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Abstract

Objectives: Treponema denticola (Td) is a bacterium commonly linked to periodontal diseases, but its role in head and
neck squamous cell carcinoma (HNSCC) is not well understood. This study aimed to explore the role of differentially
expressed genes (DEGs) in HNSCC HIGK cells treated with T. denticola.

Methods: An observational study design using computational tools was employed to identify associations between
DEGs in HIGK cells infected with T. denticola. The GEOmnibus dataset GSE207003 was used to pinpoint DEGs in Td-
infected HIGK cells. Gene expression profiling and survival analysis for the top 25 genes were performed using the
UALCAN database.

Results: Numerous DEGs were identified in HIGK cells infected with T. denticola. Among the top 25 genes, LAMC2 (p-
value < 10?), FN1 (p-value = 1.62 x 107?), and TGFBI (p-value = 1.11 x 107%) showed significant overexpression. These
genes significantly impacted HNSCC patient survival, with high expression correlating with poor prognosis.
Conclusion: This study identified three key genes—LAMC2, FN1, and TGFB1—potentially linked to HNSCC develop-
ment. While LAMC2 and FN1 are known oncogenes, TGFB1, typically a tumor suppressor, was found to act as an onco-
gene in this context. Experimental validation is needed to confirm the role of T. denticola in carcinogenesis
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Head and neck squamous cell carcinoma (HNSCC) is
a pervasive and deadly cancer that predominantly
comprises of squamous cell carcinomas. HNSCC poses a
significant global health concern with an annual incidence
of over 550,000 cases and is responsible for approximately
300,000 deaths.™ Oral squamous cell carcinoma (0OSCC),

a prominent form of HNSCC, accounts for 30% of all can-
cers in India. Early diagnosis of HNSCC leads to a 70-90%
chance of survival, underscoring the critical importance of
early detection. However, the lack of effective early screen-
ing and diagnostic procedures remains a major obstacle
in addressing HNSCC, contributing to high mortality rates,
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particularly in advanced stages.? The oral microbiome
harbors diverse exotic microorganisms that adapt to dif-
ferent physiological and pathological conditions.® Micro-
bial dysbiosis in the oral cavity gives rise to mild forms of
illness, emerging as cavities to serious forms, contributing
to changes in normal cells. There is insufficient evidence
to definitively support an association between bacterial
pathogens and cancer development. However, research-
ers have investigated how bacteria contribute to tumor
formation.

In line with these facts, the present study was designed
to investigate the association between differentially ex-
pressed genes during Td infection and HNSCC. Treponema
denticola (Td) is a bacterium commonly associated with
periodontal diseases. However, its role in HNSCC is poorly
understood. Some studies have suggested a potential link
between chronic periodontal infection and an increased
risk of developing certain types of cancers, including HN-
SCC. Peng and team demonstrated that Td could directly
promote OSCC cell proliferation with activation of the in-
tracellular TGF-B pathway. A series of in vitro and in vivo
experiments have been performed to confirm this associa-
tion.™ Clinical researchers have found that patients with
periodontal disease are at a higher risk of cancer and mor-
tality. The presence of elevated regulatory T cells (Tregs) in
these patients indicates a potential link to inflammatory
responses from the oral microbiota. Chronic inflammation
and immune responses triggered by periodontal patho-
gens such as Td may contribute to the development of can-
cer in the oral cavity.”

Numerous studies have demonstrated the prevalence of
Td in health and disease conditions. Td is present in low
abundance in healthy individuals, while it is most preva-
lent in periodontal disease and linked to esophageal squa-
mous cell carcinoma (ESCC), oral squamous cell carcinoma
(OSCC), and colorectal cancer (CRQ). Its protease dentilisin,
associated with increased tumor invasion and recurrence,
degrades IL-8 and TNFa and activates pro-MMP8 and pro-
MMP9, promoting a proteolytic environment conducive
to epithelial cell invasion. High dentilisin expression cor-
relates with larger tumors and recurrence in patients aged
< 60.% Accumulating evidence has instigated research in
this field of oral oncobiomes that could provide vital clues
about the mechanisms connecting the two disease phe-
notypes. For several decades, computational approaches
have been used to uncover the roles of gene families,”
gene networks,® and epigenetic components® in cancer
development. This study aimed to explore the potential
link between Td and the development of head and neck tu-
mors using data from computational approaches.
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Methods

Sample Dataset

The GEOmnibus dataset, GSE207003, was used in this study.
The dataset comprised six samples of untreated HPV 16 im-
mortalized gingival keratinocytes (HIGK) (GSM6267807, 808,
809, 810, 811, 812) and six samples of HIGK cells infected
with Treponema denticola ATCC 35405 (GSM6267813, 814,
815, 816, 817, 818).% The HIGK cells infected with Td were
taken as the test group (https://www.ncbi.nIm.nih.gov/geo/
geo2r/?acc=GSE207003) and uninfected HIGK served as the
control group. The p-value cutoff was set at 0.05 and the log
2-fold change threshold was set at 0. Benjamini and Hoch-
berg’s method was used to derive the adjusted p-values. As
the analysis returned an exhaustive collection of differen-
tially expressed genes (DEGs), only the top 25 genes were
chosen for further analysis (Table 1, Fig. 1).

Gene Expression and Survival Analysis

The UALCAN database (http://ualcan.path.uab.edu/cgi-bin/
TCGA-survival) was used to investigate the expression levels
of the top 25 DEGs identified in the previous analyses. The
primary tumor group comprised 520 patients with HNSCC
and 44 normal samples. Expression profiles were measured
in transcripts per million (TPM), a standard unit for normal-
izing RNA-seq data. Box-whisker plots were created using
the TPM values to compare the significance between the dif-
ferent groups. Additionally, Kaplan-Meier analysis was used
to demonstrate the overall survival of patients with HNSCC.
This analysis compared the high-and low/medium-expres-
sion groups to show the relationship between gene expres-
sion changes and patients overall survival (OS).""

Statistical Analysis

Gene expression data from multiple datasets were ana-
lyzed using GEO2R. GEO2R uses the R packages from Lim-
ma to normalize the RNA-Seq data, followed by the Voom
function, which converts the RNA-Seq count data to log2
counts per million. The results are presented as tables and
graphic plots. The UALCAN portal analyzes gene expression
profiles by comparing expression levels between groups
using a PERL script accompanied by the Comprehensive
Perl Archive Network (CPAN) module. Survival plots were
generated using the "survival" and "survminer" R pack-
ages and were further compared using the log-rank test.
The “Kaplan Meier-urvival" package was exclusively used
for survival analysis, including survival curves, hypothesis
tests, and models. Meanwhile, the "Survminer" package im-
proved the visualization of Kaplan-Meier and forest plots,
allowing for clearer representation and interpretation of
complex survival data.l'?
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Table 1. The list of top 25 genes that were found to be differentially expressed in HIGK infected with Treponema denticola Vs uninfected HIGK

Symbol Description Gene expression Log2 Fold Change Adjusted p value
KIF2C Kinesin family member 2C Downregulated -1.72 0.00
LAMC2 Laminin subunit gamma 2 Upregulated 1.59 0.00
HK2 Hexokinase 2 Upregulated 0.98 0.00
IL36G Interleukin 36 gamma Upregulated 7.01 0.00
FN1 Fibronectin 1 Upregulated 2.71 0.00
CCL20 C-C motif chemokine ligand 20 Upregulated 447 0.00
CLDN1 Claudin 1 Upregulated 2.52 0.00
CXCL8 C-X-C motif chemokine ligand 8 Upregulated 4.03 0.00
CXCL1 C-X-C motif chemokine ligand 1 Upregulated 3.46 0.00
FHDC1 FH2 domain containing 1 Upregulated 1.79 0.00
TLR2 Toll like receptor 2 Upregulated 2.00 0.00
HMGB2 High mobility group box 2 Downregulated -2.40 0.00
TGFBI Transforming growth factor beta induced Upregulated 1.31 0.00
GM2A Ganglioside GM2 activator Upregulated 1.46 0.00
SERPINB1 Serpin family B member 1 Upregulated 2.86 0.00
CFB Complement factor B Upregulated 414 0.00
TNFAIP3 TNF alpha induced protein 3 Upregulated 2.67 0.00
INHBA Inhibin subunit beta A Upregulated 3.22 0.00
IGFBP3 Insulin like growth factor binding protein 3 Upregulated 1.58 0.00
STEAP4 STEAP4 metalloreductase Upregulated 3.83 0.00
CPA4 Carboxypeptidase A4 Upregulated 1.93 0.00
CTSB Cathepsin B Upregulated 294 0.00
MTSS1 MTSS I-BAR domain containing 1 Upregulated 1.82 0.00
NDRG1 N-myc downstream regulated 1 Upregulated 2.03 0.00
LCN2 Lipocalin 2 Upregulated 4.06 0.00
Results showed expression profiles similar to those observed in the
HIGK-Td-infected dataset. The highest level of upregulation
GEOZ2R Analysis was observed with TGFB1, with a p-value of 1.11 x 10"¢ and

The analysis of GSE207003 using GEO2R revealed the expres-
sion profile of more than 250 genes in HIGK cells infected with
Td (Fig. 1). This result included up- and down-regulated genes
that were differentially expressed in the HIGK-Td group. A set
of the top 25 genes was selected based on their adjusted p-
values from the collection and subjected to further analysis
(Table 1). Among the top 25 genes, 2 genes were downreg-
ulated, viz,, KIF2C and HMGB2, with a fold change value of
-1.72 and -2.40, respectively. All other genes were upregu-
lated with a minimum fold-change value of 0.98 (HK2) and
a maximum value of 7.01 (IL36G). Repetitive genes, pseudo-
genes, and non-coding RNAs were excluded from the study.

Gene Expression Analysis

The curated hub of 25 genes was investigated using the
UALCAN database against the head and neck squamous
cell carcinoma dataset. Among the 25 genes, three returned
insignificant values, two exhibited downregulation, and
20 demonstrated upregulation. Approximately 18 genes

the lowest level of significance was observed for the TLR2
gene, with a p-value of 2.85 x 10-02. Two genes, SERPINB1
(p-value = 3.79 x 10-06) and LCN2 (p-value = 6.176 x 10-04)
were downregulated in the HNSCC dataset (Table 2).

Survival analysis

A correlation analysis was conducted between the gene ex-
pression profile and survival status of HNSCC patients. The
Kaplan Meier plotter revealed three genes, LAMC2 (p-value
= <107 (Fig. 2), FN1 (p-value = 1.62 x 107"?) (Fig. 3), and
TGFBI (p-value = 1.11 x 109 (Fig. 4), which were strongly
correlated with the survival of HNSCC patients. Interesting-
ly, the expression profiles of the three genes were similar in
both the datasets. All three genes were upregulated in the
primary tumor group compared with the normal group. A
significant change in the gene expression profile between
patients with high and low/medium expression was exhib-
ited by all three genes: LAMC2 (p=0.042), FN1 (p=0.051),
and TGFBI (p=0.023). Increased expression invariably leads
to a poor prognosis.
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Figure 1. Volcano plot demonstrating differentially expressed genes
in Treponema denticola-treated HIGK compared to uninfected HIGK.
The blue dots represent downregulated genes, and the red dots rep-
resent upregulated genes. An adjusted p-value of less than 0.05 was
considered significant.
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Discussion

A delicate balance and intricate interplay between the host
cells of the oral cavity and microbial cells maintains health.
Cardiovascular diseases, autoimmune and metabolic disor-
ders, and cancer emerge when the equilibrium is disrupted.
The presence of specific oral bacteria, viruses, and yeast has
been strongly linked to cancers of the head and neck region,
esophagus, stomach, pancreas, colon/rectum, and lungs.
These microbial associations may offer valuable insights into
the early diagnosis and treatment of neoplastic diseases.
Understanding the potentially significant role of the oral mi-
crobiota in cancer development will aid in devising more ef-
fective treatment strategies.'¥ Microarrays and gene expres-
sion profiling using RNA-Seq data analyzed using various
computational and statistical tools have aided researchers
in monitoring host cell responses to bacteria globally. These
studies have provided valuable insights into host-microbe
dynamics, potentially paving the way for innovative thera-
peutic, prophylactic, and diagnostic approaches.'

Periodontal bacteria are crucial in connecting periodontal
disease and oral cancer by creating a persistently imbal-
anced pro-inflammatory environment. Common peri-
odontal pathogens, such as Porphyromonas gingivalis,

Table 2. The gene expression profile of top 25 DEG genes in head and neck squamous cell carcinoma dataset (TCGA, Firehose Legacy)

Symbol Gene expression Gene expression p Survival analysis p
In HIGK-infected profile in
with T.denticola HNSCC dataset

KIF2C Downregulated Upregulated 1.62x 107 Insignificant 0.75
LAMC2 Upregulated Upregulated <10 Significant 0.042
HK2 Upregulated Upregulated 496 x 107 Insignificant 0.93
IL36G/IL1F9 Upregulated Upregulated 1.78x10% Insignificant 0.89
FN1 Upregulated Upregulated 1.62x 107 Significant 0.051
CCL20 Upregulated Upregulated 3.69x 10 Insignificant 0.99
CLDN1 Upregulated Upregulated 1.63x 107" Insignificant 0.89
CXCL8 Upregulated Upregulated 7.28x10% Insignificant 0.057
CXCL1 Upregulated Insignificant 1.61x 107 Significant 0.0033
FHDC1 Upregulated Insignificant 5.53x 10" Insignificant 0.36
TLR2 Upregulated Upregulated 2.85x 10 Insignificant 0.59
HMGB2 Downregulated Upregulated <107 Significant 0.018
TGFBI Upregulated Upregulated 1.11x 107 Significant 0.023
GM2A Upregulated Upregulated 2.16x 10 Insignificant 0.9
SERPINB1 Upregulated Downregulated 3.79x 10 Insignificant 0.85
CFB Upregulated Insignificant 6.04x 107 Significant 0.37
TNFAIP3 Upregulated Upregulated 1.09x 10" Insignificant 043
INHBA Upregulated Upregulated <10 Insignificant 0.24
IGFBP3 Upregulated Upregulated 1.38x10™ Significant 0.11
STEAP4 Upregulated Upregulated 8.81x10% Insignificant 0.74
CPA4 Upregulated Upregulated 3.82x 10 Insignificant 0.34
CTSB Upregulated Upregulated 1.13x 107" Insignificant 0.18
MTSS1 Upregulated Upregulated 2.02x10™M Insignificant 0.59
NDRGT1 Upregulated Upregulated <107 Insignificant 0.94
LCN2 Upregulated Downregulated 6.176 x 10 Insignificant 0.67
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Figure 2. (a) Gene expression profile of LAMC2 gene in HIGK-infected with T.denticola Vs HIGK-uninfected, (b) Box Whisker plot demonstrating
the gene expression profile of the LAMC2 gene in HNSCC datasets. The gene expression between the normal and the HNSCC primary tumor
group demonstrated significant upregulation in transcript levels (p-value = <107?), (c) Kaplan Meier plot demonstrating survival probability
of patients presenting with high and low levels of LAMC2 in HNSCC datasets. The patients exhibiting high expression of LAMC2 were found to
have a poor prognosis (p-value = 0.042) when compared to the low-expression group.
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Figure 3. (a) Gene expression profile of FN1 gene in HIGK-infected with T.denticola Vs HIGK-uninfected, (b) Box Whisker plot demonstrating
the gene expression profile of the FN1 gene in HNSCC datasets. The gene expression between the normal and the HNSCC primary tumor
group demonstrated significant upregulation in transcript levels (p-value = 1.62 x 1072), (c) Kaplan Meier plot demonstrating survival proba-
bility of patients presenting with high and low levels of FN1 in HNSCC datasets. The patients exhibiting high expression of FN1 were found to
have a poor prognosis (p-value = 0.051) when compared to the low-expression group.

Fusobacterium nucleatum, and Treponema denticola, are
frequently found in oral squamous cell carcinoma (OSCC)
and have cancer-causing properties. These pathogens can
attach to and invade oral epithelial cells, leading to cancer-
associated characteristics such as inhibition of apoptosis,
increased cell proliferation, and activation of epithelial-to-
mesenchymal transition. Complex bacterial communities,
including a combination of P. gingivalis and F. nucleatum,
may strengthen the potential for cancer development.
Transcriptomic data suggests that the functional proper-
ties of oral bacterial communities, rather than their com-
position, are more important in cancer development. A
modified polymicrobial synergy and dysbiosis model has
been proposed to explain the involvement of bacteria in
OSCC.'"™ The molecular mechanisms underlying the asso-

ciation between periodontal infection and head and neck
cancer are not well understood. Hence, the present study
was carefully designed to identify differentially expressed
genes in Td-infected HIGK cells and their putative associa-
tion with HNSCC. This study identified three vital genes that
showed similar gene expression profiles in the Td-infected
and HNSCC datasets. The expression levels of LAMC2, FN1,
and TGFBI were higher in primary tumor tissues than in
normal tissues.

A systematic review and meta-analysis conducted by Fu et
al. revealed that increased LAMC2 expression was mark-
edly associated with lymph node metastasis, tumor-node
metastasis stages, and tumor status, leading to poor sur-
vival rates in cancer patients."® An experimental study by
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to have a poor prognosis (p-value = 0.023) when compared to the low-expression group.

Cave et al. investigated the role of LAMC2, a protein, in pro-
moting metastatic traits in tumor-initiating cells. LAMC2-
expressing cells showed enhanced self-renewal capacity,
drove metastasis, and displayed a prominent squamous
signature in mRNA profiling. Deregulation of the TGF-$
signaling pathway was identified as a critical factor in pro-
moting tumor growth and metastasis in LAMC2-expressing
cells. This study adds to the observation that by targeting
LAMC2, tumor aggressiveness in pancreatic cancer patients
can be reduced."” Previously, Wang et al. demonstrated
that high expression of LAMC2 in laryngeal cancer was as-
sociated with lymph node metastasis and significantly in-
fluenced the overall survival of patients with LC. Treatment
with cetuximab reduces the expression of LAMC2, thereby
suppressing cell proliferation.'® The results of the present
study agreed with those previously reported by other re-
searchers. The laminin subunit gamma 2 encoding gene
LAMC2 is part of the laminin family, which consists of a, 3,
and y chains that assemble into a cross-shaped structure
crucial for basement membrane integrity and cell-extra-
cellular matrix (Extracellular matrix) interactions. Laminin
Y2, is specifically involved in the assembly and stabiliza-
tion of the ECM, impacting cellular behavior and tissue
architecture."? A recent study by Shan et al. showed that
LAMC2 interacts with autophagic machinery to regulate
proliferation, invasion, and metastasis in oral squamous
cell carcinoma (OSCQC).2% A similar study by Tong et al. pro-
vided substantial evidence for the oncogenic properties of
LAMC2 in lung cancer. They demonstrated that the overex-
pression of LAMC2 promoted EGFR membrane deposition
and transport from the ER. An increase in the expression
of LAMC2 prevents EGFR degradation.?" Interestingly, the

expression of LAMC2 was found to be elevated in chronic
periodontitis (CP) patients when compared to those with
gingivitis or normal healthy periodontium. It is noteworthy
that increased expression of LAMC2 in the periodontitis
group presenting with deep periodontal pockets probably
reflects the intensity of the inflammation encountered dur-
ing CP.?2 Earlier, Song and team provided evidence on the
increased expression of LAMC2 in deciduous periodontal
ligament tissues, most probably related to the formation
of extracellular matrix.” Thus, the upregulation of LAMC2
during CP can contribute to tumor-promoting inflamma-
tion that inevitably leads to the remodeling of ECM during
the development of potentially malignant conditions.

Fibronectin 1 (FN1) is a glycoprotein in the extracellular ma-
trix associated with cancer progression. Wang et al. found
that FN1 expression was linked to poor prognosis and in-
creased macrophage infiltration, affecting the immune mi-
croenvironment in gastric cancer.”? A similar study investi-
gated the clinical significance of FN1 in gastric cancer and
its effects on the behavior of gastric cancer cells. The FN1
gene expression in gastric cancer tissues was assessed using
immunohistochemistry staining, RT-PCR, and Western blot-
ting. The study discovered that FN1 was increased in gastric
cancer tissues and cell lines, and its expression was linked to
tumor invasion, TNM stage, lymph node metastasis, and pa-
tient survival. When FN1 expression was inhibited, it signifi-
cantly reduced cell growth, movement, invasion, and a pro-
cess called epithelial-mesenchymal transition (EMT), and
also increased cell death. These findings suggest that FN1
plays a role as an oncogene in gastric cancer, and its high
expression may affect clinicopathological parameters and
prognosis in gastric cancer patients.”” The present study
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also presented a similar observation where the expression
of FN1 was highly correlated with poor prognosis in HNSCC
patients. FN is a well-established biomarker reflecting the
periodontal status of individuals. A cross-sectional study
investigated FN fragments in GCF from 94 subjects with
untreated periodontitis. Western immunoblotting analy-
sis revealed that the fragments (40-kDa, 120-kDa, 68-kDa)
correlated with disease severity were identified, suggesting
implications for disease diagnosis and management.”?s The
upregulation of FN observed in Td-infected cells and HNSCC
patients strongly indicated the crucial role played by FN in
the initiation of cancer. Much earlier reports have shown
that Td has a unique tropism towards FN. The adhesion was
known to promote chronic inflammation and induction of
reactive oxygen species (ROS), which affects the nuclear
material within the cells and modulates immune response
so as to evade immune detection and clearance, leading to
persistent inflammation and dysregulation of immune re-
sponse.?”!

The study has identified TGFB1, encoding transforming
growth factor beta 1 (TGF-1), which plays a pivotal role in
cancer. Initially, TGF-1 acts as a tumor suppressor, inhibiting
cell proliferation and inducing apoptosis. However, in later
stages of cancer, it promotes tumor progression through
mechanisms such as epithelial-mesenchymal transition
(EMT), angiogenesis, and immune suppression. TGF-1's in-
volvement in these processes is mediated through SMAD-
dependent and SMAD-independent signaling pathways.
Elevated TGF-1 levels are often associated with poor prog-
nosis clinically, making it a potential biomarker and thera-
peutic target in cancer treatment.”® The polarization of
macrophages to an M2 state is triggered by TGFB1. These
macrophages, often called tumor-associated macrophages,
promote tumor growth, metastasis, and angiogenesis.*l A
study by Wodzinski et al. evaluated TGFB1 gene expression
in 64 patients with colorectal cancer (CRC), comparing it
with clinicopathological features, promoter methylation,
and TNM classification. The study suggested the gene's role
in cancer progression.B% Interestingly, the expression of
TGFB1 was shown to be increased in periodontitis patients.
BUTGFB1 has a role in promoting wound healing and tis-
sue repair processes during the resolution phase of inflam-
mation. In cases of periodontitis, impaired TGFB1 signaling
may impede proper tissue repair and regeneration, leading
to chronic inflammation and disease progression. Elevated
levels of TGFB1 may indicate a more severe form of peri-
odontitis, potentially contributing to the transformation of
normal cells into tumor cells.®? The present study showed
the increased expression of TGFB1 in HNSCC patients,
which corresponds to poor prognosis. Thus, investigating
Td-induced genes using various experimental procedures

can provide a more comprehensive picture of their role.

The study has noteworthy limitations along with its merits.
Firstly, using a computational approach in the study design
needs validation through experimental approaches and in
vivo models. Gene expression profiles can be influenced by
carcinogen exposure, habits, infectious diseases, inflam-
matory conditions, age, gender, stage, and ethnic popula-
tion. Therefore, a more controlled environment is neces-
sary to provide concrete evidence about the association of
microbial pathogens with cancer development. Although
the study demonstrated the influence of candidate gene
expression on patient survival, it's crucial to explore further
the potentially more significant effects of microbe-induced
epigenetic mechanisms on the prognosis of HNSCC pa-
tients.

Despite the advancements in the development of cancer
therapeutics encompassing the CRISPR/Cas9 system,B]
hybrid nanoparticles,®** and cancer diagnostics employing
next-generation sequencing and engineered RGD pep-
tides,®*! there is a significant escalation in the number of
cancer cases year after year. A more focused and diverse
approach to investigating all the components with a spe-
cial emphasis on the Oncobiome responsible for initiating
cancer will provide more clues for developing theragnostic
aids to combat cancer.

Conclusion

Recent advances in the field of oncomicrobiomes have
opened up exciting opportunities for improving outcomes
in cancer patients diagnosed at an early stage. By inte-
grating the two fields of microbiome and oncobiology, re-
searchers hope to gain a deeper understanding of the com-
plex interactions between oral microbiome and host gene
expression. They aimed to leverage this understanding to
develop effective therapeutic strategies for diseases relat-
ed to cardiovascular, cerebrovascular, metabolic, inflamma-
tory, and autoimmune conditions. The present study is the
first to provide insight into the genetic components related
to Td-mediated development of HNSCC.

Disclosures

Acknowledgment: The authors are grateful to all cohorts and
groups involved in compiling patient data for public use. Our sin-
cere thanks also go to all patients who indirectly contributed to
the scientific community by providing consent to share their data
for research use.

Ethics Committee Approval: The study was approved by the Lo-
cal Ethics Committee.

Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.



Authorship Contributions: Concept - V.P.J,, PA,; Design — V.P.J.,
P.A.; Supervision - V.PJ,, PA.; Materials — A.P, B.K.; Data collection
&/or processing - V.PJ.,, AP, B.K,; Analysis and/or interpretation —
V.PJ., AP, B.K, Literature search - A.R.A., V.PJ, A.P, BK., PA.; Writ-
ing - AR.A. V.PJ, AP, BK, Critical review - V.PJ., PA.

References

1.

10.

11.

12.

Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A.
Global cancer statistics 2018: GLOBOCAN estimates of inci-
dence and mortality worldwide for 36 cancers in 185 coun-
tries. CA Cancer J Clin 2018;68:394-424.

Prabhash K, Babu G, Chaturvedi P, Kuriakose M, Birur P, Anand
A, et al. Indian clinical practice consensus guidelines for the
management of squamous cell carcinoma of head and neck.
Indian J Cancer 2020;57:1.

Panda M, Rai AK, Rahman T, Das A, Das R, Sarma A, et al. Alter-
ations of salivary microbial community associated with oro-
pharyngeal and hypopharyngeal squamous cell carcinoma
patients. Arch Microbiol 2020;202:785-805.

Peng RT, Sun 'Y, Zhou XD, Liu SY, Han Q, Cheng L, et al. Trepo-
nema denticola promotes OSCC development via the TGF-3
signaling pathway. J Dent Res 2022;101:704-13.

Kajihara R, Sakai H, Han Y, Amari K, Kawamoto M, HakoyamaY,
et al. Presence of periodontitis may synergistically contribute
to cancer progression viaTreg and IL-6. Sci Rep 2022;12:11584.
Listyarifah D, Nieminen MT, Makinen LK, Haglund C, Grenier
D, Hayry V, et al. Treponema denticola chymotrypsin-like pro-
teinase is present in early-stage mobile tongue squamous cell
carcinoma and related to the clinicopathological features. J
Oral Pathol Med 2018;47:764-72.

Aditya J, Smiline Girija AS, Paramasivam A, Vijayashree Priyad-
harsini J. Genetic alterations in Wnt family of genes and their
putative association with head and neck squamous cell carci-
noma. Genomics Inform 2021;19:e5.

Jaikumarr Ram A, Girija AS, Jayaseelan VP, Arumugam P.
Overexpression of BASP1 indicates a poor prognosis in head
and neck squamous cell carcinoma. Asian Pac J Cancer Prev
2020;21:3435-9.

Jayaseelan VP, Arumugam P. Exosomal microRNAs targeting
TP53 gene as promising prognostic markers for head and neck
squamous cell carcinoma. Glob Med Genet 2022;9:277-86.
Hinson AN, Hawkes CG, Blake CS, Fitzsimonds ZR, Zhu B, Buck
G, et al. Treponema denticola induces interleukin-36y expres-
sion in human oral gingival keratinocytes via the parallel ac-
tivation of NF-kB and mitogen-activated protein kinase path-
ways. Infect Immun 2022;90:€0024722.

Chandrashekar DS, Karthikeyan SK, Korla PK, Patel H, Shovon
AR, Athar M, et al. UALCAN: An update to the integrated can-
cer data analysis platform. Neoplasia 2022;25:18-27.

Hunt GP, Grassi L, Henkin R, Smeraldi F, Spargo TP, Kabiljo R, et
al. GEOexplorer: A webserver for gene expression analysis and

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25,

26.

27.

28.

431

visualisation. Nucleic Acids Res 2022;50:W367-74.

Stasiewicz M, Karpinski TM. The oral microbiota and its role in
carcinogenesis. Semin Cancer Biol 2022;86:633-42.

Handfield M, Mans JJ, Zheng G, Lopez MC, Mao S, Progulske-
Fox A, et al. Distinct transcriptional profiles characterize
oral epithelium-microbiota interactions. Cell Microbiol
2005;7:811-23.

Fitzsimonds ZR, Rodriguez-Hernandez CJ, Bagaitkar J, Lamont
RJ. From beyond the pale to the pale riders: The emerging as-
sociation of bacteria with oral cancer. J Dent Res 2020;99:604-
12.

FuT, Liu J-X, Xie J, Gao Z, Yang Z. LAMC2 as a prognostic bio-
marker in human cancer: A systematic review and meta-anal-
ysis. BMJ Open 2022;12:e063682.

Cave DD, Buonaiuto S, Sainz B Jr, Fantuz M, Mangini M, Carrer
A, et al. LAMC2 marks a tumor-initiating cell population with
an aggressive signature in pancreatic cancer. J Exp Clin Cancer
Res 2022;41:315.

Wang QY, Liu YC, Zhou SH, Chen HH. LAMC2 acts as a novel
therapeutic target of cetuximab in laryngeal cancer. Neoplas-
ma 2021;68:1257-64.

Singh B, Fleury C, Jalalvand F, Riesbeck K. Human pathogens
utilize host extracellular matrix proteins laminin and collagen
for adhesion and invasion of the host. FEMS Microbiol Rev
2012;36:1122-80.

Shan F. LAMC2 regulates proliferation, migration, and inva-
sion mediated by the PI3K/AKT/mTOR pathway in oral squa-
mous carcinoma. Oncol Res 2023;31:481-93.

Tong D, Wang X, Liu L, Wen T, Chen Q, Huang C. LAMC2 pro-
motes EGFR cell membrane localization and acts as a novel
biomarker for tyrosine kinase inhibitors (TKIs) sensitivity in
lung cancer. Cancer Gene Ther 2023;30:1498-512.

Emingil G, Kuula H, Pirila E, Atilla G, Sorsa T. Gingival crevicular
fluid laminin-5 y2-chain levels in periodontal disease. J Clin
Periodontol 2006;33:462-8.

Song JS, Hwang DH, Kim SO, Jeon M, Choi BJ, Jung HS, et al.
Comparative gene expression analysis of the human peri-
odontal ligament in deciduous and permanent teeth. PLoS
One 2013;8:e61231.

Wang H, Zhang J, Li H,Yu H, Chen S, Liu S, et al. FN1 is a prog-
nostic biomarker and correlated with immune infiltrates in
gastric cancers. Front Oncol 2022;12:918719.

Zhou Y, Cao G, Cai H, Huang H, Zhu X. The effect and clinical
significance of FN1 expression on biological functions of gas-
tric cancer cells. Cell Mol Biol (Noisy-Le-Grand) 2020;66:191-5.
Huynh QN, Wang S, Tafolla E, Gansky SA, Kapila S, Armitage
GG, et al. Specific fibronectin fragments as markers of peri-
odontal disease status. J Periodontol 2002;73:1101-10.
Dawson JR, Ellen RP. Tip-oriented adherence of Treponema
denticola to fibronectin. Infect Immun 1990;58:3924-8.
Nichel J, Ghatak S, Zuk AV, lllerhaus A, Mérgelin M, Schén-



432

29.

30.

31.

Atluri et al., Td-Induced Genes in the Development of HNSCC / doi: 10.14744/ejm0.2024.68988

born K, et al. TGFB1 is secreted through an unconventional
pathway dependent on the autophagic machinery and cyto-
skeletal regulators. Autophagy 2018;14:465-86.

Zhang F, Wang H, Wang X, Jiang G, Liu H, Zhang G, et al. TGF-
induces M2-like macrophage polarization via SNAIL-mediated
suppression of a pro-inflammatory phenotype. Oncotarget
2016;7:52294-306.

Wodgzinski D, Wosiak A, Pietrzak J, Swiechowski R, Kordek R,
Balcerczak E. Assessment of the TGFB1 gene expression and
methylation status of the promoter region in patients with
colorectal cancer. Sci Rep 2022;12:11488.

Mize TW, Sundararaj KP, Leite RS, Huang Y. Increased and cor-
related expression of connective tissue growth factor and
transforming growth factor beta 1 in surgically removed peri-
odontal tissues with chronic periodontitis. J Periodontal Res

32,

33.

34,

35.

2015;50:315-19.

Gonzélez CR, Amer MA, Vitullo AD, Gonzalez-Calvar SI, Vacas
MI. Immunolocalization of the TGFB1 system in submandibu-
lar gland fibrosis after experimental periodontitis in rats. Acta
Odontol Latinoam 2016;29:138-43.

Selvakumar SC, Preethi KA, Ross K, Tusubira D, Khan MWA,
Mani P, et al. CRISPR/Cas9 and next-generation sequencing in
the personalized treatment of cancer. Mol Cancer 2022;21:83.
Gajbhiye KR, Salve R, Narwade M, Sheikh A, Kesharwani P,
Gajbhiye V. Lipid polymer hybrid nanoparticles: A custom-tai-
lored next-generation approach for cancer therapeutics. Mol
Cancer 2023;22:160.

Qin W, Chandra J, Abourehab MAS, Gupta N, Chen ZS, Keshar-
wani P, et al. New opportunities for RGD-engineered metal
nanoparticles in cancer. Mol Cancer 2023;22:87.



