ve function, is_considered tq markedl.y.decrease, since the
ceII-ceII%%HﬁggFOntpﬁaPaggﬁ??%}% %%Egbﬂﬁ§%§%iﬁ sﬁgngg efPﬁﬂc?foﬁ ?%wﬂ%st.
Ther ef or e arichey di abenskvel ¥ shaki -edi thesteuldrure .condi ddonsi @nd Hound t hat

the pancreatic islet shows a sheet-like structure by 25 culturing the
pancr eat i CHSEE BRTAOACHRE uF R SH Sther®iS? S3 Lpo L PpEhti 88l orpR Fisi wfeh Ed
| domai;n qfowE‘ogz?gQﬁr EBnand; bRy ng; - dinding @abichit %x&@eﬁabgﬁlgl herdn is
fixed on or applied to a surface of a solid phase, even w thou | spersing
t he pancr éat itcei skéf st onspagteczleld sibyeta iy edi Ast peasaeht Inthatoa SO
pancreati g, i slet Ln 2 sheet-|]ke 1 soue. form shows uigher gl ucose,
responsi veness than a pancreailc i'slet ormng d cFunp and has T@5i stance
to | ow oxygemepondhtii 0hsns FUs thwes festaldiees Raveveesulhed 4 nsHdwe-aangel etion

of the present invention [0012] 35Accordingly, the present invention
rel ates t &3 NEC2FOFI oW RE; 15 RHAPK StethiodDf FEEFEEInGT 4P HeetRT4 ke

pancreapi ¢ deskebntCORPELShNG: 4 & Urdng an pes @!1%%%%@%@1%1@@ i ghetcidy a
culture vessel, wherein a pol ypeptide conprising an Ed domai n of S
cadherin dmdchagidgrad bdnihpgedbi ldaqrasgesaisdnEecatiherehltseilied on or
applied to a. surf o] i h i LN d .to the salid
phase sur fatesrar SiferroleBiH iR testy re-REheRaB P e fl e 10758 &
sheet - | i kehk@effbre, they intensively studied the culture conditions and

found that the pancreatic islet shows a sheet-like structure by
25 culturing the pancreatic islet on a culture dish wherein a
polypeptide comprising an ECl domain of E-cadherin and having a
binding ability to said E-cadherin is fixed on or applied to a
surface of a solid phase, even without dispersing the
pancreatic islet to single cells by a trypsin treatment, that a
30 pancreatic islet in a sheet-like tissue form shows higher
glucose responsiveness than a pancreatic islet forming a clump
and has resistance to low oxygen conditions. Further studies
have resulted in the completion of the present invention.
[0012]

35 Accordingly, the present invention relates to the
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r21 The oroduction nethod of [I], wherein the polypeptide 10 conrises an
extracel lul ar domai n of E-cadherin, [3] The production nmethod of [1],
wherein the poiypeptide is a fusion polypeptide conprising an extracel dul ar
domai n of Ecadherin and an Fc region of inmuntglohulin. [41 A pancreatic

i sl et cul ttulépwcogprising a culture vessel, is wherein a polypeptide
conprisin n_Ed daomain_of . E-cadherin and .having a bjndin bility to

sai d a-cagﬁgrﬁan%thxgg BRI HpDIT 64 'ﬁl&&rnggrg £5cs%?}%tbhase, and a
sheet - | i kecparekeati euisheind hat Gan hecwahuredtin asséat enwhefgiturddhe
sheet-li ke pancreatic islet adheres to the solid phase surface_[5] A kit
for produdief§ear sHEBESI ke pahdEdtide icsreriséarprising a°Bul® uie Wessel ,
wherein_a ti i sing in.of Es gagher i havi ng a
binding5ag?ﬁ%¥$§?ohg§igggPﬁgd%g%?%ﬂfgpkﬁggg% ntgrsgﬁgl?egé?%egﬂgdg$ace of a
sol i d phasexedndnanri sppated parcreatiacd sifew 26 1Eff potasef wield dvama on

[ 0013] i e net hod .of the esent invention, a_sheet-like
pancreati@dngéﬁ'ggv%ﬁ% Test tgﬁﬂﬁ?t§?4¥. eo%ﬁ&eﬁ ESH&??i%%EE%%ﬁFqﬁaﬁéfbduced
wi t hout pemntopRhBgeattsypsidr tteata®nta whicke -30ksuppressi ng a decrease in

t he gl ucose responsive function conpared to_conventjonal _cul ture nethods.
Irera]., tlRé pafcPeatietiar dteldyst Fotl ldhoW 6%FgEnTteRoPPAGeeR 1% bl ood
vessel lbn%&%%egngﬁ %Q@r&’@é‘ﬁ%ﬂ Qondligt ol §SHE4AEEULS I n the body.
However, in e case of a 35 transplanted pancreatic islet, the cell death.
of the paréie@hicprpdhetiomyndighdchducdd by woxygén Sherpagecemdete tilve a
environnegt of Iom/oxgggndcquihggﬂg a%nthgtEganighﬁngaté&g&giéf&E}Bing t he
sheet-1ik uﬁéﬁgrgg%V% st @t OIW%ineéK%y t 7é “met hod of  t he present

i nventi oncaexygen ean be ef fiedient lof Supphiogdobaleach 5 cell even in a | ow

oxygen state, and the cell death of the pancreatic islei S sﬁ§§%essed even
under | owl8xy§eR2BERETE+ONSS L Noreovet e sFREBTaSsheet - FikE For el,

PFI ncreat i ch-sh gt oi SocopShORIEd-dr@1iiRGHEASE ERE GhHEOSEoF BSPONSIME n
function, it is advantageous for the transplantation therapy. 10 Bri ef
Descri pt i endohavhegDram hgsng 0014]ity to safdgE-radhewsnthe gsholrogy of
pancreatic_islet, cultu 0 - cad-.Fc- ed_dj;s L -treated dish
at respecfapgzl%ﬁil ?aré %gggaé\)\??ﬂf?r S\%lqtlhdg ﬁgggfrﬁggi% %?éej%t?niéln . 15Fig. 2
shows thepshkuehtltat oatitidex efhn penaueauiredi sheb enate nare taigattéd di sh or

an E-cad-Fc-coated dish at respective culture days , Fig. 3 shows (A

cel | prphéP6§y ot kpanereatic: st e%ﬂ%§%FEfSSFPnE¥§t?%%l?rﬁﬁﬁé?r§9§ ek

meansS. B, , [5p(RQ. Qg,i updes - 28 F egpectdnee ccukitidr gagenditionss 1d: days after the
ig.

culture. o 4 'shows phase contrast inmages of pancreatic islet at
r espect i veoorygehngoncent rend oS sald therebservarl pRepesis teorafricding deat h

the col | @Barhr SPRbY 2t Riadraar] Eorarar ol b B P 0% Conted

di sh and aanene-taeateth dishtiResem pti appafieEnbodi nent Sa¢H0IB]a solid

phase, and an isolated pancreatic islet.
25 Effect of the Invention
[0013]

Using the method of the present invention, a sheet-like
pancreatic islet having resistance to low oxygen conditions can
be produced without performing a trypsin treatment while

30 suppressing a decrease in the glucose responsive function
compared to conventional culture methods.

In general, the pancreatic islet does not show oxygen
shortage since blood vessel induction into the pancreatic islet
tissue occurs in the body. However, in the case of a

35 transplanted pancreatic islet, the cell death of the pancreatic

5



The present invention provides a. nethod of producing a 70 sheet-1ike
pancreatic islet, conprising culturing an isolated pancreatic islet in a
culture vessel, wherein a polypeptide conpr is i Jig an Ed | domain of

E- cadherin and having a binding ability to said E-cadherin is fixed on or
appl i ed t o aetsuw=frabe dhdacesobidophase, sivditlagyebeimig radher edvtoothensol i d
phase take sheet-1ike farm [0016] Pancreatic islet is a cel
Cltinp | i 6o PR G RETHAFCACRy He. T pHiREIET SaioR Sohitai SIS cel | (A
cel ) thatcre segietes kgl yeagebat 3cceslef Lbicelddd thathseaeehes bnsuhdn and
6 Joel] (I) eel]) that secretes somatostatin. The pancreatic islet
to be usedliaFafe IPrESEAPT nOBHIFBNCES P& ot fHtied smtom supamial. tExaaptes of
the mampal_dnclyde, jhut %Wahﬁﬁé’ﬁ Limded 1o, ]abongt %étﬁ“bﬁa{ o Such as
rodents " such as mce, rats, hansters and guinea pigs, andbits; donestic
ani mal s' sucltesitpicpe slboviinesypgoatsediorses urshkee pocandxyigak scocdhpanion

ani mal s such as dogs  and catﬁ; Qr'nate sucg%as humans, nDTkeys, cynonol gus
monkey. 1 REESEYET /maiAbSetaShe8 or ANy LGS Bnd PR AEAITeo8 Cante t he || Ke.
The mammalcdrs ipleeber abl yneedept st &€ . De YorRhiviaires cE RYARN €t Ls ) .

[ 001 A. pancreatic islet can be isolated froma manmal i an pancreas
by a met hadvierdwacper $erushagtEdlFrbenese di GESIREN.- For exanple, it can
he iSOH?t%%EQ&'%EQEEE ¢colLlagenase digestion and subsequent centrifugation
in Ficoll-Conray gra Pent (Sutton, R, 1986, Transpl antati on,
42: 689- 691101t4duka, K., et. al., 1997, Transplantation, 64: 633-639).
[ 0019] 25When the pancreatic islet is dispersed to a ,single cell. state by a
Lreatment with & froteBSe SUbNS AL TP PR ad SPRETFrkeC EREST oSttt
sheet - | i kerpancreatbc Feskettsaydhéy eaneducech-glrecose HESPOASI YENESS:idd the
production nmethod of the present invention, therefore, pancreatic islet in
a cel | cl &g 8Est €avs vaFtuped'i meatew thiin@siés$€ratiiiBFei n a pol ypepti de
conpri sikng an 3@l .dopmincpf Ecadhgrimnand, hawngo2 BLpding: abilify: tg, said
E-oadherin is finéd on or applied to a. surface of a solid phase, Dut being
di sper sed a aca-¢iragked Bependi ngn dir-¢dte- Framealticandspéciesreapeutivi® - 10000
i slet celg%l%%%eggnegally contained. in one pancreatic islet. Therefore,
the nunber " of i'Sl et YEells contained in a pancreatic islet (cell clunp)
subj ected to theigbogeshensi oned-€ul teHS dgyabsopganeeatiy wsidd mitde
range of 10 - 10000. [0020] In thessresegt .invennaon, an isol ated
pancr eat i d B sPEEMP$AEGPR ut BT n (T TuIMRE v éssel P<ihErei AR@SHol ypept i de
conpri shnge 3R ECIdenat frof cofycadhies in apdshavipg anbi pding-ability to lo
said E-radherin is fixed on or applied to a.” surface of a solid phase. As a
result, E-cadhefiig.efpsessedolohsa swrtfrace défnaghe cél psncoastic utd vy tdie
pancreat | ¢ |gl.et ,bLnds Lot he, Folypentdde. ahigh Lpturn resulls, jin,t
adhesi on of “the pancregglc isle 0 e siiface of the soffd chase.
[ 0021] cell Beeadheyi pTi stai khoyn adhesiconomaleculle haMedveady ippEr Ca
- dependent intercellul ar adhesi orbbi nding cal |l ed adhesi on bi ndi ng or
adher ens PUASEBH: E-cadherin is widely expressed in parenchynal cells of
interngl organsgsychsasnbiyefne kidneyiedtQ hung ardihbephikes,epi tiheldal
cells such as keratinocyte and the |Iike, and known to %e an i nportant
adhesi on wolégukre pesponstbr@ Forcqaftest cdlshukad adhesibnezired edfsi{-Ma reel
at al., Int. . De LO " 7, 1993; Mays et al., Cord Spring Herb,
Swop. Cpaﬁ%?c%FBFEX%OE%7%%?§{85 ;EtI-Bahrawy & Pignatelli,

[0015]

The present invention provides a method of producing a
30 sheet-like pancreatic islet, comprising culturing an isolated
pancreatic islet in a culture vessel, wherein a polypeptide
comprising an ECl domain of E-cadherin and having a binding
ability to said E-cadherin is fixed on or applied to a surface
of a solid phase, while being adhered to the solid phase

35 surface for a period sufficient for the pancreatic islet to
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25 Mcrosc. Res. Tech. 43:224, 1998; Nollet et al,, Mb Cell, Biol. Res.
rommn. 2. 77, 1 '9). [0022] E-cadherin to be used in the nethod of the
present invention is generally derived froma nmammual. Exanples of the so
mammal i nclude, but are not limted to, |aboratory animls such as rodents
such as nitceie ratsediandker Soamd gui nea pigs, and rabbits; donestic aninmals
such as pi Gﬁovines, goat, horses, sheep and. m nks; conpanion animals
such. as dogs and cats; prinmates such as hunans, nonkeys, cynonol gus
nonkey, rhesuse®andocBBiADSELSE OF aaagtéhn&ﬂan@ chivapapzeesyd andcide |ike.
The mammual iscerably rodents (nouse etc.) or primates (human etc. 2. [ 0023]

Wi th respddr¥Ehedeh OfoPgpepEfde %?l%%I§9ﬁﬁﬂ%ﬂﬁ|%MQQ%% B& 6SlisedtR#tt he

present ¢i nuentdQn, gl@%égléﬁg brem organism, Xhieans Lhat the,am no,ad d
sequence or nucleic¢ acid sequence of the polypeptlde or pol ynucl eoti de has

t he sane creldub$t astlilal Ehatheesagbeani v tawitditsequence or nucleic acid
sequence g% e am no aci d sequence or nucleic acid sequence of the
pol \ pepti de or 10 pol ynucl eotide naturally expressed. in organism X, The
"subtantially theecsaaetrarans ihaét the Emuredacdind thequescendr inusheic aci d
sequence taken note of has not |ess than 7096 %greferably not |ess than

80% nor e 15T eFErEALEY RSP 8sBaFRah- 9GURTSLES| Ofof BS pFefRt Abt YL ibte | €8¢ t han

95% mogt preherabliyipal kesslgeefb@@r@ drdentid ¥uwint Bst PeaRt o5 @Gl &
sequence nucl ei ¢ acid sequence of a factor naturally expressed in organism

X., and taceyheaftgnchirbAterst Aed factior irsi aset aindedabp0b24] dageE-tadherin
Lo, be usedlifahi1e BLASED! ol YETKLPM -8 2R NANGIGALLe LhLed degiyaddrom an

ani mal of the sane specie ancr 16t o e cul € target
i s preferahim@anEon amamalle suwhena hiaogpsr esehtcativeptiiontes puacticed using a
pancreati ¢ islet isolated froma nouse, E-cadherin of the nouse is

desirably g5 1 BP8darY £ onY ®he g%%é“ﬁﬂ%@@theﬁyéﬁFvoﬁaFQO%%t%Tact|ced

using a;panchealkesi shat chsebat eded r amhumn, ikeadherd maindihe human is
desirably use However, an Ecadherin derived froln. a heterogeneous anina

can al so beedssabay reﬁgné% aneheetelq Ke Pameri@atiee i(5hean cabc be- produced
by the prq%%g%lon nmet hod of the present invention. [0025] Am no
aci d sequences and DNA sequences of nany Ecadherins derived from manmal s
are known. ReprESpahareaelémwsBeuuannéman¢camw@d acbd of méunahi & cadherin
are shown in SEO respectively, representative cDNA

e
eeuenoe a0 ok B o e in R Lt B Rl S e e s

and 4, ,or espeekiwehy, [0028) be 1solaE:eccadJyersltetlle kBOWMIGEQa horpidieal |y
bind via an extracelfular region (i.e., with the sane nol ecules). The

extracel | @hgdr SHEgPERCBE EeTRERErGI ‘Bntidl A5 S5 llepearast gtriirws Corsiosti ng
of about 110 3@kRo acLA-Lesh OUes.d, a8 d@@AYontsuka, K., et. al.,

1997, Transplantation, 64: 633-639).
[0019]

25 When the pancreatic islet is dispersed to a single cell
state by a treatment with a protease such as trypsin and the
like, the resulting sheet-like pancreatic islet may have
reduced glucose responsiveness. In the production method of
the present invention, therefore, pancreatic islet in a cell

30 clump state is cultured in a culture vessel, wherein a
polypeptide comprising an EC1l domain of E-cadherin and having a
binding ability to said E-cadherin is fixed on or applied to a
surface of a solid phase, without being dispersed to a single
cell state by protease. The cell clump means a state wherein

35 plural cells form one clump by mutually adhering and the like.
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so-call ed Extracel lul ar Cadherin (EC) domains ior exanple, in the case of
human E-cadherin (SEC, 1D NO 2), each domain of EO1, 502, 503, 504, 505
corresponds to 157 - 262, 265 - 375, 378 - is 486, 487 - 595, 596 - 700,
respectively (nunber shows the nunber of residues in the amno acid
sequence OfepPSEQinD NQ@ tR}. mémmehear asee oife blabseitE-ldadhéPPAO (SERT D NO 4),
cach. domain of F0L,cB02. ) E03. o208, B0 corresponds 40 159, ;, 264, 267 -
377, 380 - , 97- , 5987 . respectively. %nu er shows the 25
nunber of Thesieduves,i AhtheuantnooAci €l stequarnce ehtSEQeHDiNC: #dnci&02i4
deneral, since the_domain (501) positioned at the nost . m na' . side of
cadherin néll&cul(€eder PREEPL heUbi wet g 'SpeciT ity 8P henfBl eetitersil%.
herophi Li ¢, 1binding tNose, etn20 ale . Lald £1110147,105990), the pol ypepride to
be used in the present invention contains at |east the 501 domai n of
Eoadheri n,[08ad Jhas a binding ability to E-cadherin. In a. preferable
embodi ment, the pol ypeptide t o e sed, in. 1 he Aresent, fovention contains,
in addition to e 1 omai n,  one, preferably 2, nore preferably.” 3,
still noreuprefesabhyadcutlondd nse et ectet fgioma202 1ypbpt i e acoMbEising
preferabl e enbodi nent, the pol ypeptide to be used in the present invention
Eonéﬁins §ﬁ£§§;t?ZW?}DEEfi5T?%.h?%hﬁdﬁ“%ﬁ“??gz?ﬁEPP?Sng Zﬁélggéi;?f human
cadner;hn,s i REpEXERACLE n UL &6 £ 1 800 AUy COF IHNARES th0 5l BEr#8te - ‘&M no
aci ds é? ﬁﬁé am no aci d sequence iggyn by SEQII%J&% 2? IQ;;%e case of ruse
E- cadher i phaskhe ekt racetdwltar HGagicherdor eagpondsdt onthesunlistce @Ol ami no
Go to be GSGHS FORGI N EEEa T ventr ot ey e DI ts: 55 Borypeptide T
cont ai ni ngpoaypeguedee wet tveith from Eeswdadhem nhanddaceséquentetideri ved from
ot her protein or peptide, For exanple, a pplypeptide can be purified easily
and efficP@HFF?aﬁgcp?Eg%FiB% Y@ﬁa%ﬁ%é%%%fﬁgé%ﬁsSglﬁéspgﬁsﬁolypeptide with
Fc region @fhohpmunogi chulin or OPT (@G utathione-S-Transferase) protein, MP
(Mannose- Bi nd n% Prg%ein) prot;%?, avhi§r1.protehn, gis_(oligqéhjstidine)
tag (HemAggi uti AFAFAEEEI" MR 2 afiOWBS\RABIEVESE Eal-aFruSer o +Y¢s M raus.
O B ot O e B DL e BB PLOL L AL C SR T mReEl €
pr ef er abl @ithadinpr act adhaget hejpresient. | EveéﬁhenisihsewrdekyﬁéxpuﬁsEedadsorb
Many genedoREGHNFGIE he- PoLs &if ot 3 miAGGRoBUF (" &V al r S5y Been
Many genes’e . e €I 0 n“ha T gen
i sol ated andgi dent thiedi ko, eyl sl incldedilng sheraas Thes eidse 8t shdany
reports on the base sequences thereof and, for exanple, the sequence
i nf or mat i 6heoflikhe Badekr@fueredr G PERCEGPHhs 26RSRuUMANP HEI1le q02, | gG3,
and . 1904 i I I 0; il b C d the
e, andZ rBo St efad 3t Hecensl on ambor S k12077300 ASSOATSL. . nI294732
and AJ2947338, dJespectibedy. Therxfor €9A3hoseyef eor diinargoski $primy tHaebar t

can obtain and use a c encodi an Pc regian. by designin primer or
probe speci¥FPe ﬁﬂaﬁﬁ' 1§ gi%@'éﬁﬁ#«:'%ﬁ}'zggagaEﬁéW¥l& +%R%h§;lﬁﬁ ol ogi cal
met hodys | mithbsccases . whidie, tdwe: ani malospesicescandtsubt ypeoof @119ene
encodi ng an. Fc region to be used are not particularly limted, a gene
encodi ng &4°Pc Regi opoBFUhuman 1g01L%*°)1-g02, nouse 1 g&a or Tg&b and the
i ke shbmﬁ6g2§§rong affinity for protein. AAGis preferable. In 30
addition, a nethod of enhancing the affinity for protein A by introducing a
nmutation into tRec&dheegh orp ilse alswl Kmowhe( Naghokaoét tiaxd .pré¥agttei n Eng, 16:

243, 2003). _and,_an Pc protei dded .wit enetic difjcati.on b RS
ot hod cannaPabe b8 ceeTonsny cerived’ el ArhubndPs R R Hht
pref erapl yapused inAclihge presenrd nantliien tieackyde1 ppbypept§ den GRNtAIsHicAC an

extracell-.lion of E-cadberin disclosed in Nagaoka et al.,  Biotechhod.
Lett, 24: a$8570enDP2SAMY Fr i E¥gS/ 1627848752008, I8 19D3A]9s, and  |np

addi tion, LflLed I 1 protei ns (Rec i - u
E—cadheriﬁgééigﬁfn%%@?gﬁgﬁgEggg%gﬁifﬁ%ghg%néggggh%g?£%§%g3$%§gbgﬁfﬁﬁféducing

a fusi on genrepwhedeninlas seguerwe ceneodimag sasuEb regdons ofndurers ;| dG and a
cDNA of His-tag id sequence are |inked to a cDNA encodi a use or human.
ext r acel | GFAF2F 85| SA-01 EILHIBET MG SrroG¥YEoRaT FLS JHer Escpr di T Same. ar &
comrer gi alpkbymavat b abb ean@nethidess cannd50.88; appki ede t D the present

i nvention. Moreover, a culture dish having the bottomcoated with
E-cadherin-Fc is comrercially availablegfrom SUM TOMO BAKELI TE 00., LTD,
and the like, and this can al so be appliedpresent invention. [0032]



The above-nenti oned pol ypeptide is preferably isolated or purified, Being
"isolated or purified!'' nmeans being 20 artificially placed in a state
different fromthat naturally present, for exanple, an operation to renove
conponents ot her than the object conponent fromthe naturally-present state
has been appineédisTheeperiitly ofoddrg s solcatsed edc - pupkf pednates (human
above-nentkgagd pol ypepti de (proportion of the above-nPntioned. .. 25
polypeptige Meight to the total pol ypeptide weight) is generally not |ess

t han 30% [poeBerably not | ess. than 50% nore Preferably not |ess than 70%
still nore preferably not |less than 90% (e-g., 100% . [O0033] . The
above- nent i onedVpblypepri e CAfIE ROIIREEEHE bl PtV e neieds & &8l | s
such as; CB.gek |, t893-£8ldnt CHQ LRl iloand (:he Liske bAt b oduced, Wi ihan
expression vector capable of expressing the polypeptide; and isolating and
p..urifyi hgathéhpobypeptide fsomeartte oul tucéeby achioshemuedt afetthed known
per 3.5 se, .ln the expression vectaor, nucleic_acid (-.M t.c,.) ncodi ng
Phe pel ypEperHEbrSof B aa 10N R e G- Be it bt (g vy B¢
transcri pthne andnexpt s ssaiuafcgenesud eacwadedr asgee e nenmald amicel | s,
what is called. a pronoter sequence, in a manner enabling transcription and
expr essi oACHAdERIFRRCS ?%xﬁHQﬁQ%ﬁ1%ﬂidtﬁ@qHF8ﬁﬁt@?.tﬁ%eP RER - Ye ©
transcrj bgd; andcexpr esachi s-Hes) rable ddonked wiebanpohyy) addi tion signal .
Preferabl e pronoter includes pronoters derived fromvirus such as SV

(Si mi an Vi‘pubytaotvitls, thytomsgamewinsushaEMle Robko saticdmeaianses amd t he
i ke, -actjn,pt , ongati o Fact er 1 the |ike.
[003s - hO1BLR R R oo et el g D S0l vh DHSSA R o Bl tur e
vessel is(petfpasbigubar |hedd mHaed 8as,| angeapriefecanl aatiteviespr aduet i on of
a sheet-1i pancreatic islet when used_for e 5 roducti on nmet hod of the
present i ﬁlégnt%hifd“?ﬁﬁ et eq‘?éﬁ'iynélo 018§F0%EQPC?§§', rb%??ﬁﬁli‘?@f’grab%y
sterilizahbeniand havi nepaf fiddy ok ipHOEBENaGBR: bec genas@lditused. In
general, plastic or glass materiels are preferable. The material may be a

metal or CBFARIE,2@Hd IIURRCY iR Pedarseer PaFAr bt BreateooRsD The
plastic .”?E&Shgém'ﬁ, aaﬁ&‘e{r{?éetth | 09,0k sLheppop) a PQ+1¥5&Briss%etra'i?1'éd'.n
nol dahi lity and, for exanple, polystyrene, nmethacrylic resin,

pol ynet hyl pent éne, et hyl ene-vi nyl al cohol copol yner, pol ypropyl ene,

cel lul ose, polyethyl ene, polvsulfone, 25 polyacrylonitrile and the |ike can
be used mﬁFhoutgfrﬁif%éEQ#%rtﬁﬁ?%@opsﬁeoéélgkg PTesqiNe GIasdireri al neans
one resyl phngrésom vidrdd iatiivem efosi hkhcahemnabos atene phosphale jaRd skhe
l'ike without 30 crystallization. Since vitrification tendency is strong,
silicate ghassapgrerieferiddisd Yonbaddinei 6H teFgstaryszed glressenahileh i s one
kind of a i j r -t reati i lass is
nor e prefgggggggé %%gq?%! g%mff%%gﬁggdgﬁyFﬁﬁéognggﬁkgﬁjﬁﬁ%%g?&ﬁg igtance.

[ 0037] pancre&xanpl es=tofi ddietedl fure wesseke) nctcmdheiut ceff ehrotobisai t ed

to, petri.dish, plate, flask, bottle. and the like. The form of .the culture
vessgl iélﬁgéeﬁhf%$an%ﬁﬁ | i ¢ 515%0?0H6“§§t#H%Fﬁﬁﬁ@PEaﬁpgepgﬁg? bﬂﬁergs

to a sgf i grpbase-suidace Andncaraachi evecpr oduciton ofom rsheet, - ki-ke
pancreatic islet when applied to the nmethod of the present invention.

[0038]  cadherhe &blihf phase dgr fgcérprbiEr$5¢9- a Heateénabhi Ag adhesi on of
Sl ot 1o CUTTUr 60 WA I bai 16, Sahr6A Po the> SorT i phate T H oA cu T are
vessel , fas bxagpie,a shpat-ltikebepannreehtaci skt hcan redipumdatcent bethedi um
Is added'production method of the present invention.
30 [0025]
Amino acid segquences and cDNA sequences of many E-

cadherins derived from mammals are known. Representative cDNA

sequence and amino acid of human E-cadherin are shown in SEQ ID

NOs: 1 and 2, respectively, and representative cDNA seguence

35 and amino acid of mouse E-cadherin are shown in SEQ ID NOs: 3
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[ 0039) Ae a nethod for fixing or coating a polypeptide onto a solid
phase surface, a nethod using a non-coval ent bond (hydrogen bond, ionic
bond, hydrophobic bond etc.), a coval ent bond and thee can. be generally
used. [0040] Exanples of the nethod for fixing or coating a 20 pol ypepti de
ont o a solardi phasessurcfagelpy usi ng a non-coval ent bond include a nmethod of
st andi ng s%}l% the solid phase surface in a suitable buffer (e.d.

phosphat e (% etc.) containing the pol ypeptide. The conditions (buffer
type, concentrati-encekrpal ypeptbde t& tuderil ist-andi ngnti eaekg.) of the
met hod can be 25 appropriately determned as long as it can achieve
product i ortxteRceldhder- FEReChanereat iVel 5| tde ivale 19eacrdest he Producti on
method of dhe pldsenb.l Buenbhods FOLSAN QonhaRaAsPelyept LOe.ls,fs
fusi on polypeptide containing an extracellular region of nuse or human

E- cadher i rccarsd s&n ngc ofegbont of 1 froarsiens ;e @ird memaniulegG, wandht Aee ne¢ erdrad
constituting t solj ha IS astic g. al ystyrene the .

pol y: pept & 6 F)geﬁngggﬁgﬁje?jrg%%) e s@ﬁ)agém%fm%he %lfi%f{aﬁwgsee By
standi ng the selskd ophaseahor-aherd r O 5(sE@R4A TING:N 23 ,nedthabomain of ECI,
phosphat e- buf fered sal i ne containing a polvpeptide at a concentration of

general | y E§201EC31060%paFht ¢tpFeseramly @ 127 206659/ L2 nofé>, pié&ferably 1
- 50 pgi,mu} 41] a S_ h had far, fixi 0 ti a
polvpeggiééeﬁ;hgging5§§ég§g?en?§%%h§m¥ﬁiludgkéyﬁéPho ggfégsﬁﬁttﬁgucing a

f unct i onalnumppegup fi meoidusol id phasenisur faace peauesati ng Ehe bl N@: phase
surface w.th si | ane coupling. agent havi functignal grou and bi ndi ng
t he pc,, ﬂﬁngﬁecFSetﬁ ?gﬁ%?%%ﬁ%FHEFgﬁb Gﬁ%ﬂlg)ggbsgyfnﬁgﬁg ééﬁﬁﬁn(%%e,
for exanpleel,JRch, 2003 18084355 Exarmpd gsorefs tdae 159net penal 2gr oup3that can

| e be introduced include am no group,_al dehyde %noup, epoxy group, carboxyl
group, hy&ﬁ@xyl4630u6?9tﬁi5?7gr§%% %q%?%du?qqﬂﬁﬁ 1ERaMpI(BemBE T t HeCws | Hite
coupl ing ageptr Bel ude;¥geam NOPLOPYt{d G‘atcfl%)é%'qtg%%e of SE% ID NO: 4).

N- p- (am noet hyl ) yam nopropyl tri net hoxysi | ane, NF)-(am noethyl)y- 25

am nopr op)ylOfet’/Ay| di net hoxvsi | ane and the |ike. Exanples of the crosslinking
agent include diethylene,glycol diglycidyi r, .

et hy L5 (3.l it Aol ShEhopy OByL) L Bhr BOTRIdE e daPB3AF T AR EABT oEPe most

gl ut ar al dehydemiaahydt adsos ucLding €1 racicd,ecanhy dredisephthal btnacid,
hexanethylenediLsocganate and the ]ike, 20[0042% o .in this way, an
isolated_ﬁgﬁéﬁééFEE.i@ﬁe?h?sm%%WQQﬁ%ﬂj%'ﬁ'a CGre Pél%ésgé??}%%eF¥9§?zft

pol ypephi de compiising amy ,EdiSWW'ﬁhé)fpoﬁ‘y%%!‘&@H'enténge having: @ hinding
ability to said cadherin is flxed on Cu: applie d to a surface of a. solid
phase, 25pwkecabylBEveatherieorkpressad lomstthéhsuEfacdoofinhef et | s
constituti > _pancr.eatic_i,slet. bi t.Q .t cl ide, .as a result of
whi ch thec%gR%?ggfigﬁﬁsﬁ%% %J%%F%ggigﬂﬁﬁéggbﬁgd%pﬁégggéﬁgfag%;a[0043]
30Wi | e t heeskrengthembotlhecridhesicopafyddpe ipanecoeati asésl &t €=t he solid
phase surface is not particularly limted as (prla as it can achieve the
product i oHrSFePFel§H@EHW k%orbtaar%PseatJinc aidéjilé’rlg’%y LPhenBr Bt ct I et H5d or

the present-cirB¥8RLI,00, hird sogenerally B strengtB-Ehatec pLeviens sq 35 _
di ssoci ation unless a physical and/or a chemcal treatment are/is applied.
Exanpl es éPmehasphAgseeatdt et s 7 nol | Inoeemarer pachembby pilpetitiang or

(300 19 00t UEy 88 PEALES e RILEALLECAERL LICLHE By o
treat ment ewittrhcal lolprotegsen suclE-asdheypsi.n andtiidecddkenf hundint Be |1 ke
[0044] cadherin, the extracellular region corresponds to the 1lst -

30 697th amino acids of the amino acid sequence shown by SEQ ID
NO: 2. In the case of mouse E-cadherin, the extracellular
region corresponds to the 1lst - 699th amino acids of the amino
acid sequence shown by SEQ ID NO: 4.

[0028]

35 The polypeptide to be used in the present invention may
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In the production nethod of the present invention, as a basal nediumof a
medi um used for culturing a pancreatic islet, one known per se and usable
for. invitro culture of pancreatic so islet can be used, and is not
particularly limted as long as it can achieve the production of the
sheet-likéxpamdheammcpbéyeepbydeheO@W&kninqc&1aﬁgﬂam¢eoﬁetheeprésemtE—

i nvention._ For exanp 10,, M 199,
KAM and t 8T CaN b8 REMUTBREGIoT b Std Iom T HEa G aPE Pt Lo T of
cul turi ng mpaneseaidle,i sl pblapdpt hee | dke wayphe fused caandyaaniixture of the
above-nenti oned basal nedia may al so be used, [0045] A nmedium used
for cult udifig FERCHEaPYCPFEPREITG tie R BMRAREIGH @6t RodusEORhe present

i nventign R, I 20.a NQMY, d.ge ally used for

t he t|sguéﬁﬂUF%gﬁgﬂbfwggﬁcggagggiégﬁ%§ V%ﬁﬁgﬂfﬁgﬂg%dlglegﬁls not

parti cul ar(Giutianitiedeas - EanSésra$ebaﬂmaMﬁMevéEﬂhdanodaetB@ndDmgthe sheet -
i ke pancreatlc i.sl et by the production net od of t he |nvent|on

for exanpiEd OoGroMe FIPEBLBr 5 7o BT Higthiim o, (0L 198" PEBRL SRR e qro.f
transferrimeatrerglutpal vantags Mﬁcgtag,puzsr\esm(mese_tcel)ar Htﬂematstie C.

sodi um sel enate etc.), saccharldes ée g. e gl ucose etg¢.), ganlc |ds
(e.g. pyr&#”é &@N&OPFQEF%E at?d @t 5he §P§t8§ﬁ§9(@r@ SLal

etc. ) BAMNA A6 dSpei i énglh%éwnéﬁi&ﬁﬁ3th_&%%UQHQQ ag@@%éﬁ&dﬂé&b 000
nercaptoethanol ‘etc.), virahH s (e.g., ascorbic acid, d-biotin etc )

anti bi oti ¢s (esgon spigpephydenis gemfceltabhe f@enparﬂp@mlegctf)le et ng
agent s (el%xfenli_:'%%%s ¢Lge) f?”%bti‘l%\% ke can, he frent 'cﬁ'iﬁﬁ THGEQPPM' ve is
preferably contained in a concent rat i on At n''t he range known
per se. [QG46 polystyrdhe andlthetmmkbfin ecilataridng a pancreatic islet in
t he productlﬁn met hod of the present invention may contain serum Wile the
concentr ati’d4“3f the serumis not particularly limted as long as it can
achi evesthe progueti gBne8f ehbsasheatnd ike RancheaticC i hsh€bgbypther have
production nethod of 'the present invention, it is generally within the
range of @lread3opery)dgofabadiand identAs igchdén @ahmale toAHRYiTNS TGN a
pancreati ¢, islet in u e ul ture
condltlong % |%rgoﬁ%§§ ﬁé@glﬁé%ﬁﬁﬁgggPlc |sa%E F? gggeéalp%gpgé r1%ﬁg’lod
can be useédr EapmeXapptee seqmem¢eupnﬂymmmﬁmmwefl$haobaaelyeqmemdmsnﬁmge of

about 30- 40 , and preferably exemli about 007 co entratlon
i s normal Iy Fﬁgﬂﬁgsraﬁggu%?naﬁ% 7] or Ef'&r égﬁg e§eﬁ$@%#%
about . ;5% Hmdibh Y ci §NA5d£P@£k5@ééé’tshfbH angeicefr abautnB- 100& and pr ef erably

exenplified by about. 95-100% [0043] In the production nmet hod of
the preserEdiA¢enErons aﬁc$%%1@ﬂédﬂ%¥§re£tJ2@4l7§pet Aﬁg%ﬂﬂurwi’r@ﬁ?a

period suf fn'dC %5‘94393f°£e%§é5 ‘E‘?\g/egi i Beké%ﬁl rLOr M0 aof“ﬂr]t e%%%'l

wherein the ove-nention e S xed on or ‘app a surface
of the solmdtpbaaetv\baheo}b‘eang adhermla@cmh\eeacbddnphasemmé@am Bhen an

i sol ated pancreatic islet is cultured in cul ture vessel , wherein the
above- menPronEa BBl §pepiTHe T5 F1GR FS G 6r Ropli B8 FOIHCR bk 9 t he

solid phasegehBeapaner eatisgr isl &loqdher esthod hersoth s phase suiflaceneand
spreads over the solid phase surface in tine to take a sheet-like form The

' sheet - | | R&iMAgf 6PS§CEBS a2 Bhape HarA mjf & SEPei erentinol amet' ¢ e‘f@ﬂwlbrtcw dt h
(preferably, P%Bhla ehé{!%ﬁﬁf% 4l hgkness oL ggﬁepé{f& ILSElcet .For

exanpl e, the ength or - Wi ab bot h) the s eet
pancreat|megsbetofshgmaerh@Gy mmtkﬂﬁbsnthan Egﬂébdprpre@%bahkytmm:meﬁ

th 10- f Th k | et
ons T he DR LR Rsk TRl T TS T paea RS A8 o R RARFL PATLC TSl €

30 addltlon, a method of enhancing the affinity for protein A by
introducing a mutation into the Fc region is also known
(Nagaoka et al., Protein Eng. 16: 243, 2003), and an Fc protein
added with a genetic modification by this method can alsc be
used.

35 [0030]
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35 direction perpendicular to the solid phase surface of the «culture
vessel' The "l endof the pancreatic islet neans the maximum | ength in the
direction orthogonal to the thickness direction of the aforenentioned
pancreatic islet. The "width" of the pancreatic islet neans the nmaxi num

| engt h anpbng t hé&xeewgehlsoifnthhepdi yeer i ore aridiogemdly tisebotth the t hi ckness
direction _and the .l engl;chi gli rgcii on oglt hg 19if erergerjctaji%ried pancr eatic islet.
in one entddi’ HhEsReet M KE p%nc-‘(peaﬁl 5 s1et-Fnct'ddes a. si ngl e | ayer
of pancr eadsitcadcsdiatul agekkgiothert hreadiesessalysdlefsddakinngagasheett l dke, form
vari es dependi on ao the aninma species fromwhich pancreatic islet is
deri ved, tﬁ?@%g\P@-lrreﬁchBnea4boiL§/ngt@W COHS U180 Engnd Leal £éife 2003.
conditi ?ns[,ooqgriq generalization thereof is difficult. Wen the pancreatic
islet of a nmouse is cultured in a culture vessel wherein a pol ypeptide
conprising an. éxteagdekliaharpvregfoed ofed@nouse Broadhesi nRandmamdict r egi on

of . :1g,fixed on or appli to_a_surface of ol | hase, the pancreatic

i slet begi}ﬁg“ap({?nglﬁgag Fﬁggﬁﬁﬁ agc ak)lllsm%lf&f’er&t esyssgcar S’of‘%épﬁgm%u tur'e;’ and
it takes aregheeld bikentobamtingboutubi dlaysertco wHerddys a Evgtienben a
pancreatic islet of other aninmal species or a pol ypgpti de_so with other
const i t ut iSRS NGséd, FEhs8eior of divay K5 13°9 # hEAaPt Eaf~hpproperiatel y

det er mine,s by Jelerence heetihis Subhut epesdiof, AmRekkod sufifhgi ent for
pancreatic islet to take a sheet-like form [00491 25Wile the upper limt

of the culethrecperiuedri seaper paf thceddrdyil ilmtcedioasel erglasathe obt ai ned.
sheet -1 i ke, %”%rs%%“%ahi%' gt ML At 'é‘faﬂié}’c%%giqa%%%‘?” Lyepess, when {he
culture p.rlpt)((la on retability y

becones g, insulin se may decrease’ .
Ther ef or e bet B@pdukute peei pdessnigeneralt yorwi t Mone8vaeeks, cisooypreefddrsabl y

wi thin 4 weeks, re preferabl ithin 1 week. [00501 . _Sheet |ike
pancr eat i ¢&V8t % QPEEBI“b?o“‘[‘%%‘gmpvfjo%c%w%r?ﬁ%%coflSj[ ﬁ8mﬁ?§§b?1f13i' nvention
shows ggod,gliugese FespOPSlIYENesSpARMEr T uepse ITespansi Yeaes SkaBansy an
ability to sense an increase in the glucose concentration and secrete

For exanpltéist keni asep. hecopebihtd atd oMo Pt dhe@epedPom after cul ture of
a sheet-1i Iﬁ%ﬁ%ncr eatic islet obtained by the production nmethod of the

pr esent ir{venti on in MEL'" containind 4500 r4/1 of glucose at 37'C' 5% 002
for I hr is 5 ge€nerabbyenotntessed hanl vindptfialed, isppetérabbyynotolessi tdran 2-

fold, nore pr,%f,era%not Jes thaCtQ 3-fold, , of  that igba, cul ture nedi um
after cul Pliire HAIEVENFLSNt ai TS 660 PgA 168 gTEedsePe"B7C, 5% 002 for 1
hr. [0031@kriaddinti,opiatbe Dfesentatnvemionprovbdesnat paneieati€ isl et
culture containing a culture vessel, wherein a polvpeptide conprising an
ECl domai wreFcELoadRer PRAERYS hadt riPer Hilfdl g asiPvey CPBPSRaeHtS-Ydtierin i s

fixed on ied,.t . i aa een-. |

bancr eari Sl B ECTeb P, SHEARS O ML SARIRRSLERPRRE 0 &,

i sl et whi lbeent abpladher ettie tpuntitey o4l itthephaséasadracepufdGR] the In
atic islet survives

one enbodinment, in the culture, the sheet-like pancr
and T unct FORYSHRFIS  BBPIgPANNETRE 04 o BOAHE 1981 Pd_ bRasE St TavY. - {56b3]
I'n one ;embodipeBt i dknwthgheulddinee theasheet ybekeiganesaatic isl et survives
whi | e being adhered to the solid phase surface. In another enbodi nment, in
t he cul t ugenegpély not less than 30%, preferably not less than 50%, more
preferably not less than 70%, still more preferably not less
than 90% (e.g., 100%).
[0033]

30 The above-mentioned polypeptide can be produced by
culturing mammalian cells such as COS cell, 293 cell, CHO cell
and the like introduced with an expression vector capable of
expressing the polypeptide, and isolating and purifying the
polypeptide from the culture by a biochemical method known per

35 se. In the expression vector, a nucleic acid (DNA etc.)
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25 sheet-like pancreatic islet grows while being adhered to the solid phase

surface. [0054] The culture refers to a. resulting product obtained
by culturing tissues and cells 50 [0055] The definition and enbodi nent of
each termrelating to culture of the present invention are the sane as

t hose desamdwedrigoithehpodbpept néat i snethjprdductd ouatetihodcatl sheupnesent
i nventi on. qﬁgﬂ The culture of the pres%pt i nvention an
cont ai n aeﬁ%gi WEEE FOPTERELBF DY erEnt i TRV et Hod PSR pregelitae
invention,rdmguldmmsesreted byithe panereatdiLi sl ef mehotbe kikgehbe,

addition to the above-nmentioned culture vessel, and the sheet- 5 |ike
pancreati ¢l & @&&NNEEOSTRP1ing trapechhper@atdtd issirsesedlotupader the present

i nvent| I .f. e i t erative LCi he
Sheet -1 { k& ohncraar 8% tler P piFrote: 1nd AR PSP Dt on of a
sheet - | | kexparcsedt ile dskétrabbdnt Ai mie wal Culdaing wesiselionwhéngeah. a

pol ypeptide ¢ i.sing an, Eel , domai n of E-oadherjn .an avi ng.a binding
i TPy t & CeHeT oL EalhaRPHCT sLFF KEAE D BTt GF o LaPFagbrsr SUgb; d
phase, and sy sehated pancseald Cvishel deddided.rudsi(ngy)t heokit of the
present invention, a sheet-like ancreatic. islet can be produced easily by
t he aboveSmERIOTGn&dTrpFodlet Fon hefhod TiCtiie HrEsenst i ATenElondatbon 59]

20The QEf%@aﬂoQ@,1angr8ﬁ999£”§ﬁé of.epgh.termrelat nqg to the kit of the
[ the

present invention ar same as those described for the above-nentioned
producti ol O®ettiod of the present invention. [0060] 23The kit of the present

invention may fuyrther contaip a reagent used for .the above-nenti oned
product i on nethgéeoPaFﬁElﬁieg%ﬂtc??ékéﬁﬁ%ﬁﬂg é&fﬁ&ﬁgspgﬁs?hénr%a@%ﬁYuW%clude
pr ot esses veucl1as scabt agenaseu vl el il used dhor akheti sehatiwneef a

pancreatic islet, nmedium serumand the |ike. 30_[0061] The contents
di scl osed PERAMF 1TbPE cat FoRe&i t BtF iRRIHE I riés et SSp¥ERRi BaEF oFOT i AR udi ng

patent 5, and PALEAbLARBLhEAL bONShe 31 D8I DNJNGALROT 8t 8dcLp; LN Ly n
entirbtieS by reference, to the extent that they have been di sclosed”
herein, 3n5[ 0@62Foxicity, pelhetprreseariterinvientiion irsdekplangedt finhore
Get a1 L1 gbhe oyt 0B oL Do 3 SRk Reahete: Dl iy, gh are no
glass materials are preferable. The material may be a metal or
ceramic, and is not limited to a certain material.
20 [0035]

The plastic material is a thermosetting or thermoplastic
polymer superior in moldability and, for example, polystyrene,
methacrylic resin, polymethylpentene, ethylene-vinylalcohol
copolymer, polypropylene, cellulose, polyethylene, polysulfone,

25 polyacrylonitrile and the like can be used without limitation
thereto.
[0036]

The glass material means one resulting from vitrificatiocn

of silicate, borate, phosphate and the like without

30 crystallization. Since vitrification tendency is strong,
silicate glass is preferable. 1In addition, crystallized glass
which is one kind of a composite material produced by heat-
treating silicate glass is more preferable since it has rich

moldability and high impact resistance.

35 [0037]
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[ 00631 [ Exanple ] Pancreatic islet culture Pancreatic islet was
separated fromnmale mce (body weight 20 - 25 g 9 - 10-weekrold, C5713L/6J;
GNARL= RI VER LABORATORI EZ JAPAN, INC.) by a digestion nmethod using

col | agenase fromclostridium histdyti cum Type V (G BCO. The pancreatic

i sl et was separ akedphysaotetist tyu griach ends swdt Hed lusiengbBtoeptin@epar at i ng

Sol ution (Biochecm AG and pjcked.. up by _hand uysing Pipetnan._ The separat ed
pancr eat i glfnélt@g was PELEU +?}PE(PJ(33PW caps (’/;jgo(jiﬁq& ggé gﬁ?ElJc]é?j'- Fggﬁoat ed
di sh (SUMsTOMO.BAKELI 1E1 €0 +d4%91 and rﬁbtn%rhttri%@u@qmi shn{EWAKLY 10n

Dul beccoss Modified Eagle's Medium (DVEM SI GVA) added with 10(v/v) % FBS

(01500), asdthevrelrosrppticAhtlel GBGOYesasar antlilhi shree Thelaweliand was
h d 7 . ic i P in.th t I,
ond ehahgsd saeny 5t PR ENA R 't e e enT bt i of -

pancr eat i eppsliet mor ubeiegyhod of the Fhessepariatvedtpancreatic islet was
plated on a 3.5 cm Ecad-Fc coated dish (SUM TOMO BAKELI TE) and a
non-t r eat ed%dPsh. (I'VMAKI') . Furthernore, pancreatic islet to be

single-celled waget kgat @donh dd JUyRSIN-EBTEA S( GoBEOpafer eBai @t 37C, and
pancreatic islet cells dispersed in a single-cell. state were pl ated

si m | arl yadigeipanefeatpPen¢etatliand sdndceds culsbeedeerl s sphyl elvsid.ed by

a trypsin- e e r +19% _usin ors
Vod £ 8 g o5 Rear ney (NER: 6 GV Saded vt AT0% PES F Or 300" arsd

i (v/v)% Anhie- AnfLiid( Gh860) imsa anulantiebivetssel , THermedenmlwasa changech & days
after he pancreatic isJet was plated in the culture vessel, and changed
every 3 cf‘ﬂeFBﬁg?SF.wf%}%‘%]mEdﬂm waﬁﬁ‘er@ff?@ﬁ,”f“hé%ﬁé%ﬁ%l ogy of the
pancreati goposbet was observed by an inverted phase contrast: m croscope

(A ynpus I X-. 70) every other day. The results are shown in Fig. |I. Wen
t he pancreatic P8l etMR3OP| Eted 6r 'gh E- €8 ESIcBaPedvEPRhide Halfsaricr eat i ¢

i slet r . Qn di i 3 days i fyomthe stapt_eb Lh e, and a
sheet-lﬁlpkgg?égn?&ggeo ggﬁ%/(gebd in days from t%[he start ‘6%‘ fgrﬁg%% ture. On the
ot her handhyvhepepl abed, ofpraic bond, hydrophdérct hensaseccul tarewarditt i ons

as in Exanpple 1, .a pancreatic i.slet (40.pieces), separated froma nouse was
pl at ed angggal ?ﬁgeag%n Jak%.%a%rﬁeF-gceé%'-rlééﬁé’ogfsg “dish or a non-treated dish.

After the[spapt of the culture, whether the insulin 25 secretion anount of
t he pancreatic islet_can be controlled by the concentration of glucose in
the cul ture nedFuATfaa’s examiediethes! farclesire P8I eP2EtMe Ut ed on the

E- cad- Ec- k - i ed~t Wi C i
R R e R

medi um (1p000 hgtlu@k EMmdtgrod dir stamdiitle sanmddnthef s hsdl pim secretfedei n
the Superggtgnguy@gbig qgﬁ&%:%Qakﬂgugh%s%%%%%tEg%fggnggé.) containing
the polypeptide. The conditions (buffer type, concentration of
polypeptide in buffer, standing time etc.) of the method can be
25 appropriately determined as long as it can achieve production
of a sheet-like pancreatic islet when used for the production
method of the present invention. For example, when a
polypeptide is a fusion polypeptide containing an extracellular
region of mouse or human E-cadherin and an Fc region of mouse
30 or human IgG, and the material constituting the solid phase is
a plastic (e.g., polystyrene), the polypeptide is fixed or
applied onto the surface of the solid phase by standing the
solid phase for about 0.5 - 24 hr in a neutral phosphate-
buffered saline containing a polypeptide at a concentration of

35 generally 0.01 — 1000 pg/mL (preferably 0.1 - 200 pg/mL, more
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with | ow concentration glucose. Thereafter, the pancreatic islet was washed
twce with a high glucose nedium (4,500 ng, OKEM, cultured in ahigh

gl ucose nedium (4,500 ng/1 OVEN) for as 1 hr, and. the anount of irisnlin.
secreted in the supernatant was taken as an insulin secretion anmount with
hi gh concentrfatriabhygl ucose. ndhe.)r.ecover ed supernatant was subjected to the
measur emeg:é)ogﬁL an insulin secretion ambunt of the pancreatic islet on the
non-treat $h and E-cad- Fc-coated di sh, by 5 using Levis insulin-nouse

(Shi bayagi Co. kkémpiewhbehtiies ratidd SAH{ @anzyne- bi-. Bkedihged moSor bant
Assay) kit. To evaluate the function of the pancreatic islet, Stinulation

i ndex (Sl POREPRBTHES| Y 5 HS et retiadambaRe. aREercRi ghebeert’ at i on

gl ucose. e e 0 e ion .

D ol ucode e T S T oge I b s ERPER Bl e
day, the paaarceaglthes$@llc$h;dwexb gﬂulcf@w w&$poassvéaesscmmplireg rearerttr eat ed
di sh and the E-cad:Fc-cpat an i ns ulin. secret ahility was
Conf i Frred S ReTE FeEtTE D he tHtult) o PSE PnG et PREVETY oHiS Toare ha
pancreat i guhstebnsul §uses Wit he Fead-ihk-iegatgdnecul s g vessetarghieued a
pancreatic islet function equal to or not less than that of the pancreatic

i sl et cul PEréd2e8R3T he2ibh- r@éﬁ@&léﬁsﬁfzyhe PONTHbBBTL [BeatrpItéad] CRAf | uence

of trypsi e
mouse. dor et Danereat T el e (40 practs) vas bl At el S as I

[ 0- cad- Fcca@hoemldgschu@,r faydmmytlr eatoa, ditsho 126 rPupt hisd n‘dn@ lnake

nmouse- derive ncrga%ﬁé: S|l aete vas | n%ub%t ed |Qngiv85| n- EDTA, (d ECC,) at
37C, 5 m ?o p?epare pancreatic i ngcelgfes inasi ngYe cell state, which

wer e pl at edli hBptbey sane-tredingi lase) Nhppaaataatthyisiet. At 11 days from
LR St At O oyt et Ryt 1 N R RS heSchylfL L on of the pancreatic
15 aminopropylmethyldimethoxysilane and the like. Examples of the
crosslinking agent include diethylene glycol diglycidyl ether,
l-ethyl-3-(3-dimethylaminopropyl)~carbodiimide, N,N’-
carbodiimidazole, glutaraldehyde, anhydrous succinic acid,
anhydrous phthalic acid, hexamethylenediisocyanate and the like.
20 [0042]
In this way, an isolated pancreatic islet is cultured in
a culture vessel, wherein a polypeptide comprising an EC1
domain of E-cadherin and having a binding ability to said E-
cadherin is fixed on or applied to a surface of a solid phase,
25 whereby E-cadherin expressed on the surface of the cells
constituting the pancreatic islet binds to the polypeptide, as
a result of which the pancreatic islet adheres to the solid
phase surface.
[0043]
30 While the strength of the adhesion of the pancreatic
islet to the solid phase surface is not particularly limited as
long as it can achieve the production of the sheet-like
pancreatic islet by the production method of the present
invention, it is generally a strength that prevents

35 dissociation unless a physical and/or a chemical treatment
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so islet and pancreatic islet cells was exam ned by Si. The eval uati on by
ELI SA was perfornmed by the sane nethod as in Exanple 3. in addition, SI on
each culture day was cal cul ated. [0069] The insulin secretion affnr(.nt or
the pancreatic islet 3C cells dispersed by a trypsin-EDTA treatnment

decr eased ¢ /b6t RPPthednorEiaedied odi $heaRBYFiead- Feceated Highidas
conpar ed f iC.J Y e treat I ition,
the sti nu}tgrtelta%ﬁltelnﬁdleag g? P %ng‘% n%fr :éaaﬁ%pcl\ﬂlgtsltégltlg gtgltél %E?fi%épre%%sé%]b% gﬁd
trypsi n- ERR& toheatinent tonaameik: cats koie cattestadirehtalvsdhbadebe baseds as

conpared to that of a p eatic islet without the treat ntB%ﬁ.l Ther ef or e,
it was fsuj‘é’@é]tte&fltc}?aﬁSagpfép:é%f%ﬁfﬁt%tlﬁ%%’ &e%rrgﬁg@gg?h@l utose
responsi;ve dd#rekie0Buch0040} r 40s { Exampl @S]l iMegsurement of xeel | deat h
i nduction rate ineatic islet under |ow oxygen conditions Under the

sane cul t Uf@4danditions as in Exanple 1, a pancreatic islet separated from
a nouse was pl ated d a - - Pc- - ed

di sh or a non-t r&gaggg g?éhﬁgﬁ%ﬁ ggen%}égﬁ%c%?lgl ggegﬁﬁ?hghﬁgﬁgég- ’Pc%:éggatat ed

di sh was @elskéctediwmnt hf PBSn¢ @LECO)seabricai miudgul iyl EDPAncreatic islet,

(1i1thyl enedi ar}Ei net etraacetic aci d%%é nd .i ncul%at ed ﬁ%?Cé fgr 1 hr under |ow
oxygen conditt i‘GRET(B3F 85y 2 AAdH d%fgé‘r? 20 “¢Ondi'ti-ohs 022209551 a
suspensi,on s3tat eahnpkhgssaea@Mema@s pairtth duherpgncrgatee asl edn@nad he

non-treated dish. Thereafter, the pancreatic islet was stained by
i ncubat i ngt( 32C) aF6ie30 RRA. PTPENENM ot &% FGCDAPL 1KBcPRNer e EF St ai n

( DAP" ? LOQ%SJet%Q%HE gPQdEé P&gi:klé%ﬂd%ﬂio%et@l%' prBAEAE) i QvenPYLm -
observed under a m croscope (Fig. 4), [0071] To quantity the cell
nunber of ethheppancPEEY| cEVEY et RPN el BART ost@ined-dél | FnlfbeY-Was, d&leul at ed

as an index by, | 2 J. reover,. to quantify.the nunber of the dead cells,
2 30 stal ReA SBFI TRORDEP ves KA HiTRed 58 SHCT nURk o} NSgE e el |

deat h rat eowasucal.etthat panbyedthiec fiol lconiang froenutae ©el/l bdeatdd, and a
rate(% =(cell nunber stained with Pi/cell nunber stained_w th DAPI)x100

[ 0072] 35T“HétPé§uPFstB?ea%‘beWer?trf-qfieg’s.baia%nHeSl.laWﬁ@ﬁ %‘?ﬂ%oot%?/gléﬁﬁ .
concentratipgnswas 20% the cell death induction rate was al nost of the sane
| evel on the non-treated di sh and E-cad- Fc-coated di sh. However, when the
oxygen concentratineAiwasused fde parfcreani painsireeton theehoin t¥leat ed di sh

shoved PORLELNE:LBnPhe BrShoLE! O KLADAR seencabooaLt postile el

20 additive known per se and generally used for the tissue culture
of pancreatic islet. While the additive is not particularly
limited as long as it can achieve the production of the sheet-
like pancreatic islet by the production method of the present
invention, for example, growth factors (e.g., insulin etc.),

25 1iron sources (e.g., transferrin etc.), polyamines (e.g.,
putrescine etc.), minerals (e.g., sodium selenate etc.),
saccharides (e.g., glucose etc.), organic acids (e.g., pyruvic
acid, lactic acid etc.), serum proteins (e.g., albumin etc.),
amino acids (e.g., L-glutamine etc.), reducing agents (e.g., 2-

30 mercaptoethanol etc.), vitamins (e.g., ascorbic acid, d-biotin
etc.), antibiotics (e.g., streptomycin, penicillin, gentamicin
etc.), buffering agents (e.g., HEPES etc.) and the like can be
mentioned. The additive is preferably contained in a medium at

a concentration within the range known per se.

35 [0046]
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conpared to the pancreatic islet on the E-cad-Fc coated dish (Fig. 5).
From the above, it was suggested that the cell death of the pancreatic
islet coils iiduced under | ow oxygen conditions is suppressed by culturing
on an E-cad-Fc-coated dish. industrial Applicability [0073] Usi ng
the nmethod of tHéepmeséntn baveéntoonsula whest 4 iPkecpanacieat stetsiettiwmavi ng
resi stance to l%M/OX¥E§R on?iéﬂons can1pe ‘;Oched gﬁthoué gerforning a
trypsin trpéﬁdrlrlé: t Wh § pB esst rt%rease(fecrleaseé1 IR Hleygf:% 3 nr%%ﬁt%'si ve
function. while thknhcgenenakatihe panciealdin Slsethodoes rootushnwy oxygen
shortage since bl ood_vessel induction into the pancreatic islet 20 tissue

occurs i n itiHe U56UyS Hewever, 1t niethe? Cuse oft e Branspltantedt pane reatdic

| slet. . sthe gell deahh;of s Lhg: paponeatltd slabnmy heql BAUEED byegaygen
shortage under "the environnment of | ow oxygen conditions at the

t r anspl antiatvieort isint e 1 tUs sngetndea sheeti-ih ke ghanceeagti ofi 81 et - obd &v fre)k by t he
met hod of ﬁgg %5 present invention, oxygen can be efficiently supplied to
each cell €Védlin a | ow oxygen state, and the cell death of the Pancreatic

islet is suppressedtByencundere | @mdxyigens condit bansrcaddct heref ore,tHoO 1S
advant ageous for the transplantation therapy. 20 f0074£ This application is
based on &PAEntCRupPreati oh No° Z0AeEBE6330 itied i AUIaPER ¢PPEHhiPHat e

April. .8, ;201lLhmchhgscont eptscof- whi chsiase dincoepenat gdei Ao fithd1 Higy el
Claims 1. A nethod of producing a sheet Like pancreatic islet, cormprising

cul t uri ng ban vissgl. at Edr parorEat i culsivetnontampal s tivee 51 v eszeial whereithea

pol ypepti de cogri_si n,Ed in of E- cadherin d. havin . bi ndi ng
Dbt TPyt Goaed ok CaURGr Pt O £Ba BRESPEaRDY: BHOPa o U FHaThEta S0l L
pb??_e, _ whi3l7]§cbeid1§g ad'h@é‘ﬁdré’_@iéﬂﬂeil§Qidrﬁ’naml%s&ns'ﬂﬁéaﬁéi@ﬁrofﬁ M{h%ﬂ— -
sufficient for tTte pancreatic islet to take a s t-11ke form, : e
product i ort9%et RBH RE S?H?ﬂgyt%xﬂ@ijrﬁlﬁd ePEPH ﬁ% potYpéptivde Sconpri ses

an extracellhizan ydonatNe of 2 kg cadherddht 703-10bBe anAephedaccoFding to
claim |, wherein the 15 polypeptide is a fusion pol ypeptide conprising an
extracel | gkgrmrdomaed by &eadheriiP&nd an Pc region of innunoglobulin_ 4.
A pancreatb%4% let culture, conprising a culture vessel, wherein a

pol ypepti de coiprising an ECL domai n. of E-cadherin 20 and having a binding
ability to sai dIk- cadherodudisidn xectanl arf appl pedstotainsatifane ofna solid
phase, and a shegt-like gancre tic islet that can he cultured in a state

wher ei n t RECSAEE- PRRETPahcs eati i's & Ad¢REFeSOF 0?t RET bo 1G@eEnt25 5. A

kit for,predu¢bRgna shegtelikecoansheat i€ duskle ¢08PEL Shgra CUlHUr e
vessel , wherein a polypeptide conprising an EC1 domai n of E-cadhern and
havi ng a beerdengeabiPiey Pol vl iElcddhérikgd §nf PxedPohl et appt il fiagea

LT e Bk AU B A 0 SO SRICL LG L) L cp SRELENCE
pr oduci ng sshé€eatei sli@ter<1303 s09E84d pancreatic islet is cultured in a
culture vessel wherein the above-mentioned polypeptide is fixed
25 on or applied to a surface of the solid phase, the pancreatic
islet adheres to the solid phase surface, and spreads over the
solid phase surface in time to take a sheet-like form. The
“sheet-1like” refers to a shape having a sufficiently large
length or width (preferably, both) relative to the thickness of
30 the pancreatic islet. For example, the length or width
(preferably, both) of the sheet-like pancreatic islet is
generally not less than 3-fold, preferably not less than 10-
fold, of the thickness. The “thickness” of the pancreatic
islet means the thickness of the thickest portion in the

35 direction perpendicular to the solid phase surface of the
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<150) JP2011-086335 <151> 2011-04-08 <160> 4 <170> Patantln version 3.4
<210> 1 <211> 4815 <212> DNA <213> Honp sapi ens <220> <221> CDS <222>
(125).: (2773) <400> 1 agtggogtog gaact geaa goacctgtga gettgoggaa

gt oagttcag setcoagocci 60 gots-cap: SO ggcocgacoo gaeogeacco gegogeot goo

ot ogot oggagtomreggesk20 . agbhat Ylgga-tdcto ft ghpeaganogoaafo et=t ogagag toleg ot g

otg otg ctgle9 Met Ay Pro T er g Ser Lou Ser Ala Lou Lou Lou Lau tau
15%015gcaé‘%§(tlén%c}eflg¥ht gy 555 ‘?b%e‘ﬁg]gorbaogr%ﬁjg?oé’é& 580tk§ot%éﬁk%%fs ggc217
G n Val Sefi 808t iBrp olsa¥hEy s £ &8 th BN Wah R +Oys 1His+ Pr ory@d v, 202530 ttt

gac g00 gag ago tac aog tto acg gtg coo egg ego cac otg gag265 Phe Asp Al a
G u Ser Ty# PrRECTREtVEl 1PEot ARRIY ¢-TH Snapda ™ &eaggb4sm<a@g1 Here ego gto

19 SEPsaR g S Sh roORlofn oe g aetiA 460 BrcAaRl Lew Gy
direction and the length direction of the aforementioned
pancreatic islet. In one embodiment, the sheet-like pancreatic
islet includes a single layer of pancreatic islet cells. The
time necessary for taking a sheet-like form varies depending on

10 the animal species from which pancreatic islet is derived, the
above-mentioned polypeptide constitution, and culture
conditions, and generalization thereof is difficult. When the
pancreatic islet of a mouse is cultured in a culture vessel
wherein a polypeptide comprising an extracellular region of

15 mouse E-cadherin and an Fc region of IgG is fixed on or applied
to a surface of a solid phase, the pancreatic islet begins to
spread in about 3 days after the start of the culture, and it
takes a sheet-like form in about 6 days to 10 days. Even when
a pancreatic islet of other animal species or a polypeptide

20 with other constitution is used, those of ordinary skill in the
art can appropriately determine, by reference to this culture
period, a period sufficient for pancreatic islet to take a
sheet-1like form.

[0049]

25 While the upper limit of the culture period is not
particularly limited as long as the obtained sheet-like
pancreatic islet maintains glucose responsiveness, when the
culture period becomes long, insulin secretability may decrease.
Therefore, the culture period is generally within 8 weeks,

30 preferably within 4 weeks, more preferably within 1 week.

[0050]

A sheet-like pancreatic islet obtained by the production
method of the present invention shows good glucose
responsiveness. The glucose responsiveness means an ability to

35 sense an increase in the glucose concentration and secrete
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oaa agg sea goo tat ttt toe etc gac ape cga tic ass gtg ggc sea36l G n kg
Thr Ala Tyr Phe Ser Lep Asp Thr kg Phe Lys Val G!? Thr 657075 gat ggt gtg
att sea gip ass agg cot eta egg ttt eat sae Goa osig Asp Ay Val Ile Thr
Val Lys Arg Pro Lau Arg Phe His Asn Pro Din 80 85 90 95 ate cat tto ttg gte
tat goo tgg'Pmioo 46& ed8MAGEr sHEF tistldeusprdentiretPhe péoa Vailmyre Al a

Trp Asp Ser_ he -Ser 0511 gt sat ;aca
ot g ggg cg%edclgﬁon %%%%%%%oé%% %%%Q‘%h]?}%éjsﬁ%%rae%ﬁarl%ggg%gn8%%?1%? Ay
H s H s Hlsy kheProdhaotPoo 185020125 eat Cagsgoo itroergtibnt oh gygavat e caa
gca gas ttg etc sea ttt coo553 His Gn Ala Ser, Vs/ Ser Ay Ile Gn Ala, OV
Lou Lou THEMPKEPIY 130035940 85c91686°%9t2bat/ Ggc S&t ECadedada lsagssag age

gao tgg sgtderaitaiget 60t MassernSer1Prordy, Lo ALGiKG GoR RS sALhaAsp-Trp
Val Ile Pro 145150155 Goo ate ago tgo eta gas aat gas ass ggo cos ttt cot

ass sac ot’ge4d Py HETSEFT@psYPROt G es Mti@u 1ykold y ofr 6hPReiPro Lys M Lau
160165170175 +Val ﬂgdquﬁeak¥§rsgﬁl€hPeL¥§ 5&%&16/ égfﬂi§g¥gbggtM§|%PhEtTyr

Ser 180185190 ate act ggo caa gga get gee ace e cot att
at 745 11 e gllhrcd@ey 2@ 37¢€) ys Al @AsprThrhPro Pro Val (fly Vval Phe lie H
195200205 ﬁﬁ%lﬁge gas ace gga tgg etg eag gtg ace gag cot etg gat age
gee793

10 In addition, the present invention provides a pancreatic
islet culture containing a culture vessel, wherein a
polypeptide comprising an ECl domain of E-cadherin and having a
binding ability to said E-cadherin is fixed on or applied to a
surface of a solid phase, and a sheet-like pancreatic islet,

15 which enables culture of the sheet-like pancreatic islet while
it is adhered to the solid phase surface.

[0052]

In one embodiment, in the culture, the sheet-like
pancreatic islet survives and functions while being adhered to

20 the solid phase surface.

[0053]

In one embodiment, in the culture, the sheet-like
pancreatic islet survives while being adhered to the solid
phase surface. In another embodiment, in the culture, the

25 sheet-like pancreatic islet grows while being adhered to the
solid phase surface.

[0054]

The culture refers to a resulting product obtained by
culturing tissues and cells.

30 [0055]

The definition and embodiment of each term relating to
the culture of the present invention are the same as those
described for the above-mentioned production method of the
present invention.

35 [0056]
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Gn M Qu Thr (fly Trp Lau Lys Val Thr (flu Pro Leo Asp kg (flu 210215220
ego aft gee ace tac act etc tto tot cat got gtg tee too aao ggg841 Arg Ille
Ala Thr Tyr Thr Leo Phe Ser His Ala Val Ser Ser M (fly 225230235 eat gee
gtt gag gat oca atg gag aft ttg etc cog gta ace gat cag889 M Ala Val Qu
Asp Pro Met Q uThHe tebtute dmrtnéalpr'éhsremspn@ent246246125@<2[5t5ajeata gfmiianale aag

ace gee ttc ace ea a ettt aa tot 937 Asn s Pro
G u Phe THFG% ﬁo %‘%? ‘%ﬁ @31 g‘%& 85?3765%‘1?’35:8‘% D&dto et art
tea gga aggshotngigcatBGegag, Qﬂlrgs ?ﬁ%cﬁ%@t@l‘ée%ﬁe%én&] th&yid arleo Pre Ay
Thr Ser Val Met AQu Vai Thr Ala Thr 275280285 gee gcg ¢ au@;gat gat gtg ace

ace tee eafidgbeoyceo atlee gototeedd 033 ASpLAra BSPSASp e sWecthr Tyr

Vvh Al a Thr 95300 ate eta ego oaa gat eat gag etc cot:
gap aceﬂeg% atg\gg?%—é(%%leg Jt%lleo 1 He Leo Ser Gn Asp Pro Qu Leo Pro Asp Lys

Asn Met PhR@0FME 11 e 305310315 aao egg ace ace gga gte ate agt gtg gtc ace
act ggg ctg gee cga Mh kg Nnh Thr y | He Ser. Val Val Thr Thr Lau Asp
A0 39035530358 Gar AU dLCor At o8 oFBE QPSSR CH 5t St Sgac
ctt caallfieEhu SeF Hhe Fro-thve B tHar rbgentaktVabk &8 AN Altai1AsRnkeo A n

340345350
the sheet-like pancreatic islet.

10 [0058]

A kit for the production of a sheet-like pancreatic islet
containing a culture vessel, wherein a polypeptide comprising
an EC1l domain of E-cadherin and having a binding ability to
said E-cadherin is fixed on or applied to a surface of a solid

15 phase, and an isolated pancreatic islet is provided. Using the
kit of the present invention, a sheet-like pancreatic islet can
be produced easily by the above-mentioned production method of
the present invention.

[0059]

20 The definition and embodiment of each term relating to
the kit of the present invention are the same as those
described for the above-mentioned production method of the
present invention.

[0060]

25 " The kit of the present invention may further contain a
reagent used for the above-mentioned production method of the
present invention. Examples of the reagent include proteases
such as collagenase and the like used for the isolation of a
pancreatic islet, medium, serum and the like.

30 [0061]

The contents disclosed in any publication cited in the
present specification, including patents and patent applications,
are hereby incorporated in their entireties by reference, to the
extent that they have been disclosed herein.

35 [0062]

20



ggt: gag ggg tta age ace ace gee ace get gtg ate ace gtc act gaol225 dy
GQu Ay Lau Ser Thr Thr Ala Thr Ala Val ile Thr Val Thr Asp 355360365 ace
aac gat eat act cog ate ttc eat ace ace aog tac aag ggt cegl273 Thr Asn Asp
Asn Pro Pro 'le Phe Mh Pro Thr Thr Tyr Lys Ay G n 370375380 gtg cat gag
aac gag got aac Tgteo rgeacateiavenatenol g acel girgpdactildRreVaetRia Ginthd G u
Ala Mh Val | lle Thr Thr Lau Lys Val Thr 38539039 et get gat gee etc
eat ace ccfao\iglcodq Jtng?g-ggaﬁegSf:réPg ¥3cl}‘/>é%15p ?%1%@'%}6%#3%& ﬂgﬁcﬂl g°Pro°Asn Thr
Pro Ala Trjp Gau AlnatVYakdTyes Thhitkeid90405410416 ttg eat gat gat ggt gga
caa ttt gte gte ace aca eat oca gtg aacl4l7 Lau Asn Asp Asp Ay Ay G n Phe
Val Val THr*&le&sn Pro Val Mh 420425430 sec gat ggc att ttg ace ace goa
aag ggcttghgat ttt gag gee aagld6s M Asp Gy He Leo Lys Thr Ala Lys Gy

Leo Asp Phe Qu Al a Lys 435440445 cag cag tac att eta CGeo gta lgoe, gtg
sl ag act dikragtdeedt] ttt gagl513 Gn Gn Tyr Heu His Val Ala Val Thr M Val

Val Pro Pt’teancgr% 59:455 g 15 .gi e etc ace ace tee ace goo coo gto ace gtg
gat gtg ot@—g&!—a&él%éigagi‘ﬁﬁhr Ser Thr Ala Thr Val Thr Val Asp Val Leo
Asp 465470475 ghgceattgasigeet Cwds adepditdtg Freat neok gaacaagoage gtg gee
gt g1609 V%qleil\érﬂt&z% A 35'35? :9L:§ fg_ewélgi_oPlrcg IDCrS%B%/%JEySCHﬁ{% Egaﬁlvmg val
10 LABORATORIES JAPAN; INC.) by a digestion method using
cocllagenase from clostridium histdyticum Type V (GIBCO). The
pancreatic islet was separated by a density gradient method
using Biocoll Separating Solution (Biocheom AG) and picked up
by hand using Pipetman. The separated pancreatic islet was
15 cultured (37°C/CO;; 5%) on a 3.5 cm E-cad-Fc-coated dish
(SUMITOMO BAKELITE CO., LTD.) and a non-treated dish (IWAKI) in
Dulbecco’s Modified Eagle’s Medium (DMEM; SIGMA) added with
10(v/v)% FBS (GIBCO), and 1(v/v)% Anti-Anti (GIBCO) as an
antibiotic. The medium was changed 7 days after the pancreatic
20 1slet was plated in the culture vessel, and changed every 3
days thereafter.
[0064]
[Example 2]

Observation of pancreatic islet morphology

25 The separated pancreatic islet was plated on a 3.5 cm E-
cad-Fc coated dish (SUMITOMO BAKELITE) and a non-treated dish
(IWAKI). Furthermore, pancreatic islet to be single-celled was
treated with trypsin-EDTA (GIBCO) for 5 min at 37°C, and
pancreatic islet cells dispersed in a single-cell state were

30 plated similarly. The pancreatic islet and pancreatic islet
cells single-celled by a trypsin-EDTA treatment were cultured
(37°C/COz; 5%) using Dulbecco’s Modified Eagle’s Medium (DMEM;
SIGMA) added with 10% FBS (GIBCO), and 1(v/v)% Anti-Anti
(GIBCO) as an antibiotic. The medium was changed 7 days after

35 the pancreatic islet was plated in the culture vessel, and
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480485490495 too gag gae ttt ggo gtg gge eag gaa ate ace toe tac act goo
eagl657 Set 51u Asp Phe Oly Val Ay On GQu He The Ser Tyr Thr Ala Gn
600505510 gag Goa gao sea ttt atg gaa sag aaa eta ace tat egg att tgg
agel705 Olu Pro Asp Thr Phe Met A e A n Lys He Thr Tyr Arg He Trp Arg
515520525 cgpengedceEvgoy dadayggtlotpadratt act cog goo act ggt goo att
t0el753 A%%O6E Ala Mh Trp Lou (flu He Mh Pro Asp Thr O:y Ala Ile Ser
530535540 "act gg got gag etg gao egg gag gat ttt gag cec gtg aag ace

agel801 Thr ArgTAkac&ftetputispndthddaAsiF Phe géhbrghsi&aislaﬁ Wwsh Ser
545t 0555 cog tao ace gee ota ate eta got aca gae oat ggt tot isca gtt
got 1849 TRESTyISTheY ARe 1BTFTsed iR cm@r%% macepycsge PP by S Al

550565570 g aGa .0 C e g Ul at t gac
Sae1897 The Ory “Thr 'y The Lea Ced Cos I 6 Lot Sar Hep VoI Nh ASETwn

580585590tgeerenorateiri tal gasvactp legedachn ate Fttedtic- tgatgagiegg date

565500605 °485 " E3 Cat 576 ST Th Bt ¢ (it Ged HAUSet RO OO0 Hoit OF

595500605447~ €0
acal993 LyﬁePleEhﬂeyaénd|§ &Hbdﬂ4iﬂﬁd3ﬁ%ﬁ@.Aba AspekeddPie Pranh fiym
610615620 tot coo tto ace goa gee eta ace cae ggg gog agt we aae tgg
eco2041 SEPCPFo2Phe®The Al @ HAHE LolinTheeHP SheF YR %y SEreraRd 2AgH PReaThe

10 non-treated dish (IWAKI), the tissue morphology did not change
and the pancreatic islet was still in the form of a clump.
Even after culture for 18 days, a sheet-like form could not be
afforded. When pancreatic islet cells in a single cell state
were plated on an E-cad-Fc-coated dish, adhesion of the cell to
15 the dish was observed. On the other hand, when pancreatic
islet cells in a single cell state were plated on a non-treated
dish (IWAKI), the cells underwent necrosis.
[0066]
[Example 3]

20 Evaluation of glucose responsive function by Stimulation Index

Under the same culture conditions as in Example 1, a
pancreatic islet (40 pieces) separated from a mouse was plated
and cultured on a 3.5 cm E-cad-Fc-coatéd dish or a non-treated
dish. After the start of the culture, whether the insulin

25 secretion amount of the pancreatic islet can be controlled by
the concentration of glucose in the culture medium was examined.
The pancreatic islet cultured on the E-cad-Fc-coated dish or
non-treated dish was washed twice with a low glucose medium
(1,000 mg/l DMEM), thereafter cultured in a low glucose medium

30 (1,000 mg/l DMEM) for 1 hr, and the amount of insulin secreted
in the supernatant was taken as an insulin secretion amount
with low concentration glucose. Thereafter, the pancreatic
islet was washed twice with a high glucose medium (4,500 mg/1l
DMEM), cultured in a high glucose medium (4,500 mg/l DMEM) for

35 1 hr, and the amount of insulin secreted in the supernatant was
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625630635 att cag tac ace gat coa coo eaa gaa tot etc att ttg aag eta
aeg2089 Ile G n Tyr Aso Asp Pro Thr 6:n GQu Ser He Ile Leu Lys Pro Lys
640645650655 atg gee tta gag gtg ggt gac tae sea ate eat oto aag etc atg
gat 2137 Met Ala Teti Gu Val Ay Asp Tyr Lys He Mh Lee Lys Lou Met Asp
660666670 @acrcag cat lacelgeeseaacyi g avewdo wittd glag;hgt:onagotga‘gim’ga;‘ts
gac2185 A vh G n Val _The The.tee G p.Val, Ser,_Va/. Cys p
675680685%$%é3%§§é gg%ggg%géﬁﬁr%£;§%ﬁ%§999anggaagaéegéch%g E%?% 0 gee
gee2233 CyseaGuPR cbeytAba Ahai&ylmls@ﬁeﬁﬁg;mesno;ﬁrﬁ dfntReop¥akrOiti Al a
690695700 gga ttg sae att cot gee att otg g aft ott gga gga att ott
got 2281 (.lP%\?tLQg‘ Esﬁ PPEPFBaRFa Hesh atid: -qa@fwceageé; alﬁhe Pau Al a
705710715 {4 Ltavakt 10691 8Lt g Cleh 816,449 ¢ 9 ﬁ}tﬁt. ) ef &hﬁgg 20%20¢
gag2329 Lou Lee Ile Lau 1:e Lee Lou Lou Lau Lau P e Lou Arg kg kg a
720725730735 5§t d Egremaceighgd coontreSatigerdod sace’ ) gad tgat Tgaevaom tegg hgac

SSoET VBB Lol L0 DT S0 S T g top o
ttt2425 Valf T¥sulYh $yerdspold sm&@nt AndeG yhiQihy cOhteGt uaAspn 64 1uAsse Phe
7-55760165e %&éo%% n%ggocfgsgignsggééz(%é%yédgﬁ%tg%%dggtlgggcggée§¥¥;é¥é%
riot2473
10 glucose environment) was calculated (Fig. 2).
[0067]
On each culture day, the pancreatic islet showed glucose
responsiveness on the non-treated dish and the E-cad-Fc-coated
dish, whereby an insulin secretion ability was confirmed. As a
15 result of the calculation of the Stimulation index, the
pancreatic islet cultured on the E-cad-Fc-coated culture vessel
showed a pancreatic islet function equal to or not less than
that of the pancreatic islet cultured on the non-treated dish
(Fig. 2).
20 [0068]
[Example 4]

Influence of trypsin treatment on glucose responsive function

A mouse-derived pancreatic islet (40 pieces) was plated
on a 3.5 cm E-cad-Fc~coated dish or a non-treated dish.

25 Furthermore, a mouse-derived pancreatic islet was incubated in
trypsin-EDTA (GIBCO) at 37°C, 5 min to prepare pancreatic islet
cells in a single-cell state, which were plated in the same
manner as with pancreatic islet. At 11 days from the start of
the culture, the glucose responsive function of the pancreatic

30 islet and pancreatic islet cells was examined by SI. The
evaluation by ELISA was performed by the same method as in
Example 3. In addition, SI on each culture day was calculated.
[0069]

The insulin secretion amount of the pancreatic islet

35 cells dispersed by a trypsin-EDTA treatment decreased on both
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Asp Leu 3?3; G NLou Hs Arg Ay Lau Asp Ala kg Pro G u Val The 770775760
ogt sac gap gtt gcs oce ace etc atg egt gte coo ogg tat ott coo2521 kg M
Asp Val Ala Pro Thr Lou Mat Ser. Val Pro Arg Tyr Leu Pro 785790795 ogo cot
goo sat coo gat gaa aft ggs set ttt att gat gaa sat otg2569 Arg Pro Ala M
Pro Asp Gtbel hen@ yedhePheélHe Ash HEardviid ewaSe0B0581h0845 asspayory gat gat

act gee cc,aca goo cog cct, tat. gat. tat..ctg nto2617 S a a .Thr Asp
Pro Thr AI%Qa ro P?opﬁlg?r%%%l%elr%eetp “i_letﬁwélgog%%gﬁea#ée?ﬁ g@l\/at@%dgg’gge
ago ggt teacgasigelagoddn agidet pAghd eeR6e6aYak PhecAspeTys QdpgedSer 6ly
Ser Qu Ala Ale Ser Leu Ser Ser 835840845 ctg sac too toa g,a tea gaa ass
gsc sag ga¥ fatryeditEePTA FERAPFEIS 198U An FeErdsEr—EPat Sdr J/ép AAEO Asp G n
Asp Tyr; ASRTYEsLQUa M 60, 9as:t 99 99p298L909-! § P SAY, Sa%, A ¢ ot
gap atg tao gga ggv ggp2761 Qu Trp Sly Ash Arg Phe Lys Lys Leo a Asp Met
Tyr Ay Gryeaye®658706753)gag Thapedsye t ay 9gyactogagt ayddgdgggo cocagapoop
t gt got agga2813. G p. Asp. 880 aat gvagaaa,toaogtt got tggttlett cagetcoott
CooLt gagar YRR T TETHY PP gns Cheeea G aghUCaar et o JOat T gt at age
tttatactoruaecastitta 2933 tagototaat aagtttgtgt tagaaaagtt togaattatt
tottepaget tttttttttt 2993 toccatcact atttavatgg tggtgatgto osasagatac
cpaaattttéogggitevaga 3053 agaaoaaott tagcatcaga aggttoacco agoacottgo
agatttiottnagggaatiit 3113 atotcacttt taaaaagasg gggagaagto egotactcta
gttvtgttgt tttgtgtata 3173 taatttttta aaaaaaattt gtgtgottet gptoattact
aoact gagt MgeveeetonlgooB233 otdaatit timductitraagse agggiptestt totistleggve

aggpt ggagt,  gpagt ggt g3 3 aat.aaoagot cactgcageo ttgtootcov aggetcaagc
tat:tongsﬁ'l—pe’reage%&égé@eeaagi—%g: ot gggaccaoag gpatgpscca ctocgcatga
vtaatttttt aaat@atdéga-i3dlshngessgsgiret coedt gt ght azeooeguedngg & [At,caaaot o

ct gggct oaa gt gat oct 00 3473 ostettgpq tcccagagto ttgggattac agacatgage
caot gos ocPagSg%%ﬁo(f oS HH3 P Wgﬁgg “gc é‘ag‘f’ﬁf;?t W%%ggjg‘%té%tartd( 6@161%6‘639

cgcccaggoeokgggat geath 3093 4 gaf gi-galie rat agat 6ach i 8k age of ass -aclLligagac
t oaagoagtt stoccaocag 3653 ectactUtt atttttttgt acagatgggg tottgotatg

t t gaccaag®l slygt drcARan3TE3 tétcéf§gbedl oblagdastat Havtago6tt gigbceseoasa
gt got ggga " t o] aat atoaactoto
act oct gsa%o%gésg% % gg{%}gé% ?&ml%?tggggﬁﬁgégggﬁéo?oﬁ% g%]%fg%agaa attattgggo
t ottt t eggQet @ADaSEH 14m 3883 tgtglcettitgb ce iggasngat n Ot goed agy °tat tglot ao
tot gaagsco_ttlaegget 3953 teectottto atogtootgag tatgtaaott goaatgggea
got at opsg}Prglé%‘%lgt Y AOLEGEGTAS ﬁpsg?b%’at%gata Péé’gﬁ’?ot gaagoa
agagt vid ato el OLag9a,4023s 4 t agaat agip 4ot daagil Stigoageossnadavagagog
gaaot at gaa aagt gggctt 4133 gcgagat ggoa ggagegottg tcat tégag.ec tggoaattta
goaaaotga@sg%%@%. PHAIPFatic 1is et on the non-treated dish.

Thereafter, the pancreatic islet was stained by incubating

(37°C) for 30 min in DMEM containing DAPI Nucleic Acid Stain
(DAPI; Lonza) 5 pg/ml and Propidium iodide (PI; Roche) 0.5

25 ug/ml and observed under a microscope (Fig. 4).
[0071]

To quantify the cell number of the pancreatic islet, the

DAPI stained cell number was calculated as an index by Imaged.
Moreover, to quantify the number of the dead cells, a PI-

30 stained cell number was calculated as an index by ImageJ. The
cell death rate was calculated by the following formula:
Cell death rate(%)=(cell number stained with PI/cell number
stained with DAPI)x100
[0072]

35 The results are shown in Figs. 4 and 5. When the oxygen
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attgaggtgg gtritaoctsa tetotgaaaa ttotggaagg aatggaggag totcaaoatg 4253
tgtttctgac aoasigatcog tggttlgtao tcaaagccca gastecocaa gtgoctott 4213
ttgat gat gt ot acagaaaa tgotggotga gctgaacaca tttg0O0OOaat tracaggtgtg 4373
sacagaaaac cgagaatatt caaaattoca aattUttto ttaggagoaa gaagaaaatg 4433

t gg000t aa&°§§eaGreagent yaggdet agtlop gt ldgtdse tggandicgarnt rggat ot ot 2 Yde3:
ttttattt a%ff?tg?teggggngt 1§§$ftéﬁt19f?e %—Z&aeaagcaeaa%%%%c%ﬁt E%%@?@%ﬁgg fop3

otttactgtt caagtg ggagaaa aaaat caaco ot gosi atoac ggaa‘_i1 13
t gt ot t gat tisht oggoagtet Uageirattad eggatat agnttat ghygi ag agasi$ gttoao 4673

tgtagttttg agtgtataca tgtgggtg otgataattg tgtattttct ttggg8gtgg 4733
aaaaggaaa a&“g&fq‘?%éﬁgbsigﬁg%lga‘g@% %&I}‘d’tf&fﬁ%ﬂ égﬁgats PrEdaPEaatt Y al i 73
ttaaacaat %tb&ﬁ&h%@ﬁ@maﬁhé%&lﬁ@pﬁ)a&t<?a¥@ 882 c6212>LRRL r 713> doms i ¢
sapi ens <400> 2 t Ay Pro lrp Ser Arg Ser Lou Ser Ala Lou Lou Lou Lou Lou

G n 151015FVel- $eér SercChreonburcy s GgliGaglPr deatn Proucysori satr d ily Phe
202530 As .U, Se yr_ T e. T al__Pr a g-H s Lou u.Arg
354045 G &x%%g?ﬁgﬁ] ‘F%%Aé%n%?f%cngghlee\éaoﬁ AES SaA‘%th Heda ‘?%%ﬁisﬁ‘ 505560
Arg Thr AKFTyr Phe SerorlalheAsipoliar, AtgwPRheshyseMadd (fHar Thie As 165é07580
Gy Vol IEe Thr Val Lys Arg Pro Lou Arg Phe H's Pro Gn Ile 859095 H s
Pha Lou v8$ ‘FBF RF%CJT%/ t%_’spl%J;rﬁt ﬁ?ﬂlﬁgnﬁ%ﬁgsupggrséfwwymosno Lys Vai
Thr Ley, AsBndiheiVek Q ysifsrddsedis, A QB enPra Fisad15120125 4 n Al a
Ser Val Ser lily Ile Gn a Gu Lou Lou Thr Phe Pro Mh 130135140 Ser Ser

Pro lily Bé8PhArg Arg Gn Lys An Asp Trp Vol Ile Pro Pro 145150155160 Ile
Ser Cys ProgQLu, Asn ﬂ;;ﬁi asol(flltyy Pro Phe Pro Lys Asn Lou Vol 165170175

[0073]
Using the method of the present invention, a sheet-like
15 pancreatic islet having resistance to low oxygen conditions can
be produced without performing a trypsin treatment while
suppressing a decrease in the glucose responsive function.
In general, the pancreatic islet does not show oxygen
shortage since blood vessel induction into the pancreatic islet
20 tissue occurs in the body. However, in the case of a
transplanted pancreatic islet, the cell death of the pancreatic
islet may be induced by oxygen shortage under the environment
of low oxygen conditions at the transplantation site. Using
the sheet-like pancreatic islet obtained by the method of the
25 present invention, oxygen can be efficiently supplied to each
cell even in a low oxygen state, and the cell death of the
pancreatic islet is suppressed even under low oxygen conditions,
and therefore, it is advantageous for the transplantation
therapy.
30 [0074]
This application is based on a patent application No.
2011-086336 filed in Japan (filing date: April 8, 2011), the

contents of which are incorporated in full herein.
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Gnlle Lys Ser Mh Lys Asp Lys CQu @y Lys Vol Rho Tyr Ser Ila (5)
180185190 Thr Ay Gn Ay Ala Asp Thr Pro Pro Val Gy Val Phe lie lle Qu
195200205 Arg u Thr Ay Trp Len Lys Val Thr Gu Pro Len Asp Mgy G n My
210215220 He Ala Thr Tyr Thr Len Phe Ser His Ala Val Ser Ser Mh Qy
22523023540 Ale Val G u Asp Pro Met GFt@HESLou He Thr Val Thr Asp G n Mh
245250255 Asp Asn Lys Pro G n Phe Thr Gn Gn Val Phe Lys Ay Ser Val Mt
260265270 G n Ay Ala Lou Pro Ay Thr See Val Met G P Val The Ala Thr Asp
275280285 1Al & AsphAspoAspryvalcndhr styretvil iAlea pAlnarelbé 1Al asTyt, Thr |l e

990295300 Len Ser,_01n Pro Qu Len Pro Asp Lys .Vn.Met Phe Thr Jle M
305310315320%Arg M ?Hrf% %/n?/a‘?nﬁse‘%ﬁre‘%éiar%ééé%ﬁ& R e%l&“l_%nc‘ii‘b‘_”f\?’g 6l u
325330335 veefsePhewReoe Thr a Tyel Jhptiele Vadmpals idgn aAl acAl aofspnles &5 n Oly
340345350 G n Gy Lou Ser Thr Thr Ala Thr Ala Val Ile Thr Val Thr Asp The
355360365 cadherin and having a binding ability to said E-cadherin is

fixed on or applied to a surface of a solid phase, while being

adhered to the solid phase surface for a period sufficient for

the pancreatic islet to take a sheet-like form.

10

2. The production method according to claim 1, wherein the

polypeptide comprises an extracellular domain of E-cadherin.

3. The production method according to claim 1, wherein the
15 polypeptide is a fusion polypeptide comprising an extracellular

domain of E-cadherin and an Fc region of immunoglobulin.

4. A pancreatic islet culture, comprising a culture vessel,
wherein a polypeptide comprising an EC1l domain of E-cadherin
20 and having a binding ability to said E-cadherin is fixed on or
applied to a surface of a solid phase, and a sheet-like
pancreatic islet that can be cultured in a state wherein the

sheet-like pancreatic islet adheres to the polypeptide.

25 5. A kit for producing a sheet-like pancreatic islet,
comprising a culture vessel, wherein a polypeptide comprising
an EC1 domain of E-cadherin and having a binding ability to
said E-cadherin is fixed on or applied to a surface of a solid

phase, and an isolated pancreatic islet.
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Mh Asp Asn Pro Pro Ile Phe Asn Pro Thr Thr Tyr Lys Oly G n Val 370375380
Pro G@n Asn Qu Ma Mh Val Val Ile Thr Thr Lau Lys Val Thr Asp 385390395400
Ala Asp Ala Pro Asn Thr Pro Ala Trp (flu Ala V' | Tyr [hr He 405410415 M
Asp Asp Ay lily G n Phe Val Val Thr Thr Wh Pro Vat Asn Mh 420425430 Asp W
Ile Len Lys Thr Ala Lys Ay Len Asp Phe Olu Ala Lys G n 436440445 G n Tyr
Ile Len H s Vai Al a SRUENCEHR#STMEGal Val Pro Phe G P Val 450455450 d u Asp
(The y cIhr Ser Tyr Thr Ala Gn G u 500505510 Pro As
Thr Pﬁ Ogl\gy%}’%%ﬁ@l'%ﬁg# ﬁ“r Tyr Arg Ile Trp Arg Asp 515520525 Thr Al a I\/E
Trp 629> Qethost NMaduPing Smis’prSTﬁr Ay Ala Ile Ser Thr 530535540 Arg Ala G P Lou
Aﬂﬁmqg%msp Phe Gu H's Vai Lys M Ser Thr 545550555560 Tyr Thr Al a Lou
IIe fir Asp vn Ay Ser Pro Vol Ala Thr 565570575 Gy Thr Ay Thr
Lou g?g?%ﬁ‘ﬂog%ou Ser Asp Vol Asn Asp M Al a 560585590 Pro Ile Pro Gu

Pro e Phe Phe Cys G P Arg Asn Pro Lys
<160>
<170> PatentlIn version 3.4
Q210> 1
<211> 4815
<212> DNA

<213> Homo sapiens

<220>
<221> DS
<222> (125).. (2773)

<400> 1
agtggceteg gaactgcaaa goacctgtga gottgeggaa gteagtteoag actccagece 60

gotccageece ggeccogacce gaccgeacce ggcgcctegce ctogotegge gteoccggce 120

agec atg gege cot tge age cegc age ctc tcg goeg otg ctg ctg otg ctg 169
?et Gly Pro Trp ger Arg Ser Leu Ser Ala Leu Leu Leu Leu Leu

10 15
cag gtc toc tet tgg ctc tgc cag gag ccg gag cocc tge cac cet gee 217
Gln Val Ser Ser Trp Leu Cys Gln Glu Pro Glu Pro Cys His Pro Gly
20 25 30
ttt gac gec gag age tac acg ttc acg gtg ccc cgg cge cac ctg gag 265
Phe Asp Ala Glu Ser Tyr Thr Phe Thr Val Pro Arg Arg His Leu Glu
35 40 45
aga ggc cge gto otg gegc aga gtg aat ttt gaa gat tgc acc ggt cea 313
Arg Gly Arg Val Leu Gly Arg Val Asn Phe Glu Asp Cys Thr Gly Arg
50 55 60
caa agg aca gecc tat ttt tcc cotc gac acc cga tic aaa gtg gge aca 361
Gln Arg Thr Ala Tyr Phe Ser Leu Asp Thr Arg Phe Lys Val Gly Thr
65 10 75
gat get gtg att aca gtc aaa agg cct cta cgg ttt cat aac cca cag 409
Asp Gly Val Ile Thr Val Lys Arg Pro Leu Arg Phe His Asn Pro Gin
80 85 90 95
atc cat ttc ttg gtc tac goc tgg gac toc acc tac aga aag ttt tcc 457
Ile His Phe Leu Val Tyr Ala Trp Asp Ser Thr Tyr Arg Lys Phe Ser
100 105 110
acc aaa gtc acg ctg aat aca gtg ggeg cac cac cac Cgc ©CC CCE cce 505
Thr Lys Val Thr Leu Asn Thr Val Gly His His His Arg Pro Pro Pro
115 120 125
cat cag gocc tcc gtt tot gga atc caa geca gaa ttg ctc aca tit ccc 553
His Gln Ala Ser Val Ser Gly |le GIn Ala Glu Leu Leu Thr Phe Pro
130 135 140
aac tocc tot coct ggc ctc aga aga cag aag aga gac tgg gtt att cct 601
Asn Ser Ser Pro Gly Leu Arg Arg GIn Lys Arg Asp Trp Val Ile Pro
145 150 155
cocc atc age tgc cca gaa aat gaa aaa ggc cca ttt cot aaa aac ctg 649
Pro lle Ser Cys Pro Glu Asn Glu Lys Gly Pro Phe Pro Lys Asn Leu
160 165 170 175
gtt cag atc aaa tcc aac aaa gac aaa gaa ggc aag gtt ttc tac agc 697

M



595600605 Pro Gn Vol Ile Asn Ile Ile Asp Ala Asp Lou Pro Pro Asn Thr Ser
610615620 Pro Phe Thr Ala Qu Lou Thr HHs Gy Ala Ser Ala WMh Trp Th
625630635640 G n Tyr Asn Asp Pro Thr G n GQu Ser He Ile Leu Lys Pro Lys Met
645650655 Ala LouGu Vol Ay Asp Tyr Lys Ile Asn Lou Lys Lou Met Asp Asn
660665670 G n Asn Lys Asp G n Vol Thr Thr Lou (flu Val Ser Vol Cys Asp Cys
675680585 I(cf Llys SEB Asn AtsahsALa QGF §ly\ed VaCyPse Br gerLys Ala G n Pro Vol Qu Ala Ay
690595700 Lep & 11e Pro A% 11e Lou A% lie Louiy Gy Ile Lou Ala Lou
7051 L6745 8200k @kh dot @acl04l odei Bt k@ Ued @Y thiostt ketu Lous Phe Lou kg kg kg Ala Vol
725730735 GVofin ElysAlGAwe TPr frolPeuVdl Gily Y ?h%kle Iief lu Asp Asp Thr kg Asp Mh Vol
740745750 TyPTyr Tyr Asp®Gp Gu Ay™Ay Gy GP Li Asp Gn Asp Phe Asp
7557 @i/ &b ghaciata D@r teficty daputeHcs gaficet Bk \ratl bl gisp Al9e Arg Pro G u Vol Thr kg
77071687880 Gluvthr AyplrR/agu 2 & PriotiyiRFe L dsavie G8er Val Pro Arg Tyr Leo Pro Arg
785790795%80 Pro Al a Pro Asp GUu Ile Ay Aral Phe He Asp Gu M Leo Lys

cgc att goc aca tac act ctc ttc tet cac got gteg teca toc aac ggg 841
Arg Iég Ala Thr Tyr Thr %gg Phe Ser His Ala ggé Ser Ser Asn Gly
2

aat goa gtt gag gat cca atg gag att ttg atc acg gta acc gat cag 889
Asn Ala Val Glu Asp Pro Met Glu Ile Leu lle Thr Val Thr Asp GlIn
240 245 250 255

aat gac aac aag ccc gaa ttc acc cag gag gtc ttt aag gegg tot gte 937
Asn Asp Asn Lys Egg Glu Phe Thr GIn gég Val Phe Lys Gly 336 Val

atg gaa ggt get ctt cca gga acc tot gtg atg gag gtc aca gee aca 985
Met Glu Gly é%g Leu Pro Gly Thr 286 Val Met Glu Val ;Eg Ala Thr

gac gog gac gat gat gtg aac acc tac aat gec gee ate get tac acc 1033
Asp Ala Asp Asp Asp Val Asn Thr Tyr Asn Ala Ala |le Ala Tyr Thr

290 295 300
atc ctc agc caa gat cct gag ctc cct gac aaa aat atg ttec acc att 1081
e %gg Ser GlIn Asp Pro g{g Leu Pro Asp Lys é?g Met Phe Thr Ile

aac agg aac aca gga gtc atc agt gtg gitc acc act ggg ctg gac cga 1129
Asn Arg Asn Thr Gly Val l|le Ser Val Val Thr Thr Gly Leu Asp Arg
320 325 330 335

gag agt ttec cct acg tat acc ctg gtg gtt caa got got gac cit caa 1177
Glu Ser Phe Pro 526 Tyr Thr Leu Val gzé GIn Ala Ala Asp %gg GIn

get gag gegg tta age aca aca gca aca get gtg atc aca gtc act gac 1225
Gly Glu Gly Leu Ser Thr Thr Ala Thr Ala Val |le Thr gal Thr Asp

355 360 65
acc aac gat aat cct ccg atc ttc aat ccc acc acg tac aag ggt cag 1273
Thr Asn é;g Asn Pro Pro lle ggg Asn Pro Thr Thr ;ga Lys Gly GIn

gtg cct gag aac gag get aac gitc gta atc acc aca ctg aaa gtg act 1321
Val ggg Glu Asn Glu Ala égg Val Val Ile Thr (TSSE Leu Lys Val Thr

gat gct gat gec ccc aat acc cca geg tgg gag got gta tac acc ata 1369
Asp Ala Asp Ala Pro Asn Thr Pro Ala Trp Glu Ala Val Tyr Thr lle
400 405 410 415

ttg aat gat gat ggt gga caa ttt gtc gtec acc aca aat cca gtg aac 1417
Leu Asn Asp Asp gég Gly Gln Phe Val Xgé Thr Thr Asn Pro Xgé Asn

aac gat ggc att tteg aaa aca gca aag ggc tig gat ttt gag gec aag 1465
Asn Asp Gly iég Leu Lys Thr Ala hxg Gly Leu Asp Phe gig Ala Lys

cag cag tac att cta cac gta gca gteg acg aat gtg gta cot ttt gag 1513
Gln GIn Igg Ile Leu His Val Qég Val Thr Asn Val Xgé Pro Phe Glu

gtc tot ctc acc acc toc aca gec acc gtc acc gtg gat gtg otg gat 1561

Val Ser Leu Thr Thr Ser Thr Ala Thr Val Thr Val Asp Val Leu Asp
465 470 475

@



805810815 Ala Ma Asp Thr ASP Pro Thr Ala Pro Pro Tyr Asp Ser Leo Leo Val
820825830 Phe Asp Tyr Qu Ay Ser Gy Ser o Ala Ala Ser Lau Ser Ser Leo
835840845 Asn Ser Ser GQu Ser Asp Lys Asp G n Asp Tyr Asp Tyr Leo Mn Qu
850855860 Trp Ay Mi Arg Phe Lys Lys Lau Ala Asp Met Tyr lily Gy Ay Qu
865870875880 Asp Asp <210> 3 <211> 4413 <212> DNA <213> Mus nusoul us <220>

<221>t£R¥S g5 gl 2ed &Z&Et t2 £829ct €40Q> ad m"geg%& t ggs@agoogeggc pact act ga
gttcdig(?éﬁga@“aéltﬁtpéft '§£© P fﬁ(%%d-yﬁzéfﬁé’?hﬁ@ 4g?ggeeet pc agar: apace cgaget cagt
gtttgat ogg egtetpeggl20 gtocpc atg gga goo egg tgc cgs ago ttt the gog etc
st g cbceaptegdl 69 eblette Ghoscallzen Ar geaCys tAragt Bercafhe 188r Abs Leo Leo Leo Leo 1510
ot g t38gllyther E*@@é}i@é Gﬂ‘g@"@i‘iéég}gi’ af i at% gag cat gag too tgo217 Leo G n
Val Ser Ser Trp Leo Cys G n u Lou Au Pro Ao Ser Cys 1520-2530

gag cca gac aca ttt atg gaa cag aaa ata aca tat cgg att tgg aga 1705

Glu Pro Asp Thr Phe Met Glu GIn Lys Ile Thr Tyr Arg lle Trp Arg
515 520 525

gac act goc aac tgg ctg gag att aat ccg gac act ggt goc att tee 1753
Asp Thr éég Asn Trp Leu Glu é:lgg Asn Pro Asp Thr (Si‘luy)/ Ala lle Ser

act ocgg get gag cotg gac agg gag gat ttt gag cac gtg aag aac age 1801
Thr ézg Ala Glu Leu Asp egg Glu Asp Phe Glu EQE Val Lys Asn Ser

acg tac aca gcc cta atc ata get aca gac aat ggt tot ceca gtt get 1849
Thr Tyr Thr Ala Leu |le Ile Ala Thr Asp Asn Gly Ser Pro Val Ala
560 565 570 575

act gga aca ggg aca ctt ctg ctg atc ctg tet gat gtg aat gac aac 1897
Thr Gly Thr Gly gg(r) Leu Leu Leu lle Iggg Ser Asp Val Asn égg Asn

gec ccc ata cca gaa cct cga act ata ttc ttc tgt gag agg aat cca 1945
Ala Pro lle Egg Glu Pro Arg Thr é(l)g Phe Phe Cys Glu QBE Asn Pro

aag cct cag gtc ata aac atc att gat gca gac ctt cct ccc aat aca 1993
Lys Pro g}g Val Ile Asn lle (Inlg, Asp Ala Asp Leu 258 Pro Asn Thr

tct cec ttc aca goa gaa cta aca cac ggg gog agt gec aac tgg ace 2041
Ser EEg Phe Thr Ala Glu légg Thr His Gly Ala ggg Ala Asn Trp Thr

att cag tac aac gac cca acc caa gaa tct atc att ttg aag cca aag 2089
Ile GIn Tyr Asn Asp Pro Thr GIn Glu Ser Ile |le Leu Lys Pro Lys
640 645 650 655

atg gec tta gag gtg ggt gac tac aaa atc aat ctc aag ctc atg gat 2137
Met Ala Leu Glu \ég(l) Gfy Asp Tyr Lys flitlig Asn Leu Lys Leu rg% Asp

aac cag aat aaa gac caa gtg acc acc tta gag gtc agc gtg tgt gac 2185
Asn Gln Asn L;g Asp Gin Val Thr gg(r) Leu Glu Val Ser \égé Cys Asp
6

tgt gaa gegg gec get ggc gtc tgt agg aag gea cag cot gtc gaa gea 2233
Cys Glu Gly Ala Ala Gly Val Cys Arg Lys Ala GIn Pro Val Glu Ala

690 695 700
gga ttg caa att cct goo att ctg gge att cit gga gga att ctt got 2281
Gly Leu GIn Ile Pro Ala Ile Leu Gly Ile Leu Gly Gly lle Leu Ala

705 710 715

ttg cta att ctg att ctg ctg ctc ttg ctg ttt ctt cgg age aga gog 2329
Leu Leu Ile Leu |le Leu Leu Leu Leu Leu Phe Leu Arg Arg Arg Ala
720 125 730 735

gteg gtc aaa gag ccc tta ctg ccc cca gag gat gac acc cgg gac aac 2371
Val Val Lys Glu Pro Leu Leu Pro Pro Glu Asp Asp Thr Arg Asp Asn
740 745 750

gtt tat tac tat gat gaa gaa gga ggc gega gaa gag gac cag gac ttt 2425
Val Tyr Tyr %g Asp Glu Glu Gly %{) Gly Glu Glu Asp %E Asp Phe

gac ttg agc cag ctg cac agg ggc ctg gac got cgg oot gaa gtg act 2473
Asp Leu ;% Gln Leu His Arg 9% Leu Asp Ala Arg %8 Glu Val Thr

®



egt OCC ggo tto agt tee gag gtc tat ace, tta cog gtg cog gag agg265 Ser Pro
lily Phe Ser Ser Gu Val Tyr Thr Phe Pro Val Pro Qo Arg 364045 eat ctg gag
age ggc eat gto otg ggo aga gtg age ttt gaa gga tgc313 His Lao Qu Arg lily
Hs Val Leo Ay Arg Val Arg Phe Qu lily Cys 505580 act gge egg Goa egg ace
pc tte ttt tog gaa gee tee cga tto ace361 Thr lily Arg Pro Arg Thr Al a Phe
Phe Ser G o Ser Arg Phe Lys 657075 g gog eta gao ggo 300 etc ace gtg
aag <§ggaaé f ﬁgﬁ g’gcgapg,\gfg X%gd hrcAsp &y Thr Iie Thr Val Lys Arg
Hs L eo HIS7 58 gty gag am agt tto etc gtc ego goo ogg gee
teeet oat e S Leo G u, Thr Ser Phe Leo Arg Ala Arg Asp Ser Ser
Hs Ao g 38‘5 % i"mﬁ Fﬁ?‘r% AGtH TOﬁ%gtg aag tee atg ggg cap cm
cat ear e505 .doeoSer rkasVa Thr lat50LyeSer Net lily Hs Hs H's
Hi s 115120 CO@ 0 S ot gas ice aaa aca gag ctg
ci s5 gﬁé Tf%gi% ﬁﬁgs?ﬁ%ﬁm %“ g,tgﬁsélqat érLeuGI 0 (gtér Asn Pro Gu Leu Lau
130135140 atg B0t OOG ago ¢y tar: coo WD otc aga aga sag aaa ago gac
tggG%&lggtgacpﬂle rg?a rgg'y 9(!0 g-:!_ay Ect Etoagg(:Yg A-gQLEchg ’%ﬁg Gen Lys Arg Asp Trp
1451 kator alitéia mpsbraamemagm segae@aasgaa aat gaa sag gga gaa ttt
CO0649 835

ctg aac tcc tca gag tca gac aaa gac cag gac tat gac tac ttg aac 2713

Leu Asn Ser Ser Glu Ser Asp Lys Asp GIn Asp Tyr Asp Tyr Leu Asn
850 855 860

gaa tgg ggc aat cge ttc aag aag ctg got gac atg tac gga gc gee 2761
Glu Trp Gly Asn Arg Phe Lys Lys Leu Ala Asp Mgt Tyr Gly Gly Gly

865 870
gag gac gac tag geggactcgag agaggcggec cccagaccca tgtgotggga 2813
glg Asp Asp
8

aatgcagaaa tcacgttget ggtegttttt cagetocctt cocttgagat gagtttoctgg 2873
ggaaaaaaaa gagactggtt agtgatgcag ttagtatage tttatactot ctccacttta 2933
tagctctaat aagtttgtgt tagaaaagtt tcgacttatt tcttaaaget tttttttttt 2993
teccatcact ctttacatgg tegtgatgtc caaaagatac ccaaatttta atattccaga 3053
agaacaactt tagcatcaga aggttcaccc agcaccttge agattttctt aaggaatttt 3113
gtotcacttt taaaaagaag gggagaagtc agotactota gttotgttgt tttgtgtata 3173
taatttttta aaaaaaattt gtetecttot gotcattact acactggtet gtocctotec 3233
cttttttttt tttttaagac agggtctcat totatcggece aggetggagt gcagteggtge 3293
aatcacagct cactgeagce ttgtcctccc aggetcaage tatecttgea cctcagecte 3353
ccaagtaget gggaccacag geatgeacca ctacgeatga ctaatttttt aaatatttga 3413
gacggeetot coctgtgtta cccaggetge totcaaactc ctggectcaa gtgatcctcec 3473
catcttggce tocccagagta ttgggattac agacatgagc cactgoacct goccagetece 3533
ccaactccet gocatttttt aagagacagt ttcgetccat cgeccaggee tgggatgeap 3593
tgatgtgatc atagetcact gtaacctcaa actotggggc tcaagecagtt ctcccaccag 3653
coteottttt atttttttet acagatggge tottsctatg ttgcccaagc tggtcttaaa 3713
cteotggcct caagoaatcc ttotgcottg gecccccaaa gtgctggeat tgtgggcatg 3773
agetgcteteg cocagectec atgttttaat atcaactctc actoctgaat tcagttgett 3833
tgcccaagat aggagttctc tgatgcagaa attattgegc tettttagge taagaagttt 3893
gtgtotttet ctggccacat cttpactagg tattgtctac toctgaagace tttaatggct 3953
toootottte atcteotgag tatgtaactt gecaatgggca gotatccagt gacttgttet 4013
gagtaagtet gttocattaat gtttatttag ctctzaagca agagtgatat actccaggac 4073
ttagaatagt goctaaagte ctgcagccaa agacagageg gaactatgaa aagtgggctt 4133
ggagatggca ggagagette tcattgagec tggcaattta gcaaactgat gotgaggate 4193

4



Vol Ile Pro Pre Is Ser Cys Pro Qu Asn Ao Lys Sly (Liu Phe Pro 160166170
sag sac ctg gtt cog sic ass tea coo agg gas ass gas ace aag gtt697 Lys Asn
Leo Vol Gn He Lys Ser Mh My Asp Lys Wn Thr Lys Vol 175180185190 tic Las
age etc acc ggc cas gga get goo ass coo see gtt go gtt745 Phe Tyr Gar lle
Thr Oy Adn Ay Ala Asp Lys Pre Pre vVal dy Vol 195200205 tte ate att gag
agg OataAca gQecctcq Gotolzthan S5t ealy GQ@acsAGcieaikatot 783 Phe He [ieArg A u [hr

Sly Tr ro 0 2102152 ago gas goo att gee aag
t 00 eflggtt%faé af%fat‘fcé tg%ttfta%’gaaéccca 5a%a'§ﬁaf E%@f)tg%?gg@:’u Ala :le Ala Lys Tyr 1l:e
Lou Tyeatdseat cHicszaddh aecVimtteOeta236230238t ltemestdt g% gl a gcg gi g gag gat coo

al g gﬁ%%ﬁésﬁhggg%aﬁg g Lfgag%e%%géggthug J\g&a%LééaagtE Aa Vol Go Asp Pro Met G o

sea gat sat gee sac agg coo gag itt ace sag
Cog giescdtede eepaef9@Y t@bﬂggtﬁspﬂgm&ﬁgamatﬁﬁpﬁtwamwg P8 0/u Phe Thr G n Pro Vol

Phe qt\':{ai%@a@%%géﬁgzgcﬂaga &ataﬁaagéa aa&@&tt@%@tggﬂﬁg 9Q§53gtt COS gga ace tee gtg
atg aag g Vol Pro Sly Thr Car Vol Met Lys

Ay A
Vol E?B%GQSEGQ%W Goeraees aagaét’aa‘ifecégcgﬁgmg}éttttgéﬁ‘é ¢f'® oat ass too sac get goo

at e1033+{GR% tAlodoabNhcaASRtN Baalisfy ASPeOEReMBhcabh 4dr Tye Mh Ala Ala He

290295300 gee tat act ate gte age ta cot pi g cot vac ass coo
at g1 08 LEWHE pEtetafiip tHieressty °tgﬁ?at@ tﬁtaﬁté% %F%ggéjgﬁl %%“g Pro His Lys M Met

aaaaggaaaa caattcaagc tgagaaaagt attctcaaag atgeattttt ataaatttta 4793
ttaaacaatt ttgttaaacc at 4815

210> 2

<211> 882

<212> PRT

<213> Homo sapiens

<400> 2
Met Gly Pro Trp Ser Arg Ser Leu Ser Ala Leu Leu Leu Leu Leu Gin
1 5 10 15
Val Ser Ser Trp Leu Cys GIn Glu Pro Glu Pro Cys His Pro Gly Phe
20 25 30
Asp Ala Glu Ser Tyr Thr Phe Thr Val Pro Arg Arg His Leu Glu Arg
35 40 45
Gly Arg Val Leu Gly Arg Val Asn Phe Glu Asp Cys Thr Gly Arg GIn
50 55 60
Arg Thr Ala Tyr Phe Ser Leu Asp Thr Arg Phe Lys Val Gly Thr Asp
65 70 75 80
Gly Val [le Thr Val Lys Arg Pro Leu Arg Phe His Asn Pro GIn lle
85 90 95
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
GIn Ala Ser Val Ser Gly 1Ile GIn Ala Glu Leu 11_28 Thr Phe Pro Asn

130

Ser Ser Pro Gly Leu Arg Arg GIn Lys Arg Asp Trp Val lle Pro Pro
145 150 155 160

[le Ser Cys Pro Glu Asn Glu Lys Gly Pro Phe Pro Lys Asn Leu Val
165 170 175

Gln lle Lys Ser Asn Lys Asp Lys Glu Gly Lys Val Phe Tyr Ser Ile
(5)



305310315 tic act gtc sot egg got act ggg gto ate M gig oto acc /et
0991129 Phe Thr Vol Asn Arg Asplhr Ay Vol Ito Gar Val Leo Thr er Sy

320325330 atg gac cga gag agt toe cot oca tas act atg gtg gtt cog got
got: 1177 Leo Asp Arg Gu Ser Tyr Pro Thr Tyr Thr Leo Vol Vol Gn Ala Al a

325340346350 gaa ott COO at gas ggs ttg age aca ass gaa aag got gig ate
apt: 1225 Aspidoeo G n Slyiku Sly Leo @r Thr Thr Ala Lys Ala Vol He Thr
355350365 aag gat att oat gas aac get cot gts tte ace cea ago acg tat1l273

Val  Lyschsin blyen MepAsPrdirdNaa cRrar Mal 118he dvh Pro Ser Thr Tyr 370375380 sag
ggt coo gtlgs cot gag satldgag gto satligee egg ate gee acs etcl321 Sin Ay Gn

Val Pro Qu M Uu Va/ Asn Ala Arg |ie Ala Thr Lou 385390395 ass gtg ace
gat gat cigabr geardJQ@l Laan:| apt 616 96 g6 gsptAgg cacez got gi g1369 Lys Vol Thr Asp Asp
Asp Al a2Pro Asn Thr ZFro Ala Trp 2Ys Ala Val 400406410 tAc aca gta gto MC
gat cst gaa cog cog Ito gtt git gtc coo gacl4l7 Tyr Thr Val Vol M Asp Pro
Asp GilmAl@Thr BnaghMoh PvoSer Mol AlT gl S8s per (A8 Gly080 aog coo sat gat ggo att ttg
ssa aéa got aag gf8 ttg gat t#¥. 1465 Pro At Thr As Asp Ay He Leo Lys Thr

Ala Lys ely Leo Asp Phe 435440445
Ala Val Glu Asp Pro Met Glu lle Leu Ile Thr Val Thr Asp GIn Asn
245 250 255

Asp Asn Lys Pro Glu Phe Thr Gln Glu Val Phe Lys Gly Ser Val Net
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 lle Ala Tyr Thr lle
290 295 300
Leu Ser Gln Asp Pro Glu Leu Pro Asp Lys Asn Met Phe Thr [le Asn
305 310 315 320
Arg Asn Thr Gly Val |le Ser Val Val Thr Thr Gly Leu Asp Arg Glu
325 330 335
Ser Phe Pro Thr Tyr Thr Leu Val Val Gln Ala Ala Asp Leu Gln Gly
340 345 350
Glu Gly Leu Ser Thr Thr Ala Thr Ala Val lle Thr Val Thr Asp Thr
355 360 365
Asn Asp Asn Pro Pro |le Phe Asn Pro Thr Thr Tyr Lys Gly Gln Val
375 380

370

Pro Glu Asn Glu Ala Asn Val Val l|le 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 lle Leu
405 410 415
Asn Asp Asp Gly Gly GIn Phe Val Val Thr Thr Asn Pro Val Asnh Asn
420 425 430
Asp Gly Ile Leu Lys Thr Ala Lys Gly Leu Asp Phe Glu Ala Lys GIn
435 440 445

GIn Tyr lle Leu His Val Ala Val Thr Asn Val Vai 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
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gag
Al a

gag
Ay

gtg

goo aag Gag osa tao ate ott oat gtg age, gtg gag aso gag gaal513 CHU
Lys Gn Gn Tyr He Leo H's Vol Arg Val Ot M do 3 u 450455460 Cee ttt
ggg tot ott gto cot too soa goo apt gto eel: gtg gaol561 Pro Phe flu
Ser Leo Val Pro Ser Thr Ala Thr Val Thr Val Asp 485470475 gtg gta gao
aat gas got coo ate ttt atg cot gag gag agg agol509 Val Val Asp Vol Ace

G LA A &luPiiPrbid | Phhe Vleltro P!rocﬁllAl-)a a3 el ladp N@er480485490 gto gaa grg cot; gaa

goo
fly
cog
Met
gag
Asn
gao
flu

gat
Ser

ttt ggt gtd‘rggt Gag gas 490t aoa tot t%At1657 Val G P Vol Pro flu Asp Phe
Val Ay An Go Ile Thr Ser Tyr 495500505510 ace got ago gag cog gac
tQ“sASatPge %gtVa'CE'g Gea@u %&ecThbég Tvafhrdégy@7@®8 Thr Ale Arg flu Pro Asp Thr Phe

Asp A n Lys He Thr Tyr kg 515520 alt tgg agg gas act goo ace tgg otg
af t aceco gag act t1753 lalg %AspThr Ala Ace |lip Leo flu lle
Profa ity fim etrii'y SU!OT)@O“(Bg é;gtmt fré *bg ego got gag atg gas ago sac

got gag cat gtgl30 Ala Ile Phe Thr Arg Ala flu Met Asp Arg flu Asp Ala
H s VaI 645650565 aag sac a%‘(yf ﬂce tat ta got oft ate aft goo coo gat

gTQ‘tA éﬁ‘l@ﬁéei@'g SR Mgy fhr e A& Leo He Ile Ala Thr Asp Asp fly
5605 5510 coo att goo act ggo cog ggo act cat etc otg gtc ctg tta gao

gt c):|'8A97Ala G?u Leu Asp ﬂg-EmAsp IPi}{a GTDFHSWaP’LyI L%(?(EEBLOU Leo Val Leo Lou Asp Vol

Tyr Thr Ala Leu Ile |le Ala Thr Asp Asn Gly Ser Pro Val Ala Thr
565 575

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 !le Phe Phe Cys Glu Arg Asn Pro Lys
595 600 605
Pro Gln Val Ile Asn lle Ile 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 lle
625 635 640
G!n Tyr Asn Asp Pro Thr Gin Glu Ser lle Ile 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 Gln 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 GIn [le Pro Ala Ile Leu Gly lle Leu Gly Gly Ile Leu Ala Leu
705 710 75 720
Leu Ile Leu Ile 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 GIn Asp Phe Asp
755 760 765

Leu Ser GIn Leu His Arg Gly Leu Asp Ala Arg Pro Glu Val Thr Arg
770 780

)



575580585590 aot gee aac got ccc ate eta gaa cot cga aac atg Gag ttc tgc
c0g1945 Aan Asp Ace Ala Pro be Pro flu Pro kg vn Met A n Rho Cys dn
595600605 egg sac eta Gag cot cat ate ate acc ate ttg gat Goa gas ett
SO01993 Arg Mh Pro O e Pro Hs He He Thr Ile Leo Asp Pro Asp Lou Pro
610615690 cco sac cog too coo ttt sot got gag eta coo cat ggg goo age

gt p2041 Pro Ace Thr Ser Pro Phe Thr Ala flu Leo Thr Hs Ay Ala Ser Val
6256338%3@ ‘ab &latfgryThsiLpshiea Ser gagrorhae Teade fadimoa got oaa gaa tot etc att.
ttg20 Wvh frp Thr [le flu Tyr Ace Asp Ala Ala Gn Ao Ser Lou Ile Lou
640645650 paa ooa aga nag gao tta ag att ggo gas tao aau ate oat etc
sangpéeiA'@Mﬁ” BIO o9 ld Lﬁ/@vagfpg ok ep l“IAiS’EaLel“IHV/SfI u Tyr Lys He His Leo Lys
655660665670 oft gog gat ace Gag sac aau gao oag gtg coo avg ttg gac gto

t25L Vol Thr Thr L Asp Vol Hi
8$56 %é'@o“é‘i go{iaﬁ'g&@s%gfg&é@?ﬁgﬁygé@ gk% Vg'ceoaao {go ;t gegag gogoggaI >
ate2233 Val Cys Asp Cys flu fly Thr Val Asn Asn Cys Met Lys Ala Sly Ile
5906%3%?{27c£é %rgpyzfegq@ gg%wth%\%a%age eFQe L%LOO ate eta gga ate ott gga

ggg2 oLeo Ile Leo fly He Leo fly fly
705710715
Asn Ser Ser Glu Ser Asp Lys Asp Gln Asp Tyr Asp Tyr Leu Asn Glu
850 855 860

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

210> 3

Q11> 4413

<212> DNA

<213> Mus musculus

<220>
<221> CDS
<222> (128).. (2782)

<400> 3
actgetetee gagececgee goactactega gttcccaaga acttetgcta gactoctgce 60

cggectaace cggecctgece cgaccgoace cgagetcagt gtttectege cgtotgcege 120

gtcecgee atg gga goc cgg tge cge age ttt tee geg cte ctg cte otg 169

¥et Gly Ala Arg gys Arg Ser Phe Ser Ala Leu Leu Leu Leu

10
ctg cag gtc tcc teca tegg ctt tgc cag gag cte gag coct gag tec tee 217
Leu GIn Val Ser Ser Trp Leu Cys Gln Glu Leu Glu Pro Glu Ser Cys
15 20 25 30
agt ccc gge ttc agt toc gag gitc tac acc ttec cog gtg ccg gag agg 265
Ser Pro Gly Phe Ser Ser Glu Val Tyr Thr Phe Pro Val Pro Glu Arg
35 40 45

cac ctg gag aga ggc cat gtc ctg gegc aga gtg aga tit gaa gga tec 313

His Leu Glu Arg Gly His Val Leu Gly Arg Val Arg Phe Glu Gly Cys
50 55 60

act ggc cgg cca agg aca goc ttc ttt tecg gaa gac tcc cga ttc aaa 361
Thr Gly Arg Pro Arg Thr Ala Phe Phe Ser Glu Asp Ser Arg Phe Lys
65 70 75
gtg gcg aca gac ggc acc atc aca gtg aag cgg cat cta aag ctc cac 409
Val Ala Thr Asp Gly Thr Ile Thr Val Lys Arg His Leu Lys Leu His
80 85 90

aag ctg gag acc agt ttc ctc gtc cgc goc cgeg gac toc agt cat age 457
Lys Leu Glu Thr Ser Phe Leu Val Arg Ala Arg Asp Ser Ser His Arg
95 105 110

gag ctg tot acc aaa gtg aceg ctg aag tcc atg gge cac cac cat cac 505

Glu Leu Ser Thr Lys Val Thr Leu Lys Ser Met Gly His His His His
115 120 125

(8



Ile Lau Ala Las Lou Ile Leu Ile Lou Lett Lou Les Lett ['he Lou Arg
720725730 agg ago aog gtg gto aaa gag coo ctg otg oca coo gat gat gat
acc2377 Arg Arg Thr Vol Val Lys GQP Pro Lou Lou Pro Pro Asp Asp Asp [hr
735740745750 ogg gao oat gtg tat tao tat gat gas gaa gga ggt gga gas gas
gac2425 Arg Asp Asn Val Tyr TyrTyrAsp8l uWwi@ yGyd yd uGRj Asp 755760765 cg
gao ttt gat ttg ago oag otg oac agg ggG ot gat 5g)oo cga cog2473 G n Asp Phe

p LR AL bty EpADTARE Ao Pro 170775760 gas ot act

ga sat gatwg C0013‘6CC oto atg 1a@o gtg coo cag2521 elu Vol Thr Arg
Asn t o Thr u Met Bar Val Pro G n_785790795 tat cgt Goo ogt
cot g eﬁfc %ﬁ Pﬁﬁa&gy éﬁﬁ (ﬁﬁif}?atﬁ@ t{ff gat 2569 Tyr Arg Pro Arg Pro Ala

Asa Pro Asgp G u |s y159\sn || &5Asp 800805810 gaa atto otg sag gca goo

gao ago_gac cog, sag.gca ¢oo 17 Au a Lou Lys Ala Ala Asp Bar
Rop REDTLGE: RLaIFD o e Bl BEBRaRbATel Loter Tl bio tio gat oo
gag ggol@dgt ggt tot 1¢aa goc got 1&@02665 Bar Lou Lou Val Phe Asp Tyr AP dy

Bar Q¥ .ot B Raf il ol @ 98 g%@%ﬁ%ﬁc&s AJ0 Lo ctg sac too tot gag tog
gat Q@%Asgaéu COGIngne Lisaser gaﬁ OBIIuBBrl‘L EI Lou WMn Bar Bar G P Bar Asp Gn

Asp @™ Asp Tyr ASP 850855850 18

ttc tac agc atc acc ggc caa gga got gac aaa ccc ccc gtt gge gtt 745
Phe Tyr Ser lle {gg Gly Gln Gly Ala 388 Lys Pro Pro Val géé Val

ttc atc att gag agg gag aca gge tgg ctg aaa gtg aca cag oct ctg 793
Phe lle tle g{s Arg Glu Thr Gly gqg Leu Lys Val Thr gég Pro Leu

gat aga gaa gec att gec aag tac atc ctc tat tct cat gec gtg teca 841
Asp Arg gég Ala lle Ala Lys ;ga Ile Leu Tyr Ser gég Ala Val Ser

tca aat ggg gaa geg gtg gag gat ccc atg gag ata gtg atc aca gtg 889
Ser Asn Gly Glu Ala Val Glu Asp Pro Met Glu Ile Val lle Thr Val
240 245 250

aca gat cag aat gac aac agg cca gag ttt acc cag ccg gtc tit gag 937
Thr Asp Gln Asn Asp Asn Arg Pro Glu Phe Thr GIn Pro Val Phe Glu
255 260 265 270

gega ttec gtt geca gaa gge get git cca gea ace tee gig atg aag gte 985
Gly Phe Val Ala g%g Gly Ala Val Pro géé Thr Ser Val Met %ﬁg Val

tca goc acc gat goca gac gat gac gtc aac acc tac aac get goe ate 1033
Ser Ala Thr 238 Ala Asp Asp Asp \zlsé Asn Thr Tyr Asn g\(l)g Ala lle

gee tac acc atc gitc age cag gat cct gag ctg cct cac aaa aac atg 1081
Ala Tyr ggg Ile Val Ser GIn é?g Pro Glu Leu Pro gig Lys Asn Met

ttc act gtc aat agg gac acc ggg gtc atc agt gtg ctc acc tot ggg 1129
Phe ggg Val Asn Arg Asp ggg Gly Val Ile Ser ggé Leu Thr Ser Gly

ctg gac cga gag agt tac cct aca tac act ctg gtg gtt cag gct gect 1177
Leu Asp Arg Glu Ser Tyr Pro Thr Tyr Thr Leu Val Val GIn Ala Ala
335 340 345 350

gac ctt caa ggt gaa ggc ttg agc aca aca gec aag got gtg ate act 1225
Asp Leu Gln Gly gég Gly Leu Ser Thr gga Ala Lys Ala Val éég Thr

gtc aag gat att aat gac aac gect cet gte ttc aac cca age acg tat 12713
Val Lys Asp éég Asn Asp Asn Ala g;g Val Phe Asn Pro ggg Thr Tyr

gteg cct gag aat gag gtc aat gee cgeg atec geec aca cte 1321

cag
Val Pro Glu Asn Glu Val Asn Ala Arg lle Ala Thr Leu
390 395

GIn

fepdii}
—0q
-
WD O
o0 —0n
[ 3 Jun ¥ V)

aaa gtg acc gat gat gat gec cce aac act ccg geg tgg aaa got gt 1369
Lys Xgé Thr Asp Asp Asp ﬁég Pro Asn Thr Pro 2{8 Trp Lys Ala Val

tac acc gta gtc aac gat cot gac cag cag ttc gtt gtt gtc aca gac 1417
Tyr Thr Val Val Asn Asp Pro Asp Gln GIn Phe Val Val Val Thr Asp

)



tat otg an gag tgg ggc sac ago tto sag aag otg gag gac atg tac2761 Tyr Lett
M Ao Trp Ay Mn Mg ['ho Lys Lys Lou Ma As Met Tyr 865870875 ggc ggt ggt
gag gac gao tag gggaot agcs agtot css000 gtgtggcatso ely Ay Ay A u Asp Asp
880 atgggagatg osgaataatt atatoagtgg totttcegct cottOO00tga gtgtgtagaa 2872
gagagaot ga tctgagaagt gtgoagattg catagtggtc toaototcce taotggaotg 2932
tctgtdgitag gatggt420to aotgatt git gaaatotttdd0 tttatttttt atttttaceg 2992
9ot 9a0aka.! 323801000k bl &l Oy’ aaf EGUEL O, CUGILLLOL Lottt gago 3052

t at g £TPYAh0KRIAGAE A0 & [2CAGOME AR yYECQa6l AP Ott eactaat tttttacatt 3112
gtgtacttgo oot d#attao oat até@ot gtattot#at agtoactoat gttootgaat 3172

tot SQLt gEGe: LYCACAIAtTetabAat il aaggt@&aqcaagga@agga goqtigggoco ttttatggtg 3232
agagacagigtlyatietitrglyt dte IggflsgebactVagelgasrggatiay gt gt gt gt gt t omaagat o 3292
tttogtggta tBPoctet= accf®cagag eact 8 tta oagtggoatt cettgttogg 3352

ot at gtQtk Qhe 09808028 AARADABRNG BRAGALE kO CakeyCt goac acgtot oaga 3412
ttcttPagg‘tBeﬁltc@iméUcltegdtl Ftrmﬁt’crangf«@dh'ag%dbra%agﬁp gggatatgtt gotttgatca 3472
gaaoot gcad ggaggtttto goaccact taagtttott ggcgtttott toaaaccoaa 3532
act aaagpatzaggt byt a6 ke degagagagact @ge Cca@eaaaga oagaggsgsg 3592
aaaadghatmpdsra ah AT 0HA @Prg g@ag %gﬁ ?gggggt‘\tﬁ agog aoccoggcta gtiggcanao 3652
cgat ggt gag ggt atsacagg cggt gagaoo tat occaol a gatttctgga agaot aggot 3712

t at otgd;caa@czta)ab dat dat @it g@ttg edzad ttegtapatier t atlisdot gaa goccaggaaa 3772

t gcaygs¥t s %{?gﬁ’c@o@"ﬁ hér! gt Sg gt é'&g[jfa%i’r %ﬁgot ggcc gattl aaaos 3832
saagttgocc agttstgagt agaaaactga gactatgstg tg;g)ggsgg sgogsanctt 3892

t aag a taag gc aé g tg t ogag gccaacctgg 3952
t at aﬁgcggs 55\ @E%&gg% ﬁ%ﬁg 2 fg adggsg t acaoagaga aassotgtot 4012
ct gcaaacca aaagagaaaa stgagaatat taceeettgt gcattttoto eggaugcagg 4072

aagaj%etaﬁfgtagg g B§x #%%ﬁq%g@%%ﬁ%@ agdfftttca ttsaaaatgo 4122

aut otcagc gqﬁtlc-?aa scaeirggaaa gaat tsad att gaaagttstg tacttaccta 4192

acttt g aseat gaél aati sea c& gatttc totgtagttt 4252
act sdiDtod.a B (ick ad bf Act Eedcs AL GROHEAR oagthiat ot gt ot guotys 4312
t gat aat t t t45gt attttgtg Eg@gggt ggaa a%ggt aagoo attgaaecsg ttotetaaga 4372
tgcattttta tgaattrtat ta @gttt tgttaaactg t 43 <210> 4 <211> 884 <219>
ﬁﬁksiﬁrﬁw mRSiEU AN i Rt %E@erkg i{/hs Arg Ear Phe Ear Ala Lep
Lau Leablau Lea Cl ns%651015 VaI Eépr Ear Trp Led Cys G n Ot Lea 51u Pro Cu
Ear QJcSatE%Ec JD{ gczaggéoacpctx c?ch&g'%@c" ctEq{ach tcval 18-5yr Thr Pho Pro Val Pro Olu
kg Hrs Leala3bA@UASThikl TKgLedllyu HuYaMau Léep @ly Arg Vai Arg Phu Cu dy Gys
Thr 15719y 605.560 g Pro kg THP Al a Phe PA¥ Ear 0lu Asp Ear Arg Phe Lys Val
A a Qa7R{ 80T bdc AS Boal dad Yot T adk € fab ek cdeys A1g Hi s Lea Lys Lau His Lys
Lou 85080 3sn54la Prbhiie BarGlPPhre Ata&sn\Maﬂ GIAPe O&kaInArg Aso Ear Ear His kg 5:u Lea
100105110

agg aac cca cag cct cat atc atc acc atc ttg gat cca gac ctt cce 1993
Arg Asn Pro gIIS Pro His Ile lle Thr Ile Leu Asp Pro égg Leu Pro

ccc aac acg toc ccc ttt act got gag cta acc cat ggg ecc agc gtc 2041
Pro Asn ggg Ser Pro Phe Thr é:lg(a) Glu Leu Thr His gslg Ala Ser Val

aac tgg acc att gag tat aat gac geca geot caa gaa tct ctec att ttg 2089
Asn gzg Thr lle Glu Tyr ézg Asp Ala Ala GIn gég Ser Leu |lle Leu

caa cca aga aag gac tta gag att ggc gaa tac aaa atc cat ctc aag 2137
GIn Pro Arg Lys Asp Leu Glu lle Gly Glu Tyr Lys Ile His Leu Lys
655 660 665 670

ctc geg gat aac cag aac aaa gac cag gtg acc acg ttg gac gtc cat 2185
Leu Ala Asp Asn g;E Asn Lys Asp GIn \ég(l) Thr Thr Leu Asp \égé His

gtg tegt gac tgt gaa geg acg gic aac aac tge atg aag geg gga ate 2233
Val Cys Asp Cys Glu Gly Thr Val égg Asn Cys Met Lys /_I\Ia Gly Ile

gte geca gea gga tteg caa gtt coct gec atc ctc gga atc ctt gga geg 2281
Val Ala %g Gly Leu GIn Val l;1r8 Ala lle Leu Gly |1Ie Leu Gly Gly

atc ctc gee cteg ctg att otg atc ctg ctg ctec cta ctg ttt cta cge 2329
4[]



Ear TimLys Val Thr Lea Lys Ear Met Sly Hs Hs H's Hs kg Hs 115120126
Hs Hs kg Asp Pro Ala Ear Qu Ear Ass Pro C.u Lea Lea Met Phe 30135140 Pro
Ear Val Tyr Pro 5ly Lea kg Arg Gs Lys kg Asp Irp Val Ile 146150155160 Pro
Pro He Ear Cys Pro WA Asn Qu Lys Sly 5Iti Phe Pre Lys Asn 165170175 Lau
Val 5:n :le Lys Ser WMh kg Asp Lys (Ala Thr Lys Val Phe Tyr (12) 180185190
Ser Hee ThwrAlQau 1@ mleCey | Allau Ksped heg LB Rhe PruoAr/al Ay Val Phe He 195200205 Il e
Uu kg &u Thr Ay 17,2% Leo Lys VA Thr Gn Pro Lou Asp Arg 210215220 G u

Al a |4z 2Al @z keSetd Yoa dhd oo lo@OctE)Ea &ergaﬂ'as gAl @c ValzsBer Ser Mh 225230235240
(fly Az dreplha Vayalal SLﬁllAEF LRy Epu FQ]AEP HSPéS\}% lie Thr Vval Thr Asp 245250255
Gn Asp Mh Ar %r o Glu Ph Gn Pro“val Phe AQu Gy Phe 260265270
Val Adea efd aat Bleytaidta t¥akat Reoge éEhrggaS@ﬁ gddadac Met24d5ys Val Ser Al a 275280285
Thr A&E)Am‘an)é@@vs@ﬁ THs 5P \Fdl GGAsGﬁ FhebTYY Sl a Ala 11e Ala T 290295300

cag gac ttt gat ttg agc cag ctg cac agg ggc ctg gat gec cga ceg 2473
GIn Asp Phe Asp Leu Ser GIn Leu His Arg Gly Leu Asp Ala Arg Pro
770 775 780
gaa gtg act cga aat gat gtg get ccc acc ctec atg age gtg cecc cag 2521
Glu Val Thr Arg Asn Asp Val Ala Pro Thr Leu Met Ser Val Pro Gln
785 790 795
tat cgt ccc cgt cct gec aat cot gat gaa att gga aac tte atc gat 2569
Tyr Arg Pro Arg Pro Ala Asn Pro Asp Glu lle Gly Asn Phe |le Asp
800 805 810

gaa aac ctg aag gca goc gac age gac ccc acg gea ccc cot tac gac 2617
Glu Asn Leu Lys Ala Ala Asp Ser Asp Pro Thr Ala Pro Pro Tyr Asp

815 820 825 830

tct ctg tteg gte ttc gat tac gag gegc agt ggt tet gaa gec got age 2665
Ser Leu Leu Val Phe Asp Tyr Glu Gly Ser Gly Ser Giu Ala Ala Ser

835 840 845
ctg agc tca ctg aac tcc tot gag tcg gat cag gac cag gac tac gat 2713
Leu Ser Ser Leu Asn Ser Ser Glu Ser Asp Gln Asp Gin Asp Tyr Asp
850 855 860
tat cteg aac gag tge ggc aac cga ttc aag aag ctg gog gac atg tac 2761
Tyr Leu Asn Glu Trp Gly Asn Arg Phe Lys Lys Leu Ala Asp Met Tyr
865 870 875

gec get ggt gag gac gac tag gggactagea agtctcccce gtgtggcace 2812
Gly GI% Gly Glu Asp Asp

atgggagateg cagaataatt atatcagtgg tctttcaget ccttccctga gtgtgtagaa 2872
gagagactga toctgagaagt gtgcagatteg catagtggtc tcactctccc tactggactg 2932
totgtgttag gatggttttc actgattgtt gaaatctttt tttatttttt atttttacag 2992
tgotgagata taaactgtge ctttttttgt ttgtttgttt ctgtttttet tottttgage 3052
tatgatctec cccagacaca acagccccaa goccctcaca cctcactaat tttttacatt 3112
gtetacttec cctcaattac catgtttget gtattctaat agtcactcat gttcctgaat 3172
tctgttegcec tgoccaggtyg atattctagg atgcagaaat gectgggoce ttttatgete 3232
agagacaget atcttpgtet gggtegcaact gegotggata gtgtetegtgt tcccaagatc 3292
tttegtegta ttcococtcotee acctccagag aactcattta cagtggeatt cottgttcgg 3352
ctatgtetet ggggcagaac aaaaaaaagg gaccactatg catgetgcac acgtctcaga 3412
ttcttaggta cacacctgat tcttaggtgc atgccatagt gggatatgtt getttgatca 3472
gaacctgcag ggaggttttc ggecaccact taagtttott ggegtttett tcaaaccaaa 3532
actaaagaat ggttgttctc tgagagagac tggagtgcca ccaccaaaga cagaggagag 3592
aaaaggagag aaaccaaact tggggacagc aacatcageg aacccggcta gttggocacac 3652
cgatggtgag gegtacacagg cggtgagacc tatcccacaa gatttctgga agactagget 3712

tatctcaacc aatgttttot ggcteggaatc tttgtccatg tattcotgaa geccaggaaa 3772

(amn



Thr lie Val Ser Gn Asp Pro Qu Leo Pro His Lys Asn Met Phe Thr
305310315320 Val Mh Arg Asp Thr lily Val lie Ser Val Leo Thr Ser Sly Leo
Asp 325330335 Argd userTyrpromr Tyr Thr Leu Val Val G n Ala Ala Asp Leo
340345350 G n Sly Gp (fly Lou Ser Thr Thr Ala Lys Ala Val be Thr Val Lys
355360365 Asp lie Mh Asp Wvh Ala Pro Val Phe Mh Pro Ser Thr Tyr Gn Sly
3703715880-tGContevdec Ptzai@tuaehiacasly awtabtedoh efiitiaasdy g 3% e Ala Thr Lou Lys Val

3853%9&%&?(:%9%’:?0@ agt“?g‘aaaéé& ng&eté!g%é’{g‘g%&/@g%%éct?r QoA @ Trp Lye Ala Va Tyr Thr

40540415 Val e Val Vval Val Thr Asp Pro Thr
4204254@6%‘1’%‘3%%%3&}532-35; anaéGtEféGEQEVQEaH'H?%WtQE Ly®¥2Sly Leo Asp Phe Gu Al

43544%&%&){&@@ Qatﬂtalgsrcaycﬁ doQRatdiRa YRbot N Y@ G u M Qu Gu Pro Phe
450455460 A u (fly 8cr Leu Vaf Pro Ser Thr Ala The Vval liv Vab Asp Val Val

46547@&37'5%%@3@6%6& %qgaa@nta@ﬁtgmgaatﬁtcéc PEEeetige MEY2Pro Ala O u kg Arg Val Gu
485490485 aVadtaaRiceh §FdicaePalBa i ayagMedca GcYaakte @ |1 e Thr Ser Tyr Thr Al a

aaatctcagec tttttgataa ccactggaaa gaattttatt gaaagttctg tacttaccta 4192
actttggaag aaaatgatga ccacaatcaa ctgtgagaac tgttgatttc tetgtagttt 4252
aatcatgtaa tgttgctaga gteacctttg tatgtagtit gagtetatet gtetgeggtee 4312
tgataatttt gtattttete geeggtegaa aaggtaagec attgaaacceg ttctotaaga 4372
tgcattttta tgaattttat taaagagttt tgttaaactg t 4413

Q210> 4
<211> 884
<212> PRT
<213> Mus musculus

<400> 4

Met Gly Ala Arg Cys Arg Ser Phe Ser Ala Leu Leu Leu Leu Leu GIn
1 5 10 15

Val Ser Ser Trp Leu Cys Gln Glu Leu Glu Pro Glu Ser Cys Ser Pro

20 25 30
Gly Phe Ser Ser Glu Val Tyr Thr Phe Pro Val Pro Glu Arg His Leu
35 40 45
Giu Arg Gly His Val Leu Gly Arg Val Arg Phe Glu Gly Cys Thr Gly
50 55 60
Arg Pro Arg Thr Ala Phe Phe Ser Glu Asp Ser Arg Phe Lys Val Ala
65 70 75 80
Thr Asp Gly Thr Ile Thr Val Lys Arg His Leu Lys Leu His Lys Leu
85 90 95
Glu Thr Ser Phe Leu Val Arg Ala Arg Asp Ser Ser His Arg Glu Leu
100 105 110
Ser Thr Lys Val Thr Leu Lys Ser Met Gly His His His His Arg His
115 120 125
His His Arg Asp Pro Ala Ser Glu Ser Asn Pro Glu Leu Leu Met Phe
130 135 140

Pro Ser Val Tyr Pro Gly Leu Arg Arg GIn Lys Arg Asp Trp Val Ile
145 150 155 160

Pro Pro Ile Ser Cys Pro Glu Asn Glu Lys Gly Glu Phe Pro Lys Asn
165 170 175

Leu Val GIn |le Lys Ser Asn Arg Asp Lys Glu Thr Lys Val Phe Tyr
(12)



500505510 Arg Gu Pro Asp Thr Phe Met Asp G n Lys He Thr Tyr Arg He Trp
515520525 Arg Asp Thr Ain Ash Trp Leo Qu He Asp Pro Au Thr Ay Ala He
530535540 Phe Thr kg Ala Ao Met Asp Arg Au Asp Ala G H s Val Lye Asp
545550555560 Ser Thr lyr Val Ala Leo Ile Ile Ala Thr Asp Asp Ay 3cr Proe
565570575 Ala Thr Ay Thr @y Thr Leo Lou Leo Val Leo Leo Asp Val Asn Asp
580585590 As®0Ala Pro 11é8Pro Gu Prd%g Asp Met G n Phe Cys Gn Arg Asn
595600605 Pro G n Pro His Ile Ile Thr He Leo Asp Pro Asp Leo Pro Pro Asp
61065620 THhEly SerciPre RheysTie PrAlval Gywvalee IThr Hs Ay Ala Ser Val Asp Trp
6256306356%0 Thr Ile d% Tyr Asn AP Ala Ale G n Gu Ser Leo Ile Leo G n
Pro 645650655 Arg Lys Asp Leo Qu He Ay G L: her Lys Ile H's Leo Lys Leo
Al a 660663670u AgpGiA3m L@ hysAshTHryién AepeGlsn Akl Thr Thr Leo Asp Val Hi s Val
/s 675680685 ASP O§¥ Gu Ay Ti*#F% val Mh Asp Cys Met Lys Ala Ay Ile Val

Al a 690695700 Ala Gy Leo Gn Val Pro Ala He Leo Ay He Leo Gy Gy ile Leo

Glu Ala Ile Ata Lys Tyr Ile Leu Tyr Ser His Ala Val Ser Ser Asn
225 230 235 240
Gly Glu Ala Val Glu Asp Pro Met Glu |le Val Ile Thr Val Thr Asp
245 250 255
Gln Asn Asp Asn Arg Pro Glu Phe Thr GIn Pro Val Phe Glu Gly Phe
260 265 270
Val Ala Glu Gly Ala Val Pro Gly Thr Ser Val Met Lys Val Ser Ala
275 280 285
Thr Asp Ala Asp Asp Asp Val Asn Thr Tyr Asn Ala Ala |le Ala Tyr
290 295 300
Thr |le Val Ser GIn Asp Pro Glu Leu Pro His Lys Asn Met Phe Thr
305 310 315 320
Val Asn Arg Asp Thr Gly Val 1le Ser Val Leu Thr Ser Gly Leu Asp
325 330 335
Arg Glu Ser Tyr Pro Thr Tyr Thr Leu Val Val Gin Ala Ala Asp Leu
340 345 350
GIn Gly Glu Gly Leu Ser Thr Thr Ala Lys Ala Val |le Thr Val Lys
355 360 365
Asp |le Asn Asp Asn Ala Pro Val Phe Asn Pro Ser Thr Tyr Gln Gly
370 375 380
GIn Val Pro Glu Asn Glu Val Asn Ala Arg Ile Ala Thr Leu Lys Val
385 390 395 400
Thr Asp Asp Asp Ala Pro Asn Thr Pro Ala Trp Lys Ala Val Tyr Thr
405 410 415
Val Val Asn Asp Pro Asp GIn GlIn Phe Val Val Val Thr Asp Pro Thr
420 425 430
Thr Asn Asp Gly lle Leu Lys Thr Ala Lys Gly Leu Asp Phe Glu Ala
435 440 445

Lys GIn GIn Tyr |le Leu His Val Arg Val Glu Asn Glu Glu Pro Phe
450 455 460

Glu Gly Ser Leu Val Pro Ser Thr Ala Thr Val Thr Val Asp Val Val
465 470 475 480

(13)



705710715720 Ala Leo Leo Ile Leo Ile Leo Leo Leo Leo Leo Phe Leo Arg Arg
Arg 725730735 Thr Val Val Lys Qu Pro Leo Leo Pro Pro Asp Asp Asp Thr Arg
Asp 740745750 Asn Val Tye TTyr Asp Qu Qu Ay G- Gy Gu GQu Asp Gn Asp
755760765 Phe Asp Leo Ser Gn Leo His Arg Ay Leo Asp Ala Arg Pro G u Val
770775780 Thr My WMh Asp Val Ala Pro Thr Leo Met Ser Val Pro In TIET My
78579@7%8@0‘“!3’@?% | Rr Rhe MetaProvhlapipArade Wl Elule Gy Mh Phe Ile Asp U u M
805810815 Lou Lyss Ala Ala A8 Ser Asp P 8 Thr Ala Pro Pro Tyr Asp Ser Leu
820825330 Lou Val Phe Asp Tyr Gu Sly Ser Sly Ser Ao Ala Ala Ser Leo Ser
83584p8HE6 Gsehsn IPhptindg %égggsﬁv St #6819 HANFGENAspl yr Aspl yrbu 850855860 Aso
Uu ,rp Sly My Phe Lys Lys Leo Ale Asp Met Tyr Sly Sly 865870875880 Sly

Hu Asp As
( ArfGIu PPo Asp Thr Phe Met Asp Gin Lys Ile Thr Tyr Arg lle Trp
515 520 525

Arg Asp Thr Ala Asn Trp Leu Glu lle Asn Pro Glu Thr Gly Ala lle
530 535 540

Phe Thr Arg Ala Glu Met Asp Arg Glu Asp Ala Glu His Val Lys Asn
545 550 555 560

Ser Thr Tyr Val Ala Leu |le Ile Ala Thr Asp Asp Gly Ser Pro lle
565 570 575
Ala Thr Gly Thr Gly Thr Leu Leu Leu Val Leu Leu Asp Val Asn Asp
580 585 590

Asn Ala Pro |le Pro Glu Pro Arg Asn Met GIn Phe Cys Gln Arg Asn
595 600 605

Pro Gin Pro His Ile lle Thr {le Leu Asp Pro Asp Leu Pro Pro Asn
610 615 620

Thr Ser Pro Phe Thr Ala Glu Leu Thr His Gly Ala Ser Val Asn Trp
625 630 635 640

Thr 1le Glu Tyr Asn Asp Ala Ala GIn Glu Ser Leu |le Leu Gln Pro
645 650 655

Arg Lys Asp Leu Glu lle Gly Glu Tyr Lys Ile His Leu Lys Leu Ala
660 665 670

Asp Asn GIn Asn Lys Asp Gln Val Thr Thr Leu Asp Val His Val Cys
675 680 685

Asp Cys Glu Gly Thr Val Asn Asn Cys Met Lys Ala Gly Ile Val Ala
690 695 700

Ata Gly Leu Gin Val Pro Ala Ile Leu Gly Ile Leu Gly Gly Ile Leu
705 710 5 720

Ala Leu Leu Ile Leu |le Leu Leu Leu Leu Leu Phe Leu Arg Arg Arg
725 730 735

Thr Val Val Lys Glu Pro Leu Leu Pro Pro Asp Asp Asp Thr Arg Asp
740 745 750

Asn Val Tyr Tyr Tyr Asp Glu Glu Gly Gly Gly Glu Glu Asp GIn Asp
755 760 765

Phe Asp Leu Ser Gln Leu His Arg Gly Leu Asp Ala Arg Pro Glu Val
770 775 780
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Thr Arg Asn Asp Val Ala Pro Thr Leu Met Ser Val Pro GIn Tyr Arg
785 790 795 . 800
Pro Arg Pro Ala Asn Pro Asp Glu lle Gly Ash Phe lle Asp Glu Asn
805 810 815
Leu Lys Ala Ala Asp Ser Asp Pro Thr Ala Pro Pro Tyr Asp Ser Leu
820 825 830
Leu Val Phe Asp Tyr Glu Gly Ser Gly Ser Glu Ala Ala Ser Leu Ser
835 840 845
Ser Leu Asn Ser Ser Glu Ser Asp GIn Asp Gin Asp Tyr Asp Tyr Leu
850 855 860

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

Gly Glu Asp Asp
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