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Objectives :

L& MO

This study aimed to examine the association between norepinephrine transporter gene (SLC6A2) poly-

morphisms and attention-deficit hyperactivity disorder (ADHD) and to examine the relationship between the genotypes

and allele variants of SLC6A2 and results of the Korean version of the parent ADHD rating scale (K-ARS).
Methods :

We examined the association between ADHD and norepinephrine transporter gene polymorphism using

DNA from 137 Korean children with ADHD and 120 normal controls. We compared the genotype distributions and
allele frequencies of SLC6A2 polymorphism between the control group and the ADHD group. Then, we correlated the
children’s K-ARS mean totals, inattention scores, and hyperactivity/impulsivity scores with the genotypes and alleles for

each SLC6A2 polymorphism.
Results :

There were no significant differences in genotype and allele distribution for each SLC6A2 polymorphism,

as shown by the Chi-square test (p>.01). There was a trend toward a difference in allele frequency in rs 5568, but it was
not statistically significant after adjusting for multiple comparisons (p=.048). Also, there were no significant differences
in K-ARS scores according to the genotypes and alleles for the SLC6A2 polymorphisms.

Conclusion : Our study found no significant evidence of an association between SLC6A2 polymorphisms and ADHD.
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ARo17L oA Agole] HlE] O S YA Welrh?
QloF AgelM = ADHD $kx1e] &8k ?—Eﬂ A 2pulfo]
A ek R19l A ADHD ¥84o] 2~38] &

Aow HaEE 57 o] Aol ADHD 9 44 9141
o] FgAo] vk gitt.
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B AGE 98] ADHDTS 200604 20083714 8t
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&t Pharmacogenomic Research Center for Membrane
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TE ARSI stk # AFrelAe= NETH4Ake] AD-
HD3} A2 tjza-3e) vlwE 935k Single Nucleotide
Polymorphism database (dbSNP, http : //www.ncbi.nlm.
nih.gov/projects/SNP/) & ©]&38Fo] SLC6A2 SNPs% ]l
A o] el ADHDS % gltkal Hael SNPE X
8} 3lo] AE o14Le) X minor allele frequency”} =& 57}
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1) ADHD & 3EHSt| At

(1) =03 Kiddie—Schedule for Affective Disorders
and Schizophrenia—Present and Lifetime Version
(K—SADS—PL)?

ADHD$} &< Ak K-SADS-PLE IR 3d T
ge] opyandrdalat oatel] ofsl XeE lek K-SADS—
PL& AopPdand $kaksol| st galata] zidke] def ARg-
w= v Fxskd Wy Eol g ADHD oksellA %
GO EP e H2 20% HiuEgIh

(2)3t=rojst 12 ADHD #H7} 2% (Korean version of
Parent ADHD Rating Scale, K—ARS)?
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2) DNA €7 2M

Sy o] W MNof|A] g4 kit (Qiagen, Hilden,
Germany) & AF-3F] genomic DNAES #g]8}3ith NET
FAAZ 5F317] 98] UCSC In—Silico PCR (http : //ge-
nome.ucsc.edu/cgi—bin/hgPcr?command=start) *H<
AR SFSITh Zh RO B5-2 DNA 10ng, ZHz2te] APEA]
0.0005Mm, dNTPs 0.25mM, MgCl2 3Mm, 1 Xreaction
buffer 1xl, 0.25U Taq DNA polymerase (Intron Bio-
technology, Seongnam, Korea) @4 & F3]3= 10 «lo] &
55 ootk SEEAAHNS-(PCR) 2 94 CollM 587 1
F71E Fe §, 94TCoIA 30%, 60~65TeIA 30x1t
annealing, 72ClA 30~60%7} initial extension, 72 Cel
2] 10%-3} final extensions 244 35718 F35FTh
PCR AyE3} AEAS AA5E7] <1816 Multiscreen 384—
PCR Filter Plate (Milipore, Billerica, MA, USA) & A3}
Ak AR Ad=el 7] M9 4 flske] BigDye
Terminator Cycle Sequencing Kit¥ ABI 3730xl auto-
mated sequencer (Applied Biosystems, Foster City, CA,
USA)E o] 8sl3itt. =driole] thgh #4122 Phred, Phrap,
Consed, Polyphred 5.04 softwaresS ARE&3tH http : //
droog.mbt.washington.edu/PolyPhred.html).

3) SNaPShot assay(single base primer extension assay)

¥ A7 NET §44385 24871 913 ABI PRISM
SNaPShot Multiplex kit(ABI, Foster City, CA, USA) &
0] €3l single base primer extension assay= 331t} PCR
S 918 A2 971554 Table 1ol ®AISHITE 10 pl
o] FHEAAM B HFES e fls 24 MRS 2
2 10ng genomic DNA, 0.5 pM 2] Z+2}+¢] oligonucleotide
primer, 10X PCR Gold buffer 1 1, dNTP 250 zM,
MgCl, 3mM 28]1 0.25unit®] i—Star Taqg DNA Z3%t&
Z~(Intron Biotechnology, Seongnam, Korea) 7} #7}= %}
oh 9HE 29} AZE2 95TellA] 1087 157], 95CellA
30 &3t 30571, 55CellA] 1423k 30771, 72°C olA] 787k
157, v Ero g 72Col 187 15718 F3dsih &
Z5 FAE A 95k shrimp alkaline phospha-
tase (SAP) (Roche) lunit& ARE38t 37TClA 60%3F A
23k 2 exonuclease I(USB Corporation) < 72TCellA
1547 H2skgich FAlE PCR AHz 1 ¢18} Table 1°]
HA)EE Ak 0.15pmolS SNaPshot Multiplex Ready
reaction mixture®] #7}sIth o] H3HE2 extension
reactiong g8 96°ColA 10%, 50Tl 5%, 60TolA
303+ 2V} 255718 S733F3it). Fluorescent dye termi-
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Table 1. Primers sequence for the norepinephrine transporter gene

rs number Strand Primer sequence m

rs 1610905 Forward Forward primer CAGGAAACAGCTATGACCTGAAACCTCTACCTCCTCAA 55
Reverse primer TGTAAAACGACGGCCAGTGCAAGTGTCCAGAGTACACA

rs 5568 Forward Forward primer TGAGCTGTAAGTTCATGCTG 55
Reverse primer ACCTGGTGTITGAATAGTGG
Genotyping primer AGCCATTGATGAGGTCCTIG

rs 5569 Reverse Forward primer AGTICTGAGTITGCCTGAGA 55
Reverse primer CCTACTCACCITTIGGTTATGC
Genotyping primer TGGAAGTCATCTGCCAGGCC

rs 998424 Forward Forward primer ACCTICAGCACTITCCTICT 55
Reverse primer GAAGACTACTGGGCCTAACC
Genotyping primer TGCATAACCARGGTGAGTAG

1s 2242446 Reverse Forward primer GGCTGTCAGAAGTCTCCAAC 55
Reverse primer CTCCTTCACCACCAGCAG

Genotyping primer

ACGCAGGGTICCCAGAAAAG

nators A|As7] Y3k 1unit®] SAPE 37ColA 147
72°CoA 1587 At HF e AE 1 415 Hi-Di
formamide 9 ¢1(ABI, Foster City, CA, USA) &} &£3}a}oq
95CoIA 587 ¥3 3 ABI Prism 3,730%1 DNA anal-
vzer® A719%S 3171 Y8 533 E5 fel Ttk A%
ANE A7) Ysto] GeneScan analysis software (ABI,
Foster City, CA) S AF&-3}5ich

3. &1l 24

AT e QA B4 W 2R dolsr] flsl
7)E S ARESIGITE ZHEe] SNPellA %Z}L 9 iz
T FH89 AT elA Hardy—Weinberg 3 EHE &
ofRokth sk AT EH"J" A iz ADHDT 7t
SLC6AZ 37 tigd-fadxke] RIE xjo]E H]iL 0}7] H

3 Chi—square testZ 0]%0}%\‘3} Zy7+e] SLC6A2
@ AlelellA K-ARS T4, HYB5—5s4 3, —‘?‘—zrﬂ
3 Aol Hate] Aol wlwaly ] H 3l ANOVAE ARg-3}
S Z¥7Fe] SLC6A2 tI-f-AF 8] K—ARS A4 H+t
AelE vl S8l t—testE ol &SItk EE SIS
SPSS 15.0(SPSS Inc, Chicago, IL, USA) 9&$-8 =2
S ARESISITE 571€] SNPollA] AolE dotk=
HE w3H] 980 Bonferroni corrections 24 &1
AR #9 52 p-value<.01S 71E 2% Stk

5&
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1. 917 C¥e QRSN 5 % o 57

% 1379 (o} 1141, oo } 237 94 olzE0] ADHD tf
A olglon B ¢3-S 10.2£2.9419t}. ADHD o}

Table 2. Demographic and clinical characteristics of subjects
with ADHD

Subjects with ADHD

(N=137)

Sex
Male, N (%) 114 (83.2)
Female, N (%) 23 (16.8)
Age, Mean (SD) 10.2 (2.9)
ADHD Subtype, N (%)

Combined type 113 (82.5)

Predominantly inattentive type 23 (16.8)

Hyperactivity/impulsivity type 1(08)
Comorbidity, N (%)

ODD 32 (23.4)

CD 8 (58

Depressive disorder 36 (26.3)

Anxiety disorder 9( 6.6

Tic disorder 17 (12.4)

Others 18 (13.1)
K- ARS, Mean (SD)

ili:ﬁ::lllcl)sgiitr;antly hyperactivity- 140 (5.8)

Inattentiveness 17.4 (4.4)

Total 31.4 (8.4)
CGI-S, Mean (SD) 4.4 (1.0)

ODD : oppositional defiant disorder, CD : conduct disorder, K-
ARS : Korean version of Parent ADHD Rating Scale

o7 Fatgo] 1139 o R /b4 Wby Baoldoe)] 231,
&Fgo] 11 o= YeRTHTable 2). é*& oz % 120
HO 2 (A 1007, 912 20) ADHD T2} A Aol ¢l
AH( 2 *=.001, p=.98). B 9] o] W= 20~
36A1%1em T vo] AR o = glolch
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AATHrs 2242446 @ x*=.43, p=.51, rs 5568 : y°=
.00, p=.95, rs 5569 : x*=.05, p=.82, rs 998424 : y’=
.34, p=.56), rs 1610905 : x*=1.85, p=.17). A} thz=7-
7 ADHDT Ato]el|A] SLCBA2 7+7+9] SNP 44413 4
E4Ax wwel o) gl 2ol A H(p>.01) (Table
3). 12} SNP rs 55682 79 ADHDw = Aol 3t
of BAACR Fon|sA= Atk A tiFHEAkel C o)

Table 3. Distribution of genotype and allele frequencies of norepinephrine transporter gene (SLC6A2) polymorphism between normal
control group and ADHD group

Genotype Allele
SNP Position Norrtnaltl ADHD - Norrtneltl ADHD ,
((:Nc’:lrgos) (N=137) x P (C,\?:lr;’os) (N=137) x P
rs 242446 T 56 56 1.22 0.543 T 171 178 1.98 0.159
TC 51 66 C 69 94
CcC 13 14
rs 5568 AA 52 52 1.45 0.486 A 168 169 3.92 0.048
AC 55 64 C 72 105
cC 13 21
rs 5569 GG 59 70 15 0.472 G 176 202 0.10 0.757
GA 49 58 A 64 69
AA 12 8
rs 998424 GG 59 72 1.13 0.570 G 171 205 0.46 0.500
GA 48 57 A 65 68
AA 11 8
rs 1610905 -/= 42 41 4.1 0.129 - 133 154 0.02 0.886
—/+ 46 70 + 101 120
+/+ 29 26

ADHD : attention- deficit hyperactivity disorder

Table 4. Differences of mean scores of K-ARS by distribution of genotype frequencies of norepinephrine transporter gene (SLC6A2)

polymorphism

Total scores of K-ARS

Scores of inattention

Scores of hyperactivity/

Number subscale of K-ARS impulsivity subscale of K-ARS

Mean (SD) F (df) p Mean (SD) F (df) p Mean (SD) F (df) p

1s 2242446 T 56 30.57 (8.43) 0.42 (2) 0.66 17.14 (468) 0.18 (2) 0.83 13.25 (8.29) 0.72 0.49
TC 66 31.77 (7.89) 17.44 (4.15) 14.47 (5.19)
cC 14 32.36 (10.52) 17.93 (5.20) 14.43 (6.57)

rs 5568 AA 52 32.08 (9.14) 0.34 (2) 0.71 17.56 (4.6) 0.07 (2) 094 14.71 (5.86) 0.71 (2) 0.49
AC 64 31.09 (7.49) 17.28 (4.41) 13.66 (5.75)
CcC 21 30.48 (9.07) 17.24 (4.3) 13.19 (5.76)

rs 5569 GG 70 31.10 (8.07) 1.73(2) 0.8 17.06 (4.27) 0.70 (2) 0.50 13.04 (5.75) 176 (2) 0.18
GA 58 32.83 (8.65) 17.90 (4.49) 14.93 (5.48)
AA 8 32.13 (8.36) 18.13 (1.13) 13.88 (6.51)

1s 998424 GG 72 29.82 (7.84) 275 (2) 0.07 16.79 (4.46) 1.34(2) 0.27 13.03 (5.80) 2.31(2) 0.10
GA 57 33.23 (8.72) 18.02 (4.53) 15.21 (5.52)
AA 8 32.15 (8.36) 18.13 (3.18) 13.88 (6.51)

rs 1610905 —/— 41 31.83 (8.87) 0.35(2) 0.70 17.73 (403) 052 (2) 0.60 14.07 (5.88) 0.34 0.71
—/+ 70 31.26 (7.97) 17.46 (4.35) 14.24 (5.33)
+/+ 26 30.15 (8.72) 16.62 (5.32) 13.15 (6.85)

K-ARS : Korean version of Parent ADHD Rating Scale
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Table 5. Differences of mean scores of K-ARS by distribution of allele frequencies of norepinephrine transporter gene (SLC6A2)

polymorphism

Total scores of K-ARS

Scores of inattention

Scores of hyperactivity/

Number subscale of K-ARS impulsivity subscale of K-ARS
Mean (SD) t (df) p Mean (SD) t (df) p  Mean (SD) t (df) p
1s 2242446 T 178 31.11 (8.200 —.61 (270) 0.54 17.27 (4.47) —0.50 (270) 0.62 13.78 (5.86) —0.72 (270) 0.48
C 94 31.77 (867) 17.55 (4.42) 14.31 (5.65)
rs 5568 A 169 31.69 (8.48) 0.79 (272) 0.43 17.40 (453) 0.08 (272) 094 14.35(581) 133 (272) 0.19
C 105 30.87 (8.12) 17.35 (4.31) 13.40 (5.68)
rs 5569 G 202 31.01 (8.23) —1.19 (270) 0.24 17.27 (4.38) —1.31(270) 0.191 13.7.3 (5.61) —0.72 (270) 0.43
A 69 32.39 (8.76) 18.06 (4.07) 14.93 (5.48)
rs 998424 G 205 30.90 (8.17) —1.55 (270) 0.12 17.11 (454) -1.69 (270) 0.09 13.79 (5.69) —0.90 (270) 0.37
A 68 32.71 (8.76) 18.16 (4.06) 14.51 (6.01)
rs 1610905  — 154 31.77 (8.44) 0.42 (272) 066 17.62 (419) 0.18 (272) 0.83 14.20 (5.59) 0.9 (272) 0.37
+ 120 30.86 (8.20) 17.06 (4.73) 13.71 (6.00)
K-ARS : Korean version of Parent ADHD Rating Scale
A o] 2o]E BorHp=.048). 819lek. 2efu ofd W= ADHD $Atg thdo® & A
oA rs 998424+ ADHDS} ¥ 912ltk® 491 ADHD
3. ADHD 29 $%%°l B2 K-ARS HAH| . i o S c
o o e thEe® & De Luca 59 A7elME rs 9984247}
5714 SLC6A2 tH&d UelA 212te] §-d3 7 o - o
) ADHDS} 2] Qli= dA¥do] giglem o5 SLC6A2S]
Aol mE K-ARS $4, ¥4, #985-3%4 4 i
739~ 45kb ©)742] spanningg Hole & f-Hxo|EE 4
&2 A7 vng A §333 m%%ﬂx}oﬂ mE o] .
S QEEHE linkage® 18] oJu] Q1= A} 1heX

Qe ZolE HolA] Ahh(p>.01) (Table 4, 5).
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9] Lo} F4d ADHD 8Aksh A4 o)z

Apo 2 te] ADHDSF NETS-AA1e] wreledr] o3
S OJ?LOP*E} 2 AtedlA] BlaLgt SNP rs

o]—"! o‘0‘31] rs 55699] fr¥zHe

O
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methyl 14 methylphenidate
of igh Hk-go] A/A TrJ%«l oT7]' G/G = G/A 4
Rt Fe RNo7 ®Biyo] rs 55698 ADHD w3
o] Agigo] AAE vk Yk 7Y Barr 5209 1]
A= rs 5569 polymorphisme] ADHDS} 13Hdo] gickar
B8k Cho 579 1869 3=+l ADHDS} 109Eg]
2, 1502 4 xS g oz 3 IR-thx2Tt oIt
o} 7FE7 I A3 AFlM % rs 5569+ ADHDQ} kA
& Ho|A| it B AelX % rs 55699] %% ADHD $t
ARttt zzrgte] oju] Gl xfolE Kol o} o]d
ATt YAk A= Hlvh

Xu 5192 217k419] ghel8-4} #o](single nucleotide
SNP) & ¢1t80] o] F rs 37851579} rs 998424% AD-
HD$} 913 715790 12 AX a3t Bobb 57 % AD-
HD 71914 rs 37851572 T W53k} rs 998424 9]
CHY 327} A (transmission) ©] 2k 5= 2107 ® Il

Aok 7FsAS AALEISITE Kim 5279 ADHD 474 E#l$
S g oR 3 oA 94 rs 3785143, rs 11568324
7F QuQlE Ao® Bl 3oL o] AFte A Wl F

99 rs 3785157, rs 5569, rs 998424 58 AAo] ¢l
= Ao7 UeERIT) o5& o] 3714 theAJo] rs 11568324
9} 5kb el $Jxskar glo] A EH 3 (Linkage Dlseqm-
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