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BACKGROUND ART

Recently, it has been found that a brain and a spinal cord
have neural stem/progenitor cells, and it has been reported that
ES (embryonic stem) cells are differentiated into specific central
-nervous system cells. This has raised expectations for central
nervous system regenerative medical treatment. Further, as a

o process for isolating and selectively culturing the neural

N’

stem/progenitor cells, a neurosphere method (floated
coagulated mass culturing technique) has been established.
Furthermore, a method for inducing differentiation of the neural
stem/progenitor cells has been 'réported which is designed to
induce differentiation of the neural stem/progenitor cells into
neural cells by culturing a sphere (aggregate) made from the
neural stem/progenitor cells by adherent culturing after the
floated coagulated mass culturing technique.

Further, it has been reported that by iransplanting into a
living organism neural stem/progenitor cells derived from a

brain or a spinal cord, or ES cells, the transplanted cells are



112-117, review, 2001). Incidentally, when retinal nerve cells of a
mammal are once degenerated, the retinal nerve cells cannot be
regenerated, so that functions of the retinal nerve cells are

i npai red. Furthernore, degeneration of visual cells due to a retinal
degeneration disease or the like may lead to | oss of sight. At
present, there is no effective treatmenf for such an intractable }
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epithelial cells into retl naI nerve cells can be induced. Further, in
Non- Pat ent Do@@tEmni4wilghg a/677 (2), p. -3- 300-310, 1995), it
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dlfferentlatmn into the retinal nerve cells, ciliary epithelial cells
and retinal pigmented epithelial cells have been used so far. The
retinal pigmented epithelial cells and the ciliary epithelial cells
are derived from neural plates. The photoreceptor layer is
coated with the retinal pigmented epithelial cells. The
photoreceptor layer is an outermost cell layer of a retina

- including a plurality of cell layers. A ciliary epithelium is tissue

» which les between an iris and a retina.

For example, reported in Non-Patent Document 2 (Science

287, p. 2032-2035, 2000) is a method for inducing
differentiation by culturing, according to the adherent culturing,
spheres (aggregates) which have been formed by culturing
ciliary epithelial cells according to the floated coagulated mass
culturing technique. Also in Non-Patent Document 3 (Biochem.
and Biophys. Res Commun. 270, p517-521, 2000), it has been
reported that there is a possibility that differentiation of the
ciliary epithelial cells into retinal nerve cells can be induced.

Further, in Non-Patent Document 4 {Brain Res. 677 (2}, p.



into nerve cells, albeit in alimted portion of a fetal period. Note
that, also in Non-Patent Docunent 5 (DNA Cell Biol 12 (8), p.

667-673, 1993), it has been reported that there is a possibility

that differentiation of retinal pigmented epithelial cells into
retinal nerve cells can be induced. If neural stenfprogenitor cells,
derived froma brain or a spinal cord;3and ES cells, are used to
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However, in view of medical applications, an idea of using
ciliary epithelial cells as materials for central nervous system
regeneration is unrealistic, because it is very difficult to obtain
the ciliary epithelial cells from a patient per se.

Further, Non-Patent Document 4 states that, for
mammals, differentiability into nerve cells is observed only in
retinal pigmented epithelial cells in a limited time within a fetal
period in which many relatively undifferentiated cells exist. That
is, relatively-undifferentiated cells rarely exist in tissue of an
adult mammal. Since retinal pigmented epithelial cells of an
adult is also highly differentiated, it is difficult to isolate and
culture the retinal pigmented epithelial cells. Therefore, at
present, it is impossible to use the retinal pigmented epithelial
cells of the adult mammal as materials for central nervous
system regeneration.

Further, although a method for producing retinal nerve



the nethod is extrenely inefficient. Under such circunstances, iris
pigmented epithelial cells of an eyeball are one exanple of cells
expected to serve as materials for central nervous system
regeneration. The iris pignmented epithelial cells are a conponent of
an iris that opens and narrows a pupil in accordance with an anount
of light so as to adjust an anpunt of-f#i-ght which reaches a retina.
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It has been deemed difficult to isolate and culture iris
pigmented epithelial cells due to a small number of iris
pigmented epithelial cells and a small number of tissues formed
therefrom. However, the inventors have reported that the.
inventors have successfully isolated and cultured iris pigmented
epithelial cells of a chick (Non-Patent Document 7: Experimental
Cell Res. 245, p. 245-251, 1998). In Non-Patent Document 7, a
culturing experiment shows that iris pigmented epithelial cells
of the chick are capable of being differentiated into lenses.

Furthermore, the inventors have made it possible to
isolate and culture iris cells of a mammal (mouse, rat, or
human embryo) by a method improved from the process of
Non-Patent Document 7 (see Non-Patent Document 8: Nature
Neuroscience 4 {12}, p. 1163, 2001). '

In Non-Patent Document 8, primary culturing of isolated
iris tissue of an adult rat was carried out, and although it was

confirmed that some cells expressed neural markers, no



necessary for a photoreceptor function, when in order to obtain
visual cells of a retina, the cultured iris cells were forced to
express Crx gene, which is suggested to play an inportant role in a
period during which the visual cells are generated. |In Non-Patent
Docunent 8, differentiation into the visual <cells is induced only in
the case where Crx gene, which is a specific gene, is expressed.
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which, by inducing differentiation of neural stem/ progenitor
cells (iris pigmented epithelial cells) derived from iris tissue,
produces retinal nerve cells which can be effectively used for
regenerative medical treatment.

As described above, it is possible to collect part of iris
pigmented epithelial cells from a patient per se. Therefore, if
retinal nerve cells are obtained by inducing differentiation of iris
pigmented epithelial cells, then regenerative medical treatment
which uses cells of a patient per se will be realized. Moreover, it
is expected that an important contribution will be brought
about to establishing treatment for a retinal degeneration
disease for which there is no effective treatment at present.

The present invention has been completed in
consideration of the foregoing problems and has as an object to
provide a method for producing retinal nerve cells by inducing
differentiation into retinal nerve cells, without requiring gene
transfer, from iris pigmented epithelial cells which may be

effectively used for regenerative medical treatment, and -the



As a result of diligently studying the foregoing problens, the

i nventors have found that by co-culturing enbryonic retinal stem
cells and iris pignented epithelial cells or by conducting adherent
culturing of the iris pignented epithelial cells in a culture
medium differentiation of the iris pignmented epithelial cells into
retinal nerve cells can be induced w théut conducting gene transfer.

Thus, the i nvantof ﬁe%%e?@%ﬁlﬁgdtﬁ‘ﬁtﬁé%ﬁ%ﬂﬁod' nvention. A method

of the present 1nvention for producing retinal nerve cells includes
the steps of: co-culturing enbryonic retinal stemcells and iris
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differentiation of the iris pigmented epithelial cells into the
retinal nerve cells.

According to the method of the present invention for
producing the retinal nerve cells, the iris pigmented epithelial
cells and the embryonic retinal stem cells are co-cultured, so
that differentiation into the retinal nerve cells can be induced
without conducting gene transfer like a conventional process °
(see Non-Patent Document 8). Therefore, the retinal nerve cells
obtained bj the producing method of the present invention can
be used as materials for regenerative medical treatment without
posing such a risk as DNA damage and can be effectively
utilized in regenerative medical treatment.

Further, as described abové, since part of iris pigmented
epithelial cells can be collected from a patient per se, the retinal
nerve cells can be obtained from the iris pigmented epithelial
cells derived from the patient by the producing method of the
present invention, and regenerative medical treatment using

cells of a patient per se can be realized This makes it possible to



expected that a contribution will be brought about to establishing a
treatnment for retinal degeneration disease for which there is no
effective treatnent at present. Further, the
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present invention is arranged so that the embryonic retinal stem
cells are derived from a bird.

According to the forgoing method, since the iris pigmented
epithelial cells of the bird and that of the mammal have a
characteristic of responding to the same factor, differentiation
can be satisfactorily induced when the retinal nerve cells are
produced from the iris pigmented epithelial cells of the mammal.
Further, the embryonic retinal stem cells of the bird can be
isolated easier and obtained in iarger quantity than that of the
'mammal, and therefore have an advantage of being used easily.

Further, the method for producing the retinal nerve cells
is arranged so that the iris pigmented epithelial cells are
isolated from an eyeball and then selectively cultured by a
floated coagulated mass culturing technique.

According to the foregoing method, the isolated iris
pigmented epithelial cells are selectively cultured by the floated

coagulated mass culturing technique so as to- obtain an



differentiation of the iris pignmented epithelial cells. Note that, as
described later, the aggregate of the iris pignented epithelial
cells is cultured in a culture medium mxed with a publicly known
conventional growh factor, so that differentiation of the aggregate
into nerve cells can be induced. That is, it can be said that the
iris pigmented epithelial cells are re8Batively undifferentiated.
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cells includes: an iris-tissue-extirpating step extirpating iris

tissue from thé eyeball; and an

iris-pigmented-epithelium-separating step of separating an iris

- pigmented epithelium from the iris tissue thus extirpated.
According to the method, it can be ensured that the iris
pigmented epithelial cells are isolated and effectively

differentiated into the retinal nerve cells.
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Further, the retinal nerve cells of the present invention
can be obtained by any one of the foregoing methods.

The retinal nerve cells are produced from the iris
pigmented epithelial cells part of which can be collected from_a---
patient per se and therefore make it possible to realize
regenerative medical treatment using cells of a patient per se.
Moreover, this makes it possible to overcome such problems of
regenerative medical treatment as immunological rejection,
ethical issues, and unbalance between the demand and supply
of transplant cell sources.

Further, since the iris pigmented epithelial cells are



Furt hernore, another nethod of the present invention for producing
retinal nerve cells includes the steps of: isolating iris pignented
epithelial cells froman eyeball; and perform ng adherent culturing
of the iris pignented epithelial cells in a serumfree culture
medi um so as to induce differentiation of the iris pignented
epithelial cells into the retinal nerve9cells. According to the
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the iris pi nted epithelial cells is_carried out wth a serumfree
cul ture nedidogs swtt pase aifiskrsach 23 AN damage rard i Sess, §adel s

can be induced wth co [ transfer |ike a conventi onal

process (se‘g gﬁ’ggélﬁ’f %gggﬁeﬂré\gg@&%erefore, the retinal nerve

(l;el | s dobt ai ned byﬁlfﬂ;gerpﬁoﬁl@chngtm moett todd toll‘.fet}m eseseni mveention tamn

e used as materials for, regeneratiyve.nedical jreatnent.w.thout . .

posi ng such nrqd@w%rﬁmagmgs %ﬁ'}ﬁs &%ﬁp e%F#‘Ec‘-‘ﬁFPMP 1891]8?519501%%

regenerati ve?%%qgﬁ%dt Eﬁ?&?iﬁl; ceist TBhm agndesebabed aaldVperfirmsig
S

part of the pignented epithelial cells can _be collected froma
patient per séheré¢ie matinalg rdr tlee ciols spigamentedmpitheliat reptls Ha 2
iris pignmented epjthelial cells.deriyve E .

produci ng n%‘?rﬂ%f&']{-fﬁet(hléﬁblrrgs@ﬁalgﬂ}/gét%o%? qgﬁgﬁ?ég@h&g&%ﬁe\&?%ﬁ i%haei
treat ment usjig P@gﬂﬂe&t@a @piRBkiiahtelerings anrd¥nakbalkirzedellshbr eover
it is possible to overcone such probl ens_ of generative i,cal

d
B.Laea_t nent has i muAoterliew teejhe tnebhod elogi E’E{Dg}@%& eaﬁag%ﬁ&avﬁ‘ﬁ‘é%
t d d .aof . ; ,
etween the %ﬁ%ﬂ%@t@g%ﬁy@%%%ﬁ bf %Hépilr?é‘Rgﬁfléntéa%ﬁﬁﬁehﬁm%&@w

it is expect% contri e to establishing a
treat nent fogar@édnadut degeherat isenudi<esse cidtumhi ohedivene isp nghat
effective treagtnent at present. - 10. Fyrther, th r oduci .

usi ng adher eftH@EMHATAG ilgtoaﬂlﬁndggl S tHA ti:&%iér)i%alﬂ)i &%gn]?;‘é&c}ﬁ] Bt
epithelial cgllis,@f eAlhvgfs bEAD BrdHdfdrofikd HREFAVentional process

(see Non-Patent Document 8). Therefore, the retinal nerve cells

obtained by the producing method of the present invention can
be used as materials for regenerative medical treatment without
posing such a risk as DNA damage and can be effectively
utilized in regenerative medical treatment.

Further, as described above, since part of the iris

pigmented epithelial cells can be collected from a patient per se,

B ]
L "

the retinal nerve cells can be obtained from the iris pigmented
epithelial cells derived from the patient by the producing
method of the present invention, and regenerative medical
treatment using cells of a patient per se can be realized.
Moreover, it is possible to overcome such problems of
regenerative medical treatment as immunological rejection,
cthical issues, and unbalance between the demand and supply
of transplant cell sources. Therefore, it is expected that the
method will contribute to establishing a treatment for retinal

degeneration disease for which there is no effective treatment at

present.



According to the foregoing nethod, as described later in the
Example, it is possible to obtain various retinal nerve cells such
as retinal visual cells, bipolar cells, and Muller glia cells.
Further, the nethod of the present invention for producing the
retinal nerve cells is arranged so that the serumfree culture
medi um when the adherent culturing start@- contains at |east one of

FGF2, FGF9, and CPE)EE@A&I Wi sonGenld g%%@fbd istn g angeerehit lchRuiR is

ng/ m . According e’foregoing ne , the sefumfree culture,
medi um cont abnsirtdeel Bacthat tine Hirs eoguenttedt epithsliad eells omre egrived
so that differentiation into the ¥etinal nerve cells can be induced

nore secur el ¥0M3FHOHDIGA FRATYEBT the retinal nerve cells can be

i nproved. Note, ipckhedRI€LIBNthd MYeBEdiay nibiod was desatibedf ldtiee in
three factors may be contained. Also in this case, it .is preferahle
that each fatherExampdecshiemasiiplhterohtais YagousgreiinakRNer c e
met hod of th e | j gduci theqratina oneLtls.
cells is arrgﬁgfeldﬁgggjfﬁﬁ%;ﬁ?%{élgpf%gg’ [})DI mnt%é(}gsépi thelial cgel I_sC i r? t he
serum free cul turguredénm ghe tinetbbdrtobf thke pdbesmiht iouenticong foas

a cell density of 1 x 105 <cells/cn2 or |ess.. According to the
f or egoi ng mePFi%%}lelTﬁ% t Fsrﬁfl&?intr’(,ﬁaveeﬁ ol iSaPiEaEsY ¢ petat the

serumfree cubigperRdiumate Higlistarvheh thoaddherantutnliagi sgrbas
a cell density of 1x105 cells/cn2 or less, so that differentiation

il,.né)o the ret coatainsr vat cétds care bef Fftiked #oi% Faedr SYTFamith a
aroductivity of the retinal _nerve S re inproved.
R P?]I:Petrloﬁéph% aagget%ic ¢ ’go 168 fm'TD

Fur t her nor e, “82fF6 e present Thvention for producing

retinal nerve cel hgcbhhginugles thiref@icgpingimetisod athageriin-free culture
pigmented epithelial cells froman eyeball; starti adherognﬁ 100 '
cul turing bymerbivant ragtams thesiantgheWidy & HoHenEabes o Lty

cul ture medi %@/%Qﬂt@d 0,09 £2eARdtn FHD thentBlAdBhetPE cells can be
induced more securely, and productivity of the retinal nerve
cells can be improved. Note, in the present invention, that two
or all of the three factors may be contained. Also in this case, it
is preferable that each factor has a concentration of 1 to 100
ng/ml.

Further, the method of the present invention for
producing the retinal nerve cells is arranged so that the iris
pigmented epithelial cells in the serum-free culture medium at
the start of the adherent culturing has a cell density of 1x10%
cells/cm? or less.

According to the foregoing method, the iris pigmented
epithelial cells in the serum-free culture medium at the start of
the adherent culturing has a cell density of 1x105 cells/cm? or
less, so that differentiation into the retinal nerve cells can be
induced more securely, and productivity of the retinal nerve
cells can be more improved.

Furthermore, a further method of the present invention

for producing retinal nerve cells includes the steps of: isolating



step of starting the adherent culturing, inducing differentiation of
the iris pignmented epithelial cells into the retinal nerve cells by
perform ng the adherent culturing of the iris pignented epithelial
cells by using the culture nediumto which CNTF is added and from
which FGF2 and/or FGF9 is renoved. According to the further producing
gethﬁd usLng adherent culturing, in addition to the effect obtained
y the abo I n it t
dlfferentlaﬁﬁgﬂE#%P ﬂ?ﬁggﬁggyﬁg#gﬁggég?ce é?_%g%ﬂﬁg ?E&ﬂﬁﬁ z#%ﬁé;@nt
qui ckly. Theltativer by odgpdantingethodrisimgmaiiedeapithalialr celys g

b d t hat t he l
med um 1o FOEED O CoR A e anp iy R, ESTie el £ B e
further addedeboot BEa@ithgUWhe HEHeUshi rtultﬁﬁlrﬁgt Q@ldﬁClh@ddiﬁfﬂg’:ﬂﬂm‘,‘tlon

differentiation into the retinal nerve IIs rther, retinal rve
](c:el s of thei)fpfifl’e%éﬁﬁ P*ﬁi@ﬁﬂ?% epihelaal 6§ l5i e ﬂ}ﬁ ARV S ﬁ@ﬁ

or egoi ng a re | t e r f f

pi gnent ed epi-t h§€ gﬂganrabher%g%l klglgt e&ngr %% SH%a%ﬁlgnFE%@rehstga
t he L eltl nfml ei:ﬁthehablcbslscby beinghhai mtimtometdmnn rtios whighe AINEGE 18
epithelia ed from e produ0| met hod of
t he present %lei% ro%n‘ﬂﬁi%tepggﬁg W? 1P FESHEN gu3| ng
cells of a pati e%cﬂﬁﬂdm%?oc% @ﬁrﬂl’%%' Fggeheét@fcﬁi usling dieseihl e
to overcome such probl regenera i ve nmedi cal treatnent as

i munol ogi catultuejregt i om, edditan i ssuethe anetiapbal ebifednsd wbdn tthe

dermnd, and SHRB ISl oA ALk PARMLAE TRl LiREroRt R

wi t hout geneiiffeaBatRition tindoahanoétipad ecmrer cslts suaah tees iBNAcddnagee
and ensures saf (i:{tly when used for nedical purposes.
quickly.

The further producing method using adherent culturing
may be arranged so that when the culture medium is a
serum-free culture medium in the step of starting the adherent
culturing, a serum is further added to the culture medium in
the step of inducing the differentiation into the retinal nerve
cells. '

Further, retinal nerve cells of the present invention can be
obtained by any one of the foregoing methods using adherent
culturing. ' |

Since part of the iris pigmented epithelial cells can be
collected from a patient per se, the retinal nerve cells can be
obtained from the iris pigmented epithelial cells derived from
the patient by the producing method of the present invention,
and regenerative medical treatment using cells of a patient per
se can be realized. Therefore, it is possible to overcome such
problems of regenerative medical treatment as immunological
rejection, ethical issues, and unbalance between the demand
and supply of transplant cell sources.

Further, since the retinal nerve cells are produced by



For a fuller understanding of the nature and advantages of the
invention, reference should be nade to the ensuing detailed
description taken in conjunction with the acconpanying draw ngs.
BRI EF DESCRI PTI ON OF DRAWNGS Fig. 1 is a schematic flow chart
illustrating one enbodiment of a nmethod according to the present
invention for producing retinal nerve k2kls. Fig. 2 is a pattern

di agramil| t{ﬁc@él@fggfi?fug&ﬁaé Hh' BEtLSWE meua%gléfer iCavesl haflﬁ&

€
step of the strate Fig. © Fig. 3is a schematic flow
chart illusta atshgsmmﬂmtdmrDNAndammtambmmg safetfiewpessawed for
i nvention for producin retinal nerve cells. Fig. 4(a) is a pattern
di agramil | t# Buﬁ%BaSEsi n positive cells derived fromiris

pi gmented epithel gt LellierofindersRusdinglbe tdier gwmmhmﬂasdvmmgm n
subj ected to immunostaining in an Exanpl e. gl)geﬁnidf E pattern
d

di agram i | | usf rtdie rigveniai. refsnGey shaed E"t HE FHIS
pi gnented ep aé{%qiédft O?i%'s'cﬁ o he ; fRuse. ; The o rlr%ﬁcgir&g i Retkgat ege

vi mentin subjeéc alnlnglnteExa Fig. 5(a) is a

pattern di agammﬂﬁmgﬁngtdwxﬁg&iopm n positive cel I s derived from
iris pignmented epithelial cells of a chick. The white area indicates
rhodopsin subjected to immunostaining in the Exanple. Fig. 5(b) is a

pat tern di agsRIEH DI CRIPMONOGIDDRRWORIGS ve  cel s derived from
the iris pigmented epithelial cells of the chick. 13- The white area

ngl g?g)esl ;odop;; E?rﬁbjé?dtsedat o%hﬂ?ﬁém alﬂﬂ‘?ﬁg chartt hdl @Hl@ﬁ}fég one
deri ved fror’r‘?IF‘eré)c{ W%ﬁtpl g%e %C gﬁlg?g %}&O?Tr&%%ﬁtq éjuo_f_:hgor
producing retinal nerve cells.

Fig. 2 is a pattern diagram 111ustrat1ng a co-culturing
system used in a co-culturing step of the method illustrated in
Fig. 1.

Fig. 3 is a schematic flow chart illustrating another
‘embodiment according to the present invention for producing
retinal nerve cells.

Fig. 4(a) is a pattern diagram illustrating rhodopsin
positive cells derived from iris pigmented epithelial cells of a
mouse. The arrow indicates rhodopsin subjected to
immunostaining in an Example.

Fig. 4(b) is a pattern diagram illustrating vimentin positive
cells derived from the iris pigmented epithelial cells of the
mouse. The white area indicates vimentin subjected to
immunostaining in the Example.

Fig. 5(a) is a pattern diagram illustrating rhodopsin
positive cells derived from iris pigmented epithelial cells of a
chick. The white area indicates rhodopsin subjected to
immunostaining in the Example.

Fig. 5(b) is a pattern diagram illustrating iodopsin positive

‘cells derived from the iris pigmented epithelial cells of the chick.



white area indicates PKC subjected to i nmunostaining in the Exanple.
Fig. 6 is a pattern diagramillustrating an aggregate (sphere)
derived fromthe iris pignented epithelial cells of the chick. Fig.
7(a) is a pattern diagramillustrating rhodopsin positive cells
derived fromthe iris pignented epithelial cells of the chick. The
white area indicates rhodopsin subjectad to imunostaining in the

Exanmple. Fi 7(h)..is a patter iagram:i | rat i ' 8b8taini
positive cgq}}%("gélrth%léF%)F%gﬁctaﬁggilﬁlgg%pr%%nééﬁn?}eeg%%{‘%hie@?%ﬁ cel?lgllf)llg
the chick. ihhg,aMiixaenplea i ndi cates iodopsin subjected to

i mmunostaining in the Exanple, Fig. 7(c) .iS tt iagr.am HPG- 1
positive cells défigveld) 1prroRALHET EF%gr%réﬁbﬁnggﬁﬁﬁe%gpﬁgp %téﬁg% S E:oﬁfs
the chick. The.whi iFRdb Gahes t&PGplisabilect B dfthe chick. The

i nmunost ai nidr%”%lﬂ ?ﬁ%ﬂpgg%ﬁ gf.)f%%éST ODE FOR CARRYI NG OUT . THE

| NVENTI ON  [#hitst aEsbaididieatds FECr submaiedi hermprugoiaipiaghp the
invention wll be., described belowwith reference to Figs. 1, 2,

4(a), and 4( amplg. present invention is not te be limted by the
description. Desgrigbed iig thepdiitesh Bihgrhimerillusiratimgt rod Aggregate -
produci ng retinal nerve cells by co-c¢ulturing epbryani.c retinal tem
celI's and i risphsrghsieraed®gremelhsl lrémlgnawgtqdﬁb&ﬁﬁm%% r?&hs of the
differentiatéoln of the iris pignmented epithelial cells into the
retinal nervglg 'I's. -14- Fig. 1 schematically illustrates steps of a
met hod accor di ng Fig. t Wdapr aseat pertbeci mdiagifaon pHodlraiger edionepsin

:] ﬁ% \é: g? LLEPC@@%{:&%%@QI{S g%t!:::r}igé%#ro%ﬁ] ethrée}rri]so dpi%?néx?#e%" le%iﬁjlé/liigle denknbL
i ris-pi gmentgg epiddel irdle Gphitel 30kat inGiGien Shodopsii elitjected to
immunostaining in the Example.
Fig. 7(b) is a pattern diagram illustrating iodopsin positive
cells derived from the iris pigmented epithelial cells of the chick.
The white area indicates iodopsin subjected to immunostaining-
in the Example.
Fig. 7(c) is a pattern diagram HPC-1 positive cells derived
from the iris pigmented epithelial cells of the chick. The white
area indicates HPC-1 subjected to immunostaining in the

) Example.

BEST MODE FOR CARRYING OUT THE INVENTION

[First Embodiment] ‘

A First Embodiment of the present invention will be
described below with reference to Figs. 1, 2, 4(a), and 4{b). The
present invention is not to be limited by the description.

Described in the First Embodiment is a method for
producing retinal nerve cells by co-culturing embryonic retinal
stem cells and iris pigmented epithelial cells and then inducing
differentiation of the iris pigmented epithelial cells into the

retinal nerve cells.



pignented epithelial cells are isolated froman eyebal |l of an

animal . A second step is a selective culturing step S2, in which the
isolated iris pignmented epithelial cells are selectively cultured
according a floated coagul ated mass culturing technique. A third
step is a co-culturing step S3, in which the iris pigmented
epithelial cells selectively cultured-amd- enbryonic retinal stem

cells are co-cul t#u ed. Thsag érﬁatfc{éhlé;h ﬂlirﬁgﬂ%qegccsqg |Sngoitoat h&ethod

present invention Borlpr it ng retinal” nerve cells, the'iris
pi gnented epitdeling toelthe gprresdiff emebodanedt | mzo phedln@mgwalretml/e

cells by conducting the co-cul turi en S3 o .cul t

iris pigmenféie el 438 Pslrhﬁgg ﬁe B % rgt{%“géh@gdwﬁed
cells, thej rL do5 P gfpRked epjikpgl ial gel|s fhejitng ohitapned hy an
conducting the iris-pignmented-epithelial-insolati ng step S. 1

then the selréstpigmentieduepifpedicdcedd-ispladireceiar| eul‘lﬂu?ﬂf}h‘ﬁ Héls

iris } pig ted hel i I
cells cannﬁglg%ﬂtegl %%dgpgggg%eé@%e%?‘igsl%g%}éﬁgntﬂé epi t hé;ﬂ%bag{lﬁgée/fﬁasn

obt ai ned in fhemsel Actémen g Witprisng sdlepti$? arléureigsiop!S2, in which
undlfferentlated and can be differenti ated |§]1t10 var., ous nervq 9 i
ective 3;

the iris pigHent seplapedhdfisal PEEPFEeAn BUtkGifqCeRuAdr ¢

st eni pr ogeni S fro ti dr t i the
pr esent enboéﬂ%%{r%? 4 agﬁéh?{r f)ll g]#eoﬁldttgd ggggﬁieat:éa (E}gfilsz tr}:s%d ring

pr oduce the tetfimafucnehvehicdl $tepare a cootaltading sieanSdy éBar 16h 13?43

) and then sel ectl t he co

d
cuI turl ng t eERRi BEESD %‘isc?P’;{bﬁTlﬁ'govggll%hi gélﬁ%ﬁfe‘% t (?)%}S{glﬁtg e to
obt ai n aggr egaligsorik Yekalall tcas WetlBohes cosphietesd. made from neur al
-15- stenf progenitor cells derived from a brain or a spinal .cord.

the following, th&hattisydnihe encHed aceresn gstougl'é‘c'd Hrﬁsepﬁénﬁf&f“ﬁw
1L, b ceschibe o e AT Al oL Ssel e e it
epithelial cells are d1fferent1ated into the retmal nerve cells by
conducting the co-culturing step S3 of co-culturing the iris
pigmented epithelial cells and the embryonic retinal stem cells,
the iris pigmented epithelial cells being obtained by conducting
the iris-pigmented-epithelial-insolating step S1 and then the
selective culturing step S2 of selectively culturing the iris
pigmented epithelial cells. As a result, the retinal nerve cells
can be obtained. Because the iris pigmented epithelial cells
obtained in the selective culturing step S2 are relatively
undifferentiated and can be differentiated into various nerve
cells, the iris pigmented epithelial cells can be called “neural
stem/progenitor cells derived from iris tissue.”

Further, in the present embodiment, the iris pigmented
epithelial cells used to produce the retinal nerve cells are
isolated from an eyeball of an animal and then selectively
cultured by the floated coagulated mass culturing technique as
described above. This makes it possible to obtain aggregates

similar to aggregates (spheres) made from neural



undifferentiated cells differentiable into the retinal nerve cells.
The enbryonic retinal stemcells can be isolated fromretinal tissue
of an enbryo by a publicly known conventional process. The isolation
can be conducted for exanple by a nethod described in Reference 2
(Akagi T. et. al, Neurosi Lett., May 8, 2003, 341 (3): p. 213-216).
The enbryonic retinal stemcells can bdxxollected fromany aninal

species. Ho L LS rcFéPff' ' e kiR A&PI8al RIS by
using the i Y@éﬁgp(:%%eﬁgg&e%ﬂlﬁe I a é%]gﬁlg %_eri \i_ed rf rorrl?&aa rrarl;mal it
is preferabl e thdn the fetiowing, ¢heetintalyostiemetialsstera eells desed iaind

isolated fromretinal, tissue . of a mmal or a bird. Furthernore, it
is more pref a{ﬂeégt%l Wélzstéerrgpﬁ?)ﬁpggr etinal stemcells derived from
a bird. This is beagausebifenRMR¥ YAl stemhetdlig ideirgified| s Riderorect 1

froma bird can be collected froma devel oping egg, ang éh!l[lg they
can be i sol diffeanes| &% vé&l yCenkpl yNagnee i H&% ng?%% yPand38bt aPheden
| arge quantify gl d.s; 8veN MO &AL EIATANE 4@ YEE RTMNDH GvECsINa
stemcells rive rom a chicken anong ot]her birds. Further, the

iris pi gmenthge epnbiebhid re¢inasl ssed tollst ben het lsodatdd thenpredsm!
enbodi ment for producing the retinal ., nerve cells can he coll

from any ani#hesUeRcRRLIBANRVRY 2 pdjé%léﬁé(eﬁpp“ﬁ% Cg&vieingbo?%i H%%%g?'he
pr oduci ng ”Bf}li@d'%dlaﬁi@ﬂm&aﬁn_ il WHEACRA CVeidapa Bif ectinethod
retinal - ner ve-cef -differentiation-induci ng method has been found

it is preferdisaribbdtin Referdnce2gtbkegt Teprthel,i Apucest Lefle, MY iSred

[

fr_))mama Venh, 1t ferable to use iris pignmented

epit hel i a%@?g?f?g@ @dﬂ'r%jﬁ?_aﬂ; dent such as a -16- nouse, a rat, a
hanster, or a houpke FRNEEyShitCLetinaDEth calts vas bamplledsddsom any

-l aboratory animal, Wien nedical applicatign is taken.into,. |
consi der at | cinimel ispegias. eHaBIeYer 0 11385 P PIFAGIRAE S & prHmEL  Bgrve

CoL L o V] O SO 148 o Son PR Bl it o
' mammal, it is preferable that the embryonic retinal stem cells
be collected and isolated from retinal tissue of a mammal or a
bird. Furthermore, it is more preferable to use embryonic retinal
stem cells derived from a bird. This is because the embryonic
retinal stem cells derived from a birci can be collected from a
developing egg, and thus they can be isolated relatively easily
and inexpensively and obtained in large quantity. It is even
more preferable to use embryonic retinal stem cells derived from
a chicken among other birds.

Further, the iris pigmented epithelial cells used for the
method of the present embodiment for producing the retinal
nerve cells can be collected from any animal species. However,
because it is desired to apply the producing method to animals
for which no . conventional effective
retinal-nerve-cell-differentiation-inducing method has been
found, it is preferable that the iris pigmented epithelial cells be
derived from a mammal. Moreover, it is preferable to use iris

pigmented epithelial cells derived from a rodent such as a



human being. In the follow ng, the nethod for isolating and cul turing

the iris pignented epithelial cells, i.e., the
iris-pigmented-epithelial-cell-isolating step S 1 and the selective
culturing step S2 will be described nore in detail. As shown in Fig.

1, the iris pignented epithelial cells can be isolated and cultured
by the nethod including at least: an - 16 -

iris-pignmented-epithellal -c = at.k-n ; i
Step is abbrlgl\%l a édgagéé) aoﬁiallrg'g?%t,i Eg |gr ??@%eé%ﬁ’t&gé gnﬁéﬁeﬁn?fgﬁnt
cell's from témvepehaklny andes sel ect iakoratoryr ianjmtlep Wheps medical

selectively culjuring the isolated iris pi nt e. [ Ial.c

by the fl oat@aptﬁﬁéﬁ%aﬂ%&wgs 12 t‘tﬂfﬁ‘&%ﬁ" %{c{ﬁﬁi’ efsoggggéﬂg.ﬁ%a ]%t 15& ©
this method,jrid ﬁi%n@&%ﬁ@'e?ﬁﬂ@el@ﬂ el saderBeat ol Bid amiteal (e.g., a
aggregat es (spherés) nade from neural stem progenitor cells derived
from a brai nfesretospi monkeylchaviie a deeclopes pisyire iter &R (ReltPm &
cells can belﬁhig%ﬁtbeeqn froma mammal of any age between a fetal
period and a pgfi od. That is, iris pignented epithelial cells
derived froman Rduhe feliowingatheentetdsd rfos mojatingednebicidéhrialg

cells derived froma fetal animal, can. sed as terials for e
method accortfi ng tHSt he BHERERLE nbooﬁfmgﬁFﬂ?‘gr prcggﬁci ng ‘t fre rettlthn%al

nerve cell S-i]rﬂl%i;!gfdeii Hggﬁf’ch%@i’a@mélﬁ%{bl@tﬁ?@slteﬁ%91 Hh A% eBleBtives
not particularFy"limted 1n ternms of techniques and other features
9.0§ncr etel y adoliteing depiS asll baglescribed imore i giadatled  epithel i al
CE

| s are isol ated. neral | y..speakings;... i e Al/@
conventional proc §s%%‘</mb]él fd%ptﬁéﬁhs%girég Fﬁgpﬂéélﬁérﬁpgge - ]7&}1 ??Illss can
tissue frompheseyehal hnef dleurain®) thednisbiost éntheling et isagienrtred
epithelial cells fromthe extlr_pat(%g i.ris tissue. is. preferaple
to use a prodtsPigamuriclearithelion-quil-dselopErg AP tegoléglqrgma e,

extirpate the iris LigsUs-tb@ming ereRpldtifl 1h8 pidiBRted epithelial
cells from the eyeball; and a selective culturing step S2 of
selectively culturing the isolated iris pigmented epithelial cells
by the floated coagulated mass culturing technique. According
to this method, it is possible to obtain aggregates similar to
aggregates (spheres) made from neural stem/progenitor cells
derived from a brain or a spinal cord.

Here, the iris pigmented epithelial cells can be isolated
from a mammal of any age between a fetal period and an adult
period. That is; iris pigmented epithelial cells derived from an
adult mammal, as well as iris pigmented épithélial cells derived
from a fetal animal, can be used as materials for the method
according to the present embodiment for producing the retinal
nerve cells.

The iris-pigmented-epithelial-cell-isolating step Sl is not
particularly limited in terms of techniques and other features
concretely adopted therein as long as the iris pigmented
epithelial cells are isolated. Generally speaking, a publicly

known conventional process may be adopted so as to extirpate



The selective culturing process S2 is not particularly limted in
ternms of techniques and other features concretely adopted therein as
long as the iris pignented epithelial cells isolated fromthe
eyeball of the mammal can be selectively cultured. Cenerally
speaki ng, a publicly known conventional process nay be adopted so as
to selectively culture onIy the iris -pi'grented epithelial cells

i solated from dé Q?S :?fl"%ljln Aredhe HA8mmal and isolate the iris

iris-pignente ep| -| so ating step S1 includes at |east
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abbrevi ated as iris-pigment-e i r.at 2.
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stage P4 of m#hemaling the excised iris tlssue to enzynme treatnent;
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enzyne- treated iris’tissue reover, ective cultu 1 ng st ep
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will be described in,det S t |
st age P3 is HbY® m%lba?r T@OPF ted'&it3 to Qeelighﬁll‘é% bﬁ? H’?reegém q&gg 1glnsd
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exci sed from e eyeball of the mammal. Cenerally speaking, a
publicly knomﬁlﬁmﬁ/lentl onal technique nay be adopted so as to excise

only iris tissue fpom fhe ;ﬁéﬁ?&ﬁe@fepﬁﬁf‘elﬁi%@ﬁ—mﬁ%ﬁﬁéa”péi%p the

iris-tissue-excising
includes at least an iris-tissue-extirpating step (Process 1;

* hereinafter, Process is abbreviated as P) and an
iris-pigment-epithelium-separating step P2.

Further, as shown in Fig. 1, the iris—tissue—extirpa’_ting
step P1 further includes: an iris-tissue-excising stage P3 of
excising only iris tissue from the eyeball of the mammal; an
enzyme treatment stage P4 of subjecting the excised iris tissue

to enzyme treatment; and an iris-tissue-restoring-treatment
stage P5 of restoring the enzyme-treated iris tissue. -
Moreover, the selective culturing step S2 at least includes:
a cell dissociation stage P6 of dissociating into individual cells
the iris pigmented epithelial cells, isolated in the
iris-pigmented-epithelial-cell-isolating step S1, which are in an
aggregation state; and a cell culturing stage P7 of selectively
culturing only the isolated iris pigmented epithelial cells.
In the following, the stages P3 to P5 of the
iris-tissue-extirpating step P1 will be described in detail. First,

the iris-tissue-excising stage P3 is not particularly limited in



stage P3 can be conducted by using commercially available mcro

sci ssors. The enzynme treatment stage P4 is for subjecting the iris
tissue to enzyme treatment so as to nmeke it easy to dissociate the
iris pigmented epithelial cells fromthe iris tissue. The enzyne
treatment stage P4 is not particularly limted in ternms of

techni ques and ot her features adopted-tl&rein. GCenerally speaking, a
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_cli_lhss_oc! ate thdctd issisqurgmented epithelial cells fromthe iris tissue.
e iris-tissue-restoring-treatnent stage P5,is for _restori he.
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in terms of fechniques and other features adopted  therein, and a .
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conduct the age. For exanple, .after t -re i e - :

t r eat ment 19fh§t ﬁﬁ@mfehgx ”Frgpﬁtsgﬁf@er eﬁgf olréi ﬁérttﬁ%g?%%t}qgt g%q% can

be conduct eghhysaldfowertriifeer | gndi sthert deneacts f arddiftetio Boerein.
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For example, the enzyme treatment étage P4 can be
conducted by allowing the iris tissue to react for 15 to 40
minutes in a dispase solution containing a commercially
available dispase and then allowing the iris tissue to react for
20 to 30 minutes in an EDTA solution containing commercially
available EDTA (ethyienediaminetetraacetic acid). The enzyme
treatment stage P4 is not particularly limited in terms of
“ enzymes and reagents used therein, and a -publicly known
conventional enzyme and reagent may be used which can treat
the iris tissue so that it will be easy to dissociate the iris
pigmented epithelial cells from the iris tissue.

The iris-tissue-restoring-treatment stage PS is for
restoring the iris tissue weakened by enzyme treatment. The
iris-tissue-restoring-treatment stage P5 is not particularly
limited in terms of techniques and other features adopted
therein, and a publicly known conventional technique may be
adopted so as to conduct the stage.

For example, after the reaction at the enzyme treatment



cul ture nediuns and reagents used, and a culture nmedi um and reagent
may be used which contain a publicly known conventional serum

capabl e of restoring the weakened iris tissue. } Further, in the
iris-tissue-extirpating step (P1), the reaction tine at the enzyne
treatnment stage P4 and the reaction tinme at the
iris-tissue-restoring-treatnent stage-P® are particularly inportant.
By adj usti NGue 1 ARG | ol LI R dlVE LA BIGBaLAR | StolgkSSHS Ian  be
allowed to react’in the dispase solution at the enzyne treatnent
stage P4, theomductédnbyi adowingnghahinh tiseuerite reagudors38) Itewdd
to react in_the EDTA sol uti t y nt, s ;
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iris-tissue-restoring-treatnent stage P5,_ an . iris pignmented ..
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810 10% fetal cBuarthes um dunienttiynic-gatirpating sieputies. thariHR&aton n

case of isolating,ifis. pi it hel - f
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stage P4, the reaction time during which the iris tissue is allowed to

. react in the EDTA solution at the enzyme treatment stage P4, and
the reaction time during which the iris tissue is allowed to react in
the fetal-calf-serum-containing culture =~ medium at the
iris-tissue-restoring-treatment stage PS5, an iris pigmented
epithelium can be separated not only from an eyeball of a chicken
but also from an eyeball of an animal such as a mouse, a rat, or a
human being.

In the following, the conditions for each of the animals
will be described in detail.

In case of isolating iris pigmented epithelial cells from an
eyeball of a mouse, it is preferable to allow iris tissue to react in .
1000 U/ml dispase solution at 25 to 37°C for 15 to 40 minutes,
then in 0.05 to 0.1% EDTA solution at room temperature for 16

Vto 40 minutes, and then in a culture medium with 8 to 10%
fetal calf serum content for 30 to 120 minutes.

Further, in case of isolating iris pigmented epithelial cells

from an eyeball of a ten-day-old mouse, it is particularly



froman eyeball of a twelve-day-old nouse, it is particularly
preferable to allowiris tissue to react in 1000 U m dispase
solution at 37C for 20 m nutes, then in 0.05% EDTA solution at room
tenperature for 25 mnutes, and then in a culture nmediumwth 8%
fetal calf serumcontent for 60 mnutes. Further, in case of
isolating iris pignented epithelial cel2®- froman eyeball of a

t wo- nont h- ol [ r:14.C p | e0bo &b ) ew did
tissue to reﬁ%&?%g¥0(gé %ﬁ%{%ﬁd%lgpgis%ﬂés/gf)u%%ﬁ%? 37C for} 30 m r%sees,
then in 0. 058kRioh sl BFFOnforaf 6r oumuttespahgtuire &.66% ERTHutsedutisnd

then in a culture diumwith 8% fetal calf se er or
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eyebal | of afafiun tyits Prefeernnbher s@rahl ewidhtsiori S8unitatesact in
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8 to 10% fetal c serum content for 10 to 6 m nutes. Further, in
case of isol atddigm wishpdYnisiebdapsetiam epntail or 60 grinrtesebal | of

a ni net een-week-old _human_enbryo.. it 4i ll p e
allowiris ti ssueﬁ‘P‘B Fact Fﬁ%ocgolsﬁf%ﬁn-gg%} $ é]ﬁg%%;dé%go%ﬁ{ﬁeﬁlﬁét Cé:?}i?)sc
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medi um solution at 37°C for 30 minutes, then in 0.05% EDTA solution
at room temperature for 40 minutes, and then in a culture
medium with 8% fetal calf serum content for 30 minutes.
In case of isolating iris pigmented epithelial cells from an
eyeball of a rat, it is preferable to allow iris tissue to react in -
- 1000 U/ml dispase solution at 37°C for 15 to 40 minutes, then
in 0.05 EDTA solution at room temperature for 15 to 60
minutes, and then in a culture medium with 8 to 10% fetal calf
- serum content for 30 to 120 minutes.
In case of isolating iris pigmented epithelial cells from an
eyeball of a human embryo, it is preferable to allow iris tissue to
react in 500 to 1000 U/ml dispase solution at 25 to 37°C for 15
to 30 minutes, then in 0.05 to 0.1% EDTA solution at room
temperature for 15 to 40 minutes, and then in a culture
medium with 8 to 10% fetal calf serum content for 10 to 60
minutes.
Further, in case of isolating iris pigmented epithelial cells
from an eyeball of a nineteen-week-old human embryo, it is

particularly preferable to allow iris tissue to react in 1000 U/ml



(manuf actured by Invitrogen Corporation) with a commercially

avai lable fetal calf serum of an appropriate anount can be used. The
iris-pignment-epitheliumseparating step P2 is not particularly
limted in terms of techniques and other features adopted therein as
long as only an iris pignmented epitheliumis separated fromthe iris
ti ssue, which has been extirpated in tHel -iris-tissue-extirpating

step Pl and g Jo1QRLAN Htf B SIS BaLeimRtkANtlid i 0.gFeNtEDTA
epithelium Generally speaking, a publicly known conventional
t echni que nagohdiedopt ewosn bempesateiariar e38niraHesy jan Qi tdy &

epitheliumfromthe iri ti . obor 60
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peel i ng onl ypaadteks pignmented epitheliumfromthe restored iris
ti ssue by using commercially avail.able mcro forceps. e .
fol l owing, the stéﬁe@lPGC’&#ﬂlrﬁﬁ iRy 41 e@f%_@’ie’cﬁj t%m]gpﬁgﬁh@
will be .de.SCg{aQﬁ‘ihthtﬁfécﬁ'By [Riisbgehhecesblatidhfsoninati ebnsirgei by
is not limt I'n ternms of “techniques and other features adopted
therein as | avgilablshieéal |Gl seium of 8Re ANHORIIRE 3Oy &

epi thelium are &i ssociated into individual cells. Generally

speaki ng, a Ptbficly known conventional technique may be adopted so
as to dissociate TgRegrid-bkemeeltl spiohelibenisatatihg r stepi Genisednot
epitheliuminto individual cells. For exanple, at th ce*ll

di-ssoci at i onpsrégelady Lpeided| irkdered pg t&r m@l“ie§oﬁ8§e8t FF features

pi gnent ed epi t;hel ' | SSO¢€ ' 2 B s | Y S HSHidn i
using a conn%ggf’g%#;?ﬂae\%gg?% gdr?é %%s?ﬂhpgﬁzu%tllsoé}%&%urt he_F?ﬁf or 1. '
exanpl e, at tBpacetdd Gienodiaiiisrtistagewkich sasdiedn katiopateddn the
isolated iris,pignmented epi

i ndi vi dual c@ﬁ$§l%’§/u%1e&é%ffn&{¥g%:o§&n%§?3’nl a%%%ng?%dkﬁiﬁé'r g y A% iris
avai l abl e m ¢y g pipet LRqI N9tisRIRmERALd epithelium. Generally speaking,
a publicly known conventional technique may be adopted so as
to separate only an iris pigmented epithelium from the iris
tissue.
For example, the iris-pigment-epithelium-separating step
P2 may be conducted by peeling' only an iris pigmented
epithelium from the restored iris tissue by using corhmercially

- available micro forceps.

:\") In the following, the stages P6 and P7 of the selective
culturing stép S2 will be described in detail. First, the cell
dissociation stage P6 is not limited in terms of techniques and
other features adopted therein as long as sheet-like cells of the
isolated iris pigmented epithelium are dissociated into
individual cells. Generally speaking, a publicly known
conventional technique may be adopted so as to dissociate
sheet-like cells of the isolated iris pigmented epithelium into
individual cells. |

For example, at the cell dissociation stage P6, sheet-like

cells of the isolated iris pigmented epithelium is dissociated into



trypsin solution. The cell dissociation stage P6 is not particularly
limted in ternms of reagents and instrunents used therein, and a
publicly known conventional reagent and instrunent nmay be used whic
make it possible to dissociate isolated iris pignmented epithelial
cells in a aggregating state into individual cells. The cel
culturing stage P7 is not particularlyddsited in terns of

techni ques andioffies) feaiyr 89 adapted, t henenferagmllypnavadabldetrypsin
isolated iris pigmented epithelial cells can be_ selectively
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cultured. Generally speaking, a publicly known technique may

be adopted so as to selectively culture the isolated iris
pigmented epithelial cells. It is preferable to use a neurosphere
method (floated coagulated mass culturing technique),
described in Reference 3 (Science 1992: 225; 1707-1710), so as
to selectively culture only the iris pigmented epithelial cells
isolated from the eyeball of the mammal. ‘

- For example, at the cell culturing stage P7, a mixture of a
commercially available serum-free culture medium and a
commercially available N2 supplement is used as a culture
medium. The iris pigmented epithelial cells dissociated at the
cell dissociation.  stage P6 is cultured  in a
ﬂoated—coagulated—mass—culturing culture medium  while
rotated by using a commercially available shaker. This makes it

possible to obtain aggregates similar to aggregates (spheres)
made from neural stem/progenitor cells derived from a brain or

a spinal cord.
The cell culturing stage P7 is not particularly limited in



The thus obtained aggregate derived fromthe iris pignented
epithelial cells is co-cultured with enbryonic retinal stemcells.
Described in the followwng is the co-culturing step S3 of
co-culturing the iris pignented epithelial cells and the enbryonic
retinal stemcells, the iris pignented epithelial cells being
selectively cultured in the selective-@8lturing step S2. The
co-culturin 3 e ed..f a th
o method dedEiTBed i FLRBrS Bob s cantn ot et B o ( To0m) g
(3), p. 257—;ﬁﬂ2hcllyekn®w)n cﬂlatentsonmh@mltlem)m@fﬂmm endnatageeinteayl s
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Specifically, for exarrpl e, in case of isolating iris tissue froman
eyebal | of staguselland cul turi ng iris pignented epithelial cells, it
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accordance with oregol ng procedures (i.e.
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pi gmented epithéelial cell's are introduced into a co-c urin stem
(see Reference 4)Th3)g?@tﬁ@1mm3tlﬁ stgp %%tﬁ%rheccwi%?g f'té"tr e@r&}:ﬁé

makes 1t podi TGS OBt ¢ PR FRSEE TR CPEng  (SEhi CTH <

fromthe iripepi SENYEIOR)] t@e(:%)al pceli5g.-262, review). That is, when .
embryonic retinal stem cells derived from a bird such as a
chicken are subjected to passage, the iris pigmented epithelial
cells (neural stem/progenitor cells derived from the iris tissue)
isolated from and dissociated from the eyeball of the mammal
by the foregoing process are also subjected to passage together.

In this way, the embryonic retinal stem cells and the iris

e
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pigmented epithelial cells are co-cultured. This makes it
possible to induce differentiation of the mammal-derived iris
pigmented epithelial cells into the retinal nerve cells.
Specifically, for example, in case of isolating iris tissue
from an eyeball of a mouse and culturing iris pigmented
epithelial cells, it is only necessary to conduct the isolation and
the culturing in accordance with the foregoing procedures (i.e.,
the iris-pigmented-epithelial-cell-isolating step S1 and the
selective culturing step S2, respectively). Thereafter, after three
to six days of culturing, cells are dissociated by using a mixed

solution of dispase and trypsin., Furthermore, the dissociated



Fig. 2 is a pattern diagram showi ng a co-culturing system used in

t he present enbodi ment. The co-culturing system as shown in Fig. 2,
includes a culture dish 1 and an inner well 2, disposed in the
culture dish 1, which can be rotated in the direction of the arrow
A. Moreover, in the co-culturing step S3, iris pignmented epithelial
cells 5 derived froma bird is laid on2# -bottomof the culture dish
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the cultured into the retina ve cel (nore speC|f|cafIy
retinal visudlis way, a rotation culturing is conducted

It is preferable to conduct the rotation culturing at 36.5 to
37.5°C for 10 to 30 days at 50 to 70 rpm.

For example, by detecting a marker protein (which is
specific to the retinal nerve cells) by staining it with an antibody
specific thereto, it is possible to check whether or not the
differentiation into the retinal nerve cells has been induced and .
thereby the retinal nerve cells have been produced in the cells
co-cultured under such culturing conditions. _

As the marker prétein, rhodopsin or iodopsin can be
exemplified which serves as a highly specific protein that gives a
photoreceptor function. Rhodopsin is a protein necessary for a
retinal visual cell, i.e., a type of retinal nerve cell to exhibit the
'ﬁhotoreceptor function, and is specifically expressed in a rod
forming the retinal visual cell. Iodopsin is also a protein
necessary for the retinal visual cell to exhibit the photoreceptor
function, and is specifically expressed in a cone forming the

retinal visual cell. Further, as another marker protein, a



cells) has been induced. Further, detection of vinentin fromthe
co-cultured cells (see Fig. 4(b)) confirnms that differentiation of
the cultured cells into retinal nerve cells (nore specifically

Mul ler glia cells) has been induced. According to the nethod
according to the present } enbodinent, as will be shown later in an
Exanple, it is possible to surely indd®-the differentiation of the

iris pigment it ol i1 %%H'&rh%h%é@%@muﬂb? gtlﬂ?céﬁbl nal, aefye

cells, and t are y to produce retinal nerve cells. In t he present
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frompart ofpyifi& n%hﬁ%&lsqqidl@%@a fimadretinal disease patient
per se. [Second Enbodi nent] A Second Enbodi ment of the present

invention will eAcd@ghngbeao behew Weathodef apepding 19 gdhes BReSSth)

to 5(c). The esent_Jjnve t
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In the present embodiment, retinal pigmented epithelial
cells and embryonic retinal stem cells are derived from a bird
and iris pigmented epithelial cells are derived from a mammal,
but the present invention is .not limited there. That is, for
examplé, the differentiation of the iris pigmented epithelial cells
into retinal nerve cells may be inducted by co-culturing the cells,
all of which are derived from the mammal.

According to the foregoing method, it is possible to
produce retinal nerve cells by inducing differentiation of iris
pigmented epithelial cells into the retinal nerve cells. Therefore,
the method has a possibility of being applicable for such highly
effective regenerative medical treatment that retinal nerve cells
are produced from part of iris tissue collected from a retinal
disease patient per se.

[Second Embodiment]

A Second Embodiment of the present invention will be
described below with reference to Figs. 3 and 5(a} to 5(c). The

present invention is not to be limited to the description.



differentiation of the iris pignmented epithelial cells into retinal
nerve cells. The method according to the present enbodi nent for
producing the retinal nerve cells, as shown in Fig. 3, mainly
includes: an iris-pignmented-epithelial-cell-isolating step S11 of
isolating the iris pignmented epithelial cells fromthe eyeball; and
an adherent culturing step S13 of perfd&@ming adherent culturing of

the iris pignent eﬂeﬁ@%ﬂo@ ) Geld Sgesbhge ER€bodiment is a retinal
iris-pigmented-epithelial-cell-isolating step S 11 can be conducted
by the sanme nentmicgllepmsdutimg method which -includes the steps of:

iris-pignmented-epithel.ial-cell-isgolating..st 1 e_Fi .
descri bed i N SPlRUREy éﬁlsERb%‘&eHéﬁ@ ePh%leg’ea?c??B? i gﬁﬁﬁﬁhggeﬁrqﬁaﬂ, and
onmtted in thgherenl ERbodienpighentbér myithelidle celi®odoacadheliory
to the present " enbodi ment for producing the retinal nerv celds .
includes a @eltvsinge ivula usergaiepe sPUFGedcdgn and inducing
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conducted by the Elaﬁen% ¥ Z‘g.%g‘%é:{%%e %sétﬁégﬁ:%\?égggr)?ﬁw% %ELFISLIBS?%IZ)?
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omtted in the Second Enbodiment. Mreover, in the selective
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nerve cell o encopiee et nt (e Ao Rt R AP ek Big ey b
can be conducted by the same technique as the
iris-pigmented-epithelial-cell-isolating step S1 (see Fig. 1) |
described in the First Embodiment, the description thereof is
omitted in the Second Embodiment.

Furthermore, the method according to the présent
embodiment for producing the retinal nerve cells includes a
selective culturing step S12 between the
iris-pigmented-epithelial-cell-isolating step S11 and the
adherent culturing step S13. The selective culturing step S12 is
equivalent to the selective culturing step (S2; see Fig. 1)
described in the First Embodiment. Since the selective culturing
step S12 can also be conducted by the same technique as the
selective culturing step (S2; see Fig. 1) in the First Embodiment,
the description thereof is omitted in the Second Embodiment.

Moreover, in the selective culturing step S12, the
iris-tissue-derived nerve cells (i.e., iris pigmented epithelial
cells) are selectively cultured. Then, in the adherent culturing

step S13, differentiation of the cultured iris pigmented epithelial



(non-neuronal cells). Gia cells do not exhibit an active electric
response, which is one of characteristics of neurons. dia cells,
however, have various functions for neurons, such as supporting
neurons and supplying nourishnent to neurons. In case of a
vertebrate animal, the glia cells are categorlzed by their functions
and characteristics into four types: agroglia (astrocytes),

m croglia, %él&oﬁ%dﬂ?&kéﬁn@@'ﬂ&@@%&l@@i:@@mce@nd Schwann cel |'s.
Moreover, in the adherent culturing step Sl t hod a di ng
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no effective e present ucing differentiation to

pr OgUCﬁ r et i (askrowyrtes),cahicsoghiap e]igedmdrm ia Tiedigeteralracytesln ped
said that there is a hjgh possibility for the nmethod according to
t he present %%W&%ﬁ?hgto be used, for exanple, in regenerative

medi cal treat mentyekeotet NAl ther Veileld: daﬁeeayﬁg tdmqu Bt Bochicaie
induce the retinal nerveé cells by using the iris ment e
epi thelial cmietbodeatsauling to the presen embodlment igor progucmg the
retinal nerve cells, differentiation of the iris pigmented epithelial
cells into neurons, astrocytes, oligodendrocytes isr induced, and
further differentiation of part of the 'n‘eurons, astrocytes, and/or
oligodendrocytes into retinal nerve cells is induced.
An animal species from which iris pigmented epithelial
. cells used for differentiation induction in the Second
- Embodiment are collected is not particularly limited. Examples
of the animal species include birds (e.g., a chicken (including a
chick), a quail, and the other birds}) and mammals (¢.g., a
mouse, a rat, a human being, and other mammals). As will be
described later in the Example, when iris pigmented epithelial
cells derived from a bird or a mammal is used to produce retinal
nerve cells by the producing method according to the Second
Embodiment, various retinal nerve cells such as retinal visual
cells, bipolar cells, and Muller glia cells can be obtained.
Particularly, there is no effective method at present for

inducing differentiation to produce retinal nerve cells of a



froma mamal . Further, in the First Enbodinment, the iris pigmented
epithelial cells of the mammal are isolated and cultured by the

met hod including the iris-pignmented-epithelial-cell-isolating step
and the selective culturing step. The sane nethod can be applied for
isolating and culturing iris pigmented epithelial cells of a bird.
For isolating the iris pignented epithek8al cells froman eyeball,

(he 15" pl ot seovsheliale oo s navatanes s ot

reat nen the iris-tissue-restoring treatnent
are conduct egosﬁﬂdmey for i thet hssthedertcopdirignto §b@ppmse(rs‘re@mi?@dm1§fnbs
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be conducted under such conditions that iris tissue

d. to
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For isolating the iris pigmented epithelial cells from an
eyeball, the iris-pigmented-epithelial-cell-isolating step S11 is
arranged so that the enzyme freatment and the
iris-tissue-restoring treatment are conducted in the
iris-tissue-extirpating step P1 (see Fig. 1) as described in the
First Embodiment. |

Here, for isolating an iris pigmented epithelium from an
eyeball of a bird, it is preferable that the enzyme treatment and
the iris-tissue-restoring treatment be conducted under such
conditions that iris tissue is allowed to reéct in- 1000 U/ml
dispase solution at 36.5 to 37.5°C for 10 to 40 minutes and
then in 0.05 to 0.1% EDTA solution at room température for 20
to 50 minutes.

Further, in case of isolating an iris pigmented epithelium
from an eyeball of a chick, it is preferable that iris tissue be
allowed to react in 1000 U/ml dispase seolution at 36.5 to
37.5°C for 30 minutes, then in 0.05 to 0.1% EDTA solution at
room temperature for 20 to 40 minutes, and then in a culture
medium with 5 to 10% fetal calf serum content for 5 to 10

- minutes.



serumfree culture nmedium In the adherent culturing, a publicly
known conventional adherent culturing process may be wused. For
exanpl e, the adherent culturing process described in Reference 3 may
be used. The adherent culturing step S13 is not particularly limted
in ternms of culture nedia used therein } as long as a serumfree
culture nmediumis used, and a publicly2%mnown conventional culture

medi um may be usef. WhiBBdMBKRSy it dReadi B ehkoalihduest difitarent isakpon
of iris-pigmented-epithelial-cell-derived neural steniprogenitor

celI's into reldabf cettformive exdimpest ssltwanguiofutle nds uRigesated

t he adherent . ul%\%i nlg step 513, DVEM F12 cul ture nedium DVEM®
culture mecﬁm%‘e KFE81 t ure medi um (all manufactured by |Invitrogen
Cor por ati on), andnotherdifeteat carithanexetgy Sflidedheradhbeent théturing

adherent culturing step.S13 is not . tjcularly limted in ter of
cul ture di sids thed iHgdinigmentsds a?d%lﬁﬁgflﬁLeﬁeﬁ%e%ei%”h%g %ubu'B’llﬁil?r
known conventd.onalergd! (gl Shatidhaciar Ry dehusat WBiituiRke bt

possible to induce differentiation of )
i ri s-pi gnentmdbbpiyt kebval convendmmalegdheveat Cué&@ﬁﬁﬁrl@@éiﬁstsom%bps

i nt | | Furth g f :
cul Lure. medi Ge-aFof teedials e BeRiRanEubiY soBEte Bddibog 1n
| east one ofRef@ERcES B binely dst ugeaWMThé acdlosred)t, cEERDiOE btaghlBkY is

grom h factor 9) and CNTF (ciliary neurotrophic factor) with a .
concentrat i arolopartictéanlyolinyied EntcThRs @t SPé"ngrf’aB‘F?/flalblSFQ Hperein
O TSk 3 AR ARe ek, ahggdbe i 4 B ECK2
That is, it lusopretenabhtional usdtarsenadiiremaytauneednebicimmakes
fhe atart ot ne aBASFERE cult 6P ng. FEAREE prof GHUBIS HBLRRA CNTRT
gggts: BlugufLyigi;]srs-g?%ﬁ?%iat?&%eﬁ‘%tﬁ@liﬁ[‘-@eﬂtdeﬁ%dcU|ﬂéﬁﬂa@9- sTdny prekesitor
cells into neural cells.
| For example, as the culture medium used in the adherent
culturing step 813, DMEM/F12 culture medium, DMEM culture
medium, EMEM culture medium (all manufactured by
Invitrogen Corporation), and other media can be exemplified.
Further, the adhérent culturing step S13 is not
particularly limited in terms of culture dishes and additive
I\) factors used therein, and a publicly known conventional culture
dish and factor may be used which make it possible to induce
differentiation of iris-pigmented-epithelial-cell-derived mneural
stem/progenitor cells into neural cells.
Further, it is preferable that a serum-free culture medium
at the start of the adherent culturing contain at least one of
FGF2 (fibroblast growth factor 2), FGF9 (fibroblast growth factor
9) and CNTF (ciliary neurotrophic factor) with a concentration of
1 to 100 ng/ml and, more preferably, 10 to 40 ng/ml.

Moreover, it is preferable that, among the factors, the

FGF2 and FGF9 stop being added after two to five days of



differentiation into retinal nerve cells is induced in about two
weeks fromthe start of the adherent culturing. Further, it is
preferable to further add a commercially available N2 supplenent to
the serumfree culture medium The growth factor which is used in the
adherent culturing step S13 and is added to the serumfree culture
mediumis not- limted to these descri3&d- above. It may be for

exanpl e an Fgro V\i]%{a_ YnHETRE B%'%h?f)eit&é’ﬁlé: Eh21,880 R mEffEe culture
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have a cell densi ty (nunbe ceII er 105 /
| ess. This rRikéerahlenol; bfrué?{“ﬁ gf?'l c?%]%?tq??rm)é}lléfucél %ﬁ Pgbie o"R2"
differenti até&;ﬂ%el a€n bfth%tééﬁimtﬂ%er@maréehbémwen the iris

pi gmented epit | s have a cell density of x. 104 to ,5x104
cel I s/cn2, the diftiegeawithtfasior wbiathés machan ther gdhesens cudturing
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(epidermal growth factor), NT-3 (neurotrophin-3), NT-4
(neurotrophin-4), RA (retinoic acid: vitamin A), PDGF (platelet
derived growth factor), T3 (trilodothyronine}, or another factor.

Further, it is preferable that a culture dish used for the
adherent culturing be coated with either an extracellular matrix
component (e.g., laminin or collagen) or poly D lysine. However,
the culture dish for the adherent culturing is not particularly
limited to this. '

Further, the iris pigmented epithelial cells to be implanted
on the serum-free culture medium at the start of the adherent
culturing have a cell density (number of cells per cm?) of 1x10°
cells/cm? or less. This makes it possible to more efficiently
induce the differentiation into the retinal the nerve cells. When
the iris pigmented epithelial cells have a cell density of 1x10% to
5x10% cells/cm?, the dlfferentlatlon into the retinal nerve cells is
further more efficiently induced.

The culturing in the adherent culturing step S13 may be

conducted under publicly known conventional conditions for



as neurons, astrocytes, oligodendrocytes, and the like) is induced
in the cells cultured under culturing conditions as described above.
A tubulin or a neurofilanment nay be used as a narker to detect
neurons. GFAP or the like nay be used as a narker to detect
astrocytes. 04 or the like nay be used as a narker to detect

ol i godendrocytes. Mreover, after neurdhls; astrocytes, and

ol i godendr oc SPEQ! EhfanhE DR epl HHE Y Rhditions
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cells) is cohemtibeld slmoas to detect the marker protein in each of

the three types netve cells.. kn ihi [ I t ck
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have been produced. Further, also by using an RT-PCR nethod. to
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the marker protein, e confi ether the retinal nerve
cel | s have bertugeddiucethorcail .culsurtd madesr cpdtading, comsldbpsisn asy

i odopsi n described in_  the First .Enbodi nent n_be exenplified., These
proteins ar e‘ge%ﬁégﬁdi%}&q"f‘if ‘g%st&géléc?ﬁ f I?%IH@MQFEﬁQP‘gEe% l'sl%g\c;\lhfa%%
are a type ofy,keti fRlddIeEyY S1afldns. FOFATRLr fse Neté nabynbevesedlds a
other than retinal visual cells, for exanple, bjpolar cells, Miller

gL.,'b]a cel | s, memkeantxdatect elgtsoentiesheOdx erpiie ildee mrE be used as a
(.phosphoki nas

(phosprok nasl et 0 AR S SR S o Pl ool 13, A
HPC-1 can be useMmeogenpaker peatehs, hetrouytes] naccelipsdengzocytes
Dot et on of LMOdopeLs jand Logopet hy(See 405, o0 S0 ot
L, I 0,8l sy PR e G ipal bl g e
cel I's which $eves beetetect the marker protein in each of the three types of
nerve cells. In this way, it is possible to check whether or not
the differentiation of the nerve cells into retinai nerve cells has
been induced and thereby the retinal nerve cells have been
produced. Further, also by using an RT-PCR method to confirm
expression of a marker gene in RNA extracted from
differentiated cells, in addition to conducting antibody staining
of the marker protein, it can be confirmed whether the retinal
nerve cells have been produced or not.

As the marker protein, rhodopsin or iodopsin described in
the First Embodiment can be exemplified. These proteins are
specifically expressed in retinal visual cells, which are a type of
retinal nerve cell. Further, as retinal nerve cells other than
retinal visual cells, for example, bipolar cells, Muller glia cells,
and amacrine cells can be exemplified. PKC (phosphokinase)
can be used as a marker protein for bipolar cells. A vimentin

can be used as a marker protein for Muller glia cells. An HPC-1

can be used as a marker protein for amacrine cells.’



subj ected to adherent culturing confirns that the cultured cells

have been induced into bipolar cells. Detection of vinentin confirns
that the cultured cells have been induced into Muller glia cells.
Detection of HPC-1 confirms that the cultured cells have been

i nduced into amacrine cells. According to the method descri bed above,
it is possible to produce the retinal-3@rve cells by inducing the

differentiation obgtt he L r| &{%ﬂéﬁdat odlla(al J I1I1 géeles Fip§ 05t and

retinal nerve cel ere ore SSIbI |ty
bei ng used iB{igychn Rkhghlcgilef fwhialvehlaﬁrgeﬁmail sabm@mhedalt()t r@@hmt

that retinal II d f t., of t
Coll ected roHETRet Fomliraeshes i (anboped GUlS (hals pesib oamssd

A Third Enboginent, g{,ihe pEESENt cbN¥eNt FoRiMEr| hectedemer | betl beKaw.
The present |nvent|on Is not to belimted b ‘the description.

Descri bed i n(phesThokthame)otieeefig sSi)) riat ithal callpyvatdsh h&"@dt}ftﬁeﬁ’g
108, 0 1 5L L1830 LA 48y AT sl

epi t heli al eren culturing of
iris pignentgdyepibkbal iiaHueeld Snteonbipalakt ueﬁsrremeummont all nvngeﬁGEQ

and/ or FGF9; and erformng a herent uItur| the iris pi t ed
epi thel i al @@nflgrrlt%otb?t athl&gﬁ@? ?ﬁéa%%%t%"ilr&}t:% %ﬁi %‘ET
remving FG 6‘88'1’19r ﬁ%%tlfohowﬂi@cﬂ' EHhﬁrﬁ?Q't‘l’h@t #d eulthesst illof

startlngthe adhérent ¢ uring and inducing the differentiation
into the rethast hesrvéndeckd.inAs amnghrirte csdsond Enbodl ment, the

rethod according 1o 354 he Sresent, eodig LBhuR! HE I 1o

retinal nerve cel

i ris-pigment gygoéﬁ'cyl?t!é ?étlﬁﬁi E’re'ﬁ@'@tllsnﬁysl&ﬁmmﬁkltlﬁé difetettiagiorhef
iris pignented epithelial cells fromthe -eyeball; and a adheren{

cul turing st &peSts qilgpm@dmem?gth@mieﬁéﬂﬁ lr,rtﬂot Ghentetenal metve sells
pi gment ed eplI‘Elba%le ore Qt%le $netidd rheis a possibility of being used in such

highly effective regenerative medical treatment that retinal
nerve cells are produced from part of iris tissue collected from a
retinal disease patlent per se.
[Third Embodiment]
A Third Embodiment of the present invention will be
described below. The present invention is not to be limited by
the description. h
= Described in  the  Third Embodiment is a
retinal-nerve-cell-producing method which includes the steps
of: isolating iris pigmented epithelial cells from an eyeball;
starting adherent culturing of the iris pigmented epithelial cells
on a culture medium containing FGF2 and/or FGF9; and
performing adherent culturing of the iris pigmented epithelial
cells to by adding CNTF to the culture medium, while removing
FGF2 and/or FGF9 from the culture medium, after the step of
starting the adherent culturing and inducing the differentiation
into the retinal nerve cells.

As with the Second Embodiment, the method according to



as with the Second Enbodi nent, the method of the Third Enmbodi nent
for producing the retinal nerve cells includes a selective culturing
step S12 between the iris-pignented-epithelial-cell-isolating step
S11 and the adherent culturing step S13 (see Fig. 3). Moreover, in

t he met hod of the Third Enbodi ment for producing the retinal nerve
~cells, the adherent culturing step SLI33ncludes the steps of:;

starting adhgrent cul turi PNy I gent i | 4
W ih the cult drssapinidinct fo B SLGTR (BY ERTl LAl
gc\irrr_le:r etnt tﬁtﬂﬁa@?'l;ngnofu%ém ki $ripiIgi@neﬂbbcbppﬁﬁeili@l-ccléﬁlsg?aﬂngd@ﬁemg
o] e culture nedi um_ while renovi FGE2, ,and/ F. f

thfa cul ture Fedi o IsolaEng fbesiEs @‘lgﬁeé}n%%fjnfpﬁﬂ‘é&é@ﬁ;%%%:gfmﬁlonﬂhe
cul'turing ang, dnduciigst ie didfeFant |AtiaRing relhes 18t bfaberfurvei

cells. The 2%1‘7%10 ’ofd}tg%ea%hi rd Enbodi nent fogrﬂI F:I))guci ng tht(i‘;Je ré-ti rrlleﬁ
nerve cells aidhésrst enbmmingtofothe s Jicsren meenithaiial ¢ells nRprther,

different culture,.,nedia are ed-jn t e t ri
and the factdr sWAH ﬂﬂ%e%e?gﬁahcet%%otd&%e&%ﬁeéﬁ g %%##e?gggﬁmegﬁéﬁg
Therefore, skpgshdifeedhifod pEstodingnthearetbeak aredwet edlisy indledeaneg

techni que as the Second Enbodi nent except th echnigue of the
adherent cu$tlerting st epC@BHBIREe desEEPpt | ongilhereofg?gw‘c?ﬁ?tted the

here. 1 n t he, JOiigrdelihiod OBithe A CUEI EG1aTREL UTkised §1 1 heantl epuiaf

starting adhére y be a serumfree culture nmedium but
dqes not needdherdet sulthinmpesteandlfeipeerigudd. a serum As the

icul ture nmedium foy adherent, cylturing; ;34 F1l Lfur i
DVEM cul ture nediMrﬂreEKET\/I IBUI% &r @Wg{ﬁc{m‘?f( §W%ﬁﬂgag#ﬁ%§gﬁn%ql o
by. I nvi t r ogep £ pRIAtHRNYetin@ll Hbfvd ideflsishdadisaentFoulhaningastdhe
serum used here, for  exanple, a fetal calf serum (FCS) can be

exenpl i fied. SIB imclushest shabbtenha:;t Feacting Rehaesn b S HbRTAIg of nihe

U U R A ris pigmented epithelial cells with the culture medium

containing FGF2 and/or FGF9; and performing adherent
culturing of the iris pigmented epithelial cells by adding CNTF
to the culture medium, while removing FGF2 and/or FGF9 from
the culture medium, after the step of starting the adherent
culturing and inducing the differentiation into the retinal nerve
cells.

The method of the Third Embodiment for producing the
k'/ retinal nerve.cells differs from that of the Second Embodiment
in that different culture media are used in the adherent
culturing step S13 and the factors are added to the culture
media in different manners. Therefore, since the Third
Embodiment can be conducted by the same technique as the
Second Embodiment except the technique of the adherent

culturing step S13, the description thereof is omitted here.
In the Third Embodiment, a culture medium used in the
step of starting adherent culturing may be a serum-free culture
medium, but does not need to be so limited and may include a

serum. As the culture medium for adherent culturing;



concentration of 1 to 10% (WV). Further, the culture nediumat the
start of the adherent culturing further contains FG-2 and/or FGF9.
It is preferable that the FGF2 (or FGF9) in the cul ture nedi um have
a concentration of 10 to 40 ng/m . } The factor to be added to the
culture nediumat the start of the adherent culturing is not limted
to these described above. It is for ex¥hple an FGF fanmily nenber

ot her than Fﬁ'ﬁZEﬁ'ﬂijlﬁc%%lttfr@: ;m BENm , EON £ - &althe‘lm&ﬁ,urHD@Mﬂ'M
or the like. Furt

) a culture dish used for adherent cuIturlng ?
for exanpl ecalttukt medigirsh(albaneaudpeiiead ot Iam’résagﬁac@qrnpaa 1on

substrate co en e | amain g o} I

| ysi ne. &%Qﬁ% iklg ﬂﬁa&t bte Se% parglpﬂglu ae‘#ytﬁ %ﬁcﬁt ﬁ beP®) Yor D
Furt her, lt egapipgter abletal haatft Beriu s(m@nmtredbepexdsneiptéhedcdtls
to be |rrpl anted_ on ipge ser lﬁe cul ture nediu at @_@e start_of the

adherent cul Ptefergb EHET t?e@h‘&%é:to |SETHER Wh%

| x 105 cell sé Rt rdt8SS Of-lihlté ok esv V) .possi bl e to more effi CI ent | y
i nduce the differentiation into the retl nal nerve cells. One

three days after Fhetls¢nrthofculheradhedaim ebither stagt ofGhe e’a@hpmnt
FG-9 arel/is re

factor to the“ rt’ﬁg];{%n]at?g% C#t{?éﬁgf ﬁg%dic#}{dtfroﬂg\@gt i %Saﬂ{j&@rgﬁlea

pi gnented epitihel ipd Gelr3 Qor t PeroY tinr etharediltnires mediunueblaven a
this way, the differentiation into the retinal nerve cells can be
m)duced | coocertiaton el QLo t@nedrlimis used in the step of

St

arting adherent.gul fat%ﬁbpgto Be SRIAHA (6 cﬁ@ré‘ﬁ‘}’ecﬁﬁxﬁdﬁe%e Rart 0

the cul ture nedi umat tTme as hat t serum has a
concentr at i oof ¢fe ladloertdth cctyttt\zt)rmgxsemt Innntefdauteg:dnetsg dmctmbbdgabove.

cond 1 ons, e, SNeTent UL YA o, oL p S13.eL, LG vt . Egned) e
Enbodi ment. pgpg, EGF, BDNF, EGF, NT-3, NT-4, RA, PDGF, T3, or the like.

. Further, a culture dish used for adherent culturing is for
example a culture dish coated with either an extracellular
substrate component (e.g., laminin, collagen, or the like) or poly
D lysine. However, it is not tt> be particularly limited to this.

Further, it is preferable that the iris pigmented epithelial
cells to be implanted on the serum-free culture medium at the
start of the adherent culturing have a cell density (number of

= cells per cm?) of 1x105 cells/cm? or less. This makes it possible
to more efficiently induce the differentiation into the retinal
nerve cells.

One to three days after the start of the adherent culturing,
FGF2 and/or FGF9 are/is removed from the culture medium,
and CNTF is added as a factor to the culture medium. Then the
culturing of the iris pigmented epithelial cells on the culture
medium is continued. In this way, the differentiation into the
retinal nerve cells can be induced.

If the serum-free culture medium is used in the step of

starting adherent culturing, a serum (e.g., FCS) may be added



As with the Second Enbodi ment, by using a publicly known

conventi onal general neural marker to detect the nerve cells
therein, it is possible to confirmwhether or not the
differentiation into various nerve cells (such as neurons,
astrocytes, oligodendrocytes, and the like) is induced in the cells
cul tured under culturing conditions as3described above. Furthernore,

as wth the t§e€1?9dcéhffﬁ99iﬁ%@fi m SREEhE| SRRl LRREYaSI@NTINGoOthat the
mar ker proteirn (which is a c-ﬁar_acter specific to retinal nerve
cells) is camuctdtse amcantrastoacof theo dd%dW pYbtein in each of

the three types nerve, cells. . i , b4k SSi ck
whet her or not t HE*CH EQPeﬁ?ﬁ:eﬁqd&g %mﬁ‘hﬁgﬁée?é{eldg?ﬁg’ fﬂ# oear%l?? nal
nerve cells hasubean stépBRredfant Thdre¢Mrithwrliteéhnatande eoneliced
have been produced. Further, _also by using. an -P thod.to

conf i r m expreséepihesiarge m@ﬁ}%@sﬁﬁﬂw é}q g&?ggi ge%ﬂ?glme?t‘
differentiated c.eAé Swit'tl'P sraddi L pglﬁggg%telnmg @ﬂ%@%g gt @Lﬂbmgyof
the marker protein, it can be confirnmed whether the retinal nerve
cel | s have Heeswnproduertioralngeneridcoediral markée taeditartdtie meyse

above, it is ssj.ble.to. ptoduce the retinal. nery |.I.s by induyegi.ng
the differerft g"t i GETet tihels rPgsfﬁlitbgﬁeﬁ?e&og&r{rhem%zﬁctﬁggl Iosbf iﬂn#o%?lﬁe
retinal nervgegbhsiatidiul tAES MYELioBs Coledi g dellst hgutkt had afethens,
Third Enbodinment, it is possible to nore uni ckly indyce, t he

I

di{ T er ent atasimorytas, t higodendnary s, vancelths. 1idr &7 greluged jip the
po

: ible t d t.h I ; -5 ] ' : i f
Prne s conparbutlired wheRs s EERe pERE o] £ BBgFHERPRPIG D
-36- The present Favgnirnosre)i | lade mdtlke spda fi 8atdbyddesEnilbedirbenbw,

but it is not tg_be limted by, the descriptiagn. | sol.ati.on.of Lris
Pi gnent ed EpiRefaficaanbpdy fsrtéhﬁ”l\%‘n‘éf)al F?%lglﬁfgné’fﬂtéane&”tfﬂ‘é iap &

fglnl-fia;v?gle de%%éégggdﬁé\éeﬁ%?gg??g{nflt herfoldan)ng eBRMRIGedaso as to
detect the marker protein in each of the three types of nerve
cells. In this way, it is possible to check whether or not the
differentiation of the nerve cells ‘into retinal nerve cells has been
induced and thereby the retinal nerve cells have been preduced.
Further, also by using an RT-PCR method to confirm expression
of a marker gene in RNA extracted from differentiated cells, in
addition to conducting antibody staining of the marker protein,
b it can be confirmed whether the retinal nerve cells have been
produced or not.

According to the method described above, it is possible to
produce the retinal nerve cells by inducing the differentiation of
the iris pigmented epithelial cells into the retinal nerve cells.
Furthermore, according to the method of the Third Embodiment,
it is possible to more quickly induce the differentiation into the
retinal nerve cells. Therefore, it is possible to produce the
retinal nerve cells in a shorter period of time as compared with

the method of the Second Embodiment.
[EXAMPLE]



nouse, and a two-nonth-old nouse ("C57BL6"; provided from SLC Inc.
or Clare Inc.); a nine-day-old rat, a ten-day-old rat, an

el even-day-old rat, a twelve-day-old rat, a three-week-old rat, and
a two-nmonth-old rat ("DA Rat"; provided fromSLC Inc.); and a

ni net een- week-ol d human enbryo (provided fromthe director of

Kur ashi ki Adult Disease Center; apprové® by the ethical comittee of

the center). Onlypid isrekkedsUgianioxtkilPaednbrongurigyelgl deséribadh
of the mammal s by using comercially available mc¢ro scissors. The

iris tissue hadewalhohiidis not dadee limdedoPthe dRrsBiREONSO| Ut i on

(" di spase" nuf act ur ed_.by,. _Sej ’ : 15 to
40 m nutes %Oliﬁ e Pﬁ?ﬁ%@%@%} %ed %ﬂlﬁ@é%legteﬁa&%) %g%%t@é%%%? )c aci d)
sol ution at roomItgnpafratuted dpith@lal oel6 werniertirpAt¢@rirotecach of
reaction, the iris tissue was a!lo% r?act in a cultéj&e (frlrEdicﬂg'
with 8% fet dbeciioweaimagymadit & "BVEME R tule Hisdi AntY At &8t Ufed
oy 1 VLT 004f16,CRT RAAN Ao RbER-dIR BoieFESTHLE peoiidifhhe
iris tissue. _Thefea ter, an.iris substrate and an- iri's pignented

epi t hel i um SieCdrsepar @lact bycprel nine-alay-obd Irett Prigrodlay-ohk rafi gn

pigmented epitheliumfromthe jris ti,ssu ' S [ T Giqa

avai | abl e mi%CPEERe %36'6’2‘.:1 e Py iﬂ‘gef‘ﬁegg%i’ @Td,\{rhg’ 'lt,'l@l e%hgé(f/?‘% rrot(;lgség\%//\’/as
al lowed to go@ch o080 thlHld GagpESrA SRAtY i prowided’ Grder SIBC Inc.);
mnutes, then in 0.05% EDTA sol ution at roomtenperatyre fgr 20

m.nut es, anditthed ingteantweekwddi dmeLh r¥¢ alProgifedediprn the

coht ent fo%@%&d}“éﬁigﬁg&ﬁﬁg lﬁ}&ﬂﬁ i3is8a bk S8 tof t&gfproved by the

t wel ve- day- ol'd " nous owed to react in 10 U nL di spase
sol ution at hGcdlocoRinimtautfeahe tdrterin 0. 05% EDTA sol ution at room

foral call sorufvBBREB GPSHOOUSM RENEES ey Oy A R DTk FReleoh
the two- montpol g, FRHS 6 W3F using commercially available micro scissors.
The iris tissue was allowed to react in 1000 U/mL dispase
solution (“dispase” manufactured by Godo Seishu Co., Ltd.) at
37°C for 15 to 40 minutes and then in 0.05% EDTA
(ethylenediaminetetraacetic acid) solution at room temperature
for 20 to 30 minutes. After the reaction, the iris tissue was
allowed to react in a culture medium with 8% fetal calf serum
content (“DMEM culture medium” manufactured by Invitrogen
. Corporation) for 30 to 60 minutes so as to restore the iris tissue.
Thereafter, an iris substrate and an iris pigmented epithelium
were separated by peeling and collecting only the iris pigmented
epithelium from the iris tissue with use of commercially
available micro forceps.
The iris tissue of the ten-day-old mouse was allowed to
react in 1000 U/mL dispase solution at 37°C for 16 minutes,
then in 0.05% EDTA solution at room temperature for 20
minutes, and then in a culture medium with 8% fetal calf serum
content for 90 minutes.

Further, the iris tissue of the twelve-day-old mouse was



allowed to react in 1000 U nl dispase solution at 37C for 30

m nutes, then in 0.05% EDTA solution at roomtenperature for 40

m nutes, and then in a culture nediumwith 8% fetal calf serum
content for 30 minutes at roomtenperature. The iris tissue of the
el even-day-old rat was allowed to react in 1000 U nL dispase
solution for 20 minutes, then in 0.05%%EDTA solution for 25 nminutes,

and then in AigWeluts reﬁ%@hﬁml%t)hl%teﬁiﬁpaw EoREriGM £DM7EAL f6102000
m nutes. The iris tissue of the nineteen- Week old human enbr vv?
al l owned to redoutes, 106 iy ALOBYs FALEA st adt Topre tfeéilpe%ture or

mnutes, {hepst 0, 3age ERLA SRtk O AlicliP0 M RIFRS AhHhe 89% FetdD calf

rn‘i nut es, and ?hen ina ure |um at room tenperature with 8%
fetal calf sestincomhbait forr66(1nmuntﬁ$s. (I'solation of Iris

Pigmented Epitheljal Cells fromBird) Iri i gnent e e I

were extirpated, BRSFREN| {P§ ALY ﬁlé %’%nﬂ% n@ﬁp 93K C%‘ ﬁlf#n‘ﬁ‘l % f(r&%ljr% >
each of the SableW B9 rel&'c"tQ% 1 800NEF/4AY- @lsh:al sklBtionant O dayoo0
chick (provided fromdobal Chick I'nc. in Gfu Prefecture). The rls

5 i ssue of lt hmmme?ajzhgn]gub B CROYMED BA| sitidian atreqin (e pepetey
| Sspase SOl utl.on.a
P . it gﬁe ﬁxr?c{ t%%nnh]q ug e&iitu&@%e'd@ugn Q?}{‘PE@I/A i%@)ﬁytc'a‘?ﬁ

for 30 m nut ture " medium w
serum cont engefih SoNtdist s 301fhenne@s:at@nom éam;mrtatweh use of t he

fetal calf b tted d
rrléchnl que) isl'ﬁ;uTs'rBrﬁﬁt &eaSM?lrﬁ%us.ea%é e& te ﬁg‘iﬂaw sﬁl\%{ssz@ Cﬁ’geé w
or the, FHW?(Z 0Bl $5 Laag:ﬁ)alég %o@@hbﬁ Pyr Us) NEiRutRB- then in

comer ci al | y Gvai tryps ution. Thereafter, the dissociated
iris pignent @d)@qm tEkE’[[‘AaIsod:letlbs fer ©5 enéntites) wnd e da By cRABIre

neur ospher e nettod (1,pat ed: G970ut AL e, 1RSS5 s S FH 68 SERIL AUC)
f1 oat ed- coagul at efnEBsgsCHLEUE B 10 ihetd@mdiveaidahuman embryo
was allowed to react in 1000 U/mL dispase solution at 37°C for
30 minutes, then in 0.05% EDTA solution at room temperature
for 30 minutes, and then in a culture medium at room
temperature with 8% fetal calf serum content for 60 minutes.
(Isolation of Iris Pigmented Epithelial Cells from Bird)
Iris pigmented epithelial cells were extirpated, basically in
_ the.same manner as the mammals, from each of the following
o birds: a one-day-old chick and a two-day-old chick (provided
from Global Chick Inc. in Gifu Prefecture). '
| The iris tissue of the two-day-old-chick was allowed to
react in 1000 U/mL dispase solution at 37°C for 30 minutes,
then in 0.05% EDTA solution for 30 minutes, and then in a
culture medium with 8% fetal calf serum content for 5 minutes.
The reaction treatment with use of the fetal calf serum may be
omitted.
(Floated Coagulated Mass Culturing Technique)
The isolated iris pigmented epithelial tissue of the

mammal or the bird was dissociated into cells by using a



m xture of a serumfree culture medium ("DVEM F12 cul ture nedi unt
manuf actured by Invitrogen Corporation) and a 1 / 100 volunme of N2
suppl ement manufactured by Invitrogen Corporation. The iris

pi gnented epithelial cells which had been subjected to trypsin
treatment was cultured in the fl oated-coagul ated-nmass-culturing
culture nediumwhile rotated by using 38 ecomercially avail able
shaker. Thi SR Qﬁeféau 05%&?&1%@9 Oﬁwéinag%ﬁgﬁbﬁs STHek@aftks, the
aggr egat es (s eres rom neural stem progenitor cells der.i ved
froma brai rdm:socea@@ nH’IlS coigmader gepheligl ndgdls owese selectively

Differentiatio t i

Nerve Cells cb YuTr}?% @gﬁ%%@rdggéﬂg%ﬁtﬁs%éd éH lﬁ%ttgg?cﬂaisbsed
in Ref erencecﬁlturﬁ@és@&ﬂqﬁf L&Hbrclﬁmzlrcbdfcet maIReie;emml Bs &fseal chsclen
was carried _out by culturlngthee onlcr |naI stemcells

t oget her wi tfoated-sogryheinded 2Pt ‘rl Ingcelq ‘(‘ﬁ"éur%’le A was  a
sten progemﬁ{a&% ¥ adiéfq{ﬁdffrfeéoaﬂﬂtu& hissvey (“eNEhedFinotande

di ssoci at ed oman “eyeba a nouse by the process described
above. Specifiecaliby’, miamohfddtomwedf by Inviregeni Soaparatipnhsing aof /i1PCs
pi gmented epithelial cells were

procedure de¥iBed hoVe- Af;{'lé’rp(i%ﬁfgbt ?%1%?%%%88{1%%?0%&&” Hl%lr‘il%%%enh

iris pigmented-6pr4tshi qih&@lﬁbsp\g?_ﬁ@nﬁhdé%@ﬁﬂ@élﬁl cells hthfh)i'&!di been
sol ution of dispase and trypsin assage of the i ssociated jiris

grrent ed epsuhgidtatl cépl stm@SI@ar rfll"@ét@@tn nWae FHE3HCRe| |1 the
to

t oget her wit enbr I eI I

rotation cul ﬁﬁ?ﬁ% C()?géﬁ&ecd r%ﬁ'g?ﬁl rtezlrllﬁidrays 0 & Lﬁjﬁupl ﬁﬁhﬂe
the cul turedrgeltbd weresingda @mhmeﬁcﬁdlly&lm@qumhytkew Tdu:sdmc?mgt
i mrunost ai ni ng of .a mar ker protein s eC| fi.c for retinal, ner vegerﬁ%g

it was conflp%@%ei%eﬁ’ tajns AGEERER a% fe AEEGBRIFT
the retinal fﬁﬁhl ﬁe&?@ﬂaﬂﬁﬁ?pkagé'ﬁ%r AP deefdld frid a brain or

illustrated |n
a spmal cord(see Fig. 6).

(Induction of Differentiation of Iris Pigmented Epithelial
Cells into Retinal Nerve Cells by Co-culturing)

In accordance with the process described in Reference 4,
passage of embryonic retinal stem cells of a chicken was carried
out by culturing the embrjronic retinal stem cells together with
iris pigmented epithelial cells (neural stem/progenitor cells
- derived from iris tissue) isolated from and dissociated from an

eyeball of a mouse by the process described above.

Specifically, isolation of a mouse iris and culturing of iris
pigmented epithelial cells were conducted in accordance with
the procedure described above. After three to six days of
culturing, the iris pigmented epithelial celis were dissociated
with a mixed solution of dispase and trypsin. The passage of the
dissociated iris pigmented epithelial cells was carried out in the
inner well 2 together with the embryonic retinal stem cells of
the chicken by rotation culturing (see Fig. 2).

After fourteen days of culturing, the cultured cells were



4(b), rhodopsin (indicated by the arrowin Fig. 4(a)), which is a

hi ghly specific protein for exhibiting a photoreceptor function, and
vinmentin (indicated by the white area in Fig. 4(b)), whichis a
protein specific for Muller glia cells, were detected in the

cultured cells. Rhodopsin is a protein necessary for a retinal

visual cell to exhibit the photoreceptof9function and is
specifically.gnpsgssed in a rod formng the retinal visual cell. The

detection of the rhodopsin in the cultured cells proved that the
cultured cells haSehssameditly.ePEfand eatipgisnrainasiaingag ol & appgker

(nmore specifj Y, Vi Sk ) It hes : EOReof
the vinmenti nb?ﬁwtlﬁeslé%#l&?%g %:éeﬁ'fﬁél gl‘r%lgk\gé: etlﬁs‘étﬁ?ﬁ%s ctg%ﬁrd—g gge‘gglbﬁge
have al so bediffeidriteationi af ethei ntbtured cellsnertwetheatdtingdhoeeve cells

specifically ler glia cells). (Ex le 1. Differentiatio

| nduction i nh@lggg??ﬁa qhé??fi A(‘;‘)elal &e% qﬁﬁeﬁéﬂ&r@?guﬂ r?g%SDgé%]r A
in Exanpl e 14(@,%Wihwaﬁﬁi@@tecﬂrb§f gientrratwi on Fieduqh))orwhidlo is a
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nerve cells (more specifically, retinal visual cells). Further, the
detection of the vimentin in the cultured cells proved that the
cultured cells have also been differentiated into retinal nerve
cells (more specifically, Muller glia cells).

(Example 1: Differentiation Induction into Retinal Nerve
Cells by Adherent Culturing)

Described in Example 1 is an experiment on
differentiation induction into retinal nerve cells. In Example 1,
the adherent culturing iris pigmented epithelial cells was
carried out with a serum-free culture medium.

Passage of Iris pigmented epithelial cells of a chick, was
carried out on a laminin-coated dish, the Iris pigmented
epithelial cells isolated and dissociated by the process described
above. A mixture of DMEM/F12 culture medium, N2
supplement, and growth factor FGF2 {20 ng/ml) was used as a
culture medium. The iris pigmented epithelial cells at this time
had a cell density 3.2x10% cells/cm?2. Further, although the

srowth factor FGF2 was used in the present example, a growth



form After about two weeks of serumfree culturing, the cultured
cells were collected. Detection of nerve cells in the cultured cells
was carried out by using general neural markers such as a tubulin
(or neurofilament), GFAP, and 04. As a result, because the various
neural markers were detected, it was confirned that the cultured
cells were differentiated into the nerdf-cells (specifically
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nerve cells (specifically neurons, astrocytes, and
oligodendrocytes).

Subsequently, by conducting immunostaining of a marker’
protein specific for retinal nerve cells, it was confirmed whether
differentiation of the cultured cells into the retinal nerve cells
had been induced. As a result, as illustrated in Figs. 5(a) to 5(c),
rhodopsin (indicated by the white area in Fig. 5(a)), iodopsin
(indicated by the white area in Fig. 5(b)), and PKC (indicated by

the white area in Fig. 5(c})) were detected in the cultured cells.

R

Rhodopsin and Iodopsin are expressed specifically in retinal
visual cells. Further, PKC is expressed specifically in bipolar
cells.

Ther detection of rhodopsin, iodopsin, and PKC in the
cultured cells proved that the cultured cells were differentiated
into retinal neural cells, namely retinal visual cells and bipolar
cells.

Since rhodopsin, iodopsin, and PKC were used as makers
for detecting retinal nerve cells, induction of retinal visual cells
and bipolar cells was confirmed. However, there is a possibility

that other retinal nerve cells were contained in the cultur_ed



where adherent culturing of iris pignented epithelial cells is
carried out wth a serumcontaining culture nmedium Passage of iris
pi gnmented epithelial cells of a chick, which were isolated and

di ssoci ated by the process descri bed above, was carried out on a
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factor FGFQ may be used instead of the growth factor FGF2.

One to three days after the start of culturing, growth
factor FGF2 stopped being added, and CNTF (10 to 30 ng/ml)
was added. The culturing was continued for two to seven more
days. As a result, it was confirmed that the iris pigmentéd
epithelial cells were changed into neurocyte-like form.

- | After about one week of serum-free culturing, the cultured
cells were collected. Detection of nerve cells was carried out by
using general neural markers such as tubulin (or
neurofilament), GFAP, and O4. As a result, because the various
neural markers were detected, it was confirmed that the
cultured cells were differentiated into the nerve cells
(specifically neurons, astrorcytes, and oligodendrocytes).

Subsequently, by conducting immunostaining of a marker
protein specific for retinal nerve cells, it was confirmed whether
differentiation of the cultured cells into the retinal nerve cells

had been induced. As a result, as illustrated in Figs. 7(a) to 7(c},



amacrine cells. The detection of rhodopsin, iodopsin, and HPC-1 in
the cultured cells proved that the cultured cells were
differentiated into retinal neural cells, nanely retinal visual
cells and anacrine cells. Further, in Exanple 2, iris pignented
epithelial cells of a young nouse were isolated and di ssoci ated by
the process described above and subject?d to differentiation
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STRIAL APPLI GaBl. Jc‘her, in Example 2, iris pigmented epithelial cells of a

young mouse were isolated and dissociated by the process
described above and subjected to differentiation induction as
with the chick case. Detection of various cells in the cultured
cells obtained by the experiment carried out by using various
retinal neural markers (PKC, HPC-1, rhodopsin). The result is
- shown below in Table 1.
[Table 1}
Detection of Retinal Nerve Cells Derived from Iris

Pigmented Epithelial Cells of Mouse

- Names Detection Status
‘\H) of {Those retinal neural markers found positive by
Retinal Neural Mérkers specific-antibody staining are markéd with o)
- PEC ’ o
HPC-1 ' o
Rhodopsin o

As shown in Table 1, PKC, HPC-1, and rhodopsin were
detected in the cultured cells. This proved that the cultured
cells were differentiated into retinal nerve cells, namely bipolar
cells, amacrine cells, and retinal visual cells.

The invention being thus described, it will be obvious that

the same may be varied in many ways. Such variations are not



As described above, according to the methods of the present
invention, it is possible to produce retinal nerve cells of a manmal
for which no conventional effective

retinal -nerve-cell-differentiation-inducing nmethod has been found.
Since mammal s i ncl udes many ani nal species, such as human beings,
whi ch serve nmany uses, the nmethods whi 66 - nakes it possible to
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of medicine, biotechnology, and the like.

 Since the retinal nerve cells of the present invention are
produced from iris pigmented epithelial cells part of which can
be collected from a patient per se, regenerative medical
treatment using cells of a patient per se can be realized.
Moreover, it is expected to make it possible to overcome such
problems of regenerative medical treatment as immunological
rejection, ethical issues, and unbalance between the demand
and supply of transplant cell sources. Furthermore, it is also
expected to contribute to establishing a treatment for a retinal
degeneration disease for which there is no effective treatment at
present.

Further, the retinal nerve cells of the present invention
are produced by inducing differentiation without gene transfer.
Therefore, the present invention does not pose a risk such as
DNA damage and ensures safety when used for medical

purposes.



derived froma mammual . 3. The nethod according to aim1l or 2,
wherein the enbryonic retinal stemcells are derived froma bird. 4.
The met hod according to any one of Clains 1 to 3, wherein the iris
pignented epithelial cells are isolaygd-froman eyeball and then
selectively cultured by a floated coagul ated mass cul turing
technique. 5. The nethod according to any one of Clains | to 4,
wherein the isolating of the iris pLgmested epithelial cells
includes: an iris-tissue-extirpating step of extirpating iris tissue
fromthe eyeball; and an iris-pignmented-epitheliumseparating step
of separajing ke I b ! It j r t ot i S
extirpateg. 6.ﬁgé%ﬁﬁgfﬂﬁggsgﬁig??§9%6?§+%ggh%;QEAg@fﬁ%gbgé%g?gﬁﬁékto
any one of dastemsof to 5. 7. An ex vivo nethod for producing retinal

nerve cells, the N onprising the ..steps of. isqglat, i FiS

b grent ed epi t AT Ag EmpORIe R el Ssus s fameh B2 B delima
adher ent cul t vihthingngdiffekeatihtionsof phegre pigatnefichitedliabdells @ltd shewbsidul Aerve
serum free culture nediumso as to Induce differentiation of the
iris pig ed epithelial cells into the retinal nerve cells. 8. The
met hod according to Caim7, wherein the iris pignented epithelial
cells are derived froma bird or a manmal. 9. The net hod accordi ng
to daimZ or Bic watbpdperording detlam fly whewin thaies pigtiented epittetiak ¢pdls are
adher ent ' rts contains at | east one of FGF2, FGF9, and
CNTF mﬁth&%hkgghg%ﬁ@%%?Pgn inarange of 1 to 100 ng/m . 10. The

met hod according to any one of Clains 7 to 9, wherein the iris

pi gnented, epithelial ,cells in e ser free cultyre nedi um when the
Der ent but urregeBeaftcorfins bl o et OF ribomsrasb SHE del:
| ess. 11. yrBQe@vedvtot®a®Rliihod for producing retinal nerve cells, the
met hod conprising the steps of. isolating iris pignented epithelial
cells froman eyeball; starting adherent culturing by inplanting the
iris pigngnte i [ ellLs i : [ : L.ni_n
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i nduci ng ehithtleal exetls atel wolaefl frdme anrdysball and then selectively cultured by a floated

coagulated mass culturing technique.

5. The method according to any one of Claims 1 to 4, wherein the isolating of the
tris pigmented epithelial cells includes:

an iris-tissue-extirpating step of extirpating iris tissue from the eyeball; and

an iris-pigmented-epithelium-separating step of separating an iris pigmented

epithelium from the iris tissue thus extirpated.

6. Retinal nerve cells obtained by a method according to any one of Claims 1 to 5.
7. An ex vivo method for producing retinal nerve cells, the method comprising the
steps of:

isolating iris pigmented epithelial cells from an eyeball; and



pi gnented epithelial cells into the retinal nerve cells by performng
the adherent culturing of the iris pignented epithelial cells by
using the culture mediumto which CNTF is added and from whi ch FG2
and/or FGF9 is renoved. 12. The net hodsaccording to Claim1ll, wherein
when the culture nmediumis a serum free culture nediumin the step
of starting the adherent culturing, a serumis further added to the
cul ture nedi unpérforinie aiheqanmulthﬁﬂglofthg itihpigthehied repiticlial ¢edls witht Dseinhe-
retinal nerve . cell 13. Retl rve ceII obt ai ned by a rget PEod
accor di ng te%c%}ﬂ.ve Bﬁ:glug} SQps;h onlg etcg qrgntiation o the iris pigmentéd epithehal cells

into the retinal nerve cells.

8. The method according to Claim 7, wherein the iris pigmented epithelial cells are

derived from a bird or a mammal.

9. The method according to Claim 7 or 8, wherein the serum-free culture medium
when the adherent culturing starts contains at least one of FGF2, FGF9, and CNTF with a

concentration in a range of 1 to 100 ng/ml.

10.  The method according to any one of Claims 7 to 9, wherein the iris pigmented
epithelial cells in the serum-free culture medium when the adherent culturing starts has a

cell density of 1 x 10° cells/cm? or less.

11.  An ex vivo method for producing retinal nerve cells, the method comprising the

steps of:

isolating iris pigmented epithelial cells from an eyeball;

starting adherent culturing by implanting the iris pigmented epithelial cells in a
culture medium containing FGF2 and/or FGF9; and

after the step of starting the adherent culturing, inducing differentiation of the iris
pigmented epithelial cells into the retinal nerve cells by performing the adherent culturing
of the iris pigmented epithelial cells by using the culture medium to which CNTF is
added and from which FGF2 and/or FGF9 is removed.

12.  The method according to Claim 11, wherein when the culture medium is a serum-
free culture medium in the step of starting the adherent culturing, a serum is further added
to the culture medium in the step of inducing the differentiation into the retinal nerve

cells.

13.  Retinal nerve cells obtained by a method according to any one of Claims 7 to 12.



