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FolHgAg RS A5G NADHD)= 857 ols 59 5-10%14 e
e 7b4 £ 2oy B Aalgel 2 dolol A ojolrtt 3ujrt wony!
T54E B4 A s (hyperactivity), 9] (inattention) 1283 FTFA
(impulsivity)o]tt. & 2R 3 5 ol+= = %ol (conduct disorder),
2 o) 2 ¥k g7 off (oppositional defiant disorder), 7|37 ol (mood disorder),

Bob4 off (anxiety disorder), 3% 4 ofl (learning disorder) 5 ¥ & SFukx]m*!
53

F2 73 A5 Al (stimulant) 9F 5 A5 o= AHEsA A5wkA oW

AANAA ALHEA AE ], @54 EAS dod 5y’
FogdAg RPN AL dde HHAA FUAT FHH

Q09lo] Fad dJadSG = Ao Hoyg, FoHAARAYPFHNE B

S o] Aol A A S (heritability)o] 60-90% 2 ®H il ¥ o] Aol Al A3
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FogdgRdYsFoet #dol & Aow AAH= oY 7HA F

FA 2d FAA] g AF=E o= F9
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she] g FAE FFAAA

Fpe] HGF ATl E =9uA Al
7% A ol4e] MmA AuHA By H: Yt AAA =au )
vEdtel A AYHL Us F 2 =99 Adaiqd
tyrosine hydroxylase(TH)<¢} dopa decarboxylase(DD), 57}# 3¢ =3
v 8 A (dopamine receptor: D1-D5), =37 23 9 49 monoamine
oxidase(MAQO)®} catechol-O-methyltransferase(COMT), Al ¥~ W] Z=3}
W oAEF SHbe 99l =99 424 A (dopamine transporter: DAT),
Al @2 W =y En8)o 2838l= synaptosomal associated protein of
25kDa(SNAP-25), = 7lefA] w=2ol=gddor Asye= A4S T3y
3= & 49 dopamine-B-hydroxylase °]™ 1% < 714 o] Aty
A 9% HAAE dopamine transporter gene(DATI1)," dopamine
receptor D2(DRD2)," dopamine receptor D4(DRD4),"*"
catechol-O-methyltransferase(COMT) o] t}. 1211} DRD4" "¢} DAT1™®
COMTYe} Folg AP eHolol AR FA B3I ATEL 9
o}

%)
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SNAP-25(Synaptosomal-associated protein-25kDa)E A\ =<}
g2 O Aol 252 E(kDa)o g2 o] 9f o] WHHI

W WARd 02 SNAP-250] WES & 2488 #H< colobomadl A 3
0] L EbL AL o] A o] TFAABAF A 92 E = QF | Bl
(dextroamphetamine)oll ]3] ZHEHA SNAP-259F T = 4dH 3¢
FAe] #HAo] Bz AT colobomat SNAP-25° HH 7 ¢4
of 24H =3t (cM)®] ZAgH(deletion)= Pz =dWol= AHAR
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SNAP-259] mRNAS$} waAg Ao ool A% o] colomoba®l
SNAP-25 frd2E A ¥(insertion)d] FACIY HJ B 5ol FHagho]
ZH Uk o] F Qzbel A SNAP-25 fAA7F U st 208 A 2
ofg] FAAet FolH AR AT AN ARl B ATV Y H
a9l

2000 Barrs- 12299 FodZ2ARd A s AHE 7Hx 97 7}
=& oz SNAP-25 229 Hl A ALY 9 (untranslated region) ol A
Fhe @A AehE A (single nucleotide polymorphism)< WA=
1 (1065T/G, Mnll ¢ 1069T/C, Ddel) °o]lE<2 3719 @7IAdAZ=Z 9
oA Stk Barrs< ols T/ dAdFAATIA AR}
haplotype W H A7} FEA AH=E A H=(transmission) JE=E
transmission disequilibrium test(TDT)E o]&3to] ZALg A3 TC
haplotype ] @12} 9] transmission®] 2] 84 YJEFA (x°=4.7, P=0.027)
SNAP-259] ®o|7} FoHAgAYPFo] FHe Jd& Idv= A
T 00 Droohv € TARTAAYGTAA AT
93 7I5< WAoo Z haplotype relative risket TDTE &3 SNAP-25+
242l 1069T/C(Ddel) vt @ o] Fo=2dg 3 sdo] ofF el
frolat Al Weol HdEd®ES RS a(HHRRelA  P=0.01, TDTelA
P=0.02)" vb7EA = 200330 Kustanovich® & o1 4] barrsh 2&
THRE T FAHAgAS Y s AUE A 1267 5S AR

TC haplotypeel b Aol A FoldARHYBE G} o}Fom 5935
A gl A9Ee Rnadt® g H29 20049 Mills & %84
A

B YT AHE 7 18871FS it o2 SNAP-259 f i zHAl
G 6] Gl AT g AR AdDE A Ay opu A 9
AAA NN AR AP A Aol #2383
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Foto] FoAAR R Fl A TATH 164 LoldadE o
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(1) AA=A
(7}) =3 Kiddie-Schedule  for  Affective  Disorders  and
Schizophrenia-Present and Lifetime Version(K-SADS-PL-K)

6-1741 Zobdad 29 F RS Yo w st Wy xsid WEE
T2A Kaufman 570 9a) AFLe} gL A7 AHH At Fo
HA9 FdBsFANE £FF Lok Ad o] 3270 AAI Aol da =
dol AAxEe ol HHE HME ¢ o FAHAY Hd ol
Agt 2 o}y TR AT £ Atk Tl Kim Tl <8
K-SADS-PL-Koll tig 2= 3 A= A7 AgHAed, 599
29 FdAFgol, B, Al g Tol diMe 2 Ak
s}
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oz FAY 10 BFOZ FokH Ao
ATl e F A5 1589 Fog4
AR A EGoNe A7z A Aok sl e Ao sty =
ot AR FolA Htol FFEHAL F owE MM FA= 1680 o=
dobe] 57%, ojote] 2.7%7F oo &g et

(th) st=3 A&9  ols A5 AANHKorean Educational Development

Institute-Wechsler Intelligence Scale for Children: KEDI-WISC)
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AP e Scattler7k! AerAE FrpEHS AgETh o=
KEDI-WISC A5 #Ae] st HAAF & EwsArIeh o3 eA= dAA S
& FAstE wHor doA HAA = ofJZA7E A HAA =
Tl JAE AAA S Aeek el MY w2 AR dHA
(2}) F9 38 o] 7 ekA] ~ e (Attention—deficit Diagnostic System: ADS)

7ol 5%l e @2 4497 AHContinuous Performance
Test; CPT)olth. A&EF A= FoAH g FoA 53] F9 A%

A AA A (vigilance), T2 A YA 3= 9] H (selective attention)

fo
o
i

< H7sle =724, ¥ 2 (ommission error), 27

oo
>,

(commission error), A ®F-&A]ZF(response time), AHFSA|ZF EFHA
(standard deviation of response time) 5 =+ 4 7}#] 7]|& Q9¢oz F
dE =1, ADS 470 712 8% F stvetx= Z+dAe T-"H47F 704

14 Aol FAHARHYVF PNt G B

oA A Aol 93] K-SADS-PL-K zlwtol] whe} o)Ay 3

AN E A TAA 164 obsS dAAA o w HA
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Uz RRg GAHRAA 157 ot Adddn ¢FH A&
FEATAAY ABel 70 olFHE Ao AWY % A He)A
A Folt 2o WHA/AARE AR HHE BolE ATlE AT
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(2) SNAP-25 A} &4
(7}) Genotyping
- Ao A (SNP) 2 Chip-based MALDI-TOF mass
spectrometry platform(Sequenom, Inc., CA)& AF&3lo] A&, Atk
Al AFYHL NI ALA AT 72 T2EFS u WAPsAo
(W) FFE2dH3(PCR)
<

& HAs AT AlEAl(Zolm)e] dVINES Yad 2

5'-ACGTTGGATGTAGTGGTCATTTGGTGGCTC,
5'-ACGTTGGATGATTCAGCAAATGCCACCGAG

FTEaL2AHNSLE 25 mM MgCl2, 0.2 mM dNTP, 0.1 U HotStar
Taq Polymerase(Quiagen GmbH, Germany)$ 100nM<e] 9FHFaF Ak
83 4.0ng® genomic DNAZF X3d 5ule] 1X PCR buffer
(TAKARA, Japan)ol Al o] Fof -t PCR =32 % 95Tl A 537ty

T 95T AA 20%, 56TCollAl 30%, 72TodA 123ty F71&

453] WEEgE o} wpx|wto 2 72T oA 3EIF AFN3S Al
(t}) Homogeneous MassEXTEND

PCR ZFE9] 0.3U9 shrimp alkaline phosphotaseE # 2| star 37T 9l
A 208 7F WEE AL ) 85C el A 5 B4 A4S AAAH T
AF& 8 extension Al A= T1066G A&8 9= 5'-GGTGGCTCTAACT
CCTTGA¥ T1069C A=4922 5'-AGAAAATGAAAAATGAAACTCA

g w4 A7

LIS

= A}€39 8. hME enzyme (Thermosequenase; Amersham Pharmacia
Biotech, UK), termination mix, 123 5uM9 extension ~xz}o]™ 7} X
e ule] ®ES-<HoA hME whg-o] o] Fo] Attt Primer extension RF-&
2 94Tl A 27k d WA F 94T A 5%, 52CelA 5%, 72Tl
A 5xE o]Foz 55 Alo]FE P HJY., W= SpectroCLEAN
(Sequenom, Inc., CA)S ©]£3}9] desaltingslil, 384 well SpectroCHIP
(Sequenom, Inc., CA)°l| SpectroJET(Sequenom, Inc., CA)S o] &3}
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spottingdt A t}h. olg A FH]® SpectroCHIPS A%3t¥ MALDI-TOF
MassARRAY system(Bruker-Sequenom, CA)S Abg3to] R &dc}.
A5 3F¥ peak calling ©] %, bad call signe] W A& oA &lo] 7}5

B ARE §9S Bhol F7b R4S

B fxe] By fdx NE vae e ns X tests A
392 AR HlE vaE X testol ©] o] binary logistic regression
S AEstd e A#EY A= independent-t testE AFE3Fo] 4] ST

FoFEEL 0052 FYoey RE EAEAML SPSS for Windows
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m. 2

1L A

A
2

Aol Fold 95 FHZAFH Y EFN FAT T FA= 701
(73.7%), AA+= 267 (26.3%)olAem iz 102% F FA7F 6569
(63.7%), AA7F 378 (363%)082 F o Frol Ao Hol= gl
t(p=0.13) F9=€Z2dRdP sl At Hthol= 9.8£227A4, o
2] ol 1024054412 o ghele AbolE HolA &%
t}.(p=0.1) Table 1.

Table 1. Demographic data in patients and controls

Cases(n=95) Controls(n=102) p
AGE 9.8£2.27 10.2+0.54 0.1
SEX
boys 7074 73.7% 654 63.7% 0.13
girls 25 26.3% 379 36.3% '

2. FAT I hxa el SNAP-25 Aty 2 g de] W= Bl

w Aol M= SNAP-259] 7 #ke] vldArd HeolA Frie] dd 7
Atk A (1065T/G, Mnll ¢+1069T/C, DdeD)3 729243 3 3 & 7o) 3t
o dads mazk shaEHE 1069T/CDdel) &2 T
ol A EAsHA @82 Aoz versth 1065T/G(Mnal) L+ 4 0¥
Ao FAAge By @xelM AAl 9SHFT t/t I 669
(69.5%), t/g wAAF o] 2098 (21.1%), g/g FTAAF o] 98 (9.5%)9] W=
S Bt dxaodAs AA 1028 T t/t AP o] 577 (55.9%), t/g
TG o] 417 (40.2%), g/g A AF o] 49 (3.9%)9] WE=E BT F
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7 SNAP-25 423 wnxE &
df=2, p=0.008). =3 t/t FHAAF} FARAFRA TN A4

= binary logistic regression

o
of
SL
L
re
ith)
i)
Jo
lo
[A U
ilh)
)
il
f
8
v

FAREE t/t FAAIT F449)% t/g #3434 g/g +H429
= @3 t/grg/g AAR(G FAAF)CR vro] Hws] BoS W &
b A T =8 o] 667 (69.5%) G A3 o] 297 (30.5%)°] $l o™
gxzadAes T Aol 57%H(55.9%) G A3 o] 457 (44.1%)= 9
Al T el freluEk 2ol S B g rh(x= 3.87, df=1, p=0.049).

SNAP-25 "l g3 d(allele)W =+ bt A t ti P o] 152(80%),
g P do] 38(20%)0 o thxatoAs t dHP do] 154(755%) g
dHgdo] 50(245%)9 RIEE B F w3t on] gl zo]E Hol
A ek Th.(p=0.28) Table 2.

Table 2. Genotype and allele frequency of SNAP-25 gene
polymorphism(1065T/G, Mnll) in attention deficit hyperactivity
disorder patients and controls

Cases(n=95) Controls(n=102) ot
N % N %
Genotype
t/t 66 69.5 57 55.9 0.049
t/g 20 21.1 41 40.2 0.008
g/g 9 9.5 4 3.9
T type(t/t) 66 69.5 o7 55.9 0.049
G type(t/g+g/g) 29 30.5 45 44.1
Allele
t 152 30 154 75.5
g 38 20 50 24.5 028
T X test

T: binary logistic regression
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HA A Zoprh westHA FgHAGAR YA TN 4 o
ol e A% @A AFH o a5 7P gol drHa 3l
= owoke =Nl 2d F AR e Aqtolvh. e o] A As
of H 7H wol AAEHI e dEERE diE =9V GEEolt.
SNAP-25(Synaptosomal—-associated protein-25kDa)+= A %] 29} #H ¥ of
LoRlE EHA7IE AR Al dWMAR o] AT FoHAY

el W] #HoAP Aol FAY F

2 oA AAE o) Aol A4
o] 9lo] SNAP-25-FH AH1065T/G Mnl)7F #o1 & 7hsA o] o=
AlARGETE Bl = Sk 3 ol A AR e] Apol = Hool A e ghA|
o (p=0.28) FAAF WL, t/g, g/gdlAdE FoF AolE HPowH
(p=0.008), t/t fFAAF FogHZAFAYPF5HoNte] AR S binary
logistic regression®. = ¥ AL Fog AAE BHYth.(p=0.049) =3

AAE s THAARE /O Grdad(t/grg/g) o2 Wro]l Bds
ATH(p=0.049) °]+= t/t AP o] Fo ¥

o
o
=
Afs)FEgo) wye] JTL drhe AL AAEH ol Ao Barrs”
7}

o

£

<
BN
)
lo
Ho
lo
e
2‘]_';
-
N
N
%2,
2

div

® dFelAM= SNAP-25 Akl = uE  FAAUIEAY
1069T/C(DdeD %= ZAbst ovp 2 Aol 37hsk Sxpat, iz 197
W RS 1069T/T= & ol Ddel @A dxetdd Aol #zE A
sl VtSEe WEeR

g Aol FoaHZAH R A N} Ddeloho] daAds sl
gl s 2 ddASE = o A T 2R 2 dFolAe
AT E A Q1 1025G/A, 1037G/A%E Zrolr

RARE AT Frofg =l RiFolA EE A okt 5 w9l

SNAP-25fr A Aol A = 1065T/GWE EAjstar ol del e Wo|A ®Wi¥
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S| ok 3 Kiddie-Schedule  for  Affective  Disorders  and
Schizophrenia-Present and Lifetime Version(K-SADS-PL-K)& A}£&3}
Row Frle Iy FRE P Ak FAYAgidAd o) Ide
T, FAH N AGA =S AgEdon a3 A& ofs AT RA
5 &3t ATl o3 MFE SAsY dde] AFAHS =)
AT dAE B A A A7t BE AFZEAAE
FoHgZ2AqRdB TGNt A A8 FAAAY FIFSE wevs Ao
Tk 2005 Faraones <  Aw7HA M weol dAgHL =

DRD4(Dopamine D4  Receptor), DRD5(Dopamine D5 Receptor),

i

g}

DAT (Dopamine Transporter), DBH(Dopamine B-hydroxylase),
5-HTT(Serotonine transporter), HTR1B, SNAP-259} 2] & A3} 3
sapolele] Aol thE odds ratioZh 1.18e1A 146Atolebi R 314
o 2e R SNAP-25f 4 Abeh o] Aske] dgAel fosiil Ygrin
A o] fFHAE o] HFo] WS RF AWTdri B o oglom oy
T AZZE A ZEsto] o] Ao miE FdA S THAA He A
o= AL 4 v

oA, 2 ATl Fo A Mnlle] SNAP-25 %1 2}¢]
Hl dAbed ol Hxetar Uthe AJdd B AFoA dAF 99 9o 9

=
ol 7} AW futo] ges 7 £ dui= wusp 9ddoh®
EREE

il
ne
Mo

Al AA, S i 2ol A A, dAE ol T E MAES FASH
A EFPrE Holth, EF] HERTFLoR AGAI YRS AFEE G
ol2 9ls] AT xate A8 v E"(selection vias)e] AZ 27
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ul WA, 2 A5 Aol A -tz AT UdS F de
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Abstract

Association study for synaptosomal-associated protein 25
polymorphism and Korean patients with attention deficit

hyperactivity disorder

Tae Kyou Choi
Department of Medicine

The Graduate School, Yonsei University

(Directed by Professor Hong Shick Lee)

Objectives : Attention—deficit hyperactivity disorder(ADHD) is the
most common childhood psychiatric disorder, affecting 5-10% of
school-age children. Although the biological basis of this disorder is
unknown, twin and family studies provide strong evidence that ADHD
has a genetic basis involving multiple genes.

The gene for the synaptic vesicle docking fusion protein,
synaptosomal-associated protein of 25 kDa (SNAP-25), has been
implicated in the etiology of ADHD based on the mouse mutant strain
coloboma. This neuron-irradiation induced mouse strain is hemizygous
for the deletion of the SNAP-25 gene and displays spontaneous
hyperactivity that is responsive to dextroamphetamine. DNA variations
within or closely mapped to the SNAP-25 gene may alter the level of
expression and hence may have an effect on the function of synaptic
vesicle fusion and neurotransmitter release.

The aim of this study was to investigate the association between
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SNAP-25 gene polymorphism and ADHD using two of the identified
polymorphism(Mnll, Ddel) in Korean population.

Methods : 95 ADHD patients and 102 normal controls participated
in this study. The genotypes and allele frequency of the SNAP-25
polymorphism (Mnll, Ddel) between ADHD patients and control were
compared

Results : In this study, there was statistical significant difference in
genotype distribution of Mnll in SNAP-25 gene between patients and
controls.(p=0.008) and t/t genotype is related ADHD(p=0.049) but Ddel
1s not exist in Korean population

Conclusion : This results suggest there may be a role of this
polymorphism in ADHD. But the limit of this study is that the number
of cases were small, therefore it would be premature to make any
conclusions from this study concerning the role of SNAP-25 in ADHD.
Further work is needed to assertain the role of SNAP-25 in ADHD

Key Words: attention deficit hyperactivity disorder(ADHD), SNAP-25,

polymorphism, association study.
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