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R R IE R LS E IR LR LN L

Tae Won Park, M.D.,'T Boong Nyun Kim, M.D.,” Myung-Ho Im, M.D.,?
Hee Jeong Yoo, M.D.,* Dachee Kang, M.D., Soo Churl Cho, M.D.?

B H:ol¥ A+ HI FEE v 3l dopamine beta hydroxylase 3218 Taq [ A9H9 thgAls) £
g2 TPzl I ol ojd Bl UeAE Lolry] st ATolnt

¥ Y. FAgAY FlYFAel ofF 106WE FAFLE ARS T, BT AY, dHEE iTEAv|g O
obF 21292 UZTOE k= §A-dET ATE AANYY. ke &AL FEE U PE 7178 T2
Rk

2 I} AR 2T AFelME BT 2T 2 FRAF g HAa2 £2el o] 723 zlelg &
3HA Zgch ey ST Aol diERRAE ALY Y dde] SEH

A B oM A7E T F4HEY HYABFFN dopamine beta hydroxylase F32+9] Taq I 74 ot
4 o] S¥AE FEFog IRIgor} o] ] Yl A 71 A7t Bed Aok
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54 ©of : 254 z)g= el - t}EA - Dopamine beta hydroxylase.

AgS okw glow, Yukx o7 ozttt Pt oF 3~

N E 56 AE ol widrin LA P ) x54E

o g AFPE 3 AFolMes 4~5%2 FHES By

Z9)g A3 71935l (Attention Deficit Hyperactivity 3T,
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tieF 0.75~0.80 A=A, HIols 0.85~0.95% o]dH
o 4 BuEE oo,

VRS Foprt geida FAHAY el
FA Al digt AFE EEstA APHw ok IF
713 SastA AR Qe ol B4 2 fAx
off thst Aotk =3 4= (dopamine transporter :
DAT) & A7 A{A oM =9l &S g9shs @
WAy, TNl £EAE Ik FAAE AAS F
(dopamine transporter gene knock mouse : DAT—KO
mice) Y ¢TZEE EHUAE & F FolME FIH
AY o zollsl FARE Q1] W FAo) £AE B
t} Fogay AR EN #AY o G ATHE =
A ARBR AT AH] F34/7]57] o)l
B3 YAEA Bugy o,

ShlA FH5A4 (candidate gene) 2 =ub A&
29l tyrosine hydroxylase (TH) ¢} dopa decarboxylase
(DD), 574 89 =9%l =84 (dopamine receptor :
D1-D5), =52 #8842 monoamine oxidase (MAO)
9} catechol—O—methyltransferase (COMT), Al¥A U =
9 AEF 8 9Pk 29 FEADAD), Ald
A =xgl Zdje] 28-31% synaptosomal associated
protein of 25kDa(SNAP-25), T3llolx w-Zolcid
oz He:= PHe dishe 5490 dopamine— A—
hydroxyhlase (DBH) 5ol tist f-2x71 1em zizto| of
e cherst Pl £ AF7F A Fefl ok

Dopamine beta hydroxylase (DBH) & £391& =09
HUZH2E thatA7]= el ZEshe adolth 7IE
Ao Tad AN DBH 527t FAEEd, AAl
WA 927 AT T T2 vkt AT} o) B
A3 gEg Aoz sty Y. DBH 442 &
A 9q34el A ABO @AY fFidAtel d@=H
(linked) U= o= L&A Qloh.
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A tPAdL ob2 1 7AF 7)se] A A ATk
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FAA] Tag [ £4 H9E-$] 034 @1l A& Al
71H ), Tag I 22597} Qe diHFAA(RFAR
B )7} 84y dJgs3e] i dddnty By
Ak 78} Coming $'2179] A7= 11 AR % #
Ay, T Folg wHbe F4HAY AAB 5ol o)
Ak ZAR7] sl FEdy AYBs el A
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TEES Ho|EAE Aury, A A% JEE B3 &
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Mg AL 29 dshyd(MetisEd, B3
¢, IEdEEd, A5UEEY Lok B JAE BT
3t FoHAY HleAel] aoldAd S ditez sl o
&9 22 AEFHEE AP

(D) HAET

O YA £28 By} ¥%(Conners Rating Scale for
Parents)

@ st=% olE 3% FALE (Korean Child Behavior Ch-
ecklist : ©}3} K—CBCL) : #5 %74& F3 obze] &4
A5 ABASFEE TBH 0T Yrishs AEE ¥ 113
e BA BE5S 47 3" A5E FAFEE Ho 9o
273 500 o8 EF3he K-CBCLS AM-35ich

@ =9 9& ok 5HAHKorean Educational De-
velopment Institute—Wechsler Intelligence Scale for
Children : KEDI-WISC)

@ F)7ol 7lekr] 28 (Attention—deficit Diagnostic
System : ADS) : 79 $Vo} 7uts =g ALy
Z1AHContinuous Performance Test ; CPT)o|t}l A&
WA= Folgo) 9o FolA] B3] 3 ALY, AA F
A (vigilance), A, AeH Fo]H (selective atten-
tion) = F7h= =124, T2 27 (ommission error), £

7B 2 F(commission error), A8¥r-A7Hresponse time)




ADHD2} DBH L&

Auke-A)7+ EFHa}H(standard deviation of response time)
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SADS~PL-K) : 6~174] Aobgad gxlsl £28 diA
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2ol s} AEo) ojs) DSM-IV 2ekA|Alo] ma}
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T BZHIRALE 59 RE G Al g HEHALE o]f
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52 AYAFHNE AGFct
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REZ wet fAxE £

2) DBH /UM 24
DBH 37t8] Taql £ A7 B4 AXE T5A

717] $151d AFLE Al (primer) 8] £AE T} 2o,

forward : 5’ —CTG TAT TTG GAA CTT GGC ATC 3’

reverse : 5’ —ATT CAT TTT ACT ACC CAG AGG 3’

Z3 a4 A 493 (polymerase chain reaction : PCR) &
o] &3t FHA AAE FEYch FHA HA 20~30ng,
A 0.25pmol, 1X PCR buffer(Takara, Otsu, Japan),
dNTP 200M, rTaq 1.25U S-& MIJ research PTC—200
thermal cycler (MJ research, Waltham, USA)il ¥ 1 ®}
S A7k 94CoA 383} denaturationA|Z] ¥, 94 CollA
14, 62CollM 1%, 72TellA 138, 72°CollA 53t exten-
sion Al7lE A& 3257] B< "HEEHCL

PCRZ 5Z%d WYEU6497MD) < Tag I 28 olF
3 Ao 2% agarose gelolA A7]9% o Ethi-
dium bromide £l GAF F }JHAFF7|(UV transi
lluminator) 2 bandE &I} (Fig. 1). Tag I &l 9
3 =R = M=(464 BTl AP 7t ERG A5
o= dE-FAR ALR NPT, £ @ F 9 N=(300
47147 1649710 D7 et 345 A%
A2Z SN FHFig. 1). diidTol oist ARE HE IA X
3= F 3o ¥E2F RFLP A3 AR 852 #Rls)
o FAAEE w5d oS AYRE A2 vaged, T 3
7R} ¢ AX&L BF 95% ool

3. FH2Y

1) gN-4iE2 97 BY
xr 27y iy F-42) ¥% v¥)w= Chi—square
test$} unconditional logistic regression analysisS AH-

Fig. 1. Different genotypes showing polymorphisms after enzyme
restriction of products after polymerase chain reaction
(PCR) of the dopamine beta hydroxylase gene on elec-
trophoresis through 2% agarose gel stained with ethidium
bromide. M is 100 base pair DNA size marker, lane 1 is
heterozygote of 464bp/300bp/164bp (A1/A2), lane 2 is
homozygote of 464bp (A1/A1), and lane 3 is homozygote
of 300bp/164bp (A2/A2).

siEhel - B0 - AYS - I - Y0hE - TAH
Rt} logistic regression analysis= AY, 939 H4S
=8 295 AP 28 5413 XEls SPSS for Win-
dows version 11.0 & 7#-& o]&3it}

2) WEH o7 BN

71710 A7) FAE 2 dEAAA RERYeRE
transmission disequilibrium test(TDT) 3} haplotype—ba-
sed haplotype relative risk test(HHRR) & ARt} 7}
Z7% A7oH TDT #43oluh HHRR #4348 77
Z3E 1S FARPHeZA TDTZE 5% tiEf4d
A7 REZRE BxlA AesHE 352 o AdHA|
ob= A4 52 A1&8A McNemar x2 testE o83 &
sk whQld) whsi?”, HHRRE 939 7k W) g1
27 gy B o xtet Y 79 haplotypes
ztzt 1esle] fA8 A9 $5 A Po|t®, TDT
9 HHRR ¥4 N2 39 & Adz Yed® ™, TDT
A9 HHRRY 22 AFAISEE sk wiAE
F Qlth= o] glov, TDTEE 27Fs3 vlusdgre
AFeo] HHRREH © 2 7hsdithe Aloldo] gltk TDT &
Ao]li= McNemar's test®, HHRR #4o)4& Chi—suq
are testE AHEFTH

AT AL

1. ¥z €4

AT Ae 24 thehg 5193 A 24 sk
559 oz FAE I _

gxlty iz A3 47 9.77+1.7 years, 9.82
16 yearsZ % xole YAtk P AQulddixe
93 : 1302 Ay} woith A7) AeAeE 97.5+
14.251e8 AsHrpt 7EeRR dxTd AsATE
1005£12.72A4 &7 ol fost Aol BAFA] Wit
(P>0.05).

gAY = ol BE FAIE FHL 64.316.89]
Qow, FUA REg H T $42 59+11.80]%ch

BA-H-E Ol 78trio9} 28pairZ TAIE T, pair
A A4 A AE ALslas ZF Sxp-ojuy Bog F
4=tk

2. BAZD 72 DBH #08A Taq | ¥4 BN

10699 A7S oz F3A B48 Al 97
B915%) 2 AT 74 diE €€ ¢ YUtk 7
AR 21299 =T F 21178(99.5%) WA £4 2
BE & F AT A 978 g 211 #3



ADHDZ2} DBH Cfg4y.

A2 A1A1E(3.1% : 4.7%), A1A2¥(29.9% : 28.4%),
A2A2%(67.0% : 66.8%) T BT Al 7HAZ & Aol
F% HEAlolE glle, tigfAze] RlEs Ale] 7}
7} 18.0%9} 19.0%, A27} 82.0%9} 81.0%01%=0l vkt

Table 1. Compadirison of genotype and dllele frequencies of Tag
| restriction polymorphism of dopamine beta hydroxy-
lase gene between cases and controls

Cases(n=97) Controls(n=211)

OR(95% Ch*
N % N

Genotype
Al/Al 3 3.1 10 4.7 1.0(ref.)
Al/A2 29 299 60 284 09(02-3.7)
A2/A2 65 67.0 141 668 09(0.2-3.6)
Alicle
Al 35 18.0 80 190 1.0¢ref.)
A2 159 82.0 342 81.0 1.1(07-1.7)

OR means odds ratio, Cl means confidence interval. * : OR and
95% Cl were estimated by a unconditional logistic regression
model. Adjustment for sex and age was done

Table 2. Transmission disequilibrium test of Taq | restriction poty-
morphism of dopamine beta hydroxylase

Not fransmitted
Al A2 Total
Al 3 25 28
Transmitted A2 1 98 109
Total 14 123 137

Comparisons were conducted using McNemar test ( x2=5.44,
df=1, P=0.02)

Table 3. Haplotype-based haplotype relative risk test of Tag |
restriction polymorphism of dopamine beta hydroxy-

lase
Transmitted  Not tfransmitted
Total(%) RR(©95% ChH*
N % N
Al 28 206 14 96 42(153) 1.4(1.1-1.8)
A2 1090 794 123 904 232(84.7) 1.0(@ef)
Total 137 100 137 100 274(300)

Comparisons were conducted using Chi square test ( x2=5.51,
df=1, P=0.02). * : RR means relative risk, Cl means confidence
interval

7H 2 Felg 2ol 7} YTk Table 1):

3. BAZ REZ DBH §8A Taq | BHEYY Y

Rpe} REFo) TE FAF FAAYQ A9E B0
A At HEH oz FMo] 7P FA-FEF 68
trio®} 1 pairE thdo2 TDT ¥43} HHRR ¥4-& A3
ok 1 A3 TDT #4(Table 2) 3 HHRR #4(Table
3) BF thFf-aAt A2el vis] digdfadat A9 Ae g
o] FAHYHTDT : x?=5.44, df=1, P=0.02 ; HHRR :
22=5.51, df=1, P=0.02).

1 ®

Dopamine beta hydroxylase (DBH) + =378 =0
yulZzH o g diirF]E el Zgshe g0l A2
W& DBH ¥57 89y, A 85, P43
o} 22 vofst Al 3 FEdrhs AS0] Ry
AP Foddy AYPTAelrt Euinist ko]
=Y A 25 #Hgrhs A9 DBHYL &350l &
Aol T 2 FIHAY FYBFToN A5 Ty
v AAAEET ddgvhe o]d B1E IRIBIGE, of &
29 fAAZE FHAY ATl o] HAF A
oty 9% 4 & Aotk

& AT YeRE IFR3RF A19} A2S] BEE V& A
Tl W2 Aoy7t gith 2 Caucasians tPdo® A8y
HA™ old Aol diFAR A29] WIErt diE 60%
AE2 Az vsh deioh 999, naby sug oy
02 P E O ATIME o9} ik £XE BATH,
i, opA AT diHAR A2 WEE ¥l 2T
BF 80% oldeor 71& AFERT ¥4 YEhdth

opf AT7e FA-tixT AFelME FARE Y gy
F3A 2% DBH 42k Taq 1 a4l gdAds} F9
227 FAPFFN Aol F2% BAYO] Ho)x) Ak

Table 4. Comparison of studies on attention deficit hyperactivity disorder and Taq 1 restriction polymorphism of dopamine beta

hydroxylase gene
Authors Findings Associate Somple Age ng n95|s Diagnosis assessment
allele size group criteria
Wiggetal, 2002  Negative DT None 117  7-léyears DSM-IV  Semistructured interview scales
Kirey et al., 2002 Positive HHRR and TDT Allele 2 118 4-l4years  DSM-IV  Clinical information and rating scales
" Semistructured interview scale
Roman et al., 2002 Positive HRR Allele 2 88  4-17years DSM-V (K-ADS-E) ond rafing scales
Smith et al.. 2003  Positive case-control Aliele 1 105  4-12years DSM-IV  Clinical informations and rating scales
Positive HHRR and TDT, Clinical informations, ADS, semistructred

Our study, 2004 negative case-control Allele 1 97 7-14years DSMHV interview scale (K-SADS-PL)

TDT means fransmission disequilibrium test, HHRR means haplotype-based haplotype relative risk test. K-SADS-means Kiddie schedule
for affective disorder and schizophrenida, K-SADS-E means epidemiologic version of K-SADS, and K-SADS-PL means present/life fime

version of K-SADS. ADS means attention-deficit diagnostic system



t}. o)} 2a) 71E7NE d7eME TDT 243 HHRR ¥
A oA g 5AA A1S) A A (preferential tran-
smission) ©] FZF 3T

NNE ATFEY £ A7 a7 Wy ¢ 295 AYshd
Table 49} 2t} o)de] 74=7HE A B57d i/t
A29] AE AZg BRF Zo] w51 Smith 5 <)
-tz ATIME 8] digHHda Ale] A
oz =A B¥sty Uitk DBH #F384 Taq I v
FogAY gz golele] AHge g 343 Ak
Daly 5'90] Agog »ugied), 2& AT 159 Kirley
F170) BYg kol dis) TDT 24 & ANY IS o)
T UERAA A29) AEA Hgo] HEAHUTE Wigg
F9e BAHR FoskA] A OH {44 A29 AE
A AL BuHTHP=0.07). HebA o AFE A
st oiaAt A19) AE A2g By ST
A= e Aol

ol Aol 57| ut & He Fx-djxT AT FA
s} 7157 AT At MR d2cke Aot #x-diz
7 AFNE BT gIRFE 7t FeAAe] B¥o
Aol AT 2polE HolA] A 717N AFelAE
54 dERaAre Ae dgo] #FFHE B AFelMA
H #Ax-dzT A7 E7NE At AR PE 298
Bl ALdE g3 722 SAES s B & s
Zolck. 4, ATAZ3Hpopulation stratification) 7+ $A—
g2 del TS 73S 7FsAelth 23y d=melo]
A FUS JFA, 153 wAS /Rty #E W, 2
dFE 18 AA Ygrodet AL oFgy o AT
AN Bxrd tZFe] A2 ¥+ Hardy—Weinberg
S0 M oA f2lgh Ajol & Holx] FITHEART
P=0.90 ; h&7 : P=0.29). ¥ A 3 AR didzt
F7F UF Fohe Holoh diidzt g9 5L 7E7
AFolN B& o =R, DBH 442 Taq [ B¢
29 3844 dihFaz F571 271410 A Sl 83t
T3 FEFo] fAAge) BF XS He A7t ge
o o]d wole Al gt o}Fy WG FA) X}
7] ol HAelix] Aleg Sutef ¢lu AR OoE T
o] A Eolte S A HE Zolth Al AA, A
A P2 2E FoA diFAA2 A9 ¥R} HA)
thite] 20% vigte g oA Aol nls) ooz At
AR pgsjol & Aot} v WA, /157HE ATolA
AR pair§ EFA|LA] o] ulg} A8 v|EHo] A
T AZREE HUFE 7otk ol AFelME 24
3 ARA-FEEF 69% FolM 684 trioo| 2™ pair

uiEy

0

A - AYS - Y - 2B - T4

& Aol 2ok o WA THE AR gz B
7o) Mg FAg Ao opd & gitke Holdl, xF
BB Alole] DBH td4A BXol 3o} #2a 3
= A% £ Utk y%=24, df=1, P=0.3). =}
SAAQ Q9 9o WS BAAH Q<lo] FYAY
T Eaelo] W] P Foh= AL & B 5 9
ek, FolHAY FolsEaoel wiel ujxls SR of
guke Hrlshs ASolE Yutdoz JlE7NE AFst 3
HEN B A4 Adckn geiA Qo fHF 29
9)of whle] AES HE Tk H4F 9L Wk ¢
A BA-2T A77F DREF?. weha o A
A BA-t2F A7 17 AL A2 UE s
HYTH= e 4AA 9l olgelx B Q9lo] Wl B
Joch= 0)H 9] 7PIE AAska Y& Holth

2 Aol vehd e o 2t 39923 3
QePEort 74 ojde| st Walr} ofapuct 3~5u)
AT 52 FHEL BATE BE 7 o A3 Aol
I3 NERANES Fa o] AE 0]2 B & o}

A= s

A77) 0l2)9] e WMASRIIRA 57, $29 T%
4% 5 FAN) 2P ABHS %x Yt UEE
& o9 MY RAAR} A, ol BA-EE
ol DT % YW U2 Pepe WAETT A

t27o|qlth. Unta o2 HAURTE 4A SR T
Aelo] 7bssta sAdel o)t wiERE Y 5 glon Ext
T3} H)5e A v)Ee] gsith= T Aol AR,
A7 A gPdoz sk Zlo) ohixn WY WwEY #
g Alge AEsez gizio] fdahs 2AYd 93
29 X&) A7t & F Uthe §9 Do) Axe AL
2 44 QfP. 2 a7 @xe) A% et 39
HNEYo FFL & 5 ks AL A3 Fg A4
Ago] 9l Aol val dalFedM Ao, T
A3 o] A ARE oFFEE RTOE FHo AT
£ APk A HAL3) Y FAkPo] Mg AWeR IA
Z Uylo] B33t ke Ag ek dRxEE g
A3 AFx A 25w ¢ TS AP Bz
T didlel Aoz BAE HE4RE Foe B
279 A8 uEdo] M2 teA zHgsths ddo) 9l
o REIE 788 (AA FA-FEFY 73.6%) 9 triosh
284 (AA BA-RETF) 26.4%) 9 pairZ TAHU F
B AAoIA pair7t 23R HIE7} 2 Holg7| wigel
AEos P 2yt REse] &7 A7) $A
A AAE (statistical power) & WolEz]&= 3l 2¢lo] E9g)
o E=E, #AE, R, FET BRI fHx #4



ADHDS} DBH CHEY

L=

Ang Algr dagied o 247+ 8.5%, 0.5%,
2.5%%ch. BIERS o] A3 AT FEI] FY
3 FARE Holy Afole F4ddA AR whiEel
SRR Mol 7Vs¥Y 68 trio® 1 pair (HA #xt9
65.1%) ellA2t A3} AbEo] ZFe R o]2fF olf7t FAH
AARYE HolEgE o] 3tk
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A FAMILY-BASED AND CASE-CONTROL ASSOCIATION STUDY OF
THE DOPAMINE BETA HYDROXYLASE GENE POLYMORPHISM
IN ATTENTION DEFICIT HYPERACTIVITY DISORDER

Tae Won Park, M.D., Boong Nyun Kim, M.D., Myung-Ho Im, M.D.,
Hee Jeong Yoo, M.D., Daechee Kang, M.D., Soo Churl Cho, M.D.

Department of Psychiatry, College of Medicine, Chonbuk National University, Jeonju

Objective : Attention deficit hyperactivity disorder (ADHD) is the most common childhood psychiatric disorder,
affecting 3—5% of school age children. Although the biological basis of ADHD is unknown, family studies
provide strong evidence that ADHD has a genetic basis. Recent genetic studies have suggested associations bet-
ween ADHD and Taq 1 polymorphism of dopamine beta hydroxylase gene (DBH) . The aim of this study is to test
the association between ADHD and Taq I polymorphism of DBH in Korean population.

Method : We processed DNA extraction and genotyping for 106 Korean children with ADHD and their parents.
Genotyping was additionally performed for 212 age and gender matched normal controls. Case-control associ-
ation study was applied. And we tested the association using the transmission disequilibrium test (TDT) and
haplotype-based haplotype relative risk test (HHRR).

Results . There were no statistical differences of genotype distributions between cases and controls. However,
we did observe preferential transmission of allele A1 of DBH Taq I polymorphism in ADHD.

Conclusion : On the whole, our results lend credence to the notion that the relationship between ADHD and
DBH is complex. The number of cases and informative transmissions were small, therefore it would be premature
to make any conclusions from our study concerning the role of DBH in ADHD. Further work is needed to support
these findings.

KEY WORDS : Attention deficit hyperactivity disorder (ADHD) - Polymorphism - Dopamine beta hydroxylase
(DBH).




