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Abstract: Exposure to sunlight is the major source of vitamin D and the main environmental cause of
non-melanocytic skin cancers. Vitamin D, partly mediated through the vitamin D receptor (VDR),
has potential therapeutic applications in skin cancer. The aim of this study was to investigate the
association of BsmI and ApaI VDR polymorphisms among patients with non-melanoma cancers and
controls. An observational case-control study was conducted in a sample of 154 subjects. We observed
no significant effects between these polymorphisms and skin cancer risk. When stratified for gender,
GG and AG BsmI polymorphisms significantly increased the risk of basal cell carcinomas in males.
In relation to ApaI, all three polymorphisms significantly increased the risk of basal cell carcinoma
in males. When stratified for age, we found that being 70 years of age or younger was a protective
factor against both skin cancers. Being a female and 70 years old or younger was a protective
factor for basal cell carcinoma. A comparison of the frequencies of the VDR genotypes in patients
older than 70 years vs. 70 years or younger also revealed age-dependent variations in patients with
non-melanoma skin cancer. Our study suggests a role for VDR polymorphisms in non-melanoma
skin cancer development.
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1. Introduction

In addition, to bone mineralization and maintenance of calcium balance, 1α25(OH)2D3 exerts
physiological functions, including the regulation of growth and differentiation in a broad variety of
normal and malignant cells [1,2].

The major source of vitamin D for most humans is exposure to sunlight [3]. It is known that
vitamin D requires two obligate hydroxylations, first in the liver and then in the kidney, to create the
active form of vitamin D, 1α25(OH)2D3. Most tissues and cells in the body, including skin, have nuclear
receptors for 1α25(OH)2D3, called vitamin D receptors (VDRs). The VDR is an intracellular hormone
receptor that specifically binds the active form of vitamin D and interacts with target-cell nuclei to
produce a variety of biological effects. Upon ligand activation, VDR binds specific nucleotide sequences
in target genes to activate or repress their expression.

An increasing incidence of skin cancer has been described in all light-skinned populations and to
some extent in Asian and South American populations [4]. These increases concern all types of skin
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cancer, including basal cell carcinoma (BCC), squamous cell carcinoma (SCC) and cutaneous malignant
melanoma. It is widely accepted that sun exposure is the main environmental cause of cutaneous
melanoma and of non-melanocytic skin cancer, BCC and SCC. Likewise, in many populations, the level
of vitamin D in individuals is also related to their sun exposure [5].

Ultraviolet B radiation appears to be largely responsible for the induction of non-melanocytic
skin cancer, and its action spectrum is similar to that needed for the synthesis of vitamin D. However,
exposure to UVB increases endogenous vitamin D synthesis; notably, the most intriguing, important and
unappreciated biologic functions of 1α25(OH)2D3 is its ability to downregulate hyperproliferative
cell growth.

This paradoxical effect can be explained by evidence suggesting that skin synthesis of vitamin D
is self-limited and, in light-skinned people, vitamin D synthesis activity fades away after five to ten
minutes. Longer durations of sun exposure will not further increase vitamin D but will increase skin
cancer risk [5,6].

Anti-neoplastic actions of 1α25(OH)2D3 are partly mediated through the VDR. The physiological
and pharmacological actions of 1α25(OH)2D3 in various cells have indicated potential therapeutic
applications of VDR ligands in cancers.

The VDR gene is located on chromosome 12q12-q14. Several single nucleotide polymorphisms
(SNPs) have been identified. We studied two of these polymorphisms located at the 3′-end of the gene,
defined by the restriction enzymes BsmI (rs1544410) and ApaI (rs7975232). The BsmI polymorphism is
located in intron 8 at the 3′ end of the VDR gene. In this polymorphism, the nucleotide adenine is
substituted with guanine (G > A). As a silent SNP, it does not change the amino acid sequence of the
encoded protein, yet it may affect gene expression by regulating mRNA stability [7]. Like BsmI, the ApaI
polymorphism is located at the 3′ end of the VDR gene in intron 8 and causes guanine nucleotides to
be substituted with thymine (T > G) [8].

Frequencies of the VDR genetic variants differ according to ethnic groups [9]. These polymorphisms
modulate the activity of the VDR. It has been hypothesized that a less-active VDR could be associated
with either an increased susceptibility to cancer risk or a more aggressive disease [5].

Many studies have investigated the association of one or several VDR polymorphisms with cancer
risk, mostly for prostate, breast and colon cancer, with conflicting results in different populations [10].
Fewer studies have investigated the association of these VDR polymorphisms with non-melanoma
skin cancer risk [11].

This study has assessed the possible implications of the BsmI and ApaI VDR polymorphisms for
SCC and BCC prevalence in the Spanish Caucasian population.

2. Experimental Section

2.1. Study Design, Setting and Participants

An observational case-control study was conducted at the Plastic Surgery and Dermatology Service
of the Complejo Hospitalario Universitario de Cáceres (the only reference Center in Extremadura
for Plastic Surgery—Spain). We aimed to have sufficient statistical power to detect medium effect
sizes (anticipated Cohen’s d = 0.61/OR = 3) with anticipated proportion of exposed in the case group
(p2) = 0.60, β = 0.90 and α = 0.05, which required a minimum sample size of 144 participants [12].
A total of 172 subjects were initially evaluated. The patient group consisted of 99, randomly selected,
Caucasian subjects with suspected non-melanoma skin cancer diagnosed in the Dermatology or Plastic
Surgery Department in Cáceres (Spain), between 2016 and 2017. Randomization was performed using
SPSS software to generate random numbers (IBM Corporation, Armonk, NY, USA). Additionally,
73 healthy Caucasian individuals were enrolled to serve as controls after examination by an experienced
plastic surgeon confirmed that they did not have any type of skin cancer. Furthermore, given that
gender and age are variables related to the occurrence of the disease and that these variables were
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intended to be studied, the criterion of random selection of subjects was adopted (with the same
inclusion and exclusion criteria in both groups), avoiding selective pressure on it (selection bias).

The cases were recruited at the first clinical attendance, where surgery was proposed.
Approximately 2 weeks after this first visit, at the operating room, peripheral venous blood samples
were drawn and the suspected skin cancers were surgically excised. The controls were recruited at the
first clinical attendance when visiting the facilities for other medical consultations, such as traumatic
wounds, and blood samples were collected at that time. Both cases and controls come from rural areas
and they have similar sun exposure habits. Specifically, they all come from Extremadura, a mostly
rural region in Spain in which we have a high solar radiation (Latitude 39◦). Even though these skin
malignancies occur mostly in photo-exposed areas, controls were thoroughly examined—exposed and
non-exposed areas—and it was confirmed that they did not have any type of skin cancer.

Only patients with BCC or SCC were included. We found 61 patients with BCC and 20 with SCC.
If non-malignant lesions or other types of skin cancer were encountered, we excluded these patients
from our study (9 patients). We also excluded 9 patients who had or previously had both skin cancers
(BCC and SCC). None of the included patients was an organ transplant recipient, none was being
treated with immunosuppressive drugs, was under 18 years of age or took vitamin complexes. For our
sample size (n control = 73 and n cases = 81), we calculated the statistical power to detect medium
effect sizes (anticipated Cohen’s d = 0.61/OR = 3) with p2 = 0.60 and α = 0.05, obtaining an output of
0.91. Figure 1 illustrates the participant selection process.

We chose to divide the age variable according to the closest cut-off value in relation to the Mean
(68.22) and Median (68.50) of that variable in our study sample, which is 70 years old (≤70 age/>70 age).

Each subject, case or control, gave written informed consent before entering the study, which met
the requirements of the World Medical Association Declaration of Helsinki. The study had previously
been approved by the local Ethics Committee and the Internal Review Board (IRB) of the University of
Extremadura (protocol ID number: 74/2015). This study was reported following the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) guidelines for reporting observational
studies [13].

Figure 1. Participant selection process.
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2.2. Selection of Polymorphisms and Genotyping

The occurrences in blood samples of the two VDR polymorphisms were assessed in patients with
non-melanoma skin cancer and controls by an independent laboratory (STAB—Servicio de Técnicas
Aplicadas a la Biociencia) in the nearby city of Badajoz (Spain). The laboratory personnel did not know
the objective of our study and were blinded to the sample status (case or control). Quality control
samples were inserted to validate genotyping procedures, and concordance for the blinded samples
was 100%.

Genotyping was performed with the TaqManTM Genotyping Master Mix (Thermo Fisher Scientific
Inc, Applied BiosystemsTM, Waltham, MA, USA) and the TaqManTM SNP Genotyping Assays rs1544410
and rs7975232 (Applied Biosystems) using the QuantStudio 6 Flex platform (Applied Biosystems) and
the software QuantStudio Real-Time PCR.

The BsmI alleles (rs1544410) were identified using the sequence AGCAGAGCCTGAGTATTGG
GAATG[C/T]GCAGGCCTGTCTGTGGCCCCAGGAA, and the ApaI alleles (rs7975232) were identified
using AAGGCACAGGAGCTCTCAGCTGGGC[A/C]CCTCACTGCTCAATCCCACCACCCC.

All other information about primers, probes and conditions for genotyping assays is available
upon request.

2.3. Skin Samples

Surgical excision was always performed by the same surgeon according to protocols [14,15],
and the samples were sent to the Pathology Laboratory for Histologic Study in a tertiary-level hospital.
Laboratory personnel studied the samples as part of their routine work, and the personnel did not
know that the patients were being studied for any reason other than clinical management.

2.4. Statistical Methods

We used a χ2 test to assess whether the genotypes for each of the polymorphisms were in
Hardy–Weinberg Equilibrium (HWE).

The associations in allele frequencies between the affected and control populations were assessed by
logistic regression analysis. The likelihood ratio test (LRT) was calculated to evaluate the heterogeneity
in the effects of the genotypes on the different types of skin cancer.

Univariate and multivariate logistic regression analyses were performed to evaluate the
association between independent variables (factors) and the occurrence of non-melanoma skin cancer
(dependent variable). Multivariate and multinomial logistic regression was employed to calculate
the odds ratios (OR) and 95% confidence intervals (IC) to assess the risk of skin cancer for genotypes,
age and gender among the subjects.

The frequencies of the polymorphisms between the different groups were compared with the
χ2 test or Fisher’s exact test. The significance cut-off value was p ≤ 0.05. The continuous variables are
expressed as the mean ± standard deviation, and the categorical variables are expressed as percentages.

All statistical analyses were performed using SPSS for Windows, version 24.0 (IBM Corporation,
Armonk, NY, USA).

3. Results

3.1. Descriptive Characteristics of Cases and Controls

A total of 154 subjects were included in our study. The patient group consisted of 81 subjects with
non-melanoma skin cancer, and 73 healthy individuals were enrolled to serve as controls. A total of
72 (46.75%) were males, and 82 (53.24%) were females.

Our subjects were between 38 and 94 years old with a mean age of 68.22 ± 14.53 years (males:
70.69 ± 13.51; females: 66.05 ± 15.13). The mean age of the control subjects was 60.58 ± 12.90 years and
that of the BCC and SCC cases were 74.03 ± 12.19 and 78.40 ± 12.66 years, respectively.
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The distribution of the percentages of the genotypes (BsmI and ApaI polymorphism) of the
analysed sample met HWE, both in the total sample (HWE BsmI p = 0.85 and HWE ApaI p = 0.51),
in cases (HWE BsmI p = 0.48 and HWE ApaI p = 0.58) and in controls (HWE BsmI p = 0.29 and HWE
ApaI p = 0.11). It is observed that the most frequent genotype for BsmI (both in the total sample and in
cases and controls) was the AG (48.70%, 43.21% and 54.79%, respectively), however, the least frequent
was the AA genotype (15.58%, 16.05% and 15.07%, respectively). The most frequent genotype for
ApaI (both in the total sample and in cases and controls) was the GT (52.60%, 46.91% and 58.90%,
respectively), while the least frequent was the GG genotype (22.08%, 25.93% and 17.81%, respectively).

3.2. VDR SNPs, Age and Gender and Non-Melanoma Skin Cancer Risk

Regarding the polymorphisms in the VDR gene, no significant main effects were observed
between the BsmI or ApaI polymorphism genotypes and the skin cancer risk in the multinomial logistic
regression model (Table 1).

Table 1. Vitamin D receptor (VDR) genotype, gender, age and skin cancer risk.

Factors Controls (%)
BCC SCC

Cases (%) OR 1 p-Value Cases (%) OR 1 p-Value

BsmI

GG 22 (30.10) 23 (37.70) - 0.57 2 10 (50) - 0.22 3; 0.61 4

AA 11 (15.10) 10 (16.40) - 3 (15) -
AG 40 (54.80) 28 (45.90) - 7 (35) -

BsmI homozygotes
vs. heterozygotes

GG/AA 33 (45.20) 33 (54.10) - 0.30 2 13 (65) - 0.12 3; 0.39 4

AG 40 (54.80) 28 (45.90) - 7 (35) -

ApaI -

TT 17 (23.30) 16 (26.20) - 0.26 2 6 (30) - 0.76 3; 0.78 4

GG 13 (17.80) 17 (27.90) - 4 (20) -
GT 43 (58.90) 28 (45.90) - 10 (50) -

ApaI homozygotes
vs. heterozygotes

TT/GG 30 (41.10) 33 (54.10) - 0.13 2 10 (50) - 0.48 3; 0.75 4

GT 43 (58.90) 28 (45.90) - 10 (50) -

Gender -

Male 22 (30.10) 41 (67.20) 4.38
(1.93–9.90) 0.00 1; 0.00 2 9 (45) - 0.21 3; 0.08 4

Female 51 (69.90) 20 (32.80) - 11 (55) -

Age (68.22 ± 14.53)

≤70 age 57 (78.10) 18 (29.50) 0.12
(0.05–0.28) 0.00 1; 0.00 2 4 (20) 0.07

(0.02–0.24)
0.00 1; 0.00 3;

0.41 4

>70 age 16 (21.90) 43 (70.50) - 16 (80) -

Data expressed as frequencies (percentages) and OR (IC 95%). Abbreviations: OR: Odds Ratio; BCC: Basal Cell
Carcinoma; SCC: Squamous Cell Carcinoma; GG, AA, AG, TT, GT: BsmI and ApaI polymorphisms; 1 OR and p-value
have been obtained through multinomial logistic regression. Only the OR, 95% CI and p-value data that have been
significant in the model are detailed. The reference category is “Control Group”; 2 The p-value (χ2 test) compares
the cases and the controls for BCC; 3 The p-value (χ2 test) compares the cases and the controls for SCC; 4 The p-value
(χ2 test) compares the BCC cases and the SCC cases.

However, if the BsmI and ApaI polymorphisms were stratified for gender and skin cancer risk,
we found that the GG and AG BsmI polymorphisms significantly increased the risk of BCC in males
(OR: 7.01; IC 95%: 2.35–20.92 and OR: 4.59; IC 95%: 1.60–13.18, respectively). The multivariate
logistic regression model carried out was significant, taking [BsmI polymorphism] * [Gender] as factors
(p = 0.00), and [ApaI polymorphism] * [Gender] (p = 0.00). In relation to ApaI, we observed that the
three polymorphisms (TT, GG and GT) significantly increased the risk of BCC in males (OR: 3.40;
IC 95%: 1.06–10.87, OR: 11.90; IC 95%: 3.19–44.37 and OR: 6.80; IC 95%: 2.34–19.75, respectively).
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Although all three polymorphisms increased the risk of BCC in males, they did so in different amounts
depending on which polymorphism was involved. The GG ApaI polymorphism could increase the risk
for BCC nearly 12 times. No significant main effects were observed for SCC in the analyses of the ApaI
or BsmI polymorphisms (Table 2).

We also used the multinomial logistic regression test to assess whether age and gender were
related to skin cancer risk. The male gender was significantly associated with an increased risk of BCC
(OR: 4.38; IC 95%: 1.93–9.90) but not with SCC risk, compared to controls. It was also observed that
being 70 years of age or younger was a protective factor against both BCC and SCC risk (OR: 0.12;
IC 95%: 0.05–0.28 for BCC and OR: 0.07; IC 95%: 0.02–0.24 for SCC). There was no significant association
between BCC or SCC risk related to VDR SNPs, age or gender (Table 1).

If we further stratified the cases and controls regarding the type of skin cancer, age and
gender, we find that being a female and 70 years old or younger was a protective factor for BCC
(OR: 0.12; IC 95%: 0.04–0.37). The multivariate logistic regression model carried out was significant,
taking [Age] * [Gender] as factors (p = 0.00). (Table 3).

Table 2. BsmI and ApaI polymorphisms for stratum gender and skin cancer risk.

Genotype Controls (%)
BCC SCC

Cases (%) OR 1 p-Value Cases (%) OR 1 p-Value

BsmI * Gender

GG

Male 7 (31.80) 19 (82.60) 7.01 (2.35–20.92) 0.00 1 5 (50) - -
Female 15 (68.20) 4 (17.40) - 5 (50) -

AA

Male 6 (54.40) 6 (60) - - 3 (100) - -
Female 5 (45.50) 4 (40) - 0 (0) -

AG

Male 9 (22.50) 16 (57.10) 4.59 (1.60–13.18) 0.01 1 1 (14.3) - -
Female 31 (77.50) 12 (42.90) - 6 (85.7) -

ApaI * Gender

TT

Male 9 (52.90) 9 (56.30) 3.40 (1.06–10.87) 0.04 1 5 (83.3) - -
Female 8 (47.10) 7 (43.80) - 1 (16.7) -

GG

Male 4 (30.80) 14 (82.40) 11.90 (3.19–44.37) 0.00 1 2 (50) - -
Female 9 (69.20) 3 (17.60) - 2 (50) -

GT

Male 9 (20.90) 18 (64.30) 6.80 (2.34–19.75) 0.00 1 2 (20) - -
Female 34 (79.10) 10 (35.70) - 8 (80) -

Data expressed as frequencies (percentages) and OR (IC 95%). Abbreviations: OR: Odds Ratio; BCC: Basal Cell
Carcinoma; SCC: Squamous Cell Carcinoma; GG, AA, AG, TT, GT: BsmI and ApaI polymorphisms. 1 OR and p-value
have been obtained through multinomial logistic regression. Only the OR, 95% CI and p-value data that have been
significant in the model are detailed. The reference category is “Control Group”. [BsmI polymorphism] * [Gender]
and [ApaI polymorphism] * [Gender] are the factors input into the multivariate logistic regression model.
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Table 3. Age and gender stratification and skin cancer risk.

Age Gender Controls (%)
BCC SCC

Cases (%) OR 1 p-Value Cases (%) OR 1 p-Value

≤70 age Male 15 (26) 11 (61) - 0.00 1; 0.01 2 4 (100) - 0.00 3; 0.13 4

Female 42 (73.70) 7 (38.90) 0.12 (0.04–0.37) 0 (0) -

>70 age Male 7 (43.80) 30 (69.80) - 0.07 2 5 (31.30) - 0.46 3; 0.01 4

Female 9 (56.30) 13 (30.20) - 11 (68.80) -

Data expressed as frequencies (percentages) and OR (IC 95%). Abbreviations: OR: Odds Ratio; BCC: Basal Cell
Carcinoma; SCC: Squamous Cell Carcinoma. 1 OR and p-value have been obtained through multinomial logistic
regression. Only the OR, 95% CI and p-value data that have been significant in the model are detailed. The reference
category is “Control Group”. 2 The p-value (χ2 test) compares the cases and the controls for BCC. 3 The p-value
(χ2 test) compares the cases and the controls for SCC. 4 The p-value (χ2 test) compares the BCC cases and the
SCC cases.

The comparison of the frequencies of the VDR genotypes in patients older than 70 years vs. those
that were 70 years or younger revealed evidence of age-dependent variations in the patients with BCC or
SCC. When stratifying age and type of skin cancer, we found that, except for the GT ApaI polymorphism,
all the other polymorphisms were protective against BCC in the patients who were 70 years old or
younger. Similarly, the AG BsmI and GT ApaI polymorphisms were protective against SCC risk in the
patients who were 70 years old or younger. The multivariate logistic regression model carried out was
significant, taking [BsmI polymorphism] * [Age] as factors (p = 0.00), and [ApaI polymorphism] * [Age]
(p = 0.00) (Table 4).

Table 4. BsmI and ApaI polymorphisms for stratum age and skin cancer risk.

Genotype Controls (%)
BCC SCC

Cases (%) OR 1 p-Value Cases (%) OR 1 p-Value

BsmI * Age

GG

≤70 age 17 (77.30) 7 (30.40) 0.22 (0.07–0.70) 0.01 1 2 (20) - -
>70 age 5 (22.70) 16 (69.60) - 8 (80) -

AA

≤70 age 10 (90.90) 2 (20) 0.11 (0.02–0.58) 0.01 1 1 (33.30) - -
>70 age 1 (9.10) 8 (80) - 2 (66.70) -

AG

≤70 age 30 (75) 9 (32.10) 0.16 (0.05–0.46) 0.00 1 1 (14.30) 0.06 (0.01–0.52) 0.01 1

>70 age 10 (25) 19 (67.90) - 6 (85.70) -

ApaI * Age

TT

≤70 age 13 (76.50) 3 (18.80) 0.14 (0.03–0.60) 0.00 1 3 (50) - -
>70 age 4 (23.50) 13 (81.30) - 3 (50) -

GG

≤70 age 11 (84.60) 4 (23.50) 0.21 (0.05–0.86) 0.03 1 0 (0) - -
>70 age 2 (15.40) 13 (76.50) - 4 (100) -

GT

≤70 age 33 (76.70) 11 (39.30) - - 1 (10) 0.03 (0.00–0.30) 0.00 1

>70 age 10 (23.30) 17 (60.70) - 9 (90) -

Data expressed as frequencies (percentages) and OR (IC 95%). Abbreviations: OR: Odds Ratio; BCC: Basal Cell
Carcinoma; SCC: Squamous Cell Carcinoma; GG, AA, AG, TT, GT: BsmI and ApaI polymorphisms. 1 OR and p-value
have been obtained through multinomial logistic regression. Only the OR, 95% CI and p-value data that have been
significant in the model are detailed. The reference category is “Control Group”. [BsmI polymorphism] * [Age] and
[ApaI polymorphism] * [Age] are the factors input into the multivariate logistic regression model.
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3.3. The Combined BsmI/ApaI Genotypes in the Patients with BCC or SCC and the Controls

There was a trend towards a higher prevalence of the AGGT, GGGG and AATT combined
polymorphisms in our population (Table 5).

We studied the combined BsmI and ApaI genotypes to assess whether there was an association
between among these genotypes and the patient cancer risk (BCC, SCC, control), but we did not find
any interactions between these nine combined polymorphisms and cancer risk.

Table 5. The combined BsmI/ApaI genotypes in BCCs, SCCs and controls.

Genotype Controls (%) BCC (%) SCC (%) Total (%)

AAGG 1 (1.40) 0 (0) 0 (0) 1 (6)
AAGT 2 (2.70) 0 (0) 0 (0) 2 (1.30)
AATT 8 (11) 10 (16.40) 3 (15) 21 (13.60)
AGGG 1 (1.40) 0 (0) 0 (0) 1 (0.60)
AGGT 31 (42.50) 22 (36.10) 6 (30) 59 (38.30)
AGTT 8 (11) 6 (9.80) 1 (5) 15 (9.70)
GGGG 11 (15.10) 17 (27.90) 4 (20) 32 (20.80)
GGGT 10 (13.70) 6 (9.80) 4 (20) 20 (13)
GGTT 1 (1.40) 0 (0) 2 (10) 3 (1.90)

Data expressed as frequencies (percentages). Abbreviations: BCC: Basal Cell Carcinoma; SCC: Squamous Cell
Carcinoma. Genotypes are expressed from their allelic combinations.

4. Discussion

As far as we are aware, no previous studies have involved a Spanish population to assess the
possible associations between VDR polymorphisms and non-melanoma skin cancer.

It is already known that non-melanoma skin cancer is related to age [16–18] and gender [19,20],
and this statement is corroborated by our study. However, we also found new and interesting results
in relation to VDR polymorphisms and skin cancer risk: No significant main effects were observed
when the BsmI or ApaI polymorphisms were studied alone, but there were significant and interesting
results when adjusted for stratum age and gender. These results are conflicting when compared to
those of a few similar published studies.

Skin cancers are the most common cancer type in most white-skinned populations and are an
important health concern because they impose a substantial burden on health care systems [21,22].

In relation to skin cancer, it is known that ultraviolet radiation (UVR) has strong carcinogenic
effects on skin tissue, which makes it a strong risk factor for melanoma and non-melanoma skin
cancer [23,24]. Although it is obvious that the relationship between UVR and skin cancer is more
complex than for other types of cancer, there is evidence of a protective effect of vitamin D. 1α25(OH)2D3

has anti-proliferation and pro-differentiation effects in both melanocytes and cutaneous melanoma
cells, mediated through the VDR [25].

As early as the 1980s, it was shown that the active form of vitamin D, 1α25(OH)2D3, could inhibit the
proliferation of melanoma cells [26]. Following these studies, the antiproliferative effects of 1α25(OH)2D3

have been demonstrated in a wide variety of cancer cell lines, including breast or prostate cancer lines [10].
It has been shown that vitamin D inhibits hedgehog signalling and proliferation in murine

BCCs [27]. It has also been shown that topical vitamin D, acting via its hedgehog-inhibiting mechanism,
may hold promise as an effective anti-BCC agent [27].

VDR is a crucial mediator of the cellular effects of vitamin D. A vast amount of information has
been collected over the years regarding the association of VDR polymorphisms with the susceptibility
of individuals to suffer from different diseases, such as cancer [10,28].

Associations of some of the VDR genotypes with skin cancer risk have been studied, both for
melanoma [29–32] and non-melanoma skin cancer [33–38].

In 2007, Han et al. [34] observed that the BsmI BB genotype was significantly associated with an
increased risk of SCC (OR: 1.51; IC 95%: 1.00–2.28) but not with BCC risk. An interaction was also
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observed between the BsmI polymorphism and the SCC risk among women with a high constitutional
susceptibility, namely, lighter hair, fair skin colour, greater tendency to burn and more moles (BB versus
bb OR: 1.85; IC 95%: 1.12–3.06; the p-value for this trend across the three genotype categories, BB, Bb,
and bb, was 0.03). Moreover, they observed an interaction between the BsmI polymorphism and the
total vitamin D intake on the SCC risk, suggesting that women with the BB genotype and high vitamin
D intake have the highest risk of SCC.

If we consider solar keratoses as in situ SCC [39], we need to mention the study that Carless et al. [33]
conducted to assess the association between solar keratoses and polymorphisms of the VDR gene.
They found a significant difference in the genotype frequencies of the TaqI polymorphisms between
affected and unaffected populations. The TT/tt genotype group was associated with a twofold increase
in the odds of being affected by one or more solar keratoses. They did not observe an association
between the ApaI polymorphism and solar keratosis prevalence when the genotypes were analysed
alone. However, they did find a significant association when both polymorphisms were analysed in
relation to other variables, such as skin colour or propensity to burn and/or tan. The fair-skinned people
with the ApaI AA/aa genotypes had an approximately eightfold increase in the odds of being affected by
solar keratoses compared with a fivefold increase in individuals with the Aa genotype and fair skin.

Later, in 2011, Lesiak et al. [36] studied a Polish population in search of a possible association
between BCC and polymorphisms in the VDR gene. They did not find an association between ApaI,
TaqI or BsmI and BCC. They found an association between the presence of the TT genotype in the FokI
VDR polymorphism, resulting in a >10-fold higher risk of BCC development.

Köstner et al. [35] studied a German population to assess the possible association between ApaI, BglI
and TaqI and BCC or SCC. There was a trend towards a higher distribution of homozygous genotypes
for all three polymorphisms in the controls than in the BCC patients, but these differences were not
statistically significant. No significant differences in the frequency of the individual genotypes between
the SCC patients and the controls were found either. When the combined ApaI/TaqI/BglI genotype was
analysed, an association of the genotype AaTtBb with BCC risk was found. They also found that the
aaTTbb genotype was more frequent in the BCC and SCC groups compared to that of the controls.

Von Schuckmann et al. [37] found that the ApaI (rs7975232) GG + GT dominant genotypes were
associated with a decreased occurrence of BCC when compared with the TT genotype (OR: 0.67;
IC 95%: 0.46–0.96; p = 0.03). Nevertheless, the associations were no longer statistically significant in the
adjusted model and after correction for multiple testing within each gene. Additionally, the SCC risk
was decreased in participants with the FokI (rs2228570) TT vs. CC + CT genotypes, and this remained
statistically significant after adjusting for confounders and correcting for multiple testing (ORadj: 0.34;
CI 95%: 0.17–0.68; p = 0.00).

Burns et al. [40] found that participants with the BsmI SNP were twice as likely to develop
non-melanoma skin cancer than participants with no mutation. Moreover, individuals with the A
genotypes were only about half as likely to develop non-melanoma skin cancer. However, after adjusting
for age and gender in the model, they did not find statistically significant results.

Very recent studies have followed this long-standing yet innovative line of research, as promising
results are being found [38,41].

In our observational case-control study, no significant main effects were observed between the
BsmI or ApaI polymorphism genotypes and skin cancer risk.

When stratified for gender and skin cancer risk, we found that GG and AG BsmI polymorphisms
significantly increased the risk of BCC in males (OR: 7.01; IC 95%: 2.35–20.92 and OR: 4.59; IC 95%:
1.60–13.18, respectively). All the BsmI polymorphisms were protective against BCC in patients who
were 70 years of age or younger. The AG BsmI polymorphism was also protective against SCC for the
same age range.

Like Lesiak and colleagues and Von Schuckmann and colleagues, our findings showed no
statistically significant associations between the BsmI polymorphism genotypes and cancer risk.
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Han and colleagues observed that the BsmI dominant-BB (-GG) genotype was significantly associated
with an increased risk of SCC, but our study did not support their findings.

On the other hand, Von Schuckmann and colleagues found that ApaI (rs7975232) GG and GT
genotypes were associated with a decreased occurrence of BCC, but these associations were no longer
statistically significant in the adjusted model. The same happened to Burns et al. [40] who found that
individuals with the A genotypes were half as likely to develop non-melanoma skin cancer, but the
associations were no longer statistically significant in the adjusted model.

Like our findings, none of the other authors that had previously studied the ApaI polymorphisms
observed any association between this polymorphism and non-melanoma skin cancer. As mentioned
before, we found an association between the ApaI polymorphisms, BCC and SCC when analyses were
adjusted for stratum gender and age. Similarly, Carless and colleagues found an association when they
analysed their results in relation to other variables, such as skin colour or propensity to burn and/or tan.

We found no significant association between the combined genotypes and skin cancer, most likely
due to the relatively low case numbers.

It should be noted that individual VDR polymorphisms cannot be regarded as independent
prognostic factors [11]. We did not take plasma measurements of vitamin D, which is a limitation of
our study. If not vitamin D plasma levels, at least interactions that determine vitamin D status, such as
diet or supplements, solar UV exposure or body mass index, should be determined in future studies to
confirm the links between the gene polymorphisms and BCC and SCC in our population.

Within the limited published data, there is no evidence that any polymorphism is clearly involved
in the risk of having BCC or SCC. The inconsistent results may be due to high heterogeneity between
studies and populations. This present study, to our knowledge, is the first report on BCC, SCC and
VDR polymorphisms in the Spanish population.

Our data and samples were drawn from a well-established observational case-control study in
which all skin cancers were histologically confirmed. The polymorphisms were analysed by one
laboratory with high validity and repeatability. In fact, the total correlation was demonstrated by
measuring the samples in duplicate.

5. Conclusions

Our results suggest that BCC and SCC are related to age and gender and that, at the same time,
these variables may be influenced as well by BsmI and ApaI polymorphisms.

Further studies with a larger number of participants, namely a cohort study, and more information
about possible confounding factors and vitamin D status is needed to confirm or reject our results.
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