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Effects of microRNA-132-loaded mesenchymal stem cell-derived exosomes on human umbilical vein endothelial
cells under hypoxia condition

WANG Tian-bao, DU Jian-feng, XU Li-qing”
Department of Cardiovasology, the 4" People’s Hospital of Shenyang, Shenyang 110000, Liaoning, China

[ Abstract |  Objective To investigate the protective effects and mechanism of microRNA-132 (miRNA-132)-
loaded exosomes derived from mesenchymal stem cells on human umbilical vein endothelial cells (HUVECs) under
hypoxic condition. Methods Electroporation method was applied to transfect miRNA-132 negative control (NC) and
miRNA-132 mimics into mesenchymal stem cell-derived exosomes as control exosomes (Exo) and miRNA-132 loaded
exosomes (miRNA-132 Exo), respectively. Equal amount of phosphate buffered saline (PBS), Exo and miRNA-132 Exo were
co-cultured with HUVECs for 48 h in a hypoxia incubator. Cell counting kit 8§ (CCK-8) was used to detect the cell
proliferative ability, tube formation assay was performed to measure the angiogenic ability, and Transwell migration assay was
employed to investigate the cell migration ability. In addition, the downstream target genes of miRNA-132 were predicted by
TargetScan database, and confirmed by dual-luciferase reporter gene assay, quantitative polymerase chain reaction (qPCR)
and Western blotting. Results miRNA-132 mimics were successfully transfected into exosomes by electroporation method.
After cultured under hypoxia for 48 h, the proliferative ability, angiogenic ability and migratory ability of HUVECsS in the Exo
and miRNA-132 Exo groups were significantly higher than those in the PBS group (all P<<0.05), and those in the miRNA-132
Exo group were signficantly higher than those in the Exo group (all P<<0.01). TargetScan database analysis result showed
that Ras p21 protein activator 1 (RASA/) may be a target of miRNA-132, which was related to the process of angiogenesis.
Dual-luciferase reporter gene assay confirmed that RASAI was the downstream target of miRNA-132. The results of gPCR
and Western blotting showed that treatment with miRNA-132 Exo under hypoxia could inhibit the expression of RASAI in
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HUVECs. Conclusion Mesenchymal stem cell-derived exosomes with or without miRNA-132 load could both preserve

the proliferative ability, angiogenic ability and migratory ability of HUVECs under hypoxia. miRNA-132 may enhance this

protective effect by inhibiting the expression of RASA1.
[ Key words |
cell proliferation; cell migration; neovascularization
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1.1 @wmiasdc AR E e T 4008 (umbilical
cord mesenchymal stem cell, UMSC ) 5 A i ik
N 2 48 M2 ( human umbilical vein endothelial cell,
HUVEC ) ¥l T VL8 M AR BB A IR A
UMSC 1535 T DMEM-F12 5¢ & 55 g He b [ B 55 4
BLHil: 89% DMEM-F12 ( [ Gibco 24 F] ) +10%
FBS (5 [H Gibco /A Al ) +1% H 8 % 4R R IR
AW ] o HUVEC Ki 3% F % EGM-2 MV ] EBM-2
Kigedeh (Hit Lonza AH] ) o
1.2 Shistksa B 5 %2 R E O 2 31 3
(R JCHM IR 1 FBS WA SR A . UMSC Sk i 41 i
TR BTN . el 300X g, 2000X g,
10 000X g B> 10, 10 A1 30 min, AFRE LG IR
an BT T 3805 RS LL 120 000X g B0
70 min, JfiAT 2 %8 EJELL 0.5 mL PBS HAEASML
. SNBRGRAFTE 4 CHr, LRAFITTRIGE T 1 L A
M BCA A EEIAM & ( LB KAV ASA
BRA] ) XEohis A b i A B e i, RATE A
5T B 308 3 A 0 A1 0 1A 2% T AR 75 ) CD63 i CD9 1Y
ik (CD63 1 CD9 Hit 411 [ % [5 Abcam 2\ ],
RGN 1 2 1000) o FIHES BT S5 (H
A% Olympus /A 1] ) XFIMBMA A2 TR
1.3 sb 34k % & miRNA-132  F o 5 7% ok
¥ miRNA-132 mimics 2 miRNA-132 [ 1 xf i&
(negative control, NC) [ET/EY T ( L)
Oy A BR A ] S B Mk, BAR
T BN A B AL MR IR 2 1
ML e R G 345, EREE S ming WRG
A miRNA-132 NC 2 miRNA-132 mimics (
200 pL fill A 1 pmol miRNA-132 NC #§ miRNA-132
mimics ) , FJ5HL 200 pL I A HLER S N Bl FE
A Gene Pulser Il HL¥: 248 ( 32[E Bio-Rad 2
") M, T 150V, 100 uF &1 F 7% #%.
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AT BRAMNIMASR 4 4 Exo, H1%% miRNA-132 mimics
) F Ay 44 5 miRNA-132 Exo. ] qPCR &)
AP miRNA-132 335 (qPCRIAFI &L H H
A TaKaRa A#] ) o
1.4 HUVEC 5 shisthay s 83325 N THHDIE
o T I AE PN R 200 A SRR AS TR T A2 B 44,
A G R AR A 5 772 1 75 2075 2 HUVEC 1 il 46
Bithi. Jeks HUVEC 4328 3 4, 40 B A SRR
PBS. Exo FllmiRNA-132 Exo, KRG 4ii7E 37 C .
5% CO,. 1% O, MfIRAHRE AR 9% 48 h, 14
HHE ) HUVEC B
1.5 HUVEC ¥ 74 5t A 4 m >R F CCK-8 ¥ 6
I HUVEC R385 68 1. 40 B3+ 500U5 il B % B A
5X10Y/mL BB, FHEAEFL 100 pL 402
#) 96 fLik b, g% 24 hy BUH IR, FF L3,
PBS Pk 4 ffl, SR )5 &AL Hn A 10 pL CCK-8 ik
R, TEXEFRA RN 4 by 5 JE HEEFRILAE 450 nm
WA B (Dyso ) 1H
1.6 HUVEC &RE s Atem RS L0 IT
i HUVEC TEIRSMU RS RE ST o B EETRH T 96 fL
M, A B 3] 5 2H B 35X 10" /200 i 4 o 81 L
W s B AR 96 FLARE T 37 'C . 5% CO, Ki
FERE R TRLIE IR 6 hy (I AH 22 A AR A 1
B, FEARCSE. FIFH Imaged AT B 45
1.7 HUVEC &£ # %t A4 m >R Transwell i %
SIS HUVEC WERSRE ) o (I JC M i 5 ik
W A0 L 5 BB 1 X 10°/mL F A LA, 4 IR
£ 200 pL Ml A Transwell /NZE 1Y FJZ, TIZIMA
SRR BTSN E 12 h WE SRS,
FRIR I AR ER R R 2 2R B i A, SRS H
4% 2 5 W RV W 11 52, R DAPT X 240 it A% 320 47
Yefty; FURTESOGDIMES gL . FBOFITHEL
1.8 miRNA-132 ¥2 &7 5 344E  Fi| F TargetScan
B 122 X miRNA-132 f #1055 1547 T, 0 9 2% B0
Ras p21 #5 175 1T 1 (Ras p21 protein activator 1,
RASAI') WREHTUFERE s 55 i i A .
(1) R FH R G 2 i 4 JE RS2 56 56 TiE
miRNA-132 5 RASAT 5 A6 ME. K 293T 4%

FRE] 24 FLAR, 53 80% Ml I FFUAHE YUY 4 3 uL
Lipofectamine” 2000 ( & [# Invitrogen 23 7] ) HIIA )
50 L oA R . ISR FRIE T, IR K
AR EAFRINA 50 uL EHUER . JCILFRR IR
FLRA], HoA miRNA-132 i3 ik FokifEfL 100 ng,
WP AR AU 9828 B RASAT 1 3"~ AEFHF X (untranslated
region, UTR ) H 24 i ki 4 L 300 ng; R & LA I
2AME R, EEME 20 ming BUR A L YA R
100 pL IIAGHMIRE SR, 6 h 53555 B4 ni i &
T - BER M FBS BYRTFR 3, K59% 48 h i W
OGRS RGO R BRE

(2) 2R qPCR FIEE 11 5T B 2 4G 0 o 46 2%
fF'F HUVEC. 454 PBS 41 HUVEC, #t%
% 1F T Exo 41 HUVEC Fl it & % 1 T miRNA-132
Exo 41 HUVEC H' Y RASAI # ik #&, qPCRIiz 7l
& H H A TaKaRa 24 F), RASAL HUiKI H 9% [
Abcam 23w (FRELLAI 1 2 1000)
1.9 it Fa® FdE ¥k A GraphPad Prism 8
BAFEAT AT, ITA SR 3K, fFE IESS
TR TR x5 R, S0 HAECR R HE R
5 22570, WO LEACR B/ 3 22 s, K
KHE Ca) 4 0.05,

2 # R

2.1 wARER GNP mIRNA-132 49 &8 FIH
P BT B 300 2 R0 S R Il (OB R A IR R A T
FE o MR 1A Ji7s, W E.OEACK FBS Hhiry sk
225 M2 T UMSC AMMAREA H CD63
I CDY ik, A N AR bR S RAE,
1B R, i e W I R b T DO 22 31 5%
/N, ACIREE R, EARZH 100 nm, £545 50
IMATE 252245 4E . X UMSC M 1 miRNA-132
P F IR R T R A, 45K (F1C) RN
Z I U6 IEIAE{E ( cycle threshold, Ct) Zk
26.41+0.26, 1fif miRNA-132 £ % 30.48+0.30, jiF
B miRNA-132 #£ UMSC Zh A ik s 3l
FE SIS I AR RE M SR I TR A FRE (B 1D) , {0
1 5% miRNA-132 mimics 211 miRNA-132 ik H N
HL % miRNA-132 NC 4119 (647.21+66.29) 5 ([
1E) , UEHHESCE 1
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Fig1 Identification of UMSC-derived exosomes and results of miRNA-132 electroporation
A: The presence of exosomal specific markers CD63 and CD9 were confirmed by Western blotting; B: Representative transmission

electron microscopic image of exosomes; C: The expression level of miRNA-132 in exosomes was detected by quantitative

polymerase chain reaction; D: Representative transmission electron microscopic image of exosomes after electroporation;

E: miRNA-132 expression level was increased significantly after electroporation detected by quantitative polymerase chain reaction.

"P<<0.01. n=3, x+s. UMSC: Umbilical cord mesenchymal stem cell; miRNA: MicroRNA; FBS: Fetal bovine serum; Ct: Cycle

threshold; NC: Negative control.

2.2 miRNA-132 Exo /& # £ 37 3% T 4% & HUVEC
a3 gaae 1 CCK-8 EKMIE R (K2) BN, fE
BE PR R, PBS 4l HUVEC ¥ 5 it 1A FR, Dy
%; Exo 4 Al miRNA-132 Exo 21 HUVEC 1 D,s,
¥ TPBSA (P#<0.01) , Jf H miRNA-132
Exo ZH  T Exo 4 (P<<0.01) . &R FEW LI
JE TR 4 miRNA-132, UMSC 3K JE &P s A 24 7] 2
{5 HUVEC 7E A A BE T 138 E i 1, JF H 23k
miRNA-132 J5 HAR G e T B3

2.3 miRNA-132 Exo /& 4 8. 38 32 F #% & HUVEC
MRER A BRIERERAR (K 3) 8w, 18
BRI T, PBS 4 HUVEC A& RE IR, T
M FELE # K BN (6.33£0.59) mm; Exo 41 Al
miRNA-132 Exo 41 HUVEC J& i () 45 4 45 ¥ K 3
43 (11.97£0.83) F1 (14.20+1.25) mm, ¥
= FPBS 4 (P#)<<0.01) , JfH miRNA-132 Exo
& T Exodl (P<0.01) . &5 REHTLILRE

75 % % miRNA-132, UMSC 3K 5 &b W 1k £ 7] 3
% HUVEC 7€ Bt 8 3R B3 T ) 04 68 11, JIF H 26 4%
miRNA-132 J5 HAR A RE 1 i,

ok

0.871 ! ok Hk !
T il 1
T
0.6
04
0.2f ’_'r_‘
0
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2 CCK-8 i&#il&4H HUVEC RIETEAE S
Fig 2 Proliferation ability of HUVEC in each group
detected by CCK-8
"P<0.01. n=3, x+s. CCK-8: Cell counting kit 8; HUVEC:
Human umbilical vein endothelial cell; PBS: Phosphate
buffered saline; Exo: Control exosomes; miRNA-132 Exo:

miRNA-132-loaded exosomes; miRNA: MicroRNA.
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Fig3 Angiogenic ability of HUVEC in each group detected by tube formation assay

A: Representative figures of tube structures of each group; B: Tube length was calculated by ImageJ software. P<<0.01. n=3, x+s.

HUVEC: Human umbilical vein endothelial cell; PBS: Phosphate buffered saline; Exo: Control exosomes; miRNA-132 Exo: miRNA-

132-loaded exosomes; miRNA: MicroRNA.

2.4 miRNA-132 Exo 7 4t £ 3 3% T #% & HUVEC
o A 4k A Transwell iE B LI 45 (K 4)
R, TEBAIREL T, PBS 4] HUVEC i #2 it 11421,

I 7% ik MBS B 40 B A H 29.82+17.06; Exo 41 il
miRNA-132 Exo 41 HUVEC iT#% 1 [ 4 40 i 4~ %0
5 oh 91.27+38.25 il 364.97+84.17, ¥ T PBS

PBS Exo

200 um 200 um

40 (P<<0.05, P<0.01) , JfH miRNA-132 Exo 41
T Exodd (P<<0.01) . & 45 R KW TGk
75 4 2% miRNA-132, UMSC 3£ i 4 i 4 24 7] 2
{5 HUVEC fE S S8 A 58 T I E e ), IF H A3
miRNA-132 J5 HAR TR fiE T 0%
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I
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Fig4 Migration ability of HUVEC in each group detected by Transwell migration assay

A: Representative figures of migrated cells of each group; B: Migrated cells were counted. "P<<0.05, "P<<0.01. n=3, x*s. HUVEC:

Human umbilical vein endothelial cell; PBS: Phosphate buffered saline; Exo: Control exosomes; miRNA-132 Exo: miRNA-132-

loaded exosomes; miRNA: MicroRNA; HPF: High power field.

2.5 miRNA-132 i@ if 45 & RASAI #9 3'-UTR 7 4|
H k& F|H TargetScan £ ¥ 2 X miRNA-132 1]
REARE LA T TI, 2800 e 2 I RASA T i3Ik W]
LA R A, 5 miRNA-132 (945 407 4
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RASAI J& miRNA-132 Ay . qPCR FIZE 5
Eligkgs R (& 5D, SE) ¥R, Bl s kb 2
FIEER A SR TN Exo AbHHA R 22078 HUVEC
RASA1 WA, Mi7EHE S5/ il miRNA-132
Exo AbFEI 24| HUVEC i RASA1 YA, #F—
HAIFESE RASAT 2 miRNA-132 FYHE 5
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Translation region  3'-UTR
SV40 MhRlucH RASA!
RASAI mRNA 3"_UTR

470-476 nt

Seed match: 7 mer
Context score: —0.28 RASAI 5"...UGAACAUGACCAUUUGACUGUUC-3'
Context score percentile: 98 (ARN [RRRRN

Conserved branch length: 6.322 | miRNA-132  3-GCUGGUACCGACAU-CUGACAAU-5' 1
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Fig5 Prediction and validation of miRNA-132 downstream genes

A: Binding motif of miRNA-132 with RASAI 3-UTR was predicted by TargetScan database; B: Construction of luciferase reporter

plasmid; C: Relative Rluc/Luc ratio; D: RASAI mRNA expression in HUVECs in each group was detected by quantitative polymerase

chain reaction; E: RASA1 protein expression of HUVECs in each group was detected by Western blotting. "P<<0.01. n=3, x=s.

miRNA: MicroRNA; RASA1: Ras p21 protein activator 1; UTR: Untranslated region; SV40: Simian virus 40; hRluc: Human

renilla luciferase; pA: Polyadenylation; HSV: Herpes simplex virus; hLuc: Human firefly luciferase; pUC Ori: Plasmid UC origin of

replication; Amp": Ampicillin resistant gene; Rluc: Renilla luciferase; Luc: Firefly luciferase; WT: Wild type; NC: Negative control;

Mut: Mutant type; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; HUVEC: Human umbilical vein endothelial cell; Exo:

Control exosomes; miRNA-132 Exo: miRNA-132-loaded exosomes.
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ik & 3K 38 A M 1 Sre G A5 5 M 1 (Sre
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