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Abstract
Growing evidence suggests that Parkinson’s disease (PD) patients have a lower risk for most types
of cancer except for melanoma, which has a modest positive association with PD. Pigmentation
genes has been hypothesized to contribute to this association. We therefore examined whether
genetic susceptibility loci for pigmentation or melanoma were associated with PD risk in two large
independent datasets. In the Parkinson’s Genes and Environment (PAGE) Study, we examined 11
SNPs identified from previous GWAS studies of pigmentation or melanoma in relation to PD
among 808 PD cases and 1,623 controls; further, we also examined the colors of hair, eye, or skin,
and melanoma in relation to PD. In the International Parkinson’s Disease Genomic Consortium
(IPDGC), we examined a broader selection of 360 pigmentation or melanoma GWAS SNPs in
relation to PD among 5,333 PD cases and 12,019 controls. All participants were non-Hispanic
Whites. As expected, in the PAGE study, most SNPs were associated with one or more
pigmentation phenotypes. However, neither these SNPs nor pigmentation phenotypes were
associated with PD risk after Bonferroni correction with the exception of rs4911414 at the ASIP
gene (P=0.001). A total of 18 PD cases (2.2%) and 26 controls (1.6%) had a diagnosis of
melanoma with an odds ratio of 1.3 (95% confidence interval: 0.7-2.4). In the IPDGC analysis,
none of the 360 SNPs, including rs4911414, were associated with PD risk after adjusting for
multiple comparisons. In conclusion, we did not find significant associations between GWAS
SNPs of pigmentation or melanoma and the risk for PD.

1. Introduction
Growing evidence suggests that Parkinson’s disease (PD) patients have a lower risk of most
types of cancer (Bajaj, et al., 2010). Melanoma is a notable exception in that the risk appears
to be higher among PD patients and vice versa (Bertoni, et al., 2010, Ferreira, et al., 2010,
Inzelberg and Israeli-Korn, 2009, Liu, et al., 2011). The explanation for this epidemiologic
observation remains elusive, but shared genetic or environmental risk factors have been
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suspected. In particular, it has been hypothesized that pigmentation and genes related to
pigmentation and melanoma may contribute to this link (Herrero Hernandez, 2009). We
therefore examined susceptibility loci for pigmentation and melanoma in relation to PD risk
in the Parkinson’s Genes and Environment (PAGE) study and in the International
Parkinson’s disease Genomic Consortium (IPDGC).

2. Methods
The PAGE study was a nested case-control study within the NIH-AARP Diet and Health
cohort (Gao, et al., 2011). The current analyses included 808 physician-confirmed PD cases
and 1,623 controls that provided saliva samples for genotyping. All subjects are non-
Hispanic Whites. Among them, 606 cases and 1,340 controls further provided information
on the color of hair, eye, and skin. Further, melanoma cases in the cohort were identified
along with cases with other cancers by probabilistic record linkage with state cancer
registries.(Lin, et al., 2012). The IPDGC represents an international collaboration of
genome-wide association studies (GWAS) to understand the genetic causes of PD with
participants from the US, UK, Germany and France (Nalls, et al., 2011). The current
analysis used data from the discovery phase of 5,333 cases and 12,019 controls (Nalls, et al.,
2011). Details of IPDGC are provided in Supplementary table 1.

In the PAGE study, we successfully genotyped 11 SNPs which were associated with
pigmentation phenotypes or the risk of melanoma in previous GWAS (Supplementary Table
1). The genotyping was performed by BioServe Biotechnologies, Ltd (Beltsville, MD),
using Sequenom MassARRAY iPLEXTM platform with an average call rate of 95.1%
(Supplementary Table 2). All participating cohorts of the IPDGC used Illumina platform for
genotyping (Nalls, et al., 2011) and the Markov Chain based haplotyper (MACH; version
1.0.16) to impute genotypes for all participants of European ancestry with haplotypes
derived from initial low coverage sequencing of 112 European ancestry samples in the 1000
Genomes Project (as of August, 2009). A total of 7,689,524 SNPs were either genotyped or
imputed. In the IPDGC analysis, we included more pigmentation and melanoma
susceptiblity SNPs with an updated search for all SNPs that were in high linkage
disequilibrium (r2 > 0.8) with reported GWAS loci of pigmentation phenotypes of
melanoma via SNAP (http://www.broadinstitute.org/mpg/snap/ldsearch.php). A total of 483
SNPs were found and 360 were either genotyped or imputed in the IPDGC (Supplementary
Table 3).

In PAGE, we first evaluated the relationships of candidate SNPs with pigmentation
phenotypes using linear regression model or with melanoma using logistic regression model,
adjusting for year of birth and sex. Pigmentation phenotypes were coded as ordinal variables
as did in published studies (Han, et al., 2008). We then evaluated candidate SNPs or related
pigmentation phenotypes and melanoma in relation to PD risk. Odds ratios (ORs) and 95%
confidence intervals (CIs) were derived from multivariate logistic regression models,
adjusting for year of birth, sex, caffeine intake, and smoking status. For the analysis in
IPDGC, logit additive genetic effect was first estimated in each cohort and then meta-
analyzed, adjusting for sex and the first two principal components of population structure.
All statistical analyses were performed using Plink v1.07 and R software (version 2.11.1;
The R Foundation for Statistical Computing).

All PAGE study participants provided written consent and the study protocol was approved
by the Institutional Review Board of the National Institute of Environmental Health
Sciences and the Special Studies Institutional Review Board of the National Cancer
Institute. The discovery phase of IPDGC was approved by the institutional review boards of
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participating cohorts. The detailed Methods section is available in the online Supplementary
data.

3. Results
Demographic characteristics of PD cases and controls in the PAGE study are shown in
Table 1. As expected, PD patients were less likely to be smokers and drank less coffee as
compared to controls.

In the PAGE study, most of the selected SNPs from previous GWAS studies were associated
with one or more of the pigmentation phenotypes in the directions that were expected,
although some did not reach statistical significance (at P<0.05) (Table 2). For both hair
color and eye color, rs12896399 at the SLC24A4 showed the strongest association
(P=1.07×10−10 for hair color and 7.11×10−7 for eye color), and for skin color, rs258322 at
the CDK10 showed the strongest association (P=1.24×10−7).

In the PAGE study, we identified 18 PD cases (2.2%) and 26 (1.6%) controls with first
primary melanoma. Several SNPs showed ORs that were consistent with a modest to strong
association with melanoma. For example, the minor allele of rs4911414 at the ASIP had an
OR of 4.74 (P=0.022), followed by rs1805008 at the MC1R (OR=3.79, P=0.22), and
rs12203592 at the IRF4 (OR=2.49, P=0.16). However, with the exception of rs4911414 at
the ASIP, none of these SNPs were statistically associated with melanoma due to small
sample size.

In the PAGE study, neither pigmentation phenotypes nor melanoma were statistically
associated with PD risk. A modest association of melanoma and PD was suggested with an
OR of 1.32 (95%CI: 0.71-2.44) that was consistent with the literature; however, this
association did not reach statistical significance probably due to the few melanoma cases in
the analysis. Further, with the exception of the rs4911414 at the ASIP (P=0.001), none of the
SNPs for pigmentation phenotypes or melanoma was associated with PD risk after
correcting for multiple comparison (Table 3). However, this SNP was not associated with
PD risk in the larger dataset of IPDGC (P=0.43), and none of the other 359 SNPs selected
for analysis in the IPDGC dataset showed statistical significance with PD (Table 4 and
supplementary Table 3).

4. Discussion
In this large and comprehensive analysis, we confirmed the associations of these
susceptibility loci with pigmentation phenotypes and/or melanoma; however, we did not
identify any association between these SNPs and PD risk. While the statistical power in the
PAGE study was limited, the IPDGC had 5,333 cases and 12,019 controls and thus adequate
statistical power.

Human pigmentation phenotypes such as the colors of hair, eye, and skin, are polygenic
quantitative traits with high heritability, and the link between certain pigmentation
phenotypes and susceptibility genes and melanoma have been well-established (Mitra, et al.,
2012). Recent GWAS studies (Bishop, et al., 2009, Gudbjartsson, et al., 2008, Han, et al.,
2008, Sulem, et al., 2008, Sulem, et al., 2007) identified approximately a dozen
susceptibility loci for pigmentation, some shared by phenotypes and others are distinctive.
Some of these, such as MC1R and ASIP genes, also confer a higher risk for melanoma. In
the PAGE study, we replicated most reported associations between these SNPs and
pigmentation phenotypes. The analysis on melanoma was obviously limited by sample size,
but the directions and magnitudes of associations with these SNPs were mostly comparable
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to published reports (Bishop, et al., 2009, Sulem, et al., 2008). Also consistent with previous
reports, we found a modest positive association between melanoma and PD (Liu, et al.,
2011), but the statistical test was not significant, possibly due to the few melanoma cases in
the study.

To the best of our knowledge, only one previous study has directly examined the hypothesis
that pigmentation genes may underlie the association between PD and melanoma. The study
included 298 PD cases and focused on one SNP (MC1R rs1805007) that encodes red hair
(Gao, et al., 2009b). The study reported that compared with the wild type, the homozygous
mutant genotype was associated with three-fold higher risk for PD. Correspondingly,
participants with red hair were four times more likely to have PD than those with black hair.
On the other hand, Meng et al. examined PD susceptibility loci identified from GWAS
studies (e.g. SNCA and MAPT) in relation to melanoma in two large GWAS datasets and
reported null findings. Three other studies took an indirect approach by examining whether
relatives of melanoma patients had a higher risk for PD than individuals without a family
history of melanoma or the converse. Two reported positive associations (Gao, et al., 2009a,
Kareus, et al., 2012) but the other did not (Olsen, et al., 2011).

The current study directly and comprehensively evaluated multiple pigmentation
phenotypes, melanoma, and related SNPs in relation to the risk for PD in two independent
datasets. Compared with the previous study (Gao, et al., 2009b), we had a much larger
sample size and included many more SNPs and pigmentation phenotypes. In the PAGE
study, neither these SNPs nor the pigmentation phenotypes were associated with PD risk.
More importantly, the results were also null in a broader analysis of 360 SNPs using the
very large dataset of IPDGC. In the IPDGC, rs1805007 at MC1R, the SNP that showed
significant association with PD in the previous study (Gao, et al., 2009b) had an OR of 1.06
(95%CI: 0.94-1.19, P=0.37). Our analysis, however, focused on SNPs identified from
GWAS and did not include other genetic variations such as mutations in high-penetrance
genes (e.g. CDKN2 and CDK4). Thus, we cannot exclude the possibility that other genes
may explain the association between melanoma and PD.

Taken together, evidence to date remains elusive on what may be responsible for the link
between melanoma and PD. The explanations are likely to be multifactorial and other
possibilities, such as environmental factors, should also be considered.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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