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ASSOCIATION STUDY OF ATTENTION-DEFICIT/HYPERACTIVITY
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7‘; _}g_ ‘{:’_**T -3 _,_'\__ g**

*% T
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APSE | FAH AP )Y F Al (attention deficit hyperactivity disorder : ©}8F ADHD)+= 98+3 # =
& st 717 Qo) Fgsh= Aoz deA gt HITolE olo THI] APTR HARAHAE e
o] A ZEc} & AFE Aol Udsled ADHD AdE 2 ol y A4} tzFde ttoR, =99 &
Al #22} Al 1 ¥ (dopamine transporter gene type 1 ; ©]& DAT1) 3 ADHDZF] 9% 4R E 9sh= 2
Ho7 ach.

SipUg : 2 A7 tiido] B ADHD oF5-2 9439l HE® K-SADS-PLS B3 X194 S AR sl
=, BE& ADHD oF5& thdeg Aopdad 3%%7H = (Korean Child Behavior Checklist ; K-CBCL), ¥%& 9
TAME FY2 AT, {FF ADHD YAEE 5 dldt RS Alsted, 1 A4%E il olefst #4L 5
3§, #F 2dd 85| ADHD #olol 58202 24" 10049 AFuETE ez EAFEAATE A3t
At 74 o gRe 4L HY 1mlE S-HAAHEA (genotyping) ©] A188%1a, DAT1 variable number of tandem
repeat(VNTR) 8] thdS galsict. oI5 53, ADHDw# B 37Atel] DAT1 difraate] ok gt
A3, F HAE, ADHDTUA S T £ 2 F130 & s, A3 zlolg

s5ict.
AR} © 2ol P 9 2] DAT1-VNTR B4eAE 7, 9, 10, 11 repeat®] 4711 tid-a20F 223=]
o} WA B3R T 29 g83}0, 2 i3} vise) tisle] ADHD 873 iz vas Agsiich 1
A3, 9/10 genotyped} WES} BAZNA thze] s GoskAl £& WEE ehthp<0.05). T 9 repeat
allele EAloi el Wl gotF-& v, ZF FofjAl Q] Folg7el WA A8 (attentional deficit diagnostic system ;
ADS) 9] A1}E ulwdt 83, 9 repeat alleled ZHe 1ol FeJ3l & 271 27 (commission error) A4-E Bt
d B E dA7ME A, d2T-8AT AloleliMe ADHDSE DAT1 9/10 genotypeZtell 23 JHAAE B
9k 12]3 DATL 9 repeat allele$} ADSZ ] st Bl #4004 £ F54(2ARH # 9 repeat allele
o] A#Eo] Qirk= Ao Ak J2ing B A AFE FEE o, DAT1 9 repeat allele 35 Mg ADHD
o} Aol 1o, B3] 2544 71 ADHDY #4§ dBB3AE Yeldux & 5 QL Aot} o)gd d72
el il FF Bk S 72 FAPL asteet gzidoh
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ADHD fZioi

N E

ZF o) H AN T E A ol (attention deficit hyperactivity
disorder : ADHD) ¥ 552} 553 4E 3=
R kst H9le] F3T7 o7 3~9%2] 7] ofFolA o]
=0 e e Eg Fgholn] 74 o]l wyste] &Y
A, AR, ANF 7)59) £%8 TR ex AT AokAh
d Az g™,

o] Zolle Aol @ HAdr|9 dEFRY Fog A
o] Hof, A= YA smEete gRlo] ¥y, i A
A71e) 43 g F5, FE F5, WA A7 72!“°H, 7]
ool ¥ g1 acle] Aty delA e, 4x]o] A4l
7] BAREY 2 Apdwke] A% -7"795]—’ A, o]
of A7 A7) A&l H1E-E 40~60% ©dR1 A
o 4¥A 91, A7) ADHDEAIY] A9, 3% W AA
Z3 A Qg UlEA 725, o, FY AR, F2
WEALL 53 ddoty dEA Qlo], B AR &

F
o, -

Siid

A Qagctn A0, 28 BR o] oo gt 2714,

27\ A E8E
o
3Rk o} % ADHD®] 293 ofdi o]FofA1A] &
AEH 1 FoE olF F shit TLE 49 ADHD
of @S AlEA A BT & Qe FEsta Y43t
Jgie] Q7] mEolth 53] 954 22 A 4
g gobr} Aol x2H AT A7 AR 4HE
ARl FAA dTelMe A o) Bolnt. 18
b2 ADHDE 934 2= A83] Jdstx ADHDY £
T FrApsbAll fglo) T 9199 e ADHD fAMREES
AHeh= A 4FAA ADHD 32Tl 2320 &
& gty £ 5 Qo

ADHD?9] 2 71/‘%1]

A AR 49 Ad7|e] LAo] AlFeA o7

fa}

nﬁrﬂrﬂP>H

A 247} Z2¢ dge o
£ e ok 71E 9 A Ao Asteld 89183
oIt} ADHD #215} AP} Sl Aol e Qo
PR A4 EFol B FA% o] 9t 814 7}
Zo|u} 33| Bla] ADHDS] §1480] i, o}
FAHE o]k ote] o] YR go] 20~30%, Uy
ABok= 60~80%F 7|0, ol AlotEct A %
gotelixl ADHDS) |8 dXEo] o] ¥o} §32A 947t
Z93% 95 vl 38 FHsI 929, heritability &
FHdBFo) st = 0.8~0.9, o8 Aol Yidix= 0.90
Axel Aoz Jeld k. ADHDY 7HA) Be) H-4 (seg-
regation analysis) 7oA ADHDE ¥l {F3x] F3bg

(penetrance rate)©) 28 HAAE -8/ (autosomal do-
minant) 28 AP fA%AS ARFER vk B3
s, ol2idt H2AY 71E & fAYE A7) A
£ F¥sHH, ADHDE F3A40] & Agoleke Aojrh
ADHDS] fA41 ok 291g 88]7] Y3k AgATIA
Dopamine Transporter Gene A 1 ¥ (DAT1) §3AE
ADHD¢) 3 5AA}H candidate gene) 2 T#ldh= o|f=
T3 Zo. ADHD X g9l 7V &8] AR 1, 11 a3t
74 & g8le methylphenidate, dextroamphetamine, pe-
moline, bupropion 52 2+& £¢] EF dopamine trans-
porterg HAIdh= okEoleh= Aol DAT1C] B4 A4
2 FERE J A o]fo|t}. 99 ekEE°] ADHDY F
o FA|, Bl E, T34 FHI £5E Btk Aol
oju] S o]F—wi7 AEATN ASHe Hh P =
HAZ DAT1-E& ADHD FEAFAAZ Q13 v 2
= Fardd) ggt 7238 Jsith dopamine transpor-
ter gene®l #< LHE o FEAYE AL B, ol
HES A2E 7o v)$ wEA 533} habituation) ¥ 312
ZFANAAZAY A (locomotor) &3] thet wIzHoe]
7¥slo} glom zFIlel) digh 912 27s)e e HIEE
BYUEY, 783 wih2 DAT10] 2&% FWHDATI knock-
out mouse) #de] AAE F (knockdown mouse) FA]
ADHDS$} AR dotals 2 QA(FE) d&E Bt
Zlo] A DAT19] ol el ADHD 2ol 52
3 dgs & Aog JigE IJATK?. Al AR 2AE 7
% HGd A7 Yo Qe d, H2 A4 ADHD
BApTol S Bl WAL FHoR FrhEo 21‘4%:- B

o] ey ele] st Add S AAR Fohn & 7“"]‘3}2’)
oje} &2 tpakst ZAel| 284 DAT1S ADHD #AAT
28 FRFAPT Hiok
F4 A% A7 (Genetic Association Study)+= FAA 0.
'—';]T;éni 75:151'—4 Fokgoll 7193k FR2 (och) 8] |
L ¢ F8% Aol o] WS 3] Al
heimer w2} Apo E locus®] &4 allele®} A3odA 2 <1
&9 &4 99l insulin gene regionT] AH#EA7) wt
aﬁq_ﬂ)%)‘
ADHD #3180 lolxs, Akar tigre] #-3
®o] 1995 4-& 2% ADHDS DAT1#e] A8 ot
o] 1 A)F)YTP?. o]5& ADHDZE xetd 5799 o
Z AF tdell EIAA DATIFHS A ATFE A8k
o}, 7 A¥ ADHD¥: 480bp(10 repeat) TFEA® A4
°Z {93t AFRTAE ¥y B uEckp=0.006). o]
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213t 3= DAT1°] ADHDY FHeksdddd 7hsA49S
ZEsHA AAskR Qlch o)2fdt Cook 59 ATel$ 1995
WRE 1997974 DAT—-ADHD 7}&7)4t A3k £ 5
H F 499 AFolN o ATS Bardle] LokRrAdTA
7b el 27 HYou, 7 o1%Y dF A thd AYA
& EFolth 200088 200297H4] &€ 1299
DAT1 VNTR 7}&718 Q8T Aol d 38o] o
TS Haska gl ¥ veA delMe S8E
27 AP, 12U AFAT F FORIS gAato s & o
= #H 10repeat allele$}d] AoA3E R g digkdr}
AT, AL ko2 § AZATE 44 ADHD o}
53} gx27E o 3o A7ut R g,

ole] B ATolME daHoz B F9E RERE A,

1o} 2 729 ADHD o
A7E AW

T2 B350, DAT1%e] 4%

gz R GH
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1) ADHD 2%t % 22 (3 )

YA W} sob-Had the) ADHDe| thet B
0 A GHHEE B8], 8 NS, Thee
e 248 HE5old

(1) 2o} Fad HAY HEA

o] MEAE Fu0] W, 4Y, A AU, FEA R 2
A9 BRE 2 MY A So 71RAY ATEAR
4ol A2E FASPH ek o] Aol B2 GA, B4
o) BA, Aol THF, W2, 54 9 4AS TP
9z A, P43 2 WA A o S s
o 3ug FA3H Brk

X

(2) 2okd2d 3BFH7H E (Korean Child Behavior
Checklist ; ¢]5} K—CBCL)

Achenbach ol 28 /e obsas H7t ST of

T A5 o8] SUESe] disl FEUt B vE EdiE 3

ALIER

8
7V & AES ¢ Ao A 58 H7} ¥ (social com-
petence scale) ¥ 35ZA| %2 (syndrome and total problem
scale) 02 WProlA i, @ g @ E23h= 1990
5o £so] wEaulst AF: W BgEE nga®
0]% WL YATM AMEHT Qi) BFEA o= B
F 118 F¥2E o|Fojzx glon, 7} FEEL 004 23
74, 338 HAER HksHA Hololth & 127) AFER 7
“Jo] Hojgl o olF AH T AF (Withdrawal), AAFA
(Somatic complaints), ¢t ¥ $&(Anxious/depressed
syndrome), A+8)& v]Ad&(Social problem), AFa#A](Thou
ght problems), 28 &4 (Attentional problems), v]3}
(Delinquent behavior), 324 3% (Aggressive behavior),
WAZ £4(Internalizing symptoms), £13ks} ZAHExter-
nalizing symptoms), A A<(Total score) Z°|t}. o] &
ToMe AV B2 s A4t A4 v, 42 4
Aol T A2 SAEY, T J4 653 ooz Adaks
o7 uj7} e HWHAE B3 ok

(3) AR 3587185 (Korean Child Behavior Checklist,
teacher form ; ©}3} KCBCL—TRF)

aopgad BEH7Lel v 2 113358 2APT 3
7HHAl o] sich oleidt AR gelE wAke drit 23%
QA A2 E DolkeA], B ESFESE HAY F2 8]
o AsAE deA, HA AR HeE) 4 S AA
9 g 9 aapt FEH o2 BRA W= 2 7Y F
2% FRE FHH 0T Vg FEE Hol Yo,

4) #58 ¥ pAM- 39~ H % (Conners Rating Scale

for Teachers and Parents)

o] = 3ACA 174 Ale]Q] obg-g oz Ty
T3 FANEE FKP) 519 vl de) ARgEe 3
ot} REATE 48802 FAHY gloy HF A7t
Eof we} 0ollx] 3R FAEHA Holglth REAHEE 8
T BA, g5 TA, AAAA A4, T34 BF A
22 FAY 5719 AHEE 7K1 ok ZAME HEE 28
N FFOZ o]Fo|A glom AA] B2 WAoo HE g
ANHHEE Hololth FAREE 3% A4, AJdF 3T
s} AFZR-9FA HEQ 7K LFHEE FAH] ik
9} AN HE 2T #e8E AEE 7T e 10
Ne AEoz P glon EXF AHE S| ¢
st} A o] gHrt o] AT AEE 7 FR} DA
Hre] FUS FEo 7 FAIH Qo] 7T} shwelrg of
Y #FE B u¥ F Q= Aol Yok FE9} AN F
Y2 Ao AJAFAE EFFES} A EE v o o
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Fold 2 ZosolA AT, Fh EEBE 0|04 S,

(5) FZ ADHD A %(DuPaul ADHD rating scales)

ADHD®] Ag 918l DSM-IVe] At 7158 ¥2et o
A7 B2 = QIR WEste] THE HEEA 034 H 3
AA FA Fof 33, FHL 5470)ch o] AEL =i
kg 9% EZS7} o) FolA k2,

2) HETCE AL A3 R O1H HA

A2l A A3 AR FATE HelEAE §
3 shgaelst B 3 Aol AN 2 FAH A
2 EST. A el A& AlRgENS
o] thge] AL AREE I

(1) Korean Educational Development Institute—Wes-
chler Intelligence Scale for Children—revised
(KEDI-WISC)

o] ZAK: 6~164 kRS AX7I5E A7) o4 7}

7 de] AMEE dAEA WISC-RY @53 BF3R7Al]
oh oV, QA-2Y5T, A, £F 4= 59 Joe =

ghajo] AjaistA foh.

@ N28E7 5N

AER o Agss YHE AA2A HEETE 97), 4
8], dololdl, F23 e Gle] Bt HALE At
S3AIZKS A2 1412 olufolch

(3) ADHD diagnostic system(ADS)

ADSE AZFE Q) tjokst Fio] gl A3 & Qe 3
AlolH, 3= o) tidle] BFI}E T HE H4E 7R
itk HIAEE npx|9, o] 71R] AR grEe] S A
A, 7o e S5k FEBlE, & ASo] AREHAE
o B8 EAE A9Y £ §A (F59) ; Omission
error), EA, XA FFH TS sk LBH 35
(%A ; Commission error), & H] 2= tfslo] vke-2
e A9 8 A% ARR JAAY 55 S48t
= HhSAIY) S S8k (RkAIZE B 5 Reaction time
Mean) "RAEte 2 Fo]o] JidE FAsR= HESAIS &
THUAE ST (RMSAIRE EFHA; Reaction time SD).
et o2 T A& 70 ofdeld A elelA f2ulshAl(2
EFHAD Yold 210 FEHI, T A 60 odold 4
A9ielr o1 B2ER2h Hlold e 1Fd. ADS
£ 71& AREHE T.OV.AS 22 A55FPAAHCPT ¢
Continuous Performance Test) 2] sh}=2 Fo1ge] dist 4
712 98 AMEE = computerized testg) dFEolt)

3) K-SADSE 3% ADHD T 3H

K—-SADS-PLZ 58] 4% B7ista AaA 2
WI1EE ARESt] A Age] A4 L Y ol@YHE
BFE & ES 1 W FE3E WEETEA 32719
DSM-IV 2oPgad BAla Ads Add 5 =% Hof
Utk &obs A% K-SADS-PLE ofu] Fu2 Y4AT
AQAE FAHAT, ABAT, AEEEH AT o 98
M obgAlzt Agel] tfE B R A d77F A
=] 1 f-8-4d0] Y=ol )itk 2213, = ADHD of
T 9% BEY ATE o)v] vRA AHoIk?. £ Ao
A& ADHD X4 BFEE Folu 3EFHE #35] ¢

3 ARE AT

4) HF oy FY X A

7k gol= 2obgAT Ak A AR/, o]skA AL
715 AHE, JEFA AR, s W 95T AEE
53 AFA oz AdEgicl w8 A 3k ofy it
2molare] ZokRAT 9} i et ¥k A B
7t8| QoA A vk

ol e At A A 2 A7 3¢ ADHD &4+
o) 7L o5 2tk QO E DSM-IV 7]&el ZA
ADHDZE gk ¥ 4o} 8z} DuPaul ADHD H7H % A4
7} 10 percentile ©)4R1 %o} x} KCBCL 98 H&
T A7t 658 2ot & Aof 8}, 1Q7F 80 o)<l 84t 7
BA ol o AE A A8, FEl, waedl, 1
AR & ANt TRHA ¢k #} Tojoh

B dFodes &) 0T AT AA, At sl
2l Aol FSAdAdel], A, nbd iAol $H A
Aoyt ADHDS} BlS=% S48 Kol thE Adlo] Q=
Aol S dFidelM A=A Al 3geA dap
Ak @ 1179 5 3290] did FellA Al=EE, olF
AsAF7E AAA D AT QA F0]03, THS
TAME- A7) edo] HA gigton, 495& HAFNT F
dielo] Qi) HFH 07 859 ADHD ole}l 11 8%
7t AT tidel AL AF Q) 8592 Fotel 1
HE2Re AES Ak o] FolA dA dRvt
A4 AR Aol WS 3191, ofo) -2t A}

tlo] ool TEHQILE 47] PR 49 dYog
DNAE #2313, DAT1Y §34 o9 38

d

1w

[\
—
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flo

A 27 g ABEVAEE 2e
JEL giro olFolRt U-SlBH AAES Slel A

e
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A Hrtz A, BF FU ZFs) g5 dEE oE
% (alcohol dependency scale ; ADS), ZFo) A ARAA}L
(Symptom CheckList 90—revised : SCLR—90-r), #¢]
283 % (Beck Depression Inventory : BDI) & Al8i&t3ich
olgid # & B T A YA -8FEe o))
ok Feke A9 100 (& Y=85 : 15, HAH 42.2+/
—-7.3) 2 25E APE AWt o] APl dAe] o
B7F f3784 ) AR Zioles AEE sl ol 39
3 AR Elo] AT £EHSIS A Fho= &
A9 A A 100418 £ I Y dxT oz F
Z si5ln, 7] Ao 2 RE DNAE F233, DATI
o] FA2 A FHEE st

2. BRI A7 (Dopamine transporter genotyping)

DAT12 5% |2 d¢ho]l AXsh(5p 15.3), ¥ 4T
ofx ZARSE §4 E2RR= 3’ —untranslated region(UTR)
o 9118 40bp repeat®] VNTREARLZA, o] Q1| of
3t AolA 3—11 repeats?] THEAE Hol= Ao Z FA}
H93, BE AFolM 9 repeats} 10 repeats (ie., 440bp
and 480bp) 7} 71 & Ao 2 FAEAFY.

25 dPdE (@}, ol W B Az 9 48 1ml
oA PureGene KitE AME3le] DNAS F&3Iith Ui
A2 oA A F2& & F UARF Wi BB
Genotying< B GBS AM EAE Eg Q0| vty
FRH Ak 20039 7€27H) 11749 ADHD $ots} 2
Wt 25 BAEGCH o)F F XIV|F] TPt 859
AFagALE diairagt FRARNEE A

Genotyping< Th# 22 primer sequenced AR5l
EAsh, @7 242 oju] B34 Cook 5299 WS A
£33t

Forward primer : 5" TGTGGTGTAGGGAACGGCCT-
GAG 3

Reverse primer : 5’ CTTCCTGGAGGTCACGGCTCA-
AGG 3’

PCRuF8-2- genomic DNA 200ng, ANTP 100uM(75%
deaza dGTP, Amersham Biosciences, Piscataway, NJ,
USA), vk @3N AmpliTaq GoldTaq polymerase (Ap-
plied Biosystems, Foster city, CA, USA) 2unitE 4] &
£} 30ulE 3199t} PCR thermocycler& AFE3H] 95T
oJx) 98-& FA8F & denaturation® 94°Cell 30%, anea-
ling& 61T 30%, extensionS 72Ce) 3022 403 8t
B3t ¥ extensions SUSIEL] $l8] 72TE 1085 74

TR 2

31} SE ¥ PCRAMES ethidium bromide® @8 &
2% agarose gelollX 7] FF3t] SE8 F22] band &
3T

3. AR 2Y

100789} B3zT2 857 9] #xprl B-Aef o] 459l
FA-UIRT AT gaRriog ARIe A3 S
FAYE vlwat] A0, o] B4E HsiA Chi—squ-
are test® ARE-3F3ich

T3 fAged WE YaAE, At 2y, HTAge
9] }o]E ANOVAE E3) vlmslgich

28 BA3 48 SPSS WINDOW VERSION 10.0&
A3

4 b

1. aAnye &3

1) goiz

Table 1] @okd g2, £ A7 Fojdt Avuide A
Bl H2h 719(82.4%), 934 14%(17.6%) 22 4.8 114
dulE Btk K-SADS—PL) oJ3 IehtEE HH ADHD
A2 ADHD £33 (combined type)©] 72%(84.7%), #
)8 (inattentive type)°] 1178(12.9%), 281 H}J3B%5—
%238 (hyperactive—impulsive type) = 2% (2.4%) o1t
2 9] FEFE A § UE-S A T3 dgol
(ODD) 39.3%, E373H(CD) 7.2%, EFgol (33378l +
283l FEAN) 16.5%, 23l 15.4% Follch

AATe] Hid Ao s 103, T2 As 103,
AAAE 104527 80~14440)9) ¥EE Bk Fo
ol A AAR(ADS)E obg, HAWES FoY TAE
Adsh= AAslE &35 A58 744 continuous perfor-
mance test ; CPT) & SUlEZEHo|th BE Soleo] o] &
TE FAARE 23k, o] AR Bk & 4] 49 (e,
278, WREARIEHE, BFHP A Hi 17 o) ol
& 2 A97E DA 84.7%Sich.

#}x+59) ADHD 54& UeR{iF3= DuPaul ADHD Rating
Scale(ARS) 8} % ¥ wARE Ry E ARy RRrt B
13 ARSOIME 4 Ho] 24.62F HAET 147404
K] H1Y4 5338 BXE B3l o] ) obF Y
ARS & AE339& w A AF oF Aol Qloid 25
93 percentile oVl AP w2 A5tk B2 Y FA

£ Conners AEME ¥ HA4E Bch
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ADHD RHSH

Table 1. Demographic and clinical variables in patients

Variables/group ADHD(n=85)

AGE

Mean(S.D.) 9.7(2.1)

Range 8-12

Sex Boys 71 : Girl 14
SES

High 22.5%

Middle 66.7%

Low 10.8%
Grade

Mean(S.D.) 5.4 grade(2.7)
KWISC

Mean(S.D) 104(15.8)

Range 80-144
CBCL

Attention problems(S.D.) 6.45(5.8)

Deliquent behavior (S.D.) 1.05(3.2)

Aggressive behavior (8.D.) 2.02(22)

DuPaul ADHD scale(S.D.) 24.6(6.8)
DSM-IV ADHD Dx according to K-SADS-PL-K

Combined type 72(84.7%)

Inattentive type 11(12.9%)

Hyperactive-impulsive fype 2( 2.4%)
Comorbidity rate according to K-SADS-PL-K

Oppositional defiant D 33(39.3%)

Conduct D 6( 7.2%)

Anxiety D 14(16.5%)

Depressive D 13(15.4%)
Conners-parent(5.D.) 20.3(4.6) °
Conners-teacher(S.D.) 16.2(4.5)

KWISC : Korean version of Wechsler Intelligence Scale for
Children, CBCL : Korean version of Child behavior Checklist, K-
SADS-PLK : Kiddie-Schedule for Affective Disorders and Schizo-
phrenia, present and lifetime, Korean version, Conners-parent :
Conners parent rating scale, Conners-teacher : Conners tea-
cher rating scale

1R e el 2ue AT
(ADS), 944 B2l Tl DoIPAARHHECL
90-R)E £3] FABISITE 1 2ol 712 ol ojre] chet
#712 919 BDIZ ANSKiT: 1 A3 @3e ool o
3k2) 2I(ADS, B . 10.7, BB 4.5), oA
AN frolsbl A4E Gele] EAle glglon, BDIlN
A4 991 Q= ARRE olgirh

2. Genotyping 31

Genotyping A3} &= ADHD oMz BZoM¥= DAT &
Az} /A2 A FR7T Wl ofs e Erle ME
o vl&l YA oz {4 Ao T YePdth Genotying A3}

Table 2. Genotype number and frequencies (%) for the DATI
gene in ADHD families and controls

Allele Allele Allele Allele

7/10 9/10* 10/10 10/11

3(3.3%) 11(12.5%) 67(79.3%) 4(4.9%) 85(100%)

6(3.5%) 20(12%) 137(80.8%) 7(4.1%) 170(100%)

Controls  4( 4%) 5( 5% 9(91%) 0(0%) 100(100%)

Probands . ADHD patients group, Parents : Parents group of
ADHD patients, * : significant in x 2 test( x2 between probands
and controls=13.45, df=3, p=0.02 x2 between parents and
controls=11.60, df=3, p=0.03)

Genotypes Total

Probands
Parents

[1 Probands
Parents
B Controls
100.00%
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00% : I
Allele 7/10 Allele 9/10 Allele 10/10  Allele 10/11

Fig. 1. Genotype frequencies(%) for the DAT gene in ADHD fami-
lies and controls. Significant difference was found in Allele
9/10 between probands/parents and controls in x2 test
( x2 between probands and controls=13.45, p=0.02 %2
between parents and controls=11.60, p=0.03).

B Aol JAptiaate) DAT AR E 360(7repeat),

440(9repeat), 480(10repeat), 520(1 1repeat) &} 47}A] &}

Aol &9l HUrh =3 AN tiZ=72] genotypingZ ol

AME piI7HRA 2 4717 TAdo] Rl Yt

1) HEANA U MY Hn

ol 2 Rua FARZTY DAT 449 alleles W
T 9 {1 BEE AR 2 2% Ajolrt HAE<]
t}. Slol7a AANZRTY DAT 38R BE BEM e
gzTl v, dolro] Fel3kAl %2 genotype 9/10
HIEE ¥ odds ratiok 4.18(95% Cl:2.21~10.34)
2 43 H7H=E QAck(Table 2, Fig. 1).

2) RENYL Z¢ H AFYA ) HpE

ADHD #olZ UollA Grepeat A 750l wiel 4
Holxe] BAIE B8 A3}, DuPaul ADHD 3%, Conners
A%, CBCL 3% 3= od alleledME o8 237} 2R
x| kAt ADSS) QAR 9 F A elME 9-repeat
allele® 7ol F3HA & 475 BH3ItHTable 3).
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ADHD #olruiollX ADSZAH) #3187k #AE #
A3 A3 9/1073A & 712 opso] Bot FosHA ¥
& 978 (commission) LFE Holx Aoz gllge] o
olsE0] Bt} FFAR BHEE & 7HeAE AARISIth
(Table 4).

—_—

n

B odox ADHDS #HoFrR fdxE A=E DATI
& O 22 ZAMA e Fth DAT F-325-¢
A= dizlel Eainl -4 (Dopamine transporter)

A - z43

= methylphenidateZ ¥]%3t ADHD X8 9F2¢] F 24
Foeke e A MAE FERICE A5%E 59 FE &
£2 Tl k9] 28-S A= R olF 3l
BTN -(synapse) 9] A29] T3] & F7M7IE
o dFA Yo7, wa FrheE AFEERY Y 5t
A5 Ao NAFFRERZA Bl uiFt JA F
FRAA, BF A 282E-S AIAIITka P74
t}l HZ Bu2E DAT1Y 480bp—allele= T371 24t
A9 Z4-g g7 WaHAT daslo] Qrhs Bao|gf®,
ADHDAA] o]&gt E4 alleled 7} 8222 ZvlE &
o7l 2Rk FEE 7HA Hof, ARAME FEEAAA G

e >

(lo

rﬂ;r;

Table 3. Comparison of 1Q, ADS, ARS, CBCL score between ADHD subjects with and without 9repeat allele

Patients with

Patients without

repeat allele(n=11) repeat dllele (n=74) p-value
Verbal 102.7(13.5) 103.2(15.4) NS
1Q score Performance 104.2(21.3) 102.4(11.2) NS
Total 103.1(19.3) 103.0(13.3) NS
Omission errors 69.2(12.2) 67.4(13.3) NS
ADS Commission errors 78.9(18.3) 66.8(13.4) <0.05
Reaction time (mean) 20.8(11.9) 30.2(14.2) NS
DuPaul ADHD score 23.4(12.2) 24.6( 9.7) NS
withdrawal 57.56(11.3) 58.3(12.3) NS
Somatic complaint 50.3( 9.7) 49.7(10.3) NS
Depressed/anxious 52.6(11.2) 56.5(13.1) NS
Social immature 61.4(15.4) 62504.7) NS
Thought problem 57.3(12.3) 56.6(11.9) NS
CBCL Attention problem 62.9(014.6) 63.1(13.2) NS
Deliquent 54.3(12.8) 556.1(12.5) NS
Aggression 50.8(12.4) 59.9( 9.8) NS
internalizing symptoms 55.8(11.3) 57.8(10.8) NS
Externalizing symptoms 60.6(12.7) 58.1(11.7) NS
Total symptoms 58.6(12.9) 57.7(14.2) NS
OoDD 36.30% 36.30% NS
Comorbidity rate Conduct disorder 9% 6.20% NS
Anxiety disorder 18.10% 14.10% NS
Depressive disorder 18.10% 12.90% NS

Numbers in parenthesis : standard deviation, CBCL : Korean version of Child behavior Checklist, ODD : oppositional defiant disorder,
ADS : ADHD Diagnostic System, Scores of ADS and CBCL : T-scores from standardization data, Student t-test performed for 1Q, ADS,
DuPaul ADHD score and CBCL, Chi-square test performed for comorbid rate, Commission errors in ADS : statistically significant in

student t-test

Table 4. Comparison of the mean scores of ADHD diagnostic system(ADS) by the genotype of DAT in the subjects with ADHD

DAT genotype
ADS score Allete 7/10 Alleie 9/10 Allele 10/10 Allele 10/11 F score p-value
Inattention 66.3(21.2) 69.2(24.4) 72.2(31.2) 70.3(26.8) 233 NS
Impulsivity 68.2(20.6) 78.9(25.4) 64.3(22.3) 69.8(19.3) 7.98 <0.05*
Reaction time 34.4(14.3) 290.8(11.9) 32.1(13.2) 33.3(12.4) 217 NS

Numbers in parenthesis : standard deviation, NS : not significant in ANOVA tfest, * : significant in ANOVA test (post hoc by Duncan :
Allele9/10>Allele7/10, 10/10, 10/11). The scores of inattention, impulsivity and reaction time are T-scores from standardization data
of Korean samples. inattention in ADS score : associated with ommission error, Impulsivity in ADS score : associated with commission

error in ADS
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T3 $E55 298 715A0] A3 °)Z°) ADHD 93882
oz 2H4E 7FsAo] F Aoleke 7H0) 7KssY. o
7Pd& HZ ADHD AlQl ¥ Aofgkrle] AzAox] ol
Y] F57} F7HE O] ke 7153 HYY 9T ESE
o g&fl AR wu YTF”. o}F FAehr] g AL T
o gRHA e drle] TRl SHbAlY] Rskert F7HE A
2 FRoz F71E Ao 7191 8 RAA}T A grhs
Hojtk, =3 ADHD 52 Z9ojx2] DAT19] 982 DAT1
knockout mouse®l] tidt A& B3| o= & L&A
=6, DAT1 knockout mouse® 5380 AE2] T3l
o] F7tH] ST BTk, AFAE Tupglo] i
o} 9l3, =59l A F A9 tyrosine hydroxylased] &4
57} Aotk ol olnkx, DAT1Y 7ISA3E Ag
Axel Tuiie] gxlo] 2kAAR] HH) 7S A% A
AA 1™ Z0] ofd Fkehe FEE ¢ PP,

B Ao AL DATY 3 untranslated region?] th
HAL AAREY7) ol F-9lof] AX|sl o=, 7 =pA|
7} 23l gubd) ghEe] ) v)sel 9F8E FA £
7¥s730] Wol Beltt A% HZ ATelxE o] F412 ot
&do] Tupgl ukAe] Ttz dEe) S Frhs AR
S AR Q. HE S AFelME Orepeat DAT allele
o] 243 9] | Tul MES Tul AIFMES] AE
Fo A MAKtranscription) & 3 ARIths 424& TH3}
Q3139 th2 AFe)rE 10repeat allele DAT7} Q17+
DNAIA DAT 3zt el QlojA, 7Hd e 434
& )Xtk A7AHE FEITH?, o) FHY A7
3= DATY 3’ untranslated region VNTRO| -#-71x}2] gt
dxAe] AAHAA 7153 32 FAY, 22 mRNAY <
Aol dEE Foh= RS BAFE F10E, o] 99 #
AR Ao) ¥ TNl WAL V)5 e %S &
T QS A @, B AHAQ] FAES & dT9
e AFATEANN Ve gtk Wlolz 5 e &t
ATollM, Br} AHA 02 10repeat allele®e] HEo] DAT1
o] AAREY] = MALRE R olA ] T allele variants}
APE-7#3 (linkage disequilibrium) & ARFsR= A7o] ok
& d7E%E B, w8 o] A= DAT 480
bp allele®} DAT intron 9, exon 99418 T}&A& 2 3s}
= haplotype®] biased transmission ¥th= SAE $#s}
ST}

ADHD2] 34 wejg]e AzAe v 7545k &

g9 DAT1Y A2 A7, HAUAT, TEELAT,

s BHAT Sl vy JuHoz Bl
a7ioleh, olejg WaiNle] A7ANE S 8 W, ADHD

o] TH FAAEA DAT1S 93 A2 st Zolegy ¢
ial=a

£ d7oMe ADHD A3 AduixrAleld) DAT &
AR dg432132 2271 Fd alo)E Hole Aog
glglo}, 9/10 genotypeol ADHDS} d3-d 7FsAdol <)
the 28 AR 23S BAFEQT olgd A7 AdE
A 2 A7EAM FYsH 2 9 A% 59 ADHD-
DAT1 379 Asel FY% AojtP® Agd 59 o
T-ME ADHD #xltdt AT Afolel /-2l Ajol7t
B HYT, GA| Bl A2 repeat alleled] 23 &
77t Bag vt Qlk, o) § A7 4352 ADHDS}H DAT1
79 fE ABIATE AL 7FsAe) A A& sk

T, 2% g YRl U 7hsAde] ok 22U, v
P

@ 1 o Yo e 1
& ATFSIH 44 754 djmee vk Ao,

AFF 8l B HFE BAE vF o] tRlFe] 4
AR Tl E AZbsitt 1980 =9 =84 A 2 §
(dopamine receptor type 2 ; DRD2) 3} &3 oj&7ke] ¢
T A7 A H AW oAt B2 AR €=
= A7AREe] 7IdE AUARL o]F] ATFEelA o] A+
o o3 At AFFEE A 2 Fdo] AFEHSI A
F fARog 5AFY Bolgt Woix|E e=lel vidt
ATAME JITEEE gt A 7sA0] 2 A= of
7 Bggsict

2 A7eMg 2n) Sl A#Z, DATL fizke} A4
AL 7He] Aidgdo] ERIEIT Skt UiolA ERIH 4
N9 alleleE EUZ FY 8% (genotype) & Ze FO2
o) ADS 232 B uESE o) 9-repeat alleleZ 714
< oA Fo e ARG F7HE Btk eRHe Sk
gote] F52d AWE sk Ao 4eA Sy, o)
ADHD 3Vt 5 AU 8T-3598 Y8k 2oz ¢
A otk 7822 Orepeat allele FolX8 AR Z7h=
DAT13} ADHD?}H] @¥te] 53] ADHD &3 ido] 3
& 7FsAo] A A& AR = A Ad 2
A dPdre] ol EFFolghs HAXME 283 ARLE
ek et & Rolnt o] & Rl 3] HsiME o
FATE F3 A she At deslEle e 2
AT M E 288 AEE sl @oy, 398 A9
o] A7t YR o] dujzt g Ao ddHldch

5AdTolMe DAT t84 7 ADHD £33 4 )3
F-35Ae] dedE Bud Al HuEy Qo) Wald

2L
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man 579 @7olxE DATSH ADHDE TDTATIM #
93 A9-E B uslAA, 10repeat allele?] 27} F7)8+
of we} fFeletA HABFT-FFY T4 4=t 9 A
A= BAE Sy, T3 TDTEAS of =z At
Az YoM o Fogt A7 ¥tk BuE i
o] DAT thdAde] ADHD g} J#57] Hel= ADHD
9 B IN T S AYYT-FF97N o 5ol A
TS BRItk= g F9HE Rojth o] AHE & A7 2
T HEAZ & Q)& Ao} Az, # AT 2
o)1FL diFAA Y FRelM, & A7 9-repeat
Q1 ¥HA Waldman 522 10-repeatQith= AellA o)z}
At

T B AN E H7HEE Aol DATL A%
g}o] A# S 2L 5 oy, B 2 AXE T
EF3HE ADSOIM ) 234 AEQ 23RN Foe A}
o]& ISt ADHD faaTelA A A e §4
e AdE BRud AT E, DAT1 TOVA(test of
variables of attention)ZFe] A@@Ae] g Fu} A7} A
t}. TOVAE & Aol AMg-s ADSS NdAd 59 4
AtETOIth AFYE 9 AFet 22 ghhrg A gs oA
A 59 AT, DATL $4219) 10/10 F48E 74
o] 1% &2 Feluls) v WS 23E 27E Blcks
Zlolct, vt o] AFolA= 9-repeat allele$} 1 FH5
o disiMe G2 F4E 3k Pof, & A7 T A
AUAE gl 71 Ysieh w8 Manor 572 ADHDelA]
TR F-AAke} TOVAZRS] Q84S Esiglt) o] A-ollA,
DRD4 t}gA] & wHo] 2~53)¢]1 B3 (short form) allele
oA 28t vhAZE 20)E HYths R E sk Qi o)
AFM = &8 - allele 70] B} 20 HESAIZHE Ho)
T ACE BIsIgly, EF HE 310 Pt AeeE 1)
k2 AIZHS Helvh= 83 &3 (dose effect) & T3 B
a3ict

2 AT AgHES Avnd oy Aok HwA 2 AT
7} ADHD A% 7do] zh= B3Aolek= 71449l dAlE
93] SHIAE &3 Aoz Alsdch I A vkt ¢
Ql, geke Fejel £83 EAbphenocopy) 7+ 4191 31& 7}
SAo) Qltk. 2ElR ', $F Aol ADHDER: g
A o BARcks ofgE By, A7 o)bE B
A, HPdePHE 24 5 F9AY WA £33 ¥ (endophe-
notype) 24& T Bt $4E ol EAsh: A%l
doslelet Yzbdn, F AR EAE FE-1AF 37 HE
o] FAleltt. ADHDA A thekst 5 9 wAL Hrk e
7y 253 9l Zo] dAoly, - E-1A

i

r{

0o

Hzo] A3}

olge] A Az Aoz sy} s Aol ol
e & gTale] Bt & Aoltt. got

Bro] A4l Hrlole d#Yo) e Aoz HztEL,
3o} 7)1 JHQle] thEt 7t B R i ALY Bt 7)1 o
T Okt JoE HRlt oAF E9, ¥ obso] Holy &
glol Q& gro} A £l BEAJY i = s 2
2 FES AZAEE Rols Aelx 12 71ET %
o] Wb AREE 33, BREE 14, CREE 23 H7}
£ k= EAE slohe Aotk 1 Ad 133 HE AR
I obee] WA F43e AT sl gk kg el
AHTAZE i A vd B AR Yrhe 4
7b itk o] ATNE, FE-WAL AL F ofH {9l
AT dEI%E FuaAZt vex) ¢4 Hkd, ADS
o} 22 AR Halehs Aol dukgke] Apigo] gkly
ot} ol FAlE 37 ADHD HR@AE dFoiME T
& QS Hol FQ=ul, SPECTA 7153 W3l 25—
FAF A% o= AL {3t AFAAV} G Ao Hrt
7F HAY, F2 o) v]YdAAHA At ves AR H
7H3it) &% AFolME RE-GAL BHES) 48 &
olAY, F& NS Fert Qlu, B ERT AA4=A
A}, Actigraph®} 28 93 E7EL ARE QA=A A
7t 37 Bestelet Ak g A7t el o

@ EAlojth B AelA 8549 #ARETH 10089 diE

T2 v @A B2 52 gakoln, Y=Y b d734 4
% APoITh 18y B} 3823 A4 998 U198
M, ofg B 7o} olof WE olxty EME A= Bt
oL o) i Aol Bag Aok

olgidt A Ao x BE7ety B AFE EFstE Agy
&+ &3, A8 73 BEHE V¥
32 ADHD oFs-¢2 A3 DAT1 faids dyek= 4
oA FQ3t eJulE Adrh 2ZeA A= 9= ADHD
o] FRHA AT Ui Folt FF olsEC] YF =
ot oL o2 wg BHS Agsds Bts
g AL® AL exgnh, B A3 8T w219 o}
TS o JHATE Ao nE Wil = Vg
uE olg 53} = ofE 59 ADHDY #3183 apo]H
& vjEsle] & F ol A dlell 297t itk A
Z}+git},

3 ADHDT o tislid DAT1S £4 tjgdXdo] ok A
THAZE Hols ASE gty E3) Aoz &
g FEATE gl Qe FIAPE HolE Ao )
Hoj, $FolgolrE= DAT1 +AA} AABE-5FA o
& (Dimension) ¥ A#E F121Y 7l5AE AAR: A3

e 0
=
El
Bt}
i
¢
>
1o o
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7} e AE o) 9t & Rolct. dA) ADHDA dopa-
mine transporter gene ©]2o]% DRD4, DRDS & Y&
candidate geneSol gt A7) &atslo g o3t FHA
Sato] AmaAle] tigt A& At B Zlojr. o]
28 x|£2Q AFE ADHDER: 59 B@ ol oekst
T"r%ix—i‘?l 4zl “ﬂﬁ & 713 o]AAQ] e} AgTY F
22 g Zlolx ol teksty o} SlE ¥l of
?'5“"“ u}e} ADHDJ A, Ag oy, 27) 9 9 &g
o) 710§ sh= bEE A Sk Zlo] 7hs & Aol

?.9

2 dFE= K-SADSE 32§ okt AHEE E83t
3, BF3e AN S 53 738 A ADHD %83
7} DAT1ZH] QRS 1 fa/dadFolct w3t &

by the it

AFE A Z £AH85%) 9} ¥ ADHD
02 3 AFehs AelA dulE Adrh

B AF7E E3), 3§59 ADHD 337 DAT1Y &4
425 (9/10 genotype) 7kl ¥ AVBAZ Bole Zo)
gelsiglh. =& AR EH o gl 345 54 o
M (9—repeat allele) 7S G2ln)gt gigo] gl Ao
gA=gct ol dFokselA DAT1 #4347} ADHD &
Y, B3], JAPF-FFHS Boj RIFF dvd /A
A 7HsAS Aaksk= Aajoich
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ASSOCIATION STUDY OF ATTENTION-DEFICIT/HYPERACTIVITY
DISORDER (ADHD) AND THE DOPAMINE

TRANSPORTER (DAT1) GENE
- CASE CONTROL DESIGN STUDY -

Boong-Nyun Kim, M.D., Ph.D., Soo-Churl Cho, M.D., Ph.D.

Division of Child & Adolescent Psychiatry, Department of Neuropsychiatry,
Clinical Research Institute and Institute of Behavioral Medicine,
Seoul National University Hospital, Seoul

Objective : Attention deficit hyperactivity disorder (ADHD) affects 5—10% of children in Korea, with more
boys and girls being diagnosed. Despite seriousness of ADHD, little is known about its causes. From the current
genetic epidemiologic studies, ADHD is known as a heritable disorder. Till now, however, there have been very
few genetic studies about ADHD in Korea. The aim of the this study is to examine the association between dopa-
mine transporter gene type 1 and ADHD using case-control design in Korean ADHD probands and normal controls.

Materials and Method - Child Psychiatric Genetic research team in Seoul National University Hospital, Clinical
Research Institute recruited the ADHD probands using clinical interview/observation, diverse rating scales, and
neuropsychological tests. For eliminating phenocopy of ADHD, diagnosis of ADHD was based upon clinical data,
psychometric data, and parent/teacher reports. Total 85 ADHD-probands were recruited as final study subjects and
independent 100 normal adults participated in this study as control group. For all the ADHD probands, and controls,
the 3’-UTR-VNTR polymorphism of DAT1 was analyzed. Based on the DATl allele and genotype informations,
Chi-square test based on case-control design was performed.

Results . As for genetic study, total of 85 probands and 100 controls were included for the genetic analysis. Four
different alleles, 350bp (7repeat) , 440bp (9repeat) , 480bp (10repeat) and 520bp(1lrepeat) were found in DAT1
gene of study subjects. In case-control analysis, ADHD probands and parents have significantly more 9 repeat
allele and 9/10 genotype. Also, The probands with 9repeat allele have more commission errors in ADS.

Conclusion : The positive association between ADHD and DAT1 gene was replicated in this report like other
previous results for caucasian children and Korean children with ADHD. There are ongoing studies on other can-
didate genes such as DRD4 and DRD35 and it would be required to explore the association of these candidate
genes in Korean children with ADHD. These ongoing genetic research will contribute to the understanding of
heterogenous genetic and environmental etiologies of ADHD phenotype, which will lead to the development of
more comprehensive treatment and preventive interventions for ADHD.

KEY WORDS : Attention deficit hyperactivity disorder - Dopamine transporter gene - Case-control association ge-
: netic study.
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