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Abstract Background/purpose: Oral lichen planus (OLP) is a chronic inflammatory lesion of
oral mucosal, and its pathogenesis involves immune cell-mediated aberrances. However, the
findings conflict with each other. This research aimed to comprehensively detect the salivary
cytokine profile of patients with OLP.
Materials and methods: The cohort included 60 OLP patients (30 reticular and 30 erosive), and
30 healthy controls, matched in age and sex. Human Cytokine/Chemokine Magnetic Bead Panel
Kit (HCYTMAG-60K-PX41) was used to detect salivary inflammation-related cytokines. Rank
sum test, group t-test, and ANOVA were used for data analysis in different groups. Moreover,
Spearman’s rank correlation analysis was used to analyze the correlation between salivary
cytokine levels and OLP lesion severity.
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Results: The levels of TNF-a, G-GSF, IL-1a, IL-1b and IL-8 were statistically significant higher in
both erosive and reticular OLP patients than in the healthy group, while the IL-13 level was
significantly lower. Particularly, the salivary TNF-a, GM-CSF, MIP-1a, MIP-1b, IL-1b, IL-6 and
IL-8 levels were higher in erosive OLP group than other groups. Spearman’s rank correlation
analysis revealed that the salivary TNF-a, GM-CSF, MIP-1a, MIP-1b, IL-1b and IL-6 levels were
positively correlated with OLP lesion severity.
Conclusion: Imbalance of the Th1/Th2-mediated immune response contributes to OLP. Certain
salivary cytokines, such as MIP-1a, MIP-1b, GM-CSF, and IL-6, are positively correlated with OLP
severity, and they have a high potential as biomarkers to diagnose and predict OLP prognosis.
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 common inflammatory oral
mucosal disease with the prevalence of 1.5%, mainly
occurring in middle and old aged women.1 In the clinical
setting, there are three major subtypes of OLP lesion:
atrophic, reticular, and erosive. The atrophic and erosive
subtypes cancerate with a rate of 0.8e1.5%.2 This makes
OLP a potential malignant disorder of the oral cavity, as
defined by WHO. (see Fig. 1)

Despite extensive studies on the topic, the precise
pathogenesis of OLP remains unclear. Various factors,
including genetic predisposition, psychological factors, and
immune dysregulation, may contribute to the development
of OLP disease.3,4 Basal cell hydropic degenerated and a
band-like lymphocytes infiltrated (mainly CD8þ and CD4þ
cells) in the lamina propria are two characteristic histologic
findings of OLP. Hence, it is well-accepted that among the
multiple risk factors, T-cell-mediated immunological aber-
ration is of crucial importance.5e7 On antigen stimulation,
CD4þ T cells differentiate into distinct subsets, each of
which secrete certain cytokines.8 Previous studies indicate
that the cytokine expression profile is altered in OLP pa-
tients, especially the expression of Th1-, Th2-, and Th17-
associated cytokines;5e7 however, only a limited number
of cytokines were implicated and the findings were
inconsistent.9e12

Several studies have been conducted to identify bio-
markers involved in OLP pathogenesis, progression, diag-
nosis and prognosis, among which, cytokines are served as a
potential tool. Cytokines in OLP patients have been
assessed in the past in various samples such as tissue,
serum, peripheral blood, saliva, and oral swabs. Whole
saliva is a highly versatile biological fluid that contains local
vasculature-derived blood constituents, serum, and
desquamated epithelial cells. Furthermore, we can get it
non-invasively. Therefore, it offers distinctive advantages
in the diagnosis and monitoring of various systemic and
local diseases.13 However, rare studies have been
addressed to evaluate limited salivary cytokines in OLP,
with controversial findings.14 The aim of the present study
was to add to the current knowledge on the cytokine-
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related mechanisms of OLP by extensively investigating
the expression of T-cell associated cytokines in patients
with a diagnosis of OLP. To this end, Luminex liquid sus-
pension chips were used to determine changes in a
comprehensive array of cytokines in whole saliva samples
from a cohort of patients with OLP.

Materials and methods

Ethical approval

The Peking University Institutional Review Board
approved this study (PKUSSIRB-201840198). And all the
methods followed relevant guidelines and regulations.
Each participant signed the informed consent form before
sample gathering.

Study participants

All 90 subjects who were referred to “the Department of
Oral Medicine, Peking University School and Hospital of
Stomatology, China”, from January 2019 to June 2019 were
recruited, including 30 reticular OLP patients, 30 erosive
OLP patients, and 30 healthy controls (who formed the
healthy control or HC group). No statistic difference in age
and sex between trial group and control group.

Inclusion and exclusion criteria

Inclusion criteria
The present cohort included patients who were informed
thoroughly about the trial and were willing to participate,
patients who were between 18 and 75 years of age who
were not pregnant, and OLP patients diagnosed based on
clinical and histological features according to the 2003 WHO
criteria.15

Exclusion criteria
The study excluded patients with other diagnosed oral
mucosa diseases and severe systemic diseases including low
immune function, hematological diseases, diabetes
 Science Center from ClinicalKey.com by Elsevier on January 
sion. Copyright ©2022. Elsevier Inc. All rights reserved.
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mellitus, infectious diseases, extraoral premalignant dis-
eases, and tumor; patients with an allergic constitution;
patients who had received topical or systemic treatment 1
month prior to the study; and patients with moderate or
severe periodontitis (clinical attachment loss � 5 mm,
probing depth � 6 mm, and extension of bone loss to the
apical portion of the root).

Clinical examination and scoring

General information, including age, gender, and disease
duration, was collected from each subject. Oral hygiene
status was recorded in terms of the number of decayed,
missing, filling teeth and probing depth. The severity of
OLP lesions was evaluated with the reticular/hyperkera-
totic, erosive/erythematous, ulcerative (REU) scoring
system, in accordance with a previous study.16 In brief,
scores were assigned based on examination of reticular/
hyperkeratotic lesions (0 Z none, 1 Z present) and
erosive/erythematous (E) and/or ulcerative (U) lesions
(0 Z none, 1 Z lesions smaller than 1 cm2 2 Z lesions
ranging in size from 1 to 3 cm2, 3 Z lesions larger than
3 cm2), and the total REU score was a sum of the two lesion
scores. All these clinical work was done by Hong Hua,
Chunlei Li and Zhengda Zhu.

Sample collection

No drinking or eating for 2 h before saliva sampling. Using
standard techniques, in the morning between 08:00 and
10:00, collect 5 ml of whole unstimulated saliva (WUS). The
tube containing WUS was centrifuged at 12,000 rpm for
20 min at 4 �C, and the supernatant was collected and
stored at �80 �C for further analysis.17

Measurement of salivary cytokine expression

The expression of salivary cytokines was detected with a
liquid suspension chip, which was then detected by the
platform - Luminex 200 system (Luminex, Austin, TX, USA).
Briefly, the liquid suspension chip comprised fluorescence-
encoded microspheres covalently cross-linked with mono-
clonal antibodies against the target molecules. After
fluorescein-labeled antibody was added, the concentration
of target molecules was determined by identifying a single
microsphere via laser scanning of the fluorescence code
and measurement of the fluorescence intensity.18 In our
study, the human cytokine/chemokine magnetic bead
panel kit - HCYTMAG-60K-PX41 (Millipore, Burlington, MA,
USA) was used, and it contained antibodies against soluble
“CD40-ligand (Scd40L), epidermal growth factor (EGF),
eotaxin/CCL11, fibroblast growth factor (FGF-2, also known
as FGF-basic), Fms-related tyrosine kinase 3 ligand (Flt-3
ligand), fractalkine, granulocyte colony stimulating factor
(G-CSF), granulocyte macrophage colony stimulating factor
(GM-CSF), CXCL1/GRO, interferon-a2 (IFN-a2), IFN-g,
interleukin-1a (IL-1a), IL-1b, IL-1 receptor antagonist (IL-
1ra), IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8 (also known as
102
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CXCL8), IL-9, IL-10, IL-12 (p40), IL-12 (p70), IL-13, IL-15, IL-
17A (also known as CTLA8), interferon-g-produced protein-
10 (IP-10, also known as CXCL10), monocyte chemo-
attractant protein-1 (MCP-1, also known as CCL2), MCP-3
(also known as CCL7), macrophage-derived chemokine
(MDC, also known as CCL22), macrophage inflammatory
protein-1a (MIP-1a, also known as CCL3), MIP-1b (also
known as CCL4), platelet-derived growth factor-AA (PDGF-
AA), PDGF-AB/BB, regulated upon activation normal T cell
expressed and presumably secreted chemokine (RANTES,
also known as CCL5), transforming growth factor-a (TGF-a),
tumor necrosis factor-a (TNF-a), TNF-b (also known as
lymphotoxin-a [LTA]), and vascular endothelial growth
factor (VEGF)”.
Statistical analysis

Data were analyzed using SPSS version 24.0. The normality
and homogeneity of variance were assessed. The rank-sum
test, group t-test, and ANOVA were used for data analysis in
different groups. Spearman’s rank correlation analysis was
used to analyze correlation between salivary levels of cy-
tokines and OLP lesions. P value < 0.05 was set as statistical
significance.
Results

Demographic and clinical feature of the patients

No significant differences in the demographic and basic
clinical characteristics were found among the reticular OLP,
erosive OLP, and HC groups (Table 1).
Differential expression of salivary cytokines among
the erosive OLP, reticular OLP, and HC groups

Compared to the HC group, the salivary levels of IL-1b, IL-8,
TNF-a, IL-1a, and G-CSF were significantly increased in the
erosive and reticular OLP groups, while the IL-13 level was
decreased. In particular, the salivary concentrations of IL-
1b, IL-8, and TNF-a were significantly higher in the erosive
OLP group than in the reticular OLP group.

In addition, the salivary levels of MIP-1a, MIP-1b, GM-
CSF, and IL-6 were significantly higher in the erosive OLP
group than in the reticular OLP group and HC group, while
no significant differences were observed between the
reticular OLP group and HC group.
Correlation between salivary cytokine levels and
REU scores

Spearman’s rank correlation analysis revealed that the
salivary levels of IL-1b, IL-6, TNF-a, MIP-1a, MIP-1b, and
GM-CSF were positively correlated with the OLP oral lesion
score (or the REU score) (Table 2).
 Science Center from ClinicalKey.com by Elsevier on January 
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Figure 1 Differential expression of salivary cytokines among erosive OLP group, reticular OLP group and healthy control group.

Table 2 Correlation analysis between cytokine levels (pg/
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Discussion

In the present study, the comprehensive cytokine expres-
sion profile of the saliva was investigated to shed light on
the pathogenesis of OLP.

The results indicate that the levels of pro-inflammatory
cytokines (IL-1b, IL-8, TNF-a, IL-1a, and G-CSF), which are
mainly Th1-type cytokines, were significantly increased,
Table 1 Baseline characteristics of the study population.

Item Reticular
OLP

Erosive OLP Healthy
control

Age (year) 53.27 � 9.35 54.73 � 11.66 51.67 � 12.17
Female: Male 22 : 8 23 : 7 22 : 8
Disease

duration
(month)

4.57 � 2.73 5.43 � 3.87 5.60 � 3.17

PD (mm) 4.13 � 1.01 4.53 � 1.11 4.26 � 0.98
DMFT 1.77 � 0.68 2.03 � 1.03 1.96 � 0.85

Data are presented as mean � standard deviation; OLP: oral
lichen planus; PD: probing depth; DMFT: decayed, missing,
filling teeth.
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while the level of IL-13, a Th2-type cytokine, was
decreased in both the erosive and reticular OLP group.
Some of the findings were consistent with previous
studies.11,19 It is generally accepted that Th1/Th2 immune
ml) and oral lesion.

Cytokine REU score

r-value P-value*

IL-1b 0.322 0.026
IL-6 0.330 0.022
IL-8 0.200 0.172
TNF-a 0.361 0.012
MIP-1a 0.421 0.003
MIP-1b 0.343 0.017
GM-CSF 0.339 0.018

*Spearman’s rank correlation analysis; statistical significance:
P < 0.05.
REU score: reticular, erosive and ulcerative scoring system for
measuring OLP lesion; IL: interleukin; TNF: tumor necrosis
factor; MIP: macrophage inflammatory protein; GM-CSF: gran-
ulocyte macrophage colony stimulating factor.
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imbalance plays a crucial role in inflammatory and/or
immunologic disorders; thus, based on these findings,
imbalance in the Th1/Th2 immune response might partici-
pate in the pathogenesis of OLP. Interestingly, over half of
the cytokines with significantly different expression,
including IL-1a, IL-1b, TNF-a, and IL-8, were associated
with nuclear factor kappa B (NF-kB). Similar findings have
also been reported previously.20,21 Thus, we assumed that
the NF-kB pathway might be of crucial importance in the
development of OLP. However, the mechanisms involved
need to be further explored.

According to the definitions proposed by WHO, OLP is a
potential malignant disorder of the oral cavity; in partic-
ular, erosive and atrophic lesions could greatly increase the
risk of malignancy.1 In our study, the salivary levels of MIP-
1a, MIP-1b, GM-CSF, and IL-6 were specifically upregulated
in the erosive OLP group, as this was not observed in the HC
group or the reticular OLP group. MIP-1a and MIP-1b are
members of the CC chemokine family, and they exert their
chemotactic effects on T cells by binding to surface re-
ceptor.22 An in vivo experiment showed that if activated,
CD4þ T cells produced MIP-1a and MIP-1b and upregulated
CCR5 via native CD8þ T cells; in turn, cognate MIP-1a and
MIP-1b accumulated CD8þ T cells to dendritic cell sites and
induced CD4þ T-cell interaction via CCR5.23 We assumed
that upregulated MIP-1a and MIP-1b related to the accu-
mulation of CD8þ T cells in the OLP sites; furthermore,
cytotoxic (activated CD8þ) T cells induced intensive basal
cell rupture and keratinocyte apoptosis, resulting in erosive
lesions. This hypothesis might be supported by the observed
positive relationship between MIP-1a/b and OLP severity,
as indicated by the REU score in the present study. It is
noteworthy that the generation of MIP-1a/b is related to
Toll-like receptor 2 and/or 4, which has been shown to
initiate the NF-kB pathway.24 This is another indication of
the role of the NF-kB pathway in the pathogenesis of OLP.

IL-6, which is an NF-kB-associated cytokine, is critical
in perpetuating chronic inflammation and autoimmunity,
and is recognized as a key mediator in the development of
chronic inflammation into cancer.25 Upregulated IL-6
expression has been observed in chronic inflammatory
disorders, such as inflammatory bowel disease, rheuma-
toid arthritis, and lung cancer.26 In addition, higher levels
of IL-6 were found in oral premalignant (oral leukoplakia)
and malignant lesions.27e29 With regard to OLP, the find-
ings are inconsistent.30 In our study, salivary IL-6 concen-
tration was obviously high detected in the erosive OLP
group and positively associated with lesion severity. This
supports its diagnostic and prognostic utility as a
biomarker in OLP, too.

To sum up, consistent with previous findings, local im-
mune dysfunction, especially imbalance of the Th1/Th2
immune response, may contribute to the pathogenesis of
OLP. Certain salivary cytokines, such as MIP-1a, MIP-1b, GM-
CSF, and IL-6, were positively associated with OLP severity;
therefore, they might have potential as biomarkers in the
diagnosis and prognosis of OLP. Additionally, the findings
indicate that the NF-kB pathway might play a key role in
the development of OLP, but the precise mechanism needs
further exploration. With the nature of non-invasive
collection, high-sensitive detection and good clinic
104
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relevance, salivary cytokines could be served as the satis-
fied biomarkers in diagnosis, prognosis, and monitoring
treatment response of OLP.
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