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The role of MC1R gene variants and phenotypical features in 
predicting high nevus count
Louise A.J. van der Poel, Wilma Bergman, Nelleke A. Gruis* and  
Nicole A. Kukutsch*

Variants in the Melanocortin 1 Receptor (MC1R) gene 
have been associated with an increased risk of melanoma, 
but the role in nevus count is unclear. We investigated if 
specific MC1R gene variants or the number of MC1R gene 
variants and phenotypical features were associated with 
nevus count. A total of 494 participants of the ‘Leiden skin 
cancer study’ were included and the MC1R gene coding 
sequence was analysed by single-strand conformation 
polymorphism analysis followed by sequencing of 
unknown variants. The association between MC1R gene 
variants and nevus count and the association between 
age, gender and phenotypical features and nevus count 
were studied using the Chi-square test. Study of nine 
frequently occurring MC1R gene variants in participants 
without skin cancer (n = 203) showed that the ‘r’ Val60Leu 
variant was significantly associated with high nevus count 
(>50 nevi) (P = 0.017). This association was very strong 
among women (P < 0.001), but not present among men. 
Having one or two MC1R variants in general did not show 
a significant difference in the nevus count. Hair colour, 
skin type, eye colour and age were not significantly 
associated with nevus count, whereas gender showed a 

significant association (P = 0.008), with the highest nevus 
counts in female. The Val60Leu variant of the MC1R 
gene could be a promising candidate as an independent 
predictor of high nevus count, particularly in women. This 
information about the genetic makeup could promote 
personalized follow-up strategies and might help to 
prevent skin cancer in the future. Melanoma Res 30: 
511–514 Copyright © 2020 Wolters Kluwer Health, Inc. All 
rights reserved.
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High nevus count is a known risk factor for melanoma 
and is determined by biological, (epi-)genetic and exter-
nal factors [1–3]. A recent study investigated the associa-
tion between phenotypic characteristics and melanoma in 
a large prospective cohort study. Individuals with moles 
compared to individual with no moles had a significantly 
higher melanoma incidence [4].

The association between nevus count and phenotypic 
characteristics was inconsistent in previous studies [5,6]. 
The Melanocortin 1 Receptor (MC1R) gene is associated 
with phenotypical characteristics such as skin, eye and hair 
colour and variants in MC1R have been associated with an 
increased skin cancer risk, including melanoma. However, 
the role of MC1R gene variants in the nevus count is still 
unclear [1,3]. Until now, only a few other genes were 
found to be associated with nevus count [2,7–9].

We investigated if specific MC1R gene variants or the 
number of MC1R gene variants were associated with the 
nevus count and if the nevus count was associated with 
phenotypical features.

For the purpose of the study, 203 (131 female) partici-
pants from the ‘Leiden skin cancer study’, aged 30–60 

years without skin cancer and with skin types I through 
IV as defined by Fitzpatrick, were included for the first 
analysis [10]. With the aid of standardized interviews and 
physical examination performed by a dermatologist, the 
phenotypical characteristics, number and localization of 
common and atypical melanocytic nevi were noticed. 
Nevi were classified as atypical if they showed a mini-
mum of any three out of the following criteria: diameter 
of 5 mm or larger, asymmetrical shape, ill-defined border, 
irregular brown pigmentation and erythema [11].

MC1R gene variants were determined as described earlier 
[10]. In short, the MC1R gene coding sequence was ana-
lysed by single-strand conformation polymorphism fol-
lowed by sequencing of unknown variants. Comparisons 
of MC1R gene variants, gender, age and phenotypic varia-
bles such as skin type, hair colour and eye colour between 
nevus count groups [low (0–10), intermediate (11–50), 
high (>50)] were performed using the Chi-square test 
(SPSS21.0). Validation of the findings for MC1R variants 
was performed in a second analysis in participants of the 
‘Leiden skin cancer study’ (n = 291) aged 30–60 with a his-
tory of at least one of the following skin cancers: squamous 
cell carcinoma, basal cell carcinoma and melanoma [10].
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Twenty-seven different MC1R genetic variants were 
found in the study cohort. The most frequently occurring 
MC1R variants were Arg160Trp, Arg151Cys, Arg163Gln, 
Val60Leu, Val92Met, Asp84Glu, Asp294His, His260Pro 
and Arg142His. About 38% of the participants had no 
MC1R variant, 45% had one MC1R variant and 16.7% 
had a combination of two variants. Patients with one or 
two variants did not show a significant difference in low 
(0–50) versus high (>50) nevus count (P = 0.954, respec-
tively, P = 0.754).

Basic characteristics and phenotypical data in combina-
tion with low (0–10), intermediate (11–50) and high (>50) 
nevus counts are shown in Table  1. Subjects with skin 
types II and III showed a high nevus count (40.9 and 
47.3%) compared to skin types I and IV (8.4 and 3.4%). 
Overall skin type was not significantly associated with 
nevus count (P = 0.735). Dark blond and/or blond hair 
presented with a high nevus count (65.7%) compared 
to black/brown (28.4%), but overall hair colour was not 
found to be significantly associated with nevus count (P 
value 0.316). Twelve individuals had red hair; they all had 
a nevus count fewer than 50. Overall age and eye colour 
were not significantly associated with the nevus count 
(P = 0.516, respectively, P = 0.082). Gender was signifi-
cantly associated with the nevus count (P = 0.008), with 
the highest nevus counts in female.

 Comparing the groups of nevus count and the most com-
mon MC1R variants, only the Val60Leu variant was sig-
nificantly associated with a high nevus count (P = 0.017) 
(Table 2). Analyses stratified for women and men showed 
a strong association among women (P < 0.001), but not 
among men (Table 2). In contrast to these results, we did 
not find a significant association between Val60Leu and 
the nevus count among women and men in the patients 
in the second analysis with a history of skin cancer (data 
not shown).

Based on our findings, the Val60Leu variant of the MC1R 
gene and female gender could be a promising candidate as 
an independent predictor of the high nevus count. Duffy 
et al. [12] investigated the relationship between MC1R 
gene variants and degree of freckling and nevus count 
in 2331 adolescent twins, their sibs and parents in 645 
twin families. MC1R variants were combined as strong ‘R’ 
(Asp84Glu, Arg151Cys, Arg160Trp and Asp294His) and 
weak ‘r’ (Val60Leu, Val92Met and Arg163Gln) red hair 
alleles [12]. They found a positive correlation between 
nevus count and freckling score. The ‘r’ allele made 
a small contribution to this positive correlation. In this 
study, the R/R genotype displayed the lowest number 
of nevi and the highest number of freckles, but for the 
whole group, they found an overall positive correlation 
between freckling and nevus count which in their eyes 
might be related to sun exposure [12]. A recent study of 
Duffy et al. [3] determined if high nevus count and red 
hair or MC1R alleles, act synergistically in melanoma 
risk. In contrast to our study, they included participants 
living in Queensland, Australia, a high ultraviolet radia-
tion area. They showed that the combination of a total 
nevus count of more than 20 nevi (>5 mm diameter) with 
the R/R genotype resulted in a strong risk profile for mel-
anoma for patients living in a high sun exposed area [3]. 
The R/r genotype was significantly associated with the 
total nevus count in both the control as the case group. 
Compared to our study, they did not distinguish between 
the different MC1R alleles but grouped them as wild-
type, r and R.

Baron et al. [13] investigated different kinds of sun 
exposure and interaction with genotype combination 
(MC1Rand HERC2/OCA2 rs12913832) in children aged 
6 through 10 years (n = 477). They concluded that water-
side vacation increased the number of nevi in children 
with rs12913832 blue eye colour alleles and sunburn 

Table 1  Study population characteristics and association with nevus count (N = 203)

Nevus counta  
Low, 
N (%)

Intermediate, 
N (%) High, N (%) Total, N (%) P valueb

Gender Women 59 (74.7) 59 (62.8) 13 (43.3) 131 (64.5) 0.008
 Men 20 (25.3) 35 (37.2) 17 (56.7) 72 (35.5)
Age (years) Mean 51.8 

(N = 79)
49.1 

(N = 94)
46 0.1 

(N = 30)
49.7 (N = 203) 0.516

 Range (35.9–60.4) (34.8–60.4) (34.6–59.6) (34.6–60.4)
Skin type Fitzpatrick I 6 (7.6) 9 (9.6) 2 (6.7) 17 (8.4) 0.735
 Fitzpatrick II 35 (44.3) 37 (39.4) 11 (36.7) 83 (40.9)
 Fitzpatrick III 36 (45.6) 43 (45.7) 17 (56.7) 96 (47.3)
 Fitzpatrick IV 2 (2.5) 5 (5.3) 0 7 (3.4)
Hair colour (n = 201) Red 7 (9.0) 5(5.4) 0 12 (6.0) 0.316
 Dark blond-Blond 46 (59) 65 (69.9) 21 (70) 132 

(65.7)
 Black-brown 25 (32.1) 23 (24.7) 9 (30.0) 57 (28.4)
Eye colour Brown/ 

green
28 (35.4) 29 (30.9) 16 (53.3) 73 (36) 0.082

 Blue/grey 51 (64.6) 65 (69.1) 14 (46.7) 130 (64)

aDivided in groups: low (0–10), intermediate (11–50) and high (>50).
bP value calculated using Pearson’s Chi-square test asymp sig (two sided).
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increase the nevus count in children with MC1R r/r, R/+ 
in combination with OCA2Brown/Brown [13].

MC1R Val60Leu, which showed a positive association 
with high nevus count in our study, is considered an ‘r’ 
variant with a weaker association with the red hair colour 
phenotype [14,15]. Also Tagliablue et al. [16] who analysed 
seven MC1R variants (Val60Leu, Asp84Glu, Arg142His, 
Arg151Cys, Ile155Thr, Arg160Trp and DAsp294His) 
found the lowest association for red hair, skin type I/II 
or freckles with the Val60Leu variant. Orlow et al. [17] 
investigated the MC1R gene and 85 SNPs in genes asso-
ciated with pigmentary, DNA repair, telomere/senes-
cence and other pathways and did not find a significant 
association between MC1R variants and nevus count. 
Another group investigated whether pigmentation genes 
involved in the melanogenesis contributed to melanoma 
predisposition and total nevus count, they sequenced the 
MC1R gene and 32 pigmentary SNP markers and did not 
find a significant association for MC1R and the amount of 
nevi [8]. Hu et al. looked into the role of several MC1R 
variants in melanoma risk and nevus count. In total, 79 
different MC1R variants in 1131 melanoma patients and 
869 healthy controls were found, consisting of 69 rare 
‘r’ alleles, five frequent ‘r’ alleles (Val60Leu, Val92Met, 
Ile155Thr, Arg163Gln and Thr314Thr) and five ‘R’ 
alleles (Asp84Glu, Arg142His, Arg151Cys, Arg160Trp 

and Asp294His). In their study, the ‘r’ alleles were signif-
icantly associated with nevus count (<10, 10–50, 51–100 
and >100) (P value 0.002). However, they did not dis-
criminate for different variants within the group of ‘r’ 
alleles [18].

Although our results did not show a significant association 
between nevus count and phenotypical features, which 
might be due to low numbers of participants per sub-
group, they do support the finding that individuals with 
a more sun-sensitive phenotype (apart from skin type 
I) are prone to have a high nevus count. An interaction 
between gender and Val60Leu as risk factors for nevus 
count has not been reported earlier, but an interaction 
between gender and nevi has recently been published in 
association with thick melanomas: among women thick 
melanomas occurred more frequently in patients with 
<10 nevi; no such association was found among men [19].

This study showed that the Val60Leu variant of the MC1R 
gene could be a promising candidate as an independent 
predictor of high nevus count, especially for women with-
out skin cancer. Further studies should investigate its 
functional role and the possible relation with other genes 
that promote high nevus count. Information about the 
genetic makeup could promote personalized follow-up 
strategies and might help to prevent skin cancer in the 
future.

Table 2  MC1R genetic variants and nevus count (N = 203)

Variation Nevus counta Absent, N (%) Present, N (%) P valueb

Arg160Trp 0–10 63 (38.4) 16 (41.0) 0.413
 11–50 79 (48.2) 15 (38.5)
 >50 22 (13.4) 8 (20.5)
Arg151Cys 0–10 69 (37.9) 10 (47.6) 0.358
 11–50 84 (46.2) 10 (47.6)
 >50 29 (15.9) 1 (4.8)
Arg163Gln 0–10 70 (37.4) 9 (56.3) 0.140
 11–50 87 (46.5) 7 (43.8)
 >50 30 (16) 0
Val60Leu 0–10 69 (40.4) 10 (31.3) 0.017
 11–50 82 (48) 12 (37.5)
 >50 20 (11.7) 10 (31.3)
Val92Met 0–10 67 (38.5) 12 (41.4) 0.767
 11–50 80 (46) 14 (48.3)
 >50 27 (15.5) 3 (10.3)
Asp84Glu 0–10 79 (39.1) 0 0.558
 11–50 93 (46) 1 (100)
 >50 30 (14.9) 0
Asp294His 0–10 79 (39.5) 0 0.338
 11–50 92 (46) 2 (66.7)
 >50 29 (14.5) 1 (33.3)
His260Pro 0–10 79 (39.3) 0 0.310
 11–50 92 (45.8) 2 (100)
 >50 30 (14.9) 0
Arg142His 0–10 79 (39.3) 0 0.310
 11–50 92 (45.8) 2 (100)
 >50 30 (14.9) 0
Val60Leu Women 0–10 52 (47.3) 7 (33.3)  
 11–50 52 (47.3) 7 (33.3) < 0.001
 >50 6 (5.5) 7 (33.3)  
Val60Leu Men 0–10 17 (27.9) 3 (27.3)  
 11–50 30 (49.2) 5 (45.5) 0.950
 >50 14 (23.0) 3 (27.3)  

aDivided in groups: low (0–10), intermediate (11–50) and high (>50).
bP value calculated using Pearson’s Chi-square test asymp sig (two sided).
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