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Abstract

The oral cavity is an integral part of the digestive tract and thus significant
diseases, including periodontitis, can have an important impact on the normal nutri-
tional functions of the body. Certain diseases of the hepato-digestive system have an
inflammatory component, such as chronic hepatitis, fatty liver disease, or gastric
cancer. This inflammatory reaction is mainly driven by pro-inflammatory chemo-
kines. This is also the case for periodontitis, a condition characterized by the inflam-
mation of the supporting tissues of teeth. Thus, significant pathogenic connections
mediated by pro-inflammatory chemokines could exist between periodontitis and
diseases of the hepato-digestive system.

Keywords: periodontitis, periodontal medicine, periodontal conditions,
hepato-digestive disorders, pathogenic connections, immunology, inflammation mediators

1. Introduction

Low-grade inflammation is defined as the continuous, low-grade production of
inflammatory factors throughout the body. It is currently acknowledged as a risk
factor for many chronic diseases, including cancer, cardiovascular, cerebrovascular,
and neurodegenerative illnesses [1, 2]. Periodontitis is a chronic inflammatory
multifactorial disease, that involves the tooth-supporting structures, the periodon-
tium, and in developed countries is the most frequent reason for tooth loss. Despite
being essential, the infection is insufficient for the occurrence of this disease, as
the dysregulation of the immuno-inflammatory status is required also, thus lead-
ing to systemic low-grade inflammation [1]. Periodontal microbes and immunity
engage in a battle, with the help of innate immunity (such as macrophages, dendritic
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cells, natural killer cells, and neutrophils) and adaptive immunity (such as B and

T lymphocytes), which leads to the release of pro-inflammatory molecules and
enzymes (such as interferon-gamma, interleukin-17 (IL-17), tumor necrosis factor-o
(TNF-a), interleukin-1 (IL-1), interleukin-6 (IL-6), collagenases such as matrix
metalloproteinases (MMPs) [2].

On the one hand, our body uses the inflammatory response as a type of defense
against microorganisms getting within the deeper tissues (such as bone). The peri-
odontium, on the other hand, is irreversibly destroyed if the inflammation persists
and is not controlled, leading to the classic symptoms of periodontitis, including peri-
odontal pockets, attachment loss, gingival recessions, tooth mobility, tooth migration,
and tooth loss [1, 2]. The interface via which local inflammation can have an impact
on overall health is represented by the dento-gingival epithelial surface area, which
includes every pocket epithelium in direct contact with the subgingival biofilm. Pro-
inflammatory mediators produced locally during periodontitis, such as IL-1, IL-6,
TNF-a, and prostaglandin E2 (PGE2), may enter the systemic circulation and then
have an impact on distant organs, causing an inflammatory state to worsen and/or
persist. Thus, the theory that the systemic inflammation brought on by periodontitis
may influence the subject’s inflammatory burden develops [1, 3].

Periodontal disease is considered a risk factor for a number of chronic illnesses,
such as diabetes, cardiovascular disease, neurodegenerative disorders, or several
malignancies, where low-grade inflammation is mandatory for the development and
progression of the disease [1]. The mechanisms that associate periodontitis to extra-
oral comorbidities are in line with clinical observations that connect periodontitis
to bacteriemias, low-grade systemic inflammation, increased myelopoiesis, and the
ability of local periodontal therapy to attenuate systemic inflammatory markers and
improve comorbid disease activity [1-3]. Patients with severe periodontitis have
increased levels of pro-inflammatory mediators (including IL-1, IL-6, C-reactive pro-
tein (CRP), and fibrinogen), as well as increased neutrophil counts in the blood, in
comparison with healthy controls [3]. This could be because of oral bacteria, mainly
Porphyromonas gingivalis and Fusobacterium nucleatum, which are partially responsible
for periodontal disease and lead to a chronic inflammatory process, by damaging the
fibroblasts, epithelial and endothelial cells, as they promote the release of inflamma-
tory mediators, such as interleukin-1p (IL-1p), IL-6, IL-17, interleukin-23 (IL-23),
TNF-a, and matrix metalloproteinases (MMP-8 and MMP-9) [2, 4].

Monocytes/macrophages, neutrophils, fibroblasts, and mast cells are the principal
producers of IL-1p in the periodontium tissues in response to activation caused by
lipopolysaccharide (LPS), the fundamental component of Gram-negative bacteria cell
walls. Osteoclast development and bone resorption are brought on by IL-1f, which
results in localized inflammation in the periodontium. Additionally, this cytokine
induces the production of numerous MMPs, phospholipase A2, prostaglandins (PG),
acute phase proteins, proinflammatory cytokine IL-6, and TNF-a. Regarding systemic
malignancies, higher levels of this citokine are linked to tumor invasiveness, migra-
tion, and a more aggressive tumor phenotype. IL-1p creates an inflammatory milieu
for angiogenesis and tumor growth [2, 4, 5].

IL-6 is a major pro-inflammatory cytokine. Numerous periodontal tissue cells
produce it in response to stimulation when LPS and the pro-inflammatory cytokines
IL-1 and TNF-a are present. In addition to causing bone resorption, IL-6 also pro-
motes the production of acute phase proteins, chemokines, and PGE2. By boosting
the production of matrix MMPs, IL-6 also influences the invasion and metastatic
process [2, 4-6].
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TNF-a, which is produced, among others, by monocytes/macrophages, neutro-
phils, fibroblasts, lymphocytes, and mast cells, is another important cytokine in the
inflammatory response. In response to a variety of triggers, such as bacterial LPS, this
cytokine is released. TNF-a significantly stimulates the formation of reactive oxygen
species (ROS), leukotrienes, prostaglandins, and metalloproteinases and decreases
the number of fibroblasts and osteogenic cells. Low dosages of this molecule are
linked to tumor development as opposed to large concentrations of TNF-a, which are
linked to tumor destruction. By stimulating the expression of MMPs and stimulating
the production of several angiogenic factors, including interleukin-8 (IL-8) and basic
fibroblast growth factor, TNF-a has been demonstrated to affect processes of motil-
ity and invasion [4, 5, 7]. A tumor phenotype can be induced by modest, persistent
TNF-a production levels. The formation of reactive oxygen species and reactive nitro-
gen species (RNS), which may cause DNA damage and hence promote carcinogenesis,
is the basis of a TNF-a tumor promotion mechanism. Cancer and TNF-a mediated
inflammation are related [6, 7].

This chapter aims to exhibit the possible connections that may exist between
periodontitis and some hepato-digestive disorders, mediated by means of pro-inflam-
matory chemokines. These diseases share an inflammatory component as part of their
pathogenic mechanisms, and thus, mutual pro-inflammatory chemokines could play
a significant influence on their onset and evolution, in terms of susceptibility and
severity.

2. Cytokines’ involvement in periodontitis-systemic conditions
2.1 Periodontitis and colorectal cancer

A prevalent inflammatory illness with infectious origins, periodontitis frequently
turns into a chronic condition. In addition to its significance as a stomatological
condition, chronic periodontitis has gained significance because it has been dem-
onstrated that it can progress to a systemic condition marked by unresolved hyper-
inflammation, disruption of the innate and adaptive immune system,

dysbiosis of the oral and gut mucosa, and other conditions that may result in,
coexist with or exacerbate other health problems while it is linked to increased
morbidity and mortality. It is still up for discussion how the location’s microbiota and
other system-wide changes connect to the infectious, immunological, inflammatory,
and systemic characteristics of periodontitis and gastrointestinal disorders [1, 2].

Similar to other diseases that we shall address later, systemic inflammation is
considered to have an important biological function in these conditions as well. It is
generally known that inflammation may have a significant impact on all stages of can-
cer. From the first cancerous cell to the first stages of tumor development, progres-
sion, and neoplasm spread, inflammatory and immunological mediation processes
are well-known markers of cancer. Another developing idea in this context is that,
similar to other complicated illnesses, cancer develops from systemic rather than local
factors. A complicated process by itself, systemic inflammation involves interactions
between immunological signals, energy metabolism, and functional linkages that,
when combined with genetic instability, predispose people to cancer and control the
aberrant conditions that support neoplastic illness [1-3].

In the western world, colorectal cancer (CRC) is the second most common cause
of cancer-related mortality. The several stages of CRC formation are defined by
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complicated interactions between environmental carcinogens, genetic changes,

and the host immune system, which eventually lead to the uncontrolled expansion

of altered cells. Chronic inflammation is a distinct risk factor for the development

of CRC, just like it is for other prevalent malignancies (including gastric cancer,
prostate cancer, and hepatocellular carcinoma). According to experimental models

of inflammation-related colon carcinogenesis, cytokines produced by inflamma-

tory cells can either directly or indirectly drive the development of cancer cells [8].
Moreover, a higher risk of colorectal cancer has been linked to plasma levels of certain
pro-inflammatory cytokines, such as IL-8 and IL-6 [9].

In a research paper, tumor cells were shown to be a significant source of chemo-
kines in CRC, and the gut microbiota was found to have a key role in chemokine
synthesis and T cell recruitment in tumor tissue, both of which improved prognosis.
This information may potentially pave the path for the creation of novel therapies
focused on altering gut flora to encourage immune cell populations with positive
prognostic relevance to infiltrate CRCs [10]. Chemokines primarily control angiogen-
esis, activate immune responses specific to tumors, and stimulate the tumor directly
through autocrine or paracrine processes in cancer [11].

E. nucleatum, an periopathogen, can hematogenously spread to the colon, where
it prefers CRC, as it directly binds to and invades host immune and cancer cells [3,
11]. This is because D-galactose-N-Acetyl-D-galactosamine (GAL-GalNAc), a car-
bohydrate moiety that the F. nucleatum lectin Fap2 binds, is overexpressed in CRC
cells. This overexpression also triggers the release of prometastatic chemokines like
IL-8 and chemokine family CXC-chemokine ligand 1 (CXCL1), which promote CRC
migration and tumor-related angiogenesis. By activating E-cadherin-mediated Wnt—
catenin signaling in a way that is reliant on annexin A1, which is increased in CRC,
another F. nucleatum adhesin called FadA promotes the proliferation of CRC (but not
non-cancerous) cells [3, 4].

For instance, when 13 cytokines, chemokines, and growth factors were examined
in serum profiles from 116 CRC patients and 86 healthy controls, it was discovered
that five of these proteins had statistically significant changes in their serum levels,
including elevated levels of IL-6, IL-7, CXCL-8 (IL-8), and platelet-derived growth
factor-subunit B (PDGFB) and decreased levels of chemokine ligand 2 (CCL2) [12].
Also, pro-inflammatory cytokines, such as IL-6, TNF-a, and IL-8, were found to
be expressed more often in CRC patients than in the control group, and also more
advanced CRC stages (stage III/IV vs. stage I/II cancers) are typically related with
patients who have greater TNF-a concentrations [5]. In comparison to untreated
mice, anti-TNF-treated animals showed considerably fewer colon tumors and lower
histology scores of colon inflammation [13] while another study reported that the
TNF-a serum level of the colorectal cancer group was statistically significantly lower
than that of the control group [14].

Notably, IL-6 is one of the cytokines that are significantly higher in CRC patients
compared to healthy controls and is much higher in metastatic cancer compared
to non-metastatic disease, as it was reported that it causes CRC cells to proliferate,
invade and migrate [7, 12, 15]. In comparison to IL-6 deletion tumors, those with
IL-6 overexpression tended to develop more quickly, since angiogenesis is stimulated.
Patients with increased IL-6 expression in CRC tissues had shorter overall survival
(25.5 months on average) than those with lower IL-6 expression (46 months), as it
was reported that IL-6 promotes chemotherapy resistance [5, 16]. When pro-inflam-
matory factors (IL-6, IL-1p, and TNF-a) were measured in the blood of patients with
advanced cancer, IL-1f levels linked more significantly with clinical features than
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IL-6 levels did [5]. Another research paper stated that, in CRC patients, IL-6 levels
often correlate with tumor size, stage, and metastasis. In numerous kinds of cancer,
circulating IL-6 levels are predictors of survival and response to therapy [16]. A
postoperatively higher carcinoembryonic antigen (CEA) alone or in conjunction with
carbohydrate antigen19-9 (CA19-9), chitinase-3-like-protein-1 (CHI3L1), CRP, or
IL-6 may also signal individuals at high risk of relapsing, for CRC patients in stage II
to IV who underwent radical surgery and received adjuvant 5-fluorouracil (5-FU)-
based treatment [17].

2.2 Periodontitis and nonalcoholic fatty liver disease

The synthesis of inflammatory mediators is a characteristic of the systemic inflam-
matory response in periodontal disease, which is represented by periodontal infec-
tion associated with oral biofilm [18]. Even in the absence of other chronic systemic
disorders, patients with chronic periodontitis have higher levels of proinflammatory
mediators [19, 20]. It can be a bidirectional relationship between periodontitis and the
majority of common noncommunicable diseases, including cardiovascular condi-
tions, metabolic syndromes, diabetes mellitus and non-alcoholic fatty liver disease,
cancer, and respiratory conditions [21].

Non-alcoholic fatty liver disease (NAFLD), is the most prevalent type of chronic
liver disease globally. NAFLD is generally asymptomatic, and it is closely associated
with diseases like obesity, diabetes mellitus type 2, and the characteristics of meta-
bolic syndrome [22]. Scientific evidence strongly indicates that the gut microbiota
contributes significantly to the pathogenesis of NAFLD and that P, gingivalis (P. g.)
changes the composition of the intestinal microflora [23]. According to studies, P.

g. infection is associated with various systemic disorders, such as diabetes mellitus,
hepatic conditions, and gastric cancers [24]. Periopathogen bacteria such as P. g. can
be detected, in association with a statistically significant decrease in serum albumin
levels in NAFLD patients, indicating liver function impairment. Some studies con-
cluded that P. g. infection could be an independent predictor of NAFLD development.
These studies suggest that persistent P. g. infection in patients with untreated peri-
odontitis may accelerate liver tissue fibrosis and decrease liver function [25].

A chronic low-grade inflammatory state is a pathological component of a variety
of chronic conditions, including NAFLD [26]. Microvascular endothelial dysfunction,
decreased immune responses, and chronic low-grade inflammation are all charac-
teristics of the multisystem disease NAFLD [27]. A chronic low-grade inflammatory
condition that is supported by the relationship between NAFLD, obesity, and type 2
diabetes increases the risk of atherosclerosis, dyslipidemia, systemic arterial hyper-
tension, and acute myocardial infarction [28].

Simple steatosis and non-alcoholic steatohepatitis (NASH), which is marked
by liver inflammation and hepatocyte ballooning with or without fibrosis, are also
examples of NAFLD. NAFLD and NASH are linked to higher rates of morbidity and
mortality across this broad spectrum of diseases [29].

Numerous variables, such as the patient’s age and gender, ethnicity, frequency,
amount of alcohol consumed daily, diet, hormonal status, genetic predisposi-
tion, microbiome, and metabolic status, have an impact on the heterogeneity in
the clinic and the evolution of the fatty liver disease. There may be a differential
impact on the contribution of these variables to each patient on the part or

between patients, an impact that then changes the phenotype and evolution
of the disease [30].
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From in vitro, in vivo, and epidemiologic perspectives, the potential correla-
tions between periodontitis and NAFLD have been studied, but the genetic and
molecular processes of the relationship between periodontitis and NAFLD remain
unknown [31]. According to epidemiological research, periodontitis and NAFLD
together are increasing the occurrence of the condition, which could enhance the
potential that it will advance to liver fibrosis as well [32]. However, alterations in
the oral microbiome caused by periodontal disease could have an impact on the
intestine microbiota and NAFLD’s pathogenesis could be influenced by this gut
microbiota [33].

The involvement of cytokines as important mediators of fibrosis, cirrhosis, and
inflammation in NAFLD is generally accepted. Different inflammatory mediators,
including IL-1, IL-6, TNF-a, CRP, and NOD-like receptor protein 3 (NLRP3) inflam-
masome, have been implicated in the pathogenesis and progression of NAFLD in
previous studies [23, 34]. A systemic indicator of inflammation, CRP may be essential
in detecting pathological alterations. The liver is the primary source of CRP but can
also be secreted by adipose tissue, which acts as an endocrine organ that can secrete
other inflammatory cytokines such as IL-6 [35]. A higher serum level of CRP has been
identified in several studies as a significant risk factor for the development of NAFLD,
and it appears to be a great marker for the prediction and diagnosis of NAFLD. A fam-
ily of proteins known as pentraxin (PTX) is divided into two classes, short and long,
depending on the length of their structural components. Serum amyloid P and CRP
are two minor members of this family. One of the long proteins in this family, plasma
pentraxin 3 (PTX3), is detected in significantly higher concentrations in patients with
steatohepatitis than in those without [36]. Patients with more severe forms of NAFLD
have higher serum concentrations of this protein, and higher levels of this protein are
associated with more severe forms of hepatic fibrosis. Therefore, this could suggest
that the serum PTX3 level might be used to diagnose the degree of hepatic fibrosis
and to separate steatohepatitis and simple steatosis [37].

Particularly the pro-inflammatory cytokines IL-1 and TNF mediate important
features of liver diseases including acute phase protein synthesis, lipid metabolism,
cholestasis, and degree of fibrosis in different stages of liver diseases. These essential
cytokines, which are mostly generated by mononuclear cells, influence all types of
liver cells and control the generation of many other mediators essential in chronic
liver diseases [38].

Other interleukins implicated in NAFLD disease include IL-8, IL-12, IL-18, and
IL-34 [39]. Also, IL-32, which was first identified in 2005 and is one of several inflam-
matory biomarkers linked to obesity and NAFLD, is identified as a key regulator of
obesity-driven inflammation and lipotoxicity [40].

According to some research, patients with NAFLD who ultimately progressed
to critical condition had higher concentrations of IL-6, IL-8, and IL-10, than when
establishing the diagnosis. IL-8 and IL-10 also seem to be significant prognostic
biomarkers associated with recovery time [27]. IL-6 is often synthesized in immu-
nologically activated adipose tissue, which is deeply associated with metabolic
syndrome. This could be a possible explanation for the high prevalence of obesity in
patients with NAFLD. Other studies did not find differences in IL-6 levels between
non-obese and obese patients with NAFLD, suggesting other possible immunological
mechanisms [27, 41].

The development of metabolic changes and an increased risk of liver dam-
age associated with fibrosis during the evolution of NAFLD may be caused by
inadequate modulation of IL-10 associated with IL-6, IL-12, and TNF [42]. Some
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proinflammatory cytokines (including IL-6, IL-12, and TNF-a) are considered to
contribute to inadequate modulation of IL-10, according to some studies. Since
IL-10 concentrations indicated a strong correlation with IL-6 and other inflamma-
tory markers, including CRP, this could be interpreted as an unsuccessful attempt to
reduce the hyperinflammatory response and tissue damage. Additionally, immune
cells that have been stimulated may become “IL-10 resistant,” which would allow
them to pass the anti-inflammatory effects of IL-10 signaling and increase the
inflammatory response [43]. Higher IL-6 levels and a lower IL-10/IL-6 ratio have
been reported in NASH patients, which may indicate inadequate anti-inflammatory
compensation. Patients with NASH have also been found to have higher levels of
circulating TNF than patients with steatosis or healthy controls [42].

When NAFLD first appears and progresses, cytokines may contribute, stimulating
and controlling critical processes. Patients with non-alcoholic steatohepatitis may
have a balance between proinflammatory (IL-1, IL-6, IL-12, and TNF) and regulatory
(IL-10) cytokine concentrations, which have been associated with early metabolic
abnormalities in the context of NAFLD [42]. Furthermore, it has been shown that
TNF production may have a role in the first liver injury, causing the release of other
cytokines including IL-12, which recruits inflammatory cells, destroys hepatocytes,
and initiates a healing response, including hepatic fibrogenesis [44]. Because of its
antioxidant and cytoprotective characteristics, IL-12 may be a protective biomarker
for NAFLD. Regardless of the number of metabolic risk factors, IL-12 was inversely
correlated with the prevalence of NAFLD and positively correlated with the specific
rise in productivity bilirubin in patients with non-alcoholic steatohepatitis [45].

2.3 Periodontitis and chronic hepatitis C

Chronic hepatitis C (CHC) is caused by infection with the Hepatitis C Virus (HCV)
and is a severe threat to the individual’s life, with an estimated 700,000 deaths world-
wide each year [46]. The spread of the virus is considered a global health hazard since it
affects more than 200 million individuals globally, and it is especially difficult to battle
because the disease has no symptoms in its early stages. As a result, infected individuals
may be oblivious and easily infect others. Most individuals will develop chronic liver
inflammation after the acute stage of illness. Hepatic function gradually deteriorates
when hepatic tissue is replaced by fibrotic tissue and liver cirrhosis develops [47].

CHC is a potentially fatal illness if left untreated, leading to serious conse-
quences such as hepatic cirrhosis (in 10-30% of CHC patients) and hepatocellular
cancer (5 percent of CHC patients) [48]. Only 15% of individuals have clinical
manifestations of the illness after infected contact with the virus. The initial
inflammatory reaction generated by the presence of the virus is “chronicized” in the
majority of cases, resulting in CHC, with the virus remaining detectable six months
after the infected encounter [49].

Patients with CHC frequently experience significant oral health issues, which can
have a negative impact on their quality of life, in addition to the pathological manifes-
tations of liver disease and its complications [50]. CHC patients seeking dental treat-
ments may encounter a variety of difficulties, such as high personal anxiety or altered
healing and recovery processes following dental and periodontal surgery, which
restrict the complexity of therapy alternatives [51]. CHC patients may have increased
risk factors for the start of periodontitis, leading to its clinical presentation, which is
driven by the buildup of subgingival bacterial plaque deposits, which is corroborated
by probable behavioral differences [52].
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As a chronic inflammatory disorder, CHC may have certain connections and
interactions with Parkinson’s disease, presumably through proinflammatory media-
tors released into the bloodstream of HCV patients [53]. Natural killer cells (NK),
which may produce TNF-a, play a crucial role in the immunopathogenesis of CHC
[54]. Certain cytokines, including IL-18 and IL-33, are employed as indicators of CHC
disease activity and severity since these individuals have higher serological levels of
these interleukins [55, 56]. Elevated levels of IL-1a have also been detected in blood
samples of chronic hepatitis C patients, and have been linked to disease severity [57].
Furthermore, several proinflammatory mediators, including IL-1a, have been dem-
onstrated to stimulate hepatic inflammatory processes in chronic hepatitis C patients,
resulting in elevated blood levels [58].

In essence, both CHC and periodontitis cause a persistent inflammatory response,
with proinflammatory mediators controlling the amount and intensity of the patho-
genic process. Studies that focused on the gingival crevicular fluid (GCF) assessment
of IL-1x and IL-1p’s involvement in the pathogenic process of periodontitis patients
with CHC, found that patients with both diseases had significantly worsened peri-
odontal status and higher levels of these cytokines than non-CHC patients with
periodontitis [59]. This suggests that hepatic pathology may have a negative impact on
local periodontal inflammation.

Elevated gingival fluid levels of IL-1a and IL-1f, detected in periodontal patients
compared to healthy controls, have been demonstrated to decrease following
periodontal therapy, supporting their critical involvement in the development of
periodontal disease [24, 59]. A statistically significant difference in GCF cytokine
levels between the CHC and periodontitis groups was also highlighted. Because
both groups of patients had periodontal disease with equal degrees of severity and
progression, the greater GCF cytokines levels in periodontitis patients with CHC
might be explained by the added chronic hepatic inflammation that these individu-
als exhibit. This fact can also influence the severity of the inflammatory periodontal
response [59].

The levels of GCF cytokines in chronic periodontitis patients correlate with the
degree of periodontal inflammation. The clinical markers used to measure periodon-
tal condition (such as the number of missing teeth, periodontal pocket depth, or
gingival attachment loss) were associated to increased GCF levels of IL-1a and IL-1f
in periodontal patients with CHC [59]. There was also a modest positive connection
between these clinical measures in periodontal patients with no systemic disease and
GCF cytokine levels, indicating that systemic chronic inflammation might have an
extra influence on such patients’ periodontal health [59].

Periodontal and hepatic chronic inflammatory responses may interact because
they are both fueled by the same proinflammatory cytokines, IL-1a and IL-1f [60].
Hepatic chronic inflammation has a significant detrimental influence on periodontal
condition in terms of the strength of the periodontal inflammatory reaction [61].
Elevated levels of IL-1a and IL-1f, which have significant consequences in the patho-
genic processes of both periodontitis and CHC, might suggest that chronic hepatitis C
has a deleterious influence on periodontal patients’ inflammatory status, as measured
by IL-1a and IL-18 GCF detection.

The notion of the “inflammasome” molecule has opened up new perspectives for
periodontal inflammation research. The NLPR3 inflammasome is a critical compo-
nent of this inflammatory response, serving as the first triggering mechanism upon
interaction with bacterial antigens such as Pg’s LPS [62]. Substantial variations in
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GCF NLRP3 levels between the periodontitis and control groups were reported, as
well as between patients with CHC and periodontitis and CHC-only ones, suggest-
ing that periodontal pathological events cause a significant rise in NLRP3 expres-
sion [63]. This concept was also evaluated and supported by a recent study on the
issue, which indicated that periodontal disorders are characterized by an increase in
inflammasome expression and a decrease in their inhibitor proteins [64, 65]. In terms
of hepatic disease, NLRP3 has been shown to activate inside white and red blood
cells when triggered by HCV infection [66]. Furthermore, the in vitro presence of
the virus dictated cellular pyroptosis within infected hepatocytes, an event primarily
mediated by NLRP3 and caspase-1 (CASP1) activity [67, 68]. Together with IL-1,
NLRP3 is implicated in the initiation of the chronic hepatic inflammatory response
caused by HCV infection. As a result, CHC patients are likely to have higher blood
NLRP3 levels [67].

According to research on the issue of NLRP3 inflammasome involved in the peri-
odontitis and diabetes connection, the findings revealed substantial correlations between
GCF NLRP3 levels and blood glucose levels of the participating patients [63, 69]. This
result supports the pathogenic relationships that exist between periodontitis and insulin
resistance. Similar pathogenic links exist between CHC and insulin resistance. These
findings imply that this pathologic mechanism may be able to bridge the gap between
chronic hepatitis and periodontitis due to the significant influence and bi-directional
repercussions it has on the inflammatory response [69].

The immunological analysis produced equivalent results on the average values of
CASP1 in periodontitis patients’ GCF samples, which were considerably greater than
those of healthy controls [65, 69]. CASP1 is largely expressed in gingival epithelial
cells, keratinocytes, and connective tissue cells, and is essentially non-existent when
periodontal tissues are not inflamed [70]. Furthermore, key periodontal bacteria
(Aggregatibacter actinomycetemcomitans and P, g.) have been found to induce caspase
expression in epithelial cells and macrophages [71]. CASP1 is also implicated in the
pathology of CHC, since HCV-infected cells may synthesize and release the NLRP3
inflammasome [68]. The findings revealed that CHC + periodontitis patients had
higher average GCF CASP1 levels than non-CHC periodontitis patients. There were
also significant variations in the average values of CHC patients with and without
periodontal disease. These findings imply that chronic inflammation, whether hepatic
or periodontal, can have a considerable influence on CASP1 levels [65, 69].

IL-18 has also been proposed as a potential marker for periodontal structural
degradation [72]. GCF IL-18 levels in periodontal patients were substantially greater
than in healthy controls. Furthermore, the statistical analysis revealed substantial
associations between GCF IL-18 levels and periodontal disease severity measures
(periodontal probing depth, clinical attachment loss, and gingival bleeding index)
[63, 69]. In line with this observation, CHC + periodontitis patients had substan-
tially higher GCF IL-18 levels, indicating an unfavorable clinical periodontal state
[64, 69]. Concerning hepatic illness, IL-18 has immunological and clinical repercus-
sions for CHC, as affected individuals frequently have much higher levels of this
mediator than healthy controls [73]. Significant variations in GCF IL-18 levels were
seen between the CHC+ periodontitis patients and non-CHC periodontitis ones,
confirming the deleterious influence that HCV infection can have on periodontal
status in comparable periodontal pathological circumstances [69]. This can exacer-
bate gingival pathogenic events and cause a more severe periodontal inflammatory
response.
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PTX is a protein family that participates in inflammatory pathways by serving as
pattern-recognition receptors (PRRs) [74]. PTX, also known as acute-phase proteins
(APP), play a key role in the initiation of inflammation, primarily by protecting
against pathogenic bacteria via complement activation. This role is supported by the
fact that in GCF samples originating from patients diagnosed with periodontitis,
PTX3 levels were significantly elevated, as compared to control groups [36, 75].
These elevated GCF PTX3 levels also correlated with clinical periodontal parameters,
suggesting an early up-regulated synthesis of this mediator by neutrophil cells, in
response to periodontal bacterial aggression [36]. It is known that PTX3 is pre-stored
in neutrophil cells to be accessible for quick release and action [75]. It was highlighted
that GCF PTX3 levels rise proportionally to the severity of periodontitis. At baseline,
GCF PTX3 levels were higher in periodontitis patients than in controls, and these lev-
els considerably decreased as soon as two weeks following scaling and root planning
(non-surgical periodontal therapy—NSPT) on these patients [76]. However, a higher
fall in GCF PTX3 levels was found in smoking patients, indicating that smoking had
a major influence on this parameter. GCF PTX3 levels in smoking patients remained
increased even after NSPT [76].

CRP is a short pentraxin, whereas PTX3 belongs to the long pentraxin branch.

Both proteins are increased in severe infections and inflammation, indicating their
importance in bacterial or viral diseases (such as periodontitis and CHC) [77]. GCF
CRP levels express lower association strength and, as a result, less periodontal clinical
significance than the PTX3 mediator [36, 76]. GCF and CRP levels are considerably
higher in periodontitis patients’ samples compared to healthy controls [78]. However,
there was no statistically significant difference in marker levels between periodon-

titis patients with and without CHC [36]. GCF CRP levels dropped after NSPT in

CHC + periodontitis patients but increased somewhat in periodontitis-only patients.
GCF CRP levels are associated with patients’ age and the dental plaque index, indicat-
ing that it may be more important to senior patients, who have poorer dental hygiene.
GCF CRP levels were also associated with the bleeding on the probing index [36]. These
factors match the profile of CHC patients, who had much higher bleeding on probing
than non-CHC individuals. This feature can be explained by the hepatic nature of CRP,
which, unlike PTX3, is not locally pre-synthesized and may take a longer time to reach
critical quantities in the GCF. This idea was supported by a study highlighting that,
while NSPT improved periodontal clinical parameters such as plaque index (due to
improved oral hygiene) and pocket depth/attachment loss (due to decreased inflam-
mation), serum CRP levels did not decrease significantly after a one- and two-month
recall [79]. Putative participation of hepatic disease in the local inflammatory processes
of periodontitis necessitates more investigation in the future, similar to a larger per-
spective on the role of the CRP mediator in a shared periodontitis-CHC scenario.

3. Conclusions

Periodontitis is characterized by a low-grade inflammation, which triggers the
local up-regulation of significant pro-inflammatory mediators, similar to that of
certain systemic diseases (Table 1). Given that many hepato-digestive disorders
have an important inflammatory component, the two types of conditions could
exert a significant influence on each other, by means of mutual pro-inflammatory
chemokines.
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Inflammatory marker Periodontitis/colorectal Periodontitis/ Periodontitis/

cancer nonalcoholic fatty liver chronic Hepatitis C
disease

CASP1 *

CCL2 *

CRP * *

CXCL1 *

GAL-GalNAc \

IL-1 *

IL-1a *

IL-1p * *

IL-6 * *

IL-7 *

IL-8 * *

IL-10 *

IL-12 *

IL-18 * *

IL-32 *

IL-33 *

IL-34 *

NRLP3 * *

PTX3 * *

TNF-a * * *

*-existing velevant information on implications in periodontitis and systemic diseases (CASP1 — caspasel; CCL2-
chemokine ligand2; CRP — C Reactive Protein; CXCL1- CXC-chemokine ligand 1; GAL-GalNAc - D-galactose-N-Acetyl-
D-galactosamine; IL — interleukin; NRLP3 - NOD-like veceptor protein 3; PTX3 — pentraxin3; TNF-« — tumor necvosis
factor-a.

Table 1.
Synopsis of mediators’ inflammation in the association of periodontitis and hepato-digestive disorders.
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