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Abstract
This research explores bacterial communities in individuals diagnosed with oral cancer, comparing 
them to healthy individuals to identify potential variations associated with the condition. The study 
involved collecting 40 swabs from oral cancer patients, post-therapeutic patients, and healthy individuals, 
amplifying DNA samples, processing raw data using Perl scripts and Prinseq Lite, performing metagenomic 
analysis using QIIME 2-2022.2, and taxonomic classification using Greengenes2. There are 91.89% of 
good quality sequences for downstream analysis. Analysis data indicates that individuals who suffer from 
oral cancer had much higher prevalence of phylum Actinobacteriota, Firmicutes_A, Campylobacterota, 
Fusobacteriota, and Patescibacteria. Total 298 species identify in current study, among this Leptotrichia 
(0.0015%), Prevotella (0.0041%), and Capnocytophaga (0.0052%) are predominant in oral cancer patients 
compare to healthy individuals. 23 species are absent in normal individuals and post-therapeutic patients 
but are dominant in oral cancer patients. The increased occurrence suggests a link between this group 
of bacteria and oral cancer. By comparing the abundance of alpha and beta microorganisms in patients 
with oral cancer to those in good health, the study highlights the importance of the oral microbial 
community in maintaining health and preventing disease. It also studies how habits like tobacco use 
affect microbial communities and how they can raise the risk of disease. In cancer patients, oxidative 
stress and glycolysis are enhanced, and while certain metabolic abnormalities recovered after therapy, 
many remain, showing the long-term impact of the illness and treatment. These data suggest that post-
treatment microbial regeneration may not occur, increasing cancer recurrence risk. The study’s finding 
of microbial biomarkers, particularly those related to dysbiosis and changed tumor microenvironment, 
may inform oral cancer prognostic, therapeutic, and diagnostic methods. This metagenomic work 
contributes to a better understanding of how lifestyle factors influence microbial ecosystems, allowing 
lifestyle adjustments to lessen health risks associated with changes in microbial populations.
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INTRODUCTION

 Cancer is a significant public health 
concern in both industrialized and developing 
nations globally. Globally, an annual incidence 
of over 450,000 new cases of oral cancer is 
documented, with a survival rate of about 
40% to 50% within 5 years following diagnosis. 
Interestingly, a large fraction of these cases, 
specifically two-thirds-occur in Asian nations 
like Bangladesh, India, Indonesia, Pakistan, and 
Sri Lanka.1,2 There is a major variation in the 
prevalence of oral cancer between India and 
Western countries, with a significant proportion 
of cases, around 70%, being documented in 
advanced stages. The five-year survival rates are 
estimated to be under 20%, primarily attributed 
to the very low and practically nonexistent 
likelihood of achieving a treatment once the 
disease is detected in its advanced stages.3 Oral 
cancer is a malignancy that specifically targets 
the oral cavity and pharynx, encompassing the 
tongue, lips, gums, cheeks, and salivary glands. 
Chronic illness is a significant public health issue 
that can have profound and detrimental impacts 
on both people and their families.4,5 The etiology 
of oral cancer remains uncertain; nevertheless, 
some elements have been suggested as possible 
risk factors for its development. Oral cancer is 
known to be significantly influenced by tobacco 
use, which includes chewing betel nuts, smoking 
cigarettes, and using smokeless tobacco. These 
tobacco products expose users to the human 
papillomavirus (HPV), which is linked to the 
development of oral cancer. Additionally, Excessive 
alcohol consumption has been identified as 
an indicator of risk for the occurrence of oral 
cancer.4,6,7 A healthy bacterial microbiota and 
maintaining homeostasis between the human 
host and microbiota play a crucial role in ensuring 
optimal physiological functioning of the human 
body.8 In the environment of oral cancer, a diverse 
array of over 700 distinct bacterial species has been 
identified. The process of interaction involves the 
cooperative interactions of interdependent and 
harmful microorganisms to maintain equilibrium. 
Within the mouth cavity, where saliva has a pH 
profile ranging from 6.5 to 7.5 and a temperature 
of 37 °C, bacterial species exhibit a stable biological 
niche. In order to diagnose and track oral diseases 

and evaluate how they are progressing, saliva 
testing is essential.9 In contrast to eukaryotic cells, 
humans harbor a higher abundance of prokaryotic 
organisms. Prokaryotic microorganisms play 
a crucial role in allowing specific biological 
processes that humans are unable to perform 
individually, hence protecting against pathogenic 
microorganism infections. During the early 1990s, 
scientists had the belief that the human genome 
sequence would provide a comprehensive 
understanding of the fundamental factors 
contributing to human function and disease. 
However, the investigation of the human genome 
has been limited to a rudimentary examination 
of our cells’ genetic makeup.10 When compared 
to other physiological regions, it is observed that 
the oral microbiota exhibits the least amount of 
variation in beta diversity, while displaying the 
highest variation in alpha diversity. Furthermore, 
there is minimal variation in the composition of 
the oral cavity microbiome across individuals.11,12 
Smoking among individuals is associated with a 
significant elevation in the likelihood of cancer 
development. Several studies have provided 
empirical support for the existence of more than 
60 distinct carcinogenic chemicals inside tobacco 
smoke.13 After an intake of alcohol, the observable 
presence of alcohol on the surface of the tongue 
may endure for an extended amount of time. 
A uniform distribution of absorbed alcohol in 
bodily fluids leads to a corresponding reduction 
in the levels of ethanol in both gastric saliva 
and circulation. The specific processes via which 
alcohol consumption affects the composition of 
the oral microbiota are still not well understood. 
A hypothesis suggests that persons who have 
inadequate oral hygiene may encounter a rise 
in the production of microbial compounds that 
exhibit potential carcinogenic characteristics 
as a result of excessive bacterial proliferation. 
In this context, the microbial manufacture of 
acetaldehyde, a carcinogenic compound, from 
ethanol holds significant importance.14 The 
impact of tobacco on disease progression can be 
attributed to its propensity to alter the microbial 
communities within the oral cavity.15,16 A key 
factor in the development of mouth cancer is 
bacteria because they stop cells from dying, 
make them divide, help them invade, cause 
chronic inflammation, and make carcinogens.17 
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The emergence of inflammatory conditions and 
oral cancers has been linked to Prevotella species. 
The imbalance of the saliva microbiome caused by 
tobacco use in smokers, particularly the increased 
presence of Prevotella and Megasphaera species, 
may contribute to the advancement of several 
diseases.18 A total of 53 species showed a notably 
elevated prevalence among those who consume 
tobacco in comparison to those who identify as 
healthy. A collective of 15 species were found 
to be absent in individuals without any health 
conditions. However, these species were observed 
in notably greater quantities among those who 
partake in tobacco use and cigarettes. This study 
identifies 18 different types of Prevotella which 
have a notably elevated prevalence among 
people who engage in tobacco chewing and 
tobacco smoking, in comparison to people who 
are classified as normal and healthy.19 Whole 
genome sequencing has become more useful for 
the thorough examination of the genomes of a 
number of harmful microorganisms due to the 
expansion of knowledge about these organisms 
and the abundance of data regarding the diseases 
they cause.20 The report titled “The Emerging 
Field of Metagenomics: Unveiling the Enigmas 
of Our Microbial World” by the committee of 
US National Research Council emphasizes the 
transformative impact of metagenomics on 
microbiology research. This innovation has 
provided a valuable opportunity to explore the 
previously unexplored realm of microorganisms 
and their diverse characteristics.21 Over the 
course of the previous decade, several scholarly 
investigations have explored the diverse bacterial 
species associated with oral squamous cell 
carcinoma (OSCC) from novel perspectives. The 
many studies have revealed both similarities and 
differences in their results. The objective of this 
study was to use 16S rRNA amplicon sequencing 
to examine the genetic material of oral bacteria 
obtained from healthy individuals and those 
diagnosed with cancer. This study revealed a 
statistically significant association between oral 
microbiota and oral squamous cell carcinoma 
(OSCC). Microbiological diagnostics involve the 
identification and analysis of suspected pathogens 
present in clinical samples, offering necessary 
information for the efficient control and prevention 
of human illnesses.22 Traditional diagnostic 

approaches used in microbiology include several 
techniques such as cultivating microorganisms, 
conducting laboratory tests to identify antibodies 
or antigens specific to infections, and using 
PCR (polymerase chain reaction) to detect 
bacterial nucleic acids. These methods allow the 
identification and characterization of pathogenic 
microorganisms included in clinical samples.23 The 
field of metagenomics has recognized a significant 
rise in its significance as a novel approach for 
investigating microbiological phenomena, largely 
because of the current developments in DNA 
sequencing technology. Several recent research 
have employed a metagenomic methodology to 
investigate the functions of bacteria in oral hygiene 
disorders.24 
 This study aims to determine the possible 
bacterial populations that may be present in those 
who have been diagnosed with oral cancer. This 
study aims to investigate the significant variations 
in bacterial communities between individuals 
diagnosed with oral cancer and those who are in 
good health. By comparing these two groups, the 
study intends to emphasize the differences that 
could be linked to the occurrence of oral cancer.

MATERIAL AND METHODS

Sample collection and DNA isolation
 The study involved 40 male participants, 
including both patients and volunteers. Among 
them, 4 patients were in the 1st stage of oral 
cancer, 8 were in the 2nd stage, 8 were in the 4th 
stage, 12 were post-treatment patients, and 8 were 
healthy volunteers. Patients with HIV, diabetes, 
or autoimmune diseases were excluded from the 
study. The study was approved by the Sterling 
Hospital Ethics Committee in Ahmedabad, Gujarat, 
India (SHEC/HS/OC-Study/235-2022). The research 
aimed to recruit individuals with oral cancer 
who had a history of long-term tobacco use, as 
well as healthy individuals. Written consent was 
obtained from all participants prior to sample 
collection. Following the instructions provided 
by the manufacturer, DNA was isolated using the 
QIAamp DNA Mini Kit (Catalog number 51304) and 
50 µL of elution buffer. After collection, the DNA 
was immediately used or stored at -20 °C until it 
was amplified using PCR.
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16S rRNA amplification and bacterial metagenome 
sequencing
 We utilized a primer set that precisely 
targets the V3-V4 hypervariable region of the 
bacterial 16S rRNA gene for the purpose of 
amplifying the gene and providing subsequent 
metagenome sequencing. An initial denaturation 
step at 95 °C for 5 minutes was performed 
at the beginning of the PCR procedure to 
guarantee thorough separation of the DNA 
strandsSubsequently, 31 amplification cycles 
were conducted, with each cycle including a 
denaturation step at 95 °C for 1 minute, an 
annealing step at 58 °C for 50 seconds, and 
an extension step at 72 °C for 1 minute. The 
amplification procedure was completed by a final 
extension at 72 °C for 7 minutes to ensure an 
accurate synthesis of all amplicons. A total 
volume of 25 µL was used to prepare the PCR 
reaction mixture. This includes 1 µL of each 
primer, prepared to a final concentration of 5 
picomoles, and 12.5 µL of 2X KAPA HiFi HotStart 
Ready Mix, chosen for its excellent accuracy and 
durability in amplifying GC-rich regions. In order 
to improve the efficiency and accuracy of the 
amplification process, a quantity of 90-100 ng of 
template DNA was introduced, together with 1 µL 
of Bovine Serum Albumin (BSA). BSA is recognized 
for its ability to avoid the inhibition of PCR by 
binding to any inhibitors containing in the DNA 
samples. In order to enhance both the yield and 
specificity, a nested PCR was performed which 
utilized the original PCR result as the template. 
The PCR products obtained were subsequently 
seen and measured by electrophoresis on a gel 
containing 2% agarose dye. By the manufacturer’s 
instructions, the PCR products were purified by 
employing 20 µL of AMPure XP beads (Beckman 
Coulter; Catalog No. A63881) to remove any 
remaining primers, nucleotides, and enzymes. The 
extracted products were separated in 50 µL of a 10 
mM Tris buffer (pH 8.5) to preserve the integrity 
of the DNA.25 The library was prepared by ligating 
Illumina adapters to the purified PCR products 
using the Nextera XT Index Kit V2 from Illumina®, 
USA; Catalog No. 15052164. An important phase in 
the DNA preparation for sequencing on the Illumina 
platform. Quantification of double-stranded DNA 
(dsDNA) was performed using the Qubit dsDNA HS 
Assay Kit (Thermo Fisher Scientific®, USA; Catalog 

No. 2438348) in combination with the Qubit 
Fluorometer 2.0 to ensure precise measurement 
for subsequent applications. Following ligation, 
the PCR products received further purification to 
exclude unligated adapters or primer dimers by 
treatment with AMPure XP beads at a 0.9X ratio. 
The Quantification of dsDNA was performed again 
using the Qubit dsDNA HS Assay Kit in order to 
verify the concentration and integrity of the library. 
The latter library was subsequently concentrated 
to a concentration of 4 nM and introduced into the 
flow cell at a concentration of 100 pM. Genomic 
sequencing was conducted on a NovaSeq 6000 
SP equipment utilising a 500-cycle kit containing 
250X2 base pair paired-end reads. The use of this 
high-throughput sequencing method facilitated 
thorough coverage of the bacterial 16S rRNA 
gene, therefore permitting rigorous taxonomic 
profiling of the bacterial populations present in 
the samples.25

Metagenomic bioinformatics and statistical 
analysis
 In order to carry out quality filtering, 
trimming, and de-duplication of the raw sequencing 
reads acquired from the NovaSeq 6000 platform, 
Prinseq-lite, a Perl-based script, was initially used 
for processing. The first stage of preprocessing 
included eliminating bases of poor quality, 
reducing adapter sequences, and eliminating 
sequences that did not satisfy the minimal quality 
requirement, therefore ensuring the retention of 
only high-quality reads for subsequent analysis.26 
 Following the initial preprocessing, the 
filtered data was loaded into QIIME 2-2022.2 
software to conduct a thorough investigation 
of the microbial community. Denoising and 
demultiplexing of the readings were performed 
using the DADA2 pipeline within QIIME 2. DADA2 is 
a robust platform that rectifies sequencing errors, 
eliminates chimeric sequences, and deduces 
precise amplicon sequence variants (ASVs) from 
the unprocessed sequencing data. This stage is 
essential as it enables a detailed examination of 
microbial diversity without the requirement to 
group readings into operational taxonomic units 
(OTUs). Utilizing the GreenGenes2 database, a 
carefully selected compilation of 16S rRNA gene 
sequences, the ASVs were mapped to recognized 
bacterial taxa, allowing for accurate identification 
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and categorization of the microbial communities 
found in the samples. In-depth taxonomic 
analysis offered a comprehensive summary of 
the bacterial makeup among several sample 
groupings.26-28 Quantitative and integrative analysis 
of the microbiome data were conducted using 
MicrobiomeAnalyst 2.0. These tertiary analyses, 
such as differential abundance testing and diversity 
metrics, were conducted to identify significant 
differences in microbial composition between oral 
patients and healthy individuals.29-31

RESULTS AND DISCUSSION

 Per Sequence Quality Scores indicate the 
quality or reliability of each DNA base (nucleotide). 
The Per Sequence GC Content analysis, which 
has an average of 53%, investigates the guanine 
and cytosine nucleotides of DNA to uncover both 
functional and structural characteristics. Out of 
7.50 Gbp raw data, 6.75 Gbp is good quality (96%). 
This good quality data is use for downstream 
analysis. The graph has reached the required 
sequencing depth and sample size to capture the 
total diversity of the microbiota, as indicated by 
the rarefaction curve, as these criteria have been 
satisfied. Every sample had a plateau in the alpha 

rarefaction curve when the sequencing depth hit 
10,000 reads.

Diversity and structure of microbial communities 
across samples
 In the current study, 40 samples were 
sequenced in duplicate using an Illumina MiSeq 
system, generating a total of 8136595 read counts. 
Following quality trimming and chimera checking, 
high-quality sequences with an average length of 
245 bp were obtained for downstream analysis. 
The read counts per sample ranged from 136687 
to 362,071, with an average of 203414. The 
Greengenes (GG) database was used to align and 
classify the sequences, producing 2108 distinct 
OTUs. Low abundance features were eliminated 
by using further low count and variance filters. 
After filtering stages, 1132 characteristics are still 
included in the Terteray analysis. These OTUs were 
subsequently divided into 101 genera and several 
phyla (Figure 1). Given that the Good’s estimation 
of coverage was 99.26%, it is likely that the bulk of 
the bacterial sequences found in the samples are 
represented by the 16S rRNA sequences found in 
this investigation. Figure 1 shows that twelve phyla 
were identified in all samples: Actinobacteriota, 
Bacteroidota, Campylobacterota, Firmicutes_A, 

Figure 1. Phylogenetic tree and occurrence of phylum across samples
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Firmicutes_C, Firmicutes_D, Fusobacteriota, 
Patescibacteria, Proteobacteria, Spirochaetota, 
and Synergistota. Chloroflexota only found to be 
present in Cancer stage 4 and Desulfobacterota_I 
is absent in healthy; whereas, it is present in 
various stages of cancer as well as post therapetic 
individuals.
 I t  was shown that the bacterial 
communities of cancer samples had a much 
higher Shannon diversity index (Figure 2) than the 
clinically normal control samples. The Shannon 
diversity index is a measure of microbial variety 
that takes into consideration both species richness 
and evenness. Both the Oral Cancer Stage-1 and 
Stage-4 patients (adjusted p-value = 0.0011942) 
and Normal Healthy Persons and Stage-4 patients 
(adjusted p-value = 0.001718) showed significant 
differences according to the Shannon index. This 
increase in diversity may be connected to the 
illness state and its effect on the local microbiota, 
since it indicates a more varied microbial habitat 
in the malignant tissues. Increased microbial 
diversity in cancer patients may be due to a 
changed immunological state or a more diverse 
range of bacterial species being supported by the 
tissue environment.
 We evaluated variations in microbial 
communities by comparing different groups in our 
beta diversity study, as shown in Figure 3. Between 
Normal Healthy Persons and Oral Cancer Stage-1, 
Stage-2, and Stage-4 patients, the Bray-Curtis index 
showed significant differences (F-values ranging 
from 6.6165 to 8.189, adjusted p-values between 
0.001 and 0.005). Jensen-Shannon divergence, 
which had F-values ranging from 8.0575 to 
11.059 and adjusted p-values from 0.001 to 
0.002, also showed significant differences in these 
comparisons. Weighted UniFrac analysis, with 
adjusted p-values ranging from 0.005 to 0.11167 
and F-values ranging from 2.6966 to 7.7017, 
revealed significant findings largely between 
Oral Cancer Stage-1 and other groups. Together, 
our findings highlight significant changes in the 
composition of the microbial community linked to 
various phases of oral cancer and post-treatment 
conditions.
 44 s igni f icant  microbia l  species 
discriminating between healthy persons, oral 
cancer patients, and post-operative/post-
therapeutic patients were found using an LEfSe 

analysis with a p-value of 0.01, an FDR adjusted 
threshold, and an LDA score of 2.0 (Figure 4). 
The important microbial species that have been 
found are crucial to the development of oral 
cancer because they affect immune regulation, 
tumor microenvironment modif ications, 
and dysbiosis. Prior research has connected 
Selenomonas timonae and Campylobacter 
rectus to immunological dysregulation, chronic 
inflammation, and periodontal disease, all of 
which are risk factors for cancer development. 
Similarly, it is known that some species, such 
as Treponema socranskii and Porphyromonas 
endodontalis, release virulence factors that 
encourage inflammatory reactions and tissue 
destruction, which may facilitate the development 
of oral cancer. Prevotella species enrichment in 
cancer patients points to a change in the oral 
microbiome toward increased inflammation. 
Patients who had received therapy demonstrated 
some degree of microbial recovery; species 
usually linked to oral health and homeostasis, 
Lactobacillus gasseri and Veillonella dispar, were 
found to be highly enriched. But the survival of 
harmful species like Fusobacterium vincentii and 
Selenomonas sputigena in patients who have 
finished treatment suggests that full microbial 
restoration may not happen after therapy, which 
might lead to a risk of secondary problems or 
cancer recurrence.
 These results emphasize the potential of 
microbial indicators like Selenomonas timonae and 
Campylobacter rectus as therapeutic or diagnostic 
targets and highlight the involvement of the oral 
microbiome in the advancement of oral cancer. 
Furthermore, changes in the microbial makeup 
that have been seen after medication imply that 
tracking the oral microbiome after treatment may 
be a useful way to gauge both recovery and long-
term health consequences.
 LEfSe analysis was performed to identify 
microbial features with significant differences 
between buccal and gum samples. This method, 
which combines statistical significance with 
biological relevance, highlighted one key microbial 
features with notable differences: With a linear 
discriminant analysis (LDA) score of 3.34, the 
abundance of Rothia mucilaginosa was significantly 
greater in buccal samples (7094.7) compared to 
gum samples (2692.3). This suggests that Rothia 
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Figure 2. Box plot of the alpha diversity among groups

Figure 3. Beta diversity index PCoA Bray-Curtis among groups

mucilaginosa may be involved in the different 
microbial makeup of the buccal cavity as opposed 
to the gums. It also shows a significant link 
between the bacteria and the buccal environment. 
Fluctuations in the local oral environment, such 
as fluctuations in moisture, pH, or exposure to 
various food types and microorganisms, may be 
the cause of these discrepancies (Figure 4).

Multifactor analysis
 Our multifactor analysis revealed 
substantial changes in microbial characteristics 
across different patient groups across oral cancer 
stages and post-treatment circumstances in 
the microbial community. The results indicate 
that changes in the makeup of the microbial 
community are linked to the advancement of 
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oral cancer, as demonstrated by the greater 
number of noteworthy characteristics in Stage 4 
of the disease as opposed to Stage 1 or Stage 2. 
When compared to healthy controls, the post-
treatment group showed a comparable number of 
significant characteristics (27), indicating a partial 
restoration of microbial diversity and structure 
after therapy. Nonetheless, the large number of 
noteworthy characteristics seen between Stage 4 
and after treatment (69) suggests that advanced 

cancer may result in more severe and long-lasting 
changes in the microbiome that are not entirely 
restored by therapy. The dynamic variations 
in microbial profiles that occur as the illness 
develops are highlighted by the comparison of 
Stage 1 and Stage 4 (45 important characteristics), 
suggesting microbial biomarkers that might 
distinguish between early and late stages of oral 
cancer. According to the multifactor analysis, the 
abundance of Desulfobulbus oralis was much 

Figure 4. LEfSe Bar Graph
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higher at oral cancer stage 4 (Figure 5), although 
it was barely noticeable in earlier stages of the 
disease, after therapy, and in healthy persons. 
The sulfate-reducing bacteria Desulfobulbus 
oralis is well-known for its capacity to generate 
the genotoxic chemical hydrogen sulfide  
(H2S). Increased H2S levels have been linked to 
tumor-promoting microenvironment formation, 
inflammation, and DNA damage. Particularly in the 
more advanced phases of the disease, this bacteria 
may worsen tissue damage and inflammation in 

the context of oral cancer, creating circumstances 
that facilitate tumor development and invasion. 
Given D. oralis’s noteworthy presence in stage 
4 cancer, it is possible that the inflammatory 
reactions and metabolic processes it triggers will 
be crucial in advancing the disease’s late stages. 
Furthermore, as the illness progressed from early 
to late stages, a steady rise in the abundance 
of Nanosynbacter lyticus was seen (Figure 6), 
suggesting a potential correlation with the 
development of cancer. While the precise function 

Figure 5. Multifactor Analysis of Desulfobulbus_A_451156_oralis

Figure 6. Multifactor Analysis of Nanosynbacter_lyticus
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of N. lyticus in cancer remains unclear, an increase 
in its abundance might suggest a dysbiosis that 
facilitates microbial interactions that advance 
tumor growth. Such species coexisting with 
diseases may further upset the delicate microbial 
equilibrium. These results highlight how crucial it 
is to monitor microbiological changes along the 
course of cancer and its recovery in order to have 
a better understanding of the disease’s related 
alterations and the effects of treatment therapies.
 A variety of significant relationships, both 
positive and negative, between different taxa 
was shown by the Pearson correlation analysis 
of microbial taxa in the healthy and stage 4 
cancer groups (Figure 7). Among the noteworthy 
discoveries are:
Strong Positive Correlations
•  P r e v o t e l l a _ a u r a n t i a c a  a n d 
Treponema_B_986142_medium (0.8646)
•  V e i l l o n e l l a _ A _ d e n t i c a r i o s i  a n d 
Leptotrichia_A_993758_trevisanii (0.8959)
•  A c t i n o m y c e s _ o r i s _ A _ 3 8 6 6 1 1  a n d 
Treponema_B_986142_medium (0.8646)
• Prevotella_seregens and Treponema_B_986142_
medium (0.8363)
Strong Negative Correlations
• Alloprevotella_tannerae and Veillonella_A_
denticariosi (-0.8031)

• Prevotella_maculosa and Fusobacterium_C_
canifelinum (-0.6796)
• Veillonella_A_denticariosi and Nanogingivalis_
gingivitcus (-0.7502)
• Veillonella_A_denticariosi and Prevotella_
maculosa (-0.8082).

 A total of 298 species were identified, 
with 35 species showing a significantly higher 
prevalence among those diagnosed with oral 
cancer compared to those without the disease. 
A comprehensive analysis revealed that 35 
species were absent in persons without any 
health conditions. Additionally, 12 species were 
absent in both healthy individuals and patients 
undergoing post-therapeutic interventions. 
However, a significantly higher number of species 
were discovered in patients with oral cancer.
 Acetobacteroides hydrogenigenes were 
identified in oral cancer patients (0.0000069%). 
According to research by Su et. al., Acetobacteroides 
hydrogenigenes is an anaerobic hydrogen-
producing bacteria.32 Actinomyces dentalis was 
originally identified in human dental abscesses by 
Hall and colleagues in 2005 and in our study it was 
detected in oral cancer patients (0.000427%), post-
treatment patients (0.000106%), and was absent in 
healthy individuals (0.0%).33 Bilophila wadsworthia 

Figure 7. Correlation of Bacterial Species
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was characterized by Burrichter et al.34 In our 
study, Bilophila wadsworthia, an anaerobic, sulfite-
reducing bacterium commonly found in the human 
gut microbiota, was observed at 0.0000482% in 
oral cancer patients, but was not detected in post-
treatment or healthy individuals.34 Campylobacter 
curvus has been associated with extraoral 
abscesses, including within the oral mucosa, as 
reported by Han et al,35 present study showed its 
prevalence at 0.000325% in oral cancer patients 
and 0.000857% in post-treatment patients, 
while it was absent in healthy controls.35 Ciantar  
et al.,36 identified Capnocytophaga haemolytica, 
a novel species found in subgingival plaque, and 
in present study, this bacterium was only present 
in oral cancer patients (0.0001722%), with no 
detection in healthy individuals or post-treatment 
patients.36 Cryptobacteroides pullicola was 
originally identified in the chicken gut microbiome 
through metagenomics and culture techniques, 
was described by Gilroy et al.,37 this species also 
found at a prevalence of 0.0001579% in oral cancer 
patients, while it was absent in both post-treatment 
and healthy groups.37 Desulfomicrobium orale, an 
oral sulfate-reducing bacterium implicated in 
periodontal disease according to Langendijk, was 
detected at 0.0000041% in oral cancer patients 
but not in post-treatment or healthy individuals 
in this study.38 Eubacterium saphenum, a Gram-
positive anaerobic bacillus rarely found in healthy 
oral sites, as reported by Cheeaeman et al.39 

which is commonly associated with periodontal 
disease and other oral infections, was found at a 
prevalence of 0.0000152% in oral cancer patients, 
with no detection in healthy or post-treatment 
groups.39 Faucicola mancuniensis was isolated 
from the human oropharynx by Humphreys et 
al.,40 which was present at 0.000352% in oral 
cancer patients, 0.000001% in healthy volunteers, 
and 0.0034268% in post-treatment patients in 
present study.40 Lancefieldella Spp. was found 
in large numbers in the human oral cavity, as 
described by Liu et al,41 and was also detected in 
tobacco chewers and smokers according to Savalia 
et al,19 and is present study is is highly abundant 
in oral cancer patients (0.000287%) but absent 
in healthy individuals.19,41 Leptotrichia A 993758 
shahii identified at a prevalence of 0.0014% in 
both oral cancer and post-treatment patients, 
was absent in healthy controls. The detected 

clusters exhibited a notable co-occurrence of 
Leptotrichia sp., similar to the patterns identified 
in colorectal malignancies as reported by Amer et 
al.42 Carlier et al43 found that Moryella indoligenes 
an anaerobic bacterium isolated from clinical 
specimens in 2007 and we highly found in oral 
cancer patients (0.0005569%), and not found in 
normal persons and post therapeutic patients.43 
In our research, oral cancer had 0.0002587%, 
and normal people and post therapeutic people 
had 0.0% of Prevotella buccalis. Prevotella falsenii 
and Prevotella seregens this both species was 
found in tobacco counsumers in previous study 
by Savalia et al,19 in presnt study we identified 
that oral cancer had high prevelance of  Prevotella 
falsenii (0.01887%) and Prevotella seregens 
(0.00060%) with campare to normal persons and 
post therapeutics patients.19 Pseudoramibacter 
alactolyticus was previously found in primary 
endodontic infected patients who had been sent 
for root canal therapy by siquaira et al44 it was 
present in oral cancer patients (0.0000044%) but 
absent in normal and post therapeutic patients.44 
As per our study prevalence of 0.0000206% of 
Treponema D parvum was observed in individuals 
with oral cancer, but it was not found in normal 
patients or those who had undergone therapy. 
The previous study conducted by Wyss et al.45 
involved the isolation of a novel acid-dependent 
oral spirochaete species from subjects with human 
periodontitis and acute necrotizing ulcerative 
gingivitis.45

 Centipeda infelix, Ezakiella massiliensis, 
Gemella bergeri, Marinomonas communis, 
Mobiluncus mulieris, Pauljensenia georgiae, 
Thalassotalea C fusca, and Zavarzinia compransoris 
this 8 species are present in oral cancer patients 
but absent in normal healthy individuals as well 
as also absent in post-therapeutic patients and 
there is no evidence or previous research regarding 
these species in the oral area of those patients who 
suffer from oral cavity and oral cancer.25

Oral cancer and post-treatment microbiomes: A 
KEGG pathway analysis
 Additionally, the Tax4Fun2 package in 
R was used to carry out functional predictions 
based on 16S rRNA gene data. The functional 
profiles of individuals with oral cancer, those 
in good health, and those who had finished 
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treatment were mapped onto cancer-related 
pathways using the KEGG Orthology (KO) database. 
Across the three settings, a number of important 
metabolic and signaling pathways linked to 
carcinogenesis, cancer development, and post-
treatment changes were found. Significant 
alterations in the expression of important proteins 
and enzymes involved in choline metabolism, 
chemical carcinogenesis, proteoglycan synthesis, 
central carbon metabolism, and reactive oxygen 
species (ROS) production were found by the 
investigation.

Cancer’s central carbon metabolism (ko05230)
 When compared to healthy persons, oral 
cancer patients had a considerable overexpression 
of the central carbon metabolism pathway, 
especially for enzymes like pyruvate dehydrogenase 
(PDHA and PDHB) and L-lactate dehydrogenase 
(LDH). These enzymes play a critical role in the 
Warburg effect, a glycolytic shift frequently seen 
in cancer cells. In comparison to controls, the 
counts of these enzymes were higher in cancer 
patients, suggesting that during carcinogenesis, 
there was an increase in glycolysis and a change in 
energy metabolism. Samples taken after treatment 
showed a partial reversal of this upregulation, 
although LDH levels remained elevated, indicating 
that metabolic changes persisted even after 
treatment.

Cancer pathways (ko05200)
 Patients with cancer had higher levels 
of many cancer pathways, such as glutathione 
S-transferase (GST) and NAD(P)H dehydrogenase 
(NQO1), especially at Stage 4, suggesting greater 
oxidative stress and detoxification mechanisms 
in advanced disease. This held true for both 
buccal and gum swabs, the two body locations. 
While levels remained increased relative to 
healthy controls, post-treatment patients showed 
decreased counts for these enzymes, suggesting 
reduced stress following therapy, indicating 
continued adaptation to oxidative damage or 
medication-induced stress.

ROS generation and chemical carcinogenesis 
(ko05208)
Patients with oral cancer showed significant 
elevation of the reactive oxygen species (ROS) 

pathway (ko05208), especially for enzymes such as 
catalase (katE) and superoxide dismutase (SOD1, 
SOD2). In order to neutralize ROS produced during 
carcinogenesis, these enzymes are essential. 
According to the count data, ROS-scavenging 
enzyme levels were considerably greater in cancer 
patients, particularly in those in Stage 4. This 
was probably a defensive reaction to increased 
oxidative stress. Samples taken after therapy 
revealed a drop in ROS-related enzymes, but these 
levels did not increase back to normal, suggesting 
persistent oxidative stress.

Cancer-related choline metabolism (ko05231)
 Patients with cancer had significant 
changes in the choline metabolism pathway, 
including increased activity of enzymes including 
phospholipase D1/2 (PLD1/2) and diacylglycerol 
kinase (dgkA). These enzymes have a role in 
membrane formation and lipid signaling, two 
processes that are often dysregulated in cancer. 
These enzymes showed partial downregulation 
in post-treatment samples, indicating a partial 
recovery of normal lipid metabolism following 
medication.

CONCLUSION

 This work highlights important microbial 
and functional alterations related with the 
progression and recovery from oral cancer. It offers 
thorough insights into the microbiome dynamics 
across healthy, oral cancer, and post-treatment 
patient groups. Important discoveries from 
diversity indices and LEfSe investigations show 
that, in comparison to healthy persons, oral cancer 
stages, particularly Stage 4, are characterized by 
a unique microbial shift, with species including 
Campylobacter rectus and Selenomonas timonae 
associated with tumor-promoting conditions. 
Additionally, partial microbial diversity restoration 
was observed in post-treatment samples; 
nevertheless, certain pathogenic species, such as 
Fusobacterium vincentii, continued to exist. These 
findings raise the possibility that full microbial 
restoration may not occur post-treatment, which 
might increase the risk of cancer recurrence. 
Significant changes were found in cancer-related 
metabolic pathways, namely in the areas of central 
carbon metabolism, ROS generation, and chemical 
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carcinogenesis pathways, according to functional 
pathway analysis using KEGG. These modifications 
show elevated oxidative stress and glycolysis in 
cancer patients, with a partial recovery shown 
after treatment; nevertheless, certain metabolic 
disturbances continued, indicating the long-term 
effects of the illness and treatment. The study 
emphasizes how crucial it is to keep an eye on 
functional and microbiological changes in patients 
with oral cancer in order to better understand the 
course of the illness, possible targets for treatment, 
and long-term results. The study’s discovery of 
microbial biomarkers, especially those connected 
to dysbiosis and altered tumor microenvironment, 
may be used to inform prognostic, therapeutic, 
and diagnostic approaches for the treatment of 
oral cancer.
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