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ABSTRACT  

Squamous cell carcinoma is the most common epithelial neoplasm of the head and neck, and it is estimated 

to represent over 90% of oral neoplasms.  Despite therapeutic advances, morbidity and mortality from oral 

squamous cell carcinoma have not improved significantly in the last 30 years, mainly due to the detection of 

cases in advanced stages. While tobacco and alcohol use are major risk factors for oral cancer, other known 

causes are:   genetic mutations, dietary deficiencies, prolonged exposure to UV radiation, immunosuppressive 

conditions, oral or systemic infections. Poor oral hygiene, gingival or periodontal chronic inflammatory 

conditions, as well as chronic oral erosive lesions favor the appearance of oral infections. Bacterial colonization 

and adjacent pro-inflammatory status induce the initiation and progression of oncogenic processes by 

stimulating cell proliferation, angiogenesis, and mutagenic processes. Studies investigating the salivary 

microbiome, performed on people with precancerous or neoplastic lesions, have shown a decrease in microbial 

diversity and abundance, especially of the species Firmicutes and Actinobacteria together with the increase in 

the representation of Lactobacillus. Two theories are formulated to clarify the relationship between the salivary 

microbiome and   oral   squamous   cell   carcinoma.   The   first   discusses   bacterial colonization as a   direct 

pathogenic cause of carcinoma, the second describes microbiome abnormalities after tumor onset.   In   both   

concepts, metagenomic   and   transcriptomic   changes   occur   in   the   salivary microbiome   and   influence   

oral   cellularity   and   the   immune   response.   In addition, a combination of both theories is very likely to 

occur during the progression of oral carcinoma. The   analysis   of   the salivary   microbiome   as   a   biomarker   

for   the   detection   of potentially malignant oral lesions and early oral carcinoma is an innovative and non-

invasive method that offers promising prospects. To standardize it, there are numerous molecular and genomic 

biology studies in progress, extensive studies, including new therapeutic approaches to oral carcinoma by 

correcting salivary microbiome dysfunctions. 
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INTRODUCTION 

The neoplasms of the oral cavity are a 

heterogeneous group of tumors that may 

affect the oral cavity, hypopharynx, 

oropharynx, nasopharynx or larynx. They 

are characterized by notable 

epidemiological, etiological and therapeutic 

differences. According to the International 

Global Cancer Report, head and neck tumors 

rank 6th in the world in frequency among all 

neoplasms and 3rd in certain regions such as 

Central and South Asia [1, 2]. 

 Global reports indicate oral squamous 

cell carcinoma (OSCC) as the most common 
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histological form, as well as the most 

frequent, accounting for over 90% of all oral 

neoplasms. More than 300,000 new cases 

are registered worldwide each year, and the 

trend is steadily growing. 

The incidence rate varies by geographical 

area. Thus, OSCC is more common in 

developing countries compared to developed 

countries. However, with changes in 

lifestyle, we are recently witnessing a 

change in this scenario through an increase 

in OSCC cases reported in developed 

countries. The highest incidence rates are in 

South Asian countries, such as Sri Lanka, 

Pakistan, India and Bangladesh, which 

account for about 25% of all newly reported 

OSCC cases [3-5]. 

Despite notable therapeutic advances, 

OSCC is characterized by high mortality and 

significant aesthetic/functional mutilating 

effects. This is mainly due to late diagnosis 

(50% of cases in stages III / IV) and the 

absence of strategies for prevention and 

counseling of the general population, 

especially in areas with poor socio-economic 

status. Currently, OSCC is a major public 

health issue with significant health, psycho-

social and financial implications. 

Epidemiological data underlie the 

emergence of hypotheses and correlations 

regarding the probable etiology of OSCC. 

This neoplasm occurs mainly in males after 

the 5th decade of life. The incidence is 

related to age, which may reflect the 

appearance of genetic changes over time, 

often through repeated exposure to certain 

factors that trigger and maintain a number of 

genetic and cellular abnormalities [5, 6]. 

Tobacco use is the main risk factor 

involved in the occurrence of OSCC, with 

approximately 80% of patients diagnosed 

with oral cancer being smokers. The most 

important carcinogens associated with 

tobacco use are aromatic hydrocarbons and 

nitrosamines. In Asia and India, chewing 

betel is more common than smoking classic 

cigarettes. The betel contains vine leaves, 

areca nuts and tobacco. Notable statistical 

and epidemiological evidence shows the 

definite involvement of tobacco and betel in 

the development of oral dysplastic lesions 

and their evolution to oral squamous cell 

carcinoma [7-9]. 

Alcohol is considered an independent risk 

factor for the onset of OSCC, but the 

combination of tobacco and alcohol has a 

formidable synergistic pro-carcinogenic 

effect that increases the risk of OSCC by 8-

10 times. Acetaldehyde, a metabolite of 

ethanol, has the highest carcinogenicity, its 

toxicity and mutagenicity being 

demonstrated in human models and in 

various cell cultures. Significant side effects 

of alcohol abuse in the oral cavity depend on 

the assortment of the beverage, its 

concentration in alcohol, the frequency and 

amount ingested [10-12].  

Other factors involved in the etiology of 

OSCC are genetic predisposition, dietary 

deficiencies (vitamin A, E, beta-carotene, 

selenium, potassium deficiency), prolonged 

exposure to UV radiation (lip carcinoma), 

immunosuppressive conditions (HIV, 

haematological malignancies, 

transplantation), oral or systemic infections; 

viral (EBV, HSV I, HPV); fungal (Candida 

sp.); bacterial (tertiary syphilis), poor socio-

economic status, dental factors (poor oral 

hygiene, caries, imperfect dental occlusion) 

[13]. 

Poor oral hygiene, several chronic 

inflammatory conditions of the gums and of 

the periodontium, oral erosive lesions favor 

the appearance of oral infections. Bacterial 

colonization is one of the major causes of 

chronic inflammation that facilitates 

increased cell proliferation, mutagenesis, 

activation of oncogenic proteins, 

angiogenesis, processes that promote the 

development of oral carcinoma [14, 15].  

Based on these data, the aim of our paper 

was to find out how the oral microflora 
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changes with the occurrence of OSCC, the 

potential relationship between the salivary 

microbiome and neoplasia and whether the 

alterations of the oral microbiome can be 

considered a biomarker of OSCC in early 

stages. 

RESEARCH METHODS 

A literature search was conducted, using 

electronic databases Key Elsevier, 

Medscape, PubMed, Google Scholar, for the 

term ‘salivary microbiome’, ‘oral 

microbiome’ in combination with ‘oral 

squamous cell carcinoma’, ‘oral 

premalignant lesions’ and ‘oral 

inflammation’ to collect reports on the 

detection methods and composition of 

normal salivary microbiome, its role in oral 

health, as well as the link between dysbiosis 

and oral cancer. Case reports, case series, 

and literature review-type articles were 

included in our research. A brief review was 

created, based on 61 articles identified in the 

literature. 

SALIVARY MICROBIOME - 

GENERAL CHARACTERISTICS AND 

BENEFICIAL EFFECTS OF THE 

RESIDENT ORAL FLORA  

The oral cavity is home to one of the 

most complex, dynamic and diverse 

microbial collections in the human body. 

This collection, called the "salivary 

microbiome", mainly includes bacteria, 

viruses, fungi, protozoa and archaebacteria 

(Archaea). More than 700 bacterial species 

coexist in the oral cavity and nasopharynx, 

creating an ideal environment for the 

development of the microbiome. The 

population of the salivary microbiome varies 

depending on the salivary parameters and 

the different habitats of the oral cavity: the 

oral mucosa, the supragingival and 

subgingival plaque, the periodontal pockets, 

the surface of the teeth and the tongue. The 

temperature of 37 ° C in the oral cavity and 

the salivary pH between 6.5-7.5 is a stable 

habitat for these bacterial species. In 

addition, saliva provides nutrients to the 

microbiome and maintains optimal 

hydration. Oral bacterial species do not live 

in isolation, but in complex communities 

called biofilms, characterized by multiple 

growth dependencies, synergies and 

antagonisms, which provide them with 

protection against changes in the external 

environment [16-18]. 

Commensal bacteria in the oral cavity 

contribute to maintaining the balance of the 

immune system, and play a role in the 

development of defensive immune 

processes. Dentritic cells in the oral mucosa, 

anti-inflammatory cytokines such as IL-10, 

prostaglandin E2 stimulate the synthesis of 

T-regulatory lymphocytes that create a 

stable environment for oral health and for 

the metabolism of the local microbiome. 

Moreover, the coherent physiological link 

between the microbiome and the elements of 

the immune system is an essential protective 

barrier against neoplastic cells. The 

appearance of oral dysbiosis by changing 

environmental conditions induces an 

imbalance that promotes the activity of 

pathogenic bacteria and the onset of various 

oral morbid conditions [19-21]. 

Much of the salivary microbiome or 

"basic" microbiome is comparable between 

individuals. However, each person has 

individual characteristics (age, habits, oral 

health, immune status) that can change the 

composition of the microbiome over time. 

For example, Bacteroidae species, mainly 

Prevotella and Veillonella, grow in 

abundance with age, while others, such as 

Granulicatella, decline. Before dental 

eruption, species such as Streptococcus 

salivarius predominate, while the post-dental 

eruption period is characterized by a much 

more diversified microbiome with new 

commensal species, especially anaerobes, 

located mainly at the gingival level [19, 20]. 

Iatrogenic changes in the environment, such 

as dental restorations, the set up of 
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orthodontic devices, implants or dentures, 

can cause changes in the composition and 

metabolism of the microbiome. 

Staphylococcal species have been shown to 

have a high affinity for the titanium surface 

of implants, while in individuals with 

orthodontic devices a high number of 

Streptococcus mutans and Lactobacillus 

have been identified. Another study 

identified the subspecies of Fusobacterium 

nucleatum animalis exclusively on the 

surface of the denture in patients with 

denture stomatitis. 

METHODS OF INVESTIGATING THE 

SALIVARY MICROBIOME 

The salivary microbiome serves as a 

model for the biology of the general biofilm 

as it is the most intensively studied, 

considering the accessibility and ease of 

sampling. Current concepts of microbiome-

related oral disease are largely based on 

knowledge gained from fragments of 

bacterial communities, using methods that 

allow those bacteria to survive in a sample 

during transport, to grow easily and rapidly 

in the laboratory, and are susceptible to 

genetic changes [22-24].  

The classical method of isolation, 

cultivation, identification and classification 

allowed the description of about 50% of the 

species that colonize the oral cavity. In 

contrast, bacteria known by their molecular 

signatures may be responsible for several 

oral and systemic diseases, so one of the 

major challenges facing oral microbiology is 

the identification and characterization of 

bacterial species that are non-detectable by 

commonly used cultures [25, 26] 

Advances in the knowledge of ecology 

and oral microbial dynamics have allowed 

the development of new culture techniques. 

Cultivation of many species of oral bacteria 

includes distinct conditions, such as 

anaerobic (oxygen-free) environment, 

incubation at a variety of temperatures, 

chemically defined media containing 

specific amounts of nutrients, cytokine 

networks, and microbial co-colonizers. 

Moreover, modern molecular techniques 

have allowed a more in-depth investigation 

of mixed bacterial communities. Molecular 

analysis based on nucleic acids is used to 

detect and identify individual or multiple 

bacteria, bacterial community diversity, and 

bacterial fingerprint, independent from 

bacterial cultures [27-29]. 

The molecular techniques commonly 

used in oral microbiology are largely based 

on DNA and can be fundamentally divided 

into three broad categories, namely: DNA 

hybridization, PCR, and DNA sequencing. 

The more advanced broadband approaches 

currently available incorporate combinations 

of the three categories [30, 31]. 

SALIVARY MICROBIOME - 

PATHOLOGICAL CHANGES AND 

PARTICULAR FEATURES IN 

PATIENTS WITH OSCC 

Significant epidemiological evidence 

shows the association between changes in 

the microbiome and the occurrence of 

OSCC. This correlation is most likely 

supported by the creation of a pro-

inflammatory environment along with 

suppression of the immune response. 

The oral bacterial communities of a 

healthy person and those of a patient with 

OSCC differ considerably. Thus, the 

bacterial colonies involved in metabolism, 

oxidative phosphorylation and carbon 

sequestration are enriched in patients with 

OSCC, while bacteria involved in aminoacid 

metabolism and folate biosynthesis are 

reduced. A richer microbiome, with more 

diverse operational taxonomic units is 

generally recognized in healthy individuals, 

while in edentulous patients, patients with 

periodontal disease or OSCC, a low 

diversity of the microbiome has been noted 

[32-34]. 

Studies also found in OSCC tumors the 

highest number of active genes of 
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Fusobacteria sp., followed by Selenomonas 

and Prevotella, while Bacillales, Gemella 

and Neisseria were predominantly found in 

healthy territories. OSCC 

metatranscriptomic analysis revealed 

specific activities of the oncobiome such as 

increased transport of metal ions, stimulation 

of tryptophase and reductase, anaerobic 

respiration, proteolysis. Increased 

peritumoral ion transport is associated with 

the catalysis of free radicals and the 

promotion of the growth of cancer cells [35-

38]. 

The microbiome-OSCC relationship is 

explained by two theories: the first refers to 

the idea that a single bacterium or group of 

bacteria can be the pathogenic trigger of 

OSCC (bacteria before the tumor) by 

maintaining a chronic local inflammatory 

status; the second hypothesis supports the 

restructuring and modification of the 

microbiome in the oncobiome after the 

appearance of the tumor (bacteria after the 

tumor) [39]. There are several factors that 

facilitate the attraction of bacteria to the 

tumor environment: irregular tumor 

anatomy, rich vascularity, hypoxic nature of 

the tumor environment, reduced host 

immunity, the presence of purine-type 

intratumoral nutrients in the necrotic center 

of the tumor. Some of the most common 

species identified in the OSCC tumor 

environment are Actinobacteria, 

Bacteroidetes, Firmicutes, Fusobacteria and 

Proteobacteria. In any of the concepts, 

metagenomic and transcriptomic events 

occur in the salivary microbiome and 

influence the cellularity of the oral mucosa 

in connection with the immune response. In 

addition, a combination of both theories is 

very likely to be valid during the progression 

of OSCC [40-42]. 

The influence of lactic acid bacteria on 

the appearance and progression of OSCC is 

a controversial scientific topic with its pros 

and cons. These bacteria, commonly used in 

probiotic therapy, have been shown to be 

effective in managing a variety of disorders 

such as diarrhea, allergies, inflammatory 

diseases and, most recently, neoplasms as 

adjuvant therapy [43-46]. Lactic bacteria 

play a role in stimulating cellular apoptosis, 

act as antioxidants, improve the expression 

of tumor suppression genes and regulate 

innate and adaptive immune responses, 

inhibiting the process of oncogenesis. In the 

oral cavity, Lactobacillus species have the 

ability to inhibit the adhesion of bacteria to 

the cells of the oral mucosa and to stop 

bacterial and fungal growth. Recent studies 

have shown the anti-inflammatory properties 

of Lactobacillus fermentum and the 

effectiveness of this bacterial strain in 

amplifying the response to cytostatic therapy 

of OSCC [47-49]. Experimentally, the 

addition of Lactobacillus fermentum in the 

therapy of mice with tongue carcinoma has 

led to increased macrophage activity and the 

values of G-CSF, GM-CSF, IgG, serum 

IgM, IL-4, IL-12, TNF-alpha and IFN-

gamma. 

Oral Bifidobacterium species in 

combination with anti-PD-L1 monoclonal 

therapy also controlled the growth of tumor 

masses by accelerating the antitumor 

immune response [46-48]. 

Starting from the idea that the salivary 

microbiome undergoes major changes 

influenced by OSCC therapy (especially 

radiotherapy), and that certain bacterial 

species are able to amplify the effectiveness 

of chemotherapy treatments, a new concept 

was born - pharmacomicrobiomics. This 

anti-neoplastic management strategy 

proposes the use of probiotics, prebiotics 

and antibiotics in order to prepare the 

microbiome for interaction with the wide 

range of oncological therapies [50-55]. 

SALIVARY MICROBIOME - 

BIOMARKER OF OSCC? 

Non-invasive investigation of the salivary 

microbiome is currently a potential 
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opportunity for the diagnosis of early oral 

dysplastic lesions and OSCC. Although 

studies are ongoing and further scientific 

evidence is still needed for the widespread 

implementation of the salivary microbiome 

as a diagnostic biomarker of OSCC, there 

are a number of notable findings on this 

topic [56-59]. 

Extensive research has identified high 

levels of Capnocytophaga gingivalis, 

Prevotella melaninogenica in the saliva of 

patients with OSCC with a sensitivity of 

80% and a specificity of 82% of the method. 

Moreover, a possible correlation was found 

between the high abundance of salivary 

Fusobacterium species and OSCC staging 

(4.25% in stage I and 7.92% in stage IV 

OSCC, respectively), Fusobacterium 

abundance being 2.98% in the same study in 

patients without OSCC. Other bacterial 

species such as Actinomyces, Parvimonas, 

Selenomonas and Prevotella have been 

identified in greater numbers in patients with 

OSCC compared to groups diagnosed with 

oropharyngeal carcinoma [60-61]. 

CONCLUSIONS 

Current studies highlight the correlation 

between changes in the salivary microbiome 

and the pathogenic mechanisms involved in 

the occurrence and progression of OSCC. At 

the same time, a number of limitations still 

exist in the absolute demonstration of this 

interdependence. The advancement of omic 

technologies and bioinformatics will be 

useful for the identification of the salivary 

microbiome and its genome, proteome and 

metabolome. The data obtained will 

facilitate the identification of the OSCC 

microbiome, its virulence properties and the 

interaction with the host's immunity. Further 

research is needed to reveal the mechanisms 

by which some bacteria can promote the 

development of OSCC and how they interact 

with tumor cells. Advanced genomic and 

molecular studies outline the idea that the 

particular structure of the individual intra-

tumor microbiome has a role in enhancing 

or, conversely, diminishing the effectiveness 

of OSCC chemotherapy. Research on the 

implementation of the oral microbiome as a 

biomarker for the diagnosis and assessment 

of the risk of progression of OSCC is still 

expanding, but the idea of a non-invasive 

method of diagnosing and monitoring 

patients with OSCC remains a desideratum 

of the contemporary scientific world. 
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