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Mechanism of M2 macrophage-derived exosomes in promoting the migra-

tion of glioblastoma via transferring miR-1260b
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Abstract Tumor-associated macrophage promotes the progression of glioblastoma (GBM) by infiltrating into
tumor tissue, yet its mechanism has not been fully elucidated. This paper aimed to investigate the mechanism of
M2 macrophages in affecting the migratory capacity of GBM via secreting exosomes. Ultracentrifugation was used
to extract exosomes; RNA sequencing was carried out to screen differentially expressed miRNAs; target predic-
tion database was used to predict the possible target proteins of miRNA; Dual-luciferase reporter assay was per-
formed to verify the interaction between miRNA and target genes; and the proliferation ability of tumor cells was
detected by subcutaneous xenograft model in nude mice. Results showed that tumor-related macrophages were
mainly M2 macrophages, and that exosomes secreted by M2 macrophages could promote the migration of glioma
cells. Meanwhile, exosomes secreted by M2 macrophages transported miR-1260b and affected the migration of
glioma cells through directly targeted AJAP1, suggesting that exosomes secreted by macrophages could affect
the migration ability of GBM through transporting miR-1260b.

Key words glioblastoma; M2 macrophage; exosomes; miR-1260b; AJAP1
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BEWME ALY R X SR YT O VA A DU — i
JE I G2 B BP0 GBMARSRAFAE TG AN KL |
oS AR AR A ), PRI 23 77K 0F 98 GBM
(R AL, X B BB 3R 7 7k B B

98 T A 05 2 B 4% 22 Rh A L AR ke a1
40 {41 e 57 (extra-cellular matrix, ECM) %) 457 5k
PEE . GBM I HAL 1 SR e — 4, B 2 b A
Y2 411 BT, R A O I 20 i (tumor-associat-
ed macrophage, TAM) FRAZ A IE KA M55 . B8
HRIH , TAM J2 [ Jed Tl B 358 v 42 28 v g 0 e vy 32 22
2555, JAh, TAM By BT M2 B
Ap .

AN SE RN 40 ~ 120 nm I TR ALS T 24
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TRy A ML 4 P SRS AE L T 2 1 M2 24 W 4 i
3 W B A0 WA 4K (M2 macrophage-derived exosomes,
M2 exos) [Al F A2 ik GBM 4l i 19 3E 7% , >R JH RNA il
J i 5 & B miR-1260b 7£ M2 exos 4 ¥ 1) U251 4
ffgrp ik B TR . GBM H miR-1260b (i %1k
A LA AJAPT B 35 , #E M A 2 GBM 20 i 14 1
o I, AT BT 45 R GBM B3R )T H44
TR S

1 #

1.1 & A

DMEM 75 5 1% 95 3k RPMI-1640 55 38 58, 5 2R
13 (3 Gibeo 28 H) ) s B 55 2 -BE 5 2 WL, R I
WK (VL3 38 = R AR A R 2w\ ) 5 496 Uk g
(PMA) \1L-4 . 1L-13 (& [# Sigma 23 7 ) ; DAB(Jt 52
A S AR ER A R A s N-E5 268 1 (N-cad-
herin) . E-55 %545 1 (E-cadherin) J# £ 4 1 (vimen-
tin) PUAAR (£ [ Santa Cruz A ] ) ; AJAP1 T4 (2RI
Z R A Y RHAT R\ ; CD68 .CD206 . F4/80

( 2% [# Cell Signaling Technology 2\ F] ) ; B -Actin,
GAPDH HTA (IR =& A Y ARA FRAH] ) 5 Alexa
Fluor®488 1k —HT (J [&] Abcam /A7) s DAPI(VT.
S ILVIEA DB A A BRZY F]) s RIPA 27 A
FA 3L 21 4 2155 ( 32 [ ThermoFisher 225 ) s BENg 4174
(3£ Bio-Rad 2~ 1 ) 5 fb22 KOG W ( 1 K AEE fim
Bl 2% 45 B2 A) ) 5 Trizol RNA 2 HUist # | Lipo-
fectamine 2000 ( 3 [# Invitrogen 23 7] ) ; miRNA Jill &
535 5 SR B AL cDNA —BE A A F &
PGB E B PCRAS I & miRNA B
P i IR W (R st v 4 e A R ECA BR A
F] ) ; pUC57 plasmid DNA pGL3 promoter vector ( 4>
3 A2 IR B AT FRA R 5 WUHOE R Bl 15 ik
AT &5 (38 [E Promega 28 F] ) s miR-1260b £ 404
(miR-1260b mimics) B4 I PEXT B (mimics neg-
ative control, miR-NC) ( I 16 3% ¥ 3L KA FRA A )
miR-1260b i 3% ik J% B (miR-1260b overexpressing
lentiviral particles, LV-miR-1260b) . BH 4 X} R& 9% 55
(negative control lentiviral particles, LV-miR-NC)
(7N S BEHE PRI BR A w1 ) 5 R BE K (38 [ Millipore
22T 5 miR-1260b 5 5 V£ 10 5% 5% 514 . U6 L AJAPI
I GAPDH (4 38 5T 5 |90 K Jm 514 (AL st B R A )
) 5 LLESEOEHR R DR A 12 75 (RFP-Lentivi-
rus, b IFER AR W) RHEAT BRZS 7)) 5 HoA a0 2 2
At
.2 & &
NanoDrop ™ One/OneC fi{l # UV-Vis 73 & FE
71 PCRY™ X (FE E Thermo 24 1)) ; ST 9 1
PCR & %i (Life Technologies 23 7] ) ; DM2500 1E i %%
6 AR L DMIS {8 5 Ot i (18 [ Leica 22
) 5 LSM800 B J# 't It 3R i W ol Bt (128 [ Zeiss 24
Al ) 5 HL VKA AT A SR (56 [ Bio-Rad A W) ) 5 42
F 3k 27 RO B AL (i RBERHEA TR A ) 5
HBIEE (£ E Beckman A F) ) ; FEI Tecnai 12 35 51 Hi
+ B 44U5E (faf =% Philips 24 ] ) ; NanoSight LM20 £ K
WAL 53 BT A (D2 E] Amesbury 24 ] ) o
1.3 3 4
T 1 SOHEPE BALB/e B/, 6 ~ 8 Jal i, 11
N R SCR SR s AT IR A A% IR S - SCXK
(#5)2016-0010, Hfi 1 CSTBL/6 /N, 6 ~ 8 Jl i, I
Ao R B B SE s sh bl S AR IE S
SCXK (1)2018-0004 3h ¥ A 5 M4 5 [ [ 7. 13
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& 10% it 4 0075 1% 75 % 2 MEE R %
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10% a4 1ML iE T 1% 5 55 3 FlEE 5 %= 1Y RPMI 1640
B % FE B % THP-1 40 M9, 3648 A= 4 X 50 41 i i
T 4% B Lipofectmine 2000 %% 43277 4 15 91,
4 miR-1260b A5 48147 BH 4 X BR . miR-1260b £ 48147
3 G G A172 U251 S W 20 L, 45 SR 1 1% s
KA, ISR B NS5 4 A 4a o U251 4
Jf 43 531 B4 5 J% % LV-miR-NC . LV-miR-1260b 18 J%
FEIURL, M R E L U O AN RE . G261 4N fasE
TR 21 (09 G R 3 PR 1 e 2 R , # e R e
REYL R 20 O RE
2.2 M RATH MG R B R T A AL M g A
A g 5

4 C57TBL/6 /)N FRUCE P T AN 358 B A
T, H R, E/MEPERR 12 h/12 h, FHEREER (100
mg/kg ) WRIE/IN B, AR BLER K 5 L BEE A 1 x 10°
AL AR FIARIT 9 GL261 20 it 14 5 30 /1N B ki
AR TR ST U R RS AR R AR R 2 J i Ak At
ANERIT B A, FH 4% 22 3 W BE [ 52 . 30% T
R RBK , VKRR e a2, 54T HE S
4% 20 4k (immunohistochemistry , THC ) Kl

¥ U251-LV-miR-NC 5 U251-LV-miR-1260b
YA Bz T 7 5 2] BALB/e 81 BB T (5 x 10°4~4]
1,100 pL,n = 4) 857 7 F SR AR . 43
FAG I — R IR L, V= (0 x D)/2,b F1 153 51N
JiTEg ) SE AN o SRR A AR BN R, B B T S
FRASAE IR FA R [E5E , JFU0 R 47 THC A
2.3 Sjkaic

A ALY A 60 “CTR I 30 min AT RS
ARG PR & PBST 28 wh il 5 1k 3 Uk, 51K
1 min; 6 FH 3P RCE PAT 1S min, BHIBTEER: SR 255

7 255 PBS 28 whRTE UE 3 WK, BEYK 1 min, 235 A
N-F5Z5 8 11 (1:500) E-#5 55 8 1 (1:500) P B &
1 (1:500) F1 AJAP1(1:2 000)—¥t 4 ‘CHFH 194 5
fdi ] PBS T 18 3 YK, BEUR 1 min, ZEH) R FRiCHY 1L
P/ 1gG, 37 “CIER 20 min; PBS 2% M5 Uk
3, 4 1 min, DAB(1:20) 0, , 55 R #5715 K Uk
Lk A SRACKTIR G 41 M AZ 2 min, K PG, W4k, B
JE IR, R RE I AR [ 3
2.4 FIERHKFE A F-actin £ &

5 THP-1 40 fi b T 6 fLAR RS S B .0
2% X R ZH R B BRI TL-4  TL-13 ZbB2H 23 551
4% 2 2NN [ 2 T & ZE 15 min, 2 )5 FH B ge £
1 375 VRGE 75 15 min, PBS {5 1% 3 UK, BEIK 5 min; 3%
A 75 F & F R IR E A 1 h; —$HT CD68(1:400) ,
CD206(1:500) ,F4/80(1:400)7E 4 CIEF 141K, Ik
H ,PBSTHVE3 K, B:YK 5 min, Ml A Alexa Fluor (B
TP EIRIEE 1 E RS A DAPLYE (520 min,
i FH RO IE R A BB LA A

4 A172 F U251 4 B 35 70 T 6 L AR 1% 35 3¢
b I O S M2 A 3 TR ) 8 R S R
H 24 h, FH 4% 20 S0 M 15 22 W 18 72 15 min, Z )5
FH 0 758 Y €038 175 WO %5 15 min, PBS 1§ 8 3 1k, 4
YK 5 min; FH F-actin 4% 4 20 min, DAPI %% 15 min,
il RO IR £ B A A
2.5 RNA % & # B A= RT-qPCR

HR A FH 1 BH A58 Trizol 7 2 B RNA
i F§ NanoDrop™ One/OneC f#{ & UV-Vis 53 36 &
THIUE RNA VR . ARJEERAE ULRH , 4 FH =44 cDNA
—BEA R £ B miRNA AR 2 7 Sl i
B cDNA o it 45 S 1 ook o 2 PCROAS T
) &k miRNA Jhid e i % PR WA 7 52 2¢
e & PCRAGI .
2.6 @fRREFEIE

GBM 21 a2 % F 6 LA , {8 A 200 wL S W 4%
o3k KK, PBS B2 VR4 HI I , Bl AL BE £ 3 4> IX 48k
BT IC S 5 45 T A L A A B 55 SRR 98
6,55 24 h, BEALE R 34 X el I3 1 S 1B
T AN [) 2HL 440 L %) S 5
2.7 EEORPIAIT

B BB N T N-F5 8 E-F5 3 R
H Y 8 R AJAPT S8 8 AR, 4 GAP-
DH 5% B-actin fE F NS . ¥ A172 F1 U251 40 g 32
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FlF 6 FLAR A, BE IR, A 2 KT AR R Y
AhER ., YRZENEE 24 hJE A0 T TR YSCHE A
1 000 r/min #.0> 5 min, ¥4 PBS i ¥, 1 000 r/min,
B30 5 min, SIS R R 650 ) RIPA 24 W
FE 4 "CHL# 30 min, 24# J5 12 000 r/min, 4 CE.L>
20 min, £ B B oF BCA %2 H i 5] S .
SR 5 AT SDS-PAGE HLJK , L #E 5 80 V H Hs FL Uk
30 min, Z J5 %% 120 VH K 1.5 b, S5 E R
BRI, 5% MY RE WK 55 141 2 b, PBST PR M5 3 VK, A IR
10 min, 4 CHWEH —$Uid & ; PBST PEIK 3 1%, ik
10 min, M E P2 hJ5, PBST VR 3 Ik, Bk
10 min. & Tanon 5200 B4 R G R 4E KR4
2.8 PRG5BS 4L

WA M2 A0 e 25 AR 15 97 3, 500 r/min #5000
10 min, I 3E ) 43 1 240 L ; 7 000 r/min 50> 10 min
25 B B 2% 35 b B M RN AR s B b Y VR A
0. 22 pm 38 K DE TR RS B = 1 B O h (T
A 5 3 B0 ML 100 000 r/min B4L> 70 min, 35 FIHWK
PLVE I PBS PR 1Y%, 100 000 r/min 50> 70 min.
W WA AN I AR AT 40 R 5258 - (1) F RIPA 28
W A DU T8 1 B BRI 4 A 5 (2) B AN IAMA
B bk H B LU T g B A 5 (3)2% 1% —
FERY 0. 1 mol/L W PR L 2% i i FH 1328 I H - S il
LI
2.9 EHET RHEILN

4% 2 T W IETR A [T 5 i, AN A 3] 1Y 5 lk
BT W AR AR b R A A S IR T T4
10 min, #£ 5 2% £ R4 EE S €297 118 10 min,
SRIGTE 80 kV FWLER AL & o 38 1 37 S i 7 0 BB
LSS I A o 38 2 fof FH T PR S A0 A5 4 3
FIDRE T~ BR 55 %54 B9 NanoSight LM20 49 >k 5Kz 73 #r
& RN il EriBr & S 3 T BN EN N
I3AT

DAPI F4/80

2.10 DiO A#RiT 4 sPab ki 45 M) &

FHEE 735 1 mL 82 U251-RFP 40 0 376 37 °C
T 5 DiO-#M WA 30 min, JH¥ PBS YL 40
3K, I ek e 5 A I GO X TR 40 A AT 28O
M
2.11 4% JA llumina HiSeq 2500 # 47 RNA @] 5

M2 exos Ab BE A1 A Ab BE () U251 41 g 43 ) FH
Trizol &5 - DL B TW A T BTN BRI A= 9 2
XT S RNA i miRNA 1 850 A1 28 54T 1 A DA
M miRNA 3C % f4 # i /7 o 9% J5 78 llumina
Hiseq 2500 X cDNA SCEESEA T o f FHAH G
Mlumina 73 B B R S AR 13258
2,12 MERFHIREER EZE

4 miR-1260b A5 48047 B M X% B miR-1260b 5
AP 53 5 F0 AJAP1-Wt 2¢ 6 k7 L AJAPT-Mut %¢ 6
ok e e B U2S1 g b, LA e 48 h 5 1 TR
XL ' 22 i 1 45 i PR 390 8 ) 15 B 45 I 2
BRI
2.13 HKFEG%I L 5

i F§ GraphPad Prism 8. 0 &t i1 43 #7145 101 52 56
B Ve B BB DL E s bR iR 22 2R,
Yl ST FEAR Z )R FH o K, 22 2R RE AR [) 2R FH B[R]
R ENNLLP<0.05IN A IH¥E L., &
AL EDTEE 3R,

3% &

3.1 A RRAZ R By B tm i g Fo AL T AR AL P B ek
om feLiZ

LI DEOEE AARICHY GL261 20 i J5 A7 55 Fh %
FEJRE AR L /)N UG 2 2L R A T e B DO e £, 5 R I
7/ UL T 240 L ) 3R TR A 32 49 F4/80 7E GBM 4t iy
S Rl I S (&1 1), R W K B W 4 = 1] GBM
H

N0

GL261-RFP Merge

Figure 1 Tumor-associated macrophages (TAMs) infiltrate into glioblastoma (GBM)

Tissue slice immunofluorescence assays for macrophages enrichment in GL261-RFP intracranial transplantation mouse model (Scale bar = 400 pm)

RFP: Red fluorescent protein
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VR CEL2-B) |, 20 G 558 A I B v 4 A 7
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FIL-13 A %% S THP-1 40 i 434k o M2 B W 28

JL, TR 1 SR A TR SR

IS AE M2 ELIWEZI I |75 (conditioned medium,
CM) , AbF A172 R U251 40, W0 22 3 22 40 i)
PR 1A F-actin (78 4k . W1 2-D FIroR , 545 (AR
ZHAH FL , M2 B W4 S CM AT DA E A172 F1 U251 28
Jia Ok A B B, O TR R A0 R RS o A0 R &5
7R M2 FE AL CM AL BRS  3 E5m A172 Fi
U251 4 e R fie )1 (1 2-E) o 8 11 S g Bl 45
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Figure 2 M2 macrophage conditioned medium (CM) enhanced GBM cells migration
A: Morphological changes of THP-1 cells after treatment with phorbol ester (PMA), IL-4, and 1L-13 ( X 200); B: mRNA levels of MRC1, ARG1, and
IRF4 in THP-1 cells after treatment with PMA, IL-4, and IL-13 by Real-time PCR assays (¥ + s,n = 3, "P < 0. 05, "P < 0. 01); C: Immunofluores-

cence assays were conducted to confirm the differentiated macrophages from THP-1 cells(Scale bar = 40 wm); D: F-actin was stained with phalloidin to

observe mobility and morphology changes in GBM cells (Scale bar = 50 pwm); E: Wound healing assays was used to detect the effect of M2 macrophage

CM on migration (Scale bar = 1 000 wm); F: Western blot assays was conducted to analyze the expression of epithelial-to-mesenchymal transition

(EMT) markers N-cadherin, E-cadherin and vimentin in GBM cells after treatment with M2 macrophage CM
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RN T (E 2-F) , BB M2 B W4 CM ] LA
fEIE GBM i 3RS
3.3 M2 E v 20 i ok R 64 91 ikt 3t GBM 4m B 44 i
A IR

AR A g 240 i 18] 38 TR A R =2 — |, 7 iR
AL R —E FEA T BRI, DA M2 E
ALY CM T 23 B AN, 37 S5 L AR L4 B LR 2
Sk W) B B IR AR, S K42 2R 75. 8 nm, HL 2R
P 5T 592 Bk $ 7R A MAMABR 72 4 CD63 A CD81 %
IRHE I (B 3-A ~ B 3-C) , 4878 i) 43 85 M2 g4

Jifl CM 1 M2 exos. i H25E IR P BG4 RL DiO 7 %8
JEHRET ARiC AN WA A, T S0 W6 1A b B U251 40
JiL, WLEE 2 DiO Aric iy ZR A T DLk U251 4 i
(K 3-D) o B, 4 M R SE 0 45 R R, 528
FIXF BRZH AR L, M2 exos 20 BEZH A9 GBM 41 fitd i #% fiE
1 B AR A 35 (& 3-E) | [R]85
PE EP I 25 SR R N-45 266 B 1R OE B Rk
P, 10 B A5 AR ek R (8 3-F) o LA 45 R 4R
78 M2 exos 1958 GBM 41 i Y1 F2 e

v/

500

Al172

U251

Figure 3 M2 exos enhanced GBM cells migration
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A: Transmission electron microscopy was used to identify the morphology of M2 exos (Black arrow head points at exosomes,Scale bar = 100 nm); B:

Laser particle size analyzer for detecting exosome particle size; C: Exosomes markers CD63 and CD81 proteins were detected by Western blot assays

in M2 exos; D: Fluorescence imaging was conducted to detect the internalization of exosomes by U251-RFP cells (Scale bar = 20 pm); E: Effects of M2

exos with different concentrations on migration of GBM cells by wound healing assays (Scale bar = 1 000 pum); F: Effects of M2 exos with different

concentrations on expression of EMT markers N-cadherin, E-cadherin, and vimentin in GBM cells by Western blot assays

3.4 M2 exos P # miR-1260b % GBM %a it it 4% 4t
ESE A

KEWFIE R SN B AR #E 19 miRNAs 7£ fif
SRR R B EEAER . RNAT
i PEAS I AE U251 20 A1 M2 exos AP U251 4H il
1 2% F K35 19 miRNA (& 4-A) , Hirh miR-1260b 3
kg, E 4-B ', RT-qPCR ESE M2 exos 4b

PR A172 F1 U251 20 i b miR-1260b 3% ik & 3% 14
T T UESE A0 miR-1260b fi4 28 35 14 I 2 i
T M2 E WEAH A 32 , ARG 7 FH 40 i L 55 SR A
ALKl 4-C o, ff A A FAM FR 25 79 miR-
1260b %% 4 (1) B W 20 e 55 U251-RFP 48 i 2 15 5%
48 hJ5 , e B SL B WL 4% 51 miR-1260b # U251
2 i $5% B, [R] B, RT-qPCR 6 1l miR-1260b R 4
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D). XM miR-1260b 7£ GBM 41 il () F ik 34
SRS AMA B S R S5 TN & B GBM i [
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4399 i miR-1260b 455 451477 BH 14 X6 HE FN miR-
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Figure 4 MiR-1260b in M2 exos contributed to GBM cells migration
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A: Hierarchical clustering analysis of differentially expressing miRNAs in U251 cells (Conl and Con2) and M2 exos treated U251 cells (Exol and
Ex02) by microRNA microarray; B: Relative expression of miR-1260b in A172 and U251 cells by Real-time PCR assays (¥ + s,n = 3, U6 was used as
internal control); C: Transwell co-culture of with M2 Macrophage /miR-1260b-FAM cells(Laser scanning confocal microscope was used to harvest
U251-RFP cells and observe images, Scale bar = 20 um); D: Relative expression of pre-miR-1260b in A172 and U251 treated with M2 exos by Real-
time PCR assays (¥ + s,n = 3); E: Effect of miR-1260b mimics on the migration of GBM cells by wound healing assays (Scale bar = 500 pm); F:

Effects of miR-1260b mimics on expression of EMT markers N-cadherin, E-cadherin, and vimentin in GBM cells by Western blot assays

"P<0.05, P <0.01, ns:not significant
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Figure 5 miR-1260b directly targets AJAP1 mRNA in 3'UTR

A: Expression of AJAP1 in A172 and U251 cells transfected with mimics-NC and mimics-1260b by Western blot assays: B: Sequences of miR-1260b
and the potential miR-1260b-binding sites at the 3'UTR of AJAP1. Also shown are nucleotides mutated in AJAP1-3"UTR mutant. Seed sequences are
marked;C: Dual-Luciferase reporter assays were used to assess GBM cells transfected with luciferase vectors carrying WT or MUT 3'-UTR of AJAP1
in 293T cells (¥ + s,n = 3); D, E: Expression of AJAP1 and overall survival of GBM in GEPIA (Gene Expression Profiling Interactive Analysis) data-
base; F: Expression of AJAP1 in tumor site (T) and para-tumor site (P) of patient samples; G: IHC detection of AJAP1 expression in mouse situ vacci-
nation model (Scale bar = 500 wm); H: Effect of mimics-1260b and AJAP1 on migration of A172 and U251 cells by wound healing assays (Scale bar =
1000 pm); I: Expression of AJAP1 and EMT markers N-cadherin, E-cadherin and vimentin in A172 and U251 cells transfected with mimics-NC/AJ-
API1-NC, mimics-1260b/AJAP1-NC, mimics-NC/AJAP1 and mimics-1260b /AJAP1 by Western blot assays

"P<0.05, 7P <0.01, ns: not significant
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Figure 6 miR-1260b regulated GBM tumorigenic and migration process in vivo
A: Xenograft tumor model were established in BALB/c nude mice after injection with U251 LV-miR-NC/miR-1260b (n = 4); B, C: Growth curves of

xenograft tumors volume and tumor weights (“P < 0. 01); D: Expression of AJAP1 and EMT markers N-cadherin, E-cadherin, and vimentin in xeno-

graft tumor tissues detected by IHC (Scale bar = 100 pm); E: GBM cells uptake M2 exos, leading to an increase of miR-1260b, showing increased
migration of GBM cells. Mechanically, miR-1260b suppressing AJAP1 expression by directly binding to its 3'"UTR
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