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Oral microbiota and oral cancer: Review
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Abstract

In this review, we draw attention and discuss the risk factors
and causes of the development of oral squamous cell carcinoma
(OSCC) focusing on oral microbiota. Recently, a breakthrough in
the study of cancer has been the discovery of the relationship
between the presence of certain types of bacteria and the develop-
ment of cancer in the human body. Studies have shown that,
Porphyromonas gingivalis (P. gingivalis) bacteria that is responsi-
ble for the destructive processes in the oral cavity, could play an
important role in the development of OSCC. In our continuing
search for bacteria that causes oral squamous cell carcinoma, we
came across the Pseudomona aeruginosa, which due to its
metabolite properties, may play important role in carcinogenesis
of oral cancer. One possible mechanism is the ability of
Pseudomonas to synthesize nitric oxide (NO) that modulates dif-
ferent cancer-related appearances such as apoptosis, cell cycle,
angiogenesis, invasion, and metastasis. We think that P. aerugi-
nosa increases the concentration of NO by converting salivary
nitrite to nitric oxide, and this is how it contributes to NO-related
carcinogenesis. Early diagnosis and treatment of periodontitis are
very important not only for patients’ oral health, but also for the
prevention of OSCC development. Screening test for OSCC based
on determination of salivary NO levels could be appealing and
may prove to be useful assay for diagnosis and early detection of
disease progression in oral cancer.
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Introduction

Head and neck cancers originating from the nasal cavity and
paranasal sinuses, oral cavity, pharynx, including the nasophar-
ynx, oropharynx, larynx and salivary glands, are the sixth most
common malignant tumors in the world.!> Most common oral
cancers emerge from the oral cavity and it incorporates lip,
tongue, gums, oral mucosa, floor of the mouth, hard palate, max-
illa, mandible and the pharyngeal cancers. The latter includes all
malignant tumors arising in the nasopharynx, oropharynx, or
hypopharynx. These cancers are most commonly squamous cell
carcinomas.? A web-based search for all types of articles pub-
lished was initiated using MEDLINE/PubMed (since 1992 to
2020), with the key words such as ‘oral squamous cell carcinoma
(OSCC)’, ‘oral microbiota,” ‘bacteria and cancer’ and ‘bacterial
toxins’, ‘nitric oxide (NO)’, ‘nitric oxide and cancer’, ‘nitric oxide
synthase,” ‘Porphyromonas gingivalis’ and ‘Pseudomonas aerug-
inosa’.

Terms microbiome and microbiota have subtle differences. In
this article the term microbiota is used to refer to specific microor-
ganisms that are found within a specific environment.

Study analysis has shown that, 657,000 new cases of cancers
of the oral cavity and pharynx appear each year, with more than
330,000 deaths annually.* American cancer society has shared an
estimated data of expected new cancer cases of the oral cavity and
pharynx in the United States for the year 2020. In total, there will
be approximately 53,260 cancers of oral cavity and pharynx diag-
nosed, which is the equivalent of approximately 148 new cases
each day.’

The primary risk factors for the development of OSCC are the
consumption of tobacco, heavy drinking of alcoholic beverages,
poor oral hygiene and inappropriate dietary habits. However,
approximately 15-20% of all oral cancer cases occur in patients
that are non-smokers and non-alcohol drinkers.®” Some of the
other important risk factors include chronic inflammatory process-
es in the oral cavity, various viruses and bacteria, trauma to the
mucosa with prostheses or while brushing teeth, and chewing
tobacco. In addition, infections with high-risk human papillo-
mavirus (HPV) genotypes and bacteria have also recently been
implicated in the etiopathogenesis of OSCC.

Since the carcinogenic potential of tobacco, alcohol, and viral
agents has been reviewed extensively elsewhere, we will not
describe it in a great detail here. We only note that, throughout the
world, there are more than 1.3 billion smokers.® The World Health
Organization has estimated that annually, tobacco causes about 6.4
million deaths and does economic damage of thousands of billions
of dollars in the world.” The strong connection between smoking
and the development of oral cancer has been firmly estab-
lished.1%11' A cigarette is usually made with a lot of ingredients,
which contain more than 60 toxic chemicals such as cancer-pro-
moting substances and carcinogens'? that can invade the various
systems of the body.!3 The most important carcinogens in tobacco
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are the certain flavor additives that are added by some tobacco
companies to make their products more attractive. Aromatic hydro-
carbon benz-pyrene and the tobacco-specificnitrosamines (TSNs),
specifically 4-(nitrosomethylamino)-1-(3-pyridyl)-1-butanone
(NNK) and N’-nitrosonornicotine (NNN) are the most common
additives. The studies in animals have demonstrated that NNK and
NNN in the tobacco products, that covalently bind with deoxyri-
bonucleic acid (DNA) of keratinocyte stem cells forming DNA
adducts that are responsible for critical mutations involved in the
DNA replication, cause tumors of the oral cavity . The metabolism
of these carcinogens involves oxygenation with P450 enzymes in
cytochromes and conjugation by glutathione-S-transferase
(GST).!* 1t is suspected that genetic polymorphisms in the genes
coding for these enzymes play a key role in genetic predisposition
to the tobacco-induced cancers of the head and neck.!> At the same
time, it has been reported that in the patients with head and neck
cancer, the ability to repair carcinogen-induced DNA damage is
reduced.!®

Alcohol

Beverages containing alcohol have been considered to be car-
cinogenic to humans specifically causing the tumors of the oral
cavity; however, alcohol by itself has not been proved to be car-
cinogenic in animal studies. Alcohol consumption has been linked
with the tobacco in increasing the risk of developing oral cancer.
There are very few studies that have been able to analyze the
patients who consume alcohol but are nonsmokers, and who smoke
but are nondrinkers.!” A study has demonstrated that alcohol can
be an independent risk factor for oral leukoplakia.'® However, in a
similar study which evaluated the oral epithelial dysplasia occur-
rence in alcohol consumers who were nonsmokers, has shown that
the role of alcohol in the development of oral epithelial dysplasia
was crucial only in the cases when considered in conjunction with
tobacco.!?

Considering the abovementioned, the role of alcohol as an
independent factor for the development of oral tumors is still
unclear, although, epidemiological evidence establishes a synergis-
tic role played by alcohol with tobacco. It is known that alcohol
increases the permeability of oral mucosa, altering the morphology
that is characterized by epithelial atrophy, which subsequently can
lead to easier penetration of carcinogens into the oral mucosa].'?

There are substances which have been seen in alcohol bever-
ages such as N-nitroso compounds, inorganic arsenic, mycotoxins,
urethane, and others that have been believed to be carcinogenic to
humans. The major metabolite of alcohol is acetaldehyde, the
transformation of which is mainly carried out by the alcohol dehy-
drogenase (ADH) enzyme. Afterwards, acetaldehyde is oxidized to
acetate by means of aldehyde dehydrogenase (ALDH).
Acetaldehyde causes DNA damage in cultured mammalian cells,
and then interferes with the DNA synthesis and repair. Also, it
induces sister chromatid exchanges and specific gene mutations,?’
inhibits the enzyme 6-methylguanitransferase that is responsible
for repairing injuries caused by alkylating agents. Additionally,
acetaldehyde initiates or promotes tumor formation, following
which it leads to the increase in acetaldehyde accumulation in the
body either due to increase in its production or due to decrease in
its elimination, which subsequently is considered to be maleficent.
Alternately, the reduction in ALDH enzyme can also lead to the
accumulation of acetaldehyde. Genetic polymorphisms have been
observed in these two enzymes (ADH and ALDH), which have
been related to the increased risk of alcohol-related cancers.?!

There are reports that alcohol drinking habits are associated
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with changes in the oral microbial community. The authors note
that, alcohol intake may impact the oral microbiota in several
ways: by direct cytotoxic effects on bacteria,?? by disturbing sali-
va-bacterium interactions,?3?* and by providing ethanol as a sub-
strate for bacterial metabolism.?3 Additionally, the connection
between excessive drinking and poor oral health was observed in a
population study.26

The authors tested the relationship of level and types of alco-
holic beverages with the oral microbiome in 1044 individuals from
two large US national cohorts.?” It was found that oral microbiome
was characterized by bacterial 16S rRNA gene sequencing. The
authors also argue that alcohol consumption is related to overall
oral microbiome community composition and to the abundance of
specific oral taxa. Heavy drinking may influence bacterial compo-
sition, including potential depletion of beneficial commensal bac-
teria and increased colonization of potentially pathogenic bacteria.
It is clear that, such changes potentially contribute to alcohol-relat-
ed diseases, including periodontal disease, head and neck cancer,
and digestive tract cancers. We agree with the majority of authors’
statements that improved understanding of the causes and health
impacts of oral dysbiosis can lead to microbiome-targeted
approaches for disease prevention.

The relationship between oral microbiota and
tumor development

The results of the studies that are based on genome sequencing
have begun to shed light on the presence of microbial patterns that
are site-specific, which might be considered as normal oral micro-
biota.2® However, dysbiosis, which is a term for the microbial
imbalance, has been broadly studied both in animal and human
models. It is characterized by the general loss of microbial diversi-
ty, loss of beneficial microbes and the expansion of pathogenic
microbes.??31 According to some authors, dysbiosis can eventually
lead to the development of cancer.32 The three most common
archetypes proposed to describe the pathogenetic processes involv-
ing microbiota in the development of cancer are: trigger of chronic
inflammation and immune responses that can promote carcinogen-
esis and tumor growth, alteration of metabolic activity which leads
to the increased production of toxic metabolites, and virus latency
abrogation that lead to malignancies.?

The number of studies demonstrating that the oral microbiota
plays an important role in the development of oral diseases is vast-
ly increasing.34-3¢ Furthermore, it has been suggested that poor oral
hygiene and periodontal diseases play a role in the development of
oral cancer,?® and recently, studies also indicated that oral micro-
biota may be involved in the development of distant organ tumors
as well.37

Although different pathogenic mechanisms have been pro-
posed, the reverse causality cannot be excluded and the direct evi-
dence is still not available. Specifically, as it was stated earlier, oral
microbiota could be involved in cancer development, but specific
tissue tropism for microbial translocation and molecular mecha-
nisms of microbiota-driven carcinogenesis at distal sites are yet to
be proven.’®

It should still be underlined that the evidences which are link-
ing oral microbiota with different tumors are promising. Furtherly,
meta-transcriptomic and metabolomic analyses are making a sig-
nificant contribution to the understanding of the relationship
between oral microbiota metabolism and human health.?

If the direct connection between the oral dysbiosis and risk of
tumor development is demonstrated, it could lead to new preven-
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tive strategies. Furthermore, the link between oral microbiota and
cancer could contribute to the search for new therapeutic anti-
cancer strategies, such as the use of pre- and pro-biotics.?*

Viruses and oral cancer

Approximately 20% of all malignant neoplasms of human are
associated with viral or bacterial infections.*® At the beginning of
the 20™ century, Peyton Rous established that viruses can cause
cancer. He demonstrated that chicken sarcomas could be transmit-
ted by a virus which we call rous sarcoma virus.*! Today, however,
it is recognized that Epstein-Barr virus (hepatitis B virus, hepatitis
C virus, human papilloma virus, human T-cell lymphotropic virus
and Kaposi’s associated sarcoma virus contribute to 10-15% of the
cancers worldwide.*?> The HPV is well known as an oncogenic
agent in the pathogenesis of cervical cancer.*? In recent years, the
role of viruses in the development of oral cancer has been support-
ed by many studies.***’ Considering the association with the
OSCC and oral premalignant lesions, certain types of HPV (types
16, 18, 31, 33, 35, and 39) are known to have high oncogenic
potential *49A large number of studies describe how HPVs induce
and maintain the malignant phenotype. The major evidence sup-
porting the role of HPV in the development of cancer is that their
genes and gene products are capable of disturbing the cell cycle
process. HPV encodes two major oncoproteins, specifically E6 and
E7 proteins. The E6 and E7 proteins have mechanisms for down
regulating expression of histocompatibility genes and having
effects both on innate and adaptive immunity. The increased evi-
dence of HPV-related oral cavity cancer in man is demonstrated in
many studies.

At the same time, it has been demonstrated that the HPV was
present in normal oral mucosa, which in turn suggests that the role
of HPV in oral carcinogenesis might be speculative.’® There are
reports of a study of sixty histopathologically confirmed OSCC
samples, tested by polymerase chain reaction for HPV. Studies
have shown that none of the samples were HPV positive.’! Other
authors used ultra-high-throughput sequencing of the cancer tran-
scriptome to assess whether papilloma virus transcripts are present
in cutaneous SCCs. These data demonstrated that papillomavirus
mRNA expression is not a factor in the maintenance of cutaneous
SCCs.*?

Bacteria and oral cancer

More than 700 kinds of bacteria exist in the normal oral cavity,
among which red complex (a group of bacteria: Porphyromonas
gingivalis, Tannerella forsythia and Treponema denticola) is the
most important for periodontal disease.>

These three bacteria are Gram-negative anaerobic bacteria and
usually located in the periodontal pockets. They can express viru-
lence factors to interfere in the defense system, and invade and
destroy periodontal tissue and host immune function.>*

Our particular interest was aroused by the authors’ work con-
cerning comparative assessment of the microbiota compositions
between tumor sites and opposite normal tissues in buccal mucosal
of 50 patients with OSCC using the 16S rDNA sequencing.!® It is
noted that, richness and diversity of bacteria were significantly
higher in tumor sites than in the control tissues. Cancer tissues
were enriched in six families (Prevotellaceae, Fusobacteriaceae,
Flavobacteriaceae, Lachnospiraceae, Peptostreptococcaceae, and
Campylobacteraceae) and 13 genera, including Fusobacterium,
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Alloprevotella and Porphyromonas. At the species level, the abun-
dances of Fusobacterium nucleatum, Prevotella intermedia,
Aggregatibacter  segnis, Capnocytophaga  leadbetteri,
Peptostreptococcus stomatis, and another five species were signif-
icantly increased, suggesting a potential association between these
bacteria and OSCC. Here, the authors report that genes involved in
bacterial chemotaxis, flagellar assembly and lipopolysaccharide
(LPS) biosynthesis which are associated with various pathological
processes, were significantly increased in the OSCC group.
Overall, oral bacterial profiles showed significant difference
between cancer sites and normal tissue of OSCC patients, which
might be considered diagnostic markers and treatment targets. In
recent years, there have been reports that, that P. gingivalis were
found in the brain of patients suffering from Alzheimer’s disease,
Parkinson’s disease.’>-5’Additionally, they were found in joints
affected by arthritis,’®% in myocardium during the myocardial
infarction,%%-6! atherosclerotic plaques®23 and others.

There is a suggestion that, if P. gingivalis gains access to
peripheral blood, then it can colonize any part of the body or organ
and cause pathological processes in it. There is an assumption that,
after entering the brain, P, gingivalis may spread slowly over many
years from neuron to neuron along anatomically connected path-
ways,% and can contribute to intracerebral inflammation, and com-
promise vascular and microvascular integrity.®> Some authors sug-
gest that infectious factors such as viruses or bacteria can lead to
cytokine dysregulation and brain cell injury.®® The DNA of P. gin-
givalis have been detected in the synovial fluid of patients with
rheumatoid arthritis.®”-%% P. gingivalis were also found in patients
with endocarditis, and in heart specimens of cardiovascular
patients.

The authors’(20) bibliographic research was carried out select-
ing articles published until 2020, on PubMed, Web of Science, and
Scopus databases, with the following keywords: P. gingivalis, oral
cancer, oral squamous cell carcinoma, and periodontal pathogen.
Seventeen articles, 14 in vitro and three in animal models were
selected. Models mimicking OSCC were OSCC pre-established
cell lines (11 studies), OSCC/healthy human biopsies (three stud-
ies), and animals with OSCC (three studies). P. gingivalis strains
used to cause infection in those studies were ATCC 33277, 381,
and W83. According to authors, P. gingivalis could play an impor-
tant role in OSCC development and could be involved in three dif-
ferent stages: epithelial-mesenchymal transition of malignant cells,
neoplastic proliferation, and tumor invasion.”®

A breakthrough in the study of cancer in recent years has been
the discovery of the relationship between the presence of certain
types of bacteria and the development of cancer in the human
body. The major evidence supporting the role of bacteria in the
development of cancer is Helicobacter pylori, which is closely
related to the development of gastric cancer, gastric mucosa-asso-
ciated lymphoid tissue lymphoma, and other cancers.

It has been reported that, Fusobacteria living in the oral cavity
can trigger the development of colon cancer. Fusobacteria do not
settle on healthy tissues, but on colorectal tumors. After settling,
they begin to actively multiply, following which the disease con-
tinues to progress.”!

It is known that, Streptococcus gordonii, Streptococcus sangui-
nis and Streptococcus oligofermentans cause infective endocardi-
tis’? and Streptococcus mutans is involved in the development of
caries.” It is suspected that Streptococcus gallolyticus causes col-
orectal cancer.’*75 Interestingly, Streptococcus mitis were suggest-
ed as diagnostic marker which were able to predict 80% of oral
cancer cases.”®

Recently, there has been an increased interest in the possible
role of oral microbiota in the development of OSCC. Numerous
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bacterial species and their metabolic by-products may induce per-
manent genetic alterations in epithelial cells, which can lead to
development of oral carcinogenesis.

In gingival carcinoma tissues P. gingivalis was reported to be
more than 33% higher than that in normal gingival.”” Interestingly,
in malignant tissues, P. gingivalis gathered around cell nuclei with
obvious heterogeneity. However, it was undefined whether P. gin-
givalis indeed played a stimulating role in the early stages of
OSCC or only invaded into the transformed malignant cells.”® In
addition, in gingival epithelial cells, infection by P. gingivalis in
the early stage can regulate the production of reactive oxygen
species the key factors inducing DNA damage and genomic insta-
bility within an inflammatory microenvironment.”®-80

In our continuing search for the oral bacteria causing OSCC,
we came across the very interesting bacteria from our point of view
Pseudomonas aeruginosa which presented a common encapsulat-
ed, Gram-negative, rod-shaped bacterium.

We hypothesized that, due to its metabolite properties, P.
aeruginosa may play important role in carcinogenesis of OSCC.
One possible mechanism is Pseudomonas ability to synthesize NO.

In recent years, a great interest related to NO induced carcino-
genesis has appeared. NO is a known bio product in almost all
types of organisms, ranging from bacteria to plants, fungi, and ani-
mal cells.8! From the initiation to the progression of carcinogene-
sis, NO seems to play a role throughout various stages. It has been
suggested that NO modulates different cancer-related appearances
such as apoptosis, cell cycle, angiogenesis, invasion, and metasta-
sis. The expression of NOs has been observed in various human
cancers.®? It is known, that the release of NO can play an important
role in angiogenesis.$2-8* Understanding the role of nitric oxide in
the tumor biology could help reduce the controversy and confusion
that is observed in various publications.

Salivary NO concentrations are increased in patients with
OSCC.% 1t was found that the increased salivary nitric oxide in
pre-cancer patients is associated with the progression of diseases.?¢
In the oral cavity of a human, the nitrate that is secreted as a sali-
vary component is reduced by certain bacteria to nitrite and NO.87

There are reports that many bacterial species have nitrate and
nitrite reductases, but some have been especially implicated in the
reduction of nitrate to nitrite including Streptococcus salivarius, S.
mitis, S. bovis, Veionella spp., Staphyloccocus aureus and S. epi-
dermidis, Nocordia spp., Corynebacterium sp..38-%0

The authors report that, many of these bacteria have additional
reductases that enable denitrification of nitrate all the way to nitro-
gen gas (N2) via formation of NO and N20.%! Denitrification
process has been found in dental plaques and, as suggested by the
authors may relate to the pathophysiology of periodontitis and
caries.”?

The P. aeruginosa deserves our attention since P. aeruginosa
can catalyze the reduction of nitrite to NO by cdl nitrite
reductase.?> We think that P. aeruginosa increases the concentra-
tion of NO by converting salivary nitrite to NO, and this is how it
contributes to NO-related carcinogenesis.

Conclusions

Despite the steady, annual increase in the number of patients
with OSCC, it has not received adequate attention neither from the
medical nor from dental professionals. The visual examination of
the oral cavity is the most common method used to detect squa-
mous cell carcinoma. However, the problem of early diagnosis of
squamous cell carcinoma is that the doctors of rather narrow spe-
cialties, for example, dentists, focus their attention on more com-

[page 132]

[Oncology Reviews 2020; 14:476]

Ppress

mon diseases of the oral cavity such as caries and periodontal
infections. The lack of sufficient oncological alertness among
these specialists, as well as the poor awareness of the population
itself, often leads to the development of advanced stages of the dis-
ease. Moreover, small lesions are often asymptomatic or may pres-
ent with vague symptoms.

Screening test for oral squamous cell carcinoma based on
determination of salivary nitric oxide levels could be appealing
and may prove to be useful assay for diagnosis and early detection
of disease progression in oral cancer.
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