@77 PEEATREHR WREZ

www.CITER.com Chinese Journal of Tissue Engineering Research

BRI AT AL A E SRR R B ERREN TR

https://doi.org/10.12307/2022.134  #A 1%, IS, BEE
2585 2021-02-09

%EEEEHEA: 2021-02-20 3¢ = (R R
izgz 2021-03-24 60 = sp| [ | T AL %) T4 #3714 (BBB i 5 & XERFR—
T2 RA: 2021-04-22 X & M AL ); A B BE N F 5 &
N . . . BRI AR T e ek
=, 2 A& 34 (2) 7 B e & ok A o A o5 bh gk 23 3 i A
PESES: (n=20) Py e S ﬁiw}f%@%a‘ﬁ%lf&
RA459.9; R338.2; R683.2 ] &;ﬁéﬂ 7 (3) S AN — A B AL A | A o % & B 9 4 A
vERS = MR M AR R
s (8) 5.5 5 oA m) & b 4 2w EHEG OISR, @&
2095-4344(2022)07-00992-07 R AL 7 8, 1 o AR T 44
ATIORD X F] a4 (5)Western blot # | X Ji R A LG 0 o A
STRHIRIRE: A ;IX'%"%%‘E 4] 4 8 % & B 9, claudin-5, Rz iE, JTEt A
R F m N {h LR G Occludin, ZO-1 #4%&ik; WG 53R 3 B 4G M
RN g (6) A AR B AL ) K 2 B R q.
ELERER
CREFE N :

MmEFERERE: EDRe LAEFE T MR, B AR A, BRI, AR TR S A N A2 SR, AR L BR A AN =] R4 5
MBEBENEHE, YR E RGAGS L FIR R K 0 255

SR : TR 2 AN /3 WA K ELAE30-150 nmF AR EEE, WIRRXUZ@EE, FREEWE AN, RNAL DNASEZ R4 T SN
SNSRI A7 HETE L DR AL DA 2RI 5 2 A B R AR

HE

B UL, TAAT A RSN AT I 2 M S R R R R R I A T RE R KL

BB B F0E A 78 5T A0 MR R AT s 8 15 S e 0 5 e e ) AR SR A i 401 £ S 1B sl D RE R AL

733k 60 ASDRRBENL AR T ARA . BRI SMEA L (n=20), FHIE R Allen'sIERENL K RS BER A, S AR 24 76 45145 /5 30 min,
1 d73 )4 R B 5T 200 pL i B 1] 78 57 T AR I RIR AN A, AEAR 0 Ja 353 0%, L B SC IR et SR I B D @ik, Western blotf i
H 7 JE R A9 K R EE R R Fclaudin-5, Occludin, ZO-1f{2iE, WM A I 2 5 4 Jm 2R A RBORIG M, S e v ahar il v ki 4 i
BRSO, AR - R W EF RERU RS AL, R /EE8L, 3, 5, 7, 10, 14, 21K, RHBBBIF/ &R IFNIZA) DI AEMK 1%
e

HRE555E: OINBRAR R BBBIT A FEHI10, 14, 21K = THAA(P < 0.05), JpAKE- LG (45 3 B IR AN AR 4R L T R 2 43
15 X IR 45 /NP < 0.05); @FMIAMAIG T i ML BEDE R Gobhs i B b (P < 0.05), B R Fclaudin-5. Occludin, ZO-1f{3IEA L T
BRI 25 KGN (P < 0.05); @AM (A 5 5 28 2 I Mg IR AA AT (P < 0.05); @i J5 553K T A8 B (o L 4% B B ik S AL W Mg 128 ) o
PERLARMLIEE, AN ARG YT RE 208D PR AR K (P < 0.05); @S5 RRH], A1) 78 5t T 40 MIRIF AN I 1L T 1A 2 572 < 2 119
ORI G R SR Dol B TR R A O AR, AT 9 e L5 e o AR B ) o P AR VR, 3 T (R 40 J I8 Bh D RE TR L
KRR TUNM: EBER ST AN, AN, ERER: EEERRE R EEAN: REEREA YRR

Exosomes derived from bone marrow mesenchymal stem cells improve the integrity of the
blood-spinal cord barrier after spinal cord injury

Hu Wei, Xie Xingqi, Tu Guanjun

Department of Orthopedics, First Affiliated Hospital of China Medical University, Shenyang 110001, Liaoning Province, China

Hu Wei, Master candidate, Department of Orthopedics, First Affiliated Hospital of China Medical University, Shenyang 110001, Liaoning Province, China
Corresponding author: Tu Guanjun, MD, Professor, Chief physician, Department of Orthopedics, First Affiliated Hospital of China Medical University, Shenyang
110001, Liaoning Province, China

Abstract

BACKGROUND: The studies reveal that stem cells-derived exosomes promote locomotor recovery after spinal cord injury.

OBJECTIVE: To investigate whether the bone marrow mesenchymal stem cells-derived exosomes promote locomotor recovery via inhibiting the damage of the
blood-spinal cord barrier.
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METHODS: Sixty Sprague-Dawley rats were randomly divided into sham operation group, model group, and exosome group (n=20). The rat models of spinal
cord injury were established by modified Allen’s method. In the exosome group, 200 pL of bone marrow mesenchymal stem cells-derived exosomes were
injected through the tail vein at 30 minutes and 1 day after injury. On the third day after injury, the permeability of the blood-spinal cord barrier was observed.
Western blot assay was used to detect the expression of matrix metalloproteinase-9 and claudin-5, Occludin and ZO-1. Gelatin zymography was used to detect
the activity of matrix metalloproteinase-9. Immunofluorescence was used to detect the infiltration of neutrophils. Hematoxylin-eosin staining was used to
observe the morphological changes of spinal cord injury. At 1, 3,5, 7, 10, 14, and 21 days after injury, the Basso-Beattie-Bresnahan rating scale was used to
evaluate the recovery of motor function.

RESULTS AND CONCLUSION: (1) The Basso-Beattie-Bresnahan scores of rats treated with exosome were significantly higher than these spinal cord injury rats
at 10, 14, and 21 days after spinal cord injury (P < 0.05). The results of hematoxylin-eosin staining showed that the damage area in the exosome group was
significantly reduced compared to the model group (P < 0.05). (2) Exosome treatment significantly reduced the amount of Evans Blue dye extravasation (P <
0.05). Compared with the model group, the expression levels of tight junction protein, including claudin-5, Occludin and ZO-1, were significantly increased in
the exosome group (P < 0.05). (3) Exosome inhibited matrix metalloproteinase-9 expression and activity (P < 0.05). (4) Infiltrated myeloperoxidase-positive
neutrophils were observed at the lesion site of injured spinal cord at 3 days after spinal cord injury. The exosome treatment significantly inhibited the infiltration
of neutrophils (P < 0.05). (5) The results suggested that bone marrow mesenchymal stem cells-derived exosome improved functional recovery after spinal cord
injury in part by inhibiting blood-spinal cord barrier disruption and the subsequent infiltration of neutrophils through reducing the degradation of tight junction
proteins by inhibiting the expression and activity of matrix metalloproteinase-9.
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Figure 2 | Morphological observation of the injured spinal cord and locomotor functional assessment

BFARAL B Skl D

A TR BRYL SMNBELA B C B AL
E | | e
Ei 60 B-actin @Ej 15
] DR  E
= 20 B-actin o
& i 05
y Sk o}
FARLL BIAL Shp iR Beactin [ - ] claudin-s Ocaudin

R TOOE AR RISNE, SR NS YRR (ng) N4

Figure 3 | Exosome alleviates blood-spinal cord barrier disruption and the degradation of tight junction protein after spinal cord injury
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Figure 4 | Exosome inhibits matrix metalloproteinase-9 expression and
activation after spinal cord injury
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Figure 5 | Exosome attenuates neutrophil infiltration after spinal cord
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