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Abstract: At present there is a huge demand for experimental periodontal models to expand the
knowledge in periodontal health related to Microbiome Medicine. Thus far none of the periodontal
pathogens or cocktail of pathogens reported as aetiological agents of infectious chronic periodontitis
to link with oral squamous cell carcinoma as the way Helicobactor pyroli linked with gastric
carcinoma and other related gastric malignancies. Nevertheless, invasive pathogenic mechanisms
of virulent strains of Porphyromonas gingivalis and Fusobacterium nucleatum singly as well as a
duo demonstrated the progression and devastation of oral, pancreatic, and colorectal cancers in
different study populations. Periodontal disease may be an inevitable consequence or complication
of oral cancer patients who comprise a section of digestive tract cancers, due to suboptimal or poor
oral hygiene practices due to unbearable pain and other complications of stage four oral cancer.
Periodontitis is a reversible oral condition when it is treated properly at the correct stage and good
oral hygiene practices and treating chronic periodontitis showed successful interventions in the
prognosis of oral cancer. In the light of these scientifically proven epidemiological, laboratory, and
clinical evidence this communication highlights the implication of ATP scavenging behavior and
upregulation of immune regulatory receptors by intracellular Porphyromonas gingivalis based on in-
vitro models on the prognosis of digestive tract cancers regarding the oral cancer patients.
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Introduction

Essentially pathogenic bacteria are infectious and aetiological agents of communicable diseses.
In contrast, opportunistic bacteria are usually pathogenic when they get the opportunity to abuse the
host’s immunosuppressive status. Biomedical researcher obtains a breath of experiences when
researching the direct influence of infectious and opportunistically harmful biological agents and
their products causing DNA mutations [1]. which may be carcinogenic [2] or indirect contribution of
these infectious agents manipulating the host’s immune system via chronic inflammation [1,3]. In the
light of multi-disciplinary research boosting intellectual training with specific emphasis on basic
cancer research updates might underpin clinical diagnosis or prognosis outcomes of oncologists’
responsibilities and duties in the era of personalized and précised medicine. It is a great investment
for scientists who struggle to critically evaluate the applications of research findings to update and
upgrade medical protocols either to improve the satisfaction and quality of life of patients or to
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achieve goals and annual targets of health care providers. To the best of our knowledge, neither
periodontal pathogen can produce a toxin that can damage DNA directly [1,3,4], disrupt the systems
that maintain genomic integrity, or stress cells in other ways that indirectly impair the fidelity of
DNA replication and repair to be mutagenic in the oral epithelium as in the case of E. coli associated
colorectal cancers [2]. There is substantial epidemiological evidence of the association of periodontitis
with an increased risk of oral cancer [3]. To the best of our knowledge, the carcinogenic attributes of
P. gingivalis-based on laboratory experiments were able to demonstrate 1st three out of six core
hallmarks of cancer proposed by Hanahan and colleagues in 2000 [5], cancerous ffeatures temprorary
induced by internalized P. gingivalis. Cell internalization [6] is possible with this this one of the three
red complex members, due to the invasive ability of P. gingivalis strains to thrive well in a secured
nutrition-rich niche, whether in a gingival epithelial cell [7] periodontium or neoplastic cell in tumor
microenvironment avoiding immune surveillance and immune elimination [8]. On one hand,
inhibition of apoptosis by internalized P. gingivalis in gingival epithelial cells is identified as one of
its molecular pathogenic mechanisms [1,3]. On the other hand, conferring to P. gingivalis infected
squamous carcinoma cells to upregulate immune regulatory receptors on is considered as a
carcinogenic property [9] of this keystone periodontal pathogen [8], which may facilitate the
carcinogenesis.

In light of these laboratory findings, it is important to update existing protocols on the
preparation of a cancer patient for surgery, radiotherapy, or chemotherapy aiming for better
prognostic outcomes. Hence, this perspective highlights the importance of treating infectious
bacterial agents to prevent adverse effects on prognosis. Hence, prescribing antibiotics, mouthwash,
scaling, and other oral hygiene improvement measures to eradicate the adverse effects of P.gingivalis
due to chronic periodontitis in digestive tract cancer patients.

P. gingivalis as a Key Stone Pathogen of Chronic Periodontitis

This bacterium reputed as a keystone pathogen in adult periodontitis [10] forms black-
pigmented colonies on horse blood agar due to the aggregation of heam on its cell surface [11]. This
asaccharolytic, proteolytic strict anaerobe is mainly based on the fermentation of amino acid as the
availability of sugar is less in a deep periodontal pocket where this obligate anaerobe thrives well
[12].

Gram-negative, P. gingivalis represents the ‘red complex’ of periodontal pathogens with
Tannerella forsythia and Treponema denticola. [13-15]. This species possesses several virulence factors,
including cysteine proteinases (gingipains), lipopolysaccharide (LPS), capsule, and fimbriae [8]. In
healthy conditions, other members in the subgingival biofilm communities, keep these opportunistic
pathogens under control with competition and antagonism for attachment sites and nutrition as well
as influencing the host immune system to maintain a homeostasis/equilibrium in the immunological
and metabolic status of the host. Hence, these pathobiont are not in a position to enrich the
periodontium or the tissues, inhibiting the commensals [18]. This equilibrium can be lost, resulting
in dysbiosis due to various factors which can impart ecological stress on these microbes [1]. These
factors consisted of poor oral hygiene due to insufficient tooth cleaning habits, smoking, betel quid
chewing, areca nut consumption, diabetes, hormonal changes, medication, and genetic susceptibility
[19]. There is a notion that P. gingivalis is capable of subverting defense mechanisms by cross-talking
with vulnerable hosts under immune suppression. Thus, no wonder to observe a strong correlation
between periodontal diseases with systemic diseases—cardiovascular diseases, rheumatoid arthritis,
and oro-digestive track cancers in several epidemiological studies [20]. which also makes a bi-
directional link between this polymicrobial oral disease with non-communicable diseases of
inflammatory origin even in digestive tract cancers thus found in extra-oral sites [21-24] due to the
migration ability of this bacterium from subgingival plaque. or supra gingival biofilm [25].
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Pathogenic Molecular Mechanisms of P. gingivalis as an Aetiological Agent of Opportunistic
Infections

Periodontal diseases are a group of infections involving supporting tissues, the periodontium of
the teeth. Hence aggressiveness of this gum disease from mild and reversible inflammation of the
gingival gum (gingivitis) to chronic destruction of the gingiva, periodontal ligament, and alveolar
bone loss resulting in exfoliation of teeth [25]. These clinical outcomes are due to the pathogenic
mechanisms [25] of these invasive and evasive [26] keystone periodontal pathogens manipulating the
cellular physiology and immunology of the host for their nourishment and flourishment [25]. Entry
into the host in sufficient numbers, survival in the hostile environment, propagation and
multiplication, Attachment to the complementary host cell receptors by colonization and adhesion,
invasion, internalization in specific cells of the organ or system, evasion from immune elimination
and causing inflammatory necrotic infections [27] are the hall marks of pathogenic molecular
mechanisms of a primary pathogen [28,29].

Molecular mechanisms of pathogenicity of an opportunistic pathogen or pathobiont are short of
the first two steps of eight hallmarks proposed for any primary or opportunistic pathogen. Thus,
enter into the host in sufficient numbers, survival in the hostile environment is not applicable for this
member in subgingival flora, and elevation of numbers of this red complex companion usually occurs
in immunosuppressive disease conditions [26] which is also considered as predisposing factors [30]
of periodontitis and due to inadequate oral hygiene practices [31]. Initial colonization of P. gingivalis
in children is found to be transmitted from infected individuals [32] either elderly caretakers or
parents. Transmission via saliva among spouses is also possible but identifying the common source
was impossible due to the presence of different genotypes among individuals [25]. This may be due
to the selective proliferation of the most robust phenotypes or strains of the same species to facilitate
the “survival of the fittest’ eliminating the sensitive phenotypes. Though heterotrophic bacteria are
the most versatile organisms to adapt according to the adversities of their hosts or environment [31]
applicability of this hypothesis for genotypic variations even among related individuals warrants
properly planned laboratory investigations minimizing errors due to chance, bias, and confounders.

Cell Internalization Is One of the Virulence Mechanisms of P. gingivalis

Invasive pathogens evolved for survival and replication as residential pathogens. The
internalization process needs to facilitate by the host cell, where the pathogen, adhered to the
complementary surface receptors using specific adhesins [32]. The nonmalignant host cell types in
which pathogens can thrive include epithelial, endothelial, macrophages, and neutrophils [33]. The
ability to replication of ingested pathogens is by acting against destruction mechanisms using the
host vesicle trafficking pathway. The resilience mechanisms of phagocyte resident bacteria started
revealing and redirection [34,35].

Few tissue culture models have been used to elucidate the cell internalization of major
pathogens; Porphyromonas gingivalis, Aggregatibacter actinomycetemcomitans, Fusobacterium nucleatum,
Prevotella intermedia, and Tannerella forsythia. Among them, P. gingivalis is the most studied oral
pathogen. Different tissue culture models have been usedto study the cell internalization process.
The residential ability or cell internalization characteristic of P.gingivalis strains reflects the ability to
persist in a local niche subverting the host’s innate immune mechanisms [36,37]. According to
genotyping results, there is a marked genetic variation and virulence potential of different strains in
the same species of P. gingivalis [38]. Thus, the virulence potential of P. gingivalis strains seemed to
acquire by exchanging bacterial DNA among them [39]. Close physical contact between the
bacterium and the host cell receptors is a prerequisite for the cell internalization process [39]. The
interaction of P. gingivalis FIimA fimbriae with epithelial cell surface integrins, originates a cellular
response that recruits FAK and paxillin to the cytoplasmic membrane at the bacterial attachment site
[40,41]. Subsequently, interactions among integrin, FAK, and paxillin make a phosphorylation-
regulated signaling scaffold that activates Rho-family GTPases, enzymes that play a vital role in
starting downstream signaling cascades and regulating cytoskeletal dynamics [42.43]. Then, the
recruitment of lipid raft components, and host-cell phosphorylation termed actin and microtubule
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remodeling, activity is all needed for the internalization of P. gingivalis [44,45]. This cell
internalization process takes approximately 15 min resulting in the perinuclear localization of the
bacteria [46].

ATP Scavenging Behavior of Intracellular P. gingivalis to Inhibit Apoptosis

Apoptosis is the genetically determined programmed cell death in somatic and immune cells
[47]. This process is critical in the growth and function of a human comprising trillions of different
types of cells.

Several virulence factors are reported to be involved in the direct activation of inflammation and
gingival cell proliferation mediated by P. gingivalis. Among them, a homolog of nucleoside
diphosphate kinase (NDK), is an ATP-consuming enzyme, secreted extracellularly [16]. The P2X7
receptor (P2X7R) is expressed in different types of cells including neurons, macrophages, dendritic
and microglial cells, fibroblasts, lymphocytes, endothelial cells, and gingival epithelial cells (GEC).
This receptor has gained attention as an important multi-level mediator in controlling intracellular
infections by regulating the innate immune response, apoptosis, intracellular trafficking, and
generation of reactive oxygen species (ROS) [48]. These multi-functions reflect the importance of
(P2X7R) not only in cell death but also in cell survival. These two contradictory functions are
dependent on two specific pathways, both are activated by the same P2X7R but diverse phases of the
cell cycle. Low tonic activation of P2X7R inhibits apoptosis and renders cell growth. In contrast,
enormous P2X7R leads to programmed cell death/apoptosis [16]. Moreover, extracellular ATP
ligation on P2X7R is necessary for the activation of the Caspase 3/7 apoptotic pathway for
programmed cell death/apoptosis. Thus, high concentrations of ATP induce membrane blebbing is
considered a hallmark of apoptosis.

Laboratory evidence based on P. gingivalis infected epithelial cells (GEC) demonstrated that the
NDK secretes by P. gingivalis converts ATP into ADP, inhibiting the ligation of ATP with P2X7
receptors. Subsequently, preventing the ATP-induced Caspase 3/7 apoptotic pathway in gingival
epithelial cells [16]. In contrast, an end-deficient mutant was unable to prevent ATP-induced apoptosis
in gingival epithelial cells (GEC) in the same experiment [16].

Upregulation of Immune Regulatory Receptor on Squamous Carcinoma Cells by Intracellular
Porphyromonas gingivalis

Interestingly, laboratory evidence based on tissue culture and animal model experiment provide
internalized P.gingivalis detected using immunofluorescent/confocal microscopy, floresecence in situ
hybridization (FISH), Immunohistochemistry (IHC), IHC, IHC/FISH in colorectal cancer cells(CRC)
[49], pancreatic cell lines [50], eosophageal cancer [51] and chemically oral cancer induced murine
model [52] respectively.

Accordingly, the mportant finding of upregulation of the immune-regulatory receptor PD-L1
(B7-H1) in P.gingivalis infected oral squamous carcinoma cells and gingival epithelial cell [53].
Expression of B7 homolog 1 (B7-H1) receptors rises in most human cancers causing anergy and
apoptosis of activated T cells. The B7-H1 receptors are upregulated on cancer/transformed cells, and
the B7-H1 receptors. The B7-H1 receptors found to be upregulated on cancer/transformed cells. Then
these receptors seemed blocking the PD1 receptors on tumor-infiltrating lymphocytes (TILS) [24].
Hence, it is justifiable to hypothesis that the upregulation of B7 homolog 1 (B7-H1) receptors may
provide survival of cancerous acting against cytotoxic activity of natural killer (NK) cells, in addition
to immune evasion of tumours using immune check points. This hypothesis needs further
investigations with suitable animal model.

doi:10.20944/preprints202304.0892.v1
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The Implication of Intracellular Porphyromonas gingivalis Based on In-Vitro Models on the
Prognosis of Digestive Tract Cancers Regarding the Oral Cancer Patients

Establishment of P. gingivalis as an oncogenic bacterium based on the findings of invitro and
invivo models, seems a fishing expedition due to the fact that most investigators did not pay the
attention to set up these experients getting rid of the bias introduced by the establishment of
Helicobacter pylori as the aetiological agent of gastric cancer and mucosa-associated lymphoid tissue
(MALT) lymphomas [55]. To this date, noone has conducted a systematic review on carcinogenic
mechanisms of P. gingivalis in vitro and invivo experiments. All authors of scooping and narrative
review on Possible role of P. gingivalis in oral, orodigestive, pancreatic and colorectal cancers operated
in silos. They have not embraced the holistic approach of connecting all of these attributes as
pathogenic or virulent mechanisms that are being used for thriving in resident state in protein
enriched and vascularized neoplastic cells for this proteolytic bacterium which also demonstrates an
affinity to haem component.

Oral hygiene improvement before treatment modalities for oral cancer is an established practice
in oro-maxillo facial (OMF) units in Sri Lanka. This key stone periodontal pathogen is been able to
survive in tumour micro environment using amazing stratergies to thrive well escaping from
immune surveillance mechanisms and immune elimination in tumour micro environment. This
communication concluded by suggesting including oral hygiene improvement in standard
management protocols and guidelines of oncology patients by referring those patients to hospital
dental clinics before commencing the treatment modalities for oesophageal, pancreatic, and colorectal
cancers depending on the laboratory experiments based on the epidemiological finding of P.
gingivalis in an extra-oral site of digestive cancers.
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