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(8] 32 51 28 Al S b 4o 18 5 #1036 SR A R iR 5 SRRE IR AR A S R 4R

o &, BTG, SRREL R, A WHe, BRRER, SSE e, HUE?, Avha?
(1. RS2 A ARl 2p kb, K 300072; 2. FEHE~:M5E ke, Jbat 100850;
3. T EFBEBE S F P, Jtat 100101)

FHE B KR R T 408050 sk (MSC-Exo) &t 28 43 M At 47 45 (RILI) %9 4% 47 4F A B A2 L |
Fik O K AME B S EMRAR W MSC 3% 7~ £+ 2 8 MSC-Exo, i 4 ¥ 4% | 4h K WUk 18 32 o 47 4 )
MSC-Exo % & #4242 , Western ¥ it i #2 MSC-Exo & @ 47 & & & [ #k £ % &G 70(HSP70) 9% 5 & Ak
® 101(TSG101) .54t 42 9(CD9) A= 45 % & (Calnexin) J & ik , @ 4k A 525 . ¥ C57BL/6J s A EAH S A
xt BB | B ST 20 F2 MSC-Exo 28, I 3t R 41 91, 3 4 &40/ {42 3£ 2 20 Gy y S & 4 M B4, IR 4 +MSC-
Exo 4/ R BAH )G % 0.3.7.10 4= 14 X i@ i B # Ik iE4 MSC-Exo(1x10" particles-kg™) ; B4+ )5 % 7.28
#2140 X , i it HE #» Masson ¢ &, 9L 5 A 28 22 g% P2 AL ; B4 )G 5 7 4= 28 X, ELISA # i & &4 Bt L i 6
& (BALF) * & 28 o/ 1B(IL-1B) At 55 378 B F o (TNF-o0) \IL-18 F= y T4 ZE (IFN-y ) R+ BAHEH 7 X,
T K HGe e AR M N R AL LR FA/80" Fe IL-1B 7K T, X A &4 A2 AL 4 B AL B (SOD ) & 14 iE R AL 5Bk
B (GSH) A= & =B (MDA) K -F ,RT-qPCR A& /s AR 2822 TNF-a. IL-1B.IL-4F= IL-10 mRNA /K -F ,Western
PP 3 ik A A% B F kB p65 A (NF-kB p65) & & Bk /KT B4 S 5 140 K, o 95 & K4 4 n ) K
2848 b & 4545 % @ (E-cadherin) #= % 7% %& @ (Vimentin) 7k -F , RT-qPCR #41] o - 7 MLILF) & & (a-SMA) #=

| # R % & ot 4 (Col1al)mMRNAK-F . ) 4k 52 5o 4 /) Kl & i 2m JL(MLE-12) 4 4 A FR 48 FR 448
Fo B4+ +MSC-Exo 20, 2t B 4A 4h , A B 3% 810 Gy y S4B 4, BAH+MSC-Exo 28 /2 B4 6 4T
MSC-Exo(5x10" particles-L™") 7 7 ; im A Sh btk 24 h JG ,CCK-8 i 4o 4w feu 5 & & | BRGS0 L & %5
TG & Fa oA X F) &4 SOD ## .GSH #= MDA &+ ,RT-qPCR #:it] TNF-a . IL-1B. IL-4 7= IL-10 mRNA
K, Western #p i 3% 4 ) 28 i NF-kB p65 & & #R LK -F . &R 1) o & K159 MSC-Exo 2 P %
W & & 90 B, A2 70 ~ 150 nm, & & HSP70.TSG101 #= CD9. R & i Calnexin, 2 5 s} 82848
Yo, BB 2R ]S R 40 4R b I B2 B A% A R U0 AR s BALF # IFN-y . TNF-ar IL-18 F= IL-1B K -F 2 F H & 5 Ml 2a
2 SOD & M A= GSH K -F 2 % %44 MDA K -F 2 %7t & , TNF-a #= IL- 18 mRNA K-+ £ 3% L8 ,F4/80"E
¥ 20 2 T B 38 A IL-1B K9t & , E-cadherin 7K - F&4%., Vimentin 7K 7+ 2 , NF-kB p65 & 2 1t K - 2.
#* 7% ,a-SMA.Col1al mRNA K -F L, 5 B 42048k, MSC-Exo % % 7 & it 40 22 93 32 7 & 49 ) IZ JR
AR B HH+MSC-Exo 28 BALF ¥ IFN-y . TNF-oc, IL-18 F [L-1p 7K F 2 3 A&, ; il 28 22 SOD & # 4= GSH
KPR HEIZH MDA KF R % BAK, TNF-a#= IL-18 mRNA K -F 2 % T, F4/80" B v tm it i3 I8 £2 . B 5 %,
#% ,IL-1B 7K F & 4%, E-cadherin 7K F 7+ & , Vimentin /K -F B4k , NF-kB p65 & 82 1L K -F 2 2 %1%, a-SMA.
Coltat mMRNAK-F R F TFif, @ LHarmELatar, B4 MLE-12 4a o 57 & 2% T %, S0D &£ .GSH &
F B %A%, MDA K-F R %7 % , TNF-a#= IL-18 mRNA & i % % Eif, F i+ NF-kB p65 % i 1L K -F 2 &5t
2. 5 RBAT4ARk , MSC-Exo 2 % 4% % 40 it 7 & & 35 3% SOD &1 38 An GSH /K -F | 54K MDA 7K -F , 3 41
TNF-a.IL-18 mRNA % iA #= NF-kB p65 # L . 4518 MSC-Exo 7 fkid it #74] NF-kB il $84% F 33 & , 7 ) &
B KR, B 5 4 Ak AT & 3B 3T RILI #9447 4 R
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T S i3 47 ( radiiation-induced lung injury, RILI)
e 0 8 2 e e T it 8 RN FL R ) JBURHIR T T R
B LA ) S BRI PN R RN L B R A
R 2 25T AR REAE 5401 3R A DA IH 8 4 5 A4 Ak
ISR B S PR A L S BB AR ) DR i Ry
Jits 28 20 kA - 3R TS 1 it £ 4 4k (radiation-
induced pulmonary fibrosis, RIPF)** S5 # &
ST 3 i DI RE T B, ™ S e A 3 BT e AT D
J& o BRI I PR S ZAR S K B R SR 25 ik
A, E YT 50 B A DA A Bl 2 AN R
N B R EFGEAL B B R = A RO B,
F IR BB A B T 10 22 A9 BEIA T H 2 4 R Y
TRIT RN, O BUCAIZ U A% oK

i AF S 8] 38 5T T 44 Ml (mesenchymal stem
cell, MSC) PR H: i 4 55 73 Wh | B2 I 15 FIZH 4L
ZIIRE , 78 2 Fh 25 2 Ak 2 s AR oh SR B IR 9T TR
370 AL RS AR A 8 1 A RS (35008 1 A
JEHER A5 ) BRI T Hlh K% k. MSC A A (MSC-
derived exosome, MSC-Exo)J& H £ 70 ~ 150 nm
P B0, AR A 1 20 0 5% 53 0 ) DG BEE A o, LS 2R
F1 5T SR B A/ RNA S B E PR ot , A PR
AL MA 2B 2 555" . MSC-Exo [Alif H
AR R m AR E Y E R G T AT S A 2SR
P LN TE A TCH ML IR YT 7 PR R R . Y
FH A RS R B AN B I Wity 55 22 il 0 95 9 A
Al MSC-Exo fig il i il 5EAE S 4% . g4t
WA ST 1 Je 88 52 ke el il 2y R I Ui 2H 24
PR AG1012 . KT o, MSC-Exo #4141 1 RILI i)
TELETREME  (EN T DR RAE B2 PR LT A Ak A FE Y
BT FUBCR K EAARAE FHBLE] , v Ak R Ge W

H I, A HF 5T B4 MSC-Exo %} RILI Al RIPF fi
PRAPVE T B AT BEAILTR , 5 78 A T0CSR 1 It s 1) 1 AR 77
TR PR AL B 5 e AL AT S AT R

1 5%

1.1 R X FIAn EZE (R

MSC M A JBF a7 dh 2L b 43 B 15 572 47845 (P3AR)
A 4 KR E , FFA MSC 1 LA A ) 24 R4 5 /71N
U B Rz 4 (MLE-12) , Il [ #7155 2 4 i Bk B
FRRAF .

CCK-8 i 7] & (1% 5 C0042) il Mito Tracker
Green £ Rk YLkl (55 C1048) , g3~ KAEY)
Fe R A PR F] 5 DAPL T 26 61 K 3 /7 7 (18 %5
T2195) A IRFE A T o (tumor necrosis factor-a,

TNF-o) ELISA #3551 & (575 EK282) | 1 41 iy
4+ % 1B(interleukin-1p, IL-1B) ELISA #6371 & (1%
5 EK201B) . IL-18 ELISA # I i& %] & ( 1% %
EK218) fil y T4t % (interferon-y, IFN-y ) ELISA
M5 & (525 EK280) , ST BB E W R B Ah A
FR 2\ ] 3 9 B (malondiadehyde, MDA ) & 1 46 1l
& (785 BC0025) i S (b 17 {L i (superoxide
dismutase, SOD) i P & i 57 & (52 5 BC5165)
A JR 725 JiE H K (reduced glutathione, GSH) &
BRI H & (525 BC1175) , bt R K ERHE A TR
N ¥ T kB p65 I 3 (nuclear factor-«B p65,
NF-«kB p65)Hifk (155 8242) Fif ik 1k NF-xB p65
(phosphorylated NF-«B p65, p-NF-kB p65) i 4
(%5 3033) , % [# Cell Signaling Technology 7~
) ; cDNA % 580 & (15 AT311-03) il gPCR
supermix it 7l & (55 5 AQ602-02) , dt it &R 4 4
WA R B R 52 8 11 70 (heat shock protein
70, HSP70) ik (155 ab194360) . fitf i 5 Sl A
101 (tumor susceptibility gene 101, TSG101) Hi 1k

%5 ab133586) . 7> 1k 7% 9 (cluster of differentia-
tion 9, CD9) #ii {& (1% 5 ab236630) Fl 45 % K 1
(Calnexin) Hii& (155 ab133615) , %< [§] Abcam 2
Tl ; F4/80 i1k (155 GB113373) | IL-1B Wik (17 5
GB12115) | I jZ 5 % 4§ 1 (Epithelial cadherin,
E-cadherin) 4 & ( 92 5 GB12083) fl Il JE & 11
(Vimentin) $i 1A (#2 5 GB111308) , il 0 ZE 4k /R 1E
VIR A PR/ 7. Spectra Max M5 fifibr{% , 35 [F
Molecular Devices /-~ F] ; DMIL 1 & ¢ 56 i i, 7
[ Leica /A A ; eBlot L1 R M 4% 4%, 5 5t 4 B dig A=
YR BR 2> ] ; XPN-80 4 54 2.0 HL, 56 [ BECK-
MAN 7\ F] ; T100 PCR 1Y, 3 [ Bio-Rad /A rl ; ABI
QuantStudio 3 gqPCR ¥ , 3¢ [# Thermo Fisher
Scientific 22 7] ;HT 7800 & 4 L 5%, H A H LA H] 5
PMX 110 g BRI 22 40 A%, 72 5] Particle Metrix
7y H] 5 CLSM 880 2 5 45 I i3 45 , 7 ¥ Carl Zeiss
AG /A H]
1.2 LIGZHY

SPF %% C57BL/6J /MR, Ik, /A 18 ~ 20 g,

6 ~ 8 JEIA , W 1 DL AR (b0 A EE ARG BRA A,
W HE 7 ATIE S . SCXK (5E)2024-0001, /)
T3 FARE S IR E 24 ~ 26 C, FIXHEE 50% ~
60%,12 h G52 %, A IR EROK . s sise )y
RAFEREFMAG LRIV ERGHERER &
L (A 95 . IACUC-DWZX-2025-645) .
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1.3 MSC-Exo #&

K FH R 3 B0 v P MSC 41 i 1 35 I
17> B il % MSC-Exo &
1.4 MSC-Exo £
1.4.1 EFEENE MSC-Exo AL

W LT 1.3 7 45 9 MSC-Exo B , T 705k 5
FRREE - IRV TR Y R A R ol IR
F A SR T M J5 , 38 5 L B8 X Al S - ) MSC-Exo
AT HARE
1.4.2 40K FARLIE B 53 #7 {046 i MSC-Exo B £
EHRIE

#4 1.3 14145 i MSC-Exo JH # 4l 7K i B =L #%
R0 9 Rl J , A B 28 A ROK SBORE AR 5 40 T A1
et 000 5 AR R RS
1.4.3 Western E[liff il MSC-Exo RH R EEH

I MSC F11 MSC-Exo # it , il A RIPA 24 i
(S B P HI ) vk 24 % ,12 000 X g,4 TE.L
10 min, L BV . WS mE NS 4x EFES R
%],100 CZE1: 10 min, 4 SDS-PAGE Hijk 4>
R 2 PVYDF . 5% BEAS Wk 2 B 1 h,
A —#t (HSP70.TSG101.CD9 #i1 Calnexin (4
1:1000) )4 CHFE 1% ; TBST YEfE 3K J5 A
HRPHRiC P, FIRMFE 1 he FRRERG A B3
W5 U
1.5 AR EE
1.5.1 Zh¥4r AL IE

C57BL/6J /)N i b MR 5 1 8 s BEBL S A %)
MR ZH R S 4H F IR 5P+ MSC-Exo 41, 40 25 H . |5
S B AN, H A /N BT 1% I L 40 BRI , [ 5 75
WEURAR |, 4 i 55 5% T 550 2 20 Gy y S 2k (LR
DF TS TS B ) o B EF+MSC-Exo 2H /) BU7E BT S
2 h Nk S A (1 x 10™ particles-kg™, %
F 200 pL A= B ER K ), it HE 20 Fn BE S 4 7 G A A
FRAE SR K, T4 3.7.10 Fil 14 K 4% 45 MSC-Exo

Lung tissues (n = 5)

1K TEIRS IG5 7 A1 28 Kol /N B S S A8 il i
¥k ¥ (bronchoalveolar lavage fluid, BALF) , %5 7.
28 F1140 R UL/ Ut 4l 2L fm 2 58 (B 1) 6
1.5.2 HE 71 Masson & M 22/ R it AR R
T

INERAT A R4 3R] 1.6, 76 B S S 55 7 .28 il
140 KU /NI (n=3), H 4% £ B H i H
i, A2 A BHEA BRA R T ) B (.
1.5.3 ELISA #&illl/\ & BALF #1 IL-1B. TNF-«. IL-
18 #1 IFN-y 7k

JIN B3 2 RN ik B R) 1.6, B IR B A 7 A
28 R/ (n=5) 44 v JT 45 /N R R HR
HAEARE, B G- AL R PBS
BEVE, IMORAAR T 1.5 mL EP45, 8 Tok . & H/h
FUIEVE 3%, B & [l BALF i ki>1 mL, BALF T
4 °C,500 x g &.0> 10 min, §t b #47 T -80 C.
iz ELISA 3791 & vl B 4546 0 /s B BALF o IL-1B.,
TNF-oc,IL-18 F1 IFN-y 7KF- .

1.5.4 IRXF S N/NR AT ZH 42 MDA 1 GSH 7k
% SOD &

INER A RN AL ] 1.6, 78 R IS 55 7 Rl e
INEUHZHZ (n=3) ., RIPAZL#B LA 0.1 gfifizh
2, Faeaa ) A Ud B A5 00 /)N BRI 2 24 MDA il GSH
7KK SOD 1% .

1.5.5 RT-qPCR #& il )\ B fifi 48 42 IL-18. TNF-a.
IL-10. IL-4.c F & AILAL 3N & B (x-smooth muscle

actin,a-SMA) . | BIf¢EEH o1 $%(collagen type
| alpha 1 chain, Col1a1) mRNA 7k ¥

INET AN BRE 1.5 7E IR S 55 7 F1 140K
W AE /N R 2 (n = 3) , i FH Trizol 42 Hi i 2 2 &
RNA, j3i % 5% 5y cDNA, X cDNA 4 #i 4 £ 17 PCR
B RN 4194 C 30 5;94 T 55;60 C 15 s;
72 C 10 s, 3t 40 MEH . L GAPDH NS, H
2O AR 7 KT L 40 IL-1B . TNF-a  IL-10.,

Lung tissues (n = 5)

Thoracic
irradiation BALF (n=5) BALF (n=5) Lung tissues (n = 5)
| P o T
{ { { { { { {
0 3 7 10 14 28 140  Day
[
MSC-Exo

Fig.1 Experimental procedures. Mice were randomly divided into control, irradiation (IR), and IR+mesenchymal stem cell-derived
exosome (IR+MSC-Exo) groups (n = 25). Mice in IR and IR+MSC-Exo groups received a single dose of 20 Gy whole-thorax y-ray IR on
day 0 to establish a radiation-induced lung injury (RILI) model. The IR+MSC-Exo group was administered with MSC-Exo (1 x 10" parti-
cles-kg™, dissolved in 200 uL normal saline) via tail vein injection within 2 h, and on day 3, 7, 10, and 14 post-IR. Mice in control and IR
groups received an equivalent volume of normal saline at the same time points. Bronchoalveolar lavage fluid (BALF) was collected on
day 7 and 28 post-IR (n = 5), and lung tissues were collected on day 7, 28, and 140 post-IR (n = 5).
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IL-4 )2 55 140 KiligH 22 b a-SMAF1 Col1al mRNA
AXFFERACE, 51 R AL R S SRR IR RHT A R A
AlA A, BARFS LR,

Tab.1 Primer sequences for RT-qPCR

Gene Sequence (5'-3")

GAPDH F: ACCCTTAAGAGGGATGCTGC
R: CCCAATACGGCCAAATCCGT

IL-18 F: GAAATGCCACCTTTTGACAGTG
R: TGGATGCTCTCATCAGGACAG

TNF-a F: CTGAACTTCGGGGTGATCGG

R: GGCTTGTCACTCGAATTTTGAGA
IL-10 F: CTTACTGACTGGCATGAGGATCA

R: GCAGCTCTAGGAGCATGTGG
IL-4 F: GGTCTCAACCCCCAGCTAGT

R: GCCGATGATCTCTCTCAAGTGAT
a-SMA F: GACGCTGAAGTATCCGATAGAACACG

R: CACCATCTCCAGAGTCCAGCACAAT
Col1at F: CGATGGATTCCCGTTCGAGT

R: GAGGCCTCGGTGGACATTAG

GAPDH: glyceraldehyde-3-phosphate dehydrogenase; IL-18:
interleukin-1B; TNF-a: tumor necrosis factor-o; a-SMA: o-smooth
muscle actin; Col1at: collagen type | alpha 1 chain.

1.5.6 Western E[1 7 i% & il /]y B fifi 22 22 & NF-«B
p65 & BB ER 1L 7K T

JNEU AL PR 1.5, BUR S S 58 7 K Y
INEUT L (n = 3), it A RIPA 4, FHLH 20T 1
AT A1 AR BUR B 1, BCA B E 25 W . B
LEAYS FREZ IR S, 100 C A8H: 10 minj5
#17 SDS-PAGE Hi ik , 154 %% 2 PVDF JiiE . B
5% Wi g WAy T = &A1 h, B 5 A — it
(p-NF- kB p65 #INF-«kB p65(1:1 000) )4 C &
B, TBST YK 3 WA in AAH I HRP FRid — i,
ZURBEE 1 ho FRRUE IS A 52 W05 iR
L) GAPDH #1142, Imaged #fiH88E A 5 By
WG RE , LA p-NF-kB p65 5 i NF-kB p65 1) FH 31
G LB Fe7 NF-kB p65 & [ R 17k F- .

1.5.7 RV /iR Al ZH 2R F4/80.IL-1PB.
E-cadherin X Vimentin &%

B1.5.2 A8 R (RS 55 7 f1140 K) (n=3),
BB EE CBEK S =T 0.01 mol - L My iR £
Goblh R ARE LI TIURIE R . REIEE
JELE VIR i i B, SRR 1 e 2B
T8, 2 9 n—+t (F4/80(1:200) . IL-1B(1:200) .
E-cadherin (1:500) fil Vimentin(1:500) ), 4 T

BHidh . H,PBSYER S, AN 2 ehric —
Bi, BB T 1 h, PBSYERS TN DAPI
LAV K R A o R AL R AR BB AT
FARE, FIH Imaged J i i A 26 7 R/ Ut 20 21
F4/80 FlIL-1B K55 140 K/ EUliZ41 4 E-cadherin Fil
Vimentin A 258 G EE
1.6 {&5hnag
1.6.1 CCK-8i&# il MLE-12FiF %

¥ MLE-12 2250 96 FLAR (5L 1 X 10*4>) , 43
Sy X B | RE ST 4 RN R O+ MSC - Exo 4, & 4
35 AL, BRXHRASN, HARK ARG 10 Gy v STk,
HESFF +MSC-Exo 41 7 HEUF J5 44 S A Jim A K 7 2k
H1(5 x 10" particles-L™) , X 18 25 1 IE 520 i A %5
KFLPBS, M A4N A 24 hs , & FLA0A 10 uL
CCK-8 W . W5 2 h, i br {8k I 45 FL W '
(Asso ) TEL, TR AN MG 2R
1.6.2 XFIEKN MLE-12 &k 5

1 MLE-12 35 Fp SRR SR (AL 2 X 10°4),
R 3B AL, A A 4L AL B ] 1.6.1 . A S A
24 h i, 7 a5 R 3 P IR 3 AL i A 1 mL
MitoTracker Green T /£ ,37 ChtJGiF & 30 min.
FEYE A 4% Z P EE R . PBS PR S &
DAPI [P 2 IEHE RN 2 ] o 7035 £ WA
£ MLE-12 ZE R AR TE 25 F40 i
1.6.3 IXFI E# N MLE-12 1 MDA #1 GSH 7k £ &
SOD &

¥ MLE-12 4270 F 6 FLAR (4L 2 x 10°4>) , %
4 35 FL, 40 4 41 Fn Ak B[] 1.6.1, A A s 1R
24 h i , SCHE AN, 2215700 5 150 B 3 4G 0 40 il MDA
1 GSH K- K SOD itk .
1.6.4 RT-qPCR # il MLE-12 ¥ IL-18. TNF-a.
IL-10%0 IL-4 mRNA 3% 7k F

¥ MLE-12 4270 6 FLAR , 4341 3 & FL., 4l a4
AL R 1.6.3, N A SMNIsK 24 h)E
Trizol 2 B4 g & RNA, 30 %% 5% F1 PCR 9§ 1 [A]
1.5.5. UL GAPDH } N2, ] 272 3k 11 55 41 fifd v
IL-18. TNF-a. IL- 101 IL-4 mRNA K %} 2835 7K °F,
EIL7 2 e
1.6.5 Western E[lif5 546l MLE-12 # NF-xB p65
EEBERLKE

¥ MLE-12 4570 F 6 FLAk , B34l 3 & FL , 4 i 5k
& LA FRIR] 1.6.3, I A SN IA 24 hE | Jic
A, 2R RIPA 24 i $E LR B 1, BCA T I 2K
F R . e sidfElR 1.5.6.
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1.7 Gt an 2.2 MSC-Exo 3t RILI /MR YR 1E B
ST A5 RBE DL x + s K%, K] Graphpad  2.2.1 MSC-Exo 42 RILI/I\FR Al 4B R %R R 1%
Prism 8 #4710 M IR IRl . A [A] L5k HE Z5 3 o, S5 FRATAR LL, RS S 275 7 .28 F1I

FHMSEREA th 50 s 2 O RCR B R 7 22000, 140 5K, AH [F] Ik 8] g B 20 /N B 2 2 1 B AR 1R =
PIPY HLHCR ] Tukey 1280 . P<0.06 % /n 2 A 40 I EMIEEIG S ; 5 M4 L, B +MSC-Exo 41

ARy 9"aN AR il A 2 L 4 B 3 % i (J1 BA) . Masson %t
LR R, ST L, BRGYE £F 28 F1140 K,
2 #FR A ) s 0] s PR g 2 /0N Bl 20 28 10 B I D LA i TR
S +MSC-Exo ZH il 2 2 i B B g 22 i (K1 3B) o

2.1 MSC-ExoKJ=£7E 2.2.2 MSC-Exo 4% RILI/INR B8 8 S 4L 1515
IEHTBEER LS 1l 1) MSC-Exo & Rl 5% PR, B 4L/ BU 41401 SOD i 44

MY SR RE , EARLE70 ~ 150 nm(EI2A) B 1 GSH /K 7 i 2[4 % . MDA /K F i 25 7 55 5 45 1R
KiopAi2y 100 nm (1 2B) . Western BUIABER G g4 1 1, 18 41 +MSC-Exo 41/1 BUiti 4.4 h SOD
71, MSC-Exo #f dfy hal Kl £ ML R AN AR EE 3% 4 fn GSH 7K O 5 2 FF 2 . MDA 7K 57 5 2 & %
HSP70.TSG101 il CDO AYAF SV, AT . (&1 4).

RILTE, HAZRL Calnexin(412C) . LASIREK 223 MSC-Exo #I%] RILI/NRFHE R 45 K &

WS 73 B ARAS T AF & SN AL ) MSC-Exo, 1] 5 %F B2 A L, R 5T 4H /1S B BALF o IFN-y
RN il TNF-o IL-18 Fl IL-1p 7K - i 2 Tt v (RS S 565 7 1
A B c
1x1010

L 9x10°

Loe0r, - MSC  MSC-Exo

g é:}gj [N HSP70 - s 70 ku

?:' ‘51:18: ‘ H \A 156101 -

& 310 | coo W 21

100 nm x109 - T
= ?xlgg_ Calnexin-] 90 ku
0 10 100 1000 10000

Diameter (nm)

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

Control
Control

IR

IR+MSC-Exo
IR+MSC-Exo

Fig.3 Effect of MSC-Exo on histopathological changes in RILI mice. See Fig.1 for the mouse treatment. A: HE staining
showing lung tissue morphology on day 7, 28 and 140 post-IR. The arrows indicate inflammatory cell infiltration, alveolar structure
disruption, and collapse; B: Masson staining showing collagen deposition and fibrosis on day 28 and 140 post-IR. The arrows indicate
collagen deposition.
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A B C
2.5%x10° 4x10° 60
s ## *k
2.0610° 30— it _
= < o |
2 15x10° 2 5 0 "
o = 2x103— wx =
O 1.0x10° [ S
» & 2 20
5.0x102 o 1X10°
0 0 0
Control IR IR+MSC-Exo Control IR IR+MSC-Exo Control IR IR+MSC-Exo

Fig.4 Effect of MSC-Exo on oxidative stress markers in RILI mice. See Fig.1 for the mouse treatment. Lung tissues were
collected on day 7 post-IR. Superoxide dismutase (SOD) activity (A), reduced glutathione (GSH) level (B), and malondialdehyde (MDA)
level (C) in lung tissues were detected by kit. x+ s, n= 3. **P < 0.01, compared with control group; #P < 0.01, compared with IR group.

28 K ) ; 5 MG 2 AH L, 8 5 + MSC-Exo 41 /) i JORE BN, IL-1B 2 A5 5 i 3 1G5 5 5 MRS 2 A
BALF v |34 4 5E K 7K °F I 3 P I (&I 5A-D) . I, M5 +MSC-Exo 2H F4/80" 4 Jifl 7% JiF b & F4 11K,
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Fig.5 Effect of MSC-Exo on pulmonary inflammatory cytokine levels in RILI mice. See Fig.1 for the mouse treatment.
Samples were collected on day 7 and 28 post-IR for BALF, and on day 7 for lung tissues. Levels of interferon-y (IFN-y) (A), TNF-«(B), IL-18
(C), and IL-1B(D) in BALF were determined by ELISA (n = 5). Relative mRNA expression levels of TNF-« (E), IL-1B (F), IL-4 (G), and IL-10 (H)
in lung tissues, as analyzed by RT-gPCR (n = 3). I1: representative immunofluorescence images of lung tissue sections stained for F4/80
and IL-1B; 12 and I3 were semi-quantitative analysis of I1. x + 5, n = 3. *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.6 Effect of MSC-Exo on cell viability of MLE-12
cells after irradiation. MLE-12 cells were seeded in 96-well
plates and randomly divided into control, IR ( 10 Gy y-rays), and
IR+MSC-Exo groups. Cells in IR+MSC-Exo group were incubated
with MSC-Exo (5 x 10'? particles - L™") for 24 h post-IR, while
control and IR groups received an equal volume of PBS. Cell
viability was assessed 24 h post-IR by CCK-8. x + s, n = 3.
**P < 0.01, compared with control group; #P < 0.01, compared
with IR group.
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Fig.7 MSC-Exo alleviated irradiation-induced oxidative stress in irradiated MLE-12 cells. See Fig.6 for the cell treat-
ment. Samples were collected at 24 h post-IR. A: representative images of mitochondrial morphology observed by fluorescence micros-
copy after Mito Tracker Green staining. After 24 h post-IR, MDA level (B), SOD activity (C), and GSH level (D) were detected by kit. X + s,
n=3.**P<0.01, compared with control group; *#P < 0.01, compared with IR group.
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Fig.8 MSC-Exo modulated inflammatory response in irradiated MLE-12 cells. See Fig.6 for the cell treatment. Samples
were collected at 24 h post-IR. Relative mRNA expression levels of TNF-a (A), IL-18 (B), IL-4 (C), and IL-10 (D) in cells, as determined
by RT-gPCR at 24 h post-IR. 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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Fig.9 MSC-Exo modulated inflammation-epithelial-mesenchymal transition (EMT)-fibrosis cascade via nuclear
factor-kB p65 (NF-kB p65) pathway inhibition. See Fig.1 and Fig.6 for the mouse and cell treatment. Lung tissues were collected at
1 (A) and 20 (C-E) weeks post-IR, cells were collected at 24 h post-IR (B). Western blotting analysis of phosphorylated NF-«B p65
(p-NF-kB p65) and total NF-kB p65 in lung tissues (A1) and in MLE-12 cells (B1), A2 and B2 were semi-quantitative results of A1 and
B1. C1: representative immunofluorescence images of lung tissue sections stained for Epithelial cadherin (E-cadherin) and Vimentin,
C2 and C3 were semi-quantitative analysis of C1. RT-qPCR analysis of a-SMA (D) and Col1a? (E) mRNA expression in lung tissues. x + s,
n=3.*P<0.05, **P < 0.01, compared with control group; #P < 0.05, #P < 0.01 , compared with IR group. IA: integrated absorbance.



SEETEEE

£2026 43 A % 404 % 34 Chin J Pharmacol Toxicol, Vol 40, No 3, Mar 2026 - 227 -

X BE 2 AH B, RS 2 il 21 21 v £ 4E 4k AR O St
a-SMA #il Col1a1l mRNA /K- i & Tt , 55 B 541
AHEE, BE ST +MSC-Exo 41 1 a-SMA #il Col1al mRNA
KV L (E 9D E) .

3 iHip

AR5 45 F R , MSC-Exo 1] i 35 Ja 4% i 5 5
5078 i S5 B AR R £ AR B, L o A 2
B WA VAT Q23 )l AR = L2 1 < A g
i, DTS B RILLAS ] B B A B [l i 42

SEU Ak 7 R OB B IR R R AR
it A TGE AR YRR, S8 MDA HER, SOD i 4
I GSHIK BRI ™, A58, & MSC-Exo if
7 It 219 MDA ZKF- i 25 B [, 1 SOD 1 1 il
GSHIKFA IR E . W MSC-Exo fig A #4358
ils 2 22 () BT AL RE g, WD T 1 AR B, AR SL |
G RILL, IZZ5 B AERSN MLE-12 41 i i) il S 1 43
it A A B T BGAIE . JRE SN B K K S
FERILI A RIPF & R Z—""7  FEARF5
1, MSC-Exo ¥477 Ji BALF H i 48 [H T 7K F i 25 [
15 5 /1N BUBT 2H 23R MLE-12 H Z 5 & 4iE [ 7 mRNA
FEIR ] T 5 i 1 2 F4A/80" [ W 41 i A =2 11 I 2%
W0 HIL-1B R I RIA W2 T . NF-kB p65 1%
iR Ak NF-kB 3 [ 000G 1 S bR i NF-kB il
PO S UK B AR 4 PR - 2R3 IR S 80 41 4
52 Western B33l 72 25 5 7w, BRI )5 26
7 K/ R4 21 NF-kB p65 & [ e fb K OF i %
T, 2 B NF-«B 3l [ 75 RILI 3 5 AL T 3005 1R
A, 1M MSC-Exo {67 1 i 2 0 il F 3% 3%, 764k 51
MLE-12 4 ffa ey it A B 2RI 45 5 . MSC-Exo
X NF-kB 38 % i) 30 6l 78 F AN SO A 985 R 7
PR R T EMT M £F A dbfe ), fie e
6 YL o 45 R B R, RS A 2 E R AR
E-cadherin F L&A, 1 8] B 59 Vimentin & ik
THEg , $25 EMT #3435 H. MSC-Exo i)y Al i 3 10
X — Ak [FIRE, R4l 4 20 a- SMA il
Col1a1 mRNA K-t 2 Ft 5 , 1fif MSC-Exo 4b 3 5
HK - 5 [AAI , 26 MSC-Exo AU T EMT,
WA R BT 1 LA 7 4 240 %) 1% A B e T 2 1)
UL, iR gE AR /R , MSC-Exo DL i 48,
AR S A, TR 4% RILL ) RIPF ¢ g ik 72 vh
) NF-kB i [ R AE S EMT K i JE LA 24~
s IR (EAR TR R AR AW A5 R i —
WF AR B ERAIE®, % A 5% 42 K BB 78 rf iE 52 MSC-

Exo i 12 2 [ 1% B/NF-«B i }% 2% it RIPF, 5 A< #F
ORI i N NG P N i
SR B (BT AS 2250 7 RO AE K 25 140 K,
T4 T A A TN 2k AR IR 8 M AR A Ak i
568 HE AR . A5 R N BE A MSC - Exo 16 9T
C57BL/6J /ML RILIAEY 3176 /N L MLE-12 41 ifd Hok
FIHLEIBE IS YR S B ARSI A T 12 A
A B, B KEIEIEY:, A MSC-Exo 7E 577
fat 4/ BT LA R e et IR TR 22
HIR INIMAA AR E AL BEE A 2
o3 RIAE SRR AR 5 5 & s B ) S HE R
N FHEE T AR AT ELA 0 R S B AR 34

AHFIELE R R IR T ALAS TUFE b 22 30 1m) X R
2 Pl R A AN 1T 324 T MSC-Exo fE AR5
Rl Nt SR, RN Z MG
W7 MSC-Exo X B4, i 1k 3R 45 1 B M B4 DA
Sl MSC-Exo ZEBHERA T 1Y AE Y2300 .

Zi F R, A HF5¢ % B MSC-Exo il i 2% fift 58
SR A A it 2EL 2R S AL N 9 5 AR D it 2 4L
il T AL FE B . SR A 9% 2L F R EK
-, JE L 9T BB 58 G HiE 43 - I 1Y D) BE 00 UE R
TP eAb, ITAE Sk T AL AMNBMA 1) % & i MSC-Exo
7€ RILL A i R R B AL 1587 5 1), Sl A A ARSI R 1Y
0 g M Can 2 T il 1 A e S bR AR ) 530
REN Y (& SEPT AR PLer 4k i RNA) Al g 3%
B HR YT RO P A A 45 245 07 =X (AN 51k
R B R Bt B 2o 326 )12 A S S SR A 5 1) T By
] PR & ELA 0 ) P 45 T BE D ) 34 58 1) T
1k MSC-Exo, A 2 il 4 RILI Fl RIPF ()45 i . G 40
LA ST T W

TEZBmk: 2o B TSI L SIS B ST S
B 5 7 B RS 158 S5 ST S 0 S A ) SR 5 R
TR RIS BT 1 5 S0 AN SR R 1 KU R 2
BB T 2 2% SRR AR 290 07 [ AR SCB R

28 22 T A 138 7 AR SCTR AT £ 1) 2 s

SE 3k

(1] B, 2508, SUIRHE, &5 . IR Wk e £ 2 A0 1
IL-6.1L-10 . TGF-B1 7K V-5 Jift S 14 il 5 43 6143 AF DG L WF
5% [J). Wi PR it Bl 2% 7% (Journal of Clinical Pulmonary
Medicine), 2023, 28(1): 93-97.

[2] 5k7%, BIZERR, R, A5 NS bR R AT OO
it 5 155 7] 4 X SR B DG PR 5 [J]. Il PR s 2R
7 & (Chinese Journal for Clinicians), 2021, 49(12):
1460-1464.



- 228 -

VEHEFE AR SR E 202653 A 5 40455 3

Chin J Pharmacol Toxicol, Vol 40, No 3, Mar 2026

(3]

(4]

[5

—_

[6

—

(7

—

(8l

(9]

(10]

(11]

Hanania AN, Mainwaring W, Ghebre YT, et al. Radi-
ation-induced lung injury: assessment and manage-
ment[J]. Chest, 2019, 156(1): 150-162.

Wang Y, Zhang JH, Shao CL. Cytological changes
in radiation-induced lung injury[J/OL]. Life Sci, 2024,
358: 123188 (2024-10-29) [2026-02-05]. https://
pubmed.ncbi.nim.nih.gov/39481833/. DOI: 10.1016/
j.Ifs.2024.123188.

Sgalla G, lovene B, Calvello M, et al. Idiopathic
pulmonary fibrosis: pathogenesis and management
[J/OL]. Respir Res, 2018, 19(1): 32 (2018-02-22)
[2026-02-05]. https://pubmed. ncbi. nim. nih. gov /
29471816/. DOI: 10.1186/s12931-018-0730-2.
Sugino K, Ono H, Saito M, et al. Tolerability and effi-
cacy of switching anti-fibrotic treatment from ninte-
danib to pirfenidone for idiopathic pulmonary fibrosis
[J/OL]. PLoS One, 2024, 19(6): e0305429 (2024-06-
13) [2026-02-05]. https://pubmed. ncbi. nim. nih. gov/
38870246/. DOI: 10.1371/journal.pone.0305429.
Feng XF, Feng B, Zhou JH, et al. Mesenchymal
stem cells alleviate mouse liver fibrosis by inhibiting
pathogenic function of intrahepatic B cells[J]. Hepa-
tology, 2025, 81(4): 1211-1227.

Wang LL, Ouyang MY, Yang ZE, et al. Mesenchy-
mal stem cells-derived exosomes alleviate radiation
induced pulmonary fibrosis by inhibiting the protein
kinase B/nuclear factor kappa B pathway[J / OL].
World J Stem Cells, 2025, 17(6): 106488 (2025-05-
26) [2026-02-05]. https://pubmed. ncbi. nim. nih. gov/
40585959/. DOI: 10.4252/wjsc.v17.i6.106488.

Zhu WW, Sun L, Zhao PC, et al. Macrophage migra-
tion inhibitory factor facilitates the therapeutic efficacy
of mesenchymal stem cells derived exosomes in
acute myocardial infarction through upregulating
miR-133a-3p[J/OL]. J Nanobiotechnol, 2021, 19(1):
61 (2021-02-27) [2026-02-05]. https://pubmed. ncbi.
nim.nih.gov/33639970/. DOI: 10.1186/s12951-021-
00808-5.

Dong B, Wang C, Zhang J, et al. Exosomes from
human umbilical cord mesenchymal stem cells at-
tenuate the inflammation of severe steroid-resistant
asthma by reshaping macrophage polarization[J/OL].
Stem Cell Res Ther, 2021, 12(1): 204 (2021-03-24)
[2026-02-05]. https://pubmed. ncbi. nim. nih. gov /
33761997/. DOI: 10.1186/s13287-021-02244-6.

Gao X, Niu SY, Li LL, et al. Hydrogen therapy pro-
motes macrophage polarization to the M2 subtype
in radiation lung injury by inhibiting the NF-kB signal-
ling pathway[J / OL]. Heliyon, 2024, 10(10): 30902

(12]

(13]

(14]

[15]

(16]

(17]

(18]

(19]

(20]

(2024-03-30) [2026-02-05]. https://pubmed.ncbi.nim.
nih. gov/38826750/. DOI: 10.1016/j. heliyon. 2024.
€30902.

Willis GR, Fernandez-Gonzalez A, Anastas J, et al.
Mesenchymal stromal cell exosomes ameliorate
experimental bronchopulmonary dysplasia and
restore lung function through macrophage immuno-
modulation[J]. Am J Respir Crit Care Med, 2018,
197(1): 104-116.

Sy, BT, BRSSP RE T AN R AU S D oL
¥ miR-100-5p il y S £k T80/ B B4 40 s FDC-PA
P T[], P [ 2y B 2 5 5 i 2E 22 3 (Chinese Journal
of Pharmacology and Toxicology), 2022, 36(5): 355-363.
He YM, Li D, Ye HP, et al. Oxidative stress-induced
CDO1 glutathionylation regulates cysteine metabo-
lism and sustains redox homeostasis under ionizing
radiation[J/OL]. Redox Biol, 2025, 83: 103656 (2025-
04-30) [2026-02-05]. https://pubmed. ncbi. nim. nih.
gov/40347691/. DOI: 10.1016/j.redox.2025.103656.
Wu YX, Ge LL, He S, et al. Macrophage-specific
deletion of HO-1 aggravates radiation-induced lung
injury through an PP2A-dependent manner[J / OL].
Int Immunopharmacol, 2025, 166: 115548 (2025-09-
15) [2026-02-05]. https://pubmed. ncbi. nim. nih. gov/
40957171/. DOI: 10.1016/j.intimp.2025.115548.

Luo H, Liu XM, Liu H, et al. ACT001 ameliorates
ionizing radiation-induced lung injury by inhibiting
NLRP3 inflammasome pathway[J/OL]. Biomed Phar-
macother, 2023, 163: 114808 (2023-05-03) [2026-
02-05]. https://pubmed.ncbi.nim.nih.gov/37146417/.
DOI: 10.1016/j.biopha.2023.114808.

Li MJ, Tian Y, Wang XT, et al. Exosomes derived
from adipose-derived stem cells alleviate acute radi-
ation-induced dermatitis through up-regulating hyal-
uronic acid synthase 1 expression[J/OL]. Stem Cell
Res Ther, 2025, 16(1): 253 (2025-05-20) [2026-02-
05]. https://pubmed. ncbi. nim. nih. gov / 40394699/.
DOI: 10.1186/s13287-025-04276-8.

A, TFAE, AL % ARG EXTIR ZMNA S/ NS
I 453 49 1) DR APV T B LA (D). o [ 2 B2 5 g 3
%% & (Chinese Journal of Pharmacology and Toxicology),
2025, 39(1): 36-45.

RBURT, W, AT, L SEFa S i i TLR4/
NF-KkB i f# i AR 25 S (0 2 e A3 [J). o el 24
2 5 3 B 24 2% & (Chinese Journal of Pharmacology
and Toxicology), 2025, 39(9): 651-661.

Xiao K, He WX, Guan W, et al. Mesenchymal stem
cells reverse EMT process through blocking the acti-
vation of NF-«B and Hedgehog pathways in LPS-



PEGEF S AP E202653 A% 4045 % 38 Chin J Pharmacol Toxicol, Vol 40, No 3, Mar 2026

- 229 -

(21]

(22]

(23]

(24]

induced acute lung injury[J / OL]. Cell Death Dis,
2020, 11(10): 863 (2020-10-15) [2026-02-05]. https://
pubmed.ncbi.nim.nih.gov/33060560/. DOI: 10.1038/
$41419-020-03034-3.

Zhang HM, Zang CY, Zhao W, et al. Exosome
derived from mesenchymal stem cells alleviates
hypertrophic scar by inhibiting the fibroblasts via
TNFSF-13/HSPG2 signaling pathway[J]. Int J Nano-
medicine, 2023, 18: 7047-7063.

Shi XF, Tuo YJ, Liao ZY, et al. Functions and mech-
anisms of UC-MSC-derived exosomal miR-486-5p
in pulmonary fibrosis[J/OL]. Front Oncol, 2025, 15:
1542008 (2025-07-07) [2026-02-05]. https://pubmed.
ncbi. nim. nih. gov / 40692863/. DOI: 10.3389 / fonc.
2025.1542008.

Siriphanit R, Thanasarnaksorn W, Boonpethkaew S,
et al. Exosome-based therapy: a comparative study
of adipose-and umbilical cord-derived mesenchymal
stem cells-derived exosomes in psoriatic mouse
model[J/OL]. Exp Dermatol, 2025, 34(11): e70176
(2025-11-11) [2026-02-05]. https://onlinelibrary. wiley.
com/doi/10.1111/exd.70176.

Zhao LY, Tang YW, Wu BB, et al. Human umbilical
cord mesenchymal stem cell-derived exosomes prevent
and alleviate experimental pulmonary fibrosis by
modulating the cytoskeleton of macrophages[J/OL].
Stem Cell Res Ther, 2025, 16(1): 533 (2025-09-29)
[2026-02-05]. https://pubmed. ncbi. nim. nih. gov /

(25]

(26]

(27]

(28]

41024236/. DOI: 10.1186/s13287-025-04646-2.
Zheng QY, Zhang SJ, Guo WZ, et al. The unique
immunomodulatory properties of MSC-derived exo-
somes in organ transplantation[d/OL]. Front Immunol,
2021, 12: 659621 (2021-04-06) [2026-02-05]. https://
pubmed.ncbi.nim.nih.gov/33889158/. DOI: 10.3389/
fimmu.2021.659621.

Wang YJ, Huang JY, An YL, et al. Magnetic engi-
neered bone mesenchymal stem cells-derived exo-
somes for targeted acute lung injury therapy[J/OL].
Stem Cell Res Ther, 2025, 16(1): 539 (2025-10-01)
[2026-02-05]. https://pubmed. ncbi. nim. nih. gov /
41035003/. DOI: 10.1186/s13287-025-04598-7.
Zhang WY, Wen L, Du L, et al. S-RBD-modified and
miR-486-5p-engineered exosomes derived from
mesenchymal stem cells suppress ferroptosis and
alleviate radiation-induced lung injury and long-term
pulmonary fibrosis[J/OL]. J Nanobiotechnol, 2024, 22
(1): 662 (2024-10-26) [2026-02-05]. https:/pubmed.
ncbi.nim.nih.gov/39462403/. DOI: 10.1186/s12951-
024-02830-9.

Li M, Huang HP, Wei XF, et al. Clinical investiga-
tionn on nebulized human umbilical cord MSC -
derived extracellular vesicles for pulmonary fibrosis
treatment[d / OL]. Signal Transduct Target Ther,
2025, 10(1): 179 (2025-06-04) [2026-02-05]. https://
pubmed.ncbi.nlm.nih.gov/40461474/. DOI: 10.1038/
$41392-025-02262-3.

Mesenchymal stem cell-derived exosomes alleviate radiation-
induced lung injury by suppressing oxidative stress
and inflammation

ZUO Xin', CAO Fangxiao®, CAl Xiaoyi®, DU Li*, CHENG Xiaochen?, LU Yuxin?,
XIAO Fengjun?, SUN Zhongsheng®
(1. School of Life Sciences, Tianjin University, Tianjin 300072, China; 2. Academy of Military Medical
Sciences, Beijing 100850, China; 3. Institute of Zoology, Chinese Academy of Sciences, Beijing
100101, China)

Abstract: OBJECTIVE To investigate the protective effect of mesenchymal stem cell-derived exosomes
(MSC-Exo) against radiation-induced lung injury (RILI) and the underlying mechanisms. METHODS (1)
MSC-Exo were isolated from the culture supernatant of human umbilical cord mesenchymal stem cells
via ultracentrifugation and characterized by transmission electron microscopy and nanoparticle tracking

analysis. Western blotting was used to detect the expressions of exosomal markers (heat shock protein
70, tumor susceptibility gene 101, and cluster of differentiation 9 and Calnexin). @ In vivo: Male C57BL/6J
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mice were randomly divided into control, irradiation (IR), and IR+MSC-Exo groups. Mice in the IR and
IR+MSC-Exo groups received a single dose of 20 Gy y-ray whole-thorax irradiation. The IR+MSC-Exo
group was administrated with MSC-Exo (1 x 10" particles - kg™) via tail vein injection on 0, 3, 7, 10, 14
days after irradiation. Lung tissues were collected on 7, 28, and 140 days post-irradiation for histopatho-
logical examination by hematoxylin-eosin and Masson’s trichrome staining. Bronchoalveolar lavage fluid
(BALF) was collected on 7 and 28 days to measure the levels of interleukin-1p (IL-1B), tumor necrosis
factor-o (TNF-a), IL-18, and interferon-y (IFN-y) by ELISA. On 7 days post irradiation, F4/80 and IL-1B
were detected by immunofluorescence staining while the superoxide dismutase (SOD) activity, reduced
glutathione (GSH) content, and malondialdehyde (MDA) level were measured using commercial kits.
MRNA expressions of TNF-a, IL-18, IL-4 and IL-10 were determined by RT-qPCR while the phosphory-
lation of nuclear factor-kB p65 (NF-«B p65) was analyzed by Western blotting. On 140 days post-irradi-
ation, E-cadherint and Vimentin were detected by immunofluorescence staining, mRNA expressions of
o smooth muscle actin (a-SMA) and collagen type | alpha 1 chain (Col1a1) were detected by RT-qPCR.
@ In vitro: Mouse lung epithelial (MLE-12) cells were divided into control, IR, and IR+MSC Exo groups.
Cells in the IR and IR+MSC Exo groups were exposed to a single dose of 10 Gy y-ray irradiation. The
IR+MSC Exo group was treated with MSC Exos (5 x 10* particles - L™") after irradiation. At 24 h after
treatment, the SOD activity, GSH content, and MDA level were measured. Cell viability was assessed
by CCK-8 assay, mRNA levels of TNF-a, IL-1B, IL-4 and IL-10 were detected by RT-gPCR, and NF-«B
p65 phosphorylation was analyzed by Western blotting. RESULTS (1) The isolated MSC-Exo appeared
round or cup-shaped with a diameter of 70-150 nm, expressed HSP70, TSG101 and CD9, and were
negative for calnexin. @ In vivo: Compared with the control group, pathological injury and collagen
deposition were pronounced in lung tissues of irradiated mice, BALF levels of IFN-y, TNF-«, IL-18 and
IL-1B increased, the SOD activity and GSH content decreased, but the MDA level elevated. The mRNA
expressions of TNF-a and IL-1B8, the level of F4/80" and IL-1B were upregulated. The level of
E-cadherint was decreased, the level of Vimentin was increased, the level of NF-«B p65 phosphoryla-
tion, and the expressions of a-SMA and Col1a1 were upregulated. Compared with the IR group, MSC-
Exo treatment significantly ameliorated pulmonary pathological changes, suppressed collagen deposition,
reduced BALF levels of IFN-y, TNF-«, IL-18 and IL-1pB, restored the SOD activity and GSH content, low-
ered MDA levels, downregulated TNF-a and IL-18, alleviated F4/80 and IL-1pB level, increased E-cad-
herint level, decreased Vimentin level, inhibited NF-kB p65 phosphorylation and EMT, and decreased
o-SMA and Col1a1 expressions. 3 In vitro: Compared with the control group, the IR group showed
decreased cell viability, reduced SOD activity and GSH content, an elevated MDA level, upregulated
TNF-a and IL-18 mRNA, and increased NF-«B p65 phosphorylation. MSC-Exo treatment significantly
restored cell viability, elevated SOD activity and GSH content, reduced the MDA level, suppressed
TNF-a and IL-18 mRNA expressions, and inhibited NF-kB p65 phosphorylation. CONCLUSION MSC-Exo
may exert protective effects against RILI by regulating NF-kB p65 phosphorylation, preventing exces-
sive activation of the NF-xB pathway, inhibiting oxidative stress and inflammation and alleviating fibrosis.

Key words: radiation-induced lung injury; pulmonary fibrosis; mesenchymal stem cell-derived exosomes;
lung epithelial cells; oxidative stress; inflammation
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