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Background/purpose: Oral lichen planus (OLP) is a localized autoimmune oral mucosal disease.
This study evaluated whether different types of OLP patients including erosive OLP (EOLP),
major EOLP, minor EOLP, and non-erosive OLP (NEOLP) patients had significantly higher per-
centages of FoxP3þCD4þ or IFN-gþCD4þ cells in total CD4þ cells, and of IFN-gþCD8þ cells in
total CD8þ cells than healthy control subjects and whether the patient’s age had significant
influences on these cell percentages in OLP patients.
Materials and methods: Flow cytometry was used to count the FoxP3þCD4þ, IFN-gþCD4þ, or
IFN-gþCD8þ cell levels in 183 OLP patients (67 major EOLP, 81 minor EOLP, and 35 NEOLP pa-
tients) and 20 healthy control subjects.
Results: Major EOLP patients had a significantly higher FoxP3þCD4þ cell percentage than
health control subjects (PZ 0.049) or minor EOLP patients (PZ 0.008). Major EOLP patients
had a significantly higher IFN-gþCD4þ or IFN-gþCD8þ cell percentage than healthy control sub-
jects, NEOLP patients, or minor EOLP patients (all P-values< 0.01). In addition, both 61e80
year and 41e60 year OLP patients had significantly higher IFN-gþCD8þ cell percentages than
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healthy control subjects or 20e40 year OLP patients (all P-values< 0.005).
Conclusion: Major EOLP patients tend to have significantly higher percentages of FoxP3þCD4þ,
IFN-gþCD4þ, and IFN-gþCD8þ cells than healthy control subjects, NEOLP patients or minor
EOLP patients, suggesting that FoxP3þCD4þ Treg cells are increased to modulate OLP disease
activity. Increased number of IFN-g-producing activated T cell may be involved in oral epithe-
lial cell destruction in OLP patients.
ª 2021 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Oral lichen planus (OLP) is a T cell dysfunction-induced
localized autoimmune and inflammatory oral mucosal dis-
ease that affects 1e2% of the population. OLP occurs more
frequently in middle-aged and elderly female patients with
a female to male ratio of 1.5: 1.1 However, the female to
male ratio of Taiwanese OLP patients is 4: 1 or 5: 1.1 Pre-
vious study showed involvement of both antigen-specific
and non-specific mechanisms in OLP. Antigen-specific
mechanisms include antigen presentation by basal kerati-
nocytes and antigen-specific keratinocyte killing by CD8þ

cytotoxic T cells. Non-specific mechanisms include mast
cell degranulation and matrix metalloproteinase activation
in OLP lesions.2,3 Through mast cell/T-cell interactions in
OLP lesions, mast cell-released cytokines, chemokines and
matrix metalloproteinases can promote T-cell activation,
migration, proliferation and differentiation.4 Histologically,
OLP is characterized by liquefaction degeneration of basal
epithelial cells and an intraepithelial and subepithelial
infiltrate of mononuclear cells which are predominantly
CD8þ. CD4þ cells can be found mainly in the deep lamina
propria.5,6 An increase in histocompatibility leukocyte an-
tigen (HLA)-DR-positive CD3þ cells in both the local lesional
tissues and peripheral blood lymphocytes also indicates T-
cell activation in OLP.6,7

Although the immune mechanisms involved in OLP
remain unclear, considerable researches support the idea
that CD4þCD25þ Forkhead-box protein 3þ (FoxP3þ) regu-
latory T cells (Tregs), a subset of T lymphocytes, are
involved in the pathogenesis of OLP.8e10 Treg cells in OLP
patients are frequently expanded but functionally
deficient.8e10 This could explain, at least in part, why the
increased Treg cells in OLP fail to control the pathogenesis
and development of this localized autoimmune disease.
Treg cells can suppress the proliferation of conventional T
cells and inhibit the cytokine production by these T cells in
three different ways: suppression mediated by cellecell
contact, by the secretion of cytokines (such as trans-
forming growth factor b or TGF-b and interleukin 10 or IL-
10), and by metabolic disruption. TGF-b plays an impor-
tant role in down modulation of T cell-mediated immune
responses and in controlling autoimmunity.10,11 FoxP3 is a
specific transcription factor for Treg cells and is crucial for
the development, differentiation, and suppressive func-
tions of Treg cells. It is the most specific marker of Treg
cells, distinguishing Treg cells from other T cells.11 It has
been reported that FoxP3 mRNA expression levels in the
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explants of OLP lesions and circulating CD4þCD25þ T cells in
OLP patients are significantly higher than those in normal
control subjects.10

IFN-g can influence naive CD4þ cell differentiation
toward a Th1 phenotype and production of IFN-g is also
a characteristic phenotype of activated effector memory
CD4þ or CD8þ.12 Langerhans cells are antigen-presenting
cells (APCs) in OLP lesions and play a pivotal role in the
recruitment of CD4þ and CD8þ cells to the subepithelial
region and the subsequent basal keratinocytes
apoptosis.13 IFN-g can activate CD4þ cells directly and
CD8þ cells indirectly to enhance the autoimmune dis-
ease activity. The above-mentioned statements indicate
that it is very important to measure the FoxP3þCD4þ

(Treg) cell levels in OLP patients and to assess the levels
of activated CD4þ and CD8þ cells secreting IFN-g in OLP
patients.

OLP more commonly affects buccal mucosa, tongue, and
gingiva. It always has a bilateral and symmetric distribution
of the oral lesions. Clinically, reticular, papular, plaque-
like, atrophic/erosive, ulcerative, and bullous types of OLP
can be identified.1 Moreover, OLP can also be classified
briefly into erosive OLP (EOLP; including atrophic/erosive,
ulcerative, and bullous types of OLP) or non-erosive OLP
(NEOLP; including reticular, papular, and plaque-like types
of OLP).1 In addition, EOLP can be further divided into
major EOLP (with erosive or ulcerative oral mucosal
lesion� 1 cm in greatest diameter) and minor EOLP (with
erosive or ulcerative oral mucosal lesion< 1 cm in greatest
diameter).1,8 EOLP patients usually have oral symptoms
such as burning sensation of lesional oral mucosa and
sensitivity to spicy and hot food, thus they frequently need
specific treatments. However, NEOLP patient may have
none of these symptoms or very mild oral symptoms, and
they usually need no treatment.1 Because various types of
OLP patients have different disease activities and severities
and they may have different autoimmune activities and
statuses with different percentages of FoxP3þCD4þ, IFN-
gþCD4þ, and IFN-gþCD8þ cells, this study evaluated
whether different types of OLP patients including EOLP,
major EOLP, minor EOLP, and NEOLP patients had signifi-
cantly higher percentages of FoxP3þCD4þ or IFN-gþCD4þ

cells in total CD4þ cells and higher percentages of IFN-
gþCD8þ cells in total CD8þ cells than healthy control sub-
jects, whether major EOLP patients had higher
FoxP3þCD4þ, IFN-gþCD4þ, and IFN-gþCD8þ cell percent-
ages than NEOLP or minor EOLP patients, and whether the
age of the OLP patient had significant influences on the
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FoxP3þCD4þ, IFN-gþCD4þ, and IFN-gþCD8þ cell percent-
ages in OLP patients.

Materials and methods

Subjects and clinical and histologic diagnoses of
oral lichen planus

The study group consisted of 183 OLP patients (42 men and
141 women, age range 20e80 years, mean 54.8� 12.2
years) and 20 healthy control subjects (4 men and 16
women, age range 26e71 years, mean 51.9� 13.0 years).
All the OLP patients and healthy control subjects were
seen consecutively, diagnosed, and treated in the
Department of Dentistry, National Taiwan University Hos-
pital (NTUH) from August 2010 to July 2013. These 183 OLP
patients included 148 EOLP patients (32 men and 116
women, age range 20e80 years, mean 55.3� 12.5 years)
and 35 NEOLP patients (10 men and 25 women, age range
30e79 years, mean 52.9� 10.7 years). They were selected
according to the typical clinical presentation of radiating
grayish-white Wickham striae, papules and plaques,
separately or in combination (NEOLP), and erosion or ul-
ceration on the oral mucosa (EOLP). If the OLP lesions
were bilateral, symmetric and typical, no biopsy was
needed to confirm the clinical diagnosis. For the uncer-
tainty of clinical diagnosis of OLP, biopsy was performed
and the typical histologic features of OLP lesions included
hyperkeratosis or parakeratosis, a slightly acanthotic
epithelium with liquefaction degeneration of the basal
epithelial cells, a pronounced band-like lymphocytic
infiltrate in the lamina propria, and the absence of
epithelial dysplasia.14 Those patients with biopsy speci-
mens exhibiting untypical features of OLP were excluded
from this study. Moreover, all OLP patients with areca quid
chewing habit, autoimmune diseases (such as systemic
lupus erythematosus, rheumatoid arthritis, Sjogren’s syn-
drome, pemphigus vulgaris, and cicatricial pemphigoid),
other inflammatory diseases, or malignancy were also
excluded. In addition, all OLP patients with a history of
stroke, heavy alcohol use, or diseases of the liver, kidney,
or coronary arteries were excluded, too. Healthy control
subjects had dental caries, pulpal disease, malocclusion,
or missing of teeth but did not have any oral mucosal or
systemic diseases. None of the OLP patients and normal
control subjects had taken any prescription medication for
OLP at least 3 months before entering the study. The blood
samples were drawn from OLP patients and healthy con-
trol subjects for measurement of the FoxP3þCD4þ, IFN-
gþCD4þ or IFN-gþCD8þ T cell levels. This study was
reviewed and approved by the Institutional Review Board
at the NTUH.

Human samples and cell isolation

Blood samples were drawn from 183 OLP patients and 20
healthy control subjects. Written informed consent was
obtained from each OLP patient or healthy control subject
before drawing the blood samples and entering the study.
Peripheral blood mononuclear cells (PBMCs) were isolated
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using Ficoll-Paque PLUS (GE Healthcare, Chicago, IL, USA).
Peripheral blood CD4þ T cells were purified by RosetteSep�
Human CD4þ T Cell Enrichment Cocktail (StemCell Tech-
nologies, Cambridge, MA, USA). CD8þ T cells were enriched
by negative selection (RosetteSep, Stemcell Technologies).

Flow cytometry analysis (FACS) and intracellular
staining

For cell surface staining, cells were stained using the
following monoclonal antibodies: CD4 (clone RPA-T4),
PerCp-conjugate of CD8 (clone SK1, BD pharmingen, San
Diego, CA, USA), and allophycocyanin (APC)-Cy7-conjugate
of CD3 (clone HIT3a, Biolegend, San Diego, CA, USA). PBMC
(at least 0.2� 106 cells) were stained with fluorochrome-
labeled monoclonal antibodies for 30 min at 4 �C in 100 ml
staining buffer (PBSþ 4% Hi-FBS). Appropriate isotype
antibody controls were used for each sample. Cells were
washed and examined by flow cytometry. For intracellular
staining, cells were fixed and permeabilized by Fixation/
Permeabilization Kit (eBioscience, San Diego, CA, USA) or
Cytofix/Cytoperm� Kit (BD Biosciences, San Jose, CA, USA)
following the manufacture’s instruction, and stained using
the following monoclonal antibodies: FoxP3 (clone PCH101;
from eBioscience) and IFN-g (clone B27; from BD Bio-
sciences). For cytokine detection, cells were stimulated
with phorbol 12-myristate 13-acetate (PMA) (10 ng/mL),
ionomycin (1 mg/mL) (both from Sigma-Aldrich, St. Louis,
MO, USA), and monensin (2 mM; eBioscience) for 4 h. Flow
cytometry analyses were performed on an LSRFortessa flow
cytometer (BD Biosciences), and data were exported as FCS
3.0 for analysis in FlowJo software (Tree Star, Ashland, OR,
USA) as we previously described.11

Statistical analysis

The percentages of FoxP3þCD4þ cells in total CD4þ cells, of
IFN-gþCD4þ cells in total CD4þ cells, and of IFN-gþCD8þ

cells in total CD8þ cells were measured for each OLP pa-
tient and normal control subject. Mean percentages
(mean� standard deviation) of FoxP3þCD4þ, IFN-gþCD4þ,
and IFN-gþCD8þ cells were compared firstly between any
one group of OLP patients (including 183 OLP, 148 EOLP, 67
major EOLP, 81 minor EOLP, or 35 NEOLP patients) and 20
healthy control subjects and then between any two groups
of OLP patients by Student’s t-test. In addition, the 183 OLP
patients were divided into three age groups (including
20e40 year, 41e60 year, and 61e80 year OLP patients).
Mean percentages of FoxP3þCD4þ, IFN-gþCD4þ, and IFN-
gþCD8þ cells were compared firstly between any one age
group of OLP patients and normal control subjects and then
between any two age groups of OLP patients by Student’s t-
test, too. Differences with the p value< 0.05 were
considered statistically significant.

Results

Mean percentages of FoxP3þCD4þ cells in total CD4þ cells, of
IFN-gþCD4þ cells in total CD4þ cells, and of IFN-gþCD8þ cells
in total CD8þ cells in different groups of 183 oral OLP patients



Table 1 Mean percentages (mean� standard deviation) of FoxP3þCD4þ cells in total CD4þ cells, of IFN-gþCD4þ cells in total
CD4þ cells, and of IFN-gþCD8þ cells in total CD8þ cells in different groups of 183 oral lichen planus (OLP) patients and 20 healthy
control subjects.

Patient group FoxP3þCD4þ cells (%) IFN-gþCD4þ cells (%) IFN-gþCD8þ cells (%)

OLP patients (nZ 183) 4.9� 2.4 16.8� 10.1 46.0� 21.9
aP-value 0.464 0.211 0.001
EOLP patients (nZ 148) 4.9� 2.1 17.4� 10.3 46.8� 22.2

aP-value 0.406 0.141 <0.001
bP-value 0.658 0.113 0.285

Major EOLP patients (nZ 67) 5.4� 1.9 20.7� 10.2 57.9� 19.9
aP-value 0.049 0.006 <0.001
bP-value 0.568 0.003 <0.001
cP-value 0.008 <0.001 <0.001

Minor EOLP patients (nZ 81) 4.5� 2.1 14.7� 9.7 37.6� 19.8
aP-value 1.000 0.728 0.086
bP-value 0.249 0.875 0.236

NEOLP patients (nZ 35) 5.1� 3.4 14.4� 8.8 42.4� 20.2
aP-value 0.451 0.826 0.017

OLP patients (nZ 183)
61e80 year (nZ 62) 4.8� 2.2 17.2� 10.1 52.0� 21.2

aP-value 0.563 0.175 <0.001
dP-value 0.852 0.418 <0.001
eP-value 0.452 0.856 0.102

41e60 year (nZ 99) 5.1� 2.6 16.9� 10.3 46.3� 21.5
aP-value 0.316 0.214 0.001
dP-value 0.499 0.478 <0.001

20e40 year (nZ 22) 4.7� 2.0 15.2� 9.3 27.8� 15.4
aP-value 0.700 0.606 0.761

Healthy control subjects (nZ 20)‘ 4.5� 1.2 13.9� 6.5 29.3� 16.3

EOLPZ erosive OLP; NEOLPZ non-erosive OLP.
a Comparisons between any OLP group patients and healthy control subjects by Student’s t-test.
b Comparisons between EOLP, major EOLP, or minor EOLP patients and NEOLP patients by Student’s t-test.
c Comparison between major EOLP and minor EOLP patients by Student’s t-test.
d Comparisons between 61 and 80 year or 41e60 year OLP patients and 20e40 year OLP patients by Student’s t-test.
e Comparison between 61e80 year and 41e60 year OLP patients by Student’s t-test.
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and 20 healthy control subjects are shown in Table 1. We
found that major EOLP patients had a significantly higher
FoxP3þCD4þ cell percentage (5.4� 1.9%) thanhealth control
subjects (4.5� 1.2%, PZ 0.049) or minor EOLP patients
(4.5� 2.1%, PZ 0.008). Major EOLP patients had a signifi-
cantly higher IFN-gþCD4þ cell percentage (20.7� 10.2%)
than healthy control subjects (13.9� 6.5%, PZ 0.006),
NEOLP patients (14.4� 8.8%, PZ 0.003), or minor EOLP pa-
tients (14.7� 9.7%, P< 0.001), Moreover, major EOLP pa-
tients had a significantly higher IFN-gþCD8þ cell percentage
(57.9� 19.9%) than healthy control subjects (29.3� 16.3%,
P< 0.001), NEOLP patients (42.4� 20.2%, P< 0.001), or
minor EOLP patients (37.6� 19.8%, P< 0.001). In addition,
OLP (PZ 0.001), EOLP (P< 0.001), or NEOLP patients
(PZ 0.017) also had a significantly higher IFN-gþCD8þ cell
percentage than healthy control subjects (Table 1).

If the OLP patients were divided into three age groups of
patients: 20e40 year (nZ 22), 41e60 year (nZ 99), and
61e80 year (nZ 82) age groups of patients (Table 1). We
found that both 61e80 year and 41e60 year OLP patients
had significantly higher IFN-gþCD8þ cell percentages than
healthy control subjects or 20e40 year OLP patients (all P-
values< 0.005) (Table 1).
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Discussion

This study found that major EOLP patients had a signifi-
cantly higher FoxP3þCD4þ Treg cell percentage than
healthy control subjects and minor EOLP patients. Although
OLP, EOLP, and NEOLP patients had an elevated
FoxP3þCD4þ cell percentage than healthy control subjects,
the FoxP3þCD4þ cell percentage did not reach a signifi-
cantly higher level. These findings indicate FoxP3þCD4þ

(Treg) cell number did increase in our OLP patients. OLP is a
localized autoimmune oral mucosal disease. The increased
Treg cells in OLP patients are supposed to suppress the
abnormally higher T cell-mediated autoimmune activity
against oral epithelial cells to a lower or normal level and
subsequently to modulate the disease severity in OLP pa-
tients. It is interesting to know why the increased Treg cells
do not possess their inherited function to suppress CD4þ or
CD8þ effector memory T cells. One possibility was that
these Treg cells had deficits, therefore, they lost their
original suppressive function. The other possibility was that
these Treg cells were transformed into a non-suppressive
phenotype or even become an opposite phenotype to
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possess the function on augmentation of the T cell-
mediated immunity during the developmental and differ-
entiation process. In fact, a previous study found that
although there is a significantly increased number of
CD4þCD25þ Treg cells in OLP patients, these CD4þCD25þ

Treg cells have impaired suppressive function demon-
strated by in vitro proliferation assay.8,9 In addition,
Schreurs et al.9 assessed the non-suppressive (FoxP3þ

CD45RA�CD25þCD45ROþ and CD15s�) and suppressive
(FoxP3þCD45RA�CD25þCD45ROþ and CD15sþ) phenotypes
of FoxP3þCD4þ cells in biopsied oral lesions of atrophic/
erosive and reticular OLP patients. They discovered that
oral lesions of atrophic/erosive OLP patients contain higher
numbers of FoxP3þCD4þ cells than those of reticular OLP
patients but the main FoxP3þCD4þ T-cell population in the
oral lesions of atrophic/erosive OLP patients is the non-
suppressive subset. On the contrary, suppressing pheno-
typic FoxP3þCD4þ cells are twice as high in reticular OLP
lesions compared to the atrophic/erosive OLP lesions.9

These findings suggest that the absence of actively sup-
pressing FoxP3þCD4þ cells may in part explain why the
atrophic/erosive OLP lesions have higher disease activity or
severity than reticular OLP lesions and why OLP is a
remarkably persisting oral mucosal disease, in spite of the
presence of substantially high numbers of FoxP3þ CD4þ T
cells.9 Therefore, it is crucial to examine not only numbers
but also functional phenotype of FoxP3þ CD4þ T cells in
human tissues.

In this study, we also assessed the CD4þ and CD8þ cells
isolated from OLP patients could secrete IFN-g upon acti-
vation in vitro. We found that both CD4þ and CD8þ cells
isolated from OLP patient could produce IFN-g upon stim-
ulation. Moreover, major EOLP patients had significantly
higher IFN-gþCD4þ cell percentage than healthy control
subjects, NEOLP patients, or minor EOLP patients. Although
OLP, EOLP, minor EOLP, NEOLP patients all had higher IFN-
gþCD4þ cell percentage than healthy control subjects, the
differences in IFN-gþCD4þ cell percentage did not reach
the significant levels. In addition, this study also demon-
strated that major EOLP, EOLP, OLP, and NEOLP patients
had significantly greater IFN-gþCD8þ cell percentage than
healthy control subjects. Furthermore, the severer the OLP
disease was, the higher the IFN-gþCD8þ cell percentage
was present in OLP patients. When the CD4þ cells in OLP
patient produce IFN-g, the IFN-g molecules can work
together with interleukin 2 to activate CD4þ and CD8þ cells
and subsequently enhance CD8þ cell-mediated cytotoxic
activity against oral epithelial cells and finally generate
OLP lesions in OLP patients. The activated CD8þ cells in this
study could also secrete IFN-g molecules that in turn
potentiate the whole vicious cycle against oral epithelial
cells in OLP patients. Indeed, a previous study showed that
approximately 10% of FoxP3þCD4þ cells in OLP oral lesions
express T-bet, the hallmark transcription factor for IFN-g-
producing T cells, indicating that a distinct subset of
FoxP3þCD4þ cells in OLP lesions or OLP patients are not
conventional Treg cells and may produce IFN-g that en-
hances autoimmune and inflammatory responses rather
than suppress them.

This study found that OLP patients had a significantly
higher IFN-gþCD8þ cell percentage than healthy control
subjects. Although OLP patients also had higher
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FoxP3þCD4þ cell and IFN-gþCD4þ cell percentages than
healthy control subjects, the differences were not signifi-
cant. This study showed no correlation of OLP patients’ age
with the OLP types or disease severity (data not shown). We
further tested whether the age of the OLP patients might
influence the FoxP3þCD4þ, IFN-gþCD4þ, and IFN-gþCD8þ

cell percentages in OLP patients. We discovered signifi-
cantly higher IFN-gþCD8þ cell percentages in both 61e80
year and 41e60 year OLP patients than in healthy control
subjects or 20e40 year OLP patients. Both 61e80 year and
41e60 year OLP patients also had higher FoxP3þCD4þ and
IFN-gþCD4þ cell percentages than healthy control subjects
or 20e40 year OLP patients, but the differences were not
significant. Moreover, of 183 OLP patient, 99 (54.1%) pa-
tients of 41e60 year age group had the highest FoxP3þCD4þ

cell percentage, followed by 62 (33.9%) patients of 61e80
year age group, and 22 (12.0%) patients of 20e40 year age
group. The above-mentioned age-related findings of
increased activated effector memory T cells in older OLP
patients were comparable with the specific OLP clinical
features showing the common occurrence of OLP in middle-
aged and elderly patients with a highest OLP prevalence in
patients between 41 and 60 years of age.

We conclude that major EOLP patients tend to have
significantly higher FoxP3þCD4þ, IFN-gþCD4þ, and IFN-
gþCD8þ cell percentages than healthy control subjects,
NEOLP patients, or minor EOLP patients. These findings
suggest a significant association of increased IFN-gþCD4þ

and IFN-gþCD8þ cell levels with OLP disease activity or
severity. However, the increased FoxP3þCD4þ cells in OLP
patients may not be the conventional Treg cells that have
inherited function to modulate the disease activity. Both
CD4þ and CD8þ cells in OLP patients can produce IFN-g
molecules that are subsequently responsible for the T cell
activation and further oral epithelial cell destruction or
alteration in OLP patients.
Declaration of competing interest

The authors have no conflicts of interest relevant to this
article.
Acknowledgments

This study was partially supported by the grant (No. 99-
2314-B-002-142-MY3) of Ministry of Science and Technology,
Taiwan.
References

1. Chiang CP, Chang JYF, Wang YP, Wu YH, Lu SY, Sun A. Oral
lichen planus e differential diagnoses, serum autoantibodies,
hematinic deficiencies, and management. J Formos Med Assoc
2018;117:756e65.

2. Sugerman PB, Savage NW, Walsh LJ, et al. The pathogenesis
of oral lichen planus. Crit Rew Oral Biol Med 2002;13:
350e65.

3. Scully C, Beyli M, Ferreiro MC, et al. Update on oral lichen
planus: etiopathogenesis and management. Crit Rev Oral Biol
Med 1998;9:86e122.

http://refhub.elsevier.com/S1991-7902(21)00005-2/sref1
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref1
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref1
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref1
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref1
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref1
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref2
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref2
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref2
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref2
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref3
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref3
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref3
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref3


A. Sun, Y.-H. Wu, J.Y.-F. Chang et al.
4. Zhao ZZ, Savage NW, Sugerman PB, Walsh LJ. Mast cell/T cell
interactions in oral lichen planus. J Oral Pathol Med 2002;31:
189e95.

5. Khan A, Farah CS, Savage NM, Walsh LJ, Harbrow DJ,
Sugerman PB. Th1 cytokines in oral lichen planus. J Oral Pathol
Med 2003;32:77e83.

6. Hirota J, Osaki T, Tatemoto Y. Immunohistochemical staining
of infiltrates in oral lichen planus. Path Res Pract 1990;186:
625e32.

7. Yamamoto T, Yoneda K, Ueta E, Osaki T. Cellular immunosup-
pression in oral lichen planus. J Oral Pathol Med 1990;19:464e70.

8. Zhou LL, Cao TY, Wang YF, et al. Frequently increased but
functionally impaired CD4þCD25þ regulatory T cells in patients
with oral lichen planus. Inflammation 2016;39:1205e15.

9. Schreurs O, Karatsaidis A, Schenck K. Phenotypically non-
suppressive cells predominate among FoxP3-positive cells in
oral lichen planus. J Oral Pathol Med 2016;45:766e73.
756
10. Lei L, Zhan L, Tan W, et al. Foxp3 gene expression in oral lichen
planus: a clinicopathological study. Mol Med Rep 2014;9:
928e34.

11. Lee JJ, Kao KC, Chiu YL, et al. Enrichment of human CCR6þ

regulatory T cells with superior suppressive activity in oral
cancer. J Immunol 2017;199:467e76.

12. Schroder K, Hertzog PJ, Ravasi T, Hume DA. Interferon-gamma:
an overview of signals, mechanisms and functions. J Leukoc
Biol 2004;75:163e89.

13. Kumar TA, Veeravarmal V, Nirmal RM, Amsaveni R, Nassar MHM,
Kesavan G. Expression of cluster of differentiation 1a-positive
Langerhans cells in oral lichen planus. Indian J Dermatol 2019;
64:41e6.

14. Chen HM, Wang YP, Chang JYF, Wu YC, Cheng SJ, Sun A. Sig-
nificant association of deficiencies of hemoglobin, iron, folic
acid, and vitamin B12 and high homocysteine level with oral
lichen planus. J Formos Med Assoc 2015;114:124e9.

http://refhub.elsevier.com/S1991-7902(21)00005-2/sref4
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref4
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref4
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref4
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref5
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref5
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref5
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref5
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref6
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref6
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref6
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref6
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref7
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref7
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref7
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref8
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref8
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref8
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref8
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref8
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref8
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref9
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref9
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref9
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref9
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref10
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref10
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref10
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref10
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref11
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref11
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref11
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref11
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref12
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref12
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref12
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref12
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref13
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref13
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref13
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref13
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref13
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref14
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref14
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref14
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref14
http://refhub.elsevier.com/S1991-7902(21)00005-2/sref14

	FoxP3+CD4+, IFN-γ+CD4+, and IFN-γ+CD8+ cell levels in erosive and non-erosive types of oral lichen planus patients
	Introduction
	Materials and methods
	Subjects and clinical and histologic diagnoses of oral lichen planus
	Human samples and cell isolation
	Flow cytometry analysis (FACS) and intracellular staining
	Statistical analysis

	Results
	Discussion
	Declaration of competing interest
	Acknowledgments
	References


