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From population cohort to cellular mechanisms: prenatal estriol exposure induces
autism spectrum disorder in offspring via disrupting the Notch signaling pathway

and neuronal proliferation
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[Abstract] Objective To investigate the effect of prenatal estriol (E3) exposure on autism spectrum
disorders (ASD) and the role of the Noich signaling pathway in the process. Methods  Untargeted
metabolomics was performed on plasma samples from 44 mothers of ASD children and 44 matched controls in

the Guangxi Zhuang birth cohort. Then E3 was identified as main differential metabolite during pregnancy.
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SH-SY5Y cells were subjected and divided into a control group and study groups (10, 30, 50 and 100 pwmol/L
E3), and proteomics was performed to screen the main pathway involved in the process. CCK-8 assay was
employed to detect cell proliferation. Western blotting and RT-qPCR were performed to verify the obtained
pathway. Results Metabolomics analysis for plasma metabolite levels in pregnant women showed that the
E3 level in the case group was significantly down-regulated than that of the control group (P<0.01). KEGG
enrichment analysis indicated that the Notch signaling pathway was a significantly enriched pathway
(P<0.01). CCK-8 assay suggested that the concentration of 100 wmol/L. was identified as the most significant
dose for E3 in the proliferation inhibition of SH-SY5Y cells (P<0.01). Both qPCR and Western blotting
indicated that 100 wmol/L E3 treatment resulted in obvious down-regulation in Jaggedl (P<0.01), Notchl
(P<0.01), and Hesl (P<0.05) at mRNA and protein levels in SH-SY5Y cells. Conclusion Prenatal E3
exposure may be associated with ASD, and its mechanism may be through inhibiting the Notch signaling

pathway, and thereby inhibiting neural cell proliferation.
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P SH-SYSY 4 LA FL 6. 0x 105 B BEHEAP T 6 1L
Berp, BT 37 °C.5%CO35 T A 3597 24 ho RRAH L
SEANEES , 57 R FREE . SR A 100 pmol/L
E3 (1) 58 6 4% 752 5L, % BE 41 00 i A B S5 KRR (0. 1% )
DMSO 85 5 2k AR 285 597 24 ho Wb PRESHE R A
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RS, AR 5% 24 ho AERZS S TS PBS Bk
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%1 ¢PCR3|I#MFF
Table 1 Primer sequences for gPCR

Gene Forward primer sequences (5'—3") Reverse primer sequences (5'—3")
Jaggedl GCCTTTGGAGCGACCTGTGTG CCCTGAAACTTCCTGGCACTTGG
Notchl CCAGGTGGGCGGCTACAG GATTGGACAGGCACTCGTTGAC
Hesl GGCTGGAGAGGCGGCTAAGG TGCTGGTGTAGACGGGGATGAC
GAPDH GTGGACCTGACCTGCCGTCTAG GAGTGGGTGTCGCTGTTGAAGTC

qPCR: Quantitative real-time polymerase chain reaction; Jaggedl: Jagged canonical Notch ligand 1; Notchl : Notch receptor 15 Hesl: Hes

family bHLH transcription factor 1; GAPDH : Glyceraldehyde-3-phosphate dehydrogenase
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B g IE o

®2 RHEZRNEHRER

Table 2 Metabolomics detection results for estrogen

Estrogen Log,FC P Primary production phase
El -0.55 0.03 Postmenopausal

E2 -0.07 0.85 Reproductive age

E3 -0.38 0.01 Pregnancy

E1:Estrone; E2:Estradiol; E3:Estriol

2.2 &% KEGG 4 #7 it ik Notch 13 5 i@ 9%

g 1) B E3 40 FE SH-SYSY 40 it A4 /8 FH AL L A #F
FEHE T AR T KEGG il % & 5200 PCA
LI 7, X6 B RN S 95 AR AR 2R R GRS L 2 3]
WA (K 3A) . KEGG & B Hrds Frp T8
# J Hippo . Notch {5 518 1% (P<0. 01) , L K H il 4 i
AR N-ZROM A B B () Ao 5 RS 5 8 1
YR RN HEVAZ By TP B SNARE AH EL A 145 224 1 %
(3B) . Hrfr, Notch {5 5 i % 1Y & 4 N 1 f &
(0.10), = T Hippo {5 5 # (0. 07) , $2 /5 Notch {755
A DG LR Y bt s, v RE R E LR ME A .
U, AR 52 BE B Noteh {5538 B HE 17 J5 252 10 240 AL 1]
AT
2.3 E3 42 SH-SYS5Y Zu it 5 341 2m i3 74

SR PEAR B3 X SH-SYSY 4 ff 38 5 i) 52 il , AR F 5%
KA £3(10,30.50,100 wmol/L) ZbH SH-SY5Y
Y 24 h, 7E 450 nm AN G R BEAE , St AR
AT R . 25 R R A7 TG R & B3 ik

754 2 60 1.0
& A < (1 [ —
50 5 ol 5. . i i
b \ = =] 3
= N /// - h “ Group = 30 ;‘g
3 1 A ‘ 4/ o Case § Group T 0 Ay
S “né’h“ Sgenl b g 2 pshue - G 7P I I (e B i
i A e g s Eoteaied 1 6% Control € bt
[| g8 /e S ’ L 05f
-25 f ° /‘// _g 30 N; 3 R2Y(cum) intercept = 0.666
) 2 o Q?(cum) intercept = -0.287
504 ~ -1.0
20 0 20 40 -10 0 10 20 0 025 050 075 1.00
PC1 (14.07%) A T score (2.8%) B Correlation coefficient c

A': Score plot of the PCA analysis model; B: Score plot of the OPLS-DA analysis model; C: Permutation test plot of the OPLS-

DA analysis model. PCA: Principal component analysis; OPLS-DA: Orthogonal partial least squares-discriminant analysis

E1 PCAL5 OPLS-DA ##iffhEEIER

Figure1 PCA and OPLS-DA analyses for assessing inter-group metabolite differences



http : //aammt. tmmu. edu. cn

Pl 4242 e R 22 ik, 2026, 48(2)

143

5 Down = 113 {Up =76

-Log,, (P-value)

2 State

CY)

. Dgwn
Non-significant

VIP_state

4 VIP 21

* VIP <1

Estriol

Log, (Fold Change)

Steroid hormone biosynthesis
Arachidonic acid metabolism
Ubiquinone and other terpenoid-quinone biosynthesis:
Bile secretion

Porphyrin metabolism

Steroid biosynthesis

Lysine degradation
Phenylalanine metabolism
Histidine metabolism
alpha-Linolenic acid metabolism
Vitamin digestion and absorption
beta-Alanine metabolism
Linoleic acid metabolism

Retinol metabolism

Ovarian steroidogenesis
Prolactin signaling pathway

N

-Logq (adj.P)

Log2(Relative Intensity)

o
al
w
IS

2
Count C

Steroid hermenelbiosynthesis

1"

Estrone

size

16a-Hydroxydehydroepiandrosterone,

o 3
2
1
0
Adrenosterone |
-2
3
Estriol
VIP = 1.779 | log,FC =-0.377 |
0.0094

Control Case

Log: (Fold Change)

D
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Figure 2 Screening of differential metabolites in metabolomic analysis in plasma samples
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A': Score plot from PCA analysis model; B: Bar chart of protein pathway enrichment analysis. PCA: Principal component analysis

Figure 3 Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment in proteomics
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a: P<0.05, b: P<0.01, compared with the control group.
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Figure4 CCK-8 assay for proliferation of SH-SYSY cells

treated with various concentrations of E3 (n=3, x+s)
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A, B: Western blotting and statistical analysis of proteins in SH-SY5Y cells treated with 100 wmol/L E3; C: Relative mRNA
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Jaggedl: Jagged canonical Notch ligand 1; Notchl: Notch receptor 1; Hesl: Hes family bHLH transcription factor 1. a: P<

0.05, b: P<0.01, compared with the control group
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Figure 5 Expression of Notch signaling pathway genes and proteins in E3-treated SH-SY5Y cells (n=3, %+s)
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