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Identification and validation of candidate biomarkers in oral
squamous cell carcinoma by whole-transcriptome sequencing
and RT-qPCR, with exploratory CT radiomics analysis
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ABSTRACT

Background: Oral squamous cell carcinoma (OSCC) is frequently diagnosed at
advanced stages, and reliable noninvasive biomarkers remain limited. Transcriptomic
profiling and CT-based radiomics are increasingly used to characterize tumor
heterogeneity and may provide complementary molecular and imaging information in
OSCC. Materials and Methods: Transcriptome sequencing was performed on three
paired OSCC and adjacent normal tissues to identify differentially expressed genes
(DEGs), followed by Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) enrichment analyses. Fifteen additional paired samples were used
for validation by real-time quantitative polymerase chain reaction (RT-gqPCR). In a
separate exploratory subanalysis, preoperative contrast-enhanced CT images from
OSCC patients were manually segmented, and radiomic features were extracted to
assess potential radiogenomic associations. Results: A total of 832 DEGs were
identified, including 416 upregulated and 416 downregulated genes. Enrichment
analyses showed that DEGs were mainly involved in cell cycle- and salivary secretion-
related pathways. RT-qPCR confirmed significant differential expression of AQP5, LYZ,
STATH, CDC7, and MCMS5 (all P < 0.05), whereas CCND2 and E2F1 were not significant
(both P > 0.05); exact P values are provided in the Results section and tables. In the
exploratory CT analysis, high CDC7 expression was associated with irregular tumor
margins and lymph node metastasis. Conclusion: AQP5, LYZ, STATH, CDC7, and MCM5
may serve as candidate biomarkers for OSCC. Exploratory CT radiomics findings
suggest that imaging phenotypes may provide complementary information for

molecular stratification, but these associations require validation in larger cohorts.

INTRODUCTION

Oral squamous cell carcinoma (0OSCC) is among
the most prevalent malignancies in the head and neck
region, representing over 90% of oral cancers. OSCC
poses significant risks to patient survival and quality
of life, even when treated with surgery, radiotherapy,
or chemotherapy. Despite improvements in surgical
and adjuvant therapies, overall survival rates remain
suboptimal, primarily due to late-stage diagnosis and
tumor heterogeneity. Consequently, early detection is
essential for improving patient outcomes (1-3).

In recent years, extensive efforts have been made
to identify reliable biomarkers for early detection of
OSCC. Transcriptomic studies have revealed that
differentially expressed genes (DEGs) play a crucial
role in tumor progression, metastasis, and prognosis.
Several candidate biomarkers, including AQP5, LYZ,
and MCM family genes, have been reported to be
associated with OSCC pathogenesis (4-6).

Previous studies have suggested that two major
functional axes contribute to oral squamous cell

carcinoma (OSCC) development and progression:
salivary secretion-related pathways and cell-cycle
regulatory mechanisms. Among salivary secretion-
related genes, aquaporin 5 (AQP5) has been shown to
promote OSCC cell migration and invasion through
dysregulated water transport and intracellular
signaling. Similarly, lysozyme (LYZ) and statherin
(STATH), both components of the oral fluid proteome,
have been identified as differentially expressed in
OSCC patients and have been proposed as potential
salivary biomarkers for early detection (7).

On the other hand, cell-cycle-related biomarkers
including CDC7, MCM5, CCNDZ2, and the transcription
factor E2F1 play established roles in DNA replication
initiation and G1/S phase transition. E2F1, in
particular, functions as a master regulator of cell-
cycle progression and has been implicated in OSCC
proliferation when its expression is deregulated.
Collectively, these findings indicate that both salivary
secretion-related genes and cell-cycle-related genes
may be involved in OSCC pathogenesis; however,
their validation across independent tissue samples
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and their relationship with imaging phenotypes
remain insufficiently characterized (@ 9).

In parallel, imaging-based approaches,
particularly computed tomography (CT) and
radiomics, have gained attention for their ability to
capture tumor heterogeneity and noninvasively
characterize tumor phenotypes (19). Recent studies
suggest that integrating imaging features with
molecular data can improve diagnostic accuracy and
provide insights into imaging-genomic correlations .
11-13), CT-based tumor imaging is clinically essential
in OSCC management because it supports the
assessment of tumor extent, local invasion, depth of
invasion (DOI), nodal involvement, and treatment
planning. As demonstrated by Blatt et al, CT and MRI
currently remain the reference standards for
evaluating the primary tumor site and cervical lymph
node status, while recent advances in radiomics
enable the extraction of high-dimensional
quantitative features from standard-of-care CT
images that are imperceptible to the human eye. In
the context of OSCC, CT-derived radiomic features
have shown significant correlations with cervical
lymph node metastasis and underlying
transcriptomic alterations (14-17), For instance, Jin et
al. demonstrated that CT radiomic features correlate
with differentially expressed RNAs involved in
salivary secretion signaling pathways, providing
direct evidence of a radiogenomic link in OSCC.
Therefore, linking CT-derived phenotypes with
molecular alterations may improve the biological
interpretation of imaging findings and provide a
rationale for future imaging-guided risk stratification
in OSCC. This integrative perspective aligns with the
scope of IJRR, where tumor imaging and radiation
treatment planning represent core research priorities
(18, 19), However, most previous studies have focused
either on molecular biomarkers or imaging features
independently. The relationship between external
phenotypic features, such as lip dynamics, internal
radiological characteristics, and underlying gene
expression profiles remains poorly understood (20-22),

The novelty of this study lies in its integrative
design, combining whole-transcriptome screening,
RT-gPCR validation, and exploratory CT-based
imaging assessment in OSCC. Rather than evaluating
molecular biomarkers and imaging findings
separately, this study explored whether validated
gene-expression alterations, particularly in salivary
secretion- and cell-cycle-related pathways, show
preliminary associations with CT-derived tumor
phenotypes. This radiogenomic perspective may
provide a hypothesis-generating basis for future
noninvasive molecular risk stratification and imaging
-guided assessment in OSCC. Accordingly, this study
aimed to identify and validate candidate molecular
biomarkers for OSCC through whole-transcriptome
sequencing and RT-qPCR, and to investigate whether
CT radiomic features demonstrate preliminary

associations with validated molecular subtypes.

MATERIALS AND METHODS

Study design and patients

This retrospective observational study included
patients with histopathologically confirmed oral
squamous cell carcinoma (OSCC) who underwent
primary surgical resection at hospital of Chongqing
Three Gorges Medical College, Chongqing 404120,
China. Eligible patients were adults with previously
untreated OSCC and available paired tumor and
adjacent non-tumor tissue samples. Patients were
excluded if they had received neoadjuvant
chemotherapy, radiotherapy, immunotherapy, or
other anticancer treatment before surgery, or if tissue
quality was insufficient for RNA extraction. Paired
tumor and adjacent non-tumor tissues were collected
intraoperatively. Three paired samples were used for
whole-transcriptome sequencing as the discovery
cohort, and an independent set of 15 paired samples
was used for RT-qPCR validation. Clinical and
pathological data, including age, sex, tumor site,
pathological stage, lymph node status, and
histological grade, were retrieved from medical
records.

The current study was performed in line with the
Helsinki Declaration. The study protocol was
approved by the Chongqing Three Gorges Medical
College, Chongqging 404120, China, Approval No.
[20210003], date of approval [202103]). Written
informed consent was obtained from all subjects
before their recruitment in the study.

RNA extraction

Total RNA was extracted from frozen OSCC tumor
tissues and matched adjacent non-tumor tissues
using TRIzol Reagent (Invitrogen, Thermo Fisher
Scientific, Waltham, MA, USA) according to the
manufacturer’s protocol. Approximately 50 mg of
frozen tissue was ground in liquid nitrogen and
homogenized in 1 mL TRIzol Reagent. After
incubation at room temperature for 5 min, 0.2 mL
chloroform was added. The mixture was shaken
vigorously for 15 s, incubated at room temperature
for 3 min, and centrifuged at 12,000 x g for 15 min at
4°C. The upper aqueous phase was transferred to a
new RNase-free tube and mixed with 0.5 mL
isopropanol. After incubation at room temperature
for 10 min, the samples were centrifuged at 12,000 x
g for 10 min at 4°C. The RNA pellet was washed twice
with 75% ethanol, air-dried, dissolved in RNase-free
water, and stored at -80°C until further use. RNA
concentration and purity were measured using a
NanoDrop 2000 spectrophotometer (Thermo Fisher
Scientific, Waltham, MA, USA). RNA samples with
A260/A280 ratios of 1.8-2.1 were considered
acceptable. RNA integrity was assessed using an
Agilent 2100 Bioanalyzer (Agilent Technologies,
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Santa Clara, CA, USA), and samples with RIN = 7.0
were used for transcriptome sequencing. RNA
samples of sufficient purity and integrity were used
for RT-qPCR validation.

Whole-transcriptome
bioinformatics analysis

For discovery analysis, total RNA from three
paired OSCC tumor tissues and matched adjacent non
-tumor tissues was used for whole-transcriptome
sequencing. RNA quality was assessed before library
construction, and samples with adequate purity and
integrity were used for sequencing. RNA-seq libraries
were prepared using an Illumina-compatible library
preparation according to the manufacturer’s
instructions. The libraries were sequenced on an
[llumina NovaSeq 6000 platform (Illumina, San Diego,
CA, USA) using a paired-end 150-bp sequencing
strategy. Raw reads were processed to remove
adaptor sequences, low-quality reads, and reads
containing excessive unknown bases. The resulting
clean reads were aligned to the human reference
genome GRCh38 using HISAT2 version 2.2.1 (Johns
Hopkins University, Baltimore, MD, USA). Sequencing
quality, read  distribution, and  mapping
characteristics were assessed using RSeQC version
4.0.0 and Qualimap version 2.2.1. Gene-level counts
were generated using featureCounts version 2.0.1
based on Ensembl gene annotation. Differential
expression analysis between OSCC tumor tissues and
matched adjacent non-tumor tissues was performed
using the DESeq2 package version 1.34.0 in R version
4.1.0.

Differential expression analysis between OSCC
tumor tissues and matched adjacent non-tumor
tissues was performed using the DESeq2 package.
Genes with |log2 fold change| > 1 and false-discovery-
rate-adjusted P value < 0.05 were considered
differentially expressed. Nominal P values and FDR-
adjusted P values were reported for representative
DEGs in the Results section and tables.

Functional enrichment analysis of differentially
expressed genes was performed using Gene Ontology
and Kyoto Encyclopedia of Genes and Genomes
pathway databases. Protein-protein interaction
analysis was performed using the STRING database
and visualized using Cytoscape. Candidate genes for
RT-gPCR validation were selected according to
differential expression level, pathway enrichment
results, and biological relevance to OSCC, especially
salivary secretion-related and cell-cycle-related
pathways (23.24),

sequencing and

RT-qPCR validation

Candidate genes identified from whole-
transcriptome sequencing were validated in an
independent cohort of 15 paired OSCC tumor tissues
and adjacent non-tumor tissues by RT-qPCR. The
selected genes included AQP5, LYZ, STATH, CDC7,

MCMS5, CCND2, and E2F1 because they were involved
in salivary secretion- and cell-cycle-related pathways
and showed differential expression in the sequencing
analysis.

Total RNA was reverse-transcribed into cDNA
using the PrimeScript RT reagent Kit (Takara Bio Inc.,
Shiga, Japan) according to the manufacturer’s
instructions. RT-qPCR was performed using TB Green
Premix Ex Taq Il (Takara Bio Inc., Shiga, Japan.)

RT-qPCR was performed using TB Green Premix
Ex Taq II (Takara Bio Inc., Shiga, Japan) on an ABI
7500 Real-Time PCR System (Applied Biosystems,
Foster City, CA, USA). GAPDH was used as the internal
reference gene. Primer sequences for AQP5, LYZ,
STATH, CDC7, MCM5, CCND2, E2F1, and GAPDH are
listed in table 1.

GAPDH was used as the internal reference gene.
Each RT-qPCR reaction was performed in triplicate in
a final volume of 20 pL. The amplification protocol
consisted of initial denaturation at 95°C for 30 s,
followed by 40 cycles at 95°C for 5 s and 60°C for 30
s. Melting-curve analysis was performed to confirm
amplification specificity, and no-template controls
were included in each run. Relative expression levels
were calculated using the 2-AACt method. For each
sample, ACt was calculated as Ct (target gene) - Ct
(GAPDH), and AACt was calculated as ACt (OSCC
tumor tissue) - ACt (adjacent non-tumor tissue).
Relative expression was then expressed as 2-24cCt,

Table 1. Primer sequences used for RT-gPCR validation.

Gene | Accession | Forward primer | Reverse primer
No. (53" (53"
Agps N oonest) T T ATEN acacornontaca
LyZ |NM_000239 AGC; éfé‘:giﬁg% Gcéiﬁéggzgi%—
STATH|NM_003154| T/ [OCGTAGAATT- | ANTCATGTCCTG-
€DC7 |NM_003503) COATAACTECCAG- | GECACTTTGTCAA
mcms|NM_oo6739 A CT 1A CTEGCCGAGITGCTECCTTTCCCAG
coupzlNm_001759) B e | GcoaTeaTconcs
e i e | T
GAPDHNM_002046 GTCTACEE%GCQCTTC égé%chc?A

Abbreviations: RT-qPCR, real-time quantitative polymerase chain
reaction; OSCC, oral squamous cell carcinoma; GAPDH, glyceraldehyde
-3-phosphate dehydrogenase.

CT acquisition and exploratory radiomics analysis
For the exploratory imaging subanalysis,
preoperative contrast-enhanced CT images were
collected from OSCC patients with available RT-qPCR
validation data. CT examinations were performed
before surgical resection using a multidetector CT
scanner. The scanning parameters were as follows:
tube voltage, 120 kVp; tube current, automatic tube
current modulation; matrix size, 512 x 512; slice
thickness, 1.0-5.0 mm; and soft-tissue reconstruction
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kernel. Contrast-enhanced CT images were obtained
after intravenous administration of iodinated
contrast medium. Tumor regions of interest were
manually delineated on contrast-enhanced CT images
by two radiologists experienced in head-and-neck
imaging and were reviewed by a third senior
radiologist to resolve discrepancies. Segmentation
was performed using 3D Slicer version 5.2.2 or
equivalent radiological segmentation software. The
radiologists were blinded to the RT-qPCR results
during image segmentation.

Before radiomic feature extraction, CT images
were resampled to isotropic 1 x 1 x 1 mm? voxels,
and gray-level discretization was performed using a
fixed bin width of 25 HU. Radiomic features were
extracted using PyRadiomics version 3.0.1
implemented in Python. Extracted features included
shape, first-order intensity, and texture features,
including gray-level co-occurrence matrix, gray-level
run-length matrix, gray-level size-zone matrix,
neighboring gray-tone difference matrix, and gray-
level dependence matrix features.

The CT analysis was designed as an exploratory
radio genomic sub analysis. Validated RT-qPCR genes
were used as molecular variables, and patients were
divided into high- and low-expression groups
according to the median relative expression level of
each gene. CT-derived qualitative phenotypes,
including tumor margin, border definition, and
cervical lymph node status, were compared between
expression groups. Because of the small sample size,
no predictive model was developed, and the analysis
was interpreted as hypothesis-generating.

Statistical analysis

Statistical analyses were performed using SPSS
Statistics version 17.0 (IBM, Armonk, NY, USA).
Continuous variables are presented as mean =
standard deviation. Pairwise comparisons between
0SCC and adjacent normal tissues were performed
using paired t-tests when the data were normally
distributed, or the corresponding nonparametric test
when they were not. Functional enrichment analysis
was performed using GO and KEGG pathway
databases as described in the bioinformatics analysis
section. For comparisons involving more than two
groups, ANOVA was used when appropriate.
Categorical associations in the CT subanalysis were
evaluated using chi-square or Fisher’s exact test,
depending on sample size and expected frequencies.
A two-sided P value < 0.05 was considered
statistically significant. Because this was an
exploratory retrospective study, no formal sample-
size calculation was performed.

RESULTS

OSCC differential gene expression analysis
Whole-transcriptome sequencing was performed

on three paired OSCC tumor tissues and adjacent non-
tumor tissues.

Using the predefined threshold of |log2 fold
change| > 1 and nominal P value <0.05, a total of 832
differentially expressed genes (DEGs) were identified,
including 416 upregulated and 416 downregulated
genes in OSCC tissues compared with adjacent non-
tumor tissues. Representative DEGs, together with
their log2 fold changes and exact P values, are
summarized in table 2. Because of the exploratory
nature of the discovery cohort, these results were
further prioritized for RT-qPCR validation. The overall
expression pattern of representative DEGs across the
discovery cohort is shown in the clustered heatmap
(figure 1). A volcano plot summarizing the
distribution of all DEGs according to fold change and
statistical significance is presented in figure 2. The
volcano plot highlights the balanced DEG profile
reported in this study, consisting of 416 upregulated
and 416 downregulated genes, and identifies the
principal candidate genes selected for downstream

validation.
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Figure 1. Clustered heatmap of representative differentially

expressed genes in OSCC and adjacent non-tumor tissues.
Table 2. Differentially expressed genes.
log2FC/ | -logl10

Gene id | GeneName result
FC score | (P value)
RBSG0001 TFFI -15 7.756 | Downregulated
RBSG0002 PRB4 -15 8.406 | Downregulated
RBSG0003 LCN1 -14 2.886 | Downregulated
RBSG0004 | SI00A7A +16 3.26 Upregulated
RBSG0005 HUC18 -17 4.36 | Downregulated
RBSG0006 PRH3 -18 6.458 | Downregulated

Abbreviations: OSCC, oral squamous cell carcinoma; log2FC, log2 fold
change. Positive log2FC indicates upregulation in OSCC tissues,
whereas negative log2FC indicates downregulation in OSCC tissues
compared with adjacent non-tumor tissues. The -loglO(P value)
column is shown for ranking and visualization purposes; statistical
significance was determined using the original P values. If available,
FDR-adjusted P values should be reported in the final differential-
expression table.

The heatmap shows the expression pattern of
representative differentially expressed genes (DEGs)
identified by whole-transcriptome sequencing in


http://dx.doi.org/10.61186/ijrr.24.4.35
https://ijrr.com/article-1-7413-en.html

[ Downloaded from ijrr.com on 2026-11-12 ]

[ DOI: 10.61186/ijrr.24.4.35]

Zhang et al. / CT radiogenomics in OSCC 1211

three paired oral squamous cell carcinoma (OSCC)
tumor tissues and matched adjacent non-tumor
tissues. Each row represents a gene and each column
represents an individual sample. Expression values
are shown after row-wise normalization to
emphasize relative expression differences across
samples. Red indicates relatively higher expression
and blue indicates relatively lower expression.
Hierarchical clustering was used to visualize the
separation between OSCC tumor tissues and adjacent
non-tumor tissues and to illustrate the overall
expression pattern of genes prioritized for

downstream validation.
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Figure 2. Volcano plot of differentially expressed genes identi-
fied by RNA-seq. The volcano plot summarizes the differential
gene expression analysis between OSCC tumor tissues and
matched adjacent non-tumor tissues. Each dot represents one
gene. The x-axis indicates log2 fold change, and the y-axis
indicates -log10(P value). Genes located on the right side of
the plot represent upregulated genes in OSCC tissues, whereas
genes located on the left side represent downregulated genes.
Dashed vertical lines indicate the fold-change threshold, and
the horizontal dashed line indicates the statistical significance
threshold. Upregulated and downregulated DEGs are
displayed in different colors, while non-significant genes are
shown separately. Candidate genes selected for RT-gPCR
validation, including AQP5, LYZ, STATH, CDC7, MCM5, CCND2,
and E2F1, are highlighted to show their position within the
global RNA-seq differential expression profile.
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Figure 3. Gene Ontology and KEGG pathway enrichment
analysis of differentially expressed genes.

GO and KEGG enrichment analysis

Among these enriched pathways, the salivary
secretion pathway and cell-cycle pathway were
selected for further validation because they were
biologically relevant to OSCC progression and
included genes with marked differential expression.
Accordingly, AQP5, LYZ, STATH, CDC7, MCM5, CCND2,

and E2F1 were selected for RT-qPCR validation.

Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) enrichment analyses
were performed to identify biological processes and
pathways associated with the DEGs detected by
whole-transcriptome sequencing. Panel A presents
representative GO enrichment terms, including
biological process, cellular component, and molecular
function categories. Panel B presents representative
KEGG pathway enrichment results. Bubble size
indicates the number of DEGs enriched in each term
or pathway, and color intensity represents
enrichment significance. The salivary secretion and
cell-cycle pathways were highlighted because they
were biologically relevant to OSCC progression and
contained genes selected for RT-qPCR validation,
including AQP5, LYZ, STATH, CDC7, MCM5, CCND2,
and E2F1.

To provide a clearer biological interpretation of
the enriched pathways, a pathway-level interaction
map was generated for the candidate genes selected
for RT-qPCR validation (figure 4). The map was
organized into two functional modules. The salivary
secretion module included AQP5, LYZ, and STATH,
which were downregulated in OSCC tissues and are
related to water transport, antimicrobial defense,
lubrication, and salivary secretory homeostasis. The
cell-cycle / DNA replication module included CCND2,
E2F1, CDC7, and MCM5, which are involved in G1/S
transition, transcriptional activation of replication-
related genes, replication-origin activation, and DNA
synthesis. This pathway-level representation clarifies
the biological context of the candidate genes and
their inferred functional consequences in OSCC.

RT-qPCR verification

RT-qPCR validation was performed in an
independent cohort of 15 paired OSCC tumor and
adjacent non-tumor tissue samples. The RT-qPCR
results were consistent with the sequencing data for
five of the seven selected candidate genes. AQP5, LYZ,
and STATH were downregulated in OSCC tissues
compared with matched adjacent non-tumor tissues,
whereas CDC7 and MCM5 were upregulated (all
P<0.05). Reduced expression was observed in
66.67% of samples for AQP5 (10/15), 73.33% for LYZ
(11/15), and 73.33% for STATH (11/15). Increased
expression was observed in 80.00% of samples for
CDC7 (12/15) and 66.67% for MCM5 (10/15). In
contrast, CCND2 and E2F1 did not show statistically
significant differential expression in the validation
cohort (P>0.05). Increased expression was observed
in 46.67% of samples for CCND2 (7/15) and 46.67%
for E2F1 (7/15), indicating that these two genes were
not consistently dysregulated in the validation
cohort. These findings suggest that AQP5, LYZ, STATH,
CDC7, and MCM5 represent the most reproducible
candidate biomarkers in the present dataset, whereas
CCND2 and E2F1 should be interpreted as pathway-
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associated genes rather than validated biomarkers
(Figure 5).

A salivary secretion pathway module B Cell-cycle / DNA replication module

B T =n] ]
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() Downregulatedin 0Scc () Upregulated in 0SCC
Figure 4. Pathway-level interpretation of candidate genes
identified in OSCC. This schematic pathway figure illustrates
the biological relationships among the candidate genes
selected from the transcriptomic and enrichment analyses.
Panel A shows the salivary secretion pathway module. In this
module, AQPS5, LYZ, and STATH are shown as downregulated
genes associated with impaired water transport, antimicrobial
defense, lubrication, and salivary secretory homeostasis. Panel
B shows the cell-cycle / DNA replication pathway module. In
this module, CCND2, E2F1, CDC7, and MCMS5 are positioned
within the G1/S transition and DNA replication initiation
pathway. The figure indicates the inferred direction of gene
interactions and pathway-level consequences, including
reduced salivary defense and enhanced G1/S progression and
DNA replication signaling in OSCC. Blue indicates downregulat-
ed genes, red indicates upregulated genes, and green boxes
indicate inferred pathway-level biological outcomes.

A RT-gPCR validation of candidate genes
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Figure 5. Relative expression of differential genes in tumor
tissue. RT-qPCR was performed in an independent validation
cohort of 15 paired OSCC tumor and adjacent non-tumor
tissue samples to validate the candidate genes identified by
transcriptome sequencing. Panel A shows the relative
expression levels of AQP5, LYZ, STATH, CDC7, MCMS5, CCND2,
and E2F1 in OSCC tumor tissues compared with matched
adjacent non-tumor tissues. Relative expression was
calculated using the 2-AACt method, with GAPDH used as the
internal reference gene. AQP5, LYZ, and STATH showed
reduced expression in OSCC tissues, whereas CDC7 and MCM5
showed increased expression. CCND2 and E2F1 did not show
statistically significant differential expression in the validation
cohort. Panel B shows the percentage of paired samples
demonstrating the expected direction of expression change
for each gene. Error bars represent variability across samples.
Significance labels indicate statistical comparison between
paired OSCC and adjacent non-tumor tissues: *P < 0.05; **P <
0.01; ns, not significant.

Exploratory CT radiogenomic analysis

In the exploratory CT radiogenomic subanalysis,
patients were categorized into high- and low-
expression groups according to the median relative
expression level of each validated gene. Higher CDC7
expression showed a descriptive trend toward
irregular tumor margins and cervical lymph node
metastasis on preoperative contrast-enhanced CT. In
addition, lower AQP5 expression was more frequently
observed in tumors with poorly defined borders.
Because of the small sample size, these findings
should be interpreted as preliminary and hypothesis-
generating rather than definitive radiogenomic
associations.

DISCUSSION

Oral squamous cell carcinoma is a biologically
heterogeneous malignancy that develops through a
multistep process of genetic and epigenetic
alterations in the oral mucosa. OSCC progression is
driven by dysregulated signaling pathways, abnormal
cell-cycle control, impaired DNA damage responses,
altered apoptosis, and changes in the tumor
microenvironment (25-27)- Transcriptome sequencing
technology can quickly and comprehensively analyze
differential expression across various RNA types. In
this study, whole-transcriptome sequencing followed
by RT-qPCR validation identified a set of candidate
biomarkers that may contribute to the molecular
stratification of OSCC (21.22,28,29),

The salivary secretion-related findings of the
present study should be interpreted in the context of
the complex relationship between tumor-tissue
transcriptomics and salivary biomarker profiles. This
pattern is biologically plausible because salivary
biomarkers have long been investigated in oral
cancer, and both lysozyme and statherin are
components of the salivary defense system. AQP5 has
previously been reported to be overexpressed in
OSCC by immunohistochemistry, whereas our
transcriptomic findings suggest that its expression
may vary by sample type, assay platform, and tumor
context. Similarly, discrepancies between our tissue-
based results for LYZ and salivary studies in OSCC
may reflect the difference between tumor tissue
transcription and salivary protein abundance. By
contrast, the downregulation of STATH is consistent
with prior reports showing reduced statherin levels
in saliva from patients with precancerous and
cancerous oral lesions, supporting its potential as a
biomarker in oral carcinogenesis (30-32). The cell-cycle-
associated genes CDC7 and MCM5 were upregulated
in our cohort and confirmed by RT-qPCR, consistent
with prior reports implicating both genes in OSCC
progression (33),

CDC7 has previously been proposed as an OSCC
biomarker and has also been associated with
replication-stress tolerance and DNA damage
response signaling in oral cancer, whereas MCM5 has
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been reported to be overexpressed in OSCC and may
have value in early diagnosis or assessment of
malignant potential. In contrast, although CCND2 and
E2F1 were identified at the pathway level, their RT-
qPCR results were not statistically significant in our
validation cohort; therefore, they should be
interpreted as pathway-associated signals rather
than confirmed biomarkers in the present study (4
37),

While the exploratory CT radiomics sub-analysis
suggested an association between high CDC7
expression and abnormal tumor margins and lymph
node metastasis, low AQP5 expression and undefined
borders, these results align with recent literature on
the use of CT-based radiomic biomarkers in OSCC
cases. Therefore, based on our results, we
hypothesize that cancer imaging characteristics can
complement gene expression data 38 39). Nonetheless,
as the current study used a small sample for the
exploratory analysis, these findings need to be
validated in larger samples. Several limitations have
to be taken into account. First, the small size of the
discovery cohort increases the risk of selection bias
and reduces the reliability of the results. Second, the
RT-qPCR validation sample size was limited, and the
validation cohort was drawn from a single center.
Third, the exploratory nature of CT analysis means
these findings should not yet be regarded as a
radiogenomic model. Fourth, as the study did not
include external validation or survival analysis, it is
premature to conclude on the prognostic significance
of the identified biomarkers.

CONCLUSION

In conclusion, this study proposed the following
genes as potential biomarkers for OSCC: AQP5, LYZ,
STATH, CDC7, and MCMb5. In addition, a novel
radiomics approach using CT images was introduced,
indicating that the imaging phenotype can serve as an
additional means for biomarker identification.
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