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Highlights:

(1) It was confirmed that adipose-derived mesenchymal stem cells (ADSC) -Exosomes could
improve LPS-induced mitochondrial dysfunction in macrophages, maintain ATP content, inhibit
the continuous polarization of macrophages to M1, and reduce the inflammatory response.

(2) It was confirmed that ADSC-exosomes could improve acute lung injury in septic mice, and
reduce oxidative stress and inflammatory response. This effect may be achieved by regulating

the mitochondrial function of macrophages.
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Effects and underlying mechanism of exosomes of adipose-derived mesenchymal stem cells
on acute lung injury of septic mice
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[ Abstract] Objective To explore effects and underlying mechanism of exosomes of
adipose-derived mesenchymal stem cells (ADSC) on acute lung injury of septic mice. Methods
The study was an experimental study. ADSC of passages 4-5 were selected, and exosomes in their
supernatant were isolated and extracted by differential ultracentrifugation. Exosomes were then
used after identification. Twenty-four adult male BALB/c mice were selected and divided into
control group, simple cecal ligation and puncture (CLP) group, and CLP+ADSC-exosome group
according to the random number table method (the grouping method was the same as below), with
8 mice in each group, which were treated accordingly. At 24 hours after injury, hematoxylin-eosin
staining was used to observe the morphology of lung tissues, the in-situ end-labeling method was
used to detect the apoptosis of lung tissue cells, the enzyme-linked immunosorbent assay was used
to detect the levels of tumor necrosis factor-a (TNF-a) and interleukin-1§ (IL-1f) in the serum of
mice, relevant kits were used to detect the contents of malondialdehyde and superoxide dismutase
(SOD) in lung tissues, and immunofluorescence method was used to detect the expressions of CD86
and CD206 in lung tissue cells of mice. Mouse macrophage RAW246.7 was taken and divided into
control group, simple LPS group, and LPS+ADSC-exosome group, which were treated accordingly.
Twelve hours later, the ATP content, the percentage of mitochondrial ROS positive cells, as well as
mitochondrial membrane potential in cells were detected by related detection kits. The real-time
fluorescence quantitative reverse-ranscription PCR method was used to detect the mRNA expression
levels of M1 polarization marker factor inducible nitric oxide synthase (iNOS), M2 polarization
marker factor arginase-1 (Argl), and inflammatory factors TNF-a and IL-1§ in cells. Three samples
were used for mRNA expression detection, and four samples were used for the detection of other
indicators. Results At 24 hours after injury, the lung tissue structure of mice in control group
was clear and intact without inflammatory cell infiltration. Compared with that in control group, the
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lung tissue edema as well as the inflammatory cell infiltration of mice was much more obvious in
simple CLP group. However, compared with that in simple CLP group, the lung tissue edema in CLP+
ADSC-exosome group mice was significantly alleviated, the inflammatory cell infiltration was
significantly reduced, and the cell apoptosis and necrosis were significantly improved. Twenty-four
hours after injury, compared with that in control group, the contents of TNF-a and IL-1f in the
serum of mice in simple CLP group were significantly increased (with t values of 50.82 and 30.81,
respectively, P<0.05); compared with that in simple CLP group, the contents of TNF-a and IL-1f in
the serum of mice in CLP+ADSC-exosome group were significantly decreased (with ¢t values of 16.36
and 19.25, respectively, P<0.05). Compared with that in control group, the content of
malondialdehyde in the lung tissue of mice in simple CLP group was significantly increased (¢t=9.89,
P<0.05), and the content of SOD was significantly decreased (¢t=5.01, P<0.05); compared with that in
simple CLP group, the content of malondialdehyde in the lung tissue of mice in CLP+ADSC-exosome
group was significantly decreased (t=4.38, P<0.05), and the content of SOD was significantly
increased (t=2.97, P<0.05). Twenty-four hours after injury, compared with that in control group, the
number of CD86 positive cells in the lung tissue of mice in simple CLP group was significantly
increased, and the number of CD206 positive cells was significantly decreased; compared with that
in simple CLP group, the number of CD86 positive cells in the lung tissue of mice in CLP+
ADSC-exosome group was significantly decreased, and the number of CD206 positive cells was
significantly increased. After 12 hours of culture, compared with that in control group, the ATP
content of RAW246.7 cells in simple LPS group was significantly decreased (t=6.28, P<0.05);
compared with that in simple LPS group, the ATP content of RAW246.7 cells in LPS+ADSC-exosome
group was significantly increased (t=4.01, P<0.05). After 12 hours of culture, compared with 22%
+4% in blank control group, 40%+6% of positive cells of mitochondrial reactive oxygen species in
RAW246.7 cells in simple LPS group was significantly increased (t=5.04, P<0.05); Compared with
that in LPS group, 30%+5% of positive cells of mitochondrial reactive oxygen species in RAW246.7
cells in LPS+ADSC-exosome group was significantly decreased (t=2.65, P<0.05). After 12 hours of
culture, compared with that in control group, the mRNA expressions of TNF-aq, IL-1, and iNOS in
RAW246.7 cells in simple LPS group were significantly increased (with ¢ values of 16.51, 31.04, and
7.70, respectively, P<0.05), and the decrease in the mRNA expression of Argl was not statistically
significant (P>0.05); compared with that in simple LPS group, the mRNA expressions of TNF-q,
IL-1B, and iNOS in RAW246.7 cells in LPS+ADSC-exosome group were significantly decreased (with ¢t
values of 11.38, 22.58, and 5.28, respectively, P<0.05), and the mRNA expression of Argl was
significantly increased (t=7.66, P<0.05). Conclusions Human ADSC-exosomes may play a role in
improving lung injury in septic mice by improving LPS-induced mitochondrial dysfunction in
RAW246.7 cells, inhibiting macrophage polarization to M1, and reducing the inflammatory response.

[ Key words ] Sepsis;
Macrophages; Mitochondrial dysfunction

Fund program: General Program of National Natural Science Foundation of China (82272269)

Acute lung injury;  Mesenchymal stem cells; Exosomes;

2 PE i 51495 Cacute lung injury, ALL) B H: ™ &
JE A ARDS 75 KT FRUBE | 6 5 22 s e B A
S B PO R UL, AR S A R RS A il
RAEFNIR B PE I 5 . EL R M) 2 0 A T
it 21, 78 ALLR B B, 15 05 A48 i i 1 0 5P 7k
A= R, Bl G | S A 22 A R
R0 i) it S 4 5 T 2 1) At 1 4 i S b Mk 4
it 45 4 i 200 B ) T AR B S i A R i g, e
i . WEIE R SRR T B A 7E E
0 A R 2 1) ML AR Ak ) S B v Al TG B LA o AR
ALL ARDS 55 Z i () K LR A e v bR T fiE
el 2 5 1 ook B A 5 IO R M S B AR
PRI , 7 A 0 Pl S 2ok i 42 B Wi 20 R 2R A4 2

Il e 1 A 42 o] 5 Wk A P AR 6 ) ML A e B2 SR
SR GBS, 1] BE AR ALL K ARDS ) — Rl A
RUR M

Bg Wi 18l & BT T 4 B (adipose-derived
mesenchymal stem cells, ADSC) J& T 41 g ¢ % 1Y T
BN, B SRR S R Bt R Ae ), B T
AT AR, KALIFSE R, ] 78 5T 148 it 53
DAY T PR PT3S]S 41
HAE AV A SUB S AR . A9 i iy
/N ECE W 45 L % L (cecal ligation and puncture,
CLP) BB ALTZh R RY 5k ] ADSC R U5 14 40
MO IAA AT T, B TEFRST ADSC SN A S /)N
S ALL AT TEAE I B 5Bl



4. rhAE s S5 AN HE 2 28 ik 2024 4512 A58 40 %5 12 1] Chin J Burns Wounds, December 2024, Vol. 40, No. 12

1 #R5HZ®

ARSI W 5T AR 25 AR R K2R s ) L A
Z2 G343 M A ORS00 3 ) A SR A e
1.1 Sh¥ A K 32 250 S5 IR

24 B J5E JC AR K 0 D A4 9 A 1 BALB/c /)N R
(RHE 21~26 g) 25 42 B R gy b d2 42 77
AIES : SYXK (Z£)2012-0022, ADSC HU [ A 525
FEURAER A ADSC, RAW264. 7 /N B A A% 5 105 41 ity
P15 200 i R ) 9 5 [ S 7R B 2 W O s

DMEM/F12 1640 K5 3% 5 | JC A s 4 )i 4 1 1
I [ 2% [ Gibeo 23 7, ADSC % B F2 5600 1 7 M
FEAL A AL, B mRNA $EHGR ] & ATP F s i
& SR AR S A0 A I 3 7 R i 4R b )
FRIC L E BT 1gG 22 SEREBT IR  ZhL (A A AL W)
(mitochondrial superoxide , MitoSOX ) Kl {75 &5 2k
A % R A7 ARG 35 B (R B R JC-D I A 1
M358 = KA ARABR AT, 5% 5638057 & M PCR
K I 457 &5 W H H 7R Takara 28 7] , 40 g/L 2 5 H
i HE 9 38050 &l [ mRIUCFE4E /R A= R A R
), N (IR B A8 Ak = 4)) FSOD ( H H 2848
W= W) AT £ R A E R A R A
IR 7 S W VAR NI 2 > A 3 TR TR N
(TdT-mediated-dUTP nick end labeling, TUNEL) i
L8 T R AR G (LR SR IR PO R )
W o U S a R AR R R A IR A R, 2 R
-D- & R L 47, 6- bk 3 -2- R 3 mg] g (4,
6-diamidino-2-phenylindole, DAPL) AN WMA IR B Yy
L PKH26 21 8 2% 't 20 i 3% #2070 & 1 [ 36
Sigma 23 7, P/ B CD86 (M1 %Y 5 Ik 41 Jfd A s
Y1) ST PR . CD206/ (M2 A I 20 A b i 4 ) B
v, B BC A R B LR 9 O R AR IC M bt A CD9.
CD63.CD81 HFL LA F 35 [F CST A w] . /MR
TNF-a IL-1B /9 ELISA 357 &6 [ 35 E BD A .

FACS Aria Il %Y 37 =X 4 4 1 26 E Becton
Dickinson 24 &) , = % fk fi 55 5% 4 W A 3 E
ThermoFisher Scientific 23 # , Optima ™ XPN I eEr=A
FELHLIE A 3£ E Beckman 22 7, Infinite M200 Pro
A4 K 2 D) RE il AR A8 A B 1 TECAN 24 A
HT-7700 7355 5 i 7 A4 I B H 48 Hitachi A #]
EVOS FL Auto 2 BG4 41 A8 W i ) A 35
[ Invitrogen 2 ) , FSX100 % 4= H 8 4= 9 G 500
10 H H A Olympus 28 7], 1Q5™ #Y 5L s} 2¢ 6 1 &
PCRUE [ 528 Bio-Rad A 7

1.2 AN ADSCAHMBAR) 5y B S FRAE

B ADSC, 5% JH ADSC % FH 85 3% 3 g 47 8 30
B R, BEHIARE 4 S5 SARANME A T/ 225050 . S
SCHRL 13 14145 A ADSC FM s AR , 5 7 FL 0T v 5 Ry
2 ng/mLA . RS T oL T 0 fUBE 7E 40 000 157X
RATECT I IMIMATE S , R HPRLAR 53 BT {06 T A1
WMARIAR . H R FH T = 4 SR 4 i 4k CD9
CD63.CD81 FH 4 4 g E1 43 bt , He b 4 5 6 4
RS EARC A CD9 .CD63 .CD81 S 5a et
R (R RE LR 1:200)
1.3 s
1301 et /N BROBE R ) 57 K o 2l S REAR IR
£ H24 HBALB/e /N, & W PE TR SR 1A IS 4%
R B LA 21k (320 51 T W) 49 B AE 5 %) HE A
P2l CLP ZH F1 CLP+ADSC #M A , fE4H 8 H .
4fi CLP 41 Al CLP+ADSC #M i & 41 /N R #4117 CLP F
AR ST e B R AR AL Horh CLP+ADSC A& ZH
ANBRAE S S M0 I 2 h iR A7 R e K 4 100
pL H 1 2368 A AMIBMA , B4l CLP 20/ ER R ik
SRR IO PBS. 1E &% R AL /)N BRAN R bk 1 5
AR IO PBS. i) 24 h((IFE 3 %5 BR 40 /)N BB 5
PBS J& A Al B 8] ) , S HESCHR [ 16-18 1, i B /N B
MR ER , Bl 25 FH 5 8% Je FH S00ME R 1 32 Ab B8 /N R, 85 22
Jili B F oK A R A SR 40 o/L 2 5 F I [
S H LA I BUREE N 5 wm ) A
1.3.2 SR 25 2F 8K K it 2 2R 4 B o T
SLEREIN B 3.1 Y) R, R ORAT HE 4 If R
FHAE ) AR ST 1006588 T ULl 4 SUE 285
] /T YD F, #% TUNEL 403 08 7 46 48 570 2 158 B
Fb ATyt (FHPE Yo 4k (0) |, I F DAPT A YL 41
MRz (PG 3 ) AR5 B T RO HE LR 4
B GBE 100 155 3R AR BT W% il 41 2 40 i 0 1
T
1.3.3  IML¥E H SAE B (R 4G DU 1. 3.1
MFRAS , #8530 min, T4 CE&MF T LA 600xg B0
15 min, /NGO WEC 2 I |, 4 HE ELISA Ui B 4525
DR K I 1MV B TNF- o F1IL-1B K °F . FEAS
ka4,
1.3.4  Jifi 2 21 (% %8 Ak 0 3 K F A B
1. 3. 1R /NERAG T T2 2, 5w O SR fie il 4 25 42
25130 . 2 IR BE A SOD A6 I3 371 & 136
BT A5, SR BERR AL 20 31 F 534 nm P4 1452 nm P
AL 5 A I D' FE A, S BN R SOD



Rt SR THE & 2k 2024 4F 12 A% 40 5455 12 ] Chin J Burns Wounds, December 2024, Vol. 40, No. 12 © 5

. FEAR%CH A4,

1.3.5  Jili 41 20 v 5 g 40 i e AR 1% A il
1.3. 191 5, # AT P s e B 5 5 M T s s 4 44k
SEyeta  —H bt/ CD86 . CD206 HTE FEHT A
(FRBE LI R 1:100) 0 A HUR o A AL D bR ic
(1L 24T %R 1eG 2 s TR (R B L35k 1:200)
FGARZR YN . AR A BHPEY oA 6, 41 A%
PR DL o R i . HEARECN 4

1.4 ZHjEsce

1.4.1 RAW264. 7 4fl g XJ &b Ws 4 19 19 1k B
100 wL B 1.2 i & 09 4 WK, i A 4 pL 19
PKH26 21 {15 5 40 A 3% 422 100, = iR kOB & 5
min J5 ,4 “C.100 000xg #5.0> 1 h, SRIITIE , 2R )5 H
100 pl PBS HE #2174 H .

JEEE RAW264. 7 4k B8 5%10° 4~ /mL, 44 #R
AL 100 WL 351 F 96 FL AR , Kx 3% 2 41 i il 75 36
70% . WA 20 WL PKH26 #7310 B ADSC 3K 5 i1 4
IR, INE RAW264. 7 40 i 15 32 W, o3t
Kig2 12 h 5 I PBSTHVE3 R FH 40 o/ L 2 5 F i [
SE 15 min, I DAPT Y4 . 7R BG4 R 48
5 BE 200 F5 BORAS BT WLEE 40 i % PKH26 47 ic
1 N ADSC MIMA () F7 BEAR 10 o
1.4.2 LPSiESFAY RAW264. 7 40 i 48 5 5 5 Kz 43
HALFE  HURAW264. 7 40 ML, K FH & IR FR 2 %L
10% Ji5 25 MLE 19 1640 15 77 3 MR AT 40 i 15 7%,
R A K 2 80% il & A PR REH LA 7 e 1k K i
A3 K2 10 BRZH | BA 4l LPS ZH Al LPS+ADSC #h i
20, 7E LPS+ADSC Fh MAA 20 35 37 3 vh S fin A28 i i
W ¥ 50 pg/mL A\ ADSC /M ATIREE 1 h, K52
HESCHRL 19 JEAT LPS 3L 5 X540 LPS 25 240 ff {2k
A5 R R A LPS A8 5 X 25 1 X R 2H i i 201 7 B
Fto Wi 12 h T AR A A T AT A
1.4.3 RAW264. 7 4 i tp ATP 75 & 5 ] B
1.4, 257 5555 12 h 5 W40 AR 8 ATP 5 s A U
KA A e ATP . FEARBUN 4.

1.4.4 RAW264. 7 4l Jig rf £ b7 14 3 4 4 0% A
1425 12 h JFRIAIIE, INA 5 wmol/L
MitoSOX & 5l . % & 30 min, PBS ¥t 4 3 K5 FH Ui
A . R FH flowJo B4 1T MitoSOX
prjet Y5 v - WAL o) DN R A B e )
Y LR TG SR BHPE AR 0 L . REASECR 4.

1.4.5 RAW264. 7 4l i 28 k7 {4 B e {57 B4 A6 0
BU1. 4. 250408557 12 h s B9 AR, AR 4 41 il 4ok 4

I F A7 R 000 3751 5 15 B 5 i AR (R B LE A 1
1000) ,37 “CHOGHEE 30 min, PBSPEL 3K, B0 5
g LVE W, N PBS HOHT AT M, R T R S0
HEAGIN DGR L o et i, 27 52 BT A28 6 I 15
SRR TEH B JC-1 3R AR AE Lok (35 o e il 2R
G A ISR, T T IH Lok A B H 67 T B
i B JC-1 H e DLk i A F I
FEAKC R 4,

1.4.6 RAW264. 7 4l1fifg M1/M2 #z Ak b s R K %%
i A (9 mRNA 2 3k & 46 B 1. 4.2 3 40 %
FRJ5 12 h BI4IHE , HEHUE mRNA , R F 520 986 E
i RT-PCR 5K I W5 20 it M1/M2 B AR pm s A 5
iNOS il Argl, 224 K 7 TNF-o I IL-1B A mRNA 3
5L G WP 0L 1, Fe B2 e B R & Ul B
45, LA GAPDH i N 2 R, 3 1o 27 36 %) TNF-
IL-1B.iNOS Fil Argl /) mRNA 23k #E47 & f 07 .
FEAKCN 3,

R EWDSEE U 7 PCR LK RAW264.7 411l
W5 19580 B =) RN

FERRN

FE R 2 PR
(bp)

IS5 —3")

1-18 I3 : TCCAGGATGAGGACATGAGCAC 105
I : GAACGTCACACACCAGCAGGTTA

[-37 : ACTACTGCTGGTGGTGACAA
iNOS . 106
FW: GAAGGTGTGGTTGAGTTCTCTAAG

¥ : ACTCCAGGCGGTGCCTATGT
TNF-a N 160
T : GTGAGGGTCTGGGCCATAGAA

L3 : ACATTGGCTTGCGAGACGTA
ARGI N 109
T : ATCACCTTGCCAATCCCCAG

L3 : TGTGTCCGTCGTGGATCTGA

GAPDH . 150
FW: TTGCTGTTGAAGTCGCAGGAG

TE 1L HAIAY 3 iNOS Jyifs 5 B — S AL R A T, TNF Ay i
JEIRFEIN T, Argl FpRG R 1, GAPDH g HH il -3- 0 R i =0 il

1.5 Geils4r

R JH SPSS 20. 0GE i HAAFHEA TR AT . ik
POREAR IR A IEZS A3 5, LA (% 2 ) 320 L 411 24
e LA A7 B PR 26 2 ) T, LI L A R
LSD-t K%, P<0. 05 Ny 22 5t A G738 3L

2 #R
2.1 A ADSC MK R FAE

N ADSC A b 1R 22 25 FEAR 2548, 7 42 43 A 1E
60~150 nm Z [i], L& 1. A ADSC 4P iA 4y CD9
CD63.CD81 BHMERARIK N 17. 2%=22. 1% . 15. 4%+



© 6 rhAE s S5 AN HE 2 28 ik 2024 4512 A58 40 %5 12 1] Chin J Burns Wounds, December 2024, Vol. 40, No. 12

1. 4% .22. 8%=1. 1%,

TR (IOE;I\/mL)

IIO l(I)O 10IOO
b ) kife (nm)
7 B 1B ARG AR BR 280 1g A0 B A E L B i IR

B 1 AN 785 40 (ADSC) A A 1 e 5 o 1AL AT UL
TR AT 9 8 2R FCARZE B B 5 SR A8 x40 0005 1B. 4K 5T
AL ER B A3 ATT ARSI {8 7 i 4% SR 60~150 nm

Figure 1 Identification of human adipose-derived mesenchymal
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Figure 2 Lung tissue injury and the apoptosis of lung tissue cells

of mice in the 3 groups at 24 hours after surgery
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Figure 3 The infiltration of macrophages and the polarization of
macrophages in lung tissue of mice in the 3 groups at 24 hours

after surgery
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Figure 5 Mitochondrial membrane potential of RAW?264.7 cells in the 3 groups at12 hours after culture
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Table 2 Comparison of mRNA expression of markers of
macrophages polarization and inflammatory cytokines of

RAW264.7 cells in the 3 groups at 12 hours after culture
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