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Mendelian Randomization Analysis reveals
Inverse Genetic Risks between Skin Cancers and
Vitiligo

Sarem Rashid1,2, Ivan Molotkov3,4, Nikolai Klebanov5, Michael Shaughnessy5, Mark J. Daly6,7,8,
Mykyta Artomov3,4,6,7,9 and Hensin Tsao1,5,9
Several observational studies have demonstrated a consistent pattern of decreased melanoma risk among
patients with vitiligo. More recently, this finding has been supported by a suggested genetic relationship be-
tween the two entities, with certain variants significantly associated with an increased risk of melanoma, basal
cell carcinoma, and squamous cell carcinoma but a decreased risk of vitiligo. We compared 48 associated
variants from a recently published GWAS and identified three variants—located in the TYR, MC1R-DEF8, and
RALY-EIF2S2-ASIP-AHCY-ITCH loci— that correlated with an increased risk for melanoma, basal cell carcinoma,
and squamous cell carcinoma and a decreased risk for vitiligo. We then used results of skin cancers and vitiligo
GWAS to compare the shared genetic properties between these two traits through an unbiased Mendelian
randomization analysis. Our results suggest that the inverse genetic relationship between common skin can-
cers and vitiligo is broader than previously reported owing to the influence of shared genome-wide significant
associations.
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INTRODUCTION
Over the past decade, there has been increasing interest
among researchers regarding the possible relationship be-
tween skin cancer and vitiligo. Vitiligo is an acquired disor-
der of depigmentation caused by immune-mediated
destruction of melanocytes and can be observed in up to 2%
of the population (Krüger and Schallreuter, 2012). Previous
reports have suggested enhanced tumor immunosurveillance
in vitiligo patients through the increased expression of IFN-g
and programmed death ligande1 in regulatory T cells
(Speeckaert and van Geel, 2017; Yang et al., 2015).

The role of UVR in the carcinogenesis of melanoma and
the lack of photoprotective melanin in vitiliginous skin
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originally led researchers to believe that vitiligo conferred an
increased risk of keratinocytic skin cancer (Rodrigues, 2017).
However, multiple observational cohort studies have sug-
gested that patients with vitiligo coincidentally show a
decreased risk of developing melanoma, with OR estimates
ranging from 0.24 (Paradisi et al., 2014) to 0.32 (Teulings
et al., 2013). Similar inverse associations for keratinocytic
skin cancer development have been reported (OR ¼ 0.19)
(Paradisi et al., 2014). Furthermore, clinical evidence of
antimelanocytic immunity has been observed in both vitiligo
and cutaneous melanoma, with reports showing improved
survival in patients with melanoma with vitiligo and
improved response to therapy in patients with melanoma
who acquire vitiligo concurrently with treatment (Alonso-
Castro et al., 2013; Hua et al., 2016; Mochel et al., 2016;
Naveh et al., 2013). Finally, GWASs have identified inverse
relationships between SNPs associated with vitiligo risk and
the risk of skin cancers, including skin cutaneous melanoma,
basal cell carcinoma (BCC), and squamous cell carcinoma
(SCC) (Jin et al., 2016; Wu et al., 2018).

In this study, we investigated the hypothesis that risk-
conferring SNPs for vitiligo causally increased or decreased
skin cancer (melanoma and keratinocytic) risk. We analyzed
GWAS summary statistics froma largepool of samples from the
UK Biobank (UKBB) (Imputed v3, file manifest release
20180731) and identified SNPs in three culprit loci: TYR,
MC1R-DEF8, andRALY-EIF2S2-ASIP-AHCY-ITCH.We further
identified the presence of a causal inverse relationship be-
tween these traits through unbiasedMendelian randomization
(MR) analysis, which highlighted the presence of important
shared biological properties outside of previously reported
loci. Our results provide additional evidence to support a ge-
netic link between vitiligo and skin cancer, which may further
elucidate the role of immunosurveillance in skin cancer.
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RESULTS
We utilized a list of 48 confirmed vitiligo-associated variants
and investigated their association with skin cancers in the
UKBB (Jin et al., 2016). Three SNPs—in the TYR, MC1R-
DEF8, and RALY-EIF2S2-ASIP-AHCY-ITCH loci—reached
both genome-wide statistical significance and Bonferroni-
corrected significance (0.05/58 ¼ 8.6 � 10�4) for mela-
noma risk (P < 8.6 � 10�4) from the two-stage meta-analysis
(Wu et al., 2018). None of the 48 vitiligo-risk SNPs were
significantly associated with SCC in UKBB analyses.

All three of the SNPs mentioned earlier had a causal effect
on melanoma with b of 1.67 � 10�3 (P ¼ 2.28 � 10�4) for
TYR, 2.31 � 10-3 (P ¼ 2.27 � 10�4) for MC1R-DEF8, and
2.46 � 10�3 (P ¼ 3.49 � 10�4) for RALY-EIF2S2-ASIP-AHCY-
ITCH (Table 1). The same was true for BCC and SCC risk with
b of 0.120 (P ¼ 2.4 � 10�24) and 0.114 (P ¼ 1.5 � 10�4) for
TYR, 0.138 (P ¼ 3.1 � 10�32) and 0.197 (P ¼ 3.5 � 10�11)
forMC1R-DEF8, and 0.216 (P ¼ 8.5 � 10�37) and 0.265 (P ¼
5.3 � 10�10) for RALY-EIF2S2-ASIP-AHCY-ITCH, respec-
tively. The remaining 45 vitiligo risk SNPs did not reach
genome-wide significance in either cohort. TYR, MC1R, and
RALY-EIF2S2-ASIP-AHCY-ITCH SNPs were all protective
against vitiligo, with ORs of 0.67 (95% confidence interval
[CI] ¼ 0.63e0.71), 0.71 (95% CI ¼ 0.67e0.75), and 0.61
(95% CI ¼ 0.55e0.68), respectively (Jin et al., 2016). The
minor allele frequencies of the vitiligo-associated SNPs were
0.306, 0.311, and 0.108, respectively. Variant rs1126809 is a
TYRmissense variant c.1205G>A, p.R402Q, whereas variant
rs4268748 and variant rs6059655 can be found in the non-
coding (intronic) regions of MC1R-DEF8 and RALY-EIF2S2-
ASIP-AHCY-ITCH (Table 1).

To investigate the causal effect of the three-variant vitiligo
signature on skin cancer, we performed two-sample MR
(Figure 1a). Vitiligo variants were subjected to linkage
disequilibriumebased pruning and harmonization with skin
cancer summary statistics. Using the standard inverse
varianceeweighted method, we observed significant inverse
relationship between effects of this three-variant signature in
vitiligo andmelanoma (effect size¼�0.511;P¼2.41�10�5),
BCC (effect size¼�0.377; P¼ 1.08� 10�10), and SCC (effect
size ¼ �0.452; P ¼ 7.84 � 10�5), suggesting a strong contri-
bution of these variants to the anticancer effect of vitiligo.

We further sought to verify whether the causal effect
examined from the three-variant signature was a unique
interaction driving the inverse phenotype correlations. We
selected all variants with P < 1 � 10�6 in vitiligo GWAS
summary statistics as exposure data for secondary MR anal-
ysis (Figure 1b). The final set of outcome variants kept for MR
analysis included 14,081 variants, including the previously
analyzed three-variant signature.

We observed opposite effects when comparing each skin
cancer with vitiligo: melanoma (effect size ¼ �6.78 � 10�4,
P ¼ 0.054), BCC (effect size ¼ �0.134, P ¼ 9.52 � 10�11),
and SCC (effect size ¼ �0.118, P ¼ 9.43 � 10�5) (Figure 1c).
Because the effect size between vitiligo and melanoma was
below the multiple hypothesis threshold, we next performed
a replication analysis using an independent melanoma
GWAS meta-analysis of 36,760 cases of melanoma (67%
newly genotyped) and 375,188 controls (Landi et al., 2020).
Again, we found evidence for an MR association with
JID Innovations (2023), Volume 3
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Figure 1. Data preparation and analysis workflow for two-sample Mendelian randomization. (a) Publicly available GWAS summary statistics are extracted from
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effects of vitiligo variants with P < 1 � 10�6 on cancer risks (black triangles) are smaller than the effect of three-variant signature from Table 1 (gray circles) for
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opposite effect for the three-variant signature (�0.670, P ¼
7.70 � 10�6) and 54 significant loci reaching genome-wide
significance (�0.477, P ¼ 4.68 � 10�7). As we demon-
strate in our replication analysis, cohorts with a more robust
phenotyping approach yield a significant signal in MR.

Such strengthening of the three-variant signature effect
suggests that the protective effect is largely attributed to
decreased inherited risk of skin cancers rather than the
autoimmune component of the vitiligo. Although the con-
flicting role of vitiligo in skin cancer remains to be explored,
the sensitivity analysis presented in this study demonstrates
consistently opposite associations between vitiligo and skin
cancer.

Expression quantitative trait loci for the three-variant
signature is shown in Figure 2. In rs6059655, ASIP was
shown to have significantly decreased levels of expression
with the risk phenotype. ASIP functions as an antagonist to
MC1R through a-melanocyte-stimulating hormone to
modulate melanin pigmentation (Robbins et al., 1993; Yan
et al., 2022), though an inverse expression quantitative trait
loci association with MC1R was found to be nonsignificant.
On the basis of 2008 case-control study, a haplotype near
ASIP was found to confer an increased risk of cutaneous
melanoma (OR ¼ 1.27, 95% CI ¼ 1.02e1.57) without
adjustment for pigmentation characteristics, whereas MC1R
did not (Gudbjartsson et al., 2008). Single tissue expression
quantitative trait loci association of the three-variant signa-
ture further showed a high association of rs4268748 to
CDK10 expression in both sun-exposed (normalized enrich-
ment score ¼ �0.22, P ¼ 1.4 � 10�17) and nonexposed
(normalized enrichment score ¼ �0.25, P ¼ 1.2 � 10�19)
skin—an association previously suggested by a 2020
summary-based MR study (Bonilla et al., 2021). MC1R and
CDK10 were found to harbor unique methylation sites
(including cg04378830, cg09569215, and cg10062109 on
16q24.3), which correspond to high-risk skin cancer phe-
notypes (Bonilla et al., 2021; Cai et al., 2021). These findings
suggest a broad yet undefined mechanism for tumor predis-
position within the three-variant signature and the need to
prioritize such genes in future mechanistic studies.

DISCUSSION
Despite recent research efforts, the relationship between
vitiligo and skin cancer remains to be poorly understood. A
presumed connection between decreased epidermal melanin
and a resultant increase in UVR has prompted some derma-
tologists to empirically advise against the use of phototherapy
and urge additional protection from sun exposure in patients
with vitiligo (Hexsel et al., 2009; Schallreuter et al., 2002;
Teulings et al., 2013). Meanwhile, the reports from
www.jidinnovations.org 3
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observational studies of an inverse risk between vitiligo and
skin cancer suggest that these patients may in fact be more
inherently protected than their nonvitiliginous counterparts
(Paradisi et al., 2014; Teulings et al., 2013). In these reports,
the increased immune response associated with vitiligo has
JID Innovations (2023), Volume 3
been suspected to fortify resilience against skin cancer
pathogenesis.

The results of the present analysis of a large sample size in
the UKBB cohort confirm the findings of similar studies in
other populations (Bishop et al., 2009; Gudbjartsson et al.,
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2008; Wu et al., 2018) and corroborate a genetic basis to the
proposed inverse risk between vitiligo and skin cancer by
identifying three candidate loci—TYR, MC1R-DEF8, and
RALY-EIF2S2-ASIP-AHCY-ITCH. All the three loci signifi-
cantly correlated with decreased risks of vitiligo and
increased risks of melanoma, BCC, and SCC. The TYR gene
encodes for tyrosinase in melanocytes and is involved in
catalyzing melanin formation (Seruggia et al., 2021). MC1R
is a G proteinecoupled receptor that upregulates melanin
production through cAMP signaling (Wolf Horrell et al.,
2016). A haplotype near ASIP, which affects pigmentation
phenotype similar to MC1R, was found to be significantly
associated with both skin cutaneous melanoma and BCC
(Gudbjartsson et al., 2008). Unlike the findings in similar
studies, none of the vitiligo-risk SNPs correlated with SCC.

In contrast to traditional epidemiological approaches, MR
enables the quantification of causal effects for a modifiable
exposure to disease. The method is analogous to traditional
randomized control trials, in which genetic variants are
employed that do not naturally suffer from confounders or
reverse causation. Two-sample MR is an extension to the
traditional one-sample approach in which the association of
genetic variants with exposure and with outcome are derived
from nonoverlapping samples—this is particularly useful
given the large sample size requirement. Our investigation of
the effects of vitiligo-associated variants on three major forms
of skin cancer—melanoma, BCC, and SCC—indicates strong
evidence for association when using samples derived from
the UKBB and an independent GWAS meta-analysis. Initial
analysis of the vitiligoemelanoma relationship did not reach
statistical significance, likely owing to ascertainment noise in
the UKBB data. Upon usage of a summary statistic from well-
powered case-control GWAS for melanoma, the relationship
between the two phenotypes was found to be significant
(Bonferroni-corrected threshold, P < 0.05/3 ¼ 0.017).

Antimelanocyte autoimmunity in melanoma has garnered
an increasing amount of attention owing to several reports of
patients developing vitiligo both before and after immune
therapy treatment. Melanoma-associated vitiligo occurs at a
variably reported but considerably higher rate than that of the
general population and has long been associated with
favorable outcomes in melanoma (Boasberg et al., 2006;
Bystryn et al., 1987; Hua et al., 2016; Nordlund et al., 1983;
Quaglino et al., 2010). There have been similar reports of an
association with other autoimmune disorders, such as hypo-
thyroidism and hyperthyroidism and antiphospholipid anti-
body syndrome (Becker et al., 1994; Gogas et al., 2006) and
of a similar phenomenon in uveal melanoma (Rishi et al.,
2013). There are even cases of repigmentation in the vitili-
ginous skin of patients with melanoma that has begun to
progress or relapse (Nakamura et al., 2017a; Nardin et al.,
2019). These observations have become even more perti-
nent with the introduction of immune checkpoint inhibitors
in the management of late-stage disease. Because the use of
these immune-mediated therapies has become more preva-
lent, so also have reports of vitiligo as both a possible adverse
event and a harbinger of a favorable therapeutic response
(Freeman-Keller et al., 2016; Hua et al., 2016; Nakamura
et al., 2017b; Teulings et al., 2015). Associations in this
study also show consistency with candidate-gene association
signals previously reported for vitiligo. In particular, the TYR
R402Q variant is a major vitiligo autoimmune antigen that
reduces the availability of TYR for antigen presentation by
HLA*02:01 (Jin et al., 2012, 2010). Compared with 402Q,
this variant shows increased expression levels and immune
presentation efficacy by HLA*02:01 and thus is more likely to
contribute toward immune susceptibility in vitiligo (Jin et al.,
2010).

Given this potential genetic association between vitiligo
and skin cancer, future mechanistic studies are needed to
fully explore skin cancer immunosusceptibility in the context
of pigmentation phenotype. This is particularly relevant for
melanoma in light of the relatively high tumor mutational
burden caused by UVR, which has been identified as a
marker of improved survival and improved sensitivity to im-
mune checkpoint therapy (Chalmers et al., 2017; Chan et al.,
2015; Gupta et al., 2015; Klebanov et al., 2019). Finally, an
increased understanding of the role of immunosurveillance
will allow us to further develop immune-mediated therapies
and predict which tumors are more likely to benefit from
such therapies.

MATERIALS AND METHODS
As the source of vitiligo-associated SNPs, we manually curated data

on 48 SNPs reported as significantly associated with vitiligo in a

published meta-analysis of three GWASs with 4,680 vitiligo cases

and 39,586 controls of European ancestry (Jin et al., 2016). ORs

(with 95% CIs) were found in the study using logistic regression and

are presented in Table 1. We also obtained data on SNPs associated

with melanoma, BCC, and SCC from the results of a high-throughput

GWAS analysis (Neale Lab, 2017) of the UKBB study population

using linear regression models. Correlation coefficients (b) were

used to estimate ORs using natural logarithm conversion. Study

participants in the UKBB had previously been filtered using standard

GWAS sample and SNP quality check parameters and narrowed to

individuals of White British genetic ancestry. We then identified

14,081 overlapping SNPs representing the following phenotypes:

International Classification of Diseases, Ninth Revision/International

Classification of Diseases, Tenth Revisioneverified BCC (16,847

cases, 340,302 controls); International Classification of Diseases,

Ninth Revision/International Classification of Diseases, Tenth Revi-

sion SCC (2,274 cases, 340,302 controls); and self-reported malig-

nant melanoma (2,898 cases, 358,243 controls) (Liyanage et al.,

2019; Neale Lab, 2017). Data preparation for MR was carried out

using a standard protocol from the R-package TwoSampleMR

(Hemani et al., 2018, 2017). Clumping was performed using a

window of 10Kb with default parameters. Exposure and outcome

data were then harmonized to matching effect alleles, and palin-

dromic SNPs were excluded. The inverse varianceeweighted

method was selected for this study, which is a common estimator

employed by two-sample MR that assumes all genetic variants to be

instrumental variables (Burgess et al., 2020).
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