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R+ CRAEMEHR - R - RIGHRHAM - 19
DO¥EFER) 2k L-ERBSITEITD
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1. 5FrDes
AHFFERE D b ORFFHEEIZ 2\,
2. ERMBEE
AHFFCRRRED O OBREFIT A2,

3. Tt

iz L,

*1
D2 family P-values P-values*
Variable (Prob>Jt]) (Prob>F)
gender - 0.889
age (1-year increments) - 0.209
DUP (1-month increments) - 0617
RIS Dose (1-mg increments) - 0.864
Baseline PANSS total score (1—point increments) - 0.0461
—Genotype of D2 family ‘
DRD2 -141 Ins/Del 0.329
DRD2 TaqAl 0.0166
A2/A2 0.629
A2/A1 0.0050
Al/A1 0.0199
DRD3 Ser9Gly 0.957
DRD4 120bp duplication 0.544
DRD4 -616G>C 0.302
DRD4 -521T>C 0.972
DRD4 48bp repeat in exon il - 0.807
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*x2

AKT/GSK3 P-values P-values*
Variable (Prob|t]) (Prob>F)
gender - 0.895
age (1-year increments) - 0.181
DUP (1-month increments) - 0.987
RIS Dose (1-mg increments) - 0.599
Baseline PANSS total score (1-point increments - 0.0102
~Genotype of AKT/GSK3

AKT1-SNP1 rs3803300 0.0628
AKT1-SNP2 rs1130214 - 0.394
AKT1-SNP3 rs3730358 0.932
AKT1-SNP4 rs 2498799 0.597
AKT1-SNP5 rs2494732 0.0237

T/T 0.0662

T/C 0.0396

C/C 0.0064
GSK3B-SNP6 rs1574154 0.466

GSK3B-SNP8 rs2037547 0.936
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SHEEE REh T
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HAKREREIZLEEFEIRICL Z2RAREOEENBNZ Lbh T3, LENE
® QT MR DER N LEURERO FRIETF TH 22, QT LR & FEHBHRER L Oi§H
WKBEATARMTI LA REINTWVARWED, 1017 AOKEKTBEBRE ZHRIZ, YOk
5 REFN QT ERICEET 212 RET Lz, TORBER. FUBERREOKRED A BKFNIC
QTc EEOEEMNHEMT S L BALNIIARY, fAXERER 1.06 (p<0.001) THotz,
BARERRE L QTc RELOBEE VAT 4 v JEARMTCRM LI E 2B, ~r Y
R E8IRARS, Zuiran<ly 2V 7Y FORORSHBHARKENIC QT R
REBITZENTRENE, 2mg OB Y F—LERAKZE, 100mg 7oL
vygngsE, ANV 7Y R 100mg ORARETE LD QTe REOMMEREIX 1.30
(p<0.001), 1.35 (p<0.005) 1.38 (p<0.001) TH o7, X HII N BXY F—LOHIRMZS., &N
BE /urruedy VRATSawIr AN TY FOROREN QT BEROER &
B2 Z L NEERDIT THONI 2o, LHOEENCBEEL, ZOBGTFERR QT
EEHFIEEZ L, JUBHFRESERET25&EZ T2 &8mbN T35 HERG #i&F
LT, 16 Boxs Y 5y ORIGTESZ 16 AD QT ER BHE 2 X RITHRET L7228,
QTR LEET S L RBEBTFEEIIRONT. SRS OLIIRMNTILERDH D,

A. HIEER BRHRERICL2BERTH I LEHORE

HORTMEBZIIRRELETEEN FRBEHIN TS, EE 554 ADRRFE
—BAO LY LB L BHLNTVS, U SER & SR LI RBTCIL, HURS R
FOHEE I REBEAD 23 BTHHLH  BORANREREDY R/ % 32T
EENTEY, TOELREE LT, 5L ERELMIELTWS, —F., LERLE




» QT FIRREDIER BEHIEH 2 L EHTRENR
DFETHDZ EFHEIPOHMENTVD,
INFETOREIIMA L TV HHUEMRE
DRER QT MROER  FRICEHET S
T L. QT MIRRER IPURMRREOEEIC L
STEORERRLDZ LABRESL T
%5, LML, TNETCOMBKREREY
ML LEREE, UBAREE~Y ORE
WEBLTIRBRAOHER EORERRNE
RELTWRIBET, Ex DEFIOERE
DOIRARE TIIRERSNTOAVONRE
RTHY., PEOBBEAEZRHRLE LIRS
BHHIZBERL,
ZD-HAEFK 4T 1000 AL EDOKHR
B KFEARBEEZMRLE LT, L
EX Lo QT MEZHIE L. REORKS
T ORI T O ERA IR IR & D B
ERETHLELE,

F7-, HUsHREICL S QT MROIER

X, LR EICFETA I VLF Y.

ZINDOOEDTHDH HERG DHikE®HRE
WL ABEEETHRETHELEEZLNT
W3, thoBoRAIZLD QT EEN
HERG O—HEBRBRICL > THELRT A2
BIERMBNATWAZ DD, FEMR
iz k5 QTERIZBE L TH HERG OFFE
OBEFERINY A 722> TWBAHEMH
BHY, T—F— AL FER~DEFERE*E
BT MRS B0 QT ER LB
@ DNA #x%iZ. HERG DB&FEF %
Bt L7z,

B. #fgeHE (WEBEH~DOER)
4 DOMIL LI HHRRBIC AR F O#
S LFHERE 1066 ADBKRIFERZINEL

7. TEHINE. DNA #EBUZHT- > TIXER
B CORBERRDEABEE, 1065 A,
QT FRRICEE %5 2 HAlREM R H D EF
PEOBEERALEL (BAY U AME
(K<3.5mEq/L) 37 A. FRREREITYE 2
AWPW FEMREE | A, B OHEER 2 A,
BE7uvs 1 A, AELEH 70y 2 4
A, DEPEXBNE 1 A) o 2B, g
e, BBENSELIETLEEZFRIRON
R oT, BN 1017 A (B 534 AL
;483 N) DFE B RIMERE 2R RIT,
QT IR DBRAT 21T - 7=, QT RFRITLREkic
BT A0, EBRICIX QT ME% RR
MMBCTHMELKE QTc #AWVWTRILE
(Bazett MFHIEZ (QTc: QTc=QT/RRV?)) ,
QTc 29, LEREHZ LY BBRIE L,
QT >430msec’”? D BE (X L TIXFHTH
HIEL., BROIZELNEN QT2470
msec!? THHLOERE L L, FNIREL
QTc & DBSEIT, B EEH & EREE~T Mk
BEiTolLTHB L, T2bb, Hik
MEEZ /oL Tawly, HFioi—F Y
VERIERYF ROV TUTEEUREK
I TERAMIBE L, NV T g,
ANR2EE L, KEY FULHRRICE
L, FEMREICEL Tt @x 0
ARG E L LBIELRM Lz, BEAILOE
KFED 24 BEEATE TIZAR L TW2ZE
RErRE Lz, LERIZRD QTc ARV
LEDHLDENBRITHRI LI, QTcEFED
FEIEELLLUEER, ShEmRELD
BEIIr PRT 4 v 7 BRSO, QTc DIE
L BHURBMRRE L OBEITEBIRSIT TR
MLz, RBERANIWULOBENFERL
TWDHLDDRENXRLE LTS,

DNA IXBEARA LV BETHAZLITV,
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EMITABEEZBTHMLL, DNA ZHH L
7-. HERG DBEFEIFNIF A LI hi—2
TUREILTET 7 Y OBIGTFESIZE
BRat L,

C. HEFER

QTcA3470msec”? LA LD R EEER L
BEIIIOAN 3.8%) Thol, FHiEER
EBABALTWARBETRONEQTCHER
ARTAITRLICE LDz, SEBREL
&Y., M. FRmERIEHE LT
ATy 7 ERGH EITolzE A s
NTae Y BB L HUREEE & QTHE
R LOMICBEENRBD bz, BEBAE
FRAWEMEZL5100mghi=h D7 v
Tuw U U BETREMHREOQTIE R I %
T AN EREIX 1.06 (p<0.001) TH -7z,
RERIIR 21T,
FHHEMRE QT RE L OBEESL 0 Y
AT 4y 7 BB A TRILELZ A,
nRY F—#BRAKRE, Zarraey
v, ANV 7Y FoRO®RESARKEN
WQTCHER 3 &R I T L MRE N,
2mgD N a Y F— L #RNKE S, 100mg
OrzurTuel U oRARE, AV Y
F100mgD R QN5 TK & ODQTcEF DFH
S fERR R 1X1.30 (p<0.001), 1.35 (p<0.005)
1.38 (p<0.001) T o7z, KIHEREFT LB
P

QTc 2 EHELK L LT, SHEmREL
QTc KFff] & DRGE 2 ERIFDITICTHRIT L
T2 A, ~aY F—LBIRIES.
aRY F—L&AKRE, Jarrlae,
LARATm=o, ANV RTY ER, AR
KIFHIIC QTc R 2 ER S D T LB S

Mlpolk, AT v U4 XETHELRE
#oranrrao<wl HBE 100mg HZH D
FERARENER ST S QTc D RE &/
EERA4ILE LD,

16 AD QTc Mk L7=8B¥F D HERG #
BFoOXs Y8y (167 V) OFR
FEIEFA VT hr— 7 =  AETRE
L7223, QTe ERICEET S L5 2@ ETF
SRNIRBEN 2 h o7,

D. B

SEOHELY . FRRREORREIH
5L QT e NERT DI & FUFHREK
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HREARE FE & LR FEA R T8
MR EWTHRERFRETH D L2,

QTc EREBALSATCTFRATEHZ &%
H#IC HERG Bz ¥ OEFI 23 L3,
BB EFESE RETZ Lixk<,
HERG F % VRO J 855 DEIET
BLFHE R IZVT TP AR ERAATIC QTe
EREFEETHREENRSZ1E I »ETFH
THZERTERVWIEBHALMNI o7,

UEDEREI Y QT EREZBE<SEHITIX
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BELRTNWZ L, ~axY F—) 70
nra=r, LRATa<edr AR
7Y PR QTcERZ E /- fARENRH D Z
EMR, BERY I ERAWTEHALNIER
Tro YRR — FAFZ L 7 xF
T NIQTe R & OBEEIZRHE A2 h -
7z HERG &fa¥0O=x 7 v HOELFE
PITQTe LEET S L5 REMIBHOLN
ehot,

F. REARIEH

MRz
1. FAXHEEK
2L

2. FERER

Yuji_Ozeki, Kumiko Fujii, Naoki Kurimoto
Keiko Tsuji, Naoto Yamada, Masako Okawa,
Takesuke Aoki, Jyun Takahashi, Nubuya Ishida,
‘Minoru Narita, Osamu Saito, Minoru Horie,
Hlroshi Kunugi. Risk factors of QT interval
prolongation in 1000  patients  with
schizophrenia  Fourteenth Bienmal Winter
Workshop on Schizophrenia and Bipolar
Disorders 2.3-7 2008 Montreux, Switzerland

B4 — . BEH AT EAER, TEF.
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i HERREBRELHNRL LILQTERE
=T ERORSN F 17 BB ABERER
FRIREES 103-5 2007 KFR

B AT RAES, &,
WA, KNEF. FARRE, SFE.
AHBYR, REE. 7#EE. B 2]

% HEELFEREENSRELE QT &
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F1. ARBEREQTREREOEAK

2% QTc>470 msec'?

n Y (REEE) n (%)
BELER 1017 39 (3.8)
b3 1017 426 (18.2)
T Oy /i 875 963.0(879.0)
EANYTF G 645 3822
Y PEN LEH 672 146 (14.6)
7oA =N 49 10.7 (8.6) 0 (0
mn7oyy 299 180.5(198.7) 14 (4.7)
NNV 375 15.8(126) 16 (4.3)
NN =iv 47 16.0 (10.9) 1 (23)
9 FA s 258 91.9(%45) 16 (6.2
A, 104 156(64) 1 (1.0)
JLFTE Y 60 3755(2585) 0 (0
YRAYEY 248 56(37) 7 (28)
AWRTYN 49 1032.9(810.2) 11 (224)
VoL &4 116 179.9(124.9) 4 (3.4)
AN 74 478.9 (201.8) 3 41
JREE)FI A 47 587.2 (1996) 4 (85)
N0 54 650.0 (334.1) 2 (37)
iv. BRARRIRS

F2QTCREOEEDOREN. SHBRALLEEY. 155, ERTRUTREL:
AR FvoE @5

KEBSBIROREE (B%C) 1B SEERHIMBRIEPRE (95%C1) piB

FEp 1.00 {9.84-1.02) 075
T3 (D IR D) 1.02 {0.52-2.01) 095
MNTORY A i (100mg) 1.07 {1.03-1.10) <0.001 1.06 (1.03-1.08) <0.001
ENYT T (1mg) 0.9 (0.83-1.12) 0.59
TP INLIHE (1mg) 0.9 (0.97-1.02) 0.66
NI (100mg) 093 (0.72-1.20) 0.58
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NIibTNER (100mg) 0.86 (0.64-1.16) 033
the Hosmer-Lemeshow &E the Hosmer-Lemeshow 5
13=7.85 df=8 p=045 =120 F=8 p=0.15
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70N = (2Zmg) 0.03 (-051-0.57) 092
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YANYRY {(Img) 0.06 (-048-0.60) 0.82 :
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Y (66mg) -001 (-003-002) 061
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Abstract

Lithium is one of the most commonly used drugs for the treatment of bipolar disorder. To prescribe lithium appropriately to patients, predictors
of response 1o this drug were explored, and several genetic markers are considered to be good candidates. We previously reported a significant
association between genetic variations in the breakpoint cluster region (BCR) gene and bipolar disorder. In this study, we examined a possible
relationship between response to maintenance treatment of lithium and Asn796Ser single-nucleotide polymorphism in the BCR gene. Genotyping
was performed in 161 bipolar patients who had been taking lithium for at least 1 year, and they were classified into responders for lithium mono-
therapy and non-responders. We found that the allele frequency of Ser796 was significantly higher in non-responders than in responders. Further

investigation is warranted to confirm our findings.
© 2007 Elsevier Inc. All rights reserved.

Keywords: BCR (breakpoint cluster region): Bipolar disorder; Lithium; SNP (single-nucleotide polymorphism})

1. Introduction

Bipolar disorder (BPD) is one of the most distinct syndromes
in psychiatry, which is characterized by recurrent episodes of

Abbreviations: ANOVA, analysis of variance; BCR, breakpoint cluster
region; BDNF, brain-derived neurotrophic factor; BPD, bipolar disorder; BP 1,
bipolar I disorder; BP II, bipolar II disorder; PH domain, pleckstrin homology
domain; SNP, single-nucleotide polymorphism.

* Corresponding author. The Osaka-Hamamatsu Joint Research Center For
Child Mental Development, Osaka University Graduate school of Medicine, D3,
2-2, Yamadaoka, Suita, Osaka, 565-0871, Japan. Tel.: +81 6 6879 3074; fax:
+81 6 6879 3059.

E-mail address: hashimor(@psy.med.osaka-u.ac jp (R. Hashimoto).

0278-5846/% - see front matter © 2007 Elsevier Inc. All rights reserved.
doi: 10.1016/;.pnpbp.2007.08.010

mania and depression. Three representative mood stabilizers,
lithium, valproate and carbamazepine, are used worldwide for its
treatment, and American Psychiatric Association guideline listed
lithium as a first line agent (American Psychiatric Association,
2002). However, these treatments are associated with variable
rates of efficacy and often with intolerable side effects. Therefore,
many researchers explored psychopathological and biological
markers for good response to lithium treatment (Gelenberg and
Pies, 2003; Ikeda and Kato, 2003). To date, several studies
investigated possible molecular predictors of lithium efficacy. The
functional polymorphisin in the upstream regulatory region of the
serotonin transporter gene (5-HTTLPR) has been associated with
lithium efficacy in two independent studies (Serretti et al., 2001;
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Del Zompo ct al., 1999), although the polymorphisin associated
with better lithium response was opposite. Other numerous
genetic variants including catechol-O-methyltransferase were not
associated with lithium response (Serretti et al, 2002). The
association between prophylactic lithium response and the
polymorphism of the brain-derived neurotrophic factor (BDNF)
gene was reported (Rybakowski et al., 2005); however, this
association was not replicated in subsequent studies (Masui et al.,
2006; Michelon et al., 2006).

We previously reported a significant association between
genetic variants in the breakpoint cluster region gene (BCR),
which is located on chromosome 22ql11, and BPD (Hashimoto
ct al.. 2005). The BCR is highly expressed in hippocampal
pyramidal cell layer and dentate gyrus (Fioretos et al., 1995), and
encodes a Rho GTPase-activating protein (GAP), which
inactivate the Rho GTPase playing an important role in neuronal
development (Dickimann et al., 1991: Negishi and Katoh, 2002).
The A2387G single-nucleotide polymorphistn (SNP) in the BCR
gene [National Center for Biotechnology Information (NCBI)
SNP ID: rs140504] is the non-conservative SNP giving rise to an
amino acid change of asparagine to serine at codon 796
(Asn796Ser; NCBI Protein ID: NP_004318). Ser796 allele
showed a significant association with BPD and stronger evidence
for an association with bipolar II disorder (BPII) than bipolar 1
disorder (BPI) (Hashimoto et al., 2005). It has been reported that
patients with BPII have greater number of abnormal mood
episodes and comorbidity of other psychiatric illnesses than
patients with BPI (Ayuso-Gutierrez and Ramos-Brieva, 1982;
Berk and Dodd, 2005). These clinical features of BPII have been
also considered as markers for poor response to lithium treatiment
(Ikeda and Kato, 2003). Therefore, Ser796 allele of the BCR gene
may contribute to poorer response to lithium therapy in BPD.

In this study, we examined the possible association between
prophylactic effect of lithium and Asn796Ser SNP of the BCR
gene in Japanese patients with BPD.

2. Methods
2.1. Subjects

Subjects were 161 patients with BPD (83 patients were BPI,
and 78 patients were BPII). Consensus diagnosis was made for
each patient by at least two psychiatrists according to the
Diagnostic and Statistical Manual of Mental Disorders 4th edition
(DSM-IV) criteria. The presence of concomitant diagnoses of
mental retardation, drug dependence, or other Axis I disorder,
together with somatic or neurological illnesses that impaired
psychiatric evaluation, represented exclusion criteria. They were
composed of 76 males and 85 females with mean age of 48.2+
12.8 years (mean+S.D.). All the subjects were biologically
unrelated Japanese. Patients had been treated with lithium
carbonate and its serum concentration was maintained between
0.4 and 1.2 mEq/L at least for one year, in a completely natu-
ralistic setting.

Response to lithium treatment was retrospectively determined
for each patient from all available inforination including clinical
interview and medical records, by at least two psychiatrists, and

~
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o

the patients were classified into lithiuin responders and non-
responders. The phenotype definition of lithium prophylaxis is a
very difficult issue. Lithium responders were defined as those
patients without any affective episodes during the maintenance
period of lithium mono-therapy. During the maintenance period,
the addition of antidepressants, antipsychotics, or anticonvulsants
was regarded as a relapse, and excluded from the responder group.
However, coadministration of hypnotics for sleep disturbance
was allowed, and was not regarded as a relapse when subsequent
affective episode did not appear.

Our definition of response to lithium treatment is full
response without any affective episode during lithium treatment.
This definition is similar to “excellent lithium responders” used
as clinical endophenotypic marker of BPD in some molecular-
genetic research (Rybakowski et al., 2005; Madani et al.,
2007). On the other hand, recurrence index [number of episodes/
duration of illness (years)] before and during lithium treatment is
a better method to measure the response to lithium including
partial response (Gasperini et al., 1993: Serretti et al., 2002).
However, more clinical information is necessary to calculate the
recurrence index. We investigated the association between the
change of recurrence index and clinical variables in parts of total
subjects (24 patients) whose recurrence pattern were clearly
established during more than 1 year [mean 5.8+5.0 (range 1.3-
21.0) years] before lithiumn treatment. They were composed of 9
BPI and 15 BPII patients, whose age of onset was 35.4%
9.5 years old, duration from onset of illness to lithium treatment
was 9.5+7.0 (range 1.3-22.0) years, number of episodes which
could be clearly identified before lithium treatment was 16.3+
30.3 (range 3.0-150.0), duration of lithium treattnent was 6.0+
4.3 (range 1.0-14.3) years, number of episodes during lithium
treatment was 6.8+6.0 (range 0.0-26.0) and recurrence index
before and during lithium were 2.7+2.8 (range 0.6-14.2) and
1.8+1.5 (range 0.0-5.3), respectively.

After complete description of the study, written informed
consent was obtained from every subject. The study protocol
was approved by institutional ethics committees.

Table 1
Clinical characteristics of subjects, sorted by response to lithium treatment

Response to lithium treatment
Responders (N=43) Non-responders (N=118)

Subtype £lest
BPI 29 (34.9%) 54 (65.1%) p<0.05
BPII 14 (18.0%) 64 (82.0%)

Gender
Male 25 (32.9%) 51 (67.1%) NS
Female 18 (21.2%) 67 (78.8%)

1-test

Age at last 544118 461124 p<0.01"
observation

Age of onset 41.5+13.6 32.9+10.7 p<0.01

Duration of illness 12.9+9.0 13.2+9.9 NS

Continuous values were represented as the mean+SD.
BPI=bipolar I disorder, BPIl=bipolar II disorder,
NS =not significant.
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