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6] %2 5 T 41 it (mesenchymal stem cell, MSC)
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W 1 . mRNA FIiH/ N RNA 25T BE 145645 31 #0410
FL, BN Ry S A RN AL i o (B4R BEBRIR YT 2
W) T RNA) 21 50 20 f i) BRAR 2R 4K 12 FEZH 4



S EEETES L

£ 2026451 A% 40% % 14 Chin J Pharmacol Toxicol, Vol 40, No 1, Jan 2026 .19 -

&5 b v, 40 A/ R = B o 1 o S LA
WP PUIR T AR BUE I AR N AR R A
U B B SO AL A TR, MSC-
Exo {1 #F A JBF i ik P9 5z 41 ifg (human umbilical vein
endothelial cells, HUVECs) fit 84 58 Fl1 i % , & 1 1fiL
R AR [ A1 At v O U o A 5
D)5 10 WILEF 2462122 (0 AR O O i 45 60 40
R R AT e 2 R

IR L, AR 5% 76 i3 TAE A9 22k -, #9 8 MSC-
Exo T Hil{& & , 18 1 1A Py SN 2R G2 074 X0
PR B0 AR VE T, 9T 45 & A A S R AE
15 53 {43 B HmT BEAE FHAILI , LA i a0 11
T IR AT A 5 SEL B R R SR

1 5%

1.1 dAE R FI A FE E LR
MSC Sy A< PR ZH FiF 3 A 20 2 rh o3 25 3%
FEAAS (P3AX) | 4 Al 28 U B AR K ARk S R B S
TR LA A Wy 22 FRAE T 5 B2 40 WA AR 4 B 52
% ; HUVECs, 14 [ b 5t o 28 B 2R W) B4 A B
NS
CCK-8 ikl & (115 C0042) Fl Lk hir A 4 2, 2¢
644t (Mito-Tracker Green) YLk} (155 C1048) ,
R R RAEYFARA R v ; DCFH-DA i P4
(reactive oxygen species, ROS) ¥l 7 & (755
S0033S) . Hoechst33342 %t ¥} ( #¢ 5 C1028) .
TUNEL 4 g 4 T4 0 157 & (17 5 T2195) (4% £
% H B (175 P1110) . Triton X-100( %% 5 T8200)
FI DAPILHE A K B 7 3% (175 §2110) , L &R
SEERHEA R A 25 H R - B 17 2 & 1 (cyclic
GMP-AMP synthase, cGAS) $ii 14 ( 77 5 79978) .
B-Actin Bt f& (1% 5 4967) | I8 5 J& 3 K 101
(tumor susceptibility gene 101, TSG101)#i /4 (1%
5 72312) 41 fk %% 9 (cluster of differentiation 9,
CD9) $it 1k (92 5 13174) . #44K 58 &5 H 70 (heat
shock protein 70, HSP70) #it & ( %% 5 4872) #il
HRP Fric Ll 2F 4t e 19G Fi 1k (525 7074) , £ H
Cell Signaling Technology 2~ #l ; | B J 85 H o
4 (collagen type | alpha 1 chain, COL1A1) #ii &
5 GB154197) .« V- 1 L 3 #E I («- smooth
muscle actin, a-SMA)Hit 1A (175 GB15044) FlifiL/)»
N i ZE MU 737 (platelet endothelial cell adhe-
sion molecule, CD31)#i1A(GB150217) , ik I FE 4
IR R A B A ] Calnexin $T K (17 5

ab133615) , % [i Abcam /A 7 ; cDNA J #% 57 i 5
& (975 AT311-03) il QPCR il IR i (1% 5 AQ602-
02),dtst X & EY N H .

HT7800 % 5%, H A H 32 Aw] ;PMX 11044
K Uk IR B M A, 1 [H Particle Metrix 2 ) ;
Spectra Max M5 fifi #1{¥ , 5 [E] Molecular Devices
7y ) s CKX33 8] & 76 't Wk 13 8% , H A% Olympus 2>
F) ; CLSM 880 I 5 £ ' 49 5 1o 1w 5% , 1% [ Carl
Zeiss AG /A 7 ; eBlot LIWB #% I {¥ 1 GeneG-
nome XRQWB 1.2 I 5t i 5% 1%, + [E GenScript
/5 Fl 3 ABI QuantStudio 3 qPCR 1%, 3% [ Thermo
Fisher Scientific 23 7] .

1.2 I8EHY

SPF 2 M C57BL/6J /NEL, 6 ~ 8 il i% , Ik &
18 ~ 20 g, g A #Hr WL Aw (db ) A=A Wl shi A =
YF Al IES . SCXK (5L ) 2024-0001 ., /] Bl fii) 35 Ui, J3
24 ~ 26 C, tHXHEJE 55% ~ 65%, 12 h Y HE/ B
TEA, A HIRETOK . L5 245 R 2 AT B 5L 5
S B (8 2% B 2t fE (45 - IACUC-DWZX-
2022-876) .

1.3 MSC-Exo #l&fRAE
1.3.1 MSC-Exo #|%&

F B T3 #vE N MSC 1555 F 1l vh 20 B il 4%
MSC-Exo. & 735t 2: Tris-EDTA A )5, il A
MSC #53% L. LAESEHUR , i Tris-EDTA(pH =
7.5) Wik L B2 5, FH NaCl #E47 vk i , 75 3 MSC-
Exo, H T IE 225250 .

1.3.2 ESTHEER N MSC-Exo i

W S i MSC-Exo £, 1 18 Bk S 35 58 1 4l
LI, TS N R R R A g, RE S
FAR T 5, A 3% S A 455 00 4 i i _I- MSC - Exo
B
1.3.3 44K FALER BR 43 #7 {46 M MSC-Exo #i F i
EAnEhE

15 MSC-Exo FH i 4li /K i B¢ 22 {35 4G I 415 [
FHVE S 28 AN K UK R B 20 B SRR RE v, 000 5
R U BE SRR 3 A
1.3.4 Western Elif &4 MM MMEIREEZE S

R 4R AU A 5 e SO 35 T 2 L A A A
1 TSG101. CD9 #1 HSP70 # 17 ¥ il . [w] i ¢
Calnexin {1k N J5z (AR 2 0 254 7 B 1 60

B MSC 4 Jits F1 MSC-Exo, /il A RIPA %4 i i
(5 85 (B 60570 vk - 24% ,12 000 x g, 4 CTE
010 min, W 4E il . BAF RS 4x EHEZ b
iR ~),100 T2 1 10 min, 7K 14 SDS-PAGE
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LUK 2 B )5 5 8% %2 PVDF i, =R 1 h, —31
(TSG101.,CD9, HSP70 #il Calnexin (1: 1 000) )
4 CWFHE 1% ; TBST PEAR 3 s in A AH R HRP 45
ic P (1:1000) , ERWTEHE 1 he FREBE
A ECLAL % &6 % i f% , M H & A
FikIK -,
1.4 HAsLIE
1.4.1 CCK-8 Xl tEid=R

¥ HUVECs £/ T 96 fLik (5L 1 X 10*1),
O3 % BT S RN AR T +MSC-Exo 4 . 3
BEJG AL T 40 Gy y SR REST, X B2 R fSah 3
5 5 +MSC-Exo 41 1€ B8 &t J& 37 B i A MSC-Exo
(50 mg-L™", ¥k~ 5.5 x 10™ particles-L™)"™** 45
SRR R A S IATIPBS, 4k£eFH 24 h),
FHLIMA 10 L CCK-8¥A W . 17 E 3 h, F b3k
M 450 nm Kb (A)E, FF B NI R
1.4.2 DCFH-DA % R $1 4 40 i ) ROS 7k F

¥ HUVECs 470 T 6 fLAR *F (4: 4L 2 x 10°4),
I3 X B R S A RN ST +MSC-Exo 41 o i
BEJG AL T 40 Gy y Sk R G, X B A b B
5 5 + MSC - Exo 41 ¥ MR 5 J& 57 B i A MSC-Exo
(50 mg-L™", ¥ &}y 5.5 x 10" particles-L™") , #& 5
20NN B AL I A SR FLPBS, S F 24 h i, AR 4%
ROS it 7) &x v B B T e 79O BB T
W10 S 41 P ROS /K-
1.4.3 Mito-Tracker Green & ;E46 M 2 kA Th gk

¥ HUVECs 2 Ff T R /NI (R 4L 2 x
10°4>) , 4L o 2 Je ab PR IR) 1.4.2, 055 F 24 h 5, 4%
WU A5 A TR , A L R AR B T SR kA
FITEZS B oA
1.4.4 TUNEL 32546 i 28 B 1=

A M3 4 M A PR 1.4.2, 5575 24 h) , [T 4%
Z B [ & Triton X-100 8% )5 , #%32457) & 108 B
FiEFF TUNEL 40, & DAPI BT 5 61 K55 25
B, FEIIR AR WA LI iE SR AR T
1.4.5 Western E[lifii%#& MIZHBE cGAS EH &K%

4 i 43 2H Ko db TR TE] 1.4.2, % 5 24 h )5 s 4
JEL, A RIPA S (55 25 1 B 0] ) vk b 246
12 000 x g,4 CE.0 10 min, W dE g, B E
H54x EFREZE s 2), 100 CAE 1 10 min, £
SDS-PAGE Hiik 73 & Ja 4 7% 2 PVDF i, % i 3 4]
1 h,—4i(cGAS(1:1 000) .B-Actin(1:10 000) )
4 CTHHE % ; TBST YRS A HRP 45 id — 91
(1:1 000) ZF iR E 1 h, ECLALE AL 5T

FAEEIE, VL B-Actin N2, R H Imaged 4%t 4%
R BEAE A T2 8 1 53T o
1.4.6 RT-qPCR # il 28 A #¢ fiE B F mRNA 7K

4 4324 P Ab 3R E] 1.4.2, W 24 h 5 e 4
Jil, % H] TRIzol $#2 B RNA, J2 5% 5% cDNA, L)
cDNA W Bt 1T PCRY 14, s i #5444:94 T 30 s,
94 C55.60 T 155.72 T 10 s, 407E . i
CtfH, L GAPDH J W Z: , K] 274 Jr kit S g
HEIH T a(tumor necrosis factor-o, TNF-a) . [ 20
Jfifr % 6 (interleukin-6, IL-6) F11 IL-18 mRNA HJAH %}
Tk 5 (GR D) AL S B ERIEE B A
B2 A5 1

Tab.1 Primer sequences for RT-qPCR

Gene Sequences (5'-3")

TNF-a F: CCTCTCTCTAATCAGCCCTCTG
R: GAGGACCTGGGAGTAGATGAG
IL-6 F: ACTCACCTCTTCAGAACGAATTG
R: CCATCTTTGGAAGGTTCAGGTTG
IL-1B F: ATGATGGCTTATTACAGTGGCAA
R: GTCGGAGATTCGTAGCTGGA
GAPDH F: GAAGGTGAAGGTCGGAGTC

R: GAAGATGGTGATGGGATTTC

TNF - a: tumor necrosis factor - «; IL-6: interleukin-6; GAPDH:
glyceraldehyde-3-phosphate dehydrogenase.

1.5 L
1.5.1 W HK IR

C57BL/6J /)N s Dy M4 77 1 J8 J5 BEAIL 43k Xt
TRZH | ) 4 S 2H A1) SR 4 S +MSC-Exo 41, R4
25 K, BRXTHALAR , HA/IN R 28 1% G EL L2 ARR
e, [ AR NR AR -, MR EE y 14k 20 Gy, HART
BLFHEE FEk . Jry B4R S+ MSC-Exo 20 /)N EU7E HR
J&i 2 h P R R S MSC-Exo (5 H /N B 5
AR SR 200 pg, SR TR 200 ul) |, Jy ik
TR R SRR A B K2 IR AR 2 d A2
1R FEEE 2 i 2 5k, NRUIRST A5 414,
30.60 Fl1 120 K i #4721l , 43 %1 T 45 30,60 Fl
120 KA /INFRA T8 75 0 2 ARG , I 4% sl T i e 4
ONEHSWEAR R TR 2850 0. L an &1,
1.5.2 £ BEh AL 4 #7 U/ BR i 7 0 AL EBHE

INEUH AR FRTE 1.5, T RS 45 4 .14,
30.60 1120 K, A5 2H B AIL3h H 5 H /N BCR 4E 41
JA ML, % R # & 60 min, 3 000 x g &.0> 15 min, I
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@ 20 Gy
MSC-Exo (200 pg per mouse)

IR

l MSC-Exo injection
T Sample collection

® Serum collection
A Echocardiography and heart tissue collection
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Fig.1 Treatment with mesenchymal stem cell-derived exosome (MSC-Exo) and testing schedule for mice with
radiation-induced cardiovascular injury. C57BL/6J mice were randomly divided into a control group, irradiation (IR) group, IR
and MSC-Exo treatment (IR+Exo) group (n = 25). Except the control group, all the mice received a single dose of 20 Gy thoracic y-irra-
diation. MSC-Exo (200 ug per mouse, 200 uL) were administered via tail vein injection at 2 h after irradiation and then every two days
for a total of five injections. Mice in the IR group received an equal volume of saline. Serum samples were collected at 4, 14, 30, 60 and
120 d for measurement of myocardial injury biomarkers. Echocardiography was performed at 30, 60 and 120 d after irradiation to evaluate
cardiac function. Heart tissues were harvested at 30, 60 and 120 d for histopathological staining and immunohistochemical analysis.

B o W 4 3l A A 4 B ASOR: I I i R 4
R & L5 #4 il (aspartate transferase, AST) \H.
1 i Uit (lactate dehydrogenase, LDH) | ILRR L fif
[7] T_[i (creatine kinase-myocardial band, CK-MB)
K o 32T 1R i % («-hydroxybutyrate dehydroge-
nase, o-HBD) i & 2 .

1.5.3 ELISAK /MR IIFENIESMAEES
-1

Gl

B1.5.2 ] & Wil E (n=5) , FXH & 1EWH
o /0N BT HP LT B R IV 25 1 7
1.5.4 @A OB N/NR O ThBE

INERA A R A B R 1.5, F IR S I 26 30,60 Al
120 K, A5 2l v Bl LA B 5 /0N BB R RE 75 0 3
Rl /NGB R . BAREIRINT BB IR/ R
P8 A, i JE RN BRUE TS T A S SR AR .
W /N BT RIMSL [ 8 FE R A AR & o TR A/
BB DR 22 ) 0 A 75 A 0 o e IR S T/ N B
Ao, AR T AR M o5 A D K AT G
Bh U TH Y 7S ER 12 Sk EL Sk LK M LS .
TE 340 Bl JE A N RS2 10 53 A2 5 &7 5K A I i RE TR
FE e WA R AR R B A A SRR N A2
EEF R A B A R
1.5.5 HE £ &E&N/NROMABALRREFZTL

1 1.5.4 /N BRI D BB IS AR FE , BLC EZH 41
T 4% Z KWW [ 24 ho REA BRI [R]85
BEAILAHIRC 3 H/INBLC IEAEAS , 223 ik 32 B )5 i 4T
A IS s um Y . WHIHE )5 7
S AT R SR LA S0 Bl AR Ak
1.5.6 Masson &5/ O ALEF 44

B1.5.5 A&V F (n=3), Bil& K4k, F Mayer

T AKE YL 40 % 3 ~ 5 min, KB/ LT IR W .
Masson i B LT YL 44 5 ~ 10 min, VKBS ER 7K %5 W
PR, RBRIF ., TR /KIFRALFE 3 ~ 5 min, L
AW E B E YL 3 ~ 5 min, FRRH KBS R 7K 14
WRYE o ZoBh B CWEMLK L W A B v i
B R 7RG BB T WA IR, A Imaged
A 0 5 B A T R o UL 4 ALY
[ER A 1D I i e
1.5.7 REALERINNRHBOEZTER F4MLE
XEARKIE

W 1.5.5 £ 57 H- (n = 3) 4586 B 2 Il K I 2
% F 0.01 mol - L Mk iR £h 22 mif v, SR A 3
boEBE . VIR NS, SR8 E 1 h, A
01 1ML , 4 B in—$t(CD31(1:500) ,COL1A1
(1:400) il a-SMA(1:1 000) ) ,4 T F T 7% -
PBS & VLG , WA B B A b, IR E
60 min, PBS i ¥t J5 , i Il SABC, % il i &
30 min, PBSIH¥E/E , £ A L fin DAB & (A3,
W TSR W AR o IURE SR AR B A T TE
HAF s AadE s, SRk Ly o T I AR 2 3L 4
MR ~ 3 min, 40 A% 5 5 €0 s 2o B SRR OK
THOREME R R RS R SR DG B
B W22 IF 30 W, A Imaged k7 & & CD31.,
COL1A1 il a-SMA iy ik /K F- .
1.6 ZitES

S 45 AR LU x £ s %R, R 1 GraphPad
Prism 9.0 # AT ST BT SRR . PRI ] LA
SR ST R AR HRG 56 5 B[] 8 22 4 ) AR
K20, P<0.05%RERAG 8L,
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2 FR

2.1 MSC-Exo £&

75 5 F B A SR s, i 45 1 MSC-Exo &2 H i
(7 %) I T s R B, B AR 249 100 nm (&1 2A) . 4K i
7R B A3 BT A 5 MSC-Exo ki 4345 9 100 nm.
R B 1175 12t S Uk 50k , MS C-Exo ik 25 11 He
1.1 x 10" particles-g™" (X1 2B) . Western E[lif
I 45 5 S 7% , MSC-Exo H 46 2] 71 i 1A 22 it
HE 1 TSG101.CD9 I HSP70 Hy 4 S 1tk 445 , i
N X 2K 1 Calnexin & UWLA i 323k (] 2C) . ik
SERRW], O 5 85 5 A MIMAREIE ) MSC-Exo.
2.2 MSC-Exo 3t$g5f#i1%5 HUVECS MR 1EH
2.2.1 MSC-ExoiZiE4E5S /5 HUVECs MTFiE%E

5%f BEZHAH L, SR 5T 4 HUVECSs 773 3 1 35 %
1% 5 5 48 5k 4 A EL , 58 55 +MSC-Exo 20 2 il 77 176 R
WEFE(E3),
2.2.2 MSC-Exo#l#il3E5t /5 HUVECs B ROS 7k F

SRS ROS FHXT 28 i B g 25 i T X R4 L 4
$F+MSC-Exo 4 ROS A X} ¢ St i il 2 (% T 4 5
A (E4A).
2.2.3 MSC-Exo ¥ Z %51 fa HUVECs R 2k KK Th
BERS

R ST A 0 R R A R A RN A A B4
MSC-Exo Ab 3 J5 I R 2 R AR T2 245 58 15 21 2% i
([#14B).
2.2.4 MSC-Exo B4R/ HUVECSs iy 28 e T

4 20 TUNEL A0 X 2¢O 5 B b 35 1 T % IR
24, i 48 S +MSC-Exo 21 TUNEL 1 X} %€ S 5if i ik
FR TG4 (& BA) .

120—

e

_I_ #i#t
= 80+ ls
=
= "
© .
= el®
8 40

Control IR IR+Exo

Fig.3 MSC-Exo improved cell viability of irradiated
human umbilical vein endothelial cells (HUVECs).
HUVECs were divided into a control group, IR group, IR+Exo
group, and blank group (medium only). Except for the control
group, all the cells were exposed to 40 Gy y -irradiation. MSC-
Exo were added to the IR+Exo group immediately after irradia-
tion, while equal volumes of PBS were added to the IR group
and equal volumes of medium were added to the control and
blank groups. After 24 h incubation, cell viability was assessed
using the CCK-8 assay by measuring the absorbance at 450 nm.
X+ s, n=3.*P<0.01, compared with control group; #P < 0.01,
compared with IR group.

2.2.5 MSC-Exo #J #ll 48 &t /5 HUVECs N cGAS %
A8 0
%t B4 A L, 5 5 2H HUVECS 40 il N cGAS
FEIRKF- B 3 T 46 ST +MSC-Exo 41 cGAS % ik
IR S 40 35 AR (& BB .
2.2.6 MSC-Exo##l3&5%/5 HUVECs K fE B FRik
5%k B4 M B, fE 4T 4 HUVECS 41 g Y
TNF-a.IL-6 & IL-18 i) mRNA ik /K ¥ i 2 71 ;
1M MSC-Exo T i J& , | iR & 45E 1 R ik K V-3 8
EFEL(EIBC).
2.3 MSC-Exo X154t /5.0 M B 5 /N R BRI EF
2.3.1 MSC-Exo M EEHETBUNR O INBER G
FESHE 2R 120 K, 53 FRAL AR L, ey 5 4H /s

HSP70

A B c ¢©
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Fig.2 Characterization of MSC-Exo. A: representative transmission electron microscopy image showing the typical morphology
of MSC-Exo; B: nanoparticle tracking analysis showing the size distribution of MSC-Exo; C: Western blotting analysis of exosome marker
proteins tumor susceptibility gene 101 (TSG101), cluster of differentiation 9 (CD9), and heat shock protein 70 (HSP70), with Calnexin

used as a negative control.
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Fig.4 MSC-Exo attenuated oxidative stress and mitochondrial dysfunction in irradiated HUVECs. HUVECs were
divided into a control group, IR group, and IR+Exo group. After overnight attachment, cells in the IR and IR+Exo groups were exposed
to 40 Gy y-irradiation. MSC-Exo were added immediately after irradiation, whereas the IR group received an equal volume of PBS. A1:
intracellular reactive oxygen species (ROS) levels were detected by DCFH-DA staining 24 h after irradiation; A2: quantitative analysis of
intracellular ROS production; B: mitochondrial morphology was assessed by Mito-Tracker Green staining 24 h after irradiation; x + s,
n=3.*P<0.01, compared with control group; #P < 0.01, compared with IR group.
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Fig.5 MSC-Exo attenuated apoptosis, cyclic GMP-AMP synthase (cGAS) expression and inflammatory responses
in irradiated HUVECSs. See Fig.4 for the cell treatment. A1: representative fluorescence images of TUNEL staining. Nuclei were
counterstained with DAPI (blue), and TUNEL-positive apoptotic cells are shown in red; A2: quantitative result of A1; B1: representative
Western blotting analysis showing the protein expression of cGAS in HUVECs; B2: semi-quantitative result of B1; C: relative mRNA
expression levels of pro-inflammatory cytokines TNF-a (C1), IL-6 (C2), and /L-18 (C3) in HUVECs were measured by RT-qgPCR. x+s, n =
3. **P < 0.01, compared with control group; #P < 0.01, compared with IR group.
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Fig.6 Effect of MSC-Exo on cardiac function and myocardial injury in mice with radiation-induced cardiovascu-
lar injury. See Fig.1 for the mouse treatment. A: representative echocardiographic images of mice at 120 d after irradiation; B: left
ventricular end-diastole anterior wall thickness; C: left ventricular end-systolic anterior wall thickness; D: stroke volume; E: left ventricu-
lar end-diastolic volume; F: left ventricular end-diastolic diameter. x + s, n=5. *P < 0.05, **P < 0.01, compared with control group; #P <

0.05, compared with IR group.
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Fig.7 Effect of MSC-Exo on myocardial injury biomarkers in mice with radiation-induced cardiovascular injury.
See Fig.1 for the mouse treatment. A-D: changes in levels of serum myocardial enzymes, including aspartate transferase (AST), lactate
dehydrogenase (LDH), a-hydroxybutyrate dehydrogenase (x-HBD), and creatine kinase-muscle/brain type (CK-MB) post irradiation;
E-F: changes of serum myoglobin and cardiac troponin concentrations at the indicated time points. x + s, n = 5. *P < 0.05, **P < 0.01,
compared with control group; #P < 0.05, #P < 0.01, compared with IR group.
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Fig.8 Effect of MSC-Exo on myocardial injury and fibrosis in irradiated mice. See Fig.1 for the mouse treatment. A: HE
staining of myocardial tissues. The arrows indicate widening of the inter-fascicular myocardial spaces. B: Masson staining of myocardial
tissues. The arrows indicate collagen deposition. C: quantitative analysis of collagen deposition in cardiac tissues at 30 (C1), 60 (C2),
and 120 (C3) day post irradiation. x + s, n= 3. **P < 0.01, compared with control group; #P < 0.01, compared with IR group.
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Fig.9 Effect of MSC-Exo on microvascular reconstruction and fibrosis in irradiated mouse hearts. See Fig.1 for the
mouse treatment. A1: immunohistochemical staining of platelet endothelial cell adhesion molecule (CD31) at 30, 60 and 120 d after irra-
diation. The arrows indicate CD31-positive microvessels. A2: quantitative analysis of A1; B1: immunohistochemical staining of collagen
type | alpha 1 chain (COL1A1) at 30, 60 and 120 d after irradiation. The arrows indicate collagen fibers; B2: quantitative analysis of B1.
C1: immunohistochemical staining of a-smooth muscle actin («x-SMA) at 30 d.60 d and 120 d after irradiation. The arrows indicate
a-SMA-positive myofibroblasts; C2: quantitative analysis of C1. x + s, n = 3. **P < 0.01, compared with control group; P < 0.05, #P <
0.01, compared with IR group.
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Mitigating effects of mesenchymal stem cell-derived exosomes on
radiation-induced cardiovascular injury and mechanisms

CAO Fangxiao'?, CAl Xiaoyi®, ZUO Xin?, LU Yuxin?, CHENG Xiaochen?, ZHANG Xinyan?,
XIAO Fengjun?, DU Li*, MA Shan'
(1. Pharmaceutical College, Shandong University of Traditional Chinese Medicine, Jinan 250355, China;
2. Academy of Military Medical Sciences, Beijing 100850, China)

Abstract: OBJECTIVE To investigate the protective effect of mesenchymal stem cell-derived
exosome (MSC-Exo) against radiation-induced cardiovascular injury and explore the underlying mecha-
nisms. METHODS (1) In vitro experiments: a radiation-injured human umbilical vein endothelial cells
(HUVECs) model was established, and the cells were divided into a control group, an irradiation group
(exposed to 40 Gy *Co y -rays), and an irradiation + MSC-Exo group (MSC-Exo concentration:
50 mg-L™). Cell viability was assessed by CCK-8 assay. Reactive oxygen species (ROS) levels were
measured using the DCFH-DA fluorescent probe. Mito-Tracker Green staining was used to evaluate
mitochondrial morphology and function. TUNEL staining was performed to detect apoptosis. The
MRNA expression levels of tumor necrosis factor-o (TNF-a), interleukin-6 (/L-6), and /L-183 were deter-
mined by RT-gPCR. The protein expression of cyclic GMP-AMP synthase (cGAS) was analyzed by
Western blotting. @ In vivo experiments: a mouse model of radiation-induced cardiovascular injury was
established via local irradiation. Female C57BL/6J mice were randomly assigned to a control group, a
local irradiation group, and a local irradiation+MSC-Exo group. The chest of each of these mice was
exposed to a single dose of 20 Gy y-rays, while the rest of the body was shielded with lead bricks.
MSC-Exo were administered via tail vein injection 2 h after irradiation at a dose of 200 ug per mouse,
and mice in the local irradiation group received an equal volume of normal saline. Thereafter, MSC-Exo
were administered once every 2 days for 2 weeks, for a total of 5 injections. Cardiac function was evalu-
ated via echocardiography. Serum myocardial enzyme levels were measured with an automatic
biochemical analyzer, and serum myoglobin and troponin levels were measured by ELISA. Pathological
changes in cardiac tissues were observed via HE staining while myocardial collagen deposition was
evaluated by Masson staining. Immunohistochemistry was used to detect cardiac microvascular recon-
struction and fibrosis. RESULTS (1) In vitro experiments: compared to the control group, irradiation
significantly suppressed the viability of HUVECs, elevated ROS levels, induced mitochondrial damage,
and increased apoptosis in the irradiation group. The expression of cGAS protein and the mRNA
expression levels of TNF-a, IL-6 and IL-18 were also upregulated. Treatment with MSC-Exo significantly
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increased cell viability from 50.3% to 80.6%, reduced ROS levels, alleviated mitochondrial damage and
apoptosis, and significantly downregulated cGAS protein expression, along with a decrease in TNF-aq,
IL-6 and IL-18 mRNA expressions. (2) In vivo experiments: compared to control group, localized irradia-
tion led to impaired cardiac function, elevated serum myocardial enzyme levels, and induced
progressive myocardial fibrosis in mice. Compared with localized irradiation group, treatment with MSC-
Exo significantly improved cardiac function, reduced myocardial injury-related serum markers, promoted
cardiac microvascular reconstruction, and significantly inhibited collagen deposition and myocardial
fibrosis. CONCLUSION MSC-Exo can alleviate radiation-induced cardiovascular injury by reducing oxida-
tive stress, mitochondrial dysfunction, and apoptosis, thereby promoting microvascular reconstruction.
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