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[ ABSTRACT] Aim To investigate the role of exosomes in the calcification of mouse vascular smooth muscle cells
(VSMCs) induced by CD137 signal. Methods The mouse thoracic aorta VSMCs were performed by patch-attaching
method, and VSMCs were divided into two groups: the control group, the CD137 excitation group. The exosomes were ex-
tracted by kit and identified by transmission electron microscopy, nanoparticle tracking analysis and Western blot.  Fluo-
rescence microscopy was used to observe VSMCs uptake of exosomes. Lentiviral vector of nuclear factor of active T cell ¢l
(sh-NFATc1) was constructed and infected with VSMCs. The experiments were divided into three groups: control group
with exosomes treatment, CD137 excitation group with exosomes treatment, silenced NFATc1+CD137 excitation group with
exosomes treatment. Western blot was used to detect the expressions of a-smooth muscle actin («-SMA) , bone morpho-

genic protein 2 (BMP-2) and Runt-related transcription factor 2 (Runx-2). Calcium salt deposition in VSMCs was detec-
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ted by Von Kossa staining. Results Western blot results showed that microvesicles in both groups expressed exosomes
surface marker proteins CD9 and CD81. Under electron microscopy, the exosomes were round and cup-shaped, and its di-
ameter was about 30-100 nm. The expression of NFATcl protein increased significantly in exosomes of CD137 excitation
group. Compared with the control group exosomes treatment group, the expressions of calcification-related indicators BMP-
2 and Runx-2 proteins increased significantly in CD137 excitation group with exosomes treatment, while the expression of a-
SMA decreased significantly. Compared with CD137 excitation group with exosomes treatment, the expressions of BMP-2
and Runx-2 proteins decreased significantly in silenced NFATc1+CD137 excitation group with exosomes treatment, while
the expression of a-SMA increased significantly. Von Kossa staining showed that VSMCs calcium deposits in CD137 exci-
tation group with exosomes treatment were more than those in control group with exosomes treatment, while those in silenced

NFATc1+CD137 excitation group with exosomes treatment were significantly lower than those in CD137 excitation group

1195

with exosomes treatment.

ting NFATcI.
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Y5 AN R 3 ARG A0, 436 A5 AR SN AA IR
VC, 55 A8 AT TR« 540 SN N AR 25 &
T LS R DU, TRy AR 5 5% — D i, A
DA PAIA T LA 3 o 7 40 [0 4% 336 A BRI E Ve,
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Conclusion CD137 signal pathway mediates VSMCs calcification through exosome transmit-
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smooth muscle actin, a-SMA ) #L & ¥ B Sigma /2 7 ;
B 7% B & @ 2 (bone morphogenic protein 2, BMP-2)
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E)VER, FARBEASE 60%, 2. O BA;Q
CDI137 s 4. fm N CDI37L 4 & & (LK E 10
mg/L) . WEM b2 AR EFRBUN R, TR
a5 S I K 4 A #R & Control-Exo #7 CD137-Exo, 1§
WL 40 K AT IR B 2 AT (nanoparticle tracking anal-
ysis, NTA) 2 Western blot &l , (2) 4 VSMC 4 3
4. @ * B 4 (PLKO. 1-GFP ) ; @ CD137 # b 41
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(PLKO.1-GFP+CD137) ; @7 2 NFATc1+CD137 #
% %1 (PLKO.1-shNFATc1+CD137) . 413 B L E 3
4 40 fL 3 R B A A B iR, 2 B ARIE % (PLKO. 1-
GFP)-Exo X B 41 4t 3 &  CD137 #k 3 41 b b 14 |
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CD137 #ah 4 4h bk, & F . (3) ML 5x10* A/F. 48
FLFEN 6 LA, 28 M Bk & F S0% B, B AL 3 4.
Dt B 28 4h Wk 1A 4k 2 41 Jm N 200 mg/L ( PLKO. 1-
GFP)-Exo;@CD137 3# 5 28 #h wh 14 4L 2 40 . Aim N 200
mg/L (PLKO.1-GFP+CD137) -Exo; @I 2 NFATc1+
CD137 # #h 40 b 3t K 4L 32 4. fm N 200 mg/L
(PLKO.1-shNFATc1+CD137) -Exo; 4 ¥ 36 h 1% B &
B, Al Western blot % M| BMP-2 # Runx-2 % @ & ik
KT, M R4 E 80% Ja A A 45 HiF F K (DF12+
10 mmol/L B-B B H i 47 +5% g 4+ 7% ) , g K &
W, MR 2 14 K, T Von Kossa 48, 40 M 35
I SE I R A0 R R A o v, DA HE B ot v A A
B R,
1.3 SphiEiR 4t

W12 T ERA VSMC, W ER A LEE Y
JEREH 15 mL BO &, HEAETAHFCHF (F
A B ﬁL,Thermo Fisher ST 16R, Thermo Fisher
ANE),3000 g BS A B 15 min B3 B 4 A AR g
R, B EFEBIFERKEN 1S mL H &
#, A\ ExoQuick-TC Exosome 73 /& ( Exosome Iso-
lation Reagent,SBI /A 8] ), JH &k 37 24 ¥ & 0 & By 71
R84 B4 JE N 4 CH kAT PR, 4
°C 1500 g B0 A B 30 ming, BLJF B K
HAGTE, AR ERERBPILEY, F LF H
BHOE R ILEY 1500 ¢ B8 B S min, F
FRHREERAERRILESNAEM T, w300 pL
B E K H W sk B % %% R ( phosphate buffered
solution, PBS) & & # &, Al BCA & & & £ Il & ik 7
ERMAAREEGRE, KRR BE WA UERE
T-80 Cok# 4 K&,
1.4 3E5TEE SR AN 40 oK BURL R BR 23 BT (S0 X0 iU S i 2

10 pL S ubfkE T4 W b, & F 2 min, F &
SN R 3 % B R R % B N E L e 10 pL
CER R A4, J 2 1 min, A CM100 % 4t & F &
5 (Philips 28 ) WE 40 B, A F IR E AAZ L
A7 B 49 K BURL BR BR 2 A AL ( NanoSight LM10) W, £
Ao
1.5 BB MEIMMMEH VSMC FET

VSMC 1 7 4 il 1 52 5 ; ] JE % 8 PKH-26 (2T
) AR B AN I K, B 2 AR R By S 3 fR & R 3 3T 100-

kDa MWCO # 2= £F 4 fi£ ( Millipore /A 5] ) , 1500 g &
NABFR 1S min, EZ 2 R(ERKAEESHLEHR),
7 24 FLAR B HEE AR 4 431 VSMC (50000 A48 #/3L)
BB R e N R K R OB A Bk R (200
mg/L), 3% 612,18 .24 h, & 5 PBS ik % 4
M 4% % K F B+ E 15 min, A 47,6-= ik F-
2-7K #L7 Wk (4, 6-diamidino-2-phenylindole , DAPI) %
YRR R M ENEE,
1.6 LEK NFATcl iR HFHEHMEFHF L vSMC
shNFATel ¥y £ 3 51 45 /7 %] A 5'-CCGGCCCGT
CCAAGTCAGTTTCTATCTCGAGATAGAAACTGACTT
GGACGGGTTTTTG-3", T i 5l 4 /¥ %] 4 5'-AATTCA
AAAACCCGTCCAAGTCAGTTTCTATCTCGAGATAGA
AACTGACTTGGACGGG-3', & m #y 7 7| & T PCR
SE, BB 4% A 95 °C 100 min, 3B K 4 & W 4
DNA, A EcoR I #n Age I IR #| 14 A V1 B B 7] b &
AT H W B RS B, B 7 A R R R
LB R ER A & E B B R B R T4 H
B E W DNA F R RS HAEEZ R TEELR,
B EREEFPFNRZEAHE, BREN3TC
FRA T, 14 h EIREE M B R BT A,
Rk PEET AR IRAGANTF, RAELKR
e 293T 0 f, WL FL 2% 10° A 2E A T 6 3L
W, %2 K4EMWAEEEE T0%~80% fa , IR 18R
BEERFHREN TR E LR H B Rk
PSPAX2 % PMD2G 3% %« % 293T, 8 h Ja & % 4
10% 5 fF T afEndk WE48h T2 h iy L
EAHL,4 CHS 1 min % B4, 2% 5 £-80 C 1k
HER, ¥ VSMC # M T 6 LW, e b Ek
70% B, 3 3 8 5 R 3 A 3L m N 300 L R = K
AWEH 8 my/L AR —F 8 (REM), 24 h
FEARLE 1R, 48h EEM 2.5 mg/L EbE X
i 16 A2 K 38 BB 3L BBy 28 B Ak . xT PR 41 (PLKO. 1-
shGFP) T Bk NFATcl 41 fid # ( PLKO.1-shNFATc1) .
i 26 Y 2= %t B 40 B bk shRNA #4 % 5% 3k 09 40 i Ak
(PLKO. 1-shNFATcl ), 4 5| 18 H xt BB 41, I %
NFATC1 #41 , % | Western blot 3% K # JlIl NFATc1 &
Bk E AT,
1.7 Western blot 4%

(1) A9 4h 3 & & CD9 ,CD81 NFATcl & & 1y
FAk 13T L P E A A S0 pL £ 1.5
mL B8 F A\ 100 wL RIPA 2, ¥ B0 %
AR L ESmin EH 1K, EH 1 h, mASE
R R0 b REZ W 37.5 wl, & % 8 min, 4% % BCA
BAREN XA &M AR EARE,
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BB 30 wg EHE, B 10% 4 & fR 4T SDS-PAGE 4
% ,350 mA 90 min, ¥ X L EAEE R AL
Wi & (PVDF &), Bl 5% i Ie 4 M 32 K | % iR 42 1
h $ FE A A A & N Rk CD9 (1 = 500) |
CD81 (1 : 500) . B-actin (1 : 2000) . NFATcl
(1:1000),4 CHHTR, &2 KRERREK, A
TBST ¥ 3% 3 &, 4% 10 min, J #AR 8 04 B Ar
B L 4% TgG( 1 : 5000)37 CHEH 1 h, TBST %
3K, FXRS5min, ECLEERAEY T &, WL
T A, (2) B4 A 4N WAL FE By VSMC &
B,H 10 pg E#F, & Western blot L5, & M| -
SMA .BMP-2(1 : 1000) ,Runx-2 (1 : 2000) & & %
ik, 1% F Image-Pro Plus 6.0 2 fF %f Western blot %
W IEAT R E T,
1.8 Von Kossa &

WEmM EVE,F PBS IR 3 H, N 4% % R
¥ B & 2 30 min, A1 2% AgNO,, 24 & B4 1 h,
EFBETFARR3 K, BRAERNLIES min, 55 F
KERIKEFHILLE 3 min,%%%ﬂ(@ﬁt 3
K, AN 200 L H e, Bl E B s TR,
1.9 SBERENE

¥41.2(3)” TH 3t VSMC, Ji PBS %% &,
B 0.6 mol/L HCl 7£ 4 C 4 3 VSMC 7%, % +
HCl 43 J5 F#F R, B F 4048 E % T 0.1 mol/L
NaOH #1 0.1%SDS # 347 & & ik & 2 #7 ., 1 F

QuantiChrom 45 | 5% X 7| & *f HCl 4L 22 J& &y b & 7&K
PG A ERITRESN, AR EEE ARG ENR
B R AR,
1.10 SitEDH

R SPSS 23.0 4 5 Ak AT B AR AT, i B
BEFEEASRQA, HRA ves X7, FHAF LBRR
F 3 B % 77 % 25T (ANOVA) | 401 8] # 7 th 3 % %
N E £ R (LSD %), ML P<0.05 ) £ 7 H 4
HEEXL,

2 & R

VSMC 55 EiE P IRENASMBME R K TE
B IER VSMC SMIMA R /INEZS SN ik
KN30~ 100 nm , g XUZ BE 254 9 BEIR B, 3553 B
[RIE 52 2200 J6 0 20 1) A1 A AR 34 2 3k I (AR e S
FMbREY CD81,CDY (¥ 1) ; NTA K25 2R R
PR SO A2 £ BVETE 30 ~ 100 nm ; 25 5 R
FE VSMC 1557 138 T B ) fce 16 S SN
2.2 3 CD137 (5B aXFsh il b NFATc1 Rik
s

S0} HR A AN AR He %5, CD137 383l 21 S ik vp
NFATel [ (#5778 B3 5 (P<0.05; K 2) .
FHATE VSMC Hhi#3h CD137 E 1 NFATc1 7E4MI
Rk,

2.1

B 1. /MR VSMC M idE B4 7ZE (59000 )
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Figure 1. Identification of exosomes from mouse VSMC (59000 )
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3 A RRALAMAMA ;4 Dy D137 S Eh AL A4
Figure 2. Expressions of NFATcl in VSMC and exosomes
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JH PKH-26 (£LE5850) brid S I 5 VSMC
HHEFE 6 12,18 .24 h, WLEL B L1 A5 55 ) 5 (B 41
JuA S5 B BR4E | RSN A A VSMC $RHL, 2% 5l
Bi RSV UL 6 h HF UG JE A AN AR A 5 24 h
SN AL VSMC AR E 3) .
2.4 LEK NFATcl RIZBERRSMAE R NFATC] BIFR
L ZHH

5 CD137 3% 5l 21 40 JfL B A1 Wb 1 L 3¢, I R
NFATe1+CD137 38 2l 20 4 il B S ia 44 1 ) NFATe1
EHFIAE D F TR (P<0.05; 8 4) 3R 40 H T
B NFATcl A3 8L, [F B AP A NFATel (3R 3i5 78

Exosome

Merge

& 3. ShihE 4 VSMC #REX (400x)
LIPS~ £ T
Figure 3. Exosomes were internalized by VSMC (400x)
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Western blot 43H7 7%, 5 %F B8 2 Zh K L 4%
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EARFEL, [F B FJE BMP-2 fil Runx-2 & A
)23k (P<0.05) , 15 CD137 i sh 2 S b ik ik #
20 A, FHTTTER NFATe1+CD137 #4328 41 b 4 b 3
VSMC, H: BMP-2 Al Runx-2 %5 1 #3158 # T, [A
Af «-SMA ZE %35 FIH (P<0.05; " 5), #R
CD137 15 5 shJ5 43 W B A A 3 NFATe1 fi i
VSMC i RAHAL,

6h 12h 18 h 24 h

PKH26 ( £1.44) ARic ANMA  DAPT( ¥ £4) ARiC VSMC 4 MIAZ , £1 65,5 56 55 10 W5 €4, 200 i A% 3 PR SR 4
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Figure 4. Efficiency of virus silencing NFATcl and expression level of NFATcl in exosomes of two groups
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Figure 5. Effects of exosomes on the expressions of «-SMA, BMP-2 and Runx-2 proteins in VSMC

2.6 ShMERF VSMC $54 & 4 K 55 £ T AR RO B0 B R RIEAL
F452H VSMC 47 Von Kossa Yeff,, 25 1 i /R
CD137 BEhZH AN L PR VSMC S 40,555 o 1 FR 3 W B

RFWZ 5 X IR A M A kb PR LA, 5 Ak AR

K 3.47 £5(P<0.05) , 5 CD137 J#sh 4l 5hipa kb
FRZH LL# 1T 2R NFATel+CD137 B zh4H A A kb 33
ZHAER TR I S P A (P<0.05; 181 6) . #2718 CD137
5SS E A I A UMAE 2 NFATe1 23 VSMC

M ESAERE As PEAE V0 FIOBE R S8 L)
WS IF ACAE , W25 10 S8 3 O L7 S P A R 3 A
FETR, VO HEIE S R AL, 252 h sl ik BE
AR B TR S 2, 2 — b Sl 3 1) 2 JB 4) Jo
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Figure 6. Effects of exosomes on calcification and calcium deposition in VSMC (200x)
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