608 I E2:Bi2 4R Acad J Chin PLA Med Sch  Jun 2026, 47 (6) https://xuebao.301hospital.com.cn

(8] 7& J5 T 20 At SR iR B A i AR 22 SR X v B Bl I Rk i (s 1 S 4E

MR RARRR 2, D4R gD, Rk F!
"RAEBERGE —EFPOMBIFESIH, LT 100853; (ML EEFKR, k®  100853; SEFA
FREFEFHLRE, LF 100850

WE: &S QK (traumatic brain injury, TBDAERS . BAMEEUT EEREE, BE ZAEE B LFRIME
B, WM S OIRe R . BOEThRE SRR . A EMAIRERE . RO KRR . BIRRERER I, B TBI
Z W B AT PR s R AR M RORER . BRY BRI R 3R BE ] F (tumor necrosis factor a, TNFa) i 4b BE A9 ] 78 5 + 41 i
(mesenchymal stem cells, MSCs)JJf i ZM A (exosomes, Exos)Xf 5%/ BE TBIAYIG YT EH ., I15 %38 Exos HEATITF R0 LE .
Fik  RHAMEEE RS/ N TBIA AL, 68 HUEM/INRBENL > 440, T R(sham operation, Sham)Zi. i
B4 (TBIAH) . A5+ 5 SMNMALE (TBI+Exos 4H) . Bi%1+TNFa Fikk BEAM A ZH (TBI+TNFa-Exos 41), AE4 17 Ho M/ B
B YR ] 78 5 T 41 g (frontal bone-derived fibroblast-like mesenchymal stem cells, FMSCs) A TNFa Tkt H 48 h 1) FMSCs H 2
B Exos. TBI#. TBI+Exos £ fll TBI+TNFa-Exos 4 #5)5 1h £ S N iE ST 25, ot Y 28 5 #8 X 56 (Y-maze alternation
test). FUE LI PEAG/NRAT M TIRE . FIH PKH67 ¢ AR ICH AR WL Exos (9 1K F1 241 i 48 BRI P8 43 A Rk o i 20
(lipopolysaccharide, LPS)ifs S/ MK BIANAE BV2 70 Cul 41, LPS4L. Exos#l. TNFa-Exos#l, & qRT-PCR K4k
WMALL IR ISR P TNFa. 404 Z-1B(interleukin-1B, IL-1p). FAZ0I/ Z-6(interleukin-6, IL-6)/KF-. LR 4T H¥
KW, Exos 2145 TNFa-Exos 41 Y #8 B I & 58 8 54 TBIA A 2 T 11 (P<<0.05) . TBIARAYZH /N R4S Sham 2 ST AE ST
[%, 1fii Exos#1. TNFa-Exos 203 #LHE /148 TBIH % (P<0.05), qRT-PCR&5HR /R, 5 LPSAHM L, Exosl M TNFa-Exos
ZH /N R AN REARE 48 Rl F- 3235 K BRI (P<<0.05); H. TNFo-Exos 2 [ iRIEFRMGEFLAE L T Exos 24, 41 10] HLAR 2% B et 2
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mild-to-moderate traumatic brain injury in mice

YANG Aojiao'?, CHEN Guilin'?, MA Hengchao'?, JIANG Xiaoxia®, ZHANG Jun'

'Department of Neurosurgery, the First Medical Center, Chinese PLA General Hospital, Beijing 100853, China; *Chinese PLA
Medical School, Beijing 100853, China; *Beijing Institute of Basic Medical Sciences, Beijing 100850, China

Corresponding author: ZHANG Jun. Email: junzhang301@163.com

Abstract: Background Traumatic brain injury (TBI) is a major global cause of long-term disability, with mild-to-moderate
cases often leading to persistent neurological deficits. Current pharmacological interventions are limited by the blood-brain barrier
and systemic side effects. Objective This study aims to investigate the therapeutic potential of exosomes (Exos) derived from
tumor necrosis factor a (TNFa) preconditioned fibroblast-like mesenchymal stem cells (FMSCs) for moderate TBI and compare
their efficacy with untreated exosomes. Methods A mouse TBI model was established by closed-capsule blast shock wave injury.
A total of 68 male mice were randomly divided into four groups (17 mice in each group): Sham group, TBI group, TBI+Exos group
and TBI+TNFa-Exos group. Frontal bone-derived FMSCs were preconditioned with TNFa for 48 h. Exos were isolated and purified
using the OMEGA kit. Mice in the TBI, TBI+Exos and TBI+TNFa-Exos groups were subjected to TBI modeling, and intranasal
administration was performed 1 h after modeling. Y-maze alternation test and nesting test were used to evaluate the recovery of
behavioral function after Exos intervention. PKH67 fluorescence labeling was applied to observe the in vitro cellular uptake and
intracerebral distribution of Exos. An inflammatory model of mouse microglial BV2 cells was induced by lipopolysaccharide (LPS),
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and cells were divided into Control group, LPS group, Exos group and TNFa-Exos group. qRT-PCR was adopted to detect the
expression levels of pro-inflammatory factors TNFo, interleukin-1p (IL-1B) and interleukin-6 (IL-6) in vitro. Results Behavioral
tests showed that the spontaneous alternation rate of the Y-maze was markedly increased in the Exos and TNFa-Exos groups
compared to the TBI model group (P<<0.05). Nesting ability was significantly reduced in the TBI group compared with the Sham
group, while notable improvements were observed in the Exos and TNFa-Exos groups (P<<0.05). qRT-PCR results demonstrated
that the expression levels of pro-inflammatory factors in microglia were significantly decreased in the Exos and TNFa-Exos groups
compared with the LPS group (P<<0.05). Furthermore, the TNFa-Exos group showed better improvements in the above indicators
than the Exos group, and the difference was statistically significant (P<<0.05). Conclusion TNFa-preconditioned MSC-derived
Exos exhibit favorable neuroprotective potential for early intervention in mild-to-moderate traumatic brain injury. Compared with
conventional Exos, TNFa-Exos show superior effects in downregulating pro-inflammatory factors and improving cognitive function,
which provides experimental evidence for the early treatment of military blast-induced brain injury.

Keywords: traumatic brain injury; mesenchymal stem cells; exosomes; tumor necrosis factor a; cognitive function recovery

Cited as: Yang AJ, Chen GL, Ma HCH, et al. Effects of TNFa preconditioned mesenchymal stem cell-derived exosomes on the

repair of mild-to-moderate traumatic brain injury in mice[J]. Acad J Chin PLA Med Sch, 2026, 47(6): 608-614.

A1 495 P g 45 43 (traumatic brain injury, TBI)E
R A BRAE B S BOE T AN D RE R4S Y 2 BE
OIS Ho, AR rb R TBI & UTA e 4] 1Y
80% LA 17 BAR 2RI TBISE T- ALK, HIL
P FE PR AR A . A TR TR A R
M TRRAE v . Sl SR B SE IR, TBIAY
RIRFAE LR AR O 52 S, TBITEE
PR ™ E Ak A R, LA A AR S SN Y 4]
15NN L AN E RS 4787 N (X (i) = = I
SR AT T AR B A B AU, R I AT
REREAT . 2ol aE ) TR H % 1% 3he 1Y
e85 o SR B i 2 D RE BN (R T R
AR, WA E A S R T 2T g

5] 72 5+ &M fifd (mesenchymal stem cells, MSCs)
Ko HAR WA H1MA (exosomes,  Exos) PRI H M 4E 6 41
e, CHCH TBIFA AT AT AL, MSCs 2k
U5 Exos & & UIRETE IR AR 1, RR98 A 2 i
P RAE, fEHEp R R TIReIR A . SR,
18 Exos J7 40 FR, MR AL A 1 a(tumor necrosis
factor a, TNFa)fiAb# & 8k I RE 2% MSCs i H:
Exos BRI AU . TNFafEAR P EA W EAER : &
FEFRI A RIERAP S E Dhe, W mRIA NN
SR FUARAE RN HH AP . RE AR BoR
TNFo i 4b B 1] 3 5% MSCs > I8 () Exos HI$T 4 5%
N, AH BRI 2 5 £ T A2 45 K o o S AL
PAOREAY A ot i B B A IR R ) 3B
LI, Ak moki@ i 5 s RIEARE S5
WA RE 2R . AR ZEH R
50, SRHEIEMERAY, s TNFa FlAb 3 Y
/N B E TB) 7T B+ 40 MY (frontal bone-derived
fibroblast-like mesenchymal stem cells, FMSCs) 3k
51 Exos 5 K £ TNFa 4k 3L i) FMSCs K I i) 35 3

Exos %42 i EE TBI /) SRUAT Ry 2 AV 28 E 48 B B9
BEEMZESR, SERW A T b &
MHE, 4 TBLAIG ARG S BURT i I A sRms )

1 #MRERFE

1.1 Wz 54594

ENTIETILY/ DR Ty Sz ¥ Nt et v 0]
5% BE 5256 Sl A B 5 i 25 L St E LS . TA-
CUC-DWZX-2021-759), FIrAT 450 EH4 4 A1 12 e 5%
55 s )5 PR S A FREESR o SCHGE ] 100 H 8 &
% SPF R IfENE CSTBL/6 /N, IR 20~22 g, THH
W VAR D) AR E AR B A A o B /N BGE B
W37 d, TEFEREERE 22 ~ 25°C . AHRHREE 50% ~
60%, BRA12WI2hack, HREE. Yok,

K I 3 A oo U 30 O AR /N RV b
JEE i i e 2 A AR A0 N RROR T AR AR T R, &
JE R S =R BRI, RREET AU [ TR
THIES TERERE DL, S-S ABSH
DARIE RS B4 —20, th TR KE i ke 5 & 98 ™
GENRULE T (I - iU AN N = =T N
A 100 Hg/NR, Hrp 17 BAE R IRTFRA
(Sham &), AXATIRREE AR B AL BE, ANZGT
drF T Ho 83 HU/NR I Z bR A vp
Pk, EMS B TE R R E SRR Y g
AARNE, BIBRIET: At Rk b A, A&k
51 HIEB G/ N

W 51 HEREAHE /N ORI LA T 35504 3
H, FH17 2, 439k TBIFEAIZH(TBIZ) . TBI+
e 37 AN ZH (TBI+Exos £H) A1 TBI+TNFo T b 3 4h
IWAA 2 (TBI+TNFa-Exos 2H). 454 B % 57 14 17
HEBEFARANR, RFRILE44, BH1I7TH, &
1168 LS /N, W RIE TR 100 H 2553
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Y, JTCEAMERE, SA/DNEIARTT R JRR AT
AR 2ER LG E L SH/NRGE 5
SgG R A 15 HHTAT kil S AR e FE bR
geitorr, Fax 2 HTAMNMAZO thRiC K ik ZH 21
RN A s BR 528G, LA] 2008 JE D) RE 27 1P Al 5 20
BUE N RTIRR K

1.2 SEIE#fel

R BEN [ 35 Sigma /A Al 2.5%
fii (525 . 2038152)I4 H L {451 Biological Industries
oAl o-MEMBEFREE . BRA-ITs . R R/AER R
XTI LA i 1 7210, W B ZE R R A ]
Exos Zlifkid 77 & 5 BABMEM (Omiget)/A 7] ; BCA
B A i & T Exos B FIRIEIE ; PKH67
WY T Exos AR N/RER ; 4% Z R E . b
WM T R oH A E S B oK IR 2K
(lipopolysaccharide, LPS)FFARZNINEE Bt 41 it 4 5
BRI P55 TRIzolIRX ] | Wi sk ik & . SYBR
Premix Ex Taq#¢ e f ik & H F qQRT-PCR 5£ % .
FEANAALAE . S T A (AL R R 2 H)
Tl TS M PE10 S48 (AU 20 BHMUBHE A R A
Al GBS R POLRREE . SERYOLE
i PCRAX . GG EE T . Al M85 TR 4H
IR = B LA
1.3 ZHpEiESE

AW 5T K FH B AE CSTBL/6 /1N i FMSCs I i 4
WAATI 5 S0 . TO T AR R BN R A A,
B SIBRIE B R, K B 59 R 4l N 2R s
K HH 2.5% JiR 8 1 0T B AL 4R R e T I A A B
AL R TR G PR TR 3 Ik, BRIk
HALT S 255 . Bl S A& 10% iR 48 1S
(fetal bovine serum, FBS). 1% 7% % -5 %5 R AL
Y - /N A 7 1% 57 3 (0-minimum essential medium,
o-MEM), & T 37°C. 5% CO, T8 i 1 i 55 77 46
LG R A0 M SR A R 2 d B 1 kR e
Wk, BRI, LRIy 2~1: 3,
PEBUCERRSTE . Gk RAFAYES 3 ~ 441G FMSCs
T RS 5 .

T FMSCs 40 i il 5 %5 B35 65% LA L i, 7%
WHLSE RS AL, HITCT PBS 22 i vk i 40 i 2
W, ARGV bR a% B B & SR MMAC Y B A v, T
R TCAM AR L G IR0, HEBR I 5 5L A S
XTSI 45 R T4 . AR P, 55530
BAIFE 28, FFET1148 he W MIEFRA AN
I Au] S5 X i, IE R R E R SR, TNFofiikh

BEZH AE B TR i A B 2 10 ng/mL Y TNFa,
Frsefiligas R,
1.4 ExosiZEUREE

IR RIS RS, o IR & BB 9% I TNFa
BB B IR LR S T Y N E U R Wil s R Y 0
AR AS 38 b WA 1K (Exos) 5 TNFo 1l 4b # 41 1 {4
(TNFa-Exos), FTJRZLah¥)1 i S 40 ALl 525
K H —2F ] 7 IR 5 1 % & £ (bicinchoninic acid,
BCA)M % Exos & IV, FrillJ+ 4 562 nm, i
FHHAEI5E Exos JE A0
1.5 1TAHZTME
1.5.1 Y RE SR P AN EOA TR Y R
H & 2 Fr 52 % (Y-maze spontaneous alternation test)
JE—FE TG WA 5 23 (a0 BRER K B 25 1)
TAEICAC IR RAT NI L8 ik, A0 e MR
SRR B PSRV A 2 se Bk, S
R, CEIN S GG B, IR
HITE 22 ~ 25°C, SEYG AR 24 PRt iy 55 50 28 B
BE/D 1 h, DB N K E TR
DXL, ARVFH A HIRE S ~ 10 min, idsksif
ABBERIF . iC3 TS50 Bk A RE
R A A R R, 115 A RS R (%)=
[ S BR 28 B R B (R IR 8-2)]% 100, 4 41/ FRAK
WHEATAT A2 A o
1.5.2  SHLAT R 2R E Al /s BRI ) g SOHS 4
EERET) W EGERR B R SR N AR S,
R R 3 g LISEIBRIEADS, 7ES0 2 A iR
FTRT 1 R /N BUBA BUB A I 3%, i A
VRIS LIRS /N BROCHBT PR BE (1) £ PRI s He
SR, IR KT H B
TG DL TR, O SRR A (>
0.1 @M i FHIEr . (1)>90% #f #4555, 1
45 (2)50% ~ 90% MIAE R 9 %E, 245, (3)50% LA I
(R By, (R SUEAEE: AN 10% AR 24
ST —MAIE D RUARRE R EMIE )Y, K
WA UM . 341 (H— IR BB A A
MIE: 90% LA AAR B gl i JF 4 th 72 58 1 —
i, (HEESE, RNEUEREV/NR, 45, 5T
SEFEMYI: 90% LA HRR A B e P AR —
i, SRS T/ARIRRAEIR, S0, ik
AT LFFERE, ATHChEE, FaeRTESEr R
54 10% LA AR Fr RBP4 4.5,
1.6 Exos ZEAEHNTHKKALREAND THRER

TBI /) R R AT 60 min Ji&, 455574 5 Exos,
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IR ORI 2 il 0 25 25 A 2 HAR R A
PEFBIP), PR B AR R 2 puL/min, TBI+
Exos 204 H/NERE ST 10 ug Exos, TBI+TNFa-Exos ZH
5 HU/NEE 5 10 pg TNFa-Exos, Sham 21 1 TBI 2
SRR A BIER K, TSR 444 5 min.
TEFHASC LTS BBAEI 2 /N, s &
PG R Exos J5 3. 6. 12 h #E47 KIKEUES
BGFRICY A PKH 67, Pl JrikA: HL0.1 mL
PKH 67 44 £t 5 1 mL W BEWIE &, 571 PBS #i Bf
250 %o ¥ 100 uL Exos 15200 pL /s EEFNR A, 4
PE1045 DA 1 pul/s B9 HRE AN RS, B /MR
Fe 5530 pL. B )5 0.9% NaClyzs i E H: /L
TR 4% 2 3 EEE R U . BRI 7E 4% 2 3R F ik
W E SR, IR IRAE 15% F130% HEMA A
Ko BESRAHEYIN 35 pmEY) A, PSR
BRIV 98 ef5 5, AR RE Exos 7E AN 4141
AR EEAE
1.7 AL 55 FKFMEREREFRRIEKFE
LPS AEF/INEE B4 BV2 IR )N B 55 i
P ARAE IR B/ N A 43 4 41 ;- Control 2
(RIMALPS), LPSZI(JiNALPS), ExosZ1(JillALPS
F1 Exos). TNFa-Exos 2 (Jil A LPS #l TNFo-Exos).
H:dr, Exos Fl TNFa-Exos T LPS Zb B 8 h J5 /il A,
K FH 52 B 9 O 7 1 R A 6% X I )V (quantitative
real-time polymerase chain reaction, qRT-PCR)G il
/N RS AN R R 7 TNFa, 40 i A % 1B
(interleukin-1B, IL-1B) & 4 41 M /i & 6(interleukin-
6, IL-6)/) mRNA K P20 WAL ANREA, A
Trizol i 5850 24, LA e . RINEEDIE |
75% TG £, WEPR A B JC /K 5 i $E BURL RNA ;38
T R TR A 6 BE ARG I RNA 405 (A a0/ Aoso HU AR
M8 ~ 21 A HE), JEEE BRARARBE I f Uk 55
IIE RNA 52 4 P (AT UL i B ) 28S 5 18S 457+, H
28S ST SE L 18S Y 24i). M1 pg B ELRNA
SR, R A S ) G 2 PR SR R 4 DNA V5
& W H %M complementary DNA, cDNA), i
A 37°C 15 min, 85°C 55, FJ5 UL cDNA WA
Be, B+ 2xSYBR Premix Ex Taq. b FiiE514
(3% 1) & JCHE K 19 20 pL qRT-PCR 2 WAK &, H4
FEAE B 3R R IR IO BIPEXT R, J
NIRRT R . FAEPE95°C 30 s5 95°C 5's, 60°C 30's,
40 NMEIR s JEfRINZ B o T B DI A it 4 oy B
g DAHEBRAE R S 3 . SR 2784k R R 1
X F Ik, Horp ACt=H RN Ctfl - WS 3k

Ct fH , AACt = 5Z 35 4 ACt fH - X 21
ACHE27281
®1 519F75
Tab.1 Primer sequences
ElE7E2 S Bzl
M-B-actin-S GTGACGTTGACATCCGTAAAGA
M-B-actin-A GTAACAGTCCGCCTAGAAGCAC
M-TNFa-S GTGCCTATGTCTCAGCCTCTTCTC
M-TNFa-A GTTTGTGAGTGTGAGGGTCTGG
M-I11b(3)-S GTAATGAAAGACGGCACACCC
M-I11b(3)-A CAGGCTTGTGCTCTGCTTGTG
M-IL6(2)-S CATAGCTACCTGGAGTACATGAAGAA
M-IL6(2)-A GACTCCAGCTTATCTCTTGGTTGA

1.8 HitFESH

& SPSS 20.0 Gt i1 45 A% A bt 5% i 15 4 4 12
1753 ¥r . &M Graphpad Prism 8.0 % 44K, i
PR (7 £ s) o, B4 Shapiro-Wilk A6 56 56 i
TFEIEAS T, Levene M B0 ilE SE 7 25551 . 4iit
53 M1 R B 1R R 5 2243 17 (One-way ANOVA), Jf
E— 203 1 Tukey's HSD #3517 22 7 HE 452 (Post
hoc test), DATPAGALM P 2 5209 M. LI P<
0.05 W ZERA G ERE L.

2 #R

2.1 FMSCsHER Exos RIESRA S FHER

FMSCs HAT $L R s £F NI 245 . $RELAY
Exos FE 2B ST GIMES, AT W H R AFERE—M)
MBAREERIR, SESMNMARERE A4 E . BCA
FEHERKIEE R SR, TNFa-Exos & HZ&HE K
0.651 mg/mL, Exos & HZWEH0.691 mg/mL, #
HEFWRE A TH IS, Al e S 2
AT HESR . RPEu YA B R, Exos I AN,
HTE3. 6. 12 hIINZOLE S 2% EIHET
R U1,
22 IMNRITAHZERMGE R

RN G 53K, TBI Y R ESLin [k
A8 % R K T Sham 4 . TBI+Exos 20 M TBI+
TNFa-Exos 4, 2 55BEASI 75 L (P<0.05);
FERIT N IMET Lk &4, 2R3 EA%T
A7 L (P<0.05). WA 2,
2.3 Exos Xt LPS 55 A9/ B R 40 B ¢ I Bl F 3R 1%
KR

AHIE 5 8 FH /NS T 40 B BV2 A7 R A0 S 5
K E i PCRA TN /N I Jo 240 i vh & R PR~ (IL- 1B
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A: WETT FMSCs(40<); B: HIBE T Exos; C: $OEHIAES . 6.
12 hitf7R 5 Exos AN 1(20)
1 FMSCs 55N 78 K SN N iR ER
Fig.1 Characterization of FMSCs and exosomes, and tracing of

exosome entry into brain

@09, P00 ®. _P<005
100 o _D<005 O p<oos
» 80F P<0.05 % & P<0.05
= B 4F T
= R
fr i
Ui 2}
R ®
0
L&» S ogb,% B

&9’
:E:XX
A DNRY REHRERRITE B: NESAHAT A
B2 TAZZRENER
Fig. 2 Behavioral experiment test results

IL-6. TNFa)# 335481k, LPS(1 pg/mL) #3424 h
J&, IL-1B. IL-6. TNFa Rk &I E, Ham/h
JR2 J5 240 L dd 2 % Ak . 43 5N Exos 1 TNFa-Exos
AbFE24 h, EH PCRAGIZS RN, 5LPSHIL
%, Exos#l#1TNFa-ExosZHf TNFa, IL-1B. IL-6
(IFER A TR H, Exos % TNFa, IL-18#/7
TR B, (R IL-6 A9 IR 454555 ; 1l TNFa-Exos

BOREES, ZRBHEAGIAE L (P<0.05), i
S AL, TNFa-Exos Xf IL-1B A1 TL-6 (1301 5%
A5 58 Exos BUMNR 2 (K1 3) . X —43F /K F it
RO AR Y 28 BRI 5L 50 50 rh R I 0y B i
NG ROV (] 2) A B EIE, R I SEI0 45 A2 4T
SRR A Sy R 2 B A Sk

3 itig

A ST UE B T TNFa i Ab B FMSCs 3k i i
Exos AE %14 5% X 42 v B 6] 473 14 A 493 /N BRI 18 52
YERT, HALHIATRELE T4 T TBUS IR 2 980E I
Moo Y R AT N AR LS00 45 R R, Exos Fll
TNFa-Exos & [N 7 4 #4 RE 42 T+ TBI /)N BURKIA K1y
fie, H TNFo-Exos #2& 7 /N ERIA A D) 8 YRR T
B3, XFT R FZEH P F TNFa-Exos ¥ A 2
P T TBLG MR 2 RRE KV . TNFouJl30mT Be i
fii MSCs 73 W 51 22 BAT HL R Rk 1 FE 577 miRNA,
T B B 4 A1 ) TL- 1B 1T TL-6 55 S B 4% IR 1)
mRNA F&35, I s IR BE A2 4R 1) 18 IR A
Ak, Exos 3825200 /NS BT 20 B A Al Ak, R
] M2 & 52 RUAR Ak % A8, DA i 2F DA 240 ) e K
501 HE I TNFa 41l 3 2 48 T Exos BY N & W)
(miRNA 8 [, i T 58 R v 15 2 19 58 .
A S0 B A A% B T BE TBLAG %
B, B DA R R T AL . OB R
BLoA B BRRRAE , TC R Bl il 2 SR A8 5 7
I 5 B A 400, R I AR i AL 1 81 1 i 463 4 2%
AL, AHGE T Exos AP IIBL R IBE T iAo
AN LPS RAEMIAILE M —BHESL, Exos FE/)N
/NS T AR AT R AEPTRAE AT, JF S B nY 41 i
PR PERE S /NN Exos IIREEICR
$E78 Exos Pl BB SEE T R0E )3 sh B BeP?; Exos
FE TBIH A/ FH o] RE il ad Z s Al . 2155

XFIL-1B, IL-6 (3l 25 25, X TNFa #9477 il 30 DI ] O 9 R RE I &%, SI2 B P AR RE TR PR 458 E
P <0.05 P<0.05 P<0.05
61p<0.05P<0.05 4 P<0.05 200P<0.05__P<005
21 3% 5 FEl <X 1s
s R = 2 ﬁ 10
£%, o %
EE =B oo —E s
[ 22 ]
B B B B B B B
Qo«&\“o\ :x 39 g o&\“& ;Dx 307G 000\‘"\ \3: + g™
¥ X@Q ¥ X@Q ¥ ﬁ@
\)‘f’ \3% W

3 Exos X LPSE-SHY/N i B 4B S 0 B F 3k RO iRIE

Fig.3 Exos regulate the expression of inflammatory factors in LPS-induced microglial cells
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I, XA R G RAE R ) R DO TS S B
LR 259 B B HGY, TBIA G i 234,
5 P 28R AT PR KU 38 NGOG . Exos 1Y
PR AR A R BLAE 15 BoR AR T A AR i)
WAL N T T . SR, AR AE A R PR
B, Bxosrmm ik, H#t=4—aEaitk 5
JE S bR o, ME DL L ) B — 2ok . Hik,
Exos % brifiid FH.—, 5=, TBUSIMIAIT Hir
ANRAL R BRF St B R A 20, B N i
X1 PR 2 RAEAERE | P2 S 0 A B b 2
R AT MR AR Bh K 5t 85 A AR B g
Exos TG R EHE AR FRE . 47 M2 005 45
A DI B SO T 2t i, Bl RefE
T-BELWT R 2Pk 2 E 1) 8 P 2R A T PE O B 5 Ak
IESEIERE, IR DI RS 25 PR SE A

TBIJG 4k & PR AR Ry S E S A7, 38
SRR RE R AN A N B DIRREG . BRERFSY
fe i, TBUGE 16 MUK T i vl e8] P JE b e A
R, LR . R DNA #0, JF
TR PR T 5 2B A TR R AR Ry IR, 4R
AN A 25 5 1 B B D RERRE A . SRR A 7 B R
A5 5 BORIE BOAH B SE R G 2R . Rk,
Exos 177 REAE IR 25815 9 0E 2 -5 b A S fLid Ji
fads, RO mT BB T1% g el 42 3R
W, LT X—2 8, FFRIASHEIT WL E 1Y T RE K
52, AR L A I AR AR L 6 S R bR, 1 —
A U0 TIE Exos & A EPUA S LR RGP E T,

AW 25 A R B e DR 5% AR AT A7 8 DG B B At o
TS, Exos il 71 19 5 0 A5 2 24 i 40 fe A0 1
Mz —, SRIRANIM . Kigs 5kt . RIETWALH S
. rEaife T AU K T 2R, BT hE
WE R IR AN . REAREY . KRN S
AEPEERON P H YR, BARIZ AT PG A
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