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ARTICLE INFO ABSTRACT

Keywords: Head and neck squamous cell carcinoma (HNSCC) is one of the most common malignant cancers in the world. In
Head and neck squamous cell carcinoma advanced stages, the mortality rate is high. Stratification of HNSCC patients by molecular characteristics allows
Transcriptomics optimization of clinical management of these patients. Here, we explored the GEO and PRIDE Databases to
:?i:;‘;]r::: rc: identify putative prognostic biomarkers for HNSCC. Thus, an integrated transcriptome analysis was performed to
Prognosis identify the major differentially expressed genes in HNSCC tissues (using GSE12452, GSE13597, GSE31056,

GSE6631 and GSE3524 GEO Datasets) in combination with a proteomic analysis to identify the overrepresented
proteins in saliva samples from HNSCC patients (using PRIDE PXD012436 dataset). The panel of identified
biomarkers was characterized using web tools, namely UALCAN, ToPP and PINAv3.0. From the combinatorial
analysis of these Omics data, the salivary biomarkers with the greatest potential for clinical application for
prognostic stratification were identified: ADH7, MMP9, and S100A14. Overall, this Multi-Omics approach pro-
vides comprehensive information on the potential value of combining ADH7, MMP9, and S100A14 as prognostic
biomarker panel for risk stratification. Future studies should validate this panel of biomarkers in saliva samples
from a large cohort of patients using targeted approaches, envisioning its translation into the clinical setting.

1. Introduction

Head and neck squamous cell carcinoma (HNSCC) is one of the most
common malignant cancers. About 90% of Head and Neck Cancers are
squamous cell carcinomas. The others are mostly adenocarcinomas,
lymphomas, sarcomas, and melanomas. HNSCC usually affects men
aged 40 and over, with marked smoking and alcohol habits and low
socioeconomic status. This is an extremely mutilating type of cancer
whose prognosis is poor when diagnosed in stages III/IV. About 60% are
diagnosed in stage III-IVb with a 5-year overall survival (OS) of less than
50%, despite multimodal treatment (chemotherapy, radiotherapy, and
surgery). When diagnosed in stage I/II, the disease is curable with
radiotherapy or surgery, and the 5-year OS is 70-90% [1-5].

Multi-Omics profiling has been used to identify biomarkers in
HNSCC and several sources of protein biomarkers have been studied,
particularly body fluids (saliva, plasma, serum, and interstitial fluid)

[6]. Saliva has gained attention as a novel liquid biopsy due to its
proximity to the developing tumor. As a biological fluid, saliva has
numerous advantages: non-invasive and pain free sample collection,
repetitive sample collections, ease of sample processing at low cost.
Saliva is a rich source of DNA, mRNA and proteins with potential
biomarker value; however, its clinical utility in cancer set is limited due
to some challenges. One of these challenges is the complexity of saliva
molecular composition that comprises several non-tumorigenic mole-
cules that mask the tumor-derived ones. For instance, the salivary pro-
teome comprises more than 2000 proteins and peptides that are
involved in the maintenance of oral cavity homeostasis, making difficult
to identify tumor-derived proteins/peptides [7-9].

Several Omics-based biomarker signatures have been approved by
the Food and Drug Administration (FDA). The first to be approved was
the MammaPrint, developed at the Netherlands Cancer Institute to pre-
dict the risk of breast cancer recurrence based on DNA microarray gene
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Fig. 1. Flowchart of the methodology followed in this study.

expression data. Other Omics-derived diagnostic or prognostic tests used
in cancer that received FDA approval are the Prosigna assay/PAM50 for
predicting the risk of distant recurrence of breast cancer and the PGDx
Elio Tissue Complete for evaluation of tumor mutation burden in solid
tumors. However, these tests are performed using tissue samples that
involve invasive techniques, highlighting the importance of developing
strategies that allow the identification and validation of Omics-based
biomarker signatures using biological fluids as source of liquid biopsy.
Main challenges must be considered in study design: a sample size that
ensures the statistical power of the study, rigor in the statistical analysis,
well-defined objectives, normalization of individual Omics datasets,
reproducibility, and interpretability of results. Despite the improve-
ments on proteomics platforms, the identification of putative salivary
protein markers of HNSCC remains a challenge. The combination of
distinct Omics platforms might allow to overcome such methodological
limitations. In the last few years with the use of mass spectrometry (MS)-
based proteomics technologies, several repositories such as CPTAC,
ICPC, PRIDE and PeptideAtlas have appeared. These databases can be
used as discovery tools of novel protein targets by reanalyzing data from
the datasets already known. The combination of the information
extracted from proteomics approaches with other Omics provides a
more integrated view of the molecular behavior of cells taking advan-
tage of multiple molecular complexity levels increasing its potential for
translation into clinical practice [10,11].

The goal of the present study was to identify putative salivary bio-
markers through the combined analysis of data retrieved from tran-
scriptomics analysis of HNSCC tissue samples with MS-based proteomics
analysis of saliva samples from HNSCC patients, envisioning to improve

the prognosis of this cancer type.
2. Methods

For the identification of the salivary protein markers with higher
impact on the prognosis of HNSCC, a combinatorial Multi-Omics
approach was applied in order to find the best panel of biomarkers.
Firstly, transcriptomics data was revisited using GEO Datasets to identify
the most overexpressed differentially expressed genes (DEGs) in HNSCC
tissue. Then, proteomics datasets from PRIDE database were analyzed to
find the proteins with the highest expression in saliva samples from
HNSCC patients. Data from both analyses were intersected using a Venn
Diagram to identify the most abundant proteins in the saliva of HNSCC
patients encoded by the DEGs overexpressed in the tissue. From these
biomarkers, those with the greatest impact on prognosis were selected
and their interactome was studied to characterize the molecular and
cellular mechanisms in which they are involved. The methodological
approach used in the present study for the identification of salivary
biomarkers with potential prognosis value for HNSCC is presented in
Fig. 1.

Differentially expressed genes (DEGs) in HNSCC. Gene Expression
Omnibus (GEO) (http://www.ncbi.nlm.nih.gov/geo/) database was
used to obtain data from microarray platforms. GEO is a public re-
pository at NCBI for storing high-throughput gene expression data. The
gene expression profiles of the most promising salivary DEGs were
extracted from GSE12452 (Affymetrix Hul33A GeneChips), GSE13597
(Affymetrix Hul133A GeneChips), GSE31056 (Affymetrix Hul33A Gen-
eChips), GSE6631 (Affymetrix U95A GeneChips) and GSE3524
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Fig. 2. Volcano plots of DEGs from GEO Datasets in VolcaNoseR. Volcano plots of the differentially expressed genes from the GSE12452 (A), GSE331056 (B),
GSE6631 (C) and GSE13597 (D) datasets presenting the top 10 hits for each dataset. The annotated dots are the ten data points with the largest Manhattan distance
from the origin. |Fold change (log2)| > 1.5 and significance > 2 were set as thresholds. Upset plot of DEGs overlapped in four datasets (E). In volcano plots, orange
colour dots denote upregulated genes and brown colour dots denote downregulated genes. (For interpretation of the references to colour in this figure legend, the
reader is referred to the Web version of this article.)
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Table 1

General information on GEO Datasets and platforms.
Dataset HNSCC subtype Number of Noncancerous Tissue Samples Number of Cancer Tissue Samples Upregulated genes Downregulated genes Platform
GSE12452 NPC 10 31 168 384 GPL570
GSE13597 NPC 3 25 5 7 GPL96
GSE31056 0OSsCC 24 72 26 194 GPL10526
GSE6631 HNSCC 22 22 24 43 GPL8300
GSE3524 0OSCC 4 16 0 0 GPL96

Abbreviations: HNSCC, head and neck squamous cell carcinoma; NPC, nasopharyngeal carcinoma; OSCC, oral squamous cell carcinoma.

(Affymetrix Hul33A GeneChips) datasets from the GEO Database. These
datasets compare the transcriptome identified in tissue samples from
HNSCC patients with that of individuals without cancer. Only the GSE
series shown in “Datasets” option were selected to ensure that only
curated information was used. GEO2R (https://www.ncbi.nlm.nih.
gov/geo/geo2r/) was performed to detect DEGs between HNSCC and
normal tissue samples. A volcano plot was constructed for the DEGs
obtained from each GEO Dataset using VolcaNoseR (https://huygens.
science.uva.nl/VolcaNoseR/). The volcano plot shows the relationship
between P-values and the magnitude of fold change in terms of control
versus cancer. The criteria of DEGs were adjusted to significance
(-log10P) > 2 and |logy (fold change)| > 1.5. Co-expressed DEGs
downregulated or upregulated were identified using an Upset plot (https
://asntech.shinyapps.io/intervene/).

Salivary DEGs in HNSCC. To study which of the DEGs identified in
the GEO Database could be present in saliva, the proteins of PXD012436
were extracted from the PRoteomics IDEntifications (PRIDE) Database.
PRIDE is a repository of proteomic data obtained using MS techniques.
The dataset PXD012436 contains the proteins extracted from saliva
samples of oral squamous cell carcinoma (OSCC) patients and healthy
subjects (considered as controls). Raw saliva samples prepared accord-
ing to Lin et al. [12]. An equivalent amount of salivary proteins was
separated and treated with 25 mM DTT and an equal volume of 10% SDS
in 100 mM TEAB. The mixture was then incubated at 95 °C for 10 mi-
nutes. After cooling to room temperature, salivary proteins were alky-
lated in the presence of 50 mM iodoacetamide in the dark for 20
minutes. Protein identification and quantification: LC-MS /MS analysis
was performed using an Ultimate 3000 nano- LC and a Q-Exactive mass
spectrometer system (Thermo Scientific) according to a previously
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published protocol. The raw LCMS data were reprocessed for protein
search (containing 82,678 protein sequences, release date: March 1,23).
MS and MS /MS ion tolerances were set at 10 ppm and 0.02 Da,
respectively. Only peptide and protein identifications with a false dis-
covery rate (FDR) of 1% or less were included in the final data set. In
cases where two or more proteins had the same set of identified peptides,
only one major protein was reported.

MaxQuant software suite (version 2.0) was used for protein quanti-
fication, with most default settings adjusted. Label-free quantification
was performed using the LFQ algorithm. Clustering and correlation
analyses were performed in the Perseus environment (version 2.0.3.1)
using embedded functions. Prior to analysis, MaxQuant generated label-
free quantification (LFQ) intensities were log-transformed (base 2) and
imputed with missing values according to the default settings in Perseus.
Using a Venn diagram, the DEGs with potential to be detected in saliva
samples of OSCC patients were identified. The expression profiles of
these DEGs and the proteins encoded by the DEGs of interest were
evaluated in UALCAN (TCGA and CPTAC). Furthermore, the impact of
these salivary DEGs on the survival of HNSCC patients was also studied
using ToPP to identify the best prognostic biomarkers. Prognosis-related
genes were constructed using multivariate cox regression applying the
following formula Prognostic Index (PI) = f. n, where p represents the
cox coefficient and n represents the gene of interest. The performance of
each model was assessed using Hazard Ratio (HR), P-value and CI 95%.

Interactome analysis for a deeper knowledge of the cellular and
molecular mechanisms associated to the salivary DEGs. A PPI
network was build using Protein Interaction Network Analysis
(PINAv3.0) platform version 3.0 (https://omics.bjcancer.
org/pina/queryProteinSet.action#) for integration of query proteins

Fig. 3. Volcano plot of salivary proteins from
PRIDE Dataset. Volcano plot of the expressed sali-
vary proteins extracted from the PXD012436 dataset
in VolcaNoseR. The ten proteins with the largest
(Manhattan) distance from the origin above thresh-
olds are highlighted. Orange dots are thus genes over-
expressed in patients with oral cancer and brown dots
are thus genes under-expressed. |Fold change (log2)|
> 1.5 and significance > 2 were set as thresholds.
(For interpretation of the references to colour in this
VL figure legend, the reader is referred to the Web
! version of this article.)
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Table 2
Salivary DEGs common to the GEO and PRIDE Databases for HNSCC Datasets.
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Genes Proteins GEO (log2) PRIDE (-log P) Tumour expression Impact in HNSCC survival (P < 0.05)
Gene Protein
A2ML1 Alpha-2-macroglobulin-like protein 1 -3.21 2.09 Ukl HR = 0.646 (0.463-0.903)
ACTA1 Actin, alpha skeletal muscle -2.63 2.14 1* HR = 1.90 (1.290-2.790)
ADH7 Alcohol dehydrogenase class 4 pi/8 chain —2.62 2.43 il HR = 1.59 (1.13-2.25)
AMY1A Alpha-amylase 1 —2.85 2.16 Uil HR = 0.665 (0.477-0.926)
AMY2A Alpha-amylase 2B ik NA ns
AMY2B Pancreatic alpha-amylase L NA HR = 0.576 (0.438-0.758)
ANXA1 Annexin Al -2,01 2.46 Rk L ns
BPIFB1 BPI fold-containing family B member 1 -2.95 2.23 * NA
CALML3 Calmodulin-like protein 3 -1,78 4.57 HR = 0.658 (0.490-0.884)
CLCA4 Calcium-activated chloride channel regulator 4 —2.81 2.30 HR = 0.618 (0.474-0.807)
CNFN Cornifelin —-2.16 2.16 HR = 0.661 (0.482-0.908)
CRNN Cornulin —1.68 5.34 HR = 0.70 (0.518-0.946)
CSTA Cystatin-A -1.52 4.51 HR = 0.608 (0.464-0.796)
DSG3 Desmoglein-3 —-2.14 3.11 HR = 0.659 (0.463-0.939)
ECM1 Extracellular matrix protein 1 —-1.55 4.07 HR = 0.736 (0.563-0.962)
GBP6 Guanylate-binding protein 6 —2.86 2.18 HR = 0.639 (0.489-0.836)
ILIRN Interleukin-1 receptor antagonist protein —2.46 2.80 ns
IVL Involucrin -2.70 7.40 HR = 0.602 (0.397-0.914)
KLK11 Kallikrein-11 -2.17 3.05 HR = 0.7 (0.517-0.946)
KRT4 Keratin, type II cytoskeletal 4 —4.04 2.26 ns
KRT6A Keratin, type II cytoskeletal 6A -1.70 1.81 ns
KRT6B Keratin, type II cytoskeletal 6B -1.70 2.61 ns
KRT15 Keratin, type I cytoskeletal 15 —2.41 2.74 HR = 0.552 (0.321-0.949)
KRT78 Keratin, type II cytoskeletal 78 —3.67 1.81 HR = 0.7 (0.518-0.946)
LCN2 Neutrophil gelatinase-associated lipocalin —3.67 1.71 HR = 0.597 (0.359-0.994)
MMP9 Matrix metalloproteinase-9 1.76 2.04 HR = 1.42 (1.01-1.98)
MUCS5AC Mucin-5AC —2.62 2.71 NA
PKP1 Plakophilin-1 -1.71 2.16 ns
PPL Periplakin -2.10 4.70 HR = 0.567 (0.341-0.944)
RHCG Ammonium transporter Rh type C -1.71 4.73 HR = 0.686 (0.526-0.894)
S100A14 Protein S100-A14 -1.95 1.61 HR = 1.35 (1.01-1.80)
SAA1 Serum amyloid A-1 protein -2.38 2.55 HR = 1.45 (1.11-1.89)
SERPINB2 Plasminogen activator inhibitor 2 -3.33 3.72 HR = 0.597 (0.441-0.807)
SERPINB3 Serpin B3 -3.35 3.09 HR = 0.608 (0.370-0.998)
SLPI Antileukoproteinase -3.24 1.56 HR = 0.680 (0.501-0.924)
SPRR3 Small proline-rich protein 3 -3.01 2.71 [kl HR = 0.622 (0.467-0.828)
TGM1 Protein-glutamine gamma-glutamyltransferase K —3.04 1.65 i ns
TGM3 Protein-glutamine gamma-glutamyltransferase E —4.40 3.21 Ukl HR = 0.630 (0.426-0.931)

Abbreviations: *, P-value < 0.05; **, P-value < 0.01; ***, P-value < 0.001; HR: Hazard Ratio; NA: non available information; ns: not statistically significant.

and their interactor proteins from multiple databases into a single re-
pository. This web tool has a function “Cancer Context” that allows the
construction of a PPI network for a specified cancer type [13]. The
following conditions were selected to perform this analysis:
“TCGA-HNSC” dataset, tumor type specificity score > 2, Spearman
correlation method, correlation coefficient 0.1 and survival comparison
of High 50% and Low 50%. The tumor specificity score was calculated
through comparison of the median expression level in each tumor to the
median and interquartile range of its expression across all tumor types.
After the identification of the interactor proteins related to our bio-
markers of interest, we conducted a pathway enrichment using g:Pro-
filer (https://biit.cs.ut.ee/gprofiler) to explore the function of the
selected genes with biochemical, cellular, and molecular aspects. A
P-value < 0.05 was defined as the threshold. g:Profiler is a toolset that
relies on the Ensembl database as a main data source for enrichment
analysis of the user’s input gene list. This toolset identifies statistically
significantly enriched biological processes, pathways, regulatory motifs,
and protein complexes [14].

3. Results

For DEGs analysis, all datasets that fulfilled the criteria for inclusion
in this study were download from GEO. For each dataset, genes with
significance (-log1oP) > 2 and |log fold change (FC)| > 1.5 were iden-
tified as significantly changed genes. All datasets displayed a set of
DEGs, except GSE3524 dataset (no DEGs were found). We found 552
DEGs in GSE12452 (Supplementary Table S1), 12 in GSE13597

(Supplementary Table 5§2), 220 in GSE31056 (Supplementary Table S3)
and 67 in GSE6631 (Supplementary Table S4). A volcano plot was
constructed to exhibit the DEGs obtained from each dataset (Fig. 2A, 2B,
2C and 2D). Subsequently, an Upset plot analysis was performed to get
the intersection of the DEGs (Fig. 2E) from all datasets. The overall in-
formation about each dataset is described in Table 1.

From the PRIDE repository, the PXD012436 dataset was used to
extract the salivary proteins present in OSCC patients shown in Sup-
plementary Table S5 and the corresponding Volcano Plot is shown in
Fig. 3. The proteins encoded by the DEGs of interest found in statistically
significant amounts in the saliva samples of OSCC patients are charac-
terized in Table 2. Considering the results from Table 2, the DEGs with a
HR > 1 and P-value < 0.05 (both in gene expression and survival
analysis) were ACTA1, ADH7, MMP9 and S100A14, and were further
studied to understand which is the best salivary proteins for prognosis of
HNSCC. Thus, the gene expression profiles, and survival analyses are
shown in Supplementary Fig. S1. Using CPTAC we also assessed the
variation in protein expression of the proteins encoded by the DEGs of
interest which are shown in Supplementary Fig. S2. ACTA1, ADH7 and
S100A14 biomarkers showed to be under-expressed in HNSCC tissue and
MMP9 was over-expressed in HNSCC tissue.

After intersecting the information extracted from the Upset Plot and
the PXD012436 dataset (Table 3), ADH7 showed to be one of the bio-
markers with greatest potential for prognostic monitoring among the
various subtypes of HNSCC because it is the only biomarker from the
panel of interest found in significant amounts in 3 of the 4 GEO Datasets
used in this work. A gene enrichment analysis was performed for the best
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Table 3

Overlapping DEGs in GSE12452, GSE31056, GSE6631 and PXD012436 datasets.

DEGs Fold Significance DEGs encoding DEGs encoding
change (-log10P) proteins proteins function
(logz) (according to
Uniprot)
KRT4 —3.997 11.468 Keratin, type II Belongs to the
cytoskeletal 4 intermediate
filament family.
Involved in
cytoskeleton
organization and
epithelial cell
differentiation
SERPINB2 —3.330 8.828 Plasminogen Belongs to serpin
activator family, inhibits
inhibitor 2 urokinase-type
plasminogen
activator
KRT13 -3.017 3.663 Keratin, type I Cytoskeleton
cytoskeletal 13 organization
ADH7 —2.616 7.789 Alcohol Synthesis of
dehydrogenase retinoic acid by
class 4 mu/sigma retinol oxidation
chain
PPL —2.097 6.081 Periplakin May act as
localization
signal in PKB/
AKT-mediated
signalling
TMPRSS11D  —-1.534 4.990 Transmembrane Host defense
protease serine system on the
11D mucous
membrane

four salivary DEGs in prognosis of HNSCC and its interactors to provide a
deeper understanding of the biological and molecular mechanisms
associated with this set of DEGs. The results of this analysis are illus-
trated in Supplementary Fig. S3 and Supplementary Table S6. These

Oral Oncology Reports 7 (2023) 100084

DEGs are mostly involved in the formation and organization of the
cytoskeleton and extracellular matrix. In PINAv3.0 the “Tumor-type
specificity” analysis was conducted and is shown in Supplementary
Fig. S4A. ADH7 was by far the protein with the highest median
expression level in HNSCC when compared to the median and inter-
quartile range of its expression across all tumor types included in this
web tool. Subsequently, the “Pan-cancer View” analysis was performed
in UALCAN for ADH7, MMP9 and S100A14 which is represented in
Supplementary Figs. S4B-D. For the multivariate analysis, the bio-
markers chosen were ADH7, MMP9 and S100A14 for their statistically
significant impact on the prognosis of HNSCC and for the differential in
terms of more marked expression in HNSCC tissue versus normal tissue.
Using these three biomarkers, risk stratification was performed and a
prognostic index was obtained for overall survival [PIpg = (—0.0212 x
ADH?7) + (0.00264 x MMP9) + (—0.00431 x S100A14)], progression-
free survival [Plpgs = (—0.0354 x ADH7) + (—0.0726 x MMP9) +
(—0.0426 x S100A14)], disease-specific survival [PIpgs = (—0.0532 x
ADH?7) + (-0.0615 x MMP9) + (—0.0349 x S100A14)], disease-free
interval [PIpgs = (0.0599 x ADH7) + (0.0503 x MMP9) + (—0.0992 x
S100A14)] and relapse-free survival [PIrps = (—0.0590 x ADH7) +
(—0.1080 x MMP9) + (0.0102 x S100A14)]. Kaplan-Meyer plots corre-
sponding to these parameters are shown in Fig. 4. In all survival ana-
lyses, this prognostic signature showed to be statistically significant for
prediction of HNSCC prognosis.

4. Discussion

Based on information extracted from the GEO Database, 798 DEGs
associated with HNSCC were identified. This information was cross-
referenced with PRIDE data, which allowed the identification of 39
proteins encoded by the DEGs of interest present in saliva samples from
OSCC patients. The role of these biomarkers in the prognosis of HNSCC
was assessed using ToPP. After performing survival analysis, 4 salivary
DEGs were selected: ACTA1, ADH7, MMP9 and S100A14 with a HR > 1
and P-value < 0.05. The transcript levels of the genes of interest were
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assessed using ToPP. The protein expression levels in healthy individuals
and patients with HNSCC were analyzed using CPTAC. Biomarkers of
interest were among the most overexpressed DEGs in the chosen GEO
Datasets. From multivariate analyses made with the several possible
combinations with ACTA1, ADH7, MMP9 and S100A14, the best profile
for predicting survival in HNSCC patients was achieved for ADH7,
MMP9 and S100A14. To better understand the role of ADH7, MMP9 and
S100A14 in the cellular and molecular mechanisms of HNSCC, the
interactome associated with the selected biomarkers was studied using
PINAv3.0. With this analysis it was possible to observe that this set of
biomarkers is strongly associated with the processes of cytoskeleton and
extracellular matrix (ECM) formation and organization. ECM is
responsible for supporting epithelial tissues and plays an important role
in the regulation of gene transcription and cell signaling mechanisms. In
HNSCC, the ECM can acquire an invasive phenotype responsible for the
ability of tumor cells to interact with the ECM promoting the degrada-
tion of certain matrix components by proteolysis that subsequently
migrate to the most susceptible ECM sites [15]. The regulatory processes
of cytoskeleton formation and organization are associated with cancer
cell motility and invasion. Both the ECM and the cytoskeleton are
involved in the initiation, progression, invasion, and metastasizing
processes associated with the development of HNSCC [16,17].

ADHY is a member of the alcohol dehydrogenase family whose main
function is the synthesis of retinoic acid, an essential hormone in the
process of cell differentiation, being also involved in ethanol meta-
bolism. Retinol is converted to retinaldehyde by ADH7 and then to
retinoic acid by aldehyde dehydrogenase (ALDH), which binds to the
retinoic acid receptor, playing an important role in the regulation of
transcription of key genes during growth and development of organisms.
The ADH-IV isoform has more affinity for retinol, which can be
explained in part by the molecular weight of this molecule, since the
active site of ADH7 is quite large, and the molecular weight of retinol is
much higher than that of ethanol (molecular weight: 286.5 vs 46).
However, when ethanol is present in abundant amounts it competitively
inhibits the conversion of retinol to retinaldehyde, diminishing the
synthesis of retinoic acid. Given that patients with HNSCC usually have
marked ethyl habits, there is a reduced catalytic efficiency in retinol
oxidation in this patient population. Regarding ADH7, Ren et al. studied
a panel of metabolism related DEGs in HNSCC, and this gene was
identified as one of the genes with the greatest impact on prognosis [18].
Li et al. studied the expression of some genes in patients with LSCC and
confirmed that ADH7 is one of the most overexpressed genes in HNSCC
[19]. According to the specificity analysis performed on PINAvV3.0,
ADH7 was shown to be the most specific protein for HNSCC. To date,
there are no studies that have evaluated the levels and pathophysio-
logical significance of ADH?7 in fluids such as saliva, blood, or urine from
patients with HNSCC.

The role of MMP9 as a predictive and prognostic biomarker in
HNSCC is well documented. MMP9 is a metalloproteinase associated
with the process of ECM degradation. Studies show that its over-
expression is associated with a worse prognosis in patients with HNSCC.
In patients who have been treated with radiotherapy, chemotherapy
and/or surgery, high levels of MMP9 seem to be related to lower survival
rate. A meta-analysis demonstrated that it is possible to monitor this
biomarker using saliva as a source of liquid biopsy [20-23].

S100A14 encodes the S100 calcium binding protein A14 responsible
for modulating p53/TP53 levels. Thus, it plays an important role in the
regulation of cell survival and apoptosis. Pandey et al. demonstrated
that loss of S100A14 expression is associated with reduced 10-year
survival in OSCC patients. This protein seems to be involved in the
regulation of the expression of some metalloproteinases such as MMP1
and MMP9 through a p53-dependent manner [24]. Chen et al. showed
that there is a gradual reduction in S100A14 expression levels
throughout the various stages of carcinogenesis. Since this protein
controls cell proliferation by inducing G1-arrest, the loss of expression of
this protein may be associated with the process of cell invasion [25].

Oral Oncology Reports 7 (2023) 100084

The prognostic signature of the biomarker panel consisting of ADH7,
MMP9, and S100A14 showed to be promising for HNSCC prognosis. This
signature was statistically significant for survival analyzes OS, DSS, RFS,
PFI, and DFS. Grgnhgj et al. created a predictive prognostic nomogram
for oropharyngeal squamous cell carcinoma that included p16 and other
clinical and epidemiologic features [26]. Because the salivary bio-
markers identified in this study have been shown to have a significant
impact on the prognosis of HNSCC, optimization of the nomogram
created by Grgnhgj et al. by including these salivary proteins will allow
the creation of a personalized risk score for each patient [26]. In addi-
tion, our salivary proteins have the potential to be translated into clin-
ical practice by using saliva as a liquid biopsy for prognosis monitoring
of HNSCC patients.There are several published works that have used
GEO Datasets for biomarker identification, but no study to date has
cross-referenced information extracted from GEO Datasets with infor-
mation extracted from saliva samples from HNSCC patients [27-44]. In
this work, we add insights on the identification of salivary biomarkers
for HNSCC prognosis by selecting differentially expressed genes in tu-
mors samples that are translated in proteins present in saliva at signif-
icant distinct levels. The main limitation of the study is that the PRIDE
Dataset used to identify the most represented proteins in saliva samples
from HNSCC patients has a small patient sample size. In PRIDE Data-
base, there were other HNSCC Datasets, but this was the only one with
clinical information available. Thus, to better support the biomarker
value of the proposed panel of salivary proteins, future studies with
larger patient cohorts are needed envisioning its translation into clinical
practice.

5. Conclusion

With this study a novel protein-based signature for HNSCC prognosis
using saliva as source of liquid biopsy was identified. This prognostic
signature is composed by ADH7, MMP9 and S100A14 salivary protein
biomarkers. ADH7 was validated in silico for the first time as a salivary
prognostic biomarker of HNSCC, adding prognosis value to the proposed
panel. For the translation of this protein-based signature for the clinical
practice, studies with larger cohorts are necessary to validate this
prognostic signature in the clinical setting.
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