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Table 2. TagMan primer and probe sequences used to examine nucleotide variants in the NTNG1
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Primer {F, forward; R, reverse)
(F) CTCTGAACTTCCCTGCATGAGAATTAA
(R) GAGGATGGGATAATACCCAAAACTATTTCA
(FIGCTCTGTATATTGGTTTACATGACACTTGT
(RICCCTGAGAAAGGAAATTTGCTATTTTACTTAGA
(F) CATGCCATCTTTTACAAGTAACTCCTATCT
{R) CCTCATAAACATGTGGCTATAATGAAGGA
(FIGAAGAGTGTTGCTAAGCAGAGGTT
(R) AGCCAACCACATCTATAGGCAAAAT
{F) CCCACTGACTTGACTGCTATTCG
(R) GCCCTCAGAATCTTCCCCAAAAG
(F) TITTAAAATATAGTAGTGGACATCCCTTGGTG
(R} GGGAATTGCTTAGAAAAGATTTTTAAACTGC
(F) AGGGCAAGAATTCACACGTAGAC
{R} GCACCTTGAAAACCCCATTCC
(F) CATTGGTGATTTATTGTCAACTTACACACT
(R) CTTTTAATGTTTGTCTGTACATAGGCACA
(F) CCCAATGGACTTAGCCTATGTGTTA
{R) TGCATTCAACATCTGTGGGAACAT
(F) GGATCACTGCATTTTTCTGACATTGT
(R) CAGCATTTAGGCCATTGGAAGAGA

Marker *
SNP1

SNP2

SNP3

SNP4

SNP5

SNP6

SNP7

SNP8

SNPS

SNP10

3 end of primer ®
-4826 (intron 1)
-4768 {intron 1)
+1944 (intron 2)
+1985 {infron 2)
+29765 (intron2)
+296814 (infron2)
+151610 (intron2)
+151636 (intron2)
+246328 (intron3d)
+246393 (intron3d)
+256659 (intron4)
+256699 (intron4)
+261371 (intron5)
+261397 (introns)
+286572 (introng)
+286624 (introng)
4298665 (introng)
+298684 (introng)
+327627 (intron9)
+327641 (introng)

Reparter probe sequence (V, VIC label; F, FAM label) ©

(V) AAGAAATCTGGAATTTAA

{F) AAGAAATCTGGAGTTTAA

{V) CAGAAGGGACATGTTGT

(F) CAGAAGGGACGTGTTGT

{V) ATTTGCCCCGTTTCT

{F) TITGCCCCATTTCT

(V) GACACTGGCAGCTTG

(F) CAGACTGICAGCTTG

{V) CCCTGCCCCCTGCAA

{F} CCCTGCCCTCTGCAA

(V) CTTTGAAGTTGAAAATATCTGAA
(F) TTTGAAGTTGAAAATGTCTGAA
{V) CAGTGCCIGTTCCAG

{F) CTGCCGGTTCCAG

(V) AAATTTGTACCTATATCGAAACT
(F) TTGTACCTATATCAAAACT

{V) TCATGAAAATCAATAATATG

(F) TCATGAAAATCAGTAATATG
(VJAAGACCATAAAGGATGCTG
(F)ACCATAAAGAATGCTG

® For SNP numhbers, see Fig. 1.

P Nuclectide positions are counted from A of the start codon on the genomic stretches of NTNGT (GenBank accession No. NM_014817).

¢ Underline shows a polymophic site.

examined using the X* test. Differences in genotype
and allele frequency were evaluated using Fisher's
exact test. Linkage disequilibrium (LD) statistics were
calculated using COCAPHASE™ (http://www.hgmp.
mre.ac.uk/~fdudbrid/software/). Estimation and com-
parison of haplotype freguencies were also made
using COCAPHASE. Graphical overview of pair-wise
LD strength between markers was made using GOLD
software”  (hitp://www.well.ox.ac.uk/asthma/GOLDY/).
Power calculations were performed using the Power
Calculator {hitp://calculators.stat.ucla.edu/powercalcy).

Resuits

The alignment of cDNA and EST sequences with
genomic sequence revealed that the human netrin G1
gene is comprised of 10 exons {Fig. 1) located on chro-
mosome 1p13.3 (htip://genome.ucsc.edu/). A data-

base search for polymorphisms detected only intronic
SNPs within the gene, and we selected 16 roughly
equidistant SNPs. Then we examined the heterozy-
gosity of each SNP using 40 unrelated DNAs and
excluded six SNPs for further analyses based on their
low heterozygosity (frequencies of minor alleles < 1%).
The remaining SNPs were designated SNP1-10 (Fig.
1), and were genotyped in 180 schizophrenics and 180
age- and gender-maiched controls.

All genotyped polymorphisms were in Hardy-
Weinberg equilibrium in both case and control samples
(Table 3). Of the 10 SNPs, SNP8 (IVS8-1476C>T)
(NCBI  dbSNP  accession No. rs1373336,
hitp://mww.ncbi.nlm.nih.gov/SNP/) displayed a mar-
ginally significantly different genotypic distribution
between patients with schizophrenia and control sub-
jects (P = 0.057; Table 3). Allelic distribution of SNP8
showed a significant deviation in schizophrenics com-
pared to controls: the C allele was over-represented in
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Table 3. Genotypic and allelic distributions of the netrin G1 gene polymorphisms

Polymorphism n? Genotype counts {frequency) HWE® # value ¢ Allele counts (frequency) 2 value ©
SNPt: IVS1+2656T>C T/T T/C c/C T o
Schizophrenia 179 66 (037 ) 92 (051 )21 (012 ) 0193 0.748 224 ( 063 ) 134 (037 ) 0838
Control 173 66 (038 ) 83 (048 ) 24 (014 ) 0796 215 (062 ) 13t ( 038 )
SNPZ: Iv52+1 TOBTOC T T/C C/C T . [
Schizophrenia 178 76 (043 ) 88 (049 ) 14 ( D08 ) 0095 0.186 240 (067 ) 116 { 033 ) 0384
Control 175 74 (042 ) 77 {044 ) 24 (014 ) 0581 225 (064 ) 125 ( 036 )
SNP3: IVS2+29544GoA A/A A/G G/G A G
Schizophrenia 180 120 (067 ) 54 (030 ) 6 (003 ) 0880 0.727 294 (082 ) 66 (018 ) 1.000
Control 179 117 (065 ) 58 (032 ) 4 (002 ) 0300 292 (082 ) 66 (018 )
SNP4: IVS2-24065G>T G/G G/T /T G T
Schizophrenia 179 61 (034 ) 81 (045 ) 37 (021 ) 0294 0.431 203 ( 057 ) 155 ( 043 ) 0.764
Control 180 53 (029 ) 94 (052 ) 33 (018 } 0440 200 ( 056 ) 160 ( 0.44 )
SNP5: IV83-178C>T C/C C/T T/T [+ T
Schizophrenia 180 115 ( 064 ) 55 (031 ) 10 (006 ) 0323 0.407 285 (079 ) 75 (021 ) 0927
Control 179 109 (061 ) 64 (038 ) 6 (003 ) 035 282 (079 ) 16 (021)
SNP§: V42418150 T/T T/C G/C T G
Schizophrenia 179 115 (064 ) 54 (030 )10 (006 ) 0284 0.392 284 {079 ) 74 (021 ) 0927
Control 180 110 (061 ) 64 (036 ) 6 (003 ) 0365 284 (078 ) 786 (021 3
SNPT: IVS5+2275T>G G/G G/T T G T
Schizophrenia 179 115 (064 > 54 (030 ) 10 (006 ) 0284 0.359 284 (079 ) 74 (021} 0855
Contro| 179 108 (060 ) 66 (036 ) 6 (003 ) 033 28t (078 ) 77 (022)
SNP8: IVS8-1467CH>T C/C C/T T/T ' C T
Schizophrenia 178 78 (044 ) 82 (046 ) 18 (010 ) 0599 0.057 238 (067 ) 118 ( 033 ) 0020
Contral 176 59 (034 ) 87 (049 ) 30 ¢ 017 ) 0830 2056 ( 058 » 147 (042 )
SNP9: IVS9+104684A5G A/A ASG G/G A G
Schizophrenia 180 79 (044 ) 73 (041 ) 28 (016 ) 0113 0.208 23t (064 ) 129 (036 ) 0132
Control 180 88 (048 )y 75 (042 )17 (008 ) 0860 251 {070 ) 109 ( 0.30)
SNP10: IVE9-4386CHT /T T/C c/C T c
Schizophrenia 180 121 (067 ) 54 (030 ) 5 {003 ) 0725 0.431 206 (082 ) 64 (018) 0344
Control 179 115 (064 ) 54 (030 ) 10 (006 ) 0284 284 (079 ) 74 (021 )
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* The samples with ambigous genotypes were not included.,
® P values for Hardy-Weinberg equilibrium are denoted.

¢ Differences in genctypic and allelic distributions were evaulated by Fisher's exact test.

schizophrenia {nominal P = 0.020, odds ratio = 1.44,
95% confidence interval = 1.06—1.96) (Table 3). After
Bonferroni correction for the multiple testing of 10
SNPs, the deviation was no longer significant.

Next, we examined pair-wise linkage disequilibrium
(LD) beiween markers. I’ (normalized D) and #
(squared correlation coefficient) values were computed
in controls. Both LD measures take values between 0
(lack of LD} and 1 {complete LD). LD relationships
between SNPs are shown in Table 4 and Fig. 2.
SNPs5-9 were in the same LD block using the two
measures. The polymorphism (SNP8) associated with
schizophrenia was located in this LD block. We exam-
ined two and three SNP-based haplotypic associations
in a sliding manner, using the 10 polymorphisms that
spanned netrin G1 gene (Fig. 3). The combinations of
SNP7-SNP8 and SNP6-SNP7-SNP8 showed signifi-

cant associations with schizophrenia (global P =
0.017 and 0.021, respectively). For two SNP haplo-
types, the haplotype G (SNP7)-C (SNP8) was signifi-

~cantly more frequent in schizophrenia (frequency =

0.461) than in control group (0.362) (P = 0.007, odds
ratio = 1.51, 95% C.|. = 1.12—2.03). For three SNP
haplotypes, the haplotype T (SNP8)-G (SNP7)-C
(SNP8) was significantly more avet-represented in
schizophrenia (0.458) than in controls {0.364) (P =
0.010, odds ratio = 1.46, 95% C.I. = 1.08—1.98), The
results of these haplotypic associations were consistent
with those of gene LD structure and ailelic (genotypic)
association of SNP8 with schizophrenia.
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Table 4. Pairwise marker-tg-marker LD statistics of NTNG?

Marker® SNP1 SNP2 SNP3 SNP4  SNPS

SNPE SNP7 SNPB SNPS SNPi0

SNP1 ;::' 1.000 0.069 0.671 0.036 0.036 0036 0214 0114 0.013
SNP2 0260 704150 0231 0.055 0055 0.055 0.104 0074 0.163
SNP3  0.002 0.002 0.670 0006 0006 0006 0084 0.020 0.084

S 0.319 0319 0057 0238 0.083

SNP4  0.041 0019 G401 - 70 0.319

SNPS 0000 0.000 0000 0.027

SNPG8 0,000 0.000 0000 0.027 1.000

" 4008 1.000 1.000 0.901 0.143

.7 1000 1000 0901 0.143
1000 -:%  1.000 0.901 0.143

SNP7  0.000 0.000 0000 0.027 1.000 S
SNP8  0.002 0.008 0001 0.002 9166 0.166 0.166 0.960 0.253
SNP9 0001 0001 0.000 0.031 0120 0.120 0.120 0.233 . - 0.148

SNP10 0.000 0.002 0006 ¢.002 0.002

0.002 0002 0008 0.011 .

For each pair of markers, the standardized D' is shown above the diagonal, and r? is shown below the diagonal.

D' values of > 0.3 and r* values of > 0.1 are in boldface.

# For SNP numbers, see Fig. 1.

SNP1OT™
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==
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D’=0.00 0= 1.00
{log r2= -2.00) {log rZ =0.00)

Fig. 2. LD map of the netrin G1 focus. GOLD plot of color-coded pair-wise disequilibrium statistics (# in left and D7in right) is shown.
Red and yellow indicate areas of strong LD. For SNP numbers, see Fig. 1.

Discussion

The mouse orthologue of netrin G1 gene was first
cloned by Nakashiba et af in 2000, They showed that
netrin G1 transcripts were first detected at embryonic
day 12 in mid and hindbrain regions, reaching peak lev-
els at perinatal stages in various brain regions that

include the olfactory bulb mitral cells, thalamus and
deep cerebellar nuclei. Expression was primarily
restricted to the central nervous system, with most
prominent expression in the thalamus.” The thalamic
neurons relay afferents to the cerebral cortex from var-
ious sensory systems, and thus the thalamus is
deemed to modulate the motor response to sensory
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SNP1 | sNPz | sSNP3 | sNP4 | SNPs | SNPe | sNP7 | snee | snpe
0.766 ; i 0.872 R 0.017 el
2 SNPs : 0.842 S 0.854 e 0.106
S 0.972 B 0.782 |
G1001 | 61003 | G1006 | G1017 | G1028 | G1042 | G1050 | G1074 | G1034 | G115
0.849 0.782
2 ShPs 0.593 0.021
0.981 0.058
3 0.857 Cn] 0.169

Fig. 3. Resuits of iwo-marker and three-marker haplotype analyses in schizophrenia. For two (three)-marker
analysis, a sliding window of two (three) markers was tested, with one (two}-marker overlaps. The global P values
shown, represent the overall significance when the observed versus expected frequencies of all of the haplotypes
are considered together, The Pvalues were calculated using the COCAPHASE program. For SNP numbers, see

. Fig. 1.

stimuli or to perform “sensory-motor gating™.'?

interestingly, netrin G1 knockout mice exhibited a
reduced level of prepulse inhibition (PP} (ltchara,
personal communication). PPI is demonstrated by a
reduction in response amplitude to a startle stimulus
when this stimulus is immediately preceded by a
weaker prestimulus.™ This sensorimoter phenomenon
occurs across-species and it has been investigated as
a model io understand the pathophysiology of schizo-
phrenia." Schizophrenic patients often display pro-
found impairments in PP, raising the possibility that a
deficit in the filtering or “gating” of sensory information
may explain some of the fundamental sympioms
observed in schizophrenia, including an overflow of
sensory stimulation and disintegration of cognitive

functions.” Therefore, netrin G1 is a potentially

intriguing target for genetic studies in schizophrenia
from both its role in physiological functions relevant to

schizophrenia pathology, and its molecular involvement ..

in neuronal circuit development.

Our case-control analysis revealed that the IV38-
1467C>T (SNP8) polymorphism of netrin G1 gene is
nominally significantly associated with schizophrenia,
with the IVS8-1467C allele overrepresented in schizo-
phrenia (allelic P = 0.020, and > 0.05 after Bonferroni
correction for muitiple testing). Power calculations
were performed based on an arbitrary assumption of
relative risk and frequency of risk allele. When a relative
risk of 2.0 was assumed, the present sample displayed
83% power 1o detect significant association (a¢<0.05,
frequency of risk allele = 0.3, two-sided). With a relative
risk of 1.5, our samples had 45% power to detect sig-
nificant association (¢<<0.05, frequency of risk allele =
0.3, two-sided). For LD structure, Abecasis et af®
suggested a D' value of greater than 0.33 as a useful

measure of LD. Nakajima et a/"® proposed #>0.1 as a

criterion for useful LD. According to their criteria, our LD
ahalysis revealed that SNP8 was located in an LD block
spanning from SNP5 to SNP9 with a gap between
SNPS and the neighboring SNP4. Haplotype analysis
consistently showed that the haplotypes comprising
SNP7-SNP8 and SNP&-SNP7-SNPS§ in this LD block
were associated with schizophrenia. These results
suggest that the real disease-causing variant(s), if
one exists, may reside in the 3’ half region of the gene.
We examined sequence variation in the exons and
flanking introns using 40 schizophrenics and the
primers shown in Table 1, but found no novel polymor-
phisms. In order to search for candidate functional vari-
ani(s), it is necessary to extend polymorphism
screening to unscreened genomic regions.

The mouse genomic structure of netrin G1 gene is -
very similar to that of the human ortholog. Equally, we
have detected various human netrin G1 transcripts gen-
erated by alternative splicing as seen in the mouse.” In
humans, the splicing involves exons 6, 7, 8 and 9 which
code for an unknown domain and two laminin repeat
type domains {Meerabux ef al in preparation). These
exons are within the same haplotype block. Therefore it
is tempting to speculate that dysregulation of transcript
processing may have some role in schizophrenia sus-
ceptibility. However, the SNPs5, 6, 7, 8 and 9 are all
embedded in introns and distant from branch points or
splicing donor and acceptor sites, making them less
likely to conirol the efficiency of alternative splicing.
More thorough genomic and genetic analyses are
needed to corroborate the coniribution of netrin G1
gene to schizophrenia susceptibility and refine the
predisposing allele(s). The close paralogue, netrin G2
gene, aiso identified from the mouse quite recently, also
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warrants future genetic analysis in schizophrenia
based in its complimentary pattern of expression with
netrin G1.""

In conclusion, our data suggest the possible
involvement of human netrin G1 or a nearby gene in the
vulnerability to schizophrenia.
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THRERRERBRREAVA PO 753 Mg,
core i2BWTDH c-fos DRMEFTET 2. UL
DIHE S, BIEED shell 12BITB c-fos DER
Y, FUEMREOBMEERICE T ADREE
ELTWAHLEEZ LTV, Robertson 5 i, ¢~
Fos Fteiifa AR L h b BB TR L L
DEPIIONT "FEER” E LRI EERBRELT
V%, clozapine DEIAHE X 2 {EH 1, DAD3
EEGOEBET—EANER D Z 26, D,
ZEFRLETTL DRBEFLES LTI L E
AbRTHE,

3) BOUEATE

VL, AR AR P E (RETSE R & X 0,
MEXBESZ BT rMBEEHEORE NE
SN, AL EOWERENIREERE BET 5
CEPELRBENA L LD TETVAS,
clozapine MBITEZE, & b #D@fﬁﬁﬁﬁﬁﬁﬁ'@:ﬁ'ﬁ'%ﬁ?
RIZDWTRELLDREIFETS.

Clozapine 1%, BIEERIEFICBITD c~fos DER %
FHETLIESMOA TR, EEIBLEMRRE
FEDTEHZIIE A LTRER W, ¢-Fos DM,
BISERIEFIE M - R o (kA RS &, HHla
SADA LAV DOEMEES. 742, AT FLF
VURT7EFNIY Y OEHEIHEL TV LD
HELHL. DEn ki, clozapine D Fij 28 A &
CHTAERE, mRSRREE kT 2L &
DOTHEENTHL. 2O LPb, clozapine D
bORBEROUBHMBE VI 22— 7 L iER



i, BENF AT 2R LEET A I LAEE
SN T &7z clozapine THRH LN L AT O c-
fos DTS = Vi, hOFERILHBHRETD
BEUARFOLOFRESIN TS, Ll

VAR FYRE, LBRoEBHERTLO
LHSNRTEY, FhFLOEEHIFERRED,
EEFBEENORNEOBCEIM L TV AR
HLiEHsh T3 (]|2).

FEE BB OENE ST AEHO X
B XLICEALTIE, BETEIA-HLARE
IZHEE o TV iV, Clozapine (& DADI, D2 &R
ADFREOCRIMMEICMA, Dy, DEBESDL
AR VERTE L LTOERET D, 361K 5-
HT, (5-hydroxytryptamine,) £ &#S7 FLF 1) ¥
o EBE, LAN Y D) EEEAOEEE
ERLHONT NS, F72D,;, DEBHICRVE
MELF Lo DAEBETHALF Y ED—-NORSE
12X T, clozapine H*¥5iE ¥ 2 HiEHRTEF O Fos
FHEANER SND Z LA LN TS, 2512,
DpEREE DI DA FE)ZE 7-OHDPAT DIRE T
W, ZOEMTER 7.‘)%@&5 ERLnwI EsG, BIE
MEFILBITA clozap'ine ® Fos &~ DB
DESFE L LR TS, LaL, D, Dy Dy,
D,V & DA F&/EY 7 ¥ 4 7 OEFERBES
T, clozapine #%? Fos HiBz FH W I &
&, DyEBHEADIERIEA DA T clozapine D1E
FEHTAIEIETE R,

I, S-HT HRRPa 7 FVF IR, TR
REOBESLREENATHED, Wb ERO
EETE TR EATE TO Fos FEZBOH LWV, 8
542, S-HTA BB RO IR R o TEHOERTE
o) F—v%dmasr-area—va rER
I2BWTh Fos FEADOENIERL, 120
L iz 2200 BHROATOHBIIEEY L Z
A6, S6IIHEMS “multiceceptor” T4 L 75
BORENTRENS, T/, RAOOFRZEK
EALTWATEEELEETE 2V, WTllE
&, MEME CORENMBMREOERER ¢

3. BYMISETF SNIEREER

BOPILT B I LR, HERMEDBIBERDST
TREOCHRACRFLTHEN DY, sHROER
BREPLETHSS.

HAXMERERERE ORI
T L BB MRS

7

T

1) MERTERERERE,»FY T2
EAEETFER -

HEH (777 3IV8), adf4y, 7=
#4 7 1) ¥ (phencyclidine : PCP) 7 KO EM %
EAALZE TR, MERRELRD LAV
WFRRES R T I e TE . ThE
TOMREICLD, HEEREFRERLE BLHEEDY
EVWIEEEA L DA fZiETEEHE & NMDA B
My I VBEREERERTHLLEZ LN TY
5, IDOb, REEFl (7773 V) %2
A4 EED DA EBZEE, B ICHBERREN
Bz, MEKAESROLDE  ERERF 3R
%, —F, PCP, % 3 v ¥ NMDA £5{E
WERFERIE, ok 2808  FRIREICHZ, 7
RIS ICIRITT 2 USSR, BHGRGE, ey
FlEZ ) R EOBMEERCENOERS EET
5. TZT, EEARSHY, HEERERD
FREERDETFNE LT, $72, PCP RSB S,
B BIHERESURAERED L VEENT
FhE LT, SERTREDFIERAT aRERSE
KIREERTWE, Tokd, BEOETFALEY
OEIZBWTYH, IBEG OBl HE (RETEN
Twnab,

REA, a3hA4 DR EESICL > THFEOL
i 5 EBAL T c—fos DR EF» D> —BEICHE
ENDHIENELRESNTEL, mRNA LA
THEWRSE | BELATE—s LY,
UBRITN—RAT AL iib 5, COBEITME
BBV TROEL(BIFELTSY, DR DA
THE BRI ER I8 0 SCH23390 A% B 2 HD il
THz0, & LTHIRNERINIED DA fRER

Léﬂ.
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PART 7 EiHE

£2 FENABRAEORESEEAOER

Receptor, action

Atypical . . .
X . Dopamine  Norepinephrine

antipsychotic Histamine 1 Acetylcholine  Serotonin 5—HT,,
D1 D2 Dq Ct1 ag

Clozapine + + + + + + + +

Risperidone + <+ + + + + 0 +

Olanzapine + + + + + + + +

Sertindole + + 7 + + + + +

Quettapine + + 0 + + + 0 -+

Ziprasidone + + 7 + o + 0 +

+ . drug blocks receptor
0 : drug does not block receptor
? . effects at receptor unknown

RN, 2% &L —&id DB DA F5F
THLTHEEBIENLEEZLONT VS, DA
ZERERENEL B RS 225, g s
W o-fos BRIGTF R BEST MBI D 572D, 5
ELERHRETTOME I P UEREHFELRT
Wiy, 251, DA R TER L, S-HT &
2 NMDA ZBEFEALAEERLE, oWz
FERLHSFLTVEI L bREERTV S,

NMDA Bl % 3 VS BEOERET, 4
®B-EERELESDETREEROERETZIL
THIS N5 PCP DA T, ZHHED c-fos
HENFREESNTVE, THbLiIEE, KINEE,
ANTEFRRLMRARE TIAIR 514 30 5T, BETIRE,
AT X S TR T 2~6 BEITEID c-fos
MEHFEIR, C0HLBRMHRED c-fos FHEIL
PCP DIEEM & ORLENEH S LT3,

DA fEB)ZE L NMDA S EFEMEERS HIZH
BENb, BN c-Fos 1213 c—fos DFH/ 87 —
VEEWKELY BERAEROEFNEV,
BB ATHEkOEVETIET S, WMOtE
RIS EL R L TV A EHEM AR TS, 7~
&AL, KBEREEICBW T, Ay 7243
Y (ERHO—H) Z5RICE2BI»SH 6 BIC
B\ c~Fos BEHFEA R 6 A 23 LT, PCP
GG ARNFTEROE 4B L) TRIZBIL

{Ananth et af, 20017 & 9 315)

D, MERIBOTE, 2¥ 7y I RE5E
TR TEBA % c-Fos HEATHE SN LD
LT, PCPIXEHICIRMEREE % IRV T c-
Fos ZEIR L5\,

2) MEEWENERBREDBVMMEET
FHEICH T 2 iRRE OB
CHEEAOCHEAMEMEREZRESNF &R
T c-fos BB TFORBUIHT B G HRENLE
W, ZENRO LMD, EEHAKSED c-fos
BEFFEE, g8 EEREOFHREC
Lo TEBRIMHFEML, T2 5T, K
MIEED PCP £ D li) NMDA SEMERF# - &
% c-fos MIBFEHEIHT 2I0HIPERL, o H
128w, F7-, SERBOAFAEL L Y S IHIE
Hebo@EmaRens, 728 2id, PCP A HEER
HIRELI G| & AR 2 4 o-Fos 5L, clozapine 74
7 YL TR CHIM LA A, NOy P =)
TIEEELRZREZ v, SRR RS,
D.EBHFIC O NTHHMIZ 5-HT, T 57
DHETLH, M, SREHEZTPCP i
Lo THESIND c-Fos OREE, 5-HT., SHK
DFEARBBERTEETH B M100907 AHEF & 25, =
NOOHRD G, BUERKE &0 DA (SEEL
REF L wWlEE 0K S EMER I 2T



MBENBREOGEDEDO—TH, S-HT,ETHhT
MLTEBENTHE ZEMEMENS,

—7%, PCP DIz 51, MEBEHHTROLNS
IEG, arc (activity-regulated cytoskeleton-regulated
protein gene) NEEIRFFHEE, clozapine, &5 ¥
K, AR FUpEET LA, HaRy F—
MIFELHRERIZSLVEVIRENSH D,
ZOBEEL, FERNBNHRENEENE R
EEREL D, pCP A5 &R THIEEME%R
EREFLE, V@ HREL 2L EFTRE
LTna,

BEo & Hiz, MEkMERERERIEIIL
HEINLROMEGT ORIy -2, &
RRE DS TEE IR & IR MEREIRICFAS 5 5 1
REROESHEE 2 RMT 2T aedErH D, Ih
AT AR OB BB T LIt
T, MRENREORIRA R OF 8- ERRF O
RIICATELEALLNS. LidtoT, PCP
AEIET B RDERIET R ZHINR T A
B RN s hiud, sERMEDHBEERIIN
LTOEWEDE 7 4 S ERIRREL &
BIENEFING,

m A
A

sy

L Ibbhic

SNFTIRATERL DT, HIEMRECPE
FPRERIBCEICM T 5 IBG mEF ML I LI,
IS NEOEBHREOST TG THBTS )
AT, EbOTHFRARAETHLEVIE, BE
TIFXEAEHLZEOE W IEG UEODTH X
F—FiZ2nTh, FEMAHICHTS IBG @
¥ —4y MEETEEES L UHHHENIIRE

3. RUHEETFEEMNIERGER

THIULILED, BRSO ICEBINELD LT
Bahd, 612, [EC OERE~-—HF—CL
TEO N MEAEG P SR EHE b L i,
BEFER7O 774 ) v 7705430 A%
EOFETRCIRBRN T 7 —FbYAEL

ATHD Y.

BN

l) Kaczmarek L . ¢-Fos ir learning ; beyond the map-
ping of neuronal activity, In | Handbook of chemical
newroanatomy Volune 19, ed by Kaczmarek L, Rob-
ertson HaA, Elsevier Science, Amsterdam, 2002,
pp.189-215

2 ) Fink-Jensen A  Nove! pharmacological approaches
to the treatment of schizophrenia, Dan Med Bull
47 1 151-167, 2000

3) Ananth J, Burgoyne KS, Gadasalli R ef a/ ; How do
the atypical antipsychotics work? J Psychiatry Neu-
rosei 26 1 385-394, 2001

4) Hope BT . Cocaine and the AP-| transcription fac-
tor complex. Ann NY Acad Sci 30 1 1-6, 1998

5) Sharp FR, Liu J, Nickolenko J et af | NMDA and
D¢ receptors mediate induction of ¢—fos and junB
genes in stristum following morphine administra-
tion . implications for studies of memory. Behav
Brain Res 66 . 225-230, 1995

6} WEIINAL, @ERE, EBAHED | SRBERD
TS B 28 L invive SElIEE O #EE. AR
HEHEHERE 108 (WHfF 1) 0 53-58, 1996

7) Robertson GS, Fibiger HC | Neuwroleptics increase ¢—
fos expression in the forebrain . contrasting effects
of haloperidol and clozapine. Newoscience 46 .
315-328, 1992
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