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Identifying the association between interleukin-6
and lichen planus: A meta-analysis
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Abstract. Numerous studies have examined the association
between interleukin-6 and the pathogenesis of lichen planus
(LP)/oral LP (OLP) in various populations; however, there
is a lack of systematic analysis. The aim of the present
study was to assess this association more precisely, thus a
meta-analysis was performed. Case-control studies, which were
published up to December 2015, were obtained from PubMed,
Embase and the China National Knowledge Infrastructure
databases. Data were extracted and pooled mean differences
(MDs) with 95% confidence intervals (CIs) were calculated.
Ultimately, eight studies were included, comprising 299
LP/OLP cases and 231 control subjects. Overall, the pooled
MD for IL-6 was 16.24 (95% CI, 9.84-22.64; I’=99% for
heterogeneity). In the subgroup analysis by ethnicity, a signifi-
cant increase of the IL-6 expression level was identified among
Asian individuals, but not in Caucasian individuals. Thus, IL-6
may be significant in the pathogenesis of LP. However, further
studies are required to validate these associations.

Introduction

Lichen planus (LP) is a chronic inflammatory disease that
affects the squamous cell layer, including the skin and
mucosal membranes (1). Certain studies revealed that ~1.9%
of the population affected by LP presented with LP confined
to the oral cavity (termed oral LP; OLP) and women were the
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susceptible population (63-70% of cases) (2). Degeneration
of basal cells and infiltration of inflammatory cells into the
subepithelial layer of connective tissue are regarded as the
pathological characteristics of LP/OLP (3).

The aetiology and pathogenesis of LP are not fully
understood, although it is widely agreed that immunological
response is important in the process (4). Previous studies
indicated that the subepithelial inflammatory infiltrate cells,
which characterize LP/OLP were predominantly composed
of T cells that locally present in the involved epithelium
and under epithelial tissues (5). Most lymphocytes in the
lamina propria are CD4* T cell clones with helper activity,
or CD4* T cell clones that lack cytotoxic activity, while
the majority of intraepithelial lymphocytes in LP/OLP are
CD8* T cells (6-9). Keratinocytes in LP/OLP submit major
histocompatibility complex class II antigens to CD4* T
cells causing secretion of the cytokines, interleukin-2 (IL-2)
and interferon-y (INF-vy) that are associated with type 1 T
helper cells. IL-2 and INF-vy in turn activate the CD8* T
cells leading to keratinocyte apoptosis via tumor necrosis
factor-a (TNF-a) (10). TNF-a promotes the activation
of nuclear factor-kB in subepithelial T cells, and causes
increased expression of proinflammatory cytokines, such as
IL-6 (11-13).

IL-6 is a type of proinflammatory cytokine produced in LP
lesions that exerts effects on humoral and cellular immunities.
It promotes B cell differentiation, stimulates immunoglobulin
G secretion, T cell growth and differentiation, and cytotoxic T
cell differentiation (14). IL-6 is generated by activated mono-
cytes, macrophages, endothelial cells, and activated T and B
cells that respond to a variety of stimuli, including infection
and trauma (15).

Numerous studies have identified that the IL-6 concen-
tration in the serum of LP patients was higher than that
in the healthy control subjects, particularly in the severe
forms of LP. Furthermore, serum IL-6 concentrations
were identified to be particularly valuable for monitoring
disease activity and treatment response (15,16). However,
there is currently a lack of systematic analysis between
IL-6 and LP/OLP. Consequently, a meta-analysis of all
eligible studies was performed in the present study to
obtain a more precise analysis of the association between IL-6
and LP/OLP.
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Materials and methods

Study identification and selection. To identify correlative
literature, bibliographical searches were performed in the
China National Knowledge Infrastructure (CNKI, http:/www.
cnki.net), PubMed (http:/www.ncbi.nlm.nih.gov/pubmed) and
Embase (http://www.elsevier.com/solutions/embase-biomed-
ical-research) databases using the following terms: ‘Lichen
planus’, ‘oral lichen planus’ and ‘interleukin-6 (IL_6)’. The
upper date was limited to 20 December 2015. The search was
focused towards studies that had been conducted in humans.
Full-text articles published in English and Chinese were
included, and the most complete research and recent study was
selected when one author had published various articles using
the same patient data.

Inclusion criteria. The inclusion criteria of the current
meta-analysis were as follows: i) IL-6 and the pathology of LP
or OLP were evaluated; ii) case-control studies; iii) ELISA was
used to determine serum IL-6 levels; iv) contained sufficient
data.

Data extraction. The studies were reviewed by two inves-
tigators, disagreement around eligibility were resolved by
discussion between the two investigators. The following
details were obtained from each article: First author's name,
publication date, ethnicity, sample numbers of cases and
control subjects, and the IL-6 expression level in each group
(mean =+ standard deviation; SD).

Statistical analysis. Mean differences (MDs) and SDs were
used to summarize data with continuous outcomes. MDs
with 95% confidence intervals (CIs) were used to determine
the strength of the association between IL-6 and LP/OLP.
The pooled MDs for the LP/OLP associated with IL-6 were
calculated. Subgroup analyses were performed by ethnicity.
Heterogeneity assumptions were assessed using the I test and
an I* value <50% indicated a lack of heterogeneity among
the studies. Therefore, the pooled odds ratio estimate of each
study was calculated using the fixed-effects model (17) or the
random-effects model was used (18). All statistical analyses
for the current study were performed using RevMan 5.3
software (Cochrane Collaboration; http://www.cochrane-net.
org/revman).

Results

Study characteristics. A total of eight studies involving
299 LP/OLP cases and 231 control subjects met the inclusion
criteria and were analyzed (12,13,19-24). The authors and year
of publication, country, ethnicity of the study populations, and
subtypes of OLP and LP were included. The number of cases
and control subjects in each study are presented in Table I. Of
the eight publications, five comparisons were performed in
Asian individuals (13,20,22-24) and three were in Caucasian
individuals (19,12,21). One study was performed among LP
patients (21), five were performed in OLP patients (12,20,22-24),
while two were performed in mixed LP disease (the patients
that have both skin and oral mucosal lesions) (13,19). Of all
the OLP patients, four studies referred to erosive OLP (EOLP)
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and none EOLP (NEOLP) (13,22-24), one study referred to
EOLP (20) and one to NEOLP (12).

Meta-analysis. The heterogeneity for the eight comparisons
were analyzed (Fig. 1). The I? value was 99% (P<0.00001),
indicating the presence of heterogeneity. Therefore, the
random-effects model was selected to synthesize the data
and the MD was 16.24 (95% CI=9.84-22.64). The outcomes
indicate that the serum IL-6 concentrations were statistically
higher in the LP patients when compared with those in the
healthy group.

Subgroup analysis. Subgroup analyses were performed
according to ethnicity (Fig. 2). A significantly increased
level of IL-6 (MD=26.48, 95% CI=11.73-41.23; P=0.0004)
was identified among Asian individuals, while no signifi-
cant increase among Caucasian individuals was observed
(MD=1.01, 95% CI1=-0.78-2.79; P=0.27).

Publication bias. A funnel plot was constructed and Egger's
test was performed to access the publication bias of the studies.
The funnel plots (Fig. 3) demonstrated marked asymmetry.
These results indicate that there was publication bias in the
current meta-analysis.

Discussion

IL-6is atype of cytokine that has multiple functions. Numerous
types of cell, including macrophage cells, neutrophils and
fibroblasts synthesize IL-6 in response to stimulation, such
as infection and trauma (25,26). IL-6 cell signals are sent
through a receptor expressed in various types of cells that
stimulate numerous biological progresses, including antibody
and autoantibody production, T cell activation, B cell differ-
entiation and acute-phase protein augmentation (27,28). As a
result of the IL-6 versatility, the differences in synthesizing
and releasing IL-6 may regulate the susceptibility, develop-
ment, and progression of autoimmune and inflammatory
diseases due to the individual variability (29-32). According
to a previous study, many common oral diseases, such as peri-
odontal diseases, LP and oral cancer are associated with IL-6
deregulation (33).

LP is a chronic inflammatory mucocutaneous disorder
with unknown etiology (34). Clinical and immunohis-
tochemical studies strongly support the role of immune
deregulation in the pathogenesis of LP. Dysregulation
specifically involves the cellular immune system and a
complex cytokine network (35-37). Cytokines are a type of
low-weight soluble protein produced by different cells in the
innate and adaptive immune system. They transmit signals
through receptors on the cell surface to active, differentiated
or maturate immune cells, and are important in the activa-
tion and modulation of the immune system (38). Therefore,
levels of ILs in lesions, saliva and serum of LP patients are
considered to be a credible indicator of therapeutic reactions
on a molecular basis (15,36,39).

Certain studies identified an increased serum IL-6 level in
LP patients when compared with control groups (24,40,41). In
addition, a decreased serum IL-6 concentration was identified
in LP patients subsequent to therapy (36). Furthermore, it has
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Table I. Characteristics of the eight case-control studies included in the current meta-analysis.
Country Ethnicity Age (year)
Author, study was of Cases/  Analysis
year performed in population Disease Type Case Control  controls (n) Method (Refs.)
Abdel-Haq, 2014 Poland Caucasian LP, OLP - 52+15 4113 56/56 ELISA (19)
Zhang, 2008 China Asian LP,OLP MixedLP 54+17 40+16 30/30 ELISA (13)
Gu, 2004 America Caucasian OLP NEOLP 61.4+9.0 62.5+8.8 10/30 ELISA (12)
Goel, 2015 India Asian OLP EOLP 46.95+11.96 - 42/10 ELISA (20)
Toruniowa, 1995 Poland Caucasian LP - - - 20/14 ELISA  (21)
Zhang, 2004 China Asian OLP Mixed OLP 40«10 39+11 60/30 ELISA (22)
Wang, 2014 China Asian OLP Mixed OLP 458+134 44.8+12.8 50/50 ELISA (23)
Su, 2014 China Asian OLP Mixed OLP - - 31/31 ELISA 24)
LP, lichen planus; OLP, oral LP; EOLP, erosive OLP; NEOLP, none EOLP.
Experimental Control Mean difference Mean difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI

ABDEL-HAQ 2014 121 032 56 105 025 56 14.1%  0.16[0.05, 0.27)

GOEL 2015 372 814 42 172 152 10 13.8%  2.00[-0.64, 4.64) -

GU 2004 1.4394 1.9771 10 03785 0.9345 10 14.1%  1.06 [-0.29, 2.42] s

SU 2014 14532 28.96 31 110.24 2378 31  9.2% 35.08([21.89, 48.27] —

TORUNIOWA 1995 52.17 1479 20 41.07 9.6 14 11.7% 11.10[2.90, 19.30) —_

WANG 2014 161.6 37.4 50 107.4 248 50  9.6% 54.20[41.76, 66.64) —_—

ZHANG 2004 42.3 12 60 103 0.5 30 13.7% 32.00 [28.96, 35.04) -

ZHANG 2008 2424 7.1 30 104 435 30 13.8% 13.84[10.86, 16.82] -

Total (95% C1) 299 231 100.0% 16.46 [9.69, 23.24] <

Heterogeneity: Tau® = 84.46; Chi* = 609.97, df = 7 (P < 0.00001); I* = 99% Yoo T 5 5 o0

Test for overall effect: Z = 4.77 (P < 0.00001)

Figure 1. Meta-analysis with a random-effects model for the association between lichen planus and interleukin-6 concentration levels. SD, standard deviation

CI, confidence interval.

Favours [experimental] Favours [control]

Experimental Control Mean difference Mean difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Rand 95% Cl
2.1.1 Caucasian
ABDEL-HAQ 2014 1.21 0.32 56 1.05 0.25 56 14.2% 0.16 [0.05, 0.27]
GU 2004 1.4394 19771 10 0.3785 0.9345 10 14.1% 1.06 [-0.29, 2.42] "
TORUNIOWA 1995 52.17 14.79 20  41.07 9.6 14 11.6% 11.10[2.90, 19.30] -
Subtotal (95% Cl) 86 80 39.9%  1.01[-0.78,2.79] ]
Heterogeneity: Tau® = 1.52; Chi* = 8,51, df = 2 (P = 0.01); I* = 76%
Test for overall effect: Z = 1.11 (P = 0.27)
2.1.2 Asian
GOEL 2015 3.72 8.14 60 1.72 1.52 10 14.0% 2.00[-0.26, 4.26] d
SU 2014 145.32 28.96 31 110.24 23.78 31 9.1% 35.08 [21.89, 48.27] -
WANC 2014 161.6 37.4 50 107.4 24.8 50 9.4% 54.20[41.76, 66.64] —_—
ZHANG 2004 42.3 12 60 10.3 0.5 30 13.8% 32.00[28.96, 35.04] -
ZHANG 2008 24.24 7.1 30 10.4 4.35 30 13.8% 13.84 [10.86, 16.82] -
Subtotal (95% CI) 231 151 60.1% 26.48 [11.73, 41.23] e
Heterogeneity: Tau® = 266.20; Chi* = 292.31, df = 4 (P < 0.00001); I* = 99%
Test for overall effect: Z = 3.52 (P = 0.0004)
Total (95% CI) 317 231 100.0% 16.37 [9.75, 22.98] &>

Heterogeneity: Tau® = 80.19; Chi* = 610.58, df = 7 (P < 0.00001); I* = 99%

Test for overall effect: Z = 4.85 (P < 0.00001)
Test for subgroup differences: Chi? = 11.29, df = 1 (P = 0.0008), I7 = 91.1%

been found that higher salivary IL-6 levels may primarily be
due to keratinocytes, tissue-infiltrating mononuclear cells and
fibroblasts of LP lesions. The elevated serum IL-6 concentra-
tion may primarily due to peripheral blood mononuclear cells
(PBMCs) and endothelial cells. The locally secreted IL-6 may
diffuse into blood capillaries or be drained into the lymphatic

L
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0 50
Favours [experimental] Favours [control]

Figure 2. Subgroup analysis by ethnicity. SD, standard deviation; CI, confidence interval.

5

vessels, which finally empty into the blood circulation. Together,
the locally secreted IL-6 and the systemically produced IL-6
by PBMCs and endothelial cells are the possible reason for the
elevated serum IL-6 concentration in LP patients (15).

In the current study, a distinct association between the
concentrations of IL-6 and LP was identified during the
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Figure 3. Funnel plot to establish publication bias in the selection of studies.
SE, standard error; MD, mean difference.

total combined analysis. These results indicated that the
IL-6 serum levels were significantly higher in patients
with LP/OLP than in the control group patients. When
stratified according to ethnicity, the Asian patients
demonstrated significantly increased serum levels of IL-6,
while no significant increase was observed among the
Caucasian individuals.

There were certain limitations of the present meta-anal-
ysis. Firstly, although the publications were carefully
searched, definite criteria were set, and strict data extraction
and analysis were performed to minimize the likelihood of
heterogeneity, it existed in almost every comparison. Only
published studies were included in the current analysis,
while the negative or non-significant findings were ignored.
This may have contributed to the publication bias. However,
the limited number of studies included in the investigation
together with the small sample sizes may have resulted in an
insufficient ability to evaluate a statistically significant effect.
Furthermore, subgroup analysis eliminated age, gender, and
other factors due to the impossibility of extracting relevant
data from primary publications. In addition, certain associ-
ated studies may have been neglected, as only publications
written in Chinese and English were selected from the
chosen databases. Consequently, the outcome of the current
meta-analysis should be explicated carefully. Future studies
that incorporate age, gender, and other factors may provide
further information for confirming the underlying mecha-
nism of IL-6 in LP.

Despite the above-mentioned limitations, the current
study indicates that IL-6 is associated with the pathogenesis
of LP. The concentration level of IL-6 was increased in LP
patients from the Asian population, although no significant
associations were observed in Caucasian populations. Large
sample studies using standardized, unbiased methods and
well-matched controls are required in the future.
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