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Osteosarcoma-derived exosomes induces M2 polarization of macrophages and
promotes metastasis of MG63 cells through Tim-3

WANG Ye, XIE Haiyang, ZHANG Chao, YANG Xin (Department of Orthopaedics, Affiliated Hospital of North Sichuan Medical
College, Nanchong 637000, Sichuan, China)

[Abstract] Objective: To investigate the effect of exosomes derived from osteosarcoma on the differentiation of tumor-related macro-
phages and its mechanism. Methods: From March 2018 to October 2019, tumor tissues and corresponding normal tissues from 18 patients
with primary osteosarcoma who underwent osteosarcoma resection and pathological diagnosis in the Departments of Orthopedics and
Pediatric Surgery of the Affiliated Hospital of North Sichuan Medical College were collected. The expression level of Tim-3 was detected
by Western blotting; Exosomes of osteosarcoma MG63 cells (MG63-Exo) were isolated and identified by transmission electron
microscopy and nanoparticle size analysis, and its phagocytosis by macrophages was verified by Dual fluorescent staining; The effects
of MG63-Exo on macrophage differentiation and the expression levels of IL-10, TGF-p and VEGF were detected by qPCR; The effects
of MG63-Exo induced macrophages on the migration and invasion of MG63 cells and the expression of EMT related proteins were
detected by Transwell invasion and migration assay and Western blotting; CRISPR/cas9 was used to knock out Tim-3 in MG63 cells,
and its knockout efficiency was verified by Western blotting, and then qPCR, transwell assay and Western blotting were used to detect
the effect of MG63-Exo with Tim-3 knock-out on macrophage differentiation, as well as migration, invasion and expression of EMT

related proteins in MG63 cells; Finally, the mouse model of osteosarcoma lung metastasis was used to verify the effect of exosomes
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from different sources on the lung metastasis of osteosarcoma. Results: Transmission electron microscopy and nanoparticle size assay
confirmed that MG63-Exo were successfully isolated, and Confocal fluorescence results confirmed that it could be phagocytized by
macrophages; qPCR results showed that MG63-Exo significantly promoted M2 differentiation of macrophages compared with PBS
(P<0.05); Compared with PBS control group, M2 macrophages induced by MG63-Exo significantly promoted the migration, invasion
and EMT of osteosarcoma cells (all P<0.05); The mRNA and protein expressions of Tim-3 in the MG63 cells knocked out by CRISPR/
cas9 (Tim-3-KO) were significantly reduced (all P<0.05), and Tim-3 could be transferred into macrophages in the form of exosomes;
Compared with MG63-Exo co-cultured macrophages, the M2 type differentiation of macrophages treated with Tim-3-KO-exo was
significantly decreased (P<0.05); Compared with the MG63 cells co-cultured with macrophages induced by MG63-Exo, the migration,
invasion and EMT were significantly reduced while the lung metastasis was significantly promoted in MG63 cells co-cultured with

macrophages induced by Tim-3-KO-Exo (all P<0.05). Conclusion: Exosomes derived from osteosarcoma can induce M2 polarization

of macrophages through Tim-3 and promote the invasion and metastasis of tumor.
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69 [ [H Gbico 2 7 , TRIzol. ¥ %% 58 1% 71 & . EXO-
SOME #} s & RNA/ER [ #2 Bk 71 & 35 8 | 3%
Thermo A 7] , SYBR Green Real-time PCR I H | i
FIHRFEAEY AT, 5 PR B4 Lipofectamine3000
T H 3% [ Invitrogen A 7] , Tim-3 sgRNA \ Cas9 Jii #i &
[ 14: 1 (negative control, NCOIJ I H | M it A=) A
A, Bt Tim-3 55w FE 144609 5 55 [ BD 2 |, fudit E-
cadherin. N-cadherin. Vimentin. GAPDH . 52 [% i {4
¥ B 2% E Abcam A W], i $t CD9.CD81.CD63
o BRI H 3% [ SantaCruz A 7 , BRI S ALY
fiff (HRP) bRic 1L 2 BT 1gG B E T N B A
F], PKH67 ¢ €475 S I 4 Lkt {338 6 (Phorbol 12-
myristate 13-acetate, PMA) ¥ H 3¢ [ Sigma 2 #] ,
PCR 5| ¥t b AE T\ & R, HEE 4 A i BALB/c
MR B RS 2 Be s P 52 56 s O [Bh ) A A AIE S
SCXK(J11)2018-18)7.
1.3 tmpfss ik R a4

i 7 MG63 . hFOB 41 g J5 1 1 & 10%FBS
AP ) DMEM/F12 #5783 T 37 °C.5% CO, fH iz %
TR AT ER IR . R AE K & 70%~80% I & B A
0.25% X1 IREE AT W AL AR . SEUR BT 75 1Y E W 41 i
1 50 ng/ml PMA AL 1 x 10> THP-1 21148 h 3K 15 .

AR G - O HAE K MG63 41, B 2x10°
ANFLEERD E 6 FLIR L 55 7R I 0, B Qe i g B R0

are



b

Fih, &5 B RSN RIE . Tim-3 755 B W40 M2 B A6 I FE i MG63 4i i ) e 7 . 913 -

ey Opti-MEM. £ 2% # 4% || Lipofectamine3000
i B 45, 8 30 ng i) sgRNA. cas9 Jit #7 B NC % A\
MG63 i, % 4% 6 h 5 4 Rs 7= B # & 10%FBS
() DMEM/F12 & i35 77 F vh I B T 55 72 /0 h ik A7 5%
7 UL YL 48 h 5 I AN AR AT 5 SR 5256
1.4 AR FHSEG BINLRBARLER

W B 9% MG63 W hFOB 21 it , 15 4 i1 I & 80%~
90% I WL £ 441 Mo 35 77 W, oy B AN AR . gl R BRI
72 000xg 250> 10 min, HL_F 75 1 000xg 20> 30 min
L5 4 20 it B 4 B HE 5 4 °C TV 1 PBS B2 )5 , K
F10.22 pm FLAE JE I 8 , 4 °C L 1x10°xg 8 = il B
£ 70 min, P % S5 FF KBS O, BTAS D0VE B S 4
A, -80 °CARAE & Fl o 2 ul Bl SRR NN 20 pl
PBS i %, FH 3.5% 1 2 5 F I 8] & J o o 204 1 L
2% HIBHER Th gyt , Wyt J5 87 FH 32 59 FRL B0 WL 42 b A
JEZ , F Nanosight 44K i B JIURL FR B3 23 A1 SOR: il 4
WAARRLAE SR, N WB SZIRAS I A/ iA AR5 AE 1 2
4 CD9.CD81.CD63 f ik .
1.5 £ RE DAL IR E % m ot M itk b9 3 IR

W B 43 B8 A4 () A A A, AR 35 KPH67 12771 it B
FoXE AR AR EAT BRa , AR5 DAPT 4wkt 5 B 81
Xof g A0 M3 AT G A%, B BB B IR A S T 37 °C
5% CO,MH R FR A L5 75 12 h, R ROL LR ER
BT R
1.6 Transwell 52 ¥ #e ) MG63 2@ JeL 69 3L 45 R AZ £ 4% /)

Martrigel #% i i 4 °C ¥ fi# J5 » F A & FBS 1Y
DMEM/F12 55753 DL 1S AT R RS, FRHL 40 pl # B
J& B3 5 iR AL Transwell | = 3E 4712 28 S206 , R AH
FH 3L 5 R 347 B0, 4% ) Transwell /N % F T3 A2 5256 .
WU AL B e IS 1 MG63 40 i, 3 AN & FBS 1
DMEM/F12 $5 7% B 840 H , H2Fh 2275 200 pl JC I3
B IR I 1) 24 FUAL A Transwell b =8 o I 5 ¥ 5 fr 58
5x10*4N/FL , Transwell F Z 0 1x10*4>/ml (1) B 1540
Ji9 3 0 N 800 ul & 10%FBS [¥) # 3 DMEM/F12 1% 3%
W M ®E3NESL, T37°C.5% CO,HIRE 754
B9 24 ho BUH B, PBS R IR 2 W, IF IR AR 25 4%
BRER/NE LR A B, KR E E 15 min,
FEa BT, 0.1% B4 S 5K T = IR R 44 €4 30 min,
PBS /e 2 0 T 31 B 2 s NS o Al i, &
B HLIZE L S AN PR EAT TR
1.7 qPCR 48 % & B & &

4 H TRIzol V542 HU4M WA 14 5L MG63 . hFOB #Hi /il
T G J5 1 MG63 2 B (1) 55 RNA, 73 6 BE TH A
DT 57 RNA 25 53R B . R 30 4% Sl ) &0
RNA it # 5% 5 cDNA. R 9% SYBR Green Real-time
PCR 771 3 158 B 5 B T9 52 56 i 7 140 s 2 I (1] 5 3 5

#4T qPCR. LLGAPDH AW S, K F 24 J5 kit &
H R A RiE R . i ey #4831k,
qPCR I P oI WAL 1.
1.8 WBREAENE G £A

i B8 AR A 1R RNA/R 1 4 BOR ) &0 Ul B 15 5 0
PEEL AN A SR 1, 7 RIPA 20 i 24 AR % B
Tt 411 £61) 751 9 S0 4 B PR 9 4L 2R e 5% 2H 2R S 4
MR . BCAVEN E & A&, % 114 R
AW N 5x EREGZ I, T K A A4 10 min
A, B30 pg B8 34T SDS-PAGE, /3 B & M, K
FHR 720 70 3 0 (1 3% 25 PVDF 5 L, N 5% 1)
Ji JIE 2 05 F == 35 N 34 2 b, i\ E-cadherin(1:800)
N-cadherin(1:800) . Vimentin(1:800) .CD9(1:600) .
CD81(1:600) .CD63 (1:600) .GAPDH (1:1 000) —
i, 4 CREIRI B L . TBSTIEWIHYE3 X, 5 min/
O, DLBRAR B AR 1 89 = H1(1:5 0000 Z iR FE 1 h,
TBST ¥ W IE U8 3 X, 5 min/¥k . 5% 35150 % B ECL
KOG G T B BT EATIE G HA 8 . Tmage J
PRI e s K AR, UL E AR 15 2 GAPDH (1)
ELAE A AR Rk &, SR R 3K

#*1¢PCR5|¥F5
Tab.1 Primer sequences for gPCR

Gene Primer(5°-3")

Tim-3 F:ACTCTACTCTACCTACATCTGGCT
R:GTAGGTCCCATGGTCATCCAG

Arg-1 F: TTGGGTGGATGCTCACACTG

R:TTGCCCATGCAGATTCCC
CD206 F:CAGGTGTGGGCTCAGGTAGT

R:TGTGGTGAGCTGAAAGGTGA
CD163 F:GCCGGCTATCCAGACAATTA

R:GGCCAAACTGAGGTGGTTTA

iNOS F:CAGCTGGGCTGTACAAACCTT
R:CAGCTGGGCTGTACAAACCTT
IL-10 F:TGCTATGCTGCCTGCTCTTA

R:TCATTTCCGATAAGGCTTGG
TGF-B F:GGGATGAGCTAGTGCTGATCTGG

R:AAACTTGCTCCATGTCCTGCTCTA
VEGF F: TGCAGGTGATGCTGACAGAGG

R:GGATGAGCTAGTGCTGATCTGG
GAPDH F:GGAGAAACCTGCCAA GTATG

R:TTACTCCTTGGAGGCCATGTAG
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A: The morphology of hFOB-Exo and MG63-Exo observed by TEM (x40 000); B:WB was used to detect the expressions of CD9,
CD81 and CD63; C: Immunofluorescence showed that PKH67 labeled exosomes were absorbed by macrophages (x400); D: qPCR was
used to detect the expressions of Arg-1, CD163, CD206 and iNOS in macrophages treated with PBS, hFOB-Exo or MG63-Exo; E: qP-
CR was used to detect the expressions of M1 and M2 macrophage cytokines after PBS, hFOB-Exo or MG63-Exo treatment
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Fig.1 MG63-Exo promoted the differentiation of macrophages into M2 phenotype
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A: Transwell co-culture system was used to detect the effect of macrophages induced by MG63-Exo on the migration and invasion of
osteosarcoma cell line MG63 (x100); B: The effect of macrophages induced by MG63-Exo on EMT of osteosarcoma MG63 cells was
detected by Western blotting
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Fig.2 MG63-Exo promoted migration, invasion and EMT of osteosarcoma cells by
inducing M2 phenotype differentiation of macrophages
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A:WB was used to detect protein expression of Tim-3 in osteosarcoma and paracancerous tissues (#=6); B: The expression of Tim-3 in

18 pairs of osteosarcoma and paracancerous tissues; C: qPCR was used to detect the mRNA expression of Tim-3 in MG63 and hFOB
cells; D: WB was used to detect the protein expression of Tim-3 in MG63 and hFOB cells; E: The expression of Tim-3 in hFOB-Exo or
MG63-Exo was detected by WB; F: qPCR was used to detect the mRNA expression of Tim-3 after knock-out of Tim-3 gene in MG63

cells; G: WB was used to detect the protein expression of Tim-3 in MG63; H: The expression of Tim-3 in NC-Exo, MG63-Exo
and Tim-3 KO-Exo was detected by WB; I: The protein expression of Tim-3 in macrophages treated
with NC-Exo, MG63-Exo and Tim-3 KO-Exo was detected by WB
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Fig.3 The highly expressed Tim-3 protein in MG63-Exo can be transferred into macrophages through Exos
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A: qPCR was used to detect the expressions of M1 and M2 macrophage markers after NC-Exo, MG63-Exo or Tim-3 KO-Exo treat-
ment; B: qPCR was used to detect the expressions of TGF-f, IL-10 and VEGF in macrophages treated with NC-Exo, MG63-Exo or
Tim-3 KO-Exo; C: Transwell co-culture system was used to detect the effect of macrophages induced by NC-Exo, MG63-Exo or Tim-3
KO-Exo on the migration and invasion of osteosarcoma cell line MG63 (x100); D: WB was used to detect the EMT effect of macro-
phages induced by NC-Exo, MG63-Exo or Tim-3 KO-Exo on osteosarcoma MG63 cells
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Fig.4 Tim-3 from MG63-Exo could promote the migration, invasion and EMT of osteosarcoma cells by
inducing macrophages to differentiate into M2 phenotype
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A: H-E staining showed the number of metastatic tumor nodules in lung of nude mice inoculated with MG63 cells with
different treatments (NC-Exo+M, MG63-Exo+M or Tim-3 KO-Exo+M) (x200); B: Statistical analysis of metastatic
nodules in lung of nude mice in each group
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Fig.5 Tim-3 from MG63-Exo could promote lung metastasis of osteosarcoma cells in nude mice by

inducing M2 phenotype differentiation of macrophages
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