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Figure 4 The involvement of glycogen synthase kinase-3f (GSK-3f) and f-catenin/TCF pathway in the reciprocal actions between dexamethasone
(DEX) and lithium (Li) on adult rat dentate gyrus-derived neural precursor cell (ADP) proliferation. (a) SB415286 had no effect on ADP proliferation in the
absence of DEX. Alamar Blue assay was performed 3 days after the treatment. Data are shown as the means = SEM of four independent cultures. (b)
SB415286 recovered DEX-decreased ADP proliferation. Alamar Blue assay was performed 3 days after the treatment. Data are shown as the means + SEM
of four independent cultures. p <0.05, compared with control or O pM. (c) Quercetin (Que) had no effect on ADP proliferation in the absence of Li. Alamar
Blue assay was performed 3 days after the treatment. Data are the means £ SEM of four independent cultures. (d) Que abolished the recovery effect of Li
on DEX-decreased ADP proliferation. Alamar Blue assay was performed 3 days after the treatment. Data are shown as the meanst SEM of four
independent cultures. *p <0.05, compared with control, 5uM DEX or 0 uM.

phosphorylated residues; Ser’ to render it inactive (Cross
et al, 1995) and Tyr21 to render it active (Hughes et al,
1993). Moreover, Li works as an inhibitor of GSK-3f
through the direct inhibition of its catalyzed reaction
(Klein and Melton, 1996; Stambolic et al, 1996). Therefore,
we investigated whether DEX and Li affect the expression
of GSK-38 and the phosphorylation of these residues.
Cells were treated with DEX and/or Li for 3 days, and
western blottin ing was performed Ser® is well phosphory-
lated, but Tyr is little in the control condltlon (Figure 7a).
DEX increased the phosphorylation of Tyr*'® remarkably,
but it had no effect on the expression of GSK-3f and the
phosphorylation of Ser’ (Figure 7a and b). Conversely,
the treatment of Li alone or those of DEX and Li had
no effect on all of them (data not shown). Taken together,
these results suggested that DEX might decrease ADP
proliferation by increasing the phosphorylation of Tyr*'°

GSK-3f and that Li might recover ADP prohferatlon,
decreased by DEX through the direct inhibition of its

catal?rzed reaction, not changing the phosphorylation of
on it.

DISCUSSION

Here we have established the culture system of ADP. ADP is
carefully isolated from the dissected DG of adult rats to
exclude any subependymal tissues, grows at monolayers in
the described condition, and can be passaged 10-11 times
with the same character. ADP expresses nestin, GFAP,
SOX2, and BLBP, but not DCX and Proxl. In addition, ADP
has proliferation potency and multipotency. Some culture
systems of neural precursor cells derived from the adult
rodent hippocampus have already been reported (Palmer
et al, 1997, 1999; Seaberg and van der Kooy, 2002; Bull and
Bartlett, 2005; Babu ef al, 2007). Our culture system is based
on them, but is different in some ways as shown below. Both
Seaberg’s and Bull’s culture systems are derived from mouse
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Figure 5 Cyclin DI expression is reciprocally regulated by dexametha-
sone (DEX) and lithium (Li) through the f-catenin/TCF pathway. (a) DEX
decreased mRNA expression of cyclin DI, Li recovered it, and Que
abolished the recovery effect of Li. Cells were treated with 5 uM DEX,
3mM Li, and/or 30 pM Que. After 3 days, RNA isolation and quantitative
RT-PCR were performed. Values are shown as the ratio of cyclin DI
mRNA vs glyceraldehyde 3-phosphate dehydrogenase (GAPDH) mRNA.
Data are shown as the means®SEM of three independent samples.
*p <0.05, compared with control, DEX; or Li. (b) DEX decreased protein
expression of cyclin DI, Li recovered it, and Que abolished the recovery
effect of Li. Cells were treated with 5uM DEX, 3mM Li, and/or 30 pM
Que. After 3 days, nuclear proteins were prepared, 20 pug of them was
loaded into each lane, and westem blotting was performed. Pictures are
shown from a typical experiment that was repeated three times. Data are
shown as the means*SEM of three independent cultures. *p <0.05,
compared with control, DEX, or Li.

DG, but their culture conditions differ from ours. Babu’s
culture system is relatively close to ours, but it is derived
from mouse DG and can be passaged many more times than
ours. In addition, the properties of adult mouse-derived
neural precursor cells may be different from those of adult
rat-derived ones (Ray and Gage, 2005). Meanwhile, Palmer’s
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Figure 6 Nuclear translocation of f-catenin is reciprocally regulated by
dexamethasone (DEX) and lithium (Li). (a, b) DEX decreased nuclear
B-catenin, Li recovered it, and Que abolished the recovery effect of Li. Cells
were treated with 5 uM DEX, 3mM Li, and/or 30 uM Que. After 3 days,
nuclear proteins were prepared, 20 pg of them was loaded into each lane,
and westemn blotting was performed. In (a), pictures are shown from a
typical experiment that was repeated three times. In (b), data are shown as
the means * SEM of three independent cultures. *p <0.05, compared with
control, DEX; or Li.

culture system is derived from rat entire hippocampus, but
not dissected DG.

Four differentiation stages of precursor cells, including
stem and progenitor cells, have been proposed in adult
rodent hippocampus in vivo (Seri et al, 2001; Fukuda et al,
2003; Kempermann et al, 2004; Steiner et al, 2006): Cells in
the first stage (type-1 cells) express nestin, GFAP, SOX2,
and BLBP. Cells in the second stage (type-2a cells) express
nestin, SOX2, and BLBP. The expression of GFAP in this
stage is vague. Cells in the third stage (type-2b cells) express
nestin, DCX, and Proxl, but not GFAP and SOX2
(Kempermann, 2006; Gage et al, 2008). Therefore, the
expression pattern of markers on ADPs corresponds to type
1 cell or type 2a cell in vivo. The shape of ADP is different
from that of type 1 cell, with an elongated and blanched
shape, and is similar to that of type 2a cell with a flat and
round shape (Kempermann et al, 2004). The proliferation
potency of ADP is limited; that of type 1 cell is probably
unlimited, and that of type 2a cell is limited (Kempermann
et al, 2004). Taken together, ADP could possible be type2a
cells. It is poorly understood which stage of neural
precursor cells contributes to the reactivity of drugs to
neurogenesis. However, a recent study indicated that type
2a-like cells might be a target of fluoxetine, which is an
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antidepressant and can increase adult neurogenesis in DG
(Encinas et al, 2006). Therefore, it might be beneficial to
examine the reactivity of type 2a cells to various drugs and
ADPs could be a good model for type2a cells.

Some studies have shown that Li increases adult
neurogenesis in DG of rodents in vivo (Chen et al, 2000;
Son et al, 2003; Kim JS et al, 2004). In addition, it has been
shown that Li directly increases neural precursor cells
derived from the embryo (Kim JS et al, 2004) and adult
entire hippocampus (Wexler et al, 2008). However, it
remains unclear whether Li directly affects the proliferation
of neural precursor cells in DG of adult rodents. To
elucidate it, we investigated the effect of Li on ADP
proliferation. Although Li had no effect on ADP prolifera-
tion in the absence of DEX, Li recovered the ADP
proliferation decreased by DEX to the control level.
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Interestingly, these findings are different from Wexler’s
results in spite of the closeness of the source of cells. The
discrepancy might be due to the difference of the source and
character of cells as well as culture condition. We have no
answer regarding which culture condition and reactivity to
Li is closer to those of in vivo neural precursor cells in adult
DG, and further investigation to answer this question might
lead to a further understanding of their character, including
the reactivity to various drugs.

It has been shown that the activation of S-catenin/TCF
pathway leads to increasing cyclin D1 expression in tumor-
derived cell lines (Tetsu and McCormick, 1999; Shtutman
et al, 1999). In this study, we found that both cyclin D1
expression and the protein level of nuclear f-catenin are
reciprocally regulated by DEX and Li as well as ADP
proliferation. These results suggest the involvement of
fp-catenin/TCF pathway in the reciprocal effects between
DEX and Li on ADP proliferation. ff-Catenin/TCF pathway
is also well known as the canonical Wnt pathway. It has
already been shown that the canonical Wnt pathway
regulates the proliferation of embryo-derived neural pre-
cursor cells in vitro (Hirsch et al, 2007) and adult
hippocampal neurogenesis in vivo (Lie et al, 2005).
However, Lie et al showed that the canonical Wnt pathway
regulates the proliferation of DCX-positive and elongated
cells, which may correspond to type 3 cells and are in
the late differentiation stages of neural precursor cells
(Kempermann, 2006; Gage et al, 2008). Therefore, our
present study is the first report to indicate the involvement
of f-catenin/TCF pathway in the proliferation of hippo-
campal neural precursor cells in the early differentiation
stages.

Moreover, we first clarified the involvement of glucocorti-
coids in f-catenin/TCF pathway in adult DG-derived neural
precursor cells. There is the possibility that GR directly
represses the transcription of cyclin D1 because GR is a
transcription factor that can promote or repress the
transcription of various genes through direct binding to their
promoters (Schoneveld et al, 2004). Our results do not exclude
this possibility, and this direct mechanism could regulate ADP
proliferation in cooperation with f-catenin/TCF pathway.

We found that DEX significantly increases the phosphor-
ylatlon of Tyr*'® and has no effect on the phosphorylation
of Ser’ on GSK-3f. These results suggest that DEX might
negatively regulate f-catenin/TCF pathway through the
phosphorylation of Tyr*'® on GSK-34. Although it has been
shown that glucocorticoids negatively regulate cell prohf-
eration through decreasing the phosphorylatlon of Ser’ in
osteoblasts (Smith et al, 2002), nothing else is known about
the effects of glucocorticoids on the phosphorylation states
of GSK-3f. Therefore, our present study is the first report to
indicate the effects of glucocorticoids on the phosphoryla-
tion of Tyr216 on GSK-38.

GSK-3 is well known to be encoded by two different
genes, GSK-3f and GSK-3a (Frame and Cohen, 2001; Grimes
and Jope, 2001). As most studies of the function of GSK-3
activity in neurogenesis and cell proliferation have focused
on the more abundant GSK-3f, our present study also
focused on GSK-3f. However, some studies have high-
lighted a role for GSK-3a in neuronal disease (Phiel et al,
2003). In addition, both Li and SB415286 can inhibit not
only GSK-3f but also GSK-3a. Therefore, the limitation of
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our present study is that it does not exclude the
involvement of GSK-3a.

We have shown that DEX and Li reciprocally regulate
ADP proliferation through GSK-3f and [-catenin/TCF
pathway; DEX activates GSK-3f through the phosphoryla-
tion of Tyr’'% GSK-38 activated by DEX inhibits
p-catenin/TCF pathway, and Li recovers it through inhibit-
ing GSK-3f activated by DEX. However, it remains unclear
how DEX increases the phosphorylation of Tyr*'® on GSK-
3. To elucidate it might lead to a further understanding of
stress mechanism and the development of new therapeutic
targets for psychiatric disorders.
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i, FIZCYP2D6 T <415 A%, olanzapine
13 CYP1A2, quetiapine i3 CYP3A4 % F {03
LLTWB78, B S5ECYPOBNEBET
H 5%, 7z, olanzapine 7 & DHEMHRIE D
fR#@HzE, sSrrurBEAES5LTHD,
ZFNLEMETTNE2E LAk,

2. himA&RIPI DB EME

R bR R0, g I 8 BE P (Blood Brain
Barrier ; BBB) & WHEh 5 BT 0, ik
BIROICBET5, 8 55A, EMAERICKS
THXHERIEHT 228X L H 55, 1
EAEDEYX, EEEIXEIC K DKICED A
FNhdp, WS, WOBRS FRICEHRE SR D,
TDD, FENLETIREETORIBOHIIZ,
BBBDELY IABDANZEDHEELE A 5 LEH



200948 A

1051

R"1 PRI UBEKODHENE

D1 BMEE, AR X Gs

B REE THD

AC EMAL FERPEER 2

it e

D2 BEE, ER X Gi/o AC #i#] B PEREIR, REMEIE D2 B & R Ans
M%E, TEAE R, #EEABRAE, HERLOMHEM

TussFy LR

D3 KRR, flski% Gi/o AC #ifl FEFPRAER ?

D4 AUSHZE, Wk, Rk Gi/o AC ##] clozapine FANMEE
%

D5 %, HK Gs AC &AL

Gs:GTP & & v S 2 BRI, Gi/o:GTP &2 v/ B#Hfl, AC; 7F =V — F ¥ o 75 —&, MM DL ER4

> D1, D5 & D2Ef%A#> D2, D3, Ddizbhhrh b,

»Hb,

P-glycoprotein iZ, Mk % & B, HF B, B 7%
ETEYMEICEbLEEhE 4 VIS0 BT
H0, TR, BEAEOEVEY DOBBB % E
BLTORNDOEDALICEDS L Eh,
P-glycoprotein {3, MDRIBI{ZFIZk P a—F
ENTHD, quetiapine % risperidone % & DIk
ERURE AR L, %1 Pglycoprotein {2 L
TEBAE %2R 9, Nakagomi b iz, v 352
F v B % R TDrisperidone DG DFERE L L
THIA L, Pglycoprotein fi 2 ¥ verapamil % ¥
5.4 % & risperidone DEXU D AL AME T 45 Z &
% L3P, Pglycoprotein ® REZ (LA, Piks
¥ risperidone DXYRICEEET 5 wEEM: 7R
BL7%, ZDZEH 5, MDRIEBIRT OHBEN
20, PRMREORASMICKET 50T
i LR X B, risperidone O HIAK AR
RRDOIERIZIE, MDRIOHREM £ AU E Y
BLEWIEBRELIL-Tho@BEXN T
58, L2L, E¥KGELBBBE OB#IZD
Wik, NEHEMOMES, BBBTO LT V2
R—4—, BEEENLIBIOX =X LD
BLEION, XOLBMBMBBETH B,

AT o ———

FRERITHRMALUZEI1C, ENESETH S
HFIRARRNORICEHEREST 08, 77
NIAZAFIVATH D, PRAFRRICED
AENLEPOIRIE, OB THSB Y
F 7 AX2) TREFNICHRE E N D, 1996412
risperidone 23 ki & L CTLIKE, Ep 2146 HIER
£, R TIFREEOHFRIMEMREL VS
ZENTEDLEIITE 7, ZThs DY,
ZTHLRHCRFT S M- PR L By, D2
SZRGEEIZMNZL, SHT2A & EMhoZEKICH
THHEERALEOREER>TWa 0, JE
SRR, F7413, SRR
ETHEN B, Z N2 hDEE 2 SEEF AR,
BOBHAEBIIZ L TWEE 209N, HH
PURRMRRORREO/R, /33 VRS &N
U7=AFRAS, PURMREOMEHEBE®EL T3
e B 5, MEAREOEBRERADEL S
JARZFEEDRX R, P83 UREKREGOIC
BT 5,

1. RINICB2HE

F283 URAERICIK, EHEZENICDIER%
6o 7DIB KUDSZAERE, D2IEH % KD
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BRARMEMIEE H38% H8R

2\ W7 R
1\ Rk

BRYAH
® o [ J
® "o o

® 2F T AR

%+ 7 2AREMR

2 vr7r2fE
RIBHMEAE Y - 7 AMEHIICE DA Eh, WSO DBERERET, AREEWEL LT 7AMRICEASNS,
HREEMERESHIEIC L) Y F S ARBIC B S0 biZ, BY T 7 ADRERKIZE > TRIH S h, HEME
BENE, BT LEAGRIEEDEIZ, 7y 2R—2 -k THEWRAAZHh, BREAIALS 2, SBEh3,
VT A TCOMBREEVEORIIEACZAKICLDFEMHEIN TS, JrAivay ) 3 9 r 22, OV F T ADMEE
EEWEOER, 123, FRCEDLAERTHTNTHETHAREENDH 5,

D2, D3, DARAEEKIZHIT 6N B(ERD, &
IZGA VIO BIEBLESERTH 54, DI
BEUDSZEEKIZ, 7TF=L—b¥r5—¥
EHEE LR X MBI D CAMP & B & & 5,
—%, D2fEfARORBREIT T =V - ¥
25— EEMAZET X8 cAMP 2 #H#l4 5, #i
BUZLS i, PifREE, Fs vD2%
HhREHEL, BEERKIHES LS, LirL
Mo, ZORRE, BEACK-TRELD, [
CEMIZbTY, BAZNHEEE 55T %,
a) DRD1 (D1ZFEHEZET)
DISEFKIZM6DT I )V BILOEBGHE Y
IO BREEZBRTDH 5, DIRBEHEET
DRD1iZ, 32D N —7» 5 LTH#HE &
N 7245769 Potkin 5 *® 13, PETHIZ » &, D1
E{E T %A Ddel £ & clozapine DEHRIZ DV
TEEL, BAMTORBROELHES»IZLT
W5, L2 L, Hwang 5 i3, —HBOMEKRHA
fETlE, D1ZZM & clozapine & DEEIIG &

DEBIIHERTE /-4 DD, Potkin 6 & [d—0D
ZRUZDOWTIZ, BHIEERTE A -7
HLTHED, DIZEROMMAZEINRY KR
RIGEBBEL TWALE I NIZDNTIE, 77,
+ 4 kR TN,

b) DRD2 (D2%%H&(5T)

D22 A ki, BBERAFRICED 3 PliE—Kk
BZRD FI83 V&3 5%y F 7 ARIC
BHETHGH VISV BEAZENHRT, TOBIIE
TDRD21%, 11g23.1ICfE L TW 51D, ¥
WEDOBFHERERNDZNRIID2OZEEHEELTL
TW572%, BEEESI L EYHFR & OREEH
FHEX N3, Lencz b3k, #RKESLFE
B % (Zrisperidone ¥ L < i olanzapine % #% 5-
L, ZRBNICEYRISE2 T/ 5, DRD2
D7 vE— & — KL A (-241A>G, -141Cins/
del) L EMRGHBEEL THEZ L #REL
720 KIFTE, HIFRMAKMIED risperidone D
ERIZD2Z2RED 2D D—IHE L R(-241A5G
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& TaqlA) A3, PiMEMREOEMRIZZ D2
BEEROBMAZLEEG TS5 PRI T
518, —%, HirEehREIc L 2 EELEMERT
b 5 EMERE L ZOBIEFORERERFT I H
TWEH, F72, REERISH T 213658) )

¢) DRD3 (D3ZAHEIET)

D31%, Sokoloff &591Z & ) KRB D
ERENZERE LTRE S W2, D3IE, H
By, Rk, REFAEIL EICB b BRIk
KEEIZAHmLTHD, S—FV Y ViKIcH
WBFSI vy 7Id=2 M3, D3%STLTHRBE
B, NUF4 v EORETHEREITL
WMEOXhTWB Z &, %72, amisulpride &
EOFEMRHIE, D2OATEL D3&ZM< A
BT 572012, BHERERP D DRERIC S 2hR
bpEEh, ZOBETLBUER L ORI
Bk K72 B, DRD3IZIE, NRKDIFEHD
TIJBRE) VYRS Y LV EERTARENS
Alser9gly Z /U3 b 55, %9, clozapine!lxf
TAHRYRICEE glyB DRI e BESh
7259, GYEREIR & DRIE O, PEMRERR 25
RE & DETHIZ ¢ W X, WEIEKHIMOA JIC
DNTHEEEIMED I NI 4L, P
REEDBRISOWTE KL BT 5
Thd, —F, ZOLELFERHEEORIE
RIC K 3EIEA, BRMEY ZF12 V7L OBE
L|MEDINTED, Thid, A4 TEH
BTho72Y,

d) DRD4 (D4=ZFFBEIET)

D413, clozapine 15 < AT HHH F /33
VEBREL LTI -V S ENBETTH
% %, clozapine i, D4 L TE VMM %
RoTkh, 7=, BIEFRESAENETICE
FELTWBZ Lnb, HAKEEDRIEREY
SR & OBEE 2 EE ST &7z, DRD4D T2
Vv 3FEIBICREEE SRR L, RS L B
DRED TR, HREEREOERE DM
HickbWTy, XF MK ITDATNS
B, WS OErFREREETHZEDD, HED
LZ A, ZOBMIITEN TS 59,
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e) DRD5 (D52 BHBIET)

Grandy 51 & 0, DIRBREFML LI ICT
FZV—t o7 -EEEELTEREREL
TRIZEEN/=12, UL»L, risperidone DEIR &
DRDS5 & DERIZTEN & DMEH, —8#db 5
DAT, £XHFDREMEATIZ VLN,

2. O MZUZRE

clozapine ¥ & U'clozapine % 71 r & 4 7 &
3B IEEBPUEMRERIL, ERD P83 D2
SREEZEOATEL ¥ } = VKL R
CHHEL, ZO/KR, BfEHTH5/8-F vy
VEEREWHIL, BEMERICE RS 20T
aunwheFHlEhz, £u b = Y 5HT2AR
BRI, BEERTY > 7 2MBZIZ DAL K3
IYDORAERFIL TS, IEEAGEMR
HIZSHT2A % FHE T 5 Z & ©, BIERICEI&
T5RE—REERT P8I O % #ER 4
B, NR—F v EREBHT R L h3
39, S5HT2A £8I% F W /- HBRIET T3, Hak
FHEDBMER L D &, BMERE kb B
%EEn®, BMEERICED S REETO RIS
BboTWwdLBEbLIDE, —F, Biv T 72
ICHFET 2 HORAARSHTIAR, T 7=
2 MBI OEREROZ 2L, SORER
HRLEOBEEARE® XN TEHD, HELHE
IZBOW T EMERCBAER L & & OBEER
#% 6059, Reynolds & ®13, S5HTIABIET
D7 E— 4 —THIRIC & B HEREM: £ B-1019C/
GZMRHT L, #IRMARRERE OIIEHRE
BRE%ORMER, W5 oERO%FICEE L
TWBZEERWELTWS, SHT2CBIZTF
& A RFEDRMER & OB#©, BIfERT
HHHEBME OEENRESD TR TV 5,
PR EOBAME» 5, Zofiora b=y
ZERIZOWTOHEBEME LT DD H B,

3. JIa I UBERE

I E I VBRERE, BEEMREEDE
TLEIVBOEEIIEHLIZAKT, H4
ZVBREK, a-73I/3bEFuFri5AF
44 VES -7 o x B (AMPA) %
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ZXK, N-A F)L-D-7 Z25L % v (NMDA) %
BEREIDDA X v F v v INVERERE,
HEAINMDAR B » 6755, ZDXEHMT, 4
F v RFHENMDAZAEEIE, BEWHAl7 v
oD URMEAl £ 5 - L ORERENTH
D, MELTELOEESREEL LN TS
RBERTH 5, NMDAREKIZ, FANRLE
HLEBNRD2DODY T 2=y bRH6TET
W52, clozapinef#5iC X D NR2BY 7 2= v
b (GRIN2B) 238l 4 5 Z & #» 6, clozapine
Kic& OENCHBES S 50 E 5 AT,
clozapine D I R L BB UM G RHAGLE & O
BEARE ShTWwb800, 72, EFES
+ A THELSBHORETVBBETH S99, [HU<
GRIN2B #7472, ERUYAFXVTICESEL
T3 LDOHEPE H 5, AMPARETKR LD
Bz OWTIE, 72, #EshTogn, &
W, BRI 4 3 VERZAE R mGIluR2/3HI#
ELPRARFECBOTARICERZREL,
PREEREL L TOMRBEFEN I L lE S
ni=9?, 5%, HEMREOIERO—E» L
43 VBRSEEEN L TO S EMHR T OfEE
ZEIIOWTIIR D EBbh b,

4. ZOfth

LAZHRY HEETEFLTY VEREIE, G
VIRIVBIIRELERERTHD, MIM5 L&
50D% T HA4 THRHMENTWB, clozapine D
PR L U COEHO—EBIE, MAzTL
TWBEFRENTHD, ZOBFIZEIH
BaRELAEREIND>2D052%9, 7TEF L1
) v RBEREEMOMREERE N LET 7
N353 g7 2OV TERETEh D BE
NhHB7EAHS, £, PRI VOSEIZEDLS
catechol-O-methyltransferase (COMT) 815 T %
Monoamine oxydase A (MAO-A) BI=T & ¥z
ReoMEeOEESHEARGNATED, TOD&»
TCOMTEH % FW T TiE, EMReD
MICHERBZEESRESN I TN S, —F,
¥ F T A TOMIEEVE DD AL IZED
b7V AKR—-4—BEFLOEBIZONT

EEPRXEMIES H538% H8F

i, FS3V IV AER—F—BLUtu b=
YET VAR A —BEFIIOVTHRET ST
W51 ZOBEIZOWTIIRERE TS
DI REO LS ICEbR S,

| MESRET & L CORIEMRED
\ fER

PRI, ZhIE gy +7
ATREREN U -ARERELELEESZ
EILLoTHERATAEZEAON T, LA
L, M9, PORROESKI AR ST A e % 5
DT EMRERN, —HIZHERERTF A LS
BT B ENHE N L > TETNS04, Hi
BAREOBEICE > TE Z0RRIZIRL Y,
Lieberman 5 301, olanzapine & 81 £ 5 & 0 #%
AERAERETIE, MOBEFESWAGhAZ
LEREL, OBHICHEBENIZLHEREL TV
30, ZhoDEhRIE, —EREHRARFER
T (brain derived neurotrophic factor ; BDNF) %
LT3 BbHhbh, BDNFDOFEIHKEK S
v 7827 B proBDNF (2 X iR RICHEL 5 X
%R £ B ValebMet 1 5 Z & Hibh o T
BN, ZDEAIL clozapine DEYRDOEIZEE
EEENRRED XN TS,

\ BEREDEE

BEELSRER L AEROBEEIZDOWTERGE
WEND B, LA, MBEKRAETE A
5 . % carbamazepine M E & 7« Bl /¢ F Stevens-
Johnson fiE i #f & HLA-B §1 /i HLA-B*1502 & %t
B 3 5 & DY R clozapine (< & 2 BN Bk
WPERTVLF-RIETH 2 LDOREID S
%, FRE214FEI21E, DAET B clozapine 78 E
HEh=zZddh, SHORVF-ND,

FHZAIC PSS YREGHEEFEHLE LI
fEHTH A b h T HiEMREORIE, B
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T, SELEHRM»REEhOOH 5, 7
HiIZHED, RSO 7 Ly s 3y 2
2%, TEXEEMBMEMA T BEND B,
TREEREOZIFRIE, HEMEAZEL DS
B, 7 LARZEEILUEBITIZE ST, 24
THhOBHFINIB LT —5— A4 FERETD
ZLen, SHMEKFEREDHBIZILNT, 7
FTEBEICA-TLBLSIZBA B,
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BHEEOHMBED 2D DY TEENT 7 a—F

B B — (BEAEAEREYRIIERNE 2 2 20E%)

HREE L, BERPBEESESCEAE o LSRTERRATHD, HHESERHL, BROR
G, BRPED, TELEREZANLOOEYENTEEXEZ+2TR2, HHEER, P
WERPETERTRDS bOD, WHRER, KR, WHUREEL (2FCHEET 2RATHE:
B, FHEEMERT 5 MBEORED SHEHEEOREZPES»ICL, BHEEOREHREEETE 215
EoER s30T RV ETFEERS, 7, MBEERT L7 I /BPEY I VEROE(LHHCE
ErEz50b Lky, S0, MBEOREDSBEHEELEMT 20 FEENAEEZ OB L
v, DEDR, REMF7 S BPES I VEOEs SEMEBEELEMT 2 FETHS. T0OFL
LT, ARTELES ¥ B, SROEFEERFERR Pyridoxine-5 '-Phosphate Oxidase (PNPO)
BEFEOEBR-MEHELZRYT. IV E2R, KEMEMRCRET 2 BEFHHEY mRNA
(messenger RNA) 2§ET 5 Z ik 2 BHEZSOEMETH S, mRNA X, BREHDOSY > 7
BHrR DB LP3 <, real-time PCR #E® DNA F v 72 BT, BEFOEHCELS FRU
HETERT 2 LMNTE S, RMMBMRTHERT 2:8GE TR, FHHEEH AR
THZER, A—EETHEEEDLVEARZI DS, BHHESOLIPTE, Thbb, BEI
B% 9 23818 (trait marker) B X U % ORFE TOREEHERTHME (state marker) ZHL»ICT

& BAREMEDI D B, TOFIL LT, 5 O L RIHMLERF mRNA #RBOWRZIRRT 2.

(T C & IC

BEHEE T, hoRBICH~RT, BEORE
FAEIC B 3 EXE L I L, EREEENICHE
I TWw A, Plomin 513, NERTOERD
FEO—BEERL ZEBTHN, BHEETH,
—E P EHE B HI U TR E IR O FE D —
BENFHVIERRELLY, LrLigns, &
GFHBIEIZ—HT 52— IMERE R gL T, &
ETFOEDDBRE—TH 5 ZIENERTIE, ZD
— BRI ERO IR E RS L2 513
TTH B, BHEE TOZIMENERO—KE
FES LD HEL, ChidBE5 T 2/0THE—T
BWILERLTBY, BHEEEL, %< 0EE
FHEb 3 SRFERTHB L Lz, M1ITRT

X3, wRIE, BEZE0EEnd o MEHENE
5k ZHREREBRFRESLEBEL EORER L
DABDLR-IC IV RIET 2, T2 2id, HiE
FENER, FROAESEELRTEERFIND
H—BEFEBRTRE, BRZEITREELRTC
REZFODLEI PORECRESEET S, —
7, XBHERZ EOMEC L 2EE TR, BER
WKEoTHRETI20EIPPRIZRESNS, 1F
HEEZ, BRELEIEYR COEESERZE
LA, %< OBEHE & BERISEA I
MELRETAEREEZON, Y SNIER
(common diseases) & » % A F&E &
(multifactorial diseases) TH 3 £ R EN B,
ZDlew, BHEECB LTI, EETEEEF

WENE BEHREOEROLOOSFERNT 7u—F ERIUO B (E<) 7 FERKEMEERD
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BE | mEMEBCEREEEE- S EEERY)

ST ERE. CoADRES
/

B8 B

o .

iR
EWME. R ALLAGE

K1 wROFE L 38

GEZH) 2Ho» T4 LY, BEAEE
RRF (BRER) 28252 T, BEORER
ML, WRRKGZHEL, EEZXEL, BR
YT B AEPEHONCTEIENTE S LH
Z6Nn5, |

—7, EOX3REICHD»DIEES KT
H5, HLOBFERLERY, BHEECBWL
T, ERZENE, BMLBHRENSSRE LT
5. WERAWSHTWw3ICD-10, DSM-1Vi &
DRIERIREREX, 3, BENKBEZRIL
729 2T, BRHEREHE TR TEL LI LE
BWEREEZRULITI Ok >Tw3, 207D,
AT FH T R BN 2 2 EE T H 2
bOO, BHEEOFRPLFRIC OV TRAN T
o, EMERNLSEEL LT, 22, 50K
T, FKTE-TEE-EIE (hypothalamic pi-
‘tuitary adrenal, HPA) Bi0:BEENA SN 3
s, TFY XYY UMEH AR (Dex-
amethasone suppression test, DST) ®, # @
BETHHT ¥V A% Y »/CRHFAEK (dex-
amethasone-corticotrophin réleasing hormone,
DEX/CRH test) %%, 2 DROKEBERHT 2
EELTUTbhTwa®, Lhl, ZOHFETHE,
KRB D > OREE L rRETE 20, BHEsE
O, WRRICHEOTFM, fFRORER, B
EH D7D DEYFENIREE EIXE L AR L,
REHEOHWTIE, PEEL BEHEHE K X 2 EmEP
BREFHEREZ EOLEREC L DT >TWwE0D

WERTH 5.

SH, BHEEORHE, 2, REHROLE,
HROEELZ CBEHRELIEET 5 - 00F kL
LT, REM» 575 hi-FEmr s, HHEER
HET2FHREBALIZVERED.

1. RE-EHARELAW-770—F

REY AT AV, A FFA=vhofkansd
MEESUT I /EBETHEY, FHENTOXAFV
LRBEbL2EER7 I /BTH2 (HM2), KE
VAT A VDSBREEE, REVAFURELL
THGNTEY, REEBETOREYATA D
EED, MNEE, TALAREDHRERS &K
29, i, MPREVAT A VENEWE, [
BEELE I LYY <, MIERECRIE
DEREBIZEZDR TV, MEKRETIE, ETH»S
MPFREVATA VEREVI ENREINTE
TWwizds, Muntjewerff 51, MAREY AT A
VB EMERFEOBRER WG D £ 7 BT
T, MHFRE AT A > &EH 5 umol/L i
T5E, MERFEREDOA v XHH 1.7 fFi 7k
BIEBRRLEY, KEVAT A4 VREBOAMIL,
REVATAVDOAF A=V ERERICLD X
FA=— AP IRE, KREVATA VBIHHES
h, YAZFA=h), as5#EZ,
TWEFF VNI ROBMGICE > CHEIAE
Tn3?, XFF =V ERBERIIESY IV B, 2
WEELL, —H, IV FF VAL IRDY
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AFA=Y AFA=Y
A
| AFA=ARER
S=7T/VIL S e
RESRFAL  TESATAY
~— | YREFA=VB-BRER
v
YAREFAZY

{
l

GIVEFAL

B2 KEVATAORHE

AFFAZ-B-ERERBLUY RS F4=F
—¥id, EFI VB 2lERLT L, TOkY,
MERBEDBREY AT A VIMEIZIE, 53
Y BEEOHRENTFHEINSY, Levine 5, B
REVRAT A VIEERTRTHEEATERZF CESY
SYBHERSTLE, MPREYAT A Vi
ETL, BERS X UBXRNBEEERE L2 L
]E L9,

TS, MPREYRAT S VBEDLRIZE
BES5Z3RFLELTCES SV B AL, B
HABEFOBEOHEAREREOMPESY £ >~
B RE2 FRMICHIE L L 25, B2ib
FTETLTWE Z L 2R L (REET—7).
B 3 B AROBEERERER i3 PNP BB
¥ (pyridoxamine-n-phosphate, PNPO) T
5™ PNPOOXRBI LY BHEEREZ
2", PNPOBREGTFOEMEH 5 17 BHE
K 17pll-@25 FHEM S MARTE L & T %
L5, HAKLEE £ PNPO EEF I BaH# s
b3 eFEz, HErFESRE 356 £, BEXNREE
5824w THEB-NEMEETo 2. TDRK
R, MELHRE L PNPOBETFOS O E—5 —

AL B 5 —HEES T rs2325751 L OB RLE
ERHESERIN, NTud{ IR LT
bENIEAE N, LhLians, HakH
JEIZBWT, MPESY I B EBEDN, FEYAR
T4 VBECEMERCEEREEYE LTS,
EI3PEZOWTRERL TH 5T, HEEBITL:
EFH LD Er s, ZOREIZ DWW T,
SHBORFBLETH S LEbh 3B,

2. FRHEOBORFREETFHHOT7 T O—F
BHEEIPRMEREETRETH LS, %
{ DIEMHESE L, R, RER, KVEVRR
EERMLTLEMERIL, PREEERD A2 S
T, 2F0FENTEREZET 59 (K3), Ky
MmAMmRE, 52XKELTHY, 1 RERS
ZITWAMETH 570, PRERERTEI > T
WAL RRTISE Lk A TREESSH 5. MM
HIMER @ messengerRNA (mRNA) 1k, BEF
BRBT 5O OBETFHHEDTH 22, ZT0D
BEREEETIIERE-> T, BHEEOHEEL
BHY S pIcEE Uk, RIEMEMERE, IR
Mic & > THBRWEREHEE B2 2 L8 TE 2



BEBRE  EHEEOEBROILOONTFEENT Fu—F

FiL_

mRNA

EFHmEY

L DNAF Y

B3 HHREOHRRBGIBED O DAER OUR 15 2%E)

BTy, BEOREBICELY T, EEERED
L ARETH D, REEDOY VI EDOHRE
2 HDIEHTELY, o828, 20
BULDT & VB BZEEERTSFFTHY,

FNETNDPBEET 2D =ZRTHEER2 L >TB
D, BESBH TR >I-HEER2RK->TwaRd,
B L TIERECERT 5 2 LE LW, —7,

mRNA 33y Y7 BieR L TEBTH
D, EOBEGFTHRRDOFEEBWIIEERE
EMNHEETH S, mRNA ORIRE R AL Hik
ik, EEM real time PCR &, DNA #v 7/
%k d 5, real time PCR 13, polymerase
chain reaction (PCR) 2F|HL/-:E&ET, H
& T 2 BEFEWE, KIGVA 7V 24,
118, 815 L IBMBIBI IS h, RBTT T
F—ITE LURGFHEEIIRT 75, REFRLUL
BHESRL 2 AR IR X ¥ 2 &, ThPnDERE
AL FEHEIREICEIE S L, XY — MREATO
89 DNA OB D% WIEI GRS N 5,

BITE U7z st L R OBIEiRO Fhnr S
BLTFEYVES EHBICERTZ LB TES, —
7, DNA F v 72 R, BHLTWw3
BLEFEEBNCEI T2 L8 TEBD, £

NENOEBCFHENBEGTOHAGDE DY
F— VBRI LN TELHETH B8, HE
DBEGEFIK -7 BEMEICDWTE, DNAF Y
7% real time PCR ZBICHEE L T4 5,

D O/ EHULIC, FHIMHMER T OBEFHRE
MEr2es2Ta53E, £7, F/83 2 DRDY
ZHEEDOHRE RN X CREB BTG FREIY B~
SNz, R IMTo TS DR L RMMBINER TD
o b=V b I U AR—F BEFREE OME
ZOWBTI, #5103 EASEERETRE LAME
KERELTWEDT, ThdSHIILTwirn
Bz THNETIThbRTWS S DFEL re-
al time PCR # % B\ > 72 SRBS I (1 I BR 0D 3B 45 F- 5
WERNRLFRICOVTIE, BREERILWCE LD
THRRT 5.

= #& I
IhET, FBHEITIE, BiL, KRG iTE
L, ZYFIRPEROBEIOWT, EELTE
DEYFEHIEERIZ LA Lo OWRETH
5, SEIE, K> 5E&LNIEHR, S, K
BEEICERT 2EE 2R TEE (trait marker)
ZEASPICTE BATEEN:, B & URMMEA mBkD
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F1 DO &R A MBRFER

#BETF 2k | ZER

SLC6A4 (Serotonin transporter) ¥ 3, 24
By 10
CREBI (cAMP response element-binding protein 1) b pl| 7
Zek L 8
GCCR alpha (Glucocorticoid Receptor alpha) WA 12
HDACS (Histone deacetylase 5) wm 7
SLC6A2 (Noradrenalin transporter) WA 11
DRD4 (Dopamine receptor D4) WA 20
VEGF (Vascular endothelial growth factor) b=p)li| 5
PDLIMS (PDZ and LIM domain 5) By 4

ARRBI1 (B-arrestin 1) WD 1, 13
GLOI1 (glyoxalase-1) o 2
GDNF (Glial cell line-derived neurotrophic factor) Wy 18
ARTN (artemin) B 18
NTF-3 (neurotrophin 3) "y 18
PDE4B (Phosphodiesterase 4B) i 17

BIEFREOBITC X > THMEE ORER 2 &
B (state marker) MEF oSN BEIREMZRL
7z, ZD XD HET 2 BED> S EHEEORED
FREACR T, WMESIROHE, HROTFHIL £
fibhs Lok btBbhs,

B 4

FFROME 2HEBEL, HELHMEHRMEL TV
TBERI VT ATBICRERT 7 1 7OHFZ DL
B LIWCRITZ 2oz, SEIOFEER, LBHEEERE
B AL T4 L AR HEEEBICEL T
Witk ELSHEE THEMELEL TTobDTHY,
FEEOAFENEE 2 I COREBCRHT S, £ABT
LR —iBiz, BEEFHBEB L USEHRIEROR
EWREDYREZ I T3,
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