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The complementary effect of rs1042522 in 7P53 and
rs1805007 in MCIR is associated with an elevated risk
of cutaneous melanoma in Latvian population
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Abstract. Genetic factors serve important roles in melanoma
susceptibility. Although much genetic variation has been asso-
ciated with cutaneous melanoma (CM), little is known about
the interactions between genetic variants. The current study
investigated the joint effect of rs1042522 in the tumour protein
53 (TP53) gene, rs2279744 in the murine double minute-2
(MDM?2) gene and several single nucleotide polymorphisms
(SNPs) in the melanocortin 1 receptor (MCIR) gene. All of
these genes are interconnected in a single signalling pathway
that regulates pigmentation. The current study included 479
individuals, of which, 255 were patients with CM and 224
were controls from the Latvian population. Multifaceted anal-
yses of potential interactions between SNPs were performed,
whilst taking into account the pigmentation phenotypes of
individuals and tumour characteristics (Breslow thickness
and ulceration). Univariate analyses revealed a borderline
significant association between rs1042522 in the TP53 gene
and CM risk. The results also confirmed a known association
with rs1805007 in the MCIR gene. The rs1042522 was also
selected as a CM risk factor in multivariate models, suggesting
an effect that is independent from and complementary to that
of rs1805007. The results indicated that these SNPs need to
be taken into account when determining melanoma risk. A
strong association between CM and red hair was identified
for rs1805007, and rs1805008 in the MCIR gene was mainly
associated with red hair. An association was also determined
between rs2279744 in the MDM?2 gene and brown eye colour.
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No convincing associations were identified between the anal-
ysed SNPs and Breslow thickness of tumours or ulcerations.

Introduction

Cutaneous melanoma (CM) is the most malignant type of skin
cancers. Its incidence and overall health burden are increasing
in Western countries (1). The predisposition to CM and the
course of its development depend on complex interactions
between environmental factors, phenotype and genotype. The
principal environmental risk factor for the pathogenesis of CM
is ultraviolet radiation (2). Among the main phenotypic factors
contributing to CM are an increased number of nevi and
freckles, light skin, fair eyes and red and blonde hair colours-all
determined by genetic factors (3,4). Several high-, medium-
and low-risk genes are involved in the CM development (5).
One of the best-known medium-risk genes is melanocortin 1
receptor gene (MCIR) in the locus 16q24.3. MCIR has more
than 100 non-synonymous single nucleotide polymorphisms
(SNPs) identified so far; many of them have a strong link with
an increased risk of CM (6,7) and are also associated with the
so-called R phenotype that is characterized by red hair and
fair skin (8). In addition, other SNPs close to the MCIR gene
have also been associated with the R phenotype and the CM
risk-these include rs258322, rs4785763 and rs8059973 (9,10).
MCIR is activated by a-melanocyte-stimulating hormone
(0-MSH) that initiates an intracellular signal cascade leading
to the production of the photoprotective pigment melanin (11).
a-MSH is produced in the post-translational processing of the
pro-opiomelanocortin (POMC). It has been demonstrated that
after UV irradiation the POMC promoter is activated by one
of the major tumour suppressor proteins TP53 (12). Almost
half of the human cancers harbour 7P53 mutations (13).
Furthermore, the 7P53 impact on cancer is not limited to
somatic mutations and may manifest through germline vari-
ants (14). The rs1042522 (p.Pro72Arg, c.215C>G) is located in
a proline-rich domain of 7P53, which has an important role in
the TP53-mediated apoptosis (15). Results from CM associa-
tion studies show conflicting roles for rs1042522. Associations
have been found with both Pro (16,17) and Arg (18,19) alleles.
TP53 is negatively regulated by an auto-regulatory feedback
loop with E3 ubiquitin ligase MDM2. The MDM?2 intron 1
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comprises an alternative promoter P2 for the MDM?2 tran-
scription, which is induced by TP53 (20). The rs2279744
(c.144309T>Q) is located within this promoter. It has been
shown that the G allele of rs2279744 increases the affinity
for the transcription activation factor Spl thus leading to an
increased MDM?2 expression. This in turn causes TP53 inhibi-
tion, which might promote tumour formation (21). Association
studies for CM have demonstrated a relationship between
rs2279744's GG genotype and the CM risk depending on
age, sex (22-24) and Breslow thickness (25), although results
are not consistent. It means that MCIR, TP53 and MDM?2
are interconnected in a shared signalling pathway regulating
pigmentation.

In this study, we aim to investigate the joint effect of the
SNPs in the MCIR gene and its vicinity and rs1042522 in
TP53 and rs227974 in MDM?2 in the context of the CM risk
prediction. In addition, we explore the associations of these
SNPs with pigmentation traits and tumour characteristics, in
particular ulceration and Breslow thickness, for their predic-
tive power of disease progression.

Materials and methods

Study population. We conducted this study using DNA
samples and data on individuals from the Latvian Genome
Data Base (LGDB), a government-funded biobank (described
in (26). These data have been previously explored to assess
the variation within the MCIR gene and to study particular
SNPs on the chromosome 16 (27). In total, 479 samples
were selected for this study, including 224 unrelated healthy
volunteers and 255 CM patients with histopathologically
confirmed CM (ICD-10 diagnosis code C43). An additional
criterion for the inclusion of individuals in this study was a
completed questionnaire (self-reported) about their pigmenta-
tion characteristics: Hair colour, eye colour, skin type, freckles
in childhood and adulthood, and nevi. Data about tumour
characteristics, such as Breslow thickness and ulceration, were
obtained from the medical records of CM patients. All indi-
viduals incorporated in the study have European ancestry and
represent Latvian population, which is known to be genetically
homogeneous (28). Written, informed consent was acquired
from all LGDB participants.

Genotyping. The entire coding region of the MCIR gene was
sequenced and SNPs on chromosome 16 (rs258322, rs4785763,
and rs8059973) were genotyped as described in (27). The TP53
gene exon 4, which contains rs1042522, was amplified using
primers 5-ATCTACAGTCCCCCTTGCGC-3' and 5'-GCAAC
TGACCGTGCAAGTCA-3' (18). The intronic promoter region
of the MDM?2 gene that contains rs2279744 was amplified
using primers 5'-CGGGAGTTCAGGGTAAAGGT-3'and 5'-A
GCAAGTCGGTGCTTACCTG-3' (21). All primers have been
synthesised at the Metabion International AG, Martinsried,
Germany. Polymerase chain reactions were performed in
a 25 ul reaction volume containing 25 ng of template DNA,
1x Taq buffer, 5% dimethyl sulfoxide, 1.5 mM magnesium
chloride, 0.24 mM dNTPs, 0.4 uM of each primer and 1.25 U
TagDNA Polymerase (Thermo Scientific Molecular Biology).
The cycling conditions were as follows: An initial denaturation
at 95°C for ten minutes; 35 cycles of denaturation at 95°C for
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30 sec, annealing at 62°C and 55°C (for TP53 and MDM?2,
respectively) for 30 sec and extension at 72°C for one minute
followed by a final extension at 72°C for seven minutes. The
sequencing was done in both directions with the primers that
were used for amplification. ABI PRISM BigDye Terminator
cycle sequencing kit (Applied Biosystems) was applied in the
following conditions: 25 cycles at 94°C for 30 sec, then at 53°C
for 15 sec, and at 60°C for four minutes. Initial analysis was
carried out on an ABI PRISM 3100 Genetic analyser according
to manufacturer's instructions (Applied Biosystems). Sequence
analysis was performed and confirmed manually using the
Vector NTI (Life Technologies).

Statistical analyses. The associations between demographic
characteristics, pigmentation traits (hair colour, eye colour,
skin type, freckles in childhood, freckles in adulthood and
nevi) and CM were assessed either by the Chi-squared test or
Fisher's exact test. The age distributions for cases and controls
were compared by the Mann-Whitney test. The minor allele
frequency (MAF) of a SNP was estimated from all controls
having the genotype information for this particular SNP (224
controls for the MCIR gene SNPs, 203 for rs258322, 205 for
rs4785763, 217 for rs1042522 and 215 for rs2279744). In subse-
quent analyses we included only the SNPs that had =4% MAF
and at least one homozygote of two minor alleles in controls
and also did not significantly deviate from the Hardy-Weinberg
equilibrium. Genotyping failed for rs1042522 in one case
and for rs2279744 in another case. These two samples were
excluded from further analyses. Hence, 253 CM cases and 200
controls having genotype information for all selected SNPs
were included in the analyses.

First, univariate association analyses were carried out
using logistic regression models with and without cofactors
(age and sex). Throughout all analyses an additive model of
the contribution of alleles was assumed. Models were fitted
using the function glm in R environment. The model without
cofactors was log(P(Y=1)/(1-P(Y=1)))=p+pX+€e where Y was
melanoma status, X was the genotype vector for all indi-
viduals, # was a constant intercept, § measured the effect of
the genotype upon melanoma status and & was the vector of
error terms.

The model with cofactors was log(P(Y=1)/(1-P(Y=1)))
= u+y-G+a-A/100+3X+e where G was the sex vector and y the
effect of sex and A was the vector of ages in years and o the
effect of age; other variables as defined above.

The significance of an association between a SNP and CM
was measured by the Wald test that was applied to the SNP
term with 0=0.05. A permutation test was carried out to check
whether the observed level of association was significant
(Supplementary Material).

Multivariate models with and without cofactors (age and
sex) were built by stepwise regression using the function
stepAIC from the R package MASS. The AIC criterion was
applied to assess the significance of a model improvement
after either adding or removing of a predictor. A generalised
linear model was used throughout all multivariate analyses.
A multivariate model without cofactors was of the form
log(P(Y=1)/(1-P(Y=1))=p+f, X+ -+ X +& where X, was
the vector of genotypes for SNP k and (3, was the effect of
SNP k. A multivariate model with cofactors had the form
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log(P(Y=1)/(1-P(Y=1))) = p+y:G+a-A/100+f, X+ -+ X +€
with notation as specified above.

In addition, for each SNP (rs2228479,rs1805007,rs1110400,
rs1805008, rs258322, rs4785763), three multivariate models
were built that incorporated one of these SNPs and either one
or both of the rs1042522 and rs2279744. These models were:

log(P(Y=D/(1-P(Y=1))=p+{, X+ X +e;
log(P(Y=D/(1-P(Y=1))=p+B,X,+B X +e;
log(P(Y=D)/(1-P(Y=1))=p+f, X+, X, +B, X +e.

Here, X, was the vector of the rs1042522 genotypes and
[, measured their effect, X, was the vector of the rs2279744
genotypes having the effect 3,, and X and 3, were the geno-
types and the effect of the chosen SNP.

The associations of SNPs with pigmentation traits were
tested as well. In these analyses, we used either only controls
or solely CM cases. The strength of each association was
evaluated by Fisher's exact test and empirical P-values were
obtained by a permutation test (see Supplementary Material).
In order to understand simultaneous effects of individual SNPs
upon pigmentation traits and the CM status we used ordinal
regression approach. We modelled a genotype as an ordinal
outcome and included both the CM status and a pigmenta-
tion trait as predictors in a regression model according to the
method described in (29). Each model was fitted by the func-
tion cIm from the R package ordinal. The significance of each
likelihood ratio obtained from a comparison of two models,
with and without the CM status and a pigmentation trait, was
assessed using a permutation test (Supplementary Material).

The associations between SNPs and tumour Breslow
thickness and ulceration were explored using the patients that
had the information on the studied tumour characteristic-195
cases for Breslow thickness and 147 cases for ulceration (68
with and 79 without ulceration). A linear regression model
was used to describe the association between a SNP and the
logarithm of Breslow thickness (exploratory analyses showed
that the logarithm of Breslow thickness roughly corresponds
to a normal distribution). The model was log(R)=u+p-X+¢
where R was a vector of the Breslow thicknesses and other
terms were defined as for univariate models of genotype and
CM associations.

The impact of a SNP on Breslow thickness was assessed by
the t-test that was applied to the SNP term. The models were
fitted by the function /m in R environment.

A generalised linear model was used to relate a SNP to
ulceration: log(P(U=1)/(1-P(U=1)=p+p-X+¢& where P(U=1) was
the probability of ulceration and other terms were as defined
for univariate models of genotype and CM associations. The
significance of an association was determined by the Wald test
applied to the genotype term. For Breslow thickness, age was
chosen as a cofactor, while for ulceration both age and sex
were incorporated in models. The two models with cofactors
were

log(R)=p+0-A/100+f-X+¢ and

log(P(U=1)/(1-P(U=1)=p+y-G+a-A/100+fX+e
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with the notation as above. Empirical P-values obtained from
a permutation test were reported for the associations with
Breslow thickness and ulceration (Supplementary Material).

Results

Demographic and pigmentation characteristics of the study
population. Associations between the demographic and pigmen-
tation characteristics of the study participants (253 cases and
200 controls) and CM are summarised in Table I. CM patients
and controls did not differ in terms of sex (P=0.149), while the
control group was younger than patients (Mann-Whitney test
P=1.15x107). The strongest association with an increased CM
risk was observed for skin type (P=5.74x10"), followed by nevi
(P=7.46x107) and freckles, both in adulthood and childhood
(P=0.001 and 0.01 respectively).

Genotyping results. Both SNPs genotyped within this study
(rs1042522 (Pro72Arg, c.215C>G) in TP53 and rs2279744
(c.14+309T>G) in MDM?2) reached 4% MAF, had at least
one homozygote of two minor alleles among controls and
were in Hardy-Weinberg equilibrium (data not shown).
Thus both SNPs were included in further analyses and were
studied together with the six previously selected SNPs on
chromosome 16, namely rs2228479 (p.-Val92Met, c.274G>A),
rs1805007 (p.Argl51Cys, c.451C>T), rs1110400 (p.Ilel155Thr,
¢.464T>C) and rs1805008 (p.Argl60Trp, c.478C>T) in the
MCIR gene, as well as rs258322 (c.160+171A>G) in the
CDK10 gene, and rs4785763 (n.1682A>C) in the AFG3LIP
pseudogene. Among the SNPs that passed the minor allele
frequency threshold there were none with several alternative
alleles. Other MCIR SNPs found in our cohort did not pass the
inclusion criteria for further analyses (4% MAF and at least
one homozygote of two minor alleles among controls). These
included 13 non-synonymous SNPs, rs1805005 (Val60Leu,
¢.178G>T), rs777024553 (Ser83Leu, ¢.248C>T), rs1805006
(Asp84Glu, c.252C>A), rs34540312 (Gly89Arg, ¢.265G>C),
rs34158934 (Thr95Met, c.284C>T), rs200616835 (Aspl121Glu,
c.363C>G), rs11547464 (Argld42His, c.425G>A), rs885479
(Argl63Gln, c.488G>A), rs762096175 (Vall65lle, c.493G>A),
rs780875127 (c.495_496insGG), rs530102853 (Aspl84His,
¢.550G>C), rs774680166 (Val188lle, c.562G>A), rs200000734
(Arg213Trp, ¢.637C>T), as well as seven synonymous SNPs,
rs201429598 (Cys133=, ¢.399C>T), rs201827012 (Argl5l=,
c.453C>G), rs374959395 (Alal66=, c.498G>A), 15146544450
(GIn233=, c.699G>A), rs375813196 (Cys273=, c.819C>T),
rs2228478 (Thr314=, c.942A>G), rs151318945 (Ser316=,
c.948C>T). The MAFs of these variants are shown in the
supplementary Table SI.

SNP associations with CM. Among the newly genotyped
SNPs, only the rs1042522 in TP53 showed a borderline signifi-
cant association with CM in the univariate analysis (P=0.065).
However, this association was not significant according to a
permutation test and became weaker after adjustment for
age and sex (Table II). Notable associations with CM were
displayed by the rs1805007 within MCIR (P=0.009), as well as
rs258322 and rs4785763 (P=0.012 and P=0.021, respectively).
A permutation test confirmed the associations for rs1805007
and rs258322 as moderately significant (empirical P=0.051
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Table I. Associations between demographic data, pigmentation characteristics and cutaneous melanoma status within the study
cohort.

Melanoma
Controls (n=200) patients (n=253)
Characteristic n (%) n (%) P-value
Sex
Female 150 (75.0) 173 (68.4) 0.149*
Male 50 (25.0) 80 (31.6)
Age 47.5x17.5 56.4+15.0 1.15x107
Hair colour
Red 5 2.5) 16 (6.3) 0.070%¢
Fair 72 (36.0) 126 (49.8)
Brown 109 (54.5) 96 (37.9)
Black 11 5.5) 9 3.6)
nd 3 (1.5) 6 24
Skin type
I 7 3.5) 28 (11.0) 5.74x10°°
II 28 (14.0) 72 (28.5)
III 144 (72.0) 107 (42.3)
v 19 9.5) 41 (16.2)
nd 2 (1.0) 5 2.0
Eye colour
Blue 62 (31.0) 104 41.1) 0.605°
Grey 50 (25.0) 37 (14.6)
Green 25 (12.5) 30 (11.9)
Brown 29 (14.5) 30 (11.9)
Other 29 (14.5) 47 (18.5)
nd 5 2.5) 5 2.0
Freckles in childhood
Very many/many 7 3.5) 21 (8.3) 0.010°
Some 7 3.5) 7 (2.8)
Few 22 (11.0) 37 (14.6)
Very few 52 (26.0) 86 (34.0)
None 105 (52.5) 96 (37.9)
nd 7 3.5) 6 24
Freckles in adulthood
Very many/many 8 (4.0) 16 (6.3) 0.001°
Some 7 3.5) 6 24
Few 18 9.0) 31 (12.3)
Very few 46 (23.0) 79 (31.2)
None 119 (59.5) 89 (35.2)
nd 2 (1.0) 32 (12.6)
Nevi
Many 25 (12.5) 71 (28.0) 7.46x10
Some 69 (34.5) 70 7.7
Few 93 (46.5) 83 (32.8)
None 11 5.5) 23 9.1)
nd 2 (1.0) 6 24

P<0.05 are indicated in bold. P-values were obtained via *Chi-squared tests, "Fisher's exact tests and “Mann-Whitney tests. ‘Red hair colour
was compared with all other hair colours. ®brown eyes were compared with all other eye colours, where ‘other’ colours were excluded from the
comparison. Skin types correspond to the following: I, always burns and never tans; II, usually burns and sometimes tans; III, sometimes burns
and usually tans; IV, never burns and always tans. nd, no data.
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Figure 1. Estimated ORs for individual SNPs from univariate models and models involving rs1042522 from TP53 and/or rs2279744 from MDM?2. (A) log,,
ORs from models without cofactors. (B) log,, ORs from cofactor models in which age and sex were included. OR, odds ratio; TP53, tumor protein 53;

MDM2, murine double minute-2; MCR1, melanocortin 1 receptor.

Table III. SNPs associated with cutaneous melanoma selected
by stepwise regression.

A, Regression model without cofactors

Gene SNP P-value OR 95% CI
MCIR rs1805007 0.005 243 1.31-4.50
TP53 rs1042522 0.035 135 1.02-1.78
MCIR 1s2228479 0.126 141 0.91-2.19
B, Regression model with cofactors (age and sex)

Gene SNP P-value OR 95% CI
MCIR rs1805007 0.036 203 1.05-3.93
TP53 rs1042522 0.083 1.32 0.96-1.80
AFG3LIP 154785763 0.079 1.30 0.97-1.74
MDM?2 182279744 0.133 1.26 0.93-1.72

MCIR, melanocortin 1 receptor; TP53, tumor protein 53; MDM2,
murine double minute-2; SNP, single nuclear polymorphism;
OR, odds ratio; CI, confidence interval.

and P=0.065, respectively). Results were similar after the
inclusion of age and sex as cofactors and revealed a more
convincing association with the CM status for rs4785763
(P=0.012) (Table II).

Three SNPs were selected for the multivariate model
without cofactors-rs1805007 and rs2228479 from MCIR, as
well as rs1042522 from TP53 (P-values 0.005,0.126 and 0.035,
respectively) (Table III). This suggests that the effects of these
SNPs on the CM risk might be rather independent and comple-
mentary to each other. After the inclusion of cofactors (age and

sex) in the model, four SNPs were selected (Table IIT). The
rs1805007 in MCIR remained significant, and rs1042522 in
TP53 showed a borderline significant association. Two novel
association signals were identified-rs4785763 and rs2279744
in the MDM?2 gene. Both of them seem to have small effects,
independent from rs1805007 and rs1042522, which might also
have some interplay with age and sex (Table III).

In the latter multivariate model age emerged as a
significant risk factor for CM with P=1.44x10"® (OR=34.64,
95% CI=10.17-118.00) and sex also differentiated the risk with a
borderline significance (P=0.050,0R=1.56,95% CI=1.00-2.42).

To understand the interactions between rs1042522 and
152279744 and their impact on the CM risk in combination with
MCIR and other chromosome 16 SNPs, further multivariate
models were fitted. Fig. 1 shows the changes in the logarithm
of the odds ratio (OR) for each SNP depending on the context
of a model. The highest impact on the CM risk was consistently
displayed by rs1805007 within MCIR having logl0(OR)=0.35;
its effect became more prominent when it was accompanied by
the rs1042522 of TP53: 1logl0(OR)=0.37 (Fig. 1A). This trend
was not significantly altered by the presence of cofactors, age
and sex (Fig. 1B). Other types of potential interactions are
unlikely due to flat logl0(OR) trends depicted in Fig. 1.

Associations between SNPs, pigmentation traits and mela-
noma. We searched for associations between individual
SNPs and pigmentation traits within the set of controls first.
We found associations between rs1805007 in the MCIR gene
and red hair colour (empirical P=0.040) as well as with skin
types I and II (empirical P=0.049). In addition, the rs2279744
from MDM?2 was associated with brown eye colour (empirical
P=0.015) (data not shown).

Next, associations were identified simultaneously for each
pigmentation trait and the CM status. Three different SNPs
emerged as significant from this analysis (Table IV). The
MCIR rs1805007 was associated with CM and with red hair as



Table I'V. SNPs exhibiting significant associations with CM and pigmentation traits.

Association

Association with

Overall model

with CM

pigmentation

P-value Permutation P-value

OR (95% CI)* OR (95% CI)

Reference phenotype Alternative phenotype

Pigmentation trait

SNP

Gene

0.01

0.0007
0.0003
0.002
0.008

2.34 (1.22-4.46)
207 (1.07-4.01)
2.54 (1.31-4.91)
1.08 (0.68-1.70)
1.08 (0.68-1.71)
1.30 (0.87-1.94)

3.56 (1.34-9.44)
2.24 (1.24-4.07)
1.76 (0.92-3.34)

Red

LI

Other

Hair colour
Skin type

rs1805007

MCIR

0.004
0.017

I, 1v

Some or many

Red

None or few

Other

Freckles in childhood

Hair colour

0.058

4.46 (1.76-11.28)
2.69 (1.62-4.50)
2.35 (1.37-4.02)

rs1805008

MCIR

0.006

0.0007
0.003

Some or many

Brown

None or few

Other

Freckles in childhood

Eye colour

0.027

1s2279744

MDM?2
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*The OR for pigmentation traits was calculated for the alternative phenotype in comparison with the reference phenotype. Skin types correspond to the following: I, always burns and never tans; 11, usually

burns and sometimes tans; III, sometimes burns and usually tans; IV, never burns and always tans. CM, cutaneous melanoma; SNP, single nuclear polymorphism; OR, odds ratio; CI, confidence interval;

MCIR, melanocortin 1 receptor; MDM2, murine double minute-2.

well with the skin types I and II and the presence of freckles
in childhood. The rs1805008 in MCIR was strongly associated
with red hair and also related to the presence of freckles in
childhood. However, this SNP did not exhibit any prominent
relationship with CM, which implies that it primarily deter-
mines the pigmentation traits. Furthermore, rs2279744 from
MDM? displayed an association with brown eye colour and no
convincing association with CM (Table IV).

Associations between SNPs and tumour characteristics. We
also looked at the connections between the eight selected
SNPs and tumour ulceration and Breslow thickness. The
only SNP that showed an association with ulceration was
rs4785763-its alternative allele displayed a protective effect
(P=0.038, OR=0.58, 95% CI=0.35-0.97). The effect became
less pronounced after the adjustment for age and sex (P=0.125,
OR=0.66, 95% CI=0.38-1.12). However, according to a permu-
tation test this association was not significant. Associations
with Breslow thickness were exhibited by two MCIR
SNPs-rs2228479 and rs1110400. These associations remained
consistent in models with and without cofactors. The rs1110400
was associated with thicker tumours (P=0.035, OR=2.49,
95% CI=1.07-5.77 and P=0.027, OR=2.60, 95% CI=1.12-6.00
for models without and with cofactors, respectively), and
rs2228479 was related to thinner tumours (P=0.036, OR=0.69,
95% C1=0.48-0.97 and P=0.037, OR=0.69, 95% CI=0.49-0.98
for models without and with cofactors, respectively). However,
after applying a permutation test, these associations became
weaker and lost their significance.

Discussion

In this paper, we explored the associations between CM and
SNPs in the TP53 (rs1042522) and the MDM?2 (rs2279744)
genes alongside the SNPs in the MCIR gene and other chro-
mosome 16 SNPs previously shown to modify the CM risk
in the population of Latvia. The strongest association with
CM was consistently displayed by the rs1805007 of MCIR.
The association of this SNP with CM has been discovered
in numerous studies of various populations across the world
with overall OR=1.80 (95% CI=1.58-2.06) (30). This OR is
slightly lower than the one observed in our study (OR=2.26,
95% CI=1.23-4.16). However, ORs similar to ours were
obtained for the geographically close Swedish population
(OR=2.32,95% CI=1.77-3.05) (31) as well as for Dutch (OR=2.5,
95% Cl=1.4-4.5) (32), French (OR=2.35, 95% CI=1.78-3.11,
P=5.10x10") (33), and Spanish (OR=2.71, 95% CI=1.63-4.52,
P=0.00013) (31) populations.

A moderately significant association was found for another
chromosome 16 SNP, rs258322. However, this SNP has
been shown to be linked with the MCIR SNPs, rs1805007,
rs1805008 and rs1805009 (p.Asp294His, c¢.880G>C), all of
them associated with an increased CM risk (10,27,34,35).
Previously, we have shown that rs4785763 is associated with
CM in Latvian population as well (27). Here, we confirm this
by the multivariate model that includes age and sex. One of
the limitations of the current study is the small number of
individuals, which might hinder discovering SNPs with minor
effects on CM. However, multivariate models can be more
sensitive in elucidating various association signals and can
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reveal weaker associations more clearly after conditioning on
a few strongly associated SNPs. This might also be the reason
why, according to a univariate analysis, the rs1042522 within
TP53 seems to be associated with CM only moderately, but
is included in a multivariate model. Moreover, rs1042522
emerged as significant even after rs1805007 had entered
the model. These observations suggest that rs1042522 has a
small and independent effect on the CM risk with respect to
rs1805007.

Interestingly enough, we found an association between
the CM risk and rs1042522's Arg allele, which is the most
frequent allele of this SNP in our cohort. Indeed, the Arg
allele is more prevalent in individuals having light skin and
living in higher latitudes while the ancestral Pro allele is more
widespread in populations with darker skin that live closer to
equator, most probably due to evolutionary selection (36). The
association of rs1042522 with CM has been reported for both
alleles in literature. For example, Shen et al (2003) showed an
association between CM and the Arg/Arg genotype in the US
population (OR=1.43, 95% CI=1.02-2.02) (18). This associa-
tion was especially strong in individuals older than 50 years
(OR=2.32,95% CI=1.39-3.88). Later Li et al (2008) confirmed
this association in a larger US-based study (OR=1.28,
95% CI=1.05-1.55) (19). The Arg/Arg homozygote has also
been associated with CM in a Brazilian population (OR=1.76,
95% CI=1.09-2.83, P=0.020) (37) and a small effect attribut-
able to the Arg allele was also identified when analysing
specific genotype subgroups (Arg/Pro vs. Pro/Pro) (38).
Several studies have shown an association between CM
and the Pro allele. Such an association has been found in
German (OR=2.49, 95% CI=1.30-4.75, P=0.006) (39) and
Greek populations (OR=3.17, 95% CI=1.03-9.78) (17). There
are also studies that have not found associations between any
of the rs1042522 alleles and the CM risk-a Dutch population
study (40), US Nurses' Health Study (16), a Scottish study (41)
and Italian population studies (25). To our knowledge, there is
only one study in which the relationships between rs1042522
and the MCIR gene SNPs have been analysed. The authors of
this study found that the association with the CM risk became
stronger for the Pro/Pro genotype in the absence of such
MCIR SNPs as rs1805007, rs1805008 and rs1805009, which
are related to red hair (OR=2.99, 95% CI=1.02-8.78) (17). More
recently, it has also been shown that mutations in 7P53 gene are
associated with faster progression and poorer overall survival
as well as with weaker response to the anti-CTLA-4 therapy in
melanoma (42). These observations indicate a possible role of
the TP53 gene in predicting the outcome of a therapy.

Interestingly, rs2228479 within MCIR displayed a small
effect on CM in a multivariate model, suggesting it might have
an independent impact on the CM risk. However, after the
cofactors, age and sex, were included in the model, the effect
of rs2228479 disappeared. Previous studies of the involve-
ment of this SNP in the modification of the CM risk report
contrasting results. A meta-analysis did not find an asso-
ciation of r$2228479 with CM (43). Subsequent meta-analyses
revealed that rs2228479 is associated with CM and has a small
OR (1.08-1.32) (7,30). Hence the effect of this SNP on the CM
development is still controversial.

Another SNP that entered a multivariate model was
1s2279744 from MDM?2 . Moreover,rs2279744 was incorporated
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only in the model with cofactors suggesting some interplay
between this SNP and age and/or sex. Previous studies also
show some evidence for an age- and sex-dependent effect of
1s2279744 on CM, although their results are not consistent. A
couple of studies have demonstrated an association between
rs2279744's minor allele homozygote GG and the CM risk,
especially for younger women or women with a hereditary
CM (22,24). In contrast, another study showed that women
with the GG genotype might actually be at lower risk of devel-
oping CM at a young age (23). Most studies do not tend to find
a convincing association between this SNP in the MDM?2 gene
and the CM risk (25,44-46).

As expected, we identified associations between CM and
skin type, nevi, freckles and hair colour. Notably we have
a larger proportion of dark skinned individuals with skin
types III and IV in the control group than in the case group.
The former proportion within controls is unexpected in the
light-skinned population of Latvia. This might be explained
by the fact that pigmentation traits were self-reported. It also
means that it was important to include skin type as a cofactor
when assessing associations between genotypes and mela-
noma. We have done thus when looking at the associations
between SNPs, pigmentation traits and melanoma. The results
revealed that one of the analysed SNPs was associated with
both skin type and melanoma; for other variants skin type was
not relevant and did not seem to introduce any bias. The lowest
estimate of the OR for rs1805007 and melanoma (OR=2.07)
might be more precise than other estimates of ours because it
takes into account skin type.

One of the major pigmentation regulators is MCIR.
Previously several MCIR SNPs have been associated both
with CM and red hair or fair skin, e.g. rs1805006 (p.Asp84Glu,
c.252C>A), 1511547464 (p.Argl42His, c.425G>A), rs1805007,
rs1805008, and rs1805009 (43). We also found an association
between the most strongly CM-associated SNP in our study,
rs1805007, and red hair and fair skin as well as with the
presence of freckles in childhood. Yet another MCIR SNP,
rs1805008, was associated with red hair only. The associations
of this SNP were consistent throughout all, univariate and
multivariate, analyses performed with this study. This result
is somewhat different to other studies. It seems that in our
cohort the increased melanoma risk for individuals carrying
the rs1805008 alternative allele is attributable to the presence
of freckles and the red hair phenotype. In addition, rs2279744
in MDM? displayed an association with brown eye colour. To
our knowledge, only one study has looked at the association
between rs2279744 and eye colour in CM patients. In that
study, genotypes with G allele (TG and GG) were found more
often in patients with dark eyes (45), which is similar to our
results.

Several studies have shown that the presence of MCIR
SNPs is associated with tumour thickness-associations have
been demonstrated both with thicker (47-49) and thinner
tumours (50). Similarly, rs2279744 from MDM?2 has been
shown to increase the MDM?2 expression (21), which in turn
has been linked to the CM thickness (51). The GG genotype
of rs2279744 turned out to be significantly associated with
CM in patients having tumours thicker than 0.75 mm (25). In
the latter study, the association between Breslow thickness
and rs1042522 in TP53 was also assessed and not found (25).
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In this study, we were not able to show a convincing asso-
ciation between any of the SNPs analysed and Breslow
thickness, as none of them could be validated by a permuta-
tion test. Associations between MCIR SNPs, in particular
the so-called ‘R’ variants, and ulceration have also been
described (49). However, we were not able to confirm these
in our cohort. The rs4785763 from chromosome 16 initially
showed an association with ulceration but did not with-
stand a permutation test. So far no associations have been
found between rs2279744 in MDM?2 or rs1042522 in TP53
and ulceration (24), and our results confirmed this. Larger
cohorts of individuals with less missing data on tumour
features would be necessary to draw definite conclusions
about such associations.

To conclude, we have demonstrated that rs1042522 within
TP53 has an independent effect on the CM risk, which comple-
ments the effect of the strongly associated rs1805007 residing
in MCIR. Both of these SNPs needs to be taken into account in
melanoma risk calculation. The rs2279744 in MDM? is associ-
ated with eye colour and has a small, if any, effects towards
CM in Latvian population.
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