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Abstract: The melanocortin-1 receptor (MC1R) gene (Mendelian Inheritance in Man 155555), plays an important role in the
pigmentation process. The MC1R gene is low penetrating and highly polymorphic. A number of literature has studied the association of
MCI1R variants with skin cancer risk. Here, our objective is to shortlist the most potential MC1R variants based on sequence to structure
and structure to function relationship. Out of total 1238 reported SNPs in MC1R, 258 were missense variants, of which, 11 were
reported to be associated with cancer risk, according to earlier reports. Missense substitutions are of immense significance, as it causes
the alterations in amino acid. Through in silico study, we have narrowed down three most potential variants i.e. R151C, R160W and
D294H based on their functional prediction. Our next target was to identify other significant variations, if any, from remaining 247
SNPs, which are not reported earlier. We used several web based tools including SIFT, Mutation Taster, Polyphene2 and Meta-SNP and
predicted six novel SNPs that might have crucial role in skin cancer. It is interesting to mention here that a number of literature
identified the association of D84E (Aspartic acid to Glumatic acid at codon 84) and V60L (Valine to Leucine at codon 60) with skin
cancer risk, although their "'similarity"* does not explain the association. We have attempted to explain the above "“ambiguity"* with
secondary RNA structure of these two substitutions. To the best of our knowledge this is the first attempt to correlate the SNPs with

structural prediction.
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1. Introduction

Skin pigmentation is a human phenotype that varies among
human population greatly and this variation is speculated
to be adaptive[l]. Phenotypic variation in skin
pigmentation of different human population has a
correlation with latitude at the continental level [2].
Several studies presented significant differences in genetic
variation between European, African and Asian population
[2]. Melanocortin 1 receptor (MC1R) gene regulates human
pigmentation and variation in the MC1R is associated with
pigmentary phenotypes and risk of skin cancer types [3,4].
Thus MCI1R plays a critical role in common skin cancers
like squamous cell carcinoma, basal cell carcinoma and
melanoma. MCI1R is one of the low penetrating but
important gene related to skin cancer. The MC1R gene locus
is highly polymorphic in European population with more
than 80 known variants [5] MCI1R is a G protein—coupled
receptor that binds to melanocortins, a class
of pituitary peptide hormones. It includes
adrenocorticotropic hormone (ACTH) and the different
forms of melanocyte-stimulating hormone (MSH). The
MC1R protein lies within the cell membrane, and
melanocyte-stimulating  hormone (MSH)  released by
the pituitary gland helps in its signaling. When it is activated
by one of the variants of MSH, typically a-MSH, MCI1R
initiates a complex signaling cascade that leads to the
production of the brown or black pigment named as
eumelanin. In contrast, the receptor can also be antagonized
by agouti signaling peptide (ASIP), which reverts the cell
back to producing the yellow or red pigment known as
phaeomelanin.

There are more than 100 non-synonymous SNP’s that have
been described [3,6].The recent database reports about 258
missense SNPs  (https://www.ncbi.nlm.nih.gov/snp, last

accessed April, 2017). Functional analysis of some of these
variants showed partial loss in the ability of the receptor to
stimulate the cAMP pathway, leading to a quantitative shift
of melanin synthesis from eumelanin to phaeomelanin [3,7].
Red hair color is associated with phaeomelanin [8]. There is
a good dependency of pigmentation characteristics with the
MCIR variants. There are several polymorphisms in MC1R
gene which are associated with the phenotype and are
connected with melanoma and non-melanoma skin cancer
risks [9]. Our first objective was to study whether all the
missense SNPs reported to be associated with skin cancer
risk, do correspond with effective functional alterations.
Then, our next target was to predict novel SNPs based on in-
silico studies that might have associated with skin cancer,
although yet to be reported. Moreover, review of literature
identified a number of variants which results in subtle
changes in amino acids, to be associated with skin cancer
risk. Attempt has been made to reanalyze the amino-acid
substitutions in light of secondary structure prediction.

2. Methodology

2.1. SNP database and Listing of Missense substitutions:
From NCBI, the missense variants of MC1R gene i.e.
variants that results in amino acid alterations, were
listed.

2.2. Literature study and preliminary sorting of
variants: A thorough literature survey on "MCI1R and
skin cancer risk™ was done based on global population
data available. Variations were sorted based on their
association with skin cancer risk, whether reported/not.

2.3. Web-based shortlisting: We used various web based
application tools, like SIFT, Mutation Taster to predict
whether the substitution of our variants of interest are
"Tolerated/not Tolerated” and "disease causing”. In
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addition to this, whether this substitution ultimately
lead to functional alteration and disease outcome, was
predicted by another two web based tools, Polyphene2
and Meta SNP.

2.4. Secondary structure generation of RNA sequences:
Secondary RNA structures were generated to

understand how the subtle amino acid alterations might
lead to disease outcome.

3. Results and Discussion

3.1. Results of SNP database and Literature survey

Out of total 1238 reported SNPs in MCIR, 258 were
missense variants, of which, 11 were reported to be
associated with cancer risk, according to literatures reported
in Pubmed (Table-1).

3.2 Results of web-based shortlisting

e All 258 missense SNPs were tested using SIFT and
Mutation taster, web-based tool application. SIFT predicts
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whether a single nucleotide alteration is tolerated or not to
the sequence. Mutation Taster evaluates disease causing
potential of sequence alterations [10]. Among 11 non
synonymous SNPs (Table-1) which are reported to be
associated with melanoma and NMSC in different
populations, SIFT predicted 8 among them to be ‘Not
Tolerated'. Mutation taster predicts 7 of them to be
‘Disease Causing’. The SNPs identified "risk allele” by
either of the above mentioned tools, were sent for further
analysis. The combined analysis of Polyphene2 and Meta
SNP further shortlisted 3 SNPs, i.e. R151C, R160W and
D294H (out of 8) as most potential variants, considering
0.85 as the threshold value (Fig. 1). The minimum and
maximum score for both Polyphene2 and Meta SNP
ranges from 0 and 1.

In the similar way, remaining 247 missense SNPs were
tested by both SIFT and Mutation taster. These identified
25 significant variants (Table-2). Analysis by Polyphene 2
and Meta-SNP, extracted 6 SNPs (out of 25) as most
potential variants, considering 0.85 as the threshold value

(Fig. 2).
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Fig 1: Polvphene2 and Meta SNP identified 3 most potential variants
re. RISIC. R160W and D294H out of 11 reported SNPs considering

threshold value (.85
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Fig.2: Polvphene2 and Meta SNP identified 6 novel variants 1.
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e. P256S. C273Y. R306H.

C289R. R6TW and L206P (considering threshold value 0.85) out of 25 shortlisted SNPs

based on SIFT and Mutation Taster

The other interesting observation was the association of
Asp84Glu and Val60Leu with skin cancer risk. In
Asp84Glu, Asp is coded by GAC/GAU, whereas Glu is
coded by GAA/GAG. Therefore C>A or T>G change in
nucleotide at third position, alters amino acid. Although both
of these amino acids are non-essential for humans, and
similar due to acidic as well as hydrophilic nature, it is very
unlikely to find strong association of Asp84Glu variant in
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Mc1R gene with skin cancer risk in different population
(Table-3). Hence, we have attempted to study the secondary
structure against each nucleotide change. It was found that
no secondary structure alteration was there in case of GAC
to GAA transversion (Fig 3A, 3B) but effective structural
alteration could be observed only in case of GAC to GAG
transversion (Fig 3A, 3C)
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Figure 3: Secondary RNA Structures for GAC(3A) to GAA (3B) and GAG (3C) in Asp84Glu

It is indeed important to discuss about another substitution
Val60Leu in Mcl1R has significant contribution in skin
cancer risk. Both are branched chain essential amino acids,
as they are critical to human life and are particularly
involved in stress, energy and muscle metabolism. Despite
of their structural similarities, they have different metabolic
routes and thus found to have significant association with
disease risk. Valine can be coded by

GUU/GUC/GUA/GUG; whereas Leucine can be coded by
CUU/CUC/CUA/CUG and UUA, UUG. Only G to T
nucleotide change (GUG to UUG) was reported to be a
significant SNP in database; however to the best of our
knowledge we could not find any explanation in the
literature for the same. We have generated secondary RNA
structures for all possible substitution; and only GUG to

UUG gave significant structural alterations (Fig. 4).
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Figure 4: Secondary RNA Structures for GUG to UUG in Val60Leu

MCI1R variants may have a role in carcinogenesis in addition
to its influence on pigment variation. Experimental (in vitro)
studies have shown that, besides its role in pigmentation, a-
MSH, which binds to MCL1R, is involved in other pathways,
including anti-apoptotic DNA repair and anti-inflammatory
pathways [11]. The genetic variantions in MC1R was studied
in different population. Three most important SNPs were
identified in our study as R151C, R160W and D294H. All
these three variants showed association with skin cancer risk
in different populations of all the continents except Africa
and Asia.

The two most common non melanoma skin cancer (NMSC)s
are basal cell carcinoma and squamous cell carcinoma.
Binstock et al also suggested R151C and R160W variants
are strongly associated with NMSC [12]. A systematic
review and meta-analysis of MC1R variants estimate relative
risk and population attributable fractions (PAF). PAF s
ranged from 0.55% to 6.28% and the maximum PAF was
observed for R151C [13]. Nan et al also found strongest
association between R151C substitution and Basal Cell
Carcinoma[14]. Genes, Environment and Melanoma (GEM)
Study of Taylor et al and Kricker et al had also identified
D294H as one of the important risk variant of MC1R gene in
the populations of Australia, Canada, Italy and United States
[4,15]. A bioluminescent assay also detected R151C,
R160W and D294H changes with ‘Red Hair Mutations’ to
be connected with melanoma and non-melanoma skin cancer
comparatively higher than other MC1R polymorphisms [9].

Thus R151C, R160W and D294H are the most potential
variants associated with skin cancer risk. Among 247
unreported SNP’s of MC1R gene, P256S, C273Y, R306H,
C289R, R67W and L206P are likely to have potential
association with skin cancer risk. Further in-depth studies at

population level is indeed important for validation. We have
also explained the association of Asp84Glu and Val60Leu
with skin cancer risk, despite of similarity of those amino
acids. In both these cases, single nucleotide change,
including C>G transversion for Asp84Glu and G>T
transversion for Val60Leu showed secondary structure
alteration and thus leading to considerable functional
alteration of the protein. Therefore, we infer integrated
knowledge of sequence-structure-function relationship is
utmost important for SNP based association studies.
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Table 1: Reported MC1R variants from database and risk prediction using SIFT, Mutation Taster, Polyphene 2 and Meta SNP

variant ID Residue SIFT Mutation Poly Phene2 | Meta SNP Literature availability
change Predictions Taster Results Predictions (PMID no)*
- 0.988 (Pr_D) 0.460 26103569, 24917043, 23647022, 22464597,
rs1805005 Val60Leu Tolerated | Polymorphism Neutral 21737053, 21128237, 20876876
Disease 0.994 (Pr_D) 0.764; 26103569,25790105, 24917043,
rs1805006 | Asp84Glu |Not Tolerated| -, i Disease | 23647022,22447455, 22095472, 20721616
26710775, 26103569, 25790105, 25319428,
Disease 1.000 (Pr_D) 0.878; 24170137, 23647022, 23522749, 22447455,
rs1805007 | Arg151Cys Not Tolerated| -, \ing Disease | 22095472, 21700618, 21128237, 20876876,
20721616
rs1805008 | Argl60Trp |Not Tolerated|Polymorphism| 0.861 (Po_D) 0.913; 26710775, 26103569, 25790105, 25319428,
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Disease 23647022, 22497519, 22464597, 22095472,
21737053, 20876876, 20721616, 20629734
Disease 0.850: 26710775, 26103569, 25790105, 23647022,
rs1805009 | Asp294His [Not Tolerated Causi 1.000 (Pr_D) T 22464597, 22095472, 21737053, 20721616,
ausing Disease
20629734
Disease . 0.461; 26103569, 23647022, 22464597, 21737053,
152228479 Val92Met Tolerated Causing 0.015 (Benign) Neutral 20876876, 20629734
. _|0.004 (Benign) 0.465; 26103569, 24660985, 24170137, 23647022,
rs885479 | Argl63GIn | Tolerated |Polymorphism Neutral 22464507, 21737053
Disease 0.986 (Pr_D) 0.690; 23647022, 22464597, 22095472, 21737053,
rs1110400 11e155Thr |Not Tolerated Causing Disease 21128237, 20629734
1511547464 | Argld2His |Not Tolerated Disease 1.000 (Pr_D) 0.453; 25790105, 23647022, 22095472,21128237
Causing Neutral
rs201192930 | Vall22Met | Tolerated |Polymorphism 0.126 (Benign) Slgfagse 23647022
1s375127718 | Thr308Met Not DISE?.SE 0.979 (Pr_D) 0_.704; 20629734
Tolerated Causing Disease

* PUBMED ids are given as references here (Table-1)

Table 2: SIFT and Mutation taster identified novel 25 MC1R variants and their risk prediction using Polyphene 2 and Meta

SNP in the present study

Variant ID | Residue change | Effectivity in functional alteration | Poly Phene-2 Meta SNP
Results Predictions
rs104894524 Thri57lle Minor 0.998 (Pr_D) | 0.807; Disease
rs587783375 Leul92Pro Minor 1.000 (Pr_D) | 0.810; Disease
rs3212366 Phel96Leu Average 0.997 (Pr_D) | 0.734; Disease
rs34474212 Ser83Pro Minor 0.999 (Pr_D) | 0.791; Disease
rs149922657 Argl51His Minor 1.000 (Pr_D) | 0.661; Disease
rs200051702 Thr242lle Minor 0.999 (Pr_D) | 0.608; Disease
rs200215218 Pro256Ser Minor 1.000 (Pr_D) | 0.852; Disease
rs200616835 Aspl121Glu Minor 0.981 (Pr_D) | 0.683; Disease
rs200759505 lle77Met Minor 0.996 (Pr_D) | 0.509; Disease
rs201787533 Leu48Pro Average 1.000 (Pr_D) | 0.803; Disease
rs368281517 Cys273Tyr Major 1.000 (Pr_D) | 0.909; Disease
rs368507952 Arg306His Minor 0.999 (Pr_D) | 0.862; Disease
rs369542041 Cys289Arg Major 0.981(Pr_D) | 0.886; Disease
rs370094672 Serl131Asn Major 0.996 (Pr_D) | 0.751; Disease
rs370472871 Ala299Thr Minor 0.984 (Pr_D) | 0.675; Disease
rs371214731 Gly255Arg Major 0.992 (Pr_D) | 0.815; Disease
rs372590533 Arg67Trp Major 1.000 (Pr_D) | 0.878; Disease
rs373872609 Phe300Cys Major 1.000 (Pr_D) | 0.691; Disease
rs374423188 Alal49Thr Minor 1.000 (Pr_D) | 0.756; Disease
rs376508354 Phe257Tyr Minor 0.998 (Pr_D) | 0.667; Disease
rs376670171 Serl72lle Minor 0.996 (Pr_D) | 0.805; Disease
rs377122753 His70Tyr Major 0.996 (Pr_D) | 0.798; Disease
rs377297107 Pro72Leu Average 0.997 (Pr_D) | 0.826; Disease
rs377499038 Leu206Pro Average 1.000 (Pr_D) | 0.850; Disease
Table 3: MC1R Asp84Glu and association with skin cancer risk reported in global population
No of| No of . .
Type of study Case | Control Population Odds ratio Reference
Pooled Analysis | 3527 | 9391 European 2.66 (1.06-6.65) Tagliabue et al., 2015
GEM Study 2424 | N/A |Australia, Canada, Italy, United States| 2.39 (1.40-4.09) Taylor et al., 2015
Pooled Analysis | 5160 | 12119 Darker-pigmented Caucasians 2.74 (1.53-4.89) Pasquali et al., 2015
Association study | 1679 | N/A Mediterranean 1% Puig-Butille et al., 2013[16]
Association study | 388 420 Norwegian 5.77 (1.97-16.90) Helsing et al., 2012[17]
Fa"?"Y based 565 927 Australian 2.08 (0.91-4.72) Cust et al., 2012[18]
Association Study
GEM Study 1018 | 1875 | Australia, Canada, Italy and the USA 1.39 (1.05-1.84) Kricker et al., 2010
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Table 4: MC1R Val 60 Leu and association with skin cancer risk reported in global population

Type of study No of Case | No of Control Population Odds ratio/ Percentage Reference:
Pooled Analysis 3527 9591 European 1.42 (1.19-1.70) Tagliabue et al., 2015
Pooled Analysis 5160 12119 Darker-pigmented 1.47 (1.17-1.84) Pasquali et al., 2015
Caucasians
Association study 1679 N/A Mediterranean 30% Puig-Butille et al., 2013
Association study 224 Spanish 29.9% Auviles et al., 2012[19]
Meta-Analysis 5164 45066 14 different population 1.18 (1.04-1.35) Williams et al., 2011
Family based 473 342 European, North 3.42 (2.10t0 5.58) |Demenais et al., 2010[20]

Association Study

American, and Australian
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