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Background: Base excision repair (BER) and nucleotide excision repair (NER) pathways elim-
inate a wide variety of DNA damage, including UV photoproducts. The ability of each indi-
vidual to repair DNA damage following different causes might explain at least in part the
variability in cancer susceptibility. Moreover, inflammatory response to UV exposure may
further contribute to skin carcinogenesis by oxidative stress mechanisms. Single nucleo-
tide polymorphisms in genes encoding various DNA-repair enzymes and oxidative stress
factors may be candidate low-penetrance variants with a role in susceptibility to different
cancers, particularly in those with aetiologies linked to environmental exposure, such as
malignant melanoma (MM).
Methods: In this case-control study, 684 Spanish sporadic MM patients and 406 cancer-free
control subjects were included and the role of 46 polymorphisms belonging to 16 BER and
NER genes as well as 11 genes involved in oxidative stress processes were investigated.
Results: One polymorphism was identified to be individually associated with MM in the
Spanish population. The variant was found in the NOS1 oxidative stress gene (rs2682826;
p-value = 0.01). These results suggest a putative role of oxidative stress processes in the
genetic predisposition to melanoma.
Conclusion: To the authors’ knowledge, this is the largest DNA repair-related SNP study in
melanoma risk conducted in the Spanish population up to now. Furthermore, it also repre-
sents a comprehensive genetic study of several oxidative stress polymorphisms tested in
relation to MM susceptibility.
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1. Introduction

Malignant melanoma (MM) represents aggressive neoplasm
of melanocytes and its frequency is rapidly increasing among
Caucasian populations.’ The aetiology of MM remains unclear
but it is known that both genetic and environmental factors
influence the development of sporadic disease.” The key envi-
ronmental risk factor is exposure to the ultraviolet (UV) com-
ponent in sunlight, which causes various kinds of DNA
damage, including bulky lesions and oxidative damage, which
may lead to mutations if not repaired efficiently. Thus, varia-
tions in genes implicated in nucleotide excision repair, base
excision repair and oxidative stress pathways may be associ-
ated with susceptibility to MM.?

The nucleotide excision repair (NER) pathway is one of the
most versatile and best studied DNA repair systems and it
deals with the main types of UV-induced DNA damage. Spe-
cifically, NER genes remove bulky DNA lesions, such as pyrim-
idine dimers caused by UV light, bulky adducts induced by
chemical carcinogens, and other helix-distorting DNA le-
sions.* Since DNA repair is central to maintaining genomic
integrity in the skin,*® polymorphisms in the DNA repair
genes may contribute to variations in DNA repair capacity
in the general population and may affect genetic susceptibil-
ity to cancer. Individuals with inherited defects in NER have
low repair levels of UV-induced DNA lesions and are at a high
risk of skin cancers, including melanoma. Although several
previous studies have investigated the association between
polymorphisms in NER genes and risk of melanoma, most
of the study sizes were relatively small, and the results were
not consistent.t™*?

The base excision repair (BER) pathway is responsible for
repair of oxidative DNA damage and single-strand breaks
generated indirectly by UV radiation."*** It has been shown
that modulation of BER alters cellular sensitivity to UVA but
not to UVB.™ The BER pathway, which possibly handles the
largest number of cytotoxic and mutagenic base lesions, spe-
cifically removes alterations of a single base that has been
methylated, oxidised or reduced and thus rectifies single-
strand interruptions in DNA.'® Genetic polymorphisms have
been identified in several BER genes and studies suggest that
some of these polymorphisms may be associated with cancer
risk.172°

Furthermore, UV radiation can indirectly induce oxidative
stress in the skin via reactive oxygen species (ROS) generated
after the absorption of light energy by cellular chromophores.
Moreover, inflammatory response to UV exposure may further
contribute to skin carcinogenesis by oxidative stress mecha-
nisms.?? In addition, UV radiation can alter antioxidant and
other related enzymes, and impair the antioxidant defence
in the skin.?**?> ROS can damage DNA in the form of muta-
tions, deletions, gene amplification and rearrangements. As
a result, oxidative stress has already been implicated in skin
carcinogenesis.?"?3

In this context, DNA repair and oxidative stress genes may
be involved in MM susceptibility. For this reason, we investi-
gated, for the first time, the role of polymorphisms in these
genes in MM predisposition in the Spanish population.

2. Patients and methods

2.1.  Study subjects and data collection

A total of 684 consecutive and non-related MM cases were re-
cruited from September 2004 to July 2010 at the Departments
of Dermatology of four Spanish hospitals: Gregorio Marafion,
La Paz, Ramon y Cajal in Madrid and Castellon Province in
Castellon. A total of 406 volunteer cancer-free controls were
recruited from 2004 to 2010 at the Madrid College of Lawyers,
Gregorio Marafion Hospital and Castellon Province Hospital.
All participants were Caucasians of Spanish origin.

A standardized questionnaire was used to collect informa-
tion on pigmentation characteristics, such as eye, hair and
skin colour, number of naevi, presence of solar lentigines,
childhood sunburns and sun exposure habits. Fitzpatrick’s
classification of skin type, tumour localization, Breslow index
(depth index) and personal or family history of cancer were
also included in the questionnaire (Supplementary Table 1).
All study subjects gave written informed consent and the
study was approved by the Ethics Committee of Gregorio Mar-
afion Hospital and University Clinic Hospital of Valencia.

Genomic DNA from cases and controls was isolated from
peripheral blood lymphocytes and diluted to a final solution
of 50ng/ul. This was done by using the MagNA Pure LC
Instrument according to the manufacturer’s protocol (Roche
Molecular Biochemicals AQ2, Mannheim, Germany), or by the
DNAzol procedure (Invitrogen, Eugene, OR, USA). Some sam-
ples were extracted using the traditional saline method. DNA
concentration was quantified in samples prior to genotyping
by using Quant-iT PicoGreen dsDNA Reagent (Invitrogen,
Eugene, OR, USA) and NanoDrop (NanoDrop Technologies,
Wilmington, DE, USA). Genomic DNA was amplified using the
GenomiPhi™ DNA Amplification Kit (GE Healthcare Bio-
Sciences AB, Uppsala, Sweden).

2.2. SNP selection

Two public databases were used to collect information about
single nucleotide polymorphisms (SNPs) in BER/NER and oxi-
dative stress pathway genes: NCBI (http://www.ncbi.nlm.nih.-
gov) and HapMap (http://www.hapmap.org). SNPs selected
were located in exons, in putative promoter regions or had
been reported to be associated with cancer in previous stud-
ies. Forty-seven SNPs were initially selected and sent to be de-
signed by Sequenom platform (30 SNPs from 16 BER/NER
pathway genes and 17 SNPs from 11 oxidative stress pathway
genes were finally selected). Finally, 35 assays were success-
fully genotyped using two plexes with the Sequenom plat-
form. The 11 SNPs unsuccessfully designed or genotyped by
Sequenom technology were subsequently redesigned using
Tagman or Kaspar assays. No methodology was capable of
genotyping rs2279744, which was finally discarded. All SNPs
had a minor allele frequency (MAF) greater than or equal to
5%. Details of the genes and SNPs studied, including MIM
code, location, encoded protein, gene function, nucleotide
changes and context sequence are provided in Supplemen-
tary Table 2.
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2.3.  Genotyping reaction

2.3.1. Sequenom assay

Assays for 35 SNPs were genotyped by using the Sequenom
MassARRAY Assay Design software version 3.0.0 (Sequenom
Inc., San Diego, CA, USA). Assay primers will be supplied upon
request. One sample duplicate and one father-mother—child
trio were included across the plates to assess genotyping
accuracy. SNPs were genotyped using iPLEX™ chemistry on a
MALDI-TOF Mass Spectrometer (Sequenom Inc., San Diego,
CA, USA). PCR was performed according to the manufac-
turer’s instructions. Assays either with failed designs or with-
out Sequenom genotyping results were redesigned using
either TagMan or Kaspar probes.

2.3.2. TagMan assay

A total of 8 SNPs were genotyped using TagMan technology, 6
additional SNPs plus 2 failed Sequenom assays (rs9350, EXO1;
rs1042522, P53; rs1800975, XPA; rs1799793, XPD; rs1799782,
XRCC1; rs861539, XRCC3; rs1052133, OGG1 and rs1041740,
SOD1). The PCR was carried out according to the manufac-
turer’s instructions. After PCR, the genotype of each sample
was automatically determined by measuring allele-specific fi-
nal fluorescence in the ABI Prism 7900HT Detection System,
using the SDS 2.3 software for allele discrimination (Applied
Biosystems, Foster City, CA, USA). As a quality control mea-
sure, one sample duplicate and a non-template sample were
included in each 96-well plate. Genotypes were scored by
two different personnel in the laboratory. No discrepancies
were observed.

2.3.3. Kaspar assay

Three SNPs (rs1805388, LIG4; rs1050450, GPX1 and rs7855,
SOD2) were genotyped using KASPAR SNP Genotyping System
(KBiosciences, Hoddesdon, UK). Assay primers, probes and
PCR conditions can be provided upon request. The PCR was
carried out according to the manufacturer’s instructions.
Measurement was done in the ABI Prism 7900HT Detection
System, using the SDS 2.3 software for allele discrimination
(Applied Biosystems, Foster City, CA, USA). As a quality con-
trol measure, one sample duplicate and a non-template sam-
ple per 96-well plate were included. Genotypes were scored by
two different personnel in the laboratory and no discrepan-
cies were observed.

2.4.  Statistical analysis

For all polymorphisms studied, Fisher’s exact test was used
both to test for deviations from Hardy-Weinberg equilibrium
(HWE) in controls and to compare allele counts between cases
and controls. Genotype-related odds ratios (ORs), their corre-
sponding 95% confidence intervals (ClIs), and associated p-val-
ues were estimated via unconditional logistic regression.
Analyses of Sequenom, TagMan and Kaspar SNPs were per-
formed using the SNPator package (www.snpator.com) and
SPSS v17.

Multivariate logistic regression was also applied, including
eye colour (black/brown, blue/green), hair colour (black/
brown, blond/red), skin colour (fair, brown), solar lentigines
(yes, no) and childhood sunburns (yes, no) as covariables.

Associations between the genotyped BER/NER and oxida-
tive stress pathway genes and various pigmentation charac-
teristics and sun sensitivity were assessed via logistic
regression. This was done for cases and controls pooled to-
gether for eye colour (blue/green versus brown), hair colour
(blond/red versus brown/black), skin colour (fair versus brown),
number of naevi (>50 versus <50), presence of lentigines (yes
versus no) and childhood sunburn (yes versus no) as the out-
come variables. The SNPator package and SPSS v17 were used
to carry out these analyses.

3. Results

3.1.  Allelic distribution of DNA repair and oxidative stress
polymorphisms

Allele frequencies for each SNP and p-values for their compar-
ison between 684 MM cases and 406 individual controls are
detailed in Table 1, along with p-values for test of departure
from HWE among controls.

Based on unadjusted p-values, we observed evidence of
differences in allele frequency for one SNP in the NOSI gene
(rs2682826, p-value = 0.01), implicated in the oxidative stress
pathway. We did not observe differences in minor allele fre-
quencies between cases and controls for any other SNP.

Each polymorphism was checked for HWE in cases and
controls. All were found to be in equilibrium with the excep-
tion of NOS1 rs2682826 (p-values = 0.01). However, use of the
Bonferroni correction for the 46 tests would indicate that p-
value < 0.001 was needed to reject HWE. Re-examination of
the original results for these polymorphisms revealed no
genotyping errors, so it seems likely that these results were
the consequence of chance events.

3.2.  Association between genotypes and melanoma risk

The implication of these DNA repair and oxidative stress
genes in melanoma was further investigated by comparing
the genotypic distributions of all SNPs studied. The estimated
ORs and associated p-values are shown in Table 2.

One SNP was found to be associated with MM susceptibil-
ity. This SNP implicated in oxidative stress processes,
152682826 in NOS1 (p-value = 0.01), is associated with MM sus-
ceptibility in a protective way. No association remained statis-
tically significant for any other SNP.

3.3.  Association between genotypes and phenotypic
characteristics

We assessed whether DNA repair and oxidative stress poly-
morphisms were associated with various phenotypic charac-
teristics. We observed evidence of association for several
genes. However, only one SNP, rs3218536, located in the
XRCC2 gene showed strong association in relation to different
phenotypic traits. This SNP corresponds to a non-synony-
mous amino acid change, p.Argl88His. The His188 homozy-
gote is associated with light hair colour (OR per allele, 7.22;
95% CI, 2.26-23.04; p-value =0.0001), light skin colour (OR
per allele, 4.39; 95% CI, 0.96-20.13; p-value = 0.038), presence
of solar lentigines (OR per allele, 8.07; 95% CI, 1.03-63.35;
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Table 1 - Allelic frequencies in Spanish cases and controls.

Gene SNP Nucleotide change PHWE MAF Controls MAF Cases p-value
BER/NER pathway
ADPRT/PARP1 151136410 €.2285T>C 0.90 0.13 0.12 0.33
APE1/APEX1 151130409 c.444T>G 0.97 0.45 0.48 0.22
ERCC1 1511615 c.354T>C 0.39 0.36 0.38 0.31
ERCC6 154253211 €.3689G>C 0.59 0.07 0.08 0.18
152228526 C.3289A>G 0.51 0.22 0.23 0.77
152228527 c.3637A>G 0.41 0.23 0.23 0.82
EXO1 1s9350 c.2270C>T 0.87 0.16 0.16 0.86
151776148 c.2010G>A 0.88 0.35 0.36 0.82
151047840 c.1765G>A 0.41 0.41 0.37 0.10
HR23B/RAD23B 151805329 c.746C>T 0.32 0.15 0.14 0.53
LIG4 151805386 c.1704T>C 0.78 0.15 0.16 0.66
151805388 c.26C>T 0.77 0.14 0.14 0.81
TP53 151042522 c.215G>C 0.99 0.26 0.24 0.14
XPA 151800975 c.-4A>G 0.62 0.32 0.28 0.08
XPC 152228000 c.1496C>T 0.32 0.27 0.27 0.92
152228001 c.2815C>A 0.08 0.41 0.44 0.20
XPD/ERCC2 15238406 c.468A>C 0.95 0.49 0.48 0.76
151052555 €.2133C>T 0.07 0.31 0.33 0.38
rs13181 c.2251A>C 0.10 0.34 0.36 0.45
151799793 c.934G>A 0.55 0.32 0.34 0.44
XPF/ERCC4 151800067 c.1244G>A 0.50 0.12 0.11 0.42
151799797 g2.4980T>A 0.97 0.31 0.31 0.92
rs1799801 c.2505T>C 0.84 0.33 0.33 0.98
XPG/ERCC5 1517655 ¢.3310G>C 0.90 0.25 0.27 0.34
XRCC1 151799782 c.580C>T 0.14 0.06 0.07 0.32
1525487 c.1196A>G 0.79 0.40 0.39 0.66
XRCC2 153218536 c.563G>A 0.84 0.11 0.11 0.72
153218557 £.12939069T>C 0.62 0.45 0.45 0.94
XRCC3 1s861539 c.722C>T 0.96 0.40 0.38 0.27
Oxidative Stress pathway
CAT rs1001179 g2.4760C>T 0.89 0.23 0.22 0.88
COMT 154680 c.472G>A 0.84 0.47 0.46 0.59
GPX1 151050450 c.599C>T 0.69 0.34 0.34 0.79
NOS1 152682826 c.*¥276C>T 0.01 0.33 0.27 0.01
NOS2 152297518 c.1823C>T 0.14 0.20 0.20 0.88
NOS3 151799983 c.894T>G 0.15 0.38 0.39 0.79
OGG1 151052133 c.977C>G 0.25 0.21 0.21 0.85
15125701 g2.3851G>A 0.33 0.13 0.15 0.16
PON1 15662 c.575A>G 0.50 0.30 0.28 0.46
15854560 c.163T>A 0.13 0.38 0.39 0.99
SOD1 151041740 c.357+474C>T 0.44 0.33 0.35 0.26
152070424 €.240-251A>G 0.91 0.07 0.06 0.31
SOD2 154880 c.47T>C 0.92 0.49 0.48 0.18
155746136 c.*441G>A 0.36 0.30 0.32 0.49
157855 c.*48T>C 0.60 0.06 0.06 0.59
SOD3 152536512 c.172G>A 0.22 0.41 0.39 0.43
15699473 g2.4719C>T 0.64 0.37 0.37 0.94

BER; base excision repair. NER; nucleotide excision repair. HWE. Hardy-Weinberg equilibrium.
Sequenom analysis; cases N = 599 and controls N = 379. TagMan/Kaspar analysis; cases N = 684 and controls N = 406.

Bold indicates statistically significant results.

p-value = 0.018) and high naevus count (OR per allele, 3.62;
95% CI, 1.05-12.56; p-value = 0.030) (data shown in Table 3).
Spurious phenotypic association effects are detected in 8
additional genes, although data are not as consistent as for
1s3218536 (data not shown).

3.4.  Multivariate analysis

We considered blue/green eye colour, blond/red hair colour,
fair skin colour, solar lentigines and childhood sunburns as

confounders in a multivariate model. The NOS1 rs2682826
SNP retained statistical significant results even when ad-
justed for all potential confounders (OR, 0.61; 95% CI, 0.45-
0.84; p-value = 0.02) (see Table 4).

4, Discussion

Genome integrity is continuously threatened by both endoge-
nous and exogenous factors and is maintained by a complex
network of more than 150 DNA repair-related proteins.*
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Table 2 — Genotypic frequencies across BER/NER and oxidative stress pathway genes and assessment of individual

associations with malignant melanoma.

Gene SNP Cases Controls OR (95% CI) p-value
Heterozygotes  Minor Heterozygotes  Minor
n (%) homozygotes® n (%) homozygotes?®
n (%) n (%)
BER/NER pathway
ADPRT/PARP1 rs1136410 114 (19.0) 13 (2.2) 85 822.4) 7 (1.8) 0.88 (0.67-1.15)  0.36
APE1/APEX1 rs1130409 301 (50.3) 132 (22.0) 185 (48.8) 75 (19.8) 1.11 (0.93-1.34) 0.25
ERCC1 rs11615 281 (46.9) 86 (14.4) 182 (48.0) 45 (11.9) 1.10 (0.90-1.33)  0.35
ERCC6 154253211 94 (15.7) 4 (0.7) 51 (13.5) 0 (0.0) 1.30 (0.91-1.85)  0.15
152228526 215 (35.9) 30 (5.0) 137 (36.1) 16 (4.2) 1.03 (0.82-1.28)  0.80
152228527 219 (36.6) 30 (5.0) 140 (36.9) 16 (4.2) 1.02 (0.82-1.27) 0.85
EXO01 1s9350 186 (27.2) 13 (1.9) 99 (24.4) 10 (2.5) 0.98 (0.76-1.25)  0.86
151776148 293 (48.9) 67 (11.2) 171 (45.1) 48 (12.7) 1.02 (0.84-1.24) 0.85
151047840 282 (47.1) 83 (13.9) 175 (46.2) 68 (17.9) 0.86 (0.72-1.04)  0.12
HR23B/RAD23B rs1805329 153 (25.5) 5 (0.8) 103 (27.2) 4(1.1) 0.92 (0.70-1.20)  0.52
LIG4 1s1805386 154 (25.7) 16 (2.7) 97 (26.5) 7 (1.7) 1.07 (0.83-1.38)  0.62
rs1805388 163 (23.8) 11 (1.6) 98 (24.1) 7 (1.7) 0.97 (0.75-1.25)  0.81
TP53 151042522 44 (35.7) 35 (5.1) 156 (38.4) 28 (6.9) 0.86 (0.70-1.05) 0.13
XPA 151800975 175 (29.2) 28 (4.7) 116 (30.6) 20 (5.3) 0.84 (0.70-1.02)  0.08
XPC 152228000 227 (37.9) 49 (8.2) 158 (41.7) 23 (6.1) 1.01 (0.82-1.24) 0.93
152228001 289 (48.2) 114 (19.0) 198 (52.2) 54 (14.2) 1.12 (0.92-1.34) 0.26
XPD/ERCC2 15238406 306 (51.1) 135 (22.5) 185 (48.8) 89 (23.5) 0.98 (0.81-1.18)  0.82
151052555 273 (45.6) 59 (9.8) 179 (47.2) 27 (7.1) 1.10 (0.90-1.35)  0.34
1513181 281 (46.9) 73 (12.2) 186 (49.1) 36 (9.5) 1.08 (0.89-1.32) 0.42
151799793 312 (45.6) 73 (10.7) 182 (44.8) 39 (9.6) 1.08 (0.89-1.30) 0.44
XPF/ERCC4 1s1800067 117 (19.5) 7 (1.2) 87 (23.0) 3 (0.8) 0.88 (0.66-1.17)  0.37
151799797 238 (39.7) 66 (11.0) 162 (42.7) 37 (9.8) 1.01 (0.83-1.22) 0.95
151799801 246 (41.1) 75 (12.5) 170 (44.9) 41 (10.8) 1.00 (0.82-1.21)  0.98
XPG/ERCC5 1s17655 222 (37.1) 50 (8.3) 140 (36.9) 24 (6.3) 1.11 (0.90-1.36)  0.33
XRCC1 151799782 90 (13.1) 3 (0.4) 40 (9.9) 3 (0.7) 1.20 (0.84-1.72)  0.32
1525487 272 (45.4) 94 (15.7) 183 (48.3) 58 (15.3) 0.95 (0.79-1.15)  0.62
XRCC2 153218536 111 (18.5) 8 (1.3) 77 (20.3) 4(1.1) 0.94 (0.70-1.25)  0.67
153218557 270 (45.1) 136 (22.7) 181 (47.8) 79 (20.8) 1.00 (0.84-1.20)  0.99
XRCC3 15861539 309 (45.2) 101 (14.8) 193 (47.5) 65 (16.0) 0.90 (0.76-1.08)  0.27
Oxidative stress pathway
CAT rs1001179 205 (34.2) 32 (5.3) 134 (35.4) 19 (5.0) 0.98 (0.79-1.22) 0.88
COMT 154680 290 (48.4) 125 (20.9) 184 848.6) 84 822.2) 0.95 (0.79-1.14)  0.59
GPX1 rs1050450 308 (45.0) 75 (11.0) 175 (43.1) 47 (11.6) 1.02 (0.85-1.23) 0.79
NOS1 152682826 236 (39.4) 45 (7.5) 189 (49.9) 27 (7.1) 0.77 (0.62-0.94) 0.01
NOS2 152297518 193 (32.2) 23 (3.8) 133 (35.1) 8(2.1) 1.02 (0.81-1.29) 0.87
NOS3 151799983 264 (24.5) 100 (16.7) 190 (50.1) 48 (12.7) 1.03 (0.85-1.24) 0.79
0GG1 rs1052133 212 (31.0) 34 (5.0) 122 (20.2) (5-2) 0.98 (0.79-1.21)  0.85
15125701 147 (24.5) 16 (2.7) 76 (20.0) (2.6) 1.20 (0.93-1.56)  0.17
PON1 15662 229 (38.2) 55 (9.2) 152 (40.1) (9.8) 0.93 (0.77-1.13)  0.47
15854560 266 (44.4) 96 (16.0) 163 (43.0) (16.6) 1.00 (0.83-1.20)  0.99
SOD1 rs1041740 302 (44.2) 87 (12.7) 170 (41.9) (11.6) 1.10 (0.92-1.33)  0.27
152070424 60 (10.0) 3 (0.5) 46 (12.1) 2 (0.5) 0.83 (0.60-1.20)  0.32
SOD2 154880 293 (48.9) 137 (22.9) 187 (49.3) 92 (24.3) 0.88 (0.74-1.06)  0.18
155746136 262 (43.7) 59 (9.8) 150 (39.6) 39 (10.3) 1.07 (0.88-1.30)  0.50
157855 79 (11.6) 0 (0.0) 49 (12.1) 1(0.2) 0.90 (0.62-1.31)  0.58
SOD3 152536512 232 (38.7) 78 (13.0) 142 (37.5) 58 (15.3) 0.92 (0.76-1.13)  0.44
15699473 260 (43.4) 89 (14.9) 171 (45.1) 54 (14.2) 0.99 (0.82-1.20) 0.94
BER,; base excision repair. NER; nucleotide excision repair.
OR, odds ratio per minor allele; CI, confidence interval.
Sequenom analysis; cases N = 599 and controls N = 379. TagMan/Kaspar analysis; cases N = 684 and controls N = 406.
Bold indicates statistically significant results.
# Minor homozygotes are homozygotes for the minor allele.
Polymorphisms in several of these DNA repair-related genes stress genes is one of the host factors that may influence
have been found to be associated with risk of developing dif- UV radiation-related cancer risk, such as melanoma.
ferent tumour types, although results are not always In this case-control study, which included 684 sporadic

unequivocal. Individual variation in BER/NER and oxidative melanoma patients and 406 cancer free control subjects, the
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Table 3 — Associations between XRCC2 SNP rs3218536 and
phenotypic characteristics.

Characteristic OR (95% CI) p-value
Eye colour 2.94 (0.93-9.35) 0.0552
Hair colour 7.22 (2.26-23.04) 0.0001
Skin colour 4.39 (0.96-20.13) 0.0379
Solar lentigines 8.07 (1.03-63.35) 0.0180
Number of nevi 3.62 (1.05-12.56) 0.0302
Childhood sunburn 1.86 (0.56-6.24) 0.3041

OR, odds ratio per minor allele; CI, confidence interval.
Bold indicates statistically significant results.

Table 4 - Multivariate analysis of NOS1 SNP rs2682826 with
MM risk factors.

Risk factor OR (95% CI) p-value
Eye colour 0.88 (0.61-1.29) 0.53

Hair colour 3.78 (2.13-6.71) 5.75x107°
Skin colour 1.17 (0.84-1.62) 0.35

Solar lentigines 2.53 (1.85-3.47) 8.08 x 107°
Childhood sunburns 3.40 (2.47-4.68) 7.95x107*
NOS1 SNP rs2682826 0.61 (0.45-0.84) 0.02

Results marked in bold correspond to p-values lower than 0.05.
All risk factors listed were included together in a multivariate
logistic regression analysis to estimate ORs, CIs and p-values.

OR, odds ratio per minor allele; CI, confidence interval.

role of 46 polymorphisms belonging to 16 BER and NER genes
as well as 11 genes involved in oxidative stress processes was
investigated. This is the largest DNA repair-related polymor-
phism study undertaken in the Spanish population so far.
Furthermore, this study also represents a fairly comprehen-
sive SNP analysis of oxidative stress pathway genes in rela-
tion to susceptibility to MM.

Reactive oxygen species and other free radicals can cause
oxidative damage to all components of the cell and have been
shown to be involved in a number of pathologic conditions
including cancer.?**® The NOS1 gene is located on chromo-
some 12g24.2 and consists of 29 exons and 28 introns, encom-
passing more than 160 kb of genomic DNA,?° and is the main
NO synthesising enzyme in the central nervous system.*3
The rs2682826 SNP is located in the 3’ UTR of exon 29 of the
NOS1 gene and was selected as the tag SNP of one of the most
frequent haplotypes. However, the most likely functional SNP
certainly seems to be rs2682826, located close to several miR-
NAs binding sites in the gene’s 3’'UTR. Possibly, differences in
protein translation might be elicited depending on the allele
present in the mRNA of this gene. No other regulatory ele-
ment close to this region seems to modulate this gene. We
propose this SNP as a novel variant related to melanoma
(p-value = 0.01) with significant effect even when potential
covariable factors are included in a multivariate model (OR,
0.61; 95% CI, 0.45-0.84; p-value =0.02). Furthermore, in a
stratified analysis, rs2682826 was found to be significantly
associated with melanoma among highly UV exposed
subjects, with the OR lowering to 0.75 (95% CI, 0.57-0.98;
p-value=0.03). In addition, statistical differences are

enhanced when only light skin colour individuals are ana-
lysed (OR, 0.71; 95% CI, 0.53-0.96; p-value = 0.02). A previous
study by Li et al.*” also suggested a significant association be-
tween the NOS1 gene and melanoma predisposition, yet in
this study the most associated SNP was located in the pro-
moter region of the gene.?

This finding is indeed consistent with the rational that
both genetic susceptibility and DNA damage through UV
exposure are required for the onset of the disease.

In addition, a small study of 218 MM patients evaluating the
role of two SNPs located in genes belonging to the oxidative
stress pathway has been recently published.>®* Homozygotes
for the minor allele of SNP rs1050450 (Leu198Leu), located at
the GPX1 gene, were found to be associated with MM predispo-
sition, results that we could not replicate in our study.

Also recently, a study combining MM samples from Spain
and Germany investigated the role of 13 SNPs in 8 DNA repair
genes. After comparison of our data with that of a mixed pop-
ulation, our results were in concordance with the ones
presented by Figl et al.>* The only statistically significant
SNP detected in this last study (rs861539, OR, 0.83; CI95%,
0.79-0.98; p-value = 0.03), located in the XRCC3 gene, has also
been analysed by us and we obtained a similar trend to signi-
fication (OR, 0.90; 95% CI, 0.76-1.08). When both datasets (1857
melanoma cases and 1674 control subjects) are analysed to-
gether, a combined significant p-value of 0.03 and an OR of
0.86 (95% CI, 0.75-0.98) is obtained. Thus, this SNP in XRCC3
could also be another susceptibility gene involved in mela-
noma predisposition.

Further positive results obtained in two independent ge-
netic studies by Li and colleagues®+® which linked TP53 and
a gene-gene interaction between XRCC1 and APE1 variants
to melanoma predisposition were not replicated in our study.

The discrepancies in the findings observed in our study
and in previous works might be explained by differences in
the genetic background of different ethnic groups, by differ-
ent carcinogen exposure or by different study sample sizes.
Variants showing lack of association could have very small ef-
fects, undetectable to the power of this study.

Interestingly, when DNA repair and oxidative stress poly-
morphisms were assessed together with phenotypic charac-
teristics, evidence of association for several genes was
observed. However, only minor homozygotes for one SNP,
153218536, located in the XRCC2 gene, appeared to be strongly
associated with several phenotypic traits. This SNP encodes a
non-synonymous amino acid change, p.Argl88His. His188
homozygotes are described here for the first time associated
with light phenotypes, presence of solar lentigines and in-
creased number of naevi.

In summary, we conducted a MM susceptibility case-con-
trol study including 46 SNPs in 27 oxidative stress and DNA
repair-related genes in 684 Spanish melanoma patients and
406 controls. To our knowledge, this work is the largest and
more comprehensive sporadic MM susceptibility study in
the Spanish population until now. One SNP, rs2682826, impli-
cated in oxidative stress processes, was associated with MM
susceptibility, emphasising the importance of oxidative stress
genes in MM risk. Additionally, we propose rs861539, in
XRCC3, as a good candidate for further replication in larger
DNA melanoma collections.
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