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V- VREREODBHERLAVWCERSNRAECL 2 L, DIEOT VI — VIREESH
WBHSOFANTHL EHFTEINTEY®, PLI—NVMEEESSOL TNV I—-VEEERORE
BEOMBEZOTFH - BRERRITAZ LI, HEAEZIHRELMEEEIOATHEY,
I SDOMEIZBNTT VI — VEERRICEDL 2 REFIEETEE, AXE, #EF
SRR L VAAOBREHEROBEZOPARMOTHB L TRBLEVI S LICRSED
TR eEZOND, SBREREFOLILRT—F—A4{ FERUMEO—BL 252 2BH
L, FHECHICELONIBEICOVWTOBREN LTS 2 & T, NETRIEFEEAT N
T WAREEFEIC S 2 A BR SHTTRIZFSH L OMEER @AEbE) OEBIIOWTE
DERICRET L T a7z,

3 #

B CREGEEYRO—2THLTNI—NDA AL EMEPOMEND 2 & Tl X
N/ VTR 7)Y b AR—-%— (NET) BIFFICEBEL, #0—i8#4L8 (SNP) ¢
5 1287G/A, -182T/C 3 L U-3081A/T A7 VI — WARTFEE & BIliAH 55 &) »RE %2 1To
2. 8L, NETBIU a b=y bS5 Y AR —¥— (5HTT) B#=FEH (5-HTT3'UTR)
DHEER (@agbd) ORBBIIoOWTHRE LS.

A7 =LK -2 bOBONITNVI—VEFEBREMA, BRESTBAZHRL
L TR Z1To 7.

BOBR, 7TVI-VEIEREHLAEEFNICBVWINET#ZFEEB L U5HTTS
UTROBZFE, WHiBEFHEICEEREREIZDOheh o/, £/, NETHEFEHE
WCETANTOY 4 TRITOER, TXTONTOI4 FICBWTHBHTONBEEEICAE
ZEEIRED O, ok, 5615, NETRETFZSHESHTTI UTROHEEER (@AaEbh
) KBWTC, TVa—VEEELOFELBERZD oo,

&%, RBOMESEDS LTI, ThVa—VEFEBER 77V — 7258 U@,
BECTVI-VEIHEL OBENBE IR TYE AL ¥ o YFEEONET @ZFSR & 5HTT
BIZFER L OMHEERA EardbE) OBBIZOWTHERICRIT LTV I LT, BMEAD
BENICEELZ2 RS2 TRENEZ NS,

& LT, NETRIZFSED1287G/A, -182T/CH &L U-3081A/T 457 b 2 — MARFFELC
M A&, SHTT3UTR L 0HEER (MAasbt) OREICOWT DBt
DoNihoi:.
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EEMERE LREE T VL~ U 2D B BEFRITENCRIT 5
mTOR ¥ 7 F VR D E*

g BEET &4 EaT MR B B =
RE ERM wmmE fog" kp S

THESEEROTER KEERD oYy b, P EERERER NERE,
BHREKERER REERE, CEREXE STRERESE

BEEANRZ T LEE (LT, BEE) OBIRCE
WT, FRHERTHAHSHEERROBEE2%ETS
BRIV EFICEREER ETH D, BREO—ERIBERE
FEREI S TRIET DI ERHMOENTWS, TERD
REBOFERZAE, TORBIZAEHF 2 BEEDIERE
BRICLERTHB LB BN,

FEEMERELE (TSC) 13, TSCI BL O TSC2 BIZFD
~NTFRERIZL > TREL, HLEENEVBEDR
EHREBOVEDTHD. TSC DHFIRIEILS 7 mE
ZOTHTHE LD mTOR V7 FINVRDTHETHY, D
BE#REIET5 mTOR FEEANIE, TSC (ZEBFT B8
BFETHD (Kruegeretal, 2010). TSC iZAGF9 % BEE
%, mTOR ¥ 7 F/VRDTTENFEETE L TEY, mTOR
FREARZ AW THETE 30 TRV EHFEINS

(de Vries and Howe, 2007) .

4132011 2D AsCNP 12T, TSC EF L+ U A05%E
SHEREERROREEZEL, ZhhdF /=4 > (mTOR
FEER) 0EERETEELTAZL2HE L. 41
X, T OIRFIRIZEED mTOR ¥ 7T AROE(bx et

Li=. TSCI & TSC2 DEEIZL - T, AU HBEER

CERH D BB LT

A&
1. THR .

IS FFEHRARTIS LT Westem  blotting (2154 R Toe2*
< R & AT I Bel "= 7 A & B2 v
REARELTEONBAER, Tel”, Te2™ B LU el
B2 U R (FTN~T vy R) ZHVE Wihb
£t 3D AMEBIIRIRERE Uiz, Z5IIEME
BEOERICIET 2 EREEHIM, FRESRAT
FRNZRB W URBE T T T 7.

2. SI\RALY

F 3w A 208 10% DMSO (ZIAAZ L, 5Smgkg DR
T1H1E, 2 AEIEENERS L. 3 B BICBHRRET
FATERRT 21T o 72

3. BETFRESN
LR HH RNA ZHH L, 8, <DNA SR,

MouseRef-8 Expression BeadChips (llumina 1) &~ 7Y
H 4 X&H, Mlumina iScan reader % VTR LT,
4. Western blotting

eMERESFAXILTEC 7 EEXHEBL,
SDS-PAGE, $5E.01%, Hamartin (Tcl FE4), Tuberin (Tc2
W), ¥ S6K, Y ERL S6K, ¥ Akt BINY VL
Akt ZHUEE VTR L7z, Image] 2RV 280 Fig
EORIEIZLY, BHEEZTFELE.
5. Social interaction test

TP RABRR—L—UTEMIZILT, 15 BiEL L
FHEDFTEF< U A (CSTBLEY) &7 —IAZAR, =T A
DITENE 10 S3F6KE L7, Jrar< 7 A2k U CIRETE
N e ik UL Ol
6. SRR

StatView 5.0 (SAS Institute) VY, P<0.05 ZHa+¥
BlCER L Li-.

# B

1. BEFEROEL

Toc2 Y= 7 ARRIZIV VT, Toe2 mRNA DR EFAR
VAR TIETLTERY, F3vA %I
IZEBIETF Lz Tel mRNA OFRBUITTEL, S5/%=
A VTR TEAEZR L. Bl B Te2 D0
{EF T, Gsk3b (GSK3 B % 2— R4 2@=F) & Mapkl

(ERK2 % a— K3 38=F) @ mRNA FEERATTHE LT
BY, T84 ABERICERE{L L. mTORC! Tt
DBIEFOHFTIE, Ulkd, Ighpl, Rps6 (S6 % =— K¥
DEMET), Eef2k DREBRHBTHEL WV, T3
Be54%, Ulkl & Eef2k OFEFIHRIShIns, Igbpl 1%
Sz 7. mTORC1 & mTORC2 D53 T Deptor
OEBNTHELTEY, /371 VUBRSHEE{LLE.
2. ERESREE, ) UBEOEL

Toc2 "= ABTIL, S6K DY L ERLMTTHE L TV -
B, TrivA AR ERICEFAR L FIRREE TIlgISh
7=. ¥ S6K EREIT, @EFREBIUEREIIL - TEL
L7ghso7=, Tuberin FEEIIEMBEITIET LTV, S8
A UEEIZ L S THWELRA>> 7. Hamartin BH
BB o7, Akt Y VEBMUITEBREIET LT
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Wz, S6K EIXRRY T VBREIIRIG LD
o7 A EAR, BEFEBLIURECLTE
ALY
3. Tcl Rk & Be2 RRI= & 2 BHREEROLS
Tel™<= IR, B2 ARBIOE T NAA~T Oy A
IZRBWT, BT U ASORBITEN S AR~ T ATk
RCHEBIETLTRY, ETOREI#ETEICL-
TENED T, 2 BEIDOT /oA 5%, TR
U ADBRFETEHII O THORGTEIIBANTHERRL
7. BART AT, F/9%0 L BERLHE<Y
A~DEFATINIE L Ui o iz,

E R

Hoa BURHCEE LI e BY, Bel"BL U B2~
2D BERITENL, 2 BRIDT v a B ETHE
T3, Be2" v ARRWERITIIERIC LB &, 4 BED
Fw A BB Lo T, EEFEBORE L mTOR &~
TFNROTHESER{ET S (Ehningeretal, 2008). £ Y
EHFOBRETYH mTOR V7 FHARBRIESNSH, #f
EFRERFERPBEAERRB LY VEBYEA~T IS
RBIZLTiau vy, BRETL TR SERH 7=

mTOR ¥ 7 FVRIZRBWT, BETFRE, BERERER
BXOY VBMEBRERZE-LTRY, F/3vf v
BirkoT, BEERTBIOREL L LICERLTE S
LB BME o=, mTOR 7 FAROENE TH
3 Y UL S6K DEE, T34 it 2 BEORE
X > TN TENZERT A Z L 2R LTS, — 5,
mTOR 2>5 negative feedback %3215 Akt DY VEHKIC
IR0 T, Akt O EFRIZSH ABGF PTEN O~
FouERb, b - EFE L BET 5. AHERARRERAY Pren
)9O T Y e URICERRIL Y To3w A VU RRkR
BET3 L, Akt BLTUmTOR 7 HVROTHENRHIZ
bh, BEEERLENSRVY (Zhouetal, 2009). SED
HRE2PHLDED L, HBEEERIT AR OV VEMUICLD
9§, mTOR 7 FNVRDTEDHI L >TELB VL
BEAS.

el BE Be2 DEWT, Gsk3b & Mapkl O#{ETFF
BN LT L IBHRIRV Y. Gsk3b FffEss XAE(R
B (FXS), Mapkl WSAEHHEIERE (NF1) D% FIRREIC
R 5. mRAL HFERETIHIALTRY, B
SEABRIZEHTHZ L bahoTD. REE bl
s 5T EF AT, mTOR V7 VRO
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LS TV 5 (Sharma et al, 2010; Johannessen et al,

1 2005). mTOR 7 FVHRM, BeDFEBEBLZTEHR

EOREBIZES BE L TWAZ LR SN 3.

$£7-, TSC DEERANHEE LT, TSC2 ER% HOE
PIHERSESICRAERRH Y, BEELAHLOT
v (Numis et al, 2011). Astrocyte #8289/ v 770 b=
T RZRVTI, VAR EORMRERD, Bel REK
7 D RZHART Be2 RE7 VA THEETHDH (Zenget
al, 2011), XYt MIRWATFoXREC Y AT, Bel
Roel Te2 REWZBT HHEFHRIBEOREITIZL
LR, SEIOBREITIE, Bel™, Be2"BIBET
~F 12 17 AD social interaction & T 1L, EFEREIZES
TRRE Th-ole. TSC ORBEN B2 REIZL»>TX
DEELRAFIOERLICIRATHY, SHIEET,
TN ADFRREE & EAITHEBRTT 5 0E
NdHBb.

Pl ABFFEIZLY, B MRRTSC DET /< URIZ
BB 5 BBEERD, mTOR V7 FHVROMEIZX >
TIBEATRE TH D Z Lavrahi-.
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BUEITE) & AR B A A A RRARBERE TSR O

3w
wE Bz

[N i
BR EEZM B fog”

RAIETF KE EE”

TANMEEA HRBESROTET KEEED e Y= b, VEBERKY BREUFHE,
BRMESIRARE REDER, RBERKY EIREEHRE

& 82 ORISR AR bR RARCE T ERIC
BB RETERDO—DTHD. HRREHEEIC LY
2009 457 #5145 X 7= The Global Health Risk (OF T4 /321
FERIC LA ECENMEEINTEY, PEHER L OERT
BETIE72%, &FEETIX179%C b RS £/, B
AT R ERAELE, & anERICERY 55
TAZELIEMLTEY, 1990 FERFREIBIT B Z /3
ERICESET ARSI BT 27.8%, LT 6.7% L H#
EEINTWS. ED1=®, BRIZRITEZ - aERPS
Ao 2 aFUARFICEET AEREZHALNCL, N
afEREIRIA~OI Y A EHEET 5 2 LIXSkOFECHR
BT oeidsd Bz b5,

Z A2 FERIIREERORGTFERL Cike 2ER
2B AN5 (Munafo and Johnstone, 2008). = SV o7:
ERN, BUETENCRTAEAZRERHL TR LE
ZBNTWS, BCKTII—IMERAR & “IMERAERD
REZOEL W OBEFERDHSR (heritability, ) %
HET DRFHENZ L TN TEY, #=0.11-0.78 (&
FERRLR), K =0.11-074 (FUEREHE), #=033077 (=
I FUARLF), K =0400.75 (Fagerstrom Test for Nicotine
Dependence (FTND) score), #*=045-0.70 (— H DOBYEAR
¥ & WETENCbAITE A FOER CGRIZFER
PHPENRE EDD. ThETICHe e NRETFEE
LFRa « maFURE L OB AEE SN TS

(Ray et al, 2009) .

FEAA FEEEEFERTH D naltrexone [IFRFRED

BUEAFCRR D L, BERHGSRIT naltrexone EEEDS

Nay bo—AFELHEL TRV EBREIR TS,

F7o, BeaFUREBICH AREE Ciid v 4 MR
EORBRTENIYEE I~ TENZ & bBE STy
5. THhOERDT, PENOA A A FUAT LH=2
F L OIREVER L BECEb Y, = aF AR
STEET B EETH LTS,

REREA YA A VAT A, 1, 8 BLP A EHA
FREFJEE, = RVT 4y, BAINT 4V BLUT
Y77 Y OREMA AL R R > TR
Eha, ¥/ e FFUiA—7 7 = FQ ZRxEE
HEF| « 7 3 ) BEFITA A AL RN
VB, AEFA RYUF REFESLARV. B hpAlE
AA FEEERGT OPRMI EOMBEFEROVL 2
WENURIEL BE 3 Z LBk AR THE SN

TW3 (Kasaiand Ikeda, 2011). L#A>L, b F8BLV«
FEAA NZRIERIEF OPRDI, OPRKI, /3 &7F
UIF—T 7 = FQ ZHRMESRIGT OPRLI LOBIGTE
BRZOWTIE, BME & ORSEMEITEE TV R,

AT, A1 FRAEEERET (OPRMI,
OPRDI, OPRK1, OPRLI) \ZHER% % T, AXAZR
BE 33« = aF ARGFEORGHINESSEIC SV TEIT:
1To7=.

B

1. BEBLUEET—4

BTV VSR FRE - BRERT—# 11, 2003 £ D
2008 4EICERAT MR AFRRIER L TRREZ T8
Ao~ SERR - BIUERE 1,000 L5 bEER - B Shvi-.
BRER T — & 121, DA - BERIS - BIUEDORRBIRE,
WSS L OVREAS S T 5. WS SRR,
— B DREAS, FIND score, Tobacco Dependence
Screener (TDS) score, ESEEEZETe. TH OBIETFR
B BERT—21, BEAFREREICLVEALENT
BRINTWS. FHEIEFTIEREEOE b7 AT
FHBERSORREETThh:.
2. BETFRRN

OPRMI =T 0 4 BT (151799971, 1s2075572,
1599548, 159384179), OPRDI =T LD 2 BinFHR

(12236861, 154654327), OPRKI BT LD 1 BIZFE
B (rs6473799), OPRLI B=F LD | BIzTFEH

(rs2229205) IZDOWTHRIT L7-. R4 A
DNA # [V T, TagMan PCR ¥, 7 L/VEERE) PCR &
By —rro o ZHEc 0 B0 8 @i TSRO
R TFRAT 51T o 7=,
3. EEHERAT

TATOHEHARITIL SPSS software v.12.0 for Windows

(SPSS Japan) ZAV\TITo7=. HBHEFEEOHMHE
BIRT —Z DE N A—5— L OHEBERRITIL,
Spearman’s rank correlation test, Kruskal-Wallis test,
Mann-Whitney U test 38 & Ut test 12 & D REEAT o 7=
P<005 #HEHER L HELE.

# B
AN R 1T o 7= BAE 1,000 4 DPERIE, Bik6124,
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L 388 4T, BERMITBMI (kg mADHFUCHERZE
BIRRONT, RO EN-REBETHE LB NS,
BUERREIC OV T b4 T, 392 £0OBEEEE, 130
BOEEEE, 477 AOFREENRESETND. WEE
DOINE LT-WUEES (WERM, — A oEAS,
FIND score, TDS score, ISEEIE) OFZERFE T,
— A OBYEASL L FIND score (p = 0.689, P < 0.001,
Spearman’s rank correlation test) 33 & U8 TDS score & Z5E[E]
# (p=0.553, P<0.001, Spearman’s rank correlation test) &
OFEEBEREAS R < BEEME A IR T,

B T-EH & R - UERER & OGERRITTIL, R
% 2 BECOT, GEREVARET (288 1) OB%ICHIME
WER (712 BiE) 45 2 BRRMEIT 21T o7, JEBUEERIC
B} 3 8 BinTFERIOMEFEISHAIT Hardy-Weinberg S
BTED L ARER L TWS, BRIV,
OPRMI ¥=F 152075572 ZRIDT VAA, RENE
HLHELTHRICRR >V (¢ =4032, P =
0.045, 'test) . E7=, OPRLI 5T 152229205 ZRIDE(=
FRIYHT (F=7385,P=0025), 7 LASH (F=6830,
P=0009), FIF> MEFADBETFESNA (¢=17.343,
P=0007) IJHRIERYEE LIYEZ ORI CTHRICER >
Tvve. EHIZ, OPRLI BT 152229205 280D K7
v FEFAORGFRSHILRESYES L JEE L O
BCHLHERICRR->TVz (¢=3910,P=0048). D
DG TSI & WHERE L ORICIIEE BRI RO
T, BT EIT o712 8 B TS0 L BYEFR E ORICHH
Bl aRRRIRER c & 2o,

RSN BV THERBENRYD b 2 BT
SRS FRATIZOWT, #3712 BRI L A ESERERAR
¥r&1To7=. OPRLI BIGF rs2229205 SRIDT LAVHAG
BLUNIF v MEFAORG TS & WERE L OF
B, Holm’s SEREMEEICBOTHAR ThoZ
Lo, BARANCRI ZBETENCISVT OPRL] Bix
F 152229205 ZEIDB SRR E -

=B

L EIDRRYTTIE, OPRLI BGT 152229205 ZRIDMIR
FEB L U7 UASHISBERES L EEORTH
BICEARY, REVYER L JEREE L ORI TERITAD
BRVahotz. V- BEORYET FIND score <
70 BLTDS score < 5.0 THBZ L b, EEDFZ AN
3« =aF ARFE IV PREL TOBRESE 2 £k &
THBEHTH D EEZBNS. FIND score {Z2WTHE
FELRERIIRON 2D o 7-35, WERR & TDS score
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IAESEE L LT, BEEE CTRERE (U=
9209.00, P < 0.001; U = 18652.50, P < 0.001, Mann-Whitney
Utest). =D Z & h>5, OPRLI BEF 152229205 ZHUT,
HED= aF ARFE TRV DSEREIC 2 S 2 E L
TVWABEEIZRWT, BERCEELRIZL TS E
Ezbh5.

INETIZ OPRLI BT EOBIGFERNRA A A

FIRIERT V2 — /VARTF L BB 5 Z & AR AIZI
THE SN TS (Briant et al, 2010; Huang et al, 2008).
UL, WMEOMMEREER - ORBRERTIIEE STy Vi
V. OPRL] BRFHBa— RT3/ E7FUi4—77
=V FQ AR ESAMRISICEDD Z L BRR MR
FENTWVAD, HASEBIRICED S Z LASEERS S
NTW3. Oprll BIEFRIB~=U AT, BEFEFED
b, WEEAIC L DHREMOET, 441 Rittko
ETR=aF AT REHOTHENS [ EBZ shD
ZEBHE XN TVA.

Zs3a « maF ARFICHT DG TFEROFSTIA
BORIRIC L > TRARSLEZEX BN TEY, OPRLI BB
FEUBNRIETHEL AL T R0, B
725 NRESPERIRIZB W TH 72 R 8 VAR
BTHD., AHGETHLMNI LT OPRL] BInFEEIN
YRR B RIS TR 2RO TE Z ick
D, #3a. maF ARFERESHEICRT A EAZEOEE
OIBFHEREIZ DTN B Z LRI EN 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
UM, KTE, FEF AV, GIRKFx 3, ¥/ A74 FRMEENR

U ®I

FOBMIBEIC L VIKEEORE L 2 DB 2WHIE, EEVH, KB, aH4 >, TAVE
(FEHAF) R EOBEEWLING, ThI—N, =aF L EQSHEOKERWEL Y, Ha
Thb BHHECHET IHBEERE LTI F—83 VRUAHS, AEHS FROEET
HEZEFHLPIIho TS, FEFAL FYRAF A4 RIRESHEYORBARBRICBWT
BETHHILE, FEFAL FRBED// v 7T b ACENT, EVLERY, ¥/ —
WA, a4 Y, FOMDKREMRIEW S, SOk 4 2RI E QBB R LS E AW
THREDMA,S S, EFRIRESATVS, EFLIE, ¥4 FREGOTHROZ 72
F—r LTS T 280005 FORTS, HIGy v 3y RGN & BHREH Y ¥ 4
(GIRK) F+ A WMICHEE LTH%EETo T3, GIRKF XY ANVD/ v 7797 b9 ATIRE
WG OBURIEABRIG L™, ah 4 DML - HEHEESRBT LI LABMEShTEY 2,
GIRK # v # Vi34 ¥ 4 FEEGL AR, 406 SBHRCHESTLI LMo TS,

T, ENVEREOF YA, FRBHLREREL LTHELHBSRTHWAE—HT, 0
B - RTEERIC X VRS - AR Lo TREFEORE L 25 2 EDALATVS, -7,
FEF 4 FESHOMBAZICHGET 2 BIZERE, EWKEE  SOWRKEERIBEOEA
EOHFSTAWEHENH L LELONS.

ERTIE, 2OL)CERLEEEDEOERAOBEALICEBLTRELELFEA A FO
BEHEAZCET 2 REERAOERFEL LT, GIRKF v ANVREFSEEHSRE L&
BB EFERBERTE T M7 ASEOBRNSHBNFETH LY/ 274 FEERR
(GWAS) 2B AHIER % BAICBAT 5.

RIFEDERZM & GIRKF v RIVBIRFSE & OBE
E FOGIRKF ¥ A V0¥ 722y MCREIKTRIT 5 GIRK1 ~GIRK3 &, FILET

FHTHGIRKAHFH 525, TORBOFDGCIRKF ¥ 2D H b, HFIZGIRK2 & GIRK3 2
TAHMARRZ LS.
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Association analysis between GIRK SNPs and requirements for rescue analgesics, vulperability to
methamphetamine (METH) dependence, and gene expression levels in post-mortem brains'™, (a)
The results for the frequency of analpesic administration during the 24 h postoperative period are
shown for the GIRKZ (KCNJ6) A1032G SNP. * significantly more frequent administration {or the
A/A genotype compared with the A/G and G/G genotypes. (b) The results for the dose of anal-
gesie administration per body weight {u#g kg?) 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/7T genotypes in all subjects. (¢, d) The results for the distribution
of patient and control subjects stratified by the genotypes of GIRKS CI3397T and CI1781T SNP.
The white, grav. and filled boxes indicate results for patient subjects and marble hoxes indicate
those for control subjects. " significantly greater T allele frequency in patient subjects compared
with that in control subjects. {e. f} The results for the relative mRNA expression level of the GIRK?
and GIRKS genge wified by the genotypes of GIRK2 A1032G and GIRK3 C1781T SNP, respec-
tively,  slgnificantly less level of mRNA expression in the A/A genotype compared with the A/G
and G/G genotypes in the GIRKZ A1032G SNP and significantly less level of mRNA expression in
the C/C genotype compared with the T/T genotvpes in the GIRK3I CI781T SNP. The datwa are
expressed as mean = sem, i (@) () (el and ()
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FFRMCEHMERD®, GIRR2OBEFOEIXY Y RUTSUE—F —HR, =%V
LA UV OBREBRLREICBHLTYALV I M o= VAR TTo kel A, TUE—5—H
WIS, =%V i3, /-4 v ruriclf@, &5t9Eo—1E#ESR (Single Nucleotide
Polymorphism ; SNP) #FE L. FO%HUESHTRFSE (Linkage disequilibrium ; LD) B4 %
[Fokbkls, 70E—%—4ERO3EOSNP DEIZBWTHMNHEEAEY (D'=1, r=1) &
BoTWwhI Maghol., #ZOLD 7y 7 2RFTHSNPTdH5H TagSNP L FFHIN 5 H]
G-1250A L, TH Y VYHRTT7 LNVEEORBHNECRAZRRSE A1032G 2BHER L L T8
WML, GIRK3DOBIEFICHLTYH, GIRKZOBEFEREOHEBICEBLTY ALV b o—F
VABEILE WERBER T 72825, 575 %y FEBIC4E, =5V U ic6fd, &EF10ME
DOSNP#FIE L7, Z0#HMUBAFH (Linkage disequilibrium ; LD) BHZTo7E 25,
T E—§ — RO 2D SNP DE R FLF v ¥ FHIRD 248 SNP O B B\ THE EE AT
B (D'=1, r=1) EoTWbI EMghol. ZhFhDOLD Ty s 2% $ 2% TagSNP
& LTC968G RUFG2069A %, F7:3kM#FESRICI339TICC1781T RUFCI8I7TT MMz 7, =¥
VURTT UVEEORBREWIBAOSE, ##rEMe LTHEHB L. 0%, Polymerase
Chain Reaction (PCR) - Restriction Fragment Length Polymorphism (RFLP) #, ¥4 L 2
b —4 v A8k, /i3 TagMan#: (Life Technologies, Carlsbad, CA, USA) W §FhhDE
BEEHVWCERLAZRICHELTCY 2 /94 %707

WHRAKZEHENAETHERRERVRERERR L v & —ERBRRICB TR 2 FBEF
WHROEBIH L TELLTHES A FEBEELRS SN BEEFT 12082 0HRELT, &
EFER L EREREN L OBE AL OOFEN T2, FOKE, GIRK20 A1032G
ZRUCBVT, A/ADBEZEFHOBETILOBEZETFREOBEICHN, FEICHEEMSUNE
DEGLEEBDEG VI DG o7z (Hla). GIRK3DC1781T HRII BT b FFROFHT
{1072 Zh, T7VVOREBTCRIBOBMEZFROBEICHR, ARICHEEMEIHED
BELEARRUCBERDPD RV EXS ol (A1b). 2610, ZOSMEUCIIBITSE
RUCITBITERICHL T, WHEFEBEENRE LTHREZ2To72L 25, BEvilKE
EBRETIE, WThOINBEBLEBELTT7Z LVOBREENEEIIZVI LGP, ZO7
VLV OREETIIEROWHKERBERSW EXRBE SR (Hic, d).

EHi, AFVV-—MEARAY 7 X ORUESTREBEKZT IV EHVT,
Al032GEZEIRUCITSIT SR &, ZNFN GIRK2R U GIRK3D mRNA R & O MEM %
Rz, TR, AIORGZEUIBITAATUVIVOREDREE CIE, FEREFEELH~TGIRK?
D mRNASEFBY D 2L®, FLCIBITEZRIIBIIACTLVOFREDOREETH, TT L
VWOFREDREE LIRTGIRK3D mRNARBF RS LW dbho: (Hle . o
T, ShHDERIBAEF {4 FREUBEAZBIIFSTLERTHY, SEHOFRICL ) GIRK
FrYANVOBREFRBAPMBET A LIS DEHEAPREL, BT BT LX) HB
R RO ERGFERIEATTAE L TV 2 Wi AREE S .

FEA A FESMEERERFSEOGWASICL 51H
EEOREFESHUBITEROEKIZERE T L, BHNOMEFEHOAL & FHL RBIETF

FUR B UBZF RIS BT % 10077 B2 SNP O BIZFRIH E 2 MM T17 9 = & dTEEIC
Boldew, ThEHEII L THERE T LEIH, 2IBH L OMEEZBITT 5 GWASHEA

264



Genetic variations and addictive agents 87

a
208000k 208100k 208200k 203300k
[p—— T L umtme s 4
CREB: NI_0D4378 CONYL1
I — T 0
CREB1; Ni_134442
L 2amn 1 ]
b METTL21A (FAM1194)
1
r32952768 :
& 1
1
2 Y !
¢ 8 :
— e |
5 & o )
2 t
o
© 1
-
a L]
8 §B
s o ‘mm
a

Posltlon {kbp)

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.

bR TVS, FEELE, COFECIVFEF S FREEBAZCHT 2R/EEROL b7
/S AEEICELIBROFEREZ T2
FIICHMEHER L - BEOFEEOWBEFOENT, RHEIKIVWHERNTH HVE—H42HE
ERPE LS THERRSEM (SSROE) 2%, HEOKBEREHMTH YL/ FEURE
THH7zV/ 8 VeHESNhLBERENREL, ZEBGWASE2Tok. TONHEFITL
FTCOFEF A FERZHBEAEFERCRELEZIONS. 72y, BEEHCHGSUS
(Patient-controlled analgesia: PCA) #IC& D 1EE Y 20 ugks5 (wy 777 MR © 104F)
shi:. €577/ %47 iiHuimanlM-Duo %D ¥ —X7 L 4 # HvwT O Hluminatt
DTTy b 7r—RhilEkNiTot. ¥z, ZEBGWASIZBWTIE, 7305 LLLDSNP %
x5t & LT Additive, Dominant, J& UFRecessive, DEZHBEHRTF N T L ICHE 24D
Ty VESLERLOBEEERE L. Z08E, HBEUBHO 7y = VILER
LV EER RTREFSUN-FLEAORMER (29333-2q34) KA sN (M2), FE
MBRITH 5 rs2952768 2L RO CT L VDR EDREE TR, oBEFHOBZIHN, &
EREDHERDENBELERNEEIIE o729 /-, WHRTHLIBAEFH 2S48
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Table 1. Summarized effects of carrying C allele of the polymorphism rs2952768

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

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

# FIR) KBV THREEToETA, REYIOEHOCT LINOFEDREE T,
MOBZTFEROBEHICHAARH 24 BHOSEELERPATICL VE V), SSROEDFEFD
BE L AROBEBPED LN, foT, COSHOCTULNDFEDREETIE, FF
4 FEEEIMET LT AR IR (R,

FEA A FERERHOETIIE, FY¥A4 FRIZGBERDIMCHEBBRICOBEES T L2 56
EHDE, e EFEDROBHDROEBETE D03 WEELS Y, EBHLEKEICHRLT
REMAMEVWEEZ bhD, EELIE, ZORFELZEIDLLDHIC, HEVWAKERE, THa—
MEGFRE, BEREERESOSEYHKFEREENRE LT, rs2952768 % B O Y HIKSF
EEENDEFS 2. TOFE, EFNBMNEICSITS, SRERLABELOBTSE
HEL LR TABITTIIEEREAIRDO N o208, BERELT 77/ NV—-TIC5EL:
FRATIC L 0 S OISR 2 ITo 2 25, ZOSBOCT LIVOBREETIE, EWHMK
FEBFIIBVWTEHEAZOHEFEABAT L B L THARICI VI Edtbd o/ [
BRZ, RIYCTUIVOBREETE, 7V VEFRZECBVWTEDOEIEZLHEBLT
HAZOHEN PV Litbhol, 610, BEEEREIIBVWTE, CTLIVOREHR
T, EPEFEZEHL TR VBRLEBELTEHR LTI BBOHENL L, 20T
WIA—NVEFEEXZEH LT LnWBE LB L TT V- MERFELZ S L T2 BEOHE
PLRWHRTHorz. Thbb, COFMOCTUIVOREETE, Wb WHKFEEE
BEOBTEZRTERL 207 (RD.

—%, WEEFERE TR, HOREEOHLEFIIBNT, ¥+ FREHLWHET S
T EATRBEE N/ T D rs2952768 F WA=V F ) T4 IR RIT T REER RS LA, &K
HEURORTODERL 25 3—VF ) T 4 OHERVUBEOHMEMENZEFVELT
Cloninger et al®|C X Y B15E &7z, TCI (Temperament and Character Inventory) 73—V
FUF 4 BHEKICBIT S, HEtER (Novelty Seeking: NS), iBFEB (Harm Avoidance:
HA), #®{X%F (Reward Dependence: RD), E#{ (Persistence: P), B &M (Self
Directedness: SD), t### (Cooperativeness:C), HC## (Self-Transcendence: ST), N7K
TDNR=VF ) FADRAAT AV TRAZIToER, ChOoDTRETOAFDI B, HEM
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{&7F (Reward Dependence: RD) OKRTAAICHM LTI N E0FELHEEIEDHON, C
TUVEEETE, TOa—HIISLTRDAITHELS LB Ebhozb.

LIAT, GWASICE DA E¥d A4 FERZEICHET ARADEME LTHRE 31729333
2034 D4 7 AEBICIE, CREBIRUMETTL2IA (FAM119A) O 2BIZFHHRE LTV 55
(B92), £h5idrs2952768 %8 & i\ AR THRBICH L 7THOSNP R WThLEETS
LD7Oy s FICHEET S, EEOIE, FIBORXY v L—HER/ > 7 OBSBREAGY 7
ERAWT, ThHDRERETF O mRNA BHEIIH T 5 rs2952768 B RO R E R/, 20
BE, CTLLIOFEDOREE T, ERAEE LT CREBIO mRNARBERPEEICEZ W
T LBFhoizY. oT, TOLHEIPRERSERVYEEREEERICEE T I AH=X
LAD—¥& LTid, CREBIOBIZFRIABOLBEOWREEIEZ Shi: (K.

BbHUI

AT, SHEKEEYEOBRBHRELERERAOBECB VW CEETAA =L 40—
DTHBAEAL FRICHAL, Y44 FRELEAZICET 2 AEEROERBEO LA
ME LT, GIRKF % A VBIETFSHARNRE L BHRETSHEERTRUGWASIC BT
HEEOMERELBA L. FOMTIE, F—1IVRCBETAIHTFLED, Bie kE
TR OBSHICHBL CTHET 25T L LTEL SR, REOGWASHIRICHEVTHA
LEBHETS RO & 5 BB TER R URE 4 2 W R KEOREROMBAZ T8 LTSS 281
FEBIE, ChETREFSECTHS). SBOFOLILHEOEBICL Y, SRR
WEOBESHICHE L CHAET A H - 2 BEAREFSEIRESRINOAL LT, BESTIC
ERZDEAA D= AOBBMRESNL S LIRS ND. —F, 20t hRAETFEH
DEREHICE Y, EMCREEDRRSHEZFIL TEL ADKEICEbE-RB» 5 0E
YGRS 2L, BIMLERERCHEIUEEEERORENINET S L E2 0N 5.

= #9

ENERRT T2V 72 VEDOFEF A FIZBRDLERBEL L THELAHENRTWS S,
—HFTCEOHRB - REERICL VRS BRICE > TIMRFEORR L 2 9B 5. #toT, *
YA 4 FEREEOBAZCHEGET ZREERIE, EWKTEL SODEKTERBEOEAZ
WKHHFESTHUREENTRRING.

ERE, EZLRI NI TOREREWLHEIIBNT, ¥ A FEEEOTHOEEZZ 7>
2y —=5TFThbH, GF 7 RERBAREEHRES Y 7 4 (GIRK) F ¥ & VB{EF GIRK2
RU GIRK3DBIZT 2R, FBEFHRFZICBIZAEF M FEMERIHLAFEICHNTE S
EERML2A, FOREFEHOPITE, EEOVFKTERBE L OAELWEEERT D
DHBDH LN,

SHITHEOIEE, EICRFENTTHERRLBEFETHY, P oRKFESORER
UEBHERET CLVRFELHRELTHEF 4 FEMERZHICHT S5/ 474 FHEMR
# (GWAS) ATV, BENEME %5 1rs2952768 S BIZRIE L. ZOZRMICELTIE, B
BHEFICBYTORROMMEEIER IR, T/, EuFEE, 7LVa—VER, RUE
AREEEOK L LYWHKFEREICBWTEER L OBEZRL, S6IBEHEICBVNTIZ/ -
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VFUTF4DEMKTH S TCI (Temperament and Character Inventory) O HEiK7TE
(Reward Dependence: RD) A2 7L OMHEDLHD SNz Y,

COE)LRBEMRCLVBONLMRLBROBBICSHTAILICLY, HLr AOFE
WA BB B R OB MCE IR RE GRS 5 b D L i S 5,
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