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ORIGINAL ARTICLE
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Abstract
Objectives The current study investigated the association
between VDR EcoRV (rs4516035), FokI (rs2228570),
ApaI (rs7975232) and TaqI (rs731236), CYP27B1
(rs4646536), CYP24A1 (rs2296241), and MTHFR
(rs1801133) gene polymorphisms and risk of oral lichen
planus (OLP) occurrence.
Materials and methods The study group consisted of 65 oral
lichen planus patients and 100 healthy blood donors in the
control group. Single nucleotide polymorphisms were geno-
typed by real time PCR or PCR-restriction fragment length
polymorphism (RFLP) method.
Results Heterozygous as well as mutated genotype of vitamin
D receptor (VDR) FokI (rs2228570) polymorphism was asso-
ciated with increased oral lichen planus risk in comparison
with wild type genotype (odds ratio (OR) = 3.877,
p = 0.017, OR = 38.153, p = 0.001, respectively). A signifi-
cantly decreased OLP risk was observed for heterozygous
genotype of rs2296241 polymorphism in CYP24A1 gene

compared with the wild type form (OR = 0.314, p = 0.012).
VDR gene polymorphisms ApaI and TaqI were in linkage
disequilibrium (D’ = 0.71, r2 = 0.22). Identified haplotype
AT was associated with decreased OLP risk (OR = 0.592,
p = 0.047).
Conclusion Our results highlight the possible important role
of VDR FokI (rs2228570) and CYP24A1 rs2296241 gene
polymorphisms for oral lichen planus susceptibility.
Clinical relevance Identification of new molecular bio-
markers could potentially contribute to determination of indi-
viduals with OLP predisposition.

Keywords Oral lichen planus . VDR . CYP27B1 .

CYP24A1 .MTHFR . Single nucleotide polymorphisms

Introduction

Oral lichen planus (OLP) presents the inflammatory disease of
oral mucosa which affects 1–2 % of the general population,
predominantly females [1, 2]. Even the OLP etiology is not
fully elucidated, and putative risk factors associated with OLP
occurrence are known, such as virus and bacterial infections,
Candida albicans presence, diabetes, autoimmune diseases,
and dental materials [2–4]. Furthermore, familial studies
highlighted the importance of the genetic predisposition for
the OLP susceptibility [5]. Additionally, OLP is often consid-
ered as a premalignant lesion since a certain percent of patients
develop oral cancer [3, 4, 6–8]. Thus, World Health Organi-
zation (WHO) classified OLP as precancerous condition [9].
However, the potential risk of OLPs’ malignant transforma-
tion is still controversial, and mechanisms involved are still
unrevealed [10].

There is a growing body of evidences on numerous prop-
erties of vitamin D, including anti carcinogenic effects, which
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could be influenced by the presence of single nucleotide
polymorphisms (SNPs) in vitamin D related genes [11].
Vitamin D receptor (VDR) gene (chromosome location
12q12-14) codes for vitamin D receptor which has the
central role in mediation of the vitamin D effects by
acting as a ligand induced transcription factor [12, 13].
CYP27B1 (12q13.1–13.3) and CYP24A1 (20q13.2–
13.3) genes code for key enzymes involved in vitamin
D anabolism and catabolism, 25-hydroxyvitamin D-1-
hydroxylase and 25-hydroxyvitamin D-24-hydroxylase,
respectively [11]. Identified polymorphisms in vitamin
D related genes were extensively studied in relation to
various types of diseases, such as cancer [14–16], auto-
immune [17, 18], and inflammatory diseases [19, 20].
Our research group previously reported association be-
tween VDR and CYP24A1 gene polymorphisms with
oral cancer risk and survival [21], while polymorphisms
in these genes have not previously been investigated in
OLP patients.

Recently, a significant nutritional deficiency of iron,
folic acid, and vitamin B12 is observed in OLP patients,
while abnormally high blood homocysteine level was
related to OLP severity [22]. To our knowledge, the
common polymorphisms of folate metabolism have not
previously been investigated in OLP. The methylenetet-
rahydrofolate reductase (MTHFR) is the key enzyme
involved in folate metabolism, DNA synthesis, and
DNA methylation that catalyzes the conversion of 5,
10-methylenetetrahydrofolate to 5-methyltetrahydrofo-
late. A single nucleotide C to T substitution at the po-
sition 677 (rs1801133) causes the reduced enzyme ac-
tivity by 30 % in CT heterozygote and by 65 % in TT
homozygote individuals [23]. A number of previous
studies have associated the MTHFR gene polymor-
phisms with several types of cancer, including oral can-
cer [24, 25]. Additionally, our research group previously
suggested gene–environment interactions between high
alcohol intake and the MTHFR 677TT genotype for
increased cancer risk in OSCC patients, with the signif-
icant impact on multiple cancer-related genes DNA
methylation [25].

Based on the above, the current study investigated
the association between the key polymorphisms in vita-
min D related genes and MTHFR gene and the oral
lichen planus risk. Since OLP is considered as a poten-
tial premalignant lesion, it could be assumed that the
particular SNPs in VDR, vitamin D pathway genes, or
MTHFR could have a significant role in OLP, as in oral
cancer. To our knowledge, this is the first report of
VDR, CYP27B1, CYP24A1, and MTHFR gene poly-
morphisms in OLP patients and the first study indicat-
ing the important role of VDR-related gene polymor-
phisms in susceptibility to oral lichen planus.

Material and methods

Ethical standards

The Ethical Committee of the School of Dental Medicine,
University of Belgrade, approved the current study, in accor-
dance with Helsinki Declaration (2008). All individuals from
the study group gave the informed consent prior to their in-
clusion in the study.

Study group and samples

Sixty-five pathohystologicaly confirmed oral lichen planus
cases collected between 2009 and 2012 at the Clinic of Peri-
odontology and Oral Medicine, School of Dental Medicine at
the University of Belgrade, were included in the study. The
control group consisted of 100 blood donors with no history of
systemic and oral mucosal diseases. Both cases and control
groups consisted of the Caucasians, Serbian population. De-
mographic data, as well as smoking status and alcohol con-
sumption habits, were collected by the questionnaire from the
study group members. Participants were dichotomized de-
pending on their smoking status, alcohol consumption, or oral
hygiene. Patients who had smoked daily for at least 1 year
were defined as current smokers, while those who had never
smoked or those who had quit smoking at least 1 year before
the OLP diagnosis were defined as never/former smokers.
Participants who reported consumption of more than 20 alco-
hol drinks per week were classified as heavy drinkers. Using
the oral hygiene index evaluation, experienced dentists eval-
uated oral hygiene as good or poor [26].

DNA isolation and genotyping

Peripheral blood samples from cases and control group were
stored at −20 °C prior to DNA isolation. DNAwas isolated on
the AbiPrism 6100 Nuc Prep Station using the Blood Prep Kit
according to the manufacturer ’s protocol (Applied
Biosystems, Foster city, CA, USA). The genotypes of poly-
morphisms in CYP27B1 (rs4646536), CYP24A1
(rs2296241) genes, VDR FokI (rs2228570), VDR ApaI
(rs7975232), and MTHFR C677T (rs1801133) were deter-
mined by real time PCRmethod using commercially available
TaqMan SNP Genotyping Assays (C_25623453_10;
C_1915656_30; C_12060045_20; C_28977635_10,
C_1202883_20, respectively) (Applied Biosystems). The oth-
er two polymorphisms in the VDR gene, EcoRV (rs4516035)
and TaqI (rs731236), were genotyped by PCR-restriction frag-
ment length polymorphism (RFLP) method. Primer sequences
were as follows, for VDR EcoRV polymorphism: forward, 5′-
CCT CCT CTG TAA GAG GCG AAT AGC GAT-3′ and
reverse 5′-GGA CAG GTG AAA AAG ATG GGG TTC-3′;
for VDR TaqI polymorphism: forward, 5′-CAG AGC ATG
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GAC AGG GAG-3′ and reverse 5′-AGG AGA GGC AGC
GGT ACT-3′. PCR products were digested with appropriate
restriction enzymes, EcoRVor TaqI (Fermentas, St. Leon-Rot,
Germany) in accordance with the manufacturer’s instructions.
Digested products were electrophoretic separated on a 10 %
polyacrylamide gel and visualized by silver-nitrate staining.
For the VDR EcoRV polymorphism (rs4516035), wild type
(TT) genotype yielded two fragments of 152 bp and 27 bp,
heterozygous (TC) yielded three fragments of 179, 152, and
27 bp, and mutated (CC) genotype yielded one fragment of
179 bp. In the case of VDR TaqI polymorphism (rs731236),
wild type (TT) genotype yielded one fragment of 454 bp,
heterozygous (TC) yielded three fragments of 454, 293, and
161 bp, and mutated (CC) genotype yielded two fragments of
293 and 161 bp.

Statistical analysis

Statistical analysis was performed using the SPSS software,
version 20.00 (SPSS Ins., Chicago, IL, USA). Contingency
tables were analyzed by the chi-square test. Odds ratio (OR)
with 95 % confidence interval (CI) was estimated by the un-
conditional binary logistic regression. Adjustments were
made for gender and age.

Haplotype analysis were performed using the Haploview
software (version 4.2.) [27], while Thesias software (version

3.1) [28] was used to analyze associations of identified hap-
lotypes in the VDR gene. Haplotype blocks were defined
using the Bsolid spine block^ option.

Interactions among analyzed polymorphisms in VDR,
CYP27B1, CYP24A1, and MTHFR genes were identified
by generalized multifactor dimensionality reduction software
(GMDR), version 0.9 [29, 30]. Cross-validation consistency
(CVC), testing balanced accuracy (TBA), and the sign test p
value were used as main criteria for selection of the best inter-
action model.

In silico analysis of potentially regulatory effects of the
studied polymorphisms on putative transcription factors
binding sites was investigated by rSNP-MAPPER plat-
form [31, 32].

All p values were two-tailed and considered as significant
if they were less than 0.05.

Results

Association between analyzed polymorphisms in VDR,
CYP27B1 CYP24A1, and MTHFR genes with oral lichen
planus risk and clinicopathological characteristics

Genotype and allele distribution of studied polymorphisms in
VDR, CYP27B1, CYP24A1, and MTHFR genes are

Table 1 Genotype and allele
distribution of analyzed
polymorphisms in VDR,
CYP27B1, CYP24A1, and
MTHFR genes in oral lichen
planus patients and the control
group

Cases Controls Cases Controls

Gene/SNP Genotype N N p* Allele N N p*

TT 18 30 0.896 T 60 98 0.613
VDR EcoRV TC 24 38

rs4516035 CC 23 32 C 70 102

TT 8 38 0.000 T 46 106 0.000
VDR FokI TC 30 50

rs2228570 CC 27 12 C 84 74

CC 26 25 0.118 T 70 82 0.022
VDR ApaI CA 18 32

rs7975232 AA 21 43 C 60 118

TT 24 51 0.184 T 78 140 0.061
VDR TaqI TC 30 38

rs731236 CC 11 11 C 52 60

CC 9 14 0.966 C 44 66 0.873
CYP27B1 CT 26 38

rs4646536 TT 30 48 T 86 134

AA 30 25 0.005 A 95 125 0.046
CYP24A1 AG 35 75

rs2296241 GG 0 0 G 35 75

CC 34 45 0.654 C 93 134 0.385
MTHFR CT 25 44

rs1801133 TT 6 11 T 37 66

SNP single nucleotide polymorphism, N total number of cases/controls

*p < 0.05 are presented in italics
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presented in Table 1. Among studied polymorphisms, signif-
icant difference in genotypes and allele frequencies was no-
ticed for VDR FokI (rs2228570) (p = 0.000) and CYP24A1
rs2296241 polymorphisms (p = 0.005, p = 0.046, respective-
ly) (Table 1).

Table 2 shows the association between studied polymor-
phisms in VDR, CYP27B1, CYP24A1, and MTHFR genes
and oral lichen planus risk. Results of adjusted odds ratio
analysis showed that heterozygous and mutated genotypes
of VDR FokI polymorphism (rs2228570) were associated

Table 2 VDR, CYP27B1, CYP24A1, and MTHFR genes polymorphisms association with oral lichen planus risk

Cases Controls

Gene/SNP Genotype N % N % Crude OR (95 % CI) p* Adjusted OR (95 % CI)c p*

TT 18 28 30 30 1.000 Reference 1.000 Reference

VDR EcoRV TC 24 37 38 38 1.053 (0.484–2.288) 0.897 1.034 (0.394–2.716) 0.946

rs4516035 CC 23 35 32 32 1.198 (0.542–2.647) 0.655 1.676 (0.505–5.563) 0.399

Dominanta 47 72 70 70 1.119 (0.560–2.234) 0.750 1.195 (0.484–2.946) 0.699

Recessiveb 42 65 68 68 1.164 (0.602–2.251) 0.652 1.318 (0.551–3.156) 0.535

TT 8 12 38 38 1.000 Reference 1.000 Reference

VDR FokI TC 30 46 50 50 2.850 (1.174–6.917) 0.021 3.877 (1.271–11.829) 0.017

rs2228570 CC 27 42 12 12 10.687 (3.848–29.686) 0.000 38.153 (4.138–351.797) 0.001

Dominanta 57 88 62 62 4.367 (1.880–10.146) 0.001 7.442 (2.382–23.255) 0.001

Recessiveb 38 58 88 88 5.211 (2.390–11.357) 0.000 5.267 (1.938–14.314) 0.001

CC 26 40 25 25 1.000 Reference 1.000 Reference

VDR ApaI CA 18 28 32 32 0.541 (0.244–1.200) 0.131 0.739 (0.273–1.999) 0.552

rs7975232 AA 21 32 43 43 0.470 (0.220–1.002) 0.050 0.739 (0.276–1.976) 0.547

Dominanta 39 60 75 75 0.500 (0.255–0.979) 0.043 0.751 (0.310–1.817) 0.525

Recessiveb 44 68 57 57 0.633 (0.329–1.216) 0.17 0.885 (0.377–2.079) 0.779

TT 24 37 51 51 1.000 Reference 1.000 Reference

VDR TaqI TC 30 46 38 38 1.678 (0.849–3.317) 0.137 2.011 (0.821–4.923) 0.126

rs731236 CC 11 17 11 11 2.125 (0.808–5.585) 0.126 3.084 (0.925–10.282) 0.067

Dominanta 41 63 49 49 1.778 (0.939–3.366) 0.077 2.328 (0.988–5.487) 0.053

Recessiveb 54 83 89 89 1.648 (0.669–4.060) 0.277 2.547 (0.803–8.077) 0.112

CC 9 14 14 14 1.000 Reference 1.000 Reference

CYP27B1 CT 26 40 38 38 1.064 (0.402–2.821) 0.9 0.829 (0.250–2.745) 0.759

rs4646536 TT 30 46 48 48 0.972 (0.375–2.523) 0.954 0.356 (0.087–1.462) 0.152

Dominanta 56 86 86 86 1.013 (0.411–2.498) 0.978 0.596 (0.186–1.912) 0.385

Recessiveb 35 54 52 52 0.929 (0.497–1.736) 0.816 0.545 (0.233–1.277) 0.162

AA 30 46 25 25 1.000 Reference 1.000 Reference

CYP24A1 AG 35 54 75 75 0.389 (0.200–0.756) 0.005 0.314 (0.127–0.777) 0.012

rs2296241 GG 0 0 0 0 NC NC NC NC

Dominanta – – – – NC NC NC NC

Recessiveb – – – – NC NC NC NC

CC 34 52 45 45 1.000 Reference 1.000 Reference

MTHFR CT 25 38 44 44 0.752 (0.388–1.459) 0.399 0.731 (0.307–1.741) 0.479

rs1801133 TT 6 9 11 11 0.722 (0.243–2.147) 0.558 0.418 (0.103–1.697) 0.222

Dominanta 31 48 55 55 0.746 (0.399–1.395) 0.359 0.649 (0.284–1.484) 0.306

Recessiveb 59 91 89 89 0.823 (0.289–2.346) 0.715 0.455 (0.114–1.821) 0.266

SNP single nucleotide polymorphism, OR (95 % CI) odds ratio with 95 % confidence interval, N total number of cases/controls, NC not calculated
a Heterozygous and mutated genotypes combined versus wild type genotype
bMutated genotype versus heterozygous and wild type genotypes combined
cAdjusted for gender and age

*p < 0.05 are presented in italics
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with increased OLP risk in comparison with the wild type (wt)
genotype (OR = 3.877, p = 0.017; OR = 38.153, p = 0.001,
respectively). After adjustments for gender and age, statistical
trend toward increased OLP risk was observed for combined

heterozygous and mutated genotypes of VDRTaqI (rs731236)
polymorphism compared with the wt genotype (OR = 2.328,
p = 0.053). Heterozygous genotype of rs2296241 polymor-
phism in CYP24A1 gene was associated with decreased OLP

Table 3 Association of analyzed polymorphisms in VDR, CYP27B1, CYP24A1, and MTHFR genes with clinicopathological characteristics of oral
lichen planus patients

Variables N VDR EcoRV VDR FokI VDR ApaI VDR TaqI CYP27B1 CYP24A1 MTHFR

rs4516035 rs2228570 rs7975232 rs731236 rs4646536 rs2296241 rs1801133

wt/het/mut

Gender

Male 16 3/8/5 1/11/4 18/16/25 7/6/3 3/7/5 7/9/0 10/6/0

Female 49 15/16/18 7/19/23 25/21/21 17/24/8 6/18/35 23/26/0 24/19/6

p NS NS NS NS NS NS NS

Agea

≤58 34 9/12/13 5/15/14 16/24/29 13/16/5 4/16/13 15/19/0 21/9/4

>58 31 9/12/10 3/15/13 27/13/17 11/14/6 5/9/17 15/16/0 13/16/2

p NS NS 0.017 NS NS NS NS

Smoking

Never/former 40 10/15/15 3/22/15 19/17/28 16/16/8 5/13/21 21/19/0 26/12/2

Current 25 8/9/8 5/8/12 24/20/18 8/14/3 4/12/9 9/16/0 8/13/4

p NS NS NS NS NS NS 0.028

Alcohol

Non heavy 49 13/20/16 7/19/23 19/16/14 19/21/9 5/20/24 23/26/0 23/20/6

Heavy 16 5/4/7 1/11/4 24/21/32 5/9/2 4/5/6 7/9/0 11/5/0

p NS NS NS NS NS NS NS

Oral hygiene

Good 20 12/16/17 6/19/20 20/11/14 16/21/8 7/16/22 22/23/0 12/6/2

Poor 45 6/8/6 2/11/7 6/7/7 8/9/3 2/9/8 8/12/0 22/19/4

p NS NS NS NS NS NS NS

Candida albicans

Negative 35 8/10/17 3/16/16 14/10/11 11/16/8 4/10/20 14/21/0 18/12/5

Positive 30 10/14/6 5/14/11 12/8/10 13/14/3 5/15/10 16/14/0 16/13/1

p 0.055 NS NS NS NS NS NS

Dental amalgam fillings

No 28 8/10/10 1/16/11 12/6/10 12/12/4 4/11/12 13/15/0 17/11/0

Yes 37 10/14/13 7/14/16 14/12/11 12/18/7 5/14/18 17/20/0 17/14/6

p NS NS NS NS NS NS NS

Dentures

No 15 4/8/3 4/5/6 6/6/3 5/9/1 1/10/4 2/13/0 7/5/3

Yes 50 14/16/20 4/25/21 20/12/18 19/21/10 8/15/26 28/22/0 27/20/3

p NS NS NS NS 0.043 0.004 NS

Clinical form

Erosive 39 9/15/15 5/18/16 12/13/14 15/18/6 4/12/22 18/21/0 20/15/4

Reticular 18 6/7/5 3/8/7 9/4/5 6/8/4 3/10/5 6/12/0 10/6/2

Xulcerative 8 3/2/2 0/4/4 5/1/2 3/4/1 2/3/3 6/2/0 4/4/0

p NS NS NS NS NS NS NS

p < 0.05 are presented in italics

N total number of cases, NS non-significant, wt/het/mut wild type, heterozygous, mutated genotypes
a Age according to median
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risk (OR = 0.314, p = 0.012) in comparison with the wt form
(Table 2). None of the remaining polymorphisms investigated
in the VDR, CYP27B1, and MTHFR genes were associated
with oral lichen planus risk (Table 2).

Associations of VDR, CYP27B1, CYP24A1, and MTHFR
gene polymorphisms under the study with clinicopathological
characteristics of OLP patients are presented in the Table 3.
VDR ApaI (rs7975232) was associated with age (p = 0.017),
while polymorphisms rs4646536 in CYP27B1 and rs2296241
in CYP24A1 genes were associated with the presence of den-
tures (p = 0.043, p = 0.004, respectively) (Table 3). The rela-
tionship between smoking and the MTHFR C677T
(rs1801133) polymorphism was observed in the studied
OLP cohort (p = 0.028), (Table 3). There were no associations
between analyzed polymorphisms in VDRn, CYP27B1
CYP24A1, and MTHFR genes and OLP clinical form, gen-
der, alcohol consumptions, oral hygiene, C. albicans and the
dental amalgam fillings.

Haplotype analysis and linkage disequilibrium in the VDR
gene

We assumed that studied polymorphisms in the VDR gene
could be in linkage disequilibrium (LD). LD values, namely
D’ and r2, are presented in percentages in the LD box plots for
cases and control group taken together, as well as individually
(Fig. 1). VDR ApaI (rs7975232) and TaqI (rs731236) poly-
morphisms were found in linkage disequilibrium in cases and
control group combined (D’ = 0.71, r2 = 0.22), cases
(D’ = 0.51, r2 = 0.20), and control group (D’ = 1, r2 = 0.29)
(Fig. 1).

Association between haplotypes and oral lichen planus
risk in the VDR gene

Frequencies of identified haplotypes in cases and control
groups are shown in Table 4. Significant difference in distri-
bution of AT and CC haplotypes was observed between OLP
patients and controls (raw: p = 0.005, p = 0.000, respectively).
After calculation of corrected p values obtained after
1000 permutations, differences in distribution remained
for both AT (17 vs 29 %, permutation p = 0.027) and
CC haplotypes (7 vs. 0 %, permutation p = 0.003)
(Table 4). Results of odds ratio analysis showed that
AT haplotype was associated with decreased OLP risk
(OR = 0.592, p = 0.047) compared with the most com-
mon haplotype CT (Table 4).

Interactions among analyzed genes and polymorphisms

Multiloci interaction between analyzed genes and polymor-
phisms was obtained by the GMDRmethod. Since VDRTaqI
(rs731236) and ApaI (rs7975232) polymorphisms were found

in LD block in our study group, VDRTaqI polymorphismwas
excluded from the GMDR analysis. Interaction models are
presented in the Table 5. The highest TBA, CVC, as well as
significant p value, was noticed for the model which included
all polymorphisms in the analysis (Table 5). In addition, one-
locus VDR FokI and two-loci model which included VDR
FokI and CYP24A1 (rs2296241) polymorphisms were
observed as significant models to be considered for
OLP risk (Table 5).

Fig. 1 Linkage disequilibrium plots with D’ and r2 values (given in
percentages) among analyzed polymorphisms in VDR gene for cases
and control group taken together (a), cases (b), and control group (c).
Left LD plots present the paired D’ values, while right LD plots present
the paired r2 values between the analyzed polymorphisms. Box colors
correspond as follows: red- LOD > 2, D’ = 1; shades of pink- LOD > 2,
D’ > 1; white- LOD < 2, D’ < 1; shades of gray- 0 < r2 < 1; white- r2 = 0.
LOD- logarithm of odd
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Discussion

Oral lichen planus (OLP) is a chronic oral inflammatory dis-
ease of unknown etiology. In later stages of the disease, 0.5–
2 % of OLP patients develop oral cancer [8], which led the
World Health Organization (WHO) to classify OLP as a pre-
cancerous condition [9]. Recently, it has been proposed that
OLP could be a model of inflammation-associated
cancerogenesis [1]. Therefore, identification of distinct molec-
ular mechanisms involved in the development and progres-
sion of OLP, as well as the revealing of potential molecular
markers of OLP malignant transformation to OSCC, is of a
great importance. Finding new molecular biomarkers could
potentially contribute in the identification of OLP patients
with a higher predisposition to oral cancer development.

Diverse properties of vitamin D put the scientific interest in
studying its effects in different types of pathologies. In addi-
tion, vitamin D effects could be influenced by the presence of
single nucleotide polymorphisms in vitamin D related genes,
such as vitamin D receptor (VDR) and cytochrome P450
genes involved in vitamin D metabolism. In addition, a sig-
nificant nutritional deficiency of folic acid and vitamin B12
were observed in OLP patients, while abnormally high blood

homocysteine level was related to OLP severity [22]. Report-
ed findings possibly indicate an important role of polymor-
phisms in the MTHFR gene that has a key role in folate me-
tabolism, for the OLP development. To our knowledge, cur-
rent study is the first one demonstrating that the variation in
the VDR (FokI rs2228570) and CYP24A1 (rs2296241) gene
could be associated with OLP risk.

Significant difference in allele and genotype distribution of
VDR FokI (rs2228570) polymorphism between OLP patients
and control group suggested the possible importance of VDR
FokI polymorphism in susceptibility to OLP. The results of
crude and adjusted odds ratio analysis showed that FokI het-
erozygous and mutated genotypes are associated with in-
creased OLP risk compared with the wild type form. Recent
findings reported absence of an association but worse survival
in wt carriers in oral cancer patients from the Serbian popula-
tion [21]. VDR FokI polymorphism is intensively studied in
various types of diseases, mainly cancers, thus findings
among studies are inconsistent, probably as a result of differ-
ent investigated pathologies. Obtained results in the current
study could be explained by the functionality of analyzed
polymorphism. VDR FokI polymorphism is located in the
region of exon 2 and presents a non-synonymous SNP which

Table 4 Distribution of identified haplotypes and odds ratio analysis for the analyzed VDR gene polymorphisms ApaI (rs7975232) and TaqI
(rs731236) compared with the most common haplotype

Haplotypes Total Cases Controls Raw Permutation Crude OR (95 % CI)

N % N % N % p* p* p*

CT 69 42 28 43 41 41 0.522 0.901 1.000 Reference

AC 49 30 19 29 30 30 0.890 0.995 0.964 (0.581–1.598) 0.888

AT 40 25 11 17 29 29 0.005 0.027 0.592 (0.352–0.994) 0.047

CC 7 5 7 11 0 0 0.000 0.003 4.630 (0.00003–676,194.300) 0.800

N total number of haplotypes, OR (95 % CI) odds ratio with 95 % confidence interval

*p < 0.05 are presented in italics

Table 5 Models of multiloci interaction between analyzed polymorphisms in VDR, CYP27B1, CYP24A1, and MTHFR gene on oral lichen planus
risk obtained by GMDR method

N Best model TBA CVC Sign (p*)

1 VDR FokI (rs2228570) 0.6417 10/10 0.010

2 CYP24A1 (rs2296241)-VDR FokI (rs2228570) 0.6167 7/10 0.010

3 CYP27B1 (rs4646536)-VDR EcoRV (rs4516035)-VDR FokI (rs2228570) 0.6130 7/10 0.054

4 CYP27B1 (rs4646536)-VDR EcoRV (rs4516035)-VDR FokI (rs2228570)-VDR
ApaI (rs7975232)

0.6129 8/10 0.377

5 CYP27B1 (rs4646536)-VDR EcoRV (rs4516035)-VDR FokI (rs2228570)-VDR
ApaI (rs7975232)-MTHFR (rs1801133)

0.6140 8/10 0.623

6 CYP24A1 (rs2296241)-CYP27B1 (rs4646536)-VDR EcoRV (rs4516035)-VDR
FokI (rs2228570)-VDR ApaI (rs7975232) - MTHFR (rs1801133)

0.7233 10/10 0.010

GMDR generalized multifactor dimensionality reduction method, N number of loci in the model, TBA testing balanced accuracy, CVC cross validation
consistency

*p < 0.05 are presented in italics
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causes Met-Lys amino acid substitution. Additionally, FokI is
one of the rare identified polymorphisms in the VDR gene
with confirmed functional effects. Namely, mutated homozy-
gous genotype results in the synthesis of protein which is
shorter for two amino acids than wild type form but has higher
transactivation capacity, which could bemodulated depending
on a cell type specific milieu [12].

Our results showed 0.314-fold decreased risk for OLP oc-
currence in heterozygous carriers in comparison with wild
type genotype. The similar trend was previously observed in
oral cancer cohort [21], while a recent study on head and neck
cancer patients reported that rs2296241 heterozygous and mu-
tated genotypes had worse overall survival [33]. However,
whether the wild type form of CYP24A1 gene polymorphism
rs2296241 could be associated with the OLP progression to
oral cancer demands further prospective investigations on a
larger cohort of patients. Analyzed polymorphism rs2296241
in CYP24A1 gene is located in the exon region with unknown
functional effects. Since rs2296241 presents synonymous
polymorphism, which does not affect amino acid change, pos-
sible regulatory role should be taken into consideration. Ac-
cording to the rSNP base [34], CYP24A1 rs2296241 is con-
sidered as a regulatory SNP. Therefore, it could be assumed
that rs2296241 could affect affinity of transcription factors
binding to the DNA. Thus, we used in silico identification of
putative transcription factors binding sites by rSNP-MAPPER
platform which calculate score change of the matching tran-
scription factors binding sites due to allele substitution using
three different libraries [31]. Our analysis revealed that as a
consequence of CYP24A1 rs2296241 polymorphism, binding
sites for Gfi (JASPAR library) and Pax-4a (MAPPER library)
transcription factors are lost. It is likely that polymorphism
rs2296241 influences gene expression; however, these find-
ings needs further investigations. Observed results in our
study could be also explained by the linkage disequilibrium
presence between CYP24A1 rs2296241 and other functional-
ly relevant polymorphisms in the same gene or nearby located
gene on the long arm of chromosome 20. According to the
rSNP base, CYP24A1 rs2296241 is in strong LD with other
gene polymorphisms rs2585428, rs4809959, and rs6127121,
which could be true functional SNPs.

In the current study, variant allele carriers of VDR TaqI
(rs731236) polymorphism showed tendency for increased
OLP risk but did not reach statistical significance, which is
in line with findings in oral cancer patients in the Serbian
population [21]. In contrast, in oral cancer patients in the
Turkish population, VDR TaqI polymorphism was associated
with increased risk for oral cancer susceptibility [35]. Incon-
sistencies among studies could be addressed not only to sam-
ple size, differences in genotype, and allele distribution among
studied population groups but also to differences in exposure
to environmental factors, such as sun exposure and subse-
quent discrepancies in vitamin D serum levels.

No association between VDR EcoRV (rs4516035), ApaI
(rs7975232), TaqI (rs731236), rs4646536 in CYP27B1 gene
polymorphisms, and OLP risk is noticed, which is in accor-
dance with the findings in oral cancer patients [21]. Consistent
with the literature data, VDR TaqI and ApaI polymorphisms
are in linkage disequilibrium in the current study for both
cases and control groups. VDR ApaI and TaqI are synony-
mous polymorphisms located in the region of intron 8, with-
out known functional effects. Obtained results in the current
study could be possibly explained by changed VDR mRNA
stability as a result of Apa and TaqI polymorphisms presence
[12]. Even though VDR ApaI and TaqI polymorphisms were
not associated with OLP susceptibility individually, hap-
lotype analysis showed that the identified haplotype, AT,
was associated with decreased oral lichen planus risk.
Our findings highlight the importance of haplotype
blocks analysis over individual SNPs approach for com-
plex diseases.

GMDR interaction analysis revealed the importance of
considering the gene-gene and SNPs-SNPs interactions of an-
alyzed vitamin D related genes and MTHFR gene for OLP
susceptibility. However, noticed significant interaction model
in the current study should be taken with caution since statis-
tical modeling of multilocus interactions may not correspond
to a true biological interaction and require further confirmato-
ry analysis.

Our results, for the first time, indicated that polymorphisms
of VDR and CYP24A1 gene might be associated with oral
lichen planus risk. Larger prospective studies with long-term
follow-up of OLP patients, incorporating other markers, vita-
min D serum levels, and comparative studies with other oral
inflammatory diseases, epithelial dysplasia, and associated
OSCC are warranted.
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