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Abstract: Objective To investigate the role of miRNAs in amniotic fluid exosomes in growth and development of fetuses with
Down syndrome (DS). Methods Amniotic fluid were collected from 20 fetuses with DS and 20 normal fetuses (control) to
extract amniotic exosome miRNA. MicroRNA sequencing technique was used to identify the differentially expressed miRNAs
between the two groups, for which gene ontology (GO) and pathway analysis was performed. Three differentially expressed
miRNAs with the strongest correlation with DS phenotype were selected for qPCR verification. Dual luciferase reporter assay
was used to verify the activity of let-7d-5p for targeted regulation of BACHI. Results We identified 15 differentially expressed
miRNAs in DS as compared with the control group, among which 7 miRNAs were up-regulated and 8 were down-regulated.
Target gene prediction results showed that the differentially expressed miRNAs targeted 17 DS-related genes. GO analysis
revealed that the main functions of the target genes involved protein binding, protein transport, ATP binding, transferase
activity and synapses. Pathway analysis revealed that the functional pathways were closely related with the development of
the nervous system. qPCR results showed that the expression levels of miR-140-3p and let-7d-5p were significantly lower in DS
group than in the control group (P<0.05), as was consistent with miRNA sequencing results; the expression level of miR-4512
was significantly higher in DS group than in control group (P<0.05), which was contrary to miRNA sequencing results. The
results of double luciferase reporter gene assay confirmed that let-7d-5p was capable of targeted regulation of BACHI
expression. Conclusion Let-7d-5p in amniotic fluid exosomes may promote oxidative stress events in the brain of fetuses with
DS by regulating BACH1 expression.
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Tab.1 Comparison of maternal age, body mass index and
gestational age between the two groups (Mean+SD)

Gestational age

2
Groups Age (year) (week) BMI (kg/m*)
Control 3742 18+3 20.6+2.2
Down syndrome 39+4 1945 21.5+2.1
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U6 N2, IFF 1 F: miR-140-3p-F: ACGACCACA
GGGTAGAACC, miR-140-3p-R: TTCGCACTGGAT
ACGACGTCCGT; let-7d-5p-F: AAGGCGGAGAGGT
AGTAGG, let-7d-5p-R: TTCGCACTGGATACGAC
AACTATGCA ; mir-4512-p3-F: CCGCCTCACTGTGT
CG, mir-4512-p3-R: TTCGCACTGGATACGACGCC
TG; U6-S: CTCGCTTCGGCAGCACA, U6-A: AACG
CTTCACGAATTTGCGT, A& Z :cDNA3 uL,qPCR
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Fig.1 Identification of exosomes in amniotic fluid.
A: Exosome morphology under transmission
electron microscope (arrow). B: Particle size of the
exosomes. C: Expressions of exosome markers
CD9, CD63, HSP70 and TSGI101 detected with
Western blotting.
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Tab.2 Differential expression of miRNAs in amniotic fluid
exosomes between the two groups

No. miR_name up/down P

1 miR-329-3p up 0.0009
2 PC-3p-58054 up 0.0016
3 miR-30a-5p up 0.0065
4 miR-877-5p up 0.0074
5 miR-361-5p up 0.0100
6 miR-323a-3p up 0.0186
7 miR-363-3p up 0.0197
8 miR-140-3p down 0.0052
9 let-7d-5p down 0.0110
10 PC-5p-15468 down 0.0253
11 PC-5p-155238 down 0.0314
12 PC-3p-119358 down 0.0365
13 PC-5p-93415 down 0.0405
14 PC-3p-22218 down 0.0426
15 miR-4512-p3 down 0.0446
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Tab.3 Target genes of the differentially expressed miRNAs

No. miRNA Target gene

1 miR-329-3p SIM2 .IKZF1

2 PC-3p-58054 BACE2 .ETS2

3 miR-30a-5p ERG .RUNX1

4 miR-877-5p DYRKIA

5 miR-361-5p ERG.RUNX1.GABPA

6 miR-323a-3p ERG .RUNX1 .DCC.RCANI1

7 miR-363-3p SIM2 .SLC19A3 .GART

8 miR-140-3p DYRKIA PKNOX1.SLC19A3 . PDXK .GART
9 let-7d-5p BACHI .BACE2 . DYRKIA .SLC19A3 . IKZF1
10 PC-5p-15468 BACHI1 .RUNX1 .RCANI1

11 PC-5p-155238 SLCI9A3

12 PC-3p-119358 DCC.PDXK

13 PC-5p-93415 BACHI1.DCC

14 PC-3p-22218 BACE2.IKZF1

15 miR-4512-p3 DYRKIA .PKNOX1.ERG.SLCI9A3

2.4 qPCRHEM| F-25 %

DS 4 miR-140-3p. let-7d-5p %5 %l & 2H 5 35 A%
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HIn(P<0.05) , SMFA AR (F3),
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IR, let-7d-5p AT LAJEYE BACH1 #5745 3'UTR

luciferase [1) 235 (P<0.001) , FF% 62.08%; M1ELE AL
JURARE X PR A O &R B B 55 (P<0.001) , 1] T
33.75%.
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Fig.2 Bioinformatic analysis of the target genes of differentially expressed miRNAs. A: GO analysis of the target genes. B: Pathway

analysis of the target genes.
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Fig.3 Expression levels of miR-140-3p, let-7d-5p and miR-
4512 in amniotic fluid exosomes of the two groups detected
by qPCR. *P<0.05 vs control.
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Fig.4 Targeted regulation of BACH1 by let-7d-5p verified
by double luciferase reporter gene assay. *P<0.001 vs
H306+let-7d-5p; “P<0.001 vs BACH1 3'UTR(WT)+NGC; “P<
0.001 vs BACH1 3'UTR(WT)+let-7d-5p.
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