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AN MK T EL B miR-520a-5p AR B RN EKZRITIRER/BH
HMEERAEENS

ta BN gk R ERT AR, R4S
(1. PE2BE Rl R E R RS BEPE P8¢ 71002152, T4 42 BE 24 B I PR 15 27 e 78 22 i osd B i
B Hr A o S S0 % BV PE% 71002153, PO ESGES — MR ERE ™R, B 784 710021)

(# ZE] HBHH: HIPIMRE (Exos) MM /N RNA-520a-5p (miR-520a-5p) Xt i BRUE WA K 2
B (FGR) WEUREZS R AysEma, JF e BIIC/E FHALE . Jrdk: RAMEFR/D BRI T T 400 (MSCs) ,
FEF ] miR-520a-5p B 95 % 4 4&  (Ad-miR-520a-5p) %% Y 3515 & 1 48 miR-520a-5p ¥ Exos (miR-520a-
5p-MSCs-Exos) JF#AT% & . C57TBL/6 /)N A% MEOMEME 2 « 109 L 1) & JEASBE I AT %, 4 40 M2/
B> AR . FGRA . NC-MSCs-Exos 41 Fl miR-520a-5p-MSCs-Exos 4, 4540 10 H . B xt B4 41,
FEAR AL/ BRI 22 0 2ot P 22 6 b ZE K #  (DEX) ¥ R AR R BEUR /N B FGRBEAL . K5 I i BB A= 1
Brem AR 1. 2. 3 AFMART &, RASEH P62 i PCR (RT-qPCR) 646l 25 28 /) BRUIG 4% 4 21

miR-520a-5p. DNA W I H:FE M 3b (DNMT3b) M E N KA KK F (VEGE) mRNA ik KF-,
Western blotting ¥ 6 Wl £ £H /)N UG 45 20 20 tf DNMT3b #l VEGF & (1 £ 3k K F, B 34k 4 5 ¥ PCR
(MSP) 2B & 41/ BRUR #4143 VEGFE J3 8l 7 B A3, B8 3l 4l 2 A S 30 35 4F miR-520a-5p
5 DNMT3b Z 1 E R . S8R EHHTFEME (TEM) MUK FBEESPT (NTA) 5047,
Exos 2RI, KA 7E 100 nm ff T ; Western blotting %, Exos % 4= 45 &9 CD63 il CDS1 X 5
FHPEZ 3L RT-qPCR ¥, 5 NC-MSCs-Exos fil Ad-NC-MSCs-Exos [, Ad-miR-520a-5p-MSCs-Exos
tmiR-520a-5p FRiKAKF-FHim (P<<0.001), 440 FAR/NRUH A KRBT R ARG 1. 2 M2 3 JE AR o i Lo A 2
SWAE G EE L (F=36.084, F=19.851, F=77.755, F=103.223; P<C0.001). S5xf M4 &,
FGRA TN AE BT AIAJS 1. 2 & 3SR Bri R (P<<0.05); 5 FGRAMNC-MSCs-Exos 4
FL#, miR-520a-5p-MSCs-Exos 4 T/ R AR B EE FIZE SR 1. 2 R 3Ja iR B ik 7 (P<<0.05)
B R 7 224001, A AL/ BUIR BE LS8N miR-520a-5p . DNMT3b 1 VEGF mRNA ik K L 2% 8 A
iit e X (F=103.224, F=856.460, F=214.563; P<C0.001); 4 [a]M M LE, 5 EAH i,
FGR 41/ BUIR 841 miR-520a-5p fl VEGEF mRNA ik K F A% (P<<0.05), DNMT3bh mRNA #
KIKETEE (P<<0.05); 5 FGR 4l NC-MSCs-Exos 41 lL %8, miR-520a-5p-MSCs-Exos 41 /s B 4k
WA miR-520a-5p Ml VEGF mRNA Fik/KF-FHE (P<<0.05), DNMT3b mRNA RKAFFEIR (P<
0.05), BANZEZ00, 44/NFIREHL F DNMT3b Al VEGE & [ £k K L2 R A ST % E
X (F=245.601, F=149.360; P<C0.001); 41 P s, SxFME4 e, FGRA/NRGEA L
DNMT3b & K- T (P<<0.05), VEGF # H &k K VK (P<<0.05); 5 FGRZ M NC-MSCs-
Exos 41 4, miR-520a-5p-MSCs-Exos £ /) Ui £ 41 21 H DNMT3b & (4 % ik K F FE % (P<<0.05),
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VEGF # HRE KT m (P<0.05), HHEERT 200, 44/NRG AL VEGF 5 3+ H b %
W Z R A G #E L (F=687.096, P<<0.001); 41 Pimth4s, 5HxtR4ithis, FGRYU/MRIG &
HAP VEGF J7 3 7 W B L 2T & (P<<0.05); 5 FGRZL I NC-MSCs-Exos 41 I %, miR-520a-5p-
MSCs-Exos 41 /)N iR & 20 4Urh VEGF Ji3 ) 7 AR FEAIR (P<T0.05) o 38 3 il iz 4 56 Y 52 5
5 miR-NC 4L e #, miR-520a-5p 41 DNMT 3b-W T #f 15 25 74 41 i 1Y ¢ )l 2 i 75 1 W1 B AR (P<C0.05) 5
5 miR-NC 4 H 4, miR-520a-5p 2 DNM T 3b-MU'T #f 45 2 A 41 g (10975 56 K B 6 v 0 o2y, 2530
GiiteEm X (P>0.05). & W63 miR-520a-5p [ MSCs 3# J5 1) Exos 1] fig il i ¥ 17 F 8 DNMT 3b
ik, WH VEGF W34k, ik VEGF %3k, 3% FGR i RUIEIRSS .

[X8A] WILENAEKZI; SMBk; BIFTE T4 #/h RNA-520a-5p; DNA H L F # 3b;
I B A K T
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Effect of exosomes loaded with miR-520a-5p on pregnancy
outcomes in fetal mice with intrauterine growth restriction
and its mechanism

XIANG Meng"?, XU Bing®, WANG Peisha®, LIU Siqi*, ZHANG Shaohua®
(1. Department of Obstetrics and Gynecology, School of Clinical Medicine, Xi’an Medical University,
Xi’an 710021, China;2. Xi’an Key Laboratory for Innovative Translation of Early Cancer Diagnosis,
School of Clinical Medicine, Xi’an Medical University, Xi’an 710021, China;3. Department of Obstetrics
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ABSTRACT Objective: To discuss the effect of exosomes (Exos) loaded with microRNA-520a-5p (miR-
520a-5p) on the pregnancy outcomes in fetal mice with intrauterine growth restriction (FGR) , and to
clarify its mechanism. Methods: The mouse placental mesenchymal stem cells (MSCs) were cultured in
vitro and transfected with miR-520a-5p adenovirus vector (Ad-miR-520a-5p) to obtain the Exos with high
miR-520a-5p load (miR-520a-5p-MSCs-Exos) , which were then identified. The C57BL/6 mice were
mated in cages at a female: male ratio of 2: 1 to achieve successful pregnancy. Forty pregnant mice were
divided into control group, FGR group, NC-MSCs-Exos group, and miR-520a-5p-MSCs-Exos group,
with 10 mice in each group. Except for control group, the mice in other groups were exposed to excessive
dexamethasone (DEX) during pregnancy to induce FGR models in the pregnant mice. The body weights of
the fetal mice at birth and at 1, 2, 3, and 4 weeks after birth were detected; real-time fluorescence
quantitative PCR (RT-qPCR) method was used to detect the expression levels of miR-520a-5p, DNA
methyltransferase 3b (DNMT36b) , and vascular endothelial growth factor (VEGF) mRNA in placenta
tissue of the mice in various groups; Western blotting method was used to detect the expression levels of
DNMT3b and VEGF proteins in placenta tissue of the mice in various groups; methylation-specific PCR
(MSP) was used to analyze the methylation rates of VEGF promoter in placenta tissue of the mice in
various groups; dual-luciferase reporter gene assay was used to verify the targeting relationship between
miR-520a-5p and DNMT3b. Results: The results of transmission electron microscope (TEM) and
nanoparticle tracking analysis (NTA) showed that the Exos were spherical with particle size concentrated
near 100 nm; the Western blotting method results showed that the surface biomarkers CD63 and CD81 of
Exos were positively expressed. The RT-qPCR results showed that compared with NC-MSCs-Exos and
Ad-NC-MSCs-Exos, the expression level of miR-520a-5p in Ad-miR-520a-5p-MSCs-Exos was increased
(P<<0.001). The differences in birth body weight and the body weights at 1, 2, and 3 weeks after birth of
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the fetal mice among four groups were statistically significant (F=36.084, F=19.851, F=77.755, F=
103. 223; P<C0.001). Compared with control group, the birth body weight and the body weights at 1, 2,
and 3 weeks after birth of the fetal mice in FGR group were decreased (P<C0.05) ; compared with FGR
group and NC-MSCs-Exos group, the birth body weight and the body weights at 1, 2, and 3 weeks after
birth of the fetal mice in miR-520a-5p-MSCs-Exos group were increased (P<C0.05). The One-way
ANOVA results showed that the differences in the expression levels of miR-520a-5p, DNMT3b, and
VEGF mRNA in placenta tissue of the mice among four groups were statistically significant (F=103. 224,
F=856.460, F=214.563; P<C0.001). The pairwise comparison between groups showed that compared
with control group, the expression levels of miR-520a-5p and VEGF mRNA in placenta tissue of the mice
in FGR group were decreased (P<C0.05), and the expression level of DNMT3b mRNA was increased
(P<<0.05) ; compared with FGR group and NC-MSCs-Exos group, the expression levels of miR-520a-5p
and VEGF mRNA in placenta tissue of the mice in miR-520a-5p-MSCs-Exos group were increased (P<C
0.05), and the expression level of DNMT3b mRNA was decreased (P<C0.05). The One-way ANOVA
results showed that the differences in the expression levels of DNMT3b and VEGF proteins in placenta
tissue of the mice among four groups were statistically significant (F=245. 601, F=149. 360; P<0. 001).
The pairwise comparison between groups showed that compared with control group, the expression level of
DNMT 3b protein in placenta tissue of the mice in FGR group was increased (P<C0.05), and the expression
level of VEGF protein was decreased (P<C0.05) ; compared with FGR group and NC-MSCs-Exos group,
the expression level of DNMT3b protein in placenta tissue of the mice in miR-520a-5p-MSCs-Exos group
was decreased (P<C0.05), and the expression level of VEGF protein was increased (P<C0.05). The One-
way ANOVA results showed that the difference in the methylation rate of VEGF promoter in placenta
tissue of the mice among four groups was statistically significant (F=687.096, P<C0.001). The
pairwise comparison between groups showed that compared with control group, the methylation rate of
VEGF promoter in placenta tissue of the mice in FGR group was increased (P<C0.05) ; compared with
FGR group and NC-MSCs-Exos group, the methylation rate of VEGF promoter in placenta tissue of the
mice in miR-520a-5p-MSCs-Exos group was decreased (P<C0.05). Dual-luciferase reporter gene assay
results showed that compared with miR-NC group, the luciferase activity in the cells containing DNMT 3b-
WT reporter vector in miR-520a-5p group was decreased (P<C0.05) ; compared with miR-NC group,
the luciferase activity in the cells containing DNMT3b-MUT reporter vector in miR-520a-5p group had no
change, no significant difference was observed (P>>0.05). Conclusion: The MSCs-derived Exos highly
loaded with miR-520a-5p may improve the pregnancy outcomes of FGR fetal mice by targeting and down-
regulating the expression of DNMT 3b, inhibiting VEGF methylation, and promoting VEGF expression.
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G LE WK ZBR (fetal growth restriction,

9 DNA BB ALk 2 —, BT LA
FGR) WFNMRILENAERKRBZ, E2RKILET 7, HEHRIKSINREUE A GEFEDNA 1L

BN RARRFIRE AL, WW RO ILA B EEL, Rk 3Rk, R LA KA

JoT AR TR 22 % 7 2 0K R AR 10 A A . B
58 BoR s FGRIY K A1) g5 3 W st 1% 4 e A8 A7
K, {245 DNA P AL B0 2 % . DNA P fb 2
I 95 i PR 3R 9K B HE R R WAL AL 2 —, Al
of 5 R R IR, 2 5 IR LA KR
Kk & i B, DNA B X % g 3b (DNA
methyltransferase 3b, DNMT3b) &M . sh ¥ ik i

KRB,

/N RNA (microRNA, miR) fE N —EEE
1Y R WAL W I, TENG & B Mg R4 th &
BEEEMEN, THTRB2EMRIT FGR XA
KIFRAE . miR-520ak A A miR-520 K, %K
B E AL T NG 195 g i 75 Z g o k18
W ER . BT ™ Bon . FGRIEURAYZ2 7 2 7
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91 R0 R B 1M 3 A1 WA (exosomes, Exos) miR-520a-5p
TR T A, AR o RIS
B gl A I N A K I F (vascular endothelial
growth factor, VEGF) Jg 3+ & H#£{ 5 FGR
B A ) R HE o A PR A 1T B >R ) miRNA H
T 35 DR 9000 K 12 % IR miR-520a-5p 5 DNMT3b6 41
EA A, 8 DNMT36 0] EJE miR-520a-5p W F
e v AE I A 5 5 e 3D 1miR-520a-5p W BE 38 1 97
2 01f 25 N DNMT 3b B9 52 1) Jifi 5 28 K % 3 i A8 T2
W, B EmRIILENEE, FEFGRAA, T
24 i 53 W5 19 Exos A & 19 miRNA 7E 8 15 41 o 3 5 X
WA —EEH, EASMBHF R " AR5
FI H miR-520a-5p J% 9% % # A& (Ad-miR-520a-5p)
B e8] 75 5T 41 (mesenchymal stem cells, MSCs) ,
AT B T miR-520a-5p B Exos, it H 1 FGR
/R AL
1 MBE5FE
1.1 S T Z2XMNPNE

50 FLfE P 25 Uk SPF 4% C57BL/6 7 L,
8~10 it , 1A i 30~40 g, W H I 17 3 5 5L
WA R A A, s A =V eSS . SCXK
(1) 2022-0004, JoHs B 26 0 T 0 3% 75 i R AR
BEZ W Py IR A, AR RE 12 h 6 IR /12 h R EA 2F .
Hi ZE K #S (dexamethasone, DEX) HEHF i ([ 2y
e 5 H31021298, b i @ A 25 k), /h BOG &E
MSCs (BRI HEFEN ), miR-520a-5p B I 1%
& (Ad-miR-520a-5p) K Hxf B 25 # ik (Ad-NC)
( I Genechem 2~ H]), i —+HL CD63. CDS8I,
DNMT3b # VEGF (2 [E Thermo Scientific A #] ),
Exos & B & B¢ 5t 2% il 4 45 5 ARG I 3 74
& (b m s aAE), B gHa (HA
TaKaRa 2% 7)), EZ DNA 34k 5l & (€ H
ZYMO RESEARCH 72v#]).
L-80XP i # & .0 Hl (5[ Beckman A7), Hitachi
H-600 & &F B F & f 5% (transmission electron
microscope, TEM) ( H A Hitachi 2y &), 40Kk
FIiB 4T (nanoparticle tracking analysis, NTA)
1% (3% [E Malvern Panalytical /A &) ), Synergy LX £
TIRemEbrAL (2 BioTek 24 H) ), 7500 SZH 286
i PCR (real-time fluorescence quantitative PCR,
RT-qPCR) 1% (ZE[H Applied Biosystems 2 #l ) .
1.2 MSCs# R Exos 893 Rz X 7
1.2.1 miR-520a-5p B 95 8 e 4 HWUAE KRB R

Coulter Optima™

U f 55 448/ BRUIG B MSCs (8 % 40 i o 5 o 1<
10°mL "), R FefLanfassFmmb, fEkE
806 Fili A B, B 1096 A 4 I ik 1Y 58 A R AL
e R &% A miR-520a-5p MW ¥ 804k (Ad-miR-520a-
5p) MMz #iik (AD-NC) Wik, BE
12h 5, Bk 10% B2 v i o8 4 5 9% 3L,
A8 hJE R U & 2 mg- L~ LI 2 2% (10 5 % BE 0 e 12
B YL
1.2.2 ExosBy#EH WA E # U4 Ad-miR-520a-
5p. Ad-NC I 1E & K5 3% B9 MSCs 1) 40 ffd 55 77 %,
4°C., 300 g &> 10 min F12 000 g #.0> 10 min, %
I %€ 40 I AN 20 I RE B . 2 000 g 50 30 min W 4E
W 20000 g &0 60 min B 1 ¥E, R 5 76 8 B O
HLH L 100 000 g 5.0 60 min W B TTVEY . ¥4 UL TE
V) I B & TR TR 2 mL BE R £h 2% v W (phosphate
buffered saline, PBS) ', I 7 # 3 & .0 #1 + LU
100 000 g F- Y # B0 60 min. fie) , KULTEY &
2T 200 pL PBSZ vhig, RIH Ad-miR-520a-5p-
MSCs-Exos. Ad-NC-MSCs-Exos fil NC-MSCs-Exos,
E—80 CFIRFAEH TR T .
1.2.3 Exos %% OTEM fl NTA M %28 Exos
LR, W & Exos B ik B A1 R ~F . @ Western
blotting % 4 Il Exos 3 Ti #7 25 #) CD63 #1 CD81 &
ik SR AR B 4 5 R £ 4 B Exos H B (T,
BCA ¥l 3E Exos A Bk i, RIETE 102 =
Jot K& IR B - SR DA 04 T e € IS L Uk (sodium dodecyl
sulfate-polyacrylamide gel electrophoresis, SDS-PAGE)
oy EAEEEN, IR, =R FHMABE2hE,
TE4°CF5—HCD63 M CDSI & 17, MmA
Pt (1:5000) #EF 1h, RH Image J 32 &5
HT Exos il CD63 il CD81 ik KF- .
1.3 #AHNEGFo54

W MEME /N BUS MM/ B IR 2 0 1Y He B A
WL . UK H I R M /N BREAT BB R R, JFET
W N WSS, AR AT LRI, Wk sz A
ICNEEIREE 0.5 K o #F 40 HARZ2/N R4 g X R AL
FGR 4] . NC-MSCs-Exos 41 il miR-520a-5p-MSCs-
Exos#, #4H 10 2, BB 4, HAAH /DN K
FH 22 01 2o B 5 58 DEX 5 & 4T iR W3 Bk R/ BB FGR
BEAL 0 RN R T AR IR 14. 5 d I 48 5 d I i
H4 DEX (1 mg-kg '-d ') XF ML/ BT AH [ B
] 25 7 AH [A] & A= 2 R K 8 I 3 4 . miR-520a-5p-
MSCs-Exos 41 #il NC-MSCs-Exos 41 /s [ 78 I IR 55
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13RI 591% T 0. 2 mL 5148 miR-520a-5p 1) MSCs
% P Exos (Ad-miR-520a-5p-MSCs-Exos) & ¥
1E 55 9% ) MSCs i Exos (NC-MSCs-Exos)
JETES, #ST7d,
1.4 HEIR%EA

FEREOREE 19.5 K, &1F 7™ 3K UK B iR &
ML PR BUART &, /N B 2R IS B S AR B A
wmEMNAEE 4.
1.5 RT-qPCR & # M &8 i HH R P miR-
520a-5p~ DNMT3b %= VEGF mRNA % ik K -F

fdt F TRIzol 3 5] M IR 48 b £ HUE RNA L fii
W SRR G0 RNA 7 5% e DNAL /] SYBR
Green HR T 7E RT-qPCRAY - %F cDNA #4743
DFERE P B ik . BCEIE R IR R R (Co A
I 45 HoAR 4k 4 U6 8 B-actin B9 1% 30 B, R H
2 AT A A MR RIB K. 5IF S LR 1.

#1 RT-qPCREIYEF)
Tab. 1 Primer sequences of RT-qPCR

Sequence (5'—3")
Forward: TCGGCAGGCUCCAGAGGGAAGU
Reverse:CACTCAACTGGTGTCGTGGA

Primer

MiR-520a-5p

DNMT3b Forward: AGGGAAGACTCGATCCTCGTC
Reverse: GTGTGTAGCTTAGCAGACTGG
VEGF Forward: GCAGGCTGCTGTAACGATGA

Reverse: GCATGATCTGCATGGTGATGTT
U6 Forward: CTCGCTTCGGCAGCACA
Reverse: AACGCTTCACGAATTTGCGT
Forward: GGCATCCTCACCCTGAAGTA
Reverse: TAGCACAGCCTGGATAGCAA

B-actin

1.6 Western blotting s # M &40 KBS H AR+
DNMT3b#f VEGF & & & ik K F

it FH 072 1 RIPA 247 22 v il i B 41 21 rh 4y
BEVEE, JHEH e T IRRE AT E s T . R
JH10%SDS-PAGE 43 & 8 1 T (30 pg) FH5##% 5|
PVDF i I, $RJ5 5% AR A4 W 7E = I T 3 6 2 he
BT, Bl S5 —$H DNMT3b, VEGF (1 : 10007
B) MB-actin (1:2000Fi%E) 74 CTFHHEL®.
EE 12h)5, HEH - LAEZER TS HRP AR ICH
ZHt (1:5000%B) WE 1he &5, G
fb2% %561 (enhanced chemiluminescence, ECL) %
B BEEN IR FEAT AT WAL, R Tmage T (v1.8.0.112)
BAF AT E R HT, IR ENERREKE. BE

R IK K= H W& 1 50 KB/ B-actin 4 H
St I BEAE
1.7 ¥ % & % 7 # PCR (methylation specific
PCR,MSP) %5 # &4/ A B H AR ¥ VEGF £ 3
FPEAE

K HI DNA $2 B 7] & G B 20 80 rh 43 525 8
DNA . 2k H H B4 7] &6 DNA #5470 8% 1R &= 4R
AhEE, R PCRY™HE 1 pg &4 DNA. H 3Lk Ak
H B 1L DNA 5190 h b6 3 BIL5E DR B 2 B I 0 A
R A . DNAY RNV IAFR R 25 pl: 5 pl
10X PCR MW . 15 pl 25 mmol-L ' MgCl,, 2.5pl.
25 mmol-L 'A% H R —BEIR . IES I 51 ¥4 1 pL
(300mg-L. ) F0.5pL DNA R4 . PCR7EATE
AL AT 35MEHR (95 CAEPE 1 min, 56 “CiE k.
2 min, 72 ‘CH#Effi 1 min), 4RJ5 72 “CHEff 10 min,
PCR=WIHE 2% SRR REEEIE 08, BER IR R G
AR, i BioQ Bk A4 43 # 45 21 /Iy BG4k 21 41
VEGF Jiah FH BB R, JFHR bR,
b= (W IAFEARTOCAE T H/ K P R A
FAESH) X100% .

1.8 WMRAFEBEREE R E BB E miR-520a-5p
5 DNMT3bZ 17 & $e.é % &

B A miR-520a-5p 855 AL B AEAY (WT)
DNMT3b 3-UTR k B M % 248 # (MUT)
DNMT3b 3-UTR kBt i A psiCHECK2 2% ) % fif§
WG AR, 155 DNMT36-WT Fl DNMT3b-MUT
E{rQ - A NP O 1 i S S U LN |
Lipofectamine® 2000 ¥ 7= 4= i) WT 5 MUT #f & 2%
PKFI miR-520a-5p mimics/NC 55 0L F| HEK 293 T 48
M, % Y 4 43> miR-NC 20 #l miR-520a-5p 4H .
2 d J5 M F 9 ' 2% i 43 A &R e A 2 20 44
PR ME o PG WG P =52 K RO R G
PE /1 B 58O 2 S M
1.9 %itFo#

K JH SPSS 25. 0 #ll GraphPad Prism 8. 0 4t i1 %k
PESEATGE 20 b o /N BRI R, S
1. 2f 3R &, /NERGBE A 20 miR-520a-5p
DNMT3b #l VEGF mRNA LK, KA N
DNMT3b 1 VEGF 4 H #£ ik /K F K if A
VEGF Ji 8l + W 3 A0 R 15 & 18 28 50 1 f s 22 5%
Ve, Dhads Fon, 220 IR AR K8 B R B IR %
Ty 2250 M, 2L TRDRE A 4 5500 W 1L 35 R T SNK - K5
5. PLP<0.05AZESAGZITFE X,
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2.1 MSCs-Exos & AEFe miR-520a-5p % ik

TEM FI NTA 7 Hr45 R 78 : Exos 2 ERE ,
B FTE 100 nm (i . WLIE 1A A1 1B, Western
blotting £l 45 8 W78« Exos & i £ ¥ F5 &4 CD63
MCD8L R HPER L. WK 1C, RT-qPCR i illl
E R . 5 NC-MSCs-Exos (1. 00+0. 12) Fil Ad-
NC-MSCs-Exos (1. 02+0. 14) It %, Ad-miR-520a-
5p-MSCs-Exos W miR-520a-5p 3 ik 7K F (8. 07+
0.2 ® s (P<<0.001),

Frequency of distribution
(/%)

50 100

Particle size (/nm)

A B

2.2 BWRERER

R E LS RE R 4 FR/NR R
R RS 1, 2 & 3R A 2 R A 4%
i+ B X (F=36.084, F=19.851, F=77.755,
F=103.223; P<<0.001). H5XIHE4 L%, FGR4]
FA/N R AE R BT E A A 5 1. 2 K 3 Sl A i it Hy
fit (P<<0.05); 5 FGR 4l NC-MSCs-Exos 41 It
#, miR-520a-5p-MSCs-Exos 41 71 /I8 KU 2E 74 5t
HMAFE L, 2 L3k EEY TR (P<0.05),
W2,

1 2 3 M,

r

CD65 S — 23 000

CD81 S 22 000

GAPDH - s s 36 000

150 200

C

A': Morphology of Exos; B: Particle size distribution of Exos; C: Expression of Exos surface markers CD63 and CD81(Lane 1: MSCs;

Lane 2: Ad-NC-MSCs-Exos;Lane 3: Ad-miR-520a-5p-MSCs-Exos).

Bl AMBRRAE

Fig. 1 Characterizations of Exos

x2 HHTRDREER

Tab.2 Body weights of fetal mice in various groups

(n=10, %5, m/g)

Body weight
Group
Birth 1 week 2 week 3 week 4 week
Control 1.4140.12 5.1540.23 9.26+0.25 13.38+0.31 17.05+0.36
FGR 1.0340.08 4.58+0.17 8.01+0.22° 11.5240.27 16.84+0.41
NC-MSCs-Exos 1.0140.09 4.53+0.20 7.9440.21 11.4740.29 16.76+0.39
MiR-520a-5p-MSCs-Exos 1.2240.10%" 4.9040.224% 8.83+0.24%" 12.7940.314% 17.0240.40

"P<C0.05 ws control group; “P<C0.05 vs FGR group; “P<C0.05 vs NC-MSCs-Exos group.

2.3 &M EER P miR-520a-5p . DNMT3b
#2 VEGF mRNA % ik KF

R R EZ R TR A/NRIREAR
W miR-520a-5p. DNMT3b #l VEGF mRNA % ik
KFWHERAGITHE X (F=103.224, F=
856.460, F=214.563; P<<0.001). ZH ] % Lt
BERDR: SXRALE, FGRA/D R AH
21 R miR-520a-5p fl VEGF mRNA 2 ik 7K F [ ik
(P<<0.05), DNMT3b mRNA £ ik/KFETHE (P<
0.05); 5 FGR 4 1 NC-MSCs-Exos#4 Ft#, miR-
520a-5p-MSCs-Exos 4 /) B % 41 21 miR-520a-

5p F1 VEGEF mRNA £ ik /K F F+ /& (P<<0.05) ,
DNMT3b mRNA KR (P<<0.05). W3 3.
2.4 BuDFABEAL T DNMT3bf VEGF & &
F &%

HREFZNNE R 44N BRI 48
DNMT3b 1 VEGF & 1 KL KV IR 2% 7 A g3t
8 U (F=245.601, F=149.360; P<C0.001);
M PP R s SXTIA i, FGR4/MR
Jifi £ 41 21 b DNMT3b & [ £ ik K FF+ & (P<
0.05), VEGF & #ikKFEAM (P<0.05); 5
FGR 41 F1 NC-MSCs-Exos 4 H %, miR-520a-5p-
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£33 HFHAMDMRBEARF miR-520a-5p. DNMT3b F
VEGF mRNA #ikKF

Tab. 3 Expression levels of miR-520a-5p, DNMT3b, and
VEGF mRNA in placenta tissue of mice in various groups

(n=10, x=£s)
Group miR-520a-5p DNMT3b VEGF
Control 1.00+£0.11 1.034+0.14 1.01+0.10
FGR 0.48+0.07 4.32+0.22 0.324+0.05
NC-MSCs-Exos  0.45+0.06 4.3840.20 0.3040.06
MiR-520a-5p- s A
0.89+0.10~ 2.07+0.15°%  0.76+0.08°%
MSCs-Exos

'P<20.05 wvs control group; “P<C0.05 ws FGR group; "P<C0.05
vs NC-MSCs-Exos group.
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1 2 3 4 M,

r

DNMT3b S5 s s s 06 000

Expression level
(=]
~

MSCs-Exos 41 /)N FUIG #4121 DNM T 3b #& H /K F
FEf% (P<<0.05), VEGFEHEIKKFETE (P<
0.05). LI 2.
2.5 BuRIEMEF VEGF BHFFELE
FHNEFEZHM SR 44 /hRIG A
VEGF g THEA R UK ZRARIT¥E X
(F=687.096, P<C0.001). £ (8] "M L% % 7s -
x4, FGRA/DRIGHEAH L H VEGE i
BB AR TR (P<0.05); 5 FGR 4. M NC-
MSCs-Exos 2 L, miR-520a-5p-MSCs-Exos ZH /)N
FUG £ 40 20 VEGFE Ji 8 7 H SRR R L (P<
0.05). ML 3.

DNMT3b

*

VEGF
0.81

0.6

A#H

Expression level
o
e~
T

N ﬁﬁﬂ

VEGF A e s s 27 000
0
Practin  WE—_ —— - L2 000 & & o T & F o o
Qo 2 Q /) A
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NSRS W
S G
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A': Electrophoregram(Lane 1:Control group; Lane 2: FGR group; Lane 3: NC-MSCs-Exos group; Lane 4: MiR-520a-5p-MSCs-Exos

group) ; B, C: Histograms ("P<C0.05 compared with control group; “P<C0.05 compared with FGR group; “P<C0.05 compared with

NC-MSCs-Exos group).

B2 H4/MREBEHASA P DNMT3bH VEGF EARBAKE (A RELAE(BHC)
Fig. 2 Electrophoregram ( A) and histograms (B, C) of expressions of DNMT3b and VEGF proteins in placenta

tissue of mice in various groups

2.6 miR-520a-5p %5 DNMT3b 2 |7 # Je &) % %
Bl T £k 4K 1 TargetScan (http://www.
targetscan. org/vert_72/) 48 & miRNA Xf T # %
DNMT3b 8 A H A7 5, B0 6 miR-520a-5p 5
DNMT3b BANESFH) (TASG 0D WIE 4,
W EMLE SR PR : 5 miR-NCH
(1.0040.09) Fb#, miR-520a-5p 41 DNMT3b-W T
2 5 AR L 1 PO R B P (0.41£0.07) W&
B (P<<0.05); 5 miR-NC# (1.014£0.12) It
#, miR-520a-5p 2l DNMT3b-MU'T 4 4 25 14 41 Jfd
B CE B TE (0.98+0.10) LM B A L, %%
gt E L (P>0.05),

3 W i

FGRIEGE IR F 2 IF R 4E, 2 F ™=t
MAEMmREERNZ — " BAEREKILS K
Z YA i HE S, IGILEFE R R E IKEE
Jif £ BRI RIUE 5%, AR ARG MM E .
Tit 00200 i PN 7 A DA AR R IE B AR UR 1. Exos & —Ff
A 38 2ok 22 o AR A T A0 R TR ) B S A R A T Y R
ey, 8 L A DA R P 3 0 8 240 Bt A1 2R 8 O
FOGEAEAE . WFoE 0 BR o BERDE IR AE7E R
VR Exos, R 5 B 4 B 2% B 4T R 910 ) BE ek
A5, LUE N AEIRTOR, X — g Rk R,
M) 25 5] B AT OR P 1 & A4, 45 FGR. Wit, %
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A': Electrophoregram (M : Marker; Lane 1,2:Control group; Lane 3,4: FGR group; Lane 5,6: NC-MSCs-Exos group; Lane 7,8: MiR-

520a-5p-MSCs-Exos group; Lane 1,3,5,7: Methylated; Lane 2,4, 6,8: Unmethylated) ; B: Histogram ("P<0.05 compared with control

group; “P<C0.05 compared with FGR group; *P<C0.05 compared with NC-MSCs-Exos group).
B3 HANRBRART VEGF 53T F HAR A0 K E (A) M EMAE(B)

Fig. 3 Electrophoregram(A) of expressions of methylation level of VEGF promoter in placenta tissue and methyation

rates (B) of mice in various groups
DNMT3b3-UTR

miR-520a-5p

5...GUUGUAUAGAUCCAGUUGCACUA...3'

3...UACGGGAAAGUAGUAACGUGAC...5'

B4 TR miR-520a-5p 5 DNMT3bE #4575
Fig.4 Predicted complementary binding sequences of miR-520a-5p and DNMT3b

ABESE Exos X5 FGRIM X R, HHENFGR R
WL T AR T B AT R

MSCs B Z st . Spedd iy . k. b
TR 45 A A5 A W 2 e, RSB B T s
AT A5 5 1 K ¥ BRI . Exos & MSCs Y fig & 4%
MEERREZ —, HHMSCs/ri, & ZMEN
Bt . mRNA . miRNA FlJg 5T 5 3% My, e 7E
A MR, WA RIIEE . R B
78 : miRNA TE FGR 1 & 9 o 78 v 40y 1 85 25 A 64,
miRNA [ 55 235 ] gl o P84 5 M LA KA
SR, s EAE . I6ILE SRR ARG
e, MM FHFGR, W5 *" BoR: miR-520a-5p
TEMG B SR P A R R E, FGREFE TR T
WML YE 16 3% Exos W BY miR-520a-5p 32 ik K AL T 1E
WAL ORZP AT, X T 76 4 Ok R 0 FGR BA3 8¢
E R HER L, A BN FGR BT AR W) T AR 4 .
APFREER DR FGRZFIRBHAL T miR-520a-5p
R T IEH R o AW miR-520a-5p i
B (Ad-miR-520a-5p) %Y MSCs 3K 15 & 1 3%
miR-520a-5p ) Exos, WMEH X} FGR I BT IR 45 )R
B, 2R EOR . &R miR-520a-5p ) MSCs %

I8 Exos AT 34N FGR F 48/ BUAY 1 28 M4 7 & Fn i A
Ja 1. 2 M 3FaAR TR, BEW] R B miR-520a-5p 1)
MSCs K& Exos T 20 3% FGR I R WR45 /o
miRNA 3 238 i3 5 # mRNA F5 5 0 5 5 i
XF 5] B HE mRINA R fige a2 400 ) B, DA R
IR 53 5 A B AT 75 . DNA F LA & —Fhn] gt 4%
MR, aTUE IR AT . g
{75 : DNA HIELTE FGR & & i #2 v B 459,
S 1) DNA H R B0 rT e & o 8 SE R Rk, iF
M-S EFGR. AT #— W58 miR-520a-5p £ FGR
R AE o TALH], ARWFS AR WS B S
P 2 DNM T 36 1] G & miR-520a-5p () gL A&
. #FgE ™ Bos . DNMT3b 7 T A 301 22 10 16 4%
P B E ks, HIGHEHLP DNMT36 mRNA
F kK5 0 H 4 43R A L AR I 5 fROAH G
KR, ARG RER: FGRERKEAN
DNMT3b mRNA Fl i F R B AT m ;&
miR-520a-5p I MSCs i Exos T2 flUn , Mk
21 DNMT3b mRNA Fl 8 (1R kK FHREML, H
X7 N 2Kl AR 45 JE IR 0 B 3iE 52 miR-520a-5p W] H %
#UE DNMT36 1) 3-UTR, #7588 3 miR-520a-5p
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