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£ 7R  7F MSCs-Exos Hll MI/RI J&5 0 LA 409 miR-21-5p B Ik 2 AR M, 5 HAL4& 40 A0 o, MI/RI +
MSCs-Exos ZH % LC3B ik I 18 ( P<0. 01) 5.0 LAHMLJH T~ b 2320 (P<0. 01) 5 73 80406 FT 22 (FS% ) FAE 0 2 558
ML 30( LVEF) ¥ 8 4 5 (P<0.05) . 518  MSCs-Exos 1T 38 3 #8150 UL A W 2l 3 MI/RT K BRI BE ) 8, HAE
FAMLHI T BES miR-21-5p B A 4,

[R$ER] [T T4i; %w‘ﬁg;microf{NA-Zl-Sp s /U I O LB AL P VR A
[FESES] R-33 [ XEktRIEAG] A [ XE4S)1671-7856(2020) 05-0088-09

Mesenchymal stem cell-derived exosomes regulate cardiomyocyte autophagy
and cardiac function via microRNA-21-5p in rats with myocardial ischemia
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[ Abstract]  Objective To investigate whether exosomes ( Exos) secreted by mesenchymal stem cells ( MSCs)

regulate cardiac autophagy and cardiac function in rats with myocardial ischemia through miR-21-5p. Methods In vitro,

[BEE£TE RS /R HIR X HARAEE4 T H (2018D01C308)
[EEB N ] FMELE(1979—) B Wi+, WF5E 7 1) O ML B I R B JEREAFST . E-mail ; sunxxlan@ sohu.com
EEIEE ] WIS (1973—) B 61 DR T5 1 - O A0 I R R BERE AT 58 LA . E-mail : yhfeng99@ 126.com



e R A R 2 AR AR 2020 4FE 5 45 30 #8455 Chin J Comp Med, May 2020, Vol. 30, No. 5

89

the effect of MSC exos on H,0, stimulated H9C2 cells was observed. Cell viability was detected by the CCK-8 assay,
apoptosis was detected by flow cytometry, reactive oxygen species ( ROS) production was analyzed by fluorescence
microscopy, and autophagy-related proteins and autophagy formation were detected by immunoblotting and fluorescent GFP-
LC3. In rat model of myocardial ischemia-reperfusion injury ( MI/IR ), the effects of MSC exos on cell apoptosis,
myocardial LC3b expression, and cardiac function were examined by TUNEL assay, immunohistochemistry, and
echocardiography. Results In vitro, MSC-Exos significantly increased the activity of H9C2s stimulated by H,0,( P<0. 05)
and decreased the production of ROS and the rate of apoptosis (P<0.05). Compared with the H,0,+MSCs-Exos group, the
cell viability in the H,0,+MSC-ExossimiR ™" group was significantly decreased (P<0.01) , whereas ROS production and
apoptosis were significantly increased ( P<0.01). Western blot analysis showed that compared with the H,0, group, the
expression of LC3B-1I/LC3B-1 and LC3B-II in the H,0,+MSC-ExossimiR ™" group was significantly lower than that in the
H,0,+MSCs-Exos group (P<0.05), while the expression of p62 was significantly increased ( P<0.05). Autophagy flux
result ; Compared with the H,0, group, GFP-LC3 was increased in the H,0,+ MSCs-Exos group. Furthermore, Compared
with the H,0,+ MSCs-Exos group, the number of GFP-LC3 points in the cells of the H,0,+ MSC-ExossimiR-21-5p group
was significantly reduced ( P<0.05). In vivo, RT-qPCR analysis showed that there was a positive correlation between the
expression of miR-21-5p in MSCs-Exos and MI/RI. Compared with other groups, the expression of LC3B in the MI/RI+
MSCs-Exos group was significantly increased (P<0.01), myocardial apoptosis was significantly reduced (P<0.01), and

the fraction shortening rate (%FS) and left ventricular ejection fraction (LVEF) were significantly increased ( P<0.05).

Conclusions
mechanism may be related to miR-21-5p transfer.
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B = BRTT T B, A ANAT LAY/ A A8 1 A, 1 HL AT
DA THD (B MR AR R Pt nl e 2 5
FEFEY™ &, 33X A2 O WLER I/ 198 7 451 45 ( myocardial
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MSCs-Exos can improve cardiac function in MI/RI rats by regulating myocardial autophagy, and its
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[E3€ B Gibeo A ) ; T 24 14X (FCM, £ [H BD
Biosciences A Al , #it5:0796-2007 ) 55,

1.3 LWAHE
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+ MSCs-Exos 2 , 7E PR AT 5 min, 8 30 543k



e R A R 2 AR AR 2020 4FE 5 45 30 #8455 Chin J Comp Med, May 2020, Vol. 30, No. 5 91

FAL 2 IR TR S 254 5 % T 10 wLPBS H11% MSCs-
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B R 6 AL b BHE 20 i 00 S 21 TR A R R
AN AR BT AR AL 3R A5 00 B 40 B B 4 b
P BRI AUk 2 e 0 VR A B SR R B e T
O 8 i A 3 A N TN S A
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(3) RT-qPCR Z3#7

P UL WA F TRIzol 328770 45 B0 L ZH 21 Hp 19
RNA, ffi ] SeraMir™ EVs RNA #2 Bt 71 & #F 17
MSCs-Exos & RNA #& 8L, i Ji] ReverTra Ace Qper
RT 1207 &5 B4 i Y8 RNA 5% 5% ¢DNA
fi FH SYBR Green Master Mix i 7| & 7£ Applied
Biosystems 7500 SZAF PCR & 4t 47 RT-qPCR X
o HH U6 /%A~ RNA JE R i 2 15 B AR 9 3B %
W IR 2753 7 vk iE AT B I 3R 3K 0 BT . miR-21-
5p A1 U6 W51 W) )& H AR Takara 28 ® 3T IA A,
19 540 F : miR-21-5p, iF [ : 5'-GGCGGTGTA
AACATCCTT-3", JZ [f1] ; 5'-GTCGTATCCAGTGCAGGG
TCCGAGGTGTCG-3'; U6, iF [4: 5'-CTCGCTTCG
GCAGCACA-3", JZ [f]; 5'-AACGCTTCACGAATTTGC
GT-3',

(4) L WETBE S BT

i R O B KA (GE Vivid E9) LU &E O
WESEFFI T BE o 76 W6 A~ 2L 3k L2 0] A e il | 0 5%
OIE, I FL 8 X = A3 250 Bk 14 45 SR SR S 344,
DL M BRI (8, P& LVID A1 LVIDd LA

W DR B G5 A8 4k, 38U R R (% FS) 1Y
AR . %FS = (LVIDd-LVIDs ) /LVIDdx 100,
Horp LVIDd REFaki LV 42, LVIDs U 4i ] LV
AR, HAE LSRR Teicholz 24C A 2115
LS5 (LVEF) |
1.4 SFitEAH*

K HI SPSS 22. 0 Geit B XA 98 Bl #4743
Mo TR 2R N P8 e bR 25 (& +5)
For o KPR F J5 22 3 B A LSD K 35 %of £ i
1530, P<0.05 N 2R HASI¥5E X,

2 #R

2.1 MSCs-Exos HI4E

MSCs-Exos 7£ TEM T %8 8 7~ BRIE B84, 122 5]
JEE SR AR (8 1A) o ] qNano Xf MSCs-
Exos K/NHAT T 4387, 45 3 i /R I SR 534 oy 40 ~
160 nm( %] 1B) ., Western blot IE5EZ T Exos #riC %)
TSG101 . LAMP-1 1 CD9 #& & ik, 45 N 14 Z H A
JE PN IR R A — R R A E5 45 & B 1, 7E Exos AR
DHBL(E 1C) , H,0, BIFJE 12 h, KZ % PKH26
FRiCH) Exos 7 T HOC2s 4B (& 1D), I
LK, H,0, FIEUS , MSCs-Exos 7] # N 1k 3]
H9C2s H1,
2.2 MSCs-Exos 1858 H,0, #i# /5 # HIC2 4 ia
BI7E 71 R D> 4l BEE T-F0 ROS B9~ 4

H,0, Hl 3 1) HOC2s i £ 14 Hb 4H g e 42 15
RIS T ASE 4 MI/RT sh B R, 5 H,0, 4141
F.,H,0, + MSCs-Exos 41 41l il 1% 1 & 2 /i (P <
0.05) ,ROS j=A: F4 g I/ T~ % 1 35 B A% ( P<0. 05
5 H,0, + MSCs-Exos # #H Lk, H,0, + MSC-
ExossimiR """ 20 4 it 15 7 b & FAAIG (P<0.01),ROS
AR 2 B R T A B S B (P <0.01) 5 H,0, +
MSC/scramble-Exos 41 B9 76 7 R SR 5 H,0, + MSCs-
Exos ?ﬂjﬂﬂi( ] 2),
2.3 MSCs-Exos 07T HIC2 48 B A7k F

Western blot £l 75 . 5 H,0, A4 I, H,0,+
MSCs-Exos 41 LC3B- 11 /LC3B- I #1 LC3B-1I 953k
BEWR (P<0.01), p62 M FEBEEM] (P<
0.01); 5 H,0, + MSCs-Exos ZH # X, H,0, + MSC-
ExossimiR ™" £ ) LC3B- 11 /LC3B- I Al LC3B-1I 1
Fih B E MR (P<0.05) , p62 Ay ik I FH 138 (P<
0.05) ;H,0, + MSC/scramble-Exos 2 6 ¥7 30 R 5
H,0,+MSCs-Exos ZLAHL(E 3A) .
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Note. A, Representative images of MSC-Exos obtained by TEM analysis. B, qNano analysis was performed on MSC-Exos. C, Western
blot analysis of TSG101, LAMP-1, CD9, and cadherin expression in SCS-Exos. D, After the co-culture of H9C2s and pkh26-labeled
SCS-Exos for 12 and 24 h, fluorescence microscopy was used to detect the internalization of SCS-Exos into HOC2 cell.

Identification and characterization of MSC-Exos

Figure 1

AW 45 R o 5 H,0, 4l ILEL, H,0,+
MSCs-Exos 214 jf H A7 7E 1) GFP-LC3 5038 ; 1
5 H,0, + MSCs-Exos #41 #H [k, H,0, + MSC-
ExossimiR ™"" 2] 21 Jfd v 77 78 (1) GFP-LC3 s 4 i 3
FAAK (P<0.05) , tnl&l 3B,

2.4 7£ MSCs-Exos #1701 MI/RI /5 AL4E R
miR-21-5p R

RT-qPCR 43 #7 45 2% 7 . miR-21-5p 1) 1 77 4%
YL i 2 Ak MSCs-Exos F' miR-21-5p By ik (P<
0.01, 8 4A), 1£ miR-21-5p 453 K H B 1 %o R
JRIT MI/RI J5, 4553 7R miR-21-5p #0850 780 B
AP B FEFER T miR-21-5p F£iA (P < 0.01, [
4B) .
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T RFw A (P<0.01) (B 5B) ;70 K46 8% (%
FS) Al 22 0> 25 B I 20 B0 (LVEFR) 33 B F 42 & (P <

0.05) (K 5C),
3 itig
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SRREREAL , 2T 5 A SR Bl B e 28 Y gt Jik P BRE B
s B, ) 57 e A O WIUBE BB | bk OB A5 520, FH 24
W10 AR B0 ik 2 AR B ik s A 4 O T LA
EVAR 8 01 ot O 1 - s L7 | N3 O S A0
DA & A 2R BE , DL IR YT ik A R 4l
OB E FFA AR, T 40 R AR B R i6 9T
B it O IS A 9 $S 2 — TR S T 4 B A
MU LAY R 97, EL A M2 B it R 8 0 AL
MR VERT . KIERFSE IR, T 40 73 WA 1Y Exos A7
LRI AR B 0 L AR R i A R A A
P A AN mRNA miRNA P&
AP TR M A R BR S T B AT A A e
TR I MR AR  HAMNBARE L8 miRNA
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Note. A, Cell viability was assessed by the CCK-8 assay. B, Evaluation of ROS production by fluorescence microscopy. C, The apoptosis of HIC2
cells was detected by FCM. Compared with the control group, * P<0. 05, ** P<0.001. Compared with the H,0, group,* P<0.01,*#P<0.001.
Compared with the Hy0,+MSCs-Exos group, ¢ P<0. 01,4 P<0. 001.The same as below.

Figure 2 Effect of SCS-Exos on H9C2 cell viability, H,0,-induced apoptosis, and ROS production
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Note. A, The effect of SCS-Exos on the expression of autophagy markers p62 and LC3 in HOC2 cells. B, HIC2 cells were transfected with a GFP-LC3
plasmid, and LC3 puncta were observed under a confocal fluorescence microscope. The bar graph shows the number of GFP points per cell.

Figure 3 Effect of SCS-Exos on the autophagy level in HOC2 cells
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Figure 4 Expression of miR-21-5p in the myocardium after MSCs-exos and MI/RI
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Figure 5 Autophagy induced by miR-21-5p can enhance apoptosis and cardiac function in MI/RI rats
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