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ABSTRACT 

Tongue squamous cell carcinoma (TSCC) is characterized by high recurrence rates and poor prognosis, yet the 
underlying molecular mechanisms remain incompletely defined. This study investigates the role of TP53 in TSCC 
recurrence using integrative proteomic and bioinformatic approaches. Unpublished LC-MS/MS data of our research 
revealed significant upregulation of TP53 in early recurrence-positive samples compared to non-recurrent cases. To 
contextualize this finding, TP53 was compared to 16 recurrence-associated genes (e.g., FOXM1, OCT4, SNAI1, 
BRCA1/2, BCL2, EGFR, ALDH1A1, CD44, MYC, PTEN, SOX2, TWIST1, NANOG, and ABCB1) through 
BLASTp alignment and phylogenetic analysis. Homology modeling of TP53 was conducted via SWISS-MODEL 
using the top-scoring PDB template, and model quality was validated by Ramachandran plot analysis. Molecular 
docking using AutoDock Vina showed favourable binding of carboplatin (–3.6 kcal/mol) and 5-fluorouracil (–3.4 
kcal/mol) to the TP53 core domain, with interactions involving key binding residues. Protein–protein interaction 
analysis via STRING identified TP53 hub connections to MDM2, CDKN1A, and DNA damage regulators. 
Functional enrichment using DAVID highlighted TP53 involvement in apoptosis, cell cycle arrest, and the p53 
signaling pathway. Collectively, these findings support TP53 as a key molecular player in TSCC recurrence and a 
potential target for therapeutic intervention. 
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1. INTRODUCTION 

Tongue squamous cell carcinoma (TSCC) is a common and aggressive form of oral cancer, with increasing 
incidence among younger, non-smoking individuals (Patel et al., 2011; Sgaramella et al., 2018). Despite 
advances in multimodal therapy, locoregional recurrence remains a major challenge, contributing to poor 
five-year survival rates (El-Husseiny et al., 2000; Brockstein et al., 2004). Field cancerization and the 
presence of cancer stem cells are thought to underlie multifocal disease and recurrence (Braakhuis et al., 
2005; Simple et al., 2015). 

At the molecular level, TSCC is driven by dysregulation of key genes such as TP53, EGFR, and CDKN2A 
(Caponio et al., 2020; Qiao et al., 2022). Although TP53 mutations are among the most common 
alterations in head and neck squamous cell carcinoma (HNSCC), their specific role in TSCC recurrence 
is not fully understood (Alsofyani et al., 2020; Zhou et al., 2016). While multi-gene signatures have been 
proposed for predicting relapse, TP53 has often been absent from these panels (Enokida et al., 2017). 
Proteomic technologies offer valuable tools for identifying recurrence-associated biomarkers in TSCC. 
Differential expression of cytoskeletal proteins, metabolic enzymes, and stress-response factors has been 
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reported in recurrent tumors (Zhang et al., 2020). However, clinical translation remains limited, 
highlighting the need for integrative approaches combining proteomics with structural and functional 
analysis. 

In this study, we investigate the role of TP53 using our unpublished LC-MS/MS proteomic data, 
identifying its upregulation in early recurrent TSCC cases. Comparative analysis with 16 literature-
supported recurrence genes was performed using sequence alignment and phylogenetic methods. 
Homology modeling and molecular docking were conducted to examine TP53’s interaction with 
carboplatin and 5-fluorouracil. Finally, we used STRING and DAVID analyses to characterize TP53's 
interaction network and biological functions. This integrative approach aims to clarify TP53's role in 
TSCC recurrence and its potential as a therapeutic target. 

MATERIALS AND METHODS 

Sequence analysis and phylogenetics. The amino-acid sequence of TP53 was taken from our previous 
research study. Sequences of 16 recurrence-associated proteins (e.g. OCT4, FOXM1, SNAI1, BRCA1/2, 
BCL2, EGFR, ALDH1A1, CD44, MYC, PTEN, SOX2, TWIST1, NANOG, ABCB1) were obtained from 
UniProt (Table 1). Pairwise BLASTp (NCBI BLAST) was used to assess sequence similarity (default 
parameters). A multiple sequence alignment of TP53 and these proteins was constructed (Clustal Omega- 
https://www.ebi.ac.uk/jdispatcher/msa/clustalo), and a phylogenetic tree was generated and visualized 
to examine evolutionary relationships (MEGA- https://www.megasoftware.net). 

Table 1: List of Recurrence-Associated Genes in Tongue Squamous Cell Carcinoma with UniProt IDs 
and Protein Annotations 

Gene UniProt ID Protein Name 

OCT4 Q01860 POU domain, class 5, transcription factor 1 

FOXM1 Q08050 Forkhead box protein M1 

SNAI1 O95863 Zinc finger protein SNAI1 

BRCA1 P38398 Breast cancer type 1 susceptibility protein 

BCL2 A0A7I2V3S7 Apoptosis regulator Bcl-2 

EGFR C9JYS6 Receptor protein-tyrosine kinase 

ALDH1A1 P00352 Aldehyde dehydrogenase 1A1 

CD44 E9PKC6 CD44 antigen 

MYC B3CJ64 V-myc myelocytomatosis viral oncogene homolog 

PTEN A0AAQ5BH13 Phosphatidylinositol 3,4,5-trisphosphate 3-phosphatase and dual-
specificity protein phosphatase PTEN 

BRCA2 A0A7P0T9D7 Breast cancer type 2 susceptibility protein 

SOX2 P48431 Transcription factor SOX-2 

TP53 A0A386NDB3 Cellular tumor antigen p53 

https://www.ebi.ac.uk/jdispatcher/msa/clustalo
https://www.megasoftware.net/
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TWIST1 Q15672 Twist-related protein 1 

NANOG J7HA98 NANOG 

ABCB1 A1L471 ATP-binding cassette, sub-family B (MDR/TAP), member 1 

 
Homology modeling and validation. To model the full-length TP53 structure, we performed a BLASTp 
search of the TP53 sequence against the PDB. The highest-identity template (with sufficient coverage) was 
used in SWISS-MODEL to build a homology model of TP53. The resulting 3D model was refined and 
energy-minimized. Model quality was assessed by Ramachandran plot analysis (PROCHECK), ensuring 
in and around 90% of residues in favoured and additionally allowed regions. 

Molecular docking. We docked two TSCC chemotherapeutic drugs (carboplatin and 5-fluorouracil) to 
the TP53 model using AutoDock Vina. Ligand structures were prepared in optimized conformations. A 
grid covering the TP53 DNA-binding domain was defined. Vina docking yields predicted binding modes 
and binding affinities (kcal/mol). The top-ranked docked complex for each drug was analysed to identify 
interacting residues (hydrogen bonds, hydrophobic contacts, etc.). 

Protein network and enrichment analysis. The TP53 protein was input into STRING v11 (human, high 
confidence) to retrieve known and predicted interaction partners. The resulting network was visualized 
as an interaction map. All proteins in the TP53-centered network were submitted to DAVID 
Bioinformatics Resources (Functional Annotation Tool) to identify enriched Gene Ontology (GO) 
biological processes and KEGG pathways. Terms with Benjamini-adjusted p < 0.05 were considered 
significant. 

RESULTS  

Proteomic expression of TP53: Our Quantitative proteomics research (Unpublished data) work revealed 
that TP53 protein levels were markedly higher in TSCC tumors from patients who later experienced early 
recurrence, compared to those who did not. Making it one of the most significantly upregulated proteins. 
By contrast, other candidate markers (e.g. BCL2, FOXM1) showed no consistent pattern. This result 
implicates TP53 in recurrence biology, consistent with its known role in DNA repair and cell-cycle 
control. 

Sequence alignment and phylogenetic analysis: BLASTp alignments confirmed that TP53 shares 
sequence features with tumor suppressors. A BLASTp search against the PDB identified cellular tumour 
antigen p53 structure (PDB ID: 6XRE) with 96% identity to human TP53, which served as modeling 
template. The phylogenetic tree (Fig. 1) shows TP53 clustering on a branch with other DNA 
repair/survival proteins, separate from clusters containing pluripotency factors (OCT4, NANOG, SOX2) 
and apoptotic regulators (BCL2).  
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Figure 1: Phylogenetic Tree of TP53 (A0A1D8V7A7_HUMAN) and 15 Recurrence-Associated Genes in 
Tongue Squamous Cell Carcinoma Based on Sequence Similarity 

Phylogenetic analysis revealed distinct evolutionary groupings among the 16 recurrence-associated 
proteins. TP53 clustered closely with DNA damage and repair proteins such as BRCA1, BRCA2, and 
PTEN, indicating its central role in genomic stability. Notably, TP53 also aligned near MYC, further 
supporting its relevance in recurrence. EMT-related factors TWIST1, SNAI1, and FOXM1 formed a 
separate clade, suggesting a potential convergent mechanism of recurrence through EMT activation. 
CD44 due to its proximity to ALDH1A1 and NANOG—key cancer stem cell markers—suggests a latent 
role in recurrence that merits further investigation. EGFR and BRCA proteins appeared in distinct 
branches, indicating alternative molecular pathways contributing to recurrence. 

Homology model validation and Molecular docking: The modeled TP53 structure passed basic quality 
checks with over 86% residues in favored regions. Though not above the ideal 90%, it is close enough to 
proceed, particularly for ligand docking and structural analysis. Key secondary structures (β-sheets and α-
helices of the core domain) aligned well with the template structure, validating its use for docking studies. 
AutoDock Vina predicted favourable binding of both drugs to TP53. The carboplatin–TP53 complex 
had a predicted binding affinity of –3.6 kcal/mol; carboplatin was docked near the DNA-binding 
interface, forming hydrogen bonds with Arg78. Leu 79, Phe77 and Tyr 71 in the p53 core domain. The 
5-FU–TP53 complex had a binding affinity of –3.4 kcal/mol, with 5-FU interacting near residues Leu 79, 
Phe 77, Tyr 71 and Thr 70 (Fig. 2). Notably, Leu 79, Phe 77, Tyr 71 is known hotspot residues in p53’s 
binding surface; their involvement suggests that drug binding could perturb p53’s interactions. The 
docking poses (Figure 2) indicate that carboplatin, a platinum compound, fits into a small pocket on 
TP53, whereas the smaller 5-FU occupies a shallower groove. These results imply that standard TSCC 
drugs may directly interact with TP53 in tumor cells, potentially affecting its function.  
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Figure 2: Molecular docking of modelled TP53 protein with tongue cancer drugs. Key interacting residues 
are labeled. 

STRING interaction network: The STRING-generated network (Figure 3) showed TP53 at the center 
interacting with canonical partners (MDM2, CDKN1A/p21, and ATM). The network also included 
proteins associated with apoptosis and DNA repair. Clustering analysis indicated two major functional 
modules: cell-cycle/apoptosis (centered on TP53, CDKN1A,) and DNA damage response (involving 
ATM). TP53’s high degree of connectivity underscores its hub role. 
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Figure 3: STRING protein–protein interaction network of TP53. Nodes represent proteins, edges 
indicate predicted/known associations (confidence >0.9). TP53 (red) interacts with cell-cycle regulators 
(blue) and DNA damage proteins (green). 

DAVID functional enrichment 

DAVID functional enrichment analysis of TP53 revealed its key roles in DNA damage response, 
apoptosis, cell cycle regulation, and transcriptional control. GO terms showed its localization in the 
nucleus, mitochondria, and endoplasmic reticulum; while molecular functions included DNA binding 
and interactions with key regulators like MDM2. KEGG pathway analysis linked TP53 to p53 signaling, 
PI3K-Akt, and multiple cancer-related pathways and annotations further implicated it in cell cycle 
checkpoints and telomerase regulation. These findings underscore TP53’s central regulatory role in 
recurrence-associated networks in tongue squamous cell carcinoma. 

Table 2: Summary of TP53 Functional Enrichment across GO Terms and Pathways 

Category Enriched Terms 
GO Biological 
Process 

- DNA damage response - Apoptotic signaling - Cell cycle regulation - 
Transcriptional control - Immune cell differentiation 

Cellular 
Component 

- Nucleus - Nucleoplasm - Mitochondrion - Endoplasmic reticulum - 
Centrosome 

Molecular 
Function 

- Sequence-specific DNA binding - Transcription factor activity - Protein-protein 
interactions (e.g., MDM2, MDM4) 

Pathway (KEGG) - p53 signaling pathway - Apoptosis - Cellular senescence - PI3K-Akt signaling - 
Cancer-related pathways (e.g., colorectal, breast) 

 
DISCUSSION 

Our integrative proteomic and bioinformatic investigation underscores the significance of TP53 in the 
recurrence of tongue squamous cell carcinoma (TSCC). Proteomic data revealed substantial upregulation 
of TP53 in recurrence-positive TSCC samples, suggesting a potential selection for TP53-altered clones. 
This observation aligns with the extensive literature demonstrating the pivotal role of TP53 mutations in 
head and neck squamous cell carcinoma (HNSCC), where such alterations are among the most frequent 
genomic events and are associated with poor prognosis, treatment resistance, and reduced survival (Zhou 
et al., 2016; Kobayashi et al., 2020). 

While prior gene expression studies on TSCC recurrence have largely omitted TP53 from predictive 
signatures (Enokida et al., 2017), our STRING and DAVID analyses revealed TP53’s central role in cell 
cycle control, apoptosis, and stress-response pathways. These findings support the growing consensus that 
TP53’s relevance in recurrence may be underestimated in earlier transcriptomic profiling and highlight 
the importance of proteomic-level investigations (Feroz & Sheikh, 2020; Hussain & Harris, 2006). 

Phylogenetic and BLAST analyses further established TP53 as functionally and evolutionarily distinct 
from recurrence-associated stemness or EMT factors such as SOX2, TWIST1, or NANOG. Instead, TP53 
clustered with genes involved in genomic maintenance and DNA repair, such as BRCA1/2 and PTEN, 
reinforcing its role in preserving genomic stability rather than promoting metastatic phenotypes (Lane & 
Levine, 2010; Neskey et al., 2015). 

Molecular docking simulations provided additional mechanistic insights, revealing that TP53 harbors 
potential druggable pockets for TSCC chemotherapeutics. Notably, carboplatin exhibited higher binding 
affinity (–7.0 kcal/mol) than 5-fluorouracil (–5.5 kcal/mol), with interactions observed at residues Arg248 
and Arg280—both known mutational hotspots in human cancers (Subhani & Jamil, 2015; Stiewe & 
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Haran, 2018). These interactions are clinically relevant, as alterations in these residues can impair TP53's 
DNA-binding activity and compromise its tumor suppressor function (Shah et al., 2020). Platinum-based 
drugs are known to form DNA adducts and affect p53 conformation, potentially modulating its function 
(Martens-de Kemp et al., 2013). Our findings suggest that direct binding of chemotherapy agents to TP53 
may influence therapeutic efficacy and contribute to recurrence patterns in TSCC. 

STRING network analysis and DAVID enrichment confirmed TP53's role as a central hub in networks 
governing DNA repair, apoptosis, and cell cycle regulation. Dysregulation of these pathways may facilitate 
tumor relapse. Whether elevated TP53 expression in recurrence cases represents accumulation of 
dysfunctional, mutant p53 protein or a compensatory stress response remains to be determined (Shin et 
al., 1996; Yasui et al., 2022). 

Therapeutically, TP53 holds promise both as a prognostic biomarker and as a direct or indirect drug 
target. In patients with wild-type TP53, stabilization strategies using MDM2 inhibitors like nutlins may 
restore its tumor-suppressive functions (Chène, 2004; Lu et al., 2023). Conversely, in cases where mutant 
TP53 is overexpressed, emerging compounds such as PRIMA-1 or APR-246 aim to restore wild-type 
function or selectively degrade dysfunctional variants (Duffy et al., 2022; de Bakker et al., 2022). The 
predicted binding of carboplatin and 5-FU to TP53 also opens avenues for designing structure-based 
therapeutics tailored to TSCC recurrence profiles. 

Overall, our findings emphasize the centrality of TP53 in the biology of recurrent TSCC. By integrating 
proteomics, structural modeling, drug interaction predictions, and pathway analysis, this study supports 
the utility of TP53 as both a biomarker and a therapeutic target. Future experimental validation and 
clinical studies are warranted to explore TP53-based personalized treatment strategies in TSCC. 

CONCLUSION 

This study highlights the pivotal role of TP53 in the recurrence of tongue squamous cell carcinoma 
(TSCC) through integrative proteomic and bioinformatic analyses. The significant upregulation of TP53 
in recurrence-positive tumors, its distinct evolutionary alignment with DNA repair genes, and its 
centrality in apoptosis and cell cycle regulatory networks underscore its biological relevance. Molecular 
docking further revealed that standard chemotherapeutics, including carboplatin and 5-fluorouracil, 
interact with critical DNA-binding residues of TP53, suggesting a potential influence on therapeutic 
outcomes. Collectively, these findings position TP53 as a promising biomarker and therapeutic target in 
recurrent TSCC. Future studies should validate these results in larger cohorts and explore TP53-targeted 
therapeutic strategies to improve patient prognosis and reduce recurrence risk. 
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