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TECHNI CAL FI ELD The present invention relates to a nethod for roducin%)a
neural cell capable of obtaining a substantially isol ated %%BEQFNE§$$,(%
substantially isolated neural stemcell, a substantially isolated neuron, a
substantially isolated glial cell, a ceFI pharmaceutical conposition, and a

nmet hod of treating neurodegenerative 10 disease or nervous damage.
BACKGROUND ART Currently, mainly four nmethods are performed in order to
prepare a neural cell froman enbr ppRicRiprryncel | : 15 O a nethod conpri sing
treating a suspension culture of enbryonic stemcell aggregates with
retinoic acid, thereby inducing differentiation into various neural cells
[Bain, G et al, Dev. Biol., 168:642-657(1995)]; O a nethod conprising

preparing an enbrioid RAYHOF FOREPRODBEINE NEU repgrthe EB in a

serumfree culture nediumto obtain neural stemcells as 20 nestin-positive
cells, and culturing the neural stemcells in the presence of basic
fibroblast growth factor (bFGF), to use the resulting cell in

di fferenti afy N peEfp cells [Okabe, S. et al., Mech. Dev.,

59: 89-102( l%wd conprising culturing enbryonic stemcells (ES
|1 t i . t.o f i ]
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neural stem cell, a substantially isolated neuron, a substantially isolated glial cell,

a cell pharmaceutical composition, and a method of treating neurodegenerative

10 disease or nervous damage.

BACKGROUND ART

Currently, mainly four methods are performed in order to prepare a neural
cell from an embryonic stem cell:

15 @ 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

20 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., §9:89-102(1996)];
€) a method comprising culturing embryonic stem cells (ES cells) on
established stroma cells, to form colonies, thereby differentiating the colonies

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



(r) a nmethod conprising carrying out suspension culture of ES cells in the
presence of |eukema inhibiting factor (LIF), to prepare neural spheres from
neural stemcells existed in ES cells in an anpbunt of about 20DEVEMBER ReM6 5
differentiating the neural spheres into neural cells [Tropepe V. et al,
Neuron 30:65-78 (2001)]. However, according to these nmethods, it is
currently difficult to acquire sufficient anounts of cells for use in
regenerative nedicine fromthe viewoint of teratogenicity caused by
retinoic acpgdjon differentiated cells, a time required 10 for producing
neural stem<cells, the proportion of differentiation, an efficacy of yield
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separated f _z i\ is cultured in DVMEM F-12 serumfree nedi um 20
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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



adhesi ve substrate without growth factor, the cultured cells differentiate
Into neurons, astrocytes, oligodendrocytes or the like (nultipotency).
Further, it has been shown that when the neurosphere is di 35BECEMRBER 390§
single cells and the 5 resulting dissociajed cells are cultured in a
serumfree mediumcontaining a growh factor, the dissociated cells form
agai n a neurosphere (self-renewal). However, there are defects that the
neur osphere is generated not fromall of the <cells but froma snall portion
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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 monolayer culture



cells in an undifferentiated state. D SCLOSURE OF | NVENTION 5 An object of
the present invention is to provide a nethod for producing _neural cel
capabl e of attaining at |east one of obtaining a substantla}ﬁy FEBﬂH@%HM6
neural cells, obtaining the neural cells,in a |arge anmnount, and providing
neur al ceIIs regardl ess of a source of enbryonic sten1ce||s. Al so, an
object of the present invention is to provide a substantially isolated
neural stemcell which is 10 useful as a source of cells or tissues in a
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cer ebral 'nEél'isCﬁl'ﬁpuﬁ’dfﬂe%da'té@staéurther an object of the present
invention is to rOV|de a neuron which is useful in regenerative medicine
such as neuronal transpl antation therapy for a 15 neurodegenerative di sease
(for instance, Parkinson's disease, Al zheiner's disease, or the |ike),
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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 disease, 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



state caused by a neurodegenerative di sease or a nervous damage in a stable
state. Concretely, the gist of the present invention relates to: 5 [1] a
met hod for producing a substantially isolated neural cells, 2t BECKMBER 26¢b
in that the nethod conprises carrying ou% t he suspension cul ture of
enbryonic stemcells in the presence of “an astrocyte conditioned medi um or
ingredients substantially equivalent to the conditioned nmedium [2] the.
met hod for producing a neural cell according to the above [1], wherein 10
t he enbryonj,c stem eIIs EE#%OH c_stemcel a. wammﬂﬂo[ t he
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10 the embryonic stem cells are embryonic stem cells of a mammal,
[3] 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 o1 BHEMBER 2806m
cells in the presence of an astrocyte conditioned nmedi umor ingredients
substantially equivalent to the conditi ®ed nedium and in the presence of
basic fibroblast growh factor (bFGF) and/or epidermal growh factor (EGF),
10 thereby obtaining a neural stemcell in a stemcell sphere (SCS); [8] the
met hod for producing a neyral cell accorlgén tto t he above conpri sing

4],
carrying outubpredn the step, (&) 13 garmedontdpd € of eé’tfﬂnt‘lfrtpkéletnﬁée tem cel |

sphere (SCS) obt gj in.the.step . (A ,{n the ate of. adhesion of SCS to an
adhesi ve chPQﬁ‘E?é@SSﬂ%&IBﬁthﬁmt%zéj %‘é" fn aaﬁ%%Y%‘ﬂi‘ger?BS@&w@ in the
absence of basic fibrﬁbl st%‘:gro h factor (bFGF) and/or epidernmal growh
factor (EGFfa¥mE HCtl éd%rsé MOLee;an astrocyte conditioned medium or

i ngredi ents _substantially.equiyal.ent to the. condi}fioned nediu t.her eby

obt ai ni ng a[i]eur e HF@]0¥$%%%¥%H€ Pd}e“&lﬁu&cﬁﬁr(ﬁn&&ﬁ%ﬁ’ OE%PPﬂéf'c%l?ﬂV&i ng to
t he above [ conpr.i,si ng carrying out ter the step (A), the steps of:
(B) chlturi ﬂ;]‘tolé?’sff%ﬂg’dﬁpg HHH}geg‘(tégS)Ste&tﬁ ained in the step (A) in the
presence of basic fibroblast growmh fagtor (bFG) and/or epidermal growth
factor (EGK} n&axrwqgn%utﬁﬁe%meésm Giltuge o sa\ggxwe Siem gells 1 thend ()
culturing the SCS obtained in th ,,stea (PIéB}_ in the state of adh?sion to an
25 adhesi ve PEGREDER B 3R BSTOGKIE FPRALOPER medivem or iggrraignie suRnteantialy in t he
absence of 21 DECEMBER 2006 . .7 bFGF and/or, EG-, thereby obtaining a glial
cell as a céqmvmeg»ta%lwqrmw@&,r meg i, aéldrr’é‘ttﬁéd’f?&?PC‘?JPSH%Fﬁﬁ’faglﬁéturon,

conprising the step of culturing thg
f 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)  cuituring 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



neural stemcell obtained by the nethod 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 basi c21 DEGHMBER 2006
grow h factor (bFGF) and/or epidermal growh factor (EGF), and in the
presence of an astrocyte conditioned nediumor ingredients substantially
equi valent to the conditioned nedium [11] a substantially isolated neural
stemcell which is differentiated froman enbryonic stemcell by the nethod
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conprising, as_an active,ingredient, a substantially isolated, neuron
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ageor ding t Oenwreyo?lg)cogltgm cell by the method according to any one of the above [1] to [7];
10 [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
15 cell expresses at least one kind selected from the group consisting of class ITI
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];
20 [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 [8]

25 or [10];



[9]; and [19] a nethod for treating a neurodegenerative di sease or a nervous
damage, 5 characterized in that the nmethod conprises introducing into a
neur odegenerative site or a nervous damage site at |east oﬁbD@éﬁquﬁRéﬁQ(Bd
fromthe group consisting of: (1) a sub%t antially isolated neural stem cell
which is differentiated froman enbryonic stemcell by the nethod accordi ng
to any one of the above [1] to [7]; 10 (2) a substantially isolated neuron
obt ai nabl e by the nmethod according to the above [8] or [10]; and (3) a
subst anti al i sl ' {:nahbl . t ryeli to the
2bove [9] - ETrR e Ebabn R tomBbANRR RS d B VS iR
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is a phot ogP ph show ng the results of exam ning expression of class 111 0
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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.



culture is continued for 7 days. An upright fluorescent m croscope

manuf actured 5 by Ni kon was used for the observation. In th I el A
shows a phase contrast inage of SCS, and panel B shows an ?1Bb%%%ﬁnm€ﬂ%6

i mmunof | uorescent-stained imge wth anganti-class IIl R tubulin antibody.
Scal e bar represents 50 gm Fig. 3 is a photograph showi 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

whi ch a Su%&{l@ﬁ)?ﬂép%@g@%’dﬂ?er ein) of a culture dish coated with an
Str ay 4" of

adhesi ve su atumTon t he suspension culture. Panel A shows a
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Fig. 5 is a photograp e resufts of exam ning expression of a 25
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| mage;gi th &ﬁuﬁ?ﬁé 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
50 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 panel 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



tyrosi ne hydroxylase (TH) anti body, and panel D shows a nerged i mage of
panel 5 B and panel C. Scale bar represents 50 m Fig. 6 is _a_photograph
showi ng the results of exanining expression of a neurotranhitEEMEBER2A06 e
in adhered SCS. An upright fluorescent mgroscope was used for the
observation. Panel A shows an i munofl uorescent-stained inmge wth an
anti-gl utamate decarboxyl ase (GAD) anti body, panel B shows an 10 »

i mmunof | uorescent-stained i mage with an anti-NF anti body, and panel C shows
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10 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 um.

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

15 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 um.

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

20 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 um.

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

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



I mmunof | uorescent-stained imge with an anti-nestin anti body, and panel C 5
- shows a nerged i mage of panel A and panel B. Scal e bar represents 50 m

Fig. 11 is a photograph showi ng the results of exam ning thelMECEMBER;2006 of
nestin, which is a marker for neural stem,cells, and BrdU, which is used as

an index of cell division, when bFGF is added to a suspension culture

medi um from the begi nning of the preparation of SCS fromHK cell strain of

nouse enbryonic 10 stemcells. In the figure, panel A shows an

| munof | uor ogfeyhad Ul RIS Aotlhsith BFALIASHECS FOLURAMRE hOpbIRL

figure, pane OWs an | nmmuno orescent-stal ne n an

ant | body. Pagah s hoVgfe TENERIHABET OoRAEL VR ME P RN

represents 50 raph”show ng esu of “examnl ng
he gD ot Bl e PHAE R S B R, 1o 0T,
cel |2 Lo B SRR PR S By b 5 A g2 ocd
and pagel © AIRIEnRsRUFRTIOS AR & TRERRID bl B Y, 7o'
cxam 1 19 oXP" 5k R pnbFls HLORFFGh6C T S BE A RLAO R, oo
e Dol LR R AR ATt AR e
a0t TH 20t e o 2 dhRGh, BpRRBNFEh ORI eRR AR IS RE T R,
eI 19, e hERlhiRl oo AR AR S Bl P SRS nblyob 2"
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 after 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



figure, panel A shows a phase contrast inmage, panel B shows an 5

I mmunof | uorescent-stained inage wwth an anti-TH anti body, panel C shows an

i mmunof | uor escent -stai ned i mege with an anti-GAD anti body, &hBEFEREFER2006
shows a nerged i nage of panel B and panellf2 C. Scale bar represents 20 m Fig.
15 is a photograph showi ng the results of exam ning the presence of
serotonin of a neurotransmtter in neurons frommgrated neural stemcells.
In 10 the figure, panel A shows a phase contrast image, and panel B shows

an immnof'yﬂ{e?g&fﬁﬁagéﬁ@gﬁmlmgfpxﬁetlm.asczﬁ%hr RASTELAR 20 R body. Scal e

bar represents 20 m . 16 1s a photograph sh esults of

exam ning the dff .qnqmipﬁbic%aﬁﬁ mmr@rtﬂ&%&d}@tﬁfﬂéxaﬁﬁﬁﬁ@ﬁé ld¥st#iBhon

astrocytes. In the figure, panel A~shows a phase contrast image
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t hat of pane pane a phase con Il mage at a site away from

SCS, panel j 'ilﬂ&ﬂu@fés&éﬂﬂk‘i‘ﬂ%ﬁ%ﬁ%&f%ﬁr A9 ggﬁilﬁ@@?aﬂéﬁ@ sABwAMN - GFAP

anti body at the sane site as that panel D, pan hows an
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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 pm.

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



differentiation of dispersed mgrating neural stemcells into neurons. In
the 5 figure, panel A shows an inmunofl uorescent-stained i mage with an
anti-nestin antibody, panel B shows an i mmunof | uorescent-sf‘gp@&!‘:M%ﬁé(’% th
an anti-TH antibody, and panel C shows merged i mage of panel A and panel
B. Scale bar represents 20 m Fig. 18 is a photograph showi ng the results
of examning the 10 differentiation of cryopreserved neural stemcells into
neurons. In the figure, panel A shows a phase contrast inage, panel B shows

an i mmunof | Hﬂﬁlg@sc@gfﬂme%h?ﬂoﬂﬂgir{g@gﬁo% Bﬁa%ﬂl Lig] A?E&tgir??ﬁ%%ﬁgls%'?@ C shows

an i nmunof | uor nt- staine e wth an anti - , and panel D

shows a nerg&qﬁgémggégﬁf?ﬁg%’m@%e g?l%ggrpreaggﬁ(}lgng%%lﬁe% 2b§§}ﬁesents 20 m 15

Fig. 19 is a‘photogr g s of carrying o t he suspension
culture of a co Giad.| ' I g,l;ﬁgc- ' . bl i shed strain
(lizggv cell st rgﬁg'_l:@sgypn@)xté%ﬂraghgﬁoan gﬁ%%@eﬁ%ﬁﬂﬁﬁt ITL,‘ZI um an :am
ahow ny. ¢ he S e RuR e Befed Migk ARRRNOR s acilols B BRC SOCalT
l'ine an ' t . | | i . nonkey.
i the 1 gufigarei Bl AW inthl Bty GRLOH EARCH |8 GiniBIPh&, Th0cd
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i mrunof | uor escen talrned 1nage ere

allowed to nj VY o | JJy ant 50 m
25 Fig. 21 FhHOIE ol doholC s DRBHc e BoncEATHE) Rl EEPSERERA
suspensi on %%RIQ%%% rI%006 14 culture of CWK-6 cell line froma cynonol gus
nonkey in a mXxture“of an astrocyte conditioned nedium and an astrocyte

basal medium Sc %llg Bfs a ﬁlﬁﬁﬁgﬁ%ﬂtsﬁo&'?nﬂhe 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 pm.

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 um.

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 um.

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



Fig. 22 is a photograph show ng the results of exam ning expression of a 5
neurotransmtter synthase in neurons which are mgrated from SCS obt ai ned
fromCW 6 cell line of enbryonic stemcells of a cynonol gu%1 %GEW.ER?P%e
figure, panel A shows an i nmmunofl uorescept-stained inage with an anti-TH
anti body, panel B shows an i mmunofl| uorescent-stained image with an anti-NF
anti body, and panel C shows a nerged i nage of panel A and panel B. Scal e bar
10 represents 20 m Fig. 23 is a photograph showing the results of exam ning

gene expr esgjiffte of COMRDBIAT it frbimcH EHRIRANeha nh kel iAH ARRLKOGH g Stem cel I

into neurons. In Igure, lane 1 shows~an undifferentiated enbryonic

stem cel | clRfyd AlRlRoned MR And A BItoBY ARV PEANT SEABIRRST ON cul ture

for 4 days, ane 3 15 shows the resu a cell nmass obtai ned by
carrying ou]Le calehisr £ gﬂﬂhe state of adhesion for 5 days. Fig. 24 is a view
showing a ¢ gnge I'n"gene expression with the passage of tine, acconpanied
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| evel sofGAP Ogtr&&r@&%&g?nﬁ%é@%ﬁ@ur%ﬁ? Wit g ﬁlgg&a{edqfroﬁ?%cé“o%'?m

nesti n/ own 1 n e grapH;, wherein a nmexinmum of the
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?ﬁvZn?inolnfa1 #légll%dgs in tﬁﬁv‘%gﬁgmﬁe %fgpdgggn%gf'gg‘gﬁ%clggr e‘lvr‘{gflc?h?ﬁtuhe sﬁgpensi on

culture of ARG BTHESAIR irind ATRIERERFS e Ao SHIRGK RUSRRd {1 oned

medi um or i ngredreé substanti a equl va nditioned medi um

The present ,\iVeit bR8 pafiePESROWS" hBfedUhiict ' Pant! AHnd%fnel B. Scale bar

10 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
15 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
20 the level of GAPDH, to give a relative expression level 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

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



5 of the present inventors that the differentiation of the enbryonic stem
cells into neural stemcells can be achieved in a short period of tine b%/
carrying out the suspension culture of undifferentiated entlyJHiEVMBERRZ00
cells using supernatant of an astrocyte,gell culture, i.e., an astrocyte

. conditioned nmedium that the neural stemcells can be prepared in a |large
anmount, and further that the differentiation 10 into neurons, especially
dopami nergi c neurons, or glial cells especially astrocytes can be achieved

by using neqgcﬁateatlrem@%eh%iftthgbrﬁreﬁt Hl'vEBﬁ&?Pés'lé’és%ﬂ thAHe il Red tcenfaas?ﬁegret hod

for producing a neura e present 1 nvention, since the trocyte
condi ti oned r

condi ti oned %i%@rtgbﬁgé | n t 1ﬁ§§§t¥g§{grg¢ﬂ1¥ r ggygi@&ré@%&d&gﬂfan t here
is exhibite ral cell
can be efflgdlsgg% %h?gﬁﬁg '{lgdg‘rﬁntﬁladﬁl 1g?e edr%eiﬁtg %g?%ﬁe‘l‘*m f’%ﬁeggtedrqnﬁlgel ls in a

short peri %nafncmeaqned%ﬁﬁprﬁh@ dsnd GRS PIAh S0 oBrtHgHﬁf;ﬂﬂe iffe UL ce! !

of the present I nvention, a ne stem ce can be obtai'ne

surpri si ngl %f%ﬂ@ﬁ)fese R/Qﬁité)gg ﬂ&}b% &&ferérﬁfatioﬂstffalﬂg%mtﬁ (T)ﬁ’ic%tél‘g)é%ll?ﬁ Sr ghe

suspensi on cultu ryonic stemce orrpar

SDI A et hod q%ﬁr#l@fehdl cEﬁs cailbe ?lgﬁll'e%(?ﬂl a§ﬁ8ﬁ’ ghB@ otf(?mtné"ﬁ %ﬁfrgﬁ'&](f)lﬂrth?r odum ng

a neural cel resent 1 nvention, ce suspensi t he

embryoni ¢ st ﬁ%%}dfcmagg%rf ﬂﬁf&ghtlateﬁ'&ﬁ{b‘?ybﬁﬁc%&h%ilg SR SRRl e fect

that a neura can be ob sur

For b otuc i B RER el ey et ¢ran @é"?ﬁ géfﬁdd%@??%ﬁ‘%ﬁlzﬁ%&&ﬁ)ﬁéﬁ% 06 16
there i extibhiefs afh B slicnd ﬁ&ﬁﬁg& Hgﬁhtf%%%%hap e aiergbal e

cel | can ded ryoni e
endodtf e e°@9qdrféﬂ% ?h&%% Bpahfifieteranit k B &t ABEGAAL TRroliibd s and
|nvent|on

gr = a'c?ueved 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,



5 exhibited an excellent effect that enbryonic stemcells can be selectively
differentiated into any one kind of neurons or glial cells via the neural

stemcells. In the specification, the term"neural cell " ?SDEGENERIR 290§
include a neural stemcell, a nerve cellneuron), a glial cell (for
i nstance, an astrocyte and the [|ike). 18 The above-nentioned neural stem

cell refers to central nervous system undifferentiated cells having
mul ti potency into neurons and glial cells constituting the brain, the

spi nal. oo dhpfe isRanlifiRrarrtoei] oot (ifld siRBAMANY bolatcfeubbiovey BB Oned

neural stemcell can I denti I nstanc exam ni ng expression

of a correspolgficht vlﬂi’edafr{%ﬁnt?‘n@gﬁ%ﬁﬁg?ﬁi&ﬁ%ﬁQg}]lg,%itﬁéutqﬁﬁﬁﬁhgn9 nucl ei c

aci ds, or exam ni ng “expression o ein I mrunohi st o€hem cal

techni que, é’@@de‘?h@}(%fﬁéﬁ%h%ﬂhe%eﬁﬁl Ils,srﬂeébcgcgﬂaﬁé{,ﬂsgand Stdodefmif'sashi 1

is used as an I n ove- nenti oned nerve ., heuron, 1S

characteri b r i ' ; nAt 4 ransmtter,
for instani%?lséxwgggggﬁﬁcﬁéf%ggg ﬂ?lee{i}r%o | (grntg%?ﬁ est%;% g@eﬁggﬁyﬁg%xfil ase,

g1 ut agut o deARsHANY BREIGHReLERAIPTNH O BT 8% Qi bOGIEKRly | addi i on,

t he norphol ogi c eatures of a neuron ”1nc ites, axon,

axon o oWt ARG ic RS ahi e KTAP oP BEYBAESE LIAPLAISARN: iy HDSeliECdIRd for

produci ng a neura present 1 nveftlion I nc S a neuron and the

i ke. Mo | . . i » L;ncl:

dopar ner gi o nedore*pecREAGH (e tam CRellaPORF MBI ELIE iE63e E eyl o g1
d hKe. - i ] j i ted t

be.appl | ed 1o qelf SnerEeAb IRl APt PRATAR®, naSHbRRe o T

GABAer gi ¢ qﬁagon is a suppressive neuron and expected to be applied to
suppressi on oF hyperexcitenent or the like. In addition, the cholinergic

neurqg is 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



5 expected to be applied to Al zheiner's di sease or the like. The
above-nentioned glial cell is a cell which fills a gap between a neuron and

~another neuron, and internedi ates the metabolism of the neurdPEGNBER:2006

sanme tinme serves as a supporting tissue. e above-nentioned glial cel

i ncl udes astrocytes, oligodendrocytes and ‘mcroglias for central nervous

system 10 cells. The above-nentioned glial cell includes pallial cells,

Schwann cells and teloglial cells for peripheral nervous systemcells.

Accor ding t Ocﬁ&ﬁe?ﬁ%h%%r(gfﬁnd HEGOHH@' "Fﬂ% ?ngé‘lcelrﬁtigﬁjsé gg ami rgfca et%%ni

i nvention, afobng ove- en i oned cral strocytes can
e obt e ned. XA R BRI R ERPOR R LEVICES D B o
eature o PN R RS Y BRH S Fh RG ARRaC Teil o,
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f f a'rll E:‘VE?/I r | n!:i 1@1’(15%'%3 ha | tgé,gcgggog%hﬂédcﬁeégarﬁ elgjcl}lggﬁzlljsp &Irecrgenr%}al L1iernvsol{1|sisglstem
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



5 instance, Bottenstein et al., Proc. Natl. Acad. Sci. USA, 76: 514 (1979)
or the like], and renoving the astrocytes fromthe resulting culture, for
instance, by centrifugation or the Iike. The basal nedi um 2bPECEMBER 2006
astrocytes includes, for instance, DI\/EI\Zi8 F-12, MEM Neurobasal TM

[ mranufactured by G BCO BRL] and the like, in addition to the
above-nentioned DVEM : F-12. These 10 nedia can be prepared, for instance,
on the basis of the descriptions of Frshney, R lan, Culture of animal cell

A manual of ohaghe i<t U8l 2Rl o mikAlnRaibn S DulbBco's Bfdifefi 1987) o

the |ike. ove-nenti1 oned astrocytes which can e used in the

P <PeLal | eneghit PR TEMEN SRR KNSR (MR gie oo i |

limted. In e astrocytes can or’rns te, by 15

removing thge XHNAMe ﬁﬁ&@@h&%@rﬁ%?&?gﬁ%ﬁ s gi;)h{fﬁ}éd f‘?iklg"] céﬁﬁﬁrgéggfo?me’

nmouse, rat, COw, horse, pIg suc et al

rouee b1 finc, o hpldl el p SRS Sp KURR SR B S5 ©

enzyme treatnen _ rypsin ! _ featnent or the
i seodtat o MR BoREnSn ot 21, RRL AN S, ST TF eSS 1
Lo B B AP o A O ARSE AP iyt
povi ne. serurpthueispySihe 1R P RaP Holl SR A M oer iR Blshicer. o
I?’F egls; (Cg(rjrts) F%rdlgg%é‘%rgq) Wﬁ\%’(@m&g’g&mﬁﬁ%’h@ﬂgﬁggib TPlf-ertg][l:‘?(lt;ﬁl*ied2[5)hr ase
g ont skl 1 RO o, Ak R SR BARERE 5P Uil o7 0
concli) oned ol i SR i BB M ETRALEYE il TR e
R. Ian, 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].



5 the culture of astrocytes, for instance, netabolites and the |ike. The
enbryonic stemcell used in the nethod for producing a neural cell of the
present invention is not particularly linited in the kind ofl BEGEMBER 304
to be a resource of the cell. The errbryggi c stemcell includes, for

I nstance, an enbryonic stemcell from for instance, a nouse, a nonkey (for
I nstance, 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

cynoml gus. monkey: b RamENSFACH pRAR SnBRuBens SHEyEnGALY calik el d 88,7
when © he. noybu TR RDEN Tetits MG IR AR Lo BIE Y ERb i B Ty
O e b X2 sl oGP 8 e FobBECEERNENL . 138 el O BEIARAL
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concenprat | %r)]momolgus 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, 129SV
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



5 having SCS in the nunber of 20 or less in a 2 m culture nmedium Further,
in the case of HK cell strain, it is desired that the condltlons for

phase culture are 37C or so, for instance, 37 0.2C a coe 4 g3’(9H‘Sof
5% or so, for instance, 4.8 to 5.2% andga humdity of 100% Cbncretely, in
the case of HK cell strain froma nouse or 129SV cell strain from a nouse,

t he suspension 10 culture can be carried out by culturing about 10 to about
20 cells in a 35 mMmdish containing 2 mM of a mxture (volune ratio = 1:1)

of the astr héq{ﬂihstdﬁﬁe‘émmghi'é@téﬂféell@%s&ﬁtF@Fﬁﬁ%ﬁnééi‘i@ﬁs dagicam in a
humi di fyi ng at mosphere of 37C, 5% CC2 in the air, and 100% humdity. It is

desired thatthhiiheSiZASofd cﬁlﬂﬁe&%@ie)l%@hlﬂe%@l’i@ ﬁ%bleﬁsﬁﬁ‘émtﬁrm% used herein
in ternms of the size on feeder 15 cell layer is a dianmeter of from about

400 to aboutable- rﬁeﬁﬁ&mdtéiﬁbf«ybﬁwgbﬂlt&usqé aP50naidish! addfiiis dbaidOhat ficabl e
mai nt enance of the state of the enbryonic stem cells, and efficient yield

of the SCS. dgncapldatidPsf thelbrhthi§ ofifSfe Rl cel¥in $he flelium G4 ﬁbﬂnéérﬁfﬁtﬁgcynom' gus

nonkey, the suspension culture’can be carried out by culturing about 10 to

about 20 Ce'ﬂa'snﬁ%ﬁs@s?aﬁ tRE b hier 60PD3IrNERUn2 2l FaltBrd IS, %ﬂrwp'lﬂm ratio

= 1:1) of the astrocyte conditioned medium and the astrocyte basal’ nmedi um

under a hum héhf?ﬂ(%&ﬂ@ﬁ@ﬁﬂﬁs%sﬁ %ha‘%%%dlﬁoﬁmragag Pﬂage dHHNe akwm dity.

It is desired that the size of ryoni ¢ stem cel roma cynonol gus

monkey usablg kgl fbls %a(ﬁlce@f@l 0% i rg@%?@&éeﬂtéggn%‘f 59, ?P’s{)]e Liate of 25
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Al ternatively, as the above-nentione ryoni c stem re can be

used one thale)) ?ra‘?ﬁ?@n‘?ﬁ%@@seaornm\mzeﬁisﬁﬁ’i Hmoafmﬂggéf ftfl@%\?ﬁrﬂehﬁto d stem

cells by pro erating on an appropriate rre um an urt eeder

cel I'syphn the,Ghat abe caftidd GHBSERRridd atifR 9938 2Bout 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 addition, 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 um, from the
viewpoints of procedural facilitation, stable maintenance of the state of

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



5 The SCS differs dependi ng upon the kind of the enbryonic stemcells used.
~In the case of the enbryonic stemcells froma nouse, the SCSis forned in,
for instance, 2 to 7 days, preferably 4 to 5 days under the ZAHU/EMBER 208&d
conditions for the suspension culture. I the case of the embryonic stem

. cells froma nonkey, especially a cynormﬂgus nonkey, the SCS is 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  confif e, fivelyhgs {1y Bdve MeRiomtdChBrydhiUStbH &1 HRYe eﬂé?% ahen

st ereoscopi ¢ m croscope f a phase contrast inverted m crostope.

the neural SKEoREhat'is oBlaAF A, ARECLHLBIAR SndTRERAIAlEH stedrcdis@fuci ng a

neural cell present 1 nvention, fromthe viewo cre y

obt ai ni ng of ref [P after
t he st epg (/RS’Bﬁ%é? légjﬁit] S?.taﬁ’g} %%gt%g%égﬁgﬁﬂsﬂf@ﬁle&s@e%%%é/eilﬁqp ﬁiéggtra Eeég‘rc)afnce of
bFGF and/ or i sence of a cell adhesion nolecule [al so
referred tocgsﬁ%#géiﬁgaﬁr%ggsiﬁbgr produci ng a neural stemcell"]. [

Al ternatively, thglegEanifierdy e@ﬂﬁ&?pe&g@%i 8¢ the é}np}e}%ﬁc ?t%rsnt oqisstep (A):

(A) carrying out e suspensi o enbryonic stem ce rm-the

presence of g FSHHOCKESARGNLONR] RIEUR Ronl DUSLESLSCURSHRLLA! | Y

equi val ent t0 ghe con ioned e e presence of or EGF
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method 2 forg, {aglﬁﬁg%&g, e@p@&ﬂﬂ?la @%‘8%&&4 moﬁké?,rtﬂg SR hrfkd ri'rELfro?l stem

cells can be 6§
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”].



5 in SCS by carrying out the above-nentioned step (A'). In the
above-nentioned "nethod 1 for producing a neural stemcell,” a nmedi um used
for the culture of SCS includes a nmixture of the astrocyte 2kBREEMEIR006
medi um or ingredients substantially equiypal ent to the conditioned nedium
with, for instance, Neurobasal TM B-27, M: F-12, DVMEM F-12, 10 MEM or
the |like, which contains bFGF and/or EGF. It is desired that the
concentration of bFG- in the mediumis, for instance, from10 to 50 ng/m,

preferably fr om hOuicontaRe o GOAEIHBR 1/F6HBking ISRl ufx DIt ng

suppressive ability for cell differentiation and ability for ce I Vi sion
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the condition mto the above-nenti one ur obasa CEMBER 2006
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f | bronect | nmeldﬁml,%vﬂh, Ydﬁiﬁ&@ﬁ&éﬂl@eur%ﬁhﬁhw, [W%%-TQFBAPEAE'%-H,

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 bFGF 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™



5 Bioscience] and the like. In the culture in the above-nentioned step (B),
the SCS nmay be cultured in the state of adhesion of the SCS obtained in the
step (A) to an adhesive culture substratumcarrying a cell dMeGEMBER 2006
nol ecul e, or the SCS may be cultured in ?3 culture vessel in which a carrier
carrying the cell adhesion nolecule on arf™10 appropriate support is
suspended or set in a three-di nensional arrangenent. The above-nentioned
adhesive culture substratumincludes a material in which a surface of a

The above. mecy sMEMF -1 ErRAAERt R SoREAEl o Mt I E1hcfs a8 aofIRME ' Ve

t he pol yl ysi loi s used as a cell adhesion nol ecule, an adhesive 15 culture
substratum can be obtained by sufficiently i mersing the surface of a

cul turing side ofrp. SHbIUREAYBRER Lol SBhLoio LRSIl blgl R zed vater

containing polylystne’in concen on o u "y,

removi ng ¢ neltgignget i apyniy SrRRRE BATRIGRL ™ MRt eiBb e = '
fibronectin fgs used ]a celll adhesi on 20 nol ecule, the cells may be
incubased at P RFEGT %Hﬁl}? gﬁ‘m' nutes using a phosphate buffered saline
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after l%i uti ggpr\émb}igtetsrﬁ%porﬁg isHsrBe%lge(tl Or %gt-iiloal t%?ée-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 wg/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 ug/ml. When the

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



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
contai ning an appropriate nmedium In addition, when the ab 06
support is suspended in a culture vess%#: t he support may be a support nade
of a substance having a smaller 10 specitic gravity than that of the nedi um
When the support is set in a three-dinensional arrangenent in a culture
vessel, the support may be a support nade of the same nmaterial as that of a

convent i onag o ﬂﬁ‘%ih&?é or%'lll rlﬁl@pz? phoég]ﬁi ?séﬂﬂg éﬁtﬁ gq bhe

above- nentioned st'ée oprita epen on t he ki nd

of the enbri/(s) F@nﬂn‘? n%gilﬁsw&fj TRIGEi 15‘?1@ 5§ bn gphéﬁgn ﬁl%%e#lﬂe t‘flgused

For i nstance, eS| red i ze of e culture vesse 35 mMm

dish or a 69&%?* ﬁp indubat n%gatcﬁi’?) f ltlﬂﬁlr%mf)%gégracﬁer%lﬁ% Yith | om a Mouse,

it is desiret he nu rof fontes of oni ¢ em el i.e.,
t he nunber 0, stance, fromi to 20, preferably from 1 to 5,
nor e prefer&gpﬁﬁrlg%o fOfOl ‘in a 35 mmdish containing 2 ml of the 20

nediugl In the cagg gfc m?es?mm@'sfcﬂ&me s e QBB h egh g e e

that ~the nunber oni es of enbryoni ¢ m ceél

Cont ai ni ny SRS gt dop ingFHce Bif%a?ﬁ%rbé@?65?'@3%9%%&38?“9% BBFR 2 rouse, i

S deswedtht t.he ndi t f phase culture are 37C or so, for
i NSt ance, 390I{ a'@l%a §P68£‘@gn@§§{'iﬂguon of 25 5% or so, for instance, 4.8

05 2% a0 & DH ghpln ud B e, SR il AR 00 2°
Lnstance, ety harrRaR RSP HAl Blocb FHOaRE pbAlg AT, 10
aboveloment | §)pn<=,c(ijf1cS éFsz(y%aﬁ 2 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
1 to 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 to 5.2%, and a humidity of 100%. In the case of those



S appropriately set depending upon the kinds of the enbryonic stemcells
used. It is desired that the culture tine is fromb5 to 10 days in the case
of the enbryonic stemcells froma nouse. It is desired tha! RI{eEMBER 086
time is from5 to 20 days in the case of those froma nonkey. In the
above-nentioned step (B), bFGF and/or G& may be added at an 10 appropriate
timng (for instance, in a one-day interval, a tws-day interval, or the

| i ke) during the suspension culture so as to have appropriate
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SCS is forrrelgl]utl Qf d,ﬁstance 2 to 7 days after the beginning of the
suspensi on cu ur er “the above-mentioned conditions for the suspension
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cul ture, neur al ar e Inea“1rn a surprisin
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t he nedi um for [ mcells includes a m xture of 21
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t he | um
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



5 50 ng/m, preferably from10 to 20 ng/mm fromthe vi ewpoi nt of
sufficiently exhibiting suppressive ability for cell differentiation
ability of cell division of the neural stemcells. In addi 2l&EC EMBFE‘M%
desired that the concentration of EG- inpg nediumis, for instance, from 10
to 50 ng/m, preferably from10 to 20 ng/m, fron1the vi ewpoi nt of
sufficiently exhibiting suppressive ability for cell 10 differentiation and
ability of cell division of the neural stemcells. Further, when bFG and
EGF are usedhd astesvyet baidicioned afedinatorriagredidnts subsmntiatlyusgivalent tade xt ur e
so as to give a concentration of bFG- of from10 to 20 ng/m, and a

concent r at | @@n@itioned médiiipWit) fopinstineg/ Neurobas4lhé EQGVBM'EM Bned " et hod
2 for producing neural stemcell,” the 15 suspension culture of the

enbryoni ¢ styIRM| Fsl2]iME®M snaiﬂitelnleb Rehidh @Bntales BFGEand@r EGE. ¢nRr yoni ¢ stem
cells used. For |nstance it is desired that the size of the culture vessel

used in the devise®ilfit e eondentratioh of bBEGILRVEe TRediuaRIfRTRSMAG, FrofitiOnfocel | s
is a35 mmdish as in the case of the above-nmentioned step (A) that the

conceng r at i & /il Sre€érablyoitom HJ &M2E Al from the vigwWpoim of selicidtlys or | ess
in 20 2 m of aculture nédium and further that the conditions for gas

phase cul t ureghibifing shgpredsiee abilitdfor ¢l diffedéRiation 4d AAlity OF cdlNgividies. 37
0.2C, a Co concentratlon of 5% or so, for instance, 4.8 to 5.2% and a

hum dity of FeRdmeuraPRiehfedlsy, Ini dilditih, GRReRired Meattke 68hdentratioh HIEGEM

nouse or the 129SV cell strain froma nouse, the suspension culture can be
carried out jpy rﬁ&hﬁlﬁ{ isN€or3RShc e Trdfl 1t00toasu>ﬂ fe%x'aﬁ 79 froth B 1620 Hghil,
containing 2 m of the nmediumin a 21 DECE 06 27 hum di fying

at rospher e qforﬁ?ﬂe viYpdilt d)tnsdfﬂeleauy &ﬂ%lﬁﬁ@%%ﬁ%ﬁbﬂit?m@é@l tion, in the

case of CWK-6 cell strain froma cyhonol gus suspensi on culture
can beggcarr 'cﬁﬁefé‘ﬂhaﬁbﬁn %ﬂhtaﬁnitpg)f%lenl&w%fbﬁ@f BRIk Qteaf cbRs. | P%f;hm?’%v}féﬁ‘ di sh

contail ning 2 of the mediuniin a hum difying atnosphere of
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 129SV 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



55%CXR2 in the air and 100% hum dity. In addition, the culture time in the
above-nentioned step (A') can be appropriately set dependi%rhq ueon t he ki nds
of the enbryonic stemcells used. It 1is desired that the c PEFEMBER 2006
from4 to 5 days in the case of the enbryponic stemcell froma nouse. It is
desired that the culture time is from7 to 10 days in 10 the case of that
froma nonkey. In the above-nentioned step (A), bFG- and/or EGF nay be
added at an appropriate tine (for instance, in a one day interval, a 2-day

interval, Opyhitfifyinkat eré of BNECSSRNCOS P heCaik | g an
appropri ate l(l:once)tlltgatrlngﬁw,&ccordl ng to (t)%e abovehﬁggglg?nggmine}gh%ﬁ 2 for
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dependi ng upon the kinds of the enbryonic stemcells used ere are
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to 5 days, g%e@gzqmlye hit QMY A009, fu ARty and that in the case of the
enbryoni c stem cel from a nonkey, especially a cynonol gus rmnkey, t he SCS

is formed in, for, hdﬂﬁh@ﬂcﬁe c’llllﬁl?? fimedaXRe RS- niéﬁﬁoﬂ?@‘éﬁg&%%b?ﬁ‘ E e

conditions of the suspension culture, and the neura
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preferably 4 to ther the ce taln are neura stem
celI's can b £RftEHTHRGnOY ltfn%r tifé i %{5%%&9 m?lﬁﬁ éﬁ%toff'ﬂ?@e igi ng
expression of a correspon I ng gene by a convention nethod etectlng a
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pr ot ellon by R &a@gﬁ?ﬂ{zﬁq}&ﬁla Iﬂﬁﬁ‘ﬂéy. Further, whether the cells obtained are
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



5 neural stemcells may be confirmed by norphol ogies of differentiated cells
or differentiated tissues generated by culturing the cells obtained in a
medi um whi ch does not prevent differentiation of the cells PR ECEXPER296
various cells or tissues in the presencezsof retinoic acid or the like, or

_ by expression of a marker specific to the differentiated cells or
differentiated tissues. Mdreover, the cells 10 obtained can be confirnmed by
transplanting the cells obtained in the central nervous system such as
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above-mnenti o

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



5 specific to a nucl eotide sequence of a gene to be detected"” can be
obt ai ned by, for instance, selecting a sequence of a portion having a
sequence identity to a known sequence which is not to be d%h%@?@ﬁ“ﬁ?‘%m%%cn
| ess, preferably 15%or |less, nore preferably 10% or |ess, further
preferably 5% or |ess, and especially ﬁPeferany 0% The above-nentioned
sequence identity can be determ ned by 10 conparing two sequences which are
aligned optinmally over a region of sequences to be conpared between two

Cequence | domridhyainh Nrtent nyPodlAti) i nl BT ARTICRN AR REIOHC, ) gues

whi ch exi st th aof the. d ) h . t ched
Si'tes, 1 hor@amodinghlesniidf TG RIZP R ik Rediktorhiee B feveslhal B Tes by
a total nunber .of residues exibsti Pﬁglfwthhn the re%i o? of ijhe seqﬁence to be
conpar ed, LG act i P%#‘l‘f T RPOCEARTIGT AR SPRENCH O PBYOR SBECIHEAO fhe
ol gor  hm oRIsAHdF sefugnes ol e DE Rried. S heasdveBgagocgtiony

S Shovat er?ﬂ&%%%ttog%ﬁélp'ﬁﬁﬁg L‘ie%n{a??}-citﬁﬂg:%@5%%%%”%@%@3?@%2‘%?& ' FASTA
algorithmog .the like can be used. For instance, the conditions for
2 Panment | blpranstance, SPISERNE AseHcIcs S Apbon TLIises SO1URGF IR 108 and gap
o e s SRR O B Sl AN
| oSt ai nieRt BPUELATARIG.1ULp 16, SIS ES Bl 53 7aAT 196N FORGABHY agal nst
B POt e S SRRl M S RS HRARESY 20,
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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,



5 conventional nethod, the nethod described in [for instance, Current
Protocols in | nmunol ogy, published by John Wley & Sons, Ingc. 1992 edited
by John E. Coligan, and the |ike]. The present invention aI@@%ﬂ%mw a
substantially isolated neural stemcell Wm ch is differentiated from an
enbryonic stemcell according to the 10 above met hod. In addition, the
neural stemcell of the present invention exhibits an excellent feat ure
that the neural stemcell exhibits a differentiation ability into a neuron,

a glial celljgp ﬁéﬁalhir@e?r ket QﬁtH‘ﬁi‘x‘ﬁﬁhb(ﬁf ﬁ?aﬁtlﬂ(}gﬁ' @g@ge@]{é@e §3erved.

Since the neural stem of the present vent1 on nti at ed
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application neur or egener at I N neuro genera i veq%? seases
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head |njury, spi nal damege,” cere en e neuron
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pr esent i nven er t ve- nent ere- can

preferably tep of (B') culturing the SCS obtained in the
step 25 (A)Céélné?ﬁgﬂgﬁla% nE adhesion of SCS to an adhesive culture

bstrat | th
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[also referred to as or produci neuron he "vi ewpoi nt
of nong eff'é\HoQ/@trhé(tth ai ni ng the neuron. By carrying out the

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



5 step (B'), the neuron can be obtained. Also, an alternative nmethod for

preparing a neuron includes a nethod conprising culturing t al stem
cells obtained as described above in the state of adhesion zgﬁ)ls?ﬁél{flﬁg&@(ﬁts

stemcells to an adhesive culture substratumcarrying a cell adhesion
nol ecul e in the absence of bFGF and/or EZF and in the presence of an
astrocyte conditioned nediumor 10 ingredients substantially equivalent to
the conditioned medium|[also referred to as "method Il for producing a

neuron”]. T*b%ufﬂ%ﬂtie%n%gf&chm Qﬁeaeeefﬁer&W@ ok g@nﬁ Bid ﬂ{tlfegtﬁggéﬁg\ée'

menti oned anot her nethod 1 ncludes a mxture of t ove-nent strocyte
diti g . . : i . . .

condi t1 oned e TaHe QRIEHORR Ml oF gk el o fhe
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the SCS to be used. I NSt ance, desir
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enbryonic s ells froma nouse, It I's dedire
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instance, in a culture medium con nrn min-a 35 mmdish.
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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, Neurobasa]™
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 case 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



5 or so, tor I nstance, 4.8 to 5.2% and a humdity of 100% In addition, the

culture tinme in the above-nentioned step (B') can be appropriately set
dependi ng upon the kinds of the enmbryonic stemcells used. | 8@9@%20&?

the enmbryonic stemcells froma nouse, ity5is desired that the culture tine
is from1l 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 stem
cells froma nmouse, it is desired that the culture tinme in the nmethod I
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excel I ent ef 3 r hse OPihBL | Y peri od
of time of | TemdiRpbr 106 AR s OIS § RIS R fiaPtle 2

resul ting celdndiffors IR SR, Br FOARLE P Dy SxadicdhGoncerBSEP3op! 2

correspondi ng gene according to the conventional et etécting a

nucl o1 & 301 dotis) 16r ASiRe! ARTY 2B AP MinALiYYHBOAATENL YT 0Si e

hydr oxyl ase, tamat e decar boxyl ase, ne” acetyltransferase or the |ike,
b . . > . . . i : i
Mnst ance, - convent] aafiop eRArERRk I I LG NI R LS B e can
I b : . = | o _ h
2150 be, | Conhaith] 09 RpeRd B (RRYHNRIAGhHE Bnt F8H 5Bt ek A0 ouoh
The present fhavaRl betheAlifrBRIORRAPIAR FoRPRARL iRl desiB @Rl il AN
e a : e [

obt ai ned by ove ne neuron of the present Invention IS one
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i n ofi [ anent ,

class IIl (3" tubulin, neur
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.



5 tyrosine hydroxyl ase, glutamate decarboxyl ase and choli ne
acetyltransferase. There are expected applications to neuroregenerative
therapy in neurodegenerative di seases such as Parkinson's al?%é§@4BER20m5
Al zhei mer' s di sease, Down's syndrone, F$$on di sease (for instance,
Creut zf el dt - Jakob di sease, bovine spongiTorm encephal opathy or the |ike),
pol ygl utam ne di sease (bul bar spinal 10 anyotrophy, Huntington' s disease,
spi nocer ebel | ar dystonia or the like), and anyotrophic |ateral sclerosis;
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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



55, nore preferably from1 to 2, for instance, in 2 ml of a culture medi um
in a3 mndish. Further, in the case of those from a nouse, I s desired
that the conditions for gas phase culture are 37C or so, f&k Eﬁ§%20%7
0.2C, a CO2 concentration of 5% or so, el i nstance, 4.8 to 5.2% and a
hum dity of 100% and in the case of t fse from a nonkey, it is desired
that the conditions are 37C 10 or so, for instance, 37 0.2C, a CQ2
concentratlon of 5% or so, for instance, from4.8 to 5. 2% and a hum dity
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et ho% 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



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 same tine
with transplantation of a neuron and a neural stem cell t 2 IPEECEMBER 2006
support differentiation growth of a newspn, and further formng a

brain-bl ood barrier to supplenent a nutrient substance, or the like. 10 The
purity of the neural stemcell obtained by the nethod for producing a

neural cell of the present invention can be obtained, for instance, as a

ratio of cgh indeReRbIHOICEEK S ey SEatIvRyRS! fot ihQadcd, Putlerbti§psulRt cell's
with flow cytonetry using an antibody or an anti body fragnment for each

cel | - speci f j@roidR hi8hchecdQiditeg to the nethod for producing a neural cell

of the present 15 invention, a substantially isolated neural cell is
obtai ned. The neghal&eht ifentibs a%eeiﬁewaase%ratg@@tmaugqs@hée gfawéﬂled as a
cell pharmaceutical conposition. The cel'l pharnmaceutical conpdSition is

al so enco ' I nvention. Concretely, the cell
THBRNRA nt%}gt}fehﬁ)o%gl?&%d.

phar maceut sition the present invention 20 conprises as an

active i ngredi en§jnée g %(ijﬁ%bﬁqgﬁﬁ% Pfége Htﬁgﬁﬂgﬂggp@g@g'{n&ﬁ Pﬁﬂe gtr%ﬁﬁl %ﬂgur al

stemcell, the neuron 4a t he c nvent i e cell

phar maceut | fghe SAMRRIE! Aflaflicafion BE SRRSHlahNE A (IRTABRimEBRARET |V contain a

phar macol ogl ca pta uxilrary. Ina ca ere a neurotransmtter, a
neur ot r ophi : ' ' | : pcation site of an
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Is to be appld : tHGR Ltd on

obt ai ned bymefﬁe?g%té%g{ﬁ?g& ?ir?'? (;% %ﬁﬁg%zau gﬂuh%lggﬁggﬁ gggeﬁéﬁ@pglro er)gar%l? IZlﬁ:lttlr(r)enbrane

or the i keqygbht LA dub¥abdll bPFNCERY @ nucl eic acid encoding a

neurotransm t't'er or a nucleic acid encoding a neurotrophic factor into a
neur aj, 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



5 stemcell, or a cell obtained by differentiation, if necessary, under
appropriate differentiation conditions. The cell used in the cell

phar maceutical conposition in which an active ingredient istldPEGEMBER 2196
into a capsule may be a honol ogous cell g a heterol ogous cell to an

i ndividual 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 danage site of an

i ndi vidual , ¢diRpositioRigio be apslidd thet ingdy bé b@erdawen?naxbﬂa&@ﬁwed out for
conditions caused by di seases due to neurodegeneration or nerve danage, for

instance, a dftﬁﬂp@ﬁﬁ@ﬁ‘@btaﬁhéd?i@héﬂﬁ%ﬁtir{gﬁﬂto haslgﬁﬂ@made?ﬂfiﬂ fRefipéinéabRAS €,
Al zhei ner's di sease or the like), and a nerve 15 damage such as spi nal

damage or cemehitihnd 6f tedike, Aelladiiaed dymatrbaacihga nidéathatidertoding a
neur odegenerati ve di sease or a nervous damage is al so enconpassed in the

present i nvepdiretranémtedlor ahfuckdioatid amotidgeahelsrophid faetdtahftosinéwral
treating a neurodegenerative di sease or a nervous damage of the present

i nventison regefiegell, 39 al delltdbined & yrdiffefsht@ebR] if SREedshfy, undBr HpropiiaRduci ng
at |least one cell selected fromthe group consisting of: (1) the neural

stem cel | of diffigemiffoRtondMEMY. | Phe cell dded iAahB @l PhafthaédiRicRl &5BPbsition
invention, and (3) the glial cell of the present invention 25 into a

neur odegener g hRchSdrf £&ctive igAMAUS eACIRIRItE fnfo a Zhp&iIet g006 37
According to the treatnent nethod of the present inventiorn, since at |east

one cell selpehBihdousTelllte aHewd]sEIS cellitd dndhdivi@ud198'bela gﬁe&m cell, the
neuron and the glhal cell of the present invention is usg , there are

exhi bi ted sone  excgeddifibh, &cbesing tb M ndural AbIecdIREIRNRMbEs 6f heGlial @ hi gh
t herapeutic effect or the

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.



5 like can be obtained in cell therapy, and that conditions caused by

neur odegener ati on or nervous damage can be treated in a stable condition.
The treatnment method of the present invention can be appliedszEFﬁBﬂH?§@E§es
| i sted above as applications for each of e neural stemcell, 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 treatnment nethod of the present invention,

there can be Ca”%&‘épfmhﬁ to HIRY tréditded fothod bf'EHeO;S}E%ﬂtQHvéHtic}nb@in%‘dg flastt €m
cell of the present invention into a danage site 15 in the case of cerebral

infarct or S?hé‘%&ll@@ﬁ%&%froﬁﬂhém tOsiRingPo iR HELAA Sk cggy{h%guw chis

t he neuron of the pr esent I nve , IntoTcorpus striatumor m brain

substantia niggand %%l{}%llfq;lstﬁﬁgfreseﬁﬂr{ﬁjeﬂﬁgﬂ'i§u§gd§ﬂ?e?@aré exHibited Y6k oOn gf a

GABAer gi ¢ neuron, neuron of the present 20 invention, into

caudat e nucl eyselient kffecsans ftabié%k&%%ﬁﬁé effdeS aish f}ﬁagf’pécdg léf;f)%fc? o tGHen

addition, the neural stemcell, the neuron and the g

br esents | nveRi Qi GRDHSnUF S cLPihdihioy, THAHACIHARIOHs Anddbgament f or

treating a neurodegenerative di sease or a nervous damage. 25 The present

i nvention wi hky%gggﬁﬁrﬁﬁ&?%r APARuS Rk Gh'ne (Raed HPF LA oridiGE CEVBER

2006 38 way o es, out intermding to e present Invention

to these Exanpl es[‘he'%l‘éa?mehﬁm%hﬁ)gf&ﬂ @?39&5%8%‘181? ’caﬁirﬁgtaai)yi%)ﬁ% the

condi ti oned medi um was used as nme eren n1nto neural

etem cel 5 Sbhsugnan s IRRUPRCTRERDI oM hATDACARLIN foyon,
transterrin, ,REWROLHI el ofthe Prédeiit Aihtion.
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

neurodegenerative disease or a nervous damage.

25 The present invention will be explained more specifically hereinbelow by



was used. The preparation of astrocytes was carried out using a fetal nouse
brain and a fetal rat brain according to a previously reported net hod
[edited by Banker, G, Culturing Nerve Cells (1991), publ i sHREGEMBER 3006
Press, Canbridge, United ]Kingdonj. 10 anple 1 Preparation of Neural Stem
Cells As enbryonic stemcells, there was \fsed HK cell strain (passage

nunber: |ess than 10) established from C57BL/ 6 nobuse bl astocysts (3.5 days
after the confirmation of vaginal plug) in accordance with a conventi onal

hod. Th - i K cell L] . mber
"o 1 kel'y VoY ShESRRRIR PARESy Mchfingdo i oid RSt ipb R GERE S par o £ 1 om
i f the day, 1 . t unt i | th
i by obr ast s BREHRfEs. dlifo.Biné fafiyidy ERRAPGEY, MATedtie Pkfubhd thetfina can
FCS). Next.,mtomein 20 .Ge(1 gaimn ) ded ta.the, cell cult
bt A med. met e 8 ¢ BPCuE BRAtErGafRich fud BRw Al SRR b1 Al Eirgng s ©
i nactivated cells. The inactivated cell hed_wit h t
butt er od el ARl memdar eplnihe Ssf Sy Es (Rbbry e tnst b URNGALS, o
ot o 2 S B SN G S oAb, L P e o
25 4-well plate '(4% %05 cel | s/w\/\\gijsl e usod. 21 DECEIVBERé? 6 39 The
Sbove. ment | onas ubsd. cThY PRz StasionTles YA canfiod STtER e FAUReor  t he
60- late jn. i on of 100 to 200 .cell | ate. M
cont o ni g’ 1680 RS T B ienaieniiing If aolantely repStemetind BIRY o soo
BRL], 103 Upl L ia, | nhi hit LIF, E i 5
| nt ]er nati ona a‘i"f@?& ﬁtll‘rg’t’)%' é,’%éﬂl’?fm E‘-’%‘f%imggﬁg} ﬁﬁ%g%nessent i al
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 ng/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.



am no acids, 100 M 3-nercaptoethanol, 50 Um penicillin and 50 g/m
streptonmycin in a final concentration, was used as the culture nedium _ The
nmedi um was exchanged every 1 to 2 days. After 7 to 10 days,2lPEFEMBER2U4i ch
a colony of enbryonic stemcells was 1 9Droliferatedtoasize so that its
di anmeter of about 400 to about 500 m was” washed twice or thrice with DVEM
(wi thout serum and other ingredients). The colony of enbryonic stemcells
was nechani cal |y detached and picked up from the feeder cell layer with a

g o= ca 121 ke kSR BRR R Eahy pHEBHTHY o AP LT ATEPLELY 0
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di vision. The ,culture was incubat fpr 8 hours under the same culture
condi ti ons medipg s %\é\ﬁ?l}get[ﬁ%veégﬁﬁg %%?yaﬁ ned were cultured for 1 hour in a
B RGN TG T S T e T M
phos pl%at © bgjoflfpfér’até)ﬂga giZe fsg rthz?’toltsn(‘:iig}ljlte?esr’ofz%lrl;guts X&# fo 5§gutt5%0aurglrv$g§ ment

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 embryonic 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 CO; incubator. The culture

20 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. 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



with 0.1% (v/v) Triton TM X-100 and bl ocking with 10% (w v) BSA-PBS. The
cells after blocking (Stem Cell Sphere; hereinafter abbreviated as SCS),
and an anti-nestin antibody froma nouse were incubated over il BECEMBER2006
The m xture obtained and a fl uorescent-| aég}el ed rabbit anti-nouse |1gG

anti body 10 were incubated at roomtenperature for 2 hours, and further

I ncubated with a biotin-|abel ed nouse anti-BrdU anti body overni ght at 4C.
Next, the m xture obtained and fluorescent-| abel ed streptoavidin were

| ncubat ed at grr@ﬁ It'&u ugeed@sg %rfhwe% t?)g rgel? dﬂﬁ%ﬁ: 'ﬂl@eréu leré Was ih %ragegie%oﬁ{ aBﬁE(Slﬁ"s ned

S T b i, LG o360 s
ShO\Iim in Fi _gl.l (i_r hg s T h |g.l_l . a%ﬁg srgnal ?8r a;neura stem cleII
for Br dgei,é's?ulgﬁr’?é #@2?@@& RERbg Bhbsaeg faﬁ*'di%%s@egl %&%ﬁfﬂﬁsﬁﬁegﬁi ne
SCS 4T . it
the ZBLVZ?ﬁeﬂﬁ%ﬁffgdwgre%ﬁe@;a’ﬁ@w? kﬁ?z@@?ﬂiﬁfeﬁa@?&{#&{lNF’ gerpfi; and °

i tian, . 5 5 . .
tho iy ar RS Gl el BIER D el T
aroup of ﬁemi@i@ EVWL’EF@%Waﬁﬁe%ﬁ#&FE@%“ﬁ %S aSApEs )
r 1 . 2 . .
h st FLgl N the oM sg g@gr.”%ﬁk&%aﬁ%&é@%%ég iﬂeﬁ@?{%ﬁggér%‘e’f &aSults and

°p : ' e .

e Lol T SRRl 8% o s by b ed B s oc
vas ot obseneansiie, e aud aryleSisd L el bhir Rty MoRs< S Batbgey” ™

exi sti bet ween.th
ﬂp were mcu%

atsegisat 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



surface |l ayer and the core. Therefore, it was suggested that the cells

exi sting between the above-nentioned SCS surface |ayer and the core are
cells inthe state of a transition stage in which the enbry2hDECEMBER 20065
are differentiated into neural stemcells, 10 As shown in Fig. 1, it is
found that the SCS fornmed by suspension chlture usi ng a mxture of the
astrocyte conditioned nmedium and the astrocyte basal nediumhas a | ayered
structure simlar to a planet structure. Concretely, it is found that the

cel | ayer obis aaehts i eGP RIGRCR despibed Bl s ettt The | ayor
Corr espondi ngiaup ehefcitthe By ottpbpdbiedia B cprs SLSERAoni ¢ ot em cel
from a st 1 BRARETORRR CETHFURTa S CEliS coat o of one Sever al ehbryonic Stem
hove 20 ment | oned BRANGRGa HastAT Ok e aie agmedin ot Bral el SekaRanedoor cgat o
and 8 TosoabRAInRREIEE B AP P U)o E) (B e SO MEFR AR SCSon 1 act or
aotrocyte CoNRES ek aBRHI AR HORRIOR o ey PUsesate hALHE SR SEIFPE 1 ne

suspensi on 25 culture of enbryonic mcells does,not contain, serum it is
clear that ogpwqwhsf%ezmﬂéw%oiéf gories faxeT anc fhecqrs realls in the
differentiated on_the SCS surface {l%e efficiently in_a segggﬁ peri od of
tinme by fact &te9f adragsdion tagsminy éEl@ smbrypnig stama gsllp arecdififegeiiated or ned

when suspensi,on culture of single enbryonic stemcells dispersed from the
coliony was cateinsgrtemseellfe astrocyte conditioned medium Therefore, it is

5 suggested that it i.s necessary.t.o _car oyt ensi culture using a
col oﬁglq)f As shown 1Sg 13,/1t is found that the SCS formed gy suspension cultute

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 cells does not contain serum, it is clear that only the



undi fferentiated enbryonic stemcells as an aggregate, which was
proliferated in a cell adhesion state for differentiation into the neural
stemcells. In addition, the size of the colony of enbryonid RBECHYIBER 206sed
inthe formation of the SCS was studied., As a result, in the case of a
nouse, when a 10 col ony having a size O‘P about 400 to 500 min 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
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10 colony having a size of about 400 to 500 um 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.



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,
cells being strongly positive to TUB and elongating a 10 neUrPFQE%%%%e
in the SCS. In other words, it is found fg0m neurons which were
differentiated in the SCS that neurites stained with an anti-class 111 0
tubulin anti body are elongated in a network manner in the SCS. It is shown
from the results that the neural stemcells can be differentiated into

from that the . dif
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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 III
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



by using a phase contrast inverted m croscope [nmanufactured by N kon]. As a
result, there was found SCS for elongating neurites fromthe day 1 of the
adhesion culture. 10 In addition, the differentiation of nitdVefuEMBER2IAS
was caused by continuously carrying out adhesion culture for additional 4
to 7 days. Uptake of BrdU into cells wad*eval uated in the sane manner as
that of Exanple 1 nentioned above. In addition, regarding the SCS and the
surroundi ngs, expression of each of a neural stemcell marker nestin, a

differentia eurpnal . 15 mar ker neurof il anent OR&ajM ner gi c_neur.on

mar ker tyrogmﬁ’rwﬁﬁlﬁﬁﬁl’%@ésl)e(’ﬁlgpeq e g'rasggmeé(ﬁ)&fgaaégy{ﬁyd, aspEalsier gi ¢
neur on marker.,,gl ut amat e... decar boxyl ase (herei nafter abbrevi as GAD) and
a chol i nergi“@ﬂﬁﬁgi%ﬁ RN tr%ﬁﬁ?r}/ﬁg&)a%?@qsPva?n?#@r‘ﬁgésq\/\sgswﬁ?gﬂpﬁed usi ng an
anti body for eacq rrargﬁr bX an,. i nmunohi st o hegz’l%ﬁl teiﬁhni.gtue in the sane
manner as t ASTOEECONGHIonFd medipm VAS PEY Added, aoddhe RUFTUENAS.  The
results are shown .in Figs. to 7. As shown i.n Figs. and 4, the adhered
SCSs wer e eﬁf‘ﬂ\”\éﬂ%ncﬂ rlg?ﬂ%aé?reé’r Sﬁ‘éerﬁgg?‘frﬁ-“bégia?WQ@?ﬁ?‘FéﬁP§é7s¢e§%c€ ks for
upt ake_of Brd or .actively carryi out the division. Further, in the
e Fouhi no@ngrlODRe hamidy + ASaeSiihcthe ates Wi adhored et SVlkuweubrGHm.
strongly stained w th an anti body.agai nst , and 25 neurites el pngating
froma cell body F\anlréle&bt E%&BO%IQ%@&Pﬁé\gé%‘f}tﬁ%ﬂg}l{l#l&lgs FErpp &R 2006
45 neural stemcells exist in the inner portions thereof. |n addition, as
Shown | b i g USiE  PhA Ot IERCH IS GUePRRTHBU Y] R NiKOBY: dsa

el ongat ed on an adhesive. cyl -siide. Jn addjtion, as shown_in Fig. 4, it
is found thagSult, 21?% Mo t‘tngHiS#g fﬂ{iec!ﬂngaﬁ@grféf’é‘ﬂt?ﬁ §8§} &ﬁe\fglyﬂeﬁf the stemcell's
exist in Fig..3.is pi)sitive to BrdU and 5 active in the cell division.
Further, asadhevipnicHltiiey. 5 it is found that the whole SCSis strongly

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



stained with an anti body agai nst a dopam nergi c neuron marker TH, and that
numer ous el ongating neurites are TH positive. Also, as shown in Fig. 6, in
the same manner as in TH, it is found that the whol e SCS i%l BE€CEMHAER 2006
stained with an 10 anti body agai nst a ergi ¢ neuron marker GAD, and t hat
nunerous 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

chol inergi c neuron marker ChAT. In other words, as shown in Figs. 5, 6 and
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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 It was found that the neural 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



that the differentiation into neurons was determ ned by an action of cell
adhesi on nol ecul es by adhesion culture. In addition, althou $ strocyte
conditioned nediumin the adhesion culture shows an action %frbl'tp ﬁ@‘ﬁw%g
differentiation into 10 neurons, and the differentiation into neurons is

al so found in other neuronal culture ne m for instance, DVEM F-12/ N2
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
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10 neurons, and the differentiation into neurons is also found in other neuronal
culture medjum, for instance, DMEM: F-12/N-2 supplement, Neurobasal™ B-27
[manufactured by GIBCO BRL]. It 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



bFGF was thought to be effective also in the neural stemcells fornmed on the
SCS surface layer. The SCS was adhered to an adhesive culture substratumin
the same manner as in Exanple 3. Also, as the culture nedi &hDBREEMBIRF0¢)\
10 B-27 containing 20 ng/m bFGF as a fipal concentration was used. Every 1
to 2 days, the bFGF was freshly added t® the culture so as to have a
concentration of 20 ng/m . The norphol ogies of the SCS and the surroundi ngs
wer e observed using an upri ght fluorescent m croscope [manufactured by
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sur roundi ngs Pgﬁe expression of a neural stem ceII mar ker nestin, , was
exani ned usPh anti-nestin anti body from a nouse by an
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cell S10 B-27 containing 20 ng/ml bFGF as a final concentration was used. Every 1to 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 mentioned 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



whi ch was spread fromone SCS are shown in Fig. 9. As a result, as shown in
Fig. 9, it is found that nunerous neural stemcells are obtained
surprisingly honogeneously. It is found that mgrating ne A EGEMBERA006
which are closely 10 adhered to each othgy, and allowed to mgrate
concentrically in a radius of about 60 centering 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

cul L ure et KGOS i ok A Gl o BREuARIRESRARUSRY ™! 205,
et hod 1 or - PbaeRsEoREke FPbral e ECH] e iRy SELPh RIS BRIR AR,

tom ool | o MOFAETIBRR: ROot SES. B cdenafiifed culpFE it o Phitiinkdof S
oL P e g ARl ok o B ST e TR i e BB, 1T
Jubst Pt um NN TR PR F e, aUand expreasi on of nestin in the
ST A g e
e, oo PSRRI 0 i o Dt
ool o) S IRV S it (it B
TR il by o on i ol ooy

i ner edsed. :,1(thrg3 f%ﬁ?fah‘?tthfﬁ 6@31% alfowed 1o mlgrat% con%entncaﬁy in a radius %?alaout

600 um 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



the mgration to a culture substratum occurred due to proliferation of the
neural stemcells in the SCS. Since the itself is actively repeating cell
divisions as neural stemcells, the SCS can be used as a s@dd@PECEMBB&20066
times. 10 According to the present exanple, it is shown that nunerous neural
stem cells can be prepared by adhesion @i ture of the SCSin the presence
of bFGF. Exanple 5 Wien the SCS was formed by carrying out suspension
culture of a colony 15 of HK cells of nouse enbryonic stemcells in the
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with 4% (w v ar af or mal dehyd 0.4 M ucrose.  and 50 m\J phosphate buffer,
pH 7. 4,°§ or &Bﬁh eSS Saﬁ@y%fﬁ%j%elbédmt%@a&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.



treatment with 0.1% (v/v) Triton TM X-100 and to blocking with 10% (w v)

BSA- PBS. 10 The cells (Stem Cell Sphere; hereinafter abbrevi ated as SCS
after blocking and an anti-nestin antibody froma nouse wer & PREENIRER2006
overnight at 4C. The m xture obtained and a fluorescent-|abel ed rabbit
anti-nouse 1gG antibody were incubated a0 roomtenperature for 2 hours, and
further incubated wth a biotin-|abeled nouse anti-BrdU anti body overni ght
at 4C. Next, the 15 m xture obtained and the fluorescent-| abel ed

streptoavidin werg jncubajed . at roomtenperature for 2 hour ereafter,
the cells obtai nef:l:'l W@r‘giyo%ggmf:esd‘sﬁﬂﬁﬁonﬁ‘m% famogeqxyur &%ﬁ?fﬂmmsr oscope
manuf act ur ed ei ss (trade nane: SMb10) . | nmmunof] yorescent st aine
i mages are s o gljire 59 qsﬁo\rﬁﬁygﬁl'ffqlﬁco ?"s“c‘ﬁt‘lﬁ’ﬁtqfldz) bﬁ'ﬁn g{qkﬁ,o?\kﬂng}] is a
mar ker for neural stemcells, and Brdy, ich 20 is,used as. ap,index for
Col I i vi si ofdiselas aganien oy celliuisiah THE eRfufenyas incafitsfitop Saobivndses
surface | ayer, except for the.. core becane nestjn-positive cells, and re
proliferatinte SFH&@JIBEFICQI‘&E@S&% OSCBPEQP?R%* {{100’8: gxtythe @hémtaclﬂd\et he
neural stemcells can _be prepared surprisjngl fficiently t he addition
of a neural !"Féﬁﬁ'&l&rpdé%iﬁhﬁw éfb?é‘?“ﬂﬁ%ll‘?’“h%“‘t%rﬁﬁé“‘ﬁ’i‘ﬂw -gﬁleﬁ‘??ér‘f‘dsmeocyte
condi ti oned nmedjum and the astrocyte has 1 CENBER 2006 1 pedi um
Exanpl e 6 Di queltma ¢edls Wedfnwm?wgwﬁbg&%@w%a@t@m@ﬁpm% AMir ons
Whet her or not the neuyral stempﬁel | s gﬁl}talanig In _Exapple 4 are 5
di fferenti at S#FTP$R #1chall mMsphasphale i, REnhdr 0350 Inutes, aad subiestedipdel | s
formed on the SCS surface 'ngngfrmS“’P agb(ged. Concretely, whet her or not

| -

the neural Heament with Do HeRen and {9 blackingwith H1% &wAni BSA- by

culturing the SCS in Neurobasal TM B-27 contai ning bFG-F to give mgrating
neural stem EBSis, and

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
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exchangi ng the culture medium for the above-nmentioned neural stemcells of
10 which differentiation was suppressed, wth the m xture of the astrocyte
condi tioned nedium and the astrocyte basal nediumin an at nREPREEMBIER 36

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, i?lis found that regardi ng the neural
stemcells in 15 which the cells had been cl osely adhered to each ot her, by
exchanging the nediumwith the m xture of the astrocyte conditioned nedi um
and the astrocyte basal nedium the migrated neural stemcells are

di spersed aff%YPead while the cells are closely adhered to each other one
day later to differentiate in their norphologies into neurons. In addition,

A ime manner in the
neural st emEX@Mpie Poile DR GEaLG alytembgells toNguronS s ggest t hat
t he productio arge ampunt of neuropns can be cconpljshed directly
fromthe neural g’yg‘#}‘ﬁ’é 7 8oL e asuipd stem calls elfaimed 13 €4MHunt. 25 In
addi ti on, up%&ke Qf gr.du into cells was exam ned in the sane n%nner 21
DECEMBER 206#tersptiatediintometpneimthysamesRannesisva the pewrabistemoeelistogmedi ng

the SCS and its _s rrogqugin S, expressign f each of a neural stem cell

mar ker nest o8, the SC surkacedayer was sxaming n&%@@Fet widrethespg Mot the sapsaki ner gi ¢
neuron marker tyrosine hydroxyl ase (hereinafter abbreviated as TH), a
GABAer gi ¢ nélsmECEs ean Redifftrantstad dnlaaicaronsoyreerammeddy-atusmeths SGS at ed
as GAD), and a_ cholingrgi ¢ neuron marker choline acetyltransferase was
exanmi ned usilhd'earobasal | 3/ ¢urtaiameblak ke givymigratingnsural stesm sels.aad
technique in the sane manner as the detection of nestin in Exanple 1

ment i oned al§&gkangmg theccyliure mgdium for the above-mentioned neural stem cerﬂg 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 so, 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



shown in Figs. 13, 14 and 15. 10 As shown in Fig. 13, it is found that a
dopam nergi ¢ neuron marker TH is expressed in a nmagjority of NF-positive
neurons. In other words, it is found that TH positive neurc?ﬂé)FéE@“BERm%
differentiated not only fromneural stemcells remaining in the inner
portion of the SCS but also fromthe m'gr%?ted 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 ure neurons. Furfher,. as own in Fi t here could be
confirmed ne%ﬁn'gﬁéx%ﬂgaf meR OBC‘EQE?Y&THh%qﬂsl{}?'érreg%[rdg‘ﬂgmeggﬁ a"fqmag cells. It
I's found fromth&sﬁe results that. th r(% are ﬁxhi bi %ﬁd excellent effects by
usi ng prol i f SHERWKIRGS; cXpressiom ¢ffach of aqisura stem el JaHEsTReH M Rons whi ch
coul d not be epatred,by a conventi onal,, reviousl.y reported nethod can be
prepared in Qﬁfeég’bléatﬁﬁirﬁgwto,“ r(‘&%i(etr ﬁ‘ﬁl‘“ﬁgﬁ%ﬁg ardé’cP@E‘s‘\é?ryglgB?urﬂF‘dﬂa F oughput
Screeni ng can be ovi ded, ecause actively dividin onic stemcells
are used as grg%‘&\gﬁ‘i}’ﬁﬂ) S@r(?‘ﬁﬁmafg?f&%%’fae‘ﬁa%ﬂéts%iamwgé‘iﬂwg? whi ch
had been difficult to be prepared when 21 ER 2006 rinmary cul tured
neur on® prepﬁ}aé%Frfngqu{%ﬁﬁ?égﬂx 5 %’&?Eggﬁ)l\@y‘&? as Gﬁbﬁﬂeg%i n a large
anount. Exanple.7 D fferentia{(i o&ﬁ?f Prolifergted Neural Stem Cells into
Astrocyt es 5chplifesgicieusen marker ehaling acstyliransienass yes examirgd using@Bat her t he
cells can be differentiated into cell species other than neurons was

studi ed by chaiRadygiorsach markes Ry ap pamungaistochemical; teghigne dn heevams he Scs

was cultured in the sane manner_as in _Exanple 4 to allow the neural stem
cel I's to m gmanaer authedletestion ofamsstinda Esgnple 1 mentioned above. The results are

shown in Figs. 13, 14 and 15.

10 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

15 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:

20 ®  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

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



10 form ng a spread col ony, Neurobasal TM B-27 contai ni ng bFGF was exchanged
w t h Neur obasal TM B-27 w t hout bFGF, and the culture was continued in an
at nosphere of 37C or so, a CO2 concentration of 5% or so, ant DBOBMRER 2000y .
As a result, in the sane manner as in the differentiation into the neurons,
cells which had been in a state of adhesi® to each other in the
surroundi ngs of 15 the colony were individually dissociated several days
after. Further, the dissociated cells were differentiated into cells having
nuner ous branched projections, disti ftiv |y owned by %strocyt es. At this
stage, exprePEmRAYsultyredneypns PEﬁﬂancg rgnh&edqrgmpwgr[eeqs,q (eabs als@hich is a
mar ker for astrocytes, was exam ned by imunofl uorescent histochem stry. 20
As a resul t, PERPEHINA l3SEAHNOME. it is found that all of SCSs as seeds by
whi ch neural stemcells were continued to be supplying and m grated neural
stem cells are differentiated into GFAP-positive astrocytes, that are
NF- negative. In addition, as shown in Fig. 16, in the surroundi ng portions
of the col onExasmple/ Diffgrentiation of Prolifesated dNesralStem Cells intp Sstrg
was stained with an anti 25 GFAP anti body. |n other words, it is found
togethe? with Exadpnes hemearalistem zellpareavpitipatontacells qwhetheatheseadls caalhes can
be determned to be differentiated into_either neurons or astrocytes by
changi ng t he differentiatedontn eslbspeciasrptberidianmspepns was studiegdshchapgingitheonal | y
difficult to differentiate restrictively neural stemcells into one cell
speci es. Howsubnre egsliignfhg to the 5 nethod of the present exanple, since
substantially honbgeneous neural stemcells can be prepared in a |arge
anount, the neur alAlsa Bmequiinkwbere the S(Ss wias cultyeadyin the Sameananner @slin nt o one
cel|l species. Therefore, the nethod using the SCS as in_ the present exanple
can be expectBxample Haoallow ﬁwtnmeaie%@nf@?lsﬁ@nagwg@ﬁ@m adhered $6&5,4hérehyor t he
| i ke of transplanted cells, which is the, nost serious problemin

10 forming a spread colony, Neurobasal'™ B-27 containing bFGF was exchanged

L E R

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
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10 regenerative therapy, transplantation therapy or the |like. Exanple 8
Differentiation of Dispersed Neural Stem Cells into Neurons A nmedi um was
renoved froma 60 nmdish containing the neural stem cell s2lODEQEMEER 2006
Exanpl e 4. Therefore, the cells were vvas? d with Dul becco's 15 PBS (w t hout
Ca, Mj). Next, 2 ml of PBS was added to e above-nentioned 60 nm 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 detached by

i petting, d trif d .at ,700 f inutes to h t th I
Dt B cel 5. ARgaf Ste5t petsm g adiPomied e BN o AR st odr um 20
and t he astroc%%tﬁ b@fafé nedi gl}m Wali addea. to the. above- nent i oned ne_ural stem
cell's to sulJEHTIEHY FRAENE AP OIS ni xt ure. The suspension was

| at ed 35 i sh t. ith | |. ad i I | e. [ t,
plated on &35 B flet RSN Bl oS AR AL Db St gt oY
L o I 52 S R ETE SRA Sk AERYRLEL B Rt o e

bstrat t t the 21 CEMBER 2006,. 55 I | t . Ex I
5D t for ont FRtRGhOD fedGrRsT 6 SAMPLG Sk upS BRUATELP TRV N Bl LS Te T
| st | h ted in th i 8.. 5 Th
noural st eneell pin BEpipAEY ot BTt amonabaRe RedRlaen STl BR SRRy FCs.
d d.at ,~-80C i d f . T | .st s .
wnshod’ Lo v BHGVENRed i5ioans el RS, (Eiois it atp i rsiPedhe SESANE T 1 an
i ncubator at, 37C, adding.,5 nm,of DVEM to the. product obtai ned, and
centr i ugi niha PRESGRLGRAFIISEary S eXPECTFd fo Bays ciieitvenses Koo eratogenpsias e
e s SO A IR e TR e hBubich i

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 ml 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



stemcells. Thereafter, the suspension was plated on a 35 nmdish coated
with a cell adhesion nolecule. Fig. 18 shows the results obtained b

exam ning differentiation of cryopreserved neural stem cel | s* NQ@%EN%ﬁgbﬂyﬁ
15 As shown in Fig. 18, it is found thatdggyopreserved neural stemcells are
differentiated into neurons in a period several days, even when the

nonol ayer 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, ng£ haw where necessary. 20 Exanple 10 Differentiation of
Enbryoni c Stgﬁ¥1 QQEI?QB@%'CEII Strain into Neurons The differentiation was
studi ed under the sane culture conditions as those of Exanples 1 to 3 using
commercial ly avail able 129SV nouse enbryonlc stem 25 cells (passage nunber :
15, suppliedgk R 56
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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, it 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 129SV Cell Strain into

Neurons
The differentiation was studied under the same culture conditions as those
of Examples 1 to 3 using commercially available 129SV mouse embryonic stem

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



Neur obasal TM B- 27 containing 20 ng/m bFGF as a final concentration, the

m gration of the neural stemcells is caused, and the sanme phenonena as
those of the HK cell strain are observed. In other words, 2tDREEMBER 2006ed
that a method 15 conprising carrying out _suspension culture of the enbryonic
stemcells in the mxture of the astroc§§e condi tioned nedium and the
astrocyte basal nedium thereby form ng SCS, and thereafter carrying out
adhesi on cul ture can be appl ied even to enbryonic stemcells froma
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strain [ Sueneri, t al 22 3- (2001)] was

G F1er entt arBRtONC MBeYF o vilshaRAkEa® tscfghtwp%gycfafm%gwewvewe%| ture
in the mxture of the astrocyte conditioned nmedium and the astrocyte basal
medi un? and caﬁweymrfgedmxt‘gawééﬁ%astewﬁF@n ipped megita angddhe agiioeyiE e
substratumin the 3\!& rra Ber as jn the noyse enbryonlc stemcel]ls. The
OVK- 6 cel | dasalimediam, aadithergar pngthe-adiesion qulturg yigh Hieraglhgstver i nal
concentrations 13.3% (wv) FCS and 103 U m LIF, using nouse primary

fi brobl ast s Calture subsyfafurse| | | ayer The cul ture conditi ons were 37C and 5%

C02 At a stage where the coloné CMK-6 cell strain was grown to a size of
10 from 400 to 50% showmin . d yltwﬁomtﬁaﬁw@ame a‘éheé&fbﬁﬂflffér&ﬁ garfigdder
cell layer with a glass capil in the sane manner as those of the nouse.

Next, the Sl!lépl‘éﬂ‘sihérﬂdélﬁﬁltvﬁrcéhéﬁ a_tti)s{ratm afigl SHRPEBSIEN CUHBTECMIEETRWS | strai n

obt ai ned was
10 neurites are elongated from the SCS obtained from the 129SV cell strains. In

addition, by exchanging the medium during the adhesion culture with
Neurobasal™ B-27 containing 20 ng/ml 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



carried out in 2 m of the mxture of the astrocyte conditioned medi um and
the astrocyte basal nmediumin the 35 nm bacterial dish in ﬁf E %ﬁrg
around 15 37C, a COQ2 concentration of about 5% and 100% hu B @Rl P8 he
nouse enbryonic stemcells forma col ony 17n the swelled state, since the
colony of the CWK-6 cell strain was flat; the colony imredi ately after

det achi ng was suspended in a state simlar to that where the paper was
tw sted. However, after several hours, the CWK-6 cell strain fornmed a
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t he Xt ur roc ndi ti oned ,medi um t astr asal
medi ur|12) efro % the colony was mechanically etachegefrom a feeder ce?l

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
15 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

20 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

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



efficiently as in the case of the nouse. The results obtained by observation

of SCS and its surroundings wwth a 15 phase contrast m crosg e y
1 of the adhesion culture are shown in Fig. 21. As shown i 1%%?&%%0&?5

found that in the sanme manner as in the fromthe nouse enbryonic stem
cells, neurons are mgrated fromthe SCS from the cynonol gus nonkey
enbryonic stemcells on the day 1 after the adhesion 20 culture, elongating
the neurites. In addition, as observed also in the adhered SCS fromthe

nouse enbr Y%illcstﬁatiﬂ,“éﬁccgéﬁs%enéibn icalthRUATkhERRILs WiR @ftiedoat rd0ftbarneddysat ed

I nto neurons in the , and actively elongated their neurites from’the SCS.

In addi ti 0n1inttH@Hﬁ&H{r€%¥ itﬁ’é‘aﬂfoc%téé’éﬁd?ﬁéﬁecpﬁueﬂilﬁﬁ%h@&ﬁ@ﬂﬁf@éytt@baéa‘l'_ neurons
mgrating fromthe SCS obtalned”fromthe cynonol gus nonkey énbryonic stem

25 cell GW-rﬁ%&igg{d ﬁﬁrtﬁk&ﬁgﬁﬁ ﬁ%@.mmemﬁbag%ié Wh&k%ﬁ&éaﬁﬁhe& Al que

in 21 DECEMBE 6 59t sane nmanner as detection of nestin in
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Fig. 22, since the majority of NF-positive neurons are TH positive, it is

found that dgpadE Neghér, IRUSCIREE TR ﬁishéﬁgisﬂkhﬁﬁ&ﬁvaé %civliKbtrE’&'io l§n‘ﬁ'€ﬁ€k§vei.t s

found that the cynonol gus nonkey enbryonic stem ce -6 cell strainis
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the cell strain in the mxture o e astrocyte conditione ium and the
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adhesi on cul t GesthParlifdds, Rl ¥ &1fShigtated 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 are 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 immunohistochemical technique in



into neurons can be also universally applied to enbryonic stemcells of a
cynonol gus nonkey a primate, which is a species different froma nouse. In
15 addition, it is thought that the above method is effecti ¢tDFSFMMBER 2006
speci es, and has universality. Further, §d1 consideration of the fact that a
cynonol gus nonkey is a primate, there is”a possibility that this nmethod can
be al so applied to human enbryonic stemcells. In the case of conditions

ot her than the suspension culture, not only neural 20 cells but al so other
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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



regul atory factor peculiar to ES cell), Pax-6 (transcription regulatory
factor 15 peculiar to neuronal precursor), nestin, NF-M Nur,l l
neuron marker), TH, GATA4 (endoder m narker), Brachyury (méé&mﬁgs’w
cytokeratin 17 (ectoderm epidermal cell (garker), (3-actin and GAPDH was
used. Next, PCR was carried out using the above-nentioned prinmers 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) mﬂffel(eitﬁféd ans nwgﬂaﬁxs&elwlhtb #ENBnewad ekt © i n an anount

so that an anmount of th product of a fragnment corresponding to GAPDH
I s equal anong “’@usgéﬁﬁbﬁfc%ltﬁ% bﬁfh%%xﬂme&ﬂﬂh&d%ﬁmy%ﬁid siem{deflsShaz formed by

carrying out the spension culture, and the cell masses obtai ned by

carrying out i I t fih! so t hat
one cycle ofCa?{gg%t%?gﬁﬁc‘ggasﬁgplcﬁg&m£ ééﬂéﬁ/)égge%rg?@ 2ftﬁ%§fcr:a15gra 15 seconds,
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was subj ect resfs and anal yzed e results are shown in
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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



t he 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 nesoderm
and an ectodermin the differentiated neurons obt ai ned by tHDEHEEMBER 2006
conprising carrying out the suspension |ture of the enbryonic stemcells
in the mxture of the astrocyte conditi o ed nedium and the astrocyte basal
medi um t her eby form ng SCS, and thereafter carrying out the adhesion
culture. Therefore, is 20 clear that the above-nentioned nethod is

different f r&%%‘*%g&ﬁ?ﬁ&[oﬁhs £ Hﬁfr%@tée%ﬁ(ﬁ’sn amf ﬁgbrﬂopga E@ccgmsix'[liacﬂ of

quantitative assage of ensi on

cul ture of he, GHﬁétgro%%hgr? %ﬁ%mi%%'tﬁ e?ééi‘ X&%{résx&bx@d‘&né&%ﬁﬁ@é F%ultglﬂ

for 4 days in't emxture trocyte co I one
astrocyte ba%%IS W#‘[ Mot Bgreby formng SCS, and thereafter the adhesion 21
DECEMBER 200 (9 cu Fe“df the SCS was carried out for 5 days to induce

E:gﬁvginz T gﬁgrt Ingz Ih r omrig F,§C§3 i @%P tﬁﬂzoﬁt%er ent | a?gél%g}{rgrlflgﬁl C stem
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Subsequent |y %@écﬁﬁv. p AR PO BN SR 68 1
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determ ned eIt LIRS e R A S S b S BB
EXPTESH °N s 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



| evel as Cct-4/ GAPDH, nestin/ GAPDH and TH GAPDH, and further shown in 15 the
graph by defining a maxinum of a relative expression level as 1. The results
are shown in Fig. 24. As aresult, as shown in Fig. 24, it _2%DEGCEMBERa20064 n
nestin, which is expressed in the neural stemcells, the expression is

rapi dly enhanced in the suspended SCS, 8Ad that the expressi on continues
even at a stage of the adhered 20 SCS. The expression profile of nestinis
wel | consistent with rapid division of neural stemcells and

differentiatign there into neurpns.,. Further, .i is,f d t.hat e
elxpr essi oln |°|§ﬁBWn%tﬁ@§$g§ “‘ﬁﬁ,caﬁ‘f(ﬁﬂ‘?ﬁ for § ‘%&yﬁttﬂélg‘%l%ﬁhﬂggtz?ﬁeﬂéa“%gfg?ﬁ, is
differentiat fromthe sus ed SCS in t he adhered SCS. ,25 | NDUSTRI AL
APPL| CABI LI %E“B@éﬁ%‘éR @gg‘ggwélé PA%%F@SM@ ‘EQS‘VFHBOH&TH%@OF‘??FO’B% ing a
bstantially jsolated,. ral cell, of .the present inventi.on,
eubst ant | al 15jch 8bihia wrdifterentiateembrymis, St ¢¢1L flone (ispensipnicaiure: the | ar ge
anount and sfa fr enb ni ¢ stem cel l it hout bein limt in.a
source of tﬁ’éyﬂ%ﬁl‘f i °§tté¥n%éﬁﬁla§datﬁ]8 (@fyt CiSHERFSHY! t‘g%{‘:‘{‘ﬁ&’&‘}?gl
cell, a nesodermal .cel d endodermal ¢ell other th he neural cell,
o that e Tessrapt ti dasehand Brecds Of Mo adicsinreyi e SONA Yamol | ad i o &
| arge anount and. stably. Therefore, an application to neuro eneratiye
ther apy or  SHBIESZEd DYCATIRE PRLA TqYSTSEIRAICEIRtoR TRRRsian Wit ARNA PBfamed ¢ he
present invention is selectively differentiated via the enbryonic stem
cells into &\ SAP'YE- neurons 10 and filial cells fromneural stemcells,

the neural cell can be usgd.as source of. a cell or i ssue |

neur or egener at i vesqt}ﬁéﬂ%?ﬁ’o#np I|to pralyge tl?fe%l‘PBP’éb@f?f@@‘%\fﬁf (u’d"fﬁs]ggse, spi nal
damage, cerebral infarct Qr the |ike. Further, the neuron of the , present
Cnvent | on_erdgitbgiestinandd s Igféﬁr#@ormﬁ theriame e¥sle grmbercavibiope descaibeds

comruni cati on between nerve in re (Enerati on of nedical treatnent such as
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 to 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 in 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 division 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




15 neuronal transplantation therapy for neurodegenerative disease, spinal

damage, cerebral infarct or the like. Further, according t%ﬂ%ﬁgbﬁb&%&l

of the present invention, simultaneous transplantation of t

with a neuron and a neural stemcell enghles to support the differentiation
and growt h of a neuron, and further to forma brain-blood barrier for

suppl enent of a nutrient substance. 21 DECEMBER 2006 64 CLAIMS 1. A nethod
for producing a substantially isolated neural cell, characterized in that

the method compr iﬁé&rﬂg@ ¥ thd R&thod #6r @ﬂgﬁgéﬂ@ P&Jﬁ%r%{é&lﬁ]i%laf‘eﬁq{%?ﬂi cfetllg stem

cells in the presence an astrocyte Itrone or 1 ngredien
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neural cell rding wher I's sele m t he

group consi Slri&ﬂgd‘?xga%o{]?désc?ﬁthé eﬁ?ﬁ?ggﬂc%g%g Ocr'égg‘éﬁé{ wiﬁxd?n‘t'ﬁ?d’hc‘ﬁ%’aﬁ rat. 15 4.

The net hod for producing a neura Ing to any one claims 1 to

3, whegein o&@%m‘i’geﬁoz{rﬁ{ésﬁﬁérrﬁﬁ%eﬁtaﬂﬂ a@féno%%ﬁ?{ixl{t%lp&h?f {HanSHE RERR O

culturé of enbryonic stemcells in the presence o e astrocyte conditioned
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step (A) In ﬁlpeeis 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 neural 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.



presence of basic fibroblast growmh factor (bFGF) and/or epidermal growth
factor 25 (EGF) and in the presence of a cell adhesion nolecule, 21
DECEMBER 2006 65 thereby obtaining a neural stemcell as a2t®ECEMBERRE
from SCS. 6. The nethod for producing a neural cell according to claimb5,
wherein the culture in the step (B) is @arried out in the state of adhesion
of the stemcell 5 sphere (SCS) obtained in the step (A) to an adhesive
culture substratumcarrying a cell adhesion nolecule. 7. The nmethod for

produci ng a neural cell according to any.one of clains 1 to 3, conprising
carrying out the step of: 10 (A") cariﬁ?ﬁ@ﬂgut t he suspension cul ture of

enbryonic stemcells in the presence of the astrocyte conditioned nmedi um or
i ngredi ents substantially equivalent to the conditioned nedium and in the
presence of basic fibroblast growh factar (bFG) and/ qr epidernal, growth
factor (EGF); thek mt/h%%oaimpﬂwagﬁewbaﬁangﬁlém%@pdineua?(fﬁﬁn%aéwtega%re
(SCS). 15 8. The method for producing a neural cell according to claim4,
conpri si ng IHatjhemethad camprsescarsiag ophthe suspensien culture o ombryonis i ng t he
stem cel | spheredissps obtained in the step (A) in the state of adhesi on of
SCS t & an adie&&F mﬁl@mr@seslﬁwfraataﬁﬁpeﬁﬁrcynﬂgloaleéémdlaah@rsm@nectentﬁn| ecul e
in the absence of basic fibroblast growh factor (bFGF) and/or epidermnal
growt h fact subgtadllyaequivalephto ecoadutonst medilstr ocyte conditioned medi um
or ingredients substantially equivalent to the conditioned nmedium thereby
obtaining a neuron. 25 9. The nethod for producing a neural cell according
to claim4, conprising 21 DECEMBER 2006 )

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
S. 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,



66 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 growh factor (bFG-) and/or epidernmal growth faCPBPEC@é@l}Réﬂ% in
the presence of a cell adhesion nolecule,.and 5 (C culturing 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 bFG-
and/ or EGF, thereby obtaining a glial cell as a cell mgrated from SCS. 10
10. A Methognbiah yRIRAKFS nBufd® YiehlleeIF QURTER i@rdtbE fRERBCY, culturing the
neural stemcell “obtained by the nethod accordi"ng to any one of clains 1 to
7 in the state of adhesion of the neural stemcell to an adhesive culture
substratum carrying a cell adhesion nolecule in the absence of basic
fibrobl ast owt E. / idar and
in the pr esggrice 2¥ ﬁ?ﬁ“é‘:ﬂﬁ%" gcgtp?g%g/?fggg gﬁgﬁi%ﬁeﬁe%ﬁﬁgﬁ glrahlﬁ%%h(ﬁ(rgﬁz%c
substanti al | g : N L . taptially

i sol at ed neuérﬁéﬁ%sjﬁﬁe/%e?gﬁ ,tﬂmirgﬁnl&ﬁs)agilﬁﬁelregatt?g? ggﬁgsrl%()gﬁie%g rc%([)lni c stem

] h i . : v ' I
e o8| "2 ROCSEIARS ih e QUp S O 5oL fulfrc ooy cAiinie 2
cryopreservg?celizlgd%qgi(ﬁwq@ﬁ%érhtléral |y isolated neuron, which is obtainable by

t he net hod alm 0. 21 DECEMBER 2006 67 14. The substantially
i sol ated neuron according to claim 13, wherein the cell expresses at |east
one kind selected fromthe group consisting of class Il R tubulin,

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



neurofil anent, tyrosine hydroxyl ase, glutanmate decarboxylase and choline
acetyltransferase. 15. A substantially isolated glial cell, which is

obt ai nabl e by the nethod according to claim9. 16. A cell phBECEMBER 2606
conposition conprising, as an active ingredient, a substantially isolated
neural stemcell which is differentiated®roman enbryonic stemcell by the
nmet hod according to any one of clains 1 to 7. 17. A cell pharmaceuti cal
conposition conprising, as an active ingredient, a substantially isolated
neuron obt ai nable by the nmethod according to claim8 or 10. 18. A cell

phar maceut i ceATYBg st ttebheiemtbithgstepsokn active ingredient, a
substantially isolated glial cell obtaipnable by the nethod according to
claim9. 19. uselpring theestem cgHesphere {]SQS)é&té'@efi Ao the $tep ¢Adiptheonsi st i ng
of: (1) a substantially isolated neural stemcell which is differentiated
from an enbrpigserce afthasiclbrobiist grawihetastnr (RECH) andipriepidgimab geowth factarns 1
to 7; 21 DECEMBER 2006 68 (2) a substantially isolated neuron obtai nabl e by
the nethod adeéeFhandyin the presgnee®fgreellndhgpionmapleguleipadantial 1y i sol at ed
glial cell obtainable by the nmethod according to claim9, for the

manuf aét ure 6f) a eturinghierSESobtained imbestep(Boidde stateof edhesipeb8€Sor a
nervous damage. 20. A substantially isolated neural stemcell which is

di f f er ent i at ©dar adhpskire s pubstratemearang awplliadbesionipeleaeledndherg to any
one of clainms 1 to 7 for use in the treatnment of a neurodegenerative

di sease or nabsgnoeotibiedeandigr E: oduci ng i nto a neurodegenerative site or a
nervous damage site. 21. A substantially jsolated neuron obtainable by the
met hod accor thergbyt ebtaiting mgdiad cell @s peellumigrated framSEHt rent of a

neur odegenerati ve di sease or nervous

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 8 or 10.



damage, by introducing into a neurodegenerative site or a nervous dange

site. 22. A substantially isolated glial cell obtainable %%&%@Oﬁ%

according to claim9 for use in the treatnment of a neurod
di sease or nervous damage, by introducing into a neurodegenerative site or
a nervous damage site. 67

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 r 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 use of 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;
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2) a substantially 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, for the manufacture of a medicament for treating a neurodegenerative

disease or a nervous damage.

20. 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 for use
in the treatment of a neurodegenerative disease or nervous damage, by

introducing into a neurodegenerative site or a nervous damage site.

21. A substantially isolated neuron obtainable by the method according to
claim 8 or 10 for use in the treatment of a neurodegenerative disease or nervous

damage, by introducing into a neurodegenerative site or a nervous damge site.

22. A substantially isolated glial cell obtainable by the method according to
claim 9 for use in the treatment of a neurodegenerative disease or nervous

damage, by introducing into a neurodegenerative site or a nervous damage site.



