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Abstract

Background: The genetic polymorphisms of glutathione S-transferase (GSTs) have been suspected to be related to the
development of lung cancer while the current results are conflicting, especially in the Chinese population.

Methods: Data on genetic polymorphisms of glutathione S-transferase Mu 1 (GSTMT1) from 68 studies, glutathione S-
transferase theta 1 (GSTT1) from 17 studies and GSTM1-GSTT1 from 8 studies in the Chinese population were reanalyzed on
their association with lung cancer risk. Odds ratios (OR) were pooled using forest plots. 9 subgroups were all or partly
performed in the subgroup analyses. The Galbraith plot was used to identify the heterogeneous records. Potential
publication biases were detected by Begg’s and Egger’s tests.

Results: 71 eligible studies were identified after screening of 1608 articles. The increased association between two vital GSTs
genetic polymorphisms and lung cancer risk was detected by random-effects model based on a comparable heterogeneity.
Subgroup analysis showed a significant relationship between squamous carcinoma (SC), adenocarcinoma (AC) or small cell
lung carcinoma (SCLC) and GSTM1 null genotype, as well as SC or AC and GSTT1 null genotype. Additionally, smokers with
GSTM1 null genotype had a higher lung cancer risk than non-smokers. Our cumulative meta-analysis demonstrated a stable
and reliable result of the relationship between GSTM1 null genotype and lung cancer risk. After the possible heterogeneous
articles were omitted, the adjusted risk of GSTs and lung cancer susceptibility increased (fixed-effects model: ORgstm7 = 1.23,
95% CI: 1.19 to 1.27, P<0.001; ORgstr1 = 1.18, 95% ClI: 1.10 to 1.26, P<0.001; ORestmi-cstr1 = 1.33, 95% Cl: 1.10 to 1.61,
P =0.004).

Conclusions: An increased risk of lung cancer with GSTM1 and GSTTT null genotype, especially with dual null genotype, was
found in the Chinese population. In addition, special histopathological classification of lung cancers and a wide range of
gene-environment and gene-gene interaction analysis should be taken into consideration in future studies.
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Introduction deaths due to lung cancer in 2012 [4]. In China, although females
have a lower prevalence of smoking, there is still higher lung

Lung cancer is the most common malignancy in the world and cancer rates (21.3 cases per 100,000 females) than those in

the leading cancer in males, accounting for 17% of the total new
cancer cases and 23% of the total cancer deaths [1-3]. The
burden of lung cancer mortality in females in developing countries
is up to 11% of the total female cancer deaths [2]. In the United
States, there were 226,160 newly diagnosed cases and 160,340

PLOS ONE | www.plosone.org

European countries [5], due to indoor air pollution, cooking
fumes, occupational and environmental pollutions. Besides, due to
the incurable nature and less than a five-year survival rate (only
16%), lung cancer has attracted a huge attention across the whole

world [6].
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Additional records identified by
database searching screening the bibliographies
(n=1608) (n =0)

| !

Records after duplicates removed

(n=1021)

!

Records screened

(n=82)

l

Full-text articles assessed

Records identified through

Records excluded (n = 939)
23 meta-analysis
916 irrelevant studies

Full-text articles excluded
(n=11)
11 overlapped data

for eligibility
(n=71)

l

Studies included in
qualitative synthesis
(n=71)

l

Studies included in
quantitative synthesis :68
for GSTM1;17 for GSTT1
and 8 for GSTM1-GSTT1

Figure 1. Study flow chart.
doi:10.1371/journal.pone.0102372.g001

Lung cancer can be divided into several types by pathological
classification, such as squamous cell carcinoma (SC), adenocarci-
noma (AC) and large or small cell carcinoma. It is also classified as
small cell lung carcinoma (SCLC) and non-small cell lung
carcinoma (NSCLC), which accounts for about 85% of all lung
cancer [7]. Given the possible relapses in the local respiratory
system and the metastasis in other systems after the classical
treatments of radical surgery, immunotherapy has provided an
innovative method for lung cancer treatment in the past 30 years
to enhance the clinical outcome, alleviate the disease burden,
prevent recurrences and attenuate toxicity [8—-14].

Tobacco smoking has clearly been demonstrated to be a strong
exogenous factor for lung cancer risk [15-17]. Polycyclic aromatic
hydro-carbons (PAHs) and the tobacco-specific nitrosamine 4-
(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) are consid-
ered to be the major carcinogens, which can interact with DNA
and cause the formation of DNA adducts [17]. In the meantime,
free radicals from tobacco smoking can induce oxidative damage
to lung tissues, and also damage DNA, which provides another
clue to lung cancer development [18-21]. In this process, DNA
was damaged by superoxide anions (Oy ) and hydroxyl radicals
(OH") and was repaired by antioxidant enzymes. This balance
can be broken by both environmental and genetic factors.
Auvailable molecular epidemiology studies have shown that genetic
polymorphisms play a major role in the progress of carcinoma
[22,23]. Among these studies, genetic variants of carcinogen-
metabolizing enzymes have received much attention, especially
glutathione S-transferase (GST) genes and cytochrome P450
genes. The cytochrome P450 (CYP450) family, as the first-pass
metabolism enzymes, plays an important role in many physiolog-
ical and biochemical reactions in the human body, and
participates in the metabolic process of endogenous and exogenous
substrates (biosynthesis and degradation) [24]. Toxic materials like
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Figure 2. Cases and controls of 71 published studies included
in this meta-analysis. (a) 68 literatures about GSTM1 genetic variants
and lung cancer risk; (b) 17 literatures about GSTTT genetic variants and
lung cancer risk; (c) 8 literatures about GSTM1-GSTT1 genetic variants
dual null genotype and lung cancer risk.
doi:10.1371/journal.pone.0102372.g002

benzo[a]-pyrene and other PAHs could be metabolized to
oxygenated intermediates and then degraded sequentially to lower
toxic or non-toxic substances by the second-pass metabolic
enzymes such as the glutathione S-transferases (GSTs) family
[25,26]. Therefore, the polymorphisms of both gene families might
affect the metabolism of tobacco toxicants in lung and finally
influence the advancement of cancer.

The GSTs family can detoxify environmental carcinogens and
toxins, oxidative stress products, and several covalent conjugated
electrophilic compounds [27,28]. GSTM1 and GSTTI are two
critical GST's family genes, separately encoded mu and theta GST
classes and located in 1pl13.3 and 22q11.23 in the human
chromosome, respectively. The common GSTMI polymorphisms
include three alleles, GSTMI1*A, GSTMI1*B and GSTMI*0,
where GSTMI#0 means a null mutation [29]. Another gene,
GSTTI1 is polymorphic with two alleles (GSTTI*I and
GSTT1*#0). The homozygous combinations of GSTMI*0 allele
as a null genotype could lead to a functional deficiency [29], as
well as GSTTI1%*0 [30], while other genotypes remain functional
[31-34].

Most molecular epidemiologic studies suggested an association
between GST genetic polymorphisms and lung cancer risk,
especially when deletion of GSTMI is observed in the Asian
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Figure 3. Association between GSTMT null genotype and lung cancer susceptibility analyzed by the Forest plot. The Forest plots of
Cl (Null genotype vs. Present genotype; OR
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genotypes (Table 1). Hardy Weinberg Equilibrium(HWE) argues
that genotype frequencies at any locus are a simple function of
allele frequencies under the precondition of no migration,
mutation, natural selection, and assortative mating [47]. HWE
test was usually assessed in the control group [48]. Furthermore,
details of eligible studies used for detecting GSTs genotype,
combined evaluation of other genes, HWE test results of CYPIAI
polymorphisms, the percent of null GSTs genotype in the control
groups, smoking status, study type and quality score were also
elicited (Table 2). Study types also consisted of epidemiological
design and non-epidemiological design. Epidemiological designs
were comprised of case-control, cohort and nested case-control
studies, all of which must satisty three conditions for both cases
and controls: explicit diagnosis of status (histology or cytology),
clear description of the age period, and the same source
population [49]. Those not meeting the conditions were consid-
ered non-epidemiological designs. The quality score of epidemi-
ological studies was evaluated by Newcastle-Ottawa Scale (NOS).

Pe
0.860
0.380

PH
0.272
0.001

Heterogeneity

P(%)
1
9.6

2
6

M
F
R

<0.001

POR
0.020

4. Statistical analysis

(1) The pooled ORs and 95% CIs were determined by the Z
test, P=0.05 was considered statistically significant. (2) Statistical
heterogeneity among studies was assessed by Q and PP statistics
[50]. In heterogeneity tests, when P=0.1, a random-effects model
was used; when P>0.1, a fixed-effects model was performed [51].
Meanwhile, if I°=50%, 50%>1°=25% or I°<25%, we identified
the studies as high, middle or low heterogeneity, respectively. (3)
Sensitivity analysis was performed by removing one study at a time
to calculate the overall homogeneity and effect size; the Galbraith
plot was also performed to examine the possible distinct articles. (4)
The possible reasons for heterogeneity between studies were
investigated by subgroup analyses. Nine subgroups were analyzed
as follows: histopathological classification (SC, AC or SCLC),
geographical location (North, Northeast, Northwest, East, Central,
South, or Southwest of China) (See Figure S1), smoking status
(smoker wvs. non-smoker), CYPIAI(Mspl) polymorphisms, case
number (<100 vs. =100), source of controls (population-based vs.
hospital-based), research design (epidemiological design vs. non-
epidemiological design), test material (white blood cells, involved
tissues or other cells, or not available) and quality score (4-5, 6, 7—
8). The last five items listed above were used to assess the study
quality. (5) Cumulative meta-analysis was used to explore any
significant changes in the variation of sample size or publication
year. (6) Publication bias was investigated by the Begg’s test [52],
Egger’s linear regression test and Trim and Fill test [53]. (7) All
analyses were performed with the software Stata version 12.0
(StataCorp LP, College Station, Texas, USA), and all P values
were two sided.

1.26[1.13,1.41]
1.18[1.03,1.36]

Odds ratio
OR[95%Cl]

No.ofstudies (cases/controls)

4(593/603)
9(1150/1903)

0.000 and the P less than 0.001. @: p values could not be calculated.

Results

Null vs. Present

1. Study selection and study characteristics

We ultimately identified a total of 71 articles [54—124] reporting
the relationship between GSTMI and/or GSTTI genetic
polymorphisms and lung cancer risk from both Chinese and
English databases (Figure 1). There were 68 studies about GSTM 1
(8649 cases and 10380 controls) [54-58,60-65,67-73,75—
84,86,88-101,103-109,111-124] published between 1995 and
2012, 17 studies about GSTTI (2109 cases and 3031 controls)
[55,59,66,70,74,80,82,85,87,91,93,94,98,103,111,115,117]  be-
tween 1999 and 2012 and 8 studies about both GSTMI and
GSTTI1 (775 cases and 1495 controls) [70,74,80,82,98,102,
110,115] between 2000 and 2010.

r: geographical locations of China were divided into 7 parts: Northeast of China (Jilin province, Liaoning province, Heilongjiang province), North China (Beijing city, Tianjin city, Heber province, Shanxi Province (Taiyuan), Inner
Mongolia), East China (Shanghai city, Anhui province, Jiangxi province, Jiangsu province, Zhejiang province, Fujian province, Shandong province,Taiwan), Central China (Henan province, Hubei province, Hunan province), South
China (Guangdong province, Hainan province, Guangxi Zhuang Autonomous Region, Hongkong), Southwest of China (Chongqing City, Guizhou province, Sichuan Province, Yunnan Province, Tibet), Northwest of China (Shanxi

province (Xi'an), Gansu province, Ningxia Hui Autonomous Region, Xinjiang Uyghur autonomous region).

M: model of meta-analysis; R: random-effects model; F: fixed-effects model.P;: p value of heterogeneity test. Pgp value of

Egger’s test. Pog: P<<0.001 replace the P

NA: not available.
doi:10.1371/journal.pone.0102372.t004

Table 4. Cont.
Polymorphism
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0.003 0.387

82.8

R

0.238

1.30[0.84,2.00]

3(448/1034)

=100

subgroup analyses by source of control

0.010 0.126

64.5

R
R

0.016

1.34[1.06,1.71]
0.80[0.40,1.60]

7(722/1423)
1(53/72)

Population-based

0.528

Hospital-based

subgroup analyses by research design

0.007 0.293

66.4

R
R

0.029

1.34[1.03,1.73]
1.04[0.66,1.63]

7(698/1418)
1(77/77)

Epidemiological study

0.864

Non-epidemiological study

0.000 and the P less than 0.001. @: p values could not be

M: model of meta-analysis; R: random-effects model; F: fixed-effects model.P,: p value of heterogeneity test. Pg: p value of Egger’s test. Pog: P<<0.001 replace the P

calculated.

doi:10.1371/journal.pone.0102372.t005
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Most studies were published in Chinese (49/68 of GSTMI
studies, 13/17 of GSTTI, and 5/8 of both GSTM1 and GSTT1I).
According to our criterion, 61 (89.7%) studies of GSTMI, 13
(76.5%) of GSTTI, and 7 (87.5%) of both GSTMI and GSTTI
were evaluated as epidemiological designs. In both control and
case groups, 50 (73.5%) studies of GSTM1, 13 (76.5%) of GSTT1
and 7 (87.5%) of both GSTM1I and GSTT1 used white blood cells
for GSTs genotype detection. The rest of the studies used adjacent
lung tissue, tumor tissue, BALF cells or buccal cells, etc., for GST's
genotype detection in cases or controls. Only two studies reported
the HWE test results for the GSTMI or GSTTI and satisfied
HWE [57,81]. In the eligible studies, the null genotype frequency
of GSTMI and GSTTI ranged from 29.7% to 67.9%
(Mean=49.5%) and 37.5% to 63.0% (Median =44.4%), respec-
tively. The CYPIAI (Mspl) polymorphisms satisfied the HWE in
the controls of 15 (68%) studies about GSTMI and CYPIAI
(Mspl). More details are shown in Table 1, Table 2 and Figure 2.

2. Synthesis results of all studies

The results showed a significant association between the
GSTM1 null genotype and lung cancer risk in the Chinese
population under the random-effects model (OR =1.20, 95% CI:
1.16 to 1.25, I? =45.1%, P<0.001) (Table 3). The random-effects
model showed that the GSTTI null genotype was significantly
correlated with lung cancer risk in the Chinese population
(OR=1.17, 95% CL 1.07 to 128, I’=55.9%, P<0.001)
(Table 4). Further analyses showed that dual-null genotype of
GSTMI-GSTTI had a significant higher association with lung
cancer risk (OR=1.29, 95% CI: 1.03 to 1.63, FP=61.7%,
P=0.011) (Table 5). Risk estimation for each study is shown in
the Forest plots in Figure 3, Figure 4a and Figure 4b.

3. Cumulative meta-analysis

The cumulative meta-analysis was used to examine the
fluctuation of the eligible studies with changes in the publication
year or sample size. With the publication year development and
sample size increase, the cumulative meta-analysis of GSTM1I
tended to be stable. However, no significant difference in the trend
was found in the GSTTI and GSTMI-GSTTI cumulative meta-
analysis. The results for cumulative meta-analysis are shown in
Figure 5 and Figure 6.

4. Subgroup analysis

Due to the fact that all studies were middle to high
heterogeneities, analyses on nine subgroups as mentioned above
were performed accordingly. No significant increase in the risk of
lung cancer was detected in either null genotype of GSTM1 in the
northwest, or null genotype of GSTT1 in the north, southwest or
northwest of China (Table 3, Table 4). The excess lung cancer risk
was found associated with null GSTMI genotype, but not with
null GSTTI genotype, in both smokers and nonsmokers. Besides,
smokers had a higher risk than non-smokers in the association
between GSTMI null genotype and lung cancer risk. The
interaction of CYPIA1 (Mspl) with mt/mt genotype and GSTM1
null genotype could enhance the risk of lung cancer, and the OR
of which were a little higher than the other two CYPIAI (Mspl)
genotypes with GSTMI null.

However, high heterogeneities in the analysis of the association
between GSTM1 variants and lung cancer were found in the
studies from northeast and southwest China. The subgroups of AC
and smokers also showed greater heterogeneities (I*:53.8% and
50.3%, respectively). Meanwhile, the subgroup analyses of GSTTI
genetic polymorphisms and lung cancer susceptibility demonstrat-
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Figure 6. Cumulative meta-analysis of the association between GSTT7/GSTM1-GSTT1 genetic polymorphisms and lung cancer
susceptibility. (a) publication time cumulative meta-analysis of GSTT1 variants and lung cancer risk; (b) sample size cumulative meta-analysis of
GSTT1 variants and lung cancer risk; (c) publication time cumulative meta-analysis of GSTM1-GSTT1 variants and lung cancer risk; (d) sample size

cumulative meta-analysis of GSTM1-GSTT1 variants and lung cancer risk.

doi:10.1371/journal.pone.0102372.g006

ed high heterogeneities in the subgroups of central China,
southwest China, and smokers.

When analyzing the five subgroups of case numbers =100,
population-based controls, epidemiological studies, test material
from white blood cells, and quality score (7-8), all pooled results
showed significant association between GSTTI genetic polymor-
phisms and lung cancer risk, but high heterogeneities also
appeared. However, subgroups of case numbers <100, hospital-
based controls, non-epidemiological studies, test materials from
involved tissue or cells or not available, and quality score (4-5), all
pooled results showed no significant association between GST7T1
genetic polymorphisms and lung cancer risk (Table 4).

In the analysis of the relationship of GSTMI-GSTTI genetic
polymorphisms with lung cancer risk, no significant association
was found in the subgroup of case numbers (=100). Along with
significant increase risks in the subgroup of population-based
controls and epidemiological studies, high heterogeneity was also

found (Table 5).

5. Galbraith plot and sensitivity analysis

In Figure 7a, 7 articles were identified in the Galbraith plot as
the outliers [60,68,86,89,93,115,122]. After omitting these rec-
ords, the adjusted association of GSTMI null genetype and lung
cancer risk showed a lower heterogeneity and an increased
susceptibility (fixed-effects model: OR =1.23, 95% CI: 1.19 to
1.27, P<<0.001). Besides, according to the Galbraith plot of the
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association of GSTT1 or GSTMI-GSTTI interaction polymor-
phisms with lung cancer risk, 2 articles [98,115] were obviously
spotted as the outliers, which were the possible sources for the
heterogeneities. After adjustment, the association of both groups
were all increased (fixed-effects model: ORgg77; =1.18, 95% CI:
1.10 to 126, P<0001, ORGSTMI—GSTTI = 133, 95% CI: 1.10 to
1.61, P =0.004) and the I? indexes were decreased to 29.5% for
GSTTI and 2.1% for GSTMI-GSTT1I, respectively (Figure 7,
Table 6). Then, the sensitivity analysis was carried out in each
group (data not shown).

6. Potential publication bias

Begg’s funnel plots and Egger’s linear regression test were used
to evaluate the potential publication bias (Figure 8a and Figure 8b
for GSTM 1, Figure 8c and Figure 8d for GSTT1I; Figure 8e and
Figure 8f for GSTM1-GSTT1). No publication bias was detected
by Egger’s test (Pr=0.245 for GSTM1, P;=0.510 for GSTT1I
and Py =0.320 for dual-null genotype of GSTMI-GSTTI). The
Trim and Fill test further confirmed the results (data not shown).

Discussion

To our knowledge, this is the first large-scale systematic meta-
analysis on the correlation of two vital GSTs genetic polymor-
phisms with lung cancer risk in the Chinese population over the
past decade. Our pooled analysis on the original studies in the
Chinese population provided efficient and effective evidences of an
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Figure 7. Galbraith plot of association between GSTs polymorphisms and lung cancer risk. Each figure represents a unique article in this
meta-analysis. The figures outside the three lines were spotted as the outliers and the possible sources of heterogeneity in the analysis pooled from
the total available number. (a) Galbraith plot result of GSTM1 polymorphisms and lung cancer risk; (b) Galbraith plot result of GSTT1 polymorphisms
and lung cancer risk; (c) Galbraith plot result of GSTM1-GSTT1 dual null genotype and lung cancer risk.

doi:10.1371/journal.pone.0102372.g007

increased association between null GSTM1, null GSTT1 or dual
null GSTMI-GSTT1 genotypes and lung cancer risk when
omitting some possible heterogeneous records. This large-scale
systematic review on sufficient studies helps to reduce random
error and increase the statistical power. Simultaneously, by using
the same inclusive criteria, it can also ensure the pooled results
more precise and exact. It is well known that different populations
have different genetic variations and environmental exposure
factors. Previous studies paid more attention to the Asian or special
environmental population [35,46]. We only focused on the
Chinese ethnicity.

In subgroup analysis of GSTM1 genetic variants, the northeast
and southwest of China were found to be a source of difference,
and in subgroup analysis of GSTT1 genetic variants, the southwest
regions of China was also suggested as the major heterogeneous
source. Furthermore, no association between GSTs and lung
cancer susceptibility was evident in the Chinese population living
in the above regions. To our knowledge, the greatest population in
the southwest and northwest areas of China is the Chinese ethnic
minorities. The complex genetic backgrounds of various ethnic
minorities might have an influence on lung cancer susceptibility.
In the subgroup of histopathological classification, increased
association between the genetic polymorphisms and SC (OR
and 95% CIL:1.20 [1.12,1.27]) and SCLC (OR and 95%
CI:1.29[1.13,1.47]) risk were found with a low heterogeneity.
These results for the first time imply a clue that SCLC could have
a stronger association with GSTM 1 deficiency than the other two
types while no statistic difference was found among 3 pathological
types from available data. Due to the limited number of studies
and comparatively diversity among various studies, more well
designed epidemiological studies should be performed for various
pathological types of lung cancers (especially for pulmonary AC).
Additionally, we found that there was increased susceptibility
between GSTMI null genotype and lung carcinoma risk in
different phase I isoenzymes of CYPIAI. These results not only
further confirm our conclusion, but also imply some enlighten-
ments. For instance, under a higher OR with no heterogeneity,
people with CYPIAI (mt/mt) and GSTMI null genotype should
pay more attention to avoiding exposure to harmful environmen-
tal factors associated with lung cancer. Naturally, more studies
including a genome-wide association study (GWAS) are necessary
to prove this hypothesis. Due to the limited number of studies, the
same analysis for the GSTTI null genotype was not performed.

dual null genotype and lung cancer risk.

The subgroup analyses of the smoking status for GSTM1 studies
further suggested that the possible risk factor of GSTMI null
genotype is different. However, eligible studies for GSTT1 failed
to reach a significant association, which might be caused by a
limited number of studies with high heterogeneities. Unclear
smoking definition and inconsistent classification of the amount of
tobacco consumed among different studies might all have an
influence on the stability, reliability, as well as further in-depth
analyses of the results. Therefore, clear smoking definition and
consistent classification for the smoking status are necessary in any
future research.

In the sensitivity analyses and Galbraith plot, 7 heterogeneous
articles for GSTMI were detected by the Galbraith plot. The
potential bias of these articles might be the result of small sample
size, complex population composition, distinction of testing
materials [86], and/or unknown reasons [115]. After omitting
these articles, no heterogeneity was detected. Additionally, the
Galbraith plot for the GSTTI and GSTMI-GSTTI1 groups
spotted two of the same articles [98,115] as the major source of
between-heterogeneity. After removing these two articles, hetero-
geneity decreased substantially. Compared to the raw OR and
95% CI, the adjusted OR and 95% CI of GSTT1 and GSTM1I-
GSTT1I were both increased.

Cumulative meta-analysis showed a comparable change in the
trend in the accumulated OR and 95% CI for GSTTI or
GSTMI-GSTT1 with the publication time development and
sample size increase. Thus, to identify the real association between
the GSTTI null type, GSTMI-GSTT1 dual null type and lung
cancer susceptibility, more large-scale case-control and cohort
studies from multi-centers should be performed. At last, no
publication biases were detected in our meta-analysis.

It’s worth mentioning that Hardy-Weinberg equilibrium has
been widely recommended in testing studies of genetic polymor-
phisms and diseases, the violations of which may have potential
impacts on the results [125]. In this paper, no individual studies
made any distinction between heterozygotes or homozygotes and
GSTM1 and GSTTI in the present genotype, so Hardy-Weinberg
equilibrium tests could not be performed. Therefore, the Hardy-
Weinberg equilibrium test results reported in some of the 71
articles might not be reliable.

It is worthy to note that several other limitations might be
included in this study: (1) as common observational studies, case-
control studies were susceptible to various biases (including recall

Table 6. Subgroup analysis of *the adjusted association between GSTM1 null genotype, GSTT1 null genotype and GSTM1-GSTT1

Polymorphism Null vs. Present  No. of studies (cases/controls) Odds ratio M Heterogeneity Pe
OR[95%Cl] POR 1% (%) PH

GSTM1 All studies 61(7455/8364) 1.23[1.19,1.27] <0.001 F 2.2 0.427 0.337

GSTT1 All studies 15(1773/2116) 1.18[1.10,1.26] <0.001 [F 29.5 0.135 0.296

GSTM1-GSTT1 All studies 6(439/580) 1.33[1.10,1.61] 0.004 F 2.1 0.403 0.349

doi:10.1371/journal.pone.0102372.t006
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M: model of meta-analysis; R: random-effects model; F: fixed-effects model.PH: p value of heterogeneity test.PE: p value of Egger’ test. POR: P<<0.001 replace the
P=0.000 and the P less than 0.001. ”: adjusted association (after omitting several articles from Galbraith plot).
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Figure 8. Begg’s funnel plot and Egger’s linear regression test of the association between GSTs polymorphisms and lung cancer
risk. Begg's funnel plot is used to detect potential publication bias in which a symmetric funnel shape means no publication bias. Egger’s linear
regression test is used to quantify the potential presence of publication bias; (a) (b) GSTM1: No publication bias has been found from 68 inclusive
studies about the association between GSTM1 polymorphisms and lung cancer risk by Begg's??? test and Egger’s test, respectively; (c)(d) GSTTT: No
publication bias has been found from 17 inclusive studies about the association between GSTTT polymorphisms and lung cancer risk by Begg's test
and Egger’s test, respectively; (e)(f) GSTM1-GSTT1 dual-null genotype: No publication bias has been found from 8 inclusive studies about the
association between GSTM1-GSTT1 dual-null genotype and lung cancer risk by Begg's test and Egger’s test, respectively.

doi:10.1371/journal.pone.0102372.9g008

bias of smoking status, different diagnostic criteria and the
investigation bias of NOS score). These biases could influence
the final findings of this study; (2) conclusions of this study were
partly based on literatures obtained from the hospital-based
population, which might not represent the whole population; (3)
eligible studies for this study covered nearly all regions in China,
but the article number was still insufficient in some less developed
or relatively sparsely regions; (4) the interaction of genes with
environmental factors, especially with special external occupation-
al exposure and environmental pollution, might all contribute to
the development of lung cancer. Factors above might also
contribute to a possible source of heterogeneity of our results.
Owning to the limitation of the data, this paper did not analyze the
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mteraction effects of these factors; (5) absence of HWE test in the
control group, some unbalance controls could lead to some bias in
the final results.

Taken together, after a decade of extensive studying on this
topic, our findings suggest that GSTMI and GSTTI genetic
polymorphisms are associated with increased lung cancer risk in
the Chinese population. Because of multifactor etiology of the
interaction of gene-gene and gene-environment in the develop-
ment of lung cancer, large-scale and methodologically sound
studies with different environmental background and other genetic
polymorphisms should be carried out to explore the real
association between GST's variants and various pathological types
of lung cancer.
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