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Abstract

, Iraj Mirzaii-Dizgah?

, Nafiseh Sheykhbahaei'*

Background: Oral lichen planus (OLP) is one of the most common diseases in the oral cavity and has a chronic
inflammatory nature. The etiology of this disease remains unclear. OLP is more prevalent in women, but to our
knowledge, no study yet evaluated estrogen levels in women with OLP.

Objectives: To determine the serum level of estrogen in female patients with OLP.

Methods: This case—control observational study was conducted in patients who were referred to the Department of
Oral and Maxillofacial Medicine at the Tehran University of Medical Sciences. After clinical and histopathological
confirmation of OLP diagnosis, and according to exclusion and inclusion criteria, 47 women with OLP and 47 healthy
women (10 premenopausal and 37 postmenopausal) were included, as case and control groups, respectively. We
obtained blood samples (5 mL) from each participant to measure the serum level of 17B-estradiol. Data were analyzed
by Spearman rank correlation coefficients and a two-way analysis of variance with Bonferroni post hoc tests.

Results: Serum estrogen level in women with OLP was significantly higher than that in healthy women (P = 0.002),
and it was also significantly higher in premenopausal women than postmenopausal women (P < 0.001). The severity of
OLP lesions correlated with estrogen level in postmenopausal women (7 =0.650; P <0.001); in premenopausal women

(r=0.618; P =0.008), and in all women with OLP (»=0.535; P <0.001).
Conclusion: OLP, like other autoimmune diseases, is affected by the serum level of sex hormones such as estrogen.
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Oral lichen planus is a chronic autoimmune disease and one
of the most common oral mucosal diseases that affect the skin
and other mucous membranes such as the vagina, esophagus,
and larynx. It is believed that some types of this disease, such
as erosive and plaque-like types, are more likely to become
malignant [1-3]. The pathogenesis of this disease has consi-
dered to be from an inflammatory origin to immunological
reactions, but a genetic aspect has also been reported [4].
Degeneration of basal layer keratinocytes by autoreactive
cytotoxic CD8* T-cells is considered the main mechanism in
the pathogenesis of OLP [3].

Epidemiological studies show greater prevalence of OLP
among women than men [5]. It is well known that autoimmune
diseases are affected by a background of genetic predisposition,
viral infections, sex hormone changes, and stressful lifestyles.
According to the clinical observations, autoimmune diseases
are more prevalent among women, and this indicates a role for
sex hormones in the pathogenesis of this disease. It is generally
believed that women and girls of all ages show greater
inflammatory responses than men and boys. This is a double-
edged sword that facilitates resistance against infections and
sepsis, but may lead to confused immune responses against
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self-antigens, which results in a greater prevalence of autoim-
mune diseases in women than men [6]. Generally, it has been
observed that the majority of autoimmune diseases occur when
the estrogen level in women changes; such as during the meno-
pause and pregnancy. Estrogen, especially 17f estradiol, plays
important roles in the oral cavity and immune system through
its receptors that are expressed on oral epithelial and immune
cells [7]. Estrogen is considered to regulate the activity of the
immune system. Three critical factors influence the relation-
ship between estrogen and immune system disease, and these
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are “estrogen timing,” “estrogen concentration,” and “estrogen
targets.” All these 3 factors have been previously studied in
research on several types of diseases including systemic lupus
erythematosus (SLE), multiple sclerosis, and rheumatoid arth-

ritis (RA) [6].

Objective

Databases including PubMed, Google Scholar, Scopus, Web
of Science (SCI), and Embase with search terms of “lichen
planus” OR “oral lichen planus” OR “OLP” AND “estrogen”
OR “estradiol” AND “female sex hormone” with time limi-
tation (1900-2016) were searched to collect data on related
articles. According to our search, we found no study to deter-
mine the relationship between sex hormones and OLP. There-
fore, we sought to determine the serum estrogen level and its
association with OLP lesions among women patients.

Methods

The protocol of this study was approved by the Medical Ethics
committee of Tehran University of Medical Sciences (appro-
val No. IR TUMS.VCR.REC.1395.623). The study was con-
ducted in compliance with international guidelines for human
research protection, including the principles outlined in the
contemporary revision of the Declaration of Helsinki of 1964
incorporating the most recent (2013) and earlier amendments,
the Belmont Report, and Council for International Organiza-
tions of Medical Sciences (CIOMS) International Ethical Gui-
delines for Biomedical Research Involving Human Subjects.
We included consecutive patients referred to the Department
of Oral and Maxillofacial Medicine at Tehran University of

Table 1. Age of participants (mean + standard deviation) in years
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Medical Sciences from October 2016 to December 2017 who
met inclusion criteria. We obtained documented written infor-
med consent from each participant and included in this case—
control study, 47 women with OLP meeting inclusion criteria
as a case group, and 47 healthy women as a control group.
Both groups were divided into premenopausal and postme-
nopausal subgroups consisting of 10 premenopausal and 37
postmenopausal women in each group. The sample size was
determined for each group according to a pilot study with
z, 0‘/2+ZH;)2 X (Sd*8d,*)/(u, W,)* and considering o = 0.05
and = 0.2. Diagnosis of OLP was confirmed based on the
clinical (bilateral presence of reticular or popular lesions) and
histopathological (band-like infiltration of lymphocyte and
hydropic degeneration of basal layer cells) evidence according
to modified World Health Organization criteria. We obtained
blood samples (5 mL) that were sent to a laboratory to measure
the level of 17B-estradiol. For each subject in the case group,
we matched a healthy woman of similar age and menopau-
sal condition in the control group (Table 1). We selected the
control group from companions of patients and faculty staff.
The sampling method was simple and nonrandomized in both
case and control groups. To ensure the most stable level of
serum estrogen, which clearly changes during the menstrual
cycle, all blood samples from premenopausal healthy women
and patients with OLP were taken only in the follicular phase,
which was usually on the 4-8th day of the menstrual cycle.
Samples of venous blood were taken from the antecubital vein
and then centrifuged at 2000 rpm for 10 min to separate the
hematocrit from the plasma. The samples were then sent to
a laboratory within 2 h, where they were stored immediately
at —20 °C in test tubes containing 3% citric acid as an anti-
coagulant. The serum level of estrogen was measured in pg/
mL using a DRG Estradiol ELISA Kit (Germany), which is
a solid phase enzyme-linked immunosorbent assay (ELISA),
based on the principle of competitive binding. The normal
range of estrogen is 30—400 pg/mL in premenopausal women
and 0-30 pg/mL in postmenopausal women. The severity of
lesions in the case group was classified as from mild-to-severe
using a grading system based on the predominant clinical con-
dition in their mouth with 4 categories, namely (1) reticular/
popular, (2) atrophic, (3) erosive/desquamative gingivitis, and
(4) bullous/ulcerative.

Inclusion criteria were a clinical and histopathologi-
cal diagnosis of OLP, normal growth pattern and sexual

Before menopause

Post menopause All

Healthy women 41.6+54(n=10)
OLP 431+34(n=10)
P 0.47

559+4.0(n=37)
57.4+49(n=37)
0.17

529+73(n=47)
543+7.5(n=47)
0.35
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characteristics, normal history of menstrual cycle in premeno-
pausal and menopausal woman, premenopausal women, while
their last parturition was at least 1 year earlier, and for meno-
pausal woman whose last menstruation was at least 1 year
earlier.

Exclusion criteria included women with a lichenoid con-
dition, which was caused by drug or contact reactions, with
the presence of any inflammation or ulcer except OLP in the
oral cavity, with systemic and endocrine disorders, those who
had their uterus and ovaries removed, who used topical or
systemic corticosteroids in the previous 3 months, who used
hormone replacement therapy or an oral contraceptive pill in
the previous 6 months, who had a history of abortion, who
undertook heavy endurance sports, or who breastfeed in the
previous 6 months.

To reward the cooperation of participants, we also
measured their blood cholesterol level for no charge. To
determine the association of OLP and menopause and also to
compare the association of menopause with OLP and control
groups, data were analyzed using IBM SPSS Statistics for
Windows (version 22). Data were analyzed by Spearman
rank correlation coefficients and a two-way ANOVA with a
Bonferroni post hoc test. P < 0.05 was considered signifi-
cant. We used the STROBE statement cross-sectional study
guidelines [8].

Results

Among 56 patients with a clinical diagnosis of OLP, after
biopsy, 3 patients were excluded because of a diagnosis of a
lichenoid reaction, according to the modified WHO criteria.
Then we assessed 53 remaining patients for systemic, hormo-
nal, and menstrual disorders. According to the exclusion and
inclusion criteria, 47 female patients with OLP were included
in our study. For the control group, we evaluated 67 volun-
teers for oral health. We excluded 6 participants because of
oral inflammation or oral lesions. We further excluded 14
women because of systemic, hormonal, or menstrual disor-
ders. Finally, we measured the serum level of estrogen in 47
healthy and 47 patients with OLP (10 premenopausal and 37
postmenopausal each group). Their age median was 44 years
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(range 38-48 years) for premenopausal women and 60 years
(range 5068 years) for postmenopausal women in the case
group. The median age of the premenopausal woman in the
control group was 42 years (range 33—49 years) and postme-
nopausal woman 58 years (49—66 years).

Serum estrogen level in patients with OLP was signifi-
cantly higher than that for healthy women (P = 0.002) and it
was also significantly higher in premenopausal women than
premenopausal women (P < 0.001) (Table 2).

The severity of OLP lesions correlated with the estrogen
level (in postmenopausal women [r = 0.650; P < 0.001]; in
premenopausal women [7 =0.618; P =0.008], and in all pati-
ents [»=0.535; P <0.001]).

Discussion

Our findings showed that patients with OLP, either preme-
nopausal or postmenopausal, had significantly higher serum
levels of estrogen than healthy women. In the present study,
nearly 80% of lichen planus samples were in postmenopausal
women. We observed a higher serum level of estrogen in OLP
patients was associated with greater severity of the lesions.

The limitations of this study included finding patients
with oral lichen planus and healthy people without systemic
and hormonal problems. The potential biases of the present
study may be, multifaceted and even contradictory effects of
sex hormone in various concentrations on different parts of
the immune system and other systems. The lack of men in the
study due to the low number of men with oral lichen planus
can be a potential bias source. We did not consider some of the
factors that may affect sex hormones levels such as stress and
depression, nutrition, sleep deprivation, and chemical agents
in the environment.

Premenopausal women and men with RA showed that
patients had higher estradiol serum levels compared with
healthy women [9,10]. There were also direct correlations
between serum estradiol levels and the level of inflamma-
tion [10].

It is believed that the inflammatory pathways are affec-
ted in a bimodal way by estrogen—estradiol. At premenopau-
sal (high) levels estrogen plays an inhibitory role for main

Table 2. Serum level of estrogen (pg/mL) in patients with OLP and healthy women (before and after menopause)

Healthy women

Before menopause 58.9+17.8 (n=10)

Post menopause 94+3.2(n=37)

Women with OLP P
119.8+35.2 (n=10) 0.002*
26.1+6.3 (n=37) 0.001%*

The data are expressed as mean =+ standard error of the mean and analyzed by two-way analysis of variance with a Bonferroni post hoc test.

*P < 0.05 was considered statistically significant.
OLP, oral lichen planus.
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proinflammatory pathways (except for B cells, apoptosis, and
neoangiogenesis). A shift in the proinflammatory pathways
have been associated with postmenopausal (low) levels of
estrogen thought to stimulate cellular immunity. Three types
of autoimmune diseases are considered to exist, while B
cells have a major role in autoimmune disease, the outbreak
of disease is hastened by the stimulatory effect of estradiol
on humoral immunity in the initial years of reproduction in
diseases such as SLE. Although T and B cells have an effect
on the pathogenesis of the autoimmune disease, the onset of
disease may be due to humoral immunity, the incidence of
autoimmune disease in women may be delayed because of an
inhibitory effect of estradiol on cellular immunity in the late
reproductive or postmenopausal phases. Because the low level
of estradiol has a stimulatory effect on cellular immunity, if
T cells play an important role in the incidence of this disease,
the commencement of the disease is likely to be during the
postmenopausal phase when there is a reduction in estradiol
and progesterone levels [11].

The incidence and severity of SLE are associated with
estrogen levels in both human and animal studies. Estrogen
elevates the level of production of anti-double-stranded DNA
antibody IgG and IgM via peripheral blood mononuclear cells
in patients with SLE [12]. Antiestrogens decreased the inci-
dence of the disease in women who were prone to SLE. By con-
trast, estradiol was directly correlated with the severity of SLE
in animals [7]. Similar effects have been reported in Sjogren
syndrome [13]. In contrast to SLE, due to the immunosuppres-
sive effects of high estrogen levels on cellular immunity, estro-
gen is protective against multiple sclerosis non-B-cells and the
effect could be explained by the existence of myelin antigen
reactive CD4" T-lymphocytes in central nervous system [14].
Similar results have been shown for patients with RA [15]. In
OLP, CD8* T-lymphocytes, through their auto-cytotoxic acti-
vity, trigger apoptosis of the basal cell layers of the oral epithe-
lium. Other findings support the effect of humoral immunity
on the incidence of OLP [1, 16]. In autoimmune disease medi-
ated by T and B cells, estrogen may stimulate the production
of autoantibody about one decade before the disease mani-
fests, then aggravation of cellular immune response may cause
disease outbreak in the postmenopausal period [6]. This may
also be true for the OLP.

Estradiol at periovulatory or pregnancy levels has an
immunosuppressive effect on cellular immunity; however,
through some proinflammatory mechanisms, it has a role in
the development of autoimmune diseases such as OLP. Est-
rogen reduces apoptosis of immune cells, especially B and T
lymphocytes [7].

Estrogen produces hyperactivity of humoral immunity by
promoting immunoglobulin and autoantibody production, and
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also by increased presentation of plasma cells and autoantibo-

dies on the surface of B cells [17]. The secretion of vascular

endothelial growth factor by various cell types is elevated by
the proantigenic effects of estradiol. Endothelial cell attach-
ment, proliferation, migration together with the formation of

capillary structures are also enhanced by estradiol [18].

Cutolo et al. [19] suggested that inflammatory cytokines
such as interleukin (IL)-1, IL-6, and tumor necrosis factor
(TNF)-o could activate the enzyme aromatase in the peri-
pheral tissues. Aromatase can convert androgens to estrogen.
Because levels of these cytokines are increased significantly
in OLP, activation of aromatase and elevation of serum estro-
gen levels are expected. These mechanisms may operate via a
positive feedback loop and this would explain the high levels
of estrogen in patients with OLP.

In the present study, we found that the majority of women
with OLP were postmenopausal. The initiation phase of the
disease can occur many years before the symptomatic phase.

In the postmenopausal period, estradiol at lower con-
centrations has a strong immunostimulatory effect on cellu-
lar immunity via stimulating proinflammatory pathways and
cytokines such as TNF-q, interferon-y, IL-1, IL-6, monocyte
chemoattractant protein-1, nitric oxide synthase, nuclear factor
kB, activation of natural killer cells, production of matrix
metalloproteinase, and formation of reactive oxygen species,
which increases membrane expression of adhesion molecules
and cell adhesion to endothelial cells, and inhibits production
of anti-inflammatory cytokines such as transforming growth
factor-3, IL-4, IL-10 [6]. Moreover, calcineurin and protein
phosphatase 2B activity are increased when estrogen is cultu-
red with affected T cells, but not normal T cells [20]. The role
of calcineurin in the pathogenesis of OLP is supported by a cli-
nical trial and is thought to act by stimulating the transcription
of the gene that encodes IL-2, and subsequent T-cell activation
and proliferation [21].

The effects of sex hormones on the immune system are not
always similar and they may produce a stimulatory or suppres-
sive effect. Many factors influence the outcome of immune
responses from the interactions between sex hormones and
different tissues, such as hormonal level, duration of exposure,
the age of the person, type of immune cell, the existence of
costimulatory signals, and the level of receptor expression.
Moreover, the role of the environment factors should not be
overlooked [17].

We propose the following hypotheses.

* Along with other etiologic factors in OLP, estrogen plays
an important role in the onset of disease by promoting
mechanisms such as humoral immunity, angiogenesis,
and reduction of apoptosis of immune cells during the
premenopausal phase, and increases the outbreak of
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disease by stimulating the cellular immune system after
menopause.

* Women with higher levels of estrogen either before or
after menopause, experience more severe symptoms of
oral lesions because estrogen stimulates the humoral and
cellular immune system.

» Although oral lichen planus is commonly known as an
autoimmune disease caused by cellular immunity and
cytotoxic T lymphocytes, considering the effect of estrogen,
especially at high premenopausal levels, on the activation
and differentiation of B lymphocytes into plasma cells and
the secretion and release of specific antibodies, we propose
that the role of humoral immunity in the pathogenesis and
onset of oral lichen planus is important.

Further case—control studies and clinical trials are
required to explain the association between estrogen levels
and OLP.

Conclusion

OLP, like many other autoimmune diseases, is associated with
changes in blood levels of sex hormones such as estrogen.
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