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Table 3 Combination of the SLC6A2 and SLC6A4 polymorphisms in alcoholics and controls.

I 1287G/A (rs5569) -182T/C (rs2242446) -3081A/T (rs28386840)
G/G G/A + A/A T/T T/C + C/C A/A A/T + T/T

SLC6A4* G/G G/T+T/T G/G G/T+T/T 6/6 &/T+T/T G/G G/T+T/T /G G/T+T/T G/G G/T+T/T

Aleoholic o015 13 4 19 8 2% 1 11 5 33 14

(n=63)

Contrl e 16 17 12 20 12 % 16 9 9 36 19

(n=73)

X* (3) =0598 p = 0897 X* (3) =0432,p = 0934 X* (3) =0678 p = 0878

SLC6A2: Norepinephrine transporter gene, SLC6A4: Serotonin transporter gene.
*5.HTT3UTR (rs3813034)

NZDWT b FEIRUCHRE 21T o 7oA BlIE R Sz Ao 72 (data not shown).
% %=

BRI TCIRKTFEDEO—2TH BTN I—ND XA =X L LA ShOMMAH 5 & Fill X
NB/ VTR 7)Y b5V AR—%— (NET) BI5FICHEBL, #DSNP Th 5 1287G/A,
-182T/C B L U-3081A/TH TN I — WETEIE L BN H 50 L) PRH 2T o7, E5612,
NET#EFSE L SHTTRIZFESE (5HTT3'UTR) OHEER (HAasbt) OB
WTORE LA, 2d, SHAOREFSEBITICE VEOR - REEROMETR (1287G/A:
p =0454; -182T/C: p = 0430; 5HTT3'UTR: p = 0511) B X U LBEF (1287G/A: p = 0.592;
-182T/C: p = 0201; 5HTT3 UTR: p = 0317) # K 3 B B HapMapit ®
(http://hapmap.ncbi.nlm.nih.gov/index.htmlja) X AMEL B L THBELERIZRO LN
Lol Tz, -3081A/TEBICDOWTIZERE HapMap 8HEIC L A HEN Lo 2 b DD,
Suzuki 5 DMEP TORIETFH (p=0172) BLURILBETF (p=0268) BELHBLTH
BLhERIBEDOLNL o7

NETBIZFESHE 7N I — MK OISOV TRIT LR, TLI—VIKEERER
EREERRICBWTNETRIZFSR O 1287G/A, -182T/C 3 & UF-3081A/T OMZFHE!, &
YBREFBLIONTOS L THRECEELERIBDOONah o7,

IhEF CIBRE T bR AT, 1287G/A B L U-182T/C L 7 v a— WKFEE DM
ARLEEZBOON TRV, KFED TN OOWMEZ IR TIRFE L ko, AT
b, Huang S & 2EDNEH TH 5 Han Chinese D 1287G/A B FHEE I M A THES
NBETRBEERE-TEY (x2(2=6797, p=0033)"2, AHMHTHRIITOD &
UATREMZE 22000, ZOHEEED N7z, 1287G/A 5 ¥ /32 BOBREICIE
LALHBERIBZELWHA LY MNERTHAZEFHESNATVEDY, TOEHMDOG/CH
(AR BIZFIERFEE) XG/ABLTA/AR (AN BEFRER) ICHXT/ V7 FLT
) Y OEERWEY TdH 5 3-methoxy-4-hydroxyphenylglycol (MHPG) »MtE oML RRK
HICBWTHBETH L OBEFHND, VT FLF ) UREBRICEREEZE5 2TV
TENEZOND, i, -182T/CRT7UE—F —HRICHBT 525, OLEALOHELL
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BEPLPZRICLID ED L) 2BENEBEFELENPICOVTREEN L ZARHELZENS W,
—5C, -182T/CAMLEY A2 NETHRIEFOSH 70T — & —HABICRESEREOFASICHS T
LBV OPDEERVAIV AV MPEETREVWDRTEY D, TOSHIFREDIFRHEE
SUBEFRBICHEEZRIZLTVANEREBTETE LW, LrLENS, ChH5nSRH
TN A—VEEEICS 2 A EEN 2 HEBEIFHIRTERD o hi o/,

-3081A/T & 7 v I — VKFHE & DBIEM KRR Z 4 OEZBR Y TidfTbh Tyl vdt, Kimb
WX BHIET, TOZMOT alleleiX A allele CHANTNETHEFO T OE— ¥ —#BEEDET %
BETHILPREINATVEY, RAWEIOT alele 7 Va2 — VIRFERBENBEAZIC
HFELTWEOTRERVALELLY, FHRLFACTHEZBEDORE o2, WRIT,
-3081A/THANET HEFITBRENE(LE2E5 LT 7TV I — VOEERRERICEEND AT
BN EFELONS. $io, EERTFHBTICHE W T308IA/T (rs28386840) &-182T/C
(rs2242446) DM THIRARVEEZBD D00, SLMBEAFH T %L, -3081A/TER
LAS2T/CHBE T, —F2SHHEDRBDOZHDNOY ZSNPELTHWSAZ LiZBELWE
ZZ6NhB0T, WHEIEITARETILESEDBELEELLD.

NET#{ZFE B L 5-HTTRIzFEH G-HTT3UTR) OHEREA (HAEbE) [CbiEH
LTREZF o728, AMEICBWTTAI—-VEEEL OFELBBIZED ON LD o1,

{BARAIC BT BIEBIN R CClarke 513, 4 Y PO VERTEHADODOT NV I— VIKE
FEICHETANETRIEFERBIUNTOIAA T2HEL TS LoT, Fh6DEE L
SHTTR/IZTFEEE OMEERH (MAEbE) BT NI - VEERBRICHEIHREZ DA 6FW
BB ETE RV, 5%, AROMELZED S ETIE, FOHICOWTHEAMICKRITLTWL
CLEBEETHALFERS, K4, Hall 5ICEANETESHTTOY TN/ v I TI =Y
AL ah4 HEDOERIEHOBERE LD LICRHE L TN 21To7. —FTSora b
2, F=»32 b3 AK—%—~ (DAT) ¢5HTTDI TV v 279 by A B
RIZBWT, DATHELKRAL, SHATTHELZREH 2 VIFHFRBLTVETY ATk
H A REBRRITHEE LS, SHITASEEKEAL, DATHHARBOHE TRENIREF
ShLHMELTBY, 244 VHRAMRICIEDATOEELREHZELLTWE I EERL
TWV3?, ZOLHIENET, 5HTT, DATD3 DD G YV AR=F—=HBT7ha—=NMIHLTD
KRB R ZRZADBRELE->TVB ETRE, FROEBORETERR LT 2 HBEHE
DTN I = VARGFEHBC DB MHRENER 6D, §RIICHODAT 2 ED-HENE
Bt EEND S5,

SEEE 4 DT o 2T RTOEIFICBOTT VI — ARFERE & OBMIZED S hied o 7258,
ERHRIET NV I —VEEEBEOY Y 7V P2 T HOHRETH b0, FOILIHR
KHEBLTYWATEREREETE W, T/, ABETIESHTTS UTREMOBH TH T
- VREE L OBEIIRD Sh i h oz, SHEA DN LIBETFEREEIRRE00,
Matsushita 5, BEADT7 VI — VRFHEBEH L BEEHM T5-HTTLPR (5-HTT gene-
linked polymorphic region) ZEDBIEFEB L UNIREFHEBEICAEL2EZRIRD L
Dol LTws, LH»L, Z2O—FTCIOZRPET NV I— VIKFEEBEHO P Binge drink-
ing LB L LEMELTWED, ZOXHIE, ThVa—VEEEREEZT TV —7125%
BLAECREETI LI ESICHEMAEENEON LMD 505 HBOBREIC
Lizw,

20034E(2ICD-10 (WHO International Classification of Diseases EIFR#ERTEE 10K 7
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W — WARTEIE DB W2 Bl THEBENWEIC L 5 &, bAED 7 IV a— VIRFEEE R
B0 ANTHD LRI ENRTEY®, TUa— KIFE R G727 )V I — VBLE RO
BFEOMI L 2OFE - ERMELT A2 L, HERFLRELMBEEEZ LN TNAED,
IO DRIZBNTT IV I — AR IS D 2 BfmF24 2 c & hid, flz i, #f=TF
SN L D HAOBIER T ROBEE 2D ARMOFEB L UHEMBRE VD & LIZENB D
TlRhwheEZOLNDL, SBIBTOLIRT—F— A4 FERBEO—B LR LZ2BMN
L, AR TH-ICEZONABBIZOWTOMRIT24TS o LT, NETRIEFEEIT L
I — WARTEIEVC 5 2 B ICER SHTT RIZTE M L OMEER (MAabE) OFFIIonwTE
D FEENICHRET L T & 22w,

L3 #9

FFRECIHETEEWEO—2TH LTIV I—=ND A H =X b AT SO 2 & Fil &
B I NIRRT Y) bS5V AR—5— (NET) #EFICEBL, £0—iE#%4% (SNP) T
5 1287G/A, -182T/CH & U-3081A/TAST IV I — VAKTESE & BEiAH 2 0 &9 DB %7 -
7z, 50, NETBIXUFtub=r S5 Y AR—-%— (BHTT) #{zFEHE (5-HTT3UTR)
OHEER HMasby) OFBIZoOWTHRIFLL.

AV 7a4—=AF -3ty bOBRLNLTVI—VERFEBREMAN, EFTBAEZHRL
LT 24T o7z,

FRAT DFESR, 73— WARTEBEH & A ERMCB W TNET #EZFEMB L USHTTS
UTR DBEFH, sHBEFHECHAELERIBO O e, o7, $/2, NETRIZFEH
BT ANTOY {4 TRTOER, $TXTONTOF4 FSICBWCHRBATORBEECHE
MR bk oz, E515, NETRIEFEHMESHTTI UTROMEER EAasb
) IZBWT, Tha— VKFEEE OF TR Shikhro .

&1, FROWRAYEDD ETIE, TVa—VIKIEERE % Y77V — 7258 U2,
BECT VI VRIEE OBERBRE SN TWA S ¥ e Y FIRONETRZFEH & 5HTT
B/IEFEREOHEER GEASDE) ORBIIODVWTHEMIICRF LTV 2 T, BEAD
BRRMICEE2Z* RN AT E L O 5.

¥#E LT, NETHIEFERD1287G/A, -182T/CH & U-3081A/T 487 IV I — MKRIEFEIS
B3 A REEIIE C, 5HTT3'UTR L DHEER (MAabE) OREIIOWTH MMk
DoNhol.

2 ¥
ORI, BEAFIZL ) ZREZI T2 0THE.

X 73

1) EBgkdE, dvilBiaE, BE O E BX B BEHER. 2/ 7IVFSVAR-I-0EHEE, H
B, 120: 315-326, 2002,
2) AR 2 b=V bV AR— Y —BETFERHEN ) DK, BEFDHWH, 195 523-526, 2000.
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BEITEN L AT A A U A A NEAGEEREFLR OMmET

S W B OKET RA)IET EE Ex"
wE EE" BN FEY OmE g

TARMERA RRRESRAMER KEEED T oV b, TRAENKY BREHFERE,
SREHRARRE REDEHN, “RERERKE IESREERE

Z N aOERIFHFANC R HRRERROETEIC
BB RIFTTERD—TH5B. HRREEEICLY
2009 £EIZ 84 X7~ The Global Health Risk DHT# /32
FERIC X AFETEMEREINTEY, FEfMEE L UYERT
EBERTIL72%, EFEETIX179%ICbks. £, B
ATIEE _RIERKELE, Z \anERICERY 55E
TAZE LML TEY, 1990 ERRRECRIT A ¥ 2
RIS A BRI BT 27.8%, THET6.7% L HE
EBENTWA., Z07dH, BARIIRITBZ A afEfPeH
NRa s maFARFICEET ABEREZALMNIIL, FN
SfE R ~DER Y A EHEET 5 Z LILBROETR
BTz o2 B LB BN,

Z R AFERFREERCREFERL Ctke RER
ICR A3 (Munafo and Johnstone, 2008). = S\ o=
ERY, WETENCRITAEAZZELHLTNELE
ZHhTW5A. BKTIR—IMERAER & ZIMEREIRD
BEROE ) OREGEFEROHF SR (hertability, /) %
R BRFHENSIThITEY, #=0.11-0.78 (8
SERESR), H=0.11-074 (YERFGM), K#=033077 (=
aF KT, H=040-0.75 (Fagerstrdm Test for Nicotine
Dependence (FTND) score), K*=0.45-0.70 (— B OBYEAR
) %, WETEICEbLAIEEA EOERTHEIEFER
PHRPESRE DD, ZTRETICHL ot MErFEE
L FNT « maFURTE L OERERITRBE SN TS

(Ray et al, 2009) .

FEAA FEEPEFETH D naltrexone 1TEEFRED

MHEASEED L, EYERGSRIT naltrexone BEBEDF

Nay ho—AFELER L TRV EBREEZRTHA.

%72, BR=aF  RIECHIRESE T4 A1 FRE
EOEBTENFHEEL IR TENZ EHBEIhTY
A, INbERL NEEOFEEAS FURF L=
FOIRFBER LBRICEDY, —aF KGRI E
STEET B EEZRBLTNS.

PR EAA RYRAT A, b, §BEIR A A4
FER/EL, = RVT7 40, FAL /AT 4 0BEUT
V77 Y vORNEMEA AL RY H o Rk > THIRR
EhB. 7=/ e TFUIA—T 7 = FQ ZEEITE
HEF - T I BESITAEAA FREE L HERESR
VS, AEFA RUH U RLIEFES LR, B hpdE
FA FEFERIETF OPRMI EOBRFERIDOVL D>
MBENDEFLEET S EBRCEAIZRBWTHESN

T3 (Kasaiand Ikeda, 2011). LU, k R BLTk
FEHA FRBEE{ETF OPRDI, OPRKI, /7%
UIF—T7 7 = FQ ZR/EERTF OPRL] LO#EETFE
BNZOUTHE, BOE & OREMITESE SN TV,

AR TIE, 44 FEEGBERET (OPRMI,
OPRDI, OPRKI, OPRLI) \ZESRZUT, BAAIZRT
BET « = aF ARFOBGHINESSHEC OV TRRTE
1To7=.

A&

1. BELLUEKRT—4

AT TR - BEERT — 413, 2003 b
2008 FEITAAMMIMRAFRPUCER L TIRREZ i
A+ BERRIR « B ARE 1,000 470> HIRER « EE & .
HERT — #1213, DA - BERF - BIUEOERERE,
MRS I UNEE RS £ 5. BEE S I ERA,
— B OBREARL, FIND score, Tobacco Dependence
Screener (TDS) score, ZSEEHZELe. T OEETR
B BERT— 213, EABREFEECLVERSNT
THINTWS., FHEEFTBEREO e b LRRTHF
FHEEROAREETIThiv:.
2. BEETFREAN

OPRMI BnTF LD 4 BI5F25 (51799971, 152075572,
15599548, rs9384179), OPRDI Wi=F L7 2 BizF£H

(rs2236861, rsd654327), OPRKI @InF LD | BizF%
# (rs6473799), OPRLI #i=zF LD | BIEFER

(rs2229205) (= OWTHET L=, Rt Zi371-4/ b
DNA Z M\ T, TagMan PCR I, 7 LVRERER PCR B
BEOY—H oo B LY FROH 8 @i FEEID
BIETRATE{To 72 4
3. SEHE

FTRTOFEABTIE SPSS software v.12.0 for Windows

(SPSS Japan) ZFAVVTITo7-. ZMEFERONME
BERT —ZDENT A—F—LOBEBRENTIL,
Spearman’s rank correlation test, Kruskal-Wallis test,
Mann-Whitney U test 36 & U8y test IZ & W BREEAT o 7=,
P<0.05 ZHEHHIEE LHIE L.

# B
SERBTEIT - 7285 1,000 5 OWERIT, BiE6124,
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etk 388 44C, BT BMI (kg mA)DAAICA 2
RZR 6T, Hillo L=kt ch s L2 bND.
WAL DU T bifea €, 392 A DIRFEMER, 130
A OBENYEE, 477 HOIFEERE TS, WEY
D OULHR U7 A (BN, — B WAL,
FTND score, TDS score, 3#EED) o4 ERMCH,
— HOWYEAS L FIND score (p = 0.689, P < 0.001,
Spearman’s rank correlation test) 33 J:UNTDS score & £/
# (p=0.553, P<0.001, Spearman’s rank correlation test) fH]
OFERIERE S < BEEMEASSRD 72.

HHETF25 L YRR - B & ORBEARHT T, B
Fa 2 BECT, GRRAOARET (288 1RIF) DRRICHIME
B (712 i) T5 2 BT 247072, JEMEE I
BT 5 8 MG TFERDREFER53411 S Hardy-Weinberg -
BHIHED = E R TR L TWD, EREROAFTICIBWLT,
OPRMI #HET 152075572 255D T LVAARHS, iEMYE
H L IEE THBICRZ2> T\ O = 4032, P =
0.045, test) . &7z, OPRLI =T rs2229205 ZHIDMHx
FRISAR (F=7.385,P=0025), 7 LS (o¢=6830,
P=0009), NI+ NEFADBEFEINA (F=7.343,
P=0.007) HBENSES & JMEE ORI THEIC R -
TV 35BIT, OPRLI #HET 152229205 28I K3
¥ FEFIVOBIGFRSAADRENES L SN & 0
MTHHEBICRAL> T 6¢=3910,P=0048). D
D257 & MR & ORI BRI R A
T, AT EIT o7 8 MY T2T L BYEFH E Offic b
B ERRRIIRER CTE Ao T,

BRFBRAATI IV TR BSEN SR bz 2 ET
SRS FRATICOVVT, %3 712 WAl & 2 EEMRERAR
Br&4T>7-. OPRLIBYET 152229205 ZHIDT LV 454f
BLUORIF v METFAORETES 0 & WAERE & D
Y, Holm’s ZEREMERBICBOTHLERE TH-7=Z
Enb, BAAZRBT ZEMETENCISVYT OPRL] #n
F 152229205 SRIDOBEEASTRR ST,

Z =B

S EIORYTTIE, OPRLI BIGF 152229205 ZRIDMIE
FEBLOT VASARITRIENIES L JEER ORI CF
BICRAY, BEWEE L IR L ORI CERITERD
bispots. SRRV -8B OFCEIL FTND score <
7.0 BLTDS score < 5.0 THBZ L b, EEDHN
3 =aFUARIF TRV FREL T OMWES & ik L
THRBERTHD B2 HNB. FIND score (22T
HERERIIRON o728, WYEHR & TDS score
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(LB & LR U C, BITENMES THEICE (U=
9209.00, P < 0.001; U = 18652.50, P < 0.001, Mann-Whitney
Utest). 2D &), OPRLI G- 152229205 703,
BEO = aF AFIF TR DI & S =ik L
TNWHMYEHFIZ VT, BRI EEE BIE L TD &
BExbhb,

ZNETIC OPRLI BHGT EORYRTFERIDA A A
FIRAFRT Vv — ) ARTE & Bl 5 = & DK ALV
THE SR TVWA (Briant et al, 2010; Huang et al, 2008) .
UL, WREE-CRATR & OBRERRTIIE S v v
V. OPRLI BUGFNRa—F$5 /) e dFoid—T75
= FQ SERARIHR TR AMBUSC I 5 = L 3 B < fif
P& TWAHD, THPERBISRIC B 5 & & pSEE#E &
TN\, Oprll MEFRIF~ D A TR, REEHED
Mk, WEHIC X 2MREEOIET, 444 FifED
ETR=aF AT DBSEOTHENRF (X Ehb
T EPEIN TN,

F 3 « = aF ARIFC R ARG FEROFSIEA
PRI L > TRAD LB X HIVTEBY, OPRL] Bf=
FERIN BT R SR SN 57000l B
785 NRCRIRIZ I THa e B BV iy
BETHDH., AHZETHLNNI LT OPRL] BHsFSRH
WUEER R BT ERF 2 BN TR 2 Lk
D, Z8a . maF ARTENEEHEC T D EAZOEE
ROTRFERESLICD7e M B 2 LSl & 5.
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Summary

Opioids, such as morphine and fentanyl, are widely used as effective analgesics for the
treatment of acute and chronic pain. In addition, the opioid system has a key role in the reward-
ing effects of morphine, ethanol, cocaine and various other drugs.

The authors have focused on G-protein-activated inwardly rectifying potassium (GIRK)
channel subunits, GIRK2 and GIRK3, that are important molecules in opioid transmission, and
found that the single-nucleotide polymorphisms (SNPs) within the GIRK2 and GIRK3 gene
regions were significantly associated with postoperative requirements of analgesics including
opioids in patients who underwent abdominal surgery and mRNA expression of these genes
in postmortem specimens, one of which was also associated with vulnerability to metham-
phetamine (METH) dependence.

Further, by conducting a multistage genome-wide association study (GWAS) in healthy
subjects, the authors found that genetic polymorphisms within a linkage disequilibrium block
that spans 2q33.3-2q34 were strongly associated with the requirements for postoperative opi-
oid analgesics after painful cosmetic surgery. The C allele of the best candidate SNP, rs2952768,
was associated with more analgesic requirements, and consistent results were obtained in
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patients who underwent abdominal surgery. In addition, carriers of the C allele in this SNP
exhibited less vulnerability to severe drug dependence in patients with methamphetamine
dependence, alcohol dependence, and eating disorders and a lower '‘Reward Dependence’
score on a personality questionnaire in healthy subjects. Furthermore, the C/C genotype of
this SNP was significantly associated with the elevated expression of a neighboring gene,
CREBI. The results show that SNPs in this locus are the most potent genetic factors associ-
ated with human opioid sensitivity known to date, affecting both the efficacy of opioid anal-
gesics and liability to severe substance dependence.

These outcomes provide valuable information for the personalized treatment of pain and
drug dependence.

Key words: analgesia, dependence, opioids, GIRK channel, GWAS
$UN, KFF, FEAAF, GIRKF ¥ A2, ¥/ 574 FRGE#EST

U &I

F ORI & D IRAFEORE L & VA WH I, HEwRl, KB, ardr, TAVE
(FYAALF) B EOBEEDYSC, Tha—L, =aF  SEo&5E0EEEmEL &, M
Thb. HHDRICHETIMRMEERE LTI F—N3 YRYAS, AEF L FROBET
HAEZEFRHLPIZE TS, FEF M FYATFAIH4 RIRFHEYDOERERIZBVWT
BETHLIEWE, FEFL FRBEHBO/ v 7T b= A28V, EVLERY, ¥/ —
N2 ah4 U3 FOMOKIFHEIED O, FOBk4 LR E OWBE) R GURTE A A HES
THREDHANS S, ERICRERTVS, FHLE, S A FEFEOTHROZ 722
Y=L LTHETIZHOPOFTFORTY, HIZGH v/ MIEMBI AN EHREL Y T 24
(GIRK) F ¥ ANWICEB L THEE2ToTwA, GIRKFx¥ANVD /) v 7T o b ATIEE
Ve R OGUREIRNBET L™, ah 4 YOk - BB RIBETT L LaBEShTEDY ",
GIRK F ¥ 2 Wit 4 ¥4 4 FEAEAGL R, 40§ - MECHS T e8abohTn5,

T, ENVEAEOF AL PP RZEHEL LTHELFHENTVSE—FT, T0OH
B - KEERICE DA - BRICE s TRKFEOREL 25 ENAON TS, #-T,
FEF 4 FEREHOBEAZICHFAT A RIZERE, EWRFEZ SOWRKFEERSBEOEA
EIIOHFESTIWEEELS L LELIONS.

FRTIE, T0OL)XERLEFEDEOEAOBAZICHEL THELEL T ELA FO
BEERAZCHET 2 BEEROEERNEL LT, GIRKF v A VHBIETFEMERNRE L2
HHMETFEHRERIT RO b7 A &EORBMS MBI FHETH L7/ L7 4 FHEERT
(GWAS) 28T BHIEE % BENBAT 5.

KEMDERSME GIRKF v RIVBEFEE & ORE
EFOGIRKF X ANDY T2y MAUATEICKRTRIAT 5 GIRK1I~GIRK3 &, FITLMET

RHAT 5 GIRKANH D%, TDOWRDOFDOGCIRKF ¥ 3 NVDH b, HIZGIRK2 & GIRK3IZH
TAHHERRZLNS.
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Association analysis between GIRK SNPs and requirements for rescue analgesies, vulnerability 1o
methamphetamine (METH) dependence, and gene expression levels in post-moriem brains™. (a)
The results for the frequency of analgesic administration during the 24 h postoperative period are
shown for the GIRKZ (KCNJ&) A1032G SNP. ™ significantly more frequent administration for the
A/A genotype compared with the A/G and G/G genotypes. (b The results for the dose of anal-
gesic administration per body weight {gg k) during the 24 h postoperative period are shown
for the GIRK3 (KCNJ9 C1781T SNP. " significantly greater administration for the C/C genotype
compared with the C/T and T/T genotypes in all subjects. (e, d) The resulis {or the distribution
of patient and control subjects stratified by the genotypes of GIRK3 C1339T and CITRIT SNP.
The white. grav, and filled boxes indicate results for patient subjects and marble boxes indicate
those for control subjects. ™ significantly greater T allele {requency in patient subjects compared
with that in control subjects. (e, §) The results for the relative mRNA expression level of the GIRK?2
and GIRKS gene stratified by the genotypes of GIRKZ A032G and GIRK3 C1781T SNF, respec-
tively, " significantly less level of mRNA expression in the A/A genotype compared with the A/G
and G/G genotypes in the GIRK2 A1032G SNP and significantly less level of mRNA expression in
the C/C genotype compared with the T/T genotypes in the GIRKS C1781T SNP, The data are
expressed as mean & sem. in (@) b)) and )
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FERMCBRFERO 0, GIRK2OBEFOLIFY Y RUTOE—5 =g, =%V
LAV PO YOBRFER LWL T AL Vo= v AR Toc bl A, TUE—F—H
BIZ5E, =&Y A3l, T4 v ru i1, SiFoo—1EIES T (Single Nucleotide
Polymorphism ; SNP) #[%E L7z, F0O#HMEHAFH (Linkage disequilibrium ; LD) #47%
[Folkld, 7UE—F—4IRD3MHDSNP DM B W CHix AT (D'=1, r2=1) &
o TWbI EWoahols, £OLD T Uy 7 %{0¥K 4 5 SNPTdh b TagSNP & I 551
G-1250A &, TV VHTT L VEED LB T R BRI ES B A1032G % HTER) & LR
W L7 GIRK3OMEFICHML TS, GIRKZOBETF & FEMOFRICMLTY ALy by—4
VABEILE W B RERE T o T A, 57T UR TV VEBICAE, =F Y V6, &EF101E
DSNP#FE L7z, F0OHMMHAFR (Linkage disequilibrium ; LD) Bz {7o/zk 25,
TUE— —FUIRO 2D SNP DM R U % ¥ FURD 2480 SNP O I 33\ THN LA
fif (D'=1, r=1) LoTWAIENTPol:, TREROLD 7T Y 7 KT % TagSNP
& L TC968G R U G2069A %, F 7-JEFHFELRICIZIITICCI781T RFCI8I7TT 2 MA 7z, =&
Vv YHRTCT LIVEEDO NI 3OS R, =S L CGEB L. £0%#, Polymerase
Chain Reaction (PCR) - Restriction Fragment Length Polymorphism (RFLP) #:, #A L%
b —4 v RH:, F7:4d TagMani: (Life Technologies, Carlsbad, CA, USA) DWW hh Dl
EEHOTEBLAZRICHL Y2 /A T EiTol

W KFEREWEIT R MR OB KRERR L 7 & —ERWRRIC B TR 2 BB+
WHEOHEMIIH L TEE L THEA A FETHELZ RS SN BEEI 2028 RELT, #
ZFER & SUREREH & OBl <5 DO 1T - 7. TO %, GIRK20D A1032G
ERICBVT, A/ADREFRHOBE CIHALOBETHOBE LN, FRICHEBMPUHE
DG LERIENE I LA olz® (R1a). GIRK3D C1781T £ BB\ T b FEHED AT
B0kl A, T7UNVOREETCRIMOBEFROBZICLS, BEICHZEMITHED
BEVERMBRULERML RV EDGP o4 (H1b). &6, TOEBKUCI3NTESH
BUCIT8ITHEUCB L T, WERFEBRELNRL L THREEL T 25, BEEWAESRF
EBETIE, WThITBRLEBELTT 7 LVORAENEEIISVWI L0, 207
LV ORAZ TRIETOHAKFERBESE W E29RB s h: ("1, d).

EHIT, RF VL -MEREAYZ XY REEZTLBEREARKYT IV ERBNT,
A1032GZ BRI R USCIT81IT £/ &, ZhEh GIRK2R UF GIRK3? mRNA S3ft & o Bt % 3
R FORE, AI0RGEEICBITAAT LIVOREDREETIE, FEEE L HXTGIRK2
O mRNA BRI %L, FALCIBITERICBITACTLIVOFREDRARTHE, TTV
NDFEDREE LT GIRK3D mRNARBRA L 2w Ldtbh ok (Rl ). #-o
T, ThoDERIFA A4 FREVBAZICIESTEERTHY, FHOFRITL Y GIRK
Fx ANVOREBEFREBAMET 5 LICE D SIBIERAPREE L, $IC 3T 5Z &0k )M
R B O EARFEETFEDTTE L T WIS RB S N s,

AEF 4 FESHEERETFSEOGWASICL 8%
BEOREFEMBIEROLFZEES L, BUNOREFEHOLE 6 THL RBIETF

IR CBIZF RSB 5 100 F MO SNP OBZFRHMEZGHH T 2 & dATHRIC
Bolel®, FhEHEIILTEERBILEIBA LR EOWESZFITT 52 GWASHEAIC
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Fig.2 Candidate locus possibly associated with human opioid sensitivity™. (a) Illustration of the genes in

the genomic region from position 208000000 to 208300000 on chromosome 2 in the HapMap data-
base (http://hapmap.ncbinlm.nih.gov/index.htmlja; accessed 1 March 2012). (b} Fine mapping of
the candidate region after the imputation-based association analysis. The circle, square and trian-
gle plots represent the results from the additive, dominant and recessive models, respectively. The
area between the dotted vertical lines represents the genomic position from 208070000 to 208240000
on chromosome 2.

FTbhTWwa, EHELIX, TOFEICINFEFA FREEBAZICHET Z2REEEOL MY
J AERIELBRYERET o2
FICHEMBHERL - BEOFEEEOREFOHINT, REFKREVHRTH Y EI—HLHHE
EHDE LS THEBERGEM (SSROEE) &%}, HEOKBEEHARNTEHEA M FERE
THH 72V NkHEENBEREEZHREL, ZEBRGWASZITo/z. JOHEITE
FTCOFEF A4 FRZHBAZBIECRBELZIONSG, 72 ¥ 2k, BEHCHHSUS
(Patient-controlled analgesia: PCA) #iCX ) 1H4 D 20 ugfks (v 2 77 bR © 105H)
shiz, 5746V x/ %4 7 EHumanlM-Duo¥D ¥ —X7 L 4 % HvT? Mluminatt
DTF9 b7+ —hilE W Tok. i, ZEBRBGWASIIBWTIE, &EF30 5L EDSNP %
¥4 & LT Additive, Dominant, % U'Recessive, DBHREHATFN T EICHE 24RO
7Y VRSLEREOBEEERE L. EOHE, HRAUBHO7z VI VLER
EHRVCHERZRTEEFSUIZHFRAGORKHER (29333-2q34) ICFAEsh (H2), &E
BT 5 rs2952768 L RO CT LAV DR EDRAEETIE, HOBEFHORZ RS, &
EREOHEZRIEMELERNERIIEh o729, $/, WFHRTHAREFF2ZI-8
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Table 1. Summarized effects of carrying C allele of the polymorphism rs2952768

Phenotype Effect of C allele
(Expected opioid sensitivity) (1)
Postoperative analgesic requirements after cosmetic orthognathic surgery? te
Postoperative analgesic requirements after major abdominal surgery ® T
Polydrug use in methamphetamine dependence/psychosis patients P
Drug use in alcohol dependence patients i
Drug dependence in eating disorder patients i
Alcohol dependence in eating disorder patients !
‘Reward Dependence’ score on a personality questionnaire in healthy subjects [
CREBI mRNA expression 1

§: Opioids were directry administered to the subjects recruited for the study.
*: P <005':005<P <0l

FOEBD) BT ZToEZA, RBYIDEHOCT LLVOFEDRAE T,
{h D BARF B D BE I AR 24 R O QU E L ERSHRICE W EV D, SSROEDIEH D
P& EABROBIDBD Sz, #oT, TOEHOCTLIVDOREDREE TR, +EF
A FREEFMET LT ARSI (K1),

F A A FEEHOBETIE, Y44 FRIZEGUSEHDANCHBIIRCOBE T2 L2 0
EHDBE, BAGEGFHDEOBHAMEDETEZ O 0T WEEDH Y, FEALKFICHKHELT
REMEAME N EE X Hhb. EESIE, ZORFZHEPD D0, HEVAMKERE, Tra—
MEFRE, HEREBRESOSHYHIKFERREENRE LT, rs2952768 5 M 0P MK
WEFIE~NDEF G 2T, TOKE, EFXNBIIRICBITS, FRERLNBRLOBTER
B BT 2T CIAE2BEERD N h o208, BEBRES 77 V—TICGE LT
FEATIC L ) S ISR 21T o728 25, ZOSHOCT LIVOBREETIE, Huvilk
FEBH BV TEHEAZOHEIHAGEAE L KB L THARIC LW Eatbh o/, R
B, REYCTULLVOBREETIE, THVI—VEFERECBWTHEDOEILEE L LT
HAFEOHENL VI Edtbhol, E610, BAMERZFIIBVTE, CTUVIVOREE
T, ¥EUERFELZEH LTV R wBEFLEBR L TEH LT3 BEOHEIDIRL, 20T
WA= WAERFEEZEH L TR WBEL AL TV a—VKEEX & L T s BE0Hl4
PR CEIAITHo72. Thbb, ZOEZBMOCTUNOREETIE, WTFhIWHEKFEERE
BEOETERTERE Lo/ (KD,

—%h, WEKTIEBRE TR, JoREEOEFICENT, FE¥F 4 FREH L MY 5
LR E N/ T D rs2952768 WA=V ;) F 4 ICHEE RIZT RS ERF L. &
BAEBBRORTEOERE 2BV F )5 4 OB ERUBEFEOHMERERNZEFNVELT
Cloninger et al"® |2 X D fiF& S Iz, TCI (Temperament and Character Inventory) ®/%—
FUF 4 HEEICBIT A, HEtEK (Novelty Seeking: NS), B EM® (Harm Avoidance;
HA), #BHY¥K# (Reward Dependence: RD), [E#{ (Persistence: P), HT &M (Self-
Directedness: SD), t## (Cooperativeness:C), HC## (Self-Transcendence: ST), P7RK
TDNR=VFNFADRATERCTREZToLHR, CASOTRTOEFDNH B, HEH
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%% (Reward Dependence: RD) OXRTENAICELTINEB EDFFELHEEARDON, C
TUNMBEHETIE, ZOaC—HIIBUTRDAITHEL 2B Ldbhoib,

LZABT, GWASICE DA A A FEREMICHETARENEME LTHRE &N/z2q33.3-
2934 D ) AIRICIE, CREBIRUMETTL2IA (FAMI1I9A) O 258EFHIfE L Twa S
(R2), #h6idrs2952768 %8 & MV EEATFHRBICH L 7EOSNPE VT LEETS
D70y 7 FICHEETAY, £EGIX, HBORS Y L—HHK/ Y 7 ORBREAKY T
EPHWT, IhseOEERETOmRNA BHEIIH T 5 rs2952768 2O EEH7. 20
R, CTULIVOFREDREETIE, FREELHRTCREBIO mRNARHARYPEEIIZ W
TG ol® HoT, TOZSHISPHERSUERVYEKFEEERICEET I AHI=X
LAD—¥& LTk, CREBIDEZTFREABOEEOWEBENEL bRl (E).

FHULE

ERTE, SHLEFENREORRDRECEREROBECBTRET I AN =X 40—
DOTHBAEF L FRICHHL, A4 FREGEAZCET 2 HEEROEENTO L&
& LT, GIRKF ¥ A VBETFEHLNGRE LBEEETS B MBI GWASIC BT
LREOWMEREEZEN L. Z20OMTIE, F—1NIVREEETHTFRED, fie KT
HMROBSHICIB L THEST BHF L LTEALNSD, AHEOGCGWASHIRICBVLTHA
L7-RETFEHO & 5 CEUER R U4 2 WEEEORROMBAZICINE LTSS 2 Mz
FERL, ChETHENSENTHA). SHOENL ) LHEDERICE Y, SHLEEE
PEOBREHICITL CHET 2 H - 2 BHREFEIIEAEININHL LT, WESTIC
ERZDOERAH =X LAOBBEMEES D LAMBELERL, —F, 0L HhUETFER
DEEREEIZE Y, BINCKFEEDRRSEZ FHLCTEA AOKEICEbERD 5 0HE
P aEERETD 2 Y, BRLERERLEIMCKEEERORBIME TS L %2 5N 5.,

= #

ENWLARU 72V 72NVEDOFEFA NI LEMEL LTHELAHEA TS,
—FTEOHE - KEERCI Y AE - ARICL - TIEEEOERE 2 VB, #toT,
YA 4 FEREHOBAZCHFAT 2 RIZERIE, EWERIEEZ SODRAKEERBEOEAR
WKHFSTIMEEESRR IS,

TR, EHSIICNT TOERNEHRIIBNT, +V¥4 4 FEAKOTROEEL I 7 =
7 ¥ —GFThbH, GF Uy AEHHAMEERES Y 74 (GIRK) F v 2 VR{EF GIRK2
R U GIRK3DBIZFEMD, MEEHBZIIBIAA [ FEMERSHEAZTICHETS S
EERMLADY, ZOREFEHOPICE, BEHVWAMKEERSBEE OAELZMELRT D
DLBEDH LN

ELICHESILEE, FCEFTHNCTRERNZHBHFFETH Y, POoREESOERR
UCBHERTTEVWRIEEENRE LTH A £ FEMERSMICHT S5, 474 FEER
# (GWAS) biTv, BENHEME & 552952768 SR ARIE L. SOERICELTIE, B
BEREMCBOTLRAROMEEFERIR, i, BHOIEE, 7Va—ViEE, RUE
BEEESONA RWHAETEEREIIBWTEEELOMMEiZRL, X5ICBEECIBVTII/ -
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VI YT 4 OEMETH B TCl (Temperament and Character Inventory) o #iEHKTF
(Reward Dependence: RD) DA 37 & DM D iR Sz,

SO BRIEMRCE DV BONTMREZBWROBSNISHT A E28 ), s AOKH
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