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Summary

Background: Previous studies have evaluated associations of XPG rs17655G>C and XPF
rs1799801T>C polymorphisms with a risk of cutaneous malignant melanoma (CMM). However,
their results thus remained inconsistent or even contradictory. Thus, the aim of this meta-analy-
sis was to evaluate association of XPG rs17655G>C and XPF rs1799801T>C polymorphism with
a risk of CMM. Methods: A comprehensive literature search was performed on PubMed, Web of
Science, Scopus, SCiELO and CNKI databases up to October 15,2019 to identify relevant studies.
Moreover, a case-control study was conducted to evaluate association of XPF rs1799801T>C
with CMM risk in the Iranian population. The odds ratio (OR) and 95% confidence interval
(Cl) values were used to estimate the strength of the associations. Results: Total of 12 studies
including 9 studies with 5,362 cases and 7,195 controls on XPG rs17655G>C and 3 studies with
803 CMM cases and 737 controls on XPF rs1799801T>C were selected. Pooled data revealed
that XPF rs1799801T>C polymorphism was significantly associated with an increased risk of
CMM under the heterozygote model (CT vs. TT: OR = 1.313; 95% Cl 1.062-1.624; P = 0.012).
However, XPG rs17655G>C polymorphism was not significantly associated with the risk of
CMM in the overall population and by ethnicity. The subgroup analysis showed a significant
association between XPG rs17655G>C polymorphism and CMM in polymerase chain reaction-
-based restriction fragments length polymorphism (PCR-RFLP) group of studies. Conclusion:
This meta-analysis result revealed that XPF rs1799801T>C polymorphism may be a risk factor
for developing of CMM. However, our pooled data inconsistence with the previous meta-ana-
lyses revealed that XPG rs17655G>C polymorphism was not associated with the risk of CMM.
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Souhrn

Vychodiska: Predchozi studie ukazaly souvislost mezi polymorfizmem XPG rs17655G>C a XPF rs1799801T>C a rizikem maligniho melanomu
kdze (cutaneous malignant melanoma — CMM). Jejich vysledky jsou ale nekonzistentni nebo dokonce protichlidné. Cilem této metaanalyzy bylo
tedy vyhodnotit souvislost polymorfizmu XPG rs17655G> C a XPF rs1799801T> C s rizikem CMM. Metody: Do 15. fijna 2019 bylo provedeno
komplexni vyhledavani literatury v databéazich PubMed, Web of Science, Scopus, SciELO a CNKI s cilem identifikovat relevantni studie. Kromé
toho byla provedena studie piipadd a kontrol s cilem vyhodnotit souvislost XPF rs1799801T> C s rizikem CMM v iranské populaci. Pro odhad sily
souvislosti byly pouzity hodnoty odds ratio (OR) a 95% intervalu spolehlivosti (Cl). Vysledky: Bylo vybréano celkem 12 studii, a to 9 studii zabyva-
jicich se XPG rs17655G> Cs 5 362 pfipady a 7 195 kontrolami a 3 studie zabyvajici se XPF rs1799801T> C s 803 CMM pftipady a 737 kontrolami.
Souhrnné Udaje svédcily o tom, ze v modelu heterozygott byl polymorfizmus XPF rs1799801T> C vyznamné spojen se zvysenym rizikem CMM
(CTvs.TT:OR=1,313,95% Cl 1,062-1 624; p =0,012). Nicméné v celkové populaci a ve skupinach podle etnické pfislusnosti nebyl polymorfizmus
XPG rs17655G> C vyznamné spojen s rizikem CMM. Analyza podskupin ukdazala vyznamnou asociaci mezi polymorfizmem XPG rs17655G> C
a CMM ve skupiné studii, ve kterych byla pouzita metoda PCR-RFLP. Zdvér: Tato metaanalyza odhalila, ze polymorfizmus XPFrs1799801T>C mUize
byt rizikovym faktorem pro rozvoj CMM. Nekonzistence nasich souhrnnych Udajd s predchozimi metaanalyzami svédcila o tom, Zze polymorfiz-

mus XPG rs17655G> C neni spojen s rizikem CMM.
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Introduction

Cutaneous malignant melanoma (CMM)
is a heterogeneous malignant neoplastic
disease with high morbidity rates [1,2].
CMM is characterized by a high muta-
tional load than other tumor types due
to extensive UV damage and has a vastly
variable prognosis depending on
disease stage [3]. CMM arise upon malig-
nant transformation of melanocytes, the
pigment-producing cells within the skin
that generally protect skin cells from UV-
radiation induced DNA-damage [4]. Al-
though CMM only accounts for less than
3% of all skin cancers, it is responsible for
the vast majority of skin cancer related
deaths highlighting the aggressiveness
of this cancer type and the need for
the improvement of the therapies [5].
The worldwide incidence of CMM has
risen rapidly over the course of the last
50 years despite public efforts to pro-
mote sun protection behaviors among
populations at risk [6]. It is reported as
the 19" most common cancer world-
wide, with estimated age-standard-
ized incidence rates of 2.8-3.1 cases per
100,000 people [7]. Moreover, CMM in-
cidence and also mortality rates vary by
gender, ethnicity and age, which is also
associated with differences in melanoma
anatomic sites [8]. The annual costs of
melanoma treatment are substantial; in
USA, they have raised by 288 % in less
than a decade [5,9]. Moreover, they com-
prise 3.3 billion USD of the total 8.1 bil-
lion USD in all direct skin cancer annual
costs [5,8].

CMM is a heterogeneous malignancy
with a complex biology. Genetic aberra-
tions in the mitogen-activating protein
kinase pathway is a central event in the
etiology of CMM, of which mutations in
BRAF and NRAS genes are the most com-
mon [10,11]. NRAS was the first gene in
this pathway to be found mutated in
CMM in a considerable rate (approxi-
mately 20%) [12]. Additionally, recurrent
mutations in the promoter of telomer-
ase reverse transcriptase, the catalytic
subunit of telomerase, have been asso-
ciated with a poor prognosis in primary
melanoma [13,14]. Moreover, approx-
imately 10% of all CMM occur in cases
with a family history of an autosomal
dominant genodermatosis named fa-
milial atypical multiple mole and mela-
noma syndrome [15]. Over the past dec-
ade, studies have been revealed that
failure in the nucleotide excision re-
pair (NER) pathway may result in many
human diseases such as CMM [16]. NER
is responsible for repairing bulky DNA
damage, such as DNA adducts caused
by UV radiation, mutagenic chemicals
or chemotherapeutic drugs [16,17]. In
NER pathway at least eight genes in-
cluding ERCC1, XPA, XPB/ERCC3, XPC,
XPD/ERCC2, XPE/DDB1, XPF/ERCC4 and
XPG/ERCCS5 have a vital role in DNA re-
pair and capable of preserving genetic
integrity to prevent cells from malignant
transformation [18,19].

The xeroderma pigmentosum group G
(XPG), also known as the ERCC5 gene,
functions to cut DNA lesions during DNA

repair. XPG also participates in other cell
processes such as transcription-cou-
pled DNA repair and RNA polymerase
Il transcription [20]. ERCC5/XPG is lo-
cated on chromosome 13g22-33, con-
sisting of 15 exons and 14 introns [21].
Moreover, the xeroderma pigmentosum
complementation group F (XPF), also
called excision repair cross-complimen-
tary group 4 (ERCC4), plays a central role
in NER of DNA, by nicks on the 5" side of
the damaged DNA strand, by cleaving
an open “bubble” intermediate [22,23].
ERCC4/XPF gene is located on chromo-
some 16p13.12, comprises 10 exons and
spanning about 15 kb [22].

Human XPG and XPF genes are highly
polymorphic and among known sin-
gle nucleotide polymorphisms within
these genes; XPG rs17655G>C and XPF
rs1799801T>C polymorphisms are most
frequently studied in association with
risk of different type of cancers. To date,
a number of molecular epidemiological
studies have been performed to evaluate
the association of XPG rs17655G>C and
XPF rs1799801T>C polymorphisms with
a risk of CMM in diverse populations.
However, results thus far have remained
inconsistent or even contradictory, par-
tially because of the possible small effect
of the polymorphism on CMM risk and
the relatively small sample size in each
of published study. Thus, we conducted
a case-control study and comprehensive
meta-analysis by including the most re-
cent and relevant published articles to
identify statistical evidence of the as-
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sociation of XPG rs17655G>C and XPF
rs1799801T>C polymorphisms with the
risk of CMM.

Materials and methods
Case-control study

A total of 300 participants including
150 cases with CMM and 150 healthy
controls were recruited between June
2015 and September 2018. The age and
sex of matched controls were randomly
selected from the same hospital among
patients who refereed for health check-
-up. The study was approved by the
Medical Research Ethics Committee and
awritteninformed consent was obtained
from the study participants. Genomic
DNA was extracted from blood samples
using a QlAamp DNA Blood Mini Kit (Qia-
gen, Hilden, Germany) according to the
instructions of the manufacturer. Geno-
type analyses of XPG rs17655G>C and
XPF rs1799801T>C polymorphisms were
performed by a polymerase chain reac-
tion-based restriction fragments length
polymorphism (PCR-RFLP) method as
described previously [24-26].

Meta-analysis

Search strategy and study selection
Online electronic databases including
PubMed, EMBASE, Scopus, Cochrane Li-
brary database, Springer Link, SciELO,
Chinese Biomedical Database (CBD),
China National Knowledge Infrastruc-
ture (CNKI), WanFang, OVID, SID, EBSCO
and VIP were searched to collect all the
eligible studies evaluating association of
XPGrs17655G>Cand XPF rs1799801T>C
polymorphisms with the risk of CMM
up to October 15, 2019. The follow-
ing terms, keywords and their combi-
nations were used: (“Cutaneous Malig-
nant Melanoma” OR "Melanoma”) AND
(“Xeroderma Pigmentosum Group G” OR
“XPG” OR “ERCC5” OR “rs17655G>C" OR
“c.3310G>C" OR “p.Asp1104His”) AND
(“Xeroderma Pigmentosum Group F” OR
“XPF” OR “ERCC4 “ OR “rs1799801T>C"
OR “30028T>C” OR “c.2505T>C" OR
“p.Ser835=") AND (“Gen” OR “Single Nu-
cleotide Polymorphisms” OR “SNPs”
OR “Polymorphism” OR “Mutation” OR
“Variation” OR “Allele”). The search was
limited to English, Chinese and Farsi lan-
guage papers. The search was limited to

Records identified Addlt.l onal records
c identified through
S through database
=] ) . other sources
5 searching published )
& published up to
= up to October 15,
< 2019 (N = 113) October 15,2019
o - (N=0)
Records screened after removing after Records excluded (N =,35)
o . —> lrreverence after reading
£ duplicates (N =78) .
c titles and/or abstracts
[
3 v
Records screened (N = 43)
Full-text articles excluded,
with reasons (n = 31)
Review, case reports,
2 " . _ letters to editors, evaluated
5 Full-text articles assessed for eligibility (N =43) —> other diseases instead of
'._% cutaneous melanoma, not
relevant to the XPG and XPF
SNPs.
Studies included in qualitative synthesis (N = 12)
el
2L “Studies included in quantitative synthesis
2 (n =12 case-control studies) « XPG rs17655G>C:
£ 9 studies
+ XPF rs1799801T>C: 3 studies”

Fig. 1. Flowchart of literature search and selection process.

SNPs - single nucleotid polymorphisms

human studies. Additional studies were
identified by hand searching references
in original articles and review articles.
Of the studies with the same or overlap-
ping data published by the same investi-
gators, we selected the most recent ones
with the largest number of subjects

Selection criteria

The studies eligible for the inclusion

in our meta-analysis had to fulfill the

criteria:

1) studies with case-control design;

2) studies evaluating association of any
or both polymorphisms of XPG rs-
17655G>C and XPF rs1799801T>C
polymorphisms with the risk of CMM;

3) sufficient data for estimating the odds
ratio (OR) with 95% confidence inter-
val (CI).

The studies were excluded for the fo-
llowing reasons:
1) No control population (case only
studies);
2) animal studies;

3) data unavailable for calculating the
genotype or allele frequencies;

4) linkage studies, twin, sibling and
other family-based studies;

5) abstracts, reviews, case reports, pos-
ters, editorials, conference articles;

6) overlapping data or duplicate of pre-
vious publication.

Studies overlapping with other studies
should be eliminated and the largest study
should be included in the final analysis.

Data extraction

The eligible studies were screened by
2 authors and all data were extracted
carefully according to the inclusion cri-
teria. Any disagreement was resolved by
consultation. The following information
was extracted from the eligible studies:
first author’s surname, year of publica-
tion, ethnicity (categorized as Asian,
Caucasian or mixed populations), source
of controls (hospital based or popula-
tion based), genotyping method, sam-
ple size, genotype distributions for both
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Tab. 1. Characteristics of studies included in meta-analysis.

First Author/ Country SOC Geno- Case/ Cases Controls MAF HWE

Year (Ethnicity) t-);:‘::g Control Genotypes Allele Genotypes Allele

nique

XPGrs17655G>C GG GC €CC G C GG GC Ccc G C

Blankenburg Germany HB PCR-RFLP 293/374 184 100 9 468 118 232 124 18 588 160 0.214 0.784

2005 [27] (Caucasian)

Li 2006 [3] USA HB PCR-RFLP 602/603 373 206 23 952 252 370 206 27 946 260 0.216 0.804
(Caucasian)

Millikan 2006 USA PB TagMan 1193/2408 731 389 73 1851 535 1512 780 115 38401010 0.210 0.265

[29] (Caucasian)

Povey 2007 [25] UK PB PCR-RFLP 507/441 314 169 24 797 217 252 162 27 666 216 0.245 0.887
(Caucasian)

Figl 2010 [30] Germany HB TagMan 1186/1274 703 409 74 1815 557 725 465 84 1915 633 0.248 0.420
(Caucasian)

Ibarrola-Villava  Spain HB TagMan 599/379 327 222 50 876 322 215 140 24 570 188 0.248 0.850

2011 [31] (Caucasian)

Goncalves 2011  Brazil HB PCR-RFLP 192/208 105 77 10 287 97 109 74 25 292 124 0.298 0.030

[32] (Mixed)

Paszkowska- Poland PB TagMan 640/1358 412 200 28 1024 456 896 404 85 2196 574 0.207 <

Szczur 2013 [24] (Caucasian) 0.001

Niktabar 2019 [2] Iran (Asian) PB PCR-RFLP 150/150 79 53 18 211 89 81 58 11 220 80 0.267 0.889

XPF rs1799801T>C TT TC CC T C TT T7C CC T C

Povey 2007 [25] UK PB PCR-RFLP 507/441 236 233 37 705 307 235 162 44 632 250 0.283 0.044
(Caucasian)

Oliveira 2013 Brazil HB PCR-RFLP 146/146 74 58 14 206 8 74 60 12 208 84 0.288 0.973

[26] (Mixed)

Niktabar 2019 [2] Iran (Asian) PB PCR-RFLP 150/150 69 61 20 199 101 81 53 16 215 85 0.283 0.111

HB - hospital-based, HWE - Hardy-Weinberg equilibrium, MAF — minor allele frequency, NA — not available, PB — population-based,

PCR - polymerase chain reaction, RFLP — restriction fragment length polymorphism, SOC - source of control

XPGrs17655G>Cand XPF rs1799801T>C
polymorphisms in cases and controls,
minor allele frequency and Hardy-Wein-
berg equilibrium (HWE) in controls.

Statistical analysis

Crude OR values together with their
corresponding 95% Cl values were
used to assess the strength of associa-
tion between XPG rs17655G>C and XPF
rs1799801T>C polymorphisms and the
risk of CMM. The pooled OR values were
performed under all 5 genetic mod-
els, i.e. allele (B vs. C), homozygote (BB
vs. AA), heterozygote (BA vs. AA), dom-
inant (BB + BA vs. AA) and the recessive

(BB vs. BA + AA). The Cochran’s Q statis-
tic test was employed to test between-
study heterogeneity, and the heteroge-
neity was considered significant when
P < 0.05 for Q-statistic. Moreover, I? sta-
tistic was used to quantify inconsist-
ency, which describes the proportion
of variation in the log that is attributed
to genuine differences across studies
rather than to random error (range
0-100 %: I> = 0-25 %, no heterogene-
ity; I> = 25-50 %, moderate heteroge-
neity; I> = 50-75 %, large heterogeneity;
I2=75-100 %, extreme heterogeneity).
The fixed-effects model (Mantel-Haen-
szel method) was used to calculate the

pooled OR values when no significant
heterogeneity was detected; other-
wise, the random-effects model (DerSi-
monian-Laird method) was applied. The
goodness-of-fit chi-squared test was ap-
plied to test the Hardy-Weinberg equi-
librium (HWE) for XPG genotype dis-
tributions in controls, P > 0.05 were
considered to have reliable and repre-
sentative controls. Furthermore, meta-
regression analysis was performed to
investigate potential sources of heter-
ogeneity including ethnicity, source of
controls, genotyping methods and HWE
status. The sensitivity analysis was mainly
performed by sequential omission of in-
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/Tab. 2. Summary of meta-analysis for the association of XPG rs17655G>C and XPF rs1799801T>C polymorphisms with a risk of CMM. )
Subgroup Genetic model Type of Heterogeneity Odds ratio Publication bias
model
12 (%) P, OR 95% CI zZ . P,. Peeges Peygers
XPGrs17655G>C
Overall Cvs.G Random 9943 <0.001 1397 0.619-3.152 0.806 0.420 1.000 0.106
CCyvs. GG Random 50.51 0.049 0.883 0.689-1.131 -0.985 0.324 0.107 0.072
CGvs. GG Fixed 0.00 0.875 0.988 0.915-1.068 -0.299 0.765 1.000 0.892

CC+CGvs.GG Random 62.88 0.009 1.015 0.890-1.157  0.223 0.823 0.901 0.900
CCvs.CG+GG Random 5255 0.039 0.880 0.686-1.129 -1.005 0.315 0.107 0.064

Ethnicity
Caucasian Cvs.G Random 99.55 <0.001 1.553 0.603-3.998 0.912 0.362 0.763 0.123
CCyvs. GG Fixed 38.05 0.138 0.981 0.831-1.159 -0.221  0.825 0.367 0.213
CGvs. GG Random  0.00 0.734 0986 0.911-1.068 -0335 0.738  0.763 0.847
CC+CGvs.GG  Random 67.72 0.005 1.024 0.889-1.179  0.330 0.742 1.000 0.746
CCvs. CG+GG Fixed 3796 0.139 0985 0.837-1.160 -0.179 0.858 0229  0.197

Source of controls

Hospital based Cvs.G Fixed 0.00 0.455 0954 0.874-1.040 -1.068 0.286 0.806 0.811
CCvs. GG Fixed 43.34 0.133 0.885 0.704-1.112 -1.048 0.295 0.220 0.362
CGvs. GG Fixed 0.00 0.870 0971 0.869-1.085 -0.525 0.600 0.220 0.027

CC+CGvs.GG  Random 74.46 0.004 1.056 0.841-1.326  0.467 0.641 0.806 0.621
CCvs. CG+GG Fixed 47.56 0.106 0896 0.716-1.121 -0.960 0.337 0.220 0.299

Population Cvs.G Fixed 9971 <0001 2862 0.556-14.727 1258 0208 0296  0.266
based CCvs. GG Fixed 6892 0040 0914 0585-1429 -0394 0.693 1.000 0278
CG vs. GG Fixed 12,07 0321 1009 0903-1.127 0.155 0.877 1.000  0.499

CC+CGvs. GG Fixed 35.46 0.212 0999 0.899-1.110 -0.027 0.979 0.296 0.110
CCvs.CG+GG  Random  69.91 0.036 0909 0.581-1423 -0417 0.676 1.000 0.338

Genotyping methods

PCR—RFLP Cvs.G Fixed 0.00 0.684 0.893 0.794-1.004 -1.891 0.059 0.308 0.427
CCvs. GG Fixed 0.00 0.541 0674 0.485-0.938 -2.341 0.019 0.734 0.229
CGvs. GG Fixed 0.00 0.689 0959 0.827-1.111 -0.562 0.574 0.308 0.536

CC+CGvs. GG Fixed 0.00 0.778 0917 0.796-1.056 -1.203 0.229 0.734 0.971
CCvs. CG+GG Fixed 0.00 0.458 0681  0.492-0.942 -2.318 0.020 0.734 0.222

TagMan Cvs.G Random 99.72 <0.001 2318 0.594-9.036 1.211 0.226 0.734 0.419
CCvs. GG Fixed 55.02 0.083 1.053  0.874-1.269  0.547 0.584 0.734 0.826
CGvs. GG Fixed 0.00 0.566 1.002 0.913-1.099 0.045 0.964 1.000 0.687

CC+CGvs.GG  Random  80.31 0.002 1100 0.894-1.353 0.897 0.370 0.734 0.285
CCyvs. CG+GG Fixed 56.72 0.074 1.052 0.876-1.264  0.542 0.588 0.734 0.761

*By excluding HWE-violating studies
Cl - confidence interval, HWE - Hardy-Weinberg equilibrium, PCR - polymerase chain reaction, RFLP - restriction fragment length
polymorphism

_
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/Tab. 2 - continuing. Summary of meta-analysis for the association of XPG rs17655G>C and XPF rs1799801T>C polymorphisms with )
a risk of CMM.
Subgroup Genetic model Type of Heterogeneity Odds ratio Publication bias
model
17 (%) P, OR 95% ClI zZ, . Poq PBeggs Eggers
HWE* Cvs.G Random 99.62 <0.001 1480 0.467-4.691 0.666 0.505 1.000 0.166
CCvs. GG Fixed 32.67 0.191 1.003 0.864-1.236 0.359 0.720 0.259 0.231
CGvs. GG Fixed 0.00 0.737 0.971 0.891-1.059 -0.660 0.509 1.000 0.837
CC+CGvs.GG Random 72.94 0.002 1.033 0.872-1.224 0.374 0.708 1.000 0.773
CCvs.CG+GG  Fixed 2425 0.252 1.045 0.876-1.246 0488 0626 0.060 0.190
XPF rs1799801T>C
Overall Cvs.T Fixed 0.00 0.661 1120 0.959-1.308 1430 0.153  1.000  0.800
CCvs.TT Fixed 0.00 0.424 1.019 0.712-1.458 0.101 0.919 1.000 0.340
CTvs. TT Fixed 0.00 0.377 1313  1.062-1.624 2517 0.012 1.000 0.487
CC+CTvs.TT Random 9644 <0.001 0.558 0.147-2.122 -0.856 0.392 0.296 0.419
CCvs.CTHTT Fixed 19.42 0.289 0.902 0.638-1.275 -0.583 0.560 1.000 0.214
*By excluding HWE-violating studies
HWE - Hardy-Weinberg equilibrium, PCR - polymerase chain reaction, RFLP - restriction fragment length polymorphism, Cl - con-
fidence interval

dividual studies to reflect the influence
of the individual data set to the pooled
OR values. An estimate of potential pub-
lication bias was carried out by the fun-
nel plot. Funnel plot asymmetry was also
assessed by the method of Egger’s linear
regression test. For the interpretation of
the Begg’s test, the statistical significance
was defined as P < 0.1. All of the statis-
tical calculations were performed using
Comprehensive Meta-Analysis (CMA)
software, version 2.0 (Biostat, USA). Two-
sided P-values < 0.05 were considered
statistically significant.

Results

Characteristics of included studies
Fig. 1 shows the flowchart of literature
search and selection process. Through
comprehensive literature search and
study selection procedures, a total of
113 studies were retrieved based on the
search criteria for cancer susceptibil-
ity related to XPG rs17655G>C and XPF
rs1799801T>C polymorphisms. After
reading the titles and abstracts, 78 full-
text articles were preliminarily identified
for further detailed evaluation. Then,

66 articles were excluded because they
clearly did not meet the inclusion criteria
or included overlapping references. The
selected studies characteristics are sum-
marized in Tab. 1. A total of 12 studies
including 9 studies with 5,362 CMM
cases and 7,195 controls on XPG
rs17655G>C [24,27-32] and 3 studies
with 803 CMM cases and 737 controls
on XPF rs1799801T>C [25,26] were se-
lected. All included studies were con-
ducted between 2005 and 2019. The
studies have been carried out in Ger-
many, USA, UK, Spain, Brazil, Poland and
Iran. Two PCR-RFLP and TagMan geno-
typing methods were used in the in-
cluded studies. For the XPG rs17655G>C
polymorphism, there were seven studies
of Caucasian population, one of Asian
population and one of mixed popula-
tion. For the XPF rs1799801T>C poly-
morphism, there was one of Caucasian
population, one of Asian population,
and one of mixed population. The ge-
notype and minor allele frequency dis-
tributions in the studies considered in
the present meta-analysis are shown
in Tab. 1. Moreover, the distribution of

genotypes in controls was in agree-
ment with the Hardy-Weinberg equilib-
rium (HWE) for all selected studies, ex-
cept for two studies for XPG rs17655G>C
polymorphism and one study for XPF
rs1799801T>C polymorphism (Tab. 1).

Quantitative data synthesis

XPG rs17655G>C polymorphism

In Tab. 2, there are listed the main results
of the meta-analysis of XPG rs17655G>C
polymorphism and risk of CMM. When
all the eligible studies were pooled into
the meta-analysis of XPG rs17655G>C
polymorphism, there was no evi-
dence of significant association be-
tween XPG rs17655G>C polymorphism
and CMM risk under all 5 genetic mod-
els, i.e. allele (C vs. G: OR = 1.397; 95%
Cl 0.619-3.152; P = 0.420) (Fig. 2A), ho-
mozygote (CC vs. GG: OR = 0.883; 95%
Cl 0.689-1.131; P = 0.324), heterozy-
gote (CG vs. GG: OR = 0.988; 95% ClI
0.915-1.068; P = 0.765) (Fig. 2B), domi-
nant (CC + CG vs. GG: OR = 1.015; 95%
Cl 0.890-1.157; P = 0.901) and reces-
sive (CC vs. CG + GG: OR = 0.880; 95%
Cl 0.686-1.129; P = 0.315). Moreover,
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e N
A
Study name Statistics for each study Odds ratio and 95% Cl
Odds Lower Upper Relative
ratio limit limit Z-value P-value weight
Blankenburg 2005 [27] 0927 0709 1.210 -0.560 0.576 11.08
Li 2006 [3] 0963 0.792 1171 -0.377 0.706 11.14
Millikan 2006 [29] 13.452 11.995 15.086 44.439 0.000 j 11.19
Povey 2007 [25] 0.840 0.677 1.041 -1.597 0.110 11.12
Figl 2010 [30] 0928 0.815 1.058 -1.114 0.265 11.18
Ibarrola-Villava 2011 [31] 1.114 0905 1.373 1.019 0.308 11.13
Goncalves 2011 [32] 0.796 0.583 1.087 -1.436 0.151 11.03
Paszkowska-Szczur 2013 [24] 2.065 1.783  2.392 9.677 0.000 11.17
Niktabar 2019 [2] 1.160 0812 1.656 0817 0414 10.97
1397 0619 3.152 0.806 0.420
0.01 0.1 1 10 100
B
Study name Statistics for each study 0Odds ratio and 95% Cl
Odds Lower Upper Relative
ratio limit limit Z-value P-value weight
Blankenburg 2005 [27] 1.017 0733  1.410 0.100 0.920 5.62
Li 2006 [3] 0992 0.780 1.262 -0.066 0.948 10.35
Millikan 2006 [29] 1.032 0888 1.199 0.405 0.685 26.55
Povey 2007 [25] 0.837 0.638 1.099 -1.281 0.200 8.12
Figl 2010 [30] 0907 0.766 1.074 -1.134 0.257 21.11
Ibarrola-Villava 2011 [31] 1.043 0794 1369 0300 0.764 8.07
Goncalves 2011 [32] 1.080 0.712 1.639 0.363 0.717 3.46
Paszkowska-Szczur 2013 [24] 1.077 0.876  1.323 0.703 0.482 14.17
Niktabar 2019 [2] 0.937 0.577 1521 0264 0792 2.56
0.988 0.915 1.068 0.299 0.765
0.01 0.1 1 10 100
C
Study name Statistics for each study Odds ratio and 95% Cl
Odds Lower Upper Relative
ratio limit limit Z-value P-value weight
Blankenburg 2005 [27] 0.968 0.706 1.327 -0.203  0.839 10.50
Li 2006 [3] 0975 0.773 1230 -0.214 0.830 13.83
Millikan 2006 [29] 1.068 0926 1.232 0.908 0.364 18.02
Povey 2007 [25] 0.820 0.632 1.063 1.499 0.134 12.63
Figl 2010 [30] 0907 0.773 1.065 -1.189 0.234 17.20
Ibarrola-Villava 2011 [31] 1.670 1278 2.182 3.759 0.000 1233
Paszkowska-Szczur 2013 [24] 0.983 0.808 1.196 —0.167 0.867 15.50
1.024 0.889 1.179 0.330 0.742
0.01 0.1 1 10 100
\_ %

Fig. 2. Forest plot for association of XPG rs17655G>C polymorphism with a risk of CMM: A) in the overall population (allele model:
Cvs. G); B) in the overall population (heterozygote model: CG vs. GG); C) in the Caucasian populations (dominant model: CC + CG vs.
GG). CMM - cutaneous malignant melanoma, Cl - confidence interval
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e N

Study name Statistics for each study Odds ratio and 95% Cl

Odds Lower Upper Relative

ratio limit limit Z-value P-value weight
Povey 2007 [25] 1432 1.093 1.876 2.609 0.009 61.87
Oliveira 2013 [26] 0967 059 1568 —0.137 0.891 19.25
Niktabar 2018 [2] 1351 0.829 2.202 1.208 0.227 18.89

1313 1.062 1.624 2.517 0.012

0.01 0.1 1 10 100

N

Fig. 3. Forest plot for association of XPF rs1799801T>C polymorphism with a risk of CMM in the overall population under the hete-
rozygote model (CT vs. TT). CMM - cutaneous malignant melanoma, Cl - confidence interval

we have performed the subgroup anal-
ysis by ethnicity (Caucasians), source of
controls (HB and PB) and genotyping
methods (PCR-FRLP and TagMan). In the
stratified analysis, there was not still sig-
nificant association by ethnicity (Fig. 2C)
and a source of controls. However, the
subgroup analysis by genotyping meth-
ods revealed a significant association
between XPG rs17655G>C polymor-
phism and CMM in PCR-RFLP subgroup
studies under 2 genetic models, i.e. ho-
mozygote (CC vs. GG: OR = 0.674; 95% Cl
0.485-0.938; P =0.019) and recessive (CC
vs. CG + GG: OR = 0.681; 95% Cl 0.492-
0.942; P = 0.020), but not in TagMan
group of studies.

XPF rs1799801T>C polymorphism

In Tab. 2, there are also listed the main
results of the meta-analysis of XPF
rs1799801T>C polymorphism and CMM
risk. When all the eligible studies were
pooled into the meta-analysis of XPF
rs1799801T>C polymorphism, there was
a significant association between XPF
rs1799801T>C polymorphism and CMM
risk under the heterozygote model (CT
vs. TT: OR = 1.313; 95% Cl 1.062-1.624;
P =0.012) (Fig. 3).

Between-study heterogeneity test

There was a moderate to high varia-
tion under most genetic models when
we performed overall analysis for XPG
rs17655G>C polymorphism. Thus, we
conducted subgroup analyses by eth-
nicity, source of controls, genotyping

methods and HWE status to explore the
potential source of heterogeneity. After
the meta-regressions in the subgroup of
population based, hospital based, PCR-
RFLP, and TagMan, there was almost
no variation, indicating that the source
of controls and genotyping methods
might be the major source of heteroge-
neity in this meta-analysis.

Sensitivity analysis and publication bias
We performed a sensitivity analysis
through sequentially excluded indi-
vidual studies. The results showed that
no individual study affected the pooled
OR values and statistically and similar
results were obtained, suggesting the
stability of this meta-analysis. Subse-
quently, we conducted sensitivity analy-
sis by excluding those studies departure
from HWE. Similarly, the results sug-
gested that the current meta-analysis
was relatively consistent even by exclud-
ing HWE-violating studies. In the current
meta-analysis, Begg’s funnel plot and
Egger’s test were applied to evaluate the
publication bias of the literature on XPG
rs17655G>C and XPF rs1799801T>C pol-
ymorphisms. As showed in Tab. 2 and
Fig. 4, the results did not reveal any pub-
lication bias with either the Begg’s fun-
nel plot or the Egger’s tests under all
five genetic models in the overall pop-
ulations. However, the results of Begg's
funnel plots and Egger’s regression
test suggested evidence of publication
bias in stratified analysis among hospi-
tal based group of studies under hete-

rozygote model (P, o = 0.220; PEggers =
0.027). Therefore, to adjust the literature
bias among the HB group of studies,
the trim-and-fill method developed by
Duval and Tweedie was applied. How-
ever, after trimming we have yield sim-
ilar results, indicating that the results
were statistically reliable.

Discussion

A single study cannot be suffi-
cient enough to confirm the asso-
ciation of XPG rs17655G>C and XPF
rs1799801T>C polymorphisms with
CMM risk convincingly, especially for
small-sample size studies. This analy-
sis is the most updated one to pro-
vide an evaluation of XPG rs17655G>C
and XPF rs1799801T>C polymorphisms
with CMM risk. To the best of our knowl-
edge, this is the first meta-analysis to
assess the association between XPF
rs1799801T>C polymorphism with CMM
risk. When 3 eligible case-control studies
with 803 CMM cases and 737 con-
trols were pooled into the meta-analy-
sis of XPF rs1799801T>C polymorphism,
there was a significant association be-
tween XPF rs1799801T>C polymor-
phism and CMM risk under the hete-
rozygote model (CT vs. TT: OR = 1.313;
95% Cl 1.062-1.624; P =0.012). However,
our pooled data failed to demonstrate
any significant association between XPG
rs17655G>C polymorphism and an in-
creased risk of CMM. Moreover, the sub-
group analysis by ethnicity also showed
that there was no significant association
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Fig. 4. Funnel plot for publication bias in the meta-analysis of XPG rs17655G>C polymorphism with CMM risk: A) allele model (C vs.
G); B) heterozygote model (CG vs. GG). CMM - cutaneous malignant melanoma

among Caucasians. However, the strat-  genetic models, i.e. homozygote (CC To date, the meta-analysis has evalu-
ified analysis by genotyping methods  vs. GG: OR = 0.674; 95% Cl 0.485-0.938;  ated evaluated the association between
revealed a significant association be- P =0.019) and recessive (CCvs.CG + GG:  XPGrs17655G>C polymorphism and risk
tween XPG rs17655G>C and CMM risk  OR = 0.681; 95% Cl 0.492-0.942; of CMM. However, our pooled data was
in PCR-RFLP group of studies under 2 P =0.020). inconsistent with the previous meta-
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-analysis. In 2015, Xu et al. evaluated the
association between XPG Asp1104His
(rs17655G>C) polymorphism and mel-
anoma susceptibility in a meta-analysis
of eight published case-control studies
containing 5,212 cases and 7,045 con-
trols. Their results showed that XPG As-
p1104His polymorphism was signifi-
cantly associated with an increased risk
of melanoma under a dominant model
(CC + GC vs. GG: OR = 2.42; 95% Cl;
P =2.26-2.60). Moreover, their subgroup
analysis showed a significant association
by source of controls among population-
based (CC + GC vs. GG: OR 2.51; 95% Cl
2.28-2.77) and hospital-based (CC + GC
vs. GG: OR 2.34;95% Cl 2.12-2.58) groups
of studies. Thus, they have indicated that
the XPG Asp1104His polymorphism was
a risk factor for melanoma susceptibil-
ity [33]. However, their meta-analysis has
some limitation, as the meta-analysis
study did not carry out further subgroup
analysis by ethnicity. When stratified by
ethnicity, the results showed the same
association between XPG rs17655G>C
polymorphism and CMM susceptibil-
ity in the overall population. Moreover,
compared with their meta-analysis, we
have performed subgroup analysis by
genotyping methods and by excluding
those HWE-violating studies. By exclud-
ing those studies, the results still showed
that there was not association between
XPG rs17655G>C polymorphism and
CMM risk. Furthermore, they did not use
all 5 genetic models (allele model, dom-
inant model, recessive model, homozy-
gous model, and heterozygous model)
to assess the strength of association be-
tween XPG rs17655G>C polymorphism
and CMM risk. These limitations revealed
that our pooled OR values have good re-
liability than the previous meta-analysis
results.

The between-study heterogeneity sig-
nificantly affects a genetic association
of meta-analysis result [34,35]. Several
factors such as ethnicity, sample size,
source of controls, genotyping method
and Hardy-Weinberg equilibrium (WHE)
might contribute to potential sources
of heterogeneity [34-37]. In the current
meta-analysis, there was a moderate
to high heterogeneity in most genetic
models for XPG rs17655G>C polymor-

phism. The subgroup analyses revealed
that the source of controls and genotyp-
ing methods might be the major source
of heterogeneity in this meta-analysis.

Several limitations exist in the cur-
rent meta-analysis, which have to be
acknowledged:

1) We have included only published
studies in the meta-analysis, and there
may still be some unpublished studies
with negative results that may have
been missed. Therefore, publication
bias may exist; even no statistical evi-
dence suggested publication bias in the
meta-analysis.

2) We have mostly focused on studies
published in English, Chinese and Farsi,
which might have biased the results and
causing a language bias.

3) Only 3 studies on XPF rs1799801T>C
polymorphism were included to this
meta-analysis, which might reduce the
statistical power for identifying the po-
tential association of XPF rs1799801T>C
polymorphism with susceptibility to
CMM, and the conclusions may be
biased.

4) For XPG rs17655G>C and XPF
rs1799801T>C polymorphisms, almost
all of the included studies were con-
ducted among Caucasians. Therefore,
we could not assess the association
stratified by ethnicity among other pop-
ulation, so these results should be in-
terpreted with caution. Thus, data from
large-scale and different ethnicities (es-
pecially from Asians and Africans) ep-
idemiological studies are still needed
to confirm the association of XPG
rs17655G>C and XPF rs1799801T>C
polymorphisms with CMM risk.

5) Due to lack of individual original
data, we could not assess CMM risk strat-
ified by other covariates including age,
gender, environment, lifestyle and other
risk factors. Finally, like most malignan-
cies, CMM is mainly caused by gene-
gene and gene-environment interac-
tions. However, no appropriate data was
available to further analysis and sort-
ing data. Therefore, further large-scale
studies in different populations with
different environmental background
are required to validate gene-gene and
gene-environment interactions on as-
sociation of XPG rs17655G>C and XPF

rs1799801T>C polymorphisms with sus-
ceptibility to CMM.

Conclusion

Our results suggested that XPF
rs1799801T>C polymorphism might be
a risk factor to development of CMM.
However, XPG rs17655G>C polymor-
phism was not significantly associated
with an increased risk of CMM. Never-
theless, further large-scale, multicenter,
epidemiological studies are required to
confirm this finding and the molecular
mechanism for the associations need to
be elucidated in future studies.
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