
Frontiers in Immunology | www.frontiersin.

Edited by:
Roba M. Talaat,

University of Sadat City, Egypt

Reviewed by:
Saikat Majumder,

University of Pittsburgh, United States
Yong Cheng,

Minzu University of China, China

*Correspondence:
Hui Li

lihui99@jlu.edu.cn

Specialty section:
This article was submitted to

Cytokines and Soluble
Mediators in Immunity,
a section of the journal

Frontiers in Immunology

Received: 22 May 2021
Accepted: 10 August 2021

Published: 03 January 2022

Citation:
Liu X and Li H (2022) A Systematic

Review and Meta-Analysis on Multiple
Cytokine Gene Polymorphisms in the

Pathogenesis of Periodontitis.
Front. Immunol. 12:713198.

doi: 10.3389/fimmu.2021.713198

ORIGINAL RESEARCH
published: 03 January 2022

doi: 10.3389/fimmu.2021.713198
A Systematic Review and
Meta-Analysis on Multiple Cytokine
Gene Polymorphisms in the
Pathogenesis of Periodontitis
Xin Liu and Hui Li*

Department of Stomatology, China-Japan Union Hospital of Jilin University, Changchun, China

Aim: Periodontitis is an inflammatory disease that destroys both soft and hard periodontal
tissues. However, a complex periodontal cytokine network remains unclear. This
systematic review explored multiple cytokine gene polymorphisms in the pathogenesis
of periodontitis.

Material and Methods: A systematic search was performed using the databases from
previous publications, which indicated the association between cytokine polymorphisms
and periodontitis pathogenesis. Meta-analysis was conducted using fixed or randomized
models to calculate the significance of multiple cytokine polymorphisms. A total of 147
articles were analyzed with polymorphisms in 12 interleukins [Th1 (IL-2, IFN-g, and TNF-a),
Th2 (IL-4 and IL-13), Th17 (IL-1a, IL-1b, IL-6, and IL-17), and Treg cytokines (IL-10 and
TGF-b)]. Doi plot was used to probe the occurrence of publication bias.

Results: The polymorphisms of IL-2 and TNF-a of Th1 cytokine family may be associated
with the pathogenesis or the prevention of periodontitis risk, while the polymorphism of
IFN-g is not related to periodontitis risk. The polymorphisms for IL-4 and IL-13 of Th2
cytokine family are not found to be associated with the pathogenesis of periodontitis. For
the polymorphisms of the members of Th17 cytokine family, different IL-1a
polymorphisms may have inverse actions in the pathogenesis of periodontitis. IL-1b is a
noteworthy cytokine biomarker in periodontitis development and progression. IL-6 may
have a protective function in the inflammatory responses of periodontitis, and IL-17 has a
weak relationship the inflammatory responses. The polymorphisms for the members of
Treg cell cytokines may have a protective function against periodontitis risk. LFK indexes
show the major asymmetry due to publication bias.

Conclusion: IL-1b is a notable cytokine biomarker in periodontitis risk. Treg cytokines
favor an anti-inflammatory and protective environment. Further data are needed to confirm
the present conclusion due to publication bias.
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INTRODUCTION

Periodontitis is a chronic destructive inflammatory disease that
destroys the tooth-supporting structures and results in tooth loss
(1). The cytokine network plays an important role in periodontitis
development and immune responses (2), and its association with
periodontitis remains widely unclear. Cytokine expression profiles
are closely related to Th1, Th2, Th17, and Treg cells, which play an
immunoregulatory role (3). Interferon‐g (IFN-g), tumor necrosis
factor a (TNF-a), and IL-2 belong to Th1 cytokines (4); and T
follicular helper cells have been shown to be a significant source of
IL-4 and IL-13 in the lymph nodes during the Th2 activity (5). Th17
cells are the major source of interleukin-17 (6), TGF-b (7), IL-1 and
IL-6 (8), and IL-23 (9). Anti-inflammatory IL-10 (10) and TGF-b
(11) are secreted by B cell-endowed Tregs, involved in the
suppressive function of regulatory T cells, and play critical roles
in maintaining immune homeostasis.

Many studies have proven gene polymorphisms in cytokines
such as IL‐1a (12–28), IL-1b (12, 16, 18, 24, 29–55), IL-2 (56–
60), IL-4 (61–73), IL‐6 (74–86), IL-23 (87), IL-10 (16, 42, 84–86,
88–110), IL-13 (66, 111, 112), IL-17 (60, 73, 87, 113–117), TNF-
a (16, 35, 38, 44, 48, 85, 118–132), IFN (70, 85, 102, 133–136),
and TGF (42, 137–143), which often play various vital roles in
periodontitis immune pathogenesis or in the prevention of
periodontitis immune responses.

However, the genetic polymorphisms of these cytokines were
often analyzed separately and seldom compared together. The
significant differences remain unclear. Therefore, in the current
meta‐analysis, a total of 147 studies were included to further
identify the contributions of these genetic polymorphisms using
a broader collection of patients and races.
MATERIALS AND METHODS

Search Strategy and Inclusion Criteria
The criteria for inclusion in our meta‐analysis were as follows:
1) case–control studies; 2) the case groups consisted of patients
diagnosed with periodontitis, and the control groups consisted of
periodontally healthy individuals; 3) the genetic polymorphisms
were detected, and sufficient data supporting the genotype
distribution were provided for the calculation of odds ratios
(ORs) and corresponding 95% confidence intervals (CIs); and
4) studies with no repeated data. Studies that did not fit any of
the criteria were excluded.

A systematic literature search was performed using the
databases PubMed, the Cochrane Library, Medical Abstracts,
TOXLINE, OVID, EMBASE, Web of Science, EBSCO, VIP Full
Text, CNKI, and Wanfang, including studies published up to
January 31, 2021. In addition, the reference lists of the selected
manuscripts and related reviews were also manually searched
and screened to ensure that a comprehensive search was
performed. Furthermore, no language restriction was applied.
Two authors independently searched all the databases. The
following key terms were used for searching; “interleukin‐1”,
“interleukin 1”, “IL‐1”, “IL1”, “interleukin‐2”, “interleukin 2”,
Frontiers in Immunology | www.frontiersin.org 2
“IL‐2”, “IL2”, “interleukin‐4”, “interleukin 4”, “IL‐4”, “IL4”,
“interleukin‐6”, “interleukin 6”, “IL‐6”, “IL6”, “interleukin-10”,
“interleukin 10”, “IL‐10”, “IL10”, “interleukin‐13”, “interleukin
13”, “IL‐13”, “IL13”, “interleukin‐17”, “interleukin 17”, “IL‐17”,
“IL17”, “interferon‐gamma”, “interferon gamma”, “IFN-
gamma”, “IFN gamma”, “interferon‐g”, “interferon g”, “IFN-g”,
“IFN g”, “tumor necrosis factor‐alpha”, “tumor necrosis factor
alpha”, “TNF‐alpha”, “TNF alpha”, “tumor necrosis factor‐a”,
“tumor necrosis factor a”, “TNF‐a”, “TNF a”, “transforming
growth factor-beta”, “transforming growth factor beta”, “TGF‐beta”,
“TGF beta”, “transforming growth factor-b”, “transforming growth
factor b”, “TGF‐b”, “TGF b”, “polymorphism”, “periodontal
diseases”, “periodontitis”, and their combined phrase.

Study Selection and Data Extraction
During the data selection, duplicate researches were removed
using Endnote. The abstracts of selected papers were further
screened, and the full text was checked based on the selection
criteria (Figure 1). The results were examined by two authors, and
an expert was referred if inconsistencies appeared. Two authors
obtained the following characteristics, and inconsistencies were
determined via discussion: 1) the first author name and
publication years; 2) nationality and/or ethnicity; 3) population
size; 4) genetic polymorphism; and 5) Hardy–Weinberg equilibrium
(HWE) in these populations.

Data Analysis
ORs and 95% CIs were analyzed to evaluate the relationship
between genetic polymorphisms in 12 interleukins [Th1 (IL-2,
IFN-g, and TNF-a), Th2 (IL-4 and IL-13), Th17 (IL-1 a, IL-1b,
IL-6, TGF-b, and IL-17), and Treg cytokines (IL-10 and TGF-b)]
and periodontitis. The interstudy heterogeneity was estimated
using I2, where I2 > 50% and p < 0.05 were regarded as significant
heterogeneity. Subsequently, the random-effects model (Mantel–
Haenszel method) was performed in this study. I2 < 50% and p >
0.05, and the fixed‐effects model (Mantel–Haenszel method) was
performed to confirm collective effectiveness. One or all the
following genetic polymorphisms were analyzed: 1) genetic
specific allele; 2) dominant model; and/or 3) recessive model.
Statistical analyses were carried out using MetaXL (https://www.
epigear.com/index_files/metaxl.html).

Publication Bias
Publication bias is a major problem in meta-analysis, which affects
the strength of the final conclusion and remains suboptimal, and
impedes the cogency and explanation of meta-analysis
discoveries. When bias occurs, it typically differentially affects
studies manifesting as an association between precision and effect
size, and photographic asymmetry of common funnel plots.
However, the asymmetry is quantified using Egger’s regression,
and the sensitivity of Egger’s regression is difficult to detect such
asymmetry when the amounts of studies are limited. A new
graphical method, the Doi plot, to visualize asymmetry using
the LFK index can detect the asymmetry of study effects well. The
LFK index also has a higher sensitivity than Egger’s regression
(144). Therefore, publication bias was assessed using LFK index
test proposed by Furuya-Kanamori et al. LFK index zero
January 2022 | Volume 12 | Article 713198
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represents complete symmetry, and the limits of symmetry were
set at ±1, and values beyond ±1 were inconsistent with symmetry.
RESULTS

Study Selection
According to the study flowchart (Figure 1), a total of 147
articles were included in the final meta‐analysis on genetic
polymorphism in the 12 cytokine genes (Th1 (IL-2, IFN-g, and
TNF-a), Th2 (IL-4 and IL-13), Th17 (IL-1a, IL-1b, IL-6, TGF-b,
and IL-17), and Treg cytokines (IL-10 and TGF-b)), including
IL‐1a (12–28), IL-1b (12, 16, 18, 24, 29–55), IL-2 (56–60), IL-4
(61–73), IL‐6 (74–85, 145), IL-10 (16, 42, 84–86, 88–107, 109,
110, 118, 146, 147), IL-13 (66, 111, 112), IL-17 (60, 73, 87, 113–
117), TNF‐a (16, 35, 38, 44, 48, 85, 118–132), IFN (70, 85, 102,
133–136), and TGF (42, 137–143). These studies encompassed
various periodontitis cases and healthy controls, which were
Frontiers in Immunology | www.frontiersin.org 3
involved in the analysis of the gene polymorphism and play
important roles in promoting or preventing either chronic or
aggressive periodontitis. We explored the relationship between
the genetic polymorphism and the occurrence of periodontitis
risk or prevention of periodontitis development using these
studies (Tables S1–S12), in which the data were used to test
the association of alleles and genotype with periodontitis risk.

Th1 Cell Cytokines
Th1 cytokines are structurally related to IL-2, IFN-g, and TNF-a,
whose polymorphisms are possibly associated with periodontitis
risk. IL-2 −330G allele had a weak relationship with the
periodontitis development with OR (95% CI), 0.96 (0.72–1.20)
(Figure 2A). LFK index showed that there was major asymmetry
and significant publication bias for the result of IL-2 −330G allele
(Figure 2B). In contrast, IL-2 −330T allele had a strong
relationship with the periodontitis risk with OR (95% CI),
0.80 (0.35–1.24) (Figure 2C). However, a higher level of LFK
FIGURE 1 | Flowchart of trial search and selection for meta-analysis. RCT, randomized and controlled trial; IL‐1, interleukin‐1; IL‐2, interleukin-2; IL‐4, interleukin‐4;
IL‐6, interleukin‐6; IL‐8, interleukin‐8; IL‐10, interleukin-10; IL‐13, interleukin‐13; IL‐17, interleukin‐17; IFN-g, interferon gamma; TNF-a, tumor necrosis factor alpha;
TGF-b, transforming growth factor beta.
January 2022 | Volume 12 | Article 713198
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index also indicated that there was major asymmetry and
publication bias for the result of IL-2 −330T allele (Figure 2D).

IFN-g 874 A/T dominant model had a weak relationship with
the periodontitis risk with OR (95% CI), 0.92 (0.66–1.17)
(Figure 2E). LFK index showed that there was minor
asymmetry and publication bias for the result of IFN-g 874 A/
T dominant model (Figure 2F). Similarly, IFN-g 874 A/T
recessive model also had a weak relationship with the
periodontitis development with OR (95% CI), 0.94 (0.73–1.15)
(Figure 2G). LFK index also indicated that there was minor
asymmetry and publication bias for the result of IFN-g 874 A/T
recessive model (Figure 2H).

TNF-a 308 G/A polymorphism had a significant relationship
in the prevention of periodontitis risk with OR (95% CI), 1.13
(0.88–1.39) (Figure 2I). LFK index showed that there was major
asymmetry and significant publication bias for the result of TNF-
a 308 G/A polymorphism (Figure 2J). Taken together, these
results suggest that the members IL-2 and TNF-a of Th1
cytokine family may be associated with the pathogenesis of
periodontitis or prevention of periodontitis risk, and their
Frontiers in Immunology | www.frontiersin.org 4
polymorphism can affect periodontitis risk while the
polymorphism of IFN-g is not associated with periodontitis risk.
Th2 Cell Cytokines
IL-4 and IL-13 are the members of Th2 cell cytokines. IL-4 −590
C/T T allele had a weak relationship with the periodontitis risk
with OR (95% CI), 0.92 (0.72–1.11) (Figure 3A). LFK index
showed that there was major asymmetry and significant
publication bias for the result of IL-4 −590 C/T T allele
(Figure 3B). IL-13 −1112C/T C allele had a weak relationship
with the periodontitis risk with OR (95% CI), 0.91 (0.62–1.21)
(Figure 3C). LFK index showed that there was major asymmetry
and publication bias for the result of IL-13 −1112C/T C allele
model (Figure 3D). Similarly, IL-13 −1112C/T T allele also had a
weak relationship with the periodontitis development with OR
(95% CI), 0.92 (0.45–1.39) (Figure 3E). LFK index indicated that
there was no asymmetry or publication bias for the result of IL-
13 −1112C/T T allele model (Figure 3F). Taken together, these
results suggest that the members IL-4 and IL-13 of Th2 cytokine
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FIGURE 2 | The association of Th1-related cytokine polymorphism with chronic periodontitis. (A) Forest plot of the association of IL‐2 −330 G allele polymorphism
with chronic periodontitis. (B) The Doi plot is used to visualize the asymmetry of the association of IL‐2 −330 G allele polymorphism with chronic periodontitis using the
LFK index. LFK index zero represents complete symmetry, the limits of symmetry were set at ±1, and values beyond ±1 were inconsistent with symmetry. (C) Forest
plot of the association of IL‐2 −330 T allele polymorphism with chronic periodontitis. (D) The Doi plot is used to visualize the asymmetry of the association of IL‐2 −330
T allele polymorphism with chronic periodontitis using the LFK index. (E) Forest plot of the association of IFN-g 874 A/T dominant polymorphism with chronic
periodontitis. (F) The Doi plot is used to visualize the asymmetry of the association of IFN-g 874 A/T dominant polymorphism with chronic periodontitis using the LFK
index. LFK index zero represents complete symmetry, the limits of symmetry were set at ±1, and values beyond ±1 were inconsistent with symmetry. (G) Forest plot
of the association of IFN-g 874 A/T recessive polymorphism with chronic periodontitis. (H) The Doi plot is used to visualize the asymmetry of the association of IFN-g
874 A/T recessive polymorphism with chronic periodontitis using the LFK index. (I) Forest plot of the association of TNF-a 308 G/A polymorphism with chronic
periodontitis. (J) The Doi plot is used to visualize the asymmetry of the association of TNF-a 308 G/A polymorphism with chronic periodontitis using the LFK index.
LFK index zero represents complete symmetry, the limits of symmetry were set at ±1, and values beyond ±1 were inconsistent with symmetry.
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FIGURE 3 | The association of Th2-related cytokine polymorphism with chronic periodontitis. (A) Forest plot of the association of IL-4 −590 C/T T allele
polymorphism with chronic periodontitis. (B) The Doi plot is used to visualize the asymmetry of the association of IL-4 −590 C/T T allele polymorphism with chronic
periodontitis using the LFK index. (C) Forest plot of the association of IL-13 −1112C/T C allele polymorphism with chronic periodontitis. (D) The Doi plot is used to
visualize the asymmetry of the association of IL-13 −1112C/T C allele polymorphism with chronic periodontitis using the LFK index. (E) Forest plot of the association
of IL-13 −1112C/T T allele polymorphism with chronic periodontitis. (F) The Doi plot is used to visualize the asymmetry of the association of IL-13 −1112C/T T allele
polymorphism with chronic periodontitis using the LFK index. LFK index zero represents complete symmetry, the limits of symmetry were set at ±1, and values
beyond ±1 were inconsistent with symmetry.
Frontiers in Immunology | www.frontiersin.org January 2022 | Volume 12 | Article 7131985
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family may not be associated with the pathogenesis
of periodontitis.

Th17 Cell Cytokines
IL-1 a, IL-1b, IL-6, and IL-17 belong to the members of Th17 cell
cytokine family. IL-17A, secreted by Th17 cells, was found
upregulated in human inflammatory and autoimmune disease
(148). IL-1a −889C/T T allele had a favorable relationship in the
prevention of periodontitis risk with OR (95% CI), 1.12 (0.99–
1.25) (Figure 4A). LFK index showed that there was major
asymmetry and publication bias for the result of IL-1a −889C/T
T allele model (Figure 4B). In contrast, IL-1a −889C/T C allele
also had a strong relationship with the periodontitis development
with OR (95% CI), 0.75 (0.66–0.85) (Figure 4C). LFK index
indicated that there was major asymmetry and publication bias
for the result of IL-1a −889C/T C allele model (Figure 4D).

IL-1b −511C>T polymorphism had a very strong relationship
in the periodontitis risk with OR (95% CI), 0.50 (0.30–0.71)
(Figure 4E). LFK index showed that there was major asymmetry
and publication bias for the result of IL-1b −511C>T
polymorphism (Figure 4F). Similarly, IL-1b 3954C>T
polymorphism also had a very strong relationship with the
periodontitis development with OR (95% CI), 0.66 (0.52–0.80)
(Figure 4G). LFK index indicated that there was major
asymmetry and publication bias for the result of IL-1b
3954C>T polymorphism (Figure 4H).

IL-6 −174G/C G allele model had a weak relationship in the
prevention of periodontitis risk with OR (95% CI), 1.10 (0.82–
1.38) (Figure 4I). LFK index showed that there was major
asymmetry and publication bias for the result of IL-6 −174G/C
G allele model (Figure 4J). Similarly, IL-6 −174G/C C allele
model also had a weak relationship in the prevention of
periodontitis development with OR (95% CI), 1.09 (0.81–1.36)
(Figure 4K). LFK index indicated that there was major
asymmetry and publication bias for the result of IL-6 −174G/C
C allele model (Figure 4L).

IL-17 rs2275913 polymorphism had a weak relationship in the
periodontitis risk with OR (95% CI), 0.92 (0.45–1.39) (Figure 4M).
LFK index showed that there was no asymmetry or publication bias
for the result of IL-17 rs2275913 polymorphism (Figure 4N). Taken
together, in the members of Th17 cytokine family, different IL-1 a
polymorphisms may have inverse functions in the pathogenesis of
periodontitis. IL-1b is a significant cytokine biomarker in the
periodontitis development. IL-6 may have protective function in
the inflammatory responses of periodontitis, and IL-17 has a weak
relationship with the inflammatory responses.

Treg Cell Cytokines
Treg cell cytokines include TGF-b; and the IL-10 family, and
TGF-b and IL-10 are the most relevant members for immune
regulation. IL-10 592C>A A allele model had a strong
relationship in the prevention of periodontitis risk with OR
(95% CI), 1.21 (1.03–1.39) (Figure 5A). LFK index showed
that there was major asymmetry and publication bias for the
result of IL-10 592C>A A allele model (Figure 5B). IL-10
1082A>G A allele model also had a weak relationship with the
periodontitis development with OR (95% CI), 1.04 (0.81–1.28)
Frontiers in Immunology | www.frontiersin.org 6
(Figure 5C). LFK index indicated that there was major
asymmetry and publication bias for the result of L-10
1082A>G A allele model (Figure 5D). TGF-b rs1800469
polymorphism had a relationship in the prevention of
periodontitis risk with OR (95% CI), 1.13 (0.93–1.34)
(Figure 5E). LFK index showed that there was major
asymmetry and publication bias for the result of TGF-b
rs1800469 polymorphism (Figure 5F). Taken together, the
members of Treg cell cytokines may have a protective function
in the periodontitis risk by reducing the inflammatory responses.
DISCUSSION

Pro-inflammatory CD4+ T helper cells mainly belong to the Th1,
Th2, Th17, and Treg cells, which secrete various cytokines and
are closely associated with periodontal diseases (Figure 6) (149).
The present meta-analysis showed that the polymorphisms of
the members IL-2 and TNF-a of Th1 cytokine family may be
associated with the pathogenesis of periodontitis or the
prevention of periodontitis risk, while the polymorphism of
IFN-g is not related to periodontitis risk. The result is
consistent with previous meta-analysis that IFN-g may not
contribute to periodontitis susceptibility (150). Cytokine
receptors also can induce inflammatory signals by binding
specifically to certain types of cytokines. The activity of IL-2
receptor in the periodontitis patients was also found to be higher
than that in the control subjects (151). Previous report also could
not find any evidence to support that polymorphisms in an IFN-
g receptor‐1 contributes to periodontitis risk either (152).

TNF-a, one of the essential pro-inflammatory cytokines in
periodontitis patients, has been regarded as a potential
biomarker for diagnosis of a periodontal disease (153). Anti-
TNF-a will be a potential way to prevent periodontitis risk (154).
Apical periodontitis patients were treated with anti-TNF-a
biologic medications and showed faster healing than the
controls (155).

The polymorphisms for the members IL-4 and IL-13 of Th2
cytokine family are not found to be associated with the
pathogenesis of periodontitis. The statistical differences for IL-
4 receptor polymorphism were insignificant among mild,
moderate, and severe chronic periodontitis subjects (156).
Further work also did not show that the polymorphisms of IL-
4 receptor were associated with the risk of severe chronic
periodontitis (157).

For the polymorphisms of the members of Th17 cytokine family,
different IL-1a polymorphisms may have inverse actions in the
pathogenesis of periodontitis. IL-1b is a noteworthy cytokine
biomarker in periodontitis development and progression. IL-6
may have a protective function in the inflammatory responses of
periodontitis, and IL-17 has a weak relationship the inflammatory
responses. The relationship between interleukin-1 receptor and
periodontitis risk was seldom reported. The polymorphism
(rs2234663) of interleukin-1 receptor antagonist (IL-1ra), an agent
that binds to interleukin-1 receptor, was found to contribute to
serious periodontitis susceptibility (158). Salivary level of IL-1Ra
was also reported to be statistically higher in the periodontitis
January 2022 | Volume 12 | Article 713198
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FIGURE 4 | The association of Th17-related cytokine polymorphism with chronic periodontitis. (A) Forest plot of the association of IL-1a −889C/T T allele
polymorphism with chronic periodontitis. (B) The Doi plot is used to visualize the asymmetry of the association of IL-1a −889C/T T allele polymorphism with
chronic periodontitis using the LFK index. LFK index zero represents complete symmetry, the limits of symmetry were set at ±1, and values beyond ±1 were
inconsistent with symmetry. (C) Forest plot of the association of IL-1a −889C/T C allele polymorphism with chronic periodontitis. (D) The Doi plot is used to
visualize the asymmetry of the association of IL-1a −889C/T C allele polymorphism with chronic periodontitis using the LFK index. (E) Forest plot of the
association of IL-1b −511C>T polymorphism with chronic periodontitis. (F) The Doi plot is used to visualize the asymmetry of the association of IL-1b −511C>T
polymorphism with chronic periodontitis using the LFK index. LFK index zero represents complete symmetry, the limits of symmetry were set at ±1, and values
beyond ±1 were inconsistent with symmetry. (G) Forest plot of the association of IL-1b 3954C>T polymorphism with chronic periodontitis. (H) The Doi plot is used to
visualize the asymmetry of the association of IL-1b 3954C>T polymorphism with chronic periodontitis using the LFK index. (I) Forest plot of the association of IL-6 −174G/
C G allele polymorphism with chronic periodontitis. (J) The Doi plot is used to visualize the asymmetry of the association of IL-6 −174G/C G allele polymorphism with
chronic periodontitis using the LFK index. (K) Forest plot of the association of IL-6 −174G/C C allele polymorphism with chronic periodontitis. (L) The Doi plot is used to
visualize the asymmetry of the association of IL-6 −174G/C C allele polymorphism with chronic periodontitis using the LFK index. (M) Forest plot of the association of IL-
17 rs2275913 polymorphism with chronic periodontitis. (N) The Doi plot is used to visualize the asymmetry of the association of IL-17 rs2275913 polymorphism with
chronic periodontitis using the LFK index. LFK index zero represents complete symmetry, the limits of symmetry were set at ±1, and values beyond ±1 were inconsistent
with symmetry.
Frontiers in Immunology | www.frontiersin.org January 2022 | Volume 12 | Article 7131987
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patients than the controls (159). Gingival crevicular fluid-soluble IL-
6 receptor was also higher in the inflammatory sites than in the
healthy controls in periodontitis patients (160).

Clinical evidence shows that IL-1b, a pro-inflammatory
cytokine, is raised and contributes to periodontitis susceptibility.
Evaluated levels of IL-1b initiate a chain of inflammatory responses
and increase bone resorption (161). Therefore, IL-1b is an
important therapeutic target for periodontitis. The application of
IL-1ra (a natural inhibitor of IL-1b) suggests the possible function of
IL-1ra in controlling periodontal inflammation in an experimental
periodontitis model (162).

The present study showed that IL-2 −330T allele had a strong
relationship with the periodontitis risk (Figure 2C), which was
consistent with the previous report that the expression of IL-2
was increased in the tenacity stage of periodontitis and that IL-2
exerts an inhibitory function in the development of periodontitis
Frontiers in Immunology | www.frontiersin.org 8
(163). IL-2 −330T allele may affect its normal protective
function. Preclinical experiments indicated that IL-2/anti-IL-2-
antibody complexes activated the percent of Treg cells and
reduced the inflammatory responses in various diseases
(164, 165).

The present findings showed that the members IL-4 and IL-
13 of Th2 cytokine family may not be associated with the
pathogenesis of periodontitis. The results are inconsistent with
the previous report that IL-4 has been found to be decreased in
chronic periodontitis subjects and increased after therapy, which
implies that IL-4 in Th2 cells may have protective effects in the
prevention of periodontitis (166). Furthermore, it has been also
reported that IL-4 can control pro-inflammatory cytokine levels
(167) and restrain the occurrence of osteoclastogenesis (168).

The present findings showed that the members of Treg cell
cytokines may have protective function in the periodontitis risk
A

B

DE

F

C

FIGURE 5 | The association of Treg-related cytokine polymorphism with chronic periodontitis. (A) Forest plot of the association of IL-10 592C>A A allele
polymorphism with chronic periodontitis. (B) The Doi plot is used to visualize the asymmetry of the association of IL-10 592C>A A allele polymorphism with chronic
periodontitis using the LFK index. LFK index zero represents complete symmetry, the limits of symmetry were set at ±1, and values beyond ±1 were inconsistent
with symmetry. (C) Forest plot of the association of IL-10 1082A>G A allele polymorphism with chronic periodontitis. (D) The Doi plot is used to visualize the
asymmetry of the association of IL-10 1082A>G A allele polymorphism with chronic periodontitis using the LFK index. (E) Forest plot of the association of TGF-b
rs1800469 polymorphism with chronic periodontitis. (F) The Doi plot is used to visualize the asymmetry of the association of TGF-b rs1800469 polymorphism with
chronic periodontitis using the LFK index. LFK index zero represents complete symmetry, the limits of symmetry were set at ±1, and values beyond ±1 were
inconsistent with symmetry.
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by reducing the inflammatory responses, which are consistent
with popular reports. TGF-b and IL-10 are the main effector
cytokines in Treg cells and may have synergetic functions (169,
170). Treg cells might gather at infecting sites of dental infection
and might reduce immune actions and bone resorption in the
periodontal area (171). The upregulation of TGF-b results in
collagen production and reduces collagen-destroying MMP-1
production, which will be beneficial to protect against
periodontitis (172). IL-10 polymorphism is of high clinical
relevance and a valuable marker to recognize patients who are
at higher risk for periodontitis (173). On the other hand,
regulatory T cells play an important role in modulating the
immunity in periodontitis patients by defending against
inflammation and autoimmunity (174). Modulating the Th17/
Treg imbalance during periodontitis may be a promising
approach to cure periodontitis (175, 176) by affecting the levels
of TGF-b and IL-10 (177).

Strengths and Limitations
This meta‐analysis has several strengths, including an
unrestricted search process and duplicate review procedures
for the search and strict assessments of the risk of bias and the
quality of literature.

There are some limitations in the present paper. First,
although a broad search in different databases of various
cytokines was carried out, it is difficult to approve that whether
all the studies for exploring the relationship between these genetic
polymorphisms of various cytokines and periodontitis risk were
Frontiers in Immunology | www.frontiersin.org 9
included in the present study. Second, there were obvious
heterogeneities and potential publication biases in these meta-
analyses. To reduce some potential heterogeneities, the related
literatures were removed; however, some heterogeneities still
existed. Third, we used Doi plot to probe the occurrence of
publication bias in the studies used for our meta‐analysis, and the
results showed that all LFK indexes showed the major asymmetry
due to publication bias. Therefore, to understand whether the
different Th cell cytokines were associated with periodontitis,
more unbiased data are required. IL-23 plays a critical role in the
development of periodontitis (9, 178–181). However, the present
research focuses on the relationship between cytokine
polymorphisms and periodontitis and not between the cytokine
level and periodontitis. We have tried to investigate the relationship
between IL-23 polymorphisms and periodontitis. Unfortunately, the
related contents were seldom reported, and the meta-analysis was
not performed.
CONCLUSIONS

Within the limitations of this study, the present meta‐analysis
indicated that genetic polymorphism of Th17 cytokines might be
a risk factor for the development of periodontitis, while Treg cells
may show protective function in the prevention of periodontitis
inflammation. Further studies on larger population will be
needed to verify these findings.
FIGURE 6 | CD4+ T-cell differentiation and cellular phenotype. Naive CD4+ T cells differentiate into many different types of T helper (Th) or regulatory T (Treg) cells.
The regulating transcription factors of subsets and their characteristic effector cytokines are indicated in the figure. IL‐1, interleukin‐1; IL‐2, interleukin-2; IL‐4,
interleukin‐4; IL‐6, interleukin‐6; IL‐8, interleukin‐8; IL‐10, interleukin-10; IL‐13, interleukin‐13; IL‐17, interleukin‐17; IFN-g, interferon gamma; TNF-a, tumor necrosis
factor alpha; TGF-b, transforming growth factor beta.
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C, et al. Interleukin-35 Inhibits Alveolar Bone Resorption by Modulating the
Th17/Treg Imbalance During Periodontitis. J Clin Periodontol (2020)
47:676–88. doi: 10.1111/jcpe.13282

177. Alvarez C, Suliman S, Almarhoumi R, VegaME, Rojas C, Monasterio G, et al.
Regulatory T Cell Phenotype and Anti-Osteoclastogenic Function in
Experimental Periodontitis. Sci Rep (2020) 10:1–12. doi: 10.1038/s41598-
020-76038-w
Frontiers in Immunology | www.frontiersin.org 15
178. Allam JP, Duan Y, Heinemann F, Winter J, Gotz W, Deschner J, et al. IL-23-
Producing CD68(+) Macrophage-Like Cells Predominate Within an IL-17-
Polarized Infiltrate in Chronic Periodontitis Lesions. J Clin Periodontol
(2011) 38:879–86. doi: 10.1111/j.1600-051X.2011.01752.x

179. Luo Z, Wang H, Wu Y, Sun Z, Wu Y. Clinical Significance of IL-23
Regulating IL-17A and/or IL-17F Positive Th17 Cells in Chronic
Periodontitis. Mediators Inflamm (2014) 2014:627959. doi: 10.1155/2014/
627959

180. Ohyama H, Kato-Kogoe N, Kuhara A, Nishimura F, Nakasho K, Yamanegi
K, et al. The Involvement of IL-23 and the Th17 Pathway in Periodontitis.
J Dent Res (2009) 88:633–8. doi: 10.1177/0022034509339889

181. Qi Y, Feng W, Song A, Song H, Yan S, Sun Q, et al. Role of Serum IL-23/
IL-17 Axis in the Relationship Between Periodontitis and Coronary Heart
Disease. Int J Periodontics Restorative Dent (2013) 33:185–91. doi: 10.11607/
prd.1327
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Liu and Li. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
January 2022 | Volume 12 | Article 713198

https://doi.org/10.1016/j.jneuroim.2019.577071
https://doi.org/10.1002/jcp.28367
https://doi.org/10.1111/odi.13450
https://doi.org/10.1111/odi.13450
https://doi.org/10.1080/10520295.2017.1312526
https://doi.org/10.1007/s00011-021-01448-z
https://doi.org/10.4103/jisp.jisp_308_20
https://doi.org/10.4049/jimmunol.1900046
https://doi.org/10.1111/jcpe.13282
https://doi.org/10.1038/s41598-020-76038-w
https://doi.org/10.1038/s41598-020-76038-w
https://doi.org/10.1111/j.1600-051X.2011.01752.x
https://doi.org/10.1155/2014/627959
https://doi.org/10.1155/2014/627959
https://doi.org/10.1177/0022034509339889
https://doi.org/10.11607/prd.1327
https://doi.org/10.11607/prd.1327
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	A Systematic Review and Meta-Analysis on Multiple Cytokine Gene Polymorphisms in the Pathogenesis of Periodontitis
	Introduction
	Materials and Methods
	Search Strategy and Inclusion Criteria
	Study Selection and Data Extraction
	Data Analysis
	Publication Bias

	Results
	Study Selection
	Th1 Cell Cytokines
	Th2 Cell Cytokines
	Th17 Cell Cytokines
	Treg Cell Cytokines

	Discussion
	Strengths and Limitations

	Conclusions
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


