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Differential expression profile of miRNAs in maternal amniotic fluid exosomes in

fetuses with isolated ventriculomegaly
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Abstract: Objective To investigate the role of miRNAs in maternal amniotic fluid exosomes in development of isolated
ventriculomegaly (VM) in fetuses. Methods Amniotic fluid samples were collected from 9 cases of moderate isolated VM and
8 normal control cases to extract exosomal miRNA, and miRNA sequencing technique was used to identify differentially
expressed miRNAs between the two groups. Three miRNAs with significant differential expression between the two groups,
whose high expression was associated with VM, were selected for verification with RT-qPCR. Dual luciferase reporter assays
were used to verify the regulatory effect of miR-122-5p on its predicted target genes AKT3 and CCDC88C. Gene ontology (GO)
and KEGG pathway analyses were performed to explore the possible roles of the top 40 significant differential miRNAs in the
pathophysiology of VM. Results We identified a total of 272 differentially expressed miRNAs in VM cases, including 43 up-
regulated and 229 down-regulated miRNAs. The target genes of these differential miRNAs were associated with DNA and
transcription factor binding, transmembrane transporter and nucleic acid binding transcription factor activity, and cell
developmental process. These miRNAs were mostly enriched in the MAPK, ¢cGMP-PKG and Wnt signaling pathways.
Verification with RT-qPCR showed that miR-122-5p expression level was significantly lower in VM group than in the control
group (P<0.05), which was consistent with miRNA sequencing results; let-7b-5p expression level was significantly lower in VM
group, which was contrary to miRNA sequencing result. Dual luciferase reporter assays showed that miR-122-5p was not
capable of regulating AKT3 or CCDCS88C expressions. Conclusions The highly abundant differentially expressed miRNAs in
maternal amniotic fluid exosomes play important roles in the occurrence of fetal VM possibly by regulating the MAPK, PI3K-
Akt, Wnt and cGMP-PKG signaling pathways.
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Fig.1 Identification of exosomes in maternal amniotic fluid. A: Exosome morphology under transmission
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electron microscope. B: Protein expressions of exosome markers CD9, CD63, CD81 and TSG101 detected

by Western blotting. C: Particle size of the exosomes.
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Glycosaminoglycan biosynthesis — heparan sulfate / heparin

Top 20 enriched pathways

Sulfur metabolism 4

Mineral absorption 4

Hedgehog signaling pathway
Cocaine addiction

ABC transporters 4

cGMP - PKG signaling pathway 4
Wnt signaling pathway

Cell adhesion molecules (CAMs)
NF-kappa B signaling pathway
MAPK signaling pathway 4
Retrograde endocannabinoid signaling
Chemokine signaling pathway
Estrogen signaling pathway 4
Neurotrophin signaling pathway 4
Oxytocin signaling pathway
Axon guidance

Calcium signaling pathway 4

Cytokine—cytokine receptor interaction

Neuroactive ligand-receptor interaction -l.

P value
Fe—04

4e-04
Je-04
2e-04
1e—04

Gene number
@® 100
@ 200
@ :00

&5 KEGGIE S @547 TO

020 024
Rich factor

P40 F3FiE miRNA BIEBE E IhsE

0.16 0.28

Fig.5 KEGG pathway analysis of the top 40 significant differential miRNAs in
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HIMFRAE R TR 2R ARG ) L2 A EK B UERy SFh 2145
YL@ AR GAS B/ NMA miRNA Fh o & 1 3 ARG
% B let-7, miR-155 FlmiR-802. XieZE X}k LG

KM BHZERR /K S NIMA miRNA A FE 3k 3 T
[ miR-122-5p, miR-299-3p, miR-299-5p, miR-320a,
miR-379-5p, miR-493-5p, miR-548t FllmiR-585 , 7EAHI
SEHEA B35 FH, B T miR-30a LM, Fabietti %5 1§

5 LA R MR 191 1) S 7K SR rh kG 0 28] 7% Sl 2 1
J %9 miR-190-5p, miR-379-5p #1 miR-889-3p, 7£ 4~ Bl
FEHIA 35 25 3K, U] miRNA 75 £ /K AMIMA) ™
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ATAE I HA — S IL [H] Y 25 57 2638 miRNAs, i #63t:
P miRNAs A] Ge7E i LY & & B Z AL Y)
SEUIRERE AL SR AN AT S S R O
SEAZHA T T miRNA (RIS, A T8 I Rl RS W
6 LB M AP A G RN A bR . s Y5k
HNIMAE miRNA A5, H T C A A SR ERGRUK
(AR AL h PRI ST > iR LA A = 5 1 6 >
15 mm B IAK . Chen S5 56l ALK A5 AR S
(A BBV S MU AR THEA T 40 1 RN R T e 43 Hr , 2 B 31
225235 miRNAs, 26 4~ [ 54, Hopf $i4s
TF 5 19 27K A WA A4 vt £ 7 25 25 5% 3K 1Y miR-
130b-3p, miR-134-5p, miR-136-5p, miR-137, miR-
181a, miR-320a, miR-320b, miR-320c, miR-320d,
miR-1298 Fl let-7, & B 2 /K R W 1) S b4 HL A 3
[] ) i 2 22 55 3238 miRNAs, P73 miRNA 7 i & i F1
FIKINB AT R FRE TR VA2, AT RE SR T REAR )
BRI 2E 7 B R R R B L R B . I
TWAREALE P RUTCIEARAR 28 O BT 2 A
FHEI P HTS MR AR o B i VR i o e fii =2 97 5k
miRNA [ FRIB O, 0 EARK P24 34 ARG
AN A LRI A SE miRNAs, AT R gE— 481
HIHG LIS 235K 09 20116 FA AL B2 AL 5 (5 (9 i 5%
ESAUNS
WG R IRAY TOP40 2% 573835 miRNA, let-7 J&4f
L5 A SRR T R AR — 1 U EPE miRNA,
FES R HEAEIEAL . XA R B R LA VE R
let-7 B4 & BRED A 45 Trim 71 FE A, S22 R AR 7K
MIEOR L™, let-7 FIABIFEAY 73—~ TOP40 2 57 5%
A miR-155Z 5142 AR X BACH 1 16 i
WHEH  BACHI 1 R Z B FLsh L 2 iz Rk
BACH & PERIE ] LIS AKT/mTOR {5 5l %>,
PI3K-AKT-mTOR ifi 2 5 2 o FE S A i 4 (. 4
T4 TEM A R G b T A7 H e A
FF5E 3 PI3K/ Akt 3 (114 o8 FE TG PS80 )N B 2 1
Y IRk S EUREUK™ . miR-181c/EF A9
1 - NOTCH RS S FITEIR , miR- 18 1c 76 3 i F 3k
fBi], 25 S EUNOTCH2/4 FIIKRAS FIZE AN, 1
(1) NOTCH {551 A1 1 2 48 M At Ay 14 7, AT 3850
SKEPAERRFIK?, miR-181ciA 1] HES 5 MAPK
PATIE K, p38 MAPK & 2 4 LI T 1) B B
%, FL AR IR 5 55 5 bl 25 20 i A3 25 UIAE O, 1Tl ERKY
MAPK i B A3 vl DA fioh & SR I 4 i iy A=, B
SN RS A AT RE 23 IR UK & A4, miR-215
Z 5 E YR B RUNX ] Y28k M, RUNXT
FEPRE miR-215 B9 B, miR-215 [l 5 #ih 2
X RUNXT J5 8 F 5O G R BRGPE 8 RUNXT 3R

iKo RUNXUER—AA - R EiEak s 1 2
MG Tl L85 TGF-B {55l % , BMP {5 51 [ il
Wit {5 5" . TGF-B 38 A Bk /K it i vk
FEEMAE IG5 T LUS s — RIUE S 0k
L, (A5 22 e I A5 A b 9 I B 22 i RS 2T 4
A6 Wnt {5530 5 T 7E 22 R 2H 20 40 i 305 6 S 27 4k Ak
ke VR AR 9 iR TE A I AR K R B A
Wnt/B-catenin i #1548 =, 1 B-catenin AYFEIAT]
DI A BRI s oy e I3t ()38 4 IR IR UK I
miR-452 /Y H LN 2 mE N EAKHEF A
(VEGFA)™*, VEGFA .8 IE B 2l LK B35 i
HIGIERR I Z —" . miR-134 ) J&—Fh & 5 TRy
miRNA, Z 544K Jrib ST ¥ A2 5 5E Fijd
TR 2 Pl A 76 45 Fh b 20 A vl 5 A1 A
miR-134-5p B4z WL R L2 VEGEA™ , E 2 511
{55 M %A miR-134-5p/Itgbl/MAPK i# %" FI ITGB1/
MMP2/PI3K/AktilIEE ™ . A, Chen 2 URFFEHE H
I A9 hsa-miR-130b-3p 7] GEA 55 i ALK AH G ) B
fR Ak 1 & A RIEIE R (PTEN) R L

AHIFFE R QPCR X I 3 25 5 1 miRNA H i ik
i) 3 > miRNA #F 47 58 UF , miRNA-122-5p Fll miRNA-
146a-5p 5 P25 5—EL, 1M let-7b-5p S P L5 R A,
Ji PRI T 2 H T T QPCR & PR R AR 7 ik
AT A A XA . qPCRAGI H AR miRNA )55
RIEANHZEFRIR G 1084 T miRNA Al S 55 5%, SR )5 Pk
FTSERTE i PCR, I 238 i miRNA SCEREE 4
AR BT, — R RASECA J1 4 miRNA T4 SRS
T ¥ reads tb XT3 2 % 3L A 4] . miRBase I , i1 &
miRNA Fik . qPCRIEH [ K —Ff miRNA, U J7
JE [ A 224> miRNA , 52 SCE RN PR R 5, A
THFRAT LA E 22 S 7 S i e 58, JriE HUA
THA R 8 AEEATN 8 X IR, I R AAMA2E A K
PRI 7 i i 25 SR 2 A — B B

AWFFELE QPCR BAELEMN =4 sk FEAR L B2 T
R 19 miR-122 J& — Ff 76 JHF 2 21 rp oy g B 3R 58 1)
miRNA® (HITAERMF ST &I miR-122-5p JE45 240
L, AT RIS 2 BH DR B 32 05 ) i 2H 21 miR-122-5p &
KRR, PRI T RN, AT Re sz i Y . ARk
P LR O3 A /N BB miR-122-5p FFRIA
b 2N 1 NLRP3 SE0E/IMATR IR 1 25 T s 7E 40 A
BUrp, miR-122-5p A NI B A T, 354
HEZNBE AL A M1 (P2 52 ) ] M2 ($T4R ) e Ak s ]
miR-122-5p B3R , A LI NLRP3 4EAE/IMAS T Fl
NF k BBERRLL , 33 P #02 HL TR () 9 0 {5 il v, S5
2 WA K. A MR IE miR-122 AT L3 i 0 )
RUNX2 fi LA I T30 5 R 35T , e b 28 58 Jo e



http://www.j-smu.com

J South Med Univ, 2024, 44(11): 2256-2264

+ 2263

LI T SRS A I, i R I/ BRASE 7R o miR-
122-5p it AR MLLT 1/PI3K/AK T {5 5 il R A IR
PESNEFIP XA 2 R G R RAES . AWFTEE AV E
ST 5B SCRRARGE BB = 3 5K A5 38 1, T
M miR-122-5p AT HEFE ] AKT3,CCDCSSCHEH . AKT3
J& AKT I 5 2 — , AK T SRS A0S 5 v 17 fi
BEAAERKHETWIRER T AKT3ERm 1247
e, FL R AT At iV BRI | E 42 T 3 il SR
AF 5% 2 38 14 N 52 56 #i PR miR-122-5p, i &8 MLLT1/
PI3K/AKT {550 , FEARCAN 1 1/ ERUAI ] i R e
2 RGN TR REZ A GAE™ , (EAE FH A 0 3 PR
MLLTI, CCDC88C J& Wnt {5538 i i) i 845 1,
Wit {5 Sl B AEIRIG & AL A0 g ik rp % 45
HENEH . CCDCSSC I 5748 & B M S 8UR JLAE
RMERNFRK B B8] (HBARAE FHBLHRIAIT . A5
(R BERG PR E 25 5 , 76 AKT3-WT 419, miR-122
Tob IR L 20 LIS ) 9O 3R Tl R B NC 4 i
255 7E AKT3-mut 4 7, i 3 miR-122 1) 2 il 2% i
TG PE 5 NC 201 TC 3 22 5 1 el 28, Ui ] miR-122-5p
ANEE ) AKT3 1 30 dE B X . #E CCDC88C-WT 4l
7 e miR-122 35 36 1K 5 40 il 96 ' 2 S PE 8 NC
TR H 22 53K B35 5 78 CCDC8SC-mut 41 i, i &
Ik miR-122 Ji5 4 12 S i 5 M NC 41 T W] . 2
2, Ui B miR-122-5p AN [m] T CCDC8SC 1 3'Ui AR
BIEIX . BRI AR E] miR-122-5p B #E [a] JE A,
{H$27R miR-122-5p AL a] AKT3 F1 CCDC8SC, 1E LA
(B9 5 BT — 20 B AR ) 2 A B o BT RN 2 i 52
IS5 E

25 LR AW S R ARE T = 5K R LAIE
G LEIK Fh WA A b i B 3 22 57 %58 miRNAs, &3
TN E YR G L& B R T Rk R 1 R Y
S miRNAs, £ 45 let-7, miR-122, miR-130, miR-
134, miR-145, miR-155, miR-181c, miR-215 FI miR-
452, 3% 6 9% 57 5K miRNAs 3 %58 i MAPK, PI3K-
Akt FI Wnt {5 5 S 5N E 5k 00 kil f , Bk
F14) 90 5 DAL R 8 42 A FH 0 42 AL kAT i 0 — 25 7y 512
5o LU X H AT TG LI Rl A 10 A K AR
1A, B RR A T i 5 W 2 10 =K A b A v iy 22
535 miRNAs. i = 4 5K i LA 1K SR Hhax
Bo R E 2% 5 I 2 miRNAs [ & 388 miRNA 445 16
JUIGZE 5K 3 FALHI RS BEE 1 LA, IR B4 T
(1) SEE RN 7 1w
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