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Objective

Melanocortin-1-receptor (MC1R) is one of the 

major genes that control skin pigmentation and 

melanomagenesis. MC1R variants play a role in 

melanoma development both via pigmentary 

and non-pigmentary pathways (1, 2, Fig.1). 

UVR is a well-established risk factor for 

melanoma. Data assessing sun exposure 

measures and the degree to which this variable 

influences the association between MC1R 

variants and melanoma risk, apart from 

phenotypic characteristics, are scarce. 

The aim of this study was to evaluate whether 

sun exposure modifies the effect of MC1R 

variants on melanoma by analyzing MC1R gene 

– sun exposure interaction.

Methods and Materials

Cutaneous melanoma (CM) cases with 

information on chronic and/or intermittent sun 

exposure (N=3,365) and the corresponding 

controls (N=2,793) from 9 studies in which the 

MC1R gene was sequenced were obtained from 

the Melanocortin 1 receptor, SKin cancer and 

Phenotypic characteristics (M-SKIP) dataset, 

described in detail elsewhere (1, Fig. 2). 

Sun exposure category was defined as a binary 

variable according to; (1) median and (2) highest 

versus lowest quartile. In each study, we 

calculated estimates for main effects of any 

MC1R variant, occupational or intermittent sun 

exposure and for a multiplicative interaction term 

using a logistic regression model, and 

considered age, sex, family history of 

melanoma, sunburn, common and atypical 

naevi, hair and eye color, freckles, and skin type 

as potential confounders. A two-stage approach 

with random effects models was adopted to 

calculate Summary Odds Ratios (SORs) and 

95% Confidence Intervals (CI). 

Results

No significant interaction of MC1R and sun 

exposure was observed for either occupational 

or intermittent sun exposure. SOR and 95% CI 

for the risk of melanoma for occupationally-

exposed subjects with any MC1R variant was 

1.60 (1.29-2.00) compared to non-

occupationally-exposed subjects without MC1R 

variants (p-value for interaction: 0.60, Tab.1).  

SOR (95%CI) for the risk of melanoma for 

carriers of any MC1R variant with high 

intermittent sun exposure compared to non-

carriers of MC1R with low intermittent exposure 

was 1.64 (1.22-2.20; p-value for interaction: 

0.82, Tab.2).

A little positive interplay with sun exposure

may be possible for MC1R R variants highly

associated with RHC phenotype, especially

D84E, R142H, R151C and R160W (Fig. 3).

A little negative interplay with sun exposure

may be possible for MC1R r variants not

associated with RHC phenotype, especially

V60L and R163Q (Fig. 3).

Conclusion

MC1R and sun exposure independently affect 

melanoma risk, with no synergic or antagonist 

effect.

A possible reason for the lack of interaction may 

be the compensative effect of synergistic and 

antagonistic effect
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Tab. 1 – Estimates for occupational sun exposure-

MC1R main effects and interaction

P102

Exposure

MC1R variants

Outcome

Melanoma

38/50 PI (75%):

11,589 melanoma cases

3,542 NMSC cases

17,502 controls

Asia: 2 PI, 345 controls

Australia: 2 PI, 744 melanoma, 298 

NMSC, 290 controls

Europe: 21 PI, 7481 melanoma, 

2283 NMSC, 14,231 controls

North America: 13 PI, 3364 

melanoma, 961 NMSC, 2636 

controls

Fig. 1 – Pigmentary And non-pigmentary pathways from 

MC1R variants to melanoma risk

Fig. 2 – The M-SKIP Project

ORMC1R (95% 

CI)*
ORsun expo (95% CI)* ORint (95% CI)*

Expected OR (no

interaction 

assumption)

p-value

Any variants 1.55 (1.28; 1.89) 0.94 (0.71; 1.24) 1.60 (1.29; 2.00) 1.46 0.60

Any R variants 1.98 (1.63; 2.40) 0.97 (0.75; 1.26) 2.22 (1.76; 2.81) 1.92 0.43

Any r variants 1.16 (0.93; 1.46) 0.92 (0.69; 1.22) 1.05 (0.80; 1.37) 1.07 0.80

V60L (r) 1.41 (1.10; 1.79) 0.88 (0.66; 1.17) 1.11 (0.83; 1.48) 1.24 0.34

D84E (R) 1.65 (0.94; 2.91) 1.00 (0.71; 1.41) 1.71 (0.78; 3.76) 1.65 0.86

V92M (r) 1.35 (1.05; 1.75) 0.92 (0.70; 1.20) 1.47 (1.06; 2.04) 1.24 0.37

R142H (R) 1.84 (0.99; 3.42) 0.92 (0.69; 1.21) 1.70 (0.68; 4.26) 1.69 0.95

R151C (R) 2.09 (1.58; 2.75) 0.92 (0.69; 1.23) 2.77 (1.75; 4.37) 1.92 0.20

I155T (R) 1.35 (0.69; 2.61) 0.98 (0.70; 1.36) 3.29 (1.04; 10.35) 1.32 0.31

R160W (R) 1.80 (1.37; 2.36) 0.92 (0.71; 1.22) 1.71 (1.16; 2.52) 1.66 0.83

R163Q (r) 1.37 (0.99; 1.88) 0.96 (0.73; 1.27) 1.22 (0.82; 1.80) 1.32 0.69

D294H (R) 2.80 (1.78; 4.40) 0.96 (0.73; 1.26) 2.58 (1.49; 4.45) 2.69 0.79

ORMC1R (95% 

CI)*
ORsun expo (95% CI)* ORint (95% CI)*

Expected OR (no

interaction 

assumption)

p-value

Any variants 1.63 (1.23; 2.16) 1.06 (0.77; 1.47) 1.64 (1.22; 2.20) 1.73 0.82

Any R variants 2.16 (1.57; 2.99) 1.08 (0.76; 1.52) 2.35 (1.67; 2.30) 2.33 0.61

Any r variants 1.18 (0.90; 1.56) 1.07 (0.79; 1.46) 1.18 (0.84; 1.50) 1.26 0.76

V60L (r) 1.39 (1.00; 1.90) 1.05 (0.75; 1.46) 1.37 (0.98; 1.92) 1.46 0.51

D84E (R) 1.62 (0.78; 3.40) 1.08 (0.67; 1.74) 1.85 (0.80; 4.28) 1.75 0.69

V92M (r) 1.51 (1.12; 2.04) 1.03 (0.78; 1.37) 1.29 (0.93; 1.77) 1.56 0.53

R142H (R) 1.17 (0.52; 2.63) 1.03 (0.72; 1.48) 2.17 (0.86; 5.48) 1.21 0.95

R151C (R) 2.37 (1.70; 3.31) 1.05 (0.77; 1.44) 2.52 (1.74; 3.63) 2.49 0.41

I155T (R) 1.94 (0.74; 5.08) 0.98 (0.66; 1.46) 1.35 (0.50; 3.67) 1.90 0.58

R160W (R) 1.83 (1.30; 2.58) 1.06 (0.78; 1.45) 2.09 (1.43; 3.07) 1.94 0.68

R163Q (r) 1.43 (0.94; 2.16) 1.02 (0.73; 1.43) 1.22 (0.79; 1.89) 1.46 0.98

D294H (R) 2.53 (1.55; 4.14) 0.99 (0.72; 1.37) 3.16 (1.77; 5.65) 2.51 0.47

Tab. 2 – Estimates for intermittent sun exposure-

MC1R main effects and interaction

Fig. 3 – Summary of the direction of sun-exposure-MC1R 

interaction terms


