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Abstract Published data on the association between three
polymorphisms (Lys939GIn, Ala499Val, and PAT=) of
Xeroderma Pigmentosum group C (XPC) and breast cancer
risk are inconclusive. To derive a more precise estimation of
the relationship, a meta-analysis was performed. Crude ORs
with 95% ClIs were used to assess the strength of association
between them. A total of 11 studies including 5,090 cases
and 5,214 controls were involved in this meta-analysis. For
XPC Lys939GIn polymorphism, no obvious associations
were found for all genetic models when all studies were
pooled into the meta-analysis (Lys/Gln vs. Lys/Lys: OR =
1.00, 95% CI 0.92—-1.10; GIn/Gln vs. Lys/Lys: OR = 0.96,
95% CI 0.84-1.09; dominant model: OR = 0.99, 95% CI
0.91-1.08; and recessive model: OR = 0.97, 95% CI
0.86—1.09). In the subgroup analysis by ethnicity or study
design, still no obvious associations were found. For XPC
Ala499Val polymorphism, also no obvious associations
were found for all genetic models when all studies were
pooled into the meta-analysis (Val/Ala vs. Ala/Ala: OR =
0.91, 95% CI 0.79-1.05; Val/Val vs. Ala/Ala: OR = 1.07,
95% CI 0.80-1.44; dominant model: OR = 0.93, 95% CI
0.81-1.06; and recessive model: OR = 1.11, 95% CI
0.84-1.48). For XPC PATZ polymorphism, obvious
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associations were found for recessive model when all
studies were pooled into the meta-analysis (OR = 1.41,
95% CI 1.05-1.89). In conclusion, this meta-analysis sug-
gests that the XPC PAT= polymorphism allele may be a
low-penetrant risk factor for developing breast cancer.

Keywords XPC - Polymorphism - Breast cancer -
Susceptibility - Meta-analysis

Introduction

Breast cancer is currently the most frequently occurring
cancer and one of the leading causes of cancer-related death
in the world, which has become a major public health chal-
lenge [1]. The mechanism of breast carcinogenesis is still not
fully understood. It has been suggested that low-penetrance
susceptibility genes combining with environmental factors
may be important in the development of cancer [2]. In recent
years, several common low-penetrant genes have been
identified as potential breast cancer susceptibility genes
[3-6]. An important one is Xeroderma Pigmentosum group
C (XPC), which is localized at 3p25 and encodes a protein of
940 amino acids that in vivo form a supramolecular complex
including HR23B [7]. XPC plays an important role in DNA
repair [8]. In XPC gene, three common polymorphisms are
widely studied: (a) a substitution of alanine for valine in
codon 499 (Ala499Val), in the interaction domain of XPC
with hHRAD23; (b) an A to C transversion in exon 15
resulting in a lysine-to-glutamine transition at position 939
(Lys939Gln), located in the interaction domain with TFIIH;
and (c) a poly AT region on intron 9 [9]. These polymor-
phisms to breast cancer risk have been a research focus in
scientific community and have drawn increasing attention.
Several original studies have reported the role of XPC
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polymorphisms in breast cancer risk [10-17], but the results
are inconclusive, partially because of the possible small
effect of the polymorphism on breast cancer risk and the
relatively small sample size in each of published studies.
Therefore, we performed this meta-analysis to derive a more
precise estimate of these associations.

Methods
Publication search

Medline, PubMed, Embase, and Web of Science were
searched (last search was updated on Sep 10, 2010, using
the search terms: “XPC”, “polymorphism”, and “breast”).
All searched studies were retrieved, and their bibliogra-
phies were checked for other relevant publications. Review
articles and bibliographies of other relevant studies iden-
tified were hand-searched to find additional eligible studies.
Only published studies with full text articles were included.
When more than one of the same patient population was
included in several publications, only the most recent or
complete study was used in this meta-analysis.

Inclusion criteria

The inclusion criteria were: (a) evaluation of the XPC
polymorphisms and breast cancer risk, (b) case—control
studies, and (c) sufficient published data for estimating an
odds ratio (OR) with 95% confidence interval (CI).

Data extraction

Information was carefully extracted from all eligible pub-
lications independently by two of the authors according to
the inclusion criteria listed above. Disagreement was
resolved by discussion between the two authors. If these
two authors could not reach a consensus, another author
was consulted to resolve the dispute and a final decision
was made by the majority of the votes. The following data
were collected from each study: first author’s name, pub-
lication date, ethnicity, study design, total number of cases
and controls, and numbers of cases and controls with the
XPC genotypes, respectively. Different ethnicities were
categorized as Caucasian, Asian, African, and mixed.
Study design was stratified to population-based studies or
hospital-based studies. We did not define any minimum
number of patients to include in our meta-analysis.

Statistical methods

Crude ORs with 95% Cls were used to assess the strength
of association between the XPC polymorphisms and breast
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cancer risk. The pooled ORs were performed for co-dom-
inant model, dominant model, and recessive model,
respectively. Heterogeneity assumption was checked by the
chi-square-based Q-test [18]. A P value greater than 0.10
for the Q-test indicates a lack of heterogeneity among
studies, so the pooled OR estimate of the each study was
calculated by the fixed-effects model (the Mantel-Haenszel
method) [19]. Otherwise, the random-effects model (the
DerSimonian and Laird method) was used [20]. Subgroup
analyses were performed by ethnicity and study design.
Sensitivity analysis was performed to assess the stability of
the results. A single study involved in the meta-analysis
was deleted each time to reflect the influence of the indi-
vidual data set to the pooled ORs. The results (95% Cls)
changed from statistically significant to not significant
were considered as significant change, vice versa [21]. An
estimate of potential publication bias was carried out by the
funnel plot, in which the standard error of log (OR) of each
study was plotted against its log (OR). An asymmetric plot
suggests a possible publication bias. Funnel plot asymme-
try was assessed by the method of Egger’s linear regression
test, a linear regression approach to measure funnel plot
asymmetry on the natural logarithm scale of the OR. The
significance of the intercept was determined by the r-test
suggested by Egger (P < 0.05 was considered representa-
tive of statistically significant publication bias) [22]. If
publication bias existed, the Duval and Tweedie non-
parametric “trim and fill” method was used to adjust for it
[23]. All the statistical tests were performed with STATA
version 10.0 (Stata Corporation, College Station, TX).

Results
Study characteristics

A total of eight publications met the inclusion criteria
[10-17]. In the studies of Mechanic et al., Forsti et al., and
Smith et al. [10, 13, 15], the ORs were presented separately
according to different ethnicity. Therefore, each group in
one study was considered separately for pooling subgroup
analyses by ethnicity. Hence, a total of 11 studies including
5,090 cases and 5,214 controls were used in the meta-
analysis. Table 1 lists the studies identified and their main
characteristics.

Main results

Table 2 lists the main results of this meta-analysis. For
XPC Lys939GIn polymorphism, no obvious associations
were found for all genetic models when all studies were
pooled into the meta-analysis (Lys/Gln vs. Lys/Lys: OR =
1.00, 95% CI 0.92-1.10; Gln/Gln vs. Lys/Lys: OR = 0.96,
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Table 1 Main characteristics of all studies included in the meta-
analysis

Author Year Ethnicity Source Cases Controls
Smith 2008 Caucasian HB 321 406
Smith 2008 African HB 53 74
Shen 2008 Mixed HB 1060 1103
Jorgensen 2007 Caucasian PB 281 287
Mechanic 2006 African PB 761 679
Mechanic 2006 Caucasian PB 1267 1123
Zhang 2005 Asian HB 220 310
Forsti 2004 Caucasian PB 223 296
Forsti 2004 Caucasian PB 166 203
Shen 2006 Mixed HB 155 150
Shore 2008 Mixed PB 583 583

PB Population-based study, HB Hospital-based study

95% CI 0.84-1.09; dominant model: OR = 0.99, 95% CI
0.91-1.08; and recessive model: OR = 0.97, 95% CI
0.86—1.09). In the subgroup analysis by ethnicity or study
design, still no obvious associations were found. For XPC
Ala499Val polymorphism, also no obvious associations
were found for all genetic models when all studies were
pooled into the meta-analysis (Val/Ala vs. Ala/Ala: OR =
0.91, 95% CI 0.79-1.05; Val/Val vs. Ala/Ala: OR = 1.07,
95% CI 0.80-1.44; dominant model: OR = 0.93, 95% CI
0.81-1.06; and recessive model: OR = 1.11, 95% CI
0.84-1.48). For XPC PAT+ polymorphism, obvious
associations were found for recessive model when all
studies were pooled into the meta-analysis (OR = 1.41,
95% CI 1.05-1.89).

Sensitivity analysis

A single study involved in the meta-analysis was deleted
each time to reflect the influence of the individual data set

Table 2 Main results of pooled ORs in the meta-analysis

to the pooled ORs, and the corresponding pooled ORs were
not materially altered (data not shown), indicating that our
results were statistically robust.

Publication bias

Begg’s funnel plot and Egger’s test were performed to
access the publication bias of literatures for XPC
Lys939GIn polymorphism. The shape of the funnel plot
revealed obvious asymmetry except for recessive model
(figures not shown). Then, the Egger’s test was used to
provide statistical evidence of funnel plot asymmetry. The
results still suggested no obvious publication bias except
for recessive model (P = 0.061 for Lys/GIn vs. Lys/Lys;
P = 0.195 for GIn/Gln vs. Lys/Lys; P = 0.192 for domi-
nant model; and P = 0.034 for recessive model). The
Duval and Tweedie non-parametric “trim and fill” method
was used to adjust for publication bias. Meta-analysis with
and without “trim and fill” method did not draw different
conclusion (data not shown), indicating that our results
were statistically robust.

Discussion

To demonstrate the relationship between three polymor-
phisms (Lys939Gln, Ala499Val, and PAT=) of XPC and
breast cancer risk, a meta-analysis involving 5,090 cases
and 5,214 controls was performed. For XPC Lys939GIn
and Ala499Val polymorphisms, no obvious associations
were found for all genetic models. For XPC PAT=+ poly-
morphism, obvious associations were found for recessive
model. It suggests that the XPC PAT+ polymorphism
allele may be a low-penetrant risk factor for developing
breast cancer. Since the PAT= polymorphism occurs in an
intronic sequence and may be linkage disequilibrium with

Lys939GIn Heterozygote vs. wild type Homozygote vs. wild type Dominant model Recessive model
OR (95%CI) Py OR (95%CI) Py OR (95%CI) Py OR (95%CI) Py
Total 1.00 (0.92, 1.10) 0.12 0.96 (0.84, 1.09) 0.46 0.99 (0.91, 1.08) 0.23 0.97 (0.86, 1.09) 0.29
Ethnicity
Caucasian 0.98 (0.86, 1.11) 0.12 0.89 (0.74, 1.06) 0.55 0.96 (0.85, 1.08) 0.14 0.91 (0.77, 1.07) 0.71
Asian 1.49 (1.03, 2.15) - 0.92 (0.50, 1.67) - 1.35 (0.96, 1.91) - 0.76 (0.43, 1.35) -
African 0.94 (0.77, 1.16) 0.31 0.90 (0.60, 1.35) 0.65 0.94 (0.77, 1.14) 0.42 0.93 (0.63, 1.37) 0.51
Source
HB 1.09 (0.95, 1.25) 0.33 1.08 (0.89, 1.31) 0.45 1.09 (0.95, 1.24) 0.73 1.06 (0.89, 1.26) 0.13
PB 0.95 (0.84, 1.07) 0.12 0.87 (0.73, 1.03) 0.66 0.93 (0.83, 1.04) 0.16 0.90 (0.76, 1.06) 0.76
Ala499Val 0.91 (0.79, 1.05) 0.85 1.07 (0.80, 1.44) 0.79 0.93 (0.81, 1.06) 0.87 1.11 (0.84, 1.48) 0.82
PAT+ 0.92 (0.71, 1.19) - 1.35 (0.97, 1.86) - 1.03 (0.81, 1.31) - 1.41 (1.05, 1.89) -

Py, P value of Q-test for heterogeneity test, PB population-based study, HB hospital-based study
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another XPC polymorphism. The polymorphism located at
the —5 position of intron 11 is a possible candidate since it
is at a splice acceptor site which causes a deletion and
skipping of exon 12 and is in strong linkage disequilibrium
with the PAT= polymorphism [24-26]. It is suggested that
the homozygous PAT4-/4 genotype shows decreased DNA
NER capacity and increased risk of cancer compared to the
other genotypes [27].

Some limitations of this meta-analysis should be
acknowledged. Firstly, in the subgroup analyses, the
number of Asians and Africans were relatively small, not
having enough statistical power to explore the real asso-
ciation. Secondly, our results were based on unadjusted
estimates, while a more precise analysis should be con-
ducted if individual data were available, which would
allow for the adjustment by other co-variants including age,
ethnicity, menopausal status, smoking status, drinking
status, obesity, environmental factors, and other lifestyle
[28].

In conclusion, this meta-analysis suggests that the XPC
PAT= polymorphism allele may be a low-penetrant risk
factor for developing breast cancer. However, it is neces-
sary to conduct large sample studies using standardized
unbiased genotyping methods, homogeneous breast cancer
patients, and well-matched controls. Moreover, gene—gene
and gene—environment interactions should also be consid-
ered in the analysis. Such studies taking these factors into
account may eventually lead to our better, comprehensive
understanding of the association between the XPC poly-
morphisms and breast cancer risk.
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