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Association Study of Dopamine D2, D4 Receptor Gene, GABA4 Receptor 3 Subunit
Gene, and Serotonin Transporter Gene Polymorphism with Children of
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Objectives : The studies on the genetic risk factors of the children of alcoholics (COAs) are still in an early stage. The A 1
allele of the dopamine receptor 2 gene (DRD2) may be associated with the negative affect and positive alcohol expectancy of
the COAs. In addition, several researchers reported that COAs might be associated with the GABA, receptor S subunit gene
{GABRB3) and serotonin transporter gene (5-HTTLPR). In this study, we investigated the association of polymorphism of the
DRD?2, Dopamine D4 recepior gene (DRD4), GABRB3, 5-HTTLPR with COAs to examine the genetic risk factors of COAs.

Methods : Twenty-two COAs and 23 control children (children of non-Alcoholics ; Non-COAs) were included for the genetic
study. All COAs aged 6 to 18 were recruited and selected from families of alcoholic patients in alcohol clinics of three university
and mental hospital. Alcoholism of parents was classified as type I (non-antisocial, late onset) and type I (antisocial, early on-
set) by Cloninger’s classification. The genotyping of the DRD2, DRD4, GABRB3, 5-HTTLPR was carried out. Chi-square
method was used for evaluating the associations between genetic polymorphism and the COAs.

Results : The frequency of Al+ allele of DRD2 in COAs were significantly higher than Non-COAs ( ’=445, df=1, p=
0.035). Significant association between the genotype of DRD4 and COAs was found ( x *=8.32, df=1, p=0.004) . G1- alleles
of GABRB3 in COAs were significantly higher than in Non-COAs ( ’=6.622, df=1, p=0.022) . We found no association of
the polymorphic alleles of 5-HTTLPR with the COAs ( ¥ 2=0.021, df=1, p=0.884) . There were significant associations between
the type of parental alcoholism and depression of COAs.

Conclusion : We found that the children of alcoholics had significantly increased genetic risk of alcohol drinking expectancy.
This study provides some preliminary information on the risk and protective factors associated with the COAs, which can be used
as a foundation for prevention and intervention of future psychopathology. (J Korean Neuropsychiatr Assoc 2007;46(1):5-12)
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dFE & IAE HEE F A AAAH A
St A gl AR A o] HE FobA 7hx Qi

dTE T Ao 71 AFES €IS JFE A9
AFA (children of alcoholics : ©]8F COAs) E°] &5 &3
= W A 59 et 84 TFsAde] stk Ag
dasA Bosty ekl 2Rt 438 oF gt 2
5 ohd 2k (children of non—alcoholics, non—COAs)
o} vludk A7olA COAs7) &5 43 #d ZAZ ¥
A 5ol non—COAsBET}H 2~10¥) A% v} o 3}
Y BF D L AlE v ES opHad FalAelel of
g 7hsAol B Row delA QoY

COAsE #3114 SIdeAE ds)7] $l3h g2 A+E59]
A5 7) Al2stedeh. Ratsma 578 19~304] Abole] A
Q! COAs(Adult COAs, ACOAs) S the =2 P-300 A
AUA 9 (P3 event—related potential : P3 ERP) &} &
1l D2 44 FAAHDopamine D2 Receptor Gene,
DRD2) ¢} Al allele @ 737} 3 oFde] AdHde AR
17 A7 DRD2¢] Al allelee] £A13t3L P3 ERPS] 1%
o] W& A FoSHA F2 FAFT FelE BN o)
1]} (disinhibition) W¥d-& AlAFShR= AT HHjel o
3to] DRD29] Al allele$} w2 P3 ERP7} 7F5-¢ 182
&27v 3§ Qlvke AT Ak

Berman 5%-& 14649 ¥4d COAselA COAsY A
3 EA3 DRD29 Al allele®] &4 o327} COAsel )
oJxe] F3H He BAEEe) AEEH AXE Ale)
TEE 2HITE AL & 5 AU Twitchell 57
6278 COAsE o2 5-HTTLPR thaAd o}
F3AW 5% 71 5 (Child Behavior Checklist, CBCL)
3 BFHE 9 2/} A5 71 AdE njwst 4
7} SS/SL #A%S AW 46949 COAsel| vt LL #
AHE Ad 162} COAs7t FFHE F &% 134 (be-
havioral undercontrol) 52} #7482 F&(9-&/E0) ¥
BolAd FoJsHl H& AFE velle A& B8t ol
3 A7E 53 COAsolAN o] & P5 v|23 o
go] NEEY 2REHe] Ao 2o ui7iE 7hedo]
55 45 itk 019} BEo] GABA, €4 4 subunit
HAHGABRB3) & G1- Allele (non—G1 shell/non—G1
genotype) & A3t 4FE& oJF9 HFT ) Afo] 9lo
w FHE dFE VU D dFE AFel st A7
A3t} Aol A= Aoz A gk

olg{dt F14 A+ AREL COAsA e FH4 o
PAo] g dzE T el T Falge)e] e

flo &

K.A. Cheon, et al

71038 7FsAS AIAFSETE Sulol A COAsolM 9 Alg]Ar
33ka EAo| gt A= Bud vk Qo *1? CoAs
58 doz 3§43 o Z
Al v gt

ki B AFo e el d3g $AE9 s
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7] AG7 AE el g% 2712 e 174
AT AR Ao 43S AF W == 49 F
el Wlgsld DSM-IV(Diagnostic and Statistical Ma-
nual of Mental Disorders, Fourth Edition) 2 7}5&tV
o oAzt A HEe o3 LdFE E Folz A
o 9hE 3239 gk 6~18A0f diFdshe A 229 Sty
TOE SGTE Y2 ofYo] AP Z | it 3519
9] obF T TR HAHH Wy 9 HERAAN &
TE B FA 9 AN ZAE AYA = Aoz
ZoZ spelgl Bu ol 2 2395 v|dTE &R A
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FE 43E & 2] AL 1) FR48 Foit
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43728 F HEF2 o}y ¥R/(Subtyping of Alco-
holism)
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olFH A 3F5H7F T (Korean Child Behavior Check-
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=3 ADHD #7} A% (Korean ADHD Rating Scale :
°o]&} K~ARS)
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Inventory : JTCD
Luby 5'70] Cloninger$} 25202 74014 144 A
o]9] &&7] 0}9 okF FadY 714 B 4AE Hrlet
71 §ist Bx oz A|Zsidet. 4 AdFE vk 9= Clonin-
ger7t AAE 77 4A71E HEQA AEE T 8} (o
velty seeking, NS), 91828]5 29¢l(harm avoidance, HA),
BARE @<l (reward dependence, RD), $118HE Kol
L 29l(persistence, P), 27| F44 (self—directedness,
SD), AF8ld %A (cooperativeness, C), A7 284
(self—transcendence, ST) & tijsl] F7sh F 108
3‘2& T4 gtk 5L obs FAdE F 7Y
FH7E glon 284 Bt yed sYsit. dmold
JTCIJ M @ w23 FUg T e AREA

COAsY AP7HEE &AL
Aol &5 Bt 2
CDD

CDIx& 40719 & & 48] A8l 71 d9
AHgE A= AR 27708 Edtel diaiA 0~274A] &
Ashe 3% BAAtR I F4e 54 7otk CDI F
AEL2 5709 3HY 2 E(subscales) ® #HEHY, o= Z}

2 &= (Childhood Depression Inventory :

Zt 834 714 (Negative Mood), S &4 A (Inter-
personal Problms), ¥ &%7 (Ineffectiveness), F&7%

(Anhedonia), 43 *}&7(Negative Self—Esteem) ©.

E ipdEnh AT 9 BREr} 5 E] jlon gl
T 2ol-gH T} A W F3} o] F0i7) Adefoln} Y
Zob Ae)-EA Eql W7} A (State—trait Anxiety In-
ventory for Children : STAIC)
Zofe] PAY el EREE EHshe ETEA 19734d
5 Bucky $} Spielberger® el ol&] /L=Eglc) 1989
T 25T HA5Po) 28w ofFY Bl ATE ¥
}01 g5 o7 Jato] AREaIgith EQhE AdH Bt
54 2te g o] sk, 47 20838 F 40
TZoE T7AaE] vk 2 Fauitt 1764 33712 &
7t FAA =Y F 20~60FH /A BEHEE LA H
olek. & iAol tist A% A5 (Cronbach’s @) &
0.880]t},

ru:

{HY IH(Genotyping)

Heole] 513 9 DNA £

COAsT 2 non—COAsT] Tz Ado]r] Fole a3
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of W Eysiolch Wy BakEl Fols Afeea 3ql ¥
ol 3 mio} M g3 89 (cell lysis solution) 9 mlE&
156 ml FHel W3 & Alof 108 52k AellA w17l
Ty 3,500 rpmel|A 1023 94 BeAA 45dE o
2l g #Eo] 8 23] &N (nuclei lysis solution) &
3 ml H7kska 37°CollA 1417 &2t §FgAI7ICE ey
A LM (protein precipitation solution) 1 miE 7}
3tz 3,500 rpmellA] 1043 A4 Ee]8k] genomic DNA
7F 23 AE AL 73e 15 miFRe)] &7]3 o)A
235 (isopropanol) & 3ml A7}st & HEA Aot
thA] 3,500 rpmellA] 587F €4lde stsiar H5lel 70%
dTEE Aol AHSE F ARg 37] Foll Btk o]l
250 #1 DNA A5t §AE H7ste] 4T 244 =
QI & ojxl DNAE PCR7MA —70TCel Basigich B
T gl fAs A8 A8 Aol s
et ARG 22E 7R R 2450k

o)

DRD2 +42} #4(Genotyping)

Grandy 57 Z2EZo] w2} §31x} ¥4k DRD
2§22} 310 bp PCR 2742 &3 22 AP (pri-
mer) & TE5 31t}

Al [5° CCGTCGACCCTTCCTGAGTGTCATCA
3] 9 [5 CCGTCGACGGCTGGCCAAGTTGTCTA 31,

DRD4 547} #4
Kotler 577°] P84 o]g3to] #4 #-415Iick DRDA
exon III polymorphic region(2—10 variable repeat unit,
1 unit=48 bp) FAE 2I5to] AMGEE APEAlE TRE3 e,
Al © (5° ~ACCACCACCGGCAGGACCCTCATGG
CCTTGCGCTC-3', 5" =CTTCCTACCCTGCCCGCTC
ATGCTGCTGCTCTACTGG-3")

5-HTTLPR +32} #4

Deckert 529 =g 2 Fo]| uje} f-A2} H2jo] W3
2t} PCR & Y8 ARt Al (primer) &} 9714
de de3 2ok

5-HTT #3x 9434 sripb : 5 =GGC GTT GCC
GCT CTG AAT GC-3', srtp3 : 5 —GAG GGA CTG
AGC TGG ACA ACC AC-3'.

GABRB3 A2} £4
Feusner $%¢ #4z} 4 w{g Fa1sto] o] 43}

Atk (CA)n ¥HEZRZE th&3} Alwka (primer) @) 47)
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Ae & AHEst] SEE I

Al - forward [5°CTC TTG TTC CTG TTG CTT
TCA ATA CAC 3’ ] with 5" —fluorescencent—labeled
(6—FAM), and reverse [5 CAC TGT GCT AGT AGA
TTC AGC TC 3]

SHEYN

COAs® non—COAs A2l DRD2, DRD4, 5—-HTT-
LPR, GABRB3 3%} thg4 9] WIEE x*(Chi-square)
A9HE B vlw 2AEsith B3 COAs o+ viol
A FEO 4TE FE uE AgAEEE S AR, A
A g9 g% AT 87 E 4 2(Chi-square) AR o] 83
of FABRIT. FAat vyl wE Jejaksets S
A 2 A Y5 A5 20 student t—testE H]w
it o] BE Aue] #4e Y4598 SPSS 1158 AF
g3to] FEskeirt

Nid

il

COAs2l non—COAs N0JQ] Q1o NI=

COAsT 22%% Fak= 134, oJ2k= 990313 non—
COAsT Z 97 131, o&+ 109e] diate] TN
th COAsT9 F 93E 11.91£2.644), non—COAs
7o Hit A 9.78+1.624124 COAsTY Hut
Fol Folst FFOE FouTh 7 F Aol ITEH

g 83 E 1o AAEeigioh

COAs®t non—COAs fe| DRD2, DRD4 RN Ly
2

COAs”} non—COAsell H]8te] DRD2 Al+ allele (Al-
A1s} A1A2 FHEE X3H7 /RS FFoF w4 &
A H y%=4.45, df=1, p=0.035). =3k DRD42] 4/4
$130] oAM= COAs7} non—COAsel vt f-2]8}
A AA VERtT AA 2 non—4/4 A (4/4 +4
E 1205t BE §A3, = 4/2, 4/5, 4/6, 4/3. 2/2 FA
5 & COAsOIA o o) Uehhs 848 »olvt
(2%=8.32, df=1, p=0.004) (¥ 2).
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Do

COAs2 non—COAs 2| 5-HTTLPR % GABRB3 |
Nt CREY HiR

5-HTTLPR §4#F o84 F3£oA COAs$} non—
COAs 7ol 2% xjo|7} waE A ghe}(x2=0.021,
df=1, p=0.884). ¥H¥, GABRB3 42} T} nje|

J Korean Neuropsychiatr Assoc / Volume 46, No 1/ January, 2007



K.A. Cheon, et al

Table 1. Demographic data of the Children of alcoholics (COAs) and Children of non-alcoholics (Non-COAs)

COAs Non-COAs L
Significance
N=22 N=23
Age (Mean=3D) 11.91+2.64 9.78+1.62 p=0.002"
Sex Ratio (M : F) 13:9 (59% : 41%) 13110 (57% : 44%) p=0.862"
* 1 By student ttest, T: by x2test, SD : Standard deviation
Table 2. Comparison of DRD2 dllelic status and DRD4 genotype between COAs and Non-COAs
DRD2 alilic status* DRD4 genotype’ Tofdl
Al+ Allele Al- Allele 4/4 genotype Non-4/4 genotype
Non-COAs (%) 12 (52.2%) 11 (47.8%) 19 (82.6%) 4 (17.4%) 23
COAs (%) 18 (81.8%) 4 (18.2%) 9 (40.9%) 13 (69.1%) 22
Total 30 15 28 17 45

*: By y2test, x? value=4.45 p=0035 The Al+ Allele consists of AIAT and ATA2 genotypes : the Al— Allele consists of A2A2
genotype, T: by x2fest, x2value=8.32, p=0.004, The non-4/4 genotype consists of 4/2, 4/5, 4/6, 4/3, 2/2 genotype

Table 3. Comparison of the Serofonin transporter gene (5-HTTLPR) genotypes and the GABAa receptor #subunit gene (GABRB3)

allelic status between COAs and Non-COAs

5-HTILPR genotype* GABRB3 allelic status' Total
s-genotype l-genotype Gl1+ Allele Gl1- Alele
Non-COAs (%) 11 (47.8%) 12 (52.2%) 6 (26.1%) 17 (73.9%) 23
COAs (%) 11 (50%) 11 (50%) 0 (0%) 22 (100%) 22
Total 22 23 6 39 45

= 1 By x2test, 2 value=0.021, p=0.884, The s-genotype consists of s/s genotype, the I-genotype consists of s/l and I/l genotypes,
T by fisher's exact test, x2 value=6.62, p=0.022, The G1+ Allele consists of G1/G1 and G1 shell/non- G1 genotypes, the G1- allele

consists of non-G1 shell/non-G1 genotype

Table 4. comparison of emotional characteristics between child-
ren of parents with Type | alcoholism and Type Il alcoholism*

Table 5. Correlation of the ADHD of COAs with parental fype of
alcoholism*

Parental alcoholism

Type | (N=12) Type Il (N=10) p-value
Mean=+SD
TAIC 30.0£10.63 34.1+8.96 0.497
SAIC 28.6+7.82 32.419.91 0.381
CDI 35.8+7.37 451£5.15 0.003*

* 1 p<0.05 By mann-whitney test, SD ; Standard deviation, TAIC ;
Trait anxiety inventory for children, SAIC : State- anxiety inventory
for children, CDI : Childhood depression inventory

2ol COAs7F non—COAsel| 8]gte} GABRB3 G1-

allele7} F9)8k £F02 BA FREAUTH £ *=6.622, df=
1, p=0.022 by Fisher’ s Exact test) (& 3).

20| AAZSS FYPO ME COAsT UQ] plE|nR|et
o SEQF N N ASEN M= Hlw

COAsT Ueld #5271 41 1 8 47225 +2 129,
A 2 ¥ A 10Hoz F 7 Afolell K-CBCLY 13
A srelgdET STAIC A% H4, JTCL aelMe &
93t zjlolE Holx| stk whd, &% #EQl CDICA
=418 g32eE B2 4% COAsY CDI F3o]
35.83+7.37, A 2 ¥ &z7&e)F F21 A9 COAs?| CDI

e
-
[e)
-
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ADHD of COAs
Total

No Yes
Parental Typel 11 (91.7%) 1 (8.3%) 12
dicoholism  1ype || 5 (50%) 5 (50%) 10
Total 16 6 22

* . By xtest, x2value=4.77 (df=1), p=0.029, by fisher's exact test

F74o] 45.10+5.1584 RRIF A 2 § d3gEd 2
U &% o7t fdshl 2 2og #EHTHe=
0.003) (& 4). =3 K—-ARS %% 187 7]%°2 ADHD
AAH E2AT BEYTOR BFel] FRo gL
E 8% vln A% Ax 3 Alele] ot A
o] Yt Aoz AAHUT(x? value=4.77 (df=1), p=
0.029) (X 5).

TLE

B AT A3 COAsTH non—COAs Aol F-38k
A vy AT Ayt DRD29 #3121 oAz} 5 DRD2
Al+ alleles} COAs Alelell Azo] Qe Ao ekt
01712 Ratsma 579 A7 Axel o]= FE UAsh= 2



COAsSl R&ESH -2

teba A7rE) #2 Conner 98 COAs Wb H4d
el 27 Fg3 DRD2 #4388 ##st A3} DRD2
Al+ alleleZ A #o] DRD2 Al- allele(A2A2 4
& Ad ol viste} fAsH d3RE F50 ojH)
1 41 okge] g 23 AR FAE FoeA U
o Baakqit), 3 DRD2 Al+ allele COAs 22}

AdE0 B2 38 AAEE 7H B ASske Ak
A7 2 2 AAMZS (psychoticism) 3 £4 % A Folz}
I B yEeich wEky, & A7) Z COAsTelM DRD2
Al+ allele® AW WIE7 FosiA A v AL ol
o] & Hadr] AR7IE AAWA non—-COAsel vls}
o] 43 g FE T B F8ol uF ol rksAde
Akl Ao A olefgt AL FAHT 2 FAA A
s 2 Al g8 uizkE Aoz gzEd

B Ao COAsTH non—COAsT Alojofl DRD4
T2 el QloiA Fdt zlo|7} Q= FeE
Z5 %tk DRD4 /A4 B8A48E 4/4 #4383 non—
4/4 3827 o] COAsTH non—COAsT Aol
BT E ZARSE A3 COAsolA non—4/4 3%, non—
COAsollA 4/4 FAF) o #A veEs s B3
t}. DRD49] 4-¥15 oyl 32k 2 ADHD 98 A
& S A7l A5 dig $3e WS dE5she &
B 4 247 AE9 b vk E£3, DRD4 exon M9
4-RHE ] R GARE BHEE 98 e uiH
FARRA o] g g Agetd ATES
DRD4¢] 4—repeat ¥H¥A0) 2—repeat, 7—repeat T
Ao vjsled ekEx]Eof 3t B2 F3}(blunted response)
2 o8k @ap =k Fgo) Qivky BaEiok?
# 8k= ADHD o5& tide=s ¢t DRD4 433 A
¥R d7olM % DRD4Y 4/4 F438o] non—4/4 /3
&o] H]3}o] methylphenidateol] thdh x| gxkg-o] §-2]3}
A B F5d 7FsAdE AYEIEY olefd A7 A
£ v]Ro] B o, & A7 A7} DRD4Y 4/4 #FH3ol
COAsoIA foatA 2L Wz z Jeht dAe v & 4
< FEdxZBE COAsTel ADHD| # olsks| At
Azt vhgo] 2] & 7HedE AAFTH

GABRB3 37z thadAds} COAs Atold] Aol

Gl- alleles®} COAs7} 4ol &= Ao2 eI

Young 5¥& GABRB3 #47}+] Gl+ alleles(G1/G1 2
G1 shel/non— G1 /438 & 2Ad Zell, G1- allelesE
Ad A% Hisle] AEHA FIE S5 7t (mood—
related alcohol expectancy, AE)’ ¥ ‘&3 AZA z7]
E%7H(drinking refusal self—efficacy, DRSE)’ Ale]el]
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U1 o] glvfar B gk vl gk wiEkA # At &
F& & APAETRS g R g AFol7]E SRy Young
Vo AT Ang o] A% AXEHE Rog B £ Q)
th A 975 B o AEY DRSEE &% 438 A
H Y 437E FE AF AFel g3 FHF oS
Axtz A Leigls vl GABRB3 #82kS) G1+ alleles?}
COAsToME A8 oEeR] 982 A= gd3E 57
o] Apdgol ¥] EIg F5A A gl vjgte] FF U3
& AHY 7FA e 57 A dE A7]-F 53]
gold 754 ArFeth &% COAsTol4l GABRB3
FAxke] A Ael (alleleic status) S 918k COAs
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