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Introduction

Oral Squamous Cell Carcinoma (OSCC) is a prevalent malignancy within the
head and neck region, characterized by its aggressive nature and high mortality
rates. Early detection and accurate prognosis are pivotal for improving patient
outcomes. Recent advancements in molecular biology have unveiled a plethora
of biomarkers that offer insights into the pathogenesis, diagnosis, and
prognosis of OSCC. These molecular signatures encompass genetic mutations,
epigenetic alterations, protein expression profiles, and non-coding RNAs, each
contributing to the complex landscape of OSCC. This article delves into the
diagnostic and prognostic implications of these molecular signatures,
highlighting their potential in clinical applications [1].

The p53 gene, often termed the "guardian of the genome," plays a crucial role
in maintaining genomic stability. In OSCC, mutations or deletions of the p53
gene are prevalent, leading to loss of function and subsequent tumorigenesis.
These alterations result in impaired DNA repair, evasion of apoptosis, and
uncontrolled cell proliferation. Studies have shown that p53 mutations are
associated with poor prognosis and resistance to therapy in OSCC patients [2].

Description

Cyclin D1 is a regulatory protein that controls cell cycle progression.
Amplification of the CCND1 gene, which encodes Cyclin D1, has been found in
0OSCC and may contribute to uncontrolled cell growth. Conversely, the
CDKN2A gene encodes the p16 protein, a cyclin-dependent kinase inhibitor
that regulates the G1 to S phase transition. Alterations in CDKN2A, such as
deletions or promoter hypermethylation, can lead to the loss of p16INK4a
protein function, promoting OSCC development. EGFR is a cell surface
receptor that, upon binding with its ligands, activates downstream signaling
pathways promoting cell proliferation, survival, and migration. Overexpression
or mutations in the EGFR gene have been implicated in the pathogenesis of
OSCC. These alterations are associated with enhanced tumor aggressiveness
and resistance to conventional therapies. Targeted therapies against EGFR
have shown promise in treating OSCC, underscoring the importance of EGFR
as a therapeutic target [3].

DNA methylation involves the addition of a methyl group to the DNA molecule,
typically at CpG islands, leading to gene silencing. In OSCC, hypermethylation
of tumor suppressor genes such as pl6INK4a and RASSF1A has been
observed. These epigenetic changes contribute to the inactivation of critical
genes involved in cell cycle regulation and apoptosis, facilitating tumorigenesis.
The detection of these methylation patterns in body fluids offers a non-invasive
diagnostic approach for OSCC. Post-translational modifications of histone
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proteins, including acetylation, methylation, and phosphorylation, influence
chromatin structure and gene expression. In OSCC, aberrant histone
modifications have been linked to the dysregulation of genes involved in cell
proliferation and survival. Understanding these modifications provides
insights into the epigenetic landscape of OSCC and potential therapeutic
interventions targeting epigenetic regulators. MMPs are enzymes responsible
for the degradation of extracellular matrix components, facilitating tumor
invasion and metastasis. Elevated levels of MMPs, particularly MMP-1,
MMP-3, and MMP-9, have been detected in the saliva and tissue samples of
OSCC patients. These proteins correlate with tumor progression and poor
prognosis, making them potential biomarkers for OSCC diagnosis and
monitoring [4].

The integration of molecular biomarkers into clinical practice enhances the
accuracy of OSCC diagnosis. Liquid biopsy techniques, involving the analysis
of saliva, blood, or other body fluids, allow for the detection of molecular
alterations associated with OSCC. Biomarkers such as EGFR mutations,
MMPs, and miRNAs can be identified in these fluids, providing a non-invasive
method for early detection and monitoring of OSCC. Furthermore, the
development of multiplex assays enables the simultaneous detection of multiple
biomarkers, improving diagnostic sensitivity and specificity. These
advancements facilitate the identification of high-risk individuals, enabling timely
intervention and personalized treatment strategies. Molecular markers not only
aid in diagnosis but also provide valuable prognostic information. The
expression levels of genes such as p53, p16, and CD97 correlate with tumor
aggressiveness and patient survival. For instance, overexpression of p53 is
associated with poor prognosis and resistance to therapy, while loss of p16
expression indicates a more aggressive tumor phenotype. Additionally, the
detection of specific miRNAs and IncRNAs in patient samples can predict tumor
recurrence and metastasis. These molecular signatures offer insights into tumor
behavior, guiding treatment decisions and surveillance strategies [5].

Conclusion

The landscape of Oral Squamous Cell Carcinoma (OSCC) is undergoing a
transformative shift due to the emergence of molecular signatures as powerful
diagnostic and prognostic tools. Genetic mutations, epigenetic modifications,
altered protein expression profiles, and dysregulated non-coding RNAs
collectively contribute to the initiation, progression, and heterogeneity of
OSCC. These molecular insights not only enhance the precision of diagnosis
but also provide a foundation for predicting disease outcomes and tailoring
patient-specific therapeutic strategies. Early detection through non-invasive
methods, such as liquid biopsies detecting EGFR mutations, methylation
markers, or circulating miRNAs, offers a promising alternative to conventional
diagnostic approaches. Likewise, prognostic indicators like p53 mutations,
Cyclin D1 amplification, and CD97 overexpression have proven utility in
assessing tumor aggressiveness and guiding treatment intensity. The
integration of multi-omic approaches and high-throughput technologies is
further refining our ability to identify and validate these biomarkers.



mailto:maruyama.sukinoki@onu.edu

Maruyama T. Oral Health Case Rep, Volume 11: 02, 2025

3. Woolgar, Julia Anne and Asterios Triantafyllou. "Pitfalls and procedures in the
ACknOWIGdgement histopathological diagnosis of oral and oropharyngeal squamous cell carcinoma and
a review of the role of pathology in prognosis." Oral Oncol 45 (2009): 361-385.
None.
4. Yoshimura, Shusaku, Atsushi Kasamatsu, Dai Nakashima and Manabu lyoda, et al.
"UBE2S associated with OSCC proliferation by promotion of P21 degradation via the
ubiquitin-proteasome system." Biochem Biophys Res Commun 485 (2017): 820-825.

Conflict of Interest

5. Ren, Hong-Zheng, Guo-ging Pan, Jin-Sheng Wang and Ji-Fang Wen, et al.
"Reduced stratifin expression can serve as an independent prognostic factor for poor
survival in patients with esophageal squamous cell carcinoma." Dig Dis Sci 55
(2010): 2552-2560.

None.

References

1. Jr, Sol Silverman, Meir Gorsky and Francina Lozada, Dds Ms. "Oral leukoplakia
and malignant transformation. A follow-up study of 257 patients." Cancer 53
(1984): 563-568.

ow to cite this article: Maruyama, Tsukinoki. “Molecular Signatures in Ora
9. Neville, Brad W. and Terry A. Day. "Oral cancer and precancerous lesions." quamous Cell Carcinoma: Diagnostic and Prognostic Perspectives.” Oral Health
Cancer J Clin 52 (2002): 195-215. ase Rep 11 (2025): 181.

Page 2 of 2


https://acsjournals.onlinelibrary.wiley.com/doi/abs/10.1002/1097-0142(19840201)53:3%3C563::AID-CNCR2820530332%3E3.0.CO;2-F
https://acsjournals.onlinelibrary.wiley.com/doi/abs/10.1002/1097-0142(19840201)53:3%3C563::AID-CNCR2820530332%3E3.0.CO;2-F
https://acsjournals.onlinelibrary.wiley.com/doi/abs/10.3322/canjclin.52.4.195
https://www.sciencedirect.com/science/article/pii/S1368837508002224
https://www.sciencedirect.com/science/article/pii/S1368837508002224
https://www.sciencedirect.com/science/article/pii/S1368837508002224
https://www.sciencedirect.com/science/article/pii/S0006291X17304382
https://www.sciencedirect.com/science/article/pii/S0006291X17304382
https://www.sciencedirect.com/science/article/pii/S0006291X17304382
https://www.sciencedirect.com/science/article/pii/S0006291X17304382
https://link.springer.com/article/10.1007/s10620-009-1065-0
https://link.springer.com/article/10.1007/s10620-009-1065-0
https://link.springer.com/article/10.1007/s10620-009-1065-0
https://link.springer.com/article/10.1007/s10620-009-1065-0

