DESCRIPTION Title of the Invention: METHOD OF PRODUCI NG RETI NAL Pl GVENT
EPI THELI AL CELL SHEET Technical Field 5 [0001] The present invention
relates to a production nethod of a cell sheet, conprising seeding retinal
pi gnent epithelial cells on a col | age¥CRERTICEhe present invention also

relates to a.cell sheet for transpl | 0 onprising a cell layer forned
/0 fromret iafnlgcﬁepf%rrgﬁ? éﬁ??ﬂéjr?% @Q}L@ é#d P%@ggﬁgngE%%Faﬁég%ENT .
Background Art [0002] AtpPriESEtT, @ge; relsatred macul ar degener ati on
(AVD) is qgne of the_major causative diseases of |egal blindness in advanced
i s countril&SPPAGG I RLY seen in el derly citizens over 50 years of age.
Age-rel at ggomagul ar degeneration is caused by age-rel ated changes in the

macul a, and largely divided into an exudative formand an atrophic form
Exudati ve age-r &hat pdesactl drvelegenerstliaoresd $ca adipsedsetassonéahed af th t he

devel opne f eoy ular_vessels from,the choroid, in the, nacul a of
cl dor |y oRElgeRE ool hor O bty St AT e BoPBRTan GBI ERGLF bt F S
pi gment  epint hekoliegenr @&l na, Thangridseall MnvbaemBhi 90sof ran S 4d ssue.
Atrophi c age-rel|ated_macul ar degeneration is a di sease acconpani ed by

at r ophy oF%ﬁHeSFFﬁEEI LPT af Ban AME MU atd P EE1rg dr gséh. 1Aver eformot

| esi on;) eading k018X Y8t inyen AN AHOPNI € 299+ elat gd aagyLar degeneration
is somglt]i nes rgferlredd?oé%art%#arelqy as de%g%sy age-reggge% recul ar. <
degener at P8gkgapgnghfst] esion is al so considered to be one pathol ogy of

age- rel at[%ogﬁcul ar degeneration. 30 [0003]

At present, age-related macular degeneration (AMD) is one

of the major causative diseases of legal blindness in advanced

15 countries, and mainly seen in elderly citizens over 50 years of
age. Age-related macular degeneration is caused by age-related
changes in the macula, and largely divided into an exudative
form and an atrophic form. Exudative age-related macular
degeneration is a disease associated with the development of

20 neovascular vessels from the choroid, in the macula of elderly
citizens, then bleeding and exudative lesion under the retinal
pigment epithelium or retina, and finally, formation of a scar
tissue. Atrophic age-related macular degeneration is a disease
accompanied by atrophy of the macular area and accumulation of

25 drusen. A precursor lesion leading to exudative and atrophic
age-related macular degeneration is sometimes referred to
particularly as early age-related macular degeneration, and

this lesion is also considered to be cne pathelogy of age-—

related macular degeneratiomn.
30 [0003]

For the treatment of age-related macular degeneration
when it is a mild exudative form, a surgical therapy such as
photodynamic therapy, laser photoccagulation, stripping of
neovascular vessel and the like, or a treatment method aiming

35 at regression and removal of neovascular vessel by a drug
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- For the treatnent of age-rel ated nmacul ar degeneration when it is a nmld
exudative form a surgical therapy such as photodynam c therapy, |aser
. phot ocoagul ati on, stripping of neovascul ar vessel and the like, or a

treat nenttpethed ahdh N 3Rt LGRS S0R ARl LAARNatoofonegYasFl A aessel
by a drug therapy such as adm nistration of an inhibitor of the vascul ar

endot hel | @Rdgtlant i ¥ Bt VEGEPT dVEGFd iprotHedakei e oganeaive | i ke
can be selggted. However, I%J'ese feg:rtg&e“tg%&‘?eﬁeaﬁ Cfﬂﬂ:%tme?xrtq\gn%ﬁlat has

t herapeutic effectiveness Tor t éxudat i vé or é%rop ic form

pr ogr essemens t benmov gnoed dd rdphypentiackfdbcee étrénats pfgirertie epi t hel i um
(RPE). In_such case, an effective trea nt nmethod is_transpl antation of
Feti nal® pPEROREL pi Phel 1IN 15058, TPati AP BRGHERESEi thetiumqGris
defici entastéghiingeridhe getididanalo di@A@dk epithelViahi ORiSE | I eatim@pknmet hods
by the transplantation of retinal pignment epithelial cells have been tried.
It has be@s¢epdt tTHLeHaVY ridipspenttamiedhodft Lpet raafPrhigpehtoepit hel i al

cel I's obt 'Qfgair%{@ntﬁefé—[e@[é ieéhléiiiiarl B:*éﬁlfs%@ ?Etﬁngi" ﬂ:\i,\%rgeﬁ‘&'s@g?ir\ﬁeﬁlgﬁmom

poor engraftnent ansplanted célls. 'n cases reare

pi gnent epothiediddfoeldntsheigte alrsiercahieaireichgaBr uch' s nmenbrane and choroid
det ached ké@@ f sheet from a cadaveric eye was transpl anted, post-operative
rej ecti’n tfred and a sufficient treatment effect was not obtained 20

(non-pat ent docy®ibud )t rddtradd he@hodsheymehBodrahébiZh gk forcagdaveric eye
has been pointed out to include an ethlcaF problem ©On the other hand, a
case of |hpkovel RyFWHhtetheldali estllw hRVEgkersl Bfted mad &as been
degener at | 90, PAasy bag rﬁ%gi dnrahaigl BeUsedinas B:i gkt ' i g
coIIectingggﬂe patient's éﬁghﬁlnoLﬁ% refina pigﬁgﬁtggg?éiéﬁéﬁﬂé%xﬂ | s and
choroi d apéllsamsiphbmd nyarhdmrtan theé udefincitbrt feitecfindecelhe macul a.

However, this nethod places an extr I hi gh_ burden on tients .and an
oty o S RPRRETT R ol Bt iR ornt heer SRkl e [ ze
the patienh' caouw wihése pi GEina30 papidchel ephteellsicebl ectieskf romd he
patient with age-rel ated macul ar degeneration for the transplantation

i nst ead ofCRERTIEI RGNS SFaTecaPncelcher ot Redtpperedi ke ot MRet i nal
mor cover , 1R8 burden B 1Tek aF GtrT B g rhe Bart entr et o FEnel e
hi gh ( nonepatentd dordirerguiX)iciEngs treatwenti efifect was not cobtained
20 (non-patent document 1). In addition, the method utilizing a
cadaveric eye has been pointed out to include an ethical
preoblem. On the other hand, a case of improved eyesight of a
patient with age-related macular degeneration has been reported,
wherein used was a method including collecting the patient’s
25 own normal retinal pigment epithelial cells and choroid and
transplanting them to the deficient site under the macula.
However, this method places an extremely high burden on
patients and an extremely high risk of surgery. While an
attempt has been made to utilize the patient’s own iris pigment
30 epithelial cells collected from the patient with age-related
macular degeneration for the transplantation instead of retinal
pigment epithelial cells, the upper limit of the final eyesight
is low and a sufficient effect has not been obtained, and
moreover, the burden and risk of utilizing the patient’s own

35 cell are high (non-patent document 2). Thus, conventional
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treatment nethods using cells collected froma cadaveric eye or the
patient's own cells are not practical in terns of ethics, safety, effect
and the like, and a retinal pigment epithelial cell truly usable for a

transpl ant aéd ety eastiRidls hasnbeeBl5sdesiiedief 00O5) a cadaveAs OREeObyt he
production nethods of a retinal pignment epithelial cell sheet, a nethod
i ncl udi ngtRAMBI NP Sl e et dFe 2EBGLELF aP B2 GF + B2 Anl Xt g Eel A fuledh st ri x and

the liKke, nd ri ret.l pi n i iad : to form
 sheet can B mr ored ot Cenann e o ael T hoett S he o ed by
cul turingcekt i mallypiup@ndte dpirt helkirahspébhhsabhora f1drtonsct e detead

mat eri al ,dbut formation of a basenent nenbrane is not reported, and a

met hod *of “t3Ki Ay out a sheet /5 froma container in which the sheet was
formed i sjmogsdescri bed at all (non-patent docunent 3). In consideration of
such problens, a nmethod of formng, in advance, a retinal pignment

epithelial cel I1AsIRE& By Hisi RgoadHCaA PN MeFapdpepbrane i ndl ademsnta

basenent T'EW h e vel,o : aboy i£s.1 However, an
artificia nenﬁ]%nle%i%s,ﬁf %&Fgg't 3 E‘gqgg%ﬁi g%%géllf;%ré engrrgc# ?Jnecﬁetsl]i n

t ranspl antat twre snbsturdts orddh ami pkeénaneéloiat heatody . anthitthe dnkarntifici al

menbrane with | ess bi ol qgical .response.has. al so n devel oped, it is not
oul tanlte 51 T HHE Rt O Lo PACEERE B bbRERar] CATI Y i HiRARSS 958 forn

i nfl ammati oshednd ¢ e nmtdssed. at e6lr t &edimyid,h,a Wldh siieetCausedeby the
differences fromthe basenent nenbrane produced by the cell itself in the
conposi t i BT dpertilddringgitgiti paana i enenti Rl tedhiehtGohs 137 avor eover, a

met hod of £ gl duirding, &8N aa RrdABNt LEPI FBehhflofebt Shepteawi ng polarity
has been 30 known. However, 1t is only for experinental nodel use wherein

retinal phegmemnepis helt alerceitiesl, anodi ampethdizefl tdnengeritved shegh a
i vi ng. organi sm areclai.s made | a_copt ai n(gri and directl,
f

P, a  Cory T W L9y a gee ei W me S ot .cejcr, %
utilized, T and § tCHas net ﬁ'éjt §BI Eg‘ agbug}[‘] r%%ov%ll;y A 18t i &ﬁient
epi theli aht cell sheetparedtd de@dument 3). In consideration of such
problems, a method of forming, in advance, a retinal pigment
epithelial cell sheet by using an artificial membrane in place
of a basement membrane has been developed by plural
20 laboratories. However, an artificial membrane is feared to be
a disorder for engrafiment in transplantation and functional
maintenance of the body. While an artificial membrane with a
less biological response has also been developed, it i1s not
suitable for transplantation since it problematically induces
25 inflammation and rejection associated therewith, which are
caused by the differences from the basement membrane produced
by the cell itself in the composition, properties, rigidity and
the like. Conventionally, moreover, a method of culturing a
retinal pigment epithelial cell sheet having polarity has been
20 known. However, it is only for experimental model use wherein
retinal pigment epithelial cells and immortalized line derived
from a living organism are/is made into a sheet in a container
and directly utilized, and it has not yet enabled actual
recovery of a retinal pigment epithelial cell sheet provided

35 with a basement membrane as in living organisms from a
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35 with a basement nenbrane as in living organisns froma container
(non-patent docunent 4). There is a nethod of obtaining a retinal pignent

epithelial cell sheet by exfoliating retinal pignment epithelial

cells

directly gathtaf @ Ofhch-GiHtdHte icshen® BRQUITIUSHNG A exdthaeeklful ar mat ri x
and .5 the |like. Such nethod of detaching cells bﬁ%exfoliation cannot

st abi | i zeOkbhRigHpe aivtf idiade RHUNCHE gRéthelpadert

and causes, I n nost” cases, disintegration of the shape o

: . : At FRABF e and the |ike,
causes nughrdanhge. on tihe retd:nal. i ggﬁ@heﬁggihw% &fh%ai]% 5

dfeliat i on,
eet and

scatt er edoned | sulliirielish,t he tdecfud] watingnant hwsréael Lnbat ongrow deda cel |
sheet usaple for transplantati,on.and, the.like on- pat ent, .docunment _5 In
poi it e AR ECSRARCL - o Ot o R R SR SS L S f g
cul turingseghl Bipn the foldager hascbeenthepsnted, basafer©trhdigdraecgment

epithelial cells are not used. Mreover, 15 to increase the gel

strength, a

crossl i nkiRAg Beentifre P uUsehEVEIdEdTsgFaPat EPY, THAT B k& the et hod far
f rom convegl enly A dEPId dpalah jARGUAENLAY) cafiSebhes sidyal | ofkdiow stands,

production of a retinal pignent epithelial cel

sheet, which is

t her apeut dtal hye@fdteioii el fidre métipgab fditbeasbsesughd ascageerd gadllat ed
macul ar degener at.i on the lik and convenjient and.st abl O _.prepar e,
s o1 TSRS ORS e Pt Tl o e Ret R THg b BRLeR A b e
pat ent dogeaé flor IP-ahs300br26129° ahaorhpall €Re doctrpat Sht [ ent 5) .

non- pat ent docunment 1: Ophthal mc Surg. 1991 Feb; 22(2): 102-8.

document P° FeRokiPTy BB MeECAI9Y Beseliggrifuregsubspraps with

non- pat ent

collagen and culturing cells on the collagen has been reported,

human retinal pigment epithelial cells are not used. Moreover,

15 to increase the gel strength, a crosslinking agent needs to be

added separately, which makes the method far from convenient

and rapid (patent document 1}). As the situation now stands,

production of a retinal pigment epithelial cell sheet, which is

therapeutically effective for retinal diseases such as age-

20 related macular degeneration and the like, and convenient and

stable to prepare, has still been a problem.
[Document List]
[patent document]
[0006]

25 patent document 1: JP-A-2005-261292
inon-patent documents]
[0007]

non-patent document 1: Ophthalmic Surg. 1991 Feb; 22(2):

162-8.

non-patent document 2: Tohoku J Exp Med. 1998 Dec; 189(4): 295-

30 305.

non-patent document 3: Nat. Protoc., 4(5), 2009, 662-673.

non-patent document 4: Invest. Ophthalmol. Vis. Sci., 47, 2006,

3612-3624,

non-patent document 5: Invest. Ophthalmol. Vis. Sci., 36(2},

35 1985, 381-390.



non- pat ent docunent 3: Nat. Protoc., 4(5), 2009, 662-673. non-patent
docunent 4: Invest. Ophthalnol. Vis. Sci., 47, 2006, 3612-3624.
non- pat ent docunent 5: Invest. Ophthalnmol. Vis. Sci., 36(2), 35 1995,

381-390. g SR OFHEHE N/NMENBNON Probl ens to be Sol ved by the Invention
[ 00081 The problem of the present invention is to develop a new 5 net hod of

produci ngPEck Enhdlc figgrsdivespvhéhpafn¥entigheet conveniently and stably
wi t hout Ugﬂ)(ﬁ‘@B n artificial nenbrane, and provide patients with a di sease
associ at e the lack of retinal pignment epitheliumsuch as age-rel ated
macul ar degener®ia @rdmcnt e ltheepwethna tetemalopi Qeremt @pidllvgd iaahe¥0 cel |

sheet for transplantatjon, which sho hi gh engraftnent rate and is
supori of TRLITMCL: G CMEHIG 6F TS5RUPIGPLAESE oBP bHRS 117 DOGYL: THEESr esent
i nvent or scpfpshicat By Gold heaty by theufl 0gidqg! sn Cott ages Helndrdyemnegn a

cell culture substrate, and seeding and culturing retinal pignment
epi t hel i a#n@ PT@VidfeadienkscalilthsRedis6BEAI ABHCBYA s8R H Ht H’gtﬁ AEick &fns a
basenent #]@{rﬂ : E\Qﬁﬁ t: a g _ i i gment
epithelial ce ?afgﬁ?%g‘i ) %glgﬁteggkheggggr g%i %ﬁga%??ﬁ%& alﬁl%é% esi veness 20
bet ween cé¢dsnsratiler arol thesd ide wethnal rptgneht pegneinel el tieeliled i n vi vo,

From (o SeH ST ur S T ParE ML 6 nal At APnTHEE he: HAceHETRL T anc by
deconposi aAgré hen€old ageiegeJr wint Fueekliagenase. I n addition, the cells
Means of Solving the Problems
[0009]
The present inventors produced a cell sheet by forming a
15 collagen gel layer on a cell culture substrate, and seeding and
culturing retinal pigment epithelial cells thereon. A cell
sheet obtained by such method maintains a basement membrane
between the collagen gel and the retinal pigment epithelial
cell sheet, has cytokine secretion ability and adhesiveness
20 between cells similar to those of retinal pigment epithelial
cells in vivo, and permits easy detachment of the retinal
pigment epithelia} cell sheet from the cell culture substrate
while maintaining the basement membrane by decomposing the
collagen gel with collagenase. In addition, the cells
z5 constituting the cell sheet maintained the expression of a
retinal pigment epithelial cell specific marker. The present
inventors have conducted intensive studies and completed the‘
present invention from these findings. Accordingly, the
present invention provides
30 [1] a method of producing a cell sheet comprising the following
steps
(1) seeding and culturing retinal pigment epithelial cells on a
collagen gel to form a cell sheet composed of the retinal
pigment epithelial cells, and
35 (2) degrading the collagen gel with collagenase to detach the
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25 constituting the cell sheet nmintained the expression of a retinal
pi gnent epithelial cell specific marker. The present inventors have
conducted intensive studies and conpleted the present invention fromthese

findi ngs. cATTosKkag! dompdPrEseMe irevenhilopighent desi@]{d1 admtdiod of
producing a_cell sheet conprising the followng steps (1) seeding and
cul t uri nglfét FralPRRdienioremaiied aF &8rl sedh abedl| ajehyabawform a cel |

sheet conpg @%Q%?tm,r %t}é%i{rﬁit%%eQ%tgﬂgﬁhﬁkgﬁénﬁeé%&hm ﬁe(lg])? are

degradi ng the coll agen ge col  agenase t0 detach the ce eet
conposed oflihnechmtimad lpi gimehiciegi thdlfeakncébtson ¢R]stére qrldductn on
met hod of _the cell sheet of the above-nentioned [1], wherein the retinal
pi gment5 e%F?%%ﬁlJr%?r ccé?%ﬁss’are cell s obtained by inducing differentiation of
stem cel | $3Dprthé Pproger ! ettt off 3het Belpr gHust i 0 tmd hashwf- the cel |
sheet of the above-nentioned [2], wherein the stemcells are ES cells or
i PS cel | stentianeq he? Jr gdrdisigh thst §66ToFet hé eBf| ESheetlafok HP%bove- to
mentioned.fl]s.Wherein the concentration of collagen in the collagen gel is
0.1%- 0.5% [5] the production nmethod of the cell sheet of any one of the
above- nenf £ bnelge [dfcduwrstiddn rfanhtcldeofcaimpr csilhgshbhet f of | Owe gpsteep (3) 15
(3) confirm th esence ar sence of _a_ basenept rane. on .t he
Cont acth SHFTaERRe: bEEn i i JORed ot ERELP aRh ThE Cort agortbol :  [6]
a cell shestlpgosuged hy d.he nethod;of any one of the above-nentioned [1]
to [5]; 20# 7%}%a cell sheet for transplantation, conprising a cell |ayer

r

formed wif ¢ OB GPrictit mesinaReOifalthee PR 1 oBPaFhe®l b1Y riefiftidiy the
di T f er ent ipbyOnn O SRIR (el S 01[ 41, 096RhRY E6hbS:SXny! ¥he AT ArihASETEN!
menbrane secreted fromsaid cells; an .

step (3)

15 {3) confirming the presence cr absence of a basement membrane
on the contact surface between the detached cell sheet and the
collagen gel;

[6] a cell sheet produced by the method of any one of the
above-mentioned [1] to [5];

20 [7] a cell sheet for transplantation, comprising a cell layer
fermed with retinal pigment epithelial cells obtained by
inducing differentiation of stem cells or progenitor cells ex
vivo, and a basement membrane secreted from said cells; and
[8] a cell sheet for screening, comprising a cell layer formed

25 with retinal pigment epithelial cells obtained by inducing
differentiation of stem cells or progenitor cells ex vivo, and
a basement membrane secreted from said cells.

Effect c¢f the Inventicn
{00101

30 According to the present invention, a retinal pigment
epithelial cell sheet having a constitution having a basement
membrane appearing on a surface can be prepared easily and
stably. Since the cell sheet of the present invention is
superior in the engraftment rate and functionality, and

35 extremely useful for transplantation, a sheet composed of a
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[8] a cell sheet for screening, conprising a cell layer formed 25 with
retinal pignment epithelial cells obtained by inducing differentiation of
stemcells or progenitor cells ex vivo, and a basenent nenbrane secreted

from sai dbgedhént Edrentanef dbhide rbmveant | ngﬁm@ﬂﬂ%pMJ@ﬁﬁid&LM Jahe pRr esent
invention, a retinal pigment epithelial cell sheet having a constitution

havi ng a Ba_eMEl Fchiiradd c8pfeaPrirdenhsa st f arlt kaknle Hrasaaasd segdi |y

and stabl ys Sincethe, 68l L sheet 1ot 5t g R e5eqLqdhy | enijqL i N
t he engra ? Nt rate an fa@%cti onal |dty, can% 35 ext r%rgej[é;pu%srgjf E#l%f (%"r&e
t ranspl anbat ioms@ shedti cconpbsedichilarl pasementtheemferldnecabe netinébr

i t epithelial 1ls . b d . | i patjents with
D0t halm Lo it oy 6 A8 pSLOBRES GPEHBgLE | OPST e e ch AU ener at  on
and the |&&El pyrdyaispmnatirenspPant heubar byn Mhewdhe-cad) 1ta1be iuged for

Sculture is a retinal pigment epithelial cell derived an iPS cell,
rej ecti onthf RFEIPINOH 6FldaRsShe &9BFE8d by utilizing the patients' own

Con LT F s L Sn plable D os LOOLY 0% g, L shoue
pi gnent epd@hklial cell sheet. Description of Enbodinents

10 Fig. 1 shows the results of the test of the cytokine
secretory capacity of the retinal pigment epithelial cell sheet.
Description of Embodiments
[0012]

The present invention is explained in detail in the

15 following.

7 The present invention provides a production method of a
cell sheet, including the following steps:
(1) seeding and culturing retinal pigment epithelial cells on a
collagen gel to form a cell sheet composed of the retinal

20 pigment epithelial cells, and
(2) degrading the collagen gel with collagenase to detach the
cell sheet composed of the retinal pigment epithelial cells.
[0013]

While the retinal pigment epithelial cell to be seeded in

25 step (1) may be a cell derived from any mammal as long as it is
derived from a mammal (e.g., human, monkey, mouse, rat, dog,
bovine, horse, swine, sheep, goat, cat, rabbit, hamster, guinea
pig etc.), it is preferably a cell derived from human.

[C014]

30 The retinal pigment epithelial cell to be seeded may be a
primary cell directly collected from an eyeball, or a cell
after several passages. The primary retinal pigment epithelial
cells can be isclated by a known method. For example, in the
case of eyebali-derived retinal pigment epithelial cells, a

35 cadaveric eyeball i1s isclated, rapidly divided at the
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[ 0012] The present invention is explained in detail in the Is

foll ow ng. The present invention provides a production nethod of a
cell sheet, including the follow ng steps: (1) seeding and cul turing
retinal pi riepi theYricdlt ,cehksveRracasl b Nagel tHO Farimaa 6@l | sheet

conposed of the retinal 20 pignent epithelial cells, and (2) degrading the

col | agen ¥&Io¥Rd mrsblUregdess e 1ts get agtienaee cerya Sl danfpesed B t he
tinal p ' | X 0 | td ; ]
regi It Egl i gjfﬂg%ln%s ?gé ereg gﬁde%ﬁenéﬁéﬁgt %’S‘L(éf%ﬂn%@{%% kycéecf}%tcfgfrl?l@ggagz%?n any

manmal ascé hgs@sagdr,i rderieeedehtommat mppeih ¢2.KPTA hambartiamnkey, nouse,

rat, dog,. hovi ne, horse, .sw_ne, eep, goat, cat, rabbit, hanster, guinea
pig etd )L1Hgr rlfse &?@f Sy %Ogeﬁpedgf}lgl%gsfmgﬁ?%n.sﬁ%ﬂﬂn 30The retinal
pi gnent epitthetd aledild tip ibeseedadeRBYn beo aris | drthkeldi H et |y

collected froman eyeball, or a cell after several passages. The prinmary
retinal pPeerEHt e3id Hélg aleldel PsoraniBethgoraebr & HINGRIWRIFet hod. For

exanpl e, i caaﬁse f l4l = ive i '1&[[@{}% it i.al Ils, a
35 cadaveéél%fi@elba Eh}i)gal s%lg%tdegg%a%i gfgﬁ%hi@/?%dre% at 't e&%éqtr}gjlt ()S%icéll e
segnent, the oell eouderody and the retina are renoved and treated with

col | agenaﬁﬁ @C/al uroni dase and the |like as necessary, the cells are
col | ect%d ratching with a cell scraper, or treatnment in trypsin or
p yp

EDTA sol ution tmi&Hdhrirat e chigecekl $sfhom 4 heo Bsaicthes d@Inty aaisteaod in a
culture mediumto induce adhesion to the culture dish and growh, and the

cel I's grown HftHe s ehififtcegnidnbérnapé BR+bPPT et Elatehsslaedaicrty a
trypsin tgeaf et Lt o QSeHreohhe Skl BUTPefEs cell), induced

pluripotent stem cell (iPS cell) and the like, stem cells

15 including somatic stem cells such as neural stem cell and the
like, or progenitor cells including neural progenitor cell and
retinal progenitor cell. The ES cell may alsoc be an ES cell
produced by nuclear reprogramming of a somatic cell. 1In
addition, as the stem cell, the object cell may be prepared by

2¢ inducing differentiation of induced pluripotent stem cell (iPS
cell) reported in recent years. The iPS cell is a somatic
cell-derived induced stem cell having properties equivalent to
those of ES cell, which can be produced by introducing a
particular nuclear reprogramming substance (nucleic acid,

25 protein, low-molecular-weight compound etc.} into a somatic
cell [Takahashi, K. and Yamanaka, 5., Cell, 126: 663-676
(2006} ; Takahashi, K. et al., Cell, 131: 861-872 (2007)1. The
conditions and medium used for differentiation of the
aforementioned stem cell into the object differentiated cell

30 may follow conventionally-known conditions and medium, or may
be appropriately determined by those of ordinary skill in the
art. In the present invention, a cell obtained by inducing
differentiation of stem cell or progenitor cell, preferably
pluripotent stem cell, is preferably used as the retinal

35 pigment epithelial cell to be used for cell sheet, since a
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10 [0015] Furthernore, these cells may al so be the cells obtained by
inducing differentiation of undifferentiated pluripotent stemcells such as
enbryonic stemcell (ES cell), induced pluripotent stemcell (iPS cell) and
the like, retemrebdgnei idpaltpdiingisernti 6t ShEMEELbSr SHEd ms @@y stem
cell and the |ike, or progenitor cells including neural progenitor cell and
retinal p?E@%@|@%ﬁ QﬁﬂQrepﬁﬁ?QESa@élPaﬁﬁycaﬂéﬁlbe aPEs 2lel Ve i dareéd sy

nucl ear I t cell, the
obj ect ce??ﬁggéfgyhggapar %%ﬂﬁéﬁ' &anEQH ?geé£8$?%%?6%ngf§C%ghbed

pl uri pot eshest erarcéhd ddﬁaﬁhagdqpsﬁ@pdbmmddin Trecenti tyiear,s whthe thBSceell is
a somatic cel|-derived i duceg & m cel | Ln erties equivalent to
those of BeCREITC Rihirge u€§8559 ﬁP?%gtﬁ Ngtd PArticul ar nucl ear

reprogr anﬂé‘ﬂsﬁmcﬂﬂ% (R QIFC agCiids aélmr 9t epPe FbANHI®| £GIHATT Wailght
conpound etc. % into a somatic cellagTakahashl, K. and Yamanaka, S., Cel

126: 663- 8i78e mf@ln%mm@ sRM tmalcelIC@lflthqsaubs%qtm@qzoom The

condi ti ong, ﬁ% %Eect dﬂ?l,feaqlga%loqll & ‘3“%5%%&8“09“ F#‘ cé‘ifrfwtﬂo@ﬁ%v%tem

cell intot erentiated cél ow conventi onal l'y-known
cond|t|onantm@bmmmhtynagnlnﬁﬁyth@ ampneptlaIWhgncEﬂ&Hemrnailbysthnﬁaceﬁ

ordi nary skil | rt n the rese t invepti a ce obt ai ned by
ety B AL AT ot SrReBE hle By BRSO Br S ur SR

pl uri pot egtest @ celilgn i pref %.ream )én@sﬁﬂeaiikaelé e&w@u@@ a1 garfemis
eplthellal cell to be used for cell sheet, since a retinal pignent

epi t hel i afli 66 Feniti i olp prashirma e degt wiahi ﬁts@agé%lahs‘@eswfwsﬁ dikk—dnd
particul apky. - d&r‘[@ ':E’Eﬂé’ A RWL8 LekL éhlg‘cg?‘u’&?o&@'ﬁéﬂ ds can

be prepare heet can bé a van ageous rmed ad I'tion,
when t he ¢é1542 5a1$dhetehe tJOLH:m prducedlbyredhefqar%egutvemmnmom |Rs< for
transpl angatjon e of i.PS cel | referable sinc sheet

bt ai il hathorad S5 MDA F ot L8a5] BECTSRECR ebor bev T FeSpIANR at i on,
as a Souréﬁpﬁéséel,;@ cald rdeem &@tlfﬂ@\lepa@fabﬁ@néphtbie@ﬂﬁl nsélide-subject .
Wien a stemcell is induced 10 to differentiate, for exanple, human ES cel

or pIur|p@?%ﬁ%n%@é%ﬁcﬁﬂqphﬂﬁﬂg%ﬁﬁh PYSEEVRtARE VHED| RReCPEIGU tured in an ES

di fferent f 1an S 7 and
the |ike gﬁgiﬁgﬁa antagonlst sﬁgkwggl%ebgggﬂb %ng gﬁgﬁgﬁﬁkoﬁmigﬁt When
cul tured pmgmenglDﬁguxmﬂaxnhcd%LetE@rﬁaﬁﬁOanduwlQﬂ 49Ai(3h hi@r3bﬂ|nal

Gpi thofi e PEEMT L Chr Bet RGN ) woFBnoI SQPAET OBecPOaT bf with an

opti cal njgposgope, by confirm ng cells having a pol ygonal form and pignent
[ Neur osci ence Letters 2009 Jul 24 458(3) .126-31, 20 Journal of Cell Science
2009 Sep 1 122 T 3)imlbgizgent pelial cefhs pét Fhal PRFyfRAt

epi thel | akncehl foofathe-pragant dynwendion heacubiukgdnbyzseeding on a

col I agen gel. The collagen used for the collagen ge e any as long as
it is 25 deilegenfuse af ommiied qukygenh@ﬁénmawnhheynynaaséqngaas dogis

bovi ne rse shee go ca rabbit. . hamster QU|nea etc.
and, f of g?ﬁﬁ%?ém% Uheh- 6&m§hn eghér%Vegnéoppgég i YOHSRd. ﬁ%ﬁgs of the

ti ssue depbvedef riomr€s) | agete, s eadon caski maabdtt hﬁaxhsk@r Whiire=d he
ki nd of the collagen may
pig etc.] and, for example, human- or swine-derived collagen is
used. Examples of the tissue derived from collagen include
tendon, skin and the like. While the kind of the collagen may
30 be any, one other than the collagen constituting the human
basement membrane is preferable, one other than type-1IV
collagen is specifically preferable. Of these, type I collagen
is preferably used. While a collagen gel can be produced by,

for example, a conventionally-known production method, in the

35 present invention, a gel composed of a collagen fiber network
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30 be any, one other than the collagen constituting the human basenent
menbrane i s preferable, one other than type-1V collagen is specifically
preferable. O these, type |I collagen is preferably used. Wile a coll agen
gel can bes psosticed] by fnefucexanglierogeconyvent f onel 1 3gdNows RIcedus biean

met hod, in t%& 5 present .invention, a gel, conmposed of a collagen fiber
network 13 %iiﬁ?éﬁ“wqtﬁ%@idngxﬁmﬁiﬁgerfe’é}%e e difeagEAc g91d@98Ri bed in

the bel O%é@rﬁﬂ%}ﬁ%m|ﬂe_x§bﬁﬁ§t§h§nfi:@rﬁl%ﬁ&tf&ll,' aﬂ@wge?s%%ngt h and

flexibility in nation, it is easy to handle, shows go i nt enance of
cel | prolhdrdlai chawsd gosid e idickfeneat 0at tohl el it prisfar aplde cad 1t he

col | agen ge ed in_the present _jnvention. | ddi tion, .,the collagen
Co be daeitt st Tt a%hy, A dat PERER b Y i % s (Fuitos Beni ch

are seedegssedh imeteoldragemtgehveanibhe gel sidiftacs ,withkowblakhew g bdemto
sink into th q$l | ayer. As the /o collagen, therefore, preferred is one
wher ei n tHEEGt? HLE B SSOteAgrRNEEEBsar JRE TR TO dibintadmatGedr Sand, for

exanpl e, e 408N hawdg 21 %@ecemggén_o{;ei ntgk ol el ars 5rQRsl i nking i's
preferable, As such collagen, tendon-derived collagen can be nentioned. 15
[0017]  withaai |ad e neolthegeioc6avdninkei oe ofel heewdor efsnthened

col | agen gsl) Iy, e |y A0 ange cas.Lang. as, Lt can. af fard anogl, haying
streng%h permiti'ng engraftite and gromfh of Tetina pigment &epitheli al
cel s, angtsaigisf yiengsselrybifloirt ye20 paciifésst hen degl adadd erxadaple,

col | agenase,_ vi scqQsity enablingveas¥ handl ing and the like, it is.

or ef or abl SO BLAIRT WAV 6. SO CH SFOURbr ¢ phaferabl 5oL 06 qHAeRL 1h kg ngos

(WV). Wen ghersoldiagenagonsent £a 1 84e:0f dditigpldaagergel1haghgssafhan
0.1% (WV), the strength of the collagen gel becones insufficient, 25 and
t her ef or &¢e thenEsin®d-zati on rate and cell proliferation rate of retinal
pignen&.e 'qulial cells decrease. Wien the collagen concentration of the
col | agén 8% é&ceeds 0.5% (WV), the tinme of a collagenase treatnent to
degr ade the colWtdden tgel deddamea bongenwhithom sof ediedhiareaxantti cardadver se
i nfluence on 30 the cells Wiil e the volunme of a coll agen ge

0018
m xed sol &R T &F X gw P?g[ F}Poa‘l}é’t FBRIBf 2% hePRF of BrentGBhed 131 dg8RLgel
varies depeptifGianrddie, pdliite iakeanghdrehape Sid ayubdirgs suhstkate 35 to

be used for the cell culture, it i's pfeferably about 100 pl
pigment epithelial cells, and satisfying solubility

20 facilitating degradation by collagenase, viscesity enablingr
easy handling and the like, it is preferably 0.1% (W/V) - 0.5%
(W/V}, more preferably 0.2% (W/V) - 0.3% (W/V). When the
collagen condentration of the ccllagen gel is less than 0.1%
(W/V), the strength of the collagen gel becomes insufficient,

25 and therefore, the colonization rate and cell proliferation
rate of retinal pigment epithelial cells decrease. When the
collagen concentration of the collagen gel exceeds 0.5% (W/V),
the time of a cecllagenase treatment to degrade the collagen gel
becomes long, which is feared to exert an adverse influence on

30 the cells.

[0018]

While the volume of a collagen gel mixed solution used
for the production of the aforementioned collagen gel varies
depending on the culture area and shape of a culture substrate

35 to be used for the cell culture, it is preferably about 100 ul

10



- about 250 pl, nore preferably about 150 pl - about 200 pl, per unit area
(cnP?). When the anmount of the collagen gel m xed solutionis too small, a
col l agen gel layer having a thin center part due to the influence of a

surface tensphom: apgd ied mdre tHiereehnsyr kpeeci $50 ofped, awnsk tdud sheet tends
to be damaged during cutting out of the cell sheet, since the cells

direct |y BoRt'&It 137 a(BU) t urB ey pte fneuwdr okhéhet keliagrnagepighead

epi thel i ISp & t : t t .gel m xed
solutiona%%f?% i&?ﬁiéﬁ“ﬁfﬁﬁﬁgu ggﬁpéégﬁegg?gpa§§$e%Qﬁ?gpa%gﬁe Jg% a culture
subst r at egembéxhparl atievdley theducdd ueheeambuat soffabe tandiore appdiien and

t her ef i nt | t ' t f | |
LT oat nent t0 aREs 99 e A g SE R ¢ RECGET SRESE AFeTt o atf THEE6H 151
step (1),darted | csheietg cat be predueed byesepdingecantheubd urd ng dde 1y

aforenentioned retinal pignment epithelial cells on the collagen gel of a
cel | cul te?PR bttt & céi?%ﬁﬁlsu@ﬁﬁﬁéFé §0bsYRaR ethd ¥Rkl P eddmimedvent i on

is not pagticpdprdy ddinid edAas.190Geas ifnds fi¥ HeldntCWd Whe Bxa

s
t hereof 20 i1 nclude culture containers having a porous nenbrane sucﬁgég
t ranswel | gahdnited |dddeitifdrasie i ssgeseul tutkitkask]l lageh, gpetldyedi dhs,
tissue culture.dish l.ti_dish, mcroplate, mcrowell plate l.tiplate,
i ¢k | T O e qbssdet e arEhee, PpEsCiFaly edhfint sy and
roll er boihdent @if tiHe AB taor aicdeiam, havidngharpespels M aienhdy e
preferable, since a collagenase treatnent and a cutting operation of the
cel | shee?u]aiflér%o%ﬁ/é’}ﬁterﬁqsw P& PEEFed™ FEPLeRaRPRES Bredmiitcitaiegp

avai | abl ec fransyeh | g JuLfef albley Md3edsnExanpleseof the material of the
cell culture substrate 1n the present 30 specification include, but are not

limted tbQ01l%brganic materials such as netal, glass, ceranic, silicon and

the like, organic teri.al s represented by el astoner l.astic (e.g.
pol yesjt5er resi rrlli,n pso Vet aﬁ@l’er?e CE()eelgli r??leﬁgl ?%Poiﬁf}l %ﬁ(gg?ce%(i?n?y A%?#J&qgr?,n%yl on,
acrylic resltyridgarior esiorerpoltyeakchiorat enkesphgmddt pop yuiel haned1asi n,

met hyl pentene resin, phenol resin, nelamne resjin egoxy resin, _vinyl
chl ori de 9%S§¢s_cq¥kﬁgﬁn gel of a cell culture substrate.’ The cell

culture substrate in the present invention is not particularly
limited as long as it is for cell culture. Examples thereof

20 1include culture containers having a porous membrane such as
transwell and the like, flask, tissue culture flask, dish,
petri dish, tissue culture dish, multi dish, microplate,
microwell plate, multiplate, multiwell plate, chamber slide,
petri dish, tube, tray, culture bag and roller bottle. Culture

25 containers having a porous membrane are preferable, since a
collagenase treatment and a cutting operation of the cell sheet
are conveniently performed. For example, a commercially
available transwell is preferably used. Examples of the
material of the cell culture substrate in the present

30 specification include, but are not limited teo, inorganic
materials such as metal, glass, ceramic, silicon and the like,
crganic materials represented by elastomer, plastic (e.g.,
polyester resin, polyethylene resin, polypropylene resin, ABS
resin, nylon, acrylic resin, fluororesin, polycarbonate resin,

35 polyurethane resin, methylpentene resin, phenol resin, melamine
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The nunber of the retinal pignment epithelial cells to be seeded may be in
any range as long as it is a cell density 5 capable of formng a cell
sheet. However, when the cell density is too |low, the cell shape is bad,

~ the cul t urgs i M hiefone digackiing cenf bueaserésidng, and further, the tine
necessary for cell maturation and coloring is long. Wen the cell density
is too hig2&inilarly, cell proliferation is /0 suppressed, the culture

time before reaghi fl (o] qﬂg t. | y. di e
from bei ng overcro gg)%r}“l'ﬁlefregﬁgr Se:,gte?ﬁ%&d%%@?%rg{lg?pjt e lclre}l\€ﬁ1 (S\C%tlol%bg%sggded is
pr ef er abl yeadaiitmds BH€lG4 celyl shanB asabony Bs 5k 0bs celdssl/ic riznsivye
preferably ahout 8.5 x104 cells/cnR2 - abo 8.5x105 cel |l s/cn2, 15 npst

D1 of or 21 SO O SOL08 "Gor SPANP S EOBRLIHONETEr, TGN GTE FRYer cel

popul ati ofed £l iSheeld 1ernpPesedcefl1r ehhpal i piwd@ntrepidnahidl gkl s can be
formed by culturing the retinal pignent epithelial cells seeded on collagen
gel in a Rofeus tigachivdi genfAvenreuie #edduniednibe-hisod Wie HeTe parti cul ar

limtati it 4i4S cul e j ener y Lp.the
pert i nent T LR Lo ety A2 BE s S A GTER IR GRS Y AR Lhe
cul ture comierdmcetad.is Techhighe efimTissie, Cokllurerdridfeditiiconispage 581,

publ i shed by 25 Asakura Shqten, such as_F-10 nedium F12 medi um M BME
medi unt? CNERRESNERT: 105 Bgi-ime ESTeRr G DNFA80 b dersiort SR8 um Ve
nedi um  RRMy&4Qredidng and theiki kay 6288 ol S nd Ui midg.serum
(fetal bovine serumetc.), various gromh factors (EGF, FGF, HG, PDGF

etc.), antheroters, dmience3eidei @takaet Aellfkeonky Iredaiied trafierabayal
rodi um  Theot! pfo e UBdiumis prelerall b.ahouto o) ahoutl, A for

cul ture, r exanple, a primary culture i's perforned genfera at about 30
- about 49 faraboutod 8.abddf 661hs/amt il abbetr 8t brad’ piedrientcrépi t hel i al

cells becone conf)luent.. Thereafter, a 3 econdary culture is perforned for
about ¥ ERRE PEESHALY @it Whit8 oH fd" the nedium after which the

culture ipoperformed while aerating and stirring where necessary until
formation of a cel|l sheet. Cells constituting the cell sheet obtained by
such cul ture arfe FdiHEailfe¢raseldt PARLLIBE§RRNECSL bpFieRd ) gomsigagl of

e
speci fi ¢ detfimsrlenticdron aperthel 1a[l0822] sSkaeded hen cedl ladmetgdlorimed i n st ep
(1) iSdeggigﬁké(ﬁedium. A culture medium can be used without
particular limitation as long as it is a cell culture medium
generally used in the pertinent field. For example, basal
media described in “Japan tissue culture conference ed.,
Technigue of Tissue Culture 3rd edition” page 581, published by
25 Asakura Shoten, such as F-10 medium, F12 medium, MEM, BME
medium, DMEM, oMEM, IMD medium, ES mediuom, DM-160 medium,
Fisher medium, WE medium, RPMI1640 medium and the like, can be
used. Furthermore, serum (fetal bovine serum etc.), wvarious
growth factors (EGF, FGF, HGF, PDGF etc.), antibiotic, amino
30 acid and the like may be added to the basal medium. The pH of
the medium 1s preferably about 6 - about 8. As for culture,
for example, a primary culture is performed generally at about
30 - about 40°C for about 15 - about 60 hr until the retinal

pigment epithelial cells become confluent. Thereafter, a

35 secondary culture is performed for about 1 week - about 2
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/o collagen gel, for exanple, when it is directly used for transplantation
and the like, the collagen gel is feared to prevent engraftnent in a
transplant recipient. If the collagen gel can be renoved in advance, it is
conduci bloftthd hehiSid WH=0Ryiefy shehmpHebhem: Fi8r stiepck 2)h®fcdiei ey asent
invention, the 15 col|agen gel adhering to the cell sheet fornmed in step
(1) is depabeaad wollageatadd nITROSe S g“é?ﬁﬁn‘&??r%kIPfIfq:e%Srﬁrt&hém&rJ{l can

sel ect apprapLialhe sold %%@Lrla%%e%%cor@éﬂﬂst&oﬁ%&éﬂﬂ%g‘)fthteh%eﬁ@ 51’;}%@@ used
for preparing the collagen gel. Wile the col enase to be used tor the
degradat|thiﬁnwhéxcth&gemdg@wezeresmﬁmnt@anedc@$ax¢®&malnpxﬂmam§ | ong as
it has an_act.i v col |l agen gel, one t at does not .easi | egr ade
col | agehn Tondtt HAY i e UG BAgenRre. Mo X &0 ey iga: PyoRtTF agen
etc.) is gsefresablle.cdars @salrrweecomhmg@na§ed@eé¢umbfBE.Mla, IARGTEBQr gani sm
i nduced from d ostridium (dostridium25 histolyticum or Streptomnmyces
(Strept onbj}%%r%KtpaQWE’tPs)or wWhiccH1&Pe 28v ai FRBFELAE ‘élE%?ﬁ]%W‘Hailqub\?@i e&af e
and have ?0 enzyne activity, can be used. [0023] As the act|V|ty of the
above-nenti oned col |l agenase, the 30 specific activity relative to the
col | agen wei ghtSimee Hdiecoldldgehegsl fosmpapont ahepr &t hets tadrendse tact i vity

per unjt ht of ol | enase nd the ac ivit nit volunme of an
aqueoujso c\gﬁﬂa Cls’olé i ORFhe spg’ce,l firc actfv P‘? %1" W‘le(:? 514 agenase to
be used fﬂfarﬁh;p‘i&ﬂﬂdﬂl@arﬂ@lricﬁ@:&@ galke(cehbagemaa@eQSg@Ltiylﬁeﬁm ltagen

weight) is preferably not less than 0.1 U ng. Wen the %pecific activity
of the coP¥afeHasEgreftasnt Hé]naotfaﬂﬁﬁéan& 5861 B¢ of Tt AEecGPLAGERA N gel

may unprefef ably gakerdfRd A 8k ahbe, 9et mBY-dhphelisiably be (Eosl%%\é‘f-‘ld
insufficiently. It is nore preferably within the range of 0.1 -

U ng, 5 foftéierh prafereabl yIn stgp00d) L¢f¢¢h¢(pmpﬁent 1nvantl©he ph@ductlon
nmet hod_ of _t ceII heef aqf. the presen ny net o ti ng
ffa eS_L &he ing ® PR rCFI EL ﬁ f?rm? d:l_nAs ecﬁ | @.a

collag%hase 0 agen gel i Rott pa cufarf 11

sol ution @é@m@ﬂ 1915,0 atsli lR@GerdScd SDhyeatof aof@ﬂiam"_@ kidn iisotoRi @r30| utl on
havi ng a bufferuﬁgﬁcapa0|ty may be _added to a nedium or a cell-attached
col | agen @& %Het eﬁPHHQﬁﬁ%§t@ePPléﬁgﬁﬂﬁéedﬁgﬁoﬁ%&n%et?rﬁﬁﬁsﬁ%ﬁqr?ﬁl%@

af or ement L onegh 601 Agenase Iatlion. tﬁbn€61§a&éﬁné$@|| W 1Wsegheas a cell
culture substrate in the present invention,

collagenase to be used for the degradatlon of the collagen gel
20 1s not particularly limited as long as it has an activity to
digest collagen gel, one that does not easily degrade collagen
constituting the human basement membrane (e.g., Type-IV
collagen etc.) 1is preferable. For example, collagenase derived
from a microcrganism induced from Clostridium (Clostridium
25 histolyticum) or Streptomyces (Streptomyces parvulus), which
are available at a commercial level, safe and have a high
enzyme activity, can be used.
[0023]
As the activity of the above-mentioned collagenase, the
30 specific activity relative to the collagen weight in the
cellagen gel is important rather than the activity per unit
weight of collagenase and the activity per unit volume of an
aqueous ccllagenase sclution. The specific activity of the
collagenase to be used for dissolving collagen gel (collagenase

35 activity/ceollagen weight) is preferably not less than 0.1 U/mg.
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/'5 collagen gel layer can be exposed by recovering an insert and renoving
the nmenbrane on the bottom of the insert, and the exposed collagen gel is
preferably imrersed directly in the above-nenti oned col | agenase sol uti on.

[ 0025] 20WReh henprashietiion smikad yobrt haecebl18heghsof 14 heay agelt 0.1
invention, the tinme of dissolving the collagen gel by collagenase i s not

parti cul a¥99t i fhesritutviien athéhe g léRJaEBt PRY TAE eoPFafrermisly itekeoddoong,
1l f ' i iLi ol i ve, j t. t he
"Fhe my SBRAnof orile 2 0SS PR ARERbYy BROL S ERERLACLERACI AN

col | agenase is mang guteficoradiange téie tbespenogéi cfattl v+t af0dlAragenase,

tenperature,, t he shape of call age el.,, col |l agenase treat nent nethod and
t he IiK%,E??t?%rd%ﬁgﬁﬁﬁﬁ§4ﬁ§'ﬁi ’BOgOBﬁWHS The col | agenase treatnent may be

a single 20pt4patnent or perforned plural tines. [0026] The
tenperature during the treatnment of collagen gel by collagenase in the cel
sheet producti ol ngtharsiuatienpressnt PhveRei onllssheet eplabiie $&esminthi n

t he range; . = 42C, refera B C..f refer.ably 36 -
38C, si %cleg?rﬂ-gh%%'i Izc}ct y o OE\dt E% (%f/:l? 3%%2%1%%8%%%&? éé%%ie%?’f)feé eclraste)ases
and the netvaboiitioagaciy ylidedreeased ahehaddre e peingtinre grepaded | vi ng
or gani sms_becones not re .than 10Cé§about 30C | n_human), the protein is
denat uFed*andot H&® ¢RIt 6h TS GeEy 8488 WARROTHE TRMper dﬁﬁ”é%%ébds

42C, and phefepindetagoimes atay @eohideell agenagedismost |y S/Q -and axhed

temperature Peadn gal etached Fom 2 et uitore’ a2eh may be immersed
in the aforementioned collagenase solution. Since a transwell
is used as a cell culture substrate in the present invention, a

15 collagen gel layer can be exposed by recovering an insert and
removing the membrane on the bottom of the insert, and the
exposed collagen gel is preferably immersed directly in the
abocve-mentioned collagenase solution.

[0025]

20 In the production method of the cell sheet of the present
invention, the time of dissolving the collagen gel by
collagenase is not particularly limited. When the time of
acting the collagenase is too long, cell functions such as
adhesion ability, prcoliferative capacity and the like may

25 unpreferably degraded. While the time of dissolution by
collagenase is subiject to change due to specific activity of
collagenase, temperature, the shape of collagen gel,
collagenase treatment method and the like, it 1s generally 15
min - 60 min. The collagenase treatment may be a single

30 treatment or performed plural times.

[C026]

The temperature during the treatment of collagen gel by
collagenase in the cell sheet production method of the present
invention is preferably set within the range of 10 - 42°C, mocre

35 preferably 30 - 40°C, further preferably 36 - 38°C, since
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[0027] In the cell sheet production nethod of the present |o invention,
when the dissolution of collagen gel proceeds, the cell sheet is gradually
detached fromthe gel, and finally liberated in the coll agenase sol ution

To recovefldhbiceldy sifeehe iyt opehbmsbeethdvyebe dq@ehani calde-rdetsaghed from
t he renalnlnﬁggel or may be recovered after conplete dissolution 15 of the
gel . Wi |39 FESEieamoddic dePachiEnfcShprtehsv it thed aimayatiiéCovery of

t he cell §Q$ i I y r f |y
recovere ter%?fl ef%%-%gsgﬁ pggémo ﬁe ge é f%%géngoﬁébﬁﬁe @%geH
sheet recnvénauﬂds ﬂéﬁtman@@lab@eedeaatbeedlam@ttNELmﬂiﬂfﬁnnanyunous
applicati since the residual coll agenase g J.nhi bi t dheS|veness

bet ween t Eﬁﬁﬁeasﬁg§¥§ Lhe SGNESIIERESse¥eed% i s, aPC (F8SpPRELTAbI v

washed W fdinge MRAHEMGT @1 12%3RhaBEC i SOohYEL DR Bdd RGdR sbukhgri-Agueapaci ty.
The 25 tenperature during clean5|n%Bcan be determ ned according to the

coIIagenQﬁﬂOWMQQ%ﬂlqu%iﬁ%@%@ﬁﬂﬁt § eoFFabehbeR. tiee sufficiently renove
residual g@ld-pgenase, the sheet is preferably washed one or nore times with
a medium or an isotonic solution having a buffering capacity. 30In the cel
sheet obt ai ned ly dhee cestlhed et phedpce$emtm¢hwemt¢fnthqannﬁdam$ specific to

a retipnal, pi nt eplthellal ceII secr ted th th pol ari ilar to
that if Ifgf%g?organlsnsthe g tr nsepl?hefla?le?%ctrqc réﬁ%ﬁ%#% E%ER) to

be an i ndexi bfsitlaase sadiresiven 1joadthehvaenroel tise ejevatai asida1135 |iving
organi sms., Therefore, it has a cell layer barrier function simlar to that
in |iving-diegiisshen E&EbFﬁﬂﬁ&gFBaﬁﬁeSﬁ%FFbﬂnof The& sovsenthen¢eati on, a

cel | sheesndiavi Rghd Unati AhScs! ok abe! RebRSECA T |1 Ji g HaNiME rean be
obt ai ned.” [ 0029]
remaining gel, or may be recovered after complete dissolution

i5 cof the gel. While the mechanical detachment shortens the time
until recovery of the cell sheet, since the cell sheet may be
destroyed, it is preferably recovered after complete
dissolution of the gel.

[(0028]

20 While the cell sheet recovered as mentioned above can be
directly used for various applications, since the residual
collagenase may inhibit adhesiveness between the cell sheets or
adhesiveness to a tissue, it is preferably washed with a medium
or an isotonic solution having a buffering capacity. The

25 temperature during cleansing can be determined according to the
collagen gel dissclution treatment by collagenase. To
sufficiently remove residual collagenase, the sheet is
preferably washed one or more times with a medium or an
isotonic solution having a buffering capacity.

30. In the cell sheet obtained by the method of the present
invention, cytokine specific to a retinal pigment epithelial
cell is secreted with the polarity similar to that in living
organisms, and transepithelial electric resistance (TER) to be
an index of close adhesion bond between cells elevated as in

35 living organisms. Therefore, it has a cell layer barrier
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5In the cell sheet obtained by the nethod of the present invention, a tight
junction is formbetween retinal pignent epithelial cells, and a basenent
menbrane is forned on a contact face with the collagen gel. In the present
speci fi catigat idhes ihasemed Herbranevi sgacrgahi ane. f ordmddibgf temhhe
conponents produced fromretinal pi %rrent epithelial cells, and neans a
nenbr ane BoREET fPhg-ift RrEsanta 1pFePtoPPr he Basénehec ey

(her el naf Lk L0; D% refAId o, 49A5cRoraneaRat HENDE ansy ofndet i nal bl grent

epi thelial cel asenent ane o retinal pignent epithelial
cell in /50029l ng organisns is present as a thin filmbetween a retinal

i t epitheljal 11 d.an.i | | tituting th
B eh S monbr anh i 19 i FEtr SECH-IT A PHmk PP AU ae ry e B T agen,
| ami ni n, hepafiaiosuld atieyHy gteeghyeans( Eethesatyeci HogEMk BNSh dnieend | ke as

representative 20 conponents. The Bruch's nmenbrane is_a thin film between
the retin@Plphehent Epilttheldnd acbpiemgpér "gRETERBr bF dECHPRE 5 3 5- | ayer

structure %t@ct?%@%iﬂ??@{ea%l% et bAgl phomeM epidhglial cells, an

i nner colfagen ayer, an elastin layer, "an outer collagen |layer, and a
basenent spabtraheaoforgapild doaseiehanmambofnefiol oi d. mdhleraed | fohmest of t he

present ipventi,on contains a_part asenent nbrane of retinal pignent

o theld af Y2 15 e B SR E R B GERRS. nRRBPame MDY St | on of
tight junetips, caid heeponfd mEetycobsar¥ingnhexagoaast ya Shapeht the

cl osel y-adhered cell form and expression of 30 occludin, ZO1 and the |ike

bet ween cBRPYIPRT ITARRIGISRIGHTIG ST (PEFRALRERCHT LBRRNERte b righédn be

confi rmed- By GRSEr \hdigh SXRY €351 QR 10k 1bASEREAL E?H’Qﬂﬁéﬂfaﬂ%éﬂs% suchpas
| am ni n, heparan sul fate proteoglycan (pérlecan), nidogen, or Type-1V

col | agen hasendrt |ndkemme celthesmetdoe lbpigBentmaposihal hihgselor in

observati on V\iilthoa scannsi g%l el %ctr n_ m c%gscoge b Cenerally,, retinal
pi gmenf5 epr Y hed i At It 578 tHRET6n 28 Sult'tife %Ilhgh %F%%%ea bléestelﬁ%ar%t

menbr ane soghemendsitiaitidl des 1exaverebnddibhf iatkt t61detachidfer-cells in
the formof a usable retinal pignent epithelial cell sheet detached froma

cul ture dFSRSEIFNESIT OshtBFIGHOIS. Mordragey . andeid) an 19¥tragghlsiom)

Accor di ngmaerbb%mrgodr e1Re Rhaseah, i @M{%QI&%HD, nbghiRal s pi gpENt

epithelial cells together with a basenent nmenbrane produced fromretinal

pi gnent epreheddghycarel (pecdacdre ,r edovgeadahd dbeal sheetswieporgenttativa ng

an artificial nmenbran Si.nce. retina ignent_epithelial cells forma

si ngl e“1 ayer~structure, y si'n ; sheet” structure
gl 641 agRiPRTRIET ur EreaRaiePhey maTR RARaT o cr iy | Thd sl SHF

i's disintegtatel pighdite geldis:1dne sealt ergdri Bha eRbloud] tsnd Ths,a 5-

transpl antation thereof as a sheet is extrenely difficult. 15 On the other
hand, sint@YEheSERHF-WiRea&tt 6f RAemsrds BRIOFAVENPF oA heRdpRMTRA . basenent

menbrane gpdhas; sufddoientad ighdid Yo1ihgbs MQLe8ashhyesipkh ethgur i ng,
recovery, which nmakes the handling thereof extienely easy. Consequently,
si nce nouptieay onllbagw |laveans girghtabeserdati nemhndna efapsplibhati on

25 lamina of choroid. The cell sheet of the present invention
contains a part (basement membrane of retinal pigment
epithelial cell) of the structure of the Bruch’s membrane. The
formation of tight junction can be confirmed by observing
hexagonally-shaped closely-adhered cell form, and expression of

30 occludin, Z0-1 and the like between cells by immunostaining.
The formation of basement membrane can be confirmed by
observing expression of basement membrane markers such as
laminin, heparan sulfate proteoglycan (perlecan), nidogen, or
Type-IV collagen and the like on a cell surface by

35 immunostaining, or observaticn with a scanning eleciron
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20 operation can be performed snoothly, cell transplantation can be
performed with m ni numinvasion, and both the effect and the prognosis are
expected to be inproved. In addition, since the cell sheet acconpanies a
basement mesbsedspeit is extrenely advantageous for transplantation in a

di sease wherein the 23 basenent nenbrane is_sinultaneously disordered. For
exanpl e, age-r €FRTE neoul Bt idede RELRENENCBOFRE hts REDhpENIteedi $6r der of

Bruch's nepprane. qildie ﬁ%ﬁf@%&%%g%nﬁghﬂréﬂé mﬁ?%@y S it e preesent

i nvention conpensates for the sordered part, e engrafting rate
of the cedktstreely ciirf hievlipriovelgtach &hd acelieatmemte efdmctof hernseatlean

| b . He h .l_.sh ' i i
o P oL Shr SRR EE IS, RS Eaheeh Sl Lhepreselt Loent on fse
di sor der edi basemrerdstherdyranalmnd ar.becprefecabl y wéd, zegh -mp0g .sheet for

transplantation particularly targeting age-rel ated macul ar 35 degenerati on.
[0030] Accorgqy pivditd s st kéd t6F PReseBt| ioveetien. i igedsent

i nventi %ﬂayeﬁyrégaeahecmgaia&tﬂgte t%g%meﬁrnm%ﬁeg 633 emed SIn&MWddm ng the

presence or absence of a basenen rane on the contact surface between
t he det acheddeetd ThmetredrichalheigokehigepigbelifD038d]1ls can bd rrestoapred) ,

formation_of_a .cell sheet  havi, a_cell layer.conposed of retinal pignent
epi £ hetd a5 cB1 T Eand T e e ot Bhe: CARCBE HEURTHH Pred SBYConT £ i ng
t he presenceimsl ghispiae: ofpitthe Ihaserent smesbranes Dhigidel opdd sheefturthe

presence or absence of the _basenent nenbrane can be confirpmed by a nethod
simlar t®ehe i orEemavied cdacilymatPenSBeet net ¥erHats ofF of the basenent

menbrane, 3 f oI nEXAM L1 BUPERSIRN 10f Jhg 8cRRASEPEAL i NEIDLANE JFRIKET _
observation with a scanning el ectron mcroscope and the |ike. For detection

of the baBewenttrarylardatexpr édesireviohsaababeatnt s nexbremel et ke avdy .be

confi rrredOrzlittﬁé]y Sile of the.cell cel | ul ar _.menbr ane,

nucl eat’ nénbrane and t}}"laen d k‘c’ej‘)n.C rtgelge%g%ﬂ;,%%gjrcrgégéhiOp%(?(%(?rétssed on a
contact fageemtidh coldagemigel a pakamngateflemb0832] and has sufficient

rigidity, it is not easily wrinkled during recovery, which
makes the handling thereof extremely easy. Consequently, since
mounting con a cell transplantation device and a transplantation

20 operation can be performed smoothly, cell transplantation can
be performed with minimum invasion, and both the effect and the
prognosis are expected to be improved. In addition, since the
cell sheet accompanies a basement membrane, it is extremely
advantageous for transplantation in a disease wherein the

25 basement membrane is simultaneously disordered. For example,
age-related macular degeneration sometimes accompanies discorder
of Bruch’s membrane. The basement membrane in the cell sheet
of the present invention compensates for the disordered part,
whereby the engrafiing rate of the cell sheet can be improved,

30 and a treatment effect thereof can alsc be expected. Hence,
the cell sheet of the present invention is preferable as a
sheet for transplantation targeting a disease with a disordered
basement membrane, and can be preferably utilized as a sheet
for traensplantation particularly targeting age-related macular

35 degeneration.
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The basenent nenbrane marker in the present specification includes a
transcription product, a translation product or a degradation product of a
gene specifically expressed in the 25 basenment nenbrane. Exanpl es of such
gene incl pgigsdam nin, heparan sul fate proteoglycan (perlecan), nidogen,

Type-1V collagen and the like. O these, lamnin, Type-IV collagen and the
| i ke, which ar &hfaiprcsowpanantstbpdt fé basecpeht shefir e ther @ngsehsr abl y

used. 30 {Q03;on nay A SAT Boh0DE UREUE Of ol GONFLIJ NGy Lhe presence or

absence asene menbr ane on contac sur e€n the detached
cel | sheet3anrifiendeld aglenpgels'éncs not apasetceubfrd yod damdrad mesblrang as it

contai ns a basenent nenbrane 35 mark e.g., , .protein, degradation
o oducts (St Ao U Rer HEENGEn thoitrao i [Caoatech: Lo The
detached ddn sdpm (1. [0034] The expression of the baserrent menbr ane mar ker

gene when 5 the above- nentioned sanple is RNA can be exanined by preparing
an RNA (el@31kotal RNA, nRNA) fractlon fromthe cell of the cell sheet

detached in step (Sfthgag%&detfgg}ﬂgggo Fansgri téﬁ%ﬁr&qﬁﬁl@ of the marker

gene contained in étion |rec | y detec Ker” géne product
in the celdyam tdtcmtos/e@l e»ftn:&d:tmag BN@ménbnephEh@biél cEeQ]OBﬁ]and a When an
RNA (e.g., total i

ction is aredf omthe cell, it can be
e BRI BT RS K30 BocHone R R ATy, 4 HEEELE on
met hod, AGPGuithed @wcthteh%a%émleh%emebérageaoﬁom@r@é:@l laheai | ahke RNA
extraction kit (e.g., RNeasy Mni Kit; manufactured by Q AGEN etc.), total

RNA wi t h www Gty 3BEensE pitephrelapapear ym%lﬂ@lr%%\@ﬂ &1t [GpTHrigmed trace
amount ofya 5aBhe. RIAMLES (0f thbe, FBLAA.L 06ndFt &t A 1 ARTOEhRL i On

pr oduct a basenent nenbrane marker gene iIn
formation cf the basement membrane, for example, expression of

15 a basement membrane marker, observation with a scanning
electron microscope and the like. For detection of the
basement membrane, expression of a basement membrane marker may
be confirmed at any site of the cell (e.g., cytcplasm, cellular
membrane, nuclear membrane and the like). Preferably, a marker

20 expressed on a contact face with coilagen gel is targeted.
[0032]

The basement membrane marker in the present specification
includes a transcription product, a translation product or a
degradation product of a gene specifically expressed in the

25 basement membrane. Examples of such gene include laminin,
heparan sulfate protecglycan (perlecan), nidogen, Type-IV
collagen and the like. Of these, laminin, Type-IV collagen and
the like, which are main components of the basement membrane,
are preferably used.

30 [0033]

A sample to be used for “confirming the presence or
absence of a basement membrane on the contact surface between
the detached cell sheet and the cellagen gel” is not
particularly limited as long as it contains a basement membrane

35 marker (e.g., RNA, protein, degradation product thereof and the
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20 an RNA fraction include a nethod using hybridization (Northernblot, dot
bl ot, DNA chip analysis etc.), a nmethod using PCR (RT-PCR, conpetitive PCR
real-time PCR etc.) and the like. Quantitative PCR nethods such as

conpet i ti vexECRierBAd tidmn RER ard 1t BRekt kKeoar €I pf @i 51iRC teyPr essi on
variation 25 of a basenent nmenbrane marker gene can be detected rapidly and
conveni enffy- froma trace anount of a sanple, and DNA chip analysis is
preferablg @éﬂfe expression variation of plural marker genes can be
collectiv ?y etected and quantification performance can al so be al so

i nproved by sel®uct iaxpeddtcec ifothd0baeehedt anemib tend inkerkd0@R@6k when

When Northernbl ot or dot blot hyhridization is _enployed, the basenent
menbr arre ?k%bo%ﬁﬁﬂ?diﬁ?Qﬁg &@Féﬁ?e&sugﬁ gcﬁnn%%rg¥%géRﬁQiQﬂnﬁﬂ?@ﬁrégﬁable
of hybridigimeg wWdhya 3Bddianser,i RRNAD PrREHEHn Of rémecigena1 1BxERhes of

such nucleic acid include nucleic acid capable of hybridizing with a
transcri pt¢bh Prafudetsichedbdsemtrt fBhbradedabekKekngehd MaTdET iptglen
stringent it 5?4@@&% t b stiri j.ti " include
hybridizé?ﬁ%%ﬂ?%é%?ﬁgh at %§ﬁ%kgxggEnggg%d%%n?%§P%$% qugdgﬁilcitrate),
fol | owed dyrewshy niptwe rgr anmee kat: 66621 prod@xSSOA Ot &S and hiclne: | 1 ke.

Those of ordinary skjll in t art can easily adjust to a desired
stringﬂhc?XEﬁﬁé§$§9434%n qylgﬁﬁnﬁﬁﬁg‘the salt concentration of a
hybri di zafo@®ssol uti on, tenperature of hybridization reaction, /o probe

concentration, probe |ength, nunber of m smatch, hybridization reaction
time, salt con Tt &t} flangshi h§tahaBRingRéhpber B elfomarid therarrse. The

nucl ei ¢ agj g, MY b 10NA,; (RNA 0F D?ﬁ/ ghi,gera, ;WL & pr iven to
DNA. [0037# N T]he’ nluc:}%nc baec' eE%léEe use‘?iaa% a %ﬁob@%{a@%?%oé%l e
stranded guamidgle-GtGlanded.acdhémridogbtéost mabbed, AGPTrayetieodicma ehe

stranded doubl e stranded F or : id. Wien single stranded,
an antf%eﬁi%éSt &&&gc§n088m6§8g%%@%i?%a%¥§9h%ﬂéﬁiEHFIPW lﬁ&cﬁch(ﬁcgd’is
not partimuasy Widingiad as@ad-engeasbiyt QCANESPEELT) catdtyalhyrd dijze with

the target nucleic acid, it is, for example, not |ess than about 15 bases,
pr ef er abl 1 #dtPYRSS t37dh RbGersoerasapidiy spdbrenverientbh i a

quantificati r | ei i t | ej (%0 W bly
ool e Bxanpl 60l (o T abal Fiicl A8TBES adt of fo he brsymec Pl tior Gscont
subst ancea {xamsesigences: sulisteric @ fandbthembénk emelxeamp esadfert lene in

radi of sot ope 0ot s L3RRI AT" .G A0 L0L K 45 e Spaye. @ stable

(Northernblot, dot blot, DNA chip analysis etc.), a method
using PCR {RT-PCR, competitive PCR, real-time PCR etc.) and the
like. Quantitative PCR methods such as competitive PCR, real-
time PCR and the like are preferable since expression variation

25 0f a basement membrane marker gene can be detected rapidly and
conveniently from a trace amount of a sample, and DNA chip
analysis is preferable since expression variation of plural
marker genes can be collectively detected and quantification
performance can also be also improved by selecting a detection

3¢ method and the like.
[0036]

When Northernblot or dot blot hybridization is employed,‘

the basement membrane marker gene can be detected using a
nucleic acid (probe) capable of hybridizing with a

35 transcription product of the gene. Examples of such nucleic
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having a high specific activity is preferable, for exanple, pgal actosidase,
0- gl ucosi dase, al kali ne phosphat ase, peroxidase, 30 malic acid
dehydrogenase and the |like. Exanples of the fluorescent substance include

fluorescantne, idd uedesaaiteisaidlicoekanate andnibeikikeng Bxaewles of the
| um nescence substance include lumnol, lum nol derivative, luciferin,

| uci geni ntERYSERETIUe PRI e o Pe PASEBENE- [ISTRPEPLY AV Bk er cEaNBmIgleso be
d f i odi bel \ :
used for ﬁi&ﬁl%fﬁ%@fﬁ%ﬁé@ el pxah0P88los the %@d;rie'\&rr&%ggﬂgbove -

hybridi zation 1s e NA fracti'on prepared as ntion
separ at edctyd gel ored ‘ecitrraiphtyr égicsidtizansbar redct fon HENMDFEANE 0K xSSC

nitrocel |l ul ose, nyl.on,, ol yvi nyl.i dene difluoride and the |ike, hybridized
inder - Che  SBVER A ol HEH SUrPAGEht CBRUPYFOreY YAF S THTIAh 24t on
buf fer copdad niingssecl abebi nYspENhES] P EPAT Sk asdrentionedrabaves and the
amount of the |abel bound to the nmenbrane is nmeasured for each band by a

sui t abl e FEEHREY vitlerldbyit HdeeegitesanoRardlyesdiuat bach drseiicht nenbrane

mar ker ge £ﬁ§? ﬁy% I i case : b hr a
spotted m??ﬂ a r%ﬁhqﬁfzgyloﬁnﬁg%%& jS@?gagﬁﬁ ggéigg %réé%&ﬁﬁtlza Fb%%
reaction §peyboldriethifion eadhiirnketegerepuaadof heylambaitaofor hedcabeln, at
t he sp? i s .neasur ed er eby thgﬁeé%hgiﬁlon | evel gf each /5 marker gene

can beE%é%ﬁ?ﬁ%xfOT?ﬁﬁiﬁg%lon’ r pPERAFYsPS TS EHEbyed, for

exanpl e, EPNALdIEAOIdiC et adtibra tS kel aBhet PEOABERT rSHLHN ST TadH:orpt er and
the like by a reverse transcription reaction is synthesized froman 20 RNA

fraction Préped EPFAITehedabdte L LERNA The syiftifis Acigsiay RRADNA,
pol ymer asgyA | & thNzS/ Kas &n -ln%%,e%i%ﬁl\l@rbge9gﬁgé ngﬁv&x U1 s 2
nd the 1 ke as a substrate). The

nononucl eotide | abeled wth biotin a
| abel ed cEMMTk contacted with a chip having the above-nenti oned probe

i mmobi | i zed t hegeon t erforma 25 hybri.dization reactian, and .the anount
of the™ abel bgﬁﬁ%I“fﬁﬁgéhéﬁ”ﬁkgﬁb%Snﬁﬁﬁg §8|?dpﬁ%%%ém?%qﬁa . wher eby
t he expressiaiidevgt Oihggachthaserent Weabhrene IarkefargRie Ganmhe peasured.
This method is advantageous in terns of rapidness and conveni ence as the

nunber of PRl et TR Fer eviiPdeed t3onARAKBNA goRedNR 1} drndrdd-probes to
be solid phasend nerLasesied, 0%%0kntisense strand can be used. While

the length of the nucleic acid is not particularly limited as

20 long as it can specifically hybridize with the target nucleic
acid, it is, for example, not less than about 15 bases,
preferably not less than about 30 bases. To enable detection
and quantification of the target nucleic acid, the nucleic acid
is preferably labeled. Examples of the label include

25 radioisotope, enzyme, fluorescent substance, luminescence
substance and the like. Examples of the radicisotope include
[#P], [*H], [*'C] and the like. As the enzyme, a stable enzyme
having a high specific activity is preferable, for example, p-
galactosidase, PB-glucosidase, alkaline phosphatase, peroxidase,

30 malic acid dehydrogenase and the like. Examples of the
flucrescent substance include fluorescamine, fluorescein
isothiocyanate and the like. Examples of the luminescence
substance include luminol, luminol derivative, luciferin,
lucigenin and the like. Furthermore, biotin- (strept)avidin can

35 also be used for binding a probe and a label.
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On the other hand, when a marker gene is detected w thout extracting RNA
fromthe cell, in situ hybridization can be used as the detection neans. In
this method, the cell is 35 imuobilized by treating the cell with a fixing
agent, prefegpbly a precipitation fixing agent, for exanple, acetone, or

i ncubating the cell for a short tinme in a buffering formal dehyde saol ution,

i nstead of ext r&e% MPENETT ANEHELRSIEEOTAR B PP HAYDRA | Fathh THard 1081 | i s

enbedded ﬁPeﬁE%éﬁfé§‘ﬁéhﬁfHHE&5é%&@e0§%’séPQrété£i§§ Gat Ol - hsheflmscan
be used as a sanple. A well-prepared parafrfin-enbedded sanpl e can be

pr eser vedt aans tenre@perameamdfaore wdnyiyearslldsopeiclwytomci d to be used as
a probe, those.simlar to t-he above-nentioned ex | es. can be,used. In situ
ybr i R PERs 1 & Phaftis iy e rEhEnsr Lebre FUBT RILART ot dde

expr essi ofib&fe-andasesrerd ey aeimaeker condi beosont act a syl aice etiween t he

cell and collagen gel, can be directly confirmed. [0041] Alternatively,
expr essi oAbl FRASER hehtPAcd 1Rgr RePPosPFAPE Red et bt ¥dd a1 in

step (2) gah D cadbivTReE hPriepani RYuAdPESt ehd himstiod {4 amdhe Lol
sheet (or cell), and detecting a translation product (i.e., narker protein)

of the nafkeregemervvhtldal reduitaitie fucibrdenvheredyrele | gxples Bxitdng a

transl ation oduct_af .t he marker gene in the cell s t,.(or 20 cell),
ul thout? STraLoPhotadt na SR Fealiths RartEanete (08T ot oAb il
prot ei n cahsbeidetlectEethd b mnidinmingl, 0gi eahmbreasuspsenéd met trodr RNR

ELISA, FIA, RIA Western blot etc.) usLng an antibodg,to each protein and,
in the casB2oF i prOtBIWEHGH 1@ & FedddrabPEPphYSFat bt cafadctiWity such

as an enzype- 25~ tdhe ddde ndiksarehe)detgat efe bymBBRSUSF NEhd heabel
physi ol ogical activity of each marker protein by a known net hod.

Al t er nat i ¥&l Yhe aspril ket Frastaiad,calegiedy bhederpteedioy evmabsohpady ometry

nmet hod_ s -T th i ke. An anti body to each marker protein
can bel%gﬁgfﬁéﬁ %ﬁﬁﬁfgg%ggggﬂgﬁﬁgneralIy-used pol ycl onal anti body or

nonocl onal[0@amgi body production technique and using a nmarker protein or
protein, or a parll gl PeRti de Lhersql ;a5 a0, Lomyni 2ali on. antl gefyf 00421
introduced with a suitable promoter such as T7 promoter and the
like by & reverse transcription reacticn is synthesized from an
20 RNA fraction prepared as mentioned above, cRNA is synthesize
using RNA polymerase (in this case, labeled cRNA is obtained by
using a mononucleotide labeled with biotin and the like as a
substrate). The labeled cRNA is contacted with a chip having
the above-mentioned probe immobilized thereon to perform a
25 hybridization reaction, and the amount of the label bound with
each probe on the solid phase is measured, whereby the
expression level of each basement membrane marker gene can be
measured. This method is advantageous in terms of rapidness
and convenience as the number of the detected differentiated
30 marker genes (therefore, probes to be sclid phased) increases.
[0040]
On the other hand, when a marker gene 1s detected without
extracting RNA from the cell, in situ hybridization can be used
as the detection means. In this method, the cell is

35 immobilized by treating the cell with a fixing agent,
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35When respective i mmunol ogi cal neasurenent nmethods are applied to the
exam nation nethod of the present invention, setting of special conditions,
operations and the like is not necessary. A neasurenent system of the
basement ress el ke RQLRIR oBAM i REnGOAGERUST B8 DYk aGMINGg Gerehal,
technical s consideration of those of ordinary skill in the art to general
condltlon%raﬁﬁméﬁﬁﬁdﬂl6@En§ﬁﬁéd§anaeébﬁrﬁeﬁh%ﬂ ims? flyif ke get ai | of these
general t en o] ferned to.
o el R e TR e dO8F BRCEeRriny B RIS SR shed
in 1974) AftﬂmnlmMQbﬂ&xhamlwmunmassaylledsteﬂbbgd¢MrImﬁpaﬁaﬁﬁar(Kmdén&ha

bl i shed E I t ed hi k t _al.
(1 gak - Srbi B THolhcl S CEOPRY. ok RES! FnGRA < dse%ffta;sdaaow%a%p?

| shi kawa Etw@ll- g tpa%)ff(lhgaiﬁbe&@ansaﬂaypél é&ledoé ¥ ved BRZYME
| munoassay” edlt by Eiji Ishikawa et al. 5 (3rd edltlong (1 gaku- Shoi n,
publ i shedrP¢t 1’@%%erammehé@§ MANENTFRDE OGRS r\mlelm 3qidmRoEReked| as

Techni qu T rt B

i bi demq %élp%é(f@r%)%sﬁéo?ﬁg%m@aﬂ lF ﬁ%u éhggg( artmc§§é ;Eéiﬁﬁéw%%l(%% ).

(Innunoch@mmialIﬁeshhuqbgbr@&ﬂzhttbnSe*ami@ibﬂmmMmoasshy$)ﬁheZ@rebedEnl

Vol . 92 (Jmunocheni,cal Techni ques (Part. E: Mnocl onal Anti badi es an

Gener a” HHOGeE R SaeTF = B abh =VBre ABHE (TR o™ PECieques

(Part dyird o rfectin oleegy cand nibaech onal Aptibgsh es9) da lbapubl i shed by
Acadenlc Press). and the like can be referred to. 25 [0043] The

present |®viesfttloh ainddymeidates to a cell sheet obtained according to the
aforenent{ cell sheet production nmethod, preferably, a cell sheet for
transpl antation conprising a cell layer fornmed fromretinal pignent

epithelial cel |fsl3xroiitiasicded byxperssivn dffaebeﬂememicmembuhnﬂimarkeand a

mvent Fort TS GTaanIeg G0 EPRREDRANPAEPon: ek &P (4T TOF CHEd & mal
t reat mentp edppatdend i nophtabal ghc f@bﬁeaﬁésceﬁ}_(é@ﬂi)é@ﬁ air tda 10phtahal m c
di sease include retinal degenerative )
detecting a translation product (i.e., marker protein) of the
marker gene conteined in the fraction, or directly detecting a
translation product of the marker gene in the cell sheet (or
20 cell), without extracting the protein from the cell sheet (or
cell). A marker protein can be detected by an immunological
measurement method (e.g., ELISA, FIA, RIA, Western blot etc.)
using an antibody to each protein and, in the case of a protein
showing a measurable physioclogical activity such as an enzyme
25 and the like, it can be detected by measuring the physioclogical
activity of each marker protein by a known method.
Alternatively, a marker protein can also be detected by a mass
spectrometry method such as MALDI-TOFMS and the like.
An antibody to each marker protein can be obtained
30 according to a generally-used polyclonal antibody or monoclonal
antibody production technique and using a marker protein or
protein, or a partial peptide thereof as an immunization
antigen.

[0042]

35 When respective immunological measurement methods are
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i s diseases such as age-rel ated macul ar degeneration disease, retinitis
pi gnent osa, di abetic retinopathy, retinal detachnment and the |ike. Since
the cell sheet of the present invention contains a basenment nenbrane, it
can be transplahted thid kxariinghiengnathoensd f reftie dorsanidiisease iioayol vi ng
sinmul taneously 5 disordered Bruch's nenbrane. I n addition, since the
retinal pignemtd & CRESEL CePfiEheBs ofPERet s etitd itheedtiken 1Fagok
basement {Eiiy e Mdenb ot EAIPONAN Sor 1T [idle 12 dhR5E hlnbi¥h0O
organisnms, it can also be utilized Tor various screening purposes such as
ef fi cacy wrrksEninfptetioxiceint peevahaatriohedndy | addirey |geketad tteehnical
af or enent | t:hal m i.seases or _the efficacy..screening for the
afore%nt%%%ggje%%%%% ﬁfgt P%gaégs?rgﬁ?ar a?r]f)Jrlei, Jtrhet}}:eelﬁr%s getgegprgﬂe
present icwetittiiamscamdbepapplied hetsedee ngaflomeattsithst ancechavhag
efficacy for Ih%ﬁgf?{enentrone opht hal m ¢ di seases, according to the

met hod | E9&scr iPedNETCIPERSI200750DEER! MeA by FERGIE.a t heOksl Prdheet of

the preseie iMVRNH0N Yes rebl-uEadriN 1S RIESRNGE ORARSERRENLLE8-gandi date
subst ance haV|ngpﬁff|cacy under the stress conditions possibly causing the

af or enentedfef dphthiaioshd dirdeadBedieshp, pulghtshaed gn Mbide [Ncght,. bl ue
light;_ li : 20 ] deat,h. of, retinal _cells, particularl ot or ecept or
cellsfoaﬁgn%an gQ§%%%§5|a§EE§§gn%¥a_%%%F?%C%E%%gﬂ%g%rg%fy ﬁf% ﬁﬁgF noi d
N-r et i nylirderssay, r einzyheetthanobastael éatcednibation afstAXEwias e¢ongi, der ed

to contrihute tq age-rel ated neurodegeneration of retinal cells,
particula&ﬁ?ﬁ%Y%W@ .VORUE#}§§eﬁaEHI$§7@bgeh%?%ﬁ?%nﬁ@mQHQﬁ%ﬁéﬂteegﬁﬁ%é
aggr egat ey $ki NGHikaganskdgned (29qbase 165K [AEHAI- o ITBCWhAN i shed

degeneratjon), external pressure (e.g., hydrostatic pressure; increase in
the intradcdi®2)pr é¥savaei Smayspesser” tedbeed fvolBied iTshjlkaweort) pL.and
eval uat.i o .perf gr b o] : er of phot or ecept.or t hat
expre?gesﬂ?%gggggﬁﬁs)aﬁ&gggui%ﬁgg%ét %Qfﬁ%yusﬁﬁbqéﬁfﬁsca§%§§€%§ éﬁtibody.
For toxi GNAYMOIGIGYEt i ol .t e ¢Ehhusbeletndial MBeqiireisands | (Paent kon ,can be

applied tQ .screenjng r a toxic substance according to the nethod
descri be %Pﬁkﬁp 55208%—é%?@?@?cﬁ%mb%a%d%%ﬁ??%ﬁu?QNa 4 BpeetPdficihne

present 3&1i.nvantiremhunscedht HEdTéBnh heuds esence ©F) absenes, 0foa . tgyicity
candi dat e substance and using the integrin narker peptide described in

JP- A- 2007Amyprhendgait dgchinipuas| &8a¥t ad: aSevra sshgiimugfoas88visn) ,and t he
fl uoresc Nig,I tion. reover,, the.retina
pigne%% Q%%F%%e%%gr ?2|ﬁ1§ﬁ§§§gggm¥§%lSﬁ%@ﬁﬁvifnveﬁ%ﬂ%h%ﬁawogpg&oggi
utili zed Zagt idoditerso andekbntor 1t nemened siad y atetdfodkan)i 0usiidenyi ve1f.uneti ons
of retina ial cell %uch as the function relating to the

i gment _epi hﬁ|lﬁ| .
mai nt enan rrstaratel PSheignRe s s (B obyt TR kg (ie rodretoredept or
out er segrRidcl @ 1NewLep6at 86l i Vea acthom anckd he, lAdkRientiel itdals Hl gad vessel
barrier function such as punping action, tight junction, and the |IKke.
the like can be referred to.
25 [0043]

The present invention also relates to a cell sheet
obtained according to the aforementioned cell sheet production
method, preferably, a cell sheet for transplantation comprising
a cell layer formed from retinal pigment epithelial cells

30 obtained by ex vivo differentiation induction, and a basement
membrane. The retinal pigment epithelial cell sheet of the
present invention is preferable as a transplantation material
for the retinal treatment of patients with ophthalmic diseases.

Examples of the ophthalmic disease include retinal degenerative

35 diseases such as age-related macular degeneration disease,
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[ 0044] The cell sheet for transplantation of the present 15 invention can
be used for the treatnent of the above-nentioned di seases in human and
manmal s ot her than human (e.g., nonkey, nouse, rat, dog, bovine, horse,

swW ne, sheepnigtad pieglentioabbi Hiabatbteret pubmeehp Jretithigl de®Cébhe@The
range of the disease area to which the cell sheet for transplantation of

the presett® itfifenti%on canree BppIredl i Sefprdprihs singsgetethVABEIERpendi ng

on the tafgats 958838 ddee AREABl-aS0ECE £ScaRUSe S£% PO MR ght, and
synptom of adm nistration subject, and the |ike. 25 [0046 The cel

sheet forhigharsraditatingn retet ferpredenatasaventd bninars e thearsplsant ed at

once or_in several,portions. The_appligcati nunber_.of transplantation is
deter m'5nedl%oyr eeraeldt %—rélacrhe Spfngfngggpghallgn a%agd(;i_rtdior?g ts&qcﬁetgfesgggén%%d t he 30
gui del i nepidnentexanpihel iwerclihestdesease tise age=sehatathdracwWhas a
degeneration di sease, the cel|l sheet for transplantation of the present
inventicnP%ﬁﬁF%ﬂ?fW%ﬂ?ﬁﬂn§nF@§etﬁﬁoﬁrcﬁ%P%n??F%sSH%bﬁﬁﬁi?ﬁyWﬁ?sﬁhénseverity

t her eof . W\?imgf rangRliantat ienchs peshoraedt Plural 488 rihe isahekwahg S
not 35 particularly limted, and a period of several days to several ~weeks

may be plrpicgehsg 0@z as effiThevcerkkeshées, f opxiehs phemiumtion ahd he
presenf, Toyventi,on i s 4 anspanted; Y Realt ir Gk & PIOIESSIONAL] . the

efficacy screening for the aforementioned ophthalmic diseases,
for example, the cell sheet of the present invention can be
applied to screening for a substance having efficacy for the
aforementioned ophthalmic diseases, according to the method

15 described in JP-A- 2007-500509. To be specific, the cell sheet
of the present invention is cultured in the presence or absence
of a candidate substance having efficacy under the stress
conditions possibly causing the aforementioned ophthalmic
diseases (e.g., light (e.g., white light, blue light; light

20 induces death of retinal cells, particularly photoreceptor
cells, and can be a macular degeneration inciting factor), AZ2E
[retinoid N-retinylidene-N-retinyl-ethanolamine] {accumulatiocn
of AZ2F is considered to contribute to age-~related
neurodegenecration of retinal cells, particularly expression of

25 macular degeneration}, cigarette smoke aggregate (smoking is
considered to be a risk factor of macular degeneration),
external pressure (e.g., hydrostatic pressure; increase in the
intraocular pressure is suspected to be involved in glaucoma)),
and evaluation can be performed based on the number of

30 photoreceptor that expresses rhodopsin, and by immunostaining
using anti-caspase 3 antibody. For toxicity evaluation, the
cell sheet of the present invention can be applied to screening
for a toxic substance according to the method described in JP-
A- 2007-517210. To be specific, the cell sheet of the present

35 invention is cultured in the presence or absence of a toxicity
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5 according to an appropriate transplantation nethod in accordance with the
gui del i ne. When the cell sheet for transplantation of the present invention
is transplanted under the retina, a transplantation nmethod incl udi ng

del i ver i ngendied st etulmri canosatagd filsdwgf tbhen anpagct wredr ke gedpganieneedl e, up

to /0 the,transpl antatjon site.u he retina of the eyeball, may be
enpl oyed %?S%I%E%falﬁbuiﬁ_%"agﬁgﬁagg?ébc| ﬁé?%ﬁego‘?’lvﬂaﬁﬁ ¥t &t 6h may al so
be used. mxasmiescd QO48]sslolt)e apresant rinYLaLESNE SaeXPI@ifed 4 n nore
detail in_the following by referring to Exanples, which are nere

exenpl i fi ¢TSI ditr @yaortion-t Maeeethe W@ie tias imads eigmentent i on in any
way. [Q049].: Pr.od i10 e ti - retinal_-pj nt

epit he%?a%%%%lslaq i %Rs@é'?gglfr EfianlE‘g% gﬁeﬁ@%’gﬁﬁ&‘f‘%ﬁ acle%chrsgeet 0 be used
for sheetihglized ks faoldidwionqioBedmibe the useal wet tomed firearietinadn piigeent

epithelial cells (253GL, .K11PD2, 59MB, 59SV. oSV3, 25 59SV9, 46a,

K21EV15, lﬁiﬁifné&ré\?éitl&é‘ P96 ai ﬁBﬂtlB?/ﬁr%ﬁu‘é%jg HHh deriticati on of i PS
cell, andeuredinel pilgreny epi thel makneshhscé &S, vLOMG) @btal nggbys nduci ng
differentiation of ES cell, according to the nethod described in

Neur osci ePRAIIE T £33GI009) PhoEoI8Eeror <Mipah $E&lerd ved reti nal

pi gnent, epit i | deS> ot 4 5 [ r :2?' 'ﬂgyte'thelial cell
obt ai nlteod by IIQ% ucit:eng a}ie?faé:rtelr?tnl g{li%oﬁ%fi%]ﬁ%hnﬁ% clelo[ll) eC?ivvee eflrom a

heal t hy heavar e mnthriKitiPD? saiedh 59MBumpéng eddnbdn pi gt ppidthielr,alancel | s

i nduced tohdi fferentiate fromhuman i PS cells 35 derived fromretinitis

pi gnent os% epa]tli]%eh‘t s different from each

[0044]

The cell sheet for trénsplantation of the present

15 invention can be used for the treatment of the above-mentioned
diseases in human and mammals other than human (e.g., monkey,
mouse, rat, dog, bovine, horse, swine, sheep, goat, cat, rabbit,
hamster, guinea pig etc.).

[0045]

20 The range of the disease area to which the cell sheet for
transplantation of the present invention can be applied is
appropriately determined depending on the target disease, the
animal species, age, sex, body weight and symptom of
administration subject, and the like.

25 [0046]

The cell sheet for transplantation of the present
invention can be transplanted at once or in several portions.
The application number of transplantation is determined by
health-care professiocnals according tc the disease and the

30 guideline. For example, when the disease is age-related
macular degeneration disease, the cell sheet for
transplantation of the present invention may be transplanted
two or more times depending on the severity thereof. When
transplantation is performed plural times, the interval is not

35 particularly limited, and a period of several days to several
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other. The i PS cell were established by a nmethod including introducing
Cct 3/ 4, Sox2, Klf4 and c-Mc genes into human skin-derived fibrobl asts
using retrovirus, according to the nmethod described in Cell 131, 861-872,
2007. week$HIBVR bsb3B8MEe@nd 59SV9 are retinal pignent epithelial cells
obt ai ned ﬁy 4ypucing differentiation of human i PS cells derived fromthe
same retihi115 pi gnent osa patient. The i PS cells were established by a

net hod i ncl udi nthd Md10duGicrd Sot-3k4anSeX3nt Kdfdn apdl G1dWerddatr@ human
skin-derived fibroblasts by /o using Sendai virus, according to the nethod

descri bed et iFprkramsed antsgr byBhgglihooaye g Bexionals  K21EV15,

101EV3, @E%%@g Lnal . pi i ] | s obtai ned by
induciﬁg di ef%gfﬁéfﬁgﬁag%&ﬁ %%h@?PgB%ggﬁgéﬁggﬁ%gg (ggﬁgféf}nitis

pi gment osacqatdantss wiitftf ethentgutidefliom. eddierottirer .celllie shik8tcéblks wer e

est abl i shed by .a nmethod including introduci ng, hunan Cct 3/4, Sox2, Klf4,

P My, and iTNER AT Okt Shen BAEP UG B Db Aors Gy i by ool Sonar
vector, acedritichd,0 4 he-amihedrdeseni hedhbad Nat1Mpihodse1 244 MY Hhe8( 5) !
409-12). 20 <Monkey i PS-derived retinal pignent epithelial cells>

46a is a FETHhA" @ geRT dgiovhélreal acernchbred nbel et iemugasye, up to

di ffergnti,ati @§R§ C e i I i.ng t he
nmet ho dé%%%iéghﬁ%é% pn%ﬁﬁ£l%gggggﬁg%%hPﬁg,y%%%ggégsngagéggﬁgﬁvaﬁgretinaI
pi gnent epi tdnglicatecteld s> therapehESci spparetunaéxplyserd ®pi t helial cell
obtained_@ in uchp .differenéiatgon of human ES cell line KhES-1. CWK6 is
a retinal %ﬁ%ﬁéiﬁneﬁ%ﬁﬂﬁeﬁpgia &Pl P&btaFfed by inducing differentiation of
monkey ESeefdlesaccording to the nethod 30 described in Neuroscience

Letters 458 (2009) 126-131. [0050] Exanple 1. Production nethod of retinal
pi gnent efi%4fdlial cell sheet <Preparation of collagen gel nixed

sol utign> 35A - e dendonndentyed 6! dxsehible Ty Afsde GdA98n the
following by referring to Examples, which are mere
exemplifications and do not limit the scope of the present
invention in any way.
[0049]

20 Production Example 1. Preparation of retinal pigment

epithelial cells

As the retinal pigment epithelial cells to be used for
sheeting in the following Example 1, used were mature retinal
pigment epithelial cells (253G1, K1iPD2, 59M8, 595V2, 595V3,

25 5%8V9Y, 46a, K21EV15, 101EV3, K11EVY9, 454E2) obtained by
inducing differentiation of iPS cell, and retinal pigment
epithelial cells (hES, CMK6) obtained by inducing
differentiation of ES cell, according to the method described
in Neuroscience Letters 458 (2009) 126-131.

30 <Human 1iPS-derived retinal pigment epithelial cells>

253G]l is a retinal pigment epithelial cell obtained by
inducing differentiation of human iPS cell derived from a
healthy human, and K11PD2 and L9M8 are retinal pigment
epithelial cells induced to differentiate from human iPS cells

35 derived from retinitis pigmentosa patients different from each
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Cellmatrix I-A (Nitta Gelatin, 3.0 ng/m), B: concentrated culture nedi um
at 5-fold concentration [DVEM F12 (I nvitrogen, 12500-062, 3 g) was
dissolved in MIIiQwater, and total volune (50 mM) was filter-treated],
and C. bufflerr f oTheed®Astit Ut wone se$db NecB d 5 mMmeT hld) inNabBEO8g( 260 MV

2.2 d_HEPES (20 4.77 dissolved in MI]i ter, and total
Vol ume (TOB I AT SosthdRThE S epiF e et oot iRG Bino
vol ) was déxeebd palle-oraldsew) wwihl Ac(Fovobhs W dbeditq bubbld nthe ThemodC (1

vol ) was added and the m xture was m xed 88611 e-pink) /o to give a 0.21%
col | agen Yefcmibast 9olGstlilon 31«pRépadaLi oA0®T - reti nal pi gment epitheli al

cel | sheet> 59SV2T,h%9%«7%1%%90‘55%9?%98'ré’%%xgéilsﬁ LN 209 Rl), was added
into the insert of a 12 mmtranswell insert .4 or e Polyester

menbr ane; caokni gt B46E) byandduhengi i (fergasidtiomoubdtechrati E¥/ Ceflds 30

mn. Then, F10-10% FBS.[F-10 (Sigma,, N6908, 445 nl), FBS (50 m),

Peni ci | | -Gt apt oyt e F9FEr 5agﬁ?13%§4ﬁéqlﬁ%r}t%s%§ﬁtjﬁ%t'adapg% bYS1500 pl

to the outslixe wafrd hesgamsersheandy590mpthb@ mcemdﬁilgieirgifrdd%ﬁziin%s%m_/@od
the transwell was incubated at 37C for 24 hr. Thereafter, the 22 inside and

out si de 0t°%4re Hliderndusrdvradhta BHBaN W kRN e Ived FESradaséet bve reti nal
pi gne i {held el bt ai tn.Praod I - S dto

5x105n%eﬁiﬁél( 1soefoioaoqA) ﬁ)é“%,u%é,o%bgﬁg difigrtgctnd ?%E@?ma%&%ﬂ‘%{ ?6‘%%%% "(1500
pl) was afided Acrd.he Seut.siBd@50f(20A8) i B48+862The retinal pignment epithelial

25 cells were d i - 109 unt i fluence.. Af.ter, reaching
confl uent, t he%ﬁ%’m&@lﬁénggﬁ@gsﬁ@ E%g{d\ﬁw]{%% g6H46'- 350 m ),
F12 HAM (<3higites 1 iNA6%R:1 155@brk) neB2By (1 RahE 1:19g edhi £ ABGA-1044,0nl @ fMh)imad00 v
L-Gutam ne (Sigma, G7513, 5 m), Penicilin-Streptonycin (Invitrogen,
15140- 122 5% %$oH i egrer (RaRoreben! basastanerteiaingt ierseo i feaenhe
out si dg Ofrdl1&d 15 Qthe r2001RE 185 the 1 0S| fslhe ;i %greppsgeﬁlleeﬁbﬁhange

was 3 tinmes/week), and the retinal pignment epithelia were cul tured
until theynsholed sinttralblueicgl bnmandOshape, @A t i Kigf Hutl>-MBEAfArer LANAGr ess

for 6 wee) fromthe start of the.culture t he nenbrane of .the insert was
renoved, lléno 9 ah&ler;gnaanséS m(‘ﬂletrtlé{e&e?é%ﬂ?fi%‘é? AY Gk, ey MectPEo pl )
was addedhamdetidded nser mecabd tbecknseat iMasat Neatased ato137@afgr 60 min

and 8(5): 409-12).
20 <Monkey iPS-derived retinal pigment epithelial cells>
46a is a retinal pigment epithelial cell obtained by
inducing differentiation of monkey (cynomolgus monkey) 1iPS cell,
according to the method described in Jpn. J. Transplant. 44
231-235.

r

25 <ES-derived retinal pigment epithelial cells>
hES is a retinal pigment epithelial cell obtained by

inducing differentiation of human ES cell line khES-1. CMK6 is
a retinal pigment epithelial cell obtained by inducing
differentiation of monkey ES cell, according to the method

30 described in Neuroscience Letters 458 (2009) 126-131.
[0050]
Example 1. Production method of retinal pigment epithelial

cell sheet
<Preparation of ccllagen gel mixed solution>

35 A: Swine tendon-derived acid-scluble Type-I collagen
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washed 3 tines with PBS(+). SFRwW B27 was added dropwi se so 5 that the
retinal pignment epithelial cell sheet would not get dry and cut into a
desired size with PALM M croBeam (ZEI SS). [0051] Exanple 2. Production

met hod ofceblmml}pimmmﬁmat tellkatin, cel b mfgel) (ki ndofcaaaldaagen) ioln

th le 1 t that the step of prod
col | Shoeto 1ot Ty TGN (PR L AAP BPOHEAE Bl [ ORI Aol GE9SERanpl ¢ 1.

(A) swineskom-gler,i vedy) Typer ldl%%h%aanﬂﬁm@ @t OF d@inoort%cttéqt voTRkal y
cont ai ni ng_ Type- | collagen a smal|l quantity of Type-111 collagen, Ntta

Gel atin, [0 3ukig/Mag ﬁndstaxs—éerea@ed}ssa@docr ageRten xeer stiasmsori/omelibp ( B)

SW ne ten e- ord u Type- |
col | agen Ejﬁ\'ﬂtta IJé’:‘e‘lé]?{btl n,’ fﬁﬁg/ ﬁ%%e Was used&g %%@A) &o I&gé’ﬁg (@%%
sol uti on/mi) 14. (C)g) Flw“éﬁ-el alielsedvedl i agenil i@ Cheoner exand tnfgjarm Jolasmeused as

0.07% col xed 20 solution/well, (D) FITC | abeled collagen | (special
or der, Lﬁg(f r? &%) 3qry /)t e\ﬁa§r§§§8déswér91@§‘?ﬁﬂ%enUﬁ*@)@éd%@ aifonPwel |,

(E) at el opplJagen,{KQHENq :?(p@/emy)alm@ﬁ%? useehag @7 2198 coliagent Wuteding.
sol ution/ wel | and (F) peLneabilit | agen nmenbrane for cell cul ture

( KOKEN) vEEens €, (D5 dlds pact |avié1E91 andstbadrnbxt@wa neas anidad deeileegink)
aci d-sg| Iut[b shybes I (‘ﬁﬂj agen ﬁ% Eg&rf“?i‘gd%‘g%‘%‘% CGelatin, 3 ng/m) as

0.21%co n m xed “sol uti on Sheets were produced and cut out
to give reﬁmmrapn@mm:tf epittihalli @hgmeht shieehslidhecddEstshHeesid t s of Exanpl e

1 and the casesusi Qach f 30 the af or menti oned col | agens were corrpared
and eval uat ed i eup%rs1 @pgﬁsg[ei mﬂ;é? sFr et PR ézo %1 ) ¥@FesroR

cel | growrdko %hé@frﬁe&ﬁt oq_esaameml Eraﬁgﬁ)leij]_— 1ﬂ1§€§t€|@" 3m GQtleval ent; 3.
inferior; 4. good}, (B) {1. %od(S /m) . equalent 3. inferior;
4. good} Pykyegter |Hkﬁf@rﬁaélte( OP?Q}LM)MQ 2 amﬁf*@bwmx@rmnq@@om 4.

ﬂﬂlﬁﬂg% ’l\f%b%t]led eaqﬂ::;ﬁ E%O MY n1 ); ) ’i nggfﬁgLPGQ%S ﬁ%?ﬂ%m%l%a’gdod},
and (F) {Na¥ thot445 sed betSOI(ISQQEElasePehhu$limuS‘albéga}omy‘ks_rf airivie rgeken,
Strength’lgﬁfﬁgffHJ1§ %ﬁ%H %%ssg&gggtgyif568qﬁir€g %ﬁéegﬁﬁgfﬁe of the
insert and 50C pl to the inside of the insert, and the
transwell was incubated at 37°C for 24 hr. Thereafter, the
20 inside and outside of the insert were washed once with F10-10%
FBS, respective retinal pigment epithelial cells obtained in
Production Example 1 were seeded to 5x10° cells (F10-10% FBS,
500 pl) inside the insert, and F10-10% FBS (1500 pl) was added
to the outside of the insert. The retinal pigment epithelial
25 cells were cultured in F10-10% FBS until confluence. After
reaching confluent, the medium was changed to SFRM-B27 {DMEM
(Sigma, D6046, 350 ml), F12 HAM (Sigma, N6658, 150 ml), B27
(Invitrogen, 17504-044, 10 ml), 200 mM L-Glutamine (Sigma,
G7513, 5 ml), Penicilin-Streptomycin (Invitrogen, 15140-122, 5
30 ml), bFGF fwako, 060-04543, 10 ng/ml)] (1500 pil to the outside
of the insert, 500 pi to the inside of the insert, medium
change was 3 times/week), and the retinal pigment epithelial
cells were cultured until they showed suitable color and shape.
7 <Cutting ocut>

a5 After progress for 6 weeks from the start of the culture,
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5 growth of retinal pignent epithelial cells. From such aspect,
particularly preferable kind and concentration of collagen were the sw ne

t endon-derived aci d-sol uble Type-1 collagen Cellmatrix |I-A of Exanple 1 and
(B) swi nethendemederd weld theparisegdal Wwagenemot082 uskta@atnddre Tab@ie-tnent i oned

concentration../o t he, .substr es n have a certain | evel of
strength,é?gﬁjﬁé’l %%‘%@b)n‘t %é'ﬁqaheﬁi%hﬁ] gzgz'ng{)og‘rl W B ULEE for
the presephsdAventd®nnd 00nlr« wa%xéﬁgkgagedFEQdﬁﬁki%%r”%thQnog getinal

pigment epithelial Is cell sheet (collagen anount) In the sane

manner aswiFEkanptides ekiddptPESHAY - | AFREB ST g pfadstastgeiopyigecebl sheet

usi ng i1 RSs retd: | L I ) | t anount
of the%ggﬁ%%eﬁ%ge ﬂr?iq%eld%sl%{ﬁltto%Btlrgngg&%egg%SSc%%ﬁé@ltcg%0%% or 300
pl from 2@rR0nglguiceldtslreatsiwede sproduted BANM ct cxoegamhE@RI®s r.et i nal
pi gnent e%@\#ﬁni al cell sheets were recovered. As conpared to
Exanpl e 1, t he anobunt of the collagen gel m xed solution used was 100
pl, a thimxesblagen gebduayebnasthodned Fdx 108 GeRndarti tdde ke an

i nfluence of_ the 25 surface tension caused by the smaff anount of the

col | agen g2}l nhest sdiind of swdlagenihe culture proceeded, the seeded
retinal, pi gnent i | |l Lrect act ot.t on rane

W th eg}se, whi c%ﬁgda}%;:%h?r ea%erllgez g% ?ﬁet%éaerﬁﬁgél fp(lg}g%%élf %pgftt{’hre%ngcl cel |
sheet durstgp ant gperdatdiony teo celtl shkee8Outhepgshedtl Wiks-tdiel raripymitgreihitt he
col | agen gel, m xed sol.ution _used s 300 , _Slnce the amount of the

col | agen %}t}?ﬁ%% scoﬁltjﬁ)or? a Wgﬁ, i’a t(ﬁ} cRY LTI %}@Jerh—‘g%ﬁlweﬁ/&y%g
formed, wwTiagel atd velpedieducedetrhpramupt Qiihhe sBianm thatr d be
retained in the insert, and therefore, maintenance culture was 35 not easy
to perfor®yltdF¢hgehade il saEmsAt vt 86k TyPaeIIAnecl Hegredlidita e ladlin, sheet

were fgared, eGE ter. en 0 en gel,,m xed
sol uti%(rsll use(:rI V\]/Z?s 100 pefacﬁta%e O(i\é%tgl Scé??g??ﬁ;ﬁ%%e%{ia%ﬁaﬁiﬁeﬂ%%l ra(r]?é, and
the cell showt wasidi-stamtved ivom-Suchlpagénob-ieddvadpetfidhendarbrane. 5

Sheot (anOURIH! COIagersod A FAArReRE T ehg) o T Mo /L) bz BaedSs

0.35% collagen mixed solution/well, (C) FITC-labeled collagen I

(Chondrex, 1 mg/ml) was used as 0.07% collagen mixed

20 solution/well, (D) FITC-labeled collagen I (special order,
Chondrex, 3 mg/ml) was used as 0.21% collagen mixed
solution/well, (E) atelocollagen (KOKEN, 3 mg/ml) was used as
0.21% collagen mixed solution/well, and (F)} permeability
collagen membrane for cell culture (KOKEN) was used,

25 respectively, instead of swine tendon-derived acid-soluble
Type-I collagen Cellmatrix I-A (Nitta Gelatin, 3 mg/ml) as
0.21% collagen mixed solution/well, cell sheets were produced
and cut out to give retinal pigment epithelial cell sheets.

The test results of Example 1 and the cases using each of

30 the aforementioned collagens were compared and evaluated in
terms of 4 items [1l. gel strength; 2. cell adhesion; 3. cell
growth; 4. safety]. As a result, (A) {1. inferior; 2.
equivalent; 3. inferior; 4. good}, (B) {1l. good (5.1 mg/ml); 2.
equivalent; 3. inferior; 4. good}, (C) {1l. inferior (1 mg/ml);

35 2. inferior; 3. unknown; 4. unknown}, (D) {1. equivalent (3
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In the same manner as in Exanple 1 except that, in the step of producing a
cell sheet using 253Gl (i PS-retinal pignent /o epithelial cell) of Exanple
1, 1% Collagenase L (Nitta CGelatin) or Type | coll agenase (Roche) was

cont act ednagvrih) t he restiival 1 epitgnm@ntinépici.hel i 4l wekhowheet (H)or{110 min in an

amount of 10.pl., 20 mn i n amount. of 10 pl1, 30 mn in an apount of 10
pl, 20 m%&?%y%lnengcm@nfn%?mgo I, "0 iR n?anu%]ﬁ%?fm’ o’fp‘ BBl @Rd 50 /5
mn in an(Bnouns afo3Q yed ibsteadaebn3dBe M Ahid @ s@unt, 0hs30op! ¢neel |

sheets were produced and cut out, whereby retinal pigment epithelial cell
sheets We¥@- rddiidd @y, @ certaing lgvedsaft StypReth £ol TemjEmesk tor eaghdat was

erfor 14t n - r ingdn .a 20 20
D col' aen dooradatt on of Che Came T evtio Bchrth 36 T PoETattheft s
obser ved.p§ 0052}l Exdanpire feraprledkd nboandechodentf ratetomalf picgientenepetrhel i al

cell sheeg numher .of seeded.cells) . 251 n the sane nner as in Exanple 1
except th%}%é, %JWEB} & L r&r‘rgguél):ﬁa_ﬁoglé}?fesi@?_ﬂz?%% (i PS-retinal
pi gment epilhedialx celd boExaxpipl e dndt iB) nswbes ©inddie-galihed Qg}@@—ieeded
inside the insert was changed to qu) 5x104 cel | s/ 500 pl, (B) 1x105/500 pl
or (O 1AYSIHTT Jl- i emuserog teshpspBope prengrred | catnsstts atdos -pr oduced
and cufy Open WIR! el dieliRalyRisg ?t gpLthelipl, Gel sheels WeLe fgcover ed.
As conpared to Exanple 1, (A) an Bgl required a [onger tine to reath cell
conf | uenceetduert eitdvendmepi thedbem dbesehds, gamd 1) rowed kel owedr dwtrh and

al so tendtqgle tporerseeqltg ri%vaenltci%glgr 35 tine to reach cell confl uence.

[0052]

Example 3. Production method of retinal pigment epithelial

15 cell sheet (collagen amount)

In the same manner as in Example 1 except that, in the
step of precducing a cell sheet using 253Gl (iPS-retinal pigment
epithelial cell) of Example 1, the amount of the collagen gel
mixed solution to be used was changed to 100 ul or 300 pl from

20 200 ul, cell sheets were produced and cut out, whereby retinal
pigment epithelial cell sheets were recovered.

As compared to Example 1, when the amcunt of the collagen
gel mixed solution used was 1060 pl, a thin collagen gel layer
was formed in the center part due to an influence of the

25 surface tension caused by the small amount of the ccllagen gel
mixed soluticn and, as the culture proceéded, the seeded
retinal pigment epithelial cells directly contacted the bottom
membrane with ease, which caused breakage of the retinal
pigment epithelial cell sheet during an operation to cut out

30 the sheet. When the amount of the collagen gel mixed solution
used was 300 ul, since the amount of the collagen gel mixed
solution was high, a thick collagen gel layer was formed, which
relatively reduced the amount of the medium that could be
retained in the insert, and therefore, maintenance culture was

35 not easy to perform, collagenase treatment tcok time, and
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[ 0055] Exanple 6. Basement nenbrane formed on retinal pigment epithelial
cell sheet A cryo section (frozen section) was produced fromthe s cell
sheet produced from 253Gl (i PS-retinal pignment epithelial cell) in Exanple
1, and sudppreyes ¢ tihramawh stheeltemecal fshakdi hg. béocmatdommicdr a Whght

junction s confirne t he .expressiion.of .ZO- 1, and forpmatio f
basenent TRtTINE ol i i ad By Ore BAEPEeSPURE T | AR FSnd tryfe- 1 v
col | agen. t18 &or1dedoeddian, eforkachcpr @hei Rembespesrt ing et i hodi esf rabbit
anti-Z0-1 manufactured by Zynmed (1:100 dilution), rabbit |amnin

manuf act Uf28 BySAREGA (EPDE G FETénPn FRBOHBLseL able Huprrast 4 agen type
|V antibogyssmpuf act ured by Cal bi ochem (1:40) were used. Furthernore, the
retinal pignent epithelial Is cell sheet was confirnmed to have a single

| ayer epikpatpbd 4 or Brbdogttibe sebhedodf nuet varl tigimemiy aygithglial

4", 6-di am.dj no;,2- phenylindole manufactured by Mol ecul ar Probes (DAPI; 1
pg/m). [ A P 1 CORSEIRRRSEi ARBRE SR HIFHE i W™ Sheci fi ¢ gene
20 expression priofile wfmecelanneheats in FxampDet heegtgpr ofn oducivng a cel |
sheet from 59SV3, 59SV9 (i PS-retinal pignment epithelial cells) in Exanple
1, the expr&Rsthrrrtdustss 2 Wééashﬁemk?lm%gﬂﬂln(%%—%%twrsalccmﬁmemti ng
t he shget i f eks, 5 YerEl day
when t%: %ﬁ?%ﬁl\/\%a%g%ﬁ%ﬂggéf }[ﬁg;%@&l{% \gg?&af tcé%g%%?’]l%%%ﬁ%l uenc‘%l er/aetsl% agﬁo,
was confi¢Retvhy REPRCRIeAs sz ri@oghe) wrpresstanted wheh sdne fahdglalas t hat
of the posjti cont.r.ol, .Chuman .retinal _pignent.epithelial cell t.al - RNA
(ranur actor S oy G it T R 285 4By Thab Bhbe o uite, o hedry.
RPE65, MNERTKniat eirgenmesnspeai fdfcalol ylexpoessadihnah esdmaa@ht phgnENtaigpiziohel i al
cells. CRALBP is a gene expressed in retinal pignment epithelial cells and
Ml | er celts. V| oobARCURt EBfa1dfatilon €2, "iBadlir eReRROWRE r@5idliatl cdnhgén in

retinal; @by Pi@MENtaRRIdDQA alo $heelinstead of 30 GRYRQ SECLHA Oso it Q&eng

section) were produced by cutting out, before and after collagenase
treat nentklf remdy edpeadtd werseprosiiget!s aplodut edut r ovh @580 ¢ tHSlet i nal

pi grent - epi el alo &8ldps i BxamBke 1y 2d.SURLEELEd,t 0 | mMunohi stocheni cal

As a result, when a collagenase treatment was performed

/oy s a allasaVa ala ava u

for 60 min in an amount of 10 pl or 60 min in an amount of 20
20 pl, collagen degradation of the same level as with 30 pl for 30

min was observed.

[0054]

Example 5. Production method of retinal pigment epithelial

cell sheet (number of seceded cells)

25 In the same manner as in Example 1 except that, in the
step of producing a cell sheet using 253Gl (iPS-retinal pigment
epithelial cell) of Example 1, the number of the cells to be
seeded inside the insert was changed to (A) 5x10* cells/500 pl,
(B) 1x10°/500 pl or (C) 1x10%/500 pl from 5x10° cells/500 pl,

30 cell sheets were produced and cut out, whereby retinal pigment
epithelial cell sheets were recovered.

As compared to Example 1, (A) and (B) required a longer
time to reach cell confluence due to the small number of cells,
and (C) showed slow growth and also tended to require a longer

35 time to reach cell confluence.
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5 staining. The nucleus was stained with 4',6-di am di no-2- phenylindol e
(DAPI; 1 pg/m) manufactured by Ml ecul ar Probes, and Col |l agen type 1 was
stained with rabbit anti-human collagen type | antibody (1:40 dilution)
manuf act ut@es by Cal bi ochem As a result, collagen was not detected fromthe
sheets affer dit was._con ed t hat
col | agenaseZHereved—€6LF8s M on- 1Y A A h PIERS e ot her hand,
col | agen aestigel et etk fr emdate sheets cut out before the col |l agenase
treatnment. [O0058] 75 Evaluation 3. Cytokine secretion capability of retinal
pi gment  epit hét i @Y S9ctdpPet(frozen’ seghpopy| vag oD tdie thsi cal si de
and th i i I re:pec f - :Qf
SUtting ctr t erinal o onmst an nariar cul T SREre from THe (CA T arsdts zo
produced ¢ebh 2580xanRS rlet iamal spbgrenedepot hetinabh cetdQheamicta454 E2

(1 PS-retinal, pigment, epithelial cell) in Exanple 1, and the production
anount s o?tifé%fg%'nd%ﬁﬁ%ﬁ%ﬁgpeohe? eJEJf%IEIJC @ulg%lﬁ é"cacsorcc‘ﬁ“rjfldrf“(‘?dt ﬁé’ £hod
descri bedeipr A 3ystass Mzd-VSand086rma¥ioR6d 2- 3634serdn@ @8 dne hiagnas
confirmed that, simlar to the 25 human_enbryo-derived retinal pignent

epi t hel i SRR el @PY 1% W@EesRILoProvs. 120081in 49md J6re-362 40 NEGENwa s

mai nly, S t i | .Sl d i nl Cl. et .he
Api cal ws ie%(geﬁ (cli‘;(?q:gé.:brtll)c;.Ha Iotﬁa%n%g hs Fg%ﬁ etil ﬂét Etg%e C e?Y%rgée%b%?&{f eoefg r%s% g%’?

i nvent i omaiais- 4t okiare fedueteor pycapabil i(1y180 ndlartiant,hataimit310 i vi ng

organi sns,_and. i s superior in functionali 0059] Eval uation 4. ,
Transepi t Kol &l" é‘ilae%{)f CYFSS gtya%g’ga]{)‘f heéfjﬂa‘{ﬂ?%;ﬁf@m RS SREE N
sheet human coJAasgterrprtgrp@oqwebatﬁgad]i,ISmaﬁ@ﬂa@e@mrb hees Dsrddvdm f unction
35 of a cell layer and inpedance, nanely, transepithelial/transendotheli al

el ectric Fesi®t e (AR, AUpbbpEmaR’: Pl artimaheiseens cpsicheland
outside t i agcorg t o] i : (st ng
MI1ical | g%?lsr%)%,étbef or eC@tnhrfgrE“t%gpIng H%Etgt ?ngﬁi 1 tb‘ﬁ‘%’ %t%\ﬂnl;qﬂ%qggﬁer#

epi t hel i afraelthes ettt eprodduced ehromt454E2g (1 PBag et | natd jmmginkinto-epi t hel i al
cell) in Exanple and T s_electrically nmeasured. . result, TER was
6400. cm,p%genrg‘}%%no%dvel éﬁaﬁliu%#%ﬁe@aﬁﬁe&#ﬁgu¥ﬁ]é ﬁﬁ#ﬁ ¥ e?ﬁ%— dlerHQfé(&)r'eti nal
pi gment epdddwl i umreported in Nature Protocols vol 4, No 5 662-673 (2009),
Fig 10.

Evaluation 1. Retinal pigment epithelial specific gene

20 expression profile of cell sheet

In the step of producing a cell sheet from 595V3, 598VS
(iPS-retinal pigment epithelial cells) in Example 1, the
expression of BEST1, RPE65, MERTK, CRALBP in the cells
constituting the sheets after lapse of 1 week, 4 weeks, 2

25 months, wherein the day when the medium was changed to SFRM-B27
after cell confluence was day 0, was confirmed by RT-PCR. As a
result, expression of the same level as that of the positive
control (human retinal pigment epithelial cell total RNA
(manufactured by ScienCell, Cat NO. 6545)) was observed. Here,

30 BESTI1, RPE65, MERTK are genes specifically expressed in retinal
pigment epithelial celils. CRALBP is a gene expressed in
retinal pigment epithelial cells and Muller cells.

[0C57]

Evaluation 2. Measurement of residual collagen in retinal

35 pigment epithelial sheet
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/o 1t was shown that the cell sheet of the present invention has a high
barrier function simlar to that in living organisnms. [0060] Evaluation 5.
Transpl antation of retinal pignent epithelial cell sheet derived from
nonkey ES cel | CH&A sasikeyns e(tfir@alenpisgm;mpnépivehelpadﬁwceid Isheett tpmgduced

from nonk E ret| thelial cel

Exanpl e 1gly\/\%s§fe?1§4nllse da% ﬁeﬁt goon gygSSf %rjtr)rﬁeﬁ% accor dﬁ‘iﬁdbet%tvﬁe net hod
descrl bedcé i Ism/eesis @ﬂﬁdmlem)lfr\dms 28661 1995 E@bm@ﬁ(ﬁa)gméirﬁ:l -H.rrRafiane the
transplantatjon, retinal 20 photocoagul ation was perforned to di sorder the

retina ofCthe) elfe TS ] é‘@fjeéupéeFFﬁﬁsEPah@lﬁW%lS@PW% fromthe

transpl.ani@aiidmd nt @htehﬁue@@ugy@agfswfné@%% NavidgyiL6kidn gl o

phot ocoagul ati on macula fornmed therein, eye fundus phot ographs wer e taken,
and i mageshety divelaleul @ARFUndusggadt i masuﬁec’euﬁédmpdﬂm]ezﬁtw}sam@io@e@gl cal

[ t I h h d whi.ch th
condi 01 ort 5 THEHET o iad RBR S ALIECAL BT BRI 0 Y CHESfL ot LR0e

f 1 uor escenges viasarftolbudiyby( 1f:l40okes eet Bnanghegraphyred Ney grafdi cueayi.vells and
a di sorder such as thinning of sensor¥ retina and the Ii ke were 30 not
a8

found. [CYEITS'EVal 1%1311(%!@61 "PraRSpl RFEFFBA 5FORethhathsitgheritaapititel i al
cel | sheetodeidaradd namsmpkey LRI el firmed }f@{] Kew 11 e pl gnent
epi theli alocelq sheet praoduced 35 from ?r%nﬁ%? %J&I%GCAT der vlegJt rn%t%l nal

pi gnent epitdiedd atoldeiden, cosbgdi nnEkaﬁpteltumasdlslansrﬂrart&@d q:t:h@e“r hieinel,
retina of_one eye 0 r spl tion and thr for cross
t ranspl ant atlo(ﬁ%ag‘{:agéfe g%!tt%%t io}ﬂ ﬁ ﬁ ??I%Lé% ?Iﬁtlh?ﬁgosrt hal nol Vi s
Sci . 1995cdelng8H=R) 't 33 tn@bit . Up to one year s post-transplantation, eye

f undus phﬁi(g%aphs were taken, and inmages of the ocular fundus sections
were prod las histol ogi cal sections by using OCT (Optical coherence

t omogr aphva RasebOs Wit ghokhge CoORdEL L O Aad s 118 Ra ‘é%%lﬂgi%igﬂe}%t h

the |aps€ of Time. I'm Ccross transprantation, To ctear rejectron reactrons
such as femktaislieHawgdd eheee periphery of the graft, Ieakage of
fluorescence b [ r i gh br| tne si_on _under
the retina by % V\%g{lgt %u%&gg%lgﬁhgggt%%%c Sdgd? na ?&f 17's34e

t ranspl anitrattim,tmedﬂearrereejrecbveﬂemseﬂme Oblwrsf@esb cm) deakage ook

retinal pigment epithelial cell sheets from the cell sheets
26 produced from 253Gl (iPS-retinal pigment epithelial cell) and
454E2 (iPS-retinal pigment epithelial cell) in Example 1, -and
the production amounts of VEGF and PEDF were detected by ELISA
according to the method described in Arvydas M, IOVS. 2006; 47:
3€6l2-3624. As a result, it was confirmed that, similar to the
25 human embryo-derived retinal pigment epithelium reported in
Arvydas M, IOVS. 2006; 47: 3612-3624, VEGF was mainly secreted
cn the Basal side, and PEDF was mainly secreted on the Apical
side (Fig. 1). It was shown that the cell sheet of the present
invention has cytokine secretory capability similar to that in
30 living organisms, and is superior in functionality.
[0059]

Evaluation 4. Transepithelial electric resistance of retinal

pigment epithelial cell sheet

A strong correlation is seen between the barrier function

35 of a cell layer and impedance, namely,
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10 fluorescence was found by fluorescein angi ography, the graft survived,
and a di sorder such as thinning of sensory retina and the |ike were not
found. Industrial Applicability [0062] 20Using the nmethod of the present

i nvent i ont rangegtithedl ipilgherhsepidohbkilablcel tesheet réoi dearappl (Tak)hy A
transplantation to atle t.s W th_age- relat d macul ar degeneration can be
produced Komparits ﬁ&bﬁﬁgnWF 1aPéP?f Tl &t youE@ﬁﬁétﬁﬂ§<ﬁﬂqg§ %o be
used for guddrHIAre |t|?}% eRlhodetvedi heli PRl M2EL PhaE Nt eRid Relihaleeq8! I s,
the patient's own cells can be utilized, which can avoid rejection in
transpl a1, MRS e sitsee of heuEElng shidet Cledt B¢ etk by itdwentet hod of
t he prese [ a a n T a onponent s
as b TG vime o o e e R B P ST el R oser
to the st%@xﬁheﬂﬂahnqﬁjJOrganﬁxamp&anlbeanépTDmun@ﬂ ey tahi desl lysef ul  for
vari ous screeni ng purposes. licagtion is based on a patent

appl i cat i BPENYF 201850801884 Ft eBER nw"?l% Y 1 ngPdateevedoy JHgh ZRR

2011), theanententes tofe Whinth areriBcaEpoval edet ind ulhi hes sl répltge@ﬂm& 1. A
met hod of producing a cell sheet conprising the followng steps 5 (1

seedi ng afftPTWIUrihdlaetienalrosrgreat vepi ¢ nelie ab @@QT@?%N1%9Q&M Ié@@mlﬁel to
form aceid sheelcpmoned ok theirehbpal ofi gent. eplihel ifl, celd 905200 (2)

degrading the collagen gel wth col [agenase to he ce Sheét
conposed lofglt hermtgmdungitgeentsimpilahet batheel is. 11@ing organlsms.

[0060]

Evaluation 5. Transplantation of retinal pigment epithelial

cell sheet derived from monkey ES cell

15 A monkey retinal pigment epithelial cell sheet produced
from monkey ES cell-derived retinal pigment epithelial cells,
CMK6 in Example 1 was transplanted into one eye of a monkey
according to the method described in Invest Ophthalmeol Vis Sci.
1995 Feb; 36(2): 381-90. Before the transplantation, retinal

20 photocoagulation was performed to disorder the retina of the
eye to be subjected to transplantation. On day 28 from the

" transplantation into the one eye of the monkey having retinal
photocoagulation macula formed therein, eye fundus photographs
were taken, and images of the ocular fundus sections were

25 produced as histological sections by using OCT {Optical
coherence tomograph), based on which the condition of the
retina was confirmed. As a result, no leakage of fluorescence
was found by fluorescein angiography, the graft survived, and a
disorder such as thinning of sensory retina and the like were

3¢ not found.
[0061]

Evaluation 6. Transplantation of retinal pigment epithelial

cell sheet derived from monkey iPS cell

A monkey retinal pigment epithelial cell sheet produced

35 from monkey iPS cell-derived retinal pigment epithelial cells,
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2. The production nethod of the cell sheet according to claim1, wherein
the retinal pignment epithelial cells are cells obtained . by inducing
differentiation of stemcells or progenitor cells. 2.5 3. The production
met hod of4 @helicéldanghieetl mesotdangplantédi m@:r witer eiatitree ot emecelyks are

ES [ i P lls. 4. Th ducti t.hod of th Il sheet accordin
Do ol ai m T ViR tie LEaRaBABREET I o N Col Tt Y4 e (Bi%8gen gel 1S 20

0.1% - 0.th%ndplathetpoeduet-bedi gt bedtré hdense!de sheateAGeondivegtt 0 any
one of clainms 1 tqQ 4, further co r|S|ng the foll ow n% step (3): (3)
&

confi rm PRI 1gIods ¥ide 567 - aB98ACEED A6 bakseniht~ Henb n§02|9n@n3/@¢1?é clolnt act
f 6. ce
surface Q%é@%at&%l%%tt%%%g,gégé gﬁﬁ&&s a&%ﬁcﬁl%rﬂzﬁ:ﬁlo% %gf% Qn%kfnl,oaéd

sheet produced by the netho ctording to any 2. 30 7. A
cel | sheetrdgss tafandel asudtrofpndoapsestgna wetd pgaykreddorred with retinal

pi gment i t.helial cells, obtained by in [ di fferentiation of stemcells
or progeﬁr?]tsotrﬁc?(ﬁﬁcgiefe\cfit\J/'S,nSaﬁH Hs%ﬁge tp(%éW%§chﬁﬁéF§d fromthe
celI's. 3%onfbgrAceel,| babeeat choh$eheeht NGon@OMMN SIMNG e GRIdir-ayeks forned
with retinal pignment epithelial cells obtained by inducing differentiation
of stem CRIF G prisdertCor 2Ber| 8T ekiNe vo, Irakdosgshisansni apEabtane secret ed

from sai &.1c8l) Ssejection reactions such as fibrous changes on the

periphery of the graft, leakage of fluorescence by fluorescein
angiography, and high brightness lesion under the retina by OCT
were found. On the other hand, in autologous transplantation,
such clear rejection was not observed, no leakage of

15 fluorescence was found by fluorescein angiography, the graft
survived, and a disorder such as thinning of sensory retina and
the like were not found.

Industrial Applicability
[0062]

20 Using the method of the present invention, a retinal
pigment epithelial cell sheet to be applied by transplantation
to patients with age-related macular degeneration can be
produced comparatively conveniently. Particularly, when the
cells to be used for culture are iPS cell-derived retinal

25 pigment epithelial cells, the patient’s own cells can be
utilized, which can avoid rejection in transplantatiocn.
Moreover, since the cell sheet obtained by the methoed of the
present invention has a basement membrane made from the same
components as in living organisms, a retinal pigment epithelial

30 cell sheet closer to the state in living organisms can be
reproduced, which is useful for various screening purposes.

This application is based on a patent application No.
2011-040130 filed in Japan (filing date: February 25, 2011},

the contents of which are incorporated in full herein.
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Claims

1. Amethod of producing a cell sheet comprising the following
steps

(1) seeding and culturing retinal pigment epithelial cells
on a swine tendon-derived fibrotic collagen gel to forma cell
sheet composed of the retinal pigment epithelial cells, and
(2) degrading the swine tendon-derived fibrotic collagen gel
with collagenase to detach the cell sheet composed of the

retinal pigment epithelial cells.

2. The production method of the cell sheet according to claim
1, wherein the retinal pigment epithelial cells are cells
obtained by inducing differentiation of stem cells or

progenitor cells.

3. The production method of the cell sheet according to claim

2, wherein the stem cells are ES cells or iPS cells.

4. The production method of the cell sheet according to any
one of claims 1 to 3, wherein the concentration of collagen
in the swine tendon-derived fibrotic collagen gel is 0.1% -
0.5%.

5. The production method of the cell sheet according to any
one of claims 1 to 4, further comprising the following step
(3):

(3) confirming the presence or absence of a basement membrane
on the contact surface between the detached cell sheet and

the swine tendon-derived fibrotic collagen gel.

6. A cell sheet produced by the method according to any one

of claims 1 to 5.
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