family. J. Biol. Chem. 275: 37957-37965, 2000.

15. Cameron JS, Alexopoulou L, Sloane JA, et al.

F

G.

1.

Toll-like receptor 3 is a potent negative regulator
of axonal growth in mammals. J. Neurosci. 27:
13033-13041, 2007.

. RRfERRER
L

HERE
AR OCHER

1) Nagai, T., Murai, R., Matsui, K., Kamei, H., Noda,

2)

Y., Furukawa, H. and Nabeshima, T. Aripiprazole
ameliorates phencyclidine-induced impairment of
recognition memory through dopamine D1 and
serotonin 5-HT1A receptors. Psychopharmacology
202: 315-328, 2009.

Lu, L., Mamiya, T., Lu, P, Niwa, M., Mouri, A.,
L. B.,

Nabeshima,

Zou, Nagai, T., Hiramatsu, M. and
T. The
cross-fostering on the emotional behavior in ICR

mice. Behav. Brain Res. 198: 172-178, 2009.

long-lasting effects of

3) Arai, S., Takuma, K., Mizoguchi, H., Ibi, D., Nagai,

4)

5)

T., Kamei, H., Kim, H.C. and Yamada, K. GABAg

receplor agonist baclofen improves
methamphetamine-induced cognitive deficit in
mice. Eur, J. Pharmacol. 602: 101-104, 2009.

Ibi, D., Nagai, T., Kitahara, Y., Mizoguchi, H.,
Koike, H., Shiraki, A., Takuma, K., Kamei, H.,
Noda, Y., Nitta, A., Nabeshima, T., Yoneda, Y. and
Yamada, K. Neonatal polyl:C treatment in mice
and

results in schizophrenia-like behavioral

neurochemical  abnormalities in  adulthood.
Neurosci. Res. 64: 297-305, 2009.

Koike, H., Ibi, D., Mizoguchi, H., Nagai, T., Nitta,
A., Takuma, K., Nabeshima, T., Yoneda, Y. and
Yamada, K.
pharmacologic response in social isolation-reared

mice. Behav. Brain Res. 202: 114-121, 2009.

Behavioral abnormality and

6)

7

8)

9)

Lu, P, Mamiya, T., Lu, L., Mouri, A., Zou, L.,
M., T. and

Nabeshima, T. Silibinin prevents amyloid beta

Nagai. T., Hiramatsu, Ikejima,
peptide-induced memory tmpairment and oxidative
stress in mice. Br. J. Pharmacol. 157: 1270-1277,
2009.

Lu, P, Mamiya, T., Lu, L., Mouri, A., Niwa, M.,
Hiramatsu, M., Zou, L., Ikejima, T., Nagai, T. and
Nabeshima, T. Silibinin attenuates amyloid 25-35
peptide-induced memory impairments: Implication
of inducible nitric oxide synthase (iNOS) and
tumor necrosis factor-o¢ (TNF- o) in mice. J.
Pharmacol. Exp. Ther. 331: 319-326, 2009.

Ibi, D., Nagai, T., Koike, H., Kitahara, Y.,
Mizoguchi, H., Niwa, M., Jaaro-Peledf, H., Nitta,
A., Yoneda, Y., Nabeshima, T., Sawa, A. and
Yamada, K. Combined effect of neonatal immune
activation and mutant DISC1 on phenotypic
changes in adulthood. Behav. Brain Res. 206:
32-37, 2010.

Lu, L., Mamiya, T., Lu, P, Toriumi, K., Mouri, A,
Hiramatsu, M., Kim, H.C., Zou, L.B., Nagai, T.
and Nabeshima, T. Prenatal exposure to
phencyclidine produces abnormal behaviour and
NMDA receptor expression in postpubertal mice.

Int. J. Neuropsychopharmacol. 19: 1-13, 2009.

10)Takuma, K., Fang, F,, Zhang, W., Yan, S., Fukuzaki,

E., Du, H., Sosunov, A., McKhann, G., Funatsu, Y.,
Nakamichi, N., Nagai, T., Mizoguchi, H., Ibi, D.,
Hori, O., Ogawa, S., Stern, D. M., Yamada, K. and
Yan, S.S. RAGE-mediated signaling contributes to
intraneuronal transport of amyloid-p and neuronal
dysfunction. Proc. Natl. Acad. Sci. USA 106:
20021-20026, 2009.

11)Lu, P, Mamiya, T., Lu, L., Mouri, A., Niwa, M.,

Kim, H.C., Zou, L.B., Nagai, T., Yamada, K.,
Ikejima, T. and Nabeshima, T. Silibinin attenuates
cognitive deficits and decreases of dopamine and

serotonin induced by repeated methamphetamine



treatment, Behav Brain Res. 207: 387-393, 2010.

12)Nagai, T., Kitahara, Y., Shiraki, A., Hikita, T, Taya,

S., Kaibuchi, K. and Yamada, K. Dysfunction of
dopamine release in the prefrontal cortex of
dysbindin deficient sandy mice: an in vivo
microdialysis study. Neurosci. Lett. 470: 134-138,
2010.

13)Yu, J., Nagai. T.*, Ibi, D., Kitahara, Y., Nabeshima,

T., Yamada, K. Nicotine ameliorates emotional and
cognitive impairments induced by neonatal polyl:C
treatment in mice. Open Behav. Sci. J. 4: 9-18,
2010. (*co-first author).

14)Yun, J., Koike, H., Ibi, D., Toth, E., Mizoguchi, H.,

Nitta, A., Yoneyama, M., Ogita, K., Yoneda, Y.,
Nabeshima, T., Nagai, T., Yamada, K. Chronic
restraint  stress  impairs  neurogenesis  and
hippocampus-dependent fear memory in mice:
Possible
transcription factor Npas4. J. Neurochem. 114:

1840-1851, 2010.

involvement of a  brain-specific

15) Nagai, T.. Ibi, D, Yamada, K. Animal model for

2,
D

2)

3)

schizophrenia through gene-environment

interaction. Biol. Pharm. Bull. in press.

FRER

FESR, &G, HEET, MbE=E, %
%, INHEX. v 7 APWMIZBT % neuronal
PAS domain 4 (NPAS4) OFIRIZAFT B X ¥ >~
T7xy I BNESDFE. 582 M HAER
FRESR (), (2009, 3. 16-18).

KEERA, AdHh, BOEZ, LEEF, M
TE, HEE, KHE=H, W, #HE%E,
IEESC. #FrERE polyL.C 525 F 3+ b
AHT 4 TRIDISCl N T VAV 2oy 77
A DR - BRI RITTEE. & 32M
REEFRF S (Hi), (2009, 3. 16-18).
E# T, KIEK, A, @2, /it
3, Yu Jinghua, FHESE, KH=ER, #i5H%
e, IWHESC. BEMY «+ VARBREIZX D F

4)

5)

6)

7

8)

9)

BENDLMEFREOMBEIET T VIZBIT
BITEBLT NS I VEEHRERE. %
82 [MHAFEHFRES (), (2009, 3.
16-18).

Alkam Tursun, FHEEE, EOEZ, FEEL
e, MHBE, A, IHHEEX, MERE.
ABD icvAEGICL DI AR SN L RIERE
ETADEBEIIBITAS -0 T 4T Ay
ML OWEREMZ L. B2 MO AKEEAES
(HE4), (2009, 3. 16-18).

S, BREE, fEEHE, FILEL, #F
IWEZE, BERE, xHtih, ek BAahic
BUILT ¥ 42070 ORGITMERSRE
BErzERL. RURRTAITEHEEL S /-
59. %82 [ HEAEHEFRES (i), (2009
3. 16-18).

I, #HEEE, IHEX. =a3F0H
BHAhSRIZ B BT 5 A 3 ) — 47 UiEEL
RTFDBE5 (S RY L), HE44REET IV
I—=)V - FEYEFE, F20AEART IV I— )L
WEFER, 120 = a5 2 - BYIKTERE
74— 7 LR 21 EEARIFEME S (HK),
(2009, 9. 7-9).

&I, LEHT, OAREZE, HiKGAZ, UM
{HX. Dysbindin JE{ZFRIE~ 7 A28 5
N EEWEOBE. B0/~ 7054
7 ) T ARFFES. (), (2009, 12. 12).
kIR, FEHTE, N EE, KEKRMH, ILHE
X. EEERICB T HEHFAEB LT
Npasd FEHIIAT H@HWHE A b L ADTE,
H A2 2585 1304E 4. (L), (2010. 3. 28-30).
AHAA, KIEKRH, HEERE 29, LH
EX. AEMOGREREE S MEBHRECS
LITTEE (L EI I L) . Neuro2010 &
33 [Ol H AM#ER R E. 58 53 [ B ARMRL
FRRE 20 B HAMEERBRESKE. (W
F), (2010. 9. 2-4).

10) 7k H+4h, 11HEL. Methamphetamine increased

=155~

Npas4, a neuronal PAS domain 4 expression; a



possible role in neurite outgrowth and — H.HBMEHEOHE - BEFRIK
phosphorylated synapsin I expression. % 45 [B] H 1. Fear s

KT7NVa—)v - FEYEFES, $H2REERT IV A KRIE~ — 7 — R OFOF B BIELR,
I VIEMESZS, H13 Rl aF s - EBYK I, ERME, IWEEZR. By RFEAL
7 +r—F o, R 22 EET VI - HEKFE, A, 555 2010-147017. 2010 £ 6 A
EYRIF RS S A RS (DA, (2010 29 H.
10. 7-9).

11y k4, FEE, LB KERM, MBEL 2 ERFEEH
P, LIAESC. #FrEFH polyl:C LB IZ X - T L

BRESNAIAEHRITH B L UFELERS.
# 20 B HAEREERER(THE), 2010, 11,  3.20ft
13-14). L

12) Nagai, T., Ibi, D., Koike, H., Kitahara, Y.,
Nabeshima, T., Sawa, A., Yamada, K. Synergistic
impacts of DISC1 mutation and neonatal polyl:C
treatment on adult phenotypes in mice: a novel
mouse  model of  schizophrenia  with
gene-environment  interactions. 9th  World
Congress of Biological Psychiatry. (Paris, France),
(2009, 6. 28-7, 2).

13) Yamada, K., Ibi, D., Kitahara, Y., Nabeshima, T.,
Nagai, T. Perinatal immune activation impairs
emotional and cognitive functions with altered
hippocampal glutamatergic neurotransmission in
adult mice. 9th World Congress of Biological
Psychiatry. (Paris, France), (2009, 6. 28-7, 2).

14) Nagai, T., Ibi, D., Mizoguchi, H., Nabeshima, T.,
Yamada, K. Neonatal polyl:C treatment in mice
induces  schizophrenia-like  behavioral and
neurochemical abnormalities in adulthood.
Neuroscience 2009, the 39th annual meeting of
the Society for Neuroscience. (Chicago, USA),
(2009, 10. 17-21).

15) Nagai, T. Role of tPA in the rewarding effect of
abused drugs. 20th International Congress on
Fibrinolysis and Proteolysis (Symposium)
(Amsterdam, Netherlands), (2010, 8, 24-28).

—156—



PR 20~22 £ 3HEM HITP—%E

—157—



BRUKPRFREETRR HiR RRE

TIWALMYY Y (JH=FLITUR) *

Ibi D, Takuma K, Koike H, Mizoguchi H, Tsuritani K, Kuwahara Y, Kamei H,
Nagai T, Yoneda Y, Nabeshima T, Yamada K. Social isolation rearing-induced
impairment of the hippocampal neurogenesis is associated with deficits in spatial

memory and emotion-related behaviors in juvenile mice.
J Neurochem, 105: 921-32 (2008). Al No.1

Arai S, Takuma K, Mizoguchi H, Ibi D, Nagai T, Takahashi K, Kamei H,
Nabeshima T, Yamada K. Involvement of Pallidotegmental Neurons in
Methamphetamine- and MK-801-Induced Impairment of Prepulse Inhibition of the
Acoustic Startle Reflex in Mice: Reversal by GABA(B) Receptor Agonist Baclofen.
Neuropsychopharmacology, 33: 3164-3175 (2008). Al No.2

BEME, ENER NHER kHiA HEEH, HELE
(MEERPEDRELT #ALLLEBMETIL])

HAMHMESKREOHYET ILLABREMH

iEFADEF 19 % 15 Page31-40(2008) Al No.3

INRME—, EREIBRE, RAEAME
RITDEIEABRICHTIEE BEROEERRESELBEDER
Pharma Medica 26 % 10 5 Pagel45-164(2008)

Nagai T., Murai R.,,Matsui K., Kamei H.,Noda Y., Furukawa H., Nabeshima T.,
Aripiprazole ameliorates phencyclidine-induced impairment of recognition memory
through dopamine D1 and serotonin 5-HT1A receptors.

Psychopharmacology (Berl), 202: 315-328 (2009). Bl No.4

Lu L.,, Mamiya T., Lu P., Niwa M., Mouri A., Zou LB., Nagai T., Hiramatsu M.,and
Nabeshima. T. The long-lasting effects of cross-fostering on the emotional behavior
in ICR mice. Behav. Brain Res, 198: 172-178 (2009).

Tomida S, Mamiya T, Sakamaki H, Miura M, Aosaki T, Masuda M, Niwa M,
Kameyama T, Kobayashi J, Iwaki Y, Imai S, Ishikawa A, Abe K, Yoshimura T,
Nabeshima T, Ebihara S. Usp46 is a quantitative trait gene regulating mouse
immobile behavior in the tail suspension and forced swimming tests. Nat Genet.
41. 688-695 (2009) Bl No.5

Tursun Alkam, $BE£E
BIEHBEBEOYR (2)—/\L=HY Uz & DBEE—
The LUNG perspectives, Vol.18 No.1 (2010) AR No.6

Lu L, Mamiya T, Lu P, Toriumi K, Mouri A, Hiramatsu M, Kim HC, Zou LB, Nagai
T, Nabeshima T. Prenatal exposure to phencyclidine produces abnormal behaviour

and NMDA receptor expression in postpubertal mice. Int J Neuropsychopharmacol.,
13. 877-889 (2010) Al No.7

kU —FLIF U MNT H21 E£EET

—159—




Noda Y, Mouri A, Ando Y, Waki Y, Yamada SN, Yoshimi A, Yamada K, Ozaki N,
Wang D, Nabeshima T. Galantamine ameliorates the impairment of recognition
memory in mice repeatedly treated with methamphetamine: involvement of
allosteric potentiation of nicotinic acetylcholine receptors and dopaminergic -

ERK1/2 systems. Int J Neuropsychopharmacol., 13, 1343-1354 (2010) Rl No.8

Mouri A, Noda Y, Shimizu S, Tsujimoto Y, Nabeshima T. The Role of Cyclophilin
D in Learning and Memory. Hippocampus, 20, 293-304 (2010).
Al No.9

Niwa M, Kamiya A, Murai R, Kubo KI, Gruber AdJ, Tomita K, Lu L, Tomisato S,
Jaaro-Peled H, Seshadri S, Hiyama H, Huang B, Kohda K, Noda Y, O'Donnell P,
Nakajima K, Sawa A, Nabeshima T. Knockdown of DISC1 by in utero gene transfer
disturbs postnatal dopaminergic maturation in the frontal cortex and leads to

adult behavioral deficits. Neuron 65, 480-489 (2010) Al No.10

Alkam T, Nitta A, Furukawa-Hibi Y, Niwa M, Mizoguchi H, Yamada K,
Nabeshima T. Oral supplementation with Leu-Ile, a hydrophobic dipeptide,
prevents the impairment of memory induced by amyloid beta in mice via
restraining the hyperphosphorylation of extracellular signal-regulated kinase.
Behav Brain Res. 210,184-190 (2011) 7l No.11

Lu L, Mamiya T, Lu P, Toriumi K, Mouri A, Hiramatsu M, Zou LB, Nabeshima T.
Prenatal exposure to PCP produces behavioral deficits accompanied by the
overexpression of GLAST in the prefrontal cortex of postpubertal mice.

Behav Brain Res. 220:132-139 (2011). AR No.12

BPEKFERFEH B M= BS

Iwata Y, Suzuki K, Wakuda T, Seki N, Thanseem I, Matsuzaki H, Mamiya T, Ueki
T, Mikawa S, Sasaki T, Suda S, Yamamoto S, Tsuchiya KdJ, Sugihara G, Nakamura
K, Sato K, Takei N, Hashimoto K, Mori N. Irradiation in adulthood as a new

model of schizophrenia. PLoS ONE. 3(5):e2283 (2008). A No.13

HEES HekE

YORAEAWN-EE REHRE

EA - ZERHHEDHDHYERL1F TV BRERZILER R

() F7ER—., EFH(2008) AR No.14

Lu P, Mamiya T, Lu LL, Mouri A, Zou L, Nagai T, Hiramatsu M, Ikejima T,

Nabeshima T. Silibinin prevents amyloid beta peptide-induced memory

impairment and oxidative stress in mice. BrJ Pharmacol. 157. 1270-1277. (2009)
ARl No.15

Im HI, Nakajima A, Gong B, Xiong X, Mamiya T, Gershon ES, Zhuo M, Tang YP.
Post-training dephosphorylation of eEF-2 promotes protein synthesis for memory
consolidation. PLoS One. 4(10):e7424. (2009)

—160—




Tomida S, Mamiya T, Sakamaki H, Miura M, Aosaki T, Masuda M, Niwa M,
Kameyama T, Kobayashi J, Iwaki Y, Imai S, Ishikawa A, Abe K, Yoshimura T,
Nabeshima T, Ebihara S. Usp46 is a quantitative trait gene regulating mouse
immobile behavior in the tail suspension and forced swimming tests. Nat Genet.

41. 688-695 (2009) Al No.5

Lu P, Mamiya T, Lu L, Mouri A, Niwa M, Kim HC, Zou LB, Nagai T, Yamada K,
Ikejima T, Nabeshima T. Silibinin attenuates cognitive deficits and decreases of

dopamine and serotonin induced by repeated methamphetamine treatment.
Behav Brain Res. 207. 387- 393 (2010) ARl No.16

Lu L, Mamiya T, Lu P, Toriumi K, Mouri A, Hiramatsu M, Kim HC, Zou LB, Nagai
T, Nabeshima T. Prenatal exposure to phencyclidine produces abnormal behaviour

and NMDA receptor expression in postpubertal mice. Int J Neuropsychopharmacol.,
13. 877-889 (2010) Al No.7

Lu P, Mamiya T, Lu LL, Mouri A, Niwa M, Hiramatsu M, Zou LB, Nagai T,
Ikejima T, Nabeshima T. Silibinin attenuates amyloid beta(25-35) peptide-induced
memory impairments: implication of inducible nitric-oxide synthase and tumor
necrosis factor-alpha in mice. o Pharmacol Exp Ther. 331. 319-326 (2010)

Chen Q, Tang M, Mamiya T, Im HI, Xiong X, Joseph A, Tang YP. Bi-directional
effect of cholecystokinin receptor-2 overexpression on stress-triggered fear memory
and anxiety in the mouse. PLoS One. 5(12):e15999 (2010). AR No.17

Lu L, Mamiya T, Lu P, Toriumi K, Mouri A, Hiramatsu M, Zou LB, Nabeshima T.
Prenatal exposure to PCP produces behavioral deficits accompanied by the

overexpression of GLAST in the prefrontal cortex of postpubertal mice.
Behav Brain Res. 220(1):132-139 (2011). Al No.12

MEES BARED

EREEY ERITHEDY FoH BELBEEEAV - TREXENEDORY—
=V —BEBLURRRS OEBZH RO FEE—

BAKEYS & BS%% B3 pp.198-205 (2010) (EFE)

BREKFIFE- B BE=®

Ito, Y., Yamada, S., Takahashi, N., Saito, S., Yoshimi, A., Inada, T., Noda, Y. and
Ozaki, N. No Association Between the Protein Tyrosine Phosphatase,
Receptor-Type, Z Polypeptide 1 (PTPRZ1) Gene and Schizophrenia in the Japanese
Population. Am. J. Med. Genet B Neuropsychiatr. Genet., 147B, 1013-1018, 2008.
Al No.18

Tsunekawa, H., Noda, Y., Miyazaki, M., Yoneda, F., Nabeshima, T. and Wang, D.:
Effects of (R)-(-)-1-(benzofuran-2-yl)-2-propylaminopentane hydrochloride
[(-)-BPAP] in animal models of mood disorders.

Behav. Brain Res., 189, 107-116 (2008) Al Rl No.19

—161—




Tsunekawa, H., Noda, Y., Mouri, A., Yoneda, F. and Nabeshima, T.:
Synergistic effects of selegiline and donepezil on cognitive impairment induced by
amyloid beta (25—35). Behav. Brain Res., 190, 224-232( 2008) Al Rl No.20

Iwamoto, K., Takahashi, M., Nakamura, Y., Kawamura, Y., Ishihara, R.,
Uchiyama, Y., Ebe, K., Noda, A., Noda, Y., Yoshida, K., Iidaka, T. and Ozaki, N.:
The effects of acute treatment with paroxetine, amitriptyline, and placebo on
driving performance and cognitive function in healthy Japanese subjects: A
double-blind crossover trial. Hum. Psychopharmacol, 23, 399-407 (2008)

Al No.21

FhEKXR. SR 5. FEHER
LORELSTEDER.
CCBDYALLS ala-carte, 27, 415-421, 2008.

TR B.HAER. BHRE—. BBREX HeXAEORESHEREOSME.
BIEERDEE 19, 165-172 (2008)
AR No.22

Mizoguchi H, Takuma K, Fukuzaki E, Ibi D, Someya E, Akazawa KH, Alkam T,
Tsunekawa H, Mouri A, Noda Y, Nabeshima T, Yamada K. Matrix
metalloprotease-9 inhibition improves amyloid beta-mediated cognitive
impairment and neurotoxicity in mice. J Pharmacol Exp Ther. 331. 14-22. (2009)

Bl No.23

Ibi D, Nagai T, Kitahara Y, Mizoguchi H, Koike H, Shiraki A, Takuma K, Kamei H,
Noda Y, Nitta A, Nabeshima T, Yoneda Y, Yamada K. Neonatal polyl:C treatment
in mice results in schizophrenia-like behavioral and neurochemical abnormalities

in adulthood. Neurosci Res. 64. 297-305 (2009) BRI No.24

Nagai T, Murai R, Matsui K, Kamei H, Noda Y, Furukawa F, Nabeshima T
Aripiprazole ameliorates phencyclidine-induced impairment of recognition memory
through dopamine D1 and serotonin 5-HT1A receptors. Psychopharmacology
(Berl) , 202. 315-328. (2009) Al No.4

FrHE®
DS 74#—5.(2009) HEBEBN HFEL1 FANRSUEELISST— BEEHEE 12,
160-169 (2009)

HHEN ENER BBTE HEERE

BRERHMRICE DWWV -HMERBESMET LEERTH-HIC-MAEKALEET ILIERD
1=8, ERHEEIBEREICED L -

AXBEEEFEHEE 29, 2 47-53 (2009) BRI No.25

Mouri A, Noda Y, Shimizu S, Tsujimoto Y, Nabeshima T.
The role of Cyclophilin D in learning and memory. Hippocampus, 20. 293-304
(2010) Al No.9

—162—




Noda Y, Mouri A, Ando Y, Waki Y, Yamada S, Yoshimi A, Yamada K, Ozaki N,
Wang D, Nabeshima T. Galantamine ameliorates the impairment of recognition
memory in mice repeatedly treated with methamphetamine: involvement of
allosteric potentiation of nicotinic acetylcholine receptors, dopaminergic -
extracellular signal-regulated kinase 1/2 systems.

Int J Neuropsychopharmacol., 13. 1343-1354 (2010) Al No.8

Iritani S, Sekiguchi H, Habuchi C, Torii Y, Yamada S, Waki Y, Noda Y, Furukawa
H, Nabeshima T, Ozaki N. Immunohistochemical study of vesicle monoamine

transporter 2 in the hippocampal formation of PCP-treated mice. Neurosci. Res.,
68, 125-130, 2010. Al No.26

Niwa M, Kamiya A, Murai R, Kubo K, Gruber AJ, Tomita K, Lu L, Tomisato S,
Jaaro-Peled H, Seshadri S, Hiyama H, Huang B, Kohda K, Noda Y, O'Donnell P,
Nakajima K, Sawa A, Nabeshima T Knockdown of DISC1 by in utero gene transfer
disturbs postnatal dopaminergic maturation in the frontal cortex and leads to

adult behavioral deficits. Neuron, 65, 480-489 (2010) R No.10

Yoshimi A, Aleksic B, Kawamura Y, Takahashi N, Yamada S, Usui H, Saito S, Ito Y,
Iwata N, Inada T, Noda Y, Yamada K, Ozaki N. Gene-wide association study
between the methylenetetrahydrofolate reductase gene (MTHFR) and
schizophrenia in the Japanese population, with an updated meta-analysis on
currently available data. Schizophr. Res., 124, 216-222(2010) ARl No.27

Takahashi M, Iwamoto K, Kawamura Y, Nakamura Y, Ishihara R, Uchiyama Y,
Ebe K, Noda A, Noda Y, Yoshida K, Iidaka T, Ozaki N The effects of acute
treatment with tandospirone, diazepam, and placebo on driving performance and

cognitive function in healthy volunteers.
Hum. Psychopharmacol., 25, 260-267 (2010) BRI No.28

Miura H, Ando Y, Noda Y, Isobe K, Ozaki N Long-lasting effects of
inescapable-predator stress on brain tryptophan metabolism and the behavior of
juvenile mice. Stress, in press

THERENNERBERE: F1HE THEEMEICBIT2EREN 10 IaLHE
EMETIVEZDHEE EREEEFEY—X E1# BAEEZFLFEE,
£FE, BHE, pp.79-93(2010) A No.29

FH=EM, KEXA BRICRIDEFZFHAEDES.
P-CUBE. 7,10 (2010)
AR No.30

Tk i FTHEM EFEE BEERE
MEKFETTILEYICERDOONIITERE Z=7FvIX. 22, 20-25(2010)
AR No.31

IWAEZR, FFHEHR, BEiLX
HRREREEE -HELXREREECFICEIMAKFEETILYHIR
ETFNEPFFEV=2F/L, T)L-7A->—. in press

—163—




BAHERERFREFRHAEH -

ELHHEREERS %S WIEEX

Nagai, T. Nabeshima, T. and Yamada, K. Basic and translational research on
proteinase-activated receptors: Regulation of nicotine reward by the tissue
plasminogen activator (tPA)-plasmin system via proteinase-activated receptor 1.

J. Pharmacol. Sci., 108: 4048-414( 2008) AfINo.32

Niwa, M., Nitta, A,. Cen, X., Kitaichi, K., Ozaki, N., Yamada, K. Nabeshima, T.

A novel molecule ‘shati’ increases dopamine uptake via the induction of tumor
necrosis factor- @ in pheochromocytoma-12 cells. /. Neurochem., 107: 1697-1708,
(2008) Al No.33

Koike H, Ibi D, Mizoguchi H, Nagai T, Nitta A, Takuma K, Nabeshima T, Yoneda Y
and Yamada K. Behavioral abnormality and pharmacologic response in social
isolation-reared mice. Behav. Brain Res. 202. 114-121 (2009) Al No.34

Ibi D, Nagai T, Koike H, Kitahara Y, Mizoguchi H, Niwa M, Jaaro-Peled H, Nitta
A, Yoneda Y, Nabeshima T, Sawa A, and Yamada K. Combined effect of neonatal
immune activation and mutant DISC1 on phenotypic changes in adulthood.
Behav. Brain Res. 206. 32-37 (2009) Al | No.35

Arai, S., Takuma, K., Mizoguchi, H., Nagai, T., Kamei, H. and Yamada, K. GABAB
receptor agonist baclofen improve methamphetamine-induced cognitive deficit in
mice. Eur. J. Pharmacol. 602. 101-104 (2009) 7l No.36

Mizoguchi H, Takuma K, Fukuzaki E, Ibi D, Someya E, Akazawa K, Alkam T,
Tsunekawa H, Mouri A, Noda Y, Nabeshima T and Yamada K . Matrix
metalloprotease-9 inhibition improves amyloid b-mediated cognitive impairment and
neurotoxicity in mice. J. Pharmacol. Exp. Ther. 331. 14-22 (2009) Al flINo.23

Ibi D, Nagai T, Kitahara Y, Mizoguchi H, Koike H, Shiraki A, Takuma K, Kamei H,
Noda N, Nitta A, Nabeshima T, Yoneda Y and Yamada K. Neonatal polyl:C

treatment in mice results in schizophrenia-like behavioral and neurochemical
abnormalities in adulthood. Neurosci. Res. 64. 297-305 (2009) 5l RINo.24

Nagai T, Kitahara Y, Shiraki A, Hikita T, Taya S, Kaibuchi K and Yamada K.
Dysfunction of dopamine release in the prefrontal cortex of dysbindin deficient

sandy mice: an in vivo microdialysis study.
Neurosci.Lett. 470. 134-138 (2009) AR No.37

Mizoguchi H, Arai S, Koike H, Ibi D, Kamei H, Nabeshima T, Kim HC, Takuma K
and Yamada K. Therapeutic potential of nicotine for methamphetamine-induced
impairment of sensorimotor gating: involvement of pallidotegmental neurons.
Psychopharmacology. 207. 235-243(2009) A f|No.38

—164—




Noda Y, Mouri A, Ando Y, Waki Y, Yamada SN, Yoshimi A, Yamada K, Ozaki N,
Wang D, and Nabeshima T: Galantamine ameliorates the impairment of
recognition memory in mice repeatedly treated with methamphetamine:
involvement of allosteric potentiation of nicotinic acetylcholine receptors and
dopaminergic-ERK1/2 systems. Int J Neuropsychopharmacol 13:1343-1354(2010)
Al No.8

Yu J, Nagai T, Ibi D, Kitahara Y, Nabeshima T and Yamada K: Nicotine
ameliorates emotional and cognitive impairments induced by neonatal polyl:C

treatment in mice. The Open Behavioral Science Journal. 4:9-18(2010)
Al No.39

Mizoguchi H, Ibi D, Takuma K, Toth E, Sato J, Itohara S, Nabeshima N and
Yamada K: Alterations of emotional and cognitive behaviors in matrix

metalloproteinase-2 and -9-deficient mice. The Open Behavioral Science Journal.,
4:19-25(2010) 5l Rl No.40

Yun J, Koike H, Ibi D, Toth E, Mizoguchi H, Nitta A, Yoneyama M, Ogita K, Yoneda
Y, Nabeshima T, Nagai T, and Yamada K: Chronic restraint stress impairs
neurogenesis and hippocampus-dependent fear memory in mice: possible

involvement of a brain-specific transcription factor Npas4. J. Neurochem.
114:1840-1851(2010) Il No.41

Shin EJ,Whang WKKim SBach JHKim JM,Nguyen XK Nguyen TT,Jung
BD,Yamada K,Nabeshima T,Kim HC: Parishin C Attenuates
Phencyclidine-Induced Schizophrenia-Like Psychosis in Mice: Involvements of
5-HT(1A) Receptor. JJ. Pharmacol Sci. 113, 404-408(2010) Al il No.42

Mizoguchi H, Ibi D, Takase F, Nagai T, Kamei H, Toth E, Sato J, Takuma K,
Yamada K. Nicotine ameliorates impairment of working memory in
methamphetamine-treated rats. Behav Brain Res, in press.

BEERFRFRELRHFARE -

E R AR s A

Ibi D, Takuma K, Koike H, Mizoguchi H, Tsuritani K, Kuwahara Y, Kamei H,
Nagai T, Yoneda Y, Nabeshima T, Yamada K. Social isolation rearing-induced
impairment of the hippocampal neurogenesis is associated with deficits in spatial

memory and emotion-related behaviors in juvenile mice.
oJ. Neurochem. 105: 921-932 ( 2008) Al No.1

Alkam T, Nitta A, Mizoguchi H, Itoh A, Murai R, Nagai T, Yamada K,
Nabeshima T. The extensive nitration of neurofilament light chain in the
hippocampus is associated with the cognitive impairment induced by amyloid beta
in mice. . Pharmacol. Exp. Ther. 327: 137-147( 2008) ARINo.43

—165—




Nagai T, Nabeshima T, Yamada K.

Basic and translational research on proteinase-activated receptors: Regulation of

nicotine reward by the tissue plasminogen activator (tPA)-plasmin system via

proteinase-activated receptor 1. J. Pharmacol. Sci. 108: 4048-414 ( 2008)
ARINo.32

Lu L, Mamiya T, Lu P, Niwa M, Mouri A, Zou LB, Nagai T, Hiramatsu M, and
Nabeshima T. The long-lasting effects of cross-fostering on the emotional behavior
in ICR mice. Behav. Brain Res. 198: 172-178(2009) Al No.6

Koike H, Ibi D, Mizoguchi H, Nagai T, Nitta A, Takuma K, Nabeshima T, Yoneda
Y, Yamada K. Behavioral abnormality and pharmacologic response in social
isolation-reared mice. Behav. Brain Res. 202: 114-121 (2009) AlRINo.34

Lu P, Mamiya T, Lu L, Mouri A, Zou L, Nagai T, Hiramatsu M, Ikejima T,
Nabeshima T. Silibinin prevents amyloid beta peptide-induced memory
impairment and oxidative stress in mice. Br. J. Pharmacol. 157, 1270-1277 (2009)

: Al | No.15

Arai S, Takuma K, Mizoguchi H, Ibi D, Nagai T, Kamei H, Kim HC, Yamada K.
GABAB receptor agonist baclofen improves methamphetamine-induced cognitive
deficit in mice. FEur. J. Pharmacol. 602. 101-104 (2009) AIRINo.36

Lu L, Mamiya T, Lu P, Toriumi K, Mouri A, Hiramatsu M, Kim HC, Zou LB, Nagai
T, Nabeshima T.Prenatal exposure to phencyclidine produces abnormal behaviour

and NMDA receptor expression in postpubertal mice. Int. J. Neuropsychopharmacol.

19.1-13 (2009) Al INo.7

Lu P, Mamiya T, Lu L, Mouri A, Niwa M, Hiramatsu M, Zou L, Tkejima T, Nagai T,
Nabeshima T. Silibinin attenuates amyloid 25-35 peptide-induced memory
impairments: Implication of inducible nitric oxide synthase iNOS) and tumor
necrosis factor- @ (TNF- @) in mice. /. Pharmacol. Exp. Ther. 331 319-326 (2009)
Al No.20

Ibi D, Nagai T, Kitahara Y, Mizoguchi H, Koike H, Shiraki A, Takuma K, Kamei H,
Noda Y, Nitta A, Nabeshima T, Yoneda Y, Yamada K. Neonatal polyl:C treatment
in mice results in schizophrenia-like behavioral and neurochemical abnormalities

in adulthood. Neurosci. Res. 64. 297-305 (2009) AlRINo.24

Nagai, T., Murai, R., Matsui, K., Kamei, H., Noda, Y., Furukawa, H. Nabeshima, T.
Aripiprazole ameliorates phencyclidine-induced impairment of recognition memory
through dopamine D1 and serotonin 5-HT1A receptors. Psychopharmacology. 202:
315-328 (2009) Al No.4

Takuma K, Fang F, Zhang W, Yan S, Fukuzaki E, Du H, Sosunov A, McKhann G,
Funatsu Y, Nakamichi N, Nagai T, Mizoguchi H, Ibi D, Hori O, Ogawa S, Stern
DM, Yamada K, Yan SS. RAGE-mediated signaling contributes to intraneuronal
transport of amyloid- 8 and neuronal dysfunction. Proc.Natl. Acad. Sci. USA 106.
20021-20026 (2009) Bl R No.44

—166—




KR, MBEME, IWAEX. MEKFEICHTEIREME ML EEFERIE.
SFEEZE 9: 30-37 (2009) AlRINo.45

Ibi D, Nagai T, Koike H, Kitahara Y, Mizoguchi H, Niwa M, Jaaro-Peledf H, Nitta
A, Yoneda Y, Nabeshima T, Sawa A, Yamada K.

Combined effect of neonatal immune activation and mutant DISC1 on phenotypic
changes in adulthood. Behav. Brain Res. 206. 32-37 (2010) AIRINo.35

Lu, P., Mamiya, T., Lu, L., Mouri, A., Niwa, M., Kim, H.C., Zou, L.B., Nagai, T,
Yamada, K., Ikejima, T. and Nabeshima, T. Silibinin attenuates cognitive deficits
and decreases of dopamine and serotonin induced by repeated methamphetamine
treatment. Behav Brain Res. 207: 387-393 (2010) ARl No.16

Nagai, T., Kitahara, Y., Shiraki, A., Hikita, T., Taya, S., Kaibuchi, K. and Yamada,
K. Dysfunction of dopamine release in the prefrontal cortex of dysbindin deficient

sandy mice: an in vivo microdialysis study. Neurosci. Lett. 470: 134-138 (2010)
Al No.38

Yu, J., Nagai, T.*, Ibi, D., Kitahara, Y., Nabeshima, T., Yamada, K. Nicotine
ameliorates emotional and cognitive impairments induced by neonatal polyl:C
treatment in mice. Open Behav. Sei. J. 4: 9-18(2010) (*co-first author). BRI No.39

Yun, J., Koike, H., Ibi, D., Toth, E., Mizoguchi, H., Nitta, A., Yoneyama, M., Ogita,
K., Yoneda, Y., Nabeshima, T., Nagai, T., Yamada, K. Chronic restraint stress
impairs neurogenesis and hippocampus-dependent fear memory in mice: Possible

involvement of a brain-specific transcription factor Npas4. J. Neurochem. 114:
1840-1851 (2010) 7l il No.41

Nagai, T., Ibi, D, Yamada, K. Animal model for schizophrenia through
gene-environment interaction. Biol. Pharm. Bull  in press.

Mizoguchi, H., Ibi, D., Takase, F.,Nagai, T., Kamei, H., Toth, E., Sato, J., Takuma,
K., Yamada, K. Nicotine ameliorates impairment of working memory in
methamphetamine-treated rats. Behav Brain Res. in press.

—167—




B No.1

JOURNAL OF NEUROCHEMISTRY | gob. W THL 47 1-41580.2007 05207 %

Daisuke Ibi,*'§"' Kazuhiro Takuma,*' Hiroyuki Koike,* Hiroyuki Mizoguchi,* Katsuki
Tsuritani,*'7 Yusuke Kuwahara,T Hiroyuki Kamei,} Taku Nagai,§ YukioYoneda,{ Toshitaka
Nabeshima** and Kiyofumi Yamada*'§f+

*Laboratory of Neuropsychopharmacology, Graduate School of Natural Science and Technology, Kanazawa University, Kanazawa, Japan
‘tMolecular Biology Laboratory, Molecular Function and Pharmacology Laboratories, Taisho Pharmaceutical Co., Ltd., Saitama, Japan
ILaboratory of Clinical Pharmacy Practice and Health Care Management, Faculty of Pharmacy, Meijo University, Nagoya, Japan

§Department of Neuropsychopharmacology and Hospital Pharmacy, Nagoya University Graduate School of Medicine, Nagoya, Japan
QLaboratory of Molecular Pharmacology, Graduate School of Natural Science and Technology, Kanazawa University, Kanazawa, Japan

**Department of Chemical Pharmacology, Graduate School of Pharmaceutical Sciences, Meijo University, Nagoya, Japan

t1CREST, JST, Nagoya, Japan

Abstract

Experiences during brain development may influence the
pathogenesis of developmental disorders. Thus, social isola-
tion (Sl) rearing after weaning is a useful animal model for
studying the pathological mechanisms of such psychiatric
diseases. In this study, we examined the effect of Sl on
neurogenesis in the hippocampal dentate gyrus (DG) relating
to memory and emotion-related behaviors. When newly
divided cells were labeled with 5-bromo-2’-deoxyuridine
(BrdU) before SI, the number of BrdU-positive cells and the
rate of differentiation into neurons were significantly de-
‘creased after 4-week S| compared with those in group-housed
mice. Repeated treatment of fluoxetine prevented the Sl-in-
duced impairment of survival of newly divided cells and

Experiences during a critical period of brain development
may affect structural and functional development and
maturation of the brain (Mataga e al. 2004; Mirescu et al.
2004), and influence behavior including cognitive and
emotional functions which could be attributable to the
expression or exacerbation of developmental disorders
(Castellanos and Tannock 2002). Rearing animals in isola-
tion is a relevant paradigm to investigate the effect of early
life stress and for understanding the pathogenesis of certain
neurological and psychiatric diseases (Myhrer 1998;
Whitaker-Azmitia et al. 2000). Behavioral changes induced
by isolation rearing have been characterized, including

© 2008 The Authors

ameliorated spatial memory impairment and part of aggres-
sion in SI mice. Furthermore, we investigated the changes in
gene expression in the DG of SI mice by using DNA micro-
array and real-time PCR. We finally found that Sl reduced the
expression of development-related genes Nurr1 and Npas4.
These findings suggest that communication in juvenile is
important in the survival and differentiation of newly divided
cells, which may be associated with memory and aggression,
and raise the possibility that the reduced expression of Nurr1
and/or Npas4 may contribute to the impairment of neuro-
genesis and memory and aggression induced by Si.
Keywords: aggressive behavior, fluoxetine, learning and
memory, neurogenesis, social isolation.
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enhanced locomotor activity under a novel environment
(Wilkinson et al. 1994), aggressive behaviors (Wongwitde-
cha and Marsden 1996), and impairment of pre-pulse
inhibition (Day-Wilson et al. 2006) and spatial learning in
a water maze test (Lu e al. 2003).

The social environment in early life significantly
influences not only the organization of behavior but also
neurochemical development of the brain. For instance,
dopamine and serotonin systems are affected by social
isolation (SI) in the nucleus accumbens (Hall et al. 1998),
prefrontal cortex (Heidbreder e al. 2000) and hippocampus
(Muchimapura er al. 2003). The neuroanatomic conse-
quences of isolation rearing include decreased spine
density of pyramidal neurons in the prefrontal cortex and
hippocampus (Silva-Gomez er al. 2003) and fewer hippo-
campal synapses (Varty et al. 1999).

Hippocampal development is affected by environmental
factors, but the underlying mechanisms are unclear.
Accumulating evidence has demonstrated that neurogenesis
occurs in adults in certain brain areas such as the
hippocampus, in which newly divided neurons play a role
in physiological function (Lledo er al. 2006). Recent
studies suggested that the impairment of adult neurogen-
esis is involved in the development and expression of
neuropsychiatric disorders (Jacobs et al. 2000; Reif et al.
2006; Maeda et al. 2007). For instance, the genesis of
stem-like cells in the dentate gyrus (DG) of the hippo-
campus is decreased in patients with schizophrenia, which
may contribute to the pathogenesis of the disorder (Reif
et al. 2006).

It has been demonstrated that some mood-stabilizing drugs
and selective serotonin reuptake inhibitors (SSRI) enhance
adult neurogenesis in the hippocampus, and the effect may
contribute to their clinical effects (Santarelli et al. 2003;
Encinas et al. 2006). For example, an SSRI fluoxetine (Flx)
prescribed for depression and anxiety disorders including
obsessive compulsive disorder and panic disorder is reported
to enhance neurogenesis in the hippocampus (Santarelli ez al.
2003; Encinas et al. 2006).

It is well known that some genes, such as reelin and brain-
derived neurotrophic factor regulate the development and
migration of newly divided cells (Polleux et al. 2002; Gong
et al. 2007). They are supposed to be associated with
cognitive deficits in mental disorders (Angelucci et al. 2005;
Fatemi 2005). It remains to be determined whether gene
expression in the hippocampus is affected by environmental
stress (e.g., SI) in early life.

In the present study, to investigate the effects of early life ‘

stress on neurogenesis in the hippocampus and on cognitive
function and emotion related-behaviors, mice after weaning
were subjected to SI rearing for 4 weeks. In addition, we
investigated the effect of Flx on SI-induced impairment of
survival of newly divided cells in the hippocampus, and
emotion related-behaviors and memory impairment. Finally,

© 2008 The Authors

to identify the genes whose expression in the DG of
hippocampus is affected by SI, we examined the changes in
gene expression in SI mice by using DNA microarray and
real-time reverse transcription (RT)-PCR.

The Institute for Cancer Research mice (Japan SLC Inc.,
Hamamatsu, Japan) were purchased when they were 3 and
8 weeks old and used for the experiments. The study was
completed exclusively with male mice, because estrogen in female
mice affects memory and Sl-induced emotion-related behaviors (Li
et al. 2004; Starkey ef al. 2007). They were housed under a
standard 12-h light/dark cycle (light phase 8:45 AM-20:45 pm) at a
constant temperature of 23 £ 1°C with free access to food and
water throughout the experiments. The animals were handled in
accordance with the guidelines established by the Institutional
Animal Care and Use Committee of Kanazawa University, the
Guiding Principles for the Care and Use of Laboratory Animals
approved by the Japanese Pharmacological Society and the
National Institutes of Health Guide for the Care and Use of
Laboratory Animals.

After 3 days of acclimatization, mice were randomly divided into
two groups: SI rearing and group-housed (GH) rearing. Mice in the
SI group were individually housed in wire-topped opaque polypro-
pylene cages (20 cmx 12 cmx 10 ¢cm) while other mice in the GH
group continued to be housed under normal conditions (five per
cage) in wire-topped clear plastic cages (34 cmx 22 c¢cmx 15 cm).
After the 4-week SI, mice were subjected to behavioral and
histological analyses as described below. During the behavioral
analysis, the housing conditions were maintained.

Both 5-Bromo-2’-deoxyuridine (BrdU) and FIx were purchased
from Sigma-Aldrich (St Louis, MO, USA) and dissolved in saline.
To label newly divided cells in the DG, BrdU (75 mg/kg) was
injected intraperitoneally (i.p.) three times at 2 h intervals. Flx
(10 mg/kg) or saline was administrated i.p. once a day for at least
2 weeks. Daily administration was started 2 weeks after SI and
continued until the end of the study. During behavioral analysis, Flx
was administrated 1 h and 30 min before water maze test and

intruder-evoked aggressive test, respectively.

In histological analysis, mice were used without behavioral analyses.
They were deeply anesthetized with diethyl ether at the indicated time
and perfused transcardially with saline, followed by 4% paraformal-
dehyde in 0.1 M phosphate-buffered saline (PBS, pH 7.4). Their
brains were removed, post-fixed in the same fixative and then
cryoprotected. Thick coronal brain sections of 30 pm were cut on a
cryostat and mounted on slides. Every fifth section was collected
between stereotaxic coordinates bregma —1.2 to 3.0 according to the
brain atlas (Paxinos and Franklin 2004). Sections were treated
overnight with 0.1% nonidet-40/0.01 M PBS (pH 7.2) at 4°C and
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denatured in the microwave oven in 0.01 M citrate buffer (pH 6.0).
After blocking in 10% goat serum/PBS with 0.1% nonident-40 for
30 min, BrdU-positive cells in the sections were detected using a
BrdU labeling and detection kit 2 (Roche Diagnotics GmbH,
Mannheim, Germany) according to the manufacturer’s instructions.

For double-staining of BrdU/neuronal nuclei (NeuN, neuronal
marker) and BrdU/glial fibrillary acidic protein (GFAP, astroglial
marker), sections were pre-treated with 1 M HCI for 30 min at
37°C, followed by 10 min in 0.1 M borate buffer and then washed
in PBS before blocking. Rat anti-BrdU antibody (1 : 200; Abcam,
Cambridge, UK), mouse anti-NeuN antibody (1 : 100; Chemicon,
Temecula, CA, USA) and mouse-GFAP antibody (1 : 1500; Sigma-
Aldrich) diluted in PBS containing 0.1% Triton X-100 and 5% goat
serum was applied to sections which were then incubated overnight
at 4°C and for 6 h at around 25°C. After washing in PBS, goat anti-
rat Alexa 568 and anti-mouse Alexa 488 (1 : 1000; Invitrogen,
Eugene, OR, USA) were added to sections for 2 h at room
temperature.

Every fifth section throughout the hippocampus (total 12 sections
from each mouse) was processed for BrdU immunohistochemistry.
All BrdU-labeled cells in the subgranular zone (SGZ), hilus and
granule cell layer (GCL) were assessed using a light microscope
(Axio Imager; Zeiss, Jene, Germany) and counted by an experi-
menter blinded to the code. To distinguish single cells within
clusters, all counts were performed at 400 x magnification (objec-
tive; 40 x). To obtain the total number of cells per DG, we multiplied
the counted number of positive cells by five (Maeda et al. 2007).

Double-stained cells were quantified using a confocal laser
scanning microscope (LSM 510; Zeiss). Each cell was analyzed
along the entire ‘z’ axis. Approximately 20 BrdU-positive cells in
each mouse were randomly identified between five and six sections.
Ratios of BrdU-positive cells co-labeled with NeuN or GFAP
among BrdU-positive cells were determined.

After the 4-week SI, a water maze test was carried out as described
previously (Jhoo et al. 2004; Miyamoto et al. 2005). Briefly, a pool
(120 cm in diameter) was prepared, and the water temperature was
maintained at 21-23°C. Swimming paths were analyzed by a
computer system with a video camera (TAMRON, Saitama, Japan).

In the training trials, the platform (7 cm in diameter) was
submerged 1 cm below the water surface. After reaching the plat-
form, the mouse was allowed to remain on it for 20 s. If the mouse did
not find the platform within 60 s, the trial was terminated and the
animal was put on the platform for 20 s. After training trials for
6 days, mice were subjected to the probe test on day 7 where in they
swam for 60 s in the pool without the platform. We measured the time
spent in each quadrant of the pool as a measure of spatial memory. One
hour after the probe test, to measure swimming ability or motivation,
mice were subjected to the visible test in which the platform was
marked with a flag that protruded 12 cm above the water surface to be
highly visible, but in a new location. Three starting positions were
used pseudo-randomly and each mouse was subjected to three trials
per day in the training trials (day 1-6) and visible test (day 7). During
training trials and the visible test, we measured both path length (swim
distance) and escape latency as measures of performance.

© 2008 The Authors
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We used 8-week-old male Institute for Cancer Research mice as
intruders which have not shown aggressive behaviors against their
peers. The day after the probe test in the water maze test (e.g., day
8), an intruder-evoked aggressive test was carried out as previously
reported (Miczek and O’Donnell 1978). A resident mouse was
habituated in a test cage (20 cmx 12 cmx 10 ¢cm) for 10 min, and
then an intruder mouse was put in the test cage. The investigating
behavior performed by the resident mouse against the intruder was
observed for 10 min. The frequency of attacking/biting and duration
of aggression including attacking/biting, tail rattling, aggressive
grooming, sideways posturing and pushing under were analyzed.
The behavioral observation was made by the blinded experimenters.

Mice reared under GH and SI conditions for 3 days, 2 weeks, and
4 weeks were decapitated and their brains were removed. These
mice had never been used for behavioral experiments. Brain slices
including the hippocampus were made using brain matrix and the
DG of the hippocampus was isolated using a dissecting microscope
(AS ONE Co., Ltd., Osaka, Japan). Tissues from two animals and
four animals were pooled as one sample for DNA microarray and
real-time RT-PCR, respectively. Total RNA was isolated using the
RNeasy Mini Kit (Qiagen, Hilden, Germany).

The purified total RNA was checked for quality using Bioanalyzer
2100 electropherograms (Agilent; Santa Clara, CA, USA) and used
for expression profiling with GeneChip mouse genome 430 2.0
arrays (Affymetrix; Santa Clara, CA, USA) containing 45 101 probe
sets, according to the protocol provided by the manufacturer.
Briefly, 5 pg of total RNA was reverse-transcribed into
double-stranded cDNA with a T7-Oligo (dT) primer. Labeled cRNA
was synthesized in the presence of T7 RNA polymerase and biotin-
labeled nucleotides fragmented by metal-induced hydrolysis and
hybridized overnight to the array. Each array was washed, stained
with streptavidin-coupled phycoerythrin and scanned by a GCS3000
laser scanner (Affymetrix).

The resulting expression profiles were pre-processed using the
robust multi-array average of G+C content (GCRMA) algorithm
from Bioconductor (http://www.bioconductor.org/) in the statistical
programming language R (http://www.r-project.org/). The changes
in gene expression between GH and SI groups were quantified using
a general linear model in the limma package from Bioconductor.
Scatter plots and hierarchical clustering analysis were carried out in
spOTFIRE 8.2.1 (TIBCO Software Inc., Palo Alto, CA, USA).

Total RNA isolated from the DG was converted into cDNA using
SuperScript III First-Strand Synthesis System for RT-PCR (Invitro-
gen). Levels of mRNA expression were quantified by using a 7300
real-time PCR System (Applied Biosystems, Foster City, CA, USA).
The quantitative real-time PCR was performed in a volume of 25 pL
with 500 ng of ¢cDNA and 500 nM primers in the Power SYBR
Green Master Mix (Applied Biosystems). The primers used were
as follows: 5-ATGACCAGCCTGGACTATTCC-3" (forward) and
5’-CAGGAGATCGTAGAACTGCTGGA-3’ (reverse) for Nurrl and
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5-AGCATTCCAGGCTCATCTGAA-3" (forward) and 5-GGCGA
AGTAAGTCTTGGTAGGATT-3’ (reverse) for Npas4. The mouse
glyceraldehyde-3-phosphate dehydrogenase was used as an internal
control (Applied Biosystems).

All data were expressed as the mean = SE. Differences between two
groups were analyzed by two-tailed Student’s ¢-test or chi-square
(Zz) test. Differences among multigroups were analyzed by anova
followed by the Bonferroni’s test when F ratios were significant
(p < 0.05). Differences among multigroups of path length in the
water maze test were analyzed by anova with repeated measures,
followed by the Bonferroni’s test when F ratios were significant
(p <0.05).

To examine the effect of SI after weaning on newly divided
cell proliferation in the hippocampus, BrdU was injected on
the last day of the 4-week isolation and the number of BrdU-
labeled cells was counted 24 h after the injection (Fig. 1a).
As shown in Fig. 1b, BrdU-positive cells in SI and GH mice
were observed as clusters, and there were no apparent
differences in the morphology and location. Most of the
BrdU-labeled cells were found in the SGZ of the DG in both
GH and SI mice (Fig. 1b). There was no significant
difference in the number of BrdU-labeled cells in the
hippocampus between SI and GH mice (Fig. 1c).

Next, to investigate the effect of SI after weaning on the
survival of newly divided cells, BrdU was injected one day
before starting the SI and the number of BrdU-labeled cells
in the hippocampus was counted after the 4-week SI
(Fig. 2a). As shown in Fig. 2b, there was an apparent
difference between SI and GH mice in the number and
location of BrdU-labeled cells in the DG of hippocampus.
Some of the BrdU-labeled cells in GH mice were found in
the GCL of DG whereas in SI mice, fewer cells were detected
in the GCL. The total number of BrdU-labeled cells in the
hilus + SGZ + GCL of SI mice was 75% of that in GH mice,
and the number of BrdU-labeled cells in the GCL of SI mice
was 63% of that in GH mice. The number of BrdU-labeled
cells in the hilus + SGZ + GCL and GCL of hippocampus in
SI mice was significantly decreased compared with that in
GH mice (Fig. 2c¢).

To examine the effect of SI after weaning on the differen-
tiation of newly divided cells, we counted NeuN- and
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Fig. 1 Effect of social isolation (Sl) for 4 weeks from 3-week-old in
mice on the proliferation of newly divided cells in the dentate gyrus of
hippocampus. 5-bromo-2’-deoxyuridine (BrdU; 75 mg/kg, i.p.) was
injected three times at 2 h intervals on the last day of 4-week isolation.
Animals were killed 24 h after the last injection of BrdU, and BrdU-
positive cells in the subgranular zone (SGZ), hilus, and granule cell
layer (GCL) were counted as described in Materials and Methods. (a)
Experimental schedule. (b) Representative photographs showing the
distribution of BrdU-positive cells in group-housed (left) and SI (right)
mice, respectively. Scale bar: 200 um. (c) Total numbers of BrdU-
positive cells are expressed as the sum of the number in the SGZ
(arrows), hilus, and GCL. Values indicate the mean + SE (n = 4).

GFAP-positive cells among BrdU-labeled cells in the
hippocampus. Mice were subjected to SI after BrdU-labeling
and killed after the 4-week SI for double-immunostaining
(Figs 3a and 4a). Most of the BrdU-labeled cells in GH mice
were NeuN-positive, but some were NeuN-negative
(Fig. 3b). The rate of NeuN-positive cells among BrdU-
labeled cells in the hilus + SGZ + GCL of SI mice was
significantly lower than that in GH mice (Fig. 3c). The
impairment of neural differentiation of BrdU-labeled cells
was also evident in the SGZ of SI mice compared with GH
mice, while there was no difference in the hilus and GCL.
Thus, the rate of NeuN-positive cells among BrdU-labeled
newly divided cells in the hilus + SGZ + GCL and SGZ of
hippocampus in SI mice was significantly lower than that
in GH mice (Fig. 3c). By contrast, a small fraction of
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Fig. 2 Effect of social isolation (SI) for 4 weeks in 3-week-old mice on
the survival of newly divided cells in the dentate gyrus of hippocam-
pus. 5-bromo-2’-deoxyuridine (BrdU; 75 mg/kg, i.p.) was injected
three times at 2 h intervals one day before starting 4-week isolation.
Animals were killed after S|, and BrdU-positive cells in the subgranular
zone (SGZ), hilus, and granule cell layer (GCL) were counted as
described in Materials and methods. (a) Experimental scedule. (b)
Representative photographs showing the distribution of BrdU-positive
cells in group-housed (GH, left) and S (right) mice, respectively. Scale
bar: 200 um. (c) Total numbers of BrdU-positive cells were expressed
as the sum of the number in the SGZ (arrows), hilus, and GCL
(arrowheads). Values indicate the mean + SE (n = 7). *p < 0.05 ver-
sus GH (two-tailed t-test).

BrdU-labeled cells was co-labeled with an astrocyte marker,
GFAP (Fig. 4b). There was no significant difference between
GH and SI mice in the rate of GFAP-positive cells among
BrdU-labeled newly divided cells in the hilus +
SGZ + GCL, hilus, SGZ or GCL of hippocampus (Fig. 4c).

To examine the functional significance of SI-induced impair-
ment of neurogenesis in the hippocampus, we compared the
performance of GH and SI mice in the water maze test which
was used to examine spatial learning and memory associated
with the hippocampal function (Jhoo et al. 2004; Miyamoto
et al. 2005). At the same time, we investigated the effect of
repeated administration of Flx, an SSRI reported to enhance
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Fig. 3 Effect of social isolation (SI) for 4 weeks in 3-week-old mice on
neurogenesis in the dentate gyrus. 5-bromo-2’-deoxyuridine (BrdU;
75 mg/kg, i.p.) was injected three times at 2 h intervals before 4-week
isolation. Animals were killed after S, and BrdU-labeled cells in the
subgranular zone, hilus, and granule cell layer were counted as
described in Materials and Methods. (a) Experimental scedule. (b)
Representative photographs showing confocal analysis to determine
the percentage of neurons [neuronal nuclei (NeuN)-positive cells:
green] among the population of newly divided cells (BrdU-positive
cells: red) at 4 weeks after BrdU labeling (double-stained cells:
yellow). Scale bar: 100 um (inset, 10 um). (c) Percentage of neurons
(NeuN-positive cells) among BrdU-positive cells. Values indicate the
mean = SE (n = 5). *p < 0.05 versus group-housed (two-tailed t-test).

neurogenesis in the hippocampus (Malberg et al. 2000;
Santarelli et al. 2003) on maze performance in GH and SI
mice. Repeated daily administration of Flx at a dose of 10 mg/
kg (Encinas ez al. 2006) was started 2 weeks after starting the
ST until the end of the maze test (Fig. 5a), as we confirmed that
SI for 2 weeks after weaning had little effect on cell

proliferation and survival of BrdU-labeled cells in the hippo-

campus [data not shown, p = 0.995 (hilus + SGZ + GCL)].
There was no difference in the time spent in each
quardrant of the pool among four groups of mice in the
pre-probe test that was carried out before training trials [data
not shown, F33g)=0.246; p = 0.864], indicating that
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Fig. 4 Effect of social isolation (SI) for 4 weeks in 3-week-old mice on
gliogenesis in the dentate gyrus. 5-bromo-2’-deoxyuridine (BrdU;
75 mg/kg, i.p.) was injected three times at 2 h intervals before 4-week
isolation. Animals were killed after SI, and BrdU-labeled cells in the
subgranular zone, hilus, and granule cell layer were counted as
described in Materials and Methods. (a) Experimental design. (b)
Representative photographs showing confocal analysis to determine
the percentage of astroglial cells [glial fibrillary acidic protein (GFAP)-
positive cells: green] among the population of newly divided cells
(BrdU-positive cells: red) at 4 weeks after BrdU labeling (double-
stained cells: yellow). Scale bar: 100 pm (inset, 10 um). (c) Percent-
age of glial cells (GFAP-positive cells) among BrdU-positive cells.
Values indicate the mean + SE (n = 4).

neither the housing condition nor Flx treatment had any
effect on space preference before maze training.

We preliminarily checked that SI did not affect swim speed
[data not shown, F(;5 = 0.730; p = 0.418]. Furthermore,
previous paper suggested that treatment of repeated Flx
(10 mg/kg) did not affect swim speed (Song et al. 2006). In
addition to results of visible test in this study, these findings
indicate that the changes in performance during the training
and probe trials were not because of an impairment of
swimming ability or motivation.

On the other hand, there was a significant difference in
performance (path length) of four different groups of mice
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Fig. 5 Effect of repeated fluoxetine (Fix) treatment on social isolation
(Sl)-induced spatial learning and memory deficits in the water maze
test. Mice were subjected to Sl for 4 weeks and then to training trials
on days 1-6, and visible and probe tests on day 7. The daily admin-
istration of FIx (10 mg/kg, i.p.) was started 2 weeks after S| and
continued to the end of the water maze test. GH/Sal: saline-treated
group-housed mice (n=7); GH/FIx: fluoxetine-treated GH mice
(n=10), Sl/Sal: saline-treated SI mice (n= 12), SI/Fix: fluoxetine-
treated S| mice (n=10). (a) Experimental design. (b) Path length
(swim distance) to find the hidden platform during training trials (day
1-6) and visible test (day 7). (c) Time spent in quadrants in the probe
test (day 7). Values indicate the mean + SE. *p < 0.05 versus GH/Sal,
#b < 0.05 versus SI/Flx.

[saline-treated GH (GH/Sal) mice, Flx-treated GH (GH/
Flx) mice, saline-treated SI (SI/Sal) mice, and Flx-treated
SI (SI/FIx) mice] during training trials on days 1 to 6
(Fig. 5b, anova with repeated measures: group, F33g) =
6.134, p < 0.05; day, F(s 55y = 39.796, p < 0.001; group x
day, F1s.185 = 1.128, p = 0.334). Post-hoc analysis indi-
cated that performance by SI/Sal mice was significantly
impaired compared with GH/Sal mice, suggesting that SI
in juveniles induces the impairment of spatial learning.
Furthermore, repeated Flx treatment significantly improved
performance in SI mice although it had no effect on
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performance in GH mice. When escape latency was
analyzed as a measure of performance, the same results
were obtained [data not shown, Fi335,= 7.217; p < 0.001].

Next day (day 7), the animals were subjected to the
probe test and then to the visible test. In the probe test
(Fig. 5c), there was a significant difference in time spent
in the target quadrant in which the submerged platform
had been located during training trials among four groups
[F338 = 6.763, p <0.05]. Post-hoc analysis by Bonfer-
roni’s test indicated that SI/Sal mice spent significantly less
time than GH/Sal mice, indicating an impairment of spatial
memory. Furthermore, repeated FIx treatment significantly
improved the impairment of spatial memory in SI mice,
although the treatment had no effect on performance in
GH mice. In the visible test conducted after the probe test
on day 7, there was no significant difference in perfor-
mance (both path length and escape latency) among the
four groups of animals (Fig. 5b).

The day after the water maze probe test (day 8), the
animals were used in the intruder-evoked aggressive test
(Fig. 6a). Aggressive biting behavior was observed in all
four groups (1/13 in GH/Sal, 0/9 in GH/Flx, 8/12 in SV
Sal, and 2/10 in SI/FIx mice). The difference between GH/
Sal and SI/Sal groups was statistically —significant
(7 = 9.420, p < 0.01). Repeated Flx treatment in SI mice
significantly reduced the rate of mice exhibiting biting
(* =4.791, p <0.05). Similarly, the rate of SI/Sal mice
showing tail rattling against the intruder (8/12) was
significantly increased compared to GH/Sal (2/13,
7* = 6.838, p < 0.01). Repeated Flx treatment significantly
reduced the rate of animals showing tail rattling in the SI
group (1/10, »*=7246, p<0.01) without affecting
behavior in the GH group (0/9).

As shown in Fig. 6(b) and (c), there were significant
differences in biting counts [Fig. 6b; F(340), = 3.650,
p <0.05] and total time of aggression [Fig. 6c;
F(3.40) = 16.075, p < 0.001] among the four different groups
of mice. Post-hoc analysis indicated that biting counts and
total time of aggression against the intruder in SI/Sal were
increased compared with those in GH/Sal mice. There was
no difference in biting counts between SI/Sal and SI/Flx mice
(Fig. 6b), but the total time of aggression in SI/FIx mice was
significantly reduced compared to SI/Sal mice (Fig. 6¢c).

To examine the effect of repeated administration of Flx on
Sl-induced impairment of cell survival in the DG of the
hippocampus, we compared the number of BrdU-positive
cells in the DG among the four groups. Repeated daily
administration of Flx at a dose of 10 mg/kg was started
2 weeks after starting SI and continued for 2 weeks (Fig. 7a).
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Fig. 6 Effect of repeated fluoxetine (Flx) treatment on social isolation
(Sl)-induced aggressive behavior in the intruder-evoked aggressive
test. Mice that had previously been subjected to the water maze test
following SI for 4 weeks were used in the intruder-evoked aggressive
test. Daily administration of FIx (10 mg/kg, i.p.) was started 2 weeks
after Sl and continued to the end of the behavioral test. Frequency of
biting and duration of aggressive behavior against the intruder were
measured for 10 min. GH/Sal: saline-treated group-housed mice
(n=13), GH/FIx: fluoxetine-treated GH mice (n=9), SI/Sal: saline-
treated S| mice (n = 12), SI/Fix: fluoxetine-treated S| mice (n = 10).
(a) Experimental schedule. (b) Biting counts. (c) Total time of
aggression. Values indicate the mean = SE. *p < 0.05 versus GH/Sal,
*p < 0.05 versus SI/Sal.

As shown in Fig. 7b, there was an apparent difference in
the number and location of BrdU-labeled cells in the DG of
the hippocampus in SI/Sal mice compared with GH/Sal, GH/
Flx, and SI/FIx groups. anova of the number of BrdU-
positive cells in the GCL (F = 6.183, p < 0.01) and in the
DG of hippocampus (F = 6.536, p <0.01) revealed a
significant effect of treatment. Post-hoc analysis with
Bonferroni’s test indicated that the total number of BrdU-
positive cells in the DG of the hippocampus was significantly
reduced in SI/Sal mice compared with GH/Sal mice
(p < 0.05), and this impairment of survival of newly divided
cells in the SI/Sal group was significantly ameliorated by
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