1 DESCRI PTI ON METHOD FOR PRODUCI NG NEURAL CELL 5 TECHNI CAL FI ELD The present

for producing a neural cell

i sol ated neural

stem cel |,
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BACKGROUND ART Currently,
enbryoni c stemcel | :

a substantially isolated neuron,

invention relates to a nethod

capabl e of obtaining a substantially isolated neural cell, a substantially

a substantially isolated glial cell, a cell
and a nethod of treating neurogegenerative 10 disease or nervous damage.

mai nly four nmethods are perfornmed in order to prepare a neural
15 Q a nethod conprising treating a suspension culture of enbryonic stem cell

cell from an

aggregates with retinoic acid, thereby inducing differentiation into various neural cells [Bain, G et al,

Dev. Biol., 168:642-657(1995)];

a met hod conpri si ng pDESERIPHIGM enbrioid body [referred to as EB],

culturing the EB in a serumfree culture nediumto obtain neural stemcells as 20 nestin-positive cells, and

cul turing the neural

stemcells in the presence of basic fibroblast growh factor (bFGF),

to use the

resulting cell in differentiation into neural cells [Okabe, S. et at., Mech. Dev., 59:89-102(1996)]; Q a
met hod conprising culturing enbryonic steBTEOD KBS PROBYCHING dRERIAISHEBLEt roma cel | s,
thereby differentiating the colonies 25 into neural cells (SD A nethod) [Kawasaki H. et al., Neuron,
2 and a nethod conprising carrying out suspension culture of ES cells in the

28: 31- 40(2000) ] ;
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TECHNICAL FIELD

The present invention relates to a method for producing a neural cell
capable of obtaining a substantially isolated neural cell, a substantially isolated
neural stem cell, a substantially isolated neuron, a substantially isolated glial cell,
a cell pharmaceutical composition, and a method of treating neurodegenerative

disease or nervous damage.

BACKGROUND ART

Currently, mainly four methods are performed in order to prepare a neural
cell from an embryonic stem cell:
@ a method comprising treating a suspension culture of embryonic stem cell
aggregates with retinoic acid, thereby inducing differentiation into various neural
cells [Bain, G. et al, Dev. Biol., 168:642-657(1995)];
@ a method comprising preparing an embrioid body [referred to as EB],
culturing the EB in a serum-free culture medium to obtain neural stem cells as
nestin-positive cells, and culturing the neural stem cells in the presence of basic
fibroblast growth factor (bFGF), to use the resulting cell in differentiation into
neural cells [Okabe, S. et al., Mech. Dev., 59:89-102(1996)];
® a method comprising culturing embryonic stem cells (ES cells) on
established stroma cells, to form colonies, thereby differentiating the colonies

into neural cells (SDIA method) [Kawasaki H. et al., Neuron, 28:31-40(2000)];

to form col oni es,



presence of |eukem a inhibiting factor (LIF), to prepare neural spheres from neural stemcells existed in ES
cells in an anmount of about 0.2% and then 5 differentiating the neural spheres into neural cells [Tropepe V.
et al, Neuron 30:65-78 (2001)]. However, according to these nethods, it is currently difficult to acquire
sufficient amounts of cells for use in regenerative nedicife fromthe viewpoint of teratogenicity caused by
retinoic acid on differentiated cells, a tinme required 10 for producing neural stemcells, the proportion of

differentiation, an efficacy of yield and the like. A neural stemcell, which is a cell having the

mul ti potency into a neuron or a glial cell, and the self-renewal, plays a key role in transplantation
regenerative medicine for thediervous system As a nethod for nmaintaining and 15 proliferating neural stem
cells in an undifferentiated state, a neurosphere nethod has been established [Reynolds, B. A et al., J.

Neurosci., 12:4565-4574, (199@), RawnebdlsomBrisie QiryMg ouSalspBRRoRBAILAATBS L0 #P@R) ] . According to the

above- nentioned neurosphere nethod, when a cell “popul ati on containing neural stem cells separated fromthe

brain is cultured in DVEM F-ﬂ;%séﬁfetﬁffléﬁ]&qnﬁﬁiﬂhwni@@fé&@[t@IFb,ng}@pﬁ‘éﬁ@hmphe;{ekmﬁyﬁi n, transferrin, selenium
and progesterone] and 20 ng/m epidermal growth factor(referred to as EGF) and/or 20 ng/m bFG-, only

neural stem cells which can symyhV@eMN@Es ckePRPES BRI R athount bPABoutdRPY dridfhehS proliferated. The
proliferated neural stemcells are positive for a narker an internediate filanent nestin and forma cell

aggregate (neurosphere) s 25 t@GifReSGRAMRINEARE nLhif] sphdies ubindued cells {TRMepEY . oRMiNaLDR- |t has been found that
3 when the above-nenti oned neurosphere™is cultured on a plate coated wmth adhesive substrate w thout growth
factor, the cultured cells dij‘j:gge;gt@@bq)]i. nt o

However, according to these methods, it is currently difficult to acquire

sufficient amounts of cells for use in regenerative medicine from the viewpoint

of teratogenicity caused by retinoic acid on differentiated cells, a time required

10 for producing neural stem cells, the proportion of differentiation, an efficacy of

yield and the like.

A neural stem cell, which is a cell having the multipotency into a neuron
or a glial cell, and the self-renewal, plays a key role in transplantation
regenerative medicine for the nervous system. As a method for maintaining and

15 proliferating neural stem cells in an undifferentiated state, a neurosphere method
has been established [Reynolds, B. A. et al., J. Neurosci., 12:4565-4574, (1992),
Reynolds, B. A, et al., Science 255:1707-1710 (1992)}). According to the above-
mentioned neurosphere method, when a cell population containing neural stem
cells separated from the brain is cultured in DMEM: F-12 serum-free medium

20 containing N2 supplement [insulin, transferrin, selenium and progesterone] and
20 ng/ml epidermal growth factor(referred to as EGF) and/or 20 ng/ml bFGF,
only neural stem cells which can survive under the above-mentioned culture
condition is proliferated. The proliferated neural stem cells are positive for a
marker an intermediate filament nestin and form a cell aggregate (neurosphere),

25 to become possible to be cultured in floating conditions. It has been found that



neurons, astrocytes, oligodendrocytes or the like (multipotency). Further, it has been shown that when the
neur osphere is dissociated into single cells and the 5 resulting dissociated cells are cultured in a
serumfree mediumcontaining a growh factor, the dissociated cells formagain a neurosphere (self-renewal).
However, there are defects that the neurosphere is generated not fromall of the cells but froma smal
portion of the total cell population. In addition, as an alternative to the Neurosphere nethod, a nonol ayer
10 culture nmethod has been al so established, wherein the nethod conprises «culturing neural stemcells on a
pl ate coated with an adhesive substrate, thereby proliferating and differentiating the cells. As the

above-menti oned nonol ayer cuhfhinethewbboe mentivicld adutasphpry is@uiung! 6 hplay ebardlwighe conpri sing
concentrating neural stemcells by a density gradient centrifugation [Palmer, T. 15 D. et al., J. Neurosci.,

19: 8487-8597(1999)], or a nmet hdHesioepibsiiatg withouoprowih fagwirotheyaliuesd édllsaditferdigiateintst em cel Is at a | ow
density, thereby cloning and proliferating the cells [Ray, J. et al., Proc. Nat!. Acad. Sci. USA,

90: 3602- 3606 (1993), Gage, Fnelrom} asttocytdy; oligodaidrochieadr thcClike gﬁﬂtip%?e'nb $7PudthEBH Hak995)] is performed.
According to the above-nenti oned nonol ayer culture nmethod, since 20 each of cells can be identified, the

method is suitable for cell |ibeeagRownahMsihethe niabspherd isotlissetihedriaw aingsé eslicond theare differenti ated
into. However, the nmethod is currently not suitable for the purpose of requiring a | arge anount of neural

stemcel l's, since the negral &éﬁfﬂiﬁguisﬁpéﬁmddbémé gl dulfuped i aBérmbafReInddluhéntaingid 4 erentiated state and the
proliferation of the neural stemcells is slow 25 Therefore, in either of the Neurosphere nethod or the

monol ayer cul ture 4 method, i tgrbwtistdctérctld dis@@a@aickis dsrnPhginG ndursphest [@1PrAkibBr at e as neural stem cells
in an undifferentiated state.
However, there are defects that the neurosphere is generated not from all of the
cells but from a small portion of the total cell population.
In addition, as an alternative to the Neurosphere method, a monolayer

10 culture method has been also established, wherein the method comprises
culturing neural stem cells on a plate coated with an adhesive substrate, thereby
proliferating and differentiating the cells. As the above-mentioned monolayer
culture method, a method for performing monolayer culture comprising
concentrating neural stem cells by a density gradient centrifugation [Palmer, T.

15 D. et al., J. Neurosci., 19:8487-8597(1999}], or a method comprising performing
monolayer culture of neural stem cells at a low density, thereby cloning and
proliferating the cells [Ray, J. et al., Proc. Natl. Acad. Sci. USA, 90:3602-3606
(1993), Gage, F. H. et al., Proc. Natl. Acad. Sci. USA, 92:11879-11883 (1995)] is
performed. According to the above-mentioned monolayer culture method, since

20 each of cells can be identified, the method is suitable for cell lineage analysis of
what sort of cells neural stem cells are differentiated into. However, the method
is currently not suitable for the purpose of requiring a large amount of neural
stem cells, since the neural stem cells are difficult to be maintained in the
undifferentiated state and the proliferation of the neural stem cells is slow.

25 Therefore, in either of the Neurosphere method or the monolaver culture



DI SCLOSURE OF | NVENTION 5 An object of the present invention is to provide a nethod for producing neural
cells , capable of attaining at |east one of obtaining a substantially isolated neural cells, obtaining the
neural cells in a large amount, and providing neural cells regardless of a source of enbryonic stemcells.
Al so, an object of the present invention is to provide a gubstantially isolated neural stemcell which is 10
useful as a source of cells or tissues in a neuro regenerative nedicine for a neurodegenerative disease (for
i nstance, Parkinson's disease, Al zheiner's disease or the |like), spinal damage, cerebral infarction or the
i ke. Further, an object of the present invention is to provide a neuron which is useful in regenerative
nedi ci ne such as neuronal tr a@sHoanitas ideffichitad aRYctl pde@rintnd @ Hichdeie peoRfdrae adineaasdtedphor i nst ance,

Par ki nson' s di sease, Al zheiner's disease, or the li1ke), spinal danage, cerebral infarction or the |ike.
Further, an object of the pr&grrh annuehifentintedisater ovide a glial cell which is useful for transplanting at
the sane time with the transplantation of a neuron and a neural stemcell to direct to support
differentiation and growth of a neuron, and further 20 form ng a brain-blood barrier for supplenenting
nutrient substances. Further, an object of the present invention is to provide a cell pharnmaceutical
conposition which is useful DISCEOSERB! OFEINRENTIENSuUch as neuronal transplantation therapy for a

neur odegenerati ve di sease (for 1 nstance, Parkinson"s disease, Al zheiner's disease or the like), spinal

damage, cerebral infarcion or theAhidifectoRRieDpRsEit iAPe@brRisNbRoRidetalktodTor pRRiidisg ef fect, a high
therapeutic effect or the like in cell 5 therapy. Also, an object of the present invention is to provide a

nmethod for treating a neurodedagiesals (apihieFIeafing aDRAYOME SRsMaRIngE aRabiten@illy s8¢y the state caused
by a neurodegenerative di sease or a nervous damage in a stable state.

neural cells, obtaining the neural cells in a large amount, and providing neural

cells regardless of a source of embryonic stem cells. Also, an object of the
present invention is to provide a substantially isolated neural stem cell which is

10 useful as a source of cells or tissues in a neuroregenerative medicine for a
neurodegenerative disease (for instance, Parkinson’s disease, Alzheimer’s
disease or the like), spinal damage, cerebral infarction or the like. Further, an
object of the present invention is to provide a neuron which is useful in
regenerative medicine such as neuronal transplantation therapy for a

15 neurodegenerative disease (for instance, Parkinson’s disease, Alzheimer’s
disease, or the like), spinal damage, cerebral infarction or the like. Further, an
object of the present invention is to provide a glial cell which is useful for
transplanting at the same time with the transplantation of a neuron and a neural
stem cell to direct to support differentiation and growth of a neuron, and further

20 forming a brain-blood barrier for supplementing nutrient substances. Further, an
object of the present invention is to provide a cell pharmaceutical composition
which is useful in regenerative medicine such as neuronal transplantation therapy
for a neurodegenerative disease (for instance, Parkinson’s discase, Alzheimer’s
disease or the like), spinal damage, cerebral infarction or the like, capable of

25 obtaining a stable therapeutic effect, a high therapeutic effect or the like in cell



Concretely, the gist of the present invention relates to: 5 [1] a nmethod for producing a substantially

i solated neural cells, characterized in that the nmethod conprises carrying out the suspension culture of
enbryonic stemcells in the presence of an astrocyte conditioned nmediumor ingredients substantially

equi valent to the conditioned nedium [2] the nmethod for pgoducing a neural cell according to the above [1],
wherein 10 the enbryonic stemcells are enbryonic stemcells of a mammal; [3] the nmethod for producing a
neural cell according to the above [2], wherein the mammal is selected fromthe group consisting of a nouse,
a cynonol gus nonkey, a human and a rat; [4] the method for producing a neural cell according to any one of
the above 15 [1] to [3], whenerapyt h&lsoehiobjecooplicsmeséhiénsdmion(idto ptovdde aymetpodddr t he suspension culture
of enbryonic stemcells in the presence of an astrocyte conditioned nediumor ingredients substantially

equi val ent to the conditi onedtreai arneuicdepeisrafios disogseaorsd eenvort dasmpperapb™ESL, trddbingtthe net hod for producing
a neural cell according to the above [4], 20 conprising carrying out after the step (A), the step of: (B)
culturing the stemcell spherstaleS&a8ked by ai madodepenbmtivealisdadd or a Mereouspdanagicin O§tablesitatef i br obl ast growt h
factor (bFGF) and/or epidermal growh factor (EGF) and in the presence of a cell adhesion nol ecule, thereby
obtaining a neural stemcell as a Cehtreralgyeedstfofahe PeSenlmvedfiod hedametdrod for producing a neural cell

according to the above [5], wherein 6 culture in the step (B) is carried out in the state of adhesion of the
stemcell sphere (SCS) sobtai[igd i anidikod f@prodiciapd substdnialy v lsiet tneueal 2ullstdhatdonrrized

in that the method comprises carrying out the suspension culture of embryonic
stem cells in the presence of an astrocyte conditioned medium or ingredients
substantially equivalent to the conditioned medium;
[2]  the method for producing a neural cell according to the above [1], wherein

10 the embryonic stem cells are embryonic stem cells of a mammal;
{31 the method for producing a neural cell according to the above [2], wherein
the mammal is selected from the group consisting of a mouse, a cynomolgus
monkey, a human and a rat;
[4]  the method for producing a neural cell according to any one of the above

15 [1] to [3], wherein the method comprises the step (A) of carrying out the
suspension culture of embryonic stem cells in the presence of an astrocyte
conditioned medium or ingredients substantially equivalent to the conditioned
medium, thereby forming a stem cell sphere (SCS);
[S]  the method for producing a neural cell according to the above [4],

20 comprising carrying out after the step (A), the step of:
(B)  culturing the stem cell sphere (SCS) obtained in the step (A) in the
presence of basic fibroblast growth factor (bFGF) and/or epidermal growth factor
(EGF) and in the presence of a cell adhesion molecule,

thereby obtaining a neural stem cell as a cell migrated from SCS;

25 [6] the method for producing a neural cell according to the above [5], wherein



carrying a cell adhesive nolecule; [7] the nethod for producing a neural cell according to any one of the
above 5 [1] to [3], conprising carrying out the step of: (A") carrying out the suspension culture of
enbryonic stemcells in the presence of an astrocyte conditioned medi umor ingredients substantially

equi valent to the conditioned nedium and in the presence gf basic fibroblast growh factor (bFG-) and/or
epidermal growh factor (EGF), 10 thereby obtaining a neural stemcell in a stemcell sphere (SCS); [8] the
nmet hod for producing a neural cell according to the above [4], conprising carrying out after the step (A,
the step of: (B') culturing the stemcell sphere (SCS) obtained in the step (A in the state of adhesion of

SCS to an adhesive culture Sub@iﬁratiﬂm]@gbp)(i} @& eareiel lovdh gl stse 13 adbksion o€ thdsteBecalbsence of basic fi brobl ast
grow h factor (bFGF) and/or epidermal growh factor (EGF) and in the presence of an astrocyte conditioned

medi um or i ngredi ents subst aniptaré YSESY YRR intthe step ONGidtdroadisiRUultire silirasdy obt ai ning a neuron; [9]
the nethod for producing a neural cell according to the ‘above [4], 20 conprising carrying out after the step

(A), the steps of: (B) cul turi;m%ﬁ%? Sesdeslve mplenr; (SCS) obtained in the step (A) in the presence of
basic fibroblast growh factor (bFGF) and/or epidermal growh factor (EGF) and in the presence of a cell

adhesi ve nol ecul e; and (C) cu[fjuri i@ fmbhodFr phddriciigsa inBufaleeld hegorifg foardyéncséBfhe abbvedhesion to an 25
adhesive culture substratumcarrying a cell adhesive nolecule in the absence of 7 bFG- and/ or EGF, thereby
obtaining a glial cell & a cpljltoBYrcabfistisii@Barping out the step of:
(A’) carrying out the suspension culture of embryonic stem cells in the
presence of an astrocyte conditioned medium or ingredients substantially
equivalent to the conditioned medium, and in the presence of basic fibroblast
growth factor (bFGF) and/or epidermal growth factor (EGF),
10 thereby obtaining a neural stem cell in a stem cell sphere (SCS);
[8]  the method for producing a neural cell according to the above [4],
comprising carrying out after the step (A), the step of:
(B’) culturing the stem cell sphere (SCS) obtained in the step (A) in the state of
adhesion of SCS to an adhesive culture substratum carrying a cell adhesive
15 molecule in the absence of basic fibroblast growth factor (bFGF) and/or
epidermal growth factor (EGF) and in the presence of an astrocyte conditioned
medium or ingredients substantially equivalent to the conditioned medium,
thereby obtaining a neuron;
[9]  the method for producing a neural cell according to the above [4],
20 comprising carrying out after the step (A), the steps of:
(B) culturing the stem cell sphere (SCS) obtained in the step (A) in the
presence of basic fibroblast growth factor (bFGF) and/or epidermal growth factor
(EGF) and in the presence of a cell adhesive molecule; and
(C)  culturing the SCS obtained in the step (B) in the state of adhesion to an

25 adhesive culture substratum carrying a cell adhesive molecule in the absence of



[ 10] a nethod for producing a neuron, conprising the step of culturing the neural stemcell

nmet hod according to any one of the above [1] to [7] in the state of adhesion to an adhesive culture
substratum carrying a cell 5 adhesive nolecule in the absence of basic fibroblast growth factor (bFG) and/or
epidermal growth factor (EGF), and in the presence of an astrocyte conditioned nediumor ingredients
stemcell which is

substantially equivalent to t

differentiated froman enbryonic stemcell

he conditioned nmedium [11] a substantially isolated neural

by the nethod according to any one of the above [1] to [7];

[12] the neural stemcell according to the above [10], wherein the neural stem cell is cryopreserved;

substantial ly isol ated neur onbF@F &it/bSEGE, dhdiaby eblayninBe giefl kel a8 cedr midraRl; frérhMCshe substantial ly
t he above [13], wherein the 15 cell expresses at |east one kind selected from

E{){?}l @ métubdIfbnprodadingfd h@\ﬂ’@ﬁ}coﬁl*ﬁi ‘&F{lﬁ@yﬂpwlcﬁmringlmé amat e decar boxyl ase and
ce )

i sol ated neuron according to
the group consisting of class
choline acetyltransferase; |

a substantially isolated glia which is ob

ai nabl e by the nethod

obt ai ned by the

10
[13] a

according to the above [9]; 2@ehhfktetn 661 bbRIMIIHRE Biél netHodoREDATME k@ Bn ¢ BDbE Mddbovay 13 active ingredient, a
stemcell which is differentiated froman enbryonic stéemcell by the net

substantially isol ated neural

according to any one of the abpVig thdktat®of ddhiesidn’lo #h SdtidsiRh@iliRE SebstHMmGa

F9@Ss hicen conpri sing,

ingredient, a substantially isolated neuron obtainable by the nmethod according to the above [8] 25 or

8 [18] a cell pharmaceutj cal GoRa¥ed foltul® PHesibREncest Bi@fibiobRasdt peswth Reior (BFGF) and/or

10

15

20

25

epidermal growth factor (EGF), and in the presence of an astrocyte conditioned
medium or ingredients substantially equivalent to the conditioned medium;

[11] a substantially isolated neural stem cell which is differentiated from an
embryonic stem cell by the method according to any one of the above [1] to [7];
[12] the neural stem cell according to the above [10], wherein the neural stem
cell is cryopreserved;

[13] a substantially isolated neuron, which is obtainable by the method [8] or
[10];

[14] the substantially isolated neuron according to the above [13], wherein the
cell expresses at least one kind selected from the group consisting of class III §
tubulin, neurofilament, tyrosinehydoxylase, glutamate decarboxylase and choline
acetyltransferase;

[15] a substantially isolated glial cell, which is obtainable by the method
according to the above [9];

[16] a cell pharmaceutical composition comprising, as an active ingredient, a
substantially isolated neural stem cell which is differentiated from an embryonic
stem cell by the method according to any one of the above [1] to [7];

[17] a cell pharmaceutical composition comprising, as an active ingredient, a
substantially isolated neuron obtainable by the method according to the above [§]

or [10];

hod

as an active

[10];



substantially isolated glial cell obtainable by the nmethod according to the above [9]; and [19] a nethod for
treati ng a neurodegenerative di sease or a nervous damage, 5 characterized in that the nethod conprises
introducing into a neurodegenerative site or a nervous damage site at |east one cell selected fromthe group
consisting of: (1) a substantially isolated neural stemcgll which is differentiated froman enbryonic stem
cell by the nethod according to any one of the above [1] to [7]; 10 (2) a substantially isolated neuron
obt ai nabl e by the nethod according to the above [8] or [10]; and (3) a substantially isolated glial cell
obt ai nabl e by the nmethod according to the above [9]. 15 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
phot ogr aph showi ng the resul tE8f &xeliiphamgadehticali cmpdmitiownomprisigpaessiaotivoingredienya which is a marker for
neural stemcells, and uptake of BrdU which is used as an index of cell division, regarding colonies (SCS)
of nmouse enbryonic stem cel | substéatiabllylisalatedi gljal cbll abteanalily byahe yathodatcardmgstogheaboon 20 culture in a
m xture of an astrocyte conditioned nmedium and an astrocyte basal nedium A confocal |aser scanning
fluorescent m croscope manuf afjuaedtl by Zeiss was used for the observation. In the figure, panel A shows a
phase contrast inmage of SCS, panel B shows an i mmunofl uorescent-stained image wth an anti- nestin anti body,
panel C shows an i nmunof | uor egl®§nt a steahod fori treagimgwi hduradegtneaativie- dsetlde antirdzodyys damaggnel D shows a ner ged
i mge of panel B and panel C 9
5 characterized in that the method comprises introducing into a neurodegenerative

site or a nervous damage site at least one cell selected from the group consisting

of:

(1)  asubstantially isolated neural stem cell which is differentiated from an

embryonic stem cell by the method according to any one of the above [1] to [7];

10 (2)  asubstantially isolated neuron obtainable by the method according to the
above [8] or [10]; and
(3)  asubstantially isolated glial cell obtainable by the method according to

the above [9].

15 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a photograph showing the results of examining the distribution of

expression of nestin, which is a marker for neural stem cells, and uptake of BrdU
which is used as an index of cell division, regarding colonies (SCS) of mouse
embryonic stem cells (HK cell strain) obtained by carrying out the suspension

20 culture in a mixture of an astrocyte conditioned medium and an astrocyte basal
medium. A confocal laser scanning fluorescent microscope manufactured by
Zeiss was used for the observation. In the figure, panel A shows a phase contrast
image of SCS, panel B shows an immunofluorescent-stained image with an anti-
nestin antibody, panel C shows an immunofluorescent-stained image with an

25 anti-BrdU antibody, and panel D shows a merged image of panel B and panel C.



Scal e bar represents 50 m Fig. 2 is a photograph show ng the results of exam ning expression of class Il |
tubulin, a marker of a juvenile neuron, in SCS in which the suspension culture is continued for 7 days. An
upright fluorescent mcroscope nanufactured 5 by N kon was used for the observation. In the figure, panel A
shows a phase contrast inage of SCS, and panel B shows angi mmunof | uorescent-stained image wth an
anti-class IIl P tubulin antibody. Scale bar represents 50 m Fig. 3 is a photograph show ng the results of
examning differentiation into SCS which is cultured in the state of adhesion for 4 days on the surface of a
10 culturing side (i.e. a side on which a substratumis placed therein) of a culture dish coated with an
adhesi ve substratum on day 4 $dalé ber epseenss Shuaul ture. Panel A shows a phase contrast inmage, panel B shows
an i mmunof | uorescent- stained image with an anti-nestin anti body, panel C shows an i mmunofl uorescent-stained
imge with an anti-neurofilament (Ng) 2ashiphothgraploshdbingahe lredlshdwesamimmimgesgréssigeofof panel B and panel C.
Scal e bar represents 50 m Fig. 4 is a photograph showing the results of exam ning the uptake of BrdU in
SCS for which the adhesion cullhssrBl fasbwlén,ra mdrkeuiof agodedikenalirohy intB@S dm whith thepruspsigion of a neurof i l anent. A
confocal |aser fluorescent m croscope was 20 used for the observation. In the figure, panel A shows an
i mmunof | uor escent - stai ned i nagmiravig orimuedtfor Kidagst Amogyrighdheiregeahmisroacopermuanufactineéscent - st ai ned i nage
with an anti-BrdU anti body, and panel C shows a nerged i mage of panel A and panel B. Scal e bar represents 50
m Fig. 5 is a photograph shovy Ngkarheas esed for the obzawanomglre kpr egwicopardfl Aash@®bs aphast ransmi tter synthase in
adhered SCS. An upright fluorescent m croscope 10
contrast image of SCS, and panel B shows an immunofluorescent-stained image
with an anti-class III B tubulin antibody. Scale bar represents 50 um.
Fig. 3 is a photograph showing the results of examining differentiation
into SCS which is cultured in the state of adhesion for 4 days on the surface of a
10 culturing side (i.e. a side on which a substratum is placed therein) of a culture
dish coated with an adhesive substratum on day 4 of the suspension culture.
Panel A shows a phase contrast image, panel B shows an immunofluorescent-
stained image with an anti-nestin antibody, panel C shows an
immunofluorescent-stained image with an anti-neurofilament (NF) antibody, and
15 panel D shows a merged image of panel B and panel C. Scale bar represents
S0 pm.
Fig. 4 is a photograph showing the results of examining the uptake of
BrdU in SCS for which the adhesion culture was carried out, and the distribution
of expression of a neurofilament. A confocal laser fluorescent microscope was
20 used for the observation. In the figure, panel A shows an immunofluorescent-
stained image with an anti-NF antibody, panel B shows an immunofluorescent-
stained image with an anti-BrdU antibody, and panel C shows a merged image of
panel A and pane!l B. Scale bar represents 50 um.
Fig. 5 is a photograph showing the results of examining expression of a

25 neurotransmitter synthase in adhered SCS. An upright fluorescent microscope



was used for the observation.

i munof | uorescent- stained inage wwth an anti-NF antibody, panel

In the figure, panel A shows a phase contrast inage, panel

B shows an

C shows an i munof | uor escent - st ai ned i mage

with an anti- tyrosine hydroxylase (TH) anti body, and panel D shows a nerged i mage of panel 5 B and panel C
Scal e bar represents 50 [Lm Fig. 6 is a photograph show ng the results of exam ning expression of a
neurotransmtter synthase in adhered SCS. An upright fluorescent mcroscope was used for the observation.

Panel A shows an i nmunof| uorescent - st ai ned

B shows an 10 i nmunof | uorescent-stained image with an anti-NF anti body, and panel C shows
panel A and panel B. Scal e bawas epedefernhe obfermatidi.gln theifigwe ppaoted dy sipiwshphasegedrtimst esul t s of exami ni ng
transferase (ChAT). An upright fluorescent mcroscope was used for the
observation. Panel A shows animage,)pefi¢lUdshewean-imnaindticrescgat-sliaitedamapé vaith an @GhAINENt i body, panel B shows an
i mmunof | uorescent-stained inage with an anti-NF anti body, and panel C shows a nerged i mage of panel A and
panel B. Scal e bar representantitvdy, ping.C Shows an pinotwogpihohe schotrstametdimage swith sn @htiexani ni ng SCS when t he
SCS was cultured in the state of adhesi on, and Neurobasal (tm B-27 containing 20 bFGF was
medi um Panel A shows a phasetycasihe Aydraxydaye (Tdhydntibadg) arifl parebd siowsrauragtd onegscehparstl ai ned i mage with an
bar represents 50 m Fig. 9 is a photograph showi ng a col ony of neural stem
BSod| panbh €. rSplebantprsontnSsmEi g. 10 is a photograph showi ng the results of

expression of choline acetyl

anti-nestin anti body. Scale
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Fig. 6 is a photograph showing the results of examining expression of a
neurotransmitter synthase in adhered SCS. An upright fluorescent microscope
was used for the observation. Panel A shows an immunofluorescent-stained
image with an anti-glutamate decarboxylase (GAD) antibody, panel B shows an
immunofluorescent-stained image with an anti-NF antibody, and panel C shows
a merged image of panel A and panel B. Scale bar represents 50 pm.

Fig. 7 is a photograph showing the results of examining expression of
choline acetyltransferase (ChAT). An upright fluorescent microscope was used
for the observation. Panel A shows an immunofluorescent-stained image with an
anti-ChAT antibody, panel B shows an immunofluorescent-stained image with
an anti-NF antibody, and panel C shows a merged image of panel A and panel B.
Scale bar represents 20 pm.

Fig. 8 is a photograph showing the results of examining SCS when the
SCS was cultured in the state of adhesion, and Neurobasal™ B-27 containing
bFGF was used as a culture medium. Panel A shows a phase contrast image, and
panel B shows an immunofluorescent-stained image with an anti-nestin antibody.
Scale bar represents 50 pm.

Fig. 9 is a photograph showing a colony of neural stem cells migrated
from one SCS. Scale bar represents 50 um.

Fig. 10 is a photograph showing the results of examining the uptake of

image with an anti-glutamate decarboxyl ase (GAD) anti body, panel

a nmerged i mage of

used as a culture



BrdU and the distribution of expression of nest inin SCS for allowng the neural stemcells to mgrate in
Neur obasal (tn) B-27 containing bFG-. Panel A shows an imunofl uorescent-stained imge with anti-BrdU, panel
B shows an i munofl uorescent-stained imge with an anti-nestin antibody, and panel C 5 shows a nerged i nmage
of panel A and panel B. Scale bar represents 50 m Fig. 1i1is a photograph show ng the results of exam ning
the distribution of nestin, which is a marker for neural stemcells, and BrdU, which is used as an index of
cell division, when bFGF is added to a suspension culture nediumfrom the begi nning of the preparation of
SCS fromHK cell strain of nouse enbryonic 10 stemcells. In the figure, panel A shows an
i mmunof | uor escent - st ai ned i ma@dUniridithanlistibutionof ierprssivhadyestin in BES fog atlewipg el ndarshows an
i mmunof | uor escent - stai ned i mage of an anti-BrdU anti body. Panel C shows a nerged i mage of panel A and panel
B. Scal e bar represents 50 m sfeingcelltd siigraphiot Neuaphsa NOW-2P cohminiag bIRGE, oPareet dosowgah he di stribution 15
of neural stemcells mgrated fromSCS, in neurons. In the figure, panel A shows a phase contrast inage of
SCS and neural stem cells i meéntimatrelfluoadédcent-sthieddhemgalwitnhntB-BrdlL panel BishgwbhR&F was exchanged with a mixture
of an astrocyte conditioned nmedium and an astrocyte basal nmedium and panel B shows a phase contrast inage
one day after the exchange. Simimurpdluoregecetsstaimed iggbGvith afriagti-rk3tih antibptptangrpme]l €howi ng the results of
exam ni ng expression of a neurotransmitter synthase in neurons fromm grated neural stemcells. In the
figure, panel A shows a phase showsnastrgedigage pépahelBA shdywamnahB. iStaieledri represate 50-1ghai ned i nage with an
anti-NF anti body, panel C shows an 25 i mrunofl uorescent-stained inage with an anti-TH anti body, and panel D
shows 12 Fig. 11 is a photograph showing the results of examining the distribution
of nestin, which is a marker for neurai stem cells, and BrdU, which is used as an
index of cell division, when bFGF is added to a suspension culture medium from
the beginning of the preparation of SCS from HK cell strain of mouse embryonic
10 stem cells. In the figure, panel A shows an immunofluorescent-stained image
with an anti-nestin antibody. In the figure, panel B shows an
immunofluorescent-stained image of an anti-BrdU antibody. Panel C shows a
merged image of panel A and panel B. Scale bar represents 50 um.
Fig. 12 is a photograph showing the results of examining the distribution
15 of neural stem cells migrated from SCS, in neurons. In the figure, panel A shows
a phase contrast image of SCS and neural stem cells immediately after
Neurobasal™ B-27 containing bFGF was exchanged with a mixture of an
astrocyte conditioned medium and an astrocyte basal medium, and panel B
shows a phase contrast image one day afier the exchange. Scale bar represents
20 50 pm.
Fig. 13 is a photograph showing the results of examining expression of a
neurotransmitter synthase in neurons from migrated neural stem cells. In the
figure, panel A shows a phase contrast image, panel B shows an
immunofluorescent-stained image with an anti-NF antibody, panel C shows an

25 immunofluorescent-stained image with an anti-TH antibody, and panel D shows



a nerged i mage of panel B and panel C. Scale bar represents 20 m Fig. 14 is a photograph showing the results
of exam ning the distribution of expression of TH and GAD in neurons fromm grated neural stemcells. In the
figure, panel A shows a phase contrast image, panel B shows an 5 i munofl uorescent-stained i mage with an
anti-TH anti body, panel C shows an i mmunofl uorescent-staijped i mage with an anti-GAD anti body, and panel D
shows a nerged i mage of panel B and panel C. Scal e bar represents 20 m Fig. 15 is a photograph show ng the
results of exam ning the presence of serotonin of a neurotransmtter in neurons frommgrated neural stem
cells. In 10 the figure, panel A shows a phase contrast inage, and panel B shows an
i mmunof | uor escent - st ai ned i megmevgadinapearfipanstBatndpanch il | Smdy baiSepteschtsr20 pmpr esents 20 gm Fig. 16 is a
phot ograph showi ng the results of examning the differentiation frommgrated neural stemcells into
astrocytes. In the figure, 15 pande. M shophowgpiptsshovongiths resulta@f exemimng e distributB@S, panel B shows an
i munof | uorescent-stained image with an anti-GFAP antibody at the sane site as that of panel A, panel C
shows a stained i mage of the aoxtpredsioni o THamhGAINR nauronb fuyn atigtdted seumal stetrecals. tlnahe of panel A, panel D
shows a phase contrast inmage at a site away from SCS, panel E shows an i munof!| uorescent-stained 20 i nage
with an anti-GFAP anti body atfigure, paret Asshevas phast coftrashimedged) papelnBlsh&wsahows an i nmunof | uor escent - st ai ned
imge with an anti-GFAP antibody in the surrounding portions of a colony, panel Gsimlarly shows an
i mmunof | uor escent - st ai néd i nagan@he o resgemit-Staased omdgewith aarandinTH GRAPRdyapandiddyhows ahe surroundi ng porti ons
of a colony, and panel H shows an 25 i munof| uorescent-stained i mage (high magnification) with an anti-GFAP
13 immunofluorescent-stained image with an anti-GAD antibody, and panel D
shows a merged image of panel B and panel C. Scale bar represents 20 pm.
Fig. 15 is a photograph showing the results of examining the presence of
serotonin of a neurotransmitter in neurons from migrated neural stem cells. In
10 the figure, panel A shows a phase contrast image, and panel B shows an
immunofluorescent-stained image with an anti-serotonin antibody. Scale bar
represents 20 um.
Fig. 16 is a photograph showing the results of examining the
differentiation from migrated neural stem cells into astrocytes. In the figure,
15 panel A shows a phase contrast image centering about SCS, panel B shows an
immunofluorescent-stained image with an anti-GFAP antibody at the same site
as that of panel A, panel C shows a stained image of the control with an anti-NF
antibody at the same site as that of panel A, panel D shows a phase contrast
image at a site away from SCS, panel E shows an immunofluorescent-stained
20 image with an anti-GFAP antibody at the same site as that of panel D, panel F
shows an immunofluorescent-stained image with an anti-GFAP antibody in the
surrounding portions of a colony, panel G similarly shows an
immunofluorescent-stained image (high magnification) with an anti-GFAP
antibody in the surrounding portions of a colony, and panel H shows an

25 immunofluorescent-stained image (high magnification) with an anti-GFAP



anti body in the surrounding portions of a colony. Scale bars of panels Ato F represent 50 m and scale bars
of panels G and Hrepresent 20 m Fig. 17 is a photograph showng the results of exam ning the
differentiation of dispersed mgrating neural stemcells into neurons. In the 5 figure, panel A shows an

i mrunof | uorescent-stained i nage with an anti-nestin antilgdy, panel B shows an i mmunof!| uor escent-st ai ned
image wth an anti-TH anti body, and panel C shows a nerged i nage of panel A and panel B. Scal e bar
represents 20 m Fig. 18 is a photograph show ng the results of examning the 10 differentiation of
cryopreserved neural stemcells into neurons. In the figure, panel A shows a phase contrast inmage, panel B
shows an i mmunof | uorescent - singibodg in nkgsurndtndiag partionsTH acdlohpdBcaledned ofpaitdsd @E i munof | uor escent -
stained image with an anti-ChAT anti body, and panel D shows a nerged i mage of panel A and panel B. Scal e bar

represents 20 m 15 Fig. 19 irgpresphoi®@pngphdsbalsibags dhpaneds G ard Bf repegseyi 2Quaut the suspension culture of a
comercially avail abl e enbryonic stemcell established strain (129SV cell strain) in a mxture of an

astrocyte conditioned nmedi um and dfig. 8%ty aplivegegsathovedguhe réSudts of banmikipgebents 50 m Fig. 20 is a

phot ograph showi ng the distribution of nestin when SCS was 20 prepared in CMK-6 cell line of an enbryonic
stemcell strain established differemiatioprdrdisginscdmigrating houtdhetein gelieint@asedond s then

i mrunof | uorescent-stained imge of suspended SCS wth an anti-nestin antibody. In the figure, panel Bis an

i munof | uor escent - st ai n6d i neffguref paredl |45 shawsvan éinfaSflueradbrr-adineddmagk boviedn hatimegriate, with an anti-nestin
anti body. Scale bar represents 50 m 25 Fig. 21 is a photograph showing the results of carrying out the
suspensi on 14 antibody, panel B shows an immunofluorescent-stained image with an anti-TH
antibody, and panel C shows a merged image of panel A and panel B. Scale bar
represents 20 pm.
Fig. 18 is a photograph showing the results of examining the
10 differentiation of cryopreserved neural stem cells into neurons. In the figure,
panel A shows a phase contrast image, panel B shows an immunofluorescent-
stained image with an anti-TH antibody, panel C shows an immunofluorescent-
stained image with an anti-ChAT antibody, and panel D shows a merged image
of panel A and panel B. Scale bar represents 20 um.
15 Fig. 19 is a photograph showing the results of carrying out the suspension
culture of a commercially available embryonic stem cell established strain
(129SV cell strain) in a mixture of an astrocyte conditioned medium and an
astrocyte basal medium. Scale bar represents 50 pm.
Fig. 20 is a photograph showing the distribution of nestin when SCS was
20 prepared in CMK-6 cell line of an embryonic stem cell strain established from a
cynomolgus monkey. In the figure, panel A is an immunofluorescent-stained
image of suspended SCS with an anti-nestin antibody. In the figure, panel B is
an immunofluorescent-stained image of cells in which SCS is adhered and

allowed to migrate, with an anti-nestin antibody. Scale bar represents 50 pwm.

25 Fig. 21 is a photograph showing the results of carrying out the suspension



culture of CWK-6 cell
astrocyte basal nmedium Scal e bar

line froma cynonol gus nonkey in a mxture of an astrocyte condit

i oned nedi um and an

represents 20 gm Fig. 22 is a photograph showing the results of exam ning

expression of a 5 neurotransmtter synthase in neurons which are mgrated from SCS obtained from CW 6 cell
| ine of enbryonic stemcells of a cynonol gus nonkey. In thet figure, panel A shows an
i mrunof | uorescent-stained inage with an anti-TH antibody, panel B shows an i munof| uorescent-stained i nmage
with an anti-NF antibody,

and panel C shows a nerged i nage of panel A and panel B. Scal
20 m Fig. 23 is a photograph showing the results of exam ning gene expression
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from CMK 6 cell line of embryonic stem cells of a cynomolgus monkey. In the
figure, panel A shows an immunofluorescent-stained image with an anti-TH
antibody, panel B shows an immunofluorescent-stained image with an anti-NF
antibody, and panel C shows a merged image of panel A and panel B. Scale bar
represents 20 pm.

Fig. 23 is a photograph showing the results of examining gene expression
accompanied with differentiation from embryonic stem cells into neurons. In
the figure, lane 1 shows an undifferentiated embryonic stem cell clone, lane 2
shows SCS formed by carrying out suspension culture for 4 days, and lane 3
shows the results of a cell mass obtained by carrying out culture in the state of
adhesion for 5 days.

Fig. 24 is a view showing a change in gene expression with the passage of
time, accompanied with differentiation from embryonic stem cells into neurons,
Each of the levels of Oct-4, nestin (in the figure, Nestin) and TH is divided by
the level of GAPDH, to give a relative expression leve! of
Oct-4/GAPDH, nestin/GAPDH or TH/GAPDH, and shown in the graph, wherein

a maximum of the relative expression level is defined as 1.

BEST MODE FOR_CARRYING OUT THE INVENTION

One of the significant features of the method for producing a substantially



carrying out the suspension culture of enbryonic stemcells in the presence of an astrocyte conditioned
medi um or ingredients substantially equivalent to the conditioned nedium The present invention is based on
the surprising findings 5 of the present inventors that the differentiation of the enbryonic stemcells into
neural stemcells can be achieved in a short period of tirne by carrying out the suspension culture of

undi fferentiated enbryonic stemcells using supernatant of an astrocyte cell culture, i.e., an astrocyte
condi tioned nedium that the neural stemcells can be prepared in a |large anount, and further that the
differentiation 10 into neurons, especially dopam nergic neurons, or glial cells especially astrocytes can
be achi eved by using neural slsehnte;bnfusrakmli/oam niesand devantignggsidag dothat the methodecomprised f or produci ng a
neural cell of the present invention, since the astrocyte conditioned nediumor ingredients substantially
equi val ent to the conditi onedcarexingeuhihe suspengion chlbuse0framleryonicestbmyestisdn shepiesenesedfian there i s exhibited
an excel lent effect that a substantially isolated neural cell can be efficiently obtained from

undi fferentiated embryonic st&tosstd @nﬁtlw@qmmur@@wwe@mnts&u@stanaeﬂy@qngfaimnﬁmmmet hod for producing a
neural cell of the present invention, a neural stemcell can _be obtained in a surprisingly short period of
time of, for instance, 2 to 4cendjdongd mediure. Jhepsesenbiventionisbasediorthecueprisipg findingsem cel |'s, as conpar ed
to that of SDIA nmethod or the |ike. In  addition, according to the method for producing a neural cell of the
present invention, sinde suspltheipsescayinvanorsithatitbe differgphationobthecamnbryonic demrgedld ini@t, there is exhibited
an excellent effect that a neural_ cell can be obtained surprisingly efficiently and in a surprisingly short
period of time. Concretely, Zﬁelaébfﬂmli%lstcéﬂt'lﬁ?eﬂchﬁﬂﬁ’ddﬂﬁ(ﬁrmﬂmﬁmﬁg@%ﬂlaﬁrﬁé’maalyl%&mlt6‘1’3 the present invention,

16 there is exhibited an excellent effect that a substantially isolated neural cell can
suspension culture of undifferentiated embryonic stem cells using supernatant of

an astrocyte cell culture, i.e., an astrocyte conditioned medium, that the neural
stem cells can be prepared in a large amount, and further that the differentiation

10 into neurons, especially dopaminergic neurons, or glial cells especially astrocytes
can be achieved by using neural stem cells that are differentiated.

According to the method for producing a neural cell of the present
invention, since the astrocyte conditioned medium or ingredients substantially
equivalent to the conditioned medium are used in the culture of embryonic stem

15 cells, there is exhibited an excellent effect that a substantially isolated neural cell
can be efficiently obtained from undifferentiated embryonic stem cells in a short
period of time. According to the method for producing a neural cell of the
present invention, a neural stem cell can be obtained in a surprisingly short
period of time of, for instance, 2 to 4 days after the suspension culture of the

20 embryonic stem cells, as compared to that of SDIA method or the like. In
addition, according to the method for producing a neural cell of the present
invention, since suspension culture of the embryonic stem cells is carried out,
there is exhibited an excellent effect that a neural cell can be obtained
surprisingly efficiently and in a surprisingly short period of time. Concretely,

25 according to the method for producing a neural cell of the present invention,



be efficiently provided fromthe enbryonic stemcells, w thout inducing ectodermal cells other than the
neural cells, nmesodernmal cells and endodernal. <cells. Further, according to the nethod of the p resent
invention, there is 5 exhibited an excellent effect that enbryonic stemcells can be selectively
differentiated into any one kind of neurons or glial celldé6via the neural stemcells. In the specification,
the term"neural cell " is intended to include a neural stemcell, a nerve cell (neuron), a glial cell (for
i nstance, an astrocyte and the 1like). 10 The above-nentioned neural stemcell refers to central nervous
system undifferentiated cells having nultipotency into neurons and glial cells constituting the brain, the
spinal cord or the like, and thekeingxhibiteidfan exvellani effect thiter substaatiglptisadated nesmlatelbeam cel | can be
identified by, for instance, exam ning expression of a correspondi ng gene by a conventional nethod for 15
detecting nucleic acids, or exefficiendlyepmoveded lspmahe amhryoricrsidam calls, withenshindeeiogeni cal t echni que, wherein
expression of a marker such as nestin, RC2 or Musashi 1 is used as an index. The above-nentioned nerve cell,
i.e., neuron, is characterizedtedermakpeldseihenthvm the nevegdcolls,fmesasierinaf eglireandogndodarmal tt er, for instance,
expression 20 of neurofilanment, tyrosine hydroxyl ase, gl utamate decarboxyl ase, choline acetyltransferase or
the like. In addition, the rrmqblﬁoll%@lwalacp@atlugéfstlwrmathﬁ:émfdhe presentineyestipn, thowyis dendrites, axon, axon
growmt h cone and the |ike. The nerve cell obtainable by the nethod for producing a neural cell of the present
i nvention includes a nefiron aaxdibited an gxcellopt effeetibateabiyonigsteabesils-caphaneiedtiyed neur on i ncl udes a
dopam nergi ¢ neuron, a GABAer((I:li c neuron, a 17 cholinergic neuron and the |ike. The above-nentioned
dopamni nergi c neuron is ifferentiated into any one kind of neurons or glial cells via the neural stem cells.
In the specification, the term “neural cell ” is intended to include a neural
stem cell, a nerve cell {neuron), a glial cell (for instance, an astrocyte and the
like).
10 The above-mentioned neural stem cell refers to central nervous system
undifferentiated cells having multipotency into neurons and glial cells
constituting the brain, the spinal cord or the like, and having a self-renewality.
The above-mentioned neural stem cell can be identified by, for instance,
examining expression of a corresponding gene by a conventional method for
15 detecting nucleic acids, or examining expression of a protein by an
immunohistochemical technique, wherein expression of a marker such as nestin,
RC2 or Musashi 1 is used as an index.
The above-mentioned nerve cell, i.e., neuron, is characterized by
expression of a receptor for an information transmitter, for instance, expression
20 of neurofilament, tyrosine hydroxylase, glutamate decarboxylase, choline
acetyltransferase or the like. In addition, the morphological features of a neuron
include cell body, dendrites, axon, axon growth cone and the like.
The nerve cell obtainable by the method for producing a neural cell of the
present invention includes a neuron and the like. More concretely, the above-

25 mentioned neuron includes a dopaminergic neuron, a GABAergic neuron, a



expected to be applied to, for instance, Parkinson's disease or the like. Also, the GABAergic neuron is a
suppressi ve neuron and expected to be applied to suppression of hyperexcitenent or the like. In addition, the
cholinergic neuron is 5 expected to be applied to Al zheiner's disease or the |ike. The above-nentioned gli al
cell is a cell which fills a gap between a neuron and anoifer neuron, and internedi ates the netabolism of
the neurons and at the sane tinme serves as a supporting tissue. The above-nentioned glial cell includes
astrocytes, oligodendrocytes and mcroglias for central nervous system 10 cells. The above-nentioned gli al
cell includes pallial cells, Schwann cells and teloglial cells for peripheral nervous systemcells.
According to the nmethod for phobingrgigneurorandlthe k. Thetabevemearitnedrdopatiinergi@nangntihie above- nenti oned
glial cells, especially astrocytes can be obtained. The above-nentioned astrocytes are characterized by
expression of a glial fibrill akpeded ¢ be pppliad to, 16r (nGaaR, Paskssontshdisease pindhotjkealAl§edheir e of t he
above-nentioned astrocytes includes nunerous distinctive processes. Concretely, the nethod for producing a
neural cell of the present i ivkBAcogicineoradssa suppeedsoct neurpniasd rygpedied $¢ bp applied & carryi ng out the
suspension culture of enbryonic stemcells in the 20 presence of an astrocyte conditioned medi um or
i ngredi ents substantially eqsippicesion o hiyheregoitecinenooreiticdddi Umadditerms ibhe Elolmengicaest@miscel | sphere
(referred to SCS). The astrocyte conditioned mediumused in the present invention is supernatant of the
cul ture nedi um of astrocytes. eXpected to be ypplicbtdAlitemedr’ 2 Hiseast anthedikebe obt ai ned, for instance, by culturing
astrocytes, for instance, for 18 one day, using as a basal nediuma ni xed medi um of Dul becco's nodified
The above-mentioned glial cell is a cell which fills a gap between a
neuron and another neuron, and intermediates the metabolism of the neurons and
at the same time serves as a supporting tissue. The above-mentioned glial cell
includes astrocytes, oligodendrocytes and microglias for central nervous system
10 cells. The above-mentioned glial cell includes pallial cells, Schwann cells and
teloglial cells for peripheral nervous system cells. According to the method for
producing a neural cell of the present invention, among the above-mentioned
glial cells, especially astrocytes can be obtained. The above-mentioned
astrocytes are characterized by expression of a glial fibrillary acidic protein
15 (GFAP). Also, the morphological feature of the above-mentioned astrocytes
includes numerous distinctive processes.
Concretely, the method for producing a neural cell of the present
invention includes a method comprising the step of:
(A) carrying out the suspension culture of embryonic stem cells in the
20 presence of an astrocyte conditioned medium or ingredients substantially
equivalent to the conditioned medium, thereby forming a stem cell sphere
(referred to SCS).
The astrocyte conditioned medium used in the present invention is
supernatant of the culture medium of astrocytes. The astrocyte conditioned

25 medium can be obtained, for instance, by culturing astrocytes, for instance, for



Eagle's nmedium (DMEM and F-12 medium [(volune ratio = 1.1 to 1:3); hereinafter the mxed nediumis referred
to as " DMEM: F- 12"] containing, for instance, N2 supplenent [insulin, transferrin, selenium
progesterone; see, for 5 instance, Bottenstein et al., Proc. Natl. Acad. Sci. USA, 76: 514 (1979) or the
i ke], and renoving the astrocytes fromthe resulting cultigre, for instance, by centrifugation or the |ike.
The basal nmediumfor culturing astrocytes includes, for instance, DVEM F-12, MEM Neurobasal (tm
[ mnufactured by G BCO BRL] and the like, in addition to the above-nentioned DVEM : F-12. These 10 nedi a can
be prepared, for instance, on the basis of the descriptions of Frshney, R lan, Culture of aninmal cell A
manual of basic techni que, 2nsheedhy, udingrash bdsat medivma mixae-@4diuhd 87 Dubbedchés mioklidiedAl so, t he above- nenti oned
astrocytes which can be used in the preparation of the astrocyte conditioned nediumare not particularly
limted. In addition, the astEaglgisasediam eMiEMiiandd-12 anedinmt [§valemeomatibs 1 dntovi:By t he nenbrane cerebra from
the brain of any animal (for instance, nouse, rat, cow, horse, pig, nonkey, rabbit, or the like) such as a
fetal nouse brain or a fet alharamaftenthe mexed mediunyist teéenrebial ad ‘HQMEMSsUed 28 beamtaimmzgy fer t r eat ment  (f or
i nstance, trypsin treatnent, dispase treatnent or the like) which is carried out by conventional cell
i sol ation procedures to di ssowostanec,N2 supplpmesat [ioshlis, tréddfadnesiemgns gprogesteepnessienfpra glial fibrillary
producing protein, and proliferating the cells in a nutrient nediumfor animal cell culture [for instance,
DMEM F-12, nodified E&gl e' sinsadceyBétidas)cinet ahePtdck datlc dagdi SiinySde7anb 14 (A7) omtheral such as fetal bovine
serumin accordance with the previously reported nethod [Banker, G et al. (eds.), Culturing Nerve Cells,
(199 1), published by The M Ty, fdessnodagihé dsjegcyirrgframdhe réQulfihg cabboree foreinsfaongdyphr ase "i ngredi ent s
substantially equivalent to the

centrifugation or the like. The basal medium for culturing astrocytes includes,

for instance, DMEM, F-12, MEM, Neurobasal ™ [manufactured by GIBCO
BRL}] and the like, in addition to the above-mentioned DMEM : F-12, These

10 media can be prepared, for instance, on the basis of the descriptions of Frshney,
R. lan, Culture of animal cell A manual of basic technique, 2nd ed., Alan R, Liss.
Inc., 66-84 (1987) or the like. Also, the above-mentioned astrocytes which can
be used in the preparation of the astrocyte conditioned medium are not
particularly limited. In addition, the astrocytes can be obtained, for instance, by

15 removing the membrane cerebra from the brain of any animal (for instance,
mouse, rat, cow, horse, pig, monkey, rabbit, or the like) such as a fetal mouse
brain or a fetal rat brain, subjecting the resulting tissues to an enzyme treatment
(for instance, trypsin treatment, dispase treatment or the like} which is carried out
by conventional cell isolation procedures to dissociate and disperse cells,

20 screening cells expressing a glial fibrillary producing protein, and proliferating
the cells in a nutrient medium for animal cell culture [for instance, DMEM, F-12,
modified Eagle’s medium (MEM) or the like] containing serum from an animal
such as fetal bovine serum in accordance with the previously reported method
[Banker, G. et al. (eds.), Culturing Nerve Cells, (1991), published by The MIT

25 Press, Cambridge, England].



conditioned nedium refers to ingredients which are capable of exhibiting the sane action as that of the
conditioned nedium and refers to ingredients obtained by renoving the ingredients of the basal nmedi um used
and the astrocytes fromb5 the culture of astrocytes, for instance, netabolites and the |like. The enbryonic
stemcell used in the nethod for producing a neural cell g the present invention is not particularly

limted in the kind of an individual to be a resource of the cell. The enbryonic stemcell includes, for
i nstance, an enbryonic stemcell from for instance, a nouse, a nonkey (for instance, a 10 cynonol gus nonkey
or the like), a human, a rat or the |ike. Concretely, the enbryonic stemcell includes, for instance, HK

cell strain froma nouse, 129SV CcEh¢ alsaveamenfipped phrase Sagralikntt subklantalpiequivabemt o thenonol gus nonkey and t he
like. In the present invention, the enbryonic stemcell may be a commercially available enbryonic stemcell.
Especi al |y, when the neural caindstiasdanadoingf refds todegredienteivhichr anspparleatfiexhittitieg dpy or the like, it is
desired that the embryonic stemcell is an enbryonic stemcell froman individual of the same kind as an
i ndi vidual to which cell transpiantinn athahef teyconditidred mediving aadpkfessifo ingredichts obvdieegboi nt  of
bi oconpati bility. The medium used in the culture of the enbryonic stemcells includes a 20 mxture of the
astrocyte conditioned medi um by rimgviagitbningrediostsarftthabhsal mefinmatsedtanddhe hetrooytes fioomed nedium with the
above-nentioned astrocyte basal nmedium for instance, any nedia such as DMEM: F-12, DMEM F-12, MEM and
Neur obasal (tm). It is désiredhekaitutdhel astmicyiasgioranstescgmeetabdlites afid 3he Hkea ratio by vol une. 25 The
suspension culture of the enbryonic stemcells differs depending 20 upon the kinds of the enbryonic stem
cells used. For instance, it is defheembryonic stem cell used in the method for producing a neural cell of
the present invention is not particularly limited in the kind of an individual to be
a resource of the cell. The embryonic stem cell includes, for instance, an
embryonic stem cell from, for instance, a mouse, a monkey (for instance, a
10 cynomolgus monkey or the like), a human, a rat or the like. Concretely, the
embryonic stem cell includes, for instance, HK cell strain from a mouse, 1295V
cell strain from a mouse, CMK-6 cell strain from a cynomolgus monkey and the
like. In the present invention, the embryonic stem cell may be a commercially
available embryonic stem cell. Especially, when the neural cells obtained are
15 used in cell transplantation therapy or the like, it is desired that the embryonic
stem cell is an embryonic stem cell from an individual of the same kind as an
individual to which cell transplantation therapy or the like is applied, from the
viewpoint of biocompatibility.
The medium used in the culture of the embryonic stem cells includes a
20 mixture of the astrocyte conditioned medium or ingredients substantially
equivalent to the conditioned medium, with the above-mentioned astrocyte basal
medium, for instance, any media such as DMEM : F-12, DMEM, F-12, MEM
and Neurobasal™. It is desired that their mixing ratios are 1:1 to 1:3, as a ratio

by volume.

25 The suspension culture of the embryonic stem cells differs depending



that the size of a culture vessel usable in the suspension culture of the above-nentioned enbryonic stem
cells is a 35 mmdish, and it is desired that the concentration of the enbryonic stemcells in the nediumis
a concentration 5 having SCS in the nunber of 20 or less in a 2 m culture medium Further, in the case of
HK cell strain, it is desired that the conditions for gas zhase culture are 37'C or so, for instance, 37"
0.2'C, a C02 concentration of 5%or so, for instance, 4.8 to 5.2% and a humdity of 100% Concretely, in
the case of HK cell strain froma nouse or 129SV cell strain froma nouse, the suspension 10 culture can be
carried out by culturing about 10 to about 20 cells in a 35 nmdish containing 2 nl of a mxture (volune
ratio = 1:1) of the astrocyteupantlickiodedf theednbrpoandstemecastusedy Fer msdaicepitds desired a humi di fyi ng at nosphere
of 37"C, 5% C02 in the air, and 100% hum dity. It is desired that the size of the enbryonic stemcells from
a nouse used herein in terns tfattheesize pbacnltizedessel dabteinl the ayspensonacidiuaeef the of from about 400 to about
500 mfromthe viewpoints of procedural facilitation, stable maintenance of the state of the enmbryonic stem
cells, and efficient yield of abdwe-B€stiohed enidhr yoroa steinm celteiscad® noh didlWcand deisldesized diat thie om a cynonol gus
nonkey, the suspension culture can be carried out by culturing about 10 to about 20 cells in a 35 nmdish
containing 2 m of a mxture géndentdatior of dhé embryoni¢ s téids msthe aogdiemcisadianicenizatioredi um and t he astrocyte
basal nedium under a hum difying atnosphere of 37'C, 5% C02 in the air and 100% humdity. It is desired
that the size of the entryoni baengiCein thefmonber offthankskyisa donkeuiturs addeume rlairtherr singheli anmet er of from 400
to 500 Jim fromthe viewpoints of procedural facilitation, stable maintenance of the state of 25 enbryonic
stemcells, and efficient yietasealf HKeceHGRailit i desinedtthatethy conditiohe fabgasephasatcubuedirenbr yoni ¢ stem cel | s,
t here can be

37°C or so, for instance, 37° + 0.2°C, a CO, concentration of 5% or so, for

instance, 4.8 to 5.2%, and a humidity of 100%. Concretely, in the case of HK
cell strain from a mouse or 1295V cell strain from a mouse, the suspension

10 culture can be carried out by culturing about 10 to about 20 cells in a 35 mm dish
containing 2 ml of a mixture (volume ratio = 1:1) of the astrocyte conditioned
medium and the astrocyte basal medium in a humidifying atmosphere of 37°C,
5% CO; in the air, and 100% humidity. It is desired that the size of the
embryonic stem cells from a mouse used herein in terms of the size on feeder

15 cell layer is a diameter of from about 400 to about 500 um from the viewpoints
of procedural facilitation, stable maintenance of the state of the embryonic stem
cells, and efficient yield of the SCS. In additton, in the case of CMK-6 cell
strain from a cynomolgus monkey, the suspension culture can be carried out by
culturing about 10 to about 20 cells in a 35 mm dish containing 2 ml of a mixture

20 (volume ratio = 1:1) of the astrocyte conditioned medium and the astrocyte basal
medium under a humidifying atmosphere of 37°C, 5% CO, in the air and 100%
humidity. It is desired that the size of the embryonic stem cells from a
cynomolgus monkey usable herein is a diameter of from 400 to 500 pm, from the
viewpoints of procedural facilitation, stable maintenance of the state of

25 embryonic stem cells, and efficient yield of the SCS.



used one that is obtained as a mass of a colony of undifferentiated stemcells by proliferating on an
appropriate nedium and further on feeder cells in the state of cell adhesion, if necessary. 5 The SCS
di ffers dependi ng upon the kind of the enbryonic stemcells wused. In the case of the enbryonic stemcells
froma nouse, the SCSis forned in, for instance, 2 to 7 gays, preferably 4 to 5 days under the
above-nentioned conditions for the suspension culture. In the case of the enbryonic stemcells froma
nonkey, especially a cynonol gus nonkey, the SCSis forned in, for 10 instance, 4 to 15 days, preferably 10 to
12 days under the above-nentioned conditions for the suspension culture. The formation of the SCS can be
confirmed by the formation of a coA#temiativetyyme thinateoveamehdored empryomit stens celpe thae canfpease contrast inverted
m croscope. Here, when the neural stemcell is produced according to the nethod for 15 producing a neural
cell of the present inventi onusekram thheiswbexiped as aohasfdficedany pf unbiffdrantigedttemhecliehy al stemcell, there
can be preferably carried out after the step (A): (B) culturing SCS obtained in the step (A) in the presence
of bFGF and/or EGF and in t hpropifeating@nain @ppreptiatedhedinan andifenthteor feder celeinrthd stave 86 “"nmet hod 20 1 for
producing a neural stemcell"]. Alternatively, there can be preferably carried out in place of the step (A):
(A) carrying out the suspensiedil adiidsiom ibficcesdaryoni c stemcells in the presence of the astrocyte conditioned
medi um or ingredients substantially equivalent to the conditioned nmediumand in the presence of bFG- and/ or
EGF 25 [also referred té as "met ho@the SG% diffepsl depangling npon e lsthdmfekd binbryciidc krent bellsbove- nent i oned net hod 1
for producing a neural stemcell, the
used. In the case of the embryonic stem cells from a mouse, the SCS is formed
in, for instance, 2 to 7 days, preferably 4 to 5 days under the above-mentioned
conditions for the suspension culture. In the case of the embryonic stem cells
from a monkey, especially a cynomolgus monkey, the SCS is formed in, for
10 instance, 4 to 15 days, preferably 10 to 12 days under the above-mentioned
conditions for the suspension culture. The formation of the SCS can be
confirmed by the formation of a core structure under a stereoscopic microscope
or a phase contrast inverted microscope.
Here, when the neural stem cell is produced according to the method for
15 producing a neural cell of the present invention, from the viewpoint of efficiently
obtaining of the neural stem cell, there can be preferably carried out after the step
(A):
(B) culturing SCS obtained in the step (A) in the presence of bFGF and/or
EGF and in the presence of a cell adhesion molecule [also referred to as “method
20 1 for producing a neural stem cell”].
Alternatively, there can be preferably carried out in place of the step (A):
(A’) carrying out the suspension culture of embryonic stem cells in the
presence of the astrocyte conditioned medium or ingredients substantially
equivalent to the conditioned medium and in the presence of bFGF and/or EGF

25 [also referred to as “method 2 for producing a neural stem cell”].



neural stemcell can be obtained as a cell mgrated from SCS by carrying out the above-nentioned step (B).

Al so, in the above-nentioned nethod 2 for producing a neural stemcell, a |large anount of neural stemcells
can be obtained 5 in SCS by carrying out the above-nentioned step (A). In the above-nentioned "nmethod 1 for
producing a neural stemcell,” a nmediumused for the cultape of SCS includes a m xture of the astrocyte

condi tioned nediumor ingredients substantially equivalent to the conditioned nedium wth, for instance,
Neur obasal (tm) B -27, DMEM: F 12, DVEM F- 12, 10 MEMor the |ike, which contains bFGF and/or EG-. It is
desired that the concentration of bFG- in the nediumis, for instance, from10 to 50 ng/m, preferably from
10 to 20 ng/m fromthe vi ewpoi nt bfthewbbiveinertionedxhethioti Infpr psoghpoieg sincerasidmcyllfiee cel | differentiation
and ability for cell division of the neural stemcells. In addition, it is desired that the concentration of
EGF in a 15 mediumis, for i nstumaksgemfeedhcantbe obtaihedgis celbmigmteaabirgmf SChbyCcargyiggongthel from t he vi ewpoi nt
of sufficiently exhibiting suppressive ability for cell differentiation. Further, when bFG- and EG- are used
in conbination, there may beatsedmintionkd stepB).sAlss in thgalee-fhentiomst amtmd 2faoncentrati on of bFGF of from
10 to 20 ng/m, and a concentration of EGF of from10 to 20 ng/m . 20 In the present invention, a substance
exhi biting suppressive acti onpducidigfd ecwal stam call, 9ilaigeaamounttdfechEdStemae BGEamby ob&ingkd i n pl ace of the
bFG- and EG- mentioned above. In the mediumused in the step (B), it is desired that the mxing ratio of
t he above- nentioned ast Socyt einc®nfibtyi cangtingedt the abovengertinedides (M9t antial ly 25 equivalent to the
conditioned nediumto the above-nenti oned Neurobasal Tm 23 B-27, DMEM F-12, DMEM F-12, MEMor the like is
1:1 to 1:3 as a volune In the above-mentioned “method 1 for producing a neural stem cell,” a
medium used for the culture of SCS includes a mixture of the astrocyte
conditioned medium or ingredients substantially equivalent to the conditioned
medium, with, for instance, Neurobasal™ B-27, DMEM : F-12, DMEM, F-12,
10 MEM or the like, which contains bFGF and/or EGF. It is desired that the
concentration of bFGF in the medium is, for instance, from 10 to 50 ng/ml,
preferably from 10 to 20 ng/ml from the viewpoint of sufficiently exhibiting
suppressive ability for cell differentiation and ability for cell division of the
neural stem cells. In addition, it is desired that the concentration of EGF in a
15 medium is, for instance, from 10 to 50 ng/ml, preferably from 10 to 20 ng/ml
from the viewpoint of sufficiently exhibiting suppressive ability for cell
differentiation. Further, when bFG¥ and EGF are used in combination, there
may be used in admixture so as to give, for instance, a concentration of bFGF of
from 10 to 20 ng/ml, and a concentration of EGF of from 10 to 20 ng/ml.
20 In the present invention, a substance exhibiting suppressive action on
differentiation similar to the bFGF and EGF may be used in place of the bFGF
and EGF mentioned above.
In the medium used in the step (B), it is desired that the mixing ratio of
the above-mentioned astrocyte conditioned medium or ingredients substantially

25 equivalent to the conditioned medium to the above-mentioned Neurobasal ™



rati o. The above-nentioned cell adhesion nol ecul e i ncl udes pol yl ysi ne,

MATRI CEL(tm [manufactured by BD 5 Bi osci ence] and the |iKke.

substratum carrying a cell adhesion nolecule, or the SCS

carrier carrying the cell adhesion nolecule on an to appropriate support

fibronectin, lamnin, vitronectin,

In the culture in the above-nentioned step (B),
the SCS may be cultured in the state of adhesion of the SCS obtained in the step (A) to an adhesive culture
be cultured in a culture vessel in which a

is suspended or set in a

t hr ee-di nensi onal arrangenent. The above-nenti oned adhesive culture substratumincludes a material in which
culture dish is coated with the
above-mentioned cel | adhesi onBopt GSMEMOQIE-1DEDMEKFRE, FE02, MENM &13Re 1ivbeN111he 108lay hwsolimei s used as a cel |

adhesi on nol ecul e, an adhesive 15 culture substratum can be obtai ned by sufficiently i mersing the surface
in deionized water containing polylysine in a

a surface of a culturing side of the conventionally used cell

of a culturing side of a culfggige vessel (cell culture dish)

final concentration of about 0. 1 ng/ny, incubating the cells at

roomtenperature for 1 to 2 hours, and

thereafter renoving the sol ution fTﬁérhgové;ﬁ{etnﬁbgea@ggguhegign@qu@ﬂ]@mﬂcmb@gbdlpg,smepr onectin is used as a cell
adhesion 20 nolecule, the cells may be incubated at 37'C for 30 to 90 m nuteS 'using a phosphate buffered

sal i ne containing fibronecti nfibfpraclih@MifRANCARSIRITOMATRIGEN™ Méﬁu?&tﬂ{eﬂ‘by Men the lamnin is used as a
cell adhesion nolecule, the cells may be incubated at 37' C for hours or
saline containing | am @i n i nBastighet] sangRMikeati on of from 10 to 100 [lIg/m . Wen the 25 vitronectin is used
as a cell adhesion nolecule, the cells may be incubated at 24 37C for 2 hours or |onger using a phosphate

buffered saline containing I to [nthe culture in the above-mentioned step (B), the SCS may be cultured

| onger using a phosphate buffered

in the state of adhesion of the SCS obtained in the step (A) to an adhesive culture

substratum carrying a cell adhesion molecule, or the SCS may be cultured in a

culture vessel in which a carrier carrying the cell adhesion molecule on an

10 appropriate support is suspended or set in a three-dimensional arrangement.

The above-mentioned adhesive culture substratum includes a material in

which a surface of a culturing side of the conventionally used cell culture dish is

coated with the above-mentioned cell adhesion molecule or the like. For

instance, when the polylysine is used as a cell adhesion molecule, an adhesive

15 culture substratum can be obtained by sufficiently immersing the surface of a

culturing side of a culture vessel (cell culture dish) in deionized water containing

polylysine in a final concentration of about 0.1 mg/mg, incubating the cells at

room temperature for 1 to 2 hours, and thereafter removing the solution from a

culture vessel. In addition, when the fibronectin is used as a cell adhesion

20 molecule, the cells may be incubated at 37°C for 30 to 90 minutes using a

phosphate buffered saline containing fibronectin in a final concentration of from

2 to 20 ug/ml. When the laminin is used as a cell adhesion molecule, the cells

may be incubated at 37°C for 2 hours or longer using a phosphate buffered saline

containing laminin in a final concentration of from 10 to 100 pg/ml. When the

25 vitronectin is used as a cell adhesion molecule, the cells may be incubated at



10 g/ vitronectin. When MATRIGEL is used as an adhesion nolecule, the cells may be incubated at 37C for 1
hour or longer after dilution with the nmedium 10 to 20-folds. 5 Here, the adhesion of the SCS to the
adhesive culture substratum can be <carried out, for instance, by adding SCS to an adhesive culture
substratum containing an appropriate nedium In addition,pqwhen the above-nmentioned support is suspended in a
culture vessel, the support may be a support nmade of a substance having a smaller 10 specific gravity than
that of the nmedium Wen the support is set in a three-dinensional arrangenent in a culture vessel, the
support may be a support rmade of the sanme material as that of a conventionally used cell culture dish. The

culture conditions in the abqwcrﬁj}tjmﬂg@q%e{rlﬁbi%@pb@sph@&pﬁm&a@gﬁy@ s&itafdaRendbng upon the kind of the
enbryonic stemcells used as a 15 resource of the SCS to be used. For instance, it is desired that the size

of the culture vessel is a 35 hE¥it@neéti® O WHBHIMATRIGELNS ueéd s @i alhsi@Biolenile, thet em cel | from a nouse,
it is desired that the nunber of "col onies of enbryonic stemcells, i.e., the nunber of SCSis, for instance,

from1 to 20, preferably frongellk rh@y be inGubatddr af3rabioy 1fidunok 160get dfer AildloWidi gfe containing 2 m of the 20
medium In the case of the enbryonic stemcell froma nonkey, it is desired that the nunber of col onies of

enbryonic stemcells is frompel@mn2@) tproffoldhly froml1l to 5, nore preferably froml to 2 in a 35 nmdish
containing 2 m of a nedium Further, in the case of those froma nouse, it is desired that the conditions

for gas phase culture gre 37C or Here, tier aditsioangsfethe 3CS b 46, adheSiat coopenibsarhivam ceh bd5 5% or so, for
instance, 4.8 to 5.2% and a humdity of 100% In the case of those 25 froma nonkey, it is desired that the
conditions are 37" C or so, fogartiB8o@)der instance, by adding SCS to an adhesive culture substratum
containing an appropriate medium.
In addition, when the above-mentioned support is suspended in a culture
vessel, the support may be a support made of a substance having a smaller
10 specific gravity than that of the medium. When the support is set in a
three-dimensional arrangement in a culture vessel, the support may be a support
made of the same material as that of a conventionally used cell culture dish.
The culture conditions in the above-mentioned step (B) can be
appropriately set depending upon the kind of the embryonic stem cells used as a
15 resource of the SCS to be used. For instance, it is desired that the size of the
culture vessel is a 35 mm dish or a 60 mm dish. In the case of the embryonic
stem cell from a mouse, it is desired that the number of colonies of embryonic
stem cells, i.e., the number of SCS is, for instance, from 1 to 20, preferably from
1 to 5, more preferably from 1 to 2 in a 35 mm dish containing 2 ml of the
20 medium. In the case of the embryonic stem cell from a monkey, it is desired that
the number of colonies of embryonic stem cells is from 1 to 20, preferably from
1to 5, more preferably from 1 to 2 in a 35 mm dish containing 2 ml of a medium.
Further, in the case of those from a mouse, it is desired that the conditions for gas
phase culture are 37°C or so, for instance, 37° = 0.2°C, a CO, concentration of

25 5% or so, for instance, 4.8 t0 5.2%, and a humidity of 100%. In the case of those



37" :t 0.2'C, a CO02 concentration of 5%or so, for instance, 4.8 to 5.2% and a humdity of 100% In
addition, the culture tinme in the above-nentioned step (B) can be 5 appropriately set dependi ng upon the
ki nds of the enbryonic stemcells used. It is desired that the culture time is fromb5 to 10 days in the case
of the enbryonic stemcells froma nouse. It is desired that the culture tine is from5 to 20 days in the
case of those froma nonkey. In the above-nentioned step (B), bFGF and/or EGF nay be added at an 10
appropriate timng (for instance, in a one-day interval, a two-day interval, or the |ike) during the
suspension culture so as to have appropriate concentrations. According to the above-nentioned "nmethod 1 for
produci ng a neural stem cell ffonewemorkeyyghs dheiral thaetteoronddiidriseare37€€ adepefatiingtanpnn t he ki nds of enbryonic
stemcells used, there are exhibited sone excellent effects that in the 15 case of the enbryonic stemcells
froma nouse, the SCS is forndd@® ir).27@ra COhstoanewtrativnt af Yedayse, bt imstanbe H8 4o Hrd%gamf at he suspension cul ture
under the above-nentioned conditions for the suspension culture, and the neural stemcells are obtained in
a surprisingly short period ohumidiy of 18090 5 days, preferably 2 to 4 days, and that in the case of the
embryonic stemcells froma nonkey, 20 especially a cynonol gus nmonkey, the SCSis formed in, 4 to 15 days
after the beginning of the suspenin odditiont thescultude tinteha thb abeveramtritomed stopr(d)tdanrtse f or t he suspensi on
culture, and the neural stemcells are obtained in a surprisingly short period of time of from4 to 7 days,
preferably from4 to 5 days. hppropeiattlypet dépending uponatheandeotk therembryneicrstemzellomspd.oliuci ng neural 25 stem
cell,” the mediumfor culturing enbryonic stemcells includes a mxture of 26 the astrocyte conditioned
medi um or i ngredi ents subst anid ddsiredgbati thalcalture omehs from 5 to 10 days in the case of the embryonic
stem cells from a mouse. It is desired that the culture time is from 5 to 20 days
in the case of those from a monkey.
In the above-mentioned step (B), bFGF and/or EGF may be added at an
10 appropriate timing (for instance, in a one-day interval, a two-day interval, or the
like} during the suspension culture so as to have appropriate concentrations.
According to the above-mentioned “method 1 for producing a neural stem
cell,” even though there are some differences depending upon the kinds of
embryonic stem cells used, there are exhibited some excellent effects that in the
15 case of the embryonic stem cells from a mouse, the SCS is formed in, for
instance, 2 to 7 days after the beginning of the suspension culture under the
above-mentioned conditions for the suspension culture, and the neural stem cells
are obtained in a surprisingly short period of time of 2 to 5 days, preferably 2 to
4 days, and that in the case of the embryonic stem cells from a monkey,
20 especially a cynomolgus monkey, the SCS is formed in, 4 to 15 days after the
beginning of the suspension culture under the above-mentioned conditions for
the suspension culture, and the neural stem cells are obtained in a surprisingly
short period of time of from 4 to 7 days, preferably from 4 to 5 days.
In the step (A’) of the above-mentioned “method 2 for producing neural

25 stem cell,” the medium for culturing embryonic stem cells includes a mixture of



conditioned nedium wth, for instance, Neurobasal Tm B-27, DVMEM F-12, DMEM F-12, MEM and the |ike, which
contains bFGF and/or EGF. 11 is desired that the concentration of bFGF in the nediumis, for instance, from
10 to 5 50 ng/m, preferably from10 to 20 ng/m fromthe viewpoint of sufficiently exhibiting suppressive
ability for cell differentiation and ability of cell divisiton of the neural stemcells. In addition, it is
desired that the concentration of EGF in a nediumis, for instance, from10 to 50 ng./m, preferably from 10
to 20 ng/m, fromthe viewpoint of sufficiently exhibiting suppressive ability for cell 10 differentiation
and ability of cell division of the neural stemcells. Further, when bFG- and EG-F are used in conbi nation,
for instance, there may be usde astiocydeordifionedanedjumporjingeedients subsiantalipequivalertso &€ from 10 to 20 ng/ni |

and a concentration of EG-F of from10 to 20 ng/nml. In the_above- ioned "nethod 2 for producing neural
stemcell," the 15 suspensi wpmn@mﬁcbm@dmme«véhbﬁoy@mt@n@uéhuc@basa i B2 DMEM n&-bd upon the kinds of the
enbryonic stemcells used. For instance, is desired that the size of the culture vessel used in the

suspension culture of the aboldipdh- &M%ﬂﬂdhcbkeswékﬁhc@ﬂt%mﬁ:L?FQFS@C%{ BGdh Hdsin the case of the

above-nentioned step (A), that the concentration of the enmbryonic stemcells in the nediumis 20 cells or
less in 20 2 M of a cul ture $astredrithatdhe Cﬁueqlﬂwlﬂﬁlhﬁtbﬁ%%mdm i, dor atangealgemcll ture, in the case of
HK strain, are 3 77C or so, for instance, 3 7' t 2'C, aC02 concentration of 5% or so, for instance, 4.8 to
5.2% and a humidity of 5100% 50 ugimel prefesably ﬁoﬂméoé@?,@ ngfmi fromHihecwiewpeintaf suffiGently mouse or the 129SV cel |
strain froma nouse, the suspension culture can _be carried out by culturing about 25 10 to about 20 cells in
a 35 mmdish containing 2 m ethibitagrupprassive abilty foneeldidifj¢negtiaiomandabiditypf el divisiemco2 in the air and 100%

hum dity. In . )
of the neural stem cells. In addition, it 1s desired that the concentration of EGF

in a medium is, for instance, from 10 to 50 ng/ml, preferably from 10 to 20 ng/ml,
from the viewpoint of sufficiently exhibiting suppressive ability for cell

10 differentiation and ability of cell division of the neural stem cells. Further, when
bFGF and EGF are used in combination, for instance, there may be used in
admixture so as to give a concentration of bFGF of from 10 to 20 ng/ml, and a
concentration of EGF of from 10 to 20 ng/ml.

In the above-mentioned “method 2 for producing neural stem cell,” the

15 suspension culture of the embryonic stem cells differs depending upon the kinds
of the embryonic stem cells used. For instance, it is desired that the size of the
culture vessel used in the suspension culture of the above-mentioned embryonic
stem cells is a 35 mm dish as in the case of the above-mentioned step (A), that
the concentration of the embryonic stem cells in the medium is 20 cells or less in

20 2 ml of a culture medium, and further that the conditions for gas phase culture, in
the case of HK strain, are 37°C or so, for instance, 37° + 0.2°C, a CO,
concentration of 5% or so, for instance, 4.8 to 5.2%, and a humidity of 100%.
Concretely, in the case of the HK cell strain from a mouse or the 1295V cell
strain from a mouse, the suspension culture can be carried out by culturing about

25 10 to about 20 cells in a 35 mm dish containing 2 ml of the medium in a



addition, in the case of CWK-6 cell strain froma cynonol gus nonkey, the suspension culture can be carried
out by culturing about 10 to about 20 cells in a 35 mmdish containing 2 ml of the nmediumin a hum difying
at nosphere of 3TC, 5 5% C02 in the air and 100% hum dity. In addition, the culture time in the
above-nentioned step (A') can be appropriately set dependy7ng upon the kinds of the enbryonic stemcells
used. It is desired that the culture time is from4 to 5 days in the case of the enbryonic stemcell froma
nouse. It is desired that the culture tinme is from7 to 10 days in 10 the case of that froma nonkey. In the
above-nmentioned step (A ), bFG- and/or EGF nay be added at an appropriate tinme (for instance, in a one day
interval, a 2-day interval, osumhhbfylinge)moshherngf BHUC,s1%% (8D simthecait and 208% laeniditygilme an appropri ate
concentration. According to the above-nentioned "method 2 for producing neural stem 15 cell,"' although
there are sone differences depkhdomgnubonasehef MK el sttadn femmbayombmadgemeakey, theed, there are exhibited
sone excellent effects that in the case of the enbryonic stemcells froma nouse, the SCSis forned in, for
instance, 2 to 7 days under tduspetmorcnbmic ande coridd bubdbby cibburingabsutspersiout 20udellsiea and the neural stem
cells are obtained in a surprisingly short period of 20 tine of from2 to 5 days, preferably from2 to 4
days, and that in the case of33 an deshbeomaining? enh afdht snddiom in mbkelifyieg peoospheye af 87060l gus nmonkey, the
SCS is formed in, for instance, 4 to 15 days under the above-nentioned conditions of the suspension
cul ture, and the neural 5st em ¥%ICO, & theodit anchd@0¥nhwemiditypri singly short period of time of from4 to 7 days,
preferably from4 to 5 days. 25 Wether the cells obtained are neural stemcells can be confirmed by, for 28
i nstance, exam ning expression of k ablinespgbadiuhyregime ibyhaabmermentioned step (A’) can be
appropriately set depending upon the kinds of the embryonic stem cells used. It
is desired that the culture time is from 4 to 5 days in the case of the embryonic
stem cell from a mouse. It is desired that the culture time is from 7 to 10 days in
10 the case of that from a monkey.
In the above-mentioned step (A’), bFGF and/or EGF may be added at an
appropriate time (for instance, in a one day interval, a 2-day interval, or the like)
during the suspension culture so as to give an appropriate concentration.
According to the above-mentioned “method 2 for producing neural stem
15 cell,” although there are some differences depending upon the kinds of the
embryonic stem cells used, there are exhibited some excellent effects that in the
case of the embryonic stem cells from a mouse, the SCS is formed in, for
instance, 2 to 7 days under the above-mentioned conditions for the suspension
culture, and the neural stem cells are obtained in a surprisingly short period of
20 time of from 2 to 5 days, preferably from 2 to 4 days, and that in the case of the
embryonic stem cells from a monkey, especially a cynomolgus monkey, the SCS
is formed in, for instance, 4 to 15 days under the above-mentioned conditions of
the suspension culture, and the neural stem cells are obtained in a surprisingly
short period of time of from 4 to 7 days, preferably from 4 to 5 days.

25 Whether the cells obtained are neural stem cells can be confirmed by, for



met hod for detecting a nucleic acid, wherein expression of a marker, for instance, nestin, RC2, Misashi 1 or
the like is used as an index, or exam ning expression of a protein by an i mmunol ogi cal neans. Further,
whet her the cells obtained are 5 neural stemcells may be confirnmed by norphol ogies of differentiated cells
or differentiated tissues generated by culturing the cell>s obtained in a nedium which does not prevent
differentiation of the cells obtained into various cells or tissues in the presence of retinoic acid or the
| i ke, or by expression of a marker specific to the differentiated cells or differentiated tissues. Moreover,
the cells 10 obtained can be confirmed by transplanting the cells obtained in the central nervous system
such as forebrain, mdbrain, instanog,exeamininpaaxpoessidudiba camesposidng gereeb¥ acoavémionad neurons or the |ike as an
i ndex. The norphol ogi es of the above-nmentioned differentiated cells or differentiated tissues, and the
mar ker specific to the diffenethioddpedeteeting aomualéit facrds melicatimce xpiressias of aciarkler, foeink&meoy phol ogi cal features
and specific markers of the neurons and the glial cells nentioned above. The above-nenti oned neural stem
cell's exhibit weakly positivestio, RG2oMuisashiok ot theeiky spsed ys faarindgr, air @ xemiming rexgiessiour i di ne (BrdU) in
addition to the above-nentioned index. Here, the nethod for detecting a nucleic acid includes a
hybri di zati on- 20 based det ectfi oprateinipdanusnmynalqgici eneamss iRirtheg, whethenthel cells ohtdidedarrodi ng a gene to be
detected or a specific fragnent thereof, or a probe capable of specifically binding to the nucleic. acid or
a specific fragment thefeof; muPdiBtemazdd miat be tonfirmed bpdnorphalpgiespofi diffierdnvrateahpdilsfori ng a nucleic acid or a
specific fragnment thereof; and the |ike. The above-nenti oned hybridi zati on-based 25 detecti on net hod
i ncl udes, for instance, Sout hdifferdntiteditigsacs gencmig by calyurep theboelldicbadined jn Nargdiemn hybri di zati on and t he
| i ke. The PCR-based detection

which does not prevent differentiation of the cells obtained into various cells or

tissues in the presence of retinoic acid or the like, or by expression of a marker
specific to the differentiated cells or differentiated tissues. Moreover, the cells

10 obtained can be confirmed by transplanting the cells obtained in the central
nervous system such as forebrain, midbrain, retina, or olfactory bulb, and using
the formation of neurons or the like as an index. The morphologies of the
above-mentioned differentiated cells or differentiated tissues, and the marker
specific to the differentiated cells or differentiated tissues include the

15 morphological features and specific markers of the neurons and the glial cells
mentioned above. The above-mentioned neural stem cells exhibit weakly
positive to strongly positive property for uptake of bromodioxyuridine (BrdU) in
addition to the above-mentioned index.

Here, the method for detecting a nucleic acid includes a hybridization-

20 based detection method using a probe consisting of a nucleic acid encoding a
gene to be detected or a specific fragment thereof, or a probe capable of
specifically binding to the nucleic acid or a specific fragment thereof; a PCR-
based detection method using a primer for amplifying a nucleic acid or a specific
fragment thereof; and the like. The above-mentioned hybridization-based

25 detection method includes, for instance, Southern hybridization, DNA array



met hod i ncludes, for instance, RT-PCR and the like. Here, it is desired that the nucleic acid used as a
probe or a prinmer has a sequence of a portion specific to a nucleotide sequence of a gene to be detected.
The above-nentioned "portion 5 specific to a nucl eoti de sequence of a gene to be detected" can be obtai ned
by, for instance, selecting a sequence of a portion havipg a sequence identity to a known sequence which is
not to be detected of 20% or |ess, preferably 15%or |ess, nore preferably 10%or less, further preferably
5% or less, and especially preferably 0% The above-nenti oned sequence identity can be determ ned by 10
conparing two sequences which are aligned optimally over a region of sequences to be conpared between two

nucl ei c acids. Alternatively,hybritdiz@iong Northerh Gebligeatentaadede tike! Mhe THORbAsE] dekeptibiy can be cal cul ated by
determning the identical residues which exist in both of the sequences to determ ne the nunber of matched

sites, thereafter dividing thacthbdJigelwdss,ifonattaicepRT-PCR@idcthedikkS HéreeR ibdedirddothat theunber of resi dues
existing within the region of the sequence to be conpared, and nmultiplying the resulting nunerical val ue by

100. For the calcul ations ofmeiit@eld eedgizneprioband alriméolgys a sajuends bhapertidbsaicifiormhogy al gori t hm of
Smth et al. [Add. APL. Math., 2, 482 (1981)], honvology alignment algorithmof Needleman et al. [J. ML

Biol, 48, 443 (1970)], Sm t h-Mgletidenscdlemdegsl 4 féun todmodetkapdhiTdhe ablogermentioneBLHSHion gori t hm FASTA al gorithm
or the like can be used. For instance, the conditions for alignment by BLAST algorithminclude expect val ue
10, word size 3, and gap costspeBficstoenmecleotide sequehensf ogene ) baddietied” ldak &e dbitaiaddiblyi on, as the

i mmunol ogi cal technique, there can be carried out an 25 inmunol ogi cal technique, for instance,
conventional ly used ELI SA, 30for immimst stlactige osediemct iof @, posdibh haningnt sdyedycoideatityatit a body fragnent agai nst a

known sequence which is not to be detected of 20% or less, preferably 15% or
less, more preferably 10% or less, further preferably 5% or less, and especially
preferably 0%. The above-mentioned sequence identity can be determined by

10 comparing two sequences which are aligned optimally over a region of
sequences to be compared between two nucleic acids. Alternatively, a numerical
value (percentage) of the sequence identity can be calculated by determining the
identical residues which exist in both of the sequences to determine the number
of matched sites, thereafter dividing the above-mentioned number of matched

15 sites by a total number of residues existing within the region of the sequence to
be compared, and multiplying the resulting numerical value by 100. For the
calculations of optimal alignment and homology, for instance, local homology
algorithm of Smith et al. [Add. APL. Math., 2, 482 (1981)], homology alignment
algorithm of Needleman et al. [J. Mol. Biol., 48, 443 (1970)], Smith-Waterman

20 algorithm, Good-Kanehisa algorithm, BLAST algorithm, FASTA algorithm or
the like can be used. For instance, the conditions for alignment by BLAST
algorithm include expect value 10, word size 3, and gap cost (Existence ; 11,
Extension : 1) and the like.

In addition, as the immunological technique, there can be carried out an

25 immunological technique, for instance, conventionally used ELISA,



protein to be detected or a specific fragnent thereof. The anti body can be obtained by immunizing an
appropriate animal, for instance, rabbit, rat, nouse, goat or the like using a marker protein to be detected
in accordance with a 5 conventional nethod, the nmethod described in [for instance, Current Protocols in
| munol ogy, published by John Wley & Sons, Inc. 1992, edi30ed by John E. Coligan, and the like]. The present
i nvention al so enconpasses a substantially isolated neural stemcell which is differentiated from an
enbryonic stemcell according to the 10 above nethod. In addition, the neural stemcell of the present
invention exhibits an excellent feature that the neural stemcell exhibits a differentiation ability into a
neuron, a glial cell or the |inkepnogteminger thedikd, vathean srtibodiasr eentibodjoffagmentaghinsiance t he neural stem
cell of the present invention can be differentiated 15 into a neuron, a glial cell or the like, there can be
expected applications to neuproteayénmbeactocted dea spscifia fragorend thpreef. alhe antdiglyasmshbesuch as Par ki nson' s
di sease, Al zheiner's disease, Down's syndrome, prior disease (for instance, Creutzfeldt-Jakob disease,
bovi ne spongi f or m encephal opatttgingddyt inembihizéng an ppprpgriateaarnimal oios emssandeh tabibat, ratpmmailse,anyot r ophy, Hunti ngt on'
s disease, 20 spinocerebellar dystonia and the like), and anmyotrophic lateral sclerosis; cerebral ischen a,
denyel i nation, head injury, sgiatar thialikgosinger mbrker profeiar tt badelected ihiakeordangrewithtee neuron is prepared
according to the nethod for producing a neural cell of the present invention, after the above-mentioned step
(A), there can be preférabl ycaneentienalonethpdethstopthofl deBenibaslin [dor mgtanke, GagenbPaimedisiin t he step 25 (A) in
the slate of adhesion of SCS to an adhesive culture substratumcarrying a 31 cell adhesion nolecule in the
absence of bFGF and/or EGF aniinelngy ppwdished by John Wiley & Sons, Inc. 1992, edited by John E.
Coligan, and the like].
The present invention also encompasses a substantially isolated neural
stem cell which is differentiated from an embryonic stem cell according to the
10 above method.
In addition, the neural stem cell of the present invention exhibits an
excellent feature that the neural stem cell exhibits a differentiation ability into a
neuron, a glial cell or the like, when the neural stem cell has been cryopreserved.
Since the neural stem cell of the present invention can be differentiated
15 into a neuron, a glial cell or the like, there can be expected applications to
neuroregenerative therapy in neurodegenerative diseases such as Parkinson’s
disease, Alzheimer’s disease, Down’s syndrome, prion disease (for instance,
Creutzfeldt-Jakob disease, bovine spongiform encephalopathy and the like),
polyglutamine disease (bulbar spinal amyotrophy, Huntington’ s disease,
20 spinocerebellar dystonia and the like), and amyotrophic lateral sclerosis; cerebral
ischemia, demyelination, head injury, spinal damage, cerebral infarct and the like.
When the neuron is prepared according to the method for producing a
neural cell of the present invention, after the above-mentioned step (A), there can
be preferably carried out the step of (B’) culturing the SCS obtained in the step

25 (A) in the state of adhesion of SCS to an adhesive culture substratum carrying a



of an astrocyte conditioned nmediumor ingredients substantially equivalent to the conditioned nedium]|also
referred to as "nmethod | for producing a neuron"], fromthe viewoint of nore efficiently obtaining the
neuron. By carrying out the 5 step (B), the neuron can be obtained. Al so, an alternative nmethod for preparing
a neuron includes a nmethod conprising culturing the neural3istemcells obtained as described above in the
state of adhesion of the neural stemcells to an adhesive culture substratumcarrying a cell adhesion
nol ecul e in the absence of bFG- and/or EGF, and in the presence of an astrocyte conditioned nediumor 10
i ngredi ents substantially equivalent to the conditioned nmedium/[also referred to as "nethod 11 for producing
a neuron"]. The nedi um used icelkddheaipmmolesnts iortbd absense ()b F6IF and/onFévie andremtlicopresereot her met hod i ncl udes a
m xture of the above-nentioned astrocyte condi tioned nediumor ingredients substantially equivalent to the
conditioned 15 nedium wi t hofaanyastediyte egndinentd medium pyimgredienss, subEnntindy eqbiaddnrte theand the like. It is
desired that a mxing ratio is from1l:1 to 1.3 as a volune ratio. The culture conditions can be
appropriately set dependi ng upawitionedanadminp{alstecienntty oni methashd fwipreduging aseuzon’dsour ce of the SCS to be
used. For instance, it is desired that the size of the culture vessel is a 35 nmdish or a 60 nmdish. In
the 20 case of the enbryonic &omnthealitwpsinbof moreasficiently pblagmingthe newn. thecapipgroudtthe the SCS is from1 to
20, preferably from1l to 5 nore preferably from1l to 2, for instance, in a culture nmediumcontaining 2 m
of a mediumin a 35 mm §ish. step (ﬁﬁetmr@m cambe obtaiperhi Alss, emaliernativirmaethad fonhpeeparing i s desired that the
nunmber is from1l to 20, preferably from1l to 5, nore preferably from1l to 2, for instance, 25 in 2 m of a
culture nediumin a 35 nm di shncEantindudes a mdthod gsmposinghaduiringothe acgm! stam eclls ebtamedesi red t hat t he
conditions for gas phase culture are 37" C or so, for

as described above in the state of adhesion of the neural stem cells to an adhesive

culture substratum carrying a cell adhesion molecule in the absence of bFGF
and/or EGF, and in the presence of an astrocyte conditioned medium or

10 ingredients substantially equivalent to the conditioned medium [also referred to
as “method II for producing a neuron”).

The medium used in the above-mentioned step (B’) or the above-
mentioned another method includes a mixture of the above-mentioned astrocyte
conditioned medium or ingredients substantially equivalent to the conditioned

15 medium, with any media of DMEM : F-12, DMEM, F-12, MEM, Neurobasal ™
and the like. It is desired that a mixing ratio is from 1:1 to 1:3 as a volume ratio.
The culture conditions can be appropriately set depending upon the kinds of the
embryonic stem cells used as a resource of the SCS to be used. For instance, it is
desired that the size of the culture vessel is a 35 mm dish or a 60 mm dish. In the

20 casc of the embryonic stem cells from a mouse, it is desired that the number of
the SCS is from 1 to 20, preferably from 1 to 5, more preferably from 1 to 2, for
instance, in a culture medium containing 2 ml of a medium in a 35 mm dish. In
the case of the embryonic stem cells from a monkey, it is desired that the number
is from 1 to 20, preferably from 1 to 5, more preferably from 1 to 2, for instance,

25 in 2 ml of a culture medium in a 35 mm dish. Further, in the case of those from a



instance, 37" t 0.2'C, a Q02 concentration of 5% or so, for instance, 4.8 to 5.2% a humdity of 100% In
the case of those froma nonkey, it is desired that the conditions are 37' C or so, for instance, 37'.t
0.2'C, a C02 concentration of 5%5 or so, for instance, 4.8 to 5.2% and a humdity of 100% In addition, the
culture linme in the above-nentioned step (B') can be apprgpriately set dependi ng upon the kinds of the
enbryonic stemcells used. In the case of the enbryonic stemcells froma nouse, it is desired that the
culture tineis froml to 7 days. In the case of those froma nonkey, it is desired that 10 the culture tine
is from1l to 14 days. In the case of the enbryonic stemcells froma nouse, it is desired that the culture

time in the nethod Il for progeaéd)gt R deBREd Matitbe E6MUNidnd forgadPhase Eltdreere 37eCHk sbheye froma nonkey, it is
desired that the culture time is froml to 14 days. According to the above-nentioned nmethod | for producing

a neuron and 15 the above- nejptianBe B 7Tt H2ICl) EOJ ciRAUaTiBE of SPBHF 96, fol MtshdeS4BBIPDYLd an  excel | ent
effect that the neuron is obtained in a surprisingly short period of time of fromi to 7 days, preferably

from2 to 5 days. \Wether thes hesidity 68108%. InIhé cAUSOMoSAfroifa aRdtikeMRds BYsifeikniieg  expression of a
correspondi ng gene according to the conventional nethod for 20 detecting a nucleic acid using as an i ndex

expression of neurofilanent, ¢3ndssnieardV3d°OXH 25 or idlbtahadrete dgoacb@sthassheelt@libmef 39! yl transferase or the
| i ke, or by exam ning expression of a protein f)y an i mmunol ogi cal techni que, for instance, conventional

ELI SA, i munost ai ni ng ok the dr o€ forin§Ancé hEB Qo 5, 2hifPa Remigienb¥10B%. usi ng as an index norphol ogi cal
features of a neuron such as a cell 25 body, dendrite, axon and axon growth cone. 33 The present invention
al so enconpasses a substantially |molddiféh,REcANure time in the above-mentioned step (B’) can be
appropriately set depending upon the kinds of the embryonic stem cells used. In
the case of the embryonic stem cells from a mouse, it is desired that the culture
time is from 1 to 7 days. In the case of those from a monkey, it is desired that
10 the culture time is from 1 to 14 days. In the case of the embryonic stem cells
from a mouse, it is desired that the culture time in the method II for producing a
neuron is from 1 to 7 days. In the case of those from a monkey, it is desired that
the culture time is from 1 to 14 days.
According to the above-mentioned method I for producing a neuron and
15 the above-mentioned method II for producing a neuron, there is exhibited an
excellent effect that the neuron is obtained in a surprisingly short period of time
of from 1 to 7 days, preferably from 2 to 5 days.
Whether the resulting cell is a neuron can be confirmed by examining
expression of a corresponding gene according to the conventional method for
20 detecting a nucleic acid using as an index expression of neurofilament, tyrosine
hydroxylase, glutamate decarboxylase, choline acetyltransferase or the like, or by
examining expression of a protein by an immunological technique, for instance,
conventional ELISA, immunostaining or the like, Also, there can also be

confirmed using as an index morphological features of a neuron such as a cell

25 body, dendrite, axon and axon growth cone.



obt ai ned by the above nmethod. The neuron of the present invention is one that expresses at |east one kind of
sel ected fromthe group consisting of class IIl P tubulin, neurofilanent, 5 tyrosine hydroxyl ase, gl utanate
decar boxyl ase and chol i ne acetyltransferase. There are expected applications to neuroregenerative therapy in
neur odegener ati ve di seases such as Parkinson's di sease, Algheiner's disease, Down's syndrone, Prion disease
(for instance, Creutzfeldt-Jakob di sease, bovine spongiform encephal opathy or the like), polyglutam ne

di sease (bul bar spinal 10 anyotrophy, Huntington' s disease, spinocerebellar dystonia or the like), and
arnyotrophic lateral sclerosis; cerebral ischem a, denyelination, head injury, spinal danage, cerebral

infarct or the like. When the gliarheptdschsinveanon atioapeomanisaubbantielipesblied netaguci ng a neural cel | of
the present invention, after the step (B), there can be preferably 15 carried out the step of (C) culturing

the SCS obtained in the step ¢Bhined ﬁ}hmesah@benﬁth@@,hesi on to an adhesive Culture substratumcarrying a cell
adhesi on nol ecule in the absence of bFG- and/or EG-, fromthe viewpoint of nore efficiently obtaining a

glial cell. By carrying out the st®Re fi€ilronefahe presel InvefGoR ¢ Gid dhaBBxpRSidsal YéAt 68 kbRl obt ai ned as a cel |
m grated from SCS. 20 The nediumused in the step (C includes Neurobasal TM B-27 [nmanufactured by G BCO BRLJ

containing a 1 to 2% suppl emeasclcdiENom fire ddubLosBihgaealasam § Woulinkfourdtifurfiedtf ur e condi tions can be
appropriately set dependi ng upon the kinds of the enbryonic stemcells used as a resource of the SCS to be

'he case of The ombryonie 34 oremcor s Prom B mouse it Le e That (AL noher G SCs is from1 to 20,
There are expected applications to neuroregenerative therapy in
neurodegenerative diseases such as Parkinson’s disease, Alzheimer’s disease,
Down’s syndrome, Prion disease (for instance, Creutzfeldt-Jakob disease, bovine
spongiform encephalopathy or the like), polyglutamine disease (bulbar spinal

10 amyotrophy, Huntington’ s disease, spinocerebellar dystonia or the like), and
amyotrophic lateral sclerosis; cerebral ischemia, demyelination, head injury,
spinal damage, cerebral infarct or the like.

When the glial cell is prepared according to the method for producing a
neural cell of the present invention, after the step (B), there can be preferably

15 carried out the step of (C) culturing the SCS obtained in the step (B) in the state
of adhesion to an adhesive culture substratum carrying a cell adhesion molecule
in the absence of bFGF and/or EGF, from the viewpoint of more efficiently
obtaining a glial cell. By carrying out the step (C), a glial cell, especially an
astrocyte can be obtained as a cell migrated from SCS.

20 The medium used in the step (C) includes Neurobasal™ B-27
[manufactured by GIBCO BRL] containing a 1 to 2% supplement,

DMEM : F-12 N, supplement and the like. The culture conditions can be
appropriately set depending upon the kinds of the embryonic stem cells used as a
resource of the SCS to be used. For instance, it is desired that the size of a

25 culture vessel is a 35 mm dish or a 60 mm dish. In the case of the embryonic



preferably from1l to 5 nore preferably from1l to 2, for instance, in 2 m of a culture nediumin a 35 nm
dish, and in the case of the enbryonic stemcells froma nonkey, it is desired that the nunber is from1l to
20, preferably from1l to 55, nore preferably from1l to 2, for instance, in 2 mM of a culture nmediumin a 35
mm di sh. Further, in the case of those froma nouse, it isydesired that the conditions for gas phase culture
are 37C or so, for instance, 37 0.2C, a CO®2 concentration of 5%or so, for instance, 4.8 to 5.2% and a
humdity of 100% and in the case of those froma nonkey, it is desired that the conditions are 37C 10 or
so, for instance, 37 0.2C, a CX2 concentration of 5% or so, for instance, from4.8 to 5.2% and a humdity

of 100% In addition, the culgdtemecellsfRomn mbesaloiscicsRed tian el pimpef 6) SCSris Bom dppr2opr i atel y set dependi ng
upon the kinds of the enbryonic stemcells used. In the case of the enbryonic stemcells froma nouse, it is

desired that the culture 15 tpmeerablyffrom Rtd §, motapferably fromt heo 2afke indtaidwode2fmiosi @ nonkey, it is desired
that the culture time is from5 to 15 days. According to the above-nentioned nmethod for producing a gli al

cell, there is exhibited an axagt hegdiv@fihecds ihatdish, ghddh tietdseiof thdembipshit Btemn sellpr i singly short  period
of time of from2 to 7 days, preferably from5 to 7 days. 20 Whether the cell obtained is a glial cell,

especial ly an astrocyte, can fbaoa mogkep)it iy d@drcdythepeheiniinitier éx fro@s $it0 200prederably R6mONEH Nng gene according to
the conventional method for detecting a nucleic acid using as an index expression of a glial fibrillary

acidic protein (GFAP) or the §iik6re prefdnibBxfasinn ro2cfopimdsin? micofaf aileird ndiam inndmol ogi cal techni que,
for instance, the conventional ELISA, 25 imunostaining or the |like. Alternatively, there can al so be
confirned using as 35 an i ndemnigishhThadiesah the @bt e5thoke %kt 2eydRSs, itfiodediftaltthacthe numer ous pecul i ar
conditions for gas phase culture are 37°C or so, for instance, 37° = 0.2°C, a CO,
concentration of 5% or so, for instance, 4.8 to 5.2%, and a humidity of 100%,
and in the case of those from a monkey, it is desired that the conditions are 37°C
10 or so, for instance, 37° + 0.2°C, a CO, concentration of 5% or so, for instance,
from 4.8 to 5.2%, and a humidity of 100%.
In addition, the culture time in the above-mentioned step (C) can be
appropriately set depending upon the kinds of the embryonic stem cells used. In
the case of the embryonic stem cells from a mouse, it is desired that the culture
15 time is from 2 to 7 days, and in the case of those from a monkey, it is desired that
the culture time is from 5 to 15 days.
According to the above-mentioned method for producing a glial cell, there
is exhibited an excellent effect that a glial cell is obtained in a surprisingly short
period of time of from 2 to 7 days, preferably from 5 to 7 days.
20 Whether the cell obtained is a glial cell, especially an astrocyte, can also
be confirmed by examining expression of a corresponding gene according to the
conventional method for detecting a nucleic acid using as an index expression of
a glial fibrillary acidic protein (GFAP) or the like, or by examining expression of
a protein by an immunological technique, for instance, the conventional ELISA,

25 immunostaining or the like. Alternatively, there can also be confirmed using as



astroidal branched dendrites. The present invention also enconpasses a substantially isolated glial cell
obt ai ned by the above nethod. 5 Since the glial cell of the present invention is an al nost pure astroglial
cell, there is expected an application of transplanting at the sane tinme with transplantation of a neuron
and a neural stemcell to direct to support differentiati3®n growh of a neuron, and further formng a
brai n-bl ood barrier to supplenent a nutrient substance, or the like. 10 The purity of the neural stemcell
obt ai ned by the nmethod for producing a neural cell of the present invention can be obtained, for instance,
as a ratio of cell-specific nmarker expressing cells to a total nunber of cells with flow cytonetry using an
anti body or an antibody fragmmindeymerpbhlagtal feplocdstofomastoaytesrfor nstanati, ngymegoushpeowbizhod for produci ng a
neural cell of the present is invention, a substantially isolated neural cell is obtained. The neural cell of
the present invention can be aftwodadhbsanched dendaitesel | phar maceuti cal conposition. The cell pharmaceuti cal
conposition is also enconpassed in the present invention. Concretely, the cell pharmaceutical conposition of
the present invention 20 conprisethapresnntinvenion alyoedicempasses @l Subsantigll g dsalatednglinbeglt oup consi sting of the
neural stemcell, the neuron and the glial cell of the present invention. The cell pharnmaceutical conposition
of the present invention may olgavwpértiywthe abose methpdar macol ogi cal acceptable auxiliary. In a case where a
neurotransmtter, a neurotrophic factor or the like is 25 supplied to an application site of an individual
to which the cell pharnméceutical 3dncovhegdial colh of she prefsentappénted istanssloostiputseastrogtabeadkl | phar maceut i cal
there is expected an application of transplanting at the same time with
transplantation of a neuron and a neural stem cell to direct to support
differentiation growth of a neuron, and further forming a brain-blood barrier to
supplement a nutrient substance, or the like.
10 The purity of the neural stem cell obtained by the method for producing a
neural cell of the present invention can be obtained, for instance, as a ratio of
cell-specific marker expressing cells to a total number of cells with flow
cytometry using an antibody or an antibody fragment for each cell-specific
marker. According to the method for producing a neural cell of the present
15 invention, a substantially isolated neural cell is obtained.
The neural cell of the present invention can be also provided as a cell
pharmaceutical composition. The cell pharmaceutical composition is also
encompassed in the present invention.
Concretely, the cell pharmaceutical composition of the present invention
20 comprises as an active ingredient a cell selected from the group consisting of the
neural stem cell, the neuron and the glial cell of the present invention.
The cell pharmaceutical composition of the present invention may
properly contain a pharmacological acceptable auxiliary.

In a case where a neurotransmitter, a neurotrophic factor or the like is

25 supplied to an application site of an individual to which the cell pharmaceutical



conposition obtained by encapsulating into a capsule made of a sem -perneable nenbrane or the like, a cell
obt ai ned by introducing a nucleic acid encoding a neurotransmtter or a nucleic acid encoding a neurotrophic
factor into a neural 5 stemcell, O a cell obtained by differentiation, if necessary, under appropriate
differentiation conditions. The cell used in the cell phar¥daceutical conposition in which an active
ingredient is encapsulated into a capsule may be a honol ogous cell or a heterol ogous cell to an individual
to be applied. In addition, according to the neural stemcells, the neurons or the glial 10 cells of the
present invention, by introducing the cells into a neurodegenerative site or_ a nervous danmage site of an

i ndi vi dual , the neuronal tran§pmRASIAONJR IO bmpab%dhwcmabgms@ha@aﬂ phermaemdical ons caused by di seases due to
neur odegenerati on or nerve damage, for instance, a neurodegenerative disease (for instance, Parkinson's

di sease, Al zheiner's di sease 6pmpRsitiopjablaingd §ycngapspdating mieragapsule mads el srani-permagbleor cerebral infarct.
Therefore, a nethod for treating a neurodegenerative, disease or a nervous danmage is al so enconpassed in the
present invention. One of thel ﬂﬂﬁ@aﬂzelﬂ’g@tw@lsolameﬁé)mmducmgra ryceiciagifl encasing adegenerati ve di sease or
a nervous damage of the present invention resides 20 in that the nethod conprises the step of introducing at
| east one cell selected fronlewotgnsmitersnst suglelg asid engadingamgproiiophie Bctoronta aeewigbsent i nvention, the
neuron of the present invention, and the glial cell of the present invention 25 into a neurodegenerative site
or a nervous damage site 37 Asabfdly aelteltaineddrndifferentiation, Hinachesapy,auelst apprpprialeon, since at | east

differentiation conditions. The cell used in the cell pharmaceutical composition
in which an active ingredient is encapsulated into a capsule may be a
homologous cell or a heterologous cell to an individual to be applied.
In addition, according to the neural stem cells, the neurons or the glial
10 cells of the present invention, by introducing the cells into a neurodegenerative
site or a nervous damage site of an individual, the neuronal transplantation
therapy can be carried out for conditions caused by diseases due to
neurodegeneration or nerve damage, for instance, a neurodegenerative disease
(for instance, Parkinson’s disease, Alzheimer’s disease or the like), and a nerve
15 damage such as spinal damage or cerebral infarct. Therefore, a method for
treating a neurodegenerative disease or a nervous damage is also encompassed in
the present invention.
One of the significant features of the method for treating a
neurodegenerative disease or a nervous damage of the present invention resides
20 in that the method comprises the step of introducing at least one cell selected
from the group consisting of:
(1)  the neural stem cell of the present invention,
(2)  the neuron of the present invention, and
(3)  the glial cell of the present invention

25 into a neurodegenerative site or a nervous damage site.



one cell
present i

selected fromthe group consisting of the neural stemcell, the neuron and the glial cell of the

nvention is used, there are exhi bited sone

hi gh therapeutic effect or the 5 |like can be obtained in cell therapy, and that conditions caused by

neur odegenerati on or
present invention can be applied to the

cell, the neuron and the glial cell
neur odegenerative site or a nervous damage site can be carried out by injection or the like. In the
treatment nethod of the present invexbiding te Hertecaaenbenctlod obthequesent imventiont since at leasint r oduct i on of the
neural stemcell of the present invention into a damage site 15 in the case of cerebral infarct or spinal

damage, -introduction of a dopaeiceksgiecteddoomrthe ghoughcensitting ofethe mauci steime cpll ghemeuramvent i on,

striatum

di sease,

nervous damage can be treated in a stable condition.

di seases |isted above as applications for each of the neural

of the present invention. 10 Introduction of a cell into a

The treatnment nethod of the

excellent effects that a stable therapeutic effect, a

stem

I nto corpus

or mdbrain substantia nigra in the case of Parkinson's disease, - introduction of a GABAergic
neuron, which is the neuron ofnd le glidsehtof2be pmsent inmantiontiouscdy tetre areuettebred sothbe case of Huntington's

and the like. |In addition,

the neural stemcell, the neuron and the glial cell of the present

i nvention can be used for theexnealishbctfacts thit astalplditbempovtid offett; e highthesapentioredftetentheat i ve di sease or a

nervous damage. 25 The present invention wl|

Exanpl es,

an astrocyte conditioned medi um _ -
neurodegeneration or nervous damage can be treated in a stable condition.

The treatment method of the present invention can be applied to the

diseases listed above as applications for each of the neural stem cell, the neuron

and the glial cell of the present invention.

10 Introduction of a cell into a neurodegenerative site or a nervous damage

site can be carried out by injection or the like.

In the treatment method of the present invention, there can be carried out,

for instance,

- introduction of the neural stem cell of the present invention into a damage site

15 in the case of cerebral infarct or spinal damage,

-introduction of a dopaminergic neuron, which is the neuron of the present

invention, into corpus striatum or midbrain substantia nigra in the case of

Parkinson’s disease,

- introduction of a GABAergic neuron, which is the neuron of the present

20 invention, into caudate nucleus in the case of Huntington’s disease, and the like.

In addition, the neural stem cell, the neuron and the glial cell of the

present invention can be used for the manufacture of a medicament for treating a

neurodegencrative disease or a nervous damage.

25 The present invention will be explained more specifically hereinbelow by

_ . | be explained nore specifically hereinbel ow by 38 way of
Exanpl es, wi thout intend ng tbkeicanbetabtaipedgeatll thevapy,iand that candsieonstoaangd bg. Al so, in the foll ow ng



was used as a nediumfor differentiation into neural stemcells and neurons. As a basal nediumfor culturing
astrocytes (astrocyte basal nedium, DVEM F-12 5 containing an N2 supplenent (insulin, transferrin,

sel enium or progesterone) was used. The preparation of astrocytes was carried out using a fetal nobuse

brain and a fetal rat brain according to a previously repaggted nethod [edited by Banker, G, Culturing Nerve
Cells (1991), published by The MT Press, Canbridge, United Kingdonj. 10 Exanple 1 Preparation of Neural
Stem Cells As enbryonic stemcells, there was used HK cell strain (passage nunber: |ess than 10) established
from C57BL/ 6 nouse bl astocysts (3.5 days after the confirmation of vaginal plug) in accordance with a

conventional method. The 15 akayef Exaiips dvithout ehtesdingrie I5nikthe prestitdnpess@on thepber, less likely to
differentiate spontaneously. Al so, fibroblasts prepared froma syngenic nouse of the day 14 of pregnancy

were cultured until the fibroBk&splesbedesEinahe tdlitening Bx Wb, aregkittovyeocdmiinomgl dedumyv v) fetal calf serum
(FCS). Next, mtomycin 20 C (1 tg/m) was added to the cell culture obtained, and thereafter the cells were

i ncubated for 3 hours to gi vewhdasdd aed agtdaghlfer diffezentitivn indd acurabbtem vdlscandwaiens.WwAkh a phosphate buffered
saline, and then treated with trypsin. The cells obtained were plated on a gelatin-coated plate to give a

feeder cell layer. As the abobssalnanddionddr phbidng esedeyoés @stbcymbakatediind, PMBM:celiRs/ pl ate) and a 25
4-wel|l plate (3 x 105 cells/well) was used. 39 The above-nentioned HK cell strain was plated on the feeder
cell layer of the 60-nh pl atentfintngcand@dupplénntdinsilif, transfofing atlening) oppraiesteidvieM

was used. The preparation of astrocytes was carried out using a fetal mouse

brain and a fetal rat brain according to a previously reported method [edited by

Banker, G., Culturing Nerve Cells (1991), published by The MIT Press,

Cambridge, United Kingdom)].

10

Example 1 Preparation of Neural Stem Cells

As embryonic stem cells, there was used HK cell strain (passage number:
less than 10) established from C57BL/6 mouse blastocysts (3.5 days after the
confirmation of vaginal plug) in accordance with a conventional method. The

15 above-mentioned HK cells were small in the passage number, less likely to
differentiate spontaneously.

Also, fibroblasts prepared from a syngenic mouse of the day 14 of
pregnancy were cultured until the fibroblasts became confluent in DMEM
medium containing 10% (w/v) fetal calf serum (FCS). Next, mitomycin

20 C (1 ug/ml) was added to the cell culture obtained, and thereafter the cells were
incubated for 3 hours to give inactivated cells. The inactivated cells were
washed with a phosphate buffered saline, and then treated with trypsin. The cells
obtained were plated on a gelatin-coated plate to give a feeder cell layer. As the
above-mentioned plate, each of a 60 mm plate (1.5 x 10° cells/plate) and a

25 4-well plate (3 x 10° cells/well) was used.



contai ning 15% (v/v) Knockout Serum Repl acenent [KSR, manufactured by G BCO BRL], 103 U m Leukem a
I nhibitory factor [LIF, ESGRO, Chemicon 5 International Inc., California, USA], 2 mML-glutamne, 100 M
nonessential am no acids, 100 gM 13- nercaptoethanol, 50 Um penicillin and 50 g¢/m streptonycin in a final
concentration, was used as the culture nedium The nediumyas exchanged every 1 to 2 days. After 7 to 10
days, a plate on which a colony of enbryonic stemcells was 10 proliferated to a size so that its dianeter
of about 400 to about 500 mwas washed twice or thrice with DVEM (w thout serum and other ingredients). The
col ony of enmbryonic stemcells was nmechanically detached and picked up from the feeder cell layer with a
glass capillary of which tip end wike tbdovd-ynentioked HK €k sohinawae glatal onyhofeedabegibhiyer of em cel | s was washed
twice or thrice with 15 DVMEM wi t hout serumin a culture dish. Thereafter, the colony of enbryonic stemcells
was transferred to a 35 nm bathees(-mmiipkhe froa censgarmionnfclO tor200 oflls pehipldte sDN¥MEM on a cul turing side was
non-treated. Suspension culture was <carried out in a mxture of the astrocyte conditioned nmedium and the
astrocyte basal nedium (raticodyinigd 5% (/4 Kpockow Sedemi Replbetneent [KSR, andriufaetupdf] bpndi tions in a CR2
i ncubat or were an atnosphere of 37C, 5% CQ2 in the air, and 100% hum dity. In the culture, a colony of about
10 to about 20 enbryonic steGIBEX BRJ@leﬂJUt’ml Edukemia hihikifors factot (LB, BRGRO, Gheaniddn nm di sh. The exchange
of the culture nmediumwas not carried out during differentiation. On the day 4 of the suspension culture,
br omodeoxyuri di ne (BrdUp was In?&rnatioral [nho., Oudifownid, W 8AJE asMtlo ghasmire, 100l Mammessuntiat i on of 10 M Upt ake of
40 BrdU is used as an index for cell division. The culture was incubated for 8 hours wunder the sanme culture
conditions as above. Next, thsmis dddghit08i pdo weereaptoethanol, 50 U/ml penicillin and 50 pg/ml
streptomycin in a final concentration, was used as the culture medium. The
medium was exchanged every 1 to 2 days.
After 7 to 10 days, a plate on which a colony of embryonic stem cells was
10 proliferated to a size so that its diameter of about 400 to about 500 um was
washed twice or thrice with DMEM (without serum and other ingredients). The
colony of embryonic stem cells was mechanically detached and picked up from
the feeder cell layer with a glass capillary of which tip end was thinly worked.
The obtained colony of embrycnic stem cells was washed twice or thrice with
15 DMEM without serum in a culture dish. Thereafter, the colony of embryonic
stem cells was transferred to a 35 mm bacteria dish for suspension culture, of
which surface on a culturing side was non-treated. Suspension culture was
carried out in a mixture of the astrocyte conditioned medium and the astrocyte
basal medium (ratio by volume = 1:1) in a CQO; incubator. The culture
20 conditions in a CQ; incubator were an atmosphere of 37°C, 5% CO; in the air,
and 100% humidity. In the culture, a colony of about 10 to about 20 embryonic
stem cells was cultured in 2 ml of a culture medium in a 35 mm dish. The
exchange of the culture medium was not carried out during differentiation.
On the day 4 of the suspension culture, bromodeoxyuridine (BrdU) was

25 added to the culture so as to have a final concentration of 10 uM. Uptake of



cultured for | hour in a mediumw thout BrdU, and washed. Thereafter, the cells obtained were i mobilized
wth 4% (w v) parafornmal dehyde, 0.4 M sucrose, and 5 50 mM phosphate buffer, pH 7.4, for 30 m nutes, and
subjected to a treatnment with 0.1% (v/v) TritonFm X-100 and bl ocking with 10% (w v) BSA-PBS. The cells
after bl ocking (Stem Cell Sphere; hereinafter abbreviated #s SCS), and an anti-nestin antibody froma nouse
wer e incubated overnight at 4'C. The m xture obtained and a fluorescent-|abel ed rabbit anti-nouse |1gG
anti body 10 were incubated at roomtenperature for 2 hours, and further incubated with a biotin-I|abel ed
mouse anti-BrdU antibody overnight at 4'C. Next, the nmixture obtained and fluorescent-|abel ed streptoavidin
were incubated at room tenpeBedlWisuseskasparnindes fomeall divisien., Thaeulisrd was incibated five 8hamsser ved with a
confocal |aser scanning mcroscope (trade name : LSMb10) manufactured b y 15 Zeiss. An inmmunof!| uorescent
stained i mage i s shown in Fi gunder thgsamewnlture qunglitians as awvendVesitgihgicells obtaimeiwgre st em cel | marker nestin
was observed (nest in-strongly positi ve%_', and a weak sjgnal_for BfdU was observed (BrdU weakly positive) in
the cell popul ation on the SC3Uyued &erel hayein a mpedinamvoitkoutiBrdla and vapbsd ed herpafterHoe geBup of cells of the
above-nentioned SCS 20 surface |ayer are neural stemcells. In addition, a strong signal for BrdU was
observed (BrdU-strongly posiebtainediwenchmmphiligedvithed fos(wiv) patabormaldelisie; @gloMhsiiangse; and core of the SCS.
Therefore, it was shown that the cell division is actively carried out in a group of cells of the portion
correspondi ng to the cofe of YhaMgahosphate bafier:pid 7s4.danBlminuRs, aed sulricolad toottraabmenved in the group of
cells existing in the core of SCS. From 4l the above results and the results of RT-PCR described later, it is
t hought that the group of ceWwitd (bi% (vév)pbritonon Xdi00aemddndikiggtveith A8%cov) BSAEBSr e
The cells after blocking (Stem Cell Sphere; hereinafter abbreviated as
SCS), and an anti-nestin antibody from a mouse were incubated overnight at 4°C.
The mixture obtained and a fluorescent-labeled rabbit anti-mouse IgG antibody
10 were incubated at room temperature for 2 hours, and further incubated with a
biotin-labeled mouse anti-BrdU antibody overnight at 4°C. Next, the mixture
obtained and fluorescent-labeled streptoavidin were incubated at room
temperature for 2 hours. Thereafter, the cells obtained were observed with a
confocal laser scanning microscope (trade name : LSM510) manufactured by
15 Zeiss. An immunofluorescent stained image is shown in Fig. 1.
As shown in Fig. 1, a strong signal for a neural stem cell marker nestin
was observed (nestin-strongly positive), and a weak signal for BrdU was
observed (BrdU-weakly positive) in the cell population on the SCS surface layer.
Therefore, it was suggested that the group of cells of the above-mentioned SCS
20 surface layer are neural stem cells.
In addition, a strong signal for BrdU was observed (BrdU-strongly
positive) in the group of cells of a portion corresponding to a core of the SCS.
Therefore, it was shown that the cell division is actively carried out in a group of
cells of the portion corresponding to the core of the SCS. Further, the signal for

25 nestin was not observed in the group of cells existing in the core of SCS. From



undi fferentiated enbryonic stemcells. In addition, a signal for either one of nestin or BrdU was not
observed 5 (nestin-negative and BrdU-negative) in the cells existing between the SCS surface |ayer and the
core. Therefore, it was suggested that the cells existing between the above-nentioned SCS surface | ayer and
the core are cells in the state of a transition stage in #hich the enbryonic stemcells are differentiated
into neural stemcells. 10 As shown in Fig. 1, it is found that the SCS forned by suspension culture wusing a
m xture of the astrocyte conditioned nmedium and the astrocyte basal nediumhas a |layered structure simlar
to a planet structure. Concretely, it is found that the SCS has a three-layered structure conprising a
nestin-positive neural stem te dbdvayresultsoandethgansiiltsgoft RTtMER clegstibddhlatar, itas thaaght thadlthest em cel | 15 | ayer
negative to both of nestin and BrdU, the pre-neural stemcell |layer corresponding to the nantle layer, and a
BrdU- posi tive enbryoni c stem gedp of eatlsrofdbe pespondimespoodingetodbe eoreTofleS€Ssire uct ures are conpl etely different
froma structure of EB fornmed as an aggregate of one several enbryonic stemcells according to a droplet
met hod or the like. In the prepdiffarenmtod etpeyamiowstere@elient i oned EB, the enbryonic stemcells are formed into
an aggregate in the presence of serum and differentiated into an endoderm an ectodermand a nesoderm
respectively, by indefinite varioudndidfiencasigmal tor dither ons of mesten anBrdly wasmotadservied t he present Exanpl e,
since the mxture of the astrocyte conditioned mediumand the astrocyte basal nedi umused in the suspension
25 cul ture of enbryonic Bt em (adstio-nkgativaand ddlUanegatvehm thet calls axisimg bdtweentheSCle 42 neural stemcells are
differentiated on the SCS surface |ayer efficiently in a short period of tinme by factor(s) released from
astrocytes. No aggregates coubkurfhes layer and the core. Therefore, it was suggested that the cells existing
between the above-mentioned SCS surface layer and the core are cells in the
state of a transition stage in which the embryonic stem cells are differentiated
into neural stem cells.
10 As shown in Fig. 1, it is found that the SCS formed by suspension culture
using a mixture of the astrocyte conditioned medium and the astrocyte basal
medium has a layered structure similar to a planet structure. Concretely, it is
found that the SCS has a three-layered structure comprising a nestin-positive
neural stem cell layer corresponding to the crust layer, a pre-neural stem cell
15 layer negative to both of nestin and BrdU, the pre-neural stem cell layer
corresponding to the mantle layer, and a BrdU-positive embryonic stem cell
layer corresponding to the core. These structures are completely different from a
structure of EB formed as an aggregate of one several embryonic stem cells
according to a droplet method or the like. In the preparation of the above-
20 mentioned EB, the embryonic stem cells are formed into an aggregate in the
presence of serum, and differentiated into an endoderm, an ectoderm and a
mesoderm, respectively, by indefinite various differentiation factors in serum.
By contrast, in the present Example, since the mixture of the astrocyte
conditioned medium and the astrocyte basal medium used in the suspension

25 culture of embryonic stem celis does not contain serum, it is clear that only the



formed when suspension culture of single enbryonic stemcells dispersed from the colony was carried out in
the astrocyte conditioned nedium Therefore, it is 5 suggested that it is necessary to carry out suspension
culture using a colony of wundifferentiated enbryonic stemcells as an aggregate, which was proliferated in
a cell adhesion state for differentiation into the neural ®temcells. In addition, the size of the col ony of
enbryonic stemcells used in the formation of the SCS was studied. As a result, in the case of a nouse, when
a 10 colony having a size of about 400 to 500 umin a dianeter was generated 7 to 9 days after single
enbryonic stemcells were cultured on a feeder cell layer, it was found that alnost all enbryonic stemcells
form SCS by the same suspensiaguraksiemugedlsase diffarentiatad ogithe S§1S suréacednpencificienglyiina shert t o t hat having a

di ameter of about 200 to about 300 gm when the colony becane spherical after the 15 suspension culture.
Exanmpl e 2 Differentiation i ntRerislenmedysiastns(s)acleasaduiremosstiogstesn Ninggregalgs apulsklean cel I's were
differentiated on a surface |ayer [the SCS obtained in Exanple 1 pentioned above (4 days of 20 suspension
culture)] was carried out in @rvedtwhen sspensionsuliviyefsingedmbiyaaic stemiaghs siwpersed faemr ocyt e basal medi um
(ratio by volunme = 1:1) in a CO®2 incubator_ in an atnosphere of 37C, 5% CO2 in the air and 100% hum dity. In
order to exanine the change ithetdetony wascamicidawdn shapdepayie eondibosdunediumhdhgegfergat i6f tine, the

suspensi on-cul tured SCS was i mmobilized in the same 25 manner as descri bed above with a one- to four-day
culture. 43 An antibodySTUJ1 suggssiad haigt i nesessary tRCAG) QU BUSPENSIAR IcaHufovsing aeelony oheur ons, was used as an

index of differentiation into neurons, |munofl uorescent histochem cal observatjon was carried out by an
upri ght undifferentiated embryonic stem cells as an aggregate, which was proliferated in

a cell adhesion state for differentiation into the neural stem cells.
In addition, the size of the colony of embryonic stem cells used in the

formation of the SCS was studied. As a result, in the case of a mouse, when a

10 colony having a size of about 400 to 500 pm in a diameter was generated 7 to 9
days after single embryonic stem cells were cultured on a feeder cell layer, it was
found that almost all embryonic stem cells form SCS by the same suspension
culture as above. The size of the colony is equivalent to that having a diameter
of about 200 to about 300 um when the colony became spherical after the

15 suspension culture.

Example 2 Differentiation into Neurons

Suspension culture of the in which neural stem cells were differentiated
on a surface layer [the SCS obtained in Example 1 mentioned above (4 days of
20 suspension culture)] was carried out in a mixture of the astrocyte conditioned
medium and the astrocyte basal medium (ratio by volume = 1:1) in a CO,
incubator in an atmosphere of 37°C, 5% CO, in the air and 100% humidity.
In order to examine the change in the differentiated states in the SCS with
the passage of time, the suspension-cultured SCS was immobilized in the same

25 manner as described above with a one- to four-day culture.



fluorescent mcroscope (trade nane: Eclipse E800) manufactured by Nikon. 5 As a result, cells weakly reacting
with TUI1 were observed in the inner portion of the SCS imrediately after the beginning of the suspension
culture. Further, the results in which suspension culture was carried out with the above-nentioned SCS for
6 to 7 days are shown in Fig. 2. As shown in Fig. 2, cellst3being strongly positive to TUJ1 and el ongating a
10 neurite lengthwise in the SCS. In other words, it is found fromneurons which were differentiated in the
SCS that neurites stained with an anti-class IIl | tubulin antibody are elongated in a network manner in the
SCS. It is shown from the results that the neural stemcells can be differentiated into juvenile neurons in
the state of the SCS by factor(s) An aatibedy Tdhtiscogmaing dassdlhBdibwhin, EEmEskemfoeju®endpr ovemrent i n Neur onal
Differentiation Method Neural stemcells could be prepared and differentiated into juvenile neurons by
carryi ng out suspension cul t ukeurens, vas 18€8 asmndndex ofiddlesentiatéon wée newspms. condi ti oned nedi um and t he
astrocyte basal nmedium 20 Next, the culture optinmal conditions were studied for efficiently carrying out

di fferentiation fromthe neurnmynefliewsscentthisipelicroical plesesaionwrscarriedymn byian eprigld neur ons. The surface of
a culturing side of a polylysine-coated culture dish was further treated with 0.1 ng/ml lamnin or 10 to
20-fol d diluted MATRI GELTM 2Bugresennt aeicrasedpd {iraie mime e inse|EG0P) gnanufagturadhzis Nikoroul t ure substratum The 44
SCS for which the suspension culture was carried out for 4 days was aspirated, with a glass capillary,
transferred to an adhesPve cul t ur eABiaghsulb ogHp reakhercagting sdth TUJbnaire iobaeryedwal thanngs previ ousl y added, and

the m xture was ) ) X L )
portion of the SCS immediately after the beginning of the suspension culture.

Further, the results in which suspension culture was carried out with the
above-mentioned SCS for 6 to 7 days are shown in Fig. 2.
As shown in Fig. 2, cells being strongly positive to TUJ1 and elongating a
10 neurite lengthwise in the SCS. In other words, it is found from neurons which
were differentiated in the SCS that neurites stained with an anti-class II1 §
tubulin antibody are elongated in a network manner in the SCS. It is shown from
the results that the neural stem cells can be differentiated into juvenile neurons in

the state of the SCS by factor(s) in an astrocyte conditioned medium.

15
Example 3 Improvement in Neuronal Differentiation Method
Neural stem cells could be prepared and differentiated into juvenile
neurons by carrying out suspension culture of the SCS in a mixture of the
astrocyte conditioned medium and the astrocyte basal medium.
20 Next, the culture optimal conditions were studied for efficiently carrying

out differentiation from the neural stem cells formed on the SCS surface layer
into the neurons.

The surface of a culturing side of a polylysine-coated culture dish was
further treated with 0.1 mg/ml laminin or 10 to 20-fold diluted MATRIGEL™

25 [manufactured by BD Bioscience] to give an adhesive culture substratum, The



cultured in a CQ2 incubator for several hours in an atnosphere of 37C, 5% CO2 5 and 100% hum dity. As a
result, the SCS was adhered to the culture substratum Further, the norphol ogies of the SCS and its
surroundi ngs were observed by using a phase contrast inverted m croscope [manufactured by Nikon]. As a
result, there was found SCS for elongating neurites fromthg day 1 of the adhesion culture. 10 In addition,
the differentiation of numerous neurons was caused by continuously carrying out adhesion culture for
additional 4 to 7 days. Uptake of BrdU into cells was evaluated in the sane manner as that of Exanple |
menti oned above. In addition, regarding the SCS and the surroundi ngs, expression of each of a neural stem

cel | marker nestin, a differesUSsfdkdviielthdaspbhsiBBdetturd@us ohiricaim@ntfor a dd9paniaspigatedneur on mar ker tyrosine
hydr oxyl ase (hereinafter abbreviated as TH), a GABAergi c neuron marker glutamate decarboxyl ase (hereinafter

abbrevi ated as GAD) and a chokyitles giaks eepillafy, TeansfdrredClocdn adhesbetaltur@dishao asldchvalse exam ned using an anti body
for each marker by an i mrunohi stochem cal technique in the same nanner as the detection of nestin in 20

Exanpl e 1 mentioned above. Thasti@Syt tenditionsdenedlinm Wwhgpreviodsty 4ddet agb ohmiixtukd 98s 3 and 4, the adhered SCSs
were entirely differentiated as nestin-positive neural stemcells for uptake of BrdU and for actively

carrying out the division. Fgalthed inianCOhen&ibat@tUiodse@salolodrbén Batmbéphese bPIMUCI3WICONUTEr OUS M gr at ed
neurons strongly stained with an anti body agai nst NF, and 25 neurites elongating froma cell body are

observed, so that the nestin-pagdil00¥ehdmidieyr Ak aseault,aht SCEwas adhéretl he thandiurpgubstenent her eof . I n addi tion,
as shown in Fig. 4, it is found that numerous NF-positive neurites. are elongated on an adhesive
culture-side. In addition, as showFurthefitBe nforphblogtesfefuhe SURindIts kigo@idihfewere observed
by using a phase contrast inverted microscope [manufactured by Nikon]. As a
result, there was found SCS for elongating neurites from the day 1 of the
adhesion culture.
10 In addition, the differentiation of numerous neurons was caused by
continuously carrying out adhesion culture for additional 4 to 7 days. Uptake of
BrdU into cells was evaluated in the same manner as that of Example 1
mentioned above. In addition, regarding the SCS and the surroundings,
expression of each of a neural stem cell marker nestin, a differentiated neuronal
15 marker neurofilament, a dopaminergic neuron marker tyrosine hydroxylase
(hereinafter abbreviated as TH), a GABAergic neuron marker glutamate
decarboxylase (hereinafter abbreviated as GAD) and a cholinergic neuron marker
choline acetyltransferase was examined using an antibody for each marker by an
immunohistochemical technique in the same manner as the detection of nestin in
20 Example 1 mentioned above. The results are shown in Figs. 3 to 7.

As shown in Figs. 3 and 4, the adhered SCSs were entirely differentiated
as nestin-positive neural stem cells for uptake of BrdU and for actively carrying
out the division. Further, in the surroundings of the SCS, it is found that
numerous migrated neurons strongly stained with an antibody against NF, and

25 neurites elongating from a cell body are observed, so that the nestin-positive



whi ch the nestin-positive neural stemcells exist in Fig. 3 is positive to BrdU and 5 active in the cell
division. Further, as shown in Fig. 5, it is found that the whole SCS is strongly stained with an anti body
agai nst a dopami nergi ¢ neuron marker TH, and that numerous elongating neurites are TH positive. Al so, as
shown in Fig. 6, in the sanme manner as in TH, it is foundisthat the whole SCS is strongly stained with an 10
anti body agai nst a GABAergi ¢ neuron marker GAD, and that nunmerous elongating neurites are GAD positive.
Further, as shown in Fig. 7, it is found that SCSis strongly stained with an anti body agai nst a cholinergic
neuron narker ChAT. In other words, as shown in Figs. 5, 6 and 7, it is found that induction of expression
of each of TH, GAD and ChAT tmkasl gemoeells EXidttin Wesinhouportidmatthedeef.nbuadditioncam shewmsimokigt he SCS surface | ayer
formed by suspension culture with differentiation inducing factor(s) in the astrocyte conditioned nedium
can be very efficiently diffedghisfauad thatromengus NE-ppsitive aepatestaroglonigated dreamadhestveof t he cel | adhesi on
nol ecules. In addition, in a successive culture nethod of suspension culture and adhesion culture using the
20 mixture of the astrocyte cantlireisidesdinatdiven,asshowe adfigodyit & fawdl thatsitmef theein di fferentiation into
glial cells was not found, suggesti ng a possibility that inducing factor(s) secreted by astrocytes has
(have) a strong action on thewhiidtihementan-positible nenealdtdmn ecHaekiat inhRig Saspasilivalto $irdik | s into neurons. A
ratio in which the SCS for which suspension culture was carried out in the mxture of 25 the astrocyte
condi ti oned medi um and Bhe asaatbeyinghgeelhidivisidnum can adhere to 46 the adhesive culture substratum was 90% or
more, and a ratio of the adhered SCS for elongating neurites, an index for neuronal differentiation, was
about 100% Therefore, even if anFesthen asrehowh ipFigSditialfoend that the wheld $E&8 i$ strorglen
stained with an antibody against a dopaminergic neuron marker TH, and that
numerous elongating neurites are TH-positive. Also, as shown in Fig. 6, in the
same manner as in TH, it is found that the whole SCS is strongly stained with an
10 antibody against a GABAergic neuron marker GAD, and that numerous
elongating neurites are GAD-positive. Further, as shown in Fig. 7, it is found
that SCS is strongly stained with an antibody against a cholinergic neuron
marker ChAT. In other words, as shown in Figs. 5, 6 and 7, it is found that
induction of expression of each of TH, GAD and ChAT takes place.
15 1t was found that the nevral stem cells on the SCS surface layer formed by
suspension culture with differentiation inducing factor(s) in the astrocyte
conditioned medium can be very efficiently differentiated into neurons, in
cooperation with the action of the cell adhesion molecules. In addition, in a
successive culture method of suspension culture and adhesion culture using the
20 mixture of the astrocyte conditioned medium and the astrocyte basal medium, the
differentiation into glial cells was not found, suggesting a possibility that
inducing factor(s) secreted by astrocytes has (have) a strong action on the
determination of the differentiation from neural stem cells into neurons. A ratio
in which the SCS for which suspension culture was carried out in the mixture of

25 the astrocyte conditioned medium and the astrocyte basal medium can adhere to



into consideration, it is thought that alnost all of the SCSs proliferated by 5 carrying out suspension
culture using the m xture of the astrocyte conditioned nediumand the astrocyte basal nediumare conditioned
to neural stemcells, and that the differentiation into neurons was deternm ned by an action of cell adhesion
nol ecul es by adhesion culture. In addition, although the agrocyte conditioned nediumin the adhesion
culture shows an action of pronoting differentiation into 10 neurons, and the differentiation into neurons is
al so found in other neuronal culture nedium for instance, DMEM F-12/N 2 suppl enent, Neurobasal Tm B- 27

[ manufactured by G BCO BRL]. It is thought that when the SCS is differentiated into neural stemcells by

carrying out suspension cul t uie,adhasiveCalturSsithistratim mdssl0% odmeref@idulritio of thenribeens, so that exhibition of
its characteristics 15 is accelerated by an interaction with cell adhesion nolecules. It is thought that the,

suspension culture of the col 8a% fof elinighu\t,i\gineuﬁite@nan trlelxfor aeaonabsiffdreaiativm) didsiabout because t he
differentiation did not take place even en an aggregate of colonies of enbryonic stemcells were adhered

as they were and cultured inlo0%. dBligrefyé.ecvearifiah eepatmenal procedlrdbeaimploe the Fkold thkemti on of Neural Stem
Cells A neural stemcell layer is formed on the surface |ayer of the suspension- cultured SCS. \Wen

suspension culture or adhesi omtegbhsideratibn] fids tiewpht titit @mostelll of ths STSepoliferatidrbyed out in the astrocyte
condi ti oned medium the neural stem 25 cells are differentiated into neurons. Therefore, in order to

suppress 47 differentiats on fentyingeourkospensint duliee uSiGE thehdxneeodtlse antboyteotdrfditiael neural stemcells, the
SCS after the suspension culture was cultured in an atnosphere of 37C, a 5% CO2 concentration and 100%
hum dity in the presence medium and the astrocyte basal medium are conditioned to neural stem cells, and
that the differentiation into neurons was determined by an action of cell adhesion
molecules by adhesion culture. In addition, although the astrocyte conditioned
medium in the adhesion culture shows an action of promoting differentiation into
10 neurons, and the differentiation into neurons is also found in other neuronal
culture medium, for instance, DMEM: F-12/N-2 supplement, Neurobasal™ B-27
[manufactured by GIBCO BRL]. 1t is thought that when the SCS is
differentiated into neural stem cells by carrying out suspension culture, the SCS
is differentiated as a default into neurons, so that exhibition of its characteristics
15 is accelerated by an interaction with cell adhesion molecules.
It is thought that the suspension culture of the colony of embryonic stem
cells is an essential condition, because the differentiation did not take place even
when an aggregate of colonies of embryonic stem cells were adhered as they
were and cultured in the astrocyte conditioned medium.
20

Example 4 Proliferation of Neural Stem Cells

A neural stem cell layer is formed on the surface layer of the suspension-
cultured SCS. When suspension culture or adhesion culture of the neural stem
cells is directly carried out in the astrocyte conditioned medium, the neural stem

25 cells are differentiated into neurons. Therefore, in order to suppress



of bFG-. 5 The above-nentioned bFGF is a factor for maintaining the neural stem cells in an undifferentiated
state and pronoting cell proliferation. Therefore, the bFG- was thought to be effective also in the neural
stemcells forned on the SCS surface |ayer. The SCS was adhered to an adhesive culture substratumin the
sanme nmanner as in Exanple 3. Also, as the culture nmedium 4yeurobasal TM 10 B-27 containing 20 ng/m bFG- as a
final concentration was used. Every 1 to 2 days, the bFG-F was freshly added to the culture so as to have a
concentration of 20 ng/m . The norphol ogies of the SCS and the surroundi ngs were observed using an upright
fluorescent mcroscope [manufactured by N kon]. As a result, imediately after the adhesion culture, the
differentiation into 15 neurdififergvettationuirom thocdbebengattioned FCSanoineesonsamdqiebferad. Cel | s  norphol ogical |y
different fromthose of neurons appeared and were allowed to mgrate fromthe adhered SCS, fromthe days 1
to 2. Further, uptake of Brdlhduthbsteml ¢edlsye SRR nitee thd susplwesisaorltornnas cdsured iatnof Exanpl e 1 nentioned
above. In addition, regarding the SCS and 20 surroundi ngs thereof, expression of a neural stemcell narker
nestin, , was exam ned usi ngataibsphtie- ofe31°0) adite iCOgyoriceaatonaud d 089 homidingrimibieipaeseziceni cal techni que in
t he sane manner as the detection of nest in in Exanple 1 nentioned above. The results are shown in Fig. 8.
As shown by the results of i nofubBiFuorescent histochemstry in Fig. 8 it 25 is found that mgrating cells
whi ch are nestin-positive are neural stemcells. In 48 other words, it is found that the differentiation into
neurons is suppressed add that neThéabposnidnienad bEGF stafactel fos neistapring tHenatreldstemo t hat numerous cells
are allowed to mgrate from SCS, by exchanging a culture nmedium of the m xture of

cells in an undifferentiated state and promoting cell proliferation. Therefore, the

bFGF was thought to be effective also in the neural stem cells formed on the
SCS surface layer. The SCS was adhered to an adhesive culture substratum in
the same manner as in Example 3. Also, as the culture medium, Neurobasal™
10 B-27 containing 20 ng/ml bFGF as a final concentration was used. Every 1 to 2
days, the bFGF was freshly added to the culture so as to have a concentration of
20 ng/ml. The morphologies of the SCS and the surroundings were observed
using an upright fluorescent microscope [manufactured by Nikon].
As a result, immediately after the adhesion culture, the differentiation into
15 neurons was found, and elongation of neurites was observed. Cells
morphologically different from those of neurons appeared and were allowed to
migrate from the adhered SCS, from the days 1 to 2.
Further, uptake of BrdU into cells was examined in the same manner as
that of Example 1 menticned above. In addition, regarding the SCS and
20 surroundings thereof, expression of a neural stem cell marker nestin, , was
examined using an anti-nestin antibody from a mouse by an
immunohistochemical technique in the same manner as the detection of nestin in
Example 1 mentioned above. The results are shown in Fig. 8.
As shown by the results of immunofluorescent histochemistry in Fig. 8, it

25 is found that migrating cells which are nestin-positive are neural stem cells. In



the astrocyte conditioned nedium and the astrocyte basal nmediumw th 5 Neurobasal B-27 containing bFGF. In
addition, the results of observation of the colony of neural stemcells which was spread fromone SCS are
shown in Fig. 9. As a result, as shown in Fig. 9, it is found that nunmerous neural stemcells are obtained
surprisingly honpogeneously. It is found that mgrating negral stemcells which are closely 10 adhered to
each other, and allowed to mgrate concentrically in a radius of about 600 mcentering about the SCS adhered
to the culture substratum so that a |arge amount of the neural stemcells are obtained froma single SCS.
In Neurosphere nmethod and ot her nonol ayer culture nmethods, since it is difficult to prepare honogeneously
nunerous neural stem cells asotieswordmedt alfourd that thesdifferémintibit inté nélvensd sugpréssed hadpr esent exanple is
excellent. In addition, as in the present exanple, the nmethod for producing neural stemcells using the SCS
has an excell ent feature thatthhhresti@Spasitivbacuabsteascealls mequioliferated odoothgt nbmeraysatellngraeur al stemcells a
nunber of tinmes. In other words, after the SCS is adhered to allow the neural stemcells to mgrate fromthe
20 SCS, the neural stem cell saltewedmn migrast Fdme§ESNbYexdiaigimga eplttteems8ditnabf theemixterdef with a gl ass
capillary and transferring the SCS to a fresh adhesive culture substratum Distribution of uptake of BrduU
and expression of nestin in tthe aSEScyicohditadnedvsedibm melithel asgbemedmishsmedium gridt e i n Neur obasal Tm B- 27
cont ai ning bFGF 25 was exam ned. The_results are shown in Fig. 10. As shown in Fig. 10, it is 49 found that
the SCS which is adhered and Mehwbasal®iBal7coatmitiagltFGR. migrate is BrdU-positive, so that staining with an
anti-BrdU antibody is intensive at a core portion of the SCS, but uptake of BrdU is spread in the entire SCS
as conpar ed In addition, the results of observation of the colony of neural stem cells
which was spread from one SCS are shown in Fig. 9. As a result, as shown in
Fig. 9, it is found that numerous neural stem cells are obtained surprisingly
homogeneously. It is found that migrating neural stem cells which are closely
10 adhered to each other, and allowed to migrate concentrically in a radius of about
600 pum centering about the SCS adhered to the culture substratum, so that a
large amount of the neural stem cells are obtained from a single SCS. In
Neurosphere method and other monolayer culture methods, since it is difficult to
prepare homogeneously numerous neural stem cells as described above, it is
15 found that the method in the present example is excellent.
In addition, as in the present example, the method for producing neural
stem cells using the SCS has an excellent feature that the SCS can be used as a
seed of a colony of migrating neural stem cells a number of times. In other
words, after the SCS is adhered to allow the neural stem cells to migrate from the
20 SCS, the neural stem cells can be migrated again by picking up the SCS at the
center with a glass capillary and transferring the SCS to a fresh adhesive culture
substratum.
Distribution of uptake of BrdU and expression of nestin in the SCS which
allows the neural stem cells to migrate in Neurobasal™ B-27 containing bFGF

25 was examined. The results are shown in Fig. 10. As shown in Fig. 10, it is



to that of Fig. 1. In addition, as shown in Fig. 10, since a part other than a core is 5 stained wth an
anti-nestin antibody, it is found that a ratio of differentiated neural stemcells in the inner portion of
the SCS is increased. It is thought that the mgration to a culture substratum occurred due to proliferation
of the neural stemcells in the SCS. Since the itself is49ctively repeating cell divisions as neural stem
cells, the SCS can be used as a seed a nunber of tinmes. 10 According to the present exanple, it is shown that
nunmer ous neural stem cells can be prepared by adhesion culture of the SCS in the presence of bFG-. Exanple 5
When the SCS was formed by carrying out suspension culture of a colony is of HK cells of nouse enbryonic
stemcells in the mxture of fomadabatrtbe NS whactdistadbrexd areldillowancumhstenscallbbapteigoatsas nedi um fromt he

begi nning of the suspension culture of the HK cells, suspension culture was carried out in a nedium
containing 20 ng/ M bFGF as aBfdUrgiosidbmrs smthatstaomngtwich ansentirBrdlf aniibodyyis imtingive at alcoly of the astrocyte
condi tioned nedium and the astrocyte basal 20 mediun] in a C02 incubator. The culture conditions in a C02

i ncubat or were an at nospher epartiog BfChe §GSCHR! ptakh of BrdUsis dpteadiniberediiteySCSas chmpadd ure, a col ony of
about 10 to about 20 enbryonic stemcells was cultured in 2 ml of a culture mediumin a 35 mmdish. Every |
to 2 days, the bFGF was addedtottbhatof Eigl dl ude additiong as kkownsp &g Idh sngketaupart etheathanm taredsa final concentrati on
of 25 20 ng/nL 50 In the day 4 of the suspension culture, bronodeoxyuridine (BrdU was added to a culture so
as to have a final concéntr atstamedwitloan/antipteakie anfib8dy Ut is found dbiatasratio ofrtifferendiatesiel | di vi si on. The cul ture
was i ncubated for 8 hours under the sane culture conditions as those nentioned above. Next, the cells

obt ai ned neural stem cells in the inner portion of the SCS is increased. It is thought that

the migration to a culture substratum occurred due to proliferation of the neural
stem cells in the SCS. Since the itself is actively repeating cell divisions as
neural stem cells, the SCS can be used as a seed a number of times.

10 According to the present example, it is shown that numerous neural stem

cells can be prepared by adhesion culture of the SCS in the presence of bFGF.

Example 5

When the SCS was formed by carrying out suspension culture of a colony

15 of HK cells of mouse embryonic stem cells in the mixture of the astrocyte
conditioned medium and the astrocyte basal medium, from the beginning of the
suspension culture of the HK cells, suspension culture was carried out in a
medium containing 20 ng/ml bFGF as a final concentration [the mixture (ratio by
volume = 1:1) of the astrocyte conditioned medium and the astrocyte basal

20 medium]} in a CO, incubator. The culture conditions in a CO, incubator were an
atmosphere of 37°C, 5% CO; in the air and 100% humidity. In the culture, a
colony of about 10 to about 20 embryonic stem cells was cultured in 2 ml of a
culture medium in a 35 mm dish. Every 1 to 2 days, the bFGF was added to a
culture during the suspension culture so as to have a final concentration of

25 20 ng/ml.



5 were cultured for 1 hour in a nediumw thout BrdU, and washed. Thereafter, the resulting cells were
i mobilized with 4% (w v) parafornmal dehyde, 0.4 M sucrose and 50 mM phosphate buffer, pH 7.4, for 30
m nutes, and subjected to a treatnment with 0.1% (v/v) TritonTM X-100 and to blocking with 10% (w v) BSA-
PBS. 10 The cells (Stem Cell Sphere; hereinafter abbreviatggd as SCS) after bl ocking and an anti-nestin
anti body from a nouse were incubated overnight at 4C The m xture obtained and a fluorescent-|abel ed rabbit
anti-nouse IgG antibody were incubated at roomtenperature for 2 hours, and further incubated wth a
bi oti n-1 abel ed nouse anti-BrdU anti body overnight at 4C. Next, the 15 m xture obtained and the
fl uorescent -1 abel ed streptoavi di n lsethe daycubhtheduapensiamonlharpeomedexfyoridihe{@rdy) wiser eafter, the cells
obt ai ned were observed with a confocal |aser scanning m croscope manufactured by Zeiss (trade nane:
LSMb10) . | mmunofl uorescent staideddoianadnse aoas stvbawe & finki goncehthationtof dO pMe Upliake of Brdlon of nestin, which is
a marker for neural stemcells, and BrdU, which 20 is used as an index for cell divisions, was exam ned. As
shown in Fig. 11, a majority wfustthas SCdex faacellldysioneXEeptultuoe wiscincobated bect hreursastden- posi ti ve cells, and
were proliferating. These cells were also BrdU positive. It was shown that the neural stemcells can be
prepared surprisingly efficithetsamebyulture candiitioneas diosa mentionedsibene c Ndxt,ghewehls 6bimimd bFG-, 25 to the
m xture of the astrocyte conditioned nedium and the astrocyte basal 51 nmedium Exanple 6 Differentiation of
Proliferated Neural Stem Cel |l weteociNuedhisr 1 Waet mea mediumtwithout Rrdih land tveashedl Theodaftar,thd i n Exanple 4 are 5
differentiated into neurons in the same manner as in the neural stemcells forned
resulting cells were immobilized with 4% (w/v) paraformaldehyde, 0.4 M
sucrose and 50 mM phosphate buffer, pH 7.4, for 30 minutes, and subjected to a
treatment with 0.1% (v/v) Triton” " X-100 and to blocking with 10% (w/v) BSA-
PBS.
10 The cells (Stem Cell Sphere; hereinafter abbreviated as SCS) after
blocking and an anti-nestin antibody from a mouse were incubated overnight at
4°C. The mixture obtained and a fluorescent-labeled rabbit anti-mouse IgG
antibody were incubated at room temperature for 2 hours, and further incubated
with a biotin-labeled mouse anti-BrdU antibody overnight at 4°C. Next, the
15 mixture obtained and the fluorescent-labeled streptoavidin were incubated at
room temperature for 2 hours. Thereafter, the cells obtained were observed with
a confocal laser scanning microscope manufactured by Zeiss (trade name:
LSM510). Immunofluorescent stained images are shown in Fig. 11 in which the
distribution of nestin, which is a marker for neural stem cells, and BrdU, which
20 is used as an index for cell divisions, was examined.
As shown in Fig. 11, a majority of the SCS surface layer except for the
core became nestin-positive cells, and were proliferating. These cells were also
BrdU-positive. It was shown that the neural stem cells can be prepared
surprisingly efficiently by the addition of a neural stem cell growth factor bFGF,

25 to the mixture of the astrocyte conditioned medium and the astrocyte basal



on the SCS surface | ayer was exam ned. Concretely, whether or not the neural stemcells can be
differentiated into neurons was exam ned by culturing the SCS in Neurobasal TM B-27 containing bFG- to give
m grating neural stemcells, and exchanging the culture nediumfor the above-nentioned neural stemcells of
10 which differentiati on was suppressed, with the m xture3f the astrocyte conditioned nediumand the
astrocyte basal nmediumin an atnosphere of 37C or so, a CO2 concentration of 5% or so, and 100% hum dity.
The results are shown in Fig. 12. As shown in Fig. 12, it is found that regarding the neural stemcells in
15 which the cells had been closely adhered to each other, by exchanging the mediumwth the m xture of the
astrocyte conditioned medi um®@adiumhe astrocyte basal medium the migrated neural stemcells are dispersed
and spread while the cells are closely adhered to each other one day later to differentiate in their

nor phol ogi es into neurons. In addition, it is found that the mgrated neural stem 20 cells are al so
differentiated into neurons by the astrocyte conditioned nmediumin the same manner in the neural stemcells
formed on the SCS surface | ayeXampiged LJbkH A RO IOR), Lz¥: gurar oL Lchls 1o NGUTPRS
acconplished directly fromthe neural stemcells which were produced in a |large amount. 25 In addition,
upt ake of BrdU into cells was exanWistharorines theansurabsineycobls obéained mx Expmplel4 gent i oned above. I n addition,
regarding the SCS and its surroundings, expression of each of a neural stemcell marker nestin, a

di fferentiated neuron mirker Hiéigresftiatethinio neuranspaihesame managr animdesuralisjgm sele forpacoxyl ase (hereinafter

abbreviated as TH), a GABAergi c neuron 5 marker gl utamate decarboxyl ase (hereinafter abbreviated as GAD), and
a on the SCS surface layer was examined. Concretely, whether or not the neural

stem cells can be differentiated into neurons was examined by culturing the SCS
in Neurobasal™ B-27 containing bFGF to give migrating neural stem cells, and
exchanging the culture medium for the above-mentioned neural stem cells of

10 which differentiation was suppressed, with the mixture of the astrocyte
conditioned medium and the astrocyte basal medium in an atmosphere of 37°C
or 50, a CO, concentration of 5% or so, and 100% humidity. The results are
shown in Fig. 12,

As shown in Fig. 12, it is found that regarding the neural stem cells in

15 which the cells had been closely adhered to each other, by exchanging the
medium with the mixture of the astrocyte conditioned medium and the astrocyte
basal medium, the migrated neural stem cells are dispersed and spread while the
cells are closely adhered to each other one day later to differentiate in their
morphologies into neurons. In addition, it is found that the migrated neural stem

20 cells are also differentiated into neurons by the astrocyte conditioned medium in
the same manner in the neural stem cells formed on the SCS surface layer. The
results suggest that the production of a large amount of neurons can be
accomplished directly from the neural stem cells which were produced in a large
amount.

25 In addition, uptake of BrdU into cells was examined in the same manner



chol i nergi ¢ neuron marker choline acetyltransferase was exam ned using an

i munohi st ochem cal technique in the sane nmanner as the detection of nestin in Exanple 1 nentioned above.

anti body for each marker by an

The results are shown in Figs. 13, 14 and 15. 10 As shown in Fig. 13, it is found that a dopam nergi c neuron

marker TH is expressed in a majority of NF-positive neurgps. In other words, it is found

that TH positive

neurons are differentiated not only fromneural stemcells remaining in the inner portion of the SCS but
also fromthe mgrated neural stemcells. In addition, as shown in Fig. 13, neurons show ng coexpression 15
of TH and GAD were found in neurons frommgrated neural stemcells, suggesting the presence of i mmture

as shown i nasingExaibple I mentonedihbovre Inondditiordegadirgnthec$ andiitsg a neurotransmtter
serotonin in the cells.
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is found fromthese results that there are exhibited excellent
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cholinergic neuron marker choline acetyltransferase was examined using an
antibody for each marker by an immunohistochemical technique in the same
manner as the detection of nestin in Example 1 mentioned above. The resuits are
shown in Figs. 13, 14 and 15.

As shown in Fig. 13, it is found that a dopaminergic neuron marker TH
is expressed in a majority of NF-positive neurons. In other words, it is found
that TH-positive neurons are differentiated not only from neural stem cells
remaining in the inner portion of the SCS but also from the migrated neural
stem cells. In addition, as shown in Fig. 13, neurons showing coexpression
of TH and GAD were found in neurons from migrated neural stem cells,
suggesting the presence of immature neurons. Further, as shown in Fig,. 15,
there could be confirmed neurons containing a neurotransmitter serotonin in
the cells. It is found from these results that there are exhibited excellent
effects by using proliferated neural stem cells:

@  that homogeneous neurons which could not be prepared by a conventional,
previously reported method can be prepared in a large amount,

@ that neurons necessary for High Throughput Screening can be provided,
because actively dividing embryonic stem cells are used as a starting material,
and

€ that engineered neurons, which had been difficult to be prepared when



culture conditions. At a tine point where the SCS was cultured in the sane manner as in Exanple 4 to all ow
the neural stemcells to mgrate fromadhered SCS, thereby 10 form ng a spread col ony, Neurobasal Tm B-27
cont ai ni ng bFGF was exchanged wi th Neurobasal Tm B-27 w thout bFG-, and the culture was continued in an

at nosphere of 37'C or so, a Q02 concentration of 5% or so,smnd 100% humdity. As a result, in the sane
manner as in the differentiation into the neurons, cells which had been in a state of adhesion to each other
in the surroundings of 15 the colony were individually dissociated several days after. Further, the

di ssociated cells were differentiated into cells having nunerous branched projections, distinctively owned
by astrocytes. At this stage, paxpirgsaltoredofer@ongprcphred fooml thabyaiacheheuispd odami e 4166-AP) , which is a marker for
astrocytes, was exam ned by I mmunofl uorescent histochem stry. 20 As a result, as shown in Fig. 16, it is
found that all of SCSs as seeggpayed inha birghiemoaht.stem cel |'s were continued to be supplying and mgrated
neural stem cells are differentiated into GFAP-positive astrocytes, that are NF-negative. In addition, as
shown in Fig. 16, in the surrounding portions of the colony, short branched projections distinctively owned
by astrocytes was stained with an anti 25 GFAP anti body. In other words, it is found together with Exanple 6
that the 54 neural stem cell sEgamphe?dBiféerentigdon of Beolifiefdted Betira Sremi Gdlis wkd Astrooges ons or  astrocytes by
changing the culture conditions. In other words, it had been conventionally difficult to differentiate
restrictively neural stem cells inSncerthe aelital sppeccelds atdaneltpoteraces dvhghtothehells zambiehod of the present
exanpl e, since substantially honbgeneous neural stemcells can be prepared in a |arge anount, the neural stem
cells can be restrictively  differentiated into cell species other than neurons was studied by changing the

culture conditions.
At a time point where the SCS was cultured in the same manner as in
Example 4 to allow the neural stem cells to migrate from adhered SCS, thereby

10 forming a spread colony, Neurobasal™ B-27 containing bFGF was cxchanged
with Neurobasal™ B-27 without bFGF, and the culture was continued in an
atmosphere of 37°C or so, a CO, concentration of 5% or so, and 100% humidity.

As a result, in the same manner as in the differentiation into the neurons,
cells which had been In a state of adhesion to each other in the surroundings of

15 the colony were individually dissociated several days after. Further, the
dissociated cells were differentiated into cells having numerous branched
projections, distinctively owned by astrocytes. At this stage, expression of a
glial fibrillary acidic protein (GFAP), which is a marker for astrocytes, was
examined by immunofluorescent histochemistry.

20 As a result, as shown in Fig. 16, it is found that all of SCSs as seeds by
which neural stem cells were continued to be supplying and migrated neural stem
cells are differentiated into GFAP-positive astrocytes, that are NF-negative. In
addition, as shown in Fig. 16, in the surrounding portions of the colony, short
branched projections distinctively owned by astrocytes was stained with an anti-

25 GFAP antibody. In other words, it is found together with Example 6 that the



differentiated into one cell species. Therefore, the method using the SCS as in the present exanple can be
expected to have effectiveness for teratogenesis, canceration or the |ike of transplanted cells, which is
the nost serious problemin 10 regenerative therapy, transplantation therapy or the like. Exanple 8
Differentiation of Dispersed Neural StemCells into Neurom& A nediumwas renoved froma 60 mm di sh contai ni ng
the neural stem cells obtained in Exanple 4. Therefore, the cells were washed with Dul becco's 15 PBS
(wthout Ca, My). Next, 2 m of PBS was added to the above-nentioned 60 mm di sh, and the cells were incubated
at 37C for 5 mnutes. Neural stem cells of which adhesion to a culture substratumwas to be weakened were
det ached by pipetting, and cemuraksigmdcedls caodexdagerivined torbadiféerentiatedrintgseithanmeurmnsrasl stemcells. Next, 2 ni
of the m xture of the astrocyte conditioned nmedium 20 and the astrocyte basal nedium was added to the
above- nentioned neural stem as#tdcytasdyschangmy theecwliswe aonditiens.cel Is in the mixture. The suspension was pl ated
on a 35 nmdish coated with a cell adhesion nolecule. As a result, as shown in Fig. 17, it is found that the
neural stemcells obtained i n Exanl ethsr woedsiif hiast bean canygntipndlndiffienl todifif¢rantiateer al days even when the
neural stemcells 25 were once detached fromthe adhesive culture substratumto carry out the 55 nonol ayer
culture. Exanple 9 Differentiesiraively eyrabsteneesllsdnieonatelbspanicse| Heweren aseardmgsto thhe neural stemcel s
were harvested in the same manner as in Exanple 8. 5 The neural stemcells obtained were suspended in 10%
(v/v) DVBQ 90% (v/v) FGS, anumethodopkribseressat axamplpcsinge subdantisliebompgemgmusmsyralisteiiem cel |'s were washed to
remove FCS by thaw ng the cryO{)reserved neural stemcells in an incubator at 37C,_ adding 5 nml of DVEM

cells can be prepared in a large amount, the neural stem cells can be restrictively

differentiated into one cell species. Therefore, the method using the SCS as in
the present example can be expected to have effectiveness for teratogenesis,
canceration or the like of transplanted cells, which is the most serious problem in

10 regenerative therapy, transplantation therapy or the like.

Example 8 Differentiation of Dispersed Neural Stem Cells into Neurons

A medium was removed from a 60 mm dish containing the neural stem
cells obtained in Example 4. Therefore, the cells were washed with Dulbecco’s
15 PBS (without Ca, Mg). Next, 2 ml of PBS was added to the above-mentioned
60 mm dish, and the cells were incubated at 37°C for 5 minutes. Neural stem
cells of which adhesion to a culture substratum was to be weakened were
detached by pipetting, and centrifuged at 700 x g for 5 minutes to harvest the
neural stem cells. Next, 2 m] of the mixture of the astrocyte conditioned medium
20 and the astrocyte basal medium was added to the above-mentioned neural stem
cells to suspend the neural stem cells in the mixture. The suspension was plated
on a 35 mm dish coated with a cell adhesion molecule. As a result, as shown in
Fig. 17, it is found that the neural stem cells obtained in Example 4 are
differentiated into neurons within several days even when the neural stem cells

25 were once detached from the adhesive culture substratum to carry out the



to the product obtained, and centrifuging the mxture at 700 x g for 5 mnutes. 10 Next, 2 m of the m xture
of the astrocyte conditioned nedium and the astrocyte basal nediumwas added to the neural stemcells
obtained to suspend the neural stemcells. Thereafter, the suspension was plated on a 35 mm di sh coated with
a cell adhesion nolecule. Fig. 18 shows the results obtaigsed by exam ning differentiation of cryopreserved
neural stemcells into neurons. 15 As shown in Fig. 18, it is found that cryopreserved neural stemcells are
differentiated into neurons in a period of several days, even when the nonolayer «culture of the cells was
carried out. In other words, it is found that neural stem cells which can be prepared in a | arge anount can
be used by freezing, and thamonglaghec@turecessary. 20 Exanple 10 Differentiation of Enbryonic Stem Cell 129SV
Cell Strain into Neurons The differentiation was studi ed under the same culture conditions as those of
Exanples 1 to 3 using conmmercially avail abl e 129SV nouse enbryonic stem 25 cells (passage nunber: 15,

suppl i ed by Dai ni ppon Pharmaceutical Co., Ltd.) 56 [Kontgen F. et al., Int. ImunolL, 5:957-964, (1993);
Malissen M et al., EMBO J.,Ed@mpk3n DyfEFentiat(ocbosf3y) ivapneseiraskNofiral BetermiCellslintcsNewions enbr yoni ¢ st em cel |
prepared and established from C57BL/ 6 nouse bl astocytes in Exanples 1 to 3 nentioned above. Fig. 19 shows
the results obtained by carryi ng olhbe sesqaésienoeells watet hargested iththerdaxteumanoér ashie Esstmpmle Wt e condi ti oned nedi um
and the astrocyte basal nedium and then carrying out the adhesion culture with the adhesive «culture
substratum As shown in5Fi g. TBe néewral stefioceils alitainediveste tshepeadied 3 d % (/v DM S/ r(ivAg

FCS, and cryopreserved at -80°C in a deep freezer.

The neural stem cells were washed to remove FCS by thawing the
cryopreserved neural stem cells in an incubator at 37°C, adding 5 ml of DMEM
to the product obtained, and centrifuging the mixture at 700 x g for 5 minutes.

10 Next, 2 ml of the mixture of the astrocyte conditioned medium and the astrocyte
basal medium was added to the neural stem cells obtained to suspend the neural
stem cells. Thereafter, the suspension was plated on a 35 mm dish coated with a
cell adhesion molecule. Fig. 18 shows the results obtained by examining
differentiation of cryopreserved neural stem cells into neurons.

15 As shown in Fig. 18, 1t is found that cryopreserved neural stem cells are
differentiated into neurons in a period of several days, even when the monolayer
culture of the cells was carried out. In other words, it is found that neural stem
cells which can be prepared in a large amount can be used by freezing, and
thawing where necessary.

20

Example 10 Differentiation of Embryonic Stem Cell 1295V Cell Strain into

Neurons
The differentiation was studied under the same culture conditions as those
of Examples 1 to 3 using commercially available 1295V mouse embryonic stem

25 cells (passage number: 15, supplied by Dainippon Pharmaceutical Co., Ltd.)



out with the adhesive culture substratum after suspension culture, nunerous 10 neurites are elongated from
the SCS obtained. fromthe 129SV cell strains. In addition, by exchangi ng the nmedium during the adhesion
culture with Neurobasal TM B-27 containing 20 ng/m bFG- as a final concentration, the mgration of the
neural stemcells is caused, and the same phenonena as thoxe of the HK cell strain are observed. |In other
words, it was clarified that a nethod 15 conprising carrying out suspension culture of the enbryonic stem
cells in the mxture of the astrocyte conditioned nedium and the astrocyte basal nedium thereby form ng
SCS, and thereafter carrying out adhesion culture can be applied even to enbryonic stemcells froma
different line of nouse. In t[ontgse Fott alndnt dnaianans: @i Hhe641H883);Makissepavisetoal ., AMBGr e, since not 20 only
neural cells but also other cells may be confirnmed in sone cases, selective differentiation into neural
cells has been difficult. Exafpll2: 434TH858r €193} ioplacé o€yireoHE cplbstiinkaybBrdmy steiccedt em Cel | (CWK-6) into
Neuron 25 Whet her or not the enmbryonic stemcell strain established from57 cynonol gus nonkey, CWK-6 cell
strain [Sueneri, H et al., Dpsepaiddand &Rihlxhad f&td CI7RIQD)hovsesbldstbtwes ni Eatmghlasnt i heur ons was st udi ed by
carrying out suspension culture in the m xture of the astrocyte conditioned nmediumand the astrocyte basal
medi um and carryi ng out adhesieationed tbwee. Wigh 18shadhele wsuBs obtaingdb g vins ymgtaumsuspdnsmnsame manner as in the
nouse enbryonic stemcells. The CWK-6 cell strain was cultured in DVEM F-12 (1:1) containing as final
concentrations 13.3% (wsv) FCSilturd id0Be hixture bEFjheusitrogy teoecaelitponademydivin bndticeastisocge a feeder cell layer. The
culture conditions were 37C and 5% Coe. At a stage where the colony of CWK-6 cell strain was grown to a size
of basal medium, and then carrying out the adhesion culture with the adhesive

culture substratum.
As shown in Fig. 19, it is found that when the adhesion culture is carried
out with the adhesive culture substratum after suspension culture, numerous
10 neurites are elongated from the SCS obtained from the 1298V cell strains. In
addition, by exchanging the medium during the adhesion culture with
Neurobasal ™ B-27 containing 20 ng/m] bFGF as a final concentration, the
migration of the neural stem cells is caused, and the same phenomena as those of
the HK cell strain are observed. In other words, it was clarified that a method
15 comprising carrying out suspension culture of the embryonic stem cells in the
mixture of the astrocyte conditioned medium and the astrocyte basal medium,
thereby forming SCS, and thereafter carrying out adhesion culture can be applied
even to embryonic stem cells from a different line of mouse,
In the case of the conditions other than the suspension culture, since not
20 only neural cells but also other cells may be confirmed in some cases, selective

differentiation into neural cells has been difficult,

Example 11 Differentiation of Cynomolgus Monkey Embryonic Stem Cell

{CMK-6) into Neuron

25 Whether or not the embryonic stem cell strain established from



10 from 400 to 500 m the colony was nechanically detached froma feeder cell

| ayer with a glass capillary

in the sanme manner as those of the nouse. Next, the suspension culture of 10 to 20 colonies of the CWK-6
cell strain obtained was
astrocyte basal nediumin the 35 nm bacterial dish in an asosphere of around 15 37C, a CO2 concentration of
about 5% and 100% hum dity. While the nouse enbryonic stemcells forma colony in the swelled state, since
strain was flat, the colony imediately after detaching was suspended in a
state simlar to that where the paper was tw sted. However, after several hours, the CMK-6 cell strain

formed a spherical formby 20yidhéiRagotkes, EMRSS 61l GirafSuBiRtY OicE aBLOEY YA 920B20ach other. In additi on,

the colony of the CWK-6 cell

since the CWK-6 cell

strain was pro

carri ed out

in 2 mM of the mxture of the astrocyte conditioned nmedi um and the

iferated slower than the nouse enbryonic stemcells, it took nore tine

to increase the size of the SEB) (Qogp)]tvh@ dMeréntedd in%é haufdonS ey drildieA®yias ben culture. In order to

exanm ne the state of differentiation into neural stemcells upon 25 thé formation of the SCS of cynonol gus

( _ ehsibff chfbite Withainlikturk R thelaReNShOBokdilibHéE medidii@naghé s Was carried out for
10 to 12 days in the mxture of the astrocyte conditioned nedium and the astrocyte basal nedium and

thereafter fixed. The distri butidyid BisaPhicdAiRSaNREareyABIcheddHedibn callurRNyith ARShBsieat i body froma rabbit in
the same nmanner as the case fromthe 5 nouse. Further, the SCS after the suspensi on culture was adhered to an

adhesi ve substratum and thecylaaetsubétiduiCint8g shihelRinridis ¢ kheSmeibe Bmbeyshiakicanvedld. o
days was al so exam ned. The results are shown in Fig. 20. As shown in Fig. 20, since the whole suspended SCS

anti-nestin afhi EMK-6280 st W beltiMeaiaTRIENMOoM 1he : BihshsidingCa are al so

nonkey enbryonic stemcells (

is stained with the

10

15

20

25

final concentrations 13.3% (w/v) FCS and 10’ U/ml LIF, using mouse primary

fibroblasts as a feeder cell layer. The culture conditions were 37°C and 5% CQ,.

At a stage where the colony of CMK-6 cell strain was grown to a size of
from 400 to 500 pm, the colony was mechanically detached from a feeder cell
layer with a glass capillary in the same manner as those of the mouse. Next, the
suspension culture of 10 to 20 colonies of the CMK-6 cell strain obtained was
carried out in 2 ml of the mixture of the astrocyte conditioned medium and the
astrocyte basal medium in the 35 mm bacterial dish in an atmosphere of around
37°C, a CO; concentration of about 5% and 100% humidity.

While the mouse embryonic stem cells form a colony in the swelled state,
since the colony of the CMK-6 cell strain was flat, the colony immediately after
detaching was suspended in a state similar to that where the paper was twisted.
However, after several hours, the CMK-6 cell strain formed a spherical form by
intracellular adhesion of the embryonic stem cells to each other.

In addition, since the CMK-6 cell strain was proliferated slower than the
mouse embryonic stem cells, it took more time to increase the size of the SCS
from the CMK-6 cell strain even in the suspension culture.

In order to examine the state of differentiation into neural stem cells upon

the formation of the SCS of cynomolgus monkey embryonic stem cells (CMK-6

mgrate after 7 to 10



10 stained with the anti-nestin antibody, it was shown that the neural stemcells can be prepared by
carrying out suspension culture of the neural stemcells in the mxture of the astrocyte conditioned nedi um
and the astrocyte basal nmediumas efficiently as in the case of the nouse. The results obtained by
observation of SCS and its surroundings with a 15 phase @8ntrast m croscope on the day 1 of the adhesion
culture are shown in Fig. 21. As shown in Fig. 21, it is found that in the same manner as in the SCS from
t he nouse enbryonic stemcells, neurons are mgrated fromthe SCS from the cynonol gus nonkey enbryonic stem
cells on the day 1 after the adhesion 20 culture, elongating the neurites. In addition, as observed also in
the adhered SCS fromthe nousdl grdinyohé suspeasioaatltsre of thescello et danded vhefardllite Brdaydi fferentiated into
neurons in the SCS, and actively elongated their neurites fromthe SCS. In addition, the expression of a
synt hase of a neurotransnitt em tha nmaturond theragratyitmgoidibomed megdiiSnandaheesiréayderbased cynonol gus nonkey
embryonic stem 25 cell CWMK-6 cell strain was exam ned by an i mrunohi stochem cal technique in 59 the sane
manner as the detection of nemedium,mnEthemaéted fixedt Theelistabotien fahprimatsuvasexansinsthovth in Fig. 22. As shown
in Fig. 22, since the majority of NF-positive neurons are TH positive, it is found that dopam nergic neurons
were differentiated. |n otherabantondstin antibedyf fromda rdbdtit inftbe symeminnes anvinkeasednmytbei ¢ stemcell CWK-6 cel |
strain is easily differentiated into neurons by carrying out suspension culture of the cell strain in the
m xture of the astrocyté condmbusneBurtherdthmbahdftentheasuspensive colised wardihered amdn @dhegtvng out adhesi on
culture using an adhesive culture substratum
substratum, and the reactivity to nestin for the cells which were allowed to
migrate after 7 to 10 days was also examined. The results are shown in Fig. 20.
As shown in Fig. 20, since the whole suspended SCS is stained with the
anti-nestin antibody, and the cells migrated from the adhered SCS are also
10 stained with the anti-nestin antibody, it was shown that the neural stem cells can
be prepared by carrying out suspension culture of the neural stem cells in the
mixture of the astrocyte conditioned medium and the astrocyte basal medium as
efficiently as in the case of the mouse.
The results obtained by observation of SCS and its surroundings with a
15 phase contrast microscope on the day 1 of the adhesion culture are shown in Fig.
21.
As shown in Fig. 21, it is found that in the same manner as in the SCS
from the mouse embryonic stem cells, neurons are migrated from the SCS from
the cynomolgus monkey embryonic stem cells on the day 1 after the adhesion
20 culture, elongating the neurites. In addition, as observed also in the adhered SCS
from the mouse embryonic stem cells, it is found that the cells arc differentiated
into neurons in the SCS, and actively elongated their neurites from the SCS.
In addition, the expression of a synthase of a neurotransmitter in neurons
migrating from the SCS obtained from the cynomolgus monkey embryonic stem

25 cell CMK-6 cell strain was examined by an immunchistochentical technique in



10 It is found that fromthis finding that the nethod conprising carrying out suspension culture in the
m xture of the astrocyte conditioned nmediumand the astrocyte basal nedium and carrying out adhesion
culture, to differentiate cells into neurons can be also universally applied to enbryonic stemcells of a
cynonol gus nonkey a primate, which is a species different §§oma nouse. In 15 addition, it is thought that
the above nethod is effective beyond species, and has wuniversality. Further, in consideration of the fact
that a cynonol gus nonkey is a primate, there is a possibility that this nmethod can be also applied to human
enbryonic stemcells. In the case of conditions other than the suspension culture, not only neural 20 cells
but also other cells may be fthenshmamsoner suthegleteniontafinestie is Hxaotply ¢ melitidnedebovat ilbe i nto neural cells
beconmes difficult. Exanple 12 Analysis of Gene Expression Mouse-Derived HK Strain 25 The gene expression
acconmpani ed with the differentésalts are $hovm G0Fig@i2i f erenti ated enbryonic stemcells into neurons was exani ned.
Suspension culture of the undifferentiated enbryonic stemcells was carried out for 4 days in an atnosphere
of 377C, 5% C02 in the air and 100%s shomindintkig. éﬁ,ewie@ythﬁonﬂjomigySﬁSIF-plesdtiycmh@rO@dheGinh cul ture of the SCS was
5 carried out for 5 days in an atnosphere of 37'C, 5% C02 in the air and 100% humdity to induce the
differentiation into neurons. pafiNiewass fruadahaioddpaminergiv anorons averoelifioxtnfintedh 10 odlerh of t he
undi fferentiated enbryonic stemcells, the SCS fornmed by carrying out the suspension culture, and the cell
masses obtai ned by carrying oword$iat sdleusd smat1be cphemolgusabditkeyaembpyonhestemectlby carrying out a reverse
transcription reaction

CMK-6 cell strain is easily differentiated into neurons by carrying out

suspension culture of the cell strain in the mixture of the astrocyte conditioned
medium and the astrocyte basal medium, and carrying out adhesion culture using
an adhesive culture substratum.

10 It is found that from this finding that the method comprising carrying out
suspension culture in the mixture of the astrocyte conditioned medium and the
astrocyte basal medium, and carrying out adhesion culture, to differentiate cells
into neurons can be also universally applied to embryonic stem cells of a
cynomolgus monkey a primate, which is a species different from a mouse. In

15 addition, it is thought that the above method is effective beyond species, and has
universality. Further, in consideration of the fact that a cynomolgus monkey is a
primate, there is a possibility that this method can be also applied to human
embryonic stem cells.

In the case of conditions other than the suspension culture, not only neural

20 cells but also other cells may be found in some cases, so that the selective

differentiation into neural cells becomes difficult.

Example 12 Analysis of Gene Expression

Mouse-Derived HK Strain

25 The gene expression accompanied with the differentiation from



at 37" C for 60 mnutes using a random hexanmer as a priner with nRNA obtained as a tenplate. As the priner,
primer for anmplifying each of Cct-4 (transcription regulatory factor peculiar to ES cell), Pax-6
(transcription regulatory factor 15 peculiar to neuronal precursor), nestin, NF-M Nurrl (dopam ne neuron
mar ker), TH, GATA4 (endoderm marker), Brachyury (mesodermOmarker), cytokeratin 17 (ectoderm epidermal cell
mar ker), P-actin and GAPDH was used. Next, PCR was carried out using the above-nentioned prinmers for each of
Cct-4 (24 cycles) Pax-6 (30 cycles), nestin (26 cycles), NF-M (30 cycles), 20 Nurrl (26 cycles), TH (30
cycles), GATA4 (30 cycles), Brachury (30 cycles) and P-actin (22 cycles) with cDNA as a tenplate in an
amount so that an anount of uwibffecRtptabembrshiasttmaeghsintcoerrosppiadicngmincdsAPDH i s equal anong t he
undifferentiated enbryonic stemcells, The SCS forned by carrying out the suspension culture, and the cell
masses obtai ned by carrying out thBuspgnsioncnliase elitheumsiffficatiatedrarabryoniss sttm @fllsPGR was so that one cycle of
reaction consisting 61 of 95 C for 15 seconds, 58"C for 30 seconds, and 72'C for 45 seconds. Each of the
products obtai ned was subj ecteuried ot w4 dysomesi amuosghensatfyFie €, SThEQ-dpuhte gir andelFown in Fig. 23. As shown
in Fig. 23, it is found that Oct-4 detected in the embryonic stem 5 cells (lane 1) is decreased in the
suspended SCS (lane 2), and tlhmemidatyy ¢herebpbrmispdsl. Nexf,dbeddhesiemeulturgiod the SEISrwas enti ati on into nerves in
the adhered SCS (lane 3). In addition, it is found that expression of nestin, which is expressed in the
neural stem Cells, is rapidl ycarricd eatfa 3 daysha suatpmspheresES 73k S8 plespitbhairgodtliltifes al so in the stage of
the adhered SCS. The expression profile of nestin 10 is well consistent with a rapid division of the neural
stem cells and differenti ati ofmmidity to induce the differentiation into neurons.
mRNA was prepared by a conventional method from 20 each of the
undifferentiated embryonic stem cells, the SCS formed by carrying out the
suspension culture, and the cell masses obtained by carrying out the adhesion
10 culture. cDNA was synthesized by carrying out a reverse transcription reaction
at 37°C for 60 minutes using a random hexamer as a primer with mRNA
obtained as a template.
As the primer, a primer for amplifying each of Oct-4 (transcription
regulatory factor peculiar to ES cell), Pax-6 (transcription regulatory factor
15 peculiar to neuronal precursor), nestin, NF-M, Nurrl (dopamine neuron marker),
TH, GATA4 (endoderm marker), Brachyury (mesoderm marker), cytokeratin 17
(ectoderm epidermal cell marker), B-actin and GAPDH was used.
Next, PCR was carried out using the above-mentioned primers for each of
Oct-4 (24 cycles) Pax-6 (30 cycles), nestin (26 cycles), NF-M (30 cycles),
20 Nurrl (26 cycles), TH (30 cycles), GATA4 (30 cycles), Brachury (30 cycles) and
B-actin (22 cycles) with cDNA as a template in an amount so that an amount of
the PCR product of a fragment corresponding to GAPDH is equal among the
undifferentiated embryonic stem cells, the SCS formed by carrying out the
suspension culture, and the cell masses obtained by carrying out the adhesion

25 culture. The thermal profile of PCR was so that one cycle of reaction consisting

a



t hereof into neurons. Further, it is found that gene expression is enhanced in NF, which is expressed only
in neurons, TH, which is a synthase for dopam ne neurons and Nurrl, which is its transcription factor, as
each is differentiated from the suspended SCS into the adhered SCS. In addition, since there are hardly any
15 changes in expression of a marker gene for an endoder méla nesoderm and an ectodermin the differentiated
neurons obtained by the nethod conprising carrying out the suspension culture of the enbryonic stemcells in
the m xture of the astrocyte conditioned nmedium and the astrocyte basal nmedium thereby form ng SCS, and
thereafter carrying out the adhesion culture. Therefore, it is 20 clear that the above-nentioned nethod is
different fromthe method of ofd?5%efamrks sacoods,BB°CoonBAgeemdshanrd 728CdonAd seernidse Ealghrde wi th t he passage of
time was exam ned. Suspension culture of an undifferentiated enbryonic stemcell clone was carried out for
4 days in the mxture of the stprodycets obtmntd wansabjeeigd dmelastropheress anst ansdyzed. bEhsatesnligli um t her eby f or mi ng
SCS, and thereafter the adhesion 62 culture of the SCS was carried out for 5 days to induce the
differentiation of the SCS i#eshasmriadsg. 2RNA was prepared by a conventional method from4 or 5 each of the
undi fferentiated enbryonic stemcell clone (Higs ension culture: the day 0), the SCS on the day 2 and the day
4 of the suspension culture, and th&sbewnig -s%est istfound thpt\Oct-hdetected indhe embfyame stethesi on cul ture. cDNA
was synthesized by carrying out a reverse transcription reaction with mRNA obtained as a tenplate.

Subsequently, in order o anatallsdlaneel dsslgatcasdd ke shspendap SIS (lape 2%, anddbat averydwTdk PCR havi ng the same
cycl e nunbers as those described 10 above was carried out to quantify the anount of the product, whereby the

signal is found in the state of differentiation into nerves’in the adhered SCS (lane
3). In addition, it is found that expression of nestin, which is expressed in the
neural stem cells, is rapidly increased in the suspended SCS and expression
continues also in the stage of the adhered SCS. The expression profile of nestin

10 is well consistent with a rapid division of the neural stem cells and differentiation
thereof into neurons. Further, it is found that gene expression is enhanced in NF,
which is expressed only in neurons, TH, which is a synthase for dopamine
neurons and Nurrl, which is its transcription factor, as each is differentiated from
the suspended SCS into the adhered SCS. In addition, since there are hardly any

15 changes in expression of a marker gene for an endoderm, a mesoderm and an
ectoderm in the differentiated neurons obtained by the method comprising
carrying out the suspension culture of the embryonic stem cells in the mixture of
the astrocyte conditioned medium and the astrocyte basal medium, thereby
forming SCS, and thereafter carrying out the adhesion culture. Therefore, it is

20 clear that the above-mentioned method is different from the method of
differentiation by forming EB.

Next, a quantitative change with the passage of time was examined.

Suspension culture of an undifferentiated embryonic stem cell clone was carried

out for 4 days in the mixture of the astrocyte conditioned medium and the

25 astrocyte basal medium, thereby forming SCS, and thereafter the adhesion



amounts of nRNA of GAPDH, Cct-4, nestin and TH in the sanple were determ ned sem -quantitatively.

Thereafter, each of the amounts of QOct-4, nestin and TH was di vided by the anount of GAPDH to obtain a

rel ative expression |evel as Cct-4/ GAPDH, nestin/ GAPDH and TH GAYDH, and further shown in 15 the graph by
defining a maxi num of a relative expression level as 1. TH2 results are shown in Fig. 24. As a result, as
shown in Fig. 24, it is found that in nestin, which is expressed in the neural stemcells, the expression is
rapi dly enhanced in the suspended SCS, and that the expression continues even at a stage of the adhered 20
SCS. The expression profile of nestin is well consistent with rapid division of neural stemcells and
differentiation thereof into @dtwens hedebrgss carfied ut arnydaysigrinduethexpiffsrantigionofdhtanced as TH, which is
a synthase of dopam ne neurons, is differentiated fromthe suspended SCS i nto the adhered SCS. 25 | NDUSTRI AL
APPLI CABI LI TY 63 According t o>€hdnteenayaens. omRYN Aqvias prgparcd s spryeatiopal msthadfiometipRP cel |  of the present
invention, a substantially isolated neural cell can _be efficientl supplied in a | arge anount and stably
from enbryonic stemcells wi twhtofﬂbﬁﬁgdlfffirﬁnwadﬁmb&y%ryers&%n@ﬁlltc?{@we@ﬁswﬁw elareclil s and wit hout i nduci ng
an 5 ectodermal cell, a nesodernal cell and an endodermal cell other than the neural <cell, so that the
neural cell suitable for tranddy @ntha P6N anthesiaysdipi thecdayd af the gspersion sultuigaand tha ¢ell Therefore, an
application to neuroregenerative therapy or tBe | ike is expected. In addition, since the neural cell of the
present invention is sél ectiBasses A thefengianddhe day Sifdhe aghgmon subluem dMNAWaHt 0 any one of neurons 10 and
glial cells fromneural stemcells, the neural cell can be used,as a source of._.a cell or a tissue in

neur or egenerati ve t herapy or Phgsized hhrarREngsnit §dresrse frppscription reaction with mRNA obtained

as a template.

Subsequently, in order to analyze the amount of mRNA for GAPDH,

Oct-4, nestin and TH, PCR having the same cycle numbers as those described

10 above was carried out to quantify the amount of the product, whereby the
amounts of mRNA of GAPDH, Oct-4, nestin and TH in the sample were
determined semi-quantitatively. Thereafter, each of the amounts of Oct-4, nestin
and TH was divided by the amount of GAPDH 1o obtain a relative expression
level as Oct-4/GAPDH, nestin/GAPDH and TH/GAPDH, and further shown in

15 the graph by defining a maximum of a relative expression level as 1. The results
are shown 1n Fig. 24,

As a result, as shown in Fig. 24, it is found that in nestin, which is
expressed in the neural stem cells, the expression is rapidly enhanced in the
suspended SCS, and that the expression continues even at a stage of the adhered

20 SCS. The expression profile of nestin is well consistent with rapid diviston of
neural stem cells and differentiation thereof into neurons. Further, it is found
that gene expression is enhanced as TH, which is a synthase of dopamine

neurons, is differentiated from the suspended SCS into the adhered SCS.

25 INDUSTRIAL APPLICABILITY




di sease, spinal damage, cerebral infarct or the like. Further, the neuron of the present invention enables
rel ease of a neurotransmtter and reconstruction of comrunication between nerve in regeneration of nedical
treatment such as 15 neuronal transplantation therapy for neurodegenerative di sease, spinal danage, cerebral
infarct or the like. Further, according to the glial cell gf the present invention, sinultaneous
transplantation of the glial cell with a neuron and a neural stemcell enables to support the
differentiation and growh of a neuron, and further to forma brain-blood barrier for supplenent of a
nutrient substance. 64 CLAIMS 1. A nethod for producing a substantially isolated neural cell, characterized
in that the method conprises carryAngoming tchthesnethod fooproducing ®swistatiallydsdlates mtweab@dl | s in t he presence of
an astrocyte conditioned nediumor ingredients substantially equivalent to the conditioned nmedium 2. The
met hod for produci ng a neur al ofctlelpressnd indiendionpa stbstantiall wiselagdchneurel cedhbanybmetficdemty cel | s are enbryonic stem
cells of a marmmal. 10 3 The nmethod for producing a neural cell according to claim2, wherein the mmml is
sel ected fromthe group consisipphigdof adargsumrount andratahdly drem endniveric siehwells witlduabeag 15 4. The net hod for
produci ng a neural cell according to any one of clains 1 to 3, wherein the nethod conprises the step (A)
carrying out the suspension Lkuitedne asbuereofibaicontsyemccttnselln antlevighaad émdbiing anhe astrocyte conditi oned
medi um or ingredients substantially equivalent to the conditioned nedium thereby formng a stemcell sphere
(SCS). 20 5 ectodermal cell, a mesodermal cell and an endodermal cell other than the neural

cell, so that the neural cell suitable for transplantation can be supplied in a large
amount and stably. Therefore, an application to neuroregenerative therapy or the
like is expected. In addition, since the neural cell of the present invention is
selectively differentiated via the embryonic stem cells into any one of neurons

10 and glial cells from neural stem cells, the ncural cell can be used as a source of a
cell or a tissue in neuroregenerative therapy or the like for neuroregenerative
disease, spinal damage, cerebral infarct or the like. Further, the neuron of the
present invention enables release of a neurotransmitter and reconstruction of
communication between nerve in regeneration of medical treatment such as

15 neuronal transplantation therapy for neurodegenerative disease, spinal damage,
cerebral infarct or the like. Further, according to the glial cell of the present
invention, simultaneous transplantation of the glial cell with a neuron and a
neural stem cell enables to support the differentiation and growth of a neuron,

and further to form a brain-blood barrier for supplement of a nutrient substance.



5. The nmethod for producing a neural cell according to claim4, conprising carrying out after the step (A,
the step of: (B) culturing the stemcell sphere (SCS) obtained in the step (A) in the presence of basic
fibroblast growmh factor (bFG-) and/or epidernmal growh factor 25 (EGF) and in the presence of a cell

adhesi on nol ecule, 65 thereby obtaining a neural stemceld4 as a cell mgrated from SCS. 6. The nethod for
produci ng a neural cell according to claim5, wherein the culture in the step (B) is carried out in the
state of adhesion of the stemcell 5 sphere (SCS) obtained in the step (A) to an adhesive culture substratum
carrying a cell adhesion nolecule. 7. The nethod for producing a neural cell according to any one of clains
1 to 3, conprising carrying out the step of: 10 (A ) c&LAIMY out the suspension culture of enbryonic stem
cells in the presence of the astrocyte conditioned nediumor ingredients substantially equivalent to the
condi tioned nedium and in the presence of basic fibroblast growh factor (bFGF) and/or epidermal growth
factor (EGF), thereby obtaining a neural stemcell in a stemcell sphere (SCS). 15 8. The nethod for

produci ng a neural cell accorbi ng fdnethaddprprastuepng & sulptand idkyyisalgtesinewaak enll, charastesizedAd), the step of: (B')
culturing the stemcell sphere (SCS) obtained in the step (A) in the state of adhesion of SCS to an adhesive
cul ture substratum carrying alndépl thgdneldpd comprirst sauying outithe suspcanioa witusaef embrynmiel ast growt h factor
(bFGF) and/or epidermal growth factor (EGF) and in the presence of an astrocyte conditioned nedium or

i ngredi ents substantial By equiteml eshls 1n she presereriph smaspayiaicenditioned medium or ingredients

substantially equivalent to the conditioned medium,

2. The method for producing a neural cell according to claim 1, wherein the
embryonic stem cells are embryonic stem cells of a mammal.

10
3 The method for producing a neural cell according to claim 2, wherein the
mammal is selected from the group consisting of a mouse, a cynomolgus

monkey, a human and a rat.

15 4, The method for producing a neural cell according to any one of claims 1
to 3, wherein the method comprises the step (A) carrying out the suspension
culture of embryonic stem cells in the presence of the astrocyte conditioned
medium or ingredients substantially equivalent to the conditioned medium,
thereby forming a stem cell sphere (SCS).

20
5. The method for producing a neural cell according to claim 4, comprising
carrying out after the step (A), the step of:

(B) culturing the stem cell sphere (SCS) obtained in the step (A) in the
presence of basic fibroblast growth factor (bFGF) and/or epidermal growth factor

25 (EGF) and in the presence of a cell adhesion molecule,



t hereby obtaining a neuron. 25 9. The nmethod for producing a neural cell according to claim4, conprising 66
carrying out after the step (A, the steps of: (B) culturing the stemcell sphere (SCS) obtained in the step
(A) in the presence of basic fibroblast growh factor (bFG-) and/or epidernmal growth factor (EGF) and in
the presence of a cell adhesion nolecule; and 5 (C) culturgs;g the SCS obtained in the step (B) in the state
of adhesion of SCS to an adhesive culture substratumcarrying a cell adhesion nolecule in the absence of
bFGF and/or EG-, thereby obtaining a glial cell as a cell mgrated from SCS. 10 10. A nethod for producing a
neuron, conprising the step of culturing the neural stemcell obtained by the nmethod according to any one of
claimse 1 to 7 in the state othcaelincoblamiog attearaletermlcetasm cdl migtahfradh®S8ve cul ture substratum carrying a
cell adhesion nolecule in the absence of basic fibroblast growth factor (bFGF) and/or epidermal growth
factor (EGF), and in the presence of the 15 astrocyte conditioned nmediumor ingredients substantially

equi valent to the conditioned nmedium 11. A substantially isolated neural stemcell, which is differentiated
froman enbryonic stemcell by thd&heen¢thdddorpradiungg oneurpl crlbacfording toxcldint b, whe2fn fl2. The neural stem cel |
according to claim10, wherein the neural stemsell is «cryopreserved. 13. A substantially isolated neuron,

whi ch is obtainabl e by the metuldarean tBs stepdBhig canrietCout 6iY the state of adhesion of the stem cell
5 sphere (SCS) obtained in the step (A) to an adhesive culture substratum carrying

a cell adhesion molecule.

7. The method for producing a neural cell according to any one of claims 1
to 3, comprising carrying out the step of:

10 (A’) carrying out the suspension culture of embryonic stem cells in the
presence of the astrocyte conditioned medium or ingredients substantially
equivalent to the conditioned medium, and in the presence of basic fibroblast
growth factor (bFGF) and/or epidermal growth factor (EGF),

thereby obtaining a neural stem cell in a stem cell sphere (SCS).

15
8. The method for producing a neural cell according to claim 4, comprising
carrying out after the step (A), the step of:
(B’) culturing the stem cell sphere (SCS) obtained in the step (A) in the state of
adhesion of SCS to an adhesive culture substratum carrying a cell adhesion

20 molecule in the absence of basic fibroblast growth factor (bFGF) and/or

epidermal growth factor (EGF) and in the presence of an astrocyte conditioned
medium or ingredients substantially equivalent to the conditioned medium

thereby obtaining a neuron.

25 9. The method for producing a neural cell according to claim 4, comprising



14. The substantially isolated neuron according to claim 13, wherein the cell expresses at |east one kind
sel ected fromthe group consisting of class IIl 13 tubulin, neurofilanent, tyrosine hydroxyl ase, glutanate
decar boxyl ase and 5 choline acetyltransferase. 15. A substantially isolated glial cell, which is obtainable
by the method according to claim9. 10 16. A cell pharmacegti cal composition conprising, as an active
ingredient, a substantially isolated neural stemcell which is differentiated froman enbryonic stemcell
by the nethod according to any one of clains 1 to 7. 17. A cell pharmaceutical conposition conprising, as an
active ingredient, a 15 substantially isolated neuron obtainable by the method according to claim8 or 10.
18. A cell pharmaceutical conpasvingoutcdtesthsstep,(Adstharstepstdifve i ngredient, a substantially isolated glial
cell obtainable by the nethod according to claim9. 20 19. A nethod for treating a neurodegenerative di sease
or nervous damage, characteri{B¢d icnltuhag théistemectlbspleoetSCS @ sbiamadoidutbe stepi (A)andheeur odegenerative site or
a nervous danmge site at |east one cell selected fromthe group consisting of: (1) a substantially isolated
neural stemcell which is diffpeesence af basit fibroblasGomth fydor (hIGEENawddt epidetrha grewtivfaciocor di ng to any one of
claims 1 to 7; 68 (2) a substantially isolated neuron obtainable by the nethod according to claim8 or 10;
and (3) a substantially isol afEtHlandlindk¢ prasbned obibrell bgheshen metiémde;aoabr ding to cl ai m 9.
5 (C)  culturing the SCS obtained in the step (B) in the state of adhesion of SCS
to an adhesive culture substratum carrying a cell adhesion molecule in the
absence of bFGF and/or EGF,

thereby obtaining a glial cell as a cell migrated from SCS.

10 10. A method for producing a neuron, comprising the step of culturing the
neural stem cell obtained by the method according to any one of claims 1 to 7 in
the state of adhesion of the neural stem cell to an adhesive culture substratum
carrying a cell adhesion molecule in the absence of basic fibroblast growth factor
(bFGF) and/or epidermal growth factor (EGF), and in the presence of the

15 astrocyte conditioned medium or ingredients substantially equivalent to the

conditioned medium.

11. A substantially isolated neural stem cell, which is differentiated from an
embryonic stem cell by the method according to any one of claims 1 to 7.

20
12.  The neural stem cell according to claim 10, wherein the neural stem sell is

cryopreserved.

13. A substantially isolated neuron, which is obtainable by the method of

25 claim & or 10.
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14.  The substantially isolated neuron according to claim 13, wherein the cell
expresses at least one kind selected from the group consisting of class III §
tubulin, neurofilament, tyrosine hydroxylase, glutamate decarboxylase and

choline acetyltransferase.

15. A substantially isolated glial cell, which is obtainable by the method

according to claim 9.

16. A cell pharmaceutical composition comprising, as an active ingredient, a
substantially isolated neural stem cell which is differentiated from an embryonic

stem cell by the method according to any one of claims 1 to 7.

17. A cell pharmaceutical composition comprising, as an active ingredient, a

substantially isolated neuron obtainable by the method according to claim 8 or 10.

18. A cell pharmaceutical composition comprising, as an active ingredient, a

substantially isolated glial cell obtainable by the method according to claim 9.

19. A method for treating a neurodegenerative disease or nervous damage,
characterized in that the method comprises introducing into a neurodegenerative
site or a nervous damage site at least one cell selected from the group consisting
of:

(1)  asubstantially isolated neural stem cell which is differentiated from an

embryonic stem cell by the method according to any one of claims 1 to 7;



68

(2)  asubstantially isolated neuron obtainable by the method according to
claim 8 or 10; and
(3)  asubstantially isolated glial cell obtainable by the method according to

claim 9,



