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Abstract

This quantitative research explores the intricate relationship between the oral microbiome and oral
cancer, aiming to elucidate microbial markers indicative of disease pathogenesis. A case-control
study involving 120 participants (60 oral cancer cases and 60 controls) revealed a significant
reduction in microbial diversity among oral cancer cases, highlighting microbial dysbiosis. Next-
generation sequencing unveiled differential abundances, with Fusobacterium nucleatum emerging as
a potential microbial biomarker significantly associated with oral cancer. Functional analysis
indicated enrichment in pathways related to inflammation and cell proliferation in cancer cases,
implicating the oral microbiome in the local microenvironment. Importantly, Fusobacterium
nucleatum exhibited diagnostic promise, displaying a fourfold increase in abundance in oral cancer
cases. The positive correlation between its abundance and disease severity underscores its
prognostic potential. This study contributes valuable insights into the quantitative aspects of the oral
microbiome in oral cancer, paving the way for personalized diagnostic and therapeutic strategies.
Future research should validate these findings in larger cohorts and explore translational
applications of microbial markers in clinical practice.

1. Introduction:

Oral cancer constitutes a significant global health challenge, with an escalating incidence rate and a
substantial impact on morbidity and mortality. (Mohan, 2022) According to the World Health
Organization (WHO), approximately 354,864 new cases of oral cancer were reported worldwide in
2020 alone. (Shigeishi, 2023) Despite advancements in diagnostic and therapeutic modalities, the
complex etiology of oral cancer continues to pose challenges for comprehensive understanding and
targeted intervention. (Darisi, 2020)
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The oral microbiome, a diverse ecosystem of microorganisms inhabiting the oral cavity, has gained
increasing recognition for its pivotal role in maintaining oral health. (Sedghi, DiMassa, Harrington,
Lynch, & Kapila, 2021) This complex microbial community contributes to various physiological
functions, including digestion, immune system modulation, and defense against pathogens.
However, emerging evidence suggests that dysbiosis within the oral micro biome might be
implicated in the pathogenesis of oral cancer. (Cugini, Ramasubbu, Tsiagbe, & Fine, 2021)

Several studies have explored the association between the oral microbiome and oral cancer,
providing insights into microbial alterations in cancerous tissues compared to healthy counterparts.
(Pratap Singh et al., 2023) For instance, a study by (Radaic & Kapila, 2021) demonstrated variations
in the oral microbiome of patients with oral squamous cell carcinoma, emphasizing the potential
influence of microbial dysregulation in cancer progression4. Additionally, a comprehensive meta-
analysis by (Perera, Perera, & Tilakaratne, 2023) identified specific microbial signatures associated
with oral cancer, underlining the importance of further investigation into the microbial aspects of
this malignancy.

Despite these compelling findings, a comprehensive quantitative analysis to discern specific
microbial markers and their functional implications in oral cancer pathogenesis remains a crucial
gap in the current literature. (Negrut, Cote, & Maghiar, 2023) This research aims to bridge this gap
by employing advanced quantitative methodologies, such as next-generation sequencing, to
systematically explore the intricate relationship between the oral microbiome and oral cancer
development.

Through rigorous investigation, we seek to identify microbial patterns and potential biomarkers that
may serve as indicators of oral cancer risk. Understanding the quantitative aspects of the oral
microbiome’s involvement in oral cancer pathogenesis not only enhances our comprehension of
disease mechanisms but also holds promise for the development of targeted interventions, including
early detection strategies and novel therapeutic approaches. (Tortora, Agurto, & Martello, 2023)

In the subsequent sections, we will delve into the existing literature on the oral microbiome and its
association with oral cancer, present our research methodology, discuss the quantitative results, and
conclude with the implications of our findings for future research and clinical practice.

2. Literature Review

Oral cancer, predominantly represented by oral squamous cell carcinoma (OSCC), has been a
subject of increasing concern due to its rising incidence and significant public health implications.
(Anwar et al., 2020) The multifactorial etiology of oral cancer involves a complex interplay of
genetic, environmental, and lifestyle factors. Recent research has underscored the potential
influence of the oral microbiome in shaping the microenvironment within the oral cavity and,
consequently, its role in oral cancer pathogenesis. (LeHew et al., 2017)

2.1. Microbial Dysbiosis in Oral Cancer:

Several studies have investigated alterations in the oral microbiome associated with oral cancer,
revealing a state of dyshiosis characterized by changes in microbial diversity and composition. (Su
et al., 2021) (Radaic & Kapila, 2021) employed 16S rRNA amplicon sequencing to identify distinct
microbial profiles in oral cancer patients compared to healthy individuals, providing evidence for a
potential microbial signature associated with disease statusl. These findings align with the broader

concept of the microbiome’s involvement in cancer development, as proposed by (Radaic & Kapila,
2021).

2.2. Potential Pathogenic Mechanisms:

The specific mechanisms through which the oral microbiome may contribute to oral cancer
pathogenesis are complex and multifaceted. (Chen, Hsiao, Chang, & Chang, 2021) Chronic
inflammation induced by microbial dysbiosis has been implicated as a potential driver of
carcinogenesis. Microbial products, such as lipopolysaccharides (LPS) and extracellular vesicles,
have been shown to activate inflammatory pathways and promote cell proliferation. (Tuominen &

\ol. 31 No. 01 (2024): JPTCP (285-293) Page | 286



https://jptcp.com/index.php/jptcp/issue/view/79

The Role Of The Oral Microbiome In Oral Cancer Pathogenesis

Rautava, 2021) Additionally, the oral microbiome may influence host gene expression and cellular
signaling, creating an environment conducive to tumorigenesis.

2.3. Identification of Microbial Biomarkers:

(Tzenios, 2022) comprehensive meta-analysis delved into the identification of specific microbial
biomarkers associated with oral cancer, offering valuable insights into potential diagnostic targets.
The study highlighted the significance of certain bacterial taxa, including Fusobacterium, Prevotella,
and Porphyromonas, in distinguishing oral cancer patients from healthy controls. This emphasizes
the importance of a quantitative approach to unravel the intricacies of the oral microbiome’s
involvement in disease pathogenesis.

2.4. Challenges and Opportunities:

Despite the progress made in understanding the oral microbiome’s association with oral cancer,
challenges remain. Variability in study methodologies, sample collection techniques, and patient
cohorts necessitate standardization for more reliable comparisons across studies. Moreover, the
dynamic nature of the oral microbiome calls for longitudinal investigations to elucidate temporal
changes associated with disease progression. (Chattopadhyay, Verma, & Panda, 2019)

In summary, the literature supports a compelling link between the oral microbiome and oral cancer
pathogenesis. The identified microbial dysbiosis and potential mechanisms provide a foundation for
quantitative investigations aiming to pinpoint specific microbial markers associated with disease. In
the subsequent sections, we will detail the methodology employed in our study, present the
quantitative results, and discuss their implications for understanding and managing oral cancer.

3. Theoretical Framework

The theoretical framework for this research draws upon the ecological and molecular interactions
between the oral microbiome and host tissues, aligning with the concept of the “Holobiont”. These
theoretical perspectives provide a foundation for understanding the symbiotic relationship between
microorganisms and the human host, as well as the potential influence of the oral microbiome in the
context of cancer development. (Baedke, Fabregas-Tejeda, & Nieves Delgado, 2020)

3.1. Holobiont Concept:

The holobiont concept proposes that an organism, such as a human, is not an individual entity but a
composite of the host and its associated microbial communities. In the oral cavity, this holobiont
includes a diverse array of bacteria, viruses, fungi, and other microorganisms. The interactions
within this symbiotic system are dynamic and contribute to the overall health and homeostasis of the
host. (Trivifio & Suarez, 2020)

Applying the holobiont concept to oral cancer, we posit that alterations in the equilibrium of the oral
microbiome could disrupt the symbiotic balance, potentially contributing to the initiation and
progression of oral cancer. The ecological dynamics within the holobiont may influence host
responses, inflammation, and the microenvironment, all of which play pivotal roles in
carcinogenesis. (Salvucci, 2016)

4. Conceptual Framework

The conceptual framework for this research is grounded in the understanding that the oral
microbiome, a dynamic and diverse community of microorganisms residing in the oral cavity, may
play a crucial role in the pathogenesis of oral cancer. Building upon the existing literature, our
framework incorporates the notion of microbial dysbiosis as a contributing factor to oral cancer
development. We posit that alterations in the composition and abundance of oral microbiota may
create a microenvironment conducive to carcinogenesis.

Central to our conceptual framework is the hypothesis that specific microbial signatures, identified
through quantitative analysis, may serve as markers for oral cancer risk. The interplay between the
oral microbiome and host factors, including genetic predisposition and environmental influences, is
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considered integral to the proposed framework. This research aims to elucidate the intricate
relationships within this framework to advance our understanding of the oral microbiome’s impact
on oral cancer pathogenesis.

5. Hypothesis

We hypothesize that there is a distinct microbial signature associated with oral cancer, characterized

by alterations in the abundance and composition of specific bacterial taxa within the oral

microbiome. Our working hypothesis is rooted in the following key assertions:

e Microbial Dysbiosis in Oral Cancer: Individuals with oral cancer will exhibit a discernible shift
in the oral microbiome compared to a control group without cancer. This dysbiosis may involve
changes in the relative abundance of key bacterial taxa, contributing to a microbial signature
unique to oral cancer.

¢ Identification of Microbial Biomarkers: Through advanced quantitative methodologies, such as
next-generation sequencing, we anticipate identifying microbial biomarkers that differentiate oral
cancer patients from healthy individuals. These biomarkers may include specific bacterial species
or community-level patterns that serve as indicators of oral cancer risk.

e Association with Disease Severity: We hypothesize that the identified microbial markers will
show associations with the severity and stage of oral cancer. The quantitative analysis will allow
us to explore how the oral microbiome evolves in conjunction with disease progression,
providing insights into its dynamic role in the pathogenic process.

By testing these hypotheses, we aim to contribute valuable knowledge to the field, paving the way
for the development of targeted interventions, improved diagnostics, and a deeper understanding of
the complex interplay between the oral microbiome and oral cancer.

6. Methodology

6.1. Study Design:

eEmployed a case-control study design to compare the oral microbiome composition between
individuals diagnosed with oral cancer (cases) and a control group without oral cancer.

e Ensured appropriate matching or stratification to control for potential confounding factors such as
age, gender, and lifestyle.

6.2. Participant Selection:

e Selected cases by recruiting individuals with a confirmed diagnosis of oral cancer through
collaboration with oncology clinics and hospitals.

e Selected controls as individuals without a history of cancer, matched to cases based on relevant
demographics and lifestyle factors.

e Obtained informed consent from all participants after explaining the study objectives and
procedures.

6.3. Sample Collection:

¢ Collected oral microbiome samples using standardized procedures:

e Swabbed the oral cavity, focusing on areas with potential microbial diversity (e.g., tongue, buccal
mucosa).

e Ensured consistency in sample collection across all participants to minimize variability.

6.4. DNA Extraction:

e Extracted microbial DNA from collected samples using a commercially available DNA extraction
kit.

¢ Followed manufacturer protocols to ensure high-quality DNA suitable for downstream analyses.
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6.5. Quantitative Analysis:

o Utilized next-generation sequencing (NGS) techniques, such as 16S rRNA gene sequencing, to
characterize the microbial community composition.

e Processed raw sequencing data using bioinformatics tools to generate operational taxonomic units
(OTUs) or amplicon sequence variants (ASVs) for downstream analysis.

6.6. Statistical Analysis:

Performed statistical analyses through SPSS to compare microbial diversity and abundance between
oral cancer cases and controls:

e Calculated alpha diversity metrics (e.g., Shannon index) and two way anova to assess within-
sample diversity.

eConducted beta diversity analysis (e.g., Bray-Curtis dissimilarity) to compare microbial
community structures.

e Identified differentially abundant taxa using appropriate statistical tests (e.g., Mann-Whitney U
test, DESeq?2).

6.7. Identification of Microbial Markers:

e Identified specific microbial markers associated with oral cancer by conducting differential
abundance analysis.

¢ \alidated potential markers through statistical testing and consideration of false discovery rate
control methods.

6.8. Functional Analysis:

eExplored the functional potential of the oral microbiome using tools like PICRUSt or other
metagenomic inference methods.

e Investigated whether specific microbial functions or pathways were enriched in oral cancer cases.

6.9. Ethical Considerations:

e Ensured adherence to ethical guidelines and obtained approval from an institutional review board
(IRB) or ethics committee.

e Safeguarded participant privacy and confidentiality throughout the study.

7. Results and Analysis
7.1. Participant Demographics:

Oral Cancer Cases (n=60) Controls (n=60) p-value
Age (mean £ SD) 574+8.2 57178 0.752
Gender (Male/Female) 31/29 30/30 0.912

The study included 120 participants, with 60 diagnosed with oral cancer (cases) and 60 without a
history of cancer (controls). Cases and controls were well-matched for age, gender, and lifestyle
factors.

7.2. Oral Microbiome Composition:

Oral Cancer Cases Controls p-value
Alpha Diversity (Shannon) 21+03 28+04 <0.001
Beta Diversity (Bray-Curtis Dissimilarity) <0.001

Quantitative analysis of the oral microbiome revealed distinct compositional differences between
cases and controls.

Alpha diversity metrics, such as the Shannon index, demonstrated a significant reduction in
microbial diversity among oral cancer cases compared to controls (p < 0.05).
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7.3. Beta Diversity Analysis:

Beta diversity analysis using Bray-Curtis dissimilarity indicated a significant separation in microbial
community structures between oral cancer cases and controls (p < 0.001).

Principal Coordinates Analysis (PCoA) visually represented the distinct clustering of microbial
profiles for each group.

7.4. Differentially Abundant Taxa:

Oral Cancer Cases (Mean Relative Controls (Mean Relative Adjusted p-
Abundance) Abundance) value
Firmicutes 0.32 0.22 <0.01
Bacteroidetes 0.18 0.25 <0.01
Fusobacterium 0.14 0.03 <0.05
Porphyromonas 0.09 0.02 <0.05

Differential abundance analysis identified specific microbial taxa associated with oral cancer.
Notable findings included an increased abundance of Firmicutes and a decreased abundance of
Bacteroidetes in oral cancer cases (adjusted p < 0.01).
Genus-level analysis revealed a significant enrichment of Fusobacterium and Porphyromonas in oral
cancer cases compared to controls (adjusted p < 0.05).

7.5. Microbial Biomarkers:

Oral Cancer Cases (Mean Controls (Mean Relative p-
Relative Abundance) Abundance) value
Fusobacterium 0.20 0.05 <0.00
nucleatum

The study identified potential microbial biomarkers through statistical testing and false discovery
rate control methods.

Noteworthy biomarkers included Fusobacterium nucleatum, which exhibited a fourfold increase in
abundance in oral cancer cases compared to controls (p < 0.001).

7.6. Functional Analysis:

Pathway Oral Cancer Cases (Mean Controls (Mean Adjusted
Predicted Abundance) Predicted Abundance) p-value
Inflammation 0.25 0.10 <0.05
Cell 0.15 0.05 <0.05
Proliferation

Functional analysis using PICRUSt indicated significant alterations in microbial functions
associated with oral cancer.

Pathways related to inflammation and cell proliferation were enriched in the oral microbiome of
cancer cases (adjusted p < 0.05).

7.7. Association with Disease Severity:

Integration of microbial data with clinical information revealed associations between specific
microbial profiles and disease severity.

Higher abundance of Fusobacterium was significantly correlated with advanced stages of oral
cancer (Spearman's rho = 0.65, p < 0.001).

These results provide compelling evidence for a quantitative link between the oral microbiome and
oral cancer, highlighting the potential of specific microbial markers for diagnostic and prognostic
purposes. The identified dysbiosis and functional alterations underscore the complex role of the oral
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microbiome in the pathogenesis of oral cancer, paving the way for targeted interventions and
personalized approaches in cancer management.

8. Discussion

The results of this study shed light on the intricate relationship between the oral microbiome and
oral cancer, providing valuable insights into the potential role of specific microbial markers in
disease pathogenesis. The discussion will address key findings, their implications, and the broader
context of the study within the existing literature.

8.1. Microbial Dysbiosis and Reduced Diversity:

The observed reduction in microbial diversity among oral cancer cases aligns with previous studies
indicating a shift towards microbial dysbiosis in cancerous conditionsl. The diminished alpha
diversity may reflect an altered ecosystem within the oral cavity, favoring the proliferation of
specific pathogenic taxa. (Salvucci, 2016)

8.2. Differentially Abundant Taxa:

The differential abundance of Firmicutes and Bacteroidetes in oral cancer cases highlights the
potential significance of these taxa in the context of oral carcinogenesis. These findings resonate
with the broader concept of dysbiosis, emphasizing the need for a balanced microbial community to
maintain oral health.

The enrichment of Fusobacterium and Porphyromonas in oral cancer cases is consistent with
existing literature associating these genera with various cancers, including oral squamous cell
carcinomal. Fusobacterium nucleatum, identified as a potential microbial biomarker, has been
implicated in promoting an inflammatory microenvironment and contributing to cancer progression.
(Radaic & Kapila, 2021)

8.3. Functional Implications:

The enrichment of pathways related to inflammation and cell proliferation in the oral microbiome of
cancer cases suggests a potential mechanistic link between microbial dysbiosis and the promotion of
tumorigenic processes. These functional alterations may contribute to the establishment of a pro-
cancerous microenvironment, influencing host cellular responses. (Perera, et al., 2023)

8.4. Microbial Biomarkers and Diagnostic Implications:

The identification of Fusobacterium nucleatum as a potential microbial biomarker holds significant
diagnostic promise. Its substantially higher abundance in oral cancer cases suggests its candidacy as
a target for non-invasive diagnostic assays. Future studies should explore the sensitivity and
specificity of Fusobacterium nucleatum as a diagnostic marker for oral cancer. (Negrut, et al., 2023)

8.5. Association with Disease Severity:

The positive correlation between Fusobacterium abundance and advanced stages of oral cancer
underscores the potential prognostic value of microbial markers. This association may guide risk
stratification and inform treatment decisions based on the microbial landscape within the oral cavity.
(Tortora, et al., 2023)

8.6. Limitations and Future Directions:

While this study provides valuable insights, several limitations should be acknowledged. The cross-
sectional design limits our ability to establish causation, and longitudinal studies are warranted to
explore temporal relationships between microbial changes and cancer development.

The study focused on 16S rRNA gene sequencing, providing taxonomic information. Future
research utilizing metagenomic sequencing could offer more comprehensive insights into the
functional potential of the oral microbiome.
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8.7. Clinical Implications and Targeted Interventions:

The identification of specific microbial markers associated with oral cancer opens avenues for
targeted interventions. Strategies aimed at modulating the oral microbiome, such as probiotics or
antimicrobial therapies, may represent novel approaches for oral cancer prevention and
management.

9. Conclusion

In summary, this study unveils a compelling association between the oral microbiome and oral
cancer, offering valuable insights into disease pathogenesis and potential diagnostic markers. The
observed microbial dysbiosis, reduced diversity, and differential abundance of specific taxa,
particularly the notable enrichment of Fusobacterium nucleatum, suggest a distinct microbial
signature in oral cancer cases. Importantly, Fusobacterium nucleatum emerges as a promising
microbial biomarker, showcasing its potential utility in non-invasive diagnostic approaches. The
correlation between its abundance and advanced disease stages further emphasizes its prognostic
significance. The functional implications, highlighted by the enrichment of pathways associated
with inflammation and cell proliferation, deepen our understanding of the oral microbiome's impact
on the local microenvironment. These findings underscore the clinical relevance of investigating the
oral microbiome in cancer biology and open avenues for targeted interventions. While
acknowledging study limitations, such as the cross-sectional design, this research sets the stage for
future investigations, refining diagnostic tools, exploring therapeutic strategies, and advancing our
understanding of the molecular interactions shaping the oral microbiome in the context of oral
cancer. Overall, these insights contribute to the evolving landscape of personalized approaches in
oral cancer management and prevention.
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