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Abstract

Background Activation of the IL-33/ST2 axis leads to the production of proinflammatory cytokines and thus

to the triggering of osteoclastogenesis, which is why it plays an important role in the immunopathogenesis of peri-
odontitis. The aim of this study was to compare IL-33 levels in serum, plasma, saliva and gingival crevicular fluid (GCF)
of subjects with chronic periodontitis (CP) in comparison with the control group (CG).

Methods This systematic review and meta-analysis followed the guidelines of the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis (PRISMA) and was registered in the Open Science Framework (OSF): https://doi.
0rg/10.17605/0OSFIO/YHUWA. Six electronic databases were used for study identification; PubMed, Google Scholar,
ScienceDirect, Web of Science, Scopus and Dentistry & Oral Sciences Source from March 10, 2012 to April 30, 2024.
The Joanna Briggs Institute (JBI) tool was used to assess the quality of the included cross-sectional articles and clinical
trials.

Results Of the 949 articles identified, 14 were included according to the inclusion and exclusion criteria. The total
number of individuals studied in the included investigations was 814 of whom 445 had CP and 369 were healthy. The
reported age range was from 20 to 50 years, with a mean age + standard deviation of 40.29+7.83 years. Four hundred
and twenty-six (52%) patients were men and 388 (48%) were women. Meta-analysis revealed that there is an increase
in IL-33 levels in plasma, saliva and GCF of subjects with CP compared to CG (p=*<0.05).

Conclusions This study found a significant increase in IL-33 levels in different biological samples (plasma, saliva

and GCF) of individuals with CP compared to CG, thus IL-33 has potential to be a biomarker in the diagnosis
of periodontitis.
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Background

Periodontitis is an oral infection characterized by the
destruction of the soft and hard tissues that support the
teeth [1]. This disease is associated with the presence of a
polymicrobial dysbiotic film constituted by a high preva-
lence of periodontopathogens (Aggregatibacter actino-
mycetemcomitans, Fusobacterium nucleatum, Tannerella
forsythia, Porphyromonas gingivalis and Treponema
denticola) and regulated in turn by immunoinflamma-
tory factors [2]. Its high incidence worldwide is worrying
and alarming because it is one of the leading causes of
tooth loss, making it a major public health problem that
remains unresolved [3]. Both the diagnosis and treat-
ment of periodontitis are well established, however, there
are still gaps in knowledge about the molecular mecha-
nisms involved in the regulation of the inflammatory
and destructive process of the periodontium, therefore,
knowing these aspects will greatly facilitate scientists and
clinicians in precision treatment [4].

Interleukin 33 (IL-33) or alarmin is a proinflamma-
tory cytokine, a member of the IL-1 family, which plays
an important role in human inflammation and in par-
ticular in the periodontal immune response [5]. IL-33 is
encoded by the /L33 gene located on 9p24.1 [6]. Regard-
ing the gene structure, it has its promoter, eight exons,
two introns and its 5’UTR and 3'UTR regions with a total
of 4,200 bp [7]. IL33 mRNA encodes a protein of 270
amino acids (aa) with a molecular weight of 30.75 kDa.
Thus IL-33 consists of a nuclear domain (1-65aa), a core
domain (66-112aa) and an IL-1-like domain (113-270aa)
[8]. When released, IL-33 interacts and binds with the
suppression of tumorigenicity 2 receptor (ST2) which is
a member of the toll-like receptor (TLR)/IL-1 superfam-
ily [9]. ST2 can present as a membrane-bound receptor
(ST2L) and form a heterodimer complex together with
the IL-1 receptor accessory protein (IL-1RAcP co-recep-
tor) or it can present in its soluble form (sST2) and act
as a decoy receptor by binding to IL-33 to antagonize
the effects of ST2L [10]. Mast cells, fibroblasts, dendritic
cells, T cells and endothelial cells express ST2L on their
membrane [11]. It is important to note that IL-33 has two
main functions, on the one hand, in the nucleus, it can
bind to chromatin and act as a nuclear factor, and on the
other hand, when released (depending on the conditions),
it can act as an anti- or pro-inflammatory mediator [12].
In the latter case, it has been shown that the IL-33/ST2
axis activates the nuclear factor kappa B (NF-kB) path-
way contributing to the production of proinflammatory
cytokines such as interleukin 1 (IL-1), tumor necro-
sis factor alpha (TNF-a), interleukin 1 beta (IL-1p) and
interleukin 8 (IL-8) that participate in chemotaxis and
regulate the process of osteoclastogenesis, two important
events in periodontal inflammation and destruction [13].

(2024) 29:440

Page 2 of 15

IL-33 can be detected using various methodologies in
biofluids such as serum, plasma, saliva and gingival cre-
vicular fluid (GCF), thus it has diagnostic potential [14].
There are some publications showing that IL-33 concen-
trations vary in different biological samples from indi-
viduals with chronic periodontitis (CP) compared to the
control group (CG) [14-26], however, there is still con-
troversy whether IL-33 levels can be used as indicators
to differentiate both conditions. Therefore, our working
team undertook the task of constructing and presenting
a meta-analysis that can contribute to the current knowl-
edge on this topic.

Rationale objective
Based on clinical findings published in the literature, this
systematic review and meta-analysis aimed:

To compare IL-33 levels in serum, plasma, saliva and
GCF of individuals with CP and CG.

Materials and methods
Research type
Exploratory, descriptive and retrospective review.

Ethics
This systematic review and meta-analysis complies with
ethical standards.

Registration

The protocol was registered in Open Science Framework
(OSF) database, with registration number: https://doi.
org/https://doi.org/10.17605/OSEIO/YHUWA, accessed
on June 26, 2024.

Protocol

The study was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
sis (PRISMA) guidelines [27].

PICOS and focus question
The PICOS items (Table 1) were used to formulate the
following research question:

Is there an increase in IL-33 protein levels in serum,
plasma, saliva and GCF samples from individuals with
CP compared to CG?

Eligibility criteria
Inclusion criteria
This review included:

+ Original human studies with a cross-sectional design
and clinical trials.
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Table 1 PICOS items Table 2 The full search used in the six data bases

P (population) Individuals with chronic periodontitis Data base Search strategy Results
| (Intervention) Collection of biological samples (serum, plasma, PubMed (((((((("Interleukin-33") AND “Serum”) 52

saliva, and GCF) for the determination of IL-33
protein levels by ELISA and Bead Multiplex

C (Control) Systemically and periodontally healthy individuals

O (Outcomes) Differences and/or changes in IL-33 protein levels
in serum, plasma, saliva, and gingival crevicular
fluid of individuals with chronic periodontitis

compared to population control

S (Studies) Cross-sectional studies and clinical trials

IL-33 interleukin 33; GCF gingival crevicular fluid; ELISA enzyme-linked
immunosorbent assay

« Studies that evaluated IL-33 protein levels in differ-
ent biofluids such as serum, plasma, saliva and GCF
of individuals with CP and CG.

+ Individuals in the exposure group (CP) had to have
at least 15 teeth, as well as a bleeding on probing;
% >30%, probing deep;>3 mm and clinical attach-
ment level; >2 mm.

+ Studies that used enzyme-linked immunosorbent
assay (ELISA) and Multiplex bead immunoassays as
the method of immunological analysis.

Exclusion criteria
This review excluded:

+ Any systemic condition that impaired the periodon-
tal health of individuals.

+ Individuals undergoing orthodontic treatment.

« Pregnant/breastfeeding or menopausal women.

« Smokers, alcohol drinkers, as well as individuals on
medication (antibiotics/immunosuppressors) within
the last 3 months.

+ Studies in animal models and/or cell lines, mini-
reviews, narrative, comprehensive or scoping
reviews, meta-analyses, book chapters, letters to the
editor, short communications, conference posters,
thesis, dissertations and editorials, as they are not
related to the objectives of this work.

Information sources and search strategy

The databases PubMed, Google Scholar, ScienceDirect,
Web of Science, Scopus and Dentistry & Oral Sciences
Source were consulted from March 10, 2012 to April 30,
2024. The search strategy employed for all databases is
shown in Table 2. The following journals were consulted
as part of the manual search: Journal of Periodontal
Research, Journal of Periodontal and Implant Science e

OR"Saliva”) OR“Gingival Crev-

icular Fluid") AND “Biomarkers”)

AND “Humans”) AND “Periodontal
Diseases”) AND “Chronic Periodontitis”)
AND “Chronic Periodontitis"[Mesh])
AND “Periodontitis"[Mesh]

IL-33 OR Interleukin-33 AND Serum 514
AND Plasma OR Saliva OR Gingival Cre-

vicular Fluid AND Chronic Periodontitis

OR Periodontal Disease OR Periodontitis

Google Scholar

AND Human AND Biomarkers
ScienceDirect IL-33 AND GCF AND Periodontitis 355
Web of Science  IL-33 AND Serum AND Periodontitis 14
Scopus IL.-33 AND Saliva AND Periodontitis 11
Dentistry Interleukin 33 AND Periodontitis 7
and Oral Sci-

ences Source

International Journal of Periodontics & Restorative Den-
tistry, Periodontology 2000, Journal of Clinical Periodon-
tology y Journal of Periodontology.

Study selection

Article titles and abstracts were selected by two investi-
gators (M.A.A.S and E.U.S.T) independently according
to the application of the eligibility criteria. Relevant and
potential articles for inclusion were retrieved for full-text
evaluation. Finally, after discussion for any disagreement,
consensus was reached and articles with relevant content
were chosen.

Data collection
The variables included in this work were:

+ First and second author data.

+ Year of publication.

+ Study design.

+ Approval by the bioethics committee of the corre-
sponding institution.

+ Name of the journal where the article was published.

+ Admissibility criteria.

+ Age.

+ Gender.

+ Number of cases with CP and CG.

+ Definition criteria for the group of individuals with
CP.

+ Periodontal clinical parameters evaluated.

+ Type of biological sample.

+ Cytokine evaluated.

+ IL-33 values in individuals with CP and CG.

+ Main findings and conclusions.
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All these data were captured by the same investigators
mentioned above and in case of any disagreement, a third
external investigator was consulted for resolution.

Synthesis methods

Quantitative variables were represented by mean and
standard deviation, while qualitative variables were rep-
resented by absolute and relative frequency.

Assessment quality

Two investigators (M.A.A.S and A.H) assessed the qual-
ity of cross-sectional studies and clinical trials separately,
using the Joanna Brigs Institute instrument [28]. Articles
with a score of 1-3 were considered low quality, articles
with a score of 4—6 were considered moderate quality,
and articles with a score of 7-8 were considered high
quality.

Statistical analysis

The STATA V.15 program (Stata Corp, College Station,
TX, USA) was used to perform the data synthesis. For
quantitative analysis, the standardized mean difference
(SMD) of IL-33 protein levels (pg/ml) was calculated
between both study groups (CP vs CG) and in four differ-
ent biological samples (serum, plasma, saliva and GCF).
A fixed effects model with a 95% confidence interval was
used. Significance was adjusted to a value of *p <0,05.

Results

Study selection

Initially 947 articles were found in the 6 electronic
databases, including PubMed (n=52), Google Scholar
(n=>514), ScienceDirect (n=355), Web of Science (n=1),
Scopus (n=4) and Dentistry & Oral Science Source
(n=1). In the manual search, 2 more articles were found,
giving a total of 949 articles. In the identification phase,
duplicates were eliminated (n=17). Next, based on title
and abstract, the remaining 932 studies were reviewed.
Applying the eligibility criteria, 319 more records were
excluded (reviews n=286; editorials n=1; book chap-
ters n=29; short communications #=3), giving a total of
613 potentially relevant records. After analyzing the full
text of the remaining articles, 599 articles were excluded
because they were outside the scope of the central topic.
Therefore, a total of 14 articles were included for quali-
tative and quantitative analysis in the present review.
Details of the study selection for this review are shown
in Fig. 1.

Qualitative analysis

A total of 14 investigations [14—26] were reviewed in this
study, of which 12 (86%) have a cross-sectional design
[14-16, 19-26] and 2 (14%) are clinical trials [17, 18].
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The total number of individuals studied in the included
investigations was 814 of which 445 represented the
case group (individuals with CP) and 369 represented
the CG (periodontally healthy individuals). The ages of
the individuals ranged from 20 to 50 years, with a mean
age  (SD) of 40.29 +7.83 years, of which 388 (48%) were
female and 426 (52%) were male [14-26]. All investiga-
tions (100%) were approved by the corresponding bio-
ethics committee [14—26]. The most frequent exclusion
criteria was the presence of any systemic disease that
could be influencing the periodontal condition of the
individual [14-26]. Most of the articles were published
after 2015 (11:79%) [17-23]. The oldest study was from
2012 [26], and the most recent from 2024 [17]. The 14
investigations were published in 8 different countries
[14-26]. Four (29%) studies were conducted in Turkey
[18, 22, 23, 25], three (21.5%) studies in India [17, 20],
two (14.5%) studies in Iraq [14, 19], and the rest (7%) in
China [15], Colombia [16] Egypt [21], USA [24] and Iran
[26]. Table 3 also describes the names of the Journals
where the articles were published.

The enzyme-linked immunosorbent assay (ELISA) was
the most frequent immunological method employed by
researchers for the determination of IL-33 protein levels
(86%) [14, 15, 17-23, 25, 26], followed by the Multiplex
bead (14%) [16, 24]. Most studies revealed that there is
an increase in IL-33 concentrations in serum, plasma,
saliva and GCF of individuals with chronic periodontitis
compared to the healthy population [14, 17-22, 25, 26]
(Table 4).

Quality

Eight (57%) studies presented moderate quality [20-26],
while the rest (43%) presented high quality [14-19]
according to JBI criteria (Figs. 2, 3).

Quantitative analysis of IL-33 levels in serum of individuals
with chronic periodontitis vs control group

A meta-analysis of four studies [14, 15, 19, 26] was per-
formed comparing IL-33 levels in serum of individuals
with chronic periodontitis compared to healthy individu-
als: (SMD=0.43 (95%CI=— 0.07-0.94); *p=0.09). This
means that serum IL-33 concentration in CP was higher
than in CG, but without statistical significance. Study
heterogeneity was low (I*=2.9%, *p=0.78), so a fixed
effects model was used (Fig. 4, panel A).

Quantitative analysis of IL-33 in plasma of individuals

with chronic periodontitis vs control group

A meta-analysis of four studies [20, 22, 25] was per-
formed comparing plasma IL-33 levels in individuals
with chronic periodontitis compared to healthy individu-
als: (SMD=4.45 (95%CI1=0.82-8.08); *»=0.016). This
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= PubMed: (n =52)
o Google Schoolar: (n =514)
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Records screened »| Review articles (n = 286)
(n=932) Editorials (n = 1)
Book chapters (n = 29)
Short communication: (n = 3)
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Reports sought for retrieval
= (n=613)
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$
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(n=613) text:
Off topic (n = 599)
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Studies included for qualitative
analysis:
g (n=14)
] Studies included for quantitative
£ analysis (meta-analysis):
(n=14)

Fig. 1 PRISMA flow diagram of the study selection process. PRISMA Preferred Reporting Items for Systematic and Meta-Analyses

means that plasma IL-33 concentration in CP was signifi-
cantly higher than in CG. Study heterogeneity was low
(I>=0.00%, *p=0.493), so a fixed effects model was used
(Fig. 4, panel B).

Quantitative analysis of IL-33 levels in saliva of individuals
with chronic periodontitis vs control group

A meta-analysis of six studies [17-19, 21, 21, 22, 25] was
performed comparing IL-33 levels in saliva of individuals
with chronic periodontitis compared to healthy individu-
als: (SMD =16.24 (95%CI=4.09-28.40); *p=0.009). This
means that the concentration of IL-33 in saliva in CP was
significantly higher than in CG. The heterogeneity of the

studies was low (I2=4.7%, *p=0.386), so a fixed effects
model was used (Fig. 4, panel C).

Quantitative analysis of IL-33 levels in GCF of individuals
with chronic periodontitis vs control group

A meta-analysis of eight studies [16, 19-25] was per-
formed comparing IL-33 levels in GCF of individuals
with chronic periodontitis compared to healthy individu-
als: (SMD=19.30 (95%CI=7.90-30.69); *p=0.001). This
means that the concentration of IL-33 in GCF in CPG
was significantly higher than in CG. The heterogeneity
of the studies was low (I>=44.3%, *p=0.083), so a fixed
effects model was used. The funnel plot and Egger’s test
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Table 3 Clinical and sociodemographic characteristics of included studies in this systematic review
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Author’s and Country Design Study Ethical Journal
year

Eligibility criteria Gender F¢/M? Age (M/R) n (CG/CPG) n (Total)

inclusion/
exclusion

Abdul-Wahab Iraq Cross-sectional  Yes Clinical, Cosmetic
etal, 2024 [14] and Investiga-
tional Dentistry

Linetal, 2024 [15] China Cross-sectional  Yes Human Immunol-
ogy

Corraletal, 2023  Colombia Cross-sectional Yes Heliyon
[16]

Renjith et al, 2023 India Clinical trial Yes Indian Society
[17] of Periodontology

Yilmaz etal, 2023 Turkey Clinical trial Yes Oral Diseases
[18]

Habeeb et al, Iraq Cross-sectional  Yes International

2021 [19] Journal of Drug
Delivery Technol-
ogy

Ballambettu et al, India Cross-sectional  Yes Indian Society
2019 [20] of Periodontology

Pradeep and Pai  India Cross-sectional  Yes Bull Tokyo Dent
etal, 2019 [20] Coll

Individuals 25/75
with CP/Systemic
diseases, smokers,
alcoholism, preg-
nant and meno-
pausal women
and medication
(antibiotics

or inflamma-

tory drugs)
within the past

3 months

Individuals 44/42
with CP/Systemic
diseases, medica-

tion and peri-

odontal treatment

in the previous

3 months

Individuals 26/14
with CP/Systemic
diseases, medica-

tion, pregnant/

lactating and peri-
odontal treatment

Individuals 27/33
with CP/Systemic
diseases, smok-

ers, medication

and pregnant/

lactating

Individuals 49/30
with CP/Systemic
diseases, smokers,
medication, preg-
nant/lactating

and medication

Individuals 38/50
with CP/System-

atic diseases,

smokers, medica-

tion and preg-
nant/lactating

Individuals 24/32
with CP/System-

atic diseases,

medication. Preg-
nant/lactating

and periodontal
treatment

Individuals 13/17
with CP/System-

atic diseases,

smokers, medica-

tion, pregnant/

lactating and peri-
odontal treatment

20-50

61.5

43

42.88

389

41.25

33.08

30.86

50/50

28/58

23/17

30/30

35/44

28/60

30/30

15/15

100

40

30
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Table 3 (continued)

(2024) 29:440

Page 7 of 15

Author’s and Ethical Journal

year

Country Design Study

Eligibility criteria Gender F¢/M® Age (M/R)
inclusion/
exclusion

n (CG/CPG) n (Total)

Tarrat et al,, 2018 Cross-sectional Yes Perio J

[21]

Egypt

Saglam et al, 2015 Cross-sectional Yes

[22]

Turkey Odontology

Kursunlu et al, Cross-sectional  Yes Oral Biology

2015 [23]

Turkey

Papathanasiou USA Cross-sectional  Yes J Periodont Res

etal, 2014 [24]

Buduneli et al,, Cross-sectional  Yes J Periodontol

2013 [25]

Turkey

Ladezetal, 2012  Iran Cross-sectional  Yes Life Science
[26] Journal

Individuals 27/13 36.55 20/20 40
with CP/System-

atic diseases,

medication

and pregnant/

lactating

Individuals 22/18 37.12 20/20 40
with CP/System-

atic diseases,

medication

and pregnant/

lactating

Individuals 21/19 42.5 20/20 40
with CP/System-

atic diseases,

medication, preg-

nant/lactating

and periodontal

treatment

Individuals 14/11 37.75 11/14 24
with CP/System-

atic diseases,

smokers, medica-

tion, pregnant/

lactating and peri-

odontal treatment

Individuals 24/33 45.95 25/32 57
with CP/System-

atic diseases,

smokers, medica-

tion and peri-

odontal treatment

Individuals 34/36 3248 35/35 70
with CP/System-

atic diseases,

smokers, medica-

tion, pregnant/

lactating and peri-

odontal treatment

CP chronic periodontitis; F¢ female; M? male; M mean; R range; CG control group; CPG chronic periodontitis group

indicated that there was no publication bias (*p=0.097)
(Fig. 4, panel D and E).

Discussion

Periodontitis is characterized by inflammation and
destruction of the teeth-supporting apparatus [29]. Ini-
tially, inflammation is driven by polymicrobial imbalance
that triggers excessive activation of the host immune
response [30]. Bacterial aggression and proinflamma-
tory stimuli (extracellular ATP and mechanical stress)
result in IL-33 production [31, 32]. As for bacterial chal-
lenge, pathogen-associated molecular patterns (PAMPs)
present in the microenvironment of periodontal pock-
ets of individuals with CP interact and bind to pattern

recognition receptors (PRRs) inducing the expression
of IL-33 and other proinflammatory mediators (TNF-q,
IL-1, IL-6, IL-8, IL-17, CX3CL1) [33]. In fact, one study
showed that fimbriae and lipopeptide from P gingivalis
are recognized by TLR-2 of dendritic cells leading to
increased IL-33 production [34]. Another study found
that gingipains also upregulate IL-33 expression in gin-
gival epithelial cells through the PAR-2-PLC signaling
pathway [35]. In this context, once IL-33 is released
from the nucleus to the outside, it binds to its receptor
ST2 which is expressed by different cell types (gingival
fibroblasts, periodontal ligament cells, osteoblasts, osteo-
clasts) [36—39] allowing the recruitment of myeloid dif-
ferentiation primary response protein (MyD88) which in
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Author’s and Q.1 Q2 Q3 Q4 Q.5 Q.6 Q7 Q.8 Quality-
Year Score
Abdul-Wahab et al., 2024 [14] ‘ . ‘ ‘ . ‘ ‘ 7
wasan @ @ @ O O O O O ¢
Corral et al., 2023 [16] ‘ . ‘ ‘ ‘ ' ' 7
Habeeb et al., 2021 [19] . . . ‘ ’ . . 7
Ballambettu et al., 2019 [20] ‘ . . . ‘ ‘ ‘ ’ 5
Pradeep and Pai et al., 2019 [21] ’ ’ . ‘ ‘ . . 6
Tarrat et al., 2018 [22] . . ‘ ‘ . . ‘ ‘ 6
Saglam et al., 2015 [23] ‘ . ‘ ' . . 6
Kursunlu et al., 2015 [24] ’ . . . . . 6
Papathanasiou et al., 2014 [25] . ’ . . . . 6
Buduneli et al., 2013 [26] . . . . . ‘ 6
wwan22 G @ O O O O O @ ¢
Question (Q); Not aplicable; ' Yes, Unclear; @ No. (1)Were the criteria for inclusion in the sample
clearly defined? (2)Were the study subjects and the setting described in detail? (3)Was the exposure
measured in a valid and reliable way? (4)Were objective, standard criteria used for measurement of the
condition? (5)Was confounding factors identified? (6)Were strategies to ideal with confounding factors stated?
(7)Were the outcomes measured in a valid and reliable way? (8)Was appropriate statistical analysis used?
Fig. 2 Quality assessment according to the JBI for cross-sectional studies
Questions
Author’s and Year qu::rt:-

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13

® 0 .
Yilmaz et al., 2023 [18] . . . . . . 8

Question (Q); ¢ Not aplicable;.Yes; Unclear; @ No. (1)Was true randomization used for assigment of participants to treatment groups? (2)Was
allocation to treatment groups concealed? (3)Were treatment groups similar at the baseline? (4)Were participants blind to treatment assignment?
(5)Were those delivering treatment blind to treatment assigment? (6)Were outcomes assessors blind to treatment assignment? (7)Were treatment
groups treated identically other than the intervention of interest? (8)Was follow up complete and if not, were differences between groups in terms of
their follow up adequately described and analyzed? (9)Were participants analyzed in the groups to wich they were randomized? (10)Were outcomes
measured in the same way for the treatment groups? (11)Were outcomes measured in a realible way? (12)Was appropriate statistical analysis
used? (13)Was the trial design appropiate, and any deviations from the standard RCT design (individual randomization, parallel groups) accounted

Renjith et al., 2023 [17]

for in the conduct and analysis of the trial?
Fig. 3 Quality assessment according to the JBI for clinical trials

turn recruits IL-1R-associated kinase 1 and 4 (IRAK-1/4)
and tumor necrosis factor receptor-associated factor 6
(TRAF-6) [12]. This signaling cascade leads to the acti-
vation of PI3K, P38, AP-1, ERK and NF-kB, which ulti-
mately promotes the expression of genes involved in the
inflammatory process and bone metabolism in the peri-
odontium [40].

Osteoclastic activity leads to bone loss compromising
tooth health [41]. IL-33 has been shown to exacerbate
periodontal disease through upregulation of receptor
activator of nuclear factor kappa B ligand (RANKL). In
this study, it was found that the percentages of RANKL

expressing B and T cells in cervical draining lymph
nodes were higher in P gingivalis-infected mice treated
with IL-33 compared to P gingivalis-infected controls
treated with phosphate-buffered saline, thus in the con-
text of bacterial infection, IL-33 exacerbates bone loss in
a RANKL-dependent manner [42].

Scientific evidence has shown that there are changes in
IL-33 concentrations in different biological samples such
as serum, plasma, saliva, gingival tissue and GCF [14-26].
In this systematic review, 12 cross-sectional studies and 2
clinical trials were included for the analysis of IL-33 in 4
biofluids (serum, plasma, saliva and GCF) corresponding
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A Effect %

. eCl
IL-33 in Serum °
Study SMD (95% Cl) Weight
Abdul-Wahab et al., 2024 R e 56.32 (-23.41, 136.05) 0.00
Lin et al., 2024 + 66.50 (-123.81, 256.81) 0.00
Habeeb et al., 2021 —_— 27.27 (-33.94, 88.48) 0.01
Ladez et al., 2012 4 0.43 (-0.08, 0.94) 99.99
Overall, IV (I’ = 2.9%, p = 0.378) 0.43 (-0.07, 0.94) 100.00

T
-200 CG o CPG

B

. Effect %
IL-33 in Plasma °
Study SMD (95% Cl) Weight
Ballambettu et al., 2019 : * 16.41 (-10.76, 43.58) 1.79
Pradeep and Pai et al., 2019 : * 17.67 (-8.59, 43.93) 1.91
Saglam et al., 2015 : * 17.18 (-15.86, 50.22) 1.21
Buduneli et al., 2013 —0:— 3.80 (0.08, 7.52) 95.09
Overall, IV (I = 0.0%, p = 0.493) ‘ 4.45(0.82, 8.08) 100.00

T I
-50 CG 0 CPG 50
C 5
IL-33 in Saliva Effect o
Study SMD (95% Cl) Weight
Renijith et al., 2023 -— 691.69 (-128.55, 1511.93) 0.02
Yilmaz et al., 2023 4 11.80 (-3.49, 27.09) 63.17
Habeeb et al., 2021 - 59,10 (-13.26, 131.46) 2.82
Tarrat et al., 2018 } 20.70 (-4.58, 45.98) 23.10
Saglam et al., 2015 > 19.86 (-16.97, 56.69) 10.89
Buduneli et al., 2013 * 1100.00 (-1251.96, 3451.96) 0.00
Overall, IV (I* = 4.7%, p = 0.386) 16.24 (4.09, 28.40) 100.00
I T
-2000 CG 0 CPG 2000

Fig. 4 Forest plot comparing the IL-33 levels in A serum, B plasma, C saliva, D gingival crevicular fluid of Control group vs Chronic periodontitis
group. E Funnel plot to check the publication bias
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D Effect %
. ec
IL-33 in GCF °
Study SMD (95% ClI) Weight
Habeeb et al., 2021 B 21.77 (-36.73, 80.27) 3.79
Ballambettu et al., 2019 ‘:—0— 112.46 (-16.02, 240.94) 0.79
Pradeep and Pai et al., 2019 : * 469.27 (-348.29, 1286.83) 0.02
Tarrat et al., 2018 : + 466.00 (-346.13, 1278.13) 0.02
Saglam et al., 2015 :0 25.10 (3.74, 46.46) 28.45
Kursunlu et al., 2015 —%— 12.02 (-97.54, 121.58) 1.08
Papathanasiou et al., 2014 - 49.21 (21.40, 77.02) 16.79
Buduneli et al., 2013 + 3.82 (-12.45, 20.09) 49.06
1
Overall, IV (I2 =44.3%, p = 0.083) ' 19.30 (7.90, 30.69) 100.00
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Fig.4 continued
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Author'sand Periodontal Parameters Sampling Cytokine Method/kit  IL-33 value IL-33 value p-value  Outcomes
year criteria assessment CPG pg/mL CG pg/mL
Abdul-Wahab PD=4 mm Pl, GI, PD, CAL, Serum IL-33 ELISA (Dia- 56.32(15.60) 40.68(4.11) <0.0001* 1 1L-33 levels
etal, 2024 CAL>5mm BOP clone SAS, in CPG com-
[14] BOP =30% France) pared to CG
Linetal, 2024 PD>=3mm PI, PD, CAL, Serum I-33 ELISA (Alpha  66.5(24.3) 97.1(33.3) <0.05* T IL-33 levels
[15] CAL=3 mm AL, BOP Diagnostic) in CG compared
to CPG
Corral et al, PD>3 mm PI, PD, CAL, Saliva IL-33 Multiplex 0 0 >0.05 T L-33 levels
2023 [16] CAL=2 mm BOP GCF bead 21.77 29.85 in CG compared
to CPG
Renjith et al,, PD>3 mm Pl, Gl,PD, CAL, Saliva IL-33 ELISA (Bioas-  691.69(150.74) 418.50(147.04) <0.05* T IL-33 levels
2023 [17] CAL=3mm  BOP say Technol- in CPG com-
ogy) pared to CG
Yilmaz et al,, PD>3 mm PI, PD, CAL Saliva IL-33 ELISA 11.8 78 <0.05* L33 levels
2023 18] CAL=3 mm BOP (Elabscience in CPG com-
Biotechnol- pared to CG
ogy)
Habeebetal, PD=>4mm Data Serum IL-33 ELISA 27.27 31.23 <0.05* L33 levels
2021 [19] CAL=4 mm not shown Saliva (Elabscience)  59.10 36.92 in saliva
GCF 11246 65.55 and GCF,
but not in
serum CPG
compared to CG
Ballambettu PD>3 mm Pl, Gl, PD, CAL Plasma IL-33 ELISA (R&D 16.41(8.22) 13.86(4.45) <0.001*  TIL-33 levels
etal, 2019 CAL=3 mm GCF systems) 469.27(50.80)  417.13(43.24) in CPG com-
[20] pared to CG
Pradeep PD>4 mm Gl, PD, CAL Plasma IL-33 ELISA (R&D 17.67(8.37) 13.40(4.30) <0.001* 71133 levels
and Paietal, CAL>=2mm GCF systems) 466(56.20) 414.36(49.46) in CPG com-
2019 [20] pared to CG
Tarrat et al, PD>6 mm Data Saliva IL-33 ELISA (R&D 20.7 129 <0.001*  TIL-33 levels
2018 [21] CAL=5mm not shown GCF systems) 25.1 109 in CPG com-
pared to CG
Saglametal,  PD>=5mm PI, PD, CAL, GI, Plasma IL-33 ELISA (eBiosci- 17.18(1.30) 16.89(1.07) <0001* 1133 levels
2015 [22] CAL=4mm  BOP Saliva ence) 19.86(2.51) 18.79(1.84) in plasma
GCF 12.02(4.10) 55.90(75.98) and saliva,
but not in GCF
CPG compared
to CG
Kursunluetal, PD>6mm PI, PD, CAL GCF IL-33 ELISA 14.19(17.27) 49.21(38.82) <0.05* TIL-33 levels
2015 [23] CAL=5mm in CG compared
to CPG
Papathana- PD>5mm Pl, PD, CAL, GCF IL-33 Multiplex 0 0 NR No values were
siou et al,, CAL>3 mm BOP bead reported
2014 [24]
Budunelietal, PD>5mm PI, PD, CAL, Plasma I-33 ELISA (Bio- 3.8(5.2) 1.9(0.5) <0.001*  1IL-33 levels
2013 [25] CAL=4 mm BOP Saliva tech) 1100(500) 1200(600) in CG compared
GCF 3.82(1.97) 8.30(4.85) to CPG
Ladez et al., PD>5mm Data Serum IL-33 ELISA (eBiosci- 0.43(1.05) 0.26(0.96) >0.05* L33 levels
2012 [26] CAL>5mm not shown ence) in CPG com-
pared to CG

AL alveolar bone loss; Pl plaque index; PD probing depth; CAL clinical attachment loss; BOP; bleeding of probing; ELISA enzyme-linked immunosorbent assay; CPG
chronic periodontitis group; CG control group; NR not reported; 1 increased; IL-33 interleukin 33

to 445 individuals with CP and 369 healthy individuals.
Regarding the serum samples, the meta-analysis revealed
no statistically significant differences (p= >0.05). Despite
this, only two authors; Abdul-Wahab et al., 2024 [14]
and Ladez et al, 2012 [26] demonstrated a remarkable

elevation of serum IL-33 levels in individuals with CP
compared to CG, as well as a positive correlation between
serum levels of this cytokine with some clinical parame-
ters such as plaque index, gingival index and bleeding on
probing. In addition, another study found that subjects



Alarcén-Sanchez et al. European Journal of Medical Research

with severe periodontitis and poor oral hygiene were
associated with elevated serum sST2 and C-reactive pro-
tein levels [43]. Contrary to these findings, Lin et al., 2024
[15] and Habeeb et al., 2021 [19] found that serum IL-33
levels were lower in subjects with CP compared to CG.
Moreover, in the former study, a negative association was
observed between serum levels of this cytokine with the
risk of periodontitis in the Chinese population.

On the other hand, regarding plasma samples, the
meta-analysis revealed that there are statistically signifi-
cant differences between both study groups (p=*<0.05).
In this case, Ballambettu et al., 2019 [20], Pradeep and
Pai et al.,, 2019 [20], Saglam et al., 2015 [22] and Buduneli
et al,, 2013 [25] demonstrated that subjects with CP had
high plasma IL-33 concentrations compared to peri-
odontally healthy individuals. The high levels of IL-33
in serum and blood plasma could be a consequence of
the increased expression of this cytokine in periodon-
tal tissues, which enters the systemic circulation, since
the individuals included in the studies had no systemic
involvement [14, 15, 19, 20, 22, 22, 25, 26, 43].

In relation to saliva samples, the meta-analysis revealed
that there are statistically significant differences between
both study groups (p="*<0.05). Renjith et al., 2023 [17],
Yilmaz et al., 2023 [18], Habeeb et al., 2021 [19], Tarrat
etal.,, 2018 [21] and Saglam et al., 2015 [22] demonstrated
that subjects with CP had high concentrations of IL-33
and sST2 in saliva compared to periodontally healthy
individuals. In contrast to these findings, only one study
[25] found elevated levels in healthy subjects and another
study [16] did not detect IL-33 in saliva samples. The
high levels of IL-33 in saliva could be a consequence of
the increased expression of this cytokine in GCF, as a
positive correlation between both biofluids has also been
demonstrated.

In this review, a quantitative analysis of IL-33 protein
levels in gingival tissue samples could not be performed
due to the lack of studies. However, the literature has
reported that in gingival tissue biopsies from subjects
with CP there is an increased expression of IL-33 and its
receptor ST2 compared to the healthy population [42].

Finally, regarding the GCF samples, the meta-analysis
revealed that there are statistically significant differences
between both study groups (p=*<0.05). Habeeb et al,
2021 [19], Ballambettu et al., 2019 [20], Pradeep and Pai
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et al., 2019 [20], Tarrat et al., 2018 [21] and Saglam et al.,
2015 [22] demonstrated that subjects with CP had high
concentrations of IL-33 in GCF compared to periodon-
tally healthy individuals. In addition, another study found
that subjects with peri-implantitis had elevated sST2 lev-
els compared to CG [44]. Also, in subjects with periodon-
titis and diabetes mellitus, sST2 levels in GCF increased
compared to subjects with only periodontitis and healthy
controls [45]. In contrast to these findings, two studies
[16, 25] found elevated levels of IL-33 in healthy subjects
compared to subjects with CP and another study [24] did
not detect IL-33 in GCF samples.

Limitations
The present systematic review and meta-analysis had
some limitations as mentioned below:

+ The inclusion of a larger number of cross-sectional
studies, as their level of evidence is lower than that
of prospective studies. In addition, in this type of
studies, temporal relationships are usually difficult to
evaluate and statistically, they are studies that deter-
mine only the association between the variables of
interest and causality cannot be determined.

+ The inclusion of a small number of individuals in
clinical studies.

+ Differences in gender, age, genetic profile, metabolic,
hormonal, microbiological, oral hygiene habits, as
well as in the periodontal classification used as a ref-
erence to differentiate individuals with the disease
(CP) from periodontally healthy individuals.

+ The use of two different methodologies (ELISA and
Multiplex bead) for the analysis of IL-33 levels in
serum, plasma, saliva and GCF samples.

+ Studies are needed to strengthen the methodological
aspects to improve the quality of the results obtained.

Conclusions

The present systematic review and meta-analysis found a
significant increase in IL-33 levels in different biological
samples (plasma, saliva and GCF) from individuals with
CP compared to CG, thus IL-33 has potential to be a bio-
marker in the diagnosis of periodontitis (Fig. 5).
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Fig. 5 IL-33 expression in different biological samples. According to the results of the present study, there is an increase in IL-33 levels in plasma,
saliva and gingival crevicular fluid of subjects with chronic periodontitis compared to healthy individuals
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