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Melanoma; Background: The melanocortin-1 receptor (MC1R) is an important risk factor for melanoma due
Etiology; to its role in the production of melanin in response to sun exposure.

Genetic Objectives: To analyze the phenotypic and histologic characteristics of cutaneous melanoma in
predisposition; patients carrying mutations in MC1R and assess the influence of sun exposure on the occurrence
Melanocortin-1 of melanoma.

receptor Material and methods: A total of 224 patients with a diagnosis of melanoma seen in the Depart-

ment of Dermatology at Hospital General Universitario Gregorio Maranén in Madrid, Spain
between September 2004 and December 2009 were included in the study. The genomic sequence
of MC1R was analyzed by polymerase chain reaction.

Results: At least one of the following MC1R variants was present in 58% of the patients: V60L,
V92M, 1155T, R160W, D294H, and R163Q. Carriers of those variants had a history of sunburn
(P=.018) and melanomas located on areas with intermittent sun exposure (P=.019), and the
majority had a diagnosis of superficial spreading melanoma. These associations were espe-
cially significant in patients with the R160W and D294H variants. Carriers of R160W also had
melanomas associated with melanocytic nevi (P=.028).

Conclusions: The results of our study suggest that there may be a relationship between the
expression of certain MC1R variants and sun exposure, history of sunburn, and skin type. They
also indicate a higher frequency of superficial spreading melanomas and melanomas associated
with melanocytic nevi in patients carrying certain mutations in MC1R.

© 2011 Elsevier Espafa, S.L. and AEDV. All rights reserved.

* Please cite this article as: Avilés JA, et al. Caracteristicas fenotipicas e histoldgicas de los pacientes con melanoma cutaneo en funcion
de los polimorfismos del MC1R. Actas Dermosifiliogr. 2012;103:44-50.
* Corresponding author.
E-mail address: jaavilesizquierdo@gmail.com (J.A. Avilés).

1578-2190/§ - see front matter © 2011 Elsevier Espaiia, S.L. and AEDV. All rights reserved.


dx.doi.org/10.1016/j.adengl.2011.04.006
mailto:jaavilesizquierdo@gmail.com

Characteristics of Cutaneous Melanoma in Patients With MC1R 45

PALABRAS CLAVE

Melanoma;
Etiopatogenia;
Predisposicion
genética;
Receptor de
melanocortina-1

Introduccién: El receptor de la melanocortina-1 (MC1R) es un importante determinante del
riesgo de melanoma debido a su funcion en la produccion de melanina en respuesta a la
exposicion solar.

Objetivos: Analizar las caracteristicas fenotipicas e histologicas de los pacientes con melanoma
cutaneo portadores de mutaciones del MC1R asociadas a riesgo de melanoma vy la influencia de
la exposicion solar en la aparicion del melanoma.

Material y métodos: Se incluyeron 224 pacientes diagnosticados de melanoma atendidos en el
Servicio de Dermatologia del Hospital General Universitario Gregorio Maraion (septiembre de
2004 -diciembre de 2009). Se realizd la secuenciacion gendmica del ADN del MC1R mediante
PCR.

Resultados: El 58% presentaba al menos una de las siguientes variantes de MC1R (Vé60L,
V92M, 1155T, R160W, D294H, R163Q). Estos pacientes presentaban antecedentes de quemaduras
solares (p=0,018), melanomas localizados en areas de exposicion solar intermitente (p=0,019),
con predominio del tipo histologico de extension superficial. Estas asociaciones fueron espe-
cialmente significativas en los portadores de las variantes R160W y D294H. Los portadores de
R160W presentaron ademas melanomas asociados a nevus melanociticos (p=0,028).
Conclusion: Los resultados obtenidos sugieren que puede existir una relacion entre la expresion
de determinadas variantes de MC1R y los habitos de exposicion solar, antecedentes de que-
madura y tipo de piel del paciente, asi como una mayor frecuencia de melanomas de extension

superficial y melanomas asociados a nevus en portadores de ciertas mutaciones de MC1R.
© 2011 Elsevier Espana, S.L. y AEDV. Todos los derechos reservados.

In recent decades, cutaneous melanoma has become the
neoplasm with the fastest growing incidence and mortality
rate in developed countries.' Both genetic and environmen-
tal factors are involved in the pathogenesis of cutaneous
melanoma. UV radiation, one of the most important envi-
ronmental factors, is estimated to cause at least 65% of
malignant melanomas in the white population.?

Fair-skinned individuals whose skin tans poorly or not
at all (Fitzpatrick skin phototypes | and Il) are more likely
to develop cutaneous melanoma. Furthermore, between
3% and 15% of melanomas are familial (occurring in
2 or more members of the same family), suggesting
a hereditary predisposition. However, familial melanoma
is genetically heterogeneous.>* Mutations in 2 high-
penetrance susceptibility genes (CDKN2A and CDK4) have
been reported in 30%-40% of cases of familial melanoma.?
Thus, other genetic factors associated with a predisposi-
tion to melanoma must exist, especially in view of the
complexity of human pigmentation and its response to sun
exposure.

The melanocortin-1 receptor gene (MC1R) plays a key
role in human pigmentation regulation. This gene is located
at chromosome 16q24.3 and encodes a G-protein-coupled
receptor with 7 membrane-spanning domains. This protein
interacts with proopiomelanocortin and corticotropin, stim-
ulating tyrosinase transduction and promoting the synthesis
of photoprotective eumelanin.

MC1R is considered to be a major determinant of the
risk of melanoma, both sporadic and familial, due to the

importance of its role in the production of melanin in
response to sun exposure. It is a highly polymorphic gene,
and more than 70 variants have been described in the white-
skinned population.® Several studies have demonstrated the
functional consequences of some of these variations in the
amino acid sequence that constitutes the original (wild-
type) protein.®'0 The substitution of a single amino acid
(e.g., valine for leucine at position 60 in the V60L variant)
can result in a failure to synthesize eumelanin, thus increas-
ing the carrier’s risk of burning on exposure to UV radiation
and consequently of developing skin tumors. Certain MC1R
variants, such as R151C, R160W, and D294E, have been asso-
ciated with the red hair color phenotype, characterized by
fair skin, red hair, multiple solar lentigines, and difficulty in
tanning.

Most studies on the association between MCTR and
melanoma have been conducted in white populations
in Europe and Australia."'-"7 However, the phenotypic
characteristics of patients with malignant melanomas in
Mediterranean countries differ from those of patients of
northern European descent. In an earlier case-control study
of Spanish patients living in Madrid, we described several
novel MC1R variants and confirmed the association between
certain variants (V60L, V92M, 1155T, R160W, D294H, and
R163Q) and a statistically significant risk of developing
melanoma.'®

In light of the results obtained in that study, we decided
to analyze the characteristics of melanoma patients with
MC1R mutations, taking as a basic hypothesis that intermit-
tent sun exposure would be of greater importance in the
pathogenesis of their melanomas.
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The present study was a continuation of the earlier work,
and the main objectives were as follows:

1. To analyze the phenotypic characteristics of patients in
our hospital who have cutaneous melanoma and carry
MCI1R variants.

2. Toascertain whether there is a relationship between type
of sun exposure and the development of melanoma in
carriers of MC1R mutations.

3. To identify significant associations between specific
MC1R variants and the epidemiologic, clinical, and his-
tologic characteristics of the patients studied.

A total of 224 patients with primary cutaneous melanoma
who were treated in the melanoma unit of the Dermatology
Department of the Hospital General Universitario Gregorio
Maraion in Madrid, Spain between September 1, 2004 and
December 31, 2009 were included in this voluntary study
after written informed consent was obtained. The study was
approved by the hospital ethics committee. The inclusion
criteria were as follows: white patients of Spanish nation-
ality who were diagnosed with primary melanoma during
the study period or who had already been diagnosed and
attended for a follow-up visit during the study period. We
excluded nonwhite patients, foreign nationals, and patients
diagnosed with metastatic melanoma of unknown primary
origin.

Genomic DNA for sequencing was isolated from periph-
eral blood lymphocytes (2 tubes of 10cm? with ethylenedi-
aminetetraacetic acid). The MC1R coding region (16q24.3)
was amplified by polymer chain reaction using 2 primer pairs
as previously described.'* Sequence analysis was performed
with the ABI Prism system (Applied Biosystems) using the
BigDye Terminator Cycle Sequencing kit and the ABI 3700
automated DNA sequencer in accordance with the manufac-
turer’s instructions. All the results obtained were confirmed
manually.

Patient information was collected using a standardized
questionnaire completed by a dermatologist in the pres-
ence of the patient. The following epidemiologic data
were recorded: age, sex, date and place of birth, sunburn
episodes (reported by the patient as blisters or skin pain for
at least 48 h after exposure and/or the presence of solar
lentigines in areas of intermittent exposure to sunlight on
physical examination), and a personal and family history
of cutaneous or noncutaneous tumors (a family history of
melanoma was defined as at least 1 first- or second-degree
relative diagnosed with melanoma). The clinical findings
recorded were as follows: Fitzpatrick skin phototype, hair
color, eye color, and number of nevi and/or solar lentigines.
With respect to the melanoma, the following findings were
recorded: site, date of diagnosis, histologic type, Breslow
thickness, Clark level, histologic evidence of ulceration, and
association with a melanocytic nevus.

To analyze the influence of exposure to sunlight, patients
were classified into 3 groups according to the exposure of the
primary melanoma site, as follows'®:

1. No exposure

2. Intermittent exposure
3. Continuous exposure

The analysis of MCTR mutations took into account only the
variants previously shown to be significantly associated with
risk of melanoma (V60L, V92M, 1155T, R160W, D294H, and
R163Q)."

This was an observational cross-sectional study, patients
were included consecutively during the study period, and
the statistical analysis was descriptive. Both the descriptive
study and the analysis were performed using version 14 of
the SPSS statistical analysis software (SPSS Inc). The Pearson
x* test was used for the univariate analysis of qualitative
variables. Analysis of qualitative and quantitative variables
was performed using the t test, applying the homogeneity
of variance or Bonferroni test when necessary.

Although our original work on the MC7R mutations in
patients with melanoma was a case-control study,'® the dif-
ficulty of obtaining a control group of similar size to the
group of melanoma patients prevented us from calculating
measures of association, such as relative risk or odds ratios.

Potential confounding factors arising from the analysis
of so many variables could be resolved with multivariate
analysis. However, sample size and the proportions found
prevented us from obtaining any significant results with this
analysis.

Another difficulty was the determination of the patients’
skin phototype because the Fitzpatrick classification is a
rather subjective method based on physical examination and
questions such as the following: Have you ever had sunburn?
Does your skin tan always, easily, or never?

Table 1 shows the epidemiologic characteristics of the
patients included in the study. Seventy percent were middle-
aged (between 40 and 65 years of age), 58% had a type Il skin
phototype, and over 60% had a history of sunburn. Only 11.7%
had more than 50 melanocytic nevi. Nine patients (4%) had
a history of more than 1 primary melanoma. Thirty patients
(13%) reported a family history of melanoma. Participants
included 2 parent-and-child pairs and 2 sisters. Interestingly,
the MC1R variants were not identical in these intrafamily
pairs, and 1 of these patients had no MC71R mutations.

The predominant histologic type was superficial spread-
ing melanoma. In 28 cases (12.5%), the pathology
report described a melanocytic nevus associated with the
melanoma, although in most cases it did not specify whether
these melanocytic nevi were acquired or congenital.

In our series, 75.5% of the tumors were located in areas
of intermittent sun exposure.

In total, 73% of patients had an MC1R variant, although
only 58% had 1 of the 6 variants considered in our previous
study to be a risk factor for melanoma.'® Some 20% had 2 or
more of these mutations. Table 2 shows the number of MCTR
variants associated with a significant risk of melanoma found
per patient in our series.
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Epidemiologic Characteristics of Patients (n=224)
in the Study.?

Age at diagnosis, y

<40 20(0.9)
40-65 157 (70)
>65 47 (21)
Mean (SD) 52 (15)
Median 51
Range 21-83
Sex

Male 96 (43)
Female 127 (57)

Skin phototype

I 4(1.8)

Il 131 (58.5)

[} 88 (39.3)

\% 1(0.4)
No. of melanocytic nevi

<25 130 (58)

25-50 68 (30.4)

50-100 15(6.7)

>100 11(4.9)
Sunburn

Yes 137 (61.2)

None 87 (38.8)
Family history of melanoma

Yes 30(13.4)

No 194 (86.6)
Site of melanoma

Head 17 (7.6)

Trunk 118 (52.7)

Limbs 89 (39.7)
Sun exposure of site

None 37 (16.5)

Intermittent 169 (75.4)

Continuous 18 (8)
Histologic type of melanoma

Superficial spreading type 179 (79.9)

Nodular 28 (12.5)

Lentigo maligna 12 (5.4)

Acral lentiginous 5(2.2)
Average thickness in mm (Breslow)

0 (in situ) 15(6.7)

<1 139 (62)

>1 70 (31)

Mean (SD) 0.99 (1.18)

Median 0.67
Associated with a nevus

No 196 (87.5)

Yes 28 (12.5)

@ Data are presented as number (%) of patients unless other-
wise indicated.

Number of MCTR Variants Associated With
Melanoma per Patient in Our Series.

No. of Variants Frequency (%)

0 94 (42)
1 85 (37.9)
2 39 (17.4)
3 6(2.7)
Total 224 (100)

The results of the analysis of the most relevant phe-
notypic and histologic features and the presence of MC1R
variants associated with melanoma are shown in Table 3.
These results confirmed the association between the pres-
ence of these MC1R variants and fair skin (phototype Il),
history of sunburn (P=.018), and intermittent sun exposure
at the melanoma site (P=.019). These associations were
particularly significant in carriers of the R160W and D294H
variants (Table 4). Another significant finding was the pres-
ence of melanomas associated with a melanocytic nevus in
carriers of R160W (P=.028). No significant associations were
found between the presence of MC1R mutations and factors
such as sex, age, or tumor thickness. Neither were any sig-
nificant associations found between any of these variables
and the number of MC1R variants carried by each patient.
However, the tumors of all 6 patients with 3 MC1R variants
were located in areas of intermittent exposure to sunlight.
Furthermore, 30% of superficial spreading melanomas were
found in patients with 2 or more MC1R variants, compared
with 6% of nodular melanomas and 8% of lentigo maligna
melanomas.

This is one of the largest studies carried out to date in
Spain on the presence of MC1R variants in patients with
melanoma. Our findings suggest that there may be an asso-
ciation between the expression of certain MC1R variants
and sun exposure, history of sunburn, and skin type. They
also indicate a higher frequency of superficial spreading
melanomas and melanomas associated with a melanocytic
nevus in patients carrying certain MC 1R mutations. However,
the lack of a control group and the small sample size made
it impossible to quantify these associations.

Despite steady progress in the study of the pathogenesis
of cutaneous melanoma and the genetic factors involved,
these aspects are still poorly understood. Some authors
have even questioned the established clinical and histologic
classifications of melanoma.?® Alternative classification sys-
tems based on the biological behavior of the tumor have
been proposed,?’'2? and some authors have highlighted the
importance of the influence of the patient’s immune sys-
tem and the relationship between the melanoma cells and
the surrounding microenvironment in the development of
metastases.?® Research aimed at developing future treat-
ments for metastatic melanoma will probably focus on the
interaction between biomolecular factors in both the tumor
and the patient. What is required in this context is a
new melanoma classification that takes into consideration
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The Association Between Phenotypic and Histologic Features and the Presence of MCTR Variants Associated With
Melanoma.?

Variable No MC1R Associated With Melanoma MC1R Associated With Melanoma P Value
Age at diagnosis, y P=.101
<40 8 (40) 12 (60)
40-65 75 (47.7) 82 (52.3)
> 65 27 (57.4) 20 (42.5)
Mean (SD) 54 (21) 51 (18)
Sex P=.458
Male 43 (44.8) 53 (55.2)
Female 51(39.8) 77 (60.2)
Skin phototype P=.081
I 0(0) 4 (100)
Il 50(38.2) 81(61.8)
[} 44 (50) 44 (50)
v 0(0) 1(100)
No. of melanocytic nevi P=.334
<25 58 (44.6) 72 (55.4)
25-50 29 (42.6) 39 (57.4)
50-100 5(33.3) 10 (66.7)
>100 2(18.2) 9 (81.8)
Sunburn P=.018P
Yes 49 (35.8) 88 (64.2)
No 45 (51.7) 42 (48.3)
Family history of melanoma P=.575
Yes 14 (46.7) 16 (53.3)
No 80 (41.2) 114 (58.8)
Site of melanoma P=.434
Head 10 (58.8) 7 (41.1)
Trunk 58 (49.1) 60 (50.9)
Limbs 40 (45) 49 (55)
Sun exposure at melanoma site P=.019®
None 21 (56.8) 16 (43.2)
Intermittent 62 (36.7) 107 (63.3)
Continuous 11(61.1) 7 (38.9)
Histologic type of melanoma P=.261
Superficial spreading 71(39.6) 108 (60.4)
Nodular 12 (42.8) 16 (57.2)
Lentigo maligna 8 (66.7) 4(33.3)
Acral lentiginous 3(60) 2 (40)
Average thickness in mm (Breslow) P=.589
0 (in situ) 8(53.3) 7 (47.7)
<1mm 69 (49.6) 70 (50.4)
>1mm 36 (51.4) 34 (49.6)
Mean (SD) 0.98 (1.2) 0.96 (0.9)
Median 0.65 0.68
Association with a nevus P=.052
No 87 (44.4) 109 (55.6)
Yes 7 (25) 21 (75)

@ Data are presented as number (%) of patients unless otherwise indicated.
b Statistically significant.
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Association Between Phenotypic Features and the Presence of MC1R Variants Associated With Melanoma.

V60L VI2M 1155T

No. (% of total) 67 (29.9) 26(11.6) 12(5.3)
Skin phototype

I 1 0 1

Il 41 17 7

11 24 9 4

v 1 0 0
No. of melanocytic nevi

<25 35 15 7

25-50 25 7 2

50-100 3 2 1

>100 4 2 2
Sunburn

Yes 43 15 8

No 24 11 4
Family history of melanoma

Yes 8 1 0

No 59 25 12
Sun exposure at melanoma site

None 11 1 1

Intermittent 52 24 10

Continuous 4 1 1
Association with a nevus

No 57 22 11

Yes 10 4 1

predisposing genetic factors (CDKN2A, MC1R), external fac-
tors (exposure to sunlight), and molecular factors (c-Kit,
N-Ras, BRAF, and NRas) in addition to the classic histologic
factors.3%2

Although most of the studies on genetic predisposition
to melanoma have been conducted in white populations
in northern Europe and Australia, fortunately, more and
more studies are now being carried out in Mediterranean
countries.®15.18,19.24.25 |t js not appropriate to extrapolate
results obtained in Sweden or Australia to the Spanish pop-
ulation since the epidemiologic profile of these patients
differs from that of Spanish patients. A study by Scherer
et al.?® examining differences between MC1R mutations iso-
lated in Spanish and German patients detected a greater
frequency of mutations not associated with the red hair
color phenotype in the Spanish population, and in partic-
ular of V60L. In a recent meta-analysis, Kanetsky et al.'
found that certain MC1R mutations were associated with
increased risk of melanoma in people with no history of sun-
burn, those who tan easily, and individuals with dark skin and
hair. The results of that study confirm the variable influence
of different MC1R mutations in different populations.

The typical profile of a patient with melanoma in Spain
is a man or woman aged 40-65 years with chestnut or dark
brown hair who does not tan easily, has a history of sunburn
and, in our experience, has few melanocytic nevi.? Histo-
logic type also appears to be influenced by these factors,

R160W D294H T314T P Value
17(7.5)  19(8.5) 38(16.9)
D294H (P=.019)
0 2 1
13 12 2
4 5 15
0 0 0
10 10 23
3 6 9
3 1 3
1 2 3
R160W (P=.05)
D294H (P=.008)
14 17 24
3 2 14
2 5 1
15 14 37
1 2 3
16 16 33
0 1 2
R160W (P=.028)
5 15 33
12 4 5

with a greater number of superficial spreading melanomas
among carriers of MC1R mutations. Moreover, MC1R variants
were less common in patients with melanomas in sites never
exposed or continuously exposed to sunlight (lentigo maligna
melanoma), a finding that supports the hypothesis that not
all melanomas are the result of intermittent exposure to
sunlight.

In conclusion, patients with cutaneous melanoma car-
rying certain MC1R variants have certain distinctive
phenotypic characteristics (fair skin, difficulty in tanning,
a history of sunburn, few or no melanocytic nevi, melanoma
located in areas of intermittent sun exposure) and histologic
characteristics (superficial spreading melanoma, melanoma
in association with a nevus). The presence of these variants,
together with intermittent exposure to sunlight, is probably
key factor in the development of melanomas in Spain. Our
results should be confirmed by case-control studies. Given
the complexity of cutaneous melanoma, any contributions
that can help us better understand its pathogenesis are of
significant value to both the scientific community and the
population as a whole.

The authors declare that they have no conflicts of interest.



50

J.A. Avilés et al.

10.

11.

12.

13.

14.

. Saenz S, Conejo-Mir J, Cayuela A. Epidemiologia del melanoma

en Espana. Actas Dermosifiliogr. 2005;96:411-8.

. Armstrong BK, Kricker A. How much melanoma is caused by sun

exposure? Melanoma Res. 1993;3:395-401.

. Avilés JA, Lazaro P. Predisposicion genética en el melanoma

cutaneo. Actas Dermosifiliogr. 2006;97:229-40.

. Sturm RA, Teasdale RD, Box NF. Human pigmentation genes:

identification, structure and consequences of polymorphic vari-
ation. Gene. 2001;277:49-62.

. Wong TH, Rees JL. The relation between melanocortin 1 recep-

tor (MC1R) variation and the generation of phenotypic diversity
in the cutaneous response to ultraviolet radiation. Peptides.
2004;26:1965-71.

. Han J, Kraft P, Colditz GA, Wong J, Hunter DJ. Melanocortin

1 receptor variants and skin cancer risk. Int J Cancer.

2006;119:1976-84.

. Beaumont KA, Newton RA, Smit DJ, Leonard JH, Stow JL, Sturm

RA. Altered cell surface expression of human MC1R variant
receptor alleles associated with red hair and skin cancer risk.
Hum Mol Genet. 2005;14:2145-54.

. Ringholm A, Klovins J, Rudzish R, Phillips S, Rees JL, Schioth HB.

Pharmacological characterization of loss of function mutations
of the human melanocortin 1 receptor that are associated with
red hair. J Invest Dermatol. 2004;123:917-23.

. Newton RA, Smit SE, Barnes CC, Pedley J, Parsons PG,

Sturm RA. Activation of the cAMP pathway by variant human
MC1R alleles expressed in HEK and melanoma cells. Peptides.
2005;26:1818-24.

Kanetsky PA, Panossian S, Elder DE, Guerry D, Ming ME,
Schuchter L, et al. Does MC1R genotype convey informa-
tion about melanoma risk beyond risk phenotypes? Cancer.
2010;116:2416-28.

Bastiaens MT, ter Huurne JA, Kielich C, Gruis NA, Westendorp
RG, Vermeer BJ, et al. Melanocortin-1 receptor gene variants
determine the risk of nonmelanoma skin cancer independently
of fair skin and red hair. Am J Hum Genet. 2001;68:884-94.
Smith R, Healy E, Siddiqui S, Flanagan N, Steijlen PM, Rosdahl
I, et al. Melanocortin 1 receptor variants in an Irish population.
J Invest Dermatol. 1998;111:119-22.

Valverde P, Healy E, Jackson I, Rees JL, Thody AJ. Variants of
the melanocyte-stimulating hormone receptor gene are asso-
ciated with red hair and fair skin in humans. Nat Genet.
1995;11:328-30.

Matichard E, Verpillat P, Meziani R, Gérard B, Descamps V,
Legroux E, et al. Melanocortin 1 receptor (MC1R) gene variants

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

may increase the risk of melanoma in France independently of
clinical risk factors and UV exposure. J Med Genet. 2004;41:e13.
Stratigos AJ, Dimisianos G, Nikolaou V, Poulou M, Sypsa V, Ste-
fanaki |, et al. Melanocortin receptor-1 gene polymorphisms and
the risk of cutaneous melanoma in a low-risk Southern European
population. J Invest Dermatol. 2006;126:1842-9.

Hiom V, Tuominen R, Kaller M, Lindén D, Ahmadian A, Mansson-
Brahme E, et al. MC1R variation and melanoma risk in the
Swedish population in relation to clinical and pathological
parameters. Pigment Cell Melanoma Res. 2009;22:196-204.

de Torre C, Garcia-Casado Z, Martinez-Escribano JA, Botella-
Estrada R, Banuls J, Oliver V, et al. Influence of loss of function
MC1R variants in genetic susceptibility of familial melanoma in
Spain. Melanoma Res. 2010;20:342-8.

Fernandez LP, Milne RL, Bravo J, Lopez JM, Avilés JA, Longo
MI, et al. MC1R: three novel variants identified in a malignant
melanoma association study in the Spanish population. Carcino-
genesis. 2007;28:1659-64.

Nagore E, Botella-Estrada R, Requena C, Serra-Guillén C, Mar-
torell A, Hueso L, et al. Perfil clinico y epidemiologico de los
pacientes con melanoma cutaneo seglin el grado de exposi-
cion solar de la localizacion del melanoma. Actas Dermosifiliogr.
2009;100:205-11.

Sanchez Yus, Herrera M, Simén RS, Requena L. Pero...;hubo
alguna vez una clasificacion de Clark de los melanomas? Actas
Dermosifiliogr. 2010;101:19-30.

Zalaudek |, Marghoob AA, Scope A, Leinweber B, Ferrara G,
Hofmann-Wellenhof R, et al. Three roots of melanoma. Arch
Dermatol. 2008;144:1375-9.

Liu W, Dowling JP, Murray WK, McArthur GA, Thompson JF,
Wolfe R, et al. Rate of growth in melanomas. Arch Dermatol.
2006;142:1551-618.

Ossowski L, Aguirre-Ghiso JA. Dormancy of metastatic
melanoma. Pigment Cell Melanoma Res. 2010;23:41-56.
Fargnoli MC, Chimenti S, Keller G, Hofler H, Peris K. Identifica-
tion of four novel melanocortin 1 receptor (MC1R) gene variants
in a Mediterranean population. Hum Mutat. 2003;21:655.
Fernandez LP, Milne RL, Pita G, Floristan U, Sendagorta E,
Feito M, et al. Pigmentation-related genes and their impli-
cation in malignant melanoma susceptibility. Exp Dermatol.
2009;18:634-42.

Scherer D, Nagore E, Bermejo JL, Figl A, Botella-Estrada R,
Thirumaran RK, et al. Melanocortin receptor 1 variants and
melanoma risk: a study of 2 European populations. Int J Cancer.
2009;125:1868-75.

Avilés JA, Lecona M, Lazaro P. Epidemiologia y superviven-
cia del melanoma cutaneo en Espana: estudio de 552 casos
(1994-2003). Rev Clin Esp. 2006;206:319-25.



	Phenotypic and Histologic Characteristics of Cutaneous Melanoma in Patients With Melanocortin-1 Receptor Polymorphisms
	Introduction
	Materials and Methods
	Limitations
	Results
	Discussion
	Conflicts of Interest
	References


