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Mechanism of apoptotic extracellular vesicles delivering LncRNA-XIST in

drug resistance of glioma cells
Xue Jishan,Zhao Yuanyuan,Qiu Hao,Nuerjiang Ayixita ,Liu Zheng,Du Peng
(Department of Neurosurgery , The Second Affiliated Hospital of Xinjiang Medical University )

[ Abstract] Objective : To investigate the effect of glioma cell-derived apoptotic extracellular vesicles (apoEVs) on glioma tumorigen-
esis and temozolomide (TMZ) resistance and its mechanism. Methods : The extracted apoEVs were characterized using nanoparticle
tracking analysis and transmission electron microscopy, and Western blot, flow cytometry, CCK-8 assay, colony formation assay, and
Transwell assay were used to investigate the effect of apoEVs on cell proliferation , migration , invasion, and apoptosis. Results : ApoEVs
promoted TMZ resistance in glioma cells, significantly increased the half-maximal inhibitory concentration of TMZ (1=9.326, P=
0.001) , and inhibited cell apoptosis, and this effect could be reversed by the exosome inhibitor GW4869. ApoEVs also promoted the
migration and invasion of glioma cells, increased the expression of vimentin and Twist proteins (1=8.762,P=0.002;¢=7.941, P=0.004) ,
and inhibited the expression of cleaved caspase—3(1=9.217, P=0.002). Further studies showed that apoEVs affected TMZ resistance of
glioma cells by regulating the LncRNA-XIST/miR-29c/O6-methylguanine~DNA methyltransferase (MGMT) axis. Silencing of
LncRNA-XIST could reduce the expression of MGMT and increase the expression of miR—29c, thereby enhancing the sensitivity to
TMZ and inhibiting cell migration and invasion. Conclusion : Glioma cell-derived apoEVs promote the malignant progression and temo-
zolomide resistance of glioma by delivering LncRNA-XIST to regulate the miR—29¢/MGMT axis.

[Key words] glioma; apoptotic extracellular vesicles ; long non—coding RNA X—inactive specific transcript; epithelial-mesenchymal

transition ; miR-29¢/06-methylguanine~=DNA methyltransferase axis
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(apoptotic cell-derived extracellular vesicles,apoEVs)
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apoEVs 7E Ji& i1 & TMZ T 25 ¥ WF 58 A B #ff .
LncRNA-XIST 1f: 4 58 S PE N IR RNA , 75 (2 JEE A i
e R AL 1) 2 Jee v R OB T . AR W5
Ao T R S P 2 R A SR IR Y apoE Vs, 4R35
O B 5T R A L AT S RS [ I BIF SRR
LncRNA-XIST s filf F A1 3 (A0 il 77 GW4869 & 757
REAZ BT H AR HEAE T o %058 & A e iR TMZ it
VR BETRAE BIR T T R

I RS

1.1 A

RS 596 40 L Z LN229 (CRL-2611, ATCC, Manassas,
USA) 1 & AT 10% Ji5 4 1375 F1 1% 75 55 2 /6% 55 % 19 Dulbecco
B Y Bagle 35 32 3 b, 16 37 °C.5% CO, & T 5%, ¥
LN229 41 s & A 120 pmol/L TMZ (T2577, Sigma—Aldrich, St.
Louis, USA) I/} 10 pmol/L AN A1 1 71) GW4869 (S7609,
Selleck Chemicals, Houston, USA) A ¥ 48 h, X HE4H FH 5 &
1 DMSO AL B, 55 5% L5007 48 h R W T IR 22525
1.2 7k
121 AMRRYIRECS S LN229 41 i 75 Jo A I A i
Fi 972 3k (41210ES50, Yeasen, H1 [E 1) H1 35 5% 2 909% Wi BE
J& A 120 wmol/L TMZ F1/8% 10 wmol/L GW4869 , 4L FH 48 h.,
WAL AN B W, 4 °C T 3 000 g 5.0 10 min 2 5 40 it F i
Foo ¥ W RS B TOEE B0 I S W e 4R T
(Umibio, H1E i) IRA G KA TSR . RIS ES L 60 min
WA TTTE , 31 PBS H& 5 12 000 g B850 2 min,, L34 Wi
7% % SN IR A4 8 % (Umibio, [ 13 ) ,4 °C'F 3 000 ¢ B
> 10 min, WA UE VA 4l AL AN s A, PR 77 T =80 C. i ]
Pierce ™ BCA & 1 1 & iR 7 & (Thermo Fisher Scientific,
Waltham, USA ) I %2 #b WA 44 & J3, B 50 wg/mL & 3 4 A2b 2
LN229 71 fifg 48 h., {# FH NanoSight LM10(Malvern Panalytical
Malvern , UK) il s SN A R SF 234 AT, 325 559 HL - (8 e
WLEEIMUMATE S, B8 5T BTk 43 B S s R A 5 2 11 [CD 81
(66866—1-1g,1:1 000, Proteintech, Wuhan,China) .CD9(60232-
1-1G, 1:5 000, Proteintech) . CD63 (25682—-1-AP, 1: 1 000,
Proteintech) I8 T AR 8 H (246 caspase3(abh2302,1: 100,
Abcam , Cambridge , USA ) . £5 [ £ [ ( calreticulin , #12238 ,
1:1 000, Cell Signaling Technology, Danvers , USA) .
1.2.2  Western blot  fifi ] RIPA 24 fif ¥ (Beyotime, H [& I
) S A A0 AN/ BRI ZH 2, Pierce™ BCA IR &0l & 7R
it B8 AT S EREZ mRIR A WKV S min 28
HLYK 1~2 h, BB TR 28T . 220 mA BT IK
WG R 120 min, FRTE B A1 % R 4] 60 min, GAPDH
(AF7021, 1:1 000, Affinity Biosciences, H1 [E #7041 ) | 24 fif 784
Caspase—3(ab2302, 1:1 000, Abcam) FllJ JE 2 H (Vimentin )

(10366-1-AP, 1:2 000, Proteintech) — {25 i ¥ 7 , Twist 2
H (CSB-PA025358LA0IHU, 1:1 000, Cusabio, H [ I ) —
P4 CERdE . WH B3R (B 10 min) , —HT GHiRR
i ALY TR R A PTSe B T R [gG, 1:5 000, Beijing Kangwei
Century Biotechnology Co., Ltd., 7 E b 50) ZEIFE 1 h 5 7
WP . i, k2 & 6% R 48 (Bio-Rad, Her-
cules, USA) KN 55 .
123 CCK-8 536 K LN229 41 g LA4E£L 5 000 441 it 1)
HE AT 96 FLAR T, AEFLINA 100 L 35973, 5597 24 he
R SRR SIS 6] R BE Y TMZ, AL BRZNA 24 b BEAL
fIIA 10 WL CCK-8 iF ¥ , 55 2 h )& , fdi JH i #51 (Bio-Rad)
TE 450 nm AR OERE . SPSS 8.0 BT TMZ Y2k
B e 5 (10,
1.2.4 A0 SEREIE LS K X8l K 0Ty LN229 21 fif L)
AFL 1 00044422 A0 T 6 FLA , i TG F7 )5 , i apoEVs BY
apoEVs—GW4869 Zb 3148 h, 4kLEdE35 14 d, 2 mL 4% £ %
FH % 51 5 15 mine 0.19% %5 & %8 %4 €5, 15 min /5 , # F Image J
AR TR
125 WAMMA 1 Annexin V=FITC/PL 746135 7]
£ (Multisciences Biotech Co., Ltd., 57 FEI AT ) 46 0] 4% &b 3 2H
WAL PE T . WCEE 1 x 10°~1 x 10° 141 fifd B #il ¥ 1) PBS 3%
Ve, IFEFRIFE T 500 L IXE T, BE A S wL FITC
A5 wL PLYR IR A5 2 IR ROEIEE 15 min, R 40
JfEfL (BD Biosciences,San Jose, USA) A T=,
1.2.6  Transwell 223256 B 1: 8 H B 1Y Matrigel (C0372,
Beyotime ) fill A Transwell Jf£ %, 37 “CE4k 3 h, J&5 FJG 1L 3 55
FREAKA 30 min, ITREIETCTH I . WK TMZ apoEVs
il apoEVs—GW4869 4L F ity LN229 40 il , I JC FBS 3 5% 5L 7
B B 100 WL 40 O A Transwell TSI 2=, S F000A
800 WL 7 10% FBS My 3G 75, 1597 24 he BUBEZ IR H]
ZE Y4 20 min, ] Image J S04 %R .
127 40fE% Y f# FH OriTrans® PEI-X (ORI2311, ORI-
BIO, T b ) ¥f si—-XIST H1 si—-NC 43 511%% YL 3] LN229 41 ity
W B YL 24 hE AN FEEVR N 50 pe/mL Y apoE Vs, 4k 4L
H 48 he RIFIEEAN A TR 2505 .
1.2.8 DIl /R EEAMBA BB L AN S wmol/L DIl #£
Z R NI E 30 min, 4 “CF LA 10 000 g &L 30 min, 5 B
KEEA YR, UL 120 000 g #5070 min, JLIE & T PBS,
WEOGRIEARTE . #5 2 wg/mL DIl ARIC 4 apoEVs JIIA 55 55 3
(£:0.22 pm it E) , 5 LN229 40L& 4 h, PBS V¥ 31K
J& . H Alexa Fluor 488 4 (8 41 e 42 15 min, DAPI 4 5 41 iy
¥l min, 3R 5, HZEE BB LA AR TR .
129 =R 24 FRAME R ( quantitative reverse tran-
scription polymerase chain reaction, qRT-PCR) W42 21l it
A5G , 8 F TRIZOL 25 LN229 4L Fl apoEVs 9.5 RNA , i
FH R S i) G AT e sk . 8 LightCycler 480 % 6 i
i PCRAXKIMN BE K 2R3k O 4 4 B8 e o PCROAH
AEMGHT . B RN TS E i PCR 31K, {1 GAPDH
A HARFE I AR NS ik i AR EL N2 .
13 %itsam

A B0 LASIE + FRE2E (v + 5) F20R L B IE A PRSI0 A
7 25 A IS AT, T 20 R) LL R IR ST REAS K 56, &2
2 [ LR FH B R 207 2553 BT (ANOV A) B Tukey S5 K2 5,
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2.2 apoBEVsAR Bt A I8 2m i TMZ 44 it 25 14

BAIE apoE Vs X ¢ B o TMZ S | % BEZH Fl apoEVs
2 19 TMZ 1C4, {84351 9 50.16 wmol/L H1 157.8 wmol/L, 4%
F W] apoEVs A0 f5 LN229 41 il (1) TMZ BUBM: 4418 (1=9.326,
P=0.001) (P<0.01) (&1 2A) o 56:3iF 25 W) Tt 52 P ], ¢ Joz 983 44

JIfd 2 apoEVs Fl apoEVs—GW4869 At HLJ5 , 7£ 0 A1 60 pmol/L

TMZ 4~ , apoEVs fi 25 {2 #F 20 i 14 48 (1=7.762, P=0.003)
(P<0.01) , T GW4869 . 2 i 21> X Filt 3 78 %4 v/ (1=8.763, P=
0.001)(P<0.01)(F12B) . 160 pmol/L TMZ 2544 ,apoEVs .
MR AT (1=6.551,P=0.001)(P<0.01) , T GW4869}”JJiI
VAL, (1=8.129,P=0.001) (P<0.01) (1 2C) . 459, 1z
JRIRACR B apoE Vs 75 TMZ 75 B T 451 T AR R 251k

—— ControlZ IC50=50.16
100 — — apoEVséﬁ IC50=157.8
S 75 =
i’t 50
=
=
25—
0 1 1 1 ) 1 1 1
lgconc. 0.875 1.176 1.477 1.788 2.079 2.380 2.681
TZM(pumol/L) 7.5 15 30 60 120 240 480
e SRR AT B2 (Control), W €A HHZR FapoEVs4L(50 peg/ml)

A. LN22921HB@,§3’55'J ESOR[R)HE BE (I TMZ(0~480 pmol/L) /B apok Vs(50 pg/mL)tL[F 4 HH148 h)F ,
FHCCKSTEK I TMZ AT LN229 A IIC, fiF 25 4k

Control2H apoEVsZf]

0 pmol/L TMZ

60 pmol/L. TMZ

apoEVs—GW48694

= ControlZ
= apol Vsl

= apokVs-GW486941

il

0 pmol/L TMZ ~ 60 pmol/L TMZ
T a, SRTHRZH HHR, P<0.01; b, 5% BRE FL4%, P<0.01

AT
Cixt AL B
2

N
(=]

B. 41t e BT I 0 AG TN 22941 i 43 51 7EOFN60 pumol/L TMZ A5 R HapoE Vs FlapoE Vs-GW4869

( MapoE Vs HIGW48694b Hist (1 Jie STufea A0 it rplic g ) 3t

lii) b 2

% Control4l .. apoEVsZ]  apoEVs-— GW48694H
S 2] S70e-1 2] S 022
&|1.78% 0.27% '/0.97% 0.14%| 'z |1.55% 0.26%
= = = 0 pmol/L TMZ
= A | =i < 60 =3 Control 2
% 102-3 | Q24 | « (02 Q24| Q24 B
s S 93.11% 4.87%| =195.59% 3.30%| = 3.40% o~ =3 apol Vs4]
M' . 10%10°  10°10 ﬁ{ 105 10°  10°10°° 100100 X 20 =3 apokVs-GW48694] 4
> ST 02-2] 2702-1 021 & 022 =
N 0.78% 046% & 11.56% 0429 0.47% M
2 : s
o (023N 04 |, (023 w4 | S 17024
2 149.73% |- 49.03%| = 1{82.16% | 35.86% ;: 148.69% | 49.929% 0
=0 100 100105610% 10°  10° 10552105 105 100 10°° 0 pmol/LTMZ 60 pmol/L TMZ
N 3 Al
FITC—H » 1 a, 55X HRZH FUHR, P<0.01; b, 5505 B F#,

P<0.01

C. Wt xR A A LN 22941 i 5353 /E0FI60 pmol/L TMZAS4F T 'ﬁaanVsIﬂapoEVs—(‘W4869

( MapoEVsFIGW48694b -] (1)1 I Jed A A -l 4 )
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2.3 apoEVs ARt IR 98 2m i i 32 45 Fe iz 2
YT AL L6 /R, 7E 0 wmol/L A1 60 wmol/L TMZ 4514
T, apoEVs B I} BA5H T 4 L 5 £% BE 77 (1=11.542, P=0.001) ,
T GW4869 Wikt 1 %30 (1=7.219, P=0.003) (K 3A) . 41l jity
1RBTYGZE R, apoE Vs RIFE I H2 /0 T A1 22 66 1
(1=12.876, P=0.001) , GW4869 4k Hfl J5 i & F# Ik (1=9.421, P=
0.002) ([K13B) . £ 060 wmol/LTMZ %5 F , apoEVs &k 3
N Vimentin 25 FH A Twist 2 H 7K F (1=8.762, P=0.002 Fl 1=
7.941, P=0.004) , 1fii apoEVs-GW4869 ¥ % iX Fh 5 Wi (1=
6.219, P=0.005 F1:=5.874, P=0.007) (& 3C.D) . 7EO wmol/L
TMZ 24T, apoEVs Fll apoEVs—GW 4869 Xif Z4f# il Caspase—3

ControlZH

apoE Vs

0 pmol/L TMZ (%

60 pmol/L TMZ

100 pm 100 fm

A {8 P Transwel 1S58 K60 52 0983 440 L ) T2 7 RE 1

ControlZH apoE Vsl

0 pmol/L TMZ

60 pmol/L TMZ

100 Lm

Vimentin | - g ®w== | 54 kDa

cleaved-caspase-3 | s ‘ . 17 kDa

GAPDH |gmmp = .| 36 kDa

C. Western blotf: il apoE Vs X i f58 41 i Vimentin |
Twistfllcleaved—caspase—32E [ 521

FIR T (1=1.142,P=0.341) ,{H7E 60 wmol/L. TMZ 5514 F ,
apoEVs B ZMHI 33k (1=9.217, P=0.002) , ] GW4869 Wi%4
XANRLN (1=7.614, P=0.003) (¥ 3C.D) . 45 R FH], TMZ 4b
FRG Y apoEVs REAE 1 R A0 M 19 T B AR 28
2.4 PR 95 4m Ie AR IR A LncRNA-XIST 69 apoEVs, M 7
4% miR-29¢/MGMT 4k

E A WS W, LncRNA-XIST 78 33 H: 3% 4+ P9 5 RNA
(ceRNAEF, 95 224 miRNA B9 263K, AT 5200 T sl 4
PR R HAR G o TR R, miR—29¢ 2 £ 0 4 Jir e 1 1
£ miRNA , H3f i 06— FF 5 1 1504 —DNA H 3L 5% B il (06—
methylguanine—-DNA methyltransferase, MGMT) & K 3 1k , 38

apoEVs—GW48694f]

=3 Control 2
= apoE Vsl
=3 apoEVs-GW48694f]

200
100 tm —~ a
I /.
RE 150 2
£ b b
R 100
HE
-
AR
100 pm - 0
— 0 pmol/L TMZ 60 pmol/L, TMZ
T a, 5XTHRLL LR, P<0.01; b, 5% AL
Heds, P<0.01
EVs—-GW48694
PO VS il = Control 2
=3 apoE Vsl
=1 apoEVs—-GW48694f]
250
B a
S& 20 a
1&;5( 53 150
m =
;._‘ii\ % 10 b b
g4
- 50
0
0 umol/LL TMZ 60 pmol/L TMZ
T a, 5XFHRLL HUEL, P<0.01; b, 5% HELL
42, P<0.01
g
Qﬁ
&@ 4%’(’
> o
¢ ¢ &
N

Vimentin | ewss @ | 54 kDa

Twist | s S e | S0kDa

cleaved-caspase-3 | S— s - | 17 kDa
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98 TMZ BUSAE, B3I apoE Vs & 753 1 1% % LncRNA-XIST
RAFARTH 2506 Y, 52508 1) Dil AR iC S 04 28 3 1 L 28 BRIk
T T JE SO 06 A ML, 45 2R 00 7 J5C T 96 4 PR E A% B3 B apoE Vs (1=
14.219, P<0.001) (&1 4A) . £33 RNaseA Fl Triton X-100 &b
LS , qPCR 45 3 7R RNaseA b FEXF LncRNA-XIST 7K F-T¢
B L T B4 Triton X-100 &b B 5 B 2 B A LncRNA-
XIST K1k (1=0.428,, P=0.682) ([#1 4B) , £ B] LncRNA-XIST &
B AL ZE , IF EL7E Triton X-100 B3R 42 15 RNase A A fig
B R ASRAEL N (9 RNA . qPCR 25598 R , 5 apoE Vs 3k
3% J5 , LN229 4il i # LncRNA-XIST FI MGMT 2 35 7K F T+ 5
(1=11.542, P=0.001 1 :=10.764, P=0.001) , miR—29¢ 7% i% I
/1 (1=13.219, P<0.001 ) ; Tiii apoE Vs—GW4869 &b B i) LN229 44
it 1, LncRNA-XIST 1 MGMT 7K 3F- R % (1=8.7611 , P=0.002 £/l
t=9.214,P=0.001) ,miR-29¢ 31 (1=12.321,P<0.001) (& 4C) .
DI b 235 53R W e J5 968 400 it B % 48 MU A LncRNA-XIST #Y
apoEVs , MM 1 # miR-29¢/MGMT % 11 25 31k
2.5 &% LncRNA-XIST AKX T apoE Vs i $#) TMZ it 25 12
36 IE LncRNA-XIST 7712k %t LN229 2 Jitd H apoE Vs % i
J5T9EE TMZ it 245 M, 4 1 qPCR A6 il R BR 50 , 45 2% i 7R DT8R
LncRNA-XIST J& , apoEVs Fl (si-NC)—apoEVs 41/ LncRNA-
XISTZA 0 B 2553 (1=0.842, P=0.426) , Ifij (si—XIST)—apoE Vs
ZH /) LncRNA-XIST 22 35 W] 8 T F% (1=14.219, P=0.0002) (P<

Dil Phalloidin

20 um

0.01) , £ W] (si-XIST) AJ A 24 # LneRNA-XIST 7E apoEVs
A (B 5A) o 5 (si-NC) —apoEVs 2 AH Lt , (si—XIST)
—apoEVs 21 7' LncRNA-XIST Hl MGMT # ik 7K - [ % (1=
12.341, P=0.001 1 :=11.542, P=0.002) , miR—29¢ 21k /K- T}
1 (1=13.214,P<0.001) (E 5B) . AFFEEI, (si-XIST)—apoEVs
ZH B TMZ 1C, 854 66.55 wmol/L, B @A T (si-NC) —apoEVs
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