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Abstract

AIM: To evaluate the association between xeroderma
pigmentosum group D (XPD), genetic polymorphism
Lys751GIn and esophageal cancer risk.

METHODS: We searched PubMed up to September
1, 2010 to identify eligible studies. A total of 10 case-
control studies including 2288 cases and 4096 controls
were included in the meta-analysis. Statistical analysis
was performed with Review Manage version 4.2. Odds
ratios (ORs) with 95% confidence intervals (CIs) were
used to assess the strength of the association.
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RESULTS: The results suggested that there is no
significant association between XPD Lys751GIn poly-
morphism and esophageal cancer susceptibility in the
overall population. However, in subgroup analysis by
histology type, a significant association was found be-
tween XPD Lys751GIn polymorphism and esophageal
adenocarcinoma (for CC vs AA: OR = 1.25, 95% CI =
1.01-1.55, P = 0.05 for heterogeneity).

CONCLUSION: Our meta-analysis suggested that
XPD Lys751GIn polymorphism may be associated with
increased risk of esophageal adenocarcinoma.

© 2011 Baishideng. All rights reserved.

Key words: Xeroderma pigmentosum group D; Poly-
morphism; Esophageal cancer; Mwta-analysis

Peer reviewer: Haruhiko Sugimura, First Department of Path-
ology,Hamamatsu University School of Medicine, 1-20-1 Han-

dayama, Higashi-ku, Hamamatsu, 431-3192, Japan

Yuan L, Cui D, Zhao EJ, Jia CZ, Wang LD, Lu WQ. XPD
Lys751Gln polymorphism and esophageal cancer risk: A meta-
analysis involving 2288 cases and 4096 controls. World J
Gastroenterol 2011; 17(18): 2343-2348 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v17/i18/2343.htm DOI:
http://dx.doi.org/10.3748/wjg.v17.118.2343

INTRODUCTION

Esophageal cancer, with a 5-year survival rate of < 20%,
is considered as one of the most deadly malignancies“’zl.
It has already been identified that cigarette smoking, alco-
hol drinking, obesity, dictary factors, history of Barrett’s
esophagus, and esophageal reflux disease can contribute
to the development of esophageal cancer””. However,
only a fraction of exposed individuals develop esophageal
carcinoma, which suggests that genetic variations in sen-

sitivity to carcinogen exposure and DNA repair capacity
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might be important inherited risk components in carci-
nogenesisp’sj. DNA damage caused by exogenous, endog-
enous carcinogens or mutants is viewed as a crucial event
in carcinogenesis. It can be repaired through activation of
various pathways such as the nucleotide excision repair
pathway (NER), base excision repair pathway (BER) and
double-strand break pathway. The xeroderma pigmen-
tosum group D (XPD) enzyme is involved in the NER
pathway which plays an important role in the repair of
bulky DNA adducts, such as pyrimidine dimmers, photo-
products and cross-links"”. Several single-nucleotide poly-
morphisms (SNPs) have been identified in the XPD gene.
Among them, a polymorphism in the XPD gene, codon
751 A to C, resulting in an amino acid alteration from
lysine (Lys) to glycine (Gln) has been reported to be asso-
ciated with an increased susceptibility to lung cancer, and
head and neck carcinoma”". Other malignancies such as
esophageal cancer have also been investigated.

To date, many molecular epidemiological studies have
explored the association between XPD Lys751Gln poly-
morphism and esophageal cancer tisk!**, However, results
of these studies are controversial, which may be caused
by the limitation of individual studies. Therefore, we per-
formed a meta-analysis of 10 published case-control studies
covering 6384 subjects in order to get a more precise evalua-
tion of the relationship between the XPD Lys751Gln poly-

morphism and esophageal cancer risk.

MATERIALS AND METHODS
Search strategy

We conducted a comprehensive search in the US National
Library of Medicine’s PubMed database (as of September
1, 2010) using search terms including “XPD”, “xeroderma
pigmentosum group D”, “BERCC2”, “excision repair

o«

cross-complementing rodent repair deficiency”, “poly-
morphism”, “esophageal”, “esophagus” and the combined
phrases for all genetic studies on the relationship between
XPD polymorphism and esophageal cancer. Moreover, we
reviewed the references from original articles to search for
mote studies. No language restrictions were imposed. Two
investigators conducted all searches independently. Studies
were absorbed in this meta-analysis if they met the fol-
lowing criteria: (1) a case-control study of the XPD Lys-
751Gln polymorphism and esophageal cancer risk; and (2)
the authors must offer the size of the sample, odds ratios
(ORs) with 95% confidence intervals (Cls) or the informa-
tion that can help infer the results in the articles. If data
wete reported in more than one study, the most recent and
complete study was chosen for this analysis.

Data extraction

Two investigators independently extracted data and rea-
ched a consensus on all of the items. Information was
collected from each article, including the first authot’s
name, year of publication, country of origin, racial de-
scent of the subjects (categorized as Asian, European
and mixed populations), sources of controls, genotyping
method, histological type (categotized as esophageal ad-
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enocarcinoma and squamous cell carcinoma), number of
different genotypes in cases and controls, Hardy-Wein-
berg equilibrium (HWE), and minor allele frequency in
controls.

Statistical analysis

We assessed the strength of association between XPD
Lys751Gln polymorphism and esophageal cancer risk by
using ORs with 95% Cls which were obtained from the
data given in the eligible studies. We evaluated the risk
of codominant model (CC vs AA, CA »s AA), the domi-
nant model (CA/CC »s AA), and recessive model (CC s
AA/CA), respectively. The between-study heterogene-
ity was investigated by Chi-square based O-test™ and
it was considered significant if P < 0.05. The random-
effects model (DerSimonian and Laird method) was then
selected to pool the data™!. Otherwise, the fixed-effects
model (Mantel-Haenszel method) was used”. If hetero-
geneity was absent, these two models provided similar
results. We used the funnel plot and the Egger weighted
regression method (P < 0.05 was considered representa-
tive of statistical significance) to test possible publication
bias in this meta-analysis”". All statistical analyses were
performed in Statistical Analysis System software (v.9.13;
SAS Institute, Cary, NC), and Review Manage (v.4.2;
Oxford, England). All the tests were two-sided and the
significant level was 0.05.

RESULTS

Eligible studies

A total of 12 potential relevant studies that described the
association between the XPD genetic polymorphisms and
esophageal cancer were retrieved through PubMed. After
reading the full articles, one study by Liu e# al' was ex-
cluded since the subjects had also been included in a study
by Tse ¢t al”. One other study was excluded because it
did not list data cleatly enough for further analysism. Fi-
nally, we identified 10 eligible studies including 2288 cases
and 4096 controls in total. As summarized in Table 1, four
studies were conducted in Asians, four studies in Euro-
peans, and two in mixed subjects. In terms of histology
type, there were 4 studies of esophageal adenocarcinoma
(EADC), 4 studies of esophageal squamous cell carci-
noma (ESCC) and 2 of both EADC and ESCC. Diverse
genotyping methods including PCR-RFLP, TagMan and
iPLEX™ were used. The classic PCR-RFLP assay was
used in 60% (6/10) studies. Six studies mentioned the
quality control. The genotype distributions in the controls
of all the included studies were in accordance with HWE.

Meta-analysis

The main results of the meta-analysis on the association
between XPD Lys751Gln polymorphism and esophageal
cancer risk are shown in Table 2. Overall, no significant
association was found between XPD Lys751Gln polymor-
phism and esophageal cancer risk (for CC »s AA: OR =
1.19, 95% CI = 0.84-1.69, P = 0.01 for heterogeneity, Fig-
ure 1; for CA »s AA: OR = 1.03, 95% CI = 0.83-1.27, P =
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Table 1 Characteristics of case-control studies included in the meta-analysis

First author Year Country Racial descent Source of controls Genotyping method Histological type  Genotype distribution P for HWE' C

Case Control
AA AC CC AA AC CC
Xing 2002  China Asian Age matched PCR-RFLP ESCC’ 367 63 3 451 70 3 0.87 0.07
Yu 2004  China Asian Age matched PCR-RFLP ESCC 108 16 11 133 17 2 0.11 0.07
Casson 2005 Canada  European Randomly selected PCR-RFLP EADC* 31 21 4 34 46 15 0.93 0.40
Ye? 2006 Sweden  European Age matched PCR-RFLP EADC 27 51 18 198 203 71 0.11 0.37
Ye? 2006 Sweden  European Age matched PCR-RFLP ESCC 23 44 14 198 203 71 0.11 0.37
Sobti 2007  Indian Asian Age matched PCR-RFLP ESCC 52 61 7 63 77 20 0.64 0.37
Doecke 2008 Australia Mixed Age matched iPLEXTM EADC 108 124 31 575 588 174 0.22 0.35
Ferguson 2008 Ireland European  Randomly selected TagMan EADC 80 94 34 91 121 35 0.61 0.39
Tse 2008 America Mixed Age matched TagMan EADC 104 159 49 193 208 52 0.72 0.34
Pan’ 2009 America  European Age matched TagMan EADC 137 153 56 187 216 53 0.43 0.24
Pan’ 2009 America  European Age matched TagMan ESCC 17 18 3 187 216 53 0.43 0.24
Zhai 2009  China Asian Age matched PCR-RFLP ESCC 167 31 2 148 51 1 0.12 0.13

'Hardy-Weinberg equilibrium (HWE) in controls; *The studies included esophageal adenocarcinoma (EADC) , and esophageal squamous cell carcinoma
(ESCC) for cases group, but controls were same; *Esophageal squamous cell carcinoma; *Esophageal adenocarcinoma. PCR: Polymerase chain reaction;
RFLP: Restriction fragment length polymorphism.

Table 2 Summary odds ratios and 95% confidence interval of xeroderma pigmentosum group D Lys751GIn polymorphism and

esophageal cancer risk

CCvs AA CA vs AA CA/CCvs AA CCvs CA/AA
OR (95% CI) P! OR (95% CI) P! OR (95% CI) P OR (95% CI) P!

Total 1.19 (0.84-1.69) 0.01 1.03 (0.83-1.27) 0.01 1.05 (0.85-1.32) 0.01 1.16 (0.97-1.39) 0.06°
Ethnicity

European 1.26 (0.95-1.65) 0.05° 1.00 (0.64-1.54) 0.01 1.01 (0.65-1.56) 0.01 1.20 (0.94-1.55) 0.28°

Asian 1.44 (0.37-5.66) 0.02 0.91 (0.71-1.15) 012 0.96 (0.63-1.45) 0.03 1.47 (0.38-5.71) 0.02
Histological type

EADC 1.25 (1.01-1.55) 0.05° 1.13 (0.85-1.52) 0.02 0.98 (0.68-1.41) 0.01 1.18 (0.97-1.44) 0.21°

ESCC 1.24 (0.56-2.70) 0.04 1.02 (0.73-1.41) 0.04 1.05 (0.74-1.50) 0.01 1.06 (0.71-1.58) 0.06”

'P value for heterogeneity; Estimates for fixed-effects model. OR: Odds ratio; CI: Confidence interval.

Review: XPD Lys751GIn polymorphism and esphageal risk
Outcome: CC vs AA

Study Case n/N Control n/N OR (random) 95% CI Weight % OR (random) 95% CI
Xing 3/370 3/454 —— 3.88 1.23 (0.25, 6.12)
Yu 11/119 2/135 —— 4.20 6.77 (1.47, 31.21)
Casson 4/35 15/49 - 6.02 0.29 (0.09, 0.98)
Ye 32/82 71/269 —r 14.39 1.78 (1.06, 3.00)
Sobti 7/59 20/83 —a— 8.41 0.42 (0.17, 1.08)
Doecke 31/139 174/749 —A— 15.93 0.95 (0.61, 1.46)
Ferguson 34/114 35/126 —i— 13.71 1.11 (0.63, 1.93)
Tse 49/153 52/245 — 15.51 1.75 (1.11, 2.76)
Pan 59/213 53/240 —+— 16.03 1.35 (0.88, 2.07)
Zhai 2/169 1/149 i 1.92 1.77 (0.16, 19.75)

Total (95% CI) 1453 2499 < 100.00 1.19 (0.84, 1.69)

Total events: 232 (case), 426 (control)

Test for heterogeneity: y* = 21.23, df = 9 (P = 0.01), I* = 57.6%

Test for overall effect: Z = 0.99 (P = 0.32) ‘ ‘ ‘ ‘

| |
0102 05 1 2 5 10

Figure 1 Odds ratio of esophageal cancer associated with xeroderma pigmentosum group D Lys751GIn polymorphism for the CC genotype compared
with the AA genotype. XPD: Xeroderma pigmentosum group D; OR: Odds ratio.

0.01 for heterogeneity; for the dominant model CA/CC »s 95% CI = 0.97-1.39, P = 0.06 for heterogeneity, Figure 2).
AA: OR = 1.05, 95% CI = 0.85-1.32, P = 0.01 for hetero- In subgroup analysis by ethnicity, we also did not detect
geneity; for the recessive model CC »s CA/AA: OR = 1.16, any significant association in all genetic models. However,
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Review: XPD Lys751GIn polymorphism and esphageal risk
Outcome: CC vs AA/AC

Study or sub-category Case n/N Control n/N OR (fixed) 95% CI Weight % OR (fixed) 95% CI
Xing 3/433 3/524 B 1.24 1.21 (0.24, 6.03)
Yu 11/135 2/152 —k— 0.79 6.65 (1.45, 30.58)
Casson 4/56 15/95 -~ 4.75 0.41 (0.13, 1.30)
Ye 32/177 71/472 — 14.58 1.25 (0.79, 1.97)
Sobti 7/120 20/160 —— 7.42 0.43 (0.18, 1.06)
Doecke 31/263 174/1337 —A— 23.19 0.89 (0.59, 1.34)
Ferguson 34/208 35/247 —i— 12.30 1.18 (0.71, 1.98)
Tse 49/312 52/453 — 16.43 1.44 (0.94, 2.19)
Pan 59/384 53/456 - 18.85 1.38 (0.93, 2.06)
Zhai 2/200 1/200 | 0.45 2.01 (0.18, 22.35)

Total (95% CI) 2288 4096 * 100.00 1.16 (0.97, 1.39)

Total events: 232 (case), 426 (control)

Test for heterogeneity: y* = 16.39, df = 9 (P = 0.06), I* = 45.1%

Test for overall effect: 7 = 1.61 (P = 0.11) ‘ ‘ ‘ ‘

1 1
0102 05 1 2 5 10

Figure 2 Odds ratio of esophageal cancer associated with xeroderma pigmentosum group D Lys751GIn polymorphism for the CC genotype compared
with the AAJAC genotypes. XPD: Xeroderma pigmentosum group D; OR: Odds ratio.

757 CC vs AA 757 CC vs AAJAC

Odds ration
Odds ration

25 25

0.0 I I I I I | 0.0 I I I I I |

Precision Precision

Figure 3 Funnel plot analysis to detect publication bias. Each point repre-
sents a separate study for the indicated association. The Odds ration is plotted
on a logarithmic scale against the precision (the reciprocal of the SE).

further analysis by histological type revealed that individu-
als carrying the variant homozygote CC genotype showed
an elevated risk to EADC compared to those with the
wild-type AA genotype (OR = 1.25, 95% CI = 1.01-1.55,
P = 0.05 for heterogeneity).

Publication bias

Funnel plot and the Egger’s test were performed to assess
possible publication bias. As shown in Figure 3, no pub-
lication bias was revealed by the funnel plots, which was
approximately symmetrical for the codominant model CC
vs AA and the recessive model CC »s CA/AA. Statistical
evidence from the results of Egger’s test confirmed the
funnel plot symmetry (for CC »s AA: # = 2.23, P = 0.06;
for CA »s AA: = 2.03, P = 0.08; for CA/CC vs AA: t =
1.48, P = 0.18; for CC »s CA/AA: =233, P = 0.05).

DISCUSSION

Through analyzing data from the 10 eligible studies on
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relationship between XPD Lys751Gln polymorphism
and esophageal cancer risk, we found no significant as-
sociation between XPD Lys751Gln polymorphism and
esophageal cancer risk in overall population. However, in
the stratified analysis according to histological type, posi-
tive association were observed between XPD Lys751Gln
polymorphism and elevated susceptibility to EADC.
The XPD gene has been mapped in chromosome
19q13.3. It spans over 20 kb, contains 23 exons and en-
codes the 761-amino acid protein. The XPD protein pos-
sesses both single-strand DNA-dependant ATPase and 5'-3'
DNA helicase activities, which is essential for NER pathway
and transcription. The NER pathway generally removes
bulky adducts caused by exogenous carcinogens, especially
from cigarette smoking which is a well defined risk factor
for EADC™\. Any functional variation in NER pathway
such as SNPs of key repair genes may lead to a deficiency
in the DNA repair capacity (DRC) which is associated with
a higher risk of cancer”™. Benhamou ef a/”” found that
the single nucleotide substitution from A to C at codon
751 in the XPD gene leads to a complete change in the
electronic configuration of the resulting amino acid, and re-
duces DNA repair efficiency. Many epidemiological studies
have investigated the association between XPD Lys751Gln
polymorphism and esophageal cancer, but the results were
inconclusive. Xing ¢ al'? first explored the polymorphisms
of DNA repair gene XPD and their associations with risk
of esophageal squamous cell carcinoma in a Chinese popu-
lation, but a Lys751Gln polymorphism in the XPD gene
did not influence risk of ESCC in this study. However, two
other studies on the relationship between XPD Lys751Gln
polymorphism and ESCC revealed a contradictive result
which suggested an increased risk of ESCC in association
with the XPD 751 Gln/Gln genotype[13‘15]. The more inter-
esting finding revealed by Zhai ¢ al™ suggested an inverse
association, which indicated that the XPD codon 751Gln
allele was a protective factor rather than a risk factor to

ESCC (OR = 0.628, 95% CI = 0.400-0.980). The first study
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on the association between XPD 751 codon polymorphism
and EADC was conducted by Casson, who obsetrved the
protective effect of the homozygous variant of XPD Lys-
751Gln for EADC (OR = 0.24, 95% CI = 0.07-0.88)"".
However, this result has not been supported by more stud-
ies. Both studies of Ye ¢f @/ and Tse ¢f a/ suggested that the
XPD 751Gln allele was associated with an elevated risk for
esophageal adenocarcinoma which is consistent with the
result of our meta-analysis.

Some limitations of our meta-analysis should be ac-
knowledged. Firstly, though it is known that the XPD
gene has more polymorphisms than just Lys751Gln,
we focused our meta-analysis on the most studied Lys-
751Gln polymorphism due to limited evidence on others.
Secondly, some studies on this relationship were modi-
fied by some other potentially suspected factors such as
BMI, smoking status, alcohol consumption, history of
gastroesophageal reflux disease and lifestyle; however, our
results were based on unadjusted estimates due to a lack
of the original data. Finally, the XPD gene may influence
susceptibility to esophageal cancer with other genes, but
we did not conduct the gene-gene interactions analysis in
our study.

In conclusion, our meta-analysis suggested that XPD
Lys751Gln polymorphism may be a risk factor for esoph-
ageal adenocarcinoma. Large and well designed epidemio-
logical studies will be necessary to combine genetic factors
together with other potential risk factor such as smoking
status, alcohol consumption and history of gastroesopha-
geal reflux disease in order to validate the relationship
between XPD Lys751Gln polymorphism and esophageal
cancer risk.
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COMMENTS

Background

Esophageal cancer is one of the most deadly malignancies. Many studies have
explored the association between the Xeroderma pigmentosum group D (XPD)
genetic polymorphism Lys751GIn and esophageal cancer risk, but the results
are inconclusive and even controversial. It is, therefore, necessary to perform
a meta-analysis in order to get a more precise evaluation of the relationship
between the XPD Lys751GIn polymorphism and esophageal cancer risk.
Research frontiers

The XPD gene is responsible for bulky adducts and repair of UV-induced DNA
damage. To date, there have been many case-control studies on the associa-
tion between XPD Lys751GIn and esophageal cancer risk, but few meta-
analyses were conducted on this topic.

Innovations and breakthroughs

Our meta-analysis suggested that XPD Lys751GIn polymorphism might alter
individuals’ susceptibility to esophageal adenocarcinoma. Further studies are
needed to confirm it.

Applications

The finding that individuals carrying the variant homozygote CC genotype
showed an elevated risk to esophageal adenocarcinoma indicates that genetic
variations in the DNA repair protein may contribute to the risk of EADC. This
meta-analysis gave a structured and systematic integration of information on
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the etiology of esophageal cancer, and the result may provide valuable informa-
tion for researchers and clinicians.

Peer review

This is a review of the ten previously published association studies and extracted
the importance of esophageal adenocarcinoma. This information is worthwhile.
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