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RIS TISSUE AND RETI NAL NERVE CELLS OBTAI NED BY SAME
METHOD TECHNI CAL FI ELD The present invention rel ates
to a nmethod for producing retinal nerve cells by

i nducing differentiation of neural stentprogenitor
cells derived fromiris tissug of a manmal and a
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neur osphere nethod (fl oated coagul ated mass cul turing
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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
process for isolating and selectively culturing the neural
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 transplanting 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 retina
nerve cells of a manmmal are once degenerated, the
retinal nerve cells cannot be regenerated, so that
functions of the retinal nerve cells are inpaired.
Furt hernore, 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
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photoreceptor layer is an outermost cell layer of a retina

including a plurality of cell layers. A ciliary epithelium is tissue
which lies 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 inalimted 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 pignented epithelial cells
into retinal nerve cells can be induced. if neural
stenf progenitor cells, deriveg_froma brain or a
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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 pignented epithelial cells of an
eyebal | are one exanple of cells expected to serve as
materials for central nervous systemregeneration. The
iris pignented epithelial cells are a conponent of an
iris that opens and narrows a pupil in accordance
with an annunt of light so -ak-to adjust an anount of
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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 1in a period
during which the visual cells are generated. In

Non- Pat ent Docunent 8, differentiation into the visua
cells is induced only in thesase where Crx gene,
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A% 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. Mdreover, 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
probl ens, the inventors have found that by
co-culturing enbryonic retinal stemcells and iris
pi gmented epithelial cells or by conducting adherent
culturing of the iris pignented epithelial cells in a
culture nedium differentiation of the iris pignented
epithelial <cells into retina -nerve cells can be
nduce 0 fer. Thus, the
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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
épithelial 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 treatnent for retinal degeneration
di sease for which there is no effective treatnent at
present. Further, the retinal-nerve-cell-producing
met hod of the present invention is arranged so that
the iris pignented epithelial cells are derived from
a manmal . According to the f-ofFegoing nethod, it is
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CeldithBNal "M W 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 epithelia

cells. Note that, as described |ater, the aggregate of
the iris pignented epithelial cells is cultured in a
culture medium mxed with a publicly known
conventional growth factor, so that differentiation
of the aggregate into nerve cells can be induced.

That is, it can be said that-8he iris pignented
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According to the method, it can be ensured that the iris

pigmented epithelial cells are isolated and effectively
differentiated into the retinal nerve cells.

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.

PFurther, 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
eyebal I ; and perform ng adherent culturing -of the
iris pigmented epithelial cells in a serumfree

cul ture mediumso as to induce differentiation of the
iris pigmented epithelial celds into the retinal nerve

cells. Accordi.ng to the. method for prqduci th :
r BPRRCHerVe HOECTRE G At TR bR e Tangen
pidyEnhed Spsd helrist saalH sd PNAadahetoandiehiyiares safety

_serumfree culture dium so that differentiation
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(see Non-Patent Ddcument 8). erefore, the retinal
nerroeluzdhpsre tome hinsede oglishingpdgscitry siephod: ofolapimng iris
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regenerative nedical treatnent. Further,._. d i bed
asevem-Ispp catlpare %@é&% $% A top}r@ﬁi@ﬁ? édlaf%ﬁ?%eﬁéﬂ%e of the
CHSpfAfeRPe & YdiRRLIEA LMD RhE SREIPAMSRre cEhS.

retin nerve cells can be obtained fromthe iris

pi gmentectorepights ithle cetthodidor verbdueima blee peatieat nerve

by e oduci n net hod the present.inv [ Oof ‘
G ARGt AsDE G b ERah Eftar B88s 5o
pa}dr,%géd PeritSewsadn he sealizfde Orteevermediuis, so that
possi bl e to overcone such problens of [fegenerative

neﬂfﬁcaentiragmmg intasthemigionali 8srve epebsi 680 Reniedhced
i ssyes,_.an npbal anc t :

L
t hake then- Petdiad Dudumennt8)i il ereforestiablretistalngerve cells

treatnment for _retinal . degeneratiqn.di sease f whi.ch

| IRHEI ey GPECBTPYHCEHE SRR 4 it BEenat Jagntion can
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is arranged so that the iTis pigmented epithelial

cepdsing esiud | xedisk rasn RNA rdasrage mpdaran 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,
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,
ethical issues, and unbalance between the demand and supply
of transplant cell sources. Therefore, it is expected that thé
method will contribute to establiéhing a treatment for retinal

degeneration disease for which there is no effective treatment at

present.



According to the foregoing nethod, as described | ater
in the Exanple, it is possible to obtain various
retinal nerve cells such as retinal visual cells,

bi polar cells, and Muller glia cells. Further, the
met hod of the present invention for producing the
retinal nerve cells .is arranged so that the
serumfree culture nediun1mbqn)the adherent cul turing

starts _contain ast one .of .FGF2
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A%Qéﬁlg@& §® tha@ e egal 13%1 mehhed, cpitBeHal WHlfd eee derived
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i nvention, tha or.,al]. of the,three na

b e e Ahy el SIS birtat (RS 8 MATHEE B P ets.
that eaehirfipgt OrtHas egofgenifr athon Wleskrlto #kntion for
ng/ m . Furthef, the method of the present invention
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cells/cn2 or |less. Accor he fo egoi ng net hod,
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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 1x1053
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 1x10% 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 cul turing, inducing
differentiation of the iris pignented epithelial
cells into the retinal nerve cells by performng 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 prodwuci ng nethod using

adherent culfuring,.in di.tion to ff .
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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 nmade
to the ensuing detailed description taken in
conjunction with the acconmpanying draw ngs. BRI EF
DESCRI PTI ON OF DRAWNGS Fig. 1 is a schematic flow
chart illustrating one enbodi nent of a nethod
according to the present inyentijon for producing

retinal, netye cells. Fig..,2 is a pattern diagram |
| FTOSETRE | iy C SRR PG UtogSr B i aDS(E R ritgdoes not pose
CQr eHit WiidD o5t BINRfadhe geehiadehklivss ratfety ihefii @sed for
1. Fig. 3 is a schematic flow chart illustrating

anpedwal patpesefent according to the present invention

for praeducin ' e Fi '
patter %dogi ggglalrlné IleHrpucg‘%l}sa? %\égnéh%ﬂdg%gi%&%%g% |dv§d?éalnitsa ges
dexi ved fnesmiiohs pefgrentedshpitiiebiealmadkl sootha ensuing

nouse,, The arrow i.ndica rhodopsi n_subjected to.

| Radsa) rFICHRUAR ximbre. PRy SeBJuPeigpar bity  the
dia%bzﬁqbéhg,ﬁﬁ abkxRg ¥l mentin positive cells derived
fromthe itis pi grrentged epithelial cells of the

nouse. The white area indicates vinmentin subjected to

[ t et ' | ig. 5(a) is a pattern
d%@%?ﬁgﬁ%@@g?m%ﬁwéﬁsi tive cells derived
-from i rHig. pilgmést edl epitidebiial feid schhra illhistkatifige one

whi t rea indjcates. rhodopsin supjected to . . .
ReGiRCRIY AENBORATIE [ TBpaTens Fuanig for
di TN j d ednpsin positive cells derived
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GISER OSFdoth & PR ke BRErErn e Dury dhellpd RtiFEka in
th|gl nis pignented epithelial cells of the chick. The

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 inmunostai ning
in the Exanple. Fig. 6 is a pattern diagram
illustrating an aggregate (sphere) derived fromthe
iris pigmented epithelial cells of the «chick. Fig.
7(a) is a pattern diagramillustrating rhodopsin
positive cells derived fromthe iris pignented
epithelial cells of the chig¢g.- The white area
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n%thi%ﬁ be limted by the description. Described in the
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adoongingptamintgipthedhxasédi ment for produci ng
retinal,. nerye.cel ] = 1 o B8 o BREA 45
iy T8t SRR s g SRoBEL s
arelly deriptdnkohedhepiishpldmented lepidutlal ogjlsoddhsichick.
inwhichiris . _. . . . . ..
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.



pi gnmented epithelial cells are isolated from an
eyeball of an animal. A second step is a selective
culturing step S2, in which the isolated iris

pi gmented epithelial cells are selectively cultured
according a floated coagul ated mass cul turing
technique. Athird step is a co-culturing step S3, in
which the iris pignented epijghelial cells selectively
cul tur

Co- cul fiBed ! TRARTR Al T b o BT RR gt o pethod
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n e Selective chlturing step S2-are relatively
urtdchihéqast ifatthirdsdepas becaticifltnsng ategd Shtin which the

varj ous .nerv ells,, the iri | nt.ed |th
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enbodinent,. the iris pignented eplthellal cells, used

t o prodieat ineint dbenmicthor aceerdingafe thespreset mwRtion
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( gslg"légglgré %g%—fe%gg@?ﬁglr—ég%fﬁfné)l‘sépc@foanﬁlattﬂéﬁ 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



undi fferentiated cells differentiable into the retina
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., My 8,
2003, 341 (3): p. 213-216). -IBe.enbryonic retinal stem
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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 culturing the iris pignented epithelial
cells, i.e., the

iris-pigmented-epithelial-cell-isolating step S| and
the selective culturing step S2 will be descri bed
nore in detail. As shown in Fig. 1, the iris pignented

epithelial cells can be isolgted and cultured by the

nethodlnclum t
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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,l iris pigmented epithelial cells derived from an
adult mammal, as well as iris pigmented epithelial 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 31 is not
particularly limited in terms of techmiques 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 techni ques and ot her features
concretely adopted therein as long as the iris

pi gmented epithelial cells isolated fromthe eyebal

of the manmal can be selectively cultured. Generally
speaki ng, a publicly known conventional process may
be adopted so as to seIectiquy.cuIture only the iris
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{HRBT L e BF SYADREL: Ohn' s ROV -cxERing YERLE: 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 81, 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 PS5 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 comrercially

avail able mcro scissors. The enzyne treatnent stage
P4 is for subjecting the iris tissue to enzyne
treatment so as to neke it easy to dissociate the
iris pigmented epithelial cells fromthe iris tissue.
The enzyne treatnment stage P4 is not particularly
limted in terns of technigugs and other features

ted ther ' | j .
o SRDERL PhASP bRt ISt Ui HRBRAKIP o bl tifdoeiti " ong
cerdusiiyt Neissttageue Foaneb@nm:»;@;semefr@mymhet egabedintof the
stage P4 _can be onduct.ed by all he iris tlssgcJ
{ ensupels drenerally PRk ee HH s SGE 8o pany R tonal
CRREAY ﬁs ﬁlla GOBERAGLBLdY s0a4al {Rbkeid am;sqr?sn@lstshh%nfrom
al l ow n rlstlssueto react for
mth@lt @sgehmll aorf tEpTmamg|. gfet @ﬁamMﬁn@hémmsm-ymsmg
ILla t
SRS, SR A Sl anedamoeLstagacatfesitl, e
|an1(ﬁ{on§c1@fsor§nzyrres and reagents used t herei n and a

-publicly k
pe. uscd Wni<aHIEan FREEReNne4q ©4 1S ade SooRng the iris
Wtk%slq.?(fel gaéﬂéxﬁledﬁe%ﬁ%@ﬁ@ sbhﬁs'tb' fhalld gff%@ats%rdto dissociate

epl romthe iris tissue. The
i rthe iri s pigareesedrépighelinbacHerront dge iFs tisstier

LT R I ad A BT BNty S in

PRebfd10bf paethaudaés ¥ arld motledr i fedyes ohdbpeddi qhesem
and ot her features adopt therein, and a publ id y

kr@mew&sm@%mg,t BcRM iy nkpopsl cibpidoRs! dschgique
CandyChe LRGSR a5% EYATBLE thalddket he reaction at

nzyme treat nent st age,
|r| S- tlEi&ueexmnpde; nighe r edtyRat tseagaet?!s @a@gbePfﬂr can be

duted al | ri.s tissue to_re 0y =3
tt o0l i MR BRRE oM afifing Tar 15°% 40
C%‘I&%ﬁ@é@ iy Aavaidpe behaliogaldorfeinifg Tae ¢tdingnetdially
S sue -re storing-treatnent stage PS is not

pantditaibler Hispasd wed! ithenepHewgngsthaunitiscBissaentageact for
20 to 30 rhinutes 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 PS5 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
medi 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 (Pl), the reaction tine
at the enzyne treatnent stage P4 and the reaction tine
at the iris-tissue- restoringgtreatnent stage P5 are
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for 90 minutes. Further, in case of isolating iris

pitheent Edakpalitrsria- ceatpiling culture medium at the
iris-tissue-restoring-treatment stage P5, 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

'to 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 Um dispase solution at 37'C for 20 m nutes,
then in 0.05% EDTA solution at roomtenperature for
25 mnutes, and then in a culture nmediumwth 8%
fetal calf serumcontent for 60 mnutes. ' Further, in
case of isolating iris pi gmsmjed epithelial cells
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nm:yelhall 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



(manufactured by Invitrogen Corporation) with a
commercially available fetal calf serum of an
appropriate amount can be used. The
iris-pigment-epithelium separating step P2 is not
particularly Iimted in terns of techni ques and ot her
features adopted therein as long as only an iris

pi grrented epithel iumis sepazflated fromthe iris
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I's by pipetting operation using a conner0|ally
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P2 may be conducted by peehng only an iris pigmented

epithelium from the restored iris tissue by using commercially

available micro forceps.
In the following, the stages P6 and P7 of the selective

culturing step 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 terns of reagents and

i nstrunments used therein, and a publicly known
conventional reagent and instrument may be used which
make it possible to dissociate isolated iris pignented
epithelial cells.in a aggregating state into
individual ceIIs The cel |l cwgbturing stage P7 is not
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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

pi gnented epithelial cells is co-cultured with
enbryonic retinal stemcells. Described in the
following is the co-culturing step S3 of co-culturing
the iris pignented epithelial cells and the enbryonic
retinal stemcells, the iris pignmented epithelial
cells being sel ectively culggned in the selective
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In this way, the embryonic retinal stem cells and the iris
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 the present enbodi nent. 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 AL Mreover, in the co-culturing step S3
iris pigmented epithelial ceQMs_S deri ved fron1a bird
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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 protein, 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.. Jodopsin 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



cell s) has been induced. Further, detection of
vinmentin fromthe co-cultured cells (see Fig. 4(b))
confirnms that differentiation of the cultured cells
into retinal nerve cells (nore specifically Miller
glia cells) has been induced. According to the nethod
according to the present enbodinent, as will be shown
later in an Exanple, it is pogssible to surely induce

the_differentiation.of e iris, pi nted_ epithelial
oS RSP Al S debb MR, B fPle Sy e
t kfrehindlonerwslgeR. retinal nerve cells. In the present
enbodi nent, retinal pignented epithelial . ce/]ls and
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Enbodi nent] A Second Enbodinment of the present
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cell's to adherent culturing in a serumfree culture

néditurbbenpriesdogi figvention 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 F_igs. 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 nethod according to the
present enbodi ment for producing the retinal nerve
cells, as shown in Fig. 3, mainly includes: an
iris-pigmented-epithelial-cell-isolating step S11 of
isolating the iris pignented epithelial cells fromthe
eyebal | ; and an adherent cubkyring step S13 of
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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 313, differentiation of the cultured iris pigmented epithelial



(non-neuronal cells). dia cells do not exhibit an
active electric response, which is one of
characteristics of neurons. Gia cells, however, have
various functions - for neurons, such as supporting
neurons and suppl yi ng nourishnment to neurons. In case
of a vertebrate animal, the glia cells are categorized
their functions and chatamnerlstlcs into four
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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 bir'ds (e.g., a chicken (including a
chick), a quail, and the other birds) and mammals (e.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 mammal . Further, in the First Enbodi nent, the
iris pigmented epithelial cells of the mammal are

i solated and cultured by the nmethod including the
iris - pigmented- epithelial- c ell- isolating step
and the selective culturing step. The sanme nethod can
be applied for isolating and culturing iris pignented
_epithelial cells of a bird..og&ar isolating the iris
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iris-tissue-extirpating step Pl (see Fig. 1) as descrlbed 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 condgcted under such
conditions that iris tissue is allowed to react 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 temperature 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 solution 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 conventi onal adherent culturing
process may be used. For exanple, the adherent

cul turing process described in Reference 3 may be
used. The adherent culturing step S13 is not
particularly limted in terns of culture nedia used
therein as long as a serumfgee culture nmediumis
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Further, the adherent culturing step S13 1is not
particularly limited in terms of culture dishes and additive
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 neural
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 supplenment to the
serumfree culture medium The growth factor which is
used in the adherent culturing step S13 and is added
to the serumfree culture nedpumis not |imted to
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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
5x104 cells/cm?, the dlfferentlatmn 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 neurofilament nmay be used as a narker to detect
neurons. GFAP or the like may be used as a mnmarker to
detect astrocytes. 04 or the |like nmay be used as a

marker to detect oligodendro@ites. Mreover, after
neurons, astrocytes, and .ol igodendrocytes re "
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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 confirnms that the
cultured cells have been induced into bipolar cells.
Detection of vimentin confirnms that the cul tured
cell's have been induced into Muller glia cells.
Detection of HPC-1 confirns that the cultured cells
have been induced into anacrine cells. According to

t he net hod descri bed above, Ls pOSSIb|e to produce

the retinal nerve_c b .
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A Third Embodiment of the present invention will be
described below. The present invention is not to be limited by
the description. B

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 wth. the Second Enbodi nent, the nethod of the
Third Enbodi 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 S 13 (see Fig.

3). Moreover, in the nethod of the Third Enbodi nent
for producing the retinal nerye cells, the adherent
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The method of the Third Embodiment for producing the
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% (WYV). Further, the culture
medi um at the start of the adherent culturing further
contains FG-2 and/or FGF9. It is preferable that the
FGF2 (or FGF9) in the culture nedium 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 li-rB4ed to these described
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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 nent, by using a publicly
known conventional general neural marker to detect the
nerve cells therein, it is possible to confirm

whet her or not the differentiation into various nerve
cells (such as neurons, astrocytes, oligodendrocytes,
and the like) is induced in the cells cultured under
culturing,conditions as descpighed above. Furthernore,
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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.

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 eleven-day-old rat, a

twel ve-day-old rat, a three-week-old rat, and a
two-nmonth-old rat (' DA Rat"; provided from SLC Inc.);
and a ni net een-week-ol d human enbryo (provided from
the director of Kurashiki Adglt Di sease Center;
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mnutes. Further, the iris tissue of the two-nonth-old
meideylemediaminetetraacetic 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 37'C
for 30 mnutes, then in 0.05% EDTA sol ution at room
tenperature for 40 mnutes, and then in a culture
mediumwith 8% fetal calf serumcontent for 30

m nutes at roomtenperature. The iris tissue of the

el even-day-old rat was allowed to react in 1000 U nL
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(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
birds: a one-day-old chick and a two-day-old chick (provided
from Global Chick Inc. in Gifu Prefecturej. |

The iris tissue of the two-day-old-chick was allowed to
react in 1000 U/mlL 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



- mixture of a serumfree culture nedi um (" DVEM F12

" culture nediunt manufactured by Invitrogen
Corporation) and a 1 / 100 volune of N2 suppl enent
manuf actured by Invitrogen Corporation. The iris

pi gmented epithelial cells which had been subjected
to trypsin treatnment was cultured in the
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out by culturing the embryonic 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 cells 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 highly specific protein for exhibiting a
phot oreceptor function, and vinentin (indicated by
the white area in Fig. 4(b)), which is a protein
specific for Muller glia cells, were detected in the
cultured cells. Rhodopsin is a protein necessary for a
retinal visual cell to exhibydg.the photoreceptor
fuqﬁi n.and is specifically expressed in a rod

‘ﬁ% Bhe retinal visual cell. The detection of the
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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 3.2x104 cells/cm?2. Further, although the

growth 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 inthe cultured .cells was carried out by using
general neural markers such as a tubulin (or
neurofilanment), GFAP, and 04. As a result, because
the various neural markers were detected, it was
confirnmed that the cultured gells were differentiated
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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.
Rhodopsin and lodopsin are expressed specifically in retinal
visual cells. Further, PKC is expressed specifically in bipolar
cells.

The 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 cultured



where adherent culturing of iris pigmented epithelial
cells is carried out wwth a serum-containing culture
medi um Passage of iris pignented epithelial cells of
a chick, which were isolated and di ssociated by the
process described above, was carried out on a

| am ni n-coated dish. A mxture of DMEM F12 culture
medi um N2 suppl ement, growt hifactor FG-2 (20 ng/m),
and fetal calf serun1(FCS 1@6(VVV)) was used as a
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days. As a result, it was conﬁrmed that the iris pigmented
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 mnerve cells
(specifically neurons, astro-cytes, 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 HPCG-1 in the cultured cells proved that the
cultured cells were differentiated into retina
neural cells, nanely retinal visual cells and
amacrine cells. Further, in Exanple 2, iris pignmented
epithelial cells of a young nmouse were isolated and
d|3300|ated by the process _described above and

ubj ect ed t di.ffer 0 nductlon a mnth t he
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cetulsurethicsllsr pveved Hamtt e cultunasy cel:lél werewtigferentiated
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thv(&?ith 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
of {Those retinal neural markers found positive by‘
Retinal Neunral Ma;rkers specific-antibody staining are markéd with o)
PKC ’ o
HPC-1 o
Rhodepsin 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




scope of the follow ng clains. | NDUSTRI AL
APPLI CABI LI TY As descri bed above, according to the
net hods of the present invention, it is possible to
produce retinal nerve cells of a mmml for which no
conventional . effective
retinaI-nerve--ceII-differentiation i nduci ng net hod

has been found. Since nmammahs _i ncl udes many ani nal
ecies, such_as huynman beln ich serve n
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col | ected from a pati ent per se, regenerative nedical
treat nent._usi n e patient per se can be
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Since the retinal nerve cells of t
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
iaroblems 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.



i nducing differentiation of the iris pignented

epithelial cells into the retinal nerve cells. 2. The
nmet hod according to Claiml, wherein the iris

pi gmented epithelial cells are derived froma mammual

3. The nmethod according to Claim1l or 2, wherein the
enbryonic retinal stemcells are derived froma bird.

4. The nethod according to apy one of Clainms 1 to 3,
wherein the iris pignenteq%ﬁgit elial cells are

isolated froman eyeball MRen sel ectively

cultured by a floated coagulated nass culturing

techni que. 5. The nethod, according to any one of

d ai ms 11 A angthodfer eredurnigsbaRahgesresrdls,rthe method
PgERLed SRhENaEbaocel [ Tncludes: an |

i rrs-ti'ssue-extirpating step of extirpating iris

t i ssuecofculturives eyeahalryonimd rehiriali sstirmgneatlds- and iris
ethheIiug} %gﬁafatinﬁ step, of separating an iris
pPYHERTLE AR HENRURFT Po eiris tissue thus
extirpatedciy Hatdreltif@oMeoceils oy apigetedied epithelial
met hod according to any one of Claims | to 5. 45- 7.

AcrisHodoftdre prtdaatnggve 6ellfal nerve cells, the nethod
conprising the steps of: isolating iris pignented

epithelial cells froman eyeball; and perform ng

adher ent. Thlet unettpdf atberdinigs tpi @leithed, widreahi dhe iris
cells with a ser free culture iumso as_t
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epithelial cells into the retinal nerve cells. 8. The
met hod according to Caim7, wherein the iris .
pi gnenBedThei mhethicd amardingetaidiaigy ¥ reim%a Bireredp the
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adherent culturing starts _
4. The method according f:o any one of Claims 1 to 3,
wherein the iris pigmented epithelial cells are isolated from an
eyeball 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 iris pigmented epithelial cells

includes:

an iris-tissue-extirpating step of extirpating iris tissue
frorﬁ the eyeball; and 7

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.



contains at |east one of FGF2, FGF9, and CNTF with a
concentration in a range of 1 to 100 ng/m . 10. The
nmet hod according to any one of Clains 7 to 9, wherein
the iris pignented epithelial cells in the serumfree
cul ture nmedi um when the adherent culturing starts has
a cell density of 1 x 105 cells/ cn2 or less. 11. A
met hod for producing retinal4pgerve cel I s, the nmethod

conprising the s s of:.isolatin

cpi Chert 2F 1BEMS B3 weais Rt e iflal R, SRR Ble method
cgbwhgglg)yhbrmle%@mmg the iris pignmented epithelial
cells in a culture nedium cont ai_ni % FG-2 and/or

FGFQ wnlasingirisnigmanied spathelinl cssafianean eyeball;
cg&&yrlng, inducing differentiation of the iris
pignented epithelial cells into the retinal nerve

cel I's Iperfremhingn agherenddherénringul olir thg dfist hpigmented
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e S Whthn B Hiser Ry R e o
andioee REfferientidteop Vet thd Aris hegmirted apttdifdlieﬂgcéld)s into
Caim1l, wherein when the culture nmediumis a
séharmetiead rertafelfediumin the step of starting the
adherent culturing, a serumis further added to the
culture nediumin the step of inducing the
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Recinal ey gscells coalned bl ARHI WA OFY Bedinar.

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 1x105 cells/cm? or less.

11. A 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



- 46 -
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.



