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Panic disorder (PD) is the repeated sudden
occurrence of panic attacks, episodes character-
ized by psychological symptoms. Peripheral ben-
zodiazepine receptor (PBR) is closely associated
with personality traits for anxiety tolerance, and
that it holds promise as a biological marker of
stressful conditions. We have performed associa-
tion analyses using the polymorphism to deter-
mine the PBR in PD. We screened the subjects for
sequence variations within the § region, the
coding region (exons 2-4), and the 3’ noncoding
region. One novel missense variant in exon 4,
derived from the nucleotide transition in codon
162 (CGT — CAT:485G > A) resulting in an argi-
nine-to-histidine (Arg - His) change, was detec-
ted in these subjects. The 485G > polymorphism of
the PBR gene was analyzed in 91 PD patients and
178 controls, The genotypic and allelic analyses of
the 485G >A revealed significant differences
between the panic patients and the comparison
subjects (P=0.021 and 0.014, respectively). The
present study provides new and important evi-
dence that variation in the PBR gene influences
susceptibility to PD.  © 2006 Wiley-Liss, Inc.
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INTRODUCTION

Panic disorder (PD) is a disabling psychiatric condition
associated with significant impairment of psychosocial and
occupational functioning. Epidemiological studies have con-
sistently estimated lifetime prevalence rates at 2—-4% [Kessler
et al., 1994; Weissman et al,, 1997]. Family studies have
consistently shown a higher prevalence, ranging from 7.7% to
20.6% among first-degree relatives of probands [Weissman
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et al., 1997]. Twin studies have shown concordance rates of
25% for monozygotic twins and 10% for dizygotic twins [Skre
et al., 1993}, suggesting a genetic component in the develop-
ment of this disease. Recent molecular genetic studies related
to PD have so far mainly focused on cholecystokinin (CCK),
serotonin (5-HT), dopamine (DA), and some other neuroactive
systems. Positive findings were reported on the association
between PD with CCK and CCK B receptor (CCK-BR) genes
[Wang et al., 1998; Kennedy et al., 1999]. No associations have
been found between CCK-BR gene variants and PD [Hamilton
et al., 2001; Hattori et al., 2001; Yamada et al., 2001]. As for the
5-HT system, a positive association between PD and the 102T-
C polymorphism in HTR2A gene was reported [Inada et al.,
2003]. Several studies have detected associations between
PD and the adenosine A2 receptor gene as weéll as catechol
O-methyltransferase gene polymorphisms [Deckert et al.,
1998; Woo et al., 2002], while other study did not replicate
these findings [Yamada et al., 2001].

In this study, we focused on the peripheral benzodiazepine
receptor (PBR). Our previous study indicated that the PBR is
closely associated with personality traits for anxiety tolerance,
and that it holds promise as a biological marker of stressful
conditions [Nakamura et al., 2002]. We speculated that PBR
might influence susceptibility to PD. PBR receptors are
membrane proteins pharmacologically and structurally dis-
tinct from central-type benzodiazepine receptors, which are
associated with the GABA4 receptor-chloride channel com-
plex. Acute stress is associated with increases in PBR in
several tissues, whereas chronic stress is associated with a
decrease in PBR binding capacity [Gavish et al., 1992; Drugan,
1996]. Also, decreased PBR levels have been demonstrated in
several psychiatric disorders, such as generalized anxiety
disorder (GAD) [Weizman et al., 1987; Ferrarese et al., 1990;
Rocea et al., 1991], generalized social phobia (GSP) [Johnson
et al.,, 1998], PD [Marazziti et al,, 1994], and posttraumatic
stress disorder (PTSD) [Gavish et al, 1996]. FG7142, a
benzodiazepine receptor inverse agonist, induced severe
anxiety that resembled panic attacks and biological character-
istics of anxiety in healthy subjects [Dorow et al., 1983].

The purpose of this study was to clarify the nature of the
relationship between the PBR and PD.

MATERIALS AND METHODS
Subjects

The diagnoses of PD were based on DSM-IV [American
Psychiatric Association, 1994]. Diagnoses were made by two
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trained psychiatrists by interview. The PD patients consisted
of 48 males, aged 22—-80 years (mean age 41.74-13.7) and
43 females, aged 22-66 years (mean age 37.2- 12.3). The
participanis were oulpatients and inpatients of several
psychiatric hospitals in Japan. Subjects for comparison were
recruited from among hospital staflf members who were
documented to be free of psychoses, and [rom among company
employees who showed no evidence of psychiatric problems
during brief interviews by psychiatrists. They included
90 males (mean age 47.5+10.4) and 88 females (mean age
51.1 4 8.9). This study was approved by the Ethics Committee
of each participating institute, with all participants giving
written informed consent. Genomic DNA was isolated {rom
leukocytes using a DNA extraction kit (Stratagene, La Jolla,
CA).

PCR Conditions

PCR amplifications were performed in a 20 pl reaction
mixture containing 100 ng of genomic DNA, 15 pM of each
primer, 1.5 mM MgCly, and 1 U Ex Taq polymerase (Takara,
Tokyo, Japan). “Touchdown” PCR was done as [ollows: after
denaturing at 94C for 5 min, 30 secat 94°C, 30 secat 67 or 68 C
(1°C down per cycle), and 1 min at 72°C for the first 10 cycles;
followed by 25 subsequent eycles of 30 sec at 94°C, 30 sec al, 57
or58°C, and 1 min at 72°C. Final elongation was 7 min at 72°C.
MasterAmp BN, EN, and IN buffers (Epicentre Technologies,
Madison, WI) were used in several amplifications (Table I).

Mutation Screening of the PBR Gene
Using Cycle Sequencing

The &'-flanking region and coding regions of the PBR gene
[rom 28 PD patients were screened by direct sequencing, using
the primer sets listed in Table I. Sequencing was performed on
both strands using the Big Dye Terminator Cycle Sequencing
Kit (Applied Biosystems, Foster City, CA) and an ABI 3700
sequencer (Applied Biosystems).

Genotyping

Assay-by-DesignTM SNP genotyping products were used to
score SNPs (Applied Biosystems; http:/www.appliedbiosys-
tems.com/), based on the TagMan assay method [Ranade
el al,, 2001]. Genotypes were determined using an ABI 7900
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sequence detection system instrument (Applied Biosystems)
and SDS v2.0 software (Applied Biosystems).

Statistical Analyses

Departure from the Hardy—Weinberg equilibrium was
lested using the Arlequin program [Schneider et al., 1997].
The allelic distributions were compared between patients and
controls by chi-square statistics, unless any of the cells in a
2 x 2 table contained expected values of less than 5, in which
case Fisher’s exact test was used. Differences in genotypic
distribution were assessed by the CLUMP program, which
delermines an empirical P-value using the Monte-Carlo
method {Sham and Curtis, 1995). All significance levels were
set at 5%. Power calculations were performed based on the
published method [Cohen, 1988].

RESULTS
Polymorphism Within the PBR Gene

Nine PCR primer sels were constructed based on the human
PBR gene sequence. The PBR gene consisls of four exons
(Fig. 1). Exon 1 encodes a short 5 untranslated segment, and
exons 2, 3, and 4 combine code 169 amino acids of the PBR
protein. We screened 28 subjecls [or sequence variations
within the 5’ region, the coding region (exons 2—-4), and the 3’
noncoding region using the sequence method. The 5 region
was divided into five fragments. This region contained
adenosine single nucleotide repeats ranging from wild-type 8
to 15 bp. The A-to-G substitution of A13 -+ 1024A > G allele
(accession no. AB076378: Nakamura K and Furukawa A) was
detected in one of these subjects (Fig. 2). Another, one of these
subjects was found to contain a novel missense variant in exon
2, derived from the nucleotide (ransition in codon 35
(CGC — CAC: 103G > A) resulting in an alanine-to-threonine
(Ala — Thr) change (accession no. AB076381: NakamuraKand
Furukawa A) (Fig. 3). Since this represented a rare variant, il
was not included in further study. One novel missense variant
in exon 4, derived from the nucleotide transition in codon 162
(CGT — CAT:485G > A) resulting in a arginine-to-histidine
(Arg -» His) change, was detected in these subjects (Fig. 3). Two
variants were derived from the nucleotide transitions in
569G > A (accession no. AB076379; Nakamura K and Fur-
ukawa A) or 650G > T (accession no. AB076380: Nakamura K

TABLE L. Primers Used to Screen the Sequence Variants Within the PBR Cene

Amplified region Primers (5'-3') (F: Forward; R: Reverse)

Annealing temperature (‘C) PCR product length (bp)

P-1 (F) TGCAGTGAGCCGAGATTGTG
(R) GCAGGGTCCAAGGAGAACTGT

P-2 (I) GTCCTAGGAAAGCCATACTGCAGC
(R) TCCACTCCCATGCAGGGTGTGT
P-3 (F) CAGCCTTGAACTGCAGCAAGAC
(R) AGTTCCTTGAGCTGTTGACGCAG
P-4 (F) GAGAGCCAGTCAGAAAGTGGCT
(R) CGGCCAGACCCAACATCTAAAAC
P-5 (F) CTCGGAGATCGGTCTTGTTGCT
(R) ACCGGGAGCTCACTCCTCAAA
Exon 1 (") AGGAGGAGCCGAGAGACTTGCT
(R) CTGCCAAGAGTCGCAGCCAT
Exon 2 (F) TGACTGGTTGATCTGTGGGTGA
(R) AAACCATGCCATGGTCCATGGC
Exon 3 (F) AATGGTGCTCTGAACTGCGGC
(R) GATCAGGGAACACATGCTGTGG
Exon 4 (F} TGGTGGATCTCCTGCTGGTCAGT

)
(R) CCAAGAACATGCTCTAAGCATGCAG

68— 58" 314
ExTaq, Master Amp EN

67— 57" 246
ExTaq

67— 57" 312
ExTaq

67— 57" 276
ExTagq

67— 57" 230
ExTaq

68— 58" 328
ExTaq, Master Amp IN

68— 58" 427
EXTagq, Master Amp BN

67—57" 202
ExTaq

67---57" 392
ExTaqg

"Touch-down PCR.
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#ig. 1. The genomic structure and positions of the polymorphism of the human PBR gene. Boxes represent the exons. Shadowed boxes represent the
coding sequences within the exons. Polymorphisms indicated by have been found by sequencing in the subgroup of 28 individuals with the panic disorder.

and Furukawa A) (Fig. 3). The polymorphism 485G > A is
almost linked Lo 650G > T in the 3’ noncoding region.

Case-Control Analysis of the PBR Gene

The 485G > A polymorphism of the PBR gene was analyzed
in 91 PD patients and 178 controls. The genotypic and allelic
distribuiions are shown in Table IL The genotypic and allelic
analyses of the 485G >A revealed significanl differences
between the panic patients and the control subjects
(P=0.021 and 0.014, respectively).

DISCUSSION

To our knowledge, this is the firsi study toreport on the PBR
gene of patients with PD. In Japanese case-control subjects, we
have found evidence of an association between the PBR
polymorphism and PD.

The etiology of anxiety disorders is complex, and etiological
factors have been sought in the field of genetics as well as in the
environment [Hettema et al., 2001]. In our previous study, we
found a significant correlation between platelet PBR densities
and the degrees of the anxiety trait, as determined by the STAI
(State-Trail Anxiety Inventory). There is considerable empiri-
cal support for arole of the anxiety trait in PD [Cox, 1996]. This
trait has also been found to be a risk factor for the development
of PD [Schmidt et al, 1997] and has a strong heritable
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Fig. 2. The PBR & upstream region contained adenosine single nucleo-
tide repeats ranging from wild-type 8 bp to 15 bp. The A-to-G substitution of
A13— 1024A > G allele was detected in one of these subjects.

component [Stein et al.,, 1999]. Panic allacks are associated
with significantly increased odds of mental disorders [Goodwin
et al., 2004]. Therefore, the PBR gene may have a role in the
onset of PD. Indeed, upregulation of PBR was demonstrated in
healthy subjects after exposure to acute stress, while down-
regulation is a consistent finding during chronic stressful
conditions [Gavish et al., 1992; Drugan, 1996]. A decrease in
PBR has also been demonstrated in several psychiatric
disorders, such as GAD [Weizman et al, 1987; Ferrarese
et al., 1990; Rocea et al., 1991], GSP [Johnson et al., 1998, PD
[Marazziti et al., 1994], and PTSD, but not in obsessive-
compulsive disorder (OCD) [Gavish et al., 1996] or major
depression [Weizman et al., 1995]. In our present study, the G/
G genotype was significantly more [requent in the PD subjects
than in the control subjects. Patients had a nearly twofold
higher rate (OR=1.7, 95% CL 1.11-2.58) of the G allele
compared to control subjects. Before the onset of PD,
individuals with the G/G genotype showed high anxiety
sensitivity and an increase in PBR. Subsequently, down-
regulation of PBR is a consistent finding during a history. Our
study might show that individuals with the G/G genotype may
have one of the risk factors for the onset of PD.

The cDNA for the PBR mRNA has been cloned in humans.
The ¢DNA sequence of the 18-kDa protein specifies an open
reading frame of 169 amino acids rich in tryptophan residues,
with high-sequence homology across the species. This gene is
located on chromosome 22q13.31 band. It is composed of four
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Fig. 3. Figure shows the sequence patterns of the 103G > A polymorph-
ism in exon 2 and 485G > A, 569G > A, 650G > T polymorphisms in exon 4 of
the PBR gene.
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TABLE II. Genotypic and Allelic Distribution of the 485G > A Polymorphism of the PBR Gene in Panic Disorder Patients
and Comparison Subjects

Genotype (%) Allele (%)
N G/G G/A A/A G A
Panic disorder 91 55 (60.4) 34 (34.4) 2(2.2) 144 (79.1) 38 (20.9)
Comparison subjects 178 87 (48.9) 72 (40.4) 19 (10.D P 246 (69.1) 110 (30.9) pb

2In the genotypic distribution of the 485G > A polymorphism of the PBR gene, there was a significant difference (P*= 0.021) between the panic disorder

Eatients and the comparison subjects.

In the allelic distribution of the 485G > A polymorphism of the PBR gene, there was a significant difference (P" = 0,014) between the panic disorder patients

and the comparison subjects.

exons, with the first exon and half of the fourth exon being
untranslated [Riond et al., 1991; Chang et al., 1992]. The gene
has one transcription initiation site. An alternatively spliced
PBR mRNA was found in human tissue. The PBR promoter in
humans does not contain a TATAA box but contains multiple
Spl boxes [Lin et al.,, 1993]. The present study revealed a
polymorphism of adenosine repeats in the 5 region of PBR. A
15-adenosine single nucleotide repeat region was found at
~1,024 to —1,039 bp upstream from the translation initiation
site of the PBR gene. In this study, variations in the lengths of
these single nucleotide repeats were found to vary from the
wild-type 15 to 8 bp. This polymorphism may influence basal
transeriptional activity. The TFSEARCH computer program
predicted the transcriptional factor [Ferrari et al, 1992;
Harley et al., 1992; Pontiggia et al., 1994]. The program
predicted that the A-to-G substitution of the AB+-1024A>G
allele presumably reduced the binding affinity. Disruption of
the formation of sharp angles in DNA may affect the
architecture of the SRY-DNA complex. However, the func-
tional and physiological properties of this variation of the
adenosine repeat remain unclear. Further functional studies
are necessary to define the physiological significance of this
variation.

The use of benzodiazepines has become widespread because
of their efficacy, safety, and tolerability. Benzodiazepines
associated with central benzodiazepine receptors are used to
treat insomnia and anxiety. However, benzodiazepine depen-
dence, toxicity, and abuse have arisen as difficult problems.
The development of new medicines from the point of view of
PBR has attracted much interest. We found that PBR may be
associated with PD. In this regard, our results about the
485G > A SNP might be of great importance. Further studies
with a large sample size and a different ethnic sample are
clearly needed to verify our findings.

In conclusion, the present study provides new and important
evidence that variation in the PBR gene influences suscept-
ibility to PD.
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BB Do HIEE BPAOBEIEE
Lo TIFERISEE 2D 0T, %
i3 3o & D L LAREMNRY 5
ROCDIEERIEZ 20, &

38

@1969F £ h

Ll EH2)

T FThHEB, DF D, [HEREEIEH
RE] Lidido &) LB kpmas
won READHS 2 LLORR] O
L Thb, TORENLEDDE LT,
[RERIE] & [FOBE| L) 20
DIREAEN BN TV B

FHEIZD2 62w BHETREER
RN & BEERE OFREICHE LT
WhEEZ HNTWD,

BIEREREIZ, bW ThE
NIARBEDZ L TH D, ZOREZHRD
b ON[BIZT) L WIWETH B
ZHZDWTIE, DBIFEHFT 5,

BRER &, BEERDSRT
ZETEZZTH OV, FOAE
BB M RBE, 72 23 BRI
e TREEBOFETH), HEA
WZE o TRBBRETHo20., H5
WITEERE TH o720, L8 &TE
RIEEET,

@EEFh 507 JO—F

Fhid, HEERIE & KOEEORRE
2RBIZDODHEFEITo T D, FD

—203—

(O3 KON P A B RVAS A4 AV

@RIE : 19974 FBRAFELMELE, FRERERAEELHENNEELYE
AR, 99F RAZAZRERZBREVIRMAFE. 2001~028F TAYD
National Institute of Mental Health®%, 04% X Y Bk, 2004 (SER16)
EEETFMRAERY - BFEE UESEESY. EXHt,

EDHBBRIAPLMELOEEE T T

FEL LTERLU-EEZER» SH
L5, DEVFREERELTCWLE
ZF 2P, BTWDBEDTH D,

T, EEETFEZRLIONE N
I T EITDWT, BT 94 LEKL
BICFHRBAT %0

O [LDHRT] TELATY
HHIFEDLDHTBBENNG, £Th
BN SENIREZOTH B, Livl,
ZOREIZDOWTIHIE & A SIS b
2 TWiRWZ L, Tl B
NThb,

2 REzDD LR NDh, Kt
REIIE LM SN TV BREATH
D, FOBBENZOWTIE, RO
AMER SNTE LA, RIREW LD
Lidbho ThWIRIZH 5, F0
NI, BEISAOEENLZHRZICK
BLIANREV, FHRNREHFRT
3 7ok zud ERIUbEEL S &
MDA T B985 D OREEIZ#
DENT LD SR, —H Ttz
THFMETE 5 &) LB WEL
PRVDTHbh, EDeH. HEER




¥ BT OB IR A B D55 5
T ERTBOEV, ThN HRROER
ZRIBLOLLTWA—DDHEEE
EL SR

ST, BEFLWIEEZRETH
ECHIZTHER Y. WhYARET
REVD) b0, BEERINE-&D
LTBY, 20OFEEEETF GECE
55 58ETF) BEFNTCICASRT
Who BHAHREEDERIZTOREN. %
DEND B HRN LTRE 0 HET2
TENIEAETHD,

—H MERRESCR T EEOFE
5T 2 BET TH LA FEAD
BEMEo ENRENT-DDITELER
Do TRy, ZOERE LT, ¥
TREEERDVHALATE W S, ¥
oy BIETORRIIIEFEITEE . 2o,
— DT L BBOEETHFIEICH
HLTWBTHA) &) I LA
. END, SHIT. FERETIERIC

FITTRBORED. —AVLYDR
BRMIEoTREBLEZOLNT
Wh, TRHLDT EHhD, BRI
BII2ELEERTFEROITLZ LI
THLLRoTWBEDTH D,

@iEIEEFEREH

Tid, EOX) RHEICL-TEE
BIEFEROTBEIENTELDD,
FO—DOFEEL LT, bivbiudiz
SUTBIE HHEEITIEE Lz,

Z T MERREICBIT APMX2B
&) BIETFOURAER Y LI CEL
L7z, Thid, B84 FVicH B
HFEO—2E L Thhbhd¥To -5
FTHHH PR T, A LME
B LFHROMR. S5, PMX2B
V) BIEF RICER LS8 (BEA
=) LOMRERS D DTH A,

MARFEORBZOFERICIZ S EE
FREBH B, FO—D2L LT,
[PEFEEREI ] &) bOdH 5.
ADBE, TRV B BICIERITISE,
FELTWLA, ZOBERICRICH
LADOREI & o THOFREREDE
T o722, FONDIFR, Hek
IEZFRIE LR T R EBITES
EWH B TH B, TNFET, TR
REZTFRTHRESEFLRWPR I
TWBH, FO—D2II, MELFET

B EROEE ] 3ZRohs, b
WOBEDD B HRMIETE LT
e &7 C < AHIRIEC Bk 5 S A0
CRONDDTHRAEDZ & ThH b,

SR MM ERE U TORIR

—75 BRBEICB VT, MEEH
FEDBE S MR ORE, Vb2
[#HR) 2% C A B BEIS R o T\
7205 IE CTEBROZOHE ZBE
LG ShTnizdoiz,

B Lk o B E I ORI
AVRELDTH S, €D, bh
b E T BARIE & BETRE
L DM TRROBEIZEN D HHED
W TNTHRI

SROSFEHFEZE T ST RHE
V@ADL SGHEbIbNL. BREROR
frrmm (PsRL. AR TRl
k) & RAtE &L &R S HX
Bl BIOEE Tw5 MEFEE] e
WA SEF R V. AT
FBH346 Sy EEXIRES42 BlTow
TEOREEEZREL LA, IBED
RAAImE LTt A 4 EfHRO
3B EHRICED . BOB
DIZOWTHKED, HEEIE W)

fr & RERE (R

TR AREE

v

0 5

10 15 %

0] e rmmmes
ERXIRE

1 BERREREN CEERBOSHROEE
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BXIEAFIR |

BRSNS

1ERE A

BEMERRIR

ERESRIR FE

¢

S

O e RARAEIRRY
R HERE

B2 e kEERE CEENBRCH S hAMEOESE

HAEDET 6 FEHOMRSE 21T o
720 By BEEIMB R EICE o THEL
7oA EMERAR, §EIIC X B SRR,
BAHRIZERA L. BRERE RS &
L7z
COMER A RIERE CI
MR & I LTRSS B WS &
DHLPo72ds (®1), EE
HESNSHAOBEE A L THERIC B
WTELSEWIZ &ML (®2),
EZAHT, BRERHICOWTHE
MERE L FRIC, BEER & EERER
DRLHFIEIES L TwBEE2 L
T3, 4, congenital fibrosis
of the extraocular muscles type2
(CFEOM2) &\ HIEBEHIEORRDE
ERIEZFAPMX2A &\ EEFTH
BT EVHESNIZ, ZOPMX2A &
WO EEFIL BERTICSE SN,

@ BT S5ESNDIER
T A UBEFTOWTEHT 5,
BEFIE DNA(FS F 29 K8

L) L TR OB AW E RS

2 BHY TOIONE EFY). 20 DS

RT3~ FLTWAIEE Th 5,

40

BfaFicidzryrvefrrar g
ENBFRAFFEL TV B BIEZF
DDNA BEFNEHREE LI o T, Rk
MICIEBETFOLY Y VE G2 E LI
RNA () REE) &) WEORG)H
2L bh @EE), ZORNA OlEH%
HEIZT I BEV)WHESER S,
FUNTBRTEDL @R oThHS
(B VT BET I ) BREVIWEDID
Bl EhTnd), 25 LTTEy v
WO, B EERET A0
CHERFEA DfI % 5T 50 Th bo
BERT L. EETOEEDBRRE
TOBEERHTH5 V0B THY,
e RER T BRI B
GBEIEE LWL I EDhhroT b,
D% h, PMX2A #BI=FIZPMX2A
EVIBEERTFRI— RT3 RETR
DTHbh, ZOPMX2A L \VIHEEER
Fid, BpERARRE BEMRE WIBRE
BT iR OB AR B W TEE
LB EETH—0, Fuy KB
FBET F—r83 vx— g kg b
BETZEDBERRET 5T & 5%,
BEXNTW5,
FOyKEBRINEER L F—83
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— 7 KERMVEER IS, B OIEIIREIC
HhBWETHS F—753 YOI
BS54 bBETH 5, HMAEKTETIE
D R=NI VOB EISERN 2T
W SV RFIIERTH S

S EICTFEIIDER

I Thhvbiud, MEEFELR
JE L. DO 2RO NOPMX2A &
BFITOWT, ORI EIZE R
WNE) PRI LA T RE
ERIZRLI D h ol

KIZO bbIUIPMX2B L\ i&E
BEFIOWTIRTAZ, PMX2B &
EF Lix. PMX2A BETF &2
CThsbEEZONLERAEETFTH
D, ZOEFNIPMX2A EEFEIFE
AERLTH B, ZOPMX2B 1332
DITI)YRHTHI TIT=rewn
DT IR I P HEAA 9 fEE
FLTEATOBERRE, 20/ L
e (LB bbby vy 3 kIS
FIE) MdbhH @F3)e EBIZ, 7
ZEVNVTHRLLEERFTHY,
ZOME D, PMX2A & ELBT1S
VI R RS T B,



AV

T2

T HBE O— K 35EE

\

ZL20f@%E 3 Py 38
DRIDOBHUPFER S WL

X3 PM2BBIzFOEE

bIbIUIPMX2B E{Z T ORF £
WCERPBLDPE)PERIE A,
T T = VA20{EER LW B ESTT
T = v DR o Tz ) (REK),
W2 Tweh (BR) $A8HEHERL
2o ZOZELIELRTEL OBFER
WMEHETIC X o TR & 25,
KRESKRE 75 =V HR0EER LT
WA IR DL & IZRRE DR bz,
Fz, SR MARREL LTS
B & OBEICOWT H AR 2170
TR EEENASHICBWTSEE
OEEMR RoNs Z Edthdoiz,
—75. BESEH ISR LFRED
MERR N o T,

©7 5= EMSDOHEM

INEDRER, ROZ EAHENEN S,

F9, EENREN TR SR04
e 7 L ORI IZBEN o722
Eh 5, PMX2B EETFOERZT
ERIBIZE UV EE 2 5, Ll
BARTERYL Z ORETERLOH
WCIIBEDH Y pofHRR S B
RIPEREC L D IBWHEYH o722 &
»b. PMX2B #aFERE, AR
FHEDFIECB ST 5 RMOER (B
BEADES TS LR S ER)
ENERY, MEERTAZEICX
> TEEEASHAIREI V23D
DT LA S Nz,

K2, PMX2B OEERF L LTH

BEP7 I VEDLERIZ Lo TEL
TEDPEID OF YERIOMREE R
Hl7ze ZOHKT, PMX2B O7 9
VORI NRIICEZ I HEE %
BEERL, ThoidNy 7298
T4 L) kR RV ORE L

TR, TIVORIFRVE
HLEVEEE T, £ 0 bEERE
M @EERT & LTOEX) AMET L
A BWEETIRE QKT AEET
Hote, Flos BEERTFIZET =V
DENELBRLN, Z20SHL LT
BT 7= VIAPHE SN TE DN
PMX2B EfZF T3 TiER Rk
LWL, Fnd—H A THED
ZRLNIZENW) L HIFHNTD

Aol 71::0

| swonEsRE

BHERORROERERZHHET A
ERFFFICLTILY, LD E LR
Rfzo COREEEFTHT 572012, B
LR 2 EYEN R ICER L
BT 2R GHRbIEDTNLT L
MWEELEZ b,

Tz BIETHEICBVWTL T
TVEOKESHEDODTERETH S,
TR SR & T2 A TVEDE TIUE
ZVTE, LD EEOBITAERLE
ERTLRBEDTH b,

FIIEDLABA 2001FEICT A HK
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Wi B2 12 & 5 National Institute of
Mental Health (NIMH) 249 1 4148
F AR RENFRAME LD 5
ZTnwitinwiz, #ZTCTRIDOKRORE
HBEFEETO, TAY AT
EINIZT VT VEIBIT LT,

T A AT BIEFHIRODO
P T VIERIZTMEFNTBY), £
b B AOEDL L, 7T
Whe BAREIED R YIRS RLS
EERSELENORET b,

WiRxEHB, BIAELTE
BLOI2T B7:0I12id. 2BRLEL
DEES Ay COTFIR 72, R
FEEE L CO—#0F £ Tbivbho
W2 IR L TR, B~
MEEODT, BT AETLE
THhhbo DG HOLFTIIZ O
KEL B EBDOIL bhvbho
I LT b olzhr 8 ATE
BERAPIRBCELEMPLTHE
CLBEIHT SRIBHLnE
WeEz Thhb,

BB, WV —FLIFUNELT
TRV 20 RER A REM B &
OS2V AN ¢ 5 LT FERT
PRI AIGE Y v 7 — 5 FAEMR
W F— 2 0FNREF— 2 —F—,
EOWIZF—bDRA N——[F, ZL
T, BB CIOMLEFRA TN
WIZRRE ORI S AR L LT 2,
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SHOERE
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YA OO7 LA i DS

(SUMMARY) EREBZUHEBCFOREICBWT
&, HEEEET & BMEBEE ~ — b — & v 7z BT,
I BB EHECTHITN LB ST Y —
BELNTER, L LEHERGERBOBEN T,
CORFECIEEARD D, ePaEESicoOnw T
TR BT (whole-genome association study ;
WGA) 2175 DEENSHUONTEN., 2LT, #
NWEFEOY = /Ay FEOESE L & b icH
BERbDERYVODOH B, KFETIE, wWdhDk
HBEY 2 ) 5478, HTbv 4207040
HEK &> TRBRZEEGTREDOFEN Y 5%
HoTw»wL», ZTORREELEESZDWTEMNT
%, (BEEME 49 : 509-515, 2005)

(KEYWORDS) #EMiBRES, RENSEHEG
F, SNP, 2R@HE7YYI—vay -7
wEVY

EITS + BIUE « MEAIERE & OFEIT I3 <
DEBMITEELRT (REBRSZMEERET) L #1I2
BRIBER L E20b o 1o M e T 2 &
FEXONTVD, ZTROZ, ZhoDEERSE
£ F 1 % B (polygenic  disease), % K F & &
(multifactorial disease), %815 % B (com-
plex disease) %t £ & b IEIEN 2. Fir, HEX
BRI s [HY SN EE (common  dis-
ease) | L BIFINT 3D, B—EEFERE(X Y
TNVIBRER) DWW TR, BERDER Y
PORRAWNEDODHES B H B H DD, BEENE

<, ETECERSCECTEEOHEN LT L
TERENS, BETFRRICE 2 HERITIEHE
MENTWS, —7, BHEEERDBEZNR
T, MEEIBVWHOD (FROEBENY
(heterogeneity) |, [{& % & = (low penetran-
ce)] B WHRT 2B nHENTE LS,
UL, ZOBEDRBIAFEMDESIZ WGA &
WO A NI TY—RAREL L, S8 0DEE
PHEIRF T 512,

FRICEET 2 BETFERET 2FHELELT
&, OBEERZEDSBETFRERTS7 70—
7 (functional approach) & @& {5F DYk k-
TOFHEBEMNERET ARY Y a—F vz 7 S
— 7 (positional approach) %z E#3% 5. #EEM
BT 70 —F O T ORI MR 0, 4
2, 77 4 AV v 7 (Affymetrix) #: 0 Human
Genome U 133 Plus 2.0 Array Ti& 47,000 DLk
DIEEEREY R 1D~ 4 707 VA RT3 C
LOSERETH YD, AN RES ) AHKBE a7y
AV TRRLATIZEMTES, Lol,
HMESNTCBEEYRERRNTRETWE Ay b
V=27 L LTOBEMRRICOBRTHY, H3F°L
b RREEF (RERZEEET) Oy BEETR
THOTRZ, iz, BEHEEEEETRIEEE
BEFOMETCLELERSNE LIRS 25
1Y 7 RELMEAZ DBEGTHITHAONSE T &
bHThH 3,

1) YAMADA Kazuo, IWAYAMA Yoshimi, YOSHIKAWA Takeo
B HIRTIMBSRATIE Y > 5 — SRR — A

0485-1420/05/3250/%/JCLS

BARMRE vol. 49 no. 5 2005%E5 H 509
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—, ROV a—F V7 7a—F Tk, KB
DRI L TR ABIRERBENT, T2k
D EDEMIZH B E 0SB S BETFORE
2EXY. BoFv—p—t LTRFEC—EHESL
#U 'single nucleotide polymorphism ; SNP) 2%H
wWHNnE, RYY g —F VT 70— [JEEE
#7 (linkage study) & B5 & # #7 (association
study) D 2 D KFlEN B,

 EPREGEETVYI—-a
L I ERVALY E:jg@‘lﬁ]ﬁgllg

FRREFEME, BRBETDH D, HLOE
EFEIBEDEI, T ¥ OB TEMEMENT T ORI
DI B T WIEMEE R BN U T B Y B
ERREEPRE-TTCHIAIIERTHRINTE

7z, UL, 1999 FE12 Kruglyak & WGA % BT
B LD EE&Y > 7z LT 500,000 SNPs
DI BSHETH D | LI FREY 2/ T4V
TERERTIZHRERHLELY, COBFRLEY =/
2 A4 Y > 7RO ERRE TIIRE W IR TRE
BbDTHY, WGA KET LA+ 77 YV —3H
FEV OV TIREERTRER b O ThH o 72 (2001
1T Reich © % North-European population @
BRSO 7 — & B ITICH Uz U 2R8Iy 7
RETH 55,000 SNPs DIEITE WS D TH -
7=9), L7za8> T, 500,000~1,000,000 fEL =D
g Ic U772 SNPs OEE &, TR T 5
KIFECHED RN ORI RFINTE T,
AFEEER ST, NCBI BUILD 124 (http://
www.ncbinlm.nih.gov/SNP/snp_summary.cgi) iZ
B3N TWs L7 vl A SNP i3 10,054,521

i (Linkage study)

PRI 2 RS WS 2B CHE» S
FicEEINE D, EBEREFEET SN IETT
RICI#z 2T Uiz ¢ < (GHIR LK §=0),
BN ONTHEBZ 2 LT L5 (0<0
<0.5), L7edio T, WO EMELDRBRSZ
MEEETF O H 2 BEFLE (v —h —) I3
Wiz OEEZZ0 T TFRIEESISNIEERNS
Vv, ZOHS P HEE (linkage) & R, RERKE
TRACEARILE NPT L, BERKETRE
HEI S W, ST T IR 2 23T I &
TWaHHE S PR HRET 5, HEHEFTIE
KRANDOMHEAZ PR T o HAERED
EIF (10~30 cM) & T UD A OEEIZITA T,
X D EE F TR BERSEREBAL R D AATY
zrwi@EE Ry, FREETERET 21X
EEHAENTR W R A N T I B D vy B
7 (BREMT) RO HND,

BE:EMEAR (Association study)

EEEMREIC L U CREE CRE O ILER T
H%  $F & T B BE R % B (association)
LY, WEGETERNRRIEES L Tw e
b UL GEEOREERGT L EEN T H 57
BB T 5, BHEMROELRFEL LT,
O LEETOSMEE»BEE L —REREE L
THET 5 D&, OXILELTFOWmHR» S FH
ADGEORY 2HETT2 b0 L2h 5, HiE

case—control study & bIEEN, #BF & L TRIE
EEHELSEH T A b (transmission  disequili-
brium test ; TDT) 2 B E S Avnens, BE
WRTRERBRZEEZFO I S EEBEAE, 3
KRR X > TR 598, 50~100 kb F2E) T
Ly 7R s sy, 2079, R
BHEEIZZLO—h—2RELT 55, dLK
Hahiidz 0 g $EETFREI DL 5 ATRENE

BEW,

B8 S A Sl
(linkage disequilibrium ; LD)

SEE TR WIOEFE I FEET 57 0
az 2R IS TICHREEZ CFTHLINLTY
%, MR WEEERRTIES, Thoid [#E
BRIz 5] S (T REXADEE%R A
FEHENIE, FER T WEMICEET 5108 T
FEHETHONTHBA LB D, BEERLoT
[TFHTREBIZET 5] THA I, B EZE
ERys [RPEREBICh S| %52 3), LD
Bl TwafEREZ N7y A7 Tay 7k E
YRR, EEKEITIE, D, PR EDOEENE
CHwsNB, FH50~100 kb TRE DIRRE & &
z2 60, RIEE—710 v 7 WIOEBBRSZHERED
EET R, TOHFEROERETIRVWTND
v—A—ri 0 5%, FREY CEGRRICE—E
EFCIRIMERER OB WRERER T H R UNIE
EFHIRHE NS LIRET 5.

510 B vol. 49 no. 5 200545 A
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Genomic DNA (250 ng)

RE Digestion -

— fﬁﬁT

Xba Xba Xba

Amplification

e

‘ Complexity
Reduction

Fragmentation
and End-Labeling

PCR: One Primer

Adapter
Ligation

Hybridization
& Wach

bz,

1 GeneChip Mapping 100K Array (777 ¢ A b U & 2ut) DIREE

BE Tz, ZORPTEZHEVPERINIZDO
5,054,675 iy, £ LT, D7 vAE
MTE WGA 2 HEMICHERTE 2R Mo 10
20055, WEWIBIZEL, WGA DR
Eialz,

- SNP Yz /HA1EVT -
| B—E XDl

fll< D SNP O REIE SNP s X7 A& L
TiX, MassArray ¥ & 7 A (http://www.hitachi-
hitec.com/science/bio/snp.html), TagMan
Assay (http://www.appliedbiosystems.co.jp/
website/ip/home/index.jsp) 7% £ 8 H 5. Mass-
Array ¥ A7 AT, MALDI-TOF BEESH5T
(Mass Spectrometer) 2T 1% > 7% 2~
SHCHBITWEETHY, LHEZ1AY = /54 E
VPP EDANA ZAN=T " BPFETE S, F
72, TagMan Assay Tl¥, PCREEZ T D1 X
F v 7T, EHSNP O IEEF Iz EE T o —
TEBEHL, T0®EY T IV ERET 5.
PCR K tt, BOBT38L 7V T v —1+ D
YT F VB TE S, TagMan Assay TldfE
EEEECFERHEC T YA Y200 5
SNPs BF]HAIgETH D, # AT A SNPsZD
WTHELWA—F—FT 2 ENTEDL, ZDIF
DI bR s SNPRHESERZEINTED,

ZERFIHETTEETH % (Third Wave ; http://www.
twt.com/, Parallele ; http://www.parallelebio.
com/, Perlegen : http://www.perlegen.com/ 7t
), LaL, Zhs3EEDD 2 EEFHED
SNP 2B T2 LI HEHZ b DTRR,
NAZAN—=T9 NEeFWwoTh, INODFELR
FAWT WGA 2175 2 &R - 2 X PBIC
HPRELV NV TRBEEN TR, LeL, 7
74 ANV w7 2D GeneChip Mapping 10 K/
100K Array, AV & %@ BeadArray 7 7 ./
OY—REDOF v TT I 0V —id T OFRRE
R—EIEDLLDOTHS, HIBREOHKEOTHE
BhhiE, —IFFRETCWCGAZTTI Ews Tk
IHERAJEER A N T Y- DDH 5,

1. GeneChip Mapping 100K Array(7 7 4 A b

Vv 7 A%t http://www.affymetrix.co.jp/)

2004 £ 7 H, 100,000 SNPs ®#fg#E 3 5 Gene-
Chip Mapping 100 K Array 23F5E 4, #H T
DOWGCGA 77 v bh—LbE&ixoiz, £SNP DY
2 ) FATRRETDRBIIROAT v I &5
(1.

(1) &%/ A DNA(250 ng) % HlFREESR (Xbal
% 7213 HindIII) TYIWT§ %,

(2) 41EF (bp) DREERNZEHRIG TGS 5
7 ¥ 7 — B4 (Adapter Ligation) 5%, &<
Tl S 7z 3T D DNA B i il i e O Bl
Fleb Dl LiTks.

FERMRE  vol. 49 no. 5 200545 H 511
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GoldenGate™ Assay

Allele Specific Extension and Ligation

Hybridization to Universal llumiCode

Polymerase Ligase
Genomic DNA HERBRER saman :TIAPB
. Universal o illumiCode’ Address
Allele Specific  por soquence 1,,»4"”;4,.“.__6 \M
E-XteI?SIOn & Universal " Universal
Ligation POR Seguense 2 PCR Sequence 3’
Ampilification
Amplification P A illumiCode #561
rempte = N
. » U j £ e .
PCR with C‘y‘:;m:z'f;s o Universal
Primer P3
Co_mmon Cy8 Univarsal |
Primers Primer 2

i

™ Array

2 BeadArray 72 ./ 0Y— (1 JL 2+ OEE

(3) 77y I eBHET A 774~ —%
FAWnwT, 777 —=%{MLIDNA 7S 7 X
N RBEIET 5, PCR &%, 250~2,000bp O
AXDT7 77 A2 2 BENCHEIET 2 X 910K
F{L & LT % (Complexity Reduction).

(4) BIEL7: DNA 27 v A TN TV ¥4 X

512

EEDIDIELIeHNWT 7 A MizdIli U (Frag
mentation), HHEEFRT % (End-Labeling).
(5) GeneChip Mapping 100K Set 7 L A &
NA TV Y 4 X &R B (Hybridization &
Wash).
(6) BIREREAF» I —TyY 7 IV ERALE

ERERAEE vol. 49 no. 5 200545 A
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Sentriz Array ™ Malrix

Mono fiber

Fiber cote Fiber cladding

1.5 mm

Multi fiber
(50.000. ibers)

Multi-multi fiber
(96 well-plate)

400 pm 10 um

X2 DJ&

D, V7 72T REIVEEFNZY =/ 514 7%
RET 5.

FT74 AN w7 A0 100 K SNPChip &3
EOEBBBFRBEORRE—E L ¥ 2 A
b5, fEkOovz /It TEERD L, OF
JI0FE L VIERE, ORERZMEETICERUD
& < ATREME (SNPs I O EEYIERESY 23.6 kb), @
250 ng/sample &5 A &D DNA TOHER, @
FHEENEL, Y2/ 948725 —-ERS
N S WIRT, REDFHELTET OGNS, F
7o, BTG IEE T O NELOBHEE TH
woh AT uEEEDOHERKIoss of heter-
ozygosity ; LOH) 7%z £ O #EHT 121X, 10,204 E D
SNP REE & 117z GeneChip Mapping 10K
Array bFIATRETH S, 774 APV VIR
HOZ2—AZA DY — 2T 2005 S HIZ X 500
K Array DFEFELTFELTWS &S, Krug-
lyak S7R2 LU 72 500,000 SNPs 12 & 2 WGA 23,
WEIWIHED D ERDDDH S,

2, BeadArray ¥ 2 /J B P —(4 V& F#;

http://www.illuminakk.co.jp/)

BEFRFES N T W5 Sentrix Array Matrix T

&, 50,000 DK T7 7 A X— Bk 5 1ARDNE
7 7 AN—3REWEZDSNP 2FEET 27200
3um DE—X26 um R CTEES N T 3 (X
2). #FnFhOE—X3 illumiCode & X 3
1,620 EDOY — 27 2V AXF ) T T DT
TEMISNTNS, Y/ ¥4 v DEER,
GoldenGate Assay LI, KOLSBAT v
Theikb(H2),

(1) %/ 5 DNA ETHIEEFRHEN I (#
RIS 21TV, Wi 3t ﬁ%%%é% {2 D%
BT illumiCode BeF 272 7 5 7 2
b &24&ET % (Allele Specific Extension and
Ligation).

(2) WhEOIBETE T, HAEERERL 7
7Z 4 < —7T PCR KE%1T5 (Amplification),

(3) 7vA _EOFE#ENZ illumiCode b D E
— X LSRG ETT S (Hybridization to Univer-
sal lllumiCode Array).

(4) BBEEA X v F—THXEY T VERA
WY, Y= /94 T %75,

50,000 K D7 7 AN =k w3 N Dil-
lumiCode TZ ¥ F AREHINTE Y, EXIL
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B FIE LT 50,000+1,620=30.9 o v
—ABABENZ Z L2k D, DR IERE
Y/ A YT RARIZLTWS, ARS A
TVATELIY 2 VYl a—F—2FELR
1,636 fE D SNP BSEEE S, 1 7VvA T ¥
TN & B, EEMETAIZIE 5,861
D SNPs 2871y h&hiz7 VA v+ (Lin-
kage IV Panel) BHEINTW3, ELEFDx
7V RS R Tz 100,000 SNP 2 1D 7 v
A ZHEBR U7z BeadArray DFRFENSHICFE S
T, FEIWIT 1,000,000 SNPs Array b F
EANLEWS, BHEETEAIRAT LA RO/
AANV—F9 N eSNPYz /54T LLT
&, ROBEIOX MBZMBT Ty b R—ATH
%, B HapMap 7 1 ¥ = 7 } (http://www.
hapmap.org/) Tlt, BLZ60%4DY =¥ A4 ¥
YITHERERTWS,

ERBAREFH PV I~
gﬁj Yy EIDBEIRER

Fo XTI /ul— Lo TEREY 2/ %4
V7T = BRI T5 I ENERENF LT, ¥
DEIBIEVEEL R THSID», BbKRE
BEEE, WU TE I 6 ARY IR B I BEE
5% SNP 2[ET 55 ThH 5, BEMHENIZ
BRO XD BN L SEmIND,

1. ZEKREDHRE

BE, HEREREEKESYD L 0T 1% %
BEHELLTTS 2e08%w, LaL, 100,000 1
D SNPs lZ DWW O ke 247 215 5,000 {H
HBV% 1,000 D SNP WEBEMEE LTS
nsZeRTEREN, [ZEREOHE] tvb
N5, ZERE L 2BEEEHIET 27201,

[ Bonferroni Off1E], [False Discovery Rate
(FDR)#:], [Holms-Sidak ¥, [Permutation
], AR FENEEINLTYS, Ly
L, WGATIEWI N bR DB L WERE L It

5, BfFCE 5 PIHE i“f/7°}l/7‘5zkx_f5120)f“l

B2 2BE0WmMI Lo THRE2, [AY 12
BEELTWAEDTPERELS LB L3 b0

F\, MHTE RS 25, B2k 2BREUEOR
REDOBETEEANDNE, —FIIRcHET
SHAREEEL DB, EBWE, 7Yy —va
ey EVITIEEENEMRE LI REB DT
HY, FoNBERCELA ZIET VA 2FEAL
FTEREPESL THLNERD B,

2. ERInREREIL :

EROEBL RS ROEMBN AL D D#E
CHNC R 2 BHOBETHE 2 L 2BIICX
BB ED & < case-control study T3
7 %, Devlin & Roeder ® Genomic Control 3%,
Pritchard &2 & 5 STRUCTURE f#tRik, &
> TeBEBALIZ X B84 7 2 RS T B E &
nhtwsz, LrL, ERBTOY—A—TEDRE
EORBISHRETE 20075 Y, BHENZ S
WWIEREER b Z w»w, —7F, TDT % £ O family-
based methods TIZEARR I IZFEE LD ME %
EBET 2 2 EBHES Y, okl d o
triad (R & BEBED 3 A S 5 REMBIFTH
i) DY FNVINER RS Tlidwn,

3. EMEESHT - RIRFESRRET

Rk - £M»SE% % &, SNPHEE - HEEETF
B~y 7BER D, ¥, BHEEERTIHES
3% I ILELR T O R (allelic heterogeneity)
0 EENT D EFEM: (locus heterogeneity) 7 £ DSHE
CEERSZ DU DB, BN IS

OEMZFMCTAT, EEEEFH - RFFHE
FERMRET 21T o T DEDH 5,

SHROREE

RFEVERRF Wz, Affymetrix  GeneChip Map-
ping 100 K Array 2 L7z @1® T DEBRZ
HEEGTFREOMIXBHENY, 96 ADEE L
50 N DEFE N RE OB T, SREEER» S
FERBELRFPE RA b TREIRTWS,
DEBTIFE (4 v X L) g iim & o 708
LI EVPRIIOR D RERERTIEH 3
2, SBRINERRERNE S OREBETEL NS
ZERBRLTYS, £, WHIETHRNI L
RIS 5, RERIEEE - 5k - BRIKE, 2L T

TRZV, ZERECH L TOMIERTZIE, & ﬁAé%®@%t%ﬁ@%tk HDeENTH S
BB VEETFRE ORBEOTIZELNLTL OTHY, BWIBREHESRTI LT Z L
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Rt BB i B 5+ IMPA2 O BRRRIFAT

o+ S H B OOF

[ = S NI I T

B K %** Sung-Kee Chung ***
Ho#® Bl H O OB

B o ok W oW OH —r
nmo® B

8% | IMPA2 (inositol monophosphatase 2) &, #E&LFIE, B O, /MR
BT VA OFIEREES B E IS 18p11.2 IZTFFET B A%, FORGETEW DR
TRELSAHTH S, IMPA2 1L, BENICED CTERR Y Y3782 a—-FT1 5
IMPAL 2SFEHET A, 22T, AR TIE IMPAL & IMPA2 BT EYOEEL I
BARET L7z, IMPA2 & Z050B50F IMPAL 3= AWIC B W TSN 2 Ry
— Y &RL7%. IMPA2 i3 IMPAL & BT 5 LD CTIEMNETIEH 52, inositol
monophosphate &< 7 % ¥ 7 AMEFERICHY VELT 5 EE 2R L7z, IMPAL i
PDE & VEOREE)F YL OENBEOEBEZE L ONTE S, IMPA2 388
DEBFETDONVFIICELHEEBRENTH o, ULEOBREL Y, IMPA2 X IM-
PAL LR L DBBEN BT R LTWE EEZ BN,

EWSEEITRESR S 375 1 42 ~ 48, 2005

Key words : bipolar disorder, inositol monophosphatase, IMPAL, IMPA2, lithium

i U o

<z

B O, MEERFECBWTIE, FOREIC
HEBREFICm:, EEREROBENRVC L
DEISNTE, HATHBHMICHEE DNA SV S
VONERHED, BEFFICE o TRBHAEDE
FEEBORELZIT> TE 72, B4 18p11.2 i3,
B9 oW, MERMEICBWTRAIERLTE
B TH AN, EEROBELEEFOREICEE
o TWip\, ORI, TAMWEIREHE
B2F & LCHHICHE L7 IMPA2 (myo-inositol

monophosphatase 2) VFEFEL T35 9, IMPA2
EEHIC, myo-inositol (1 or 4) monophosphate
ZBY CBILL, ROREEYF 7 LAOBEKERE
WKWEoTHEINSZENDL, VT T ADER,
HEVRHEBLODDOICHEET S LEILNTE
72+ & LTIMPAL & 5. L LEads, &R
JERT T IMPAL OB ) OR~OBEIIRE 0 s h
Twa. IMPA2 122w, B9 ORICmikkse
FKREICBWTH BEREENLEEI S S D2
EERAFRLE, 7V —T00d, TITA
B ORBAETHEL R TREMEELLTY

* BALEFE AR e v & — TR HRENES — A T 351-0198 HERAETHIAR 2-1,
LT A R AR v & — S F RIS — A ) T 851-0198 W EIEFDEWHER 2-1,
ok RN YRR RS (BE) 5 T 790-784 BENRN U, oo HULRRF SRR MR R AL v 4 —
R = b5 T 351-0198 WEEANETILR 2-1
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2-1 Hirosawa, Wako-City, Saitama 351-0198, Japan.

***Pohang University of Science and

¥ Hirabayashi Research Unit, RIKEN Brain Science
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5. WA XTBHM & B BT T, IMPA2
mRNA 2SI DR/ BVWCHEIEMLTwE Z
EBRVEL TS (REEF—%). IMPA2 ®
WO & DEEMEZNEEICOWTIIRED
BF—5bHB. —JT, IMPA2 iZ/NEOHMET
wﬂh@mﬁ%%ﬁuﬁﬁﬁﬁﬁﬁ%w—OT%

WM OFBERENT:, COLIES O
ith#%w(@#@&M«@@ﬁﬁﬁbné
bbb od, COBEGETEMOREY vy
B L TOEAEML characterization 1354
RENTBLT, BEEROAES AW TH-
7=,
FZTARIZBWTIE, FI2 IMPA2 O44{b3
B MEICOWT IMPAL & EHET A2 L & L
7.

pi] pe

In situ hybridization _

v A (BHBT7H) MBI 5 IMPALL OIEE
EMOREDWE L, Sadakata HDOFHENIED
WT{T o 72, pBluescript KS I < X IMPAL %
L { 12 IMPA2 cDNA DIFIZEEEHARL, TT b
LT3 RY AT —FIZXY antisense T 7713
sense W — 7R AR L7

TS5 A3 R EIEEER

t b IMPA1 B X U' IMPA2 ¢cDNA % HA % 7%
YIRTBRIFNY ¥ — SR-HAWRYZ ¥~ 11—
SV 7EMLICHEA L7 (SR-HA-IMPA1, SR-HA-
IMPA2). ThBEDTF5 X3 Fad &iZ, IMPAL,
IMPA2 1 73 /BREM (Asp— Asn) ZEGLE
ERTHT5A3F (SR-HA IMPA1 DN, SR-
HA-IMPA2 DN) %EEC X DR Lz, R
LTV5 ¥ 74 IMPA %375 2 3 F V5-IM-
PA1, IMPA2 ®{ERE L7z,

t MEREHEMBEE HEK293T Mz,
DMEM/10 % fetal calf serum FCHEIEIZ & ’Oiina%
Lz, BITEAORMBICHBLEREL,
VYBANY T AEIZED S h?%ﬂ%ﬁof
TELBRERICBVTIE 6 cm dish —H%, WAa%k
AY VNI ERERT2OCERETIRAI R
10 cm dish 15 D A7 — IV TiF o7, BIETFEA
48 IR 2 BN L, Z0BABILMERD

43

LSBMABRY V87 BORBERERIZHE -,

RIS & 5 IMPA A SR

Yamashita, Ohnishi & QiR oz HA
Iy Ny BORBEREEREIT o7, SR-HA-
IMPA1, SR-HA-IMPA2 % L {13ZE~%> ¥ — (SR-
HA) BEFEAC LY +9EEFRENFE S
7ofile & B LT, lysis buffer F (200 11/6 cm
dish) \ZBE L, BEELECHMBLREL 2.
15000 rpm, 4 C, 15 min DAL L V571
B2 B ERICH /2. HA affinity matrix
(Roche) |2 & % Skt % lysis buffer T & ¢
TEEL7-dH L, 2x8SDS sample buffer #1°C 100 C,
3min L L TERIKEIY > S VL L. SDS-
PAGE, PVDF RICEE#, #i HA Btk (Roche),
PL V5 Bifk (Invitrogen), ¥t IMPA1L ik, H
IMPA2 iE O W )T, ECL (Amersham
Bioscience) 124 % Western blot & T L 7=,

AR 2N EOER

—BYRETEA HER293T Ml & DR A% %
TN BEDEETOWTOEMI, Yamashita,
Ohnishi H DX OWE BRI NIz, HHEIE Iy-
sis buffer HFIZEILL 7-#ifa % 8, BT RO T
MR 2 MR L2, N I X ) HA-affinity
matrix (Roche) IZ HA # 7 {Fm% v X7 BOW
BRT o7z FH6 MOWEEICHI EHE, HA pep-
tide (Roche) %M, 37 T incubate 5% I &
W) HARMS ¥ 237 B2 BENICEIECEIL
L7z (Elution 1). ZOWHRIMEE S ) — Y E
L (Elution 2), Elution 1,2 & % IZ#IEEE 25% 12
%5 X9 glycerol REM U2, HAKE T
~ 80 CTRE L7z, MABZ 5 /3 HORBHER
SDS-PAGE 12k < #8448, ¥ HA, IMPA1 & L ¢
& IMPA2 £ 854K T D Western blot JBHTIC &
D RH L7z,

EREEORE

—¥DA T b= VERIZEFEAR LT,
MOZ Db DRIGHE, FHI4 5727,
Alexis, Calbiochem, Sigma &ALz, BE
EHEOWEIZIE, 50 mM Tris-HC1 pHS8.0, 0.1 mM
EGTA, 1 mM OFEEE X U0 ~ 5 mM MgCL %7
T 37T CTRiEL, BT &R V% Biomol
Green FAZ (Biomol Reseach Lab.) 124 0 thfasE
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Fig. 1 Distribution of IMPA transcripts in mouse brain

Whole brain sections (sagittal, P7) were stained with IMPA1 sense (A), IMPAL antisense (B), IM-

PA2 sense (C) or IMPA2 antisense (D) probes.

A B.

tag HA-IMPA1/2
HA-IMPA1 WT V5-IMPA1/2

HA-IMPA1 DN

WB:anti-HA

WB:anti-V5

HA-IMPA2 WT
! WB:anti-HA

HA-IMPA2 DN (HA);
WB:anti-V5

V5-IMPA2 WT
Fig. 2 Compléx formation between IMPA1 and IMPA2

2 1t 2 1

vec. vec. 1 1 2 2

induy

SA-QuB )

(A) A diagram showing the V5 or HA-tagged IMPA proteins used in this study. In IMPA1 DN and
IMPAZ2 DN, an aspartate residue conserved hetween IMPA1 and IMPA2 and essential for the enzy-
matic activity, was mutated to asparagine. (B) HEK293T cells were transfected with either HA-IM-
PA and V5-IMPA or empty vector (vec.) as shown. Input (upper two panels) and immunoprecipi-
tate (lower two panels) by V5 antibody were subjected to western blot analysis using HA or V5 anti-

bodies.

BT AL CHEEFML . BEHER) VB0 X, WOrOWMETHL NI o TWAED,
MR, UV VBAU Y AL ZEERRSLE OFMREE S -V IZ 0w TORBHIIRE L FE
Bl Lizv, A, BMPICED L9512 IMPA 5
HEFHLTCWBEOPEERTHOT YA 2o

7= in situ hybridization {2 & ) #5F L7, Fig. 1

IMPA Bz FEEEMOBRS 2D L)1, IMPALZ2 OKRKEPRFEH/ S5 — >
IMPAL2 OBETHEANMATRESN LI E BHEDTUTBY, LM TEHELRERTAZ

i ®
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Fig. 8 Enzymatic characterization of IMPA2

OO |MPA1 WT
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o

o -t
c 8
®

IN
]

i
i
}
i

@ |IMPA2 WT

N
o

’ empty
vec.

DN

60- /

0 50 100
Incbation time (min)

o

. &-empty vec.
100 200

Relative IMPase activity (%)

9 g “MgClz
Z § 80 3mM
& g
© o 60 -
3 4 1 mM
o & 40
2 o e 035 mM
0 2 20
= O
o D
& N B o ¢ e b
%0 10 20 o 10 20

LiCl (mM) LiCH (mM)

(A) Recombinant IMPA1 and IMPA2 were analyzed by SDS-PAGE and silver staining. (B) Inositol
1-monophosphatase activity with IMPA1 WT, IMPA2 WT and vector preparation were tested. (C)
Inositol 1-monophosphatase activity was tested with IMPA2 WT, IMPA2 DA and vector preparation.
(D) Inositol 1-monophosphatase activity of IMPA1 WT and IMPA2 WT preparation in various con-
centrations of magnesium chloride were tested. (E) Relative inositol 1-monophosphatase activity of
IMPA1 WT and IMPA2 WT preparation were tested in various concentrations of lithium chloride, in
the presence of 2mM (left), and 0.35, 1 or 3 mM (right) of magnesium chloride.

EVHBA L. —HT, MHOBEE SR ETEHR
WRFEHINY —V OBAHPRD SN,

IMPA2 DA AT EE

IMPAL 3R EF A4 < —%BHT 5 &2 HES
NTwab ", —FT, in situ hybridization D% H
X0, IMPA1 & IMPA2 B2E W) O Rl N 445 1348
DTEMPL TS, #ZTHLIE IMPA2 %%, IM-
PA1LABEERES A~ —2BHTHRIND LD
M EBHiT, IMPAL EATFOF 4w —%BRE LT
AR TF 2T A HEMED D 2 Oh 2 e L.
Z D721, V5-IMPAL, V5-IMPA2, HA-IMPA1,
HA-IMPA2 %R TAHTI5AI VEBEL, V5-
IMPA & HA-IMPA D& &H+8 T HEK293T #l
TR IS SR S, 30 VB PURIC & B ik i
FiZEEN 5 HA-IMPA ¥ VSV B0 K ER
Western blot 12 & D 47 L7 (Fig. 2). ZOfEE
TH IMPAL F-LToXRERKEIHDOON, Th

12 IMPAL ORES 4 < —REEE KB L-b D&
2 bNh5. IMPA2 FLoHikkE D 320 6 iz,
IMPA1-IMPA2 BAKIMB E o, fo
T, IMPA2 i3 IMPAL & AR EEEEKEZERT
B, MRNTIE IMPAL AT ¥4 < — 2B
LZWOTEZwhrEEZ GRS,

IMPA2 OEFREM

MARZ & 37 Bk IMPAL, IMPA2 & 5w
BREZR L BETEN 203T A, 5 3IZR L
&g z1H7z (Fig. 83A). cDNAJHEASRTWE
W vector (empty) b FFIC taransfection L, #%
BOBELITI Y Y-y e Lz 3
7z, IMPA1 B L UFIMPA2 #lAEER ¥ v 87 B
12, T hEh IMPA2, IMPAL % ¥ /87 i3
SNV &R RRPRIC L 5 Western blot T
1L 72 (data not shown). IMPA1i%, 4./ ¥}
— V1Y) VEBOHR T inositol 1-phosphate (I 1-
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