
Systematic Review and Meta-Analysis Medicine®

OPEN
Association between polymorphisms
in interleukins and oral lichen planus
A meta-analysis
Quan Shi, PhD, Tong Zhang, PhD, Na Huo, PhD, Yang Huang, MD, Juan Xu, PhD

∗
, Hongchen Liu, PhD

∗

Abstract
Background: More and more studies have suggested that single-nucleotide polymorphisms (SNPs) in interleukin (IL) genes are
correlated with an increased risk of developing oral lichen planus (OLP). However, these results were inconsistent. Therefore, the aim
of this meta-analysis is to retrieve and comprehensively analyze all related clinical studies to investigate the association of ILs gene
polymorphisms with the OLP risk.

Methods: PubMed, Embase, and the Cochrane Library were searched for eligible studies to evaluate the association between IL
polymorphisms and the OLP. The odds ratios (ORs) and 95% confidence intervals (CIs) from each study were pooled to estimate the
strength of the association. Statistical analyses were performed by using STATA software.

Results: In all 6 studies, including 4 SNPs (IL6-174G/C, IL10-592C/A, IL10-819C/T, and IL10-1082G/A), 362 OLP patients and 622
non-OLP control subjects from five different countries were investigated. As for the IL6-174G/C, IL10-819C/T, and IL10-1082G/A, no
evidencewas found to support the associationbetweenSNPandOLPsusceptibility in anygeneticmodels.However, as for IL10-592C/
A, a significant relationship between them was identified in all of comparison models (C vs A: OR=0.724, 95% CI=0.585–0.897, P=
0.003; CC vs AA: OR=0.447, 95%CI=0.276–0.722,P=0.001; AC vs AA: OR=0.585, 95%CI=0.387–0.883,P=0.011; CC+AC vs
AA: OR=0.544, 95% CI=0.365–0.809, P=0.003; CC vs AA+AC: OR=0.715, 95% CI=0.515–0.994, P=0.046).

Conclusion:With the presently available evidence, this meta-analysis fails to show the statistical associations between IL6-174G/
C, IL10-819C/T, and IL10-1082G/A and OLP susceptibility in any genetic models. However, the A allele and AA genotype in IL10-
592C/A polymorphism may increase the risk of OLP. In the future, more well-designed studies with larger sample sizes are needed.

Abbreviations: APC = antigen-presenting cell, CI = confidence interval, HWE = Hardy–Weinberg equilibrium, IL = interleukin,
OLP = oral lichen planus, OR = odds ratio, SNP = single-nucleotide polymorphism, Th = T helper cell.
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1. Introduction

As one of the most common diseases of the oral mucosa, oral
lichen planus (OLP) is affecting ∼0.5%–3% of the world
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population. It is a chronic inflammatory disease characterized
by T-cell-mediated immune responses and abnormal epithelial
keratinization cycles.[3] OLP has been reported to carry a risk of
malignant transformation to oral squamous cell carcinoma, thus
it is defined as a premalignant condition.[4,5] However, the
etiology of OLP is unknown. It is widely accepted that genetic,
environmental, immunological, endocrine, infectious, and psy-
chological factors may be involved in the occurrence of OLP. [6]

It is well known that interleukins (ILs) are a group of cytokines
that play multiple functions in nearly all aspects of inflammation
and immunity and participate in organism physiology and
pathology regulation extensively, including OLP.[7,8] So far, IL1,
2, 4, 5, 6, 8, 10, 12, 17, and 18 have been found to be the major
ILs involved in the pathogenesis of OLP.[9] ILs can be secreted by
a multitude of cell types, including T lymphocytes.[9] Considering
that OLP is characterized by a dense subepithelial infiltration of
lymphocytes, increased number of intraepithelial lymphocytes,
and the degeneration of basal keratinocytes in histology, more
and more researchers believe that ILs play a critical role in the
pathogenesis and disease progression of OLP.[3,10] Moreover, a
growing number of literatures have proven that the level of
ILs changes in lesions, saliva, serum, and peripheral blood
mononuclear cells of OLP patients, hinting at the possibility of IL
as diagnostic markers and therapeutic targets.[11–14]

Single-nucleotide polymorphisms (SNPs) in genes encoding for
susceptibility factors may influence gene expression, protein
function, and disease predisposition.[15,16] More and more
studies suggested that SNPs in interleukins genes, such as IL4
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(�590T/C, �1098T/G), IL6(�174G/C), IL10(�592C/A,
�819C/T, and �1082G/A), and IL18(�137G/C, �607C/A),
were correlated with development OLP or the severity of
OLP.[17–20] However, these results were mixed, inconclusive, and
even inconsistent. Despite that Lu et al[9] have briefly reviewed
some of the research results on gene polymorphisms of several ILs
in patients with OLP, specialized studies to quantitatively assess
the presence and strength of the association between OLP and
polymorphism of several ILs are still lacking.
Therefore, the aim of this meta-analysis is to identify and

comprehensively analyze all related clinical studies to investigate
the association of ILs gene polymorphisms with the OLP risk.
Each type of IL polymorphism was analyzed if the study number
was not <3. These results may provide more evidence for
understanding the pathogenesis and progression of OLP, as well
as provide a pathological basis for clinicians in the determination
of further treatment and prognosis.
2. Methods

2.1. Identification of eligible studies

We searched PubMed, Embase, and the Cochrane Library for
related studies without any restriction on February 3, 2017.
The combination of the following keywords was used: “oral
lichen planus OR lichen planus, oral” and “interleukins OR
interleukin”. In addition, the reference lists given in the
related articles and reviews were also considered for eligible
studies. These results were independently assessed by two
reviewers (SQ and ZT) according to the inclusion criteria, and
any disagreement was resolved through discussion with a
third reviewer (LHC). Ethical approval and informed consent
were not required as this study was based on previously
published studies and had no direct patient contact or
influences on patient care.
2.2. Inclusion and exclusion criteria

In this meta-analysis, all available clinical studies evaluating the
association between ILs polymorphisms and the OLP were
included. The studies must conform to the following criteria to be
eligible: clinical studies focusing on association between ILs
polymorphisms and the OLP risk; containing detailed genotype
data could be obtained to calculate the odds ratios (ORs) and
95% confidence intervals (CIs); the OLP patients and control
subjects are described and confirmed clearly; for a single type of
SNP of ILs, only when the number of study was not less than 3,
would the quantitative analysis will be performed; otherwise, the
studies were excluded from the quantitative analysis. The
exclusion criteria were as follow: animal studies or in vitro
studies; reviews, case reports, or comments; studies without
available genotype data (including frequencies of alleles or
genotypes in case and control groups) that could be extracted to
estimate the OR value and 95% CI; family-based studies of
pedigrees.
2.3. Data extraction and quality assessment

The following information was extracted from each included
study: author, year of publication, country, design of study, clinical
form of OLP, characteristics of the subjects (including the number
of patients in groups, age, and gender), the type of IL and the SNPs,
2

and genotype frequency in cases and controls. This process was
independently performed by two reviewers (SQ and ZT).
A methodological quality assessment scale (Table S1, http://

links.lww.com/MD/B597) adopted from previous publications
was used to assess the quality of the included studies.[21,22] In this
assessment scale, representativeness of cases, source of controls,
sample size, quality control of genotyping methods, and
Hardy–Weinberg equilibrium (HWE) were used to appraise
the methodological quality of the included studies, with a
maximum of 10 points for each study. The scores of 0 to 4, 5 to 7,
and 8 to 10 indicated poor, moderate, and good study quality,
respectively.
2.4. Statistics analysis

Statistical analyses were performed by using STATA software
(Version 12.0; Stata Corp, College Station, TX). ORs and 95%
CIs were calculated to measure the strength of the association
between IL polymorphisms and OLP risk. Pooled ORs were
performed for allelic comparison (IL6-174G/C: G vs C; IL10-
592C/A: C vs A; IL10-819C/T: C versus A; IL10-1082G/A: G vs
A), homozygote model (IL6-174G/C: GG vs CC; IL10-592C/A:
CC vs AA; IL10-819C/T: CC vs TT; IL10-1082G/A: GG vs AA),
heterozygote model (IL6-174G/C: CG vs CC; IL10-592C/A: AC
vs AA; IL10-819C/T: TC vs TT; IL10-1082G/A: AG vs AA),
dominant model (IL6-174G/C: GG+CG vs CC; IL10-592C/A:
CC+AC vs AA; IL10-819C/T: CC+TC vs TT; IL10-1082G/A:
GG+AG vs AA), and recessive model (IL6-174G/C: GG vs CG
+CC; IL10-592C/A: CC vs AC+AA; IL10-819C/T: CC vs TC
+TT; IL10-1082G/A: GG vs AG+AA), respectively. HWE was
evaluated for each study by the chi-square test in control groups,
and P<0.05 was considered a significant departure from HWE.
Statistical heterogeneity between studies was tested using I2

statistics. A fixed effects model was used if I2<50%. I2> 50%
was considered to be substantial heterogeneity and the random
effects was used.
3. Results

3.1. Summary of the included studies

In total 270 potentially relevant articles were retrieved from
PubMed, Embase, the Cochrane Library, and by hand
searching according to our search strategies. A flow diagram
of search process and results of the included studies are shown
in Fig. 1. After the titles and abstracts were read, 162 articles
not related to our focused topic were excluded according to
the above inclusion criteria, leaving 14 articles for further full-
text review. Then, one study[16] was excluded because the case
group contains other oral precancerous lesions; one study[23]

aimed to explore whether cytokine polymorphisms may
influence the susceptibility to hepatitis C virus-related OLP;
6 studies were also excluded from the quantitative analysis
because the total number of study related to the SNP of ILs
they researched was <3. The total number of studies related
to the SNP of ILs is shown in Table S2, http://links.lww.com/
MD/B597. Eventually, 6 studies[18–20,24–26] including 4 SNPs
(IL6-174G/C, IL10-592C/A, IL10-819C/T, and IL10-1082G/
A) meeting the inclusion criteria were included for the
ultimate quantitative analysis. All of the SNPs of ILs which
were not analyzed in this meta-analysis were concluded in
qualitatively in Table S2, http://links.lww.com/MD/B597.
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Figure 1. Flow diagram for the selection of studies. IL= interleukin, OLP=oral
lichen planus, SNP=single-nucleotide polymorphism.
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The design of the 6 included studies was case–control studies,
and the publication dates ranged from 2004 to 2016. Of these
included studies, a total of 362 OLP patients and 622 non-OLP
control subjects from 5 different countries were covered. Three of
6 studies[18,25,26] focused on the SNP of IL6-174G/C, whereas 4
of 6 studies[19,20,24–26] focused on IL10-592C/A, IL10-819C/T,
and IL10-1082G/A, respectively. The characteristics of the
included studies, including the P value for HWE and quality
Table 1

Characteristics of studies included in the meta-analysis.

Study Country
Study
type

Clinical form
of OLP

Numbe
(male/fem

Al-Mohaya[18] Saudi Arabia Case–control study NR 42 (16/
Abdel Hay[19] Egypt Case–control study Erosive and non-erosive 72 (21/

Al-Mohaya[20] Saudi Arabia Case–control study Commonest, erosive, atrophic 42 (16/

Bai[24] China Case–control study Erosive and non-erosive 151 (65/

Xavier[25] Brazil Case–control study Reticular, erythematous, erosive 53 (17/

Carrozzo[26] Italy Case–control study Erosive and non-erosive 44 (21/

HWE=Hardy–Weinberg equilibrium, IL= interleukin, NR=not reported, OLP= oral lichen planus.

3

assessment are summarized in Table 1 and S3, http://links.lww.
com/MD/B597.
3.2. Meta-analysis results
3.2.1. IL6-174G/C. The meta-analysis of IL6-174G/C was
based on 3 studies,[18,25,26] and statistical heterogeneity
between them was present in allelic model (I2=82.2%) and
recessive model (I2=75.7%). Therefore, random effects model
was applied in these analyses. For the overall test of allelic
comparison (G vs C), the pooled OR was 1.570 (95% CI=
0.721–3.421, P=0.256) and there was no significant
association being identified (Fig. 2 and Table 2). In addition,
no significant association was found between genotype models
in IL6-174G/C polymorphism and OLP (GG vs CC: OR=
1.064, 95% CI=0.396–2.855, P=0.902; CG vs CC: OR=
0.540, 95% CI=0.206–1.415, P=0.210; GG+CG vs CC:
OR=0.782, 95% CI=0.314–1.945, P=0.597; GG vs CC
+CG: OR=2.685, 95% CI=0.688–10.475, P=0.155; Fig. 2
and Table 2).

3.2.2. IL10-592C/A. Four studies[19,20,24,26] researched the
association of �592C/A in the IL10 gene between OLP
patients and control subjects. Because the statistical hetero-
geneity between them was low (all I2 value were <50%), the
fixed effects model was applied. A significant decreased risk
of OLP was observed in all models (C vs A: OR=0.724, 95%
CI=0.585–0.897, P=0.003; CC vs AA: OR=0.447, 95% CI
=0.276–0.722, P=0.001; AC vs AA: OR=0.585, 95% CI=
0.387–0.883, P=0.011; CC+AC vs AA: OR=0.544, 95%
CI=0.365–0.809, P=0.003; CC vs AA+AC: OR=0.715,
95% CI=0.515–0.994, P=0.046; Fig. 3 and Table 2).

3.2.3. IL10-819C/T. Meta-analysis of the ORs between the
OLP susceptibility and IL10-819C/T was performed in 4
included studies,[19,20,23,25] which have reported available
genotype data to calculate the OR and 95% CI. In the allelic
model and recessive model, I2value was 35.8% and 0%,
respectively, hence a fixed effects model was applied, whereas
for the others, the random effects model was applied.
However, no significant association was found in each
comparison (C vs T: OR=0.879, 95% CI=0.709–1.090,
Case Control
r
ale) Age, y

Number
(male/female) Age, y IL type

HWE
(P value) Quality

26) 27–72 195 (100/95) 20–65 IL6-174G/C 0.00 6
51) 41.5±15.97 75 (30/45) 44.75±8.62 IL10-592C/A

IL10-819C/A
0.98
1

5

26) 27–72 211 (140/71) 20–65 IL10-592C/A
IL10-819C/A
IL10-1082G/A

0.55
0.55
0

7

86) 16–75 143 (64/77) 16–72 IL10-592C/A
IL10-819C/A
IL10-1082G/A

0.08
0.08
0.04

5

36) 20–68 53 (17/36) 21–67 IL6-174G/C
IL10-1082G/A

0.13
0.02

5

23) 27–77 140 (NR) NR IL6-174G/C
IL10-592C/A
IL10-819C/A
IL10-1082G/A

0.43
0.48
0.48
0.26
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Figure 2. Forest plot of the IL6-174G/C polymorphism and OLP risk in all comparison models. CI=confidence interval, IL= interleukin, OLP=oral lichen planus,
OR=odds ratio.

Table 2

Summary of polled ORs in the meta-analysis.
IL SNP Comparison Number of studies OR (95% CI) P value I2 value (%)

IL6 �174G/C G vs C 3 1.570 (0.721–3.421) 0.256 82.2
GG vs CC 1.064 (0.396–2.855) 0.902 27.8
CG vs CC 0.540 (0.206–1.415) 0.210 0
GG+CG vs CC 0.782 (0.314–1.945) 0.597 0
GG vs CC+CG 2.685 (0.688–10.475) 0.155 75.7

IL10 �592C/A C vs A 4 0.724 (0.585–0.897) 0.003 0
CC 0.447 (0.276–0.722) 0.001 0
AC vs AA 0.585 (0.387–0.883) 0.011 31.9
CC+AC vs AA 0.544 (0.365–0.809) 0.003 18.8
CC vs AA+AC 0.715 (0.515–0.994) 0.046 0

�819C/T C vs T 4 0.879 (0.709–1.090) 0.239 35.8
CC vs TT 0.724 (0.309–1.700) 0.459 61
TC vs TT 0.858 (0.396–1.861) 0.699 59.2
CC+TC versus TT 0.806 (0.374–1.738) 0.582 61.7
CC vs TT+TC 0.819 (0.590–1.137) 0.234 0

�1082G/A G vs A 4 1.111 (0.856–1.443) 0.428 0
GG vs AA 1.041 (0.548–1.976) 0.902 0
AG vs AA 1.197 (0.794–1.803) 0.390 41.2
GG+AG vs AA 1.112 (0.755–1.637) 0.592 26
GG vs AA+AG 0.891 (0.497–1.595) 0.697 0

CI= confidence interval, IL= interleukin, OR= odds ratio, SNP= single-nucleotide polymorphism.

Shi et al. Medicine (2017) 96:11 Medicine
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Figure 3. Forest plot of the IL10-592C/A and OLP risk in all comparison models. CI=confidence interval, IL= interleukin, OLP=oral lichen planus, OR=odds ratio.

Shi et al. Medicine (2017) 96:11 www.md-journal.com
P=0.239; CC vs TT: OR=0.724, 95% CI=0.309–1.700, P=
0.459; TC vs TT: OR=0.858, 95% CI=0.396–1.861, P=
0.699; CC+TC vs TT, OR=0.806, 95% CI=0.374–1.738,
P=0.582; CC v TT+TC: OR=0.819, 95% CI=0.590–1.137,
P=0.234; Fig. 4 and Table 2).

3.2.4. IL10-1082G/A. Four studies[20,24–26] researched the
association between OLP susceptibility and IL10-1082G/A
compared with control subjects. The fixed effects model was
applied in the overall comparison because of the low
statistical heterogeneity in each model. No significant
association was found in each comparison (G vs A:
OR=1.111, 95% CI=0.856–1.443, P=0.482; GG vs
AA: OR=1.041, 95% CI=0.548–1.976, P=0.902; AG vs
AA: OR=1.197, 95% CI=0.794–1.803, P=0.390; GG+AG
vs AA: OR=1.112, 95% CI=0.755–1.637, P=0.592; GG v
5

AA+AG: OR=0.891, 95% CI=0.497–1.595, P=0.697;
Fig. 5 and Table 2).

4. Discussion

ILs are potent immunomodulators and proinflammatory cyto-
kines with a broad range of biological activities in immune
regulation, inflammation, hematopoiesis, and oncogenesis.[7,8]

More and more studies have found that ILs, including their
variants, play a critical role in the occurrence, development, and
treatment of OLP.[9]

In the present study, our purpose was to determine whether
there was an association between IL SNPs and susceptibility to
OLP. Six case-control studies and 4 SNPs of IL (IL6–174G/C,
IL10-592C/A, IL10-819C/T, and IL10-1082G/A) meeting the
inclusion criteria were included for the ultimate quantitative

http://www.md-journal.com


Figure 4. Forest plot of the IL10-819C/T and OLP risk in all comparison models. CI=confidence interval, IL= interleukin, OLP=oral lichen planus, OR=odds ratio.

Shi et al. Medicine (2017) 96:11 Medicine
analysis. According to the results of meta-analysis, as for the IL6-
174G/C, IL10-819C/T, and IL10-1082G/A, no evidence was
found for the association between SNP and OLP susceptibility in
any genetic models. However, as for association between IL10-
592C/A and OLP susceptibility, a positive relationship between
them was identified. Moreover, the A allele and AA genotype in
the IL10-592C/A polymorphism were significantly associated
with an increased risk of OLP.
IL6, mainly produced by antigen-presenting cells (APCs),[27]

involved in OLP development may include T-cell growth and
differentiation, apoptosis of keratinocytes from the basal layer
and epithelial proliferation, resulting in hyperplasia.[28,29]

Besides, there was evidence that the level of IL6 was elevated
in saliva and serum in OLP patients, especially in the erosive form
of OLP.[29,30] The results of our meta-analysis failed to find an
association between IL6-174G/C and OLP susceptibility in any
genetic models. This finding was consistent with those of Al-
Mohaya et al[18] and Carrozzo et al.[26] However, Xavier et al[25]
6

found that IL6-174G/C homozygous genotypes were significant-
ly more often detected in OLP patients and were associated with
an increased risk of OLP development (OR=6.89). Despite
genotypes from the study of Al-Mohaya et al[18] deprived from
HWE, the results were stable after omitting this study (data were
not shown).
As a cytokine secreted by macrophages, monocytes, and T

lymphocytes, IL10 is thought to be involved in the pathogenesis
of OLP.[9,31] IL10 exhibits diverse functions in different T
lymphocytes (such as T helper cell (Th) 1, Th2, and cluster of
differentiation 4+ T lymphocytes), and high levels of serum and
saliva IL10 were also found in the OLP patients. In this meta-
analysis, the associations between 3 IL10 SNPs (IL10-592C/A,
IL10-819C/T, and IL10-1082G/A) and the susceptibility of OLP
were investigated. As for the SNP of IL10-819C/T and IL10-
1082G/A, the results of our meta-analysis indicated that these 2
SNPs were not associated with the susceptibility of OLP, whereas
a positive relationship between IL10-592C/A and OLP was



Figure 5. Forest plot of the IL10-1082G/A and OLP risk in all comparison models. CI=confidence interval, IL= interleukin, OLP=oral lichen planus, OR=odds
ratio.

Shi et al. Medicine (2017) 96:11 www.md-journal.com
identified in all of the models and our results indicated that the A
allele and AA genotype was significantly associated with an
increased risk of OLP as compared to the C allele. These results
are similar to those of Abdel Hay et al[19], which found that IL10-
592 AA genotypes and IL10-592 A allele might contribute to the
susceptibility of OLP. However, Al-Mohaya et al,[20] Bai et al,[24]

and Carrozzo et al[26] found that the frequencies of alleles and
genotypes of these SNPs in the IL10 gene did not differ
significantly between OLP patients and control subjects. We
should point out that these 3 studies[20,24,25] focusing on the
IL10-1082G/A were deprived from HWE through our test
(Table 1), therefore the results of this SNP should to be treated
cautiously.
The observed heterogeneity in some comparisons models and

the inconsistent conclusions may be attributed to several factors.
First, the included studies focused on different races, while the
7

relationship between SNPs and diseases may be influenced by the
race. Among the 6 included studies, three focused on the
Asians,[18,20,24] the others were focused on the Europeans,[26]

Africans,[19] and Brazilians,[25] respectively. Second, as men-
tioned above, several factors have been proposed for the etiology
of OLP. However, the included studies matched or adjusted for
different types and numbers of the confounding factors. Third,
some studies were deprived from HWE. One was for IL6-174G/
C[18] and three for IL10-1082G/A.[20,24,25] Therefore, well-
designed studies with larger and well-matched samples were
needed in the future.
To our knowledge, this is the first meta-analysis to estimate the

association between susceptibility of OLP and SNP of ILs by
quantitative analysis. We not only researched electronic data-
bases to identify potential interests, but also manually examined
reference lists from relevant studies. The methodological quality

http://www.md-journal.com


[13] Liu WZ, He MJ, Long L, et al. Interferon-gamma and interleukin-4

Shi et al. Medicine (2017) 96:11 Medicine
assessment scale was used to evaluate each of the included studies
and none of them had low quality. Nevertheless, in spite of our
efforts to explore the possible relationship between the SNPs of
ILs and OLP risk, we have to acknowledge a number of
limitations in this study. First, the number of studies included in
our meta-analysis was limited. Second, heterogeneity was
detected in some genetic models, which might partially influence
the results. Third, because of the limited number of studies,
publication bias analysis and the subgroup analysis of the
included studies were not performed.
5. Conclusions

In conclusion, this meta-analysis fails to show statistical
associations between IL6-174G/C, IL10-819C/T, and IL10-
1082G/A, and OLP susceptibility in any genetic models.
However, the results also indicate that the A allele and AA
genotype in IL10-592C/A polymorphism are significantly
associated with an increase of OLP susceptibility. However,
the results should be interpreted with caution considering the
limitations of the included studies and this meta-analysis. Well-
designed studies with larger sample sizes and multiple ethnicities
are required to strengthen the results of the present study.
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