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B, LML, EEDT ) AREDOERIZEY
¥ OBETEE, FRio—HEELT (Single
Nucleotide Polymorphism: SNP) DRENZE

40
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WETT 205, ZOBROFAEKREL, 5x108 L~



WEFFITHELWEDTHY , T s
AW BT T+l 2o Tna &
BEVEWY, ZoOMBEREERT 20T,
BIEV~VEVWSIEFIZELL OV Ik
Az GWAS %47 5 2> Z OO L7 HF
JefE SR 2 HV . GWAS OfE RICERIBN 21
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V., BEERETDAREEOSH 5 —HES
TU(SNP) A3 BRI AZ M & BT 2 025 L,

B. BFEGE

) PIE

GWAS: DSM-VI-TR i L~ T2 &an/i-B .k
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ZEFELTND,

C. WrookeR
eSNP & R BEZ MO R (individual
probe level) (& 1)

D

DEETHSEETIOORIEFITD o
776

2) set-based fZHT

7 eSNPs 2NEGRFEICH 525G 1L, chip
O probe DEEIZFHBIND - (FFEDHHT
WZIXEEIZ probe BREL THY, £ ZIZHER
eSNP BNEE L TV T DR OKE L DER
FRBOTLE I d)  EHTVHIZH 5 SNPs
DHE T 5 (r2<0.25, 34886SNPs) , IRIZ.
eQTL T, [#E 3 % SNPs DFE K ¥4 P<0.01
£ 005 & 2ATHRELEZ, TLT, ZhbHD
HEAETEH L7 SNPs O£ Y 23, A KFE
GWAS T over-represent § 57 ¥ 5 23w st

eQTL SNPs P gene P GWAS A, FOBREITE., (A{ED SNPs S EUEELL
151056893 162E-21 ERAP2 0.84038
16438726 533E-17 CCDC58 0.84412 TOHBLRBDENTY N ALERSY
217378 457E-16 TMED4 0.24876
1527290 7.22E-16 ERAP2 061202 FOEOBIEXERP<0.01 & 0.05 & BE L,
11673409 122E-15 PKHD LA 0.18500
rs1970357 445E-14 CPNE1 0.56202 REICRBIR % 1000 [2] permute L, empirical
rs2172876 255E-13 IRF5 0.26609
152890358 295E-13 LZIC 0.15077 PIEL L. overrepresentaion %57
19268853 854E-13 HLA-DRB6 0.86922 fiz P ERHET .
rs4367512 340E-12 PKHD1L1 0.06792 TL OBHELHED P<0.01 DEA L
7900359 436E-12 ECD 0.09699 eQ BHAED : BT, eSNPs
rs705702 449E-12 RPS26 0.71045 g R S
159272346 644E-12 HLA-DQB1 0.79181 PRABICKRBBREMELERT D 2 Lanan
rs1041939 148E-11 LGALSS 0.36056 _ _ .
41408448  181E-11 LOCT2861 0.34022 72 (% 2). S5IT, negative control & LT,
516833263  214E-11 PSMB4 0.35915 .
152280369 214E-11 ECD 0.06335  eQTL OTAL 5% SNPs & WV CTEEIEZ KR
2244083 367E-11 TAPBPL 0.32644 ) . - . _
rs9358932 640E-11 BTN3A2 0.15447 U7, KBRS L oBEEIIRIE CE R
510768983  7.29E-11 HSD17B12 0.82044 .
A :—o
SEENCBIE TS F v SNP 1%, rs1056893
T, ERAP2 OB ELHWSBEEL TV
o *x2
(1.6x1021), F7-. ZDM%E< D SNPs »i&
{fﬁ%%ﬁuk Fﬁﬁ LTb\f: (i% 1)0 L/7j) L/\ 3;%,%\ SET based on P<?‘05 P(.(LOI
eQTL N of SNPs N of Sig SNPs EMP P N of Sig SNPs EMP P
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00788
0.0421

8
31

0.0779
00433

L0058
P<0.01

5998
2178
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A ERBERFR=a—1V 7Y 113, #£IZ ErbB FEZ /LT M— 33 UFRICE
AT29A4 M40 Thd, TNORFOFERFAIREET LER, TOEIEERE
EOE L, REITEVE(L L OXIS, PUBRHRECIERA#T. EERIOZE R L, 20
FREEHEE OMRAZ R T, B ERFERETT IVITIKER~OXGEH 2 IBRIZE & 7
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FKBEE., b LI FOBEENH. RISHEICEENEEINZ, TLH0EEIL, #ib
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A. BFAAY —oThB, ZORBIHES & EGF %
HARBEDY R/ EFL LT, HEE NRGL OBETFSEDBIEOBERTIT
ENIRRE T A L REENTY S I MAORELAGL NS L E S b
NTV5, CROORRT. RALRH i1 Z OBGEIZMSEE LS Lka X
TOLEWRENR., V4 P IAEZRNL  EOV R FRESETWSEERSH
TS RBELZEET 20D LEMEIN 3. $7-. EGF it MBIEOEKBIZH
TW3, DDV A M4 DFTH, troHE~A 7 TA L OEEE
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HEErbB4 # M BB L WD L%
WELE, £, N6 A A i
E BT In vivo IZRBWT R— o33 g
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ZHV, FORE L EARER F—33
R OEIBEFE, N—3 UL,
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. DN AN T T AR 8 %
WEBNCHHT - FMET A& T, Zhbd
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A=A LERAENNITE L 2RI,
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L7z,

OEBERISORIE

NENVRENE RS FE 2 E  (San Diego
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LRV ZA e a3 PPDEFHEIE L
To. BIERISEFZHRTHREEAE LT
%, B (120dB) 2w, LU0
AR E LTREREL~LVEY 3—15
TNV ENEEORME S 272, 120
dB B DEEDOEIBSRILE T LV A%
HAEDE RO RIS ORI S E T L
SWVAAL e Y s PPDE LT,

QEHHEDRIE L HEITEORE

FOBIZE D~ A, HLLIET v A
o HEREFEHEHE (Med Associates)
TR - BMEEEBELZRE L, 1K
% OFHRREIC 2R T, B3
=B o L RAEORNES 2 R EEE
HZ AL, BT VEM OZERIEN I3
DIEITE) (AT X, BR, w705
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OB FEY RS

FREEL 72T > b (%56 —70H)
DOFEEDT L F =< 0. 9mm §i, 3 mo#H, 4. Smm
TieHA Fh=a—VLEHwERFEA - EBE
L. 10 HFEREL T, FlirboEIER
Fole, A NI =a—VEZHRANTANI
Ry Ui 05Ul O R—s83 v
R EE Y R B ERICIEA LT, 5—15 40k
WZITENSEBR % EHE L 7=,
DHFIUA T A AR
FREEBYIZBIT D F—3I RO
BRAEEEE, VT AN, BHEIHEK
EEZFHAIT A7, FMEARET 2 ST
IKEEAR T A R &K N A MEFHRT T
ERL L T2e ATA RN F 7 T T ok
ik, B & 250-300um, =y MNEEED
FRIZITE S 400um DR T A AEREE
WL, FEEELIY 1IKORTA AR
BRLFELIZAT A A% 34°C T304,
RE T30, v FaX—arThIl L
TEIE SE-%, EREEZFHIEIT
277,
QRFGA RN F 7 T T EE
TRAMERREA I T BAMEE T CHRlla s
AL, A=Ay F IS5
EIC L VEEEIT o, F— 33 U
X, ERRBORIEER D F A ER I
PRAETHZ L LD ABMICEE SN,
B ICERERRE AT oY mZ LY T
Tk, F—RI U EROBEEETH
LF v v KBREER OGURRGE DR
EIZX VR LTz,

T T AANNE, BN - IR
FFAER (FEi mEPSC & 25 Wi
mIPSC) % TTX kU GABAA H B W1/
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NE I USRI ERFET CHEEL,
ZOHEEWNICIRIBZ T 52 & THR
FENni, oM, F— I UmMROA
B LT, BABEEZRET DT v
FIVTh DBDRIEMEL ) F4 B I
WONT, FEKFFEZRTE T DIEEVENFE
£ @ after-hyperpolarization (AHP)
R4y A RRET LTz,
== NEO&X

R— 3 R D B I KIEB O
WZid, AT AMNER (10-256MQ) % K
— 2RI VBITRIAT B Z & T, Mgk
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NI UHREED =y MNEENX, FESL
NI TATVTICESERE LK,
b, A4 7 BB ] 23 ELE RO & <
(2msec LA F) . 1-5Hz OIEHEE DDA
HDOHDHENEZTTHDE F—3I M
B e DI LIEIZ AW, A5 4 RIT
SXBE BAEERS 2 OFEELY 5
MIRRRRED F— I MR ERnsl, %
D SEEIFE KB % fRAT L7z,
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AR~ 7 2~0D NRG1 & R DR RE
2 &Y M NRG1 24k (ErbB4) oV
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ZOMFERTIX. K= 33 g




ErbB4 O F BB THHDOT, X
HEREG I NRGLIZZ b R—R3 v
PRRICEIE L RSN, RE5EE
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L, e, N6 0ORMITEIR R IIH
FEMREE, U AXRY FroBi#ksic &
STHWE L, 2B, EEFERR, 5
AR R QYRR BT L CER L
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— /NI UHRFGE~OHR

FERT v b ~0 EGF BE@EDFRE
Bk 5 LY, A% 10 BEFA T F—
NI VERRERBRTHITF oK
Ea{rEEsR (TH)OFELEN, MREMA,
B, BERIZBWTERLE, LAL,
A% 60 Biplo\Wi=d & 2D TH o L7
ITREERICIRB L, E 7RI REALIZ
B2 RF—RIVFEOLAVERESN
77

QEGF & 5ET NEWMOLREER CTCDO~ A
JaFAT VA

BE%DO EGF &5~ ADREIRIC
BWT, ERIZ F—1 UHER, A&
MEEEED LFIZHE-STER-TWVS
MEIDE, A 7aFAT VAL
B R— NI VERNC X » THRE L7,
EGF 5B ORBER CIXTEERRET N
— R VURHER 2FHELS TTE LTV,
ERABRBEZEZAT LT, DT
TR SN TW e, REMIO F—R3 v
BHEZ, ¥EBMOTS L ULAAL v
ElalRa7 eIl A,
WA DR EIZE S,
OIRBEERD F— /33 U EME L BATER
B OEBRICHEEERTO F— 2 ViR
REITREEORBICEEL TV B0 L
A, RBHRICE )T I UEMBESES
LEALE VR =R VEREDT =
AP, TrEI=A+EEALT, EGF
BEHYOITEHE(LEBER L, v
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Background: The p3-adrenoceptor (ADRB3) gene Trp64Arg polymorphism has been shown to be associated
with obesity as well as type 2 diabetes and cardiovascular disease. The incidence of overweight and the
risks of type 2 diabetes and cardiovascular disease are also increased in major depression and schizophrenia.
We hypothesized that the Trp64Arg polymorphism may be associated with increased risk of schizophrenia
and depression.

Methods: The Trp64Arg was genotyped in 504 patients with schizophrenia, 650 with major depressive disorder
(MDD), and 1170 healthy controls. Of these participants, body mass index (BMI) data were available for 125
patients with schizophrenia, 219 with MDD, and 261 controls.

Results: No significant difference in genotype or allele distribution was found across the diagnostic groups. No
significant difference in BMI was observed between the Arg allele carriers and the non-carriers in the MDD
and the control groups. However, patients with schizophrenia carrying the Arg allele had significantly higher
BMI (Mean (SD): Arg carriers: 26.5 (6.9), Arg non-carriers: 23.8 (4.3); P=0.019) and a higher rate of being
overweight (BMI of 25 or more) compared to their counterparts (Trp/Trp group) (% overweight (SE): Arg carriers:
52.3 (7.5), Arg non-carriers: 32.1 (5.2); P=0.027).

Conclusions: We obtained no evidence for the association of ADRB3 Trp64Arg with the development of MDD or
schizophrenia. However, the Arg allele was found to be associated with higher BMI and being overweight in
patients with schizophrenia. This may imply that genotyping ADRB3 is of clinical use to detect schizophrenic
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33 Adrenoreceptor

individuals at risk for developing obesity.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

The B3-adrenoceptor is mainly expressed in adipose tissue and
mediates the physiologic actions of endogenous catecholamines. Its
actions include enhancement of lipolysis in the white adipose tissue
and increase of thermogenesis in the brown adipose tissue. Trp64Arg
is a missense polymorphism in the R3-adrenoceptor (ADRB3) gene
and is associated with lower lipolytic activities (Umekawa et al.,
1999). The Arg allele of this polymorphism has been shown to be
associated with obesity as well as type 2 diabetes and cardiovascular

Abbreviations: ADRB3, B3-adrenoceptor; ANCOVA, analysis of covariance; BMI, body
mass index; HWE, Hardy-Weinberg equilibrium; IL, interleukin; MCP-1, monocyte
chemoattractant protein 1; MDD, major depressive disorder; SD, standard deviation; SE,
standard error.
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disease (Clement et al, 1995; Gjesing et al.,, 2008; Iwamoto et al.,
2011; Oizumi et al., 2001; Walston et al,, 1995; Widen et al., 1995).

Adipocytes in the white adipose tissue secrete a variety of
adipocytokines such as leptin, adiponectin, and resistin. These
adipocytokines have a central role in the regulation of insulin resis-
tance, as well as in many aspects of inflammation and immunity
(Tilg and Moschen, 2006). Adipocytes also secrete chemokines, partic-
ularly monocyte chemoattractant protein 1 (MCP-1). MCP-1 attracts
leukocytes such as monocytes, T lymphocytes, and dendritic cells
(Carr et al,, 1994; Xu et al,, 1996), which then secrete inflammatory
cytokines such as interleukin-1 (IL-1), IL-6 and tumor necrosis
factor-ot. MCP-1 is also known to play a critical role in the develop-
ment of cardiovascular disease and obesity-induced insulin resistance
(Niu and Kolattukudy, 2009).

These inflammatory factors are also implicated in the pathogene-
sis of psychiatric disorders including schizophrenia and depression.
An increased IL-6 level is one of the most robust findings in the
study of inflammatory markers in schizophrenia (Potvin et al., 2008;




