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A B S T R A C T

Background: Sunlight exposure increases risk of melanoma. Sunlight also potentiates cutaneous

synthesis of vitamin D, which can inhibit melanoma cell growth and promote apoptosis. Vitamin D

effects are mediated through the vitamin D receptor (VDR). We hypothesized that genetic variation in

VDR affects the relationship of sun exposure to risk of a further melanoma in people who have already

had one. Methods: We investigated the interaction between VDR polymorphisms and sun exposure in a

population-based multinational study comparing 1138 patients with a multiple (second or subsequent)

primary melanoma (cases) to 2151 patients with a first primary melanoma (controls); essentially a case–

control study of melanoma in a population of melanoma survivors. Sun exposure was assessed using a

questionnaire and interview, and was shown to be associated with multiple primary melanoma. VDR was

genotyped at the FokI and BsmI loci and the main effects of variants at these loci and their interactions

with sun exposure were analyzed. Results: Only the BsmI variant was associated with multiple primary

melanoma (OR = 1.27, 95% CI 0.99–1.62 for the homozygous variant genotype). Joint effects analyses

showed highest ORs in the high exposure, homozygous variant BsmI genotype category for each sun

exposure variable. Stratified analyses showed somewhat higher ORs for the homozygous BsmI variant

genotype in people with high sun exposure than with low sun exposure. P values for interaction,

however, were high. Conclusion: These results suggest that risk of multiple primary melanoma is

increased in people who have the BsmI variant of VDR.

� 2011 Elsevier Ltd. All rights reserved.
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1. Introduction

Exposure to sunlight plays a role in the development of
melanoma. The incidence of melanoma per unit of surface area is
higher on sun-exposed than non sun-exposed skin [1] and
melanoma may be induced in animal models following ultraviolet
light (UV) exposure [2]. Intermittent sun exposure has been
observed as a risk factor for melanoma in many [3–5] studies, and
many are now evaluating genetic risk in combination with UV
exposure, the major environmental factor.

Sunlight potentiates the synthesis of the steroid hormone
vitamin D3 from precursors in the skin. It does so by way of UVB-
posure, vitamin D receptor polymorphisms FokI and BsmI and risk
.1016/j.canep.2011.03.003
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mediated conversion of 7-dehydrocholesterol and isomerization in
basal epidermal keratinocytes to vitamin D3, with subsequent
hydroxylation to the biologically active 1,25-dihydroxyvitamin D3

(1,25(OH)2D3) [6]. There is evidence to suggest that 1,25(OH)2D3

plays a role in the development and progression of melanoma [7,8].
1,25(OH)2D3 promotes melanocyte differentiation and apoptosis
[9,10] and inhibits cell growth, adhesion, migration, metastases
and angiogenesis in vitro and in vivo [11–15].

Polymorphic variants of the vitamin D receptor (VDR) gene have
been associated with increased risk of melanoma in a number of
recent hospital-based studies [16–20] and a nested-case–control
study within the Nurses Health Study [21]. However, while
measures of sun sensitivity including tanning ability and sunburn
history were included in some of these studies, none incorporated
sun exposure. Given that the VDR may only be activated by vitamin
D and that sunlight exposure is intimately linked with vitamin D3

production, consideration of the interaction between them is
essential to understanding the impact of these factors on
melanoma risk. In North America and based on the typical western
diet, sun exposure is the fundamental source of vitamin D [22].

In an international population-based study, GEM, we examined
the association of VDR genotype with sun exposure and develop-
ment of melanoma (i.e. the gene-environment interaction). The
study design for GEM consists of individuals diagnosed with single
primary melanoma as controls for individuals with multiple
primary melanomas as cases. As such, the design is essentially a
case–control study of melanoma conducted in the population of
melanoma survivors. FokI and BsmI polymorphisms were selected
for study; BsmI was chosen as a representative of the 30

untranslated cluster because of the high degree of linkage between
these polymorphisms in Caucasians, requiring the study of only
one variant to characterize the 30 region [23–25]. FokI was chosen
as it had previously been associated with melanoma risk [16] and
Alimirah et al. [26] report that FokI differentially modulates the
effects of vitamin D.

2. Methods

Study subjects were recruited from 8 population-based cancer
registries in New Jersey, California and North Carolina (USA),
British Columbia and Ontario (Canada), Torino (Italy) and
Tasmania and New South Wales (Australia). Recruitment was
done as part of the GEM (Genes and Environment in Melanoma)
study, an international multi-center, population-based study of
multiple (second or subsequent) primary melanoma (MPM)
compared to single primary melanoma (SPM).

As part of this study, genetic information (DNA) from each
patient and detailed information relating to patients’ character-
istics (e.g., age, sex, skin/hair/eye colour, tanning ability, freckling
as a child, number of nevi), family history of skin cancer, past sun
exposure, and tumor histology were collected for all participating
subjects with incident primary melanoma in 8 population centers
in North America, Europe and Australia. Further details of the GEM
study design are given elsewhere [27,28].

The GEM study protocol was approved by the Institutional
Ethics Review Board at the GEM coordinating center, Memorial
Sloan-Kettering Cancer Center in New York, and at each of the
study centers. All participants provided written informed consent.
Separate approval was obtained at each center for this study.

GEM controls were people diagnosed with a pathologically
confirmed first invasive primary melanoma during the six-month
period January 1, 2000–June 30, 2000 with the following
exceptions: the whole of 2000 in California and North Carolina;
from January 1, 2000 to August 31, 2000 in Ontario; and from June
1, 2000 to May 31, 2001 in Turin, Italy. GEM cases were people
diagnosed with a pathologically confirmed second or higher order
Please cite this article in press as: Mandelcorn-Monson R, et al. Sun ex
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invasive or in situ melanoma during the period January 1, 2000–
August 31, 2003, except in Ontario where case ascertainment
ended February 28, 2003, and the centers in British Columbia,
California, New Jersey and Tasmania, which recruited GEM Cases
additionally in 1998 and 1999.

For the purposes of this analysis, we examined the three major
types of sun exposure from our analysis of the relationship
between solar exposure and melanoma risk [28] (1) ambient
erythemal ultraviolet (UV) radiation dose at age 10, chosen to
represent early lifetime sun exposure, (2) sunny vacations, at a
place sunnier than usual, as average annual hours of exposure per
year over the lifetime from age 5 to diagnosis, and (3) beach and
waterside exposure as average hours per year from age 15, over the
lifetime. Each of these exposure types has been shown to be
associated with melanoma risk in previous studies [29–33].

A complete description of data collection and estimation
relating to sun exposure variables has been previously published
[28]. In brief, erythemally weighted solar ultraviolet irradiance
(UVE) was estimated in kJ/m2 for each place of residence, using
satellite-derived data. An estimate of UVE was assigned to each
year of age, using residence information for the decade years of age,
and UVE exposure at age 10 was used for these analyses. Data
regarding beach and waterside exposure was elicited from age 15
to the time of diagnosis if an activity was reported between the
hours of 9 and 5 on at least 10 days in any year since leaving school.
If study participants did participate in beach or waterside
activities, they were asked the years started and stopped and
the usual outdoor hours per day by season. The total lifetime hours
of exposure in these activities were the sum of all reported daily
exposure hours weighted by frequency and duration. Sunny
vacations reported over the lifetime were calculated as hours per
year in the same manner although they were calculated from age 5
to diagnosis.

2.1. VDR genotyping

The Molecular Epidemiology Laboratory of the Memorial Sloan-
Kettering Cancer Center typed the VDR FokI and BsmI polymorph-
isms. DNA was extracted from buccal cells using Puregene1 kits
(Gentra Systems, Inc., Minneapolis, MN) replacing glycogen with
tRNA (10 mg/ml) for the DNA precipitation step. All genotyping was
done with PCR-based methods and included melting temperature
analysis [34] coupled to the LightTyper instrument (Roche Applied
Science, Indianapolis, USA) for the analysis of the FokI SNP and
pyrosequencing [35] with the PSQTM MA instrument (Biotage AB,
Uppsala, Sweden) for the analysis of BsmI SNP.

The VDR-FokI specific fragments (267 bp) were amplified in a
PCR mix containing 10–100 ng DNA, 200 mM dNTPs, 0.4 mM
forward primer (50-CTGAGCCAGCTATGTAGGGC-30), 2.0 mM re-
verse primer (50-GGTCAAAGTCTCCAGGGTCA-30), 0.2 mM fluores-
cein labeled probe (50-CTTGCTGTTCTTACAGGGACGGAG-30),
1.5 mM MgCl2, 1 M betaine and 0.05 U/ml of Taq Polymerase.
The cycling conditions included a denaturation and Taq activation
step at 95 8C for 10 min followed by 5 cycles at 95 8C–25 s, 64 8C–
20 s, 72 8C–30 s, 5 cycles at 95 8C–25 s, 60 8C–20 s, 72 8C–30 s, 40
cycles at 95 8C–25 s, 56 8C–20 s, 72 8C–30 s, and a post cycling
extension at 72 8C for 5 min.

The VDR-BsmI specific fragments (209 bp) were amplified in a
PCR mix containing 10–100 ng genomic DNA, 1� buffer II (10 mM
Tris–HCl, pH 8.3, 50 mM KCl) (PE, Roche Molecular Systems Inc.,
Branchburg, NJ), 200 mM dNTP, 0.42 mM forward primer (50-
CCTCACTGCCCTTAGCTCTG-30) and reverse primer (50Biotin-
CCATCTCTCAGGCTCCAAAG-30), 2.5 mM MgCl2, 5% DMSO and
0.05 U/ml Taq Polymerase. Cycling conditions included a denatur-
ation step at 95 8C for 5 min followed by 2 cycles at 95 8C–20 s,
59 8C–20 s, 72 8C–25 s, 40 cycles at 95 8C–20 s, 57 8C–20 s, 72 8C–
posure, vitamin D receptor polymorphisms FokI and BsmI and risk
.1016/j.canep.2011.03.003
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Table 1
Distribution of demographic and host characteristics by multiple primary (MPM)

and single primary melanoma (SPM) status in GEM.

Variables SPM (control)

n (%) or mean (SD)

MPM (case)

n (%) or mean (SD)

Total sample size N = 2151 N = 1138

Study center

British Columbia 118 (5.5) 39 (3.4)

California 219 (10.2) 89 (7.8)

New Jersey 167(7.8) 159 (14.0)

New South Wales 725 (33.7) 608 (53.4)

North Carolina 285 (13.3) 29 (2.6)

Ontario 428 (19.9) 134 (11.8)

Tasmania 81 (3.8) 63 (5.5)

Italy 128 (6.0) 17 (1.5)

Age (continuous) 55.6 (15.9) 65.2(13.2)

Sex

Male 1115 (51.8) 758(66.6)

Female 1036 (48.2) 380(33.4)

Freckles on face

None 957 (44.5) 463(40.7)

Few 889 (41.3) 514(45.2)

Many 296 (13.8) 156 (13.7)

Missing 9 (0.4) 5 (0.4)

Family history

of melanoma

No 1836 85.4) 861 (75.7)

Yes 270 (12.6) 249 (21.9)

Missing 45 (2.1) 28 (2.5)

Skin colour

Fair (type 1 or 2) 1858 (86.4) 1048 (92.1)

Dark (types 3–6) 292(13.6) 88 (7.7)

1 (0.5) 2 (0.2)

Eye colour

Dark eyes (brown, black) 409 (19.0) 189 (16.6)

Light eyes (blue, grey,

green, hazel)

1728 (80.3 947 (83.2)

Missing 14 (0.7) 2 (0.2)

Hair colour

Dark brown/black 687 (31.9) 297(26.1)

Light brown/blonde 1261 (58.6) 709 (62.3)

Red 186 (8.7) 129 (11.3)

Missing 17 (0.8) 3 (0.3)

Ability to tan

Deep tan 363 (16.9) 128 (11.3)

Moderate tan 867 (40.3) 456 (40.1)

Mild tan 635 (29.5) 349 (30.7)

No tan 237(11.0) 180 (15.8)

Missing 49 (2.3) 25 (2.2)

Number of nevi on back

(counted)

0 337(15.7) 157 (13.8)

1–10 918 (42.7) 464 (40.8)

11–25 554 (25.8) 302 (26.5)

26–50 142 (6.6) 91(8.0)

50+ 161 (7.5) 94 (8.3)

Missing 39 (1.8) 30 (2.6)
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25 s, and a final extension at 72 8C for 5 min. For the pyrosequen-
cing reaction, the sequencing primer (50-CCACAGACAGGCC-30) was
added to single stranded DNA.

The output of the genotyping assays consisted of melting
profiles (FokI SNP) and pyrograms (BsmI SNP), and in addition to
the automatic genotype calls obtained by the software, the
laboratory members reviewed individual signals manually. All
genotyping assays included known internal controls (homozygous
wild type and variant, and heterozygous DNAs) and blanks (water).
For quality control, 10% of samples were split, relabeled, and re-
analyzed. All results were interpreted at least twice by two
different laboratory members. Assays were considered acceptable
when all the control and water samples tested showed the
expected genotype or no signal, respectively; there was 100%
agreement in the genotyping calls between two independent
laboratory members; and there was 100% concordance for the
random selected samples tested in two independent assays.
Quality control for data entry included an additional review of at
least 20% of genotype calls.

Direct sequencing was performed using an independent PCR to
confirm the genotype of laboratory control samples, in randomly
selected cases, or when a new SNP was identified by different
sequence pattern in the pyrogram, or different melting profile in
the LightTyper. Amplified samples were resolved on agarose gels,
and specific bands were excised and purified according to the
manufacturer’s recommendations (Qiagen Inc., Valencia, USA). The
purified DNA was sequenced in the Sequencing Facility Core of
Memorial Sloan-Kettering Cancer Center on an ABI377 instrument
(PE-Applied Biosystems).

2.2. Statistical analysis

Univariate and multivariate statistical analyses were undertak-
en using SAS Statistical Packages Version 9.2 (SAS Institute, Cary,
NC). Homogeneity of and trend in odds ratios across strata were
tested using StatXact Version 8.0.

Age at diagnosis was defined as age at first melanoma diagnosis
for subjects with single primary melanoma and age at most recent
diagnosis for subjects with multiple primary melanoma. A
multiplicative age–sex interaction term was included in all models
to control for potential confounding effects in recognition of the
fact that the age incidence curves for melanoma are markedly
different for males versus females.

Sun exposure variables were dichotomized using cut points
based on the exposure distribution in all subjects combined.
Phenotypic and demographic covariates were similarly catego-
rized based on their distributions.

Study center was included as a covariate in all models to account
for unmeasured differences among populations; control for study
center has been demonstrated to adequately control for ancestry in
these data (R. Millikan, personal communication). Conventional
methods of analysis for case–control studies were followed.
Individuals who developed a second primary melanoma during
the ascertainment period were treated as both cases and controls.
Descriptive statistics stratified by case status were calculated for all
VDR genotypes, sun exposure variables, and phenotypic and
demographic characteristics. Chi-square testing was performed to
ensure that genotype frequencies did not differ greatly from those
expected under Hardy–Weinberg equilibrium (HWE).

Unconditional logistic regression was used to estimate odds
ratios for multiple primary melanoma and each VDR genotypic and
sun exposure covariate separately, controlling for age, sex, a sex–
age interaction and center. Ability to tan was included as a measure
of phenotypic susceptibility, and family history was included
because of the large difference between cases and controls in its
prevalence. All three genotypes were incorporated into the model
Please cite this article in press as: Mandelcorn-Monson R, et al. Sun ex
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together, with homozygous wildtype genotypes chosen as the
referent (FF for FokI and bb for BsmI). To test for the relationship
between the VDR gene variants and sun exposure, separate models
for each of the genetic variants (FokI, BsmI) and each of the sun
exposure measures were constructed. Main effects, stratified and
joint effects analyses were conducted. Interactions were identified
using a likelihood ratio test at the alpha 0.1 level. Significance tests
were two-sided and a P value of less than 0.05 was considered
significant.

3. Results

A total of 3289 eligible patients participated in the 8 study
centers: 1138 patients with multiple primary melanoma (52% of
those ascertained) and 2151 patients with single primary
melanoma (53% of those ascertained). Only patients with complete
posure, vitamin D receptor polymorphisms FokI and BsmI and risk
.1016/j.canep.2011.03.003
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Table 2
Genotype frequencies, allele frequencies and odds ratios for VDR polymorphisms.a

SNP SPM

N (%)

MPM

N (%)

Odds ratioa (95% CI) P-value

(trend)

FokI

FF 747 (37) 395 (37) Ref

Ff 956 (48) 499 (47) 0.97 (0.81–1.15)

ff 303 (15) 164 (16) 1.00 (0.78–1.29) 0.91

Allele

proportions

F 0.61 0.61

f 0.39 0.39

HWE

P-value

0.92 0.76

BsmI

bb 751 (37) 358 (34) Ref

Bb 965 (48) 493 (47) 1.07 (0.89–1.29)

BB 314 (15) 200 (19) 1.27 (0.99–1.62) 0.11

Allele proportions

b 0.61 0.58

B 0.38 0.42

HWE P-value 0.89 0.19

a Adjusted for age (continuous), sex, age � sex, center, ability to tan, family

history of melanoma.
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information for all variables required for a model were used in each
analysis, with resulting slight differences in sample sizes between
models. There were similar rates of successful genotyping between
cases and controls for both polymorphisms tested: FokI 95.4% for
SPM, (2006 participants) and 95.1% for MPM (1058); BsmI 96.6% for
SPM (2030) and 94.5% for MPM (1051). The largest proportions of
participants came from New South Wales (53.4% of MPMs and
33.7% of SPMs). Patients with MPM were older than those with
SPM (mean age (SD) 65 years (13.2) and 55.6 years (15.9),
respectively). Those with MPM were more likely to be male (66.6%
versus 51.8%) and have a family history of melanoma (21.9% versus
12.6%) (Table 1). Both FokI and BsmI were in Hardy–Weinberg
equilibrium (Table 2).

There were no significant adjusted associations between FokI

and risk of MPM, but there was an increased risk for the
homozygous variant form of BsmI (the BB genotype, odds ratio
(OR) 1.27, 95% confidence interval (CI) 0.99–1.62; P for trend 0.11)
Table 3
Main effects of sun exposure and joint effects of sun exposure and VDR polymorphism

SPM MPM OR 95% CI P-value BsmI SPM 

UVE10

Low 1109 437 1.00 Ref bb 397 

bB 527 

BB 154 

High 937 650 1.37 1.01, 1.84 0.02 bb 315 

bB 404 

BB 151 

P for interaction 

Waterside recreation 

None 511 204 1.0 Ref bb 175 

bB 232 

BB 92 

Any 1533 881 1.54 1.25, 1.89 <0.0001 bb 556 

bB 715 

BB 217 

P for interaction 

Sunny holidays

Low 881 386 1.0 Ref bb 299 

bB 715 

BB 217 

High 860 440 1.33 1.10, 1.61 <0.005 bb 327 

bB 376 

BB 117 

P for interaction 

a Adjusted for age (continuous), sex, age � sex, center, ability to tan and family histo

Please cite this article in press as: Mandelcorn-Monson R, et al. Sun ex
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(Table 2). As might reasonably be expected, the association with
the BB genotype was a little stronger when family history was
excluded from the model – OR 1.29, 95% CI 1.02–1.63.

Interactions among the three sun exposure variables and VDR

genotypes were tested separately for each polymorphism. No
significant interactions on a multiplicative scale were noted
between these sun exposure variables and either VDR polymor-
phism (Table 3). Assessment of the joint effects of genotype and
sun exposure on risk of multiple primary melanoma showed that
the highest ORs were observed in participants with high sun
exposure and BB (the homozygous BsmI variant genotype),
particularly with the recreational sun exposure measures: water-
side recreation (OR for high exposure and BB genotype 1.92, 95% CI
1.30, 2.85) and sunny holidays (1.82, 95% CI 1.22, 2.73) (Table 3).
These ORs and the other joint effects ORs were roughly consistent
with multiplication of the sun exposure effects by the effects of the
B allele. This pattern is not at all evident in the joint effects of sun
exposure and Fok1 genotype (Table 3), where only the effects of
sun exposure are evident, as would be expected from the lack of
any material main effect of Fok1 (Table 2).

For each of the three sun exposure variables, stratum-specific
joint effects analyses of the effect of BSMI genotype that controlled
for age, sex, age–sex interaction, center, family history of
melanoma and ability to tan gave similar results to those of the
BSMI main effect analysis (Table 2), except that there was a slight
tendency for the association of the BB genotype to be stronger in
the higher sun exposure category than the lower one for each sun
exposure variable. Thus for low and high UVE at age 10, the ORs for
BB were 1.25 (95% CI 0.88, 1.78) and 1.26 (95% CI 0.92, 1.73)
respectively; those for ‘‘no’’ and ‘‘any’’ waterside recreation were
1.19 (95% CI 0.86, 1.65) and 1.42 (95% CI 1.02, 1.98); and those for
low and high periods spent in vacations to sunnier places were 1.23
(95% CI 0.84, 1.60) and 1.51 (95% CI 1.04, 2.19). High P values for
interaction, however, indicate that these small differences could
easily be due to chance.

4. Discussion

We observed a weak positive association of the homozygous
variant BsmI, but not the FokI, genotype with MPM in this study. In
s.a

MPM OR 95% CI FokI SPM MPM OR 95% CI

150 1.00 FF 401 142 1.00

201 0.99 0.76, 1.31 Ff 498 212 1.15 0.87, 1.52

74 1.34 0.93, 1.94 ff 162 66 1.20 0.82, 1.76

194 1.22 0.83, 1.79 FF 319 233 1.53 1.05, 2.23

277 1. 39 0.96, 2.02 Ff 416 267 1.33 0.92, 1.92

117 1.47 0.97, 2.22 ff 130 96 1.50 0.97, 2.33

0.27

0.86

63 1.00 FF 177 72 1.00

92 1.00 0.67, 1.51 Ff 235 93 0.83 0.55, 1.23

41 1.14 0.68, 1.89 ff 83 26 0.74 0.42, 1.29

288 1.42 0.99, 2.02 FF 554 317 1.35 10.96, 1.89

395 1.56 1.10, 2.21 Ff 698 396 1.36 0.97, 1.89

155 1.92 1.30, 2.85 ff 214 135 1.53 1.04 2.26

0.59 0.61

127 1.00 FF 314 127 1.00

395 1.11 0.82, 1.49 Ff 388 169 1.08 0.79, 1.46

155 1.21 0.8, 1.80 ff 125 62 1.15 0.77, 1.73

137 1.21 0.88, 1.67 FF 301 163 1.48 1.08, 2.03

199 1.52 1.13, 2.06 Ff 387 198 1.33 0.99, 1.79

77 1.82 1.22, 2.73 ff 121 54 1.36 0.89, 2.08

0.41 0.32

ry of melanoma.

posure, vitamin D receptor polymorphisms FokI and BsmI and risk
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joint effects analyses, risk of MPM tended to increase with
increasing sun exposure and increasing number of BsmI variant
alleles, but not FokI variant alleles. The highest ORs were in those
with highest sun exposure and BB genotype. The P values for the
BsmI and sun exposure interactions were high indicating lack of
interaction on a multiplicative scale; although in stratified
analyses there was a greater increases in MPM risk with the
homozygous variant BsmI genotype in the high sun exposure
categories than the low sun exposure categories.

Our results for the main effect of BsmI differ from previous
studies [18,21,36,37] which were generally null, with one
exception [20] which had a small sample size of 101 cases and
101 controls (OR 0.35, 95% CI 0.15, 0.78). Randerson-Moor et al.
[36] reported an odds ratio of 1.03 (95% CI 0.73, 1.47) for the BsmI

polymorphism and risk of melanoma among 1026 cases and 402
controls. Li et al. [18] reported an association of 0.92 (95% CI 0.71,
1.19) for the association between BSMI and melanoma among 805
cases and 841 controls. Han et al. [21] reported an OR of 0.88 (95%
CI 0.57, 1.36) for risk for melanoma; Gapska et al. [37] reported an
OR of 0.97 (95% CI 0.7, 1.3) and a second study by Randerson-Moor
et al. [36] reported an association of 0.69 (95% CI 0.45, 1.06). At the
same time, FokI in the same studies was not statistically
significant, with the exception of Randerson-Moor et al. [36]
(OR 1.88, 95% CI 1.25, 2.81). Importantly, no previous study has
examined the interaction or joint effects of the BsmI variant

genotype, or of any other VDR variant, with those of any sun
exposure variables.

Our study employed a novel design where patients with
multiple primary melanoma were compared with patients with
single primary melanoma in a manner akin to comparison of cases
to controls in a traditional case–control study. The fact that both
cases and controls had melanoma in this study probably resulted in
less difference in recall accuracy between cases and controls, and
therefore a lower probability of bias, than might occur in a classical
case–control study of similar design. This study design also has
greater power to estimate relative risks for melanoma associated
with rare genetic characteristics because the prevalence of these
genetic characteristics is likely to be higher in MPM and SPM,
respectively, than in the traditional case–control study where
single primary cases are compared to population-based controls
[38]. Our findings with this design also indicate that it is a
reasonable proxy for a traditional case–control design; risk
estimates for sun exposure [28] and phenotypic markers [27]
obtained for patients with multiple primary melanoma relative to
patients with single primary melanoma appear similar to risk
estimates for these characteristics obtained for patients with single
primary melanoma relative to controls in a recent meta-analysis
[3]. The risk estimates found in the present study may therefore be
cautiously generalized to risk of a first primary melanoma in
previously unaffected people.

That our data are consistent with multiplicative joint effects of
the BsmI variant genotypes and sun exposure associated with
melanoma risk suggests that reduced VDR activity and sun
exposure are acting independently and multiplicatively to increase
melanoma risk. If true, this would be consistent with vitamin D
produced by sun exposure reducing the risk of melanoma caused
by sun exposure. There is, indeed, evidence that vitamin D
produced in the skin acts by way of local autocrine or paracrine
effects to protect keratinocytes from UV carcinogenesis [39]. There
is as yet though limited direct evidence for any protective effect of
vitamin D against melanoma development. Dietary studies have
shown inconsistent effects for the role of dietary vitamin D and
supplements [40–42]. In addition, three studies evaluating the
association of serum vitamin D with melanoma risk have not
observed a protective effect for serum vitamin D [36,43,44]. The
possibility of an effect of diet (including supplements) and/or sun
Please cite this article in press as: Mandelcorn-Monson R, et al. Sun ex
of multiple primary melanoma. Cancer Epidemiology (2011), doi:10
exposure in combination with VDR polymorphisms on melanoma
risk, thus, merits further investigations.

Conflict of interest statement

None of the authors has a conflict of interest with any financial
or personal relationships with other people or organizations that
could inappropriately influence this work.

Acknowledgements

We wish to thank Pampa Roy and Brian Clas for their expertise
and Concetta Perretta for her help during the VDR genotyping.

Support for this work was provided by the National Institute of
Health/National Cancer Institute Grants U01 CA 83180 and R01
CA112524 to MB.

Appendix

The study was conducted by the GEM Study Group: Marianne

Berwick (PI, University of New Mexico), Memorial Sloan-Kettering

Cancer Center, New York, NY, USA: Colin Begg (Co-PI), Irene Orlow

(Co-Investigator), Urvi Mujumdar (Project Coordinator), Klaus Busam

(Dermatopathologist), Pampa Roy (Laboratory Technician). Study

Centers: The University of Sydney and The Cancer Council New South

Wales, Sydney (Australia): Bruce Armstrong (PI), Anne Kricker (co-PI),

Melisa Litchfield (Study Coordinator). Menzies Research Institute,

University of Tasmania, Hobart (Australia): Terence Dwyer (PI,

currently at the Murdoch Childrens Research Institute, Melbourne,

Victoria), Paul Tucker (Dermatopathologist), Alison Venn (co-

Investigator), Nicola Stephens (Study Coordinator). British Columbia

Cancer Agency, Vancouver (Canada): Richard Gallagher (PI), Teresa

Switzer (Coordinator). Cancer Care Ontario, Toronto (Canada):

Loraine Marrett (PI), Elizabeth Theis (Co-Investigator), Lynn From

(Dermatopathologist), Noori Chowdhury (Coordinator), Louise

Vanasse (Coordinator). Centro per la Prevenzione Oncologia Torino,

Piemonte (Italy): Stefano Rosso (PI), Roberto Zanetti (co-PI), Carlotta

Sacerdote (Coordinator). University of California, Irvine (USA): Hoda

Anton-Culver (PI), Nancy Leighton (Coordinator). University of

Michigan, Ann Arbor (USA): Stephen Gruber (PI), Joanne Jeter

(Coordinator). New Jersey Department of Health and Senior Services,

Trenton (USA): Judith Klotz (PI), Homer Wilcox (Co-PI), Helen Weiss

(Coordinator). University of North Carolina, Chapel Hill (USA): Robert

Millikan (PI), Nancy Thomas (Co-Investigator), Dianne Mattingly

(Coordinator), Jon Player (Laboratory Technician). University of

Pennsylvania, Philadelphia, PA (USA): Timothy Rebbeck (PI), Peter

Kanetsky (Co-Investigator), Amy Walker (Laboratory Manager),

Saarene Panossian (Laboratory Technician). Consultants: Julia Lee

Taylor and Sasha Madronich, National Centre for Atmospheric

Research, Boulder, Colorado (USA).

References

[1] Armstrong BK, Kricker A. The epidemiology of UV induced skin cancer. J
Photochem Photobiol B 2001;63:8–18.

[2] Ortonne JP. Photobiology and genetics of malignant melanoma. Brit J Dermatol
2002;146(Suppl. 61):11–6.

[3] Gandini S, Sera F, Cattaruzza MS, Pasquini P, Picconi O, Boyle P, et al. Meta-
analysis of risk factors for cutaneous melanoma: II. Sun exposure. Eur J Cancer
2005;41:45–60.

[4] Elwood JM, Jopson J. Melanoma and sun exposure: an overview of published
studies. Int J Cancer 1997;73:198–203.

[5] Nelemans PJ, Rampen FH, Ruiter DJ, Verbeek AL. An addition to the controversy
on sunlight exposure and melanoma risk: a meta-analytical approach. J Clin
Epidemiol 1995;48:1331–42.
posure, vitamin D receptor polymorphisms FokI and BsmI and risk
.1016/j.canep.2011.03.003

http://dx.doi.org/10.1016/j.canep.2011.03.003


R. Mandelcorn-Monson et al. / Cancer Epidemiology xxx (2011) xxx–xxx6

G Model

CANEP-301; No. of Pages 6
[6] Holick MF. The cutaneous photosynthesis of previtamin D3: a unique photo-
endocrine system. J Invest Dermatol 1981;77:51–8.

[7] Osborne JE, Hutchinson PE. Vitamin D and systemic cancer: is this relevant to
malignant melanoma? Brit J Dermatol 2002;147:197–213.

[8] Newton-Bishop JA, Beswick S, Randerson-Moor J, Chang YM, Affleck P, Elliott F,
et al. Serum 25-hydroxyvitamin D3 levels are associated with Breslow thick-
ness at presentation and survival from melanoma. J Clin Oncol 2009;27:
5439–44.

[9] Mason RS, Pryke AM, Ranson M, Thomas HE, Posen S. Human melanoma cells:
functional modulation by calciotropic hormones. J Invest Dermatol
1988;90:834–40.

[10] Danielsson C, Fehsel K, Polly P, Carlberg C. Differential apoptotic response of
human melanoma cells to 1 alpha, 25-dihydroxyvitamin D3 and its analogues.
Cell Death Differ 1998;5:946–52.

[11] Yudoh K, Matsuno H, Kimura T. 1alpha, 25-dihydroxyvitamin D3 inhibits in
vitro invasiveness through the extracellular matrix and in vivo pulmonary
metastasis of B16 mouse melanoma. J Lab Clin Med 1999;133:120–8.

[12] Colston K, Colston MJ, Feldman D. 1,25-dihydroxyvitamin D3 and malignant
melanoma: the presence of receptors and inhibition of cell growth in culture.
Endocrinology 1981;108:1083–6.

[13] Evans SR, Houghton AM, Schumaker L, Brenner RV, Buras RR, Davoodi F, et al.
Vitamin D receptor and growth inhibition by 1,25-dihydroxyvitamin D3 in
human malignant melanoma cell lines. J Surg Res 1996;61:127–33.

[14] Hansen CM, Madsen MW, Arensbak B, Skak-Nielsen T, Latini S, Binderup L.
Down-regulation of laminin-binding integrins by 1 alpha, 25-dihydroxyvita-
min D3 in human melanoma cells in vitro. Cell Adhes Commun 1998;5:
109–20.

[15] Eisman JA, Barkla DH, Tutton PJ. Suppression of in vivo growth of human
cancer solid tumor xenografts by 1,25-dihydroxyvitamin D3. Cancer Res
1987;47:21–5.

[16] Hutchinson PE, Osborne JE, Lear JT, Smith AG, Bowers PW, Morris PN, et al.
Vitamin D receptor polymorphisms are associated with altered prognosis in
patients with malignant melanoma. Clin Cancer Res 2000;6:498–504.

[17] Halsall JA, Osborne JE, Potter L, Pringle JH, Hutchinson PE. A novel polymor-
phism in the 1A promoter region of the vitamin D receptor is associated with
altered susceptibility and prognosis in malignant melanoma. Br J Cancer
2004;91:765–70.

[18] Li C, Liu Z, Zhang Z, Strom SS, Gershenwald JE, Prieto VG, et al. Genetic variants
of the vitamin D receptor gene alter risk of cutaneous melanoma. J Invest
Dermatol 2007;127:276–80.

[19] Li C, Liu Z, Wang LE, Gershenwald JE, Lee JE, Prieto VG. Haplotype and
genotypes of the VDR gene and cutaneous melanoma risk in non-Hispanic
whites in Texas: a case–control study. Int J Cancer 2008;122:2077–84.

[20] Santonocito C, Capizzi R, Concolino P, Lavieri MM, Paradisi A, Gentileschi S,
et al. Association between cutaneous melanoma, Breslow thickness and vita-
min D receptor BsmI polymorphism. Br J Dermatol 2007;156:277–82.

[21] Han J, Colditz GA, Hunter DJ. Polymorphisms in the MTHFR and VDR genes and
skin cancer risk. Carcinogenesis 2007;28:390–7.

[22] Hollis BW. Circulating 25-hydroxyvitamin D levels indicative of vitamin D
sufficiency: implications for establishing a new effective dietary intake rec-
ommendation for vitamin D. J Nutr 2005;135:317–22.

[23] Haussler MR, Whitfield GK, Haussler CA, Hsieh JC, Thompson PD, Selznick SH.
The nuclear vitamin D receptor: biological and molecular regulatory proper-
ties revealed. J Bone Miner Res 1998;13:325–49.

[24] Morrison NA, Yeoman R, Kelly PJ, Eisman JA. Contribution of trans-acting
factor alleles to normal physiological variability: vitamin D receptor gene
Please cite this article in press as: Mandelcorn-Monson R, et al. Sun ex
of multiple primary melanoma. Cancer Epidemiology (2011), doi:10
polymorphism and circulating osteocalcin. Proc Natl Acad Sci USA
1992;89:6665–9.

[25] Taylor JA, Hirvonen A, Watson M, Pittman G, Mohler JL, Bell DA. Association of
prostate cancer with vitamin D receptor gene polymorphism. Cancer Res
1996;56:4108–10.

[26] Alimirah F, Peng X, Murillo G, Mehta RG. Functional significance of vitamin D
receptor FokI polymorphisms in human breast cancer cells. PLoS ONE
2011;6:316024.

[27] Begg CB, Hummer AJ, Mujumdar U, Armstrong BK, Kricker A, Marrett LD, et al.
A design for cancer case–control studies using only incident cases: experience
with the GEM study of melanoma. Int J Epidemiol 2006;35:756–64.

[28] Kricker A, Armstrong BK, Goumas C, Litchfield M, Begg CB, Hummer AJ, et al.
personal sun exposure and risk of multiple primary melanomas. Cancer Causes
Control 2007;18:295–304.

[29] Pfahlberg A, Kolmel KF, Gefeller O, Febim Study Group. Timing of excessive
ultraviolet radiation and melanoma: epidemiology does not support the
existence of a critical period of high susceptibility to solar ultraviolet radia-
tion-induced melanoma. Br J Dermatol 2001;144:471–5.

[30] Oliveria SA, Saraiya M, Geller AC, Heneghan MK, Jorgensen C. Sun exposure and
risk of melanoma. Arch Dis Child 2006;91:131–8.

[31] Whiteman DC, Valery P, McWhirter W, Green AC. Risk factors for childhood
melanoma in Queensland, Australia. Int J Cancer 1997;70:26–31.

[32] Elwood JM. Melanoma and sun exposure. Sem Oncol 1996;23:650–66.
[33] Armstrong BK. Epidemiology of malignant melanoma: intermittent or total

accumulated exposure to the sun? J Dermatol Surg Oncol 1988;14:835–49.
[34] Bennett CD, Campbell MN, Cook CJ, Eyre DJ, Nay LM, Nielsen DR, et al. The

LightTyper: high-throughput genotyping using fluorescent melting curve
analysis. Biotechniques 2003;34:1288–92.

[35] Ronaghi M, Uhlen M, Nyren P. A sequencing method based on real-time
pyrophosphate. Science 1998;281(363):365.

[36] Randerson-Moor JA, Taylor JC, Elliott F, Chang YM, Beswick S, Kukalizch K, et al.
Vitamin D receptor polymorphisms, serum wt-hydroxyvitamin D levels, and
melanoma: UK case–control comparisons and a meta-analysis of published
VDR data. Eur J Cancer 2009;45:3271–81.

[37] Gapska P, Scott RJ, Serrano-Fernandez P, Mirecka A, Rassoud I, Górski B, et al.
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