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[ Abstract] Tic disorders (TD) are relatively common, with an increasing incidence, in children. The etiology and
pathogenesis of TD are still unclear. With increased understanding of the relationship between infection, induction and
exacerbation of TD symptoms in clinical practice, as well as research progress on TD-related immune inflammation,
immune abnormalities are regarded as one of the important factors involved in the pathological processes of TD. The
establishment of immunological TD animal models has provided the basis of immune-related experimental research.
Therefore, this study systematically reviews the research status of TD immune-related animal models by consulting relevant
domestic and foreign literature, and compares the advantages and disadvantages of models using international evaluation
criteria of face validity, construct validity and predictive validity of animal models, to provide reference for domestic TD-
related experimental research.
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ISR XA F T 5T SCER . B H AT, TD A%
PR R g ML i A 5 42 BB, H RTRSF 98 2 46 rh 7
e F R - UK AR - BB - B2 B ( cortico-striato-
thalamo-cortical , CSTC ) [5] #% [ 2 I % ( Dopamine,,
DA) Fil 5-F2 {61 ( serotonin, 5-HT ) 2501 25 33 Ji 2k fiif
IR AR A 259, B — € ISR, 4 TD f1l
REE RS ALYy e %, (BRI ARG T b, Ok
FHRIMAYIRIT TD JovkA S il e R i &2,
TD #Y952  A e RS, 17 HC A2 A sl fin o e 2 7
L PPIEER G S I REAR T SF RO OCR B, X
FUEEAMBEEEMR, BEE TD 5HERKE R R
A RE DCHIE ™ AR i, TD A7 7E 1 11 B G 558
2Rz, EAMIFFE R B TD fA1E — B4k
LA 20 A T S BR AR A S A A
B AL 2 A | G RAE R BT BN TD 9
PR K 5 o AL BRAIE 5 1 [ B i o A

NBESE TD B G S AE L, P b O A %)
TD WA S MR B A= . P N BTE,
FHZRIE TG RN RS TD i RAE R A ™
HRE A IG5, X il Sl S ML A ) S 38 F
FEW LAY SRR T e ST 5T A A A
hy [ o 4 B I 58 4R 5, X TD 328 A G Bl 4 A 78
BT AT B T IR AR I A B, ik 25 i R e
KT ] PN A DL AT O TD e A DG AR TR 1) 1 4 i
B, VRN TR TD SRR Y [ PR TR O, HE
Sl N TD G2 & AL ) BF 52 A4 E e, AR SC R B8 16
457 HATE PR AR TD fase 58 s AL oY 1
03 A2 b G e Y A L B A, LAY O | TD
I RS2 S F e 4R AR R 225
1 AEHNESHESELYFSHED
RERE

FAE 20 4 90 AR AW R I RS 4 )L #AE
A HEEBR A (group A Streptococcus, GAS) B4t J5
AR ZRERT IR 7L A B et b 2ok
P R ( pediatric  autoimmune neuropsychiatric
disorders associated with streptococcal infection,
PANDAS) IUHEE" . WFSE B TD B35 ULT- 4
12 B GAS G, I 7 A B W U Sy JO b, 3
BOERINE " GAS YL TG WA 11 B Gy
I, S0 it fik 5 B3 3 14, GAS 175 5 1T 1A HE [m)
VEHIT i v 67 52 5 1l 0 2l (4 i 287, AR il Sl e
REGHI | HBL GAS FURT 5 TD ™ 5 R B A
TEARDGE PR 26 T FH 400 i i 2 A 400 400 ok
V5 B HUR A BT A A L A S8 5 Bk 8 1Y

SRR
1.1 GAS RERAEX&E

GAS YA AL Ay i L@ 7 (1 TD e e AY | 5@
A GAS M6 B3R o FRAA R XS ENE: ST/
ANERBE NS ST A 2 R IR BEBER A ( group A
B-hemolytic streptococcal , GABHS) F& A9 /)N FlABE
XN [ 7 B A 6 AR IR Al g A R R Y
BHATH . SR A 2 GABHS 9% /)N BRI
HR/IMEi#Z (deep cerebellar nuclei, DCN) | #5 FHEK A
i 4 55 85t 3 B FI 28 Ak TR 5C ik DI B A A
e, IF BLAE DON A7 S e BREE 111G 1Y 3L
U (1), 5 GAS M6 5 T 1Y/ U B A,
i GAS M18 B BR B0 (19 95 A2 750 ) A1 40y 4
REHEAT S, T IE I T SR IR TG B T H RZ A
YA B 7 SE GAS M18 5 S (1R R AL, KB
(35 SR A s 30 AT 3G I, I 7 A= BUUE HE FL
A 5/ B A 2 AR 2 1 R 1L 15 S g 0k, 7
REAIBOIRAAR | Fo 1 F085 - Bz 2 v A i i, B
PIEBf A B J2 R0 IR A 2879 rh 22 U i R AR R A5
22366 BUKF- 72 Ak, TR YT TD 1Y 254 #UUR WE B | M
BT A SR AT R (R ) .

GAS BRYL5 K A B o e A s 5 30 7 R
I TD FEAT RS, B TD Hgse A AL il i) 2
AR (B e AR R v AT BB 1 I A e s 1 5
PEATHT A I i i 5 B 4 3 R G Hi X AT ke
ZAHSCH BRSSO T A A SR 1 BF 5 AT O
S ] ML 7 7 2 M 1 TR 3R st A R i 1 3%
e B el AR A AR
1.2 HAfREY RREs

GAS 17531y TD 58U 1y g 7 oy G 155 & LA
G g2 S B PR Y B e TR AL TR B, 2 A R
Pyl TD BB Pl & Ok AT R HESD T TD
SR NLTI R TEERE . A7 27 38 2 V5 s T B AU )
poly (1 C) > I PR 28 /)N Bl 7 BEAR e e A A0 |
JE AR R B R S g R B 28T TD iy AL
ZINRAT R S BREAT ARG, HLJS e o8 48 e
R ST 5 B0 T S AR A S A 2 B0 A e
Ax FER I A M ( Treg) T 41 Bl Bk B A1 CD4
(+) T 20521 T, A S Gr-1( +) 2 7K SF- T
i, CD4(+) T 40 S B2 T w5 5 250 40 g &1L
17 IL-6 B4, ix e ph 28 ] ik — 20 5 e s 47 iy
RIBEFFLE (W 1), B YW BR 1L-6 J5 H 5 AR
170 S W b, R AT e IL-6 4% T £ AR
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FIP BT SR, L34 i D D A R TR R
71 AL Y G e T BE T 2R i S 31 B B Bl e 22
205 1R 8 R 2 ik (49 JE G, I A 2 i I 9T B A
FN A GG M 2 R G M BAR . B,
BT A

2 MiFMEEZEEESHHIIRE

kit

MO TE S48 TD A e KR Y 55 — i it 5L

A2 AR AL R

RN SE S NV e BN IR EARNIER 72 TRa |
R EN AR P, A T R 2 2T 5] S A 7
SO D RE B T BOR LTl s AT o k2R, X
7k 55 0 S AR T A 2 U 5 A0 T L

(4 32 Bl S e R AR B, B B, LS SR TS 5

i B 43 TR AMA C4 AR a—2-FEERE A A

AR SR I 7 A G B DO R 1% R B 1Y
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R RGBSR EEIIYT S 1) 33 Tk i

Table 1 Active immune model induced by bacterial antigens or virus mimics

ok B UAE -
- T pojiite: ol iy GRlIES 953 Vo
B 7 AL e (St BRI oy
Exposure Modeling method C /t 1 Behaviors Pathological changes lidit References
ontrot group (Face validity) ( Construct validity) vauaty
XF 6 JE M STL/T /MR, e o s "
ﬁTﬁ:%ﬁﬁﬁ CAS M6 DCN . # 14 5K Al i A7
T FA, R4 ~ 1eG JLRR, BL DEN % %
P A LI DON H 4 B4
GAS M6 1 VKIRAL e TERF AR AR B HRIBUADUIRE &
T . 35 G P SEAT R T DCN, globus pallidus and
ETiNd 6-week-old female SJL/]J N T . .
. Freund’ s Rearing in open-field  thalamus have IeG 7/ [10]
GAS mice were subcutaneously . . .
. . . adjuvant and hole-board  deposits, mainly DCN,
M6 antigen  injected with FA . .
containing CAS M6 tests T and those with positive
“onlai . -
homogenate, and boosted ie‘trum anti-DCN antll})fd}lfS
every 4 ~ 6 weeks for a Ad:,i v d its tgher
total of three boosts antibocy depostis
Xt 5 JEIEHEYE Lewis KB S . ,
T e I ST R 1
RS FA. 3F I JES 1 T 1gG UL B, 45/45 H i
S EA DI B T F O Eﬁif%@?gﬁﬁg ;i DA D2 32 {45 45
ey N e AS\CI »Aﬂh14 5 4] ‘[]\//A i) 8 ) 7’: /=u []f** Lf‘gla 52 ) 5_
GAS M18 Five-week-old male Lewis Mamiafs o ( A&/ DZVXMKH N .[LE /‘”i o VG T Al S s
g7 rats were subcutaneously HEITH) Ilg][(rl[dep?sltloln 151 stn?tul?,l BTN
GAS injected with FA  PBS Impaired food ;dmus an alr'ond/ The DA D2 receptor [11]
MI18 containing GAS M18 strain manipulation and O caterm antagonist haloperidol
antigen components, and heat- beam walking calmodulin-dependent and the selective 5-
inactivated bacillus compulsive  behavior protein kinase I mgnél, HT reuptake inhibitor
Lussis iniected (induced-g ing) DA, Glutamate, Reaction i duc
Pe{rﬂuaal'bt ‘,Vﬁs frtje(,‘e induced-grooming of GAS rat sorum with PEroxe |‘r;e can re l:f,e
il bt D o 7 s
they were strengthened b2 brane anti ‘reccp tor
after 14 days and 28 days. fembrane antigens
1£ C57BL/6] /NRUIR 2256 . . Treg ZHMfLERFE ,CD4(+) T
e R ,
go it gy 10-5.12.5 145 d Y ﬁﬁggﬁgﬁﬁ 20N T, Gr-1(+)
TSR EEALHLA poly (1. g o s e s YLK -, CD4(+) T 410
1 poly (1; R 2R AT
) o) R Th i WIS, TL-17 IL-6
. C57BL/6]  mice  were e ¢ TPOIE g cell defect, CD4 (+)  / [12-13]
Virus Saline stereotypies of  the

mimic poly

(I.C)

injected with virus mimic
poly(1: C) on the 10.5,
12.5 14.5
of pregnancy

and days

offspring  in  the
marble burying and
self-grooming test

T cell response, spleen Gr-
1 (+) cell level, CD4
(+) T cell response, IL-
17, 1L-6

T PBS : BERRZE MRV W FA - I IRAAFH)

Note. PBS. Phosphate buffer saline. FA. Freund’ s adjuvant.
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2.1 iR (gURAR ) E ST BT EEY

WS R TD BLAFTESTS8UIRIE P 22 e b4
PUR S BUIR A 28 T8 45 6 7] 5 SUR K ) BE 65
I SAT R S5, S IT /R, TD B3 1
TR HH T T ST DR el i 2 2 b R A S ) 2R
¥ 1 1R 8 i 4 ( hyperpolarisation-activated cyclic
nucleotide channel 4, HCN4) , JE4% CSTC [0] B A #H £5
H T R R R S SRR KA
TP 28 T BT AL BUIA (anti-nuclear antibody,
ANAD) 1) TD F5 3% L 175 13 55 21 R B ) R U SOIR AR
RIK LI 2B T ) N 5 2 2%
AR BIFFE AT & il TD A sh etk . BLBUIR M da
T TD MG J5, SD K BRI 3 2 1 24T 8, X

BeF7 R Sk A BT HONA Bk AR (L 2) .
2.2 SMNEESTMEFRAEER

AR S I35 B AR AR 3 A L R ik 5 R
WX RIS, H A — & A S uE RN . B9
ik AV AR BALB/c /NERE R ESTHT GAS
IgM HFERERTIA /NIRRT T SIS s B AT
¥ 35 R AR B B B AT R, X 5 BT GAS
TgM HUAR A K 5T - SOR AR S AR G X 5 i T
Fos FEGRE RN A I, 5 4N B S 139 7% GABHS
A1N AR RE /N BUALTE o ] P2 A S i A TD Bl
TEARBLA RN , T R BE AR I3 TG I AT R ek
AR Y X AT JIRAIE T TD H B S K R ML
AETE( LR 2) .

R 2 MIEVUR BTSS0S e R

Table 2 Passive immune model induced by direct infusion of serum antibodies

Exposure

BRI
Modeling method

X IR

Control group

o B AR

17 R CRIEUE) o~ wmEE &%
Behaviors (Bl Predictive  3Cik

(Face validity)

Pathological changes

( Construct validity)

validity ~References

TD A8 ¥ 1 17 5
y-o B BR O M
(1gG)

Serum or Y-
immunoglobulin
(IgG) of patients
with TD

TR R B
i 2 JC B, ANAb
M TDO & & W
JliRGs

Serum  of TD
patients with high
concentrations  of
anti-neuronal  or
anti-

nuclear antibodies

A =T 3
ANADb {1 TD i35
A AL 3

Serum  of TD
patients with high
concentrations

of ANADb

LL0.5 mL/h i1 5 [y
PE Fischer344 K 80K A
P A TD B8 /Y 1l
LN R R
BEERAEH (1g6) 72 h

Microinjection of TD
patient ’ s serum or -
( 1eG )

isolated from serum into the

immunoglobulin

striatum of male Fischer344
rats at a rate of 0.5 mL/h
for 72 h

o R B R P 2T R
ANAb ¥ TD & 2 1L % M
ME A MM SD KRG IR
SR

Inject the serum of TD
patients with high
concentrations of  anti-
neuronal or anti-nuclear
antibodies into the
ventrolateral  striatum  of
male SD rats bilaterally

& A | ANAD
(24.47 pg/mL) Y TD
I MLIE 2 1 A A 1
SEEMEE SD K B Z0IR
W

Inject the serum of TD
patients with high
concentrations  of  ANAb
(24.47 pg/mL) into the
striatum of male SD rats via
a microinjection pump

fat B L
1ML 3%
Serum for

healthy children

TD 8K KEH
AR ML (B
RKTPBARH)
Serum of TD
patients and
normal subjects
(those with

lower  antibody

levels)

R Ve BE i A4 1
TD M # I ¥
o PBS

TD patient
serum with low
concentration  of

antibody or PBS

KEE T HES) 1
(31 ~ 3R), Lk RS
T 1

Licking and forepaw shaking
(Day 1 ~ 3), episodes of
unprovoked

audible vocalizations

HEZIBAT R (AR (A
W R EE 5 BRI R
WIFRER) , A 4 av PR AT
KL, B5 A SRR K
BIEM%

Oral stereotypies ( eating
sawdust , self-biting,
nibbling, licking that has
nothing to  do  with
grooming ), genital
grooming and these are
positively correlated with the
level of autoantibodies

AHEMEG T REEH
s T T TE )
W B HE TR B A 1
Chewing involuntarily,
repeated  gnawing  without
eyes, pushing the front paw
from the face to the mouth

Uk TG PLFR
Striatum IgG deposition

/ [16]

/ [18]

/ [19]
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gk
. e oA s w2
R HO i FHRRREZE) Ghhdgg) DR 2%
. . 2974 Behaviors . Predictive  SCHik
Exposure Modeling method Control group (Face validity) Pathological changes validity ~References
’ (Construct validity ) B
TD [ I35 T HCN4
Ui, T 45 K B
SrbiHONa fiphny [ 8 FIRISHRKE SD KEREL - TE RS S it BRI RIZCR R I
s B (o e
P, S : JAs 1A RS ) DI IRTE o B = B e YA
1‘{]35}2&551]\143:1?; HCN4 ik Serum from §§1Tﬁ’IE{4Tﬁ’QE The anti-HCN4 antibody
. . Microinjection of TD patient  patients with . in the serum of TD / [17]
w1t}‘1 . anti-HCN4 serum containing anti-HCN4  attention  deficit Stereoltyples, .. patients  is  relatively
anu’l;'o Cll;es ) (.)r antibody or purified HCN4  hyperactivity grooming, hyperactivity high, which can react
EJ(?NI:: antibo di;nn— antibody into the striatum of  disorder or with the 120 X 10° protein
8-week-old male SD rats healthy controls (HCN4) in the rat brain
tissue  ( cortex  and
striatum, thalamus ).
YL GAS IgM 159 Jiz
EiaiE R INLS
SRR 2R DX (LA R AR
#% AR B A% RS 3h i
Bi GAS IgM 247k WLERAT AT IXE0) ORR, IF ok
2 ~ 3 H ikt BALB/ SR BUHEAT R P GAS T Fos HEGBER N
Bt GAS 1gM H35 ¢ /MR TG GAS 1gM 5L GAS 1G 5 G HIC W ZIMAT N HT Anti-GAS  IgM s
2NN AR I?LI; Ik Mé’ P K IgM 153 deposited in the cortical
Anti-GAS IgM Subcutaneous injection  of Anti- Cj\s 1eG or Head bobbing, sniffing, and  striatal projections / [20]
monoclonal anti-GAS  IgM  monoclonal . © intense grooming. No obvious  involved in motor control
antibody antibody into male BALB/c anti-KLH IM stereotypies behavior in anti-  (including the caudate
mice aged 2 ~ 3 months GAS IgG group. Anti-KLH  nucleus, nucleus
IgM group activities accumbens, and  sub-
regions of the motor
cortex ) and stimulates
Fos-like
immune responses
¥ & GABHS &) %K 1Y
PBS A 3 () SIL/) /) B
CHEA/IN ) 910 37 58 1 2
FRBKERE BIA B 6 JAE  PBS I ; W R
MEVE ST/ ANRC(Z AR/ T /B 1g6 B NP ey
\ o B0 PR3 G 0 capns g LLOPBER A
B GABHS )3 % Hu PBS 1175 TR THUAMREENTE S R0 2 A DX
st NS ST YRR
ffrig Jffft Y Tui‘ﬁe Serum of SJL/J mice (donor  PBS serum. lgG- Rﬁé&ilzjq{égionﬁng these ii(é {}l:ipn%ilion in the / [21]
T . mice) immunized with PBS  depleted GAS o2 . ’ - . o .
1mmun{zed with containing CABHS  serum. PBS .k)f{haV}ors- disappear  after hlp‘pocan.lpus and
GABHS homogenate . . injecting immune serum that  periventricular area
homogenate was infused into mouse  serum; has eliminated antibodies
immature  6-week-old male  IgG-depleted
SJL/J mice (recipient mice)  PBS serum

through the tail vein, and
mice were then boosted three
times at 3-week intervals

E:KLH; M58 15 CFA 582 36 [R5
Note. KLH. Keyhole limpet hemocyanin. CFA. Complete Freund’ s adjuvant.

FRAE y- 2 AL T IRAE  Z LRER 2 LR R rEM
ST, T el 22 JGE T3 190 2% ) oA 28 1 e 28 6 o
SEEIE A DA i AU A Sy i
YRR, i L AT 985 ok 22 % s AR T, — LB i 22
RRIE (4 40 D 3 B 53 0 T BE S A G, A 5
S0 U S5 i A AR P T O 2 AR AT TD g
FHIRARAY

3 HEEIHERERTIEER

HIBETEDTFER Y], TD BRI TL-12 Fi R 08
FEIH - TNF-oc KP4 , LA AE PR o 300 1) i — 20
Thi, X R TD RN Al G5 9 Je R A A 2 R
GE AN D i S 1 RAE I BT OGP RS R
R AR AN 5 7] W 2R 4L T s =
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3.1 E5IL-2 70 IL-6 15

1L-2 J&—Fh A1 A G2 20 M LA S i ik 28 3R e 5
A A AR A R T B S TL-2 RIS TR Ak
T A0 A I T 520 Treg 40 M AU AE T , 763G A &
B gZE N TRL IR, 5 me v B 2 B B4 A v DA B R
B, G RBFIE R I—LE TD AT Treg 40 G
(0ELEIREE= A ot N i U=i=h N < F:/E L
3 3 o) G A v B B 1) ) B e g P 5 R Y
SIL/J /NS TL-2, TL-2 AT 55 iR 0 S 8UR 1 K
WIFFSERY T 4 % 8 hns H 4 ) F 7= A 42 2 Thi
RUAH R Y G e 2500 S 1 3l BR B R B S AT o 3
INAEAT ARS8 (AR 3) o Wi ErE BALB/c /R
JE RSP it T2, AN SR 45 i Bz 5 DA 4
W T ELA S e S A e S H O LR ER
BRI R TRIRE 1 5 T1-6 -t A] 45 15 285 o il 45 SR 1)
(W% 3), FSBEMRIT RN FZ BT e
SRR B S E RN, AN G LAY B R
3.2 FSIEAM IL-2 Z4 (sIL-2R) AR A IL-
6 1k (sIL-6R ) 15!

AT 20 i ] - 2 AR i = B2, G 32 Y T
FARIBS AT, TV 20 i PR - A2 AR A A e R
P U 248 L35 A 300 ) A e AR L A — 2 ) B A
JEEIPRE RIS PAE T 4 B PRS2 AR 38, EATAT DA
TE-5 G BTG A DG 55 Hh 78 > 98 5 T 3 i) o %L
AYIFRIC, 17 BALB/ ¢ HEPE/INBRERIR KR 15 sIL-
2R a o B, Hkibiz sh B | BT WRAR S 2R AT
Jydihn, HARBRAZ R FT A0 B2 2 1Y e-Fos B3
Fos BEGRPE S 195346 A1 sIL-2Rs B TTEREA AH AL,
sIL-2Rs A g 78 2407 U A i S e A fit AR i 1 b 200G
PG R AR IR AL, AR STL-6R 7K
5L [ By G 0 PR FORS A 00 1 0 E e
TEAHSE  ZEHEYE BALB/¢ /NP S EZH A sIL-6Ra
J& ZIANRAT R AR F A sh AT S, Y sIL-6R
FEENI T CSTC [mHEAROC 1 I X, ZERBEA% |
setk s d i i S IL-6 A S E A
gp130 FLRENL ; SEIR IR SL AMIR T sIL-6R ] fEAE N —
T 28 G e A5 ol 2 3k o M o P 1) P 8 4% 1L-
6 X [F 5 H AR CSTC L, JTHiA S EE 2T A
B (R 3)

4 BEBEXHNFEREREEENR®ZR
=E
30 681 9 L K 52 36t A4 1R 3% £

me, CARIE A 2k L S sh B4 OC, HE
ZoTF T TUASAH R 1 35 PR i 83 2 72 /N Ly SR A AR
PUEARN e S B SPSTH1 7R RN iSRS
DRl e A TR 481200 JH v — s T R TR T o /S B
Z, fn Hde F [H & B% ( Histidine Decarboxylase
Knockout, Hde-KO) /N . BTBR T+tf/] /N h R 45
KAEAE TD FEAT R 55 MM DG SR St o mT AR
TD SRR
4.1 Hdc ERFRFR/NRIEE

2 1 Mot 2 T 2 L e A 0 ) K R A
N 2 SR R B 1 Hde 2% R 48 19, Hde-KO
/NERTC ¥ B B i, A s A 20 A AT S B IR 1
i, HLECR AR 22 B e 38 K 40 i AR 5 e
AR 3 I AR RN A 2H B | SRR I AT el %0 A
70 0 2, B2 B S v vl B IR 80k 4R DA K
SO0 T I 9 2 I 4L T A 0 BB T A T
A T8 2o 5% /) S B A0 B 0 Dy AR S TD Y K A A
K /INBE 0T 4 2 AR R 2 R G R A
YR, 7T A I W A I R ok 2 5 YT R E A
B g N, U R S A K TR R A A s
JAE IV K & TP, Hde-KO /)N B4 iz Bk
Z FEGCRARAT Fr /N B 5t 20 A 1) 43 S s b
Tk B KA A K F 1 (insulin-like growth
factor 1, IGF-1) f/]NJIE L 40 ik /L | PRI 3K 1GF-1
(4 7N e I 440 L 5L A i 2 R 9 P O B ) R E )
N, BORE T B 58 E B K B N 1 kB BEORR an Xt
BB AY B I 3 58 IR e Hde # Bk AT RE 51k
AN BRI i 3ot 5 e E RAEAR & T TD PRl AR
4.2 BTBR T+tf/J /NR R BEER

BTBR T+tf/] /& —Fl i 28 R/, % 1E
SR IUAIARE 3% 28 B A0 ) B TD R op gl A
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