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Abstract: Objective To study the effect of isocitrate dehydrogenase 1 (IDH1) gene mutation on the apoptosis of glioma U87 cells
treated with temozolomide, in order to understand its biological characteristics and chemosensitivity.Methods The eukaryotic expres-
sion vector carrying the wild IDH1 gene (wIDH1) or the mutant IDH1 gene (mIDH1) was constructed by DNA recombination technology.
The proliferation ability and cell viability of three stable cell lines were detected by CCK-8. Flow cytometry was used to detect the apopto-
sis rate of stable cell lines and the change in cell apoptosis rate after the intervention of temozolomide. The nude mice xenograft model
was constructed and temozolomide was adopted for intervention. ELISA and Western blotting were used to detect the expressions of cell-
associated apoptosis proteins (Caspase-3, Caspase-9, Bax and Bcl-2). The tumor size was measured as width and length, and the tumor
size was calculated. The tumor formation inhibition rate and the total effective rate of different treatment groups were figured out.Re-
sults There was no significant difference in cell proliferation among wIDH1 group (100.37+£10.24), control group (102.45+13.57) and
mlIDHT1 group (100.63+12.42) (P>0.05). U87 cells in mIDH1 group showed sensitivity to temozolomide in CCK-8 assay. Cell prolifera-
tion and cell viability in mIDH1 group (36.84+3.55) were lower than those in wIDH1 group (98.17+8.54) and control group (73.26+5.37)
(P<0.05). The apoptotic rate of cells in mIDH1 group (62.18+3.47)% was higher than that in control group (33.16+6.54)% and wIDH1
group (15.36+2.33)% . The protein immunoblotting and enzyme-linked immunosorbent assay (ELISA) results showed that among the

three different treatments, the protein expression levels of Caspase-3, Caspase-9 and Bax were the highest in mIDH1 group, while the
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protein expression level of Bel-2 was the lowest in mIDH1 group (P<0.05). The ectopic overexpression of wIDH1 induced the upregula-
tion of Bcel-2 protein expression and the downregulation of Caspase-3, Caspase-9 and Bax protein expresssions (P<0.05). Compared with
the other two groups, the mIDH1 group (220.17+12.15) mm” had the smallest tumor volume (P<0.05). There was no significant difference
in tumor volume between wIDH 1 group (624.36+33.54) mm’ and control group (601.17+36.18) mm’ (P>0.05). In temozolomide treatment
group, the total effective rate of mIDH1 group was (73.15+8.46) %, and the total effective rate of wIDH1 group was (22.16+3.96) %. The

result of the control group was (42.25+3.17) %.Conclusion mIDH1 can increase the apoptosis rate and the sensitivity of glioma cells

by up-regulating the expressions of Caspase-3, Caspase-9 and Bax in glioma cells and down-regulating the expression of Bel-2.

Key words:

J S IR AT K G 2R 24 h 0.06% ", H RiT FHT#R 22 i
JETIRE O T IA LS TR U R PR e
BRGS0 B AEAE AU 12~1540 1, SIS
KAANBEARTG AN RA &, BRI TG 225
B e S — PR AL ], AT HE 207 5 [ DNA B3t
F Ak, 2 DNA S 5 A4 i 1= . g AR i
I 5 o 308 325 P T %) 3 B M HEY A T A R, R s
OO I R IR YT A B AT T 25 . SR, PdE ST
VRS SR B AL 7 IR YT M I 28 i g 1 — A H 25
R (AL, M R H S T A e A TS . 2008
A I 70% 11 T K A e I 98 A Ak & e o ) 4
JE R T AT R A B 1/2(IDH1/2) 1 5748
IDH 2875 B35 A BN A HE IDH P A= R (IDHT-WT) i
JeE W N BIUE B4, R IDHL 5 IDH €489
i) e K L A7), IDHT i 35k 90% 1) 28 28 9 15 25 24
R132H 245", Arg132 (i HA IDH1 28748 2 A= 7E 541K
W AFE RI32S MIR132L. ThAE |, IDH1 L 747
BERREFAL N - I R (-KG ) , 78 4 R 5 48
Ak Py Wl R v e AR el TR I RS R R AK T R
(NADPH)"', IDH1Z5 T L 4ETIRE, 654
WIS, A 105 A= B 40 A b 3 SRR 2 g 8
AT A 2019 4F 1—5 H #R57 IDH1 B P 5848 X B4
AR Jde - 7 ki s SRR U8 4B U T A S, LAY TR
AT A 2 e S AR 7 Uk
1 #EE5H*®
1.1 SEIEZNY 60 AR MM e SD /NERL, 4T
HE Y 150~200 ¢, 14 F i B 245 K22 5055 53 4
. TSRS IR E (2242)°C, FHXHE B (50+10) %,
H BRI, BT AT SE50 3h Y 34 e AR TR 2544 F 1
I AR FEAT B — M s W S g AR B S )
1.2 BREBREIEHE K60 /N AL
BOF 3 i 3 41 - B AR IDH JE A (wIDH1) 41 20
U AE R BT 38 B 3 S wIDH 1 S5 78 41 A (5% 10°
A4 L) 5 2848 IDHT FE P (mIDH1) 21 20 H, 7E#E R
T8 B2 T S mIDH T i 53988 41 A (5x10° 1~ 4 i)
X REZH 20 ZEAR BT 51 T A G ke R e I s 24 A
(5x10°~ 4 fifd ) o

A 3o 200 i 3 et A R PR AR RO IR 14 d, AR A

Glioma; Human isocitrate dehydrogenase 1;  Temozolomide; Glioma cells;  Apoptotic rate

/0N BP0 ik A R v FH R B B (75 mgy
DAEFES do Bl S RS AR 2 21 do MR pREL V
(mm*)=m(a’b)/ 6 THELMIE K/ (a M 5E, b AKE) .
HRAE FREL S (m*) = 0.06xm (kg) 2/3 TR ML 15
JIRE T BRI T RCR . B2 N /N BRI 1

1 R/

1.3 AR RFIMBELESR AW T R A R A
R, UST 4l M 1 U251 4RI A i A= ik 2% 5 240
LA P2 ST T o 4 T A 3 0 i R A R A o
A% (Gibco, USA) 1) DMEM ¥ 32 L b | #h 7847 10%
425 1MiL3% (Gibeo, USA) , 2 mmol/L 4 % Bt ¥z (Sigma,
USA) , $i/E R (53K )100 U/ mL FIBERE X 100 pg/
ml., 7E 37 °C {9 5% — A ALk o 38 B EE (e Tk
WA AT .

14 HEMBEMARMBEMEE wIDHI 5 mIDHI
(Y 2% 1K 38 o DNA 5 40 o R #g g . #547 wIDHIL
mIDH1 8¢ %5 p-EGFP-C1 £ A 1) U8T 4 it R L Aili 1 1y
R A L 7 3 L e Y vk oy A At Il AT G418
IR . R A0 AR 0 A ST 2R B0 E S 56 (W
WB & wIDHT . mIDH1 #2235 ) #fi 52 , i & i 2h 36
ik wIDH1 38{ mIDH1 25 FH A4 3R .

1.5 ZHAEIESEANFE AME R TR =R R
()38 5E B8 77, 150 FH 19 2 11t 3 Ak A 4 e T
VR T 500 1) At M A R 25 F T 35 5% 48 b, SR A
I B T T AR R AR A R O T A
I R 2 A RS W0 I A LR ) b SRR T R B R
18 5 A R A T R T CCK-8 77 15 o W5 2 L 2x
104> 20 fifd/ =& T+ (100 34 v /L ) 1) %5 B B2 F 7 96 £L
Mrrp, AR 48 h, (R A Ml A= K 48 h 1E R
AHR AN BT, FESEIRZE B, 53R 3L A 10



- 1494 -

% # & 2 Anhui Medical and Pharmaceutical Journal 2021 Aug,25(8)

pL CCK-8 WA B 4l ML 55 57 4 ho £ 450 nm &bl 3
WG L A B Y B4 5 100 ) %38 3 (1-Acontrol/A #F
IR )X 100% KA .

1.6 HRRAHEARKLMARAET QAT
TEAG MU T 0 FH 400 mol/L 25 B Mk g 42 3 241 iy
72 ho N A 20 % S I A B A A0 A R . SR
Jei , WA AN I RSS2 11 V-FITC 8 746 i) 6
(Keygen Biotech ) RbHR . 21 il JH] PBS Pk 4% 3 I i
BT 400 pLES AR ARG fEE T RS
55 pL EECE H V-FITC f15 wL PI—& IR T 15
min. 5¢Jo, R MA (Gallios, Beckman-coul-
ter, USA)ZE 1 h AN AL A 1~

1.7 Transwell {22521 LKA, OISR
S R T-80 °C ¥k it BD matrigel 4 °C o
78 O A ; @H 300 L TG I 7 55 5 55, A 60
pL A% Matrigel ,TR2), 4 CEAE ;A 37 CH 374
HOEE S he QUWEALANAL, Tl i Ry 3= 3608 31k, i
B, BE R A0 B B s (D G I i s R 2R Uk Matrigel
e LG EFLINA 100 L A1EER ;& F 2= A
500 wL &4 20% FBS 55155775 ©37 CHi 746,
57 24 hy; DB transwell I PBS¥E2 30, 5% 1%
T [ 52 L 4 °C; @45 i 48 (0.1%) e f, 22 7 0.5 h, PBS
Pk 23, FHAR Bk 2 R m AN, AR T ER .

1.8 EBREBESMH FFAMAE VKA 17 RIPA 247
% PP AR . AR I B 0 7 2248 Bio-Rad 8
I I v Al TR R B . il 3 SDS-PAGE 435
YN 2L I A B PVDF B | Bl EE & 5%
T WA ) TBS 28 sl P 7E 25 3 T 35641 1 ho ResAE
4 CFHE Pk —RREF IR VRIS HR
RIS A —HUARTE = IR I E 1 h, UK.
TER R HPURAL B , & Tween20 A9 tris 22tk
IR FEAT VR TEE o AR A 1 32 7 A 15 P 2 R ) Ak
2RI THUIRGE A AR . R e EUR Y
EATELHE AR R B, ) 5 AH ) 9 ER I8 I FH T B-L
B Bkt GAPDH FHHA LA POt

1.9 EREX & W E (ELISA) 4 4 A =&
BRRIE R ELISA B BEA I A FLA 1Y PBS
Clles FHRT AR BRI 7)) 5138, 5930 & T ok I
o KIA . WA R R B L 4 °C L5 000xg B
£ 5~10 min, BUE3% , -20 CH-80 CIRAF , bt 5 ) 52
PR, 2 BRUE I A5 AR 2D TR = 2 e 2 R K
ARG PR HE F -3 (Caspase-3) &R K4 AR R
1 5-9 (Caspase-9) . B itk [ 4 i 98 -2 #H X 2K 1 (Bax)
FIRACTFHATINAE .

110 Zit¥EAHE R HSPSS 20.0 48 i #4434
B R © + s s, 2240 18] F AR 2R

K28 7 224304 , 22 41 10] P R L 358 R FH LSD- K 565 11
BRI B % (%) R, AL SR K
555 P<0.05 UK 2 A g7 L,

2 #R

2.1 mIDH1 B &8 in x4 & = M pE 59 L F 8 R
TE 41 B 4 95 E B 5 b, wiIDHT 41 | X% B8 4 A
mIDH1 41 2 [8) 40 jfg 384 38 25 =& L 58 it 22 & X (P>
0.05) . ¥ wIDHT 41 . %F B 2 A mIDH 1 41 40 g %% 55
TSI 72 b, LAVPA HAL 2= U PE . 25 R oK,
mIDH1 41 U87 41l il 7 CCK-8 Ml 5& i 58 71 HY o 45 5
WA Oz ) 5%, mIDH 1 2E 200 i 334 4 A 40 Jfd 3% 77 458
wIDH 1 ZH X BRZAAIR, 22 5 A Ge it B L (P<0.05) .
W1,

R MG M E R £ 5

415 U KA1 gl
X} AL 20 102.45£13.57 73.26+5.37
wIDH1 41 20 100.37+10.24 98.17+8.54
mIDH1 41 20 100.63+12.42 36.84+3.55
FlE 15.134 16.473
Pt 0.647 0.005

1 wIDH1 M EFAE IDHT LR, mIDH A 2848 (1) IDH1 LA

22 HRARAKLUARBT  HRC40E ARG
400 wmol/L %5 B Wk Jiiz 4b ¥ J5 mIDH1 20 5 HoAth 28 41
JRL R T Y 22 R, 45 R 3R U] mIDHT 2H 40 g 95 T2 %
(62.18+3.47) %=1 T X 41 (33.16+6.54) % Fl wIDH 1
24 (15.36+2.33)% , ¢ W IDH1 R132H 5828 36 i o 5
B 1) Al U (F=11.147, P=0.003)

23 BB ZESW mIDHI MR HIKT
XTHRZH AT wIDH1 41, =20 wIDH 1 1 41 i {2 22 68 )
Heoi . FEWIIDH1 R132H 275 5 i) 25 e i iz 114 4k,
AU . L2,

@

E2 iR 285cH: (HEX100) : A 5742 IDH1 3£ A (WwIDH1)4H ;B
AT ERZH  C R 2878 IDHT A (mIDH1) 20

24 WRATEAMRIEZNL TS mIDHI,
wDH TR B A i 175 5 ) 40 L 0 1 ) P A AL ), 7
FH 35 B J5 S 5 B3 o A A 5 1 B B AR A
R R, SRR EEF, mIDH1 ZH7E Caspase-3,
Caspase-9 Fll Bax H1 (1) 8 [ 3R 5 K V35 5 , Bel-2 ) 4R
13 IK 7K B A% (P<0.05) , wIDH #4573z 5 38
N AT F TR IR B 2 05 Bel -2 8 R A K
B L& 1 Caspase-3, Caspase-9 Fl Bax £ [ 7K



% # & 2 Anhui Medical and Pharmaceutical Journal 2021 Aug,25(8)

+ 1495 -

o F WA WIDH1 AT fE 75 AL 77 i 25 7k 4l B 1 H
mIDH 138 i 3 Bel-2 7ACFF1 L 8 7 Y {4 5h Cas-
pase-3, Caspase-9 F1 Bax 7K - > 3 5 X i it 24 4 Al
BT U | 2 B mIDH L A] BEAE R 4k y7 184 56 ¥ A
B W3, %2,

6 7 8
D e — cm—
| —— c—

3 i — —
) R —

—— —

1 1-B-WLBIER 11 52— BRI A0 23— BibkEL A -2 AHOC R
15 4—P I R KA SR R 1 i—9; 5 M 2 R A AR R -3 6
A IDH 1 R (WIDH 14 5 7-%F HRZH ;8- A IDH 1 A (mIDH 1) 4.,
B3 EAFRGE T

Fz2 CPEBERRAAEIRE A M-3(Caspase-3) AR K
A TR -9 (Caspase-9) . B bk B 41 a3 -2 #H5C 25 FH (Bax)
1B IR CL AN IR -2 (Bel-2) B B 1K K/ + 5

21 BB Caspase-3 Caspase—9 Bax Bel-2

XF R ZH 20 1.38+0.26 1.87+0.13 2.37+0.24 2.13+0.22
wIDHIZL 20  0.74+0.14 0.86+0.11 1.22+0.47 3.24+0.53
mIDHIZ 20 2.87+0.43 295+0.48 3.47+0.65 1.15+0.13
FA 12.154 13.663 15.148 12.135
PE 0.013 <0.001 0.002 0.008

1 wIDH1 R EFAE IDHT JER , mIDH1 B 2848 (1 IDH1 3£,

2.5 ELISARWAMATEZEBMNRIE mIDHIH
TE =2l 7 Caspase-3, Caspase-9 Fl Bax H ) & 1K 7K -
1 i Bel-2 [ R A7 e i (P<0.05) , wIDHT (1 57
i 33t #3815 T Caspase-3, Caspase-9 Fl Bax 7K F-A
LA Bel-2 KA1 B3R (P<0.05) . WL# 3.

3 TGO R I R ARSI A B T 2 AR A £ s

21 fl%% Caspase-3 Caspase—9 Bax Bel-2

Xof HR 20 2.32+0.58 2.92+0.55 1.58+0.22 2.3320.25
wIDH14]l 20 1.54+0.33 1.7320.58 0.74+0.13 3.52+0.14
mIDH14] 20 3.88+0.87 4.17+1.15 2.67+0.54 0.86+0.12
F{H 11.374 12.165 15.472 10.357
P{A 0.006 0.000 0.015 0.024

P wIDH1 M EF 42 IDHT LN, mIDH1 S 2€48 (1) IDH1 JE A, Cas-
pase—3 FRP IR R A AR -3, Caspase-9 FR R R AR
E -9, Bax N Bk AR -2 HH2CER 1, Bel-2 hy BIK L 40 Hf0R -2,

2.6 mIDHIIEEERNBEEZMWEETMBEING I
TESHE 2 19 /N Bl e M OB TSR A Y, PR 5 i
A B B IR B B AR DR /N2 21 KA SRS
I, e BTSSR S ASMARL . mIDHT iR 2R

[t wIDH1 A Fixf 215 2 . 5 HAR P4 L,
mIDH1 £ (1Y i g8 1 4 (220.17+12.15) mm® #¢ /)N (P<
0.05) . wIDHI % (624.36+33.54) mm’ 5 %I & 41
(601.17+36.18)mm’ 22 5 LG it 1 L (P>0.05) .
27 mIDHIRESEBEEMEETMEEE AKNDFR
S IR S F S 4 R e i 7 45 Vi b P
BB, wIDHT 20 M 988 T2 1l 30 1 26 o (1% (41.37+
5.43)% , mIDH1 ZH i 98 T BG40 il 28 A% = (82.14=
5.38)% , W HREZH J (52.1623.17)% ., TR SEME AT
b, mIDH1 4LEA 3% R (73.158.46) % , wIDH1 41
BB R N (22.1623.96)% . ¥ FE 4k (42.25+
3.17)%. FERFM, wIDH] (15 ek n] fere iR it
AP 21 , T mIDH 1 A] e A7 Bt
3 itig

A R H AT S WUE A RARE B RH 2
BEATRIT RS, B RAIRILT- A0l ke, B8
HEUE F% N 1 ~IV,70%~90% i 11 ~ I 9 i Jo 9
Figk 51 IV G5 it 5T B 40 M 958 A — A IDH 1S540 JE A
th A 2878, Horh R132H & & 4 L9, IDH1 %
FE T 240 B T Rt S A R v, AR IR K A A
MR AL ] a-KG o SR, 2R AR FRRE o-KG % Ak R AR5
Yy D-2-F 2 5 R, HASHZE LT o-KG Fl a-KG AR
1 SUIIN 4R 1 5 S P I AR 00 YA Y IR B R
WAFEF AR YR, AT AVl H DNA Sefk 7518 52
W e P AR o A e 1 200 i M A R
i 77 A 0-6-H 3 5 I (06meG ) 9k 48 K A 31
R BB R B 06meG-DNA H 5L 7% il (MGMT) B3
2%, B — i 55 B B BB A OC I, O6meG 7E
DNA S il 335 7 -5 i i v g 5 TR, S 5T 380 5
18 52 FIHFSE 1Y) G2 K A s A5H 0l , Bl 5 4t A O 172 5l 0
Z, MGMT i 81 H AL MR AR MGMT ZRik 7
IDH 1 278 (A Jisg Jo 9o v J& ML 7R iy AR AS 2 M — 1,
3 TR B 1 S L AL T B AT TDH T B A 78X
R o R, MGMT & 15 N 2 B B e i S Jee i 1
ME— PR (R 3R, IDH 1 28 A8 (AR BT A 20 i JoJeg AT A
6] 19 20 AR & &, (115 IDH 1 28 28 {4 F1 B A= 78 i
JBUIR 2Z ] B LB A 15 8, AR Jie R R i T DA 4
VAR F IDH1 2875 . k= IDH1 2278 (1) 11 ~ I A 42
02 Jo 968 AE 18 4% 1 5 IDHT 28 28 0l 2 J18 o A ], 3
HL5 TR &M IV 9 5B 40 g sE AR B ks
L0 7AE G EGFR &34 F1 CDKN2A B2 76 IDHT WT fie
T T AR UL AR E AR 2> kA A B AT 9842 IDHI
R g vt RV A SO M IDH T 28748
2 S5 96 38 K 6 T AR DB RS ¥R 7 R B e i
7R K AR T X BRI T R R

AHESE K B mIDH 78 A W) 2247 R FAL T 80%



+ 1496 -

% # & 2 Anhui Medical and Pharmaceutical Journal 2021 Aug,25(8)

PET R B AR o ASBFSEUE ] mIDH 5 | & 4 5
P bR AT SR R SR R B i RS Y
200 Y L0 A0 L OB O ) R A T . wIDH 3 Rk
AN A PO B, (ELTE R B e 5 B U T A
RIS 25 4AE o h T ax se 22 R I BT T o3
AT AL X PR A B AN E B .
BN T X B 22 S T IR 1t mIDH1 75 5 (9 A
Xof A A TS BOBLA o 2 8 R s A U
BT e 240 P AR B DA KR L BEAT IR YT o BT
WK 20 R 2R S A0 365 20 R 00 A o o A
YR TR AR Y PR A AT T AR AT R — S
PESAMEPE R 7755, IS TR 535 S R FE 124K
A5 019 38 AR R ZORL AR M R A2 A O T X
T AR AR TR SRR B2 . Caspase-cascade
FEAN I T-h B OCE Z . Bax/Bel-2 Y H 8
JE A A TN R D R A BB SOV . mIDH
N wIDH 3 B SRR TR B AT A 25 R 4 94
T, wIDH 32 R 5 0 1 42 S s g o7 5 1) 240 e 0
H 5 o B AIK Bax / Bel-2 HE R Al Caspase-3 15 Pk .
BT, mIDH1 5 (57 3% 3538 18 48 il Bax / Bel-2 LA
Caspase-3 1t PR IGSRANMIA 1= ZEFHED, ILALHI
5 mIDHT 8 5 58 2 s MMP-2 . MMP-9 {4 Ay 1 3%
IRIKAF-, DT AR Ak 200 1R 28 RE 0 A K

25 FRTIA , mIDH 5 2 5 596 40 4 £E ) o 78
e, X80 T A ST . mIDH T FER A A
ARS8 S 8 T 968 240 B 1) A7 B0 T wiIDHL S
WAL HUERRAE o mIDH 38 5 b 0 s S e )5 i
J5UJRE A fifl Caspase-3 . Caspase-9 , Bax % 35 1 1 Bel-
2 IR R BT A B O T RIS

Sk

[1] ZHU H, ZHANG Y, CHEN J, et al. IDH1 R132H mutation en-
hances cell migration by activating AKT-mTOR signaling path-
way, but sensitizes cells to 5-FU treatment as NADPH and GSH
are reduced [J/OL]. PLoS One, 2017, 12 (1) : €0169038. DOI:
10.1371/journal.pone.0169038.

[2] KONCAR RF, CHU Z, ROMICKROSENDALE LE, et al. PLK1
inhibition enhances temozolomide efficacy in IDHI mutant glio-
mas[ J]. Oncotarget, 2017, 8(9):15827-15837.

[3] CHENY, GAOF, JIANG R, et al. Down-regulation of AQP4 Ex-
pression via p38 MAPK signaling in temozolomide-induced glio-
ma cells growth inhibition and invasion impairmenl[]]. J Cell Bio-
chem, 2017,118(12):4905-4913.

[4] WANG J, ZHOU F, LI Y, et al. Cdc20 overexpression is in-
volved in temozolomide-resistant glioma cells with epithelial-mes-
enchymal transition[J . Cell Cycle, 2017,16(24) :2355-2365.

[5] LU Y, KWINTKIEWICZ J, LIU Y, et al. Chemosensitivity of
IDH1-mutated gliomas due to an impairment in PARP1-mediated

DNA repair[]]. Cancer Res, 2017,77(7):1709-1718.

[6] XUQ, AHMED AK, ZHU Y, et al. Oncogenic MicroRNA-20a is
downregulated by the HIF-1a/c-MYC pathway in IDH1 R132H-
mutant glioma [J]. Biochem Biophys Res Commun, 2018, 499
(4):882-888.

[7] CHITNENI SK, HAI Y, ZALUTSKY MR. Synthesis and evalua-
tion of a 18F labeled triazinediamine analogue for imaging mutant
IDH1 expression in gliomas by PET[J]. Acs Medicinal Chemistry
Letters, 2018, 9(7):606-611.

[8] DIH, ZHANG X, GUOY, etal. Silencing LDHA inhibits prolifer-
ation, induces apoptosis and increases chemosensitivity to temo-
zolomide in glioma cells[J]. Oncol Lett, 2018,15(4):5131-5136.

[9] ZHANG X, LIU X, ZHOU W, et al. Fasudil increases temozolo-
mide sensitivity and suppresses temozolomide-resistant glioma
growth via inhibiting ROCK2/ABCG2[J]. Cell Death & Disease,
2018, 9(2):190.

[10] LI ZY, ZHANG C, CHEN L, et al. Radicol, a novel trinor-
guaiane-type sesquiterpene, induces temozolomide-resistant glio-
ma cell apoptosis via ER stress and Akt/mTOR pathway blockade
[J]. Phytother Res, 2017,31(5):729-739.

[11] SANGHEZ V, CHEN M, LIS, et al. Efficacy of asparaginase er-
winia chrysanthemi with and without temozolomide against glioma
cells and intracranial mouse medulloblastomaJ]. Anticancer Re-
search, 2018, 38(5):2627-2634.

[12] TATEISHI K, HIGUCHI F, MILLER J, et al. The alkylating che-
motherapeutic temozolomide induces metabolic stress in IDH1-
mutant cancers and potentiates NAD+ depletion-mediated cytotox-
icity[ J]. Cancer Research, 2017, 77(15):4102-4115.

[13] KHURSHED M, MOLENAAR RJ, LENTING K, et al. In silico
gene expression analysis reveals glycolysis and acetate anaplero-
sis in IDH1 wild-type glioma and lactate and glutamate anaplero-
sis in IDHI-mutated glioma [J]. Oncotarget, 2017, 8 (30) :
49165-49177.

[14] PHILIP B, YU DX, SILVIS MR, et al. Mutant IDH1 promotes
glioma formation in vivo[ J ]. Cell Rep, 2018,23(5):1553-1564.

[15] MILANI R, BROGNARA E, FABBRI E, et al. Corilagin induces
high levels of apoptosis in the temozolomide-resistant T98G glio-
ma cell line[ J]. Oncol Res, 2018,26(9):1307-1315.

[16] ZHU D, TU M, ZENG B, et al. Up-regulation of miR-497 con-
fers resistance to temozolomide in human glioma cells by targeting
mTOR/Bel-2[J]. Cancer Medicine, 2017, 6(2):452-462.

[17] KUMARI S, AHSAN SM, KUMAR JM, et al. Overcoming blood
brain barrier with a dual purpose temozolomide loaded Lactoferrin
nanoparticles for combating glioma (SERP-17-12433)[J]. Scien-
tific Reports, 2017, 7(1) :6602.

[18] LAI SW, HUANG BR, LIU YS, et al. Differential characteriza-
tion of temozolomide-resistant human glioma cells [J/OL]. Int J
Mol Sci, 2018,19(1): 19010127.DOT: 10.3390/ijms19010127.

[19] MING J, SUN B, LI Z, et al. Aspirin inhibits the SHH/GLI1 sig-
naling pathway and sensitizes malignant glioma cells to temozolo-
mide therapy[ J]. Aging (Albany NY), 2017,9(4):1233-1247.

[20] JIANG C, SHEN F, DU J, et al. Upregulation of CASC2 sensi-
tized glioma to temozolomide cytotoxicity through autophagy inhi-
bition by sponging miR-193a-5p and regulating mTOR expression
[J]. Biomed Pharmacother, 2018,97:844-850.

(ks H 41 :2019-07-22,, & [l H 441 : 2019-09-25)



