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[ Abstract |

newly diagnosed glioblastoma. Glutathione S-transferase P-1 ( GSTP1) is of great value in detoxification of xenobiotics in

Objective: The regimen of temozolomide plus radiotherapy plays an important role in the adjuvant therapy of

glioblastoma cells. Therefore, it plays a certain role in the killing of cancer cells by temozolomide, an antitumor drug, and
radiation. This study was designed to investigate the influence of genetic variation in GSTP1 on the prognosis of glioblastoma
patients received temozolomide combined with radiotherapy. Methods: A total of 175 patients with glioblastoma treated with
temozolomide combined with radiotherapy after surgery were included in this study. Peripheral blood of patients was collected
for the genotyping of genetic polymorphisms in GSTP1 gene. The correlation between genotype and other variables was ana-
lyzed by Chi-square test or nonparametric test. RNA was extracted from peripheral blood mononuclear cell (PBMC) speci-
mens of some patients prior to chemotherapy for GSTP1 mRNA expression analysis. Association between genotype and prog-
nosis was analyzed. Results: The mutation frequency of the GSTP1 Ile105Val variant in the study population was 68. 00%
(119 cases) in genotype AA, 29.14% (51 cases) in genotype AG, and 2.86% (5 cases) in genotype GG. The minimum
allele frequency was 0. 17. The frequency of genotype distribution in this site was in accordance with Hardy-Weinberg equi-
librium (P =0.868). Type AG patients and type GG patients were then analyzed with dominant inheritance. The median
progression-free survival of type AG/GG patients and type AA patients were 4.4 and 6.9 months (P =0.005) , respectively.
The median overall survival of the two genotypes was 11.0 and 15.3 months (P <0.001) , respectively. Multivariate Cox re-
gression analysis showed that genotype AG/GG was an independent factor for OS (OR =1.68, P =0.011). Of the 78 PBMC
specimens, the mRNA expression of GSTP1 in PBMC of genotype AG/GG patients in was significantly higher than that of
genotype AA patients (4.01 £0.472 vs 2.76 £0. 624, P<0.001). Conclusion: GSTP1 gene (1lel05Val) polymorphism

was a biomarker for prognosis of glioblastoma patients received temozolomide combined with radiotherapy.
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Table 1. Baseline Characteristics of 175 Glioblastoma Patients According to GSTP1 lle105Val Genotypes

Ile105Val genotype

Characteristic Total (175) P
AA (119) AG/GG (56)

Age 0.477
Median 58 57 58
Range 25-79 25 -74 27 -79

Gender 0.861
Male 111 (63.43) 76 (63.87) 35 (62.50)
Female 64 (36.57) 43 (36.13) 21 (37.50)

ECOG score 0.943
0 73 (41.72) 49 (41.18) 24 (42.86)
1 65 (37.14) 44 (36.97) 21 (37.50)
2 37 (21.14) 26 (21.85) 11 (19.64)

Extent of Surgery 0.732
Biopsy or Partial 103 (58.86) 69 (57.98) 34 (60.71)
Total 72 (41.14) 50 (42.02) 22 (39.29)

WHO grade 0.855
| 33 (18.86) 22 (18.49) 11 (19.64)
v 142 (81.14) 97 (81.51) 45 (80.36)

IDH mutation status 0.735
Positive 48 (27.43) 32 (26.89) 16 (28.57)
Negative 74 (42.28) 50 (42.02) 24 (42.86)
Not available 53 (30.29) 37 (31.09) 16 (28.57)

Dose of radiotherapy 0.903
54Gy 29 (16.57) 20 (16.81) 9 (16.07)
60Gy 146 (83.43) 99 (83.19) 47 (83.93)

Cycles of temozolomide adjuvant treatment 0.311
Median 4 4 3
Range 2-6 2-6 2-6

ECOG : Eastern Cooperative Oncology Group; WHO: World Health Organization; IDH: Isocitrate dehydrogenase.

Kaplan-Meier survival estimates
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Figure 1. Progression Free Survival of 175 Glioblastoma
Patients According to GSTP1 lle105Val Genotypes
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Table 2. Multivariate Cox Regression Analysis of OS Ac-
cording to Baseline Characteristics and GSTP1 lle105Val
Polymorphism

Characteristic OR (95% CI) daf P

Age(yrs) 0.015
>58 vs <58 1.45(1.12-2.29) 1

Gender 0.311
Male vs female 1.09(0.98 -1.15) 1

ECOG 0.011
1-2ws0 2.11(1.71 -4.12) 1

WHO grade <0.001
I vs IV 0.45(0.24 -0.76) 1

Dose of radiotherapy 0.872
54Gy vs 60Gy 1.01(0.98 -1.05) 1

g:n'l;lt’y]pllsel 05Val 0.008
AG/GG vs AA 1.85(1.55-2.23) 1

0S: Overall survival; OR; Odds ratio; CI; Confidence interval; df: De-
gree of freedom; ECOG: Eastern Cooperative Oncology Group; WHO:
World Health Organization.

P<0.001
z
= 4
g
N
S
)
O 34
<2 ———
y
L
z
=
=
‘w24
&
L
o
Z
= 14
<
e
0- T
N
/f';b
&

& 3 78 5 PBMC #rAH#R#E GSTPI A llel05Val {if &
AEEEBEE GSTPI EE mRNA 13 RIEFE X LL
Figure 3. GSTP1 mRNA Expression of 78 Peripheral
Blood Mononuclear Cell Specimens According to GSTP1
lle105Val Genotypes

3 3 8

A5 BB S BT A 175 1A S5 1252 5 B me e [+
AT KR PR 8, ok X GSTPT SR
1e105Val Az 55 [H 73 B 5 (8 (19 PR 2547 S K
Pa3Ar, &P Tlel05Val 22 573 AG/GG Fe [ I g 2% H.
A RFEBFER PFS 1 0S, 73 4ME 78 il HAT PBMC
PRAHY B 1) mRNA Fh K20 A o R B, %07
AR R 3 ) GSTPT 5 mRNA 3K K-
BRI S WSR2 L 1lel05 Val 22 57
A RETEILSZ N T GSTPI SEP mRNA (1) 3% 35 #F 1M 5%
M 1A 1252 5 S 3 ) AT PR M R R e S8 1)
i) o

I 9P e S R 5 ) R TR T AR 2
BAEOR AR MR T I Ry e . B,
WFR A REW I R % VNG T ARYIBR Al LU — 20
RIS BT , 230 o 22 D) REAE IR I D4 A s il B fe 7
RUCA RIS o A K ISR R T AR
Ja TR AT 7 TG X TR 31 30 2 vy 2 o i JC it I
BT AR RS o SR AR R IR R
BB A A T Rl RIG T 45 R A BUS LA
BORMAS 2252, W 82 i A 5 A7 i s PR
A BT v i AR i TR A AR A Tk 2
PRI 20 277 1 iy 2845 452 1 ] LA 0 i e 99
Ja BT AR IC YT RIS R : 2018 AR 4R 18 A 1L P



. 864 - s TRl 53497 2019 4 10 H 48 32 3% 10 8 J Cancer Control Treat, October 2019, Vol. 32, No. 10

Fe AR R 3t A A8 567 as, 1005230 FiIE JBRA 114 K
3 IR N i S 3 MG 2017 AR (9 MGMT
PR A 3l DX 22 A8 PR 7 R rs1625649 1) HT AL
S IR G J TR 0 ) B B B 22 s bR
HRIE ) MC4R KR 2 5P 1s489693 1 5 7E 4 % [F]
WO T 14 IR S8 £8PPSO

A FE 45 T ORI T 7 H A R R
2 W AT G , GSTP1 BEA Tel05Val 4% 554 £
HUE AW, 5, AP T Tlel105Val
7 S 1 e /NS S R 3 R 0. 17, 3X Rl NCBI $5 4%
J2 o [ o 8 98 A8 R AR — 3, fEE M
RNBEIILE AT %00 15 10 25 DR R 23 A 51 5 L
BRKHFGEE ST, BUG4558 B, AR e =
KA Pasqualetti [41 BA '™ FOBIF 5 HE A — B, M1
WG 50 5] IDHI /2 3 PR BT A B i) 32 327 W) 25 il
197 1Y ik JB o 98 B8 3, 48 B T XRCCI, XRCC3,
RADS1 1 GSTPI1 JEH ) 22515 PFS DL & OS B¢
B, 25 K I GSTPI JEH rs1695 7 55 AA I fE % HL
A B ERENTUG , X AT AA SER R B
HABIF UG 25 A K—20, o] B8 %07 5
(A% 22 S T B, RO A AT A 5 v 1s1695 57 A5 1)
B/ NERFERIRIRR] T 0. 38, i T RATHF 5T h
190.17, Ak, FEM AFEH, H A2 3% Yoshihama
HBA T RIS A T 320 Bil3%E %2 RAN L ERATT
FI AR 3, 0 T GSTPI BEPR 1s1695 37 5 Xf
HZin)7 A MBS &t ism, 25 5 & 3
rs1695 v 55, AA T £ 25 RIS v 40 I 2 1 PR A O
Jihb G AR AR E TG, X FA BT
FEM L RHA S, (B M ATT A58 I A PEAR %
{LEFN GSTPI 3Ll mRNA Rk KR, TN
ZIWFFE R B, 1695 {7 i FIHz 52 i 411 Sy FE it Ak T 7
B RERIVE A 56, JERTvE [ Lui BB BT
PINT 161 B Hz 52 UE B R vE o7 1Y L2 b iR
H LR E I rs1695 i 5 AA FE AR E M 21
HA M B EAHOC, X UL T S0 r 25 A
—EMVER , ABIEGE A8 VAR % 07 o5 R 25 &I A
(R DCIG , Xt I W — 2D IR R

GSTPI JEA I H K S- B g < e b it — 0, 38
AT Z 5K R AL G ) 538 R AR e T KA
g DR S 1 A 0 i B W AR i 1
el05Val A5 5o E [R] SR AE 0 % 56 P 2 e X ok
T AIERIT I, W RE S GSTPI JE R 33k DL I
GSTP1 FEFIM DI HE. KT GSTPI R 3K KF- Al
BEBEHITMB AL 458, HRA i 7

GSTPI {E25 Bl S g b ol v R R A . 2
Hif Theisen [ BN (OB FE 48 A 32 151 066 190 £ 45 o £
RSN GSTPT BER RIS TG TT S 2R 1)
RIRJG R I, GSTPI RIR AR I f8 3 HA B 47 (1) il
J& o XFAMEIE mRNA 3573 Hr 1 45 R HA — 3
Bt FTRERYMRRE SN G Sk DA #5  a  BE
Bl T4 1) GSTPI LR ik, 15 5 22 1 B s fi
B i 5 A A DT AT 07 R e o 1) 240 P w4
HEMPERE TR TG o A, AW AN 2T
PERL AL T GSTPI JER gty [X (1) AR [F) L2848, %
P ATRERIAL T GSTPI JE R 3 31 7 X W A&
SYEAL SRR T R B A % B 7 i, DT B T
GSTPI J:[H mRNA =ik B2 5

22 E AR, GSTPI L [A Tlel05Val £ 251 /&
AG/GG FEH R B E P RRE o 3 T8 = ) GSTPI
FEPRI mRNA 23k, AT (o 1o Jig oo e A LA A 22 1
PFS 1 0S. GSTPI 3P4 1le105 Val i {475 5407 45, A
DAVE R oAk 52 R SR mae e 6 75 T30 40 B 1 i s
I B E TS W AE bR S . AR IS AAAE—E
JRIBRE , GnFEAR S A A Il B AE Y, B IS I Y
TP E KPEA A 5 B AL BT 578 3 I TEHE -

EERH: A A EZFGTHRAMES Kb
S I 34T A AR A B A P W
FWREE R BEEEFCHBAEXNERE, T
BXME,

SRR AR SCEATF RS K WA 3
] %0 ) (CNKI) B35 1 | 2 A R 3 SOk U 2 40 iy
2R RN,

BTEB:ZRATE XN EHAF, L8 HAE

PRI A 1E 4 2 5 AR 2ok %

NEMB:AXHBME 520 EH5E T b
XA EF W o

[ &% 30k ]

[1] Chen W, Zheng R, Baade PD, et al. Cancer statistics in China,
2015[J]. CA Cancer J Clin, 2016, 66(2) :115-132.

(2] ZEHF, K&, EHKR, % BN 0B BRI AEIR 705
WEFERERELI]. M B 5677, 2018, 31(4) 1294-297.

[3] Raucher D. Tumor targeting peptides: novel therapeutic strategies
in glioblastoma[ J]. Curr Opin Pharmacol, 2019, 47 :14-19.

[4] Mecca C, Giambanco I, Donato R, et al. Targeting mTOR in glio-
blastoma; Rationale and preclinical/clinical evidence [ J]. Dis
Markers, 2018, 2018 :9230479.

[5] Caragher S, Chalmers AJ, Gomez-Roman N. Glioblastoma’s next



I Fi 8l 53497 2019 45 10 A 45 32 #:%6 10 #] J Cancer Control Treat,October 2019, Vol. 32, No. 10

- 865 -

[10]

[11]

[12]

[13]

top model: Novel culture systems for brain cancer radiotherapy re-
search[ J]. Cancers (Basel), 2019, 11(1) : E44.

Gupta K, Burns TC. Radiation-induced alterations in the recurrent
glioblastoma microenvironment : Therapeutic implications [ J ].
Front Oncol, 2018, 8 :503.

Jiapaer S, Furuta T, Tanaka S, et al. Potential strategies overco-
ming the temozolomide resistance for glioblastoma[ J]. Neurol Med
Chir (Tokyo), 2018, 58(10) :405421.

Pasqualetti F, Gonnelli A, Cantarella M, et al. Association of
glutathione s-transferase P-1 ( GSTP-1) 1rs1695 polymorphism with
overall survival in glioblastoma patients treated with combined ra-
dio-chemotherapy[ J]. Invest New Drugs, 2018, 36 (2) : 340-
345.

LvF, MaY, Zhang Y, et al. Relationship between GSTP1 rs1695
gene polymorphism and myelosuppression induced by platinum-
based drugs: a meta-analysis[ J]. Int J Biol Markers, 2018, 21 :
1724600818792897.

Henker C, Kriesen T, Schneider B, et al. Correlation of Ki-67 in-
dex with volumetric segmentation and its value as a prognostic
marker in glioblastoma[ J]. World Neurosurg, 2019,125 :e1093-
el103.

Laprie A, Ken S, Filleron T, et al. Dose-painting multicenter
phase III trial in newly diagnosed glioblastoma: the SPECTRO-
GLIO trial comparing arm A standard radiochemotherapy to arm B
radiochemotherapy with simultaneous integrated boost guided by
MR spectroscopic imaging[ J]. BMC Cancer, 2019, 19(1) :167.
Herrlinger U, Tzaridis T, Mack F, et al. Lomustine-temozolomide
combination therapy versus standard temozolomide therapy in pa-
tients with newly diagnosed glioblastoma with methylated MGMT
promoter ( CeTeG/NOA-09) : a randomised, open-label, phase 3
trial[J]. Lancet, 2019, 393(10172) :678-688.

Linhares P, Viana-Pereira M, Ferreira M, et al. Genetic variants

of vascular endothelial growth factor predict risk and survival of gli-

[14]

(15

[

[16]

(17

[

[18]

(19

[

(20

[

[21]

omas[ J]. Tumour Biol, 2018, 40(3) :1010428318766273.

Hsu CY, Ho HL, Lin SC, et al. The MGMT promoter single-nu-
cleotide polymorphism rs1625649 had prognostic impact on pa-
tients with MGMT methylated glioblastoma[ J]. PLoS One, 2017,
12(10) : e0186430.

Pasqualetti F, Orlandi P, Simeon V, et al. Melanocortin receptor-
4 gene polymorphisms in glioblastoma patients treated with con-
comitant radio-chemotherapy[ J]. Mol Neurobiol, 2018, 55(2) :

1396-1404.

Rezaei M, Saadat M. Association between GSTP1 Ile105Val genet-
ic polymorphism and dependency to heroin and opium[ J]. Bio-
chem Genet, 2019, 57(2) :214-221.

Yoshihama T, Fukunaga K, Hirasawa A, et al. GSTPI rs1695 is
associated with both hematological toxicity and prognosis of ovarian
cancer treated with paclitaxel plus carboplatin combination chemo-
therapy: a comprehensive analysis using targeted resequencing of
100 pharmacogenes [ J]. Oncotarget, 2018, 9 (51 ) : 29789-
29800.

Lui G, Bouazza N, Denoyelle F, et al. Association between genet-
ic polymorphisms and platinum-induced ototoxicity in children
[J]. Oncotarget, 2018, 9(56) :30883-30893.

Wang S, Zhang J, Jun F, et al. Glutathione s-transferase pi 1 va-
riant and squamous cell carcinoma susceptibility: a meta-analysis
of 52 case-control studies[ J]. BMC Med Genet, 2019, 20(1) :

22.

Zhang R, Kang KA, Piao MJ, et al. Epigenetic alterations are in-
volved in the overexpression of glutathione S-transferase pi-1 in hu-
man colorectal cancers[ J]. Int J Oncol, 2014, 45(3) :1275-
1283.

Theisen J, Danenberg K, Ott K, et al. Predictors of response and
survival for neoadjuvant treated patients with esophageal adenocar-

cinoma[ J]. Dis Esophagus, 2008, 21(7) :601-606.



