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ABSTRACT

Background: Cross-cohort validation can distinguish reproducible oral squamous cell carcinoma
(OSCC) expression signals from cohort- and platform-specific findings.

Objective: This study aimed to identify genes and pathways that replicate across independent
0SCC microarray cohorts.

Methods: GSE30784 (discovery) and GSE25099 and paired GSE37991 (validation) comprised 264
OSCC and 107 non-malignant samples. Cohorts were normalized, annotated, and modeled
separately using robust empirical-Bayes linear models, with 12,708 shared genes eligible for
testing. Discovery required FDR < 0.05 and |log, fold change| = 1.0. Replication required
concordant direction, validation FDR < 0.05, and |log, fold change| = 0.5in both validation cohorts.
Direction-specific GO and KEGG enrichment used the common gene universe; QC-flagged arrays
were excluded in sensitivity analyses.

Results: GSE30784 yielded 1,167 DEGs (583 upregulated; 584 downregulated), of which 504
replicated in both validation cohorts (273 upregulated; 231 downregulated). CRISP3, MMP10,
MMP13, MMP1, FAM3B, KRT4, TMPRSS11B, TYRP1, MMP12, and SERPINE1 had the largest
minimum cross-cohort effects. Replicated upregulated genes were enriched in cytokine, ECM-
receptor, integrin, IL-17, focal-adhesion, and PI3K-Akt pathways; downregulated genes were
enriched in cornified-envelope and metabolic pathways. Sensitivity analysis retained 488 of 504

primary calls, including all top 20 candidates.

Conclusion: Independent validation identified reproducible OSCC transcriptional

programs

centered on matrix remodeling, adhesion, inflammation, and reduced epithelial-metabolic
functions. These expression-based candidates require orthogonal and functional validation.

1. Introduction

Oral squamous cell carcinoma (OSCC) is the principal
histological form of oral cavity malignancy and remains a
major source of cancer morbidity and mortality,
particularly in populations with substantial tobacco,
alcohol, and areca-nut exposure. Global estimates continue
to show a considerable burden of lip and oral cavity cancer,
while outcomes are constrained by late presentation, nodal
dissemination, field cancerization, and molecular
heterogeneity. Comprehensive genomic profiling has
identified recurrent alterations in cell-cycle control,
squamous differentiation, growth-factor signaling, and
immune regulation in head and neck squamous cell
carcinomaz Nevertheless, DNA-level alterations do not
fully specify the transcriptional programs operating in
tumors and their microenvironment.

Public transcriptomic repositories make it possible to
discover expression changes in one cohortand test them in
independent datasets. Microarray cohorts differ in
platform, probe annotation, tissue composition, control
selection, and exposure profile; direct sample pooling can
therefore confound biological effects with study structure.
A discovery-validation design preserves each cohort's
experimental scale and asks whether predefined genes
reproduce across different platforms and control designs.
Recent multi-omic, spatial, and single-cell studies
demonstrate that OSCC programs vary across tumor
regions, stromal states, microbial niches, metabolic
environments, and premalignant-to-invasive transitionss~.

Previous investigators used GSE25099, GSE30784, and
GSE37991 to identify common differentially expressed
genes by intersection and to explore immune and
prognostic signalse. A later large-scale analysis integrated
multiple OSCC cohorts with a gene-pair framework for
diagnostic and prognostic prediction®. Those approaches
address commonality or prediction, whereas the present
analysis evaluates gene-level replication through one
discovery cohortand two separate validation cohorts, with
a shared measurable-gene universe, stage-specific false-
discovery control, and direction and effect-size
requirements in both validation cohorts.

0SCC develops through the interaction of epithelial
genomic alterations, exposure-related injury, chronic
inflammation, stromal remodeling, and immune selection.
These processes arenotrepresented by a single molecular
lesion. Instead, they produce coordinated changes in
differentiation, proliferation, extracellular-matrix
organization, metabolism, and host-response pathways.
Transcriptome profiling is therefore useful because it
captures the aggregate activity of malignant and non-
malignant compartments at the time of tissue sampling.
This  systems-level view complements genomic
characterization, which defines recurrent alterations but
does not by itself reveal the direction or magnitude of
downstream transcriptional activity in a specific
specimenz.

The interpretation of OSCC expression studies is
complicated by biological and technical heterogeneity.
Tumors arise at different oral subsites, vary in
keratinization and stromal content, and are collected from
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populations with different mixtures of tobacco, alcohol,
areca-nut, viral, nutritional, and socioeconomic exposures.
Control tissues may be obtained from healthy volunteers,
anatomically adjacent mucosa, or surgical margins, each of
which answers a somewhat different biological question.
Microarray generations also differ in probe chemistry,
transcript coverage, annotation age, and signal range. A
signal observed in only one dataset may consequently
reflecttrue contextspecificity, sampling variation, platform
behavior, or an analytic artifact rather than a stable feature
of OSCC.

Independent validation addresses this problem more
directly than simply increasing the sample count through
naive pooling. When cohorts are combined before
modeling, cohort identity can become entangled with
disease status, especially if a platform contains mostly
tumors and another contains mostly controls. Batch-
correction methods cannot recover information that is
absent from the design, and an apparently precise pooled
estimate may conceal substantial between-study
disagreement. An alternative is to analyze each cohort on
its own scale and require a discovery signal to satisfy
defined statistical, directional, and effect-size criteria in
external datasets. This approach treats reproducibility as
an empirical property of each gene rather than as an
assumption imposed by a combined model.

The three GEO series used here provide a demanding
validation setting. GSE30784 offers the largest
independent tumor-control comparison; GSE25099
supplies a second independent-control cohort on a
different Affymetrix platform; and GSE37991 provides
patient-matched tumor and adjacent non-tumor tissue on
an [llumina platforms>. Agreement across these datasets
therefore requiresa signal to persist despite differences in
platform, control definition, sample structure, and source
population. Conversely, failure to replicate cannot be
attributed to a single cause and should notautomatically be
interpreted as evidence thata discovery resultis false. The
design is intended to identify the most transportable
signals, not to deny context-dependent biology.

Earlier analyses established that the same public
cohorts contain shared OSCC expression abnormalities and
potentially informative immune and prognostic featurese.
More recent integration work has emphasized platform-
robust gene-pair predictors across a broader collection of
OSCC datasets®. These contributions demonstrate the value
of public transcriptomes, but they leave room for a
deliberately staged test in which one cohort defines the
hypothesis set and two other cohorts independently
adjudicate it. Such a design can distinguish three
outcomes—replication in both validation cohorts,
replication in one cohort, or replication in neither—while
maintaining the statistical identity of each study.

A second unresolved issue concerns the scale on which
candidates should be prioritized. Ranking exclusively by
the discovery effect or P value favors signals that are
extreme in the largest cohort, even if their magnitude
attenuates elsewhere. Ranking by a pooled estimate can
likewise reward genes with high precision in one dataset.
The minimum absolute cross-cohort effect used here is
intentionally conservative: a gene is ranked according to its

weakest observed effect among the discovery and
validation cohorts. This criterion emphasizes consistency
under unfavorable conditions and is particularly suitable
when the purpose is to nominate candidates for expensive
orthogonal validation rather than to maximize the
apparent strength of a discovery list.

The novelty of this study lies in its cohort-preserving,
locked gene-level replication framework: one discovery
cohortdefines the hypothesis set, two structurally different
cohorts independently test each gene, and full replication
requires stage-specific FDR control, concordantdirection,a
minimum validation effect, and stability to QC-based
exclusions without pooling expression values or statistics.
The primary aim of the study was to identify OSCC genes
that are differentially expressed in GSE30784 and
independently replicate in both GSE25099 and paired
GSE37991. Secondary objectives were to rank candidates
by their smallest cross-cohort effect, characterize
direction-specific GO and KEGG programs, and assess
whether the replication calls remained stable after array-
level quality exclusions.

2. Methods
Study design and cohort eligibility

This retrospective secondary analysis included human
microarray datasets with clearly identifiable primary OSCC
and non-malignant oral tissue, accessible processed
expression matrices, and sufficient sample annotation for
tumor-control modeling. GSE30784, GSE37991, and
GSE25099 met these criteria. Oral dysplasia samples in
GSE30784 were excluded to retain a direct invasive-tumor
versus healthy-control contrast. GSE37991 contained
patient-matched tumor and adjacent non-tumor
epithelium; the other two cohorts used independent
healthy controls. The cohort designs, platforms, sample
counts, control definitions, and mapped-gene totals are
detailed in Table 1.

The unit of analysis was an individual microarray. The
primary contrast was invasive OSCC tissue versus non-
malignant oral tissue. Eligibility was evaluated at the
cohort level before gene-wise testing so that dataset
selection did not depend on the significance of any
candidate gene. Cohorts were required to provide enough
metadata to distinguish tumor from control tissue and to
supportthe appropriate independent or paired design. The
analysis did not treat dysplasia as either tumor or control
because premalignant tissue occupies a biologically
intermediate state and would blur the primary invasive-
carcinoma contrast.

Cohortroles were fixed before the replication results
were interpreted. GSE30784 was assigned to discovery
because it contained the largest number of invasive OSCC
samples and independent controls. GSE25099 and
GSE37991 were retained as validation cohorts rather than
rotated through multiple discovery assignments. This
single discovery path prevents post hoc selection of the
cohort configuration that yields the largest replicated set.
The paired structure of GSE37991 was preserved because
within-patient matching controls stable person-level
characteristics that would otherwise contribute to residual
variance.
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- Table 1. Characteristics of the included OSCC microarray cohorts.

oseen Mapp6d S

GSE30784 GPL570 Affymetrix U133 Plus 2.0 Independent healthy mucosa 20,848
GSE37991 GPL6883 Illumina HumanRef-8 v3 Matched adjacent non-tumor Yes 40 40 17,544
GSE25099 GPL5175 Affymetrix Human Exon 1.0 ST Independent healthy tissue No 57 22 14,651

Data source: GEO accession records and the processed matrices reported in the source analysis. 0SCC, oral squamous cell

carcinoma; Ctrl, control.

Data acquisition and provenance

Series-matrix files and platform annotations were
obtained from NCBI GEOw. GSE37991 detection P values
were reconstructed from its supplementary non-
normalized file. For GPL5175, probe-to-Entrez mappings
were obtained from the huex10sttranscriptcluster
annotation resource and converted to approved HGNC
symbols. GSE30784 originated from a biomarker-
discovery study of 167 OSCC, 17 dysplasia, and 45 healthy
oral tissues; GSE25099 contained 57 OSCC and 22 normal
tissues; and GSE37991 contained 40 matched pairs from
men reporting alcohol, areca-nut, and cigarette exposure.

GEO accession identifiers served as stable provenance
anchors linking expression matrices, platform annotations,
sample records, and the originating publications. Files
were handled at the cohort level and were not
concatenated into a common sample matrix. Accession-
level provenance was retained throughout preprocessing
so that every fitted effect could be attributed to a specific
source series and platform. This separation is importantfor
auditability because the same gene symbol can be
represented by different probe sets, dynamic ranges, and
annotation conventions across arrays.

The analysis relied on deposited expression resources
and their associated metadata rather than on newly
generated biospecimens. Consequently, the reliability of
phenotype labels and platform mappings was assessed
from the information available in the repository. Where a
field conflicted with better-supported sample descriptors,
the conflict was documented and the ambiguous field was
not used for modeling. No undocumented clinical
characteristic was inferred from an accession title,
publication narrative, author affiliation, or population
stereotype.

Metadata curation and quality audit

Phenotypes were determined from GEO sample titles
and source_name fields. In GSE37991, Sample_description
was reversed relative to title and source_name and was
excluded from modeling to avoid label inversion. A GEO
processing note reports that 28 pairs were analyzed, but
the deposited detection data did notidentify that subset: all
40 pairs had atleast 50% detected probes at P < 0.05 and P
< 0.01, and no inclusion flag was present. All 40 complete
pairs were therefore retained rather than applying an
irreproducible order-based selection.

Array-level QC included missingness, median
expression, interquartile range, median sample-to-sample
correlation, robust z scores, and principal-component
analysis (PCA). Arrays with extreme distributional or
correlation metrics were flagged for sensitivity analysis
rather than removed automatically from the primary
model.

Metadata curation was performed before differential-
expression modeling. Tumor-control labels were cross-
checked across sample titles, source descriptors, and the
paired identifiers available for GSE37991. The reversed
Sample_description field in GSE37991 was treated as a
metadata defect because its coding contradicted the
concordant title and source_name information. Excluding
that field from phenotype assignment avoided a complete
inversion of the matched contrast. The decision was
applied uniformly to all samples and did not depend on
gene-expression results.

Quality assessment was intended to characterize
unusual arrays without allowing automated outlier
removal to determine the primary conclusion.
Distributional summaries captured location and spread,
sample-to-sample correlations assessed concordance with
the broader cohort, robustz scores reduced sensitivity to
extreme values, and PCA provided a multivariate view of
sample structure. These diagnostics are complementary:
an array can have a typical median yet show low
correlation, or it can appear separated in PCA because of
genuine biology rather than poor measurement. For this
reason, flags defined a sensitivity set instead of functioning
as unconditional exclusion rules.

PCA was calculated within each normalized cohort
using the 1,000 most variable mapped genes. It was used as
an unsupervised diagnostic and not as a classifier,
hypothesis test, or basis for sample deletion. The
orientation and numerical scale of principal components
are arbitrary within each cohort; only the relative
configuration of samples inside a panel was interpreted.
Visual tumor-control separation was therefore considered
evidence that disease status contributed to major
expression variation, while residual overlap was retained
as a feature of the observed data rather than forced into
complete separation.

Expression preprocessing and gene annotation

Deposited matrices were inspected for scale. GSE37991
intensities were log>transformed because upper quantiles
remained on a raw-intensity scale; GSE30784 and
GSE25099 were already log-scaled. Quantile normalization
was then applied within each cohort. The root-mean-
square change introduced by this step was 0.0527,0.0018,
and 0.1170 for GSE30784, GSE37991, and GSE25099,
respectively. Probes mapping to an approved symbol were
collapsed by the arithmetic mean. Expression matrices
remained separate throughout the analysis.

Scale inspection preceded normalization because
quantile normalization assumes that input values are
represented ona comparable analytic scale within a cohort
The raw-intensity appearance of GSE37991 warranted
log2 transformation, whereas applying another log
transformation to already log-scaled matrices would
compress genuine differences. Quantile normalization was
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then performed separately for each series to reduce
distributional variation without imposing a shared
distribution across platforms. The reported root-mean-
square changes indicate that this step altered the deposited
matrices to different degrees, which is expected when
repositories contain data processed under different
original pipelines.

Probe-level measurements were mapped to approved
gene symbols to establish a cross-platform unit of
inference. When multiple probes mapped to the same
symbol, their values were summarized by the arithmetic
mean. This creates one estimate per gene per sample and
prevents genes with many probes from entering the
hypothesis set multiple times. The procedure does not
resolve transcript isoforms or alternative promoters, and
discordant probes can be averaged. It was selected as a
transparent gene-level harmonization strategy
appropriate to the study question, which concerns
reproducible gene programs ratherthan transcript-specific
regulation.

The intersection of 12,708 mapped symbols defined the
common measurable-gene universe. This restriction was
applied before discovery testing. It ensures that every gene
eligible for discovery could be evaluated in both validation
datasets and that functional enrichment used a background
consistent with the actual testing opportunity. Genes
presenton only one or two platforms were excluded from
cross-cohort inference even if they showed large effects
locally. The resulting findings should therefore be
understood as reproducible signals among shared
measurable genes, notas a complete catalogue of all OSCC-
associated transcripts.

Differential-expression analysis

Differential expression was estimated in R using limma
linear models with trend and robust empirical-Bayes
moderation'. Independent tumor-control contrasts were
fitted for GSE30784 and GSE25099, while GSE37991
included patient-specific blocking for its matched design.
Benjamini-Hochberg adjustment controlled the false-
discovery rate (FDR). Positive effects represent higher
expression in OSCC. Analyses were restricted to 12,708
gene symbols measured in all three cohorts so that every
discovery hypothesis was testable in both validation
cohorts.

Limma was chosen because empirical-Bayes
moderation stabilizes gene-wise variance estimates across
thousands of parallel tests and is well established for
microarray analysisi. The robust option reduces the
influence of genes with atypical variance behavior, while
the trend option permits the prior variance to depend on
average expression when such dependence is present. Each
cohort was modeled separately so that platform-specific
measurement distributions and residual variances were
estimated from the appropriate samples. Effect signs were
standardized to represent OSCC relative to non-malignant
tissue.

For GSE30784 and GSE25099, the design matrix
estimated an independent-group tumor-control contrast
For GSE37991, patient-specific blocking represented the
matched nature of the 40 tumor/non-tumor pairs. Ignoring
this pairing would treat correlated observations as
independentand could inflate residual variability or distort
uncertainty. The model did notinclude harmonized clinical
covariates because comparable patient-level variables

were not available across all three datasets. Adding
different covariate sets to different cohorts would have
changed the estimand and complicated replication
interpretation.

Benjamini-Hochberg adjustment controlled the
expected false-discovery proportion among rejected
hypotheses within each analysis stage. FDR thresholds
were notinterpreted as probabilities that individual genes
were true or false. Effect-size requirements supplemented
statistical significance because large cohorts can detect
small differences thatmay have limited practical relevance,
while a gene with a large but imprecise effect may fail
multiplicity control. The joint use of FDR, direction, and
magnitude therefore defined replication more stringently
than nominal P values alone.

Discovery and independent validation

GSE30784, the largest independent-control cohort, was
designated as the discovery cohort in the locked analysis;
GSE25099 and GSE37991 served as validation cohorts.
Discovery DEGs required FDR < 0.05 and |log?FC| = 1.0.
Only these genes entered validation. In each validation
cohort, two-sided limma P values were converted to
direction-specific one-sided values according to the
discovery direction; an opposite-direction estimate
therefore received a P value greater than 0.5. Benjamini-
Hochberg adjustment was applied separately within the
discovery-gene set in each validation cohort. Full
replication required a discovery-consistent direction,
validation FDR < 0.05, and |log?FC| 2 0.5 in both validation
cohorts. No expression values, effect sizes, standard errors,
or P values were pooled across cohorts.

Fully replicated candidates were ranked by the
minimum absolute log?FC observed across GSE30784,
GSE25099, and GSE37991, followed by the worst stage-
specific FDR. This ranking favors signals that remain large
in their weakestcohortwithout creatinga pooled summary
estimate.

The validation test was conditional on discovery. Only
the 1,167 genes meeting the discovery FDR and absolute-
effect threshold were carried forward, thereby defining a
finite family of replication hypotheses. In each validation
cohort, the discovery direction specified the alternative of
interest. Avalidation estimate in the opposite direction was
not allowed to count as replication even if its two-sided P
value was small. This protects the analysis from labeling
contradictory biological effects as confirmation.

Multiplicity adjustment was performed separately
within the carried-forward gene family for GSE25099 and
GSE37991. A gene was called fully replicated only when it
met the validation FDR, direction, and effect-size criteria in
both cohorts. Passing one cohort was recorded as partial
replication rather than combined with the other cohort
through meta-analysis. This decision makes the evidence
requirement transparent: neither a very strong GSE25099
result nor a very strong GSE37991 result can compensate
for failure in the other validation dataset.

The minimum-effect ranking was calculated after
replication status had been established. For each fully
replicated gene, the absolute fitted log2 fold change was
compared across all three cohorts, and the smallest value
became the primary ranking quantity. The worst stage-
specific FDR served as a secondary criterion. Because the
rank is driven by the weakest cohort, it is resistant to a
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single unusually large effect. The ranking is nevertheless
statistical and does not incorporate protein abundance,
assay availability, cellular localization, essentiality, safety,
or clinical utility.

Functional enrichment

Upregulated and downregulated genes that replicated
in both validation cohorts were analyzed separately with
g:Profiler. GO Biological Process, Molecular Function, and
Cellular Component and KEGG pathways were queried
using the common set of tested genes as the custom
background. Enrichment results were retained at adjusted
P < 0.05. Disease- or infection-labeled terms were
interpreted as gene-set overlap rather than evidence that
individual tumors harbored the named disease or infection.

Functional enrichment was performed after gene-level
replication and was stratified by direction. Separating
upregulated from downregulated genes prevents opposing
biological patterns from being combined into a single over-
representation result. g:Profiler supplied the enrichment
framework, while GO and KEGG provided complementary
ontological and pathway vocabularies. The 12,708 shared
tested genes were used as the custom universe so that
enrichment probabilities reflected the genes that could
have entered the replicated set on all three platforms.

Enrichment terms are overlapping summaries rather
than independent mechanistic experiments. A single gene
can contribute to several related pathways, and broad
categories can be driven by partially shared membership.
Adjusted P values identify over-representation relative to
the selected universe but do not measure pathway
activation in an individual patient, establish causal
ordering, or indicate therapeutic dependence. Results were
therefore synthesized into higher-level biological themes
and interpreted alongside the direction and coherence of
contributing genes.

Sensitivity analysis

The discovery-validation workflow was refitted after
removal of QC-flagged arrays; for GSE37991, both
members of an affected patient pair were removed.
Thirteen GSE30784 arrays and six GSE37991 arrays
representing three complete pairs were excluded;
GSE25099 had no flagged arrays. Retention of the primary
replication call was used to quantify stability.

The sensitivity analysis repeated the complete
discovery-validation sequence after removal of QC-flagged

Sample-level PCA after cohort-specific normalization

arrays. Thresholds, cohort roles, gene universe, and
ranking logic were unchanged. When a GSE37991 array
was flagged, its paired counterpart was also removed so
that the matched design remained intact. Stability was
evaluated by asking whether primary fully replicated genes
retained their classification, not by selecting whichever
analysis produced more significant results.

3. Results

Cohort composition and sample structure

The primary analysis comprised 371 samples: 264 0SCC
and 107 non-malignant controls. The three platforms
contributed 54,675, 24,526, and 17,381 measured features
before gene-level mapping. Following preprocessing,
20,848, 17,544, and 14,651 gene symbols were analyzed
within GSE30784, GSE37991, and GSE25099, respectively.
These cohort-level quantities are detailed in Table 1.

PCA of the 1,000 most variable mapped genes showed
visible tumor-control structure in each cohort, strongest in
GSE25099 and GSE37991 and more heterogeneous in
GSE30784 as shown in Figure 1. Axes were computed
within cohort and are not directly comparable across
panels. Residual overlap is compatible with biological
heterogeneity, varying stromal content, and the use of
independentrather than matched controls in two cohorts.

The distribution of samples and mapped genes differed
materially across cohorts, reinforcing the decision to avoid
direct pooling. GSE30784 contributed most of the invasive
tumors and therefore supplied the greatest discovery
information, whereas GSE37991 contributed a balanced
matched comparison. Despite platform-specific feature
counts, the intersection strategy yielded a substantial
shared gene set for formal cross-cohort testing. No single
platform's larger probe count was allowed to increase its
representation in the final hypothesis universe.

The PCA panels showed that disease status was a
prominentbutnot exclusive source of expressionvariation.
GSE25099 displayed a visually distinct tumor-control
pattern, GSE37991 showed separation within a matched-
tissue context,and GSE30784 retained broader dispersion
among tumors. The more heterogeneous GSE30784
configuration is compatible with its larger sample and a
wider mixture of tumor biology and tissue composition.
Because PCA was unsupervised, these patterns were
descriptive and did not enter the DEG or replication
thresholds.

Top 1,000 variable mapped genes per cohort; axes are cohort-specific and not directly comparable
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40

GSE30784

Normal 4  Tumor

GSE37991

A Aa A
A A
A A AL da & =
A Lata AL A 25
A 4| 4 “A“ = A
A A, A
As? f 2, AA o
N 20 Al f A A A A,
o ipfren, o :
A A -
g " e Aal rhata ) Pl
a A & A A asd A 0 A Ay 4 A
€ A o A A% T radii i
3 -20 A, sk i i A Al
5 Al A A A A A A A A A
E- = N VR & £
c A A A
£ 2 A A P At a
[N A A = A
A A _
44, A " 25
A
Ada
a3 A s 4 o =
- LA -60
20 A A LA A £ A
A A
-50
40 -20 0 20 -50 25 25 50 75 -60 -30 0 30
Principal component 1
Putra et al. Crown: Journal of Dentistry and Health Research 83



CROWN

e-ISSN 3026-1473

phlox.or.id/index.php/crown

Figure 1. Sample-level principal-component analysis after cohort-specific normalization. PCA used the 1,000 most variable mapped genes
within each cohort; colors and shapes distinguish non-malignant and OSCC tissue. Axes are cohort-specific.

Discovery and independent validation

Within the 12,708-gene common hypothesis space,
GSE30784 yielded 1,167 discovery DEGsat FDR < 0.05 and
|log?FC| = 1.0: 583 were upregulated and 584
downregulated. Among these, 504 passed the full
replication criteria in both GSE25099 and GSE37991:273
were upregulated and 231 downregulated. A further 508
genes passed one validation cohort, whereas 155 passed
neither. The discovery volcano plot displays these
outcomes without combining statistics across cohorts as
detailed in Figure 2.

The discovery result was nearly balanced by direction,
with 583 upregulated and 584 downregulated genes. Full
replication preserved a similar bidirectional structure: 273
genes were consistently higher and 231 consistently lower
in OSCC. Thus, the reproducible signature was not
dominated solely by activated oncogenic or inflammatory
programs; it also contained a large component reflecting
reduced epithelial and metabolic functions. The 508 genes
thatvalidated in only one cohortillustrate the selectivity of
requiringagreementacross two distinct validation designs.

The volcano plot positions discovery effect magnitude
against discovery FDR while encoding subsequent
replication outcomes. Fully replicated genes occur on both
sides of the plot and across a range of discovery effects,
indicating that validation was not limited to one directional
class. Genes replicated in only one cohortand genes failing
both validations remain visible, which prevents the figure
from presenting the discovery list as uniformly

reproducible. The plot is a staged evidence display rather
than a pooled significance analysis.

Prioritized candidate genes

Ranking by the smallest absolute effectacross all three
cohorts prioritized CRISP3, MMP10, MMP13, MMP1,
FAM3B, KRT4, TMPRSS11B, TYRP1, MMP12, and
SERPINE1 as detailed in Table 2. Their weakest observed
absolute log?FC ranged from 2.62 to 3.36, and every top-20
candidate retained full replication after QC exclusions.
Cross-cohorteffects for the top 40 candidates are detailed
in Figure 3.

The top-ranked set combined four matrix
metalloproteinases with genes linked to epithelial
differentiation, secretory biology, proteolysis,

pigmentation-related pathways, and fibrinolytic or stromal
signaling. Five of the top ten candidates were upregulated
and five were downregulated, reflecting the two-sided
nature of OSCCremodeling. CRISP3 led the ranking because
its weakest absolute effect remained larger than that of the
other candidates, not because the analysis established it as
the most causal or clinically useful gene.

All top-20 candidates passed the sensitivity analysis,
which strengthens confidence that their replication
classifications were not dependent on the QC-flagged
arrays. This stability does not remove platform or tissue-
composition biases, but it shows that the highest-ranked
signals survived a meaningful perturbation of the included
sample set. The 40-gene heat-map display further
demonstrates that the direction of fitted effects was
concordantacross cohorts even when magnitudes differed.

Discovery differential expression and independent replication
GSE30784 discovery; validation in GSE25099 and paired GSE37991 without statistical pooling
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Figure 2. Discovery differential expression and independent replication. The x-axis and FDR are from GSE30784. Full replication required
discovery-consistent direction, validation FDR < 0.05, and [log, FC| 2 0.5 in both validation cohorts.
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Functional enrichment

Upregulated replicated genes were enriched for viral
protein interaction with cytokines and cytokine receptors
(adjusted P=2.99 x 10-), cytokine-cytokine receptor
interaction (3.14 x 10-7), ECM-receptor interaction (3.14 x
10-7), integrin signaling (7.01 x 10-), IL-17 signaling (7.03
x 10-), focal adhesion (3.10 x 10-¢), and PI3K-Akt signaling
(4.08 x 10-). GO results reinforced immune and defense
responses, extracellular-matrix structural constituents,
receptor-ligand activity, and chemokine activity.

Downregulated replicated genes were enriched for
cornified-envelope formation (adjusted P=5.34 x 10-),
tyrosine metabolism (4.76 x 10-3), and arachidonic-acid
metabolism (4.76 x 10-%). GO terms emphasized lipid and
fatty-acid  metabolism and oxidoreductase and
monooxygenase activities.

The upregulated enrichment results converged on
interacting themesrather thanisolated pathways. Cytokine
and chemokine activity describes inflammatory
communication; ECM-receptor and integrin categories
describe cell-matrix engagement; focal adhesion links
those extracellular cues to the cytoskeleton; and PI3K-Akt
provides a downstream survival and growth axis. Because
these categories share genes and biological relationships,
their concordance is more informative than treating each
adjusted P value as evidence for an independent
mechanism.

The downregulated results formed a complementary
theme of diminished specialized epithelial function.

Cornified-envelope genes reflect terminal differentiation
and barrier formation, while lipid, fatty-acid, arachidonic-
acid, tyrosine, oxidoreductase, and monooxygenase
categories describe metabolic activities of mature mucosa.
Their coordinated reduction is consistent with
dedifferentiation and altered tissue composition. The
results do not determine whether each change arises
within malignantcells or from differencesin the proportion
of normal epithelial, stromal, and immune compartments.

Sensitivity to QC-based exclusions

The sensitivity analysis retained 199 of 212 GSE30784
samples, 74 of 80 GSE37991 samples (37 complete pairs),
and all 79 GSE25099 samples. It identified 515 fully
replicated genes; 488 of the 504 primary calls retained full
replication (96.8%). All top 20 candidates retained their
direction, statistical classification, and validation effect
threshold.

Removing flagged arrays modestly changed the total
number of fully replicated genes from 504 to 515, while
488 primary calls retained full replication. The appearance
of additional genes in the sensitivity analysis is compatible
with changes in fitted effects, variance estimates, and
multiplicity adjustment after sample exclusion. The
primary analysis remained the main inferential result
because it followed the inclusive design, whereas the
refitted analysis tested robustness. The 96.8% retention
rate indicates substantial stability without implying that
the two analyses were identical.

Table 2. Top 10 independently replicated candidate genes ranked by minimum cross-cohort effect.

1

GSE30784 log,FC GSE25099 log,FC GSE37991 log,FC Minimum |log.FC| Worst FDR
3.36 Yes

CRISP3 Down -7.33 -3.36 -3.78 1.98 x 1070
2 MMP10 Up 527 4.73 3.33 3.33 2.20x 107" Yes
3 MMP13 Up 4.11 3.27 5.28 3.27 2.05x107° Yes
4 MMP1 Up 9.09 6.51 3522 3522 1.11x 1078 Yes
5 FAM3B Down -4.83 -3.20 -3.56 3.20 1.55x 107*° Yes
6 KRT4 Down -4.33 =357 -3.10 3.10 5.31x107° Yes
7 TMPRSS11B Down -7.03 -5.73 -2.93 2.93 8.71x107° Yes
8 TYRP1 Down -3.06 -4.20 -291 291 6.82x 1072 Yes
9 MMP12 Up 6.52 4.16 2.74 2.74 1.87 x 1072 Yes
10 SERPINE1 Up 5.10 2.62 2.83 2.62 2.51x 107 Yes

FDR, false-discovery rate; log,FC, log; fold change. Sensitivity indicates retention of the full-replication call after QC-based exclusions. Candidates are

expression-based hypotheses, not clinically validated therapeutic targets.

4. Discussion

Principal findings and relation to prior work

This study identified 504 genes that met predefined
criteria in one discovery cohort and two independent
validation cohorts. The replicated genes defined
coordinated extracellular-matrix remodeling, integrin
signaling, focal adhesion, PI3K-Akt activity, and
inflammatory/immune responses, accompanied by
depletion of cornified-envelope and lipid-related metabolic
programs. These processes map to central capabilities of
cancer. Requiring successful validation in both cohorts
reduced the influence of platform-specific findings without
statistical pooling.

The findings overlap biologically with an earlier
common-DEG analysis of the same three datasets, which
also highlighted extracellular-matrix and immune
programse. They also complement a broader gene-pair
integration study that prioritized predictive generalization
across multiple platforms®. The presentanalysis differs by
preserving each cohort's scale and testing a locked gene-
level replication rule with separate multiplicity control,
direction concordance, effect-size thresholds, and a QC-
exclusion sensitivity analysis.

The principal contribution is not merely the size of the
replicated list. It is the demonstration that a broad OSCC
expression program persists across two independent
validation contexts when cohort identity, platform scale,
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and pairing are respected. The simultaneous presence of
increased matrix/inflammatory activity and reduced
epithelial-metabolic activity supports a model in which
tumor progression involves both acquisition of invasive
microenvironmental interactions and loss of differentiated
mucosal functions. This dual pattern is consistent with
contemporary views of cancer as an ecosystem rather than
a collection of autonomous malignant cells

Comparison with Xie et al. is important because that
study used the same three GEO series and also identified
common DEGs, candidate targets,and immune-cell signals.
Agreement at the thematic level provides external
plausibility for the prominence of matrix and immune
biology. The present design asks a narrower but more
stringent question: which discovery-defined genes satisfy
separate validation FDR, direction, and effect thresholds in
both an independent-control and a paired-control cohort?
The difference is methodological and inferential; it should
not be interpreted as invalidating the earlier intersection
approach.

The gene-pair framework described by Li et al
addresses another complementary goal: prediction that is
less sensitive to between-platform scale differences:.
Pairwise ordering can be advantageous for classifiers
because relative expression within a sample may transfer

across measurement systems. The current study instead
retains gene-level effect estimates and does not build a
diagnostic or prognostic model. It therefore prioritizes
interpretable, directionally reproducible biological
candidates while accepting that additional work is needed
to determine whether they support accurate individual-
level classification.

ECM-integrin-focal-adhesion remodeling

The convergence of integrin signaling, ECM-receptor
interaction, focal adhesion, extracellular-matrix structural
constituents, and extracellular-region terms is biologically
coherent. The tumor-associated ECM provides biochemical
and mechanical cues that regulate proliferation, survival,
invasion, angiogenesis, and immune behavior . Integrins
translate these cues into cytoskeletal and signaling changes
that support migration and metastatic progression . The
signal was supported by multiple independently replicated
genes rather than a single extreme observation.

This axis also provides a plausible bridge to PI3K-Akt
enrichment. Nevertheless, bulk-tissue microarrays cannot
determine whether the signal originates from malignant
epithelial cells, cancer-associated fibroblasts, endothelial
cells, or mixed compartments. Single-cell or spatial
profiling is required before assigning cellular causality.

Cross-cohort effects for independently replicated genes
Top 40 ranked by the smallest absolute effect across all three cohorts; fill clipped at +/-4

CRISP3
MMP10
MMP13

MMP1
FAM3B
KRT4
TMPRSS11B
TYRP1
MMP12
SERPINE1
PTHLH

SPP1

CXCL11
KRT75
CXCL9

CYP4F12
CEACAMT7
CHRDL1
IL3BA
PLAU
MuCL1
MMPT
OASL
CTTNBP2

ALOX12

INHBA

PAX9
IL24
MMP9
S100A7A
OGN
LAMC2
SLCBA4
PLA2GT
SCNN1B
IFIT3
CDH3

GSE30784

1.80

GSE25099

GSE37991

Figure 3. Cross-cohort log; fold changes for 40 independently replicated genes. Rows are ordered by the smallest absolute effect across
cohorts; the color scale is clipped at 4 while cell labels show cohort-specific fitted effects.
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Extracellular matrix is an active regulator of cancer
behavior. Changes in matrix composition, cross-linking,
stiffness, and proteolysis affect receptor signaling, cell
polarity, migration, vascular behavior, and access of
immune cells to tumor regions . The replicated elevation
of several MMP genes is compatible with enhanced matrix
turnover, while enrichment of structural-constituent and
extracellular-region terms indicates that the signature
extends beyond a single protease family. Because bulk
expression measures transcript abundance, it cannot
specify whether these genes are produced by carcinoma
cells, fibroblasts, inflammatory cells, or combinations of
these compartments.

Integrins provide a mechanistic bridge between altered
matrix and intracellular responses. They organize adhesion
complexes, interact with growth-factor receptors, and
transmit mechanical information to cytoskeletal and
survival pathways. Their effects depend on receptor
composition, ligand context, cellular state, and tissue
mechanics; increased expression of pathway members is
therefore not equivalent to uniform integrin activation.
Nevertheless, replicated integrin and focal-adhesion
enrichment across platforms supports the interpretation
that cell-matrix communication is a stable component of
the OSCC transcriptomic phenotype 2.

The accompanying PI3K-Akt enrichment should be
interpreted at the program level. PI3K-Akt signaling can be
influenced by genomic alterations, receptor tyrosine
kinases, integrin engagement, cytokines, and stromal cues.
The presentdata do not distinguish these upstream routes
or demonstrate phosphorylation-dependent pathway
activity. They show that the replicated upregulated gene
set overlaps a pathway vocabulary connected to survival
and growth. Protein-level assays, phosphoproteomics, and
perturbation experiments would be required to establish
functional dependence or therapeutic sensitivity.

Angiogenic and immune candidates

VEGFC and ANGPT2 met the full replication criteria and
retained their calls in the sensitivity analysis. Recent OSCC
experiments have independently linked hypoxia-
responsive extracellular vesicles and circRNA programs to
angiogenesis and metastatic behaviorzz, providing
orthogonal biological context for the vascular signal.
However, the present analysis does not test whether
VEGFCor ANGPT?2 is essential for tumor growth or whether
pharmacological inhibition would benefit patients.

0AS3 and NLRC5 also replicated in both cohorts and
connect the result to interferon and antigen-presentation
biology. Recent OSCC studies have documented
macrophage-linked mesenchymal programs, IL-6-
inflammasome signaling, immune-gene signatures, and
tumor-cell mechanisms that shape immunosuppressive
phenotypesz-z. Higher bulk NLRC5 expression may reflect
tumor-cell interferon signaling, increased immune-cell
content, or compensatory antigen-presentation activity;
0AS3 likewise marks an interferon-responsive program
but does not establish active viral infection.

Angiogenic and inflammatory processes are closely
linked in the tumor microenvironment. VEGFC and
ANGPT2 can participate in vascular remodeling
endothelial activation, and communication between
malignant and stromal compartments. Contemporary OSCC
experiments showing hypoxia-exosome- and circRNA-
associated vascular programs support the biological

relevance of this theme without validating the present
transcript-based candidates as prognostic markersz.z
Differences in assay platform, tissue localization, clinical
stage, and endpoint definition preclude a direct translation
from replicated expression to patient risk.

The immune-related signature contains both signaling
and antigen-presentation components. Cytokine-receptor
and chemokine enrichment may reflect active immune
recruitment, tumor-cell cytokine production, stromal
responses, or changes in the abundance of infiltrating
leukocytes. An elevated immune program can coexist with
immune evasion because tumors may induce inflammatory
signals while disabling effective antigen recognition or
effector function. Bulk microarrays cannot resolve these
possibilities, and an enrichment label should not be
interpreted as evidence of a uniformly inflamed or
treatment-responsive tumor state.

NLRC5 is particularly relevant because it regulates
transcription of MHC class 1 pathway genes. Higher bulk
NLRC5 expression could represent preserved antigen-
presentation capacity, interferon stimulation,
compensatoryresponse,or increased immune-cell content.
The range of immune phenotypes reported in recent OSCC
tissue and experimental studies underscores why bulk
expression cannot be equated with effective antitumor
immunityz2s. OAS3 similarly indicates an interferon-
responsive state but cannot establish the presence of a
specific virus. These candidates merit cell-resolved
analysis that separates malignant epithelium from
infiltrating and stromal populations and measures both
transcript and  protein-level antigen-presentation
machinery.

Microbial context offers another plausible contributor
to inflammatory and metabolic heterogeneity. Recent OSCC
studies have associated intratumoral microbial
composition with stage and immune signatures, linked
Fusobacterium nucleatum to GLUT1-driven lactate
production, and identified host-microbe proteomic
pathways relevant to cancer progression»-. These
observations support mechanistic follow-up but do not
establish microbial causation or active infection in the
microarray specimens analyzed here.

Loss of epithelial differentiation and metabolic
homeostasis

Cornified-envelope formation was the strongest
downregulated KEGG term, while lipid, fatty-acid,
arachidonic-acid, oxidoreductase, monooxygenase, and
tyrosine metabolic functions were also depleted. This
pattern is consistent with loss of mature mucosal
differentiation and altered epithelial homeostasis, but it
may also reflect tissue-composition differences.
Replication across adjacent and independent control
designs is informative without eliminating confounding.

The downregulated program is biologically important
because cancer studies often emphasize induced pathways
and understate the loss of normaltissue identity. Cornified-
envelope and keratinization-related functions contribute
to the structural barrier of stratified squamous epithelium.
Reduced expression can reflect dedifferentiation within
malignant cells, replacement of normal epithelium by
tumor and stroma, or both. The prominent reduction of
KRT4 and TMPRSS11B among prioritized genes is
consistent with loss of mature mucosal features, although
their cellular sources were not directly measured.
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Metabolic depletion should also be interpreted in
relation to tissue identity. Reduced lipid, fatty-acid,
arachidonic-acid, tyrosine, oxidoreductase, and
monooxygenase annotations may reflect altered substrate
use by tumor cells, diminished representation of
specialized epithelial functions, or compositional
differences between tumor and control specimens. These
alternatives are not mutually exclusive. Metabolomics,
isotope tracing, spatial transcriptomics, and cell-type-
specific expression analysis would be needed to determine
whether the observed transcript pattern represents a
tumor-intrinsic metabolic dependency.

Replication across healthy-control and adjacent-tissue
designs strengthens the inference that the downregulated
program is not restricted to one comparator. However,
adjacentmucosamay carry field effects related to exposure
or tumor proximity, while healthy controls may differ from
cases in age, behavior, or sampling context. A signal that
persists across both comparisons is transportable across
these designs, but the magnitude of the fitted effect can still
include different mixtures of biological contrast and
confounding.

Independent contemporary OSCC studies have
nominated expression-based prognostic candidates and
described  ferroptosis,  glycolysis, mitochondrial
respiration, hypoxia response, and autophagy-related
mechanisms involving NCBP2/TFRC, FTO, CYTOR,
circFOXK2, PER1, and NUPR1:2#. Their convergence with
the present metabolic and differentiation themes provides
biological context, while differences in model systems and
endpoints preventdirectequivalence with the cross-cohort
replication results.

Interpretation of candidate ranking

The conservative ranking emphasized effects that
remained large in the weakest cohort. MMP1, MMP10,
MMP12, and MMP13 form a coherent matrix-remodeling
module, while SERPINE1, PTHLH, and SPP1 connect
invasion, stroma, and signaling. CRISP3, FAM3B, KRT4,
TMPRSS11B, and TYRP1 were among the most strongly
reduced genes. Statistical rank is not equivalent to target
tractability or causal importance and does not account for
protein localization, tissue specificity, survival association,
dependency, or druggability.

The minimum-effect ranking is useful for choosing a
compact validation panel because it penalizes candidates
whose effects collapse in any cohort. A candidate with a
spectacular discovery effect but a modest validation effect
ranks below a gene with consistently large effects. This
behavior is intentional and differs from ranking by average
effect, maximum effect, or smallest P value. It aligns the
statistical priority with the operational question of which
signals are most likely to remain detectable when
transferred to a new assay or population.

The matrix metalloproteinase cluster offers internal
biological coherence, yetmultiple members of one pathway
may provide redundant information in a small assay panel
Conversely, strongly downregulated candidates such as
CRISP3, FAM3B, KRT4, TMPRSS11B, and TYRP1 may
capture complementary loss-of-identity signals. A future
panel-selection strategy should balance magnitude,
pathway coverage, assay performance, tissue specificity,
correlation among candidates, and incremental value.
Those criteria cannot be optimized from the reported
group-level effects alone.

Candidate status should be separated from biomarker
status. A clinically useful diagnostic biomarker requires a
locked measurement procedure, a prespecified decision
threshold, blinded evaluation, and performance estimates
with uncertainty in an appropriate target population. A
prognostic biomarker additionally requires outcome
follow-up and adjustment for established clinical factors. A
therapeutic target requires evidence of functional
dependency and a feasible intervention. None of these
standards is met by cross-sectional differential expression
alone, even when replication is strong.

Strengths and limitations

Strengths include separation of discovery from
validation, validation across two control designs,
preservation of the paired GSE37991 structure, platform-
specific preprocessing, a common gene hypothesis space,
stage-specific false-discovery control, explicitdirection and
effect-size  requirements, a custom enrichment
background, and QC-exclusion sensitivity analysis.
Expression values and statistics were not pooled across
platforms.

Several limitations remain. Processed series matrices
were used, so raw CEL- or image-level QC was not
recomputed. The independent-control cohorts may retain
confounding by age, exposure, anatomic subsite, sampling,
and batch. The reversed GSE37991 description field and an
unreconstructable note regarding a 28-pair subset
introduce metadata uncertainty. Probe-to-gene
summarization and historical annotation can obscure
transcriptisoforms. Over-representation results depend on
database definitions and overlapping gene sets. Bulk
expression cannot localize signals to tumor, stromal, or
immune cells. No survival, treatment-response, mutation,
copy-number, methylation, or experimental dependency
data were analyzed. Finally, the code and locked analysis
archive were not available in the material reviewed for this
revision, so the reported numerical results were not
independently reproduced.

A major strength is the explicit separation of hypothesis
generation from validation. The discovery cohort
determined which genes were tested, while the validation
cohorts determined whether those signals reproduced.
Directional testing and stage-specific multiplicity control
reduced the opportunity for contradictory or nominally
significant findings to be labeled as confirmation. The
minimum-effect ranking and sample-exclusion sensitivity
analysis added two distinct robustness perspectives:
consistency of magnitude across cohorts and stability to
influential arrays.

A second strength is preservation of design structure.
GSE37991 was analyzed as matched pairs, whereas the
independent-control  cohorts were modeled as
independent groups. This respects the sampling process of
each series and avoids the false simplicity of a single pooled
matrix. The common gene universe also ensures that
replication and enrichment were conditioned on
comparable measurement opportunity. Together, these
choices favor interpretable transportability over maximal
sample size.

Several limitations arise from secondary use of public
microarrays. Processed matrices restrict the ability to
repeatimage-level diagnostics,background correction, and
probe-level normalization from raw files. Historical
annotations may map probes imperfectly to contemporary
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gene symbols, and mean collapsing can conceal discordant
probe behavior or isoform-specific regulation. Platform
intersectionremoves genes thatare notjointly measurable,
which improves comparability but may exclude important
OSCCbiology represented only on newer or denser arrays.

Clinical and pathological heterogeneity could not be
modeled comprehensively. Harmonized information on
age, sex, exposure intensity, anatomic subsite, stage, grade,
HPV status, stromal content, treatment, and outcome was
not available for all cohorts. Unmeasured imbalance can
influence both discovery and validation effects. The paired
design reduces stable person-level confounding within
GSE37991, but adjacent non-tumor tissue can exhibit field
cancerization and cannot be equated with tissue from a
cancer-free individual.

The GSE37991 metadata conflict is a specific source of
uncertainty. Sample titles and source_name fields
supported one phenotype assignment, whereas
Sample_description was reversed. The deposited note
concerning a 28-pair subset could not be reconstructed
from an explicit inclusion flag, so retaining all 40 complete
pairs was more reproducible than choosing samples by
order. This decision increases transparency but may not
reproduce an undocumented subset used by the original
investigators. The issue is disclosed because alternative
subset definitions could affect effect estimates.

Statistical replication does noteliminate winner's curse,
residual batch effects, or selective availability of public
datasets. Discovery effects may be larger than effects
expectedin a future cohort,and the three selected series do
notrepresentevery geographic, behavioral, anatomical, or
molecular context of OSCC. The study evaluates
transportability across the included datasets, not universal
invariance. External validation in newly collected
specimens remains necessary.

Functional enrichment adds biological organization but
has limitations. Ontology terms overlap, pathway
databases are incomplete and version-dependent, and
over-representation treats genes as members of
predefined sets without accounting for pathway topolo gy
or cell type. Adjusted enrichment significance does not
indicate that every componentis active or that a pathway
is required for tumor maintenance. The reported themes
should guide mechanistic experiments rather than
substitute for them.

Finally, the source material did not include the stated
locked code,analysis notebook, executable environment, or
checksum archive. The editorial workflow could verify
internal consistency, accession metadata, citation
metadata, and document structure, but it could not rerun
the numerical analysis independently. This limitation is
material to computational reproducibility and should be
resolved by archiving the analysis package before
publication whenever it becomes available.

Implications

The immediate priority is orthogonal validation of a
compact panel spanning ECM/adhesion, angiogenesis,
immune/interferon response, and epithelial metabolism.
qRT-PCR should be performed in an independent,
prospectively defined tumor-normal cohort with subsite,
stage, HPV status, tobacco, alcohol, and areca-nut exposure
recorded. Protein-level and spatial assays should establish
abundance and cellular localization, while genomic and

perturbation studies are needed before diagnostic,
prognostic, or therapeutic claims.

The first translational step should be technical and
biological confirmation rather than immediate classifier

construction. A compact panel should include
representatives of matrix remodeling, epithelial
differentiation, immune/interferon signaling,

angiogenesis, and metabolism. Assays should be optimized
for linearity, detection limits, repeatability, tissue input,
normalization, and pre-analytic handling. Candidate
selection should be finalized before outcome evaluation to
avoid optimistic performance estimates.

Validation specimens should be collected under a
protocol that defines oral subsite, tumor content, control-
tissue source, stage, grade, HPV status, and major
behavioral exposures. Matched tumor-normal sampling
can control person-level factors, whereas an independent
healthy-control group can test diagnostic contrast; both
designs answer useful but different questions. Analyses
should report effect sizes and uncertainty and should
evaluate whether candidate signals add information
beyond routine clinical and pathological variables.

Cellular localization is essential for interpreting the
replicated pathways. Spatial transcriptomics, multiplex
immunohistochemistry, in situ hybridization, or single-cell
approaches could determine whether matrix, cytokine,
antigen-presentation, and metabolic signals arise from
malignant epithelium, fibroblasts, endothelium, or immune
populations. Protein and phosphoprotein measurements
would establish whether transcript changes correspond to
abundance and pathway activity.  Perturbation
experiments would then be required to distinguish
correlates from functional dependencies.

A future diagnostic study should use alocked modeland
threshold and should report discrimination, calibration,
sensitivity, specificity, predictive values, and decision
consequences in the intended-use population. A prognostic
study should define the time origin, endpoint, follow-up,
censoring, and adjustment variables. Therapeutic
development would require target engagement,
dependency, selectivity, and safety evidence. These stages
should remain conceptually separate so that promising
replicated genes are not advanced through unsupported
claims.

The translational pathway should also be informed by
recent OSCC trials and assay studies. Neoadjuvant anti-PD-
1/antiangiogenic and immunochemotherapy studies
demonstrate the feasibility of tissue-rich clinical
evaluation, including single-cell and stromal-niche
analyses+; fluorescence-guided margin imaging and
tumor glycoprofiling illustrate complementary routes for
orthogonal tissue validation+. These advances justify
prospective testing butdo not confer clinical validity on the
present candidates.

5. Conclusion

A cohort-preserving discovery-validation analysis of
371 oral tissue microarrays identified 504 OSCC genes that
replicated independently in two validation cohorts. The
reproducible signature combined ECM-integrin-focal-
adhesionremodeling with PI3K-Akt and immune programs
and reduced epithelial and metabolic functions. These
results provide expression-based candidates and
mechanistic hypotheses for orthogonal validation but do
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not establish mutation, cellular origin, prognostic utility, or
therapeutic actionability.

By requiring concordant statistical and biological
evidence in two validation cohorts, the analysis narrows a
broad discovery signature to genes and pathways that are
more resistant to platform and control-design differences.
The resulting candidates provide a rational foundation for
focused laboratory and clinical validation. Their principal
value at this stage is as reproducible hypotheses about
OSCC tissue biology, not as completed biomarkers or
therapeutic targets.
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