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Interleukin-37 reduces lipopolysaccharide @
induced matrix metalloproteinase-9
in gingival epithelial cells

Arzu Beklen'”, Muhammet Burak Yavuz? and Deniz Uckan?

Abstract

Background In periodontal diseases, the recognition of pathogen-associated molecular patterns (PAMPs) triggers
signaling cascades that lead to the release of matrix metalloproteinases (MMPs). Interleukin-37 (IL-37) is recognized
as a key suppressor of the immune response. This study aimed to detect the expression and distribution of IL.-37 in
gingival tissues and analyze its suppressor role in MMP-9 in response to lipopolysaccharide (LPS)-stimulated gingival
epithelial cells.

Methods Immunohistochemistry localized IL-37 in gingival tissues from periodontitis patients and healthy controls
(N=10).The induction of IL-37 expression by LPS was analyzed using the conditioned medium of gingival epithelial
cells through enzyme-linked immunosorbent assay (ELISA). To determine the relevant MMP-9 levels in epithelial
cells following exposure to LPS alone or in combination with IL-37, both quantitative PCR (gPCR) and enzyme-linked
immunosorbent assay (ELISA) were performed.

Results Cultured epithelial cells secreted significantly higher levels of IL-37 when stimulated with LPS compared
to unstimulated controls. Both ELISA and gPCR showed that LPS stimulation significantly increased MMP-9 levels.
However, co-culture with IL-37 markedly reduced LPS-induced MMP-9 expression at both the protein and mRNA
levels. Furthermore, immunohistochemistry revealed increased IL-37 expression in periodontitis tissues, both in
epithelial cells and connective tissue.

Conclusions Gingival epithelial cells may contribute to tissue responses in periodontitis through the secretion of
MMP-9 in response to PAMPs. Furthermore, IL-37 appears to have a potential role in modulating and reducing this
response, as observed in the decreased MMP-9 expression following IL-37 co-stimulation.
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Background

Periodontitis is a prevalent chronic inflammatory disease
affecting the supporting structures of the teeth and is pri-
marily driven by a dysbiotic microbial community within
the subgingival biofilm [1]. The transition from a symbi-
otic to a dysbiotic state is influenced by microbial shifts,
environmental factors, and host immune responses, lead-
ing to sustained inflammation and tissue destruction
[2, 3]. Dysbiosis is characterized by an increase in key-
stone periopathogens, which modulate the host immune
response by impairing antimicrobial clearance while
promoting chronic inflammation [4]. The activation of
pattern recognition receptors (PRRs), including Toll-
like receptors (TLRs) and Nod-like receptors (NLRs),
by pathogen-associated molecular patterns (PAMPs)
triggers downstream signaling cascades, leading to the
production of pro-inflammatory cytokines and matrix
metalloproteinases (MMPs) that contribute to extracel-
lular matrix degradation and alveolar bone resorption [5,
6]. This persistent immune dysregulation ultimately dis-
rupts periodontal homeostasis, promoting disease pro-
gression and tissue destruction.

MMPs are calcium dependent, zinc containing endo-
peptidases capable to degrade components of the extra-
cellular matrix [7]. Gelatinase B, MMP-9, is a member of
a subfamily of MMPs that degrades collagen and is one of
the most abundant MMPs in periodontal tissues reflect-
ing periodontal disease severity [8]. MMP-9 is produced
by many cell types, including gingival epithelial cells. Fur-
thermore, MMP-9 is an important component in many
biological and pathological processes because of its abil-
ity to directly degrade extracellular matrix proteins and
to activate cytokines and chemokines to regulate tissue
remodeling in periodontal tissues [9]. We have previously
demonstrated a significant association between the pro-
and active forms of MMP-9, suggesting a critical role for
MMP-9 in the degradation and turnover of periodontal
tissue components during disease progression [10].

Stimulation of gingival epithelial cells with bacterial
products initiates a cascade of proteases and the deg-
radation of the extracellular matrix in the tissue. Gingi-
val epithelial cells not only play an important role as a
mechanical barrier against bacterial invasion but also
act as the primary secretory cellular lineage of the innate
immune response to infectious inflammation in peri-
odontal tissue [11]. Toll-like receptor (TLR) 4 was the
first toll-like receptor in humans to be characterized, and
it is located on the cell surface of epithelial cells [12, 13].
TLR-4 recognizes various PAMPs, like bacterial lipo-
polysaccharide, along with several other components of
pathogens, leading to chronic inflammation in periodon-
tal tissue [14].

Compared to other cytokine families, the interleukin
(IL)-1 family has a central role in triggering key signaling
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molecules that contribute to the pathogenesis of peri-
odontitis [15]. IL-1 exerts different effects on different
cells [16], primarily influencing innate immunity but also
playing a role in adaptive immunity [17]. As a recently
identified member of the IL-1 family, IL-37 suppresses
innate inflammation and inflammatory responses in dif-
ferent diseases, such as Graves’ disease [18] and cardiac
dysfunction [19]. Although IL-37 expression has been
detected in different human tissues, such as the liver,
lung, thymus, bone marrow, lymph nodes, and placenta
[20], only a quite low level of expression was found in
healthy skin tissues [21]. Furthermore, low levels of IL-37
in the peripheral blood mononuclear cells of healthy
individuals were significantly upregulated after PAMP
engagement [22].

Limited studies have focused on the role of IL-37 in
periodontitis, yielding diverse conclusions. In this regard,
higher IL-37 expression was found in both the epithelial
layer and connective tissue layer of gingival tissue sam-
ples from periodontitis patients [23]. In another study,
clinical data demonstrated a decrease in IL-37 levels in
the gingival crevicular fluid samples of periodontitis
patients but failed to differentiate healthy patients from
those with periodontal disease [24].

Therefore, understanding the impact of in vitro expo-
sure to PAMPs on gingival epithelial cells will allow us
to analyze the functional aspects of IL-37 in periodontal
tissues. Due to the complexity of the periodontal micro-
biota and the diversity of the host response, it remains
unknown whether IL-37 displays an immunoregulatory
role in periodontal disease and how it reacts to infiltrat-
ing microorganisms. In this study, we aimed to character-
ize MMP-9 release triggered by LPS under the influence
of IL-37 in gingival epithelial cells. The null hypotheses
tested were as follows: There is no difference in IL-37
expression between healthy and periodontitis tissues,
and IL-37 has no effect on immunological changes.

Methods

Patients and samples

This study complied with the Declaration of Helsinki
(2002) and was approved by the Bogazici University
Ethical Committee (2019/015). Gingival tissue samples
were obtained with informed consent from periodonti-
tis patients (n=10, age 38—49) during routine flap sur-
gery and from healthy controls (r =10, age 23-38) during
wisdom tooth extraction. All participants were systemi-
cally healthy, non-smokers, and had not received peri-
odontal therapy or antibiotics/anti-inflammatory drugs
in the previous six months. Pregnant/lactating women
and individuals with habits affecting periodontal health
were excluded. The age difference between groups may
influence immune responses; however, all participants
were systemically healthy, non-smokers, and free from
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confounding factors. Periodontitis is primarily driven
by microbial dysbiosis and immune dysregulation rather
than age alone [1, 2]. The study design minimized poten-
tial biases, ensuring that observed differences were dis-
ease-related [25, 26].

Full-mouth periodontal examinations assessed gingival
index (GI), pocket depth (PD), clinical attachment level
(CAL), bleeding on probing (BOP), and plaque index
(PI). Periodontitis patients had >20 teeth, >4 teeth per
jaw, PD>5 mm, GI>2, CAL>4 mm, >50% bone loss in
at least two quadrants, and BOP >80%. Healthy controls
had =20 teeth, PD <3 mm at >290% of sites, GI<1 at <15%
of sites, and no radiographic bone loss.

Tissue samples were collected, washed with PBS, fixed
in 10% formalin, dehydrated, cleared in xylene, and
embedded in paraffin. The slides were dewaxed, rehy-
drated, and stained with haematoxylin and eosin [27]
prior to incubation with specific IgG.

Immunohistochemical staining

Slides (6 um) were deparaffinized, rehydrated, and sub-
jected to antigen retrieval using citrate buffer in a micro-
wave. Endogenous peroxidase activity was blocked with
0.3% H,O, in methanol, followed by PBS washes. Non-
specific binding was blocked with horse serum (1:50 in
PBS with 5% BSA). Samples were then incubated over-
night with rabbit anti-human IL-37 IgG (1:1000, Thermo
Fisher). After PBS washes, biotinylated anti-rabbit IgG
and an avidin-biotin-peroxidase complex (Vectastain
ABC Kit) were applied. Color development was car-
ried out using H,O, and diaminobenzidine, after which
slides were counterstained, dehydrated, and mounted.
The immunohistochemical staining was conducted under
standardized conditions to ensure reproducibility and
reliability of the findings. Non-immune rabbit IgG was
used as a control.

Cell culture and cytokine stimulation on gingival epithelial
cells

Human gingival epithelial cells were isolated via explant
culture and maintained in keratinocyte growth medium
2 (Dulbecco’s modified Eagle’s medium, Gibco, Life Tech-
nologies, Paisley, UK). Cells were incubated at 37 °C with
5% CO2, with medium changes every 5 days. At ~80%
confluence, cells were subcultured (1:3), and passages
2—-4 were used. For experiments, 2 x 10° cells/well were
seeded in six-well plates and incubated in serum-free
medium for 2 days before stimulation with LPS (10 ng/
mL) and/or IL-37 (50 ng/mL, R&D Systems Inc., Min-
neapolis, MN, USA). After 24 h, the culture medium
was collected and stored at -80 °C. We confirmed their
epithelial identity through both morphological and
molecular approaches. The cells exhibited a characteris-
tic cobblestone-like morphology under phase-contrast
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microscopy. Additionally, qPCR analysis demonstrated
strong expression of epithelial markers, including KRT19
(Cytokeratin 19), a well-established epithelial marker;
Z0O-1 (Zonula Occludens-1), a tight junction protein
indicating epithelial barrier function; and E-Cadherin
(CDHL1), an adhesion molecule specific to epithelial cells,
further validating their epithelial nature. Experiments
were performed in triplicate with three biological rep-
licates, and IL-37 and MMP-9 levels were analyzed via
ELISA and/or qPCR.

Enzyme-linked immunosorbent assay of interleukin-37
and matrix metalloproteinases-9

IL-37 and MMP-9 production from gingival epithelial
cell cultures were measured using Quantikine ELISA kits
(R&D Systems Inc., Minneapolis, MN, USA) according
to the manufacturer’s instructions. The detection limits
were 31 pg/mL for IL-37 and 0.2 ng/mL for MMP-9. Stan-
dards and samples were added to antibody-coated wells,
followed by incubation with biotinylated antibodies.
After washing, a substrate solution containing hydrogen
peroxide and tetramethylbenzidine was added, and the
reaction was stopped with a stop solution. Absorbance
was measured at 450 nm using a spectrophotometer.

Quantitative Real-Time PCR

Total RNA was extracted using the RNeasy Plus Mini Kit
(Qiagen) and subsequently converted to cDNA using the
iScript cDNA Synthesis Kit (Bio-Rad). Quantitative real-
time PCR (qPCR) was performed with 10 ng of cDNA per
reaction using the LightCycler 480 SYBR Green I Master
Mix (Roche) on the LightCycler 96 system (Roche). The
primers used for MMP-9 were: forward 5-CGCAGACA
TCGTCATCCAGT-3" and reverse 5-GGATTGGCCT
TGGAAGATGA-3. Relative gene expression was deter-
mined using the 2" (-AACt) method, with RPLPO (house-
keeping gene) forward 5-GAAATCCTGAGTGATGTG
CAGC-3’ and reverse 5-TCGAACACCTGCTGGATGA
C-3.

Evaluation of immunostaining

Randomly selected images were captured at 20x magnifi-
cation. The number of stained cells was counted in three
randomly selected fields per section and expressed as
the mean+SEM per mm®. The intensity of staining was
categorized as weak (+), moderate (++), or strong (+++).
To interpret the results, moderate and strong cytoplas-
mic diffuse staining with distinct nuclear staining were
considered.

Statistical analysis

Statistical calculations were performed using Graph-
Pad Prism version 5.00 data analysis program (Graph-
Pad Software, Inc., La Jolla, California, USA). Data were
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Table 1 Clinical peiodontal parameters for healthy and
periodontitis patients
Clinical Parameter

Healthy Patients Periodontitis Patients

pI* 10.75+1.13 83.13+£2.69
GI* 0.15+£0.07 268+0.19
PD* 2.38+0.18 6.20+0381
CAL* 0+0 392+0.30
BOP* 124+098 84.20+2.28

Data are means+SEM. *Significantly different from periodontitis group.
Pl, plague index; Gl, gingival index PD, probing depth (mm); CAL, clinical
attachment level (mm); BOP, bleeding on probing

expressed as the mean + SEM. Before applying statistical
tests, the normality of the data was assessed using the
Shapiro-Wilk test. For normally distributed data, one-
way analysis of variance (ANOVA) followed by Dunn’s
multiple comparison test was used to compare the differ-
ences among the mean values of different groups. P-val-
ues<0.05 were considered statistically significant. For
comparisons between two groups, Student’s t-test was
used. The number of biological replicates was 3, with 3
technical replicates for each in vitro experiment.

Results

Table 1 shows the clinical parameters of the sites from
which gingival tissue samples were collected. Between
the healthy and periodontitis affected group, there were
not any significant differences in gender or age (p >0.05).
The clinical parameters were significantly higher in the
periodontitis affected group than in the healthy group
(p<0.01), reflecting the severity of periodontal tissue
destruction.
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Immunohistochemical staining of the gingival tissues with
interleukin-37

Most of the IL-37 immunoreactive cells were found in
the epithelium in the healthy tissue samples. In contrast,
IL-37 was expressed in epithelial cells, endothelial cells,
and in fibroblast- and macrophage-like cells in the lamina
propria. The apparent number of IL-37 positive cells and
their staining intensity were high in the diseased tissue
samples compared with the healthy tissue samples.

The number of IL-37 expressing cells was similar in
patients with periodontitis and healthy controls in the
superficial epithelial layer. In contrast, cells expressing
IL-37 showed higher frequency in the basal epithelial
cell layer in periodontitis samples compared with healthy
samples. The common finding in all periodontitis sam-
ples was that IL-37 expressing cells showed increasing
staining intensity in periodontitis samples compared to
the healthy group.

The semiquantitative analysis revealed increased
immunoreactivity in the epithelial cells and lamina pro-
pria of the periodontitis-affected samples compared with
the healthy tissue samples (417.1 £26.36 vs. 315.6 +17.31,
2<0.01), and (931.10+79.66 vs. 144.40+9.38, p<0.001),
consequently (Fig. 1).

Induction of IL-37 in human gingival epithelial cells upon
stimulation with lipopolysaccharides

The effect of LPS stimulation on gingival epithelial cells
showed that such stimulation significantly increased
IL-37 production compared with non-treated cells
(746.30+£41.38 vs. 317.30+ 16.32, p<0.001) (Fig. 2).

.\::;,.ln .

8

Fig. 1 Representative pictures of interleukin 37 (IL-37) staining in the gingival tissues were (A) in healthy gingiva with IL-37 was less frequently expressed,
whereas (B) intense and more frequent IL-37 immunoreactivity was seen in periodontitis effected tissues and (C) no staining is detected in the negative
staining control. IL-37 is localized in epithelial cells, monocyte/macrophage-, fibroblast-like, and vascular endothelial cells. Scale bar =100 um
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Fig. 2 Effect of LPS induction on IL-37 concentration in gingival epithelial
cell cultures in vitro by ELISA. Mean +standard error of mean is shown.
Lipopolysaccharides (LPS) and interleukin (IL). The results are from tripli-
cate measurements, for both non-stimulated/negative and stimulated
cultures. ***p <0.001, analyses by t-test

Relative Expression (Fold Change)

Control LPS LPS +IL-37 IL-37

Fig. 3 Relative MMP-9 gene expression in gingival epithelial cells. gPCR
analysis showed LPS significantly increased MMP-9 expression, while
IL-37 co-stimulation reduced this effect. IL.-37 alone resulted in expression
levels similar to the control. Data are mean+SE from three independent
experiments

Matrix Metalloproteinase-9 gene expression in gingival
epithelial cells, by qPCR

The impact of LPS and/or IL-37 co-stimulation on MMP-
9 gene expression is presented in Fig. 3. qPCR analysis
revealed that stimulation with LPS markedly upregulated
MMP-9 gene expression with a fold change of 5.5+0.3
compared to the untreated control group (1.0+0.1).
However, co-stimulation with IL-37 significantly attenu-
ated the LPS-induced increase in MMP-9 transcript
levels, with a fold change of 2.2+0.2 compared to the
LPS-only treated group (5.5+0.3). Notably, cells treated
with IL-37 alone exhibited MMP-9 expression levels
comparable to those observed in the non-stimulated con-
trol group, with a fold change of 1.1+ 0.1 (Fig. 3).

MMP-9 expression in response to LPS with and without
IL-37, by Enzyme-linked immunosorbent assay

Compared with non-challenged cells, LPS upregulated
the expression of MMP-9 in epithelial cells (349.90£9.93
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vs. 782.40+31.13, p<0.01). The co-stimulation of IL-37
under the effect of LPS decreased MMP-9 produc-
tion by two-fold compared with single LPS treated cells
(782.40+31.13 vs. 405.4+14.58, p<0.01). However, the
observed downregulation remained higher compared
to single IL-37 stimulated cells (251.7+9.62) (p<0.01)
(Fig. 4).

Discussion

The study aimed to analyze how IL-37 responds in peri-
odontal disease and its biological significance in gingival
epithelial cells during inflammation. We demonstrated
that IL-37 was expressed with higher immunoreactivity
intensity and a greater frequency of positive cells in dis-
eased patients. Furthermore, we showed that epithelial
cells, by reducing the tissue-degrading enzyme MMP-
9, mitigating inflammation severity, and maintaining
homeostasis, recruit IL-37 in response to LPS stimula-
tion. The null hypothesis was rejected.

In periodontitis-affected tissues, IL-37 expression
extends beyond the epithelial layer into the underlying
connective tissue, suggesting an altered regulatory role
in response to inflammation. While immunohistochem-
istry may not reveal extreme differences within the epi-
thelial layer, IL-37’s broader distribution highlights its
potential role in the inflammatory microenvironment.
Given the active involvement of gingival epithelial cells
in immune modulation and MMP-9 production, investi-
gating IL-37’s effects in these cells remains a scientifically
valid approach.

The initiation of periodontal disease depends on a com-
plex interaction between the microbial challenge of den-
tal biofilm and the host response [28]. The pocket around
a tooth forms a suitable ecological niche for dental bio-
film with more than 700 bacterial presenting different
bacterial cell constituents [29]. Among these cell con-
stituents, the LPS has been proposed in various ways to
interact with the inflammatory response. In periodontal
diseases, the most attention for immune modulation has
been directed toward LPS, because LPS stimulates cells
to secrete certain proinflammatory cytokines, which can
induce other cytokine cascades leading to severe forms
of periodontal disease. Since, LPS is a very important
immunoreactive molecule and seen as a molecular pat-
tern by gingival epithelial cells, in this current study LPS
is used as a stimulant [28, 30].

Recent studies highlight the critical role of antimicro-
bial peptides (AMPs) in oral innate immunity, where they
regulate microbial communities and inflammation along-
side cytokines like IL-37. For instance, AMPs such as
cathelicidin LL-37 and defensins exhibit broad-spectrum
activity against oral pathogens while modulating immune
responses [31]. Similarly, AMP-coated dental implants
demonstrate reduced bacterial adhesion and biofilm
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Fig. 4 Effect of LPS and/or plus IL-37 on induction of MMP-9 concentration in gingival epithelial cell cultures in vitro by ELISA. Mean + standard error of
mean is shown. Lipopolysaccharide (LPS), interleukin (IL) and matrix metalloproteinase-9 (MMP-9). The results are from triplicate measurements, for non-
stimulated/negative and stimulated cultures. Negative (NEG). NS: not significant, **p <0.01, ***p <0.001, analyses by ANOVA

formation, underscoring their therapeutic potential in
periodontal disease [32].

This study demonstrated that IL-37 is expressed in
both the epithelial cell layer and the connective tissue
of healthy and diseased gingival tissues. In periodontal
disease, IL-37 expression was significantly higher in con-
nective tissue compared to epithelial cells. The relatively
smaller increase in epithelial expression appears to help
maintain host homeostasis against biofilm organisms
under healthy conditions. The functional basis for this
pattern is the presence of pattern-recognizing Toll-like
receptors (TLRs) on the surface of epithelial cells [33].
A straightforward explanation for this is that in healthy
niches, adjacent to the epithelial surface, the continu-
ous exposure to bacterial constituents activates spe-
cific TLRs, thereby triggering innate immune responses
aimed at maintaining homeostasis [34]. In this context,
our findings align with those of Jing et al., who assessed
IL-37 expression in both healthy and diseased periodon-
tal tissues using immunohistochemistry [23].

In clinically inflamed periodontal tissues, a higher bac-
terial burden creates an anaerobic niche (i.e., LPS in peri-
odontal pockets) activates the lining epithelial cells and
mononuclear inflammatory cells, such as macrophages
and lymphocytes, start to migrate to underlying connec-
tive tissue associated with the increased disease severity
[35]. Our findings confirmed and extended those reports
that resident and migrating cells participate actively in

inflammatory processes by expressing IL-37 [23]. IL-37
upregulation is likely because new cells recruited into
connective tissue to respond via local cellular prolifera-
tion and recruitment from the circulation [36]. Our con-
clusion is based on the high number and intense staining
of the IL-37-positive producer cells in periodontitis tis-
sue samples and LPS treated epithelial cells. Once the
toll-like receptors are stimulated by LPS, not only the
epithelial cells but also the cells of connective tissue elic-
ited signals resulting in the production of IL-37 cytokine
microenvironment [37]. Unlike most members of the
IL-1 family, IL-37 is an anti-inflammatory cytokine and
we showed that IL-37 limits downstream inflammation,
namely by suppressing MMP-9, in gingival epithelial cells
[38]. Because IL-37 is a marker of cellular activation, we
revealed that both epithelial layer and connective tissue
participate actively in the local inflammatory processes.
Apart from disease typical LPS-induced MMP-9 pro-
duction, the co-stimulation of IL-37 markedly decreased
MMP-9 production in epithelial cells. MMPs are consid-
ered to be associated with tissue turnover or periodon-
tal tissue degradation dependent on increased levels [9].
In parallel to our study, an excessive amount of MMP-9
production and activation were analyzed and linked to
severe types of periodontal disease [39]. The findings of
these previous studies were in accordance with the cur-
rent finding that MMP-9 was found both in healthy
and diseased samples and the expression was higher
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in disease-typical PAMP (LPS) stimulated samples
compared to controls [40]. LPS regulator-profile was
exhaustively studied in many studies. Toraya et al. have
speculated that bacterial LPS stimulated synthesis and
release of MMP-9 via NF-kB activation [41], and inter-
estingly NF-kB activation was found to be significantly
increased in the situation, in which IL-37 was silent in
human coronary artery endothelial cells [42]. This corre-
sponds well with our observations revealing gingival epi-
thelial cells presenting evidence of a significant decrease
of LPS induced MMP-9 under the effect of IL-37.

The increase of IL-37 mRNA and protein amount
in the inflammation process has a capacity to stabilize
the transcription of IL-37 [43]. In our diseased samples
the observed higher IL-37 expression level might indi-
cate that, the cells overexpressed the anti-inflammatory
cytokine to protect the tissue from the metabolic conse-
quences of chronic inflammation, which in turn contrib-
ute to even more severe clinical parameters. A general
consensus on the effect of IL-37 is that an increased
amount of IL-37 level is critical to block other central
pro-inflammatory cytokines [38, 44] and apparent lev-
els of IL-37 lead to pathological changes in tissues [45].
The more extensive recruitment of IL-37 in periodonti-
tis might indicate the extra burden posed by periodontal
inflammation. Correspondingly, the study of Nold et al.
reported that elevated IL-37 amount suppressed the LPS
stimulation to block pro-inflammatory microenviron-
ment as we observed in the current study [22]. Worth
mentioning, in periodontal diseases, dynamic changes
in the level of LPS and consequently cytokines such as
IL-1 beta and TNF-alpha results an increased level of
the collagen degrading enzymes MMP-9 [46]. Notably,
the present work clearly demonstrated that IL-37 acted
as a regulator cytokine to maintain an anti-inflammatory
stage and exhibited a certain protective effect through
the regulation of MMP-9 in gingival epithelial cells.

The detected certain amount of MMP-9 activity was
critical for normal epithelial turnover in our unstimu-
lated cells similar to a study of Franco and coworkers
[47]. However, in LPS triggered cells, the excessive active
MMP-9 was an indicator of ongoing inflammation and
sign of extracellular matrix breakdown leading to the
pathology of periodontal tissue destruction [9]. In fact,
the suppression of excessive MMP-9 via elevated IL-37
levels might be an interesting new therapeutic approach
in periodontal diseases. Although LPS-induced cytokines
or signaling kinases are reduced in the human cell lines
following the transfection with IL-37 [48], the inhibi-
tion of MMP-9 can not be simplified only to the direct
an autocrine mechanism such as downregulating via
IL-37 secretion without considering the effect of tissue
inhibitors of metalloproteinase (TIMP) expression [49].
As PAMP treatment increases the balanced ratio level of
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MMP-9 to its inhibitors, the proteolytic activity of MMP
rapidly regulates the inflammatory cell recruitment into
the vessel wall. Furthermore, due to the highly complex
nature of cytokine regulation in extracellular matrix deg-
radation, the expression of MMPs and TIMPs presents
various disparate processes in each cell type. Such as, in
the presence of IL-10, which is another anti-inflammat-
uar IL-1 family member, it acts to downregulate MMP-9
expression but stimulates TIMP-1 expression in mono-
cyte/macrophage [50]. In light of this, the biological
capacity of IL-37 on MMP-inhibitors would be interest-
ing to study in gingival epithelial cells under pathological
conditions.

Conclusion

We conclude that epithelial cells and connective tissue
cells produce IL-37 to prevent propagation of periodon-
tal tissue destruction. Specifically, IL-37 is upregulated by
gingival epithelial cells upon activation by disease typi-
cal PAMPs, which if excessive and prolonged may con-
tribute to increase MMPs indicating a worse prognosis.
We acknowledge that further experimental investigations
are required to fully elucidate the exact mechanisms
and confirm IL-37’s regulatory role in periodontal tissue
protection.
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