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Abstract

Background: Glutathione S-transferases (GSTs) have proved to be involved in the detoxifying several carcinogens and may
play an important role in carcinogenesis of cancer. Previous studies on the association between Glutathione S-transferase T1
(GSTTT) polymorphism and gastric cancer risk reported inconclusive results. To clarify the possible association, we
conducted a meta-analysis of eligible studies.

Methods: We searched in the Pubmed, Embase, and Wangfang Medicine databases for studies assessing the association
between GSTT1 null genotype and gastric cancer risk. The pooled odds ratio (OR) and its 95% confidence interval (95%Cl)
was calculated to assess the strength of the association. A total of 48 studies with a total of 24,440 individuals were
ultimately eligible for meta-analysis.

Results: Overall, GSTTT null genotype was significantly associated with increased risk of gastric cancer (Random-effect
OR=1.23, 95%Cl 1.13-1.35, P g <0.001, I*=45.5%). Significant association was also found in Caucasians, East Asians, and
Indians (P caucasians =0.010; P East asians = 0.003; P ngians = 0.017). After adjusting for other confounding variables, GSTTT null
genotype was also significantly associated with increased risk of gastric cancer (Random-effect OR = 1.43, 95%CI 1.20-1.71, P
or <0.001, I”=48.1%).

Conclusion: The meta-analysis provides strong evidence for the significant association between GSTTT null genotype and

increased risk of gastric cancer.
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Introduction

Gastric cancer is the second most frequent cause of cancer death
worldwide, and the global burden of gastric cancer continues to
increase largely in economically developing countries [1,2].
Though there are many achievements in the treatment of gastric
cancer in terms of the combined therapy, novel anti-tumor agents
and personalized treatments the, the survival of gastric cancer
patients is still poor [3,4]. Currently, the prevention intervention is
regarded as the best option to reduce the high rated of gastric
cancer mortality. Effective prevention strategies should be based
on specific risk profiles of gastric cancer, including Helicobacter
pylori, environmental factors, and the host genetic polymorphisms
[2]. In addition, genetic susceptibility to gastric cancer has been a
research focus, and identifications of risk factors for gastric cancer
are important for us to understand the biology of gastric
carcinogenesis and develop some effective interventions. Glutathi-
one S-transferases (GSTs) have proved to be involved in the
detoxifying several carcinogens and may play an important role in
carcinogenesis of cancer [5-7]. The theta class of GSTs is encoded
by the Glutathione S-transferase T1 (GSTT1) gene located on the

PLOS ONE | www.plosone.org

long arm of chromosome 22 (22q11.23), and the homozygous
deletion (null genotype) of GSTT1 gene causes complete absence of
GST enzymes activity [8]. Previous studies on the association
between Glutathione S-transferase T1 (GSTT1) polymorphism
and gastric cancer risk reported inconclusive results [9-48]. To
clarify the possible association, we conducted a meta-analysis of
eligible studies by searching three electronic databases.

Methods

Identification of Eligible Studies

We searched in the Pubmed, Embase, and Wangfang Medicine
databases for studies assessing the association between GS777 null
genotype and gastric cancer risk. The literature strategy used the
following keywords: (“Glutathione S-transferase 117, “GSTTI” or
“GSTT”) and (“gastric cancer”, “gastric carcinoma”, “stomach
cancer” or “‘stomach carcinoma”). The references of the retrieved
articles were also hand searched at the same time to identify
additional published articles. The references of eligible studies and
relevant reviews were also checked for other literature not indexed

April 2013 | Volume 8 | Issue 4 | 60833



GSTT1 and Gastric Cancer Risk

¥ dDd xo|dnny "SUON sjosuod Ayyesy pue pajeanun ool sjuaned Jadued duiseb pareLiun 97 suelpu| elpu| [L¥] (8007) 1yyedu)
‘siouop
poojq Ayyeay syl woiy pa1d3|as Ajwopuel JERII-5]
[ ¥Dd xo|diyny 's1012€) XS Y10 J0j parsnipy  S|oJauod paydlew-Aduanbaiy abe pue xas pE|  duiseb yum sased pawyuod Ajjedibojoisly ¢6 sueiseone) uel| [92] (6007) Ipnosepy
'sIouop Pooj|q pue ‘saluld
/[ ¥Dd xo|diynyy abe pue xas 1oy paisnfpy  udnedino Huipualie syuaned Jadued-UOU /(] syuaned Jasued duiseb pajeaiun £o| sueijseone) uew(Q [0l] (6007) HYPUNOW-IY
J3dUed dLISeb Yyum sased
£ YDd x3(dniny abe pue 1apuab oy parsnipy $|013u0d Ayyeay pue pajeaiiun Sel pawuyuod Ajjeaibojolsty pajeanun goL suelpuj elpu| [¥2] (6002) Aiew
JUSWIINIDAI 1B 9DUSPISAI JO pooyioqybiau pue
U0I1123][0> UsWID3dsoIq JO 31ep ‘yYuiqg Jo a1ep
9  sAesse uepbe] "9UON Kqg 9se> Xapul 9Y3 01 PaYdleW S|OIIU0D GE/ S95BD J9dURD dUISeb JusapIdUl ZLE suelsy 1se3 eulyd [£2] (600T) Ao
uonnguisip xas pue abe J30ued ouseb yum syusned
[ ¥Dd xo|diynyy abe pue xas 1o} paisnlpy UO paydleW SIPIMS DAIIRU 44-19dUBD O/ ysIpams aAneu pasoubelp Amau 71 sueiseone)  UIpams [£¥] (600T) |9pYyapUaZ
Apnis adusdjenald
[/ sKesse uepbe] ‘SUON aseasig ploiAyL ay3 ul syueddiued 6691 sased Jadued dulseb pasoubelp Aimau €17z suelsy ise3 e3.0Y| [€€] (6007) oeld
‘Bupjows uaund pue ‘Bupjuup sased
S 4Dd x3adinpy 1ua1nd ‘19pusb ‘abeioy paisnipy syuaned Jadued-uou QL Jadued duyseb pauyuod [ed160j01sIy 65 suelsy 3se3  WeuldlA [0€] (0L07) USANBN
syuaned
9 Y¥dd xadnniy "SUON s|o3u0d Auyyjeay 8yg J30ued duiseb paunyuod Ajjesibojoisty ¢Le sueiseone) Aley [L€] (0L07) !lled
|lendsoy aya
‘UoI1RISPISUOD JBpUN 03 sjuaned ayy buikuedwodde asom oym J9dued duyseb
9 ¥Dd x3[dNy  S3|GeUEA XSl JaY1O || yum palsnipy slenpiaipur Ayyeay Areyunjoa pajejaiun 07 Yum sased pawuod Ajjesibojoisiy €€l sueipu] elpuj [9v] (0L0T) Aepej
$95BD J9dURD DlISeH pawluod
9 Ydod xo|diyny 9UON S|0J3U0D J9DUBD-UOU 58S |es160]03s1y pue pasoubelp Aimau 585 suelsy 1se3 eulyd [09] (L1L0T) 11
'99.4-9se3sIp |edibojoleway pue Jadued duyseb
S 4Dd x3adinpy "9UON -195Ued B4R oYM S|0U0D AYleay 671 yum syuaned pawiyuod Ajjesibojoyied €71 suelsy 1seg eulyd [€27] (1107) on7
‘uondajul LojAd H uoneuiwexa |edisAyd
pue £103s1y Jadued Ajlwey ‘Gupjows aunnoi Joy |eydsoy Bunisia sjenpiAlpul S958D J9dURD
9 dd1D-4Dd ‘Bupjuup ‘abe ‘xas 10} paisnlpy y1/eay woJ) palinIdal S|0IIU0D 9E ou1seb pawyuod [ed160|01sIY 161 suelsy 1se3j eulyd [8%] (LL0Z) Bueyz
$]0JJU0D paydlew Jadued duyseb
S Y¥Dd xodniny '9UON Ajjedes pue Ajjesiydesboab Ayyeay og1 pawuyuod Ajjesibojoyled yum siusned |1 suelpuj elpu| [St] (1107) Aepep
J9dued duiseb
¥ 4Dd x3diynyy ‘9UON Aunwwod wouy s1991unjoA Ayleay 68 pawuyuod Ajjeaibojoyled yim siusned gg suelpu| elpu| [ey] (1107) yredup
'92UIPIS3I JO eale pue
obe Japuab Aq paydiew ‘sseasip duiseb
40 K10351Y SNoIA3Id OU YlM SI993UN|OA Jadued duyseb pasoubelp Aimau yum [£1] (z10Q)
[ ¥Dd xo|diynyy "'9UON 99J4-19dUed ‘ueIsedne) ‘ysiueds £G5  siuaned ueiseone) ysiueds SAIINDASUOD ||/ sue|jseone) ureds Z3|eZUOD)-BIDIRD)
X3s pue abe Ag sased ayl yum paydlew
uoladjul HojAd "H pue Bupjows 9J9M pue J21UdD UOIBUIWEXD Y}eay dYy3 ul S9sED J9dUed duIsedb pawlyuod
/ dd1D-42d ‘bunjuup ‘abe ‘xas Joj paisnipy sjuedidiied Jo pa1sISUOD UDIYM S|OIIUOD QL |ea160j01s1y pue pasoubeip Aimau oLt suelsy 1se3 eulyd [0Z] (z10T) Buir
juswIssasse *SPOYIdDN sa|qelen sjonuo) sase) dnoub d1uyig Anunod (1e3 A)10y3ne 3sa14
fyjenp adfjousn  Huipunojuod jennuazod paisnipy

'sisk[eue-e3awW SIY3 Ul saipnis 3|qIbIIS g JO sdlIsiRdRIRYD ‘L d|qeL

April 2013 | Volume 8 | Issue 4 | 60833

PLOS ONE | www.plosone.org



GSTT1 and Gastric Cancer Risk

J9dued duiseb Jo sisoubelp
pawuuod Ajjedibojoyred pue ssdued

S ¥dd xdunpy SUON slenpiapul dauj-19ued Ayijesy £/1 pawasal AAneInd yum syusned o8 suelsy 1sej ealoy [€1] (€007) toyD
‘Bupjows pue J9dued duseb
9  Ydd xo|dnyny ‘Bupjuup “4apusb ‘xas 1oy parsnipy S]0J3U0D paydiew -abe pue -xas 09 YIM Sased pawiyuod Ajeaibojoisiy 09 suelsy 1se3 eulyd [L9] (#00T) uays
WSTRIVVAE]
pue Jspuab ‘abe 03 1adsas yum siuaned
9y3 031 paydiew ‘aseasip duiseb jo Aloisiy Jadued duseb Jo sisoubelp
S 4Dd x3dninpy "3UON snoiAaid ou yum s1993unjon Ayyeay o5l pawuuod Ajjea16ojoisiy yum syusned ool suejseone) 1zeig 1] (?007) oquiojo)
¥ 4Dd xo|diyny "9UON S|0J3U0D [ewlIoUq96 Jadued duiseb yum o SI9YylQ elquiojod [ov] (#007) Sau0L
1nsoubelp 51dodsopus Io (3SesuU0d-3|qnop)
¥ dDd xo|dnny "SUON sAeJ-X AQ pPaWIJUOD S|0JIUOD [BWIOU |G J3dued duIseb yum | SI9Y10 ed1Y e1s0D [8L] (+00T) zo|ezU0D
S YDd dwn-|eay "9UON sjuaned Jadued-uou St J19oued duiseb Jo sased 06 sueisy 1se3 eulyd [¥€] (#007) Y0y
J9dued duiseb
S ¥dd xdunpy "SUON $|0J3u0> paydlew-sbe pue -xas 17| yum sased paunyuod Ajjesibojoisiy Lzt sueisy 1se3 eulyd [6S] (S007) Usys
‘bupjows suosiad Ayyjesy uonewsyuod [ex1bojoisiy pue uonesado Aq
/[ ¥Dd dwn-[eay pue “4apuab ‘xas 1oy paisnlpy Buowe pa123[3s $129(qNS |0JIUOD 0T pasoubelp Jsdued duseb yum syusned o/ sue|jseone) Aoxan [6€] (S007) 1owe]
adfousab yoes pue
Aaisodouss ojAd H ‘@duapisal Kuedsn] jo uonejndod |esauab ay) wouy sjuaned Jsdued
8  ¥Dd xo[dinyy JO eaJe ‘xas ‘abe Joj paisnipy pajdwes Ajwopuel sjosjuod Ayijeay oS ouIseb pawuyuod Ajedibojoisiy G/ | suelseone) Aey [z€] (S002) led
SI9Y1o pue A1olsiy aseasip
yoewols ‘uoidajul LojAd "H ‘swodul Jadued duyseb
8  ddd ‘uoneonpa ‘1spusb ‘abe oy paisnipy s123[gns |011u0d AYyeay Gl YuM sased pasoubelp A|mau 90z suelsy 1se3 eulyd [82] (S002) NW
S ¥d "SUON 'S|0JIUOD P3YDIeW-X3S pue -abe zg9 syuaned Jsoued duiseb |z suelsy 1se3 ©310Y| [62] (S00T) ueN
J195Ued dUIseb yum
9 ¥dd xaduniy "SUON s1a(qns Ayyeay ger 958D PaulIuod A|jedibojolsiy 8ol suelsy 1se3 e3l0y [611 (900¢) buoH
'S|0J3U0D Se papnpul Jadued duiseb yum
S ¥Dd xadninpy ‘9UON 219M s|enplAlpul Ayljeay pue pajejaiun 6z€ S95eD pawlyuod Ajjed1bojolsy /8 sueiseone) ureds [52] (9007) zaunep
S9113UN0D
‘uoldeIIXS POO|q JO dlep uoI199]|0> poojq Jo d1ep pue ‘abe ‘4apuab Jadued duyseb ueadoing
8  Ydd xo|diyny pue ‘491uad ‘abe ‘xas 1oy paisnipy 193uad Aq paydlew s1d3(qns |0UOd ZE6 pasoubeip AiMau Ylm sased Zyg suejseone) oL [6] (9007) opnby
J9dued d1seb asnyip Jo Alosiy J9dued duiseb asnyip dipelods
9 Hdd xadniny X3S pue abe 1o} paisnlpy Ajlwey ou yum siouop ynpe Ayyesy | yum syuaned sanebau-uojAd *H 9z suejseone) Aley [s€] (£00T7) 0zznY
suonnquiIsip xas pue abe
¥ dDd xo|dnny "SUON pa1dadxa 01 paydlew Adusnbaiy sj0U0d 80T syuaned Jaoued duIsedb 9AIINIISUOD GO | sue|jseone) vsn [€¥] (£00T7) HOI9PIM
J9puab pue (s1eak ) abe Joj sased 01 sjuaned Jadued
/[  4Dd x3diynyy Japuab pue abe oy paisnipy paysrew A>uanbauy syuanied 9944-190ued HG7 cuyseb Arewnd 9A1INDSSUOD GO L suelseoned Aley [L1] (£00Z) e1d0g
‘uoljeulwexs [edsAyd
aunnoi Joy eudsoy Bunisia sjenpialpul S9seD J9DUed duIseb pawlyuod
S 4Dd x3adinpy "9UON Y1|esy Wolj palinIdaI 219M S|0JIU0D 001 |ed160j01s1y pue pasoubelp Aimau 0L suelsy 1se3 eulyd [29] (8007) IX
juswssasse *SPOYIDN sa|qeliea sjonuo) sase) dnoub d1uyig Anunod (1e3A)10y3ne 3sa14
fyjenp adfjousn  Buipunojuod jenuaod paysnipy

qu0) L 9jqel

April 2013 | Volume 8 | Issue 4 | 60833

PLOS ONE | www.plosone.org



GSTT1 and Gastric Cancer Risk

100} £€80900 duod|euinof/L £E1"0L:10P

‘(uondeal-uteyd-asesdwAjod awi-[eay ‘Ydd dwil-|eay ‘uondeal-uieyd-asesdwhjod xajdnnpy ‘Ydd xo|dinpy ‘sswudired-omi-bunnuoiuod syl yum uonoeas-uieyd-asesdswA|od ‘dd1d-4dd «)

S 4Dd x3adnnpy "SUON S|enpIAIpUl 934)-130Ued 605 J3oued duseb yum siuaned || sue|seone) N [S1] (9661) unjeaq
sdn-}23yd> yyeay [edipaw Jeinbal Joy sl
G ¥Dd xadnnpy ‘9UON |edIpaw [e>0| PRMSIA peY oym s123[gns 9z | Jaoued duiseb yum syuaned 6€| suelsy 1se3 ueder [1Z] (9661) Yyoiey
“Bunjuup
Joyodje pue ‘uondajul LojAd ‘H
‘9xejul jjes ‘oxelul unyy ‘Bunjows Jadued duseb jo sasoubelp
/[ ¥Dd xo|diyny ‘uonesnps ‘abe ‘xas 10j parsnipy S|enpIAIpUl 93J4-19dued pue Ayiesy gl pawuyuod Ajjesibojoyied yum siusned |g suelsy 1seg eulyd [£€] (0007) uemenss
J3puab pue abe 0y Huipiodde syusned ayy J9dued dseb Arewnd
S 4Dd x3dnnpyy ‘9UON YuM paydiew siouop poojq Ayiesy g pawuyuod Ajjesibojoyied yum siuaned gz suelseoned uel| [9€] (1007) 1epees
J91ued duseb
9  Ydod xo|diynyy "9UON s|enplAIpul 93.4-192ued Ayleay /1y Yim sased pawiyuod Kjesibojoisiy €/ sueisy 1se3 eulyd [8€] (L00T) uemenas
*J92UBd YdeWols
Jo Kio1s1y Ajiwey pue ayejul uniy e1eils Jedk-g
‘Wiey B UO PaAI| sieak ‘9jows 03deqol ul abe Aq pue Japuab Aq sased 03 Jadued duseb
Vi YDd xa|diyny  ‘uonesnps ‘1apusb ‘abe oy paisnipy paya1ew-A>usanbaiy Yyum sjosuod gLy yum pasoubelp Aimau yum sjuaned €67 sueiseone) puejod [z2] (LooT) ueq
abe pue Japuab 11ay) Aq sased
0} paydiew pue ‘uoibai [ediydesboab
S ydd x3dnpy "3UON dwWes 9y} Woly PaldSIAs S|0JIU0D H0L s9sed JIdURD dlIseb dUIPIdUI G sueisy 1se3 eulyd [z1] (L007) 1D
J9dued duseb
S ¥dd xedunpy SUON slenpiapul 9auj-190ued Auyyjeay z99 pawyuod Ajjedibojoisy yum syusned it suelsy jse3 eulyp [9¢] (z007) usys
S 4Dd x3adinpy "9UON sjenpialpul Ayyeay ze J3oued dseb yum syusned ze sueisy ise3 eulyd [85] (2007) busyz
J9dued duIseb
9  YDd xo|dnny "9UON 'S|0J3U0D pPaldayeun g/ pasoubelp A|ed160[01sIYy YuM s9s8D 9G€ suelsy 1se3  uemie] [b¥] (2007) NM
/[ ¥Dd xo|diyny paisnlpe-xas pue aby sjosuod paseg-uoneindod €7z J3dUed Y2eWOIS JO SIsed €61 suelsy ise3 eulyd [91] (z00T) 0eD
J9dued duseb
S ¥Dd X3ldnin SUON s|ouod Ayijeay 95 pawyuod A|jesibojoisly yum syusned 9g suelsy ise3 eulyd [£8] (€002) @A
9 Ydd xo|diyny "9UON s|oJuod paydlew-abe pue -xas 06 J3oued dseb yum syusned o6 suelsy 1se3 eulyd [€9] (€007) ueld
juswissasse *SPOYIdDIN sa|qeLieA s|joa3uod sase) dnoub diuyig £Anunod (1ed A)10y3ne 3sai4
fjendp adfjousn  Huipunojuod jennusnod payrsnipy

qu0) L 9jqel

April 2013 | Volume 8 | Issue 4 | 60833

PLOS ONE | www.plosone.org



GSTT1 and Gastric Cancer Risk

Table 2. Meta-analysis of the association between GSTTT null genotype and gastric cancer risk.

Groups Studies (Subjects) OR (95%Cl) P or Pooled model 12 P q statistic
Total studies 48 (24,440) 1.23(1.13-1.35) <0.001 Random-effect 45.5% <0.001
Adjusted ORs 18 (8,339) 1.43(1.20-1.71) <0.001 Random-effect 48.1% 0.012
Adjusted for H.pylori infection 5 (3,235) 1.70(1.43-2.01) <0.001 Fixed-effect 18.5% 0.297
Caucasians 16 (8,178) 1.30(1.06-1.59) 0.010 Random-effect 61.4% 0.001

East Asians 25 (14,814) 1.16(1.05-1.29) 0.003 Random-effect 38.4% 0.028
Indians 5(1,224) 1.37(1.06-1.77) 0.017 Fixed-effect 0.0% 0.590
Studies with high quality 43 (23,545) 1.23(1.12-1.35) <0.001 Random-effect 49.2% <0.001
Studies with low quality 5 (895) 1.31(0.95-1.80) 0.099 Fixed-effect 0.0% 0.513

doi:10.1371/journal.pone.0060833.t002

into common databases. There was no language restriction
applied in this meta-analysis. The inclusion criteria of eligible
studies were as following: (1) Case-control study; (2) The cases
were patients with histopathologicaly proved gastric cancer; (3)
The controls were gastric cancer-free individuals; (4) Reported the
frequencies of GSTT1 polymorphism in both cases and controls or
the odds ratio (OR) and its 95% confidence interval (95%CI) of
the association between GSTT1 null genotype and gastric cancer
risk. Family-based studies and studies containing overlapping data
were all excluded.

Data Extraction

Relevant data were extracted from all the eligible studies
independently by two reviewers, and disagreements were settled
by discussion and the consensus among all reviewers. The main
data extracted from the eligible studies were as following: the first
author, year of publication, country, ethnicity, characteristics of
cases, characteristics of controls, total numbers of cases and
controls, the genotype frequency of GSTTI polymorphism,
adjusted variables, and adjusted ORs and corresponding
95%Cls. Different ethnicities were mainly categorized as Cauca-
sians, East Asians, Indians, Africans, and Mixed. If a study did not
specify the ethnicity or if it was not possible to separate
participants according to such phenotype, the group was termed
“mixed”. For studies including subjects of different ethnic
populations, data were collected separately whenever possible
and recognized as an independent study.

Quality Assessment

Quality of eligible studies in present meta-analysis was assessed
using the Newcastle Ottawa scale (NOS) as recommended by the
Cochrane Non-Randomized Studies Methods Working Group.
This instrument was developed to assess the quality of non-
randomized studies, specifically cohort and case-control studies
[49]. This scale awards a maximum of nine stars to each study:
four stars for the adequate selection of cases and controls, two stars
for comparability of cases and controls on the basis of the design
and analysis, and three stars for the adequate ascertainment of the
exposure in both the case and control groups. Given the variability
in quality of eligible studies found on our initial literature search,
we considered studies that met 5 or more of the NOS criteria as
high quality.

Statistical Methods

The strength of the association between GS7T77 null genotype
and gastric cancer risk was assessed by calculating the pooled OR

PLOS ONE | www.plosone.org

(GSTT1, Glutathione S-transferase T1; 95%Cl, 95% confidence interval; OR, odds ratio; P or the P value of the pooled OR; P q statistic, the P value of the Q statistic).

with its corresponding 95%CI, and the significance of the pooled
OR was determined by the Z-test. To assess the heterogeneity
among the included studies more precisely, both the chi-square
based Q statistic test (Cochran’s Q) statistic) to test for heteroge-
neity and the I? statistic to quantify the proportion of the total
variation due to heterogeneity were calculated [50,51]. If
obvious heterogeneity existed among those included studies
(P @ satsic <0.05), the random-effect model (DerSimonian and
Laird method) was used to pool the results [52]. When there was
no obvious heterogeneity existed among those included studies (P
Q stistic >0.05), the fixed-effect model (Mantel-Haenszel’s
method) was used to pool the results [53]. Subgroup analyses
were performed by ethnicity, the adjusted status of the estimates,
and the quality of studies. The kinds of ethnicity were mainly
defined as Caucasians, Fast Asians, and Indians. Publication bias
was investigated with the funnel plot and its asymmetry suggested
risk of publication bias. The asymmetry of funnel plots was further
assessed by both the Begg’s test and the Egger’s linear regression
test [54,55]. All statistical tests for this meta-analysis were
performed with STATA (version 11.0; Stata Corporation, College
Station, TX). A P value less than 0.05 was considered statistically
significant, and all the P values were two sided.

Results

Studies Selection and Characteristics of Eligible Studies

There were 107 relevant abstracts identified by the searching
words, and 48 studies were firstly excluded after the careful review
of the abstracts, leaving 59 studies for full publication review
(Figure S1). Of those 59 studies, 11 studies were excluded (5 for
containing overlapping data, 2 for reviews, 2 for without adequate
data, and 2 for on GSTMI1 polymorphism). Therefore, a total of
48 studies with a total of 24,440 individuals were ultimately eligible
for meta-analysis [9-48,56-63]. The main characteristics of those
48 studies were presented in Table 1 (Table 1). There were 25
studies from East Asians [12,13,16,19-21,23,27—
30,33,34,37,38,44,48,56-63], 16 ones from Caucasians [9—
11,14,15,17,22,25,26,31,32,35,36,39,43,47], 5 from Indians
[24,41,42,45,46], and the left two from the others populations
[18,40]. There were 18 studies reporting the adjusted ORs, and 5
reporting the ORs adjusted for H. pylori infection (Table 1).
Multiplex-polymerase chain reaction (Multiplex-PCR) was the
most common genotype method of GSTTI1 polymorphism
(Table 1). According to the NOS scale, there were 43 studies
with high quality, and 5 with low quality (Table 1).
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Study %
ID OR (95% CI) Weight
Jing (2012) | —— 1.40 (1.08, 1.84) 3.58
Garcis-Gonzalez (2012) —0-—{— 1.02{0.78, 1.28) 3.48
Tripathi (2011) +— 1.04 {0.56, 1.92) 1.50
Yadav {2011) — 1.42(0.51, 2.97) 0.65
Zhang {2011) — 1.54 (1.09, 2.17) 299
Luo (2011) —i 1.75(1.06,2.90)  1.98
Li (2011) —_— 1.09 (0.88, 1.37) 3.99
Yadav (2010) —_— 1.21 (0.85, 2.03) 2.28
Palli {2010} | 1.79 {1.27, 2.52) 3.00
Nguyen {2010) o 1.20 (0.62, 2.31) 1.28
Piso (2009) ' u 1.10 {0.97. 1.25) 493
Zendehdel {2009) - = 0.61(0.32, 1.13) 1.48
Moy (2009) —_—— 1.02(0.72.1.44)  2.05

Maslik (2009)

Al-Moundhri {2009) 4~

0.94 (0.47, 1.88) 1.25

o~ 1.31 {0.78, 2.21) 1.88
}
|
I

Masoudi {2009) & 2.01(1.72, 5.25) 1.72
Tripathi (2008) - 2.18 (1.13, 4.20) 1.37
Xie (2008) - 2.18 (1.15, 4.13) 1.42
Boccia (2007) ’ -5 2.04 (1.25, 2.25) 2.02
Wideroff (2007) f 1.09 {0.60, 1.98) 1.57
Ruzzo {2007) -+ T 0.59 (0.28. 1.26) 1.10
Agudo (2008) —_— 1.10 (0.74, 1.84) 2.61

Martinez (2006)

+

Hong (2008)

-+ 258 (1.57, 4.24)  2.01
0.71(0.45,1.13) 221

Nan (2005) —r— 1.11 {0.86, 1.43) 3.76
Mu {2005) ——— 0.95 (0.67, 1.23) 3.00
Pslli (2005) —— 1.53(1.01, 2.22) 2.48
Tamer (2005) - 1.22 (0.67, 2.22) 1.56
Shen (2005) - 1.29({0.84, 2.21) 1.98
Roth (2004) —-o-——ll 0.79 {0.51, 1.25) 2.25
Gonzslez (2004) ot 1.29 (0.40, 4.15) 0.52
Torres (2004) ~ 1.22(0.48, 2.19) 0.75
Colombo {2004) It . 1.04 (0.50, 2.18) 1.14
Shen (2004) — + 2.10 {1.01, 4.26) 1.18
Choi {2003) T 1.02{0.60, 1.74) 1.85
Qian (2003) * - 1.96 (1.08, 2.55) 1.58
Ye (2002) | - 1.78 (0.84, 2.78) 1.11
Gao (2002) ——r— 0.76 {0.50, 1.14) 2.50
Wu (2002) —_—— 1.18 (0.86, 1.61) 3.24
Zheng {2002) — 1.62 {0.90, 2.90) 1.62
Shen (2002) —_— 0.77(0.50,1.16)  2.47
Cai (2001) < - 0.92 (0.53, 1.81) 1.71
Lan {2001) —t- 1.27 {0.92, 2.02) 267
Setiawan {2001) - 1.37 {0.82, 2.28) 2.00
Saadat (2001) + 1.22 (0.59, 2.53) 1.15
Setiawan {(2000) —_—— 1.42 (0.89, 2.20) 211
Katoh (1998) —_— 1.12{0.70, 1.83) 2.07
Deskin (1996) - 1.00 {0.59, 1.68) 1.87

Overall {l-squared = 45.5%, p = 0.000)

1.23 (1.13, 1.35) 100.00

NOTE: Weights are from rsnldom effects analysis

191 1

|
525

Figure 1. Meta-analysis of the association between GST77 null genotype and gastric cancer risk. (48 studies, Random-effect model).

doi:10.1371/journal.pone.0060833.9001

Meta-analysis

There was some heterogeneity among those 48 studies
(12=45.5%; P o sadsic <0.001), thus the random-effect model
(DerSimonian and Laird method) was used to pool the results
(Table 2). Overall, GSTTI null genotype was significantly

PLOS ONE | www.plosone.org

associated with increased risk of gastric cancer (Random-effect
OR=1.23, 95%CI 1.13-1.35, P or <0.001) (Figure 1, Table 2).
In the subgroup analyses by ethnicity (Caucasians, East Asians,
Africans, and Indians), there was an significant association
between GSTTI null genotype and increased risk of gastric cancer
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Study
ID OR (95% Cl)
I

Jing (2012) - 1.73(1.24,2.13)
Zhang (2011) —8— 1.96 (1.32, 2.50)
Yadav (2010) — 1.24 (0.76, 2.03)
Nguyen (2010) r 1.60 (0.60, 5.00)
Zendehdel (2009) —_— 0.60 (0.30, 1.10)
Malik (2009) —— 1.45 (0.85, 2.47)
Al-Moundhri (2009) - 0.90 (0.40, 1.80)
Masoudi (2009) — 2.34(0.94, 5.85)
Boccia (2007) -—— 210 (1.27, 3.44)
Ruzzo (2007) v ! 0.48 (0.22, 0.99)
Agudo (2006) ——— 1.13(0.76, 1.67)
Mu (2005) —— 1.12(0.72, 1.74)
Palli (2005) —— 1.68 (1.01, 2.80)
Tamer (2005) —_— 1.36 (0.73, 2.53)
Shen (2004) + 2.83(1.24, 6.47)
Gao (2002) — 1.67 (0.79, 3.53)
Lan (2001) —— 1.48 (0.97, 2.25)
Setiawan (2000) + 250 (1.01, 6.22)
Overall (I-squared = 48.1%, p = 0.012) <> 1.43(1.20, 1.71)
NOTE: Weights are f'rom random effects analysjs : :

%
Weight

9.97
9.14
6.51
2.31
474
5.98
3.90
292
6.42
3.90
7.92
7.20
6.27
5.01
341
3.93
751
295
100.00

GSTT1 and Gastric Cancer Risk

155 1

6.47

Figure 2. Assessment of the association between GSTT1 null genotype and gastric cancer risk by using adjusted estimates. (18

studies, Random-effect model).
doi:10.1371/journal.pone.0060833.9g002
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Figure 3. Funnel plots did not reveal any evidence of obvious asymmetry in the overall meta-analysis.

doi:10.1371/journal.pone.0060833.9g003
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in Caucasians (Random-effect OR=1.30, 95%CI 1.06-1.59,
P or=0.010), East Asians (Random-effect OR =1.16, 95%CI
1.05-1.29, P or =0.003), and Indians (Fixed-effect OR =1.37,
95%CI 1.06-1.77, P or=0.017) (Table 2). In the subgroup
analysis of studies with high quality, there was an obvious
association between GSTTI null genotype and increased risk of
gastric cancer (Random-effect OR =1.23, 95%CI 1.12-1.35, P or
<0.001) (Table 2).

After adjusting for other confounding variables, GST77 null
genotype was still significantly associated with increased risk of
gastric cancer (Random-effect OR =1.43, 95%CI 1.20-1.71, P or
<0.001, ?=48.1%) (Figure 2, Table 2). Meta-analysis of ORs
adjusted for H.pylori infection also showed a significant association
between GSTTI null genotype and increased risk of gastric cancer
(OR =1.34, 95%CI 1.09-1.64, P =0.006) (Table 2).

Publication Bias

In the meta-analysis of total 48 studies, the shape of the funnel
plot did not reveal any evidence of obvious asymmetry (Figure 3).
In addition, both the Begg’s test and Egger’s test provided
statistical evidence for the symmetry of the funnel plot
(P Bege = 0.333; P pgger = 0.143). Therefore, there was no obvious
risk of publication bias in the present meta-analysis.

Discussion

Previous studies on the association between GSTT1 polymor-
phism and gastric cancer risk reported inconclusive results. To
clarify the possible association, we conducted a meta-analysis of a
total of 48 studies with 24,440 individuals [9-48,56-63]. Overall,
GSTTI null genotype was significantly associated with increased
risk of gastric cancer (Random-effect OR =1.23, 95%CI 1.13—
1.35, P or <0.001, r’ =45.5%). Significant association was also
found in Caucasians, East Asians, and Indians (P caucasians = 0.010;
P East Asians = 0.003; P pugians = 0.017). After adjusting for other
confounding variables, GST7T7 null genotype was also significantly
associated with increased risk of gastric cancer (Random-effect
OR=143, 95%CI 1.20-1.71, P or <0.001, I>=48.1%).
Therefore, the meta-analysis provides strong evidence for the
significant association between GST7/ null genotype and
increased risk of gastric cancer.

Endogenous products and environmental factors could result in
the production of reactive oxygen species (ROS) and nitrogen
metabolites causing cell injury and genetic instability [64,65].
GSTs are the most important family of phase II isoenzymes known
to detoxify a variety of electrophilic compounds, including
carcinogens, chemotherapeutic drugs, environmental toxins, and
DNA products generated by reactive oxygen species damage to
intracellular molecules, chiefly by conjugating them with glutathi-
one [66]. GSTs play a major role in cellular antimutagen and
antioxidant defense mechanisms, and these enzymes may regulate
pathways that prevent damage from several carcinogens. GST's
have proved to be involved in the detoxifying several carcinogens
and may play an important role in carcinogenesis of cancer [66].
These enzymes also play a crucial role in protection of DNA from
oxidative damage by ROS [66]. Therefore, the polymorphisms in
GSTTI gene can causes the dysfunction of GST's and result in less
protection of DNA from damages caused by ROS [8]. The null
genotype of GSTTI gene can cause the complete absence of GST
enzymes activity, which may increase the host’s susceptibility to
DNA damage and some cancers. Thus, there is obvious
biochemical evidence for the relationship of GS7T71 polymorphism
with cancer risk [8].
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Nowadays, a great number of studies have been published to
assess the association between GST7T7 null genotype and risks of
some cancers. Currently, GS777 null genotype has been proven to
be associated with risks of some cancers, such as lung cancer and
hepatocellular carcinoma [67,68]. The significant associations
further suggest that GSTT1 null genotype can affect the individual
susceptibility to common malignancies, and has important roles
the carcinogenesis of some cancers.

A meta-analysis in 2010 was performed to assess the association
between GSTT1 null genotype and risk of gastric cancer by
including thirty-six studies with 4,357 gastric cancer cases and
9,796 controls [69]. The previous meta-analysis concluded that
GSTTI gene polymorphism may be not associated with increased
gastric cancer risk among Europeans, Americans, and East Asians,
and more large-scale studies based on the same racial group were
needed [69]. In the present meta-analysis, we performed a
updated literature search and included 12 new studies, and the
total sample size (24, 440 individuals) was nearly two times of that
from the previous meta-analysis. To the best our knowledge, our
meta-analysis is the largest meta-analysis of the association
between GSTT1 null genotype and gastric cancer risk. Therefore,
compared with the previous meta-analysis, the present meta-
analysis has greater statistical power and can provide a more
precise assessment on the association between GST7/7 null
genotype and gastric cancer risk.

Some limitations of this study should be acknowledged. Firstly,
there was some heterogeneity in both the meta-analysis of total 48
studies and the subgroup analyses by ethnicity. The differences
from the selection criteria of cases or controls, the adjusted
confounding variables, and the ethnicity result in the heterogene-
ity. Secondly, most studies in the meta-analysis were retrospective
design which could suffer more risk of bias owing to the
methodological deficiency of retrospective studies. Those there
was no obvious risk of publication bias in the present meta-
analysis, the risks of other potential bias were unable to be
excluded. Some misclassification bias was possible because most
studies could not exclude latent gastric cancer cases in the control
group. Therefore, more studies with prospective design and low
risk of other bias are needed to provide a more precise estimate of
the association between GSTT1 null genotype and gastric cancer
risk. Finally, we could not address gene-gene and gene-environ-
mental interactions in the association between GSTT/ null
genotype and gastric cancer risk. The latter may be important
for genes that code proteins with detoxifying function, but would
require detailed information on exposures to various potential
carcinogens and individual-level data and would be most
meaningful only for common exposures that are found to be
strong risk factors for the disease. Thus, more studies analyses on
the gene-gene and gene-environmental interactions are needed.

In conclusion, the meta-analysis provides strong evidence for
the significant association between GSTT7 null genotype and
increased risk of gastric cancer. In addition, more studies with well
design are needed to further assess the possible gene-gene and
gene-environmental interactions in the association between
GSTTI null genotype and gastric cancer risk.

Supporting Information

Figure S1 Flow diagram in the meta-analysis of the
association between GSTTI1 null genotype and gastric
cancer risk.
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