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Abstract

BACKGROUND: Mesenchymal stem cells show extremely therapeutic potential for radiation-induced lung injury through delivering exosomes. Age is a primary
factor affecting the function and biological efficacy of mesenchymal stem cells.

OBIJECTIVE: To investigate the protective effects of exosomes derived from bone marrow mesenchymal stem cells of different mouse ages on radiation-induced

lung injury in mice.

METHODS: Bone marrow mesenchymal stem cells of young mice and old mice were obtained by whole bone marrow adherent culture. The exosomes were
isolated from the supernatant of passage 3 bone marrow mesenchymal stem cells. Ten 2-month-old C57BL/6J mice were randomly selected as the control
group after anesthesia and not irradiated. The remaining 30 2-month-old C57BL/6J mice were used to establish a mouse radiation-induced lung injury model
and were randomly divided into three groups. Exosomes derived from bone marrow mesenchymal stem cells of young mice, exosomes derived from bone
marrow mesenchymal stem cells of old mice, and PBS were injected through the tail vein, respectively. The survival rate of mice was monitored. The lung
function, lung inflammation and fibrosis were assessed at 1 and 12 weeks after irradiation.

RESULTS AND CONCLUSION: (1) The concentrations of particles and proteins in exosomes derived from bone marrow mesenchymal stem cells of young mice
were higher than those in exosomes derived from bone marrow mesenchymal stem cells of old mice. (2) Compared with the control group, the survival rate
of mice in the PBS group was low, and lung inflammation was obvious at week 1 after irradiation, and the levels and mRNA expressions of interleukin-18,
interleukin-6, and tumor necrosis factor-a were increased. Collagen deposition in lung tissues was observed at week 12 after irradiation, and the mRNA level
of E-cadherin was decreased, while the mRNA levels of a-smooth muscle actin, transforming growth factor-g1, and B-catenin were increased. (3) Compared
with the PBS group, the survival rate of mice in the exosome group was significantly improved, and the level of proinflammatory factors and their mMRNA
expression were reduced at week 1 after irradiation, the mRNA level of E-cadherin was increased, and the mRNA levels of a-smooth muscle actin, transforming
growth factor 1 and B-catenin were reduced at week 12 after irradiation. (4) Among all the above indicators, the therapeutic effect of exosomes derived
from bone marrow mesenchymal stem cells of young mice was better than that of exosomes derived from bone marrow mesenchymal stem cells of old mice.
(5) The results showed that exosomes derived from bone marrow mesenchymal stem cells of young mice contained more particles and proteins, and the
effect of alleviating early inflammation and late fibrosis of radiation-induced lung injury in mice was better than that of exosomes derived from bone marrow

mesenchymal stem cells of old mice.
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A RARAE AT 2R A A M ) S e T AN AL VB R, IR HL
ARG T BIAR GRS, ORIt £ S Atk
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R 30 g A2 A5 ) 14 F #% C57BL/6J /N B 12 R (SPF 4,
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HEVE, AR 30 g 224 ) 0 T AL m 4k R 4R 525 B )
O, BN YEATIE 5. SCXK( 5( )2019-0009, Hr, 12 H
2 H s c57BL/6) /N B AN 12 A 14 H % C57BL/6) /N B 4 )
T3 B EF/IN U BEA 785 T4 2 (young bone mesenchymal
stem cells, YBMSCs) il 2 4 /)N BB # 7] 78 03 T 41 g (aged
bone mesenchymal stem cells, ABMSCs). F4M 40 H 2 H#
C57BL/6J /)N B BE ML L 30 W A4 e JSUi PR it B A 1S 8L, 3
N YBMSCs SR AN ih A 2H (n=10), ABMSCs S5 A4 2 (n=10)
H1PBS 41 (n=10); Fl4x 10 A 2 J ¢ C57BL/6) /N AT RS,
FXFHRAH o A SEER TT RAT A M R B AR B 23 1
HOR A E, TS ZZU-LAC20200828.

1.3.2 FZESEI G /0 BB (R 78 0T T 40 B B R 0k (35
STEMCELL A 7], 05513); /N 5B [1) 78 Jo 44 i ifL 37
Br g & (B M S A F], ZM-TS002); CD29. CD44,
CD105. CD34. CD45. CD11b i z=Hiik ( £ [H Biolegend 2\ 7],
102207, 103029, 120413, 119327, 103131, 101227);
AR AR Al AR GR & (b B R 2R 4 W], ES910); BCA iR
HE Il A & (A REFE A A, PC0020); /) E 40 f
F 1B AR 2 6 AR IR BE A T oo B EEC  2 TR BA U o
(enzyme linked immunosorbent assay, ELISA) 7] & ( ¥R ik
{# g% A 7, EMC001b, EMCO04, EMC102a); 5 A K — ff 41
Gt 550 &A1 Masson = 3L (i) & (LI R K A A,
G1120, G1340); RNA $& U7 o % il il & % i€ & PCR
B (B siE4ERE A |, ROA3301, R323, Q711); #G5E
& PCR 5| W) I B 1 AR 2 =) 5 il o

1.3.3 FEELIGINES YR R4E ( 35 Thermo Scientific 24
H], 8000); {3 & #1 M G ( H A OLYMPUS v ], IX71);
A (2[5 BD A w), FACSAria I); A ar il 43 (3 [
Bio-Tek, cytation5); =i .00 ( HAS Hitachi 247], CP100MX);
i 5 H TR OB (( H A Hitachi A &, HT-7700); 2% 2K i ki
FRER P HTAC (JZ 1] NanoFCM A ], N3OE); 1= fig BLZ& b g 4%
( %t 1 Elekta, Precise); %) i Ty & K Ul & 4t ( 55 [ DSI,
BUXCO PFT).

1.4 FTrik

141 NRUCEHEE AR S SRR TR AR
BUBRBEALFESS (3 R /R, BEE 4 k) T & T RE X
B, BT R T, FH /) BRI
TR B, WS T BE I 500%g B0 10 min, N 214 Jif
SRR AR, 500xg 250 10 min, 153 {40 YT TE F
PR/ BUE BRI FO R T IR E A, L 1x10° A Jem?
B TR RS, BT 37 C. B %L 5% CO, 13-4

HiiE SR, R 3d A 1 RIS IR, A gE AR K A 80% il
G, FH 0.25% JEEE ABEIHAL, %I 1 1 3 Bl T 1Y,
53 AR A T )5 8255 .

142 /NECGEREE R THBRMRREE B3 RERDY
YBMSCs il ABMSCs F 0.25% Ji# 5 [ B 35 16 Ja 250 97 1+ 5L
HY 1x10° AN 41 i (100 pb 40 A 5 ¥ ) 2 156 W 15 40 il i N 0 =%
$i fA (CD29. CD44, CD10. CD34, CD45. CD11b) i 3% &
20 min, JH PBS P 2 i J N 2V B EALAS I o

1.4.3 AMNMARI> B 5% 5 3 AL YBMSCs Al ABMSCs
RiltGr B Ik ) 80% B, B a5 IR Dy /)N BB 1] 7 5 40
T MiE R R 5L, kaLH: % 24 h Uk BiE. B BiEW o)
%% 500xg 1 2 000xg % &0 10 min, J2FR4H M0 & 40 J i A s
P v i B9 0o HL 10 000xg 550> 30 min 25 [ T4 45 44,
35 JE A P A A AL R SR B A AL AMIA, 4 bR ie
YBMSCs-EXs Fil ABMSCs-EXs, F 50 pL PBS & 5 & T -80 C
& PRHUS B AN I AL I S B R G S, i kAR
I HTRLIN AMBARAE AR, JFild BCA B H E Bkl &
FRAR S .

1.4.4 /NGRSO P il 45 A 20 (g <7 5 b i A YR YT /N B
1% JR ELEL 2240 (S0 mg/ke) SRR 5, 115 1 & B[ € T96 97 K
b, A5 P RN A 4 T R RS AT S T 20 Gy( i 8%
W A7) B 2R =300 cGy/min), RS /5 3245 T YBMSCs-EXs Al
ABMSCs-EXs( i ikiE ST, 20 ug/g) UL 5 A il P AH [] 14 AR

f] PBS.
1.4.5 /NERRBUREOL 2N BRI I R — R 15 L e
ERTTR
146 MM MESEEE 1, 12 F, xRN A RS A

AN R AT, SRR S 4 N,
AT I D RER I, 5 BRI AR SE /N BRI ZH 2R, e it it AT
MR F ML, — P AT EUSA R, — A4 T
It E B PCR il .
147 Jtohee St A% MUREEE 1, 12 B st Tl ae
Hor I 22 e ksn /N BRI DI RE, /0N R BR I S5 48 /<08 44 s DA
B PRI T TSR A R 2 28 Bl R A, SR 5 AR BB/ B
FREARTTE, TFI SR H 2R &, TR R 2.
it 245 = 220 B / /N B BT B x100%.
1.4.8 JZHZUR I G /)N B it 4L A 28 b i R I
JE JG H R AR E A RS IRY) BT ORARRS - Bt
Al Masson = gefh, o M SIHLIE A,
BENLILEFETRAKE — PTGty 5 N RLES, HR4E Smith PF
I A I TR 5 O, A B R TR K A
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PENEAN BRI i R B TR B AR 2 43 0 iR AT 0-4 43 1)
FE RV (047 Lt 14 WASVEH 25%-50%:; 2 43
PS> 50%-75%; 4 4. FASTEEE > 75%).

B ML % Masson = o gLt 1) 5 AL BT, {8 A Image J
B DA il 4 L A AL T AR BB (P R B A T AR / AT
HTH A x100%) .
1.4.9 JHLRAER TR NP4 NlHL N i& & PBS
il VS, WO FIE TR, #c IR ELISA 5501 0 i3t B 5 FH il
FRAXAE 450 nm 3K ALK AT 20 43 (A 40 A 3% 1B 4
M3 6. MIEIRIE T o KT
1410 FOE R PCR AN /NGl — P A 2 ZU8T s/ hN LS 78
SIS A SIS, H I RNA S HURN i 2 s ik ) 4 1 BH -1 42
HU A RNA Jf: [ #3545 i cDNA. AR4E 5% 6 52 B PCR A FI &t
R 27 YRR I R B A A A R 1B A AR K 6.
PRRIEIR 7 a. E- B ER . a- PN E A, #ib
AR T BL. B EIRE () mRNA A £ IE &, X5
Y F Lk 1.

*z1 | 5199F%
Table 1 | Sequences of primers
LR 4R 519751 (5'-3)
B4R 1B 1E1f]: GAA ATG CCA CCT TTT GAC AGT G
JZIfil: TGG ATG CTC TCA TCA GGA CAG
S 1EIf]: CTG CAA GAG ACT TCC ATC CAG
JZIfil: AGT GGT ATA GAC AGG TCT GTT GG
MR FE T a iE[f]: CCT GTA GCC CAC GTCGTA G
JZIfl: GGG AGT AGA CAA GGT ACA ACC C
B-actin iE[f]: AGG TGA CAG CAT TGC TTC TG
JZIfil: GCT GCC TCA ACA CCT CAA C
E- F5EiEN 1E[f]: CAC AGG CGG TGA GAC CTATC
JZIfil: TGG GTT TAA ATC GGC CAG CA
a- P NLUNLEN & A 1E[f: AAC GAG TAC CGG AGA CAG GT
JZIfil: GGT GAC GAG CCA TCT CTT CC
ALK BL 1E[f]: TGC TAA TGG TGG ACC GCA A
JIfil: CAC TGC TTC CCG AAT GTC TGA
B- EME N 1E[f]: CAG ATC CCA TCC ACG CAG TT
JIfil: CAG ATC CCA TCC ACG CAG TT

1.5 FZUWERIg4: Q) YBMSCs-EXs 1 ABMSCs-EXs [1 T4 .
RLAR KN RORLA) B iR IR 2 45— JRUREME: @ YBMISCs-EXs
FI ABMSCs-EXs ¥ 77 Ji T P i 43 4 /I8 BR— M 17 100 2 A= A7 IR
A5 (B YBMSCs-EXs Fll ABMSCs-EXs 737 X JECSH 14 il 452 473 /) B
B R REMIE2m; @ YBMSCs-EXs FI ABMSCs-EXs YA 7 %ol TS
(A TEEVRAN N Sl R R R Rt A

1.6 %it® 494 {4 Graphpad Prism 10.1.2 {E & 33174
THEEIHT o B0 DL xes o o 9 20 [A] 22 5 A8 FH AR LA ¢ 6056
2 2 A 2 USSR B B T 200, I ELAR
KA LSD-t f%6. P <0.05 NEFRAREER L. LESITH
Jrike g M E NRERAEMG I T X H K.

4 | PERATIEWR | 5530% | 551H | 2026518

2 258 Results

2.1 YBMSCs = ABMSCs #4952 #5 % Vi 04 I A KG: ] 25 5 &
TR, AR Z KA CD29, CD44, CD105 S [HME (FHItEZ AT
90%), Iff CD34. CD45. CD11lb 2 MM ( BHIER/NT 1%), 7
& B bRy 18] 70 01 20 Mdn e, DL 1.

N 2 fros, fERAEFRE 3K, 48 K24 YBMSCs Al
ABMSCs 58 iUl BE, RARTIRES . FEARRI S /N R R,
ABMSCs [) I BELN it B & /b T YBMSCs. & 1 ARI5 50, Uik
Az K ) YBMSCs 1 ABMSCs fit /&34 58 4= &7 &, TR AL T
R AEA . 55 3 ARREIRIS, 5 YBMSCs AH EL, ABMSCs [
MR R, DM A% AR AR R B I RS
2.2 YBMSCs-EXs #= ABMSCs-EXs #9452 &5 R B H4R oK,
YBMSCs-EXs Fl1 ABMSCs-EXs 57 5% Jj v [a] VT B 1) [ 50k, WA
3A. Kif2/> M fikas YBMSCs-EXs Al ABMSCs-EXs [0k B2 K
/NN 75 nm ZE 45, WLE 3B AITE] 3D, YBMSCs-EXs () Bk
TR 9 6.36x10° i ki H /mL, ABMSCs-EXs [ ki 4 ¥ & Ky
3.78x10° FURLHL /mL, W& 2 RH REMER XL (P<0.05), I
3C F1[E 3E. YBMSCs-EXs 1 ABMSCs-EXs [/ 5 [ e 5 A5
B2 %5 (P <0.05), ABMSCs-EXs [fJ45 [ (6.42 ug/ul) &
ZIL T YBMSCs-EXs(8.98 pg/ulL), L& 3F.

2.3 YBMSCs-EXs A= ABMSCs-EXs T ]~ R 2K H P A 4545 84 R 37
YR SRR, X IR AR E SOESIER, W,
T R Bl 6 585 o T SO M it 4 4 /0 BSUA o B A%, V3
AR, B X B R R B R R R A 12
AR, AR EIN B IR S B 5

AAEh & R, WU S5 12 A, PBS AL/ BRAEIE H AL
Xof W ZH /N BT 5 BRI (P < 0.05). 5 PBS 41AHLL, YBMSCs-EXs
ZHF1 ABMSCs-EXs ZH JECS 14 it 45 477 /) BRI PE T2 28 1 (2 25 PR A1
(P<0.05), WE4A.

MO G55 1 i, PBS /)N BT Dy BEAH S48 A 15 %o HE ZH AR
PO % R, HAEMG S8 12 /4 (P <0.001). 5 PBSZHAALL,
o8 A E HRUN J5 58 1 AL 2 RO 5 28 12 J4, YBMSCs-EXs 4
1 ABMSCs-EXs 2H /)N Rl Bh &1 (¥ P < 0.05), IL[E 4B 1
4ac.

it 2 B A S e 1 A Ko /N BSR4 P AR
fEF . Wik 4D fiw, HxtH4i L, PBS 4/ EUil R ErE
MRS R 58 1 RIS 12 ¥ T (3 P < 0.05). fEREI SR 1
J8, 5 PBS 41Af Lk, YBMSCs-EXs 2]l ABMSCs-EXs 41 fiti & %
RIS, 2T W E MR X (P=0.08, P=0.95). fEMi4)5
%12 J&, 5 PBS 4HAHEL, YBMSCs-EXs £ 1 ABMSCs-EXs £ Jiii
R B G, Horh YBMSCs-EXs ZH I 2 B A5 B 55 (1
P <0.05),
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2.4 YBMSCs-EXs #= ABMSCs-EXs T /J» 5, 7% 4F 4 At 371 15 -7~ 47
KAEW e WA LIFARNE - LG R, RS
1R, X HRZH /N B2 2R N VR A TR, R LB R R AE
JSEs PBS ZH /)N BT 2H 23 P Jil o 2 v A A, T I B % i 1]
7 ALK, S PR R E, WL SA. 5 0] I ZH A
b, PBS ZH /)N B fii 451 19 ¥ % 2 % & (P < 0.05); 15 PBS 4H
A L, YBMSCs-EXs 2 F1 ABMSCs-EXs £ fiti (N 48 iF 2 NV 98
B, A e W 5 R AIK,  JF H YBMSCs-EXs 41 Jii 41 15 fi
B AR FE BE KT ABMSCs-EXs 41 ( #3 P < 0.05), L [&] 5A I
5B.

ELISA 6 I 45 5 & ox, W55 55 1 &, PBS 4H /) R fii
HANRRFFEHMMBA R 1B, N 6 LM IRgE
K F o8& EETE (1 P<0.05), 1M YBMSCs-EXs ZH il
ABMSCs-EXs 2H I 3k 48 JiE K 7 /K 7 & & BRI (19 P < 0.05).
YBMSCs-EXs 2 | ik % fE K 7 /K F B F R R E & T
ABMSCs-EXs 41 (P <0.05), IW,[E 5C.

55 ELISA Ky il 45 52540, PBS ZH /)N BRI 4L 24 (3 40 B A

F 1B L4 3 6 S MIBIRSE N T o mRNA A% %14 &
FEiEr, 1M YBMSCs-EXs ZH F IR i 4 [Kl-F- mRNA A X} 321k & ¢
% () P < 0.05), ABMSCs-EXs 4 /)N 4023 Py L ik fiE 4
[A-F mRNA FHX} ik &5 PBS R T, ZRTIEEM
X (P=0.20, P=0.24, P=0.07), [ 5D.
2.5 YBMSCs-EXs #= ABMSCs-EXs &/ B3 4 A 47 4% 0, 2 A
Y ag ¥ok Masson Yt N, WSS E5 12 &, PBS 4
/IN BRI AL 2R V0 s S R R, i ) B N K B RS TR, T
XPIEZH /N BRI N IR Sk i e B, IRE LA AT L, D
& 6A. LxtHRALALL, PBS /N ERULLL Py 47 4k fb AN 35
40 (P < 0.05), ifj YBMSCs-EXs ZH 11 ABMSCs-EXs 2H fili 4T 41k,
A S/, I H YBMSCs-EXs 2H 2T 4 4k, 11 AR 1 PG 72
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