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Background: Base of tongue squamous cell carcinoma (BOTSCC) is a prevalent and aggressive form of oral cancer, often associated
with poor patient outcomes. The tumor microenvironment (TME) of HPV-positive BOTSCC is critical in influencing cancer
progression and treatment response.

Objective: This study aims to analyze the TME of HPV-positive BOTSCC by examining the expression of key genes involved in
various biological processes.

Methods: We utilized the RT2 Profiler PCR Array to quantify the expression of 168 genes related to inflammation, immunity,
oncogenesis, tumor suppression, apoptosis, and angiogenesis. Enrichment analysis of cancer hallmarks was performed on all
upregulated genes. Additionally, we investigated the correlation between the expression levels of the ten most highly upregulated
genes and survival prognosis in HPV-associated BOTSCC patients.

Results: Our analysis revealed dysregulation of 42 genes associated with tumor-immune interactions, with 20 genes upregulated and
22 downregulated. Furthermore, we identified 64 genes linked to cancer development, with 33 upregulated and 31 downregulated.
High-risk HPV (hr-HPV) genotypes were found in 81% of patients, predominantly HPV-35 and HPV-16.

Conclusion: This study highlights the complexity of the HPV-positive BOTSCC TME, underscoring the need for further research
into molecular pathways and immune interactions to identify new therapeutic targets for improved cancer treatment.

Plain Language Summary: Base of tongue squamous cell carcinoma (BOTSCC) is a highly aggressive form of oral cancer often
associated with poor prognosis. This study focuses on the tumor microenvironment (TME) in HPV-positive BOTSCC, investigating
the expression of 168 genes implicated in anti-inflammatory, anti-tumor, and other critical biological functions. Among these, 64 genes
associated with cancer growth and regulation and 42 genes involved in tumor-immune interactions were identified as dysregulated.
The high-risk HPV-35 strain emerged as the most prevalent subtype. Further analysis explored the impact of the most significantly
upregulated genes on immune cell dynamics within the tumor and patient survival outcomes. These findings provide novel insights
into the complex TME of HPV-positive BOTSCC, underscoring the importance of further research to delineate key molecular
pathways and identify potential therapeutic targets.
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Introduction

Head and neck squamous cell carcinomas (HNSCCs) rank as the sixth most common cancer globally, contributing to
significant morbidity and mortality, with over 900,000 new cases and 450,000 deaths reported in the past two years.'*
Despite notable advancements in diagnostic and therapeutic strategies, the survival rates for HNSCC remain stagnant,
with a five-year survival rate of only 40% to 50%.* Base of tongue squamous cell carcinoma (BOTSCC), a subset of
HNSCC, is particularly challenging due to its propensity for occult metastasis, high invasiveness, local recurrence, and
poor prognosis. Human papillomavirus (HPV) has been identified as the primary etiological agent in BOTSCC, with
HPV type 16 emerging as a major risk factor for oropharyngeal squamous cell carcinoma (OPSCC) according to findings
by the International Agency for Research on Cancer.’

Among head and neck squamous cell carcinomas (HNSCCs), the tonsils and base of the tongue are the primary sites
commonly affected by this malignancy. The identification of human papillomavirus (HPV) type 16 as a significant risk
factor has provided critical insights into the etiological link between HPV infection and the development of orophar-
yngeal squamous cell carcinoma (OPSCC). This discovery underscores the importance of early detection and preventive
measures in mitigating disease progression. HPV vaccination has become a cornerstone of cancer prevention strategies,
particularly for individuals at high risk of developing base of tongue squamous cell carcinoma (BOTSCC). Immunization
targeting nine HPV genotypes has demonstrated significant efficacy in reducing the incidence of OPSCC and its
associated tumorigenesis.®

The global incidence of base of tongue squamous cell carcinoma (BOTSCC) has risen markedly in recent years.” This
increase is primarily driven by the growing prevalence of HPV-positive tongue squamous cell carcinoma (TOSCC) and
BOTSCC metastasis.®” Notably, approximately 70% of cases occur in men.” Historically, HPV vaccination programs
have focused predominantly on females, but this concerning trend underscores the critical need to expand vaccination
efforts to include males. Broader immunization strategies targeting both genders are essential to mitigate the rising
burden of HPV-associated malignancies and address this escalating public health challenge.”'”

The tumor microenvironment (TME) of oropharyngeal squamous cell carcinoma (OPSCC) is a heterogeneous and
complex milieu composed of various cell types, including cancer cells, diverse immune cells, stromal cells, and non-
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cellular extracellular matrix components.'''* The dynamic and intricate process of crosstalk and interaction between
tumor cells and the surrounding microenvironment plays a pivotal role in the pathogenesis, prognosis, and metastatic
potential of head and neck squamous cell carcinoma (HNSCC).'>™'7 Moreover, the TME has a profound impact on
immune cell activation and infiltration, which can significantly influence the efficacy of cancer immunotherapy.'®

We have previously revealed a significant heterogeneity in gene expression within the TME in both HPV-associated
and HPV-non-associated tonsillar squamous cell carcinoma (TSCC), highlighting the roles of cellular mediators and
factors involved in various processes, including inflammation, immune crosstalk, transcription regulation, immune
signaling pathways, signal transduction, oncogenesis, tumor suppression, angiogenesis, and apoptosis.® Building on
this foundation, the current study aims to explore the mRNA expression landscape of the HPV-positive base of tongue
squamous cell carcinoma (BOTSCC). We conducted a differential expression analysis of genes specific to inflammation
and immunity, oncogenes and performed cancer hallmark enrichment analysis on all upregulated genes.

Materials and Methods

FFPE Tissue Collection Patients Characteristics

We gathered eleven formalin-fixed paraffin-embedded (FFPE) tissue samples from BOTSCC for our multicenter
investigation. In blind confirmation, two competent pathologists verified BOTSCC. The majority of the samples were
invasive squamous cell carcinoma. The tumor size of all samples ranged from 0.2 to 0.5 cm in greatest dimension
(microscopic measurements). Participants in this study were required to be at least eighteen years old, male, or female,
have enough material for HPV detection and genotyping, and have access to BOTSCC FFPE tissue samples that were of
acceptable quality. Individuals under the age of eighteen, immunocompromised, using chemotherapy, immunotherapy, or
radiation, or with incomplete data were not included. From each block of paraffin, we cut a series of tissue slices that
were 10 pm thick. The tissue was sectioned and processed using standard procedures to prevent cross-contamination and
guarantee reliable results.

Nucleic Acid Extraction and cDNA Synthesis

The AllPrep DNA/RNA FFPE Kit from Qiagen (Hilden, Germany) was used to extract viral DNA total RNA in
accordance with the instructions given. The purity and concentration of extracted DNA and RNA were assessed using
Thermo Fisher Scientific’s NanoDrop2000 (Waltham, MA, USA). Following the manufacturer’s instructions, an RT2
first-strand synthesis kit (Qiagen, Germantown, MD, USA) was used for cDNA synthesis and genomic DNA removal.
The synthesis procedure used 1.5 uL. of RNA in total. Using the internal housekeeping gene GAPDH, the isolated nucleic
acid’s purity and integrity were evaluated. When handling RNA, stringent precautions were taken to guarantee precise
readings and avoid contamination, including operating in RNase-free conditions and within a biological safety cabinet.

Detection and Genotyping of HPV

SYBR Green/ROX Master Mix was used in a quantitative polymerase chain reaction (QPCR) approach for HPV
detection and genotyping, following the manufacturer’s instructions. 8.5 pL of RNase-free water, 1 pL of forward
primer, 1 pL of reverse primer, 2 pL of cDNA, and 12.5 pL of 2x RT2 SYBR Green Master Mix made up the qPCR
reaction mixture. Supplementary Table 1 provides specific primers used in the qPCR tests. Utilizing an ABI 7500 Fast

device (Applied Biosystems, Waltham, MA, USA), amplification was carried out. An initial denaturation at 95 °C for
10 minutes was followed by 40 cycles of denaturation at 95 °C for 15 seconds, annealing at 57 °C, and extension at 72 °C
for 45 seconds for the cycling conditions.

Cellular RNA Processing and Cancer Inflammation, Immunity Crosstalk, Oncogenes

and Tumor Suppressor Genes Transcriptomes

The following methods were used to examine mRNA expression. First, the RT2 First Strand Synthesis Kit (Qiagen,
Germantown, MD, USA) was used to accomplish cDNA synthesis and genomic DNA removal in compliance with the
manufacturer’s instructions. SABiosciences (Frederick, MD, USA) provided two different kits for RT2-PCR array
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analysis of the generated cDNA: the Oncogenes and Tumor Suppressor Genes Array (PAHS-502ZC-12) and the Cancer
Inflammation and Immunity Cross-talk Array (PAHS-181Z). These arrays made it possible to evaluate the expression
levels of 168 genes linked to angiogenesis, apoptosis, transcription factors, tumor suppressor functions, oncogenesis,
inflammatory mediators, and tumor cell communication. The following methods were used to examine mRNA expres-
sion. First, the RT2 First Strand Synthesis Kit (Qiagen, Germantown, MD, USA) was used to accomplish cDNA
synthesis and genomic DNA removal in compliance with the manufacturer’s instructions. SABiosciences (Frederick,
MD, USA) provided two different kits for RT2-PCR array analysis of the generated cDNA: the Oncogenes and Tumor
Suppressor Genes Array (PAHS-502ZC-12) and the Cancer Inflammation and Immunity Crosstalk Array (PAHS-181Z7).
These arrays made it possible to evaluate the expression levels of 168 genes linked to angiogenesis, apoptosis,
transcription factors, tumor suppressor functions, oncogenesis, inflammatory mediators, and tumor cell communication.
The master mix, which had a total volume of 2700 uL for one 96-well plate, was made up of 1248 uL of RNase-free
water, 102 pL of cDNA, and 1350 uL of 2x RT2 SYBR Green Master Mix, as previusly described.'® After that, each
PCR array well received 25 pL of the qPCR component mix. The ABI 7500 Fast device (Applied Biosystems, Waltham,
MA, USA) was then used to amplify the 96-well array. To enable extension and fluorescence data collection, the cycling
conditions comprised a 10-minute initial denaturation at 95 °C, 40 cycles of denaturation at 95 °C for 15 seconds, and
annealing at 60 °C for 1 minute. Qiagen’s online RT2-PCR Profiler data analysis program (www.qiagen.com) was used to
examine the relative gene expression data. The AACt method was utilized to quantify the levels of gene expression, and

the results were standardized against five housekeeping genes.

Cancer Hallmark Enrichment Analysis

All elevated genes found in HPV-associated BTOSCC patients were subjected to enrichment analysis using the Cancer
Hallmarks database (CancerHallmarks.com). This database provides a proven framework that describes basic biological
concepts that are common to different types of cancer. An existing gene set and the cancer hallmark pathways listed in
the database were integrated for the enrichment analysis. Genes and molecular changes associated with each hallmark

were systematically annotated in order to perform a survival analysis based on the expression status.

Functional Analysis and Biological Network Construction

A biological network was constructed by doing a functional analysis of genes that were found to be considerably over-
expressed. This study made use of the Retrieval of Interacting Genes/Proteins (STRING) database, version 11.0, which
makes it easier to investigate known and anticipated interactions between proteins. With the use of these instruments, we
sought to clarify the intricate connections between the over-expressed genes, offering information on their possible
functions in biological functions and disease mechanisms. Through the STRING database, we were able to create
a comprehensive interaction network by combining several kinds of data, such as computational predictions, database

annotations, and experimental outcomes.

Survival Prognosis Analysis
The Gene Expression Profiling Interactive Analysis (GEPIA) database (http://gepia.cancer-pku.cn/index.html) was used

to analyze the relationship between the survival prognosis and the expression levels of the ten most highly upregulated
genes in HPV-associated BTOSCC patients. The GEPIA provided extensive data from the Cancer Genome Atlas
(TCGA), allowing the analysis of gene expression patterns across various cancer types and normal tissues.

Analysis of Real-Time RT? Profiler PCR Array
The online RT2 Profiler Data study program was utilized for the study of real-time PCR array data and gene expression.
Using the relative quantification 2-AACt technique, fold regulation values for every gene were ascertained. Five house-
keeping gene mean values were used to standardize ACt results.
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Data Analysis

Data analysis was conducted using GraphPad 10 software (GraphPad Software, San Diego, CA, USA). A t-test was used
for group comparison. Pearson’s correlation test was used to evaluate the relationships between each variable. Statistical
significance was defined as a p-value of less than 0.05.

Results
Basic BOTSCC Patients’ Characteristics

This study includes all FFPE from patients with head and neck cell cancer as well as healthy persons. Table 1 shows the
demographic details of the HPV-associated BTOSCC patients, whose ages ranged from 46 to 77 years old, with a median
of 57.

Prevalence of HPV in the Base of Tongue Squamous Cell Carcinoma (BOTSCC)

In BOTSCC patients, HPV DNA was found in the PEPP tissue-extracted DNA. All of the BOTSCC patients had three hr-
HPV genotypes identified. In terms of genotype detection, HPV-35 8 (88%), HPV-16 7 (77%), and HPV-45 1 (11%) were
the most common. There was variation in the HPV infection across BOTSCC patients. Table 1 shows that among
BOTSCC patients, double HPV infections (HPV16+HPV35), 6 (85%), and 1 (14%) were found, whereas single HPV-16
and HPV-35 infections were found in 1 patient (50%) and 1 patient (50%) respectively. The average age of the BOTSCC
patients was around 43 years old, with a range of 21 to 77 years. HPV-16, HPV-35, and HPV-45 were the three kinds of
HPV found. Each type of HPV has a different viral burden. The viral load of HPV-16 ranged from 21 to 36, with an
average of 32.14 = 4.79. The viral load of HPV-35 ranged from 18 to 35, with an average of 31.75 &+ 5.56. A viral load of
36 was found in HPV-45. It is significant to remember that only three HPV genotypes had data on viral loads. Our
findings demonstrated that BOTSCC patients were more evenly distributed, with half being Saudi and the other half not.
There may be differences in the viral loads of different HPV varieties, which could affect how the disease develops and
spreads. Our findings indicated that the viral load was higher for some HPV genotypes. Increasing viral loads are
frequently linked to enhanced infectivity and a higher chance of developing related HNSCC malignancies. In contrast,
certain HPV genotypes were either undetectable or had a decreased viral load. This is by no means an indication that the
illness is less serious or less dangerous. Diseases may emerge even in people with low viral loads, especially those with
weakened immune systems or other risk variables.

Table | Demographics and Prevalence of HPV

Genotypes
Baseline Variables HPV-positive
BOTSCC
Demographics n=8
Age (years) Median 57 +9
Range 46-77
Gender Male 22%
Female 78%
Nationality Saudi 56%
Non-Saudi 44%
Type of HPV infection
Single HPVI6 OR HPV35 22%
Double HPVI16+HPV35 77%
HPV35+HPV45
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Transcriptome Analysis of Inflammation and Immunity in HPV-Associated BOTSCC

The Human Cancer Inflammation and Immunity Crosstalk RT2 Profiler PCR Array was used to analyze the transcrip-
tome profile of the interaction between inflammation and immunity. According to the analysis, 42 of the 84 immune
genes in this qPCR array that are involved in the connection between tumor cells and the biological mediators of
inflammation and immunity crosstalk were differently dysregulated mRNA in individuals with HPV-positive BOTSCC
(Figure 1). Patients with HPV-positive BOTSCC had elevated expression of 20 of their genes (Figure 1). In individuals
with HPV-associated BOTSCC, the mRNA of four genes (IL6, IRF1, TLR2, and TNF) was substantially elevated
(Figure 1). Patients with HPV-associated BOTSCC showed downregulation of 22 genes. We discovered that the levels of
VEGFA and CCL18 mRNA were low. Four genes (BCL2, CXCL9, IGF1, and MYC) were found to be elevated in all
HPV-associated BOTSCC patients, whereas six genes (VEGFA, CSF3, CCR2, CSF2, CXCLI12, and MIF) were
frequently found to be downregulated. In patients with HPV-associated BOTSCC, there was significant variation in
TME gene expression. Of the patients, one (p1) tested positive for two genes (4%), three (p2, p3, and p6) tested positive
for seven genes (16%), one (p4) tested positive for thirteen genes (30%), one (p5) tested positive for five genes (11%),
one (p7) tested positive for four genes (9%), and one (p8) tested positive for six genes (14%), as shown in Figure 1.
According to inter-age compression, patients between the ages of 42 and 55 showed more gene expressions than those

between the ages of 55 and 97 (Figure 2). A number of variables, including age, can cause physiological alterations in the
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Figure | Heatmap of the 42 dysregulated genes’ expression profiles in patients with BOSTCC linked to HPV. Dysregulated tumor inflammation and immune crosstalk gene
expression are displayed in the ring heatmap cluster gram. HPV-associated BOSTCC patients are represented by rings Pl through P8. While the color gradient depicts
expression from low (blue) to high (red), the heatmap color scale shows the range of expression values. Co-expression is indicated by genes with comparable colors across
samples. The hierarchical clustering of genes according to their patterns of expression is displayed by the dendrogram, or tree structure.
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Figure 2 Mean fold-change expression of genes involved in tumor cell-to-tumor cell contact and cellular mediators of inflammation and immune crosstalk in two age groups
of patients with HPV-associated BOTSCC. The data emphasize the effect of age on gene expression patterns in the context of HPV-associated BOTSCC by showing the
difference in expression levels between patients under the age of 55 and those over 55.

immune system that may affect both innate and adaptive immune responses. These results imply that the gene expression
profile may be influenced by age. The gene expression of cancer inflammation and immunity interaction in the HPV-
associated BOTSCC microenvironment showed distinct heterogeneity.

Analysis of mRNA Expression of Oncogenes and Tumor Suppressor Genes of TME in
HPV-Associated BOTSCC

A key factor in the development, spread, and clinical results of malignancies is the dysregulation of the molecular
landscape. In the microenvironment of HPV-associated BOTSCC, we used the RT? Profiler™ PCR Array for human
oncogenes and tumor suppressor genes to examine the expression levels of 84 oncogenes and tumor suppressor genes.
According to our study, patients with HPV-positive BOTSCC had dysregulated 64 genes (Figure 3). Of these, 33 genes
were found to be increased, with nine genes exhibiting significantly higher levels of mRNA expression: APC, CDKN2B,
E2F1, JUN, KRAS, MYB, RAF1, RUNXI, and XRCCI. In contrast, three genes—CDKNI1A, MCL1, and MDM2—that
showed noticeably low expression were among the 31 genes that were downregulated. Additionally, we found that six
generally downregulated genes (BAX, CDKN1A, MCL1, MDM2, RAR, and STK11) and seven commonly upregulated
genes (BCR, CASP8, NF1, PIK3C2A, S100A4, VHL, and WWOX) were shared by the majority of HPV-positive
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Figure 3 The 64 dysregulated gene expression profiles in HPV-associated BOSTCC patients are shown in a heatmap. The cluster-gram of the ring heatmap of the expression
of tumor suppressors and dysregulated oncogenes. Patients with BOSTCC linked to HPV are represented by rings (Pl to P8). The range of expression values is shown by
the color scale of the heatmap. Expression is represented by the color gradient, which ranges from low (blue) to high (red). Co-expression is indicated by genes with
comparable colors across samples. The hierarchical clustering of genes according to their expression patterns was displayed by the dendrogram, or tree structure.

BOTSCC patients (Figure 3). Two patients (pl and p15) received positive results for 15 genes (23%), one patient (p2)
received positive results for 18 genes (28%), one patient (p4) received positive results for 7 genes (10%), one patient (p5)
received positive results for 13 genes (23%), one patient (p6) received positive results for 9 genes (14%), one patient (p7)
received positive results for 4 genes (6%), and one patient (p8) received positive results for 5 genes (7%). Furthermore,
compared to patients aged 55-97 years, those aged 42—55 years showed more gene expressions, according to interage
comparisons (Figure 4). A number of variables, including age, can cause physiological alterations in the immune system
that could affect both innate and adaptive immune responses.

Clustering Analysis of Inflammation, Immunity, and Oncogene/Tumor Suppressor

Gene Expression Profiles

Six different clusters of gene expression profiles were identified in the examination of the crosstalk between inflammation
and immunity (Figure 5). The interleukins and chemokines (IL6, IL15, IL17A, CCL4, CXCL9, and CXCL10) that are
part of Cluster 2 showed the greatest levels of overall expression. ACKR3, CCR1, CCR9, CXCR2, and TLR2 are part of
Cluster 3 (chemokine receptors and Toll-like receptor signaling), which came after Cluster 4 (growth factors and
receptors), which includes IGF1 and TGFBI1. Significant expression of BCL2 and MYC was also observed in Cluster
6 (anti-apoptotic factors). TNF, GZMB, and MICB are among the enzymatic modulators of inflammation,
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Figure 4 Genes linked to tumor suppression and oncogenesis expressed at mean fold-change in two age groups of patients with HPV-associated BOTSCC. Age has an impact
on gene expression profiles in the setting of HPV-associated BOTSCC, as seen by the data showing the varied expression levels between patients under and over the age of 55.

immunostimulatory factors, and antigen presentation that make up Cluster 1, which, in contrast, showed comparatively
low gene expression. The expression profile of FOXP3 and IRF1 in Cluster 5 (transcription factors) was in the middle.
Likewise, tumor suppressor genes and oncogenes were divided into five groups (Figure 5). CASP8, CDK4, ETS1, JAK2,
JUND, KITLG, MOS, MYB, PML, PRKCA, RAF1, RUNXI, and STAT3 are all members of Cluster 1 (oncogenes),
which had the greatest expression levels. Following this, significant expression levels were shown by Cluster 3 (both
oncogenic and tumor suppressor genes), which includes BCR, ESR1, JUN, KRAS, MYC, PIK3C2A, RB1, and RET, and
Cluster 5 (epithelial-to-mesenchymal transition), which includes S100A4 and VHL. The expression profile of Cluster 2
(tumor suppressor genes), which comprises NF1, XRCC1, and IGF2R, was moderate. On the other hand, when compared
to the other clusters, Cluster 4 (cell cycle), which included CDKN2A, ATM, BRCA1, BRCA2, CDKN2B, and E2F1,

showed the lowest expression of tumor suppressor genes and oncogenes.

Dysregulated Gene Expression Was Negatively Correlated With Age

One of the variables influencing a patient’s immune level is their age. Thus, we looked into a possible relationship
between age and over-expressed genes in BOTSCC patients. The following genes have a positive association with age,
according to correlation analysis, however, it was not statistically significant: MYC (r=0.669; p = 0.331) and CAPS8
(r=0.982; p = 0.122). Four genes—BCL2 (1=—0.70; p=0.125), CXCL9 (r=—0.87; p=0.317), PIK3C2A (r=0.970; p=
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Figure 5 Analysis of Gene Expression Profile Clustering. Tumor suppressor genes, oncogenes, inflammation, and immunity-related gene expression profiles are grouped
into different clusters by the study. The relationship between inflammation and immunity Groupings: Cluster |: Antigen presentation, inflammatory enzymatic modulators,
and immunostimulatory factors. Interleukins and chemokines make up Cluster 2. Cluster 3: Signaling from Toll-like receptors and chemokine receptors. Growth factors and
receptors make up Cluster 4. Transcription factors are in cluster five. Cluster 6: Factors that prevent death. Oncogenes and Suppressors of Cancer Groupings: Group |:
Oncogenes. Cluster 2: Genes that inhibit tumor growth. Cluster 3 includes both tumor suppressor and carcinogenic genes. Cell cycle-related genes make up Cluster 4.
Transition from epithelium to mesenchymal tissue is Cluster 5.

0.157), VHL (r=—0.458; p=0.543), and WWOX (r=—0.432; p=0.285)—showed a negative connection with age, but this
link was again not deemed significant. While more research is required to ascertain the significance of these associations,
these results imply that age may influence the expression levels of these genes.

Functional Analysis and Biological Network Construction

The online STRING site (cn.string-db.org) was used to build the PPI network. Humans were chosen when the most
elevated genes of HPV-associated BOTSCC (IL6, IRF1, TLR2, TNF, APC, CDKN2B, E2F1, JUN, KRAS, MYB, RAF1,
RUNXI1, and XRCC1) were added to the gene list. 0.400 was selected as the median degree of confidence. By using the
k-means clustering option, the PPI network was divided into three clusters (Figure 6). This PPI included direct (physical)
or indirect (functional) interactions, as well as several gene linkages, including gene neighborhood, gene fusions, co-
occurrence, co-expression, text mining, protein homology, and biochemical/genetic data (experiments).

Cancer Hallmark Enrichment Analysis

The integrated gene set of the cancer Hallmarks database, which includes 6763 genes associated with different hallmark
capabilities, was used to map all elevated genes to the database. By methodically annotating the genes and molecular
changes connected to every characteristic (Figure 7 and Supplementary Table 2), we found 51 genes (CXCL10, MIF,
TLR2, ESR1, CDKN2B, AKT1, MYC, IGF2R, ACKR3, MCL1, CDK4, NF1, CCR2, CCR1, ATM, APC, BAX, IL17A,
ETS1, CXCL9, KRAS, CCR10, TNF, CSF2, BCR, JAK2, CXCR2, IL15, BRCA1, CASP8, CSF3, STAT3, IGF1, IL13,
RAF1, RET, JUND, JUN, IL6, MYB, CXCL12, TSC1, CCLS5, CCR9, IL12B, KITLG, PRKCA, BCL2, CCL4, TGFB1

272 https: OncoTargets and Therapy 2025:18


https://www.dovepress.com/supplementary_file.php?f=505376.docx

Alahmadi et al

® Cluster3

. Cluster 1

1=

® Cluster2

N

bubble clusterld genecount protein names

® Cluster1 19 APC,APEX1,ATF2,AXIN1,BCL3,CREBBP,CSNK1A1,EP300,FOSB,FOSL2,IRF1,JUN,JUN...
() Cluster2 15 CCNA1,CCND1,CCND2,CCNE1,CDC37,CDK2,CDK4,CDK6,CDKN1B,CDKN2B,CDKN2C...
® Cluster3 19 BIRC3,FADD,IL1B,IL2,IL2RB,IL4,IL5,IL6,NFKB1,NFKBIA,REL,RELB,RIPK1,RIPK3,TLR2,...

Figure 6 Protein-protein interactions with STRING PPI. Different colored lines indicate string PPl interactions. The protein-protein association is represented by the edges.
Interactions with known co-occurrence evidence and experimental evidence are indicated by blue and purple borders. Text mining and co-expression are indicated by black
and yellow margins. Various hues correspond to different kinds of interactions.

and MOS) which were linked to sustaining proliferative signaling. 30 genes (CXCL10, TLR2, ESR1, AKT1, CCR2,
CCRI1, ATM, IL17A, CXCL9, KRAS, CCR10, TNF, IRF1, CSF2, JAK2, CXCR2, IL15, CASPS8, STAT3, RAF1, RET,
JUN, IL6, CXCL12, CCL5, CCR9, IL12B, PRKCA, BCL2 and CCL4) were involved in tumor-promoting inflammation.
Genome instability was correlated with 16 genes (TNF, BRCA2, IGF1, XRCC1, CDK4, APC, ATM, CDKN2A, ESR1,
BAX, RB1, AKT1, MYC, BRCA1, GZMB, CASP8). 37 genes (CXCL10, TLR2, ESR1, AKT1, MYC, ACKR3, NF1,
CCR2, CCRI1, IL17A, ETS1, CXCL9, KRAS, CCR10, TNF, CSF2, CXCR2, IL15, BRCA1, CASPS8, CSF3, STAT3,
IGF1, IL13, RAF1, VHL, IL6, CDKN2A, CXCL12, CCL5, CCR9, IL12B, KITLG, PRKCA, RUNXI1, CCL4 and
TGFB1) were implicated in sustained angiogenesis. 32 genes (CXCL10, TLR2, ESR1, RB1, AKT1, MYC, CDK4,
CCR2, CCRI, IL17A, CXCL9, KRAS, CCR10, TNF, IRFI1, CSF2, JAK2, CXCR2, GZMB, CASPS, MICB, STAT3,
RAF1, RET, JUN, IL6, CXCL12, CCLS5, CCR9, IL12B, PRKCA and CCL4) helped to evade immune destruction.
Replicative immortality involved 30 genes (MIF, ESR1, CDKN2B, RB1, MYC, AKTI1, E2F1, BRCA2, CDK4, APC,
ATM, ETS1, CXCL9, KRAS, TNF, JAK2, PML, CSF3, STAT3, IGF1, RAF1, JUND, JUN, IL6, CDKN2A, CXCL12,
RUNXI1, PRKCA, BCL2, TGFBI1). 54 genes (CXCL10, MIF, TLR2, ESR1, CDKN2B, RB1, MYC, AKTI, IGF2R,
E2F1, ACKR3, BRCA2, MCL1, CDK4, NF1, CCR2 CCR1, ATM, APC, BAX, IL17A, CXCL9, KRAS, CCR10, TNF,
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Figure 7 Using CancerHallmarks.com, the elevated gene set in HPV-associated BOTSCC is compared to established hallmark gene sets in a cancer hallmark enrichment
plot. The red dotted line indicates an adjusted p-value threshold of less than 0.05, while colored slices indicate significantly enhanced characteristics. The distribution of
elevated genes across several cancer hallmark pathways in HPV-associated BOTSCC is depicted by the dot plots. Markers with more mapped genes are indicated by black
dots, and those with less mapped genes are indicated by grey dots.

CSF2, JAK2, CXCR2, IL15, PML, BRCA1, GZMB, CASPS8, CSF3, STAT3, IGF1, IL13, RAF1, VHL, RET, JUN, IL6,
MYB, CDKN2A, CXCL12, TSCI1, CCLS5, CCR9, IL12B, KITLG, PRKCA, BCL2, CCL4 and TGFB1) were associated
with resisting cell death. Evading growth suppressors were linked to 52 genes (CXCL10, TLR2, RUNX3, ESRI,
CDKN2B, RB1, MYC, AKT1, IGF2R, E2F1, ACKR3, MCL1, APC, CDK4, NF1, CCR2, CCR1, ATM, BAX, ETSI,
CXCL9, KRAS, CCR10, TNF, FOXP3, IRF1, BCR, JAK2, CXCR2, IL15, PML, BRCAL1, CSF3, STAT3, IGF1, IL13,
RAF1, VHL, RET, JUN, IL6, CDKN2A, CXCL12, TSC1, CCLS5, CCR9Y, KITLG, PRKCA, BCL2, CCL4, TGFBI and
MOS). 19 genes (CDKN2B, RB1, MYC, AKT1, E2F1, ATM, KRAS, JAK2, BRCA1, STAT3, VHL, IGF1, RAF1, RET,
JUND, IL6, TSC1, BCL2 and TGFB1) were implicated in the reprogramming of energy metabolism. Finally, 43 genes
(CXCL10, TLR2, ESR1, CDKN2B, RB1, MYC, AKTI1, E2F1, ACKR3, CDK4, NF1, ATM, CCR1, APC, BAX, ETSI,
S100A4, CXCL9, KRAS, TNF, BCR, JAK2, CXCR2, BRCA1, GZMB, CASP8, STAT3, VHL, IGF1, RAFI1, RET,
JUND, JUN, PIK3C2A, CDKN2A, CXCL12, IL12B, KITLG, PRKCA, BCL2, CCL4, TGFBI1 and MOS) had a role in
metastasis and tissue invasion. Multiple cancer signature pathways were mapped to the individual genes in HPV-
associated BOTSCC, illustrating the intricate interdependence of the molecular mechanisms underlying tumor growth.

The Association of Upregulated Genes in HPV-Associated BTOSCC Patients With

a Poor Prognosis

As determined by the GEPIA2 tool, the Ten most strongly elevated genes (CCL4, BCR, FOXP3, IGF1, IL17A, S100A4,
MYB, MYC, NF1, and PIKC2A) were evaluated for prognostic significance. Several of these genes were shown to be
strongly linked to worse patient outcomes and lower overall survival, according to the data (Figure 8). These results
imply that in HPV-related BTOSCC patients, these genes are associated with a poor prognosis.

274 https: OncoTargets and Therapy 2025:18



Alahmadi et al

.c—’ . — Low CCL4 Group S — Low BCR Group E 3 — Low FOXP3 Group 7 — Low IGF1 Group b — Low IL17A Group
% — High CCL4 Group — High BCR Group — High FOXP3 Group — High IGF1 Group — High IL17A Group
Logrank p=0.83 Logrank p=0.43 Logrank p=0.015 Logrank p=0.89 Logrank p=0.0015
o | HR(high)=1 | o HR(high)=1.1 | o HR(high}=0.72 | « | HR(high)=1 | o | HR(high)=0.63
© p(HR)=0.83 | © p(HR)=043 | © p(HR)=0015 | © pHR)=089 | © p(HR)=0.0016
T n(high)=259 n(high)=259 n(high)=259 n(high}=259 nihigh)=244
> n(low)=259 n(low)=259 n(low)=259 Nllow)=258 n(low)<220
S o © © o | o |
£ o o o © C
5
]
=
9« < < pg p!
Qo c o o S
[}
o
“ ] N
3 3 3 ° s
o | o ° 2 2
° T T T T ° T T ° T T T ! T ! T T T
0 50 100 150 200 00 15 20 00 150 20 0 . 0 0 M0 s 20
Months Months Months Months Months
o o] o Q4 — e .
°4 — Low S100A4 b — LowMYB Group [< 1 — LowMYC Group | ~ LowNF1 Group | = Low PIK3C2A Group
—_ H?;;. 31%%;\4%%% — High MYB Group — High MYC Gmupp — High NF1 Group — High PIK3C2A Group
Logrank p=0.012 Logrank p=0.16 Logrank p=0.028 Logrank p=0.69 Logrank p=0.5
o | HR(high)=0.71 |@ | HR(high}=082 |, | HR(high)=13 | | HR(highj=1.1 | « | HR(high)=0.91
° pHR)=0.012 | © P(HR)=0.16 |o p(HR)=0.029 | © pHR)=069 | © pIHR)=0.5
5 n(high)=259 n(high}=255 n(high)=259 n(high)=259 nlhigh}=259
> n(low)=259 n{low)=259 n{low)=259 n(low)=259 n{low)=258
> o | © © © © |
509 e o 7 S °
»
H
< <
5 ° °] 51 H 3
'8
o
c S b g R g i g 4
2 21 2 o 31
T T T T T T T o . . . ' 2 2 I I ‘
0 50 0180200 g 50 100 150 200 ! T !
Months Months 0 50 100 150 200 0 50 100 150 20 0 50 100 150 200
Months Months Months

Figure 8 The survival prognosis of cervical cancer is correlated with the expression levels of the 10 genes that are most substantially elevated in CSCC. Overall survival
rate: The inadequate survival rate is shown by the red line; the opposite is shown by the blue line.

Discussion

Recent years have seen a significant increase in studies into the TME because of its well-established involvement during
cancer and its importance in assessing therapy response. Gaining a thorough grasp of the distinct elements of the TME,
such as immunogens, oncogenes, and tumor suppressor genes, is still very difficult. To overcome this difficulty, this study
profiled the expression of 168 genes in the TME of HPV-associated BOTSCC that are involved in communication
between tumor cells and the cellular mediators of inflammation and immunity, oncogenesis promotion, tumor suppressor
genes, transcription factors, angiogenesis, and apoptosis.

The tumor microenvironment (TME) of oropharyngeal squamous cell carcinoma (OPSCC) is a complex and
diversified environment made up of stromal cells, cancer cells, immune cells, and non-cellular extracellular matrix
components.'' '* One of the most important factors in tumor growth, progression, and metastasis in OPSCC is the
dynamic and intricate process of crosstalk and interaction between tumor cells and the surrounding microenvironment.'”
Modulating immune cell infiltration and/or activation is another way that the TME can impact the results of cancer
immunotherapy.'® By altering immune cell activation and invasion, the TME can also affect the results of cancer
immunotherapy.” The TME is heterogeneous, as demonstrated by its characterization in OPSCC; a variety of causes can
cause variations in the patterns of gene expression within the TME.'?> Important gene signatures that are used as
prognostic and immunotherapeutic targets have been found in earlier research,'* and OPSCC patients who have
dysregulated genes have a lower overall survival rate.'?

The most common kind of cancer in the oral cavity is called BOTSCC, and it is classified as an oropharyngeal cancer
(OPC). In addition to having aggressive clinical behavior,”® BOTSCC is becoming more common.?! BOTSCC exhibits
a high proportion of hidden metastases, a high rate of local recurrence, and poor prognostic outcomes.?' The develop-
ment of cancer may be influenced by genomic aberrations, which are modifications in the DNA sequence. The malignant
phenotype may be caused by a variety of genetic defects in addition to well-known risk factors like alcohol, smoking, and

virus-induced carcinogenesis.
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In OPSCC, for example, oncogenes—genes that might cause cancer—have been shown to be activated. To improve
tumor clinical outcome prediction and treatment planning, it is crucial to characterize the BOTSCC microenvironment
and find informative prognostic biomarkers. Tumor start and progression are caused by genetic stability. We sought to
investigate 84 genes associated with oncogenesis promotion, tumor suppressor genes, transcription factors, angiogenesis,
and apoptosis to highlight the significance of the BOTSCC microenvironment.

The TME of HPV-associated BOTSCC was identified as unique, exhibiting dysregulation of several genes linked to
angiogenesis, apoptosis, tumor suppression, and oncogenesis. Ten genes that were shown to have dysregulated expres-
sion profiles were BAX, CASP8, MCL1, S100A4, STK11, BCR, NF1, PIK3C2A, CDKN1A, MCL1, MDM2 VHL,
RARA, and WWOX. In the development of head and neck squamous cell carcinoma, genes linked to angiogenesis,
transcription factors, tumor suppressor genes, oncogenesis promotion, and the apoptosis pathway are crucial.** There is
evidence that the casp8 gene is important in tumor biology, as its overexpression is linked to the onset and spread of
several cancer types.23*25

Cell proliferation, apoptosis, and metastasis are critical processes in the development of cancer, and their dysregula-
tion has been connected to the increased expression of casp8.** In addition to its role in the primary tumor cells, CASP8
also demonstrates its importance in the TME.* Its ability to maintain a healthy and functional immune system is one of
its essential roles in controlling the immunological response. Additionally, Caspase-8 is essential for angiogenesis and is
resistant to treatment in glioblastoma.?® The study discovered that HPV-associated BOTSCC had higher levels of CASP8
expression. Potential therapeutic targets for the treatment of cancer may become clearer if the molecular mechanisms
underlying CASP8 overexpression in malignancies are understood.

Diffuse large B-cell lymphoma (DLBCL) and chronic lymphocytic leukemia (CLL) are two examples of B-cell
malignancies that are associated with the B-cell receptor gene (BCR).?”*® Uncontrolled cell growth and proliferation in
cancer can result from the expression of the BCR gene, according to mounting evidence.”> A predictive biomarker
associated with immune infiltrates in kidney renal clear cell carcinoma, phosphoinositide 3-kinases (PIK3C2A) expres-
sion shows a strong association with the infiltrating levels of primary immune cells.>* According to an analysis of the
study’s findings, HPV-associated BOTSCC had increased expression levels of PIK3C2A and, more significantly, MCL-1.
There is a correlation between cancer and MCL-1 overexpression.

The development of drug resistance and a poor prognosis have been linked to elevated MCL-1 levels, which further
complicates the treatment of cancer patients.*'*> MCL-1 is a desirable target for cancer treatment due to its crucial
function in controlling the mitochondrial apoptotic pathway.>> MCL-1 is a desirable possible target for cancer treatment
because of its crucial function in controlling the mitochondrial apoptotic process. Analysis revealed that in around 75%
of cases of HPV-associated BOTSCC, there is a notable elevation in the gene expression levels of calcium-binding
protein A4 (S100A4). A significant contributor to the development and metastasis of several cancer types is SI00A4,
a member of the S100 protein family.**** Interestingly, tumor pathophysiology is not the only area where S100A4 is
upregulated. In a variety of disease disorders unrelated to tumors, it has also been noted.*® This implies that S100A4 may
have more general effects than only cancer biology.

In addition to its role in malignancies, SI00A4 plays a complex role in controlling immunological responses and
inflammation.*> S100A4 may be a suitable therapeutic target for the treatment of HPV-associated BOTSCC, according to
these findings. The fact that HPV-associated BOTSCC has upregulated S100A4 highlights the protein’s significance in
cancer biology, its potential as a target for cancer therapy, and its ability to regulate immunological and inflammatory
responses.

Moreover, retinoic acid (RARA) mRNA levels were shown to be downregulated. RARA may stop human tumor cell
lines from growing, according to earlier research.’®*” In soft agar tests, RARA treatment was found to decrease DNA
synthesis, cause morphological alterations, lengthen the time it takes for cells to double, and decrease colony formation
and saturation density. Importantly, tumor cells are arrested during the G1 stage of the cell cycle rather than dying as
a result of retinoid reduction of growth.*” Bax is upregulated in various cancer types, according to numerous studies.>®
All patients with HPV-associated BOTSCC, with the exception of one, had downregulated BAX. The main negative
regulatory element for p53 is MDM2.
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Several solid tumors including 40-60% of human sarcomas have over-expressed and/or up-regulated MDM?2
proteins.*> MDM2 overexpression was discovered in the HPV-associated BOTSCC. OPSCC linked to HPV has
a unique TME. Immunological cell infiltration and the overexpression of many immunogens and immunological
signaling pathways are characteristics of HPV-associated OPSCC.***! This study demonstrated that the HPV interaction
may be crucial in modifying the TSCC microenvironment and resulting in suboptimal clinical outcomes. One new
approach to treating BOTSCC may be to use antagonized drugs to target those genes. To classify individuals who might
benefit from immunotherapy, more differentiation of the immune-related genes of BOTSCC is required.

The precise function of those genes in HPV-associated BOTSCC may be fully and deeply understood molecularly,
which may help find a possible target for efficient cancer therapy strategies. In patients with BOTSCC, the expression
patterns of 84 different genes were analyzed. It is commonly known that these genes are essential for many biological
functions, such as signal transduction pathways, transcriptional control, immunological crosstalk, and inflammation.
Forty-two genes that are essential for interactions between tumor cells and cellular mediators of inflammation and
immunity were found to be dysregulated.

The intricate interactions between the immune system and the tumor microenvironment in these patients were
clarified by this discovery. Twenty of these forty-two genes were found to be elevated. According to this, these genes
might be implicated in both immune response evasion and tumor growth promotion. On the other hand, a downregulation
of 22 genes indicated a decrease in their expression. These downregulated genes may contribute to immune response
suppression or tumor growth inhibition. CXCL9, IGF1, and anti-apoptotic (BCL2 and MYC) genes were discovered to
be elevated. The complex relationship between BCL2 gene expression and cancer can change based on the setting and
kind of disease.

According to earlier research, patients with BCL2 expression who have breast cancer typically had higher overall and
disease-free survival rates.*> BCL2 expression’s predictive value in colorectal cancer is unknown. According to certain
research, there is no predictive value for BCL2 expression in colorectal cancer.” Both favorable and unfavorable
prognoses for many malignancies have been linked to BCL2 expression.** The results of this investigation are consistent
with a number of studies that have systematically documented elevated levels of CXCL9 expression in HNC squamous
cell carcinoma, which have been strongly linked to adverse clinical outcomes. "

A possible function of CXCL9 as a biomarker for determining the prognosis of HNC patients is thus suggested. These
findings also demonstrated the increase in IGF1 mRNA levels. By inhibiting cell death and promoting cell proliferation, IGF-1
fuels cancer. Research has shown a connection between elevated IGF-1 levels and malignancies such as prostate, colorectal,
and breast cancer.***® Demonstrating even more how it might be connected to the pathophysiology of HNCC. VEGFA, CSF2,
and CSF3 are growth factor-related genes that were down-expressed in most HPV-associated BOTSCC patients.

The present study’s results contradict those of other investigations that demonstrated increased expression of
angiogenic genes, such as vascular endothelial growth factor (VEGF), which has been linked to poor prognosis and
resistance to treatment in head and neck cancer.*”**

The chemokine CXCL12 is essential for several physiological and pathological processes, such as tumor metastasis,
immune cell migration, and stem cell mobilization.*® Cancer cell migration, invasion, and metastasis are linked to
CXCL12 downregulation, which has been seen in a variety of cancer types, including breast, lung, and colon cancer.**->

Those with HPV-associated BOTSCC had down-regulated levels of CXCL12 and CSF3 mRNA, according to the
current study. Targeting CSF3 may be a viable cancer therapeutic approach, as some research has revealed biochemical
pathways and immunological responses in the colo-rectal TME.>' A noteworthy finding of this study was that patients
with HPV-associated BOTSCC also had significantly lower levels of CCR2 and Macrophage Migration Inhibitory Factor
(MIF). It has been shown that CCR2 downregulation contributes significantly to the onset and spread of cancer. Research
has demonstrated that a decrease in tumor development and metastasis is linked to a decrease in CCR2 expression.”>>?

One promising treatment approach for cancer is to target the down-regulation of CCR2.>* Increased survival rates,
better patient outcomes, and the creation of innovative therapeutic strategies could result from this. Several cancers,
including breast, lung, and colon cancers, have been linked to MIF downregulation.”®> MIF is a cytokine involved in
inflammation and immunological control, and its downregulation may promote the migration and proliferation of cancer
cells.”® Research has indicated that the downregulation of MIF may represent a new mechanism of resistance to anti-
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angiogenic treatment.’’ To develop targeted medicines and improve treatment results for individuals with HPV-
associated BOTSCC, it is imperative to comprehend the differential expression of these genes. The collected information
highlights the TME’s varied and intricate role in OPSCC. Effective therapeutic approaches for cancer require an
awareness of the TME’s heterogeneity and its critical role in the disease’s course and response to treatment. By focusing
on the channels of communication between tumor cells and the immune system, immunotherapies may work better or
new therapeutic approaches may be developed.

The inter-age compression study revealed that patients between the ages of 42 and 55 had a considerably greater
number of gene expressions than patients between the ages of 55 and 97. This finding draws attention to the possible
impact of aging on the gene expression profile. Age is known to be one of the main variables that might cause
physiological alterations in the immune system and numerous other tissues.’®>” Genes that are essential for preserving
cellular function and response to different stimuli, such as tumor suppressor genes, oncogenes, and immune-related
genes, may be impacted by these alterations.

The results of this analysis showed that patients of various ages exhibited a unique pattern of gene expressions. These
results provide insight into how aging may affect the immune system and its gene expression profile. The mechanisms
behind age-related variations in gene expression and their effects on immune function require more investigation in this
field. The results of the study, however, offer important new information about the molecular processes that underlie the
interaction of immune cells and tumor cells.

The most common hr-HPV genotypes found in HNSCC worldwide are HPV-16, which is followed by HPV-31, HPV-
18, HPV-56, HPV-52, HPV-33, and HPV-35, among other hr-HPV genotypes.®® The most frequently discovered
genotypes in this investigation were HPV-35, HPV-16, and HPV-45. In individuals with BOTSCC, HPV infection levels
ranged from one to two infections. More HPV infections are associated with larger viral loads, which raises the incidence
of cervical lesions in comparison to single HPV infections, according to several studies.®’ *> However, according to some
studies, compared to several infections, a single HPV infection considerably raises the risk of developing HNSCC. The
increasing incidence of HPV+ tonsillar (TSCC) and BOTSCC has prompted study into prognostic markers and driver
genes that could guide targeted therapy. These cancers generally exhibit a more favorable prognosis than their HPV-
negative counterparts. Identifying predictive markers and understanding the genetic landscape of HPV+ tumors is crucial
for refining treatment strategies. Recent studies focus on specific driver genes that could inform tailored therapies, aiming
to improve patient outcomes while minimizing the burden of aggressive treatments.**

Achieving successful cancer treatment depends on the TME of HNSCC, which is diverse and complex.
Comprehending the interplay between cancer inflammation and immunology, oncogenes, and tumor suppressor genes
is crucial for creating efficacious cancer treatments. The development of a three-dimensional collagen-based scaffold
model offers a novel approach to studying the microenvironment and drug-resistance mechanisms in oropharyngeal
squamous cell carcinomas (OSCC).® In this study, the TME of HPV-associated BOTSCC and HPV-associated TSCC
showed variability in gene expression. The mRNA levels of multiple genes, including STK11, RARA, and MDM?2, were
found to be upregulated in HPV-associated TSCC. However, it was discovered that HPV-associated BOTSCC had
downregulated versions of these same genes. For these two kinds of oropharyngeal cancer subsites, a reverse pattern of
gene expression was observed. While the mRNA levels of genes such as WWOX, BCR, BCL2, and CXCL9 were
elevated in HPV-associated BOTSCC, they were downregulated in HPV-associated TSCC.® These results point to the
different molecular profiles found in the TME of HPV-associated BOTSCC and HPV-associated TSCC, which may
indicate variations in the underlying biological processes and potential treatment targets. All things considered, the work
emphasizes how varied and intricate the gene expression profiles are in HPV-associated BOTSCC, illuminating possible
areas for further investigation and treatment.

In conclusion, our study highlights the complex interplay between HPV genotypes and gene expression profiles in
patients with HPV-positive BOTSCC. The presence of multiple high-risk HPV types, particularly HPV-16 and HPV-35,
indicates a significant viral burden, which may influence disease progression and clinical outcomes. The observed
dysregulation of immune and oncogenic gene expression, particularly among younger patients, suggests that age-related
physiological changes could modulate immune responses and tumor behavior. Despite variations in HPV genotypes and
gene expression among patients, the consistent elevation of certain inflammatory and oncogenic markers underscores the
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potential of HPV in shaping the tumor microenvironment. These findings emphasize the need for further investigation
into the molecular mechanisms underlying HPV-related malignancies, as well as the implications for targeted therapeutic
strategies in BOTSCC patients. Understanding these dynamics could ultimately enhance patient management and
treatment outcomes in this vulnerable population.

This study has limitations. First off, the sample size was small, which could limit the findings’ generalizability and
have an effect on their statistical significance and generalizability. Furthermore, the study did not look into the functional
implications of the identified over-expressed genes in HPV-associated BOTSCC, which could have shed more light on
the underlying mechanisms. To obtain a more thorough grasp of this field, it is advised that future research build on these
constraints and investigate the functional implications of the found over-expressed genes.

Institutional Review Board Statement

The King Saud University, College of Medicine Institutional Review Board (IRB) approved the study protocol (IRB
number E-22-6932), guaranteeing that research ethics are followed. Written informed consent was waived due to the
retrospective nature of the study. This study was performed following the principles of the Declaration of Helsinki. The
participants’ data were handled with the highest level of confidentiality. Each patient was assigned a unique ID, and the
information was securely stored in a password-protected Excel sheet.

Data Sharing Statement

The data presented in this study are available on request from the corresponding author.

Acknowledgment
The authors would like to thank the Research Center at King Fahad Medical City for their valuable support.

Author Contributions

All authors made a significant contribution to the work reported, whether that is in the conception, study design,
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article
has been submitted; and agree to be accountable for all aspects of the work.

Funding

This research project was supported by a grant from the Researchers Supporting Project number (RSPD2025R543), King
Saud University, Riyadh, Saudi Arabia. The authors extend their appreciation to the Researchers Supporting Project
number (RSPD2025R543), King Saud University, Riyadh, Saudi Arabia.

Disclosure
The authors declare no conflicts of interest in this work.

References

1. Johnson DE, Burtness B, Leemans CR, Lui VWY, Bauman JE, Grandis JR. Head and neck squamous cell carcinoma. Nat Rev Dis Primers. 2020;6
(1):92. doi:10.1038/s41572-020-00224-3

2. Global cancer observatory (GLOBOCAN). Available from: https://gco.iarc.fr/today/home. Accessed September 11, 2023.

3. Elkashty OA, Abu Elghanam G, Su X, Liu Y, Chauvin PJ, Tran SD. Cancer stem cells enrichment with surface markers CD271 and CD44 in human
head and neck squamous cell carcinomas. Carcinogenesis. 2020;41(4):458-466. doi:10.1093/carcin/bgz182

4. Huo M, Zhang Y, Chen Z, Zhang S, Bao Y, Li T. Tumor microenvironment characterization in head and neck cancer identifies prognostic and
immunotherapeutically relevant gene signatures. Sci Rep. 2020;10(1):11163. doi:10.1038/s41598-020-68074-3

5. Ramgqvist T, Griin N, Dalianis T. Human papillomavirus and tonsillar and base of tongue cancer. Viruses. 2015;7(3):1332-1343. doi:10.3390/
v7031332

6. Shinomiya H, Nibu KI. Etiology, diagnosis, treatment, and prevention of human papilloma virus-associated oropharyngeal squamous cell carcinoma.
Int J Clin Oncol. 2023;28(8):975-981. doi:10.1007/s10147-023-02336-8

7. Ndsman A, Du J, Dalianis T. A global epidemic increase of an HPV-induced tonsil and tongue base cancer — potential benefit from a pan-gender use
of HPV vaccine. J Internal Med. 2020;287(2):134-152. doi:10.1111/joim.13010

OncoTargets and Therapy 2025:18 htps: 279


https://doi.org/10.1038/s41572-020-00224-3
https://gco.iarc.fr/today/home
https://doi.org/10.1093/carcin/bgz182
https://doi.org/10.1038/s41598-020-68074-3
https://doi.org/10.3390/v7031332
https://doi.org/10.3390/v7031332
https://doi.org/10.1007/s10147-023-02336-8
https://doi.org/10.1111/joim.13010

Alahmadi et al

8.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.
35.

36.
37.

38.

39.

40.

Alahmadi RM, Marraiki N, Alswayyed M, et al. Comprehensive transcriptome analysis reveals the distinct gene expression patterns of tumor
microenvironment in HPV-associated and HPV-non associated tonsillar squamous cell carcinoma. Cancers. 2023;15(23):5548. doi:10.3390/
cancers15235548

. Kuroki M, linuma R, Okuda H, et al. Comprehensive genome profile testing in head and neck cancer. Auris Nasus Larynx. 2023;50(6):952-959.

doi:10.1016/j.an1.2023.04.006

. Attner P, Du J, Ndsman A, et al. The role of human papillomavirus in the increased incidence of base of tongue cancer. Int, J, Cancer. 2010;126

(12):2879-2884. doi:10.1002/ijc.24994

. Chen R, Ma L, Jiang C, Zhang S. Expression and potential role of CCL4 in CD8+T cells in NSCLC. Clin Transl Oncol. 2022;24(12):2420-2431.

doi:10.1007/512094-022-02913-9

.Jing L, Du Y, Fu D. Characterization of tumor immune microenvironment and cancer therapy for head and neck squamous cell carcinoma through

identification of a genomic instability-related IncRNA prognostic signature. Front Genet. 2022;13:979575. doi:10.3389/fgene.2022.979575

.Zhao Z, Ma Y, Lv J, et al. Expression of chemokine CXCL8/9/10/11/13 and its prognostic significance in head and neck cancer. Medicine.

2022;101(30):¢29378. doi:10.1097/md.0000000000029378

. Mito I, Takahashi H, Kawabata-Iwakawa R, Ida S, Tada H, Chikamatsu K. Comprehensive analysis of immune cell enrichment in the tumor

microenvironment of head and neck squamous cell carcinoma. Sci Rep. 2021;11(1):16134. doi:10.1038/s41598-021-95718-9

. Sugimura R, Chao Y. Deciphering innate immune cell-tumor microenvironment crosstalk at a single-cell level. Front Cell Dev Biol.

2022;10:803947. doi:10.3389/fcell.2022.803947

. Galli F, Aguilera JV, Palermo B, Markovic SN, Nistico P, Signore A. Relevance of immune cell and tumor microenvironment imaging in the new

era of immunotherapy. J Exp Clin Cancer Res. 2020;39(1):89. doi:10.1186/s13046-020-01586-y

.Zhang C, Fei Y, Wang H, et al. CAFs orchestrates tumor immune microenvironment-A new target in cancer therapy? Front Pharmacol.

2023;14:1113378. doi:10.3389/fphar.2023.1113378

.Li X, Yang Y, Huang Q, et al. Crosstalk between the tumor microenvironment and cancer cells: a promising predictive biomarker for immune

checkpoint inhibitors. Front Cell Dev Biol. 2021;9:738373. doi:10.3389/fcell.2021.738373

. Alosaimi B, Hamed ME, Naeem A, et al. MERS-CoV infection is associated with downregulation of genes encoding Thl and Th2 cytokines/

chemokines and elevated inflammatory innate immune response in the lower respiratory tract. Cyfokine. 2020;126:154895. doi:10.1016/].
cyt0.2019.154895

Almangush A, Heikkinen I, Makitie AA, et al. Prognostic biomarkers for oral tongue squamous cell carcinoma: a systematic review and
meta-analysis. Br. J. Cancer. 2017;117(6):856—866. doi:10.1038/bjc.2017.244

Gao L. Oncogenic KPNA2 serves as a biomarker and immune infiltration in patients with HPV positive tongue squamous cell carcinoma. Front
Oncol. 2022;12:847793.

Knopf A, Lampert J, Bas M, Slotta-Huspenina J, Mansour N, Fritsche MK. Oncogenes and tumor suppressor genes in squamous cell carcinoma of
the tongue in young patients. Oncotarget. 2015;6(5):3443-3451. doi:10.18632/oncotarget.2850

Kostova I, Mandal R, Becker S, Strebhardt K. The role of caspase-8 in the tumor microenvironment of ovarian cancer. Cancer Metastasis Rev.
2021;40(1):303-318. doi:10.1007/s10555-020-09935-1

Chai J, Lei Y, Xiang X, Ye J, Zhao H, Yi L. High expression of caspase-8 as a predictive factor of poor prognosis in patients with esophageal
cancer. Cancer Med. 2023;12(6):7651-7666. doi:10.1002/cam4.5496

Pu X, Storr SJ, Zhang Y, et al. Caspase-3 and caspase-8 expression in breast cancer: caspase-3 is associated with survival. Apoptosis. 2017;22
(3):357-368. doi:10.1007/s10495-016-1323-5

Fianco G, Mongiardi MP, Levi A, et al. Caspase-8 contributes to angiogenesis and chemotherapy resistance in glioblastoma. eLife. 2017;6:¢22593.
doi:10.7554/eLife.22593

Juric D, Lacayo NJ, Ramsey MC, et al. Differential gene expression patterns and interaction networks in BCR-ABL —positive and —negative adult
acute lymphoblastic leukemias. J Clin Oncol. 2007;25(11):1341-1349. doi:10.1200/jc0.2006.09.3534

Modi H, McDonald T, Chu S, Yee JK, Forman SJ, Bhatia R. Role of BCR/ABL gene-expression levels in determining the phenotype and imatinib
sensitivity of transformed human hematopoietic cells. Blood. 2007;109(12):5411-5421. doi:10.1182/blood-2006-06-032490

Miyazaki Y, Mitsuma T, Ichida T, Odazima H, Ishihara K, Asakura H. Amplification of BCR protein associated with oncogenesis in human
hepatocellular carcinoma. Dig Dis Sci. 1997;42(5):927-937. doi:10.1023/A:1018864414582

Qin C, Liu S, Zhou S, et al. PIK3C2A is a prognostic biomarker that is linked to immune infiltrates in kidney renal clear cell carcinoma. Front
Immunol. 2023;14:1114572. doi:10.3389/fimmu.2023.1114572

Winder ML, Campbell KJ. MCL-1 is a clinically targetable vulnerability in breast cancer. Cell Cycle. 2022;21(14):1439-1455. doi:10.1080/
15384101.2022.2054096

Wang H, Guo M, Wei H, Chen Y. Targeting MCL-1 in cancer: current status and perspectives. J Hematol Oncol. 2021;14(1):67. doi:10.1186/
s13045-021-01079-1

Fei F, QulJ, Li C, Wang X, Li Y, Zhang S. Role of metastasis-induced protein S100A4 in human non-tumor pathophysiologies. Cell Biosci. 2017;7
(1):64. doi:10.1186/s13578-017-0191-1

Donato R, R. Cannon B, Sorci G, et al. Functions of S100 proteins. Curr Mol Med. 2013;13(1):24-57. doi:10.2174/156652413804486214

Li ZH, Dulyaninova NG, House RP, Almo SC, Bresnick AR. S100A4 regulates macrophage chemotaxis. mol Biol Cell. 2010;21(15):2598-2610.
doi:10.1091/mbc.e09-07-0609

Soprano KJ, Soprano DR. Retinoic acid receptors and cancer. J Nutr. 2002;132(12):3809S-3813S. doi:10.1093/jn/132.12.3809S

Le Q, Dawson MI, Soprano DR, Soprano KJ. Modulation of retinoic acid receptor function alters the growth inhibitory response of oral SCC cells
to retinoids. Oncogene. 2000;19(11):1457-1465. doi:10.1038/sj.onc.1203436

Naseri MH, Mahdavi M, Davoodi J, Tackallou SH, Goudarzvand M, Neishabouri SH. Up regulation of Bax and down regulation of Bcl2 during
3-NC mediated apoptosis in human cancer cells. Can Cell Inter. 2015;15(1):55. doi:10.1186/s12935-015-0204-2

Shiraishi T, Nielsen PE. Down-regulation of MDM2 and activation of p53 in human cancer cells by antisense 9-aminoacridine-PNA (peptide
nucleic acid) conjugates. Nucleic Acids Res. 2004;32(16):4893-4902. doi:10.1093/nar/gkh820

Liu X, Liu P, Chernock RD, et al. Impact of human papillomavirus on the tumor microenvironment in oropharyngeal squamous cell carcinoma. /nz,
J, Cancer. 2022;150(3):521-531. doi:10.1002/ijc.33849

280 https: OncoTargets and Therapy 2025:18


https://doi.org/10.3390/cancers15235548
https://doi.org/10.3390/cancers15235548
https://doi.org/10.1016/j.anl.2023.04.006
https://doi.org/10.1002/ijc.24994
https://doi.org/10.1007/s12094-022-02913-9
https://doi.org/10.3389/fgene.2022.979575
https://doi.org/10.1097/md.0000000000029378
https://doi.org/10.1038/s41598-021-95718-9
https://doi.org/10.3389/fcell.2022.803947
https://doi.org/10.1186/s13046-020-01586-y
https://doi.org/10.3389/fphar.2023.1113378
https://doi.org/10.3389/fcell.2021.738373
https://doi.org/10.1016/j.cyto.2019.154895
https://doi.org/10.1016/j.cyto.2019.154895
https://doi.org/10.1038/bjc.2017.244
https://doi.org/10.18632/oncotarget.2850
https://doi.org/10.1007/s10555-020-09935-1
https://doi.org/10.1002/cam4.5496
https://doi.org/10.1007/s10495-016-1323-5
https://doi.org/10.7554/eLife.22593
https://doi.org/10.1200/jco.2006.09.3534
https://doi.org/10.1182/blood-2006-06-032490
https://doi.org/10.1023/A:1018864414582
https://doi.org/10.3389/fimmu.2023.1114572
https://doi.org/10.1080/15384101.2022.2054096
https://doi.org/10.1080/15384101.2022.2054096
https://doi.org/10.1186/s13045-021-01079-1
https://doi.org/10.1186/s13045-021-01079-1
https://doi.org/10.1186/s13578-017-0191-1
https://doi.org/10.2174/156652413804486214
https://doi.org/10.1091/mbc.e09-07-0609
https://doi.org/10.1093/jn/132.12.3809S
https://doi.org/10.1038/sj.onc.1203436
https://doi.org/10.1186/s12935-015-0204-2
https://doi.org/10.1093/nar/gkh820
https://doi.org/10.1002/ijc.33849

Alahmadi et al

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

5

—

52.

53.

54.
55.

56

57.

58.
59.

60.

6

—

62.

63.

64.

65.

Tosi A, Parisatto B, Menegaldo A, et al. The immune microenvironment of HPV-positive and HPV-negative oropharyngeal squamous cell
carcinoma: a multiparametric quantitative and spatial analysis unveils a rationale to target treatment-naive tumors with immune checkpoint
inhibitors. J Exp Clin Cancer Res. 2022;41(1):279. doi:10.1186/s13046-022-02481-4

Hwang KT, Woo JW, Shin HC, et al. Prognostic influence of BCL2 expression in breast cancer. Int, J, Cancer. 2012;131(7):E1109-19. doi:10.1002/
ijc.27539

Pereira H, Silva S, Julido R, Garcia P, Perpétua F. Prognostic markers for colorectal cancer: expression of P53 and BCL2. World J Surg. 1997;21
(2):210-213. doi:10.1007/s002689900218

Eom YH, Kim HS, Lee A, Song BJ, Chae BJ. BCL2 as a subtype-specific prognostic marker for breast cancer. J Breast Cancer. 2016;19
(3):252-260. doi:10.4048/jbc.2016.19.3.252

Shanmugalingam T, Bosco C, Ridley AJ, Van Hemelrijck M. Is there a role for IGF-1 in the development of second primary cancers? Cancer Med.
2016;5(11):3353-3367. doi:10.1002/cam4.871

Ferreira Mendes JM, de Faro Valverde L, Torres Andion Vidal M, et al. Effects of IGF-1 on proliferation, angiogenesis, tumor stem cell populations
and activation of AKT and hedgehog pathways in oral squamous cell carcinoma. Int J mol Sci. 2020;21(18):6487. doi:10.3390/ijms21186487
Micaily I, Johnson J, Argiris A. An update on angiogenesis targeting in head and neck squamous cell carcinoma. Cancers of the Head & Neck.
2020;5(1):5. doi:10.1186/s41199-020-00051-9

Wilde L, Johnson J, Argiris A. Angiogenesis and Anti-angiogenic Therapy in Head and Neck Cancer. In: Burtness B, Golemis EA, editors.
Molecular Determinants of Head and Neck Cancer. Cham: Springer International Publishing; 2018:439-467.

Yu PF, Huang Y, Xu CL, et al. Downregulation of CXCL12 in mesenchymal stromal cells by TGF promotes breast cancer metastasis. Oncogene.
2017;36(6):840-849. doi:10.1038/0nc.2016.252

Song Z-Y, Gao Z-H, Chu J-H, Han X-Z, Qu X-J. Downregulation of the CXCR4/CXCL12 axis blocks the activation of the Wnt/B-catenin pathway
in human colon cancer cells. Biomed. Pharmacother. 2015;71:46-52. doi:10.1016/j.biopha.2015.01.020

. Saunders AS, Bender DE, Ray AL, Wu X, Morris KT. Colony-stimulating factor 3 signaling in colon and rectal cancers: immune response and

CMS classification in TCGA data. PLoS One. 2021;16(2):0247233. doi:10.1371/journal.pone.0247233

Tu MM, Abdel-Hafiz HA, Jones RT, et al. Inhibition of the CCL2 receptor, CCR2, enhances tumor response to immune checkpoint therapy.
Commun. Biol. 2020;3(1):720. doi:10.1038/s42003-020-01441-y

Li H, Li H, Li X-P, et al. C-C chemokine receptor type 2 promotes epithelial-to-mesenchymal transition by upregulating matrix metalloproteinase-2
in human liver cancer. Oncol Rep. 2018;40(5):2734-2741. doi:10.3892/0r.2018.6660

Fei L, Ren X, Yu H, Zhan Y. Targeting the CCL2/CCR2 axis in cancer immunotherapy: one stone, three birds? Front Immunol. 2021;12:771210.
Noe JT, Mitchell RA. MIF-dependent control of tumor immunity. Front Immunol. 2020;11:609948.

. Mora Barthelmess R, Stijlemans B, Van Ginderachter JA. Hallmarks of cancer affected by the MIF cytokine family. Cancers. 2023;15(2):395.

doi:10.3390/cancers15020395

Castro BA, Flanigan P, Jahangiri A, et al. Macrophage migration inhibitory factor downregulation: a novel mechanism of resistance to
anti-angiogenic therapy. Oncogene. 2017;36(26):3749-3759. doi:10.1038/onc.2017.1

Frenk S, Houseley J. Gene expression hallmarks of cellular ageing. Biogerontology. 2018;19(6):547-566. do0i:10.1007/s10522-018-9750-z
Yamamoto R, Chung R, Vazquez JM, et al. Tissue-specific impacts of aging and genetics on gene expression patterns in humans. Nat Commun.
2022;13(1):5803. doi:10.1038/s41467-022-33509-0

Jiarpinitnun C, Larbcharoensub N, Pattaranutaporn P, et al. Characteristics and impact of HPV-associated pl6 expression on head and neck
squamous cell carcinoma in Thai patients. Asian Pac J Cancer Prev. 2020;21(6):1679-1687. doi:10.31557/apjcp.2020.21.6.1679

. Chaturvedi AK, Katki HA, Hildesheim A, et al. Human papillomavirus infection with multiple types: pattern of coinfection and risk of cervical

disease. J Infect Dis. 2011;203(7):910-920. doi:10.1093/infdis/jiq139

Gaete S, Auguste A, Bhakkan B, et al. Frequent high-risk HPV co-infections excluding types 16 or 18 in cervical neoplasia in Guadeloupe. BMC
Cancer. 2021;21(1):281. doi:10.1186/s12885-021-07940-3

Sabatini ME, Chiocca S. Human papillomavirus as a driver of head and neck cancers. Br J Cancer. 2020;122:306-314. doi:10.1038/s41416-019-
0602-7

Niasman A, Holzhauser S, Kostopoulou ON, et al. Prognostic markers and driver genes and options for targeted therapy in human-papillomavirus-
positive tonsillar and base-of-tongue squamous cell carcinoma. Viruses. 2021;13(5):910. doi:10.3390/v13050910

Miserocchi G, Cocchi C, De Vita A, et al. Three-dimensional collagen-based scaffold model to study the microenvironment and drug-resistance
mechanisms of oropharyngeal squamous cell carcinomas. Cancer Biol Med. 2021;18(2):502-516. doi:10.20892/j.issn.2095-3941.2020.0482

OncoTargets and Therapy Dovepress

Taylor & Francis Group
Publish your work in this journal

OncoTargets and Therapy is an international, peer-reviewed, open access journal focusing on the pathological basis of all cancers, potential
targets for therapy and treatment protocols employed to improve the management of cancer patients. The journal also focuses on the impact of
management programs and new therapeutic agents and protocols on patient perspectives such as quality of life, adherence and satisfaction. The
manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit
http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/oncotargets-and-therapy-journal

OncoTargets and Therapy 2025:18 n X in ﬂ 281


https://doi.org/10.1186/s13046-022-02481-4
https://doi.org/10.1002/ijc.27539
https://doi.org/10.1002/ijc.27539
https://doi.org/10.1007/s002689900218
https://doi.org/10.4048/jbc.2016.19.3.252
https://doi.org/10.1002/cam4.871
https://doi.org/10.3390/ijms21186487
https://doi.org/10.1186/s41199-020-00051-9
https://doi.org/10.1038/onc.2016.252
https://doi.org/10.1016/j.biopha.2015.01.020
https://doi.org/10.1371/journal.pone.0247233
https://doi.org/10.1038/s42003-020-01441-y
https://doi.org/10.3892/or.2018.6660
https://doi.org/10.3390/cancers15020395
https://doi.org/10.1038/onc.2017.1
https://doi.org/10.1007/s10522-018-9750-z
https://doi.org/10.1038/s41467-022-33509-0
https://doi.org/10.31557/apjcp.2020.21.6.1679
https://doi.org/10.1093/infdis/jiq139
https://doi.org/10.1186/s12885-021-07940-3
https://doi.org/10.1038/s41416-019-0602-7
https://doi.org/10.1038/s41416-019-0602-7
https://doi.org/10.3390/v13050910
https://doi.org/10.20892/j.issn.2095-3941.2020.0482
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	FFPE Tissue Collection Patients Characteristics
	Nucleic Acid Extraction and cDNA Synthesis
	Detection and Genotyping of HPV
	Cellular RNA Processing and Cancer Inflammation, Immunity Crosstalk, Oncogenes and Tumor Suppressor Genes Transcriptomes
	Cancer Hallmark Enrichment Analysis
	Functional Analysis and Biological Network Construction
	Survival Prognosis Analysis
	Analysis of Real-Time RT² Profiler PCR Array
	Data Analysis

	Results
	Basic BOTSCC Patients’ Characteristics
	Prevalence of HPV in the Base of Tongue Squamous Cell Carcinoma (BOTSCC)
	Transcriptome Analysis of Inflammation and Immunity in HPV-Associated BOTSCC
	Analysis of mRNA Expression of Oncogenes and Tumor Suppressor Genes of TME in HPV-Associated BOTSCC
	Clustering Analysis of Inflammation, Immunity, and Oncogene/Tumor Suppressor Gene Expression Profiles
	Dysregulated Gene Expression Was Negatively Correlated With Age
	Functional Analysis and Biological Network Construction
	Cancer Hallmark Enrichment Analysis
	The Association of Upregulated Genes in HPV-Associated BTOSCC Patients With aPoor Prognosis

	Discussion
	Institutional Review Board Statement
	Data Sharing Statement
	Acknowledgment
	Author Contributions
	Funding
	Disclosure

