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Effects of CACNAIH gene knockout on autistic-like behaviors and the morphology of
hippocampal neurons in mice
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ABSTRACT Objective: To investigate the effects of CACNAIH gene knockout (KO) on autistic-like be-
haviors and the morphology of hippocampal neurons in mice. Methods: In the study, 25 CACNAIH KO
mice of 3 —4 weeks old and C57BL/6 background were recruited as the experimental group, and 26 wild
type ( WT) mice of the same age and background were recruited as the control group. Three-chamber test
and open field test were used to observe the social interaction, anxiety, and repetitive behaviors in mice.
After that, their brain weight and size were measured, and the number of hippocampal neurons were ob-
served by Nissl staining. Furthermore, the CACNAIH heterozygote mice were interbred with Thyl-GFP-O
mice to generate CACNAIH ™"~ -Thyl * (KO-GFP) and CACNAIH*'*-Thyl * (WT-GFP) mice. The den-
sity and maturity of dendritic spines of hippocampal neurons were observed. Results: In the sociability
test session of the three-chamber test, the KO mice spent more time in the chamber of the stranger mice
than in the object one (F, , =95.086, P <0.05; Post-Hoc: P <0.05), without any significant
difference for the explored preference index between the two groups (£ =1.044, P >0.05). However, in
the social novelty recognition test session, no difference was observed between the time of the KO mice
spend in the chamber of new stranger mice and the stranger one (F, ,, =18.062, P <0.05; Post-Hoc:
P >0.05), and the explored preference index of the KO mice was less than that of the control group (¢ =
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2.390, P <0.05). In the open field test, the KO mice spent less time in the center of the open field ap-
paratus than the control group (¢#=2.503, P <0.05), but the self-grooming time was significantly in-
creased compared with the control group (¢ = —=2.299, P <0.05). Morphological results showed that the
brain weight/body weight ratio (¢ =0.356, P >0.05) and brain size (1 = —=0.660, P >0.05) of the
KO mice were not significantly different from those of the control group, but the number of neurons were
significantly reduced in hippocampal dentate gyrus compared with the control group (¢ =2.323, P <
0.05). Moreover, the density of dendritic spine of dentate gyrus neurons in the KO-GFP mice was
significantly increased compared with the control group (¢ = —=2.374, P <0.05) , without any significant
difference in spine maturity (= —1.935, P >0.05). Conclusion: CACNAI H KO mice represent autis-
tic-like behavior, which may be related to the decrease in the number of neurons and the increase in the

density of dendritic spine in the dentate gyrus.
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Rtk = FERRYT HTG 22, 255 44 RRJIL, Xf
FRE AL 235 R DU (R il S 2 55 40

ASD (1) Z IR HLTI W Ko ast A% | e gie IR B8 Jopf 48
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A—gJR%, B FicER A /N R 72 1
SCHRL 1L B8 3k B T & 7 1E B 7, DU i 38 1 By
Bt A28 1 S i B AU a5 052 1 B B 4Lk
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H scsegh 12 H o WEHEFR A/ BUET 10 min 7R
W3O TG Sh AT R 10 ~ 20 min Py [ FLERTT MY
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% {45 MATLAB R2016b ( MathWorks) , J& [G 4t {4 45
RO AN Tmage-Pro Plus 6. 0, B 5 4 2R 70 A
By ZEN 2010 Jo Image) , B4 e 141 D SPSS
17.0, fEE ¥4 i GraphPad Prism 7. 0 FlI Adobe
Mlustrator CS5. ZHE I DL 3L + 5 1% ( standard
error, SE) R, /NRUTE =46 5250 rh A [ A v (9 1 fi]
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e AR 1 R e s B B, WT 5
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(Two-way ANOVA:F, , =95.086,P <0.05;Tukey’ s
Post-Hoc test: Py, <0.05,P,, <0.05) , WT F1 KO /)
UGS ST R Z Y fi 4 48 B 22 S LG it w2 L (1 =
1.044,P >0.05) , TEXPHAE S RO BB,
WT /NRAE S2 46 (193 gl IR LE7E ST 47 4, KO
/NERTE S2 1 ST AR H Y45 B I 1) 22 5 JE g 7
(Two-way ANOVA:F, |, =18.062,P <0.05;Tukey’s
Post-Hoc test; Py, <0.05,P, >0.05) , H LB B KO
ANERRT S2 PR B i Sp A8 K B AR T WT /N (7 =
2.390,P <0.05)
2.2 CACNAIH KO /)N UFE B 25 b ¥ 52 20 AT 2

W R iR, 5 WT /N EAE KO /B
FEH O DX S I R 520 (1 =2.. 503, P < 0. 05, 5]
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-2.299,P<0.05,K 2C,%2),
2.3 CACNAIH KO /)N UM 5T | i o i 5 44 0 o
EANILTE N AYSSEIEEL EbIv g e

WK 3A ~D KK 3 s, 5 WT /NRAH L, KO
ANBUARSTRE (1= ~0.274,P >0.05) | Jili J5i 5 5 4 5
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A and D, representative heat maps of mice movements in the sociability test session and the social novelty recognition test session in the three-chamber
test, respectively; B and E, averaged time (s) spend in each chamber of WT (n=9) and KO (n=7) mice; C and F, averaged preference index from
exploration time of WT (n=9) and KO (n =7) mice. KO, knockout; WT, wild type; O, object; S1, stranger 1; S2, stranger 2; M, middle.
#« P <0.05.

1 CACNAIH BRI /N RALASA T4 1 5w
Figure 1 Effects of CACNAIH gene knockout on social behavior in mice

F1 WT 5 KO /N =FLRLER
Table 1 Results of three-chamber test of WT and KO mice

Sociability Social novelty recognition
Genotype
0/s S1/s PI S1/s S2/s P1
wT 158.05 £19.93 353.36 £25.35 " 0.62 £0.07 153.24 £27.87 346.03 +38.77% 0.52 £0.08
KO 155.33 £15.55 349.44 +19.24~ 0.50 +0.10 226.18 £32.21 254.84 +33.45 0.15£0.15%

Values are x + SE. SE, standard error; KO, knockout; WT, wild type; O, object; S1, stranger 1; S2, stranger 2; PI, preference index. * P <
0.05, Ows. Sl. #P<0.05, Sl vs. S2. AP<0.05, WT vs. KO.

B g G o00p

_I

Time in center/s
o
(]

T
Grooming duration/s
=)

S
T

20

W
=)
T

WT KO WT KO

Group Group

A, representative track and heat maps of mice movements in the open field test; B, the time spend in the center was decreased in KO mice (n =18)
compared to that of the WT mice (n=17); C, the grooming time was significantly increased in KO mice (n =12) compared to that of the WT mice
(n=15). Abbreviations as in Figure 1. % P <0.05.

B2 CACNAIH FEPRRERAS /N Sl i b E R BRA T (4500
Figure 2  Effects of CACNAIH gene knockout on anxiety and self-grooming behavior in mice
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F2 WT 5 KO /NI st )
Table 2 Results of open field test of WT and KO mice

Parameter Genotype Time/s
WT 53.87 +6.01
Anxiety (time in center)
KO 36.30 £3.63 "
WT 69.86 +13.53
Repetitive behavior ( self-grooming)
KO 131.66 +24.92*

Values are x + SE. Abbreviations as in Table 1. % P <0.05.

R3 W 5 KO /DU 5T/ A5 e i (A B0
Table 3 Body weight, brain weight/body weight, and brain size of WT and KO mice

Genotype Body weight/g Brain weight/body weight Brain size/mL
WT 7.05 +0.97 0.06 £0.00 0.39 £0.00
KO 7.43 £0.99 0.06 +0.01 0.40 +0.02

Values are x + SE. Abbreviations as in Table 1.

JE TR A4 45 R 3R W, @B CACNAIH W] 7
HUNEOE SR B X 2T H BE > (=
2.323,P<0.05),CAl ~ CA4 X 2%k H 22 5 K5
P12 L (CAL;1=0.555,P >0.05;CA21 =1.437,
P>0.05;CA3:1=1.176,P >0.05;CA4:¢ =1. 669,
P>0.05), UL 3E F 3k 4.

2.4 CACNAIH KO /)NFLUIR ] DXR e i i A8 b

BEGEBGE H o0 R DR Y TR SO | g 7Y

TIDHLTEY , i 3 A g A BT | 5 = 3% Sy i pom )
(B 4A) o PRAL/INERET IR ] DX P 28T A AR 5 ol 23 i
B (1) A8 AL AR LU 55 (8] 4B) , KO-GFP /N BRI AR 28
% H 75 T WT-GFP /N (10.03 £0.69)/(10 pm)
vs. (8.32£0.20)/(10 um), t = —2.374,P <0.05,
P ACT; 75 41 /s BB 5 B0k 28 B LL 1) ( WT-GFP:
34.40% =1.03% ;KO-GFP:39.60% +2.48% ) 2557
FitEE Y (t=-1.935,P>0.05,K 4D) ,

F4 WT 5 KO /RS IXE IR (0 2T AR L

Table 4 Relative number of neurons in the hippocampus of WT and KO mice counted by Nissl staining

Hippocampus

Genotype
CAl CA2 CA3 CA4 DG
wT 1.00 £0.04 1.00 £0.08 1.00 £0.07 1.00 £0.06 1.00 £0.03
KO 0.95+0.08 0.85 +£0.06 0.86 £0.11 0.86 £0.06 0.86+0.05"
Values are x + SE. DG, dentate gyrus; other abbreviations as in Table 1. * P <0.05.

R [ 458 45 18 ( voltage-gated calcium channel ,
VGCC ) X 47 240 B P4 F0 48 i (6] 09 15 515 5, a2 1A
FeIk W TP 3k o ORE I A ok AR B AR
FA™ o HATAL % CACNALH 3R 7 9 11 BT 45 4
VGCC 1y 5L K 9l & 902 ASD (1% XU B& A, JH
B VGCC BRI ZE7E (1) sh My e B IR 52 B ASD
FH A0 Bader % W EEF] TS2-neo( Ca, 1.2 414
B CACNALC 572 ) /N FLAT W R i+ 32 D fig =2
Pt HE S 2T R RG24 ASD FEAT S
M, NS 20Dy 45 R 48 7R, CACNATH J&
ASD [y XU 35 PR, L H AR PS5 L 9IF SE AR AP 1 3R

(JCACNAIH Z27F AN Ma ) Ca 3.2 HL I % BRI L
FEARHS M 1] 4 e AR, DT S B0 48 0T 2% A 1
BEART 571 2 ASD AT fiE5 CACNAIH %74 %
M Ca3.2 IAEIR N A K. ARWFFAE SR &
P44 CACNATH KO /NELEA ASD By 4% 03Ik,
AT fit 5 HL U I 15 tR 1B X 4 22 e 8 B s B B 28
RN X

PIFERFSE B, CACNATH KO /NREA 55 1
MWZeAT HFA, Gangarossa 25 YRIFFE R ,8 ~ 12
JEl CACNAIH KO /NEUIY H &2 sh DhEES WT /)
FUIC 2 & AR, {2 KO /NERFEW 3 v 032 3h 1 5[]
BEMTRE WT /N, X RS WT /N,
KO /NEUBE A b8, ARWFST T 3 ~ 4 A4 AS R e A 1)
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o PRV F R R BUBCR BN 12 44 1 AT AET RE

fF SYESFLSY) Ca 3.2 *%ﬂ?é,‘(%fl‘(ﬁl%i%ﬂﬁﬂ?ﬁﬂ

Ca,3.2 M PEMAEIER LA X AT REJE CACNATH
KO /INELE A 6 JE A 1 A HL R 2 — . Henbid 45"
25 HA CACNAILH % L 78 fR) astA% sk 2k R0 900 K B
WIS Ca,3 FE5PUHI (2944 ) , & I i% 2 W] 3 B L
1Az G, R B Ca,3. 2 A AT REA A ek 3% ASD B
T AZ R A T B A

A B 10r C 5 008 D 05r
L
» 8 € 0.06f B
.—g’) 6F E E 03F
E 0041 =
24 : 5021
- /m = I m
WT KO 2t o 0.1}
0 - 2 0 . - 0 -
WT KO = WT KO WT KO
Group Group Group
E
Hippocampus JI DG F 1.5F mm VT
B = =3 KO
- | 388 =
CAINGS s 5 g .
CA2 YR - LENLEe T8 Y —
DG i oo £ 10} T
| caslicA3gall [EEE RN : T T T T
20ﬂlm‘ : ‘20_}1m =
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E 05f
o
g
. L 20) po] |18 25 g Ay |18 21 Rk
» [a=1
3 ; 0
200 pum 20 m CAL CA2 CA3 CA4 DG
x4.2 x40 Group

A, representative brain morphology of WT and KO mice; B, the body weight of WT (n=9) and KO (n=7) mice; C, the ratio between body weight
and brain weight of WT (n=9) and KO (n=7) mice; D, the brain size of WT (n=9) and KO (n=7) mice; E, representative Nissl| staining figures
of hippocampal sections from WT and KO mice ( the white squares represent the areas for analysis) ; F, relative number of neurons in each subregion of
the hippocampus in WT (n =8) and KO (n =6) mice, the number in the histogram represents the number of slices.
abbreviations as in Figure 1. * P <0.05.

B3 CACNAIH JEPR o xt /IS BRI % 25 B it T il 22 7040 B 152 )

Figure 3  Effects of CACNAIH gene knockout on brain morphology and the number of neurons of the hippocampus in mice

DG, dentate gyrus; other

- ~ & ( _ D _
v T ;. e g
& = g 5 = = § 8
= & =) = = = £ 40 F
=B | = & = o
S0t 2
S S 30t
7] S
— — Q S 20
o Immature Mature £ st %
WT-GFP QE g 10F
a8 44 = 8 45
~
KO-GFP WT-GFP KO-GFP WT-GFP KO-GFP

Group Group

A, classification of dendritic spines; B, photomicrographs showing representation of dendritic spines in hippocampal dentate gyrus neurons of WT-GFP
and KO-GFP mice; C, CACNAIH gene knockout significantly increased the density of dendritic spines in KO mice (WT-GFP n =5, KO-GFP n=5);
D, percentage of mature spines in WT-GFP (n=5) and KO-GFP (n =5) mice. The number in the histogram represents the number of segments of den-
drite. GFP, green fluorescent protein; other abbreviations as in Figure 1. % P <0.05.
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Figure 4 Effects of CACNAIH gene knockout on dendritic spines in mice
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