Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 January 2023 d0i:10.20944/preprints202301.0416.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Possible role of inflammasomes in the pathogenesis of periodontal
diseases

Nada Hashim, Rasha Babiker, Riham Mohammed, Bakri Gismalla, Mohammed
Mustahsen Rehman

Abstract

Dr. Jurg Tschopp created the word "inflammasome" in 2002. Inflammasome activation and its
function in disease processes have been the subject of significant investigation over the last 15
years. Four important inflammasomes have been identified: NLRP1, NLRP3, NLRC4, and AIM2.
When these inflammasomes are activated, they process and secrete inflammatory cytokines such
as IL-1b and IL-18, as well as cause pyroptosis, an inflammatory form of cell death. In this review,
we will look at how these inflammasomes have been connected to Periodontitis pathogenesis.
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Background

Periodontitis is a complex, multifactorial inflammatory disease influenced by genetic and
environmental factors, resulting in a destructive inflammatory response against the ubiquitous
microbial biofilm (1).
The condition is characterized by the progressive loss of tooth-supporting structures and has been
connected to dyshiotic plaque biofilms. Periodontitis is the sixth most prevalent disease in the
world, accounting for 11.2 percent of all cases, and it is the leading cause of tooth loss worldwide
(2-4).
It is more than simply a localized oral disease; it also impacts an individual's systemic health and
is a risk factor for several systemic disorders (5,6).
As a result, understanding the causes of periodontitis onset and progression is crucial for
developing effective treatment and preventative interventions.

Inflammasomes

The body's initial line of defense against infections is the innate immune response. Pathogens, such
as bacteria and viruses, are recognized by pattern recognition receptors in the innate immune
system (PRR). There are five types of PRRs that can detect a wide range of microbial components,
known as pathogen-associated molecular patterns (PAMP) and damage-associated molecular
patterns (DAMP), which are host cell components generated during inflammation or derived from
the environment (7).

Many PRRs are present on various cells, such as epithelial, endothelial, and cells of the adaptive
immune system, despite the fact that innate immunity cells are the ones that express PRRs more
frequently. When a PRR is activated by its ligand, subsequent signaling cascades are triggered,
which have a variety of effects. One of these effects is the activation of innate immune cells.
Another is the production of cytokines and chemokines, which attract immune cells to the site of
infection (7).
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Inflammasome activation is an important element of the innate immune system route that activates
a family of cysteine proteases known as inflammatory caspases. These caspases regulate the
immunological response by cleaving certain cellular substrates (8,9).

The inflammasome is a multimeric assembly of procaspase-1 and a member of the NLR family,
either directly through CARD-CARD couplings or indirectly through the adaptor protein ASC.
The procaspase-1 zymogen is activated by autoproteolysis once this complex is formed, which
could process pro- IL-1B.and pro-1L-18.

Frequently, danger signals are required to activate inflammasomes. Pro-inflammatory cytokines
and, more intriguingly, an inflammatory form of programmed cell death known as pyroptosis is
produced when inflammasomes are activated (10).

Pyroptosis is a bacterial clearance mechanism generated by the innate immune system that is used
to characterize the remarkable pro-inflammatory process of cell death (9) .

Because it is a process of cellular self-destruction driven by caspases, it was first confused with
traditional apoptosis. However, the processes, characteristics, and results of pyroptosis differ
significantly from those of apoptosis, with the most notable difference being the inflammatory
reactions. Furthermore, pyroptosis occurs quickly and is followed by the release of a plethora of
pro-inflammatory molecules (11).

Several significant signaling pathways are involved in the processes of pyroptosis, and each of
them activates the downstream of GSDMD.

Interleukins-1 g (IL-1 ) and -18 (IL-18), two cytoplasmic molecules, are finally able to escape
through the holes caused by GSDMD and cause a significant inflammatory response.RANKL
(receptor activator of p-NF-B ligand) is one of several genes that can be expressed as a result of
activated IL-1. Determining the presence of pyroptosis may therefore be determined by signals
which include Caspase 1 activation, GSDMD cleavage, IL-1, and IL-18 maturation and release
(8). (Figure 1).

Four key inflammasomes have been best characterized, namely NLRP1, NLRP3, NLRC4,
and AIM2 (12).

NLRP1 is known for being the first protein to form an inflammasome, as well as its probable
function in host innate immunity and inflammatory disorders.The NLRP3 gene on human
chromosome 1 encodes NLRP3, which is mostly expressed in macrophages (7,13).
Inflammasome assembly is distinctive in that it is triggered by both external and endogenous
stimuli. Each protein senses a different set of activation signals, yet some of them may overlap.
Unlike the AIM2 and NLRC4 inflammasomes, which are activated solely by particular PAMPs,
dsDNA, and bacterial proteins, respectively, NLRP3 is activated by a wide range of signals,
including PAMPs, DAMPs, and bacterial toxins (14).

Activation of these inflammasomes leads to the processing and secretion of inflammatory
cytokines, including IL-1p and IL-18, These cytokines, which are incredibly potent molecules with
a wide range of actions, are viewed as an essential component of the host response in inflammation
and the development of periodontal diseases (15,16).

The role of inflammasomes in the pathogenesis of periodontitis

The balance between subgingival bacteria and the host's inflammatory response is disrupted
in periodontitis. The bacteria that cause periodontitis increase the expression of genes involved in
apoptosis, and immune and inflammatory responses.
The dysregulation of inflammatory cytokines, both pro-inflammatory and anti-inflammatory, is
one of the molecular mechanisms that causes the destruction of periodontal tissues. It has long
been established that cytokines are crucial for maintaining tissue homeostasis, controlling
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immunological responses, and communication between cells. During inflammatory reactions, LPS
from Gram-negative bacteria triggers the production of pro-inflammatory cytokines. Alveolar
bone loss has consistently been associated with higher cytokine levels (17).

In the pathogenesis of periodontal disease, interleukin-1 g (IL-1 B) is a prominent pro-
inflammatory cytokine that is generated by host cells and induces inflammation of the periodontal
tissues. Pro-IL-1 B is transformed into its physiologically active form by the activation of
inflammasomes, a crucial host defense system regulator. When compared to control sites, the
administration of an IL-1 inhibitor caused a 50% reduction in radiographic bone loss, suggesting
that IL-1 p may have a potential role in the development of periodontal disease (18,19).

High levels of inflammation are linked to inflammasome triggering; as a result, it needs to be
tightly controlled to avoid abnormal activation. By properly activating inflammasomes, the host
regulates the degree of inflammation under normal, healthy circumstances (20).

Numerous earlier studies have emphasized the significance of the inflammasome's proper
activation in the etiology of periodontal disease. As a homeostatic checkpoint, inflammasomes
control the degree of inflammation in both health and disease. Having a better understanding of
the various methods that can be used to control an excessive inflammatory response at the cellular
and molecular level may help to develop treatments and preventative measures that are more
successful in treating periodontal disease and the systemic diseases that are linked to it (21-23).
Inflammasomes and Periodontal Pathogens

Porphyromonas gingivalis, the keystone pathogen, crucially accounts for the change from
symbiosis to dysbiosis and periodontal damage (22).

It was shown that activating the NLRP3 inflammasome is an essential recognition route for
preserving homeostasis in periodontal tissues. They may work by differentiating between
commensal and pathogenic strains and launching distinctly diverse immune responses during the
microbial invasion.

Furthermore, activation of NLRP3 inflammasomes during periodontal infection with the
periodontal pathogen, P. gingivalis, was found to be associated with enhanced Caspase-1
activation and release of mature IL-1, and ultimately, increased cytotoxicity (22).

The red complex, composed of P. gingivalis, T. denticola, and T. forsythia, was found to activate
caspase-1 and caspase-4, resulting in cell death and the release of endogenous danger molecules
that may play critical roles in the pathogenesis and progression of periodontitis by augmenting
immune and inflammatory responses (24).

Clinical relevance of inflammasomes with periodontal disease

Autoinflammatory disorders are linked to inappropriate caspase-1 activation, which is brought on
by inflammasome mutations (25).

Additionally, caspase-1 has a role in the development of a number of disorders, including
periodontal disease, which is characterized by inflammation and cell death. Therefore, Caspase-1
deficiency or inhibition may prevent tissue inflammation, which is one of the symptoms of
periodontal disease. As a result, caspase-1 represents a possible therapeutic target that may be
affected by certain pharmacological inhibitors (26).

It must be emphasized that caspase-1 is also a component of the immune system and is therefore
needed for defense against virulence agents. The understanding of inflammatory caspases in health
and disease can also be improved by research to discover and characterize new caspase substrates.
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The NLRP3 inflammasome appears to be the one responsible for caspase-1 activation. As a result,
caspase-1 is a critical modulator of inflammasome function, and its activity directly indicates
NLRP3 activation. Emerging data showed that the NLRP3 inflammasome may respond to a
diverse set of bacterial ligands, including LPS, bacterial RNA, and peptidoglycans (PAMPs or
DAMPs), and that it plays an important role in periodontal disease (23,27).
Many studies have revealed that the NLRP3 inflammasome plays an important role in periodontal
disease caused by Porphyromonas gingivalis (P. gingivalis) and might be a viable preventative and
therapeutic target. Furthermore, the salivary levels of NLRP3, apoptosis-associated speck-like
protein containing a caspase recruitment domain (ASC), and IL-1 might be utilized to determine
the degree and severity of periodontal breakdown in periodontitis (28,29).
In gingival tissues, there was a positive link between the expression levels of NLRP3 and IL-1,
according to a clinical investigation, which found that patients with periodontal disease had
considerably greater levels of NLRP3 expression than controls. Another clinical trial revealed that
controls had significantly lower levels of NLRP3 and IL-1 in saliva samples from a periodontitis
group (30-32).
These findings lend evidence that the NLRP3 inflammasome has a role in the etiology of
periodontal disease when taken as a whole. Additionally, many NLRP3 inflammasome-related
conditions including RA, diabetes and Alzheimer's disease are thought to be at risk as a result of
periodontal disease. IL-1 and NLRP3 inflammasome activation may therefore contribute to
chronic inflammation and/or infections in periodontal disease hastening the onset of these
conditions (33-35).
Interestingly, elevated NLRP3 inflammasome activation has been seen in type 2 diabetes patients,
and metformin has been demonstrated to contribute to inflammasome activation control. As a
result, it is proposed that metformin might be a possible therapeutic drug to target NLRP3 (29).
Furthermore, a poor alveolar bone condition in aged mice was related to macrophage caspase-1
activation and higher levels of IL-1, both of which are predominantly regulated by the NLRP3
inflammasome, in periodontal ligament and serum. As a result, the administration of MCC950,
which greatly suppresses the NLRP3 inflammasome, significantly reduced alveolar bone loss in
aged mice (36).
Many recent improvements have been made in understanding the critical role of the NLRP3
inflammasome in periapical inflammation. As a result, the NLRP3 inflammasome may be a suitable
target for anti-inflammatory therapies (37,38). As a result, inhibitors of the NLRP3 inflammasome
signaling pathway may also be used as potential therapeutic targets in the future (39).

Conclusion

There are several families of inflammasomes, each with a unique set of functions, the majority of
which are currently unknown. Inflammasomes play an important role in the inflammatory process
and are an essential component of innate immunity, which opens up the prospect of novel targets
for modulating host responses and enabling an effective response to bacterial challenges in the
future.

Several inflammasome components are now found in greater concentrations in saliva, gingival
crevicular fluid, and periodontal tissues. It is uncertain if the molecular processes that cause
abnormal inflammasome activation in chronic conditions also impact the periodontal host
response. There is a significant push for more research into the involvement of inflammasome
pathways as treatment targets for periodontal disease.
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Outlook

Innate immunology has advanced significantly with the identification of inflammasomes as protein
platforms that regulate the processing of IL-1 and IL-18. It is important to note that P. gingivalis-
treated THP-1 cells with NLRP3-, Caspase-1-, and Caspase-4-siRNA knockdown were linked to
reduced production of IL-1 periodontitis and alveolar bone resorption, which is essential for the
dysregulated immuno-inflammatory response in periodontal pathogenesis.

The focus of inflammasome research is predicted to progressively shift away from the in vitro and
in vivo studies using small animal models that dominated the first ten years of the field's existence
and toward the role of altered inflammasome function in complex periodontal disease. This could
open the door for a therapeutic intervention that targets inflammasome-regulated pathways that
are implicated in the development of periodontal disease, together with a massive effort to uncover
and develop small-molecule approaches to the specific suppression of inflammasome activation.
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