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Abstract

Background—~Cutaneous melanoma tumour is classified into clinico-histopathological subtypes
which may be associated with different genetic and host factors. Variation in the MC1R gene is
one of the main factors of risk variation in sporadic melanoma. The relationship between MC1R
variants and the risk of developing a specific subtype of melanoma has not been previously
explored.

Objective—to analyze whether certain MC1R variants are associated with particular melanoma
subtypes with specific clinico-histopathological features.

Methods—An association study between MC1R gene variants and clinico-pathological subtypes
of primary melanoma derived from 1679 patients was performed.

Results—We detected 53 MC1R variants (11 synonymous and 43 non-synonymous). Recurrent
non-synonymous variants were p.V60L (29.9%), p.V92M (11.7%), p.D294H (9.4%), p.R151C
(8.8%), p.R160W (6.2%), p.R163Q (4.2%) p.R142H (3.3%), p.I1155T (3.8%), p.V122M (1.5%)
and p.D84E (1%). Melanoma subtypes showed differences in total number of MC1R variants (P-
value=0.028) and number of Red hair colour variants (P-value=0.035). Furthermore, an
association between the p.R163Q variant and lentigo maligna melanoma subtype was detected
under a dominant model of heritance (OR: 2.16 95% CI: 1.07-4.37; P-value=0.044). No
association was found between p.R163Q and skin Fitzpatrick’s phototype, eye colour or skin

Corresponding author: Susana Puig, MD, Consultant, Melanoma Unit, Dermatology Department, Hospital Clinic Barcelona, Villarroel
170. 08036 Barcelona. Spain, susipuig@gmail.comspuig@clinic.ub.es, tel.: +34 93 2275400 ext 2893. Fax: +34 93 2275438.

Conflict of interest: The authors state no conflict of interest.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Puig-Bultillé et al. Page 2

colour indicating that the association was independent of the role of MC1R in pigmentation. No
association was observed between MC1R polymorphisms and other melanoma subtypes.

Conclusion—Our findings suggest that certain MC1R variants could increase melanoma risk
due to their impact on pathways other than pigmentation and therefore be linked to specific
melanoma subtypes.

INTRODUCTION

Cutaneous melanoma (MM) has been classically classified into distinct subtypes based on
histological appearance, biological behaviour and epidemiological features!: 2. Later on, this
classification lost relevance because there was often a significant overlap between types and
as it lacked prognostic value. Nevertheless, some of these variants show characteristic
clinical features and may be associated with different risk factors. Differences according to
anatomical location of primary tumour, UV pattern of exposure and somatic genetic
alterations have also been identified34. Overall, superficial spreading melanomas (SSM)
develop mostly on trunk and extremities associated with acute-intermittent sun-exposure
patterns. In contrast, lentigo malignant melanomas (LMM) usually originate on the face or
chronically exposed areas. The incidence of both subtypes of melanoma increase
continuously over time in populations from European origin®. Acral lentiginous melanomas
(ALM), located on palms, soles, and subungual sites are not associated with sun exposure,
its incidence being similar in dark and fair skin populations. The epidemiology of nodular
melanomas (NM) is not clearly associated with sun exposure maintaining a stable incidence
and mortality®. These associations may explain the epidemiological differences detected in
different populations/studies. Whilst in most studies intermittent/recreational sun exposure
and sunburns are consistently associated with melanoma risk (probably associated with
SSM), in a few studies melanoma is also associated with occupational sun exposure,
cumulative lifetime sun exposure or markers of such an exposure’:8. This risk seems to be
mostly associated with LMM as, in areas with high levels of sun exposure, LMM becomes
the more frequent subtype of melanoma®.

Risk factors for melanoma development also include genetic and host characteristics such as
fair skin, family history of melanoma, eye and hair pigmentation®-11,

The pigmentation-related melanocortin receptor 1 (MC1R), which is the major contributor to
pigmentation diversity in humans, is also a risk factor for melanomal2. The gene is highly
polymorphic, with more than 100 variants, many being non synonymous!3. A meta-analysis
identified five MC1R variants (p.D84E, p.R142H, p.R151C, p.R160W, p.D294H) associated
with the red hair colour phenotype (R) which is characterized by fair pigmentation (fair skin,
red hair and freckles), and by sun sensitivity (poor tanning response and solar lentigines)14.
Functional studies have revealed the complexity of MC1R genomic variation. Allelic
variants show differences in loss of function among R and non-red hair colour variants (r)13.
Furthermore, distribution of the allelic frequency of recurrent variants differs significantly
across populations. Such differences are not only exclusively detected when comparing dark
versus fair-pigmented populations. Allelic frequencies of p.V60L and p.D294H variants are
different even when comparing different dark-pigmented populations?®.

Few studies have focused on the role of MC1R variants in melanoma beyond the study of
melanoma risk in individuals. An association between germline MC1R status and presence
of somatic BRAF mutation in melanoma was found6: 17, However, these findings have not
been confirmed by other studies!®-20, illustrating the complexity of cross-talk between
MC1R variants, UV exposure pattern, melanoma subtype and somatic alterations which can
be over-represented in certain combinations.
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The aim of this study was to analyze whether some MC1R variants are associated to
particular clinico-histopathological melanoma subtype.

MATERIAL AND METHODS

Samples

An observational retrospective study including a series of 1679 melanoma patients from two
hospital-based series was designed. Inclusion criteria were patients with confirmed
histopathological information of the tumour. In the patients with multiple primary
melanomas (MPM), only patients with histopathological subtype information for all tumours
and information available on the time of occurrence for each were included. All patients
were treated and controlled at the Melanoma Unit in the Hospital Clinic of Barcelona
(Barcelona, Spain) and in the Instituto Valenciano de Oncologia (Valencia, Spain).

The study of MC1R variants was approved by the institutional review board of both
Hospitals and informed consent from all study participants was obtained.

The outcome variable of the study was the histopathological melanoma subtype. For the
purpose of the study only the following subtypes were considered: lentigo maligna
melanoma (LMM), superficial spreading melanoma (SSM), nodular melanoma (NM) and
acral lentiginous melanoma (ALM). Patients with other unknown or unclassified tumours
were excluded from the study.

In the analysis of MC1R variants and histopathological subtypes, the MPM patients were
included only once in each analysis: a) in the analysis of the total number and type of
variants, patients were included based on the histopathological subtype of the first developed
melanoma; b) in the analyses of each of the 10 more frequent variants and melanoma
subtype (LMM, SSM or NM), MPM patients were re-classified according to whether they
had had, or not, the specific melanoma subtype at any time. Such a strategy avoids the
inclusion of the same patient more than once in the analysis (consequently we did not
increase the frequency of MC1R variants).

As potential confounders, the following variables were considered: sex information, age of
onset, hair colour (red, blonde or brown/black), skin phototype according to the
classification by Fitzpatrick (I-11 vs. 111-V)21 and eye colour (dark/brown vs. green/blug).

MC1R molecular screening

Samples from Melanoma unit-Hospital Clinic of Barcelona were amplified using primers
described by Chaudru et al.22. PCRs conditions were: initial denaturizing step at 95°C for 5
min, followed by 35 cycles (95°C for 1 min, 55°C for 1 min, 72°C for 1 min), and a final
extension at 72°C for 10 min and maintaining at 4°C. Specific internal MC1R primers were
designed to analyze the entire coding sequence (INT-F: TACATCTCCATCTTCTACGC
and INT-R: GTGCTGAAGACGACACTG). Samples from Instituto Valenciano de
Oncologia-Valencia were genotyped as described in Scherer D et al 23,

Statistical analysis

MCI1R variants were classified as red hair colour (R) or non-red hair colour (r) according to
previously reported criterial4. Therefore, MC1R variants classified as R were p.D84E,
p.R142H, p.R151C, p.R160W and p.D294H. All other non-synonymous MCIR variants
were classified as r. Synonymous variants were considered as wild-type MC1R alleles. For
the purpose of this study, only variants with an observed frequency of at least 1% were
analysed. In-silico analysis of each variant to predict the effect of the amino acid change in
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both protein structure and MC1R function was carried out using PolyPhen-2 version 2.2.224,
Correlation between the number of MC1R variants and confounding variables was
calculated by cross-tabulations and Pearson’s x?2 using IBM SPSS Statistics 20. Genetic data
was analyzed using SNPStats software2°. Multiple logistic regression models [Codominant,
Dominant, Recessive, Overdominant and log-additive] were performed for odds ratio (OR),
95% confidence interval (CI), and P-value. Both Akaike information (AIC) and Bayesian
Information Criterion (BIC) were used to choose the model of inheritance that best fit the
data. In some analyses, the model was adjusted by confounding variables that are associated
with the MC1R variant of interest. P-values less than 0.05 were considered as statistically
significant. All tests were two-sided and Bonferroni correction for multiple comparisons was
applied in all P-values.

MC1R genotyping was carried out in 1679 patients that met the selection criteria, 1428
(85%) were single primary (SPM) cases and 251 (15%) were MPM cases (mean number of
tumours=2.34). The SPM subgroup included 979 SSM patients (68.6%), 249 NM patients
(17.4%), 118 LMM patients (8.3%) and 82 ALM patients (5.7%).

The MPM subset included 198 (78.9%) patients who developed 2 MMs, 36 (14.3%) patients
who developed 3 MMs and 8 (3.2%) and 9 (3.6%) patients who developed 4 and =5 MMs,
respectively. MPM patients displayed a total of 588 MMs, 83.5% of them were SSM
(491/588), 8.2% of them were LMM (48/588), 6.8% of them were NM (40/588,) and 1.5%
of them ALM (9/588,). The frequencies for each subtype in the subset of first MMs in MPM
patients (N=251; LMM 6.8%, SSM 82.9%, NM 8.3% and ALM 2%) were statistically not
different to those observed in the subset of subsequent MMs diagnosed in MPM patients
(N=337; LMM 9.2%, SSM 84%, NM 5.6% and ALM 1.4%).

The rate of the histopathology subtype concordance was evaluated in MPM patients. The
rate of concordance was 85.5% in SSM patients (178/208), 35.3% in LMM patients (6/17)
and 4.8% in NM patients (1/21). No patients with a firstly ALM (5) develop other ALMs.

The study identified 53 MC1R variants (11 synonymous and 43 non-synonymous) most
being detected in a small number of patients or restricted to one (Table 1). Thirteen MC1R
variants had not been identified in previous studies. Among synonymous variants, the
highest frequency was observed for p.T314T (17.6% of patients). Recurrent non-
synonymous variants in the set of 1679 melanoma patients with a frequency of at least a
frequency of 1% were p.VV60L (29.9%), p.V92M (11.7%), p.D294H (9.4%), p.R151C
(8.8%), p.R160W (6.2%), p.R163Q (4.2%) p.R142H (3.3%), p.1155T (3.8%), p.V122M
(1.5%) and p.D84E (1%). Analyses of MC1R variants and phenotypical features and
histopathological subtype of tumour were carried out only in those 10 variants.

Overall, skin phototype information was available in 94.8% of cases, eyes and hair colour in
90.5% and 93.4%, respectively. The p.R142H, p.R151C, p.R160W and p.D294H variants
were statistically significant associated to red hair colour and fair skin (phototype I or 1)
under a co-dominant model of heritance (Table 2). The association of MC1R variants and
eye colour was restricted to p.R142H which was associated to fair eye colour (green or blue)
under a dominant model of heritance (OR= 2.07: 95%CI=1.18-3-65; p=0.011).

Differences in terms of number and type of MC1R variant (r or R) were analyzed. Skin
phototype and hair colour showed differences in the total number of variants (P-
value<0.001). When the analysis was focused on the number of r variants, there was no
statistically significant association with phenotypic characteristics. However, a trend was
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observed between fair skin and presence of =2 variants (p =0.041). In contrast, number of R
variants was associated to both hair colour and skin phototype (P-value<0.001). Overall,
89.2% of red hair patients carried at least one R variant and 54.1% of them carried =2 R
variants.

According to the number of MC1R variants and histopathological melanoma subtype (Table
3) differences were observed in total number of MC1R variants (P-value =0.028), mainly
due to the low frequency of MC1R variants in patients with ALM subtype. Also, differences
in number of R variants was observed (P-value=0.035), showing a lower number of variants
in both ALM and NM subtypes.

Association of histopathological subtype and specific recurrent MC1R variant was restricted
to those subtypes associated with a sun exposure pattern (SSM, LMM and NM). Logistic
regression model was adjusted by number of primary tumours, sex, age of onset and
phenotypical characteristics. No statistical significant association was found between certain
MC1R variants and SSM or NM. In contrast, an association was detected between the
p.R163Q variant and LMM development under a dominant model of heritance (OR: 2.16
95%Cl: 1.07-4.37; P-value=0.044) (Table 4).

DISCUSSION

Since Clark et al. classified melanomas into three distinct subtypes? and thereafter, a fourth
subgroup was proposed?8, several studies have elucidated epidemiological and clinical
features which are more associated with a particular histopathological subtype2’-30. Some of
these differences can be attributed to variation of UV exposure (chronic sun exposition or
intermittent)?.

To date, polymorphisms in the MC1R gene are major determinants of hair and skin colour3L,
Furthermore, MC1R polymorphisms play a role in sun sensitivity and low tanning ability in
response to UV radiation independently of skin colour32. Thus, certain MC1R variants could
be related to particular histopathological group of melanomas associated to different patterns
of UV radiation.

In the present study, the genomic status of MC1R gene from 1679 melanoma patients was
analyzed according to their histopathological melanoma subtypes. In the study, patients with
multiple primary melanomas were also included as different melanomas from the same
patient may be considered as independent occurrences of the disease33. In the association
studies for number of variants just the histopathological classification of the first melanoma
was considered. When evaluating the association of each subtype with each prevalent MC1R
variant, MPM patients were categorized according to whether they had had, or not, at least
one tumour of the specified subtypes at any time (i.e., if a patient had developed two LMMs,
in the LMM analysis the patient was recorded once). The systematic exclusion of 15% of
patients with MPM in genetic studies could occult important data concerning differences in
genetic background, more present in MPM patients compared to SPM, such as the
occurrence of dysplastic nevi or UV exposure34: 35,

Analysis of MC1R variants and phenotypical characteristics was carried out to find previous
well-established associationsl# and to consider them in the posterior analysis. Variants
p.R142H, p.R151C, R160W and p.D294H variants associated with red hair and fair skin.
The p.R142H variant was also associated with patients with green/blue eyes. Previous
studies have found no effect of MC1R genotype on eye colour. However, an epistatic
interaction between MC1R and the OCAZ2 gene, which is a significant determinant of eye
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colour, has been postulated38: 37, Our study adds further evidence to the modifier effect of
MCI1R alleles on eye colour.

In the present study, the total number of MC1R variants and number of RHC variants were
higher in both LMM and SMM subtypes. An increased prevalence of MCI1R variants in
tumours on intermittently exposed sites has been frequently observed. Unfortunately, the
MCI1R distribution according to anatomic site was not addressed in our study.

The most relevant finding was the association between p.R163Q and LMM; independent of
phenotype features (it was not associated with Fitzpatrick skin photoype, eye or hair colour)
which suggests that certain variants could be linked to specific melanoma subtypes.
Different functional influence among MC1R variants has been shown in terms of cell surface
expression, functional ability or dominant negative activity of pigment related

pathway13 3840,

In addition to adenylate cyclase signalling, stimulation of MC1R also activates the mitogen-
activated protein kinase (MAPK) pathway*! and regulates target genes involved in
inflammation through the NF-Kb pathway2. Thus, interpretation of the effect of MC1R
alleles in melanoma beyond its role in pigmentation, such as the relation between p.R163Q
and LMM subtype, is complex. Furthermore, differences in frequency and type of variants
between populations could result in variations in genotype-phenotype correlation23, The
frequency of the p.R163Q variant is highly variable among populations, being higher in
Asian compared to European origin populations, but also there are differences among
European populations!®. In the Japanese population, p.R163Q and p.V92M have been
related to skin lesions associated with UV damage such as freckles and solar lentigines?3.
Previous studies have suggested a relation between these variants and chronic UV radiation
in populations of European origin. The p.\V92M variant has been associated with severe
photoaging of facial skin, independent of the presence of other minor and major variants, in
European women*4. Furthermore, variant p.R163Q has been related to non-melanoma skin
cancer development in Europeans, underlying its possible role in tumours related to chronic
sun exposure®®. Thus, our finding that p.R163Q is related to LMM susceptibility in our
population may be a consequence of the role of this variant in skin photodamage and
photoaging since a propensity to solar lentigines is a strong predictor of LMM and it is not
associated to another subtype of melanoma?®. Interestingly, both p.R163Q and V92M
presented a benign score in the in-silico analysis (Table 1) and are considered “pseudo-
alleles” with no significant effect on eumelanin synthesis*’. Thus, the biological relevance
of these variants could be related with a non canonical MC1R pathway. Although, variant
p.R163Q does not display changes in either surface expression or cAMP signalling, a
selective decrease in MAPK activation has been recently described®8. Thus, the cross-talk
between specific MC1R variants and MAPK pathway activation could be responsible in part
for the differing results reported for correlation between MC1R and mutant BRAF in
melanomal6-20, Furthermore, the majority of studies have been conducted using a pigment
related classification of MC1R variants and mostly without histopathological information of
the tumour subtype. As a previous study suggested9, our data supports that these
differences could be due to unique effects of specific MC1R variants, the frequencies of
which differ somewhat among populations.

In conclusion, the MC1R variant p.R163Q showed differences among histopathological
melanoma subtypes, showing a positive association with LMM. Moreover, these findings
suggest that differences exist beyond the role of MC1R variants in the pigment synthesis
process. Thus, common variants could be responsible in part for the risk of LMM in non-fair
skin population. Further studies should be directed to elucidate the mechanisms by which
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MCI1R variants play a role in susceptibility to melanoma independent to its relationship with
phenotypic traits.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Frequency of MC1R variants detected in Melanoma patients.

Table 1

Total patients (N=1679)

Nucleotide change ~ AA change Score Polyphen2”A  Genomic status N (%)
¢.5C>T p.A2V 0.000 Het. 1(0.1)
Hom. -
c.112G>A p.V38M 0.006 Het. 1(0.2)
Hom. -
€.121T> p.S41C 0.067 Het. 1(0.1)
Hom. -
c.175C>T p.V59M 1.00 Het. 1(0.1)
Hom. -
c.178T>G p.vV60L 0.988 Het. 459 (27.3)
Hom. 44 (2.6)
¢.190G>A p.AB4T 0.988 Het. 1(0.1)
Hom. -
€.248C>T p.S83L 0.998 Het. 3(0.2)
Hom. -
.247T>C p.S83P 0.998 Het. 5(0.3)
Hom. -
€.252C>A p.DB4ERHC 0.999 Het. 17 (L0)
Hom. -
€.251C>C p.D84H 1.00 Het. 4(0.2)
Hom. -
€.265G>A p.G8IR 0.737 Het. 1(0.1)
Hom. -
C.274G>A p.vVIZM 0.015 Het. 195 (11.6)
Hom. 2(0.1)
c.284C>T p.T95M 0.889 Het. 3(0.2)
Hom. -
¢.357C>A p.V119V - Het. 2(0.1)
Hom. -
€.364G>A p.V122M 0.126 Het. 25(1.5)
Hom. -
€.383T4C p.M128T 0.235 Het. 3(0.2)
Hom. -
C.425G>A p.R142HRHC 1.000 Het. 54 (3.2)
Hom. 1(0.1)
C.424C>A p.R142S 1.000 Het. 1(0.2)
Hom. -
c.424C>T p.R142C 1.000 Het. 1(0.1)
Hom. -
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Total patients (N=1679)

Nucleotide change ~ AA change Score Polyphen2A ~ Genomic status N (%)
c.434C>T p.S145F 0.989 Het. 1(0.1)
Hom. -
c.438C>T p.AL46A - Het. 1(0.1)
Hom. -
C.445G>A p.A149T 1.000 Het. 2(0.1)
Hom. -
C.446C>T p.A149V 1.00 Het. 1(0.1)
Hom. -
c451C>T p.R151CRHC 1.000 Het. 139 (8.3)
Hom. 9 (0.5)
€.464T>C p.1155T 0.986 Het. 60 (3.6)
Hom. 4(0.2)
€.466C>G p.V156L 0.567 Het. 1(0.1)
Hom. 0(0)
C.467T>C p.V156A 0.784 Het. 1(0.2)
Hom. -
c.478C>T p.R160OWRHC 0.861 Het. 103 (6.1)
Hom. 1(0.1)
C.488G>A p.R163Q 0.004 Het. 69 (4.1)
Hom. 1(0.1)
¢.504C>T p.11681 - Het. 5(0.3)
Hom. -
¢.546C>T p.Y182Y - Het. 2(0.1)
Hom. -
¢.550G>A p.D184N 0.001 Het. 1(0.2)
Hom. -
¢.586T>C p.F196L 0.997 Het. 1(0.1)
Hom. -
c.637C>T p.R213W 0.019 Het. 1(0.1)
Hom. -
€.699G>A p.Q233Q - Het. 30 (1.8)
Hom. -
C.741G>A p.L247L - Het. 1(0.1)
Hom. -
€.766C>T p.P256S 1.000 Het. 1(0.1)
Hom. -
¢.788T>C p.L263P 1.00 Het. 1(0.1)
Hom. -
€.792C>T p.12641 - Het. 1(0.1)
Hom. -
€.793G>A p.V265I 0.067 Het. 1(0.1)
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Total patients (N=1679)

Nucleotide change ~ AA change Score Polyphen2A ~ Genomic status N (%)
Hom. -
€.813C>T p.P271P - Het. 1(0.1)
Hom. -
c.814A>G p.T272A 0.006 Het. 2(0.1)
Hom. -
c.815C>T p.T272M 0.974 Het. 1(0.1)
Hom. -
¢.815C>A p.T272K 0.944 Het. 2(0.1)
Hom. -
¢.835A>G p.N279D 0.979 Het. 1(0.1)
Hom. -
c.850C>T p.L284F 0.965 Het. 1(0.1)
Hom. -
0.860T>G p.1287S 0.996 het. 1(0.1)
hom. -
¢.861C>G p.1287M 0.999 het. 1(0.1)
hom. -
9.880G>C p.D294HRHC 1.000 het. 151 (9.0)
hom. 7(0.4)
c.892 C>T p.R298R het. 1(0.1)
hom. -
€.923C>T p.T308M 0.979 het. 1(0.1)
hom. -
0.942A>G p.T314T - het. 287 (17.1)
hom. 8 (0.5)
0.948C>T p.S316S - het. 2(0.1)
hom. -

Novel variants are indicated in bold.

Page 13

In-silico impact prediction of each non-synonymous variants on the structure and MC1R function (values close to 0.000: benign; values close to

1.00: damaging).

RHC, . . . I . . .
Variant associated to Red hair colour phenotype. Het: variant in heterozygosis. Hom: Variant in homozygosis.
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