Role of Oral Microbiome on Oral Cancer
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Oral cancer (OC) is the most common neoplasm in the head and neck region. OCs are defined as cancers of the tongue,
the floor of the oral cavity, the lining of the cheeks, the roof of the oral cavity, the gums, and the lips but do not include
laryngeal and pharyngeal cancers. The majority of OCs comprise oral squamous cell carcinomas (OSCCs). The oral
microbiome hosts more than 750 common oral species. A healthy microbiome usually consists of Streptococci,
Staphylococci, Neisseria species, and about 50 other aerobes. The consensus is that a normal mouth microbiome
consists mainly of aerobes, while the percentage of anaerobes increases with OC (and other pathological oral conditions).
The connection that exists between microbes and carcinoma is complex and influenced by a number of factors, such as
the vulnerability and genetic makeup of the host, as well as environmental conditions, including the host’s dietary regime,
oral hygiene, and tobacco and alcohol use.
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| 1. Oral Cavity Histology

The structure of the mucous membrane of the oral cavity comprises two strata: (a) the keratinised or non-keratinised
stratified squamous epithelium and (b) the lamina propria of the mucosa. The stratified keratinised squamous epithelium
covers the lamina propria in areas exposed to mechanical stimuli related to chewing (the gums, hard palate, and the back
of the tongue) and consists of four layers (basal, spinous, granular, and keratinising). The non-keratinised stratified
squamous epithelium covers the inner surfaces of the lips, cheeks, and sublingual area and consists of three layers
(basal, spinous, and superficial). The lamina propria of the mucosa is made of fibrous connective tissue and contains
small salivary glands (labial, buccal, palatal, and lingual). The proper mucosa contains clusters of lymphoid tissue (tonsils
and loose lymphocytes), which protect against harmful factors from air and food [,

| 2. Oral Cancer Risk Factors

Drinking alcohol, smoking tobacco, and infection with the human papillomavirus (HPV) (there are about 14 high-risk types
of HPV, including HPVs 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68; two of these, HPV 16 and HPV 18, are
responsible for most HPV-related cancers, and HPV 16 in particular is responsible for oropharyngeal carcinoma) are most
commonly recognised as the most critical risk factors for oral cancer (OC) ZIEIABIEIABINIONINZ Al the above-

mentioned factors are controllable: it is a matter of lifestyle choice in the case of the first two and being vaccinated in the
case of the latter. It should be noted that the meta-analysis by Arif et al. implied a negative synergy between HPV infection
and smoking tobacco as well as HPV infection and high alcohol consumption, increasing the risk of primary OC
development in a tiered and cumulative effect analysis 18, Other risk indicators include Epstein—Barr virus (EBV, for
nasopharyngeal carcinoma) 248 Candida albicans B84, a diet low in vitamin A and carotenoids, inadequate dental
hygiene, including the regularity of tooth brushing, and chronic mouth trauma 28!,

Another possible risk factor is the use of mouthwash 22, Research studies examining this last correlation have conflicting
outcomes, with some confirming and others disputing it. Carr and Aslam-Pervez noted that there is currently insufficient

proof to reach any conclusive answers about the link between the use of an alcohol-containing mouthwash and the risk of
ocC 20,

However, among the many possible risks of HNC, alcohol and tobacco are the factors with the strongest associations [24]
221 Mello et al. state in a systematic review and meta-analysis that alcohol consumption and smoking tobacco are the
primary risk factors for developing OC, with substantial synergistic effects (23, This fact is not new and has been known for
many years.

The earliest evidence of alcoholic fermentation comes from 7000 BC [24. As a matter of fact, over 60 various diseases
and conditions have been causally associated with alcohol consumption 23, In 2016, the World Health Organisation



(WHO) evaluated that alcohol consumption was responsible for 3 million deaths worldwide 281, It is worth noting that
alcohol use exerts pleiotropic effects on human health which are highly dependent on the dose. Alcohol abuse can
seriously affect mental [24[281129] or physical health BABLE2]

Even though alcohol is a notorious carcinogen, it remains underestimated by the population at large B2l French
pathologist Lamu published the first report on this relationship in Paris in 1910. It concerned a significant correlation
between heavy drinking (absinthe—an anise-flavoured spirit derived from several plants, comprising 45—-74% alcohol, also
known as “The Green Fairy”), smoking, and oesophageal cancer 4. Numerous longitudinal and case—control studies
provide ample evidence linking such cancers to alcohol use (2,

Overall, regardless of the variety of beverages, ethanol intake accounts for an estimated 5% of total cancers,
predominantly of the liver 8, upper respiratory tract, gastrointestinal tract, pancreas, breast, and lung HE4, Jayasekara
et al. reported that their findings support dose-dependent associations linking chronic alcohol use with cancers such as
breast, upper respiratory tract, digestive tract, and colorectal carcinoma 8. Until now, many epidemiological studies,
including several meta-analyses [B21[401[41142](43] strongly support the connection between alcohol use and the possibility of
OC, yet it should be mentioned that certain studies have not found a significant link between alcohol and the incidence of
oral tumours “4: however, such studies are rare.

Ceasing the use of alcohol reduces the risk of HNC every year. After 20 years of abstinence, the risk becomes
comparable to the risk of non-drinkers. The results showed that in upper aerodigestive tract (UADT) cancer survivors,
drinking was linked to an over twofold increased risk of second UADT cancers versus not drinking 21,

Though alcohol use is a significant risk factor for head and neck cancer, only a few drinkers eventually develop HNC,
which indicates that other conditions may influence the development of HNC €. Even though an association appears to
exist between long-term alcohol consumption and the progression of OC, people have not yet entirely understood the
exact role of alcohol in the pathogenesis of the disease. Not all OC sufferers use alcohol, and not all alcohol users
develop OC 44,

| 3. Mechanism of Alcohol Toxicity

The ethanol molecule itself has not been proven to be genotoxic, mutagenic, or carcinogenic 8. However, ethanol is
metabolised into acetaldehyde (ACH) via alcohol dehydrogenase (ADH, EC 1.1.1.1); in turn, this is metabolised into the
non-harmful molecule acetate via acetaldehyde dehydrogenase (ALDH, EC 1.2.1.10) which, after conversion into acetyl
coenzyme A (Acetyl-CoA), enters a tricarboxylic acid cycle (the Krebs cycle or the TCA cycle). ACH causes DNA
mutations and is accepted to have a major impact on carcinogenesis 484901 ACH fulfils four of the ten essential
properties generally displayed by recognised human carcinogens—ACH is electrophilic and harmful to genetic material,
interferes with DNA repair, and causes oxidative stress 22, ACH's in vitro and in vivo genotoxicity is generally known 48,
and it has also been shown in other species (231,

Hence, the IARC has classified ACH from alcohol consumption as belonging to Group 1 carcinogens (“carcinogenic to
humans”) 481455, The conclusions of the IARC refer to the ACH metabolically generated from ethanol and the “free”
ACH found in alcoholic drinks 81, ACH is also the most common carcinogen in cigarette smoke, which solubilises in saliva
during smoking 24,

Although alcohol metabolism predominantly occurs in the liver, the oral tissue layer and kidneys can also metabolise
ethanol 28], Cytoplasmic and mitochondrial ALDH break down ACH so efficiently that neither peripheral nor liver venous
blood contain measurable ACH amounts after a dose of alcohol in persons with regular ALDH activity, and the amount of
ACH is only slightly elevated (<10 mM) in those with ALDH deficiency BBABL |nversely, ACH concentrations were found
in saliva after the consumption of alcohol at concentrations greater than what is needed to induce a mutagenic effect.

Typically, measurable amounts of ACH are not found in human saliva 2. However, ethanol consumption (or tobacco
smoking) causes an accumulation of ACH in the saliva which is dependent on the concentration, in seconds, that persists
from 10 to 15 min following every sip of an alcoholic drink. Both ADH and ALDH dehydrogenases are expressed in the
oral mucosa; however, ALDH is less active than ADH. Therefore, transformation into the relatively non-harmful acetate
molecule is minimal in the oral cavity. This may lead to the build-up of mutagenic concentrations of ACH in saliva
(compared to blood, its levels are 10 to 100 times higher) 364 The |ocally generated ACH is mainly produced by
microbes representing the normal gastrointestinal flora E266],



It must be added that during the treatment of patients with regular ALDH expression with 4-methylpyrazole (4-MP), an
inhibitor of human ADH, no substantial alterations in ACH levels were observed in the saliva or blood. This proves that in
people with normal ALDH and ADH activities, the generation of ACH in the saliva is mainly of microbial provenance B27],
Approximately 10- to 20-fold larger concentrations of 4-MP are required to achieve an inhibition of microbial ACH
production of 40 to 50% in vitro than for an identical inhibition of ethanol elimination in humans &2,

Yokoyama et al. intensively investigated a widespread ALDH gene polymorphism with a dormant mutated enzyme €81,
Inactive ALDH polymorphisms and reduced ACH clearance are strongly associated with the risk of cancer
(oropharyngolaryngeal, esophageal, stomach, colon, and lung but not liver or other cancers). A single-point mutation of
the ALDH2 gene lowers the activity of the main enzyme that metabolises ACH (ALDH2). Consequently, people with an
ALDH2 deficiency after alcohol consumption are exposed to 2- to 3-fold concentrations of ACH in their saliva and 5- to 6-
fold concentrations in their gastric juice compared to people who have an active ALDH2 enzyme [BLE4I69[70] | parallel
with an increased local exposure to ADH, the risks of oral, pharyngeal, oesophageal, and stomach cancers among alcohol
users with an ALDH2 deficiency are many times higher than in individuals with a functioning ALDH2 enzyme. The current
epidemiological and biochemical evidence for people with an ALDH2 deficiency presents a rare and measurable model of
the risk ACH presents to humans because it is not corrupted by interfering factors that hinder the majority of
epidemiological research on cancer attributable to alcohol (ethanol particles are not carcinogens; ACH linked with alcohol
drinking is carcinogenic (Group 1); salivary ACH levels are zero in the absence of ethanol or tobacco; the oral tissue layer
is devoid of ALDH enzymes; the low or lack of ability of the oral microflora to eliminate ACH; the lack of disparity between
ALDH2-deficient and ALDH2-positive persons when comparing the ability of the mouth microbiota to generate ACH from
ethanol as well as the ability of the mouth microbiota to eliminate ACH) ). After drinking alcohol, local ACH exposure
occurs immediately due to ACH’s immediate and mainly microbial formation E3IIZ4. prolonged exposure represents ACH
created from ethanol, which re-diffuses from the blood into the saliva within 30 min of the last sip of alcohol. Since the
microbes of the mouth have a limited ability to eliminate ACH, as mentioned above, and as they cannot eliminate ACH
microbially formed from ethanol, there are no indications of differences between ALDH2-deficient and ALDH2-positive
persons. Thus, drinking causes the accumulation of mutagenic concentrations of ACH in the saliva of both ALDH2-positive
and ALDH2-deficient persons insofar as alcohol remains in the human body 72,

| 4. The Role of the Microbiome

The connection that exists between microbes and carcinoma is complex and influenced by a number of factors, such as
the vulnerability and genetic makeup of the host, as well as environmental conditions, including the host's dietary regime,
oral hygiene, and tobacco and alcohol use [Z2ll74]. Dysbiosis is usually given as a reason for oral carcinogenesis, as it
promotes inflammation on one hand and ACH production on the other.

Changes in the microbiome’s composition can modify the microenvironment of the oral cavity, resulting in inflammation
and malignancies 3. The tumour microenvironment is strongly affected by cells connected to inflammation, which is an
essential factor in carcinogenesis 42, Many studies show that poor oral health fuels a persistent macrobiotic imbalance
and is linked to dysplasia and the formation of cancer in the upper gastrointestinal passageway 8. In contrast, the
relationship of the oral microbiota with HNC was examined in a 4-year study by Hayes et al., and the study did not show a
substantial risk related to particular types of bacteria or the makeup of the oral microbiome in subjects with this type of
cancer 1,

Salaspuro reported that due to their ADH activity, a number of microbes that make up the normal oral microbiota can
oxidise ethanol to ACH 8, peak salivary ACH levels following alcohol consumption may differ significantly among
individual subjects, ranging from 18 to 260 pM 2. The differences are caused by changes in the microbial composition of
the oral cavity as well as the salivary ethanol concentration after alcohol consumption. In the oral cavity, the interindividual
diversity of the microbial flora occurs primarily at the species or strain levels (489 Homann et al. reported that salivary
ACH formation from ethanol under in vitro conditions could be twice as high in those with poor oral health than in
individuals with sound oral hygiene €3, Rinsing the mouth with an antimicrobial rinse before consuming alcohol has been
shown to reduce the number of microorganisms in the saliva and ACH rates by approximately 50%, proving the prominent
role of the mouth’s bacterial microbiota in this process 811,

Counts of bacteria and yeast may seem important, but to evaluate the individual risk of the presence of ACH in the oral
cavity it is crucial to determine the makeup of the mouth microbiome. Therefore, when examining the microbial structure
of the oral cavity, in addition to checking the number of bacteria, it is vital to study the microbial species to determine
whether they are known producers of ACH.



It should be mentioned that not only does poor or good oral hygiene influence the composition of the microbiome but
alcohol consumption is also known to modify it [62I74182183] Regarding the effect of alcohol use on the population of oral
cavity microbiota, a major study of Americans found that the microbial composition is altered, especially in heavy drinkers
(84 Notably, the number of Lactobacillus bacteria, which appear to be linked to anti-inflammatory and antioxidant
properties, has dropped considerably. Smoking is also known to change the microbiome makeup and may increase the
incidence of fungal infections caused by yeasts such as Candida albicans (C. albicans). Homann et al. reported that the

microbiome of cigarette smokers has a greater vital capacity to generate acetaldehyde from alcohol both in vitro and in
vivo €8],

Of the bacterial species that usually inhabit the oral cavity, the species Neisseria mucosa (Gram-negative aerobic
bacteria, generally associated with good oral health) has an exceptionally elevated ADH activity and generates substantial
levels of ACH when cultured in the presence of ethanol in vitro 22, Muto and co-workers reported that Neisseria’s ability to
produce ACH was more than 100 times more remarkable than other species tested 82, Topical ACH generation by
Neisseria mucosa in the mouth has been linked to the development of cancer. That said, a recent article noted an inverse
correspondence between high levels of Neisseria and the ability of the mouth microflora to create ACH (881,

Streptococci (Gram-positive aerobic bacteria) present in the healthy oral microbiota (for example, S. salivarius, S.
gordonii, S. intermedius, and S. mitis) also exhibit a considerable enzymatic activity of ADH. Among 16 Streptococcus
strains studied by Kurkivuori et al., S. salivarius, S. intermedius, and S. mitis showed significant ADH activity. Moritani et
al. evaluated the production of ACH in vitro by 41 bacterial species from 16 genera chosen for their dominance and
presence in the saliva of 166 healthy individuals. Among the examined species, all Neisseria, Rothia mucilaginosa,
Streptococcus mitis, and Prevotella histicola were capable of generating ACH from alcohol in amounts over 50 pM [Z41E7],

The role of the yeasts inhabiting the oral cavity in ACH creation was first investigated in 1999. Of the yeasts capable of
metabolising ethanol to ACH, positive evidence only exists for Candida species. Notably, both C. albicans and non-C.
albicans (for example, Candida glabrata and Candida tropicalis) generate mutagenic quantities of ACH from alcohol (>100
uM) which can further contribute to epithelial dysplasia and oral cancer [22[741[88l189] yeast colonisation increased for the

group with elevated salivary ACH production (78%) in comparison to the group with low (47%) salivary ACH production
120

Long-term Candida infections are associated with mouth and oesophageal carcinogenesis in susceptible subjects 24,
Alnuaimi and colleagues examined the capacity of Candida isolates from people living with oral cancer and healthy
individuals to generate ACH. The findings showed that Candida isolates generating larger quantities of ACH were more
common in people with oral cancer than in healthy participants, additionally supporting the importance of Candida in
ethanol-induced oral carcinogenesis, as well as the significance of identifying strains of microbiota for the assessment of
oral ACH exposure 221193,
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