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Bone marrow mesenchymal stem cell-derived exosomes promote microglia/
macrophage M2 polarization in acute cerebral ischemia rats and inhibit

inflammatory response

SUN Yimei, MAO Shihui, LI Lin, JIANG Weifeng, CHU Lisheng”
School of Basic Medical Sciences, Zhejiang Chinese Medical University, Hangzhou 310053, China

Abstract The aim of the present study was to investigate the effects of exosomes derived from bone marrow mes-
enchymal stem cells (BMSCs) on the polarization of M1/M2 microglia/macrophages in rats with acute cerebral
ischemia. Ultrahigh-speed centrifugation was employed to isolate and identify exosomes; a middle cerebral artery
occlusion (MCAO) model was prepared in rats using the intraluminal filament technique; Longa scoring and cor-
ner tests were used to evaluate the neurological function of rats; 2, 3, 5-triphenyltetrazole chloride (TTC) staining
was used to assess the infarct volume in rat brains; immunofluorescence double-labeling of CD16/32/Ibal and
CD206/1bal was performed to detect M1/M2 phenotypes of microglia/macrophages; RT-qPCR was employed to
measure the mRNA expression of CD86, inducible nitric oxide synthase (iNOS), tumor necrosis factor-alpha
(TNF-a), arginase-1 (Arg-1), interleukin-10 (IL-10), and transforming growth factor beta (TGF-) in the ischemic
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penumbra of rat brains. The experimental results showed that BMSC-Exos reduced the number of CD16/32"/Ibal”
positive cells in the ischemic penumbra (P < 0. 01) while increasing the number of CD206"/Ibal positive cells
(P <0.01), and decreased the mRNA expression of iNOS, CD86, and TNF-a, while increasing the mRNA expres-
sion of Arg-1, TGF-B, and IL-10 (P < 0. 05 or P < 0. 01). This research suggests that BMSC-Exos can regulate

M1/M2 polarization of microglia/macrophages in rats with acute cerebral ischemia, alleviate neuroinflamma-

tion, and improve ischemic brain injury.
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B AR B GV 5 W A Y R 2 FOR A PR 7)) s BCA
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FE PO % M (2, 3, 5-triphenyltetrazole chloride, TTC)
et (R IR AR YR BRA 7)) 5 St Tbal (H
A Wako A H]) ; BT CD16/32( R E BD 24 1)) 5 112
PL CD206 (SE[H RD 22 ) 5 FITC AR 10 19 F P % —
Pt Cy3 PRIC I FHL B 40 FITC AR ic i I P - —
Pt (AL P A2 S A BARAT IR A R 5 Cy3 bRic iy
I3t — 30 (3£ E Jackson ImmunoResearch 23] ) ;
Triton X-100,DIPA S ML i ( 135 = RAPHAR
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A R Al ) ; RNAiso B RNA 42 BUiR 7 . SYBR
Green®xE 17 PCR IR 5 . PrimeScript S % 5% iR
W TCAZ R K (FGE F A TRARAF) .

1.2 B %

HMS525NX 7K1 AL R ER G /R B
HBRAF) s H-7650 #8375 5 iy 7 @ Bs ( H AR H 57
7y ) s DMIL B 5% 5 W i 5 (12 1 Leica 24 A ) 5
NS300 %Y 24 K A7 R 25 43 B A (€ [ Malvern 2
A)) 5 TI00™ RNA 2% s A% . CFX96 52 I 52 't i 1
PCR ¥ . ChemiDoc™ Imaging System % & Ji¢ [<1 1% 4b
PRS0 (3 [ Bio-Rad A Al ) o
1.3 3 4

SPF % SD KE,3 ~ 4 J1#% /K HE (280 + 10)g, 4
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PR m B AL, SE80 s W 2B 7 18 AT IE 5 - SCXK ()
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SR FRFREEIRE N (22 + 1) °C,AHRHEE N 40%
~60%,12 h/12 h BIRE Z28 . A58 46 $ B B )
SIS AC RO A T S5 (fE L A L ifE S . TACUC-
20181126-13).,
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2.1 BMSCs# % & A3z Jr
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AL B B0 10 min, [ DMEM/F12 15 93 3L i
BRI CO B840 . B3R E=4 3 ~ SR
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FHTRV 1Y PBS Hi8: , JUE F-80 °C UKAR PR-AF 75 H o
2.3 BMSC-Exos 89 % %

7% 9 H 55 (transmission electron microscope,
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O3S R BUAN S B A LT BT M, 35—~/ N E K 4-0
B2 JE IR 2R SIS S Ik dike 11 A 47 AT 2 350N )
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2.5 FEai
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TE BRI 90 min J& 57 B 28 B & ik 13 S BMSC-Exos
(100 pg,500 wIL) , BT A ZH AR A 41 K L i 5 45
ZAFIPBS,
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K o XoF B e M DX A 7 KRB R il 10 o ik o TE SPSS 25. 0 8 it A7 8 dIs 43 B , S5 4h
{1 11 0. 3% Triton X-100 B 25 min; 5% L2 MiE/ VAR + s3Ron o SEiEATIER 0 A0 K Or 22 55 PR 56

Yl = B AT 1 h, 2B AL hal /BT CD16/
32(1:100) , B4t Ihal/IlAE-HT CD206(1:100) , i FH
48 h JF IIACKE XS B B 2256 40 (1:100) , % ifit kD
JER 1 h, B R AEZOL BB T AR, Image J B 04:
THEORUbR FHH: 20 M55
2.9 RT-qPCR #& ) M1/M2 & > i i 40 fiel/ B 74 2
AR K AR F 4 mRNA & ik

Trizol 12 $2 JC R B iy ke it Jil 321 IXC 2 240 sk
RNA, ##% 18 PrimeScript™ RT Master Mix 1855 it BH
P AT I FE 5% . #2 B SYBR Premix Ex Taq™ it 5
AT PCR, WAK R :2 x SYBR Premix Ex Taq
I 5.0 pL. EFETI 45 0.4 wL.cDNA 1.2 pL,
AHEIK 3.0 plo R 95 CHUENE 305,95 °C
AEPE 5 5,60 “CiB K 305,72 CHEMH 15 s, FEH 401K
N2 R H il -3- 1% R i & (glyceraldehyde-3-
phosphate dehydrogenase, GAPDH) , 5k FH 24 % i
AR RA R SIYFHIE L,

Table 1 Primer sequences for real-time

Longa PF- 43 F1 £ 5% 55 2595 % T HE 2 806 56 b 1
Kruskal-Wallis £ % #1753 B , i & 1E 28 40 A DL &
T3 22 55 PE AR A SR B8 A 3R J5 22 0 it (One-Way
ANOVA) , 21 [8]) Wi W b 4 R H Student-Newman-
Keuls K545, P < 0. 05 AN 227 A G5 Lo

% X

3

BMSC-Exos #9 % &

1E TEM F W %< BMSC-Exos FUTE A, 45 5 & Bh
BMSC-Exos A5 FBFE s MR BR A, BAT BUZ BS54
FFE MR FFEYESS 18 . NTA 2558 75, BMSC-
Exos B R 12 K /K 107. 4 nmo i JH Western
blot X BMSC-Exos B i P 25 1 Fe A dE 474600 , 25
0, 5 BMSCs i , BMSC-Exos JLF- A 263k GAP-
DH, fif 7 2235/ MB AR AR IE B 11 CD9 .CD63 . TSG101
AALIX. # B TS L3E W h A &% A GAPDH,
CD9.CD63 . TSG101 . ALIX, 3 &b 2% 5 3¢ 0 T 12 Bt
B BMSC-Exos 2 B #5 5 , v] H F e 223256 (K 1) .

3.1

Biological indicator

Forward primer (5'—3')

Reverse primer (5'—3")

iNOS ATGGCTCCTTCAAAGAGGCA CTATTTCCTTTGTTACGGCTTCCA
CD86 TAGGGATAACCAGGCTCTAC CGTGGGTGTCTTTTGCTGTA
TNF-a GGTCCCAACAAGGAGGAGAAG GTCTGGGCCATGGAACTGA
Arg-1 TCCTTAGAGATTATCGGAGCG GTCTTTGGCAGATATGCAGG
TGF-B CTGAGTGGCTGTCTTTTGACGTC AAGCCCTGTATTCCGTCTCCTTG
IL-10 CAAGGCAGTGGAGCAGGTGA CCGGGTGGTTCAATTTTTCATT
GAPDH GCCAAGGCTGTGGGCAAGGT TCTCCAGGCGGCACGTCAGA
A B C
Sale » 1E+0 | Al
- _— \\ X - —
2y 2 sEl
Q.ﬁ(‘f av 2 w1 \ TSGIO! we
. Z 6E-l | -
i 2 Sl CD63 ﬂ
. £ 4B
o~ P 8 3E-1- / CD9
a‘ ' i S 2E-17 J
e . 1E-1 - 3 GAPDH  s—
& - oo b—""" N~ s >
510 100 1,000 2 000 S Q)ﬁ- &
dmm ° & oQ
By S

Figure 1 Identification of BMSC-Exos

A: Representative transmission electron microscope (TEM) micrograph of BMSC-Exos (Scale bar = 200 nm); B: Size distribution of BMSC-Exos using
nanoparticle tracking analysis (NTA); C: Western blot to determine expressions of CD9, CD63, TSG101, ALIX, GAPDH
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Figure 2 Neurological deficits of the rats in each group (¥ + s,n = 15)

A: Longa scores; B: Number of right turns

B L 556 2.3 K, SRR 5, BMSC-Exos 41
KM A REPE 0 W FEK (P <0.01 5 P <
0.05) , A5 B /(P <0.018P<0.05),

W 2.
B
# #H ##
glo = . —
s "
@ 8 sk
b
= 6
Pl
z 4
Z 3
o
I T 1
1 2 3
Days after MCAO/d

#p <0.01 vs Sham group; "P<0.05,"P <0.01 vs middle cerebral artery occlusion (MCAO) group

3.3  BMSC-Exos % 2P 3 il &k fn K AL SLARAR GG
A

S8 AR LA L, AR 7Y 2 Mg B it KRR A
FEARF G ZHN (P < 0.01) ; 54858 20 AH e &%
BMSC-Exos 2H i it 1fiL A B A FE 14 Btk 2 ik /)
(P<0.05), WK 3,
3.4 BMSC-Exos #F 2 M 27 i £ o K R,/ IR i 4w
fe B v 2 i M1 AAL 89 % v

SBF AR, AL CD16/32"/Tbal FH
40 i B W E B (P < 0.01) ; SHEAIAH L,
BMSC-Exos 20 CD16/32"/Thal* Bk 2 Jifd %% - 8. 3 Uk
B(P<0.01)(K4),

BMSC-Exos

Sham MCAO BMSC-Exos

401 0

301 #

204

Infarct volume/%

Sham  MCAO BMSC-Exos

Figure 3 Comparison of cerebral infarct volume in each group (¥ +
s,n = 6)

A: 2, 3, 5-Triphenyltetrazole chloride (TTC) staining (Scale bar = 1 cm);
B: Quantitative analysis of TTC staining

*P <0.01 vs Sham group, *P < 0. 05 vs MCAO group
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Figure 4 Effect of BMSC-Exos on M1 polarization of microglia/macrophage in rats with cerebral ischemia (¥ + s,n = 6)

A: Representative CD16/32 (green) and Ibhal (red) co-location staining images of the ischemic peripheral zone (400 X , Scale bar = 100 pum); B: Quanti-

tative analysis of CD16/32 and Ibal double-labelling immunofluorescence

P < 0. 01 vs Sham group, P < 0. 01 s MCAO group
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3.5 BMSC-Exos &F 2 P 20 i £ do Kk S IR JR 28
FeL) B 4m B M2 AR AL 84 %5 v
ST AR A e, AR /N i 5 2 M/ 2

043 4, AR G s SRR 4] [ 55, BMSC-Exos
20 CD206'/Tbal* FH P4 40 ffg %% & 2 3 38 m (P <
0.01), WA S5,

B
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Figure 5 Effect of BMSC-Exos on M2 polarization of microglia/macrophage in rats with cerebral ischemia (¥ + s,n = 6)

A: Representative CD206 (green) and Ibal (red) co-location staining images of the ischemic peripheral zone (400 X, Scale bar = 100 pwm); B: Quantita-

tive analysis of CD206 and Ibal double-labelling immunofluorescence

P <0. 01 vs Sham group, *P < 0. 01 vs MCAO group

3.6 BMSC-Exos *F 2. M 2 iz £ fn K A M1 A ik
Ji a feL) B v 8 JE AR & 4 mRNA # %0
ST ARG FE, BRI 2 M1 /N o 241 e/

BERIN(P <0.01) ; 5H8Z4] 40 HE , BMSC-Exos
ZH M1 25 /)N S5 248 it/ 5 1 4 iU s 75 497 iNOS . C D86
TNF-o f) mRNA 23k i Z /0 (P < 0.01 8 P <

W 41 O bR 5 9 INOS . CD86 . TNF-« ) mRNA 235 0.05), WKl 6,
A B ¢
4- P 20+ 4
il ; .
3
é 34 2 15 L £ 3 L
s # o E
© 1) <
% 24 & 101 ) #
g g g
o B4 '—;
= =2 . o
S 11 2 5 s
= =~
##
0. ole== I N 0 , :
Sham MCAO BMSC-Exos Sham MCAO BMSC-Exos Sham MCAO BMSC-Exos

Figure 6 Effect of BMSC-Exos on the mRNA expression of M1 microglia/macrophage markers after cerebral ischemia in rats (x + s,n = 3)

A: mRNA level of inducible nitricoxide synthase (iNOS) detected by RT-qPCR; B: mRNA level of CD86 detected by RT-qPCR; C: mRNA level of

tumor necrosis factor (TNF-a) detected by RT-qPCR
P <0.01 ps Sham group; **P < 0. 01,"P < 0. 05 vs MCAO group

3.7 BMSC-Exos % 2 P& 1 i 5 fo K R M2 2 /i
JR 4m e B v fm B AR & 4 mRNA 695
SRS R ZH AH L, BMSC-Exos 2H M2 %I /)N 52 J5 4
i /15 W 4 s 7 ) Arg-1 . TGF-B . IL-10 i) mRNA
FIRBFEWM(P<0.05), WK 7.

4 it it

BMSCs 7 4= B9 ZM I AR Fhy e A 2 315 01 A4
Rib, R0 2k PR 2 2R SR B A IR Y

TEIT A, HAE FAIL A 55 8755 20 i o =0 i A A=
BUTLA B p 28 g AR L BRI, BMSC-Exos /& 75 fig
% R g RIS R 3 0K /0N R S5 4 L/ W A4 i DA
M1 [i] M2 B Ak A 30 ] 2k e 22 9 i ff A SCik i
16, AHFSE & B BMSC-Exos {2 7E/INBE 5 48 /15 w5
2 JfL DA M1 3R TR A DAy M2 3R T50 Sk 400 ol fi e ot 4o
28 RRNE , BE  H M  af 45445 -

FEA FARZS T, /N S5 40 At 3 3 W 0 3 i
LS 05 R0 OC 1 43 F A, A W 08 T T 4R i F
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Figure 7 Effect of BMSC-Exos on the mRNA expression of M2 microglia/macrophage markers after cerebral ischemia in rats (¥ + s,n = 3)

A: mRNA level of Arginase-1 (Arg-1) detected by RT-qPCR; B: mRNA level of transforming growth factor beta (TGF-B) detected by RT-qPCR;

C: mRNA level of Interleukin-10 (IL-10) detected by RT-qPCR
P <0.05vs MCAO group

RN o /0N 5 4 AR 8 T R B 45 5 A ) ] 4
HFRA A5 20 ML A M TR R AR TS ) M2
RN M AL /N 5T 4 A A L v Gk CD16/32, B
il A F A 46 BT U TNF-u . iNOS 25 % il 28 50 77 A=
BE IR A 45405 0 M2 BB /N Je o 40 R I i ek
CD206, 53 WPt 2 -, 40 TGF-B . Arg-1 55, [A] B &
T IGF-1 Fl i Y5 P4 1 28 %5 3% A F (brain derived
neurotrophic factor, BDNF) L2 E SN T R
SAETHIR FIM B . ik, AW EECT CD16/
32, CD86, iNOS, TNF- «, CD206, Arg-1. IL-10 Al
TGF-B5AE Ay M1 75 /M2 B /)N Jo 41 i /15 s 240 B

G e 0t P B O A2 s DXRITAE BT ] ] X
o NI V1L IR SFN DRANY i G 1 A § VI 2 VAN
B Ry e A M e i A 78 e & R, ZE SRS 3 d M1 Y
/N8 T 240 e/ 5 Wk 240 % T 4, R 1 hn 3]
RIS 14 d T M2 78/ 5 S5 248 e/ 5 0 240 B ke
Ja 1 ~3dIFEEEm,3 ~ 5 disB mild ., R, A5z
5 6 £ i i 110 J5 2R 3 AR I BMSC-Exos X /N 5t
211/ 5 W 4 ML/M2 AR AR B 5

BMSCs B4 31 52 ] 42 fii PN /DN J2 S5 240 e/ 5 e 4
JH 3T A KL 48 RE I o Bai 252 % B16F BMSCs %
FE 2 MCAO K BRI 2H 21 b fig 0 5k 35 314 Jin D206 A
PR B E, B AR TNF-o FHAE A0 M50 . 5256 28 i 9
fiff 58 % B, BMSCs 4 A7 BE % I 5 MCAO K FL 55 A
rh /NS T4 i DA M B Ak R M2 B A b 2 R
it R DI IR, RS T 4G
I PO = Y AW A LOR 2R O EZY
AR . BRI, Sl BT 5T 2B, T 40 i = 2
553 WM E R AR

A1 WA A4 JE BMSCs 5% 43 b 19 16 M i 40 2 —
BMSC-Exos # 1IF S RE0% I 15 /)N 5 5 41 it/ 5 v 200 it
FI P AE 2 A s 24540 b R AT R AE ™
Wang %52 HIE 52588 1] 78 57 T 200 B0 2% 14 4% 37 23 1ot
IO M /N Ji 40 /AN i 2 i A R A .
Wen ZE27HE H BMSC-Exos 1875 /M 5 41 fifg 3 A4 >k
TR VG000 5 B PR 28 980T o S5 & HT I
5B, BMSC-Exos fie 1 i e 1fiL. /1 s I 4 A 1l A 75
Pl QAP R AT, ik e 25 2R 427 BMSC-Exos 7 fE
XoF 7N 8 T 40 A/ T 200 i M2 AR A TR R A7 7 1 3 4
FH o A5 30 2 G g2 50 DR S 50 e B, R Bl G
Bl 555 3 K, HIRTFAREAN L, AL/ 5 20
L/ 5 5 240 3 S A e LA AR R b 3B A8 £ B oK
LB W 41 BB S 4FAIF . BMSC-Exos 3697 5 /NI
J5T 248 A/ 5 A4 B M1 BB A 7S 9 CD16/32 98 /b, M2
IR &Y CD206 34 £ . RT-qPCR &5 it — 2+ k&
P, BMSC-Exos I/ iNOS .CD86 \ TNF-a B il , fie i7F
Arg-1 . TGF-B IL-10 Bt . iR Z5 2718, BMSC-
Exos {1 7 I BRI B I J5 27 3 K /0N 2 200 Jifa /5 s &4
JH DA M1 A [ M2 R G Ak 400 ) A A 1 S5 e 2
L o

2k TR AR 5T 45 B 7R BMSC-Exos 112 #F
i St XL F 70N S T 440 L/ 5 s 24 i M2 AR Ak, DA TG
il i A 0 PR 45 5 | R ) e R RE R, AR T
BMSC-Exos X 21 101 i dife 115 /18 Je J5 240 e/ 15 e 44
JRLRR AR B 23 BIL A A I 42 o gt — 2D A AR
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