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Association of XPC Polymorphisms with 
Cutaneous Malignant Melanoma Risk:  
Evidence from a Meta-Analysis

Fatemeh Asadian1, Seyed Mohammadreza Niktabar2,*, Yaser Ghelmani3, Shadi Kargar2, Elahe Akbarian4, 
Seyed Alireza Emarati4, Jalal Sadeghizadeh-Yazdi5, Hossein Neamatzadeh6, 7

A B S T R AC T
Background: A number of studies have reported that the xeroderma pigmentosum complementation group C (XPC) polymorphisms are 
associated with cutaneous malignant melanoma (CMM) susceptibility. But the results of those studies were inconsistent. Here,  
we performed a study to obtain a more conclusive result on the association of XPC polymorphisms with risk of CMM.
Methods: The XPC Lys939Gln and Ala499Val polymorphisms were genotyped in 150 CMM cases and 150 controls by PCR-RFLP assay. 
Subsequently, all published relevant studies were identified through a comprehensive literature search in PubMed, Web of Science, and CNKI 
databases. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated to estimate the strength of correlation.
Results: There was no significant association between XPC Lys939Gln and Ala499Val polymorphisms and CMM risk in our population. A total 
of 15 case-control studies including ten studies with 5,990 cases and 7,697 controls on XPC Lys939Gln and five studies with 3,139 cases and 
3,721 controls on XPC Ala499Val polymorphism were selected. Pooled data revealed that XPC Lys939Gln (C vs. A: OR = 1.108, 95% CI 1.008–
1.217; P = 0.033) and Ala499Val (C vs. A: OR = 0.918, 95% CI 0.850–0.992; p = 0.031; CC+CA vs. AA: OR = 0.904, 95% CI 0.819–0.997; p = 0.043) 
polymorphisms were significantly associated with an increased risk of CMM. Moreover, stratified analyses by ethnicity revealed that the XPC 
Ala499Val and Lys939Gln polymorphisms were significantly associated with risk of CMM in Caucasians and mixed populations, respectively.
Conclusions: This meta-analysis result suggested that XPC Lys939Gln and Ala499Val polymorphisms were significantly associated with risk 
of CMM.
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INTRODUCTION

Cutaneous malignant melanoma (CMM) is an aggressive 
tumor of melanocytes in skin with rapidly increasing inci-
dence causing a major public health problem (1). CMM re-
sponsible for less than 5% of all skin cancers but over 75% 
of skin cancer related deaths (2–4). Its incidence varies 
dramatically between different ethnicities (3, 4). Analysis 
of the data from 29 countries suggested that Australia and 
New Zealand has by far the greatest incidence, illustrating 
the connection between white populations near the equa-
tor and CMM (4). There are numerous risk factors such as 
age, fair skin type, family history of CMM and presence of 
many or large nevi identified for developing CMM (5). It is 
firmly established that around 8–12% of CMM cases have 
a family history of CMM (6). UV-light is the most important 
cause, and the incidence of CMM in individuals with a sus-
ceptible skin type increases with proximity to the equator 
(7). Despite several decades of research on CMM, both eti-
ology and pathogenesis of this disease is still unknown.

The etiology of CMM is likely to be multifactorial, in-
volving UV exposure and genetic predisposition (6–8). The 
nucleotide excision repair (NER) is a versatile system that 
repairs a wide variety of DNA damage, including UV pho-
toproducts (9). Thus, genetic mutations of NER proteins 
may be the natural candidate for development of CMM in 
association studies (10). There are at least eight core NER 
proteins participating in the pathway, and mutations in 
their genes may alter NER functions (11). The xeroderma 
pigmentosum complementation group C (XPC) is one of 
the key members in the NER pathway (10, 12). The XPC 
protein can form a XPC-RAD23B complex with RAD23B, 
which involved in global genome repair and works as the 
earliest damage detector to initiate the NER pathway. In 
addition, XPC may also possess some functions in base ex-
cision repair (BER) via attenuation with thymine DNA gly-
cosylate and the human 8-oxoguanine DNA N-glycosylase 1 
(hOGG1) (13, 14). Mutation in this gene can lead to Xeroder-
ma pigmentosum (XP), a rare autosomal recessive disorder 
characterized by extreme UV-sensitivity (15).

The human XPC gene is located on chromosome 3p25.1, 
consists of 16 exons, and encodes a 940 amino acid protein 
(16). To date, at least 102 coding-region single nucleotide 
polymorphisms (SNPs) in the XPC gene have been identi-
fied, among which two common SNPs including Lys939Gln 
(rs2228001) in exon15 and Ala499Val (rs2228000) in exon 
8 most frequently studied in CMM (16, 17). Moreover, it 
has been shown that XPC Lys939Gln and Ala499Val pol-
ymorphisms may be a risk factor in various cancers such 
as bladder cancer, prostate cancer, lung cancer, head and 
neck cancer and digestive system cancer (18–20). Over 
the last decade, several epidemiological studies evalu-
ated association of XPC Lys939Gln and Ala499Val poly-
morphisms with risk of CMM. However, the associations 
remain controversial in susceptibility to CMM, partially 
because of a possible weak effect of the polymorphisms 
on CMM risk, ethnicity, sample size, study design, and also 
using different genotyping methods. Hence, we performed 
a meta-analysis to derive a relatively comprehensive as-
sessment of the association between XPC Lys939Gln and 
Ala499Val polymorphisms and CMM risk.

MATERIALS AND METHODS

CASE-CONTROL STUDY

Study Population
The melanoma patient group consisted of 714 unselected 
participants, 451 women (mean age, 63 years) and 263 men 
(mean age, 65.5 years) from Poland.

The melanoma patient group consisted of 714 unse-
lected participants, 451 women (mean age, 63 years) and 
263 men (mean age, 65.5 years) from Poland.

A total of 150 cases diagnosed with CMM consisted of 
150 participants included 83 women (mean age, 61 years) 
and 67 men (mean age, 63 years) were enrolled from cen-
tral cities of Iran. All cases had undergone surgical treat-
ment for primary (54%) or metastatic melanoma (56%) 
between June 2015 and July 2017. In addition, 150 age and 
sex matched, unrelated healthy subjects without cancer 
family history (first- and second-degree relatives) were 
recruited after dermatological examination form same 
cities. All participants were Persian. The study was ap-
proved by the Medical Research Ethics Committee and the 
written informed consent was obtained from the study 
participants.

SNPs Genotyping
DNA samples were obtained from peripheral blood of 
CMM cases and healthy subjects using the Qiagen Blood 
DNA Mini Kit (QIAGEN, Venlo, Netherlands) according 
to the instructions of the manufacturer. DNA was dilut-
ed to 50 ng/μL concentration and was stored at −70 °C 
until genotyping. Genotype analyses of XPC Lys939Gln 
and Ala499Val polymorphisms were performed by poly-
merase chain reaction–restriction fragment length 
polymorphism (PCR-RFLP) assay as described previ-
ously. Primer sequences were: XPC Lys939Gln, 5́-ACCT-
GTCCAGAGTGAGGCAG-3́ (forward) and 5́-TCAAAG-
GGTGAGTGGGCTTT-3́ (reverse), and XPC Ala499 Val, 
5́-TGGCCTCCAGGGTGTCTTAT-3́ (forward) and 5́-ACT-
GTCAATGCCCACCACAT-3́ (reverse). PCR amplification 
conditions included denaturation at 95 °C for 5 minutes, 
followed by 35 cycles of denaturation at 95 °C for 30 sec-
onds, annealing at 67 °C for 30 seconds, polymerization at 
72 °C for 40 seconds, and a final stage of polymerization at 
72 °C for 7 minutes. The PCR products were then digested 
with restriction endonucleases. For XPC Lys939Gln, the 
PCR products were with one unit of PvuII and AciI re-
striction enzymes for XPC Lys939Gln and Ala499Val over-
night at 37 °C, respectively. DNA fragments were resolved 
on 3% agarose gels and stained with ethidium bromide. 
A difference between cases and controls regarding alleles 
and genotypes of XPC Lys939Gln and Ala499Val polymor-
phisms was analyzed by Chi-square test. Goodness-of-fit 
χ2 test was performed to test whether the genotype fre-
quency distribution of each polymorphism in controls 
was in Hardy-Weinberg equilibrium (HWE). All statisti-
cal analysis was performed using SPSS version 20.0 (SPSS 
Inc., Chicago, IL, USA). A two-sided statistical significance 
level of 0.05 was chosen.
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META-ANALYSIS

Search Strategy
This meta-analysis conformed to the Preferred Reporting 
Items for Systematic Reviews and Meta-analyses (PRIS-
MA) criteria. Eligible studies were identified through 
computer-aided literature searching in PubMed, EMBASE, 
Web of Science, Science Direct, Scopus, Cochrane Library 
database, Springer Link, Chinese Biomedical Database 
(CBD), China National Knowledge Infrastructure (CNKI), 
VIP, SID, Wanfang and Chinese Biomedical database up to 
September 25, 2019. The following terms and keywords 
were used for this search: (“Skin Cancer” OR “Melanoma” 
OR “Cutaneous Melanoma” OR “Malignant Melanoma” OR 
“Cutaneous Malignant Melanoma”) AND (“Xeroderma pig-
mentosum’’ OR “Complementation Group C” OR “XPC”) 
AND (“Lys939Gln” OR “rs2228001”) OR (“Ala499Val OR 
“rs2228000”) AND (“Gene” OR “Polymorphism” OR “SNPs” 
OR “Mutation” OR “Variation” OR “Allele”). We also includ-
ed additional studies by a hands-on search of references 
of original studies. Of the studies with the same or over-
lapping data, the most recent ones with the most subjects 
were selected.

Selection Criteria
The inclusion criteria of studies in the meta-analysis were 
defined as follows: 1) original and published data; 2) studies 
with case-control or cohort design; 3) evaluates the asso-
ciations of XPC Lys939Gln and Ala499Val polymorphisms 
with CMM risk; 4) provides sufficient data for calculation 
of odds ratio (OR) with 95% confidence interval (CI). In ad-
dition, the following exclusion criteria were used: 1) none-
case control studies; 2) no usable data reported; 3) case 
only studies (without controls); 4) linkage studies, twins, 
sibling and other family based studies; 5) animal studies; 
6) abstracts, case reports, posters, editorials, reviews, con-
ference articles and previous meta-analyses; and 7) dupli-
cated publications and repeated literatures.

Data Extraction
Two authors independently evaluated the articles for com-
pliance with our inclusion criteria and data was carefully 
extracted from all eligible studies. Any potential disagree-
ments were resolved by discussion until consensus was 
reached. The following data were extracted from each 
study: first author name, publication year, country of or-
igin, ethnicity, source of controls, genotyping methods, 
genotype distribution of XPC Lys939Gln and Ala499Val 
polymorphisms in CMM cases and controls, minor al-
lele frequencies (MAFs) in control groups, and result of 
HWE test in control subjects. Diverse ethnicity descents 
were categorized as Asian, Caucasian, and African. In the 
case of multiple studies by the same authors with overlap-
ping data, the most recent published study with the larg-
est number of participants was included in the current 
meta-analysis.

STATISTICAL ANALYSIS
The strength of the association between XPC Lys939Gln 
and Ala499Val polymorphisms and risk of CMM was 
measured by odd ratios (ORs) with 95% confidence in-
tervals (CIs). Z-test was carried out to evaluate the sta-
tistical significance of pooled ORs. The pooled ORs were 
performed under the following five genetic models: allele 
model (B vs. A), homozygote model (BB vs. AA), heterozy-
gote model (BA vs. AA), dominant model (BA+BB vs. AA) 
and recessive model (BB vs. BA+AA). The heterogeneity 
between studies was assessed with the chi-squared based 
Q-test and I2 statistics. A significant p value ( < 0.10) was 
used to indicate heterogeneity among studies. Moreover, 
a high value of I2 indicated a higher probability of the ex-
istence of heterogeneity (I2 = 0% to 25%, no heterogene-
ity; I2 = 25% to 50%, moderate heterogeneity; I2 = 50% to 
75%, large heterogeneity; and I2 = 75% to 100%, extreme 
heterogeneity). When between-study heterogeneity was 
found a random-effects model was performed; otherwise, 
a fixed-effects model (Mantel-Haenszel method) was ac-
cepted. Stratification and meta-regression analyses were 
used to detect the potential heterogeneity among studies. 
HWE of genotype distribution in the controls of included 
studies was conducted using an online program (http://
ihg2.helmholtz-muenchen.de/cgi-bin/hw/hwa1.pl), and 
P < 0.05 was considered significantly deviating from HWE. 
To validate the reliability and stability of the results, sen-
sitivity analysis was performed with a single study in the 
meta-analysis being deleted each time to reflect the influ-
ence of the individual data set on the pooled OR, as well 
as limiting this meta-analysis to studies which were con-
formed to HWE. Publication bias was assessed by Begg’s 
test and Egger’s test. The funnel plot was employed to ex-
amine the publication bias. Egger’s regression analysis was 
used for reevaluation of publication bias. The significance 
of the intercept was determined by the t test suggested by 
Egger, with p < 0.10 considered representative of statisti-
cally significant publication bias. Funnel plots and Egger’s 
linear regression tests were used to provide a diagnosis of 
the potential publication bias. In the presence of a bias, we 
utilized the Duval and Tweedie non-parametric ‘‘trim and 
fill’’ methods to adjust results. All of the statistical calcula-
tions were performed using Comprehensive Meta-Analy-
sis (CMA) software version 2.0 (Biostat, USA). Two-sided 
P-values < 0.05 were considered statistically significant.

RESULTS

CASE-CONTROL STUDY
In this case-control study, a total of 300 samples includ-
ing 150 patients diagnosed with CMM and 150 controls 
were recruited. Age and gender did not show a statistical-
ly different distribution between cases and controls. All 
observed genotype frequencies of the XPC Lys939Gln and 
Ala499Val polymorphisms in the control group were in ac-
cordance with the HWE (p = 0.492 and p = 0.698, respec-
tively). Distribution of XPC Lys939Gln and Ala499Val pol-
ymorphisms in melanoma cases and controls are shown 
in Table 1. The frequencies of XPC Lys939Gln polymor-
phism AA, AC, and CC genotypes in patients were 28.7%, 
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50.0%, and 21.3%, respectively, which were similar to those 
in the control (28.1%, 53.3% and 18.6%, respectively). For 
XPC Ala499Val polymorphism GG, GA and AA genotypes 
were found in 27.3%, 48.0% and 24.7% cases, respectively. 
In control group, GG, GA and AA genotypes were found in 
31.3%, 46.0% and 22.7%, respectively. The chi-square test 
results showed that there was no significant difference 
between the genotypic frequencies of XPC Lys939Gln and 
Ala499Val polymorphisms between CMM cases and con-
trols (Table 1).

META-ANALYSIS
Figure 1 shows the flowchart of literature search and selec-
tion process. Based on the search criteria, 117 individual 
literatures were found. After screening the titles and ab-
stracts, 45 publications were excluded. Therefore, 83 full 
text publications were preliminarily identified for further 
detailed evaluation. Subsequently, 68 studies were exclud-
ed: were not relevant to the XPC Lys939Gln and Ala499Val 
polymorphisms on CMM risk, not presenting sufficient 
data of genotype for calculating OR and 95% CI, reviews, 
previous meta-analyses, and case reports. Finally, a total 
of 15 case-control studies including ten case-control stud-
ies with 5,990 cases and 7,697 controls on XPC Lys939Gln 
polymorphism and five case-control studies with 3,139 
cases and 3,721 controls on XPC Ala499Val polymorphism 
were selected (10, 21–28). The baseline characteristics 
of the included studies are shown in Table 2. The main 
characteristics of the studies were presented in Table 2. 

All included studies were published between 2005 and 
2013. The studies have been carried out in Germany, USA, 
Brazil, Spain, Poland, and Iran. As for ethnicity, eleven 
studies were conducted among Caucasians, two studies 
among Asians, two studies among Africans. Four differ-
ent genotyping approaches were applied by the selected 
studies including: PCR-RFLP, TaqMan, Illumina Golden-
Gate Assay, and Sequenom. The genotype and minor al-
lele frequency (MAF) distributions in the studies consid-
ered in the present meta-analysis are shown in Table 2. 
Moreover, the distribution of genotypes in the controls 
was in agreement with HWE for all selected studies, ex-
cept for one study (23) on XPC Lys939Gln polymorphism  
(Table 2).

QUANTITATIVE DATA SYNTHESIS

XPC Lys939Gln Polymorphism
Table 3 listed the main results of the meta-analysis of XPC 
Lys939Gln polymorphism and CMM risk. Overall, after 
the ten case-control studies were pooled into meta-anal-
ysis, there was a significant association between XPC Lys-
939Gln polymorphism and risk of CMM under the reces-
sive model (CC vs. CA+AA: OR = 1.108, 95% CI 1.008–1.217; 
P = 0.033, Fig. 2A). The studies were further stratified by 
ethnicity and genotyping methods. Subgroup analysis by 
ethnicity showed that there was a significant association 
between XPC Lys939Gln polymorphism and CMM risk in 
mixed populations under all five genetic model, i.e., allele 

Tab. 1 Distribution of XPC gene polymorphisms in CMM cases and controls.

Polymorphism Cases (n = 150) Control (n = 150) OR (95% CI) p-value

XPC Lys939Gln

Genotypes

AA 55 (28.7%) 49(28.0%) Ref.

AC 69 (50.0%) 77(53.3%) 0.808 (0.513–1.271) 0.356

CC 26 (21.3%) 24 (18.7%) 1.101 (0.600–2.021) 0.757

Allele

A 179 (53.7%) 175 (54.7%) Ref.

C 121 (46.3%) 125 (45.3%) 0.946 (0.683–1.310) 0.740

XPC Ala499Val

Genotypes

GG 80 (27.3%) 79 (31.3%) Ref.

GA 57 (48.0%) 61 (46.0%) 0.894 (0.563–1.422) 0.636

AA 13 (24.7%) 10 (22.7%) 1.328 (0.564–3.131) 0.516

Allele

G 217 (51.3%) 219 (54.3%) Ref.

A 83 (48.7%) 81 (46.7%) 1.034 (0.722–1.481) 0.855

OR: Odds Ratio; CI: Confidence Interval
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Tab. 2 Characteristics of studies included in the meta-analysis.

First Au-
thor/ 
Year

Country
(Ethnicity)

SOC Genotyping
Technique

Case/ 
Control

Cases Controls MAFs HWE

Genotypes Allele Genotypes Allele

XPC Lys939Gln AA AC CC A C AA AC CC A C

Blankenburg  
2005

Germany  
(Caucasian)

PB PCR-RFLP 294/373 113 128 53 354 234 138 185 50 461 285 0.382 0.330

Li  
2006

USA 
(Caucasian)

PB PCR-RFLP 602/603 223 281 98 727 477 195 311 97 701 505 0.418 0.144

Millikan  
2006

USA 
(Caucasian)

PB TaqMan 1209/2439 409 580 220 1398 1020 785 1252 402 2822 2056 0.421  ≤ 
0.001

Figl  
2010

Germany 
(Caucasian)

PB TaqMan 1185/1273 420 568 197 1408 962 460 597 216 1517 1029 0.404 0.348

Goncalves  
2011

Brazil 
(Mixed)

HB PCR-RFLP 192/205 61 93 38 215 169 102 85 21 289 127 0.305 0.597

Ibarrola- 
Villava 2011

Spain 
(Caucasian)

PB TaqMan 684/406 281 289 114 851 517 154 198 54 506 306 0.376 0.439

Paszkowska- 
Szczur 2013

Poland 
(Caucasian)

PB Sequenom 635/1336 227 314 94 768 502 480 647 209 1607 1065 0.398 0.711

Oliveira  
2013

Brazil 
(Mixed)

HB PCR-RFLP 146/146 59 65 22 183 109 64 72 10 200 92 0.315 0.084

Torres  
2013

USA 
(Caucasian)

PB IGGA 893/766 304 451 138 1059 727 273 382 111 928 604 0.394 0.222

Present 
study

Iran 
(Asian)

PB PCR-RFLP 150/150 55 69 26 179 121 49 77 24 175 125 0.416 0.492

XPC Ala499Val CC CT TT C T CC CT TT C T

Li 2006 USA 
(Caucasian)

PB PCR-RFLP 602/603 338 214 50   890 314 318 248 37 881 322 0.267 0.212

Figl 2010 Germany 
(Caucasian)

PB TaqMan 1184/1274 626 477 81 1729 639 670 516 88 1856 692 0.271 0.397

Ibarrola- 
Villava 2011

Spain 
(Caucasian)

PB TaqMan 684/406 408 227 49 1043 325 225 158 23 608 204 0.251 0.488

Paszkowska- 
Szczur 2013

Poland 
(Caucasian)

PB Sequenom 519/1288 245 240 34 730 308 548 563 177 1659 917 0.356 0.093

Present 
study

Iran  
(Asian)

PB PCR-RFLP 150/150 80 57 13 217 83 79 61 10 219 81 0.270 0.698

SOC: source of control; PB: Population based; HB: hospital based; IGGA: Illumina GoldenGate Assay; PCR-RFLP: restriction fragment length polymorphism; 
MAF: minor allele frequency; HWE: Hardy-Weinberg Equilibrium.

(C vs. A: OR = 1.543, 95% CI 1.237–1.926, P ≤ 0.001), homozy-
gote (CC vs. AA: OR = 2.778, 95% CI 1.691–4.563, P ≤ 0.001), 
heterozygote (CA vs. AA: OR = 1.389, 95% CI 1.005–1.920, 
P = 0.046), dominant (CC+CA vs. AA: OR = 1.574, 95% CI 
0.158–2.140, P = 0.004), and recessive (CC vs. CA+AA: 
OR = 2.246, 95% CI 1.413–3.572, P = 0.001), but not in Cau-
casians. Moreover, in the PCR-RFLP group, significantly 
increased association between XPC Lys939Gln polymor-
phism and CMM risk was found under the recessive model 
(TT vs. TC+CC: OR = 1.297, 95% CI 1.056–1.594, P = 0.013). 
However, no significant association was found in the 
TaqMan group (Table 3).

XPC Ala499Val Polymorphism
Table 4 listed the main results of the meta-analysis of XPC 
Ala499Val polymorphism and CMM risk. When all the el-
igible studies were pooled into the meta-analysis of XPC 
Ala499Val polymorphism was significantly increased risk 
of CMM was found under two genetic models i.e., allele  
(T vs. C: OR = 0.918, 95% CI 0.850-0.992; P = 0.031, Fig 2B) 
and dominant (TT+TC vs. CC: OR = 0.904, 95% CI 0.819-
0.997; P = 0.043). When stratified by ethnicity and gen-
otyping method, no significant association was found in 
Caucasians and subgroup analysis by genotyping tech-
nique in PCR-RFLP and TaqMan subgroups (Table 4).
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NEITY AND SENSITIVITY ANALYSIS
As shown in Table 3, significant between-study hetero-
geneity appeared under four genetic models except un-
der recessive model for overall analysis, thus, we have 
utilized a  random-effect model to calculate the pooled 
estimates. Moderate between-study heterogeneity were 
observed in the overall analysis evaluating the association 
between XPC Lys939Gln polymorphism and CMM under 
four genetic models, i.e., allele (I2 = 50.18% and PH = 0.034), 
homozygote (I2 = 48.81% and PH = 0.040), heterozygote 
(I2 = 64.42% and PH = 0.003), and dominant (I2 = 48.78% 
and PH = 0.040). To the XPC Ala499Val polymorphism, 
a significant between-study heterogeneity were observed 
among overall studies in the two genetic models, i.e., 
the homozygote model (I2 = 47.33% and PH = 0.002) and 

recessive model (I2 = 80.15% and PH ≤ 0.001). In addition, 
we have performed leave-one-out sensitivity analysis val-
idated the stability of results that no single study changed 
the pooled ORs qualitatively (data not shown). However, 
the pooled ORs of XPC Lys939Gln and Ala499Val polymor-
phisms were not influenced by sequentially removing in-
dividual studies, suggesting that the included studies to 
this meta-analysis were statistically accurate.

PUBLICATION BIAS
We have used both Begg’s funnel plot and Egger’s test to 
assess the publication bias of literatures. The results of 
Egger’s regression test and relative asymmetry of funnel 
plot provided sufficient evidence for publication bias for 

Tab. 3 Summary of meta-analysis for the association of XPC Lys939Gln polymorphism with risk of CMM.

Subgroup Genetic Model Type  
of Model

Heterogeneity Odds Ratio Publication Bias

I2 (%) PH OR 95% CI Ztest POR PBeggs PEggers

Overall C vs. A Random 50.18 0.034 1.040 0.963–1.123 1.010 0.312 0.152 0.124

CC vs. AA Random 48.81 0.040 1.127 0.961–1.322 1.472 0.141 0.107 0.046

CA vs. AA Random 64.42 0.003 0.934 0.812–1.074 –0.955 0.339 0.591 0.650

CC+CA vs. AA Random 48.78 0.040 0.998 0.895–1.113 –0.039 0.969 0.720 0.417

CC vs. CA+AA Fixed 7.78 0.107 1.108 1.008–1.217 2.128 0.033 0.049 0.024

Ethnicity

Caucasians C vs. A Fixed 0.00 0.897 1.002 0.951–1.055 0.069 0.945 0.763 0.923

CC vs. AA Fixed 0.00 0.839 1.035 0.929–1.153 0.630 0.529 0.367 0.450

CA vs. AA Fixed 18.60 0.288 0.939 0.867–1.016 –1.563 0.118 0.548 0.359

CC+CA vs. AA Fixed 0.00 0.581 0.962 0.893–1.037 –1.006 0.315 0.763 0.497

CC vs. CA+AA Fixed 0.00 0.531 1.074 0.974–1.984 1.433 0.152 0.229 0.321

Genotyping

Mixed C vs. A Fixed 42.50 0.187 1.543 1.237–1.926 3.840  ≤ 0.001 NA NA

CC vs. AA Fixed 0.00 0.653 2.778 1.691–4.563 4.036  ≤ 0.001 NA NA

CA vs. AA Fixed 71.69 0.060 1.389 1.005–1.920 1.991 0.046 NA NA

CC+CA vs. AA Fixed 67.64 0.079 1.574 0.158–2.140 2.895 0.004 NA NA

CC vs. CA+AA Fixed 0.00 0.825 2.246 1.413–3.572 3.420 0.001 NA NA

PCR–RFLP C vs. A Random 75.85 0.002 1.143 0.906–1.442 1.130 0.259 0.462 0.255

CC vs. AA Random 72.84 0.005 1.441 0.901–2.305 1.524 0.127 0.462 0.185

CA vs. AA Random 79.46 0.001 0.876 0.595–1.291 –0.667 0.504 1.000 0.995

CC+CA vs. AA Random 73.47 0.005 1.065 0.777–1.461 0.339 0.694 0.806 0.346

CC vs. CA+AA Fixed 52.18 0.079 1.297 1.056–1.594 2.482 0.013 0.462 0.125

TaqMan C vs. A Fixed 0.00 0.996 1.000 0.941–1.064 0.013 0.990 1.000 0.796

CC vs. AA Fixed 0.00 0.861 1.026 0.903–1.166 0.398 0.691 1.000 0.727

CA vs. AA Fixed 22.90 0.273 0.947 0.861–1.041 –1.130 0.258 0.734 0.732

CC+CA vs. AA Fixed 0.00 0.654 0.967 0.884–1.057 –0.745 0.456 0.734 0.743

CC vs. CA+AA Fixed 6.609 0.360 1.059 0.944–1.189 0.979 0.328 1.000 0.800

NA: Not Applicable
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XPC Lys939Gln in the homozygote model (PBegg’s = 0.107,  
PEggers = 0.046, Fig. 3A) and the recessive model (PBegg’s = 0.049,  
PEggers = 0.024, Fig. 3B), suggesting that there was obvious 
publication bias in the genetic contrast. Therefore, we 
have performed the Duval and Tweedie nonparametric 
“trim and fill” method to adjust for publication bias. The 
“trim and fill” method did not change conclusion, indicat-
ing the results were statistically robust. Moreover, there 
was no publication bias of literatures for XPC Lys939Gln 
polymorphism by subgroup analyses (Table 3). To the XPC 
Ala499Val polymorphism, the shapes of the funnel plots 
and Egger’s test revealed no obvious asymmetry for asso-
ciation in the overall and by subgroup analyses (Table 3).

MINOR ALLELE FREQUENCIES (MAFS)
The minor allele frequencies (MAFs) of the XPC Lys939Gln 
and Ala499Val polymorphisms by ethnicity are present-
ed in Tables 2. The XPC 939Gln allele frequencies in the 
overall, Caucasian and mixed populations were 36.30% 

(30.50–42.10%), 39.85% (37.60–42.10%), and 31.0% (30.50–
31.50%), respectively. The XPC 499Val allele frequency in 
the overall population was 30.35% (25.10–35.60%). There-
fore, the frequencies of the XPC 939Gln allele in Cauca-
sians were greater than overall and mixed populations.

DISCUSSION

Our case-control study showed that there was no a signif-
icant association between XPC Lys939Gln and Ala499Val 
polymorphisms and an increased risk of CMM in our pop-
ulation. One limitation was the relatively small sample 
size to establish an association between polymorphisms 
at XPC gene and risk of CMM. Similarly, three studies by 
Ibarrola‐Villava et al., Li et al., and Blankenburg et al., with 
large sample size did not find an association between the 
XPC Val499Ala polymorphism on melanoma risk (21, 22, 
26). However, Paszkowska-Szczur et al., in case-control 
study with 714 unselected melanoma patients and 1,841 

Tab. 4 Summary of meta–analysis for the association of XPC Ala499Val polymorphism with risk of CMM.

Subgroup Genetic Model Type  
of Model

Heterogeneity Odds Ratio Publication Bias

I2 (%) PH OR 95% CI Ztest POR PBeggs PEggers

Overall T vs. C Fixed 47.33 0.108 0.918 0.850–0.992 –2.157 0.031 1.000 0.865

TT vs. CC Random 77.08 0.002 0.926 0.598–1.434 –0.346 0.729 1.000 0.646

TT vs. CC Fixed 0.00 0.535 0.911 0.822–1.009 –1.786 0.074 0.220 0.426

TT+TC vs. CC Fixed 0.00 0.652 0.904 0.819–0.997 –2.028 0.043 1.000 0.657

TT vs. TC+CC Random 80.15 ≤ 0.001 0.973 0.616–1.536 –0.117 0.906 0.806 0.590

Ethnicity

Caucasians T vs. C Fixed 58.07 0.067 0.913 0.844–0.988 –2.249 0.024 0.734 0.816

TT vs. CC Random 82.03 0.001 0.882 0.541–1.439 –0.502 0.616 0.734 0.800

TT vs. CC Fixed 4.27 0.371 0.910 0.820–1.011 –1.756 0.079 0.089 0.077

TT+TC vs. CC Fixed 0.00 0.503 0.900 0.814–0.995 –2.051 0.040 0.734 0.135

TT vs. TC+CC Random 84.49  ≤ 0.001 0.927 0.555–1.547 –0.289 0.772 0.734 0.704

Genotyping

PCR–RFLP T vs. C Fixed 0.00 0.750 0.980 0.835–1.154 –0.226 0.821 NA NA

TT vs. CC Fixed 0.00 0.985 1.274 0.852–1.904 1.180 0.238 NA NA

TT vs. CC Fixed 0.00 0.638 0.833 0.673–1.031 –1.680 0.093 NA NA

TT+TC vs. CC Fixed 0.00 0.669 0.891 0.727–1.091 –1.114 0.265 NA NA

TT vs. TC+CC Fixed 0.00 0.932 1.373 0.928–2.033 1.586 0.113 NA NA

TaqMan T vs. C Fixed 0.00 0.591 0.973 0.875–1.083 –0.497 0.619 NA NA

TT vs. CC Fixed 0.00 0.573 1.034 0.787–1.359 0.240 0.811 NA NA

TT vs. CC Fixed 49.84 0.158 0.928 0.807–1.067 –1.047 0.295 NA NA

TT+TC vs. CC Fixed 13.93 0.281 0.943 0.826–1.078 –0.854 0.393 NA NA

TT vs. TC+CC Fixed 0.00 0.393 1.603 0.814–1.388 0.446 0.656 NA NA

NA: Not Applicable.



108� Fatemeh Asadian et al. Acta Medica (Hradec Králové)

controls demonstrated that XPC Val499Ala polymorphism 
at XPC gene is associated with melanoma susceptibility in 
the polish population, but not XPC Lys939Gln polymor-
phism (10).

In the present meta-analysis, a total of ten studies with 
5,990 cases and 7,697 controls were retrieved on XPC Lys-
939Gln polymorphism. Our pooled analysis showed that 
the XPC Lys939Gln polymorphism was significantly asso-
ciated with increased risk of CMM. Our results were in-
consistent with the previous meta-analyses showed that 
the XPC Lys939Gln polymorphism might be associated 
with risk of CMM. In 2013, Zhou et al., in a meta-analy-
sis of seven studies (with 3,971 cases and 5,873 controls) 
have reported that the XPC Lys939Gln polymorphism was 
not significantly associated with CMM risk under all five 

genetic models (29). Jiang et al., in a more recently pub-
lished meta-analysis with eight studies of 4,631 cases and 
5,111 controls have found also negative results (30). The 
current meta-analysis has a number of strengths when 
compared to the previous meta-analyses. We have eval-
uated the association of XPC Lys939Gln polymorphism 
with CMM with the largest sample size to date. We ex-
panded sample size by adding two more studies and our 
case-control study data and improved statistical power to 
derive a more precise risk estimate for the associations. 
Remarkably, the both previous meta-analyses did not re-
port the significant association between XPC Lys939Gln 
and risk of CMM. Therefore, the positive results of the 
current meta-analysis might have been caused by large 
sample size. 

Fig. 1 Flowchart of literature search and selection process.
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The XPC Ala499Val polymorphism is one of the more 
widely studied SNPs in the XPC gene involving a substitu-
tion of alanine for valine (31). Mutations of the XPC genes 
may increase malignancy susceptibility by causing a se-
vere depression of NER and consequently altering DNA 
repair activity (32). However, the exact consequences of 
the Ala499Val substitution on protein function or struc-
ture not well established (33). In the current meta-analysis 
based on five case-control studies with 3,139 CMM cases 
and 3,721 controls we evaluated the association of XPC 
Ala499Val polymorphism with CMM. Overall, we found 
that there was a  significant association between XPC 
Ala499Val and increased risk of CMM under two genetic 
models i.e., allele (T vs. C: OR = 0.918, 95% CI 0.850–0.992; 
P = 0.031) and dominant (TT+TC vs. CC: OR = 0.904, 95% 
CI 0.819–0.997; P = 0.043). In recent years, several me-
ta-analyses have investigated the role XPC Ala499Val in 
susceptibility to different human malignancies. Interest-
ingly, those meta-analyses results showed that the XPC 
Ala499Val polymorphism was not associated with in-
creased risk of most tumors including breast, colorectal, 
gastric, and lung. However, their results demonstrated 
that the XPC Ala499Val polymorphism may contribute to 
susceptibility to bladder cancer, especially among Cauca-
sians (33, 34). Moreover, our pooled results showed that 

this polymorphism is significantly associated with risk  
of CMM.

Between-study heterogeneity is a potential problem in 
genetic association meta-analysis studies that may affect 
the interpretation of the pooled results (35–37). It may be 
due to various factors, such as diversity in the population 
characteristics (ethnicity, age, and sun exposure), differ-
ences in the number of cases and controls, diverse geno-
type distribution of XPC gene polymorphisms in different 
ethnicities, using different genotyping methods and study 
design (38–41). In the present meta-analysis we found rel-
atively high heterogeneity in overall analysis. However, af-
ter subgroup analyses by ethnicity, source of controls and 
genotyping method, the between studies heterogeneity 
was removed or significantly decreased. Thus, subgroup 
analyses showed that the origin of the heterogeneity 
among the studies was ethnicity and genotyping methods.

The current meta-analysis has some advantages. First, 
to the best of our knowledge, this was the first meta-anal-
ysis to evaluate the association between XPC Ala499Val 
polymorphism and CMM risk. Second, in the current 
meta-analysis, more studies were included than previous 
meta-analyses on XPC Lys939Gln polymorphism associa-
tion with CMM. Third, we have performed sensitive anal-
ysis by excluding studies deviating from HWE, due that 

Fig. 2 Forest plots for association between XPC Lys939Gln and Ala499Val polymorphisms and CM risk. A: XPC Lys939Gln (recessive model: 
CC vs. CA+AA); B: XPC Ala499Val (allele model: T vs. C).
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deviations from HWE in healthy subjects may be a sign 
of selection bias. However, the pooled ORs did not signif-
icantly influenced, suggesting that the included studies 
to this meta-analysis were statistically accurate. Fourth, 
compared with the previous meta-analysis, subgroup 
analysis by ethnicity and genotyping methods were also 
carried out.

Despite of the advantages mentioned above, there 
were still several limitations that should be noted in the 
meta-analysis. First, although we were able to discern 
a significant association of XPC Lys939Gln and Ala499Val 
polymorphisms with CMM in the overall population, the 
sample size was still relatively small. Second, the included 
studies involved in the meta-analysis were mainly were 
performed among Caucasian populations, so it is un-
certain whether these results are generalizable to other 

ethnicities. Thus, to strengthening the statistical power 
will require more data from different ethnicities. Third, 
we have included only English published studies in this 
meta-analysis, which might have led to literature biases. 
Fourth, although we have performed a  comprehensive 
search to identify all eligible case-control studies and 
included our unpublished original data, some relevant 
studies with negative results might be still missed, which 
might have led to literature biases. Fifth, there was sig-
nificant between-study heterogeneity for XPC Lys939Gln 
polymorphism under four genetic models and for XPC 
Ala499Val under two genetic models. Even though the 
random-effects model was used to calculate pool ORs, the 
precision of outcome might be affected. Sixth, the lack of 
available data prevented an adjustment for subgroup fac-
tors such as age, gender, exposure to environmental risk 

Fig. 3 Begg’s funnel plot of publication bias test for association between XPC Lys939Gln polymorphism and CM risk before (blue) and after 
(red) trim-and-fill method. A: homozygote model (CC vs. AA); B: recessive model (CC vs. CA+AA).
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factors, lifestyle and other confounding factors that can 
interact with genetic factors to influence the association 
of XPC Lys939Gln and Ala499Val polymorphisms with 
susceptibility to CMM. Finally, lack of original data from 
included studies limited our results because the interac-
tions between gene- gene, gene -environment, and also 
XPC Lys939Gln/Ala499Val may be modulated the associ-
ation of XPC Lys939Gln and Ala499Val polymorphisms on 
development of CMM.

In summary, our results demonstrated that the Lys-
939Gln and Ala499Val polymorphisms at XPC gene were 
significantly associated with an increased risk of CMM 
in the global population. Moreover, stratified analysis 
by ethnicity revealed that XPC Ala499Val and Lys939Gln 
polymorphisms were significantly associated with risk of 
CMM in Caucasians and mixed populations, respectively. 
Thus, these polymorphisms may serve as genetic biomark-
er for development of CMM. However, considering the 
limitations mentioned above, more well-designed studies 
with larger sample sizes are needed in future.
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ABBREVIATIONS

XPC: 	� Xeroderma Pigmentosum Complementation 
Group C

CMM: 	 Cutaneous Malignant Melanoma
ORs: 	 Odds Ratios
CIs: 	 Confidence Intervals
NER: 	 Nucleotide Excision Repair
BER: 	 Base Excision Repair 
hOGG1: 	� human 8-oxoguanine DNA N-glycosylase 1
XP: 	� Xeroderma Pigmentosum
HWE: 	� Hardy-Weinberg Equilibrium
PRISMA: 	� Preferred Reporting Items for Systematic  

Reviews and Meta-analyses
MAFs: 	� Minor Allele Frequencies 
CMA: 	� Comprehensive Meta-Analysis 
SOC:	�  Source of Control
PB: 	� Population Based

HB: 	� hospital Based
IGGA: 	� Illumina GoldenGate Assay
RFLP: 	� Restriction Fragment Length Polymorphism
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