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Background: Several molecular epidemiological studies have been conducted to examine the association between glutathi-
one S-transferase M 1 (GSTM 1) null genotype and lung cancer in Asians; however, the conclusions remained
controversial. We therefore performed an extensive meta-analysis on 31 published case-control studies with a
total of 5347 lung cancer cases and 6072 controls.

Material/Methods: PubMed and EMBASE were searched to identify case-control studies investigating the associations of GSTM1
null genotype with risk of lung cancer in Asians. Odds ratios (ORs) with 95% confidence intervals (Cls) were
used to assess the strength of association between lung cancer risk and polymorphism of GSTM1.

Results: GSTM1 null genotype was significantly associated with lung cancer risk (OR=1.43; 95% Cl, 1.30-1.58). This re-
sult remained statistically significant when the adjusted ORs were combined (OR=1.38; 95% Cl, 1.23-1.54). In
the subgroup analysis by sex, there were significant associations in women and men. When stratifying for his-
tology, this genotype showed increased adenocarcinoma risk and squamous cell carcinoma risk. In the sub-
group analysis stratified by smoking status, lung cancer risk was increased in both smokers and non-smokers.

Conclusions: This study suggests that GSTM1 null genotype is a risk factor for lung cancer in Asians.
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Background

Lung cancer is one of the leading causes of cancer-related
deaths in the world. The mechanism of lung carcinogenesis is
not understood. Although it is well known that smoking is the
primary risk factor for lung cancer, lung cancer develops in less
than 20% of people who smoke throughout their life. Moreover,
lung cancer is a multi-cellular and multistage process involving
a number of genetic changes in oncogenes, suggesting that
genetic factors may play an important role in its development.

The glutathione S-transferases (GSTs) are a gene superfamily
of phase Il metabolic enzymes that detoxify free radicals, par-
ticularly in tobacco smoke, products of oxidative stress, and
carcinogens such as benzopyrene and other polycyclic aromat-
ic hydrocarbons [1]. GSTM1 has been mapped to the GST mu
gene cluster on chromosome 1p13.3. One variant in GSTM1
has been identified: a deletion. The deletion (GSTM1 null vari-
ant) has been examined extensively in epidemiologic studies.
Persons with a homozygous deletion of the GSTM1 locus have
no enzymatic functional activity. Phenotype assays have con-
firmed this lack of function by demonstrating a strong concor-
dance between phenotype and genotype [2]. Previous studies
have suggested that individuals with null genotypes of GSTM1
may be unable to eliminate electrophilic carcinogens efficiently
and have a high risk of lung cancer. However, the results from
previous reported studies in Asians were inconclusive [3-33].
Therefore, we conducted a meta-analysis to explore the effect
of GSTM1 null genotype on lung cancer risk in Asians.

Material and Methods

Selection of published studies

We searched the PubMed and EMBASE to identify published
case-control studies investigating the associations of GSTM1
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null genotype with risk of lung cancer in Asians. We used the fol-
lowing terms: ‘glutathione S-transferases’ or ‘GSTM1’ and ‘lung
cancer’, without restriction on language. Additional studies were
identified by a manual search of references of original studies
or review articles. The inclusion criteria were: (1) original papers
containing independent data; (2) studies should provide the sam-
ple size, odds ratios (ORs), and 95% confidence intervals (Cls), as
well as the genetic distribution or the information needed to in-
fer the results; and (3) case-control or cohort studies. The major
exclusion criteria for studies were: (1) overlapping data; (2) in-
sufficiently useful data; and (3) case-only studies or family-based
studies; (4) reviews, abstracts, or commentaries; (5) not rele-
vant to lung cancer or GSTM1; and (6) not conducted in Asians.

Data extraction

Two independent researchers extracted raw data according to
the inclusion criteria. The following information was collected
from each study using a data extraction form: the surname of
the first author, year of publication, country of origin, sex of
subjects, histology, smoking status, number of cases and con-
trols, adjustment, and ORs and the corresponding 95% confi-
dence intervals (Cls) of lung cancer risk.

Statistical analysis

For the GSTM1 gene, we estimated the risk effect of the null
genotype on lung cancer compared with the non-null genotypes
in the recessive model (null vs. heterozygous + wild type). The
strength of the association between the GSTM1 gene and lung
cancer risk was measured by ORs with 95% Cls.

The ORs with corresponding 95% Cls from individual studies
were pooled using fixed or random effects models, according
to the heterogeneity. When the P value for Cochran’s Q sta-
tistic was less than 0.1, and a significant heterogeneity ex-
isted across the included studies, the random effects model

245 records identified through database
searching

A4
| 214 records after duplicates removed |

Figure 1. Flow diagram of the literature search.
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Table 1. Characteristics of the case-control studies included in this meta-analysis.

First author Year Country Histology Smoking Control Adjustment

Kihara 1995 Japan Mixed Mixed* Smoker 97 185 No
G 1995 China Mixed Mixed  NA 89 % No
CHong 1998 Korea Mixed  Mixed*  NA | & 63 No
G0 1998 China Mixed Mixed Mixed 0 s No
Go 1999 China Mixed  Mixed*  Mixed® s9. 132 No
Kiyohara 2000  Japan Mixed Mixed Mixed 86 88 Yes
o 200  China Mixed Mixed Mixed 22 22 Yes
Clondon 2000 China  Men Mixed Mixed 2 70 Yes
Cchen 2000 China Mixed Mixed Mixed 06 06 | No
Cxue 200 china Mixed Mixed Mixed 06 06 | No
W 2002 china Mixed Mixed Mixed ST 20 No
Kiyohara 2003 Japan  Women  Mixed  Nonsmoker 158 %0 Yes
CWang 2003 Japan Mixed  AD  Mixed® 1w o Yes
ChanYeung 2004 China Mixed  Mixed*  Mixed 130 1w Yes
Cchen 2004 china Mixed Mixed Mixed o7 97 No
Cvang 2004 China  Women  Mixed Mixed 00 144 No
. 2004 China Mixed Mixed  Mixed~ 80 24 No
N 2004 China Mixed Mixed  Mied a7 200 1 No
v 2005 china Mixed Mixed  Mixed % 6 Yes
lee 2006 Korea Mixed  Mixed*  Mixed 7 96 Yes
CChang 2006 China Mixed Mixed  Mixed~ 63 163 | No
Cosawa 2007 Japan Mixed  Mixed*  Mixed* TR o1 Yes
Cvang 2007 Korea  Mixed*  Mixed*  Mixed 38 33 Yes
e 2010  China Mixed Mixed  Mixed* 50 10 Yes
Cheng 2010 China Mixed Mixed Mixed %5 07 No
Czhe 2010 China  Women  Mixed  Nonsmoker 160 60 Yes
Kiyohara 2012 Japan Mixed Mixed Mixed a2 379 Yes
v 2012 china Mixed Mixed  Mixed* a7 98 Yes
e 2012 china Mixed  Mixed*  Mixed® %0 %0 No
CChen 2012 China Mixed Mixed  Mied 00 200 1 No
CWang 2012 china Mixed Mixed Mixed 200 %6 Yes

* More information can be extracted. AD — adenocarcinoma.

(DerSimonian and Laird method) was used for meta-analy- on the pooled estimate. Subgroup analyses were stratified by
sis, or the fixed-effects model (Mantel-Haenszel method) was sex, histology, and smoking status. Cumulative meta-analysis
used. Sensitivity analysis was further performed by exclud- was also performed. Funnel plots and Egger’s regression test
ing a single study to assess the impact of an individual study ~ were used to assess the potential publication bias [34]. Data
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Table 2. Detailed results of meta-analysis.

Test of association

Heterogeneity

Overall 1.43 (1.30-1.58) <0.00001 0.06 30.0

Men 138(106-178) 02 o8 00
CWomen 130 (103164 003 024 80
Adenocarcinoma 127 (105155 02 04 00
s 19010178 o006 048 00
sac 122081183 03 018 ‘O
CNonsmoker 149 (125-179) o001 07 00
Csmoker 178143229 oot 07 g0

SCC - squamous cell carcinoma; SCLC — small-cell lung cancer.

analysis was performed using STATA 12 (StataCorp LP, College
Station, Texas, USA).

Results

Study characteristics

The flow chart shown in Figure 1 summarizes the study selection
process. A total of 31 studies were retrieved based on the search
criteria for lung cancer susceptibility related to the GSTM1 poly-
morphism [3-33]. The main study characteristics are summarized
in Table 1. There are 5347 lung cancer cases and 6072 controls.

Meta-analysis results

The evaluations of the association between GSTM1 polymor-
phism and lung cancer risk are summarized in Table 2. The
null genotype of GSTM1 was associated with a significantly in-
creased risk of lung cancer when compared with present gen-
otype (OR=1.43; 95% Cl, 1.30-1.58; Figure 2). Fifteen studies
reported adjusted ORs. The combination of adjusted ORs for
lung cancer was 1.38 (95% Cl, 1.23-1.54).

When stratified by sex, significantly elevated risks were ob-
served in men (OR=1.38; 95% Cl, 1.06-1.78) and women
(OR=1.30; 95% Cl, 1.03-1.64). In the subgroup analysis accord-
ing to histology, significantly increased risks were observed in
adenocarcinoma (OR=1.27; 95% Cl, 1.05-1.55) and squamous
cell carcinoma (OR=1.40; 95% Cl, 1.10-1.78), but not in small-
cell lung cancer (OR=1.22; 95% Cl, 0.81-1.83). Subgroup anal-
ysis based on the smoking status showed that increased risks
were found in non-smokers (OR=1.49; 95% Cl, 1.25-1.79) and
smokers (OR=1.78; 95% Cl, 1.43-2.23).

As shown in Figure 3, significant associations were evident with
each addition of more data over time. The results showed that
the pooled ORs tended to be stable. A single study involved in
the meta-analysis was deleted each time to reflect the influ-
ence of the individual data set on the pooled ORs, and the cor-
responding pooled ORs were not materially altered (Figure 4).

Funnel plot and Egger’s test were used to assess the publica-
tion bias of the literature. Figure 5 shows the funnel plot for
the assessment of publication bias. The shape of the funnel plot
did not reveal any evidence of obvious asymmetry (Figure 5).
Egger’s test did not show evidence of publication bias (P=0.09).

Discussion

The present meta-analysis, including 5347 lung cancer cases
and 6072 controls from 31 case-control studies, explored the
association of GSTM 1 null genotype with lung cancer risk. We
demonstrated that the null genotype of GSTM1 was associ-
ated with a significantly increased lung cancer risk in Asians.
Furthermore, in the stratified analysis by sex, we found that
both men and women with GSTM 1 null genotype had increased
lung cancer risk. However, it should be noted that the num-
bers of these studies were small. More studies are needed
to assess the association between GSTM1 null genotype and
lung cancer risk in males and females. Cigarette smoking is
a pro-inflammatory stimulus and an important risk factor for
lung cancer. Some studies explored the interaction between
GSTM1 genotype and smoking habits. Our results showed sig-
nificant associations between GSTM1 polymorphism and lung
cancer risk among smokers and non-smokers. We also found
that patients with GSTMI null genotype had increased non-
small-cell lung cancer (adenocarcinoma and squamous cell
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carcinoma) risk. However, we failed to find a significant re- GSTs are biotransformation enzymes, and they are phase I
lationship between GSTM1 null polymorphism and small-cell enzymes with both catalytic activities and non-catalytic func-

lung cancer risk. This result suggested that GSTMI null poly- tions. Previous studies have shown that individuals with the
morphism may play an important role in the development of ~ GSTM1 null genotype have a decreased capacity to detoxify
non-small-cell lung cancer. certain carcinogens. Thus, impaired GSTM1 function may lead
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Figure 4. Sensitivity analysis of lung cancer risk
of GSTM1 polymorphism.
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Figure 5. Funnel plot of association between GSTM1
polymorphism and lung cancer risk.

to serious DNA damage and carcinogenesis. Thus, it is biolog-
ically plausible that the GSTM1 null genotype may increase
risk of lung cancer.

Our study had some advantages. First, the methodological is-
sues for meta-analysis such as one-way sensitivity analysis
and cumulative meta-analysis were well investigated. Second,
the main result remained statistically significant when the ad-
justed ORs were combined.

Results from one-way sensitivity analysis and cumulative me-
ta-analysis suggested high stability and reliability of our re-
sults and significant heterogeneity was not observed in this
meta-analysis. Moreover, funnel plots and Egger’s tests were
used to find potential publication bias. The results indicated
that there was no significant publication bias.

Some limitations in our meta-analysis should be mentioned.
First, the numbers of published studies were not sufficient for a
comprehensive analysis. Second, lack of the original data from
the eligible studies limited the evaluation of the effects of the
gene-gene and gene-environment interactions in the devel-
opment of lung cancer. Third, only published studies were in-
cluded in this meta-analysis; therefore, publication bias may
have occurred even though the statistical test did not show it.

Conclusions

In conclusion, this meta-analysis suggests that an increased
risk of lung cancer was associated with the null polymorphism
of GSTM1 in Asians.
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