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Abstract
Objective The aim of this study is to assess whether C1772T
and G1790A hypoxia-inducible factor-1 (HIF-1)α polymor-
phisms are associated with risk of oral lichen planus (OLP).
Material and methods Restriction fragment length polymor-
phism analysis was used to investigate HIF-1α C1779T and
G1790A polymorphisms in 32 OLP and 88 individuals with-
out OLP.
Results The frequency of the CC, TT, GA, and AA geno-
types was higher in patients with OLP. Notably, individuals
carrying the C and A, and T and A haplotypes showed a
significant association OLP risk.
Conclusions Our study demonstrated that the C1772T and
G1790A polymorphisms of HIF-1α gene increased the risk
of OLP. C1772T and G1790A polymorphisms of HIF-1α
gene had differing patterns of allelic imbalance in the normal
samples and subsequent chronic lesions. Further studies are
necessary to elucidate the HIF-1α pathway in OLP, which
would facilitate the development of novel therapeutic strate-
gies for the prevention and treatment of OLP.

Clinical relevance These results, in conjunction with previ-
ous studies, suggest that HIF-1αmay play important roles in
the chronicity of oral mucosa lesions of OLP patients. Taken
together, we suggest that HIF-1α polymorphisms enhance
its target genes, thereby altering the microenvironment and
supporting sequential release of inflammatory mediators or
cellular events in OLP. It appears unlikely that inhibition of a
single proinflammatory mediator will prove useful in clinical
practice, but several ways to reprogram mediators engaged in a
wide array of roles simultaneously are encouraging.
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Introduction

The analysis of hypoxic and angiogenic-like proteins sug-
gests that they might play a certain role in the pathogenesis
of oral lichen planus (OLP). Hypoxic response is regulated
by hypoxia-inducible factor-1 (HIF-1), which is a basic
helix-loop-helix transcription factor composed of two sub-
units: HIF-1α and HIF-1β [1, 2]. HIF-1α translocates into
the nucleus and heterodimerizes with HIF-1β. HIF-1 com-
plex then binds to hypoxia response elements, which are
present in the promoter or enhancer regions of HIF-1 target
genes [3].

Thus, a proximity of HIF-1 complex and inflammatory
mediators may directly take part in the etiopathology of auto-
immune diseases [4, 5]. Overexpression of HIF-1α protein
has been found to be involved in the pathogenesis of many
inflammatory or autoimmune diseases including lupus nephri-
tis [6], osteoarthritis [7], and rheumatoid arthritis [8]. HIF-1α
overexpression can be regulated at a transcriptional level
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[9, 10] and variation in HIF-1α production can be genetically
determined.

Several studies have demonstrated that a base change of
C to T at 1772 or G to A at 1790 in exon 12 of HIF-1α gene
can increase the transcriptional activity [9, 10]. We previ-
ously reported that C1772T and G1790A HIF-1α polymor-
phisms increase HIF-1α protein expression in head and
neck squamous cell carcinoma (HNSCC). T and A alleles
have been observed to be associated with susceptibility to a
number of diseases including oral [11], prostate [12], and
lung cancers [13].

OLP is a chronic inflammatory oral disease, which has
been reported to be associated to a cell-mediated immune
process involving initiating egress of T lymphocytes at basal
layer of oral mucosa [14, 15]. The diagnosis of OLP is
usually achieved by clinical and histological examination
[14]. Nevertheless, in classical lesions, it is possible to
accomplish the diagnosis based solely on clinical appear-
ance. Differential diagnosis includes lichenoid reactions to
drugs/dental materials, leukoplakia, lupus erythematosus,
and graft versus host disease in hematopoietic stem cell
transplantation patients [14–16]. The etiology of the disease
remains unclear, but several causative factors have been
associated such as: anxiety, diabetes, autoimmune intestinal
diseases, drugs, stress, hypertension, infections, dental
materials, neoplasms, and genetic predisposition [16–28].
It has been demonstrated that overexpression of HIF-1α
protein might play important roles in the chronicity of oral
mucosa lesions of OLP patients [29]. However, to our
knowledge, no study has associated C1772T and G1790A
HIF-1α polymorphism, and OLP. Based on these data, the
aim of this study is to assess whether C1772T and G1790A
HIF-1α polymorphisms are associated with risk of OLP.

Material and methods

Ethical approval for this study was obtained from the rele-
vant Institutional Review Board (UNIMONTES/IRB-
1133/2008).

Study design and tissue specimens

This cross-sectional study was performed on archived tissue
blocks from surgically resected specimens of OLP (n=32;
male-to-female ratio=1:1.9; mean age=53.47±20.40 years).
As a control group, 88 individuals without lichen planus
were enrolled. Data related to patients and samples were
obtained from the Department of Dentistry at the State
University of Montes Claros, Minas Gerais, Brazil. All
patients were from the same geographical area, but descrip-
tion of skin color was not used because, in Brazil, it is a poor
predictor of genomic ancestry [30, 31]. The diagnoses of

patients presenting OLP lesions were confirmed by clinical
examination and histopathological evaluation [16].

DNA isolation and HIF-1α genotyping

DNAwas isolated from ten 10 μm tissue sections from each
tissue block of HNSCC specimens using the DNeasy Tissue
kit (Qiagen, Chatsworth, CA) as described previously. Oral
mucosal cell samples from healthy patients were collected
during oral clinical examinations. The DNA extraction was
carried out as described by Boom et al. [32] and modified as
in Farias et al. [33].

HIF-1α (C1772T and G1790A) polymorphisms were
assessed using polymerase chain reaction–restriction fragment
length polymorphism (PCR-RFLP). Polymerase chain reac-
tion for HIF-1α was performed in a total volume of 25 μL
containing approximately 100 ng genomic DNA as a tem-
plate, 0.5 μL of each primer (20 pmol/μL), 2.5 μL dNTP mix
(25 mM of each, Amresco, Ohio, CA, USA), 2.5 μL 10× PCR
buffer, 1.25μLmagnesium chloride (50mM), and 2.5 units of
Platinum Taq DNA polymerase (Invitrogen Life Technolo-
gies, Carlsbad, CA, USA). DNA sequencing of each product
was performed to confirm the PCR-RFLP genotyping. The
conditions for the PCR assay were denaturation at 95 °C for
5 min followed by 35 cycles of denaturation at 95 °C for
1 min, annealing at 57.4 °C for 1 min and extension at 72 °C
for 1 min, and a final extension at 72 °C for 10 min. The
forward primer was 5′AAGGTGTGGCCATTGTAAAAA
CTC 3′, and the reverse primer was 5′ CAG TGG TAG TGG
TGG C 3′. This primer pair produced a fragment of 240 bp.
The 240-bp PCR product of the HIF-1α gene was digested
using the SsiI (Acil) restriction endonuclease (Fermentas Life
Sciences) for the G1790A polymorphism. The substitution
from a G to an A allele produces a single cut site to give
two bands of 146 and 94 bp. For the C1772T polymorphism,
the 240-bp PCR product of the HIF-1α gene was digested
using the HphI restriction endonuclease (Fermentas Life Sci-
ences). The substitution from a C to a T allele produces a
single cut site to produce two bands, of 131 and 109 bp [9].

Electrophoresis

Digested fragments of the PCR products were analyzed on a
6.5 % polyacrylamide gel that was electrophoresed at 120 V
at constant voltage for 1.5 h and stained with Safe DNA gel
stain (Invitrogen). Electrophoresis results were estimated by
comparing fragment sizes to a 100-bp ladder.

Statistical analysis

Frequency tests were selected for the statistical analysis of
results, using the Chi-square and Fisher’s exact statistical
tests. All statistical analyses were performed with the
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statistical software package SPSS®, version 13.0 for Win-
dows®. p values <0.05 were considered significant.

Results

Sociodemographical, clinicopathologic, and HIF-1α
polymorphisms characteristic of healthy and OLP patients

In OLP samples, of the total study population, 34.4 % of the
patients were male. The most common anatomical site was
the buccal mucosa (n=23) followed by the tongue border
(n=04). Fifteen (46.9 %) and 19 (59.4 %) patients have
tobacco and alcohol use, respectively. According to con-
trols, 54 (61.4 %) of patients were female. Sixty-two
(70.5 %) patients and 61 (69.3 %) of patients did not have
tobacco and alcohol use, respectively.

Molecular data in controls and OLP samples

To determine whether the presence of either of two single
nucleotide polymorphisms of the HIF-1α gene is associated
with the development of OLP in the study population, 88
(controls) individuals without OLP were enrolled. The dis-
tribution of HIF-1α genotypes according to the presence of
OLP is shown in Table 1. The frequency of the CC, TT, GA,
and AA genotypes was higher in patients with OLP (Table 1).
Table 2 shows multivariate comparisons between HIF-1α
haplotypes and OLP. Notably, individuals carrying the C and
A, and T and A haplotypes showed a significant association
OLP risk.

Discussion

Although a background of genetic factors modulates the bio-
logical behavior of several diseases, even with the increasing

number of studies in these fields, the clinical significance of
these alterations in gene expression has not yet been estab-
lished [20, 21, 33–35]. DNA polymorphisms have been
appointed as a pivotal modulator of the biological behavior
of inflammatory diseases [20, 21, 25–27]. OLP, like any
analogous chronic inflammatory disease, is one of the most
common dermatological diseases presenting in the oral cavity.
However, the mechanisms by which this disease develops
remain unknown [14–16, 36, 37].

HIF-1 is a well-studied transcription factor complex, which
is a basic helix-loop-helix transcription factor composed of
two subunits: HIF-1α and HIF-1β. HIF-1 is activated in
hypoxic condition in mammalian cells, and it then regulates
transcription of genes in angiogenesis, erythropoiesis, glycol-
ysis, iron metabolism, and cell survival [38–40]. C1772T and
G1790A polymorphism in exon 12 of the HIF-1α gene in-
crease the transcriptional activity of this gene compared to the
wild-type isoform, and the higher overexpression of HIF-1α
protein is associated with presence of metastasis and decrease
in survival of solid tumors [9, 13]. TT and AA genotypes
increases HIF-1α protein with a consequent negative impact
on survival in HNSCC patients [9].

To our knowledge, the present study is the first one that
investigates the association between C1772 and G1790A
polymorphisms of HIF-1α gene in OLP patients. We ob-
served that CC, TT, GA, and AA genotypes were frequently
higher in OLP samples when compared with controls.
Higher expression of HIF-1α is associated with chronicity
of oral mucosa lesions in OLP [29]. Moreover, increased
expression of its target genes might modify metabolic
reprogramming and angiogenesis in these lesions [41].

As an autoimmune disease with an inflammatory origin
and chronic progression, OLP satisfies all the prerequisites of
hypoxia at the base of the angiogenetic mechanism caused by
the proliferating inflammatory elements [5, 16]. Angiogenesis
is a fundamental process required for a number of physiolog-
ical. It has been associated with pathogenesis of chronic

Table 1 Genotype and allele frequencies of the C1772T and G1790A
polymorphisms of the HIF-1α gene in control and OLP patients

Gene Controls Oral lichen planus p value
Variant/genotype n(%) n(%)

C1772T

CC 0 (0) 16 (50.0)

CT 85 (96.6) 04 (12.5) <0.001a

TT 03 (3.4) 12 (37.5)

G1790A

GG 81 (92.0) 02 (6.3)

GA 07 (8.0) 26 (81.3) <0.001a

AA 0 (0) 04 (12.5)

a All values were calculated using the χ2 test

In bold, statistically significant results

Table 2 HIF-1α haplotypes associated to risk of oral lichen planus
evaluated by binary logistic regression

Variables OR (95 % CI) p value

OR Lower Upper

HIF-1α haplotypes

C and G Reference

C and A 9.444 3.338 26.723 <0.001a

T and G 0.751 0.352 1.605 0.460

T and A 10.119 3.608 28.380 <0.001a

a All values were calculated using the χ2 test

A significance level of p≤0.05 was used. OR odds ratio; CI confidence
interval

In bold, statistically significant results
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inflammatory pathologies and represents the base of the ac-
tivity of OLP. Emerging evidence suggests that HIF-1α has
important and independent effects on pathological angiogen-
esis. Hypoxic effect on the inflamed stromal area caused by an
increase of the proliferating lymphocitary cellular mass has
been associated with increase angiogenic factor in OLP sam-
ples [16, 26, 29, 42].

Several studies suggest that the increased expression of
DNA methyltransferases is associated with a predisposition
to aberrant DNA methylation and, consequently, a change in
gene expression [43]. DNA methyltransferase 1 (DNMT1)
protein hypermethylates genes associated with immunolog-
ically mediated diseases [44–47]. We previously observed in
these OLP samples overexpression of DNMT1 protein lev-
els [48]. Studies reveal the opposite roles of HIF-1α and
DNMT1. While increases of HIF-1α protein expression
results in enhanced apoptosis because of the activation of
tumor suppressor p53, silencing of proapoptotic genes is the
result of promoter methylation by DNMT1 induced via the
MEK pathway. Moreover, HIF-1 has been found to bind
specific sites on the promoter of the histone 3 lysine 9
demethylases (H3K9). Removal of H3K9 methyl marks
looses chromatin compaction, exposing the DNA to
instability, or abnormal transcription of otherwise silent
genes [43].

These results, in conjunction with previous studies [29,
41–43], suggest that HIF-1α may play important roles in the
chronicity of oral mucosa lesions of OLP patients. Taken
together, we suggest that HIF-1α polymorphisms enhance
its target genes, thereby altering the microenvironment and
supporting sequential release of inflammatory mediators
or cellular events in OLP. It appears unlikely that inhi-
bition of a single proinflammatory mediator will prove
useful in clinical practice, but several ways to repro-
gram mediators engaged in a wide array of roles simul-
taneously are encouraging [49].

Conclusion

In conclusion, our study demonstrated that the C1772T and
G1790A polymorphisms of HIF-1α gene increased the risk
of OLP. C1772T and G1790A polymorphisms of HIF-1α
gene had differing patterns of allelic imbalance in the nor-
mal samples and subsequent chronic lesions. Further studies
are necessary to elucidate the HIF-1α pathway in OLP,
which would facilitate the development of novel therapeutic
strategies for the prevention and treatment of OLP.
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