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Effect and mechanism study of M2 macrophages-derived exosomes
in treatment of collagen induced rheumatoid arthritis mouse*

Jun-xia Wen, Jin Wang, Bin-feng Jiang, Li-feng Zhai, Jian Liu
(Department of Orthopedics, Zhejiang Tongde Hospital, Hangzhou, Zhejiang 310012, China)

Abstract: Objective To explore the physiological therapeutic actions and its mechanism of M2-derived
exosome on the collagen-induced rheumatoid arthritis (RA) mouse. Methods The C57BL/6J mouse bone marrow-
derived macrophages (BMDMs) were separated. The supernatant of IL-4 induced M2 macrophage were collected,
and the M2-Exo were collected by ultracentrifugation. The transmission electron microscope (TEM) and dynamic
light scattering (DLS) were used to observe the morphological structure and particle size distribution of M2-Exo.

The cell immunofluorescence and Western blotting were used to detect the transformation of M1-type macrophages
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to M2-type macrophages after M2-Exo treatment. The collagen-induced 1A model of DBA/1 mice were randomly
divide into the model group and M2-Exo group, normal DBA/1 mice were as the control group. M2-Exo (100 pg/
mouse) was injected into the joint cavity of the M2-Exo group on d16 and d26 after the first immunization. The
arthritis lesions were monitored and scored during the whole course of the onset. The mice were euthanized on d42.
The left hind feet of each group of mice were photographed and the thickness was measured. The pro-inflammatory
cytokines interleukin 1 (IL-1pB), tumor necrosis factor a (TNF-a) and interleukin 6 (IL-6) expression in the arthritis
lesions were defined by ELISA. The relative expression of the surface markers iNOS, CD86, Arginase, and CD206
mRNA of M1 and M2 macrophages in the joints was detected by RT-PCR. Results M2-Exo was a round-like, cyst-
like structure with a complete envelope, with an average particle size of 44.1 nm. M1 macrophages was treated with
M2-Exo for 24 h, arginase was expressed but not iNOS. During the onset of RA, the average arthritis index (Al) of
the M2-Exo group was significantly lower than that in the model group (P < 0.05). Compared with the model group,
the toe joints of the model M2-Exo group on d42 were not swollen and the toe joints were not high, and the
difference was not statistically significant (P > 0.05). The mice in the M2-Exo group had no significant difference
(P> 0.05). The levels of TNF-a and IL-6 were significantly reduced (P < 0.05). The relative expression levels of M1
marker iNOS and CD86 in the joint tissues of the M2-Exo group were significantly lower than those in the model
group (P < 0.05), while the relative expression levels of CD206 and arginase were significantly higher than those in
the model group (P < 0.05). Conclusion M2-Exo may reprogram inflammatory M1 macrophages into M2 anti-

inflammatory macrophages to alleviate the condition of RA.
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HEAT IR A BE B e P22 D1 e[ 52 50 sh W) 1 TR
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iEf : 5'-GACCGTTGTGTGTGTTCTGG-3'
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1EM] : 5'-CAGAAGAATGGAAGAGTCAG-3'
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J2 1A : 5'-CAGATATGCAGGGAGTCACC-3'
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14.110, P =0.000) ; MO-Exo 4t i ity M1 &I 5 W 41 ity
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36 kD

4 M2-Exo #1 M2-Exo A3 24 h §9 M1 24 120 A
RESTEARE

(2.82£0.53)mm, 3 21 /N BRI A2 Bk JEE 2 PO 3, 2 5 22
SR, ERAFIEE X (F=45972, P=0.000) ;
PE— 2 HL A, B 41 R M2-Exo 41 2 ik )& K
TR, M2-Exo 41/NFHEAILL (LB 6) . H5A
5 2 AR TE S 10 d 5 /)y BRURIT R M OG5 F S e A2
OB CAT H BLLL P BRI, i M2-Exo 41 /5 2
AN IR E R B AN D

(n=10)

215 Hi16 R H21K H526K ERIPN Hi36K
Xif HE 401 0.22 +0.04 0.24 +0.02 0.35 +0.05% 0.41 £0.05% 0.42 £0.05%
PRIk 0.29 +0.05" 0.51+0.10™ 3.23 069" 541+ 1.02%% 6.73 + 1.13V%
M2-Exo 4 0.23 +0.03% 0.44£0.11"7 0.80 + 0.202% 2.32+0.817%% 3.25+0.817%%

TE - D5 % HAZH R ) 55 LA, P <0.05 5 (SR [R] IR A] 5 LA, P <0.05 5 52N A 16 K AL, P <0.05.
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+ 5 M2-Exo 41 HL#5, P <0.05,

5 BHENREBTIEFHARESER (n=10)

24 SAMNRXFTHLRP TINF-a, IL-6F1IL-1B
KF LB
3N LT HL P TNF-a, 1L-6 AT IL-1B 7K

T, #5 A2 E X (P<0.05); H#E—2LMW
WL HE, M2-Exo 41/ T 4141 TNF-a, 116
FAL-18 KR R A BH G BRI . WL 3 FIEL S

JE BEJEEJE /mm

NHRZH  BIRIZH M2-ExofH
T SR L, P<0.05,
B 6 3IHMNRETIAKIEE (BUEE)ELE
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BE7 M2-Exoxt3ZH/NR KT AAKAE B Y S0

*3 SHENMRETHLAHRTNF-o.IL-6F0
IL-1B 7K FHILLE  (n=10, pg/ml)

2051 TNF-a -6 -18
okl 82.43 +8.43 52.06 +5.78 37.32+4.72
ik 683.23 +86.367 248.18 +47.477  152.89 + 58.75"
M2-ExofH 26258 +60.047% 163.22 +65.99"% 80.13 + 03.63"%
FAE 6 666.257 474.779 102.377
P{A 0.000 0.000 0.000

s Q5 RERA #E, P <0.05; @S RERIZH [L#, P <0.05,

800 [ 300
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200 |
z 3
5 40 H
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XL RAUA] M2-Exo 4]

XL RRAIA] M2-Exo 41

2.5 3H/MRXFIHLAF M1 BT M2 B E 20 A
B mRNA M T RIZE L E

3L/ AT ZH 419 INOS mRNA . CD86 mRNA |
Arginase mRNA 1 CD206 mRNA A% ik Hode, 22
SHEGFE L (P<0.05); HE—L WP, M2-
Exo 2 &35 41 41t iNOS mRNA . CD86 mRNA AH X %
KA T (P <0.05), Arginase mRNA Fl CD206
mRNA X} 3% ik it 5 T A 20 (P <0.05) . W& 4
FE9,

200 M
150

100

IL-1B/(pg/ml)

50

XA BEAIA] M2-Exo 4]

+ SR AR, P <0.05,

B8 3HENRETHLAR TNF-o. IL-6F01L-18 /KFEHILLER

(n=10)

R4 BHNMNRETHLAHINOS mRNA,CD86 mRNA.Arginase mRNA #1CD206 mRNA X Rz EMEE  (n=10)

- M1 2 24 i M2 0 A4

iNOS mRNA CD86 mRNA Arginase mRNA D206 mRNA
it B4 1.00 £0.17 1.00 +0.20 1.00+0.14 1.00£0.25
HERIZ] 262+021Y 1.92£0.30" 0.82+0.117 0.52£0.13%
M2-Exo £H 1.34 +0.38"2 1.26 £0.197? 1.94 +0.247% 2.16 0317
FA& 101.525 43.704 125.529 113.752
PAi 0.000 0.000 0.000 0.000

s QSRR LLHE, P<0.05; @ S5HEIFIZH 14, P<0.05,
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MR TR Rz diif, HABkizsh, .
U B RIEA BTAE DI BE, AE G g B 1 Pl o
BHEH. CAWREN, BER4ES5T RAM
FBARAIL o W A I 20 i RT3 6 R I 41 it R T
A/ 2 -12(IL-12) . F 40 A 23 (1L-23) .
IL-6 f1 TNF-a 1 IL-1B8, S T40Mi54L, InE
B SAERLN o 3 Ak, B EANAE =2 B A TE Ak A
T, AR AR B B A0 B 5 A IS R
TEP, B A BT g bR A Y L Ak TT B R 22 A RA
FU A 71 B G e Mg 1 RAEIRES, B R E
Wi 2 i e B 4 TR T RA VS AESE Ao

AR, VP2 HE T R [R) 28 5 1 41 i ok
T S MR B A A B0 T . K25t oE O 1A
B b K S DA A TS B A7 4 AR R, A
Shrg A Re K Z G TE AL S B, PR SN
A e 3 5k 5 AR A 00 3 2R ke 2 e 9% i i R 2
RAF R M 1 o AR Z 5% C kB A8 AR AE R
H & e BRI IT T 01, 8 T BB R IA |
RGMELLBERAE . RAETEIA W B RA P, SRIET
N TR FE 5T 40 I 04 A0 WA AR e 6% 2 B B O T R
IRARBCE P, 5y — IR FE0ESE T A IR 8 ) A1
WA (UCB-Exos ) 3 £ T I F I 241 A > 5 14 1 41 g
I F -17 (IL-17) {4 22 15 952 71 SROB B W2 4l (DSS)

CD206

Arginase
+ SR L, P <0.05,
B9 SAMNRETHLAFH M BEINM2EEEMIEA mMRNAMEITRIZELE (n=10)

V0 SAETERA IR S R T A IR A AR PN B 3 B
FIUAE X 85 B PR N 2 2 07, R T B B e o
Joa (RIE YT AT K T I Pk A%

M1 A I H Toll # 3Z /K 20 71 LPS B¢ Th1 41 g
WKy (IFN-y) T, M2 E£A 0] H Th2
4 M P TL-10 5% [L-4 %3406 . PR R E-B
WG 200 Jf A A 24 K 0 2 R AT SR L R PR AN M T
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