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Multiple studies have provided evidence for an association between reduced sun exposure and
increased risk of multiple sclerosis (MS), an association likely to be mediated, at least in part, by the
vitamin D hormonal pathway. Herein, we examine whether the vitamin D receptor (VDR), an integral
component of this pathway, influences MS risk in a population-based sample where winter sun expo-
sure in early childhood has been found to be an important determinant of MS risk. Three polymorph-
isms within the VDR gene were genotyped in 136 MS cases and 235 controls, and associations with
MS and past sun exposure were examined by logistic regression. No significant univariate associa-
tions between the polymorphisms, rs11574010 (Cdx-2A > G), rs10735810 (Fok1T > C), or rs731236
(Taq1C > T) and MS risk were observed. However, a significant interaction was observed between
winter sun exposure during childhood, genotype at rs11574010, and MS risk (P = 0.012), with the
‘G’ allele conferring an increased risk of MS in the low sun exposure group (≤2 h/day). No significant
interactions were observed for either rs10735810 or rs731236, after stratification by sun exposure.
These data provide support for the involvement of the VDR gene in determining MS risk, an
interaction likely to be dependent on past sun exposure. Multiple Sclerosis 2009; 15: 563–570.
http://msj.sagepub.com
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Introduction

Over recent years researchers have focused on unra-
veling the mechanisms underlying the observed
significant association of multiple sclerosis (MS)
risk with increasing latitude and reduced exposure
to UV radiation (UVR) [1], an observation first dis-
cussed by Acheson, et al. [2] in 1960. Previously, we
reported that low past sun exposure, particularly in
childhood and early adolescence was associated
with an increased MS risk in Tasmania, Australia
[3]. This finding has subsequently been supported
by other studies [4,5]. It is now becoming clear
this observation may arise, at least in part, from
the influence of UVR exposure on the synthesis of
vitamin D.

It has been more than a decade since a link was
proposed between sun exposure, vitamin D, and
immune function in MS [6], and since this time evi-
dence supporting an important role for the vitamin
D hormonal pathway in MS etiology has been accu-
mulating [7,8]. The vitamin D hormonal pathway
has a demonstrated role in modulating immune
function [9], and specifically has been shown to
suppress immune responses mediated by T cells
[10], known to be important in the MS disease pro-
cess. One approach to examining the mechanism
by which UVR exposure and vitamin D may influ-
ence MS etiology is to examine the genes involved
in the vitamin D hormonal pathway. The VDR gene
is central to this pathway and codes for the nuclear
receptor responsible for transducing the action of
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1,25-dihyroxyvitamin D3, the active form of the
hormone.

There exists a series of common polymorphisms
within the VDR gene, several of which have been
associated with altered gene expression or gene func-
tion. A cluster of three polymorphisms Bsm1, Apa1,
and Taq1 at the 3’ end of the VDR gene are in near
complete linkage disequilibrium (LD) among Cauca-
sians. These polymorphisms do not influence pro-
tein sequence; however, there is indirect evidence
that these polymorphisms may influence function
through altered transactivation [11]. Three studies
have examined the association of this cluster of poly-
morphisms (Bsm1, Apa1, and/or Taq1) and risk of
MS. These small studies have provided evidence con-
sistent with a MS-risk haplotype ‘b, A, and t,’ respec-
tively, at this 3’ untranslated region (3’UTR) cluster
[12–14]. In contrast, three larger studies examining
polymorphisms within this 3’UTR cluster report no
association with MS risk [15–17]. Tajouri, et al. [14]
and Partridge, et al. [15] additionally examined the
Fok1 polymorphism, which has been demonstrated
to alter the transcription initiation start site resulting
in a shorter protein (F genotype), with demonstrated
increased receptor activity [18]. No significant associ-
ation with MS risk was observed, although there was
a trend towards reduced risk for those with the f f
genotype reported by Partridge, et al. [15]. Yeo, et al.
[17] also examined selected polymorphisms within
the VDR gene and reported no association with dis-
ease risk.

The absence of consistent findings provided by
these studies is not without considerable precedence;
similarly, equivocal findings have been reported
for other diseases, for example prostate cancer, as
reviewed by Rukin, et al. [19]. Evidence provided
by more recent studies indicates the association
between variants of the VDR gene and disease risk
may be modified by sun exposure or serum vitamin
D levels. For example, VDR genotype associations
with prostate cancer have been shown to be depen-
dent on levels of sun exposure [20–23]. Thus, most
recently, there has been a call for studies to consider
sun exposure measures when examining association
of VDR genotype with disease [24,25].

The aim of this report was to examine the
hypothesis that the association between VDR
genetic variants and MS varies by past sun expo-
sure. The polymorphisms examined here include
Taq1 representing the 3’UTR cluster; the Fok1 poly-
morphism as described previously; and the Cdx-2
polymorphism (−3731 bp) which is located
upstream in the 5’UTR of the gene, and is not in
LD with either the 3’UTR cluster or the Fok1 poly-
morphisms. The A to G substitution at the Cdx-2
site is within the core-binding element of Cdx-2
transcription factor. Presence of the G allele at this
site has been found to reduce the transcriptional

activity of the VDR gene promoter by 70% com-
pared to the A allele [26]. This polymorphism has
been reported to be in LD with additional regula-
tory polymorphisms identified within the 5’UTR
promoter [27].

Methods

Recruitment of participants

The project received ethics approvals from the Tas-
manian Health and Medical Human Research Ethics
Committee. The source population comprised resi-
dents of Tasmania who were younger than 60 years
of age with at least one grandparent who was born
in Tasmania. Cases were recruited using several
population-based strategies such as information
evenings at local MS societies, letters of invitation
from neurologists to patients, and advertising
through information packs and posters sent to our
neurologists, general physicians, general practi-
tioners, and pharmacists. Cases deemed eligible for
inclusion in the study were required to have cere-
bral abnormalities identified by magnetic resonance
imaging (MRI) as defined by Paty, et al., and clini-
cally definite MS as defined by Poser, et al., [28,29].
Of 169 patients who responded, 30 did not meet
the clinical criteria for inclusion, one refused, one
died, and one patient was too ill to participate.
Cases classified as primary progressive MS had to
exhibit progressive neurological disability for at
least 1 year, with no other plausible explanation
for the clinical features, exhibit spinal cord abnor-
malities, and changes on MRI consistent with
demyelination. At the time of interview, blood sam-
ples were obtained from all 136 cases.

Controls were selected from the electoral roll
(enrolment to vote is compulsory in Australia for
persons ≥18 year of age). For each case, two control
subjects were randomly selected and matched to
the index cases on sex and birth year. For 136
cases, 272 eligible controls participated with a
response rate of 76% and undertook an interview
and physical measurements. For this project, con-
trols were required to be subsequently recontacted
and asked to provide a blood sample or a saliva
sample between July 2005 and May 2006. Of the
272 original controls, 234 provided samples (86%).

Measurements

Time in sun

Two research assistants conducted all interviews
and measurements between March 1999 and June
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2001. Participants were asked about the amount of
time they would normally have spent in the sun
during weekends and holidays in winter and sum-
mer (‘time in the sun’ question), using questions
with demonstrated validity when compared with
markers of recent (25(OH)D, polysulphone badges)
and lifetime sun exposure (actinic damage) [30].
The standardized questionnaire included questions
on measures to protect against the sun, use of vita-
min D supplements at ages 10–15 years, medical
history (including infections and immunisations),
and other factors suggested by past work to be asso-
ciated with MS. For the timing of exposures, we
obtained either the exact age or the 5-year-age
range in which the exposure occurred [30]. Before
the interview, participants were asked to fill in a
lifetime calendar for each year of their life. During
the interview, participants answered the time in the
sun question for summer only for each year of their
life, and from the information in the calendar, we
identified blocks of years where time in the sun was
constant or not. The kappa statistic (95% confi-
dence interval) between the questionnaire based
measure and the calendar measure (using the
mean value) for ages 6–10, 11–15, and 16–20 years
was 0.71(0.55–0.88), 0.65(0.48–0.82), and
0.57(0.40–0.74) for cases and 0.58(0.47–0.70),
0.61(0.49–0.72), and 0.58(0.46–0.70) for controls,
respectively [3].

Skin phenotype

Skin phenotype was assessed with a spectrophotom-
eter at the upper inner arm and buttock-body sites
usually not exposed to sunlight. Cutaneous mela-
nin density was estimated from the skin reflectance
of light centered at 400 and 420 nm [31]. Skin color
at the upper inner arm was also assessed visually by
the research assistants with fair classified as fair or
fair-medium vs. medium-olive or olive. The stan-
dardized questionnaire included a question on life-
time sunburns where the pain lasted more than
2 days, a measure that reflects both skin phenotype
and sun exposure behavior. The research assistant
also recorded the number of naevi greater than
5 mm on the left arm, hair and eye color, height,
and weight.

Serum 25-hydroxyvitamin D3

Serum 25-hydroxyvitamin D3 levels were measured
using the commercially available radioimmuno-
assay (DiaSorin Inc, Stillwater, Minnesota, USA).
Serum was processed as per manufacturer’s instruc-
tions. We have previously reported that serum 25-
hydroxyvitamin D3 levels among these prevalent

cases varied by the expanded disability severity
scale [32], indicating significant disease-related
change in this measure and thus serum 25-
hydroxyvitamin D3 measures were not examined
further in this report.

Genotyping

Genomic DNA was isolated from whole blood using
the Nucleon Bacc3 DNA extraction kit (Amersham
International, Buckinghamshire, UK) as per manu-
facturer’s instructions. For individuals unable to
donate a blood sample (10 individuals), saliva sam-
ples were collected using an Oragene kit (DNA Gen-
otek Inc, Canada). Genomic DNA was extracted as
per manufacturer’s instructions. Three variants of
the VDR gene were examined: Cdx-2 (rs11574010),
Fok1 (rs10735810), and Taq1 (rs731236) by the
restriction fragment length polymorphism method.
Briefly each 20 μl polymerase chain reaction (PCR)
reaction contained 25 ng genomic DNA in 1x
GoTaq Green Master Mix (Promega, Madison,
Wiscosin, USA) and 400 nM of each primer. Cdx-2
was amplified using primers 5’-CCTCCTCTGTAA-
GAGGCGAATAGCGAT-3’ and 5’-GGACAGGT-
GAAAAAGATGGGGTTC-3’ for 35 cycles with an
annealing temperature of 65 °C. The forward primer
introduced an EcoRV restriction site in the A allele
but not the G allele. Products were digested with
EcoRV for 3 h at 37 ° followed by agarose gel electro-
phoresis. For the Fok1 polymorphism a fragment was
amplified using primers 5’-AGCTGGCCCTGG-
CACTGACTCTGGCTCT-3’ and 5’-ATGGAAA-
CACCTTGCTTCTTCTCCCTC-3’ for 30 cycles with
an annealing temperature of 60 °C. For the Taq1
polymorphism a fragment was amplified using pri-
mers 5’-CAGAGCATGGACAGGGAGCAAG-3’ and
5’-GCAACTCCTCATGGCTGAGGTCTC-3’ for 30
cycles with an annealing temperature of 67 °C. PCR
products were then digested with Fok1 (37 °C, 2 h) or
Taq1 (65 °C, 3 h). The alleles were coded Ff and Tt, for
Fok1 and Taq1, respectively, where capital letters rep-
resent absence and small letters represent presence of
restriction fragment sites. About 15% of samples
were repeated for quality control purposes.

The single nucleotide ploymorphism (SNP)
rs3135005 was genotyped as a proxy for the HLA-
DRB1*1501 allele. We selected this SNP as a proxy
as it is perfectly correlated with theDRB1*1501 allele
in 60 of the HapMap CEU samples (individuals of
NW European ancestry living in Utah) [33]. In the
full set of 90 HapMap CEU samples rs3135005 is per-
fectly correlated with rs3135388, which in turn
showed a correlation of r2 = 0.88 with DRB1*1501
in a sample of 1328 individuals from the UK and
the Netherlands [34]. Full human lymphocyte anti-
gen (HLA) typing was also available for the cases in
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our study for comparison [35]. In the cases from
whom full HLA typing was available, we found
high agreement with rs3135005 (kappa statistic;
0.95; 95% confidence interval [0.78, 1.00]).

Genotyping of the rs3135005 SNP was per-
formed for cases in our laboratory as follows. A
380-bp product was amplified using primers
5’TGTGTTGGAGGTAAGTGTAATATG-3’ and 5’-
ATGCCATGCTTCTTCCTCAT-3’. The 10 μl PCR
reaction contained 20 ng genomic DNA in 1x
GoTaq Green Master Mix (Promega) and 400 nm
of each primer. PCR conditions were as follows:
94 °C for 5 min followed by 30 cycles of 94 °C for
30 s, 51 °C for 30 s, and 72 °C for 30 s. PCR products
were digested with 3 units of Afl 11 for 3 h at 37 °
and then analyzed on 3% agarose gels stained with
ethidium bromide. The fragments after digestion
were 380 bp for the T allele, and 183 bp for the C
allele. Genoytyping of the 272 controls for the
rs3135005 SNP was performed at the Australian
Genome Research Facility (http://www.agrf.org.au)
using a Sequenom Autoflex Mass spectrometer and
the primers 5’ACGTTGGATGGCCATTTTCTAGG-
CATGGTG3’ and 5’ACGTTGGATGGTTCCATTA-
GACCATAAGCC3’. For quality control purposes,
5% of samples genotyped by the Australian Genome
Research Facility (AGRF) were repeated in our labora-
tory using the methods outlined above with 100%
concordance in the genotypes obtained.

Data analysis

LD for the VDR polymorphisms was first examined
using Pearson correlations. MS risk estimates were
then obtained by computing odds ratios and 95%
confidence intervals obtained by logistic regression.
A lifetime calendar with year by year recordings of
sun exposure by each individual was used to esti-
mate the average winter and sun exposure at vari-
ous ages (with categories of less than 1 h/day,
1–2 h/day, 2–3 h/day, 3–4 h/day, and more than
4 h/day). We considered age groupings of ages
6–10, 11–15, and 16–20 years as in the previous

report [3]. To examine whether sun exposure levels
were modifying any associations between VDR poly-
morphisms and MS risk, we performed stratified
analyses with individuals divided into high and low
sun exposure groups. Two cut-points: 1 h/day (as
used in van der Mei) [3]; and secondly 2 h/day were
examined. Tests of interaction between genotype
and sun exposure were conducted using Wald test
P-values for product terms of the relevant VDR poly-
morphism and sun exposure variable. Logistic prob-
abilities were calculated for a gene–environment
interaction model, treating sun exposure both as a
categorical and a continuous variable. Assuming an
MS prevalence of 1/1000 in the source population,
these logistic probabilities πgxe were converted to
probabilities of having MS, using the formula

PðMSjVDR genotype and environment in TasmaniaÞ
¼ 1

1þ
ð1−πg×eÞ× ncases

ncases þ ncontrols
×ð1−PrevalenceÞ

πg×e×Prevalence× 1−
ncases

ncases þ ncontrols

� �

Here, it is assumed that the distribution of geno-
types and sun exposure in the cases is representa-
tive of all eligible cases in the source population
and that the distribution in controls is representa-
tive of all those living in the source population
without MS. Analyses were conducted using STATA
9.0. (Statacorp 2005: Statistical Software: Release 9,
College Station, TX).

Results

General characteristics

The characteristics of the population-based sample
of MS cases and the community controls are dis-
played in Table 1. The sample comprised predomi-
nantly females, with a mean age of 43 years. The
vast majority of the participants had resided in Tas-
mania from birth and thus had experienced similar
ambient UVR conditions.

Table 1 Characteristics of MS cases and controls

Cases Controls

Females/males 92/44 183/88
Mean age 43.5 (9.3) 43.6 (9.2)
Born in Tasmania (n/N) 96.3% (131/136) 95.2% (258/272)
Living in Tasmania at age 10 years 96.3% (131/136) 97.4% (265/272)
HLA DR15 – 1 or two copies vs none (n/N) 58.1 (79/136) 28.5 (66/232)
Type of MS
Relapsing remitting (n) 66.4 (89)
Secondary progressive (n) 26.3 (35)
Primary progressive (n) 7.5 (10)
Mean age at diagnosis 34.6 (9.1)
Mean age at first symptoms 31.0 (9.1)
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The genotype frequencies for each of the three
VDR polymorphisms in MS cases and controls are
presented in Table 2. Analysis of the allele frequen-
cies for Cdx-2, Fok1, and Taq1 in MS cases, and con-
trols did not detect any significant association
between VDR genotype and MS (Table 2).

There was no LD observed between the three
polymorphisms examined Cdx-2, Fok1, and Taq1.

Cdx-2/Fok1 D’ = 0.14, r2 = 0.010
Fok1/Taq1 D’ = 0.23, r2 = 0.025
Cdx-2/Taq1 D’ = 0.10, r2 = 0.005

Analysis of allele frequencies for each polymor-
phism, Cdx-2, Fok1, and Taq1 revealed no signifi-
cant deviation from Hardy–Weinberg equilibrium
(data not shown).

Association between genotype and MS risk
stratified by past sun exposure

VDR genotype and MS risk were examined in the
context of past sun exposure. The following mea-
sures of both summer and winter sun exposure
were utilized in the analysis: sun exposure between
6 and 10 years of age, 11 and 15 years of age, and
16 and 20 years of age. These measures were
dichotomized using the cut-point, 2 h/day. Geno-
types at the Fok1 and Taq1 polymorphisms were
not associated with MS risk after stratification by

any of the sun exposure measures (data not
shown). By contrast, for the Cdx-2 polymorphism,
there was a significant increased risk of MS among
GG homozygotes compared to AA homozygotes for
those cases reporting low winter sun exposure
(≤2 h) in winter during childhood, (odds ratio 2.88
(1.06–7.82), P = 0.04). There was evidence of a dose–
response relationship between Cdx-2 genotype and
higher risk of MS among individuals with low sun
exposure, with intermediate odds ratios for GA het-
erozygotes (Table 3) (test for trend P = 0.04).

In contrast, there was no significant association
between Cdx-2 and MS risk among those who
reported higher winter sun exposure (Table 3). The
difference in effect of Cdx-2 genotype between indi-
viduals with low and high past sun exposure, as
classified in Table 3, was significant (P = 0.012 for
interaction). Figure 1 shows a model for risk of MS
as a function of Cdx-2 genotype and winter sun
exposure between 6 and 10 years of age, treating
both as continuous variables. As winter sun expo-
sure decreases, increasing risk is observed for those
individuals carrying additional ‘G’ alleles. Among
those with less than 1 h of winter sun per day,
each additional G allele increases the odds of MS
by a factor of 1.87 (95% CI 1.07–3.28), but this
odds ratio decreases by a factor of 0.77 (0.62–0.95)
for each category of increased winter sun per day
(P = 0.013 for difference in effect).

The association of Cdx-2 genotype with MS risk
using the cutpoints of ≤1 h versus >1 h, as reported

Table 2 Association between VDR polymorphisms and MS risk

VDR Genotype Controls (N = 235) Cases (N = 136) Matched OR (95% CI)

N (%) n (%)

Taq1 TT 86 (36.6) 52 (38.2) 1a
Tt 108 (45.9) 68 (50.0) 0.99 (0.60–1.62)
tt 41 (17.5) 16 (11.8) 0.61 (0.3–1.23)

Fok1 FF 86 (36.6) 58 (42.6) 1a
Ff 110 (46.8) 61 (44.9) 0.86 (0.55–1.35)
ff 39 (16.6) 17 (12.5) 0.67 (0.34–1.30)

Cdx-2 AA 78 (33.2) 48 (35.3) 1a
AG 109 (46.4) 59 (43.4) 0.92 (0.55–1.52)
GG 48 (20.4) 29 (21.3) 1.08 (0.59–1.95)

aReference.

Table 3 Interaction of Cdx-2 genotype and MS risk stratified by winter sun exposure

Genotype Winter sun 6–10 years Winter sun 11–15 years Winter Sun 16–20 years

≤2 h/day >2 h/day ≤2 h/day >2 h/day ≤2 h/day >2 h/day

Cdx-2 AA 1 1 1 1 1 1
GA 1.59 (0.69–3.66) 0.70 (0.38–1.32) 1.21 (0.52–2.81) 0.82 (0.45–1.51) 0.74 (0.35–1.57) 1.49 (0.56–3.96)
GG 2.88 (1.06–7.82) 0.58 (0.26–1.28) 1.59 (0.63–4.08) 0.78 (0.36–1.70) 1.21 (0.53–2.77) 0.90 (0.39–2.09)
Test of

interactiona
P = 0.012 P = 0.23 P = 0.72

aTests of interaction were performed by coding Cdx-2 genotype as an additive genotype with values 0 (AA), 1 (GA), and 2 (GG).
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in the van der Mei [3] study, were additionally
examined. A similar trend was observed toward
increased MS risk associated with the ‘G’ allele for
those reporting <1 h sun exposure per day in win-
ter, in the 6–10 years (OR = 3.25 (0.61–17.4), 11–
15 years (OR = 1.73, 0.3–9.4), and 16–20 years age
groups (OR = 2.28 (0.55–9.44), when comparing
the homozygous GG versus the homozygous AA
genotypes; however, these values were not statisti-
cally significant. For this very low sun exposure
group of ≤1 h, the additional stratification by geno-
type greatly reduced the numbers available for
inclusion.

Influence of skin type

The significant interaction between Cdx-2 genotype
and continuous winter sun exposure on risk of MS
(as plotted in Figure 1) persisted after adjustment
for possible confounders such as history of glandu-
lar fever, high Epstein Barr Virus Viral Capsid Anti-
gen Immunoglobulin G (EBV VCA IgG), or high
Epstein Barr Virus Nuclear Antigen Immunoglobu-
lin G (EBNA IgG), smoking ever, early life contact
with infant siblings, education level, skin type
assessed by nurse and use of sun screen 6–10 years
(P values for the difference in effect for each addi-
tional G allele by increasing category of sun expo-
sure ranging from P = 0.011 to P = 0.039). However,
there was some evidence that melanin density
influenced interaction, with the interaction odds
ratio decreasing from 0.77 to 0.80 and the P value
for the interaction changing from P = 0.013 to
P = 0.07, after adjustment for continuous melanin

density of the skin. Thus, although the interaction
appeared independent of several other possible MS
determinants it was not definitively independent of
skin pigmentation.

Interaction between HLA genotype,
VDR genotype and MS risk

The HLA-DR15 locus remains the strongest suscep-
tibility locus associated with MS risk [36], and this is
true for this dataset (OR3.91 (2.34–6.56). The HLA-
DR15 proxy SNP, rs3135005, did not violate Hardy–
Weinberg equilibrium and there was no association
of the HLA-DR15 SNP with VDR genotype among
controls. VDR genotype for all three variants was
examined in the context of having the risk HLA-
DR15 SNP. No gene–gene interaction with HLA
genotype, VDR genotype, and MS risk was observed
(data not shown).

Discussion

This current study has provided evidence for an
interaction between the Cdx-2 variant of the VDR
gene, low sun exposure in childhood and MS risk,
in a study where low sun exposure has been previ-
ously associated with increased MS risk [3]. Further-
more the risk attributed to each Cdx-2 genotype
varies with sun exposure category, with the ‘G’ allele
at Cdx-2 associated with increased risk among those
with low winter sun exposure at 6–10 years of age.
There is some evidence from other studies that the
protective effect of vitamin D in MS may extend
beyond early childhood and adolescence [3]. For
this study, a trend toward increased risk associated
with the ‘G’ allele among those reporting <1 hwinter
sun exposure in the 11–15 years and 16–20 years age
groupswas observed, although nonsignificant. Over-
all, these findings represent the first report of a mod-
ification of the association between the VDR gene
and MS, using validated measures of past sun expo-
sure (van der Mei) [30], and are consistent with a
growing body of work where VDR genotype–disease
associations vary by sun exposure [19,24].

While past sun exposure measures can be influ-
enced by recall bias, the additional objective mea-
sure of sun exposure assessed by actinic damage
has permitted the validation of the association
between self-reported sun exposure and MS, as out-
lined in the Van der Mei, et al. study [3]. Further
selection bias is unlikely, as both a high proportion
of eligible cases and controls participated. Data on
potential confounders were also available, for exam-
ple place of past residence, permitting the demon-
stration that the vast majority of the sample had
lived in Tasmania for most of their lives, thus

Figure 1 Evidence of an interaction between Cdx-2 geno-
type and winter sun exposure on risk of MS. A plot of esti-
mated probabilities of MS as a function of Cdx-2 genotype
and average winter sun exposure between 6 and 10 years
of age, with sun exposure treated as a continuous variable
(lines) or a categorical variable (symbols). Cdx-2 genotype is
treated as a continuous variable.
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reducing the likelihood of misclassification due to
past residence, and thus regional UVR. Given the
multiple analyses undertaken, the results presented
here may be considered chance findings. However,
it worthwhile to note that stratified analyses are
consistent with the data presented, and are also
consistent with those of van der Mei, et al. [3]
where the strongest association with MS risk was
observed with past sun exposure in winter in the
6–10 years age group. In the only other published
study examining VDR variants and MS in the con-
text of past sun exposure, Mamutse, et al. [37] most
recently reported that the ff genotype of the Fok1
polymorphism was protective, and this effect was
not dependent on cumulative sun exposure in
adulthood (calculated as median years exposure/
year of life from 20 years of age till diagnosis).
Early childhood or adolescent sun exposure, previ-
ously reported to be associated with MS risk [3,4],
were not examined. The second finding reported
by Mamutse, et al. [37] was that there were signifi-
cantly fewer cases with the ff genotype in the
highest disability group (EDSS: Kurtzke Expanded
Disability Status Score), suggesting that reduced
VDR receptor activity may actually be protective in
terms of reduced disability in MS cases with estab-
lished disease.

Evidence now exists highlighting the association
of both low circulating 25-hydroxyvitamin D3
levels and low levels of UVR exposure with MS risk
and increased disability [3,7,38]. The data presented
here is consistent with the hypothesis that VDR
variants associated with a reduction in the anti-
inflammatory, immune-modulating activity of
1,25-hyroxyvitamin D3 may influence MS risk
under conditions where circulating 25-hydroxy-
vitamin D3 levels may be low. Functional studies
indicate that even subtle changes in VDR function
determine the quality of immune responses [39].
Arai, et al. [26] have reported that the presence of
the ‘G’ allele at the Cdx-2-binding site significantly
reduces binding capability with this transcription
factor, ultimately leading to reduced transcriptional
activity of the VDR gene. The transcription factor,
Cdx-2, is known to be primarily expressed in the gut
and development of immune tolerance via the
mesenteric lymphnodes within the gut is of current
interest in autoimmune disease, including MS [40].
However, whether the association observed is
directly attributable to the Cdx-2 polymorphism,
or another within this LD block, can not be defini-
tively concluded from the data presented. Several
additional SNPs have been identified within the
VDR 5’UTR promoter, which may also function to
modify the function of this receptor [22,27].

Previously published case control studies have
examined the 3’UTR gene variant cluster (Bsm1,
Apa1, Taq1), with equivocal findings reported, as

discussed previously [13–16]. The data presented
here is in agreement with two of the larger studies,
which have reported no significant association of
the 3’UTR variant cluster and MS risk [15,16].
These studies were conducted in populations from
the United Kingdom and Canada, at latitudes
50°–60° N, with similarly low winter ambient UV
exposures are likely to be experienced to those
reported in this study.

The preliminary results presented here provide
the first evidence that a functional variant of the
VDR gene interacts with sun exposure in childhood
to influence MS risk, and provides additional sup-
port that the observed association may be causal
in nature. Larger studies are required to confirm
these findings. Furthermore, in consideration of
the findings presented here, and also by others
[21,24], studies investigating the association of
VDR genotype and disease risk should consider
UVR exposure particularly when studying diseases
where the available evidence indicates that sun
exposure is an important modifier of disease risk.
While this study is of modest sample size, the data
provide some insights into the interaction of
genetic determinants of the physiological response
to sun exposure and MS risk. Furthermore investiga-
tions designed to examine this gene–environment
interaction in MS and/or prospective vitamin D
supplementation is warranted.

Acknowledgments

We thank the participants, Trish Groom and Jane
Pittaway for conducting the environmental inter-
views, Ceri Flowers for the genetic fieldwork, Nata-
sha Newton for administrative support and data
entry, Sue Sawbridge and Tim Albion for the devel-
opment and management of the database, the Tas-
manian Multiple Sclerosis Society for assisting with
the recruitment of volunteers, and Trevor Kilpa-
trick, H Butzkueven, A Hughes, B Drulovis, and
S Sjieka who were involved with the clinical diag-
nosis. This project was supported with funding
from the National Health and Research Council
(NHMRC) of Australia, the Australian Rotary Health
Research Fund, and MS Australia. vdM is supported
by a NHMRC Training Fellowship.

References

1. van der Mei, IA, Ponsonby, AL, Blizzard, L, Dwyer, T.
Regional variation in multiple sclerosis prevalence in
Australia and its association with ambient ultraviolet
radiation. Neuroepidemiology 2001; 20: 168–174.

2. Acheson, ED, Bachrach, CA. The distribution of multiple
sclerosis in U. S. veterans by birthplace. Am J Hyg 1960;
72: 88–99.

MS, past sun exposure and the VDR gene 569

http://msj.sagepub.com Multiple Sclerosis 2009; 15: 563–570

 at Harvard Libraries on April 25, 2015msj.sagepub.comDownloaded from 

http://msj.sagepub.com/


3. van der Mei, IA, Ponsonby, AL, Dwyer, T, et al. Past expo-
sure to sun, skin phenotype, and risk of multiple sclero-
sis: case-control study. BMJ 2003; 327: 311–316.

4. Islam, T, Gauderman, WJ, Cozen, W, Mack, TM. Child-
hood sun exposure influences risk of multiple sclerosis
in monozygotic twins. Neurology 2007; 69: 381–388.

5. Kampman, MT, Wilsgaard, T, Mellgren, SI. Outdoor
activities and diet in childhood and adolescence relate
to MS risk above the Arctic Circle. J Neurol 2007; 254:
471–477.

6. Hayes, CE, Cantorna, MT, DeLuca, HF. Vitamin D and
multiple sclerosis. Proc Soc Exp Biol Med 1997; 216:
21–27.

7. Munger, KL, Levin, LI, Hollis, BW,Howard, NS, Ascherio, A.
Serum 25-hydroxyvitamin D levels and risk of multiple
sclerosis. JAMA 2006; 296: 2832–2838.

8. Ascherio, A, Munger, KL. Environmental risk factors for
multiple sclerosis. Part II: Noninfectious factors. Ann
Neurol 2007; 61: 504–513.

9. Niino, M, Fukazawa, T, Kikuchi, S, Sasaki, H. Therapeutic
potential of vitamin D for multiple sclerosis. Curr Med
Chem 2008; 15: 499–505.

10. Gorman, S, Kuritzky, LA, Judge, MA, et al. Topically
applied 1,25-dihydroxyvitamin D3 enhances the sup-
pressive activity of CD4+CD25+ cells in the draining
lymph nodes. J Immunol 2007; 179: 6273–6283.

11. Whitfield, GK, Remus, LS, Jurutka, PW, et al. Functionally
relevant polymorphisms in the human nuclear vitamin D
receptor gene. Mol Cell Endocrinol 2001; 177: 145–159.

12. Fukazawa, T, Yabe, I, Kikuchi, S, et al. Association of vita-
min D receptor gene polymorphism with multiple sclero-
sis in Japanese. J Neurol Sci 1999; 166: 47–52.

13. Niino, M, Fukazawa, T, Yabe, I, Kikuchi, S, Sasaki, H,
Tashiro, K. Vitamin D receptor gene polymorphism in
multiple sclerosis and the association with HLA class II
alleles. J Neurol Sci 2000; 177: 65–71.

14. Tajouri, L, Ovcaric, M, Curtain, R, et al. Variation in the
vitamin D receptor gene is associated with multiple scle-
rosis in an Australian population. J Neurogenet 2005; 19:
25–38.

15. Partridge, JM, Weatherby, SJ, Woolmore, JA, et al. Suscep-
tibility and outcome in MS: associations with poly-
morphisms in pigmentation-related genes. Neurology
2004; 62: 2323–2325.

16. Steckley, JL, Dyment, DA, Sadovnick, AD, Risch, N, Hayes,
C, Ebers, GC. Genetic analysis of vitamin D related genes
in Canadian multiple sclerosis patients. Canadian Collab-
orative Study Group. Neurology 2000; 54: 729–732.

17. Yeo, TW, Maranian, M, Singlehurst, S, Gray, J,
Compston, A, Sawcer, S. Four single nucleotide poly-
morphisms from the vitamin D receptor gene in UK
multiple sclerosis. J Neurol 2004; 251: 753–754.

18. Zmuda, JM, Cauley, JA, Ferrell, RE. Molecular epidemiol-
ogy of vitamin D receptor gene variants. Epidemiol Rev
2000; 22: 203–217.

19. Rukin, NJ, Luscombe, CJ, Strange, RC. Re: A systematic
review of vitamin D receptor gene polymorphisms and
prostate cancer risk. S. I. Berndt, J. L. Dodson, W. Y.
Huang and K. K. Nicodemus, J Urol 2006; 175: 1613–
1623. J Urol. 2007; 177(1): 404 [Comment].

20. Bodiwala, D, Luscombe, CJ, French, ME, et al. Poly-
morphisms in the vitamin D receptor gene, ultraviolet
radiation, and susceptibility to prostate cancer. Environ
Mol Mutagen 2004; 43: 121–127.

21. John, EM, Schwartz, GG, Koo, J, Van Den Berg, D,
Ingles, SA. Sun exposure, vitamin D receptor gene poly-
morphisms, and risk of advanced prostate cancer. Cancer
Res 2005; 65: 5470–5479.

22. Moon, S, Holley, S, Bodiwala, D, et al. Associations
between G/A1229, A/G3944, T/C30875, C/T48200 and

C/T65013 genotypes and haplotypes in the vitamin D
receptor gene, ultraviolet radiation and susceptibility to
prostate cancer. Ann Hum Genet 2006; 70(pt 2): 226–236.

23. Rukin, NJ, Strange, RC. What are the frequency, distribu-
tion, and functional effects of vitamin D receptor poly-
morphisms as related to cancer risk? Nutr Rev 2007;
65(8 pt 2): S96–S101.

24. Rukin, NJ, Luscombe, C, Moon, S, et al. Prostate cancer
susceptibility is mediated by interactions between expo-
sure to ultraviolet radiation and polymorphisms in the
5’ haplotype block of the vitamin D receptor gene. Can-
cer Lett 2007; 247: 328–335.

25. Berndt, SI, Dodson, JL, Huang, WY, Nicodemus, KK. Re: A
systematic review of vitamin D receptor gene polymorph-
isms and prostate cancer risk. J Urol 2007; 177: 404–407.

26. Arai, H, Miyamoto, KI, Yoshida, M, et al. The polymor-
phism in the caudal-related homeodomain protein Cdx-
2 binding element in the human vitamin D receptor
gene. J Bone Miner Res 2001; 16: 1256–1264.

27. d’Alesio, A, Garabedian, M, Sabatier, JP, et al. Two single-
nucleotide polymorphisms in the human vitamin D
receptor promoter change protein-DNA complex forma-
tion and are associated with height and vitamin D status
in adolescent girls. Hum Mol Genet 2005; 14: 3539–3548.

28. Paty, DW, Oger, JJ, Kastrukoff, LF, et al. MRI in the diag-
nosis of MS: a prospective study with comparison of clin-
ical evaluation, evoked potentials, oligoclonal banding,
and CT. Neurology 1988; 38: 180–185.

29. Poser, CM, Paty, DW, Scheinberg, L, et al. New diagnostic
criteria for multiple sclerosis: guidelines for research pro-
tocols. Ann Neurol 1983; 13: 227–231.

30. van der Mei, IA, Blizzard, L, Ponsonby, AL, Dwyer, T.
Validity and reliability of adult recall of past sun expo-
sure in a case-control study of multiple sclerosis. Cancer
Epidemiol Biomarkers Prev 2006; 15: 1538–1544.

31. Dwyer, T, Muller, HK, Blizzard, L, Ashbolt, R, Phillips, G.
The use of spectrophotometry to estimate melanin den-
sity in Caucasians. Cancer Epidemiol Biomarkers Prev 1998;
7: 203–206.

32. van der Mei, IA, Ponsonby, AL, Dwyer, T, et al. Vitamin
D levels in people with multiple sclerosis and commu-
nity controls in Tasmania, Australia. J Neurol 2007; 254:
581–590.

33. Consortium, I. A haplotype map of the human genome.
Nature 2005; 437: 1299–1320.

34. de Bakker, PI, Burtt, NP, Graham, RR, et al. Transferabil-
ity of tag SNPs in genetic association studies in multiple
populations. Nat Genet 2006; 38: 1298–1303.

35. Rubio, JP, Bahlo, M, Butzkueven, H, et al. Genetic dissec-
tion of the human leukocyte antigen region by use of
haplotypes of Tasmanians with multiple sclerosis. Am J
Hum Genet 2002; 70: 1125–1137.

36. Oksenberg, JR, Baranzini, SE, Sawcer, S, Hauser, SL. The
genetics of multiple sclerosis: SNPs to pathways to path-
ogenesis. Nat Rev Genet 2008; 9: 516–526.

37. Mamutse, G, Woolmore, J, Pye, E, et al. Vitamin D recep-
tor gene polymorphism is associated with reduced
disability in multiple sclerosis. Mult Scler 2008; 14:
1280–1283.

38. Islam, T, Gauderman, WJ, Cozen, W, Hamilton, AS,
Burnett, ME, Mack, TM. Differential twin concordance
for multiple sclerosis by latitude of birthplace. Ann Neurol
2006; 60: 56–64.

39. Hayes, CE, Nashold, FE, Spach, KM, Pedersen, LB. The
immunological functions of the vitamin D endocrine
system. Cell Mol Biol (Noisy-le-grand) 2003; 49: 277–300.

40. Song, F, Wardrop, RM, Gienapp, IE, et al. The Peyer’s
patch is a critical immunoregulatory site for mucosal tol-
erance in experimental autoimmune encephalomylelitis
(EAE). J Autoimmun 2008; 30: 230–237.

570 JL Dickinson et al.

Multiple Sclerosis 2009; 15: 563–570 http://msj.sagepub.com

 at Harvard Libraries on April 25, 2015msj.sagepub.comDownloaded from 

http://msj.sagepub.com/

