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Social function reovery in schizophrenia: can combined therapy with drug and cells r
epair neural circuit of verbal memory and sympathy/empathy?
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The purpose of this study is to investigate the influence of antipsychotic on the
neural circuit of verbal memory and theory of mind which has high impact on working and social function re
coveries in schizophrenic patients and to link it to the development of the new regenerative strategy for
psychiatric disease treatment. In the experiments using neural/glial stem cells derived from adult brain,

it was revealed that all the tested atypical antipsychotics promoted NG2(+) cell differentiation to GABAer
gic interneuron inhibited by MK-801. As one of the candidate molecular mechanisms of this GABAergic intern
eurgenesis promotion by antipsychotics, we have indicated the involvement of HSP 90 expression change. The
se results suggested that the increase of adult GABAergic interneurogenesis through HSP90 expression chang
e might be involved in the mechanisms of neural network repair in the schizophrenic brain and cognitive fu
nction recoveries by the atypical antipsychotic treatments.



PV
interneuron
GABAergic interneuron
Svz
migrate
SVZz
NG2
proteoglycan
NG2 oligodendrocyte
GABAergic
interneuron

GABAergic interneuron

Svz
EGF bFGF PEDF
neurosphere 7

BDNF
monolayer

3
oligodendrocyte
olig2 PV
2

invitro

3

Nestin NG2
olig2 PV
MK-801 NMDA
3 BDNF

Tuj-1 Neuron olig2

oligodendrocyte GAD67  GABAergic
neuron PV GABAergic interneuron

Isolation and expansion of G
SVZ-derived NSCs

ETZTE

*.

reen: BrdU positive cells Expanded as neurosphere
(EGF, bFGF, PEDF)

issociate
in HBSS

c ulture 3 days
{ BONF)

(A) =3
3 1 Suspension (EGF, FGF2, PEDF) |l M eeeee (BDNF) | St
o ul Proliferation Differentiatia mI
NoRs el t lﬂﬁﬁﬁ] ABAerpi neuron
(B) Progenitor cell () (D) .
Nestin/DAPI o .
. “ull
NG2/DAPI (F) e it
T mm II
(1) NG2 MK-801
MK-801 NG2
GABAergic interneuron
oligodendrocyte
4
MK-801 NG2
3
olanzapine aripiprazole



blonanserin MK-801
GABAergic interneuron
5
oligodendrocyte
aripiprazole blonanserin
olanzapine

oligodendrocyte

6
oligodendrocyte GABA
NG2

interneuron

NMDA antagonist
GABAergic interneuron
NG2
Svz
GABAergic interneuron

3
MK-801 PV
interneuron

GABAergic

Olanzapine
oligodendrocyte

Bl4 NG2(+) cell SHMEIZRIFT

v
. A+ Oligodendrocyte

—P 6@ Traay ;
NG?“E GABA
iR interneuron

PV Eit Rk Olig2 atHERB DT

GABA interneuron P<0.05 Oligodendrocyte P<0,05

g
g

.

(% of DAPI)

e 858288
K
Olig-posiive cells

PV-positive cells

(3 of DAPY)

B8 &8 8

0 1 10 0 1 10
MK-801 (M) MK-801 (M)
MK-801EENG2IHIEBMCABA intermeurondHEZIIWT 5, —%, AUTFUFaYAF~OHHEICEEELLLY

GABA Interneuren
MK-801 .

MK-801 10 M

\ ~
w At .‘ Oll;wdrouyte
@@ . b ’;-
NGZVI&

\ H
GABA z
RREER ~ interneurgs
AR MRS - ¢ o ] 3

Glanzapne (M}

Py-posttive cells
(% of DABI)
osBEEEBIS

GABA interneuran = & pe s
MK-B01 104\

GABA intemeuron ¥ P s
MK-801 10 M

PV-positive cells
(% of DAPY
cEHEEEERE

PV-posiive cells
(3% of DAPI)
cE¥BEEREE

‘Aipiprazole [ M) Bionansenne (M)

IDORMAERR LWTFhLMK-80112&5CABARInterneuron~DFHEMBEEMWLL =,

OligodendrocytesHEI= R (FT

!'§§ \ e o

. S-Hl: -* [)hgedendmcyly
_,@@ ..._,_ :f -
GABA

NGQIIR
wRRER interneuron
HRAHE T,

Cig2-positive cells
% of DAPY)
BEELEIBEE

Olarzapine (M)
Oilgedendrocyte «8 Peags Oligodendracyte ¢ panas
00 MI801 10 M 0 want 10,0
£ a0 L
=0 8- %
f3g = =
ﬁz o E: )
T 3 =
# ¥
o .
o
c o 1 3 [ o 1 3

ARpiprazole (M) ‘Blonarsenne (M)

IDDAMBMEN TS, Olanzapine®, oligodendrocyle~ DML LRI ML=

) GABAergic
interneuron
heat shock
protein 1 HSP90
HSP90
aripiprazole
PC12

GABAergic interneuron
HSP90
NG2 MK-801
HSP90
7 MK-801
HSP90

olanzapine aripiprazole
blonanserin NG2
HSP90

haloperidol

HSP90
8

HSP90

=7 SBEEMEOHBLIENODRI-ETS

ELas

Pt Ppptatry. 3013600 3 9150

Western blod anafyaia of HEPS0a

Hewste Gt (i e duted ey Dar St Shesih
proiein kup8ta: 5 el isages for ihe
ArEpIYCAoNe dIig SRpEasoi.

It T el Pimpbment o LR
ik -" Digedmdracyin
Al L UFL IBDRE SRR
R TR——— 2P &
RO3+) Cdl asps
nlmresen

Seraapty Rk, 2080 008 1 5010 1378
duniiication of srabadies i hasl shack pralsias. Lo L " B i

9 K0 3l 72 R0 In RIS WIth SChECEhIS -
—— T

SR — —

e 43, L . o &Y e €04 Ea £, P B4

WEEAGOWEEAEDEL, NS, L

UHsrra
REFRYTS Wi hiree indicrled St MK-301 redkced

HIFR i
i B ST e HGRGE| Cals,



Ela wWrotiEmasRicEs

D

2)

3)

3

Chm=—e Fg— 22 B s v

NGE(+) cells

o}

SVZ

12
Kigawa Y, Hashimoto E, Ukai W, Ishii T,
Furuse K, Tsujino H, Shirasaka T, Saito
T. Stem cell therapy: a new approach to

the treatment of refractory depression.

J Neural Transm 2014; [Epub ahead of
print]

2014; 25:
24-26
Hashimoto T, Yamada M, Iwai T, Saitoh
A, Hashimoto E, Ukai W, Saito T, Yamada
M. Plasticity-related gene 1 is
important for survival of neurons

4)

5)

6)

7

8)

9)

10)

11)

derived from rat neural stem cells. J
Neurosci Res 2013; 91: 1402-1407 doi:
10.1002/jnr.23269. Epub 2013 Aug 30

Yoshinaga T, Hashimoto E, Ukai W, Ishii
T, Shirasaka T, Kigawa Y, Tateno M,
Kaneta H, Watanabe K, Ilgarashi T,
Kobayashi S, Sohma H, Kato T, Saito T.
Effects of atelocollagen on neural
stem cell function and its migrating
capacity into brain in psychiatric
disease model. J Neural Transm 2013;

120: 1491-1498 doi:
10.1007/s00702-013-1010-4.
Shirasaka T, Hashimoto E, Ukai W,

Yoshinaga T, Ishii T, Tateno M, Saito
T. Stem cell therapy: social
recognition recovery in a FASD model.
Transl Psychiatry 2012; 2: €188 doi:
10.1038/tp.2012.111.

Ahmed EU, Ahmed S, Ukai W, Matsumoto I,
Kemp A, McGregor 1S, Kashem MA.
Antipsychotic induced alteration of
growth and proteome of rat neural stem
cells. Neurochem Res 2012; 37:
1649-1659 doi:
10.1007/s11064-012-0768-3.

2012 ; 23: 109-114
Iwai T, Saitoh A, Yamada M, Takahashi
K, Hashimoto E, Ukai W, Saito T, Yamada
M. Rhotekin modulates differentiation
of cultured neural stem cells to
neurons. J Neurosci Res 2012; 90:
1359-1366 doi: 10.1002/jnr.23029.

FASD

2012;
31: 40
Liu Y, Sakamoto H, Adachi M, Zhao S,
Ukai W, Hashimoto E, Hareyama M, Ishida
T, Imai K, Shinomura Y. Heat stress
activates ER stress signals which
suppress the heat shock response, an
effect occurring preferentially in the
cortex in rats. Mol Biol Rep 2012; 39:
3987-3993 doi:
10.1007/s11033-011-1179-2.
Iwamoto K, Bundo M, Ueda J, Oldham MC,




12) Shirasaka T,

D

2)

3)

4)

5)

6)

Ukai W, Hashimoto E, Saito T, Geschwind
DH, Kato T. Neurons show distinctive
DNA methylation profile and higher
interindividual variations compared
with non-neurons. Genome Res 2011; 21:
688-696

Ukai W, Yoshinaga T,
Watanabe K, Kaneta H, Kigawa Y,
lgarashi T, Tateno M, Hashimoto E,
Saito T. Promising therapy of neural
stem cell transplantation for FASD
model--neural network reconstruction
and behavior recovery. Nihon Arukoru
Yakubutsu lgakkai Zasshi 2011; 46:
576-584

26
2013 11  29-30
Ukai W, Kaneta H, Kigawa Y, Hashimoto
E, Ishii T, Furuse K, Kakutani Y, Imai
T, Tsujino H, Kobayashi S, Saito T.
Atypical antipsychotics promote GABA
interneurogenesis in the adult brain:
implication of HSP production. 43nd
Annual Meeting of The Society for
Neuroscience (SfN):2013 Nov 9-13, San
Diego, California
Ukai W, Hashimoto E, Shirasaka T, Ishii
T, Yoshinaga T, Kaneta H, Kigawa Y,

Tateno M, Kobayashi S, Saito T.
[Symposium] Understanding of
mechanisms underlying brain
abnormality in FASD and its

translational approach. 14th Congress
of ESBRA: 2013 September 8-11: Warsaw

8

2013 4 19-20
Ukai W, Kaneta H, Hashimoto E, lgarashi
T, Kigawa Y, Shirasaka T, Watanabe K,
Yoshinaga T, Tateno M, Ishii T, Saito
T. The effect of antipsychotics on
GABAergic interneurogenesis in adult
brain. 28th Collegium Internationale
Neuro-Psychopharmacologicum  (CINP)
Congress: 2012 June 3-7: Stockholm,
Sweden

Ukai W, Shirasaka T,

Hashimoto E,

7

8)

9)

Kaneta H, lgarashi T, Watanabe k,
Yoshinaga T, Tateno M, Ishii T, Saito
T. [Symposium] Cell-based therapy for
alcohol-induce brain damage. The 2nd
Congress of Asia-Pacific Society for
Alcohol and Addiction Research
(APSAAR): 2012 February 6-8: Bangkok
Saito T, Hashimoto E, Ukai W, Shirasaka
T, Yoshinaga T, Tateno M.
Characteristic of plasticity
facilitated by intravenous neural stem
cell transplantation in FASD model.
50th Anniversary of ACNP Meeting: 2011
December 4-8: Hawail

Kaneta H, Ukai W, Hashimoto E,
Yoshinaga T, Tateno M, Watanabe K,
Shirasaka T, Igarashi T, Ishii T, Saito
T. The effect of antipsychotics in
interneurogenesis of adult neural stem
cells. The 41st annual meeting of the
Society of Neuroscience: 2011 Nov
12-16: Washington, D.C., U.S.A.

Ukai W, Shirasaka T, Hashimoto E,
Yoshinaga T, Kaneta H, Kigawa Y,
Igarashi T,Watanabe K, Tateno M, Ishii
T, Saito T. Promotion of
interneurogenesis by neural stem cell
transplantation in FASD model. 13th
Congress of European Society for
Biomedical Research on Alcoholism:
2011 September 4-7: Vienna, Austria.

2

n

; 2013.
pp193-200.

)

€Y

&)

; 2012. Ppl45-158.

UKAI Wataru



®

HASHIMOTO Eri

TATENO Masaru

YOSHINAGA Toshihiro

KANETA Hiroo

ATAKA Kojii



