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[ Abstract] Objective To explore the association between single nucleotide polymorphism (SNP)
of +y — aminobutyric acid (GABA) synthase glutamate decarboxylase 2 (GAD2) gene polymorphism loci and
Tourette syndrome (TS). Methods 101 children with TS who met the diagnostic criteria of the fourth edition
of the American Diagnostic and Statistical Manual of mental disorders (DSM- IV ) in the outpatient or inpatient
department of Beijing Anding Hospital Affiliated to Capital Medical University from December 2013 to March
2017 were recruited. The peripheral blood of 101 children with TS and their biological parents were collected
and DNA was extracted. The SNP loci was genotyped by TagMan SNP genotyping assay. Using genetic analysis
statistical software Plink 1.07 transmission disequilibrium test (TDT) was performed to evaluate whether TS
is associated with the study site. Results TDT analysis showed there was no transmission disequilibrium
between GAD2 gene SNP loci 15992990, 1s3781108, 1s2236418, 157908975 polymorphism and TS (P > 0.05).
Conclusions There was no relationship between GAD2 gene SNP loci rs992990, rs3781108, rs2236418,
rs7908975 and TS.

[ Key words ] Tourette syndrome; vy -aminobutyric acid;  Glutamic acid decarboxylase; Single
nucleotide polymorphism

Fund program: Special Fund for Clinical Medicine Development of Beijing Hospital Management Center
(ZYLX202128)

Tourette £3: {5 fiE.(Tourette syndrome, TS) & —Fh & AT 25 Z A NS F L A2k
E T ILE AT DR, DURBE R L R Rl —M i e R 2 Rk B R, 2Hhsh



- 90 - MR SR T4 2022 452 A 20 HEE 22 555 2] Journal of Neuroscience and Mental Health, February 20, 2022, Vol.22, No.2

BERT R 2k | e B AR — R
TS (14 i Jit PR 28 4 1 oK S8 A B Y, R AR 1 B L
S S 2 2 5 | IR ) SR SR AR AU TR 4
RIFOR TS G e N RAHEVRR . ARTSHY
RN 2, ZHE T EZ OIS 5- 50
MRS s 2R sh s T
K2R y7 ROs M B AR OR y - I TR
(y -aminobutyric, GABA) 1R 1] B85 TS A7 HL

TS L EERIRZ , 538 6% (obsessive-compulsive
disorder, OCD) /& TS & L& # WL L o 2 —, H
AN 1% ~ 80%, W] AT TS L e h A
fpb e 2o A SR, 4 OCD H K 7E HEAE 1 A
TS s AEA 1 P B IR, TS LR TS LT
255 MBS AEIR L G TS B AT 18 M 3h Y
OCD 3 Al fE S Z AP e 2 sl GABA RS fE
SEE LIRS M . DSM-5 7855 38 K AH S it
BT IREAIG Y, “BRvE A SR SRS RE ARG : A
TR H HTA B0 2 A i st sk, w0 22 ] ¢
ZEYL WIS & B, TSHIOCD H A TR R Y it 1%
EIRIIEPE , i A E DUR AR R B 2
SR S IEN Y S ISUA BTS2 B, GABARY
A L 2 R I B il 2 (glutamic acid decarboxylase
2, GAD2) FEPH ) PR A% iR 22 51 (single nucleotide
polymorphism, SNP) {7 15 rs992990 | rs2236418 .
157908975 , 13781108 55 L& M OCD B VIHIE ™, 1
TS OCD Jt H 2 . & P OCD 7E I R 45 41 F 35t 1%
5707 T YA AR SR A AE AL, PRHCHE I GAD2 A (1Y)
SNP i/ 15, 1s992990 , rs2236418 . 1s7908975 . rs3781108
5 TSW A REAASC

— MR

LAFFEAT 42 s 3 H 2013 4F- 12 H 2 20174F3 A %k
LT EEERR =M R I 5t e B e LRH 112 KAt
BE Rt TS B SRR 27 A0 RE, ] A A R R
PHA R TIMR TP . 1 144 JLERTRIRHR] 4T
s LA b B A BE U IR S DR A B A2 W S g T
JER 4 RRDSM-IV) SR ESEA IS, TS LA
YbRiE: (1) 754 DSM- IV TSZWibnifi; (2)6 ~ 18 %/
(3) 0 H Al v WX o 22 2R G 9500 N 7™ T ) SR AR 5
(4) DU, PERIABR 5 (5) B3 B NJs R &L TS
BILACEEH A bR ME: (DR ATA AAR TS B
AR ACRE, B IAREERE, 28 S R () A
£F 5 DSM- IV H TS 12 B bR v, 0 HC A RS i B
ABIFFE A AR BE R B T bt 22 B B B 2R 3

% A2 : 7132083), 78BS IE A EIF 4k
T EE R RR BN E BRI R,

27574 : (DDNA$2HL, R RIS ILS ml,
LB IRBTEE, TR AR 1 hINF IR T4 8
L AL3 000 r/min 50> 10 min J5 43 5 1ML 5 . 0T I
A Ao R 4 1M DNA 42 BUA5H & (PROMEGA, 3¢
) B0 A SR IO T 41 DNA, 2 DNA FEAR 3
fifi Fl NanoDrop 2000 43 Y6 % BE 318 47 e B LA K 46
JERI, (2) BAZ TR 2 S PE(SNP) Pk ikl it
5 B E 5 A W15 BV 0 K2 2R dbSNP(datebase
of single nucleotide polymorphisms, dbSNP) %% #& 2
(http: //www.nchi.nlm.nih.gov/SNP/) UL & [E R A\ 28 2
(A 21 P& 7Y & (HapMap) i1 % (http: //www.hapmap.
org/) $& HE I DU NRER AL 7 B0, 456 Btk i of
FEHMAE, R 02 5 TSR B - K M OCD AT 3¢
(07 5, FEAHF ST P AT E A BOAIE , B KL
GAD2 JEH SNP 37 45 15992990, 157908975 . 13781108
Fers2236418 HEATHE N Z 251k 70 B (3) ZE[H 70 Y.
K H TaqMan 45 £t SNP 4 [ 43 B £ R 3 17 GAD2
HE [ SNP i i 1s992990., rs7908975 , rs3781108 M
rs2236418 143, 51 W IR B 56 N AR Y R 56
A} (Applied Biosystems Inc, ABI) 52 i, 584 % [
I (polymerase chain reaction, PCR) 2/ 357 TaqMan
Universal PCR Master Mix Jis i ABI/A &) #24it. PCR
R 2 350 wl, £ $5 TagMan PCR Master Mix
(2x)25 pl. Assay Mix Probe(40 x )1.25 w1, ddH,0
18.75 w1 K DNA 51, PCR B A% S A 5 152 B
HI7E ABI7500 7 6 4 f PCRAY L4796 FLAR), LA
SDS 2.0 E 14 43 #7 4% 14 Allelic Discrimination 2 7 3
17 PCR )™ 4 Ko B Iy 2% i ok PR B 118 ) 352 1) 2 B0
FIFEFFZAT, PCR S AYY 3 254 95°C 10 min 3
AL 95C 15 7B, 60°C 1 miniR k|, 60°C 1 min
FEAT, S 40 MR 8 A AN [] 2557 DR BT A 1Y
VIC FIFAM Z2'058 B A X3, 725 1 A AR B [A]
I BUNAEE TG T o WA, A IRIERE A,
YRR 1, B> 96 FLAR KB 110 DNA B4R (55
PRFR ddH,0) BB R, BT A (0T BRIAA Y B
35 5B 2 IR LU IR B B> 96 LRSI E 2 ~ 34K
PN R, BT 0 PR X R PR AR A — 3

3. 403 07« {di H Hardy-Weinberg *F-fii 2
HEATHE R R S B R W5 BERG 5, {8 1] Plink 1.07
B AT 0 R A% 388 AN SF- 485 K6 39 (transmission
disequilibrium test, TDT) 73#7, K5 /KHER « =0.05,
PAP < 0.05 2574 Giit=A 18 o



YT SR DA 2022422 H 20 HEE 22555 2 8 Journal of Neuroscience and Mental Health, February 20, 2022, Vol.22, No.2 - 91 -

—_ Q:k

%A

L — M TERE: B TS B SR W ACREA B
DRZF, L0110 K R GAD2 JE K SNP {7
115992990, 157908975 . 153781108 K 152236418 JL[H]
IR, 101 1 TS & b, 53 81491, % 204415 4F
#%(10.78 £ 3.10) & ; B EHACE:AE 202 4]

2. Hardy-Weinberg V- fif ) W) & £ K 56 28 2
R 56, GAD2 3 K SNP /7 £ 1$992990 , 1s7908975 .
rs3781108 J rs2236418 [t TS H & 4 J H:AC B4 £
ik %] Hardy-Weinberg V- (3] P > 0.05), B i% 5%
XI5k B BKBEAR, AR LIS BC, T
H AR EFE | iE S AR R 2 0 A% A i 52 ), F 5 9%
BRI, FEAR A BERACER M, AT DLEA T 35t 4% OCHK
TtTe W1

FR1 GAD2ILK SNP A &5 Hardy-Weinberg - W) &

o2 iod
- . o EBRAG RS,
SNP {3 15, A EEPEA g g X i P

TSEJLY  c/e 44 4511
C/A 47 4478 0249 0618
A/A 10 11.11
c/C 94  95.65
C/A 90 8670 0292 0.589
A/A 18 19.65

r$992990

o
&
[mnaf

157908975 TSHEJLAL  A/A 89  89.36
A/IC 12 1128 0403 0.526

c/C 0 0.36

ACEEH A/A 181 181.54
A/C 21 1991 0.607 0.436

c/C 0 0.55

153781108  TSHEJLA  T/T 51 5204
T/C 43 4092 0262 0.609

c/C 7 8.04

ACREA T/T 108 109.17
T/C 81 7866 0.179 0.673

c/C 13 14.17

152236418 TSHUJLA  A/A 46 47.14
AIG 46 4372 0274 0.601

GIG 9 10.14

ACEREH A/A 101 102.65

A/G 86 82.70 0.323 0.570
G/G 15 16.65
H: GAD2 ARG 2; SNP FEAZAFIR Z A TS Tourette
ZEAIE

3. TDT43 A 1 FH Plink 1.07 5 {2 X 52 56 %5 4
HEATTDT 40 ¥, 45 R W 75, GAD2 3 [F SNP v A5
rs992990 ., rs3781108 . rs2236418 F1rs7908975 IALE

TEAL 3 RN A IS (P > 0.05), 37 GAD2 %£ [H SNP
37 15 rs992990 . 153781108 . rs2236418 Fl rs7908975 5
TS AR, L2,

FT2 TSHELFEZRMTDT Hra

FE OKE
R AR SR feik RfEE ORfE xME PIA
R R
15992990 C A 49 41 1195 07111 03991
157908975 A C 12 9 1333 04286 05127
3781108 T  C 44 37 1189 0.6049 04367
52236418 A G 49 37 1324 16740 0.1957

7 : TS Tourette ZE51F 5 TDT f4 38 AN FATHG 56

THE  ABFRAT 101 %0 K RIS, 1
Z 51158 19 SNP {37 15 #4135 3] Hardy-Weinberg V- 1)
FIE T, & TDT G K I, GABA & i 3 2 R
fifg 7 1 22 — GAD2 3 [K 4 4 4~ SNP {3 5 ¥ 5 TS TE %
K, $27R GAD2 BN S W AT g 5 TS I & T Ko

GAD F BAFAE TR AR 5T v s % 2 A4k (1) 35
a1, BRAE o LS A T A T ARk b Z 51,
HoAt s ICER A3 AU 25 0 A AE TRt S8 AR i 4
TR, 25 AN GABA B4 M. GADFHGIEH Y
SEH AT R R I N GABA B/, S EU4S A 2
FE AT & . BRAEIFSE BN, B - BUIR K -
I = F2 5 (cortico-striato-thalamo-cortical , CSTC) 18
A DIREZEAL S TSR AEA G, X —m g izt
R e A &R . GABA ZL M n] RS2 TS 19 & A= Jit
Pz — IR, RN TS B AR TE S
ARAREEFRAL 9 GABA S /D Kalanithi 25/ % TS £ L
(A JL RS T FEAG A 25 R R, FRICI) GABA REMH S
TG AT AR, TE K R EL GABA BERf 2T 1)
B A LE B IN, SCIRAR KA BRI B b
Lernergﬁf[ﬂ BIBFSE & PR, TS B LI GABAA Z K 1F
SUIRMR | Fe il L A4 1 BRI I 5 SN I
> AE R L AE MBS A 07k [ SR A Ao D
hne ZhSEss IR, 7E R T 10 L i sh g seiR i
FOLEST GABAFEHURI W5 4 shr™ A= s sh sl ZI b ke
BENT, LERAE LT R L X TS
H AT R D BRI AR T Y £, TEhsh &
AEHTEORD , B Bz 3 X e i s A DG & (5 5 1%
126 3] 32 %3z By KR A 5 Sl Wi A OC 1 B2 T X
W5 CSTC R GEWi s HRHED , SUR A 23R
() GABA REf £ Tk /b A B B4 el #h 2850



£ 02 - MR SR T4 2022 452 A 20 HEE 22 555 2] Journal of Neuroscience and Mental Health, February 20, 2022, Vol.22, No.2

PIHIAS L, 520 e 2 1 i i A 2 MR S5 4 v PR
SERR () 24t T 2Bl i & . BEAh, GABA fgZ:
Pt g TS B IR IARIRY T, BUS T 125
AT TR O,

YT LI E LB, ARBFSE IR GABA A R 56
G GAD2 A F, 25 W IE R 22 )2 TH #R  GABA &
G5 TSRS, A5 R b2 4 | S sC 5
PG TT RN 45 T F S 4 R T R ], AT
A TDT X 101 ML R RIATHEGE, 25 R K&
PR, A6 R E DU AR S, GAD2 LR 1) 41~ SNP A 15,
5 TS¥TEREL, Xl g S AEA D R R
% 5 55 (AN B /b 55 fa B )L 35 240 A4 1) ) BRI 52) K
WAL S T (TEARFE R R, B4R SNP 47
SUATREAR—FR) A . M5K, GAD2 JE[H i m] REAf 5L
5TSTE:, A IR X GABA fig b 22 5049 A g 25>
A5 5 KPR R s A AR G325 40 GAD 1 3£ R
Ak,

FREAE A 5 TS 50 358 58 [ 1 R i 290 K
22 UL L R R A R 5100 BEBIE 9 202 R TR, AR5
fd P ZWF58 (TDTA3HT) % GABA MK 5 TS Y
KRIATHRVT, OB I RANF 2 4b . TS &
—Fh S PR SR A, 47 SNP A S A e DA 75
GAD2 R Fr A Fs. A, JAER K GAD2 %
[R5 TS LA I, 2s AT O 1, IFT
BRI, W H, AR AT — R 2 2 A,
UL LATS BIL B H A F A0 PR A TAZ O K
RS, A B A HE LB XS HR A, B Rl A &0kt
FEUR Y 2 X BRI 45 SR m s 22 (H R 2Pl
A H A B, g s % BT T 3 AR
i (TS LA 22 AR, 5590 Bt BRI A L
ZEVF T s XTI R P AN T (W 2 3 1 A B
DNAR G HA%) &5 AT 45, TDT 20 1K
B RCR G (I BRI FEAR >, HH TR R se skl
ACREEIREBA TSR R AREA AL, BHEEA
PRt A, 2 B AT (] — 3t A b e A o5 ] B A 795
Bl RIS A DR R ST, K2 S B A T &

S AR FEAFAE—E B SR B, (EAE R A
Z 0 T EDUE TS ABES GAD 3 K i S BRI 7T, AR
WM TS B PR 2 oE B4t 1 B i SR B . RO T
DAY RBEAC R, AT 22 (3L R 0, XS TR 3 AR
5 I R4 TE (A2 75 5 IR e el o) (45432,
[vi] s et s 46115 HRBAF 58 2 b I DU R At AR i
(RE oAt

PRI SCEFA EH S RRA T SCRE AR SCF 25 iP5
EZETEERR  I0SURE | SCHIANT SR AU R IR, B s
B BR AL, SEE RV AR T B2 I, B S0 RSB ik
BB AT L

2 % X #

(1] REEHESS REMRER2E S g FMCE RO [M ]
Jent: AEnURAA R i, 2015.

[2] GillCE, Kompoliti K. Clinical features of Tourette Syndrome[ T].
J Child Neurol, 2020, 35(2): 166-174. DOI: 10.1177/
0883073819877335.

[3] PaschouP. The genetic basis of Gilles de la Tourette Syndrom({ Il
Neurosci Biobehav Rev, 2013, 37(6): 1026-1039. DOI: 10.1016/
j-neubiorev.2013.01.016.

[4] QiYJ, Zheng Y, LiZJ, et al. Genetic studies of tic disorders and
Tourette Syndrome[ J ]. Methods Mol Biol, 2019, 2011: 547-
571. DOI: 10.1007/978-1-4939-9554-7_32.

[5] Kalanithi PS, Zheng W, Kataoka Y, et al. Altered parvalbumin-
positive neuron distribution in basal ganglia of individuals with
Tourette syndrome] J ]. Proc Natl Acad Sci U S A,2005,102(37):
13307-13312. DOI: 10.1073/pnas.0502624102.

[6] LernerA, Bagic A, Simmons JM, et al. Widespread abnormality of
the gamma-aminobutyric acid-ergic system in Tourette syndrome] J |
Brain, 2012, 135(Pt 6): 1926-1936. DOI: 10.1093/brain/aws104.

[7] Bronfeld M, Israelashvili M, Bar-Gad L. Pharmacological animal
models of Tourette syndmme[ J ]. Neurosci Biobehav Rev, 2013,
37(6): 1101-1119. DOI: 10.1016/j.neubiorev.2012.09.010.

[8] Pogorelov V, Xu M, Smith HR, et al. Corticostriatal interactions
in the generation of tic-like behaviors after local striatal
disinhibition[ J ]. Exp Neurol, 2015, 265: 122-128. DOI:
10.1016/j.expneurol.2015.01.001.

[9] Vinner E, Israelashvili M, Bar-Gad 1. Prolonged striatal
disinhibition as a chronic animal model of tic disorders[ J ].
J Neurosci Methods, 2017,292:20-29. DOI: 10.1016/j.jneumeth.
2017.03.003.

[10] Cavanna AE,Nani A. Antiepileptic drugs and Tourette syndmme[ Il
Int Rev Neurobiol, 2013, 112: 373-389. DOI: 10.1016/B978-0-
12-411546-0.00012-3.

[11] B, £, gk, 5. GABA B3I 757 JL 3 Tourette
EROERBIITHERE [T ] M2 SAE f T, 2016, 16(5):
586-588. DOI: 10.3969/j.issn.1009-6574.2016.05.026.

Wei YZ, Wang S, Cui YH, et al. Research progress of GABA
againists treatment for Tourette syndrome in children[ J ]. Journal
of Neuroscience and Mental Health, 2016, 16(5): 586-588.

[12] Kumar A, Trescher W, Byler D. Tourette syndrome and comorbid
neuropsychiatric conditions ] |. Curr Dev Disord Rep,2016,3(4):
217-221. DOIL: 10.1007/s40474-016-0099-1.

[13] Diniz JB, Rosario-Campos MC, Hounie AG, et al. Chronic tics
and Tourette syndrome in patients with obsessive-compulsive
disorder[ J ]. J Psychiatr Res, 2006, 40(6): 487-493. DOI:
10.1016/}.jpsychires.2005.09.002.

[14] LiuS, CuiJ, Niu Z, et al. Do obsessive-compulsive disorder
and Tourette syndrome share a common susceptibility gene? An
association study of the BDNF Val66Met polymorphism in the
Chinese Han population| J . World J Biol Psychiatry, 2015, 16(8):
602-609. DOI: 10.3109/15622975.2015.1012226.



PR SR T A 20224E2 H 20 HE5 22 855 28 Journal of Neuroscience and Mental Health February 20, 2022, Vol.22, No.2 - 03 -

[15]

Mas S, Pagerols M, Gasso P, et al. Role of GAD2 and HTR1B
genes in early-onset obsessive-compulsive disorder: results from
transmission disequilibrium study[ J 1. Genes Brain Behav,
2014, 13(4): 409-417. DOI: 10.1111/gbb.12128.

American Psychiatric Association. Diagnostic and statistical

manual of mental disorders: DSM- IV -TR[ M ]. Washington, DC:

American Psychiatric Publishing Inc, 2000.

Martino D, Ganos C, Worbe Y. Neuroimaging applications in
Tourette's Syndmme[ J 1. Int Rev Neurobiol, 2018, 143: 65-108.
DOI: 10.1016/bs.irn.2018.09.008.

Sigurdsson HP, Jackson SR, Kim S, et al. A feasibility study
for somatomotor cortical mapping in Tourette syndrome using
neuronavigated transcranial magnetic stimulation[ J ]. Cortex,
2020, 129: 175-187. DOI: 10.1016/j.cortex.2020.04.014.
Neuner I, Werner CJ, Arrubla J, et al. Imaging the where and
when of tic generation and resting state networks in adult Tourette
patients[ J 1. Front Hum Neurosci, 2014, 8: 362. DOI: 10.3389/
fnhum.2014.00362.

R, KR, 15, S MSBIBL At 2 B D4 %2
PRIER 22T [T ). PRI B 2245, 2003, 26(1): 40-
41. DOL: 10.3760/j : issn: 1009-9158.2003.01.011.

Cheng YH, Zheng Y, Wang LF, et al. Analysis of dopamine D4
gene polymorphism in Tourette's Syndmme[] 1. Chin J Lab Med,
2003, 26(1): 40-41.

[21]

[22]

[25]

L RL, BEERER, BTN, 55 . IR L GRS 2 T D2 Z 4K
M rs1800497 Z AR RIRMHT [ ) ] ARG #2014, 47
(5): 265-268. DOI: 10.3760/cma.j.issn.1006-7884.2014.05.003.
He F, Huang HH, Cheng YH, et al. A family based transmission
disequilibrium analysis study of dopamine D2 receptor gene with
Tourette syndromc[] 1. Chin]J Psychiatry, 2014, 47(5): 265-268.
A FL, FREL, BETAN, 5 . 2 L IRA#E R B R 251 Tourette
AN TRRIARCHEDIE [ ) ] AR iRl 2, 2011, 44(1):
10-13. DOI: 10.3760/cma.j.issn.1006-7884.2011.01.005.
He F, Zheng Y, Cheng YH, et al. Association between Tourette
syndrome curative effects and the dopamine transporter gene[ T1.
Chin J Psychiatry, 2011, 44(1): 10-13.
Bacanu SA, Devlin B, Roeder K. The power of genomic
control[ J ]. Am J Hum Genet, 2000, 66(6): 1933-1944. DOI:
10.1086/302929.
Spielman RS, Mecginnis RE, Ewens W]. Transmission test for
linkage disequilibrium: the insulin gene region and insulin-
dependent diabetes mellitus (IDDM) [J]. Am J Hum Genet,
1993, 52(3): 506-516
Morton NE, Collins A. Tests and estimates of allelic association
in complex inheritance[ J ]. Proc Natl Acad Sci US A, 1998, 95
(19): 11389-11393. DOI: 10.1073/pnas.95.19.11389.

(e H 3 : 2021-04-25)

(RSl - X4 2%

- HE

XRIDiT ) 2 022 F (KR Siath D4 ) s

(AP 2% Im B ARAY LA ) J ERAYZ  AFAYFF BORAY T A ARG F M), B WS TFZAT, 2006 4F

P B A2 H AR BA R AT A hERHGE X GTH R T (R ERFROOEATI) . AR BH e B R o 4
Fo T THET 4, BAFHERIE, ARZEERE T KA E NG, Zo R At F AR € Kt
JE, FIFHATSE B RN F R IR, EBie B35 A ) XAh @45 HAb A oAt T A AR PN E L G
BB HF A IR RS E, BRE AR AR EFAAEN KT AR RERNG RS S 2%,
ZRBAEREIZEGIP), HE . FRAEBHIRE SR ROARE ANLE BRNFRIDEF.

(HAEFESR/RMIE ) ZEERNMER S A 82-353, HItEHHBFELT; EIHEITHSBM1690,

HHEEREBRS A NFA%1T. SHEN15.007T, £ 180.00 T, ki A 4281 K47,

SRITICE: I P AT P B4R T 4 347
K5 . 23001626251050500949
B A w45 (010)83191160

1% HA.(010)83191161

P A (A ZRm S nAh T A ) & A4k



