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ABSTRACT. It has been suggested that the xeroderma pigmentosum
complementation group G (XPG) gene Aspl1104His polymorphism is
linked to susceptibility to lung cancer. However, the results from the
published studies are contradictory rather than conclusive. With this
meta-analysis, we aimed to achieve a better understanding of the effects
of the XPG gene Asp1104His polymorphism on lung cancer risk. We
identified six eligible studies from five publications that included a total
0f 2293 lung cancer patients and 2586 controls. There was a significant
association between the XPG gene Asp1104His polymorphism and lung
cancer (His/His vs Asp/Asp: OR = 1.24, 95%CI = 1.04-1.48; Asp/His
vs Asp/Asp: OR = 1.17, 95%CI = 1.03-1.34; the dominant model: OR
=1.18, 95%CI = 1.04-1.33; the recessive model: OR = 1.10, 95%CI =
0.94-1.28). In a subgroup analysis by nationality, we found a significant
association between the XPG gene Asp1104His polymorphism and lung
cancer risk in Asians. No publication bias was found in this study. The
results from this meta-analysis indicate that the XPG gene Asp1104His
polymorphism is associated with lung cancer risk, especially in Asians.
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INTRODUCTION

Lung cancer is the leading cause of cancer-related mortality worldwide, and was
responsible for approximately 87,750 deaths in men and 72,590 in women in 2012 in the
United States (Siegel et al., 2012). The mechanism of lung carcinogenesis is still not fully
understood. Well-known environmental risk factors for lung cancer include arsenic, asbestos,
radon, and polycyclic aromatic hydrocarbons, especially those present in cigarette smoke
(Youlden et al., 2008). However, not all people who have been exposed to those risk factors
develop lung cancer, which suggests that cancer susceptibility varies between individuals
(Neumann et al., 2005). Increasing evidence for the association between genetic factors and
lung cancer risk has been identified in recent years, suggesting that genetic factors may play
an important role in the pathogenesis of lung cancer (Brennan et al., 2011).

Without properly functioning DNA repair mechanisms, cells may suffer various types
of DNA damage. The nucleotide excision repair (NER) system plays a key role in DNA repair.
The xeroderma pigmentosum complementation group G (XPG) gene, also referred to as the
excision repair cross-complementation group 5 (ERCC5) gene, is an important component of
the NER system. The XPG gene has the chromosomal locus 13q22-q33, and consists of 15
exons and 14 introns (Emmert et al., 2001). The Asp1104His polymorphism (National Center
for Biotechnology Information (NCBI) ID: rs17655) results in an aspartic acid-to-histidine
transition at position 1104 in exon 15, which may affect protein activity in the NER system
and alter genetic susceptibility to cancer (Collins and Harrington, 2002). Previous meta-
analyses have indicated that the XPG gene Asp1104His polymorphism may be a risk factor
for gastrointestinal cancers and head and neck cancer (Luo et al., 2014; Jiang et al., 2015).

To date, several molecular epidemiologic case-control studies have shown the potential
role of the XPG gene Asp1104His polymorphism in the risk of lung cancer. However, the results
remain inconclusive and controversial. A single study may not have sufficient power to detect a
possible small effect of the polymorphisms on lung cancer, especially when the sample size is rel-
atively small. Hence, we performed a meta-analysis of all eligible studies to derive a more precise
estimation of the associations between XPG gene Asp1104His polymorphism and lung cancer.

MATERIAL AND METHODS
Publication search

We searched the electronic literature databases PubMed and Web of Science for
all relevant articles. The last search update was June 2015, and we used the search terms:
(‘nucleotide excision repair’, ‘NER’, and ‘lung cancer’) and (‘Asp1104His’ and ‘rs17655”)
and (‘polymorphism’, ‘SNP’, “allele’, and ‘variant”). All the references included in the review
and original articles on this topic were also checked. When the same patient population was
included in different articles, the article with the largest number of participants, or the most
recent article was selected.

Inclusion and exclusion criteria, and data extraction

The studies included in the meta-analysis were required to meet all the following
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criteria: 1) there was an evaluation of the association between the XPG gene Aspl104His
polymorphism and the risk of lung cancer; 2) the study was case-control; 3) the study had been
reported as a full-text article; and 4) there was sufficient data for estimating odds ratios (ORs)
with 95% confidence intervals (95%CIs). Exclusion criteria were: studies without genotype
or allele data; case reports; studies containing overlapping data; non-human studies; and
editorials or review articles (including meta-analyses).

Information was carefully extracted from all eligible publications by two independent
investigators according to the inclusion criteria listed above. For conflicting evaluations, an
agreement was reached following discussion. The information extracted from each study
included the first author, year of publication, ethnicity of the population studied, number of
subjects in each category, and the counts of people with different genotypes in cases and
controls. Information on the Hardy-Weinberg equilibrium test (HWE) was also tracked or
calculated if unavailable.

Statistical analysis

The strength of the association between the XPG gene Aspl104His polymorphism
and lung cancer risk was assessed using the pooled ORs with 95%Cls. The pooled estimations
were made using several genetic models, including homozygote comparison (His/His vs Asp/
Asp), heterozygote comparison (Asp/His vs Asp/Asp), dominant model (Asp/His+His/His vs
Asp/Asp), and recessive model (His/His vs Asp/His+Asp/Asp). Between-study heterogeneity
was quantified using the I> value. The I? value describes the percentage of variation across
studies caused by heterogeneity rather than chance, where I> = 0% indicates no observed
heterogeneity; 25% is regarded as low; 50% as moderate; and 75% as high (Higgins et
al., 2003). When heterogeneity was found among the included studies, the pooled OR was
estimated using the fixed-effects model (I* < 50%). Otherwise, the random-effects model was
used. The HWE was checked in controls using the chi-square test, and a P value less than
0.05 represented significant deviation from the HWE (Rohlfs and Weir, 2008). The sensitivity
analysis was performed by omitting one study at a time to determine the magnitude of influence
on the overall summary estimate (Zintzaras et al., 2005). Publication bias was investigated
by funnel plot and Begg’s funnel (a P value less than 0.05 was representative of statistical
significance). The statistical analyses were performed using STATA 12.0 software (StataCorp,
College Station, TX, USA).

RESULTS
Eligible studies

The search strategy retrieved 266 potentially relevant studies. Based on the inclusion
criteria, six case-control studies from five publications were included (Jeon et al., 2003; Shen
et al., 2005; Sakiyama et al., 2005; Cui et al., 2006; Chang et al., 2008). The flow chart for
the study selection is summarized in Figure 1. The six case-control studies included a total
of 2293 patients and 2586 healthy controls. The publication years of the studies ranged from
2003 to 2010. All the articles were written in English; three studies were on Asians and three
studies were on other races. The genotype distributions in the controls in all the studies were
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in accordance with the HWE except for in the Jeon et al. study. The main characteristics of the
included studies are summarized in Table 1.
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Figure 1. Flow chart of study selection.

Table 1. Characteristics of the studies included in the meta-analysis.

First author (year) Country Ethnicity Cases/controls XPG Aspl104His (case/control)
His/His Asp/His Asp/Asp
Jeon et al. (2003) Korea Asian 310/311 88/89 164/132 58/90
Shen et al. (2005) China Asian 116/109 38/38 52/46 26/25
Sakiyama et al. (2005) Japan Asian 1002/685 202/124 500/333 300/228
Cui et al. (2006) USA Mixed 497/902 41/78 212/356 244/468
Chang et al. (2008a) USA Hispanic 113/299 9/34 44/127 60/138
Chang et al. (2008b) USA African 255/280 68/49 119/138 68/93

Meta-analysis

A summary of the meta-analysis findings of the association between the XPG gene
Aspl104His polymorphism and lung cancer risk is shown in Figure 2 and Table 2. The
combined results based on all studies showed that the XPG gene Aspl104His polymorphism
is associated with increased lung cancer risk (His/His vs Asp/Asp: OR = 1.24, 95%CI = 1.04-
1.48; Asp/His vs Asp/Asp: OR = 1.17, 95%CI = 1.03-1.34; the dominant model: OR = 1.18,
95%CI = 1.04-1.33; the recessive model: OR = 1.10, 95%CI = 0.94-1.28). In the subgroup
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analysis based on ethnicity, a significant association was found between the AGTRI gene
A1166C polymorphism and breast cancer risk in Asians (His/His vs Asp/Asp: OR = 1.28,
95%CI=1.02-1.60; Asp/His vs Asp/Asp: OR =1.35, 95%CI = 0.93-1.96; the dominant model:
OR = 1.31, 95%CI = 0.97-1.77; the recessive model: OR =1.07, 95%CI = 0.88-1.29).

Study %
ID OR (95%Cl) Weight
His/His versus Asp/Asp :
Jeon et al 2003 Tt 1.53 (0.99, 2.39) 224
Shen et al 2005 - 0.96 (0.47, 1.96) 1.10
Sakiyama et al 2005 -T— 1.24 (0.93, 1.64) 6.14
Cui et al 2006 —&—:— 1.01(0.67,1.52) 323
Chang et al 2008a T 0.61(0.27, 1.35) 1.19
Chang et al 2008b —— 190 (117,307) 169
Subtotal (I-squared = 40.8%, P = 0.134) < 1.24 (1,04, 1.48) 15.58
|
Asp/His versus Asp/Asp :
Jeon et al 2003 : —_— 1.93(1.29, 2.88) 243
Shen et al 2005 1.09 (0.55, 2.14) 1.13
Sakiyama et al 2005 ——— 1.14 (0.91, 1.42) 10.34
Cui et al 2006 —— 1.14 (0.91, 1.44) 9.56
Chang et al 2008a _— 0.80(050,1.26)  2.91
Chang et al 2008b 1.18 (0.79, 1.75) 3.16
Subtotal (I-squared = 43.0%, P = 0.118) :0 1.17(1.03,1.34) 2954
Dominant model :
Jeon et al 2003 |—— 177(121,258)  2.91
Shen et al 2005 1.03 (0.55, 1.92) 1.37
Sakiyama et al 2005 +—— 1.17 (0.95, 1.44) 11.45
Cui et al 2006 —_— 1.12 (0.90, 1.39) 10.67
Chang et al 2008a _0——: 0.76 (0.49, 1.17) 3.30
Chang et al 2008b b e c— 1.37 (0.94, 1.99) 3.35
Subtotal (I-squared = 47.4%, P = 0.091) q> 1.18(1.04,1.33)  33.05
- |
Recessive model !
Jeon et al 2003 —_— 0.99(0.70,1.40)  4.48
Shen et al 2005 0.91(0.52, 1.58) 1.86
Sakiyama et al 2005 1.14 (0.89, 1.46) 8.29
Cui et al 2006 0.95 (0.64, 1.41) 3.58
Chang et al 2008a : 0.67 (0.31, 1.46) 121
Chang et al 2008b 1.71(1.13, 2.60) 241
Subtotal (I-squared = 32.2%, P = 0.194) <> 110(094,128)  21.83
. |
Overall (I-squared = 34.6%, P = 0.050) <> 117(1.09,1.25)  100.00
I
T T
0.275 1 3.64

Figure 2. Forest plot of lung cancer associated with the XPG gene Asp1104His polymorphism.

Table 2. Summary of the different comparative results.

Variables N His/His versus Asp/Asp Asp/His versus Asp/Asp Dominant model Recessive model

OR (95%CI); P value; I OR (95%Cl); P value; I OR (95%CI); P value; I OR (95%CI); P value; I
Total 6 1.24 (1.04-1.48); 0.13; 40.8% 1.17 (1.03-1.34); 0.12; 43.0% 1.18 (1.04-1.33); 0.09; 47.4% | 1.10 (0.94-1.28); 0.19; 32.2%
Ethnicity
Asian 3 1.28 (1.02-1.60); 0.52; 0.0% 1.35 (0.93-1.96); 0.07; 61.9% 1.31 (0.97-1.77); 013; 50.5% 1.07 (0.88-1.29); 0.67; 0.0%
Others 3 1.11 (0.62-1.99); 0.03; 71.3% 1.09 (0.92-1.30); 0.35; 5.2% 1.06 (0.82-1.42); 0.12; 52.2% 1.10 (0.66-1.82); 0.04; 68.3%

N = number; OR = odds ratio; CI = confidence interval; I = inconsistency index.

Sensitivity analysis was performed to assess the influence of each individual study
on the pooled OR by deleting one study at a time. When omitting each data set in the meta-
analysis, the pooled ORs were always persistent (Figure 3). No single study influenced the
pooled ORs qualitatively, as indicated by sensitivity analyses, suggesting that the results of
this meta-analysis were stable.
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Meta-analysis estimates, given named study is omitted
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Figure 3. Results of sensitivity analysis from fixed-effects estimates.

Publication bias

Funnel plots and Begg’s tests were used to assess the publication bias in the literature.
There was no evidence of publication bias in our study. The results implied that the publication

bias was low in the present meta-analysis (Figure 4).
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Figure 4. Begg’s funnel plot for the publication bias test.
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DISCUSSION

Lung cancer is the leading cause of cancer-related mortality worldwide. Despite
the high morbidity and mortality of lung cancer, its etiology remains unknown. Multiple
factors contribute to lung cancer, among which genetic factors play an important role. DNA
repair mechanisms play a key role in the protection of cells from DNA damage and in the
maintenance of genomic integrity. Recently, some studies have reported that the XPG gene
Aspl1104His polymorphism is associated with the risk of lung cancer. However, the results
remained inconsistent. Individual studies may have been insufficiently powered to detect the
effect of polymorphisms on susceptibility to lung cancer (Fallin et al., 2001). To shed light on
the association between the XPG gene Aspl1104His polymorphism and lung cancer risk, we
conducted a meta-analysis of several recent case-control studies.

This meta-analysis included six case-control studies, involving 2293 patients with
lung cancer and 2586 healthy controls. When all the studies were pooled together, our results
suggested that the XPG gene Asp1104His polymorphism is associated with lung cancer risk.
Subgroup analyses were performed according to ethnicity, and the results revealed that the
XPG gene Asp1104His polymorphism has a statistically significant association with increased
lung cancer risk in Asians. This might be accounted for by ethnic differences and diverse
environment. In addition, the ethnic differences may be due to chance because studies with
small sample size may have insufficient statistical power to detect small effects (Wacholder
et al., 2004). Further sensitivity analysis confirmed a significant association between the XPG
gene Aspl104His polymorphism and lung cancer risk. There was no evidence of publication
bias in this meta-analysis of the XPG gene Asp1104His polymorphism.

Some limitations of this meta-analysis should be acknowledged. First, we were
unable to obtain more original data, and the results were based on unadjusted estimates,
lacking the evaluation of the covariates of age, smoking and alcohol consumption, and other
environmental factors. This may have affected the evaluation of the interaction between genes
and the environmental, or other factors. Second, the number of studies and the number of
subjects in the studies included in the meta-analysis by specific subgroups were small. Finally,
we only included articles written in English, so we may have missed some articles.

This meta-analysis provided evidence of an association between the XPG gene
Aspl104His polymorphism and risk of lung cancer. Further studies that estimate the effect of
gene—gene and gene-environment interactions may eventually provide a better, comprehensive
understanding of the association.
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