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[ Abstract | Objective To explore the hearing changes in an autism model mice [ MeCP2-Tgl mice,
with overexpression of methyl-CpG binding protein 2 ( MeCP2) ] during development. Methods  Three-
chamber social test was used to assess the social ability of MeCP2-Tgl mice and wild-type mice at 8 and
14 weeks after born. Auditory brainstem responses evoked by click and pure tone stimulus were recorded at
5 development nodes (4, 8, 12, 16 and 20 weeks) before and after the onset of abnormal social behaviors to
assess hearing sensitivity ( threshold) , neural conduction velocity (latency) and response level (amplitude)
in MeCP2-Tgl mice at different developmental stages. Results (DTgl mice showed higher sensitivity to
24 kHz stimulus at 4 and 12 weeks (P<0.05), and lower hearing threshold to 8 kHz stimulus at 20 weeks as
compared with wild-type mice (P<0.05), but the threshold reduction did not persist over the course of

development. 2)Tgl mice had normal neural conduction velocity throughout development. (3) Compared with
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the wild-type mice, the amplitude of wave Il , which characterizes the superior olivary complex, was normal

up to 8 weeks (inclusive) but showed a significant and persistent increase after 12 weeks ( inclusive )

(P<0.05) ; the amplitude of wave V, which characterizes the auditory inferior colliculus, was significantly

lower up to 8 weeks (inclusive) (P<0.05) but showed normal after 12 weeks (inclusive). Conclusion The

auditory brainstem responses of MeCP2-Tgl mice are abnormal during development, mainly in the form of

increased/decreased amplitude of responses to acoustic stimuli at different developmental periods, and the

onset of hearing abnormalities precedes the onset of social behavior abnormalities.

[ Key words |
CpG binding protein 2

autism spectrum disorder; hearing abnormality; auditory brainstem response; methyl-

Supported by the General Program of National Natural Science Foundation of China (31970932, 31771152). Corresponding author;: ZHOU Yi, E-mail:

zhouyisjtu@ gmail. com

H MGE 1 £ FE #5 ( autism spectrum disorder, ASD)
Ml ZRRRB LMK Y. R E A
SEAYBIFSE 2246 TP AR 5 200 RE AH DG A1 52 ) 38 A
WIXE o B 5B B FE 12 W bR UE ( Diagnostic and
Statistical Manual of Mental Disorders, DSM-V )" ¥4k
SR JRAE SR AN ABRAT ASD 2R LK, Mok i &
(TSI IR O TE ASD B IS SE RS . ASD ANk
IR S8 AR T Tz, U BORE A B R v i A\ ) R
(3 B ) S B (B RS A2 ) 270 WS A g A A
B R — RS D BE , Ok B SRR A A ME I
R MR P I R A T SR E B
(T AEAL IS 3 o S 6 ASD A~ i W 38 T 5
K HL7 (auditory brainstem response, ABR) 434 & Bi,
LR PR 2R G0 e A TS 5 AR AR o A7 A e
Pzt 2R L FE E /N R R R % B
HWTSEG T 7 A D e ki o 4140, ROTSCHAFER
RS Forl KO A PSSR click FIAEs ik
89 S BE BT, SN ZK PR AI , 5 ELSE 0 - A A
TEAR N MIAZ A 28 0 MRS/ . B T B2 xt ASD A
H RSP TR I BRBEB ST, H AT AN 2 ASD
AR RN T D RERE AT TE & 7 i A b i AR A B, 4
SR PAREAZ IR BT S ks

FHEL-CpG 4548 H 2 (methyl CpG binding protein 2,
MeCP2) % T4 H5 UM 2T E R i E X | E
HFGKRRW S5EMMIRGEHmRA L AP,
MeCP2 J K i i ik o FEPT 2R MREAR , 40 I
T E AT NS, R, MeCP2 TR/ B i B 3R
PSS P EOM 4T BRS8N A B
MeCP2 i 3 ik Bl (MeCP2-Tgl ) S22 —Fh H HiT §) 12
o R B PRE /N BB A SE o0 i A 384T Ry e
I A (AR5 8 JB) P25 (AR T4 14 Ja) )
Wi MECP2-Tgl /MR FESE R, il ik xf 5 MR F Y
Mi(4.8.12.16 .20 Ji) 1) ABR 2RI 0T, KR KB

LRI MeCP2 i 235 /IR I T2 22 L
1 #B5HE

1.1 SEBFHhh R 4540

FVB 5t MeCP2-Tgl #fE il b h BB b i A= ain B
SEWE T B A 2B 25 WS BT L e R 2H R YR T
Jackson Laboratory ( stock number; 008679 ) , 7s3Z 45 %
TEC S5 s P RAr 251 ) , 5256 S W) ) 37 T 15 15 R s
WL 12 hoOt/IEERR (07.:00 S2XT) | Bl S 3E R FIROK
AL MeCP2-Tgl HEPE S FVB B A RYME V5 58k 4k
Fe/NURh R A, S b B sl ) 4 e, S5
2 (Tgl) 2y MeCP2-Tgl /]NEL, X BRZH (WT) /Nl
MeCP2-Tgl [l ABH /N T8 A 20 R I
(A4 J53) 20 J) A0 3h it AL T AR (Tel /MR
3 HLWT /N T ), ABR $icdls UGS 20 Ji s ke A &
G (R 1D

®1 FEXEEHA Tel A WT H/NREAERERE

AR SEE Y FEA TR AL (x£5) /g
4 Tgl 13 20.61+1.85
WT 14 21.50+2. 02
8 Tel 13 25.98+1.65
wT 14 26.26+2.31
12 Tgl 11 27.94+2.13
WT 13 27.89+2. 40
16 J Tgl 11 29.87+2.32
wT 13 29.73+2.09
20 F Tgl 10 30. 10+2. 64
wT 13 29.83+2. 66
1.2 F&*
1.2.1 =417 hF 5L FEAZ H ik A 2 B HAE

RO MR Z —, IR =M A h K R 5
(g0 MRzh £ 8 Al (i) A 14 J&] (A
Ja ) I A AR B o S A B AR R D - 0 R



http ://aammt. tmmu. edu. cn

il 25 %2 B R R, 2022,44(2) 105

SEAEIR I HENE FVB /N, IR AR Z AT e Ra 2E . 42
A S d B PEAE B A ZE B, 4 K& By 30 min, SEER
FEURTT, S R DU /N BROBCAAT R I3 % 38 17 30 min,
SR FEAG PN BB i R) B 5 N, I G AT TR
ZEABRERT . 5 min 5 8 B AE R 17 BEBLEGHE 2200
sl A B = BLA S8, FTAT R SR ] i /N T A
ANERATUAAE 3 AR A G 8. 10 min J5 0K FE
A 27 A T — M2 8§, PR 5% 10 min, 525G
o R B B Ge T o/ BRAPE B4 v R4 B L RR
B [ I AR A A o g N BRI 5 e 1 S B PR B I
i 75% E‘J‘@*‘E‘ﬁ?ﬁb@ﬂti%ﬁ o WELYEIT ] DA 3
Y3 HE A GEF R 3 em U FEIHAR
1.2.2 Wpsehi sk maiidss B/ RARRA
JHETR (45 mg/kg, B PR 24 A) F I R BE R (6. 4 mg/kg,
I Sigma 23 F] ) 1B G WM s T8 SRR . B+ 3
Y 5 BTCHCAE WA R RIS B2 . 72 ABR e s% 1]
il FHE IR A LR S AT TR 7E (38+1)C . 75 4%
(MF1,3¢E TDT AF]) B FEWAE S em 4 (58
M50 , WK 1A,

R T A AR O 25 R B R A B UK S BR R STl
IR AL 75 4 (Model 2850, 112 B&K 23] ) Xf & A
RYL(RZ6, FE TDT 5 w]) #EA7HRHE, Click Hill 3 M
90 dB JF4H#) 10 dB, L) 10 dB (25 Kb, 4l & ik

ool ﬁﬁ - T~V i) 1)

/v

HF ] /ms

C

A: % 5 B A0 ABR TR ARG AL B Tgl AR click l#tag ABR S0 & 44 & BIAE; C: ABR 45 420004 1) 3 %

iS5 4 (4.8.16.24 .32 kHz) M\ 90 dB %] 10 dB, L)
10 dB PG, Heil BE IS, LR S dB JF7E
EET S dB HEAZIE 2 Y Lh R 40 BB (&1 1B) .
FRRES G K sy & TR B 3% Bl 5%

/N ABR H 5 NS RRIE AL AR, 43 iRk
Wrdpes (1 3 Bz (03 . B &4 (I
W) AMUFER CIVIE) FIR Fe (V) it ml 26 30
Hep TV V58 A FIRE TS &AM AA B2 IG R
B ZHFUASCHRL 16 ] A , 28 70 dB click 75 4& 1)
BIC ORI W T SRR o L S AT LB
AT ARTRAAE B () B AR B o e WAV AR i SO BT

-5 WA 2 [ ) e, W ) 5T R SOk P e 22 ] £ )

B o R e SR I S A Z TRI MR R 22 (18] 1C)
1.3 %ttt

{§i i GraphPad Prism 8. 0.2 £ SPSS 20. 0 4 i1%&
PEREAT I B SR oA o SRER B A axs m . =46
ARG IR R Gt R R Oy 22 0007, 5 2
H B Bonferroni 8 1F , WSLER B[R] 1) 2H 9 48 3%
BCXS ¢ A 50, 41 [A)%F Fo (s P ST AEAS ¢ K3, X ABR
AT bR (8B S A >R T PR 2% 0 i 22 01
K9 K #HE a=0. 05,

Iﬂmwv

90 dB —— ’m\ ‘\/'\/'\ /'\/\/w

80 dB J\f Mﬂ M\ ——

\/
70dBLf\J\v \/\/\ /\”/\\/—ﬁf

60d,;J\/\ \/\A \/\\/__,

15dB S e

O — YR

10 ms B
RIAFn @ H 6G ] =

1 ABRiZREMEFE



106 i 2522 s R 2 2m 4, 2022,44(2) http : //aammt. tmmu. edu. cn
) wm 2.2 MeCP2-Tgl s 5 A A 48 S5 64 o 5, R &
- SHfE Tel /N EAEREA % 75 ik A oh (W7 Ay feeb
2.1 MeCP2-Tgl /) &2 14 JA &I 4L X 3 48 % B SR R 4 sh P 7E 5 AR E I (4.8,

ZAREEAT IR S ) DL 2A (B SEER AR
7 :8 JAIS, Tl /N ELA WT /)y BUPE Ak 52 52 30 AR S8
AP B W AL S G i (18] 2C~F) o 14 ]
I, Tg L /NGUR WT /N BRE A S8 S 36 R S T 2 R A D
h, JCIE AR 8] (18] 2G \H) i JE MR a] (8] 21.))
R AL I k. 5 WT/NEAREE, Tel /N
AEAZ T RE B N

12,1620 Ji]) click Fnafi & RI#%E K 19 ABR BIfE. 5
WT AL, Tgl /NERAE 4 J5 70 12 JEXF 24 kHz 3R
B 5 g PR B SRR A B D) (181 3A.C) o 20 J]
I, Tel ZNGURT WT AR EE, X 8 kHz (2l R B 5
AT J BUfEL (16T 3E) o FCAtL I 1 9 21 S Wy A 25 57
PERBL(E 3B D) o 45K EW], Tl /N ELA N MeCP2
HANLRIE 2 FESIMER L T SR E 10
FRGTAABRE, (RS BT B2 /N B T 8t

N . S
ERER I ) I BAER 1-5 min e C'p % I
= = : e <-
N B b ~& O
MR 51 |9 C_J 210 min ;
EEE5N =k
U C JENE , .
7 o Sy - - aml|= ===
el @ ! 9 I ) B8 3-10 min s CchiE | - | FIE @
IR L e I = I PEA A ~ B
H &£ R EBU S
O O=r BiAar2 O 4E
3007 & 300 50 50
a
. l ., b } 404 T 40+
= = ) ‘
= 2004 = 200+ = a =
=z = =Z 30 - = 30
gE § = =
L th & & i
= 1001 £ 100- %ﬁi? 207 = 207 b b
& &
10 10
0 ' - 0 0 ol
Tgl WT Tgl WT Tgl WT Tgl WT
215 C 2 D 21 E 205 F
300 300 50 50
- - 40 40
= 200 = 200 = =
z = E 307 E 307
= : .
o i B 504 ¢ £ 204 |7
£ 100+ £ 100 & 20 x 20
& &
10 10
0 T T 0- 0- 0-
Tgl wT Tgl WT Tgl WT Tgl WT
25 G 205 H 215 I 21 J

A FIRAZ BB AL UMK F B £) FrA sTHT R K B ()
HEIE & AR R AT G e A4E C D8 B AT, A R AEAL X B (C) Aok 33 F b X IN-BL (D) 45 4642 8 A 1)
B ;b P<0.05, 518 A R 2 ik E F.8 Fr, ) R AAR TN AW (E) ok 3037 3 M X B (F) 6922 35 0 18]

REMABR L &R FNF G B ALK AR
a: P<0.05,%57%
a:P<0.01,

Z AT K T B )

52 % F 4D P<0.05, 51 A R 2 W4k G H 14 B e, s AR AR KB () Aok #7438 (H) 48 4815 8 B

5 114 B e, s S AR K B (1) Aok U3 Sl X BB () a9 "R 4R B 1A

&2

c:P<0.05,5 WT 28 b4z

ZHITAFZRENFHA/NRAEZIhEE



http ://aammt. tmmu. edu. cn

il 25 %2 B R R, 2022,44(2) 107

2.3 MeCP2-Tgl /s S #AK HA Fo g 04 18] A B
RSB P T~
[EIFE Tgl /N RFD WT 410 22 5 B G024 5 o Xt
I VI Vs R 2 %08 AR 01 40t B0, 1 4 3l 0 A A~
RENBREFH TG 2B L (E4), G558, 1
Tgl /INRIEEA KB R, N T 3 B4R 2= iy 0y i 48
VI FHREN T o, i fe Sl %A 54
2.4 MeCP2-Tgl /s &5t 7 R ha 18 8 353

TEATHRIN 5 A H 1AL, T

AR TE 5 (B SA) o I pey i (i A2 A ol 2
2% AR R 4~ 8 JAII, UL Sl W1 B0 28 55 I\
12 JTF U, Tgl /N BRI B (b WT 4 2 2538 K
([ 5B)  (HBAT A BUAF I 5 2L I R S HAR T (F =
1.059,P=0.382) , %}F V i, Tel /NELAY IR 7E 4 ~
8 JH I AR T WT /R, (EK P22 53 8 12 JH 2 )
R SC) By KBl 5 RN R g s AR (F =
1.662,P=0.166) .

I~ VAT ~ Vignyug

gl /MR T MRS WT

e}
(=)
1

Tl I Tyl
60 O wr 60 - awr
2] m
= 2
1m 404 a i 40
20 204
0 T T T T T 0 T T T T T T
i /kHz A $i 2 /kHz B
80 - -
3 Tl 80 1Tyl 80 3Tl
awr awr Owr
60 60 604
% = = a
£ 40 - 40 7 T 40+
204 1 209 1 20 ’lﬁ
0 1 T T T T T 0 T 1 T T T T 0 T T T T 1 T
dick 4 8 16 24 32 ick 4 8 16 24 3 cick 4 8 16 24 32
JiR /kHz C iRk Ha D Hi 5 /k Hz E
a:P<0.05,5 WT A b3z
A:4 ;B:8 J&;C:12 A ;D:16 A ;E:20 &
3 FAEEET A click fnéhE #HiF & ABR FES
A - 5.2 4
. - Tgl 30 -o—Tgl - Tgl
- WT 2.9 - WT 5.0 - WT
1.20 ’ is
£ § 2.8 § a
= - 3 2 4.6
= 1.15 = = 6
1104 - ol
105 /i 1 1 1 1 25 1 1 1 1 40 1 1 1 1 1
4 8 12 16 20 4 8 12 16 20 4 8 12 16 20
WA A A JE B SRR/ JE C

A T ;B A ;C. Vi

B4 Tgl/RFMWTAIL M. VENETERPEBIREITEH(4~20 F) LW



108 i 2522 B R, 2022,44(2)

http : //aammt. tmmu. edu. cn

14 4 -o—Tgl 5o —e—Tgl 3.0 - a - Tgl
- WT - WT & a a - WT
o a 2.5
12 4
- . 2.0+
gl 3 31 ¢
E 10 B = 1.5
= 24 =
1.0
8_
14 0.5
6 I ! T I 0 1 1 1 1 1 O 1 1 1 T 1
4 8 12 16 20 4 8 12 16 20 4 8 12 16 20
AR A AR B AR C

a:P<0.05,5 WT 2Lpt4
A1 0B ak;C. Vg

ES5 Tgl/MNEAMWTHI I VEIREEENXEILEH(4~20 F) T4

3 ifig

HEAZ D RERE AL B PAE S R AT M RRIE 2 —
AWFTE I i = HAL AT R 2 E A K B 8 S Tgl /)y
SRR B G TR AOAL 5247 o AT Ay ) B HR R fE
e 14 Ay, WT /N BB AL 5247 o 5, i Tl /)y
S WT A HALSe R BRI BE ™ B, X T WT /N
AEAAT e A B, HEDN R RESE T Tel shidtsg
Fr o5 B SR X R ZE AR 3R 1 WT /N BRIAL 24T
W= TR . A WEFEHIE Neuroligin-3 KO A /M
A A [R]85 4 50 Y B R /S SR AL 2247 O, S EOHE
AL RERERS " o A ST & BT SN T Th A
AT R SR, S AT — TR T Tgl /D ML
KB SHEIBIRARTE S LR R AE Tl /N oA
AL AL REAT I A4 B Bl REC 22t BUBSE A S

VRl R L d5 6 FH B W 3 A6 I - Be 2 — , Wi s ik
AR LRSS bk oA llUE X TS i B )
click K AL fF) ABR BIE 34T, A B Tgl
ANREE 4 JERN 12 A% 24 kHz 435 il 30 9 m Y
TR, 20 JRIIREXT 8 kHz 2l ) A ds 2R 30 s SE AR Y 1
{8, ML R BN BA 225 . BRI ST
WA TE R B IR P e SE , 3 W W o B 7 2R
RFFLA (IR IC R Y 22 S VA AT BE R B PALAE W
o R Z —, 5 E HE AR A i B8 5 WA
Ko BRILZAM, FEA T 58 L A B Tel /N RARES T
WT /N, HWTSE i+ Bn T V82 A & 560 354K 300
Lo BIC P22 5. X5 Fmrl KO F MR/
R BI A R — B0 TS Adnp HE PR B F P
I/INER ) e S BRI 33K 48 /0% 8 W i 11 4 22
RS T p e SR AR 1 08 5 T RE 2 ) 1 21
TS A ZE R

BRICZ AN, AT E AL T ABR B9 T VI, Vi

W {EL LA A2 Tl 34 i WT 5 o 5 g 7K P2 75 3% 31 56
Wi o A BT IR, 76 B0 5 ol T 4 2R 2T 2 3l G e
75 R A BT 38 2 SR AN R BB 1 B LR, T B
{2 B . (AARF S MEEH) T I iR (7 Tel
/NERFD WT 2 [ A 22 57, L AT DAk Tgl ZNER
A ANEINT R GEIE SE I 0 . A IR IR TE , T 38 i (7
Frl KO /NRAHEREEmN Y | X 5 AT 9 K A —
i, FLJF N AT 5 ) 3 DX 2 18 B 5 8000 B R i A A
Ko FHN, W AR AL AT REVE T 5 s 2 on RO AR
1 Bh 7KV LA S 2 SO AR [F] A5 Ak K S-S5 78 N 1 2 Fh A
Fo UL Fr R A EAOHE 5 A (A bl 2235 Bl 1
FLORJR IR R 2R A H s v R A T A Tk — 4
MR 53 7K~ uE B, A, BE(E AT O W & 7
Tgl /N VR WT S = G AR S A VI (L7 4~
8 JE L E A, (H 12 R LU 22 5 2 o FRATT 4D I 35
EREEO2 FUIUGE) OV IE5E, iTRE T80T
Ao, SRR VI R(EAE 12 LU . 534b,
VEAE K& B TG Sl 55 vl 3 23T A T
JE P AA L, BETT 51 R WT B JZ1E K& R0 2
F T4 A I 5 2 LA 10 i) 26 A5 R A 1) 2ot
FRpE

AWFFE R GEMFT ASD FiH MeCP2-Tgl /N AT
LR R A WT B A I S LA o e W AR A |
Zo A% T BE AN SN K S B i, Xt Tl /N BRFP A7 AE Y
W5 IR T S e RS HEAT T IFAG . &3 Tel /) RlfE S
R I BN A 03 0 LA R T R
TR R AR XF WE 5175 A (44 28 SIS K A8 S I PAAE
s, O H W8 58 BT A R se AT R
kA BT RILE MR RGN (L HEET K
) AR A LB R A 14 A H 8RR RS A AAE
A RSB AT SR RIS . AL R, A T
REAEA A K B ASD AZ 0 iR Z A1, 3 a3 22 LY



http ://aammt. tmmu. edu. cn

il 25 %2 B R R, 2022,44(2)

109

R SUIWT0E G A A A BULHE R ASD XU
S 3k

(1]

(8]

[10]

[11]

[12]

LEEKAM S R, NIETO C, LIBBY S ], et al. Describing the
sensory abnormalities of children and adults with autism[ J].
J Autism Dev Disord, 2007, 37(5): 894-910. DOI. 10.
1007/510803-006-0218-7.
SINCLAIR D, ORANJE B, RAZAK K A, et al. Sensory pro-
cessing in autism spectrum disorders and fragile X syndrome-
from the clinic to animal models[ J]. Neurosci Biobehav Rev,
2017, 76 (pt b): 235-253. DOI. 10. 1016/j. neubiorev.
2016. 05. 029.
ROBERTSON C E, BARON-COHEN S. Sensory perception
in autism[ J]. Nat Rev Neurosci, 2017, 18(11): 671-684.
DOI: 10. 1038/nrm. 2017. 112.
YU L D, WANG S P. Aberrant auditory system and its devel-
opmental implications for autism [ J]. Sci China Life Sci,
2021, 64(6) . 861-878. DOI: 10. 1007/s11427-020-1863-6.
ROTSCHAFER S E. Auditory discrimination in autism spec-
trum disorder[ J]. Front Neurosci, 2021, 15: 651209. DOI.;
10. 3389/fnins. 2021. 651209.
CHEUNG P P P, LAU B W M. Neurobiology of sensory pro-
cessing in autism spectrum disorder[ J]. Prog Mol Biol Transl
Sei, 2020, 173; 161-181. DOI: 10. 1016/bs. pmbts. 2020.
04. 020.
MATSUZAKI J, KU M, DIPIERO M, et al. Delayed auditory
evoked responses in autism spectrum disorder across the life
span[ J]. Dev Neurosci, 2019, 41(3/4) . 223-233. DOI;
10. 1159/000504960.
MIRON O, ARI-EVEN ROTH D, GABIS L V, e al. Pro-
longed auditory brainstem responses in infants with autism
[J]. Autism Res, 2016, 9(6): 689-695. DOI. 10. 1002/
aur. 1561.
TRUONG D T, RENDALL A R, CASTELLUCCIO B C, et al.
Auditory processing and morphological anomalies in medial
geniculate nucleus of Cntnap2 mutant mice[ J]. Behav Neuro-
sei, 2015, 129(6) : 731-743. DOI. 10. 1037/bne0000096.
LIAO W, GANDAL M J, EHRLICHMAN R S, et al.
MeCP2+/-mouse model of RTT reproduces auditory pheno-
types associated with Rett syndrome and replicate select EEG
endophenotypes of autism spectrum disorder[ J]. Neuro-biol
Dis, 2012, 46(1): 88-92. DOI. 10. 1016/]. nbd. 2011.
12.048.
ROTSCHAFER S E, MARSHAK S, CRAMER K S. Dele-
tion of Fmrl alters function and synaptic inputs in the audito-
ry brainstem [ J ]. PLoS One, 2015, 10(2): e0117266.
DOI: 10. 1371/journal. pone. 0117266.
GUY J, CHEVAL H, SELFRIDGE J, et al. The role of
MeCP, in the brain[ J]. Annu Rev Cell Dev Biol, 2011,

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

(21]

[22]

27. 631 - 652. DOI.
154121.

SANDWEISS A J, BRANDT V L, ZOGHBI H Y. Advances
in understanding of Rett syndrome and MECP, duplication

10. 1146/ annurev-cellbio-092910-

syndrome; prospects for future therapies[ J]. Lancet Neu-
rol, 2020, 19(8) . 689-698. DOI. 10. 1016/s1474-4422
(20)30217-9.
CHAO HT, ZOGHBI H Y, ROSENMUND C. MeCP, con-
trols excitatory synaptic strength by regulating glutamatergic
synapse number[ J]. Neuron, 2007, 56(1): 58-65. DOI;
10. 1016/j. neuron. 2007. 08. 018.
SUN L, CHEN R G, LI L, et al. Visualization and correc-
tion of social abnormalities-associated neural ensembles in a-
dult MECP, duplication mice[ J]. Sci Bull, 2020, 65(14) .
1192-1202. DOI; 10. 1016/j. scib. 2020. 03. 026.
TALGE N M, TUDOR B M, KILENY P R. Click-evoked
auditory brainstem responses and autism spectrum disorder:
a meta-analytic review[ J]. Autism Res, 2018, 11(6): 916
-927. DOI; 10. 1002/ aur. 1946.
KALBASSI S, BACHMANN S O, CROSS E, et al. Male
and female mice lacking neuroligin-3 modify the behavior of
their wild-type littermates [ J ]. eNeuro, 2017, 4 (4):
ENEURO. 0145-ENEURO. 0117. 2017. DOI. 10. 1523/
ENEURO. 0145-17. 2017.
ZHANG D H, YU B, LIU J, et al. Altered visual cortical
processing in a mouse model of MECP, duplication syndrome
[J]. Sci Rep, 2017, 7(1): 6468. DOI. 10. 1038/s41598-
017-06916-3.
HACOHEN-KLEIMAN G, YIZHAR-BARNEA O, TOU-
LOUMI O, et al. Atypical auditory brainstem response and
protein expression aberrations related to ASD and hearing
loss in the adnp haploinsufficient mouse brain[ J]. Neuro-
chem Res, 2019, 44 (6). 1494-1507. DOI. 10. 1007/
$11064-019-02723-6.
SHI L J, CHANG Y, LI X W, et al. Cochlear synaptopathy
and noise-induced hidden hearing loss [ J]. Neural Plast,
2016, 2016: 6143164. DOI. 10. 1155/2016/6143164.
Jilig. MECP2 [ FHAE /N BT 3 55 S B Z LRI [ D]
FR: REEAEE R, 2019,
ZHOU C. Auditory abnormalities and cortical mechanisms in
MECP, autistic mice[ D]. Chongqing: Army Medical Univer-
sity, 2019.
PIERCE K, GAZESTANI V H, BACON E, et al. Evalua-
tion of the diagnostic stability of the early autism spectrum
disorder phenotype in the general population starting at 12
months[ J ]. JAMA Pediatr, 2019, 173(6). 578 — 587.
DOI: 10. 1001/ jamapediatrics. 2019. 0624.

(Y 75:2021-07-07; & [H :2021-08-23)

(%h# X¥ir)



