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Abstract

Liver cancer is the fifth most common malignancy and the fourth leading cause of cancer-related
deaths worldwide. Liver cancer cases are two to four times more common in males than in females, and
the highest incidences are found in Asia and Sub-Saharan Africa. This gender disparity is the result of
different behavioral risk factors, such as smoking and drinking alcohol. GSTPI1 is an enzyme that is
involved in the detoxification of carcinogenic electrophiles. GSTP1 codon 105 in exon 5 and codon 114 in
exon 6 polymorphisms result in decreased enzyme detoxification activity, which is the cause of many
cancers. This study aims to investigate the associations between GSTP1 polymorphism, liver cancer
patients, and the risk factors for liver cancer. It is hoped that this research will provide useful knowledge
on the effects of genetic GSTP1 polymorphism in Thai liver cancer patients.

DNA from forty-four Thai liver cancer patients and 52 healthy controls were analyzed for GSTP1
exon 5 and exon 6 polymorphisms by PCR-RFLP. The associations between GSTP1 polymorphism, the
control group, and clinicopathological parameters were determined. The results show that GSTP1 exon 6
polymorphism genotypes ( C/T) were correlated with an increased risk of hepatocellular carcinoma
susceptibility (OR value = 4.40). Moreover, exon 6 polymorphism genotypes (C/T) were associated with
the gender of patients (P = 0.015), but no relationships were found between GSTP1 exon 5 polymorphism
and the clinicopathological data of patients.

The results suggest that the GSTP1 exon 6 polymorphism genotype was associated with an
increase in the risk of liver cancer in male patients and that it tended to be related to cancer differentiation.

No association was found between GSTP1 exon 5 polymorphism and the risk of liver cancer.
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n = N
2
1+N(e)
n= NUIUNIUAIDYIN
o Y ' 2 o ¥ v
N= suwnudsznnsnaua (fihouzssduauail 2555-2558)

A
e = AnuAaIAAaDU (0.1)
UNUA n= 1232
1+1232(0.1)°
TUIUNAUAI0E1 = 93
o <3 ay &1 a = o Qy v a g
TagaauaonFua AT MuUTANUYUY V19 10 Tuasou 31U 2 FU ANAAD U
9 <] 9 a P A 9 <3 [ I~
NTDUNVTDYANWINNTANINVDIATI8AD 018, YUIAYDINDUNLITI, TEAVANUTULIIUDI TIANLIF
@ 1 Y o 9 =\ Y g’/ Y YA @ 9 a I
HAYBNIINITBYIDAVDIA1I8 NM1ITNHIAIBB AN TasToyanIriuavo M 18Iz A0 Aty
% Y o [l A g [ ao @ a
anuautazlgdlegvaouvoInguanlnasiuiu 100 18 (Uszua 200 w1 lunsu/ 15 lulnsaas)
2 I Y ] Al A A ~ [ = 1
B UAI19819AOUNIHADIIN IATINIT “ANUHAINHAWUBI0Y VEGF uag EGF NUANNIAEIADNT

a <3 Y a {
e TsauzFaau”1u9s o555 RN 046/2554

M35911 PCR-RFLP 518U GSTP1
anuAalsnannmsasunlasvesiinnale Indvesduilaz 1¥imadin PCR uazdanansus
Y do o A ~ a ~ 4
499 PCR matou lagigaiumziegmalasuniasuesiiing le Ind
A9 U0I5 WA (Primer) A1 5UN13911 PCR 49981 GSTPI exon 5 A9 5°-GGC TCT ATG GGA
AGG ACC AGC-3" 1182 (5-AAG GGG TCA GCC CAA GCC A-3) THaafaiaiued PCR U119 206 bp

o 9y d’ A =y A g d[ = g’/ A o a o =1 [ g’J
11 PCR ﬂ?ﬂlﬂi@\?lWNﬂﬁNWﬂ!ﬂlﬂulf]clf\iiJGUu@]fJUﬂﬂﬂ'lﬁu@Qﬂ!ﬁQN 94°C 1701 5 UIN, adINUU



) Y
TU5un5MATBIAMINUA 30 IOUAITNT PCR @43 94 °C 1381 5 IUIN, 60°C 1781 5 IUIN, 72°C a1 15

a 4 a o J o < 3
Indinazgane 72°C nan 7 e lawdasmaives PCR udniliuendwuedronszud Irliuade

) Y Ay A a o Y o 9 o
HagauAYTIaN fluorodye ma@,wamnmmmm PCR 9414 205 bp mﬂimmwamﬂﬂmm HAIIN

9
% o a

@ 4 @ < 4 o <
Tmihrannusiues PCR ldadrodu'lei Bsma1 uazii liusndwwedlonszua lnihdoudqed
9

A 2 ag 1 Y [ 9 ad ag 1%
89U fluorodye Lwa@,ﬂfumamamu1@quﬂmimma amﬂﬂmam Tﬂmzmmmaum 3 UUUURAINIT

v Y <3 A Y o ] = = o a day A g ay =) 19 A = 4
asdu laineadiedaliiing Te IndlsnArelisuad uevnia 205 bp ¥R uan1tiing 1o Ina
@ 1 ~ ~ I~ <3 @ Y Y < o =
Y93A206190M31AeU1 A 1WA G 1VY heterozygous Nz aTDgNAR A 1e10U Tan Tagazdl
ay A Qy 19 A = 4 % [ ~ ~ I
FUADUID 3 FUVUIA 206 bp, 120 bp 1AL 86 bp LADINIIAE 1o Inavesdledralimsasuain A 1Wu
de a ay
IUE G 11U homozygous 9 UTUADULD 2 FUVUIA 120 bp LLAL 86 bp
a a £ ) o o =
ALOUBISUAY(Primer) d111 VA5 PCR Y8981 GSTP1 exon 6 (15) A0 5’ GCA GAG GAG
a [ 4
AAT CTG GGA CTC T 3’ 11a¥ 5°GGC TCA CAC CTG TGT CCA TCT G 3’ IHaaf s ved PCR
o £Y A A a a g £y W A o a ° =
YA 224 bp 111 PCR A181AT0 Ui madiduesailduaouaennuaguni 94°C a1 5 i,
Y 1 Y
189910H U TU5UATWATBIAINUA 30 39UN1T1 PCR fatl 94°C 1721 30 3111, 67°C 1781 30 IU9,
° a = Y o A Y a o ' Y o a g Y
72°C 1181 30 Adinazganie 72°C a1 7 wiiliie lanaanmmves PCR ualii liuendouedae
3 4 a [ o [
nszud IiwaSoudrdoudaeddon fluorodye 1ogrannmaived PCR ¥i1a 280 bp nelduasdand
[ g o a [ 4 o 9 <3 Jd 5 o a g Y
T Tean nasoniunaasusived PCR lildadloou ol Acil waziildusnfdueaie
4 £ <3 1 [ 2
nszud Iihdoudeddon fluorodye MogFuAD wvINAR 1 Melaudand 1 Toian Taozlizud
< @ v g < A Y o y E =3 = s A ad aa 2
BUI0 3 uUUHAIMIAnalueU lasinend1e6193HIAa 1o InalnAvz Tuadwe 2 U via v
1 a 4 o (] { I 1< 1 @
170 bp az 110 bp uan14ad 1o Inavesdredralinmsnlagwilunuy mutant Doz liamsogndaala
a g

v < P2 a v g < o Yy
mmau"lmuiﬂamzu%umaummum VUM 280 bp ‘EHL‘II‘L! heterozygous ﬂi]%ﬁnJﬁﬂQﬂ@]ﬂhlﬂﬂ’w

< " afd A 2
O a3l Tagaz TFUAD WD 3 FUYUIA 280 , 170 bp 1Az 110 bp

a Y
n3INIINUDYA
I = a = P
WUNIsANEINNTZVIATINGIVDIANUHAINNA18UDIIU GSTPI exon 5 LLAZ exon 6 EJJ‘]_I'JEJ
g o @ <3 ! a . . . o ! .
w3 e Inennaatiunes i 1% logistic regression analysis ATHIWUAT Odds ratio 1A 95%
' U U 3 o 1 a @ 4 '
confident interval §$W’J"I\‘lﬂEj‘ZJW:}‘]JQﬂugliﬂﬂﬂllﬁgﬂquﬂuﬂﬂﬂ UAZHIANUTUNUTITHINAY
A W Aa 91 g o Yy Y < Y aa .
‘Viﬁ”lﬂ‘ﬁﬁ?fﬂ]@\‘lfll.!ﬂ‘U‘WfJTﬁﬁﬂTWGIJE’JQEJJ‘IJ’JEJN&iQ@]”]J llﬂllﬂ 81g, VHIAVDINDUNTLIN, Taelgana chi-
o V-4 1 v W ] 1 v
square test Llﬁ3141?]’)1“’ﬁllWu'ﬁﬁ3’Vi’J'Nﬂ’]'l‘JJ’Viﬁ1ﬂ’VTﬁ13%@@%”ﬂﬂﬁ]@]i1ﬂ1i@gi@ﬂﬂl@ﬂPjﬂ')flllagigﬂﬂ
A 9y aa . . a 79 a1
ANNFULsIved lsnuzisagi)re Tasl9ada Kaplan-Meier survival Tun1simsizvivoya Taslian p-

o v

Y [ = = = [ v o ] =\ 9
value H98N7I1 0.05 JWITDDIUANUTUNUTNIUDINUUIT ALY

5]



A
Unn 4

NAN15I9 Y

4.1 M35%1 PCR 19381 GSTP1 exon 5 8% exon 6

A =~ o ad 1] 1 Xl 3 o
MINNT VD IEU GSTP1 exon 5 Iﬂﬂﬂ'ﬁ'ﬂ'] PCR mﬂmﬂummmmamqQﬂaﬂmhﬁmmmz

I < a o {
asnvdevAuemenszua I uasaudrdoudoas fluorodye vz 1AHanAAULIA 206 bp Aagilil 1

<«—206 bp

1 a @ ] U 3 o
511 ueaIHanEn PCR 493 GSTP1 exon 5 ¥096108 AT oIS s@UMNIe@aY 1, 3,8, 9 1az 10

QU

UU 2.0% agarose gel nazdoudiy fluorodye o M A9100 bp marker



A = ° a g o 1 X 3 o
ﬂ15l‘W3J1J%3J”IﬂHJ'PNfJL! GSTP1 exon 6 Iﬂf]ﬂ"lﬁ‘vn PCR mﬂm’e)m’om@ma’e)smQﬂ’mmnmuuaz

< < a o {
asnvasudouemenszud Iduadwdrdoudaoais fluorodye 32 lawandnuuia 280 bp Asga 2

4_280 bp

{ a @ ] U 3w
512 ueaIHanEn PCR Y99 GSTPI exon 6 Y046108 19411801530 UMMe1aY 1, 3, 8, 9 uag 10

U

UU 2.0% agarose gel nazdouaiy fluorodye ot M A9100 bp marker



10

4.2 M3"1 PCR-RFLP 49481 GSTP1

ANUKAINNA18UDIBY GSTP1 exon 5 1A83T PCR-RFLP Tasvndan15%i1 PCR a1 ldnanan

Y

Y = o o Y < s Ay 2 "o a ~
VYUIA 206 bp ummmmmmmau"lmu BsmAlNﬁ‘ﬂllﬂﬁ]g‘lluﬂgﬂ‘ﬂﬂﬁ'm‘ﬁﬁ?ﬂ‘ﬁﬁWﬂﬂlﬂ\wu GSTP1N

) [} @ H g’; @ [ [ I~ Y o ] a

dumislaaou 105 aagla 3 uazagdnanisnaassvesninlesediengdwunazaregaulsng
9 v ti'

T81dea131990 1 a2

M 24 25 39 40 141 143 144 145 146

——
—
e

‘ﬂ——_—-- <+«— 206 bp

— <«— 120 bp

51113 uananandn PCR-RFLP 499 GSTP1 exon 5 Turilasug 5 a6

Henyin M A9 100 base pair marker
I~ LA s = . IS/
25 fe gieuz390IY visnenay 25 uaz i polymorphism (il A/4
=~ A s = . <
39 e g3 HInenay 39 uas N polymorphism 11 A/G
=~ 4 [~ 4 = .
40 Ao gilemzi3eeiy vianenav 40 uaz 3 polymorphism 1ili A/G
I~ ¢4 s v = .
141 Ao gilsemizi396iy visnenay 141 uaz 3 polymorphism 1ili A/4
143 Ao gileuzi390 nanena 143 uaz & polymorphism 11y A/4
144 Ao gileuzi3ey nanenay 144 uaz i polymorphism 14 A/4
145 Ao gilemzi3eiy nanena 145 uaz i polymorphism 15y A/4

146 Ao gileuzi3eay nanena 146 uaz i polymorphism 1l A/G
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ANUHAINMA10UDITY GSTP1 exon 6 1A83T PCR-RFLP Tas#dan153i1 PCR 21 1aHanan

Y =2 o o v @ Ay y 2 Vo a a
YUIA 280 bp ummmmmmamu"lw BsmA1Wﬁ%]lﬂilzﬂluﬂtlﬂﬂﬂ’31ﬂﬂa1ﬂﬂﬂ'lfJ"lJ@QEJu GSTP1n

U

o ' [ { Y o 1 U g o @ 1 a
mlmuﬂﬂﬂau 114 ﬂig‘ﬂ‘ﬁ 4 Lmzﬁgﬂwamimaawmmmafmz«’fﬂaﬂummuLmzmammuﬂiﬂm

18113199 3 taz 4

<+«—280bp
<«— 170 bp
<+«— 110 bp

51/#14 ERINanAn PCR-RFLP 494 GSTP1 exon 6 Tufi)ouzi5 ity

Huenie) M A0 100 base pair maker
1 Ao gilaonzi3ei naneay 1 uag J polymorphism 1ily C/T
3 Ao gilewzi5i vaneav 3 uag 8 polymorphism 1ilu C/T
8 Ao gilaonzi3ed nanenav 8 uag N polymorphism 1ilu C/T
9 Ao gileuzi5eiy nanenav 9 uaz & polymorphism 1ilu /T

10 Ao gileuzi5eeiy nanena 10 uaz & polymorphism 1ilu /T



A1519 1 Haagln3vh PCR-RFLP w84 GSTP1 exon 5 Tudrededilouzi3esdu - 52)

Sample PCR-RFLP Sample PCR-RFLP
result result

Tl AA T29

T2 A/A T30

T3 AA T31

T4 A/A T32

T5 G/A T33 A/A
T6 G/A T34 AA
T7 AIA T35 AA
T8 A/A T36 A/A
T9 A/A 1B A/A
T10 A/A T38 AA
T11 A/A T39 AA
T12 A/A T40 AA
T13 A/A T41 AA
T14 A/A T42 A/A
T15 A/A T43 AA
T16 A/A T44 G/A
T17 AA T45 GA
T18 AA T46 AA
T19 - T47 G/A
T20 - T48

T21 - T49

T22 - T50 AA
T23 - T51 GA
T24 - T52 G/A
T25

T26

T27

T28

Remark: Wild type (A/A), Heterozygous (G/A), -=Not detected



A3 2 Haagn13vin PCR-RFLP w03 GSTP1 exon 5 lugagnanguauilni m-62)

Sample PCR-RFLP Sample PCR-RFLP

result result
Cl GA C33 GA
C2 AJA C34 GA
C3 AA C35 AA
C4 A/A C36 AA
C5 A/A C37 A/A
C6 A/A C38 GA
Cc7 A/A C39 AA
C8 A/A C40 AA
C9 GA C41 GA
C10 A/A C42 GA
Cl1 A/A C43 AA
C12 GA C44 AA
C13 A/A C45 AA
Cl4 A/A C46 AA
C15 A/A C47 GA
Cl16 A/A C48 A/A
C17 Y, C49 GA
C18 AA C50 A/A
C19 Cs1 A/A
C20 C52 GA
C21 Cs3 GA
C22 Cs4 A/A
C23 Cs5 A/A
C24 Cs6 GA
C25 C57 GA
C26 Cs8 AA
C27 C59 A/A
C28 C60 A/A
C29 GA Col A/A
C30 A/A C62 A/A
C31 GA

13



| C32 | GA | | \

A1519 3 Haagln3vi1 PCR-RFLP w84 GSTP1 exon 6 Tudiedsdilouzi3sdu - 52)

Sample PCR-RFLP Sample PCR-RFLP
result result
Tl CT T29 C/C
T2 - T30 CC
T3 - T31 C/C
T4 - T32 CcC
TS - T33 CT
T6 - T34 CT
T7 CT T35 C/T
T8 CT 136 CT
T9 CT T37 CT
T10 CT T38 CT
T11 CT T39 CT
TI12 CC T40 CT
T13 CT T41 CT
T14 CT T42 CT
T15 CT T43 CT
T16 CT T44 CT
T17 CT T45 CT
T18 CT T46 CT
T19 CT T47 CT
T20 CT T48 CT
T21 CT T49 CT
T22 CC T50 CT
T23 C/IC T51 C/T
T24 CC T52 CC
T25 CC
T26 CC
T27 CC
T28 CC

Remark: Wild type (C/C), Heterozygous (C/T), -=Not detected



A3 4 Haagn13vin PCR-RFLP w03 GSTP1 exon 6 Tudieganguauilng m-62)

Sample | PCRRFLPresult | Sample | PCRRFLP result
Cl 33 CC
C2 C34 CC
3 C35 CC
C4 C36 CC
Cs C37 cC
C6 C38 CC
C7 cC C39 cC
Cs8 C40 CC
9 CC C41 CC
C10 C42 CC
Cll C43 cC
C12 Ca4 CC
CI3 cC C45 CC
Cl4 CC C46 CC
CI5 C47 CC
Cl6 C48 CC
C17 CC C49 CC
C18 C50 CiC
C19 CC Cs1 CC
C20 CC C52 CC
C21 CC C53 CC
C22 cC C54 CcC
C23 cC Cs5 cC
C24 cC C56 CC
C25 cC C57 cC
C26 cC C58 cC
C27 CC C59 CC
C28 cC C60 CC
C29 CC C61 CC
C30 cC C62 cC
C31 CC
C32 CC

15
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a Y
mM3nIIsHUDla

[ [ J 1 1 1 1 a
mMsmanuduiuSsznIauiaInmatevesdu GSTP1 unguiiheuaznguanilng
TaglHana Chi-Square Test 91nA15199 5 wu ludianuuanaenuszninnguitheuazngy
a 1 1 1 [} v 4 1 [
ALNA (A1 P =>0.05) 91AIANNHAINKA1UDITU GSTP1 exon 5 HANUANNTUNUFTIZHINAIAY
% 1 1 [ a [ 4 [ [ o 4
WaINNAWUBIOU GSTPI exon 6 NUNguAileuaznguaulng (A1 P =0.000) tenimanudunus
' . 3 1 ~ 3 o A ' I 3 o
910A1 Odds ratio NWLIIANNHAINHA1BUBIY GSTP1 exon 6 11 UiTadenFeanon15iluuzi5981 (OR

—4.4) §8

M35190 5 HAAIAIAINNAINTAIUDIBY GSTPI exon 5 11aZ exon 6 YoIRL LA NgUAULNA

EXONS EXON6
GSTP1 status Control HCC Control HCC
Wild type 35 67.3%) 29 80.6%) 49 (100%) 10 22.7%)
Mutant 17 32.7%) 7 19.4%) 0 (0.0%) 34 (77.3%)
Total 52 36 49 44
Odds ratio, 0.50 (0.18-1.36) 440 2.55-7.59)

95%CD

P-Value 0.170 0.000+
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@ 4 ' @ a 1 S o
ﬂTﬁWWﬂ'313JﬁﬂJW1!‘5531’1']1\1ﬂ?WNWﬁWﬂWﬁWﬂﬂl@qu GSTP1 ﬂUWﬂW‘ﬁﬁﬂWWﬂl@ﬂéﬂ?ﬂM%!iﬂﬁU
v o 1 @ o ad =~ o a PAl <
W'lﬂ'ﬂiJﬁiJWH‘ﬁigW’)'l\?ﬂ'ﬂiJ!LﬂiWL!ﬂlﬂﬂ%1u3uﬂ;ﬂﬂ!@ulﬂﬂl@ﬂﬂuﬂﬂ‘wﬂ1ﬁﬁﬂ1WﬂlfJ\iﬂﬂ'§ﬂM$!i\1
o P Y < Y aa . v o J '
Al Ulﬂllﬂ 91g, VHTIAVNNDUNTLIN, Iﬂfﬂ%ﬂﬂﬂ chi-square test HAZHIANNFUWUTTZHINANNLYS
Y an

&% o < @ 1 U . .
AUYDITIUIUYARIDUIDUDIBULAZ ONTINT0g50Av0K1I 10 Tae lFana Kaplan-Meier Survival Tun1s

a J a1 ' 1A v o Jo v v o w
’J!ﬂﬂ%‘l’i"lglj’é)igﬁ Taeiin1 P-value ﬁ,’ﬂﬁlﬂ’ﬂ 0.05 ?ia%ﬁmmmmﬁuwuﬁﬂuamaﬁu&lmﬂtg

{ Al 3 o
M13197 6 naatoyailsz IagTheuzi5 ey

Tumor Survival
sample | Gender | Age | Histological Size (weeks)
Tl M 68 PD 33 944
T2 M 55 MD 5 2019
T3 M 58 MD 16.5 389
T4 M 55 PD 8.7 1854
T5 M 71 MD 125 673
T6 F 34 MD 5.6 29.0
T7 M 47 MD 17 393
T8 M 74 MD 3 184.1
T9 M 61 WD 28 164.6
T10 M 31 MD 85 1613
T11 F 44 MD 18 333
T12 F 37 WD 103 149.7
T13 M 64 MD 125 186.0
T14 M 57 MD 2 2451
T15 F 50 MD 151 60.6
T16 F 50 MD 43 121.0
T17 M 57 MD 11 1199
T18 M 37 MD 3 937
T19 M 53 WD 28 165.6
T20 M 43 PD 157 499
T21 M 58 MD 32 86.4
T22 F 53 unknown 874
T23 F 57 MD 34 84.7
T24 F 54 MD 13 79.0
T25 76.6
T26 M 51 MD 3.1 757
T27 M 51 WD 14 71.6




T28 F 69 WD ) 469
T29 M 57 MD 35 48.0
T30 M 3 Alive
T31 M 79 MD 35 Alive
T32 M 53 MD 3 Alive
T33 M 39 unknown 9 102.86
T34 F 54 unknown 6 18.86
T35 M 39 unknown 9 102.86
T36 M 57 MD 11 1082014
T37 M 47 MD 4

T38 M 43 MD 11 1.29
T39 F 39 MD 10 1002014
T40 M 51 unknown 6 9.14
T41 M 63 unknown 6 >11528
T42 M 57 unknown diS 14
T43 M 33 unknown 5 2171
T44 M 55 unknown 6 23.14
T45 M 64 unknown 15 >85.71
T46 M 38 unknown 20 92014
T47 M 62 unknown 5 >84.71
T48 F 59 unknown 3 >8542
T49 M 55 unknown 10 >42.14
T50 M 47 unknown 15 15.71
T51 M 75 unknown 7 5843
T52 M 42 PD 7 >30042
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o 4 1 @ a
ﬂ1§1’i1ﬂ’ﬂﬂJﬁ3\lW1ﬁi§$1’i31Qﬂ31ilﬁﬁ1ﬂﬂﬁ'lﬂellﬂﬂau GSTP1 exon 5 1A% exon 6 NUNIITTNIN

' U 3 o aa a J '
auaveriheuzii iy Tael9a0a Chi-Square Test Tumsnsizideyaningile Taslddoyasn

J v o

~ I a 1 Y 1 9 1 =] = =
A1TNN 6 L‘ﬂ‘Llfﬂi'Jlﬂ51$1/iﬂ'J'liJﬁllWH‘ﬁigﬂ’JN@ﬂ’Jﬂ‘iQﬂi’lﬁl Tﬂﬂfﬂ P-value 488171 0.05 33900

v % v J 1

ANUFURUE N Hog T Tad IR INHAMTHIANNFURUTHUIIANUNRAINHA10UD90U GSTP1 exon 5

g

o w a

Y (=} [ v 7 1 A v A o a 9 1 Y 1 [

GU?NE‘]J’JElhlllilﬂ’NiJﬁﬁJWl!ﬁ’é]ElNiJuEJﬁ'WﬂﬂJﬂN’dﬂ@]ﬂ“]JWEITﬁﬁﬂWWﬂWUG]NG]"U’ENQTJ’JEJ (M P >0.05) A4
A § o v 1 @ 1

e 1ua15199 7 i AInuaNua Ui s 52 HINANNHAINHA 188981 GSTP1 exon 6 ﬂ‘]JWi}ﬂ’JEJLWﬁ

18 (A1 P=0.15) aauandlua1s1an 8

{ v o J ' = @ a U <
Gni'l\?‘ﬁ 7 UEAAIANVUAUNUDTTIENINANUH NN A8UDIYY GSTP1 exon 5 ﬂ‘UWEJTﬁﬁﬂWW"U@QN:I‘l]’JEIM&‘iQ

GSTP1 status

Wild type  Mutant P-value
Parameter AA AG
Nn(%) Nn(%)
Stage 0.356
LI 18 (78) 2
111 2@® INE))
Tumor size 0.566
<3 413 0
>3 25 69) 718
Differentiation 0485
WD 29 0O
MD 16 68.5) 209
PD 29 145
Sex 1.000
F 6 (17 12
M 23 64 617
Age 0674
<50 13 36) 26

>50 16 44) 5d4
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. v 1 @ a U <
A15197 8 LAAIAIF IS 32 HINAINNAINTABYBIOU GSTPI exon 6 NUWNTan YD) I8zI5q

(Z

Al

GSTP1 status
Wild type  Mutant P-value
Parameter ccC or ssignificant
Nn(%) n(%)
Stage 0574
I+11 725 17 61
I 2 2
Tumor size 0.624
<3 25 5d2)
>3 716) 29 67
Differentiation 0.070
WD 3dDh 1@
MD 4 (16 16 (53)
PD 28 2®
Sex 0.015+
F 6 (14) 6 (14)
M 49 28 63)
Age 0452
<50 25 13 30
>50 8 (18) 21 @7

MIMIANUFUNUTIZHINTEHINANNHAINTAVI0U GSTP1 exon 5 AL exon 6 AUOAT
1 Y Y aa . . Y Y ~ 1A
M30830Av03K1 18 1neleana Kaplan-Meier Survival 1agl4903ya91n1013190 6 Wu18U GSTP1
= = =K A [ A [ o o =
exon 5 1A P-value 0.091 11ag GSTP1 exon 6 A1 P-value 0.833 94001 ITANNFUNUTYDIY

GSTP1 fudasIMsogsoavesdileauaaalugln s uaz 6



3

1

=
N

5 HAAIMIANUFNIUTIZHINANNAINNA1BYBITYU GSTP1 exon 5 NUBATINITOYTOAUD

Cum Survival

Wjﬂ 10laelFa0n Kaplan-Meier Survival

Survival Functions

1.0
L‘ Wild type

0.5 S~ T
| |

| Mutant =
0.4+

P=0.091 |
0.2 i

|
0.0
L) ] L] L) 1 T
500 1000 1500 2000 2500 3000

Weeksss
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1

=
N

6 HEAAIMIANUFNIUTIZHINANNNAINNA1BYBITU GSTP1 exon 5 NUATINITOYTOAUD

Cum Survival

Nilﬂ 10laelFa0n Kaplan-Meier Survival

Survival Functions
107l Tttt
Wild type
I‘H 1
0.8 & F AN
Mutant
0.6+ %
0.4+ |
P=0.833 |
0.2+
|
|
0.0
T T T T T T T
0 500 1000 1500 2000 2500 3000

Weeksss
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~
Unns

agy envseuazdorauonus

a Y
a31l ensreuaz oo

4 . 3 A A 9 o ax Y
1oy laya Glutathione S-transferase (GSTs) Wueu lainMervean U IUsaTUNI1IAIY
o @ o w a J o 4 1
Biotransformation ﬁumumamnﬂuﬂizmumimwmiwmmzﬂﬂﬂmwaamﬂmgwu‘ﬁmmmiﬂa
< o v o q Y ¥ Aaa g 2y sl = o '
SRR 14mmﬂﬂauj},mﬁumwﬂﬂw”lﬂmi°n:uwyuasrmuazazmam”lﬂmlumgﬂwaaﬂmﬂimmﬂ
3 a 1 o <3 4 .
Ta418 tagmInanNUMAINa18YIBY GSTP1 UNANITENUAN5111911001 193 Glutathione S-
o Y J o Aa T Y

transferase ﬂﬂmmaagﬂﬂmwmﬂmiwquq”l@ (14)

UM IANHINEUNINUNANNHAINYA18UDIOU GSTP exon 5 HKar 1HNaaNMTeIR0NS
I S o 1 = 2’, dy 1 1 [ =
FuTsauziFaau(1s, 16) ua lumsAnEIATIH IUNUANUUANANTLHINANUHAINNABUDITY GSTP

o Y A I . Y1
exon 5 NUN 28713 v wild type genotype Ile105/1le105 tha & W Ureuvy heterozygous genotype
Te105/Vall05 (P = 0.170) 1agHUAIAIUITEI OR = 0.05 LANAUNWUIIANNHAINHA18U039T1 GSTP
exon 6 KUY wild type genotype (Alal14/Alal 14)uaz;§’ﬂammu heterozygous genotype Alal14/Valll4

= o Y a d' [ 3 < % a o Y o 4
(P = 0.00) a1 1¥inanudeanon15iu 15ANZ5301 (OR = 4.40) 31NAITAATIEHANNTUNUT
1 a 1 1 < o [

32119 ANUNAINHA18UDI81 GSTP uazwm‘ﬁﬁﬂ1wﬁ’mmmmaqﬁﬂaﬂmmmwamiﬁﬂmwmw

9 a [

o v J l L] a
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Abstract

Introduction: Hepatocellular carcinoma (HCC) is the fifth
most common malignancy and the fourth leading cause of
cancer-related deaths worldwide. HCC cases are two to four
times more common in males than in females, and the high-
est incidence is found in Asia and Sub-Saharan Africa. This
gender disparity is the result of different behavioral risk fac-
tors, such as smoking and drinking alcohol. Glutathione
S-Transferase P1 (GSTP1) is an enzyme that is involved in the
detoxification of carcinogenic electrophiles. GSTP1 codon
105in exon 5 and codon 114 in exon 6 polymorphisms result
in decreased enzyme detoxification activity, which is the
cause of many cancers. Objectives: This study aims to inves-
tigate the associations between GSTP1 polymorphism, HCC
patients, and the risk factors for HCC. It is hoped that this re-
search will provide useful knowledge on the effects of ge-
netic GSTP1 polymorphism in Thai HCC patients. Methods:
DNA from 44 Thai HCC patients and 52 healthy controls was
analyzed for GSTP1 exon 5 and exon 6 polymorphisms by

PCR-RFLP. The associations between GSTP1 polymorphism,
the control group, and clinicopathological parameters were
determined. Results: The results show that GSTP1 exon 6
polymorphism genotypes (C/T) were correlated with an in-
creased risk of HCC susceptibility (OR = 4.40). Moreover,
exon 6 polymorphism genotypes (C/T) were associated with
the gender of patients (p = 0.015), but no relationships were
found between GSTP1 exon 5 polymorphism and the clini-
copathological data of patients. Conclusions: The results
suggest that the GSTP1 exon 6 polymorphism genotype was
associated with an increase in the risk of HCC in male pa-
tients and that it tended to be related to cancer differentia-
tion. No association was found between GSTP1 exon 5 poly-
morphism and the risk of HCC. ©2020 5. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is the fifth most
common malignancy in the world and the fourth leading
cause of cancer-related deaths worldwide [1]. The risk
factors for HCC include chronic hepatitis virus infec-
tions, cirrhosis, alcohol, nonalcoholic fatty liver disease,
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smoking, and consuming food contaminated with afla-
toxin [2, 3]. HCC is two to four times more likely to be
found in males than females, and the highest incidence is
found in Asia and Sub-Saharan Africa [4, 5]. In Thailand,
HCCis the leading cause of cancer in males, and the third
leading cause of cancer in females [6]. This gender dispar-
ity is the result of differences in behavioral risk factors,
such as smoking and drinking alcohol [7].

Glutathione S-Transferase P1 (GSTP1) is an enzyme
located on chromosome 11q13 that is involved in the de-
toxification of carcinogenic electrophiles. Research
showed that GSTP1 genetic polymorphism results in de-
creased enzyme detoxification activity, which is the cause
of many cancers. Prior studies also found that the poly-
morphism at codon 105 in exon 5 results in a substitution
of isoleucine for valine [8], and codon 114 in exon 6
causes the substitution of alanine for valine [9]. The
GSTP1 polymorphism at codon 105 may be associated
with susceptibility to breast cancer [10], and codon 114
may be associated with lung cancer [11]. In Thailand, re-
cent research showed that GSTP1 polymorphism was re-
lated to cancer progression in breast cancer patients [12].

PCR-RFLP was used to analyze the genetic polymor-
phism of GSTP1 in Thai HCC patients and to investigate
the association between GSTP1 polymorphism and the
clinicopathological parameters of HCC patients. The risk
factors were determined by applying binary logistic re-
gression to compare the frequencies of GSTP1 polymor-
phism in the control group and the patients. The survival
status was determined using the Kaplan-Meier survival
curve. Statistical significance was set at p < 0.05. It is
hoped that this research will provide useful knowledge on
the effects of genetic GSTP1 polymorphism in Thai HCC
patients.

Materials and Methods

Sample Collection and DNA Isolation

Forty-four HCC DNA samples were extracted from formalin-
fixed, paraffin-embedded tissues obtained from the National Can-
cer Institute of Thailand. The DNA was collected using the High
Pure PCR Template Preparation Kit (Roche Diagnostics, Germa-
ny) from the peripheral blood of 52 healthy control subjects who
had no history of cancer.

Analysis of the GSTP1 Polymorphism by PCR-RFLP

Gene polymorphisms in GSTP1 exon 5 and exon 6 (rs1695:313
A > G, and rs1138272:341C > T) were analyzed using PCR-RFLP.
For GSTP1 exon 5, the 206-bp amplicon fragment was amplified
using forward primer (5'-GGC TCT ATG GGA AGG ACC AGC-
3') and reverse primer (5'-AAG GGG TCA GCC CAA GCC A-3')
in a final volume of 25 L, consisting of 1.5 mm MgCl,, 0.3 mm of
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each dNTPs, 0.2 pm of each primer, 2.5 U Taqg DNA polymerase
(PL1202; Vivantis Technologies Sdn. Bhd., Selangor Darul Ehsan,
Malaysia) in PCR buffer containing 500 mm KCl, 100 mm Tris-
HCI (pH 9.1) and 0.1% Triton™ X-100, and DNA template 100 ng.
The thermal cycling conditions were initial denaturation at 94°C
for 2 min, followed by 35 cycles of amplification as follows: a de-
naturing step at 94°C for 5 s, a primer annealing step at 60°C for
5 s, then an extension step at 72°C for 15 s, and a final extension
step was done at 72°C for 5 min. For GSTP1 exon 6, the 280-bp
amplicon fragment was amplified using forward primer (5'-GCA
GAG GAG AAT CTG GGA CTC T-3") and reverse primer (5'-
GGC TCA CAC CTG TGT CCA TCT G-3) in a final volume of
25 pL, consisting of 1.5 mm MgCl,, 0.3 mm of each dNTPs, 0.2 um
of each primer, 2.5 U Taq DNA polymerase (PL1202; Vivantis
Technologies Sdn. Bhd., Selangor Darul Ehsan, Malaysia) in PCR
buffer containing 500 mm KCI, 100 mm Tris-HCI (pH 9.1) and
0.1% Triton™ X-100, and DNA template 100 ng. The thermal cy-
cling conditions were initial denaturation at 95°C for 2 min, fol-
lowed by 35 cycles of amplification as follows: a denaturing step at
95°C for 30 s, a primer annealing step at 67°C for 30 s, then an
extension step at 72°C for 30 s, and a final extension step was done
at 72°C for 5 min.

The amplicon polymorphism fragments of GSTP1 exon 5 and
exon 6 were analyzed by digesting with BsmAI (R0529; New Eng-
land Biolabs, Ipswich, MA, USA) and Acil (R0551; New England
Biolabs, Ipswich, MA, USA), respectively. For GSTP1 exon 5 poly-
morphism, homozygous A/A (wild type) individuals had a single
fragment length of 206 bp, heterozygous A/G individuals had
three fragments of 206, 120, and 86 bp and homozygous G/G in-
dividuals had two fragments of 120 and 86 bp. For GSTP1 exon 6
polymorphism, homozygous C/C (wild type) individuals had two
fragments of 170 and 110 bp, heterozygous C/T individuals had
three fragments of 280, 170, and 110 bp, and homozygous T/T
individuals had a single fragment of 280 bp. All the PCR-RFLP
reaction products were analyzed using 2% agarose gel electropho-
resis.

Statistical Analysis

The GSTP1 genotype frequencies of the control group and pa-
tients were compared using the x* test. The association between the
control genotype and the disease was evaluated using binary logis-
tic regression. The relationship between the clinicopathological
parameters of the patients and the GSTP1 polymorphism was de-
termined using the x* test. Survival status was determined using
the Kaplan-Meier survival method and the log-rank test. A p value
lower than 0.05 was considered statistically significant.

Results

The Relationship between the GSTP1 Polymorphism

Frequencies of the Control Group and the Patients

The GSTP1 genetic polymorphism was analyzed using
the PCR-RFLP technique. The overall mutant exon 5
(A/G) and exon 6 (C/T) frequencies of the control sam-
ples were 32.7 and 0.00%, respectively, and those of the
patients were 19.4 and 77.3%, respectively. After analysis
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Table 1. GSTPI polymorphism status in

hepatocellular carcinoma (HCC) patients GSTPI status Enn Cena o

and the control group control HCC control HCC
Wild type 35 (67.3%) 29 (80.6%) 49 (100%) 10 (22.7%)
Mutant 17 (32.7%) 7 (19.4%) 0 (0.0%) 34 (77.3%)
Total 52 36 49 44
0dds ratio (95% CI) 0.50 (0.18-1.36) 4.40 (2.55-7.59)
p value 0.170 0.000*

* Significant.

Table 2. GSTP1 Exon 5 polymorphism status and clinicopatho-
logical parameters of hepatocellular carcinoma patients

Table 3. GSTP1 Exon 6 polymorphism status and clinicopatho-
logical parameters of hepatocellular carcinoma patients

Parameter GSTPI status pvalue  Parameter GSTPI status p value*
wild-type A/A, mutant A/G, wild-type C/C, mutant C/T,
n (%) n (%) n (%) n (%)
Stage 0.356 Stage 0.574
I+1I 18 (78) 2(8) I+1I 7 (25) 17 (61)
I 2(8) 1(4) 111 2(7) 2(7)
Tumor size 0.566 Tumor size 0.624
<3cm 4(13) 0 (0) <3cm 2(5) 5(12)
>3 cm 25 (69) 7 (18) >3 cm 7 (16) 29 (67)
Differentiation 0.485 Differentiation 0.070
WD 2(9) 0(0) WD 3(11) 1(4)
MD 16 (68.5) 2(9) MD 4(16) 16 (53)
PD 2(9) 1(4.5) PD 2(8) 2(8)
Sex 1.000 Sex 0.015*
Female 6(17) 1(2) Female 6 (14) 6 (14)
Male 23 (64) 6(17) Male 4(9) 28 (63)
Age 0.674 Age 0.452
<50 years 13 (36) 2 (6) <50 years 2 (5) 13 (30)
>50 years 16 (44) 5(14) >50 years 8(18) 21 (47)

WD, well differentiated; MD, moderately differentiated; PD,
poorly differentiated.

WD, well differentiated; MD, moderately differentiated; PD,
poorly differentiated. * Significant.

using the X2 test, there were no differences between the
control group and the patients in GSTP1 exon 5 (p =
0.05), but the data showed a statistical difference in GSTP1
exon 6 (p = 0.00).

Only GSTP1 exon 6 polymorphism (C/T) was shown
to be associated with a high risk of hepatocellular carci-
nogenesis (OR =4.40). While the GSTP1 exon 5 polymor-
phism (A/G) was not related to the risk factors for HCC
(OR = 0.50), the data are summarized in Table 1.

GSTP1 Polymorphism on Exon 6 and
Risk of HCC in Thai Male Patients

Statistical Analysis of GSTP1 Frequencies and the

Clinicopathological Parameters of the Patients

The relationship between the clinicopathological pa-
rameters of the HCC patients and GSTP1 polymorphisms
was observed, as shown in Tables 2 and 3. The GSTP1
exon 5 genotype showed no significant difference in stage,
size of tumor, differentiation, gender, and the patients’
age at diagnosis (p > 0.05). Recently, the GSTP1 exon 6
genotype was found to be correlated with male patients
(p=0.015), and it tended to be associated with cancer dif-
ferentiation (p = 0.070).

Oncology 2020;98:243-247
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Fig. 1. Kaplan-Meier survival curve for the patients with hepato-
cellular carcinoma according to GSTP1 exon 5 polymorphisms.

Survival of Patients with GSTP1 Polymorphisms

The survival analysis showed that there was no asso-
ciation between GSTP1 polymorphism and patient sur-
vival (Fig. 1 and 2, p = 0.091 and 0.833, respectively).

Discussion/Conclusion

The GSTP1 gene was involved in the detoxification of
carcinogenic electrophiles and genetic polymorphism led
to a loss of enzyme catalytic activity, resulting in an in-
crease in harm to the cell or DNA from various toxic
agents [13]. Previous studies have indicated that GSTP1
exon 5 polymorphism increased the risk of hepatocellular
carcinogenesis [14, 15]. Conversely, the results of our
study found no significant difference between the control
group and Thai HCC patients with wild-type Ile105/
Ile105 and heterozygous genotype Ile105/Vall05 (p =
0.170) and the risk of HCC (OR = 0.50). However, we
found a relationship between the wild-type Alall4/
Alal14 and heterozygous genotype Alal14/Valll4 (p =
0.00) that increased the risk for HCC (OR = 4.40). We
analyzed the relationship between GSTP1 polymorphism
and the clinicopathological parameters; the results
showed that the GSTP1 exon 6 mutant genotype was as-
sociated with the gender of patients (p = 0.015). The fre-
quency of mutant genotype in male patients was higher
than in female patients (male 63%, female 14%).
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Fig. 2. Kaplan-Meier survival curve for the patients with hepato-
cellular carcinoma according to GSTP1 exon 6 polymorphisms.

Males are more likely to develop chronic hepatitis, cir-
rhosis, and HCC from the hepatitis virus than females be-
cause the effect of the estrogen hormone decreases hepatic
inflammation and viral production [16, 17]. However, HCC
was found in males two to four times more often than in fe-
males due to behavioral risk factors such as smoking and
alcohol consumption. Smoking and alcohol use are more
common in males than in females [7, 18] damaging the liver
tissue and DNA structure by oxidative stress and inflamma-
tion. It is already known that oxidative stress is correlated
with the pathogenesis of HCC. Oxidative stress is an oxida-
tion process that occurs after the body has been exposed to
harmful factors, which produces excess reactive oxygen spe-
cies. Glutathione S-transferases, especially in GSTP1, are in-
volved in the reactive oxygen species detoxification pathway
[19]. Previous research noted the correlation between
GSTP1 and oxidative stress in HCC. The results showed that
a decrease in the GSTP1 expression might elevate oxidative
stress and promote hepatocellular carcinogenesis [20].

Research into the relationship between GSTP1 exon 6
polymorphism and overall cancer risk has been limited.
Previous studies only identified an association with lung
cancer susceptibility [21]. This research is the first to pro-
vide data on the effects of GSTP1 polymorphism risks for
HCCin Thailand. We found that GSTP1 exon 6 polymor-
phism was related to an increased risk of hepatocellular
carcinogenesis, and it tended to be related to cancer dif-
ferentiation.
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In conclusion, we found that GSTP1 exon 6 polymor-
phism was associated with an increased risk for HCC in
male patients, and it tended to be related to cancer differ-
entiation. However, no association was found between
GSTP1 exon 5 polymorphism and the risk for HCC.
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