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Clarification of the molecular pathogenesis of autism spectrum disorders through
the analysis regarding sex differences
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The aim of this study was to elucidate the inducing or suppressing molecules

involved in the expression of core symptom-like behaviors of autism spectrum disorder (ASD) using
the indicators "sex differences" between male and female mice prenatally exposed to VPA, in which
the research group of principal investigator established the male VPA-exposed mice as an ASD model.
At first, we confirmed that prenatal VPA exposure caused a decrease in social behavior only in male
offspring. We further prepared total RNA from the cerebral cortex of male and female mouse embryos
at 6 hours after VPA exposure, performed a comprehensive analysis of gene expression using RNA
sequencing method, and then detected several dozen molecules that showed significant increases and
decreases. Furthermore, we will pick u? and identify molecules related to ASD onset from the
molecules detected by RNA sequence analysis.



B X C—19, F—19—1, Z—19 (@)

1. WEEBM S RO 5t

WFFREE 51, 2000 FROMD DICHT ENTMIEIRPOHIT A AFEIRFIC X O HA R
ICBWTHAXRY b T LAE (ASD) OFEREY A7 MRS 5 1L WS EFRFIE (Bromley et al,
2008) IKHEHL, "WV T Ol (VPA) R~ Y X 2{ER LT, TOASDET VYT E
LTOEEEZRL, £z, ZOWZERIRICIHBWNT, BEEDIRFH VPA IBFE S T XICDHIC ASD
FEDHE TR DK TR B OB B X UHEENZ LN ECT0E T e ZRNWELTWY
7z (Hara et al., 2012; Kataoka et al., 2013; Takuma et al., 2014; Hara et al., 2015). F&{f#] VPA
BREEIC K 2 ASD E7)VS D ADMENL D%, WIZHEE 513 ASD OHIRIEIRMROI TE) S5 72 i
T BTSRRI DBIFICH ) U T & 7 (Takuma et al,, 2014; Hara et al., 2016; Hara et al,,
2017a; Hara et al., 2017b; Yamaguchi et al., 2017; Kawase et al., 2019) A%, ASD iG#OHi7z7%
B 7 ORFICIEE > TWiah oz, —J5 T, KafFl VPA IBEE~ D ADMET4HIR D,
ARETIV T ADEERAT A &[RRI HEET ASD FHEIRDORBEIRNE N E WS “ W 2R T &
B HWELTWe (Kataoka et al., 2013). T T, TOEAED ASD WL D7 #E M 7x N S 1f
FRELESLORREZNDTHELIZE A, TEDKSIC LT VPA DO HA(F7Z11C ASD
DOHFRIERBEDITENZA b 2 EHL T 2 DOH? | & W S W ERE OO 75 3 AN TR IS E - 72
C EWWIZERELAIOE R TH 5.

2. WIBEOHM

AW TIE, BIEREZ LD ASD X7 AET IV E UTHENL U= HEM DIR(TH] VPA IgE~
T A&, ASD B TEIAEE X Nixh o 7 MEVE ORI VPA BEFE < ™ A B\ T, VPA IREE%
DA~ A ORGP 350 B R E (LA 36 K O s 22 b e LU U, M= 4e
fE=e LT, ASD OHWLEIRBITEIOFRENC D 25585 15 2 WX T2 fiiT 5 2 & &
HNE T 5. Tz, TORRZRIC ASD OFiTc st 2Bt d 5 2 Lz HNE L.

%, FEHROMESUE T 5 & A ORI O—HA Eix > TH D, IR
B (5RE EME) DNSHRNS > 7. ZOMORBZIERE LT, Bk~ AZHWT
A b L RIBSZE DM i Uz,

3. WD)k
(1) SEEwn

MR K OHEMED ICR R~ DA (7 i) ZHATZ ALY —HRASH K OBA L THW .
< A - BEHZE N TN 12 KRR O T CHIE L, SZERBHRE £ CofE AR 3 hicfiok
BXRUHEMTZAS LI L.

(2) ASD EFIL= 7 ZDESRY

itk 12.5 HHIC 500 mg/kg @ VPA Z[EENIRE- LTz ICR R~V AHPROIRF I K T HIAAT
Wz it e U TR R G U TR~ 7 AHROMFB K CHAEFZ V. &
% 3 BRI REF B2 T, MEER 41 1 - — 5-T ILCHREWE LTz,

(3) #RA b L Afafar~ 7 AD/EH
PR A LA, Mkds & ORI T & 2 & 5 1c5eliih & M ERIC /2 B 7z 50 mL O



TIAT 4w VEENEICR T A AN, BB —YNICHET 2 C L TAMZ LTz, HEIR
FLARHE 30 0 OFHA b L A% 1 MG AM LTz, RIEA R LARHE 1 H 4 BFRIOHAIHA
L A% 5 HEM LTz, RIEARLVABICENTIE, U ADRBHREDMEE 2 58 1o AL
T—RZOWEDD, AL AAMRICERIGEZAEST 2L LT 5.

(4) 02 DRI TEI DT

< ZADHS OB TEIOZ LI TR KIKEERIC & 0 T U7z, #5BR~ 7 A 27K 13.0 cm (K
w25 £ 1°C) &LE7Z7UNEIY Z— (E% 190 cm, &E 25.0 cm) ANERDIC AN,
6 DOITEIZ © 7 A ikl Uz, DKIENCTE S AR/ NREEOITE) Z R - fiKag ) 72 ed) &
EFRL, 6 7MICBISE N5 B OKRRNZ FB) TEHll L 7z.

(5) MmAELFaXTa v mOHIE
MRS 2 TR D~ 7 A X DFREL L, miEa)VFa X7 1 &7% Corticosterone ELISA
Kit (Cayman Chemical #1#) ZHW\TE& L.

(6) TERIVE »BEES - O FEBIZ B D fifthf

FICHEREE R Z T, ERVEVEED T (7Y Rady U2 E5k, TA a7 VZ2E0K,
TaxZz—Y, TANATOY, TANTTVA—)VxE) OFBZLHE)% Real-time PCR {£75 50
IZ ELISA 7% (3 %\ M& Western blot 7) 12 & O fi#hfr L7z,

(7) ASD EFIL= 7 AL TENfEAT

ASD BTV ADTTEIfENTIE 8 JEERHICI TV, AFSEBIRIEA —T T o —U Fadlg,
LR TN 2R Tk EREAER, 7 b IS TENE resident-intruder FHEA/EFHFERIC K D
ZTNENFHH L7z,

(8) MAfFAMIC I 2B IE FHETRA

FRAFIKIC F81F % mRNA 35 K U microRNA FEBTERZ L ORI, VPA REEE 6 FF%R D%
HaFORIKEZE K D total RNA 2L, KRR EMAEYIFISNICEIEL RNA > — o >y
YIRS 0 To Tz s, MRFOMEREZRE X O L7z / L DNA @ PCRIC K D IRE L Tz

9) HrRtfEtT

T—RFETIHAME £ BERE ] & UTKRD, #iatf@tty 7 & GraphPad Prism 10 for Mac
IO THUBMOE 21T > 7. 2 BEO LLIMUE 1E unpaired ttest IC K D, ZHEEMIE L two-way
ANOVA D%, Bonferroni's multiple comparison test I & 0 %475 2. 7535, AE/K%E P<0.05
L7

4. W
(1) 2R A N LA~ ZDMAE )V F I X7 0 ViEERS X OIS DR T8I RIFT
7

BRI OZMHRA LA (3077, 1 B) Z&f Uit~ A&, SR E [T, mfELF
JRT 0 VEEOEIENmZ/R U (Fig. 1A, P=0.072,n=6) 7Y, s&EHDIKIKAERIC 51T % fEE)
Relc A B2 bIdEED 5 Nah > 7z (Fig 1B, P=0.29,n=6). —J7, MEE~Y BN T,



BPHERA B LARIMAE VT aAAT 0 ViREZGRICHENE S (Fig. 2A, P<0.05,n=6), X
el kikaBRIC 3BV 2 IEEIRE 2 G IR ¥ 7z (Fig 2B, P<0.05,n = 6).
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Fig. 1. Effects of acute restraint stress on plasma Fig. 2. Effects of acute restraint stress on plasma
corticosterone level (A) and depressive behaviors (B) corticosterone level (A) and depressive behaviors (B)
in male ICR mice. in female ICR mice.”P < 0.05, vs. Control.

(2) BYEHIRA N LA~ T RO, M)V FaART 0V EERS KT DT
IS RUE TR

5 HHMDEMHHRA N LA (1 HH72D 4 Kl ik, Hitf~~ R & LICIRERINED
K RAREDH SNz (HE: Fig. 3A, P< 0.05, n = 6; If: Fig. 4A, P<0.05,n=6). %7z, 181
WA R LVABROMABE)VF I ZAT 0 VR, HEME S & ISR & TR R, M
ERBENGEN ST (KUTRET). —7, sEHKEGRERIC BT, BIHER A b LA
U ADITENCIE B E RIFE T, M~ AOARBIRER 2 i ¥ 2 EmE R Uiz (b
Fig. 3B, P=0.86, n = 6; Ifff: Fig. 4B, P=0.088,n=6). I HICFIiFERL Tfro et —7>
74—V REBRICHBNT, B8R A b L ADMER T AORZITEICARICHENS &5
TERBIERLUE (KITRET).

A B A B

P — 4 - P 4 -

2 3 3001 2 3 300

= = S &

o 3 c o 34 c

= o ‘@ Q

2 - S -

> 27 © 200 > 27 © 200+

2 g H g

s * £ N * £

[} S 100+ [ 8 100+

o 0 [<] D 0 o

£ £

2 -k s ol

O -1 O 14 =

Control  Stress B Control Stress Control Stress 0 Control Stress

Fig. 3. Effects of chronic restraint stress on body Fig. 4. Effects of chronic restraint stress on body
weight (A) and depressive behaviors (B) in male ICR weight (A) and depressive behaviors (B) in female
mice.”P< 0.05, vs. Control. ICR mice.”P< 0.05, vs. Control.

(3) MR A N LA~ ZOMEFRIVE VBE S T X TR b L ARE S T OFBRIC
AEERZ

5 HEOEMHHTA N LA (1 HHzb 4 Kifl)) Zfd Lz~ AOREEEE & O {8 Uiz
mh7z 7z real-time PCR fiffT Tl, A by V2B K-a, A+ b BX U BDNF OV



O mRNA BICEBNTE, ke BITBIERA b LADZEERO S NEh > Tc (KRS
7).

(4) M1FH VPA IREEDSHIELF < D ADITENC RIE T

HE (Kataoka et al., 2013) &[AKEIC, #EHE 12.5 HHD VPA 5D, B~ A HB 0T
HRITEROD LA HEATEOMK F2/Rd T e RiER L (KRS T). EiMfr~w X
FHEMITEIOR R RSN R ER L (KITRET).

(5) VPA IEZEDMATF~ 7 AMEOMBAR FHBUIC MIT T 8

VPA g5 6 FFR ORI~ 7 A DARIMEZE K D % U7z total RNA Z W T RNA & —7%
IVY YT K o CRIE TR 21T 5 7z, TORMR, MEtFICH Bz R
TRAE DI 728 U7z (Saline vs. VPA exposure: Fig. 5 A; VPA-exposed male vs. VPA-
exposed female; Fig. 5B).

Down-regulated in VPA Up-regulated in VPA Down-regulated in VPA-female Up-regulated in VPA-female

Fig. 5. Volcano Plot. The figure contains an interactive scatter plot which displays the log2-fold changes and
statistical significance of each gene calculated by performing a differential gene expression analysis.

(A) Saline &" £ vs.VPA & £; (B) VPA & vs. VPA 2. Red points : significantly up-regulated genes; Blue points :
down-regulated genes.
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