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Abstract
Background: Recurrent aphthous stomatitis (RAS) is a common oral disease with unknown etiology. The association between
IL-6-174G/C and IL10-1082G/A polymorphisms and the risk of RAS remains controversial. Therefore, we conducted this meta-
analysis to gain more evidence-based information.

Methods: Four online databases, PubMed, Embase, Web of Science, and Cochrane Library, were searched, and the relevant
publications were collected. An odds ratio (OR) with a 95% confidence interval (CI) was applied to assess the association of the IL-6-
174G/C and IL10-1082G/A polymorphisms with RAS susceptibility.

Results:Nine published case–control studies with 779 patients and 1016 controls were collected. The overall analysis proved that
the IL10-1082G/A polymorphism was significantly associated with the risk of RAS in a dominant model (GG+AG vs AA: OR=1.49,
95% CI=1.10–2.01, P= .01). A subgroup analysis based on ethnicity revealed significant associations in Asian populations in allelic,
heterozygote, and dominant models (G vs A: OR=1.55, 95% CI=1.04–2.31, P= .03; AG vs AA: OR=1.76, 95% CI=1.16–2.67,
P= .01; GG+AG vs AA: OR=2.04, 95% CI=1.37–3.03, P= .00). The association in Caucasians and people of mixed ethnicity
requires further study. No significant association was detected between the IL-6-174G/C polymorphism and RAS in any of the
genetic models. However, subgroup analysis by ethnicity revealed that the Caucasians were more likely to develop RAS in 4 genetic
models (G vs C: OR=2.36, 95% CI=1.26–4.41, P= .01; GG vs CC: OR=7.05, 95% CI=3.50–14.18, P= .00; GG+CG vs CC:
OR=4.28, 95% CI=2.17–8.45, P= .00; GG vs CG+CC: OR=2.59, 95% CI=1.05–6.41, P= .04). In addition, a significantly
decreased risk of RAS susceptibility was found in Asians (CG vs CC: OR=0.27, 95% CI=0.07–0.99, P= .049; GG+CG vs CC:
OR=0.27, 95% CI=0.07–0.98, P= .047).

Conclusion:Our meta-analysis indicated that the IL10-1082G/A polymorphism is associated with RAS susceptibility, especially in
Asians. In contrast, the IL-6-174G/C polymorphism does not have a statistically significant association with RAS susceptibility.
However, it may play a different role during the development of RAS in different ethnicities.

Abbreviations: CI = confidence interval, OR = odds ratio, RAS = recurrent aphthous stomatitis, SNPs = single nucleotide
polymorphisms.

Keywords: gene polymorphism, interleukin-10, interleukin-6, meta-analysis, recurrent aphthous stomatitis
Editor: Li Wu Zheng.

SY and BZ contributed equally to this work.

Authorship: YS and ZB carried out the literature research and drafted the
manuscript. YS, SQ, and LJL gathered the information and performed the
statistical analysis. XJ and HN are the corresponding author and they designed
this meta-analysis.

Funding: This work was supported by clinical scientific research fund (No.
320.6750.15029) from Wu Jieping Medical Foundation.

Competing interests: The authors declare that they have no competing interests.

Institute of Stomatology, Chinese PLA General Hospital, Beijing, China.
∗
Correspondence: Juan Xu and Na Huo, Institute of Stomatology, Chinese PLA

General Hospital, Beijing 100853, China (e-mails: newxj@hotmail.com;
1002525847@qq.com).

Copyright © 2017 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the Creative Commons
Attribution-NoDerivatives License 4.0, which allows for redistribution, commercial
and non-commercial, as long as it is passed along unchanged and in whole, with
credit to the author.

Medicine (2017) 96:52(e9533)

Received: 3 August 2017 / Received in final form: 22 November 2017 /
Accepted: 11 December 2017

http://dx.doi.org/10.1097/MD.0000000000009533

1

1. Introduction

As a common oral inflammatory disease, recurrent aphthous
stomatitis (RAS) is characterized by recurrent episodes of oral
ulceration.[1,2] Three different RAS types are usually seen in the
clinic, including minor aphthous ulcers, major aphthous ulcers,
and herpetiform ulcers.[3] An estimated 1 in 4 people in the
populationwill suffer fromRASat some time in their life.[4] Several
possible predisposing factors such as local trauma, psychological
stress, viruses, bacteria, systematic disease, food hypersensitivity,
and nutritional deficiencies have been reported in relation to RAS,
while genetic and immunological factorsmay also play a role in the
pathogenesis of RAS.[5–9]However, despite several studies focused
on this field, the etiology of RAS has not been fully defined.
Among these predisposing factors, the immune factor is the

most widely studied. The increased local expression of Th1 genes
and the production of pro-inflammatory cytokines, such as IL-6,
were observed in RAS patients.[10] In addition, normal oral
mucosal keratinocytes from RAS patients were reported to
express lower levels of IL-10 mRNA than that from normal
controls, suggesting that the immune system failed to suppress the
inflammatory reaction toward oral mucosa.[11]
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IL-6 is mainly produced by peripheral blood mononuclear
cells, including macrophages, T cells, and B cells, and plays
important roles in immune regulation and immune cell
activation.[12–14] IL-6 makes significant contributions to a variety
of autoimmune diseases. Damaged cells can produce IL-6 during
trauma, and the acute production of IL-6 stimulates various cell
populations and induces acute-phase proteins.[14] IL-10, synthe-
sized by Th2 cells, is a cytokine synthesis inhibitory factor and is
essential for Th2 responses.[15,16] IL-10 plays a central role in
immune regulation and anti-inflammation by downregulating the
expression of Th1 cytokines.[17,18]

Genetic polymorphisms are prevalent and play an important
role in human diseases. Studies have found that single
nucleotide polymorphisms (SNPs) can control the production
of IL-6 and IL-10.[13,19] Recently, the associations between
specific IL-10 and IL-6 gene polymorphism and RAS
susceptibility have been widely researched. Given the important
role of gene polymorphisms in cytokine release, a better
understanding of their function will strengthen the future of
RAS therapeutics.
The polymorphisms of IL-6 at position -174G/C and IL-10 at

position -1082G/A were studied in RAS patients and controls.
The functional promoter polymorphism, -174G/C (rs1800795),
is located in the IL-6 promoter region on chromosome 7p21.[20]

Studies have shown that carriage of the IL-6-174 G allele is
associated with a higher production of IL-6 than the C allele.[13]

The polymorphism, -1082G/A, has been identified in the IL-10
promoter region, and studies have shown that a G allele at the
-1082 position is related to higher IL-10 production than an A
allele at the same position.[21]

To date, many epidemiological studies have focused on the
association of the IL-6-174G/C and IL10-1082G/A polymor-
phisms with RAS susceptibility. However, the results remain
ambiguous and inconclusive as a result of the reduced power of
single studies. Therefore, we conducted this meta-analysis to gain
more evidence-based information to strengthen the association.
2. Methods

2.1. Database search

PubMed, Embase, Web of Science, and Cochrane Library
databases were searched in May 2017 by 2 independent
reviewers without language or time restrictions. We used the
following search terms: (“interleukin” or “IL”) and (“genetic
polymorphism” or “single nucleotide polymorphisms” or
“SNP”) and (“recurrent aphthous stomatitis” or “RAS” or
“recurrent aphthous ulcer” or “RAU”). The cited references in
eligible articles were hand searched to identify additional
publications. 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. Study selection

Two reviewers independently evaluated all of the search results.
The inclusion criteria were as follows: case–control or cohort
design studies investigating the association between the IL-6-174
G/C, IL10-1082G/A polymorphisms, and RAS susceptibility;
and studies with sufficiently available genotyping data for the
calculation of the odds ratios (ORs), 95% confidence intervals
(95% CIs), and the Hardy–Weinberg equilibrium (HWE). The
exclusion criteria were not case–control or cohort design studies,
2

studies without available data, studies with duplicate data, and
case reports, reviews, or animal studies.
2.3. Data extraction

Two reviewers (S.Y and B.Z) independently extracted the
following data from the included studies: surname of the first
author and the year of publication, ethnicity, the study design,
including number of cases and controls, type of controls, and
genotyping type. Disagreements were solved by consulting with
other authors.

2.4. Quality score assessment

The Newcastle–Ottawa scale was used to assess the quality of the
eligible studies. Study selection, comparability, and outcome are
used to assess the methodological quality of the included studies.
Two investigators independently calculated the score of the
included studies. The scores ranged from 0 to 9, and articles
scored greater than 6 were considered high-quality studies,
whereas others were considered of low quality. Discrepancies
between the 2 investigators were solved by discussion to reach a
consensus.
2.5. Statistical analysis

Statistical analyses were performed using the Stata 12.0 software
(Stata Corporation, College Station, TX). The OR and 95% CIs
were determined to measure the strength of the association
between the IL-6-174G/Cand IL10-1082G/Apolymorphismsand
RAS susceptibility. Pooled ORs were performed for allelic
comparison (IL-6-174G/C: G vs C; IL10-1082G/A: G vs A), the
homozygote (IL-6-174G/C: GG vs CC; IL10-1082G/A: GG vs
AA), heterozygote (IL-6-174G/C: CG vs CC; IL10-1082G/A: AG
vsAA), dominant (IL-6-174G/C:GG+CGvsCC; IL10-1082G/A:
GG+AGvsAA), and recessivemodels (IL-6-174G/C:GGvsCG+
CC; IL10-1082G/A: GG vsAG+AA), respectively. TheHWEwas
calculated in the control group using the x2 test to ensure that the
controls represented normal and healthy people; P< .05 was
considered a significant departure fromHWE. The I2 statistic was
used to test the statistical heterogeneity between studies. Values of
25%, 50%, and 75% corresponded to low, moderate, and high
heterogeneity, respectively.Thefixed effectsmodelwasused if I2<
50%, and the random effects model was used when I2>50%.
3. Results

3.1. Study selection and characteristics

A total of 41 published articles were identified through database
searches, and additional studies were found in the reference lists of
relevant studies. The flow chart of the search process is shown in
Fig. 1. Of the 41 articles, 28 articles were excluded as a result of
duplication, and 4 articles were excluded because they were not
relevant to our study. After reading the full text, 9 articles that met
all of the inclusion criteria and were enrolled in the meta-
analysis,[22–30] 8 of which were in English[23–30] and 1 in
Chinese.[22] Among them, 1 article[28] provided data regarding
both IL-6-174G/C and IL10-1082G/A polymorphisms and their
associations with RAS susceptibility; therefore, we considered this
article to be 2 studies. In total, 10 studies from9 articles containing
779 cases and 1016 controls investigating the association among
IL-6-174G/C and IL10-1082G/A polymorphisms and RAS
susceptibility were included in the meta-analysis.



Figure 1. Study flow diagram.

Table 2

Distribution of IL-6-174G/C polymorphism in RAS patients and contr

Case (n) Con

Study CC CG GG CC

Najafi et al[23] 6 37 17 4
Yakar et al[24] 0 15 21 9
Karakus et al[26] 7 38 139 24
Guimarães et al[28] 1 25 38 0
Bazrafshani et al[30] 4 29 58 12

Table 1

Characteristics of included studies.

Study Country Ethnicity Design Case/Control

Jing et al[22] China Asian C-C 138/124
Najafi et al[23] Iran Asian C-C 64/140
Yakar et al[24] Turkey Caucasian C-C 36/130
Najafi et al[25] Iran Asian C-C 60/140
Karakus et al[26] Turkey Caucasian C-C 184/150
Sun et al[27] China Asian C-C 42/86
Guimarães et al[28] Brazil Mixed C-C 64/64
Bazrafshani et al[29] UK Caucasian C-C 100/91
Bazrafshani et al[30] UK Caucasian C-C 91/91

HWE=Hardy–Weinberg equilibrium in control, NOS=Newcastle–Ottawa Scale, PCR-RFLP=polymerase c
strand conformation polymorphism, RAS= recurrent aphthous stomatitis.

Table 3

Distribution of IL10-1082G/A polymorphism in RAS patients and con

Case (n) Con

Study GG AG AA GG

Jing et al[22] 36 47 55 11
Najafi et al[25] 1 45 14 12
Sun et al[27] 23 19 0 42
Guimarães et al[28] 7 26 31 10
Bazrafshani et al[29] 32 44 24 25
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The characteristics of the included studies are listed in Tables 1
to 3. Three different ethnicities, Asian, Caucasian, and Mixed,
were studied in these articles. There were 4 articles[22–24,27] about
Asians and 4[24,26,29,30] about Caucasians but only 1[28] about
mixed ethnicity. Regarding experimental controls, only 1[24] of
the studies included patients without RAS as controls. The other
studies used healthy controls or ethnicity-matched healthy
controls. Three studies[22,23,25] adopted PCR-SSP for genotyping,
whereas 2 studies[24,26] used PCR-RFLP, and 4[27–30] used other
genotyping methods. The HWE was calculated in the control
groups, and 2 studies[23,25] were tested inconsistently.

3.2. Study quality assessment

The score of the NOS assessment is summarized in Table 1. Eight
articles scored more than 6 points and were considered high
quality. One study[24] scored 6 point and was considered low
quality.
3.3. Meta-analysis

The meta-analysis results are summarized in Table 4. The results
of a pooled analysis did not find any statistical significance of the
ols.

trol (n) Case (n) Control (n)

CG GG C G C G

93 42 49 71 101 177
43 78 15 57 61 199
68 58 52 316 116 184
24 40 27 101 24 104
48 31 37 145 72 110

Type of controls Genotyping type P for HWE NOS score

Healthy controls PCR-SSP .25 7
Ethnicity-matched controls PCR-SSP <.05 7
Patients without RAS PCR-RFLP .37 6
Ethnicity-matched controls PCR-SSP .04 7
Healthy controls PCR-RFLP .59 8
Healthy controls PCR .29 7
Ethnicity-matched controls PCR .06 8
Healthy controls PCR .72 7
Ethnicity-matched controls PCR .33 8

hain reaction-restriction fragment length polymorphism, PCR-SSCP=polymerase chain reaction-single

trols.

trol (n) Case (n) Control (n)

AG AA A G A G

43 70 157 119 183 65
75 53 73 47 181 99
39 5 19 65 49 123
23 31 88 40 85 43
47 19 92 108 85 97

http://www.md-journal.com


Table 4

Meta-analysis results of the association between IL-6-174G/C and IL-10-1082G/A polymorphisms and RAS risk.

Allelic model Homozygote model Heterozygote model Dominant model Recessive model

N OR/95%CI P OR/95%CI P OR/95%CI P OR/95%CI P OR/95% CI P

IL-6-174 G/C G vs C GG vs CC CG vs CC GG+CG vs CC GG vs CG+CC
Asian 1 0.83 (0.53–1.28) .39 0.27 (0.07–1.08) .06 0.27 (0.07–0.99) <.05 0.27 (0.07–0.98) <.05 0.91 (0.47–1.78) .79
Caucasian 3 2.36 (1.26–4.41) .01 7.05 (3.50–14.18) .00 2.03 (0.99–4.16) >.05 4.28 (2.17–8.45) .00 2.59 (1.05–6.41) .04
Mixed 1 0.86 (0.47–1.60) .64 0.32 (0.01–8.02) .49 0.35 (0.01–8.93) .52 0.33 (0.01–8.21) .50 0.88 (0.43–1.78) .72
Total 5 1.55 (0.80–3.02) .20 2.11 (0.45–10.01) .35 1.14 (0.41–3.16) .80 1.66 (0.43–6.41) .46 1.70 (0.78–3.73) .18
IL-10-1082 G/A G vs A GG vs AA AG vs AA GG+AG vs AA GG vs AG+AA
Asian 3 1.55 (1.04–2.31) .03 2.09 (0.37–11.88) .41 1.76 (1.16–2.67) .01 2.04 (1.37–3.03) .00 1.30 (0.38–4.49) .68
Caucasian 1 1.03 (0.69–1.54) .89 1.01 (0.46–2.25) .97 0.74 (0.36–1.54) .42 0.84 (0.42–1.65) .61 1.24 (0.67–2.32) .50
Mixed 1 0.90 (0.53–1.52) .69 0.70 (0.24–2.07) .52 1.13 (0.53–2.39) .75 1.00 (0.50–2.00) 1.00 0.38 (0.13–1.10) .07
Total 5 1.28 (0.92–1.78) .14 1.37 (0.52–3.61) .52 1.36 (0.98–1.88) .06 1.49 (1.10–2.01) .01 1.05 (0.47–2.36) .90

CI= confidence interval, OR=odds ratio.
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association between the IL-6-174G/C polymorphisms and RAS
susceptibility (G vs C: OR=1.55, 95% CI=0.80–3.02, P= .20,
I2=89.3%; GG vs CC: OR=2.11, 95% CI=0.45–10.01,
P= .35, I2=79.4%; CG vs CC: OR=1.14, 95% CI=0.41–
3.16, P= .80, I2=52.4%; GG+CG vs CC: OR=1.66, 95% CI=
0.43–6.41, P= .46, I2=74.0%; GG vs CG+CC: OR=1.70, 95%
CI=0.78–3.73, P= .18, I2=87.2%; Table 4). An additional
aspect of the IL10–1082G/A polymorphism was a significantly
increased risk, observed only in the dominant model (GG+AG vs
AA: OR=1.49, 95%CI=1.10–2.01, P= .10, I2=40.5%; Fig. 2).
In the subgroup analysis categorized by ethnicities, a significant
association between the IL-6-174G/C polymorphisms and RAS
susceptibility was found in Asians (CG vs CC: OR=0.27, 95%
CI=0.07–0.99, P= .049; GG+CG vs CC: OR=0.27, 95% CI=
0.07–0.98, P= .047; Table 4) andCaucasians (G vs C:OR=2.36,
95% CI=1.26–4.41, P= .01; GG vs CC: OR=7.05, 95% CI=
3.50–14.18, P= .00; GG+CG vs CC: OR=4.28, 95%CI=2.17–
8.45, P= .00; GG vs CG+CC: OR=2.59, 95% CI=1.05–6.41,
Figure 2. Forest plot of RAS risk associated with IL10-1082G/A (Dom
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P= .04; Table 4). Interestingly, a significantly decreased risk of
RAS susceptibility was found in Asians (CG vs CC: OR=0.27,
95% CI=0.07–0.99, P= .049; GG+CG vs CC: OR=0.27, 95%
CI=0.07–0.98, P= .047; Table 4), whereas a significant risk
increase was detected in Caucasians (G vs C: OR=2.36, 95%
CI=1.26–4.41, P= .01; GG vs CC: OR=7.05, 95% CI=3.50–
14.18, P= .00; GG+CG vs CC: OR=4.28, 95% CI=2.17–8.45,
P= .00; GG vs CG+CC: OR=2.59, 95% CI=1.05–6.41,
P= .04; Table 4). Subgroup analysis revealed that Asians with
the IL10-1082G/A polymorphism were more likely to develop
RAS (G vs A: OR=1.55, 95% CI=1.04–2.31, P= .03; AG vs
AA: OR=1.76, 95% CI=1.16–2.67, P= .01; GG+AG vs AA:
OR=2.04, 95% CI=1.37–3.03, P= .00; Table 4). However,
significant heterogeneity existed among the data from studies on
the IL-6-174G/C and IL10-1082G/A polymorphisms. Only the
heterozygote and dominant models of the IL10-1082G/A
polymorphism were considered to have low heterogeneity
(Figs. 2 and 3). Subgroup analyses based on ethnicity did not
inant model: GG+AG vs AA) polymorphism stratified by ethnicity.



Figure 3. Forest plot of RAS risk associated with IL10-1082G/A (Heterozygote model: AG vs AA) polymorphism stratified by ethnicity.
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reveal the sources of heterogeneity. The sources of heterogeneity
may be due to study design; thus, further investigation is required.
4. Discussion

RAS is a very common oral disease with unknown etiology.
Many factors such as immunological, genetic, psychological, and
microbiological factors are associated with this condition.[5,31]

An abnormal cytokine cascade in the region of oral mucosa is
thought to enhance the cell-mediated immune response,
eventually leading to the development of RAS.[10] Evidence
has shown the association of IL-6 and IL-10 levels with
RAS.[32,33] For example, although high levels of interleukin
(IL)-6 were not detected in the serum of RAS patients,[34] high
levels of IL-6 have been observed in the circulation of ulcer
tissue.[35,36] It is recognized that cytokine gene polymorphisms
can influence cytokine production, particularly those within the
promoter region of the gene.[13,37,38] Both the IL-6-174G/C and
IL10-1082G/A polymorphisms are located in the promoter
region,[20,21] and the association between the IL-6-174G/C and
IL10-1082G/A polymorphisms and RAS susceptibility has been
widely studied. A study by Bazrafshani et al[30] found that in the
IL-6-174G/C polymorphism, the G allele occurred with a
significantly higher frequency in patients (P< .05) than healthy
controls, and the greatest risk was associated with G/G
homozygosity (OR=3.4; 95% CI=1.9–6.2; P< .05). Karakus
et al[26] also found statistically significant differences between
patient with the IL-6-174G/C polymorphism and healthy
controls (P< .0001). The GG genotype and G allele of the
-174G/C polymorphism were found more frequently in RAS
patients (OR=4.87, 95% CI=3.06–7.85, P< .0001; OR=3.82,
95% CI=2.64–5.59, P< .0001, respectively). In contrast, Yakar
et al[24] and Guimarães et al[28] found that the IL-6-174G/C
polymorphism was not associated with RAS. One article
published by Najafi et al[23] showed a higher significantly
frequency of the C/C homozygosity genotype among patients
5

(P= .044). Nevertheless, no significant differences were found for
patients with the G/G homozygosity genotype. This finding was
consistent with Guimaraes et al[28] but contrasted with that of
Bazrafshani et al. [30]

Controversies also exist in the study of the IL10-1082G/A
polymorphism. Najafi et al[25] reported that the heterozygote GA
genotypewas significantly higher in the RAS patient group (OR=
2.27; 95% CI 1.13–4.55; P< .05). Jing et al[22] also found that
the GA genotype, GG genotype, and G allele at the IL-10-1082A/
G site exhibited an increased risk of RAS (OR=1.391, 95%CI=
0.808–2.396, P< .05; OR=4.165, 95%CI=1.944–8.924,
P< .05; OR=2.134, 95% CI=1.474–3.089, P< .05, respective-
ly). However, these findings were in contrast to previous studies
by Bazrafshani et al[29] and Guimaraes et al.[28] To address these
controversies and draw more comprehensive conclusions, we
conducted this meta-analysis.
To our knowledge, this is the first meta-analysis conducted to

evaluate the association between the IL-6-174G/C and IL10-
1082G/A polymorphisms and RAS susceptibility. The pooled
analysis showed that there was no statistically significant
association between the IL-6-174G/C polymorphisms and
RAS susceptibility. The dominant model of IL10-1082G/A
polymorphism (GG+AG vs AA: OR=1.49, 95% CI=1.10–
2.01, P= .01, I2=40.5%) appeared to be a risk factor for RAS.
However, the heterogeneity among the studies was quite large. A
subgroup analysis was conducted to evaluate the relationship
between ethnicities. However, only 1 Asian study and 1 mixed
ethnicity study were enrolled in the IL-6-174G/C polymorphism
analysis, while 1 Caucasian study and 1 mixed ethnicity study
were enrolled in the IL10-1082G/A analysis. Therefore, the
pooled effect sizes could not be calculated; more studies are
needed. The subgroup analysis revealed that the same genetic
polymorphism may have varying effects on RAS among different
ethnicities. For example, Asians with the IL10-1082G/A
polymorphisms were more likely to develop RAS (G vs A:
OR=1.55, 95% CI=1.04–2.31, P= .03; AG vs AA: OR=1.76,
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95% CI=1.16–2.67, P= .01; GG+AG vs AA: OR=2.04, 95%
CI=1.37–3.03, P= .00). Possible explanations may be the
differences in habits, genetic background, and environmental
exposure among ethnicities.
Immunological pathway, especially cell-mediated immune

response, was one of the main interests of researchers as
underlying pathophysiology for RAS. Polymorphisms associated
with cytokines have been widely used to investigate the
pathogenesis of oral mucosal disease. In this study, we evaluated
the association between IL-6-174G/C and IL10-1082G/A
polymorphisms and the risk of RAS. IL-6 is a multifunctional
cytokine that participates in inflammatory response; it is
especially important for the acute phase response.[14] However,
we failed to find the association between IL-6-174G/C
polymorphisms and RAS risk. This result may be caused by
the population heterogeneity. IL-10, also known as cytokine
synthesis inhibitory factor, has important effects on immune
regulation. Lacking IL-10 production following mild trauma
could lead to failure to suppress the subsequent inflammatory
response and increase the chance of a local cell mediated immune
response developing against the oral mucosa.[15,18] We found a
significant relationship between IL10-1082G/A polymorphisms
and the risk of RAS. Nevertheless, depending on subgroup
analysis, the association was significant in Asians, while no
association was observed in other races. These findings may
provide more information for understanding the pathogenesis of
RAS, as well as provide a basis for clinicians in the determination
of further treatment and prognosis.
There are some specific limitations in this meta-analysis. First,

the limited number of eligible studies and small number of cases
and control subjects in the study may influence the power of this
meta-analysis. Second, the source of heterogeneity was not
revealed by subgroup analysis, suggesting that other factors, such
as the differences in studies, gender, and lifestyle factors, may
have resulted in heterogeneity. Third, more ethnicity based
studies are required to strengthen the conclusions of the subgroup
analysis. Fourth, data from 2 of the studies[23,25] included in this
analysis were inconsistent with HWE and will influence the
accuracy of the results. Finally, the conclusions were only
depended on the ORs, which may lead to confounding bias.
5. Conclusion

Our meta-analysis indicated that the IL10-1082G/A polymor-
phism is associated with RAS susceptibility, especially in
Asians. In contrast, the IL-6-174G/C polymorphism did not
have a statistically significance association with RAS suscepti-
bility. However, considering the limitations of this study,
additional ethnicity-based studies that are carefully designed
with large sample sizes are required to assess the association
between the IL-6-174G/C and IL10-1082G/A polymorphisms
and RAS risk.
References

[1] Porter SR, Scully C, Pedersen A. Recurrent aphthous stomatitis. Crit Rev
Oral Biol Med 1998;9:306–21.

[2] Hamedi S, Sadeghpour O, Shamsardekani MR, et al. The most common
herbs to cure the most common oral disease: stomatitis recurrent
aphthous ulcer (RAU). Iran Red Crescent Med J 2016;18:e21694.

[3] Lehner T. Pathology of recurrent oral ulceration and oral ulceration in
Behcet’s syndrome: light, electron and fluorescence microscopy. J Pathol
1969;97:481–94.

[4] Scully C, Porter S. Oral mucosal disease: recurrent aphthous stomatitis.
Br J Oral Maxillofac Surg 2008;46:198–206.
6

today: a review of the growing knowledge. Int J Oral Maxillofac Surg
2004;33:221–34.

[6] Zadik Y, Levin L, Shmuly T, et al. Recurrent aphthous stomatitis: stress,
trait anger and anxiety of patients. J Calif Dent Assoc 2012;40:879–83.

[7] Karthikeyan P, Aswath N. Stress as an etiologic co-factor in recurrent
aphthous ulcers and oral lichen planus. J Oral Sci 2016;58:237–40.

[8] Present SI, Check JH. Hypofunction of the sympathetic nervous system
as a possible etiologic cause of recurrent aphthous stomatitis. Compend
Contin Educ Dent (Jamesburg, NJ: 1995) 2016;37:381–5. quiz 386.

[9] Vaillant L, Samimi M. Aphthous ulcers and oral ulcerations. Presse Med
(Paris, France: 1983) 2016;45:215–26.

[10] Borra RC, Andrade PM, Silva ID, et al. The Th1 /Th2 immune-type
response of the recurrent aphthous ulceration analyzed by cDNA
microarray. J Oral Pathol Med 2004;33:140–6.

[11] Buno IJ, Huff JC, WestonWL, et al. Elevated levels of interferon gamma,
tumor necrosis factor alpha, interleukins 2, 4, and 5, but not interleukin
10, are present in recurrent aphthous stomatitis. Arch Dermatol
1998;134:827–31.

[12] Hirano T. Interleukin 6 and its receptor: ten years later. Int Rev Immunol
1998;16:249–84.

[13] Fishman D, Faulds G, Jeffery R, et al. The effect of novel polymorphisms
in the interleukin-6 (IL-6) gene on IL-6 transcription and plasma IL-6
levels, and an association with systemic-onset juvenile chronic arthritis.
J Clin Invest 1998;102:1369–76.

[14] Tanaka T, Kishimoto T. Targeting interleukin-6: all the way to treat
autoimmune and inflammatory diseases. Int J Biol Sci 2012;8:1227–36.

[15] Iyer SS, Cheng G. Role of interleukin 10 transcriptional regulation in
inflammation and autoimmune disease. Crit Rev Immunol 2012;32:
23–63.

[16] Stearns ME, Rhim J, Wang M. Interleukin 10 (IL-10) inhibition of
primary human prostate cell-induced angiogenesis: IL-10 stimulation of
tissue inhibitor of metalloproteinase-1 and inhibition of matrix metal-
loproteinase (MMP)-2/MMP-9 secretion. Clin Cancer Res 1999;5:
189–96.

[17] Brooks DG, Trifilo MJ, Edelmann KH, et al. Interleukin-10 determines
viral clearance or persistence in vivo. Nat Med 2006;12:1301–9.

[18] Miteva LD, Stanilov NS, Deliysky TS, et al. Significance of -1082A/G
polymorphism of IL10 gene for progression of colorectal cancer and IL-
10 expression. Tumour Biol 2014;35:12655–64.

[19] Rezaei N, Aghamohammadi A, Mahmoudi M, et al. Association of IL-4
and IL-10 gene promoter polymorphisms with common variable
immunodeficiency. Immunobiology 2010;215:81–7.

[20] Bowcock AM, Kidd JR, Lathrop GM, et al. The human “interferon-beta
2/hepatocyte stimulating factor/interleukin-6” gene: DNA polymor-
phism studies and localization to chromosome 7p21. Genomics
1988;3:8–16.

[21] Turner DM, Williams DM, Sankaran D, et al. An investigation of
polymorphism in the interleukin-10 gene promoter. Eur J Immunogenet
1997;24:1–8.

[22] Jing Z, Jingjing S, Juan G. Relationship between transforming growth
factor-beta1 and interleukin-10 single nucleotide polymorphism and
susceptibility of recurrent aphthous ulcer. Hua Xi Kou Qiang Yi Xue Za
Zhi 2016;34:27–31.

[23] Najafi S, Yousefi H, Mohammadzadeh M, et al. Association study of
interleukin-1 family and interleukin-6 gene single nucleotide polymor-
phisms in recurrent aphthous stomatitis. Int J Immunogenet 2015;42:
428–31.

[24] Yakar T, Serin E, Cosar AM, et al. The relationship of recurrent
aphthous stomatitis and Helicobacter pylori, cytokine gene polymor-
phism and cobalamin. Turk J Gastroenterol 2015;26:304–8.

[25] Najafi S, Firooze Moqadam I, MohammadzadehM, et al. Interleukin-10
gene polymorphisms in recurrent aphthous stomatitis. Immunol Invest
2014;43:405–9.

[26] Karakus N, Yigit S, Rustemoglu A, et al. Effects of interleukin (IL)-6 gene
polymorphisms on recurrent aphthous stomatitis. Arch Dermatol Res
2014;306:173–80.

[27] Sun M, Fu SM, Dong GY, et al. Inflammatory factors gene
polymorphism in recurrent oral ulceration. J Oral Pathol Med 2013;42:
528–34.

[28] Guimaraes AL, Correia-Silva Jde F, Sa AR, et al. Investigation of
functional gene polymorphisms IL-1beta, IL-6, IL-10 and TNF-alpha in
individuals with recurrent aphthous stomatitis. Arch Oral Biol 2007;52:
268–72.

[29] Bazrafshani MR, Hajeer AH, Ollier WE, et al. Polymorphisms in the IL-
10 and IL-12 gene cluster and risk of developing recurrent aphthous
stomatitis. Oral Dis 2003;9:287–91.



[30] Bazrafshani MR, Hajeer AH, Ollier WE, et al. IL-1B and IL-6 gene disease and recurrent aphthous ulcerations. J Oral Pathol Med 2012;41:

Yang et al. Medicine (2017) 96:52 www.md-journal.com
polymorphisms encode significant risk for the development of recurrent
aphthous stomatitis (RAS). Genes Immun 2002;3:302–5.

[31] Jurge S, Kuffer R, Scully C, et al. Mucosal disease series. Number VI.
Recurrent aphthous stomatitis. Oral Dis 2006;12:1–21.

[32] Koridze K, Ladashvili L, Taboridze I, et al. Immunological aspects of
aphthous stomatitis. Georgian Med News 2007;37–9.

[33] Albanidou-Farmaki E, Markopoulos AK, Kalogerakou F, et al. Detec-
tion, enumeration and characterization of T helper cells secreting type 1
and type 2 cytokines in patients with recurrent aphthous stomatitis.
Tohoku J Exp Med 2007;212:101–5.

[34] Pekiner FN, Aytugar E, Demirel GY, et al. Interleukin-2, interleukin-6
and T regulatory cells in peripheral blood of patients with Behcet’s
7

73–9.
[35] Taga T, Kishimoto T. Gp130 and the interleukin-6 family of cytokines.

Ann Rev Immunol 1997;15:797–819.
[36] Yamamoto T, Yoneda K, Ueta E, et al. Serum cytokines, interleukin-2

receptor, and soluble intercellular adhesion molecule-1 in oral disorders.
Oral Surg Oral Med Oral Pathol 1994;78:727–35.

[37] Belluco C, Olivieri F, Bonafe M, et al. -174 G>C polymorphism of
interleukin 6 gene promoter affects interleukin 6 serum level in patients
with colorectal cancer. Clin Cancer Res 2003;9:2173–6.

[38] Trompet S, Pons D, D.E.C. AJ, et al. Genetic variation in the interleukin-
10 gene promoter and risk of coronary and cerebrovascular events: the
PROSPER study. Ann N Y Acad Sci 2007;1100:189–98.

http://www.md-journal.com

	Association of IL-6-174&x0200A;G/C and IL10-1082&x0200A;G/A polymorphisms with recurrent aphthous stomatitis risk
	1 Introduction
	2 Methods
	2.1 Database search
	2.2 Study selection
	2.3 Data extraction
	2.4 Quality score assessment
	2.5 Statistical analysis

	3 Results
	3.1 Study selection and characteristics
	3.2 Study quality assessment
	3.3 Meta-analysis

	4 Discussion
	5 Conclusion
	References


