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HE . BHH ISR (Exos) B M microRNA—124 (miR—124 ) % & b 4] 45 P 48 47 45 (ASCI) X R
HR R i (MG) AR K R BB 6y ¥ e, TTik BOTHIAHEK239 @i, A= a4, #34, 284
TALFL ARG LAHEJ miR —124—mimics FikL, M35 R KR F BEALZL IR 10 RALR A dr 2 58 A, R AT 4045 48
B RABF KU K425 R4 ASCIAEAL  BEALH 4] 27 20 R, BEALS A ASCI AL I, H 10 R, 55
A7 miR—124 84 Exos, 52 J5 M T/E 8 50, LA BRI G 24 h, SEI 4 2 B3 IR iEH Exos 3 X 10°ANAE,
BF RUF ASCIAESF T PBS IR, E0F 0 FR B R AR M AR 22 miR—124 89 84 ; Xk
M AL MG & Yoy BRIE o 08 R X I A AR 2L R P B RSL B —a( TNF—a ) . G4 —-6 (IL-6).
G e % —-8(IL—8) K-F; Western bloting ¥ A-# 28 L7 308 45 & R RACLE M IRAE L AR 3(NLRP3) | FREAHA
RARBFEAB—1(Caspase—1) . P2X7THREA M AL, R HEAmR-12448EAEEHTEEL (P<0.05),
55K, ASCIZLILER, SRR miR— 1244830 232 B5H 5 (P <0.05). SBFRLUILE, ASCILAH
A2 1ba—11/CD32", Iba—1*/CD206" & 375 (P <0.05); 5 ASCIZirbE:, FIHMAAFMAL Iba—11/CD32" &
AR (P <0.05), Tba—11/CD206" & A& (P <0.05), HBRF K4k, ASCIAAA4E4148 TNF—a, IL—6, IL—
87 & (P <0.05); 5 ASCIZHbE, FISMARMLL TNF—a, IL-6, IL-8HEAK(P <0.05), HRF Rk,
ASCIAA-RE412R NLRP3, Caspase—1., P2X7 & @At &k & (P<0.05); 5 ASCIZALE, SEIv2AA-R4E LR
NLRP3., Caspase—1. P2X7 % GAAxT £ ik FHAK(P <0.05), 4518  Exos B miR—124 T3k ASCI K R A% M1
AMGHAAH M2, 22 IR, A HAE AU 5 376 P2X7-NLRP3/Caspase— 115 5l 35 A X
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Effects of exosomal miR-124 on microglial activation and
inflammation of spinal cord in rats with acute traumatic
spinal cord injury*
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Abstract: Objective To observe the effects of exosomal microRNA (miR)-124 on microglial activation and

inflammation of spinal cord in rats with acute traumatic spinal cord injury (ASCI). Methods Ten of the 35 rats were
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randomly selected as the sham operation group, where excision of vertebral plates was performed to expose the
spinal cord. The rest 25 rats were used to establish the ASCI models, and the 20 rats successfully modeled were
randomly divided into ASCI group and experimental group, each with 10 rats. Exosomes containing miR-124 were
isolated and used for subsequent experiments after identification. Twenty-four hours after modeling, the
experimental group was injected with 3x10° particles of exosomes via the tail vein, and the sham group and the ASCI
group were injected with the same amount of PBS solution. The expression of miR-124 in spinal cord tissues was
detected by quantitative real-time polymerase chain reaction. The proportion of microglia in spinal cord tissues was
detected by flow cytometry. The levels of tumor necrosis factor-o (TNF-a), interleukin-6 (IL-6) and interleukin-8
(IL-8) in spinal cord tissues were detected by ELISA. The protein expression levels of nucleotide-binding
oligomerization domain-like receptor 3 (NLRP3), Caspase-1, and P2X7 in the spinal cord tissues were detected by
Western blotting. Results The relative expression of miR-124 was higher in the transfection group than that in the
blank group (P < 0.05). Compared with the sham group and the ASCI group, the expression of miR-124 in the spinal
cord of the experimental group was increased (P < 0.05). Compared with the sham group, the proportions of Iba-1"/
CD32" and Iba-1" /CD206" cells in the spinal cord tissues of the ASCI group were increased (P < 0.05). Compared
with the ASCI group, the proportion of Iba-1/CD32" cells in the spinal cord tissues was decreased (P < 0.05), while
the proportion of Iba-17/CD206" cells in the spinal cord tissues was increased in the experimental group (P < 0.05).
Compared with the sham group, the levels of TNF-a, IL-6, and IL-8 in the spinal cord of the ASCI group were
increased (P < 0.05). Compared with the ASCI group, the levels of TNF-a, IL-6, and IL-8 in the spinal cord of the
experimental group were decreased (P < 0.05). Compared with the sham group, the expressions of NLRP3, Caspase-1
and P2X7 in the spinal cord of the ASCI group were increased (P < 0.05). Compared with the ASCI group, the
expressions of NLRP3, Caspase-1, and P2X7 in the spinal cord of the experimental group were decreased (P < 0.05).
Conclusions Exosomal miR-124 can promote the conversion of M1 microglia to M2 microglia and ameliorate the
inflammation in the spinal cord of ASCI rats. It is speculated that its mechanism is related to the inhibition of P2X7-
NLRP3/Caspase-1 signaling pathway.

Keywords: acute traumatic spinal cord injury; spinal microglial activation; inflammation; rats
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ASCI H %/ 95 BE A= BRBL I, FE b/ e 5T 4A i
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ARSI A E PR, M2 BRSO R L R,
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Exos ) —f i1 ARSI IS AR BAEEREME . g g0 g U 45 0 25 2 50 5 Ak 25 K o RE 5 1 3
A iz RNA A PEBR AR R R 2 5 40 (nucleotide—binding oligomerization domain-like
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IL-8) fiF W f 2% W B il %
immunosorbent assay, ELISA ) i 57| & (I ¥ if§ 5K A= 9
FHEARAFAD) .

FB2LE StepOne Puls SEHT 5 68 2 R &
fiff #% 2 N (quantitative real-time polymerase chain
reaction, qRT-PCR) e ABI 2% & ) , JEM-
2100Plus 75 5 FL - 5 i 8% ( H AR i PR U2 4t) | Stat
Fax—4200 FFFr{¥ (35 [E Awareness 23 H] ) o

1.2 FHik

121 @fessdc A4t HEK239 400 & T 37°C .
5% —F ALK CO, I AR JE 19 DMEM $5 37 5E b (5
10% G 4 L7 L-2A A B 1% JE 0% J 5L R H
% % 100 wmL. 5% % & 100 pg/mL) . HUXF £ 1
HEK239 4l fifd , PBS PE ¥ , #¢ 1 x 10° A~/mL $ 7 & 6 fL
B, T 20 B P R Rl 3K 75% , e o as AL R e
2 A AR, % Y 4 $2 ] Lipofectamine™ 3000 i
] A Ui B A5 45 B8 |, %5 Y% miR—124-mimics Fiki . A 4H
WESPEAL, 2 R 1 IREERE, 2 ~385FE
L FRL T A A0 L R ] T S S

1.22  qRT-PCR#&M 4 % )5 20 i miR — 124 Exos /R
PEmiR—124 AR08 miR—124 89 Rk B HA .
B YL 2 4 L, I TRIzol 3277 £ BUEL RNA |, 396 5% 5% oy
cDNA , #¢ BRHE e 7l G W B RO AR &
WUAFZIR YL 12 WL, 1B 18159 (10 pmol/L) 45 1 pl,
B cDNA 2 pL, #h 95 dd H,0 2 SRR 20 L. 0
261 90°C T AE % 10 min, 94°C 75 1 20 s, 62°C iR k
30 s, 72°CHEMH 25 s, L 40 DMEFR . LA U6 R N 53
, 27840 H Y L PR R X G B L 51 W A I
Fl. W AWM 5 YL 4H Fxos, £ Exos P37 miR-
124 A XS Rk i o HUR VR ORAF M REAH 24, IR B} 57
SRR, PBSAJHK IEABDE N, B0 JE B EIE I, K
N5 8% 20 20 miR—124 AR A 283K

123 & &4 miR—124 4 Exos - % &  DMEM %%
FRIE (5 10% fE 4 175 ) 12 000 r/min B0 15 h, B

(enzyme linked

1.1.3

%1 gRT-PCR3|457%!
5P
LA Gik7)2]
S /bp
1E 6] 5'~AGGCCTCTCTCTCCGTGTTCA-3" 21
miR-124
J2I] s 5'-GCATTCACCGCGTGCCTTA-3" 19
1F1A]:5'-ACTACTAAAATCTGTCGCTTTCCT-3' 24
U6
J2f]:5'-TTCAGCAATCTTGTCTCTCAAAAG-3' 24

HW . S HH YA T 37°C 5% CO, A
10 % 1Y) DMEM 15 52 56 (5 10% a4 95 1% 75 %%
)R FE5 do 3 500 v/min B0 10 min, BUE K, R
JH Exos 2 BGR ] £ $E B Exos , M2 45128057 &5 U6 BH 5 4
BEHEATERAE . B Exos 10 L, T 2 48 RE 4R W - &
2 min, KBRIFI, 1% B TR VS WG (4 5 min, K BRGE
W, FARI T 7R B L B N MR HE A

1.2.4  Western bloting ¥ & & 48 | 3% % 20 Exos B &
& 45 ST AR & K G 09 R e A B 4 4% NLRP3,
Caspase—1.P2X7 & G #9 & & M Exos 50 pL, fill A
LW 50 WL (5 25 A E IR ) L 4°CHR ¥ 25 min.
SO W W, BCA 8 H e sl i & i, A L
FESE W, W K AEPE S min, BEFL 40 pg L AL, HL
WG B AR -, B AW E A 2 h, N
AGATA CD9 ., CD63 —Hi (1:500) , 4°CHEH 1 7,
Yedk ML EY R =P (1:2000) , FHEFF 2 h,
VEW CBEOL W E BER R R G4, LA CD9
CD63 55 14 2 GAPDH (1 JK J¥ i LY {H 3 75 28 11 AH X
Tkt

BB R IRAE R B RE L 1A 0k R B A
Y i K Bl NLRP3 |, Caspase—1 . P2X7 — 41 (1:500) , ¥
A #8E 44 21 NLRP3 . Caspase—1 , P2X7 ERERIE S
ikEE
125  ASCI K RAEA 69 L Ao s 5%
B b 22 M RR IR K B, O 4 SR RMA AL, B T HE AR A
R AT RAREI O, R T, ~ T, MEM, B T, AR
AT, W RE I . R A2 K2 R T
i [ KR, B (4% 2.5 mm, F 10 g) A
25 mm o7 # H T S A8, AEGE TR
AL B[] [ By 10 s o A58 AU 52 i) B Dl b v < A B A AT
Ji 2 THT T A I K o AT )R B R B I
TSR M R S ] S AR AR R ) S R
FRIZHEY, W AE & PR,

MK 35 H KRR Bl AL 6 B 10 H S0 o A Al b %
BHE, AT, ZERFARA, Ha25 H
52 ASCI 8% 74, #5528 5 i Bl 2y 20 5, B BL 43
ASCI4L S04, 341 10 H, IR il i D) )5 24 h,
S ol 22 R K TE ST Exos 3 x 10° AN RORE (il 1 40
KUk BR B 3 B AR Nanosight NS300 system 5 1 Exos
), BT AR K ASCI2H 1 5 45 8 PBS 7 7).

12,6 MARLE  THUS3d, HHEREZELIER
B, ok DA B R RT, ~ T, ECERE,
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MW, 5 ANBIRTEE microRNA=124 ¢ Sk Q5P B3 03 K FRURS B/ N DR AN BTG 1 B SR SUE Y S

2 EPE P E AT, S RO RIS BE4141-80C
BHARAE, T miR-124 X £k . MG 5 1L,
B HEH S0 I ACE BRI, 53 4h 5 HOR B
BEH LI Py, — [ T 4% Z R W 24 h,
I3 — 03 A -80°C VKA V2 VR UR-A7 FH T4 D 8 1 ARG
FKikg
127 AX@EAENFHMEARMG L&t BUE
HEZH 2, AR B A0S B0, 2 R R Bk
A3 B AR A, 10% G 4F i iR, 78 B
41 i 2 TP in AN BR AT K B Tha—1 . CD32 . CD206 $1t
A, B 30 min, B0 3 E W, PBS PR, 1%
Z R E 45, 300 H 41 g Rk g, 4°C 38 % 1R
FE, ABAPEXT B 1], SR H 2 2 88000 =X 20 R Ao
M E A BE 4 40 MG P Tha-17/CD32% | Tha-17/
CD206* i It .
1.2.8  ELISA # | 4 % 28 42 TNF— o, IL—6 . IL—8
KF o BUR RN EBEALZ, 515 )5 Rk FH ELISA
Kol TNF-a, 1L-6, TL-8 7K, MR H & i 45
PR IR, ZBE ARG 2 570 nm 74 A0 WO A,
i, SRR
1.2.9  FAM—4#4 (Hematoxylin—eosin, HE) 4 &, %L
BAMAZREF TN BUSBHLYI R, FHK
o, Mok, BARKE QBG5S min, PPPE, B
srdb, vk, EEARMRRCEE, PRLLYL A 2 min, TEUE,
HRBOK . EW, AP YER IR, AT
WLEE 20 210 32 AR Ak
1.3 Sit=rFHiE

B 23 B R FH SPSS 19.0 G it 4k . &2 %R
PIBIEC « fRiE2E (x 2 s) Fon, LA ¢ B8R sl 22
G3HT, BT HL R LSD—t K556 . P <0.05 28 2%
SAGITFE L,

R

T4 2R EE S J5 miIR—124 AX R E LL i
25 [ 2H 5 5% Y 2 miR—124 FH X 2535 5 43 91
(0.95+0.12) F1(2.38 +0.27) , &t Ka %6, Z 7 A 41t
27 X (1=10.822, P =0.000) , YL 40 5 T25 14 .
2.2 ExosFEd

25 5 HL B SR 45 R R, Exos 545 M 528K, K
INA— K B AR S BDE | 42 30 ~ 100 nm, 5
Exos FREAHFT . ULIEI 1.

2

2.1

B 1 EETEEME Exos

e
BTN

(' x70000)

2.3 & miR-124HExos EEHER

A HA SR Y4 CDY. CD63 H H M miR-124
MIX RN, A%, Z2RYA5RIT¥E
X (P<0.05), ¥4 CD9. CD63 & I M miR-124
AR RIE R T E . LR 2 ME 2,

x2 WAMAMCDI.CD63EH MR-124 N RIEE

EbE: (xxs)
215 CD9EH CD63 miR-124
FEHH 0.38 +0.04 0.32 +0.04 1.22+0.18
e 0.67 £0.07 0.61 +0.08 2.57+0.29
il 8.043 7.250 8.844
P 0.000 0.000 0.000
AN Ler|

2 ZAA. A CDI.CDE3EAMIRIA

SHAAREFEALA mR-124 BT RIL S LLE
TR ASCI 4 | 52 50 20 K BRUFF i 2 2 miR-
124 AR X 23k 7 400 R (1.02 £0.17) L (1.04 £ 0.15) |
(2.10£034) , &) 0, ERAGRITFE X (F=
34.287, P =0.000) . #— LW HLELR : SEFAR
ZH ASCI A F A, 5236 4 B 2H 24 miR—124 A XS KA
i Ih & (P <0.05) ; B F R 415 ASCI 41 F Hi§ 41 21
miR-124 X} RIXJILE, Z R LRI EE X
(P>0.05),
25 3HKREMALMG &HELLLE

fie T AR 4 ASCI AT | 52 5% 20 K BUFF i 20 21 Iba-—
1/CD32% [ Tha—17/CD206 " (5 Fb b 55, 48 7 22 43 7
Z R G E (P <0.05) . #k— 4 W 1 A
G 5 TR B, ASCI 20 45 86 4 4 Tha—17/

2.4
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H32

CD32% | Tha—-1*/CD206" /Y tb 3 T & (P <0.05) ; 5
ASCIZH b #5 , S5 404 B4 2 Tha—17/CD327 (5 Lb %
fit (P <0.05) , Tha—1*/CD206* 4 It T} & (P <0.05) .
W3,

*®3 SHEARBEWALMG HLELLE (n=5, %, x£s)

BFARA 20.19 + 3.57 2547 +4.21
ASCI#H 4428 +5317 39.65 +5.07”
SR 29.36 + 4.92% 54.87 + 6.39%
F{8 34.039 38.484
PH 0.000 0.000

1 O5EFARYIE:, P<0.05; @5 ASCI4 ek, P<0.05,

2.6 3HAARETEHLATNF-o.IL-6.IL-87KTFLLE

i F A4 ASCLAL | 5256 21 K BRUE #4121 TNF-
o IL-6 IL-8 /KL i, &7 22501, 22 S A e it
B X (P<0.05). #E—H WML SHRFARH
b #% , ASCI 41 ¥ B 241 21 TNF-au . 1L-6 . IL-8 7K - F 25

RFARLL

2.8 3HKREFEALNLRPI, Caspase-1.P2X7
ERHEMFRIEELE

i F AR 41 . ASCI 41 . 52 56 4 K BUH 88 41 4L
NLRP3 | Caspase-1.,P2X7 & [ A X & ik i LW HR, &
ZHT, ZRAGIFEE L (P<0.05), HE—LPHM

*5 BHAREBEHLNLRP3,Caspase-1.P2X7EH

HIRIZEE (n=5,x+s)
A MRS Ceeed PO
BFARA 0.35 £0.04 0.29 £0.03 0.25 +0.03
ASCIZH 0.72+008"  099£0.12Y 0920117
SR 0530062  062£007%  0.40+0.05%
F{8 44267 91.064 119.645
P1E 0.000 0.000 0.000

T QOSETFARLAE, P<0.05; @5 ASCIZ 4, P<0.05,

ASCI#
3 SHEKXREMBALRRKET R

(P<0.05); 5 ASCI 4 L5, S 4 A B 4H 4 TNF-«
IL-6 . IL-8 /K- AL (P <0.05) . L4,

F4 SHEKBEFEHEL TNF-o. lL-6.IL-8 K FELEE

(n=5,;is)

BFARA 421£0.96 106.85 + 12.68 79.63 + 10.25
ASCIZH 7591127 1797423577 156.38 £ 19.647
SR 6.23£074% 14228 +£19.96%  129.97 + 16.69%
FAE 15.930 17.878 29.643
PE 0.000 0.000 0.000

i QS5BFARALE, P<0.05; @5 ASCIZ A, P<0.05,

27 S3HKXKRERALREFUT

5 T AR 4 BB 2 40K 0 5% B B 1 4% E
YHREIRE . ASCIAL W] WL B K it R AE 4 IR , 36
IR Ay SO ) A B S RE T, HLES 4 4 20 IR i 2
g S o v S B A A R L S P A AR AE A
JiLIEE  AHAS e ASCLA 9 5 40 i Bk it 22 R e
L3,

(HE 31{% x 200)

P g S 5 F R4l t 45, ASCI 41 ¥ 45 41 21
NLRP3 ., Caspase—1 ., P2X7 & [ AH X 3R ik it F+ 15 (P <
0.05) ; 5 ASCI 41 [t %, 55 5 21 5 6 41 21 NLRP3
Caspase—1 . P2X7 £ A XS Kb 5 FE K (P <0.05) . UL

FSFIK 4,
RTARMA  ASCIH 2L

NLRP3 |

144.6 kD

Caspase—1 ' 50.0 kD

i

pP2X7 36.8 kD

GAPDH 146.0 kD

El4 KAKREFHEHLNLRPI, Caspase-1.
P2X7 ZBHIFRIE
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ASCI 5] & 18 Jei 8 g R 463 45 22 30 A DXl L AN 52
S, Il B R AR R B A AE A ZUK M I
BT R A A 3R L B s R T R AR B A R R
IO7, T 453 495 o 2 A0 B S 850 0 A A, 2 e R
IR R W il 28 1E R A K I A R EOR R £ T B
PLFE MG )TZ A TS RS, HAE B v
B A PR A R AR Ol Rl g T R R
SCRPEEAE S RIE P HE R R Y) . ASCLE TP &
4 8% A7 B 50 ZURI B, MG F5 48 Sy M1 M2 PR R Ak 2
AU M RYSE 2F 23 0 2 1 L S0 DR S ) A B
13, IF75 3 RRE 40 i 3T B 2 401405 DXk, i M2 Y AT 43
WAL # PR~ AT ik 2 9 2 1o A A 4 40370 Pl Ut
AL, 1% Ak MG 72 P8 4% ASCI S B89 48 AE 07 o5 3 &
B

miR—124 B IiF 52 K 4 32 35 F 0 7L 30 0 fisi S A e
P2 TT R FEBR TN 0 4 AR BN de it A5 bR A 22
RGN T SCHAE A JF W] AR i MG AR 48 M1 A
BEAL R i g6 M2 YN0 A B EENIE L - miR-
124 7] 410 ] 35 Sl A7 DK B A1 1 I8 3500 i 22 T 1A
T2, WA BRI O, B R FLAE VR T B BE A 0 O Y
TEBE . # Exos 1 0¥ miR—124 Fy ik B P X #4255
MRS AR B ARAST  E2E , HARBLRLU
BTy R BARAE TC s HE 7 S IR AR . 4,
I RB i 7 3 AT AL 9 Exos 22 1 26 1K 45 € (19 32 1K
FFECAA , DT A BT 455 R e AR DI RE . Mk
FEAEMIBIE5E & BE, Exos Y PE miR—146a A $2 /& N9 #1
MG 1 miR-146a #H X 3R 35 &, 1 17 9 45 U 30 1) P
I N9 B MG A1 3 19 5 E S, 6 W Exos AJ/E
4 miRNA 8 3% 25 52 (4 48 B ) A7 3503k . AR 53 45
R, 5 ASCLA 3, 55 50 41 A i 240 24 Tba-17/
CD32% 5 FE A, Tha—17/CD206 " /5 [ 7+ , H TNF-
o IL-6 IL-8 7K P A , 4571 Exos P14 miR-124 7] fi
#E ASCI K BRUE i M1 7 MG 5% 4k S M2 Y, DT 9 5
B 9 E S

NOD # 572 4 J& AL A & 22 i 185 503000 52 14,
NLRP3 J& i 2R A > — 9% /55 Caspase—1 .
ASC 2 B R AE/IMA . NLRP3 4 i /IMA & —Fh ml 3476
RAE L) 22 86 (2 AW, 78 56 KA S fie K 40 A
KB R R PETE BEAE L AT e R A R
YA 05, B A U W S e e R AR A A

F Caspase—1 TS AR 8 TNF-o  TL—6 . TL-8 25 & E
43, S B AT ZHAO 7R B, 8
1 B0 NLRP3 % AiE /A B L 36 17 105 200 it i £ T
A RO 28 e BRI Y TR 28 AR K, DA
IBIT VBB BRI, $18 NLRP3 S5 /MA AT 1 R
REBIBIT AR A . ABFSR S R WoR , 51
F AR AL, ASCI 2 45 i 41 21 NLRP3 , Caspase—1
P2X7 2 (A X ek T, LI A T HUS B4 BT
A , #1275 P2X7-NLRP3/Caspase—1 {553 % £ ASCI
FR S TS Exos TR miR—124 7] g 1o 30 1 1%
IS R IR YT ASCLIAER .

ZE R | Exos P miR-124 A {2 ¥ ASCI K Bl
HHE M1 AL MG 4k R M2 AU el 5 58 R B vy, FE ) H:
Y ML) 5 30 4 P2X7-NLRP3/Caspase—1 {55 5 18 [
TR X

5
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